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ABSTRACT 

New technical developments in the field of water quality assessment 
and a reordering of water quality priorities prompted a revision of Water 
ualit Assessment: A Screenin Methodolo for Nondesi nated 208 Areas 
EPA-600/9-77-023 . The utility of the revised manual is enhanced by the 

inclusion of information on the accumulation, transport, and fate of toxic 
chemicals in the environment. The new subtitle--A Screening Procedure for 
Toxic and Conventional Pollutants--reflects the added information. 

Applying the manual's simple techniques, the user is now capable of 
assessing the loading and fate of conventional pollutants (temperature, 
biochemical oxygen demand-dissolved oxygen, nutrients, and sediments) and 
toxic pollutants (from the U.S. EPA list of priority pollutants) in streams, 
impoundments, and estuaries. The techniques are readily programmed on hand
held calculators. Most of the data required for using these procedures are 
contained in the manual. 

Because of its size, the manual has b~en divided into three parts. Part 
1 contains the introduction and chapters on the aquatic fate of toxic organic 
substances, waste load calculations, and the assessment of water quality para
meters in rivers and streams. Part 2 continues with chapters on the assessment 
of impoundments and estuaries and appendices A, B, C, E, F, G and H. Appendix 
Dis provided in the third part (on microfiche in the EPA-printed manual). 

This report is submitted in fulfillment of Contract No. 68-03-2673 by 
Tetra Tech, Inc., under the sponsorship of the U.S. Environmental Protection 
Agency. Work was completed as of February 1982. 
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CHAPTER 5 

IMPOUNDMENTS 

5.1 INTRODUCTION 

This chapter contains several methods for assessing water quality and 
physical conditions in impoundments. The qeneral topics covered are 

sediment accumulation, thermal stratification, DO-BOD, euthrophication, and 
toxicant concentrations. These topics cover the major water problems likely 

to occur in impoundments. The methods developed are easy to use and require 

readily obtainable data. Because the methods depend upon a number of 

simplifying assumptions, estimates should be taken only as a guide pending 
further analysis. Also, since pollutant inputs are dependent on previous 

calculations, familiarity with the methods in previous chapters will be very 
helpful and expand understanding of the various processes. 

Some of the techniques are more mechanistic and reliable than others. 

For example, the thermal stratification technique is based upon output of a 

calibrated and validated hydrothermal model. The model has been shown to be 

a good one, and to the extent that physical conditions in the studied 
impoundments resemble those of the model, results shoulrl be very reliable. 

On the other hand, the methods for predicting eutrophication are empirical 
and based upon correlations between historical water quality conditions and 

algal productivity in a number of lakes and reservoirs. Because algal 
blooms are sensitive to environmental factors and the presence of toxicants 
and factors other than those involved in the estimation methods, the methods 
for predicting eutrophication will occasionally be inapplicable. Since the 

planner may not be able to assess applicability in specific cases, results 
may occasionally be inaccurate. 

In using the techniques to be presented, it is important to apply good 

"engineering judgment" particularly where sequential application of methods 
is likely to result in cumulative errors. Such would be the case, for 

example, in evaluating impoundment hypolimnion DO problems resulting from 
algal blooms. If methods presented below are used to evaluate hypolimnion 
DO, the planner should determine when stratification occurs, the magnitude 
of point and nonpoint source BOD loads, and algal productivity and settling 
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rates. From all of this, he may then predict BOD and DO levP.ls in the 
hypolimnion. Since each of these techniques has an error associated with 
it, the end result of the computation will have a significant error envelope 
and results must be interpreted accordingly. The best way to use any of the 

techniques is to assume a range of values for important coefficients in 
order to obtain a range of results within which the studied impoundment is 

likely to fall. 

Although scientists and engineers are familiar with the metric system 
of units, planners, local interest groups, and the general public are more 
accustomed to the English system. Most morphometric data on lakes and 
impoundments are in English units. The conversion tables in Appendix H 
should be thoroughly familiar before using these techniques and users should 
be able to perform calculations in either system even though metric units 
are simpler to use. Also, dimensional analysis techniques using unit 
conversions are very helpful in performing the calculations. 

The methods presented below are arranged in an order such that the 
planner should be able to use each if he has read preceding materials. The 
order of presentation is: 

• Impoundment stratification (5.2) 
• Sediment accumulation (5.3) 
1 Eutrophication (5.4) 
• Impoundment dissolved oxygen (5.5) 
1 Fate of Priority Pollutants (Toxics)(5.6) 

It is strongly recommended that all materials presented be read and 
examples worked prior to applying any of the methods. In this way a better 
perspective can be obtained on the kinds of problems covered and what can be 
done using hand calculations. A glossary of terms has been placed after the 
reference section so that equation terms can easily be checked. 

The final section (5.7) is an example application to a selected site. 
This example allows the user to have an integrated view of an actual problem 
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and application. Also "the goodness of fit" to measured results can be 

evaluated. 

5.2 IMPOUNDMENT STRATIFICATION 

5.2.1 Discussion 

The density of water is strongly influenced by temperature and by the 

concentration of dissolved and suspended matter. Figure V-1 shows densities 
for water as a function of temperature and dissolved solids concentration 

(from Chen and Orlob, 1973). 

Regardless of the reason for density differences, water of lowest 

density tends to move upward and reside on the surface of an impoundment 

while water of greatest density tends to sink. Inflowing water seeks an 

impoundment level containing water of the same density. Figure V-2 shows 

this effect schematically. 

Where density gradients are very steep, m1x1ng is inhibited. Thus, 

where the bottom water of an impoundment is significantly more dense than 

surface water, vertical mixing is likely to be unimportant. The fact that 
low density water tends to reside atop higher density water and that mixing 

is inhibited by steep gradients often results in impoundment stratification. 

Stratification, which is the establishment of distinct layers of different 

densities, tends to be enhanced by quiescent conditions. Conversely, any 

phenomenon encouraging mixing, such as wind stress, turbulence due to large 
inflows, or destabilizing changes in water temperature will tend to reduce 
or eliminate strata. 

5.2.1.1 Annual Cycle in a Thermally Stratified Impoundment 

Figure V-3 shows schematically the processes of thermal stratification 

and overturn which occur in many impoundments. Beginning at "a" in the 

figure (winter), cold water (at about 4°C) flows into the impoundment which 

may at this point be considered as fully mixed. There is no thermal 
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gradient over depth and the impoundment temperature is about 6 C. During 

spring ( 11 b11
), inflowing water is slightly warmer than that of the 

impoundment because of the exposure of the tributary stream to warmer air 
and increasingly intense sunlight. This trend continues during the summer 

("c"), with tributary water being much warmer and less dense than the deep 
waters of the impoundment. At the same time, the surface water of the 

impoundment is directly heated by insolation. Since the warm water tends to 

stay on top of the impoundment, thermal strata form. 

As fall approaches (''d"), day length decreases, air temperatures drop, 
and solar intensity decreases. The result is cooler inflows and a cooling 
trend in the surface of the impoundment. The bottom waters lag behind the 

surface in the rate of temperature change, and ultimately the surface may 
cool to the temperature of the bottom. Since continued increases in surface 
water density result in instability, the impoundment water mixes 
(overturns). 

5.2.1.2 Monomictic and Dimictic Impoundments 

The stratification and overturn processes described in Figure V-3 

represent what occurs in a monomictic or single-overturn water body. Some 
0 

impoundments, especially those north of 40 N latitude and those at high 

elevation may undergo two periods of stratification and two overturns. Such 

impoundments are termed "dimictic. 11 In addition to the summer 
stratification and resulting fall overturn, such impoundments stratify in 

0 
late winter. This occurs because water is most dense near 4 C, and bottom 
waters may be close to this temperature, while inflowing water is colder and 

0 
less dense. As the surface goes below 4 C, strata are established. With 

0 
spring warming of the surface to 4 C, wind induced mixing occurs. 
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5.2.1.3 Importance of Stratification 

Stratification is likely to be the single most important phenomenon 
affecting water quality in many impoundments. Where stratification is 

absent, water mixes vertically, and net horizontal flow is significant to 
considerable depths. Since the water is mixed vertically, DO replenishment 
usually occurs even to the bottom and anoxic (literally 11 no oxygen") 
conditions are unlikely. Generally speaking, fully mixed impoundments do 

not have DO deficiency problems. 

When stratification occurs, the situation is vastly different. Flow 

within the impoundment is essentially limited to the epilimnion (surface 
layer). Thus surface velocities are somewhat higher in an impoundment when 
stratified than when unstratified. Since vertical mixing is inhibited by 
stratification, reaeration of the hypolimnion (bottom layer) is virtually 
nonexistent. The thermocline (layer of steep thermal gradient between 
epilimnion and hypolimnion) is often at considerable depth. Accordingly, 

the euphotic (literally "good light") zone is likely to be limited to the 

epilimnion. Thus photosynthetic activity does not serve to reoxygenate the 
hypolimnion. The water that becomes the hypolimnion has some oxygen demand 

prior to the establishment of strata. Because bottom (benthic) matter 

exerts a further demand, and because some settling of particulate matter 
into the hypolimnion may occur, the DO level in the hypolimnion will 
gradually decrease over the period of stratification. 

Anoxic conditions in the hypolimnion result in serious chemical and 
biological changes. Microbial activity leads to hydrogen sulfide (H2S) 
evolution as well as formation of other highly toxic substances, and these 
may be harmful to indigenous biota. 

It should be noted that the winter and spring strata and overturn are 
relatively unimportant here since the major concern is anoxic conditions in 

the hypolimnion in summer. Thus all impoundments will be considered as 
monomictic. 
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Strong stratification is also important in prediction of sedimentation 
rates and trap efficiency estimates. These topics are to be covered later. 

5.2.2 Prediction of Thermal Stratification 

Computation of impoundment heat influx is relatively straightforward, 

but prediction of thermal gradients is complicated by prevailing physical 

conditions, physical mixing phenomena, and impoundment geometry. Such 

factors as depth and shape of impoundment bottom, magnitude and 

configuration of inflows, and degree of shielding from the wind are much 

more difficult to quantify than insolation, back radiation, and still air 

evaporation rates. Since the parameters which are difficult to quantify are 
critical to predicting stratification characteristics, no attempt has been 

made to develop a simple calculation procedure. Instead, a tested model 

(Chen and Orlob, 1973; Lorenzen and Fast, 1976) has been subjected to a 

sensitivity analysis and the results plotted to show thermal profiles over 

depth and over time for some representative geometries and climatological 

conditions. The plots are presented in Appendix D. 

0 
The plots show the variation in temperature ( C) with depth (meters). 

Temperature is used as an index of density. Engineering judgment about 

defining layers is based on the pattern of temperature with depth. If 

stratification takes place, the plot will show an upper layer of uniform or 

slightly declininq temperature (epilimnion), an intermediate layer of 
sharply declinginq temperature (thermocline), and a bottom layer 

(hypolimnion). A rule of thumb requires a temperature change of at least 
1 C/meter to define the thermocline. However, this can be tempered by the 

observation of a well defined mixed layer. 

To assess thermal stratification in an impoundment, it is necessary 

only to determine which of the sets of plots most closely approximates 

climatic and hydrologic conditions in the impoundment studied. Parameters 

which were varied to generate the plots and values used are shown in Table 
V-1. 
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Parameter 

TABLE V-1 

PARAMETER VALUES USED IN GENERATION OF 
THERMAL GRADIENT PLOTS (APPENDIX D) 

Value 

Geographic Locale Atlanta, Georgia 
Billings, Montana 
Burlington, Vermont 
Flagstaff, Arizona 
Fresno, California 
Minneapolis, Minnesota 
Salt Lake City, Utah 
San Antonio, Texas 
Washington, D.C. 
Wichita,- Kansas 

Depth 
(maximum, 

Geornetry feet} 
Surface 2 Area {feet ) 3 Volume {feet ) 

20 8.28 x 106 

40 3.31 x 10 7 

75 1 . 16 x 108 

100 2.07 x 108 

200 8.28 x 108 

Mean Hydraulic Residence Time 

Wind Mixing* 

*See Appendix E. 

10 

7.66 x 107 

6. 13 x 108 

4.04 x 1 o9 

9.58 x 10 9 

7.66 x io10 

Days 

10 

30 

75 

250 

00 

High 
Low 



Table V-2 shows the climatological conditions used to represent the 

geographic locales listed in Table V-1. For details of the simulation 

technique, see Appendix E. 

5.2.2.1 Usi~he Thermal Plots 

Application of the plots to assess stratification characteristics 

begins with determining reasonable values for the various parameters listed 

in Table V-1. For geographic locale, the user should determine whether the 

impoundment of interest is near one of the ten areas for which thermal plots 

have been generated. If so, then the set of plots for that area should be 

used. If the impoundment is not near one of the ten areas, then the user 

may obtain data for the parameters listed in Table V-2 (climatologic data) 

and then select the modeled locale which best matches the region of 

interest. 

Next, the user must obtain geometric data for the impoundment. Again, 

if the impoundment of interest is like one for which plots have been 

generated, then that set should be used. If not, the user should bracket 

the studied impoundment. As an example, if the studied impoundment is 55 

feet deep (maximum), with a surface area of about 4xl0 7 feet 2
, then the 40 

and 75 foot deep impoundment plots should be used. 

Mean hydraulic residence time (1 , years) may be estimated using the 
w 

mean total inflow rate (Q, m3 /year) and the impoundment volume (V,m 3
): 

T 
w v /Q 

Again, the sets of plots bracketing the value of T should be examined. w 
~lhere residence times are greater than 200 days, lhe residence time has 

(V-1) 

little influence on stratification (as may be verified in Appendix D) and 

either the 200 day or infinite time plots may be used. 

Finally, the wind mixing coefficient was used to generate plots for 

\·:indy areas (hign '•:ind) ard for very · .. :ell protected c,r-e-:is (lov1 ""'ind). The 
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TABLE V-2 

TEMPERATURE, CLOUD COVER, AND DEW POINT DATA 
FOR THE TEN GEOGRAPHIC LOCALES USED TO DEVEOP THERMAL 

STRATIFICATION PLOTS (APPENDIX 0). SEE FOOT OF TABLE FOR NOTES. 

Tem2erature ~°F} Dew Cloud Cover Wind 
Max. Mean Min. Point (0 F) Fraction (MPH) 

Atlanta (Lat:33.8°N, Long:84.4°w) 

January 54 45 36 34 .63 11 

February 57 47 37 34 .62 12 

March 63 52 41 39 . 61 12 

April 72 61 50 48 .55 11 

May 81 70 57 57 .55 9 

June 87 77 66 65 :58 8 

July 88 79 69 68 .63 8 

August 88 78 68 67 .57 8 

September 83 73 63 62 .53 8 

October 74 63 52 51 .45 9 

November 62 51 40 40 . 51 10 

December 53 44 35 34 .62 10 

*£i11ings (Lat:4S.8°N, long: 108. s0 w) 

January 27 18 9 11 .68 13 
February 32 22 12 16 .68 12 
March 38 27 16 20 . 71 12 
April 51 38 26 28 .70 12 
May 60 47 34 38 .64 11 

June 68 54 40 46 .60 11 

July 79 63 46 48 .40 10 
August 78 61 45 46 .42 10 
September 67 52 37 38 .54 10 

October 55 42 30 31 .56 11 

November 38 29 20 22 .66 13 
December 32 22 14 15 .66 13 
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TABLE V-2 - CONT. 

TemEerature {°F} Dew Cloud Cover Wind 
Max. Mean Min. Point (0 F) Fraction (MPH) 

Burlington (Lat:44.5°N, Lat:73.2°W) 

January 27 18 9 12 . 72 10 

February 29 19 10 12 .69 10 

March 38 29 20 20 .66 10 

April 53 43 33 32 .67 10 

May 67 56 44 43 .67 9 

June 54 66 77 54 . 61 9 

July 82 71 59 59 .58 8 

August 80 68 57 58 .57 8 

September 71 60 49 51 .60 8 

October 59 49 39 40 .65 9 

November 44 38 29 30 .79 10 

December 31 23 15 17 .78 10 

Flagstaff (Lat:35.2°N, Long: 111. 3°w) 

January 40 27 14 14 .59 8 
February 43 30 17 16 .49 9 

March 50 36 22 17 .50 11 

April 59 43 28 20 .49 12 
May 68 51 34 22 . 41 11 

June 77 60 42 25 .24 11 

July 81 66 50 43 . 54 9 
August 79 64 49 43 .53 9 

September 75 59 42 35 .29 8 
October 63 47 31 25 .-31 8 
November 51 36 21 20 . 34 8 

December 44 30 17 l 5 .44 7 
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TABLE V-2 CONT. 

Tem~erature (°F) Dew Cloud Cover Wind 
f4ax. Mean ~in. Point (0 F) Fraction (MPH) 

Fresno (Lat:36.7°N, Long:ll9.8°W) 

January 55 46 37 38 .67 6 

February 61 51 40 41 .61 6 

March 68 55 42 41 .53 7 

April 76 61 46 44 .44 7 

May 85 68 52 45 . 34 8 

June 92 75 57 48 . 19 8 

July 100 81 63 51 .11 7 

August 98 79 61 52 . ll 6 
September 92 74 56 51 . 15 6 

October 81 65 49 46 .28 5 
November 68 54 40 42 .44 5 

December 57 47 38 40 .70 5 

Minneapolis (Lat:45.0°N, Long:93.3°W) 

January 22 12 3 6 .65 11 

February 26 16 5 10 .62 11 

March 37 28 18 20 .67 12 

April 56 45 33 32 .65 13 

May 70 58 46 43 .64 12 

June 79 67 56 55 .60 11 

July 85 76 61 60 .49 9 

August 82 71 59 59 . 51 9 

September 72 61 49 50 . 51 10 

October 60 48 37 40 . 54 11 

November 40 31 21 25 .69 12 

December 27 18 9 13 .69 11 
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TABLE V-2 CONT. 

TemEerature ~°F} Dew Cloud Cover Wind 
Max. Mean Min. Point (0 F} Fraction - (MPH) 

Salt Lake City (Lat:4o.8°N, Long:lll.9°W) 

January 37 27 18 20 .69 7 

February 42 33 23 23 . 70 8 

March 51 40 30 26 .65 9 

April 62 50 37 31 . 61 9 

May 72 58 45 36 .54 10 

June 82 67 52 40 .42 9 

July 92 76 61 44 •• 35 9 

August 90 75 59 45 . 34 10 

September 80 65 50 38 . 34 9 

October 66 53 39 34 ,43 9 

November 49 38 28 28 . 56 8 

December 40 23 32 24 .69 7 

San Antonio (Lat:29.4°N, Long:98.5°W) 

January 62 52 42 39 .64 9 

February 66 55 45 42 .65 10 

March 72 61 50 45 .63 10 

April 79 68 58 55 .64 11 

May 85 75 65 64 .62 10 

June 92 82 72 68 .54 10 

July 94 84 74 68 .50 10 

August 94 84 73 67 .46 8 

September 89 79 69 65 .49 8 

October 82 71 60 56 .46 8 

November 70 59 49 46 .54 9 

December 65 42 54 41 .57 9 
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TABLE V-2 CONT. 

Tem~erature {°F} Dew Cloud Cover Wind 
Max. Mean Min. Point (OF) Fraction . (MPH) 

Washington. D.C. (Lat:38.9°N. Long:77.o0 w) 

January 44 37 30 25 . 61 11 

February 46 38 29 25 .56 11 

March 54 45 36 29 .56 12 

April 60 56 46 40 . 54 11 

May 76 66 56 52 .54 10 

June 83 74 65 61 . 51 10 

July 87 78 69 65 . 51 9 

August 85 77 68 64 . 51 8 
September 79 70 61 59 .48 9 

October 68 59 50 48 .47 9 

November 57 48 39 36 .54 10 

December 46 43 31 26 .58 10 

Wichita (Lat:37.7°N, Long:97.3°W) 

January 42 32 22 21 .50 12 

February 47 36 26 25 . 51 13 

March 56 45 33 30 .52 15 

April 68 57 45 41 .53 15 

May 77 66 55 53 .53 13 

June 88 77 65 62 .46 13 

July 92 81 69 65 . 39 12 

August 93 81 69 53 .38 11 

September 84 71 59 55 .39 12 

October 72 60 48 43 .40 12 

November 34 55 44 33 .44 13 

December 45 36 27 25 .50 12 
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Notes: 

TABLE V-2 CONT. 

Mean: Normal daily average temperature, oF. 

Max.: Normal da i 1 y maximum temperature, oF. 

Min.: Normal daily minimum temperature, oF. 

Wind: Mean wind speed, MPH 
Dew Point: Mean dew point temperature, °F. 

*Complete data were not available for Billings. Tabulated 
data are actually a synthesis of available data for 
Billings, Montana and Yellowstone, Wyoming. 

All data taken from Climatic Atlas of the U.S., 1974. 
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user must judge where his studied impoundment falls and interpolate in the 

plots accordingly (See Appendix D). 

Thermal Stratification 

Suppose one wants to know the likelihood that hypothetical Limpid Lake 

is stratified during June. The first step is to compile the physical 

conditions for the lake in terms of the variables listed in Table V-1. 
Table V-3 shows how this might be done. Next, refer to the indexes provided 

in Appendix D to locate the plot set for conditions most similar to those of 

the studied impoundment. In this case, the Wichita plots for a 200-foot 

deep impoundment with no inflow and high mixing rate would be chosen (see 

Table V-3). Figure V-4 is a reproduction of the appropriate page from 
Appendix D. 

lter.i 

Location 

Depth, ft (maxir:ium) 

'Jolt..;rr:e. ft
3 

Mean residence ti rr:e 

:·l i xi ng 

TABLE V-3 

LIMP ID LAKE CHARACT ~RI ST I CS 

( T ) 
w 

Limoid Lake 

Manhattan, Kansas 

180 

6 x 1010 

500 days 

hig~ ('"indy) 

Availa~le Plot 

Wichita, Kansas 

200 

7.66 x io10 

.co (no in fl ow) 

high coefficient 
~-------- -------- - - ----~c__------------------~~------·------

According to the plots, Limpid Lake is likely to be strongly stratified 

in June. Distinct strata form in May and overturn probably occurs in 

December. During June, the epilimnion should extend down to a depth of 

about eight or ten feet, and the ther~ocline should extend down to 
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about 30 feet. The gradient in the thermocline should be about 1°C per 
meter. 

----------END OF EXAMPLE V-1 -----------

------EXAMPLE V-2 -------------

Thermal Stratification 

What are the stratification characteristics of Lake Smith? 

The hypothetical lake is located east of Carthage, Texas, and Table V-4 
shows its characteristics along with appropriate values for the thermal 

plots. 

TABLE V-4 

PHYSICAL CHARACTERISTICS OF LAKE SMITH 

Item Lake Smith Plot Values 

Location 15 mil es east of -
Carthage Texas 

Depth, ft (maximum) 23 20 

Vo 1 ume, ft 3 3 x 108 l.66 x 108 

tlean residence time 250 days a> 

Mixing low (low wind) low mixing coefficient 

From the available data for Lake Smith, it appears that plots for a 

20-foot deep irnpoundment with no inflow and low mixing coefficient should 

give a good indication of the degree of summertime stratification. The one 

remaining problem is climate. Data for nearby Shreveport, Louisiana compare 
well with those of Atlanta (Table V-5), for which plots are provided in 

Appendix 0, and latitudes are similar. Shreveport is so~ewhat warmer and 

insolation is higher, but this is a relatively uniform difference over the 
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January 
February 

March 
April 
May 

June 
July 
August 
September 
October 
November 
December 

TABLE V-5 

COMPARISON OF MONTHLY CLIMATOLOGIC DATA 
FOR SHREVEPORT, LOUISIANA ANO ATLANTA, GEORGIA 

DATA ARE PRESENTED AS SHREVEPORT/ATLANTA 
(CLIMATIC ATLAS OF THE U.S., 1974) 

OF TemQerature z Dew 
0 Max. Mean Min. Point, F 

57/54 48/45 38/36 38/34 
60/57 50/47 41/37 40/34 

67/63 57/52 47/41 44/39 
75/72 65/61 55/50 54/48 
83/81 73/70 63/57 62/57 
91/87 81/77 71/66 69/65 
92/88 82/79 72/69 71/68 
94/88 83/78 73/68 70/67 
88/83 78/73 67/63 65/62 
79/74 67/63 55/52 55/51 
66/62 55/51 45/40 45/40 
59/53 50/44 40/35 39/34 

Shreveport Lat:32.5°N, Long:94°w 

Atlanta Lat:33.8°N, Long:84.4°w, 
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Cloud 
Cover, 

Fraction 

.60(63 

.58/.62 

. 54/. 61 

.50/.55 

.48/.55 

.44/.58 

.46/.63 

.40/.57 

.40/.53 

.38/.45 

.46/.51 

.58/.62 

Wind, 
MPH 

9/11 
9/12 

l 0/12 
9/11 
9/9 
8/8 

7/8 
7/8 
7/8 
7/9 
8/10 
9/10 



year. The net effect should be to shift the thermal plots to a slightly 
higher temperature but to influence the shape of the plots and the timing of 
stratification little. As a result, the plots for Atlanta may be used, 
bearing in mind that the temperatures are likely to be biased uniformly low. 
Figure V-5 (reproduced from Appendix 0) shows thermal plots for a 20-foot 
deep Atlanta area impoundment having no significant inflow and low wind 
stress. From the figure, it is clear that the lake is likely to stratify 
from April or May through September, the epilimnion will be very shallow, 
and the thermocline will extend down to a depth of about 7 feet. The 
thermal gradient is in the range of about 7°c per meter, as an upper limit, 
during June. Bottom water warms slowly during the summer until the 
impoundment becomes fully mixed in October. 
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5.3 SEDIMENT ACCUMULATION 

5.3.1 Introduction 

Reservoirs, lakes, and other impoundments are usually more quiescent 

than tributary streams, and thus act as large settling basins for suspended 
particulate matter. Sediment deposition in impoundments gradually 

diminishes water storage capacity to the point where lakes fill in and 
reservoirs become useless. In some cases, sediment accumulation may reduce 
the useful life of a reservoir to as little as ten to twenty years (Marsh, 
et i]_., 1975). 

Just how much suspended matter settles out as water passes through an 
impoundment, as well as the grain size distribution of matter which remains 
suspended, is of interest to the planner for several reasons. Suspended 
sediment within an impoundment may significantly reduce light penetration 
thus limiting algal and bottom-rooted plant (macrophyte) growth. This, in 
turn, can adversely affect food availability for indigenous fauna, or may 
slow plant succession, as part of the natural aging process of lakes. 

Settling of suspended matter may eliminate harborage on impoundment 
bottoms thus reducing populations of desirable animal species. More 
directly, suspended particulates impinging on the gills of fish may cause 
disease or death. 

Some minerals, particularly clays, are excellent adsorbents. As a 
result, farm chemicals and pesticides applied to the land find their way to 
an impoundment bottom and into its food chain. The sediment which settles 
is likely to have a substantial component of organic matter which can exert 
an oxygen demand, and under conditions of thermal stratification, anoxic 

conditions on the impoundment bottom (in the hypolimnion) can result in 
generation of toxic gases. Indigenous biota may be harmed or even killed as 
a result. 

Knowing the rate of sediment transport and the deposition within an 
impoundment allows for effective planning to be initiated. If sedimentation 
rates are unacceptable, then the planner can begin to determine where 
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sediments originate, and how to alleviate the problem. For example, densely 
planted belts may be established between highly erodible fields and 
transporting waterways, farming and crop management practices may be 
changed, or zoning may be modified to prevent a worsening of conditions. 

These considerations, along with others relating to sediment carriage 

and deposition in downstream waterways, make estimates of sedimentation 
rates of interest here. Impoundment sediment computation methods discussed 

in this section will permit the planner to estimate annual impoundment 

sediment accumulation as well as short term accumulation (assuming constant 
hydraulic conditions). Application of the methods will permit the planner 

to estimate the amount of sediment removed from transport in a river system 
due to water passage through any number of impoundments. 

5.3.2 Annual Sediment Accumulation 

Three different techniques are used to estimate annual sediment 
accumulation, available data, sediment rating curves, and a three step 

procedure to determine short-term sedimentation rates. As discussed under 

each technique, caution should be used in selecting one method or another. 

If data are not available, it may not be feasible to use one or more 
techniques. The uncertainty in the results should be considered in drawing 
conclusions based on whichever analysis that is selected. 

5.3.2.l Use of Available Data 

Data provided in Appendix F permit estimation of annual sediment 

accumulation in acre-feet for a large number of impoundments in the U.S. 
The data and other materials presented provide some basic impoundment 

statistics useful to the planner in addition to annual sediment accumulation 
rates. 

To use Appendix F, first determine which impoundments within the study 
area are of interest in terms of annual sediment accumulation. Refer to the 

U.S. map included in the appendix and find the index numbers of the region 
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within which the impoundment is located. The data tabulation in the 
appendix, total annual sediment accumulation in acre feet is given by 
multiplying acerage annual sediment accumulation in acre feet per square 

mile of net drainage area ("Annual Sediment Accum. 11
) by the net drainage 

area ( 11 Area 11
) in square miles: 

Total Accumulation = Annual Sediment Accum. x Area (V-2) 

To convert to average annual loss of capacity expressed as a percent, divide 

total annual accumulation by storage capacity (from Appendix F), and 
multiply by 100. Note that this approach, as well as those presented later, 

do not account for packing of the sediment under its own weight. This 
results in an overestimate in loss of capacity. Note also that other data 
in Appendix F may be of interest in terms of drainage area estimates for 

determining river sediment loading and assessment of storm water sediment 
transport on an annual basis. 

5.3.2.2 Trap Efficiency and the Ratio of Capacity to Inflow 

Where data are not available in Appendix F for a specific impoundment, 

the following method will permit estimation of annual or short-term sediment 
accumulation rates. The method is only useful, however, for normal ponded 
reservoirs. 

To use this approach, a suspended sediment rating curve should be 

obtained for tributaries to the impoundment. An example of a sediment 
rating curve is provided in Figure V-6. 
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On the basis of such a curve, one can estimate the mean sediment 
mass transport rate (Si) in mass per unit time for tributaries. If 

neither rating curve nor data are available, one may estimate sediment 
transport rates on a basis of data from nearby channels, compensating 

for differences by using mean velocities. To a first approximation, 

it would be expected that: 

where 

Si = sediment transport rate to be determined in 

tributary "i" in mass per unit time, 

S. = known transport rate for comparable tributary 
J 

( j) in same units as S. , 
1 

Vi = mean velocity for tributary i over the time 

period, and 

v. = mean velocity in tributary j over the same 
J 

time period as Vi 

(V-3) 

Once average transport rates over the time period of interest 
have been determined, the proportion, and accordingly the weight of 

sediment settling out in the impoundment may be estimated. Figure V-7 

is a graph showing the relationship between percent of sediment trapped 
in an impoundment versus the ratio of capacity to inflow rate. The 

implicit relationship is: 

(V-4) 
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wh~re 

P = percent of inflowing sediment trapped 

V = capacity of the impoundment in acre-feet, and 

Qi = water inflow rate in acre-feet per year 

Data used for development of the curves in Figure V-7 included 

41 impoundments of various sizes throughout the U.S. (Linsley, Kohler, 

and Paulhus, 1958). 

To estimate the amount of suspended sediment trapped within 

an impoundment using this method, the capacity of the impoundment in 
acre-feet must first be determined. Next, average annual inflow, or 

better, average flow for the time period of interest is estimated. 

Then, 

(V-5) 

where 

st = weight of sediment trapped per time period t 

P = trap efficiency (expressed as a decimal) from Figure V-7 

A word of caution is in order here. The above described 
techniques for evaluating sediment deposition in impoundments are 
capable of providing reasonable estimates, but only where substantial 

periods of time are involved - perhaps 6 months or longer. The methods 
may be used for shorter study periods, but results must then be taken 
only as very rough estimates, perhaps order-of-magnitude. 

5.3.3 Short-Term Sedimentation Rates 

The three-step procedure presented below provides a means 
to make short-term sediment accumulation rate estimates for storm-event 
analysis and to estimate amounts of different grain-size fractions 
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passing through an impoundment. The steps are: 

• Determine terminal fall velocities for th~ grain 

size distribution 

• Estimate hydraulic residence time 

• Compute trap (sedimentation) rate 

5.3.3.l Fall Velocity Computation 

When a particle is released in standing water, it will remain 

roughly stationary if its density equals that of the water. If the 

two densities differ, however, the particle will begin to rise or fall 

relative to the water. It will then tend to accelerate until the drag 

force imposed by the water exactly counterbalances the force accelerating 

the particle. Beyond this point, velocity is essentially constant, 

and the particle has reached terminal velocity. For spheres of specific 

gravity greater than l, Stokes' law expresses the relationship between 

fall velocity (terminal velocity) and several other physical parameters 

of water and the particle. 

where 

g = 

terminal velocity of the spherical particle 

-2) acceleration due to gravity (32.2 ft sec 

= mass density of the particle (slugs ft- 3) 

= mass density of water (slugs ft- 3) 

( -1 ft s~c ) 

d = particle diameter (ft) 

µ = absolute viscosity of the water (lb sec·ft-2) 

= weight density of particle (lb ft- 3) 
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Ow = weight density of water (lb ft- 3) 

Stokes 1 law is satisfactory for Reynolds numbers· between 1 xl o-4 

and 0.5 (Camp, 1968). Reynolds number is given by: 

where 

R = Reynolds number 

v = particle velocity 

R = vd 
v 

v = kinematic viscosity of water 

Generally, for particles of diameter less than 3 x 10-2_ inch~s 

(V-7) 

(0.7 mm) this criterion is met. For large particles, how far conditions 

deviate from this may be observed using the following approach (Camp, 

1968). According to Newton's law for drag, drag force on a particle 

is given by: 

where 

Fd = 

c = 

A = 

F = CAP v2 /2 d w 

the drag force 

unitless drag coefficient 

projected area of the particle in the direction 

of mo ti on 

(V-8) 

Equating the drag force to the gravitational (driving) force for the 
special case of a spherical particle, velocity is given by: 
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v max 

• 

(V-9) 

All variables in the expression for Vmax (Equation V-9) may be easily 
estimated except C, since C is dependent upon Reynold's number. Accord

ing to Equation (V-7), Reynolds number is a function of v. Thus a 

"trial and error 11 or iterative procedure would ordinarily be necessary 

to estimate C. However, a somewhat simpler approach is available to 
evaluate the drag coefficient and Reynolds number. First, estimate 

CR2 using the expression (Camp, 1968): 

(V-10) 

Then, using the plot in Figure V-8, estimate Rand then C. For R>O.l 

use of Equation (V-9) will give better estimates of Vmax than will 

Equation (V-6). 

Generally, one of the two approaches for spherical particles will 

give good estimates of particle fall velocity in an effectively laminar 

flow field (in impoundments). Occasionally, however, it may prove 

desirable to compensate for nonsphericity of particles. Figure V-9, 

which shows the effect of particle shape on the drag coefficient C, 

may be used to do this. Note that for R<l, shape of particle does not 

materially affect C, and no correction is necessary. 

A second problem in application of the Newton/Stokes approach 

described above is that it does not account for what is called hindrance. 

Hindrance occurs when the region of fluid surrounding a falling particle 

is disrupted (by the particle motion) and the velocity of other nearby 

particles is thereby decreased. Figure V-10 shows this effect 
schematically. 
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A very limited amount of research has been done to determine the 

effect of particle concentration on fall velocity.(Camp, 1968). Some 
data have been collected however, and Figure V-11 is a plot of a velocity 
correction.factor, v'/y,as a function of volumetric c0ncentration. 
Volumetric concentration is given by: 

wnere 

Cvol = volumetric concentration 

Cwt = weight concentration 

(V-11) 

As an approximation, the curve for sand may be used to correct v as a 

function of cvol" 

----------- EXM1PLE V-3 -----------

Settling Velocity 

Assume that a swiftly moving tributary to a large reservoir 
receives a heavy loading of sediment which is mostly clay particles. 
The particles tend to clump somewhat, and average diameters are on the 
order of 2 microns. The clumps have a specific gravity of 2.2. Applying 
Stokes' law for 20°c water, 

V - _g__ (p ) d2 
max - 18µ p - Pw 

32.2 

(18x2. lxl0-5) 
x 6 2 

(2.2x62.4/32.2-62.4/32.2)x(6.56xl0- ) 

= 8.53xlo-6 ft sec-1 = .03 ft hr-1 

Thus the particles of clay might be expected to fa)l about 9 inches 
per day in the reservoir. It should be noted that for such a low 
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settling rate, turbulence in the water can cause very significant 

errors. In fact, the estimate is useful only in still waters having 
a very uniform flow lacking substantial vertical components. 

END OF EXAMPLE V-3 ---------

------------ EXAMPLE V-4 -----------

S~ttling.,Velocity, for a Sand and Clay 

Suppose a river is transporting a substantial sediment load which 

is mainly sand and clay. The clay tends to clump to form particles 

of 10 micron diameter while the sand is of 0.2 mm diameter. The 

sand particles are very irregular in shape tending toward a somewhat 

flattened plate form. The specific gravity of the clay is about 
l .8 while that of the sand is near 2.8. Given that the _water tempera
ture is about s0c, the terminal velocity of the clay may be estimated 

as in Example V-3: 

v _g_ 
(pp 

2 = pw) d max 18µ 

32.2 5 2 
v = x (0.8x62.4/32.2)x(3.28xl0- ) - -5 max 18x3.17xl0 

= 9.4 xlo- 5 ft sec -1 

8 ft -1 
::: day 

For the sand, apply Equation (V-10) 

CR2 = 4pw (pp - pw) gd3/3µ2 

= 4 62.4 l.8x62.4 
x 32.2 x 32.2 

CR
2 = 82 
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Referring to Figure V-8, a value of CR 2 equal to 82 represents R~2.8 
and C~l0.3. From Figure V-9, the corrected drag coefficient for discs 
is close to 10.3 (no correction rea11y necessary). Then, using Equation 
(V-9) as an approximation, 

v _ 14x32.2x(l.8x62.4/32.2)x6.56x1o-4 
max -~3xl0.3x62.4/32.2 

V - 0 07 -l -l max - . ft sec = 252 ft hr 

Thus the clay will settle about 8 feet per day whiTe the sand will 
settle about 6048 feet per day (252 feet per hour). 

---------END OF EXAMPLE V-4 ____ _._. ____ _ 

5.3.4 Imooundment Hydraulic Residence Time 

Once settling velocities have been estimated for selected grain 

sizes, the final preparatory step in estimating sediment deposi

tion rates is to compute hydraulic residence time. 

Hydraulic residence time represents the mean time a particle of 
water resides within an impoundment. It is ~at. as is sometimes thought, 
the time required to displace all water in the impoundment with new. 

In some impoundments, inflowing water may be conceptualized as 
moving in a vertical plane from inflow to discharge. This is called 
plug flow. In long, narrow, shallow impoundments with high inflow 

velocities, this is often a good assumption. As discussed later, 

however, adoption of this model leads to another problem, namely, 

is water within the plug. uniform or does sediment concentration vary 

over depth within the plug? 

40 



A second model assumes that water flowing into an impoundment 

instantaneously mixes laterally with the entire receiving layer. The 

layer may or may not represent the entire impoundment depth. This simpli

fication is often a good one in large surfaced, exposed impoundments having 

many small inflows. 

Regardless of the model assumed for the process by which water 

traverses an impoundment from inflow to discharge, hydraulic residence 

time is computEd as in Equation (V-1). That is, 

T = V/Q 
w 

The only important qualification is that to be meaningful, V must be 

computed taking account of stagnant areas, whether these are regions of 

the impoundment isolated from the main flow by a sand spit or· promontory, 

or whether they are isolated by a density gradient, as in the thermo-

cl ine and hypolimnion. Ignoring stagnant areas may result in a very 

substantial overestimate of T , and in sediment trap computations, an 
w 

overestimate in trap efficiency. Actually T computed in this way is w 
an adjusted hydraulic residence time. All references to hydraulic 

residence time in the remainder of Section 5.3 refer to adjusted T . 
w 

Hydraulic residence time is directly influenced by such physical 

variables as impoundment depth, sha~e, side slope, and shoaling, 

as well as hydraulic characteristics such as degree of mixing, stratifi

cation, and flow velocity distributions. The concepts involved in 

evaluating many of these factors are elementary. The evaluation itself 

is complicated, however, by irregularities in impoundment shape and 

data inadequacies. Commonly, an impound~ent cannot be represented well 

by a simple 3-dimensional figure, and shoaling and other factors may 

restrict flow to a laterally narrow swath through the water body. 
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In most cases, hydraulic residence time may be estimated. although 
it is c1ear that certain circumstances tend to make the computation 
error-prone. The first step in the estimation process is to obtain 

impoundment inflow, discharge, and thermal regime data as well as 

topographic/bathymetric maps of the system. Since a number of configu

ration types are possible, the methods are perhaps best explained using 

examples. 

---- EXAt1PLE V-5 

Hvdraul ic Residence Time in Unstratified Impoundments 

The first step in estimating hydraulic residence time for purposes 
of sedimentation analysis is to determine whether there are signifi

cant stagnant areas. These would include not only regions ~ut off 

from the main flow through the body, but also lavers isolated by dense 

strata. Consequently, it must be determined whether or not the im

poundment stratifies. Consider Upper Lake located on the Carmans 

River, Long Island, New York. The lake and surrounding region are 

sho\lm in F·igure V·-12, and hypothetical geometry data are presented 

in Table V-6. Based upon Upper Lake's shallowness, its long, narrow 

geometry, and high tributary inflows, it is safe to assume that 

Upper Lake is normally unstratified. Also, because of turbulence 
likely at the high flows, one can assume that the small sac northeast 

of the discharge is not stagnant and that Upper Lake represents a slow 
movinq river reach. With these assumptions, the computation of 

hydraulic residence time is as shown in Table V-6. 
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TABLE V-6 

HYPOTHETICAL PHYSICAL CHARACTERISTICS 
OF UPPER LAKE, BROOKHAVEN, SUFFOLK COUNTY, NEW YORK 

D w CSA 
Distance Downstream Average Average Cross-sectional 

from Inflow Depth vJi dth Area, 20 x W 
Miles (feet) ft. ft. ft 

0.05 (264) 3 63 189 
0. i 0 (528) 4 110 440 
0. 15 (792) 6 236 l ,416 
0.20 (l ,056) 7 315 2,205 
0.25 ( 1 , 320) 7 340 2,380 
0. 30 ( l '584) 8 315 2,520 
0.35 (1,848) 7 550 3,850 
0.40 (2,112) 8 550 4,400 

0.45 (2,376) 7 354 2,478 

0.50 (2,640) 10 350 3,500 

Total length= 0.5 mi. (2.,640 ft.) mean CSA = 2,338 ft2 

Inflow from upstream = 380 cfs } (steady-state) 
Outflow to downstream = 380 cfs 

Computation 

Volume (Vol) = Total length x mean cross-sectional area 

Vol = 2,640 ft. 2 x 2,338 ft = 6.17 x 106 n 3 

Residence time (Tw) = Vol/flow 

T = 6.17 x 106 ft 3/(380 ft 3/sec) = w 
4 1.62 x 10 sec (4.5 hr) 

Velocity (Vel) = length/~w 

Vel = 2,640 ft/l .62 x 104 sec= .163 ft/sec 

44 



Also shown in Figure V-12 is Lower Lake. According to the 

hypothetical data presented in Table V-7, Lower Lake is much deeper 

than Upper Lake. Its volume is significantly greater also, but the 

inflow rate is similar. In this case, particularly during the summer. 

it should be determined if the lake stratifies. For this example, however, 
we will assume that the time of the year makes stratification very un

likely, and that Lower Lake is a slow moving river reach. We then 

compute hydraulic residence time as shown in Table V-7. Figure V-13 

in particular diagram 1, shows what these assumptions mean in terms of 

a flow pattern for both lakes. 

---·------END OF EXAMPLE V-5 ----------

----------- EXAt1PLE V-6 -------------

Assume for this example that Lower Lake is stratified during the 

period of interest. This significantly changes the computation of res

idence time. To a first approximation, one can merely revise the 

effective depth of the impoundment to be from the surface to the upper 

limit of the thermoc1ine rather than to the bottom. Figure V-13 shows 

schematically what this simple model suggests for Lower Lake as a 

stratified impoundment (diagram 2 or possibly 3). The figure also 
shows wind-driven shallow, and deep impoundments. To the right of 

each diagram is a plot of the temperature profile over depth. Actually, 
the profile could represent a salinity gradient as well as a thermal 
gradient. 

Table V-8 shows the procedure to estimate travel time for strati
fied Lower Lake. The upper boundary of the thermocline is assumed to 

be at a depth of 10 feet. For all later computations of sediment 
accumulation~ this same 10 foot depth would be adopted. Such an assu~p

tion is valid presuming that the thermocline and hypolimnion are 

relatively quiescent. Thus once a particle enters the thermocline it 
can only settle, and can not leave the impoundment. 

----------END OF EXAMPLE V-6 ------------
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T.L\BL F. V - 7 

HYPOTHETICAL PHYSICAL CHARACTERISTICS 
OF LOWER LAKE, BROOKHAVEN, SUFFOLK COUNTY, NEW YORK 

D w CSA 
Distance Downstream Average Average Cross-sectional 

from Inflow Depth Width Area, 2o x vJ 
Mil es ~feet) ft. ft. ft 

0.075 ( 396) 15 157 2,355 
0. 150 ( 792) 20 165 3,300 
0.225 ( 1. 188) 20 173 3,460 
0.300 ( 1 , 584) 25 197 4,925 
0.375 ( l '980) 35 197 6,895 
0.450 (2,376) 30 228 6,840 
0.525 (2,772) 35 232 8,120 
0.600 ( 3 '168) 35 197 6,895 
0.675 (3,564) 40 220 8,800 
0. 750 ( 3, 960) 42 315 l 3 '2 30 
0.825 (4,356) 41 433 17,753 
0.900 (4,752) 51 591 30,141 
0.975 ( 5 '148) 42 551 23 '142 
l . 050 (5,544) 40 433 1 7 '320 
1 . 12 5 (5,940) 37 323 11 '951 

Total length= 1.125 mi (5,940 ft.) mean CSA = 11 ,008 

Inflow from upstream 400 cfs } 
Outflow to downstream 390 cfs 

(surface rising) 

Average flow = 395 cfs 

Computation 

Volume (Vol) : Total length x mean cross-sectional area 

Vol= 5,940 ft. x 11,008 ft 2 = 6.54 x 107 ft 3 

Residence Time (~w) = Vol/flow 

'w = 6.54 x 107 /(395 ft 3/sec) = 1 .65 x 105 sec (46 hr) 

Velocity (Vel) = length/Tw 

Vel = 5,940 ft/l .65 x 105 sec = .036 ft/sec 
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TABLE V-8 

HYPOTHETICAL PHYSICAL CHARACTERISTICS 
OF LOWER LAKE, BROOKHAVEN, SUFFOLK COUNTY, NEW YORK 

(ASSUMING AN EPILIMNION DEPTH OF 10 FEET) 

D w CSA 
Distance Downstream Average Average Cross-sectional 

from In fl ow Depth Width Area, 2o x W 
Mil es ~feet} ft. ft. ft 

0.075 10 160 1,600 
0. 150 10 170 l '700 
0.225 10 175 l '750 
0.300 10 200 2,000 
0.375 10 198 1,980 
0.450 10 230 2,300 
0.525 10 233 2,330 
0.600 10 200 2,000 
0.675 10 222 2,220 
0.750 10 316 3' 160 
0.825 10 435 4,350 
0.900 10 590 5,900 
0.975 10 552 5,520 
1'050 10 435 4,350 
1 . 12 5 10 325 3,250 

Total length = 1.125 mi (5,940 ft.) mean CSA= 2,961 ft 2 

Inflow from upstream 397 cfs } (steady-state surface, difference 
Outflow to downstream 39:; cfs due to loss to water table) 

Average flow ~ 395 cfs 

Computat i OJ!. 

Volume (Vol) =Total length x mean cross-sectional area 

Vol = 5,940 ft. x 2,961 ft2 = l .76 x 107 

Residence Time (Tw) = Vol/flow 

Tw = 1.76 x 107/(395 ft 3/sec) = 4.46 x 104 sec (12.3 hr) 

Velocity (Vel) = length/Tw 

Vel = 5,940 ft/4.46 x 104 sec= 0.133 ft/sec 
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-----------EXAMPLE V-7 ------------

Large, Irregular Surface Impoundment 

Figure V-14 shows Kellis Pond and surrounding topography. This. 

small pond is located near Bridgehampton, New York and has a surface 

area of about 36 acres. From the surface shape of the pond, it is 

clear that it cannot be considered as a stream reach. 

Figure V-15 shows a set of hypothetical depth profiles for the 

pond. From the profiles, it is evident that considerable shoaling 

has resulted in the formation of a relatively well defined flow 

channel through the pond. Peripheral stagnant areas have also formed. 
Hypothetical velocity vectors for the pond are presented in Figure 

V-16. Based upon them, it is reasonable to consider the pond as 

being essentially the hatched area in Figure V-15. To estimate 

travel times, the hatched area may be handled in the same way as for 

the Upper Lake example presented above. It should be noted, however, 

that this approach will almost certainly result in underestimation of 
sediment.deposition in later computations. This is true for two 

reasons. First, estimated travel time will be smaller than the true 

value since impoundment volume is underestimated. Second, since the 

approach ignores the low flow velocities to either side of the central 

channel and nonuniform velocities within it, heavier sedimentation 
than computed is likely. 
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Still more difficult to evaluate is the situation where shoaling 

and scour have not resulted in formation of a distinct central 
channel. Figure V-17 shows hypothetical depth profiles for Kellis 
Pond for such a case. 

Here, velocity distribution data should be obtained, par~icu

larly if the impoundment is of much importance. If su~h data are 
not available but it is deemed worthwhile to do field studies, 
methods available for evaluating flow patterns include dye tracing 
and drogue floats. A simple but adequate method (at least to evalu
ate the surface velocity distribution) is to pour a large number of 
citrus fruits (oranges, grapefruit) which float just below the surface, 
into the impoundment, and to monitor both their paths and velocities. 
Although it is true that surface velocities may be greater than the 
velocity averaged over depth, this will permit estimation of hydraulic 
residence time directly or generation of data to use in the prescribed 
method. In the latter case, the data might be used to define the 
major flow path through an impoundment of a form like Kellis Pond. 

--------END OF EXAMPLE V-7 -----------

---------EXAMPLE V-8 -----------

Complex Geometries 

The final hydraulic residence time example shows the degree of 

complexity that sediment deposition problems may entail. Although 
it is possible to make rough estimates of sediment accumulation, it 
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is recommended that for such impoundments more rigorous methods be 
used - mathematical modeling and/or detailed field investigations. 

Figure V-18 shows Lake Owyhee in eastern Oregon. This impound
ment is well outsil~e the ran(1c of comnlexity of l"C'.ter bodies \'!:1ich 

can be e~aluated using these calculation methods. Because of geometry, 
the number of tributaries, and size, it isn't feasible to conceptually 

reduce the impoundment in such a way as to estimate travel times. Flow 

patterns are likely to be very complex, and ~ediment deposition is dif

ficult to predict both in terms of quantity and location. 

In contrast, Figure V-19 shows New Millpond near Islip, New 

York and surrounding features. Although this water body does not have 

a simple surface geometry, it can be reduced to three relatively 
simple components as shown in the figure. Bearing in mind the limita

tions imposed by wind mixing, stratification, and the presence_ of 
stagnant regions described in earlier examples, deposition might 

nevertheless be estimated in arms A, B, and C. Because of the diffi

culty of predicting velocities and turbulence in section 0, estimates 

of sedimentation cannot be reliably made there. However, it is 

likely that much of inflowing sediments will have settled out by the 

time water flows through the arms and into section D. 

--------- END OF EXAMPLE V-8 ---------

5.3.5 Estimation of Sediment Accumulation 

Estimation of quantities of sediment retained in an impoundment 

follows directly from the computations of settling velocity and 
travel time, although the computation depends upon whether the adopted 

model is plug flow, or a fully mixed layer or impoundment. 

In the case of plug flow, one of two subordinate assumptions is 

made: that the plug is fully mixed as in turbulent flow, or that 

it moves in a 11 1 ami nar 11 fl ow through the impoundment. In terms of 

sediment accumulation estimates, the fully mixed plug assumption is 
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handled in the same way as the fully mixed impoundment model. Thus 
we have two kinds of computations: 

Cases 

A • Plug flow with the plug not 

B 

mixed vertically 

versus 

• Plug flow assuming a vertically 
mixed plug, or 

• A fully mixed impoundment or stratum 

Equation (V-12) is pertinent to both cases A and_ B. It defines 
the mass of sediment trapped as a function of trap efffriency and 
inflowing sediment mass. Equation (V-13) should be used for case A, 
and Equation (V-14) for case B. 

St = S;P (V-12) 

p = ((TWV) + 0"-0)10" (V-13) 

(V-14) 
where 

p = mean proportion of S; trapped ( hP>-0) 

st = mass of sediment trapped per unit time 

s. = mass of sediment in inflows per unit time 
l 

v = particle settling velocity 

D = discharge channel depth 

o• = flowing layer depth 

D II = inflow channel depth 
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Figure V-20 shov1s the significance of the various depth measures 
0, O', and D", and the assumed sedimentation pattern. In case B, 

in the absence cf substantial erratic turbulence and unpredicted 

vertical velocity co~ponents, and within the constraints of available 

data, it is clear that this approach can give reasonable estimates 

of trap effic i er.c i es. In case A, however, sma 11 changes in D or D 11 

can strongly affect trap efficiencies. It is important to remember 
in applying case A that P is a mean, preferably used over a period 

of time. It is also important to recognize that conditions within 

an impoundment leading to selection of case A or Bare subject to 

change, thus affecting estimates. 

For convenience, Figure V-21 is included to provide estimates 

of vmax for spherical p~rticles of 2.7 specific gravity. The data 
are presented as a function of particle diameter and t~mperature. 

Figure V-22 is a nomograph relating trap efficiency, P (in percent) 

to depth D', Vmax' and Tw. The nomograph is useful only for case B 
assumptions. 

----------- EXAMPLE V-9 ------------

Sedi~en:a:ion in Upper and Lower Lakes 

Using the data from Table V-6 and settling velocities for the 
clay and sand of Exa~ple V-4, for case A, 

t"w = l .6xl04 sec 

V for clay max 

Vmax for sand 

-1 = 8 ft day 

-1 = 252 ft hour 
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Although it is not specified in Table V-6, the inflow channel depth 

at the entrance to Upper Lake is 3 feet. The cischarge channel depth 

is 10 feet. Assuming "laminar" flmv with minimal vertical components, 
for clay: 

p = 

T w = 
[(Tw xv) + 0 11 

- D] 

0 II 

[(1.6xl04x9.3xl0-S) + 3 - 10] 
3 

p = -5.5 

The neqative value implies that the proportion settling out is 

virtually zero. Thus the clay will to a large extent pass through 
Upper Lake. However, T for this examole is very small (4.5 hours). 

w 
Many impoundments will have substantially larger values. 

For the sand, 

p = [(l .6xl04x7xl0-2) + 3 - 10] 
3 

p = 371 

All of the sand will clearly be retained. Note that a clay or very 
-4 -1 fine silt of Vrnax = 5xl0 ft sec would be only partially trapped. 

p = [(l .6x104xSxl0-4) + 3 - lOJ 
3 

p = 0.33 
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Thus about one-third of this sediment loading would be retained. 

Note that if D is large, trap efficiency drops using this algorithm. 

For the silt, a discharge channel depth (at the outflow from Upper 

Lake) of 11 feet rather than 10 would give 

p = [(1 .6x104x5xl0-4) + 3 - 11] = 0 3 

Thus with D=ll, all silt exits the impoundment. If Dis only 9 feet, then 

P = [(1 .6xl04x5xl0-4) + 3 - 9] = 
3 .66 

Two-thirds of the silt is retained. Remember that P represents a 

mean value. Clearly during some periods none of the silt will be 

retained (due to turbulence, higher velocities) while during other 

periods, all of the silt will be trapped. The key here is the word 
11 mean. 11 

If the impoundment is assumed to be vertically mixed (case B), 

compute the mean depth D 

n 
D = L: D./n 

. 1 1 1= 

where 

n = the number of cross-sections 

Di = depth at the ith cross-section 

For Upper Lake, 

5 = 6.7 = o· 
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Then 

p = 

For the clay, 

p = 
-5 4 9.3xl0 xl .6xl0 
6.7 = 0.22 

About one-fourth of the clay is retained. 

For the sand, 

p = 
-2 4 7xl0 xl .6xl0 

6.7 = 167 

All of the sand will be tra~ped within about 1/167 timei the ·length 
of the lake. If the daily influent loading of sand is one ton, while 

the loading of clay is fifteen tons, then the daily accumulation will 

be one ton of sand and 0.22 x 15 = 3.3 tons of clay. 

Finally, as an example of use of Figures V-21 and V-22, assume 

that the sediment loading consists primarily of silt particles in the 
size range of .002mm diameter, and that the water temperature is s0c. 
Further, assume Tw has been estimated as 2.77 days (10 4 seconds), and 
that 0'=50 feet. From Figure V-21, the settling velocity is about 

-4 lxlO fee~ per second. 

In Figure V-22, draw a line from 10-4 on the V axis to 10
4 

on the 

Tw axis. The point of intersection with axisL.isL. Next, compute 

log 10 50=1.699. Draw a line from this point on the D' axis to L
1 

• 

Where this line crosses the St/S. (%) axis qives the log of the percent 
l 0.3 

of the sediment trapped. This is 10 =l.99=2%. 

---------END OF EXP1MPLE V-9 ------------
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5.4 EUTROPHICATION AND CONTROL 

5.4.1 Introduction 

The presence of nutrients in an impoundment generally favors plant 

growth. Depending upon antecedent conditions, the relative abundance of 
nitrogen, phosphorus, light, and heat, and the status of a number of other 
physical and chemical variables, the predominant forms may be diatoms, other 

microscopic or macroscopic algae, or bottom-rooted or free-floating 

macrophytes. The quantity of plant matter present in an impoundment is 

important for several reasons. First, plant cells produce oxygen during 
photosynthesis, thereby providing an important source of dissolved oxygen to 
the water column. During the sunlight hours plant cells also consume oxygen 

through the process of respiration. Respiration occurs along with 

photosynthesis during the day, but also occurs at night. Oxygen consumed at 

night may be considerable, not only because it serves to sustain the plant 

cells, but because the cells actively perform various vital metabolic 

functions in the dark. 

Plant growth within an impoundment is also important because plant 
biomass is a major source of nutrition for indigenous fauna, and the growth 

of plants constitutes what is called "primary production. 11 The stored 

energy and nutrients provide food for various grazers higher in the food 
chain, either through direct consumption of living plant tissue by fishes 
and zooplankton or through consumption of detritus by fishes, 
microorganisms, and zooplankton. The grazers, in turn, provide food for 

predatory fishes, mammals, insects, and other higher forms. 

Finally, plant development in impoundments is important because it 

tends to accelerate impoundment aging. As plants grow, organic matter and 
sediment accumulate. As the impoundment fills with rock fragments, soil, 
and plant detritus, an excellent substrate forms upon which more suspended 

matter may be trapped and which may ultimately support the growth of higher 

plants and trees. The gradual filling in of an impoundment in this way 

reduces its usefulness, and may finally eliminate the impoundment 
completely. 
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Eutrophy means literally a state of good nutrition. Plants require a 

number of nutrients, but to vastly different degrees. Some nutrients, such 

as carbon, nitrogen, potassium, and phosphorus, are needed in larqe 

quantity. These are termed macronutrients. The micronutrients, e.g. iron, 

cobalt, manganese, zinc, and copper, are needed in very small amounts. In 

nature, the micronutrients, carbon, and potassium are usually in adequate 

supply (although not always), while nitrogen and phosphorus are commonly 

growth limiting. 

Nitrogen, particularly as nitrate and ammonium ions, is available to 

water-borne plant cells to be used in synthesis of proteins, chlorophyll!' 

and plant hormones. Each of these substances is vital for plant survival. 

Phosphorus, an element found in a number of metabolic cofactors, is 

also necessary for plant nutrition. The biosynthesis and functioninq of 
various biochemical cofactors rely on the availability of phosphorus, and 

these cofactors lie at the very foundation of plant cell metabolism. 

Without adeauate phosphorus, plant cells cannot grow. 

Since nitrogen and phosphorus are commonly in limited suoply, many 

impoundments tend inherently to be clear and essentially free of clogging 

alqae and vascular plants. Because of society's ever-increasinq size and 

need for food, chemical sources of nitrogen and phosphorus are synthesized 
and spread over vast tracts of farmland. Stormwater washes off these 

nutrients, which then flow through streams and into natural and artificial 
impoundments. Also, excessive nutrients occur in wastewaters from 

municipalities and industry. Due to the fact that many impoundments have 

very low flow velocities, impoundments represent excellent hioloaical 

culturinq vessels, and often become choked with plant life when nutrients 

increase. 

Since a plant cell has at any point in time a specific need for 

nitrogen and for phosphorus, one or the other or both may limit cell growth 
or replication. Where nitrogen is the nutrient that restricts the rate of 

plant growth, that is, where all other nutrients and factors are present in 
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excess, we say that nitroaen is growth limiting. In general, N:P ratios in 
the range of 5 to 10 hy mass are usually associated with plant qrowth beinq 

neither nitro~en nor phos~horus limited. However, in this range, plant 

growth may well be limited by N and P collectively. Where the ratio is 

greater than 10, phosphorus tends to be l~mitinq, and for ratios below 5, 

nitrogen tends to be limiting (Chiaudani, et~ .• 1974). 

In addition to nitroqen and phosphorus, any necessarv nutrient or 

physical condition may limit plant growth. For example, in hiqhly 

nutritious (eutrophic) waters, alaal biomass may increase until liqht cannot 
penetrate, and light is then limiting. At such a point, a dynamic 

equilibrium exists in which algal cells are consumed, settle or lyse (break) 

at the same rate as new cells are produced. 

To summarize, the process of eutrophication (or fertilization) is 

enrichment of a lake with nutrients, particularly nitroqen and phosphorus. 

However, the problem of eutrophication resulting from increased plant 

biomass caused by enrichment will be discussed. Some of the problems of 

predicting algae and the screening method will be developed for screeninq 
purposes, a nutrient approach will be taken so that control measures can be 

evaluated and then, plant biomass (alqal blooms and macrophytes), will be 
estimated to provide a relationship with the problem of eutrophicati0n. 

5.4.3 Predicting Algal Concentrations 

Predicting algal blooms or predominance of macrophytes using a 

mechanistic approach can be a very complex problem, and most methods are not 

suited to a simple hand calculation technique. Some relationships reqardinq 

algal productivity have been derived, however, which permit an evaluation of 

the eutrophic state of an impoundment. Because the methods permit aloal 

biomass to be estimated with relatively little, easily obtained data, anci 

because algae are very important in assessinq impoundment water quality, 

these techniques are useful here. The methods presented below are based 

upon the fact that in most cases (perhaps 60 percent) phosphorus is the 

biomass limiting nutrient (EPA, 1975). One such approach has been developed 

by Vollenweider (Vollenweider, 1976; Lorenzen, 1976). It may he used to 
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predict the degree of impoundment eutrophication as a function of areal 
phosphorus loadinq. It rloes not, however, permit direct estimates of algal 

biomass to be made. 

Before considering application of any of the methods to assess 

eutrophication, it is important to examine the nitrogen to phosphorus ratio. 

This indicates whether any of the methods presented below is likely to give 
realistic results. 

·~ 

5.4.3.1 Nutrient Limitation \ \~ 
,._) \-<.\; 

~' '•, 

/.. ,' I\,, 

Generally, an average algal cell has an elemental composition for the 

macronutrients of C106 N16 Pi. With 16 atoms of nitroqen for each atom of 
phosphorus, the average composition bv weight is 6.3 percent nitroqen and 

0.87 percent phosphorus or an N/P ratio of 7.2/1. For N/P ratios greater 

than 7.2~ phosphorus would be less availahle for qrowth ("limiting") and 

less than 7.2, nitrogen would be limiting. In practice, values of less than 
5 are considered nitrogen limitinq, greater than 10 are phosphorus limitino, 

and between 5 and 10, both are limiting. 

In many cases of eutrophic lakes, nitrogen is not limiting because of 
the process of nitrogen fixation. Some blue-green alqae, a particularly 

noxious type of algae, have enzymatic processes for the biochemical 

conversion of dissolved elemental nitrogen into reduced nitrogen (amine 

groups) suitable for growth and metabolism. Special cells called 
heterocysts perform this process and only appear when nitrogen is limiting. 

It can be argued that in general nitrogen is not limiting and a "worst case" 

analysis can be made for a screening approach using phosphorus. However, 

the chlorophyll produced is affected by the N/P ratio as are the algal 
species. 

I~ ~v·~~t~tv~ \ 
v 
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Availability of n~trients is also important. Particulate nitrogen and 
phosphorus in the inflowing tributaries generally settle and can therefore 

be considered unavailable. Few estimates of bioavailable nutrients have 

been made and only for phosphorus. Cowen and Lee (1976) indicated that 30 

percent or less of urban runoff phosphorus was available to algae while 

Dorich et ~- (1980) found a value of 20 to 30 percent for sediment bound 
phosphorus (as would occur in rural runoff). It appears that a fraction of 

0.3 would provide a conservative estimate of bioavailable phosphorus in the 
absence of actual measurements. 

5.4.4 Mass Balance of Phosphorus 

A material entering a lake or impoundment will partition between the 

aqueous and solid phases. The solid phase can settle and become bottom 

sediment or outflow can remove suspended and aqueous phase material. A 

diagramatic presentation of this concept is shown in Figure V-23. The 

concentration of the material can be calculated very simply after making 

several assumptions: the lake is completely mixed, the lake is at steady 

state and inflowing water equals outflow, and the annual average rates are 

constant. Although these assumptions are not met entirely for phosphorus, 

they are satisfied well enough to meet requirements for a screening analysis 
of eutrophication. Based on its historical development the eutrophication 

screening methods are termed the "Vollenweider Relationship." 

As shown in Figure V-23, any of three different forms of the steady 
state equation can be used to predict phosphorus concentrations in lakes. 

Each form may be more or less suitable for a specific data set. The 
important variables are the hydraulic flushing or dilution rate (Q/V, 

inverse of residence time), lake volume to area ratio (V/A, equals mean 

depth), phosphorus in the influent (PI), and the net rate of removal (K). 

The variables Q, V, A must be determined from other data. The influent 

phosphorus can be based on measurements or estimated from calculations 

performed as in Chapter 3 and including any municipal and industrial 
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~ A = AREA 

WATER 

QI = INFLOW OUTFLOW = Q 
------f)li- !lo.. 

XI = CONCENTRATION \ 
x , 

OF POLLUTANT II I I //1/Y//11 SEDIMENTS 

= VOLUME 

X = CONCENTRATION IN LAKE 

For Examole - Phosphorus, P = X 

LOADING 

Lp = QI • PI I A, mg/m 2 year 

MASS BALANCE 

Assumptions: completely mixed, steady state, Q =QI, annual average 
rates are constant 

Definitions: Mean depth, Z = V/A; hydraulic flushing or dilution 
rate, 0 = Q/V; hydraulic loading, q = Q/A; M = 
QI • PI; K = net rate of solid phas~ removal and 
~elease (proportional to P), typically negative when 
averaged over the annual cycle. 

dP = ~fl - Q • p - KP = 0 
dt v v 

Solving for P, 

0 • PI 
p = 0 + K 

p = -ii- (D ~ K) 

P "' Lp z (0 + K) 

(Mass Balance Form) 

{Mass Inflow Form) 

(Loading Form) 

FIGURE V-23 FORMULATIONS FOR EVALUATING MANAGEMENT OPTIONS 
FOR POLLUTANTS IN LAKES AND RESERVOIRS 
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effluents. Generally, effluents are considered totally available for 

growth. Nonpoint sources should be assessed as 100 percent available and as 

30 percent available to provide limits for screening purposes. 

Estimation of the net rate of removal (K) is not as clear. Jones & 
Bachmann (1976) estimated that K=0.65 by least squares fitting of data for 
143 lakes. 

Vollenweider (1976) and Larsen and Mercier (1976) independently 

estimated the net rate of removal as a function of dilution rate: 

K = VD 
This approach is best used for screening. Also the value of K can be 
estimated from the ratio (R) of the measured mass phosphorus retained 
(in-out) and the mass inflow: 

R = QI • PI - Q_:_f : fl- p 
QI·Pl PI 

K = __!:£. (R) 
P·Z 

To assess the placement of a specific lake relative to a set of lakes, 

phosphorus loading (PL) is graphed as a function of hydraulic loading (q ) 

(Figure V-24). The data for 34 U.S. surface waters are shown. (Some lakes 
occur more than once because of multi-year studies.) 

--------------EXAMPLE V-10 

-~_13~sei::._~Q_j~_nd 

The '{_ollemJeider ~tl~ionship 

To use the Vollenweider relationship for phosphorus loading, data on 

long-term phosphorus loading rates must be available. It is also important 

that the rates represent average loading conditions over time because 
transient phosphorus 10ad~ng pulses ~ill give mislEading results. Big 

Res2rvoir is a squarish r~servoir and has the fol1c~ing characteristics: 
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Big Reservoir 

Available Data (all values are means): 

Length 

Width 
Depth ( Z) 

Inflow (Q) 

Total phosphorus concentration in water column 

Total nitrogen concentration in water column 

Total phosphorus concentration in the inflow 

2.0 mi = 3.22 km 

5. mi = .805 km 

200 ft = 20 m 

50 cfs = 1.42 ems 
0.482 ppm 

2.2 ppm 

1.0 ppm 

In order to apply the plot in Figure V-24, the first step is to make as 

certain as possible that algal growth is phosphorus limited. In this case, 
the weight to weight N:P ratio is 2.2/.48 = 4.6. Presumably, algal growth 

in Big Reservoir is not phosphorus limited, and the Vollenweider 

relationship for phosphorus is not a good one to use. In this case a 

rigorous model should be used. If nitrogen fixation is observed to occur 

(heterocystous blue-green algae), an estimate of the potential problem can 
be obtained by assuming phosphorus to be limiting: 

V ; 3220m • 805m • 20m = 51.8 million m3 

D 1. 42 m3 86400 sec 365 day .865 
= . --

sec 51.8Mm 3 day yr yr 

T = 1.16 years 
w 

K = VD = 0.93 

p D • PI = 0.482 mg/l = 
D + K 

Lp = Q • PI/A = 17.3 g/m2 yr 
-

qs = Q/A = Z(rw = 20/1.16 = 17.2 m/yr 
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Plotting Lp and qs on Figure V-24 shows that the reservoir could be 
extremely eutrophic. 

-----------END OF EXAMPLE V-10 -----------

Bigger Reservoir and 
The Vollenweider Relationship 

The physical characteristics of Bigger Reservoir are: 

Bigger Reservoir 

Available Data (all values are means): 

length 
Width -
Depth (Z) 
Inflow (Q) 

Total phosphorus concentration in inflow 

Total nitrogen concentration in inflow 

20 mi 

10 mi 

200 ft 

500 cf s 

::: 32.2 km 
= 16.l km 
::: 61 m 

0.8 ppm 

10.6 ppm 

As in the preceding example, first determine whether phosphorus is 
likely to be growth limiting. Since data are available only for influent 
water, and since no additional data are available on impoundment water 
quality, N:P for influent water will be used. 

-d\' rJ }\> -_ 7 
"'"~\i.>-"-"Z ' 

N:P = 10.6/0.8 = 13.25 

Thus algal growth in Bigger Reservoir is probably phosphorus limited. 

Compute the approximate surface area, volume and the hydraulic residence 

time. 

Volume (V) = 20 mi x 10 mi x 200 ft x 5280 2 = 
1.12 x 10 12 ft 3 = 3.16 x 10 10 m3 
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Hydraulic residence time (Tw) = V/Q = 

1.12 x 10 12 ft 3/500 ft 3sec-l = 2.24 x 109 sec = 71 yr 

Surf ace area (A) = 20 mi x 10 mi x 5280 2 = 

5.57 x 10 9 ft 2 = 5.18 x 10 8m2 

Next, compute qs 

q = Z/T s w 

qs = 61 m/71 yr = 0.86 m yr- 1 

Compute annual inflow, Qy 

QY = Q x 3.15 x 10r sec yr- 1 

Phosphorus concentration in the inflow is 0.8 ppm or 0.8 mg/l. Loading {Lp) 

in grams per square meter per year is computed from the phosphorus 
concentration, in mg/l: 

Lp = 28.31£ x __!___9_ x 0.8 mg x 1 x 1.58xlo10 ft3 
ft 3 lOOOmg t 5.18xl0 8M2 yr 

Lp = 0.70 gm-2yr- 1 

Now, referring to the plot in Figure V-23, we would expect that Bigger 
Reservoir is eutrophic, possibly with severe summer algal blooms. 

-----------END OF EXAMPLE V-11-----------
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The Vollenweider Relationship 

Using Monthly Inflow ~ality Data 

Is Frog Lake eutrophic? Frog Lake's physical characteristics are as 
shown below: 

Frog Lake 

Available Data: 

Mean length 2 mi 

Mean •t1i dth 1/2 mi 

Mean depth 25 ft 

Available Inflow Water Qua 1 ity Data: 

Q (monthly mean, cfs) Tota 1 p (mg/1) Inorganic N (mg/l) 
Month 1972 1974 1972 1974 1972 1974 

October 50 65 0. 1 0.08 7.2 6.0 

November 80 90 0.02 0.02 6.3 2.4 

December 40 40 0.03 0.04 3. 1 1. 5 

January 

February 

March 60 58 0. 01 0.02 2.0 1. 9 

Apri 1 80 80 0.01 0.01 2.3 0.50 

May 75 76 0.04 0.05 0.55 0.52 

June 40 70 0.03 0.08 1. 20 l. 35 

July 25 0. 11 2.01 

August 38 20 0.09 0.04 3.50 l. 29 

September 38 25 0.06 0.05 2.80 1. 00 
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First, estimate the mean annual flow and the hydraulic residence time. To 

compute mean annual flow, 

where 

Q .• 
1 'J 

y 

n. 
1 

= 
= 
= 

y "; y 
Q = ( r r Q .. )/ r n. 

i=l j=l i,J i=l l 

the individual flow measurements 
the number of years of data 
the number of observations per year 

Q = 1050/19 = 55.3 cfs = 1.75 x 109 ft 3 /yr 

Now estimate the volume, surface area, hydraulic residence time, and qs 

V = 2 mi x 1/2 mi x 25 ft x 52802 = 6.97 x l08 ft 3 = 
1.98 x 107m3 

A = 2 mi x 1/2 mi x 52802 = 2.79 x 107 ft 2 = 2.59 x 106 m2 

Tw = V/Q = 6.97 x 108 ft 3 /55.3 cfs = 1.26 x 107 sec = 0.4 yr 

q = 25/0.4 = 62.5 s 

Next, calculate the weighted mean inflow phosphorus and nitrogen 
concentrations P and N as follows: 

n. n. y , y 1 

j5 (or N) = ( r r Q •. x c .. )/( r r Q .. ) 
i=l j=l 1 ,J 1 ,J i=l j=l , ,J 

P = 43.86/1050 = 0.042 ppm 

N = 2611.90211050 = 2.54 ppm 

The N:P ratio in the inflows is 60. Therefore if one of the two is growth 
limiting, it is probably phosphorus. Compute the phosphorus loading, Lp. 
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L == .?l~lll- x __ l_g_ x Q_,__9~Z_!!!9 x ___ J ___ x L_l5xJQ 9 ft 3 

p ft 3 1000 mg i 2.59x10 6 m2 yr 

Lp = 0.80 

Now, referring to the plot in Figure V- 23 with Lp = 0.80 and as = 62.5, the 
impoundment is well into the oligotrophic region. 

----------END OF EXAMPLE V-12 -----------

5.4.5 Phosphorus Levels in Predictinq Algal Productivity and Biomass 

Another technique, which is also based upon phosphorus loading, may be 

even more useful than the Vollenweider relationship because it permits 
summer chlorophyll! concentrations to be estimated rather than general 
impoundment trophic status. The method has been advanced by several 

researchers including Sakamoto (1966), Lund (1971), Dillon (1974), and 
Dillon and Rigler (1075). Briefly, the method relates mean summer 
chlorophyll! concentrations to spring mean total phosphorus. As shown in 
Figure V-25, the relationship is highly correlaterl, and a regression of the 
log of summer mean chlorophyll! on the loq of sorinq mean phosphorus is 

linear. Using a least squares method gives the equation of the line as 
(Lorenzen, 1978): 

log (chl !) = 1.5 log (P)-1.1 (V-15) 

or 
chl a= 0.08(P) 1 • 5 P2250 mq/m 3 = 0.25 ppm (V-16) 

Figure V-26 shows a plot of maximal primary production in terms of 
milligrams carbon incorporated in alqae per square meter per day as a 
function of phosphate phosphorus levels. As was the case with predicting 
chlorophyll! concentrations, the relationship appears to be reasonably 

robust and therefore useful. 

Recause dried algae contain very roughly 3 percent chlorophyll! 
(J.A. Elder, pers. comm., 1977), dry alqal biomass may be estimated from 

chlorophyll a concentration by multiplyina by thirty-three. Similarly, 
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carbon productivity, as in the plot in Figure V-26, may be converted to 

total algal biomass. Since approximate analysis of dried algae has been 

determined as (Stumm and Morgan, 1970): 

the gravimetric factor is f~'~ ~ 2.8. Thus, maximal carbon productivity may 
be multiplied by 2.8 to give a rough estimate of maximal algal biomass 

productivity. 

The user should bear in mind that applying this technique can only lead 
to rough estimates. If it is desired to predict biomass or productivity 
with accuracy, more sophisticated approaches may be necessary. 

Spring Phosphorus and Summer Chlorophyll a 

Lake Sara mean spring total phosphorus concentration = .03 mg/l 

chl a= 0.08(P) 1
•

5 

chl a = 13.1 mg/m 3 

algal dry biomass = 13.1 x 33 = 430 mg/m 3 

-3 
= 30 mg/m 

Maximal carbon productivity in the impoundment may be estimated from the 
curve in Figure V-26 to be about 1950 mgCm- 2day-l or about 5460 mg dry algal 
biomass m-2day-l. 

Observe that the two methods may lead to contradictions. In this case, 
if Lake Sara is 5 meters deep, the concentration is 5460/5 = 1092 mg/m 3

• 

This does not compare well with the 430 mg/m 3 value just computed, and the 
discrepancy reflects one inadequacy in usage of the Chiaudani curve, namely, 
that it really does not permit estimates of concentration to be made. The 
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discrepancy also reaffirms the importance of applying good judgment in 

evaluating estimates and in using more than one technique. 

-----------END OF EXAMPLE V-13------------

In the absence of measured data, the in-lake concentration (P) can be 

computed based on the various point and nonooint loadinqs (n): 

n 
Lp = L: Q.PI. 

. 1 1 1 1= 

p = Le 
z {D+K) 

Then chlorophyll a can be estimated as shown in the previous paragraphs. 

5.4.6 Restoration Measures 

Control of eutrophication in lakes can be evaluated by a variety of 

approaches (Table V-9). Some methods are directed at external sources (PI) 
and others at in-lake sources (K). Changes in volume (V) and inflow (0) 

obviously will affect predicted results. For example, dredqinq will 

decrease the return of phosphorus for the sediments (i.e. increase K) and 

increase the volume (i.e. decrease D). If the input concentration (PI) is 
the initial variable, then source controls should be investiqated. If 

internal sources are involved, then in-lake controls should be evaluated. 

In many lakes, both source and in-lake controls will be needed. 

Problem treatment is directed at the productivity directly. These controls 

are often the only alternative for many lake situations. These methods are 

evaluated only in a qualitative way. 
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TABLE V-9 

CLASSIFICATION OF LAKE RESTORATION TECHNIQUES 

I. Source Controls 

A. Treatment of inflows 

B. Diversion of inflows 

C. Watershed management (land uses, practices, nonpoint source 

control, regulations and/or treatments). 

D. Lake riparian regulation or modification 

E. Product modification or regulation 

II. In-Lake Controls 

A. Dredging 

B. Volume changes other than by dredging or compaction of 
sediments 

C. Nutrient inactivation 

D. Dilution/Flushing 

E. Flow adjustment , 

F. Sediment exposure and dessication 

G. Lake bottom sealing 

H. In-lake sediment leaching 

I. Shoreline modification 
J. Riparian treatment of lake water 

K. Selective discharge 

III. Problem Treatment (directed at biological consequences of lake 
condition) 

A. Physical techniques (harvesting, water level fluctutations, 

habitat manipulations) 

B. Chemical (algicides, herbicides, pesticides) 

C. Biological (predator-prey manipulations, pathological 
reactions). 

D. Mixing (aeration, mechanical pumps, lake bottom modification) 
E. Aeration (add DO; e.g. hypolimnetic aeration) 
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5.4.7 Water Column Phosphorus Concentrations 

The relationships described in 5.4.5 for predicting algal biomass are 
predicated on phosphorus levels within the impoundment. A more precise 
mechanism for estimating phosphorus lake concentrations based on 

interactions between bottom sediments and overlying water has been 
developed. 

Lorenzen, et ~· (1976} developed a phosphorus budget model 
(Figure V-27} which may be used to estimate water column and sediment bound 

phosphorus in a fully mixed system. A mass balance on both sediment and 
water column phosphorus concentrations yields the coupled differential 
equations: 

dCw !1 + 
K

2
AC

5 ~ ACw CWQ 
= - -v-dt v v v 

dC
5 = 

K1ACw KzA~s K/~ACw 
cit vs vs vs 

C = average annual total phosphorus concentration in water 
w 

column (g/m 3
} 

(V-17) 

(V-18} 

C
5 

= total exchangeable phosphorus concentration in the sediments 
( g/m 3) 

M = total annual phosphorus loading (g/yr) 
V = lake volume (m 3

) 

Vs = sediment volume (m 3
) 

A = lake surface area (m2 ) - sediment area (m2
) 

Q = annual outflow (m 3 /yr) 
K

1 
= specific rate of phosphorus transfer to the sediments (m/yr) 

K2 = specific rate of phosphorus transfer from the sediments 

(m/yr) 
K

3 
= fraction of total phosphorus input to sediment that is 

unavailable for the exchange process 
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When the differential equations relating water column phosphorus to the 

various controlling phenomena are solved analytically, the following 

equation results for steady-state water column phosphorus concentration: 

or 

where 

c. 
cw = 1n 

K K A (V-19) 

1 + 1 3 

Q 

c = M 
w Q + K1 K3 ~ 

(V-20) 

C = steady-state water column phosphorus concentration in ppm 
w 

C. = steady-state influent phosphorus concentration in ppm 
in 

The steady-state sediment phosphorus concentration is then given by: 

C. K 1(1 - K 3 ) 
C = _1_n _____ ___ 

s K2(1 + (K.1K3A/Q)) 
(V-21) 

It is important to observe that these relationships are valid only for 
steady-state conditions. Where phosphorus loading is changing with time, 

where sediment deposition or physical characteristics are changing, or where 

there are long-term changes in physical conditions, the steady-state 
solutions are not applicable. 

Lorenzen applied the model to Lake Washington data and obtained very 
good results. With their data set, the most satisfactory coefficients had 
the following values: 

K 1 = 43 m/yr 

K2 = 0.0014 m/yr 

K3 = 0.5 

It should be recognized, however, that this model is relatively untested and 

that coefficient values for other impoundments will vary from those cited 

here. 
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x 28.3li x 1 g 
ft 1000 mg 

x 3.16xlO~sec 
yr 

M = 1. 24xl 0 7 gP yr 

Q = (75+22+5)ft~ x 3.16xl07 sec = 3.22xl0 9
ft

3 = 9.13xl07 m~ 
sec yr yr yr 

q s = 1 68 I 9 5. 6 :; 1 • 7 6 m yr -1 

Compute phosphorus loading: 

M 
Lp =A 

7 -1 
Lp = 1.24x10 g yr = 0. 24 gm-2yr-1 

5. 2x10 7 m2 

Referring to Figure V-24 with qs = 1.76 and Lp = 0.24, one can see that this 

lake may have eutrophication problems under pre-diversion conditions. 

After the diversion, 

Assuming the lake depth is not materially changed over the short term, 

For the new conditions, 

q
5 

= 168/125 = l. 34 !!!._ 
yr 

M = 8.33 x 10 6 gP yr-1 
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-1 8.33xl0 6 g yr Lp = ---~-~-
5.2xl07 m2 

= .16 gP/m 2 yr 

Now, according to the Vollenweider plot (Figure V-24), this is in the 

region between "dangerous" and "permissible" - the mesotrophic region. 

Under the new circumstances, algal blooms are less likely than before the 
flow diversions were established, but blooms are by no means to be ruled 

out. 

Turning now to an estimate of algal biomass under pre-diversion 

conditions, we must calculate the inlake concentration (P). 

First, D = l/TW = 1/125 = 0.008; K = ~= 0.09 

Since our data are already in the loading form: 

p = (Pzl) (D~K) 
= (0.24) (o.oo@+o.og) = 15 mg/m 3 

168 

Based on chlorophyll ~· 

chl A= 0.08(P) 1
'

5 

chl A = 0. 08 (15) l. 5 = 4. 6 mg/m3 

Dry algal biomass - 4.6x33 = 150 mg/m 3 

Under post-diversion conditions, 

p = (~6~6 ) (o.oos!o.09) = 10 mg/m
3 

chl ~ = 0.08 (10) 1 ' 5 == 2.5 mg/m 3 

Dry algal biomass = 2.5x33 = 83 mg/m 3 
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Note that these low levels of chlorophyll ~almost certainly mean that the 

lake is oligotrophic to mesotrophic, and that the Vollenweider method 

suggests worse conditions than may actually exist in this case. 

Consequently, one might choose to use the Lorenzen model to evaluate K1 

and K3 and determine whether the impoundment is at steady state with respect 
to phosphorus levels in the water column and sediment. Generally, this is 

the case where K1K3 lies in the range of 20 to 40. If K1K3 is outside of 
this range, field data should be obtained for current water column 

phosphorus. 

Sediment volume, V Irrelevant for steady-state solution s 
Phosphorus (water column) .15 mg/l 

Ka = 0.5 

Cw = 0.15 mg/1 = .015 g/m3 

K, = (1.24;~o'gP _ 9.13;~o'm' x .o~~9)/ 

(.s x · 0~~-9. x 5.2 x 107m') = 28.3 ;r 

This result, therefore, gives reason to suspect non steady-state 
conditions for water column phosphorus. If more definitive answers are 
needed, additional field data should be collected. 

~----END OF EXAMPLE V-14 --- ------------
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5.5 IMPOUNDMENT DISSOLVED OXYGEN 

Organic substances introduced into an impoundment with inflowing water, 

falling onto its surface, or generated in the water column itself through 

photosynthesis, may be oxidized by indigenous biota. The process consumes 

oxygen which may, in turn, be replenished through surface reaeration, 

photosynthetic activity, or dissolved oxygen in inflowing water. The 

dynamic balance between DO consumption and replenishment determines the net 

DO concentration at any point in time and at any location within the water 

column. 

These processes result in characteristic dissolved oxygen (DO) 
concentrations in the water columns of stratified lakes and reservoirs 

(Figure V-28). During stratification, typically during summer months, the 

DO is highest on the surface due to photosynthesis and reaeration. It 

decreases through the thermocline and then, in the hypolimnion, the DO 
decreases to zero in those lakes that have high organic matter 

concentrations. 

During spring, after turnover, when lakes are not stratified, the DO is 

essentially uniform. However, in highly organic lakes benthic processes can 

already begin to deplete oxygen from lower depths, as shown in Figure V-28. 

Essentially, the patterns result from processes that are restricted due 

to incomplete mixing. The overall effects of such patterns as shown in 
Figure V-28, are to restrict fishery habitat and create water quality 

problems for downstream users, especially for deep water discharge. 
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BOD exertion is not the only sink for DO. Some important sources and 
sinks of impoundment dissolved oxygen are listed below: 

Sources 

Photosynthesis 

SOURCES AND SINKS OF 

IMPOUNDMENT DISSOLVED OXYGEN 

Sinks 

Water Column 
Atmospheric reaeration Benthic BOD 

BOD 

Inflowing water Chemical oxidation 
Rainwater Deoxygenation at surf ace 

Plant and animal respiration 

Many of the processes listed above have a complex nature. For example, 

the atmospheric reaeration rate is dependent in part upon the near-surface 

velocity gradient over depth. The gradient, in turn, is influenced by the 

magnitude, direction, and duration of wind, as well as the depth and 
geometry of the impoundment. 

Photosynthetic rates are affected by climatological conditions, types 

of cells photosynthesizing, temperature, and a number of biochemical and 

biological factors. Exertion of BOD is dependent upon the kind of 

substrate, temperature, dissolved oxygen concentration, presence of 
toxicants, and dosing rate. 

Despite this degree of complexity, a number of excellent models of 

varying degrees of sophistication have been developed which include 
simulation of impoundment dissolved oxygen. 

5.5.l Simulating Impoundment Dissolved Oxygen 

Because an unstratified impoundment generally may be considered as 
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a slow-moving stream reach, only stratified impoundments are of 
interest here. For estimating DO in unstratified impoundments, one 

should refer to the methods described in Chapter 4. 

To understand the phenomena affecting dissolved oxygen in a strati

fied irnpoundment and to gain an appreciation of both the utility and 

limitations of the approach presented later, it is useful to briefly 

examine a typical dissolved oxygen model. Figure 'J-29 shows a geo

metric representation of a stratified impoundment. As indicated 
in the diagram, the model segments the impoundment into horizontal 

layers. Each horizontal layer is considered fully mixed at any point 

in time, and the model advects and diffuses mass vertically into and 

out of each layer. The constituents and interrelationships modeled 

are shown schematically in Figure V-30. 

The phenomen~ usually taken into accou11t in an irnrioundment DO 

model include: 

• Vertical advection 

• Vertical diffusion 

• Correction for element volume change 
• Surface replenishment (reaeration) 

•BOD exertion utilizing oxygen 

•Oxidation of ammonia 
• Oxidation of nitr1te 
•Oxidation of detritus 
• Zooplankton respiration 
•Algal growth (photosynthesis) and respiration 
t DO contribution from inflowing water 

•DO removal due to withdrawals 

Many of the processes, are complex and ca 1 cul at ions in detailed 

models involve simultaneous solution of many cumbersome equations. 
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Among the processes simulated are zooplankton-phytoplankton interactions, 
the nitrogen cycle, and advection-diffusion. Thus it is clear that a 

model which is comprehensive and potentially capable of simulating DO 

in impoundments with good accuracy is not appropriate for hand ca lcu-

1 ati ons. A large amount of data (coefficients, concentrations) are 

needed to apply such a model, and solution is most easily done by computer. 

Furthermore, some of the terms in the mode1 equation of state do not 

improve prediction under some circumstances. This is true, for example, 

where there are no withdrawals or in an oligotrophic impoundment where 

chlorophyll .?_concentrations are very low. 

Hand calculations must be based upon a greatly simplified model 

to be practical. Since some DO-determining phenomena are more important 

than others and if some assumptions are made about the impoundment 

itself, it is feasible to develop such a model. 

5.5.2 A SimQlifiEd Impoundment Dissolved Oxygen Model 

For purposes of developing a model for hand calculations, the 

following assumptions are made: 

I The only condition where DO levels may become dangerously 

low is in an irnpoundment hypolimnion and during warm 

weather. 

• Prior to stratification, the impoundment is mixed. After 
strata form, the epilimnion and hypolimnion are each fully 

mixed. 

t Dissolved oxygen in the hypolimnion is depleted essentially 

through BOO exertion. Significant BOD sources and sinks to 

the water column prior to stratification are algal mortality, 

BOD settling, and outflows. A minor source is influent BOD. 

Following format~on of strata, sources and sinks of BOD are 

BOO settling out onto the bottom, water column BOD at the time 
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of stratification, and benthic BOD. 

1 Photosynthesis is unimportant in the hypolimnion as a 

source of DO. 

t Once stratification occurs (a tnermocline gradient of 

1°C or greater per meter of depth) no mixing of thermo

c 1 i ne and hypolimnion waters occurs. 

I BOD loading to the unstratified impoundment and to the 

hypolimnion are in steady-state for the computation 

period. 

5.5.2.1 Estimatinq a Steady-State BOD Load to the Imooundment 

Equation V-25 is an expression to describe the rate of change of BOD 
concentration as a function of time: 

where 
c = 
k = a 
k = 
s 

kl = 

Q = 

dC = , k 
dt a 

Qf_ 
v 

the concentration of BOD in the water 
the mean rate of BOD loading from a 11 

(V-25) 

1 . , -1 co umn in mg 
sources in mgl-l 

the mean rate of BOD settling out onto the impoundment 
bottom in day -1 

the mean rate of decay of 1t1a ter column BOO in day-l 

mean export fl ow rate in 1 i ters day -1 

V = impoundment volume in liters 
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Integrating Equation V-25 gives: 

where 

c = t 

( k + k c ) ( k b t) - k 
a b o e a 

kb 

Ct = concentration of BOD at time t 
C

0 
= initial concentration of BOD 

kb = -ks -kl - i 

( V-26) 

To estimate the steady-state loading of BOD, we set dc/dt = O and 
obtain 

(V-27) 

where 

Css = steady-state water column BOD 

Thus ~quation (V-27) may be used to estimate a steady-state water column 

BOD concent1ation and Equation (V-26) may be used to compute BOD as a 

function of time, initial concentration of BOD, and the various rates. 

5.5.2.2 Rates of Carbonaceous and Nitrogenous Demands 

The rate of exertion of BOO and therefore the value of k
1 

is 
dependent upon a number of physical, chemical, and biological factors. 
Among these are temperature, numbers and kinds of microorganisms, 
dissolved oxygen concentration, and the kind of organic substance in
volved. Nearly all of the biochemical oxygen demand in impoundments 
is related to decaying plant and animal matter. All such material 

consists essentially of carbohydrates, fats, and proteins along with a 

vast number of minor constituents. Some of these are rapidly utilized 

by bacteria, for example, the simple sugars, while some, such as the 

celluloses, are metabolized slowly. 

Much of the decaying matter in i mpoundrnents is carbonaceous. 
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Carbohydrates (celluloses, sugars, starches) and fats are essentially 

devoid of nitrogen. Proteins, an the other hand, are high in 

nitrogen (weight of carbon/weight of nitrogen ~ 6) and proteins 
therefore represent both carbonaceous and nitrogenous demands. 

The rate of exertion of carbonaceous and nitrogenous demands differ. 

Figure V-31, which shows the difference graphically and as a function of 

time and temperature, may be considered to represent the system response 

to a slug dose of mixed carbonaceous and nitrogenous demands. In each 

two-section curve, especially where concentrated carbonaceous wastes are 
present, the carbonaceous demand is exerted first, and this represents the 

first stage of deoxygenation. Then nitrifiers increase in numbers and 

ammonia is oxidized through nitrite and ultimately to nitrate. This later 

phase is called the second phase of deoxygenation. 

BOD decay (either nitrogenous or carbonaceous alone) may be repre
sented by first order kinetics. That is, the rate of oxidation is 

directly proportional to the amount of material remaining at time t. 

dC 
dt = -kc 

The rate constant, k, is a function of temperature, bacterial 
types and numbers, composition and structure of the substrate, 

presence of nutrients and toxicants, and a number of other factors. 
The value of the first stage constant k1 was first determined by 
Phelps in 1909 for sewage filter samples. The value was 0.1 (Camp, 
1968). More recent data show that at 20°C, the value can range from 
0.01 for slowly metabolized industrial waste organics to 0.3 for 
relatively fresh sewage (Camp, 1968). 

The typical effect of temperature on organic reactions is to 
double reaction rates for each temperature rise of 15°C. The 
relationship for correcting k1 for temperature is: 
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(V~29), 

where 
T = the temperature of reaction 

e = correction constant = l .047 

However, Thereault has used a value for A of l .02, while Moore 

calculated values of 1.045 and 1.065 for two sewages and 1.025 for 

river water (Camp, 1968). 

Streeter has determined the rate of the nitrification or second 

deoxygenation stage in polluted streams. At 20°c, k1 for nitrification 
is about 0.03 (Camp, 1968). Mobre found the value to be .06 at 20°c 

and .035 at lo0c (Camp, 1968). For purposes of this analysis; BOD 
exertion will be characterized as simple first order decay using a 

single rate constant. 

Benthic demand, which is important in later computations, may 

vary over a wide range because in addition to the variability due to 
the chemical nature of the benthic matter, rates of oxidation are 

limited by upward diffusion rates of oxidizable substances through 

pores in the benthos. Since the nature of the sediment is highly 
variable, benthic oxygen demand rates vary more than values for k1 
in the water column. In a study using sludges through which oxygenated 

water was passed, initial rates of demand ranged from l .02 g/m2 day 
(see Table V-10) for a sludge depth of 1.42 cm up to 4.65 g/m2 day 
for a sludge depth of 10.2 cm (Camp, 1968). In that study, the values 
found were for initial demand since the sludge was not replenished. 

The rate per centimeter of sludge depth, then, can vary from a low of 
0.46 g/m2 day for 10.2 centimeter depth sludge up to 0.76 g/m2day 
for 1.42 centimeter depth sludge. 
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Benthic 
Depth 

(mean) cm 

10.2 

4.75 

2.55 

l. 42 

l. 42 

TABLE V-10 
OXYGEN DEMAND OF BOTTOM DEPOSITS 

(AFTER CAMP, 1968) 

Initial Ai-ea Oer.Bnd 

Initial ln1t1al 
Derr.and Volume of -2 

Solids, korn -2 L '.gm ) -2 -1 om day 

3.77 739 4.65 

1. 38 426 3.09 

0. 513 227 1. 70 

0.188 14 2 l.08 

0. 188 134 1. 02 

day -1 

k4(20°C) 

.0027 

. 0031 

.0032 

.0033 

.0033 

The constant loading rate (k ) used in Equation (V-25) is best esti-a 
mated from historical data. Alternatively, inflow loading (see Chapter 

IV) and algal productivity estimates (this chapter) may be used. In 
the latter case, a value must be adopted for the proportion of algal 

biomass ultimately exerted as BOD. To a first approximation, ka may 

be estimated using this value and adopting some percentage of maximal 

primary productivity (see Figure V-25). Thus, 

where 

(V-30) 

ka(algae) = algal contribution to BOD loading rate 

s 

M 

p 

= stoichiometric conversion from algal biomass as 

carbon to BOD = 2.67 

= Proportion of algal biomass expressed as an 

oxygen demand (unitless) 
= Primary production in mgCm- 2day-l 

1 Q:l 
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The difference between algal biomass and the parameter M repre
senting the proportion of algal bicmass exerted as BOD may be conceptu

alized as accounting for such phenomena as incorporation of algal bio

mass into fish tissue which either leaves the impoundment or is harvested, 

loss of carbon to the atmosphere as CH4, and loss due to outflows. 

The settling rate coefficient, k in Equation (V-25) must be est1-s 
mated for the individual case. It represents the rate at which dead 

plant and animal matter (detritus) settles out of the water column 

prior to oxidation. Clearly, this coefficient is sensitive to the 

composition and physical characteris~its of suspended matter and the 

turbulence of the system. Quiescence and large particle sizes in the 

organic fraction will tend to give high values for ks while turbulence 

and small organic fraction particle sizes will give small values for k . . s 

5.5.2.3 Estimating a Pre-Stratification Steady-State Dissolved Oxygen Level 

Prior to stratification, the impoundment is assumed to be fully 

mixed. One of the important factors leading to this condition is 

wind stress, which also serves to reaerate the water. As a rule, 

unless an impoundment acts as a receiving body for large amounts of 

nutrients and/or organic loading, dissolved oxygen levels are likely 

to be near saturation during this period (D.J. Smith, pers. comm., 
November, 1976). Table V-11 shows saturation dissolved oxygen levels 

for fresh water as a function of temperature, and DO levels may be 

estimated 2rcordingly. 

The hypolimnetic saturation dissolved oxygen concentration is 
determined by using the average (or median) temperature for the hypolimnion 
as determined during the period of interest througho~t the depth of the 
hypolimnion. Information on the hypolimnion are obtained using the 
procedures described in Section 5.2. For example, hypolimnetic water at the 

onset of stratification might be 4-5°c and during the critical summer months 
be 10°c. The value 10°c should be used having a saturation DO of 11.3 mg/l. 
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TABLE V-11 

SOLUBILITY OF OXYGEN IN WATER (STANDARD METHODS, 1971) 

Chloride Concentration in Water - mg/l Difference 

Temp. Sea per 100 mg 

in 0 5,000 10,000 15,000 Water Chloride 

oc Dissolved Oxygen - mg/l 

0 14.6 13.8 13. 0 12. l 11. 3 0.017 
1 14.2 13. 4 12.6 11.8 11. 0 0.016 
2 13. 8 l 3. l 12.3 11. 5 10.8 0.015 
3 13. 5 12.7 12.0 11. 2 10. 5 0.015 
4 13. l 12. 4 11. 7 11.0 10.3 0.014 
5 12.8 12. l l l. 4 10.7 10.0 0.014 

6 12.5 11 .8 11. l 10.5 9.8 0.014 
7 12.2 11. 5 10. 9 l 0. 2 9.6 0.013 
8 11. 9 11. 2 10.6 l 0. 0 9.4 0.013 
9 11. 6 11. 0 10.4 9.8 9.2 0.012 

10 11. 3 10.7 10. l 9.6 9.0 0.012 

11 11. l l 0. 5 9.9 9.4 8.8 0. 011 
12 10.8 10.3 9.7 9.2 8.6 0.011 
13 10.6 10. 1 9.5 9.0 8.5 0.011 
14 l 0. 4 9.9 9.3 8.8 8.3 0.010 
15 10.2 9.7 9. l 8.6 8.1 0.010 

16 10.0 9.5 9.0 8.5 8.0 0.010 
17 9.7 9.3 8.8 8.3 7.8 0.010 
18 9.5 9. l 8.6 8.2 7.7 0.009 
19 9.4 8.9 8.5 8.0 7.6 0.009 
20 9.2 8.7 8.3 7.9 7.4 0.009 

21 9.0 8.6 8. l 7.7 7.3 0.009 
22 8.8 8.4 8.0 7.6 7. l 0.008 
23 8.7 8. 3 7.9 7.4 7.0 0.008 
24 8.5 8. l 7.7 7.3 6.9 0.008 
25 8.4 8.0 7.6 7.2 6.7 0.008 

26 8.2 7.8 7.4 7.0 6.6 0.008 
27 8. i 7.7 7.3 6.9 6.5 0.008 
28 7.9 7.5 7. l 6.8 6.4 0.008 
29 7.8 7.4 7.0 6.6 6.3 0.008 
30 7.6 7.3 6.9 6.5 6. 1 0.008 

31 7.5 
32 7.4 
33 7.3 
34 7.2 
35 7. 1 
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Most lakes are near sea level (<2000 ft elevation) and are relatively 
fresh (<2000 mg TOS/1). For lakes that do not meet these criteria, 
corrections for atmospheric pressure differences and salting out due to 
salinity might be needed. Pressure effects can be approximated by using a 
ratio of barometric pressure (B) for the elevation of interest and sea level 
(BSTP) as follows: 

e.g. B at 4600 ft elevation, 

B 640 
BSTP = 76Q ,, in mm Hg, = 0.84 

DOsat at 10°C = 0.84 x 11.3 = 9.5 mg/1. 

Chloride is an estimator of dilutions of sea water in fresh water where 

20000 mg Chloride/l is equivalent to 35000 mg salt (TDS/l, that is, typical 
ocean water. 

5.5.2.4 Estimating Hypolimnion DO Levels 

The final step in use of this model is preparation of a 00-

versus-time plot for the hypolimnion (or at least estimation of DO 
at incipient overturn) and estimation of BOD and phosphorus loadings 
which result in acceptable hypolimnion DO levels. An equation to 

compute DO at any point in time during the period of stratification 
is 

where 

0 = 

k = 4 

L = 
D = 

dO = -k1C-k4L/0 dt 

dissolved oxygen in ppm 
. -1 benthic decay rate 1n day 

areal BOD load in gm-2 

depth in m 

(V-31) 

The second term in the equation requires that an estimate be made of 

the magnitude of BOD loading in benthic deposits. To do this within 

the present framework, it is assumed that BOD settles out 
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throughout the period of stratification. Although many different 

assumptions have been made concerning benthic BOD decay, it was 

assumed that benthic demand was a function of BOD settling and the 

rate of benthic BOD decay. This BOD includes that generated in the 

system by algal growth and that which enters in tributaries and waste 

discharges. Based upon the rate of settling used earlier in estimating 

a steady-state BOD concentration (Equation (V-25)) and rate of decay 

for conditions prior to stratification, the rate of benthic matter 

accumulation is: 

where 

Css = concentration of BOD in the water column in gm-3 -
at steady-state 

(V-32) 

The assumption of steady-state BOD concentration reduces Equation 
(V-32) to the same form as Equation (V-25) and integration gives: 

-k t 4 
-k DC 

S SS 

For steady-state deposition (dl/dt = 0, Dk
5
C

5
s= constant), 

\~here 

k C D 
S SS 

k4 

-2 Lss = steady-state benthic BOD load in gm 

(V-33) 

(V-34) 

Application of Equation (V-34) with ks and k4 appropriately 
chosen for the month or two preceding stratification will give an 
estimate of the benthic BOD load upon stratification. Application 
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of Equation (V-33) gives the response of L to different water column 

BOD (steady-state) loading rates and changes in rat~coefficients. 

After strata form, benthic matter decays while hypolimnion water 

column BOD decays and settles. The change in L over the period of 

stratification is 

(V-35) 

Since 

·(V-36) 

tlnd 

(V-37) 

(V-38) 

Then 

(V-39) 

Water column BOD in the hypolimnion is given by Equation (V-36) 

and the integrated form is Equation (V-37). 

Note that ks, the settling coefficient is equal to vs/D where 
vs is the settling velocity of the BOD, and D is the depth of the 
hypolimnion (or when the impo~ndment is unstratified, D is the 

depth of the entire impoundment). Also note that we usually assume 
that the DO is at saturation at the onset of stratification. Thus 
we can ignore the assumptions and calculations (Equation V-32 to V-34) 
done for periods prior to onset. 
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The equation presented earlier (Equation V-31) for hypoli·mnion 

DO was: 

Equation (V-31) is not integrable in its present form, but since L 
and C are defined as functions of t (Equations (V-39) and (V-37) 

respectively), it is possible to determine dissolved oxygen in the 

water column. The equation for oxygen at time t is: 

~.:; ~t"~_M.f' 
·,,s~~~ 

0 = 0 - LO - LO ( V-40) 
t o L c 

where 

Qt = dissolve:d o~ygen at time t 

00 = dissolved oxygen at time t = 0 

tiOL = dissolved oxygen decrease due to benthic demand 

tiOc = dissolved oxygen decrease due to hypolimnion BOD 

From Equation (V-39), and using L SS as L
0 and Css as C0 , 

:: (~+ kSCSS )(i-e-k4t)- ( kSCSS )( k4 )(1-e-(ks+k,)t) 
D ks+k 1-k4 ks+k1-k4 ks+k 1 

and from Equation (V-37), 

Solution of Equation (V-40) gives an estimated DO concentration in 
the hypolimnion as a function of time. 
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To compute equation (V-40), a simpler 
derived by substituting as follows: 

since Lss 
k C D 

= SS SS 
k4 

(V-43) 

To simplify computations, the following stepwise solutions can be made: 

B = 
ks +kl 

k4 

c = l-e-k4t 

Then, 
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5.5.3 Temperature Corrections 

All reactions are computed on the basis of the optimum temperature, but 
the environment is often at different temperatures. Some rate coefficients 
for chemical and biological reactions vary with temperature. A simple 
correction for such rate coefficients to 20°c is as follows: 

KT = KT20 x 1.047 (T - 20oC) 

For example, if a rate at 20 C = 0.01 and the lake is at io0 c, then 

KT = 0.01 x 1.047 (10 - 20) 

KT = 0.00632 

Generally the following optima are used: 

~ - first order decay rate for water column BOD, 
use 20°c. 

ki+ - benthic BOD decay, use 20°c. 

P - productivity rate, use 30° c. 

In the screening methods we do not have to correct for temperature except in 
the oxygen calculation for the rate coefficients, ~ , K4 , P and in the 
toxics section (5.6) for the biodegradation rate coefficients. 
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Quiet Lake 
(Comprehensive Example) 

Quiet Lake is located a few miles south of Colton, New York. The 
lake is roughly circular in plan view (Figure V-32) and receives 

inflows from three tributaries. There is one natural outlet from 
the lake and one withdrawal used for quarrying purposes. 

The first step in evaluation of lake hypolimnion DO levels 
is physical and water quality data collection. Table V-12 shows 
characteristics of Quiet Lake, Table V-13 shows tributary discharge 
data along with withdrawal and outflow levels, and Table V-14 
provides precipitation and runoff information. 

In order to evaluate hypolimnion DO as a function of time, the· 
very first question to be answered is, does the impoundment stratify? 

If so, what are the beginning and ending dates of the stratified period, 
how deep is the upper surface of the hypolimnion, and what is its volume, 
and what is the distribution of hypolimnion mean temperatures during 
the period? To answer these questions, either use field observation 
data, or apply some computation technique such as that presented earlier 
in this section. Assuming that methods presented earlier are used, the 
selection of appropriate thermal profile curves hinges around three 
factors. These are 

• Climate and location 
• Hydraulic residence time, and 
• Impoundment geometry 
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TABLE V-12 

CHARACTERISTICS OF QUIET LAKE 

Quiet Lake 

Length (in direction of flow) 

i~i dth 
Mean Depth 
Maximum Depth 
Water Column P 

TABLE V-13 

3.5 miles = 18,480 ft. 
4.0 miles= 21,120 ft. 
22 ft. 
27 ft. 

0.014<P<.032 

WATER QUALITY AND FLOW DATA FOR TRIBUTARIES TO QUIET LAKE. 
DATA REPRESENT MEAN FIGURES FOR 1970-1975. 

Swift River (Station 1 ' above Quiet Lake) 

Month Mean Fl Ovl, cfs Total ~l Total p 
ppm 

Cctober 54 2.2 0.2 

November 38 4. 1 0.08 
December 10 5.3 0.10 

January 5 6. 1 0.20 

February 2 5.0 0. 15 

March 8 4.3 0.08 

Apri 1 40 3.3 0.04 

May 55 2. 1 0.02 
June 85 2.8 0.02 
July 150 2.9 0.02 

August 70 1.0 0.02 

September 85 2.4 0.03 
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TABLE V-13 (Continued) 

First Creek (Station 5) 

Month Mean Flow, cfs Total N Total p BOD 
ppm 

October 5 1.0 . 01 0.5 

November 3 2.0 .01 1. 0 

December 2 0.5 .02 1. 5 

January 2 1. 2 . 01 1.0 

February 3 1.3 .02 0.8 

March 4 2.3 .01 0.6 

April 6 2.0 . 01 0.5 

May 8 1.8 .02 0.6 

June 10 1. 6 .01 0.8 

July 8 1.4 . 01 0.8 

August 6 1. 5 .00 1.0 

September 4 0.8 .00 1.2 

Second Creek (Stc!Lion 4) 

Month Mean r 1 o·.-1, c fs Total- \' 
), Total p BOD 

ppm 

October 14.0 1 5 . 15 7 

November 13. 0 16 .08 8 

December 12.5 10 .20 10 

January 5.0 9 . 1 5 7 

F ebrua r~y 1. 2 l 2 . 12 7 

March 2.0 13 . l 0 6 

Apri 1 2.5 8 . 11 7 

May 4.0 6 .07 9 

June 8.0 5 .08 12 

July 12. 0 7 .20 3 

August 8.0 6 .22 4 

September 5.5 8 .25 8 
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TABLE V-13 (Continued) 

Swift River (Stations 2 and 3) and Pumped Withdrawal 

Pumped Mean Month l J:'. Flow, cfs 

Month Withdra\va l, cfs Stat ion 2 Station 3 

October 22.6 69.5 77.0 

November 22.0 50.0 !)5. 0 

December 3.5 20.0 ?2.0 

January l. 2 7.5 9.0 

February 0.8 l. 2 1. 4 

March 0.4 9. l 10. 1 

April 12.0 44.5 48.75 

May 24.0 63.2 - 69. 5 

June 30.7 l 00. 0 110.0 

July 89.5 168.5 184.8 

August 29.8 80.6 88.5 

September 43. 9 91.3 100.25 

Notes: All three tributaries have their headwaters within the shed. 

The net inflow-outflow to the groundwater is known to be close to 

zero in the two creeks. Swift River is usually about 10% effluent over 
its entire length (10% of flow comes into the river from the 
groundwater table). 
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TABLE V-14 

PRECIPITATION AND RUNOFF DATA FOR QUIET LAKE WATERSHED. 
VALUES ARE MEANS OF DATA COLLECTED FROM BOTH STATIONS 
(SEE FIGURE V- 31). THE WATERSHED HAS AN AREA OF 55 
SQUARE MILES INCLUDING THAT OF THE LAKE 

Mean Total 
Monthly Precipi- Runoff Qua l itl 

Month tation, inches Total N Total p BOD 
ppm 

October 3.0 6.0 0. l 27 

November 2.4 6.5 0.2 37 
December 1.0 4.0 0. 1 46 

January 0.5 3.0 U.008 34 

February 0.3 1.0 0.07 33 

March 0.6 1. 5 0. l 30 

April 2.0 2.5 0. 15 40 

May 2.8 3.2 0.25 50 

June 4.2 3.6 0.20 40 

July 7.6 7.0 0.4G 37 
August 3.5 7.8 0.60 45 

September 4.2 9.2 0.80 50 

Total 32. l 

Note: Infiltration to the water table on a monthly basis accounts for 

roughly 30% of precipitation volume. 

In terms of climate and location, the Quiet Lake area is similar to 
Burlington, Vermont. Examination of the Burlington plots from Appendix 
D reveals that a 20-foot maximum depth impoundment can stratify in an 

area shielded from the wind. The area surrounding Quiet Lake does pro
vide good shielding, so the next task is to estimate the hydraulic 
residence time to select a specific set of plots. 
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Inspection of all Burlington plots indicates that stratification 

is likely to _occur at most from May to August. Accordingly, for pur

poses of plot selection, we are most interested in a mean hydraulic resi

dence time based on flows in the period from about March to August. Since 

hydraulic residence time (T) is given by T = V/Q, we compute mean Q w w 
(Q). Q represents the average of tributary inflows during this 

period, computed as follows: 

Q- 8+40+55+85+150+70 4+648+10+8~6 
= 6 ·-+ 6 

2+2. 5+'1-18+ 12+8 
+ 6 

(Swift River) (First Creek) (Second Creek) 

-Q = 68+7+6.08 = 81 .1 cfs 

Hm·1ever, in order to fully account for mass transport as well .as properly 

estimate hydraulic residence time, one more factor should be considered. 

This is non-point inflow. At this point, we have enough information 
to estimate the storrTMater contribution directly to Quiet Lake. In view 

of the available data, the computation is as follows: 

\·1herc 

Q = stonm·1ater or non-point inflov1 in cfs (excluding rivers and creeks) 
s 

A = area of shed in square 11'.iles 

n = number of tributaries 

Q. = monthly mean pickup (in c fs) in the ith tributary 
l 

p = monthly total precipitation, in inches per month 

I . = percent (expressed as a decimal) of flo\'/ 
l 

contributed by exfiltration (from the \va ter 

table into th(' channel) 

119 



L = the proportion of precipitation lost by infiltration 
into the soil (expressed as a decimal) 

K = unit correction = 0.895 ft 3mo mi-2in- 1sec-l 

As an example, the computation for October is: 

2 in Q = 55 mi x 3.0 s mo x 0. 896 
3 ft 1110 

.2. x ( 1-0. 3) -
r.11 in sec 

(s4(1-0.1)+5(1-0.0)+l4(1-0.0)+(77-69.5)(1-0.l)) "29.l cfs 

Now, since we know the pumped withdrawal rates as well as the difference 

between flows at stations 2 and the sum of 1, 4, and 5, and that the im

poundment surface is at steady-state over the mouth, we also can estimate 

the net infiltration rate from the lake into the groundwater. ihe infil
tration rate is (again, for October): 

Net efflux= Q(sta 1+4+5) -Q2+Qs-Qw 

= 73.0 - 69.5 + 29. l - 22.6 = 10.0 cfs 

Note that the pickup in each channel above Quiet Lake is equal to 

the flow at the pertinent sampling station. This is the case because 

the three channels have their headwaters within the watershed. If 
one were concerned about a subshed with tributary headwaters above the 

subshed boundary, the difference in Q between each of stations l, 4, and 5 

and the respective flows at the upstream subshed boundary would be used. 

To est"imate hydraulic residence time add the mean storrnwater con

tribution over the months of interest to that of the tributaries, as 

computed earlier. The individual storrnwater computations are not shown. 

The method is as just described. 

-
Q tot a 1 

= 81.l + 6.6+20.7+29.4+41.4+92.5+36._~ -
6 
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Then the hydraulic residence time is given by: 

Tw = V/Q ~ Tir
2D/Q 

r " [ L ;w x 5280 J 

L = length of the lake in mi. 

\·! = \'Jidth of the lake in mi. 

D = mean depth in ft. 

r = radius in ft. 

2 

'w" 3.14 x [ 3.~+4 x 5280] x 22/119 

7 = 5.69x10 sec = 658 days 

Accordingly, the infinite hydraulic residence time plots for a 20-foot 
deep, wind-protected, Burlington, Vermont, impoundment should suffice. 
Note that the entire impoundment volume was used in the above computation. 
Strictly, one should use the epilimnion volume during stratification. 
In this case, such a change would not alter selection of the plots 
because Tw would still be greater than 200 days. A reproduction of the 
appropriate plot from Appendix D is presented in Figure V-33., As indi
cated, Quiet Lake is likely to be weakly stratified from May to August 
inclusive, with a thermocline temperature gradient of about 1°ft-l. The 
hypolimnion should extend downward to the bottom from a depth of about 
3-1/2 meters, giving a mean hypolimnion depth of 

o = 22 ft - 3.5 m = 3.2 meters H -1 3.28 ft m 
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The approximate hypolimnion volume, then, is 

0Total 
x VTota 1 

Over the period of interest, the hypolimnion mean temperature dis

tribution is: 

Month 

March 

Apri 1 

May 

June 

July 

August 

t~ean 

J e~ip~~_a__!.~i:_~-~~ 
2.0 

5.5 

9.5 

12. 5 

14.0 

15. 5 

The next step in use of the DO model is to determine a steady-

state or mean water column BOD loading (k ) and DO level prior to stratifi-a 
cation. This is a multi-step process because of the several BOO 

sources. The sources are tributaries, runoff, and primary productivity. 

First, we estimate algal productivity using methods of this chapter 

(or better, field data). 

Using the curve in Figure V-26 and phosphorus data from Table V- 13, 

the maximal primary productivity should be in the range 1 ,400 mg 
-2 -1 -2 -1 -1 1 Cm day to 1,900 mgCm day . To convert to loading in mgl day-

divide by (1000 lm-3 x 6.7m). This gives the loading as 0.21 to 0.28 
-1 -1 mgl day . 
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Now assuming that maximal productivity occurs at about 30°C and 
that productivity rates obey the same temperature rule as BOD decay, 

temperature-adjusted estimates of productivity rates can be made. Using 
the maximal rate range of 0.21 to 0.28 mgl- 1day-l, the adjusted rates 

are: 

Productivity= (0.21, 0.28) x 1 .047(3.75-30) 
= (.06,.08) mgl-l day-i 

Then, according to Equation (V-30) and assuming M = l, ka due to al~ae 
is estimated by: 

ka(algae) = 2.67 x (.06, .08) = (.16, .21) mgl-1day-l 

The next contributor to water column BOD is BOD l~ading of inflow

ing waters. The value to be computed is the loading in milligrams per 

liter of impoundment water per day. 

Daily BOD loading rate = ( ~ ~id .Q .. c .. ) /v~ d 
i = 1 j = 1 , 1 ,J , 'J k = 1 k 

where n· = the number of time periods of measurement 
v = volume of impoundment in liters 

d = the number of days per time period 

L = the number of inflows 

For all inflows, the value is therefore approximately: 

ka(,Trib) = (2185 + 48.3 + 643.9 + 14240) x 2.45xle 6 x 1 . 9~ 1011 = 0.22 mgl-1day-l 

(Swift (First (Second (Storm (Units (Impound-
River) Creek) Creek) water Conversion) ment 

Runoff) Volume) 

Now, summing the two contributions: 

ka = ka(algae) + ka(Trib) 

ka = (.16, .21) + .22 = (.38, .43) mgl-1day-l 

124 



The value of k1 will be assumed as 0.1 at 20°c withe in Equation 

(V-29) equal to 1.047. Then at 3.75°C, 

= (3.75-20) 
kl (20oC) x 1 .047 

= • 1 x 1 . 04 7 ( -1 6 . 2 5 ) = 0 . 04 7 

Now O(discharge) (mean for March and April) and V are known, with 

Then 

Q(discharge) = 26.8 (Swift River, Station 2) 

+ 6.2 (pumped withdrawal) x 28 · 32i = 935i sec-1 

f t 3 

v = 1.9 x 1011
.Q, 

. 38' . 43 = 4.94, 5.58 
(.03+.047+(935/l .9xl0 11

)) 

For further computations, Css = 5.25 will be assumed. 

Since ks has been defined as .03, a steady-state areal concentra
tion of benthic BOD prior to stratification can be estimated. If 

k4(2aoc) = .003 and Css = 5.25, using Equation (V-34), 

kSCSSD 

k4(3.75°C) 

k4(3. 75oc) = .003xl .047( 3. 75 -2o) = .0014 

L = .03x5.25x6.7 = 754 gm-2 
SS .0014 

The next step in evaluating hypolimnion DO depression is to 
estimate pre-stratification DO levels. If we assume saturation at the 

mean temperature in April (5.5°C), the dissolved oxygen concentration 

at onset of strata should be about 12.7 (from Table V-11). 
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Now.we have all values needed to plot hypolimnion DO versus time 
using Equations (V-40) through (V-42). 

c = c 
0 SS 

k1 = O.lxl .047( 9. 5-2o) = .062, (T = 9.s0 c for May) 

ks = 0.03, 

k4 = .003xl.047( 9. 5- 2o) = .002, and 

t = 5 days, 

and applying Equation (V-42), 

t.Oc = 
klCss 

( 1-e -(kl +ks) t) 
kl+ks 

t.Oc 
0.062x5.25 (i-e-(0.062+0.03)5) = 0.062x0.03 

Then, according to Equation (V-41), 

= 1. 30 

lOL = (L~ s + ks ~~~~~J (1-e -k4 t) _ ( ks ~~~=~4 ) ( k:!k1 ) (1 -e -( k5 +kl l t) 

(
754 0.03x5.25 ) ( -0.002x5) ( 0.03x5.25 ) 

t.OL = 3.2 + 0.03+0.062-0.002 l-e - 0.03+0.062-0.002 

( 
0.002 ) (1- -(0.062+0.03)5) = 2.35 

0.062+0.03 e 

Then from Equation (V-40) 

O = 0 -60 -60L t 0 c 

05 = 12.7 - ~:;2 - 1 .94 = 10.26 

Solving the same equations with increasing t gives the data in Table V-15. 
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If it has been necessary to develop more data for the remainder of 
the stratified period, appropriately updated coefficients might be used 
starting at the beginning of each month. 

TABLE V-15 

DO SAG CURVE FOR QUIET LAKE HYPOLIMNION 

Date ~oL ~QC Qt 

t = 0 0 0 0 
5/5 2.35 l. 30 9.05 
5/10 4.68 2. 13 5.89 
5/15 6.99 2.65 3.06 
5/20 9.22 2.98 0.50 
5/25 11. 54 3. 18 0.00 

Finally, if it is desired to evaluate the impact of altered BOD or 
phosphorus loadings, the user must go back to the appropriate step 
in the evaluation process and properly modify the loadings. 

---------END OF EXAMPLE V-15 ----=---------
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5.6 TOXIC CHEMICAL SUBSTANCES 

Although reasonably accurate and precise methods have been prepared for 

screening only a few of the many priority pollutants (Hudson and Porcella, 

1981), a reasonable approach for assessing priority pollutants in lakes 
based on the methods presented in Chapter 2 can be made if certain 

assumptions are made: 

1 The major processes affecting the fate and transport of 
toxicants in aquatic ecosystems are known. 

• That reasonable safety factors are incorporated by making 

reasonable most case analyses. 

1 Because it is a screening approach, prioritization can be done 
to identify significant constituents, lakes where human health 

or ecological problems can realistically be expected, and 
processes which might require detailed study. 

The major processes affecting toxicants are listed in Table V-16. The 

primary measure of the impact of a toxic chemical in a lake depends on its 
concentration in the water column. Thus, these screening methods are 
primarily directed at fate and transport of toxic chemicals. A secondary 
target is the concentration in aquatic biota, principally fish. Because of 
the complexity of various routes of exposure and bioaccumulation processes, 
the approach of bioconcentration is used to identify compounds likely to 
accumulate in fish. These can be applied to lakes using the following 
method: 

1 A fate model is used that incorporates sediment transport, 
sorption, partitioning, and sedimentation. 

• Significant processes include the kinetic effects of 
sedimentation, volatilization and biodegradation. 
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TABLE V-16 

SIGNIFICANT PROCESSES AFFECTING 

TOXIC SUBSTANCES IN AQUATIC ECOSYSTEMS 

Physical-Chemical Processes 

Sorption and sedimentation 
Volatilization 
Hydrolysis 
Photolysis 
Oxidation 
Pree i pit at ion 

Biological Processes 

Biodegradation 
Bioconcentration 
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SEO 

k v 
kh 
k 
p 

not assessed 
not assessed 

B 

BCF (unitless) 



• Significant biochemical processes can affect the fate of a 
toxic chemical as well as affect biota, such, as, 

bioaccumulation, biodegradation, and toxicity. 

• In keeping with the conservative approach of the toxics 
screening methodology, some important processes are neglected 

for simplicity; for example, lake stratification, photolysis, 

oxidation, hydrolysis, coagulation-flocculation, and 

precipitation are neglected. Also, it is assumed that the 

organic matter is associated with inorganic particles and 

therefore organic matter settles with the inorganic particles. 

Generally the toxic chemical concentrations are calculated 
conservatively, that is, higher concentrations are calculated than would 
occur in nature because of the assumptions that are made. The water column 

concentrations are calculated as the primary focus of the screening method. 

Then bioconcentration is estimated, based on water concentration. To 

determine concentration and bioaccumulation, point and nonpoint source 

loadings of the chemicals being studied are needed. Other data (hydrology, 

sediments, morphology) are obtained from the problems previously done in 

earlier chapters or sections of this chapter. The person doing the 

screening would have to compile or calculate such data. 

Occasionally, such information must be estimated based on production, 
use, and discharge data. Information on chemical and physical properties is 
important to determine the significance of these estimates. 

5.6.l Overall Processes 

Several processes affecting distribution of toxic chemicals are more 

significant than others. Equilibrium aquatic processes include suspended 

sediment sorption of chemicals. Organics in sediments can have a 
significant effect on chemical sorption. Hydrolysis and acid-base 
equilibria can alter sorption equilibria. Volatilization is an equilibrium 
process that tends to remove toxic chemicals from aquatic ecosystems. 

Removal processes include settling of toxics sorbed on sediments, 
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volatilization, and biodegradation. Chemical reactions for hydrolysis and 

photolysis are included and precipitation and redox reactions could be 

included if refinement of the method were desired. Generally, 

bioaccumulation will be neglected as a removal process. 

These removal processes are treated as first-order reactions that are 

simply combined for a toxicant (C,mg/l) to give: 

dC/dt = - K x C (V-44) 

where 

K = SEO + B + k + k + kh v p 
SEO = sedimentation rate, toxicant at equilibrium with 

sediments. 

kV = volatilization rate. 

B = biodegradation rate. 

kp = photolysis rate. 

kh = hydrolysis rate. 

This equation is analogous to the BOD decay rate equation used in the 

hypolimnetic DO screening method. 

The input of toxic chemical substances is computed simply (refer to 

Figure V-23): 

dC _ Q 
dt - V x Ci n (V-45) 

where C. is the concentration in the inflow (tributary or discharge) and 
in 

flow (Q), volume of reservoir (V) and time (t) are as defined previously. 

At steady state, accounting for inflow (Q·C. ) and outflow (Q·C), and 
1n 

using Q/V = l/T , 
w 

dC 1 
dt = (Cin - C) - K x C = 0 

TW 
(V-46) 
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and solving, 

To determine the concentration at any time during a non-steady state 
condition (assuming C is a constant): 

where 
f = 1 + t x K 

w 
C = reservoir concentration at t = 0. 

0 

5.6.1.1 Sorption and Sedimentation 

(V-47) 

(V-48) 

Suspended sediment sorption is treated as an equilibrium reaction which 
includes partitioning between water (Cw) and the sediment organic phases 
(C ). The concentration sorbed on sediment can be computed as follows: 

s 

where 

c = 
s = 
oc = 
So = 
K = 

p 
a = 

= 

Cs 
c = a x KP x S 

the total concentration (Cw+ Cs), mg/l 
input suspended organic sediment = OC x So, mg/l 
fraction of organic carbon. 
input of suspended sediment, mg/l 

(V-49) 

distribution coefficient between organic sediment and water 
fraction of pollutant in solution 

1/(1 + (K x S) 
p 

If K is large, essentially all of the compound will be sorbed onto the 
p 

sediments. Note that S and C must be estimated or otherwise obtained. 

The organic matter content of suspended sediment and the lipid 

solubility of the compound are important factors for certain organic 
chemicals. Other sorption can be ignored for screening. A simple linear 
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expression can be used to calculate the sediment partition coefficient 
based on the organic sediment carbon concentration (OC) and the 
octanol-water coefficient (kow) for the chemical: 

K = 0. 63 ( kow) ( OC) 
p 

The sedimentation rate (SEO) of a toxic chemical is computed as 

fol lows: 

where 
D = 

p = 

Q/V = 

SEO = a x D x K 
p 

P x S x Q/V, sedimentation rate constant 
sediment trapping efficiency 

lh 
w 

5.6.1.2 Biodegradation 

The biodegradation rate (B) is obtained from the literature or is 

computed as follows: 

(K ) 
p 

(V-50) 

(V-51) 

Modification to the rate can be made for nutrient limitation using 
phosphorus (Cp) as the limiting nutrient: 

B (0.0277)C 
B limited= 1 + o. 177 xpc 

p 
(V-52) 

Temperature correction can be performed using the following equation: 

B(T) = B(20°c) x 1.072 (T- 20) (V-53) 

Previous exposure to the pollutant is important for most toxic organic 
compounds. Higher rates of degradation occur in environments with frequent 
or longterm loading (discharges, nonpoint sources, frequent spills) than 
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infrequent loadings (one-time spills). In pristine areas, rates of one to 
two orders of magnitude less should be used. 

It is assumed that the suspended sediment decay rate is the same as 

aqueous phase decay. Also benthic decay is disregarded because bottom 

sediment release may be negligible. 

5.6.1.3 Volatilization 

Many organics are not volatile so this process is applied only to those 

which are. It is assumed that the mass flux of volatile organics is 
directly proportional to the concentration difference between the actual 
concentration and the concentration at equilibrium with the atmosphere. The 
latter can be neglected in lakes. Also, only the most volatile are 

assessed. 

Thus, 

dC -=-k xc dt v 
(V-54) 

where 
k = volatilization rate constant, hr-l v 

The rate coefficient is derived from the 2 resistance model for the 
liquid-gas interface, but it can be estimated using correlation with the 

oxygen reaeration coefficient (based on Zison et~., 1978): 

where 

k = Ka {Ow/Do) 

and estimate (Ow/Do) = 
k: 

(32/mw) 2 

and the surface film thickness, SFT = (200-60 • Vw) x 10- 6 

and Kal = Do/SFT 
Ka = Kal/ZB 

-1 reaeration rate, hr Ka = 

Ow = pollutant diffusivity in water 
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l·n water (2.1 x 10-9 m2 /sec, 20°c) Do = diffusivity of oxygen 

mw = pollutant molecular weight 

W = wind speed, m/sec 

Z mean depth, m 

The volatilization rate coefficient (kv, hr- 1) is determined by kv = Ka x k 

where k is obtained from literature values or computed as above (\l()W/[)O). 
The rate should be corrected for temperature (kvt) even though temperature 

has only a relatively small effect: 

k = k x l.024(T- 20) 
vt v 

(V-56) 

5.6.1.4 Hydrolysis 

Not all compounds hydrolyze and those that do can be divided into three 

groups: acid catalyzed, neutral, and base catalyzed reactants. A pseudo 

first-order hydrolysis constant (kh) is estimated for the hydrolysis of the 

compound: 

s!L = 
dt 

k • c 
h (V-57) 

The rate constant (kh) is pH dependent and varies as discussed in Chapter 2. 
The typical pH of the lake for the appropriate season should be obtained for 

the necessary calculations. Generally, the pH is a common measurement and 

is available for most lakes. If not, pH values for most open lakes lie 
between 6-9 and can be estimated based on the following empirical values 
based on Hutchinson, (1957): 

acid lakes 

neutral lakes 

hard water lakes 

eutrophic and alkaline lakes 

Hardness (or Alkal init,l'.) 
< 25 6 

25 - 75 6.5 -
75 - 200 7.5 -
0 - 300 8.0 -
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Median values on a range of values can be used to evaluate the significance 
of hydrolysis as a factor affecting the fate of compounds. 

5.6.1.5 Photolysis 

Generally, photolysis is a reaction between ultraviolet light (UV, 260 

to 380 nm is most important) and photosensitive chemicals. Not all 
compounds are subject to photolysis nor does UV light penetrate 

significantly in turbid lakes. In the absence of turbidity data, light 
transmission can be estimated by seasonally averaged Secchi disk readings 

according to the following equation: 

where 

ln (ISO/Io) = -ke(SD) c ln 0.1 = -2.3 

ke = 2.3/SD 

ke is the extinction coefficient and 
SD is the Secchi depth in meters. 
(ISO/Io= 0.1) is the relative intensity based on Hutchinson (1957). 

Photolysis for appropriate chemicals (discussed in detail in Chapter 2) 

depends on a first order rate constant (k ) incorporating environmental 
p 

variables (solar iradiance, Io) and chemical variables (quantum yield, ¢, 
and absorbance, E). Turbidity effects are included as estimated as above 
since turbidity data are generally not available. These values are 
incorporated into the rate constant and the concentration reduced as 
follows (details described in Chapter 2): 

where 

kr = f (Io, 

and 
kp = kr 

ke•Z 

¢, E, ke, Z) 

dC = 
dt 
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water (2.1 x -9 2 20°c) Do = diffusivity of oxygen in 10 m /sec, 

mw = pollutant molecular weight 

w = wind speed, m/sec 

z = mean depth, m 

The volatilization rate coefficient (kv, hr-1) is determined by kv = Ka x k 
where k is obtained from literature values or computed as above (\/[)W/[)O). 
The rate should be corrected for temperature (kvt) even though temperature 

has only a relatively small effect: 

k = k x l.024(T- 20) (V-56) 
vt v 

5.6.l.4 Hydrolysis 

Not all compounds hydrolyze and those that do can be divided into three 

groups: acid catalyzed, neutral, and base catalyzed reactants. A pseudo 

first-order hydrolysis constant (kh) is estimated for the hydrolysis of the 

compound: 

dC = 
dt 

k • c 
h 

(V-57) 

The rate constant (kh) is pH dependent and varies as discussed in Chapter 2. 

The typical pH of the lake for the appropriate season should be obtained for 

the necessary calculations. 

is available for most lakes. 

Generally, the pH is a common measurement and 

If not, pH values for most open lakes lie 
between 6-9 and can be estimated based on the following empirical values 
based on Hutchinson, (1957): 

Hardness (or Alkalinitt) ~H 

acid lakes < 25 6 6.5 

neutral lakes 25 - 75 6.5 - 7.5 
hard water lakes 75 - 200 7.5 - 8.5 
eutrophic and alkaline lakes 0 - 300 8.0 - 10.0 
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Median values on a range of values can be used to evaluate the significance 
of hydrolysis as a factor affecting the fate of compounds. 

5.6.1.5 Photolysis 

Generally, photolysis is a reaction between ultraviolet light (UV, 260 
to 380 nm is most important) and photosensitive chemicals. Not all 
compounds are subject to photolysis nor does UV light penetrate 

significantly in turbid lakes. In the absence of turbidity data, light 
transmission can be estimated by seasonally averaged Secchi disk readings 

according to the following equation: 

where 

ln (ISO/lo) = -ke(SD) c ln 0.1 = -2.3 
ke = 2.3/SD 

ke is the extinction coefficient and 
SD is the Secchi depth in meters. 
(ISO/Io= 0.1) is the relative intensity based on Hutchinson (1957). 

Photolysis for appropriate chemicals (discussed in detail in Chapter 2) 

depends on a first order rate constant (k ) incorporating environmental 
p 

variables (solar iradiance, Io) and chemical variables (quantum yield, ¢, 

and absorbance, E). Turbidity effects are included as estimated as above 
since turbidity data are generally not available. These values are 
incorporated into the rate constant and the concentration reduced as 
follows (details described in Chapter 2): 

where 

kr = f (Io' 

and 
kp kr 

= -
ke•Z 

¢, E, ke, Z) 

dC = 
cit 
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Do = diffusivity of oxygen in water (2.1 x 10-
9 

m2 /sec, 20°c) 

= pollutant molecular weight mw 

W = wind speed, m/sec 
Z mean depth, m 

The volatilization rate coefficient (kv, hr- 1) is determined by kv = Ka x k 

where k is obtained from literature values or computed as above (\1'5W/DO). 
The rate should be corrected for temperature (kvt) even though temperature 

has only a relatively small effect: 

k = k x l.024(T- 20) 
vt v 

(V-56) 

5.6.1.4 Hydrolysis 

Not all compounds hydrolyze and those that do can be divided into three 

groups: acid catalyzed, neutral, and base catalyzed reactants. A pseudo 

first-order hydrolysis constant (kh) is estimated for the hydrolysis of the 

compound: 

dC 
dt 

= k • c 
h (V-57) 

The rate constant (kh) is pH dependent and varies as discussed in Chapter 2. 

The typical pH of the lake for the appropriate season should be obtained for 

the necessary calculations. 

is available for most lakes. 

Generally, the pH is a common measurement and 

If not, pH values for most open lakes lie 
between 6-9 and can be estimated based on the following empirical values 
based on Hutchinson, (1957): 

Hardness (or Alkal init_l'.) ~H 

acid lakes < 25 6 6.5 

neutral lakes 25 - 75 6.5 - 7.5 
hard water lakes 75 - 200 7.5 - 8.5 
eutrophic and alkaline lakes 0 - 300 8.0 - 10.0 
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Median values on a range of values can be used to evaluate the significance 
of hydrolysis as a factor affecting the fate of compounds. 

5.6.1.5 Photolysis 

Generally, photolysis is a reaction between ultraviolet light (UV, 260 
to 380 nm is most important) and photosensitive chemicals. Not all 
compounds are subject to photolysis nor does UV light penetrate 

significantly in turbid lakes. In the absence of turbidity data, light 
transmission can be estimated by seasonally averaged Secchi disk readings 

acco~ding to the following equation: 

where 

ln (ISO/Io) = -ke(SO) = ln 0.1 = -2.3 

ke = 2.3/SO 

ke is the extinction coefficient and 
SD is the Secchi depth in meters. 
(ISO/Io= 0.1) is the relative intensity based on Hutchinson (1957). 

Photolysis for appropriate chemicals (discussed in detail in Chapter 2) 

depends on a first order rate constant (k ) incorporating environmental 
p 

variables (solar iradiance, Io) and chemical variables (quantum yield, ¢, 
and absorbance, E). Turbidity effects are included as estimated as above 
since turbidity data are generally not available. These values are 
incorporated into the rate constant and the concentration reduced as 
follows (details described in Chapter 2): 

where 

kr = f (lo, 

and 
kp = kr 

ke•Z 

¢, E, ke, Z) 

dC = 
~ 
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water (2.1 x -9 2 20°C) Do = diffusivity of oxygen in 10 m /sec, 

mw = pollutant molecular weight 

w = wind speed, m/sec 

z = mean depth, m 

The volatilization rate coefficient (kv, hr- 1) is determined by kv = Ka x k 

where k is obtained from literature values or computed as above (\l[)W/[)O). 
The rate should be corrected for temperature (kvt) even though temperature 

has only a relatively small effect: 

k = k x l.024(T- 20) (V-56) 
vt v 

5.6.l.4 Hydrolysis 

Not all compounds hydrolyze and those that do can be divided into three 
groups: acid catalyzed, neutral, and base catalyzed reactants. A pseudo 

first-order hydrolysis constant (kh) is estimated for the hydrolysis of the 

compound: 

dC 
dt 

= k • c 
h (V-57) 

The rate constant (kh) is pH dependent and varies as discussed in Chapter 2. 

The typical pH of the lake for the appropriate season should be obtained for 

the necessary calculations. 

is available for most lakes. 

Generally, the pH is a common measurement and 

If not, pH values for most open lakes lie 
between 6-9 and can be estimated based on the following empirical values 
based on Hutchinson, (1957): 

Hardness (or Alkalinit~) ~H 

acid lakes < 25 6 6.5 

neutral lakes 25 - 75 6.5 - 7.5 
hard water lakes 75 - 200 7.5 - 8.5 
eutrophic and alkaline lakes 0 - 300 8.0 - 10.0 

135 



Median values on a range of values can be used to evaluate the significance 
of hydrolysis as a factor affecting the fate of compounds. 

5.6.1.5 Photolysis 

Generally, photolysis is a reaction between ultraviolet light (UV, 260 
to 380 nm is most important) and photosensitive chemicals. Not all 
compounds are subject to photolysis nor does UV light penetrate 

significantly in turbid lakes. In the absence of turbidity data, light 

transmission can be estimated by seasonally averaged Secchi disk readings 

according to the following equation: 

where 

ln (ISO/lo) = -ke(SO) c ln 0.1 = -2.3 

ke = 2.3/SO 

ke is the extinction coefficient and 

SD is the Secchi depth in meters. 

(ISO/Io = 0.1) is the relative intensity based on Hutchinson (1957). 

Photolysis for appropriate chemicals (discussed in detail in Chapter 2) 

depends on a first order rate constant (k ) incorporating environmental 
p 

variables (solar iradiance, Io) and chemical variables (quantum yield, ¢, 
and absorbance, E). Turbidity effects are included as estimated as above 

since turbidity data are generally not available. These values are 
incorporated into the rate constant and the concentration reduced as 
follows (details described in Chapter 2): 

where 

kr = f (lo, 

and 

kp kr = 
ke·Z 

¢, E, ke, Z) 

dC = 
~ 
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where 

k is the photolysis rate constant uncorrected for depth and 
r 

turbidity of the lake. 

Depth (Z) is generally applied only to the photic zone and mean depth 

(z) is an appropriate measure since it approximates the mixed depth and the 

photic zone. 

5.6.1.6 Bioconcentration 

Bioconcentration is a complex subject that depends on many variables. 

The simplest approach has been developed for organic compounds using the 

octanol-water coefficient (kow) to calculate tissue concentrations (Y): 

Y = BCF x C, g/kg fresh weight of fish flesh. (V-59) 

where BCF = Bioconcentration factor and log BCF = 0.75 log kow - 0.23, (The 

coefficients for the equation (0.75, - 0.23) are median estimates obtained 

from correlation equations and are default values for occasions where no 

other data are available.) 

Generally metals do not biodegrade nor volatilize. However, pH, 

hardness, alkalinity and other ions are very important and can cause their 

removal by precipitation. The conservative approach is taken here and 

metals are calculated without removal (K = 0). 

Organics may have variable sorption, volatilization, and biodegradation 

rates. If data are available in the literature, these should be used. 

Otherwise, a conservative approach should be used and calculations made 

without removal (K = 0). For chlorina~ed (and other halogens) corr.pounds or 

refractory compounds, biodegradation should be assumed to be zero. 
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Estimating Trichloroethylene and ~Y!'.:_ene 

Concentrations in an Impoundment 

An impoundment with a single tributary is located in a windy valley. 
The following conditions are known for E.G. Lake: 

Mean tributary flow rate = 3.6 x 10 4 m3 /hour 

Total volume= 1.1 x 10 8 m3 

Mean depth = 11 m 

Tributary average sediment load = 200 mg/l 
Sediment average organic carbon content = .05 
Inlet average pyrene concentration = 50 ug/l 
Inlet average trichloroethylene concentration = 100 ug/l 
Lake average phosphorus concentration = 50 ug/l 
Mean water temperature = 15°c 

Mean wind speed = 6 m/sec (35 mph) 
Secchi depth = l m 

Determine the steady state concentration of pyrene and trichloroethylene in 
the lake, assuming V max for the sediment (mostly clay) is 3.2 x 10-5 

feet/second. The trapping efficiency is obtained from Figure V-33. 

Other data 
kow 
B 
k 

v 

Pyrene 
148000 
lxlo-4 

Trichloroethylene 
190 

0.45xKa 

The pr)cesses of photolysis and hydrolysis can be neglected because 
turbidity prevents photolysis (SD = 1 meter) and these compounds have 
negligible hydrolysis (see Chapter 2). 

We use the summary equation (V-47) for the analysis: 
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The hydraulic residence time of E.G. Lake is: 

T = 1.1 x 10 8 m 3 / ( 3. 6 x 10 4m 3 /hr) 
w 

= 3048 hours 

= 127 days 

= • 349 year 

= 1.1 x 10 6 seconds 

Sedimentation 

First, the suspended sediment concentration in E.G. Lake must be 

estimated. The trapping efficiency of the impoundment is estimated from 

Figure V-34. 

Data: 

V max 5 x -6 = 10 fps 

T = 1.1 x 10 6 sec 
w 

01 = 11 m = 36.l ft 

A value of 10 1
•

95 is obtained which yields 

p - 90 = 0.9 

log 10 

-5.30 

6.04 

1.56 

In the inflowing stream, the toxicants are assumed to be at equilibrium 

with the organic matter. Thus, 

-6 
S = OC x So = .05 x 200 x 10 

Therefore, for pyr~ne 

= 0.63 x 148000 x 0.05 

-5 
= 1 x 10 kg/1 

= 4660 

a = 1/(1 + 4660 x 1 x 10-
5

) = 0.955 

139 



v L 

ro-6 

Tw I st ;si 

10 310-6 

10-4 

(%) 

Toxics 
Example 

Settling velocity in feet/ 
second 

Hydraulic residence time 
in seconds 

Flowing layer depth 

Mass of sediment trapped 

Mass of sedi~ent entering 
impounc!.:ient 

Pivot axis 

o' 

Fr Gu?.:: \' -34 iio;.:c;Gr...;PH FOR EsTii·'.ATING SEDit·'.::tn TRAP EFrICIEiJCY 

140 



Cs -5 0.044 -c = 0.955 x 4660 x 1 x 10 = 

and 

SEO = a x D x K 
p 

D = p x s x Q/V 

0.9 x 200 x -6 1 
D = 10 x 3048 hours 

D = 5.91 x 10-8 hour 

.955 x 5.91 -8 
SEO = x 10 x 4660 

SEO 2.63 x 10-4 hr -1 = 

For trichloroethylene 

K = .63 x 190 x 1 x .05 = 6 
p 

a = 1/( 1 + 6 x 1 x 10 = 1 

Cs 
c = 1 x 6 x 1 x 10-5 = 6 x 10-5 

- 0 

and 

-8 
SEO = 1 x 5.91 x 10 x 6 

SEO 
-7 -1 = 3.54 x 10 hr 

Assume that the presence of trichloroethylene does not affect the 

biodegradation of pyrene. Trichloroethylene does not biodegrade. The 
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temperature corrected and nutrient limited rate constant for microbial decay 

of pyrene are: 

Bo 
-4 -1 

= 1. x 10 hr 

B = .0277 x 50/ (1 + .0277 x 50) 

= • 58 

8(15) = . 58x 1. x 10 - 4 x 1.072 (1 5- 2o) 

Volatilization 

The reaeration coefficient for E.G. Lake will be estimated for 

trichloroethylene only, because pyrene does not volatilize: 

Kal = 2.1 x 10-9 / 
k 6 

( 200 - 60 x 6 j 10 -

1 -5 = 3.96 x 0 m/sec 

= .143 m/hr 

Ka = (.143 m/hr) I 11 m 

For trichloroethylene (TCE): 

I 

kv = [MW(TCE)/MW(0 2 )]~ • Ka = .45 x .013 

When adjusted for temperature: 

k v 
= .0058 x 1.024 0 5- 20 ) 

-1 
= .0052 hr 
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Volatilization for pyrene may be neglected. 

Pollutant Mass Balance 
--~---- - ----- -- -- --- -----

The overall decay rate constants are: K = SEO + B + kv 

Pyrene: K = 2.63 x 10-4 + 4.1 x lo-5 

-1 
= .000304 hr 

Trichloroethylene: K = 3.54 x 10-7 
+ 0 + 0.0051 

-1 
= .0052 hr 

Using the steady state equation: 

c = c. I (1 + L K) 
in w 

For Pyrene 

C = 50 µg/l / ( 1 + 3048 hr x .000304 hr- 1) 

c = 27 µg/l 

Note: WQC for human health is 0.0028 µg/l at 10-6 Risk (FR: 11/28/80 

p. 79339). 

Note: 

p. 79341) 

C = 100 µg/l / (1 + 3048 hr x .0052 hr- 1) 

= 5.9 µg/l 

-6 WQC for human health is 2.7 µg/l at 10 Risk (FR: 11/28/80 
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Tissue burdens (Y) can be calculated: 

Y = BCF x C 

where 

log BCF = • 75 log kow - 0.23 

For Pyrene 

Y 4330 x 27 = 120000 µg/kg fish flesh 

For Trichloroethylene 

Y = 30 x 6 = 180 µg/kg fish flesh 

Comments 

Several conclusions are apparent from this analysis 

• Certain processes dominate the overall fate for a specific 

toxic chemical so that, practically speaking, errors in 

estimating coefficients are negligible except for the 

important processes. After identifying the important 

processes, the coefficients can be varied to determine the 
range of concentrations. For example, sedimentation of 

trichloroethylene can be ignored; however, volatilization 

should be studied. 

1 The more stringent Water Quality Criteria are for toxicants 

that have significant bioconcentration; e.g. compare pyrene 

to trichloroethylene. 

1 Volatilization of trichloroethylene would be investigated in 

detail since this process might not be significant in this 
lake because of its depth. Also, the physical properties are 

important; e.g. trichloroethylene has a specific gravity of 
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about 1.5. Thus, it may accumulate on the bottom of the 

reservoir and remain there unless it is completely dispersed. 

• Based on this analysis, sources of pyrene would be assessed 
first, then trichloroethylene. 

• What other observations can you draw from this analysis? 

------------END OF EXAMPLE V-16 ---------
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5.7 APPLICATION OF METHODS AND EXAMPLE PROBLEM 

This chapter has presented several approaches to evaluation of five 

impoundment problem areas. These are thermal stratification, sediment 

accumulation, eutrophication, hypolimnion DO/BOD, and toxic chemicals. 

Figure V-35 shows how the different approaches are linked together with 

their data needs. In studying any or all of the potential problem areas in 

an impoundment, the user should first define the potential problems as 

clearly as he can. Often the nature of a problem will change entirely when 

its various facets are carefully described and examined en masse. 

Once the decision is made that an aspect of impoundment water quality 

should be evaluated and the problem is clearly stated, the user should 

examine available solution techniques presented both in this document and 

elsewhere. The examination should address the questions of applicability, 

degree of accuracy, and need for data. The user will generally know what 

funds are available for data collection as well as the likelihood of 

procuring the needed data from previously developed bases. Also, the 

decision concerning needed accuracy rests with the user, and he should make 

decisions based upon the way in which his results will be used. 

Once appropriate methods have been selected, the next task is to set 

down the data and to manipulate it according to computational requirements. 

Data are best displayed first in tabular form and then plotted in some 
meaningful way. Careful tabulation of data and graphing can themselves 

sometimes provide a solution to a problem, negating need for further 

analysis. To illustrate these steps, a comprehensive application to a river 
basin system was performed in this section. 

The Occoquan River basin in Virginia was used to demonstrate the 

screening approach. A basin map is shown in Figure V-36. Because the 

Occoquan Reservoir is a public drinking wat~r supply downstream from 

metropolitan areas, water quality data were 2vailable to co;~pare to the 

screening method's outputs. 
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5.7.2 Stratification 

Occoquan Reservoir is about 32 km southwest of Washington, o.c. and 

has the following morphometric characteristics: 

Volume, m 3 = 3. 71 x 10 7 

Surface area, m2 = 7.01 x 10 6 

Maximum depth, m = 7.1 (Occoquan Dam) 
Mean depth, m = 5.29 

Based upon the above geometry and the thermal plots, determine whether 
the lake will stratify, the thickness of the epilimnion and the hypolimnion, 
the depth to the thermocline, and the interval and starting and ending date 
of stratification. Also note the temperature of the hypolimnion at the 

onset of stratification. 

Predicting the extent of shielding from the wind requires use of 

topographic maps. The reservoir is situated among hills that rise 25 meters 

or more above the lake surface within 200 meters of the shore. The relief 

provides little access for wind to the lake surface. Average annual wind 
speeds are 15.6 km/hr in Washington, D.C. and 12.6 km/hr in Richmond, VA. 
Inflow comes essentially from two creeks, the Occoquan River and Bull Run 

River (Figure V-36). 

First, determine needed information and then do metric/English 
conversions as necessary. 

The first step in assessing impoundment water quality is to determine 
whether the impoundment thermally stratifies. This requires knowledge of 

local climate, impoundment geometry, and inflow rates. Using this 
information, thermal plots likely to reflect conditions in the prototype are 
selected from Appendix D. 
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For the thermal plots to realistically describe the thermal behavior of 

the prototype, the plots must be selected for a locale climatically similar 

to that of the area under study. Because the Occoquan Reservoir is within 

32 kilometers of Washington, D.C., the Washington thermal plots (Appendix D) 

should best reflect the climatic conditions of the Occoquan watershed. 

The second criterion for selecting a set of thermal plots is the degree 

of wind stress on the reservoir. This is determined by evaluating the 

amount of protection from wind afforded the reservoir and estimating the 

intensity of the local winds. Table V-2 shows annual wind speed frequency 

distribution for Washington, D.C. and Richmond, Virginia. The data suggest 

that winds in the Occoquan area are of moderate intensity. 

Predicting the extent of shielding from the wind requires use of 

topographic maps. The reservoir is situated among hills that rise 25 meters 

or more above the lake surface within 200 meters of the shore. The relief 

provides little access for wind to the lake surface. The combinatiuon of 

shielding and moderate winds implies that low wind stress plots are 
appropriate. 

The geometry of the reservoir is the third criterion used in the 

selection of thermal plots. Geometric data for the Occoquan Reservoir are 
summarized in the problem. The volume, surf ace area, and maximum depth are 

all nearly midway between the parameter values used in the 40-foot and 
75-foot maximum-depth plots. However, the mean depth is much closer to the 
mean depth of the 40-foot plot. 

The mean depth represents the ratio of the volume of the impoundment to 
its surface area. Because the volume and surface area are proportional to 

the thermal capacity and heat transfer rates respectively, the mean depth 

should be useful in characterizing the thermal response of the impoundment. 

It follows that the 40-foot thermal profiles should match the temperatures 

in the Occoquan Reservoir more closely than the 75-foot profiles. However, 

it is desirable to use both plots in order to bracket the actual 

temperature. 
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Flow data provide the final information needed to determine which 

thermal plots should be used. The inflow from the two tributaries adds up 
to be 20.09 m3/sec. 

The hydraulic residence time can :e estimated by using the expression: 

l 
w 

= ! = 3.71 x 10' m3 = 21.4 days 
Q 

20 09 m
3 

86400 sec · sec x day 

Since the residence time is midway between the thermal plot parameter values 
of 10 and 30 days, both should be used to bracket the mean hydraulic 

residence time in the prototype. It should be noted that these flow 
estimates do not include runoff from the area immediately around the lake. 

However, the upstream Occoquan watershed is large enough relative to the 
immediate runoff and direct precipitation to justify the assumption that the 
contribution of the immediate area is not significant. 

The likelihood that the Occoquan Reservoir thermally stratifies can now 

be evaluated. For a hydraulic residence time of ten days, the thermal plots 

show that stratification is not likely for maximum depths of 40 to 75 feet. 

In the case of a 30-day hydraulic residence time, the profiles suggest that 
the reservoir develops a thermal gradient between 1°c m- 1 and 3°c m- 1 for 
either value of maximum impoundment depth. The 40-foot plots (Figure V-37) 
indicate stratification occurs from May to August at 5-7 meters depth. 
However, the 75-foot plots predict that the impoundment will have a thermal 
gradient greater than 1°c m-1 only at depths greater than 17 meters. Since 
the Occoquan Reservoir is 17.1 meters deep at the deepest station, this 
suggests that the impoundment does not stratify. 

The mean hydraulic residence time can be computed using either the 

average annual flow rate or the flow rate just prior to stratification. In 

order to use the latter method, the flow rate during the months of March and 
April should be computed. The flow rate for this period, 25.4 m3 sec-l, 

reduces the hydraulic retention time to 17 days. Since the model predicts 
no stratification for a ten-day residence time, the judgment as to whether 
stratification occurs becomes difficult. 
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Because lower flows occur during the summer, the 30-day residence time, 
40 foot depth and minimum mixing should be used. In borderline cases such 
as this, the reservoir will almost certainly stratify during some part of 
the summer. 

The temperatures predicted by the thermal plots match those actually 

measured in the reservoir quite closely. A comparison of predicted and 
observed monthly mean temperatures (1974-1976) in both the epilimnion and 
hypolimnion can be made using observed data (Table V-17) and the plot of the 
40 foot, 30 day residence time, minimum mixing (Figure V-37). The 
difference between the two epilimnion temperatures averages 1.o0 c and varies 
between 0.2 and 1.8°c. The difference in the hypolimnion temperatures 

averages l.0°c and ranges from 0.2 to 2.7°c. 

The close agreement of the predicted and observed impoundment 
temperatures probably results from the relatively long hydraulic residence 
times observed in two of the three years on which the averages are based. 
In 1974, 1975, and 1976, the mean hydraulic residence times were 31, 18, and 
25 days, respectively. The 30-day thermal plots should predict results 
relatively close to the two low-flow years. The differences expected for 

1975 would be less pronounced when averaged with the other two. 

In conclusion, Occoquan Reservoir does apparently stratify, the depth 
to the thermocline or the epilimnion approximates the mean depth (5.29), the 
hypolimnion has a depth of 11.8 m (17.1-5.3), and the interval of 
stratification approximates May 1 to mid September or 138 days. The 
hypolimnetic temperature is about 11 degrees C, typically. 

5.7.3 Sedimentation 

To evaluate potential sedimentation problems, Appendix F is examined to 

see if any data exist on the upstream reservoir (Jackson) or Occoquan 
Reservoir (Figure V-36). Some data exist for Jackson but not for Occoquan 
Reservoir (Figure V-38 taken from Appendix F). Thus, we can determine the 
trapping of sediment in Jackson Reservoir but trapping must be calculated 
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TABLE V-17 

COMPARISON OF MODELED THERMAL PROFILES TO OBSERVED TEMPERATURES IN OCCOQUAN RESERVOIR 

!lean Epll imnlon T011p. Mean llypol imnion Temp. 

Month 40-foot Plot ( •cJaJ Observed") 40-foot Plot ( •c) bJ ObservedcJ 

, 
March 1 8.4 6 

April 13.5 12.6 10 

May 19 20.5 15 

June 24 24 .8 Hl 

July 26 26.6 20 

August 26 26.5 21 

September 22 23.8 20 

October 17 17.2 16 

November 11 12 .2 10 

December 7 6.2 7 

•J llean tooperatures fn epfl fmnfon from thermal plots with tw" 30 days and a maximum depth of 40 feet. 

bi Mean temperatures 1n therrroclfne and hypolfmnion from thennal plots wfth tw • 30 days and a maximum 
depth of 40 feet. 

cJ Means of observed t011peratures in "upper" and "lower" layers of Occoquan Reservoir for 1974-1976, 
at Sandy Run. 

Source: llorthern Virginia Planning District ColTITI!sslon, January , 1979. 
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for the Occoquan. To refine the analysis, calculations on Jackson Reservoir 
will also be made and the results calibrated. 

To apply the Stokes' law approach to a reservoir, we need to know the 

loading first. The necessary sediment loading estimates for the tributaries 
were provided by the methods in Chapter 3 and are listed in Table V-18 (Dean 
et~., 1980) Before they are used in further computations, a delivery 
factor must be applied to these values. This factor (the sediment delivery 
ratio or SOR) accounts for the fact that not all the sediment removed from 
the land surface actually reaches the watershed outlet. Nonpoint loads from 
urban sources are presumed to enter the reservoir through Bull Run River 
since most of the urbanized portion of the watershed lies in this sub-basin. 

Computing the annual sediment load into Occoquan Reservoir is 
complicated by the presence of Lake Jackson immediately upstream from the 
reservoir. The trap efficiency must be computed for Lake Jackson as well in 

order to determine the amount of sediment entering the Occoquan Reservoir 
from Lake Jackson. The steps involved are to compute the sediment delivered 
(Table V-19), the size range, the fraction trapped for each size range and 
the total amount trapped. A table has been devised to simplify these steps 

(Table V-20). 

Soil types provide an indication of the particle sizes in the basin 
under study. Soils in the Occoquan basin are predominately silt loams. 
Particle size data on the principal variety, Penn silt loam, are given in 
Table V-21. These data and all calculations are transcribed into Table 
V-22. 

Some effort can be conserved by first calculating the smallest particle 

size that will be completely trapped in the impoundment. To do so, P, the 

trap efficiency, must first be computed. Because both reservoirs are long 

and narrow and have relatively small residence times, the flow will be 
assumed to approximate vertically mixed plug flow (Case Bl). In this case, 

P is found from the expression: 
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Type of Load 

Sediment 

Total Nitrogen 

Available Nitrogen 

Total Phosphorus 

Available 
Phosphorus 

BOD 5 
Rainfall Nitrogen 

TABLE V-18 

ANNUAL SEDIMENT AND POLLUTANT LOADS IN OCCOQUAN 
WATERSHED IN METRIC TONS PER YEARa) 

'Kettle Cedar Broad Bull 
Run Run Run Run 

46,898 396,312 142,241 232,103 

164.46 1,457.42 518.91 789.24 

16.45 145.74 51.89 78.92 

39.01 341. 95 114.22 202.71 

2.18 14.95 5.57 12.50 

328.92 2,925.63 1,042.45 1,578.47 

0.72 5.50 2.00 3.92 

Occoquan 
River 

139,685 

469.46 

46.05 

119.42 

8.43 

925.85 

2.48 

aJEstimates provided by Midwest Research Institutes Nonpoint Source Calculator. 
These values have not yet had a sediment delivery ratio {SOR) applied to 
them. We will use 0.1 and 0.2 as lower and upper bounds. The SOR does not 
apply to rainfall nitrogen. 

Note: A large number of significant figures have been retained in these 
values to ensure the accuracy of later calculations. 

Urban 
Runoff 

12,699 

12.88 

5.38 

2.59 

1. 27 

77 .47 



TABLE V-19 

SEDIMEtH LOADED ItlTO LAKE JACKSDrL 
1)000 KG/YEAR 

TRIBUTARIES 
TO 

LAKE JACKSON 

KETTLE RUN 

CEDAR RuN 

BROAD RuN 

TOTAL 

TOTAL 
AVAILABLE 
SEDIMENT 

396;312 

158 

SEDIMENT DELIVERED To 
LAKE JACKSON 

CASE I 
CSDR=O I 1) 

CASE II 
CSDR=0.2) 



TABLE V-20 

CALCULATION FORMAT FOR DETERMINING SEDIMENT ACCUMULATION IN RESERVOIRS (NOTE UNITS) 

Mean Fraction 
Dens itv Trapped (P) Size Percent Particle Incoming Trapped 

Fraction Con1position Absolute Bu1 k Diameter Vmax A B Test Case Sediment Sediment 

. 



TABLE V-21 

PARTICLE SIZES IN PENN SILT LOAM 

Particle Size % of Particles Smaller Than 
( l11JTl) {By \·!eight) 

4.76 100 

2.00 99 

0.42 93 

0.074 84 

0.05 78 

0.02 50 

0.005 26 

0.002 16 
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....... 
O"I ....... 

Size 
FrC\ction 

cin 

.000514 

.00050 

.00035 

.00020 

>. 000518 

TABLE V-22 

CALCULATION FORMAT FOR DETERMINING SEDIMENT ACCUMULATION IN RESERVOIRS (NOTE UNITS) 

tlean Fraction m tc 
Percent Densitv Particle Tra rmed ( P) Incoming 

Co111position Absolute [3 u l k Diameter Vmax A [3 Test Case Sedi111ent 
m/day 

0.3 2.66 2.24 N/A 1. 90 N/A 1.00 I 176 
II 352 

5 2.66 2.24 N/A 1. 79 N/A 0.94 I 2927 
II 5854 

5 2.66 2.24 N/A 0.88 N/A 0.46 I 2927 
II 5854 

16 2.66 1. 28 N/A 0.29 N/A 0.15 I 9366 
II 18732 

73.7 2.66 2.33 N/A - N/A 1.00 I 43144 
average) II 86288 

Totals I mtons/y"' 48822 
Trapped II mtons/y 97644 

I m3 /yr 21523 
II m3 /yr 43046 

Example 
Ca lcul a ti on SOR = ( .115 

Vo 1 = t 4750 m
3

/ yr 24750 n
3 /yr Vol of Jackson Reservoir la.st per y ~ar = = 1.3% year 

( 7 5 yrc lifetirr e) 1 B93000 n3 

n/yr 
Tra pried 
Sedin1ent 

m3 /yr 

176 79 
352 158 

2751 1228 
5502 1356 

601 
2582 1209 

1405 1098 
2810 2196 

~3144 19000 
~6288 37000 



P 
= Vmax TW 

D' 

where D' = mean flowing layer depth, m. 

To calculate the smallest particle that is trapped in the impoundment, 
P is set equal to unity and the above equation is solved for V 

max 

This expression for V is then substituted into the fall velocity equation max 
(Stokes' law), which in turn is solved ford. 

= 4 . 8 x 1 ff ( D p - Dw) <f
µ = o· 

The resulting expression is: 

J D' l-l 
d = -4-.-8-x~l0-6~(D~-~D-)~.-T-

p w w 

The trap efficiency of Lake Jackson is calculated first. The data 
required for these calculations are: 

V = 1. 893 x 10 6 m 3 

Q = 12. 4 7 m 3 sec- 1 

o = 3.34 m 

µ = 1.11 (Assuming T = 16°c as in Occoquan Reservoir) 

and Tw = ! = 1.893 x 106 m3 -1 = 1.76 days 
Q 12.47 m3 • sec -l • 86400 sec • day 

The minimum particle size for 100 percent trapping is computed as: 

d = 
3 .34 m x 1.11 = 5 .14 x 1 o-4 err. 

4. 8 x 106 
( 2. 66 - 1. 0) • 1. 7 6 
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The amount trapped of each size fraction is computed separately for 

Case B-1 from the equation 

For example, for size fraction 0.00035 cm, 

P - (0.88)(1.76) = 0 46 
- (3.34) . 

A composite trapping efficiency can be obtained by determining the total 
percent trapped (48822/58540 = 0.83). 

The sediment accumulated in Lake Jackson for each size range is 
determined from the expression: 

where 
p = trap efficiency 

s. = sediment load from tributary i 
l 

st = sediment trapped 

For the two cases (I, II): 

St = (O.l, 0.1) x 0.83 [46898 + 132241] metric tons/year 

= (48822, 97644) metric tons/year. 

Data obtained from Appendix F of the screening manual show that the 
estimated rate of sedimentation in Lake Jackson is 56,153 metric tons/year. 
This indicates that an SOR of 0.115 would be appropriate. 

Bulk density (g/cc) includes the water that fills pore spaces in 

sediment that has settled to the bottom and this must be accounted for when 

determining volume lost due to sedimentation. Bulk density varies with 
particle size and some approximate values for the size ranges for sand 
(0.005-0.2 cm), silt (0.0002-0.005 cm), and clay (<0.0002 cm) are as 
follows: 2.56 for sand, 2.24 for silt and 1.28 for clay. Thus, using an 
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SOR of .115, 24,750 m3 (or 1.3%) of reservoir volume would be lost per year. 
In comparing to Appendix F data, we find that this value is conservative. 
The loss of volume was estimated by the SCS to be 47.5 acre feet/year while 
these calculations show only 20 acre feet/year being lost. The estimated 
bulk density used by the SCS was 0.93 g/cc and we used a more conservative 

value. If the SCS figure is used, the volume lost is determined to be 46.4 

acre feet/year. 

Now we compute the sedimentation in Occoquan Reservoir. The minimum 

particle size that is completely trapped is computed using the following 

values: 

o• = 5.29 
µ = 1.11 (T = 16°c 

2.66 g cm -3 D = w 
D = w 

-3 1.0 g cm 

T = 21.4 days w 

= mean of Table V-17) 

Under stratified conditions, the epilimnion thickness should be used for 01
• 

Since stratification is uncertain in this case and the predicted average 

hypolimnion thickness, 5.75 m, is greater than the mean depth, the latter 

value will be used. All particles with diameter, d, such that: 

d J 5.29 x 1.11 
= 4.8 x 106 (2.66 - 1.0) • 21.4 

-4 
= 1.86 x 10 c~ 

will be completely trapped in the Occoquan Reservoir. Because this value is 
smaller than the smallest size calculated for Lake Jackson (2 x 1~4 cm), 
our computations are simple. We assumed that 84 percent of the sediment is 
totally trapped and the remainder is trapped at an efficiency calculated for 

particle sizes of 0.0001 cm: 

v max 
4.2 x 106 (2.66 - 1.) (1 x 10-4f 

= 1.11 . 

= 0.072 m/day 
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v ' p = ma' w = 0.072 • 21.4 = 0.29 
D' 5. 29 

The annual sediment trapped is 

but corrections for sources and SOR must be made: 

S. = SOR x sediment from each source. 
1 

S. = 13390 (Lake Jackson, already corrected for SOR) 
1 

0.115 (232103) (Bull Run) + 0.115 (139685) 

(Occoquan River) + 12699 (Urban Runoff) 

S. = 68845 metric tons/year , 
Assuming the distribution of particle sizes for all sources are essentially 

the same and accounting for the fractions (f) of material that are in the 
two different size ranges: 

5t = (0.84) (1.0)(68845) + (0.16} (0.29} (68845) 

st = 57830 ; 3194 = 61024 metric tons 

The volume lost is 61024 = 65620 m3/year or 0.2 percent per 
0.93 

year of the reservoir volume. 

5.7.4 Eutrophication 

What would be the consequences to eutrophication in Occoquan Reservoir 
of instituting 90 percent phosphorus removal at the treatment plant? If, in 
addition to phosphorus removal, nonpoint source (NPS) phosphorus was reduced 
by 90 percent by instituting urban runoff and erosion control, green belts, 
and other NPS controls, would an improvement in lake quality occur? 
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Several assumptions concerning pollutants in the Occoquan 
watershed-reservoir system are necessary in order to calculate the desired 

annual loads: 

• The unavailable phosphorus is adsorbed on sediment particles. 

Therefore, of the unavailable forms coming into Lake Jackson, 

only the fraction (1 - ~ Qackson]) is delivered to the 
Occoquan Reservoir; Available P gets through Jackson. 

• All of the phosphorus and nitrogen from the sewage treatment 
plants (STPs) is in available form; 

• The output of STPs outside the Bull Run sub-basin is 

negligible compared to that of the STPs in Bull Run. This is 
justified by the fact that during the period: under study, 
the plants in Bull Run had a combined capacity several times 
larger than the few plants outside the sub-basin. 

• The problems of eutrophication depend on loading of 
phosphorus. 

By applying these assumptions to the nonpoint source data in Tables 
V-18 and V-23 the total load of each pollutant type may be calculated (Table 

V-24). The computation for the total annual phosphorus load in Occoquan 
Reservoir is computed in the following paragraphs. First the quantity of 
total phosphorus coming into the Occoquan Reservoir through Lake Jackson is 
calculated by: 

TPJackson = (1 - P ) x [Total P - Available P] +Available P 
cJackson 

The total phosphorus from Broad Run, Cedar Run, and Kettle Run are summed 
and the available phosphorus loads are subtracted to give the unavailable 

load. This load is multiplied by the trap efficiency of the lake, 

P = 0.83, which yields the unavailable load passing through. This value, 
c 

plus the available load, is an estimate of the total phosphorus entering 
Occoquan Reservoir from Lake Jackson. This quantity is 103.24 metric tons 
yr-1(Table V-24). This value is aded to the non-urban, nonpoint source 
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TABLE V-23 

SEWAGE TREATMENT PLANT POLLUTANT LOADS IN BULL RUN 

SUB-BASIN IN METRIC TONS PER YEARa) 

Total Nitrogen Total Phosphorus 

108.0 11.92 54.80 

ai Averages for July 1974 - December 1977 

Source: Northern Virginia Planning District Commission, 
March 1979. 
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TABLE V-24 

CALCULATED ANNUAL POLLUTANT 
LOADS TO OCCOQUAN RESERVOIR 

Metric Tons/Year 
Lo ad Source Tota 1 N Avail.N Total p 

Urban runoff 12.38 5.38 2.59 

Sewage treatment 108.00 108.00 11. 92 

Ra i nfa 11 14. 62 14.62 

Other Nonpoint Source* 391.00 39.10 48.83 

TOTAL 526.50 167.10 63.34 

Nonpoint Source % 80 35 81 

Point Source 7G 20 65 19 

*Used SOR of 0.115. 
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Avail .P BODi:; 

1. 27 77 .47 

11. 92 54 .80 

2.65 802.00 

15.84 934.27 

25 94 
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loads from Bull Run and areas adjacent to the Occoquan Reservoir (Table 

V-18): 

TPNPNU = 202.71 + 119.42 + 103.24 
= 425.37 metric tons yr- 1 

This quantity is modified by the sediment delivery ratio. The urban 

nonpoint loads and STP (Table V-24) loads are added to complete the 

calculation: 

TP = (0.115) (425) + 2.59 + 11.92 
= 63.3 metric tons yr-1. 

Similarly the SOR was applied to nonpoint sources of nitrogen and BOD 5 • The 
results of load calculations are summarized in Table V-24. 

The calculated annual total phosphorus and nitrogen loads (Table V-24) 
may be compared with the observed loads listed in Table V-25. The loads 
observed are 1.5 to 6 times higher than highest calculated loads for 
nitrogen. Comparison of loadings (kg/ha year) with literature values 
suggest that Grizzard is most accurate (Likens et~., 1977). 

The first method of predicting algal growth is known as the 
Vollenweider Relationship. In the graph of total phosphorus load (g m -2 

yr- 1 ) versus mean depth (m) divided by hydraulic retention time (yrs) (see 

Figure V-24), areas can be defined that roughly correspond to the 
nutritional state of the impoundment. For the Occoquan Reservoir, the 
values of the parameters are: 

Lp = (63.34) x 106 g/yr = 9_04 9 m-2 yr-1 

7.01 x 10 6 m2 

z -= 5.29 m = 90 m yr-1 
0.0586 yr 

According to the Vollenweider Relationship, Occoquan Reservoir is well 

into the eutrophic region for loading of total phosphorus. Based on these 
predictions a more in-depth study of the algal productivity seems to be in 
order. 
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TABLE V-25 

OBSERVED ANNUAL POLLUTANT LOADS TO OCCOQUAN RESERVOIR 

Mean Flm/) 
Rate Total Nitrogen Load Total Phosphorus Load 

Period (m3 sec-l } (metric tons year -1) (metric -1 tons year ) 

10/74 - 9/75 24.7 sosb> i 1ob> 
,_. 

7 /75 6/76 24.0 1905c) 188c) 
-.....J 
0 

7 /76 - 6/77 10.4 4763c) 454c) 

a)Source: USGS Regional Office, Richmond, Virginia. 

bJGrizzard et~., 1977 

c)Northern Virginia Planning District Commission, March, 1979. 
Data gathered by Occoquan Watershed Monitoring Laboratory. 



Solving for the phosphorus concentration in this reservoir 

Lp 1 9.04 g m-2 yr-1 

-z 
= 

D+Vo 5.29m[(l7.1+\lff.1)yr-1] 
p - -

P = 0.0805 g/m 3 = 80.5 µg/l. 

Calculated and observed pollutant concentrations are listed in Table 
V-26. The mean summer concentrations of phosphorus and nitrogen are closer 
to the concentrations calculated than would be expected on the basis of the 
comparison of annual loads. 

The ratio of nitrogen to phosphorus concentration in the reservoir can 
be used to estimate which nutrient will limit the rate of plant growth. For 
the Occoquan Reservoir, the N:P ratios are 10 to 1 for total N to total P. 
The calculated nutrient ratios and the N:P ratio of the observed data (11.0) 
indicates that phosphorus is probably growth limiting. 

The available data also permits the estimation of the maximal primary 
production of algae from the Chiaudani and Vighi Curve (Figure V-26). The 
theoretical phosphorus concentration should be about 0.08 g m-3 according to 
calculations. The maximal primary production of algae is found from Figure 
V-26 to be about 2500 mgC m- 2 day-l . This level of algal production is 

roughly the maximum production shown on the curve. Both this result and the 
Vollenweider Relationship suggest algal growth will contribute significantly 
to the BOD load in the impoundment. 

• Effects of 90 percent P removal at treatment plant on TP 

loading: 

M = 52.61 m ton/yr 

L = s2.61 x 10 6 ~/v; 
7 .01 x 10 m 

q = 90 m yr-1 
s 

171 



TABLE V-26 

CALCULATED AND OBSERVED MEAN ANNUAL POLLUTANT 
CONCENTRATIONS IN OCCOQUAN RESERVOIR 

Total b 
Nitrogen 

(g m 3) 

Calculated (SOR= 0.115) 0.831 

Observed Valuesa 

Mean 

Max. 

Min. 

0.88 

1. 50 

0.35 

Availabla 
Nitrogen 

(g m 3) 

0.264 

0.16 

0.24 

0.10 

a)Assuming no removal processes for nitrogen. 
b)Averages for April-October between 1973 and 1977. 

Total 
Phosphorus 

(g rn-3) 

0.08 

0.08 

0.12 

0.04 

Source: Northern Virginia Planning District Commission, 
March, 1979. 
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Although improved, we conclude that loading is still too great 

according to Figure V-24. 

1 Effects of 90 percent STP removal of TP plus 90 percent NPS 

removal of TP: 

M = 6.334 m ton/yr 

L _ 6.334 x 10 6 
= a.go g m-2 y-1 

p - 7.01 x 106 

This would move Occoquan Reservoir into the bottom of the 

mesotrophic range. 

• Lake concentrations of total P would be: 

p = (5.29~7:5~21:2T = 66.9 µg/l 

p - 0.90 - 8 /1 
- (5.19) • (21.2J - µg 

Although the screening method shows marked improvement in Occoquan 

eutrophication, 90 percent control of phosphorus NPS would be very 

expensive. Careful analysis of assumptions made in the screening method and 

of control alternatives would be necessary before proceeding to map such a 

control strategy. Moreover, careful study of reservoir TP sources and sinks 
and of algal productivity would be necessary. The screening method has 

served to illustrate the feasibility and potential value of such further 
analysis. 

5.7.5 Hypolimnetic DO Depletion 

Excessive nutrient loading plus inputs of BODs suggest that DO problems 

in the hypolimnion could result. We will use the data obtained in the first 

three problems to determine the hypolimnetic DO. These data are summarized 
below. All rate coefficients listed have already been corrected for 
temperature. 
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Physical/Biological 

Area= 7.01 x 10 6 m2 

Volume= 3.71 x 10 7 m3 

Q = 20.09 m3 sec-l = 1.74 x 10 6 -1 
m3 day 

Depth to thermocline = 5.29 m (average depth) 

Interval of stratification (May to mid-September) = 138 days 
BOD loading= 934.27 10 6g . yr-l 

Algal loading= 11800 mgCm- 2 day- 1 

BOD concentration = 934.27 x 106 g/yr = 0.069 mg/l 
3.71 x 10 7m3 x 365 days/yr 

Temperature = 10°c 

Rates and Input Values 

M = 0.8 k1 0.063 day -1 = 

s 2.67 k 0.0378 day -1 = = 

p 0.824 gC m- 2 day -l k4 0.0019 -1 = = day 
-
D = 5.29 m DO sat = 11.3 mg/l 

TW = 21.4 day t = 138 

The simplified model used to predict hypolimnion dissolved oxygen 
levels assumes that the only substantial dissolved oxygen sinks are water 
column and benthic deposit BOD (Section 5.5). Additionally, all sources of 
oxygen, photosynthesis, etc., are neglected in the hypolimnion after the 
onset of stratification. Thus, the procedure requires that 
pre-stratification levels of BOD and dissolved oxygen be estimated in order 
to compute the post-stratification rate of oxygen disappearance. The 
pre-stratification concentration of water column BOD is determined first. A 
simple mass balance leads to the following relationship, if steady state 
conditions are assumed: 

~s 
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where 

where 

C = steady state concentration of 
SS 

k = mean rate of BOD loading from 
k a = -k - k 

1 
- ..L 

b S TW 

-

-1 BOD in water column, mg/1 
all sources g m- 3 day- 1 

k = V /Z =mean rate of BOD settling out onto impoundment 
s s 

bottom, day-l 

-1 k1 = mean rate of decay of water column BOD, day 

Q = mean export flow rate, m3 day- 1 

V = impoundment volume, m3 

V = settling velocity, m day- 1 
s 

Z = impoundment mean depth, m. 

The BOD load to the impoundment originates in two principal 
sources: algal growth and tributary loads. The algal BOD loading rate 
is computed from the expression: 

-
k = SMP/Z a(algae) 

S = stoichiometric conversion from algal biomass as carbon 
to BOD = 2. 67 

M = proportion of algal biomass expressed as oxygen demand 

P = algal primary production, g m- 2 day 

Since the Chiaudani and Vighi curve (Figure V-26) gives the 

maximal algal production, a correction should be made for the actual 
epilimnion temperature. If the maximal rate occurs at 30°c and the 
productivity decreases by half for each 15°c decrease in temperature, 
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the algal production can be corrected for temperature using the 

expression: 

P P X 1 047 (T-30°C) 
(T) = (30) . . 

According to the data in Table 1, the epilimnion temperature during the 
month prior to stratification is approximately 13°C. Thus: 

p = (1 8) gC m-2 day-1 x 1 047(13oC-30oC) 
( 13°) • . 

= 0.824 gC m- 2 day-1 • 

If M is assumed to be 0.8, then: 

k 
a(algae) 

-2 -1 = 2.67 x 0.8 x 0.824 gC m day 
5.293 m 

= 0.333 g m- 3 day- 1 

The BOD load borne by tributaries is found by the expression: 

= Mean Daily BOD from Tributaries {Table V-18) 
Impoundment Volume 

= 934.27 x 10 6 g yr- 1 x 1 yr 

3.71 x 10 7 m3 365 days 

= 0.069 g m-3 day 

The total BOD load to Occoquan Reservoir is then: 

k = k (algae) + k (trib) 
a a a 

= 0.33 g m- 3 day-l + 0.069 g m- 3 day-l 

-3 -1 
= 0.402 g m day 

Before the water column BOD concentration can be computed, the 

constants comprising kb must be evaluated. The first of these, ks, 
requires knowledge of the settling velocities of BOD particles. 
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Ideally these would be determined by using values of the physical 

properties of the particles and the water in the settling velocity 
equation, (V-6). Because such data are lacking, a settling velocity of 
0.2 m day-l reported for detritus will be substituted. The reported 

-1 values lie between 0 and 2 meters day , with most values close to 0.2 
-1 ( 1 ) m day Zison et~., 978 . Then, 

k = 0.2 m day- 1/5.29 m = .0378 day-l 
s 

The second constant compr1s1ng kb is the first-order decay rate 
constant for water column BOD. Reported values of k1 vary widely 

depending on the degree of waste treatement. Zison et ~· (1978) 

presents data for rivers, but contains only two values for k1 in lakes 
and estuaries. Both are k1 = 0.2 day- 1 . Camp (1968) reports values 

from 0.01 for slowly metabolized industrial wastes to 0.3 for raw 
sewage. Because there is considerable sewage discharge into the 
Occoquan Reservoir, k1 may be assumed to be in the upper range of these 
values, between 0.1 and 0.3 or 0.15 day- 1. Like the algal production 
rate, k1 must be corrected for the water temperature. In April, the 
mean water temperature is about 11°c. 

Then: 

k ( 0 0 ) = 0.095 day-l x 1.047 1l C-20 C 

= 0.063 day-l 

Finally, kb is evaluated as follows: 

kb -0.0378 day -1 0.063 day -1 1 = --
21. 4 days 

-0.148 day 
-1 

= 

Next, ka and kb may be substituted into the following equation to 

obtain Css. 
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k 
- a 

css .. kb 

C - 0.402 - 2 72 -3 
SS - 0.148 - ' gm 

Once the water column BOD concentration is known, the benthic BOD 
is computed from the expression: 

where 

k c 0 
S SS 

kit 

k4 = mean rate of benthic BOD decay, day-1. 

Values for the benthic BOD decay rate constant span a greater 
range than those for water column BOD. Camp (1968), however, reports 
values of k4 very near 0.003 day-l for a range of benthic depth from 
1.42 to 10.2 cm (Table V-10). Assuming this to be a good value, a 
temperature-corrected value of k4 may be computed at an April 
hypolimnion temperature of 10°c (Table V-17): 

Then, 

k4 = 0.003 day- 1 x 1.047(l0-20) = 0.0019 day-1 

= 0.0378 day -1 x 2.72 g m-3 x 5.29 m 

0.0019 day -l 

= 286 g m-2 

Prior to stratification the impoundment is assumed to be fully 
mixed and saturated with oxygen. During April, the hypolimnion 
temperature is 10°c. Saturated water at this temperature contains 11.3 
ppm oxygen (Table V-11). 

Finally, the dissolved oxygen level in the hypolimnion may be 
predicted during the period of stratification. The applicable 
expressions are: 
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A B c E B 

tiOL = ( 1. 04) [(53.1) (0.231) (1/53.1)] 

tiOL = 12.74 

F E 
~o c = (1.7) (1) = 1. 7 

ot = 11.3 - 12.74 - 1.7 

Therefore the hypolimnion is depleted of oxygen at the end of the 

stratification period (138 days). By selecting different conditions 
for decay rates and for time of stratification a family of curves was 

generated that can be compared with actual observations (Figure V-39). 

As can be seen situations 3 and 4 (BOD decay of 0.3 later corrected for 
temperature and a total BOD loading of 0.36 or 0.57 g • m- 3 day- 1) 

gave a reasonable fit of observed data at the deepest station (Occoquan 
Dam, 1973). 

Interpretation of the dissolved oxygen-time data at High Dam in 

1970 presented in Figure V-39 is complicated by the introduction of 

fresh oxygen after the onset of stratification. Although a direct 

comparison of oxygen depletion times is not possible, the rates of 

oxygen level follows curve 2 of Figure V-39 very closely, while during 
the second period of oxygen consumption the oxygen concentrations 
closely match those of curve 1. Since the reservoir is shallowest at 
High Dam and the substantially lower than average flow rate in 1970 
resulted in strongly stratified conditions, the oxygen depletion rates 
in this case should be among the highest likely to be observed in the 
impoundment. Curve 1 represents the fastest decay rates predicted by 
the model. Thus, the observed oxygen consumption times should be 
greater than the lower limit predicted by the model in nearly all 
cases. 

The above agreement of the observed with the predicted limits for 

the range of oxygen depletion times in Occoquan Reservoir implies that 

the typical or average time must also fall within the predicted range. 
Since it was for "average" conditions that the impoundment was modeled, 
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it may be concluded that the model does accurately describe the 
behavior of the Occoquan Reservoir. 

5.7.6 Toxicants 

It was not possible to obtain data on toxicants in Occoquan 
Reservoir. In order to provide a problem with some realism, published 
data on a priority pollutant in another reservoir were obtained. In 

Coralville Reservoir, Iowa, commercial fishing was banned in 1976 
because of excessive accumulation of dieldrin residues in flesh of 
commercially important bottom feeding fish (Schnoor, 1981). The 

dieldrin arose from biodegraded aldrin, an insecticide in wide use 
along with dieldrin before cancellation of registration of both 
pesticides by USEPA in 1975. 

After 1976 there was steady diminution of dieldrin in the waters, 
fish, and bottom sediments of Coralville Reservoir, until the late 
1970's when dieldrin levels in fish flesh declined to less than 0.3 
mg/kg (Food & Drug Administration guideline). In 1979, the fishing ban 

was rescinded. 

Using the screening methods and data abstracted from Schnoor's 
paper, the potential dieldrin problem can be evaluated in Coralville 
Reservoir. Available and back-calculated data include the following 
values: 

Reservoir 

T = 14 days = 336 hrs _w 
Z = 8 feet = 2.4 m 
C. = 0.05 µg/1 dieldrin 

in 

QC = 0.05 (estimate) 
So = 200 µg/1 (estimate) 

P = 0.9 (estimate) 

Dieldrin 

kow = 305000 
koc = 35600 

solubility in fresh water~ 200 J.-9/l 

-6 
= 200 x 10 kg/kg 
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Assuming that conditions remained constant, the steady state 
concentration of dieldrin can be computed using the approach described 

in Section 5.6 as follows: 

c = 

where 

K = SEO + B + k + k + kh. v p 

+ l • 
w k) 

Evaluation of K depends on estimation of the separate rate 

constants. Information in Chapter 2 and in Callahan, et il· (1977) 
indicate that the biodegradation rate (B) in aquatic systems is 

extremely small. Similarly volatilization (kv) and hydroloysis (kh) 
are negligible processes affecting the fate of dieldrin. Photolysis 

(kp) can be significant in some circumstances but the high turbidity in 

Coralville Reservoir indicates that minimal photolysis takes place. 

Consequently, K = SEO. These assumptions are supported by Schnoor 
(1981). 

Calculation of the sedimentation rate constant (SEO) is as 

follows: 

SEO = a x 0 x K 
p 

KP = 0.63 x kow x OC 

= 0.63 x 305000 x 0.05 

= 9610 

0 = p x 50 x ..l. 
l 
w 

-6 1 -6 -1 
0 = 0.9 x 200 x 10 x- = 5.36 x 10 m 

336 
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a = 1/ (1 + k S) p 

s = oc x 50 = .05 x 200 x 10-6 
= 1 x 10-5 

a = 0.912 x 5.36 x 10-5 x 9610 

= 0.0047 m -1 

The steady state concentration of dieldrin in Coralville Reservoir 

is estimated to be: 

c = 0.05 µg/1 (1 + (0.0047 hr- 1 x 336 hr)) 

c = 0.019 µgJl 

This value is much greater than the present fresh water quality 

criteria of 0.0023 dieldrin µg/l (Federal Register: 79318-79379. 

Nov. 28, 1980) and would indicate a serious potential problem in the 

reservoir that would require significant action and study. 

Evaluation of bioconcentration supports this conclusion: 

Y = BCF x C 

If the default estimate is used {Section 5.6.1.6): 

log BCF = 0.75 log KOW - 0.23 

= 3.88 

BCF 7642 

Y = 7642 x 0.019 = 145 ~g/kg fish flesh 

This value would be less than the FDA guideline. However, two 

published BCF values are available: 35600 from Chapter 2; 70000 from 

Schnoor (1981). These values produce nuch higher tissue burdens, both 

of which violate the FDA guideline: 
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y = 35600 x 0.019 = 676 µg/kg 

y = 70000 x 0.019 = 1330 µg/kg 

In 1979, it is estimated that CI = 0.01 (calculated from 
Schnoor, 1981). Therefore, assuming other conditions are constant: 

c = 0.01/ (1 + (.0047 x 336)) 

= 0.0039 µg/l 

A value about double the water quality criterion. Flesh concentration would 
be (using BCF = 70000): 

y = 70000 x 0.0039 = 270 µg/kg 

This value (0.27 µg/kg) would be less than the FDA guidelines of 0.3 µg/kg 
and support the conclusion to lift the fishing ban. Schnoor (1981) shows 
the following measured data that can be compared to the screening results: 

Screening 
Measured 

Water 
0.019 
0.015 

1970 

Fish 
1300 
llOO 
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Water 
0.04 
0.005 

1979 
Fish 
270 
250 
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GLOSSARY OF TERMS 

Significant variables are shown with typical units. Units must be 
compatible or use conversion factors (Chapter 1). Note that some symbols 
are used for more than one term. 

A 
a 

B 
B(T) 

BCF 
Bo 

c 
co 

cP 
cs 

cs 
ct 
cw 
cw 

cin 
css 
cwt 

cvol 
D 
D 
0 

D 
D' 
D" 

D 
-
D 

oh 
o. 

l 
Do 

Lake surface area, m2 
- sediment area, m2 

Fraction of pollutant in solution= l/(l+(K x S)), unitless 
-1 p 

Biodegradation rate, hr 
Biodegradation rate, corrected for temperature T, hr-l 

Bioconcentration factor, unitless 
Initial microbial biodegradation rate, uncorrected 

-1 for temperature or nutrient concentration, hr 
Reservoir concentration at time, t, mgl-l 
Initial concentration, mgl-l 
Concentration of phosphorus, µgPl-l 
Total exchangeable phosphorus concentration in the sediments, g m- 3 

-1 Toxicant concentration sorbed on sediment, mg 1 

Concentration of BOD at time t, mg 1-l 
Concentration in water phase, mg 1-l 
Steady-state water column phosphorus concentration, mg 1-1, g m- 3 

Steady state influent concentration, mg/l 
Steady-state water column BOD, g m- 3 

Weight concentration 

Volumetric concentration 
Depth, m 
Discharge channel depth, ft 
Sedimentation rate constant= P x S x Q/V, mg l-1day-l 
Dilution rate, day-l 

Flowing layer depth, ft 
Inflow channel depth, ft 
Mean depth, m 
Depth to thermocline, m 
Mean hypolimnion depth, m 
Depth at the ith cross-section, m 
Diffusivity of oxygen in water (2.lxl0-9 m2 sec-1, 20°c) 
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D p 
D w 
D w 
d 

d 

f 

g 

1so 
Io 
K 

K 

Kl 

K2 

K3 

K a 
Ka 1 
K 
p 

Kl 

K4 
K a 
K (algae) a 
K (trib) a 

Kb 
k e 
kh 
kp 
k r 

k s 

k v 

Weight density of a particle, lb ft- 3 

Weight density of water, lb ft- 3, g cm-3 

2 -1 Pollutant diffusivity in water, m sec 

Number of days per time period, days 

Particle diameter, cm 

1 + (Tw x K), unitless 
Acceleration due to gravity, 

Intensity of light at Secchi 

-2 32.2 ft sec 

depth, relative units 

Initial intensity of light at surface, relative units 
-1 Pollutant removal rate, = SEO+ B + k + kp + kh' hr 

-1 v 
Net rate of phosphorus removal, hr 

Specific rate of phosphorus transfer to the sediments, 
-1 m yr 

Specific rate of phosphorus transfer from the sediments, 
-1 m yr 

Fraction of total phosphorus input to sediment that is available 

for the exchange process, unitless 
Reaeration rate, hr-l 

Reaeration coefficient, m hr-l 

Distribution coefficient between organic sediment and water, 

unitless 
First order decay rate for water column BOD at 20°C, day-l 
Benthic BOD decay rate at 20°C, day-l 

-3 -1 Mean rate of BOD loading from all sources, g m day 
-3 -1 Algal contribution to BOD loading rate, g m day 

Tributary or point source contribution to BOD loading rate, 
-3 - , 

g m day ... 
-1 =-Ks -Ki -(1/Tw)' day 

Extinction coefficient, m-l 

Hydrolysis rate, hr- 1 

Photolysis rate, hr- 1 

Photolysis rate constant uncorrected for depth and turbidity 

of the lake, m-l 
Mean rate of BOD settling out onto the impoundment bottom, 

day-l 

Volatilization rate, hr-l 
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koc 

kow 

L 

LP 

Lss 
M 

M 

60L 

00 
ot 
p 
p 

p 

PI 

QI 
Q 

qs 
R 
r 

s 

s 
s. 

l 

so 
st 
SD 

SOR 

SEO 

T 

Organic carbon based partition coefficient, unitless 

Octanol-water coefficient, unitless 

Areal BOD load, gm -2 

-2 -1 Phosphorus loading, g m yr 
-2 Steady-state benthic BOD load, g m 

-1 Total annual phosphorus loading, g yr 

Proportion of algal biomass expressed as an oxygen 

demand (unitless) 
-1 Molecular weight, g mole 

Sediment organic carbon fraction, unitless 

Dissolved oxygen decrease due to hypolimnion BOD, 

mg 1-1 

Dissolved oxygen decrease due to benthic demand, mg 1-l 

Dissolved oxygen at time t = 0, mg 1-l 

Dissolved oxygen at time t, mg 1-l 
Sediment trapping efficiency, unitless l > P > 0 

Primary productivity rate, g Carbon m- 2 d;y -I 
Total phosphorus in the water column~ mg m- 3 

Influent phosphorus, mg 1-1 

Mean annual inflow, m3 yr-1 

Mean Annual outflow, m3 yr-1 

Hydraulic loading (Z/T ),m yr-1 w 
Reynolds number, unitless 

Radius, ft 
Stoichiometric conversior from algal biomass 

as carbon to BOD, 2.67, unitless 
Input suspended organic sediment= OC x So, mg i-1 
Mass of sediment in inflow per unit time, mg i-1 
Input of suspended sediment, mg i-1 

Sediment trapped, metric tons yr-1 

Secchi depth, rn 

Sediment delivery ratio, unitless 

Sorption and sedimentation rate (toxicant at 
equilibrium with sediments), hr-1 

Temperature, degrees centigrade 
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V Lake or impoundment volume, m3 

VH Hypolimnion volume, l 

Vs Sediment volume, m3 

Vmax Terminal velocity of a spherical particle, ft sec- 1 

W Wind speed, m sec-1 

Y Tissue concentration of pollutant, 
-1 µg kg fish fiesh 

y number of years 

Z depth, m 
-z mean depth, m 

Absolute viscosity of water, lb sec ft- 2, g sec cm-2 

Mass density of a particle, slugs ft- 3 

Mass density of water, slugs ft- 3 

Mean hydraulic residence time (V/Q) ,days 
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Chapter 6 

ESTUARIES 

6.1 INTRODUCTION 

6.1.1 General 

Estuaries are of primary social, economic, and ecologic import?nce to 

America. Forty-three of 110 of the Department of Commerce's Standard 
Metropolitan Statistical Areas are on estuaries (DeFalco, 1967). Estuaries 
are the terminal or transfer point for essentially all waterborne national 

and international commerce in this country, and biologically are more 
productive on a mass per unit area basis than any other type of water body. 

Essentially all conservative wastes and much of the nonconservative wastes 
discharged into any inland stream in America eventually pass into an 
estuary. Yet these coastal formations on which there is such a demand for 
services are less stable geologically than any other formation found on the 

continent (Schubel, 1971). Sedimentation processes, for example, are 
filling, destroying, or at least altering all estuaries. While this process 
is always rapid in a geological sense, the actual length of time required 
for complete estuarine sedimentation is a function primarily of the 
stability of the sea level, the rate of sediment influx, and the 
intra-estuarine circulation pattern (Schubel, 1971). The instability, 
variation, and complexity of estuaries make water quality assessment and 
prediction especially difficult, yet the demands placed on estuaries require 
a most active water quality management program. 

This chapter will describe a systematic approach which may be used to 
provide estuarine water quality assessment and prediction. Its purpose is 

two-fold. First, the planner will be provided the capability of making 
elementary assessments of current estuarine water quality. Second, 

methodologies are presented by which the planner can evaluate changes in 
water quality which might result from future changes in waste loading. 
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Chapter 3 provided methodologies for assessing the waste load directly 
entering an estuary. Chapter 4 provided methodologies which can be used to 

assess the water quality of a river or stream as it enters an estuary. The 

output of these chapters will provide information about present and 

projected estuarine water quality which can be used to identify regions 

having greatest water quality problems, water quality parameters of special 

concern, and areas for which subsequent computer study is necessary. 

Methods presented below comprise a screening tool which may be used by the 

planner to focus attention on critical spatial regions and water quality 

parameters. These can then be fully assessed using computer models or other 
techniques, as desired. 

6.1.2 Estuarine Definition 

It is difficult to provide a concise, comprehensive definition of an 

estuary. The basic elements included in most current definitions are that 

an estuary is: 

a. a semi-enclosed coastal body of water, 

b. freely connected to the open sea, 

c. influenced by tidal action, and 

d. a water body in which sea water is measurably diluted with 
fresh water derived from land drainage (Pritchard, 1967; 
Pritchard and Schubel, 1971). 

The seaward end of an estuary is established by the requirement that an 

estuary be semi-enclosed. Because this boundary is normally defined by 

physical land features, it can be specifically identified. The landward 

boundary is not as easily defined, however. Generally tidal influence in a 

river system extends further inland than does salt intrusion. Thus the 

estuary is limited by the requirement that both salt and fresh water be 

measurably present. Accordingly, the landward boundary may be defined as 

the furthest measurable inland penetration of sea salts. The location of 
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this inland boundary will vary substantially from season to season as a 
function of stream flows and stream velocities and may be many miles 
upstream from the estuarine mouth (e.g. approximately 40 miles upstream on 
the Potomac River, 27 miles on the James River, and approximately 16 miles 
upstream for the small Alsea Estuary ir. Oregon) (Pritchard, 1971). This 
definition also separates estuaries from coastal bays (embayments) by the 
requirement for a fresh water inflow and measurable sea water dilution. 

6.1.3 Types of Estuaries 

While the above definition provides adequate criteria for segregating 
estuaries from other major types of water bodies, it does not provide a 
means to separate the various types of estuaries from one another. The 

variations in estuarine circulation patterns and resulting variations in 
pollutant dispersion from estuary to estuary make classification a necessary 
part of any water quality assessment. Two basic estuarine classification 
systems have been used in recent years to accomplish estuarine subclass 
separation: a topographical system and a physical processes system (Dyer, 
1973, Chapter 2 or Ippen, 1966, Chapter 10). 

6.1.3.1 Topographical Classificatio~ 

Under a topographical system, estuaries are divided into four 
subclasses. These are briefly described below. 

a. Drowned River Valley (Coastal Plain Estuary). These estuaries 
are the result of a recent (within the last 10,000 years) sea 
level rise which has kept ahead of sedimentation processes at 
a river's mouth. Such estuaries are, quite literally, rivers 
whose lower basins have been drowned by the rising oceans. 

Coastal plain estuaries are characteristically broad, 
relatively shallow estuaries (rarely over 30 m deep) with 

extensive layers of recent sediment. 
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b. Fjord-like Estuaries. These estuaries are usually glacially 
formed and are extremely deep (up to 800 m) with shallow sills 

at the estuarine mouth. Fjord-like estuaries are restricted 

to high latitude mountainous regions and are not found in the 

United States outside of Alaska and Puget Sound in the state 

of Washington. 

c. Bar-built Estuaries. When offshore barrier sand islands build 

above sea level and form a chain between headlands broken by 

one or more inlets, a bar-built estuary is formed. These 

estuaries are characteristically very shallow, elongated, 

parallel to the coast, and frequently are fed by more than one 

river system. As a result bar-built estuaries are usually 

very complex hydrodynamically. A number of examples of 

bar-built estuaries can be found along the southeast coast of 

the United States. 

d. Tectonic Process Estuaries. Tectonic estuaries exist as the 

result of major tectonic events (movement of tectonic plates 

with associated faulting or subsidence and coastal volcanic 

activity). San Francisco Bay is a good example of an American 

estuary of this type. 

Based on this topographic classification system, the vast majority of 
American estuaries fall into the drowned river class. As a result, this 

system is not functional for categorization of American estuaries. The 

classification system described below is based on physical processes and is 
more useful. Further, the parameters used in physical classification are 

directly applicable to estuarine pollution analysis. Consequently, a 

physical parameter classification system will be used for the water quality 

assessment approach to be presented. 
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6.1.3.2 Physical Process Classification 

Physical process classification systems are generally based on the 
velocity and salinity patterns in an estuary. Using these two parameters, 

estuaries can Dt divided into three cl?sses, each of which is of potential 

importance to planners concerned with American coastal plain estuaries. The 

classes are: stratified, partially mixed, and well mixed. 

The general behavior of salinity and velocity regimes in the three 

types of estuaries has been described by a number of researchers 

(Glenne, 1967, Duxbury, 1970, Pritchard, 1960, and Dyer, 1973, among others) 

and is summarized below. 

a. Stratified (Salt Wedge) Estuary. In this type of estuary, 

large fresh water inflows ride over a salt water layer which 

intrudes landward along the estuary bottom. Generally there 

is a continuous inland flow in the salt water layer as some of 

this salt water is entrained into the upper seaward-moving 

fresh water flow. Tidal action is not sufficient to mix the 
separate layers. Salinity (S) and Velocity (U) profiles and a 

longitudinal schematic of this flow pattern are shown in 
Figure VI-1. The Mississippi River Estuary is usually a salt 

wedge estuary. 

b. Well Mixed. In a well mixed estuary, the tidal flow (or the 

tidal prism*) is much greater than the river outflow. Tidal 

mixing forces create a vertically well mixed water column with 
flow reversing from ebb to flood at all depths. Typical 

salinity and velocity profiles and a longitudinal flow 
schematic for a well mixed estuary are shown in Figure VI-2. 

As examples, the Delaware and Raritan River estuaries are both 

normally well mixed. 

*The tidal prism is that volume of water which enters an estuary 
during an incoming (flood) tide and equals high tide estuarine 
volume minus low tide volume. 
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c. Partially Mixed. Partially mixed estuaries lie between 

stratified and well mixed in terms of flow and stratification 

characteristics. Tide-related flows in such estuaries are 

substantially greater than river flows. Significant salinity 

gradients exist as in fully stratified estuaries, but are much 

less steep. While velocity at all depths normally reverses 

with ebb and flood tide stages, it is possible for net inland 

flow to be maintained in the lowest layers. Typical salinity 

and velocity profiles and a longitudinal schematic flow 

diagram are shown in Figure VI-3. There are many partially 

mixed coastal plain estuaries in the United States; the lower 

James River Estuary is typical. 

Classification primarily depends on the river discharge at the time of 

classification. Large river flows result in more stratified estuaries while 
low flow conditions in the same estuaries can lead to full mixing. Thus the 

classification of any single estuary is likely to vary from season to season 

as river flows vary. As examples, many west coast estuaries are partially 

mixed in winter when river flows are high and are well mixed in summer when 

river flows are very low. 

6.1.4 Pollutant Flow in ~ Estuary 

The importance of understanding the basic types of estuarine systems 

may be appreciated by briefly reviewing the general advective movements of a 

pollutant released into each of the three types of estuaries (summarized 
from Pritchard, 1960). The associated spatial and temporal variability of 

pollutant levels have water system management as well as water quality 

implications. 

If a pollutant flow of density greater than the receiving water column 

is introduced into a salt wedge type estuary, the pollutant tends to sink 

into the bottom salt water layer and a portion can be advectively carried 

inland toward the head of the estuary. Frictionally induced vertical 

entrainment of the pollutant into the surface water flow is slow, residence 

time of the pollutant is high, and the time required to flush the pollutant 
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from the estuary is also high. Some pollutants which are sufficiently dense 

and stable remain in or settle to the bottom layer of water, and are not 

transported out of a salt wedge estuary. Such constituents build up in the 
estuarine sediment layer. 

Conversely, if a pollutant of lower density than the receiving water 

column is introduced into a salt wedge estuary, it remains in the surface 

layer and is readily flushed from the system. This is the case because 

seaward flows strongly predominate in this layer. 

At the opposite end of the estuary classification scale, a pollutant 

introduced into a well mixed estuary is advectively transported in a manner 

independent of the pollutant's density. Tidal forces cause turbulent 

vertical an~ lateral mixing. The pollu~ant is carried back and forth with 

the oscillatory motion of the tides and is slowly carried seaward with the 
net flow. 

Pollutants introduced into partially mixed estuaries are dispersed in a 

manner intermediate between the transport patterns exhibited in well mixed 

and stratified estuaries. Pollutant transport is density dependent but 

nevertheless involves considerable vertical mixing. Eventual flushing of 

the pollutant from an estuary in this case depends on the relative 

n1agnitudes of the net river outflow and the tidal seawater inflow. 

6.1.5 Estuarine Complexity and Major Forces 

Before outlining the complexities of estuarine systems, a brief review 

of the nomenclature used in this chapter will be helpful. This information 

is shown in Figure VI-4. This figure shows top, side, and cross sectional 

views of an estuary and indicates the basic estuarine dimensions. 

Additionally, the relationship between tidal elevation (or tidal stage) and 

surface water velocity is shown in the upper right quadrant of Figure VI-4. 

The complexities of estuarine hydrodynamics are evident from even the 

brief qualitative descriptions presented above. Many variations in flow 

pattern and many of the forces acting on an estuarine water column have been 
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omitted in order to permit a verbal description of the normally predominant 
phenomena, and it should be understood that the descriptions do not fully 
account for the complexities of estuarine motion. Estuarine circulation may 
be conceived as a three-dimensional flow field with variations possible in 

salinity and velocity along the longitudinal, the vertical, and the lateral 

axes. As a result of this complexity, and because an estuary is a 
transitional zone between fresh water and marine systems, great variations 
in a number of major water quality and physical parameters are possible. 

For example: 

a. pH. Typical ocean pH is 7.8 to 8.4. Typically, rivers are 

slightly acidic (pH<7). Thus the pH can change from slightly 
acidic to basic across an estuary with resulting major changes 

in chemical characteristics of dissolved and suspended 

constituents. pH variations from 6.8 to 9.25 across an 
estuary have been recorded (Perkins, 1974, p. 29). 

b. Salinity. Over the length of an estuary, salinity varies from 

fresh water levels (typically less than 1 ppt) to oceanic 
salinity levels (usually 32 ppt to 34 ppt)*. Moreover 

salinity at any given location in an estuary may vary 
substantially over one tidal cycle and over the depth of the 
water column at any single point in time. Salinity variations 
are especially significant in estuarine calculations for a 
variety of reasons. First, salinity distribution can be used 
to predict the distribution of pollutants; second, salinity 
is a prime determinant of water density; and third, 
variations in salinity affect other major water quality 
parameters. For example, the saturated dissolved oxygen 
concentration normally diminishes by 2 mg/1 as salinity increases 

from 0 to 35 ppt. 

c. River Flow. River flow is a major determinant of estuarine 

circulation and flushing characteristics. Instantaneous flow 
rates for some western rivers vary by orders of magnitude from 

*opt represents parts per thousand by mass. Sometimes the symbol 
0

100 is used. 
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winter high flow to summer 1ow flow periods (Goodwin, et~!-, 

1970). These differences in river flow ~esult in major 

variations in estuarine water quality characteristics. 

d. Time. Estuarine water quality parameters vary over several 

separate time scales. First, variations occur with each tidal 

cycle over a period of hours. Second, tidal cycles vary in 
mean amplitude from spring (maximum amplitude) to neap tides 
(minimum amplitude) every two weeks. This affects water 

quality since flushing characteristics are in part dependent 

on the tidal prism which is, in turn, dependent on tide stage. 

Third, there are seasonal variations in river flow, 

temperature and waste loadings. 

The four factors just listed affecting the range and rate of variation 
of estuarine parameters pose part of the difficulty in analyzing estuarine 

water quality. In order to avoid large errors, both small time increments 

and small spatial increments must be used. This, in turn, necessitates a 
large number of individual calculations to fully analyze the variation of 

even a single parameter over the estuary and sometimes requires the use of a 

computer model. 

Further complicating the analytical process is the large number of 

independent forces acting on the estuarine water column which should be 

considered. This group includes (from Harleman and Lee, 1969): 

a. Ocean tides 
b. Local wind stresses 
c. Bottom roughness and bottom sediment types 
d. Channel geometry 
e. Coriolis forces* 

f. Nearby coastal features and coastal processes 

*Coriolis forces reflect the effect of a rotating reference plane (the 
earth) on particle motion. The net effect is to cause a water flow to 
drift to one side as it propagates down a channel. The same effect tends 
to laterally segregate fresh water flows (moving from head to mouth) and 
salt water inflows (moving from mouth to head) in an estuary and in the 
northern hemisphere to create a counterclock-wise flow pattern with fresh 
water to the right (looking from the head of the estuary toward the mouth) 
flowing toward the sea and salt water on the left flowing toward the head 
of the estuary. 
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6.1.6 Methodology Summar,x 

A variety of techniques are presented in this chapter to assess water 
quality in estuaries. Table VI-1 summarizes the techniques and indicates if 

they are applicable to one-dimensional (well-mixed) or two-dimensional 

(vertically stratified) estuaries. Many of the techniques can be applied to 

conventional or toxic pollutants. If decay rates for toxic pollutants are 
needed, Chapter 2 can be used. 

It is redundant to describe in detail each method at this point in the 

chapter, because the procedures are presented later. As a general 

statement, however, most of the methods for prediction of water quality 
apply to continuous, steady-state discharges of pollutants. The discharges 

can be located anywhere within the estuary, from head to mouth. Mu'Jtiple 

sources of pollutants can be analyzed by applying the method of 
superposition, which is illustrated subsequently. 

Although no single sequence of calculations must be followed to use the 

methodology, Figure VI-5 shows a suggested procedure. It is often useful to 
begin by classifying the estuary by season to find out when it is well mixed 
and when it is stratified. If the estuary is never well mixed, then the 
tools listed in Table VI-1 pertaining to one-dimensional estuaries should 

not be u5ed. 

Users are cautioned that the methods in this chapter are of a 
simplified nature, and consequently there are errors inherent in the 

calculations. Additionally, inappropriate data can produce further 
systematic errors. Data used should be appropriate for the period being 

studied. For example, when salinity profiles are needed, they should 
correspond to steady flow periods close to the critical period being 

analyzed. 

Even though the methods presented in the chapter are amenable to hand 
calculations, some methods are more difficult to apply than others. The 

fraction of freshwater and modified tidal prism methods are relatively easy 
to apply, while the advective-dispersion equations offer greater 

computational challenge. Since the advective-dispersion equations require 

numerous calculations, the user might find it advantageous to program the 
methods on a hand calculator (e.g. TI-59 or HP-41C). 
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TABLE VI-1 

SUMMARY OF METHODOLOGY FOR ESTUARINE WATER QUALITY ASSESSMENT 

Calculations 

Estuarine Classification 

Flushing Time 

Pollutant Distribution 

Thermal Pollution 

Turbidity 

Sedimentation 

Methods 

• Hansen and Rattray 

• Flow ratio 

• Fraction of freshwater 
• Modified tidal prism 

• Fraction oftfreshwater (conservative 
pollutants) 

• Modified tidal prism (conservttive or 
first-order decay pollutants) 

• Dispersion-advection equations 
(conservative,first-order decay pollutants,t 
and dissolved oxygen) 

• Pritchard'stBox Model (conservative 
poll utan ts) 

1 Initial dilution 

• Pollutant concentration at completion 
of initial ~ilution (conservative 
pollutants, pH, dissolved oxygen) 

• F~rfield distribution (fonservative and 
first-order pollutants, and dissolved 
oxygen) 

• ar of water passing through condenser 

• Maximum discharge temperature 

• Thermal block criterion 
• Surface area criterion 
• Surface temperature criterion 

• Turbidity at completion of initial 
dilution 

• Suspended solids at the completion of 
initial dilution 

• Light attenuation and turbidity 
relationship 

• Secchi disk and turbidity relationship 

• Description of sediment movement 
• Settling velocity determination 

• Null zone calculations 

Type of Estuary Applicable* 

one- or two-dimensional 

one- or two-dimensional 

one-dimensional 

one-dimensional 

one-dimensional 

one-dimensional 

one-dimensional 

two-dimensional 

one- or two-dimensional 

one- or two-dimensional 

two-dimensional 

not applicable 

not applicable 

one- or two-dimensional 
one- or two-dimensional 
one- or two-dimensional 

one- or two-dimensional 

one- or two-dimensional 

one- or two-dimensional 

one- or two-dimensional 

one- or two-dimensional 
one- or two-dimensional 

two-dimensional 

*One dimensional means a vertically well mixed system. A two dimensional estuary is vertically stratified. 
t 
These methods apply to either conventional or toxic pollutants. 
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6.1.7 Present Water-Quality Assessment 

The first step in the estuarine water quality assessment should be the 
evaluation of existing water quality. Before an analysis of the impact of 
future waste load changes is made, the planner should know whether or not 
current estuarine water quality is acceptable, marginal, or substandard. 

By far the best way to assess existing water quality is to measure it. 
The planner should attempt to locate other agencies which might have already 
collected acceptable samples and/or data. Candidate organizations include 
the United States Geologic Survey, the U.S. Army Corps of Engineers, state 
water quality control and monitoring agencies, and engineering and 

oceanographic departments of local colleges and universities. If such data 
cannot be located, a data collection program could be undertaken. If at all 

possible, high tide, and especially low tide in-situ measurements and 
samples should be collected along the full length of the estuary's main 
channel and in all significant side embayments. Analyses should then be 
made in an appropriate laboratory facility. If funds for such data 

collection efforts are not available, the use of a mathematical estimation 
of existing water quality is an alternative. The methods presented in 
subsequent sections and applied to the existing discharges can be used. 

However, it should be remembered that actual data are preferable to a 
mathematical estimate of existing water quality. 

6.2 ESTUARINE CLASSIFICATION 

6.2.1 General 

Section 6.1.7 discussed making a first estimate of current estuarine 
water quality. This section begins a calculation methodology designed to 

look at the effect of future changes in waste loading patterns. 

The goal of the classification process presented below is to predict 
the applicability of the hand calculations to be presented. The 

classification process is normally the first step to be taken in the 
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calculation procedure since it reveals which techniques can be applied. 

6.2.2 ~lassification Methodology 

The classification system recommended for purposes of hand calculations 
is based on salinity and velocity profiles within the estuary. As both of 
these parameters vary seasonally and spatially for each estuary, their use 

will result in a range of values rather than in one single classification 

number. The following section will describe in detail the procedure for use 

of this system, and show examples of the procedure. 

6.2.3 Calculation Procedure 

Hansen and Rattray (1966) developed an estuarine classification system 
using both salinity stratification and water circulation patterns (based on 

water column velocities). This procedure involves the calculation of values 
for two parameters at various points along the main estuarine channel and 
the plotting of these intersections on the graph shown in Figure VI-6. 

Figure VI-7 shows plots made by Hansen and Rattray for various estuaries at 
a single point in time. It should be noted that each estuary is not 
represented by a point but by a line connecting the points calculated for 

the mouth and head areas. 

The area designations (e.g. la, lb, 2b) on Figure VI-6 were related by 
Hansen and Rattray to previously used classification titles (e.g. 
stratified, well mixed). In general, area la corresponds to well mixed 
estuaries. Area lb has the water circulation pattern of a well mixed 
estuary yet shows increased stratification. Areas 2 and 3 correspond to the 
"partially mixed 11 class of estuaries with area 3 showing more significant 
lateral circulation within the estuary. Designations 2a/b and 3a/b, as was 

true of la and lb, indicate increasing degrees of vertical stratification. 

Type 3b includes fjord-type estuaries. Area 4 represents highly stratified, 
salt wedge estuaries. 
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6.2.4 Stratification-Circulation Diagram Interpretation 

The closer an estuary falls to the lower left hand corner of a 
stratification-circulation diagram the more vertically and laterally 
homogeneous it is. On the stratification-circulation diagram (Figure VI-6), 
two types of zonal demarcation can be seen. First are the diagonally 

striped divisions between adjacent estuarine classifications used by Hansen 
and Rattray to indicate a transitional zone between separate 
classifications. The second is a wide solid band arching around the lower 

left corner of the diagram. Estuaries falling primarily inside of this band 
(to the lower left of the band) are those for which the one dimensional 
calculation methods may be applied to obtain reasonably accurate results. 
If an estuary falls outside of this band, the planner should use only the 
methods presented which pertain to stratified estuaries, or use computer 

analyses. Within the band is a borderline or marginal zone. Calculations 
for one-dimensional estuaries can be used for estuaries falling principally 
within this zone, however the accuracy of the calculations will be 
uncertain. 

The two parameters used with the stratification--circulation diagram are 
described below: 

a. Stratification Parameter: The stratification parameter is 
defined as: 

Stratification Parameter _ 
5-~ (VI-1) 

where 

6S = time averaged difference in salinity between 
surf ace and bottom water (Sbottom - 5surface), 
ppt 

and, 

so = cross-section mean salinity, ppt 
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The diagramatic relationship of these values is shown in Figure 

VI-8. 

b. Circulation Parameter: The circulation parameter is defined 

as: 

where 

and, 

- us Circulation parameter ~ U-
f 

(VI-2) 

u
5 

= net non-tidal sectional surface velocity (surface 
velocity through the section averaged over a tidal 
cycle) measured in ft/sec. See Figure VI-8 for a 
diagramatic representation of Us. 

Uf = mean fresh water velocity through the section, 
ft/sec. 

In equation form, 

where 

and 

{VI-3) 

R =fresh water {river) inflow rate, ft 3 /sec, 

A = cross-sectional area of the estuary through the point 
being used to calculate the circulation pattern and 
stratification parameters based on a mean tide surface 
elevation, ft 2

• 

If good cross-sectional area data are not available, cross-sectional 
profiles can be approximated from the U.S.Geological Survey (USGS) coastal series 
topographical maps, or, more recently, from NOAA National Ocean Survey charts. 
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The circulation and stratification parameters should be plotted for high and 

low river flow periods and for stations near the mouth and head of the 
estuary. The area enclosed by these four points should then include the 
full range of possible instantaneous estuary hydrodynamic characteristics. 
In interpreting the significance of this plotted area, by far the greater 
weight should be given to the low river flow periods as these periods are 
associated with the poorest pollutant flushing characteristics and the 

lowest estuarine water quality. The interpretation of the 
circulation-stratification diagrams will be explained more fully after an 

example of parameter computation. 

EXAMPLE VI-1 

Calculation of Stratification and Circulation Parameters 

The estuary for this example is the Stuart Estuary which is shown in 

Figure VI-9. The estuary is 64,000 feet long, is located on the U.S. west 
coast, and is fed by the Scott River. Two stations were selected for 
parameter calculation (A and 8) with station A located on the southern edge 

of the main channel 6,500 feet from the estuary's mouth and station B in 
center channel 47,500 feet from the mouth (16,500 feet from the head of the 
estuary). 

Necessary salinity data were obtained from the coastal engineering 
department of a nearby university. USGS gage data were available for river 
flow, and, as a result of its own dredging program, the local district 
office of the U.S. Corps of Engineers could provide cross-sectional 
profiles in the approximate areas of both stations. The cross-sections are 
labeled (1) and (2) on Figure VI-9. The mean low tide depth reading on NOAA 
Coastal charts was used to verify Corps data. Current meters were tied to 
buoy channel markers at A and B to provide velocity data. The information 

obtained from these various sources is shown in graphical form in 
Figure VI-10. 
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The calculations proceed as follows: 

a. Stratifiction Parameter: 

A 

33 - 30 
3C5 

31.5 - 24.2 _27._s_ 

b. Circulation Parameter 

= 

= 

STt.TlOll 

B 

.095 
14.5 - 10.5 

= .32 su;·ir1rn -- ---12-:-5·--· ---

.26 4 - 2. l .58 \JJNTER -~--- = ---- 3.25 -

1. Calculate Ai's using cross sectional information on Figure 

VI-10 

Aa = (630 ft) (20 ft) (~) + (630 ft) (20 ft) + (1590 ft) 

(20 ft) (~) = 34,800 ft 2 

Ab= (2580 ft) (16 ft) (~) + (1720 ft) (16) (~) = 34,400 

ft 2 

For most cross-sections it is advisable to use more finely 
divided segments than in the simple example above in order to 
reduce the error associated with this approximation. The 
method for this calculation, however, is identical regardless 
of the number of regular segments used. 

2. Calculate Ut's (with Rand A; values obtained from Figure 

VI-10) ST fl Tl On 

A B 

3 3 
SSO ft /sec • 1.5Bxl0-2ft/sec SSO f_t ~se~- • 1.60'10-3ft/sec 
3.4Bxlo~n2 -----'- 3.44x10~ft~ --- ·-- S~f!ER 

3 3 1800 ft ~ 52 • 5.17xl0-2ft/sec 1800 ft.=fsec • S.23x10-2ft/sec 
3.44x104tT llllfl(R 3.481<10 ft 
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3. 
u 

Calculate 51 s Df 
Us values are read from Figure VI-10. The precise value 
for Us is the integral of the velocity curve (area under 
11 ebb 11 velocity curve minus the area under the 11 flood 11 

velocity curve) divided by the elapsed time period (length 
of one tidal cycle). If the elapsed time for flood flow 
at a station is only slightly below the elapsed time for 
ebb flow Us may be approximated as 

(Uebb(max) - Uflood(max) )/2. 

STATION 

B 

0.15 ft[sec ·u 0. 3 ft/sec 
-~ 1. 58x10-2ft/sec l .60xl0-2ft/sec SUll:llR 

0.2 ft/sec ·u 0.4 t~G"'c • ~ WINT(R 
5. 17xlo-2tt/sec 5.23x10 ft/sec 

The circulation-stratification plots for the Stuart Estuary are shown 

in Figure VI-11 with points As (station A, summer value), Aw (station A, 

winter Value), Bs (station B, summer value), and Bw (station B, winter 
value). 

As indicated, this estuary shows a significant amount of vertical 
stratification (especially at station A) but little evidence of major 
lateral non-homogeneity. 

END OF EXAMPLE VI-1 
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Turning to Figure VI-11, the Stratification-Circulation diagram for the 

Stuart Estuary, it is apparent that this estuary lies principally within the 

marginal area. Moreover, the low flow classification (line As-Bs) also lies 
primarily within the marginal area. Thus, the planner for the Stuart 

Estuary should calculate an additional criterion (see below) to help 
determine the suitability of using the calculation procedures for well mixed 
estuaries. If the Stuart Estuary plotted more predominately below the 
marginal zone, the planner could proceed with flushing time calculations 
since the estuary would then meet the well mixed classification criteria. 

It should be noted that the data for the Stuart Estuary produced a 

fairly tight cluster of data points. As can be seen in Figure VI-12, the 
salinity profiles for one west coast estuary (the Alsea River and Estuary 
along the central Oregon coast) vary considerably more from season to season 
than those of the Stuart Estuary. This increased variation would produce a 
far greater spread in the summer and winter 6S/S0 parameter values. 

6.2.5 Flow Ratio Calculation 

If application of the above classification procedure results in an 
ambiguous outcome regarding estuary classification, another criterion should 
be applied. This is the flow ratio calculation. Schultz and Simmons (1957) 
first observed the correlation between the flow ratio and estuary type. 
They defined the flow ratio for an estuary as: 

where 

and 

R 
F = p (VI-4) 

F = the flow ratio, 

R = the river flow measured over one tidal cycle (measured in m3 

or ft3 ) 
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P =the estuary tidal prism (in m3 or ft 3 ) 

Thus the flow ratio compares the tidally induced flow in an estuary 
with the river induced flow. Schultz and Simmons observed that when this 
ratio was on the order of 1.0 or greater, the associated estuary was 
normally highly stratified. Conversely, ratios of about 0.1 or less were 
usually associated with very well-mixed estuaries and ratios in the range of 
0.25 were associated with partially mixed estuaries. A flow ratio of 0.2 or 

less warrants inclusion of the estuary in the hand calculation process for 

one dimensional estuaries. Flow ratios in the range 0.2 to 0.3 should be 
considered marginal. Estuaries with flow ratios greater than 0.3 should not 

be included in the one-dimensional category. 

EXAMPLE VI-2 

Calculation of the Flow Ratio for an Estuary 

The following data apply to the Patuxent Estuary, Maryland: 

R, total river discharge over one 
tidal cycle = 1.42 x 105 m3 

(low flow) 
and 3.58 x l06 m3 

(high fl ow) 

P, estuary tidal prism volume = 3.51 x 107 m3 

The flow ratios for the Patuxent Estuary at low and high river flows are 
thus: 

F = R p 

Fl ow fl ow = 

1.42xl0 5 m3 

3.51xl0 7 m3 
= 0.004 

F __ 3.58x10 6 m3 

----= 0.10 
high flow 3.Slxl07 m3 
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Values of F20.l are usually associated with well mixed estuaries. The F 

values calculated above indicate a well mixed estuary. However, historical 

data indicate the Patuxent River Estuary is partially stratified at moderate 
and high river flows. 

END OF EXAMPLE VI-2 

When tidal data are not available, NOAA coastal charts may be used to 

estimate the difference between mean high tide and mean low tide estuary 

surface areas. As can be seen in the cross-section diagram in Figure VI-13 
the estuarine tidal prism can be approximated by averaging the MLT and MHT 
surf ace areas and multiplying this averaged area by the local tidal height. 

Mean tidal heights (approximately 1 week before or after spring tides) 
should be used for this calculation. As indicated in Figure VI-13, the 

estuary can be conveniently subdivided into longitudinal sections for this 
averaging process, to reduce the resulting error. Table VI-2 lists tidal 
prisms estimated for many U.S. estuaries. These values may be used as an 
alternate to tidal prism calculations. 

6.3 FLUSHING TIME CALCULATIONS 

6.3.1 General 

Flushing time is a measure of the time required to transport a 
conservative pollutant from some specified location within the estuary 

(usually, but not always, the head) to the mouth of the estuary. Processes 

such as pollutant decay or sedimentation which can alter the pollutant's 

distribution within the estuary are not considered in the concept of 

flushing time. 

222 



M HT Surface• 
Mean Tide 

MLT Surface• 

Pi (section i) =section Length x tidal height x (MHT width; MLT width) 

P estuary = L:P. for all sections 
. 1 
1 

* Widths obtained from NOAA tide table for the area 
**Available from local Coast Guard Stations 

FIGURE VI-13 ESTUARY (ROSS-SECTION FOR TIDAL PRISM CALCULATIONS 

223 



TABLE VI-2 
TIDAL PRISMS FOR SOME U.S. ESTUARIES 

(FROM O'BRIEN, 1969 AND JOHNSON, 1973) 

Estuary Coast Tidal Prism (ft3) 

Plum Island Sound, Mass. 

Fire Island Inlet, N.Y. 
Jones Inlet, N.Y. 

Beach Haven Inlet (Little 
Egg Bay), N.J. 

Little Egg Inlet (Great 
Bay), N. J. 

Brigantine Inlet, N.J. 

Absecon Inlet (before 
jetties), N.J. 

Great Egg Harbor Entr, N.J. 
Townsend Inlet, N.J. 

Hereford Inlet, N.J. 

Chincoteague Inlet, Va. 

Oregon Inlet, N.C. 

Ocracoke Inlet, N.C. 

Drum Inlet, N.C. 
Beaufort Inlet, N.C. 
Carolina Beach Inlet, N.C. 
Stono Inlet, S.C. 
North Edisto River, S.C. 
St. Helena Sound, S.C. 
Port Royal Sound, S.C. 

Calibogue Sound, S.C. 

Wassaw Sound, Ga. 

Ossabaw Sound, Ga. 

Sapelo Sound, Ga. 

St. Catherines Sound, Ga. 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

/l.tl antic 

Atlantic 

Atlantic 

Atlantic 
Atlantic 

Atlantic 

Atlantic 

Atlantic 
Atlantic 

Atlantic 
Atlantic 
Atlantic 
Atlantic 
Atlantic 
Atlantic 
Atlantic 

Atlantic 
Atlantic 

Atlantic 

Atlantic 

Atlantic 
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l. 32 x 1 o9 

2. 18 x 109 

1.50 x 109 

l.5lxlo9 

1. 72 x l o9 

5.23 x 108 

l. 65 x 1 o9 

2.00 x 109 

5.56 x 108 

1.19 x 109 

1. 56 x 1 o9 

3.98 x 109 

5.22 x 109 

5.82 x 108 

5.0 x 109 

5.25 x 108 

2.86 x 109 

4.58 x 109 

1 . 53 x l 01 0 

1 . 46 x 10 l 0 

3.61 x 109 

8.2 x 109 

6.81 x 109 

7.36 x 109 

6.94 x 109 



Estuary 

Doboy Sound, Ga. 

Altamaha Sound, Ga. 

Hampton River, Ga. 
St. Simon Sound, Ga. 

St. Andrew Sound, Ga. 

Ft. George Inlet, Fla. 

Old St. Augustine Inlet, 
Fla. 

Ponce de Leon, Fla. 
(before jetties) 

Delaware Bay Entrance 

Fire Island Inlet, N.Y. 

East Rockaway Inlet, N.Y. 

Rockaway Inlet, N.Y. 
Masonboro Inlet, N.C. 

St. Lucie Inlet, Fla. 
Nantucket Inlet, Mass. 

Shinnecock Inlet, N.Y. 
Moriches Inlet. N.Y. 

Shark River Inlet, N.J. 
Manasguan Inlet, N.J. 
Barnegat Inlet, N.J. 
Absecon Inlet, N.J. 
Cold Springs Harbor 

(Cape May) , N. J . 

Indian River Inlet, Del. 

Winyah Bay, S.C. 

Charleston, S.C. 

Savannah River (Tybee 
Roads). Ga. 

TABLE VI-2 

Coast 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 
Atlantic 

Atlantic 

Atlantic 
Atlantic 

Atlantic 
Atlantic 

Atlantic 
Atlantic 
A tl antic 
Atlantic 
Atlantic 

Atlantic 

Atlantic 

Atlantic 

Atlantic 
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(Cont.) 

Tidal Prism (ft3) 

4. 04 x 109 

2.91 x 109 

1. 01 x 109 

6. 54 x 109 

9.86 x 109 

3.11 x 108 

1.31 x 109 

5. 74 x 108 

1.25 x 1011 

1 .86 x 109 

7. 6 x 108 

3. 7 x 109 

8. 55 x 108 

5. 94 x 108 

4.32 x 108 

2. 19 x 108 

1.57 x 109 

8.46 x 108 

1 .48 x 108 

l . 75 x l 08 

6.25 x 108 

1 .48 x 109 

6. 50 x 108 

5.25 x 108 

3.02 x 109 

5.75 x 109 

3 .1 x 109 



Estuary 

St. Marys (Fernandina 
Harbor), Fla. 

St. Johns River, Fla. 
Fort Pierce Inlet, Fla. 

Lake Worth Inlet, Fla. 

Port Everglades, Fla. 

Bakers Haulover, Fla. 

Captiva Pass, Fla. 

Boca Grande Pass, Fla. 

Gasparilla Pass, Fla. 

Stump Pass, Fla. 
Midnight Pass, Fla. 

Big Sarasota Pass, Fla. 

New Pass, Fla. 

Longboat Pass, Fla. 

Sarasota Pass, Fla. 

Pass-a-Grille 
Johns Pass, Fla. 
Little (Clearwater) 

Pass, Fla. 
Big (Dunedin) Pass, Fla. 
East (Destin) Pass, Fla. 
Pensacola Bay Entr., Fla. 
Perdido Pass, Ala. 

Mobile Bay Entr., Ala. 

Barataria Pass, La. 

Caminada Pass, La. 

Calcasieu Pass, La. 

San Luis Pass, Tex. 

TABLE VI-2 (Cont.) 

Coast 

Atlantic 

Atlantic 
Atlantic 

Atlantic 

Atlantic 

Atlantic 

Gulf of Mexico 

Gulf of Me xi co 
Gulf of Mexico 

Gulf of Mexico 
Gulf of Mexico 
Gulf of Mexico 

Gulf of Me xi co 

Gulf of Mexico 

Gulf of Mexico 

Gulf of Mexico 

Gulf of Mexico 
Gulf of Mexico 

Gulf of Mexico 
Gulf of Mex i co 
Gulf of Mexico 
Gulf of Mexico 

Gulf of Mexico 

Gulf of Mexico 

Gulf of Mexico 

Gulf of Mexico 

Gulf of Mexico 
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Tidal Prism (ft3 ) 

4.77 x 109 

l. 73 x 109 

5.81 x 108 

9.0 x 108 

3.0 x 108 

3.6 x 108 

l. 90 x 1 o9 

1.26 x 1010 

4.7 x 108 

3.61 x 108 

2.61 x 108 

7. 6 x 108 

4.00 x 108 

4.90 x 108 

8. l 0 x 108 

l. 42 x 109 

5.03 x 108 

6.8 x 108 

3.76 x 108 

1. 62 x l o9 

9.45 x 109 

5.84 x 108 

2.0 x io10 

2.55 x 109 

6.34 x 108 

2.97 x 109 

5.84 x 108 



Estuary 

Venice Inlet, Fla. 
Galveston Entr., Tex. 

Aransas Pass, Tex. 
Grays Harbor, Wash. 

Willapa, Wash. 

Columbia River, Wash.-Ore. 

Necanicum River, Ore. 

Nehalem Bay, Ore. 

Tillamook Bay, Ore. 
Netarts Bay, Ore. 

Sand Lake, Ore. 

Nestucca River, Ore. 
Salmon River, Ore. 
Devils Lake, Ore. 

Siletz Bay, Ore. 
Yaquina Bay, Ore. 

Alsea Estuary, Ore. 
Siuslaw River, Ore. 
Umpqua, Ore. 

Coos Bay, Ore. 
Caquille River, Ore. 
Floras Lake, Ore . 
Rogue River, Ore. 
Chetco River, Ore. 
Smith River, Ca. 
Lake Earl, Ca. 

Freshwater Lagoon, Ca. 

Stove Lagoon, Ca 

Big Lagoon, Ca. 

TABLE VI-2 (Cont.) 

Coast 

Gulf of Mexico 
Gulf of Mexico 

Gulf of Mexico 
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Pacific 
Pacific 

Pacific 

Pacific 
Pacific 

Pacific 

Pacific 

Pacific 
Pacific 
Pacific 

Pacific 

Pacific 

Pacific 
Pacific 
Pacific 

Pacific 
Pacific 
Pacific 
Pacific 
Pacific 
Pacific 

Pacific 
Pacific 

Pacific 
Pacific 

Paci fie 

Tidal Prism (ft3
) 

8.5 x 107 

1 . 59 x l 0 l 0 

l . 76 x 109 

1.3 x 1010 

1.3 x 1010 

2.9 x 1010 

4.4 x 107 

4.3 x 108 

2. 5 x l o9 

5. 4 x 108 

1 . 1 x l 08 

2.6 x 108 

4.3 x 107 

1 . 1 x l 08 

3. 5 x 108 

8. 4 x 108 

5 .1 x 108 

2.8 x 108 

1. 2 x 109 

1.9 x 109 

1. 3 x 108 

6.8 x 107 

1. 2 x l 08 

2.9 x 107 

9.5 x 107 

5. 1 x 108 

4.7 x 107 

1. 2 x 108 

3. 1 x 108 



Estuary 

Mad River, Calif. 

Humbolt Bay, Calif. 

Eel River, Calif. 

Russian River, Calif. 

Bodega Bay, Calif. 

Tamales Bay, Calif. 

Abbotts Lagoon, Calif. 

Drakes Bay, Calif. 

Solinas Lagoon, Calif. 

San Francisco Bay, Calif. 

Santa Cruz Harbor, Calif. 

Moss Landing, Calif. 

Morro Bay, Calif. 

Marina Del Rey, Calif. 

Alamitos Bay, Calif. 

Newport Bay, Calif. 

Camp Pendleton, Calif. 

Aqua Hedionda, Calif. 
Mission Bay, Calif. 

San Diego Bay, Calif. 

TABLE VI-2 (Cont.) 

Coast 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 

Pacific 
Pacific 

Pacific 
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Tidal Prism (ft3) 

2.4 x 107 

2.4 x io9 

3.1 x io8 

6.3 x 107 

l. 0 x l 08 

1. 0 x 109 

3.5 x 107 

2. 7 x 108 

l. 0 x l 08 

5.2 x 1010 

4.3 x 106 

9.4 x 107 

8.7 x 107 

6.9 x 107 

6.9 x 107 

2. 1 x 108 

l.l x 107 

4.9 x 107 

3.3 x 108 

l. 8 x l o9 



It was mentioned earlier in this chapter that the net non-tidal flow in 
an estuary is usually seaward* and is dependent on the river discharge. The 
non tidal flow is one of the driving forces behind estuarine flushing. In 
the absence of this advective displacement, tidal oscillation and wind 
stresses still operate to disperse and flush pollutants. However, the 
advective component of flushing can be extremely important. Consider 
Tamales Bay, California as an example. This small, elongated bay has 
essentially no fresh water inflow. As a result there is no advective 
seaward motion and pollutant removal is dependent upon dispersion and 
diffusion processes. The flushing time for the bay is approximately 140 

days (Johnson, et~., 1961). This can be compared with the Alsea Estuary 

in Oregon having a flushing time of approximately 8 days, with the much 
larger St. Croix Estuary in Nova Scotia having a flushing time of 
approximately 8 days (Ketchum and Keen, 1951), or with the very large Hudson 
River Estuary with a short flow flushing time of approximately 10.5 days 
(Ketchum, 1950). 

6.3.2 Procedure 

Flushing times for a given estuary vary over the course of a year as 

river discharge varies. The critical time is the low river flow period 
since this period corresponds with the minimum flushing rates. The planner 
might also want to calculate the best flushing characteristics (high river 
flow) for an estuary. In addition to providing a more complete picture of 
the estuarine system, knowledge of the full range of annual flushing 
variations can be useful in evaluating the impact of seasonal discharges 
(e.g. fall and winter cannery operation in an estuary with a characteristic 
summer fresh water low flow). Further, storm sewer runoff normally 
coincides with these best flushing conditions (high flow) and not with the 
low flow, or poorest flushing conditions. Thus analysis of storm runoff is 
often better suited for high flow flushing conditions. However, the low 
flow calculation should be considered for use in primary planning purposes. 

*While net flow is always seaward for the estuaries being considered here, 
it is possible to have a net upstream flow in individual embayments of an 
estuary. While this occurrence is rare in the United States, an example 
of such a situation is the South Bay of San Francisco Bay where freshwater 
inflows are so small that surface evaporation exceeds freshwater inflow. 
Thus, net flow is upstream during most of the year. 
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There are several ways of calculating flushing time. Two methods are 
presented here: the fraction of freshwater method and the modified tidal 

prism method. 

6.3.3 Fraction of Fresh Water Method 

The flushing time of a pollutant, as determined by the fraction of 
freshwater method is 

(VI-5) 

where 

Vf = volume of freshwater in the estuary 

Tf =flushing time of a pollutant which enters the head of the 
estuary with the river flow 

Equation VI-5 is equivalent to the following concept of flushing time which 

is more intuitively meaningful: 

where 

M 
T = -f . 

M 

M =total mass of conservative pollutant contained in the estuary 

. 
M = rate of pollutant entry into the head of the estuary with the 

river water 

(VI-6) 

Since the volume of freshwater in the estuary is the product of the 
fraction of freshwater (f) and the total volume of water (V), Equation VI-5 

becomes: 
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If the estuary is divided into segments the flushing time becomes: 

f .V. 
Tf = E -

1
-

1 

R. 
1 

(VI-7) 

(VI-8) 

Equation VI-8 is more general and accurate than the three previous 
expressions because both f i (the fraction of freshwater in the ith segment) 
and R· (the freshwater discharge through the ith segment) can vary over 

1 -

distance within the estuary. Note that the flushing time of a pollutant 
discharged from some location other than the head of the estuary can be 
computed by summing contributions over the segments seaward of the 
discharge. 

A limitation of the fraction of freshwater method is that it assumes 
uniform salinity throughout each segment. A second limitation is that it 
assumes during each tidal cycle a volume of water equal to the river 
discharge moves into a given estuarine segment from the adjacent upstream 

segment, and that an equal volume of the water originally in the segment 
moves on to the adjacent one downstream. Once this exchange has taken 
place, the water within each segment is assumed to be instantaneously and 
completely mixed and to again become a homogeneous water mass. Proper 
selection of estuarine segments can reduce these errors. 

6.3.4 Calculation of Flushing Time by Fraction of Freshwater Method 

This is a six step procedure: 

1. Graph the estuarine salinity profiles. 

2. Divide the estuary into segments. There is no minimum or 
maximum number of segments required, nor must all segments be 
of the same length. The divisions should be selected so that 
mean segment salinity is relatively constant over the full 
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length of the segment. Thus, stretches of steep salinity 

gradient will have short segments and stretches where salinity 
remains constant may have very long segments. Example VI-3 
provides an illustration. 

3. Calculate each segment's fraction of fresh water by: 

where 

and 

f· = l 

f. = 
l 

fraction of fresh water for segment 

Ss = salinity of local sea water*, O/oo 

Si =mean salinity for segment 11 i 11
, O/oo 

II i II 

(VI-9) 

4. Calculate the quantity of fresh water in each segment by: 

where 

and 

w. = f. x v. 
l l l 

Wi = quantity of fresh water in segment 11 i 11 

Vi =total volume of segment 11 i 11 at MTL 

(VI-10) 

*Sea surface salinity along U.S. shores vary spatial1y. Neuman and Pierson 
(19666 mapped Pacific mean coastal surface sa1inities as varying from 
32.4 /oo at Puget Sound to 33.9 O/oo at the U.S.-Mexico border; Atlantic 
mean coasta1 surface sa1inities as varying from 32.5 °/oo in Maine to 
36.2 °/oo at the southern extreme of F1orida; and Gulf coast salinities 
as varying between 36.2 O/oo and 36.4 °/oo. Surface coastal salinities 
in Long Island Sound (Hardy, 1972) and off Long Island south coast 
(Hydroscience, 1974) vary between 26.5 and 28.5 °/oo. 
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5. Calculate the exchange time (flushing time) for each segment 
by: 

where 

and 

T. =segment flushing time, in tidal cycles 
1 

R = river discharge over one tidal cycle 

(Vl-11) 

6. Calculate the entire estuary flusing time by summing the 
exchange times for the individual segments: 

where 

n 
T = r T 

f i=l i 

Tf = estuary flushing time, in tidal cycles 

n = number of segments. 

(VI-12) 

Table VI-3 shows a suggested method for calculating flushing time by the 
fraction of freshwater method. 
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N 
w 
~ 

Segment 
Number 

Mean 
Segment 
Salinity 
S;(ppt) 

TABLE VI-3 

SAMPLE CALCULATION TABLE FOR CALCULATION OF FLUSHING TIME 
BY SEGMENTED FRACTION OF FRESHWATER METHOD 

Mean 
Segment Mean Segment Segment Mean Fraction of 

Length Cross-sectional Tide Volume River Water 
(m) Area (m2

) v. ( m3) Ss-Si 
1 f. = 

1 Ss 

River Water Segment 
Volume Flushing Time 

W.= f.xv. 
1 1 1 

T. = W./R 
1 1 

( m 3) (tidal cycles) 

n 
L: T. = 
i=l 1 



EXAMPLE VI-3 

Flushing Time Calculation by Fraction of Fresh Water Me~~od 

This example pertains to the Patuxent Estuary. This estuary has no 
major side embayments, and the Patuxent River is by far its largest source 

of fresh water. This estuary therefore lends itself well to analysis by 
the segmented fraction of fresh water method. 

Salinity profiles for July 19, 1978 are used to find segment salinity 

values. Chesapeake Bay water at the mouth of the Patuxent Estuary had a 

salinity of 10.7 ppt (S;)· The Patuxent River discharge over the duration 

of one tidal cycle is 

R = (12 m3/sec)(12.4 hr/tidal cycle)(3600 sec/hr) 

= 5.36 x 10 5 m3/tida1 cycle 

A segmentation scheme based on the principles laid out above is used to 

divide the estuary into eight segments; their measured characteristics are 

shown Table VI-4. The segmentation is shown graphicaly on the estuary 

salinity profile (Figure VI-14). 

The next step is to find the fraction of fresh water for each segment. 

For segment 1, 

where 

f 1 =fraction of fresh water, segment 1 

S = salinity of local seawater s 
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Segment Number 

8 

N 7 
w 
°' 6 

5 

4 

3 

2 

1 

TABLE VI-4 

PATUXENT ESTUARY SEGMENT CHARACTERISTICS FOR 
FLUSHING TIME CALCULATIONS 

Mean Segment Salinity 
S;, ppt 

10.3 

9.5 

8.7 

7.6 

5.8 

3.3 

1.8 

0.8 

Segment Length 
meters 

10,400 

10,400 

6'100 

6 ,100 

5,800 

5,000 

4,650 

4,650 

Mean Segment 
Cross-Sectional Area 

meter 2 

16,000 

12,500 

11,400 

7,500 

4,300 

3,100 

2,200 

1,700 

Mean Tide 
Seqment Volume 

V· 1 
meters 3 

16.6xl0 7 

13. Oxl0 7 

6.95xl0 7 

4. 58xl0 7 

2.49xl0 7 

l.55xl0 7 

I.02xl0 7 

0.79xl0 7 



10 

8 

SALINITY 

(ppt) 6 

r'\,) 

w ...._, 

4 

2 

FIGURE VI-14 

SEGMENT 
8 

7 

6 

5 

4 

3 

10 20 30 40 50 ; 

CHESAPEAKE BAY 
DISTANCE FROM HEAD OF ESTUARY (Km) 

PATUXENT ESTUARY SALINITY PROFILE AND SEGMENTATION SCHEME USED 
IN FLUSHING TIME CALCULATIONS, 



S1 =measured mean salinity for segment 1 

f = 10.7 ppt-0.8 ppt = 0.93 
l 10. 7 ppt 

The calculation is reported in Table VI-4 for segments 2 through 8. 

The volume of fresh water (river water) in each segment is next found 
using the formula 

For segment 1, 

w. = f. xv. 
l l l 

W1 = f1 x V1 = 0.93 (0.79 x 10 7m3
) 

= 7.35x106m3 

The flushing time for each segment is next calculated by 

T. = W./R 
l 1 

For segment 1, 

= 13.7 tidal cycles 

Fraction of freshwater, river water volume and flushing time values for the 
eight segments are compiled in Table VI-5. 

The final step is to determine the flushing time for the estuary. In 
this case, 

8 
T = l: T = 
f i =1 i 

11.4 + 27.2 + 24.6 +24.8 + 21.5 + 20.0 + 15.8 + 13.7 

= 159 tidal cycles, or 2.74 months 
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Segment Number 

8 

7 

6 

5 

4 

3 

2 

1* 

Mean Segment 
Salinity 
Si, ppt 

10.3 

9.5 

8.7 

7.6 

5.8 

3.3 

1.8 

0.8 

*In this numbering scheme segment 1 

TABLE VI-5 

FLUSHING TIME FOR PATUXENT ESTUARY 

Segment Length 
meters 

10,400 

10,400 

6,100 

6,100 

5,800 

5,000 

4,650 

4,650 

Mean Segment 
Cross-Sectional Area 

meter 2 

16,000 

12,500 

11,400 

7,500 

4,300 

3,100 

2,200 

1.700 

is the most upstream segment. 

Segment Mean 
Tide Volume 

Vi 
meter 3 

16.6xl0 7 

13.0x107 

6.95xl0 7 

4. 58xl0 7 

2.49xl0 7 

1. 55xl07 

l.02xl0 7 

0.79xl0 7 

Fraction of 
River Water 

f _ Ss-Si 
i - -~ 

(S5 = 10. 7) 

0.037 

0.112 

0.19 

0.29 

0.46 

0.69 

0.83 

0.93 

River Water 
Volume 

W; = f i x Vi 
(meters 3

) 

6.14xl06 

14.6xl06 

13.2xl06 

13.3xl06 

11.5xl0 6 

10.7xl06 

8.47x106 

7.35xl06 

Segment 
Flush Time 
Ti = Wi/R 

tidal cycles 

11.4 

27.2 

24.6 

24.8 

21.5 

20.0 

15.8 

13.7 

Sum = 159 tidal cycles 
or 2.74 months 



END OF EXAMPLE VI-3 

6.3.5 Branched Estuaries and the Fraction of Freshwater Method 

Branched estuaries, where more than one source of freshwater 
contributes to the salinity distribution pattern, are common. The fraction 
of freshwater method can be directly applied to estuaries of this 
description. Consider the estuary shown in Figure VI-15, having two major 
sources of freshwater (River 1, R1 ; and River 2, R2 ). The flushing time 
for pollutants entering the estuary with river flow R2 is: 

Tf (R2) = T1 + T2 + T3 + T1t + Ts + T & = 

f1V1 f zV2 f 3V3 f 4V 4 f sVs f sVs 
--+--+---+--+ + 

R2 R2 R2 Rz R1+R2 R1+R2 

For the pollutants entering with R1, the flushing time is: 

faVa fbVb fcVc fsVs f 6 V6 

--+--+--+ +--
R1 R1 R1 R1+R2 R1+R2 

The flushing time computations are similar in concept for the case of a 
single freshwater source, modified to account for a flow rate of R1 + R2 in 
segments 5 and 6. 

6.3.6 Modified Tidal Prism Method 

This method divides an estuary into segments whose lengths are defined 

by the maximum excursion path of a water particle during a tidal cycle. 

Within each segment the tidal prism is compared to the total segment volume 
as a measure of the flushing potential of that segment per tidal cycle 
(Dyer, 1973). The method assumes complete mixing of the incoming tidal 
prism waters with the low tide volumes within each segment. Best results 
have been obtained in estuaries when the number of segments is large (i.e. 
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when river flow is very low) and when estuarine cross-sectional area 
increases fairly quickly downstream (Dyer, 1973). 

The modified tidal prism method does not require knowledge of the 
salinity distribution. It provides some concept of mean segment velocities 
since each segment length is tied to particle excursion length over one 
tidal cycle. A disadvantage of the method is that in order to predict the 
flushing time of a pollutant discharged midway down the estuary, the method 
still has to be applied to the entire estuary. 

are: 
The modified tidal prism method is a four-step methodology. The steps 

1. Segment the estuary. For this method an estuary must be 
segmented so that each segment length reflects the excursion 
distance a particle can travel during one tidal cycle. The 

innermost section must then have a tidal prism volume 
completely supplied by river flow. Thus, 

p = R 
0 

where 

Po = tidal prism (intertidal volume) of segment 11 011 

and 

R = river discharge over one tidal cycle. 

The low tide volume in this section (V0 ) is that water 

volume occupying the space under the intertidal volume P0 

(which has just been defined as being equal to R). The 
seaward limit of the next seaward segment is placed such that 

its low tide volume (V1 ) is defined by: 

(VI-13) 
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P1 is then that intertidal volume which, at high tide, 

resides abov~ V1. Successive segments are defined in an 
identical manner to this segment so that: 

V. = P. l + V. l 1 1- 1- (VI-14) 

Thus each segment contains, at high tide, the volume of 

water contained in the next seaward section at low tide. 

2. Calculate the exchange ratio (r) by: 

P. 
1 

r. =--
1 P.+V. 

(VI-15) 
1 1 

Thus the exchange ratio for a segment is a measure of a 
portion of water associated with that segment which is 
exchanged with adjacent segments during each tidal cycle. 

3. Calculate segment flushing time by: 

where 

T.=l 
l r. 

l 

(VI-16) 

Ti =flushing time for segment 11 i 11
, measured in tidal 

cycles. 

4. Calculate total estuarine flushing time by summing the 
individual segment flushing times: 
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i=l 
T. 

l (VI-17) 



where 

Tf = total estuary flushing time 

and 

n = number of segments. 

Table VI-6 shows a suggested method for calculating flushing time by the 

modified tidal prism method. 

EXAMPLE VI-4 

Estuary Flushing Time Calculation by the 
Modified Tidal Prism Method 

The Fox Mill Run Estuary, Virginia, was selected for this example. 
During low flow conditions, the discharge of Fox Mill Run has been measured 

at 0.031 m3 /sec. 

R = river discharge over one tidal cycle 

= 0.031 m3 /sec x 12.4 hrs/tidal cycle x 3600 sec/hr 

= 1384 m3/tidal cycle. 

The estuary flushing time is found in four steps: 

1. Segmentation 

From bath~netric maps and tide gage data, cumulative 

upstream volume was plotted for several positions along the 
estuary (See Figure VI-16). 
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Segment 
Number 

TABLE VI-6 

SAMPLE CALCULATION TABLE FOR ESTUARINE FLUSHING TIME BY 
THE MODIFIED TIDAL PRISM METHOD 

Segment Dimensions 

Starting Ending Distance Subtidal Intertidal 
Distance Distance of Center Segment Water Water Volume 

Above Mouth Above Mouth Above Mouth Length Volume, Vi Pi 
( m) (m) (m) (m) ( m3) (m 3) 

-

---

-- -- ----- --- ----

Segment Segment 
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FIGURE VI-16 CUMULATIVE UPSTREAM WATER VOLUME~ 
Fox MILL RuN EsTUARY 
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Since 

P
0 

= 1384 m3
• 

Reading across the graph from 11 a 11 to the intertidal volume 

curve, then down the subtidal volume curve and across to 11 b11
, 

V = 490 m3 
0 • 

The known cumulative upstream water volume also establishes 

the downstream segment boundary. Reading downward from the 

subt i da 1 volume curve to 11 c 11
, a V

0 
of 490 m3 corresponds to 

an upstream distance of 2,700 meters for the segment 0 lower 
boundary. 

The low tide water volume for the next segment can be 

found by the equation: 

or 

vl = 1384 + 490 = 1874 m3 

Since the graphs of Figure VI-16 are cumulative curves, it is 

necessary, when entering av. value in order to determine a , 
P. value, to sum the upstream V. 's. For V1 the cumulative 

1 1 

upstream low-tide volume is: 

V0 + V1 = 490 + 1874 = 2364 m3 

Entering the graph where the subtidal volume is equal to 

2,364 m3 (across from 11 d"), we can move upward to read the 

corresponding cumulative intertidal volume "e" on the 

vertical scale, and downward to read the downstream boundary 

of segment 1 at "f" on the horizontal scale. The cumulative 

upstream intertidal volume is 5900 m3
• Since 
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P1 = 5900-1384 = 4516 m3 

For segment 2, 

V2 = P1 + V1 = 1874 + 4516 = 6390 m3 

To find P2, it is necessary to enter the graph at a 

cumulative subtidal volume of 

V
0 

+ V1 + V2 = 490 + 1874 + 6390 = 8759 m3 (across from 11 g11
) 

This yields a cumulative intertidal volume of 14,000 m3 

(across from 11 h11
) and a downstream segment boundary of 1,650 

m3 II i II• 

The tidal prism of Segment 2 is found by: 

or 

P2 + 14000 - 1384 - 4516 + 8100 m3 

The procedure is identical for Segment 3. For this final 
segment, 

and 

V3 = 14,490 m3 

P3 = 36,000 m3 

Dimensions and volumes of the four segments established by this 
procedure are compiled in Table VI-7. 

2. The exchange ratio for segment 0 is found by 

P0 1384 m3 

1384 m3+490 m3 
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Starts at this 
Distance Above Mouth 

Segment Number meters 

0 3,200 

1 2,700 

2 2,240 

3 1,650 

TARLE VI-7 
DATA AND FLUSHING TIME CALCULATIONS FOR FOX MILL RUN ESTUARY 

Segment Dimensions 

Center Point Water Volume Intertidal 
Stops at this Di stance Above Segment at Low Tide Volume Exchange Ratio 

Distance Above Mouth Mouth Length V; P; For Segment i 
meters meters meters meters 3 meters 3 

r; 

2,700 2,950 500 490 1,384 0.74 

2,240 2,470 460 1,874 4,516 0.71 

1,650 1,945 590 6,390 8,100 0.56 

180 915 1,470 14,490 36,000 0. 71 

Flushing Time 
for Segment i 

Ti 

1. 35 

1.41 

1. 79 

1.41 

5.96 tidal 
cycles 



Exchange ratios are calculated similarly for the other three 
segments. 

3. Flushing time for each segment 11 i 11 is given by 

4. 

so 

T. = -1. 
l r. 

1 

T = -1. = l = 1.35 
o r

0 
0.74 

Exchange ratios and flushing times for the four segments are shown 

in Table VI-7. 

Flushing time for the whole estuary 
3 

is found by 

or 
T = ~ T. 

f . , 
i=o 

T = 1.35+1.41+1.79+1.41 = 5.96 tidal cycles 
= 73.9 hours 
= 3.1 days 

-----·----END OF EXAMPLE VI-4 

250 



6.4 FAR FIELD APPROACH TO POLLUTANT DISTRIBUTION IN ESTUARIES 

6.4.l Introduction 

Analysis of pollutant distribution in estuaries can be accomplished in 

a number of ways. In particular, two approaches, called the far field and 

near field approaches, are presented here (Sections 6.4 and 6.5, 

respectively). As operationally defined in this document, the far field 

approach ignores buoyancy and momentum effects of the wastewater as it is 
discharged into the estuary. The pollutant is assumed to be instantaneously 

distributed over the entire cross-section of the estuary (in the case of a 
well-mixed estuary) or to be distributed over a lesser portion of the 
estuary in the case of a two-dimensional analysis. Whether or not these 

assumptions are realistic depends on a variety of factors, including the 

rapidity of mixing compared to the kinetics of the process being analyzed 

(e.g. compared to dissolved oxygen depletion rates). It should be noted 
that far field analysis (either one- or two- dimensional) can be used even 

if actual mixing is less than assumed by the method. However, the predicted 
pollutant concentrations will be lower than the actual concentrations. 

Near field analysis considers the buoyancy and momentum of the 
wastewater as it is discharged into the receiving water. Pollutant 
distribution can be calculated on a smaller spatial scale, and assumptions 

such as 11 complete mixing 11 or 11 partial mixing" do not have to be made. The 

actual amount of mixing which occurs is predicted as an integral part of the 
method itself. This is a great advantage in analyzing compliance with water 

quality standards which are frequently specified in terms of a maximum 
allowable pollutant concentration in the receiving water at the completion of 
initial dilution. (Initial dilution will be defined later in Section 6.5.2) 

The following far field approaches for predicting pollutant 
distribution are presented in this chapter: 

• fraction of freshwater method, 
1 modified tidal prism method, 

• dispersion-advection equations, and 
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• Pritchard's Box Model. 

The near field analysis uses tabulated results from an initial dilution 
model called MERGE. At the completion of initial dilution predictions can 
be made for the following: 

• pollutant concentrations 

• pH levels, and 

• dissolved oxygen concentrations. 

The near field pollutant distribution results are then used as input to an 

analytical technique for predicting pollutant decay or dissolved oxygen 
levels subsequent to initial dilution. The remainder of Section 6.4 will 
discuss those methods applicable to the far field approach. 

6.4.2 Continuous Flow of Conservative Pollutants 

The concentration of a conservative pollutant entering an estuary in a 
continuous flow varies as a function of the entry point location. It is 

convenient to separate pollutants entering an estuary at the head of the 
estuary (with the river discharge) from those entering along the estuary's 
sides. The two impacts will then be addressed separately. 

6.4.2.l River Discharges of Pollutants 

The length of time required to flush a pollutant from an estuary after 

it is introduced with the river discharge has already been calculated, and 

is the estuarine flushing time. Now consider a conservative pollutant 
continuously discharged into a river upstream of the estuary. As pollutant 
flows into the estuary, it begins to disperse and move toward the mouth of 
the estuary with the net flow. If, for example, the estuary flushing time 
is 10 tidal cycles, 10 tidal cylces following its initial flow into the 

estuary, some of the pollutant is flushed out to the ocean. Eventually, a 
steady-state condition is reached in which a certain amount of pollutant 
enters the estuary, and the same amount is flushed out of the estuary during 
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each tidal cycle. The amount of this pollutant which resides in the estuary 
at steady-state is a function of the flushing time. From the definition of 

flushing time, the amount of fresh water (river water) in the estuary may be 
calculated by: 

(VI-18) 

where 

WE = quantity of freshwater in the estuary 

Tf = estuary flushing time 

and 

R = river discharge over one tidal cycle. 

Using the same approach, the quantity of freshwater in any segment of the 

estuary is given by: 

where 

and 

W. = T. R 
l l 

W; = quantity of freshwater in the ;th segment of the estuary 

(VI-19) 

T. = flushing time for the ;th segment calculated by the fraction 
1 

of freshwater method. 
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If a conservative pollutant enters an estuary with the river flow, it can be 

assumed that its steady-state distribution will be identical to that of the 

river water itself. Thus, 

and 

where 

and 

C. = W./V. 
l l l 

M. = quantity of pollutant in estuary segment "i" 
l 

Cr = concentration of pollutant in the river inflow 

C; = concentration of pollutant in estuary segment "i" assuming 

all of pollutant "i" enters the estuary with the river 

discharge. Thus direct discharges into the estuary are 

excluded 

Vi = viater volume segment "i". 

(VI-20) 

(VI-21) 

The same values for C; and M; may also be obtained by using the fraction of 

fresh.·;ater, f;, for each segment by: 

(VI-22) 
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and 

M. = C. V. 
l 1 1 

(VI-23) 

Thus both the quantity of a pollutant in each segment and its 
concentration within each segment are readily obtainable by either of the 
above methods. The use of one of these methods will be demonstrated in 

Example VI-5 below for calculation of both Ci and Mi. 

-------------EXAMPLE VI-5 -------------

Calculation of Concentration of Conservative 

River Borne Pollutant in an Estual'J'.. 

The Patuxent Estuary is the subject of this example. The problem is to 

predict the incremental concentration increase of total nitrogen (excluding 
N2 gas) in the estuary, given that the concentration in river water at the 

estuary head is 1.88 mgN/l. 

Assume that total nitrogen is conservative and that the nitrogen 
concentration in local seawater is negligible. The segmentation scheme used 
in Example VI-2 (fraction of freshwater calculation) will be retained here. 

For each segment, the total nitrogen concentration is directly proportional 
to the fraction of freshwater in the segment: 

c. = f. c 
1 1 r 

The total nitrogen concentration for the uppermost segment is therefore 
given by: 

C1 = 0.93 (1.88 mgN/l) = 1.75 mgN/l 
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For the next segment it is: 

C2 = 0.83 (1.88 mgtUl) = 1.56 mgN/l, and so on. 

Nitrogen concentrations for all the segments are compiled in Table VI-8. 
Note that these are not necessarily total concentrations, but only nitrogen 

inputs from the Patuxent River. 

The incremental mass of nitrogen in each segment is found by: 

The Wi values for the eight segments were determined in Example VI-2. For 

segment 1, the incremental nitrogen is given by: 

= (7.35xl0 5m3 )(1.88 mgN/1)(10 3 l/m 3 ) 

= 1.38xl0 10 mg or 13,800 kg 

Increased total nitrogen (in kilograms) for the entire estuary is shown in 
Table VI-9. 

-----------END OF EXAMPLE VI-5 ------------

In this example, low tide volumes were used to calculate M; since low 

tide volumes had been used to calculate fi •s. The approach assumes that 

Ci 1 s are constant over the tidal cycle and that Mi •s are constant over the 
tidal cycle. This leads to the assumption that calculation of a low tide Ci 
and M; will fully characterize a pollutant in an estuary. This, however, is 

not strictly true. Figure VI-17 depicts one tidal cycle in an estuary and 
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TABLE VI-8 

POLLUTANT DISTRIBUTION IN THE PATUXENT RIVER 

Segment Number* 

8 

7 

6 

5 

4 

3 

2 

1 

River 

Fraction of Freshwater* 
in Segment fi 

0.037 

0.112 

0.19 

0.29 

0.46 

0.69 

0.83 

0.93 

1.00 

* From Example VI-2 
** These are the increment concentrations 

of total nitr~[en in the estuary due to 
the river-borne input. 
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Resultant Pollutants** 
Concentration 

= f; x 1.88 mgN/l 

0.07 

0.21 

0.36 

0.55 

0.86 

1. 30 

1.56 

1.88 

1.88 



Segment Number 

8 

7 

6 

5 

4 

3 

2 

1 

TABLE VI-9 

INCREMENTAL TOTAL NITROGEN IN PATUXENT RIVER, 
EXPRESSED AS KILOGRAMS 

(See Problem VI-5) 

River Water 
Volume 

W.=f .xV 
~et~rs 3 

6 .14xl06 

14.6xl06 

13.2xl06 

13.3xl06 

11. 5xl06 

10. 7xl06 

8.47xl06 

7.35xl06 
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Incremental Total N 
Mj ~ W; ( 1. 88 ) 

K 1 lograms 

11, 500 

27,40 

24,800 

25,000 

21,600 

20,100 

15,900 

13,800 
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FIGURE Vl-17 RIVER BORNE POLLUTANT CONCENTRATION 
FOR ONE TIDAL CYCLE 
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shows the periods of the cycle during which a pollutant is flushed out of 
the estuary and during which river discharge brings pollutants into the 
estuary. During periods of high tide, rising tidal elevation blocks river 
discharge and backs up river flow in the lower stretches of the river. 

Figure VI-17 also shows the resulting quantity of a pollutant in residence 
in the estuary (W ) over the tidal cycle. This variation over the tidal 

pe 
cycle as a percentage of ME is dependent on the flushing time but is usually 

small. The change in the total volume of water in an estuary over a tidal 
cycle is equal to the tidal prism which is often of the same magnitude as 
the low tide volume. As an example, the Alsea Estuary in Oregon has Pt = 
5.1 x 10 8 ft 3 while Vt= 2.1 x 10 8 (Goodwin, Emnet, and Glenne, 1970). Thus 
the variation in estuarine volume is 2.5 times the low tide volume. As a 
result, estuarine volume variations over a tidal cycle have a much greater 
impact on variations in pollutant concentrations in the estuary than do 

changes in the quantity of pollutant present in the estuary over a tidal 
cycle. It is important to note, however, that low tidal volume and low ME 

nearly coincide, so that variations in mean pollutant concentrations are 
less severe than are estuarine water mass changes. 

This qualitative description of pollutant flow into and out of an 
estuary is somewhat simplistic since it assumes that high tide and low tide 
at the mouth of an estuary coincide with those at the head of the estuary. 
This is usually not the case. There is normally a lag time between tidal 
events at an estuarine mouth and those at its head. Thus river discharge 
into the estuary which depends on tidal conditions at the head, and tidal 
discharge which depends on tidal conditions at the mouth, are not as 

directly tied to each other as indicated in Figure VI-17. 

While WE does not vary substantially over a tidal cycle under 
steady-state conditions, the mean concentration of a pollutant in an estuary 

(CE) does. Alsea Estuary data can be used to show this CE variation over a 
tidal cycle. Using data for the estuary as a whole (mean concentration), 
the equations for this comparison are: 

(VI-24) 
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and 

(VI-25) 

with 

wr = (566.4 µg/ft 3 ) (4.64xl0 6 ft 3 /tidal cycle), 

or 

wr = 2.628xl0 9 µg/tidal cycle. 

Then, 

ME = (2.628xl09 µg/tidal cycle)(20.8 tidal cycle), 

ME = 5.466xl010 ug, 

and 

C = 5.466xl0 10 µq/2.lxl0 8 ft 3
, 

E(low) 

or 

CE(low)= 260.31 µg/ft 3
, or 46 percent of river concentration. 

However, 

CE( high) 
10 8 3 8 3 

= 5.466xl0 µg/(2.lxlO ft +5.lxlO ft ), 

3 
CE(high) = 75.92 µg/ft , or 13 percent of river concentration. 

In an actual estuary, the concentration of a pollutant is not a 
stepwise function as indicated by segment Ci values, but is more 
realistically a continuous spectrum of values. By assigning the 
longitudinal midpoint of each segment a concentration value equal to that 
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segment's Ci, a resulting continuous curve can be constructed as shown in 
Figure VI-18. This type of plot is useful in estimating pollutant 
concentrations within the estuary. It can also be used, however, to 
estimate maximum allowable Cr to maintain a given level of water quality at 
any point within the estuary. This latter use of Figure VI-18 is based on 
determining the desired concentration level (Cx) and then using the ratio of 
C to C to calculate an allowable C . x r r 

6.4.2.2 Other Continuous Conservative Pollutant Inflows 

In the previous section, an analysis was made of the steady-state 
distribution of a continuous flow pollutant entering at the head of an 
estuary. The result was a graph of the longitudinal pollutant concentration 
within the estuary (Figure VI-18). This section addresses a continuous, 
conservative pollutant flow entering along the side of an estuary. Such a 
pollutant flow (e.g. the conservative elements of a municipal sewer 
discharge, industrial discharge, or minor tributary) is carried both 
upstream and downstream by tidal mixing, with the highest concentration 

occurring in the vicinity of the outfall. Once a steady state has been 
achieved, the distribution of this pollutant is directly related to the 
distribution of fresh river water (Dyer, 1973). 

The average cross-sectional concentration at the outfall under 
steady-state conditions is: 

where 

Qp 
co~ - f 

R o 

C
0 

= mean cross-sectional concentration of a pollutant at the 
point of discharge, mass/volume 
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QP = discharge rate of pollutant, mass/tidal cycle 

f
0 

= segment fraction of freshwater 

R = river discharge rate, volume/tidal cycle. 

Downstream of the outfall, the pollutant must pass through any cross 
section at a rate equal to the rate of discharge. Thus, 

where 

and 

S -S s x ----
f SS \s,-s,l Qp x 

ex = c - = co = co = f -
0 f S -S S -S x R 

0 s 0 s 0 
----

Ss 

Sx, Cx and fx denote downstream cross-sectional values 

50 , C0 and f0 denote the cross-sectional vaues at the discharge 

point (or segment into which discharge is made). 

(VI-27) 

Upstream of the outfall, the quantity of pollutant diffused and 
advectively carried upstream is balanced by that carried downstream by the 
nontidal flow so that the net pollutant transport through any cross section 
is zero. Thus, the pollutant distribution is directly proportional to 
salinity distribution and (Dyer, 1973): 

s 
c = c ~ 
x 0 s 

0 

(VI-28) 

Downstream of the outfall, the pollutant concentration resulting from a 

point discharge is directly proportional to river-borne pollutant 
concentration. Upstream from the discharge point, it is inve~~ 
proportional to river-borne pollutant concentrations. Figure VI-19 is a 
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graph of f x versus distance from the estuary head for a typical estuary. The 
solid fx line is also a measure of pollutant concentration for all points 
downstream of a pollutant outfall (either discharge location A or B). The 

actual concentration (Cx) for any point is equal to this fx value multiplied 

by QP/R which is a constant over all x. Upstream concentrations decrease 

from C0 in a manner proportional to upstream salinity reduction (see dotted 

lines). It is important to note how even a small downstream shift in 

discharge location creates a very significant reduction in upstream 
steady-state pollutant concentration. Table VI-10 shows a suggested format 
for tabulating pollutant concentrations by the fraction of freshwater method. 

------------EXAMPLE VI-6 

Calculation of Conservative Pollutant Concentration 

for a Local Discharge 

This example will again utilize the eight-segment scheme devised for the 
Patuxent Estuary in Example VI-2. The objective is to predict the 

concentration distribution of total nitrogen in the estuary resulting from a 
discharge of 80,000 mgN/sec into segment 4. 

The first step is to determine the nitrogen concentration in segment 4. 

From Equation VI-26, 

(8xl0 4mgN/secx12.4 hrs/tidal cyclex3600 sec/hr)(0.46) 

5.36xl0 5 m3/tidal cycle 

3065 mgN 
m3 

3.065 mgN/l = ------ = 

For segments 1-3, upstream from the discharge, nitrogen concentration is 

found by Equation VI-28, 

s. 
c. == c - 1 

l 0 s 
0 
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TABLE VI-10 

SAMPLE CALCULATION TABLE FOR DISTRIBUTION OF A LOCALLY DISCHARGED 
CONSERVATIVE POLLUTANT BY THE FRACTION OF FRESHWATER METHOD 

--- -- -- ------------- ---------

From Table VI-3 
- -- - - ---- -- - - -- -- ---- -------- --------- -----1 

Segment 
Number 

Fraction of 
Freshwater 

f · l 

Mean Segment 
Salinity 

(ppt) 

-------- - -- ---- ------- ------- --~---

Segment 
>. Containing 
~ Discharge 
::::l ---- --- ----------- ----------------

+' 
VI 
w 
a.. 
~ 

! 

1 1 

Pollutant 
Concentrations* 

(mg/1) ____________ __. 

f. 
l C0 , down estuary of the discharge 

f 
*Pollutant concentration 

r = 
~o 

v: 
R 

-F ·o 

0 

S; 
C0 , up estuary of the discharge 

so 
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For segment 1, 

so 

C11 = 3.065 mgN/1 

C1 = 3.065 mgN/l (
0

·
8 °loo) = 0.42 mgN/l 

5.8 °loo 

Nitrogen concentrations in segments 2 and 3 are found in an identical way. 
Table VI-11 summarizes the information used in the calculation. 

For the segments downstream of the discharge, total nitrogen 
concentration is found using Equation VI-27, 

In segment 5, 

and 

so 

f. 
c. = c - 1 

l 0 f 
0 

f 5 = 0.29 

f 0 = f 11 = 0. 46 

C11 = 3. 065 mgN/l 

Cs = 3.065 mgN/l ( 0 · 2~) = 1.93 mgN/l 
0.46 
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TABLE VI-11 

NITROGEN CONCENTRATION IN PATUXENT ESTUARY 
BASED ON LOCAL DISCHARGE 

Fraction of 
Segment Freshwater 
Number f; 

8 0.037 

7 0.112 

6 0.19 

5 0.29 

Discharge 4 0.46 

3 0.69 

2 0.83 

1 0.93 

s. 
Mean Segment ·-1 

· Sal i n i ty So 

10.3 

9.5 

8.7 

7.6 

5.8 1 

3.3 0.57 

1.8 0.31 

0.8 0.14 
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f. 
1 

f o 

0.08 

0.24 

0.41 

0.63 

1 

Concentration 
mgN/l 

0.25 

0.74 

1.26 

1.93 

3.06 

1. 75 

0.95 

0.43 



The same procedure yields nitrogen concentrations in segments 6-8, also 
downstream of the discharge. 

Figure VI-20 below shows the nitrogen concentration distribution over 
the entire estuary. Note that the nearer a discharge is to the estuary's 
mouth, the greater the protection rendered the upstream reaches of the 
estuary. 

END OF EXAMPLE VI-6 

6.4.3 Continuous Flow Non-Conservative Pollutants 

Most pollutant discharges into estuaries have some components which 

behave non-conservatively. A number of processes mediate the removal of 

compounds from natural waters, among these: 

• sorption by benthic sediments on suspended matter 

• partitioning 

• decay (by photolysis or biologically mediated reactions) 

• biological uptake 

• precipitation 

• coagulation. 

The latter two processes are particularly significant in estuaries. Thus, 
in addition to dispersion and tidal mixing, a time-dependent component is 
incorporated when calculating the removal of non-conservative pollutants 
from estuarine waters. The concentrations of non-conservative pollutants 

are always lower than those of conservative pol1utants (which have a decay 

rate of zero) for equal discharge concentrations. The results of the 
previous section for conservative constituents serve to set upper limits for 
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the concentration of non-conservative continuous flow pollutants. Thus, if 

plots similar to Figure VI-17 for river discharges and to Figure VI-19 for 

other direct discharges have been prepared for flow rates equal to that of 

the non-conservative pollutant under study, some reasonable approximations 

can be made for steady-state non-conservative pollutant concentrations 

without requiring additional data. Assuming a first order decay rate for 

the non-conservative constituent, its concentration is given by: 

\'ihere 

C = C e-kt 
t 0 

Ct= pollutant concentration at time "t" 

C
0 

= initial pollutant concentration 

k = decay rate constant 

(VI-29) 

For conservative pollutants k = 0 and C = C
0 

under steady-state 

conditions. Decay rates are determined empirically and depend on a large 

number of variables. Typical decay rates for BOO and coliform bacteria are 

shown in Table VI-12. If data are not available for a particular estuary, 
the use of these average values will provide estimates. 
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TABLE VI-12 

TYPICAL VALUES FOR DECAY REACTION RATES 'k'* 

Source BOD Co 1 if arm 

Dyer, 1973 .578 

Ketchem, 1955 .767 

Chen and Or lob, 1975 .1 .5 

Hydroscience, 1971 .05-.125 1-2 

McGaughhey, 1968 .09 

Harleman, 1971 .069 

*k values for all reactions given on a per 
tidal cycle basis, 20°C. 
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It should be noted that decay rates are dependent upon temperature. The 
values given assume a temperature of 20°c. Variations in k values for 

differing temperatures are given by Equation VI-30: 

k = k 8T-20o 
T 20° 

(VI-30) 

where 

= decay rate at temperature T 

0 =decay rate at 20 C (as given in Table VI-12) 

and 

G =a constant (normally between 1.03 and 1.05). 

0 
Thus an ambient temperature of 10 C would reduce a k value of 0.1 per tidal 
cycle to 0.074 for a G = 1.03. 

Decay effects can be compared to flushing effects by setting time equal 

to the flushing time and comparing the resulting decay to the known pollutant 

removal rate as a result of flushing. If kt in Equation VI-29 is less than 

0.5 fort = Tf' decay processes reduce concentration by only about one-third 
over the flushing time. Here mixing and advective effects dominate and 
non-conservative decay plays a minor role. When kTf > 12 decay effects 
reduce a batch pollutant to 5 percent of its original concentration in less 
than one-fourth of the flushing time. In this case, decay processes are of 

paramount importance in determining steady-state concentrations. Between 
these extremes, both processes are active in removing a pollutant from the 

estuary with 3 < kTf < 4 being the range for approximately equal 

contributions to removal. Dyer (1973) analyzed the situation for which decay 

and tidal exchange are of equal magnitude for each estuarine segment. 
Knowing the conservative concentration, the non-conservative steady-state 
concentration in a segment is given by: 
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and 

S. 
= c 11 l 

C; o i=l, .. ,n s-;-

for segments do1·mstream 

of the outfall 

(--- ~- -- -) 
( ) - kt 1- 1-r. e 

l 

for segments upstream 

of the outfall 

(VI-31) 

(VI-32) 

where 

C. =non-conservative constituent mean concentration in segment 11 i 11 

l 

C = conservative constituent mean concentration in segment of 
0 

discharge 

r. =the exchange ratio for segment 11 i 11 as defined by the modified 
1 

tidal prism method 

n = number of segments away from the outfall (i.e. n=l for 

segments adjacent to the outfall; n=2 for segments next to 

these segments, etc.) 

and other parameters are as previously defined. 

In the case of a non-conservative pollutant entering from the river, 

n = l, and the only concentration expression necessary is 

f. 
l 

C. = C. l - -- - B . 
l 1- f. 1 l 

8. 
1 

r. 
l 

l -

-ft 1-(1-r.)e ' 
l 
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Table VI-13 shows a suggested format for tabulating pollution concentrations 
by the modified tidal prism method. 

---------- EXAMPLE VI-7 ------------

Continuous Discharge of a Non-Conservative Pollutant 

into the Head of an Estuary 

The Fox Mill Run Estuary (see Example VI-3) is downstream of the 

Gloucester, Virginia, sewage treatment plant. Knowing the discharge rate of 
CBOD in the plant effluent, the purpose of this example is to determine the 
concentration of CBOD throughout the estuary. 

It is first necessary to determine the concentration of CBOD in Fox Mill 
Run as it enters the estuary (assume no CBOD decay within the river). The 

following information has been collected: 

Cr' Background CBOD in river = 3 mg/l 

Qr' River flow below treatment plant discharge = 0.031 m3/sec 

Qd' Treatment plant discharge rate = 0.006 m3/sec 

c d' Treatment plant effluent CBOD = 45 mg/l 

The CBOD concentration in the river downstream of the treatment plant is 
found using the equation: 

or 

c = 

Cr{Qr-Qd) + CdQd 
C=-----

3 mg/1(.031-.006 m3/sec)+45 mg/1(0.006 m3/sec) 

0.031 m3/sec 

C = 11.1 mg/l 
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c 
<O 
:::J 
.µ 
V1 

l..L.J 

c 
3: 
0 
Cl 

! 

Segment 
Number 

TABLE VI-13 

SAMPLE CALCULATION TABLE FOR DISTRIBUTION OF A LOCALLY DISCHARGED 
NON-CONSERVATIVE POLLUTANT BY THE MODIFIED TIDAL PRISM METHOD 

From Table VI- 6 

Mean Salinity Fraction of Distance of Segment (from salinity River Water Center Above Exchange plot) s s. B. 
Mouth Ratio S· l 

1 f .= s- 1 

(m) r. ppt l SS l 

Pollutant 
Concentr~tion 
C=C. l f..L.l--B. 

l - . 1 l 1 -

(mg/ 1 ) 



To find the CBOO concentration distribution in the estuary, the following 
additional data are used: 

S s' Chesapeake Bay salinity = 19.0 °/oo (at the mouth of 

Fox Mill Run Estuary) 
k, CBOO decay constant = 0.3/day 

T, Tidal cycle = 12.4 hours 

so 

kt = 0.3/day x 12.4 hr x 1 day/24 hours = 0.155 

Also necessary are mean salinity values for each estuary segment. Values for 
the Fox Mill Run Estuary are summarized in Table VI-14. Fraction of 

freshwater values for each segment are found using the formula: 

S -S. s l 
f. =-, 

where the variables are as previously defined. 

Next, values of the coefficient B. must be calculated for each segment 
l 

11 i 11
• For segment 0, 

r0, the se~ment exchange ratio, = 0.74 

and 

ro 0.74 
B
0 

= -----:-:- = -------=---:;-;::--::- = 0. 95 
l-(1-r

0
)e-kt 1-(l-0.74)e-0· 155 

Coefficient values for all segments are compiled in Table VI-14. 
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: Segrnen t Number 

River 

0 

2 

J 

I 

! 

i 
I 

i 

TABLE VI-14 

SALINiTY AND CBOD CALCULATIONS FOR FOX MILL RUN ESTUARY 

Fro111 Problem VI-3 

Center Point 
Distance f1bove 

Est. i'·1o u tt1, 
Meters 

(>3200) 

2950 

2470 

1945 

915 

I I 

! 

l 

I 

Exchange Ratio J 

For Se~~1ent i 

0.74 

0. 71 

0.56 

0. 71 

i 

Mean Segment 
Salinity 

S; , ppt 
(From Sal. Plot) 

-o 
4.7 

8.6 

11. 6 

15.3 

Fraction of 
Fresh (River) 

s -s. 
f = _s __ 1. 
i Ss 
(SS= 19. 0) 

1. 00 

0.75 

0.55 

0.39 

0.19 

8. 
l 

0.95 

0.94 

0.90 

I 
I 

I . f 

1

Concentrat1on o 
CBODu 

I f. 
I l 

:IC;=Ci-1 fi-1 Bi 
(mg/'l) 

I ; 
I I 
I 

11.1 

8.1 

5.5 

3.6 

l 0. 94 l 1. 6 
; 



Finally, CBOD concentrations for the individual segment are calculated, 
beginning with the uppermost segment and working downstream. The 

concentration in segment 11 i 11 is found by: 

For segment 0, the river is taken as segment 11 i-l", and the calculation is as 
fo 11 ows: 

C 0 = 11. 13 mg I 1 ( i ~ ~ ) O • 9 5 = 8 • 1 mg fl 

For segment 1, 

( .55) 
C1 = 8.1 mg/l ~-75 0.94 = 5.6 mg/l 

and so on. 

Figure VI-21 depicts this estimate of the distribution of CBOD in the 
estuary. In addition, hypothetical concentrations of a conservative 

pollutant (k = O) and coliform bacteria (k = 1.0) are plotted. Downstream 

concentration diminishes faster for substances having larger decay constants, 

as might be expected. 

END OF EXAMPLE VI-7 -----------

6.4.4 Multiple Waste Load_ Parameter A~is 

The preceding analysis allowed calculation of the longitudinal 

distribution of a pollutant, either conservative or non-conservative, 
resulting from a single waste discharge. However, the planner will probably 

want to simultaneously assess both conservative and non-conservative elements 
from several separate discharges. This can be accomplished by graphing all 
desired single element distributions on one graph showing concentration 

280 



en -c 
::> 
c 
0 -Cil ..... -c 
Q) 
(.) 

c 
0 

N 
() 

Q) 

> 
co ..... -Cil 

Q) 

a: 

4..--~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~--. 

3 

:;::;: ·/ 
CBOD Y,,, 2 

conservative . /. 
pollutant ~ . ~ 

~ coli forms 
1 

00 10 20 30 river 35 
mouth 

Distance Above Mouth Of Estuary (100's of meters) 

FIGURE VI-21 RELATIVE DEPLETIONS OF THREE POLLUTANTS ENTERING THE 
Fox MILL RuN EsTUARY, VIRGINIA 



versus length of the estuary. Once graphed, the resulting concentration may 
be linearly added to obtain a total waste load. 

The pollutant concentration increment from each source is calculated by 
assuming the source is the sole contribution of pollution (i.e. other waste 
loadings are temporarily set equal to zero). This method, called 

superposition, is valid as the long as volumetric discharge from any of the 
sources does not signicantly influence the salinity distribution within the 

estuary. This assumption is typically true, unless the estuary is extremely 

small and poorly flushed, and the volumetric discharge is large relative to 
tidal and advective flushing components. 

An example of the superposition procedure is shown in Figure VI-22. 
Three local point sources of pollutants discharge at locations A, B, and C. 

A background source enters the estuary with the river discharge. The 
contribution due to each source can be found from the fraction of freshwater 
method (assuming the pollutants act conservatively) as follows: 

w 
Cb =_Rf , x > 0, where x is measured from the head 

R x 
of the estuary 
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where 

= concentration due to river discharge 

CA' c8, CC = concentrations due to sources A, B, and c, 
respectively 

R = river flow rate 

fA, f8, fc =fraction of freshwater at locations A, B, C, 
respectively 

SA, s8, Sc= salinity at locations A, B, and C, respectively. 

The pollutant concentration (above background) at any location in the estuary 
is: 

and is shown in Figure VI-22. When this is added to the background level, 
the total pollutant concentration becomes: 

The dotted line in Figure VI-22 depicts CT. 

The technique of graphing outfall location and characteristics with 
resulting estuarine pollutant concentration can be done for all anticipated 

discharges. This will provide the planner with a good perspective on the 
source of potential water quality problems. 

Where the same segmentation scheme has been used to define incremental 
pollutant distributions resulting from several sources, the results need not 
even be plotted to determine the total resultant concentrations. In this 
case, the estuary is evaluated on a segment-by-segment basis. The total 
pollutant concentration in each segment is calculated as the arithmetic sum 

of the concentration increments resulting from the various sources. 
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·------EXAMPLE VI-8-------------

The previous two example problems involved calculations of nitrogen 

concentration in the Patuxent Estuary resulting from individual nitrogen 

sources. The objective of this example is to find the total nitrogen 

concentration in the estuary resulting from both nitrogen sources. 

The eight-segment scheme of Examples VI-6 and VI-7 is retained for this 

problem. For each segment, the incremental nitrogen increases are summed to 

give the total concentration: 

where 

c c + c b A 

Cb is the concentration resulting from the N source discharging into 
the estuary at point A 

For segment 1, the calculation is: 

C = 1.75 mg/l (from river) + 0.43 mg/l (from local source) 

= 2.18 mg/1 total nitrogen 

Necessary data and final concentrations for each segment are shown in Table VI-15. 

-------------END OF EXAMPLE VI-8 -----------

Dispersion-advection equations offer an attractive methorl, at least 

theoretically, of predicting pollutant and dissolved oxygen concentrations in 

estuaries. However, from the point of view of hand calculation, the 
advection-dispersion equations are usually tedious to solve, and therefore 

mistakes can unknowingly be incorporated into the calculations. 

Dispersion-advection equations have been developed in a variety of forms, 
including one-, two-, and three-dimensional representations. The equations in 

this section are limited to one-dimensional representations in 
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TABLE VI-15 

DISTRIBUTION OF TOTAL NITROGEN IN THE PATUXENT ESTUARY 
DUE TO rno SOURCE s OF NITROGEN 

----------------------------------------

Segment Number 

8 

7 

6 

5 

4 

3 

2 

1 

River 

Results From 
Problem Vl-4 

Total Nitrogen 
From River 
mgN/l, Cb 

0.07 

0.21 

0.36 

0.55 

0.80 

1.30 

1. 56 

1. 75 

1.88 

225 

Results From 
Problem VI-5 

Tota1 Nitrogen 
From Point A Source 

(Segment 4) 
mgN/l, CA 

0.25 

0.74 

1.26 

1.93 

3.06 

1. 74 

0.95 

0.43 

0.00 

Resultant 
Concentration 

C=Cb + CA 
mgN/1 

0.32 

0.95 

1.62 

2.48 

3.92 

3.04 

2.51 

2.18 

1.88 



order to reduce the amount of data and calculations required. 

One-dimensional dispersion-advection equations can be expressed in quite 
divergent forms, depending on boundary conditions, cross-sectional area 
variation over d~stance, and source-sink terms. O'Connor (1965), for 
example, developed a variety of one-dimensional advection-dispersion 

equations for pollutant and dissolved oxygen analyses in estuaries, some of 

which are infeasible for use on the hand-calculation level. 

The advection-dispersion equations to be presented subsequently in this 
chapter can be used to predict: 

• distributions of conservative or non-conservative pollutants, 

• pollutant distributions in embayments, and 

• dissolved oxygen concentrations. 

Solutions from advection-dispersion can be superposed to account for multiple 
discharges. Example VI-9, to be presented subsequently, will illustrate this 

process. 

As the name of the equations implies, dispersion coefficients are needed 
in order to solve advection-dispersion equations. Tidally averaged 
dispersion coefficients are required for the steady-state formulations used 
here. The tidally averaged dispersion coefficient (EL) can be estimated from 
the following expression: 

RS 
E =---
L A dS/dx 

(VI-35) 

2RSL'ix 

==-.A( 5x-+tix ~5x-.6x) 
(VI-36) 
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where 

S =tidally and cross sectionally averaged salinity in vicinity 
of discharge 

26x = distance between the salinity measurements Sx+6x (at a 
distance 6x down estuary) and Sx-6x (at a distance 6X up 
estuary) 

R = freshwater flow rate in vicinity of discharge 

The distance interval 26x should be chosen so that no tributaries are 

contained within the interval. 

In the absence of site specific data, the dispersion coefficients shown 
in Tables VI-16 and VI-17 can provide estimates of dispersion coefficients. 

For pollutants which decay according to first order decay kinetics, the 

steady state mass balance equation describing their distribution is: 

(VI-37) 

The solution to Equation VI-37 is: 

x > O{down estuary) (VI-38a) 

c = 
x < 0 (up estuary) (VI-38b) 

where 

R ( 11--:4k[LA0 j2 --- 1 - 1 + 
2AEL Rz 

R ( {i 4kELl j l - -- 1 + 1 + 
2AEL R2 
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TABLE VI-16 

TIDALLY AVERAGED DISPERSION COEFFICIENTS FOR SELECTED 
ESTUARIES (FROM HYDROSCIENCE, 1971) 

Estuary 

Delav1are River 

Hudson River (N.Y.) 
East River (N.Y.) 

Cooper River (S.C.) 

Savannah R. (Ga., S.C.) 

Lm·1er Raritan R. (N.J.) 

South River (N.J.) 

Houston Ship Channel (Texas) 

Cape Fear River (N.C.) 

Poto111ac River {Va.) 

Compton Creek (N.J.) 
yJappi nger and 

Fishkill Creek (N.Y.) 

Freshv1a te r 
Inflov1 
(cf s) 

2,5!)0 

5,000 

0 

l 0, 000 

7,000 

150 

23 

900 

l ,000 

550 

10 

2 

L 01·1 F l m-1 

~let NonLicJ .. 11 
Vt:!loci ty (rps) 

I k:acJ - Mn u th 

0.12-0.009 

0.037 

o.u 
0.25 

0.7-0.17 

0.047-0.029 

0.01 

0.05 

0.48-0.03 

0.006-0.0003 

0.01-0.013 

0.0011-0.001 

Oi spe1·~ io i 

Cuefficie11t 
( 1111 i'. I cl,1 y A ) 

l U 

30 

10-20 

5 

27 

2-10 

l - l 0 

l 

0. 5-1 



TABLE VI-17 

TIDALLY AVERAGED DISPERSION COEFFICIENTS 
(FROM OFFICER, 1976) 

Estuary 

San Francisco Bay 
Southern Arm 
rlorthern Arm 

Hudson River 

flarro~·1s of ilercey 

Po to;nac River 

Se';ern Estuury 

Dispersion 
Coefficient 

Range 
(ft2/sec) 

200-2,000 
500-20,000 

4,800-16,GOO 

1 ,430-4,000 

65-650 

75-750 
(by S to1rn11e 1 ) 

580-1,870 
( Bo1·1den) 
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Comments 

Measurements were made at slack 
water over a period of one to a 
few days. The fraction of 
freshwater method was used. 
Measurements were taken over 
three tidal cycles at 25 
locations. 

The dispersion coefficient was 
derived by assuming EL to be 
constant for the reach studied, 
and that it varied only with 
flow. A good relationship 
resulted between EL and flow, 
substantiating the assumption. 

The fraction of freshwater 
method was used by taking mean 
values of salinity over a tidal 
cycle at different cross 
sections. 

The dispersion coefficient was 
found to be a function of dis
tance below the Chain Bridge. 
Both salinity distribution 
studies (using the fraction of 
freshwater method) and dye 
release studies were used to 
de terr.ii ne EL. 

Bowden recalculated L values 
originally determined by 
Stor;irnel, 1·1ho had used the 
fraction of freshwater method. 
Bowden included the fresh
water inflows from tributaries, 
which produced the larger 
estimates of EL. 



Estuary 

Tay Estuary 

Thames Estuary 

Yaquina Estuary 

TABLE VI-17 (continued) 

Dispersion 
Coefficient 

Range 
( ft2/ sec) 

530-1,600 
{up estuary) 

l,600-7,500 
(do\'m estuary) 

600-1,000 
( 1 O\'J fl ow) 

3,600 
(high flow) 

650-9,200 
( h i g h fl O\'/) 

140-1,060 
( 1 O\'/ fl OW) 
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Comments 

The fraction of freshwater 
method was used. At a given 
1 oca ti on. EL was found to vary 
with fresh~Jter inflow rate. 

Calculations were performed 
using the fraction of fresh
water method, between 10 and 
30 miles below London Bridge. 

The dispersion coefficients for 
high flow conditions were sub
stantially higher than for low 
flow conditions, at the same 
locations. The fraction of 
freshwater method was used. 



U = net velocity 

k = decay rate 

W =discharge rate of pollutant (at x=O) 

For Equations VI-38a and VI-38b to accurately estimate the pollutant 
distribution in an estuary, the cross-sectional area of the estuary should be 
fairly constant over distance, and the estuary should be relatively long. 
For screening purposes the first constraint can be met by choosing a 
cross-sectional area representative of the length of estuary being 
investigated. If the estuary is very short, however, pollutants might be 

washed out of the estuary fast enough to prevent attainment of a steady-state 

distribution assumed by Equations VI-38a and VI-38b. For shorter estuaries 

the fraction of freshwater method, modified tidal prism method, or near field 
approach are more appropriate. 

At times when the freshwater flow rate in an estuary is essentially zero 
pollutant concentrations might increase to substantial levels, if tidal 
flushing is small. Under these conditions the mass-balance expression for a 

pollutant obeying. first order kinetics is: 

E d2 C - kc = 0 
L dx2 

The solution to this equation is: 

where 

w 
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When the pollutant is conservative (i.e. k=O), Equation (VI-39) reduces to: 

{VI-42) 

The solution is: 

where 

c = 

WL 
co. = CL + EA 

L 

x < 0 (up estuary) 

w 
(L-x) + CL , x > 0 (down estuary) 

ELA 

(VI-43a) 

(VI-43b) 

CL =background concentration of the pollutant at the mouth of the 

estuary 

L = distance from the discharge location to the mouth of the 

estuary. 

Equation VI-43 illustrates the important concept that the concentrations of 

conservative pollutants are constant up estuary from the discharge location 

(when the river discharge is negligible) and decrease linearly from the 

discharge point to the mouth of the estuary. Equations VI-40 and VI-43 apply 

to estuaries of constant, or approximately constant, cross-sectional area 
(e.g. sloughs). If the cross-sectional area increases rapidly with distance 

toward the mouth, the methods presented in Section 6.5 are more appropriate. 

The dissolved oxygen deficit equation (where deficit is defined as the 

difference hetween the saturation concentration and the actual dissolved 

oxygen concentration) for one-dimensional estuaries at steady-state 

conditions is: 

l'dD d~D 
= EL I·: D -"- k L 

dx dx ~ 
(VI-~~) 



where 

0 = dissolved oxygen deficit 

L = BOO concentration 

k2 = reaeration rate 

k = BOD decay rate 

Using Equation VI-38 to represent the BOD distribution, the expression for 

the deficit D is: 

kW [ 1 (U ~Vi ) 
D = ~(k 2 -k) Fi exp -2 -E~ x 

M (U~{T,) 
- - exp x 

Ara, 2 [L 
(VI-45) 

where 

The plus (+) sign is used to predict concentrations up estuary 
(x <O) 

The minus (-) sign is used to predict concentrations down estuary 
(x>O) 

M = mass flux of dissolved oxygen contained in the discharge 
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The advantage of expressing the dissolved oxygen concentration in terms of 
the deficit is that the principle of superposition can be invoked for 
multiple discharges within a single estuary. Specifically 

and 

where 

D = l: D. (VI-46) 
l 

c = C - Z D. s l 

D. = dissolved oxygen deficit resulting from the ith discharge 
l 

C = final dissolved oxygen concentration 

Cs = dissolved oxygen saturation level. 

(VI-47) 

Figure VI-23 shows the relationship between dissolved oxygen saturation and 

temperature and salinity. 

EXAMPLE VI-9 ------------

Dissolved Oxygen Concentration Resulting from Two Sources of BOD 

Two municipal wastewater treatment plants discharge significant 
quantities of BOD into the James River in Virginia. One discharges near 
Hopewell, and the second 10 miles further down estuary, near West Point. 
Calculate the dissolved oxygen concentration in the estuary as a function of 

distance. Pertinent data are: 
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1 800 5 in Hopewell plant effluent = 69,000 lbs/day 

1 BOD in West Point plant effluent, located 10 miles downstream 
from Hopewell = 175,000 lbs/day 

1 freshwater flow rate = 2,900 cfs 

1 dissolved oxygen saturation = 8.2 mg/l 

• cross sectional area = 20,000 ft 2 

• reaeration rate = 0.2/day 

1 deoxygenation rate = 0.3/day 

• dispersion coefficient= 12.5 mi 2/day 

• effluent dissolved oxygen= 0.0 mg/l. 

The dissolved oxygen deficit due to each of the two contributions can be 
determined independently of the other using Equation IV-45. The results are 
plotted in Figure VI-24. The deficits are added to produce the total deficit 
(D(x)) due to both discharges (Figure VI-24a). The distance scale in Figure 
VI-24a is referenced to the Hopewell plant. The West Point plant is placed 
at mile 10. When the deficit at this location due to the West Point plant is 
calculated, set x = 0 in Equation VI-45. The dissolved oxygen concentration 
then becomes C(x) = 8.2-D(x), and is shown in Figure VI-24b. 

One example calculation of dissolved oxygen deficit will be shown to 
ill~strate the process. Consider the deficit produced at mile 0.0, due to 
the Hopewell plant. The waste loading from the Hopewell plant is: 

69,000 x 1.46 = 100,000 lbs/day, BOD-ultimate =l.16 lbs/sec 
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When 

so 

so 

x = 0 Equation VI-45 simplifies to: 

kW ( 1 1 ) 
D = A(k2-k) ~- ~ 

(

_2900)2 + 4(.3)(12.5)(5280)(5280) ft 2 

a 1 = U2 + 4k
1

EL = .077 
20000 81400 • 86400 sec 2 

~ = .278 ft/sec 

a2 = U2 + 4k E = 0.058 ft 2 /sec 2 
2 L 

~ = .242 ft/sec 

The deficit is: 

(.3)(1.16) [ 1 1 J 
D = -- - -- = 9.3 x 10- 5 lb/ft 3 = 1.5 mg/l 

20000(.2-.3) .278 .242 

This value is then plotted in Figure VI-24 at mile point 0.0. The deficit at 
this location due to West Point is evaluated at x = -10 miles in Equation 
VI-45, since West Point is located 10 miles down estuary of Hopewell. A 
deficit of 0.6 mg/l is found, and is plotted in Figure VI-24 at mile point 
0.0. The total deficit at Hopewell is 1.5 +0.6 = 2.1 mg/l, as shown in the 
figure. 

-----------END OF EXAMPLE VI-9 ----------
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6.4.6 Pritchard's Two-dimensional Box Model for Stratified Estuaries -----

Many estuaries in the United States are either stratified or partially 

mixed. Because the circulation of stratified systems is fairly complex, few 

hand calculation methods are available for their analysis. Instead 

computerized solutions are generally used. 

One method developed by Pritchard (1969) which predicts the 

distribution of pollutants in partially mixed or stratified estuaries is 

suitable for hand calculations provided the user does not require too much 
spatial resolution. This method, called the "two-dimensional box model", 
divides the estuary horizontally from head to mouth into a series of 

longitudinal segments. Each segment is divided into a surface layer and a 

bottom layer. The analysis results in a system of n simultaneous linear 

equations with n unknowns, where n equals twice the number of horizontal 
segments. The unknowns are the pollutant concentrations in each layer. 

Division of the estuary into only two horizontal segments results in 
four simultaneous equations, which is probably the most one would like to 
solve entirely by hand. However, many programmable hand calculators contain 
library routines for solving systems of 10 or more simultaneous equations, 

which would allow the estuary to be divided into 5 or more horizontal 

segments. If many more segments are desired, the solution could be easily 

implemented on a computer using a numerical technique such as Gaussian 
elimination to solve the resulting system of simultaneous linear equations. 

The following information is required for the two-dimensional box 
analysis: 1) the freshwater flow rate due to the river; 2) the pollutant 
mass loading rates; and 3) the longitudinal salinity profiles along the 
length of the estuary in the upper and lower layers, and the salinity at the 

boundary between these two layers. The upper layer represents the portion 

of the water column having a net nontidal flow directed seaward, and the 

lower layer represents the portion of the water column having net nontidal 
flow directed up the estuary. If no velocity data are available, these 

layers can generally be estimated based on the vertical salinity profiles. 
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Figure VI-25 shows the parameters used in the analysis, which are 

defined as follows: 

n =segment number, increasing from head toward mouth 

= salinity in upper layer of segment n 

=salinity in lower layer of segment n 

=salinity at the boundary between the upper and lower 

layers of segment n 

(Su)n-l, n =salinity in the upper layer at the boundary between 
segments n-1 and n 

(S
1

)n-1, n - salinity in the lower layer at the boundary between 
segments n-1 and n 

(Qu)n-l, n = net nontidal flow rate in the upper layer from 
segment n-1 to n 

(Q
1
)n, n-l =net nontidal flow rate in the lower layer from 

segment n to n-1 

R 

= net upward vertical flow from the lower to the upper 
layer of segment n 

= vertical exchange coefficient between the lower and 

upper layers of segment n 

= freshwater flow rate due to river 

=pollutant mass loading rate to upper layer of segment 

n (from external sources) 
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=pollutant mass loading rate to lower layer of segment 

n (from external sources) 

= pollutant concentration in the upper layer of segment 

n 

=pollutant concentration in the lower layer of segment 

n 

Pritchard's two-dimensional box analysis as presented here requires the 

following assumptions: 

are: 

1. steady-state salinity distribution 

2. the pollutant is conservative 

3. the concentration of the pollutant is uniform within each 

layer of each segment and 

4. the pollutant concentration at the boundary between segments 

or layers is equal to the average of the concentrations in the 
two adjacent segments or layers. 

Application of the two-dimensional box model involves six steps. These 

1. Plot the longitudinal salinity profiles in the upper and lower 

layers, and at the interface between the two layers. If 

information on the net nontidal velocity distribution is not 

available to define the layers, the boundary may be estimated 
for a given section of the estuary as the depth at which the 

vertical salinity gradient is maximum. The resulting plots 

will be used to determine the average salinities in each 
segment and layer, and the salinities at the boundaries 

between each segment and layer. 
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2. Segment the ('stuary. The number of segments wi 11 depend on 

the degree of spatial resolution desired, and the limitations 

of the hand calculators used to solve the system of 

simultaneous equations. The accuracy of the results will 

generally increase with the number of segments used, since the 

assumptions of the analysis are better satisfied. A minimum 

of three horizontal segments should probably be used to obtain 

even a rough estimate of the pollutant distribution in the 

estuary. This will require the solution of six equations and 

six unknovms. 

3. Compute the net nontidal flows in the upper layer and lower 

layer at the boundary between each horizontal segment using 
Knudson's Hydrographical Theorem (Dyer, 1973): 

(Si)n-1, n 
= R --------~---------

(S1 )n-l, n-(Su)n-1, n 
(VI-48) 

(Su)n-1, n 
= R ---------------

( S 1) n-l, n-{Su)n-1, n 

At the upstream freshwater boundary of the estuary, 

(Qdn, n-1 = O. 

(VI-49) 

4. Compute the net upward vertical flows between layers for each 
" segment using the continuity equation for the upper layer of the 

seg1::2nt: 

(Vl-50) 



5. Compute the vertical exchange coefficients between layers for each 
segment using the salinity balance equation for the upper layer of 

the segment, which can be arranged in the following form: 

E = n 

(Quln, n+l (Suln, n+l - (Qu)n-1, n (Su)n-1, n - (Qv)n (Sv)n 

(SI )n - (S)n 
(VI-51) 

6. Set up and solve a system of simultaneous linear equations with one 

equation for each segment and layer where the pollutant 

concentrations are the unknowns. These equations are based on a 

pollutant mass balance for each segment and layer. The mass 

balance equations are: 

(VI-52) 

for the upper layer of segment n and 

(VI-53) 

for the lower layer of segment n. 
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Since most pollutant discharges are buoyant, they should be considered as 
loadings to the upper layer, even though they may be physically introduced at the 

bottom. Pollutants which are denser than the upper waters and which would sink 

to the bottom should be considered as loadings to the lower layer. However, the 

analysis is not applicable to pollutants which tend to remain near the bottom and 
accumulate in or react with the bottom sediments. 

The above mass balance equations can be simplified and rearranged into the 

following form: 

r(Q ) J (C ) 1 + [-2E ] (Cu)n + [2En + (Qv)n] (C1 )n L u n-1, n u n- n 

(VI-54) 

for the upper layer of segment n and 

(VI-55) 

for the lower layer of segment n. This pair of equations is written for each 

segment, resulting in a system of simultaneous equations where the 

concentrations, (Cu)n and (C1)n, are the unknowns, the terms enclosed in square 
brackets are the coefficients, and the terms on the right hand side of the 

equations are the constants. 

However, since each equation involves both the uptream and downstream 

segments for a given layer, the boundary conditions at both the upstream and 

downstream end of the estuary must be applied so that there will not be more 

306 



unknowns than equations. At the upstream end of the estuary, the following 

boundary conditions apply: 

(Q ) - R - river flow rate u n-1, n - -

(Cu)n-l =CR= pollutant in river 

(Q ) = 0 (no salt water movement upstream into the river) 
i n, n-1 

These conditions simplify the previous equations to 

(VI-56) 

for the upper layer of the first upstream segment and 

[ 2E1 - (Qv)1 J (C)1 + [--ZE1] (C1)1 + [ (Q1),,1] (C1)2 ~ -2(q1)1 ( VI-57) 

for the lower layer of the first upstream segment. 

For the lower layer of the last downstream segment at the ocean end of the 

estuary, the fol lowing boundary condition is used to simplify the equation: 

(C 1 )n+l = 0 (no pollutant entering the lower layer from the ocean 
waters outside the mouth of estuary) 

which simplifies the corresponding equation to: 

(VI-58) 

For the upper layer of the last segment at the mouth of the estuary, some 

assumption must be made about the pollutant concentration in the upper layer just 

outside the mouth to eliminate the (n+l) term from the equation. If actual data 
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are available based on field measurements, a measured value of (Cn)n+l can be 
used. This simplifies the corresponding equation to: 

[(Q ) ] (C ) + [-2En] (Cu)n + [ 2En + (Qv)n] (C1 )n = -Z(qu)n + (Qu)n, n+l C
0 u n-1, n u n-1 (VI-59) 

where c0 is the measured pollutant concentration in the surface waters outside 

the mouth of the estuary. If no data are available, the simplest assumption that 

can be made is that the concentration outside the mouth equals the concentration 

in the surface layer of the last segment inside the mouth, or (Cu)n+l = (Cu)n. 
Alternatively, the concentration outside the mouth may be assumed to equal some 

fraction of the concentration inside the mouth, or 

where fc is the selected fraction. The previous assumption (Cu)n+l = (Cu)n is 
one case of this second assumption where the fraction equals one (f c = 1). Using 
the second more general assumption, the equation of the upper layer of the last 

downstream segment simplifies to 

Step (6) of the two-dimensional box analysis involves computing all of the 

coefficients and constants in the system of equations defining each segment and 

layer (equations VI-54 and VI-55) and applying the boundary conditions to produce 

equations for the first upstream and last downstream segments in the estuary 
(equations VI-56 through VI-60). The coefficients and constants are functions of 
the variables previously computed in steps (3) through (5). The resulting 
equations are then solved using library routines in programmable hand 
calculators, or by programming an appropriate numerical technique such as 

Gaussian elimination on either a programmable hand calculator or a computer. 
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Since the analysis requires application of the boundary conditions at the 

freshwater head of the estuary and the coastal mouth of the estuary to obtain the 

same number of equations as unknowns, the entire estuary must be included in the 

first cut analysis. The initial analysis will yield the overall pollutant 

distribution throughout the entire estuary. Once this is determined, the 

analysis could be repeated to obtain more detail for smaller portions of the 

estuary by using the first cut results to estimate the pollutant boundary 

conditions at each end of the region of concern, and then rearranging equations 

(7) and (8) so the terms involving the concentrations outside the specified 
regions are treated as constants and moved to the right hand side of the 
equations. 

The Pritchard Model theoretically allows external pollutant loading to be 

introduced directly into any segment along the estuary. By moving external 

loadings from the head to near the mouth of the estuary, the planner can predict 

how pollutant levels are affected. However, experience with the model has shown 

that when external side loadings are considerably larger than those which enter 

at the head of the estuary, model instabilities can arise. When this occurs, the 

pollutant profile oscillates from segment to segment, and negative concentrations 
can result. It is recommended that the user first run the Pritchard Model by 

putting all pollutant loading into the head of the estuary. This situation 

appears to be always stable, and, as the following example shows, reasonable 

pollutant profiles are predicted. 

EXAMPLE VI-10 

Pollutant Distribution in a 
Stratified Estua!J'.'_ 

The Patuxant River in Maryland is a partially stratified estuary, where the 

degree of stratification depends on the freshwater flow rate discharged at the 

head of the estuary. Table VI-18 shows the salinity distribution within the 

estuary under low flow conditions for each segment and layer. The location of 
each layer is shown in Figure VI-26. Also shown in the table is the pollutant 

distribution by layer and segment for a mass flux of 125 lbs/day (57 kg/day) of 
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Segment Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

boundary 

TABLE VI-18 

SALINITY AND POLLUTANT DISTRIBUTION IN PATUXENT 
ESTUARY UNDER LOW FLOW CONDITIONS 

Salinity Pollutant Concentration 
(as Chloride, rng/l) (mg I 1 } 

Upper Layer Lower Layer Upper Layer Lower Layer 

496. 524. 0.193 0.192 

1831. 1940. 0.173 0.171 

3771. 3970. 0.144 0.141 

6050. 6280. 0.100 0.108 

8040. 8220. 0.081 0.078 

9310 9910. 0.062 0.053 

10010. 10660. 0.051 0.042 

10790. 11070. 0.040 0.036 

11240. 11760. 0.033 0.025 

11830. 12120. 0.025. 0.020 

12100. 12650. 0.021 0.013 

12750. 12850. 0.011 0.009 

13500. 13500. 0.0 0.0 
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conservative pollutant input at the head of the estuary. 

The pollutant distribution was predicted by solving on a computer the 
12-segment, 2-layer system (24 simultaneous equations). The salinity 
distribution shown in Table VI-18 was used as input data. As a point of 
interest, the same network was solved using the model WASP (courtesy of 
Robert Ambrose, ERL, U.S. Environmental Protection Agency, Athens, Georgia), which 

is a dynamic two-dimensional estuary model. Instead of using salinity directly, 

WASP predicts the salinity distribution based on dispersive and advective 

exchange rates. The salinity distribution predicted by WASP is the same as shown 
in Table VI-18, which was used as input to Pritchard's Model. After runring WASP 

to steady-state conditions, the pollutant distribution throughout the estuary was 
virtually the same as predicted by Pritchard's Model. 

The pollutant distribution in the Patuxant estuary will be solved in detail 
using 4 segments instead of 12. The resulting system of 8 simultaneous equations 

can be solved on a variety of hand-held calculations. The tabulations below show 
salinities at each segment boundary, and the horizontal flow rates in the upper 

and lower layers. 

Boundary 
n-1,n 

0, 1 

1, 2 

2' 3 

3, 4 

4, 5 

(Su) n-1, n 
mg/1-Cl 

0.0 
4960. 

9420. 
11445. 

13500. 

(S1 )n-1,n (Ou )n-1, n 
mg/1-Cl m3 /sec 

0.0 3.3* 
5080. 116. 7 

9640. 139.5 
11860. 94.3 
13500. 156.8 

*This is the specified river inflow rate, R. 

( 01 ) n, n-1 
m3 /sec 

0.0 
113.4 

136 .2 

91.0 
153.5 

The flow rates were calculated from Equations VI-48 and VI-49, while the 

salinities were found directly from Table VI-18. 
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The salinities within each layer, the salinity and flow rate between the 

interface of each layer, and the exchange coefficients are tabulated below. 

~-----------· ------------

Segment ( 5 u) n (Sv)n (S1)n (Ov)n En 
n mg/l-Cl mg/1-Cl mg/1-Cl m3/sec m3/sec 

----

1 1830 1890 1940 113. 3260. 

2 8040 8130 8220 23. 3140. 

3 10790 10930 11070 -45. 930 

4 12100 12380 12650 63. 280. 

The flow rates were found from Equation VI-50, and the exchange coefficients 

from Equation VI-51. 

Sub st itut i ng these data into the pollutant mass ba 1 a nee expressions 

(Equations VI-54 through VI-59), the fo 1 lovJi ng system of equations result: 

------------

-6523. 6638. -117. o. 0. 0. 0. o. (Cu) 1 -1. 32 
6411. -6525. 0.0 113. 0. 0. 0. 0. (CJ) 1 o. 
117. 0.0 -6275. 6297. -139. 0. 0. o. (C) 2 0 . 

0. .:113. 6252. -6275. o.o 136 0. 0. (Cl) 2 = 0. 
0. 0. 139. o.o -1856. 1811. -94. o. (Cu) 3 0. 
0. 0. 0. -136. 1901 -1856. 0.0 91. ( c,) 3 0. 
0. 0. 0. o. 94. 0.0 -S61 624. (Cu)" 0. 
0. 0. 0. 0. 0. -91. 499. -561 ( c,) .. 0. 

The value -1.32 in the first row of the right-hand side column vector is 

h:ice the loading of pollutant 1'lhich comes into the upper layer of the first 

seg1nent, as required in Equation VI-56. The units are in gm/sec to be 

compatible \'1ith the units of the remaining terms in the equations: 

so 

M = 125 lbs/day = 0.66 gm/sec 

2M = 250 lbs/day = 1.32 gm/sec 
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The pollutant distribution which results from solving the eight linear 
equations is: 

(Cu)i = (0.17) 
( c1 ) i = (0.17) 

(Cu)2 = (0.08) 

( C1 ) 2 = (0.08) 

(Cu) 3 = (0.04) 

( C1 ) 3 = (0.04) 

(Cu)4 = (0.02) 

( c1 ) 4 = (0.01) 

These values are nearly the same as found when 12 segments were used, which 
indicates 4 segments are sufficient to accurately predict pollutant distribution 
for this problem. 

END OF EXAMPLE VI-10 ------------------

6.5 POLLUTANT DISTRIBUTION FOLLOWING DISCHARGE FROM A MARINE OUTFALL 

6.5.l Introduction 

Numerous coastal states have enacted water quality standards which limit the 
maximum allowable concentration of pollutants, particularly metals and organic 
toxicants, which can be discharged into estuarine and coastal waters. The 

standards normally permit that an exempt area, called a mixing zone, be defined 
around the outfall where water quality standards are not applicable. For 

example, the Water Quality Control Plan for Ocean Waters of California (State 
Water Resources Control Board, 1978) sets forth the following statement directed 

at toxic substance limitations: 

"Effluent limitations shall be imposed in a manner prescribed by 

the State Board such that the concentrations set forth ... as water 
quality objectives, shall not be exceeded in the receiving water upon 
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the completion of initial dilution." 

The mixing zone, or zone of initial dilution (ZID), is non-rigorously 
defined as the volume of water where the wastewater and ambient saline water mix 

during the first few minutes following discharge, when the plume still has 
momentum and buoyancy. As the wastewater is discharged, it normally begins to 

rise because of its buoyancy and momentum, as illustrated in Figure VI-27. 

If the ambient water column is stratified and the water depth is great 

enough, the rising plume will not reach the surface of the water, but rather will 

stop at the level where the densities of the plume and receiving water become 

equal. This level is called the plume's trapping level. (See Figure VI-27.) 
Due to residual momentum, the plume might continue to rise beyond the trapping 
level, but will tend to fall back after the momentum is completely dissipated. 
Once the plume stops rising, the waste field begins to drift away from the ZID 

with the ambient currents. At this time, initial dilution is considered 

complete. Section 6.5.2, which follows, shows how initial dilution is 

calculated, and then Sections 6.5.3 and 6.5.4 illustrate how pollutant 

concentrations at the completion of initial dilution can be predicted. 
Sections 6.5.5 and 6.5.6 explain methods of predicting pollutant and dissolved 

oxygen concentrations, respectively, as the waste field migrates away from the 
ZIO. 

The methods presented in section 6.5.2 through 6.5.6 are applicable to 

stratified or non-stratified estuaries, embayments, and coastal waters. The 

methods assume that reentrainment of previously discharged effluent back into the 

ZID is negligible. Reentrainment can occur if the wastewater is discharged into 
a confined area where free circulation is impaired or because of tidal reversals 

in narrow estuaries. 
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6.5.2 Prediction of Initial Dilution 

6.5.2.1 General 

Discharge to bodies of water through submerged diffusers is a commor, waste 

water management technique. A diffuser is typically a pipe with discharge ports 
spaced at regular intervals. Such discharges are often buoyant with high exit 

velocity relative to the ambient velocity. The resulting waste streams act as 
plumes or buoyant jets. The velocity shear between ambient and plume fluids 

results in the incorporation of ambient fluid into the plume, a process called 

entrainment. Initial dilution results from the entrainment of amb·ient fluid into 

the plume as the plume rises to its trapping level. 

The magnitude of initial dilution depends on a number of factors including, 

but not limited to, the depth of water, ambient density stratification, discharge 

rate, buoyancy, port spacing (i.e. plume merglng), and current velocity. These 

factors may be referred to collectively as the diffuser flow configuration or 

simply the flow configuration. Depending on the flow configuration, the initial 
dilution may be less than 10 or greater than 500. As attaining water quality 

criteria may often require relatively high initial dilution, the need to be able 

to estimate initial dilution for various flow configurations becomes apparent. 

Other than actually sampling the water after a facility is in operation, 
there are various ways to estimate pollutant concentrations achieved in the 

vicinity of a particular diffuser. A scale model faithful to all similarity 
criteria could yield the necessary dilution information. Dimensional analysis 

and empirical formulae may also be very useful. Alternatively, a numerical model 
based on the laws of physics may be developed. This 111ethod is chosen to provide 
initial dilution estimates here because it is more cost-effective than field 

sampling and more accurate than a scale model. 

Any numerical model used to provide dilution estimates should faithfully 
replicate the relevant plume relationships and should be verified for accuracy. 

The plume model MERGE (Frick, l98lc) accounts for the effects of current ambient 

density stratification and port spacing on plume behavior. In addition, it has 

been extensively verified (Frick, 1981a, 198lb; Tesche ~t 91.:_, 1980; 
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Policastro et~!.:_, 1980; Carhart et~!.:_, 1981). 

1here are several ways of presenting the initial dilution estimates. MERGE 

may be run for specific cases or run for many cases spanning a range of 

conditions and presented in nomogram or tabular form. The latter method is the 
most compact. The resulting initial dilution tables display values of dilution 

achieved at the indicated depths and densimetric Froude numbers. One hundred 

tables are presented in Appendix G for various combinations of port spacing, 

density stratification, and effluent-to-current velocity ratio. 

Before describing the tables in more detail and discussing examples, it may 

be helpful for some users to read the following, occasionally technical, 

discussions of the plume model MERGE (Section 6.5.2.2) and of basic principles of 

similarity (Section 6.5.2.3). Others may want to advance directly to 
Section 6.5.2.4 describing table usage. 

6.5.2.2 The Plume Model MERGE 

MERGE is the latest in a series of models whose development began in 1973. 

Various stages of model development have been recorded (Winiarski and Frick, 1976 

and 1978; Frick, 198lc). In the realm of plume modeling, MERGE belongs to the 

Lagrangian minority since more models are Eulerian. The model can be 

demonstrated to be basically equivalent to its Eulerian counterparts (Frick and 
Winiarski, 1975; Frick, 198lc). Time is the independent variable which is 
incremented in every program iteration based on the rate of entrainment. 

To simplify the problem, many assumptions and approximations are made in 

plume modeling. In MERGE, steady-state is assumed and the plume is assumed to 

have a round cross section everywhere. 

The MERGE user may input arbitrary current and ambient density profiles. 

The model includes a compressible equation of continuity so that the predictions 
are also valid for highly buoyant plumes. It accounts for merging of adjacent 
plumes but only when the ambient current dilution is normal to the diffuser pipe. 
In many cases, this is not a significant restriction as many diffusers are 

oriented to be normal to the prevailing current direction. 
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The model contains an option for using either constant or variable 
coefficients of bulk expansion in the equation of state. The water densities in 

Table VI-19 are generated using the model's density subroutine based on actual 
temperatures and salinities (i.e. effectively using variable coefficients). If 
temperature and salinity data are unavailable then the model can be run based on 
density data alone. The latter method is satisfactory for relatively high 

temperatures and salinities because the equation of state is relatively linear 

with these variables in that range. However, for low densities and temperatures 
gross inaccuracies may result. Unfortunately, the initial dilution tables are 
based on the latter method. A more accurate representation would greatly 

increase the number of tables necessary to cover all the cases. Users with 
applications involving cold, low salinity water are urged to run the more 

accurate form of the model. 

The success of MERGE in predicting plume behavior is primarily attributable 
to two unique model features. The first of these relates to the expression of 

forced entrainment. Entrainment may be attributed to the velocity shear present 

even in the absence of currents, i.e. aspiration, and to current-induced 

entrainment, sometimes called forced entrainment. 

The forced entrairment algorithm in MERGE is based on the assumption that 
all fluid flowing through the upstream projected area of the plume is entrained. 

This hypothesis is based on well-established principles and observations (Rawn et 
~, 1960; Jirka and Harlman 1973). Paradoxically, the hypothesis has never 
been implemented in numerical models before. The projected area normally 
contains linear and quadratic terms in plume diameter, whereas in conventional 

modeling, forced entrainment is generally expressed as a linear function of 
diameter. It is necessary to include additional sources of entrainment to make 
up the difference when so expressed. 

The second feature is the use of a constant aspiration coefficient. This 
coefficient is often considered to be variable (e.g. Fan, 1967). The need for a 

variable coefficient is attributable to the fact that many models predict 
centerline plume values. For plumes discharged vertically upward into density 
stratified ambient water, such models are expected to predict the maximum 

penetration of the plume. To achieve agreement requires a relatively small 

aspiration coefficient. However, when the same models are used to predict the 
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Table VI-l 9a 

* WATER DENSITIES (EXPRESSED AS SIGMA-T) CALCULATED USING THE 
DENSITY SUBROUTINE FOUND IN MERGE 

TEMPERATURE ( ° C) 

0 2 4 5 8 iO 12 14 

0 -O.OCJl -O.Ollt • 0 07 • OJ 1 • 039 .030 • C C6 -0.0JZ -o. 0116 -o.1s1t -o. Z 35 - o. Jl 0 -g.lt3 II -e. 55 II -o.na. 
.121 • 776 • 111 lo • 815 .1139 .a21 • 8 GO • 758 .702 • 632 .5r,g • "Sil .11oo .211 .1112 

1.535 1.586 t.6ZO 1.&J7 1.' 38 1.623 1.593 1. 5r, e 1.r,119 1.1o16 1.JZCJ 1.230 1.111 .9'12 • 1151o 
z.J 1te 2.395 2. lt25 z. 1+3 CJ 2. i.37 z.1t1 CJ z.385 z.3311 Z.276 z. 200 2.111 z. aoa 1.1193 1. 76& 1.626 

5 
3.159 3.203 3.230 J.21t0 3.23' 3.213 J.177 J.LZ6 J. 0&1 2.'~83 z. e CJt 2.1e6 2.6&9 2. 53CJ z. 3CJ7 
3.970 It. ll10 ... 0 33 - 4. QltO It. Oll "· 001 - 3. 9611 3.'Hlt J.847 J. 765 - 3.6 71 - 3. 56 .. -3. lt41t - 3.312 _J.1£11 
... 7 S1 4.817 ... 836 4. 81+0 ... 112 8 ft. !I 0 0 ... 1r;11 4.701 4.631 It .s .. 7 It.It so "· 341 4.218 It. Olllt 3.931 
s.s90 5-623 5.639 r; .639 5.623 5.593 5. 51tll S.ft88 5.&t 15 5.329 5. 2 29 5.117 ft.992 ... 1156 ... 7 tll 
6.399 6.428 ... lt41 r..r,37 &. 4111 6. 3115 6.337 & .271, 6.1 CJ9 &.10 Cj 6. 0 07 5.8CJ3 5.7&6 5.627 5.lt77 
7.207 1. 233 7.2'42 7.235 1.213 7. t 76 7 .125 7.060 6. 962 &. llCJO 6. 7 85 6.665 6.539 6. 3'111 r.. ZltS 

10 •• 015 "· 0 37 11.0lt2 8.032 II. 0 0 7 1. 96 7 7. 'HJ 7.845 7. 76ft 1.&70 1. 5 63 7. ft43 7.llZ 7.1611 1.,1 .. 
ll.822 !!. 81+0 11. 11 .. 2 II. 82'! 11. 1101 _ 11. 75 II 11. 7 01 !1.63 0 a.Sit& 11 ..... CJ 8.3 ltO 11.zt11_11.011r. 1. CJ3 9 _ 1. 1 ez 
9.r.zs 9.61t3 9.61+2 CJ. 625 CJ. 591t CJ.Sit 9 CJ. ft II II Cj. ft15 9. 3Z!I <J. 2211 9.U6 11.qgz 11. 35 & 11.1011 s. 51tCJ 

10 .i.3i. 10.41+6 10 ..... 1 10.i.21 10.387 10. 33 6 10. z 75 10.199 10.1oq 10.007 CJ. !I 93 9.766 CJ. 623 CJ. r, 1 a 1.317 

15 
11. 21t0 11.2«8 11.z"o 11.217 11.179 11.1z1 11. 062 10.983 l 0. 8 90 10. 756 10. 6 &CJ 1 o. si. o 10 .399 10.2r.1 u. Gelo 

w 12.or.s 12.or.9 12.03& 12.012 11.'!71 11. 91 6 11. 61+!1 11. 766 11.6 71 11. 5&1+ 11 ... lt5 11.313 a.110 11.016 lll.85& 
N 0 12.350 12. 11'>1 12.836 12.1101 12.763 12. 705 12.631+ 12 .51+CJ 12. lt52 12.31t2 12.220 12.0117 11. '1'41 11. 7115 11061!1 
a -:;Q 13.651t 13.652 13. 63 .. 13.602 13. 555 13.lt"llt 13. lt20 13. 332 13. 232 13-120 1Z.9% 12. 86 0 12.112 12. 55 .. 12. 3114 

0 11o.1o5q 11+. i,53 llt.432 tit. l'l& 1 i.. 3 .. 6 1:1o.211z 11o. 2 05 14.11S lft.013 13. 11911 13. 771 13.633 13.1te1 13.322 13.151 
1s.263 15.254 15.229 15.1qo 15.137 15. 071 11+. 'l'H tft.698 14. 793 1".676 11o. 51+7 14.406 l lt .2 , .. tlt.0'11 13.2J.7' 

20 16.067 1&.osi. 1&.021 1s.q11c; 15.929 15. 65 '! 15. 111 15 .6 at t5.5T3 1 s. 45 3 15.322 15.179 1s. a 25 tit. 1160 tit. &Sit 
>- u •• 1110 16.1155 lb. !!Zit 16. 719 16.7ZO t&. &It 7 16. 56Z 16.46lt t&.35'- 16. 231 16. 0 97 15. CJ52 15.796 15.6211 t5 ... 51 I-,_. 17.67lt 11. 655 17.621 17. S73 17.511 l 7.43 6 17.3ft7 17.Zft7 11. lJC. 17 .009 1&.1173 16. 7Z 5 16.S&& 16.397 16.217 
z 18.lt 711 18.r.55 15.4111 111.3&7 111.302 111.221o 111-1~3 18.030 17.91Ct 17.7117 .1r.r.i,e 17. 1,911 17.337 17.166 16. 'Ullo 
1--f 

19-~ll! 19. 2 SS 1CJ.215 19.161 1 CJ. OCJ3 19.0lZ 1!1.919 18.1113 18.691t 18. 565 111. ft Zit 111.211 111. t D II 17.935 11. 7'.il, _J 

<::I'. 25 j?Q I!! ~'5 2Q.O'i6 20.012 1 q. qs5 1 CJ. 98it 1'3.1101 1 CJ. 7 Cit 1'!.5% 1CJ. "75 19.31+3 1CJ.1 CJ9 19. Olt 5 tll. !1110 1e.zoi. is.c;u 
(./') 20. 111111 20. 115 6 zo. 1110 ZO. 71+ '! 2 0. 6 76 zo. 511 CJ 20.1+'!0 20.379 21i.Z56 20.121 1CJ.CJ75 19. st 9 lCJ.651 19.lo73 1 CJ. ZllS 

Z 1.& 'IZ 21. 65 7 21.607 21.5<+1t z1.1+&1 21.3711 21. 2 76 21.102 21.037 20.900 20.751 2G.59Z 20. lo2 3 Z0.2lt3 21!. 0'53 
22.C.% 22.<+57 22 ... 05 2?..3311 z2.zsq 22.16 7 22. 063 21 .9lt6 21 .11111 Z 1. 67 II 21.s2a 21. 36 7 21.1q5 21.013 20.821 
23. 300 23.258 23. 2li2 23.13 3 23. 051 22. 95 6 22. 111+9 22. 73 0 22.599 ZZ.<+58 U.3 05 22.1r.1 21. 96 7 21. 7113 21.5119 

30 24. l 0 .. 2!.o. 059 21+. D 01 23. 929 23. 81t3 2 J. 74 6 23. 636 23.51'+ 23 ._3 81 Z3.Z37 23.oaz 22.'H& 22.7C.0 ;!~. ~~" Zi: • 3::ill 
zr,. 'I os 2~.11&1 21+. 799 zr..7Zlt zr..&3& z ... 53& Zit. ft 23 24.299 21+o 16ft 24. 017 23.1159 ZJ.&q1 23.513 23.325 23.127 
ZS. 713 25.662 25.5'!~ 25.520 25. ft2 CJ 25.326 25. 2 11 25. Ciiio 24. 91t& 21t.797 Zlt.637 zi.. r.& 1 Zlt.2117 Zit. 097 2 3. 1197 
z&.sie 26 .i.&1+ 26. 397 Z6. 31 & 26.223 26.11 7 25. 'l9CJ 25. e7 0 25.729 Z5.5711 25." 16 2s. zi. 3 25.061 ZC..1169 2 ... 66 7 
27. 321+ 2 7. 26 7 Z7.1% 27. 113 27. 016 26. 90 ft 26. 788 ('6.&56 26.513 2 &. 359 2 6. 1 95 2 6. DZ 0 Z5.836 25.61+1 25.1t37 

35 za.110 2e.orc 27. 9% 27.910 27.811 l7. 700 27.577 27. <tft2 27.Z97 27.tftl 26.971+ 26.795 26.&11 26.C.ift z&.zca 
Zll. 9 36 211. e73 2a. 797 28. 70 II 28.&06 Z8.4'lZ 28. 366 211.230 ze. o 82' Z7.923 z 7. 7 51+ 27.575 27.387 27.1118 2&.'!l!!O 
2<i.1i.3 zg. 077 29.596 29.506 29.lt01 29.2115 29.157 29.017 2 e. B67 28.706 211.535 21!o35lt 211.1&3 27.963 27. 753 
30.550 l0.1t~2 3 0. 39CJ Jo •. rn5 30.l'H 30.071! 2 9. 9ftll 29. B 06 29. 6 53 29. It') 0 Z<J.317 2 '1.13 3 211. 'l'>O 28. 738 211.526 
31.358 31.2H 31.202 31.10r. 30. 'l9ft 30.IHZ 30. 7 3 9 30.595 .rn. i.i.o 30.275 30. 0 gq 2 '1. CJ13 29.118 z CJ. 51ft 29. JCD 

40 32: 167 32.092 32. 0 05 31. 90 It 31. 7 'l2 31. 6& 1 31.532 31. 3 a 5 11.227 31 • 060 30.1182 30.6~4 3Q,!!97 ;}!!. Z'lQ 3Q,!IZ5 

* Sigma-t (at) is defined as: (density-1) x 103. For example, 
for seawater with a density of 1.02500 g/cm 3

, at = 25. 



Table VI-19b 
7C 

WATER DENSITIES (EXPRESSED AS SIGMA-T) CALCULATED USING THE 
DENSITY SUBROUTINE FOUND IN MERGE 

TEMPERATURE ( ° C) 
16 18 20 22 24 26 28 

0 -a.a1& -o.9q3 -1.1&1 -1. Jlt 1 -1.53Z - 1. 7 l l -1.q1t; -z.1&1 -2.399 -z. &'41 -Z. ll'H -3.15'4 -3. lt25 -1.1or. -3.qq3 
-0.0&5 -a.zzr. -a. J9r. -0.57& -o. 1& $ -o. q 71 -1.1&5 -1.ltO '1 -1.&i.z -1. 118& -2.139 - 2. i.o 2 -2.67'4 -z. '15& -l.Zlo6 

.7C'i • si.r. .372 .1!'1 -0.0~6 -o. 211 -0.i.26 -o. 6'i 1 -o. aa1 • t. 132 -1. 357 - 1. &51 -1.n5 - z. Z 0 II -z •" oq 
1 ... 7'5 1.112 1. 13 3 • '152 • 756 .55 0 • 3ll .lOE -0.131 ·0. 3711 -D.6l5 -C.901 -1-176 -1.i.60 -1.7'5l 

5 
Z.Zlt4 2.GT'I 1.CH3 1. 71 !) 1.518 1.Jo9 l.0'11 ·'6Z .623 • 375 .111 -0.150 -o. r.21 -0.713 -1.001 
~.01z 2. ei.5 Z.667 2.1+111 z. 27 q 2.0&5 l• ll<t8 1. 61, 1.377 1.121 • 8611 .sqq .321 •OJI+ -m.Z&Z 
J.780 J.&u 3. '431 l. 21+0 l.03'1 2. az 1 z. 6 05 2.373 Z.131 1. 8,o 1.61'1 1. 3'411 1.06'1 • 7110 • lolll 
... 'ir.8 It. 37 7 ... 1 q5 ... a oz 3. T qq 3.5115 3.362 J .1211 2. salt Z.631 Z.30'1 z.~97 1.1116 l. 52& 1.zzs 
5.315 5. 11+2 ... '1511 ... 7&l i.. 5511 ... 31o3 ... t 111 1.s82 J.637 3. Jiil J.tn 2.111t6 z.5&3 2.2n 1. '17Z 

10 
6. a az 5. 9J7 5. 721 5. 52r. 5.317 5. 1 o o "· 1173 '4.63& It. l'IO r.. ui. J.11611 3. 5'11t 3.110 3.017 z.116 
6. Sitt! 6.671 6. It Ill 6.285 6.076 5.115 7 5.&z9 5.390 5.1 r.2 ... !115 <t.61S "· 3r.2 ". oc; 1 J. 7&3 J ... 60 

_ 1.&11t 7 .'i.15 1.zi,c; 7. Or+5 &.a1s 6.&11+ 6. 35'4 &.11.i, 5. 59r. 5. &Jc; 5.3&7 5. Ot!'l lt.1!03 ... so 1 _ "· zcl 
ll.J7q 5.1 'Ill 8. 007 1.11oc; 1. 5 ~3 7.371 1. t:J<f 6. ~'17 6.61+6 6.3115 6.11& 5.1137 5.5<t9 5.252 ... 'lft 7 
'l.l <t5 6.'162 8. 765 8. 565 8. l 51 a.121 T. 593 7.650 7.l97 7.135 6.116<t 6. 5114 6.2q5 5. qq7 5.6'!0 

15 "· 'flO 'I. 725 'I. 'i JO 9. JZr. 9,108 11. ll~l 11. &r.a 8 ... 0 J 8.11+'1 7 .11115 7.613 1. ll1 1. o i, 1 &. 7'41 & ... Jl 
10. 6 75 10.lt~S 10.2<i1 10. 0'3 CJ. 8E>& q.639 9. It JZ 9 .15 !: 5.CJOO ~. 635 11.1&1 8. 0 7 5 7.756 7. t.6F; 7.176 w 11.1tJq 11. 251 11.052 10. 'lt3 10.623 10.395 10. 15& 'J. '10 II 9.651 q .3115 q.1oq 11. 825 e.•n2 a.230 7.CJZO N 0 ,_. ::$2 12.zoi, 12.au 11.111.3 11.602 u • .! 111 11.150 10.'HO 10.6&1. 10.i.02 1Q.1J<t 9.45~ '!. 572 q.zrs a. q75 _ 8.663 

0 lZ.969 12.77& 12.513 1Z.l6t 12. 138 11. 90 6 11. 661t 11. 4il u. t 5J 10. es" 10.606 10.J1q 1a.a21 9.719 q ... 111; 

20 11! 733 13.539 13.l~" u. 120 1 z. sqr; 12. 6&2 1z.'t111 12.166 11.q Oft 11. 63 .. 11.J51t 11. 066 10.7&'3 10 ... 6 .. 10.tlt'J 

>- 1 "· .. 'ii! 1 It. JJ1 tit. 095 1.3. e; q 13.&53 1l. 41 T 1 J. 1 7 l 12.919 1Z. 651'> 12. 3111, 12. 1c3 11.s11 11 ·Si 5 11.2011 1!!-89~ 

f- 15. 262 15.C61t 11o. 115& l't.&38 1It.lol0 1 ... 11 l l l. q 27 13.671 13.:.07 ll.13 .. iZ.851 12.5&0 12.261 u. ':153 11.r.37 
,__, 1&. 0'7 1 5. ez 1 15.617 15.397 15.1&8 i<o.92q t ... {, ~ 1 1'4.421, 11+.1se 13.881+ 13.600 13. JO e 13.007 1Z.ECJ8 12.JSl 
:z: 1&. 792 16.5'10 1&.375 1&. 15 6 15.'IZ5 15.61S5 l 5. "l& 15.17 7 11t. c;10 lit. &31+ 1i.. 3'4'1 1"· 05& 13.751o 13.<tlol 1J.125 ,__, 

tr.557 17. 35 3 11.13'! 10.91& 1fi. & 83 16.4~1 1 i.. 80 3 11+. 5 a o 1r..1 eq 13. lll:'f _J 25 H>-1 '10 15."l.H 15. &62 15.3~r. 15. O'l~ 
c::( 1S.l22 1e.11& 17.901 i..1.£> 1& 17 ..... 1 17. ! q~ 16. 'lt.5 16.&81t 1&.r.11t 1&.135 15. a .. e 1 5. 55 2 15.Zlt7 1i,.-q 35 lit. &tit 
V) 1'1.087 1 ~. 880 1 a. &6Z 18 ... 3& 1~.200 l r. c:is5 11. 7 01 17 ... 3 8 11.1&& 1&. 886 16.597 1 "'· 30 0 15.995 15.f>l!t 15.359 

1'1.853 19.&ltl 19.i, zr. l'l.19& !e.958 1 e.11 z 1 !I ... 56 111.1"12 17-919 17. 63 7 17. 3<t7 1 7. Clo q 16.TltZ 16. l+Z 8 16.105 
20.61'1 20.~011 20. 1117 1'1.CJ57 1 CJ. 71 7 1 CJ. r.6 CJ 1q.212 111.'llt& 111.&72 111.Jsq ta.0911 11. 7911 11.1+90 17. li'5 1&.e51 
21.385 21.172 za. 91tCJ 20. 11 a 20 ... 77 20.221 19.9&a 19. 701 1'1.<t25 1CJ.1r.1 18. 81t'l t 8. Sit 8 18. ~ 3 'I 17. '3~~ s.z.s9z 

30 zz.1c;z 21. 93 7 Zl.713 21.479 21.Zl6 Z0."!115 za.rzs 20 .1+56 20 .119 1q.89<t 19. 6 00 1 "· zqe 18. 91!" 18.670 1 s. J It .. 
22.c:119 22.7u2 zz.4 76 2z. 21+1 Z!.'1'17 21. 71tlt 21. r.112 21.212 20.'lllt 20.&r.1 20.352 2 0. QC, 9 19.738 1 '1.1+1'1 1'l.091 
23.&117 23. r.611 23.21+0 23.003 22.757 22.503 zz. ""o 21. 966 21.689 21.1+01 z 1. t oi. 20.1100 20 .<tllll 20. lb 8 t'l.11"0 
2r..i,s5 2<t.235 Zit. 0&5 2 3. 7& 6 Zl.519 2 3. 26 J 22. CJ98 22. 725 22 ....... ZZ.155 21.1157 21.552 21.239 20.917 Z0.5115 

35 
25.ZZI+ 25.0iH 21+. 770 Zlt.530 zi..2 H 2'4.023 Zl.757 2J.lt63 23.200 22.910 22. 611 22. 30 .. 21.990 21. 6611 21.338 
25. 9'13 z5.7Ei9 25.536 25.2'11+ 25.0r.3 zi,. 711'4 Zit. 51& Zit. 21t1 z3.957 23.&65 23.3&5 2 ;s. gs 5 22. , .. ~ zz. 1t19 2Z,Q811 
26. 7&J 2 6. 53 7 2&.302 2&. 05 II 25. ao& 25.51+5 2s.211 21t.99CJ 24. 71'4 21+. 1+21 21t.12a z J. 811 23 ... 95 23.171 22.839 
27.53r. 27.30& 27.069 2&.8Zlo 26.570 2G.30S 2&.037 25. 75 '3 z5. r. n 25. 17 5 21+. 8 7& 21+. 56& zi.. zi.8 z3.qz3 23.590 
28.J05 z 11. 07 5 Z1. 637 27.5'10 27. l 3'4 27.071 Z&. 799 26.'H9 2&.231 25. 936 25. 632 25. 3Z 1 25.003 Zit. 67 7 24. 3 ltl 

40 29. Ci 77 25.81t& 28.605 2 8.J 5 7 ze.100 27.8.!t, 27.561 27.21!0 26.991 26.G'lr. 26.1qo 26.0711 25.758 25. 431 25.09& 
29. er; o 2'l.b17 29. 3 75 2'1. t?lt 28.Sf>& 2 ~. 5<;q ze • .J21t z~.J'42 27.751 2 7. 453 27 .11t I! 2 t;. 8 35 26.511t Z&.186 25.851 

* Sigma-t (CJ t) is defined as: (density-1) x 103. For example, 
for seawater with a density of 1.02500 g/ cm 3 , CJt = 25. 



Table VI-19c 

WATER DENSITIES (EXPRESSED AS SIGMA-T) * CALCULATED USING THE 
DENSITY SUBROUTINE FOUND IN MERGE 

TEMPERATURE ( ° C) 
30 32 34 36 38 40 42 44 

0 -~.2qi _,._5q7 -i..•Hz -5. z 35 -5.5&7 -5. 'lQ f) -&.z5i, -6 .e. 10 -&.'!73 - 7. 31,5 -7.72l - 11. 110 -11.5~ 3 -8- 'lO .. -9.J13 
-3.5 .. 5 - 3. 5'iJ - ... 1&'! -'+. lo9'4 -i..11z1 -5.168 -5.511! -5.1175 -&.z:.o -&.&13 -6.'lB -_ 7. 3!11 -1.111 - 8. 1!10 -8.590 
-z.1100 -3.10'! -3 ... 21 -J.753 -r..oee _,. ... JD _.,_ 781 -5.1"0 -5 .507 -5.631 -&.Z&3 -&.&53 -7. 05 0 -1. '+55 -7. 867 
-2.055 -Z.Jof> -Z.&11'> -3. JH -J.31o9 -3. &'!l -i.. 0<.5 -'+. ,.g5 _.,_,, .. -5.150 -5. 5 31+ -5.'l25 -&.3Z" -6. Tl D -1.1 .... 
-1.311 -1.623 -1. 'l .. l -2. 2 73 -z.&10 -z. 956 -3. 3 09 -3.671 -4.0 .. 1 - ... '41 II -'t ~ e or. -5.1'l7 -5.597 -6. 006 -6.ltZI, 5 -D.567 -o. e'G -1.202 -1.533 -1. 11 rz -Z.Zt'l -Z.57" -Z.937 -3. 3 08 -J.687 -4. 0 7'+ - ... <+&'l -i..1111 -5.2111 -5.&'HI 

.177 -0.135 -o.i,01·-0.193 -1.134 -1.'482 -1. 53 9 -2.203. -2. s 7& -2. q5r, -3. J i,5 -3. 7'41 -4.t .. 5 ·l+.556 .... 975 
• 920 .6a .. .21o; -o.osr. -0.3% -0.7<o5 - 1. 1 03 -1.'+69 -1. 8<t3 - 2. ZZ5 -2.615 - J. 013 -J. i,1 e -3. e:u -lt.252 

1.&f,J 1 • .3 .. 5 1.019 • &85 • 3'+2 -0. 0 O'l -o. J&a -c. 736 -1.111 -1. lo'llt -1.ae& -2.265 -2.&91 -3.106 -3. 52 ll 
2.<t06 z. c S7 1.759 1. t, 2 .. l.. Q 7'! • 72 7 • 367 -0.JOZ -o. 37'! - 0. 76 3 -1.1se. -1.556 -1. 'l6'5 -z. 380 -z. !SOit 10 J.1c.8 2. e2 a 2. lt'l<; 2.ir,2 1.s11 1 ... 63 1. 1 Cl .7.H • 351+ -O.Jl2 -0 ... 2& -Q. 82 a -i. z~ a -1. ~~<; -z. D aa 
J.890 3.569 3*23<3 2. 'JO 1 z.55 .. Zol<J'l 1. 836 1 ... 65 1. 0 6& • 6'l'l • 3 0 .. - o. !l9<; -0.510 - c. '!Z 9 -1. 355 
... 633 ~ "· 31 a .3. 'l79 3. &3 9 3.zq1 2.935 2. 571 Z.1'!9 1.811! 1. <tlO _i.a.si._ _.62'l .211 -0.203 -0.630 
5 .3 75 5. 051 !i c 113 "· 37 a ... 029 3. &71 l. 306 2.'!32 z. 551 2.1&1 1.1 &it 1.35a • '!1+5 • 524 • 095 
&.1F 5.7<J2 5. 458 5. 116 ... 766 ". ,.o a "· or.1 3.&66 3 .2e1t Z.8'!3 Z.<t9t. z.oss 1.673 ~.251 • azo 15 &.85'1 6.532 &.1'l~ s.~5c; 5. 5 0 3 c;. 1 lo .. ... 776 ". i. a o ... 01& 3.625 3 .2 25 2.1111 2. <tO 1 1.<l7e 1. Sft7 

0 7.&01 7.273 &.qJ7 6. 593 6. 2<,t s.~~o s. <; 11 5.13<. i..750 to. 35 T J.'l5& 3. 51o 7 J.1.JG z. 70 & z. z 73 
-R a.3r.3 a.Olio 7. 677 7. -HZ &.'!78 6.&1 7 6. 2<+7 5.s&q 5. lo83 5.G8<J ... & a1 "'· 277 3.~&0 3 ... 3 .. 3. 001 w 0 'f.085 0.755 e ... 11 s. 0 7 0 7. 71& 1.353 Ei. 9112 !) • 60 .. 6.217 5. llZZ 5. "1 '* 5.008 ... 559 ... 163 J. 72& N 

N 20 9.827 9.'+'I& '1.157 8. 80 'I a.<ts<t s. 0'10 7. TUI 7.338 6.951 &.555 &.151 5. 739 5.320 It. 8'!2 It. lo57 
>- 10.5&'! 10. 237 '!.~qr 

"· 5" 'l 'l. 1'! 2 '. az 1 II. '41'5 a .a 1" 7.&85 7.21!6 6. 681t 6 ... 71 6. Q 51! 5.622 5.186 
f- 11.312 1D. '!7 q 10.638 10.2611 9. 931 9.565 "· 1 '11 !I. ISO 'I a ... 20 11. 022 1. &17 1. 20 3 6. 7 82 &. 353 5. 'J15 ....... 1z.g55 11. 721 !.1. 37~ 11.oza 10. && 'l lJ.JOl 'l. 'l 26 9.5 .. 6 'l.155 !I. 757 e. 3 50 1. 93& 7.51ft 1. ca .. 6. 64& z: 12.798 12. It& 3 12.11'1 11.768 11.1t oe 11.oi.1 10. &66 10.2112 "· 8'!1 "· .. 91 q. 0 84 e. &&9 8.2 .. 6 1. 816 7.377 ,_., 
-' 13.5'+1 13.zc5 12.llbl 12. 5Qll 12.1'48 11.1110 11. loOJ 11.010: 10. &27 10.221 'l.81'1 "· '40 3 8.980 8.51+8 a.109 
<::( 25 ic,.z~5 l, l. 9<t II 13.602 u. z,.9 12.8611 12.51'1 12-1<+2 11. 75 7 11. 36 .. lil.%3 10.55<t 10.131! "· 714 9. 2112 o. ai.2 Vl 15. o zq 11+. 6'H lit. 3c,5 13. 'l'!O 13.626 1 l. 25 ii 12. !let 12. i,9c:; 12.101 11.700 11.Z'll 10.37'4 lD .<t .. '1 10.01& 9.576 

15.773 15. lo3<t 15.067 1<t. 7 J 2 1 ... 36'1 U.''l'l'l 13. b~O 13 .z:n 1z.a3q 12. lt37 12.021 11. &l 0 11.161, 10. 751 10.310 
1&.51$ 10. 178 15. !! 30 15. <+7'5 1s.111 1<.. 1'3'! 1 ... l& 0 1l.'l7J 1l.57!1 13. 175 12.7&5 1 z. 1 .. 7 u.'!21 u. i.a r 11. Olt6 
t7.Z61t 1&.'123 16. 5 71t 16. 21 T 15.653 15.i.H 15. 10i I .. ~713 1'<.J17 l J. 'lt i. 13.50J 13. 06" 12. 65" 1z.zz .. 11. 7 82 30 1e.01a 1 r. E>& a 17.3te 1&. %1 i6.5'l6 16.223 15. e .. z 15 .<t'54 15.057 1 '4. &5 .. tit. 2'>2 13. ~2 3 13.396 12. 'l6Z 12.sza 
1!1.757 1a. i.11t 16. c 63 17. 7U5 11. 339 !60% 5 1b!>s54 lfi.195 15. 7'!11 15 .J'l'+ !lt.962 !4~563 1c..1Jc 13. 701 13.254 
19.504 1'l.1& a 15. 609 18. 45 0 1 s. a eJ 17.70'! 17 •. 127 1b.q37 16.S<tQ 1&.135 15.723 15.303 11+.lHc 1 ....... 1 13. 'l'!!I zo.2sz 1'!.907 19.555 19.195 Ul.826 111.i,53 16.070 11.&ao 11.z a3 1&. 87!1 16~" &5 1£>.0lo5 15.&17 15. 182 1 ... 739 

35 21.000 20.f>55 20. H2 t 'l. 91t1 l'l.573 t 'l. i q '! 1 e. ~ 15 1~ ... 2 .. 18.026 11. 62 i. 1r.2ae 1 6. 1 er lo.J5'l 15.'ll<, 15. 1te1 21. , .. q 21 ... o 3 Z1.Q50 20. & 6 8 20.120 1 'l.9r.<+ 1'i.560 19 .16 <J 16. 771 1a.J&5 ti.'152 1 7. 531 17.103 16.667 1 &. Z Zit 
z2.1o9q 22. 1'5 3 21.798 21. 43& Zl.067 20.b'lO 20. 3 C6 1 'l. '!15 1'1.51& 19.110 18.6% 1e.2r& t7.81t7 11.1o12 16.%'1 z:s.zso 2 2. 'lO l 22.S<tf ZZ.165 Zl·H'> Z1 oC.311 2 i. a 5i. 20.&62 ZO .Z63 19. 85& 19. ,. .. z 19.n21 111.593 111.157 17. 71., z,.. o a 2 2 3. 65 3 Z3.Z'l& 2Z.'B5 ZZ.56Co z z.1 !17 l 1. II CZ 21 ... a9 21.010 z o. 60 J 20.1 'lO 1<J. 76>6 1q.3 .. 0 18.C!Olt t 8.lo61 

40 21+.751+ zi.. <.C5 2 ... 0 ~q Z3.6~5 Z3. Hit 22.<n6 .:.':'."><;l 22.15a 21.75'1 21. 352 2Q.<JH 20.S17 zo.aee i<J.&5~ J. 'l• 21 D lS. 5,;5 ZS 0 l58 Zif. ~01 21.i. '.t ~ 7 ;>". 0 "'" 23.T"i3 Z-2.:1 .-,3 OJ. Z.L, Sil fl .Z1.. 5 'F! Z."= 1D1 '-~-!laZ i:.1· ~6e lO. !3 & ;:o.<+o?.J9._J&q 

* Sigma-t (at) is defined as: (density-1) x 10 3
• For example, 

for seawater with a density of 1. 02500 g/cm 3
, 0t = 25. 



trajectories of horizontally discharged buoyant plumes, a larger coefficient is 
required. Consequently the aspiration coefficient must be variable. 

Although relatively advanced, MERGE does have its limitations. Some of 
these are a result of the assumptions already discussed. For example, the plumes 

are assumed to be round, whereas some evidence indicates substantial deviation 
from this idealization (Abramovich, 1963). Other important limitations are 

listed below. 

1. Diffuser parallel current: The model does not predict plume 

dilution for cases of current flowing parallel to the diffuser 
pipe. This is a severe limitation especially in some ocean 

applications because this case may be expected to result in the 

lowest initial dilutions. 

2. Surface entrainment interference: The model does not properly 
account for interfacial boundary conditions. Dilutions near the 
surface or bottom may be overestimated because entrainment will be 
assumed where water is unavailable for entrainment. 

3. Horizontal homogeneity: The model assumes homogeneous horizontal 

current although bottom topography, internal waves, or other 

factors may cause considerable spatial flow variations. This is in 
addition to temporal variations which are excluded by virture of 
assumed steady-state. 

4. Uniform discharge: It is assumed that an infinitely long diffuser 
exists for which there is no port-to-port variation in effluent 
characteristics. 
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The success of a set of tables in describing an infinite number of possible 
diffuser, effluent, and ambient flow configurations depends on the principles of 

similarity. Basically, similarity theory states that model and prototype will 

display equivalent behavior if a limited number of similarity conditions or 

parameters are preserved. Equivalent behavior means that relative to appropriate 

measures the behavior will be equal. For example, if all similarity parameters 

are preserved, then the height of rise predicted by the model and observed in the 

prototype will be equal when measured in terms of the initial diameters of the 
corresponding plumes. 

The number of similarity conditions is determined by the difference between 
the number of independent variables and primary variables involved in the problem 

(Streeter, 1961). Primary variables must include mass, time, and distance. The 

present problem involves eleven independent variables implying eight similarity 

conditions. The independent variables, corresponding symbols, units, similarity 

parameters, and their names are listed in Table VI-20. As the dilution tables 

are based on a linear equation of state, the effluent and ambient densities Pe 

and Pa' respectively, replace four independent variables: the effluent and 

ambient salinities and temperatures. This effectively reduces the number of 

similarity conditions by two to six. 

It is advantageous to further reduce the number of similarity conditions to 
minimize the number of tables necessary to represent the flow configuratons of 

interest. From experimental observations, it is found that plume behavior is 

basically invariant for large Reynolds numbers reducing the number of similarity 
conditions to five. Finally, the ratio Pe/Pa and the stratification parameter 
can be combined in a composite stratification parameter, SP, where, 

This is a satisfactory similarity parameter providing that differences in 
model and prototype densities are not too great. The assumption is valid for 

discharge of municipal waste water into estuarine or coastal waters. 

Figures VI-28 and VI-29 demonstrate the effectiveness of this parameter. The 

same similarity conditions are shared for both cases. The two figures show rise 
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Table VI-20 

PLUME VARIABLES, UNITS, AND SIMILARITY CONDITIONS 

Variable Symbol Units Dimensionless Sim. Parm 

Effluent density Pe ML- 3 
none--primary variable 

Effluent velocity v LT- 1 
none--primary variable 

Effective diameter do L none--primary variable 
Ambient density Pa ML- 3 

Pel Pa 
Reduced gravity g' L T- 2 

v/v'Ci'do 

Density stratification dpa/dz ML- 4 
Pe/(d0 dpa/dz) 

Current velocity Lia LT- 1 
Ua/V 

Kinematic viscosity \) 

2. -1 
L T do/v 

Port spacing s1 L S1/do 

Notes: 1. 

2. 

g' = ((pa-Pe)/pe)g where g is the acceleration of gravity (9.807 msec-?.). 

In the present application a composite stratification parameter, SP, is used in 

Name 

none 

none 
none 

density ratio 
densimetric Froude 

number: Fr 

stratification parm. 

current to effluent 
velocity ratio: k 

Reynolds number: Re 

Port spacing parm.: 
PS 

lieu of the density ratio and the stratification parameter. SP= (pa-Pe)/(d0 dpa/dz). 
3. The diameter, d is taken to be the vena contracta diameter. 
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••••• TEST or CO .. POSJTE STRATIFICATION PARAMETER 

JNPUT DATA PSEUDO•ECHO 

u 
7,0200 

v 
0,0000 

A 
0, 1160 

T 
0,0000 

NOP JTfR lfRQ NAA NAB NAC lOENSN 
2 1000 75 0 0 0 1 

s 
0.0000 

B SPC 
0,0500 J00,0000 

ALT llf'.N 
0,0000 

(If IDENS~st THEN DENSITY VERSION USED••USE 2ND SIGMAT COL> 

A"'81ENT STllATJFJCATJON (AND CALCULATED SIGMAT) 

DEPTH CM) 
0,001) 

10,000 

TEMP(Cl SAL(0/00) 
o,ooo 0,000 
0,000 0,000 

CUACUS) 
0,000 
0,000 

EFFLUX TO CURRFNT PATIO(K) , , ,a 
OF.N5l"'E11HC fROllDE NO, , 
VOLUME FLUX(M••l/S), , , 

.. ... 
O!PTH AVE STRATJFJCATION PARM, ,: 
DEPTH(M) • • • • • • • • • 
DISCHARGE VELOCJTf(M/S), 
CttRRfNT SP~EO(M/S) 
POAT HAOJUS(MJ , , 
POAT SPAC1HGCM), • , 

•" 
,: .. 
•• . .. 

99999,0 
4 3, l 

0,055 
3703, 7 

10,0 
7,02 

0,0(10 
0,0!>00 
100.00 

- - ----- - -- - --- - - -- -- -

SJGMAT 
•0,093 
•0,09l 

5JG'4AT(DEN VER) 
0,000 

27 .ooo 

- -- - . --- - -- -
MODEL OUTPUT AFTER •J• ITf.RATIONS 

J HOR CUll(Xl DEPTH(Z) OlAMEHP YOL OIL HOR YEL(U) Yf'.R VELCV) 
1 0.001 10.000 0, I llO l,Oll7 6,Q72 0,001) 

25 0,040 J0,000 0,118 l,JR4 5,903 0,001 
so o.on l 0, 1)00 0,140 1,403 4,964 0,0(1) 
75 0, 143 10,000 0, 167 I, 61;4 4, 174 I), ll04 

JOO 0.210 l 0, OIJO 0, 198 1,973 ),510 0,006 
125 0,2QO 10,000 o. 235 2.lU 2,9S2 0,01)8 
I !:>O 1),365 9,999 0,279 2,7RO 2,482 0,010 
17 5 0,497 9,999 n,JJ2 J,)01 2,087 0, I) l 2 
200 0,6)2 9,998 0,)95 J ,o?J I, 7 55 0,015 
22~ 0,792 9,99& 0,41>9 4. 6!'> 1 1,476 0,019 
250 0,992 9,993 0,559 5. ';]4 I, 24 l 0. 021 
275 1,208 9,989 0. 6t> 3 6,576 I, 044 0,026 
300 l. 477 9,9Rl 0,7&8 7.815 0,87R 0. 0)1 
325 1, 1Q1 9,9b7 0. 936 9,2R9 0, 73R 0, 037 
150 2, 177 9,944 I , 11 3 11. 04 2 0,620 0,043 
J75 2,628 9,907 I , 3 2 I lJ, 127 o. 522 0,051 
400 3.162 9,945 1 , 5 6 R 15,606 0,439 0,058 
425 3,792 9, 141 1,859 18,555 0,369 0,065 
450 4 ,534 9,601 2.202 22.064 1),310 0,067 

N0'4INAL TRAPPING LEVEL REACHED 
469 5, I 84 9,454 2 ,509 25 .1 f.9 0 .212 0,062 
415 5,408 9,401 2,615 26,238 0,261 o,05q 
5 00 6 ,4 57 9 .196 l.130 31.204 0.219 O ,O)J 

. . -.- - -
(MKS UNITS) 

TOTAL VEL 
b,Q72 
5,90J 
4,964 
4, 174 
l.510 
2,952 
2,482 
2, 08 I 
I, 1SS 
l ,47b 
1.241 
1.044 
0 ,(178 
0. 7 JIJ 
0,622 
0. !">2 4 
0,443 
0. 3 7 5 
0.111 

0,279 
0,268 
0.221 

- - --. - - -- -- --- - - -- . - . 
OEN Olff TIME CURRENT 

26,ql) 0,000 1),000 
22,704 0,006 0,000 
19,002 0.015 0,01)0 
16, O'i4 0,027 0,000 
13,SOO 0,045 n,ooo 
I I, 351 0,070 o,ooo 
0,545 0, I 05 0,000 
8,025 0, 155 0,000 
6, 7 46 0.226 0,001) 
5,66A 0. )2b o,ooo 
4,1~0 0,468 o,ono 
l,991 0,bf.8 o,ono 
3,Bb 0,951 o,ono 
2,77?. 1,352 0,00(1 

2,276 I, 917 o,ono 
1, ~72 2. 71 !i o,ooo 
1,3A2 3. y 39 n, Olln 
o, Q?) 5,416 o,ooo 
0 ,417 7 ,b24 0,000 

•O,OllJ 9 ,977 o ,ono 
·O, I 35 IO, 720 0,000 
•o .6 27 1s.1l7 o.ooo 

519 7,41\7 9.ln l,S'i2 lS,f'~I. !J, 192 -o,oor t>, l 92 -o, 74n t9,7~9 o,ooo 

FIGURE VI-28 EXAMPLE OUTPUT OF MERGE - (ASE l 
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CASl NUM&ER 2 

••••• TEST or COMPOSITE 6TRATlfJCATION PARAMETER 

INPUT DATA PSEUDO•ECHO 

II 
2.HOO 

v 
0.0000 -n.1160 

T 
0.0000 

NDP lTfR IrRO NAA NAB NAC IDENSW 
2 1000 25 0 0 0 l 

II 
o.ouoo 

R 51'C 
o.osoo 100.0000 

(lf JDENSW•l THEN DENSITY VERSION US£D••USE 2ND SIGMAT COL) 

AMRIENT STRATlflCATION (AND CALCULAT£D SIGMAT) 

DEPTH(lll) 
o.ooo 

to.ooo 
f[MPlCl SAL(0/00) 

o,ooo o.ooo 
o.ooo o.ooo 

CUR(M/Sl 
o.ooo 
0,000 

trrLUX TO CUHRf.NT RA1IO(K) -•••• 
DENSIM~TRIC FROUOE NO, , 0 • 

VOLUME FLUX(Mtt]/~). , • 0 • 

DEPTH AVE STRATlrICATION PlRM, .• 
D£PTH(M) • • • • • • • • • • , ,a 
DlSCHAHGE VELOCITY(M/S). • , , ,• 
CURRENT ~Pfr.O(M/Sl 0 , ,• 

PORT HAOIUS(M) , , , , 0 • , , 0 • 

PORT SPACING(M), , • • • • • , .• 

99999,0 
43,l 

0,018 
lllll,3 

10,0 
2,H 

0.0110 
o.osoo 
100,00 

SlGMAT 
·o.n93 
•0.093 

SJGMAT(OEN VER) 
0.1100 
J,000 

ALT DEN 
0,0000 

- - -- - - -- . - - - - . -. - -. - - - --- - - . -- - - -. . . . ---. . . - --- --- . - - - - - --. . -. 
MOOt.L OUTPUT AFTER •J• ITf.RUlONS (MKS UNlTSl 

J HOR COR(Xl DEPTH CZ) DIAlolETER VOL OIL HOR VELCUl YER VEL(Yl TOTAL V~L DEN OJH TIME CURRENT 
1 0.001 10.000 0.100 1.no1 2. 324 0,000 2. 324 2,979 0,001 0,000 

25 0,041 10,000 0.11 e 1,189 1,969 o,ooo 1.9b~ 2. 5'3 0,019 0,000 
50 O,OA9 10,000 0,141 1,413 1,655 0,001 1 ,655 2. I 2 I 0,046 0,000 
75 0,146 10,000 0,167 1, f\80 I, J 91 0,001 I. 391 1. H4 0,084 1),000 

100 0,214 10.000 0.199 1,997 I, l 70 0,002 1.110 1,500 0, I JB o,ooo 
125 0,295 10,000 o. 2 J7 2. 374 0,984 0,00) 0,984 1 • '61 0,214 o,ooo 
150 0,192 9,999 0,282 2 ,873 0. 927 O,OOJ o, e 27 l. 061 0. 322 o,noo 
17S 0,506 9,999 0,335 3.) 5,; 0,696 0,004 0,1>96 O,R92 0,47~ o.ooo 200 0.,. 4 3 9,998 0,3'19 ] • 9 91 0,585 0,005 0,5YS 0.749 0,6A9 0,000 
22 5 0,805 9.996 0,473 4. 746 0,492 0,006 o.492 0.610 0, 994 0,000 250 0,998 9,'193 n,563 5,64) 0.414 0,001 0,414 0,529 l. 4 25 o,ooo 215 l. 227 9,9AR 0,669 b. 71 0 0,)4R 0,009 0. 34~ 0,44) i. 034 o.ooo 300 1.soo 9.980 0,796 7,97'1 0.2~1 0,011 0,293 0. 370 2. 8 "'~ o,noo 325 1,824 9.91>6 0,9H> 9,48R 0,246 0.011 0,246 0 • 10R 4. 11 2 n, ooo 350 2,209 9,942 1 •I 24 11,2~3 0.207 0.fl15 0,207 0,252 S.~JO 0,000 375 2,666 9,902 1,llb 13.417 0,174 0.011 0, 175 0,201 8,254 0,000 400 3.2116 9,8)8 I, 58 5 IS,'155 0,146 0,020 0,148 0. 15:;> ll,bb6 0,000 425 3,843 9. 736 1,879 18. 913 0,123 0.022 0,125 0,100 16,450 0,000 
450 4.592 9.585 2,225 22,563 0.103 0.021 0.106 o.oo 23,140 o.ooo 

NOMINAL TRAPPING LEVE[, REACHED 
468 5. 21 3 9,443 2 .518 25.561 0,091 o.on 0,094 -0.002 29,563 o,ooo 
475 5,476 9.382 2,644 26,Rl2 0,087 0.010 0,089 -0.019 32.525 0,000 
500 ti .s n 9 ,1 77 3 .1 67 l! .9 09 0 .o 73 0.o10 0 .o 74 •o .o 73 4~,931 0 .ooo 
517 7. ]90 9. lli ) • !i8] 35',900 0,0b!i o.ooa 0.06!> .0.093 s~.l7e o,ooo 

FIGURE VI-29 EXAMPLE OUTPUT OF MERGE - CASE 2 



and dilution to be within about a percent of each other even though the 
stratification and initial buoyancies are much different. With only four 

similarity conditions to be satisfied, the problem can be represented by 

considerably fewer model runs than if six similarity conditions were 
required. 

6.5.2.4 Table Usage 

To use the dilution tables to estimate dilutions, it is necessary to 

calculate the appropriate similarity parameters and know the depth of the 
outfall. Calculation of the four similarity parameters Fr, SP, k, and PS, 

given in Table VI-20 requires knowledge of all the variables except v. The 
dilution tables are shown in Appendix G. 

The depth used in the dilution tables is expressed in terms of the 

diameter of the ports; that is, the vena contracta diameter. For 

bell-mouthed ports, this diameter is approximately equal to the physical 
diameter of the port. Thus, if the actual depth of water is 10 m and the 

port diameter is 10 cm, then the depth of water is 100-port diameters. 

The dilution tables are numbered from 1 through 100 and are grouped by 

port spacing as listed below: 

Tables Port Spacing (PS) (Diameters) 

1-20 2 

21-40 5 
41-60 10 

61-80 25 

81-100 1000 (effluent from each port 
acts as a single plume) 

Each group of 20 is further subdivided by current velocity to effluent 

velocity ratio (k), i.e., 
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Tables 

1--5 

6-10 

11-15 

16-20 

Current Velocity to Effluent 

Velocity Ratio (k) 

0.1 

0.05 

0.02 

0.00 (no current) 

Each subgroup of five tables is comprised of tables of varying composite 

density stratification (SP): 

Tables 

1 

2 

3 

4 

5 

Composite Stratification Parameter (SP) 

200 (high stratification) 

500 
2000 

10000 

infinity (no stratification) 

Finally, each table includes densimetric Froude number, Fr= 1, 3, 10, 30, 

100, and 1000 to represent cases ranging from highly buoyant plumes to 

almost pure jets. The dilutions are tabulated with plume rise. The 

following examples demonstrate how the tables may be applied. 

EXAMPLE VI-11 

Calculation of Initial Dilution 

fxampJ~. This example demonstrates many of the basic features of the 

dilution tables and their usage. It also includes a method for estimating 
the plume diameter indirectly using information derived from the tables. 

The method is used in cases of unmerged or slightly merged plumes and is 
necessary to better estimate plume dilution when the plume is shown to 
interact with the water surface. 
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Given that waste water is discharged horizontally at a depth of 66 m from a 
simple pipe opening and that: 

u a 

v 

L 

= the current velocity = 0.15 m/s 

= the effluent velocity = 1.5 m/s 

= the effluent density = 1000 kg/m 3 

= the ambient density at discharge depth = 1015 kg/m3 

= the port spacing = 3.4 m 

d
0 

= the port discharge vena contracta diameter = 1.7 m, and 

d%/dz =the ambient density stratification = 0.0441 kg/m 4 • 

The four similarity parameters necessary to use the tables are: 

Fr = the densimetric Froude number = 3.0 

k = the current to effluent velocity ratio = 0.1 

SP = the composite stratification parameter = 200, and 

PS = the port spacing parameter = infinity. 

The infinite port spacing indicates that the dilutions will be found in the 
last 20 tables of the dilution tables in Appendix G, i.e. Tables 81-100. These 
tables are appropriate because merging does not occur with PS = infinite. The 

current to effluent velocity ratio of 0.1 indicates that the appropriate 
dilutions are among the first five of these 20 tables. The stratification 

parameter 200 identifies the first of these five tables as the correct reference 
location. Finally, the densimetric Froude number of 3.0 isolates the second 

column as the one containing the information of interest. 
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The column of dilutions contains a wealth of information about the plume 
whose overall behavior is described in Figure VI-30. After rising one diameter 

(1.7 m), the average plume dilution (expressed in terms of volume dilution) is 

2.8. In other words, a given amount of plume volume has been diluted with 1.8 

times as much ambient fluid. After rising 2 diameters (3.4 m), the average 
dilution is 3.7, and so on. At 15 diameters rise, the dilution is 21.4. The 

next entry follows in a line headed by 11 T", indicating that the initial trapping 

level has been reached. This means that the plume and ambient densities are 

equal at this level and momentary equilibrium has been attained. The 11 trapping 11 

level dilution is 26.2 and the corresponding plume rise, set off in parentheses 

to the right of the dilution, is 17.0 diameters. The parentheses are a mnemonic 

for indicating trapping while values set off in square brackets are merging level 

plume rises. 

When a plume intercepts the water surface, it is deprived of some of its 

entraining surface and consequently the dilution is less than that indicated in 

the tables. For well-diluted, unmerged or slightly merged plumes, with k not 
equal to zero, the plume diameter, d, may be estimated: 

(VI-61) 

In dimensionless units, or diameters: 

d/d = fD7k 
0 

(VI-62) 

In the present case, the diameter at maximum rise calculated in this way is 25.2 
diameters (42.8m). Thus the top of the plume is 34.8 diameters (22.2 + 12.6) 

above the level of the outfall, i.e. 12.6 diameters above the plume centerline, 

and 5.2 diameters below the surface. Therefore, surface interaction does not 
occur. 

For the sake of comparison, the plume diameter calculated by the program at 

maximum rise is 23.5 diameters which compares favorably with the simplified 
estimate made above. 
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Exa~_!· Suppose that all the conditions given in Example A apply here 

except that the depth of water is only 29.7 diameters (50.5 m). Table 81 is 

again used to provide dilution estimates; however, surface interaction does 
occur. A conservative estimate of initial dilution is obtained by assuming that 

entrainment stops as soon as the top boundary of the plume intersects the 

surface. In reality, some additional ambient water could be expected to enter 

through the sides of the plume. 

When the centerline depth of the plume is 20 diameters, its dilution is 37.3 

and its approximate diameter is 19.4 diameters (33 m). Consequently, the top 

boundary of the plume is 29.7 diameters above the level of the outfall ~nd is 

equal to the depth of water. Thus the dilution of 37.3 provides a conservative 

estimate of initial dilution in this case. 

Example c. Suppose the following data apply: 

= 0.15 m/s 

v = 1.5 m/s 

= 1000 kg/m 

Pa = 1015 kg/m 

= 0.34 m 

- 0.17 m, and 

Then, Fr = 9.5, k = 0.1, SP = 2000, and PS = 2, and Table 3 in Appendix G is the 

appropriate source of dilution information. As the Froude number is almost equal 

to 10, column 3 information can be used without modification although 

interpolation may be appropriate in some applications. The plumes merge almost 

immediately at a dilution of 2.1. The initial trapping level is encountered 

after the plume rises 89.4 diameters (15.2 m). The maximum dilution is 76.2 

after rising 125 diameters (21.3 ). 
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For closely spaced plumes, the diameter may be estimated from the 
relationship: 

d/d
0 

= (n D) (4 k PS) (VI-63) 

The maximum diameter estimated in this way is 299 diameters (50.9 m). In 

contrast, the program gives a value of 268 diameters (45.5 m). No surface 
intraction occurs in deep water. In very shallow water, a conservative estimate 
of dilution may be made by dividing the total flow across the length of the 

diffuser by the flow through the diffuser. It is conservative because no 

aspiration entrainment is included in the estimate. 

Table 3 contains a blank entry in the second column of the 90-diameter rise 

line. The previous entry in the column indicates trapping. This means that 
trapping and the 90-diameter rise level occurred in the same iteration. 

Therefore, the dilution of 41.3 is the appropriate value for this blank. 

Example D. The methods given in Examples A and C for estimating the plume 
diameter are not accurate when intermediate degrees of merging exist. If surface 

interaction is important, it may be necessary to run the.model to obtain accurate 
plume diameter predictions. 

Example E. Sometimes outfalls or diffusers are located in water only a few 
port diameters deep and, as a result, initial dilutions may be expected to be 

quite small. However, after the plumes reach the surface, they still have 

substantial horizontal velocity and continue to entrain ambient water more 
vigorously than a plume whose trajectory is unhindered by surface constraints. 
The workbook by Shiraz; and Davis (1976) may be consulted to estimate additional 
dilution. 

Example F. Strong stratification inhibits plume rise. As stratification 

weakens, plume rise and dilution tend to increase. Predicting large dilutions 

and plume rises can require more program iterations than used to develop the 

tables in Appendix G. On the other hand, very large dilutions are usually of 

lesser interest. Consequently, the number of iterations is arbitrarily limited 
to 1000 and rise to 300 diameters. Table 94 provides examples in which the runs 
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for each densimetric Froude number are limited by the permitted number of 

iterations. The final dilutions listed are underlined to remind the user that 

larger dilutions and plume rises occur. When the rise limitation criterion has 

been reached, a rise of 300 diameters or slightly more will be indicated. 

Example G. Many diffusers have horizontally discharging paired ports on 

each side of the diffuser. In cross current, the resulting plume behavior 
appears somewhat like that shown in Figure VI-31. The upstream plume is bent 

over by the counter flowing current and ultimately may be entrained by the 

downstream plume. The entrainment of pollutant laden fluid will reduce the 

overall dilution in the merged plumes. Estimates of the magnitude of this effect 

may be made if it may be assumed that: 

1. the interaction occurs 

2. there is merging of adjacent plumes to assure cross diffuser 

merging and not interweaving of plumes 

3. the opposite plumes have similar rise and overall entrainment 

4. there are no surface constraints, and 

5. the actual (not permitted) rise is provided in the tables. 

The final dilution of the merged plumes, Of, is approximately: 

(VI-64) 

where D is the dilution at maximum rise of the downstream plume as given in the 

tables and De is the dilution of the downstream plume upon entry into the bottom 

of the bent over upstream plume (see Figure VI-31). De is estimated by finding 

the distance in diameters, Ze, between the depth at entry and the port depth. 
The dilution at this depth is read from the appropriate line in the dilution 

tables or interpolated. The maximum radius of the plume is added to the depth at 
which maximum rise occurs. The difference between the port depth and the depth 

so calculated is Ze. 
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Given that Fr = 3, PS = 25, SP = 2000, and k = 0.1, and that identical 

plumes are injected into the ambient water from both sides of the diffuser. From 

Table 63, it is found that the dilution is 270 and the rise is 55.1 diameters. 

The width of the plumes may be estimated: 

d/d
0 

= {n270)/[4(0.1)(25)] = 85 

(cf. the computer calculated width of 83 diameters). Therefore, the vertical 

distance between the ports and the plume entry level is 55.1-85/2 = 12.6 
diameters, and, De = 15.5 as estimated from the table at rise equal to 12 

diameters. Of may now be calculated: 

Df = 270/(2(270) - 15.5] = 139 

This result may have been anticipated: the dilution is effectively halved. This 

is the outcome whenever the entry level, Ze' is small. In many cases, halving 

the dilution provided in the tables gives an adequate estimate of the overall 

dilution achieved by the cross diffuser merging plumes. 

Example H. Given that PS = 25, SP = 200, k = 0.0, Fr = 10, and that an 

estimate of the centerline dilution at maximum rise is required. By consulting 

Table 77, it is found that the average dilution at maximum rise is 26.0. Since 

there is no current and virtually no merging, this value can be divided by 1.77 

to obtain the centerline dilution (based on a gaussian profile, see Teeter and 

Baumgartner, 1979). The centerline dilution is 14.7. 

With identical conditions except for port spacing of 2 instead of 25, 
~ 

Table 16 shows that the dilution at maximum rise is 11.6. The centerline 
dilution is again smaller but not by the same percentage amount. For the 3/2 
power profile, similar to the gaussian, the peak-to-mean ratio in stagnant 

ambient and complete merging is 1.43 (Teeter and Baumgartner, 1979). Thus the 
centerline dilution may be found to be 8.1. 

The peak-tc-~ean ratios given above are flow-weighted and are obtained 

through a stra~ghtfor~ard integration. U~fortunately the problem is not as 

si.:-.ple .... hen cui-r::r:t is ;:iresc:nt because the g:;ussicn or ot:1er ar-bitrary profiles 

of velocity are superi~pos2d onto a n2n-z2ro average velocity. Hence, in high 
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current, the peak-to-mean ratio for single plumes assuming the 3/2 power profile 
is 3.89. For merged plumes, the ratio is lower. For intermediate currents, the 
ratio is between the corresponding extremes depending on the degree of merging 

and the actual current velocity. 

Fortunately, many standards and regulations - for example, the 

Federal 30l(h) regulations - are written in terms of average dilutions. Also, 
repeated measurements in the field are likely to provide estimates of average 
concentrations before estimates of maximum concentrations are possible. 
the user of MERGE is normally not concerned with centerline dilutions. 

Thus, 
It is 

useful to remember that estimating average dilutions using centerline models 

involves not only the use of variable peak-to-mean ratios but also variable 
aspiration coefficients. 

END OF EXAMPLE VI-11 
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6.5.3 Pollutant Concentration Following Initial Dilution 

The concentration of a conservative pollutant at the completion of 

initial dilution is expressible as: 

where 

c -c e a 
C=C+-f a 

C = background concentration, mg/l a 

Ce = effluent concentration, mg/l 

Sa 

Sa= initial dilution (flux-averaged) 

Cf= concentration at the completion of initial dilution, mg/l. 

(VI-65) 

When the background level, Ca' is negligible Equation VI-65 simplifies to: 

c 
C = e 

f Sa (VI-66) 

This expression can be used to predict the increased pollutant concentration 
above ambient, as long as the effluent concentration greatly exceeds the 
ambient concentration. It is interesting to note that when the effluent 
concentration is below ambient, the final pollutant concentration is also 

be 1 ow ambient. 

Since water quality criteria are often prescribed as maximum values not 
to be exceeded following initial dilution, it is useful to rearrange 

Equation VI-65 to express the maximum allowable effluent concentration as 
follows: 
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where 

(ce) = ca + (Sa) . (C - c ) max min c a (VI-67) 

(C ) - maximum allowable effluent concentration such that water e max -
quality criteria are not exceeded. 

Cc =applicable water quality criterion 

(Sa) . =minimum expected initial dilution mm 

Since initial dilution is a function of discharge and receiving water 
characteristics, as discussed in detail in Section 6.5.2, finding an 
appropriate "minimum" initial dilution is not a trivial problem. Most 
often, initial dilutions are lowest when density stratification is greatest. 
For a given stratification profile, dilutions generally decrease at lower 
ambient current speeds and higher effluent flow rates. Based on expected 
critical conditions in the vicinity of the discharge, the tables in Appendix 

G can be used to predict (Sa)min" 

EXAMPLE VI-12 

Analysis of the effluent wastewater from a treatment plant discharging 
into a large west coast estuary revealed that the effluent contained a 
number of priority pollutants. A few of the pollutants and their measured 
concentrations are shown below. 

Priority Pollutant 

copper 
zinc 
mercury 
I indane 

Concentrations (µ g/l) 

Ory Weather Wet Weather 

32.3 61. 9 

33.0 180.0 

not detected 3.5 

8.6 not detected 

Criterion Level 

4.0 
58.0 
0.025 
0.16 

--------·· --~--- _____ , ___ ---- ·--·---------
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The critical initial dilution has been determined to be 30. If the 
criterion levels are designed to be complied with at the completion of 

initial dilution, determine if the criteria for the four priority pollutants 
are contravened. 

A cursory review of the tabulations above shows that all detected 
effluent pollutant concentrations (i.e. undiluted concentrations) exceed 
the criteria levels, other than zinc during dry weather flow conditions. 

Hence if initial dilutions were to become low enough, each of the four 
priority pollutants could violate water quality criterion for either dry or 

wet weather conditions. 

Using the minimum initial dilution of 30, the final pollutant levels 
can be predicted using Equation VI-66, by assuming background levels are 
neglible. The final pollutant levels compared with the criterion levels are 
shown below. 

Final Concentrations (µg/l) Criterion Level 

Priority Pollutant Q!:.r_We~ther WetJ!~~ther (µg/lL 

copper 

zinc 
mercury 
lindane 

1.1 
1.1 

0.3 

2.1 
6.0 
0.1 

4.0 

58.0 
0.025 

0.16 

Both mercury and lindane violate the criteria while copper and zinc do not. 
However, copper levels are sufficiently close to the criterion of 4.0 µg/l 
to warrant further attention. 

END OF EXAMPLE VI-12 
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6.5.4 pH Followi~_Ini~ial Dilution 

The pH standard governing wastewater discharges into estuarine or 
coastal waters is usually quite strict. Typically, state standards require 

that the pH following initial dilution not deviate by more than 0.2 units 
from background. A step by step approach is presented here that can be used 
to determine whether a discharge will comply with a standard of this type. 

Step 1. The following input data are required: 

Sa = initial dilution 

Alka = alkalinity of receiving water, eq/l 

Alke = alkalinity of effluent wastewater, eq/l 

pHa = pH of receiving water 

pHe = pH of effluent wastewater 

Ka, 1 ,cKa, 1 =equilibrium constant for dissociation of 
carbonic acid in wastewater and receiving water, 
respectively (first acidity constants) 

Ka,
2 

,cKa, 2 = equilibrium constant for dissociation of 
bicarbonate in wastewater and receiving water, 
respectively (second acidity constants) 

= ion product for wastewater and receiving water, 
respectively. 

Table VI-21 shows values of the equilibrium constants and ion product of 

water. For seawater, typical values of pH and alkalinity are 8.3 units and 
2.3 meq/l, respectively. 
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TABLE VI- 21 

VALUES OF EQUILIBRIUM CONSTANTS AND ION PRODUCT OF 
WATER AS A FUNCTION OF TEMPERATURE FOR FRESHWATER 

AND SALT WATER 

-log Ka, i -log Ka,2 
Temperature, oc Freshwater Seawater Freshwater Seawater 

5 6.52 6.00 10.56 9.23 

10 6.46 5.97 10.49 9.17 
15 6.42 5.94 10.43 9.12 
20 6.38 5.91 10.38 9.06 
25 6.35 5.84 10.33 8.99 

-log K w 
Temperature, oc Freshwater Seawater 

5 14.63 14.03 
15 14.35 13.60 
20 14.17 13.40 
25 14.00 13.20 
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Step 2. Calculate the total inorganic carbon concentrations in 

the effluent wastewater (Cte) and receiving water (Cta): 

and 

where 

a 
l 

= 

[H+J Ka 
= 

(VI-68) 

( VI-69) 

, l 

(VI-70) 

(VI-71) 

Note: cK and cK are used in a 1 and a 2 to calculate eta. 
a,i a,2 
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Step 3. Calculate the akalinity (Alkf) and total inorganic carbon 
(Ctf) at the completion of initial dilution: 

Alkf Alk 
Alke - Alka (VI-72} 

= + 
a Sa 

ct 
e 

- c 
ta 

ct = ct + Sa (VI-73} f a 

Step 4. Express the final alkalinity as: 

(VI-74} 

+ Rather than solving for [H ]f directly in Equation VI-74, it is easier to 
calculate Alkf in Equation VI-72 for a range of [H+] values, until the 

alkalinities computed from Equations VI-72 and VI-74 match. 

In most cases pHf will not differ from the ambient pH by more than 0.1 to 
0.3 units. Consequently it is usually most expeditious to begin by assuming 
pHf = pH • If pH >pH , then each subsequent calculation should be at 0.1 pH 

a e a 
units higher than pH • If pH <pH , each subsequent calculation should be 0.1 pH a e a 
units lower than pH • a 

For typical values of wastewater alkalinity (2.0 meq/l) and receiving water 
alkalinity (2.3 meq/l), the pH at the completion of initial dilution can be 
tabulated for selected values of effluent pH, initial dilution, and water 

temperature. Table VI-22 shows the results, which can be used to provide a quick 
indication of whether the water quality criterion for pH is violated. 
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TABLE VI-22 
ESTIMATFD pH VALUES AFTER INITIAL DILUTION 

~eaw<J ter 
f p111u 'C 5 'C 15 'C z5°c 

Set'!wd ter ln1t1a) J1 lut1on In1t1al 01lut1on In 1 t1 al 01 l ut ion 
pH 10 25 so 75 100 10 25 50 75 100 10 25 so 7S 100 

Effluent pfl = 6. 0 A 1 k = 0. l 

7 0 6. 9•1 6. 97 6 98 6 98 6 99 6 9S 6. 97 6. 98 6. 99 6 99 6. 9S 6 98 6. 99 6,99 6. 99 
7 5 7. 37 7. 44 7. 47 7. 47 7. 4µ, 7. 40 7 45 7 47 7 ·13 7 .48 7. 42 7 46 7 48 7 .48 7 .49 
7. 7 7. 56 7 .64 7 67 7 67 7. 68 7. 59 7 65 7. 67 7. 68 7 68 7. 62 7. 66 7. 68 7. 68 7. 69 
8.0 7. 88 7. 95 7. 97 7. 97 7. 98 7. 91 7. 96 7. 98 7 98 7. 99 7. 94 7. 97 7. 98 7. 99 7 99 
8. 3 8.?l 8. 26 8. 28 8. 23 3. 29 B. 24 8. 27 8.28 8. 29 B. 29 8. 25 8. 2S 8. 29 8. 29 8. 29 
8. s 8. 4J 8. 47 8. 48 8.48 8. 49 8.45 8.48 8.49 8.49 8. 49 8 46 8.48 8.49 8.49 8.49 

Effluent pH• 6.0 Alk • 0.6 

7. 0 6. 74 6. 87 6. 93 6. 95 6.96 6. 77 6 89 6. 94 6. 96 6. 97 6. 77 6 .89 6. 94 6. 96 6. 97 
7. s 6.')8 7. 23 7 3'i 7 .40 7. ~2 7 .03 7. 27 7. 38 7. 42 7 .44 7. OB 7 .31 7 .40 7 43 7 .45 
7. 7 7 .07 7. 19 7 53 7. 59 7. 61 7 .16 7. 45 7 57 7 .61 7. 63 7 .24 7. 51 7 .60 7 64 7 .65 
8.0 7. 27 7. 70 7. 35 7. 90 7. 93 7 44 7. 79 7 90 7. 93 7. 95 7 .60 7 85 7. 93 7. 95 7 .96 
8. 3 7. 56 8.08 8. 20 8. 2J 8. 25 7 .89 8.15 8. 23 8. 25 8.26 8.02 8.19 8. 24 8. 26 8. 27 
B.5 8.01 a. :n 8. 42 B.44 8. 46 8.18 8.38 8.44 8.46 3.47 8.27 8.41 8.45 8.47 8.47 

Effluent pH • 6.0 Alk = 1.0 

7 .0 6.63 6.81 6.89 6. 92 6.94 6.66 6.83 6. 90 6. 93 6. 95 6 67 6.84 6. 91 6. 93 6. 95 
7. 5 6.80 7 .10 7. 27 7. 34 7. 37 6 .86 7 .15 i 3\ 7. 36 7. 39 6. 90 7. 20 7. 33 7. 38 7. 41 
7. 7 6 86 7. 2J 7. 43 7. 52 7' 56 6. 94 7. 30 7."19 7. 56 7. 59 7 01 7. 38 7. 53 7. 58 7 .61 
8 0 6. 98 7. 48 i. 75 7 .83 7. 87 7. 12 7 63 7 82 7 83 7. 91 7. 29 7 73 7. 86 7. 90 7. 92 
8.3 7. 21 7. 91 3.12 g_ \8 8 21 7 51 8.04 8.17 8. l\ 8. 23 7. 76 8.10 8.19 B.22 8. 23 
8. 5 7. 51 8 20 8. 3", g 40 8. 42 7. 89 8.28 8. 39 8.42 8.44 8.06 8.32 8.40 8.42 8.43 

Effluent pH = 6.0 Alk = 2.0 

7. 0 6. 45 6. 68 6. 81 6. 86 6. 89 6.48 6. 71 6 83 6.83 6 90 6 50 6. 72 6 84 6.88 6. 91 
7. 5 6. 55 6.88 7 11 7. 21 7 2 7 6.60 6. 94 7 16 7. 25 7. 31 6. 64 6. gq 7. 20 7 .29 7. 34 
7. 7 6 58 6. 96 7. 23 7. 36 7. 43 7 .64 7. 04 7.11 ) . 43 7. 50 6. 70 7 .12 7. 39 7. 49 7. 54 
8. 0 6. 64 7 .11 7. 49 ) .66 7. 7S 6. 73 7 28 I. 65 7. 77 7 .83 6. '.1J 7 .45 7. 75 7 .84 7 .88 
8.3 6. 73 7. 41 7' 91 8. 06 8. 12 6.89 7. 73 8.06 8 l·l 8.13 7 .11 7. 91 S.12 8.18 8.21 
a. 5 6.83 7. 78 8.20 8. 31 8. 36 7 .10 8.07 8. 30 8. 37 8.40 7 .48 8.18 8. 35 8.40 8.42 

Effluent pH = 6.!i Alk = Q.5 

7.0 6. 9? 6. 96 6. 98 6. 98 6 99 6 93 6. 97 6. 98 6.98 6 99 6. 93 6. 97 6. 98 6. 98 6. 99 
7. 5 7. 32 7. 42 7 45 7. 47 7. 47 7 .34 7 .43 7 .46 7. 47 7 48 7. 37 7. 44 7. 46 7 .47 7 .48 
7. 7 7 .49 7. 61 7. 65 7. 66 7. 67 7. 53 7 .63 7 .66 7 .67 7 .67 7 .56 7 .64 7 .66 7 67 7 .67 
8.0 7 .80 7. 92 7. 96 7. 97 7. 97 7. 85 7 .94 7. 96 7. 97 7. 98 7 .88 7. 94 7. 96 7. 97 7. 97 
8 3 8.15 8. 24 8 2b 8.27 8.28 8.19 8.25 8. 27 8. 27 8. 28 8 .20 8.2~ 8.26 8.27 8. 27 
8.5 8. 38 8.45 8.47 8.48 8.48 8.40 8.45 8. 47 8.47 8.48 8.40 8.44 8.46 8.46 8.46 

Effluent pH = 6.5 Alk = 1.0 

7.0 6.85 6. 9J 6. 96 5. 97 6. 98 6.87 6. 94 6. 97 6. 98 6.98 6.88 6. 94 6. 97 6. 98 6. 98 
7. 5 7 .18 7' 35 7. 42 7. 44 7.46 7. 22 7. 37 7 43 7. 45 7 .46 7 .25 7 .40 7 .45 7 46 7 .47 
7. 7 7. 31 7 53 7. 61 7. 64 7. 65 7. 39 7. 57 7. 63 7. 65 7. 66 7. 45 7 .60 7 .6> 7. 66 7. 67 
8.0 7. 60 7 .B4 7. 92 7. 95 7 .96 7. 72 7. 89 7. 94 7. 96 7. 97 7 .80 7. 92 7. 96 7. 97 7. 98 
8. 3 8 00 8. 19 8. 24 8.26 8. 27 8.09 8.22 8 26 8. 27 8.28 8.14 8.24 8.27 8. 28 8.28 
8 5 8.26 8.41 8. 45 8. 47 8.47 8.33 8.43 8.46 8. 47 8.48 8.36 8.44 8.47 8.48 8.48 

Effluent pH = 6.5 Alk = 2 .0 

7.0 6. 75 5.88 6. 93 6. 95 6. 96 6. 78 6.89 6. 94 6.96 6. 97 6. 79 6.90 6. 94 6. 96 6. 97 
7.5 6.99 1 .n 7 JS 7. 39 7 .42 7 .04 7. 27 7. 17 7 .41 7. 43 7 .08 7. 30 7. 39 7 .42 7. 44 
7.7 7 .07 7. 38 7 53 7. 58 7. 61 7 .15 7 .44 7. 56 7. 61 7 .63 7 .23 7. 49 7. 59 7. 62 7 .64 
8.0 7. 25 7. 67 7. 84 7 .89 7.92 7. 41 7. 77 7 .88 7. 92 7. 94 7. 55 7. 82 7. 90 7. 93 7. 94 
8.3 7. 61 8.06 B.18 8. 22 8. 24 7.84 a.13 8.21 8. 23 8. 25 7. 96 8.16 8.22 8. 24 8. 25 
8.5 7. 95 8. 30 8.40 8 .43 B.45 8.12 8.35 8.42 8.44 S.45 8.20 8.36 8.42 8.4J 8.44 

Effluent pH = 9.0 A 1 k = 2. 0 

'. 0 7. 03 7.0! 7 00 I 00 7 00 7.04 7 01 7.00 7. oc 7.00 I .04 7 .Ol 7 .00 7.00 7.00 
7. 5 i. 52 I 51 7. 50 7. 50 7. 50 7. 51 7 .50 7. 50 7. so 7. 50 7. 51 7. 50 7. 50 7. 50 7. 50 
7. 7 7. 71 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 7. 70 
8.0 8.00 8.00 8.00 8 00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
8.3 8.10 8. 30 8. 30 8.30 8.30 8. 30 8.30 s. 30 8.30 B.30 8. 30 8.30 3. 30 8.30 8.30 
8.5 8. 50 8. 50 8. 50 8. 50 8.SO 8.50 8.50 8.50 8 so 8.SO 8. 50 8.50 8.50 8 50 8.50 

Effluent pH • 9. 0 Alk = 4.0 

7. 0 7 07 7. 0 l 7 .01 7 .01 7. 00 7 .08 '. 03 7 .01 7. 01 7 .00 7 .08 7 .OJ 7.01 7. 01 7 .00 
7. 5 7. 54 7. 51 7 50 7 .50 7. 50 7. 54 7. 51 7. 50 7. 50 7' 50 7. 53 7. 51 7. 50 7. so 7. 50 
7. 7 7. 71 7. 70 7. 70 7. 70 7. 70 7. 71 7 .70 7. 70 7. 70 7. 70 7. 70 7' 70 7. 70 7. 70 7. 70 
8. 0 8.00 8 00 8 00 B.00 8.00 8.00 8.00 8.00 8 .00 8.00 8.00 8.00 8.00 8.00 8.00 
8.3 8. 30 8. 30 s. 30 3. 30 8. 30 8. 30 8.30 3. 30 8. 30 8. 30 8.30 8. 30 3. JO 8 30 8.30 
B.'i 8.50 8. 50 8. so 8. 50 B. 50 8. so. 8. 50 8. 50 8. 50 8.50 8. 50 8 50 B.SO 8. 50 8.50 

Effluent pH = 9.0 A 1 k = 6' 0 

7 .0 7. JO 7 04 ) . 02 7 .01 7 .01 7 .11 7 04 7. 02 7. 01 7. 01 7 11 7. OS 7 .02 7 .01 7 .01 
7. 5 7. 56 7. 52 7. 51 7. so 7. 50 7. 56 7 52 7. 51 7. 50 7. 50 7. 5·+ 7. 51 7. 50 7' so 7. 50 
7. 7 7. 7l 7 71 7. 70 7. 7rJ 7 70 7. 71 7 .70 7 70 7. 70 7. 70 7. 70 7 70 7. 70 7 70 7. 70 
8.0 8.00 8.00 8. Oil 8.00 8.00 8 00 8.00 8.00 8.00 8 00 8.00 8.00 B.00 8. 00 8.00 
8.J 8. 30 8. 30 8. 30 B JO 8. 30 8. 30 8. 30 3 30 8. 30 8.30 8.30 8.30 8. 30 8. 30 8. 30 
8. 5 8. 50 8. 50 8. so n so 8. 50 8. 50 8. 50 8.50 8. 50 8. so 8. 50 8. 50 8. 50 8. 50 8.50 

Note Va.lue'i are c;f-\awn to 2 d<!CHl\d.l places to al low interpolation but should be rounded to l de-cima l place for 
compdrison to standards. 
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EXAMPLE VI-13 

A wastewater treatment plant receives alkaline waste process water, and 
because of the low level of treatment received in the plant, effluent pH 
values as high as 11.1 units have been observed. The effluent wastewater is 
discharged into a water body where the pH standard permits a 0.2 unit 
deviation from ambient at the completion of initial dilution. Determine if 
the standard is violated by the discharge. The required pertinent data are: 

pH a = 8.3 

Alka = 2.3 meq/l 

Alke = 2.0 meq/l 

1<w = 6.3 x 10- 14
, for the ambient water 

Kw = 10-7 for the wastewater ' 

CK = 8xl0- 7 ,for the ambient water a, 1 

K = sxio- 7
' for the wastewater a, 1 

CK 
a, 2 = 4.68xl0- 10

, for the ambient water 

K = a,2 0.5xl0- 10
, for the wastewater 

Sa = 20 

The dissociation constants for the wastewater, a
1

, and a
2

, are: 

10- 11 •1 x 5 x 10- 7 

.:: .137 

5 x 10- 7 x 0. 5 x 10- 1 0 

= ~~~~~~~~~~~~~~~~~~~~~~~~- = .863 
(10 - 11·1) 2 + 10-n.i x 5 + 10- 7 + 5 x 10- 7 )5. 0.5 x 10- 10 
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The total inorganic carbon of the wastewater is: 

10-14 
. 002 - --- + 10-11.1 

10- 11 ·l 

0.137 + 2 x .863 
= 0.000398 mole/1 

The dissociation constants for the ambient water are: 

Cti = --------------------- = 0.909 

and 

a. 2 = 0.085 

The total inorganic carbon content is: 

0.0023 - + 10- 8. 3 

Ct = ----------- = .00212 mole/l 
a .909 + 2 x 0.085 

The final alkalinity and inorganic carbon are: 

0.002 - 0.0023 
Alkf = 0.0023 + ------ = 0.00229 eq/1 

20 

0.000398 - 0.00212 
Ct = 0.00212 + -------- = 0.0020 mole/l 

f 20 

Using Equation VI-74, the alkalinity is calculated for the range of pH 
values tabulated below, beginning at 8.3 and incrementing by 0.1 units. 
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p_tl_ A lkal ini!_y_L~ 
8.3 0.00217 

8.4 0.00222 

8.5 0.00228 

8.6 not needed 
8.7 not needed 

8.8 not needed 

The actual and calculated alkalinities match at a pH barely exceeding 8.5. 
Since this slightly is more than 0.2 units above ambient, the pH standard is 

violated. The pH problem that results from this discharge could be 
mitigated in a number of ways, such as increasing initial dilution, or by 
treating the wastewater in order to lower the effluent pH. 

END OF EXAMPLE VI-13 

6.5.5 Dissolved Oxygen Concentration Following In1J:ial__Q_llution 

Dissolved oxygen standards in estuarine and coastal waters can be quite 
stringent. For example, the California Ocean Plan (State Water Resources 

Control Board, 1978) specifies that: 

"The dissolved oxygen concentration shall not at any time be 
depressed more than 10 percent from that which occurs naturally, 

as the result of the discharge of oxygen demanding waste 

materials." 

Since dissolved oxygen concentrations can naturally range as low as 4.0 to 

5.0 mg/l at certain times of the year in estuarine or coastal waters, 
allowable depletions under these conditions are only 0.4 to 0.5 mg/l. 

The dissolved oxygen concentration following initial dilution can be 

predicted using the following expression: 
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where 

DO + 
a t

ooe - 1000 - ooa] 
---------

Sn 

(VI-75) 

DOf = final dissolved oxygen concentration of receiving water at 

the plume's trapping level, mg/l 

DOa = ambient dissolved oxygen concentration averaged from the 

diffuser to the trapping level, mg/l 

DOe = dissolved oxygen of effluent, mg/l 

IDOD = immediate dissolved oxygen demand, mg/l 

Sa = initial dilution. 

The im~ediate dissolved oxygen demand represents the oxygen demand of 

reduced substances which are rapidly oxidized during initial dilution 

(e.g. sulfides to sulfates). The procedure for determining IDOD is found in 

standard methods (APHA, 1976). IDOD values are often between 1 and 5 mg/l, 

but can be considerably higher. When the effluent dissolved oxygen 

concentration is 0.0 mg/l and IDOD is negligible (which is a common 

situation), Equation VI-75 simplifies to: 

DO (1 -_!_) 
a Sa (VI-76) 

The 0inbient dissolved oxygen concentration which appears in Equations VI-75 

and VI-76 is the concentration in the water column averaged between the 

location of the diffuser and the trapping level, while the final dissolved 

oxygen concentration is referenced to the plume's trapping level. 
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The dissolved oxygen concentration can change significantly over depth, 
depending on the estuary or coastal system as well as on seasonal influences 

(e.g. upwelling). As the plume rises during initial dilution, water from 
deeper parts of the water column is entrained into the plume and advected to 
the plume's trapping level. If the discolved oxygen concentration is much 
lower in the bottom of the water column than in the top, the low dissolved 
oxygen water is advected to a region formerly occupied by water containing 
higher concentrations of dissolved oxygen, and then a "pseudo" dissolved 
oxygen depletion results, solely caused by entrainment and advection and not 
consumption of oxygen-demanding material. The following example illustrates 

this process. 

EXAMPLE VI-14 

Puget Sound, located in the northwest corner of the state of 

Washington, is a glacially carved, fjord-type estuary. The average depth of 
water is about 100 m (330 ft). During periods of upwelling, low dissolved 

oxygen water enters the estuary at depth and produces a vertical dissolved 
oxygen gradient throughout much of the estuary. In Commencement Bay, near 

Tacoma, dissolved oxygen profiles similar to the one shown in Table VI-23 
have been observed. Suppose the trapping level is 43 ft (13 m) above the 
bottom and the minimum initial dilution is 28. Find the final dissolved 

oxygen concentration and calculate the percent depletion. 

The dissolved oxygen concentration varies significantly over depth, 
from 5.0 mg/l at the bottom to 7.8 mg/l at the water's surface. The average 
concentration over the plume's trapping level is: 

5.0 + 6.1 
= 5.6 mg/l 

2 

Using Equation VI-76, the final dissolved oxygen concentration at the 
trapping level is: 

00 f = 5. 6 ( 1 - 2~ ) = 5. 4 mg/ 1 
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Depth ft(m) 

0 (0) 

3 ( 1) 

7 ( 2) 

10 ( 3) 

16 (5) 

23 (7) 

33 (10) 

49 (15) 

66 (20) 

98 (30) 

108 ( 33) 

TABLE VI-23 

DISSOLVED OXYGEN PROFILE IN 
COMMENCEMENT BAY, WASHINGTON 

Temperature, oc Dissolved Oxygen, mg/l 

14.0 7.8 

12.0 7.7 

12.0 7.6 

11. 7 7.4 

11. 7 7.2 

11. 7 7.0 

12.5 6.8 

13.5 6.5 

11. 5 6.1 

11. 5 5.3 

11.5 5.0 
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Compared to the ambient concentration at the trapping level (6.1 mg/l), the 

percent depletion is: 

6.1 - 5· 4 x 100 = 11 percent 
6.1 

Compared to the average over the height of rise, the percent depletion is 

only: 

5.6 - 5.4 
~~~~ x 100 = 4 percent 

5.6 

END OF EXAMPLE VI-14 

In contrast to the deep estuaries on the west coast of the United 
States, those on the east coast are quite shallow. In the Chesapeake Bay, 
the largest east coast estuary, water depths are often in the 20- to 30-ft 
(6 to 9 m) range, with channels as deep as 60 to 90ft (18 to 27 m) in 

places. Because of the shallow water depths, initial dilution is often 

limited by the depth of the water and can be 10 or less at times of low 
ambient current velocity. 

6.5.6 Far Field Dilution and Pollutant Distribution 

After the initial dilution process has been completed, the wastefield 
becomes further diluted as it migrates away from the ZID. Since 
concentrations of coliform organisms are often required not to exceed 
certain specified values at sensitive locations (e.g. public bathing 
beaches), a tool is needed to predict coliform (or other pollutant) levels 

as a function of distance from the ZID. This can be accomplished by solving 
the following expression: 
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(VI-77) 

where 

C = pollutant concentration 

u = current speed 

£Y = lateral turbulent diffusion coefficient 

k =pollutant decay rate. 

Figure VI-32 shows how the sewage field spreads laterally as a function of 

distance from the ZID. The concentration within the wastefield, C(x,y), 
depends on both x and y, with the maximum concentrations occurring at 
y = O,for any x value. 

It is the maximum concentration C(x,y = 0) which is of interest here. 
Solving Equation VI-77, the maximum concentration as a function of distance 

x is: 

where 

c = c + 
a 

(VI-78) 

Ds = dilution attained subsequent to the initial dilution and is a 

function of travel time 

and all other symbols have been previously defined. 

The subsequent dilution is unity when x = 0 (i.e. at the completion of 
initial dilution), so C =Cf at x = 0, as required. In many instances, the 
background concentration is negligible, so that Equation VI-78 simplifies 

to: 
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cf 
C = - exp (-kt) 

Os 
(VI-79) 

Subsequent dilution gradually increases as the wastefield travels away 

from the ZID and depends on mixing caused by turbulence, shear flows, and 
wind stresses. Often, dilution caused by lateral entrainment of ambient 
water greatly exceeds that caused by vertical entrainment. This is assumed 
to be the case here. 

In open coastal areas, the lateral dispersion coefficient is often 
predicted using the so-called 4/3 law (Brooks, 1960), where the diffusion 
coefficient increases as the 4/3 power of the wastefield width. In 

mathematical form: 

where 

£
0 

= diffusion coefficient when L = b 

L = width of sewage field at any distance from the ZID 

b = initial width of sewage field. 

The initial diffusion coefficient can be predicted from: 

where 

£ = initial diffusion coefficient, ft 2 /sec 
0 
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b = initial width of sewage field, ft. 

Based on Equation VI-80, the centerline dilution, Os, is given by: 

where 

t = travel time 

and erf denotes the error function. 

The 4/3 law is not always applicable and in confined estuaries might 

overestimate the diffusion coefficient. Under these circumstances, it is 

more conservative to assume the diffusion coefficient is a constant. 

Equation VI-81 can be used to estimate the constant diffusion coefficient, 

unless the user has better data. Under these circumstances, the subsequent 

dilution is expressible as: 

- l 

(VI-83) 

Equations VI-82 and VI-83 are cumbersome to use, especially if repeated 
applications are needed. To facilitate predicting subsequent dilutions, 
values of 0

5 
are tabulated in Table Vl-24 for different initial widths (b) 

and travel times (t). The initial sewage field widths range from 10 to 
5,000 feet and travel times range from 0.5 to 96 hours. 
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TABLE VI-24 

SUBSEQUENT DILUTIONS* FOR VARIOUS INITIAL 

FIELD WIDTHS AND TRAVEL TIMES 

Initial Field Width (ft) 
Travel Time(hr) 10 50 100 500 

* 

0.5 2.3/ 5.5 1. 5/ 2.0 1. 3/ 1. 6 

1.0 3.1/ 13. 2.0/ 3.9 1.6/ 2.6 

2.0 4.3/ 32. 2.7/ 8.5 2.2/ 5.1 

4.0 6.1/ 85. 3.7/ 21. 3.0/ 11. 

8.0 8. 5/>100. 5.2/ 53. 4.1/ 29. 

12. 10. />100. 6.3/ 95. 5.1/ 50. 

24. 15. />100. 8. 9/>100. 7.1/ 100. 

48. 21. />100. 13. />100. 10. />100. 

72. 26. />100. 15. />100. 12. />100. 

96. 29. />100. 18. />100. 14. />100. 

The dilutions are entered in the table as N1 /N 2 , 

where N1 is the dilution assuming a constant diffusion 
coefficient, and N2 is the dilution assuming the 4/3 law. 

1. 0/ 1.1 

1. 2/ 1. 3 

1. 4/ 1. 9 

1. 9/ 3.5 

2.5/ 7.3 

3.0/ 12. 

4.2/ 30. 

5.9/ 80. 

7. 3/>100. 

8. 4/>100. 

1000 5000 

1.0/ 1.0 1.0/ 1.0 

1.1/ 1. 1 1.0/ 1.0 

1. 2/ 1. 5 1.0/ 1.0 

1. 5/ 2.3 1.1/ 1. 2 

2.0/ 4.4 1. 4/ 1. 7 

2.4/ 6.8 1.6/ 2.3 

3.4/ 16. 2.1/ 4.4 

4.7/ 41. 2.8/10. 

5.8/ 73 3.4/17. 

6.6/100. 3.9/24. 



The dilutions presented in the table reveal that as the initial field 
width increases, the subsequent dilution decreases for a given travel time. 
For a wider wastefield, a larger time is required to entrain ambient water 
into the center of the wastefield, so dilutions are lower. This illustrates 
that a tradeoff ~xists between large diffusers where initial dilution is 
high but subsequent dilution low, and small diffusers where initial dilution 

is low and subsequent dilution high. 

The table also reveals that the predicted dilutions are significantly 
different, depending on whether Equation VI-82 or VI-83 is used. In many 
cases likely to be evaluated by users of this document, the 4/3 law might 
overestimate subsequent dilution, even if the outfall is in coastal waters. 
To attain the subsequent dilutions predicted by the 4/3 law at large travel 
times, a significant amount of dilution water must be available. Since many 

outfalls, particularly small ones, are often not too far from shore, the 

entrainment rate of dilution water can be restricted by the presence of the 

shoreline and the depth of the water. The wastefield from diffusers located 
further offshore might entrain water at a rate corresponding to the 4/3 law 
for an initial period of time. As the wastefield widens significantly, the 
rate of entrainment could decrease, and the 4/3 law no longer obeyed. 

When travel times are small (e.g. 12 hours or less), there is less 

discrepancy between the two methods of calculating subsequent dilution, 
except for the very small initial wastefield widths. 

EXAMPLE VI-15 

Figure VI-33 shows an outfall which extends about one mile offshore. At the 
end of the outfall is a multiport diffuser, 800 feet in length. 
Occassionally, fecal coliform bacteria counts as high as 10,000 MPN/100 ml 

have been detected in the effluent of the treatment plant. 

The allowable fecal coliform level at the shellfish harvesting area 
inshore of the diffuser is 70 MPN/100 ml. Typically, the ambient current is 
parallel to shore so that effluent is not carried onshore. However, when 
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wind conditions are right, onshore transport has been observed, and the 
sustained transport velocity is 4 cm/sec (0.13 ft/sec). Determine whether 

the coliform standard is likely to be violated or not. Other information 

needed are: 

• coliform decay rate= 1.0/day 

• minimum initial dilution = 35. 

The width of the diffuser is 800 feet and will be used as the initial 

field width. Note, however, that the diffuser is not exactly perpendicular 
to shore, so that the initial field width is probably less than 800 feet in 

the travel direction. Using 800 feet is conservative because subsequent 
dilution will be somewhat lower under this assumption. 

The coliform count following initial dilution is, using Equation VI-76: 

c = f 

10000 

35 
= 290 MPN/100 ml 

The travel time to the shore is: 

5280 
----- = 11 hours 
0.13 x 3600 

Interpolating from Table VI-24, the subsequent dilution is about 2.6. Using 
Equation VI-79, the coliform concentration at the shoreline is: 

290 [ 11) C = - exp - 1 x -
2.6 24 

= 70 MPN/100 ml 

The predicted coliform count is equal to the water quality standard. Since 
the subsequent dilution was conservatively estimated, it is possible that 

actual coliform counts will be less than 70 MPN/100 ml. However, the 
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prediction does indicate that careful monitoring of coliform levels at the 
shoreline is needed to see that the standard is not violated. Since 

shoreward transport of effluent is infrequent, sampling has to be conducted 
at times when the transport is shoreward; otherwise detected coliform 
levels might not represent worst-case conditions. 

END OF EXAMPLE VI-15 

6.5.7 Farfield Dissolved Oxygen Depletion 

Oxygen demanding materials contained in the effluent of wastewater 
treatment plants can produce dissolved oxygen deficits following discharge 
of the effluent into receiving waters. A method will be presented here to 
predict the depletion following discharge from a marine outfall. The most 

critical cases occur when the plume and wastefield remain submerged, so that 
reaeration does not occur. The analysis presented here is applicable to 

submerged plumes only. When the wastefield is mixed uniformly across the 
estuary, the methods presented earlier in Section 6.4.5 are applicable. 

The oxygen-demanding materials in the wastewater are the sum of the 
carbonaceous and nitrogenous materials (CBOD and NBOD, respectively). It is 
possible that the nitrogenous demand might not be exerted if a viable 
background population of nitrifiers is absent from the receiving water. 
Under these circumstances, the wastefield is likely to be dispersed before 
the nitrifying population can increase to numbers capable of oxidizing the 
NBOD. The user can perform analyses with and without NBOD exertion and then 
determine whether NBOD is significant or not. If it is, it is suggested 

that some sampling be conducted to find out whether nitrification is 
occurring. 

The dissolved oxygen concentration in the receiving waters can be 
expressed as a function of travel time as follows: 
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1J.1here 

DO( t) = DOa + [~ [1-exp(-Kt)l 

DO(t) = dissolved oxygen concentration in a submerged wastefield 

as a function of travel time t, mg/l 

DO = ambient dissolved oxygen concentration, mg/l 
a 

(VI-84) 

DOf =dissolved oxygen concentration following initial dilution 

(see Equation VI-75) 

k = BOD decay rate 

Lf = ultimate BOD concentration above ambient at the completion 

of initial dilution 

Ds = subsequent centerline dilution 

Equation VI-84 expresses the dissolved oxygen deficit which arises due to an 

initial deficit at the completion of initial dilution (DOf-DOa) plus that 

caused by elevated BOD levels in the water column (Lf ). The elevated BOD 

level is either the CBOD or sum of CBOD and NBOD. The initial dissolved 

oxygen deficit tends to decrease at longer and longer travel times because 
subsequent dilution increases. However, BOD is being exerted simultaneously 
and tends to cause the dissolved oxygen level to drop. Depending on the 

particular case being analyzed, one influence can dominate the other over a 
range of travel times so that a minimum dissolved oxygen level can occur 

either immediately following initial dilution, or at a subsequent travel 

time. The following example illustrates both cases. 
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EXAMPLE VI-16 

A municipal wastewater treatment plant discharges its effluent through 
an outfall and diffuser system. The maximum daily CBOD value is 270 mg/l, 
and the critical initial dilution is 114. Limited analyses have been 
performed on IDOD and the results vary widely, from 0 to 66 mg/l. The 
length of the diffuser is 500 m (1,640 ft) and can be used as the initial 

sewage field width. Determine the dissolved oxygen deficit produced by the 
discharge, assuming the wastefield remains submerged and the ambient 
dissolved oxygen concentration is 7.0 mg/l. 

The BOD concentration at the completion of initial dilution is: 

270 = 2.4 mg/l,BOD
5 114 

= 3.5 mg/l, BOD-ultimate 

The dissolved oxygen concentration at the completion of initial dilution is 

(from Equation VI-75): 

oaf= 7.o + 

or 

oof = 7.o + 

[ 

0. 0 - 66. - 7. 0 ] --
6. 4 mg/1, when !DOD = 66 

114 

[
0.0 - 0.0 - 7.0]-- 6.9 mg/l, when !DOD = 0 

114 

Note that the IDOD of 66 mg/l produces a deficit of 0.6 mg/l. 

Since values of IDOD vary widely due to the limited analyses, the 
far field oxygen depletion curves will be calculated for the following three 
IDOD 1 s: 0, 40, and 66 mg/l. A BOD decay rate of 0.2/day is used. When 
IDOD = 66 mg/1, the following oxygen depletions are predicted: 

364 



Travel Time(hr) Ds(Table VI-24) ooa-oot (Equation VI-84) 

1 1. 0.6 

4 1.4 0.5 
8 1.9 0.4 

12 2.3 0.4 
24 3.2 0.4 
48 4.6 0.4 
72 5.5 0.4 

96 6.3 0.4 

These results are plotted in Figure VI-34 (Curve A), along with the cases 
for IDOD = 40 mg/l (Curve B), and IDOD = 0.0 mg/l (Curve C). 

When the IDOD is 66 mg/l, the maximum dissolved oxygen deficit is 
0.6 mg/l and occurs at the completion of initial dilution (a travel time of 
0.0 hr). Thus, the processes which occur during initial dilution are more 
significant than the subsequent BOD exertion. Curve C (IDOD = 0.0 mg/l) 
shows the opposite situation: farfield BOD exertion is primarily 

responsible for the maximum oxygen depletion of 0.3 mg/l. The middle curve 
(Curve B) shows the case when the oxygen depletion remains relatively 

constant over time and both the near field and farfield processes are 
important. 

In summary, when the IDOD is above 40 mg/l, in this example the maximum 
oxygen depletion is controlled by the processes occurring during initial 
dilution. When IDOD is below 40 mg/l, BOD exertion in the far field is 
primarily responsible for the oxygen depletion. For primary treatment 
plants, IDOD values of 66 mg/l are atypical; values from 1 to 10 mg/l are 
much more common. Depending on whether the state dissolved oxygen standard 
is violated by Curve A, the user might need to make further IDOD 
determinations to firmly establish the true range of IDOD values. 

END OF EXAMPLE VI-16 
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6.6 THERMAL POLLUTION 

6.6.1 General 

The presence of one or more major r~at sources can have a significant 
impact on both the local biotic community and local water quality. As a 

result, consideration of significant thermal discharges by the planner is 
essential in any comprehensive water quality analysis. Thermal power plants 

account for the vast majority of both the number of thermal discharges and 

the total thermal load. However, some industrial processes generate 

significant amounts of excess heat. 

The most important of the impacts of heat discharge are: 

1. Ecological Effects: Water temperature increases change the 
productivity of planktonic and many benthic species. As a 
result local community structures are altered. Many of the 
species benefited by warmer conditions (e.g. blue green 

algae) may be considered to be undesirable. In addition, many 
species can perform certain life cycle functions only within a 

limited temperature range. Elevated temperatures may prevent 

some species from completing one or more life stages, thus 
disrupting the reproductive cycle and destroying the stability 
of the population. 

2. Water Quality Effects: Figure VI-23 showed the relative 
effect of salinity and ambient temperature on oxygen 
saturation. From this figure, note that a 10° C* rise in 

temperature decreases the oxygen saturation concentration by 
1.5 to 2.0 mg/l. 

*Such a rise is common near power plant thermal plumes. 

367 



3. Sediment Effects: Estuarine sedimentation rates are increased 
by increasing local water column temperature. The 
significance of this increase was discussed by Parker and 
Krenkel (1970). They concluded that not only are 
sedimentation rates be increased, but vertical particle size 

distribution, particle fall velocity, and thus bottom 
composition are also affected. 

4. Beneficial Effects: The effects of thermal discharges are not 
all negative. It has been shown for example, that marine 
biofouling is substantially reduced in warmed waters (Parker 
and Krenkel, 1970). In fact, the recirculation of heated 
discharge through the condenser has proven to be a less 

expensive and equally effective method of biofouling control 

than chlorination for several California coastal power plants. 
Estuarine contact recreation potentials are increased by 
increasing local water temperatures, and extreme northern 
estuaries have reduced winter ice coverage as a result of 
thermal discharges. 

6.6.2 Approach 

A number of the algorithms which appear in this section were originally 
prepared by Tetra Tech, (1979) for the Electric Power Research Institute. 
The thermal screening approach for estuaries is composed of procedures that 
can be used to evaluate the following standards: 

1 The 6T Criterion: The increase in temperature of water 
passing through the condenser must not exceed a specified 

maximum. 

1 The Maximum Discharge Temperature Criterion: The temperature 

of the heated effluent must not exceed a specified maximum. 
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1 The Thermal Block Criterion: The cross-sectional area of an 
estuary occupied by temperatures greater than a specified 

value must not exceed a specified percentage of the total 
area. 

1 The Surf ace Area Criterion: The surface area covered by 
isotherms exceeding a specified temperature increment (above 
ambient) must not exceed a specified maximum. 

1 The Surface Temperature Criterion: No discharge shall cause a 

surface water temperature rise greater than a specified 
maximum above the natural temperature of the receiving waters 

at any time or place. 

Table VI-25 presents a summary of the information needed to apply the 
thermal screening procedure. Data needed for the 6T criterion and the 
maximum discharge temperature criterion were included earlier in the thermal 
screening section for rivers and are not repeated here. That the maximum 
discharge temperature criterion for rivers can be applied to estuaries 
assumes the intake temperature is near ambient, and that tidal action does 
not cause significantly elevated temperatures near the intake. 

6.6.3 Application 

The 6T criterion and the effluent temperature criterion can be 
evaluated first following the procedures outlined in the river thermal 
screening section. The maximum allowable flow rate through the plant, which 

needs to be identified for use in evaluating those criteria, may not always 
have a readily determinable upper limit, unlike plants sited on rivers. For 

estuaries that are essentially tidal rivers, a fraction (say 20%) of the net 
freshwater flow rate might be used as an upper limit. 

The remainder of the estuary physical screening procedure consists of 
evaluating the following three criteria: the thermal block, the isotherm 
surface area, and the surface water temperature criteria. Because of the 
complexity of the flow field in estuaries, slack tide conditions have been 
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Variable 

tiT c 

DP 

lJ p 

Qp 

tiTtb 

Atb 

dtb 

R 

w 

At 

o, 

K 

p 

s 

n 

0max 

g 

-dP_ 
dz 

TABLE Vl-25 

DATA NEEDED FOR ESTUARY THERMAL SCREENING 

Cri ten a Where 
Variable Used 

All 

All 

Thenna l block, 
surface area 

All 

Thennal block 

Thernia 1 block 

Thenna 1 block 

Thermal block, 
surface area 

Thermal block, 
surface area 

Thermal block 

Thenna 1 block, 
surf ace area 

Thennal block, 
surface area 

Thenna l block, 
surface area, 
surface temperature 

Thennal block, 
surface area 

Thennal block, 
surf ace area 

Therma 1 block, 

Thermal block, 
surface area 

Thermal block, 
surface area 

Surface area 

Surface area 

Surface area 

Surface temperature 

Surface temperature 

Surface temperature 

Surface tempera tu re 

Surface temperature 

Surface temperature 

Definition 

Temperature rise across the condenser (°F) 

Diameter of discharge pipe or equivalent diameter of 
discharge canal (m) 

Exit velocity of thermal discharge (m/s) 

Flow rate of discharge (m 3 /~) 

Temperature rise in estuary cross section that 
constitutes a thermal block (°F) 

Portion of estuarine cross-sectional area that 
constitutes a thennal block (m 2

) 

Average depth of estuary from discharge location to 
,\\b isothenn at slack tide (m) 

Average freshwater flow rate flowing in the estuary 
past the power plant site {m 3/s) 

Width of estuary at power plant site (m) 

Cross-sectional area at power plant site (m') 

Longitudinal dispersion coefficient (m'/s) 

Surface thennal transfer coefficient (Btu/m 2 
• d • °F) 

Avera9e mass density of ambient water at power plant 
site (kg/m') 

Specific heat of water (Btu/kg • 0 f) 

Tidally and cross-sectionally averaged salinity 
( ppt. 0 100 

Manning's n (m'I•) 

Maximum tidal ve.locity over a tidal cycle (m/s) 

Hydraulic radium (cross-sectional area divided by 
wetted perimeter) (m) 

Isothenn associated with legal surface area constraint (°F) 

Average depth under the surface area calculated for the 
surface area constraint (m) 

Legally allowable surface area surrounded by isotherms 
equalling and exceeding tiT

5
a(m') 

Gravitationdl constant (m/s') 

Hass density of thennal effluent (kg/m') 

Depth to centerline of discharge jet (m) 

Maximllll legally allowable surface temperature produced hy 
a submerged discharge (°F) 

Mass density of water at depth of submerged discharge 
(kg/m') 

Line~r density gradient over water column depth (kg/m 3 
• m) 
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Default Value 

20 

5 

25% of the estuarine 
cross-sectional area 

see text discussion 

!000 (zero salinity) 

22 

0.016 - 0.06 

4 

9.8 

4 

1000 



chosen as a basis for computations when possible. It is during these 
conditions that the effects of plume momentum and buoyancy are propagated 
the greatest distance across the estuary from the discharge site. It is 
also during slack tide that the thermal block is most likely to occur 
because of the absence of an ambient current that normally enhances plume 
entrainment of ambient water. 

As the plume spreads across the estuary, the methodology assumes it to 
be vertically mixed. Although most plumes do not generally exhibit this 
behavior due to such effects as buoyancy and stratification, this approach 
will roughly estimate the capacity of the estuary at the power plant 

location to assimilate the excess heat. 

In some instances, when the estuary is relatively narrow, the plume may 

extend across the estuary's entire width. In these cases (guidelines are 
given later to determine when this occurs) the near field momentum approach 
can be used. By using the well mixed assumption (even if the actual estuary 

is stratified) a lower limit on the expected temperature elevation across 
the estuary is obtained. 

Slack tide conditions will also be used to evaluate the maximum surface 
temperature produced by a submerged discharge. Both vertically homogeneous 

and linearly stratified conditions can be evaluated. 

6.6.3.1 Evaluating the Thermal Block Constraint. Based upon momentum 
considerations, the relationship between the 6Ty isotherm and the distance 
(y) it extends from the discharge point is given by (Weigel, 1964): 

where 

= Y 0 (6Tc ) 
2 

y 2 ~T y 

~Tc = temperature rise across the condenser (°F) 
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!lT 
y 

y 

= temperature excess at a distance y from the discharge outlet 
(o F) 

= distance measured along the jet axis originating at the 

discharge point (m) 

= virtual source position (m) 

The virtual source position is usually about two to ten times the 

diameter of the discharge orifice. The equivalent diameter of a discharge 

canal is the diameter of a circle whose cross-sectional area is the same as 

that of the discharge canal. 

Brooks (1972) has shown that for round orifices, the virtual source 

position is approximately six times the orifice diameter. At the virtual 

discharge position (y = y
0

) the average excess temperature is approximately 

70 percent that at the discharge location. 

Since one of the assumptions used in developing Equation VI-85 is that 

momentum is conserved along the jet axis, an upper limit on y must be 

established to prevent the user from seriously violating this assumption. 

The upper limit can be chosen to be where the plume velocity has decreased 

to 1 ft/sec or 0.31 meters per second. This implies that the minimum 6Ty 

that can be evaluated using the equation is: 

where 

6\ 
= 0.3 -u

p 

Up = exit velocity of thermal discharge (m/s) 

(VI-86) 

(6Ty)min = minimum excess temperature that can be evaluated using 

Equation VI-86 (°F) 

This constrain~ generally does not restrict practical application of 

Equation VI-85. 
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Using the value estimated by Brooks (1972) for the virtual source 
position, Equation VI-85 can be rewritten as: 

(
LiT ) 

2 

y = 3Dp LiT~ (VI-87) 

The distance, then, to the 6Ttb isotherm (the isotherm establishing the 
thermal block) is given as: 

, for 1Htb > ( 6 T ) . - y min 
(VI-88) 

The cross sectional area to the 6Ttb isotherm is (assuming the plume 
remains vertically mixed): 

(VI-89) 

where 

Ac = cross sectional area measured out to the distance Ytb (m2
) 

dtb = average water depth over the distance Ytb (m) 

If Ac <Atb (where Atb is the cross sectional area that legally defines 
a thermal block, e.g. 25% of the total estuary cross sectional area) then a 
thermal block does not develop. 

If the estuary is sufficiently narrow so that Ytb as found by Equation 
(VI-88) equals or exceeds the width of the estuary, the approach given above 
should not be used. Instead, a steady-state well mixed 6Tss can be found as 
follows: 

6Tss = 

6T Q c p 

V R2 + W At EL K/(pCP • 24 • 3600) 
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where 

6T = steady state well mixed excess temperature (°F) 
SS 

In this steady state approach, 6Tss can no longer be estimated independently 
of the estuarine flow field characteristics. The surface transfer 

coefficient K can be determined by reference to the equilibrium temperature 
discussion in the river thermal screening section. Although the equilibrium 

temperature does not appear explicitly in Equation VI-90, its effect is 
indirectly included since K can not be determined independently of E. In 
the process of finding K, the ambient surface water temperature of the 
estuary generally should not be assumed to be at equilibrium because of the 
combined influence of ocean and river water (TRACOR, 1971), each of which 

may be at different temperatures. 

The dispersion coefficient, EL, is dependent on estuary 

characteristics. A value obtained from past studies in the vicinity of the 
power plant site should be used if possible. Alternatively, the methods and 
data provided earlier in Section 6.4.5 can be used. 

6.6.3.2 Surface Area Constraint. The surface area constraint can be 
evaluated employing the same approach used to evaluate the thermal block 
constraint. Before beginning, Equation VI-86 should be evaluated to ensure 

that 6Tsa exceeds (6Ty)min' since (6Ty)min establishes the minimum excess 
isotherm that can be evaluated using these methods. 

The distance offshore to the 6Tsa isotherm (the isotherm associated 
with the legal surface area constraint) can be found as: 

( 
6T )

2 

= 30 c 
P 6Tsa 

for y > 6DP (VI-91) 

where 
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Ysa =distance offshore at 6Tsa isotherm (m) 

The surface area enclosed by that 6Tsa isotherm can be estimated as: 

A = 60 ( Wo + DP)+ (y - 60 ) ~20 
s p 2 sa P 

(VI-92) 

where 

When the estuary depth drops off rapidly from the outfall location, an 
appropriate average depth would be the depth to the bottom of the discharge 

orifice. If As <Asa' then the surface area constraint is not violated. 

When Ysa exceeds the width of the estuary, Equatio~ VI-92 should not be 
used to find As. Instead, a surface area based on steady state, well mixed 

conditions is more appropriate and can be found from the following 
expression: 

(VI-93) 

where 

W = width of estuary (m) 

Ci= 1/2 [R/(AtD1) + V(R/AtDi) 2 + (4WL/(pCPAtD • 24 • 3600))] 

C2 = 1/2 [R/(AtDi) +V(R/AtDi) 2 + (WK/(pCPAtD1 • 24 • 3600))] 

and 6Tss was given by Equation VI-90. 

When As SA 5a the surface area constraint is not exceeded. 
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6.6.3.3 Surface Temperature Constraint. This section provides a method for 
estimating the surface temperature of a buoyant plume resulting from a 
subsurface discharge. Slack tide conditions and a horizontal discharge 
configuration are considered. A horizontal configuration should approximate 

conditions under which the lowest maximum surface water temperature excess 

is attained. 

When the ambient water density is constant over depth the following two 
dimensionless parameter groups are needed: 

and 
i. 07 up 

F ( Froude Number) = ---
j p - Pp Dpg 

p 

(VI-94) 

(VI-95) 

After calculating G and F, Figure VI-35 can be used to find S0 , the 
centerline dilution relative to the virtual source position. From this 
information, the maximum surface temperature elevation can be estimated as: 

6Tsurface = 

6T 
c (VI-96) 

If 6Tsurface <~Tst (the legal allowable surface temperature excess), the 
surface temperature constraint is not violated. 

In cases where the estuary is stratified more often than not at the 
power plant site, 
appropriately be 

the maximum surface temperature calculation would more 
performed under stratified conditions. If the 

stratification is substantial, it is possible the discharge may be prevented 
from reaching the surface entirely. A procedure is given here for a 
linearly stratified environment. Under stratified conditions the maximum 
height of rise of the thermal plume can be estimated by (Brooks, 1972): 
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z 
max = 3.86 F~ T3/a o; (VI-97) 

where 

F = 
1.07 ug 

JPs - Pp 
Dpg 

Ps 

0.87 (ps - pp) 
T = 

D ( .:.£2.) 
p dz 

z = maximum height of rise of thermal plume (m) max 

~ = linear density gradient (kg/m 3 /m) 

Using Equation VI-97, the maximum rise of the thermal plume can be 
estimated. If it is less than the depth of water, the plume remains 

submerged. If, however, zmax exceeds the water depth, the plume will 

surface. In this case the methods given previously for the nonstratified 
case can be used to estimate the maximum surface temperature where the 
ambient water density should be chosen to be the depth-averaged mean. 
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6. 7 TURBIDITY 

6.7.1 Introduction 

Turbidity is a measure of the optical clarity of water 
upon the light scattering and absorption characteristics of 

and dissolved material in the water column (Austin, 1974). 

and is dependent 
both suspended 
The phys i ca 1 

definition of turbidity is not yet fully agreed upon, and varies from 
equivalence with the scattering coefficient (Beyer, 1969), to the product of 
an extinction coefficient and measured pathlength (Hodkinson, 1968), and to 
the sum of scattering and absorption coefficients (VandeHulst, 1957). 

Turbidity affects water clarity and apparent water odor, and hence is of 
aesthetic significance. It also affects light penetration, so that 
increased turbidity results in a decreased photic zone depth and a decrease 
in primary productivity. 

Turbidity levels in an estuary are likely to vary substantially in both 
temporal and spatial dimensions. Temporal variations occur as a function of 

seasonal river discharge, seasonal water temperature changes, instantaneous 
tidal current, and wind speed and direction. Spatially, turbidity varies as 
a function of water depth, distance from the head of the estuary, water 

column biomass content, and salinity level. Much of the complexity in the 
analysis of turbidity results from different sources of turbidity responding 
differently to the controlling variables mentioned above. As an example, 
increased river discharge tends to increase turbidity because of increased 
inorganic suspended sediment load. However, such an increase curtails light 
penetration, thus reducing water column photosynthesis. This, in turn, 

reduces the biologically induced turbidity. 

Methods employed to monitor turbidity include use of a 11 turbidimeter 11
• 

Light extinction measurements are commonly given in Jackson Turbidity Units 
(JTU) which are based on the turbidity of a standard clay suspension. Once 
standardized, this arbitrary scale* can be used as a basis to measure 
changes in turbidity. 

*The JTU scale is an arbitrary scale since it cannot be directly related 
to physical units when used as a calibration basis for turbidimeter 
measurement. 
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The turbidity calibration scale is given in APHA (1980). From a measured 
change in turbidity a relative change in water quality may be inferred. 

Estuarine water is almost always extremely turbid, especially when compared 
to ocean or lake waters. 

The JTU scale is not the only available turbidity scale. In 1926 

Kingsbury and Clark devised a scale based on a Formazin suspension medium 
which resulted in Formazin Turbidity Units (FTU's). More recently volume 
scattering functions (VSF) and volume attenuation coefficients have been 
proposed (Austin, 1974). However, JTU's are still most commonly used as an 
indicator of estuarine turbidity levels. 

As a rough indication of the wide variations possible in turbidity, 
Figure VI-36 shows suspended solid concentrations for the various sub-bays 

of San Francisco Bay for one year (Pearson, et~' 1967). The solid line 
shows annual mean concentrations while the dashed lines indicate 

concentrations exceeded by 20% and 80% of the samples taken at each station 
over the one year time period. These variations at stations located near 

bay heads (left and right extremities of Figure VI-36) typically exceed 300% 
of the annual 20th percentile values. Use of extreme high/low values would 
produce correspondingly larger annual variations. 

6.7.2 Procedure to Assess Impacts of Wastewater Discharges on 
Turbidity or Related Parameters 

Numerous states have enacted water quality standards which limit the 
allowable turbidity increase due to a wastewater discharge in an estuary or 
coastal water body. The standards, however, are not always written in terms 
of turbidity, but are sometimes expressed as surrogate parameters such as 
light transmittance or Secchi disk. The following three standards provide 
illustrations: 
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For class AA water in Puget Sound, State of Washingt~~: 

Turbidity shall not exceed 5 NTU over background turbidity when 
the background turbidity is 50 NTU or less, or have more than a 10 
percent increase in turbidity when the background turbidity is 
more than 50 NTU. 

For class A water in the State of Hawaii: 

Secchi disk or Secchi disk equivalent as ''extinction coefficient" 
determinations shall not be altered more than 10 percent. 

For coastal waters off the State of California: 

The transmittance of natural light shall not be significantly 
reduced at any point outside of the initial dilution zone. A 
significant difference is defined as a statistically significant 
difference in the means of two distributions of sampling results at 
the 95 percent confidence level. 

These standards illustrate the need for developing interelationships between 
turbidity related parameters, since data might be available for one 
parameter while the state standard is expressed in terms of another. Based 

on these considerations methods will be presented to: 

• predict the turbidity in the receiving water at the completion 
of initial dilution 

• predict the suspended solids concentrations in the receiving 
water at the completion of initial dilution 

• relate turbidity and light transmittance data, and 

• relate Secchi disk and turbidity data. 
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By treating turbidity as a conservative parameter the turbidity in the 
receiving water at the completion of initial dilution can be predicted as: 

where 

Te - Ta 
T =T +---

f a Sa 

Tf = turbidity in receiving water at the completion of initial 
dilution (typical units: JTU) 

Ta = ambient or background turbidity 

Te = effluent turbidity 

Sa = initial dilution 

(VI-98) 

Initial dilution can be predicted based on the methods presented 
earlier in Section 6.5.2. Equation VI-98 can be used, then, to directly 

evaluate those standards written in terms of maximum allowable turbidity or 
turbidity increase. 

An expression similar to Equation VI-98 can be used to evaluate the 
suspended solids concentration in an estuary following completion of initial 
dilution. Specifically 

where 

SS - SS 
SS = SS + e a 

f a s 
a 

SSf = suspended solids concentration at completion of initial 
dilution, mg/l 

SSa = ambient suspended solids concentration, mg/l 

SSe =effluent suspended solids concentration, mg/l 
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Sa = initial dilution 

Consider now a situation where light transmittance data have been 
collected but the state standard is expressed in terms of turbidity. A 

relationship between the two parameters would be useful. Such a 
relationship can be developed by first considering the Beer-Lambert law for 
light attenuation: 

Td = exp(-ad) 
(VI-100) 

where 

Td = fraction of light transmitted over a depth d, dimensionless 

a= light attenuation, or extinction coefficient, per meter 

d =vertical distance between two locations where light is 
measured, meters 

Austin (1974) has shown that the attenuation coefficient is expressible in 

terms of turbidity as: 

a = k • JTU (VI-101) 

where 

JTU = turbidity, in Jackson turbidity units 

k = coefficient ranging from 0.5 to 1.0 

Combining Equations VI-100 and VI-101 the turbidity is expressible as: 

1 
JTU = - 1«f ln Td (VI-102) 

The increased turbidity ( JTU) is expressible as: 
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where 

6JTU = -~d ln ( ~:~) 

T = light transmittance at the final turbidity d2 

Td = light transmittance at the initial turbidity 
l 

EXAMPLE VI-17 

(VI-103) 

Vertical profiles of several water quality parameters, including 
percent light transmittance, have been collected in the vicinity of a 
municipal wastewater discharge in Puget Sound. Figure VI-37 shows each 
of the three profiles. If the maximum allowable turbidity increase is 
5 NTU, does the discharge, based on the light transmittance profile 
shown in Figure VI-37, violate this requirement? 

It is known that the wastefield is submerged between about 10 to 20 m 

below the water's surface. Light transmittances at these depths are about 
18 to 20 percent. Deeper within the water column light transmittances are 
at background values of about 55 percent. Note that in the top few meters 
the light transmittances are between 0 and 10 percent. These low 
transmittances are not due to the wastef ield, but rather are caused by a 
lens of turbid freshwater. Consequently, the following data will be used 
here: 

• k = 0.5 

• d = 1 m (i.e. percent transmittance measured over 1 m) 

• ~2 = 18 percent 

• ~l = 55 percent 
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The turbidity increase is: 

6JTu = (o.s)
1or ln ( ~J~)= 2.2 JTU 

Assuming JTU and NTU units are equivale1t (EPA, 1979), then the increased 
turbidity is less than the 5.0 NTU allowable. 

It is of interest to calculate the percent light transmittance within 
the plume that would cause a 5 NTU increase in turbidity. Using a typical 
background light transmittance of 50 percent found in central Puget Sound, 
the minimum light transmittance (Td

2
) is computed to be: 

{
4 percent for k = 0.5 

Td2 = 0.5 percent for k = 1.0 

Light transmittances as low as 0.5 to 4 percent have been found due to 

causes other than the plume (e.g. plankton blooms and fresh water runoff), 
but the lowest light transmittances associated with the plume have been 
about 18 percent per meter. 

END OF EXAMPLE VI-17 

Secchi disk and turbidity can be related to each other in the following manner. 
Assume that the extinction coefficient of visible light (a) is directly 
proportional to turbidity (T) and inversely proportional to Secchi disk 
(SD), or: 

(VI-104) 

and 

(VI-105) 

where k and k are constants which have not yet been specified. These two 
1 2 

relationships have theoretical bases, as discussed in Austin (1974) and 
Graham (1968). Combining those two expressions, the relationship between 
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Secchi disk and turbidity becomes: 

T = 

Typical values of k
1 

and k
2 

are: 

k = 0.5 to 1.0, where T is expressed in JTU's 
l 

k = 1.7 where Secchi disk is expressed in meters 
2 

(VI-106) 

Thus Equation VI-106 provides a method of correlating turbidity and Secchi 

disk data. 

When state standards are written in terms of Secchi disk, it is 
convenient to combine Equations VI-98 and VI-106 to yield: 

or 

where 

1 1 

1 = 1 + soe - soa 

sof soa s a 

SDe [(s5f -sU 5
• 

1 r = +so-
a 

SDf = minimum allowable Secchi disk reading in receiving water 
such that the water quality standard is not violated 

SDa = ambient Secchi disk reading 

Sa =minimum initial dilution which occurs when the plume 
surf aces 
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SDe = Secchi disk of effluent 

Since Secchi disk measurements are made from the water's surface downward, 
critical conditions (in terms of the Secchi disk standard) will occur when 
the initial dilLltion is just sufficient to allow the plume to surface. It 
is notable that maximum turbidity or light transmittance impacts of a 

wastewater plume will occur when the water column is stratified, the plume 
remains submerged, and initial dilution is a minimum. Under these same 

conditions, however, Secchi disk readings might not be altered at all, if 
the plume is trapped below the water's surface at a depth exceeding the 
ambient Secchi disk depth. 

EXAMPLE VI-18 

A municipality discharges its wastewater through an outfall and 

diffuser system into an embayment. The state standard specifies that the 
minimum allowable Secchi disk is 3m. Determine whether the discharge is 

likely to violate the standard. Use these data: 

SDa = 5 to lOm, observed range 

Sa = 75, minimum initial dilution when the plume surfaces 

One method of approaching the problem is to assume that violation of 
the water quality standard is incipient (i.e. SDf = 3m). Under these 
conditions the effluent Secchi disk would have to be: 

= 4 inches 

Thus, if the Secchi disk of the effluent exceeds 4 inches, the standards 
will not be violated even under these critical conditions. It would be a 

simple matter to measure the Secchi disk of the treated effluent to see 
whether the standard could be violated or not. 

END OF EXAMPLE VI-18 
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6.8 SEDIMENTATION 

6.8.1 Introduction 

Like turbidity, sedimentation is a multifaceted phenomenon in 
estuaries. As in rivers, estuaries transport bed load and suspended 

sediment. However with the time varying currents in estuaries, no 

equilibrium or steady state conditions can be achieved (Ippen, 1966). 
Additionally, while any given reach of a river has reasonably constant water 
quality conditions, an estuary can vary from fresh water ( 1 ppt. salinity) 
to sea water ( 30 ppt. salinity), and from a normally slightly acidic 
conditon near the head to a slightly basic condition at the mouth. The 
behavior of many dissolved and suspended sediments varies substantially 
across these pH and salinity gradients. Many colloidal particles* 

agglomerate and settle to the bottom. In general, all estuaries undergo 
active sedimentation which tends to fill them in. It is also true for 

essentially all U.S. estuaries that the rate of accumulation of sediment is 
limited not by the available sources of sediment but by the estuary's 

ability to scour unconsolidated sediments from the channel floor and banks. 

6.8.2 Qualitative Description of Sedimentation 

Before presenting what quantitative information is available concerning 
sediment distribution in an estuary, a qualitative description of sediment 
sources, types and distribution will be helpful. Sediment sources may be 
divided into two general classes: sources external to the estuary and 
sources internal to the estuary (Schultz and Simmons, 1957). The major 
sources of sediment within each category are shown below. By far the 
largest external contributor is the upstream watershed. 

*Colloidal particles are particles small enough to remain suspended by 
the random thermal motion of the water. 
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1. External: 

• Upstream watershed 

• Banks and stream bed of tributaries 

• Ocean areas adjacent to the mouth of the estuary 

• Surface runoff from land adjacent to the estuary 

• Wind borne sediments 

• Point sources {municipal and industrial) 

2. Internal: 
t Estuarine marsh areas 
t Wave and current resuspension of unconsolidated 

bed materials 
t Estuarine biological activity 
t Dredging 

General characterizations of U.S. estuarine sediments have been made 
by Ippen (1966) and by Schultz and Simmons (1957). Many individual case 
study reports are available for sediment characterization of most of the 
larger U.S. estuaries (i.e. Columbia River, San Francisco Bay, Charles 
Harbor, Galveston Bay, Savannah Harbor, New York Harbor, Delaware River and 
Bay, etc.). In general, estuarine sediments range from fine granular sand 
(0.01 in. to 0.002 in. in diameter) through silts and clays to fine 
colloidal clay (0.003 in. or less in diameter) (Ippen, 1966). Very little, 
if any, larger material (coarse sand, gravel, etc.) is found in estuarine 
sediments. Sand plays a relatively minor role in East Coast, Gulf Coast and 
Southern Pacific Coast estuaries. Usually it constitutes less than 5% by 
volume ( 25% by weight) of total sediments for these estuaries with most of 
this sand concentrated near the estuarine mouth (Schultz & Simmons, 1957). 
By contrast, sand is a major element in estuarine shoaling for the north 
Pacific estuaries (i.e. Washington and Oregon coasts). These estuaries are 
characterized by extensive oceanic sand intrusion into the lower estuarine 
segments and by extensive bar formations near the estuarine mouth. The 
relative distribution of silts and clays, of organic and inorganic material 
within different estuaries, and, in fact, the distribution of shoaling and 
scour areas within estuaries, varies widely. 
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6.8.3 Estuarine Sediment Forces and Movement 

As sediments enter the lower reaches of a river and come under tidal 
influence they are subjected to a wide variety of forces which control their 
movement and deposition. First, net velocities in the upper reaches of 
estuaries are normally lower than river velocities. Additionally, the water 
column comes under the influence of tidal action and thus is subject to 
periods of slack water. During these periods coarse sand and larger 

materials settle. The scour velocity required to resuspend a particle is 
higher than that required to carry it in suspension. Thus, once the coarser 

particles settle out in the lower river and upper estuarine areas, they tend 
not to be resuspended and carried farther into the estuary (U.S. 
Engineering District, San Francisco, 1975). Exceptions to this principle 
can come during periods of extremely high river discharge when water 
velocities can hold many of these particles in suspension well into or even 
through an estuary. Table VI-26 lists approximate maximum allowable 
velocities to avoid scour for various sizes of exposed particles. Values 
are approximate and are for unarmored sediment (sediment not protected by a 

covering of larger material). 

Sediments are subject to gravitational forces and have size-dependent 
settling velocities. In highly turbulent water the particle fall velocities 
can be small compared to background fluid motion. Thus gravitational 
settling occurs chiefly in the relatively quiescent, shallow areas of 
estuaries or during periods of slack water. As mentioned earlier, particle 
settling attains a maximum in each tidal cycle during high water slack and 

low water slack tides. During periods of peak tidal velocity (approximately 
half way between high and low water) resuspension of unconsolidated sediment 

may occur. Thus during a tidal cycle large volumes of sediment are 
resuspended, carried upstream with flood flow, deposited, resuspended, and 

carried downstream on the ebb tide. Only those particles deposited in 
relatively quiescent areas have the potential for long term residence. 
Compounding this cyclic movement of sediments are seasonal river discharge 
variations which alter estuarine hydrodynamics. Thus, sediment masses tend 
to shift from one part of an estuary to another (Schultz and Simmons, 1975). 
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TABLE VI-26 

MAXIMUM ALLOWABLE CHANNEL VELOCITY TO AVOID BED SCOUR (FPS) (KING, 1954) 

Water ~foter trans-
Cl ear trans- porting non-
water, porting coll oi da l silts, 

Original materi a 1 excavated no colloidal sands, gravels 
detritus silts or rock 

fragments 

Fine sand . . . . . . . . . . 1 .50 2.50 1. 50 
Sandy l oarr. . . . . . . . . . . 1. 75 2.50 2.00 

Silt loam . . . . . . . . . . 2.00 3.00 2.00 

Alluvial silts. . . . . . . . . 2.00 3.50 2.00 
Ordinary firm loam. . . . . . . 2.50 3.50 2.25 

Volcanic ash. . . . . . . 2.50 3.50 2.00 

Fine gravel . . . . . . . . 2.50 5.00 3.75 

Stiff clay. . . . . . . . 3.75 5.00 3.00 

Graded, loam to cobble~ . . . 3.75 5.00 5.00 

Alluvial silt . . . . . . . . 3.75 5.00 3.00 

Graded, silt to cobbles . . . . 4.00 5.50 5.00 

Coarse gravel . . . . . 4.00 6.00 6.50 

Cobbles and shingles. . 5.00 5.50 6.50 

Shales and hardpans . . 6.00 6.00 5.00 
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As fresh waters encounter areas of significant salinity gradients 
extremely fine particles (primarily colloidal clay minerals) often 

destabilize (coagulate) and agglomerate to form larger particles 
(flocculate). The resulting floe (larger agglomerated masses) then settles 

to the bottom. Coagulation occurs when electrolytes, such as magnesium 
sulfate and sodium chloride, 11 neutralize 11 the repulsive forces between clay 
particles. This allows the particles to adhere upon collision 
(flocculation), thus producing larger masses of material. Flocculation 

rates are dependent on the size distribution and relative composition of the 
clays and electrolytes and upon local boundary shear forces (Ippen, 1966, 

and Schultz and Simmons, 1957). Flocculation occurs primarily in the upper 
central segments of an estuary in the areas of rapid salinity increase. 

Movement of sediments along the bottom of an estuary does not continue 
in a net downstream direction as it does in the upper layers and in stream 
reaches. In all but a very few extremely well mixed estuaries upstream 

bottom currents predominate at the mouth of an estuary. Thus, upstream flow 
is greater than downstream flow at the bottom. This is counterbalanced by 

increased surface downstream flow. However, net upstream flow along the 
bottom results in a net upstream transport of sediment along the bottom of 
an estuary near the mouth. Thus, sediments and floes settling into the 
bottom layers of an estuary near the mouth are often carried back into the 
estuary rather than being carried out into the open sea. Consequently, 
estuaries tend to trap, or to conserve sediments while allowing fresh water 
flows to continue on out to sea. At some point along the bottom, the 

upstream transport is counter-balanced by the downstream transport from 
the fresh water inflow. At this point, termed the "null zone", there is 
essentially no net bottom transport. Here sediment deposition is 
extensive. In a stratified estuary this point is at the head of the saline 
intrusion wedge. In a partially mixed estuary it is harder to pinpoint. 

Nonetheless, sedimentation is a useful parameter to analyze and will be 
handles in a quantitative manner beginning with Section 6.8.4. 

To this point, flow in a fairly regular channel has been assumed. 

However, in many estuaries geomorphic irregularities exist. Such 

irregularities (e.g. narrow headlands) create eddy currents on their lee 

sides. These eddy currents, or gyres, slow the sediment movement and allow 
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local shoaling. Additionally, large shallow subtidal or tidal flatlands 
exist in many estuaries. Such areas are usually well out of the influence 

of primary currents. As a result local water velocities are usually low and 
increased shoaling is possible. 

Wind and waves also have a major influence on estuarine sediment 
distribution. Seasonal wind driven currents can significantly alter water 
circulation patterns and associated velocities. This in turn determines, to 
a large extent, the areas of net shoaling and scour throughout an estuary. 
Local wind driven and oceanic waves can create significant scour forces. 

Such scour, or particle resuspension, is particularly evident in shallow 

areas where significant wave energy is present at the sediment/water 

interface. Local wind driven waves are a major counterbalancing force to 
low velocity deposition in many shallow estuarine areas (U.S. Engineering 
District, San Francisco, 1975). 

Finally, oceanic littoral currents (long shore currents) interact with 
flood and ebb flows in the area of an estuary mouth. Particularly in the 
Pacific Northwest, sandy sediment fed from such littoral drift is a major 
source of estuarine sediment, and the interference of littoral drift with 

normal flood and ebb flows is the major factor creating estuarine bars. 

Figure VI-38 shows the schematic flow of annual sediment movement 
through San Francisco Bay. With the exception of the magnitude of annual 
dredging, this is typical for most U.S. estuaries. The most important 
thing to observe is the dominance of resuspension and redeposition over all 
other elements of sediment movement including net inflow and outflow. Also 
note that there is a net annual accumulation of deposited sediment in the 
bay. This figure is also helpful in conceptualizing the sediment trap or 
sediment concentration characteristic of estuaries. In any year, 8-10 

million cubic yards flow into the estuary and 5 to 9 million cubic yards 
flow out. However, over 180 million cubic yards are actively involved in 
annual sediment transport within the estuary. 

Figure VI-39 is an idealized conceptualization of the various 
sediment-related processes in an estuary. It must be remembered that these 
processes actually overlap spatially much more than is shown and that the 
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processes active at any given location vary considerably over time. 

ex>~---~...,,.... 
I 
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FIGURE Vl-38 SEDIMENT MOVEMENT IN SAN FRANCISCO BAY SYSTEM 
(MILLION CUBIC YARDS)) FROM: U.S. ENGINEERING 
DISTRICT) SAN FRANCISCO) 1975) 

From this qualitative analysis, there are some general statements which 
can be made. Ippen (1966) drew the following conclusions on the 
distribution of estuarine sediments: 

a) The major portion of sediments introduced into suspension in 
an estuary from any source (including resuspension) during 
normal conditions is retained therein, and if transportable by 
the existing currents is deposited near the ends of the 

salinity intrusion, or at locations of zero net bottom 
velocity. 

b) Any measure contributing to a shift of the regime towards 

stratification causes increased shoaling. Such measures may 
be: structures to reduce the tidal flow and prism, diversion 
of additional fresh water into the estuary, deepening and 

396 



PLAN VIEW 

<:;J MAJOR EDDY DEPOSITION 

1~CHANNEL BANK DEPOSITION 

.... ;·>/>·.::.!"::>}··AREA OF LOW ENERGY DEPOSITION 

PROFILE 

FLOCCULATION 
AREA OF MAXIMUM 
SAU N ITY GRADIENTS SEDIMENT TRAP AREA 

NULL ZONE 
SETTLING 

SEDIMENT MOVEMENT (NET) 

WATER COWMN MOVEMENT 

~ ...... 

HEAVY 
PARTICLE---' 
SETTLING 

FIGURE VI-39 IDEALIZED ESTUARINE SEDIMENTATION 

397 



narrowing of the channel. 

c) Sediments settling to the bottom of an estuary are generally 
transported upstream and not downstream. Such sediments may 
at some upstream point be resuspended into the upper layers 
and carried back downstream. 

d) Sediments accumulate near the ends of the intrusion zone and 
form shoals. Shoals also form where the net bottom velocity 
is zero (in the null zone). 

e) The intensity of shoaling is most extreme near the end of the 

intrusion for stratified estuaries and is lessened in the well 
mixed estuary. 

f) Shoals occur along the banks of the main estuarine channel 
where water is deep enough to prevent wave induced scour and 
where velocities are reduced from main channel velocities 
sufficiently to allow settling. 

Schultz and Simmons (1957) made similar conclusions but added the 

presence of shoaling at the mouth where flood and ebb currents intercept 

littoral drift. 

6.8.4 Settling Velocities 

As was stated in the previous section, settling velocities do not play 
a great role in controlling sedimentation patterns in estuaries as they do 
in lakes. However, it is informative to assess settling rates for various 

size particles. The possible size classifications of particles and their 

general inclusive diameter sizes are shown in Table VI-27 Table VI-28 

lists terminal settling velocities for each particle size assuming spherical 
particles and density of 2.0* in quiescent water. From this table it can be 

*The density of many inorganic suspended particles is approximately equal to 
that of sand (2.7 gm/cm 3

) while that of biomass and organic detritus is 
usually much closer to that of water and can be assumed to be about 1.1 gm/cm 3

• 
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TABLE VI-27 

SEDIMENT PARTICLE SIZE RANGES (AFTER HOUGH, 1957) 

PARTICLE SIZE RANGE 
Inches Millimeters 

D D min. D D . max. max. min. 

Derrick STONE 120 36 -- --
One-man STONE 12 4 -- --
Clean, fine to coarse GRAVEL 3 1/4 80 10 

Fine, uniform GRAVEL 3/8 1/16 8 1. 5 
Very coarse, clean uniform SAND 1/8 1/32 3 0.8 

Uniform, coarse SAND 1/8 1/64 2 0.5 

Uniform, medium SAND -- -- 0.5 0.25 

Clean, well-graded SAND AND GRAVEL -- -- 10 0.05 

Uniform, fine SAND -- -- 0.25 0.05 

Well-graded, silty SAND AND GRAVEL -- -- 5 0. 01 

Silty SAND -- -- 2 0.005 

Uniform SILT -- -- 0.05 0.005 

Sandy CLAY -- -- 1.0 0.001 
Silty CLAY -- -- 0.05 0.001 
CLAY (30 to 50% clay sizes) -- -- 0.05 0.0005 

- l 0- 6 Collodal CLAY (-2µ>50%) -- -- 0. 01 

(After B. K. Hough, Basic Soils Engineering, p. 69, Values listed are 
approximate) 
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TABLE VI-28 

RATE OF FALL IN WATER OF SPHERES OF VARYING RADII AND 
CONSTANT DENSITY OF 2a AS CALCULATED BY STOKES' LAWb'c(MYSELS,1959) 

Radius Terminal velocitv 
mm. cm./sec. cm./min. 

10 (>l) 
l (>1) 
0. l (>l) 
0.01 2. 2xio-2 l. 3 
10-3 2. 2x10-4 0.013 
10-4 2.2x10-6 1. 3xl0-4 
10-5 2.2xio-8 1. 3x10-6 
10-6 2.2x10-lO 1. 3x10-8 
10-7 (2.2x1Q-l2) 

a To· apply to other conditions, multiply the u value 
by the pertinent density difference and divide it 
by the pertinent viscosity in centipoises. 

b Values in parentheses are calculated by Stokes' law 
under conditions where this law is not applicable. 

c Stokes law states that the terminal vcloci°t'/ is 'wo
portional to the particle radius squared, the differ~ 
ence in density and inversely proportional to the 
liquid viscosity. 
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inferred that particles of the medium sand class and coarser probably settle 
to the bottom within a very short time after entering an estuary. 

Turning to the other end of the particle size scale of Table VI-28, 
particles with a diameter of 10-6mm fall only 3.1 x 10- 7 inches per hour in 
the most favorable environment (calm waters). Such a settling rate is not 

significant in the estuarine environment. Figure VI-40 shows the quiescent 
settling rates for particle sizes in between these two extremes since this 
intermediate size group is of real significance in estuarine management 
(primarily silts). For particles smaller than those shown in Figure VI-40, 
gravitational settling is not a significant factor in controlling particle 

motion. Particles substantially larger than the range shown in Figure VI-40 
tend to settle above, or at, the head of an estuary. 

Combining Figure VI-40 (fall per tidal cycle)** with known segment 
flushing times (in tidal cycles) the size of particles tending to settle out 
in each segment can be estimated. If such predictions reasonably match 
actual mean segment sediment particle size, then this method can be useful 
in predicting changes in sediment pattern. Anticipated changes in 
river-borne suspended sediment load by particle size can be compared to 

areas where each size of particle would tend to settle. This would then 
identify areas which would either be subject to increased shoaling or 
reduced shoaling and increased scour. This type of analysis has been more 
successful when applied to organic detritus material than for inorganic 
suspended loads. 

A number of simplifying assumptions have gone into this settling 
velocity analysis. The most significant of these are: 

1. Water column density changes have been ignored. Inclusion of 

this factor would slightly reduce the settling velocity with 
increased depth. This effect will be more significant for 
organic matter because of its lower density. 

2. Dispersive phenomena and advective velocities have not been 
considered. 

**Based on a 12.4 hour tidal cycle. 
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3. Table VI-27 and Figure VI-40 are based on the fall of 
perfectly spherical particles. Non-spherical particles have 
lower settling velocities. 

4. Interference between particles has not been considered. 
However, in a turbulent, sediment-laden estuary such 

interference is possible (hindered settling). The analysis of 

the effect of interference on settling velocities was covered 
in Chapter V for lakes. This analysis is also basically valid 
for estuaries. The effects introduced there can be applied to 
Figure VI-40 velocities to adjust for particle interference. 
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6.8.5 Null Zone Calculations 

It was previously mentioned that substantial shoaling occurs in the 

area of the null zone. It is possible to estimate the location of this 
zone, and hence the associated shoaling areas, as a function of water depth 
and river discharge. In addition to the importance of the null zone to 
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shoaling, Petersone and Conomos (Peterson, et~-. 1975) established the 
biological and ecological importance of this area in terms of planktonic 

production. The null zone, therefore, is both an area of potential 
navigational hazard and an area of major ecological importance to the 
planner. 

Silvester (1974) summarized the analysis for estimating the location of 
the null zone with respect to the mouth of an estuary. The basic equation 

used in this analysis is: 

where 

where 

u 2 
r 

gd 
(VI-109) 

Sn =mean salinity (averaged vertically and over a tidal cycle) at 
the null point (n), (ppt) 

S = ocean surface salinity adjacent to the estuary in parts per 
0 

thousand (ppt), 

U = fresh water flow velocity, (ft/sec) r 

g = gravational acceleration = 32.2 ft/sec 2
, 

d = estuarine depth, (ft) 

Fn = densimetric Froude number at the null zone where Fn is 
defined by: 

(VI-110) 
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6p/pn = difference between fresh water density and that at the 
null zone (averaged over the depth of the water column) 

divided by the density at the null zone. This value may 
be approximated for estuarine waters by: 

Combining Equations VI-109 and VI-110 and solving for 6P 
Pn 

0. 7 ,. 
1000 .)n 

yields 

(VI-111) 

This formulation is particularly good for channels which are either 
maintained at a given depth (dredged for navigation) or are naturally 
regular, as "d" represents mean cross section channel depth at the null 
zone. 

The use of these equations first requires location of the present null 

zone. This can most easily be done by measuring and averaging bottom 
currents over one tidal cycle to locate the point where upstream bottom 

currents and downstream river velocities are exactly equal, resulting in no 
net flow. This situation is schematically shown in Figure VI-41. 

When this point has been established for one set of river discharge 
conditions, Equation VI-111 can be substituted into Equation VI-110 to 
calculate Fn. This Fn value is an inherent characteristic of an estuary and 
can be considered to be constant regardless of the variations in flow 
conditions or null zone location (Silvester, 1974). 

With this information and a salinity profile for the estuary (Sx 
plotted against x from x = 0 at the mouth of the estuary to x = L at the 
head) the location of future null zones may be calculated. Given the new 
conditions of Ur (changes in river discharge) or of d (changes in channel 

depth, as by dredging activity), Equation VI-109 will allow calculation of a 
new Sn. This may be plotted on the salinity profile to caculate the 
location of a new null zone position. Even though these changes will 

produce a new estuarine salinity profile, the use of Equation VI-109 and the 
old (known) salinity profile will produce reasonably good estimates of 

longitudinal shifts in the location of the null zone. Salinity profiles for 
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appropriate seasonal conditions should be used for each calculation (e.g. 

low flow profiles for a new low flow null zone calculation). 

EXAMPLE VI-19 ..___ ________ _ 

Estimation of Null Zone location 

An estuary has the tidally averaged salinity profile shown in the 
Salinity Table below. Mean channel depth in the area of the existing null 

zone is 18 feet and the salinity at that point is 10 parts per thousand 

(ppt). Current (low flow) river discharge velocity is 0.5 ft/sec. Normal 

winter (high flow) velocity is 1.8 ft/sec. It is desired to know where the 
null zone will be located in sum~er and winter if a 30 ft deep channel is 

dredged up to 70,000 feet from the mouth. 

SALINITY DATA FOR EXAMPLE Vl-19 

[
~-i s-t-a n~_e_f_r_o_m_m_o_u t~-(-1 o~o ft) 

Salinity. (ppt) 

5 15 25 35 45 55 65 75 

30 28 25 20 13 8 6 4 
------------- --~--

From equation VI-43 and equation VI-44 

or, 

Fn = ur/ .jW11000) (Sn) (g) {d) 

= 0. 5 ft/sec/ ~-o-4) ( 10 ppt) 

F = 0.248 
n 

406 

-·----------------

(32.2 ft/sec2) ~18 ft) 



From equation VI-109 the null zone salinity with a deeper channel will 
be: 

s
0 

1000 u~ 

5 0.7 F2 gd 
o n 

= (1000) (0.5 ft/sec) 2 /o.7 (0.248) 2 (32.2 ft/sec3) (30 ft) 

Sn = 6.0 ppt 

From the prevous tabulation this will occur approximately 65,000 ft 

from the mouth of the estuary. 

Under winter flow conditions, 

1 ooo u2 
S = ___ r_ 

n O. 7 F~ gd 

= (1000) (1.8 ft/sec) /o. 7 (0.248) 2 (32.2 ft/sec 2) (30 ft) 

This Sn is greater than ocean salinity and will not actually be 
encountered. Thus, null zone shoaling will occur at the mouth if it occurs 
at all. This condition is common for rivers with seasonally variable flow 
rates. 

END OF EXAMPLE VI-19 
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APPENDIX A 

MONTHLY DISTRIBUTION OF RAINFALL EROSIVITY FACTOR R 

Figure A-1 - Key Map for Selection of Distribution Curves 
for Eastern United States 

Figure A-2a through A-2i - Distribution Curves for Eastern 
United States 

Distribution Curves for Hawaii (Figures A-3a through A-3c) 

Methods for Developing R Distribution Curves for the 
Western United States 
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FIGURE A-1 KEY MAP FOR SELECTION OF APPLICABLE EROSION-INDEX DISTRIBUTION CURVE 
(WISCHMEIR AND SMITH, 1965) 
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METHODS FOR DEVELOPING R DISTRIBUTION CURVES FOR THE WESTERN UNITED 
STATES (Conservation Agronomy Technical Note No. 32, 1974) 

Rs is significant in portions of this area. Divide the annual 

Rr for the location by the average annual precipitation to obtain a 

factor. Multiply each month's precipitation by this factor to obtain 

monthly Rr values. Add the prorated monthly Rs values to Rr for the 

months when snowmelt occurs, to obtain the monthly R values. Compute 

the monthly accumulative percent. The following example is for 

Hylton, in Elko County, Nevada. The 2-6 rainfall for this area is 

0.9 in. The annual Rr determined from the Type II curve on Figure 

III-4, is 18. Annual precipitation average is 12.72 in. Factor is 

18 ~ 12.72 = l .42. 

Monthly precipitation (water depth) for December through March 

is 4.92 in. Rs = 4.92 x l .5 = 7.38. This is prorated, based on 

local judgment to 

January 10% or 0.7 

February 20% or l. 5 

March 50% or 3.7 

April 20% or l . 5 

Precipi-
tation 

(Inches Cumulative -------------Water R R R* R % Month Depth) r s 
_JJJ_ ~- ill -~ m .ill QJ 

January l. 18 1. 68 0.7 2.38 2.38 0.093 
February 1. 14 l. 62 l. 5 3. 12 5.50 21 .6 
March 1. 29 1.83 3.7 5.53 11 . 03 43.3 
Apri 1 l.49 2. 12 1. 5 3.62 14.65 57.5 
May l.48 2. l 0 2. 10 16.75 65.8 

*Columns (3) + (4). 
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Precipi-
tation 

(Inches Cumulative -----------
Water R R R* R % Month Depth) r s 

( 1 ) ___ (_?l_ ____ Dl ill L~l _Uil U_.l_ 

June 0.91 l. 29 l. 29 18.04 70.9 

July 0.63 0.89 0.89 18. 93 74.4 

August 0.52 0.74 0.74 19.67 77. 3 

September 0.63 0.89 0.89 20.56 80.8 

October l. 17 l. 66 l. 66 22.22 87.3 

November 0.97 l. 38 l. 38 23.60 92.7 

December l. 31 l.86 l. 86 25.46 100. 

*Columns (3) + (4). 

Values in cumulative percent column (7) are the points used in 

plotting the monthly R distribution curve. 

For A-2, A-3, and A-4 Areas Shown in Figure III-4 

Rs is not significant in most parts of these areas. Use the monthly 

rainfall distribution as the R distribution. Simply accumulate monthly 

precipitation amounts and divide each by the annual precipitation. The 

results obtained for each month will be the points for plotting the 

monthly R distribution curve. 

for B=-l and C Areas Shown in Fi_gure III-4 

Rs in most parts of these areas is significant. 

l. "Multipliers" are used to time average monthly precipitation 

amounts. Sum the results of multiplications to obtain the 

"factored annual precipitation". 
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the location by the "factored annual precipitation° to 

obtain a factor which will be used to convert monthly 

precipitation amounts to the monthly R values (see 

the previous section for A-1 area). Values of 

multipliers are: 

Month(s) 

January, February, 
March 

April 

May 

June, July, August 

September, October 

November, December 

_Multipliers 

0. l 

l.O 

4.0 

7.0 

2.0 

0. l 

2. Add the prorated Rs values to the months when the snowmelt 

occurs to obtain the monthly R values. Compute the monthly 

cumulative percents which are points used in plotting 
the monthly R distribution curve. The following example 

is for a hypothetical area which has an annual rainfall 

factor R of 25, and a R factor of 7.5 (4.94 x l .5 rounded r s 
to 7.5). The 4.94 in. is total precipitation for December. 

January, February, and March. Rs factor is prorated to: 

January 0% or 0 in. 

February 33.3% or 2.5 in. 
March 33.3% or 2.5 in. 

April 33.3% or 2.5 in. 
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Month ---
( 1 ) 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

Month -rn-
January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

Precipi
tation 
(in. ) 

( 2) 

1. 33 

l. 14 

l. 35 

l.48 

l.43 

l. 00 

0.80 

0.78 

0.85 

l. 14 

0.92 

l. 12 

13. 34 

Monthly 
Rs 

-w-

2.5 

2.5 

2.5 

7.5 

t1_ultipl ier 
( 3) 

0. l 

0. l 

0. l 

1.0 

4.0 

7.0 

7.0 

7.0 

2.0 

2.0 

0. l 

0. l 

Monthly R 
=R + R r s 

( 7) 

0.11 

2.59 

2.66 

3.74 

4.80 

5.87 

4.69 

4.58 

l.43 

1. 91 

0.08 

0.09 

32.5 

Factored 
Monthly 

pptn. (Col . 2 
x Col. 3) 

(4) 

0. 13 

0.11 

0. 13 

l.48 

5.72 

7.00 

5.60 

5.46 

l. 70 

2.28 

0.09 

0.11 

29.81 

Monthly 
R * r 

( 5) 

0. 11 

0.09 

0.11 

l. 24 

4.80 

5.78 

4.69 

4.58 

l.43 

l. 91 

0.08 

0.09 

25.0 

Cumulative 
R % 

m m 
0. l 

2.7 

5.4 

9. 1 

13. 9 

19. 8 

24.5 

29.0 
30.5 

32.4 

32.4 

32.5 

8 

17 

28 
43 

61 

75 

89 

94 

99 

100 

100 

*In this example, the calculated factor value is 0.84 (25 + 29.81). 
Monthly R is obtained by multiplying each "factored monthly pptn. 11 

with 0.84~ 
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For B-2 Area Shown in Fiaure III-3 

In this area, no Rs values are needed. Follow the same procedure 
and use the same set of multipliers as the preceding section for areas 
B-1 and C, except that steps for obtaining monthly R values are not s 
used. The cumulative R and cumulative percent are computed from monthly 

Rr (column 5 in the preceding example). 
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APPENDIX B 

METHODS FOR PREDICTING SOIL ERODIBILITY INDEX K 

Nomograph for Predicting K Values of Surface Soils Using 
Chemical and Physical Parameters. 

Nomograph for Predicting K Values of High Clay Subsoils 
Using Chemical Mineralogical and Physical Parameters. 
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NOMOGRAPH FOR PREDICTING K VALUES OF SURFACE SOIL 

In 1971 Wischmeier, et al. (1971) presented a soil erodibility 

nomograph derived from statistical analysis of 55 soil types. Five 

soil parameters are included in the nomograph to predict erodibility: 

percent silt plus very fine sand; rercent sand greater than 0.10 

millimeter; organic matter content; soil structure; and permeability. 

Values of the parameters may be obtained from routine laboratory 

determinations and standard soil profile descriptions. 

The nomograph is reproduced here as Figure B-1. 

Descri.2.!l_on of Factors (Water Resources Administration, 1973) 

Grain Size Distribution 

Grain size distribution has a major influence on a soil's 

erodibility: the greater the silt content, the greater the soil's 

erodibility; the smaller the sand content, the greater the soil's 

erodibility. 

Particles in the very fine sand classification behave more 

like silt than sand. Therefore, the percentage of very fine sand 

should be subtracted from the total percentage of sand and added to 

the percentage of silt. 

Organic Matter 

The percentage of organic matter was determined, in work 

by Wischmeier, et al., by the Walkley-Black method (Walkley and 

Black, 1934). The organic matter content is approximately 1 .72 times 

the percent carbon. Soil erodibility decreases as organic matter 

content increases. 
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Soil Structure 

The soil structure is descriptive of the overall arrangement 

of the soil solids. The four parameter values and their descriptions 

are as follows: 

Parameter 
Value Descriptions 

Granular - All rounded aggregates may be placed in this 

category. These rounded complexes usually lie loosely 

and are readily shaken apart. When wetted, the voids 

are not closed readily by swelling. 

Very fine granular - less than l mm. 

2 Fine granular - l to 2 mm. 

3 Medium granular - 2 to 5 mm. 

3 Coarse granular - 5 to 10 mm. 

4 Blocky - Aggregates have been reduced to blocks, 

irregularly six-faced, and with their three dimensions 

more or less equal. In size, the fragments range 

from a fraction of an inch to 3 or 4 in. in thickness. 

4 Platy - Aggregates are arranged in relatively thin 

plates or lenses. 

4 Prismatic - Aggregates or pillars are vertically 

oriented, with tops plane, level, and clean cut. 

They commonly occur in subsoils of arid and semi-arid 

regions. 
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Parameter 
Value 

4 

4 

Descriptions 

~olumnar - Aggregates 0r pillars are vertically 

oriented, with rounded tops. They commonly occur 

when the soil profile is changing and the horizons 

are degrading. 

Massive - Soil units are very large, irregular, 

featureless as far as characteristic aggregates 

are concerned. 

Soil Permeability 

Soil permeability is the ability of the soil to transmit water. 

Since different soil horizons vary in permeability, the relative perme

ability classes refer to the soil profile as a whole. The relative 

permeability classes are as follows: 

Class 

2 

3 

4 

5 

6 

Reading the Nomograph 

permeability Rates 

Rapid 

Moderately rapid 

Moderate 

Moderately slow 
Slow 

Very slow 

in In/Hour 

over 6.0 

2.0 to 6.0 

0.6 to 2.0 

0.2 to 0.6 

0.06 to 0.2 

less than 0.06 

Entry values for all of the nomograph curves, except permeability 

class, are for the upper 6 or 7 in. of soil. For soils in cuts, the 

entry values are for the upper 6 or 7 in. of the newly exposed layer. 

In reading the nomograph, interpolate linearly between adjacent curves 

when the entry data do not coincide with the plotted curves of percent 
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sand or percent organic matter. The percent of coarse fragments may 

be significant and is not included in the nomograph. Therefore, reduce 

the value of K read from the nomograph by 10% for soils with strati

fied subsoils that include layers of small stones or gravel without a 

seriously impeding layer above them. 

Enter the left scale of the nomograph with the appropriate 

percent silt plus very fine sand. move horizontally to intersect the 

correct percent-sand curve (interpolating to the nearest percent), 

vertically to the correct organic matter curve. and then horizontally 

to the right scale for first approximation of soil erodibility. 

For soils having a fine granular structure and moderate perme

ability, the value of K can be obtained directly from this scale. 

However, if the soil is other than of fine granular structure, or 

permeability is other than moderate, it is necessary to proceed to 

the second part of the nomograph, horizontally to intersect the 

correct structure curve, vertically downward to the permeability 

curve, and horizontally to the soil erodibility index scale. 

NOMOGRAPH FOR PREDICTING K VALUES OF HIGH CLAY SUBSOILS 

Subsoils are commonly heavier in texture than the surface soils. 

In addition, subsoils likely have aggregating agents that are very 

much different from those found in surface soils and the degree of 

aggregation is known to have a profound influence on erodibility. 

From an EPA study (Roth, et al., 1974) conducted at Purdue 

University, a multiple linear regression equation and nomograph were 

developed which can be used to estimate the erodibility factor, K, 

of many high clay soils. Multiple regression analysis revealed that 
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amorphous iron, aluminum and silicon hydrous oxides serve as soil 

stabilizers in subsoils (whereas, organic matter is the major 

stabilizer in surface soils). The nomograph was developed from 

the multiple linear regression equation relating the erodibility 

factor to the soil texture factor, M, the amount of COB (citrate

dithionite-bicarbonate) extractable iron and aluminum oxides, and 

the amount of COB extractable silica. 

where 

The equation used to derive the nomograph was: 

Kpred = 0.32114 + 2.0167 x 10-4 M - 0.14440 (% Fe2o3 + % Al 203) 

- 0.83686 (% Si02) 

Kpred = predicted K value of subsoil 

M = soil texture factor, defined by percent new silt 

(percent new silt + percent new sand). "New" silt 

% Fe2o3 

% Al 2o3 

% Si02 

has 2 to l 00 µm mean diameter. JI New" sand has l 00 

to 2,000 µm mean diameter. 

= percent CBD extractable iron oxide of soil. 

percent COB extractable aluminum oxide of soil. 

percent COB extractable silica in soil. 

The nomograph for estimating the erodibility factor, K, of high clay 

subsoils is reproduced in Figure B-2. 
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TABLE C-1 

STREAM AND RIVER REAERATION AND DEOXYGENATION RATES (FROM HYDROSCIENCE, 1971) 

k kl 
Area a 

Depth Flow Velocity @20°C @2o 0c 
River Name Category (ft.) ( ft2) ( cfs) (fps) (l/day) ( l I day) 

Grand River Shallow l . 9 320.0 295. 0.92 4.5 0.59 
(Michigan) 

Clinton River Sha 11 ow l. 58 44.6 33. 0. 72 5.9 3.37 
(') 

(Michigan) 
I 

Nl Truckee River Shall ow l.67 150. 180. l. 20 5.6 0.36 
(Nevada) l.67 150. 195. l. 30 5.7 0.36 

l.67 l 50. 271. l.81 6.6 0.96 

Flint River Sha 11 ow 2. l 210. 134. 0.64 3.5 0.56 
(Michigan) 2.6 200. 174. 0.83 3.9 0.63 

2.6 400. 174. 0.44 3. l 0.69 
l. 7 290. 204. 0.73 5.0 0.69 
l. 9 400. 204. 0. 51 2.2 0.69 

Jackson River Sha 11 ow 3 365. l 00. 0.27 4. l l. 25 
(Virginia) 

N. Branch Shallow 2 100. l 00. l. 0 9.0 0.40 
Potomac River 
(Md. , W. Va. ) 



TABLE C-1 (continued) 

k k 
Area a L 

Depth Flow Velocity @20°c @20°c 
River Name Category (ft.) ( ft 2) ( cfs) (fps) ( l /day) (l/day) 

Clarion River Shall ow 1 1 - 10. 3 
(Penna.) 1. 9 0.55 2.26 

South River 1-2 35. 2 

(J Ivel River Shallow 1. 21 4.86 0 .14 2.35 
I (England) 1. 51 4. 15 0. 14 2.06 i:..:i 

1. 09 3.87 0. 13 3.20 
l. 50 15. 40 0.37 2.37 
l.08 4.86 0. 16 4.57 
0.38 4. 15 0. 15 2.09 
1. 12 3.87 0. 13 l. 18 
1.46 15 .40 0.38 3 .18 
l. 31 15. 40 0.47 6. 18 
2.44 l 0 .07 0.23 0.90 
2.03 10.07 0.22 1. 66 

Lark River Sha 11 ow l. 74 10.94 0.28 0.78 
(England) l. 47 10.94 0.37 2. 12 

l.82 36.20 0.50 1. 41 
2.41 36.20 0.43 0. 31 



TABLE C-1 (continued) 

k kl 
Area a 

Depth Flow Velocity @20°c @20°C 
River Name Category (ft.) ( ft 2) (cf s) (fps) ( l /day) (l/day) 

Derwent River 0. 72 21 .60 l. 37 31 .80 
(England) 0.89 21 .60 l. 19 24.53 

0.85 21 .60 l. 07 34.57 

Black Beck Shallow 0.40 2.70 0.44 25.59 
River 0.40 2.70 0.56 28.34 

n (England) 0.39 2.70 0.63 22.80 1 
~ 0.60 17.70 l.83 49. 17 

0.69 17. 70 l. 81 30. 77 
l. 00 17.70 l. 54 18.46 

St. Sunday's Shallow 0.82 19. l 0 l.07 21 .05 
Beck (Eng.) 0.78 19. l 0 l. 27 16.06 

Yewdale Beck Sha 11 ow 0.64 5. l 0 0.46 12.04 
(England) 0.48 5. 10 0.60 30.32 

0. 72 17. 30 l . 16 18. 90 
0.66 17. 30 l. 31 20.25 
0.67 17. 30 l. 30 17.09 
0.69 17. 30 l. 25 19. 16 

Elk River Sha 11 ow 0.9 0.97 5.84 
(Penna.) 



TABLE C-1 (continued) 

Area 
ka kl 

Depth Fl ow Velocity @20°C @2o 0c 
River Name Category (ft.) ( ft 2) ( cfs) (fps) (l/day) (l/day) 

Mohawk River Shall ow 3 143. .07-4.0 .23 

Mohawk River Medium 15 3,800. 800. . 21 .40 
(New York) 

North Branch Medium 4 l '700. l,000. 0.60 l. 5 0.35 
Susquehanna 

New River Medium 5 l '720. l,200. 0.70 l. 04 2.5 
(1 (Virginia) 0.5 
I 

01 

Wabash Medium 5-7 l,000- .40 
(Indiana) 5,000 

Clinch River Medium 3.27 3,300. 3.07 2.27 
(T. v.) 5.09 4,500 3.69 l.44 

4.42 3' 190 3. l 0 .98 
6. 14 5,890 2.68 .50 
5.65 5,910 2.78 .74 
7. 17 5,930 2.64 l. 13 

Holston Medium 11. 41 10,385 2.92 .28 
(T. V.) 2. 12 3,230 2.47 3.36 

2.93 6,400 3.44 2.79 
4.54 14,085 4.65 l. 57 
9.50 10,440 3.94 .46 
6.29 6,540 2. 51 .39 



TABLE C-1 (continued) 

Area 
ka kl 

Depth Flow Velocity @20°C @20°C 
River Name Category (ft.) ( ft2) ( c fs) (fps) (l/day) (l/day) 

Holston River Medium 7.52 10' 500 3. 15 .27 
(T. V.) 7.07 l 0 '500 3.30 .55 

5.44 5,590 3. 11 . 54 
8.06 11'930 4.28 .60 
3.98 952 2.73 l. 25 

Fr. Broad Medium 9.38 12,010 2 .41 .27 
Cl (T. V. ) l 0. 19 17,120 3.06 .23 I 
O'l 3.29 44 'l 05 2.40 l. 88 

4.74 8,775 3.46 . 84 
5. 72 12,455 4.02 .88 
6.98 17 ,270 52 . 91 
4.29 4' 150 85 l.00 
6.01 8, 775 .75 .55 
7. 16 12,455 .23 .98 
9.49 17,270 3. 71 .25 

Wautaga River Medium 3.42 3 '112 5.0 43. 5.6 
(T. V.) 

Hiwassee River Medium 3.02 l '145 3.05 11. l. 7 
(T. V.) 2.83 l '145 3.91 21. 3.2 

Ohio River Deep 32 43,000 6,000 . 14 .06 



TABLE C-1 (continued) 

Area 
ka kl 

Depth Flow Velocity @20°C @2o0 c 
River Name Category (ft.) ( ft 2) ( cfs) (fps) ( l Ida y) (l/day) 

Upper Hudson Deep 17.5 6,000 3,000 0.5 .34 . 125 
(Troy, N. Y. - 21.0 6,750 4 ,500 1. 5 .34 . 165 -
Saugerties) 

Lower Sacramento Deep 15-20 8,000 10,000 l. 5 .28 .40 

n River . 15 
I .24 

-:s 

Upper James Deep 15.5 11'500 l ,800 0 .16 . 15 .48 
River (Va.) 14,500 2,600 0.18 . 14 .30 

14,500 9,000 0.63 . 12 . 31 
14,000 7,500 0.53 . 13 . 41 
14,500 4,500 0. 31 .22 .39 
13,500 3,800 0.28 .24 .38 
15'000 1'350 0. 13 .22 .43 

Illinois River Deep 10-12 8,000 .07 
9.2 1. 37 .225 
9.0 1. 57 .269 
8.9 1.63 .224 



TABLE C-2 

DEOXYGENATION RATE CONSTANTS (FROM BANSAL, 1975) 

kl rates 
base e/day 

X-section Estimated 
Discharge area Top Width Temp (From Fig. 

cf s Sq ft. ft. ~ OJ served C-1) 

Kansas River at Bonner Springs, Kansas 
15,200 4,300 770 25 .02 .258 

2 '160 l ,200 505 28 . 12 .249 
2,090 l '170 500 25 . 12 .242 
2,440 l '300 525 24 .24 . 241 
l ,300 850 450 9 .02 . 204 

828 550 415 5 . 16 . 190 
632 425 405 9 .26 . 195 

l ,080 710 432 14 . 17 .213 

Kansas River at Lecompton, Kansas 

l '750 750 725 27 . 19 .232 
l ,360 590 660 32 . l 5 .239 
2,060 880 774 28 .35 .236 
2,300 1 ,000 757 10 .30 . 201 
l ,040 450 592 6 .47 . 184 

793 350 538 0 .23 . 169 

1 'l 70 500 620 16 .05 .206 

Kansas River at Topeka, Kansas 

3,040 l ,450 468 22 . 08 . 241 
l ,460 700 437 31 .07 .248 
l ,800 865 447 27 . l .243 

2,690 l ,285 466 18 .37 .230 

l '900 910 450 7 . 14 .200 

764 365 405 7 . 06 . 189 

631 310 368 11 .23 . 196 

608 290 364 l 5 . l 0 .204 
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TABLE C-2 (continued) 

kl rates 
base e/day 

X-section Estimated 
Discharge area Top Width Temp (From Fig. 

cfs sg ft. ft. oc Observed C-1) 

Republic River below Milford, Kansas 

258 184 196 24 . 18 .224 

657 412 251 28 . 19 .242 
609 392 249 24 .07 .283 
201 140 166 14 .25 .203 
15 10 68 1 . 14 . 153 
36 26 77 0 .23 . 161 

249 177 192 16 .29 .208 

Smoky Hi 11 River at Enterprise, Kansas 

215 122 119 27 . 09 .232 
100 57 69 32 .26 .238 
373 211 131 24 . 16 .234 
146 83 91 6 .32 . 193 
113 65 75 0 . 14 . 173 
210 120 118 15 . 17 .207 
157 88 97 14 .24 .204 

Smoky Hi 11 River at New Cambridge, Kansas 

185 87 86 27 .09 .232 
67 35 79 31 . 19 .225 

734 252 88 29 .27 .255 

Solomon River at Niles, Kansas 

61 65 53 28 . 21 .237 
35 40 49 30 . 19 .234 

117 125 61 21 .06 . 231 
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TABLE C-2 (continued) 

kl rates 
base e/daz 

X-section Estimated 
Discharge area Top Width Temp. (From Fig. 

cfs Sq ft. ft. oc Observed C-1) 

Kansas River at Wamego, Kansas 

890 390 413 27 .23 . 231 

l '540 670 468 26 . 13 .236 

2,530 l ,080 540 27 .30 .244 

l ,470 730 462 15 .26 .214 

680 300 395 0 .28 . l 71 

535 225 381 2 . 11 . 172 

483 190 375 7 .06 . 181 

Big Blue River at Tuttle Creek, Kansas 

l ,060 l '050 194 22 . 21 . 251 

162 70 76 24 . 14 .224 

90 42 62 27 .23 .225 

810 490 l 91 23 .28 .240 

961 l ,000 194 8 .6 .217 

232 108 92 .37 . 179 

50 30 52 6 . 1 5 . 1 81 

50 30 52 13 .2 . 195 

Kansas River at Manhattan (Fort Riley), Kansas 

l ,250 4,250 533 26 .26 .268 

559 l '750 493 32 . 15 .265 

l ,200 4,050 530 26 . l 0 .267 

511 367 247 25 .09 .234 
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TABLE C-2 (continued) 

kl rates 
base e/day 

X-section Estimated 
Discharge area Top Width Temp. (From Fig. 

cf s sq ft. ft. OC Observed C-1 ) 

Solomon River at Glen Elder, Kansas 

44 38 49 28 .20 .229 

47 40 49 28 .23 .23 

79 58 53 24 . l 0 .227 

30 30 33 7 .35 . 21 

48 41 49 0 .34 . 172 
33 31 36 0 .37 . 173 

30 30 33 5 .35 . 185 

Saline River at Tescott, Kansas 

8.3 14 19. 4 2.7 .37 .226 

5.8 10 17. 8 28 .25 .224 

132 75 30 21 .26 .235 

Smoky Hill River at Mentor, Kansas 

138 88 83 24 . l 0 .226 

35 20 81. 5 26 . 15 .207 
675 288 92.5 26 .42 .25 

Smoky Hi 11 River at Langley, Kansas 
77 60 57 23 .42 .224 

147 85 67 27 . 51 .236 
493 210 90 24 . 14 .240 

249 122 75 23 . 14 .232 
14 15 20 7 . 20 . 186 

21 21 23 l .28 .176 
18 19 22 6 .29 . 186 
81 60 58 11 .33 . 199 
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TABLE C-2 (continued) 

kl rates 
base e/day 

X-section Estimated 
Discharge area Top Width Temp. (From Fig. 

cf s sq ft. ft. oc Observed C-1 ) 

Grand River, Michigan 

295 320 168.4 20 .59 .228 

Clinton River, Michigan 

33 44.6 28.22 20 3.37 .225 

Truckee River, Nevada 

180 150 89.8 20 . 36 .226 
195 150 89.8 20 .36 .226 

271 150 89.8 20 . 96 .226 

Flint River, Michigan 

134 210 l 00 . 56 .230 

174 200 76.9 20 .63 .233 

174 400 153. 8 20 .69 .233 
204 296 170.6 20 .69 .226 
204 400 210.5 20 .69 .228 

Jackson River, Virginia 

100 365 122 20 l. 25 .236 

North Branch Potomac River (Maryl and, West Virginia) 

l 00 100 50 20 .4 .229 

North Branch Susquehanna 

l ,000 l '700 425 20 .35 . 241 
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TABLE C-2 (continued) 

kl rates 
base e/day 

X-section Estimated 
Discharge area Top Width Temp. (From Fig. 

cfs sq ft. ft. oc Observed C-1) 

New River, Virginia 

l ,200 l '720 344 20 . 5 .245 

Upper Hudson, Troy, New York 

3,000 6,000 343 20 . 125 .269 

4,500 6,750 321 20 . 165 .273 

Lower Sacramento River 

10,000 8,000 457 20 .4 .269 

Upper James River, Virginia 

l ,800 8,000 742 20 .48 .267 

2,600 11 '500 935.5 20 .30 .267 

9,000 14,500 935.5 20 . 31 .267 

7,500 14,000 903.2 20 . 41 .267 

4,500 14,500 935.2 20 .39 .267 

3,800 13,500 871 20 . 38 .267 
l ,350 15,000 967.7 20 .43 .267 

Cooper River, South Carolina 

10,000 40,000 l ,000 20 . 3 .286 

Savannah River, Georgia and South Carolina 

7,000 10,000 l ,000 20 .3 .258 
6,800 40,000 l ,428.6 20 . 3 .279 
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TABLE C-2 (continued) 

kl rates 
base e/day 

X-section Estimated 
Discharge area Top Width Temp. (From Fig. 

cfs sq. ft. ft. oc Observed C-1 ) 

South New Jersey 

23 2,500 208.3 20 . 2 .262 

Compton Creek, New Jersey 

10 l ,000 69 20 .23 .265 
10 790 75 20 .23 .259 
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~ 
Willow Creek near Cheyenne Wells,Colo

Smoky Hill River near Arapahoe,Colo--

Srnoky Hill River near Sharon Springe;. 
Kan<">-- - -- --- -- - - - - --- -- - -- -- - -- ---- - -

Smoky Hill River at Russell Springs, 
Kans - -- --- -- - - - - --- -- - --- - ---- - -- -- - -

Smoky Hill River at Gove,Kans--------

Smoky Hill River near Arnold,Kans----

Smoky Hill River near Russell,Kans---

Smoky Hi 11 River at Dorrence,Kans----

Smoky Hill River near Kanopolis 
( Lonql ey), Kans-- --- --- ---- - - - --- --- - -

Smoky Hill River near Bridgeport 
( L indsborq), Kans- - -- - -- - - - - - - - - - - -- - -

Smoky Hill River at Abilene,Kans-----

Srnoky Hill River near Junct10n City, 
Kans- - - -- -- -- - - -- -- - --- -- -- - -- - - --- __ 

Kansas River at Wamego,Kans----------

Kansas River near Topeka.Kans---------

Arlkaree River near Ankaree,Colo----

Arikaree River at Haigler,Nebr-------

Republ ican River near Stratton,Nebr--

South Fork Republican River near Benk-
1 eman, Nebr - - -- --- ----- - ---- - - - - - - - --

Repub 11 can River near Benkleman,Nebr-

Republ 1can River near McCook,Nebr----

Republican River near 8ostwick(Hardy), 
Nebr- -- --- -- - -- --- - -- - ----- - -- --- - - __ 

Republ 1can RJVer at Concord1a,Kans---

Republ 1can River at Junction City.Kans 

South Fork Powder Rl ver near Kaycee. 
Wyo---- -- - --- -- ------- ----- - ---- - ---

Middle Fork Powder River above Kaycee, 
Wyo------ --- - -- -- -- ------ - --- -------

Middle Fork Powder River near Kaycee, 
Wyo- - -- ----- -- - - ----- -- -- - -- - ---- --

Powder River below Arvada,Wyo------

Powder River near Locate,Mont------

Crazy Wo111i!n Creek near Arvada ,Wyo--

L 1ttle Powder River at Broadus,Mont

Bighorn River near Kane,Wyo---------

8adwater Creek near Lysite,Wyo------

8adwater Creek at Lysite,Wyo-------

Owl Creek near Thermonolis,Wyo-----

Cottonwood Creek at Winchester ,Wyo-

Gooseberry Creek at Pulliam,Wyo----

Graybull Riv~r near 8asin,Wyo-------

8ates Creek near Alcova ,Wyo---------

TABLE C-3 

ALLUVIAL CHANNEL AND SEDIMENT DATA 
(FROM SCHUMM, 1960) 

Median 
gra1 n 
s 1ze, 

D50 
(11111) 

l. 10 

85 

. 41 

l. 30 

.80 

93 

.81 

30 

63 

. 40 

023 

l. 20 

. 70 

. 75 

10 

. 25 

38 

.48 

25 

52 

. 63 

.70 

60 

o. 63 

?2. 0 

. 40 

21 

42 

. 50 

10 

l 6 

43 

24 

21 

8. 0 

50 

90 

Smoky Hill-Kansas Rivers system 

Silt
clay in 

bank 
(percent) 

72 

49 

25 

21 

63 

30 

76 

69 

96 

85 

97 

90 

93 

57 

82 

65 

31 

44 

23 

88 

29 

34 

59 

71 

60 

69 

70 

58 

75 

82 

35 

47 

58 

69 

15 

45 

72 

63 

Silt
clay rn 
channel 

(percent) 

. 5 

87 

Weighted 
mean 

silt-clay 
M 

(percent) 

16 

6 l 

4 5 

2. 4 

3 

2 4 

5 3 

14 

l 3 

89 

6 

3 8 

3 

Republican River Sys tern 

4. 7 

3. 4 

3 4 

6 7 

4 4 

2 8 

l. 4 

3. 4 

Powder River System 

14 

15 

4 

13 

5 5 

20 

3 

8 

2 5 

14 

l l. 3 

20 

23 

15 

17 

22 

21 

6 7 

7 3 

14 

8 4 

5 7 

9 9 

18 

C-15 

Width 
(feet) 

15 

65 

200 

263 

226 

345 

115 

130 

92 

69 

125 

153 

636 

800 

206 

68 

400 

100 

123 

115 

154 

250 

300 

119 

35 

47 

175 

234 

33 

40 

220 

50 

109 

35 

133 

59 

134 

69 

Depth 
(feet) 

l 7 

2 

2 5 

3 0 

2 5 

2. 5 

3 5 

4. 0 

5 5 

5 0 

18 

5 0 

10 

18 

2 2 

3 0 

3. 0 

2. 3 

2 7 

5 0 

5. 0 

6 5 

2. 3 

2. 5 

4 4 

3. 5 

4 5 

4 4 

5 5 

8 5 

2. 3 

2 5 

3. 9 

3. 5 

2 4 

3 1 

2 8 

Width 
depth 
ratio 

(F) 

8 8 

Gradient 
(S) 

Mean 
annual 
flood 
(cfs) 

Mean 
annual 

discharge 
(cfs) 

28 0 003 30(est) 

80 

88 

90 

138 

33 

33 

17 

14 

31 

64 

44 

94 

23 

133 

43 

49 

43 

31 

50 

46 

52 

14 

11 

50 

52 

7. 5 

7 3 

26 

22 

44 

9.0 

38 

25 

43 

25 

5,800 

. 00066 8, ODO 

65 2 

215 

. 0007 

.0005 9,200 314 

6,750 340 

l l ,500 1,254 

0004 13 ,000 l ,454 

4,398 

5, 155 

0008 39,000 

0005 48. 000 

0 002 

002 

003 

.009 

3 ,500 

4 ,500 

2. 175 

19. 6 

56 8 

105 

.0008 12,000 843 

0007 13,000 

0007 15,000 l ,000 

0.004 

.005 

0015 

.001 l 

. 0037 

.0037 

. 0015 

.006 

. 0015 

0035 

3. 900 35 

574 58 

1,630 133 

9,400 639 

l, 150 40 

1,280 39 

16,100 2,888 

585 34 

31 l l 0 

3,140 178 

500 16 

Ora i nege 
area 

(sq mi) 

5 ,220 

6,965 

7 ,857 

8, l 10 

l8' 830 

l 9, 900 

55,240 

56. 710 

l ,460 

2 ,580 

4, 770 

5. 760 

22 ,400 

23' 540 

24. 900 

1, l 50 

450 

980 

956 

15 ,900 

484 

371 

l. 130 

377 



TABLE C-3 (continued) 

Median Weighted 

Location 

Sage Creek, S Da k. · 

( 2) -------- -- -- - ------- -- -- ---- -- -- - -

( 3) -- - ----- -- -- --- ------ - ------- - - --

( 4 )--- - -- -- - - -- - --- --- ---- ------ - -- - -

Sand Creek, Nebr· 

( 4) - - - - - - --- -- - - -- - - - -- --- - - - - --- -- - -

( 5) -- - ------- - - -- - - - -- - -- -- ----- - ---

( 6) --- - - -- - - -- - - -- -- - - --- -- --- -- - -- --

Arroyo Calabasas, N. Mex.· 

(A) - ---- - -- - - -- -- -- --- - ------ -- -- ---

( 6 )------------ ----- ----------------

( 7 )-- -- --- - - - - - ---- - ---- - - -- - - - -- -- --

Bayou Gulch, Colo.: 

( 3 )--- -- --- - -- - - -- ------ - --- - - - - - --- -

( 6 )- -- -- ---- -- - --- ------ - --- -- --- - -- -

Medano Creek, Colo · 

grain 
s. i ze, 

D50 
(mm) 

0 06 

06 

12 

72 

. 73 

35 

84 

. 50 

75 

. 58 

55 

(1 )---------------------------------- .24 

( 2 )- -- -- - --- - -- - --- - - --- - - -- - - - -- --- - 24 

( 3 )- - -- - - - - -- - - -- -------- - -- - - - -- -- - - . 24 

Saline River at Russell, Kans ---------- 3 57 

Paradise Creek near Parad1se, Kans ---

North Fork Solomon River near Downs Kans 

Solomon River at Bennington(N1les),Kans

Pra1rie Dog Creek at Norton. Kans-----

Sappa Creek at Stamford, Nebr.---------

Sappa Creek at Reaver C1 ty. Nebr 

Beaver Creek at Beaver C1ty,Nebr ------

Beaver Creek at Ludell, Kans ----------

Frenchman Creek at Hamlet. NPbr -------

Blackwood CrePk at Culbert<:.on, Nebr---

Red Wi 1 low Creek near RPd Wi l low,Nebr -

South Loup R1vPr near Cumro, Nebr -----

Niobrara River near Colc1essPr,Nebr ---

White River at Chadron.Nebr-----------

Whitf' River at lntenor,S Oak ---------

CheyennP River at Edgemont,S Oak-------

50 

80 

41 

go 
60 

70 

70 

10 

27 

02 

II 

25 

33 

15 

50 

75 

S1 It-
c 1 ay in 

bank 
(percent) 

93 

93 

96 

70 

60 

65 

18 

26 

16 

13 

93 

74 

89 

90 

82 

97 

96 

95 

95 

93 

91 

91 

80 

47 

86 

89 

56 

. 5 

5 

s 1 l t-
c 1 ay in 
channel 

(percent) 

55 

68 

40 

14 

15 

10 

5 

5 7 

1 5 

2 

17 

75 

30 

9 4 

2 

32 5 

mean 
•.11t-clay 

M 
(µercent) 

73 

79 

54 

23 

22 

20 

4. 1 

4 8 

5. 8 

4.4 

11 

30 

16 

11 

19 

23 

43 

19 

35 

31 

81 

45 

16 

3. 3 

56 

C-16 

W1 dth 
(feet) 

16 

20 

31 

75 

65 

36 

79 

92 

100 

130 

128 

340 

800 

820 

93 

32 

82 

112 

45 

43 

26 

40 

28 

36 

27 

45 

143 

224 

25 

293 

?21 

Depth 
(feet) 

. 5 

3 

2 5 

7. 8 

8. 6 

5 

6. 2 

6. 0 

6 3 

5 

8 0 

6 5 

8 4 

7 1 

l 0 

W1 dth 
depth 
ratio 

(F) 

2 3 

2. 9 

6 

10 7 

9 3 

9. 0 

26. 3 

23. 0 

25. 0 

43 

85 

170 

267 

328 

31 

4. 1 

9 6 

22 

7. 2 

7. 2 

4. l 

8. 9 

3 5 

5 5 

3. 2 

6 3 

19 6 

65. 9 

2 5 

50 

44 2 

Grad1 ent 
(S) 

o. 0055 

0045 

. 0045 

. 0015 

. 003 

.001 

013 

. 009 

011 

. 010 

. 016 

.017 

. 019 

. 016 

. 001 

0006 

0005 

0013 

. 003 

.001 

001 

. 0013 

0021 

001 

003 

003 

Mean 
annua 1 
flood 
( cfs) 

4' 300 

1 ,300 

8,000 

7 ,000 

2 .600 

1 ,800 

1, 350 

1 ,000 

450 

850 

690 

? ,220 

2. 080 

880 

002 10,900 

0025 3 '660 

Mean 
annual Drainage 

discharge area 
(cfs) (sq m1) 

88 

11 l 

151 

558 

33 

111 

39 

28 

12 

l 01 

43 l 

165 

20 4 

302 

113 

1 7 

3 4 

9. 5 

17.9 

22 2 

22 

3 8 

24 2 

25. 8 

19 7 

22. 9 

25 8 

26. 1 

28 R 

1 ,502 

212 

2' 390 

6, 770 

7?1 

3 .840 

l '500 

2 ,060 

l ,4on 

1 ,480 

290 

400 

l .340 

2 ,000 

676 

7, 143 



APPENDIX D 

IMPOUNDMENT THERMAL PROFILES 

Thermal profile plots are provided (on microfiche in enclosed envelope 
for EPA-published manual; as Part 3, EPA-600/6-82-004c, for paper copies pur
chased from the National Technical Information Service) for a variety of im
poundment sizes and geographic locations throughout the United States. The 
locations are arranged in alphabetical order. Within each location set, the 
plots are ordered by depth and hydraulic residence time. An index to the 
plots is provided below, and the modeling approach is described in Appendix F. 

Atlanta, Georgia 

20-ft Initial Maximum Depth . D-4 
40-ft Initial Maximum Depth . D-14 
75-ft Initial Maximum Depth . D-24 
100-ft Initial Maximum Depth D-34 
200-ft Initial Maximum Depth D-44 

Billings, Montana 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

Burlington, Vermont 

20-ft Initial Maximum Depth . 
40-ft Initial Maximum Depth . 
75-ft Initial Maximum Depth . 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

Flagstaff, Arizona 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

D-1 

D-54 
D-64 
D-74 
D-84 
D-94 

. D-104 

. D-114 

.D-124 

.D-134 

.D-144 

.D-154 

.D-164 

.D-174 

.D-184 

.D-194 



Fresno, California 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

Minneapolis, Minnesota 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

Salt Lake City, Utah 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

San Antonio, Texas 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

Washington, D.C. 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

Wichita, Kansas 

20-ft Initial Maximum Depth 
40-ft Initial Maximum Depth 
75-ft Initial Maximum Depth 
100-ft Initial Maximum Depth 
200-ft Initial Maximum Depth 

D-2 

.D-204 

.D-214 

.D-224 

.D-234 

.D-244 

.D-254 

.D-264 

.D-274 

.D-284 

.D-294 

.D-304 

.D-314 

.D-324 

.D-334 

.D-344 

.D-354 

.D-364 

.D-374 

.D-384 

.D-394 

.D-404 

.D-414 

.D-424 

.D-434 

.D-444 

.D-454 

.D-464 

.D-474 

.D-484 

.D-494 



Figure E-1 

Figure E-2 

Figure E-3 

APPENDIX E 

MODELING THERMAL STRATIFICATION IN IMPOUNDMENTS 

Comparison of Computed and Observed Temperature 
Profiles in Kezar Lake 

Comparison of Computed and Observed Temperature 
Profiles in El Capitan Reservoir 

Log of Eddy Conductivity Versus Log Stability-

Hungry Horse Data 
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IMPOUNDMENT THERMAL PROFILE MODEL: BACKGROUND 

The model used for computation of impoundment temperature profiles 
is based on the Lake Ecologic Model originally developed by Chen and 

Orlob (1975). The model was modified for this application to compute 
temperature alone. The purpose of the model application was to 

simulate the effects of mixing, impoundment physical characteristics, 
hydraulic residence time, and climate on the vertical profiles of 
temperature. 

Physical Representation 

Each configuration simulated was idealized as a number of horizon

tally mixed layers. Natural vertical mixing is computed by the use 
of dispersion coefficients in the vertical mass transport equation. 
Values of the dispersion coefficients for different size lakes were 
estimated from previous studies (Water Resources Engineers, Inc., 

1969). 

Temperature 

Temperatures were computed as a function of depth according to 
Equation (E-1). 

v ~Tt - _l j_ (A D aT) - -;:,.az (QT) + Acps (µ-AT) + _Q_ - T ~ 
a - cp az z z az a cp at 

where T = the local water temperature 
c = specific heat 
p = fluid density 

Az = cross-sectional area at the fluid element boundary 

E-2 

( E-1) 



t == time 

z == vertical distance 
Dz = the eddy diffusion coefficient in the vertical direction 

Q == advection across the fluid element boundaries 

As == cross-sectional area of the surface fluid element 

µ,A == coefficients describing heat transfer across air-water 
interface 

e =sum of all external additions of heat to fluid volume 
of fluid element 

v == element volume 

Application/Verification 

The model has recently been used in a lake aeration study 
(Lorenzen and Fast, 1976). In that study, the model was applied to 

Kezar Lake in New Hampshire and El Capitan Reservoir in California 

to verify that artificial mixing could be adequately simulated. 

Computed temperature profiles were compared to observed values 

as shown in Figures E-1 and E-2. The model performance was judged to be 

good for the intended purpose of providing guidance for further study. 

PREPARATION OF THERMAL PROFILES 

The thermal profiles in Appendix D of this report were prepared by 
inputting the selected climatological conditions, inflow rate, impoundment 

physical conditions, and wind. Of these, only wind warrants special dis

cussion here. The remaining model parameters are discussed in the text 

of Chapter 5. 

Wind-Induced Mixing and the Eddy Diffusion Coefficient 

Figure E-3 is a plot of the eddy conductivity coefficient versus 

stability. It was used to obtain coefficients for wind mixing for the 

E-3 
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EL CAPITAN 1964 - NO MIXING 
TEMPERATURE (°C) 
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model runs. The upper envelope represents high wind mixing conditions 
and the lower envelope represents low wind mixing conditions. Note 
that the plot in Figure E-3 was developed for this model, and the 

model was then verified with data from Hungry Horse Reservoir, which 

is located on the South Fork of the Flathead River in northwestern 

Montana. Accordingly, the extremes of wind mixing and the effects on 

impoundment stability are as found for Hungry Horse Reservoir. The 

coefficients should be applicable elsewhere, however, because the 

eddy diffusion coefficient is relatively insensitive to climate and 

location. 

The significance of the eddy conductivity coefficient and its 

implications for wind mixing may be understood by examining an 

equation describing transport within the system. Mixing implies the 

transfer of materials or properties within a system from points of 

high concentration to points of low concentration, and vice versa. 

For a system which is undergoing forced convection, it has been 
observed that the time rate of transport, F, of a property, S, 

through the system is proportional (other things being equal) to the 

rate of change of concentration of this property with distance, z. 

In equation form, this rule is expressed as: 

F - - D ~ az (E-2) 

where Dis the coefficient of proportionality. The mixing process 

as defined by Equation (E-2) is variously called 11 effective diffusion," 

"eddy diffusion,'' or the "diffusion analogy" because it is identical in 

form to the equation describing the process of molecular diffusion. 

The difference between the two processes, however, is that for molecular 

diffusion,D is constant, while for turbulent transfer, D is a function 

of the dynamic character, or the turbulence level, of the system. 

In general, D is a temporal and spatial variable, and thus will be 
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referred to here as-D(z,t). -Equation (E-2) rewritten for heat flow over 
the reservoir vertical axis is 

where H = 
p = 
c = 

D(z,t) = 
T = 
z = 

t = 

aT H = -pcD(z,t) az 

-2 -1 heat flux, HL T 
-3 density of water, ML 

heat capacity of water, HM-lo- 1 

coefficient of eddy conductivity, L2T-l 

temperature, D 
elevation in the reservoir, L 
time T 

(E-3) 

From Equation (E-3), therefore, it may be seen that the rate of 

heat flux (H), which describes the rate of energy transfer vertically 

in an impoundment, is a function of the temperature gradient over 

depth (~;) and the degree of turbulence (induced by wind and other 

factors) and is characterized by the eddy diffusion coefficient D(z,t) 

in the equation. It is this coefficient, D(z,t) which is plotted on 

the ordinate (stability is on the abscissa) in Figure E-3. 

Surface Heat Flux 

The simulation of temperature involves the following steps: 

1. The net heat transfer at the air-water interface is 
evaluated for all surface nodes as a function of the 

meteorological variables and nodal temperatures. 

2. The heat input due to shortwave solar radiation is 

distributed with depth according to the light trans

missibility characteristics of the water (which are a 
function of the suspended particulates). 
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3. Heat is distributed within the water body by hydro

dynamic transport (advection and dispersion) in the 

same manner as conservative dissolved constituents. 

The net rate of heat transfer across the air-water interface is 

computed according to the following heat budget equation: 

where 

H 

(E-4) 

= Net rate of heat transfer (Kca1/m 2 /sec) 

net shortwave solar radiation across the air-water 

interface, including losses by absorption and scattering 

in the atmosphere, and reflection at the water surface 

(Kcal/m 2 /sec) 

qat = atmospheric long wave radiation across the air-water 

interface (Kcal/m 2 /sec) 

qw long wave back radiation from the water surface to the 

atmosphere (Kcal/m 2/sec) 

qe = evaporative heat loss (Kcal/m 2/sec) 

qc = convective heat exchange between the water surface and 

the atmosphere (Kcal/m 2/sec) 

The heat transfer terms for long wave back radiation, evaporative 

heat loss, and convective heat exchange depend on the water temper

ature in the surface nodes (A values), while the solar radiation 

and atmospheric long wave radiation (µ values) are independent of 

water temperature. Algorithms for the various terms of Equation E-2 

are used for separate computation and then summed as shown in 

Equation E-1. 

E-9 



NOTE: 

For a more detailed description of the model, its applicability, 
and the eddy diffusion coefficient, the reader is referred to a 

report entitled "Mathematical Models for the Prediction of Thermal 
Energy Changes in Impoundments. 11 (See the list of references at the 

end of this Appendix.) 
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APPENDIX F 

RESERVOIR SEDIMENT DEPOSITION SURVEYS 

The material in this appendix consists of a reproduction of a 
bulletin compiled by F. E. Dendy and W. A. Champion, which provides 
data on rates of sedimentation in U. S. reservoirs. 

INTRODUCTION 

Data from known reliable reservoir sedimentation surveys made 
in the United States through 1970 are summarized in this bulletin. 

Additional data from surveys made after 1970 are included for a few 

reservoirs. 

This bulletin supersedes USDA Miscellaneous Publication No. 1143, 

which was published in May, 1969.l./ All reservoir surveys reported in 

Miscellaneous Publication No. 1143 have been repeated in this bulletin. 

In addition, it includes surveys made before 1965, but not previously 

reported, and new data on reservoirs surveyed or resurveyed since 1965. 

The reservoirs are located in all of the 48 conterminous United States, 

except Florida, and in Puerto Rico. In addition to data on storage 
reservoirs and ponds, some information on debris basins is included. 

A supplement to this bulletin, from which the data were extracted 
and summarized, contains detailed information about each of the reservoirs 

l/ Dendy, F.E. and Champion, W.A., Compilers. Summary of Reservoir 
Sediment Deposition Surveys Made in the United States Through 1965. U.S. 
Department of Agriculture Miscellaneous Publication No. 1143, 64 pp., 
May, 1969. (Cooperative report with the Sedimentation Committee. Water 
Resources Council). 
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listed in the summary table. The method used in presenting this infor

mation is given on pages F-2, F-3, F-4 and F-5. The supplement has not 

been distributed with this bulletin because of its bulk and because the 

detailed information is not of general interest. Copies are available 

in the offices of the agencies represented on the Sedimentation 

Committee of the Water Resources Council. Reprints of data sheets 

for specific reservoirs may be obtained on request from the Director, 

USDA Sedimentation Laboratory, U.S. Department of Agriculture, Oxford, 

Miss. 38655. Requests for information not contained in this bulletin 

or in the supplement should be directed to the agency supplying the 
data. 

The accuracy of the survey data varies greatly. Surveys range 

from reconnaissance measurements of sediment depth at a few locations 

to detailed surveys based on closely spaced cross sections or contours. 

No attempt has been made to classify the surveys according to degree 

of accuracy. 

Information in this bulletin and in the supplement should prove 

useful to engineers and watershed planning specialists in private and 

public practice who are concerned with problems of reservoir sedimen

tation. Engineers, engineering firms and local government agencies 

who have data on similar reservoir surveys are invited to make this 

information available to the Sedimentation Committee, WRC, for inclusion 

in supplements to this publication. 

EXPLANATION OF THE SUMMARY TABLE 

Data in the summary table of this bulletin were obtained from the 

reservoir sedimentation survey data sheets contained in the supplement. 

Dashes in columns of the table signify that data were unavailable or 

that the column is not applicable for the reservoir. 

Reservoirs are grouped according to the 79 drainage areas into which 

the United States has been divided as shown in the publication, "River 

Basin Maps Showing Hydrologic Stations," compiled under the auspices of 

the Subcommittee on Hydrology, Federal Inter-Agency River Basin 
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Committee.0' An index map of these drainage areas is shown on page F-78. 
The drainage areas in which the reservoirs are located are shown as 

subheadings in the s~mmary table. The first of the two numbers identi

fying a reservoir indicates the drainage basin in which it is located. 

The second numoer denotes the particular reservoir in the drainage area 

and is based upon the order in which the data were prepared. These 

numbers are the same as those identifying the corresponding survey 

data sheets in the supplement. When a survey data sheet is revised 

or when another sheet is prepared with information for additional surveys, 

the identification number is modified by the addition of letters beginning 

with a; for example, 13-2, 13-2a, and 13-2b. 

Total drainage area includes the reservoir area and the area lying 

above all upstream dams but generally excludes noncontributing drainage 

areas lying within the watershed boundary. Where available, the drainage 

area figure published by the U.S. Geological Survey in Water-Supply 

Papers is usually used. The net drainage area is the sediment-contrib

uting area and generally excludes the reservoir area and the drainage 

areas above upstream reservoirs, or other structures which are effective 

sediment traps. 

The first date shown usually corresponds to the beginning of 

storage when sediment deposition began. However, for some reservoirs 

the first date represents the date of the contour or range survey made 

after the reservoir had been in operation for some time. 

For most reservoirs, the storage capacity given is the total 

storage below the level of the crest of an ungated spillway or the top 

of gates (less gate-height freeboard, if any) of gated spillways. 

Where capacity values below the spillway crest elevation are given, 
footnotes are used to explain. 

01 U.S. Inter-Agency Committee on Water Resources, Subcommittee 
on Hydrology. River Basin Maps Showing Hydrologic Stations. U.S. 
Dept. Com., Weather Bur., Notes on Hydrol. Activ. Bul. 11, 79 pp., 1961. 

F-3 



The capaci~y-average annual inflow ratio (C/I ratio) was derived 
from the reservoir storage capacity and the average annual inflow. 

Normally the average annual inflow for the entire period of record 

was used to compute the C/I ratios. This time period may or may not 

correspond to the period for which sediment accumulation was given. 

Generally, the C/l ratio was not given if upstream structures con

trolled 25 percent or more of the drainage area. 

The specific weight of deposited sediment is an average or weighted 

value for the reservoir, determined generally from samples of deposits. 

In view of the variations with depth and location within the reservoir, 

specific weight is generally an approximation for the reservoir. The 

entry is marked by an asterisk where the specific weight is assumed or 

is calculated from field data or the size-frequency grading of the 

deposits. 

The average annual rate of sediment accumulation (acre-feet and 

tons per square mile of net drainage area) pertains to sediment 

deposited in the reservoir below the full pool elevation. Sediment 

deposited in deltas above full pool level or sediment discharged from 

the reservoir is not included unless explained by footnote. For 

reservoirs with more than one survey and where the latest survey 

indicated an increase in the specific weight of deposited sediment, 

the annual sediment accumulation rate in tons per square mile was not 

always computed in the same manner. For some reservoirs, compaction 

of earlier sediment was considered and in others it was not. All of 

the deposited sediment was assumed to have been transported into the 

reservoir by water. 

The agency supplying data is shown in the last column of the table. 

This agency either has the basic data available or has access to it 

through cooperative arrangements. The symbols used in this column 

apply to the following agencies: 
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ARS - Agricultural Research Service ODW - Ohio Department 

- Bureau of Reclamation Natura 1 Resources--
BR Division of Water 
CE - Corps of Engineers scs Soil Conservation 
FS - Forest Service Service 

GS - Geological Survey TVA - Tennessee Va 11 ey 

IWS - Illinois State Water 
Authority 

Survey 

FORM FOR REPORTING RESERVOIR SEDIMENTATION 

A completed sample of the reservoir sedimentation data sheet from 

the supplement is shown on pages F-79 and F-80. This sheet is a 

convenient and standard form for reporting results of reservoir surveys. 

An invitation is extended to readers, particularly those practicing 

engineering individually, in engineering firms, or in local government 

agencies, to prepare sheets covering surveys known to them but not 

included in this publication. A blank "Reservoir Sedimentation Data" 

sheet is enclosed as a tear sheet on pages F-81 and F-82. Additional 

data sheets may be obtained from the department offices listed on the 

title page or the form may be reproduced if desired. The completed 

forms may be sent to any one of the agencies represented on the Sedi

mentation Committee for inclusion in supplements to this bulletin. 
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SUllllARY OF 

RESERVOIR SEDUIENTATION SURVEYS llADE IN 111E UNITED STATES TIIROUGH 1970 

DATA 
SHEET 
NUllBER 

I 
RESERVOIR i 

I 

I 

STREAM 

-~-____ _J __ 

1-1 

2-1 

2-2 

2-l 

2-~ 

2-5 

2-6 

2-7 

}-1 

)-2 

1-) 

1-4 

·-2a 

4-l 

4-4 

4-~ 

4-6 

4-?a 

i.-1'' 

Little Rivel" Rea. 12------- Lit.tie River------
--do-------- ---do-----------

Sro-1.1 Rrook----------

--do-----------
Mount.a.in Stre.t------
-----tio---------------
Plante Pana----------
-~-----------
s.1UtJt ~ ReMrn>ir--- --
---do-------------
W..llin«ford----------------
West Wlvltel1------------
----rio-----------
.... tr1.id--------
---<1o-----------

Schoharie (Gilbo.a Oa..m)---

-----------
!.nglhhtowi Pon<l------
---d<>---- -----------
Ca.rne,rlt! La.ke---------------
----00---------- --
---die>------------- --
Wapp~r------------

----<1c>-------------- ------

! ocn R.~Tci Reser-Toi r---------
----do------------------
--do-------------------
Prettybo1-------- ------
--do--------------
----de>-----------------
GrHrin--------------
--00---------- ------
li"l_llltlurst.----------· -
--do---------------
La.ke Will 1aas-----------
---do----------------
Wi.llhJll·, Brid.11:-------
----do-------- - -- ---------
Atki s~ Reservoir----------
---1<>------- ------- ----
---do-----------
Pel to oa.--------------
---r'I<>------- ---------
---do--------------
P7lka'" '.}A•--------------
----10-------
----- 'o---
'ol' .. "11'.'l• d."1-------- -------

--,lo---- ----- ------ -

Broad. Brook Ri•e-. ---
----lo--------
Trib. of Bea•or Brooi:--
----do--------- ---
Eightsile Run-----
--00----------
Budd Ri.Hl'---------
----do--------
Pine Rinr--------
---do----~---

Averr Brook--------
-----do--------------
Moose Mount. in Bra.neh---
----do----- ---------

SchohaI"ie .:;reek-------
----do--------
Wea..conk Creek--------
----d<>-----------------
Mill9tone Ri"Yer--------
----00----------
__ L_oo------------
Wappingor :;re .. k---------
----~-----------

Gunpowder Fall a River-----
--- -io--------------
-----do--------
---~o--- --------
---do-------------
--do-------------·--
Griffin '.:reek (Legget)---
---do---------------
Roaring Brook------
---rio------------
:ordon...~ Creei&:-----
-----rto--------------
Stafforrl Meadow Brook---
----d~-------- -------
Wi..'lter' s R1.111---------
---do--------------
---do-------- ---
Dean Creek------- -
---r'()-----------------
----- :o---- ----- ------
____ , 1o--- ------ ------

---10------ --
- 1o-- --

... uin'\ I{. l, 

NEAREST TOWN 

Relfast, ~-----
--.10--------

DRAINAGE AREA 
(SQUARE llJLES) 

TOTAL NET 

PERIOD 
DATE OF BETWEEN 
SURVEY SURVEYS 

(YEARS) 

--~-----~----'-

lJ.9 1).8 191) 
Oct. 1969 16 

HOOSA"r"JNI~J 'X*nC'!'l'.:UT, THAJES, "ND 11(f'JUUMACk RlVF..R BASU 

Broad Brook, Axln. - 5.13 
---r1o------
Greenfield, 'tl!.!!S.--
------do--------
PlantaYi.lle. Conn.--
--do------
Sout.h.in&:t.on, Axin. --- 1.08 
-------
Wallingford, Corin.--
---do--------
West .,,_ately, Masa.- 9.0 
---do-------- ---
Westfield, Hasa.--- 2. 52 
---do------

1916 
Sept. 19Sl 

1905 
Sept. 19Sl 
Nov. 1850 
Sept. 1951 

188) 
Sept. 1951 

1941 
3ept. 1951 

1902 
Sept. iq51 

1874 
Sept. 1951 

101 

bB 

10 

49 

Tl 

HUDSON RIVER. BASIN AND ST. UWRD::E DRAIJIAGE rn Nllrl' YORK 

Prattsville, N. I.-- - JU 
-----do---------
F.nglishtot111, N. J .--- 7.2 
---do--------
Princeton, N. J.--- 155 
----do-------
----do-------
Jiaopin~er Falls, N. I. 197 
----<'k>------------

Jl2.):1 

7.19 

47.8 

Aug. 1926 
11&7 1950 2).8 

1755 
Oct. 1955 200 
Dec. 1907 
Sept. 1950 42.8 

1959 9.0 
190<l 

Jul7 1952 52 

SUSQUEHANMA AHO OEl...AifARE RIV~ BA.SINS 

"'ovson 1 Md.----------
-- ---do-------------
---rio--------
Herfol"d, Kd.-----
---do-------
----do----------
'.:>C:ranLon, Pa.----
---do------------
--do--------
-----do----------- --
York, Pa.----------
----rto--------
Scrant.on, Pa.----
----dcr.----- -----
Bel Air, Md.----
----do-----------
---do-----------
Spencer, N. Y.----
----do---- --------- -
---r:lo-------------
---do------------ --
---- !o------ --------
--- ~ri------"- --

,i.::.1i.rni:':", ~i • ., . -- -- -
- - lo-------

JOJ 

80 

J.21 

34.85 

42.9 

5.0 

45.41> 

.41 

• 71 

T/.5 

J.04 

34.'i') 

42.6 

4,94 

45.)5 

.41 

. 71 

171 

Oct. 
June 
•pr. -. 
-.ept. 

Jul7 
Aug. 
June 
July 
Aug. 
JW\1' 

Juli 
Jt..1j 

1914 
19~ 
1961 
1933 
1941 
1961 
1881' 
1941 
1890 
19"1 
1912 
1939 
189) 
19"1 
1942 
1954 
1965 
1955 
1'157 
1966 
1955 
1Q57 
::.%6 
1937 
1957 

10.5 
18 

5) 

51 

27 

4ll 

12 
11 

2 
8.9 

A.9 

STORAGE 
CAPAQTY 
(ACRE-FT.) 

416 
341 

J,?06 
3,652 
1,074..2 
1,056.l 

10').0 
84.8 

)21.8 
314.0 
4)).4 
430.0 
76.7 
n.2 

51>4.6 
546.g 

6J,82J. 
62, 702 

42.J 
1). 5 

1,256 
954 

J/822 
604.4 
461.6 

2/70,169 
1/64,81) 

64,,072 
60,979 

2/60,1.10 
59,Bb4 
1,991 
1,95) 
3,746 
J,686 
2,686 
2,232 
1 1 0'1 
i,o .. 6 

8'6.:9 
"05.)0 
617.nh 

:;t.04 
-<;).';I(. 

5).t>l 

lfl:?. 'l 
C87 .l] 
18t,. 70 
3l .. '1"'7 

CAPACm 
AVG ANN 
INFLOW 
RATIO 
(ACRE-FT 
PER 
ACRI:-FTI 

*0.029 
.021 

.005 

.002 

.025 

.01') 

.017 

.lJO 

.U9 

.128 

.25•J 

.2~0 

.249 

&::: 

•RC 

AVG. A.~N 
SEDIMEN'i 
ACCUMULATION 
PER SQ Ml. 
OF NET DR 
AREA FOR 
PERIOD SHOllN 

AC.-FT TONS 

c:.u 

.31 

.5'> 

.01 

.10 

.04 

.Cl2 

ij.le6 

. "2 

y.2!.) 

.01 

!:/.618 
.18'? 

.699 
• •01 

.237 

.0)4 

.394 

.C22 

,Pc 
.OBJ 

.1)0 
,')OP 

32l 

609.8 

J0,9 

108.9 

43.6 

lJ.0'7 

!/217 

2ti.11.. 

217.8 

91.3 
'47 

459 
'11 

296 

.12_. 

.::.9 

I AG[NCY 

I 
SUPPLYING 
DATA 

I 

scs 

s.:::s 

scs 

scs 

3-> 



4-11 

4-12 

4-13 

l+-14 

4-lS 

4-16 

4-17 

1.-18 

4-19 

4-20 

5-la 

5-3 

5-1.l> 

5-6 

5-'lb 

<-• 

5-9 

5-10 

S-12 

5-13 

')lC :h.·v~el ter---------------
-----jo------ ----------- -- - -
Palin-rton Reserv.t.r 
----do-----------------
Lake Ru3hford--------------
----1o------ ---------- ----
Ic e".!al e--------------------
---10----------------------
'.:oa t svUle--- ----------------
-----do-----------------
Lioerty l\eservclr--------
----do------------------
Little Deer /loo. 1---------
---do-----------------
Mount Horl"'i3-------------
-----do-----------------
----do-----------------
Pe:tter&On Creek ffl---------
-----do--------------------
Little :~hocouut- #.2.P-------
-----do------------

Lar1:e Barcrort------------
----do-------------·------
-----d~-----------------
Pedlar-----------------
---do-----------------
Burnt Mi.l~--------------
----do-----------
Greenbel t Lake---------
-----do------------
-----do----------------
--do-------------
Staimton---------------
---do----------------
-----do-----------------
Jackaon-----------------
---jo------------------
Triadelf*iie L. (Brighton D. )-
---do--------------
-----do---------------
----do----------------
%rdon Lake---------
-----10--------------
ThoJD83 W. Koon Lake-------
----do---------------
Savage River Dam-------
----do--------------------
Rocky Gorge---------
-----do-----------------
South River, Stte 26-----
-----do-------------
Wilde Lake---------------
--~-jo-----------------~ ---do--------------

", 3r. :o~orus :reek----
----'.1~--------------
::>owder :ree11::----------
-----do----------------
~anec,jea :reek-----------
----- jo------ ---------- ---
Brandy'otine "'· &r.-----
---do-----------------
Rock Run-------------
-----do--------------
Patapaco--------------
----do----------------
:attail Branch-------
---do----------------
Genesee J:l:iver------
----do---------------
--do-------------
Pa.t.t.erson :reek---- ---
-----do--------------
'11e5t Era.nch :..it·le :hoconut-
----do----------------

:'rib. of Potomac R1 ··er----
---do----------------
-----do---------------
Pedlar River--------
----do-----------
N. "• Br. Anacostia R.ivtr-
---0.0------------
Trib. or :Lndian Creek----
----do--------------
--do-------------
----do---------------
No!'"th River---------
---k>--------------
----;10------------------
0ceoqua.n .::reek------
----do--------- - - - ----- - -
Patuxent !tiver--------
----do--------------
----1:10---------------
---do-------------
Evitts Creek------------
----do-----------
-----do~--------
---10-------------------
3a va.ze River-------------
__ _:do---------------
Patuxent Rl. ver----------
---do-----------------
Inch Bran~n--------
----do-----------------
Trib. Little Patuxent---
-----do------------------
-----do---------------

S?ri.ng Grov-e, P&. ---
--C.o--------------
-----do-------- ----
----do--------------
i:::aneadea., N. Y.-------
----10--------- ·-----
:::oat-svtlle, Pa.----
---do--------------
--do------
----do------------
"ards ~pel 1 Hd.---
--do------------
Ka.donna, "!d,-------
----d.o-------------
~unt "brri3, ~. Y.---
---do-----------
----do------------
End~ll. ·.:. Y.-----
-----do-----------
C:ho~onut Ceriter, "'., Y. 
----do-------------

?alls Chtirch, Ja,----
--d.o-----------
---d1>------------
0ronoco, Va.-------
----do------------
Silver Spring, l".d.--
---jo---------
Greenbelt, Md.----
----do----------
-----ao-----------
-----do---------
St&cl!lton, 'I a,-------
---10----------
--do-------------
Kanassas, Va.--------
----L!o-----------
Brighton, Hd. -----
----do-----------
----do---------
----do-----------
Cunt>erland, Md.------
----do------------
--do-----------
----10-----------
:-,looll\.l.11gton 1 Md,---- -
---"-do-----------
L&urel, Ki.--------
----do----------
"'"ynesb<Jro, 'Ja.----
-----do------------
'.:olll!llbia, "!rt.--------
-----do------------
----jo-----------

74.J 

2.91 

6G. 7 

20.C' 

5,0 

164 

• 71. 

4.3 

1.t.:. 

U.5 

33.21 

27.0 

lQ/,82 

25 

337 

81.4 

60 

105.0 

132.8 

2. 7 

2.90 

159.1 

:,011 

4.) 

l.64 

1.1..3 

33.07 

• 79 

25 

336.4 

80.0" 

!-1/4 
59.6 

104.4.4 

50.14 

2.7 

1.85 

18P4 
Ap:-. 19J9 

1937 
Apr. 1939 

19.25 
Oct. 195:!. 

19()( 
Jcly 1951 

1910 
Jcly 1951 
Jul.)' 1954 
June 1962 
June 1958 
hov. 1%2. 
Nov. 1951 
May 1957 
May 1963 
Oct. 1968 
Vet, 197·J 
Oct. l9e8 
Oct. 1970 

Jan. 191S 
Feb. 1938 
Aug. 195? 
Feb. 19J7 
Feb. :;.93g 
May 1930 
...... 19)8 
July 19)6 
"'eb. 1938 
Aug. 19~? 

June l96a 
Dec. 1925 
Jan. l94J 
June 1957 
July l9JO 
Aug. 1937 
Jan. 1942 
Oct. 1950 
Sept. 1958 
Aug. 1964 
S•p:. 1911 
Apr. l9W 
Har. 1932 
A.pr. 191.. 
K:i.r. 1'?52 
M.1.r. 1956 
Mar. 1954 
Aug. 1964 
..... 1956 
N'ov. 1970 
Sept, 1966 
Au~. 1962 
Aug. 1969 

1.6 

51 

5.5 
5.9 

Jl 

1.6 
19.5 
10.8 

.4 
17,5 

7.2 

8.3 
7.9 
5.9 

8.1 

10.4 

14.5 

1.9 
1.0 

l..7.2 
:;.o.o 
63.c 
59.9 

:S,'JOC 
27 ,426 

... )';' 
1)6 

l,'Jl9 
970 

138,762.4 
138,227.0 

2/2),3'7 
s}l'->.9S 

3~~,0lv 

336,611 
335,393 

an.i.::, 
8e7.95 
272 
271.38 

ijl,847 
YJ.,762 
2/2/Y92 

1,860 
1,723 

181 
95 

196 
186 
151 

ll/147 
385 
373 
350 

4,500 
4,158 

11120,222 
20,089 
... 9,6J3 
19,045 

3,129 
; ,004 
?,312 
7,294 

.:io, '-OG 
20,020 
.ll,390 
20. ?89 

610.4 
607,0 
196.9' 
l':'O.Q9 
lt3. 72 

1.1)) 
1.129 

• ~4? 
.)4'i 
.)41. 
.229 
.. as 
.18 j 

,182 

.H.2 

.114 

.lbl 

*.312 
•.2Q6 
*.2,£ 

.234 

.J2'7 
,)24 
.317 
.308-

.1'7.:? 

.169 

.28 

.28 

.140 

.122 

.l:!.7 

CHOWAN', ROANVll.E, TAR, NEUSE, A;,TI CAPE :~,A-. RIVER ::i~'3~N3 

6-1 L11ke ApPX-------------------- Swi!'t Creek-------------- Apex, ~. ~.-----------

---- -J.c------------------ -----do---------------- ---do---------------
6-2 r'ra...'1k1 t.n.ton---------------- Sallie Keaney Cree;c----- Franklint.on, N. C.---

-----do------------------ -----dc--------------- ----do----------
GTeens'oor-o (L. Bra.ndt}------ Re idy !Cork------------ ';reens00ro 1 N. ~.--
----do---------------- ---do ---------------- -----do------------
High Point-------------- Deep River------------- High Point, N. C.--
-----do--------------- ---do-------------- -----do------------
---de>------------------- -----do----------------- ---do--------------

1/ h.clu-l.es estimted 112 acre-feet passing through Shandareen Tunnel. 
Y Includes 103 aere-feet of <>t:!di.ment dredged in 1937-1939. 

~ ~:~t;:~i.=8~0~~;~~~~~ro:9:;:~t~:-~~9~~ ~~~n~.0:~1_Ar;3~nl~~r Prettyboy Dam was co11ple~ed. 
'!'his a.rea wa9 u8ed in the- 194J calcu.lat!on5. 

ti ~~~!:;~a~i!~!'"o~ 9~~~~:~~y~l only, 
1J. Not deter'llined - assumed e1.ia.l <:,o tha.t determined in 1963. 
Y. Based ,,,.., nri~:.nal 3,-.illway crest elevation 20'i fee':. m. s. 1. 
Q/ R ... ""'~ '" ,.pj1~v<1v r-rP"Jt Pl PVat:lrf' )10 ff'et m. ~. 1 11.n-i P"Jt,111.'lt,..,,., ".'A.n.<1.d.tv ri{ ), 1)':;() 'l,r,rP-f"'Pt 

res;-;lti 111; "rrni }Of.2 a1ilt1.-.~ •~ •,')p -:;" da'!l. 

4.0 4,,' 
16 

l.lJ 1.12 

1~2S 

Jurie 1941 
Jan. 1925 
May 1938 
Feb. :i._923 
Aug, 1914 
Jan. l 928 
Aug. 1934 
Apr. 19)8 

'..';6 
q4 
)4. 7 

27.3 
74.l 

62.8 62.3 

lSJ/ Revised 1. 9c8. 

1).) 

11. 5 

6. 5 
]. 7~ 

11_,/ 9 a.ere-feet e-aine-J by dredonnf. 
lJ/ hevi3ed due t:J ~vv'l.ble cnr,•rc,;_.:; 
1J./ Koon :.ak"', ur-streJ.11, wa: bu:i.l~ ir ... 9)2 . 

2~870 
2,610 
4,354 
4,135 
4,0)8 

.!!±/ 3aaed on total 51'.!diment rn botn Gordon i,ake a.!":.3. h.oon L<ike. 
15/ Joe~ .1ot :lnclude 4.34 acre-ieet d:-edg ".l. 

16; hcludes 4.34 acre-fPet dredged :.n earl.t sp .. ing 196.q. 
4 E~·.L'M.~,e<i or assumed. 

•50 

1/-
77 

-so 

•I,(; 

•60 

•50 
•so 
61.l 

•60 

67 

*60 

•60 
•60 

67 

*60 

~o.6 

.669 

.37 

.OJ 

.28 

.426 

sf' •. 055 

-'5 
.20 

4B4 

3) 

)05 

1,378.7 

419 
3:;5 

.257 336 
• 728 9JC 

.134 

,400 533 

?.9: ,,))7 
2.21 2,970 
1. 52 l,'~45 

,0)4 
.053 

.141 184 

.20 218 
• 72 ?B4 

1.2"- l,~63 

llf.09() 

,0)6 

.643 840 

1.15 1,678 

.087 llO 

llf7.39li/11,27• 
).9) '.i,l)) 

.19 

• 308 

.541 

.416 

743 

596 
458 

::;:s 

s : 

::s 

s:s 

sos 

scs 

s ~s 

SGS 

S'S 

scs 

s~s 

5,5 

S:3 



DATA 
SHEET 
NUMBER 

/,-7 

i>-11 

6-12 

7-l 

?-7 

7-4 

7-7 

7-10 

7-11 

"'-11 

- -16 

RESERVOIR 

1..Ue Hiohio-----
--~------------
5&nfor'<1 ~1t7-------
----<k>--------------
Uninrdty t..'k ... ------
-----00-----------
Roxboro Cit.7 Lak.-------
-----'1~----------------
---do-------~-------
Burl ~n Mwi1eip-.l--------------
--~---------
W&lnut -::O•e-----------
----do------------
John H. XnT------------
--do-------------
Philpott----------
--~---------

Ch•ster------------
----~--------
La.noaat•r-------------do----
Sµartanbur~ fi'uniet.....i----do--------
----do--------
Applllaohi.,..._. _______ _ 

---~ 
Alb-rh it1 ~---------
----~---------- ----
Cannon Laklft-------__,.-__ _ 
----do----------- -----
L&.ke :Oneord-------------
----d~---------------
EntW!htl• No. 3----------
----do---------------Eur,.------------<10-------------------
High Rock-------------------
--- --do-------- - -- ---- --- -
LA.ke Lee------------------
------to------------ ---- - --
Pff Dee Mfg. A.------------
-----do------------------
~lttm---------------------
---- -,to---------- --- -- ---- --
~onr.ood L. ("'iller11--------
-- ---<'fo------- - ------ -------
Lexlnp;ton------- ---- ---- - - --
-- - - -:io------- - -- -- ---- ----
-----Jo---------------------
:'hi rd :re•k .:iite No. 7-------
- -- --1.-, ---- -- ---------- - -- ---

- - -- 1o--- -- ---- - ------------
-----le'-- --- ------

SUMllARY OF 

RESERVOIR SEDIMENTATION SURVEYS MADE IN nfE UNITED STATES n!ROUGH 1970 

STREAM 

Fl•t ft!•er--------------
--"<>--------
Lick Creeil:-----
---do---------
~.-ga.n ,;reell-------
----do-------------
S..ttu!hld cr .. w----
----do------------
----cto-------------
J1;.0rq :reell-----
--do--------
o.n Ri'f•r---------
---<.to------------
Ro&nolic• River--------
--do--------
Smi th River------
--do-------

S&ndy RiYer--------
---do---------
Turlcq ~rt.er Cre•---
--cto---------
Seuth Pacol et Ri v~r--
----do-----------
--do--------
--do------
South Tyger Rinr----
--do---------
Long C:~•k--------------
----do-------------
Su!f&lo ~r"11k .... ---------
--do--------------
Chambf!.-s &: E.ose Br&nch--

----~0----------------
Hi t chcocll "...reek---------
----do-----------------
Little River-------------
-----ac- - ----- ------------
T adk1n B.::.ver------------ -
-----1c, --- ------------
Ric'lard,,on '::reek------- -- -
-----do----------------
Hitchcoek .... 'reek-------
- ---do-----------------
Sale.11 .:reek---------------
---do----------------
0 ce ile• Riv!'!r-------------
-----do----------- ------
~eonarr:!" '.:reek-----------
-----10---------------- ---
----- i.o------------ -------
Tr ird Creek--------------
-----do----- -------------
-----do--------·--------- -
----- ! ' -

NEAREST TOWN DRAIN AGE AREA 
(SQUARE l(ILES) 

I I I 
I !PERIOD i STORAGE i DATE OF !BETWEEN I CAPACITY 
I SURVEY I SURVEYS I (ACRE-FT.) 

>-----------!!' !'(YEARS) 
1 '!'OnL NET 

-----~---~---~-

:).liJWA...ll, ROANOKE, ~A.Ji, N!:U3E, AND CA.tE FI.AR RIV·.ll: BASINS ( .;QJITINUill) 

Durhaa, !ii. :.---- 107.S 
-----do------
Sanford. N, C.---- }.75 
--do---------
Chapol HiU, N. C,--- 30.6 
--do----------
hoxbol"'O, N C.---- 7.62 
--~-----
----do---------
B\J.rlingt.on, N. ~.--- lOS.2 
--do-------
--00-----
'Ra.hut Cove, N. c. -- J97 
-~----~-
~th Kill, Va.--- 7.e<X> 
--do---------
S.uaett, Va.---- 212 
----do---------

Chester, 3, ~.-----
---do-------
L&ncaster, s. c.-- 9,1,0 -----
FingerTille, .:.. ::.-- 91. 3) 

---d.o------
----do-------
----d<>----------
Gr-eer, 5. C.---- 6).0 

---dio-------
Alb..arl•, ~l. C.---- JJ.C 
----do------------
l&nnapolh, N. C.--- ia.o 
-do-----------

----do------------ 4. 7 
----do-----------
11.0beroill, N, C.----- 16.3. r1 

--do-----------
Troy, ~. :.--------- 269 
-----<lo------ - --------
5&11sbury, N ..... ---- J,930 
-----do------- -- ----
Monroe, N, C.-------- 50. ">D 
-----lo---------------
!locklngham, N. _:.---- 176 
-----rlo-------- ------
~lr.ston-3.alem, ~ • .::,-- 2/.t.a 
----do---------------
Mt .:Jilea.d, N • .::. ---- t..,600 
-----do---------------
i..eu.r-p;ton, i.. '.;.----- 6. 75 
----10------ ---------

-----~';---- ----------
3t.a.te ,vill~, N. ::.----
- ---- k.------ --------
-- -- -<i.P· - --- ---- ------

11>6. 7 

J.7) 

)().) 

7. 52 

105.0 

WI 

7,391 

185. 7 

9.)4 

90,s 

17.7 

!fl8. c 

269 

3,803 

50. }(,. 

~25 

27.26 

2.'431 

o.b6 

4. 74 

Apr. 1926 
Jan. 1935 
Feb. 1927 
Jane 1941 
June 1932 
Apr, 1935 
Apr, 1924 
"une 1941 
JioT. 19~ J,.. 1928 

""" 1938 
Sept. 1949 

1924 
Apr, 19J2 
JW.1 1952 
Dec. 1959 
Dec. 1951 
liov. 1960 

NoT. 1926 
Oct. 1937 
Feb. 1925 
J\U1e 1938 

""" 1926 
JW.1 1934 
Mar. 1Q47 
Oct. 1965 
Oct. 1965 

1904 
July 1934 
Feb. 1924 
•"!!· 1939 
July 1939 
June 194.l. 
Mar. 1925 
... , 1935 

1892 
Har, 1940 

1911 
M&r. 1940 
Nov, 1927 
Aug. 1935 
Apr. 192'1 
June 1938 

1874 
..... 19/,0 
No-v. 1019 
Sept. 1919 
July 1928 
Har. 1940 
Aug, 1911 
Apr. 1940 
MaJ' 1951 
Sept, 19"7 
~l"'. 1962 
"hr 1965 
Apr • 969 

8. 75 

14.)J 

2.q 

17 • .2 
5,4 

10.0 
11.J 

ll 

13.4 

8,2 
12.7 
lB.6 
18.6 

30 

15. 5 

1.9 

...s.c 

25.0 

7.R 

11.1 

l>6 

19.• 

11. 75 

4,6 
11.l 

i2,bn 
12,276 

10) 
91 

1,ns 
1,851 

5)1.2 
IHJ.J 
448.4 

1,'-88 
1,)25 
1,202 

9?• 
209 

2 ,l808 • 4lXl 
2, 750,349 

201, SOD 
198,()'.)) 

682 
S85 
242 
l9G 

YVYJ6 
J/3,19'1 
..l/2,891 
..l/2,593 
.!1/3,109 

2,500 
1,600 
l,O?G 

918 
2,WO 
2,574 
1,2'01 
1,122 

184 
163 

l,lW. 
9?6 

289,432 
275,516 

821 
652 
464 
l,04 

J,099 
2,860 

1)6,823 
lJJ,JOO 

J,h2 
1.IJ. 
419 
961.t.. 
948." 
945 9 
01.., 1.1 

I CAPACITY ~PECIFIC 
~VG A"<.°" WEIGHT 

~":r~W DRYl 
(ACRE-FT LB. PER 
PER "U. FT) 
ACRE-Fil 

.186 

.184 

.183 
18 1 

6) 

•43 

65.J 

61.8 

36,0 

45.l 
44~.5 

AVG.ANN 
SEDIMENT 
ACCUllULA TION 
PEii SQ MI-
OF NET l)ft 

AREA FOR 
PERIOD SHOWN 

AC.-FT. I TUNS-

0.271 

.150 

. 728 

.si.s 
1/.342 

.155 

.104 

.21'. 

1.06 

.55 

.IJ.7 

y.w 
JI.. "'3 
.l/.176 

.48 

.)02 

.7"14 

1.71 

.019 

,462 

.302 

.0)6 

,444 

.696 

.69< 

.29'1 

.61 

.18 

.14 

213 
143 

200 

754 

2,lOJ 

593 

406 

)67 

826 
244 
l« 

AGENCY 
SUPPL.YING 
DATA 

5CS 

!>.:S 

scs 

5CS 

scs 

SGS 

SGS 

scs 

scs 

scs 

scs 

scs 

SGS 

3CS 

scs 

scs 

scs 

s..:s 



1-tj 
I 
~ 

SA.VUJWi, OGIL:l!Et, IJID Al ~A.MAH.A RIVER BAS UIS 

Lake 1 .... ~----------- ""' Mil• Cr Mk----- Cl_,.,,, s. ;.-- u.c2 ,f/lJ .... ,_ 1938 
----do------------- -- ----do------------- ---do---------- 2/l-J.91> ..... 19"1 2.9 
-- ---<1o------------------- -----®------------ ----- --- --do------------ Oct. 191.9 8.5 
LloJd 3ho&l11------------ ~, .. ii Yer-~------- .iaclrson. Ga.---- 1,414 l,""7 Doc. 1910 
-----1o------------------ -----Ge---------------- -~--------- ...... 19Js 24,3 
loT\.h Fo,... ·-· ""· 2------ -·· :,.... _______ 

To-ee0&, Go --------- .96 .94 Jaa, lttl> 
-----do--------------- -- --- -----do---------------- ---do---------- , .... 1959 J.4 
---do------------- -- --do------------ ---do------ ..... 19?0 10.8 
Nort.h Forl< ...... ... 6------- ... , Cr•.ac:---------- \fise, Go.------- ).62 },j() JolJ' lttl> 
-----do------~----- --do-----~--- ---do------- ,_ 1959 2.92 
----00-------------- ----do----------- ---do------------- ..... 19?0 10.a 
..,rt, ..... ...... ""· 11---- foa'• cr..i.:------- Et.stonoll .. , Ga.----- ). 79 J.67 Jul1 1•56 
-----jo------------------- --do----------- --do-------------- ,.,. 1959 2.9 
----do------------------- -----&:>------------ ----do---------- ..... 1970 10.9 
Nor1.b For Ir Broad ... 1----- lo"" rorX Bro.d Ri••r-- 'toceoa, Ga.----- ).75 ).7<,) J,.,. l~ 
----:k:-------------- -----do----------- --do--------- ..... 19?0 U.9 

•-' "9rth Fork Broad ... 14----- Toa'• ::rffk-------- --do--------- l.2 l.191 Oct. 1954 
-----1o---------------- -----do---------- ---do----------- ..... 196-2 7.4 
--- --do--------------- ----<io---------------- ----de--------- .... 1964 2.7 
-----do-------- ---- ---do----------- - ----do------------ ..... 1969 4.5 

:'lJ.~IU..A, OT 'URYS, :rr. JC»fNS, .uro SIJWAOllU RIVIR BASI,., 

9-

nl1'1!1!liH l'LOli!DA Di<AIJIA~ 

l~ 

J.PAUCHICXLA AHO OCHLOCI< OlllZ RIVSll .... 
U-1 

....,..... ________________ 
Solton llUl ,,._ ·--· Ga.----- 1.)9 1.34 ,_ 1924 

-----do-------------------- -----10------- ---------- ----do--------- .... l9J7 1).4 
----do------------------ -----do--------------- ----do----------- , .... 1945 7.J 

11-2 ..,, Lak .... ---------- !rib. or Chi- er ... Helen, Ga.-------- 2.34 2.)l Jww 1925 
----~------------- --do-------- -----do--------- ~ l9S6 Jl 

11-) !e.ut" c .... Slt.• fl~-- Bean c..------- v'ln-1.a.nd, Go.--- 2.9 2.• n... 1959 ------------- -----do---------- ---------- .... 1970 10.9 

CHOC'Ti'ill.l T'CiKE, nu.ow, K.SC.A"IJU• ... 4LA84Jll RIVER BASIIS 

12-1 3equorob------------· 5-11 Branche~----- Jaeper, Go.----- 1.60 1.51 JulJ' 1929 

12-2 
--do------~----- --do------------ --~----- JulJ' 1939 10.0 
White ML~••• ... 6---- Pettit Cr11M------- C&rt.er•Yill• • Go.--- 12.46 !Jill.a Oct. 1929 
----do--------- ---------- -----do---------- --:io--------- .... 1938 9.2 

12-J LoJ<e A~----------- To,.. Creek ('Prib. of)--- Auburn. Ala..------- 1.6 l.6 ..... 19Jl 
--00-------------------- --do-------------- ---do-------- ..... 19:17 6.J 

12-4 l.&7------------------- eoo .. RiTer-------- Clanton. .U..---- 9,0ft7 9,076.5 Doc. 191) 
----do------------ ---do------------ ---do------ ~ 1936 22.} 

12-'5 Lan -----------· Litt.le C&b&bo. IU.,.•r-- ·~. I.le.---- 41.71, 4,1).22 ...... 1910 
----do---------- -----:so---------- --do------- -· 1935 25.2 

12-6 Carroll L&ke----- Curt.l.I Creek c..rroll ton' a..--- 7.45 7.18 Oct. l~ 
---do--------------- ---do-~--------- ..... 1957 •.5 

12-7 T-1• RnerYOir---------- Webllter Branch---- Tmpl•, 0...------- .61 .61 , ... 1'154 
---do--------------- ---do---------- ---do------------ ..... 1957 

12-1! Ri .. Pin• -No. '>-------- ?rib. or Higll Pin•----- Ra.noke, U.a.----- 1.8 1.55 llor. 1961 
---do------------------- -----do----------- ---do--------- ..... 19?0 9.17 

rottn<:.an, Pl.S::ACOULA, um Of ..... RL IUV<R BASlHS 

lJ-1 Bap1-------------- VUlage Ct-eek------- Birminghaa, Ala.---- 72.3 n.6 ... , 1911 
-----'10---------------- ----do----------- ----'10----------- Doc. 1935 24,6 

13--'• Lak• Harrt ... ------------ Tallow C~-------- Tusc.alooM, A.la.---- )0.0 29.8 , .... 1929 
-----do------------- ---do------------ -----do--~----- -· 1935 6.75 

11-' 
----do---------------- ---do------------- ---do------- ...... 1951 17.75 .. c. '.:r&1n Fara l'on1 #2----- ..... LUM Creek------ Bolg&l.11•, La.----- .1) .1) 4og. 1949 
-----rio---------------- ----do------------- ---do------- ..... 1963 13.5 

LIJ"1'.R HISSIS-::IPF'I RI<Ell SJ.Siii (li!'Cl!EZ TO THE K.,U "11) 
C&lcaaieu. Hen.entail. and V•rtilion River 811.dn• 

u.-

~ !::!:1~0~~ :~:i--~~=~ ~;e:~~~~ ~;!:~. r:: ~~;, i~5~~~h l~~eu, 
~'It. !lt 0 8i-in '"1')8" report;. 

a/ 1n 1940 
]/ In 1949 
l2/ Changed ~>n t.aia or 1970 ~'ll!'""fffJ'. 
W ber&ge or 9 suiple11. 
1jj Averagf.' of lC sampl.1"111. 

1,1)6 
1,748 
1,626 

ll2,SJ8 
98,578 
!Q/1'18 

196.2 
192.8 

12/780.• 
770.6 
751.55 

!Q/792.4 
m.6 
76).9 
03}.2 
624.16 
2111.1 
276.• 
272.0 
267.0 

384 
358 
JS4 
218.4 
176.6 
654,.8 
535.2 

l9CJ 
865 

1,021 
900 
102 

95 
156,525 
138,520 
l9~0llO 
18,5'94 
1,448.o 
1,325.4 

65.j 
60.5 

389.7 
385.J 

11,866 
9,514 
2,421 
2,373 

J..V'2,6J6 
7.6)1 
6.963 

J./ Ele,at\1n o" rta.111 raise<l ,. .. _'!\ 7"15.1 to "1"'"'.l reet Sept. 1956, Date bas&n on 
orh:1n11l eltavJt.tlol" er..,...,<;" reet ani J .. !..;ina.: :s.pa:ity cf )'iOt:i ~c:.-!'~. ll/ Drainage area above reaervoir No. 3 ucluded. 

.lt.9.~ 
50.9 

060 
.1.ll 
.17' 55.l 
.176 55.1 
.199 
.197 74..8 
.1"2 74.8 
.193 
.190 TI.• 
,1.86 7).8 
.1 ... 
.u •• 6).2 

J.V68.6 

}d/.0.2 

•so 

67 
.U6 
.095 n.a 

63.7 

.014 

.Ol.2 

.182 

.167 42.5 
Im 
.090 1,4..2 

•.163 
•.161. M/SJ.99 

.061 

.059 

.066 59.9 

.044 

·""" 

;/ r-re~e:.t '.'ltora•e eanac ty a• s'tat:-~ --·, l "eet. 
' 'e-lbetters' -\a.,,_ U'"lstre&m !JJ/ Weighted average SUb•rpd sed.1-nt 51. 75 pd' - areated uS\m9d RJ per. 

li/ With <>-root nuhboaMs added in }Q4., 
* Eati.Jl&tod or as~. 

scs 
2.22 2,UO 
1.0) l,:U.O 

scs .... 53) 
SC"~ 

.)CJ 676 

.n5 - 3C3 
l.Ol i.64~ 

.50 8li 
:l:S 

1.)9 2,234 
,34 547 

= 
.205 2111> 

""' .49 7'< 
la•9 

.93 l,34.1 

scs 
la4S 1,580 
.u w 

scs 
.se """ 

6,472 -'·" 
scs 

l.66 
scs 

1.20 l,'-.6() 
scs 

.66 

""' ·- ~ .. .,, 
sc.s 

2.0 1,851 

""" 2.74 2,b)I 

.)2 )'16.) scs 

""' l.34 

""" .2'9 
.no 144 

scs 
.m 



DATA 
SHEET 
NUMBER 

15-1 

15-2 

15-J 

15-4 

l"-5 

15-6 

15-7 

15-8 

15-9 

15-10 

l'>-11 

lS-12 

15-13 

15-14 

15-15 

15-16 

15-17 

15-lA 

15-19 

15--21 

15-~2 

] '>-23 

15-24 

l 5-26b 

15-<?a 

l "-28a 

SUMMARY OF 

J<ESERVOIR SEDIMENTATION SURVEYS MADE IN THE UNITED STATES THROUGH 1970 

RESERVOIR STREAM 

Lake Hamilton-------------- Ju.e.:::":lta R::.ver-----------
-----do----------------- - -----do-------------------
Lake Winona--------------- Alu..'11 Fork Saline River----
---- -Ac---------------------- -----do-------------------
0. P. W1i.it.e Pond---------- Trib. cf Chewalu Creek---
-----do------------------ -----jo------------------
B. H. Honne&cuker Pond----- 7:-ib. of ';oldvater River--
----do--------------- ----do------------------
c. s. Hurdle Pond------- -----do-------------------
-----do------------- -----do-------------- -
Agnes Jone:!I Pond-------- "'rih. or Goldw;;i.ter lliver-
----do----------------- -----do----------------
Lee Johnson Pond------------- Tr,b. of Red Bank:!I Creek--
-----do-------------- ---- ----do---------------
P. T. McAlexander--------- Tri::i o,. Coldwater River-
----do------------------ -----do----------------
Lake Sh&hkoka------------- '!'r:_G. of Camr Creek-------
---do---------------- -----do-------------------
Lake Woodland--------- -----do----------------
-----do-------- ---------- -----du------------------
C. L. P!Ltton Pono------------ Trib, of q~d 3anks 8reek--
-----<1o------------"------- ------::0------------------
G. B, La.n~:!lton, Jr-., P~nd-- 1'rib. o!' :le'.! ':lank!! ~reek--

- ---- io -------------- - --- -- ----- '.! o---- - - - - --- - ---- - - -
Fletcher Hurrl.le Pond (North 1- :'rib, o~ Byhalia Creek----
----do--------------------- -----':io----------------
Fletcher Hurdle Pond (South)- -----do-----------------
-----do--------------- -----dc-----------------
c. C. Steverson Pond-------- 1'r1o, of Cl.1.ffa.wa. ~reek.---

----do-------------------- -----do------------------
Gayoao Lake---------------- Trib, or "'i,~issippi River 
-----do-----------· - ------- ----do-----------------
Ben O. Pettis Pond--------- Trib. of Toby Tubby :;reek-
-----<10---------------~---- ~---do-------------------
c. !J, Willia.ms Pond------ '!'rib. or Huds0"' Creek-----
----.-10-------------- ----rio-----------------
R. X, Will iam:3------------ T';-ib. of' Yoc'Jna ?..iver-----
-----do------------------- -----'.!J---------------- --
~lenry W. Ramsey P::ind------ "'.-:-b. c:· Sar':cr CreeK---
--- --do-------- - -------- ----- ----1J------ -------------
Dr. Bramlett Pond------------ Trib. of Pumpkin ::::reek----
-----do---------- ----- ------ -----do------------------
A. S. Kyle Pond----------- Trib. of "'a.llabetchie R --
-----do-------------------- -----dc,-----------------
Ben P. Smith Pond.---------- ;'rib, o· Pigeon ?.so3t ':r -
-----do-------------------- ----do-----------------
A. L. Rodman Pond---------- Trib. of Arkabutla Creek--
-----do-------------------- -----do-----------------
Charles Dockery P-0.-d-------- Tn.b. of Hurricare Creek--
---do------------- -- -----do-------------------
Arkabutla Reservoir--------- Goldwater- Rivf'lr---------
----rto------------------ -----do------------------
---do---------------- -----do------------
1<.. W. Murphy Pond----- Trib. of Jones Creek------
----do----------------- ------\0----------------
-----do---------------- -----do-----------------
----do------------------- -----do------------------
Powerline Dam-------------- Ea9t Wose Creek----------
-----do------------------- -----r!o-------------------
----do--------------------- -----do-------------------
-----do---------- - ---------- - -----do------------------
- ---do------ ---- ---------- -----do--- - ------- --------

NEAREST TOWN DRAINAGE AREA 
!SQUARE MILES) 

I AVG, ANN 

I 

: I CAPACITY ~PECIFIC SEDIME.'H 
I PERIOD , STORAGE A~G A~~ r.EIGHT ACCUMULATION 

I 
DATE OF BETWEEN CAPACITY ~',;:;1igw DRY) PER SQ Ml, 
SURVEY ,SURVEYS i (ACRE-FT., (ACRE-FT LB PER OF 'IET DR 

AGENCY 
SUPPLYING 
DATA 

I ' (YEARS) PER K:t: FT ) AREA FOR ' : i PERIOD SHOW!> , 

__l___~~~! ----~~~~A_C_R_E_-_F
1

_
1

~-~~~~A_C_-_F_T~i~TO~N_s---i__._i~~~~ 
L0111'F..,,, KISSISSIPP::: RIVER BASINS (!.[fJ....":.."lA TO ~AT:HE...:\ 

Yazoo, Bi~ Black, a.nd Oi.i&chita ''tivEor Baei!':!I 

Hot Springs, Ark.----- l,421 1,411.4 Dec. 1930 
----do------------ --- ''...l.y 1950 19.4 
Little Rock, Ark.----- 4).0 41.3 Cc• .. 19H 
-----do---------- - -- -- Ms.y 19'i0 12.6 
Holly Springs, M.l.s:!l.-- ,lX-'9? .0009 Oct. 1%7 
-----do------------- Jan. 1951 3.3 
Slayden, M.is:!l,------- .0625 .~597 Jai1, 19 ... 7 
----do---------- Jan 1951 4.0 
----do------------- ,Zi.J. .2J4 Dec. 1946 
---do-------------- Jan, 1951 4.1 
Holly Springs, Miss.-- ,0478 .0451 Oct. 1940 
----do------------ Ja.n. 1951 4.3 
----do-------------- ,rvJ'1 .0784 Sept. 1948 
----do--------------- J&n. 1951 2. 3 
---do----------- --- .0119 .8128 Al.lfl;. 194.2 
-----do------------- Jan. 1951 8. 5 
Olive Branch, Mi.5!1.--- .W.~:< .366J Jan. 1934 
---do-------------- feo. 1951 :1.0 
-----do------------- , So4° .479" Feb. 1945 
-----do------- - ---- --- •eb, 1951 6.:: 
Wa:'"saw, 11.!1 ss. ------- ,1':)1'} .Cl954 "'eb, 1942 
----do------------ Feb. 1951 ,.J 
l'l&r:i.aw, 1-U 9,-------- .0156 ,Ollc Feb. 19lb 
---- ~0---------- - - --- Feb. 1951 3~.,') 

,,1ictoria., M.1:!19,----- .0406 .0389 Feb. 1947 
"eb, 1951 4,') 

----do-------------- .0297 ,0279 Feb. 1947 
-----do-------------- feb. 1951 4.0 
rlolJy S~r1r>11;s, "!1,.s.-- .0342 ,C:_<20 Aug. 1948 
-----10-------------- Feb. 1951 2.7 
Horr, Lake, M.11s. ---· - .2196 .XJ4? Feb. 1942 
-----oiCl------------ Feb. 1951 9.0 
::lxford, Yd~l'l.-------- .0075 ."£67 i'eo. 1916 
-----do-- --- ---------- Feb. 1951 J5.0 
-----do-- - --------- .0450 .0418 "1ar. 1928 
----do---- --- -------- "'.a:-. 1951 21.0 
Tay lo:-, Mlss.--------- .J2<9 ,IJZ..u Sept. 1946 
-----r:io------------ V,,ar. 19~1 

Ox:oru, H.i~:!l.--------- .1J75 .1289 Jan. 1933 
------10------------- Mar. 1951 12,2 
-----do--------------- , 8c72 . e111 Jan. 1937 
----- io------------ l.!ar, 1951 14.2 
3atesvill e, 1"-is9,----- ,045b .0398 .¥..ar. 1945 
-----du--------------- Mar. 1951 6. 1 
Holly Sprbgs, "!is~.-- ,02?8 ,026L July 194? 
-----do-------------- 11.ar. 1951 ). 7 
Arkabutla, "'J.53.---- .1561 .H.<;8 Sept. 1945 
-----do-------------- Mar. 1951 5-5 
Eudora, Miss.------ .061.J. ,;;566 Jan. 1946 
-----do------------ Mar. 1951 s.2 
Arkabutla, Miss.------ l,OOC 948 .\pr. 1939 
-----do -- ------------ ~ec. 1947 c...-,J 
----do------------- May 1962 :!.4 .... 2 
'•olly Spnni;;s, Mise.-- .208 .200 Nov. 1953 
-----d::>------------- May 1956 2. <, 

----- jo---------- Sept. 1959 "l.J 
-----io------ -------- Nov. 1963 1...2 
,;.:-r0r1, Mio;s, ------- .4F6 ,4n7 Apr. 1953 
-----lo------ - ------- 1"..&.y 1955 2.1 

----do------------- Get. 1958 3,4 
-----do-------------- June l%J l.i::t 
-----'10-------- ------- Aug. 1962 2.:!.~ 

156,345 
l· 3,2...,.9 
; ... s '3 
• .. ,340 

L46 
LCJ? 

12,0 
8.J5 

36.4 
29.Cl 
8.80 
t.40 

17.8 
~ ... 8 

2.:..6 
l,ll 

'06 
2'.)6 
9• 
r8.l 
l'i.9 
12.l 
12. 3 

Q.66 
4.01 
2.67 
5,48 
).tl 
6.47 
4,21 

':2,7 

17.4 
16.6 

J,77 
),29 

J0.5 
29.0 
23.C 
.22.0 

52".~00 
52.l,'i40 
0 1J,06C 

1/2.J,:.8 
19. 7;> 
l?.84 
lJ.T? 

_;_/"K;,·4 
<'-6,/o 
n.:!. 
20.27 
19.40 

,499 
,495 
,:.£7 

*.:.94 
::t.169 
*,1)2 
*.l:) 

*50 0.11 120 

*50 • 1.7 403 

6J.65 13.l 18,2C<J 

60.09 l'i.) 20,0CX) 

:i~.9 7.78 lG,700 

07.27 12.4 18,200 

7b.l3 16.6 .n,soo 

39.9 5, '2_ 4,8CX::: 

63. 3 'J, ~5 9,01.0 

6).0 12.5 17,100 

8J.l 16.8 )IJ,400 

78.8 26.0 44,60Ci 

51.e5 1.13 i.s10 

;:a. 72 2. 19 _i ,060 

55.72 1.1', 4,cro 

41.75 2,61 2,37C 

*37 1.12 913 

67.58 ... ao 7,;oc 

""50 1.95 2,120 

*44 3.lO 3,421J 

~':>o .tn a19 
*60 .t-20 810 

.?../8.4 :;;/:b,465.? 
y3,g 1/0 ,41.B.B 
y3, 5 jj6,?60, 7 

60 3/5.66 _;/8,136.J. 
70 y5,B7 '3)8,949.4 
7'J y5,30 3/8,00Q,4 

*'70 ijl.JB 1/2,10),Q 

::.:s 

s:s 

:::,cs 

scs 

::i:s 

s:s 

s:;s 

SGS 

CE 

A.15 



A.n1rew 5mi t.h Pond--------- T'l'lb. of .ionee CrHk------ Hnl.2.1 Sprinti:s, MJ.S:!!.-- .Jn ,JOO 
--- --de----------------- -----d~-------- ----- --do------------
- --dO- - -------------- ---®~---------- ------::1.o-------------
----do-- - ---- -------- ---- ----do-------------- --do-------------
Sa r11 • &.MrYoir----------- Little T&llah&ten.11!1 River- Sard1.s, Y..iss.------ 1,545 l ,454 
-----do-------- ------- -----<10------------------ ----do------------

15-ll Enid R••~<Jir----~--- Iooona R!ver-------- Enid, Hisa.--------- 116 
---'10------------- ------- ----do--------- ------- - --.io-------------
---- jq....------------- ----do-------------- ----'10----------

15-12 ::;ren&da. Heaervo1r---------- Yalobuetw. iU ver-------- GreOCLaa • lo!.i ~• ---- l,219 
----do--------------- ----10------------- ----do-----------
---- -'10---------------- ---- -do----------------- ----do---------------

llov. 

"" Sept.. .... ..... ... , 

July 

"" 

1911 
1956 2. 5 
i95q J.3 
196) 4.1 
1937 
1900 20.0 
1940 
1951.l/ -
1961 9.83 
1942 
195)_!,/ -
1961 u.•1 

!}22. 72 
18.8) 
17.71 
16.47 

1,569,900 
1,549,336 

o60,0JO 

65? ,201. 
l, <)7,1,0G 

l,320,020 

•.12) 
i:.102 
•.096 
•.089 
.9)4 
,922 

1.07) 

1.068 
,909 

,957 

y6.2 y12,111.< 
yi.cn y4,051.6 
1/1.87 YJ,661.6 

.687 ~ 

.?SB 72'1 

1.205 1,575 

LC~ KISS1S5IPF: hIVE.R BASIN (:;HESTER '!"" rELENA) 
St. Francie River Bae!.n 

16-1 

16-2 

16-) 

16-4 

16-7 

16-e 

16-q 

16-10 

16-11 

16-12 

16-1)& 

16-14& 

16-11 

16-16 

16-1'7 

l&-lS 

16-19 

l&-20 

16-21 

ll>-22a 

ll>-2) 

Gri •h&•---------------
-----do---------------
libuntair. LU:e--------
-----jo----- -----------
~epherd Hountain--,..-----
-----do--------------
Loch 1111.r;r-------------
-- ---::10-----------
C&rbond.al ... -------------do----------------
Dering C:O&l Co. Pond---
----00-------------
El'1o~-----------

----do----------
'ti.at fr&nk!ort------
--<10----------------do-----------
P1.netlw (!..ovu)--------
----do-------------
Pinn1.ew (Middl•)-----
-----do---------
Pin•rl•,.. (Upper)------------
----1o------------------
r 1llarna1-----------------
-----1o-----------------
W•ppapello--------------
---do-------------
----do-------------
Lake liB..ller-----------
--do---------
nuck• Lake------------
-----do------------
9&ker 1 

• Lakfr.-------------
----do----------------
.:rab Orchara l....$.Ke-------
---<lo------------·-
Marion-------------- ___ _ 
----do------------
L! t ~le Gra.ei•y lA.ke------
----do--------- ----
Herr1.n ReseTTOir No. 1-------
-----do-----------------
lnight~ or Pyt.hiu L.ake------
----<10---------------
l..ake -'•hl97------------
-----do- -------------------
Chri•topher--------
-----do------------

Lo•t. Creek------------
--d~----------
Trib. of Ringa Cr..------
---d.0-----------------
Trib. or Stoute Crffk----
--do-----------· ---
Srowi Cr~ek---------
---do------ ------
P11H Fork-------
----dn-----------
Trib. of Wclf Creek-----
-----do----------
Wolr Crffk------

«lo 
Tille-, CrHk-----
----do----------------
---do---------
South Fork Jona.c.. Creek---
---io------------
----do------- ---------
-----do------------
----do--------------
-----do----------------
Big CrHk---------
---do----------------
St. P'rancis River---------
---do--------
----- do--------------
CaMy Fork-------------
---do--~----
U~---------------
-----do---------
----do------------
~--do------------
Crab Orchard Greek-----
----do------------
Li.Ito Branch---------------
---do------------ -
L!.~tle Grassy---------
----do-------------
Unnued------ ·-----
----do------------------
---do------------
----'io-----------
-rib. or Muddy River---
----r1.o-------------
:'rib, o,.. Kini\: Creek----
-----do--------------

Bi--.rlc, "lci.-------
----'lO-------------
Patterson, ~.------
---do-------------
Ironton, ~. --------
-----do----------
l.arlingt.on, r.;r. ----
---do-----------
Carbondale, lll.-----
----do---------
Eldorado, Ill.------
---do----------do------
---do---------
We•t F'ranld'ort., lll.-
---do----------
---do----------
F al"ISir.gt.on, Mo.------
---do----------
----do~---------
-----.jo-------------
---do------------
-----do-------------
Annapol1.1, lob.-----
---- jo------------
Pbpl.ar Bl.it!,. Mo.----
----do-----------
---io-----------
Mt. Vernon, Ill.----
----do------· --
Marion, Ill. -- ------
---do----------
----do------------
---do-----------
Carbondale, 111.---
-----do-.--------
"48.rior, 111.---------
---- 10-------~----

;&rbond.&l•. ill.-----
--ao-----------
"lerrin • ill.-----
-----do---------
Ma:r1.on, 111.------
---do------------
Ashley, ill.---------
----Jo----------
::tirt11topher, 111.--

--,io--------

1/ :,Miaen~ ,,r conservatior pool 'Jnl1. Y Inc1'"1e• ,.d,un' "1th h, origin•l rlo• ll,,, o:· re,.rvo1r md •bove con,.rvatior '-Ool. 

P ~:;~i~~l ~~:~;1~~~~ ~~:~o~J::~l~nt de~151~3. 
21 Sdllway ·~e!lt ,..8.i3Pd from .. J9 to J...U.7"' rt. -r.~.:. .. n A~-:.l i:i ... 3. iill ddt8. :::o:n~uteJ on 

b&!lia of U'. "' ft. &t 3;: 1: way f!J~vattor. 

. .h 

l.9G 

J.9'1 

J.81 

).00 

.219 

2.2) 

4.03 

51 

l,JlO 

171 

.~l 

• 56 

,49 

.lJ9 

.26 

15. 7 

. 33 

,45 

1.87 

J.96 

J.65 

2.7? 

.206 

1.87 

).75 

51 

l,.?06 

.vr 

.06 

.41! 

4,4) 

.Jl6 

.25 

160 

'· 70 

.32 

1.22 

.858 

Oct. 19)0 
July 1939 8.8 

l9n 
July 1Q)9 1..: 

1929 
Jul7 1939 10 

1888 
Dec. 1908 20 
Aug. 1921> 
S.pt. 1948 22.1 

1919 
Oct. 1949 )0 
Oct. 1920 
Oct. 1949 29 
Aug. 1926 
Sept. 1936 10.1 
July 1949 12.8 

1932 
1939 
1930 
19)9 
1928 
1938V 10 
1910 
19)9 "" 

July 1940!!_/ -
July 191.7 7,0 
Hor. 1964 16. 7 
F.t>. 1944 
Jl.ll1e 1960 16.J 

1919 
1951 12 
1937 

Aug. 1951 1.1+ 
Me.y 1940 
July 1951 11.2 

1921 
July 1951 JO 
Har. 1942 
JulT 1951 9.3 

191} 
1951 38 

Dec. 1925 
Au.g. 1051 2'5.7 

1941 
<ug. 1954 14 

1925 
.uly 1%0 15 

4,05 
19.~ 
87.7 
82.9 

in 
158 

1,2211 
1,184 
1,386 
l,193 

89.J 
73.0 

844.4 
726.0 

2/1,608.4 
1,515.0 
l,"'87.8 

8,9 
8.2 

)0.9 
29.l 
8.2 
;.4 

818 
622 

625,.<XX> 
624,.651 
613,161 

1,746 
1,6'59 

58.l 
46.8 
24.0 
21. 7 

67 ,320 
6J,894 

705 
~1;:-i 

25, 741 
25,305 

190 
17• 

74.b 
6J.. 7 

150 
1)8 

JBJ. 94 
15). 59 

•.077 
•.06J 

•.025 
•.016 

.51,0 

.139 
, SJO 
.61) 
.1112 
.261 
.214 
.143 
.129 
.lill 
.5"0 
.168 
.ui 

2. 543 
2. 500 

.17) 

.155 
,350 
.}04 

.201 

.184 
,598 
.111 

04 

7J.9 

"76 

<67 

34,0 

)6.B 

47. 5 

)4. 5 

)8.7 

n.1 
62.9 

44.5 

)7.1 

l.13J 1,860 

.ZlJ .?~ 

.J3P 471 

.600 ?84 

J.15 ',,O?C 

2.64 4,)70 

2.18 l,180 

2 • .h 
y.m 
l.4J l ,870 

J.3 4..JlO 

.581 821 

.l}J 174 

1.20 888 

1.11 1,368 

l.91 1,976 

.61 458 

:t.85 2,402 

.32 192 

l.22 1,671 

.69 692 

l.01 816.l 

§./ Net ~ediment volume in 1949 IOl'af.i 120.5 iit.c.-tt. due tQ eO"lp<lct;ion o,. earlier deoodte, 
1J1 tdlll f&:tled spring 1938, 5UM'81 eonducted July 24, 1939. 
'!/ vr!glnal data rrom topographic *Urvey or 19)5-36. r ;-::::a~:(/:~o=~;~d~eaurvey; 1963 n..lue or o. 57 ia QIOre reliable, 

ARS 

:,cs 

IWS 

sos 

scs 

~::s 

rws 

lltS 

rws 

h'S 

rws 



---r-----
DATA 
SHEET 
!!UMBER 

16-24 

16-<"~ 

16-311 

16-31 

lb-32 

lf:>-31 

16-J.t. 

16-J" 

17-1 

1"1-:.:i. 

1'7-1 

17-

l"-<> 

17-7 

17-11 

l"l-1 'a 

17-1) 

17-ll.a. 

1'7-1(, 

1 

I RESERVOIR 

LU:t! :l'ii-Quoin--------------
-----"\.o-------------
.t. P Pa.r ... 11--------- ---
--<'.lo--------------
T :RR at ~o.paorTill~---
-- --1o---------------
Lu:e .,ohnst.ori '.::1t1----------
---~o-- ---------------
Valier 01..11:.tnc Club-------
---10-- ------- ---------
West. ~nl.l'\k(ort. (Nevi--------
-----1u---- -------------
1..&k• n-1- ....... :n (Wa.lJqtr• :....U:e) 
-----to---~------- -------
Routt· Rinr ritS !Co. l--------
----1o----------- -----------
Ob1cm c~• !"'RS llJ..----------
-----"'o ----------------
"lad River YRS Mn. !4------
----1o--- - -------- ------- --
'::anq ':reek ~s 11.-----------
----do---------------
81.g R-1] r"!.S '9----------
-----io- ------------------

Ku.nt~rg (Uopotr)---------
-----1o-------------- ------
Oakl.in•1 :ur 112-------------
-----rlo---------------
----rlo-----------------
)h&fer Ls.ke--------
-----rlo-----------------
Srirt"11: ~111-------- -----
-----1o-----------------
8-re-er-<ide LUe---------
----do- ----------------
Rid,;e l•k:e------------
----1o------------------
Yer-mil1rm Lake------- ----
---do---------------
Brown Park Liv~------
--10--------------
Si-1.11; & Dav1.d.30n'' La.ke-----
-----'10------ ---------- -- ---
P11.rina Lake-----------
-----10-------------
Gr&na:ti Lake---------------
---10--------------
I:RR at BlufoM---------
----1o------------
Jone!!! ronit-------------
- --do-------------------
01 ner R•eerT01r (N-)------
---<io----------------
P&tter90n Lake-------
-----do------- -------
PlUl'll ,:rHk No. 15------
---~rlo----------------------

-----'10-----------------
r111111 ~reek •fo. 1"-----------
--~--rlo---- ------- ----- --
-----rto----------------------
-t"lne'l" L&k.e---
-----1o---- --------------

SUMMARY OF 

RESERVOIR SED!llE!ITATlON SliRVEYS MADE IN '11!E UNITED STATES '111ROUGH 1970 

STREAM 

,--,,PE~IO~l:RAGE 
DRAh~AGE AREA i DATE OF ,BETWEEN I CAPACITY 
(SQUARE lllLES) I SURVEY ,SURVEYS (ACRE-FT.) 

(YEARS) 
i • 

NEAREST TOWN 

CAPACITT 
AVG ANN 
l~FLOI! 

RATIO 
!ACRE-FT 
PER 
ACRl-FTI 

AVG. ANN 
aflC SEl*[l;T 

ACCUllJLA TION 
PER SQ Ill. 
OF NET DR 
AREA fOR 
PDUOll SHOWN 

AG&"ICY 
SUPPLYING 
DATA 

_1-_T~'!'A_L_j__ _ _NET I AC -FT. TONS 
-~---~----~---~--~~----'---.J--~-

RMH Cr~k--------------
--io----------------
Trib. or Karper :r-k--
---io-------------------
Trlb. or !wing :?"e'ak----
-----do---------------
l..ak• .:l"ffk-------------
----do----------------
AndJ' Crffk---------
-----do-----------------
St.••en1 C:r.8------------
----dlr-----------------
U~---------------

---oio------------
Buff'&lo .=!"'eek------------
-----1o---------- -------
!Jnna.ed '?'rib. Little Creak: 
--- -10-----------------
AntiDC"' :reek------------
---<'D-- ----------- ------
Senn.it Fo!"k------------
---~-------------------
W•«t !l'orlr:-----------
---do-----------------

fl'ib, ot ?at.olta Ri••r-----
---;io------------------
3. Pork P&tok:a ii.i•Hr----
--rlo-------------
----<10------------------
Tippeeanoe IU.nr-------
---do-------------------
Mill c,...k---------
----do---------------
Connor'• ~ranch-----
----do-----------------
Trib, of !mban-u111 Ri 'l'M'--

-----do------------
H, ?'ork Vu~Uion Riur--
---do- ----------- ---- -
Ti-ib. ot Raccoon ::re•k----
--1o-------------
---10-------------
------<!.o----------------
Kor.-------------
-----do-------- ----
"'rih of Veale :r~k-----
----10----------
F'our:dle :reek-----------
----1o-------------- ·---
Trib or flat. :ree'lc"-------
---Oo-----------------
'l'l-io. of Kast Fork-----
---it>---- -----------
Trib. or Pi~ :reek-----
-----do---------------
Little ?lum ':reek---
---do------------------
-----do-----------------
T'rib. or Litt.le Pl..ll'll Creek 
-- --'10------ ---------
--- io--------
"'rib. or Ponti ~r-·e"-----
----<:to-- -----------------

Wft·.'i K.i: 551.:-..Sl'Pi:l Rl 'f~.11. BASlM l ::HES11Ji TO HXl.S.1) 
St. i;-rancia River 3&111.n (ContiiNedl 

!>uQuoiJl, ill.--------
---do-----------
Mt. Yernon, UL------
--1o-----------
Tuo111pSt:m•11.l•, ill.---
-----10--------
Johnston CttT, ll.1,--
---dO------------
l'alhr, Ill.-------
---do------------
•est Frankfort, 111.--
-----do-- ----------
Dimn, lli.!".---------
----1'0------------
lli.ingSMOOd, KT.--------
----r\0--------- --
"a.ne1 '•""• Kr.------
-----10-------------
Sharon Grove, KJ ----
-----do---------- ---
:anqrtlle, Kr.------
--00---------------
Reedrtllle, l,, ___ _ 

----io------------- -

10. 7J 

. 519 

l. 799 

"1,622 

2.86 

.37 

a.s9 

\, 77 

6. 76 

l::?. 15 

.512 

l.725 

).75 

2. 17 

7.21!8 

1.% 

2.85 

.)6 

JoJ.1 

Jun• .... .... .... 
.., 
llo•. 
J,,.. 
llo•. 
!lo•. 
Jan. ..,. 
""'· .., 
June 
A.pr. 

19)7 
1957 
1945 
1960 
1926 
1960 
1'22 
1957 
1922 
19'7 
1945 
1960 
19 ... 
196J. 
1955 
l<n<l 
1960 
1%, 
1'164 
19'/0 
1%5 
1970 
196<. 
19'/0 

<.IHiv hlYM BASIN KA..JI50N TO Uh'10N'!'OWM; 

liunti.n~urg, Ino.-----
-----io-----------
Oakland Cit1, lnd.---
-----'10-----------
----do----------
Hontieello, Ind.----
----'10----------
Hitehel~, lnd.----
---1o----------
Xenia, Ill,---
-- --do------------
.;narle!Jtoo, Ill.---
-----do----------
D&nrtll•, lll.---
----,:0--------
Flor-a, ill.----------
----do--------
Miu·tin~'l'ille, 111.----
------lo------------
L.a.clede, 111 .. ----
---<io- ----- ---- --
Washington, Ind.------
-----do------------
Bluford, Ill.---------
---10-------
ot-11, Ind..--------
-----do-----------
Olney, 111.---------
-----do---- - ----- -----
F.dgelolOOd, ill.-----
-----do----------- -
T&ylorsville, Ky .. -----
---co------------
-----no----------
--r'o-------- ------
-----rlo-----------
-----'10----- ------- -

::-a1-rf~"l1, Ill .. ------
-- --~()-

Wabash River Basin 

.f:.7 

,52 

1,700 

15.03 

2s.1 

267 

l.34 

.I.hi 

.SJ8 

.3<. 

J.353 

.0)4 

•.36 

,959 

l,OJ 

.56 

• 30~ 

.63 

.IJ) 

1,698 

:J/s.29 

25.0 

1.)8 

26t> 

l.33 

.SJl 

31 

J.199 

.031 

,91; 

1.02 

.51 

,24\ 

Ju.11 1894 
Oct.. 1940 

1921 
Sept. 19i.O 
A.~. 1965 
Jun• 192'.3 
A.~. 1940 
Oct.. 1938 
Sept. 1948 
AuA• 19n 
Sop<.. 191,0 
Apr. 194.l 
Sept. 1947 
June 1915 
Oct. 1940 

1938 
JUll" 1959 

1947 
JuM 1959 

1928 
Aug. 1958 
Aug. 1950 
AU8• 1956 

1926 
June • 960 
Oct. 1154 
Apr. 1956 
Sept. 19;"' 
Aug. 1960 

1926 
.. ·ui1 1959 
Sept. 1956 
Apr. 1959 
Oet.. 1960 
Dee .. 1956 
Apr. 1959 
:Jct. 1960 

1%5 
1060 

20 

15 

34 

35 

35 

11 

16 

o,JJ 

i.6.3 

19.0 
2J,.9 

17.2 

9.9 

13.l 

1' 

34 

1.s 

6.9 

33 

2.s 
l.S 

2.13 
l.1 

2,00) 
1,810 

JS.56 
n.i.i 
152.~ 
)00.6) 

"n 
39• 
369 
J2Q 

2,654.7 
2,)90.C 

659.0 
515 .... 
617 
596.12 

J/JO.J5 
1/28.eo 

1,379.8? 
l,35S.i.9 

1,355.4 .... 
976.95 

!J7 
ll9 

Y•so.s 
g'8J5.R 

611.0 
14,722 
u.041 

178 
in 
)06 
z60 
187.4 
in.9 

.>(8,643 
7,438 

49.oe 
37.75 

187. 75 
175.18 
16.4 
13.3 

104.8 
104.4 
670.7 
609.70 
10.7 
10.0 

1,555.J 
1,517.4 

)16.75 
"'1.09 
W...3 
Zl9'.6 
21.}.2 
126.J 
1""1."I 
l..2J..2 

53.68 
t.B.62 

.)16 
,295 
.103 
.cm 
.2"3 
,241 
.195 
.16) 

·'°" .1eo 
.502 
.l.5) 
.37!1 
.296 
,2)6 
.2)() 

•.2) 
•.22 

.15 

.15 

,33 
.154 

l'>O 

•.264 
·.229 

•2.116 
•2.079 

.2.017 
0 

.. 016 
*.Gl.6 

•.023 
•.020 

•.061 
•,052 

.0~"'"1 

.ou 

.631 
.588 
.0'7 
.Ol.6 

,JOO 
.2"3 

.723 

.706 

.516 
,458 
.268 
.262 
.254 
.263 

·'"' .251 
.261 
.2)7 

)8,3 

51.5 

....7 

.... 3 

U .. 17 

)5.9 .. , 
75.78 

77.75 

77.58 

•I,() 

•I,() 

70 

.,, 
'67 

72.4 

'70 

58.b 

33.14 

61.94 

43.5 

)0.) 

.... S4 

<.S 
53 

56 
47 

U.3 

0.64 5)4 

l.06 1.1"9 

• 5Q 620 

• 59 5)0 

4.6 6,512.2 

!f. 50 !f6U 

!/ .86 !fl ,498 

!f.<.5 !/7'-2 

i/l.01 l/J.,710 

.!/.S<. !/912.4 

."17 

l,9J7 
2."'90 

.023 

.975 

.uo 
1.75 

.179 

.19 

.218 

.S6s 
2.10 

l,70 

l.18 

l,84 
4.19 

2,00 
3.ll 

:.1s 

1)8 

1,720 
), 796 

)8 

213 

2,'760 

m 
510.5 

l,ns.6 

1,460 

l,247.5 

l,l!O) 
4,837 

2,439 
J,180 

l,0)4.) 

IllS 

scs 

scs 

scs 

scs 

scs 

Iw:l 

scs 

"'" 
scs 

scs 

scs 



1.,._.,,.. 

17-ll 

17-22 

17-21 

lft-1 

l8-2a 

1•-lc 

l"-'>c 

l~-7c 

l~-10 

l•-11 

l~-1) 

l<>-2 

10-J 

l'H 

lQ-Sb 

st.nen.90n'• 1.Ue-----------
--1o----------------
v..,.,. Pa.rtr Lah----------
-----10------------------
8-·Hr ~----------
------to------------ ---
Soottsburg Lake--------
---ri~------------
.:aci.. "1U (Catan.ct. Lau;--
----'10--------------- ----

Radnor L&Jr:.,. _______ _ 

----1<>------------- ----
Lair• Tand.T-------------
----11>------------------
---<io---- --------- ---- -- ---
n-.. t P'all~-----------
-----10-------------------
-----".!er-- -- - --------- -----
----10-------------- ---
-----11>---------------
Gunternille--------- ------
----<io -----------------
-----10---- ----------------
- ----1o------ - - ------ - - -----
'lltlle•l er------ - - - ---------do----------------
---tto------------------
----do-----------------
-----do-------------------
W1l10n------------------
----10--------------
----do-------------------
----~0----------------
----'1~----------------

---rto---------------------
---<io---------- -------
P1elnr1ek Landin1;----------
-----1o--------------------
--'1o------------------
-----1o---------------------- --1o- ---------------------
Kentucky-------------------
---- -10--- ----- ----- - -------
- -- -- io---- --- -------------___ _...., __________________ _ 
O.U.e Ff&llo.----------------
----rto------------------
•J]ri Hic:kOl'J'------------------
----do------------- --------
WoH SM!oek I Lake ~er land'-
-----10-----------------
Rou~ Ri•er ReserTOir-------
-----10-------------------
Upo.t'P' Grwn Ri ""''" ;(, 'Pilot -
----10--------------------

l.&ke Pladrt--------~~ 
----rlo----- ------ ------
Radford---------------
----1o------------------
'""'19'IOOf'I.-----------~---
----1o-----------------
°41'9ntOW'I------------
----'1o---------------------
';r1qs---------------
----10-------------------
----<io-----------
-----10-----------------

ll r>edi....-.t oool on:y 

Trib. of ••ttering Branch-
-----do-----------------
Trtb. of ~e Crnilr:---
----do--------
B••er Cr.e«--------
-----do--------
Trlb. of Hueatatuclc--
---do-----------
Hill :reek-------
,---do---------------

Other Creek------------
---~o---- ------- --------
Lilt.le RiveT-----------
----~----------------
----<io-------- -----
Cane7 f'orir RheT------
-----do-----------------
----".lo-------------------do---------------
- ----do----------------
1 enne '\SH ii •er-------
---- -1o----- ----------
-----do------------------
-----1o------------------
----1o--------------do--------------
---1~---------------
---do----------------
-----do--------------
----do------------------<io--------------------do----------------
---- lo-----------
----~-----------------------------do--------------
----do-------- ------
----tio----------------10--------------
----do-----------------do------------------
-----10------------------
-----<io--- -- ------ -------
-----do---- --- ---------
-----1o---------- ----
Obe7 Ri•er------------
-----<io--------------
:umt>erland Ri·wer------
----~o---------------
----tb-------------:-----
-----do---------------
Rough Riur-----------
----'b----------------
South ll'ork-------------
----10----------------

L'nnallted--------------
---do---------------
LitUe River------------
-----do------- ---------
StlllWllter-------
----do--------------
Tvin Creek-----------
-----1o-----------------
Scioto Rher----------- ---
----do-------------
--- -do-------------
---do- -----------------

Martin .. ille. 01.--- .342 
----do-------------
"-· lll.---- .29. --do------
Duboia. Ind.------- 3.95 
---do----------
~ott•ourg, Ind.---- 2.98 -----------
CloY•rda.l•, lnd,----- 295 
-----do-----------

.327 

.278 

3.57 

2.98 

l~ 
Jqne 1~59 

1906 
Jm1e 19S9 
Oct. 1955 
Oct. 1964 
F&l.l 191.9 
Oct. 1961 
n.c. 1952 
Pett. 1962 

5) 

9.17 

52.ll 
1.6.5 
67.U 
~.50 

2 • .a.o 
2.409.e 

749.02 
71).24 

l/232,370 
2)0,906 

'!l:IOl!:SSD RIVER 8ASUr1 (BELOW HAL.ES 8.A.R DAil) 
~91' lArid and Green Ri •er Ba•in• 

N&ahTille, TWW1..----- 2.1 
----dD----------
liopkinsrtlle, 11.-- 6.10 
----<io----------------do---------
Rock hland, Term.--- l,67'i 
---~--------------do-------------do------
-----do-----------
Gunternille, .Ala.--- 2J.,450 
--do-----------------do----- --------
-----do-------------
Tom C,...._, Al&.--- 29,590 
----do-----------
---do-----------
---do-------------do----------
rl.ormc.•, Ala.----- 30, 750 
---do-----------------do---------------1io------
---do-----------------------do---------
J>ickwiclr, Tmn.----- J2,8iCl 
--~o--------
--do------- -----
---do------------
----d(l-------------
Gilbertarl.lle, K7.---- 4£1,200 
----do----------- ---
---<io-----------
----do--------
C.J.ina, Tmn.------ 9H 
-----do-----------
Old 'Hclco17, Tenn.--g/ll,674 
---do----------
Jal'lerte>wn, 1t7.------- 5,789 
----<lo- - ---------
~&119 of Jiau~, ftJ'.-- 4'>4 
---:b---- ---- --
.itanford, ly.-------- 1.44 
-----1.o------------

2.0 

6.00 

1,671 

2,5SO 

2/5,033 

1,135 

1,997 

7,131 

2.741 

5,690 

4)7.56 

l.J.l 

.... 1915 
lloY. 194.0 

1907 
Jan. 1941 
June 1959 
Sopt. 1935 
.... 1947 
Jan. l~ 
Sept. 1960 
No•. 1969 
NoY. 194() 
June l '947 

" 1956 
Ju!J' 1961 
Oet. 1936 
June 191..7 

" 19'3 
J\1119 1956 
Aug. 196.l 
Dec. 1928 
o.c. 19]1 
.... 1936 
Sept. 1906 
Jane 1951 
J\9M 1956 
Aue. 1961 
Peb. 19)8 
Sept, 1906 
..... 19'1 
June 1956 

""· 1961 
Aug. 1946 

" 1951 
Ju11 1956 
Oet. 1961 
Apr. 1943 
June 1960 
June 1Q54 
JWM 1965 
Aug. 1950 
June 196) 
Dee. 1959 
Jul7 1969 
s.,.t. 1955 
AiX°• 1966 

l,31) 
25. 7 1,279 

769 
l• 564 
18.5 509 

54,925 
12.0 52,310 
6.4 51,&)6 
6.6 ljl,591 
9.2 51,281 

l,09",)80 
6.6 1,CB:.l,_scn 
8.9 l,073,lb4 
5.1 1,064.,228 

;z,11,122,000 
10.7 1/1.071,717 
6.o !fl ,061,W 
J.O 1,061,005 
S.l l ,OSO, JOJ 

687,000 
J.O 674,CXX> 
5.0 6S2,COO 
9.8 651,000 
4. 7 650,000 
5.0 648,000 
5.1 641,000 

1,1)0.)l) 
e.6 1,116,389 
4-7 1,118.082 
5.1 1,116,811 
5.i 1,105,256 

1/2,879, 549 
4. 7 2/2.855.440 
5.2 1/2,81",)88 
5.2 1/2,?'l<J,.,5 

1,706,000 

12.83 
J)2,940 

9. 75 329,670 
)20. 7l 

10. 5 316.59 

OHIO R.Ivmt BASIN (POINT ?Li.A>AHT TO MADlOON) 
l(a.r\4wtia, Big Sandy, Li<:kln«, Kent.uck7, Scioto, and Mi&.111 Ri•er Baains 

Lanca,t•r • 11:7. -------- • 20 
----do------------
R&dford, Va,--------- 329 
-----do---------
DaJ-+...on, Ohio----- 6'1 
---do----------
r:iermnto11111, Ohio-- 270 
----10----------
~lWllbus, Ohio---- 1,053 
---do--------
--do-------
---do--------

329 

6)9 

"'" 

.20 Oct. 1902 
Sept. 1941 38.9 
.... 193• 
Jul7 1944 10 

l927li/ -
194.2 15 
l9'7W -
191.2 H 
1905 
19)5 JO 
1951 16 
1964 13 

Y 1953 eurve7 reTised. 

ll4 
95 

1,61,6 
1,018 

112,00Cl 
311,648 
106,000 
105,618 

4.,S63 
3,'920 
3,921! 
3,737 

.2)8 

.Zl2 

.391 

.316 
•.m 
•.?6) .. ,,., 
•.280 
l.ll3 
l.ll6 

.135 

.09'1 
.089 
.024 
.02) 
.Oi3 
.022 
.02J 

l.533 

.606 
,8S7 
.23 
.IA 

•.810 
•.809 
".554 
•.5s2 

.008 

.rm 

.rm 

.rm 

i.s,o 

t.7.61 

55 

60.8 

!.t!'I 

.87 

<.)8 

1.00 

·"' 

.ooo 

43 1.00 
4) .49'i 

*60 .ll7 
*60 .05() 
*'60 .022 
*60 .02 

•5') .<n9 
•5i; • l4l 
•55 .6W7 

•s'i 6/--
•55 , 141 
•55 .02'7 
•55 .U7 

•53 j/-47q 
•SJ JJ.•90 

•53 .IQ/·"" 
•5) !Q./.120 
*53 10/ • .loOl 
•53 J.271.n• 
•53 .au 
•SJ llf-.100 
"5) .ll5 
•51 1.113 

*SJ ."'1'19 
•53 1.107 
•lj) .6)5 

,w 

10.n .765 

59.9 y.26 

.u;2. 50 

-70 .191 

77.5 .037 

79.s .rm 

-65 .oio 
59 •• 

.014 

2,851 

1,324.2 

7)9 

166 
o5 
29 
26 

1,17" 
"18 
"23 

w--
1.{!8 

32 
500 

552.9 
S65.6 
13~.(, 

1)8.5 
462.0 

l ,471.0 

936 

144 
1,285 

830 
1,278 

7J3 

1,170 

!.'33q 

291 

63 

168 

21'.3 

J../ rt-s 11.re ba'e'' on ~orrerte1 instrwt«lt surveys of s'lore line and ran,.e 10<:8.tions .1.S used 
in *he 1%<> SIJTT<!Y. 

j/ Used drai.na,;e area below H&l.•• Bar 0... (8,935 sq. 1111.J. 
1Q/ SediJam.t contributing area nduced bJ' cloeing 'llheel•r 0..,0ci.. 
g/ Minue (-) 1ndieat.ea ac.>ur ( treate<! u n•pthe Md1-nt). 

J, 19)6, to 1,1)5 -=I· mi. 
,ll 'f'l-e noncontrtb ... Una; 1ralrVlll;'e area 1, <""hii<>f' y closed or ril ~ed l111W!stone sinkhole ... 
lt' Tn .lulv ]02~. i'l .i . .me 191'., snil. .. "'y el.,v&tion >es< feet lower an<1 caoarity was 1,2-" ac.-ft, W Uncontrolled draina,;e area 2,776 sq. m. r ~~r1::~vffl: J:~·~1'~ .... ~ 1

1

~1~: 1 ;2.'~~:~:·"•,1r'•,;; ~er<:'lter· :'Jn'-ri'11itiM 11-e3 ~o <,u~J -s.i ..u. 
1fo' t -)•-•i,e -'lr.a-lty ,.T(')urtini;i; •.ke'1 ..f.".,1."' 

U/ Incl11din,11: 19,CXXl eu. 7d. dred~ed 1n 1?10, 

¥*" i:~ .. 7~•!r.-::~~':" utabl hhed. 

s;;s 

scs 

s:s 

TVl 

,., 

TV• 

TVl 

TVA 

TVA 

er 

.. 
scs 

:s 

scs 

scs 

scs 



DATA 
SHEET 
NUllBER 

1 ... 

19-10 

19-11 

19-1' 

19-llib 

19-17 

19-18 

19-19 

19-20c 

19-Zl 

19-25 

l?-26 

l<'.>-7! 

1....,,, 
l9-29a 

19-10 

19-H 

l?--31 

SUllllARY OF 

RESERVOIR SEDlllENTATION SURVEYS llADE 11'1 TIIE UNITED STATES TIIROUGH 1970 

~------T 

I STREAM I NEAREST TOllN 
I ~ER:1 STORAGE I DR_AINAGE AREA DATE OF BET~~~N I CAPACITY RESEHVOIR 

I (SQUARE IDLES) SURVEY SURVEYS I (ACRE-FT.) 
(YEARS' 

I _"J:<)T A!. _ __LN_E_T ___ ~---~----1 
I I 
I I 

___L._ __ _ 

CHIO RlVIll. BA3I.K (POIJl'T f'l..KlSAJrT 1"U ·wnro•) 
Lvw.111tia. Big S..ndJ', ...lc::ki.ng, Ktntuc.IQ', Sc::ioto, &nd. JtLaai RiY9J" &sine {Cont1nue1, 

Cillo Co.!ia. Pond l6o 7J------

~10 Cona. Pw .. Ro, 74-----
----do--------------
L&k• Whit.----------
---do---------------------
Herr1i1«t an LA.11:-------

---do-------· 
Walton 
--do------------
Wt lliall3t001n-------
- -do-------
BJ'll•ebT---------0 1 ~u.w;tm••sr-----
--do-----------
----do------------
-----------
Dedl: ... l.Ak-------
--do------------
Nadimn. LU-----------------00-----------
-do--------------
Grant Lat----------
---do-----------
---~------------
---do-----------------
--do--------------------
C&ldwll LA.i:e- -----------
---~-- ------------ -
5t--.rt. L&k------ ----------
-----«>-------------------
Pine Laka-------------
---dc---------------
ltinr Lak--------
----do---------------
--do---------------
---do-------------
!Tw.:.h Ihm (Trib. a.rm of 

o• 5ha~ee., R•~.) 
----do-----------
Allen L.a.ke-------------
---10-----------------
S7han Lake (Lower)---------
---~o--------------

S7ln.n Lake (Uroper 1-------
-----do-------------- --
Ho~tenan r..ke ------------
---~----------------

Re)'nOlda Pond----------
--do--------------------
Mt.. Gilead Lake (Uoper )----
----do-----------------
Scbott PoM------------
-- ---Jo----------------
I.Ake .\1---------------
-----do----------------
Haple GroH Lak-----------
----do----------------
Pond Lick l...alr-------------
---do--- - ------------
'lllol Mer Lake-----------
-----do-------- -----
BAAi" L&k-- - -------------

- ---10---- ~----------

Bl&cliJ.1ck Cr_. _______ _ 

---do---------
----do-------------
-----do--------------
P.. Dee Creek-----------
-~----------
--~----------

Dix Ri••r--- ------
-----<io-------
Bank Lick CNM!lk------
--<io---------- -- -
Gn.HJ Cr-k-----
~------.... ai • .,...__ ___ _ 

---------
Sclot.o Bi•~----
---<io-- -----
----do----------
---clo------
Pa~tsr9e!I Ihm------
--------.»------------
!>Mr Cl"Mllr------
---dc>------------
--do 
---do--------------
St-lloc !tun-----
----do-----------
--do----- ------
-----do---------------

Trib of 9t.cne7 Cre.&1:-----
--do---------------
---do-----------------
--dc>-----------
Tar Hollow Crea:------
-- ---do-------------
Moequ.J.t,o cr.---------
----do---------
----do--------------
----do----------
l••reoh• i~-----

---do-- - -- - ------
':'rib. or Silver er-11:--
---do---------
Tl'ib. of a...Tl!tr Cr.ft--
--- -do-----------------
-- --do---------------
----do------------
Trib. of Mad Hi •er-----
---<10---- --------
Trib. or Bar-en CrMk--
-----do-----------
~ Creel<-----------
------<10-----------------
J'rib. or Bi~ h.lnut Cl'99k-
-----do----------
U~-----------------
---do--- ------------ --
Sall& Creek-----------
------do----------------
Pond Lick Run---------- -
---do---------------
Wol fden Run---------- --
---do------ ----------
Left. Pork Be.;.r Creek------
---do-- -- ------------
lrib. of Pnrrt Run--------

Colwli:n1111, Ohio-----
-~--------
----do---------
-----do---------
W..fflrl.7 1 Ghio------
---do---------
--------Han-odsburg, .,. __ _ ______ 
N&ltai, l7.-----
--do-------
Will :l&mt.o.i. 17. --
--do------
87lle'\b.f 1 Ya.----

------
Dublin, Ohio----

--d~------

-~do----------

Piqua, Ohio-----
-----do-------
London, Ohio-------
--do---------
-----io------
--do--- ---------
Mt.. Orab, Ohi.o-------
---do-------- ---- -
---do-------------
-----do------------
-----do--------
....... 1,. 1 Cl:iio------
------do--------------
Chillicothe, Ohlo----
--do--------
G:Ulespim.li•, Oh.10---

--do-------
St. P&ri•, Otno---
--do----------
--- -do------------
----do--------
Dublin, Ob:lo-----

---~o----------

1'.errt.on, ~io------
---do------------ --
Vienna, Oh to------- --
---do-------------
---do--------
----do-------------
SpringfiPld, Ohio---
---do---------
Bidwel 1, Ohio-----
----do-----------
Ht. Gilead, Ohio------
-----do-------- ------
Westerrlll•, Ohio---
---do---------
Well ston, Ohio--------
-----.10------------
Mt. G11-d, Ohio-----
---do-----------
F'rhndship, Ohio-----
--do----------
---do-----------
----do------------
----r:lo------ -----
-----do---- ---------
-----do---- -
-----rlo----- ------

37-4 

1,)10 ... 
2. 1J 

57.2 

25.2S 

1,02 

.Jl 

'-42 

8. 7) 

13.8 

.50 

1.85 

.J.D 

.70 

s. ~s 

.82 

.81 

).05 

2.54 

.60 

.48 

.61 

.24 

.47 

2.)0 

57.0 

21..'1"/ 

l.00 

.JO 

2.J.[J 

8.15 

lJ.7 

. '° 
l.39 

.38 

1."' 
• 70 

2/5. '° 
82 

.70 

J.04 

2.5) 

.60 

.47 

61 

••• 19)() 
June 1939 2.6 
Ja.n. 19~7 
1o.. 1939 2:,8 
Oct. 1935 
Dee. 19t.7 12 0 
Al14I. 1951 4 0 
Oct. 1925 
Oct. 1941 16 

1911 
19)7 
19)0 
1937 

Aug. 1912 
Mar 19)6 2).t.6 
Ji'all 1925 

l 9J4!t/ 
19420/ 

Jul7 1951 
191.D 

Jun• 1950 10 
1 ... 

JW"e 1949 .l..6 
June 19Sl 2.0 
J- 1954 ).0 
0. ~. 19'.R 
J\ll_7 1950 1.6 
Sept. 1957 7.0 
Aq:. 1962 5." 
Jul7 im. 9.0 

19.57 
Sept. 1949 12 

19)<1 
s.pt.. 1951 12.3 
Pall 1938 
Aug. 1950 11. 7 
Jan. 194/J 
Jan. 1950 10. 5 
Jul7 1954 4.0 
June 1962 R.O 

1925 

1951 26 
19)8 

.lu.g. 19~ l) 
1947 

Aq. 1951 "1.8 
1948 

Aug. 19'il ..!..8 
Nov. 1938 
.4ug. 1951 12. 7 

19J.D 
•U&· 1950 lJ 

19JO 
Oet.. l94.8 lB 

l9Zl 

'"«· 1951 JO 
1901 

Sept. l 9jl 50 
1932 

S.pt. 1949 17 
1938 

Jul.7 1950 1.2.J 
1936 

July 1950 14. J 
193~ 

July 1950 lS. J 
1917 

JuJ.y 195C IJ. 3 

4.o8 
2. SJ 
1.04 

.52 
3,714 
3,338 

:JJ,706 
2'>P,949 
... c,5,701-, 

12B 
l.U 
ll) 
106 

8,892 
J,538 

}/16,671 
1S,6o4 
14,')38 
U,162 

lll 
'>4 

594.0 
SJ0.2 
511.0 
486.7 

1,11.0 
1,lll 
1,068 
1,0<? 

905 .. 
85 
74 
n 

1)4 
12J 

J,llS 
),010 
2.92C1 
i,8b7 

384 

295 
l2 
10 

"75 
261 
6) 
)9 
8) 

75 
18 
15 
2B 
21, 
7.J 
4.8 

n4 
744 

2B.l 
2).9 
48 
)9 
25.4 
23.1 
]1 

)2 

13 
!.l 

~ 
.--

AVG. A.~~ I 
CAPACITT ECIFIC SEDIMENT 
AVG ANN IGHT ACCUMUI ATIO~ i «GENCY 

~NA~· RY) PER SQ 141. J SllJ'PL ;'ING 
IACRE-FT B PER OF NET DR DATA 
PER FT ) AREA FOR 
ACRE-FTl PERIOD SHOllN 

j AC.-FT i TONS , 

•.::>26 
•.02.4 
•.o.::J 
··= •.084 
*.069 

.OS64 

.0550 
.0529 
.050<! 
.0478 

•.124 
*,120 

.07) 

.067 
,575 
.SJ9 
.524 
.51J 

•,04) 
•.oJ6 

*.OJ.i. 
•.029 
•.006 
•.oos 

•.014 
•.012 
*.021. 
•.011 
*.OS) 
•.048 
•.086 
•.063 
•.Jn 
.... 02, 

68.0 

51,91 

.. <;1.0 
1o5.9 
49.9 

«O 

68.95 

•50 
)9.7 

52.6 

w..8 

66.2 

S7.4 

57.l 

58.A 

34.01 

.ooa 

- .d<;14 
l. 73 

2.13 

.121 in 

.lJS 191 

.06) 60. s 

.9).) 1,032 

.43 45~ 

.17 170 

.14 l'i.? 

.121 t,Joo 

.21.7 
,J.?4 
.274 

.25) 3)1 

.8? l,l.l? 

.)96 59~ 

2.J) 2,010 
2.1.B 2,llJ. 

.95 

.25 JG.2 

.26 29t! 

2.7) 2,b6i. 

J.'iJ J,4b0 

.441 551 

.OJ9 Sl 

.10 124 

.84 1,015 

.079 143 

.272 JS' 

:.:s 

OD• 

·"" 

oow 

oow 

ODw 

OJW 

CDW 

OD> 

ODlo 

ODW 

ODW 

'JOW 



l 9-3~ 

l'J-16a 

19-W 

19-40 

l"-U 

lQ-<,.1. 

19.-';0 

19-';l 

19-';2 

Roo,evelt. :..ake--------- - -,~rke7 ~reek F'r1en<1~ip, Jh!.o-----
-----10--------------------- -----"lo-------- -------- - ----do---------------
Art&..,.& l.&ke-----------------
----do--------------------
-----do------------ --
VenYi.u• LU:e------------
---<io----------- --
-----do-----------------
Pike Lake----------
-----do----------------
Upper Hockln,; No. 2-------
----1'.o-------------
Jack!Ofl L&Ke------------
---10---- -----------
Loralli• Lake--------------
----10------------------
Sharon Wr>ods Relle-voir-------

---io---------
--~------------
----to-------------
:Ow.n Lake---------------
-----10------------------- --
ltargu• :..a1o:------------------
-----<10------- ------------ -
l.f t l l •boro----- - --- - -- - - ----- -
----'10--------------
D•la•re------ -- --------- -- -
---rl~----------------
w. P'k. Mill ::,...- RHerYOir 

(Vinton Lab) 

:..~ck :-eeK--
---10- ·---
·---<'.!n----
Star.a ~rHk-

----10-------
--do------
-i.ichard•on Hollov of 

Jbrg&n Yori. 
--do----------- --
Hunter• kun------------
--do----------
Black P'orir: Rivf!!r--------
---do--------------
LoraiUe :r•ek----------
---do----------
Sharon :,..eK--------
----do--------------------<io-------------
----do-------------
:0...an :rffk-------
----10-------------------
Hargus ;reek--------------
---- 10---------------
.,.r~b. of :lear :reek-----
---1o-------------
Olentana RiTer----------
-----do----------------
w York Mia cr-k------

-----do--------------------- ----do--------------
B1"U•h Creek f\eeeM'Oir-------- Bruah :::r.ek:-----------
----....-to---------------- -----do-------------------
w1i1t...,.ter Lak~----------- SU·Hr CrMk---------
-----iio------------------- -----do-----------------
Jhco LU-------------- Trib. or .. 1ttle S.lt .:r.-
----10----------------- ---do------------------
----do-- --------------- -----do------------------
Clark Lake---------------- Sinki.n« '.:reek------------
--'10------------------ ----do------------------
---do-------------- -----do----------------
Acton Lak--------------- f'our Mile '.'.':reek---------
---do-------------------- -----do---------------
K11d.l• P'ork ReHrToir~---- "I, Fork or!. Fork White 

Water ReeerYO .. r 
-----do------------------ -----do-------------------
Colonial Min• Lake----------- !.&!Iba ::reek--------------
-----do------------- -------- -----do------ -------------
.... Strip Jilin• lAke---------- Clear '.'.':reek D A --------
-----do--------------------- ----do-----------------

"••t. Um.on, Ohio----
------Jio------------
----10- -------------
Ironton, dhio-----
--o1o--- ----------d•- -----------
J.&l.rt> .. 1dge, 'hie-----

---- "o- ---- -----
...anc& ,•er, A110-------

----rio-------------
O&k Hi.!., '1hio--------
---'1o------------
F'~. ,,or_ ... Jh~o--

----jo- - -
-Ai&ronrt:1 .. , 
- ---do-------
---<lo-- --------
----io-------- ----
W1l111.in-rt- r , J" 'l----
- ----jo- ------------
-irclevil~e. Jh10-- --
-----do-------- -
f<ill•boro, )hio 

---- k>------- - -----
Del&•re, .lhi.:---------
----1o-- -------------
Cincinnati, Chio-----

--- 1o---------------
ButhM1.lle, Ind.---
----do-------~-----
Liberty • Ind.--------
----do--------------
Jack:a:m, Ohi.,--------
-~--
---do---------------
V1enna~ Ohio----------
---do------------
-----do-------------
OxCord, Ohio--------

----do-----------
Rieha)nd, Ind.------

---do----------
Be\tl.ah I 1(7 • ---------------do---------------
Richland, f¥.--------
----iio-------------

16.JB 

10.9 

'· ·-4 

1.87 

18.8 

.73 

)Al 

13.J. 

19 • .19 

1.67 

6.88 

107.4 

48.U 

l.05 

.m 

15. 76 1935 

10. 7 

).42 

l.g ... 

6.loU 

.69 

379 

.... 6 

11.11 

6. 72 

106.5 

47.8? 

Jul1 l9'j() l". l 

:3Jl!"in« lQ47 
July l9SO 
Aug. 1960 

1937 
June 1949 
Jul7 191)2 

1917 

Aug. 1950 
Apr. 19~ 
June 1961 

191,D 
19'51 
1R40 
1960 
1939 
1942 
1945 
1949 
1947 
19'>0 
1956 
1"60 
19'.h 
1955 

Mllr. 1951 

""" 1"60 Dec. 19-2 

J.5 
10.0 

12 
l 

l3 

s.o 

11 

120 

2.3 
J.t 
.. o 

9.25 

"l&,y 1%1 8.42 
: .. c. 1 ... 
Jul7 19 ' 9.6 
Sept. lt;'i4 
Jul7 1963 8.8 

1952 
Sept. 1968 lb 
AIJ&. l'n'C 2 
:..a .... 19"7 
-.1ept. l 9bl J,8 
uul7 1%8 7 
l"eb. 1957 
Aug. 1961 lQ/5 
Jan. 1%2 

Oct. l9o7 
1.00 P'al.l 1947 

5.5 

"' """ 1967 
.OOo 1947 

Nov. 1967 

lDl 
67 

318 
<()4 

m 
l, "SJ 
l,461 
l,"63 
2/91.4 

2/_86.5 
1/56.98 
:!/51.02 

•l,700 
-t,'.590 

.... 115 
3,115 

289 
274 
232 
206 

1),)05 
12, 770 

2,926 
2,sn 

279.9 
271.4 

lJi,OClO 
Ylll,481 
VU,406 

ll,'207 
2,067.4 
1,88).0 
l,5QO.C 
J,05.6 
l,109 
l,092 
1,088 

507.J 

""'·' 45f..4 
9,007 
9,393 
J,250 

J,oi.o. 11 
206. 77 
l9J.9J 

5] 
49.J 

•.ose 
•.cos 

.08'7 

.08) 

.076 

.194 

.183 

.183 

.099 

.<m 

.3'>7 

.352 

.671 

.6"3 

.lOl 

.487 

.5)4 

.5)2 

.609 

.595 

.183 

.167 
•.249 
-.237 

.860 

.8/oh 

.843 

.1Cl6 

.102 

.096 

.ll4 

.lJl 

.101 

.095 

.227 

.214 
J.68 
3./o.2 

bl.C 

•s.i..c 
54.0 

68.2)7 

71.8 

48.0 

67.5 

i.J.7 
50.7 

•70 

.1.1.0 1!6 

-~~ 1,0)8 
.624 

.om 820 

.019 22 

.ll 963 

.6)7 940. 7ll 

.54 ·-5 

.u 156 

1.2'7 1,936 

~:~ ;;i~ 
.81+7 923 

l.36 1,190 

!/.1"75 !/2<>! 

l.08 l,~9 

l.47 1,516.8 

l.04 l,529 

.865 
,612 

• 79 B~O 

.642 9'78. 79 

TINHESSEE RIVER BASIN (AWJV'! HALES BAR DAM) 

2"-lb 

20-2b 

.10-)b 

Scuth Holat.on---------------
----10--------------------
----10----------------------
W.t&uo- ------ - -------------
-----1'.o------ -- ---- - -- ---- -
-- ---do---- -- ------- ----- ----
-----do-------------- --- ---
Boone-------------------
-----do----------------------
----do---------------------
Fort Pat.rick Hen17----------
-----do------------- --- -- ----
-----'10--- - -- - ---------------
':heroke-------------- -
----do----------------- ----
-----do--------------- -- ----
-- - -'10- - -- -- ------ - - - -- -- - --
-----do- --- ------------------

South Pork Holston fi.1nr- Br1stol, Tenn.------
-----do------ --------- ---- ----do-------------
-----do- - ---- -- ---------- ---- !o--------------
Watauga River------------- H&Jl¢.on, Teru;.--------
----10------ ------------- -----do------------
-----do--- --------------- -----do------------ --
----do------------------- -----jo-------- --- ---
South Pork Holston River-- K1Jl&aport, Tenn.------
-----rio------------------ ----'10------ -------
- - ---do------- - ---- - -- - - - ----<10---- ----
----do----------------- -----do--------- -----
-----do-- ------- -------- - - ----10------------
-----do----------------- - -----do---------- ----
Holat<.•n River----------- -- Jerrerscn :1•.7, Tenn.-
-----<lo--- -- ------- -- - -- - - ----do---------------
--- --do------------------- -----'10--- --- ---------
- - ---jo- -- ----- - -- ------- ---- -10------ ----- ----
-----do------------------- -----rio-------------

ll lQ•'l SurTey includes several ad1ht.1ona. ranves. 'tesults or 1947 an1 19~1 surve1s ar-.. not 
1~ .... ,.tly C:{'INf\arable. 

z.! >ia!!er1 or '..o"&l ., .. H-nt in irjashingt."-: ~i:l, ~uck, Byllesby, and fields "?.e1u'!r'lo1 .. s, tGt.al 
1rl!l1"la,;i: .. arM l, 1:'0 aq. ~. 

ii Without l "t. n11.shboe.r-ds ar1rle~ in io4-, 
i,' St.Mey 1.a.tf'S Sept.-Nov. 19\4, Sep'...-'1<!!c. l'l;..? 
cJ 10-;' r-orr,.c•i,.,n for '°l&!'le 'JTO'l'fl. 

7 1 11.f'"Jf'-•~ r r>11rti1:1. 1 y 1red~ed .n 14a.r-'"-.\.r-' :i4r. Da•1 on a"'IOunt r .._..e,.:!.al 4-,. un~lia-
- A..-• 1 """ ,_, '• ~,. ~,.'l ""1e11• r---'i11t' y 10 •o ~· ,.-c .. -• g-~a• .. r •>ia.• '11-, <>1. 

,,.'v-, 

701 

l.ai.o 

l ,903 

1,428 

691 

662 

62 

NoT. 1950 
June 1958 
Au,t:. 1964 
Dec. 1948 
Har, 1953 
Apr. 1958 
Aug. 1964 
!lee, 1952 
June 1958 
Sept. 1964 
<kt. 1953 
June 1959 
Nov. 1964 
Dec. 19U 
A'lr. l9l.9 
Ai:.-. l9r4 
June 19"9 
June 196.1. 

".6 
6.2 

'.5 
6.J 

\.6 
S.5 

7.4 
5.D 
5.1 
5,0 

ll/661,888 
b60, 581 
657,963 

ll/572,600 
S71,40i 
570,100 
Se.8,839 
196,668 
195,633 
193,446 

27,110 
2b,945 
26,941 

1,559,570 
l,550,9)2 
l,547,776 
l,"45,960 
l,543,q27 

.905 

.903 

.900 
l.159 
1.156 
1.154 
l.151 

~1 flood oool elevattm ~'47. Ranges re!'lurveyed tJ .. levation 915. 
'\'l appreciable sedi.2ert abo'fe elevation 915. 

•55 
•55 

·~ 5 
•55 
'55 

><5 
•55 

•51 
"'5 

"' •55 

,i49 298 
.6U 732 

• .?84 340 
.';20 623 

.468 ~61 

.012 14.4 

.Ji.c 40"' w--

.241 2Rq 

.276 )31 

'1/ ,,_.,.iseri on basis or topographic •P• develu.,ed !'or rlPfinit• oroject report and s!Vli!Mfr,•au~n 
range da~. 

12.J 19~'7 -ter year inclurted. 
ll/ "!u.ltiple-use stora.i:i:fl capacity. Re .. ervoir has ~,.eater capac1t1 at S;:'i' lvay ::-•~· elevati::i"'l. 
W Sediment CC"'l'?"ibu.t.nii; arf'll reduced rrora 3,)Al s...;.U. to 1,,.,7.., eq mi. by ::losing o,. laat.aug11. 

Jitm ~e;. :, :!.9<.A, ::.Ou~h 'Cl!'Jt.,m on ~ov. 2', 1950, ~•oone or Dec, 11:, 19"2, iuit'I Fort Patrick f'enrJ or 
~·. :"7, ~~"'· ,., .. a i.bove ,..at1>..tga ~nc;"w:l '.n 1949 ~urveJ •.'! '!edii1ent :or·~1buting a~'"a. 

,,_ ~ ·- i,,. '..er' - a -s~11f"l 

oow 

s:s 

scs 

"" 
oow 

scs 

scs 

TVA 

,.,, 

TVA 

TVA 

,.,, 



Sl'\l\l~R'r -)f 

RESERVOIR SED!ME~TAT!O~ SURVEYS \IADE I~ THE UNITED STATES THROCGH 1970 

---r- ---------~------ ---~-- ---- -------- ------,--- -- ---T-----r 
-~J---- T-~\c -\_\~ 

DATA 
SHEET 
NUIIBER 

20-9b 

20-llc 

20-12 

~17b 

20-18b 

r, -l?c 

~ESER\ O!R 

~o::. i ::r .,.-:_q---- ------------

---j::--- -----------

--it-,,-------- ~------

----'1<'J- ---------------

Dou~~~ - -----------------
---..:0------------------
---io--------------------
--1.o-------------__ ..,.,___ ________________ _ 
~Ort JJU'.i:iun-------------
----'10---------------------
-'i0--------------------
~-'10-----------

Tho,.,,.-------------
--~-:>-------------
--- '10- -------------------

----10-- -----------------
Nan .. a..'-'l.::..11.-----~--------
___..,) ________________ _ 
Font.aM------------------
-----F,------- ----------- --
--.\0------------------- --
--.-Jo--------------------
---10------------
Cheoa.h------------
---~o--------- --------

Caryv! l ~ P----------------
-----do--- -- ------------
--i0-- ----------
----- )')---------------- ---
--r!o---------------------
-----1.0-------------------
Norri "I-----------------
----1o---------- ------
----10---------------

-----10-------------- -
l'IAt.t~ ba~- ------------------
---'10-- -------------- - -----
--~o------- -----
-----'10----------------
"ha!.u.e;e-------------
----'10------------------
-----<10--------------------
-----10----------------
----'1()----------------
Nottely---------------
-----io--- ---- ------ - --- -----

------'lo----- --- -------
-----10- -- -------- - - ---- --
-<io---- --- - -- --- ---------
Hiwao;:!lee---- ------ ------
----,-'o------ -------------
--do------------------
---- ir,------------- - -------

-----'10-- - -- ----------- - --- -
'q-"\l '\chia------ ------- --
----.-lo- -- -------- - -- -

--1...:- ------ -- ------
-- -- 'O-- --- -

'/olichuc1>--y River-------- -
-----10--- ---------------- -

---dL'-----------------
---do--------------
-----do--------------
----- ic-------------
---10-------------~--
-----10----- ---- - ---- -
----u.0------------------
Frencl :J•oad River------
---do----------
----..io-----------
---do------------
--'10-------------
Tennt't!l:!lee River------
-----10------------
----jo---------------
----do------------------
"· Fk. Tucieasegee fiive-r---
----do------~-----

---.:1.o------ ----- - ---- -
-----do--------- ------ --
Nantaha:a. R1ve!"--~----~ 
----- io--------------- ---
----io------ -- ----------
i,-!_ttle Tenriess~e River----
-----io------- ---------
--do------ --------
-- -io------------------
-----dc------- -------- --- -
---io----- --
----do-------------
---do---------- --------
.:O•e Creek--------
----do--------------- -
----rl.o---- ---- --------
- ----ri()---------------____ ,.;::, - ------------
----- :io------- -----------
Clir :=h R.her---------- -
-----'lo------------ ---
---- io------- -------- - -
---:!0---------------

-----1.0--------------
Tennessee River------- --
----10---------------
----'10------------- --
---'l(------------ ---
H1wasaee ~tiver-----------
-----<10---------------
-- ---io- - -------------- ---
---do---------------- ---
-----do----------- --
Nottely River----- -----
-----~c----- -- -
---do------------
----do---------------

1-;1,.,assee ti...._\F- --------

-----'.:!t)------

-----<!"1-- ---

- !._1--- -------- ----- -

NE IRI-:ST TOW~ DRAINAGE ~REA 

'SQUARE MILES, 

I 
CAPACITY PEdFICJ SEDlllF\T 

PERIOD STORAGE .\\G A~~ "t:lG'tT : \CCI \lllXrtO\ 

! DATE OF :BEHEE~' CAPAcrn : ~":~~g~ -nRYl / PER SQ 111 

'SURVE\ SiJRVEYS (ACRE-fl · i:\rRE-H LB PERI ~~E~E~RR 
<YEARS) i i PFR U FT! PEHIOD SHOW~ 

I \lRE-FTI 

I \ ~ '__,".. 'f 

_FPL\ING 
I 4.TA 

1 AC::~-roi-ls 
------- _ __l__ __ ,~--~--------

TENNESSEE :.i.l .'ER :-" c: -~ ~ABC\~ !-!Al.ES dAl-: DA"' l { Cont.lllued 

_,reenn:Cle, Tefll'.----
---,10----------
---<'.io----- --------
-----Jo----- - ---- --
----do-------------
--Jo-------- -
----10------- -- -

Se,.1erv:__::_e, Tenn.----
--- jo-- ----------
---rl.o-----------
--00-----------
--do----------
Lenoir :aty, Tenn,----
---de>-----------
----do--- ------------
-----do----------
Glenvi.lle, ~ • .:.----
-----do------------
--do----------
----dc----------
Aquone, N • ..:.---------
--do-------------
---do--------------
Font&na, N. G.-------
----do----------- ---
-----io----------
--io-------------
-----00--------------
:'a po co, ~. :: . ---------
---J.o-------------
---10-------------
.:arr.-'.....'! 1 A, '!' enn. ----
---do-------------
-----<lo-----
---do-----

- ----:io----------- -
\,- ... r1s, ".'!!r.- ---------
---do---------------
-- ---do------ - - - - -----
-- --le-------------

Sprin~ ..:it;.- Ier.n, 
----ao---- -------- -
-----ri'>--- -
---~o------

--- -- ~:J-

-----do--- ------------
-----"'("-- ------------
8] a1:-svi:.J !', "'8. ------

- ----1C -- - -------

- --- '0- --- --------

"'u!-or ' , ~. ';. --------
---- 0-------------
---d')---------
----:lo- ----- ---------
----1<---------------
Parne:-, -.,.nI'.---------
--,!c -------------

.:,181 1,132 

-. 56 

' .... 4 

l,J:;.f3 

FLl '._Ql< 
l<'all 1925 
1< .. b. 1438 
Apr. 194., 
~..v 19'5"' 
Oct. • :i::;~ 
Feb. i:•_.. 
M...r. l9u 
Ser-t, 19" 
Feb l94J 
J..L.y 1%.9 
May lQ« 

June :.96G 
\u,ll, _..,b.., 
'le.;, l'l'4C> 

< ll1' ::.~ .. 1 
Apr. 1Q5ti 
~y 1961 
'eb. 1941 
Sep<:, l'-'SO 
,.luj_y 19"8 
J.\s.v 196~ 

S>!"':. 195(· 
July 1958 
May 1969 
Nov. 1944 
Mar. 1150 
.Ser-+.. l']J..., 
Ju."1.e 1957 
Cct... 1~6" 
~ec. l?le 
Sept. ~n~ 

Aug. :.iJ 
Nov. 193c 
Nov. 1938 
Ja.n. 1947 
lo\,<i.:-. 1954 
A~. 1%0 
july lQ"lO 
Mar. 1916 
J\J.lle 1946 

1954 
Aug, :'..%0 
~~une 19'7(. 
Oct. l '11..1:, 

.:un_. } -1-.:. 
Apr. 19""ti 
June 1 a0_i 
fe(l, 1Q42 
Au~. 194'/ 
4.u....;. 1954 
Seot. 196': 
Apr. 1%5 
Jan. :.'7.._2 
Aug. 2049 
Aor. 10'5" 
Hay 1961 
Apr. U65 
Feb. Fi46 
Aug. 194? 
May 1953 
"u.ne 1958 
"'-.3.y 1965 
"""~- 1 :<4J 
AJ.fl. U50 
Sei)t. :. 060 
~AY 191-5 

:..2 
l:. 5 

r •• l 
-.5 

s.e 
5,: 
7.2 

5.4 
1...5 
4, 7 
8.} 

11.8 
' 0 

e. 

.:. ·,:re 
~'21, ,.,. ~ 

l ... 'j ~I 
12,JlO 

Q,850 
" -"6C 

~· ~ :i;~· 
:,i-10 

_/1,51:_,",':' 
:,49t,'"'l2 
i,soo.~~-

1,48",.,"78 
l,47'5,450 

400,9 ... S 
399,4.14 
.l'IS,OoO 
392,7ll 

ll7'J,700 
"0,537 
70,487 

138,003 
137 ,882 
!.3/,159 

J/:.., .. 55,062 
:. ,._.<;;'' 36') 
l, )J,., .. h 
1, ... .....8,)l: 
1 ,.J.3,262 

2/i..l.,032 
39,J_ic 

'._/J< ,OJC 
if~.726 

l ,cs2 
1, 580 
... , 347 
.,.2S·< 
l,118 

l'1/2,0ol,56'1 
10. 3 2 ,052,3'57 
s •. : 2,047,527 

7. 5 
5.0 
6.0 
l...'1 

?,6 
~. 7 

o.D 
4.0 

7, 5 
5.8 
5,0 
6,0 

7, 5 
10.l 

4..7 

.2,J...,.., ?68 
2,036,324 
l,195,229 
l,193 ,106 
::.,193,735 
1,174,954 

242,325 
21...2,0_<2 
241, 502 
240,999 
.240,516 

J/176,5& 
175,865 
174,969 
174,429 
1?4, ;-? 

:i/439, "J.]. 

436,CC9 
435 ,68b 
434,~43 
433,568 

<;p ,Jl2 
57,979 
57 ,550 
"" ,75_' 

.C.'.." 

.Jll 

.ooo 

.000 

. xx, 

.002 
312 

.JJ8 

.JO'l 
,Jcr 
.JJl. 

.Bee 

.R3t; 

.882 

.56l 

.560 

. 570 
,543 
• ~1 .. 
,-J .. 
. SJ.3 

• _,1~ 
,vlL 
.OlJ 

.705 
• 704 
• 702 
• 701 
.699 
.5% 
• 584 
.581 
.5..,9 
.579 

50 
•50 
*j() 
•5 
«, 

*S~ 

*55 

*51 

•55 

•55 

•55 
*55 
*55 
*55 

•55 
•55 
*55 

'55 
*55 
*55 
*15 

*55 
•55 
•55 
*55 

*5 ~ 
•55 
*55 

'.).2'i.2 
.2~4 

.299 

.32" 
,HY> 
.-m 
.lb8 

.83C 
!i,'-.251 

• 742 

.o:. 

.i: 

.342 

• 34..:i 
.4.2C 

.264 

. '28 

l.031:2 
.25C 
.917 
.250 
.4'1" 

!±!--

.)1"' 

.>:. 
,:..DO 
.JOS 

.1~5 

.667 

.58Q 

.219 

.59'i 
.472 
.590 

.us 
• 758 
.4.1'5 
.GB? 

,93a 
,88~ 

-'• 
24'5 
)20 
)5" 
11" 

"' 18] 

2'5t: 

80? 

731 
160 

J4C 

! .kDl.? 
33?.6 

_,23.it,:: 
3~"' .6 
~58 

186 
7 99 
700 

262.3 
n2.Q 
565,4 
?()7,1, 

1.9?.l 
;ioo,o 
5?1.8 
10.:..u 

TVA 

1'VA 

'NA 

f,A 

'NA 

TVA 

1'VA 

1'VA 



"rj 
I 
~ 
-:i 

20-20c Blue Ridg~----------------- Toccoa River-------·----- Blue Ridge, Ga.------ 232 127 
----do-------------- -----<b---------- ------- ---do-----------
----1.o------------ -------- -----do---------------- ---- ::io------------
--do---------------- ---- :lo--------------- ---do---------
--... do ... -------------· ---00------... ------- ---do----------

20-2ld Ocoee No. ~------------ Ocoee River------- Duckt.own, Tenn.---- 4.96 263 
----do--------------- -----do-------------- ---do-----------
--10---------------- -----do----------- ---dD---------
---c!.o------------ --do------------ --do----------
----do-------------------- -----do------------ ---do---------
----do---------------------- --do------------------ ---do------------do--.: ____________ _ ---do-------------- --do-------
---do---------------- -----do----------------- ----®------------
----do--------------- ----do---------------- ---do-----------
----do-------------------- ----do---------------- -----do--------------
---do-------------- ----do---------------- -----00-----------
-----do------------------ -----do-----------· --do-----------

20-22d Ocoee t.o. 1----------------- -----do----- ----------- Parkavill e, Tenn.----- 59; 1Q/96 
----do--------------------- --do----------------- ----do------------
---10------------------- ---do---------------- ----do----------
--do---------------- -----do----------- ------- --do-------------
-----10---------------- ----10------------ ---'10-------------
----10------------------ ---r1o--------------- ----do--------------

20-23c Chick--.uga------------- 1'e!1l"essee River-------- .!h.att&nooga, Tenn.-- 20, 790 !1./1,805 
----do------------------ ----iio------------- ---do---------
----10------------------- -----do------------ -----do-------------
----do--------------- --10------------ ---do----------
--do---------------- ----d.0-------------- ---do---------

~24d Hales Bar----------- --do---------------- Jasper, Tenn.------- 21, 790 Wm 
---d.c--------------------- -----do------------- ----do----------
---do-------------------- -----do------------------
---do------------------- -----~0--------------- ----do- ----
---do-------------------- ----do------------------ --do--------------
-----do------------------ -----10----------------- --do---------
-----do-------------------- -----00------------ ---do---- ---------

20-25 Kanuga Lake------------------ Little )lid Creek--------- Hendereonville, N. C.- L54 1.50 
--do-------------------- -----do---------------- --do-----------

20-<6 Oaceola LaKe--------------- Shepard Creek-------- --do-------- 4.4; 4.39 
---do------------------ ---d.0--------------- ----do----------

20-7/ Melton Hill------------- :::1ineh River------- Clinton, Tenn.----- 3,343 422 
---'10----------------- -do------------- ----10-----------

20-'8 Upper 0111~ Creel< >te-,erroir-- OUb Creek------------ La Follette, Tenn.---- 10.8 10.75 
----do---------------- --cto----------- ---do-------------

OHIC '!IVER 9ASIN (ABOVE "'J.:NT PLl!ASANT A'4l i.Afl.E 

21-l Pleasant 1-1111-------------- Clear Fork------------- --- Perr7sYil..le, Ohio----- 1"9 195 
--'10---------------------- -----do----------------- ----do---------------

21-2a SenecaYille------------ Seneca Fork------------- Senecaville, Chio---- 121 113 
----rlo--------------------- --do-------------- ---do-----------

21-)d ::'harles i.ir111--------------- Blaclr For11., Mohican River- Mansfield, Ohio------ <l6 207 
---rlo-------------------- -----do------------------ - ----00---------------
----do----------------- --'lo----------------- -----do---------

21-4 Hinckston Run---------------- Hincketon Run---------- Jotmstown, Pa.-------- '~.'75 .:.0. 57 
----10-------------------- ----do---------------- ----®---------------

Jl-5 )uemahnning--------------- ~u.,ma.honin,c;r :::reek------- ---do--- --------- n 90.7 
----rio------------------ -----c.o------------ -----do-------------

21-6 'aJt ;_,ick------------- Salt Lick Run----------- ----do--------------- 11.86 11. 7 6 
----"0------------------- ----<'lo--------------- ----do---------------

21-'7a 9ridgeport { Uope .. )----------- Jacobs :!"eek------------- Ht. Pleasant, Pa.----- l!l/Jl.04 !j/Jl.5< 
-----do------------------- ---do-------- ----do------------
----do------------------ -- --~0---------------- ----do-------------

Apr. 1944 
Aug. 1949 
A.... 1954 
June 1959 
Apr. 1968 
Aug. 1942 
JulT 1945 
NoT. 1946 
Aug. 19"8 
Aug. 1950 
Jul)- 1953 
Oct. 1955 
Oct. 1958 
Oct. 1960 
June 1962 
Sept.. 1965 
Mar. 1968 
Dec. 1911 
Oct. l~ 
Sept.. 1949 A.... 1954 
June 1959 
Apr. 1968 
NoY. 194/J 
JulT 1947 
Aug. 1954 
llaT 1956 
June 1961 
Oct. 1935 
Oct. 194/J 
July 1947 
Aug. 1954 
Mar 1956 
June 1961 
Dec. 1967 

1908 
Oct. 1956 

1923 
Oct.. 1956 
JulT 1963 
Mar 1970 
Apr. 1964 
Oct. 1970 

WE DRAINAGE 

Oct. 1938 
Feb. 1945 
Oct. 193611/ 
Mar. 1945 
June 1938 
Sept. 1946 
Jul7 1954 

1905 
Sept. 1937 
Jan. 1912 
Seot. 1937 

1914 
Sect. 1937 ..... 1887 
Nov. 1937 
No•. 1964 

5.J 
5.0 
4.8 
8.8 

<.9 
l.J 
l.• 
<.O 
J.O 
2.1 
3.0 
;,o 
1.8 
J.< 
<.6 

:28.3 
8,9 
5.0 
4.9 
8.8 

6.7 
7.0 
1.8 
5.1 

5.( 
6. 7 
7.1 
1.8 
5.1 
6.5 

48 

JJ 

o. 5 

6,25 
--
8.3 

8.25 
7.75 

,, 
25.B 

,, 
50.6 
n.o 

19'7,427 
196,0SO 
195,981 
196,522 
195,908 
1.4,304 
12,140 
ll,)49 
10,570 

9,849 
8,696 
8,042 
6,766 
5,920 
5,286 
4,653 
4,026 

ll/109,200 
li/ql,)00 
U/8b,737 

B7 ,267 
86,809 
%,4h6 

7/.JJ,95J. 
714,970 
?45,178 
7L.0,367 
738,320 
15},"83 
152. 928 
1:.2,251 
J 52,992 
153,032 
154,002 
154,012 
WW> 

190 
;&/329 

<67 
125,9CX> 
125,578 

"61 
649 

87, 700 
87 ,424 
88,500 
87,667 
88,000 
85,886 
SS,483 

3,453 
3,315 

3~,295 
34,413 
2,492 
2,432 

642.0 
.:..53.0 
JJS.5 

.i,h2 

.454 

.454 

.455 

.454 
,017 

.005 

.091 

.oo~ 

.120 

.093 

.05; 
,045 
.0429 
.0428 
.051 
.o;o 

.o76 

.674 

.96< 

.95) 
*.657 
*.6.U 
•.6J8 

.016 

.011 

.000 

TVA 
*55 l.119 l,340.5 
•55 .881 1,055.35 
•55 w-.498 
•55 ,JOB 368 

TVA 
*64 .2/<.114 .2/2,947 
*64 2.312 3,223 

64 1.646 2,294 
*64 i.m l,91.4 
*64 1.460 2,035 
•64 1.1.8'.l 1,649 
•o. 1.616 2,253 
*64 1.608 <,242 
*64 1.388 1,865 
•64 .753 1,050 
*64 .916 l,'171! 

TVA 
*64 
64 

*64 k./-l.10 
*64 .'f/4 1,358 
'64 .406 566 

TVA -w- w--
"60 Ji/--0.808 
"60 l."81 1,935 
*60 .168 220 

"VA 
61 w--

*61 .102 135 
•61 w-.105 
•n w-.ov. 
•01 w-.1n 

w-
scs 

43.1 • 780 732 
scs 

45. 7 .428 426 
TVA 

•55 ,109 131 
TVA 

*6< .172 <32 

GE 
*65 .2.2.7 321 

GE 
*65 .89 1,260 

GE 
*65 1.24 1,755 
•65 .<SJ 358 

scs 
•60 .408 53) 

3c.j 

.3"7 
scs 

"60 ·"' 287 
scs 

J&/.ll8 168 
65.4 .134 191 

11 Prior to icns ciam was 15 rt. lower, 
Y Original vol\lJlle comouted from prooi11~s obt.amed Feb, 1938. Sec!i."nent depos:i~s a:i.d ;.,ater in!:ow 

g/ Vol'.lme c.,mputed by average end area met'1od from first. &C"curate area-wolllllll! curves - , 9i.0 
conditions. 

comnuted from dam closure in lql). Five !"00t '"lash board.3 :-em::rved Sept. lOo,,. 
lf ReYised. 
Ji,! Minus ( _ l indicates. scour. '!'.,.ea:~eri as negative sediment. 
:;/ ':o'Unut eri "ro'TI Ul"'ob1.ngs and avai.:.able iiaps. 
§_I From !"-l"!'<t accur.qte area-volume -:•irvts, l<;i._"._ cimd1t1ons, 
"ff "'ulti::-le-Qse sto.-age -:apacity. Reservrnr has greate- capacit:i cit spElway crest '"''--evatfrn. 
ii/ Nottelv Liam ~::.osed Jan. 24, 1942. :;hatu~" Dam closed "eb. 12, 19..,.i. 
q/ Does not include ~53 ac.-ft. of ~"".!i"Uent fi..ished into :-eservoir .,.._.,.n smal ... 'Jpstrea.m '11""! 

"3.iTeri in "!ar. 191.4. 
::::....:..,! Blue Ridge R.Mervoir closed 'Jee. ~, 1930. Oco~f' JI< do~erJ A.ug. l), lq42. 
_l 1 liase'1 on :'e"l', Electric Po"Wer -,. 'at'l ad~ustt>'l tr la·eo:o· ":'.lP'\i~!"ar-hic 1la:'S. 

U/ VolUJ'lte computed from contours oased on 1949 survey. 
W Sediment contributin~ area reduced by closing flatt5 Sar Da'!l on Jan. :!.., 1942, an.rt Apalachia 

lam, Feb. l<.., 1943. 
1i/ Norris Dam closed Mar. 4, 1936, and :hickamau~a Dam closed Jan. l', .1.940, reducing sedi.ment 

:!ontributrng area to 990 sq_. mi. 
~ Det~rnd.ned during 19<:;6 ~u!"vey. 
!1/ :late storage began. .::.ee1m11tnt ,.anges est.ablished and surveyef'! :u: Dec. 1937 by Soil 

Conservation Service, USDA. 
1&/ 01-iginal data revised. 1%4 survey data t--a~ •<!. <:1n ~0rre'!ted e>,..ation and topography 

from traMit survey (1963). 
* Sstima"';.ed or ase·uDed. 
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DATA 
SHEET 
NUMBER 

1 

RESERVOIR 

SUMMARY OF 

RESERVOIR SEDIMENTATION SURVEYS MADE JN 1llE UNITED STATES 1l!ROUGH 11170 

-,--------------~---

! II 
I I 

I 
! ST RE Alf NEAREST TOWN DRAINAGE AREA 

(SQUARE ll!LES) 

CAPACrrt EOFIC ~ 

I 
PERIOD STORAGE A VG ANN IGHT ACCUllULA'T'JON 

DATE OF BETWEEN CAPACITY ~N[.i;gW DRY) PER SQ. Ml. 

SURVEY SURVEYS (ACRE -FT ) (ACHE-FT LB. PER OF Nt:T Dll 

AGENCY 
SUPP!.. YING 
DATA 

I (YEARS) ~~RE-Fn U. FT) ~FOS:OWN 

__ ___l___ _______ __i~----------'-------~----'----..__ _____ _._ ___ .i..--___ _.__A_c_~_FT_._,___TO_N_s_._ __ ~ 

71-11 

'"'1-1:? 

21-13 

'1-14 

21-15 

21-16 

21-1? 

71-19 

'1-'0 

71-?Th 

21-na 

.?1- ~o 

.'1-11 

71- l) 

'1- 1.',.b 

9.a rberton---- - --- ---- - --- -- -
----rki-------------------
~udc:eye '&Xe----------- --
-----'kl---------------------
Le-el!IVillo----------- ·· -----
---10----------------
li':l::iakin~ -:.OU,..p------------
----'10-- ----------------
Jhio Cona. Pond Ho. 22--- ---
----10----- -------- ----- - ---
O~to Con~. Pond Ho. ~1-------

----do- --------------------
8~10 C<>O!l. Pond No~ 52------
----10---------------------
P.-:>ob1..ru1 Lake-----------------
----do----------------------
rArleJ"' Lak-----------------
-----da------------ ------
IA•• P..oekvell-----------
--- - -<'\()---- - --- -- -- --------

<;tony L..ke-----------------
- --- -r!o---- ---- ---------- --
----do---------------------
Tat.or Club Lake------·-------
---- -'10----------- ------ --- -
Z&.'1e:rville Nur5ery .i..&k .... -----
--d!)--------------------
r1onest&--------------------
-----do---- -------- --------
Lo)"Llhanna-----------------
----10-------------------

----1"!.o----------- ---- -- -----
""wlhon1n11t :'reek---------------
---10----- -------· ---------
-----do--------- -- ----------
:';rooked ~roek----------------
-----do------------------
-----do----------------- --
"'yga ... t River-------------- -
-----'10---------------- ---
-----do----------- ---------
!oughio~h•riy lt!vf'r----- -----
-----do---------- -- -- -- ------
A.tWQOri Resenoir------------
----"'o-------- ----------
Babb Pond------------------
-----10-------------------
Ba.,oftl Pond-----------------
-----rlo-- --------------- - --
~ri stener Pond------------

---'10--------------------
Schoenbeck Pond----.-~---
-- ---do--------- - -----------
-:-1 .. k"y Pond------------------
----do------------ -- -----
:.....ke hof""-------------------
-----•10-------------------
----r\0-------------------
-----ck>---- .. --------------
J~r-er5on La.Ire---------------
--- --rio-------

io------- -------------· 

:)!-'!J ~r.::.:.. BASIN ;,tJ:1i''\."E ?(INT Pr..f..ASA.NT) AAD '. ~l(E ERIE Dfi.AlNAGE (Continued} 

1'v1 ~ ::"'eek--------------
-----10-- ----------- ----· 
S. ?o~~ :.'.~kin,; l\i'"•r----

-----10-------- -----------
'ii:Gu.1:-e :;reek-----------
----do--- ----------------
~rib. of' MuKtn.gua River-
- - ---10----------- - ----- --
Ti-ib. 0 r Duck :-eek------
-----'kl-----------------
Trib. o!' Ohio River-----
----clo-----------------
-----10------- -------------
-----do-------- -- --------
Ford C:'eek--- ------------
----jo--------------- ----
Tr1b, or !0•1~n1ogtn!l'f1.7 R.--
----,10-----------------
'uyahoga R l. er-----------
- ----<1.o-- ---------------
KcQJire C:-eek---~--------
----rto------------------
----- do -- - -------- -------
Sm&l: br. Mi..:1kingun. R ver-
-----do----------- --------
N. Br. 3lowit Run---------
----do-- --- -- ------- -- -
Ttone!!t.a ':reek---------- --
-----do----------------
!..:ya.lha.nna Creek--·-----
--- --10-----------------
-- ---rio----- ------ - -------
- -- -io------------------
".a'iorinQ; ,rel!lk--~------

-----10------------------
-----~0-----------------

:roOll:"'d : .. e~k-------------
-----do-----------------
---do-----------------

Tygrt:'t River-----------
-----do------------------
-----do-------· -------- -
Youghio~heny River--------
----do-----------------
Indian F1c., Conottoi. '::reek 
-----0.o- -----------------
Unnarner.1- -- ------- - -------
-----10--- ------- -- ------
---do----- --- -- --- --- ---
----rio--------------
----<10-------------------
-----do----- ------------
-----do--------~-------
-----do----- -- ------ -----
-----10-------------------
----'10---------~-------

58.ndy ~ ... n----- ----------
-----do-------------------
-----·~o- ----- ---- ---------
-- ---1v- --- ------- --- -----
.,. ""I" ~K. Ye!::.ow River-----

- le.-- --

3.a.rbert.on, ,Jhio-------
- ----10---- .. ---------
Mi.ll~repoot., Jr.io-----

-----·io------------ --
Leen1lle, Ohio------
----do---------------
Nu1 ,_;oncord., Ohio-----

----do---------------
Marietta, Onio- -------
-----00--------------
-----do-------------
----do------- ------
-----do------------
-----do-- --------- ---
~11.rtford, l'h.io- ------
----00-------------
11niontc\m 1 Pa.--------
-----00--------- -- ---
~ent • Ohio---------
- -- --r1o----- ---- --- - --
Perrysiwille, Ohi•_, ____ _ 
---do-------------
-----10----------- --
----do------------ ---
----00---------------
l&nesrtlle, Dhic---- --
-----do-------------
Tione!!ta, Pa.---------
----do------------ --
Sai teburg, ?a,-------
----do--------------
. ----c!.0------------
----d.o-----. ---------
D&yton, Pa.----------
-----do--------------
-----cto---------
•ord Cit}-, h. ---- --
----do--------------
-----do--------------
Grarton, .i. 7a..-------
----do--------------
----do- -------------
~onfluence, ?a.---- --
----do--------------
Sherrodsville, L'hic--
---do-------------
Richfield, Ohlo------
---do-------------
Hud90n, Uhio-------
-----<io--------------
Parma., Oh10-----------
-----do-------------
!lich!ield, Ohio-------
-----•"lo-----------
Peninsula, Ohio-------
----<10-----------
laleski, Jh10------
-----do-------------
----d~--------------

---- -•l.o------- -- --- ---
rt~ chr:1ond, lh10--- .. ---
----- j!)--- ---- -------

---- '.!0-----

28.2 

Vi.9.2 

4/l,0 

11 

.17 

J,00 

~5.S 

'..l. 7S 

479 

290 

11.0 

.m 

1,184 

I.JI. 

70 

.5' 

,02 

• 12 

.09 

,CJ 

.16 

9.9'1 

28.0 

45.1 

i.S.7 

.)l 

.0' 

.ll 

.16 

11. 'l.2 

))6 

1,179 

66.2 

.02 

.09 

-OJ 

.16 

7.~ 

Jul7 19Jq 
AU&;. 1936 
Nov. 1939 

1915 
Nov. 1935 
Oct. 1938 
NoT. 1939 
Oct. 1938 
lk>Y. 1919 

1928 
HoT. 19JQ 

5'nmer 1922 
nee. 193'9 

1908 
June l-939 
Aug. 1914 
Aug. l95C 

1927 
Dec. 19)8 
...,. 191.9 

19:?J 
Doc. 1938 
o.c. 1936 
July 1941 
Peb. 1941 
Sopt. 1949 
June 1942 
Ocot. 1948 
St!lpt. 196iJ 
A~. 1962 
June 1941 
AIJ8. 1948 
June 1965 
Apr. 1940 
S.pt_ 1945 
Aug. 1964 
Oct. 19)? 
Feb, l945lj 
Mar. 196il1 
Oct. 1943 
Oct. 1949 
Apr. 19l.D 
Il'Oc. 19L.£ 

1912 
Apr. 19'51 

191.l. 
Apr. 1951 

191.Jl 
1pr. 1951 

l91.1l 
Apr. 1951 

19~9 
Apr. 1951 
Ma,. 1939 
Jul7 1949 
J\IIl.e 1955 
AU&. 1969 
Dec. 1935 
Aug. 1950 
June 1956 
June 1961 

12 

l J7 

1.3 

1.1 

l.l 

11 

JO 

36 

15 

4.6 

"·· 
b.)J 
4.92 
8.58 

7.2 
16.8 

5.4 
18.9 

6.0 

6.7 

19 

11 

11 

10.2 
5,9 

14.2 

lj 

6 

2,056 
l,b88 

J/1'9.9L.O 
l.3t790 
3?,400 
37,3~ 

9.41 
7 .os 
4.4) 
4.21 

15.lt, 
is.a.: 
1"1.95 
15.J.O 
91.6 
7".9 

l;o 
1)8 

7,421 
6,Mri 

121 
80 
61 
53,6 
42 .. 4 
76 .. 62 
n .. 23 

113,400 
132,571 

.V95,JOO 
94,652 
9~.192 
93,501 

§/74,200 
n ,ecn 
72,0CIJ 

7/93,900 
93,800 
n,J76 

289,60.J 

2S7. 700 
254~000 
25),121 
49,700 
L.9~S70 

.245 

.189 
3.87 
J.2J, 
3.-40 
2.79 
l.48 
1.29 
2.A~ 
2.81 

1,555 
1,511 
lp481 
1,451 

178 
156 
134 
131 

•• 101 
•.OOJ 

•1.159 
•1.159 

*.Gl.2 
•.031.. 
•.116 
... 110 
•.152 
•.151 
•.1J8 
•.118 
•.o<S 
•.025 

... 145 
•.115 
~.034 

*.0')2 
.210 
.""9 
.m 
.276 
.275 
.27) 
.180 
.172 
.in 
.J(T/ 
.J<n 
.302 
.175 

.174 

.406 

.4Jl5 
.994 
.991 

• .. 019 
•.015 
•.019 
•.016 
* .. 058 
•.048 
',0'/6 
•.006 
•.on 
•.OZ? 

.201 

.195 

.191 

.187 

.o;><J 

.025 

.022 
,021 

•55 

•'i() 

•'<] 

<65 

<65 . ..,. .. 
•u 
'65 

41 

'65 
51 

<60 

71. .• 8 

17.9 

1.10 

."60 

.()67 

.)"1 

<..co 

.m 

.l'.>]. 

.l)S 

.120 

-319 
.156 

yi.)8 

.326 

.203 

.351! 
,326 
.2114 

.162 

.1?8 

.062 

.m 

.075 

.341 

.29 

-15 

.281 

.61.l 

.567 

.100 

.w 

.523 

.213 

.199 

.:J,6 

.079 

l,3JO 

931 

73 

951 

l,579 

224 

176 

l>O 

452 
221 

1,500 

343 ,,, 
272 

106 

410 

196 

367 

798 

741 

131 

720 

161. 

sos 

".CS 

oow 

scs 

CE 

CE 

3CS 

sos 

sos 

scs 

O!lW 

ODW 



21-JSc 

21-36 

21-)7 

21-311 

21-J'lo 

21-40 

21-U 

21-U 

21-4) 

21-44 

21-45 

21-46 

21-47 

21-48 

21-49 

21-lO 

21-52 

21-t;4 

21-C."i 

21-56 

c:l.ouMLak-----

____,.,___ __ . _____ _ -----------
-·---------·----
----~-----__ _..____. ____ _ 
------------
--~-----------------do----__ ,,.,__ ____ _ 
---do---
la8t. Branch-----------
W•tYUle ~-------------
Berl -----

Moanta1n Lake------
----do---------Bl&oor LU,,._ _____ _ ---Bradm Lake------__,,._ ______ _ 
Lake llil""'~------do----------......... ____ _ 
WJ'utdott.ke-·-----
--do-

OrcMrd ·-·------
__ .._ _______ _ 
Tern Alt.a. Lak-------do--·-------
Cent.•n1.ll• Jl.1.l .. b Lak.----
--do-------
"-nder Creek-------
--do---------
&Tard Nuon--------

------
Inez LU. ---------
--do-
Veto LaD-------
--<lo---------
-~----------__ _,,__ 
Cl•r York hMMOir----
---<io------------
----oio-------
Findl.97 Lake-------
--do-------
Lab Lo.-.n------
---(fo--
hchua Creek Site #2----
---do----------
----do-------
Iachqa Creek Site 15-----
-----do-----------
---<lo------------

ctr. Br. luab. Cl"Mk---
-do----------
--do--------
--do----------
--do-------
------
~-----------
~----------------

do _ _..,_ ________ _ 
----
-~-------

'· Br. Ctqabop 1.1 ver---

Tri.b. or ll&honin& Rinr--

.......... 11..,.___ ___ _ - '""' ....,_ __ _ 
-~------
Trlb. of Send7 Cr.•-----
----------do---------
JlaboG1.Dc B1•er----------·------
T1"1b. of Indian Creek----------
Tl'ib. of Cl.ar Creek--

Pipe CJ'Mk-------
--do---------
!hwJ' IUYer-------
--do---------
.&llrora Br, tbargrin Rl.Yer-
----ck>-----------........ .,,... _______ _ 
------------
Sal• Park-------_ __..,_ 
~----------------------
.......... ldw01nc----------·---
LitUe Hoelrlng RiHr-----
-------------
--d~-----------
--do-----------
Clear POPk----------
--do-------------
---do------------
W'ellin.gt.on Creek----
----0'>------------
Cleu Farti:----------
--do- -----------
Johnaon Creelr.----------
--do------------
--do-------------
Ge.tea Creek-----------
--~----------
-----------

So•rs.i, Ohio----
----do-----------
----do--------
----do--------------do------. ----do-------
---1o----------------------do--------
--do-------
---do-------
----do---------
---do------
---do---------------------
----~--------do---------
--do--------
--do---------
---do------------
--do-------------
Burt.on J Ohio--------
-----do---------
Alliance, Oh:I o------
----do------------
8-rlin Cent•r, Ohio---
----do----------
Ht.. Lake Park, !fd.----
--do------------
Min•rn. 1 Oh.io------
---do--------
---do-----------
--~---------
Kilton, Ohio------
---do--------
Lanc&R•r, Ohio-------
-----do------------
Logan, Ohio-----
---do-------
Orchard Paric, N', T.--
--do---------
.U.n«"'D'Od. 1 w. Va..--
----do-------
Aurora, Ohio----
---do----------
Youngstown, Ohio----
---do---------
S&lea1 w. Va.-----
---do-----------
---do-----------------do--------
Fred.ericktot1t1n, Oh~-
--do----------
---do-----------
s.lpre 1 Oh.10-------
----do----------
-----do-------
-----do----------
Lexi.ngt.on, Ohio----
---do------------
----do--- ·--------
lliel.11.ngt.on, Ohio----
----'i::l-------------
Logan, Oh.10-------
--do--------
FranklinYille, N. I.-
----do-----------
----do------------do----------
-----dO------------
----do------------

11 Draina.,t;e ...... has been 115 ~- 111. (n<!Jt) part or the ti.me in the pa~. When r<!!d pa.rt.ly bf 
fMder f-ro111 S, rork !!irkenille Rher, 

Y At preeent apillw..7 el•ft.tion (levered 1n. 190e). Fro111 1836 to 1900, spill~r .-1evat.ion 
•• m.4, eurrace ar• 3,636 acres, and capa.cit7 22,QqQ ac.-t't. Fro"I 18J2 to 1836, spillM&1' 
eleYation was lower and su:r-reee area "119 3,136 acres. Natural lake or 650 acre• or1g1.na.ll7. 

~/ !.aitt Branch ReserTOir anrt manr natural lakes act a!I efficient sediment tra;>!I. 
~/ Da.. railM 9&rlier in 19)8 but little sedi•nt lo!lt, 
5/ At elevation 9"') "'.levation top or gatee ... 971-, ft. 
~r At •iel'&.tion l,1t>2. F.l9Yation top of g&tflll ~ 1.164 rt. 

8.7 

17.53 

8.)6 

249 

7.4 

.rn 

.12 

280 

.ll 

.58 

l.67 

4-76 

10.4 

84.9 

.29 

Jl.4 

20.04 

1J.6J 

6.25 

2.8 

6.4 

8.66 1948 
1949 
19!0 
1951 
\952 
1953 
1954 
1955 
1956 
1957 
l~ 
1959 
1961. 
1962 
1963 
1964 
1966 
1967 
1968 
1969 
1970 

16.88 l9'.l9 
JmMi 1949 

8.22 1913 
..... 19"' 

2J,6 J ul7 l 94) 
lo•. 1951 

7.4 1880* 
Jul.7 1957 

.rn im 
19)8 

.12 19'.lO 
1938 

m.4 191.6 
1941 

.ll 1946 
1954 

.58 19'.lO 
1948 
19'"' 

Oct. 1951 
1902 

June 1952 
10.)11 1855 

1949 
81.76 1929 

1949 
• 29 Oct. 1954 

Oct. 1956 
Oct. 1958 
Dec, 1960 

:J().66 !!/Pall l 949 
.lq, 1960 
Jul7 1970 

19.79 May l9S4 
Jul}' 1955 
Jul7 1960 
..... 1966 

32.05 Oet. 1948 
Aug. 1956 
Jul7 1962 

6.12 Mar. 1956 
June 1961 

14.17 Feb, 1955 
.lug. 1966 

2.75 Aq. 1964 
Ju.17 1967 
Sopt. 1969 

6.lS Aug, 1964 
AlJ&. 1967 
cept. 1969 

2.0 
l.O 
1.0 
1.0 
1.0 
l.O 
1.0 
l.O 
l.O 
l.O 
l.O 
l.O 
1.0 
1.0 
l,0 
>.o 
l,0 
l,0 
l.O 
l.O 

9.7 

8.4 

25 

18 

2J 

lO 

94 

20 

2.0 
2.0 
2.2 

7 
10 

l.2 
5 
6 

5.6 

u.a 
2.91 
2.16 

) 
2.12 

234 
217 
206 
202 
199 
197 
19'.l 
192 
J.87 
18'.l 
177 
176 
170 
lb6 
163 
159 
ll() 
lJ,8 

146 
145 
1"2 

4,bS9 
4,535 

994 
9'.lJ 

91.200 
122.75 

77.02 
.15 
.o 
.ll 
.oo 

28,100 
22.250 

9.46 
9.ll 

ll.5 
4.65 

169.99 
161.26 
W..8 
117.J 
86.) 
)II.) 

32./,1)() 
Jl,835 

69.58 
68.95 
68.77 
68.60 

J,502 
J,399 
), ... ) 
l,lll 
1,092 
1,059 
l,009 

13,176 
12,886 
12,731 

760.4 
745.5 

J 1 U.2 
3,an 

465 
4'>4-72 
464.33 

l,oes 
l,oe3.n 
1-,082.95 

.0)7 

.0)5 

.0)) 

.0)2 

.0)2 

.0)1 

.O)l 
,0)1 
.OJ() 
.oa<i 

·°'"' .oai 

·= .oat. 
.02!6 
.025 
.024 
.024 
,02) 
.02) 
.02) 

•,)j,D 
•.3)l 

,551 

.OlO 

.004 

.5<n 

.586 

.265 

.262 

.261 

.261 

.]J,6 

.].J,2 

.lJ7 

.0642 

.06)1 

.0612 

.058) 

.565 

.55J 

.546 

.l'lO 

.186 

.291 

.285 

.156 

.156 

.156 

.159 

.159 

.159 

66 

•100 

"65 

65 

"65 

43.l 

•50 

*80 
80 

1.00 JS/l ,213 
l.Z7 1,1-n 

,45 69J 
.)4 609 
.25 l,2J9 
.u 926 
.14 
,55 
,47 

·"" .18 
.)7 
.42 
.J) 
.45 
,55 
.22 
.2)6 
.lJ6 
.319 

• 759 66l 

.20 287 

1.)0 2,830 

,Olll 

.29 uo 

.Oii ll).) 

.&4. 1,189 

.)6 377 

.657 

,2J JOO 

.ll 7 127 

.049) 69.6 

1 .. 09 l,U4.4 
.Jl 405.l 
,27 352.8 

.48 

.)78 

.787 

.341 

.U9 

1.1.3 
.806 

,435 

.J6J 

.0345 60. ~ 

.Ob65 116 

.CbS 113.:? 

.062 108 

QIJlj 

scs 

OIJW 

(IJlj 

OIJW 

scs 

XS 

OIJW 

':I'S 

OIJW 

ODW 

(IJlj 

scs 

~ ~~ :i:W"!~0~n!~im~~U!:n~r:f ..:!:~~!!t ~~ the 1945 Zo9port (384 ac.-rt. J, the Yaluea 
of the 1945 report are not included a.nd were not used in coimput1D8 8W""ftJ7 data for the 1959 reoort. 
It is considered. that the longer period {21.5 yr.) •• necee•ry to develop a YDlume cai-ble or 
being --.SUl"'M with a reaaonabl• degree or aceuraq. 

'l/ Density !or 11111.tire period or record. 
10/ Col'BJ'uted rro11 differences in tot&l sed.iment accWSJlation in tons at each SW"Vey 

IT/ Gate closed Fill! 1949. Drained March 195('. 1}ate cloHd ""7 1954. 
• E!lti.m.t.~ or asSWMd, 



SUMMARY OF 

RESERVOIR SEDIMENTATION Sl:RVEYS \!ADE IN THE UNITED STATES THROUGH 1970 

DATA I 
I 

SHEET I 
NUMBER I 

_J_ 
RESERVOIR STREAM NEAREST row.~ 

•forth Pk. Cowa.nesque River 
1 ?A-4.0l' 

Wint e Br,.nch------------ -- Nortr fc; -y, "'". -------

2l-.c;9 

22-1 

22-3 

22-4a 

22-S 

22-6 

:2-7 

2~-3 

.?2-9 

'.'2-lC 

22-llc 

22-l ~ 

22-11a 

22-14 

22-15 

22-lti 

'22-17 

22-19 

22-20 

22-21 

?2-22 

22-23 

22-2-4 

22-26 

---io------------ -----""o--------------
5dlem o-c;rk No. llA-------- Varner r!ollow-----------
-----do------------------- ----.:!0-----------------
-----'!o-------------- -----'10--------------- ---
----do------------------- ----- 10------------------
------\o----------- --------- ---'10------------------
llprer rlockir.g No. 1---------- Hunt1>r~ ·'t.U.."l·------------
-----10----------- --------- --- ,JO--------------- -

'°:: :-.rid,9'-------------
-----10---------------
·:•,rcnach-------------------
-----do------------------
Goller Pond--------------
----do----------------
Auglaize P.. Power----------
---rio---------------------
=-.agle jreek,Y-------------- --
---10----------------------
Beetree 8reek;j--------------
----do------------- ·----
Sat. t Pond-------------------
-----00-------------------
tlarriY:n Lake---------------
---do-------------
-----<10-------------------
All'Mnrl:..nl'!;er Pond--------
-----rl.o------------
3i..icyrus ~:o. ?----------
-----10--------------
:::Ontr1 5 Pona~/ -----------
------io------ -----------
--- --1o------- - -- -- --------
-----·'io-----------------
"'!..r.r" ~,..eek'i/----------
----~;) --- --------- -------
Bu:'t Lake-----------------
---".!o. ---------------
Kl"l'iart ?onr::I-----------------
--- --io------- ------·------- --
v .. ,, 13ure- 1 ake--------------

-----rlc----------------------
'forvel:!. La\re-----------------
--- -- io--- -------------------
)b;i_ ,.on liol1oN-----------·----
-· ---io--------------------
"rook1yn V.il:!. Pond-----------
----- io-- ------------- -------
".al"'ehest ~r Power Da:n---------
--- --10---- --------- ------ - --
Iron Mill f>ond---------------
--- --10----- - ------------- ---
Phoenix nond--- --------------
-----:io------ -- ---------- -
Sa"ine "ill 'Po'ld-------------
- -- --rlo----------------------
~neh€ster "Ull Porirl--------
--- - - -4 o------------ ----------
0 rid geway ~ake--------------
-----1.0--------------------
l='r:rnklin 1..11-11 °c.:'1d----------
- ----1o - -- ---- ---------------
'1'e,."orrl 'rr,-4-------------
-----io-------------------

':it.Marys :i.-1 NAbS.!!h 'tiver-
----'.lo----------------
P-:.ne P.. of ~nisto;oe '1.iver-
----do- ----------------
U'1!lB.meC----------------
-----Jo--------------
Augla.ize ~iver--------
----':i----------------
Eagle ::reek------------
-----:c------------
3e~tree :reeK------ ------

Urr.am.ed.------------ -------
-----do-------------------
11.il _::reek----------- -
-----::'o.o----------- ------
----- .:o----------- - --
Unr :i ~ei-------------- - -
------'..0--------------
~rib. 'Jr Sandusky l<iver---
---- :io----------------
Trit. of "'OO :'reeY-------
----do-------------
---- J:i----------------
----do-- ---------------
Si:anl.le ::reek-----------
------::io--------------
Unna."!ed--------------- --
---do-----------
L'-,name1---------------
--- --io------- -- --- · ------
1.ocky Ford ~r-<>ek----------

----10-----------------
-----'.!.o-------- - --------
Ri·,er ".a::.s1n--------------
-----do------- - -----------
- ----,io---------- -- - --- -- -
-----rio-------------------
-----do------------------ -
--- --:ic-------------------
----do-------------------
-----rlo----- --------------
Iron Sreek---------------
-----do----------------- --
\fiddle nive~ 11..Jupe--------
- ----ic---------~---------
Sal1ne Ri' er--------------
----io-------- -------- ---
:la1s1n rli ver--------------
-----'10------------------
~:nnamed-------- ----- ----- -
----dG------------------
Pranklin Braner Roug<"-----
-- ---do--------------- --- -
Middle Ri•1cr il.ouge------
- ----cio -------- -----------

-- --do------------

ale11~ "· Va.---------
----do-------- -- - ---
--- --c!.o--------------
- ----"!'.:'---------------
----- ~0---------------
.:..an~a ~ ~"-, :Jhio------
--- _,...., --------------

-e:.i.na, Jh10----------
-----1o---- ----------
l're::..::. st on, ""1eh. -------
----do---------------
Defiance, Ch10--------
-----ao-------------
-----de------------
-----do--------------
-----c!.o--------- ----
-----.lo-----------
----do-------------
----"'.a--------------
----de---------------
---- jo- -----------

"<"ay?.ttP, '.::'iio--- ------
---- ~~---------------

---- --:o------ --------
0 .... ic ::i<:.y, cn_o------
-----'1,;---------- -
.:1uzyr'~,, Oh10---------
-----j:;,------------ --
:...ara.ye':. te, Oh10---- ---
----10------------ - --
-----rlo---------- ---
---- io------------ ---
Defiance, O'i:o-------
----rJ.o-------------
:..akwood, Oh10-------
---do-------------
,_ro,rer -!ill, "hio----
---- '.!o---- --------- - -

7 ind:i_et'r, Ohio---------
----- -:c------ ---------

11.an.:;f,n-,•_ ~, ":ch.-----

Brook:yn, "heh. - ------
-----, :;)---------------
%ncheste~, 'A;_::;n.-----

----- 10--------------
-- ---10--------------
-----do-------- ------
?lymauth, '1lch.-------
----- io----------. - ---
'.:-al me, l.1.ich.---------

-1arch"ster, "'>-::i-,,-----
_____ -4-, _______ ------

Dexter, '.!_ch.---------
----do-------------- -
~ranklir, '':en.-------
-----do--------- - -----
~orthvill e, 'ich.----
-----do------------ ---

DRAL'1 ~GE AREA 
(SQUARE MILES) 

TOTAL 

.2llB 

::..'JL. 

2,).29 

L94 

.Cl) 

37.2 

.C::J8 

.u 

• 76 

.C'21 

58.5 

29.6 

6.L. 

",5 

~ .. ~ 

3.J Aug. 1962 

Jul,y 1967 
• ZS? Oet. l ?s .. 

Cct. 1956 
D<:t. 1958 
Jee. 19HJ 
June 1962 

.94 Apr. 195'
June 1962 

93 1844 
Aug. 1940 

231 1912 
Jan. 1953 

.024 Mar. 1945 
Aug. 1951 

2,326 1912 
1951 

5.~ 1912 
JU:ij 1951 

1.91 1912 
Aug. 1951 

.012 Atft". 1947 
Jul1 1951 

)7.0 1941 
June 1149 
July 1951 

.DJS Jao. 194':> 
Jul;y 1951 

2. 79 Jq19 
June l949 

.13 1947 
1951 
l9'i4 
1962 

~1..4 1912 
July 1951 

• 74 Sept. 1948 
July 1951 

.019 Sept 1943 
July 1Q51 

22. 7 2. Spring 1939 
Nov. 1948 
Au,r. 1951 

25.J 
May 1969 

25 192? 
...,. 1969 

6.2 1948 
,..,. 1%9 

6.4 194'i 
"ia.y 1969 

5.2 
..... 1969 

~6.B5 
~pt. J969 

63 1937 
Mar. 1969 

17 19"6 
May 1969 

7. 5 192'7 
Mar. 1960 

7.B 18)) 
1+.pr. 1969 

54 
Sept. 1969 

4.9 

2.1'? 
1.51! 

96 

41 

6.4 

J9 

J9 

J9 

4.J 

e.3 
2.1 

6. 7 

JO 

4 
J 
8 

39 

2.B 

7.8 

100:'_ 

42 

21 

2) 

100 

JOO 

Jl 

6} 

41 

1J6 

100 

654.1) 

65J.89 
53 
52.25 
52.05 
51.95 
51.75 

450 
446.lJ 

1/J.30,175 
106,6()5 

640 
n 
9.5 
9.4 

JV.,400 
11,llX 

129 
74 

u.s 
1()1. 

2.6 
2.5 

991 
9'9.1 
C102.4 

5.08 
.... 71. 

242 
218 

9.2 
7,Q 
7.4 
6.J 

ens 
6% 

59 
57 
2.4 
2.3 

248 
205 
186 
717.6 
502.J 
2;a.1 
14).9 
249.J 
186.J 
288.9 
259.5 

1,551 
1,159 

225 
170 
2JJl.l 
129.6 

21.33 
10.9 
76. 7 
47.9 
'fl.P 
13.1 

17) 
101 

.21 

:Ra 
.166 
.165 
.165 
.164 
.88.2 .87, 

"2.19) 
•I .796 

.:1.003 
,,.OOC!:! 
"".761 
'·?53 
.m.2 
.009 
.050 
,029 

•.156 
*.109 
•.417 
•.401 
.os1 
.Ol.P 
.04'> 

*.239 
*.2Z.;. 

.l~'C 

.103 

.1)3 
.114 
.107 
.cm 

*.094 
•.06l 
*.155 
"ll",15() 
*.229 
•.219 

.022 

.019 

.017 
.026 
.ma 
.016 
.009 
.m.6 
.012 
.09 
.08 

·= .168 
.OCT/4 
.0056 
.0061 
.cxm 
.0026 
.0013 
.02so 
.0156 
.Ol;J 
.0018 
• '<Cb7 
.()())~ 

*60 1. 30? 
.)48 
.16 
.44) 

11.6 .67~ 1,057 

*55 

llC.4 

52.5 

7J.4 

53.2 
*5J 

5). 7 

57.8 
*49.J 

43.P 

J7.2 

26.1 

5J.6 
57.9 

2).J 

30.l 

4J.4 

41.8 

44 

JB 

)9 

2.64 J,162 

.064 154 

.92 902 

.031 

.n 347 

• 59 675 

2. 75 4,J96 

.20 232 

.Ji. 392 

1.71 2~U01 

.28 zn 

2.~o 3,no 
1. '':> 1,460 

.969 

.J6 J4J 

1.1) 924 

.53 JOl 

.20 2JJ 

.31 391 

.035 43 

.ll 72 

,434 457 

.20 137 

• 75 

.009? 8.8 

.057 54 

.01 

QQ3 93 

.079 86 

.Ol3 11 

scs 

scs 

s:s 

scs 

sos 

O!lW 

oow 

ODW 

J[)\j 

WW 

ODW 

ODW 

oow 

ODW 

O!lW 

scs 

5CS 

SGS 

scs 

SGS 

SGS 

scs 

SGS 

:cs 



22-27 

22-2fl 

22-29 

22-30 

22-11 

22-33 

22-3£. 

24-la 

24-Jb 

24-4& 

24-5 

24-6 

24-7 

24-8 

24-9 

24-lOa 

24-lla 

/..4-12 

?4-11 

24-U.a 

2L.-1 ~. 

·'.'..-16 

24-17 

.'.!4-19 

24-20 

/4-21 

24-22 

24-23 

Tecumseh "!ill Pond------
--1o----------
Belleville L&k:e---------
----do------------
Ford Lak---------------
----;\o------------------
Barton Pond-----------
--do------------
Red Mill Pond------
--~-----------
ti. N. f'l"7 Pond--------
-----rlo--------------
Newburgh La.k9---------
----do--------------
Lah! Adrian---------
-----:io-------------

Lake Will ia.aaon {Artie Pond)-
---do---------
----1o------------------
----do--------------
Lake Bloomingt.on----------
----rto------------------
--rto-------------
---d~-------------
Lake "A.rlinTIJ.le--------
---do------------
---<to-------------
------do------------
Lake ::>ecatur-------
----do----------
-----do---------
Sha.efer Pond------------
----do-----------
Lake Sprlngfield------
---do------------
Spring Lake------
----do--------
Lake B?"acken----------
----do---------------
----10-------------
Pl. t t sfield------------
--do-------------
Lock and DAM 2.i:; (Winfield)--
-----do---------------
-----do---------------
-----do-----------
--do-------------------
Ht. Sterlinl(------------
----do------------
Lake Jacksonville--------
----d.0--------------------
"lauvaiase Terre Lake-----
-- ---do----------------
"'!or~n Lake-----------------
-----i:l.0----------------
Lanl";don Pond------------
----do-----------------
Franklin Ou~ ing; ~ ub Lake----
-----do------------------
Ander50n Lake--------------
----10-- -------------------
Wav<>rly City---------------
----rto----------
Whitehall :!ity---------
----io-----------------
Roc1house P~rk District Lake-
-- --do------------
WoOObine '.;o•1nt,..7 Club :.ak--
-----io------ -- ---------
Dale :.:ale 0 c.d--------
-----1o-------------
Seely ?ord----------
-----10--------- --------

!:vans Creek-------
--do---------
Huron Ri·Hr---------
----d~---------
----do-----------
--do---------
----d~-------------do---------
Upper Raisin------
---do--------
Squav Creek--------
--do---------
Kiddle Rouge---------
--do-----------
Wolr Creek-------
--do------------

Tecuaaeh 1 Kich.--
--do----
Belleville. Mich.--
--do-------
Ipsilant.1, Micb.--
----do------
Ann Arbor• Mich. ---
--do--------
Tecumseh 1 Mich.-
-do-
Orurtead, Micb.----
-do----------
P'17->uth 1 Mich.--
---do-
Adrian, M1ch.-----
---do-------

Jl.6 

IUO 

790 

NJ 

172.9 

12.45 

54.J 

65 

26.J 

20.J 

11.2 

183 

25.9 

54.J 

59 

1827 
Apr. 1969 

1929 
Jul7 1969 

1933 
Jul7 1969 

1915 
Jul7 1969 

Aug. 1969 
Earl7 1962 
.... 1969 

1913 
Sept. 1969 

1942 
Sept. 1969 

GREAT LllES DRAIHAill. l IN KI .;HIGA!! A.."ID .. -uooNSIN) 

142 

/,{) 

36 

54 

36 

28 

MISSISSIPPI RIVER BASIN" (LOOISIAHA TO GliESTKR) ILLDICIS, KA~J.SKIA, AND MERAMBC RIVER BASINS 

Trib. of Honq Creek---
--do-----------
---do-----------
--do--------------
tbne7 ;;reek----------
----00-----------
----do----------------
----do-------------
Hon97 Creek-------
--do-----------
--do-------------
--do-------------
Sangamn R:tver------
~------
--d~---------
Trib. of Cahokia Creek--
----do-------------
Sugar and Lick Creeks----
--do-----------
Spring Creeic-------
---dl~-----

Bruah Creek--------
-----do--------------
----do---------
Trib. of Panther Creek--
----do------------
Mi!laiss1.ppi RiVlll'l'------
---do--------------
---do--------
--00------------
----do--------
Trib. of Shelby Creek-----
-----rl~-----------
Sandy Creek-------
----do------------
Hauniasee '!'erre Creek--
---do---------
Unnamed---------
-----do------------
----do-------------
----do---------------
----do------------
---do---------------
---do------------
----do---------------
-----do--------------
----do------------
-----do--------------
----do---------------
---do--------
----do-----------
--do---------
-----do----------
-----do----------- ---
----do--------- - -------
----do-----------------__ ,,_ ________ _ 

C..rlinrtlle, Ill.---·- .53 
---do--------
----do------------
---do----------
Hudaon, Ill.-------- 61 
---do-------
----do---------
---do--------
!Arlinrtlle, Ill.--- 26.06 
--do-----------
---do---------
---do--------
Decatur, lll.-------- 906 
---do-------
--do--------
Ed-.rd:nille, Ill.-- .007 
---do---------
Sprf.nstield, IU.--
--do-----
MacOllb, Ill.------ 20.2 
---do------
Galesburg. m.--- 9.14 
----do---- ------
---'10-------------
Pitt:srield, ill .. ----- 1.84 
----do--------
Win!ield, lib.---- 1421 CX>O 
---do-----------
---do----------
----1o----------
-----do-------------
Mt. Sterlin,,;, Ill.-- l.~ 
--do---------
Ja.cksonvUJ.e, Ill.- 10.8 
-----do---------
----do-------- 32.6 
--do------------
-----rl"'---------- 2. 75 
---10-----------
?ranklin, 111.-------- .J58 
----do----------
---<io---------- -450 
-----do-----------
Concord, Ill.------- .631 
-----do------------ --
Waverly, Ill.-------- Q.24 
-----do------------
fihitehall, 111.------ .97 
--rio---------
Roodhouse, Ill.-- . .;.51 
--do--------
Greenrield., Ill.--- • l?Q 
---r:!o------------
----.10-------- .231 
----io------------
Hi11..-1~ .... :11.------- .oi:n 
-- -tlo------------

.51 

60 

902 

.09) 

20.1 

8.85 

1.71 

l.75 

10.l 

32.2 

2.72 

.348 

.414 

.600 

9.16 

.92 

.4)9 

• ]20 

.221 

.091 

1922 
1949 
1954 
1961 

Dec. 1929 
.... 1948 
"""· 1952 
Jul7 1955 
June 1939 
June 1949 
Jul::r 1954 
Sept. 1959 
A.pr. 1922 
Ju17 1936 
June 1946 
No..-. 1937 
Jul::r 1949 
Jan. 1934 
Au.g. 1948 
Apr. 19'Z7 
Sept. 1947 
Dec. 192) 
Aug. 1916 
June 1949 
June 1925 
Dec. 1946 
Jul7 1939 
Hay 1945 
Hay 1946 
Dec. 1947 
...,. 1959 

19)5 
1951 
1939 

June 1952 
1921 

June 195.2 
1900 

June 1952 
1907 

JU..:7 1952 
lo05 

Jul:r 19'52 
1909 

July 1952 
Oct. 1938 
July 195£ 

1897 
July 195.2 

1917 
July 1952 

1926 
July 1952 

1924 
July 1 952 

27 
5 
7 

ll!.7 
4.0 
2.9 

10.4 
5.1 
5.1 

14.2 
10.0 

11.e 

14.6 

12.7 
12.9 

21.5 

5.9 
1.0 
1.6 

11.4 

16 

12.0 

)l 

52 

45 

47 

43 

13.8 

55 

)5 

06 

28 

227.8 
94.7 

19,945 
17,,980 
17,926 
16,085 

3,150 
2,601 

677 
336 
121.) 
116 
667.8 
562.9 

l.ooo 
951 

175.6 
159.5 
152.2 
147.6 

6,654 
6.062 
5.905 
5.963 
1,725 
1.475 
1,427 
1,387 

19.738 
16J9JO 
14.567 

20.2 
17.6 

61,039 
58.Jeo 

61:!1 
320 

2,881 
2,660 
2.452 
1/367 

232 
180,(X)() 
194,100 
181,400 
l.84.000 
155,CX>O 

)06 
248 

7,058 
6,874 
1,820 
1,215 

126 
73 
56.8 
44.8 

)28 
301 
267 
234 
)08.J 
238.6 
459 
408 
61.6 
5).9 
58.5 
43.4 
67.2 
'•--7 

.? 
2.2 

.01501 

.0062 

:&:B 
.0472 
.0424 
.0093 
.0069 
.0081 
.0040 
.020 
.019 
.026 
.022 
.0)2 
.027 

.614 

.558 

.532 

.516 
1.981 
1.805 
l.756 
1.746 
.U8 
.101 
.098 
.095 

•.490 
•.JlO 

.393 

.)19 
1.167 
1.1)7 

.100 

.067 

.C>!2 

.047 

.284 

.224 
1.)02 
1.194 

.756 

.663 

.o&J 

.046 

.846 

.751 

.24) 

.213 

.318 

.2)6 

.521 

.WJ 
.071 
.042 

59 

69 

81 

39 

41.9 

56.08 

75.l 

46.24 
46.24 
46.24 

41.5 
41.5 
46 

59.l 
65.7 
62.4 

51.7 

•50 

4) 

59. 7 

52 

J2.5 

41.2 

)6.2 

4·-· •• 

4).l 

42.4 

54.4 

51.7 

)5.6 

.0)56 45 

2.42 3,637 

4.56 8,045 

.055 46 

.13 118 

.06 

.054 65.96 

.09 147 

1.18 
2.90 
1.25 

. 528 

.b55 

.242 

.934 

.)65 

.302 

• .220 
.262 

2.65 

. 705 

.701 

1.97 
1.82 

2.05 

1.51 

.61 

.)8 

.78 

1-43 

1.28 

.551 

l.J2 

.50 

1.81 

.JO 

1,188 
2,921 
1,259 

477 
592 
243 

1,200 
52l 
4"0 

248 
295 

2,890 

660 

9ll 

2,231 
2,061 

3,090 

.2,679 

1,069 

341 

540 

l,JC9 

509 

957 

462 

2,144 

2,012 

233 

scs 

scs 

scs 

scs 

scs 

IWS 

IllS 

scs 

!WS 

I\IS 

!WS 

IWS 

scs 

CE 

:ws 

IoS 

I'llliS 

IWS 

!"5 

IWS 

.lj ':e~iment "'001 o"lly. 
-,/ ~~so knowr 'l.S ~ake ,t_ "kry-,. 
y .l..t "'resent spiilWaf elevation (lowered U'I '!~56) .. [-. ~ 1 -.-_i_:-faoe 'l.?"f'a 'W:'I.'> l'"',f.fr i.::res .., .. 'L.J:"J.11';6 

f, ~~~b~~;~~ .. ~r:.o~e:~~~i~~a~=e~;;;:o:e~. ~e:~:..-~~r~illor r!red1p"l~ wr,1~"1 occured :r ~~53. 
-;-r At nreaert sr::.ll14y ~1 •vation; s;n.l~"a -1nsed l.?/.~ t~. ir. 1944. 

r _,,+,l.mat .. d or assumed. ~;:i,oac1t1 ..-\'l ..,;:wi,Lt() ac.-"t. 
J:./ "'a.1~1-i• ~-r:l e:; .. 1'l"!e"l':. figures inc1t.de t-a: er ;--;.. - butar.· -trT<s ."'~ld'.-~ bt~t- .. a, F-.i>;'e '\"Id 

'' Y"ll' e rP~"s. 



DATA 
SHUT 
MUllBER 

24-27 

-24-)0 

24-JJ 

24-J4 

24-J'i 

24-Jb 

21..-31! 

24-19 

24-42& 

24-41 

24-44& 

24-1.S 

24-46 

:U.-47 

24-41! 

24-49a 

,,._.., 
71.-'il 

RESERVOIR 

VlnepM. Pond------
---do---------------
~w---------------
---1o-------------------
Aaeh&uer Po"K!--------------

--do-----------------
5el!md.dt Pond-----------
--'io---------------
A79Ts-------- -----------
~------------
Bod_,,, Reservoir-------
--dc>-------------
':: 8 • Q Ii. R. L&k ... ------
----do-------------- ---
P.dwa.rd• l.Ake---------------------ltcbektn'a Lake-----
--1"-------------
Glo•ier- 'to. 1-----------
--do---------------
I. c. &t 11.nRmdJ'--------

---~--------------
King' a L&k.--- -----------
----do---------------·-----
Lake Coultenill---------
---do----------· ----------
Lake Banke..- fl'il 1-------
--do------------- --
L&.ke Gillnpie-------
--do-----------
Lake Nashrills------------
--------------
Lake st.&unton----------
---~-------
1111.coupin County Lake Club----
--dc>--------------
Mine Pond No. z.---------
--do-----------
llew Mt.. 011H----------
----dc-----------
Pan&l!ll!I. !...alr:----------
----10-----------
Powr P'anu ~-----
-~.o---------
Raccoon Lalc------------do-----
Robinson Pond--------
---do------------
Stl- City------------
---do----------------
V1rg1n1a--------
--do--------
..i ton Club Lak .... ------
--do-------------
Lock vw1 O&a 26---------
--do---------------
-~----------
---do-------------<'lo-----------
--~------------
Pool No. 22--- - ------ ---
---do---------------------
---r!.0-----------------

SUllllARY OF 

RESERVOIR SEDillENTATION SURVEYS MADE IN n!E UNITED STATES TIIROUGH 1970 

STREAM 

I I I 

I 

PERIOD I STORAGE 
NEAREST TOWN DRAINAGE AREA I DATE OF BETWEEN CAPACITY 

(SQUARE Mil.ES) I SURVEY SURVEYS I {ACRE-FT.) 
(YEARS) I 

I I TOTAL I NET i 
KI5SISSIPPI RIVER BA.SIN {LOLI.:3L\NA ""'1 :HEST1'1i., ILUNCIS, ltASKA.311'.lA, AND MERA'4BC Fi.IVER BASI"IS (Continu.ed) 

Jnn&med--------------
------do-----------------
---do---------
-----<10-----------------
----do----------------
-----do---------- -----
---do-----------------·--do-------------
'?'rib. of Shoe.l Creek---
--do----------------
rrib. or West Creek----
---do----------------
Trib. of S&nga.a:in Rh'er---
----do----------------
Tl"ib cf Cahokia Creak---
-----do---------------
Tl"ib. of laskaakia River--
-----:to------------
Lost Creek-------
---do------------
Trib. of !a.st Fork of 

~llkaskU. Rivn 
---rio--------------
i'rib. or G.i.hokia •::reek---
-----do-------------
~uth ?'ork rit.d C:reek----
----•10---------------
dood R1 ver-------- ----
--00-----------
Jr;• Pork-------
----do----------
N.uhrllle Cr~ek------
-----do--------
East Creu:-------
--do------- -----
Trib. o~ Hc:.rriean<11 ';reek--
----do----------
Trib. of Caholcia Creek-
---do----------------do------------
-----do-------
'!'db. o! Indian '.;rffk--
----do----------
Trib. or S&ngamon River--
---do--------
Raccoon Creek-------
---do--------
':'erre C:reek---------
---do---------------
Trib. of Crook!."d :re•k--
----do---- -----
Job' a Creek---------
----do------------
Long Bra.nch--------
--do----------
Kiaduipp1 Rin,.-------
--do----------
----do---------
---do--------
---do--------------rio-------------
-----do---- ---------- ---
- ---10----------- --------
-- --do---------- --- --- - -

Whitetillll. !11.----- 0,05J.. 
---d.0---------------
Springfield, Ill.----- 3.49 
-----do--------------
Ri ... erton, Ill.------- • 526 
----'10--------------
Gl".a.tham, Ill.-------- 1. 31 
----d'>------------
A]'ers, ill.------- 1.4) 
---do---------
BMuulwick, Ind.----- ~. 1: 
---'1o------------
Tallul&, Ill.------ . 8 5 
---do--------------
Gillespie, Ill.--- .. .t,..l 
----do-------------
Vanda.11.a., Ill.---- .27 
-----do-------------
!l9bf'I"':")', Mo.------ l.C5 
----d:>-------------
Kinmmd.y, Ill.------ .618 

---do--------------· 
Eap.nille~ Ill.------ .46 
-----10--------------
Cou.l terv1lle, Ill.---- l. 22 
---do---------------
Bun.ker Hill, ID.-- 7 .19 
--do---------
Gilleapie, Ill.----- 5.'73 
-----do--------
NashvWe, Ill.------ 1.39 
----do----------
Staunton, Ill.----- 3. 68 
---do------------
:.arlinville, Ill.--- .28 
--- --do-------
WUaonvill•, Ill.-- 5,2q 
---do--
White :1t7, Ill.--- 5,.21 
---do----------
?anaia, Ill.----- .85 
----do------------
Cantr&ll, Ill.---- .668 
---do----------
Centra.11&, Ill.--- 48.4 
---do---------
Jaeksonville, Ill~- . 314 
-----do--------
Sal m, Ill.------ 4.02 
---do-------
Virginia, Ill.--- .828 
--~-------
Litchfield, Ill.-- 2.72 
---do-------
Alton, Ill.------- lTI,470 
---do---------
---do--------
---do-------
-----do-------
----<to-----------
Save--ton, Mo.------- 137 1 50.) 
-----do-------------
--- -- r:lo------------ ---

0.052 Jan. 1937 
Jul7 1952 

3.4) 1907 
.\ug. 19<2 

• 518 1939 
A\18. 19S2 

l.1Q 1943 
Au.g. 1952 

1.39 1906 
AIJ.8:. 1958 

2.39 Au.g. 1'<47 
Sept. 1960 

.84 1902 
Jul7 1952 

.4.0 1949 
A.u.g. 1058 

.26 191.J 
Au.g. 1956 

1.04 Apr. 1956 
Jul;r 1960 

.581 1902 

Jul7 1950 
.41. 1921 

Juna 1958 
l.18 1940 

A~. 19S4 
7.15 1937 

Ju.ne 19"1. 
5.62 1923 

Jul;r 1954 
l. 13 l9J6 

A.~. 1954 
3.'i.i.. 1926 

July 1954 
.26 l'X>4 

June 1958 
5.2) 1916 

Jul7 1958 
5.17 l93B 

June 1958 
.84 lq28 

Aug. 195B 
.666 1Q40 

July 1952 
47.3 1943 

Sept. 1959 
.301. 1900 

Ju.."tr l9S2 
3~90 1912 

Au.g. 1960 
,1'99 1933 

1950 
2.67 1862 

Jul;r 1959 
"" 19",S 
Ma;r 1945 
Dee. 1945 
"" 1946 
Oct. 1947 
Apr. 1959 
Ju.17 19)8 
1e~. 1954 
Dee. 1969 

15.6 

45 

13 

52 

50 

ll 

4.3 

l7 

17 

17 

)2 

19 

28 

l4 

lO 

12 

16 

52 

17 

7.1 
.6 
.4 

1.4 
11.s 

16, 33 
15 

l. 58 
1.32 

181.8 
11-S.3 

18.3 
9.4 
6.0 
3., 

200 
150 

52.l 
44.8 
Jl. 7 
15.i. 
74.2 
6'!.0 
19.7 
lo.a 

1/'72. 5 
70.J 

17 ..... li. 

149.10 
158.6 
139.5 
200 
188 
133 

36 
""19 
696 
320 
l1J9 

1,248 
1,140 

160.5 
135.8 
296.1 
14.l.6 
432.e 
335.3 
17?.!J 
151.9 

J..< 
LJ 

4,496.3 
4,143.6 

47.l 
35.ti 

597.86 
530.88 
15" 
116 
376.3 
187,2 

395,000 
390,200 

JSl,200 
l,£JB,:ro 
343,900 
93,858 
85,2)1 

yi.02,302 

CAPACITT 
AVG <\NN 
INFLOW 
RATIO 
(ACRE-FT 
PER 
ACRE-FT! 

.053 

.044 

.09) 

.059 

.062 

.C32 

.oce 

.oos 

.2b2 

.197 
•.0)6 
•.031 

.067 

.033 

.JSl 

.J22 

.1)7 

.111 

.459 

.123 

-""" .598 
.276 
• ~.so 
.033 
.rm 
.272 
.237 
.}76 
.))9 
.b10 
.575 

1.131 
.976 
.110 
.OS) 
.164 
.127 
.l)6 
.458 
.011 
.00) 
.152 
.HO 
.m 
.209 
.231 
.207 
,)45 
.260 
.272 
.1J6 

.0017 

.0018 

~PECIFJC 
WEIGHT 
ORV) 
LB. PER 
ru. FT.) 

10.2 

~8. 7 

Sb.2 

41.2 

51.C3 

Sb. 7 

15.5 

54,42 

)4 

35.3 

28.l 

37.13 

65.34 

52.35 

l,B.2 

54.9 

39. 7 

46.8 

40.8 

•40 

"8.4 

AVG. ANN 
SEIJlllENT 
ACCUMUl..A TION 
Pl:R SQ 111. 
OF NET DR 
AREA FOR 
PERIOD SllOllN 

AC.-FT. I TONS 

0.33 260 

.431 363 

l.Jl 1,601 

.22 l<n 

.b9 "'66.87 

.J9 419 

1.72 1,755.47 

.Q3 l,1n.n 

.J.9 

.'Sb l84.5 

1.17 1,186.73 

.?J SU 

.i:io 1,300 

• 57 470 

1.19 913 

1.09 667 

1.76 1,423.32 

• 7Q 996 

.94 1,071.79 

1.01 1,1)0 

.)6 I.JO 

.47 i.06 

.70 713.51 

.lb )20 

2.70 2,352 

.73 769.l 

.004 

I 
I AGDICY 

SUPPi.Viii 
DATA 

UIS 

!WS 

Ia'S 

!WS 

3CS 

!WS 

!WS 

!WS 

IWS 

IWS 

IWS 

IWS 

IWS 

IWS 

!WS 

!WS 

IWS 

IWS 

IWS 

!WS 

!WS 

!"5 

G 



25-1 

25-7 

.tH.l 

2i-l4 

25-U 

25-lli 

25-17 

25-U 

25-19" 

27-l 

27-2 

2"1-l 

77-4 

UPPIR KISSISSlPl"I B.IVU BASIN (FAliMJHT TO LOUISLUU.) 
:to., Slamk, and t>.a llDines llinr Ballina 

...i •• 19 (Wb Cooper. lll-S.-1.ppi 11.,..,.____ --> 1.-.., lo•---- 119,000 ____.._ ______ _ --------------do--------------u..,... PIM rs.a. c,..o------ Sl.do .... , ~--- 1).9 --do------"*" .,,,.,_ P1t.oll Cl" ......... ____ _ 
Qalq, ru.------ i3.1 

------------
~ 1-C...------ earu.p, 111.--- 2.94 --------------er.--_,,,.. - c..----- lbdinilook, lll.--- 52.0 - ------------"- ... , ________ _ 

Pine er-..t Kldora, lo------ 15.)4 

-n.o 
~-------

llodl., .,,._____ ._ Cant.Oil, Ill.--

1).8 

1).0 

2.M 

1913 

., .... 1928 
Jun• 19)1 
,,.. 1946 
... 10)4 
Sept. 1947 
541pt. 19~ 
.... 19)6 
Jul.7 1947 
MIU'. 1926 
Aue. 1949 
D9C. 1936 

Dec. 1939 
1941 

15.24 1924 
Winter 1932 

11/n. 1 1921 

15 
10 

8 

13.J 

U.9 
u.c 

2).4 

--~--- 1936 15 ------ 71.0 

u ... er-Ir: DeellU.Dc 8aa1a- u ... er.II 66.o 
--<~------ -~------- -- ~. lo•--- Jl.8 -------- -----------c I a. r I r • ... --- 'M.b. or Bi& CNlllk--- lkdrt.4, l01ia----- 2. S4 

PaiJ"ft-1.d •· ) Crow Crellll:----- l'd.rrield, to•--- 2.05 

-------
...._ ------- Ollt.b.rie c.nter, Ia.- 2.1 -----· 
'-1 ... lll .. 1.Hippi liHr-- Jltuoa\.ine' Io.--- 9'1,J,l)O 

--do-------.....,._,... _____ _ 
Cant.an, Mo.---- lJ.t.,)00 

~------ --do--------- Bloo.t'19l.d, Io•--- 2.2S ------
111.•ri••ipp:l lt:in:r--- a.w .lcurton, rn.-- 99,btXJ ------- ---do-------

....i ... 21.------ Q"1.nc7, Ill.---- 135,000 --------
CWal.Till !Olla •1------ lam cu.,, Io---- J,115 ----------- --~--------------

Dec. 19J6 

Dec. 1939 
.l/59.6 .... 19)6 

.... 19)9 
Jl.6 1935 

1946 
2.s2 19:>3 

1918 
2.00 1927 

1934 
Julf 195) 

2.1 1936 
1946 

..... 19)8 
lloT. 1949 
Oct. 1937 
lkrT. 1950 

2.l) Sept. 19)7 
Sept. 1951 
Aq. 19)8" 
Mar. 1954 
Julf 19)8 
Mar. 1954 

3,076 Sept. 1958 
Jan. 1964 
Apr. 1968 

ll 

15 

7 
19 

10 

11.7 

lJ.l 

14.0 

15.6 

15.7 

5.3) 
i..)3 

IJPPSll KISSISSIPPI lllVER BJ.SIN (PRAIRIE IlJ r:HIEN TO ~CK !SU.ND) A.ND U.KE MI:HIG.\N DRAINAGE 
RocJr: and Wa.psipinicon River Basin• 

Pool •. lS-------- JttHisaippi 11Yer----- Rock lsl&nd, Ill.-- Ba,500 
-------- ---do--------------- -----------do------- ---do--------do----------------- --------------- ---do-------

llaalcb.- Lan ( Parest.'1..11• *quoket.a R1 'H'r-----
!Mo) 

St.ra.t>erQ pt., lo•-- U6 

------------------
'-1 •. u------ Xl. .. i•aippi Ri..,...__- ~. Iowa---- 81,600 

---------- ---do-----------

ll6 

Mar. 1934 
Aue. 1938 
NoT. 1944 
O.c. 1946 
No't'. 1948 

"°"· 1950 
No't'. 1952 
Jul7 1934 

Peb. 1942 
Feb. 1949 
Apr. 1938 
f'eb. 1953 

UPPIR KISSI.SSIPPI RIVER BASIN (ST. PAUL TO '1UIRIE DU llHKN) 
Wiaconain, Root, ::t\ippeva, and St. Croix Rinr Ballina 

Kl.k er-.lk Lain ll..k Creek------ Bau Claire, Wisc.--- 60 6IJ 926 ------ ----do------ Oct. l ~41 
ltt.riclt llft.ll P N. Br. B•Yer Cl-Mk---- !ttrick, Wisc.--- 50. 7S 50.7J tsn --------- --do-------- June 1939 
~ (Didi! Lake)--- 8-nr Cr.------ Gal.enille • Wisc.--- 1)8.6 138 0 2 1867 -------- ---do---------- Juntt 1939 
Pn.lri• dla Vieccnein li't'er----- Prairl• du Sac, Whc.- R,9CO fl/600 1911. 

---do---------- --do------- 1933 

1..5 
6.2 
2.1 
1.9 
2.0 
2.0 

7.6 
7.0 

14.B 

15 

68 

72 

19 

JI. eoa ..... \1.oa Pool. 

479,550 

)70,}0(l 
))7,000 
)12,216 

660 
452 

J/425 
27) 
ll2 
406.) 
)Oll.2 

•2,WXJ 

•1,m 
*l,664 

7)8 

552 
J,000 

1,845 
J,080 

2,556 
*2,800 
*2,290 
1,154 
l,O?<l 

"3 
25 

UI 
166 
1)5 
185 
172 

113,370 
106,347 

89,850 
87, 74D 

8'16 
8)1 

70,800 
69,350 
78,040 
69,570 

492,000 
485,40() 
4.A0,110 

39,432 
)8,546 
)8,22'1 
)9,224 
37,64) 
)7,881 
37 ,096 

608 

5)9 
1.73 

in,684 
154,526 

683 
457 
177 

46 
1,677 

68) 
100,000 

91,851 

.11.5 

.09'1 

*.148 
*.lll 
*·067 

•.041 
•.068 

•.057 
•.073 
•.059 
•.069 
•.064 
•.069 
•.Ol,D 
•.)OJ 
•.242 
*.198 
•.)86 
•.)'i9 

',664 
•.616 

.47 

.46 

.46 

*.018 
•.012 

•.022 
*.009 

56 

•so 

.. 5 

.. 5 

"65 

•51.6 
51.6 

"60 

40 
45 

75.l 

72.5 

'""' 

l.U •1,.i.~ 

.m l,uo 
1.12 l,3'70 

1.45 1,580 

1..18 7,71.0 
1.06 1,960 

l.06 1,960 

2.41 4,4.60 

2.es s,.-:> 
.24 )40 

.476 7'16 

2.96 ),)27 
.795 119) 

.6)8 695 

2.16 2,8ZJ 

.001 

·""" 
.402 )50.2 
.)97 UJ.2 

.002 

.001 
-.005 
.009 

-.001 

·""" 
.078 
.082 

.014 

in 
134 

• .252 384 

.023 4D 

.100 lSS 

.n1 1,400 

"'" 

scs 

scs 

scs 

5CS 

CE 

Cl 

scs 

C! 

5CS 

5CS 

scs 

s:s 

:E 

Y. Ul )]. ,....._. llhaw 90DW", p1;?"t.1&11J' IN• to re-.::>V&l of borrow •terW. 
j/ ¥.11~ ra1Hd 2.119 rt. in 1946. Ortg1n.al cap1;cil7 -s 28<;.6 a.c.-rt. Al.l sedi1Wllnt1t.t1on 

and 11to~ lon data based on hi.,t;her epill•y ~levatio11. 

lJI Excludes ).8 aq. mi. Kiuhsippi Rinr bottoa land. 
'if Excludes 5.8 eq. 1111. Miu1uipp1 River bott<n land. ¥ i:~7m!'~: !;)~~~· o" :1r&inage area panes thrJugh po-r dalu, which act as !lilt traps. 



DATA 
SHUT 
itU113ER 

27-7 

27-11 

27-9 

77-10 

2'7-11 

27-12 

27-1) 

}0-l 

}0-2 

J<>-7 

}0-10 

)(>-11 

J0-1s 

}0-16 

)(>-1? 

Jl-1 

Jl-2 

RESERVOIR STREAM 

SUllllARY OF 

RESERVOIR SEDPIENTATION SURVEYS llADE IN 11!E UNITED STATES THROUGH 1910 

l'IEAREST TOWN DRAINAGE AREA 
(SQUARE lllLES) 

CAPACITI OFIC ~ 
!PERIOD STORAGE AVG ANN IGHT ACCUllULATl>N ~GDICY 

SUPPLYDIG 
DAT>\ 

DATE OF IBETllEEl'I ! CAPAOTY ~A~" DRY) PEB SQ. Ill. 
SURVEY SURVEYS 1· (ACRE-FT.) l(ACllE-FT LB. PER OF l'IET DR. 

I 
(YEARS) PEii U. FT.) ABU FUR 

.----~----1. I ACRE-F"O 1-cP-DUOD-,,-,,.-,--=--l i TOTAL I l'IET . AC.-l'T TOl'IS 

"ool mo. 5&------------<!o-----------
D.l-1 - 7illbball&her-----
--do----------------P'rarW:l!n Pari& Pond------------
P'ri.tleit. Parw Pond------
----"""1o-------------
St.lplaqtl Pa- Pond----

--~------
Vlibl"lel '•"""Pond----------1o-----------
Wald h.nt Ponct------
--do-----------
ftt-2! St.nu:t.lll"• kilt. 1t1..llow 

:rMk 'llat.erahed 

E-J Mm•il*----------
--do----· ------
---do-------------

;.&Jo;.,, Bron.on--------- ------
---do---------------
P'r••-----------------
---do-------------
Bl.abon 0..--------- ----
-----1o--------· -------
~•rty ~------
---do-------------
Ou•t&hon Para Pond------
-----10--------------
Cvinner ~ll'r------------
---00----------
"'9.dsert l'&M Pond------
---<'lo--- ---------
~I ta Daa---------
----<10------------
Mil'\Oll 31.dirut n..------
---do----------
M.lrln Bellen.id Fam Pc.n<!--
----do----------
Mllt..oa WPA ?:>&....------
---<!'>-----------
llorb7 0..----------------------
P.al•~ Dut------
---do--------
Sioux Railroad ReaeT•'foir---
---do-------
"hit• Lak--------
-----do------------
&ldtlill Oa• 11~. Asht.abW,.a) _____ ,y._ ________ _ 

If~ 0.. (Pu-k River) 

--do-----------

MiH10RpJ>i 11n1"---------do--------
Trib. D. !. •til.0111 Crffik--
--do----------
---d~---------
Trib. or ~prin« C:-Mk--
--~------
Trib. of z.mbro Rher-----
----41>---------. 
trib. of Co"1" CrMlr:---
----do------·-
Tl"'ib. nt ~ ii"1"---
---<lo-------- -
Tt"ib. of Croond Crnk--
--do--------
Trlb. of loot JU 'fer---
___..,_ ______ _ 
Trib. o( E.I. VUlow Cr<Mlr: 
----00-------------dD-----------

T'wn fli'feTs--------------
---00----· -- --------
Ott•r Tail lliv•r-------
-----do----------------
Trib. or GooM Ri'fer------
----do---------------
If. Br. For•et !liver----
----do-------------
P&rlr River-----------
----do------ -------- -
Tr1b. or Wild Ric• ttiver--

----Oo-----------
9wn Sreelr.------
---do--------------
Bu.f!alo CrHic.---------
-----do--------------
R\IWI Riv•r--------
--do---------------
1'ark Rinr-------
---do-- -----
--do----------
---Oo------------
Trib. or Wild Ric• Riv.r-
---do----------
Dog Tooth .:r.a------
----<io-----------
Paril: River---------
--do-------------
Trib. or Wild Ric• River--
--do------------
3\qenne River------
----do---------
s. Br. P&rlir. Ri'fer-----
--------------

UPf'D MISSIS5!PPI RIV.DI. BASill \S'T. PAUL TO PR.l!Rl! OU '.:HID) 
WI5CONSIJ, BOOT, :H!:PPma, AHD JT. ;aou IL."Y!R B.lSIN' 1~ntinuai) 

WiAona, Minn. - Jliac.- '5Q,lQO 
---d1>--------
Pr•.ton, MiDn.----- l.Jl --------------do--------
!ed. Win&, Minn.------ l.l.M 
--do---------
Z\lllbro Palla, Minn.-- .269 
----d------
lbneT er...:, Minn.--- .231 
---do-------
MUlTill•, Minn.--- • J86 ----------
Spr1.nf GI-on, MUm.-- .194 
---do--------

P,.eet.oci, Minn.----- .436 

---------
---do--------- 3.16 
----------------de----------

l.lBl 

.261' 

.2JO 

.384 

.193 

0 43) 

J.10 

i~~ i~ 
)loy. 195'6 
l*r. 1960 
J.pr. ) 964 
May 19$8 
Jun• 1962 
iua. 1955 
,...,. 1962 
Sept. 19~ 
...,. 1962 
Ju.17 1955 
...,. 1962 
4-q. 1954 
J&n. 1962 
Oot. 1954 

JW1• 1962 
.., 1956 
Nu. 1960 
Ap:r. 1964 

UPPEJI KISSISSIPPI RIVER 8.\SIJI i!BOVE ~T. PA~lJ.) 

LUE !;.Jf'ERIOR .lJID LAYE OP' THE 'IQ)DS ARF.A. ( I'I Mlrarr.roTA) 

fl.ED RIVER Cf' !HE flJRTM BASIN 

8J"Oll90n, l'.inn.-~-----

-----tto-------------Yra•-. Kim.------------- do---------------
Blabon, H. Dak.-----
-----do------------
A.dam, N. Dak.------
---do-----------
--do--------------do------------
Owi.nner, N. Dak.-------
---do------------
iile&tland, N. Dak.---
--do-------------do----------
---do---------
Erl•, N. OU.-------
-----do-------------
Adame, N. Dak.----
--do-----------
Kilt.on, K. O&k.---
---dD-----------

439 

210 

l.219 

20.2 

3.755 

.226 

Zl. 76 

12.16 

)0.2 

l.125 

14.375 

Havana, N. Oak:.------ .181 
----~--------
Raleigh, N. OU:.---- 4.45 
---do-----------
.ldalu, N. n.k.----- 16.855 
----.io--------
K&van.a, N. Dak.---- 37.0 
----do----------
Vall•T Cit7, N. Oak.-- .!/4,138 
--dcr----------
Park R1 ver, N. Oak. -- 229 
----do--------

i..Je.5 

1.188 

14.6 

3.670 

.222 

27.76 

10.2 

1.121 

U.356 

.183 

4.45 

16.66 

2LOI! 

?Jl,9?9 

m 

3wmer 19ke 
Oct. 1950 

1926 
*7 19S2 

1935 
oJct. 19S5 

1935 
.lug. 1957 

1941 
Ma.7 19SS 

1936 
.\ug. 19SO 

1939 
Jwia 1956 

1900 
June 1956 

1912 
JWle 1956 

191.2 
Ma7 1955 

19J• 
MaJ' 1955 

1934 
Aug. 1956 

1909 
Jul,r 1956 

1911 
...,. 1955 

1938 
J.957 

n.c. 1152 
Jan. 1958 
Jan. 1953 
Mar. 1958 

"CSSCXJRI RIVER RASUi (NEBRASKA CITY ro H!RMANN) 

Lake o" the C>u.rke (Bair;n•ll Osa.p;e River------------ F.J.don, Mo.----------- 11..,0CC 13,900 F'eb. 1931 
fia•) 

------<1o--------------- ----do------ ----- -----do-----------
Arl '.:l\1nquht- ------ Trib. o! Wen Modavay River 3t&nt.on, Io------ .166 .161 
--fio----------- ----do-------------- ----do-------------

Oct. 1948 
June 1938 
.,. 1949 

3 ... 
•-1 

4.1 

6.8 

4.? ... 
7.3 

7.7 

3-83 
.t...08 

lJ 

22 

14 

"' 
l? 

"" 
lJ 

22 

I.? 

"" 
19 

5.1 

5.2 

17.8 

10.9 

~=~ 
168.7 
166.5 
164.l 
110.5 
104.56 
14.27 
13.29 
19.09 
18.04 
27.98 
21>.n 
10.50 
10.0J 
56.79 

;s.l.S 
292.2 
291.0 
287-2 

J.792 
J,1>26 

155 
lJ7.l 
130.69 
107.29 
lS0.7 
139.6 
)8.?0 
)).)6 
12.92 
10.29 
22.82 
19.10 

157.9'2 
177.4.D 

4.J.15 
35.4.D 
16.78 
H..4.7 
66.'>9 
46.19 

5.22? 
i...4.67 

175.4.7 
145.2) 
... )7 
69.16 

1,1195.6 
1,808.8 

?6,i.oo 
75,410 
J,6'° 
J.382 

2,<.lt?.223 

1,972,531 

ll•·"" 2.S9 

.474 

.JM 

·""' •.345 
•.327 
•.166 
•.155 
*.JlJ 
•.296 
•.227 
•.n.1 
•.157 
•.1so 
•.w. 
•,431 

.3/oO 

.338 

.))4 

*J.354. 
•2.753 
•.209 
•.194 
•.284 
•.245 

*2.494 
•i.986 
•.026 
*.022 
•.l,06 
•.)28 
•.045 
•.037 
*.41.2 
•.355 
*.128 
•.009 

•l.191 
*l.018 
•.925 
•.766 
•.145 
*.llJ 

.204 

.1119 

.299 

.283 
•,2Jl 
*.06) 

•65 

49.5 

"65 

•55 

51.116 

.,., .,., 

)0.94 

"' 
25 

•35 

•35 

*35 

*35 

*35 

•35 

*l5 

59 2 

49.9 

o. 51 
-•J 

1.2) 

.96 ... 

.3)1 

.... 

.11 

.)0 

.a)I! 

.029 

.98 

.0)4 

.101 

'59 

.OO?!I 

.052 

.oosa 

.1579 

.0676 

.188 

.w. 

.026 

.216'7 

.0981 

225 

?78 
656 

1,74.l 

l,JS9 

~ 

'74 

120 
))0 

25.6 

12.6 

"75 

18.~l 

76.99 

J72.6 

114.68 

51.,3 

184.3 

109.8 

18.98 

151 

192 

w 

.t.64 598 

J.87 4,20J 

c• 

SC5 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 
•<:s 

scs 

Cl 

Cl 

Cl 



t'rj 
I 

1:-.J 
c:.n 

11-J 

11-4 

Jl-5 

Jl-6 

31-7 

31..a 

31-90 

Jl-10 

31..U 

'1-12 

11-lJ 

31-U 

11-U 

11-1' 

Jl-17 

11-18 

31-19 

Jl-20a 

31-Zl 

31-22 

Jl-2) 

Jl-24 

'.11-25 

31-26 

11-27 

Jl-2fll 

31-29 

Jl-JO 

U-31 

n-12 

Jl-H 

-.,w....._ ____ _ 

Dmi ...... Co. ou o.uunc ..... 
1.-......U. ~. 3'.&t.• Lak..-

•rttn , __ Lak~----
---do---------llhd.oa LG.,..__ _____ _ 

---------___.._ _____ _ _....,__ _____ _ 
--------
l.olloOlaU..------
---4o------------------......... _____ _ 
i.a..e , .... Pond-----
I. W • ....U-----· 
ill.ort-------
---------~ 
Cmt.en1.ll• lo. a..-

I.aft or TllrM l'in~----- ........ ,.,._ ___ _ 
llPl.q ~u----------------Sotmeidw b~U---

Caz------------------
floa9J' ...__Crwtl« Jlo. A-2---

----------
Ronq cr.k lo. P-1---

Honq Creek !lo. I-1----

---'o-------~ 

llllltt !lanctt------_ ___..,_____ ___ _ 
lolt...-----

PN.iJ'i•Lak<...-------------
~-------
---do---
......... Lak•~----------------do-----------·-----------------------------· -------· 
----d~-----

Trib. or Tarid.o Crllllk-- "8..utoro. •.---

_,.... _____ _ 
a.a- .. _______ _ 
--------
lllaat..m c...------
--------
5. l"k. 0-.p lher---

C.O.r C...0-----
u.....d Trib.----

'fri.b.ot~Cnek-

Trlb. ot Tarki.o Creelc--

lod.li Cb&J"it.oa i1Ter---

._. er.-------T!i.b. or '-ba 11...,.__ 

._ ___ _ 
- '1Hl>.-------4o------

---------
Mb. or lloDmf' Cr<Mk--
--do -

-------
-----------

__ ..,_ _____ _ 
-Trih.----__..,_ ______ _ 
Trib. or Volt Ii.Yer-----Uanamd Trlb.--------------------------------
Dev Creek Trib. ot 1.-ba ------------do--------------------------------------
-~---------------

------
5ipriact1eld, llD.----------
Bl.a.1r, Kan..----

Tonpnmde, Ian•.--------...--------
Ot.t.a•, lana.------do-------
Hort.Ga, lea•.---------
------
lklllru,lana.-----------tll.&Ulli•,lan•.---

~-----
lictmmd, lana.---
-~--...... -.----
Tarkio, llo.-----------
lllwtoa, to.-

C.t.w'rlll•, Io.---
lledtoN, ,___ __ _ 

JClbn ... , lebr.---
Brock, a.br.----
JobD ... , l&eb11.---

Bl.ue lapl.da, ians.-

o..ce Ctt7, l&na.---------
1AaT8DlilO'J"th 1 Kana.---------.. ...u. ro----

------

----------------do-------------------------do-------
luMl.l, low---_________ 
--4'------
--~--------dc>---------dD------_ __.,._ ____ _ 
Jll.llm-, lana.------do-------
Hi&wt.ha, lane.--_ _..,__ 
Holt.on, l&na.----
----d~-----
l.tti.ngNm, I&na.---------
Sabetha, P:ana. -----------------------------------------do-------

~ 
Total drain&"" ar-M (a.cluaiH or cloMd D-nila l..t.ke S..ain with drainage are& of 3,940 aq. ai.). 
About 2,lSO aq Id. of the tot.al drainage ar- sho11r1. is a.ho noncontrlbutlnr;. 
"'-ter aip-p.l_y pool ea.~•dty. l•MJ"-.oir Ma v-t•r oa.p&o:it.7 at apill"9.7 crest el.-n.tion. 
Mat• d.1...t..d "'ro. Aein a!"tu June, l9JO. 
Smludi.nc u-. o" l&k:• and O.Jl Ml· Iii. abo•• stock pond. 

l.~ 

U.9 

1.1>2 

J.l'.l 

2.19 

.18 

1.15 

5.15 

6.20 

2.17 

.oo 

.509 

i..911 

2.?0 

6.15 

• ?OJ 

.u 

.188 

.Jl 

.4 

,64 

.2?11 

.355 

l.Zl.J 

.478 

,503 

.71 ... 
l.J..9 

.16 

9.17 

1.04 JulT 1939 
- ..., 1949 9.8 
u.s - 1929 -

"•• 19'0 u 
l.58 -- 1920 

J.56 

lJl..79 
.17 

7.7'> 

5.211 

•. u 

2.07 

.064 

."5 

4.82 

2.6' 

5.97 

.699 

.115 

.184 

.JO 

.4 

.63 

.274 

.)46 

1 • ..., 

.4?0 

,495 

.?O 

.42 

l.J,O 

.15 

8.99 

J- 1937 W'lO·O 
--1931 -
.... 1947 1'.l 
- l9J5 -
Aue· 19" i..o 
.... 19"' -
Oct.. 19'7 6.9 
- 1924 --
..... 1937 IJ 
,11117 19S4 17.2 
.... 1967 u.1 
..... 1913 -

-· 1939 26.4 JuiT 1932 -
Jme im 4...9 
JvJ.7 19'.9 U.l 
- 1909 -
Oat. 1"7 21 
.... 191.2 -
.... lll48 6.3 
JvJ.7 1934 -
- 1949 j/6.9 
-- 1913 -
.... 19" 25.5 

1926 -
1937 ll 

JvJ.7 1936 -
, •• 19'0 1).6 

l9S2 
1956 
1947 
1956 
19'2 
1956 

J~ 19'.6 
...... 1955 1.8 
lkr. 1944 -
...... 1955 ll.5 

-· 1936 -.... 1957 20.7 
Oot. 1956 -
Oct. 1958 2. 00 
...... 1959 .92 
Ju. 1961 1.33 
111g. im -
Oct.. 1958 1.17 
..... l9t;9 ·'' 
Ju. 1961 l.li.2 
...... 19'5 -
Oet.. 1951 2.92 
Olrt. 1959 1.00 
Ju. 1961 l.2S 
J11l7 1915 -
June 1958 2. 92 
...... 1959 l.25 
Jan. 1961 l.J) 

-· 1955 --Oct.. 1958 2.92 

-· 1959 .92 Jan. 1961 1.33 
Jo.-. 19)6 -
Sept. 1955 18.8 
..,. 1951 -
Oot. 1955 i..o 
Oct. 1947 -
Oct. 19'5 s.o 
Oct. 1949 --
Oct. t957 7.9 
Jan. .1.936 -
June 11l5l 15.5 
Aua;. 1952 1.2 
Oct. 1953 1.1 
...... 1955 l.5 
.\pr, 1956 1.0 
Apr. 1951 2.0 
Jul7 1960 2.J 

J/)l.IO 
• 1.93 

),452 
3,..,., 

159.2 

2).6 
J,916 
3,7'71 
l,899 
l,l'!O 

)J 
)0 

l,1166 
l,56J 
l,lll 
l,991.5 ,., 

2911 
721 
666 ... 
"°' 2119 

).00 

:2."" 
l/l3.7 

SU 
4'11 

l,lll 
l,
i.m 

.o:i 

860 
u .• 
10.7 
ll.37 
10.35 
10.4 
6.2) 
6.92 

··~ J/12.'9 
1.4 

ID..6 
26.l 
52.7 
52.3 
so.2 
52.2 
64.9 
6J.5 
63.3 
6).J 

184 
l8l 
17'9 
17'9 
142 
140 
lJ8 
lJ8 
106 
l~ 

l"" 104 
52.?2 
37.1'.l 

V"l.55 
5.67 

721.7 
65).l 

l/49.4 
46.3 

1,934 
l,JlO 
l,2J4 
1,2,9 
l,206 
1,205 
l,200 
1,117 

•.1)2 
•.oot 

• • .)24 

•.048 
J.'101 
).564 .,.us .,_,.,., 
•.5,, 
•.500 

"l.025 ... ,. .... , 
•.599 
•.uo 
•.106 

•.2)1 
•.lS? 
•.)03 
•.000) 

•.750 
•.744 
•.74.2 
•• ,42 
•.m 
•.?OS 
•.?06 
•.706 
•,600 
•.590 
•.584 
•.584 

"l.175 
*l.158 
•1.w 
"l.142 
•.8)3 
•.1126 
•.1118 
•.1118 

·""" ,544 
.su 
.52) 
.501 
.501 
.499 
.464 

62.5 2.9) J,9CIO - - -
"60 .SlS 7o:l 

... 4 8.511 

61.45 2.5) 

"60 >.7) 

e6C) 2.12 

62.2 1.00 
5).) .... 
58.5 ... 

49.15 .47? 

60.4 1.84 
57.6 2.u 

960 2.00 

57.4 2.u 

72., 9.66 

"60 ..... 

tl6Q 2.12 

4.58 

"65 .964 

"65 .942 

"65 5.65 

67.22 l.10 

60 .97 

"60 i..22 

66 .71 
66 .74 
66 0 

66 ).5-2 
66 .n 
66 0 

66 .T/ 
66 2.02 
66 0 

66 l.J5 
66 2.61 
66 0 

66 .85 
66 2.22 
66 0 

52.? 1.13 

68.i.J l.U 

54.J 6.12 

"60 2.4 

54,7 4.40 
5).7 7.04 
,o.o :zl-2.S> 
54.l 3.93 
55,0 .ll 
56.2 .28 
54.6 4.02 

1'.7?0 

J,316 

),5611 

J.68' 

4,060 

'·~ 12.65 

SU 

>,421 
),02) 

2,6U 

J,OlO 

15,2'° 

1,11'0 

:Z,760 

1,)65 

1,334 

8,000 

l.610 

1,267 

'>,515 

l,000 
1,100 

0 

5,100 
1,000 

0 

1,100 
2,900 

0 

l,900 
),800 

0 

l,..., 
3,200 

0 

l,297 

l,669 

7,197 

3,136 

5,.1:1'7 
6,9111> 

379 
l,7:ZC 
l,400 
J,537 

W 8-MrToir •iltM t'Ull Dec. 19)6, Cr ... t. reiud .i: ... l9l7; •Ut.ed fUll apin Dec. 19'01 
crest raised &pin Mil,)" 191.5; dlt.4d f'llll •pi.a - 1949 • .lp oomputed H 6.9 7"• 

'1f Minu.• (-) 1ndiaat.4d llOOW' or oom;act.ion ( t.r.ted as n•t.he ~). 
• E.t.U..tiMI or asamed. 

sea 

sea 

ICI 

!CS 

!CS 

sea ... 
... ... 
sea 

!CS ... 
!CS ... 
""' 
sea 
!CS 

oc.s 

oc.s 

sea 

sea ... 
... 
oc.s 

3C8 

""" 
oc.s ... 
ICS 

!CS 

ua 



DATA 
Slll!ET 
NUllBD 

n-H 
n-'6 

Jl-'.!7 

n--

31 .... 

ll-49 

n-50 

31-'n. 

Jl-'2 

11-Sl 

Jl-S4 

ll-S~ 

Jl-56 

Jl-5"1 

n-"' 

12-1 

12-2 

12-)& 

RESERVIXll 

,,.,..,.__ _____ _ 
----------
~lq P«nll-------------....,..... ______ _ 
.t.llllandR...-r"WDir----

______.,... _______ _ 
·~·C!ldC'it,rLaJt...--

-------·------..... --------,......., ------- -----
--do---------·---do--------
u.rt..~r"'91"'------_,,___ _______ _ 
LU:o llbow--------___..,__ _______ _ 
-or--------
Ce.UaMn er. "8.~ (C-l)-

--<1o--------
'Wr•N.eld-----------

~-----------do----------..,..,..,_ ______ _ 
·--
nko ea.n-.. lieMr'tOtr----
------------
Oberhelmn Pond-----
Jtict.aed l..Uoe•-----

J_.,. -~-----

Ott.a• Comlt.7 state Lan---Sh.r1.dan Coant.7 Stat• LU:.__ 

111~ lte99M'Oi1"-----------
s.n:.rd l"a1"a lleeerroi r--
--do---------
Ky_.. ~11-----

SUIOIARY OF 

RESERVOIR SEDDll!llTAT!Oli SURVEYS llADE IN THE UNITED STATES THROUGH 1!>70 

STREAll 

u.....d :'rlb.------
---do-----------1o--------------------
-~-~-----------------
8"11f17 c...-....-------
----do----~-------------dO------

1'rlb. or Bn* Cl"'lllil:-----------
Trib. ot W..*1rtgWa CPeelr;----------
------
Tr1b. at Wi&k&ruM i!ver--
--do-----------s---------
-----------
'1'?1.b. of' l'.an•• i!.T'M"--
--do----------
fl-ib. of ~ R1 .. r--
-------
Bc.rcla.r Branch>--------------
!'r!.b. ...u. n.. cnne...-
--do---------
Trib. "1k er.---------do------
Tr1.b. !tn.i&ht Creolk---

-----------------------
Bic !qar-------

Trib, of SlA Cr.tllr:--

---d~------
Trio. atll Cl"'Mk---
---4D-------
----do------
--®--------
DrJ Breach--------
~-----
'!'rib. Little Sugar--------------
--do-------
--do----------

s..nd Creek-------
--<k>-------
Saline RiYet"------
--do---------
~ Hill Rinr-----
-----<10---------
S1eU1 Creeic------
----do------------
lnd.1.a.c Ci-.elc------
---~-----
TM.b. or Little Blue R.i•er 
---do---------

NEAREST TOlrN DRAINAGE AP.EA DATE OF 
(SQUARE lllLES) SURVEY 

I 
TOT.U. I NET 

Mis.nlRI RI'IER BASIN (~RASKA ::ITY 1'C HXRKAlJ) {Cont nu«!) 

Effi.npa, lAn•.---
--do------
l.6"1'1me•. lana. -----
---do------
Fairrtew, K.uui.----
---do------
l!f'1.acMa, l&ns.--------------
A.l!lhland, Mo.--------------------------------
--dl>-----
H~U•, llD.-------------------------Lata"9DC•, Ian•.------cu.nton, 1.ane.---
ate?blAnd, !'\an•.--_....,_ ____ _ 
b..odora., lana.---
----do-------
llanhat.t.an, la.n:h---
--do------
S&tNt.ha, l&nua-----
~------
::::olmibia, Mo.-------------------------
___,~---------
Moand Cit.7, Kane.---
~------
C1.rcln11l•, Ian•. ---
---do--------
Holt.on, lans.------do--------------------
~-----
Garrett, h.n•.---
--do--------
Parlr:er, ltan•.----
-----------
Gardn•r, K&na.-----
----do------
Mgert..on, lt&ns.----
----do-------
llichaond, lans.---
---do-------
Farlinville, lana.--
---do--------
Blue Mound, ltana.---
---d.o------

.l? 

.18 

18 

1.17 

3.78 

2,728 

.334 

.119 

.61 

,2] 

.l2'i 

J.20 

.BJ 

.16 

·"' 
.2) 

1.17 

.19 

.7? 

SI 

.86 

.)8 

.9' 

.16 

.1e 

.113 

1.16 

2.633 

.117 

.58 

.22 

.122 

3,14 

.82 

.lb 

.27 

.2) 

1.16 

.19 

.69 

.50 

.84 

.J7 

.93 

J&r:. 1950 
Oct. 19';7 
Mar. 1919 
fio"I', 1950 
,,.,. 1947 
Oct. 1955 
s.pt. 1946 
A.q. 19S7 
Apr, 19)7 
NoY, 1949 
Apr, 1951 
J<J.17 1955 
June 1962 
J.U,- 1968 
Sept. 19'4 
JW.7 1964 
Oct.. 1950 
Aue. l~ 
Oct, 1949 
June 196.2 
Jan. 1950 
""' 1962 
Apr. 1937 
""' 1962 
..., 1955 
June 1962 
Spr. 1949 
Sept. 1965 
..., 1956 
Apr. 1962 
Apr, 1967 
Aug. 19c? 
AU&• 19M 
Jui1 lm 

19)6 
JulT 1967 
~t. l9S8 
Ju.JJ 196e 
P'all 1957 
July 1968 
July 1956 
JW.7 1%13 

1936 
June 1967 
JW"le 1961 
Jul7 1967 
Jul1 1~ 
S.pt. 1970 
S.pt. 1960 
Sept. 1970 

1955 
Jul1 1967 
F'eb. 1955 
Jul7 1967 

19)6 
Jul1 1967 

SllXT H!ll AHO LOWER REPUBLICAN RIVER BA.SINS 

!!r ... !_ngt.on, K.na.--- 20.47 20 . ..lli ----------
Quinter, lt&.ne.--- 491 "63 
---do--------
Kanopol!•, lta.ns.----- ..,,860 J.12,56Cl 
-----do----------
a-trice, Nebr.---- .52 . 512 
----do------------
---d<r----- .67~ .661 
--do-----------
Hubbell, Nebr.---- .175 .171 
----do------------

1929 
Apr, 1937 
Aug. 1937 
Aug. 1948 
July 191.6 
Sept. 1960 

1936 
1956 

A.~. 1947 
Ma7 1956 

1937 
1958 

PERIOD I STORAGE 
BETWEEN I CAPACITY 
SURVEYS 
(YEARS) 

7.7 

17.7 

8 ... 

11 

12.6 
1.4 
,.,3 
6.9 
6.1 

J9.8 

lJ.8 

12.67 

U.4 

?.l 

16.33 

5.9 

.25 
2 
1.9 

Jl 

9.75 

11 

12 

Jl 

10.2 

10 

12 

12 

ll 

e.o 

10.8 

14.2 

20 

e.1s 

'1 

(ACRE-FT.) 

!/'5).2 
5().86 
20.86 
19.05 

l/J.,. 
2.'2 

J.129.1) 
17.7 

""'·"" Zl2.0l 
208.14 
202.2) 
186.07 
ln.s> 
521).0 
)04.0 
32.2' 
25.55 
7.94 
6.7) 
6.'rl 
6.26 

61.19 
SJ..27 

l.f7.'2 
5.68 

206 
176 

;Vl.J.9? 
11. J2 

l,ffi.7.0"1 
1,010.8 

989.J 
974.9 
19.67 
11.06 
JB.07 
16.18 
1>4.JS 
59 .... 
31.26 
27.J 
22.8 
14.l 
6.7 
6.16 

204.J 
191.1 
u .. seJ 
11.0:l 

232.86 
222.06 
46.22 
42.87 
24.03 
17.3 

i.ocn 
930 
m 
436 

41.b,OOO 
436,320 

33.104 
llv'IOI. 
)O.j 
22.22 
8.058 
2.301 

CAPACJTY 
AVG. ANN 
INFLOW 
RATIO 
(ACRE-FT 
PEii 
ACRE-IT) 

• 10) 
.259 

.05 

.OJ 

.)9 

.J5 

.00 
• 74 
.47 
.u 
.049 
.OJ 
.OI! 
.OI! 
.607 
.568 
.061 
.045 
.68 
.65 
,25 

·"' .05 
.039 

SPEOFIC 
rrE!GlfT 
DRY) 

tLB. PER 
~U. FT.) 

86. 7 

i...m 

•60 

69 
68 ... 
69.4 
64.7 

,, .... 
56.B 

47,9 

"6.7 

56.2 

75 

50.7 

U.6 
51 
58.2 

"60 

67 

60 

""" 

•60 

66.5 

--so.a 

AYG. ANN. 
SEllm:NT 
ACClllllLA TION 
Pill SQ. lil. 
OFNETDll. 
AllA FOR 
Pt:lllODSllDWN 

AC.-FT. j TONS 

1.88 

.,. 
.90 

·"° 
1.44 

.73 

.16 

.62 
,62 

2.061 

2.686 

.•5 

.07 

1.27 

2.1) 

.58 

1.61 

t..57 
1.94 
l.J8 

.)4 

1.1~ 

1,4,7 

1.4) 

,24 

.47 

1.88 

.7? 

1.07 

.76 

·"' 

.438 

.O'>l!l 

.27 

l. 77 

1".00 

1. 566 

l,057.~ 

l,201 

1,176 

2,178 
007 
141 

1,031 
w. 

2,511 

),436 

l,~l 

73 

l,?94 

2.609 

947 

1,717 

l,555 

1,921 

1,869 

350 

614 

2,457 

993 

Jl] 

1,982 

2,217 

AG!JCCY 
SUPPLYlll 
DATA 

scs 

s:s 

.... 
scs 

scs 

SGS 

scs 

scs 

scs 

sos 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

Iii 

C! 

scs 

scs 

G 



l'rj 
I 

t-.:i 
-::J 

J2-7 

)2-1 

J2-9 

J2-lll 

)2-11 

J2-U 

J:0-1) 

J:0-14 

J2-l'la 

J2-J.6a 

J:0-17 

)a-18 

Ja-19 
,,._.., 
Ja-21 

Ja-22 

Ja.2J 

Ja-24 

Ja-25 

~ 

Ja.z"I -,_ 
)2-)0 

J>-ll , ... ,, 
Ja-JJ 

,,._,.. 
Ja-)5 

Ja-36 

)2-J"I 

Ja.)11 

J:0-39 

J>-4,0 

J:O-U 

)2-42 

3:>-43 

l:l-44 

'12-45 

Ja-411 

J>-47 

, ...... 

ru.--_ .. _ -·-,.,._ ___ _ 
-.-.1o.1---
~ ............ ~ 
-~ 
,.. __ 
~ 

i..t Cl'ellll D-1-----

·~ 

....,,__ ___ ~---
~ 

_,_ .._.,,_ ____ _ _, _______ _ 
___.., ______ _ 
hthe _, _____ _ 

"- _.., ______ _ 
......... ,..,._ ____ _ --------------..,.__,__ ___ _ 
Dnoll ~ ....... ._ ____ _ ·--,, ______ _ 
---------rt..,, _______ _ 

u.,.. _,_ ____ _ 

1-11 ------
!loll~------................ _____ _ 
11a1 • ...,. ... .,_ ____ _ 

___.,.__ _____ _ 
~~ 

TrD. ot LitU. •• at ... 

____.,.._ _____ _ 
-"""·----
bib. of LMt. c.-..11:-

Trlb. of lp:U.l..ma er..it

TrD. or 9111- tlni:r--

bill. ot Tt.lllMr C...

Trib.. oL ID.a* f...uJ.S.... 

-"""·----
....... otlDllmd

btl>. ot 1\ft<r ---

1'Ptb. ot ...,.. llUl. a ...... 

!'rib. of Drat.ch CrMlc--

Trih. of W.im 11....,..._ 

Trlb. m er.,...,.._ __ _ 

Tl'ib. Tll1"1 ----
Trib. kl.1.ne 11.......--

Tl'ib ...... ----
Tl'ib. Litt.le m____. 

bib. htfalo ~--

Trib. win. lint"---

Trib. or Volt er.---

TPib. !mq Hill ii..,.__ 

'frib. Jltrt.1-r Creelr-

Trib. a.ttalo Cr-Mk-

Trib. S..llne Kher---

Trib. lllll er..K---

'h1.b. lep:lblican li'NI'--

B•nir Cl'Mk-----
Trlb .. St.line Riftr-----------
Trib. 9->q Hill R1 ftr--
--do 
Tl"i.b. Salt Cretik---
--dD------

-------
a.,n:al.4• ..... --

Gl..ad..tone, llebr .. --------•1rsla1&. -.--

~~--

i.u.o.l.a., lana.--

aa...11, Ian.a.----------
L1noaln, tana.---

-------
--------
'11.t.a, Kalui.-----do------

Bere,luta.----

11.m, Iona.---
n.,t.oo, laM.---
m.., laaa.----
la-.rT"e, r.. .. ---
~--

c.nt.Nl.1a, lan•.-
lapabllaan Cit7, hbr. 

8"w'l¥, l&M.---
L.......,, lana.--

•o---·-....... --
Yiot.ori.a, lana.--

Drel.phoa, Ian•.---------
llluhiJlct.on, lana.--

land&ll, Ian•.----------a...- HW, lana.---------
PN.iria new, l.ana.--------
hnold, Ian•.---------
m.a.oo, lan•.---
111.nkato, lma.--

TMOOt.t, lana.--

lbl'1"D'ft1.ll.a, lta.na.

Soandia, I..na.-----P'Nnklin, liebr. ---
--do-----
Coll-..r, Kana.---__ .. , ____ _ 
llcCrackm, Ians. ----------
~. Ians.----
--do------

l/ 111atw ll:lpp.l.Jr p:tOl. CAp&eiQ', lleeerw>ir has greater capacity at ap.111'111.1 crest eleqtion. 
Y !:ml.t. ooa.Mrq,t1on pool area and terraced ar-. or watershed. 

.1oe 

.J06 

.422 

.102 

.292 

.216 

.191 

1.20 

.97 

1.56 

1.0 

20,75) 

.22 

.222 

.16 

.125 

.35 

.156 

.Zll 

.1211 

.560 

.64 

.99 

1.84 

1.39 

i.m 

i.oe 

1.20 

.S9 

1.77 

l.Jl 

.9'.l 

l.OJ 

.77 

.85 

.72 

.85 

2.16 

6.15 

2.43 

.90 

.103 

.J02 

·""" 
.m 
.211) 

.212 

.187 

1.19 

·"" 
1.52 

l.O 

.21 

.220 

.15 

.120 

.)4 

.152 

.206 

.127 

,544 

..63 

9,m 

.96 

l."3 

1.27 

.26 

.92 

1.16 

SI 

l.4l 

1.1 

.92 

.57 

.n 

.a2 

.65 ... 
2.08 

6.12 

.91 

.80 

1945 
1958 1,.. 
1958 
1913 
1958 
U99 

"" 19'6 
1956 
t9'6 
1958 
1950 
1958 
19'6 
1958 

.... 19'6 
-.1955 
-.19"7 
Sept. 1955 
JM.. 19'7 
'"17 1962 
- 1953 Jel7 1962 
s.pt.. 19l0 
,..,. 1962 

-· 195) 
'"'• 1962 J"17 1956 
... 1962 
J'CllM 1956 
... 1962 
•"17 1958 

- 19'2 ,,_ 19" 
,,_ 1962 
•"17 1950 
,, ... 1962 
.... 1954 
,_ 1962 
Oot. 19S4 
,..,. 1962 
Oot. 1953 
... 1962 
Jul7 1951 
Sept. 1962 

-· 1952 ...... 1965 
Oat.. 19S7 
Aue. 1970 
Oot. 1960 
.Jane 19?0 
Dec. 1956 
JalJ' 19'70 
O.o. 1956 
,_ 19'70 
..... 1956 
JQM 1970 
.... 1953 
Jan• 19?0 
Dec. 1960 
J11l.7 1970 
lo•. 1954 
JulJ 19'70 
Dec. 1944 
lug. 19'70 
.,.,.. 1960 
June 1970 
Sept. 1950 
June 197'0 
Apr. 1952 
...... 1970 
Oot. 1960 
June 1970 
Jul7 1932 
Jul.7 1970 
Jul7 1951 
Jul7 1970 
Apr. 1961 
1ua. 1970 
Mar. 1955 
Jul7 1970 
Mar. 1964 
Jul.7 1970 

lJ 

10 

1.5 

57 

10 

12 

12 

19 

5,5 

9.l 

11.8 

8.75 

5.s 

5.9 

3.8 

12 

7.6 

7.75 

8,6 

11.25 

13.6 

12.a 

9.7 

13.6 

13.5 

l].3 

17 

9.6 

15. 7 

25.7 

9.6 

19.8 

18.2 

9.7 

38 

19 

9,3 

15.3 

6.3 

Ul,6116 
1),852 

5,91.3 
).6U 
9.806 
5.1'1'/ 

?l>.7 
)0.8 
9.6? 
a.06 
S.l8'1 
),7)5 
9.9)4 
5,574 

12.274 
6.522 

U.6 
~.6 
22.5 
16.l 

j/92."3 
86.6? 

"/,/47.?J 
39.44 

l/9.51 
a.as 

1/16.65 
15.~ 

)/15.29 
14.14 

}/8.16 
5 .... 

"/,/27.)0 
2S.4' 

.1/111.51 
9.68 

11.78 
5.16 
1.78 
l.47 ..... 
2.n 

;/11,.rn 
65.)4 

850,000 
837,9CX> 

.1/11.9 
60.9 
32 
24.59 

122.5 
116 

59.66 
5'>.9'.l 

108.ll 
99.11 
84.033 
71!.19 
22.68 
U.51 

104.86 
10'.l.17 
100 

91 
~.42 
21.25 
47.3 
45.3 
91.9 
88.4 

152.4 
1.\6.) 
39.2 
35,8 
2".l.15 
8.12 

126.72 
95.86 
90.6 
79.4 
96."3 
91.55 
81.5 
79.4 

J/ 7 ,860 prior to closure o! Cedar Blurr DPl Sept. 1950. 
• Est1-ted or assuaed. 

."35 

.JU 

.466 

.)56 
1.003 

.951 
1.055 
1.02 
.m 
."62 
.395 
.36 

·" .195 
.855 
.846 

1.68 
1.54 

.55'> 

.506 
,453 
,431 

1.27'1 
1.194 
1.868 
1.784 

.319 

.291 

.193 

.cna 

.95'7 

.726 

.368 

:m 
.614 
.653 
.635 

.. 5 

.. 5 

"65 

"'Ill 

.. 5 

.. 5 

"65 

"65 --•7.l 

61.2 -70.6 

I0.9 

6).6 

59 •• 

75.6 

62.9 

55.7 

n.• 
5).2 

72 ..,. 
"'15 ---"'15 

<65 

"'15 

"65 

*90 

"65 

*65 

•55 

*70 

"70 

"65 

"65 

"65 -

l.44 

2.56 

.l)? 

1.66 

1.58 

.527 

2.52) 

2.508 

.79 

.u 

.69 

.90 

.48 

.7) 

l.J) 

).2; 

'·"" 
.92 

2.6? 

.Jl 

.51 

1.62 

.116 ... 

.32 

.53 

.77 

.12 

.51 

1.15 

.12 

.52 

.09 

.36 

.25 

·"' 
.53 

.)8 

.78 

.20 

.38 

.42 

4,ll?O 

),624 . .,, 
2,Sll 

2,2)7 

7"6 

l,5'72 

J,551 

1,0)2 

l,Ol5 

708 

1,200 

627 

1,122: 

2,)44 

4,500 

l,8'l 

1,51.S 

3,6'8 

376 

593 

1,878 

lJl2 

1,)17 

5~ 

92) 

1,004 

947 

1131 

1,6)2 

204 

7)) 

158 

WI 

348 

492 

811 

575 

1,106 

m 
53? 

'"" 

;cs 

scs 

scs 
scs 

scs 
Joa 

scs 

scs 
scs 

scs 

scs 

scs 

scs 

scs 

scs 
scs 

scs ... 
scs 

scs 

scs 

scs 

Cl 

scs 

scs 

scs 

scs 

SC8 

SC8 

scs 
scs 

SC8 

SC8 

scs 
scs 

scs 
SC8 

scs 

scs 

scs 

3CS 

scs 



1-rj 
I 

l'V 
(X; 

DATA 
SBl!IT 
llUllBER 

:12-49 

~"' 
12-Sl 

)~ 

~5) 

)2-54 

))-1 

))-2 

,,_,.. 

n-1,a 
))-Sa 

J)-6 

n-1 

n
J)-9 

J)-10 

n-u 
'\).12 

lJ-lJ 

))-14 

)4-1 

"14-2 

, ..... )d 

-

RESERVOIR 

,,,_ ,._._ _____ _ 
_____,,,,______ ____ _ 
Sn?C!lla• Pond------___..,_ _______ _ 
Setnu-le ~----

Vala Pmd-------
w..iaorr ...,._ ___ _ 

R ..... ~ Cit.J' Len,------------

v..i1n..t.-------____,.__ _____ _ 
LooMl&rt. F&l""'t Poedd---

Har!T Strunk Lake ( llildicine 
c .... n..l 

----------
'1..,...tn lle'""'°t.r-----___,.,_ ______ _ 
Gallatin le84T"TOir----
--<1o---------
nei.n Reee;nt;1ir-----__ ,.,_ -----------~--------to----------
a.1°"<1.1 t. Stock Pord------------
Do.babe Por.d,------· 

1riek1'Y Pond------

-00 

St"""' Pond------__ ,.,__ _______ _ 
F'~Pa:rker ~l W' lhed--_______ 
~ St.oek Pond--------------

C.st.l~d-------·------do--------
tftlft'!lMJ' lieae'l"'\'01r----
---io------------
-----io-----------
----'ki-----------------
----io-------------1.o--------------1\o-------------
---tl.~------- --
--....io--------_ _,,.,__ _________ _ ____________ 
Lake ChM~------

SUIOlARY OF 

RESERVOIR SEDOO!llTATION SURVEYS IAD! 111 '111E UNITED STATES 11!ROU(JI llnO 

I I I I PERIOD STORAGE 
I ttn~ nil~- -·~-• I™""~ ~~n I (SQUARE lllL!S) SURVEY SURVEYS (ACllE-i'T.) 
I (YEARS) 

I : I TO~_!!__j__. l .I 

'frlb. S. P. Solomon ai...,.._ 

Tl1.b. Boeo CrMk----

-~dD--------
Trib. Mall C1'Nk---------
1'!'1b. 5&11.IW lher----

Mb. Pin er..lr------------'-' c....-------do--------

~ HILL illD 1QtljQ SSPUEl.ICil arvg 84.SiiiS (.::.onti.mMd.) 

Morland. l&n•.---
llllnd•. laas.---

Gree. lans.----
---do-------
Qsallah. Ian•~-----------
~Till•, Ian•.-
----------
9erincton, la.n•.---

2.5) 

:.61 

,73 

J.93 

.61 

17.~ 

2.32 

1.61 

.67 

J,8 

,59 

lh,9) 

Mar. 19S4 
.... 19'>0 
Jd7 19'4 
,,.,,. 19?0 
.... 1960 
.lune 19?0 
Au.g. 145e 
Aq. 1970 
.Jme 19$1. 
,,.,,. 19'1'0 
""T 1922 
""T 1966 

16.A. 

16 

9.6 

u 

16.l 

... 
UPPER RIRl&LICAll, lllETH PLA.TTI, RIYll. 8&SDS {PT. UJWCIK TO llCRTH PU.Tn.) 

JJll> nmt' PUT'ft IUYli. BASii ( :IJBl.BTTI TO ..-nt PU.'!'ft) 

!llodicim Creek--------------
Trib. or 1, f'l.att• 11..,._ --------
ltedieine CJ"Mk----

---------------
T'rib. ot &..publican lhei-

Trlb, or Bea..-.,. Creek----do-------Trib. or 8epibl.1CAl'I Rh..,.... -------
Trlb. of Eut Curtis C"'9k 
-----------,........,__ _____ _ 
!rib, 8-YU>Cr-eek--------------
Trib, S..PJa Creek--

<>---
Trit:i, Beanr Cre:•----

Trib • .JonH ~ Creiek---Willow Ct'elllk------
---do-------
Sedpwi.ck Dre---------------

W.lln..t, llebr.--------Gerlnt:. l.ttr.----------
C..O.ridp, ----

--do------
S..rt.ler, lebr.---
---do-----
~ .. Serbr.------------
McCook, Nebr.---
-- ---
Mooreti-1.d, llebr. ----
----de-------
--~-----
Julesburg, Colo.--
--do------
J.ttft>Od, lan•.------<1----
Norca.t.w- 1 la."ls.---
---do--------
At1lllOOd. 0 ~11.------------
Mc.Don&ld, W1.~----------
Caetle Rocle, Colo.---
----do--------
Lodgepole, Kebr,--
--d<>------

l/15.00 

l/2.;64 

656 

,j()O 

3-"4 

l.59 

•.si6 

.72 

l,U 

J.32 

4-78 

.83 

7.6 

1.5 

U.89 Oct. 19'.ll 
""T lm 

2.5~ J..~. 1939 
JQly 1952 

653 J..q. 1949 

Oet. 1951 
D.c. 1962 

.497 - 19'.0 
- 1956 

J.09 Apr. 1911.6 
...... 1956 

1.57 - 1936 
-- 1956 

• 51 Jqn" 1949 
Jtll.7 19~) 
Jun• 19S8 

.11 Oct. 1950 

'°"'· 195? 
1.4 "°"'· 191.e 

A.q. 1970 
J.28 Dec. 19S8 

Jal.7 19"?0 
... 77 Oct. 1941 

Aq. 1970 
.82 Moy. 1958 

Jul.7 19?0 
7.57 June 196) 

Ju.. 1967 
1.5 -- 1952 

D.c. 1967 

5.6 

12.9 

2.16 
ll.l? 

16 

10.4 

2C 

4 
4.9 

21.8 

ll.6 

21.8 

ll.7 

15 

lk)RTH PU.TT! RIVIR BA.SDI (.\BOVE FT. UJWUE) ~U'Mt PLJ.T'TBR RIVml BA.Sill (AIK)YE SUBLET'T'I) 

Cherry Creeit------
--do--------
-----<io-------
--do---------------
liorUI Platt• Rinr-----
-do------------rto---------
--<lo--------------do----------
----<io----------
--<io----------------dn-------------do---------------do---------
--~-----------
Soutn. Platte R, &.nd Go')()~• 

or Lost Parll :r, 

O.,,.cr, ~o.----- 167,2 
--·~----- --
-~---- 381 --do------
---------
°'2ern..,., W,.---- l5.0Cl4 
--do---------dO------
---do--------------tio--------------do-----------dc--------do--------
~----
----<"lo----------
--!jo---------
Decller!l 1 Colo.----- 1,766 

166.9 

)86 

675 

1,460 

1"90 
lflug:. 193) 

Mar. 1916 
June 19Ja 
JW1• 19)9 
Peb. l':l'Z7 
Jan. l','11 
J&n. 1933 
Jan. 1935 
P.ti, 193?' 
, .. _ 1939 
Jen. 1941 
Jen. 1944 
Jul7 1947 
Ju."141 19'i7 

-- 1966 Oct. 1900 

4) 

2.25 
1,00 

J.8) 
2.00 
2.00 
2.10 
2.00 
2.00 
J.00 
3-50 
9.92 
9,40 

))2 .. 12 
307,5 
u.~ 
6,8 

127.1 
12).J 
69.)2 
6).64 
:19.05 ,.,,,, 

2,lllO 
l,U.S 

519 
w. 
15.64 

t! .. 8) 

92,817 

90,920 
89,66) 

9.71 
4-89 

U9.5 
)8'.1.6 
106.2 

56.0 
ll.00 
10.10 
9.12 

22.12 
20.69 
18.19 

9,74 
72."" 
6).17 
20,96 
lJ,02 

111,25 
102.m. 
J87 
)37-4 
n.61! 
2).89 

3,834 
),126 
9,802 
9,no 
9,424 

73,810 
67,840 
65,050 
62,9'0 
60,930 
58,4)0 
56,600 
5),180 
49,150 
44,800 

.!./45,228 
79,064 

------- --~------ ---1o------- ,,..._ 19)1 Jl 77 ,958 

CAPAcrrY 
AVG. ANll 
INFLO'I 
RATIO 
(ACll-FT. 
PEB 
ACllE-Ff) 

J.S19 
J.271 
-"'8 
.0)0 

l.<ll!I! 
1.05) 

,)89 
,)57 
.J)l 
.:ne 
.68 
,45 

.229 

.129 
1-691 

1-656 
1.615 

.968 
-5U 
,68) 
-596 
.J29 
.215 

10,053 
9.rn~ 

•1.92 
*1.67 

l.>O 
1.04 

:m7 
,586 

'65 

""" --"65 

""" 

... 5 

57.J 

n .• 
70.l 

""" 
"70 

"70 

75.6 

00.4 

"70 

...,, 
"70 

"10 

..,, 

7",5 

75.6 

60.7 
S4 

"70 

AVG. AllN. 
~ 
ACCUD.ATllll 
PEil SQ. .... 
OFllETm. 
AIM JOI 
!'l:lllOD SllOlrl 

AC.-l'T. I TOllS 

0.6, 

.... 
·" 
-12 

,,.. 
.96 

.66 

.206 

1,)4 
.)1 

.602 

1.18 

1-58 

.447 

.)92 

.211 

_,. 
_,. 
.07 

.96 

1.6 

.17 

,099 

.106 

.?U 

.:II 

.26 

.20 
,18 
,2) 
.17 
.21 
.21 
.10) 

.025 

917 

J6l 

7'7 

lh2 

680 

l,"63 

934 

257 

2,094 
4.7~ 

918 

l,800 

2,409 

645 

490 

422 

320 

105 

1,467 

= 

167 

175 
l,220 

..., 
107 

J7,2 

MllllfCY 
Sll'P!..YlllG 
DATA 

scs 
scs 

""" 
!CS 

""" 
""" 

sea 

""" 
Ill 

""" 
""" 
~ ... 
""" 
scs 

""" 
scs 

sco 

scs 

scs 

scs 

scs .. 

Ill 



1 1 I I I I I I I 

ltl~l I l!l!IJl~l~l I 

1~1a1~.~1~.~,~,~.~ 

l~lil 1 lfltlflf lfl 1 

I I a I I I I I I I I I I I I I I I I I I I 1 I 

1!1~1~1~1!1!1~~1~1~1!1~!~1~~1!1!1~~,~~l~,1~~1~~1~~1~13~1!1~ 

1 ~ ~ t ~ ~ ~~ R ~ ~ =•t S1 ~ ~ I~ a .. •~ 81 ~~ M~ ~$ ~~ ~ ~ 
1•1o!1J1.;1.11.t1""'1"1~1•1"""1J .. 1"1"'1..1.r,J~1·~1.;~1.tJ1•~1~~1~"'1 1' 

• " " , ~ ~ •• , " ~ ·~· ~o • ~ "~ •~ ~~ ~~ ,~ •~ ,~ ~~ 
1'1~1i1s1~1~1~~111~1~1~1~1i~1i1i1~d1,~1s~1ii1$~1t'1~~1d~1&1f 

F-29 

I 
1 
I 



1-zj 
I 

C'-' 
0 

DATA 
SHEET 
NUllBF.R 

35-25 

35-26 

35-27 

35-28 

JS-29 

JS-JOa 

JS-Jl 

J5-J2 

~~3J 

JS-lJ. 

JS-35 

JS-J6 

3~37& 

1'•-3'1 

JS-Jq 

35-40 

35-41 

JS-42 

JS-43 

35-44 

3S-45b 

J'Hobb 

JS-47b 

RESERVOIR 

HOW9 farm Pont-----

Rusiclra Far. Pond---

Breti.n- ReseM0•1r-----
---do---------
Cook """"""ir------
~ Resenoir No. 1-

~raon Re8ftr'ftJ1r llo. 2-

I~n fleeenoir No. 3--
---d!o--------
Ira.M Beseno•ll'------

L,,.., l!eoeroo1r-

Wiebuer Reaenoir·----
---<to--------
o·Brl~ i:iesenio1r----
__,,,o------
0•1em ReserYOir·----

Pi.ckrell Reservoir No. 1--

Pidcrell Resenoi.r Ro. 2--

Pickrell Reserwoir No. 3--

Pickrell Reserwoi'r No. 4--
----oio--------
Pollard lleaerYOir-----

Ross FaJ"'ltl Re~rmir-
---do---
Rowber Reservo•ir-----
---do---------
Mule Greek "A"'-----
--<10------
---do------------
----<lo--------
--to--------
---<lo---------
--do--------
---do-----------
--<lo-----------· 
-----<lo---------
---1o --------------
--<lo------
Jitle Creek "B•-----
---io-------
---do--------
----d<r----------

--do------·----
---dlo--------
--do-------
--'14>-------------
---do----------
--d~---

--<lo----------
Mule Creek "C"·-----
--<io----------
---------

SUMMARY OF 

RESERVOIR SEDIMENTATION SURVEYS MADE IN THE Ul\1TED STATES THROUGH 1970 

I 
! CAPACITY 

PERIOD I STORAGE AVG. ANN. 

STREAM NEAREST TOWN DRAIN AGE AREA DATE OF BETWEEN i CAPACITY ~NA~W 
(SQUARE MILES) SURVEY SURVEYS I (ACRE-FT.) (ACRE-FT 

I 
(YEARS) I I PER 

ACRfrF"n 

' TOTAL T NET 

KIS3ClJRl RIVER BASIN (A3C'.'~ BLAIR 10 NEBRJ.5KA _;:;:T!) PLATTE R.:;:'IT.R BAS.:N 1,E.2J..()\rrj NOPTI-! PLA':"I'E) ('..:on?_inued.) 

Trib. of Dead Horse Creek-
---do-------
Trib. or Oa.k Creek-----
--do---------

----Trlb. of L. •~ River--
----dl'.I ---
Trib. or Papill 1on Crt!ek--
---<to---------
Turkf!l7 Creek-----
--do--------__ ..,___ _____ _ 
----------
--do----
Pap:llliml Creek----
--do-----
Unnamed------
--~----
Trib. of L. Nemlha River-

South Cedar '.;reek----

---do-----~--
Trib. of L. lfe!Siha River-
-do------
Russell '.;reek-----
---<k>------

---------
--d --

--·~------

---
Weeping Water Creek:--
---1o-------
JI. Fork Little Fox River-
--do 
Long CreeK-----
--do--------·-
Trib. of Nishnabotna River 
-------------
---do-----------
--do---------
--<lo--------
--r\o--------

---do-------
---1o-------------
---rio-----------
---do----------
----do------------
--do----------
--do------------
----d~-------
---d~--------

--do------------
--00-------------
--'io------------
----do-----------
--do------------
--do-----------
--do----------
--00---------
--do--------------

--do--------
--- --do--------
--do-----------

Loup -=:ity, \ebr.----
----do----------
Farwell, Nebr.------

----do-----------
Ounb.ar, Nebr.-----
----do--------h----
Arlington, '\ii>l">r.------
--r\o-------
~uisville, Nebr.--
--do--------
---do--------
--do-----------
-----do------------
---do---------
Elkhorn, Nebr.---
---do-------------
Dougla. s • Nebr.-------
---do-----------
Dunbar, Nebr.----
---10-------------
Manley, Nebr.-----
~--r.o--~------
Syracuse, Nebr.---
----io--------
Unadilla, Nebr.-----
---io-----------
----10-----------
-----'10-----------
----do------------
----do------------
----10--------
Neha'otka, Nebr.----
---10--------
Otoe, Nebr.--------
---<io---------
Fort GL!ooun, Nebr.--
----10-----------
Malvern, Iowa------

---do--------------
-- -- le-------------

----do------------

----do--------------

-----'1o--------------
-----1C' 

---~o--------------

---10--------------

1.80 

.)58 

,27 

.184 

.3'11 

.211 

.074 

.335 

.80 

.261 

.16) 

.417 

.140 

• 336 

.102 

.088 

.114 

.100 

.077 

.JO 

.lP~ 

.383 

QI .916 

1. 79 Aug. 1948 
Aug. 1953 

.JC,4 Aug. 1949 
Aug. 1953 

.26 Aug. 1949 
Aug. 1953 

.lRO 1952 
-- 1957 

.JSJ - 1934 
1957 

.209 -- 1952 
-- 1957 

.07) -- 1952 
- 1957 

• 1 31 - 1954 
-- 1957 

.779 - 1916 
- 1957 

.257 -- 1946 
-- 1957 

.158 -- 1949 
-- 1957 

.412 - iq37 
-- 19'7 

.130 - 1936 
-- iq.;7 

• 326 -- 1'149 
1957 

.100 - 1954 
-- 1957 

.086 -- 1939 
19~7 

.113 - 1934 
-- 1957 

.09Q -- 193t 
-- 19~7 

.0'74 -- 1948 
-- 1957 

.298 -- 191...9 
-- 1957 

.177 Jiily 1954 
Oct. 1956 
Sept. 1957 
Oct. 1958 
Jan. 1960 
De:::. 19~r 
Feb. 1962 
Jan. 1963 
Jan. 1964 
~'an. 1965 
Jan. 1966 
Jan. 1967 
Jan. 1968 
Mar. 1969 

.)' S Aug. 191;.4 
Oct. 19~6 
Sept. 1957 
Oct. 195A 
Jan. 1060 
Dec. 19';\ 
Feb. 1962 
Jan. 1963 
Jan. 19l4 
Jan. 19'J5 
Jan. 1%6 
Aug. l96b 
June 1969 

.)2) July 1954 
Oct. 1956 
Sept. 1957 

2) 

21 

11 

20 

21 

18 

2) 

21 

2.)3 
.92 

l.G? 
1. )) 

.92 
.l/1.00 

.92 
1.00 
1.00 
1.00 
1.00 
1.00 
1.17 

2.17 
.92 

1.08 
1.13 

.92 
1/1. JEI: 

.9' 
1.00 
1.00 
1.00 

.58 
2.75 

2.JJ 
.92 

15.6 
lJ.9 
15.40 
14.39 
30.74 
28.0J 
11.78 

9.93 
29.4 
21.1 
12.17 

10.19 
.72 
.19 

18.73 
17.01 
61.5 
1.1.2 
12.8 
4.JJ 

14.48 
10.92 
22.09 
7. 28 

)5.69 
23.98 
35.76 
32. 35 
3.18 
2.96 
5.04 
1.40 
2.JO 
l.60 
7.63 
4.38 
a.12 
6. 71 

12. 7 
4.1.2. 

43.9 
42,0 
40.? 
39.6 
38.9 
J6. 5 
36.0 
34. 7 

.!/35. 54 
34. 45 
31.97 
32.81 
JO.PB 
31.37 
55.3 
52.6 
51.8 
50.J 
47.6 
47.l 
45.1 
4J. 5 
44,6 
42. 7 
36. 5 
39.89 
40. 069 
76.2 
7).8 
69.1 

•.163 
*.145 
*.81.1 
*.757 

*2.135 
*l.947 

*l.109 
*1.061 
*l.015 
*l.()(X) 
*.982 
•.922 
•.909 
*.876 
*.897 
*.870 
*.807 

.828 

.780 

.792 
*.684 
•.651 
* .. 641 
*.623 
•.589 
*.583 
*.558 
*.538 
*.552. 
*.528 
*.452 

.494 

.50 

lsPECTFIC 
AYG. ANN. 
SEllDIENT 

!WEIGHT ACCUllULA TION 
DRY) PER SQ. MI. 

(LB. PER OF NET DR. 

icU. FT.) AREA FOR 
PElllOD SHOWN 

AC.-FT. I TONS 

*65 

<t,5 

*65 

*65 

*65 

*65 

*65 

*65 

•65 

"65 

*{;5 

*65 

•65 

*£5 

"65 

<t,5 

*65 

*65 

•65 

*65 

7).4 
7).4 
72.J 
58.7 
60.J 

!J60.J 
69.5 

!J60.J 
!J60.J 
y60.J 
!J60.J 
1,/60.J 
2/75.5 

.20 

.71 

2.62 

2.01 

,q21 

l.8q 

1.43 

l.71 

2.9'> 

2.93 

2..72 

i.n 
4.29 

1.27 

.725 

2.31 

.272 

1.55 

2.04 

J.5? 

4.6) 
11.40 

J.1.1 
2.99 

14.50 
2.qq 
7.85 

J./-4.66 
6.20 

l).qq 
!J-6.22 

10.'11 
J./-2.372 

72.6 J.31 
69.5 2.55 
59.2 J.64 
67.2 5.52 
55.J 1.55 

l/55.J 5.11 
62.1 4. 73 
<l.8 J./-2.SB 
51.B 4 .. 92 
51.8 16.'11 
51.8 J./-15.704 

:;/71.64 J./-.298 

5J.9 J.28 
66.1 15.50 

28) 

1,005 

J,?09 

2,846 

1,304 

2,676 

2,024 

2,421 

4.2T3 

4,148 

3,851 

2,506 

6,r:m 

1, 7'18 

i.026 

J,270 

)85 

2.194 

2,888 

5,054 

?,400 
18,200 

4,900 
3,800 

19.000 
3,%0 

ll,BPO 

i:t,140 
18,)70 

14,328 

5,200 
3.9CX> 
4,700 
s.100 
1,900 
6,150 
6,400 

5.550 
19.000 

J,900 
22,300 

AGDfCY 
SUPPLYill 
DATA 

scs 

s::.s 

'lCS 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

JCS 

I 
G 



1-rj 
I 
~ 
~ 

)Hol!b 

n-•9b 

15-50 

15-51 

15-5> 

35-53 

35-54 

36-1 

)6-:1.a 

36-J 

36-4 

36-5 

~ 

36-7 

36-8 

Mil• Cl-eel' "P-'-----

~ 

~- Creek "R:•·-----

~-----

--<lo-------

tiles llallace P,PQI,..,.,__ __ _ 

--~-----
c.;,.1 e "1ller PCJnd--.--

1:..-th 5-i.th Pond--

llQ'ne Bartle!! Pond---
---<lo--------
Oak-'ttddle Creek -.tertllb.ed. 

Site 67-4 

Split Rock-------
---------
:. A. st.Ues------
-----io-·-----------do---------
-----do--------
f'a.rimre' Ditch Old 
Deailt~ Basin 

St.runkP&r"llPOlld-----

Broder!!IOn Flll"'ll. Pond---

--do--------
Masters 0UDel" Resenoir--
--'lo--------
--<lo---------
llepper Main------

--~o--------

llepper Soa:thW:,st-----

---------

--------------------
------------
--do---------

TM.b. or 1'11• Ck"e'ek--

---dC>-------

--~--------

------------------

ltl~I 
~~[~f~~ 

~~----

----------do------------
---------- -----::0-------------

-----10------------------------- ---do--------------------- --10---------__ ,.,__ ____ _ ------:!o--------------
-·-----· ----do------------------------- --do----------

--do--------------------- -----do----------
---do----------

--------- ---do-------------P.l..att..,__ _____ _ 
Cozad, Nebr.------------- ----do--------------<lo--------- ---do-----------

--do----~--- ---do-------------
----1.0-------------

-------- ----do-------------------- -----<to------------------ ----10-------------
Borth Platte--------- Dwiglit, Nebr.-----

--------------- -----de---------------

.063 

.819 

.81 

.94 

.49 

1.13 

.89 

.cu 

• '% 

.81 

.94 

.49 

l.lJ 

.89 

_..._958 
Jan. 1960 
Dec. 1960 
~eb. 1962 
Jan. 1961 
Jan. 1964 
Jan. 1965 
Mar. 1969 
Oct. 1955 
NoT, 195b 
Sept. 1957 
Sept. 1958 
Jan. 1960 
Dec. 1960 
Feb, 1962 
Jan, 1963 
Jan, 1964 
Jan, 1965 
Jar., 1%6 
Jan. 196? 
Jan. 1968 
:c'eb. 1969 
Oct. 19<:;5 
Oct. 1956 
Sept. 1957 
Sept. 1958 
Jan. 1%0 
Dec. 1960 
Feb. 1962 
Jan. 1963 
Jan. 1964 
Jan. 1965 
Jan. 1966 
':'eb. 1969 
-- 1939 
Sep':. 1964 
-- 1941! 
Sept. 1964 
-- 1940 
Oct. 1964 
- 1940 
Oct. 1%4 
Jan. 1958 

Dec. 1964 

i.oe 
l. JJ 

.92 
111.00 

.92 
1.00 
LOO 
4.11 

l.')8 
.83 

1.00 
1,D 

.9> 
1.17 
.n 

1.00 
1.00 
l.'.Xl 
LO 
1.0 
l.Ge 

1.00 
.9' 

l.CC 
l.33 

.92 
1.17 

.92 
LOO 
1.00 
1.00 
LOB 

25 

16 

24 

21. 

RIVER BASIN (:HOBRARA ~ ABOVE BLAIR) JAMES AND BIG s:cuX RIVE? BASINS 
Trib. or Big Sioux Rher- I'tl_en, 14inn.------ 41.3 41.1 July 1918 

<»---------- ----·1o------------ -- - JunP. 1940 10.9 anna-d---------- M.shta, Iowa.------- . J93 .572 Dec. 1040 -
-do-------- ---io-------------- -- -- Mar. 1949 8.3 
---------- --'10--------------- -- - ~~t. 1950 1.5 
--------- -----10------------- Feb. 19~3 .J.4 
Farmers' Ditch---- Bronson, Iowa-------- 22.9 21.4 Apr. 1941 

~--------
Trib. of Gla7 Creek----
-do-----------
-do-----------
----d~------------

Unna.ed-------------------do--------
---do-----------

-------------
--1o----------
--do----------
~-------
---d~-------

--------

-----io-------------
Mayf1el i, S. Dak.----
----rl.o-------------
Volin, s. Dak.-------
-----10-------------
Mapleton, Iowa-------
----rto---------------
---do---------------
----rlo------------
-----"\f}--------------
-----'10---------------
---io---------------
----10------------
-----".!0------------
-----do---------
-----rl.0---------------
-----do--------------
----do--------------

.40B 

2.46 

.178 

.196 

.075 

.4f'"' 

2.45 

.169 

.186 

.069 

Feb. 191..5 
July 1947 
J•J.ly 1953 
July 1951 
July 1953 
Dec. 1949 
Sept, 1950 
Aug. 1951 
Apr. 1952 
Nov. 1952 
Mar. 1949 
July 1950 
July 1Q51 
Nov. 1952 
Mar. 1949 
Aug, 1950 
Aug, 1951 
Nov. 1952 

).~ 

. 79 

.87 

.7) 

.60 

1.37 
1.01 
l.Jl 

l.U 
.9S 

1.30 

§/ Incluctes '.lp9tream structures. 

67.~ 
o-6.9 
to4.9 
l.4.l 
cl,b 
OJ. 59 
59.88 
57.58 
19.4 
18.6 
17. 7 
17.6 
17.1 
16.J 
16.l 
15,4 

14.7 
13." 
14.361 
lJ.793 
13. 751 

10) 
lOO 
??.4 
'17.> 
94.6 
9).2 
90.8 
88.7 

eo.o 
80.5 
73.867 

1/J..61 
.n 

16.18 
1).06 

5.9'7 
4.99 

15.7 
12. 7 

175.7 

140.0 

A99.0 
692.1 
78.0 
70.7 
69.1 
67. 7 

ij/674 

275 
4.09 
'.)7 

25.19 
20.10 
37.95 

V38.20 
35.25 
34.AO 
14.Bo 
38.l 
J?.8 
)4.4 
)4.4 
S.45 
8.45 
7.8S 
7,P8 

*l.4?0 
•l.409 
•1.341 
*1.333 
*l.295 
•1.235 
•1.220 
*1.167 

*l.114 
*l.OJ8 
1.088 
1.045 
1.042 
•.595 
•.578 
*.563 
•.Sb> 
*.547 
*.5.39 
•.525 
•.513 

*.497 
•,465 

.423 

•.314 
•.w 
*.394 
•,347 
*.335 
*.326 
•.178 

4 .073 
•.157 
•.129 
•.160 
*.128 
*.949 
*.955 
•.881 
"'.870 
•.870 
•.866 
•.859 
*.782 
•.?82 
*.4Cf7 
*.4Cf7 
•.464 
•.464 

59-8 J.90 
61.9 1.98 
55.> 6.69 

Y55-> 2.60 
58.0 8.U 
57.8 i,/-f..19 
65.44 11.49 

2/65.44 l. 71 

n.> 
57.8 
72.8 
44-5 
56.5 

y56.5 
60.J 
56.0 
54.J 
54.J 
54.J 
54.J 

2/69. 5 

66.4 
64.4 
64.8 
55.6 
55.7 

y55.1 
59.4 
51.l 
49.9 
49.9 

j/66."9 

104 

70 

95 

95 

66 

13.JO 
17.90 
1.50 
5.83 

15.JO 
2.67 

12.17 
0 

11.43 
17.J> 

!>/-7. 767 
9.467 

.65 

4.17 
J.91! 
.40 

2.)9 
1.93 
>.61 
4.>l 

!>/->.02 
5.46 
6.86 
1.055 

.05 

.21 

.08 

.ll 

5.61 

5,100 
2,700 
8,000 
3~120 

l0,6JJJ 

1,048 
ll2 

Z!,400 
'12,500 
>,400 
5,600 

18,900 
J,JOO 

16,000 
0 

1:3.500 
20,500 

ll,196 
30,756 

6,ooo 
5,600 

600 
>,900 
2,)00 
3,.200 
5,400 

5,900 
7 ,500 

13,U9 

ll) 

320 

166 

228 

8,064 

4>.8 .462 431 

46.9 
*57.8 

57.8 

68.3 

065 

*55 

"77. 7 
*77.7 
n.1 

"76.l 
"76.l 
76.l 

"7>-7 
"72.7 

72. 7 

i.54 :,seo 
I.82 2.JOO 

.98 l,"40 

4.91 

.JO 

1.04 

20.l 
1.6? 

1.25 
17.96 

0 
8.41 
0 

7,300 

w 
l ,'146 

Jli..,015 
6,= 

<.070 
29, 768 

0 
13,319 

0 

!/_ .ldjusted to correct oretlous 7ea.rs error. 
l/_ Based on Decenber l 9"J 51WP!e. 
l/_ Pond dr7 lfhen surYeyed. 
!/ )finus (-} indicates seour or ccapa.ction. 
~ Vei~t detl!IT'ld.ned by ~.,.. pro~. 

1./ Water gi_~oly pool capacity. Reservoir capacit7 is greater at splllwar crest eleTation .. 
fd Conservation pool capacity. Flood pool capacity is 1,952 ac.-ft, 

(treated as negathe sediment}. '1/ Increase rn capacity in 1950 was due to settlement of rialn. 
• E!!tima.ted or &'!!t11med. 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 



':rj 
I 

"" Nl 

DATA 
SHUT 
llUllBl!R 

'6-9 

lh--10 

16-ll 

16-l>a 
16-13 

16-Uh 

16-H 

'6-16 

11>-17 

11>-1• 

16-19 

Ji>-20 

'6-Zl.a 

Jb-22 

17-la 

37-2 

37-3 

37-4 

37-5 

37-0 

37-7 

37-1! 

37-9 

SUllllARY 01' 

RESERVOIR SEDlllEllTATION SURVEYS KADE IN THE UNITED STATES THROUGH 1970 

llLSERV<IR STREU llEAREST TOWN DRAIKAGE AREA 
(SQUARE lllLES) 

TOTAL NET 

PERIOD 

DATE 01' llBETIEEN 
SURVEY SURVEYS 

(YEARS) 

nna BA.SDI (llll:ailA 'lU AOOVK Il...HB.) JAMES 1JI) BIG SIOOI Rinll BASillS (~t nu'"<!) 

'l"heobold Main-----------------__ ____...___ _______ _ 
Theobold Laten.1 c.------_ __,,,~-----· __..,...__ 

n.-.u.. Lat....i •.----
----------
,.,....,...,_ _______ _ 
Bartl.tt.---------Lake Mitchell------

------------
-----11<>--------
Sal• 0..-------
Scot.t llo. 2-------
---iio--------
Lab ifn"'Si.lllon-----
---10--------
Vendllicn W..t~sh-1 Jlo. l-
---do-------
hl""d.llion W..terMed lo. ~ 

~------
!.&Ire~~------

Scott CreS ll.1----
-~o--

---io-----------
Rtctt.:nd L&ke--------
-----io-------

,,,,.,._,,_____ ___ _ ____.,..____ ____ _ 

----do----------------
0.- c.-.. ~---· -----Fireoteol C..-----

-----Sll•er~-----

Trlb. or Yll!Willlon-------
Trib. or Okal>ena Creek--

--------,oot ~r.-,-----
---<lo----------

Ant.hon.. Iota.------
-di>--------

---------· -----------------------------------------------

Chtn"'Oll-, Icn.---
.llcMt.er, s. DU:.-

do 
Mit..chtll, 5. Oak.----------
Moux P..U11,. S. Dak.

.lleemter, s. Dak.---
--do------
Ji:wrtroH, S. Dak:.--
--do-------
Sal .. , s. Oak.---------------io--------
WoM.hingt.on, Minn.-----.Alcester, s. Dalc.--
--d~------
-------
Aberd~. S. Dak.--
--~----

.483 

.250 

·-
1.39 

.234 

~ 

1.158 

.152 

4/J:l.9 

.075 

.217 

17.40 

1.85 

82 

·""" 
.234 

.Oll<I 

1.37 
.234 

496 

1.158 

.l'i2 

IJJ2.0 

.075 

.. 237 

16.z.7 

1.45 

13.5 

June 1949 
Aq. Im 
...,. l~ 

Oct. 1952 

-· 19'.8 Joly 1950 
...,. l~ 

...,. 1~2 

low. 1948 
Jul1 1950 
...,. 1951 
Oct. 1952 
Oct. 1950 

-· 1936 low. l~S 
Oct. 1928 
Jul>' 19'.8 
.... 1958 
Joly 1969 
Aug, 1950 
A11g. 1955 
Oct. 1936 
Apr. l~' 
...... 1959 
June 1964 
Aug. 1955 
JloT. 1965 
Oct. 1950 
JioT. 1965 

*1897 
Mu, 1963 
Oet. 1954 
Apr. 1965 
...,. 1970 
Jan. 1937 
Sept. 1969 

MI.ssam.I RIVER BASIN (ABOVE PIERR! TO lllCEIWU.) 
Niobr&ra and Vttite Riwer Basins 

Xl.kins St.oek Po'!d llo. 1-------------ll!rlJUI ~...ock Pond llo. 2---

----------
Land Ut.ilbation Projec1. 

lo. ~6-1. 

--~--------
1.and U t U 1 sat ion ProjKt 

Ro. 226-2. 

Br. or fl-os.--n Creek- Ka;,ea, 5. OU.---
--do--------- ----c'\o-----------
---do-------- ------------------ ---------
Trlb. of &d RiTer--- Pierre, s. DU:.---

~----- --~0------------
Trlb. of IH~901JJ"l R.iYer-- ---------

--ttir-- 4tn ---do--------
1..&nd Utilbatioc Project Trl.b. of Bad Riwer---- ---do-------
lo. 226-4. 
---ti~--------- ~ --do_,.,.,_ _____ _ 

Land Utilisation ?-rojeet Trtb. of ltheouri RiTer-- --do------
'lo. 22b-6. __ ..,__________ --do-----------

Land otillut1on Project Trib. of Bad R!wer---- --do---------
llo. 2216-13. 
--do-------------- -- --do-------
1.and Utilbatlon Project Trib. of 'ti!'lllOUrl RiYer--- ----do------
llo. 226--21. 
--do------------ ----dr:>----- ------- -----do----------
Land 01.illutlon Project Trib. ot- 9&d Rher-- -- ---do---------

'llo. J26-22. 
--oio------------ -------------- -- --do----------

.58 

.3) 

.2!l3 

.995 

.748 

2.555 

.166 

.245 

• 514 

.57 

.33 

.197 

.981 

.. , 1907 
June 1937 
~, 19ll 
June 19Y7 

-· 1'136 
Jul7 1?45 
Mar. 1936 

Jul7 194.5 
.742 ...,. 1936 

Jul7 1945 
2.541 Apr, 1936 

Jul7 1945 
.163 Oct. 1936 

Jul.) 1945 
.234 Oc:t. 1936 

Jul1 1945 
0 '511 lfoT • 1936 

Jul7 194.5 

1.15 
.77 

1."' 
l. ?O 

.A3 

.94 

1.71 .. , 
l.42 

19 

19.8 
10.0 
u.o 

5.0 

18.5 

5.25 

10.J 

15 

65 

10.5 
5.1 

32. 75 

)() 

26.o 

9.3 

9.J 

9.2 

9.3 

8.7 

R. 7 

8.7 

STORAGE 
CAPAOTY 
(ACRE -l'T .) 

103.2 
94.0 
93.5 
89.2 
37.5 
34.S 
)4.) 

JJ.5 
19.5 
18.9 
18. 7 
18.6 

m.o 
12.84 
6.86 

10.94.J 
10,380 

9. 7'l8 
9,235 

12.79 
8.16 
7.)6 
3.U 

5,173.7 
4,927.5 

3.20 
2.67 
6.48 
5.06 

5,lS) 
l/5,100 

196.64 
192.7 
179.75 

9,880.9 
8,971.08 

18.61 
15.78 

4.34 
).18 

16.7 

15.2 
34.0 

29.8 
13.6 

9.9 
31.8 

25.l 
9.1 

8.3 
28.9 

26.l 
9.2 

8.3 

CAPACl'IT 
AVG. Al'IN. 
INFLOW 
IA110 
(ACIMI. 
PD 
,\CJIE.FO 

"l.05J 
•.m 
•.954 
•.910 
•.7)'5 
•.6'1(, 
•.67) 
•.657 
•.975 
•.91.5 
•.935 
•.9)0 
•.718 
1.1)35 

.553 

.49 

.47 

.u 

.42 

.206 

.1)2 

.909 

.)88 

.m 

.2Jtl) 
1.000 

.834 

.62!9 

.491 
2.2'.14 
2.1911 
2.55 
2.50 
2.33 
7.5) 
6.84 

FlC 
T 

"72.) 
"72.) 
72.3 

"6?.9 
"67.9 
67.9 

"7).1 
*7.l.l 
73.l 

77.0 

•"'6.79 
'1,6. 79 
65.47 

«<> 

56.4 

35 

•so 

"" 26 

"65 

51-• 

U.J 

)6.6 

AYG. ANlll. 
sammfT 
ACCllD.A TOI 
PllllQ. .. 
OFllErDa. 
ADA FOil 
PE8IJI) SllOlti 

AC.-n. I TOllS 

lS.l 
1.36 
7.lJ 

7.65 
l.OI! 
).60 

).6) 
2.86 
.72 

1.)5 

·= .117 
.lOJ 

·"° 
l.S2 

.117 

.68 

·"" 
.87 

.26 
1.7115 

.378 

.16 

.136 

.w 

.458 

,5)'1 

.2115 

.521 

1.311'1 

.200 

211,502 
2,142 

ll,2211 

ll,313 
1,597 
5,J.24 

5,780 
4,560 
l,U6 

2,2164 

58 
119 
ZJl 

l,CM..S.U 

1,967.2 

.., 
71,/J 

435 

492 

368 
2,S27 

4216 

144 

lOI! 

AGlllCT 
lU'PI.. YlllG 
DATA 

9CS 

scs 

scs 

scs 
"'8 

scs 

scs 

9CS 

scs 
scs 
scs 

scs 

scs 

""" 

scs 

scs 

scs 

scs 

scs 

scs 

s::s 

scs 

scs 



"'tj 
I 
~ 
~ 

1"'1-10 

Y'-11 

Y>-1> 

J?-11 

n-14 

17-1 S 

J-,-16 

'l?-17 

17-1.i:t 

-P-lq 

,.,_,,, 

37-ll 

17->2 

37-?1 

J7-?4a 

J?-2<; 

LaM !It i 1tu.t1on l>yooj"et--
Jlo. 226-25. 

---do--------------
Lan1 Utll1ut1on Project 

11o. n6-n. 
-i'lo-----------
Land Ut.Ubatton Pr-eject 

llo. '26-12. ----- ------
L&M Ottl 1.&tton P!ooject 

llo. "26-'4. 

Land Util bat ion Project 
llo. >:!6-J5. 
--"'o--------
t..nd Utll 1ution Pl-ojec't 

mo. 24l-l. 
---<io---------
1...m utu hatlon Project 

lo. 241-2. 
--•o---------
Land Uti ! batlOlll Dyoojeet 

Jlo. ~l-5. 
-----10--------
1.and Ut111u.tion Project 

'lo. 241..;.. 
---~---------
!.and 1Jt l' b.atlon l>r'OJPet 

llo. ~1-10. 
----10--------------
Land llt111u.t1on Project 

llo. 241-U. 
--~------
Rarrh ReHl"'90ir ~-----------Harrh Re~noir Somth--
---10--
JobnaonRe~ir------__ _,,,,_ ______ _ 
LU::e Dante-------
-------
1.«ar--------
--'1~----------

Tl-tb. of ~ri ktnr--

~-------

--do-------

-------------
--------· ,__,,.,... 

(interior drai..na«-) 

Trib. or lliuow-1 Kher--

-~-----
~b. or Bad Rh'er----

'T'rib. o' Jliaaovi Kher--

--do-------------------
....... ~--------
- - do---------

Trlb. of Cbol•ta Creek-

Trib, or !llig90Url. lher--
--<io--------

--do-----------------
-------· 
---do-------

--------------
----------------
--<kl--------__ .., _____ _ 
----------------
--'1o-----------------
----..io------
--1o--------
--00---------
-~-------

--do--------
--do--------
--------
Gordon. Nebr.~--
--~--------------do-------
--do--------------
~er1 S. DU.--

--do----------------

.147 

.225 

.477 

1.222 

.508 

.108 

.114 

.o·n 

.117 

.5JJ 

.JJ9 

.577 

ll.9 

.851> 

2.89 

10.1 

.1"4 -· 1937 

Jul.7 1945 
.2~ Nar. 1937 

Jul.7 1945 
.472 Jlar. im 

Jul7 1945 
1.209 J.,.. 1937 

Jal>' 191.5 
. 502 ""7 l 938 

Jul7 1945 
.106 llo•. 1937 

Jul7 194<; 
.l ll IQT. 19)7 

Jul7 194') 
.cno 11o .... 1937 

Jul7 191.S 
.116 llo•. 1937 

Ju.17 1945 
• 532 June 19)8 

Jul.7 1945 
.))8 Jul.7 1938 

Jul.7 1945 
• 573 ""7 1947 

floT. l9S6 
u.85 ""7 1947 11o.. 1956 

.849 - 191.6 
Jloy. 19'6 

2.89 lo•. 1937 
- Oct. 1955 

10.J Ju].7 1937 
Jul.7 1965 

7.7 

8.J 

8.) 

8.1 

1.2 

7. 7 

7. 7 

7. 7 

'· 7 

7.l 

7.0 

9.5 

9.5 

10.) 

17.9 

28 

9.3 

8.4 
lJ.9 

12.J 
1,.1 

12.l 
i,4.J 

1,1).0 
18.4 

16.l 
2. 7 

2.0 
5.2 

J.O 
2.6 

2.2 
l.2 

2.8 
J.? 

2.9 
•• 5 

J.9 
~3 

~" 
~M 
15.n 
16.25 
~H 

2b0.7J 

~" m~ 
~)2 

.JS2 

.)12 

.840 

.728 

MISSX1RJ. RIV!E BA.SDI {l«>BRIOOE 'ID A.BOY! PI!BRE) 
Che7m"tne and Belle FO\lrche Ri"7" Ballina 

1"-l 

Jl!-2 

111-Ja 

,......,, 

,._, 
)~ 

Jll-7 

,....,. 

,._9 

John80n 1 9 StO<"'lo- Pond----

--"k>---------------
Bartel stock Pond----
----do---------
W-lla (Anderaon)----
--------__ .....,__ ______ _ 
--lo-.... (_) _______ _ 
---------------rto--------
A.111f:Ost.ura Reeen-oir-----
--d~--------
5turds W..tl!!'?'shed llo. 1---
--d~---------

---'11:>----------
----------
--lo-·-----

Stur~• Watershed Jlo. 2---__,o--------
----to-----------
--<to----------__ ..,_ ________ _ 
~-----------
sturrie Wat~9hed No 1---
--,~---------
---"'!~----------

--io----------------
--<10-------------
G&nyo., Lalce-------

- --f!o------- ----------

Tl-1b. or L. Oi97'U'1ie 11"7" Gett79burg, s. Oak.--
----<kr------- --~----
l.1 tt.l• Cheyenne c,..... __ ---do--------
~·------- --do--------
'T'rib. or Pourmile C!"Mllt- Yale, S. Dak.----__ ......,.___ ___ _ -----do---------

----do--------------
Sa..l phur Ct"Mk---- Sulphur, s. D&k:.---
--do------ --do--------

--do----------
Chqerme RiTer------- Hot SJ>rin«a, s. DaJr:.-
- -do---------
Alkali C1"'91k----- Stur~ia, S. Dak.--
---dlr-------- --dc>----------
-------- --1o--------

--do---------
--~---- ---do---------- ----- --do----------------- --do------------- --:to--------
--io--------- --do-------
---do-------- --do-------
--~------ ---do--------__ ,,.,______ __ _ 

---d~-----

--~---- -d()------------------- ----d<>---------
---do---------

--do-------- ----------do----------- --<io--------
-----<1o--------- --1o----------
Rapid Creek------ Rapid Cit7, S. Dak.---

--1o--------
1/ Al,.., ac.-rt. "" 'ltor-a~ .:r-eated _,v ,fr .. d~inli:. 
-:',; L~s" ~M.- OC'l. "at~rh.' r~v""1 .. roroi Weir- Pond ... ,ctl1t7 periodically. 
.l! r>a.Jt.ol..,, 'if'servoir ~ntrol s about 120 "'1- !11. 

.191 

.609 

.054 

.ll!e - 1912 
Jane 19)7 

.606 - 1908 
Jane 19')7 

.054 -· 1951> 
Oct. l~ 
Dec. 1962 
Apr. 1967 

25.0 

29.0 

1.9 
•• 2 
4.J 

2.'6 
l.85 
4. 10 
2.80 
5.60 
5.14 
i..51 
•.36 

1.27 1.27 lloTo 1951 
Junie 1961 
June 1969 

350.9 
JJ4 
Jl5.J 

l.42 
l.)O 
1.14 
1.ll 

10.J5 
9.85 
9.3 

9,100 

J85 

• 139 

.1)9 

.NI 

9 ,093 Oet. 1949 
Sept. 1965 

.3)9 Oct. 1965 
Oct. 1966 
Oct. 1967 
Oct. 1'168 
Oct. 1%9 
Oct. l<f?O 

.1)9 Oct. 1965 
Oct. 1966 
Oct. 196? 
Oct. 1968 
Oct. 1969 
Oct. 1070 

.m o.t. 1961 
Oct. 1966 
Oct. 1967 
Oct. 1968 
Oct. 1969 
O·t. 1970 

'lf66.1c; Se.">L 1933 
Oet. 1970 

9.6 
R.O 

16 

l.O 
l.O 
l.O 
1.0 
1.0 

1.0 
l.O 
l.O 
1.0 
l.O 

l.O 
l.O 
l.O 
l.O 
l.O 

l7 

159,919 
1)8 ,761 

JOO. 77 
i21. 75 

fy' ·1.9 ac.-rt, sediaent, r.-"ICver! 1n 1956, not 1ncludef'!. 
* E~ti.mlte<i or aslJWW<'I • 

.866 

.7S2 

.cm 

.008 

*?O 

*?O 

*?O 

""" 
50 

.799 

.•5'1 

.508 

_.._, 

.6ll 

.•u 

2.206 

.700 

.474 

.222 

·""' 
.JlS 

.025 

.435 

.579 

.HJ? 

58.l .16 

5J.6 .08 

70 4.411 
70 2. 79 
70 .65 

84 1. )8 
84 l.84 

56.4 .145 

92.2 Y-
92.2 Y--
92.2 Y-
92.2 Y--
92.2 Y-
92.2 y-
92.2 .001 
92.2 Y
n.2 Y-
92.2 .004 

92.2 Y-
92.2 Y-
92.2 Y-
92.2 Y-
92.2 .001 

65 !J/.0)2 

480 

11! 

66) 

756 

115 

202 

93.4 

6, 708 
4,158 

967 

2,S25 
J,367 

17• 

--
!CS 

!CS 

!CS 

:.::5 

!CS 

s::s 

!CS 

scs 

:ES 

a 
:ES 

:ES 

scs 

scs 

scs 

scs -
WI 

.. 
"' .019 

.6117 

.a.4 

.2~2 

.49'l 

.05 
2.2.411 

.04 

.0)6 
8.705 

"' 

- "' .106 
.404 
.())4 
.022 

2.438 

!i/50 
scs 



SUMMARY OF 

RESERVOIR SEDIMENTATION SURVEYS MADE IN n!E UNITED STATES THROUGH 1970 

I STORAGE 

CAPACITY AYG. ANN. :i=-
DATA 

I I I 
I I 'PERIOD 

AVG. ANN. =Tnl'I AGmfCY I INFLOW SHUT RESERVOIR STREAll NEAREST TOWN I DRAINAGE AREA I DATE OF BETWEEN CAPAaTY PER SQ. Ml- I SUPPLYING 
!fUJIBER I (SQUARE MILES) : SURVEY ISURVEVS (ACRE -FT.J 

RATIO 
OF NET DR. DATA (ACRE-FT I (YEARS) PER 
ARUFOB 

i ACRE-FT) 
p, ·'!OD SHOWN 

TOTAL NET AC.-fT. I TONS _.___ 
MISSOURI HIVER. BASIN (KJBR!rx;& 'I'C ABCVC: PrER.RE) 

~hnenn- and Belle Fourche River Basins (Continued) 

3"-10 Barrel OetaJtlon Dui u.ma-d New C.atle, Wy.---- 6.1<; 4.33 Aug. 1968 -- 454.6 *t-. - - - = ---do-------- --do-------- - - Dec. •'TIO <.25 438.4 . ..,. ; 86 1.49 2, 79'1 
31'-ll ..... ~ lile9'8r'T01.r--- lfew UndeI"WOOd, s. Da.k. 2.97 2.94 -- 1935 - 1)8.5 - - - - XS 

---<to------------ - -- Aug. l'TIO 35 120.2 - "60 .177 l)l 

MISSOURI RIVER BASIN (Wil..LISTO~ '!'O ltJBR!tl}E) 
Hor-u, Grand, Cannonb&ll, Heart, and Littlfl! Missouri River Sa.sin• 

J'l-1 ,_ericl< !lt.ock 0.. 
1.owoe c,.... _______ 

naahBr, I. Oak.----- 1.17 1.1? -- 1935 - 1.06 •.021 - - - s.:.s - --do--------- - -- AU&· 1956 21 .864 •.017 •35 .ocn<n 6.07 
)9-2a 111-L.ic· 

e1--..i c,.... ____ Selby, s. Oak.---- 31.8 27.2 Mo:r 1926 - 1/207. 78 .549 - - - scs 
---do--------- - -- Sept. 1959 13.3 165.70 .4)8 55 .047 56 

J'l-3 laabiach lleseM'Ol Trib. or tk>r..u------ Sorum, S. D&k.------ 2.Xl 1.97 Aug. 1924 - 389.l!O - - - - = 
---d<>------ --do--------- - - Aug. 1964 40 )l!0.75 -- "60 .l? lSt>.8 

J<J...4 ~rk D..eaerwir------ ---------- ---do----------- J. 56 2. 56 Aug. 1949 -- 6.Z.00 - - -- - = 
1-!j ----- ---do--------- ----do---------- - -- Aug. 1964 15 56.15 - "60 .15 H6 

19-J -~ Trib, or----- ~n, s. Oak.----- .493 .493 Aug. 1951 -- 35.96 1.182 - -- scs 
I ------- -------- ----®------------ - -- Auf;, 1964 13 )3.96 J.005 "60 . lO W.? 
~ J'l-6 Col• Re'"Mrr'ftllir-- - ---- Bison, S, D&k.------ 4.66 2.21 A~. 1937 - 161.l - -- - - scs 
~ ----- -------· ----do-------------- - - •1>&· 1964 n 11.4.01 - "60 .N J"G 

3q...7 Yat1 Oost.ing Dam Trlb. or Kiseouri R.i "f11'-- Hensler, N, Du.--- l. 78 l. 76 A.pr. 1950 - 171.5 •).618 - scs 
---<to---------- --<io-------- ----~o---------- -- Oct. 1964 14. 5 167.0 *J. S23 60.4 ij.176 ' )1.5 

3'H! Battle Cl'9llk Det.entiom. 0..-- BatUe Cl"'Mlc------ Hulett, W7.------- 18.44 18.44 No•. 1967 -- 620.1 •.6) - - - XS 
-· --------- ---do---------- -- -- S.pt. 1970 2.83 614. 7 •.62 71.4 .104 161.8 

KISSOORl RIVER BASIN (ZORTMAN 1\l WIU.ISroN) 
Mil.k af'".l. )tissel shell R1 ver Basins 

40-1 TellovVater--------- Yellow ilate:r Creek--- - Winnett, Mont.------ 55 S4 June 1938 - 4,796 - -- -- - scs 
------------- -------- ---do------------- - -- Sept. 1948 10.3 4,616 -- •12 .)2 224 

40-2 P'ort. Ped:-------- Miesouri B.1..-.,:----- Fort Peck, Mont.------ 57 J 725 )}-- Oct. 1937 -- 19,557,492 - - - - CZ 
----do---------- - - June 1950 12.67 19,23),686 - Y,. 7 .65 80) 

---d~------ -- - Sept. 1952 2.25 19,1R6,698 - 57.4 .53 724 
---- --do ----do----------- -- - June 1954 1. 75 lQ,164,369 - ~7.9 .33 471 ----- ---------- --10------------- -- -- Moy 1958 3.92 19,162,468 58.8 .013 75 _ __,,,,,_. --<lo---------- ----'10-------------- -- - Ju.ne 1961 J.08 l9,138,5E -- 59.4 .22 ))8 

KISSOURI RIVER BASIN (ABOV>. ZOR'l'MlN) 

41-1 ~rean llaeerwo Tr1b. of Pondera Creek-- Conr11.d, ~mt.----- .156 .l5b - 1916 - 9.27 - - - - scs -- -------- ----rlo-------------- - -- Oct. 1955 )9 8.44 -- "60 .136 183 
U-2a .......,,.._ --- ------------------- ,625 .6<5 -- 1900 - 4. 70 - - - - scs 

--rio-------- ---do----------- -- -- Oc.t. 1955 55 J.84 -- "6o .025 33 
U-3 Malston- ---do------------ 2.96 2.96 -- 1915 -- 66.13 -- - - - scs 

io --~----- ---do-------------- - -- Oct. 1955 40 51. 71 - •60 .122 166 

LOWER m.J..QWST"JNE RIVER rlASIN 
ron-'t'Je and Powiier River Basins 

42-1.o ll&ker LU Sandstone Creek---- Baker, Mont,------- 5.20 5.01 Moy 1908 - 756 J.40 - -- - scs 
---- ----lo----------- -- - Moy 1937 29.l 502 2.26 39 1.74 1,478 

--<lo -----do------------- -- -- Moy 1955 18.0 393 l.77 45 1.21 1,553 
--do -~-rXr--------- ---do------------- -- -- July 1970 15.2 235 1.06 40 2.08 1,288 

42-2 T~eRh Ton~e Rb•81"------- Dec.ker, lbnt.-------- 1'740 1, 734. <; Moy 1939 -- 72. 510 .u,s - -- - Ill 

---------- -~--- -----10-------------- -- -- Oct. 1948 9.4' 69,439 .217 70.5 ·- 2111'. 7 
42-J Reno(( Ree~ 0,.,. Creek Mile!! ::ity, Mont.--- 6.92 0.92 - 1941 -- 300 4.05 - -- - scs 

------------ ----rlo------------ -- -- 1969 28 222 3.0 70 .403 614 



i"rj 
I 

c:,., 
01 

1,)-lb 

4}-2 

43-3 

43-4 

43-5 

43-6 

43-7 

44-le 

1.4-2 

44-3 

44-4 

44-5 

4Aor6 

44-7 

44-" 

1.4-9 

44-10 

44-11 

44-12 

Buf"alo Bill------

---------· 
BfKG~--------
--do------~------ -·--------
-----~------
East. Fork· -------------·-----------do---------
- rork:-----------------do 

Bo~ 
---to--------

Lake Berriett -----------
Lake Boonertlle------
--------
Lake Fort S.tth-----
---------
Lake 8&1197'------
--i~------
LalreTanwe1nc~,,.,.,_---~ 

--do--------
·~---------do--------
Morfo lk-

=---------
ec ... Lak:e---------
--1<>•~------~ 
Charle!lt.on L&k:-----· 

--------
Six Mile Cret!lr: llo. 2--
---do-
-~~er----------
--~------· Six Mlle c..- No. ';----
--------
---do·------· -------
Si.Jc Mile Creek: llo. 23---
---~.~------

--di<>---------· 

5'oaboneRiY'.,... ___ _ 

---------
Tr1.b. or Firteeruoile Creek 
--------------------
'raMr Dra, _____ _ 

~ nr.-----
--do ------·------
--do----· 
~ 

lloclt._torhaleC..---

------
Wind Rinr-------
--do---------

l&•t ,ork Creek----

---do·-------
'h-ib. of Pet.it Jean CJ"'Mlk-

------
Jack and Joaea Creek._-

Wh.ite lliYer------
--do------
Fourche La Fa•e RiY91'---

----do·-------· 
llort.h Fork ll1"'er----
--------
Arkansas RiYer Trlb.------do-------------------------
SihaTer Creek-----
---<ie>-------

Little Canq CMMk-----do,_ ____ . 

--do--------
Trib. ot Hurricane Creek-

-~------------

UPl'l!lt ~ Rl'IER BASili 

Cod7. lly.----- 1,470 l,lt.70 -------------
Worland, lly.---- .942 .918 
--do------
--do-------
lloneta , llJ. 27.i. 27.4 -------
--------- .Ill .81 --do---------------io------------
--do---------- .)8 .)8 
--de>---------
llol-1-. lly.---- 5.24 5.20 -------------
Tb~pol1.a, "'1'·-- 7,700 7,670 

llo;r 

Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
No•. 
Juno 
Nov. 
llo;r 
Oct. 
Oct. 
Oct. 
JulJ' 
lo•. 
llo;r 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Aaa. 

1910 
1941 
1958 
1954 
1955 
1958 
1961 
1954 
1958 
1960 
19"9 
1949 
1952 
1955 
1957 
1960 
19'.8 
1949 
1952 
1955 
1957 
1960 
1954 
1955 
1958 
l'l6l 
1951 
1964 

AlllWISAS RIWll BASii ( V All BUBU 'IO Lim.K llOCl) lilfm RIVER BASIN 

Conta7, .lric.------------~-----
Boonerll.le, Al"k.--

lloanteinburg, Arie. --
---do-----· 
Morrilton, .lrk.---

Bran.,n, Mo.----

11..-od., Ark.------------
llorrortr, Ark.----
------
Pa:ri•, Ark.----
-·-do' ---
Charleston, .lrk.-----C&ul.ksville, Arie.--

------d~------
--~-------------· --------
Peter Pender, Arie.------------do------
---------

4.16 

2.60 

65 

15.2 

4,610 

680 

1,806 

10.90 

l.03 

5.38 

l.90 

4.16 

4.11 

2.57 

64 

15 

4,606 

652 

1,772 

10.66 

.93 

j.26 

l.81 

3.91 

June 19J5 
llo•. 1935 
No•. 1946 
Har. 1929 
lov. 1935 
Feb. 1936 
Apr. 1940 
Sept. 1937 
llo;r 1940 
Har. 1913 
Aug. 1935 
~ 1942 
Apr. 1950 
June 1943 
"°T 1950 
llo;r 1938 
Dee. 1953 
lpr. 1937 
Dec. 1953 
Oct. 1954 
Jul7 1961 
Oct. 1954 
Jul7 1961 
Dec. 1954 
Jul7 1961 
Oec. 1954 
Jul.7 1961 
Jul7 1955 
JulJ' 1961 
July 1955 
Jul7 1961 

31.7 
17.0 

4 
2 

.42 
2.54 
3.42 
2.00 
3.00 

1.25 
2.54 
3.42 
2.00 
3.00 

12.8 

0.4 
11.0 

6.75 

4.2 

2. 7 

22.4 

4!5,838 
439,851 
421,333 

99.2 
98.l 
96.0 
93.2 
90.2 
rn. 1 
83.3 
12.10 
11.73 
11.0l 
10.83 
10.61 
10.58 

3.13 
2.94 
2.54 
2.62 
2.59 
2.47 

193.4 
191.3 
176.l 
154.5 

819,132 
802,0CM. 

4911. 
490 
lo8l 
289 
'112 

*13,810 
13, 727 

629 
602 

4),980 
23,n4 

)36,000 
7.9 !t/336,000 
- 1,560,500 
6.9 j/1,560,500 

15.5 

16.66 

2,206 
2,1.41 

325 
264 

6/l.,613. 93 
6.67 Yi ,608.l 5 

1/309.52 
1/301.0l 
o/860.98 
I/854.63 
f}2Zl.96 
7/a5.n 
0/989.25 
I/983.27 
1/75.92 
1/70.64 

6.67 

6.63 

6.63 

6.00 

6.00 

.492 

.474 

.455 
J.906 
3.862 
3.780 
3.669 
1.797 
1.747 
1.659 
4.241 
4.045 
3.797 
3.734 
3.659 
3.648 
3.!!17 
3.585 
3.098 
3.195 
3.159 
3.012 
1.098 
l.Ollb 
l.000 

.877 

.625 

.612 

.130 

.127 

.532 

.532 
1.1)8 
1.1)8 
•.298 
•.290 
•.455 
•.370 

.469 

.467 

.090 
.087 
.700 
.703 
.183 
.in 
.372 
.369 
.029 
.on 

8J 

.34 

.62 

1.2 
.e 

1.0 

.02 

.08 

1.68 
.)5 
.06 
.14 
.01 

.39 
.42 

0 
.05 
.ll 

.i.o 

.98 
1.)8 

.17 

2.43 
.20 

w
jj-

.455 

.31 

.66 

.196 

.39 

3.94 

2/.17 

1/.24 

2/.53 

1/.51 

2/.26 

1/.23 

}07 

l' Coneerntion pool capacity. ie•er"TOir has greater capacity at spillWllJ' creet el.nstion. 
2/ Includes 0.0) ac.-rt. aboYe creet depoeits. 

2/ Sediment infiow Yolwae "'815 computed to be 2,J50 ae.-rt.; -.ich or this probably settled out 

11 1937-10,5-39,097 eq. •i.; 1956-1961-34,692 eq • ..i.. 
!:t_/ Suspend~ - lon1 tnnow 11BS 608 a.c.-rt.; supaended - load outflow was 200 ac.-rt. during 

p•?"1.od. :.>~pc:-its too 3nlllll to ~5Ure bJ' range suneJ'. 

oYer a large area in dep:usits too thin to be --.au.red accurately by echo sounders. 
Y Both Sf'di.Btent &nd fiood poole. 
1/ Sediment pool onl7. 
* EstU..ted or asawmd.. 

ea 

GS 

GS 

GS 

GS 

GS 

.. 
scs 

scs 

scs 

scs 

scs 

as 
as 

scs 

scs 

scs 

scs 

scs 



"'rj 
I 
~ 
0:. 

DATA 
SHEET 
NUMBER 

RESERVOIR STREAM 

SUMMARY OF 

RESERVOIR SEDIMENTATION SURVEYS llADE IN 'll!E UNITED STATES TIIROUGH 1970 

NEAREST TOWN 

-=-i I 1 CAPACITT 
PERIOD J STORAGE A VG ANN 

I °'~'""m I"" "l"m'" cmcm , ;:;~• 
,.,,_ •ce<> ~"" '"'""I <W<E-IT < <.C~n (YEARS) PER 

ACRE-F'T) 

TOTAL I NET : ---~-------~------~-----~! TOTAL I NET I 

44-l < 

1.4-14 

4S-l 

4S-2 

4S-3 

l.')-J..b 

4S-5 

4S-6 

45-?a. 

45-1' 

45-9 

4"i-1C: 

45-11 

45-12 

4<;-13 

4"'i-15 

l."-16 

45-1"' 

45-1~ 

4S-19 

45-20 

4S-21 

45-22 

4S-21 

4S-24 

4S-25 

4S-26 

Dardanelle Reservoir----
---'10----------
--r:l.o--------
51.x Mile ::!'eek Site Ho. c--
--'1o------------------do------------

Utk• We1in~ton------
--rlo -
Wil~--------

--1~-----------
La.k:e Sapulpa--------------
----1".10-------------
----do------------
Brown Lak~--------
---do----------------
----do-----------------
1.&ke litcAlester--------
--do----------
Lake Ckraula:ee-----------
----do---------------
Shallfllee Lake-------

--10----------------

--10-------------------
'rart Lake----------

H1wase"!e Lake------------
--do----------------
Lake Carleton--------------
---do---------
Hol1env1lle 'it-F Lake-----
----d~--------------------
Pretty Water Lake----
---do---------------
Greenle"lr Lake---------
--1.0----------------
Kirk Lake--------
-----10-----------------
Lowell-------
----10------------
"teo~ho ,'.;ounty State Lake 

(Lake McKinley). 
----1.:------------
Lake Claremor----------
----ri"-------------------
Lake Spavinaw-------------
---do--------------
Kenn&111er Lake--------
---do------------------
State Fish Hatchery Lake-----
----<10------------
La.ke Scarbow--------
--rio--------------
Wewoka Lake---------
---10-----------
----r:lo----------------
Wetumka 'ity !...ake-------
----10----------
Adair-------------
----do----------------
Sevoy------------
----do-------------

ARX.A.NSAS RI'irn BASIN ( wA.N BUREN TC LIT"'i.,E ROCK) ~HTE fUVER BASIN (':.ont1nu .. 1) 

Arkansas River-------
---do------------
----do---------
Sll "ti.le Creek------
---do----------
---jo----------

Trib. of Ulinois River---
---10- --
Wilson Creek-----
---do-----------
&uchee ::r"'k--------
--do---------
---do----------
Pea=eable Creek-----
---do------------
---do----------
Bull Creex-------
---r:!.o--------------
Sal t S:teek-----------
----jo-----------
Deer Creak-----

Br. or Pecan :!"eek----

Tr.1.tJ. ~r Deep ""k. :reek---
--do------------
P'ourche Maline Creek----
---do--------------
Beemore '.:reek----------
---do-----------
Pretty Water :reek----
----io----------
Big Greenleaf Creek----
----'10-------------
Unnamed------------
----<10------------
Sprg. :<. & Shoal :reek--
----do-----------
Small Trib. or Neosho River 

---do-------------
Dop; Creelc---------
----do-------------
Spavinaw Creek-----
----do--------
Trib. of Pryor5 Creek----
----do----------
Happy Creek------
-----10-----------
Tdb. of Pryor Creek----
---do----------
'.:oon Cr. o"' Spring C:r.---
----r:lo----------------
----do----------------
Salt Creek--------

N. Caney River---------
----do----------------
Big ,'.;aney River--------
----do---------------

Dard&nelle, A..rk.-1fl.S3,703 
----do----------
---do---------
:hiamville, Ark.-- 4.14 
---do-------
---d<r--------

11,333 

4.07 

Oct. 1964 
Oct. 1965 
Apr, 1968 
Oct. 1954 
May 1964 
Oct. 19'"J 

1.08 
<. ;() 

9.SB 
6.42 

.lWUH5AS RIVER BASIN ( 'I'UL'3A TO VAN BUREX) 
Grand, Verdigr1s, and Lo-r ,:anadla.n Riv~r Basins 

P'qetteville • Ark.-
--do-------
---do--------
---do---------
Sapulpa, Dkl&.----
--do---------
----r::lo-------
McJ.leeter, ~ .. --
---do---------
----do-------------
--do---------
----do-------- ---
Olcmligee, Okla.-----
--do----------
Shawnee, Okla.----

--do----------
Ta:-t, Okla.------
-----lc-------------
Arcadia, Okla.-----
---jo--------
Wilburton, Okl.a..---
----do---------
Holr:lenville, Okla.--
------10--------------
Sapulpa., Okla.----
--io------
Muskogee, Okla.-----
----'io----------
Iola, Kans.---------
--do------------
Baxter Spring.,, l'.ans.-
--10-----------
Par90ns, Yans.------

-----10------
Claremcre, Okla.---
-----do------------
Spavinaw, Okla.----
----do---------
Chel~ea, Okla.-------
---do---------
~lare11¥>re, Okla.-----
---rio-------------
Pryor, Okl.i.-------
----do-------
..Vewoka, OY.la.----
----d<r-------
----rlo----------
Wetumka, Okla.--------
----jo---------
Sedan, Kans.------
----"lo-------~-

:edar Vale, Kans.---
-----do---------

4.06 

2.35 

8.72 

20.9 

JO. 7 

40.1 

21.2 

2.3 

4.SB 

19.8 

8.95 

2.43 

81· ~5 

2.41 

2,210.0 

3.38 

56.44 

400.0 

.28 

1.21 

3.07 

16.27 

1..15 

.33 

.16 

3.92 

2.30 

8.57 

19.9 

28.2 

39.2 

18.9 

2.2 

4.29 

19. '7 

8.30 

2.40 

79.84 

2. 36 

2,200.6 

3.24 

55. 70 

371.2 

.27 

1.20 

3.04 

15. 72 

J.88 

.33 

.16 

Jul1 1937 
Aug. 1947 10.1 
Oct. 19)0 --
Jun~ 1940 9."S 
-- 1913 --
Dec. 1935 22.5 
Dec. 1946 ll.O 
Ma7 1943 -
Jul1 1952 9.2 
Apr. 1963 10. 7c, 

1919 --
Sept. 19U 22 
-- 1928 --
Apr. 1950 22 
Aug. 1937.l/ 

Dec. 1947!1,/ 12. 3 

Mar. iq57 9.2 
- 1937 
~pt, 1947 10 
-- 1936 -
Apr. 1950 14 
-- 1933 -
Jul1 1947 14 
June 1931 --
Apr. 19')() l".8 
~r. 1936 -
Dec. 1 QL.6 10. 75 
Mar. 1937 --
liov. 1941 4.7 

lR'?? -
Sept. 1939 42 
Mar. 1905 --
AUg. 1939 34.4 
July 1927 

Aug. 1939 12. l 
May 1931 -
Oct. 1919 8.4 
Apr. 1924 --
July 1935 11 

1923 --
1939 16 
1934 
1939 
19)1 
1939 

July 1925 
Apr. 1945 19.6 
Feb. 1954 a.a 
Jan. 1931 
Feb. 1954 2).2 
Mar. 1953 -
Sept. 1960 7 0 5 
Jan. 1938 --
Sept. 1960 22. 7 

4.blJ,)00 
.. 52,t:>OO 
443,500 

1,304.03 
i,n5.62 
1,25).26 

1,260 
1,249 

522 
517 

l,Qq4 
911 
842 

4,995 
4,660 
4,525 

18,39'7 
17 .509 
10,355 

9,896 
.l/22,600 

24,468 
1/23,816 

23,429 
1/22,327 

580 
574 

2,341 
2,158 
2/570 

511 
9,844 
9,0JO 

344 
)22 

lJ,005 
12,828 

111 
f9 

10,£.04 
7,580 

680 

651 
4,258 
1,909 

31,686 
30,509 

28 
26.5 
)4.0 
32.9 

123 
lll.9 

114,961 
4,4B9 
4,357 
2,cn6 
1,898 

.20.9 
20. 2 
22.8 
21.2 

y,0532 
l/.0532 
:=.,'.05.!.D 

.446 

.416 

.42'1 

.64D 

.sen 

.5RO 

l.02A 
.930 
.903 

1.341 
1.226 

AVG. ANN. 
SPEOFIC SEDIMENT 
WEIGHT ACCUMLL\110N 
DRY, PER SQ ML 
LB.PER OF NET DR. 
U. FT.) AREA FOB 

PERIOD S110t1!1 

AC.-FT I 'TONS 

-80 

68.8 
76.1 

C.626 
.321 

• 71 
.so 

.278 

.23 

.949 
• 732 

54, 2 1.83 
.6) 

1.43 

,532 

94.72 2.8 

94.72 l..7 

.29 

J.05 

.21 

s.22 

.65 

.47 

4.8.10 ,43 

*60 .04 

•60 • 74 

51.17 • 749 

.269 

.JS 

.18 

.46 

1.51 
YJ..05 

1.98 

55 ,28 

60 .44 

l ,Qq() 

560 

1,093 
1,425 

2.160 
7•3 

5,7'?6 

5,))9 

450 

52.' 

967 

63" 

335 

574 

AGEll~ 

SUPPLl 
DATA 

.,. 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

DIG 



~ 
i:..:i 
-:J 

4S-27 

4S-211a 

4S-2'1 

4S-JO 

4S-Jl 

4S-32 

4S-33 

45-)4 

45-J5 

4S-J6a 

45-37 

45-)8 

45-)9 

45-40 

4S-U 

45-42 

45-43 

4S-44 

4S-45 

45-46 

45-47 

4S-48 

45-49 

45-50 

45-51 

4S-52 

4S-5J 

45-54 

4S-55 

Ba.th.lo-

Poeteor----------do-·-------......... ________ _ -----Herbert Niha Pond----

~ola ----do-------
Mill~- -----------
Pa7er Pond.1-----------St.ut,,_ ______ _ 

----------Hulah----------

--do------~ 
Double ~-- Sit. No. ~ 
----do------------
---00-

Waldron Lair•--------------
Ho•?'d CitT Lake-----
---do--------
HeJburn ReMrTOir-----
---do---------
Toronto L&k----------do------------
Eufaula Lak:~-----__ ..,__ ______ _ 
Hatch---------------------
Mound Valley Experiment.al St.a. 
--do--------------
Cranor---------
--do-------------
Scott.-------do--------
n.t:.ehe.r----------
---d~---------
Isch Pond----
--d~-----------
Kess Pond------
---do-
Olenhou!le------------
----d~-----------
Sier-an 
--------------
Hubert-----------
----do--------------
Keritt Pond-------
---do-------
Big Wewoka. Site No. 36---
---do-----------
Cane Creek Site No. ll-----

---d~-------
Big Wewoka Site No. 17----
--do--------------

a..c,...., _____ _ 

---do•-------N. Can97R.iYV----
o-------

Canq River--------do--------
Unnaaod<--------do-------
Kahola Creak---------------
Bi& ean.,. linr---
---do--
U--------do---------
Middle :An91 RJ.nr---
--------
Cane7 Ri•9?'------
--~------

---do----------
--dD--------
Square Rock CrMlk---
---do--------"""'c..-:--------do-------
Polecat Cl"ftk-----
--d~-------
Verd1-r'i.s--------do------
Canodian-----
---do---------
Trib. Neoaho Ri YV-----do------
Trib. of Pimpdn Creek-

Trlb. Verdigris Rinr--
--do------------
Trlb. lkoeho-----
---do---------
Bis: Crffk-------
--do------------
--do---------
----~----------
Trlb. Duck Creek----
---do--------------------------do---------------
--do-----------
--~---------
--do----------------------
Big Creek--------
---do-----------
Big Wewok&-------
----do----------------
C&ne Creek----------------
Big Wewok&-------
----do----------------

Ha'ftnl., Ian•.---------
Sedan, ltana.----

Hewina, lane.--------·----
Lebo, Kana.- --
-do-------
Dunlap, ltAn•.---
Sedan, la.na.------do------
BW'lington, lane.--

Cedar"Yal.e, K&na.--
--do-----
KW.ab, Okla.----

a...ona, ~•.--------------·-----
Waldron, Ark.---
--d-.-----
How..rd, lan•.----
---do------
HIQ'burn, Okla.---
---~----
Toronto, Ian•.------------Whit.ti.id, Okla.---Burlin&ton, .tan.a.--
--~-----
Mound Vallq, Kana.---------
F.dna, Kana.----
-----
P&.raona, lan•.---
---d -
Gridlq, Kan•.-----------
----do------
Elk Cit7, ltans.-
---d-.---
La P'ont.aine, Kans.-
---do-------------do-------------
Longton, !tans.---
--~-----
Burlington, Kans.--
---do-------
Holdenville, Okla.--
---do-------
Ok:aul.gee, OklA.---
--do----------
Wewoka • Okla.---~ 
----do--------

.26 

2.25 

.25 

.194 

15.9 

.2 

.J4j 

.49 

732 

2.39 

7.65 

10.16 

12) 

7JO 

47,522 

.19 

.42 

.22 

.2) 

• ./!) 

.)8 

1.75 

.13 

.23 

.u 

.25 

2.26 

8.96 

2.16 

.26 

2.25 

.25 

.192 

15.J 

712 

.2 

.)45 

.49 

2,}6 

7.58 

10.06 

ll7 

714 

1),693 

.18 

.42 

.22 

.2) 

.19 

.37 

1.7) 

.1) 

.23 

.40 

.25 

2.20 

8.119 

2.ll 

1934 
Sept.. 1960 
Jon. 1951 
.... 1960 
Sept. 19J6 
Sept. 1960 
Jan. 1939 
Ju17 1957 
o.c. 1936 
Apr. 1954 
-- 1920 
Sept. 1960 
Jan. 1938 
Ju17 1957 
Jan. 1943 
Sept. 1960 
Pob. 1950 
Jane 1958 

'"'· l9ll ...... 1964 
Sept. 1969 
Mor. 1943 
Oct. 1961 
Sept. 1936 
Sept.. 1965 

-· 1950 Dec. 1959 

-· 1960 ~ 1966 
..... 1964 
JQR• 1969 
Oct.. 1939 
Au,g. 1967 
Jime 1954 
June 1968 
J&oy. 1953 
June 1968 
Dec. 1956 
June 1968 
-- 1934 
.... 1967 
-- 1927 
.... 1967 
- 1933 
Ju17 1967 
Ju17 19)7 
Ju17 1967 
Jwie 1937 
JW.,- 1967 
Oct. 1948 
.... 1967 
- 1939 
.... 1967 
June 1960 
.... 1969 
NoY. 1965 
Sept. 1969 
Mar. 196J 
Sept. 1968 

26 

9.5 

24 

18.S 

18.J 

"" 
19.S 

17.7 

8.4 

9,2 
l.5 

18.58 

28.9 

9.8 

6.21 

5.33 

28 

14 

14.6 

ll.8 

33 

40 

34 

JO 

JO 

19 

28 

9.1 

J.85 

5.53 

51.7 
48.5 

""" 477.8 
10.66 

9.26 
10.59 

8.56 
6,491 
5,935 

2).9 
21.6 
54.97 
44.12 
81.46 
77.94 

29S,130 
2'12,565 

747,}6 
731,.29 
730.53 
361.44 
)25.78 
m.o 
604.7 

59,650 
57,270 

195,300 
192,060 

3,W,OCX> 
J,798,400 

... 74 
).54 
6.90 
4,77 
5.01 
J.92 

12.0 
ll.l 
24.U 
20.1 
ll.37 
8.72 

5).04 
29.69 
J.8 
3.0 
S.3 
4.5 

16,)8 
15.0 
e.09 
4.17 

690.3 
679.0 

2,983.6 
2,954 .. 7 

691.J 
680.7 

•l .. 591 
•1 • .i.55 

1.109 
1.099 

,BJ 
.81 
.81 
.059 
.053 
.316 
.248 

1.447 
1.)89 

.559 

.550 

.119 

.88 

.07 

.05 

.031 

.022 

.044 

.034 

.10 

.093 

.J3 

.27 

.uo 

.062 

.080 

.045 

.080 

.062 
,062 
.052 
.u 
.098 
.09 
.04) 
.9) 
.94 
.96 
.95 

l.J6 
l.34 

50 

5S 

60 

*60 

!i]..6 

70 

57 

60 

44.2 

54.3 
54.3 

"60 

77.2) 

50.4 

62.2 

*60 

*60 

o6() 

*60 

*60 

*60 

o6() 

*60 

o6() 

"60 

*60 

62 

55 

60 

ARKANSAS RIVER BASIN (GARDEN Cr:'T TO TULSA) 
Middle Canadian, Lower Ct.arron, and s.l.t Fork River Basins 

46-lb P'ort Supplr Lake----
---do-- --
---do---------------
---.-do-----~----~-~-

Wolf Creek-------
---do------------
---do---------------
--....... -do-.---~-------------

l/ 22,241 sq. m.i. 1!1 probably noncontributing. 

Fort Su.ppl.J' • Okla. -
---do------
---d~-------------

Y Based on innow rrom net sediment contributing area. 
'j/_ Original topo.vaphie !lurve7. 
Y From "A" reconnaissance inve!ltigation, Shawnee Lake, b7 Viet.or H • .Jon.ea, Geologist.. scs. 
if ?resent ac.-rt. as shoWl. by the t1110 surve7s. 

1,735 1,485 Jan. 1943 
June 1949 
June 1958 
Dec. 1969 

6.42 
9.0 

ll,50 

107,J40 
106,150 
101, 750 
100,7./!l 

l.27 
1.26 
1.21 
1,66 

57.8 
67.0 
65.J 

§/ Lake drained and d&lll raised 1937. Original capacit;y at 1938 crest. 
1/ Dam. raised 11 f'eet Ma.r. 1946; all va.luea based on prHent elnation. 
!/ D&m broke Apr. 1945; rebuilt M&r. 1946; this period not included. 
j/ Includes O.OJ ac.-tt. above crest deposits. 
* Estimated or assumed. 

.45 

.2'1 

.2.) 

j/.60 

1.99 

,28 

1.61 

.u 

.42'1 

.60 

.2'1 

.25 

.57 

2.0ll 

.731 

.68 

.24 

.}6 

.)2 

.)j 

.68 

.46 

.40 

.2) 

.lJ 

.18 

.56 

.56 

.85 

.91 

.125 

.32'1 

.061 

490 

347 

JOO 

.2/810.2 

2,2)6 

427 

1,991.• 

SJ6 

Ul 

710 
34) 

745 

J,499 

802 

921. 

JU 

470 

w 

457 -6a1 

522 

JOO 

170 

2JS 

731 

762 

1,018 

1,189 

157 
498 

74 

9CS 

9CS 

9CS 

!CS -!CS 

9CS 

scs 

cs 

9CS 

!CS 

scs 

cs 

cs 

cs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 
scs 
scs 

scs 
scs 

cs 



1'"zj 
I 

i:,.,, 
00 

DATA 
SHEET 
!IUllBER 

RESERVOIR STREAll 

SUll!IARY OF 

RESERVOIR SEDIMENTATION SURVEYS llADE IN 1l!E UNITED STATES 1l!ROUGll !!ti~ 

I 
I NEAREST TOWN 

I 

DRAIN AGE AREA 
(SQUARE MILES) 

PERIOD / STORAGE 

DATE OF !BETWEEN I CAPAOTY 
SURVEY SURVEYS 1 (ACRE -FT.; 

!(YEARS) 

CAPACITY 
AVG AN1' 
INFLOW 
RATIO 
(ACRE-FT 
Pat 
ACRE-l"n 

,B. PER 
U. FT) 

AYG. ANN. -·-b 
SElllllENT 
ACCUllULA 1101'1 AGEi CY 
PER SQ Ill- I SUPPL Yl!IG 
OF Nrr DB. DATA 
ARI.A FOii 
PElllOO SllOllN 

i ___ L.-_______ _.._ _______ ___j______ ___ _ TOTAL ~_!_J_ I I I I l AC.-FT. / TONS I 

4~2. 

4h-J 

44 

4h-I 

4.6-6 

IJ>-7 

""-" .,,_, 
i.h-10 

"6-11 

i.!rl2a 

46-llb 

46-14 

46-1'• 

4~16 

IJ,.17 

t.6-lA 

,.1)-19 

Cb-'<'.> 

46- '1 

46-.?2 

46--.23 

4i>->4 

46-2'.\ 

46-26 

i.b-"7 

i.h-28 

/ob-2'1 

lob-JO 

loh-'l 

i.b-V 

r-;r-t 

Boo.er 1..&k---------
--1o----------
Ber.n!.r~'. La.ke------
----:10-------------
Me6de -Aunty St.att> LA.Ice 
(Lake La.M"abM.). 

--tto-----------
Lake "8t:l1c.1n_._ __ _ 

-
S..t.a ·----------do------· 
Clutl\ri&------------
--'1o-----------
G.1-.er' e St.oclr Pond---
----d~------
Ha.rrla Stock Pond-----

La.Ice EldoN~------
----<'to--~-------
Lake Pryv-
--do--------
'A.nt.onl..Ak'-------
--00----- ------
---de>------------
--o.~----
Gath.r:!.e Muni-:-h:al ri.esenoir 

llo. 2. 
-~do---------------

1..&k• ':arl Bhdtvell---
---do-
Lies Pond----------
-----1<'>- --

'-""'<t<>n---
--do--------
~H No. 1------
--1<>---------
Pf!l""l"'J' :::1t7 l.ak-------
----<io---------· 
F-ott~ntru;el" Pon::I-------
-- --tlio-------------
0. f. Soot.t Ponda-------
----do-----------
ro. Hill Pond-------
----do---------
N1ehlau5------------ -------
1'1'iSYer---------
---1o-----------
Koulouri&---------

-----------------,..__ ___ _ 
---'io------------
Siaith - CAs.----------
-----rto------------
Work-.n------------

Sent-----------------
--do---------------
<:.~hupb&ch-----------

---00------------
B4n-<!''tt------------------

Mll@T------------

A.RKAN:-A; RIVU! BA.SL" (:}A'i!JEN :IT! TO '!ULSA) 
M.ir!db ':anadi&n, Lo-r Ciiarron, and s.J.t Fork Ri•er Baurs t.::ont.inue<1) 

3&1t f'k. or Arka.n~~ iliv!!r 

-----------------
Boo.er Creek-----
-----do---------
:htkaalda Riv•~---

---------
Jtuap An-o~-----__ .....,_ _______ _ 
Medicine Lodge Creek--

Indianal.& Crelllll----
----<k>-------------
Trib. of Cot.tonllllOOd Creek-
----do----------
:X>i:s d 1 .lrc Cr.-----
----do----------_ ____.,_ ______ _ 
----~------
Setehel Cr.------
----do--------
Wolf Creak------
-«>----------
North C&n&diar iU Ter---

-------------------
:Ot tontCIOd Creek----

----------
St.ill .. ter Creelr.----
-~do--------
Umuood--------------
----do--------
---dl>---------
-~~-------
----do---- ------
Aw .:ree«-------
---do-------
Unnamed--------
-----do----~-------

Trtb. er So. Canadian. R.-
--~-----------
l'rib. or Bridge .::ree11:---
---do---------
Trib. Slou~ Creek----
----do--
1':-1b. Slatll' :reell----
----rio--------------
Trib. Sand Creek----
----d~-------
'!'rib. Bluff .::r8*---
--do------------
"'rib. Little Ark. Ri•er--
---do------------
Trib. Medicine Lod11;e River 

-----do----------
-----jo------ - -----
Wtl '1 ~reek----------
-----t1o---- ------- -----
Bfll.'f@l" _;reek----------

Jet, Okla.------- J,2CO J,156 -------1.o---·-----
stilhratf!r, Clcla.--- 9.13 8.67 
--do------ - --
R.a.&a, Kan•.---- 1.42 l • .40 
----do------------ - --
~.Kana.--~--- 18.\XJ 17.84 

--do-------------
141ad1ein• Lodge, !tans. - 1.89 1.84 ----------- - -
A.u«Ust.&, l8ia.--- l7.93 37.55 
-----do-------- -- --
Guthrie, Cltla.---- 13.30 l~.95 
--do---------- - -
Bl.aclcwell, Okl_a. --- • 31 • ll 
~----- - --
----do------- .22 .n. 
--------- -- --
Eldorado, lana.----- J'.\.l J4.3 
--do------- -- -
Porr,too, Tn.---- 100 106 
--~------ - --
C&nton, <licla.--- 12,483 .!}6,081 
----<'k>---------
----00-------
--do--------
'.;uthri•. Ok.La.--- 11.r-) 11.29 

-----dl:r--------
St.illwat•r. ~la.---- 75.)'5 70.'5"3 ------- -- -
Andalt!, Kana.---- ). 36 J.36 
---~------- - --
Ciaarron, Kana.---- .55 .54 
---do------- - -
In.gall•, Kans.--- .64 .63 
----do------- --
Perry, Okla.------- 16.67 16.64 
--- -- --
And&l., ka.n~.------ .9 .9 ------------- --
Union City. Okla.----- 1.00 .-,9 
----do----------- -
Tuttle, Okla.------- .530 .526 
--do----------- --
Haven, Kans.----- 2.Z'/ ?.Zl 
---d~----- - --
Wellingt.on, Kans.-- .14 .14 
-----:.10------------ - --
Newton, 'Cans.----- .24 .24 
---00---------
Anthony, Kans.--- .24 .23 
--lo--------- -
Lit.tle River, Kans.- .s6 .56 
--do---------- --
Msdiclne Lodge, r..ar..,.- .')9 .59 
---rio---------- -- -
---do------- .JO .JO 
--do-------------- --
Uowa, Jtans.------- .)4 .34 
---'10--------~---- --
Anthony, Kan"J.--- ---- .67 .f,7 
---rlo----------- -- --
Qlton, Kans.------ l.J:> 1.20 
----:io---------

June 1941 
Dec. 1949 
Ai:r. 1961 
Mar. 192< 
June 19)5 
Aug. 192'9 
Oet. 1940 
J1111e 1928 

Apr. 1937 
Aug. 192'9 
Oet. l~ 
Oct. 1928 
.... 19)7 
Oct. 1920 
.... 19)5 
Oct. 1939 
Sept. 19...0 
Apr. 1938 
Sop<. l91J) 

1928 
Apr. 19)7 
-- 19J9 
May 194.7 
Ju.17 1947 
.... 1953 
Oct. 1959 
Sept. 1966 
Ka:y 1949 

Sept. 1960 
~r. 19)8 
Sept. 19<;8 
June 1942 
s.pt. 1956 
Jtl.1.1 1935 
Aug. 19'J5 
-- 191..2 
A~. 1955 
June 1937 
Ma.;r 1955 
Au«. 1949 
Sept. 1956 
Hay 1941 
Ma.1 1955 
Jul1 194) 
Ma.y 1955 
May 19J2 
May 1%'7 
-- 19~ 
Aug. 1967 
Get. 1948 
Sept. 1968 
Sept. 1934 
Aug. 1968 
Dee. 1958 
A.ug. 1968 
June 1936 
Aug. 1968 
Mar. 1955 
Aug. 1968 
June 19~ 
A~. 1%B 

Sprir1i'. 1957 
July 1%8 
Aug. 1959 
July 1968 

8,5 
ll.4 

10.2"' 

ll.2 

8.8 

ll.l 

8.6 

14.5 

1,0 

2.5 

7.4 

5.81 
6.42 
6.92 

ll.1,l) 

20.so 

14 

20 

13 

17.9 

u, 

ll.8 

JS 

19~92. 

33.92 

9.75 

32.17 

1).42 

12.17 

11. '5 

JC8,cm 
292,CXX> 

""'·= 2,812 
2,""1 

75 
JJ 

8'11 

819 
365 
295 

1,741 
l,.'.\95 
3,064 
2,608 

J. 74 
J.43 

12.63 
12.)7 

1,213 
3,~2 

&4 
717 

4Cl,500 
)Q(l,g(X} 

)ll>,900 
3P1,J00 

3,192.68 

.2,94~.06 
S8,J2b 
54,' 56 

~.44 
9.62 

.l/51.10 
50.28 

l/8. 50 

'·"" 4,371 
3,986 

14.87 
8.97 

:?6.J 
'20.7 
13.)B 
6.4) 

46.14 
2fl3.6 

4.09 
J.38 
9-64 
6.95 

13. so 
5,76 

66.89 
G2.29 
10.0 
l.79 

25.26 
.l<l.2'/ 
26.73 
21-91 
39.92 
J2.24 
6.00 
2.87 

1.067 
l.Oll 
.m 

• 172 
.Jlb 

2.15 
2.10 
2.rn 
2,06 
1.391 

1.283 

l.111 
1.196 

·°"' .067 
.:47 
•m 

.15 

.OI. 

.16 

.1) 

.219 

.158 
.'6 
.24 

l.>16 
1.7) 

.18 

.OJ 

.87 
- 70 
,81 
.66 
.59 
.47 
.olll 
.OlJ 

:::g 
.48.b o. 586 0.2() 

58.9 .JJ6 12'1 
- - - scs 
~ 1.93 2,522 

scs 
69.47 2.68 4,0'.\5 

scs 

*60 • .i.59 600 = 98. >2 J • .i.o 7,296 
-- - - scs 
58.l .• , '.>09 

scs 
•60 2.42 3,162 

scs 
1165 1.0 l ,.U6 

5CS 
•65 .t.95 701 

scs 
66 .i.26 612 

scs 
.16 

"" 70.9 .)02 4,&64 
St:i.z .12<; 6S.1 
56.l .Cb) 76.4 

scs 

95.66 1.92 4,0CXJ.Z7 - -- XS 
--60 2.61 1,410.?5 - -- - = 
94-89 ij.2" j/578.68 
-- -- -- scs 
85. 7 .m 134 

scs 
72.CJ7 .32 '"-02 

scs 
83.5 1.33 2,U9 
-- -- - scs 

10).4 ,WLO !J/2,152 
scs 

t.5.4 .2' )1) 
SGS 

1.12 
scs 

7() .22 335 
scs 

-&1 • 57 :'45 
scs 

'60 -58 7<;11 
scs 

~6C i.oo l,m 
= 

-60 .84 1,09@ 
- -- - scs 

-116() .44 575 
scs 

~ l.2J 1,607 
scs 

*60 l.lB 1,542 
scs 

*60 1.01 1,320 
scs 

"60 • 30 )92 



l'zj 
I 
~ 
~ 

46-33 

46-34 

46-35 

46-36 

46-37 

4£,-38 

46-39 

46-40 

46-U 

46-42 

46-43 

46-44 

46-45 

46-i.6 

46-47 

J,h-J,8 

46-1.0 

46-50 

46-51 

46-52 

46-53 

46-54 

"""-------
~---------
Me..ae-------------------do--------· 
Berge!" Pond-------
Pario--------

Siebert------
~<r--------
llooir--~-------
--do---
liarrio--------
--do--------
Whitford!-------

~----·------Dans-------__ ...._ _______ _ 
Lippoldt--------
---do 
Sebeo Pond---------
---io------------
"7----·-----
Bar.,.,._ ----------------
Coberlr 
--do----------
S'"1th Pond-------
Seit.an------· ____..,_ 
ll&rl---------

~---- .- ---
Brodi.____----

~--==---====--= 
~~:======= 
~-do------~-=--= 

'fl1.b. Sand Creek----
---do--------- --
Trib. Medl.cin" Lod,ge River 

----------
Trib. Paw:u!le Bi Yer----

Trlb. Wet '11&1.nut Crffk-
--<1<>-------
Trib. 818 """'17-----
---do--------
'l"r1b, Crooked Cl"'eek--

---dcr--------
---do----------
1'rlb. !Uckbe1"17 Cnek--
~------
P&~------

--do-------
Trib. Palel.ee R.inr----
---do----------
--do-----------
---do-------
Trlb. J.rk, R:i,ver--
---do--------
---do--------
---------
T?-ib. Bur!alo Cl"tlek.---
----to-----
1'1-!b. Pe.tClee RiTer----
--d<>-------
Trlb. Walnut Creek----
---do--------
T'rlb .. Slate Creek---
--do--------------------------
Spring c..--------------
Trlb. Litt.le Sandy Creek------Trib. Bf8 Sandy-----

--<!<>--------
Trib. Blutf Creek---
--d~------

Hesston, Ia.ns .. ---
----do---------
Medicine Lodge, Kana.-
--do-------
Jet.ore, Ka.ns.--
---do- -
Dighton, Kana.--
---1<>------
Meade, Kana.----
---do-------
~-------
--do----
--<!<>-------------
Ashland, l&na.---
----do-------
!t&l.Test.a, Ia.na.---
--do------

Jetmor~ • !!Ana. ---
--d0-------
---do------
---do-----
Little ii-Yer, lCa.na.-
--d~------
~od, Kans.---
--do-----------
01.gbton, lans.---
--do-----
Jet.ore, Kans.-~---------Ruah Genter, Kans.-
--do------
We111.ngton, Kan.. -
---~<>------

Con111111T Springs, Kans.-
---do------
A SJ.land, !ans.----
----<i:i--------------
---do-------
HaedeJ Kans.-----
----<l.o--------
Aahland, Kans.----
--do------

.4';1 

1.73 

3.0 

}.b 

.23 

1.07 

7. 57 

1.98 

2.40 

l.8J 

l.~ 

1.0" 

.,57 

2.1 

.JO 

l.63 

.56 

.31 

2:.17 

.95 

.82 

.!.lS 

.49 

Ln 
3.0 

2.2 

.23 

.90 

4.75 

l.97 

2.37 

1.82 

1.20 

1.(17 

.57 

2.1 

.JO 

1.61 

.56 

.Jl 

2.0 

.9'.J 

• 52 

2.17 

June 1950 
Sept. 1963 
Feb. 1%1 
Aug. 1968 
Mar. 1952 
Aug. 1%7 
Aug. 1940 
Aug. 1967 
Ja.n. 1952 
June 1966 
...,. 1961 
June 1966 
Oct. 1962 
Jwie 1966 
...,. 1947 
July 1966 
Jan. 1951 
Sept. 1967 
Dec. 1952 
Aug. 1967 
JulJ' 1956 
Aug. 1967 
Au.g. 19L.9 
Aug. 1968 
June 1962 
June 1968 
Aug. 191J> 
A.ig. 1967 
Dec. 1951 
Aug. 1967 
Oct. 1958 
Aug. 1967 
- 1949 
J.u.g. 1967 
-- 1956 
Aug. 1%7 
June 1951 
July 1966 
ffoY. 1956 
Jul7 1966 
Jan. 1952 
Jun'! 1966 
Jttly 1954 
JulT 1966 

18.12 

7~5 

15.5 

n 
14.5 

5.2 

J.7 

19.2 

16.75 

14.75 

11.13 

19 

6.2 

21 

15.75 

8.8 

18 

ll 

15.l 

7 ~ 7S 

14.5 

12 

5.47 
3.3) 

108.) 
lOj.19 
18.55 
12.95 
4]..69 
31;1.66 
a.a 
7.lS 
4.0 
3.76 

161.4 
160.B 
14.2 
8.2 

104.82 
9?.94 

!;/J0.5 
Zl.74 

5.6 
4.34 
4.1) 
l.37 

21.50 
17.9? 
18.0 
1.2.93 

5.9'.J 
3.)6 

26.07 
22.23 

5.44 
2.96 
8.11 
5.37 

31.2 
29.0 
57.l 
54,s 
6.65 
4.S 

10.C 
7.3 

.066 

.037 

.65 

.63 

.29 

·'° .87 
.?6 

1.6 
l. 5 

.19 

.19 
1.1 
1.1 
.v 
.13 

J.28 
3.06 

.?8 
• 71 
.v 
.17 
.06 
.02 

·"" .50 
.65 
.48 
.93 
.59 
.43 
.37 
.05 
.OJ 
.14 
.09 
.)6 
-ll 

1.88 
1.79 

.]8 

.n 

.11 

.re 

*60 

*60 

*60 

•60 

80 

80 

*70 

75 

*60 

*60 

*60 

*60 

*70 

•60 

*60 

*60 

*60 

*60 

*70 

•60 

75 

'65 

.24 

.24 

.12 

.09 

.26 

.06 

.04 

.15 

.17 

.10 

.09 

.14 

1.0 

.11 

.50 

.n 

.25 

.81 

.<n 

.)5 

.25 

.ll 

314 

314 

156 

117 

453 

104 

61 

245 

222 

1)1 

117 

183 

1,525 

143 

653 

352 

326 

1,058 

107 

457 

i.oe 

156 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

ARtl.A.N.5.lS RIVER BASIN < LAH.Ui. TO GA:OKN ~ITY' 
U~ C~rron and Upper :::ana.di.a.n River Basins 

4?-lb 

47-2 

47-3 

47-4 

47-5 

47-(, 

47-7 

47-8 

Concha!! Rel!leM'Oi.r----~-
---do-----------
---~------
---do--------
---do-------- --
---do----------
---do---------
--do------ ----
Renenoir •· 2-------
--do---------
ReseMOir No. 7 and 8------
--d~- ---
ReserYOir No. ll------
--ro-----------
ReseTYoir Ro, l?-------
---do-----------
Reservoir No. 13-----
--do---------------
Reservoir No, 14------
----do--------------
8oles-----------
-----do-------------

Canadian and Coochas---- Conchas Daa, N. Mex. - 7,409 
--do---------- -~------
---do---------- ----<b---------
--do-------------- ---do----------
--do----------- ----do-------
--do-------- ---do------
--do--------- ---do--------
--do------- --d~-----
( orrstream.J------- Haxvell.J H. Kei._---
--do-------- --do-------
---do---------- --~--------
--do--------- --d~------

---do-------- ---do-------
--do--------- --d~----
---do------------- --do----------
----do---------- --do--------

--io----- ---
--do------------
---do------------ ---do----------
--do---------- ---do----------
Cisarron----------- Liberal, Kans.---- .J6 
---do------------ ----rlo--------

!/ Excludes 4,642 aq. l!ti. of •terllhl:!d not contributed to runoff, 1,735 sq. mi. above Fort Supply Dam, 
and 25 aq. rn.i, surface area or Canton ~senoir, 

Y Include:i 2. 13 ac.-rt. a.hove crest deposits. 
J./ Water supply pool capacity. ReserTOir has greater capacity at spillway crest elevation. 
1/ Includ"!a 0. 19 ac.-rt. abovi- crest dep.:isits. 

ft ~~!~;=~do~ ~race area x 1/3 deepeat f1ll. 

6,':76 

.36 

Jan. 1939 
...,. 1940 
June 1942 
H'ov. 1942 
Oct. 1944 
Feb, 1949 
Oct. 1963 
Oct. 1970 

1~12 

1946 
1912 
1946 
1912 
1946 
1912 
1946 
19!_2 
1946 
1912 
19i.6 

Mar. 1962 
June 1%6 

1.4 
2.1 

·' l.9 
4.) 

1.4.? 
6.92 

34 

34 

34 

34 

34 

34 

4.25 

60] ,112 
599,712 
585,112 
5!!1,112 
'i76, 756 
56o,163 
550,799 
528,951 

3,010 
1,836 

1/1,064 
2,063 

ljl,004 
637 

J/2,260 
1,822 

1Sdf2,236 
1,628 

lJ/816 
680 

9.16 
8.9S 

).l} 
3.12 
3.04 
J.02 
3.00 
2.95 
2.87 
2.75 

l.9 
1.9 

75.7 
75.7 
75.7 
75.7 

*75.7 
*75.7 
75. 7 

"65 

.996 

.)28 

.353 

.150 

.453 

.12 

1,643 

541 
581 
247 
7i.6 

170 

08 

BR 

BR 

BR 

BR 

BR 

BR 

scs 

1f Duri"'lg the period 1012-46, a total of 2,435-ac.-rt. capac:ity was added by reservoir enlargement. 
g/ Duri"'lg t~e period 1912-4fi, a total of 126-ac.-rt. capacity was added by reservoir enlargement. 
'l/ During the period 1912-46, a total of 672-ac.-f't. capacity ws. .. added by reservoir enlargel!lf.lnt. 
1Q/ During t'ie period 1912-46, a total of 490-ac.-ft. Cd.pa.city was added b7 reservoir enlPrgement. 
Jd/ During th.e p.eriod 1912-46, a tot.al of 264-ac.-ft. cape.city was added by reoervoir enlargement. 
* Estbateri 0r assumed. 



l'zj 
I 
~ 
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DATA 
SHUT 
llUllBER 

47-9 

47-10 

47-ll 

47-12 

47-lJ 

!i.7-14 

4"-l'i 

"8-ld 

.... 2 

"8-J 

"8-4 

1.8-5 

I.M 

W!-7 

......,, 
IJI-• 

49-1& 

4'l-2a 

4Q..' 

49-4 

4"-' .... , 

l 
RESERVOIR 

'";recorJ 

~~·--------=----------·==~= 
'iartahorn----------

do 
~rlst1.an--------

----d~------
"°""1n«------
---dc------------
~-,,_ 

---!io---------
Roy lura ---tic----------

John Martin Raser'ft>i:r 

I 

f for.rly Caddo& R.11. Proj. ). 
--do-----------------------------------------------------------
--io-----------~ 

----do----------
----do-- ----
--rto----------
3rowt Reser"fOir No. l---
--'10-------------
Muddy C!"Mlk-------
--d~------
'iorse Creek Y------
---rio----------------
Teller---
---do---------------
Gucharas-
----10-----------
---~---------
S-1 31'( S&ndy Creek N11tershed 

--<io---------
Abiquiu Reservoir----
----iio----------
H&Me~ty R.eaerToir---
----10---------

Lalce ::rook--------------
----10----------
--->'k>----------------La.k .. -:;ibbon.,_ _____ _ 

----do--------------
---1o-------------
,....~hrlUe--

-----00-------------------
Jenkin~ ?ond---------
---10-----------
~-don :,.-,untry ;lub Lake---

9a.you 0 C'.;<!a...i--------

----1o----------

SUIOIARY OF 

RESERVOIR SEDOIENTATKlN SURVEYS llADE 111 'n!E UNITED STATES 'n!ROllGll Wiii 

ST RE All 

!T-1.b. Arlt. RiY•J"-------do-------Trib. C~----
-----------
Trib. L1tUe BM?' Creek-

---------
Trib. :1.a&rrca------
---do-------------------------------
'trib. Little Be&.r Creek--------
Shirlq ----------

Arii:&."'11&11 River-------

--tio-------
----do-----------do-----------
----do--------
--'1o--------
-------··-------------
-----~------
----do---------
V&n B~r Arrop>---
---do---------
Jrbdd7 ':reek, J ohnn1 CreU-
--dO----------
Horse Creek-----

--------
Turlcr/ Cret61:-------
---do---------
Cuchara.s R.1.nr-------
----1.o--------
----do·-----
8111; 5e.ndJ' Creek-----
--do--------------
IUoClu.l!l&-----
----do--------
Hungerford Hollo----
--do------

?ine Cl"'ffic--------
-----do-----------
---do:>----------
Trib. of Pine Creei:----
---do---------------
----------------
Kine ~rHk--------
----do--------------
Tr1b. or L•wi• Crffk----
-----do---------
And'5 Creek------

B.11.you Ho<icau Rt ver-----
-----do-----------

PERIOD 
NEAREST TOWN DRAINAGE AREA DATE OF BETWEEN 

(SQUARE lllLES) SURVEY SURVEYS 

TOTAL I NET 

.llllWISAS RlYD! BASill (LAKl.R ro GAAlllll 'In) 
Upper Ci-.rron and Upper Canadian Riur Baein• (Continued) 

!iJT&cuM, Ka.na.------Moseov, lans.--------
--dO------
SyraouM, lana.---

Ul.7 .... , Ian•.---
Hoaoov, Kana.--
~ -
SJ"r&cuM. lana.---------
--------

6.) 

2. 78 

1.90 

1.06 

.47 

J.42 

8.91 

6.5 

2.75 

1.89 

1.06 

.46 

J.40 

8.91 

..... 1951 
June 1967 
Oct. 1960 
June 1966 
...... 19'0 
J\lne 1966 
June 1961 
June 1966 
..... 1961 
Jww 196,G 
...... 195) 
June 1966 
..... 1951. 
J\me 1967 

RIO GRAIDI BASill (ABOVE KSP.UIOU.) AlfD >JUWISAS RIV§: BASD 

H&st7, :Olo.----!/l-J:!,915 

---do-------------<»------
-~-------do--------
--~-----
--do----------------------
Tr1.nidad, Colo.--- 74-.6 

Caddo&, Colo.--- 154..2 
--"10------- -
Onbfay, Colo.---- 52.0l 
--do--------- -
Pueblo, Colo.----- 78.S 
--do--------- -
"-1.senbm'g, Colo.-- 608 
----~-------
---dt>--------
Peyton, Colo,------ 5.4 
--do--------- -
1biq1liu, ~. ~x.-- 2,146 
---do--------- -
Fold.er, Colo.----- 1).48 
----do------

18,102 

71..'6 

152.4 

47.44 

78.5 

608 

S.J 

2,127 

13.34 

4pr. 19'1i.2 

Jul7 194.2 
o... 194) 
Sept. 1944 
...,. 191.8 
Oct. 1951 
A.11&. 1957 
Mar. 1962 
Sept. 1966 
..... 1968 
- 1900 "°"· 1919 
P'al..1 1919 
nee. 19)9 
..... 1900 
Apr. 1940 
Mar. 1911 
P'eb. 1940 

1912 
1917 
1919 

...,. 1962 
Jul7 1965 
.,,.. 1961 
Clot. 1967 
-- 1908 
Mar. 1968 

RED RIVER e ... Sl!l (DDIISON m GRANO ECC.RB) 
Little &nd Sulr;ftur River Basinn 

Paris, Tax.---- 51.6 
----do------
-----do----------------- l.i.t 
---do-----------
----do-------------
MaehvUJ.e, Ark .. ----- 10.4 
--do--------
Ma.nafiPld, l.a.----- .JS --------
Par1s 1 Tex.------ 1.41 
----do-----------
:Otton Valley, La.- 6BJ 
-----do--------

49.6 

1.26 

10.3 

.32 

1.30 

613 

P'eb. 1923 
1'ar. 1936 
JulJ' 1956 
- 1900 
M1.r. 19)6 
Jul7 1956 
Mar. 19)1 
Ju.17 194.l 
Sept. 192'5 
::..pt. 1954 
-- 1898 
June 1959 
Nov. 1949 

"""' 1961 

(YEARS) 

16.5 

5.7 

l.6.2~ 

4.8 

13.J 

16.5 

O.J 
1.4 
0.1 
J.7 
J.4 
5.7 
4.6 
... 5 
1.9 

)9 

20 

)9.4 

21!.9 

25 
2 

4.18 

IX! 

1).1 
19.7 

J6 
<O.J 

10.3 

29 

61.0 

ll.5 

STOR.~GE 

CAPAOTY 
(ACllE-FT .) 

62.2 
j().8') 

iJ5.6 
1)3.8 
14.6 
8.75 
4.5 
3.75 

Jl.8 
31.2 

1:111 
ll9 

92.7 
78.2 

?<ll.775 

690,145 
688,5,0 
61),257 
675,0'TI 
b62,870 
645, 512 
642,)90 
6)l,l2l 
618,668 

718 
82 

16,918 
15,287 
16,203 
J0.7J8 
4,005 
2,463 

JS,:m 
25,020 
23 ,04£> 

JU. 
J02 

579,039 
57',695 

563 
527 

11,487 
10,755 
9,964 

YJ.,J94 
1,324 
1,285 

181 
12'1 
157 
lS(J 
558 
430 

967,'TXJ 
%7,900 

CAPACITY 
AVG. ANN. 
INFLOll 
RATIO 
lACJIE.FI'. 
PER 
ACRE-rn 

1.79 
1.50 
~6 
•• 5 
.n 
~ 

·""' .ll 

~~2 
L5 
LJ 
1.97 
l.M 

2 •• 7 

2.>J 
2.4) 
2.41 
2.)8 
2.34 
2.2!! 
2.26 
2.22 
2.18 

l."O 
1. 78 

*J.9 
*3. 7 

.418 

.391 

.)62 
1. 792 
1. 702 
1.652 

.561 

.536 

.742 

.572 
1.516 
1.516 

SPECIFIC 
rEIGHT 
DRY) 

~B.PU 
tu. FT.) 

70 

•so 
"'I) 

"75 

65 

"75 

'70 

*75.7 
"75.7 
"75.7 
"75.7 
*75.7 
*?S.7 
*?5.7 
*?5.7 
"75.7 

89.07 

75.25 

6B.J6 

75.• 

""" 
"75. 7 

36 ... 

31.5 

6B.6 

33.14 

AVG. AIQI. 
~ 
ACClMLA 'l10ll 
PD SQ ... 
OF Jlll:1" DL 
AlllA P<-. 
PllllODSlll>lnl 

Ac.-rr I ro11s 

O.ll 

.u 

.19 

.14 

·"' 
.20 

.10 

167 

Ul 

310 

229 

J96 

m 
152 

.075 124 

..... ) 730 

.129 ZlJ 

.210 346 

.178 29'.l 

.0398 6s.6 

.1.1,7 242 

.)62 597 

.231 •52 

.535 m 
- -
.l/.2U J./l,Sl5 

.680 l,ll7 

.87 
1.6) 

1.5 2.613 

.6s i,un 

j/.00.5 

l.lJ 
.Ill 

1.5" 
1.52 

.so 

.78 

1.62 

642 

l,Ot..J 

1,165 

1,169 

AGllllC'I 
SIA'LY 
DATA 

scs 

scs 

SCI 

scs 

SCI 

scs -
ca 

scs 

scs 

scs 

scs 

• 
scs 

ca 

scs 

scs 

SCI 

scs 

scs 

scs 

ca 

lllG 



"'rj 
I 
~ 
I-' 

49-7• Lake Texark&na------------ Sulphur 1Uver----- Texa.rk&na, Tex.--- J ,400 
-do---------- --------- --do------

----do-------- ---~-----
49-6 Wal.lace Lak:'e------ Cypress 8.a)"O<>u.----- Shreveport, La. --- 26<> 

---d1>---------- ---d<>------- ------------do------------ ------
49-9 Cent.Ul'7 La.k -- Sulphv Rin,,._ ___ _ Sulphur Springs, Tex.- 52.50 

--do--------- ---d~------------ ---do------

3,213 

251 

51.46 

Sept. 1954 
Aug. 1958 
Jul7 1970 
Dec. 1946 
Oct, 1951 
Apr. 1961 
- 1953 
Sept, 1962 

2,654,300 
3.92 2,654,JOO 

12 2,654,JOO 
96 ,100 

4.8 'Jb,100 
9.5 96,100 

J,495.2 
2,787.9 

.lJ 
,l) 
.1) 
.405 
.405 
.405 
.125 
.100 "85 1.53 2,832 

CZ 

CZ 

scs 

RED RIVER BASIN {A.OOVE DENJSJN~ 

50-1 

5<>-2 

50-J 

50-• 

50-5 

<0-6 

50-7 

50-ll 

50-0 

50-10 

50-llc 

50-12" 

50-11 

50-11.a 

50-154 

50-16 

50-1? 

50-18 

50-19 

50-20 

50-21 

50-22 

50-23 

S0-24a 

50-25 

A.rdJl:lre Club Lake------
--d~------------
Byars Club L&k'~----
-----<io----------
Carter Lake------

J. J. Harrhon Lak.-----
---do------------
:::. W. Lester F'a1' ?and No. 1-
----do-
C. W, Lester Fa.rm Pond No, 2-
--do-----------
S&nt& Ros.a Lake----- -~-

--do----------
Lake Duncan-------
--do-
Lake ~n----------------
---do-----------
Belle-.ue---------
-----do------
Al tua Roserroir------
---do------------
---do----------
----10---------
La.k:e Texo- (Deru.lk'"lfl 0...)-
--~--------------do----------
---do----------
Barbour Pond--------

Can.l.ry Creek Site No. 1--

----do-----------do---------
--do-- ---
~higl.e;r Sandy Site ?to. S--
----do-
---do--
::::Oit Pond No. 1----------
--rio----------
Dean Pond No. 1------
----do---
Dean Pond No, 2-------
-----do----------
George Pond-----------
----10--------~ 
Hall Pond Ne. 1------
----:io--------
Harri!IOn No. l-------
----10---------
qa::-ri90n No. 2------
-----d<>----------
Lake Kem.p--------
----10-----------------
Kill :::reek No. 17--------
---d -----
-----do---------------
l'hlnc-rief Pann Pond-----

Caddo Creeic.-----
-----do-----------
Unil&Md 5tr.....-----
--do-------------
Big Gl.aseea Creek----
---do------------
Tr1b. or •ash.it.a River--
---do---------
'trlb. or Brokm L•g Crffk-
---00.....------
--do------------
Bea.ver :::reek-----
---do-------
Fitr.pa.trlek Creek.---

Turkey Cretik-----
---dt>---------
--do---------
Clay Creek-----
--do--------
liort.h Fork Red Rinr---
--do---------
---do---------
---dc>---------
R9d. RiTer-------
----do--------
-<Xr---------
--do-- --
Tr:!.b. of Little Washita R. 
--do-------
it:a.11h.it..a,-------
---d<>----------d,,_ ____ _ 

---do--------
Chigl91 Sandy-----
---do-------
----do--------
Unna"led-------
-----do--------
Trlb. ri! Nine Mile Creek--
---do------------
----do-------------do------------
~rmaaed---------

----do---------------
----do--------
---do--------------
----do--------
-----do--------------
----do-------
----d1r---------------
lil'ichit..a. Riv'!!r------
---do-------------------
Washit&.---------------
---do-----------
Trib. of Sandy Cl"eek-----
---- -t!o-------- --

A.rdmon, Ok1a.---

81ar•, Ok.la.----
----d~-------- -
,_,dill, M.a.---
---- ---
Lindsay, Olcla.---
--dir-------
Ch.e7enne, Okla.----
-----------do---------
Ve'M\On, Tax.-----
--do--------
Duncan, OkLa.-----------
Canute, Oltl.&.---
--d<>----------Bell nu•, Tax.---
---<io-------
Altu~, Okla..----
---do-------------------do--------
Denison, Te.z..---
--do-------
---do--------
:::hicka.sh&, Jk.la..--
-----<10-------
Cordell, Okla..---
---do-------------------do------
Wynnewood, Okla.---
----do-------
-----do-------~ 
.'.:lintoo, Okla,----
--do------
c:t\e;renne, Olcla.---
----do----------
---do·--------do------------
Ganadta.n, Tex.-----
----do---------
Leede;r, Okl.a.-----
----do--------
Canadian, Tex.----
----do------
-----<lo---------
----do--------
Seymour, Tex.---
-----d0--~-~---------
Mi.l.l Creek, Okla.---
---no-------------
-----do---------- --
Wynnewood, Okla. --
-----do------------

l/ Draina~e area adjusted to confor-m wit1 1J 5.G.S. publist-,e1 drainage a.rea. 
21 arr cha"lnel "'tl9ervoir. 
J! Excludes wat~ ... an-1 sed:unent diverted from Arkansas River a..'!d Horse Creek. 

4.15 

2.66 

1.1'1 

,88 

2.04 

.64 

JJ6 

11.0 

2).6 

•1.:s 

Z,515 

39,719 

.68 

2.19 

2,099 

.Bl 

.39 

,0359 

.164 

.535 

.ZG 

,2)7 

.292 

1.61 

.031 

l=f Pe:- 1()() ac,-rt. of wate:- d:i.verted fro;;i Ari<. River and Horse Cr. Total o!' 56l.,918 ac.-ft, diverted. 
to reseM'oir between 191C 'lnd 1939. 

3.91 Dec. 1922 
- June 1938 
2,55 -- l9CW. 

- 19<;0 
1. 70 -- 19)6 

lio•. 1949 
,81 Feb, 1932 

Ma.r. 1950 
2.03 - 1945 

June 1949 
.6J June 1944 

June 1949 
334 Oct. 1929 
-- Jan. 1%8 
10.4 Oct. 1937 
- Aug. 19~ 
2).1 Dec. 19)0 

J\Dle 19)e 
Nov. 1950 

l.W. - 1888 
May 1938 

2,104 Dec, l9W]/ 
June 1948 
Jul7 1953 
A.pr. 1967 

28,925 J~ 1942 
Oct. 1948 
June 1954 
Mar. 1962 

.6? Sept. 19)5 
""" 1955 

2.15 Jul>' 191Jl 
Sept. 1959 
Aug, 1964 
Jmie 1969 

.79 June 1955 
Aug. 1959 
Oct, 1963 

.38 K:lr. 1947 
July 1957 

.0354 Spring 194.4 
!'4ar. 1955 

.161 Spring 1941 
Har. 1955 

.53') June 19<;2 
Apr. 1958 

• "" ...,, 19)9 
Aug. 1957 

.2)7 ...,, 1952 
Apr. 1958 

.292 Sept. 1951 
Apr. 1958 

2,067 Oet. 1922 
- Sept. 1958 
1.58 Dec, 1948 

July 1959 
Aug, 1966 

.029 Aug. 1935 
Nov. 1957 

15.5 

46 

13 

18 

5.0 

18.2 

12.8 

7,4 
12.4 

50 

?.5 
5.1 

lJ,8 

o.2 
5. 7 
7.8 

19.7 

ll.15 
4.89 
4.85 

1..12 
4.15 

10.28 

11 

u 

5.7% 

18.25 

5.93 

6.59 

J6 

10.f,3 
?.06 

22.22 

1,797 
1,644 

WI 
in 
865 
BJ? 
349 
282 
42.4 
22.8 
16.J 
13.1 

15,755 
ll, 568 
6,291 
5,783 
4,415 
3,981 
J,343 

131 
85 

192,.842 
185,035 
178,-610 
168,117 

5,859,000 
5,718.<XlO 
5,553,000 
5,392, 900 

59.9 
41.B 

505.4 
476.6 
4n,e 
458.B 
:ihJ.67 
258, 74 
248.20 

25.6Q 
21.53 
1.078 

.007 
15.B 
1),4 
15.197 
1),46) 
17.59 
1),47 
22.163 
21, 706 
15.655 
14.242 

560,_(XX) 
461,75? 

498.45 
492.1) 
IJ!?.ll 

a.no 
?.968 

1.74 
1.6.l 

.51.2 

.)57 
J.05 
vn 
2,84 
2. 77 
l.i...10 
1.384 
1.327 

.706 
,591 
.4M 
.J51 

1.505 
1.276 

.407 

.J61 

.239 

.183 
,594 
.581 
.410 
.)82 

2,493 
2.056 
1.06 
1.04 
1.03 

40.7 

63.4 

6J.J6 
65,9 

52.) 
66.9 
10.2 

52.1 
57.9 
62.5 

*15 

74.5 
74.5 

"74 

60,J 
60,J 

61.49 

91 

88 

70.95 

*70.2 

79.68 

68.53 

70 
*15 

*60 

2.52 

1.16 

1.26 

4.59 

2.41 

1.02 

,689 

3.82 

2.~ 
2.2) 

.64 

,495 
,599 
.)61 

.785 
1.00 

• 7fYI 

1.37 

1.20 
,1,6 

1.25 

1.52 
3.22 

1.07 

.69 

1.06 

.559 

1.15 

.)25 

,?)) 

1,)2 

.37 
,45 

1.15 

2,2)4 

5,215 

J,505 
J,201 

564 
1,10.. 

588 

891 
1,2161 

965 

2,2)8 

l ,91o6 
71,6 

1,993 

1,996 
4,229 

1,433 

1,)68 

2.on 

86).82 

1,758.30 

564.0l 

1,094.06 

564 
816 

1,502.82 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

SCI 

scs 

Ill 

CZ 

scs 
scs 

scs 

= 
scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

2) Little aeposition due to dam washout, 1930-47. True sediment aec:umtl.aUon rate !or 
43-yr period was about 0.063 ac.-rt./nu2-yr. 

Y Spill'"8.y erest vas lowered 3 rt. in 1932; capacities are based on present elevation. 
1J Date of original survey for new dl>...m over deposits placed behind old 1aa. 
.,. Esti.Mated or assumed. 
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I DATA I 

NUlllBER ~u· I 

"'-26& 

"'-2'7b 

50-28b 

"'-29& 

5<>-l<» 

50-Jla 

50-32b 

S0-1Th 

5<>-)4b 

5~3Sb 

50-360 

50-37• 

5<>-)8 

"'-39 

5<>-4D 

';0-1,lb 

';0-42!> 

5.'.>-4)& 

---

RESERVOIR 

Cobb Crei*" So. _ _.,,.,_ ______ , 
---do--------
Sud.tone so .• lo. 1----_ __,,,,____ _____ _ 
Sandstcne Site lo. 3----

5-Ddat.GM Sit• lo. ~ 

Su.fat.one Sit.e lo. ~ 
-----d~----

--------
Sand.tone Sit.• lo. ~-
-----dlo-------
-----<!~-------

Sardst..one Sit.e !lo. lOA----do---·------
Se.ndatone Sit.e Jlo. 14---

Sandstone S!t.e llo. l~--

~-------do--------
----<io---------
Sandstone Site lo. 16.l--

5-ndst.one Site llo. 17------------
--do-------------d<>-------
Sandstone Sit.e llo. 22---
-----do-------
---do--------
st i ckl 91 Pond No. 4.----

--10---------
St.icklq Pond llo. 6---

Wh•ler Far. Pond----
-----io---------
WhiteshieH CJ-eek Site No. 4.-
--do-----------------------do---------
Wildhorse Site No. 1----
---do,------------do---·-------
---do-------
WildhMae Creek Site No. 13--
---do---------
---do-------

I 
I 
I 
! 

I 

SUllllARY OF 

RESERVOIR SEDDIENTATKlfl SURVEYS llADE 11! 111E UNITED STATES ntROUGH llJ'ro 

STREAM 

' 

W.ohit.a------· 

~------
---"""""""'M•------------
--<lo-------
--<lo-------... ..,. ...... _____ _ 
--do---- -do-------
---do-------

---
----do--------do-------
Cw-nnt Creek-----

-----
Sondotone-------

~-----C&nadian Ri•.,.._ ___ _ 
---~----__ .,,.. ______ , 
--do--------

~-----
W.ohito-------
---do------------------do-------
Wildborae-------
--do---------
----------
---do--------
---d~-----
---do---------

PERIOD I STORAGE 
NEAREST TOIN DRAINAGE AREA DATE OF BETWEEN CAPAQTY 

(SQUARE lllLES) SURVEY SURVEYS I fACRE -FT.) 

I (YEARS) 

TOTAL NET 

ilD 1.IYWt BA3DI (A.BJVE DD13)1) (Continued) 

Weathertor&, Olcla. ------------------
~. Oltla.--------------.-do------
lllr: Cit.7, Okla.----------------___..,..___ 

---dlo------

-----------------------
----do------

--do------------~--------------do------
Ch97enrM1, Ok.la.-----------------------------do-------
-----d<o------__ .,,__ ____ _ 
---do------
---dloo-----
---rto---------------do----------
Canadi&np Te:x.---
----doo-----------do------
--~------
llk Cit7, Okla..-----

----do-------
-----d~------

Darls, Okla.----
---do--------
--do------
--do-------
Duncan, Okla.---
--do---------
---do--------

8.28 

5.}} 

.62 

J.89 

6.46 

J.50 

2.87 

1.0.2 

11.47 

8.78 

10.13 

2.25 

.1n 

.162 

.205 

.62 

.'17 

1.77 

8.18 

5.22 

.61 

J.84 

5.24 

J.46 

2.80 

l.00 

11.28 

5.11 

10.04 

2.20 

.1n 

.162 

.205 

.60 

.95 

1.7) 

Jan. 1957 
...... 1960 
Oct. 1964 
.l~. 1'110 
..., 1951 
...... l'W> 
..., 1960 
..... 1965 
JulJ' 19?0 
.lpr. 1951 
Oct. 1956 
Oct. 1961 
JulJ' 1966 

-· 1951 ,..,_, 1957 
Sept. 1961 
JulJ' 1966 
.lpr. 1951 
Oct. 1962 
Sept. 1967 
Jllar. 1951 
Oct.. 1957 
Cle<. 1962 
Sopt. 1967 
Apr. 1951 
Oct. 1956 
Sept. 1961 
JW.y 1966 
Sept.. 1951 
..., 1960 
.lug. 1965 
Ju17 1970 
.\u.g. 1952 
Jul7 lfP;7 
Sept. 1961 
A.ag. 1966 
Dec. 1951 
Oct.. 1956 
Sept. 1961 
..... 1966 
Aug. 1951 
Oct. 1956 
Oct. 1960 
Aug. 196" 
June 1770 
.lug. 1951 
0c•.. 1957 
Oct. 1962 
Sept. 1907 
Jan. 1947 
Apr. 1958 
Oct. 1945 
Apr. 1958 
Dec. 1944 
Apr. 1958 
Jan. 1949 
Sept. 1959 
Aug. 1964 
June 1969 
..., 1949 
July 1959 
Oct. 1963 
Ju17 1960 
Mar. 1950 
Sept. 1960 
Aug. 1965 

).5" 
1..14 
5.81 

4.96 
•• 06 
5.02 
1..92 

5.U 
LOO 
~~ 

L" 
~" .. ~ 
~" ~96 

L58 
LO 

"'" 
5.50 
~90 
1..80 

8.68 
5.25 
4.98 

4.9:2 
1..21 
•• 86 

1..82 
4.88 
4.86 

5.lJ 
4.04 
4. 79 
4.91 

6.16 
1.0 
4.96 

U.266 

12.564. 

l}.JJ 

10.70 
4.91 
4.85 

10.25 
4.L) 
4.82 

10.50 
4,95 

2,401..1 
2,)0).J 
2,m.J 
2,21Et.l 
1,591.29 
1,45).69 
1,380.•7 
1,344.75 
1,338.8.2 

15?.68 
1411 • .., 
1)9.91! 
125.60 

i,m.21 
1,217.58 
1,152.2J 
1,121.06 
1,956.05 
l,81).2 
1,806.22 
1,275.09 
1,21.7.59 
1,178.72 
1,175.25 
l,Ol.6.02 
l,ffi.8.8 

943.9 
888.0 
315.15 
288.09 
286.7'1 
275.82 

At,4b).43 
.i..,'.?9"-.49 
4,161..87 
.i.,QJe-. 34 
2,065.88 
2,0JJ.89 
1,987.91 
l,9'?9.45 
1,584-.9 
J,465.8 
J,)22.4 
3,292.7 
J,2?6.o 

9?0.7 
942.12 
913.51 
873.9 
lS. 794 
1).94) 
21.035 
16.627 
7.)53 
6.613 

223.4 
207.7 
199.6 
179.9 
242.4 
2)6.2 
233.B 
229.J 
587.Je 
566.24 
548.66 

CAPACITY 
AVG. ANN 
INFUJll 
RAm 
!ACRE-FT. 
PER 
ACRE-l"n 

2.72 
2.61 
2.58 
2.51 
4.67 
4.>b 
•• Ol 
3-9"
J.9) 
4.)8 
4.12 
).1!9 
J.•) 
o.ol 
4.>b 
4.0J 
).91. 
4.1:? 
J.!12 
).80 
4.94 
1..72 
4.57 
4.56 
6.2) 
6.06 
5.62 
5.2'1 
.1..e5 
4,43 
4 • .., 
4.24 
7.2'1 
7.02 
6.81 
6.60 
4.41 
... JI 
4.25 
4.23 
5.5) 
'>.H 
5.1.J 
5.08 
5.06 
o.14 
5.'17 
5. 78 
5.6) 
.J2') 
.2'JO 
.438 
.Ji.6 
.1'17 
.17'1 

4. J) 
4.02 
J.87 
J.49 
1.11 
1.08 
1.07 
1.05 
1. 780 
l.716 
1.663 

90 
90 

"91 

61.49 
8).11 
8).11 

08) 

70.20 
77.87 

'71 

95.7 

"80 

70.7 ..,, 
75.78 
7'1.4 

"80 

79.] 
82.8 ..,s 
9).08 
68.l 

'75 

77.94 
7"--85 

..,6 

80.6 
79.7'1 

'71 

70.4 
59 
59 

"6<> 

81.53 
79.4 

*SJ 

77.65 

85.J4 

112.13 

75.68 
75.68 

'75 

61 
61 

"61 

85 
74 

AYG. Allll. 
SEmmM' 
ACClllULA 'l10N 
PEii SQ. Ill-
OF NET DR 
AREA FOii 
PDUOD-

AC.-FT. 

l.)J. 
.77 

1.24 

5.)1 
J."6 
1.36 

.2) 

2.7'1 
2.75 
4.92 

2.2? 
4.06 
1.)6 

2.3'> 
.:n 

2.52 
2.20 

.20 

1.,.., 
5.46 
4.16 

1.12 
.25 

2.ai 

).04 
2.13 
2.Jl 

l.JO 
1.84 

.34 

2.'31 
J.5J 

.62 

.)4 

2.00 
2.1>4 
3.6) 

.959 

2.167 

.249 

2.45 
2.75 
6.77 

.63 

.60 

.98 

1.16 
2.05 

TONS 

6,547 
1,509 
2,S6J 

7,111 
6,26) 
2,462 

)60 

... 266 
4,672 
8,184 

4,131 
5,501 
1,980 

3,634 
529 

4,160 
4,1',8 

4)6 

J,057 
9,996 
5,6Z7 

6,)20 
J7l 

3,611 

5,llu 
•,209 
3,874 

2,281 
J,181 

IJ)2 

J,540 
5,418 

797 
526 

1,694 
4,U5 
7,0)6 

1,621..88 

4,027.81 

1,48.66 

4,038.4 
4,532.9 

10,8?2 

831...l 
794 •• 

1,274.6 

2,U7 
J,)04 

---

AG!JICY 
SUPPL YIN G 
DATA 

scs 

scs 

scs 

""' 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 



t-rj 
I ..,. 

Cl.:) 

50-Ub 

50-45& 

~ 

50-47• 

50-48 

50-49 

~'50 

50-Si 

~52 

0w1c..-11o.1.-------do-·-----------io---------
Ch i&l~ '3end'J' Sit• lo. 4------------
l'l-~,,. .............. 

2 eum er. W.t~mi.s. 

Bunits ... u------

Srltpr Cr..t Site lo. 13---
--do--------
Upper Washita llJ:nr Site l2}--

P.:91t Cretllt .. tm-llh.ct Site ll

Ruab CJ"'Mk lo. 2'-----

5-ddl• Jbata.1n I.a. 2------------

Owl .,.... _____ _ 

Waattiu------_____..,_ _____ _ 
---<»---------
.. ... er.-------
--------
Buni ... ----------------do--------
So,oarCree-------------
Wub.it.a lt1:n•r-----

(9r1t er.------
-~-------.... C......------

s.dd.11111 lbmt&1JI Cl-e.k--

..,,,., Ckl&.--------------
w-,nn.9llOOd., Cid.a. ---
itaab. Spring•, crtl.a.--

~-------
Cl.inton. "'-la.-----------------HiDt.on, Okla. -----do-------
Anadll.n, Tu.---
--do-----
Qidt.aqq.e, Te%.-------R:wtb SJ:r1n«•, Cltla.-

------
~-.~·----

.bl 

J.eo 

2.13 

4.22 

1.99 

7.U 

1.52 

2.13 

3.43 

.59 

,.73 

2.05 

... ll 

1.93 

6.'16 

1.46 

2.0'j 

3.)7 

Apr. 1949 
AQI;. 1959 
Oat.. 1'16) 
Aag. 1968 
Aug. 1955 
..... 1958 
Oat.. 1'163 
Jul.7 1969 

'"«· 19'i9 

Jal;f l '165 

'°"· 1958 
S.pt.. 1963 •qg. 1968 
Feb. 19U 
Oct. 1965 
Mo•. 1961 
Jul1 1966 
Apr. 1964 
J'Qfte 1966 
Aue. 1959 
JGl.7 1965 
Sopt. 19'10 
Apr. 1959 
!pr, 1965 
Sopt. 19'10 

10.32 
A..12 
4.84 

2.62 
5.52 
5.76 

5.90 

4.85 
1..97 

l.?!l 

4.6 

2.1 

5.9 
5.19 

6 
5.26 

206.3 
200.0 
191..0 
190.3 

1,075.3 
1,054-8 
1,01.8 .. 0 

961>.7 
6~5.99 

6)9.60 
1,723.2 
1,645.9 
l,6J).9 

532.17 
'503. 79 

1,315.92 
l,Jll. 74 

622.01 
613.83 
656.0 
639.6 
6)5.4 
771.3 

Y-
151. 4 

.91 

.88 

.86 

·"" l.24 
1.21 
1.17 
l.ll 
1.929 

1.1"'1 
4.28 
4.08 
4.05 
2.137 
2.0.2J 
4.62 
4.61 

15.4 
15.2 

2.31 
2.25 
2.24 
2.ll 

2.05 

65.1 
65.5 

"6J 

51.61 
51.61 

•59 

77. 75 

.,,,, 
*10 

82."7 

91.8 

61 

77.75 ..,., 
38 -

1.07 l,SZ'l.2 
2.0) ) ,lh6.6 
1.29 1,721.l 

2.10 2,}61 
1.79 2,012 
2.39 J,4~ 

1.)6 2,)03 

3.11? S,900 
.61 877.9 

8.65 15,499 

v.10 !./199.9 - -
!/2.67 !/J.547 - --

l.J6 2,)03 
.39 654 - -

y.47 Yl89 
• 53 734 

3CS 

""' 
3CS 

SQ! 

SQ! 

s::s 

SQ! 

3CS 

s:s 

SABIO, .llCK!S, 4.m TRI Win llY!2 BCUIS 

'1-1 

51-2 

51-l 

51-4 

51-5 

51~ 

51-7 

51 ..... 

51-9 

51-10 

51-ll 

51-12 

51-13 

51-U 

51-15 

51-16& 

51-17 

51-1" 

51-19 

51-20 

T91'T"ell. C:lt.7 LeJr190---

t.o-r 8-ton L&k.----

L&ko llo.LlA,.._ ____ _ 

LUallalbert-----

~lla Lake (Red Horse)-

Moant.aicCr.Sr-----

Whit• lode: Lale••-----

GTODd ""11.M------

T • P--------

L&ko Chrl<-------
~ 

·- C1t~------
Y&rlet7 Club Boys' Ranch Lake 

VUl• Pointr-----

B~rt-------

!agl•---

Laite ----------
Nabu* ::ur L&h>-----

Wo1r er..c----------l<l.Jdnot.k~------

l/ S...U-c pool onl.J'. 

lingoC... .... ,._ ___ _ 

Trib. ot a. Cnielt---

El.. rt.or Tr1.nit7 ii.~ 
na ,,... _____ _ 

Trlb. of &la~---___.,. _______ _ 
~c,...., ___ _ 

Whit• lock CJ"'Mk----

su-n. ........, ___ _ 

TCMG c...-:-----

-· er...---
C«l&r er.---------Unnued trib.-----_,,...., ____ _ 
w..t Fork or Trlnit7 Rinr 

-------
- trlb.-----

Trib. of Cedar Cl"911r-

Wolt Creek-----__ ,,,_ _____ _ 
last <!ondJ'C..----------

Terrtil, Ta.--

Coraioana, Tc.------<k>------
Dmtoa, T«L---

Corllica.na, Tex.--

Dall.as, Tc.------------do----

Grand Saline, Tex..,-----Wea.thertord., Tcx.--

Ennis, Tax..----------limp, Tu..---

Bedford, Tex..--

Wille Point, TSL-

Br1.dgerport, Tu.--

Fort_ Wortb, Tu..--

.lthca, Tu..----

Palestine, Tex.-------ihmtrrl..lla, T«L--
--tlo------

9.20 

.91 

.58 

1,174 

J/9.J.ll 

.59 

"80 

99.l 

2.12 

6.24 

3.14 

1.48 

.JO 

1.83 

1,051 

1,875 

1.05 

.:>'> 

2.55 

3.18 

Y A.~ abon Hdiaimt pool riser was not sl'lr"t"qed in 1965. 
JI !'..elude• &.reA a~ tlllO l.Ues in •tersherl wflich contrih•.ites occasior.&1 no .. to Lake Halbert. 
¥ Lake Clark -a built in 1940 downrtr.-im from "Enni.!1 Ne-w Lake"' or •Cl••b Lake• tti.ich 'IQIS built 

b 1?95. Club Lake and a --.ti pond now ~r~ b7 Lil.lee Clarie. 

8.71 

.112 

.54 

l,l~ 

8.56 

.i,J 

"74.4 

97.4 

2.02 

6.1" 

2.87 

1.42 

.29 

1.75 

1,033 

1/&:YI 

1.01 

.33 

2.'50 

3.05 

Oct. 1921 
Doc. 1949 
- 189,:• 
Sept. 1949 
- ].8ll() 
Sept. 1949 
P'eb. 1928 
..,,.. 1938 
- 1921 
Sept. 1949 
- 1885 
Sept. 1949 
Mar. 1937 
Mo•. 19""' 
Apr. 1910 
Apr. 1935 
..... 1956 
Oct. l</10 
P'eb. 1925 
Apr. 19')8 

- 1930 
.,.. 19')8 

- ],/ 
Dec. 1950 
June 1926 
Apr. 1939 
Jtzne 19.\.2 
Apr. 1950 
Sept. 1911. 
Apr. 1938 
- 1932 
Pab. 1943 
Mar. 1934 
Mar. 1939 
lfoT. 19~2 

- 11199 
..... 1939 
- 1926 
A.pr. 1939 
- 1919 
Apr. 1939 
- 1930 
July 1950 

2,219 
28.25 1,605 
- 319 
54 al5 
- 181 
69 92 
-- 1.80, 7~9 
10. 5 167 ,rn2 
- e,012 
29 6,6~ 
- 756 

"" 6511 
- J7,520 
9.7 "7,100 
- 18,158 

25 U,276 
20.9 12,321 
14.6 10, 7JU 
- 531 
13.25 509 
- J?O 
8.5 328 

.l/2,085 

.l/l,741 
)76 

12.8 298 
- 38 
7.8 H 

396 
2).6 "75 
- §/292,000 
10.8 283,.W 
- §/211,000 

5 205,175 
13 182,CO'.l 
- 2?0 
4{J 204 
- 295 
13 271 
- 222 
20 199 
- •56 
20 1!12 

.eo 

.63 

.54 

.47 

59.2 

53 

67.4 

49 
35 
32 

38.7 

61 

~ 

60.1 

2.49 

2.~ 

2.39 

1.13 

5.66 

3.53 

3.91 

1.60 
.97 

1.ll 

.82 

• 7'16 

.l/2.60 

4.29 

2.21. 

2.93 

.785 

1.44 
2.20 

l.6J 

5.51 

.46 

.72 

3,21.l 

l ,JQI. 

•,JOI! 

l,?08 
lSl 
505 

691 

1,058 

2,831 

3,835 

scs 

s:s 

scs 
sea 

s:s 

3CS 

3CS 

scs 

""" 
SC5 

""" 
""" 
SC5 

scs 

""" 
scs 

SC5 

SC5 

SC5 

scs 

2/ Data based upon combined ca.pac:ities, dre.~ area, and Hdi-.ent •olums or all l.a.k .. 
1n ayat811l. 

y Water !Npply pool c..apacitr. Does not include su.rcba.rJte or nood stora~e. 
1J Excludea are& abou Bridgeport Re~ervcir ~ich lbs upat.ra&.111 ~ Eade Jft. R.her'Yoil'. 
* Estim.ted or aaamed. 



~ 
:t 

DATA 
SHEET 
NUMBER 

51-ll 

51-22 

51-23 

51-24 

51-25& 

51-261. 

51-:nb 

51-2& 

51-29 

51-30 

~-3la 

51-32 

51-33 

51-34 

51-35 

51-36 

51-37 

51-38 

51-39 

51-1,0 

51-U 

52-1 

52-2 

RESERVOIR 

lful"phT Lalce-------

Lorlng Lake---------· 
-do----------
leT"Mlll Cit7 Lake------
---do---------
Variet7 Club La.ke----
--d~-----
::::i-.r Pk. Watershed Site 
... 10. ----------

ROMT Creek Site Ro. 11--
---<1~----
---do-----------
R01M7 Creek Site lo. 12--
----<»-----
Davaon Cit7 l.alr:e-----

---dlo--------
Lake Cherekee-·-----

La'W'OD ReseM"Olr--------do-------
Site Ro. UB El• Fk. Watershed 

--do-------------Gara-Little Ela Re9er'901r 
(Lewisville: Dani). ------------io------------------------

Dam B ReserToir------
~------
--do---------
Clear Creek Watershed Site 

No. 21. -------Upper Lake Fk. Watershed. 
Site 23 
--do--------· 
Lake AllDD G. Cal"ter-----
--do--------· 
~ers Creek Site 37----
---do----------
--<! ---
Chambers Creek Site 101-A---
--do------------
----do-------------
~ear Fork Watershed 
Site No. 7. 
--do-----------
Denton Creek Watershed 
Site No. 17. 

--rto--------------
Ea.st Pl:eeehi Creek Site No. 1-
--do---------------

!..&ke Corp...s -::hristi------
---rio--------------------
--<lo---------
Medine Lake--------
--<!~---------
---<lo---------

SUllllARY OF 

RESERVOIR SEDlllENTATION SURVEYS llADE IN 111E UNITED STATES 111ROUGH 1970 

ST RE All 

last Fork of Trinity Ri vsr 
--do--------
Trib. or Berrican Creek-

Cov Creek------
--do--------
Trib. of Trinity River--
--do-------
Trl.nit7 llinr----

--do----------do--------
BOIMIJ Creek-----

--------------Trib. !. Pork Trinit7--
---<1,<>-------
Trib. or Richland Crffk-----------do--------
S&bine R1-~----
--do------
Eaat Fork '!'rinit7 River-
--do-----
--do-·------
Trini t1 Riv·or-----
-do---------Ela Fork or Tri..ni t:y River-

--do-------
--do--------------
--do--------------
leche•s-----
--do--------
----do----------
Trinit7 RiTer----

--do------------
Saoine River-----

--cio----------
Blg Sandy Creek----
---do---------
Trinity River----
--do-------------
----do---------__ .., _______ _ 
--do----------
---do-----· ---
--do----------
--do----------
--do------------
----do----------
Brazos River---- -- --
----do-----------

I I 
I PERIOD STORAGE 

NEAREST TOWN DRAINAGE AREA DATE OF I BETWEEN CAPACITY 
(SQUARE llJLES) SURVEY SURVEYS (ACRE -FT.) 

I (YEARS) 

TOTAL I NET I 
S.ABIHE, KECHE.5, AKD TR:llHT! RIVER BASINS (Continued) 

Crandall, Tn.--

Zwolle, La.----
--do------
[erens, Tex.-----
--do-----
Bed.ford, Tei..----

Weathertord, T.x.------d<>•-----
Mcfinnq, Tax.--------

4.<Y/ 

1.05 

6.42 

.29 

i..30 

1.99 

1.28 

Da.V90n 1 Tex.---- 1.16 --------------
Longrlew', Tu..--- 170.00 -- -l.a'W'Dn, Tex.---- 777.0 --------
--do ---
Ciainenille, Tex.-- 2,00 
--d~-----

--1~-----
LewilJ'lille, Tex.--- 1,660 

-------------do--------------
Jasper, Tex.---- §/7,573 

----do---------
"'1.enster • Tex.--- l. 54 

--do---------
Sulphur Springs, Ta:.-

--do-------
Bowie, Tex.-----
-------
Cleburne, Te.x.--

---do-------
Frost., Tex..------
--<lo---------
---<lo-------
Poolville, Tex.---

--00--------

9.39 

103 

2.05 

2.58 

2.55 

Decatur, Tex.------ 4.10 

--do-------
Jacksboro, Tex.---- 6.63 
--do-------

3.9'! 

.95 

6.28 

.29 

4.25 

1.92 

1.26 

1.07 

163. 77 

745.7 

1.87 

1,599 

7,546.6 

1.46 

8.80 

101 

1.95 

2.34 

2.44 

3.94 

6.30 

Oct. 1922 
ipr. 1939 
Sept. 1928 
Sept. 1954 
Sept. 1935 
Jul7 1954 
Jul7 1942 
..... 1950 
Oat.. 1955 

ipr. 1963 
..... 1968 
.... 1952 
..... 1962 
Jul7 1967 
Jan. 1952 
""'17 1969 
Apr. 1937 
, ... 1956 
Sept. 1963 
Oat.. 1948 
Apr. 1960 
- 1945!/ 
Oct. 19531' 
Oct. 1959 
llov. 1958 
JuJ.7 1963 
Oct. 1968 

1946 

- 1952!>/ 
Ho•. 1954Y 
Sept. 1960 

1947 
1951 

.... 1960 

..... 1962 

Aug. 1967 
Aug. 1962 

Oct. 1967 
Har 1956 
..... 1967 
Dec. 1960 
Sept. 1964 
..... 1969 
Apr. 1960 
Oct. 1964 
Sept. 1968 
Oct. 1955 

Apr. 1969 
Oct. 1963 

Oct. 1968 
Jan. 1964 
June 1968 

397 
16. 5 138 
-- 663 
26 623 
- 630 
18.8 554 
- J8 
7.8 33 

1,473.49 

7.5 1,430.91 
5.1 l,W.04 
- 1,291.0 

10.2 l,2CI1.8 
5.3 l,l.86-.7 

- 553.33 
17.5 475.52 
- 610 
18.8 466 
7.5 390.l 

- 49,295 
11.5 46,705 
- 423,400 
0 .1.34,450 
6.0 425,960 
- 678.2 
i..67 670.0 
5.25 654.6 

l,016,2CX) 

1,002,900 
1,003,ltOO 

5.88 989, 728 
124.,700 

1/131,142 
8.83 1Jl,6Sl 

479.4 

5.19 468.8 
3,303.5 

5.2 J,282.9 
15,805.75 

11 15 ,238.06 
- 624.84 
3.8 619.37 
4.7 617.8'1 
- 1,152.ll 
4.5 1,137.61 
J.9 1,111...89 

746.9 

13.5 626.29 

4.4 

1,621.33 

1,557.16 
1,845.56 
1,827.15 

WWER BRAZOS, LOWER GOLORADO, GUADALUPE, SA.N ANTONIO, AND NUECES RIVER BASINS 

Nueces River---------- Mathis, 'l'ex.------ 16,800 
---do-------------- ---do-----------
----do------------ ---do--------
Medina River-------- San Antonio, Tex. -- 587 
--,10------------ --do------
--do------- --do------

16, 791 

578 

Jul7 1934 
Mar. 1942 
Mar. 1948 
liar. 1913 
Jan. 1937 
..... 1948 

7.6 
6.0 

23.9 
11.3 

54,426 
43,801 
)9,387 

274,065 
267 ,630 
265,075 

CAPACITY 
AVG ANN. 
INFLOW 
RATIO 
(ACRE-FT. 
PER 
ACRE-F'n 

.78'1 

.742 

.237 

.208 
•.491 
•.426 
1.90 

1.84 
1.82 
1.8'1 
1.76 
l.74 
1.27 
1.09 
1.473 
1.126 

.942 

.426 

.u2 
1.329 
1.36) 
1.337 
1.33 
l.31 
1.28 
2.Jll 

2.281 
2.282 
2.251 

.032 

.034 

.034 
1.37 

1.34 
.69 

.69 
1.07 
l.OJ 
1.34 
1.33 
1.)3 
l.20 
1.18 
1.16 
1.57 

1.32 
2.7 

2.6 
1.76 
1.74 

.080 

.064 

.058 

5PECIFJC 
iwEIGHT 
DRY) 

fLB. PER 
lcu. FT.) 

*60 

85.08 

54.49 

86 

51.9 

40.72 

83.12 

53.1 

;)/78.3 
87 

50.6 

60.9 

55.19 

49 

54.9 

47.2 

*72 

34.9 
35.6 

61.l 
75.0 

AYG. ANN. 
SEllDIDIT 
ACCUWULATION 
PER SQ. Ml. 
OF NET DR. 
AREA FOR 
PDIJOD SHOWN 

AC.-FT. I TONS 

3.94 5,150 - -
1.62 3,002 

.64 759 

2.21 

• 92 1,682 

1.,,. 3,956 - -
J.53 3,1)0 - -
7.16 5,130 
9.4/> 6,Jl'n - -
1.37 2,480 

1.90 2,197 

.96 lfl,6J7 
1.57 2,402 

1.46 1,609 

y.025 YJJ.16 

l.i.o 

.45 652 

.51 61) 

.16 448 

2 • .i.9 2,806 

3.66 3,760 

3.26 

.66 

.(>IJ 
.044 

.4/>5 

.391 

1,035 

6) 

J6 

619 

AGDICY 
SUPPLY~ 

DATA 

scs 
scs 
scs 
scs 
scs 

scs 

scs 
scs 

s:s 
ca 

scs 

ca 

ca 

scs 

scs 

scs 
scs 

scs 

scs 

scs 

scs 

scs 

scs 

G 



tTj 
I 

""" 01 

52--3 

52-4 

52-5 

52-6 

52-7 

52-& 

52--9 

52--10 

52-11 

52-12 

52-13 

52-14 

'52-1'5 

52-16& 

52-17 

53--1 

53--2 

53--3 

53--4 

53--5 

53-6 

n-7a 

53--8 

53-9 

53-10 

53-11 

5)-12 

53-13 

53--1.4 

53--15 

53--16 

53--17 

53-18 

Bueh&nar:----------
--'!o-----
"lo'.'!!! Ra.neh Stock Pond----
~o-----------
Mos~ Ranch Stock Pond----
---1~----
Rel.ms Tank-------
---do----------
Baker Lake----------------Calaveras ~reeli- Site No, 6--
----<'.io----------
!;scondido No. 11-----
---do-----------
RW.der Pond---------
---do--------------
Sirianni :.&ko- ----
---do---------
Smith Pond---------
---do------
Thornton L&lc&--------
----do-----------
lley La.ko---------
--do------------
Blackwell La.ke-----------

-------------
Site No, 1 Escondido Creelc--
---~o----------
-----<10----------
::::tmrlngs Creek Watershed 

Sit.e Mo. 6, 
--d,o---------
--do-------------

Lake Sc&rboreugh---------
---do---------------
Santa Anna l.Ak~----
~--------
Lake Eanes-------
--10----------
Lake Jllerritt--------
--do----------
Hubbard Cit7 Lake No. 3--
---do 
Hubbard City L&ke No. 4----
--do-----------
Rogers Lake--
--do-----------
Hubbard City Lake No. 1---
----do-----------
Hubb.!.rd City I.a.ke No. 2--
--do-------
Hu.Cb.a.rd '.:ity La.ke No, 5--
----do-----------
Lake Lawn--

---10-----------------
Lo'lllll'Jt&-----------
----do ---
Meridian LU:e-------
--do---
Kill.er Lal&:e-
---do---------------
Cdell L&ke----------
---do-------------------
?oseum Kingdoa L&Xe--------
---do-----------
Rock Crusher----------
----do---------------
Old Santa Anna Cit1 Lake----
--do--------

:Olc!"ado River-----

---do--------
S, Bull C?"94Sk-----

--dc>-----------
•. !lull c..--------------
Trib. o~ Sa.My ".:reek--
---do------------
Trib, o! Sa.n A.nt0t1io R:..•er 
--rlo-------
C&lavera!I Creek:----
----do------- --------
Trib. o! Escondido Cl-eek-
------do----------
Tr1b. or Llano lllnr---
---d~~--

'!"rib, or Hondo ::reek---
---do----------
Trlb. or Bonito ~--
---dG--------
Ciba.lo Cruk--------
---do---------
Gua.da.lupe RiYer-----
---do------------
Trib, of Deer Creek 

Guadalupe RiT'!r Basin. 
---do----------
San Antonio Ri Ter-----
---do----------
----do---------
Trib. Cumml.n.gs Creek---

-do--------
--do--------

"=net, •ex. ----2/l 9 ,3 50 ----------- -
Llano, Tex.---- .07 
--~------ --
------- .20 -------- -
----<lo------ .15 
--do------ -
Somerset, Tex.--- J.17 
--------- --
San Ant.onio, Tex.--- 7.01 
---1o------ -
!erned;r, Tex.---- 8.A.J ---Hext, Tex. l. )5 
--do------ -
Moore, Tu:.----- .769 
--do------ --
Jourdanton, Tex.-- .191 
---do------- --
Soerne, Tex.--- 1.54 
--do--------- --
Gonsales, Tex.---- 2.34 
--do----------- --
Uero, Tex,--------- 2.76 

----t--------
Kened,J, Tex..---- 3.01 
---do--------
----------
Giddi.liga, Tex.--- 2.99 

---do--------
---------

19,31) 

.en 

.19 

.14 

3.10 

6.70 

7.94 

1.34 

.747 

.168 

1.52 

2.32 

2.75 

2.83 

2.76 

June lf./37 
Feb. 1941 
-- 1909 
Feb. 19U 
- 190) 
Fsb. 19U 
- 1916 
Feb, 19U 
S.pt. 1950 
.lug. 1955 
Dec, 1956 
Mar. 1968 
Jul7 1958 
Jul7 1960 

·~· 1951 
·~· 1955 Feb, 19-51 
Sept. 195'i 
Aor. 1953 

·~· 1955 Sept. 1952 
J.ug. 1955 
Jan. 1949 
J\11le 1964 
Sept. 1949 

June 1964 
Sept. 19S4 
June 1964 
July 1969 
Aus. 1958 

Sept. 196J 

·~· 1969 

J.7 

)2 

J8 

25 

4.95 

11.25 

2,0 

4.54 

2.4 

2.91 

15.1..2 

14.75 

9.B 
5.1 

5.1 
5.9 

BRAZOS RI'fli'....R BA.SDI {SOO'!'H BEKD '!'O 'llASHING'!"ON) KIDDLE, AND '.X)LCRADQ RIVER BASINS 

Trib, of Jim Ned Cretdc-- Cole9&11, Te:x.---- 10.S 
--do----------- ---do-------- -
~ C:reillk------- Sr.nta .lnna, T~.--- 1.17 
---do----------- ---do--------- -
Mercer Creek----- Comanche, Te:x.--- 13. 76 
---do-------- --d~---- -
Browne Creek---- Goldthwaite,, Tex,-- ll.6~ 

---do-------- ---do--------- --
Trib, o! E. Cotton1'00d. Cr. Hubbard, Tex.--- .16 
--do-------- --do-- -
!:. C:Ottonwood Creek-- 1.40 
----do------------ --do----------
1'rib, or LitUe River--- Rogers, Tex..---- .55 
--00-------- ---do-- -
Trib. &, CottonlolDOd Creek- Hubba.rd, Tex.--- .5 ---do--------- -------------do--------- --do------ .03 
--do----------~- --do-----------
East. Cotton'«><>d Creek-- ---do------------- .11 
----do---------- --do--------- -
Redbank Creeie----- l..alil'I, Tt!X..------- 13.0 
---do------- ---do------- -
Salt & EmoI7 Creeks---- Lo1119ta, Tex.----- 4.7i.. 
----do-------- ---do------- --
Bee Creek------ Meridian, Te:r:.-- 3.30 
--do--------- -----d --
Trib, of Horse Creek--- San Saba, Tex.----- .41 
----&>----------- ---do------ -
Unna.Ae<i trib.------- Hubbard, Tex.----- . 56 
----10-------------- --do------- --
Brazos River--------- Graford, T8X.---U/J..4,098 
----~do --- ~--do-------
Bachelor Credr:------ Col91.U1, Tex..------ 16.5 
-----do------------ ---do---------- -
1'1-...llcelll.ter Crea.k----- Santa. Anna 1 Te:x .. --- • 90 
----do------------- ---do-------

10.6 

1~05 

13.57 

ll.50 

.14 

1.35 

.51 

.5 

.03 

.10 

12.8 

4.60 

J.20 

.)8 

,55 

12,955 

16."2 

.8" 

.. , 1923 
Moy 1940 
Mar 1923 
Apr, 1940 
Moy 1926 
St.pt. 194b 
May 1917 
Mll7 1Q40 
- 1913 
Moy 1949 
- 1917 
Moy 1949 
F'a.1.1 1922 
Sept. 1934 
-- 189'! 
"4J' 1949 
- 1912 
Mar 1949 
- 1925 
May 194Q 

1911 

""'· 1941 
- 1912 
Feb, 1941 
- 1934 
Apr. 1948 
Sept. 191) 
Ma.r. lQU 
July 1925 
Jul7 191..9 
Mas 1941 
r.b. 1949 
-- 1910 
Feb, 191J. 
Jan. 1910 
June 1940 

17 

17 

20.3 

23 

)6 

32 

12 

5l 

37 

2J, 

10 

:n 
14 

27. 5 

2J, 

7.75 

)1 

10.5 

070,010 
954,859 

4. 7 
4.5 
9.3 
9.1 

12 
ll.6 

251 
22!l 

l,697.82 
1,661.12 
2,1:FS.o 
2,667.8 

ll.96 
11.45 
80.3 
76.5 
6.41 
5,60 

142.4 
135.2 

1!2/"2.97 
43. 75 

1!2/45.12 

41.51 
92'..7 
906.2 
890.l 
851!.3 

855.2 
854.1 

2,153 
2,r:m 

766 
745 

1,313 
i.= 

962 
855 

.!1/1"4.5 
90.2 

g/318.2 
255.4 
164 
12".5 

g/llo 
84 

g/J6.3 
3).0 
w..a 
)7.8 

530 
354 
759 
732 
723 
692 

8) 
75 
75.l 
52.6 

729,985 
672.420 

153 
80 

153 
118 

·-649 
~.639 

,595 
.)40 

1.65 
1.62 
2.022 
1.978 

.081 

.078 
1.959 
1.866 

.361 

.315 

.5'78 

.549 

.078 

.070 

.061 

.056 
2-30 
2.26 
2.22 

·" 
·" .76 

:JJ,.65 

66.17 

47.oe 

45.6 

27.8 

28.3 

49.6 

'il.41. 

45.2 

43 

.21 

.07 

.021 

.12 

1.50 

.49 

3.79 

.09 

1.12 

1.80 

1.64 

.15 

.09 

.67 
l.12 

.22 

.07 

.81 

1.18 

.334 

.40 

2.86 

1.45 

6.12 

1.0 

3.0 

3.0 

.4h 

.20 

.69 

.n 
i.n 

,57 

.14 

1.31 

!/. Original capa::itr rrom. map by stereo photogrammetric 111.athods, 
3J "Original" or 19L..S ea.pa.city adjusted in 1961 !;y ra:1ge 11ne controls es~ablblled in 1953 

'1/ Dra.lJld.ge area is 31,250 sq. a:L, or which 11 1 900 '!q. mi. are noncontributing. 
19/ :ir1ginal capacity deteI"?!lined by spudding on 1964 surn:y. 

~ve "0et. 5)" area and ca.i::acity. 

1,132 

706 

3,886 

1,112 

1,090 

92 

97 

;i/763 
1,710 

907 

1,162 

375 

J/ Sediment pool o'"lly. 
JJt' Adju!lted for lq-2 survey of La.kc Dallas. 
if Adju!lted in Aor, 1963 :"or ~et.ailed range survey in 1952-53-5.:.. 
~ Determined by USGS ~lov. 1961. 

ll/ Dam was rahed in 1925 and 1949. Capacities based on 1949 level. 
gt Dam was raised l..fl 1925. Capacity based on 1925 level. 
U/ Includes 1,111 sq. mi. of partially contr1b11~ing drainage !!.:JC!V" lakee 1n watershed, e:r.clu.dsa 

B,900 sq. l:lll. o[' non::ontrib'-lting drainage at head of WKtershcd. 
• Estimated or assumed. 

7/. lQSl adjusted dat&, 
if Deposits above ttighwa;y 190 bridge only. Not corrected for dep;radation oetveen highva.y arid --

scs 

scs 

scs 

5CS 

scs 

scs 

scs 

scs 

= 
scs 

scs 
scs 

5CS 

scs 

scs 

scs 

scs 

scs 

5CS 

scs 

scs 
scs 
scs 
scs 
scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 



DATA 
SllE.ET 
NU II BER 

-----

RESERVOIR 

I __ _L 

'ii-26 

5}-27 

5}-2" 

5}-<'1 

53--Jla 

'51-)2 

'53-JJb 

5}-31.a 

13-JI 

5J-J6a 

'i1-)1' 

'i1-4.2 

'53-41> 

Old Colem.n Ci \7 L&lr:e----
---io------------
ll...Uton cu,. I...Ue----

------do----------
LakeLeioa,------
-----do---------
Lake llHJMru. W.Us---
---do--------
Buffalo Tank (box Tank)--
---<lo----------
R. G. Moll iDg_..,rt.h St.ock P.-. 
--do--------
J. S. *1.l Stock PON!--_ _,,.__ ____ _ 
WI.it.• Tank------
---00-
21-er1ee stock Pond {lort.h)-

st.1th La.Ir---------
Philpeco LU-------
--do- -------

----'lo---------
-----do----------
Lake Vaoo (Old)-----
--do---------
----do--------------<'lo------
l..&kt< Ettdlnan------
--<l~------
Sit.e Mo. l Caw 8-Tou---
--do---
---do-------------'Av B&JOO. Jllo. 4.-----
""• C....it ... 3-----

Green Ct"9elk Jllo. 1----
----<:to----------
----rk>-----------
--do------------
Silnr Lak~------
---do-------
Main Re1'. Deep Creek Site 5---

-~do----------
UpPer Rea. Deep Greek Site 5---do---------
Ml:ik-.ter Creek Site Mo. 9---

-~------------1o---------
Sul~ur Cre41k Site }----
-~--10----------

Wh1lnfJIY Reeermir------
---.....-\0-----------
Site lrfo. 8 Deep ::reek---
----do------------
':iitf! No, 10--A '4'1.lke"WBter ::reek 

---10------------
L.ai:" Dan1el----------
---~1o------ - ---

31te q Lower Jan ->aba Piver--
--- -10-------- ----------

SUllllARY OF 

RESERVOlR SEDlllENTATION SURVEYS llADE IN TI!E UNITED STATES 111ROUGH l.9711 

STREAM 

HOlille :!"eek----------
-----do-------------
hie Mile ::re*---------------
L4IOft K.1.,.r-------
--<lo----------
RLJ.ek ::re•-- ----
---do--------
'!'Ttb. or Pecan BaJ'olr--

Tri.b. or BndJ CrMk--
~--------
Trib. of Pecan S.,Ou--
--do-
Trib. or Ji.a hd Creek-__ ..,_____ ___ _ 
Redbank c,...-___ _ -----Paint C!-oM, ____ _ 

--do-------
Pecan 8Qou {Colo. a.her)-

-----------------
Booqu~-----

--do------------<1<>-----------------------
P'll.nt Crffk------
Braao~------

--do-------
----do-----------
---do---------
Post.er Creek-----
-----do------
Trib. or ~ CJ.eek---
---do----------
'}rem Cns-------------------®----------
-----do-----------
N. E. Trib. o( Leon !Uwer-
·-do------
Colorad~-----

-- --do--------
--do-----------
Mid. Colorado River---
--do------------
---do- ----------
~-9 RiYe,r---------------
----to---------
l'Jra~~ Riwer------
---00-----------
Dry l'Tong------
----do---------
"1ltetA1ler C:reek-----
-----do-- --------
Goriules .... reek------
----tio--------- -----
::Olorado R1ver-------
------to---- --------

'1 

i 

I 
I 

NEAREST TOWN 

I 
DRA!liAGE AREA 
(SQUARE lllLES) 

! 
_J_ TOTAL 

Colear. '?'ex.-------- 0. 7J 
-~------
B.a.ai_lt.an,'"'n.--- 12.0 

!ast.J..and, Tu.--- 225 

lti.neral Wells, "J'm:.-
---do----~----

:ol~, TmL..---- 1. 7J 
--do--------------- 2.&J 

---do------
BradJ> Te:.r....----- .3< 
--do----------
BJ"OWJ111DOd,Ta...-- ·"" --do--------
i.....,,, Ttr1...----- .13 
--do-------------- 1.04 --------
Pl.oc.eer, 'f9L------------
8""""1ill00d, Ta.-- l,S44 
--do---------------
W..eo. Tex.------ :!-../1,649 

---do------
--do----------do-------
Gra.'\O, Ta..--- 42 --------
ltx>d¥, Ta:.---- 1.40 -----------
---do---------
----do---~---
Waeo, Tex. 5.:ir; 
----do-
9rad:, Ta.---- 3.42 
--do----------
Dubli.n, Tu..---- 3.57 -----------
--do----------
---do---------
- --do .37 
---dc---------
Bra.d7, Ta..----- 2.91 
----do-------~ 
---dO-- 2.19 
----do-------
~·, Tex.---- 4.75 
----do--------------
----do----------
l.a.apa5as, '!'ex.--- 10.81 

--do--------
Whit.nef, Tex.-----,Vl 7 ,656 
--d<"--------
Brad7, Tex.----- 4.26 
--do---~-------

Bangs, Tex.----- 15.26 
----'1.e>-------
Creek11mridge, ,.ex.---- 11' 
--0:0-------------
>an ..>a.b.a, Te.x,------ 1.')1 
---<io-------------

I NET 

J.69 

11.9 

224. 7 

l.71 

2,58 

.J< 

.80 

.lJ 

l.01 

9.00 

1,53) 

41.• 

1.32 

5,2c 

).19 

1.}8 

.JJ4 

2.72 

2.18 

10.58 

4,.02 

J.~.59 

ll3 

2.R8 

I I CAPACITY 
PERIOD I STORAGE AVG ANN 

i DATE OF BETWEEN CAPACITY ~A~I 
I SURVEY SURVEYS I 11.CRE -FT.) I (ACRE-IT 

(YEARS ) I PER I I ACRE-Fll 

j I 

Hov. 1906 
!lay 1940 
J\>08 192:3 
Mar. 194.1 
Jane 1920 
Mar. 19"1 

1922 
Dec. 1941 

1900 
Peb. 1941 
June 1937 

reb. 1941 
1927 

l!&r. 1941 
!lay 1936 
Mu. 1941 

1'!16 
Peb. 1941 
A.u.g. 1926 
..... 1941 
lpr. 1925 
reb. 194l 
J~ 1932 
Peb. 1940 
Sept. 1950 
Apr. 1930 
P'eb. 1935 
Peb. 19)6 
o.c. 1947 
.... 1964 
P'eb. 1929 
M&7 iq54 
No•. 1955 
Au.g. 1960 
Aq. 19fi5 
lpr'. ic:rro 
July 1956 
Sept. 1969 
Now. 1953 
Au.g. 1960 
Apr, 1955 
J&n. 1957 
Apr. 1962 
June 1967 

1910 
July 1960 
A.\lg. 1953 
Ju.17 1961 
Aug. 19"3 
July 1961 
Jan. 1961 
June 1965 
July 1970 
Dec. 1959 
Nov, 1962 
Aug. 1968 
Pee. 1941 
Apr. 1959 
Dec 1951 
Sept 1966 
Har. 1965 
Aug. 1%6 
JW1e 1949 
Nov. 19"0 
Jan. 1960 
5ept. 19e7 

,,,. 
JJ.6 m 

610 
17 ... ') 560 

l/l ,6)7 
20. 75 i;ns 

10,7.IJ. 
19.5 9,0)2 

33 
u 2'1 

20 

).'/ u 
13 

14 12.2 
... 5 

4..8 J.6 
l.12 

25 .80 
102 

14.6 93 
ll!J 

15.9 173 
149,925 

7.6 145,720 
19.6 135,963 

l9,J18 
L.9 JJ.n? 
l.o :u.;es 

U.8 22,026 
17.0 15,427 

6,583 
25 • .25 5,9l"f 

45".5 
i.. 75 393.J 
5.04 37~.i.. 

4.69 JU.7 
l,'n5 

1).2 1,833. 5J 
925.18 

6.8 &n.80 
1,095 

i.a I .oeo 
5 • .:! 1,065 
5.2 1,063 

153.a 
50 145.0 

l,J'6. 7 
7.9 1,295.7 

15.2 
7.9 11.2 

TI2.91. 
J.... 42 700.42 
5.1 70).41 

3,2,2q,2 
2.8 3 ,224. 7 
5.8 3,22J.J 

- ,Y2,0l3,600 
7.4 1,999.500 

1,409.81 
l.4.8 1,)67.81 

J,164,.89 
1.t.. 3,157.99 

10,731 
21.4 9,515 

645.79 
'l,b7 63').49 

l.Oll 
.983 
.917 

r.:.u 
l.02Jl 
1.23 
1.05 
l.00 

.98 
1.24 
1.19 
2.821 
2.688 
1.98 
1.96 
1.93 
1.93 
2.4J5 
2.296 
4.?51 
4.644 

.072 

.05) 
1.38 
l. 33 
1.32 
1.6 
1.6 
1.6 

2.70 
2.62 
1.85 
l.85 

.81 
• 72 

1.60 
l.57 

~PEOFIC 
!IJEIGHT 
DRY) 

rt-B. PER 
~U. FT.) 

41.9 
,.;.2 

•58.5 
•)8.5 
•58.5 

?b.57 

73.6 

.1.9.9 

55 

62.6 

AVG. ANN. 
SElllllDIT 
ACCUllULATION 
PEISQ 1111. 
OF NETDll. 
AREA FOil 
PEBJOll SllOIN 

AC.-FT. J TONS 

0.67 

.oe 

1.19 

.16 

.24 

.10 

.63 

.07 

.J6l 

.327 

.695 
1.28 

.487 

.236 

.6'. 

10.1,,f) 
.!.69 
LU 

l.19 

2.00 

.11 

.527 

1.44 

.23 

1.22 
.22 

.55 

.n 

.•9 

.i.h 

J29 
>'19 

8116 
1,631 

621 

1,572 

1,4).9 

3,T35 

749.88 

512 

AGl!JfCY 
SUPPLYlll 
DATA 

5CS 

scs 

scs 

scs 

scs 

scs 

sos 

scs 

scs 

scs 

scs 

ct 

scs 

scs 
,co 

scs 

G 



"rj 
I 

.+::>. 
-1 

~l 

~ 

54-3 

54-4 

54-5 

~ 

54-7 

54-8 

Slo-9 

54-10 

54-11 

54-12 

5S-l 

56-la 

56-2 

56-3 

56--l.a 

56-5 

56-l. 

56-7 

5(r8 

56-9 

Lake Abilene--"-----" 

Lake •nn~·-------W<e __ ,..... ____ _ 

Lake lirbJ'~---

La.ke ~-

Lalr:e Port Pbant.oa Hill--
---d~-------l!ountain c...., ____ _ 

IQZ Ranch ------

Lake staaroro-----

Site 18 Vall91 Cr. Watershed-

LakeB&llln«et'~r------
--d<>--------
Lal<e - .. ~-----

Site 6 01.xi toa I: Garcias 
c..... 

Cottoo..00 Detention--

BatUeflllake Det.ent.100-

Roberta Dot.art. 

Frese Pond-------
--·------
t.owrq Draw, SiLe lo, ~---l.ollMI']" Draw, Site Jlo. 10--
--do-
LoV!"'eJ' Draw, Site Mo. 12-
---<lo-
Lowrey Dnv, Site lb. l}-
---d 
Sit.a Jlo. 1 Diablo Arroyo--

--<!~-------

EJ.11. Creek ------
----d~ ------
South Concho------

---------
Bitter Creek------
~---
Cedar Creek,--------South n. RiTer----------------
Kl.a fork, Brazos RiTer-----

lbunta.in CNJek-----_ __.,,_ _____ _ 
Trib. or S. Concho Ri nr-________ 
Paint Credi:-----
---<»--------
Trib. Y&ll157 Creek----
---<lo------
fallq ::reek-----
---d,<>-------ra. c..-, _____ _ 

El Gat.o Creek-----

t,;::?:::~ 3RA20.J !..ND T_P-::_.1, JJLC?.;DC :::vt !:-fl::O.::\S 

Abilene, ~ex,------

----dc-------
San Angelo, '!'ex.------
---do---------
--do-------
Sweet'.ca·~er, :'ex,---
-----do--------
Abilene, Tex.-------
---:10-------
Th!"oCKIOOrton, Tex. ---
----10----------
Abilene, '!'ex,-------
---do--------
Robert l..ee, 7ex.---

San Ange.lo, Tex. ---
---do-------
Stam"'ord, 1'ex,---
----io-------
Winte!"s, '!'ex,-----
---<10-------
Balli..~er, Tex.----
---do------
Winters, Tex.---
-----do--------

92. <; 

3,29-. 

110 

44 

11.54 

478 

12.00 

1.60 

360 

4"21 

210 

63.62 

'l".5 

3,::.19 

1')8,R 

42,R 

ll.J2 

268 

'31.88 

l. ..:;3 

352. 14 

4,1: 

:m 

63.14 

;.~>:). 1921 
Sept. 1948 
Oct. 1930 
Dec. 1938 
May l 'i~3 
Feb, 1930 
Dee. 1941 
54!1pt. 1928 
Nov. 1941 
Sept. 191A 
June 1954 
Oct. ::.9382,/ 
Aug, 19S3 
May 1950 
Apr. 1961 
H.a.y 1937 
Aug. 1955 
:u.."le 19"i3 
,..,. :966 
Aug, 1%4 
June 196<1 
"iov. 1%7 
Aug. l9'7C 
Oct. 1945 
July 1970 

RIO ~ANTIE 3ASB (BELOW £AGLE PASS ,1 

Rio Grande City, !'e.x.- lJ.19 12. 94. June 1962 

---do------- Sept. 1966 

27 

0.2 
14.5 

11.8 

13.2 

)5. 7 

14..8 

10. 9 

l3 • .2 

12.9 

4.e 

22.8 

.24. 7". 

4..25 

lilO GRANDE BASIN ( i;'QRT QUITMAN TO EAGLE ?ASS) AND LOWER ?E:;o.s RIVER EASH" 

San Felipe Arroyo Ri'9'er----

---di<>-------___,,.,_. _____ _ 
--00-----
Trib, or Der..._1111 River--
---d<>--------
Lovrey Dra 
--dl~----
Trib. Lowrey 0ra-
---do-----

-<»--
--do-------
Rio Grand 
~-----

"'a.hems, Tex.-----
---do-------
--do-------
-----do------------
--do------------
----do---------
Sonora, Te.x,----
---do------------
--do-----------
---do--------
---do---------
--do----------
-~-----
---d~---------
-..---.-do----------- -- --
--do--------
McNary, '!'ex.-------
---do--------
--rio----------

2.34 

s.1s 

2.34 

.435 

2, 77 

8.43 

4.J8 

l.C7 

29.f!9 

2.19 

lQ/2.81 

2.31 

.430 

2.64 

B.20 

4.19 

l.02 

29. 51 

July 19?7 
July 19S.:. 
July 1937 
July 1954 
July 1937 
July :;,_954 
Dec, 1944 
Aug. 1955 
June 1%: 
Feb. l9ti9 
June 1961 
1".ar. 1969 
June 1961 
Feb, 1969 
~lune 1961 
Mar. 1%9 
Apr. 1%0 
Am·. 1965 
Aor, 1970 

17 

17 

17 

10.?s 

?,65 

?.83 

7.f5 

?. 74. 

10,)25 
'i,786 

ll,4.85 
10,294 

1/12,628 
13,810 
11,28:7 
S,133 
.., blS 

~/1:94.? 
1,829 

76,%6 
74.,}ll 

94S.3 
804.9 
276 
250 

<;'7 ,632.35 
53,927.S? 

nq,e~ 

"17.C'5 
,B"2.09 
,rno.42 
,518,2 
,A86.2 

2,2)8,ll 

2 ,252.03 

500 
378 

=·" 175. 7 
14.~.3 
101..B 

'7.Jl 
6.97 

2/31.1 
JO.BL 

2/95 
94.38 

ya5,46 
84.03 

2/56.26 
56.10 

4,489. 7 
4,343.l 
4.,235.l 

*.046 
•.au 
•.051 

l.534 
1.441 

.)69 

.Jl4 
2.240 
2.029 
i.n 
1.60 
2. J8 
2.36 

.28 

.22 

.59 

.44 

21.5 

21.4 

16.129 
12.154 

4.1£/ 
3.381 

·= .2ll 
.49 
.i.a 
.68 
.68 
.68 
.67 

3.2" 
3.26 

ll.3 
10.9 
10.6 

•60 

67.5 
67.5 

31.55 

35.99 

53.06 

63.6 

..,.56 

69 

37 

39 

§/75 

69.6 

64 

64 

64 

64 

."1 

.cv.6 

.023 

.41 

.91 

.29 

.67 

.40 

.9) 

.02 

.14 

.17 

.4{J 

.11 

3.28 

1.02 

l.03 

.rn4 

.Ol 

.01 

.04 

.02 

.86 

.,,, .. 
68 
34 

199 

525 

462.17 

l,288 

760 

210 

137 

340 

179.69 

112 

17.5 

13.5 

62.2 

28.2 

1,1.29.5 

l/.. Da.a 111&s raised l rt.. in 1928. C&pacity at 1928 i!pllhay level. 
Y Latest dra~ area by U~ in 1964. 

Y Origtnal s~.orage capacity 2,01'7, -.oo ac,-ft. Adjusted ill 1%3 fa- detailed range survP-y 

y s..11-nt pool only. 
IJ Does not inclnde A,9(X) sq. in. which is considered. to be noncontributing to the total 

26,bo6 3Ci.· Ni. drainage area. 
2J P'or the 3,5~ sq. ai. area between Possw. K1.llgdoa and Wtutney Dams, excluding 77.8 sq. 

.tdch is resern>ir surrace area at elevation 571. 

in 19Sl. 
7 / Spillway raised 2.J !t. in ;;,eDt. 1948. 
~1 Dam ws :-aised 13 !'t, in 1040, capacity at 1940 splll111ay ele~ation, 
2/ Date stora~e oegan ha3 not been verified, 
l.Q/ Includes H..icco Watershed out does not ll1clude Roberts Watershed, 
* Est:i!w.ted or assumed. 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

scs 

s::s 

scs 

S"S 

scs 

scs 

scs 

scs 

scs 

scs 

ABS 

iRS 

iRS 

ABS 

scs 



SUllllARY OF 

RESERVOIR SEDOIDITATION SURVEYS llADE Ill nlE UNITED STATES TIIROUGH 1970 

~:;T I ~sER-vor-, - -1 n~u nH= ro" -]1
1 
°'"""" m• 1,.,."' :::.! ~::,;;\ 

MUllBER I (SQUARE lllLES) : SURVEY SURVEYS I (ACRE-FT.) 

L 
I (YEARS) 

__ _ ____ l_ ____ _J ____ ~_TO_T~~ ! 

~7-lb 

n-2 

-;1-'5 

57-9 

57-10 

57-11 

~-12 

57-lJ 

57-U 

57-16 

57-1.., 

57-18 

57-19 

57-}Q 

'>1-ll 

"8-1 

--- --------
--do- ----------<lo--------
~-------
---to---- ~------
~ballo--------

Sant.a ,, _______ _ 

- -do--------
Cr;ntM.-.ld '11.llh (1)----
-~_...,_ ______ _ 
Comfhld ..... (2)----

--<lo---------
~field ** {1)----

Cm-nf1.eld Vaett (4)--------d<>---------
1Anaf1.eld Waah (~}-------Cornt1.eld .. ab (9)----

Cornrield w..m (lJ)--
--<>o----
'.':ornt'hld Wuh (IS)----

5atl Lui!! (1) ---"lll.D I.uh (1)------
----<io----------
ZU. RewirwoU------

--do-------
J~ 'An7on- ieMMOL--
---do---------------<b
s.n l.uia #2 
--------
Caballo .lrro7"011 Sit.e l 
(Undo.--d). 

---~------
'.J! te 16 (Alam:> A?TOJ'O)--
--~o-----

Sit• /3 (Rua:iea Arror:>l--
-----do--------
--~----
Jlort.h ":i&l- Site 12----
--do---------
'fodey (Hatch V&lley Art"O'fO #')) 

--~---------

"""'" c.... tl----
Trib. of £.lo Puaoo 11,,..._ ----___.,._ _____ _ 

_ _.,,. _____ _ 
--do-------

Tri.b. or J..s 11nr----

-----------
J~ Ri•..------
--do--------do------
llio Puerco 1:1Tar------

--do--------
.,__ 
---~------
iia.aneau~·~.,., ...... ----

fr.odq~-----

--do--·-----

Boni Banito Creek. lraut Gulch-
----1o--------- --do-------
A.lnio,;ordo-------- Pecos RiT.,._ ___ _ 
----do--------- -----do---------------
---- ::!o---------- ----tio--~----------

-----do----------- ---- --- --do-------- -------
---1o------------ ____ ,,..,.__ _________ -- ----
AY&lon ':...a.,;e .4.l'&lon)---- "f'l(:o'I '<iy(" .. --------
----1o------------- ----io-- --
---"'o------------ ----do------------

ID.eph.nt. Butt•, ~. Mex, .?5, 923 _.....,__ ___ _ --------de>------
--do----------

Trvth or Can~es,YJo,?00 ....... 
c.bl., •• w.x. .. ---

------------
---do----------------
~------do------
~------------------
---do-------
San Ysidro, N. '6u..--
--do---------
Bernalillo, •• Kax.-
--do----------------
---do----------
Guhll.,l.Mu...---

Dm-17 ••• Mn.---
---------
Chl.mQD, •• Mex.--
--do--------

---do-----------
----do-------
S&l•, N. Me:JL--
--do------
Katch, N. Mu.---
---do-------

73.l 

.2'/ 

.87 

.25 

1.18 

1.00 

.09 

.JJ 

1.04 

1.06 

.67 

2.4 

1,034 

.87 

3.15 

1.17 

J.8 

2.1 

:lfl,m 

93.l 

.2'1 

.85 

.25 

1.17 

.09 

.JJ 

l.OJ 

1.05 

.66 

2.4 

1,034 

.74 

.87 

J.12 

1.16 

).8 

Ul'PER PEOOS R i:VER B.lSlll 

'.;apit.&n, N. Mex.--- 40.0 )9.9 

Ft. Swsl.er, N, Mu..- 4,J9J 3,749 
---do-------------
--do------------
----<lo------------
----<10--------------
'arlabac, N. Mex.-- -- ln,011 l,000 
-----rio-------------
----<io------- ----

Jan. 191.S 
Dec. 1916 
.lQ&. l9Cl' 
.lQ&. 1925 
.lpr. 1935 
Oct. 19il.£) 
..... 1947 
1eb, 19S7 
.lpr. 1%9 
Jan. 1938 

JioT0 lffi 
Peb. 1929 
.... l~ 
Apr. 19Sl 
Oet. 196o 
.... l'ffi. 
Oct. 1960 
.l;r. 1951 
Oct. l~ 
A.pr. 19Sl 
Oct. 1960 
•or. 1951 
Oct. 1960 
Apr. lffi 
Oct. 1960 
.lpr. 19Sl 
Oct. 1960 
Dec. 1953 
Oct. 1960 
Aue. 1952 
Oct. 1960 
.lq, 1952 
Oct. 1960 
Jime 1954 
Oct. 1960 
Oct. 1953 
Jui. 1958 

·~· 1959 Dec. 1965 
Jul.J" l9S2 
Jul7 1962 
ioT. 1959 

Aqg. 1967 
Apr. 1962 
Dec. 1968 
Sept. 1962 
Jan. 1969 
Oct.. 1969 
Apr. 1957 
Aq. 1967 
Jv.17 19r,8 
A.113, 1967 

June 19)1 
S.pt. 19"" 

1736 
Sept. 191,/J 
Oct. 1943 
Ai::-. 1944 
S.1-t.. 1964 
Apr, 190'7 
Apr. 1941 
Jul,- 19S6 

2,t>34,SOJ 
1.9 2,584,865 
3. 7 2,498,850 
s.o 2,)89,)eO 
9. 7 2,21'0,)(X) 
5.5 2,219,0(X) 
6.5 2,19?,600 
9,751/2,"'6,71!0 

12.2 2,137,219 

19.9 

Z"/.4 

¥Io 
yi.o 

!ol'lo 

>/IO 
yi.o 

.!/10 
$flo 

!J,17 

!>/8 

;.t• 

!J,17 

}/4.25 
j/l..67 
.i/6.JJ 

7.8 

6.7 

6.J 
.7 

10,25 

9.1 

J.25 
J.oe 
0.50 

20.1.2 

)4.00 
15.25 

345,872 

343.~ ....... 
3,7lll 

24.0 
10.3 
"'-l 
45.l 

5.9 
2.6 

22.l 
17.4 

9.2 
1.0 
4.6 
).1 
7 ... 
.J 

17-9 
17.8 
16.) 
1.2.0 
22.6 
19.6 
59.9 
19.0 

ll7,Zl.) 
115,821 
113,!74 
112,809 

•3.0 

7J.ll 

68.79 
232 
160 
ill 
69 
J?.5 ,,.,.n 

190.82 
170.91 
141.25 

1,180 
1,150 

156, 750 
146,071 
l)C-,280 
1)2,171 
ll0,6"i5 

7,600 
6,61) 
;,647 

CAPACITY 
AVG. All!I. 
ll'IFl.m 
llA'l10 
(ACJlE.FT. 
PDI 
ACftE.FO 

.190 

.uo 
1.446 
.6al 

J.127 
2.tnf 
.711 
.ru 

l.m 
1.006 

.474 
,155 
-~ 
.6)9 
.561 
.02'.l 

6.6)0 
6.59') 

.676 

.4911 

.9'8 

.m 
2.155 
.6'13 

2.8"4 
2.SlO 
2. 76) 
2.rn 

.l;o:) 

15.9 

U.9 
6.9 
4.76 
8.9 
5.5 
J.O 

•10.1 
"'I ... 
15.4 
12.7 

.91o/> 

.881 

.796 

.7'1'1 

.Wl 

""" 
'6S.9 
60.0 
62 

"" 

ill 

•100 

*110 
•no 

1111.s 
85 

"7).j 

"7).5 
"7).5 

76.7 

A \IG. Allll. 
samaM 
MllllllLA 'IDll 
PDSQ ... 
Of' NET DB. 
U£A Mlll 
PlllX>D-

AC.-FT. TOMS 

1.02 
."99 
.846 
.475 
.)61 
.U'7 

.22 

.1771>1 

.2'1 

4.89 

1.06 

1.32 

·"" 
.60 

1.67 

2.15 

.01 

.51 

.511 

2.'3 

.)17 
1.128 

.162 

.62 

.64 

).JO 

6.0) 
2'1.16 

.JS 

1.55 

.Oii) 

6Zl 

w 

)5"7 

52J 
l,ll60 

267 

1,547 

7 ,UI7 

U,""6 
102,5"1 

750.9 

.tl76 l,UO 

1.03 1,649 
.281 450 

!!/.0263 
.0599 

AGl!llCY 
SUPPLYlllC 
DATA 

• 

Gii .. .. .. .. .. 

• 

.. 



58-11 

58-12 

59-

... lllllan (J.ak• ~)--

~ Site 11--- Salado er.------
Bancrort lh------
Bollcrol't~------do--------lllncro!'tlll--------- -------"""""" -------

""""""-------

_,....,..,. _____ _ 
Pareon 11<>-------

-·--------
P.-reoa IJ.B,,_ _____ _ 

---do-·-------P-.raon 1'2'>-------

L&ke PlM:YD A.pa Fri& 1:1 Yft' 

San Carlos (Coolidge Daa)--- Gila Rher~-----
---do--------

,._ Tanlt lo. 16 (B,.,... Dea) llDtJ.er ,....,,_ ____ _ 

--dl<>--------
Roo:!eTel t- 5&1 t Rber Project- s.l.t. Ri'W'er I: Toato Creek-

--do--------------do---------

--drr---- 11.,950 

Capitan, •• Jiu...-- lZ! 

-do-----

---- 12 

--- .57 

--- .69 ----------
-------
-------
-<1o------
~o 

----------
-------------·-----

.19 

.24 

1.56 

.71 

1.80 

14,950 

93.92 

12 

.57 

.69 

.19 

.24 

1.56 

.71 

1.80 

v.16 

Jan. 1894 
JmMi 1904 
loT. 1910 
lla7 1915 
.hm• 1925 
Doc. 1932 
J&n. 19'.0 
Ju11 1956 
lll;r 1959 
Oct. 19S9 
lla7 1961 
....... 1962 
..... 1963 
Jan. 1965 
Feb. 1955 
Oct. 1965 
.... l'IS5 
Oct. 1965 
..... 19S5 
Oct. 1965 
Mar. 1955 
lll;r 1957 
.,,... 19S9 
Oct. 1965 
....... 1955 
Dec. 1956 
Jan. 1958 
Jan. 1959 
Oct.. 1965 
lov. 1954 
Oct. 1965 
....... 1955 
lll;r 1957 
Jan. 1958 
Oct. 1958 
Oct.. 1965 
....... 1955 
Oct.. 1965 
....... 1955 
Oct. 1965 

CXLCIUOO RIVER BASii ( ew;<oi HOOVER 00<) 
Williaaa and Lover Gila Rinr Baaina 

GILA RIVER BASIN 

Phoenix. Aris.---- 1,450 1,444 

Globe. Aris.---- 12, 90J •11, 900 -------do-----
Eden, Arl:r..--- .69 .69 
---do------
Glob•, Aris..---- 5,?f:l:J 5,?i:JJ --------do-----

----------------------------------------· 

.,,... 1928 
Feb. 191+1 

-· 19211 Feb. 1935 
Jan. 1937 
Jan. 1947 

1966 
Mar. 1936 

1941 
Ma;r 1909 
Dee. 1914 
Oct. 1916 
Sept. 1925 
Jan. 1935 
Jan. 1939 
Jan. 1946 

10.42 
6.42 
/o.50 

10.Cll 
7.50 
7.08 

16.50 

.42 
1.58 

.SJ 

.92 
1.92 

10.67 

10.67 

10.67 

2.17 
1.91 
6.50 

1.75 
1.08 
1.00 
6.75 

10.92 

2.17 
.67 
.75 

7.00 

10.67 

10.58 

12.9 

6.3 
1.9 

10.0 
19.6 

5.2 

5.7 
1.8 
8.9 
9.3 
4.0 
7.0 

91,000 
73,000 
61,500 
45,500 
"2,000 
lo0.500 
38,655 

7/39,JHJ 
4,972.14 
4,946.54 
4,896.60 
4,818 .. 00 
4,796.U 
4, 749. 54 

4o7"1 
3.52 
7,zi 
1.59 
4.09 
1.59 
2.21 
1.60 
1.52 

.49 
5.45 
4.JO 
).62 
3.02 

.55 
2).78 
16.05 
20.19 
18.04 
17.99 
17.58 
16.05 
lj.60 
2.20 
6.55 
5.7"/ 

184,500 
176,456 

1,266,837 
1,232, 725 
l,230,695 
1,209,343 
l,1"70,ll8 

11.43 
5.13 

1,522,200 
1,495,460 
1,460,150 
1.425,lllJ 
1,418,013 
1,)98,430 
1,381,580 

.)44 

.276 

.232 

.J.72 

.159 

.153 

..U6 

.U9 

6.054 
5.891 
5.882 
5.780 
5.592 

1.886 
1.853 
1.809 
1.767 
1.757 
1.733 
1.712 

-1/62.4 

"75 
75 
75 
75 
75 

"75 

"75 

"75 

"75 
"75 
"75 

"75 
"75 
"75 
"75 

"75 

'75 
"75 
"75 
"75 

"75 

'75 

.U6 

.120 

.Z311 

.023 

.au 

.m.1 

.004 

.6S 

.:34 
l.<D. 

.25 

.26 

.m. 

.92 

.)4 

1.46 
.24 
.113 

2..75 
2..63 
2.49 
1.53 

.45 

1.39 
.u 
.76 
.:n 

.70 

.46 

.432 

.455 

.()'JO 

.179 

.168 

1.75 

.1119 
3.350 
.670 
.us 
.850 
.418 

1,060 
555 

1,649 
lollll 
424 

16 

1,500 

554 

2,380 
391 

1,352 

4,5SS 
4-280 
4,lJO 
2,519 

81 

SCI 

SCI 

SCI 

SCI 

GS 

.. 

JI Tot.al storage allows a gain or 9~80 ac.-tt.. slnce 1947 llUrY8J' att.ribut&hle pr!-.ril.7 to compaction. 
Y Incl.udes 2,940 eq. mi. 1n closed ba.sin in San Luie V&l.ley, Colo. 
JI Drainage area between gaging station below Kl.epbal'lt Batte De.a and gaging station balov Caballo Dam 

1f_ Increase in capacity due •inl.J' to COllfl&ct!on. 
"§! Onl;r 51.1rf'ace samples (l.0-3.1 rt.) in approrlatel;r 1/3 or reaenair ar• below epill'97 

crest. 
lees original •ter surface ar• of '.:a.b&ll.o Reserwoir at al.e"At.l.an 4,225.). 

!J/_ Jbmoff' IS .. 9Cllla 0 

5/ Tille periods adjusted. 
!/ Compacted sed.1-:tt for 1,080 sq. 111..; Yalues tor 16,0)0 sq. m.. are gj:nn in appendix 

-.ries. 

'l} Drainage area is 100 ac. plus pipe flow f'roa Peareon Ill, '*lch baa a draiDqe area or 
10 ac., plus pipe and -rgency spillwa.7 now fro9: Pearmn. #18, llhicb bas a drainage u.. ot 
1.80 sq. illlo 

* Estlneted or as~. 



DATA 
~ .._. 

~l' 

~16 

•11 

11)..J.8 

~ .. -66..n 

66-22 

60-2'.la 

llUUV(ll! 

.. IL - ... 1----

....... 2------

....... J------...... ..._ ____ _ 

........ s------..... _ ... ___ _ 

'-·--.------
....... 1------.._ .. _,_ ____ _ 
........ )------
----------Uff 014 _ ... ____ _ 

___ ,,___ ___ ,,.,,__ __ _ 
llW.~--11-

llic ..... •.-111---
llig ....... ._12---1-------·-----------------

·-------

SUUARY OF 

RESERVOIR SEDIJIENTATION SURVEYS llADE IN 111E UNITED STATES 111ROUGll 1970 

Sl'llEAll 

TrD. or au... 11.~ 
lillli .... t.er nr.,,,._ __ _ 

.._. ........ ,,._ ____ _ ..... -.. ..._ ____ _ 

!'ril>. WU- Dl7 ~ ·-··------

Tr.lb. or Oil& Ri'fm"---

Trib. of ~ er.ilk--

Ti..--~----

Trib. of Brown•• CarqQn ..... ----------
~wi:l& tiasb.-----_ _.,.._ _______ _ 

I 
NEAREST TOWN DRAINAGE AREA 

I (SQUARE lllLES) 

I 
TOTAL I NET 

GIU RlV!ll BASIN (Continu....t) 

!'batcb.r, .lrb.----
--do--------
DcJagl..a•. Ari•.---
---do-----
----------------------------do--------

---------Doi! Cai.aae, Aris .. -------------------f'lorenc•, Ariz.--------
--do-----
Sa.tt'Ol"'d, .lria.---

norence, Ariz.--

--do------------do------

'Doe C.Z,.u.e, Arb.-------do------
!Satf'ord., J.rh.---
--do--·----
P'l.oret"..c.,, !riz.--
--d<>------
3un.nowor, Arh.---
---do-------
--do------------------------do----------
Safford, .4.riz.----
--1<>-----~-

--do------
--do--------
Florence Junction, Ariz. 
------------
-de-------
---do----------
Tonopah, Ariz.---
--do------------
--do------- --
--do------- --
---do---------
----do------------
--do-- ----- ---
---10-------- --
Salome, Ariz.-----
--do----------
Aguila, Ariz.----
--do---------
--do-------------

---do------------
Solol'!!On, Ariz.-------
----rio--------------
----do-------

1)4.17 

.21 

10.92 

2.48 

12.J 

5.68 

.6 

.38 

.2 

.9 

1.78 

.JS 

21.9 

.6 

S,61! 

.60 

.3) 

1.09 

.65 

.51 

.44 

'j}.W 

1fl.88 
.29 

1.83 

.11 

4.W 

4.13 

.21 

10.92 

2."8 

.36 

12.3 

5.68 

.6 

,3a 

.2 

,9 

.i/.63 

1.78 

,JS 

"'7,0 

.6 

4.95 

.74 

190 

5,614 

• 58 

.o3 

1.09 

.65 

.51 

.44 

'lf.W 

1/1.88 
.29 

1.83 

.11 

1...57 

! 

1~~' DATE OF BET\l'EEN 
SURVEY SURVEYS 

(YEARS) 

1936 
June l9S8 

1917 
lioT 0 1<}58 

1931! 
lo•. l~ 
Sept. 194.7 
Mo•. 195'8 
Mu. 1'"'2 
No•. 1958 

191.J 
llo•. l9SS 

1941 
.,.,._ 1958 

1949 
IDT. 1960 

1940 
Oct. 1960 

1941 
June 1160 

1954 
June 1960 

1936 
June 1958 

1948 
..,. 1959 .... 1954 

1959 
1949 
1959 
1941> 
1960 
1936 
1958 
1950 
1960 
19)9 
1942 
lW' 
1964 
1945 
1950 
1963 
19)6* 
1964 
l.916"* 
1964 
1931 
1961 
1944 
1%1 
1960 
1964 
1960 
1964 
1954• 
1965 
1945 
1965 
1960 
1964 
1944* 
1964 
1958 

..,. 

..,. 
Oct. 

J,,,.e 

Jun• .... ...... .... 
Jan. .... 
O.t. 
Nov. 

Jan. 

Jan. 

July 

July 
June 
Oct. 
July 
Oct. ..,. 
May 
June 
Oct. 
Oct. 
Oct. 
June 

Oct. 1964 
Jan. 1957 
Jan. 1964 
Jul7 1964 

22 

/J. 

20 

3/7 
y.2 

.l/5 

>/6 

11 

19 

22 

11 

5.4 

10 

22 

10 

).j(l 
8.JJ 

13.17 

4.9 
13.l 

•28 

JO 

11 

4.J 

4.) 

•11 

4.J 

20 

6.J 

.6 

STORAGE 
CAPAOTY 
(ACRE -FT.) 

>:19 
2S3 

2,94 
2.54 
2.55 

• 70 
U.7 

.o 

.I.) 
.o 

J.O 
2.7 .. 
.6 

6.o 
... 1 
4.7 
2.8 
6.8 
J.9 
6.00 
l.8J 

u.e 
1).0 

5.7 
2.7 
1.6 
l.J 
6.o 
J.8 
1.9 
1.4 

24.2 
19.5 
J.4 
1.8 

182,608 
179,480 

:z/179,541! 
178,488 

67,900 
g/11.2,8)0 

1)9,238 
19.10 
17.10 

6.462 
5.325 
2.10 
1.00 
9.JJ 
8.95 

21.JO 
<)..06 
11.41> 
11,26 

l.>:I 
.67 

1.61 
4.08 

10.09 
9.9) 
2.21 

J.Q/l.68 
i;.64 

6.50 
158. 79 
154-24 
15).16 

CAPACJTY 
AVG. ANN. 
INFLO'I 
&Am 
(ACBE-n'. 
PER 
ACBE-F'l1 

2.847 
2.582 

.51.6 

."46 

.OO'I 

0 

.002 

.218 

.009 

.00! 

.C)Oj 

.004 

.)12 

.:zu 

.)85 

.:oo 
1.889 
1.1113 

.3"" 

.ll2 

.17(. 

.084 

.2)2 

.J.BB 

.m 

.rm 
-~ 
.16" 
.254 
.1)4 

.241 

.sen 

.494 
•l.?05 
•1.527 
*l.0...9 
•.864 

.197 

.094 
l.:i.6 
1.291 

*7.83 
*7.74 
.... 88 
*4.79 

.)97 

.XFI 

.759 

.IP/ 
"6.)l 
"6.41 
•.228 
•.17) 

*ll.25 

•11.02 
•1.s.i.9 
•l. 796 
•l. 784 

SPEOFIC 
RIGHT 
DRY) 

[LB. PU 
~u. FT.) 

76.2 

72.6 

60 

60 

47.6 

n.12 

52.S 

•50 

7'6.9 
"76.9 

AYG. ANll. 
~ 
AcaMLATDN 
PDISQ.1111. 
OFNETllL 
Alll:A-
PElllOD lllllJlll 

AC.-FT. / TOllS 

0.27 

-~ 

.ace 

.II) 

.10 

.006 

.006 

·"" 
.26 

.75 

.78 

.lJ 

.15 

.15 

.OJ 

.06 

.or. 

.2) 

y.154 

.1,24 

.12 

.12 

.OJ) 

.0)4 

.11 

.ll 

.<Fl 

.094 

.lJ 

.ms 

.18 

.u 

.)9 

81..7 

l).l 

1,57) 

l'lll 

9.8 

9.8 

199 

190 

43 

44 

114 

la:J 

180 

158 

U8.7 

15 

l'lll 

234.5 
65J.2 

AGl!ltCY 
stJPPLT DIG 
DATA 



"'rj 
I 

OJ 
...... 

60-1& 

60-393 

60-IA 

bo-41 

60-42 

60-43 

60-4.',. 

'J0--45 

6~46 

60-47 

'-0-i.B 

bo-40 

Three 3ar B De.orb Basin-- Trib. of Bock Cret*---- Roosevelt, Ariz.-----
----'io----------- -do -do--------
--10--------- --do----------
---d.e>--------- --d~------ ----do-----------
----<lo- --do---------- ---do----------
---<!<>--- ---do-------
---d~------- -----<to---------- --do-------

--do---------
---o- ------ ----d.cr----------- -----do-----------
-----1.v-- ~------ ----do----------
--<40------------ -------- -----lo-------
"'ltM"e Bir,~ Debris Ba.sin-- --do----------- ----10-------------
--'10-------------- -----10-------------- ---do-------
---<i<>------------- ---1o------------ ---10------------
--'1o------------ --do---------- ----do-----------
--..jo-- --do-------- ----- io---------------
---1o---------- -----10---------- -----10-------------
--.-to-------------- ----------- ----do------------
--'lo----------- --d~--------- --do------------
---l~-------- --~---- ----do--------
--1 --do---------- ----do------
-------- --.10-------------- -----10------------
Tbr-ee ~r D Debris Basin--- -----do- ----do---------

--<io--------- ----do---------
~ --rto---------
---do-------- --d<>--------
--1.o---------- ---do-----------
-<lo-------- --·~-----
--'.!a----------- ----<io-----------
--do-- ---<I~------

--~-----
------do------------- -----------
---rli)----------- --do---------
Th .. "le 2.:1.r P- !>ebris Basin--
---'!o---------- -
----1.o----------
-- -'io---
---10-----------__ _,,0-------
----:10-

--'1o------------
---------· 
Bennett ll---------
--10---------
eo.ar ?------
--" 
Horseth1,.r Basin---
-®----
L,-nx l.ake-------
--'o-----------
Granite 3.a.:sin------
---~o--------
!!:ell"!!" Tank -----
---10---------

Go..lleta. Tank------
--~o---------

Mellick Tank------
----10----------
?ouquette "!'ank ----· 
---d<>---------

--do------------
------do---------
--do-------------
---do-----------
---do-----------
-do-----------------
--<io------ --------
----do--------
Walnut Gulch------
--do----------
----------
---do-----------
Hor<Jethief Canyon------
--00----------
Lynx Creek------
---<!o------
Kint Wash------· 
---do----------
'I'r1b. Verde River-----
--00-------
Trlb. ~ent. Wash-----
---do-------------
T:"10. Fly-L'lg -E" W'ash--
---do--------------
Trib. Cemetery Wash-----
--do---------·-

----do-----------
--do-----------
---do--------
---10------
---do-------
----do--------
----do------------
----do-------------
----<l:o--------------
---10---------
-----d?-------------
----<lo-- --------- -
----do--------------
----10--------------
----do-------------
------10------------
-----:'.0--------------
-----:!c-------------
~o;Jbstone, Ar1z.-----
-----do----- ---------
----do----------
-----do------------ ---
Crown Kir:ii;, Ar1z..----
-----'.!o---------- ----
Prescott, Ar1z.----
---do 
----- io---------
----do--------------
-Ocottsdale, Ar1z.---
-----io------------
Tonopah, A!"iz,------
--rlo------------
Wickenburg, Ad.z.---
-----do------ -----
--do----------
----10------------

.cm .073 Aug. 1959 
Oct. 1960 
Oct. 1961 
Oct. 1962 
Oct. 1964 
Oct. 1965 
Oct. 1966 
Oct. 1967 
Oct. 1968 
Oct, 1969 
Oct. 197U 

.149 .149 Aug. 1959 
Oet. 1960 
0-:.t. 1961 
Oct.. 1962 
-Ct. 1964 
Oct, 1*>5 
Oct. 1966 
Cct. 1967 
Oct. 1%8 
Oct. 1969 
Oct. l97U 

.126 .126 Aug. 1959 
Oct. 1960 
Oct, 1961 
Oct. 1962 
Oct. 1964 
Oct. 1965 
Jct. 1066 
0c~. 1967 
Oct. 1968 
Oct. 1969 
Oct., 1970 

.107 .10? Mu. 1963 
Oct. 1963 
Oct. 1964 
Oct. 1965 
Ge!:.. 1966 
Oct. 1967 
'.::

1ct. 1%8 
"·• 1%9 
.:t.. l~'J 

.6 June 1961 
June 1967 

.4 Jur.e 1963 
June 1967 

.85 .B5 1934 
Nov, 1969 

18.14 *10 1-lov, lQl'..2 
Nov. :·~ 

4.09 *4.69 1939 
AJ.g, 1967 

.06 .06 '"'"· 1941 
Aug. 1970 

.6-0 .";45 ~'une 1939 
Apr. 1967 

• "9 .n May 1956 
Sept. 1970 

.13 .121 May 1965 
'::ec. 197C 

]d/.23 .05 
1.17 
LOO 
1.00 
2.00 
1.00 
l.CG 
l.OC' 
1.00 
LOO 
1.00 

]d/.08 .002 
1.17 
LOO 
1.00 
2.00 
1.00 
1.00 
1.00 
LOO 
1.00 
1.00 

J:!/.21 .Cl 
l.17 
l.00 
1.00 
2.00 
1.00 
LOO 
LOO 
LOO 
LOO 
1.00 

.004 
.51 

LO 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

18 .6 
17 .6 
14 1.7 
13.5 L 7 
42.4 .44 

36 35.6 .37 
1,472 l.07 
1,460 1.06 

89 4.J4 
28 58 •.21 

!9.2 l.52Q *1.91 

27.9 21 6.63 
79.l 20.87 

14.J n.3 20.J9 
.99 1.59 

5.6 .91 L46 

"llO 
"llO 
•no 
"llO 
"llO 
"llO 
•no 
•no 
•no 
"llO 

•no 
"llO 
"llO 
"llO 
4110 
"llO 
4110 
•no 
•no 
•no 

•uo 
4110 
•uo 
4110 
"llO 
•no 
"llO 
"llO 
"llO 
4110 

*llO 
4 110 
•uo 
•no 
•no 
•uo 
•uo 
•no 

75 

75 

74.8 

94.1 

88.2 

J.Z/lll. 77 !3/44, 969 
J1/4.66 g/ll,159 

0 0 
g/.55 w.u 
1]j.2? 

g/1,313 
g/3<8 
g/656 

0 0 w.u g/3211 
0 0 
0 

ll/5.57 g/13,)45 
JY.67 gtl,6al 
g/.67 g/l,6al 

0 0 
0 0 

g/.34 wn 
0 0 
0 0 
0 0 
0 0 

g/12. 70 g/J0,427 
WJ.TI g/8,m 
g/.6) g/1,521 
g/.04 &95 
g/.08 12 90 
g/.08 g/190 

0 
0 
0 

0 
g/.37 
g/.09 
g/.19 

0 
0 
0 w.oo 

.2 

.25 

.22 

.197 

.236 

.CYJ 

.21 

.16 

.:.o 

0 
0 
0 

0 
g/886 
g/224 
g/"8 

0 
0 
0 

U/2,016 

)26 

uo 

342 

3'18 

192 

rs 

rs 

rs 

rs 

scs 

scs 

rs 

scs 

scs 

scs 

scs 

LI'M'LE ~OLORAOO AND SAN JUAN RIVE? BASINS 

61-1 C)ak -=~ek lit:':P"Yotr-------- Trlb. or Zuni River---
-- X>------- -------- ---1o--------------

1/ Oraina'tE' are;; tw_ludes l.B? so. "IL rhverted frol'!I. Hawk Hollow. 
?/ Reservoir was f.Jll o+" sedi'!lent in 1954. 

Zuni, N. Mex.----- 9.41 
- --- - do------ - -------

ij ~~:~~~:: ~ ~!:i; ~~==~ i ~~~: 
3/ 'I'his reservci.r is do-wnstrea.,, l"ro111. Ur.per Foote Wash Reservo1.r. . ittle or no sediment is con<:.r1buted 

l'rom the 4.1? sq. "'Iii. above this -ianl.. 
§./ Based on to~al 1ra.inage ar~ of 5,812 sq. mi. before constn.ction of Hors~shoe Dam upstrea..,. 
z! Incr~se ln .:.auacity ~bably 1ue to coni:paction. 
!!/ Cana.city bc:.-..aserl 76,l}O 'lC.-ft. by inst.a.llation of spillway gat,es in ~wie .1.950. 

9.41 Oct. 1954 334.B 1.425 GS 
May 1960 l!./6 148:.0 .630 3.32 

'1f Drainage a:rea is s'M,llE>st area that col.lld be po!;Sitiv~l.¥ deliJv•...ated. 
lQ/ Storage capacity at or1gir.al spillway crest ele-vation - storage capacity at ero1ed spill11&.1 

elevation O. SJ ac. -ft. 
g/ Basui. clP,aned as needed to 'Tlal.ntain capacity. 
12/ Inclu.'1es sPdim.ent traoned above spill-..ra.y level. 
TI/ Basin filled dl!rL'lg storm of 9-5-70 and undetermined amount of sediment escapeo from pond. 

µI ~~~~t:~a:n=~swned. 



DATA 
!BUT 
llUllBEll 

U-8 

62.-9 

62-lO 

62-U 

62-12 

62-13 

62-U 

62-15 

62-16 

62-17 

63-l 

SUllllARY OF 

RESERVOIR SEDIBlfTATIOll SURVEYS llAl>E Iii THE UNITED STATltS 1HROU<ll U'/11 

PERIOD STORAGE 
DATEOF TWUJll CAPAaTY 
SURVEY SURVEYS CACU:-n.J 

(YEARS) I 
TOTAL NET 

lllllet ""'1c -iP-- '!rib. or au .... -- h:rlm-, .ArU.--- i.o.o )9.7 J- 1959 l,JU.O 
1,259.4 
l,llA.5 

.i- l~ ) 
J- 19" 4 

.,\II .4?6 191.3 
~ 1968 25 

-•T.-1 .549 1.,., 
J,.... 1968 21 

.249 l~ 
..... 1968 20 

2.45 19'8 - Mio. - -- ~. Ari:o.-- litT 1968 JO 
- Ball - (llq sirs-, Arla.- .)2 .)2 lM 

Lob - (-..,. !luol---------
l1als ""~ ----
~ J- ,_, ____ _ 
l&illebiao!iaa~ 
-.,,,c......iSt.ruo ........ 

,_.n....!'hlllr-----

...... Boll.ow -------------
CllC - (-)-----

coc """" cs.. .. J--------4o-------· 
---.... -#2-----de-------------11-nur _,,, .. ,. _____ _ 

l'1Al'Nd s,,..no---

llLllclt lnollo>------

LltUo Ora8'07 -----llU1 - _., _____ _ 

""- llaa,-----

-.....ltt------
-411> 
!J'D.~ of~._ __ 

~c...

b-11> • ..r '- .:.---

~®>--------____..., ______ _ 
--do>--------,_ ______ _ 

'frll>.--
TPU.l'ort.Pwuc•-

'!'rib. Cit;y er.----

---------
--~ .... (14)--- 8adCm' ------

J- 1968 24 
.10 .10 J- 1964 

"'117 196!1 4 

cal.lllWIO 11IVE llASDI (11.1.U.ll Cl!05SUG 'IO B009ll!l DAii) 

}/lUl,600 

~.A1"'15.--- .4 ... 
.JS 

~.l.rlii.--

9.2 9.2 

~- --· !It&>--
.0) 

.J2 

.O<i> 

.09 

1.09 l.Ol! 

.85 .84 

.58 ------ 2.; ------
.17 .17 

~-. 19'5 
Sos*. l 91i113f l). 7 

1951 
!!«pt. 1965 vu. 
0.t. l"6 
~- 1965 a.9 

1963 
.... 1965 

19)5 

Oot. 1'65 JO 
l9S5 

Aue· l '65 i/10 
J .... l'IS"I 
Ju. 19'11 "l 

-· 1965 ?.a 1941 
•• 1966 25 

1941 
A!". 1966 25 

1944 
Feb. 1966 22 

lM 
'""· 1966 22 191.9 
,.,.. 1966 17 

191.6 

-· 1'!66 20 1922 
...... 1965 u 

191.3 
.... 1966 2:1 

1956 

·- 1966 lO l'IS6 
Ap-. 1966 10 

(J(J.()IWJO RI'llR BASU (.lB091 ll1LL3 CROSSIIO) 
Omni eon, 'DolorH and F:remnt Ri vv B&aina 

-.ex. Colo.---- l.53 l.1,9 ~ 1957 
...... 19'11 
....... 1959 
....... 1961 

1.6 
l,O 
2.0 

6.04 
4.02 
3.()1) 
1.)11 
l.S!J 
l.<7 

10.lJ 
9.10 
.76 
.61 

1.3') 
1.)5 

n .2'0,ooo 
29 ,ttZl ,ooo 

.697 

.l.\!) 
Sl..93 
)6.511 

.95 

.22 
6.ooo 

2.747 
1.10 
2."17 

zo.o 
ZJ.6.4 
U0.8 

"1.0 

"2.0 

"2.0 

"1.o 

2(1L.S2 
199.35 
196.ZI 
190.:ll 

u 
2.0 
l.T 
*.?'I 
•.j2 
•.35 
•.16 

*·"' •.19 
•.is •.u 
"·°' "·°' ~.52 .. ,, 

*l .. Sl."J 
'l.472 

''.9'11 

•.6' 

•.06 

-,.3 

•.2 

"' Ill 
0.6' l,mr ·" 1,,. 

llll.6 .rr "' 

"'·' 
l!O 

.is ~ 

-~ '19 .., . ., .au. ZI 

"·" 
"·' 

.m .u. 

.10 Hr. 

m 
Zll. 

1!'7.2 .0911 

- j/.U 

- .n "80 l.05 

'Ji2 71.~ 

90 11.m.1 

"'° .I/J.n 

"'° 7/.61 
111 7/.76 
117.5 7/.42 

"'15 -~ 

w. 1f.cu 
'12 1/l.79 

IO 7/.'YJ 

-------.. 
SIB ---
-sea --.. -8Cll -ICS -
QI 



6J-2 ~ ,.., - '!'win (2A)- .161 .161 Dee. 195.l - &.)O .m - - - • 
- - JUy 19SI 1.6 4.47 .679 - 6.91 

------- - - lo•. 19'6 1.4 4.47 .67'1 - 0 
----- - - Cle\. 1951 l.O J.911 .605 - 2.,, 

- -- lo•. 19511 l.O J.911 .6CI - 0 
- - lo•. 195'9 1.0 J.6S .SIS - 2.00 

-do - - -· 1961 2.0 2."3 .)69 - ).70 
6J-J liod9or - 1- OU lloll ()&) .Ol9 .<>15 -· lffi - U.90 4.llll - - - QS 

- - hl7 l9S5 1.6 l2.6S 4.120 - 2.'lll 
---- - - lo•. 1916 1.4 l2.6S 4.720 - O 
------- - - Oot. 1911 1.0 u.ss 4.613 - 1.12 
------ - - 1o.. 19511 l.o u.ss 4.613 - o 

- - -· lffi l.O 12.)) 4.601 - 4.00 
- - -· 1961 2.0 12.U 4.S22 - 1.82 

6)-4 - lluiJI (U) .089 .Oil? Apr. 1914 - S.4S l.l35 - - - Ill 
--- - - -· 1916 2.6 4.92 1.025 - 2.)0 

- - Oot. 19'7 l.O 4.'16 .'9Z - 1.114 
- - - lo•. 19S9 2.0 4.6S .969 - .69 

6J-S lllddl.e luln (12) --- .092 .Ol!I! Apr. 1954 - 16.9) 2.996 - - - CIL'I 
-- - - -· 1916 2.6 15.17 2.11119 - 4.66 

- - Oot. 1911 l.O 15.ll 2.722 - S.S1 
------- - - -· l9S9 2.0 15.)2 2.112 - .)4 

,,.. Prdri• Dos (4') Trib. lodcer Ila- - ----- .022 .022 -· 195) - ).QI 4.)6 - - - QI 
--- - - Jol.7 19S5 1.6 2.64 1.11 "90 u.e 23,l)O 
--- --d - - -· 1916 1.) 2.64 ).77 "90 0 -

- - - Cle\. 19'7 l.O 2.49 J.56 "90 6.82 ll,)6S 
- - -· 19511 l.l 2.49 J.56 "90 0 -- - - lo•. lffi l.O 2."3 J.47 "90 2.7' S,'46 

--- - - -· 1961 2.0 2.31 ).26 "'° ).la 6,112 
------ - - 1o.. 196) 2.0 2.11 ).10 "'° 2.:rr '·'°° 

-- - - -· 1964 l.O 2.0) 2.90 "90 6.)6 12,414 
-· 196S l.O l.82 2.60 "90 9.SS U,111 
-· 1966 1.0 1.91 2.7) "90 - -- - on. 1'167 l.O 1,80 2.'1"7 "90 5.:IO 9,ICll 

------ - - ..... 1968 1.0 1.66 2.)7 "90 6.)6 10,4'11. 
------- - - J- 1970 1.6 y:z.52 3.60 "90 0 --

"zj 6,_, -..... .. (13) llodpr Ila.. -.1,84 - •• 77 :: m~ _·4 ~:~ ~:r,. ~ _:z.2? 
4"~ QI 

I - - llo•. 1956 2.6 24.45 1.690 - 1.93 
Cl! - -- Oct.. 19'7 l.O 2'.l.44 l.59S - 2.96 
v.:i --- - - -· 19S9 2.0 22.26 1.514 - 1.24 

,,_. ~ -· (ll Tri.b. Bod...- Ila- .066 .066 Doc. 19S3 - 8,)0 3.81 - - - QI 
- -- - - JU, 1955 1.6 7.59 3."8 "90 6.61 l),Olll. 

- - -· 1916 1.3 7.59 2.56 "90 0 -
---do- - - llo•. 1911 l.O 7.)4 3.)7 "90 ),?II 7,425 

-- ------- - - -· 19511 1.1 7.34 ).)7 "90 0 -
- - ..... 19S9 1.0 7.04 3.2'.l "90 4.55 9,061 
- - ..... 1961 2.0 6. 70 3.07 "90 2. 7) 5,198 

------- - -- ...... 196) 2.0 6.59 ).02 "90 ·" 1,634 - --do------ - - lloT. 1964 l.O 6.55 3.00 "90 .60 l,UI 
--do- - - lo•. 1965 l.O 6.10 2,84 "90 6.82 l),)65 

--- -- -------- -- - ..... 1966 1.0 6.16 2.82 "90 JI- ----do------- - - Oct. 1967 l.O 6.00 2.75 "90 2.U 4,7'2 
----------- - - ..... 1968 1.0 5."8 2.51 "90 7.84 15,444 ------- --do------- - - ..... 1969 1.0 5.54 2.54 "90 JI-- --

,,_, - hl.n (2-A) ------- .1"8 .1"8 o ... l9S3 - 6.30 1.)1 - -- - OS 
---<10------- -- - JU, l9S5 1.6 ... )8 .91 "90 8.10 15,11"8 

--- ------- - - ..... 1956 1.) ... 38 .91 "90 0 -
--d----- ---------- ----------- - - Oct. 1957 l.O ).90 .Ill "90 ).24 6,)57 
------------- --- ---do------- - - ..... 19'8 1.1 ).90 .Ill "90 0 -
--do --------- ---------- -- - a. ... 19S9 l.O l.Q/l.5.08 3.1) "90 l.49 2,914 

---- --do------ - - -· 1961 2.0 13.86 2.88 "90 4.l2 8,079 
---------- --------- - - -· 1963 2.0 u.52 2.eo "90 l.15 2,252 ------- - - 11o... 1964 l.O 12.39 2.57 "90 7.64 U,966 

-------- - -- 11o.. 1965 l.o 12.06 2.50 "90 2.21 1.,m 
--do- - - lo•. 1966 l.O 12.10 2. 51 "90 J/- -

------ ---do------- - - Oct. 1967 1.0 U.5) 2.39 "90 ).15 7,549 --do--------- --------- ------- - -- llo•. 1968 l.O 10.56 2.09 "90 6.SS 12,847 
------------ --------- ---do- - - lo•. 1969 1,0 10.64 2.10 "90 J/-

l/ llot adjQst.ed f'or ~a -.11 reaerTOir•. Runoff used to eomput.e C/I ratio w1u not 1J Jnclude3 deposition &boTe •pill.,- creet leHl • 
..t,tu.at.ed ror upat..rM!I dher.ton. !/ Reaenc1.r cleaned in June 1970. 

'Y_ Period Of 9Un-97 ... II t'1"'0m Mar. 1948 - Mar. 1949. j/ C&pa.cit:y increase. 
ll Be.eed on M&sur9d and esti•t«l Hd~t innov or 2,0.::0,000,000 tons in 13.? yr, period. IQ/ Dam and spUl-.7 raised in 1959. 
V !sti-.tftd •rr.ct1.,. 11'• or pond h 5 rt'· 1951 - 19S6. * Estt.ated or as~. 
l/ Jlese"1>1r is arr •in ch&nrel. !eti.mte reMr-.Oir intercepts 1/3 of now and sect1..aent 

,... t.ot&l it1"'&1.na'9 &rN. 

V !ffi90t.1Te life of r"effMOir is estim.ted at S Tr 11tor"ll. in 1963 rilled reMTTOir a.nd 
c~ channel oow-... 



SUllllARY OF 

RESERVOIR SEDIJIENTATION SURVEYS !IADE IN ntE UNITED STATES THROUGH 1910 

I 
I 

! I I CAPACITY 
AVG. ANN. 

I SPF.CFIC SEIM:NT 
DATA 

""moo I"°"" AVG. ANN. il'E!GHT AcctMJLA 110N AGl!JtfCY I I 

SlllET RESERVOIR STREAM NEAREST 'IUIJN I DRAINAGE AREA DATE OF BETWEEN CAPACTY INF1.0W DRY) PDSQ.1111- SUPPL YIN 
l'1JllBER 

I 
I (SQUARE lllLES) SURVEY SURVEYS I (ACRE -FT.) 

RA'l10 
(LB. PER OF NET DB. (ACJIE.IT. DATA 

(YEARS) PEB ~U. FT.) AHA FOR 

I 
ACRE-F"n PDUOD SHOWN 

TOTAL I NET I AC.-FT. I TOMS 

G 

ca.otW>C' IUVl:I! BASii ( .lBOV! li.W.S CIO.S3Illl) 
Gwmi90r't, Dolor.• and F~nt RiYer Radns (Continued) 

6'!-10 Oil llell ()-i.)------ Trlb. or Bad.,.. lla91!-- Maclr:, Colo.---- 0.059 0.059 Doc. 1953 12.92 5.71 as ------ ju}7 1955 1.6 12.18 5.39 *90 7.30 15 ,31'1 
No•. 1956 l.J 12.l! 5.39 *90 0 - Oct. 1957 l.O ll.90 5.26 *'lO 4.75 9,)02 - ------- ---do------- .... 195!! l.l lJ.90 5.26 *90 0 ------ .... 1959 1.0 ll.61, 5.15 *'lO i..i.o 8,6)8 
llo•. 1961 2.0 ll.Jl 5.00 "90 2.71 5 ,"82 - --do------- llo•. 1963 2.0 ll.25 4.98 *'IO .n 9'11 

-oo----·--- llov. 1964 l.O ll.21. 4.')6 - .68 1,,29 
llo•. 1965 1.0 10.73 4.?5 *90 e.:u. 15,947 ..... 1966 l.O 10.82 4.79 *90 'J.1--
Oct. 1967 l.O 10.62 4.'10 *90 3.)9 6,645 - -- llo•. 1968 l.O 10.15 4.49 - ?.96 15,615 

-~----- llo•. 1'!69 l.O 10.13 4."8 *90 .)4 661, 

*' ------- Oct. 1970 1.0 9.99 4."2 '"lO 2.)8 4,6Sl 
6)-11 11U1d7 Pol.At (1,-8)----- - .019 .019 D•c. 1953 4.52 9.62 GS 

---t!:)------ J~ 1955 l.6 4.31 9.1? *'IQ 6.e5 13,427 
"rj 

_....,__ ______ -·--- .... 1956 1.3 4.31 9.17 "'JO 0 

I --------- ---do- Oct. 1957 l.O 4.19 8.91 "90 6.32 12,)llO --------- ------------ lie>•. 1958 l.l 4.19 8.91 *90 0 er. ---- --do------- Nov. 1959 1.0 4.16 8.85 *90 l. 58 3,095 .;:.. - --do----- No•. 1961 2.0 4.14 8.80 "'JO .53 1,032 
No•. 1963 2.0 4.12 8.76 "'JO .53 1,())2 ------- ------ No•. 1964 l.O 1,.0) 8.57 *90 .... 74 9,265 

----do------- Nov. 1965 1.0 3.89 8.26 *90 7.37 14,W - No•. 1966 l.O 3.89 8.28 *90 0 
-~o Oct. 1967 l.O 3.81 e.n "90 1,.21. 8,253 
--do--------- Nov. 1908 1.0 J.74 7.96 "'JO 3.68 7 ,222 ----- -- -- Nov. 1969 1.0 3.83 8.15 ><JO !/-

63-12 r-.(2-ll) ---- .158 .158 Dee. 1953 8.45 2.14 ()S --- ---do--------- July 1955 1.6 6.05 l.S3 *90 9.50 lR,622 
-do - ----do--------- No•. 1956 l.J 6.05 1.53 *90 0 - --- ------------- Oct. 1957 1.0 5.94 1.\,.0 '"lO .?O l,J65 
~----- --do-------- No•. 1958 1.1 5.94 1.50 *90 0 
--de ----------- No•. 1959 1.0 l/24.80 6.28 *90 2.l.5 2,840 -- --do---------- Nov. 1961 2.0 24.18 6.12 "90 1.96 J,846 -- ----do-------- -------- ffoT. 1963 2.0 23.89 6.05 "90 .95 1,110 - ----- ---do------ fi;oy. 1964 l.O 23.45 5.94 "90 2.78 5,459 

_,._CJ>. ---do-------- Nov. 1'!65 1.0 23.15 5.86 *'lO 1.90 J,722 ------ Nov. 1966 l.O 23.23 5.88 *90 bl-------- ----- Oct. 1967 1,0 22.86 5.79 "90 2.34 4,590 -------- ----do------- No7. 1968 1.0 21.88 5.54 '"lO 6.a> 12,158 
--do------- Nov. 1969 l.O 22.12 5.60 *90 bl--

63-13 llorth llui.n ( )-B) --- ----- .048 .048 Dec. 1953 8.10 4.60 GS --- - ---<lo Jlll.7 1955 1.6 7.69 4.37 "90 5.42 10,624 
--do - ------ No•. 1956 1.3 7.69 4.37 "90 0 -------- Oct. 1957 1.0 7.58 4.31 "90 2.29 4,492 --- ---- -- ffoT. 1958 1.1 7.58 4,31 '"lO 0 

do ----do--------- Nov. 1959 1.0 7.51 4.27 '"lO 1.46 2,859 - --do------ !lo•. 1961 2.0 7.38 4.19 "90 1.46 2,654 - -------- Nov. 1963 2.0 7.10 4.03 "90 2.92 5,717 
--do- --do--- Nev. 1964 1,0 7.05 4.00 "'JO 1.04 2,042 
--d --do-------- Nov. 1965 1.0 6.81 3.87 "90 5.00 9,!01 - --do-------- Nov. 1966 l.O 6.81 3.87 "'JO 0 -- --------- ----<lo---------- Oct. 1967 1.0 6.54 J. 72 *90 5.6J ll ,026 
---d<>- --dcr------- Nov. 1968 1.0 6.<n J.45 "90 9.80 l<l,194 
---------- ---do-------- Nov. 1969 1.0 6.18 3.51 *90 11-

--do ---d ------------ Oct. 1970 1.0 6.13 ).48 "90 1.04 2,042 



6)-14 .__ (l-11 --- ,(114 ·- -· lffi - 19.80 8.69 - - - GS 

-------- - - Jal.J' l9SS 1.6 19.17 s.u "'lO 1..65 9,°" 
lo•. 1956 l.} 19.17 11.u "'lO 0 0 
Oct. 1957 l.O 19.17 s.u "90 0 0 
lfoT. 19'11 l.l 19.17 e.u "'lO 0 0 
lloT, 1959 l.O 19.17 8.U "'lO 0 0 
loT, 1961 2.0 la.es 8.l!'I "'IQ l.90 ),714 
loT, 196) 2.0 18.7' e.22 "'lO .59 l,21S 

-- - -· 1964 1.0 18.72 8.21 "'lO .24 i.67 
loT, 1965 l,0 18.)8 s.06 "'JO 4.0S 7,9'4 
lloT. 1966 l.O la.42 s.oe "'lO ll- -__.. - - Oct. 1967 1,0 la.25 8.00 '"lO 2.G2 3,967 - ---- - - lloT. 1968 l.O 17.63 7.7) '"lO 7.)8 U,i.68 ---- - -- -· 1969 l,O 17.60 7,72 "'IQ .)6 '100 

6)-15 -~lo.l Trib • .\lliali c..---- Wolcott, Colo.--- .Ol.16 .Oll Jal.J' l96S - l,877 - -- -- - Ill! 
--'I - - JloT. 1965 .}O l.SSl 2.l14 "90 7.91 15,SOO - - - Oct. 1966 l.O l.860 2.66 '"lO l/-- -------- - - l!oT. 1967 l.O l.852 2.65 "90 .7) l,420 

-- - JloT, 1968 1.0 1.81.2 2.6) "'10 .'ll. l,790 

--do--------- --do------- - - llov. 1969 l.O l.941 2.63 "'lO .09 1?11 
- - lov, 19?0 l.O UIJ'I z.62 "90 .)6 710 

6)-16 -~lo.~ - .008 .008 Jul7 l96S -- l.686 3.24 -- - - as 
Nov. 1965 .:!!! l.644 J.16 "'IQ 11.8 '6,8'° 
Oct. 1966 l.O l.651 ).la "'lO ll- -
lfoT. 1967 l.O 1.634 3,14 "'lO 2.13 4,165 
lloT, 1968 l,O l.6J7 3.1s "'lO ll- ·-
llov. 1969 l,O l.619 ),ll "'lO 2.25 4,UO 

--------- - -- -· 1970 l,O l.613 3.10 "'IO ,75 l,l.'10 
6)-17 Fool C..- Dobrl• lluiJ>-- Pool Cnolr Fra..,., Colo.----- l.ll l.ll Oct. 1951 -- - - - - - PS 

------------- - - Oct. 1952 1.0 - - - .03' 65.all 
-- -- Oct. 1953 l.O - - - .Ol.6 )2.64 - ------- -- - Oct. 1954 l.O - ·- - - 0 

1-zj - ------ - - Oct. 1955 l.O - - - - 0 - ------------ - - Oct. 1956 1.0 - - - .026 S3.l2 
I --- -- - Oct. 1957 l.O -- -- - ,051 101. 76 

en --do --- -- - Oct. 1958 l,0 - - - .031 62.0lll 
c.n -- --------- -- - Oct. 1959 l.O - - -- .006 12.48 

- - Oct. 1960 l,O - -- -- ,010 20.16 - ----- -- - Oct. 1961 l.O - - - .<XM. 8.96 - ---- - - Oct. 1962 l.O - -- - .012 2).61 - ----- -- - Oct. 1963 l.O - - -- - 0 --- - - Oct. 191>4 l.O - -- -- -- 0 

------ - -- Oct. 1965 l.O - - -- .Ole )6,16 -- -------- - - Oct. 1966 l.O - -- - ,004 8.o 
-do - - Oct. 1967 l,0 - - - .~ 10.32 -- ------ -- - Oct. 1968 l.O - - - .008 17.96 

--do------ - - Oet. 1969 l.O - - - .010 22.45 --- -------- - -- Oet. 1970 l,O - - - .OU 24.66 
6)-18 -llel.r- Deadhor~e Creek --- 1.04 l.04 Oct. 19~ - - - - - -- PS 

------ -- -- Oct. l9S5 l,0 - - - .003 6.4 - --- ------- - -- Oct. 1956 1.0 - - -- .012 26.88 __,.,___ --- - - - Oct. 1957 1.0 - -- - .016 35.52 -- - - Oct. 1958 l.O - -- - .006 3.2 -- -- - Oct. 1959 l.O - - - .004 7.61 
---d ---<!<>----- - - Oct. 1960 1.0 - -- - .ooi. 7.61 ---- -- - - Oct. 1961 l.O - - - .001 1.60 --- --d<>- - - Oct. 1'162 1.0 - -- - .009 19.84 -- --do------- - - Oct. 1963 1.0 - -- - .001 I.28 

- - Oct. 1964 l.O - - - .001 2.24 - --d - - Oct. 1965 1.0 -- - - .oos 11.20 ---- - -- Oet. 1966 l.O - - - .001 l.211 - ---do---~-~- - - Oct. 1967 l.O - - - .CIOOI. .S) --- ------ - - Oet. 1968 1.0 - - -- .001 1.81 

--------- - - 'let. 1969 1.0 - - - .OG2 J."6 
------- - - C.et,. 1970 1.0 - - - .005 lo.n 

V ca!>"cit7 iacnot. ... * EatiJwlted. or aeaumed. 
11 llul - OJ>ill- raind in 1959. 



SUllllARY OF 

RESERVOIR SEDlllENTATION SURVEYS llADE Ill 'nlE UNITED STATES 'nlROUGll 1970 

I 
! CAPACITY $PEaFrC 

AVG. ANN. 

I 
SEllDIENT 

DATA PERIOD STORAGE AVG-ANN. WEIGHT ACCUUIJLA 'llON AGl!NCY : 
SHEET RESERVOIR STREAM NEAREST TOWN DRAINAGE AREA DATE OF BETWEEN CAPACITY INFL01I DRY) PER SQ. Ml. SOPPLYill 

I 
RATIO 

IWllBER (SQUARE lllLES) SURVEY SURVEYS (ACRE-FT.) {ACRE-FT tLB. PER OF NET DR. DATA 
(YEARS\ PER K:u. FT.) AREA FOR 

_J PEBIOD SHOWN 

! 
ACRE-F"n 

TOTAL I NET AC.-FT. I TONS 

G 

COLORADO RIVER Bi.Sii (i.BOVZ HJ.I.LS ca:>SSIKG) 
Gurni&on, Dolores ant! FN1110nt iU:nr Ba.Sina (Contimled) 

6J-19 Le.xen ':reek Weir------ Lex.en ~reek fraser, Colo.---- o.41! 0,1,8 Oct. 1955 PS 
--io---------- Oct. 1'156 1.0 o.oos 10.24 
--io-- ---do-------- --do------ Oct. 1957 1.0 .009 17.92 ------------- --do--------- Oct. 19'8 l,0 .au 21.12 ---------- --do- Oct. 1959 l,0 .002 ),84 
--do--------- ---do-------- --~------ Oct. 1960 1.0 .002 ).52 
--do---------- --do--------- --do---·--- Oct. 1961 1.0 ,000) .64 
---do---------- ---do------- --<lo------ Oot. 1962 1,0 .oos '·" --------- --do Oct. 196) 1,0 .0002 .)2 
--do- --- --do- Oct. 1964 1.0 .002 2,111 
------------ ------------ --~----- Oct. 1965 1,0 .00) 5,76 
-.-.0--------- --do- --d Oct. 1966 1.0 .002 2."4 
-d<>-- --- Oct. 1967 1.0 .om. 1.7' - --do------- ---d<>------- Oct. 1968 1.0 .00!. 1.50 
---d ------- -------- Oct, 1969 1,0 .001 1.50 
--do-- ----do-------- --do Oct. 1970 1.0 .002 4,00 

63-20 East St. Louis Creek Weir-- Ea0< St. Lou.is '.::reek--- ---do------ ),10 ).10 Oct. 1964 l,O PS 
--i.r--------- -----«>-------- --do------ Oat. 1965 1.0 *l.00 .002 5,45 
--do--------- ---do-------- --do------ Oct. 1966 l,0 '100 .00!. l.)5 

"rj ---do-- -----io------ ---do------ Oot. 1967 1.0 •100 .002 ).loO 
I --do ----do-------- --do------- Oct. 1968 l.O •100 .002 4.:llO 

OI --do --do-------------- -----<! Oct. 1969 1.0 ~00 .00!. 2.'lll 
CJ') ---do--------- ---do------------ ---do---------- Oct. 1970 l.O •100 .002 4.25 

63-21 RW-1 ~oatcap 'Rash Watershed - lioatcap Wa.sn Olathe, Colo.--- ll.6 ll.5 Dec. 1964 829.6 *7.0 scs 
---<l --do---------- --d<r----- lo•. 1970 810.0 "6.9 .211 

cm:KN RIVER BASili 

64-1 Duck Forlc------- f~on Credc------ Perron, Utah---- J.56 3.56 1942 718 •.236 SC3 ___ ,,, ___ ----do--------- ---do------ Oct. 1962 '° Yl!?O •.2116 "60 .14 l8) 
64-2 South Sod& Creek Weir-- South Soda Creek---- Steamboat Springs, Colo. 3.40 ).40 Oct. 1967 "' ---10--------- ----do--------- Oct. 1968 1.0 *135 .005 l).4) 

---do---------- ---do---------- ---d Oct. 1969 1.0 ~)5 .000) 1.08 

-~~------ --do------- ---d~----- Oct. 19?0 l.O •1)5 .005 1.4.92 
64-) Nortt-i Fi!!h Creek Weir~---- NcrtlL fi!!h Creek----- ---do-- 2.24 Oct. 1968 PS 

---do----------- --io-------- --d<>-- Oct. 1969 l.O *135 .001 l.62 
----de- ----1<>------- ---do-------- Oct. 19?0 1.0 •1)5 .oer. ll.74 

64-4 West Valton ':reek Weir--- Trlb. Walton Creek--- ----do- l.3) l.3) Oct. 1967 FS 
-----do--~------- --do-- ---do----- Oct. 1968 l.O "llO .016 )8,28 
--~o--------- --do----------- ----1.o-------- Oct. 1969 1.0 •110 .006 15.07 
----10------------ --do-- ---do- Oct. 19?0 1.0 "ilO .020 47.90 

64-5 Bullwinkle-------- Trib. Brush ':':reek---- Ve:m&l, Utah---- .ll .11 19'.38 scs 
--do------------ ---do----------- ------- Oct. 1968 )0 •5.0 "?O y.79 1,2°" 

~ Rock C&JVOn- Rock ::anyon------ --do- l.U l.U 19'.36 scs 
---<lo------- ----".! ---do-------- Oct. 1968 22 •5.0 "60 .au l4 

64-7 Niles Haslem Pond----- Trib 0 Stel.na.ker Ora---- .095 .095 1952 scs 
---10--------- ---do------------ ---do------ Sept. 1967 15 •2.0 "?O lf.67 1,021 

6µ Maeeer Resenoir- Trib. TYel ve Mile Wash--- ---::lo--- .65 .65 1942 SC3 
---do- ---do-------- ----<!<>-- Mor 1968 26 "11.0 "90 y.2J 450 

GREAT SALT LAKE BASIN 

6~1 Eaot Ca'l.yon Ea.-c Canycn Creek---- ~rgan, Ut&h---- 144 144 1896 1/J,850 .098 Ill 
---d~-------------- ---do--------------- -----d Oct. 1954 58 28,730 .733 !>/77.l .124 2C<! 

6~2 Echo---------- Weber River---------- Eeho, Utah---- 7)2 732 Oet. 19'.lO 75,718 .373 Ill 
--<io--------------- ----do--------- ---do----- Oct. 1954 24 73,900 .364 !;/71 .104 161 

6~3· 3antaqu:tn Debris Ba~in----- Su""'1t Sreek--------- Santaquin, Utah-- 17.65 13.5 Fall 1954 *84 .ooe scs 
---10------------ ---'10-------- -----do-------- Dec. 1957 *65 .006 "90 .47 921 

SEVIER RIVER BASIN 

66-1 Boob,.-Hol~ Booby Hole :reek------ l"'oosharem, Utah--- 5.0 4.9 1895 In/ scs --- ---do------- ---do----- Oct. 1940 75 598 .024 



66-2 Indian Creek lo. 1---- Indi.tn Crook----

RockJ Fol'd BeaTer RiTer~-------Rociq Fo!'d Snier !li••,r-------- -~-- .,,._ ___ _ 
kt.erprt-ae- Pir.e Cl'e'*---------do--------
Y&clr:H Keadowa- Pele Creek:------

Piut~------ SeTiw Ri•er----

~-----

Cba.1Jc Creek D9br1a Ballin-- Cb&lk CTftk:--------------- ----Fiddlera C&1J700 Debris Baain- Piddlare Can,on---

lllll .,..,... bt.arding lllll ------
Structure 

Willow CrMk------
--do--------
Elko ~t bM?"loll lo. 1-

Kl.kc Simdt ReeerTOir lo. 2-

YW.lerton Fl.ood-Control Basi.n 

--d<>------
--dlo-------
Lake fiodge~-----
---d1<>--------
--10---------
Railroad Can)'Dn-·-----
--dlo-----
La.k:e Sherwood.1------
---dl<>--------

Stene CanTon-------
--dl<>--------
Bonita Cany·on------
--do--------

Willow Creek-----

(opb ... ral)-----
Dorff1 Creek:-----

~·------

Walklh' Rher~------do-·------

Fullerton Cnek----

--d~--
s.n Diequit.o Rini'----

~------
----d~·------s.n Jacinto Ri Yer----

Triunto Cl"ftlk--------do--------__ .,._ _____ _ 
Stone ~n Creek---
-----do--------
Bonita C:reek-------do--------

8'58.Yer, Ut.ah--- 12.0 
-------
---do- 510 

Sigurd, Ut&h---- 900 ---do------
Sali.na., Dt.ah-- 10.0 --~riH, IJt.&.h.-- 25.0 
---do--
Parowan, Ut.&h---- 7.0 ------
'la'l"T!ITille, Ut.atl--- 2,l+JJ) 

Meµd, Utah----- 5,120 ------
P'1l.1.s::iN, Utah--- 600 8 --do-----
:edar Cit.7, UUh-- 12.6 
--do>------
01.enW>Od, Ut.an-- 19.5 

-------

GRE.\T BAS~ 

ll.95 

12.6 

19.5 

ffttd:loldt, C..raon, ana Truckee Rh er B&11ina 

Kl..ko,lfe"f.----
---d!o---------------

U2 

1.25 

.63 

9.16 

G.REA.1' BA.SIN 

lll 

.63 

9.14 

Owens, Walle er, and Jlbno r.lce Drainages 

Shurs, NeY.---- 2,800 
--do------

1898 
llo•. 1941> 42 
Feb. 191) 
llo"f'. 1'9hl'> is.a 

1890 

-· 191,D 50 11!9) 
Noy. 1940 47 

1909 
NoT. 1940 Jl 
Dec. 1926 
alov. 194/J U 

1910.V 
1938 211 
1908 
1932 24 

July 1936 .5 
1946 10 

M&r. 1955 8.5 
1947 

-· 1956 Doc. 1957 

o.c. 1960 

1921. 
Sept. 1939 
liar. 1941 
Aug. 1963 
.... 1945 
A.g. 1963 
Oct. 1952 
S.pt. 1963 

Sopt. 1935 
S.pt. 1939 

15 

22.4 

18 

10.9 

SALTCll S&l J.JID SOO'nmUi CALIFORNIA ::OAST.l.L AND GREAT BA.SIN DRAIJiAGE 

Brea, C&lit.---
-do---
---do------
Escondido, Calif. ----de>------
--do------
Elai.nore, C&lit.-
--do-
Holl}'WDOd, Ca.lit.----do-----
---dlo------
Savtelle, Calit.----do------
Orange, Calir.------do------

303 

718 

16 

1.)6 

4.00 

J/4.95 

301 

651 

l.16 

4.00 

Oot... 1941 
NoY. 1944 3.1 
Mar. 1962 17.3 
Jan. 1919 
Jul7 1935 16.5 
Jul7 1948 13.0 
...,. 1928 
June 1939 11 

1905 
Mar. 1936 31 
Mar. 1938 2 
...,. 1921 
June 1939 lS.l 
Jan. 1938 
June 1939 lQ/2 

311! 
299 

ZJ,260 
2:1..~ 
2,ll5 

'l9J 
667 
I.JO 

9,<JYl 
8,550 
2,500 
2,200 

!!1,200 
74.010 

250,000 
234,462 

44.12 
0 
0 

"'15.<JO 
208 

1..86 

15,JOO 
15,050 

7.44 
6.38 
5,45 
i..96 

131 
12" 

13,200 
12,900 

153.s 
743.0 
7'l6.3 

36,601 
J4,n9 
33,482 
12,21.8 
12,0J4 

2,ll?O 
2,792 
2,T72 
7 ,998 
7,949 

326 
305 

.002 
0 
0 

*.C'.>!9 
•l.600 

.223 

.192 

.324 

.295 

.358 

.350 

66 

66.9 

56.9 

*50 

*60 

*60 

.038 

.l3lo 

.029 

.508 

.620 

3.10 

.106 

.591. 
W,.73 v.u 

.)8 

.15 

.04 

.05 

y.12 

.02 

.69 

.42 

.J65 

.332 

.03 

.16 

.64 

scs 
scs 

scs 

scs 

l,ll2.9 scs 
221!. 7 

517 
470 

39 

17/o 
6'!'7 

J,058 

J,"37 

scs 

!CS 

scs 

scs 
scs 

!/. 0... -.e nised about 6 rt.. in 1952. 

~ ~r!:_-~/~~~atro~~~!d du 58 feet high, which was subsequently raised in 1900, 
1902, and 1916. 

~ ~:i:.:e:~ d:,:i~~:~• .::~~.:~ ~es:=: sassed through the basin. 
2/ Drainage a.rsa and sed.1-nt contributing area were increa$ed when Lott.us dhersion cbannel vaa 

coMpleted on Dec. 21~ l954. 
1:Q/ Bued on runoff aeae10ns. 
* EstU..ted or aa1Nll8d. 

!ti_ Ca.outed from Size an.a.lyai!I. 

~ ~m7Jt.:-'"~:i~~; one ~r nuh fiood. 



"zj 
I 

01 
00 

DATA 
SHUT 
llUllBER 

'l<>-10 

?<>-ll 

?<>-12 

?<>-l)b 

.,.,_,7 
?<>-l!!c 

RESERVOIR 

-- ea.,-------

"""'·--.__ 
---do>---------------
Li tt.t.. lod: I.rrlJplt ion D1 st. -___...,_ ______ _ 
~-------------
t1'ft OU -------

----do---------do--------

~------
Brea , • c. ~sin------
------<io----------
~ll (San G&briel Dil• #2} 

-~------
------<to-------
---ii>--------
--»----------
---dlo-----

---<k>- -----
~ --------------
-----do-----------------
San f'"'brial a.a No. 1----------- 'io--------
---· io------
---~------
----Ao-------
----1o ---------

-----------

---'11>---------

SUllllARY OF 

RESERVOIR SEDlllENTATION SURVEYS llADE !N TIIE L'NITED STATES TIIROUGH 1970 

I 
STREAll NEAREST TOIN i DRAINAGE AREA 

'SQUARE lllLES) 

I ! 

I PERIOD I STORAGE 
F !BETWEEN, CAPACITY 

Y ! SURVEYS i (ACRE -FT J I (YEARS) I 

I DATE 0 
'Sl'RVE 

, I 
l ---"-

3Al.1'JI SF.A .UW sa.J'NERN :Al.lFORNlA :OASTU AND ~1 BJ.SIN DRA!JU.CZ 1 Alnt tm..1.~d) 

Bouquet _:-Mek------

---dl>--·-------
Trib. or ~9 lrigelH lliTer ---<!o--------
'l"r1b. or Sa::1 Jae.into llinr 

'i'rib. of ~rt Bq----<»--------
ltncino Cl"'etlk,-----
int.al.ope l&ll«r RiTirr--_, ____ _ 
Littl• lode CrMll:---

~-~-----

--------
Lin Oai crem:----
---do-------
---do-

---<k>-------

---------
Cott~Creek---

---<!o-------
So.nt.a Ana Ri..-~---

Mocld..ngb1 rd C....'lJ'Oft--

"'uj~ Creek------

----------------
Hl"'e& Creek-----
--~-----
s.n G&hriel Ri•er----
--~c:-------

--<lo-------
--~--------
---0.o-------
---do-------
---do----------
---do------
----do---------
-------
--do--- ----
----do----------
----do--------------
----rto--------
----do-- ---------
--- _ _,.o----------
----•1()---------
-----c!o-----------
----'\..--- ----- ------
----- ~() ------------
---lO----------------

San P'srn&ndo, :a.iu .-__ ..,._ ____ _ 
----------
!l-t, Calif.---
-~-----
Orang., Calif.---

Lo!!i Angeles, Callt.--
---<!o---
Laneast-!'r, ~it.--
---<lo------
Pal.aial11., Wit.--

---do------
LaVerne, c.aur.-------------------------<k>--------do-------
--do---------------<to-------
-a~--------------
San Diego, C...lH .--
---do------------
Coron.a, :a.l.if .--------------
Arli.ngt.on, Ca.Hr,----

---do------
San P'ernandO, :'.:alif,-
---do--------------
---<lo------
---do------
---d~----
?ullerton, GA.lif,--------Asusa, Calif.-----
-~----------------
-~--------do--------
---<10--------
--do--------
--do-----
--rio----------
--do------
---10------
-----do---------
--do--------
--do---------
---rl.o-------
----do- --- ----------
-----do-----------
------lo-- ---------
-----do------
-----'10-------
---'10---------
___ ,..0----------
--- --~o---------
--- --'10---------------
- ----c\o----------

12.6 

5.IJJ 

66,0 

l.i.2 

68,o 

2.J 

112.0 

2,2)3 

11.b 

147 

2) • .'. 

)9.2 

20) 

U.6 

4 ••• s 

"5-3 

• 72 

l.JO 

2.:n 
6?.84 

109.4 

1,1)1 

u.5 

1"6 

2'}.l 

39.0 

1/203 

193.., Mar. 
Jwie 
Apr. J.,,. 

1939 1/'I 
l<na 
1939 21 
1892 

Juno 
i;oeb • 
Juno 

194D ..B 
1938 

.., 19)9 Jj2 
1921 

June 
Oet. 
Juno ..... 
Jan. 
June 
Oet. 
Deo. 
Oct. .... 

19')9 18 
1913 
1919 y2c 
192.1. 
1916 
19lt! 
1943 
1946 
19')1 

Mar. -· ... , 

.!/ll.0 
J.O 
5,0 
1.0 
<.O 
2.2 195:3 

19192/ 
1929 6.3 

"°'· De<, 
Joe. 

1916 
19)JJ 
1952 
1961 
1962 

Ma.r. 196"' 
Jan. 196<:. 
Oct. l97C 
'hr. 1910 
Dec. 1935 
July lQ48 
Sept. 1941. 
Aug. 1960 

191.J. 
"Br. 19!.0 
Sept. "!940 
July 1941 
Oct. 1943 
Nov. 1945 
van. 1962 
Aug. 1969 
'4ar. 191..2 
Oct. 19l.Q 
Apr. 1935 
Jan_ 1936 
Apr. 1938 
Nov, 1939 
No•. 10..0 
No•. 1941 
Oct. 1%3 
.,an. 1"45 
Si:-ut. 1"4.6 
Sept. 1947 
Dec. 1957 
Oct. 1958 
Nov, 196', 
J\llle 1966 
MB.r. 1969 

19)7 
'Jct. 1QJ8 
"lov. i9i,,o 
Sep+. 194.l 
Oct. 1942 
Sept. 1943 
Oct. 114.1. 
Nov. 
Nov. 
lloY. 
Jan. 

1Q4" 
lOl.P 
1951 
1953 

7.0 

'' 
'·· s 9.0 
1.0 
4.J 
l. 75 
l. 75 

~5.7 

12.6 

18.9 

?6 

.8 
2.3 
2,l 

16.2 
.,..se 

.. 
2.2 
1.6 
l.C 
l,C 
l.9 
1.2 
1,7 
1.0 

10.2 

•• 1 
), 7 

2.75 

9 
2,1 

e 
1.0 
l,C 
1.1 
l,O 
l.O 
J.O 
1,2 

J6,l00 
'6,i..)6 
10,125 
10,077 
'..4,()(X) 
ll ,702 

ni. 
266 

3,229 
3,Zl.O 
7 ,I.Kl 
7.393 
4,21.7 
J.,139 

~:~ 
1,352 
3,29'1 
J.313 

2.1.7 
'1.7 

""' 228 

= 
l?O 
166 

;/=.• 
197.l 
.?51.l 

66, 767 
60,699 
S8,9JJ 

222,Sl.O 
216,960 
•1.~ 

35,BtJO 
35,200 
34,100 
33,500 
33,265 
29,700 
i..,168 
4,09'/ 

12,aro. 
12,298 
10, 786 
11,02'1 
11,102 
10,9l"i 
10,SOl 
10,SJfl 
10,597 
10,6)4 
10,58-J 
l0,446 
10,22!:1: 

9,99'9 
9,339 

Y5l,Ji..i. 
1..7,191 
46,JJj 
45,862 
1.5;"59 
44,032 
4.4,388 
W.,342 
... J,82-S 
4.J,928 
43,853 

CAPACITY 
AVG_ ANN 
INFLOW 
RATIO 
(ACRE-FT 
PER 
ACRE-FTI 

l.JJ 
l.l.l. 
1.1) 

l.()6 

2.02 
1.96 
1.92 
l.'11 
l. 71 
J.9? 
3.90 

.612 

.6<.3 

.61.2 

. 5'2 

SPECIFIC 
•EIGHT 
DRYJ 

[LB. PER 
"U FT) 

•<JJ 

.. , .. , 

AVG. ANN 
SEDDIENT 
ACC\NIJLA TION 
PER SQ Ill· 
OF NET DR 
AREA FOR 
PERIOD SllOll'i 

AC.-FT I TONS 

1.1 ~ 

• 51 

.?"! 

l.53 

.10 

• 72 
.25 
• l 5 

?)--

.11 

'·"' .21 

'·"" 1. 74 
2.83 
6.U 
5. 70 

.lJIJ 

1...10 
J. "'6 
2.06 

, 10 
).22 

17.ti 
Y-
f!,1--

1... 79 
5.')Q 

Yt== ~--
.12 

2.i.B 
1.4 
1.62 
6.1"> 

'8.) 
LM 

.4) 
"'.11 

)C 

.<n 
,2) 

.94 

710 

185 
4,i.H; 
l,l)C 

""" 278 
v--

170 

AGENCY 
SUPPLYm G 
DATA 

3C5 

SC5 

scs 

scs 

scs 



"rj 
I 

01 
<:O 

70-22b 

'>().-'.>1b 

70-?J..c 

70-J"ia 

70-"6c 

-----1c------------____ _,,o-----------
---oio--------
-----rio-----------
----rlo-----------
----do-----------
--'10-----------
---do-------------
-----10----------
----io--- ----
---do---------
Jibrrio Reservoir------
-----<lo- ---
-----10---------------
--10-----------
----~o--------------
----'10-----------do------------
----io---------
----do--------------
'lan Di'1\as c-. -:. Basin----
----"l.o-----------
---10-------------
----10--------------
----<io--------------
-----10----------
-----io---- --
--io--

---do------------
-----10-
---10-------------
--10----------
---10------------
---oio---------
--'1o---------
Pu111nirstone Diversion Dam--
----1.o-------------
----'io-----------
---do-----------
----rto-----------
----do------------
----10------- -------
----rlo-----------
---'10---------------<:10-----------
----rio---------------
----do--------------
----10------------
-----10----------
f'uddingstone '.Jam f. :::. Basin-
--10----------------
------10--------------
Big Dalton "C". C. Basin----
-----<10-------------
----do-------------
---dc------------
-----10----------------
-----10--------------
--do----------------
-----oio-------------
---'10-----------------
-----r'lo-----------
---10------------
----do----------------
---10-----------

!/ Baser! nn runoff seasons. 

-----d.o----
--do-------
----do---------
----do---------
--do>-------
-----do--------
---do- ----
----do-----------
---'io-------
---ao-------------------do---------
---do--------
--do----------
---<io-----do----------------do----------------
---<to---------
San Oi .. s Wash,----
----do- ----· 
----do----------d.o---------
----do--------
----do--------
----do------------
--do-------
---do--------
--do------------
----do-------
--1:!.o----------
--do--------
----10---------
----<io--------
--rto----------
---do--------
----do--------
----do--------
-----do----------
---do-------------
----10--------
-----do---------
--r:lo--
---do------------
---do-----------
---do------------
-----10------------
--do----------
Puddin?stone Creek----
----<lo-----------
-----<10---------------
Big Dalton Creek-------
-----do---------------
-----do--------------
----do----------
-----do------------
-----do-------------
---do-----------
-----do-----------
---10---------
----do----------
-----do------------------
----10---------------
---do------------

11_ Not co111rnted because of scour during period, 
J/ No""l"lal ODf'ration h<>e;an 1922. 
b/ -Jediment l"'!:'"K'Ved a+, varjous +imes. 

---do-------
----d 

----do-·---------do-------
---:io------
---do--------
---do--------
-----do------

--do---------
----do--------------
---<lo------
---d10----
----do-------
---do-------
-----do-------
----<io------
--do-----
----rlo-----------
3an Di.-.s, :aJ.if.--
---do--------
----d.o-------
-----do------
----do---------
-----do--------
-----<io-----------do------
----do------
----do----------do-----
---do--------
--do-----
----do-------
----do--------
--do---------
----do-------- ----
----do-----
----rlo--------
----do-------
----do------------
----oio-------
---do-------
-----10--------
----do---------
----do----------
-----do--------
----do------- ----
-----do----------
----do--------
---do------------
-----do----------
Glendora, ~alif.-----
-----do--------- ----
-----do---------------
----do-------
-----rto----------
-----do----------
----do-----------
-----do-------
-----do--------
----10----------
----do---------
-----do---------
---rio-----------

L,1 F.tJu::t.lizin11: re<;Prvo1.r on Gae;e '.::anal System obtaining water from the Santa Ana River. 
6/ ~o recorrl of 1ua"l.t1ties sluice':!. 
]./ lncluries San '.Jabriel Dams rtra1nae;e area )0,2 sq. mi, as sedrnent is sluiced into San 

Gabriel Dam 1 draina"'e area. 

2ll.3 

16.2 

19.0 

32.2 

4.5 

2/Zl0.7 

16.1 

lQ/l. 9. 7 

.llfll.O 

4. 5 

May 1954 
Aug, 1958 
Sept. 1961 
Nov. 1962 
Dec. 1965 
Apr. 1966 
Aug. 1967 
Feb. 1969 
May 1969 
Oct. 1969 
Oct. 1970 
Jan, 1934 
Jan. 19)6 
Feb. 1938 
Oct. 19)8 
Dec. 1949 
Sept. 1956 
"°v· 196r; 
Jan. 1967 
Oct. 1970 
Sept, 1922 
Dec. 1915 
Oct. 1938 
r~ov. 1939 
Dec. 1941 
Oct. 1943 
NoT. 194.J+ 
Oct. 1954 
fioy. 1961 
Apr. 1962 
Aug. 1966 
Apr. 1967 
Jan. 1969 
Feb. 1969 
Nov. 1'110 
Oct. 1929 
Jan. 1936 
Mar. 1938 
Nov. 1939 
Oct, 1942 
Sept, lGJ...4 
Jan. 1G52 
Sept. 1953 
Sent. 1962 
May 1966 
Oct. 1967 
Jan. 1969 
Mar. 1969 
Nov. 1970 

1915 
1927 

Jan. 1941 
Jan. 1930 
Seot. 1931 
Jan. 1935 
Mar. 1938 
Sept. 1943 
Oct. 1944 
Oct. 1958 
Nov, 1961 
Jan. 196'2 
Aug. 1966 
Apr. 1967 
Jan, 1969 
Mar. 1969 

1.3 
4.J 
3.1 
1.2 
3.1 

.3 
1.3 
1.5 

.25 

.42 
1.0 

2.1 
2.1 

• 7 
11.2 
6.8 
4.2 
6.2 
3.8 

13.2 
2.9 
LO 
2.1 
L9 
1.0 
9.8 
7.1 

.4 
4.3 
.7 

1.75 
.00 

l.75 

6.25 
2.17 
1.66 
2.92 
1.92 
7.33 
1.07 
9.0 
J.67 
1.41 
1.25 

.17 
L66 

0 
13 

1.7 
J.3 
3.1 
5,5 
LO 

14.0 
J.l 
.2 

4.7 
• 7 

1. 75 
.17 

44,013 
44,614 
44,366 
43,642 
42,371 
42,075 
4D,671 
J8,ns 
36,748 
)7 ,822 
41,549 
39,316 
38,692 
37 ,175 
36,655 
35,l?l.. 
34,861 
JJ,827 
32,961 
30,085 

!i/J.,496 
1,373 
1,155 
1,189 
1,145 
1,071 
1,042 
1,025 

705 
729 

1,234 
1,129 

847 
756 

1,515 
;./148 

121 
50 
76 

101 
112 
119 
138 
203 
125 

= 74 
42 

156.J 
17 ,398 
17 ,398 
l"' ,190 

j,/1,194 
1,039 
1,05) 

96q 
953 
952 
951 
880 
869 
752 
602 
515 
452 

.n 

.~ 

.B 

.u 

.~ 

.42 

.~ 
.48 

.45 

.43 

.4) 

.41 

.41 

.40 

.39 

.)5 

.25 
28 

.49 

.25 

.)2 

.29 

.47 

.06 

.05 

.02 

.03 
,04 
.05 
.05 
.06 
.09 
.05 
.08 
.OJ 
.02 
.07 

1.25 
1.24 
1.14 
1.05 

• 78 
.68 

.127 

.193 

.329 
2.49 
2.02 

5.22 
8.86 

L41 
3.43 
3.,) 

.63 

.22 
1.17 

.66 
3.59 

.58 
4.67 

1.30 
2.42 
1.80 

.11 
2.80 

16.0 

10.0 

1.12 

L66 
12.58 

,28 
1.07 
2.0J 
5.13 

1.69 

1.45 

20.26 

6.02 
.65 
.22 
.02 

5.09 

5.53 

"225 

~ Storage capacity is regained by slu1c1np; at various t1-r.es. 
"J! Includes Cogsvell and San Gabriel Dam lfl. (Dra:i.na~e area 203 sq. mi.; Sediment slubed 

into this area. 
1Q/ Includes Sam Di'MS drainage area (16.2 sq. mi.). Sediment sluiced rnto t"iis area. 
ilJ 21.1 sq. mi. controlled by San Dimas, Live Oak Dam, a.nd Pudd1ni~stone '.Jiversion ~a'l\s. 
* Estunater! or assumed. 

::E 

:E 

OE 

:E 



DATA 
SHUT 
NUllBER 

70-2'7e 

70-21!e 

RESERVOIR 

~1, 38.nta A.nit.a F. ~. S.s1~-

-----1o---------------------------------to-----------
----10---

--1o------------
----"o-------------
---~-------
--Jo 
----10--------
---'1<>---------------'1o---------
----1o---------
---to-----------
-~o-----------
--fk.----------------io---------
----1o------------
'1.i! Tu~ fr'. c. Ba•in--
--do---------
----10---------------------
-~o---------
----do----------
--<io-------------00-----------___,,o--
-"""1o-----------
--"""'10-----------
---do-------------do-------------------
Drril's Gate F'. Ba•~ 

--1o----------
--'1o-----------------
-----10------------
---tio-------------
----"lo--------
---do---------------
---'10-----------
---do-------------1o--------
----<1o-----------
----1n----------
--do-----------
--1~------
F.aton Wash (Eat.or "'8.5h 0a'!l.)-
---'1o-
-----do-
---do---------
---rio-
---rto----------
--do-

---do--~------
-----do----------------
---d~--------
---'1 o----------- - --__ ,.,__ _______ _ 
----10--------------
____ Ao- -----------

---io---------------
----- 'o-------------
----r\0----------------
----'10-------- ----
-----10----------- --- -------
---10--------- ------

SUllllARV OF 

RESERVOIR SEDOIENTATION SURVEYS MADE IN 111E UNITED STATES TIIROUGll 1970 

STREAM 

Sant.a Anita Creek---
---do--
-d~-----
----do-------
---~~----__ ___,...Q---------------do--------
--do---------
-~-----
-------------
--do------ ------------
---iio---
-~------------------do---------
Big Tl&Jun&& Creeic----
-----<\o--------
--do---------
--<lo---------
---dc-------------
----<io----------------------
--~-------

---<Mr-----------do---------
---do-----------------
----do------- -
--do-
Arro70 Seco llinr-----__ __...,_ 
----do--------
----do--
--~<fo..-------
----do--------
----<lo-------
-----do-----------do-------------------
-~--------

---------------
--do-~-----
Zatoo CrMk 

~--------------------------di>------------do---------
--do-----------
-----00----------
--do---------------do- ------
----do--------
----do---------
--rlo------------
----do 
----!o----------
-----10---------------
----<io----------
-----rlo---------------
----~o-------- -------
-----rlo----------------

I 

i 
I 

NEAREST TOWN DRAINAGE AREA 
(SQU.\RE lllLES) 

~ALI NET 

Arcadia, C&l.11'. ----- 10.S 10.8 -----------------<So-------- -----------do--------------
----do--------
---do------
---~-----
--do-

---~------
---dil;----------
----<k>----- --
------do---------
----<io----- -----------
----dc>---------
Swtl.and) Gall!. --- 82.3 e2.2 

--------------------do-------
---do------------------
--~-----
----00--------------------------------
Pae&dena. Cal1.f .--- 31.9 31.7 

--~----

--------------------------------
--~-----

--do------
----do-------- --------------do----------- 9.5 9.4 

---<!~----

--do-------------------do-----------do-------
---do--

---d.~-------

---do-------
----do-------
---d~---------

-----do-----------
----rlo--- --------
-----rlo-----------
-----•to-- ----------
-----do---------
----rlo------- ---
------lo-----------

I I 
1~·,, I=..,. DATE OF BETWEEN CAPAOTY 

SURVEY SURVEYS (ACRE -FT.) l (YEARS) I __ 
192) 

.... 19353/ 7.9 
Feb. 19')6 1.0 
.July 19')8 2 .. 4 
Feb. 19'0 1.6 
Feb. 1942 2.0 
Mar. 191..3 1.1 

-· 191.3 .5 ..,, 1944 .7 
Ja.n, 1947 2.7 
Dec. 1952 5.9 
Ja.17 1954 l.6 
,.,_ 1956 1.5 

-· l'ISI! 2.6 lpr. 1962 3.6 
..... 1966 ... 
O.:t.. 1968 Z.l 
tkr. 1969 .'-2 
1o.... 1970 1.67 

1931 
,.., 1938 6.9 
Oct. 1939 1.5 
P'.t>. 19.C.O .3 
Jul7 1941 1. 5 
Feb, 196.J 1.5 
A.p-. 1943 .z 
Ju.-,e 1944 l.l 
Oct. 1953 9.3 
J1me 1958 i..e 
JaJ.7 1962 4.1 
Oct. 1966 4.25 
F.t>. 1969 2.33 
Oct. 1970 1.67 

1916 
.June 1933 13.0 
Sept. 1934 1.2 
Jan. 1935 .3 
June 1938 J.5 
Jan, 1942 J.6 
Jan. 19,.J l.O 
P'&l.l 1948 5.7 
Jui1 1952 3,e 
Sept. 1955 J.J 
Dec. 1959 4.2 
..,, 1961 1.4 
Mar 1962 1 .. 0 
Sept. 1966 4.3 
1o.... 1969 3.2 

1936 
F.t>. 19J7 1.0 
~ 1938 1.3 
Dee.. 1938 .6 
Oct. 1940 l.B 
"'n«· 1941 .8 
Sept. ! '142 1.1 
Oct. 19',J l.l 
Oct. 1944 l.O 
Oct. 1940 2.0 
June 1947 .7 
.Jt111e 1950 3.0 
Jan. 1952 1.6 
~ 1957 5.3 
No.... 1958 l. 5 
Sept. 1961 2.9 
Oct. 1963 2.0 
Feb. 1964 .2 
Anr, 1966 2.2 
JW.7 1967 l.J 
Dec. 1969 2.4 

!J1 .J?6 
l.o68 
1,0U 

6"" 
no 
?01 
568 
6rJ4 
6"7 
721! 
721! 
w. 
613 
587 
630 
552 
ll:10 
2511 
•Jt> 

!/6,21,0 
i..,7J4 
4,l,Sll 
4,561! 
4,U5 
4,043 
4,2)6 
4,235 
4,099 
4,llJ 
4,065 
3,819 
2,758 
6,0Z7 

!/4,60'1 
4,554 
4,127 
J,996 
2,967 
2,728 
2,504 
2,56.1 
2,630 
2,709 
2,839 
2,886 
2,749 
2,598 
2,002 
!/956 

945 
696 
699 
7ll 
681 
TZ2 
6)2 
lnT 
674 
601 
605 
703 
655 
725 
am .,. 
872.B 
769. 7 
7'8.4 
"79 

CAPACITY 
AVG. ANN 
INFLOW 
RATIO 
(ACRE-FT 
PD! 
ACRE-Fl') 

.16 

.14 

.14 

.06 

.16 

.28 

.28 

.n 

.n 

.2h 

.25 

.18 

.)9 

• )8 
.J9 
.4D 
.41 
•• 3 .... 
.42 
-50 
.JO 

.29 

.2? 

.31 

.JO 

.JO 
_32 
.JO 
.)3 
.)7 
.)1 
.40 
.35 
.J4 
.40 

SPEOFIC 
IEIGllT 
DRY) 

iLB. PER 
lcu. FT.) 

AVG. ANN 
SDIDIENT 
ACCUllUl.A TION 
PEii SQ Ill-
OF ~ET DR 
AREA FOR 
PERIOD S11011N 

AC.-FT. I TONS 

3.61 
5.00 

12.6 
7.18 
1.4) 

11.2 

.... 

.22 
9.15 
1.)0 
.•4 

J.)l 
l.'lO 
J.09 

l.65 
2.00 
2.6< 
7.ll 
J.lc 

2.19 
.ie 
.28 
.40 
n 

6.03 

.11 
ll.15 
lJ.69 
9,.2.2 
2.oe 
5.02 
1.25 
1.86 

58 
.63 

4.e? 
9.59 
4.20 
"'.3:! 

1.17 
20.2 

12.7 
2.7 
0 
2.0 
0 
0.1 
l.C 

.50 
2.4" 
.5) 

AGEllCV 
SUPPLY!N G 
DATA 



-1\...<:c "1.'.)0l'lla "'· ,.,_ Basin---------- ""acoillla :a..vori------- Sa.'1 Fernando, :::alif.-- 2~. 2 28.2 Oct. 1929 - !/6,060 - - -- - CE 
--~o--------- ---::io---------- ----do------- -- Jan .. 1936 6.3 5,592 - - 2.63 
----"o----------- ----rio----------- ---do--------- Mar. 1938 2.2 5,004 - - 9.47 
---"0------------- ---do-------- ----do------- -- Oct. 19~ 4.6 4,8J7 - - 1.29 
---"::i------------- ----<io------- ---do---------- -- De<:. 19"4 2.1 4, ?l.4 - -- 2.84 
----io------------ ---do----------- ----do---------- - - Occ. 19<4 9.8 4,787 -- - .15 

----do--------- --do------ - June 19SB J.8 4,&51 2.97 
---do------------ ---10--------- - - ~ 1962 J.9 4,581 .eJ - .64 

----,io----------- ----10------ ----do-------- -- - •U&· 1966 4 • ..?5 4,45J .Ill - 1.08 
----~o---------- ---------- ----'10-------- -- '<ar. 1969 2.58 3,841 .70 - "·"" ,.,,.._ '2 ~ant ia~o---------- ~antiago :'reek------- Villa Park, :ai1r.-- 62.1 Doe. 1931 - 25.00J 1.619 - - -- CE 
-----'10---------- ---lo---------- ---do-------- -- Sept. 194" 16.8 24,840 1.609 - .15 --.-._13::, ".:i."1:'.lit F', ~. 9a51"1------- ':.awuit SreeY------ Monrovia, :::aiif .--- l.J J.J - 19231/ - !/476 - -- - - "" ----io------------- ----10---- ----do------- -- - Oct. 1935 8.3 389 - - J.1" 
----10--------- ---1o--~----- ---do -- -- ~ 1931! 2.6 320 - a.03 
---do------------ -----do----------- ----do------- -- - ~ 1941 3.0 342 - - 2.91. 
----do----------- ----do---------- -----do--------- -- - Dec. 1943 2.6 322 - - 3.03 
---10--------------- ---do------- --do-------- - -- -· 1954 10.2 305 - - .51 
--lo------------ --do--------- ---do------- -- -- Sept.. 1959 5.5 21!9 - - J.OJ 
-----10--------- ---:l.o-------- -----do------- -- -- ...,. 1962 2.7 271.• .52 - 1.91 
----do-- -~---------- --do--------- -- Aug. 1964 2.2 308.5 .61 - 5.09 
-----io---------- ----d()---------- ----do------ -- Jul7 1966 1.9 284.3 .ss - 3.82 _____ ,.io--------- ----do------------- ----c!o------- -- ...,, 1967 .1 269.2 ... - -
-----do----------- -----do------------- -----do----------- -- -- NoT. 1969 2 .. 7 391.0 .47 - 16.39 

"0-'34b -,'._prra ll,a.dre Jeorl'> _am--- Little Sant.a Anita '.::reek-- Sierra Ma.dre, ~alif, -- 2.39 2.J9 Feb. 1928 - !/50.J - - - - CE 
---io------------- -----do---------- ---do--------- -- -- '""· 1930 2.0 50.J - -- ----'lo----------- ----do------------ -----do--------- -- -- Feb. 1932 2.0 47.4 - - .61 

-----<'o----------- --do--------- ----do------- - """ 1939 7.8 34.4 - - .70 
------lo------------- --do--------- ----do------- -- Jan. 1944 4.1 44.3 -
----do----------- -----do--------- ----10--------- -- -- Oct. 1944 .8 42.4 - - 1.00 
--'10------------ -----do--------~-- ---do------ -- -- Oct. 1956 12.0 JJJ.6 - - 1.95 
---'.lo--------------- ---do----------- -----do------- -- -- Sept. 1969 lJ.O - - - !/2.10 
----'o---------- ----Jo-- ---do---------- -- -- Sept. lCfJO 1.0 - - - 1.53 

1-Tj ~e-• Sb liomoso': ':reek ? • :::. Basin-- ':hompson ::reek----- ~are'J¥Jnt, Salif.-- J.5 J.5 -- 1916 - !/692 J.51 - - - CE 
----Jo----------- -----do--------- ----10------------ -- - Oct. 1932 ~4.6 &43 J.26 - 3.04 

I -----~o------------ -----do----------- ---10---------- -- -- Jan. 1943 10 .. J 612 3.11 - .86 en -----io-------------- ---do--------- ----do--------- -- Sept. 1954 11.7 571 2.90 1.00 
f--l ----Jo-------------- ---do--------- ---:io-------- -- -- Jan. 1957 3.3 'jl,(, 2."7 - ."6 

-- --do--------- ----do--------- - -- June 1957 .4 510 2.8') 
--do------------- -----do----------- -- -- Dec. 1959 1.5 578 2.93 

----do- --------- -----do-------- -----do-------- -- Jul7 1962 2.6 554 2.81 - 2.64 
----10----------- ---rlo----------- ----do-------- -- Feb. 1967 4.6 510 2.59 - 2.73 
----'.lo--------- _ __,,_ _____________ 

-----'10-------- -- -- Feb. 1969 2.0 448 2.27 - 8.93 
70.-36c l"<l.lbur Av,., Jebris Basin--- Uiso Creek------ '<orthrir!ge, ~alir, -- 8.o3 8.63 June 1942- -- ll-- - I;/- - CE 

---10---------------- ----do------------ ----'lo----------- -- -- Sept. 1943 1.33 - - -- 2.37 
-----10----------------- ----do--------------- - ----':lo----------- -- -- Sept. 1944 1 -- - -- 2.72 
----do------------- -----do----~---~---- -----do-------------- -- Sept. 1947 J.O -- - - .es 
----lo---------- ----do--------- ----'.!.~-------- -- Sept. 1950 3.0 - - -- .25 

----do---------- ---do---------- -- -- Sept. 1952 2 - - - 2.IJ'/ 
----d0--------- ----rio---------- -- S~t. 1957 5 -- - -- .47 
-----io------------- -----do--------- -- -- Sept. 1960 3 - - .90 
- ----do------------ -----do--------- - ::le?t• 1<?62- 2 -- - - 1.29 
----do--------------- -----10------------ -- -- Sept.. 1965 3 -- -- .41 

5ept. 1966 1 -- - 3.99 
Sent. 1967 l - - -- 2.35 

---10- ------------- -----do----------- -- -- Sept. 1968 1 - - - 2,17 
____ ...10------------- - -----10---------- -- -- Sept. 1969 1 - -- - 2 .. 72 

70-"<Th .i.-;_t..<ie"la Debris Basin------- Rubio '~ash------------- A.:i.tanend., Calif.----- .65 .65 Sept. 1947 1 !/-- - - !/1.34 -- Co 
-----:l.o----------- -- -- Sept. 1948 1 - -- i.q2 
-----do------------- -- .3ept. 1949 1 - - - 1.35 
-----rio---------- ---- - Sept. 1950 1 - - 1.5" 
-----<'.lo---------- -- Mar. 1952 1.5 - - - 1.75 

----do-----~----- ---do----.....----- -- - Feb. 1956 3.9 - - - 1.11 
-----do--------------- ----do------------- - Sept. 1957 1.6 - 1.23 
---:ia------- ----do--------- - <pr. 195" .6 -- - -- S.97 
----do------------ -----do---------- - -- Sept. 1959 1.1. -- - -- 2 .. 57 

1.' .::edi"nerit is reroover! a• various trnes by sl1Lc1ni: and/or- excavation. !JI Sedimentation values as col!JrQted by Los Angele:,o, Count,. FCD a.re based on complete water year. 
'}_/ 'late nol"'"'\'il 0Den.t1:r: b"'g;an - "l.:!.r. lGr. 21 Storage and surfac"l area assumed saJ:I! at t!J.e of initial norwtl operations, "8.r. 1928 as in 1916 survey. 

J'l.~"' "lor"113.l '1f'"T"'1tLm bee;an - J..me 192", * Sstimated or assumed. 



SUIOIARY OF 

RESERVOIR SEDlllEllTATION SURVEYS llADE Ill THE UNITED STATES THROUGH lll'IO 

I CAPACITY SPE<ll'IC 
AYG. ANN. 
samEIT 

DATA 'PERIOD STORAGE AVG. ANN. IEl<llT A<XDIJLATION AGfllCY 
SHUT RESERVOIR STREAM NEAREST TOIJN DRAINAGE AREA DATE OF BETllEE!I CAPAOTY INFUlll ~RY) PEllSQ .... SUPPLYlll RATIO 
llUllBEll 

I 
(SQUARE lllLES) SURVEY SURVEYS (ACRE-FT.) (ACR&Fr. IUi. PU OF Nl:l'DL DATA 

!(YEARS) Pt:ll ~U. FT.) AaJ:A FOR 

ACJIE.Fn PDUOD-

i TOTAL I NET AC.-P'T. I TOl!S 

G 

SALT'Off SU tMD D1TH!ltN CAi.:::!'tml!IA COASTAL UD anlT 8A.5II mtlDU.GI (Coat.in-.ct) 

'10-)0o a.u.,- Derh ~--- Bail.,, a..nnoi----- Sierra Madre• Cal.it.- o.60 o.60 ..... 191,6 l !/- yo."4 Cl ----- ..... 191.7 l 0 
...... 1,.. l 0 -- - SopL.191.9 l 0 ..... 19'0 l 0 ------ ..... l'IS.2 2 .lJ! 
Sept. 19'9 l,.! 2.111 --do------ ..... 1962 J.O 1.8) --- ..... 1968 6.0 .86 
"-· 19'10 2.0 2.JJ 

'10-)'lo !llNad n.b:rl• Bul.1r--- - ea..,... Cllonnol-- La~. C&Ut.-- l.O) 1.0) ..... 191Q 5 v- y.511 Cl - -.194l l ,6) 
,,.,,.. 191.2 l 0 
"-· 194.3 l l.86 
...... 1"'4 l .19 
"-· 191.5 l 0 - Sopt..191,6 l 0 
"-· 191.7 l .09 
"-· 191.11 l 0 

-do ...... 191.9 l 0 
Sept. 1950 l 0 ----- "-· 1952 2 l.59 

'zj Sopt., 1964 12 1.17 

I ...... 1965 l 27.86 ----<i<>-------- ..... 19'10 5 2.117 
O'l 

"°'"""" o.m..tr Debrie Bui.a--- Dm-1.r Cul7a Cham•l- TuJ-.. Cal.it.-- .... .81. "-· 19)6 l v- lf.69 "" Nl ..... 19)8 2 29.0 --- Sopt.l91o() 2 •.14 ------ ..... 1941 l 8.74 ------ Sopt. l~ l .27 
"-· 194) l lO.J 
Sopt. lM l 2.87 
Sept. 1945 l .56 
...... 191,6 l J.l) ------ ...... 1947 l l.J.S --- Sopt.l,.. l 0 --· ...... 1949 l 0 
...... 1950 l 0 - ------- Sopt.1952 2 i...07 --------- ...... 1954 .)6 

---do ..... 1959 5 J.17 -------- --do--------- Sopt.19'!0 ll l.58 
::E -.ic i.gl• o.br1s Bann---- llocl• c......, t.. Cr9scenta, C&li! .-- .61 .61 Sept.. 19)8 2 ll-- !,/21.2 - ------- ..... 19)9 l ll.7 

..... 1941 2 7.03 ------- ..... 1942 l .) .. 
Sept.. 194) l 15.7 ------ Sopt.l91J. l .t...59 ------- ...... 1945 l l,ll 

--do------- ...... 1946 l .59 
--do-------- ...... 1947 .u 
--do-------- Sept.. 191.'! l .07 - --do------ Sopt. 1949 l 0 

--d ----- --~------- ..... 1950 l ,, 
--do---------- --'10--------- Sept. 1952 2 2,66 

--do-------- Aog. 1956 J.9 .02 
---do------- Sept.. 1960 4.l l.67 
---do--------- ...... 1961 l 2.05 -----tto------- Sept.. 1966 5 5.28 ------------ --~---- Sept. 1970 4 5.87 

'10-Ud Pair OU. Debris Basin-- Fair Oalr:11 Can7on---- A.l.tadena, eaur.--- .21 .21 Sept.. 19)6 l !/-- l/46.4 CE - ---------- ----do------------ Sept. 19)! 2 47.6 ------------ ----do-------- Sept. 1941 J J.9 
---do- --d<>-------- --d:o-------- Sept. 1943 2 ..... 
----do- --------------- -----do---------- Sopt. 1944 1 .... 

--do------------ ----do------------ ...... 1945 l l.?l 
--do ---do---------- ---10-------- Sept.. 1946 l '·86 

~------------ -----1<>------------ Sept. 1947 l l.95 



---do--------- ---do------------ --do-----------
--tio----------------- ----do--------- --<10--------------
----1o-------------- ----1o-------------- --1o---------
--do--~-------- ----do------- ----io------------
-----:ia------------- ---':!0------------- --do--~-----
--do---------- -----:io---------- --do-------
--io------- ----do------------- ---do--------
---'1o---------------- ----10--------------- --io-----------
----<10----------------- ----10---------------- ----do------------
---10--------------- ---10----------- --10----------

70-43b Pern Debris Basin----------- ;-em Canyon--------- ----cio----------- .JO 
--do-------------- -----do--------------- --1o----------
--1:0-------------- --10----------------- ---do----------
----io--------------- ---do------------------ -----do---------tio-------------- ----do------------- ---do------------
---do--------- -----do------------ ---do--------

-----do------------ ----do------
----l'!o---------- -----do-------------- -----do---------1o--------- -----~o------- ---do----------10---------- --dc--------- ----d.o-------
-----do--------- ---do---------- ----do--------
----do---------- -----do----------
---do--------- --do------- ---do-------
- -do---------- ----do----------- ----do------------------- --do--------- --do--------do------- --do------- --do---------do---------- ----do-------- ----------

70-44, Gould Debris Ba.sin----- Gould :::&llJ"On Cb&nnel--- La ~anada, Calif.--
--do--------------- ---do--------------- ---do-------
----do----------------- -----do---------- ---do-----------
----d~------- ----do---------------- -----do-----------
--tlo-------------- ----do------------ -----do------------do--------------- --do------------ ---do----------
----do------------ ---- lo----------- -----do-----------
---do--------- ----do------------ -----do--------------

70-45& Faines Debris Ballin----- hai.,es ':anyon--------- Tujunga, :.a.hf.---- 1.53 
----10------------- ---11:>-------------- ---do---------
--do------------------ ----jo----------------- ---do-----------
----rto----------------- -----<.io---------------- --do------------
----do------------------ ----do---------------- ----do--------
--~o------------- ----do---------------- ----rto----------
-----do---------------- -----do-------------- --do----------do------------- ----do-------------- ---do----------
---rio---- ----do------------- ---do-------
---do---------------- -----do---------------- ---rio-------------do--------- ----do------------- ----do---------
--do---------------- ----do------------------ ----00------------

70-4,6c H&l l' e Debris Basin----- Hall - B eekl ey Canyon--- L& Canada, Calif.---- ;;J.84 
-----do------------- -----do----------------- ----do---------
----do-------------------- ---do-------------- ----do-----------
---do----------------- -----do------------- ---do-----------
----tio----------------- -----do----------------- -----do--------------
--do--------------- -----r:!.o------------- --do-----------
---10-------------------- ----do-------------- ----rto------------ 2/1.06 
-----do------------- ----do------------- ---do------
--do----------------- --do--------------- ----do------------
---do------------- -----do-------------- -----do-------
----<fo---- ---------- ----do------------ ---do-----------
--'10------------------- -----do---------------- --do------------
----do----------------- ----do--------------- ---do------------
-----do------------------ -----do---------------- -----do------------
---tio----------------- ----do---------------- ----do--------------do----------- ----do-------- ---00------------
----do--------------- ----do------------ ---do-------
---<io------------------- ---do----~--------- ----do----------
---do---------- ---do----------- ---rto-----------

1/ C:.;1.ne.city or debri:!I ba91n varies, Dt!bris excavated at various t1!l'le~. 
l/ Sedi'!lentation values as comouted by LA::FSD are based on complete water year. 

.JD 

.47 

1.53 

.•4 

1.06 

Sept. 1948 
Sept. 1949 
Sept. 19~ 
Sept. 1952 
Oct. 1956 
June 19')8 
Sept. 1963 
Sept. 1966 
Sept. 1968 
Sept. 1969 
Sept. 1936 
Seot. 1938 
Sept. 1941 
~ept. 1942 
Sept. 1943 
Sept. 1944 
Sept. 1945 
Sept. 1946 
Sept. 1947 
Sept. 1948 
Sept. 1949 
Sept. 1950 
Sept. 1952 
Sept. 1964 
Sept. 1966 
Se .... 19611 
Sept. 1969 
Sept. 19"8 
Sept. 1950 
Sept. 1952 
June 1958 s.,... 196,.! 
Sept. 1966 
Sept. 1968 
Sept. 1969 
Sept. 1938 
Sept. 19J,O 
Sept.. 1941 
Sept. 1943 
Sept. 1944 
Sept. 1945 
Sept. 1946 
Sept. 1947 
Sept. 1948 
Sept. 1949 
Sept. 1950 
~..,,. 1952 
Sept. 1936 
Sept. 1937 
Sept. 1938 
Sept. 1941 
Sept. 1943 
Sept. 1944 
Sept. 1945 
Sept. 1946 
Sept. 1947 
Sept. 1948 
Sept.. 1949 
Sept. 1950 
Sept.. 1952 
Feb. 1957 
Sept. 1959 
Sept. 1962 
Sept. 1964 
Sept. 1968 
Sept. 1969 

2 
4.1 
1.7 
5.2 
) 
2 
1 
1 

1 
1 
2 

12 

2 
5.S 
4.2 
4.0 
2 
1 
) 
2 
1 

1 
1 
1 
1 
1 
1 
1 
1.6 
1 
l 
l 
) 
2 
1 
1 
1 
l 
1 
1 
l 
2 
4.4 
2.6 
3 

l)-

l}-

Y-

JJ-

'l/ Drainage area 0.84 &l• mi. to 1945; 1-0659 sq. mi. beginning 1945. 

.019 
0 
0 
4.57 

.14 
19.05 

4.76 
10.14 
J.10 

46.9 
1/31.2 

U.J 
3.JO 
0 

22.D 
6.17 
J.07 
2.T/ 
.4) 

0 
0 
0 
5.i.7 
1.2) 

16.67 
ll.5 
24.6 

yo 
0 
5.32 
J.29 
5.8) 
9.0I. 
1.98 

211. 7 
1/6.9'.l 

2.)1 
5.09 
4.22 
J.58 
2.59 
0 
.J? 

0 
0 
0 
1.57 

YJ.7.2 
1). 7 
75.4 
12.0 
17.9 
6.10 
2.97 
1.00 
2.60 

6.J,D 
.14 

ll.03 
.063 

4.48 
3.49 

34.4 

CE 

CE 

CE 



SUllllARY OF 

RESERVOIR SEDlllEllTATIOfl SURVEYS llADE IN '111E UlllTED STATES '111ROUGH l9lO 

ICAPAan 5P!QFJC 
AYG. AIW(. 
llll:ll8llllT 

DATA PERIOD STORAGE ~- Rl<lllT MllDILADlfl AOlllC1 
SHH RESERV<H STREAM l'IEAREST TOWN DP--AlllAGE AREA DATE OF BETWEEN CAPAOTY I IATIO 

('ORY) PDSQ.11. SUPPLY 
llUDD? (SQUARE lllLES) SURVEY SURVEYS (ACRE-FT.) (ACllE-FT. LB.PU OFBTlla. DATA 

(YEARS) 

,~ 
tu.FT.) AUAFoa 

PallOD SllOllfi 

TOTAL I MET AC.-FT. I TORS 

lllG 

SAL'llJll SU All) OCllTlfDIJ CAI.m:llllU CQ&Sl'.&L AllD ClllllAT 1W1D1 DUillllJ& (~) 

'!0-4'7c --1•11ao1 
liq ea_. -----

La c....da, Cali!.-- 0.20 0.20 ,.. 19311 2 "!!- - - Y"Ji!.3 - cs - - do - - - ,..1939 l - - - 6.)0 -- - - s.po. 191.0 l - - - .55 -------- - - Sept. 19U l - - - 1.90 -- ----- ---------- - - a.,,.. 19') 2 - - - 4.75 ---- ------- - - a.,,.. 1"'4 l - - - .65 - - ,.. 191..5 l - - - 1.55 - - '"'*· 1""6 l - - - 0 - - Sept.. l'Jlo,7 l - - - 0 -- - - Sept.. 19"'1 l - - - 0 - - Sept.. lM l - - - 0 
---&>--------- - - - '"'*· 1950 

l - - - 0 
... l9S2 2 - - - 2.lO 
9-. 1961 9 - - - ).511 
Sept.. 1964 ) - - - 5.9S 
Som&. 19611 4 - -- - 3.25 
Sept.. 19'!0 2 - - 11.5 

'l'O-lo8o Lu P'l.ortt9 I}qbpla Bad~- Laa ftOl"oM ~--- l1t.a.6ma, Cal.U.-- ... 5 .45 a.,,.. 19)6 l !/- - - 3/14-7 - OE 

- - llop&. 19311 2 - - - 311.2 
~-------- -- - - - lloi*. lm l - - - 1.53 

1-rj 
-- - - s.,,t. 19'"! 4 - - - 4.¥1 - - - •• 1"'4 l - -- - J.71 

I --do---~----- - - - a.,,.. 191..5 l - - - .9) 
CJ) -- --------- ---- - - lloi*.l-6 l - - - .96 
~ - - - ,.. 1'1'7 l - - - .67 __,,.,__..._ ______ - - Sept.. 19'11 l -- - - 0 ------ - - llop&. 191..9 1 - - - 0 

--do-- - - Sept.. 19'0 l - - -- 0 - - s.,t..1952 2 - - - 1.29 - -- Sop>. 196) ll - - - i..oo - - - - Soi&. 1966 ) - - - 8.112 - - ~ 1969 ) - - - 1).0 
?IM.91 u-in 'hbri• Basin-- Linooln ~---- ----- .so .so ,... 1936 l J.1- - - l19.lt6 - cg -- - - - Sept.. 19311 2 -- - - 17.8 - - - Sept.. 191.0 2 - - - .92 - - Sept.l'Jlo,l l - - - 15.l 

- - Sept.. 19') 2 - - - 6.48 -- -do - - Sopt. 191..4 l - - - 2.)2 
--do - - Sopt.l'Jlo,5 l - - - .58 -- --------- - - - Sopt. l-6 l - - - 0 ---- --do - - Sopt. 1947 1 - -- - 2.00 - - - Sept. l9U1 l 

- - Sept.19'9 l - - Sept.. 1950 l --de>--------- - - ...... 1952 l.4 - - - 1.112 - - Sept. 1961 9.5 - -- - .10 
- - Sept. 1967 6 - - -- ).)4 ------- - - Sept.. 1969 2 - - 16.20 

?0-50o Jllobol• n.brl• B&•:ln--- tllebol• Can:)'OD HoU,-, caur.-- .94 .91. Sept. 1942 5 "!/- - - y,.u - cs - --- - - Sopt.. 1"'3 l - - - l.98 ----- - - Sept.. 1944 l - - - .48 - - Sept.. 1945 l - - - .3) - - - Sopt. 191o/> l - - - .15 --- - - Sept.. 191.7 l - - - J.72 ----- --do -- - - Sept. l'lfoS l - - - .29 --do------- - - Sopt. 191.9 l - - - .)II ---do------ -do ---- .. - Sopt.. 19SO l - - - .80 -----------· ---do-------- . -do --- - - Apr. 1952 l.6 - - - 5.82 
---do- .. - - Pel>. l9S6 3.s - - - .47 
----dcr-------- - - - Sopt. 195'1 3.6 - - - 1.39 ---do---------- ---do- - - Sopt. 1960 l - - - 3.29 ------------ ---d ----- - - Sopt. 1966 6 - - - 1.06 --- ---------- ------ - - Sopt. 1968 2 - - -- 2.15 - ----d -- ----------- - - Sopt. 19'10 2 -- - - 2.77 



7')...""lb 

'"'0-'i;c 

70-54b 

70-'i!'Jh 

Paradise Debris Baain-----
--do--
----do-----------
--do----------
---do-------
---do 

----do---------
----do------ -----
Picken a Debris 9asi.n---
--1o--
----do 

---do------------do----------------
----10----------------
--do----------------do-----------
----1'\ 

---do------------
-----do---------------
---do-------------
---do---
-----10--------------
---10----------
-----do------- ----------
Ruoio Debris Da..------
--do------------
----do--------------
-----do-----------------
--do----------------
--do-----------------
-----do--------------
-----do-------------
---do----------
Scholl ~bris Basin----
---do-----------
----10-------------
-----r.lo---------------
------do----------
----do-----------
-----do------------
Shields Debris Basin----
---do--------rlo------------------
----clo---------------
---do-----------------
----do------------------
---<10----------------
----~6---------------
-----dcr------------
---do-------------------
----<'10-------------------
-----do----- -------------
-----do------------------ ---
Snover Oebris B&sin------
-----do----------------
-----10------------------
---do-------------------
--<:10---------------
-----do-~-------

----do---------------
--~o-------------
----10-----------------
Sna.rr Debris Basin------
----do-------------
----do-----------------
-----do-------------
-----r!o-------------------
----<10--------------
St.ough Debrb Baain--------
---do--------------
----do---------------
-----do------------------
-----do---------------
-----do-----------------
--do---------------
----rl.0--------------------
--do---------------

Paradi~e Ca.rlyon----

----do-------------do-----------do-------
~-00----·-------do-------
---do-------
Pi ck. w: is Canyon----------do---------------
-----do---------
---do-------------
----dcr-------------------------------
-----do-----------
---d~--------------------do--------
----do---------
---do-------------
----dO------------
Rubio Wash 
---do--------
--do-------
--do-----------
---dO--------
----do----------
----do----------
---do--------
----do----------
Scholl Can)'on----

-----------
---do--------------
----dO---------
---rlo-----------do-------------do-------------
Shields ::!hannel-----
----ao--------------
--dO---
----do----------
-----d~----------------

-----do----------
---do----------
-----do------------
----do-----------
----do--------....-~---

-----do-------------------
--do--------------
---do----------------
-----00--------------
Sno"Yer Ca.."lJ'"On---------
--do--------------
---do-------------
----do----------
--do------------
----do---------------
----do------------
---do----------------do-------------
Sparr Channel---------
---do-------------
----do---....----
--do-------------
----do----------------
--do-----------
Stough Canyon Ch&nnel--
--do---------------
----do---------------
----do----------------do------------
---do------------
--do----------------
-----do-----------------
-----do------------------

La :;&n&d.a, :Al.if.----
--do---------------------------do------
--do---------------
La Crescent.a, Cali!.--
---<!~-----

---do------
----do--------

----do-------
----do--------
---do----------
--do----~--

--do------------
---00--------
--do----------
--00----..---.--
--do--------
---do---------do--------
--do---------
-----do-----------
----do----------
Al tadena, C&l if. --
--do--------
---do----------
--do------------
--do---------
--do-------~ 

--do--------
--do---------
--~----
Glend&le, Cal.it.-----
----do---------
---do--------

--do-------------------do-------
La Crescent&, C&lir.-
--do----------------do-----
--<1o------------
---do---------
--do-------
---do-------------
---do--------------
-----do---------
---do-------------
---do--------------
---do---------- ---
--do-------------
----do-----------
---do-----------
---do--------
----10----------
---do----------
----do------------
--dc----------
--do---------
--do---------
flbntroae, Calir.--
---do-----------
---do------------do------------
-~do----------

----do---------
Burbank, Calif.-----
--00-------------
----do------------
----do-----------
---do-------------
---do----------
---do-------------
----do-------------
----do--------------

.t_,I ::apacity of' debris b&ain va.rie!!I. Debn.s excavated at various times. 

.96 

1.84 

1.1 

.66 

.27 

.2) 

.84 

.5'! 

l.84 

l.J 

.66 

.27 

.2) 

.84 

1.65 

Sept. 1945 
Sept. l91J> 
Sept. 1947 
Sept. 1948 
Sept.. 1949 
Sept. 1950 
Apr. 1952 
Mar. 1956 

-· 1936 Sept. 1937 
Sept. 1938 
Sept. 1939 
Sept. 1940 
Sept. 1941 
Sept. 194) 
S.,,t. 194'. 
Sept. 1945 
Sapt. 191J> 
S.ot. 194.7 
Sept. 1948 
Sept. 1949 
Sept. 1950 
Sept. 1952 
Sept. 1959 

-· 1%6 Sept. 1970 
Sept. 1946 
s.pt. 1947 
Sept. 1948 
Sept. 1949 
Sept. 1950 
s.pt. 1952 
Apr. 1957 
Sept. l'l66 
Sept. 1969 
Sopt. 1947 
Sept. 1948 
Sept. 1949 
Sept. 1950 
Sept. 1952 
S.pt. 1961 
S"pt. 1'110 
Sept. 1938 
Sept. 19)9 
Sopt. 1941 
S.pt. 194.J 
S.pt. 1944 
Sept. 1945 
Sept. 1946 
S.,,t. 1947 
Sept.. 1941! 
Sept. 1949 
Sept.. 1950 
Sept. 1952 
Sept. 1961 
Sept. 1966 
Sopt. 1938 
Sopt. 1939 
Soot. 191.l 
Sept. 191..3 
Sept. 1945 
Sept. 1952 
S.,pt.. 1961 
Sept. 1968 
Sept. 1969 
Seot. 1947 
Sept. 1948 
Sept. 191.9 
Sept. 1950 
Mar. 19.52 
Feb. 1956 
Sept. 19/.J 
Sept. 1944 
Sept. 1945 
Sept. 1946 
Sept. 1947 
Sept. 1950 
Apr. 1952 
Sept. 1958 
Sept. 1960 

1 
l 
l 
1 
l 
l 
1.4 
).9 
l 
l 
l 
1 
l 
1 
2 
1 
l 
l 
1 
1 

4 
J 
l 
1 
l 
l 
2 
4.7 
9.4 
J 
2 
1 
l 
1 
2 
9 
9 
l 
l 
2 
2 
1 
l 
1 
l 
l 
l 
l 
l.5 
0. 5 
5 

2 
7 
9 
7 
l 

.6 
l 
l 
l 
1.5 
J.9 
J 
l 
1 
l 
l 
J 
l.6 
6.4 
2.0 

11--

]/-

Y-

ll-

!!--

y--

!/-

y--

y1.18 
.92 

1.00 
.14 
.10 

0 
5.)8 

.98 
yu.o 

6.89 
44.9 

2.95 
4.75 

11.6 
9.0) 
J.00 

0 

.51 

.23 
,37 
.15 

0 
.Z.25 
2.81 
J.1.1 
4.4'. 

l/.69 
.)2 

0 
0 
0 
1.23 

.05 
2.f:t/ 

10.0 
y.J2 

0 
0 
0 
l.45 

.53 

.BB 
yno 

10.1 
10.9 

5,85 
2.)J 

.52 
1.04 

.04 
0 
0 
o 

10.9 
2.<:t/ 
6.81 

y22.6 
57.0 
4.4 
8.)0 

.65 
l.09 
.06 

).JO 
56.5 

yo 
0 
0 
o 
J.56 
1.1) 

y4.22 
2.84 
l.76 
0 
0 
0 
2.73 
.)7 
. 75 

Y ~diraentation values as comouted b;y LACFCD are based en complete water year . 

CE 

CE 



SUllllARY OF 

RESERVOIR SEDDIENTAT!ON SURVEYS llADE 111 nu: UNITED STATES 'n!ROUGH 1970 

I 
I CAPACITY l;PEaFIC 

AVG. ANN. 
SIDllEN'I' 

DATA PERIOD STORAGE AVG. ANN. lirEIGHT ACCllllJLA TION AGl!XCY 
SHUT RESERVOIR STREAll NEAREST T011M ~~.,·-·~~ BETWEEN CAPACI'i'Y INFLOW DRY) PEil SQ. 11L SUPPLYll'I RATIO IWllBER (SQUARE MILES) SURVEY SURVEYS (ACRE-FT.) (ACRE-FT. fLB. PER OF NET DR. DATA 

(YEARS) PER '"u. FT.) AllEA FOil 

i ACRE-rn PERIOD S110W11 

G 

TOTAL I NET l AC.-FT. I TOMS 

SAI.ro• -All) soun!!llll CAL.Ifti8tiIA COlS'?AL Alill Gll&AT BASIN DIU.IJU.GB ( Cont.inuod) 

~59" - c.n,..n llohrl• .... ...... _,.,. Channel-- --. wu.-- o ..... o ..... ...... 1""'2 13 v- .Y'J..34 c;g 
(-) --- - -· 19 .... 2 .84 --------- Sept.. 19"5 l .1.8 - Sept. 1946 l .20 

--do Sept.. 19'<) 4 0 - ------- -- ...... 1952 2 2.41 -- --- -· 1959 7 l.68 - ____.,___ _____ ...... 1966 7 7.l!O -· 1969 J l>.20 
70-«J •-1- llebri• Bo.•U-- ianalden ca.nn.i--- -I.no. C•J.if.--- l.00 l.00 ..... 1946 l !!- y.32 CZ - ...... 1947 l .02 -- ....... 1950 3 
~le Vft"dtl&o D4ibris &am.n----

._ ..... ______ -.... ... C&ll!.-- 15.5 10.0 ..... 1'»8 3.58 ll- YJ,.11) c;g ----------- -------- ...... 19'.l J .m. ...... 1943 2 2.05 --do--------- - -· 1944 l .. ,,,, ----- -- --- Sept.. 1950 6 .06 ---do---------- ------- --do------ Sept. 1952 2 .112 --------- ------- ...... 1953 1 J.73 --- -------------- ---- ..... 1956 2.67 .002 

1-rj -------------- Jon. 1959 2.67 .89 ----- Sept. 1960 l.66 .05 I ---------- -------- Sept.. 1964 4 • 5~ O'l -- ----------- Sopt. 1966 2 1.71 
O'l --------- --de-------- --do Sept. 1968 2 .05 --- --di>--------- ------- Sopt. l'l?<l 2 3.14 

70-6211 ...... o.brb Bu in (lower)- ....,.. Conron----- Lo CreM411tlta, cal.if.- J/.64 J/.64 Sept. 1945 l JI-- ,Y.51 c;g ----------- - ....... 1946 l 1.63 --- Sept. 1947 1 4.96 --do-------- --do-------- -· l'l'oll l 1.00 
~-do------- ..... 1949 1 .J6 ------- Sept. 1950 l Lil --do-------- , .. 1952 1.3 6.41 

~-------- ---- Apr. 1952 .2 -- ------------- --------- Sept. 1956 "-4 .52 ----------- -do -· 1958 2.0 .70 
?0-6Jb ..... ........ Oobrio B&•in-- "••t Bann. Caa7m--- ilta<Mna, c.iu.--- .25 .25 Sept. 1936 l JI- 3/47.85 "" ~0------------- ...,,... 1037 1 45.42 ------------- -~-------- ---d~-- s.pt. 1938 l 7).85 

---do-- -----de----- Sept. 19'o0 2 3.60 ------------- ---do-- --<»------- ..... 1941 l Zl.4 ------------- ---do--------------- --do------ Sept. 1942 l .44 
--do --do--------- ----do---------- Sopt. 1943 l 20.20 ---do------------ ------- Sept. 1944 1 s.oo ----do------- ----------- -------------- s.pt. 1945 1 .SC --do---------------- ----do------------- --do-------- Sopt. 19/oh 1 1.56 ----do----------- ---do----------- ---do---------- Sept. 19"7 l 1.52 ---do----------- ----do------~---- ----do----------- Sept. 19"8 1 .02 
----do --do---------- ---di>-------- Sept. 1949 1 0 
----do- ----------- --~----- Sept.. 1950 1 0 ----- ----------- ---do---------·- Sept. 1952 2 "-76 ----do------------ --do--------- Sept, 1964 12 l.CI! -------------- ----------- -----do------- Sept. 1968 4 8.49 --do------------- --do-------- ~--------- Sept. 1969 1 43.2 

70-64 CUlpMa.rfton--------- Dehr c...------ Ju.U.an, Cali!.---- 1.6 1.59 l!7.l8 44.1 SC5 
--do---- --do----------- --------- Sept. 1951 33 36.9 *60 .14 l.83.0 

?o-!>51> Cock• ear.,,,. Oebrl.1 Basin- ~. <An1<>n----- Lo Creec9n.t.a, Col.if.- .58 .58 -· 1952 .2 11- cs --do-------- --~----- Sept. 1961 9.5 y.2SO ---------- ---do--------------- ---do-------- Sept. 1969 8 .028 
~ A.ubuni Debrie Bad.h------ Auburn lliv.r------- Sierra Madre, C&l.U'.- .19 .19 -· 1954 11-- cs --------------- ---do--------------- ----------- Sept. 1959 4.• 2.6 
?0-67a Bradbury Debrie Basin------ Br&dbUJ7 C&n;J"on-------- ManroYi.& 1 ;aJ.1!'.--- .68 ·"" Jan, 1955 !/-- OE --do----------------- ---do------------------ ----do------------- Sept. 1959 4.67 ya.15 --do------------ ---do-------------- --~-------- Sept. 1961 2.0 1.62 --do--------------- ----do------------- ---do------------ Sept. 1966 5 6.65 ---do------------------- -----do------------------- ---do--------------- Sept. 1969 3 ,3_5 



'rj 
I 

CJ;, 
-l 

?0-6lla 

'°'"""'" 

'I0-70 

?0-71 

'I0-72& 

'I0-7Jb 

70-7¥ 

'I0-75a 

1<>-76& 

70-77 

70-78 

70-79& 

70-80a 

70-81.a 

70-82a 

70-83& 

?0--aJ,a 

CaPt.er Debri• Bad.rt----

o-w.11am----

Flon1 (°"""") -· llallll>
i.. Tm. Debrie a..a..,.._ __ 

do 

Jliaddook Debrie S.~ 

_,. lo. 1 Dmri• S..td.n----

,_,. ... 2 -· -.,.._ 

lloCl .... -.--

lo.s.197 o.bri• Barin----_______ 
_,. - u,_. Dobrl• S."1n---

-~~---

.lilub7 - to-r Debrl• Ba•Ui--

Sawpit Debri• -----
~----------------
Sierra Jladre YUla 
09hr1 a Baa in. ----------
---<lo------
Spim:a Debris &.81n------------~ 

-----------
'!'u:mba.U o.bria Bas1.n------
---&:>---------- -----------do----------
Zachau Dtibria Basin---

-----------
---do---------

Cort.er~-----

~----

-..ca_.------
--------Flol'ol °""""""""' ______ _ 

La r.. ~ ... n-----------
Lannonllao>-------

Maddock CaD,J'O"'oan-----

--------
----<><>-----~-

llo;:rC...,...1------

--do~----~
~------

---------------
"-107 c.n,.,., 
---------
----------~---- -

_,, c..,.,,.oan------
--do-----------------------------------------
----da---------
Sawpit Creek------
---do--------
~------------------
Sierra Mild.re Y ill& Can,-on-

-------------------
-~--------do---------
So1.nk1 Cmyon-------
---do--------
---00--------
-do-------------
Turnbull ~ Wa•~--
--do---------------
--do----------
--do-----------
Zachau Clll)'On------
·-----do-----------
---do----------

Sierra Ma.dr9, Ca.l...i.f. ---
Gl.al•, Calit.---do------

Sie?'T'& ..... Cal.1.t.

i... .Aag..i. .. , c.l.U'.----------
------
Si.em. •dn, cal.it.-------
-~--------------------------
Dua.rt.e. Ca.lit'.---

- -------------------------San P..--..lo, cal.it.--- ---
-------
--~-----

----------------Blll::rbank, Calif.---

----------------

__,,,0---------------
Si~ 111.:lre, C&.1.1.f .... -

-do 

--------------
Jlb'trortA, c.i 1 r. --
--do-----
--do------
--do---------
Sierra ~re, C&li.t .------do----------------
--lio-------
Jfonrort.a, Cal1r ...... --
--do--------------do-------
~ittier, Calif.-------------------do-------
---d~-------
Tujunga, Callr.----
---do---------
-----do--------- ---

l/ Capacit7 or debri<i basin Yaries. Debris exca..-ated ,it " "1.oua times. 
?./ Sediinent.ation Ta.l.Te'! computed by Los Angde:o1 .:Ountv - ,L are based o-, ~osPlete lllilt."",eryear. 

.12 

.59 

.06 

5.34 

.25 

.25 

.70 

.09 

.62 

.58 

.21 

.10 

6.34 

1.46 

.u 

.99 

.J5 

.12 

.5'1 

.06 

5.34 

.25 

.25 

.70 

.09 

.62 

.58 

.21 

.10 

2.84 

1.46 

.44 

.9'1 

.35 

Dec. 1954 

-· 1959 Sept. 1962 
Sept. 1969 
Jon. 19S5 
Sept. 1959 
Sept. 1964 
Sept.. l'l65 
Sopt. 1966 
Sept. l'l69 

-· 1'154 Sopt. 19S9 
,, ... 1956 

-· 1956 JulJ' 19fl 
s.pt. 1951! 
Sopt. 1959 
Sopt. 1960 

-· 1954 Sept.. 195'1 
Sep<. 1962 
Sep<. l'J67 
Sept. 19?0 
J.... 1955 

-· 1956 Sopt. 195'1 
Sept.. l'J67 

-· 1969 s.pt.19?0 
Aqg. 195.l 
So.pt. 19S9 
Sopt. l'l67 
s.po. 1968 
...... 1969 
""«· 195.l 
s.pt. 1959 
Sopt. l'l67 
Sopt. 1968 
Sopt. 1969 
Dec. lffi 
Sopt. 19S9 
Sopt. 1961 
Sopt. l'l65 
...... 1966 
Sop<. l'l67 
Jan. 1954 
Sepl. 19S9 
Sopt. 1968 
s.pt. 1969 
.Jan. l~ 
s.pt. 1959 
Sopt. 1961 
Dec. l~S 
Sopt. 19S9 
Sept.1')62 
s.,rt.. 1969 
Jan. 1955 
S.,t. 19S9 
...... 1962 
Sept. 1969 
llo;:r 1958 

Sept.. 195'1 
Sept. 1962 
s.pt. 1968 
Sopt. 19?0 
Doc. 1958 
Sept. 19S9 
Sept. 1962 
:;.pt. 1969 
Jan. 1953 
Sept. 1959 
Sept. 1968 
Sept. 1969 
Aug. 1956 
Set-.t.. 1959 
Sept. 1961 
Sept. l 96Q 

4.8 
3 
7 

"-83 
5 
l 
l 
3 

5.6 

.1 
1.4 
1.2 
1.0 
1.0 

5.6 
3 
5 
3 

1.2 
3.5 
s.o 
2 
l 

6.2 
8 
1 
1 

6.2 
8 
l 
1 

5.8 
2.0 
4 
l 
l 

5.67 
9 
1 

5.8 
2.0 

J.8 
3 
7 

J..67 
J 
7 

1.4 
J 
6 
2 

.8 
3 
7 

6.8 
9 
1 

J.2 
2.0 

• 

Y-

]/-

Y
Y-

Y--

Y-

Y-

ll-

11-

!/-

!/--

11-

!/-

!/-

Y-

!/-

!/--

J} Dra1na.gt9 area 0.?5 !ICI.• mi. th!"'OUgh 1%7; O.r,4 after 1947. 
* Eetillld.t •xi or a!!l!llWlied.. 

y2.s 
2).7 
... 06 

?J.11 
2.10 

24.74 
Zl.19 
19.0 

,_ .. 

y.04 
.13 

2.15 
1.22 

y5.44 
ll.J 

.J,S 
20.4 

YJ-7.8 
J.81! 
1.8 

15.8 
2.96 

?J.78 
7.20 

23.3 
lOlo.O 

y.J/, 
ll.9 
45.1 
28.9 

y~.6 
9.n 
2.9 

10.0 
9.52 

y.62 
1.1 

11.8 

y5.2 
.29 

l/2.9 
1.0 

12.R 

y4.6 
6.9 
9.82 

y.34 
16.92 

.18 
45.89 

Y-
i.66 
1.32 

y.28 
l.JJ 

16.0 

y.eo 
.80 

2.37 

cg 

CZ 

CE 

CE 

cg 

Cl 

CE 

CE 

cg 

Cl! 

Cl! 

Cl 

'.:E 

CE 

Cl!: 

CE 

"" 



SUIOIARY OF 

RESERVOIR SEDOIEllTATION SURVEYS llADE llf 1111!: UNITED STATES 111ROUGH l9'l'O 

! CAPAcrrY SP!CFIC 
AVG. ANN. 
Sl:IJlft:NT 

DATA PERIOD STORAGE AVG. ANN. RIGHT ACCl:llOLA D>N AGl!llCY 
SHEET RESERVOIR 51'REAll NEARES1' TOWN DRAl!IAGE AREA DATE OF BETWEEN CAPACTY lllFLOW DRY) PDSQ.111. SUPPLYDI llA'l10 NUllBER (SQUARE lllLES) SURVEY SURVEYS (ACRE-FT.) (ACllE-1'"1'. tLB. PER OF NET DB. DATA 

(YEARS) PEil ~U. FT.) AREA R>I 
ACRE-FT) PERIOO SHOWN 

G 

TOTAL I NET AC.-FT. I TONS 

W.TOll SA All>~ Ga.lP(BU OOAST.IL.., IJUlT 8ASIJI lllll._ (~) 

70-<!5e Ward o.brl• Baain (Upper)--

"""' - t.. Creecmt.a, Cal1.t. - 0.10 0.10 -· l~ !I- Cl 
do ----de>---------- Sopt. 1957 .8 l/)o.l 

-do--- - - s.,c. 19511 l.O 39.J -- ---- Sop\. 19S9 l.O 17.5 ---------- Sept. 1'167 8 .4 
$opt.. 1968 l J.l ___,,,__ _______ ---------- -------- Sop<. 1969 l 22.9 

~ s..i..-n- Control BH1n Lo• Anipl•• ti•itr-- ·- ...,.., Cal.it .. -~- 152 U2 .... 19".i 1.6,720 1.00 Cl 
--do .... 1944 J.O 17,437 l.04 

---------- ~o J.,. 1961. 16.6 17,296 l.OJ .06 
?0-87a !mt& ,. P'lood. Control ~ 5oD o.brlel. lti..,. Bal.Abd.a Park, Cal.it.- 2J6.0 Jj"JSJ.S4 ....... 1""3 34,6"10 ::s 

--do- - .... 1949 6.6 34,276 2.91 
iSa ----do----------- liar. 19S9 9.J JJ,987 1.51 ---- ..... 1961 2.2 JJ~ ll.J2 --- '""· 1967 5.7 '.12,n6 5.72 

$opt. 1968 1.6 l/34,916 -- ...... 1969 ,9 32,642 12).0 
70-Ma hll " (Oll04)----- Bell C"'9k-------- 01.mdDN., eaur.-- .061 .061 Jon. 1966 2.JO .234 rs 

- - - ---------- Dee. 1966 .96 1.16 __ .....,__ ______ 
Oot. 1968 1.86 0 

>zj - ---------- ---- liar. 1969 .IJ J9.6 
I ---------- ---~----- ------ J"1J' 1970 l.U .ma 

O"l 70-"'1 s.1.l Debrie Ba.in----- ~-. Cali!.- 7.0 7.0 !I- Cl 

O:J --do------- - Sop!.. 19'/0 y.n 
70-90 ~ea._.•. c. Baain--- C&.-t C...,.., C•--- -· Qalil.---- 19.J 19.J .... 1961. 7,0J) 10.0 Cl 

Sop<. 1969 8.5 6,615 9.45 2.S4 
70-91 Child• n.tn-1• B.91.n---- Child• Cuqon Glmd&le,, C.Ur.-- .Jl .Jl Sep<. 196J 11- CZ --- -- Sopt. 1966 ya.81 
70-92 K1mmod o.br-1• Bia~- ~C--- Bar--, Col.it.-- .)1 .Jl 1964 ii- Cl 

----------- ------ Sopt. 1968 Y,.90 --do-------- __ ...,_____ ___ 
Sept. 1970 .10 

70-93 llbgl-11<1 Oobrl.s 8u1n--- l!log]....Ud CorlJon.-- CD.endora, Cal.it.-- .. ·• s.pt. 1961. !/- Cl - --do----------- s.pt. 1969 3/1.0.i. ------------ ---do----------- ------ s.pt. 19"10 lJ.5 
70-91. Ra..r!-ow Debria 811.td .. n---- HarrowCuqon---- Glendon, Celir.-- .4) .43 Sep<. 19511 v- Cl 

----------- ----------- ------ s.¢. 1'169 ll 3/6.77 
--do---------- ------------ s.pt. 1970 l 16.J 

70-9'; Rook: last o.bri.• &a.in---- Hook Cuqon 1._, Cal.it.--- .18 .18 Sept. 1967 ll- cs ---- ---do-------- ---------- :!opt. 1969 2 Y66.1 --- ---------- Sopt. 1970 1 2.78 
70-96 lttnn.loa Debrl• 81.111.n---- !Cinneloa CanJ'ort------ Paeact-, 0011".--- .;a) .20 Oat.. 1964 !/- CE 

--dcr----------- ---------- ---- Sep<. 1966 1.92 YJ.0.50 
---d~------ ~-------- Sopt. 1969 J 21.65 

~ --do-------- Sopt. 1970 l 12.70 
70-97 linneloa - West D.bri• Ba~~ ilt&dena, Calif.--- .16 .16 Sept. 1966 !I- CZ 

----------- ---do------- Sept. 1969 y30.8 
--<!~-------- ---do------------ --do---------- "-Pt· 1970 19.4 

70-98 Little Dal.ten Dfllbrl• Basin-- Little Dalt.o~-- Glmc1on .. Calif.-- 3.J ).) , .... 1960 }/- Cl 
--do--------- ------- s.pt. 1962 2.6 3/J.S.9 - -------------- -------- Sop<. 1969 7 12.4 

70-99 -.., Dob•il e ... ~---- Morpn~---- -------- .6 .6 Sep<. 1"64 !/- Cl ----- -------- --do------- Sop<. 19'>9 y2.95 
70-100 s.n. Antonio P'. c. 8uin--- s.n Antonio Creek--- Clar-=.int, CalU'.-- "Jh.7 "Jh.7 ...... l~ 9,211!5 .90 Cl - --------- ------------ •..i:r 1969 12.91 6,718 .65 1.i.s 
70-ltn Schoolhou.M D'lbrla Ba.:i.n- Man.afield b. Stol"ll. Draw-- Olive View, Cal.it.- .28 .211 J,... 1963 v- Cl 

---do----------- ---do Sept. 1967 4.2 yu.1 
70-102 Smuset Debrb Basin (Lo-)-

-- Cu\1<>n 
Glmdale, Calif" .. --- .65 .65 ..... 1965 },/- Cl 

--do--------- --do Sop!.. 1967 2.7 y5.58 
70-103 Sonta Anl.to Oobrlo Basin---- 5-nta I.nit.a Creek----- Arcadia, C&J.it.--- l.7 1.7 Dec. 1959 11- Cl 

--d~------- ----do----------- --------- Sept. 1962 2.8 Yl9.1 
--do --.--do----------- ---do-------- Sept. 1968 6 .67 
---do----------- ----do--------------- ---do------ Sept. 1970 50.0 

?0-104 WUeort Debrh Baein------- Wtiaon Canyon--------- Olin Yisw, Cal.it.-- 2.58 2.58 ·- 1963 !/-- Cl 

------------ ----do------------ ----do------ Sept. 1967 i..2 y5.2) 



"rj 
I 

a,, 
© 

70-lOI 

?0-106 

71-1 

71-2 

71-J 

71-... 

71-5 

71-6 

"'1.-7 

71-8 

71-0 

71-10 

71-11 

71-12 

71-1] 

71-U 

71-15 

71-16 

71-17 

n-1e.a 

71-19 

71-20 

71-21 

71-22 

71-21 

71-2 ... 

71-25 

71-26 

71-27• 

71-28& 

71-29& 

71-JO 

WU~ Debri9 Badrr----
---do-----------------
Win9T7 D.t>r111 Buin-----
----do------------

u~ ~lTlli.al Springa-.--
----do--------
At.aecadero Par\'. I...aD----
---do--------
RaWine--------------
--1'>-----------
5&11.na...---------
------------
Coppirol)Oli.-------Crane Vall..,-------------------
Dnto----------
--00---------
Don P-11"'0------------
---to---------!xJ:h9'.1U.,.._ _______ _ 

---do------------
GUm>re-----------
--do-----------_,_ ___ _ 
·-----------

LA a...g...-------"----1o----------------
LJ'on----------------
--do---------
McCarty---------

------------------------do---------
Solt S,.-in«• Vall..,._ __ _ 

---do-----------
(U?P8'J") Be&r R:iYer------
---do--------
'iibod• "oncl----------
---do--------
st. JlarT'a-.--------

---do~--------
Black Rille----------
---do---------
Lakewood---------
---10-----------
Contra Coat&; Countl"J' Club----
----io--------
~ehart Pond-----
---do-----
C. C. Anderson Pond------
--<lo----------
Upper Walter leller Pond----

--'io---------
Y. J. R097 Pond------
----1o----------
Lee Hio;ln• Ponf------
---do-----------
Souu------------
-----do------------
Jrdvay-------------
----do- --
North l"ork--------------
---do---------

llU- Croek--------
-----------
111.a...,. C...,,,.---------
------do--------------

Laguna C""8k---------

At.&90ada-o Cr.-:-----
---do----------
•. P'k. Lo11 Viboru Cre.k-
--do-----------
Sal.tna. Ri•.r------------------di>------------
- c..---------

do ------
"· Pk. :!an Joaquin !1.er-
--do-----------
Shaw Cl"'Mk----------
----do------------
T'llohmt• R1"f'er-------
--do------------M9:rced. JU..,._.. _____ _ 

Trib. ot Monmn Slaugl--
-~----------------
Tim MU• ~--------
--do-----------
'i'uolmnc ft1Te1"-------

--------------
5. Pi:. :!t.anislaus Ri'rer---
--do------------
1'!-1b. or Jo1tnn7 cr .. k----

Jllot-1.um• Rher----------
---do------------
Rock ::ree«.-------------
--io--------------
Bear Bi••r---------
--1.c>-------------
3J'camcn1 Srffk-------
--do------------
Wal.mat er..----
--do------------
Or-.en Val.181 Creek------
---do------------
Walnut Crffk-----------
--do-----------
G1"1L790rl Creek------
---tio-------------
Mush r;reM--------
-----do--------------
-----00----------------
--~--------------
----do--------------
---do-----------
Alhambra Creek----------
----rto------------
Marsh Creek-------
--do------------
------------
--do-------------
--00---------------
--do-------------
Pacheco Creek---------
--00------------

NMlh&ll, :.-.if.------- .65 
----do-----------
La CreaeSJta, Calif.- .18 
---do-------------

.65 

.18 

Sept. 1967 
Sept. 1969 
Sept. 1968 
Sept. 1969 

:3.AJI JOA.QUIJI AJID DZI !LIVER BASIJIS 4liD ADJ.l:DIT COASTJ.L DRA.llAGI 

San fn.nciaoo, c.ur.- 13.J 12.0 
---do-------- - -
At.asca.dero, Cali!.- 1.0 LO 
--do----------- - -
Rolli•ter, Calif.---- 4..04 4.01 
--do------------- - -
5a.."1ta Margarita., :.a.11!". lll ll.O 
----do-------
----do-------
CooP9ropolh, ~it.- 2.06 2.01 ------- -- --
Ma.dera, C&l.U.--- ;4.5 52.7 
---do--------- - -
Stoclct.on, Calif.----- 7.87 7.62 
----do---------- - -
Jibduto, Cal.it.----- 1,001 996. 5 
----do------------ - -
-..reed, ::&lit.----- 1,027 1,022.4 
---0.0------------ - -
Bellot.., c.a.11!.--- 5.01 i...92 
--------------- - -
P'reano, :al if.----- 24 • .( 24.1 
----do---------- -- -
~esto, C&..li!.---- 1,501 j/1.,501 
--do---------- -- -
Tuol~e, Calif,---- §/J,IJ.O )9. 7 
----do----------- -- -
s.n Anctr.•, Calif.--- .35 .)2 
------------ - -
Lodi, C&lir.------ 7/387 383.5 
-----do---------- - -
s.n lndr.!J, Calif.-- 20.3 18.4 
-----1o--------- -- -
Pl.ac•rTil.le, 8&1H.--- .28.5 28.2 
----do----------- - -
Danville, ~if. --- .JO . 30 
--d<r---------- - --
Walnut Creek, Calif.-- 3.ll 2.'17 
----do---------- -- -
DanT.1.lle, Calif. --- • 76 • 76 
--00--.----- - -
'.;oneord, Calif.----- . 75 • 7'4 
---do---------- -- -
Pacheco, :.lif.--- ,20 .20 
---do----------- -- -
Br.nt-.oo<t., Calif.----- .033 .crn 
----do------------- - ------1o---------- .01!3 .08] 
----do----------
---do------------- .021 .on 
---do------------ - -
----do--------- .045 .045 
--1o----------- -- -
---~---------- .202 .199 
----do-------- - -_____ .,.,_____________ .)19 .28J 

-----do--------- - -
----do--------- .619 .613 
--do-------- -- -
Halli~et', Calif.---- bb.2 66.0 
----do------------

Jan. 1878 
Oct. 1915 
- 1918 

-· 19'.7 - 1912 

..... l'"" 
- 1942 
loT. 1947 
lug. 195) 
- 1915 
Aug. 1945 
- 1901 
Juna 19'66 
- 1917 
Oept. 1945 

"""· l,2J 
.,..... 1945 

-· 192" """· l%t 
Sopt. 1917 
Aag. 1945 
J,.... 1909 
Ju.-... 1946 
Sept. 1895 
Oct. 1905 
June 19)0 
Jun. 19"6 
Dec. 1937 
Sept. 1945 
- 1929 
Aug. 194J 
- 1882 
Jul7 1945 
!!opt. 1900 
June 1946 

1940 
1951 
192'1 
1951 
1880 
1951 
1913 
1951 
1934 
1951 
1945 

Jan. 1953 
-- 1945 
Oct. 1952 
- 1943 
Oct. 1952 
-- 1947 
Jan. 1953 
- 1941 
Oct. 1953 
-- 191.h 
Jan. 1953 
- 1945 
:an. 1953 
- 1938 
Ap.-. 1951 

1/ Cape.city or dehrh b1u1in n.riea. Debrie U(".avated at various times, 

57.8 

29 

2'I 

JO 

45 

2'I 

22.7 

19.6 

2'I 

37.0 

10.l 

16 

7.7 

14 

63 

45.8 

11 

23 

71 

40 

17 

12 

12 ... 

v--
11-

29,138 
28,159 

150 
1J6 
S<.9 

i./532 
:il>,ooo 
25,860 
2~.~~ 

265 
2113 

'45,410 
.1.5,028 
1,421 
l,J67 

21!9,000 
284,266 
299,000 
2'15,646 

579 
560 

l,UO 
l,JSJ 
2,332 
1,068 
5,500 
5,"36 

96.3 
95.5 

210,<XX) 
209,l8J 
12,930 
12,6Cf7 
6,n2 
6,690 

4.U 
... 2J 

l)l,.Ol 
88.59 
32.68 
27.04 
27.08 
24.86 

5. 75 
5.24 
1.)4 
1.32 
1.920 
1.86J, 
l.347 
1.185 
2.45 
2.32 

12.60 
12 • .28 

176.49 
174.'n 

60.9 
60.07 

5,803 
5,706 

12.67 
12.24 --

40 

55 

"62 

6J 

"62 

62 

50 

..,,2 
"70 

"?O 

•45 

"62 

•50 

"70 

80 

45 

"" JO 

40 

"60 

"65 

•40 

*55 

•IJ) 

•JO 

"70 

*45 

Y,.85 

5/2'1.2 

l.U 

·"' 
~-15 

.:zi 

.u 

.034 

.161 

.251 

.:zio 

.167 

.132 

.0)0 

.083 

.101 

.)00 

.152 

.201 

.Ol.7 

.05) 

.bb 

.11 

.076 

.15 

.Cl!S 

!!f."96 
y.6112. 
!!f.578 

.u 

.894 

.19 

.§/.12 

l/ Sedifll8n.tat1on values as c~ted by Loe An,:eles County FGD are based on -::omplete WlJiter year. 
2/ tli:eludes riraina.ge &"'8. above K:Jrrh Dalll ( 215.46 5Q. :ai. ). 
~/ 'Xl• se-::li!Mn~ sluiced nut tnc11ental to lllOrk on outlet. 

Y l.xcl.ud.ing drainage area or Stra11i>err7 ReM!"'YOir. 
'11_ Bxcluding noncontributing ai e.a.11 aboTe S&lt Springs and BMr Riv4!'r Reaenoira. 
Y Excluding pond area. 
• Esttmated or &!leumed. 

2/ Be'•H'e -on'!tr.ic+ion or Don Ped'!"O Reeer..,.0ir in 192}. 

6Z7 

196 

357 

i.D.7 

:zl.7 ,... 
294 

2.26 

w. 
l,0.5 

127 

lj4 

29• 
205 

219 

26 

92.3 

647 

U0.2 

49.66 

1)1 

115 

§/136 

.§/59'. 

.§/692.)8 

122 

584 

290 

!!/117.61 

Cl 

"' 

llCS 

""" 
:!CS 

scs 

scs 
scs 

scs 

scs 

scs 

scs 

scs 

= 
scs 

scs 

scs 

scs 
scs 

scs 

scs 

scs 

scs 

scs 

scs 

= 
scs 

scs 

scs 

scs 

scs 

9CS 



DATA 
SHEET 
NUllBER 

71-31A 

71-34 

71-JJ& 

71-)4& 

RESERVOIR 

"'-.ketU• Ras~:lr No. 1--
---do-------------
--~-------------
---<io------------
--10------------------------------------------do------------
--do---------------
---d~-----
-----~-------------do-------------dc>----------------
--'1«>------------
'!'..kettle ResePTOir llo. 2.a--
---do-----------
--tto---------
----do----------<!&------------do--------------
----------
--do----------
--do---------------------------------do-----------
---do---------
---do-----------
--do-------------
--~--------
'!'eaket.Ue Re>serTOir No. <-----do-------------------------do-----------
--do---------
--do-----------
----dcr------------
-------------------
----do-----------
-----<io------------· 
---<'!0-----------------
----do-------------------
----do------------------
----1'\o-----------------
Teakettle lleservoir No. 3---
--do------------
----do-----------------
--10-----------------
---10-------------
----"o---------------
-----do--------------
------k>-------------------
----io------------------
---".!0------------------
---- lo----------------
-----rto-----------------
---rto------------------
-----do--------------------
-----'10-------------------
TeaketUe !to. 7-----------
-----do--------------- ------'1o----------------------
--do-- --------------
-----do--- -----------------

SUMMARY OF 

RESERVOIR SEDIMENTATION SURVEYS MADE IN THE UNITED STATES THROUGH 1970 

STREAM NEAREST TOWN 

T--i:R!OD-LTORAGE 

DRAINAGE AREA 1 DATE OF !BETWEEN I CAPACITY 
(SQUARE MILES) f SURVEY SURVEYS i (ACRE -FT.\ 

I i (YEARS) I 
~-T-O_T_AL_I -~. __ N_E_T--< ! 

SAM JCAQl!IN A.HD KEPJf R!VE.R ~A.SINS AND ADJACENT 'AJA.STAL DRAlNAGE. (ContlJlu.ed) 

T-.ket.tle Creo-------- Fre1na, cali!. -------- o. 77 o.n Fall 
---10-------------- ---do-------- Fall 
---do----------- ----d:o--------- Fall 
----do------------ ----do--------- •all 
--do---------- --do---------- Pall 
---do---------------- ----do----------- Fall 
---d<>------------ -----do------------ Fall 
--do------------- ---do-------------- Fall 
---do---------- ---do---------- Fall 
--do--------- --~---------- Fall 
--do---------- ----do------- Fall 
----do------------ --do--------- •all 
--<"lo---------- ---10-------------- Fall 
---do----------- ---do----------- Fall 
--do--------- ---do------------- .m .m Pall 
--do---------- ----do----------- Fall 
--do------------ ~--do-------------- Fall 
----do------------- ----10------------ •all ----do---------- ---d()-o.--~--------- Fall 
----<lo----------- --do--------- •all 
--do-------------- ----do----------- Pall 
--do------------ -------------- Fall 
--do--------------- -----do------------ Fall 
---do------------- ---do-------------- Fall 
---do-------------- ---do----------- Fall 
---do---------- ---do----------- Fall 
---rto------------ ---do------------- Pall 
----do----------- --do---------- Pall 
--do------------ -----do----------- Pall 
----do-------------- --do------------ .847 .847 Fall 
---do---------- --do---------- Fall 
---do------------- ---do-------------- Fall 
---do------------- ----do--------------- Fall 
---do------------- ----do----------- Fall 
----d.0------------- ----do------------ Fall 
---do------------- -----do--------- Fall 
----do------------ ---do---------- Fall 
---do-------------- ----do-------- Pall 
----do------------------ -----do------------- Fall 
--do----------- ----do------------- Pall 
----do-------------- -----00-------------- Pall 
---do----------------- ----do-------------- Fall 
---do------------------ ----do----------- Fall 
----do--------------- -----do-------------- .856 .856 Pall 
-----tio----------------- -----do------------- Fall 
----do------------------ -----do-------------- Fall 
----<:l.0----------------- ----do--------------- Fall 
----do------------ -----10------------- Fall 
-----do-------------- -----10-------------- Fall 
--do--------------- ----do-------------- Fill 
-----do----------------- -----do-------------- Fill 
----do----------------- -----do----------- Fall 
-----do------------------ -----rio----------- Fall 
----d.0----------------- ----do------· -------- Fall 
-----do------------------ -----do------------- Fall 
-----10----------------- ----rio-------------- Fall 
-----do------------------- -----<io-------------- Fall 
-----do----------------- ----do--------------- Fall 
-----<io----------------- --do------------ - .091 .091 Fall 
-----,10--------------- -----do---- ----------- Fall 
-----do-------------- ---- -----10---------- Fall 
-----do------------------ -----do-------------- Fall 
------lo---------------- -----do------------ Fall 

1938 
19U! 10.G 
1951 3.0 
1955 i..o 
1956 
1957 1.0 
1958 1.0 
1959 1.0 
1960 1.0 
1961 1.0 
1962 1.0 
1963 1.0 
1964 1.0 
1965 l.O 
1938 
1941 3.0 
191.8 7.0 
1951 3.0 
1955 4.0 
1956 1.0 
1957 1.0 
1958 l.O 
1959 1.0 
1960 l.O 
1961 1.0 
1962 1.0 
1963 1.0 
1964 1.0 
1965 1.0 
1938 
19U! 10.0 
1951 J.O 
1955 4-0 
1956 
1957 1.0 
1951! 1.0 
1959 l.O 
1960 1.0 
1961 1.0 
1962 l.O 
196) l.O 
1964 1.0 
1965 1.0 
19)8 
191.0 2.0 
1941 1.0 
19U! 7.0 
1951.i/ 3.C 
1956 
1957 1.0 
1958 1.0 
1959 1.0 
1960 1.0 
1961 l.O 
1962 1.0 
1963 1.0 
1964 1.0 
1965 1.0 
1956 (19)8-56) 
1957 19.0 
1958 1.0 
1959 1.0 
1960 1.0 

0 .39 
.18 
.002 

0 
l).352 

.<n'/ 

.068 

.050 

.O)O 

.015 
y.w, 

.1)4 

.r:na 

.021 

.0022 
y'.101 

.lJl 

.127 

.109 

·""" .rx:n 
y.u7 

.222 

.181 

.178 

.182 

.178 

CAPACITY 
AVG.ANN 
INFLOW 
RATIO 
I ACRE-FT 
PER 
ACRE-l'TI 

.159 

.129 

.127 

.1)0 

.127 

AV<l ANN. 
SEDIMENT 
ACCUllUl.A TION 
PER SQ llJ. 
OF NET DI!. 
AREA FOR 
PERIOD SHOWN 

o.om 
.uoo 
.rx:ne 

.0-591 
0 

• Jl58 
0 

.0065 

.}2211 

.Olll!9 

.005• 

.OU/> 

.0084 

.0280 

.ouo 

.om 

.0059 
0 
0 

.000) 

.0462 

.0572 
0 

.0066 

.0250 

.0080 

.0166 
0 

.00)2 

.00)2 

.0015 

.0474 
0 

.0026 

.02!'.JI. 

.0112 

.0160 

.007') 

.0042 

.000) 
0 

.0049 

.1457 

.0619 

.0)38 

.029 
11-.0ll 
11-.cm 

.069 

T 

I 
AGENCY 
SUPPLYING 
DATA 

I 

P'S 

P'S 

P'S 

P'S 

FS 



n-36 

n-37 

n-1s 

n-39 

71-40 

n-u 

n-42 

n-43 

72-la 

72-2& 

72-3 

72-4 

72-5 

72-6 

72-7b 

72-8 

72-9 

72-10 

72-llb 

?2-12 

72-13 

72-14 

72-15 

72-16a 

72-17 

72-18 

Fine Flat------------
----do------------------
--io--------------
'3alinas Bo1s R.aneh-------
---rio------------- ~----
Roy Alexander-------------
-----d~----_._ __ _._~~-
l}ibral te-r--------------
--do-------------
--00----------------
----do----------------
----rto-----------------
Sant.a Fel 1ci.a----------
--do-------------
Succel!ls La.ke--------
---rto-------------
--do----------------do----------
Isabella Reservoir-------
---do----------------do--------------
La.ke Kavea.h (Terminus Da.ni)--
--do----------
~ehum.---------

---10------------

Ridge'WOOd (Walker)-------
---do---------------
Morris----------------
----10----------------
---do------------
---do-----------
Big Canyon----------
---00------------
Blod~tt----------

--rl.0----------------
Bullard.! Bar--------
---do-------------
Conbie (Vd.n r,eisen)-----
---do-----------------
Ea.st Parlc.----------
----do-----------
Faulke Lake (Palse Lake)----
---do-------------
Gerber------------------
---10----------------
Jtofa.~ia---------------

-----do-------------------
Stony Gorge-----------
----do--------------
Mis~elbeck----------------

-----do-----------------
Lake Pillsbury (Scott Dam)---
----do---------------
Cata.coula (Bar 49)-------
----dc-------- -----
"H.lliken----------------
---do-------------
Onion Creek No. 1-----------

-----do----------------------
----do---------------
-----'10----------------
0nion :::reek No. 2~-------
---do-------------------
----do------------------
---do---------------
Oni-.n Creek No. 3-------
-----rlo-------------------
--do--------------

Kings R1ver----------
----1o------------------
---do---------- ---
Trib. of NatiYida.d Creek--
---1o-------------
---do---------------
~---do-----------------
Santa Ynez------------
----do---------
----10---------------
---rlo-------------------
----do----------------
Pir"ll Creek-----------
---do------------------
Tule River----------
----<io----------- -- -
----<io---------------
---do------------
Kern River-------
--do------------
-----do------------
Kawean Ri•er---------
-~----do--------------
Santa Ine1. River--------
----do-------------

"'alker ::ire~------
---do-----------------
Darl s Creek--------
-----do--------------
----do---------------
---do-----------
Big ~n '.:reek-----
---do---------
"'rib. or :Osumnel!!I River--
---do-------------- --
.N<"Jrth Yuba 1.iv~-------
~o------------
Bear River------------
--do--------------
Little Stony Creek-----
----do-------------
N. rk. Jenney Creek----
---do----------
Trib. o~ Bu!-ch Creek-----
-----do----------
Little Butte Creelr------
-----10-------------
Stony :'.reek--------
---'.'.!o---------------
N. FK. Cottonwoor:l Creek---
-----do----------------
Eel River--------------
---0.0-------------
Maxawell Creek---------
----do-------------------
lifilliken Craek--------
-----do-----------------
Cnior. Creek, ~rib, of 

Amf>r, ~iver. 

----rlo-------------------
----'10-----------
-----do-----------------
---:::o----- -----------
-----Co----------------
---do-----------------
---do--------------
----do--------------
----do---------------
----"0----------------

Sanger, Calif.-------
----:::10-----------
----do-------------
3alinas, Calif.-----
----do-------------
---do-----------
----do------------
Santa Barbara, CAJ.it. -
-----do----------
-----do------------
----do---------
-----do----------
Piru, Ca.1.if.-----
----do-------------
Porterville, Callf.--
-----do-·----
-----do-------------
----2.o------------
Isabella, Calit.---
---do--------
----do----------
Le.,n Cove, :Alit.---
----do---------
Santa Ynez, ::a.11!.--
-----'10-------------

1,542 

216 

425 

393 

2,074 

417 

.13 

.205 

Willits, Cali!.---- 5. 7 
----do------------
----do----------- 5.1 
-----do-------
--io-------------
--do------------
!"rench Town, C&li!.--- 5.SO 
---do----------
3acramento, ~li~.---- 3.12 
----io---------
:a!!lptonv1.lle, ::aU!' .-- 480 
---10-------
A11ourn, Calif.------ 130 
---do------------
St..onytord, Cali!'. --- llflOl. 5 
-----do-----------
Sha sta' Cal if.----- • n 
----do----------
Corning, Calif.---- .31 
---do----------
~ko, Ca.lit.------ ~/B.23 
-----do--------
Elk Creek, Calif. -- l2/l 99 
------io----------
Redding, ~a.Hf.---- 12. O 
---do----------
?otter Valley, Calif. - 283 
---do-----------
St. Helena, Sa.lif.-- .71 
----do----------
Napa., Calif.------ 10,) 
-----do--------
Soda Springs, Calif.-- .19 

--de------------
--do------------
-----do--------------
----do----------- . 413 
----do------------
-----do------
---do---------------
-----do----------- ,65 
-----do--------
-----do---------------

1,.542 

.13 

.203 

§1202.2 

425 

)93 

2,rn4 

196 

5.6 

5.03 

3.05 

479 

129 

98.9 

.68 

.28 

8.08 

197 

ll.8 

.69 

10.4 

.19 

·"" 
.65 

May 1952 
Feb. 1954 .2(.1..8 
Nov. 1956 §/3 
0ot. 1953V 
Sept. 1964 ll 

195llj 
Sept. 1964 1) 
Oct. 1919 
Aug. 1923 
Aug. 19.44 
.... 1956 
.... 1969 
Oct. 1955 

J.83 
21 
11.t..2 
13.5 

Oct. 1965 10 
Sept. 1960 
Nov. 1965 
Nov. 1"67 
Dec. 1968 
June 1953 

5.2 
2.::: 
1.1 

Sept. 1956 •.3 
Dec. 1968 12.2 
Nov. 1961 
Nov. 1967 

1,013,400 
l,01J,2<f0 
1,011,950 

1/9.65 
9.34 

ljB.40 
8.15 

15,290 
lJ,674 

?,720 
14.7''7 

9,654 
101,2(() 

98. 730 
*86,160 

86,160 
83,610 
83,680 

539,665 
539,115 
534,l.65 
149,599 
147 ;099 
20k,B74 Jd.ll. 1953 

Aug. 1969 16.58 ~'2/192,574 

1930 
June 1966 

1924 
19Z7 

~ 1960 
~ 1966 
Nov, 1934 
Oct, 1945 
Mar. 1Q40 
Oct. 1945 
Oct, 1919 
Jan, 1939 
June 1928 
Oct. 193.5 
Dec. 19:'..0 
kov. 1962 

1851 
Dec. 1945 
June 1917 
Dee, 1945 
Jan. 1918 
Jan. 1946 
NOT, 1928 
Nov. 1962 
May 1920 
Dec, 1945 
Dec. 1921 
May 1959 

1953 
Nov. 1958 

1924 
Oct, 1958 

1957 

1958 
1959 
1960 
1957 
1958 
1959 
1060 
1958 
1959 
1960 

)6 

3 
36 
6 

ll 

5.6 

19.2 

7.3 

52 

94 

2P. 5 

28 

25. 5 

34 

1.0 
LO 
LO 

l.G 
l.O 
LC 

LO 
1.0 

313 
2lt 

<)20 
*775 

660 
643 
200 
190 
258 
254 

31, ;oo 
28,893 
8,545 
7 ,840 

gl;o;ioo 
48,940 

130 
120 
190 
182 

3,'n8 
J,648 

_g;50,cxx:i 
4.8,100 
4,300 
4,006 

94,)96 
e6, 785 

is~.o 

181.h 
2,000 
1,988 

.:!_l4 

• ;r;c 
.097 
.cm 
.1)2 
.Cl83 
.Gal 
.009 
.191 
.205 
.186 

.612 

.6l2 

.6ll 

.42 

.JS 

.21 

.41 

.71 

.681 

.681 

.b60 

.o61 

.81 

.81 

.803 

.389 

.)82 

.10 
.07 
.12 
.29 
.24 
.24 

.so 

.29 

• 248 
.228 

C)9 

.03) 

.OJ) 

.032 

.042 

.026 

.026 

.0:2 

.062 

.067 

.061 

•62 
•62 

52 

*62 
*62 

*62 

"'7, 5 

•so 
so.J 
44. 7 

*70 

*70 

55 

54 

78.3 

4B.8 

54 

73 

.04 

.29 

.23 

.lO 

1.96 
2/L47 

.4) 
LBS 

.SS 

*O 
3.244 
-.163 

.CYl4 

.186 

.745 

lQ/3. 79 

54 
)92 

325.6 

lU.6 

"Q 

4,3~3 
-218. 7 

100 
252 

1,006 

·"" 1.063 

.63 686 

. 56 642 

.069 67.Z 

.217 217 

.21:34 433 

.749 1,140 

"Jl/.37 l.1/443 

.147 173 

.971 1,656 

.307 326 

U/.27 .u/319 

.711 1,161 

.?l 1,129 

.46 

.04 

.074 

.on 

.024 

.1226 

.0004 

.0206 

w.rxm 
.0273 

SGS 

s:::s 

GS 

GS 

BR 

scs 

JCS 

:.s 

&::s 

sc:s 

5CS 

SGS 

scs 

scs 

scs 

FS 

FS 

FS 

l/ Overtoppf"r!. by sed:!,,ment, no meas1.rerne"l.ts taken in ~956; sedimP.nt reooved down +,( original reservoir bot.tom, 
2/ Sediment removed in ~!llller lo<,r - 'lC m"'a.sure>ner.ts tak'Or.. 

l:Y Data at elevation ?48 (hmit of 8-7-'J9 eurvey), Spillway crest elevation 75(' rt. 
g/ ifa.tural drainage area. Plow divert - ~ into the reservoir from Stony Gorge 1' Last data for wh~ch s.i:rr::.fica..-,t. "ata are "l.Vaila.ble; >-eserv•::.r irore!"ativ<"' :n+1l 19"'": •"Jen 

sediment was rel!'Oved, 
4/ Losa of sediment not 11.nicl;_ca.b:e ...atershe1~ a3 a '6clE". 
3J Period of abnormal cm•ration. ~ er-,,sents C,) year o'. sedimert accumulation beh~.nd rortitlly 

clo'ler1 i;;ares anri l. 5 years o~ sediment :e::letion with WJ..r\e open gate'-. ::iediment valu"< is 
re:sidue 1:1.t end of oeriod, 

§/ ::J:enresents sedimP.ntatlon for 3 ful:;_ runofi' year9 because no sigrnficant :!.nf':o..,. occurred from Oct, 1, ".9~3, 
•o Ft"h, 11, 1054, or from Oct, 1, 1956, ro Nov. 15, 19"..6. 

'.:._/ Original caoocity 1eterm::_ned from 1965 survey. 
Y Original caoacity determ.1.red from 1964 survey. 
J/ Errec:tive dr1nnage area orior to 1931 was 216 'lq. m_1. There 11rter 202,2 sq. m. 

':!rainage basin art er l Q14. 
g/ Spillway elevation (flashboard crest elevatior. 50,?00); ·r_r-,,: '!iater-Sup~ly ~a:er 179f3S, 
1:l/ Based on the m1.tural drainage area. 
-g/ Excluding J sq. "Ii. above ?. G. & E. Canal. 
Ji/ The natural dr&i_nage area less area above East Park Reservoir. Flow diverted !"ro;:i the 

basin to Ea.~t Park Reservoir after 1914. 
d:J U, S. Bureau o:' Peclamation capacity cul""V'"' (3-31-1.-5,, U-JG, water-Suprly ?a~n :i..635 

001rt II., 1798-F, 
}]/ Net sediment bss - treated aB O ga::.n. 
* Estimated or assumed. 



1-rj 
I 

-.;) 
N) 

DATA 
SHEET 
MUllBER 

72-lt1a 

72-20a 

72-ll 

72-22 

7>-2J 

72-24 

72-2'5 

72-26& 

72-'na 

72-29 

72-)0 

72-Jl 

73-1 

7J-2 

71-J 

n-• 

RESERVOIR 

Oll1.oa Creek llo. ~-----

-~----------
---d~-----------------
OniCll'l Cl"Mlr No. 7-----
----do---------------do---------------
lAc Tr.rt.adue---------
--do----------
Ruel 11111-------
-----do--·--------------_ __..,__ _______ _ 
lf1el.90ft-----------

Leo Pr-ediani------

CallpW CPMir; - Sou.tJi. Fork-

------------do--------
-~-------

--rto---------------do------
-~------------
A.pw Cr-..ir: - Jlol'"th P'ork-
--do------------
----<io--------------------do-----------------
---do---------
--k>-------------------------------
-~----------------
--~------------...,,.,.,.._ ___________ _ 
--------------
1.&q Creek-----------
----do--------------------
Applr..on------------
--do-----------
M. S. WU.on-------------
--do-------------------

""1,vant Gap----------
--------------
Co)'Oto c..- ,, ________ 
--do-----------------do----------
----do--------------
----<lo------------
---do-------------
Co)'Oto c ..... 12-----------
-do--------------------------------rte>----------------------1,..._ ______________ 

----do-----------------
Ga7ttt• c ..... 13------------do-----------------
----do------------------
----<io------------------
----1o-------------------
--<ki-------------------

SUllllARY OF 

RESERVOIR SEDlllENTATION SURVEYS ltADE 11'1 TIIE UNITED STATES TIIROUGll 1970 

STREAM 

On.ion Cr Mk, tl'"!b, ot 
1-1', R.1Yft'. 
-----·------·--------do------------------------------· 
~--------
Trib. ot DrJ Cl-Mir:-----
--d:>--------
-~-------

-------------------
T'1'1b. ot Smrt.a Ro• Crffk:-

5-Ym O.Jn c...,. ___ _ 

Ca9Pft'C1"'Mllr:----
--d<>o-------------------------do---------------
--do---------------
----do---------------do----------
--do------------<io---------------do---------
---do-------------
--~---------
----do---------
---do-----------------da---.----------do----------------do----------
Virgin Cre.ir:-------
-----do---------------
Laa1 Creek-------
----do-------------
""'-d-------------
--do----------------
Bouma Gl:llch-----------
----do-----------

""1.,-.nt Creek-------
---~----------
T1'1b. South u_,,. !U.Ter--
----do-----------do------------
--do-----------
----do-
----do----------
----do---------------do----------
---do-----------
---1o------------------00----------
----10------------------
-----do----------------do----------------
--do------------------
-----do--------------
-----do- ----------------
-----r1.o------------------

NEAREST TOWN 

Soda~. c..i1r.-

---do------
------
---~-----
---do-------
GqMrrill•, Calil.-
---do--------------
Clo"'2'dal•, Cal.it.---------Santa·-· C&llt.-

Be.idmv&, Callt.---------
Ca.per, Cal.11.---
--dc>-----
-----------
----do-·-------do----------1o--------
---do----------do---------
Port Bragg, Calif.-
---do--------
---do---------------do-----------
---do---------------do--------
---Oo---------
--~----------<to---------
P'ort er-.. CaJ.11.-
-do---------
Philo, C&lU.-----
----io-----
Healdsburg, Cal.H.-
--do---------
Gual&la, Caltr.--
----do-----------

Aehland, Oreg.---
--do----------
Tiller, Oreg.----
---do-----------do--------
---do---------
--do---------
---do-------
--do--------
---do----------

--do---------
---do----------
--do--------------do---------------
----do------------
----do--------------
-----do-----------
-----do-------------
----1.o-------------
----do-------------

~ PERIOD STORAGE 
DRAIN AG~ AREA I DATE OF BETWEEN CAPAOTY 

(SQUARE lllLES) I SURVEY SURVEYS I (ACRE -FT ) 

I (YEARS) 

TOTAL 

0.39 

·"" 
.0'18 

.175 

1.69 

.l.S7 

.594 

1.63 

1.92 

.oei. 

.660 

.166 

.285 

61.6 

.2"7 

.264 

.192 

NET 

0.39 

·"" 
.on 
.17) 

1.68 

.184 

.592 

1.6) 

1.92 

.OSJ 

.66) 

.161 

.28) 

61.2 

.2"7 

• 264 

.192 

1957 

19511 
lffi 
1960 
19511 
1959 
1960 

.... l96l!/ 
o.t.. 1965 

""'· 19601/ 
""'· 1965 °"'· 19511!/ 
-· 1965 :::: ~ 
o.t. 19'0.V 
Clot.. 1965 
r.u 1962 

l.O 
l.O 
1.0 

l.O 
l.O 

-1963 ·"° 
-1964 1.0 
-1965 l.O 
-1966 l.O 
-..1967 1.0 
-1968 1.0 
-1969 l.O 
s.-r 19'?0 1.0 
r.u 1962 
-1963 .711 
-..1964 1.0 
5-so 1965 1.0 
-1966 1.0 
-1967 l.O 
-1968 1.0 
~1969 l.O 
-19'10 l.O 
JlllJ' l~ 
Jlll.7 1967 1) 
Aug. 1955.V 
Jal.7 1967 12 
.... l9m/ 
Aue. 1967 17 
Jal.7 1952.V 
Jal.7 1967 15 

Oot. 1921, 
Clot.. l9Sl. 27 
J..,. 1965 .... 1966 1.12 ..... 1967 l.01 ..... 1968 l.O 
Jal.7 1969 ... 
Jal.7 1970 .98 
Jmo 1965 ..... 19''6 l.ll ..... 196' 1.01 ..... 1968 l.O 
Jul7 1969 .94 
JlllJ' 19'10 .98 
Jane 1965 .,,,.. 1966 l.ll ..... 1967 1.01 ..... 1968 l.O 
Jul7 1969 .94 
Jal.7 1970 .98 

0.1T7 

.112 

.l<D. 

·""" .075" 
.0723 
.0605 

.l/J.0.)0 
9.116 

1/2l..l0 
21.0lo 

l/54M 
46.76 

3/17.)6 
16.62 

J/6.78 
4.61 

7.J 
7.07 

26.94 
19.50 
25.18 
24.24 
14.06 
13.02 

WR.JOO 
7,500 

1/.019 

1/.012 

l/.OOJ. 

AVG. ANl'I. 
INFLOW 
RATIO 
(ACRE-FT 
PER 
.\Cllt:-m 

o.<>511 

.0)7 

.O)J 

.015 

.025 

.024 

.020 
•.m 
•.2l.l 
•.099 

"·""' •.OZ? 
•.023 

.092 ·-•.010 
•.rxn 

.11 

.ll 

.0)8 

.027 

.l.89 

.132 

* ·°"" •.o:n 

.oom. 

.00004 

.oom. 

"66 

"65 

"?9.9 

"65 

t./trl 

"60 

67 

59 

•60 

AVG ANl'I. 
Sl:WmfT 
ACClllllLA 110N 
PDISQ.111. 
OF NETllll. 
ADA FOa 
PEIJOO-

AC.·"· TOllS 

o.u.,a 
.a.,6 
.l?lO 

.0069 

.om.o 

2.97 

.~ 

·"' 
.96 

. .,, 

.05" 

.oae 

.1.39 

.119 

.Clllll 

.OSJ 

.14) 

.091 

.0)9 

.au 

.425 

.491 

.cm 

.O)J 

.242 

.1.U 

.2l 

.94 

.)7 

.24 

.za 

.0052 

.0005 

.0016 

.0002 

.cm9 

.00:11 
.000) 
.ooci.. 
.0002 
.ooci.. 

.OU? 

.002 

.0023 

.cm 

.0057 

··-~ 
l,186 

l,J5'J 

l,.,., 

ZT4 

l,)72 

475 

ll4 

AG!MCY 
SOPPLYING 
DATA 

.. 

.. 
s:a 

!!CS 

!!CS 

""" 
""" ... 

.. 

s:a 
!ICS 

""" 
!!CS 

.. 
rs 

.. 
rs 



?J-'i 

74-1 

74-2 

n.-J 

'4-4 

74-6 

'74-7 

74-9 

74-10 

-1..-1;: 

74.-13 

74.-14 

?4-15 

74-16 

74-17 

?4-18 

74-19 

Coyote ~reek 14-------------- "'rib. &ut." ,'- o.d 
----10-------------- ----1-- ----
---do------------------- ------1.o- --- ---
---do----------------- --:io------ -
---do------------------ -----rio--------
--do----------- ---do---------

~ondit (Whtte Sal11Xm)-------
----do--------------
Lue Harri'"t (Qa.k '}rove)---
--:10----------------
MeK&1------------------
---do------------------
Cottagi- GroT&-------------
--do------------------
Luther Claypool Pond-------
----do--------------
Paul Jal!ga.r No. 1 f'ond-----
----1.0----------------
Paul Ja.eg&r No. 2 Ponc.-------
--10-------------
Paul Jae'!,'.a.r No. 3 Pond-----
---::!.0----------------
J. 14. W11!11Cle Pond---------
---do--------------------
Willard Barnet Pond-------
---10------------------
Arthur Setuaidt Po-nd---------
----do--------------
Rock Creek Improveme:-:t Co.---
----'10------------
'lemon Christ Pond---------
---io---------- -------
Milt J. ".a::-tin Pond---------
-----10--------------------
Hunt LiTeetoc:k Go, Po"ld-----
----::io------ -------- ---
~old Spring3---------------
----10------------------
Dorena--------------
---10--------------------
H, J, Andre"'5 .fl-----------
--do----------------
-----do---------------
---'1o----------------
-----rio----------------~--
-----rio--------------------
H. J. Andrew!!! /12-------------
-----rlo-----------------
----10-------------------
--<io-------------------
--<io----------------------
---do-------------------
fl'. J. AndreWl'I #J-------
----<10--------------------
---r\0---------------
---rlo---------------
----do-------------------
---rio-------------------

iiitnte Salmon Ft- "lr- --
---do-------------
"!'rib. o!' :::1a":..-::io•u- c _ 1-r"-

----do---------------- -
Md..ay Creek.---------- - ---
----d:J--------------- ---
'.}oa~t fk. 'Willuet:e River 
---da----------
':'rib. o! Beaver Creek----
---do----------------
Trib. or John Day Rinr---
----- 10------------------
'!'rib. o!' Rock Creek---
--do--------------
Trlb. of Jo~ Day Rinr--
-----1o----------------
'!'rib, or De!!!chutee River--
----do-------------
Buck Creek---------------
---<io---------------
Trib. or Buck Creek------
--<10-----------
;rib. of White River----
-----10----------
F'in Mile :reek--------
----do--------------
~J.11 Creek----------
---do------ --------
Trib. er Buc:k Creek------
----do--- ----- -----
Cold Spring"l Ca.nyon------
----10----------------
~.ow Riv:----------------
----c.c- --------------
Trib. B"!_...ie River-------
--do-------------
----do--------------
-----do---------------
---do---------------
--- 40----- ------------

----1c--- ------------
---r!o------------
----do-----------------
----".!0----------------
---do-------------
-----do---- --------- -------
-----<10---------------
--rlo----------- ----
---10----------------
----do- -----------
-----do---------------
-----10-------------

:u1er, Oreg.--------
-----do-------------
---do-----------
-----do---- ----------
---10-------------
----do----- -- ----

n1e:-lo'OC'~, 1a.sr..-- - --
----'1 --------------
?ortland, Jrt>i<:.--- ---
--10---------------
P.-ndle":.··n, •""r.,it, 
- ---jo----

C' ~aQ;e Gr"'""'". 
-----do---
Po9t, Or<..?,--- -
--cto-------
..:Ondon, Creg.-- -
-----do------- ----
-----do---------
---10------------
--'1<>------------
-----do-------- --
Moro, Oreg.--- --
·----10---------
Kent., Oreg.-------
----do------ - ----
Shaniko, Oreg.------
----do-----------
':'ygh Valley, Vre~.----
----do------- ----
Dufur, Oreg,--------
---- io-------------
Thi- Dalle~, Vre~.-----

----- ~o--- --------
Shaniko, Oreg.------
-----"!)-------- - ----
Col..::1 Spri "1!;9, Ore~. ---
--... ')-----------
".:ott;i.ge Grove, 0!"eg.-
-----do----------
3lue River, Ore15.---
----do----------
-----do-----------
--do------------
-----do----------
--rio----------
---do-------- ·---
-----®--------------
---do-----------
-----r\o------------
---10---------- ----
-----'io----------------
----do------- -------
---do-----------
---do------- -----
-----do-------------
-----do--------------
-----do-----------

.188 

126 

186 

104 

.250 

l. '° 
.210 

s.62 

.009 

.mo 

.050 

BB 

265 

,)7 

.)91 

337 

126 

184 

107 

.rna June 1965 
Aug. 1966 
Aug. 1967 
Aug, 1968 
JW., 1969 
JW., 19"0 

191) 

l.ll 
1.01 
1.0 

• 74 
.98 

..,, 1936 2) 
Aug. 1924 
Aug. 1948 2.4 
O:::t. 1926 
July lq46 19. 7~ 
Oct. 1942. 
Dec. 1947 5.1 

1.09 1946 

.b2J, 

./.+67 

.2J,9 

l.50 

.209 

,114 

.05v 

180 

262 

17 

.233 

.)91 

Oct. 1951 
P4J 

Cc:t. 1,..51 
1946 

Jct. 1951 
1944 

Get. 1951 
1946 

Oct. 1951 
1041 

Oct. 1951 10 
19 ... 0 

Oct. 1951 ll 
193~ 

Oct.. :. '151.Y/ lJ 
1?41 

Oct. 1951 lC 
1944 

Jct, 1951 
191...2 

0ct. lQSl 
I- ~b. lq(}8 

May 1951 ... J 
Jc:t. 1949 
Sept. 1958 B.q 
/lug. 1%5 
Aug. 19'i6 l.'.:5 
July 190/ .92 
-,...ig. 1900 • 99 
Aug. 1969 .84 
fJ..,,y. !YIS .96 
Aug. 196) 
Aug. 1966 .98 
July 1Q6'1 .. 92 
Aug. 1968 .99 
Aug. 1969 1.0 
Aug. - 970 l. 0 
Dec:. 1965 
Apr. 1966 .Jl 
Aug. 1967 .97 
Aug. 1968 1.0 
Aug. 1969 1. 0 
Aug. 1970 ,96 

v-

9/l,Del 
.o;../ l,054 

256 
252 

"1, 737 
"J,471.. 
·3,000 
32,873 

3,79 
3.59 
1.82 
1.40 
).19 
2.51 
J.04 
2.81 
1.08 

.9? 
2.91 
.2.41 
2,00 
1.9? 

250 
247 

1.61 
1.39 
2, 72 
2. SB 
2.25 
2.15 

49. 709 
44,008 
?? ,,500 
77 ,150 

21.12 

:;'./.061 

.001 

.001 

*.165 
•.104 

.11..J 

.142 

.0001 

.0001 

.oooos 

•/,/) 

'70 

'70 

'70 

""0 

78 

.0094 
,0009 
.0027 
.001 
.0049 

.004 

.0013 

.0'7 61 

.244 

.037 56.4 

.ces 1)() 

.299 456 

.12 183 

.01 15.21.. 

.24 )66 

,OJ 45. 73 

.0..5 68.61 

.227 ).46 

.29 41.2 

.20 305 

.6J l,C?O 

.150 

.011 

.214 

.243 
• J)2 
.()q5 

.OJll 

.XlJ 

.Cl5"' 

.01S5 

.054 

.cu 

.10 

.rn6 

l/ Origina.l ca.radty determined by 1965 su.rve7. 
2/ Original -::a~city detenu:rted from 1964 aurvey, 

fj ~~!~:; ~~~~~;~~r\ o~~~~:; ~~~~u;~~~ ::;~~;. 
-:;apa.dty .:ihmm is for an ete·,a.tion '~ ft. \..if'low spillway ~rest. 
Total capacity w:th nashboaM~ "' Cl 21 3.c.-ft. 

Y Based on origina.3- top'.Jgrar'iic survey, believed to b~ unrelia.ble. 
1) Sediment mf'asured and re!l\Ov~c ceriodical]y. 
<l./ Da;n was raised <:.: fP'"t in 1927. 
2J. Built in 1941. Re~ervoir Wll-S thoroughly ci.,,ar.ed in 1<;145. 

:::stl11dted. or asgumed. 2_1 Original capacity determined from 1967 survey, 

scs 

scs 

scs 

scs 

s:s 

scs 

SGS 

scs 

scs 

scs 

scs 

scs 

SGS 

scs 

scs 

FS 

FS 

FS 



DATA 
SHEET 
NUMBER 

75-9 

75-10 

75-ll 

75-12 

75-lJ 

75-14 

7<-lS 

75-16 

75-17 

75-18 

75-19 

75-20 

75-21 

75-22 

I 

RESERVOIR 

Dial>lo-________ 
Ri&ll ,all.,-.._ 11 Pand-
-do-
Ri&ll Vallq Ranah 12 Pond-----H~ Vallq Ranch f3 l'<>nd------------
Jler.!'J' Cl9Tf Pcindi 
--do----------
Cotrin l!heep Co. l'md-
-d~-

ro:zCNoic-----------------
--do-
-ddco>-----

---do-·~-------
---dodc>------Bvn.,.___ ________ _ 

--do----------
----do------·~--------------------------do-----------
--d~--------
McC ...... 
--d!o----

-----------------do------------
--~ -------------do-----------erut..------------------------
Ll•""117n----------------------
Schviaov-----------------
--do-------------
Ru Lrle-----------------------
Schoealer----------
--do------------
John Lendo (Pl! 90, 9LK. 81)-
-------------
Shatter---------
--------------
Sun Spiced Ro. 1------
-------------
-Spiced No. 2-----------do---------3hetr.1s-----------
----<1o-----------
Teled<7----------
-do-----------
Terwilliger (P'U 273, BLI'\. 1)-
---:!o------------ --
--do--------------
Rob7--------------------
---do---------- ---

I 

i 
I 

SUllllARY OF 

RESERVOIR SED!llENTAT!ON SURVEYS MADE IN 1l!E UNITED STATES tl!ROUGH 1970 

I I I 
I 

I PERIOD STORAGE 
STREMI NEAREST TOWN DRAINAGE AREA I"'"' '"""' C>e>OTI 

(SQUARE MILES) 

I 
I 

"""" """""' I """ _.,.' 
I 

(YEARS) I 
TOTAL I NET i 

CCl.Ull!IA llIVER BASDI (G!Wll COIJUZ 10 l'llATIIU) AllD P<CIP'IC OOlST DlllJMGE Ill lWllillJIOll 
Yald.111&~ Cit.el.an> and Okanogan Rber Basin• 

Skagit 'li•er-------
Wenae Crecilr;-----
-do-------
--do----------
--do------------do-------
~ Gn.n Crffk-----
---do-------
laohea RiY 

-·~----· , . ..,. _______ . 
--do-------------------do------

--!11>----------
Burn 
--do--------------------do-------------do---------
---®---------~-----------
McCree---------
--do---------
--do-----------
--do----------
~--------------------------------Trib. Whit.._ ____ _ 

--~----------
Trib. Goo9&----
---<l 
No name-------------
---d.o--------
--do-------------
--do--------------------------------------
~---------do---------
--do-----------
--10---------
--do--------------
-----d.0-----------------
--do---------
-----:10--------
--do--------------
---do----------- -----
Trib. Crab--------
---do----------------
No Ha.me-------------
-----10------ -----------
----'10----- -- ----------
Goo~e Creek---------------
---do------- -----------

Bellin@jwo, """"·---Yald..a,Waolt.----------
Zllmsburg, Va.ti.--------------------------
Ialda, Walh.--

~, Wub.---------· --do-------
~----------------
--do---

------------------------------do 
----------------------------do----------do------
1uburn, 'llalh.-------do-----
W'Ubur, W.eh.----
--do 
Rit.::rtlle, Wa.sh.----
---do--------
--do---------
--do-----------------------do-----------
Moses Lake, Wash.----
---~-------------do----------
----do------------
---do----------
--do-----------
----do-----------
--do--------
Wilbur, Wash.-----
----10------------
Edwal.l, Wash.-------
-----do-------
Warden. Waah.-------
-----'io------------
----do---------
Dave.ncort.. Wash.-----
---do-----------

1,100 

4.ll 

.J.84 

.JJ.2 

6.~7 

.1,82 

1.82 

2.18 

l.98S 

.475 

1.25 

i..15 

.71 

.Jl 

.092 

.J56 

.17 

.80 

4.n 
2.26 

.05 

4.10 

1,100 

4.10 

.184 

.Jl2 

6.i.7 

.480 

l.82 

1.985 

.11 

1.25 

4.15 

.71 

.31 

.092 

.J56 

.17 

.80 

i..n 

2.26 

.05 

3.85 

1930 
Jw.,. 1936 

1939 
Oet. 1951. 

19!.1) 
Oct. 19" 

191., 
Oet. 1951 

19"6 
Oct. 1951 

l9J9 
Oct. 1951 
-1965 
-.1966 
-1967 
-1968 
-1969 
-1970 
-..1m 
-1965 
S.-.-1966 
-1967 
-..1968 
S.-1'169 
-.1m 
-1971 
-..1965 
S.-r 1966 
s.-r1967 
s.-r1968 -r 1969 -r 1"70 
S..-.-1971 

M&y 1967 
June 1970 
July 1957 
July 1967 
M&y 1959 
May 1969 
June 1959 
M&y 1969 
J- 1951 
May 1969 
Jan. 1970 
Sept. 1970 
June 1958 
Nov. 1970 

1969 
Sept. 1970 
Jun'- 1969 
Sept. 1970 
Apr. 1963 
May 1969 
Apr. 1957 
June 1964 
Apr. 1968 
Dee. 1968 
Dee. 1969 

1938 
A.pr. 1969 

u 

u 

12 

10 

10 

10 

18 

12 

30 

89,.220 
SS,862 

8.6l 
7.63 

.51! 

.51 
1. 53 
l."2 
2.38 
2.02 
2.6] 
2.47 

!I-

!I-

y-

6.n 
6.38 

17.52 
s.i.z 
J.54 
0 
2. 75 
1.66 
2.24 
0 

y-
y
Y-

Y--
5.1 
.85 

13.43 
0 

y--

22.91 
2.56 

CAPACITY 
AVG. ANN 
INFLOW 
RATIO 
(ACRE-FT. 
PER 
ACRE-Fr) 

.Ol 

.009 

.26 

.lJ 

.04 

.2 

.12 

.3' 

.02 
.003 
.09 

.10 

.01 

!iPEOFIC 
•EIGHT 
DRY) 
LB.PER 
tu. FT.) 

*?O 

"70 

*?O 

"70 

"70 

uo 

110 

uo 

*60 

*1lO 

*70 

"80 

*60 
*i>O 

"70 

A\IG. ANN. 
SEDlllENT 
ACCUMULATION 
PEB SQ. Ml· 
OF NET DR. 
AREA FOR 
PERIOD SHOWN 

AC.-FT. I TONS 

0.054 

·°" 
.o:i 

.01 

.027 

.rxtl6 

.0076 

.0022 

.0076 
0 
.om 

0 
0 
0 
0 
0 

.o 

.o 

.o 

.0 

.o 

.0366 

.0165 

1.65 

• 73 

.09 

.155 

.4!) 

.8 

.28 

.TI 

.s2 

.15 

.85 

1.4 
8.6 

.175 

10.49 

61.0 

1,6.0 

15.24 

41.16 

18.4 
18.4 

5.J 
18.4 

0 
1)6.5 

0 
0 
0 
0 
0 

87.9 

c 
0 
0 
0 

39.7 

2,156 

l,272 

156.8 

no 

6'16.8 

954 

680 

229 

1,829 
ll,2JS 

266 

AGENCY 
SUPPL"l'IN 
DATA 

scs 

s::s 

SGS 

scs 

SGS 

scs 

P'S 

scs 

s:s 

scs 

SGS 

scs 

scs 

SGS 

SGS 

scs 

scs 

scs 

scs 

SGS 

G 



OCK.UlllIA IIRll llASill ( ~TIOllAL lOllmo\n ro GIWID COOi.ii!) AllD PACIFIC COA.sr -DUGE DI liA.SHDCroll 
hndorlel.le, Spobne, Walla w.lla, and I.ower Snake ll.11"91" Ba.d.nll 

"6-.J. --..... 1_ A.tin c..- Amt.in, Waah .. --- .129 .J.21! 1945 1.45 scs 
Sept.. l9Sl 6 l.:O *'10 .)l. l.?3 

76-2 ..... w.tn •· 2 Pun!--- Tril>. or A..Uo C"*-- ,21.8 .217 1111.S 2.54 scs 
Sept.. 19Sl 2.14 *'10 .)l. 47) 

76-3a w-.- ... 1-- -'-ia c..- •.• s. l'mt:- .101 .100 1111.l 1.45 scs 
Sopt.. l9Sl 10 l.18 *'10 .27 4,ll6 

~ 1-w- ... 2- u.1·- .125 .125 194SJ/ 1.21 !!CS 
s.pt. 1951 .69 *'10 ·'° 1,067 

76-5 O..llolt- L&t.11 C..- ........ 17.-.--- .no .109 1111.4 2.3) scs 
Oat.. 19Sl 2.ll *'10 .12 ]A) 

76-6 ~T.-l'enl Trib. of CJ.arwter 11'1'11!"- Lewi.st.Go, Idell c .OU. .QlJ l'illoi> 4.22 scs 
Sopt. 1951 J.87 *?Q 5.38 •,20C 

76-7 

... ___ 
ci-ta-ltha" Oron...,I-- .021 ·°"° 19'6 2.54 scs 

s.pt. l9Sl 2.12 *?Q 4.20 6,40) 
76-8 --·-- .. Phrc•, IdlUo--- .015 .au. 191.5 4.58 scs 

Sept.. 19Sl 6 4.loO "'° 2.14 J,26J 
76.-9 ~--

Paloue u ... Potl.atcm, Id&ha .021 .020 1943 2.n scs 
~. 1951 e 2.52 '?Q 1.20 1,8)0 

76-10 -..-- HarYU'd, Idaho .QIJ .a..2 1111.l 2.49 scs --- s.pt.. 1951 10 2.u "'70 .19 290 
76-lla J-lol-- Deol7. Id& .<ll.4 .012 191.) 5.lh scs - Sept. 1951 e 4.'1'1 *?Q 2.0 J,°'° 
76-12 ... ~- .ou. .014 191.4 l.29 scs -- Sopt.. 19Sl 7 l.2J *?Q .64 976 
76-13 A. I. T....q,_ ci.,...t.w 11• .. Pierce p ldallio--- .Cll4 .014 1931 .eo scs ----- 3epl.. 19Sl 20 .62 "'IC .64 m 
'16-14 ""11a ""11a 11 ..... - *lla lloll& Iii Msll.ia~ Vub.--- 1,760 l, 760 ... 19') 9,61!8 .o;n Cl ...,._ir --- lloT. 1956 J.61 1,m .017 "'75 .l,05 662 -- 1958 2.00 5. ';UI .013 ."84 7'A - -· 1960 2.00 4,6~ .au .255 417 

Sept. 1961 .!I) J,569 .ooe .744 l,Zl.5 
do ------- Sept. 1962 1.00 3,458 .roi .m U9 

1-'rj Sept. 1963 1.00 2,911! .007 "'75 .W/ 501 
I ------ Oat.. 1964 1.08 2,874 .an .023 38 ----- J'OlJ' 1965 .75 1,912 .OOI. ,Vl..027 ~.678 -;i 

Qi 76-15 lldJI ,._ - Cr- lloreoCNoll EUr: Cit.7, Id&hc:r-- 6.51 6.51 Oat.. 1965 !/.OKI PS 

------ Oct. 1966 *<JO .0024 4.8 
Oct. 1967 *<JO .0064 12.9 
Oct. 19611 *<JO .0024 4.7 
Oct. 1969 *<JO .OOl.J 8.5 - Oct. 1'7/0 "90 .0048 9.4 
Oct. 1'171 *<JO .Cll34 26.2 

76-16 _,_...._c....i.--- East 1'ork Roree CJ"Hk-- 5.56 5.56 Oct. 1965 !/.OJ9 rs 
Oct. 1966 *<JO .0022 4.1 
Oct. 1967 *<JO .OOS6 u.o 
Oct. 1968 *<JO .0016 3.8 
Oct. 1969 "90 .OQ2<1 5.6 
Oct. 1'7/0 *<JO .00!.5 1.8 - Oct. 1971 *<JO .OCflO 13.7 

COLlllllli llll!ll 86SDI DI CAJIADA 

71-

SIUll IUY!R BASill (l"IO! UIC Hlll. ro GIU-~ Rr¥12) 

79-1 Or-..s lndl.on c..- Boi .. , Idaho---- 1,J 42.8 1892 4,TJ7 scs -------- ...... 1947 55 4,666 .OJ 
79-2 Blaall: r.-.;ron ~t.eMftl' x-et.t, Idaho 2,750 :,/ 2,5¥1 J..,. 1924 37,659 .017 scs 

"- 19J6 12 JJ,622 .015 .132 
79-3 l'l•oont Val.14'1 Bl..uk' s Creek BoiH 1 Idahci *16 •16 1905 7,fl<TI SC5 

--do--------- ------- J....., 191.7 42 7,8SS .063 
78-4 A............ak-Boi .. Project--- BoiNJliYer------- ----- 2,211 2,170 Fob. 19l5 279,250 .l.86 BR -- - ------ Oct. 191.? 32.6 271,550 .181 Tl .109 17).J 
79-5 And7 Ande:ra>n POl!d Vester 11Yer----- c..bridge, Idaho-- .614 .590 1905 104.20 scs 

Aug. 1951 46 100.67 "'70 .136 NI 
7B-6 Nllt.on Bnnch - Trib. of Veater Jliyer-- ---- .436 .424 191,D 44.49 ----- --- Sept. 1951 ll 43.24 "'70 .259 395 

~ Seidt.mt -.sured and r_,Tild periodicall7. r Inclw188 aboY• crest deposits vit.hin original now lines. 
Deeiltina' structure far r.t.um irrigation water. Doea not include draina&e area aboTe P'llTet" L&lce~. 

JI Built 1941. Resenoir was thorou.ghly cleaned in 1945. Zst.1-ted or asat.-:t.. 



SUllllARY OF 

RESERVOIR SEDIHENTATION SURVEYS llADE IN 1HE UlllTED STATES 111ROUGH 1!170 

CAP.llen-t 
AVG. ANJI. 

I I ~ 
DATA Pl!:RIOIJ S'l'ORAGE AVG. ,\NN ACCIAIULA'OON AGl!ICY 
SHUT RESERVOIR STRE.llll NEAREST TO'IJN DRP.INAGE AREA DATE OF BETWUN CAPAClTY INFLOll PD\ SQ.1111. SUPPl..YllCG 
NUllBER (SQUARE IDLES) SURVEY SURVEYS I (ACRE-FT.) 

IAm OF NET DI. DATA (ACll£.FT 
(YEARS) I PER UL\ FOi 

I ACllE-f'D PDUOI! SHOWN 

TOTAL NET AC.·FT. TONS 

SIWQI BI9D ""'111 ("""'(!JIG liilJ. "' - .... !Ula) (Coat.~) 

78-• .. .. ~?end--- Trib. or hctc:r a1,...__ ~. Idaho-- 0.54) o.S)ll l~ 17.SI! 9CS 
---do------ --- ---- ..... 1951 16.17 "JO o.~ J66 -- lf!.llor~~ LitUe Willow Cr.Mk-- ~·· Idahcl .21S .217 1945 2.90 9CS - Sopt. 1951 2.71 "70 .u1 224 

78-9 1'11.n r.wles P TPib. or 1o1 .. liftf'-- Boie.~ Idaho 1.61 l.61 l'JU 7.82 9CS 
-do s.,.t. 1951 10 7.52 "'10 .02 )O.U 

78-10 L&eldn Pond ~-. ~ .19) .191 l'IU .. 54 9CS 
--<to--------- ---- Sept.. 19Sl 10 .. ~9 "'10 .05 "·" 711-ll "-1 Sprir ... Pond----- ----- l.07 1.06 19)9 12.18 9CS --- ---- Sop\. 1951 12 U.8J. "10 .03 .. s.n 

7l!-12 J. J. Colt.on Pend '!'rib, or ?olllUer R::her-- bat.in&, a..;,.--- ·- .483 1'139 l.CI! sea ---------- ---- °"'· 1951 u .84 "?Cl .04 61..0 
7t!-13 'llla.*1n• Pord lo. 1----- Tri.b. Of ~ Cn«-- -tall,""'«·-- .12 1952 l.56 SGl! .... 1956 l.52 .m 
7l!-U HalllktJa• Pend !lo. 

, ____ 
.21 1952 6.'14 sea .... 19'6 6.76 .17 

'18-lSo -- "1beaton Cntdl: u..o 191.11 52.:n scs .... 1956 Jl.9'7 .a 
?l!-16 1-l C"'9k Seds.-rt U.U.0.---- Trlb. SUWJ" c,.... ___ ea..-, l'.dah<>-- • 098 .O\li! ...... 1%5 ]/.Oat rs - J- 1'61> .80 .0002 ·- 1967 .98 .a:m 

~ ---- --do-- Jui, 19'>1! 1.09 .0047 
I - --------- _.,. ...... 1"'8 .35 .OOOJ 

-.::i -------- J- 1969 .60 .0409 ------------ -------- - ..... 1969 .21 0 
Cl'> 

___...,_ _______ --- ------- •>U.7 1970 .84 .0191. ---- --do <Sopt. 1970 .21 0 
78-17 Gcntrol Creek !\ed.~ D....-- --do-------- ------ ,775 .775 .... 1965 y.013 P'S ---- --- ·- 1966 .79 .0002 - ·- 1'167 l.O .oou - J>U.7 19'>1! l.07 .0006 ---- -- -- -· 1968 .)6 .oou ---- ---- J- 1969 .62 ·"""' -- ...... 1969 .17 0 

---di>-------- ·- 1970 .83 .0028 --do---------- --------- ....... 1970 .21 0 
7l!-18 Cabin Cretlk Sedimnt ~ .J,IJ .J,IJ '"17 1965 y.046 rs -------- ------- J- 1966 .rr .0002 __ ..,____ _____ --- J- 1'167 .99 .oooo --- -------- --- •>U.7 1968 1.07 .0028 

-do------ ----------- ----- -- 1968 .37 .OCl!l ---------- -------- Jane 1969 .60 .0416 
----------- -®---------- "'«· 1969 .19 0 

--do-------- J..,. 1970 .82 .0162 
-do - --- Sept. 1970 .21 0 

78-19 D:lteb Creek Sed.i•nt 0..-- ~------ -------- .u .u ...... 1965 y.023 rs -- ---------- --do .... 1'61> .1s .0006 --- ---do--------- -------- ·- 1967 1.0 .0107 ------- -do-------- ----do------- J>U.7 1"'8 1.()7 .0039 -- ----do---------- ---do-------- -· 1968 .)6 .002 ------- ------ J- 1969 .56 .067 --- -- --- Aog. 1969 .2) 0 -- -- Jw.o 1970 .82 ,0214 
--do---------- --do----- ...... 1970 .21 0 

"11!-'0 -c• CT"9C s.u.-nt 0..--- --do---------- ----------- .75 .75 .... 1965 J./.0207 rs -------- --do----------- ------- ..... 1966 ·"" .0103 
---do----------- -do-------- ,,.... 1967 ,9£ .007 

---do--- -----:lo--------- ------ J>U.7 1"'8 l.oe .OOOll --do--------- -~----- Dot. 1968 .JO .0177 ----------- --do----------- --do-------- ,..,. 1969 .60 ·"" --------- ---do-------- ---- .... 1969 .24 0 ------------ --- ---00------ ,..,. 1'110 .82 .0276 __ ...,.,___ _________ 
---do-------- ---do----- Sept, 1970 .21 0 

711-21 "1)• CNH!k Sed.1-nt Daa---- --do----------- --do--------- .47 .J...7 dulJ' 1965 y.011 rs 
------»-------------~- ----~----------- ---<!o--------- ,_ 1966 .85 .0017 
----tio----------------- --do-------------- ---do------ ,,.,. 1967 .99 .OlS? 



--do--------- ---do--------- Jul.7 1968 1.09 .oo:z 
---------- ------- .... 19'>8 .Jj .00)6 

----------- """" 1969 • '57 .CD. • ------ --------- -~---- Aag. 196'1 .22 0 --- -------- J- 19'10 .82 .cm5 -- --- ....... 1970 .21 0 
78-22 ~o c..-....-.. ...,__ .5 .5 .... 1965 !/.013 P'S 

J- 1966 .81 .Oal.2 

---------- -- ---do--------- J,..o 1967 l.Ol .(1)51. 

-------- ---do------ J"1,f 1968 1.08 .cau ----- ------------ __ ,.,.. _____ .... 1968 .35 .OCD.2 ------------ ---do J,... 196'1 .58 3/0 --- -------- -~-- Aag. 1969 .21 0 --- -------- ---do------------ J.,.. 1970 .82 .<D.) -- ---------- ---------- S..,<. 1970 .21 0 

;HA.<E RIVER B.\Sl.N '.IB(J'{I'; UY}S HilJ.) .lJI) 3ALIDI Riml &UDI 

74-1 Ra.ttlean&Ke htte !'on!----- Bi~ Wood Ri·orer----- Goo1irig, Idaho----- 1..81 i..80 1943 25. 50 scs 
--~----------- ----do----------- --do--------- Sept. 1951 23.89 "70 .~ 6l 

7<>-2 Sal.moc W'&.1111------- Salman F&lle 
c,.... ___ 

ii.ogerson, l<l&ho-- l,560 1,555 1910 '2'1,650 scs 
-·--do------------- --~--------- ----<!o-------- °"'· 1955 .li.5.0 m .212 •jO .0)4 )'7 

79-3 Pionoor---------- ~OYtt Cr..tc------- GlGnns ferry, Idaho--- 18) 18) 190/. 1,261. 9CS 
--do------------- ---do--------------~ ----do-------- Aug. l~ ~ 898 .~ 

?'1-4 Tailholt .•. c ..... Sed,_,t 'tr1b. """"' 
,.,,.. SeJ...,__ hllOlil P1n•, Llaho--- .845 -84 . .... 196? !f.01.64 P'S ,,_ 

--d<>---------- --do-------- ..,. 1968 .7 .. .om 

------ ---4o------------- ---do--------- Oct. 1968 .)4 .0002 -------- ---do---------- ..,. 196'1 .6) .0199 --do---------- ------------- ---«>--------- s.,,t. 1969 .)4 .0017 

---do--------- --~--------- --~------- J..,. 1970 .72 .<D.7 ----------- -----<lo----------- ---00-------- S.pr.~ 1970 .zi 0 
~5 Tailholt .•. c..- '*"-'' ----<»---------- ---do-------- .61 • 61 .... 1967 l}.012 .. 

Du ---------- -------------- ---do--------- llOT 1968 .74 .001.5 
--dlr-------- ---do-------- ---do-------- Oct. 106!! ·"" .OOll6 

t'rj --10 --:io---------- ~------- ..,. 1969 .64 .<D.56 
---do---------- -----®------- --------- Sept.. 1969 .34 ,00/>7 

I ----------- ~---------- ----k>--------- J,,... 1970 .72 .Ol.59 
-:i ~ Ta.1.lholt •c• Se<ii.a!nt "--- Trib. South Fork s..i-- I ellow Pin•, Iri&h.o--- • 556 .548 ...... 1967 l./.Oll .. 
-:i --do--------- ---do-------- ---do------- ~ lo/JI! .74 .OOJ9 --- -------------- ----do------ Oct. 1968 • 54 .om. _..., -- --~---- ~ 1969 .62 .o:m - -~------------- ---do------- Sept. 1969 .rr .0009 

---do------- --do-------- ---de------ June 1970 .72 .<D.)4 
74-7 T&llholt 11&4, Sod1-nt no.-- ------- --do------- 2.54 V2.l0 !/.0552 P'S --- ~-------- ------- June 1966 .64 .0066 

--do-------- --do----- Sept. 1966 .29 .0019 
---------- ---------- -------- ~ 1967 .68 .au 
----do--------- ------------ --------- Sopt. 1'167 .)) .au.a ----------- --do-------------- --tio------ ..,. 1968 .66 .0081 
--do------- ---do------------ --do------- Oct. 1968 ·"" .0002 

---00------- ..,. 1969 .64 .Ol91 ------------- ---do------- ----do-------- Oct. 1969 .Jj .0037 
--~--- ------ ----------- ---do----------- June 1970 .60 .<D.87 

7...,. Circle l!M Cr..it Sedi.-t 0... ---------- -~----- 1.452 l.452 y.013 .. 
---do--------- --------- --do----------- .,,... 1966 .~ .<D.69 __ ,., 

---<!~------ --do-------- Sept. 1966 ·"" .OOl.6 
----do---------- -------------- -----'10--------- ..,. 1967 .65 .Ol.59 

--do--------- ---do---------- Seat. 1967 .J; .Ol.63 ----------- --do---------- --do------------ ..,. 1968 .65 .0052 
---1~------- --do-------------- --1D------- Oct. 1968 .I,{! .OOll6 

---do---------- --do--------- ...... 1969 .54 .QU4 

--do--------- --»---------- ----do-------- Sept. 1969 .JJ. .OOl.4 
---do--------- ----------- ---do------------ June 1970 .70 .0021 

'19-9 Indian Fork-------- IndiM! Pork----- Ririe, Idaho---- 1.6 1.6 1925" J.S •.rxn scs --do---------- --do-------- ----do-------- Sept. 1966 41 1.88 •.004 95.J .025 S2 
'N-10 .... c..- ""°" 

c,. .. _____ 
'-n, Idaho------ 6.76 6.76 194.6* 12.6 •.OOI! scs 

------------- ----do--------- --do--------
·~· 

1966 20 8.96 •.006 79.8 ·= 4S 

PUl!llTO RICO 

eo-1 C..onillas-------- Caonfila11 Ri•er------ Utu&do, Puorto Rico- !>fi,8.9 47.9 J...,. l'lloS ,V50,149 .jU scs 
---<lo------------ ----do---------------- ----do------- lov. 1952 4.3 49,883 .563 JS.l l.29 1,070 

ll Pond .... to toke bedload a&lllplea and organic •tter. 

~ 
C.Onillas extm111on. project increased th• drainage ··- to ss.5 oq. -.1.; pat into open.tion Oct. 1952. 

2/ All Talues lost duo to incorrect ..,...,. ... .-.. .. by 1952 """"'" II Total dnil\!t.'tll for this .... includes drainage for T&ilholt .. 8 and c Creek a art.er 8-22-67. Est1Mted or . ...-. 
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RESERVOIR SEDIMENT 
DATA SUMMARY CONCHAS RESERVOIR 

NAME OF RESERVOIR 47-lb 
DATA SHEET NO. 

I. OWNER~ ·- nf - 2. STREAM Canadian and Conchas 3. STATE New Mexico 
2 

RANGE 26E 5. NEAREST P 0 Conchas Dam 6 COUNTY .c: 4. SEC. 33 TWP. 14N San Mimlal 
Q , 

10• LONG 104• 
. TOP OF DAM ELEVATION 9. SPILLWAY CREST ELEV. 4301 !J 7 LAT 31i. 24 11 26- •• 4240 

JO. STORAGE 11. ELEVATION 12. ORIGINAL 13. ORIGINAL 14. GROSS STORAGE, 15. DATE 
ALLOCATION TOP OF POOL SURFACE AREA. ACRES CAPACITY. ACRE·FEE1 ACRE-FEET STORAGE BEGAN 

• FLOOD CON1ROL 4 218 13.7111 201.83.t 60].112 
a: b. MULTIPLE USE 1 Jan. 1939 
0 
~ c. POWER 

16 DATE NOR· i..I d. WATER SUPPLY MAL OPER. BEGA~ ~ 
a:: .. IRRIGATION 

f. CONSERVATION 4..201 10,073 296.412 399 278 
Jan. 1939 

•· INACTIVE 4,1611 3 620 102 866 102 866 

17. LENGTH OF RESERVOIR Can•"'- 23 
y MILES' AV. WIDTH OF RESERVOIR .4200 f'nntnnP 0.75 MILES 

·fZ II. TOTAL DRAINAGE AREA 7 409 SQ Ml. 22. MEAN ANNUAL PRECIPITATION 16.2 .!/ INCHES 

~ 
0.486:;!7 (66.6) 

-19. NET SEDIMENT CONTRIBUTING AREA 6,976 SQ. Ml. 23. MEAN ANNUAL RUNOFF INCHES 

20. LINGTH 100 MILES 1 AV. WIDTH 73 MILES 24 MEAN ANNUAL RUNOFF 192 200 (66.6) AC.-FT 

;f 21. MAX. ELEV. 13,000 I MIN. ELEV. 4.074 25. ANNUAL TEMP MEAN 49° RANGE 20-76 !} 

26. DATIE OF 
liff, 211. 29. TYPE Of 30 NO OF RANGES 31 SURFACE 32. CAPACITY, 33. C/I. RATIO, 

SURVEY ~ PERIOD ACCL. SURVEY OR CONTOUR INT. AREA ACRES ACRE·FEET AC.·FT. PER AC.-FT. 
YEARS YEARS 

Jan. 1939 Contour 10 feet 13,716 601,112 3.13 
May 1940 1.4 1.4 Range 14 :mngea 699,712 3.12 
June 1942 2.1 3.4 Rance 24ran1ea !185,112 3.04 
Nov. 19·'2 .4 3.8 Ranll! 28raneu 1>81,112 3.02 
Oct. 1944 1.9 6.7 Contour 10 feet 13,349 576,756 3.00 
Feb. 1949 4.3 10.1 Contour 10 feet 13,552 1166,16< 2.911 
Oct. 1963 14.. 7 24.83 Ruip (D) 41lranse• 13,677 5llO, 79t 2.87 
Oct. 1970 6.92 31.76 Contour Ii feet 13,664 528,9111 2.75 

26. DATE OF 34. PERIOD 35 PERIOD WATER INFLOW. ACRE-FEET 36. WATER INFL. TO DATE, AC.-FT. 
SURVEY ~ 

ANNUAL 
PRECIPITATION a MFAN ANNUAL h MAX ANNUAL c. PERIOD TOTAi .. MEAN ANNUAL b. TOTAL TO DATE 

Inche1 
Mlly 1940 14.26 72,700 101,780 72,700 101,780 
June lll42 22.40 8119,780 1,059,699 1,805,1140 1160,980 1,907,320 
Nov. 1942 12.50 1,079,980 431,990 6Ui,607 2,339,310 

c( Oct. 1944 14.32 143,71)() l,166,3f>O 273,130 4118,320 2,612,440 .... Feb. 1949 13.68 120,600 158,858 518,140 309,960 3,130,1180 < c Oct. 1963 13.01 144,340 336,614 2,121,850 211,790 11,2112,430 

>- Oct. 1970 12.04 1117,100 394,190 1,087,100 199,670 6,3311,530 
w -> 37 PERIOD CAPACITY LOSS, ACRE-FEET 38. TOTAL SEO. DEPOSITS TO DATE, ACRE-FEET a:: 26 DATE OF 
:::> SURVEY ~ en • PERIOD TOTAL b AV ANNUAL ~ f'ER SO Ml YEAR a TOTAL TO DATE b AV ANNUAL c PER SO Ml YEAR 

May 1940 1,400 1,400 1,000 0.143 
June 1942 14,600 6,9!12 0.996 16,000 4,710 .6711 
Nov. 1942 4,000 20,000 6,260 .754 
Oct. 1944 4.3116 2,290 .326 24,356 4,270 .612 
Feb. 1949 10,!198 2,460 .353 34,949 3,460 .496 
Oct. 19133 15,364 1,046 .lllO 50,813 2,030 .291 
Oct. 1970 21,848 8,11!17 .4113 72,181 2,278 .326 

ir, DATE OF ..!/ 3'1 AV DRY WGT, 40 SEO DEP.,TONSPERSQ Ml -YR 41 STORAGE LOSS. PCT. 42 SEO INFLOW. PPM 
SURVEY LBS PER CU FT • PERIOD b TOTAi. TO DATE •AV ANN b TOT TOOATE • PERIOD b. TOT TO DATE 

May 1940 76.7• 286 0.17 0.23 16,687 16,687 
June 1942 711.7 1,643 1,113 .78 2.66 9,810 10,177 
Nov. 1942 711.7 1,243 .88 3.33 11,233 10,372 
Oct. 1944 75.7 !141 1,009 .71 4.011 19,348 11,310 
Feb. 1949 711.7 581 818 .118 11.81 24.802 13,1143 

Oct. 1983 711.7 247 479 .84 8.37 8,748 11,621 
Oct. 1970 76.7 746 H7 .88 12.00 24.876 13,808 

*Eltimated 
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-43. DEPTH DESIGNATION RANGE IN FEET BELOW, AND ABOVE, CREST ELEVATION' 
26. DATE Of 

188·88 IUlllVIV 1""-12A 1t~A.1na 108-88 68·68 68-48 48·38 3!1·21l 28-Crest c:r..ot-17 17·29 

• PERCENT OF TOTAL SEDIMENT LOCATED WITHIN DEPTH DESIGNATION 

May 1940 
Jwie 1942 
Nov. 1042 
Oct. 1044 16 4 7 10 6 10 111 16 16 
l"eb. 111"9 13 4 6 9 6 7 11 u 14 16 2 
Oci. 1983 ll 9 8 1& ll l1 13 11 8 7 
Oct. 1970 s 7 12 10 6 6 8 11 38 4 1 

26. OATl:OI' 
44. REACli DESIGNATION PERCENT OF TOTAL ORIGINAL LENGTH OF RESERVOIR 

IURWY 0·10 10-20 20-30 30-40 40.50 50-60 60-70 70-liO 80-90 90-!00 -105 -110 -115 -120 -125 

PERCENT OF TOTAL SEDIMENT LOCATED WITHIN REACH DESIGNATION 

!11 
May 1940 114 23 ~l ·26 ·16 2 S. CIAD dlan IU tn 

30 22 7 10 18 18 Conch ls Arm 

June 1942 6 3 4 4 22 14 27 18 2 S. Can dim Aim 
20 21 ·12 12 18 27 5 14 C.onch sArm 

Nov. 1942 6 2 I) B 16 16 29 16 2 S. Can dian Alm 
·l 0 1 2 19 67 6 H 8 Conch t.Ann 

.aa. RANGE IN RESERVOIR OPERATION -WATllll VIAR MAX. 11'.LEV. MIN IELEV. INFLOW. AC .. l"T. WATER YEAR MAX. €LEV. MIN. ILEV. IN'1.0W, AC.•l"T. -
~947 4,202.<\fl 4,199.00 129,330 1969 4,200.38 4.198.40 112,620 
1948 4.,201.411 4,195.68 1114,700 1960 4,199.87 4,192.68 131,620 
1949 4,200.97 4,1112.liO 163,260 1961 4,201.711 4,196.611 216,440 
19110 4,196.t>9 4,1811.85 181,410 1962 4,2Ql.13 4,198.01 119,280 
1951 4,194.118 4,184. 24 106,770 1963 4,198.01 4,176.16 · 76,IHO 
19b2 4,184.15 4,168.23 121i,930 1964 4,1'78.118 4,1116.06 31,060 
1963 4,1'/6.16 4.,162.07 107,960 1965 4,201.83 4,157.61 394,190 
1964 4,173.22 4,l51i.80 32,030 1966 4,200.77 4,192.211 108,660 
1965 4,190.37 ~157.10 297,760 1967 4,195.36 4,185.79 142,740 
1956 4,189.98 4,l'IJ.19 f>l,880 1968 4,193.13 4,183.lll 113,130 
19157 4,l 75.40 4,163.80 129,930 1969 4,193.115 4,180.611 192,830 
1958 4,201.82 4,173.n 336,1110 1970 4,197.65 4,189.30 106,630 

·-... ELEVA"flON-AREA-CAPACITY DATA 

l!UVATION AfllitA CAPACITY !U!VATION ARU. . CAPACITY ELEVATION AREA CAPACITY -
4,230 li!!,380 709,119 4,180 6,513 173,912 4,110 311 1,299 
4,220 14,110 556,724 4,1'10 4,323 126.102 4,100 2 24 
4,218 13,864 528,9151 4,160 3,394 86,519 4,090 1 9 
4,210 11,846 426,1166 4,11}0 2,642 56,348 4,080 2 
4,201 9,692 330, l 24 4,140 1,9119 33,495 4,070 0 0 
4,200 9,463 320,546 4,130 1,323 17 .no 4,060 0 0 
4,190 7,290 237,119 4,120 797 6,690 

. 
47. REMARKS AND REFERENCES 

!1 Emergency Spillway Crest at 421ll. 

~ ConchAs 13. 8 mile a. 

~ From climatic Atlas dated June 1968. 
4/ This figure affeded by water taken out above reservoir for irrigation. 
r;, 'l'otllla computed to end ot each month shown. 
§J Only dates computed 

48. AGENCY MAKING SURVEY A.Ihuqu.,rque Dlstrlct Corps of ~rs 

49. AGENCY SUPPLYING DATA Corpe of ll'.nglneen 50. DATE Mix 1a:z11 
Aprol1-
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RESERVOIR SEDIMENT 
DATA SUMMARY 

NAME OF RESERVOIR 

DATA SHEET NO 

l OWNER 2 STREAM 3 STATE 
:;;; 
<( 4 SEC TWP RANGE 5 NEAREST PD 6 COUNTY 
0 

7 LAT . "LONG . " 8 TOP OF DAM ELEVATION 9 SPILLWAY CREST ELEV. 

10 STORAGE 11 ELEVATION 12 ORIGINAL 13 ORIGINAL 14 GROSS STORAGE, 15. DATE 
ALLOCATION TOP OF POOL SURFACE AREA, ACRES CAPACITY. ACRE·FEET ACRE·FEET STORAGE BEGAN 

a FLOOD CONTROL 
Cl:: b MULTIPLE USE 
6 -· 
> c. POWER 
Cl:: l6 DATE NOR Ll..l d. WATER SUPPLY Cf) MAL OPER BEGAN 
Ll..l 

IRRIGATION Cl:: e 

f. CONSERVATION -
g INACTIVE -

17 LENGTH OF RESERVOIR MILES I AV WIDTH OF RESERVOIR MILES -
f:;l 18 TOTAL DRAINAGE AREA SQ Ml 22 MEAN ANNUAL PRECIPITATION INCHES 
I 19 NET SEDIMENT CONTRIBUTING AREA SQ. Ml. 23 MEAN ANNUAL RUNOFF 1NCHES Cf) 

Cl:: 
MILES: AV WIDTH MILES 24 MEAN ANNUAL RUNOFF AC ·FT Ll..l 20 LENGTH 

~ 2! MAX ELEV I MIN ELEV. 25 ANNUAL TEMP MEAN RANGE 

26 DATE OF 
27 28 29 TYPE OF 30 NO OF RANGES 31 SURFACE 32 CAPACITY, 33 C/1 RATIO, 
PERIOD ACCL SURVEY OR CONTOUR INT AREA, ACRES ACRE-FEET AC ·FT PER AC FT SURVEY YEARS YEARS 

26. DATE OF 34 PER OD 35 PERIOD WATER INFLOW, ACRE-FEET 36 WATER INFL. TO DATE, AC -FT. 
SURVEY 

ANNUAL 
PRECIPITATION a MEAN ANNUAL b MAX ANNUAL c PERIOD TOTAL a MEAN ANNUAL b. TOTAL TO DATE 

<( 
I-
<( 
0 

>-
Ll..l 
> PERIOD CAPACITY LOSS, ACRE-FEET TOTAL SEO DEPOSITS TO DATE, ACRE-FEET Cl:: 26. DATE OF 37 38 
::) SURVEY Cf) • PERIOD TOTAL b AV. ANNUAL c PER SQ. Ml YEA~ a. TOTAL TO DATE b AV ANNUAL c PER SQ Ml.·YEAR 

26 DATE OF 39. AV DRY WGT ~ 40 SEO. DEP., TONS PER SQ.MI .-YR 41 STORAGE LOSS, PCT. 42. SEO. INFLOW. PPM 
SURVEY LBS. PER CU. FT. .. PERIOD b TOTAL TO DATE a.AV ANN b TOT TO DATE PERIOD b. TOT TO DATE a 
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43 DEPTH DESIGNATION RANGE IN FEET BELOW, AND ABOVE. CREST ELEVATION 
26 DATE OF 

SURVEY 

PERCENT OF TOTAL SEDIMENT LOCATED WITHIN DEPTH DESIGNATION 

2~ DATE OF 44 REACH DESIGNATION PERCENT OF TOTAL ORIGINAL LENGTH OF RESERVOIR 

SURVEY 0- JO 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 9ll-IOO - 105 -110 -115 -120 - 125 

PERCENT OF TOTAL SEDIMENT LOCATED WITHIN REACH DESIGNATION 

45 RANGE IN RESERVOIR OPERATION 

WATER YEAR MAX ELEV MIN ELEV. INFLOW, AC-·FT. WATER YEAR MAX. EL~V MIN ELEV INFLOW, AC FT 

46 ELEVATION-AREA-CAPACITY DATA 

ELEVATION AREA CAPACITY ELEVATION AREA CAPACITY ELEVATION AREA CAPACITY 

47 REMARKS AND REFERENCES 

48 AGENCY MAKING SURVEY 

49. AGENCY SUPPLYING DATA 50. DATE 

USOA SCS lfl'AfTSYllLt MO lt•I 
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REFERENCES FOR APPENDIX F 

Miscellaneous Publication No. 1266, U.S. Department of Agriculture, 
Sedimentation Laboratory, Oxford, Mississippi, July, 1973. 
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APPENDIX G 

INITIAL DILUTION TABLES 

The Tables are ordered as fo 11 ows: 

Tables Port Spacing (PS) (Diameters) 

Nl 

1-20 2 

21-40 5 

41-£0 10 

61-80 25 

81-100 1000 (effluent from each port 

acts as a single plume) 

Current Velocity to Effluent 
Tables Velocity Ratio (k) 

N2 

1-5 0.1 

6-10 0.05 

11-15 0.02 

16-20 0.00 (no current) 

Tables Composite Stratification Parameter (SP) 

N3 

1 200 (high stratification) 
2 500 
3 2000 

4 10000 
5 infinity (no stratification) 

After finding N1, N2, and N3 the appropriate Table number is: 

Nl + N2 + N3 -2 
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111!(1>0) 

2 

1 

4 

~ 

., 

9 

12 

'~ 

20 

25 

JJ 

TABLE 1 

DIFFUSER PLUME DILUTION 
PORT SPACING • 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.10 

Ot:NU1H::1 RIC rflOllDF. NUNtlf:M 

3 an lO 100 1000 

·-······················································--------·········-·····-···-· 
I T) 
I ,,. J 2,2( 0,4] 2, 1 r O,OJ 2 •• ( 0,0) 2. l t O,OJ 2.1r n.nJ 

1,9 2 • ., 4,l 7.0 11 .n 411, 5 
T> 
14 J 

2 • ., l.l 5.' e.s 1 s. ll 60,q , ) 
.. ] 

3,5 1.e 5 • ., y. !i l '1, 9 70,5 
T) 7 s. :> ( l,6) 

: ,,. ) 4.ll J. 71 
4,5 4.2 6,2 \0,1 19,6 , ti. '1 

Tl 
14 I 

s.• 4,7 6.7 11, l 21,1 ij 8. Ii 
T) 
Ill 

., • 0 5,6 7,7 1:2 ,6 23,b 
f) 
fll) 

8,5 6,6 B,6 13,8 26,0 
T) 27. 1 ( 10,0) 
"J 

10,1 7,8 9,9 15,B 29,4 
T) 
M) 

12,B 9,2 11,2 t7,6 31,6 
I ,. ) l8. t ( 15,9) 
I II] 

16,' 11,l 13,6 21,0 
Tl 16,9( 21,3) u. 5 ( 25,0) 14 ,3( 21,1) 

I Ml 
l'J,2 16,2 

Tl 
fll J 

17,5 
T) 
II] 

-·-·························································-·-····-···············--
DU. AT llll REAL 
u~ PFRMJ~TlD ~11! 1s.1c 11,0) 26,8( l6,6) 21.oc 32,5) 25,6( 24,8) 37,2( 16,2) 104,0( 5,R) 

G-2 



KJSf.(D!A} 

2 

l 

4 

!> 

7 

9 

17 

I 5 

20 

25 

33 

42 

'54 

DIL AT MAX 

TABLE 2 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO= 0.10 

uri.suu:TRIC FIWUDE NUMHEH 

J 10 30 100 1000 

·····----------···----------------------·····---------------·------------------------fl 
II) 2. 2r o.4J 2.1£ 0.01 2. 1 [ o.ol 2. I £ 0.01 2. 1 ( 0.01 

1. 9 2.7 4.3 1.0 12.9 48.1 
Tl 
1111 

2.1 3.3 5. 1 B.4 15.R bO.I 
Tl 
14] 

l.b l. B s.1 9.S I 7. 7 btl. 5 
1 l 
Ml 4. 3( l.Rl 

4.5 4.2 6.2 10.3 19. 4 7!>. 5 
Tl 
MJ 

s.4 4.7 b,7 11. 1 20,R 81. 5 
Tl 
141 

1.0 5,6 7.6 12.s 23. 3 93.0 
I Tl 94. 3C 7. 3} 

Ill 
e.s fi. 6 8,5 13. 7 25.3 104.0 

Tl 
Joel 

10,9 7,8 9.R 15,S 21!. 0 
Tl 
MJ 

1 l. t 9,2 11. 0 17. 3 30,7 
Tl 35 0 0( 20. '.l) 
"41 

16. 7 11.4 13,0 20.0 
Tl 
Ml 

20.1 ll .6 15,0 22.11 39,4 
Tl 25.6( 30,0) 
"') 

25.5 16.9 111,5 27,5 
I Tl 26,5( 34 .8 l 21,4( 39. 2) 

14) 

l0.7 20,8 22 .9 33.4 
Tl 21.oc 42.6) 
II] 

26,5 12.2 
z Tl 

M J 

----···------------------------------------------------------------------------------
REAL 

OR PERMITTED klSE 59 .3( 50,2) ••• 9( 61,0) 36,8( 56,8) l7. 0 ( 45,6) 48. 3C 31. 9) 131,0( I 1 , 7) 
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IHS£CDJA) 

2 

.3 

4 

5 

7 

9 

12 

15 

20 

25 

33 

42 

54 

70 

90 

115 

TABLE 3 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO= 0.10 

DE llSIMC:Tf!JC fROIJD~ ~lUMBEk 

3 10 30 100 1000 

-------------------------------------------------------------------------------------t) 
Ill J 2.2[ 0 ... ] 2. 1 [ o.Ol 2.1[ 0.01 2. tr O.OJ 2.1£ O.OJ 

1.9 2.1 4.3 1.0 12.9 48.1 
T) 
MJ 

'}. 1 3.3 5 .1 8.4 15.B 59.7 
T) 
I.I] 

3.6 3.8 5.7 9.5 17.7 67.6 
T) 
M] 1. 3 ( 3.BJ 

... !> 4.2 b. 2 10.3 19.3 74.0 
1 ) 
M) 

5.4 4.7 6.7 11.0 70.7 79.8 
T) 
MJ 

1.0 5.E 7.6 12.4 2 3.1 89.2 
T) 
lo!] 

8.b 6.b a.s 13.6 25.1 9b.9 
T) 
Mj 

10. 9 7.9 9.7 15.3 27.7 107.0 
Tl 
"'] 

13. 2 9.2 10.Q 17.0 30.0 11b.O 
Tl 
l'o') 

t 7. 0 11. 4 12.R 19.7 33."l 1 31. () 
T) 132.0( 20.7) 
"J 

20.R 13.b 14.7 22.3 37.5 145.0 
Tl 
n 

26.7 17 .o 17. B 2f>. 3 42."l 17b.O 
T) 
M J 

J3. 1 21.0 21.3 3 1 • 1 4R 0 8 
Tl 56.1( 53.4) 
"l 

41. 6 2fi.2 25.R 37.3 'i6. 1 
Tl 
... ) 

'i 2. 0 32.9 37. 7 45.9 67.2 
T) !>2. 6( 7 1 • 3 l 41. 3( Q0.3) 41.1( P'J • 4) 47.1( 7?. 5) 
"'l 

63.7 4 I. h 57.8 
T) 
"] 

53.J !>9. f, 

T) 

"l 
-------------------------------------------------------------------------------------

OIL AT ''V RC:AL 
1R PER~iTTED RJSr 125.0(102.0) 9h.1(12~.0) 7b.2(175.0) 69.5(10h.O) 7R.7( R2. 7) te4.0( 33.4) 
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RlSF'(T'llA) 

2 

3 

4 

5 

7 

9 

12 

15 

20 

25 

33 

42 

54 

70 

QO 

115 

148 

190 

244 

OIL AT ·"' p. x 

TABLE 4 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO= 0.10 

OENSIMt;TRIC FPOtlDE NU I' HER 

3 10 30 100 1000 

-------------------------------------------------------------------------------------
T) 

M) 2.2c 0.4] 2. 1 [ 0.01 2. 1 [ 0.01 2.1[ o.oJ 2. 1 [ 0.01 
1. 9 2.7 4.3 1.0 12.CJ 41:!. 1 

T) 
1'1) 

2.7 3.) 5.1 B.4 15.B 59.7 
Tl 
"'] 

3.6 3. 8 5.7 'l.5 17.7 67.6 
Tl 
"l 4.3[ 3.Bl 

4. ') 4.2 6.2 l 0. l lCJ.3 74.0 
T) 
"J 

!: • 4 4.7 6.7 11.0 20.7 79.3 
T) 
I'] 

7. 0 5.6 7.6 12.4 27. 9 8 !j. 0 
Tl 
~] 

B.b 6.6 8.5 13.b 24.9 95.6 
Tl 
"l 

10.9 7.9 9.7 15.3 27.7 105.0 
Tl 
"') 1! 

13. 3 CJ.2 10.9 17.0 30.0 113.0 
T) 

~] 

1 7. 0 11. 4 12.R 19.7 33 .n 125.0 
T) 
.., J 

21.0 13.6 14.7 22.2 37.2 135 .o 
Tl 
'I] 

27. t 17.1 17.6 26.2 47.5 149.0 
Tl 
Ill] 

33.8 21.1 2 t. 0 30.5 4A.1 163.0 
Tl 
"'J 

42.B 26.3 25.3 36. 'i 55.3 180.0 
Tl 200.oc 6P.9) 

~] 

54.9 3J. 3 31 • 1 44.0 64.7 201.0 
Tl 
"J 

69.3 41.9 38.3 53. 8 7n.O 226.0 
Tl 
"'I 

tl 7. 0 52. f, 47.S f.6. 2 90.4 
Tl 
Ml 

109.0 (,6. 5 61). 1 A2 0 9 10°.o 
r > 117.IJ(lf.l.0) 10!.fJ(1tl2.0) 110.0(150.0J 
,.. J 

1 n.o 83.9 77. 5 1Oh.0 133.n 
Tl Qt .5(209.ll) 'l0.4D17.0) 
"'] 

107.0 107.0 140.0 
Tl 
Ml 

-------------------------------------------------------------------------------------
IH:AL 

OR PF.:fi" ITT ED I< ISE 275.0(732.0) ::>74.0(:?93.0) 176.0097.ol 152.0(260.0) 155,0(:?~ _2 ~.1._._.!LL .. -2.~~_l_ 
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TABLE 5 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO= 0.10 

OENSlM~THIC t'ROllflf: NUMllE~ 

3 1 0 30 100 1000 
RlS£CDJAl ••••••••••••••••••••••••••••••••••••••-•••••••••••••••••••••••••••••••••••••·•-••··~· 

: M) 

MJ 
2 

M J 
3 

lol J 
4 

II,) 

5 
I.I) 

7 
Ml 

9 
M] 

12 

1~ 
'1) 

20 
M] 

25 
"'] 

33 

42 
Ml 

54 
fl!) 

70 
11,J 

90 
lol J 

115 
Ml 

M] 
190 

I fl4) 
244 

") 

DJ I, AT MAX ICE.AL 

1.9 

2.7 

5.4 

1.0 

10.9 

13.3 

1 7 • 1 

21.0 

27 .1 

34 .o 

43.1 

55.3 

7 l • 0 

89.6 

147.0 

11l8.0 

2.2t 0.41 
2.7 

3.3 

4.7 

5.6 

9.2 

11. 4 

13.6 

17.1 

21 • 1 

33.3 

42,2 

53.0 

67 ,5 

85,8 

2.1{ 0.01 
4. 3 

5. 1 

5.7 

b.1 

7.6 

8,5 

10.9 

12.A 

14,6 

17.6 

20.a 

25.t 

30,9 

38,0 

46 0 8 

11.0 

9? .o 

2.11 0.01 
1.0 

9.5 

10.3 

11. 0 

13,6 

11.0 

22,2 

30,5 

3b.2 

4L7 

53,0 

64.5 

7'},5 

123,0 

2.1[ o.Ol 
1?.9 

20.1 

22.9 

27. 7 

30.0 

33 .6 

37.0 

42.2 

75,5 

107. 0 

130.0 

I Sil, 0 

2.1c 0.01 
4 fl. 1 

59.3 

74,0 

1U.0 

124.0 

133. 0 

147.0 

174.0 

J !11 • 0 

210.0 

232,0 

OR PERMITTED filSL 231 0 0(300 0 0) 134 0 0(301,0) 111,0(300 0 0) 149 0 0(300,0) 1RH 0 0(301 0 0J 257,0(147,0) 

G-6 



M 1 S,t: ( D J ~ l 

2 

J 

4 

!.i 

7 

9 

12 

15 

20 

25 

31 

TABLE 6 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.05 

OfN.SIMt.:TRlC F'ROUOE NUMAE~ 

J 10 30 100 1000 

--·----·--·--------·-----------------------------------------------------------------I Tl 
M] 2. 1 [ 0.4l 2. t [ 0.01 2. 1 [ 0 0 0J 2. 1 c O,OJ 2. 1 r 0. 0} 

1 ·" 
'2. 6 4.0 b.l 10,9 lb.!> 

1 ) 
I MJ 

2.7 3.2 4.6 7.4 13 .o 44,G ,. ) 
: Ml 

3. !) l.b 5. t ll • 1 14. o; ~1.2 
: Tl 

p.i} 4. 2 r l.71 
4.5 4.0 5.5 ll. H 1!).1 !>b. 5 

I ) 59. 3( 4. 6) 
jot J 

!>. 4 4.4 s.e 9,J 1b,7 b 1 • B 
Tl 
Ml 

6,9 5,1 6,4 10.2 11!. 5 74 .o 
I 'l') 

"'] 
8,4 !.i. 9 7,0 11.0 20.0 

I Tl 22. 2 ( 12.1) 
M) 

10.4 1.0 ., • 7 12.0 
Tl 
M) 

12.s 8, I B.5 13.0 24.2 
I Tl 14. 2 c 18.R) 

Ml 
15.6 9.B 9 • ., 14,6 

Tl lb. 5 ( 2t,6) 
M] 

1 8. 4 11. 4 10.9 16.5 
I ,. ) 12 .1 ( 27 .2) 11 .1 ( 25.9) 

14 J 
13,8 13,0 

Tl 
M) 

-------·------------·-----·---------·----------------------·-------·--------··-------
OIL AT MAX REH 
OR P~PM!TtlD MISE 29,4( 31,1) 20,4( 40,7) 17,0( 40,3) 19 0 6( 30.5) 29.9( t9.b) Bl.I( 7.4l 
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RIS!'.:COIA) 

2 

3 

4 

!> 

7 

9 

1" 

15 

20 

25 

I J 

42 

54 

70 

TABLE 7 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.05 

Df1~S HH. TP IC F'IHJUM' NUfo'Rf P 

J J 0 30 100 1000 

-------------------------------------------------------------------------------------, ) 
,.. ) 2. 1 I o.41 2. I C 0.01 2 .1 ( 0.01 2. 1 [ 0.01 2,lr 0.01 

I. 9 2.6 4.0 b.3 Io. 9 36.5 
l) 

MJ 
2. 1 3.7 4,6 7.4 13,0 44.6 

TJ 
"IJ 

.3.6 3.6 5. ' B.1 14,4 50.2 
Tl 
"J 4. 3l 3, 7] 

4.5 4,0 5,5 B.8 15.6 !:14. 9 
1') 

Ml 
5.1 4.4 5 0 A 9.3 1f,.6 59.3 

Tl 
)') 

n.9 5.2 6.4 10.1 1 ~. 2 66.2 
1) 

"IJ 
l:j. 4 5.9 1.0 10.9 19.7 72.4 

TI 7.3,5( 9.3) 
"I 

10.b 7.0 7.7 11 • 9 21,4 82.7 
Tl 
"*I 

12.7 8,t B.4 12.7 23.1 
Tl 
Ml 

16.2 9.9 9. (, 14.1 2o;. 4 
'f} 27. 5 ( 24.5) 
Mj 

19.6 11. 7 10.7 15.6 27,8 
Tl 
"*) 

~ 4.,, '4. 4 17.~ I 7. to ll. 7 
1) 2~.8( 35,4) 1 ll. 9 ( 17, A) 
") 

29.4 17,4 14,4 20.1 ,. ) 18. 6 ( 46.3) 15,9( 48,6) 
Ml 

21,0 17,3 24.2 
T) 
M) 

22 .e 
T) 

Ml 

-·-------------·---------------------------------------------------------------------
Dlt. AT MAX ?~"AI. 

OR PlkMJTTFD RlSE 50,6( 51,5) 34,8( 68.1) 26,9( 73,2) 27.2( SQ.1) 37,4( 39,9) 101.oc 15,0) 
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RISFCDIAl 

2 

3 

4 

5 

7 

9 

12 

15 

20 

25 

33 

42 

54 

70 

90 

\15 

14R 

TABLE 8 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.05 

DFNSil'~THlC FROUDF !'U~lHEH 

3 t 0 .HI 100 l u oo 
-------------------------------------------------------------------------------------T) 

MJ 2. 1 [ 0.4) 2 .1[ 0.01 ;>. ll 0.01 2. 1 [ 0.01 2. 1 [ 0, OJ 
1. 9 2.6 4.0 6.3 10.q 36.5 

Tl 
M) 

2.7 3.2 4.6 7.4 \3. 0 44.3 
T) 
lo\ l 

J.b 3.6 5.1 13. 1 14.4 49.8 
Tl 
¥] 4. 3 [ 3.71 

4.5 4.0 r;. 5 B.7 15. fi 54.5 
T) 

"'l 
5.4 4.4 S 0 R 9.3 16.6 58.0 

Tl 
"I 

6,Q 5.7 ". 4 t 0. l 18.t 64.4 
Tl 
II) 

B.5 6. (l 6,Q 10. 9 19,4 69.5 
TJ 
"'l 

10,6 7. 1 7,7 11 • 8 21.1 76,6 
1) 

"J 
t 2. R 8.2 8,4 12.6 22. 6 82,3 

TJ 
II] 

16,4 10.1 Q,5 14.0 24. !l 91. 3 
TJ 
II] 

20.1 1 t • 9 10,6 15.? 26.7 99.4 
z TJ 101.oc 26.5} 

II] 

:75. 8 14.8 12.4 17.1 2Q. I) 112. 0 
T) 
"I] 

32.0 1R.0 14.3 19.2 32,7 131. 0 
Tl 
I'] 

39,Q 22.3 16. I! 21.9 36,7 
Tl 41, 4 ( fie. ll 1 
"'} 

49. e. 27,7 20.2 25.3 41.8 
T) 51 • 1 ( 72.bl 
"l "o. :> 34. 3 24.4 30,1 48.7 
1 ) jf,. 7 ( 98.7) 29,6(11~.0) 31. 9 ( 9 8. 1 ) 
"1 

4'. 5 36.7 
TJ 
"J 

37,9 
T) 

"l 

-------------------------------------------------------------------------------------
DIL AT 'IH PEAL 

OR PFFMITTEO ~l~E 11?.0(105,0) 77,9(143.ll) S~ 0 )(J~7,0) 51,0(147,0) '58
0
0(\09.0J 140,0( 43.3) 
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RIS~CDIA) 

2 

3 

4 

5 

7 

9 

12 

15 

20 

25 

33 

42 

54 

? (J 

90 

115 

14!! 

190 

244 

DIL AT "AX 

TABLE 9 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.05 

DENSI~t::TIHC fkOllOE ~JllMBEH 

3 10 30 100 1000 

-------------------------------------------------------------------------------------Tl 
M J 2 .1( 0. 41 2 .1£ 0.01 2. 1 [ 0.01 2 .1 [ 0.01 2 .1 [ 0.01 

1.9 2.6 4.0 6.3 10.9 36.2 
T) 
"'J 

2.7 3.2 4.6 7.4 13 .o 44.3 
T) 
M) 

3.6 3.6 5.1 8.1 14.4 49.R 
T) 
.. J 4. 3 [ 3.7] 

4.S 4.0 5. !'i 8.7 15.6 54.t 
T) 
M J 

S.4 4.4 5.R Y.J 16.4 58.0 
Tl 
)! l 

ti.a 5.7 6.4 1 0. 1 tB.1 63.Q 
Tl 
"I 

B.5 6.0 6.9 10. ll 10.4 69.0 
T) 
.. J 

10.7 7. 1 7.7 11 • G 21.1 75.5 
T) 
"'l 

ll.<J Fl. 2 B.4 12.6 22.5 BO.A 
Tl 
MI 

16.6 10.1 9.5 13. 9 24.6 Bli. 6 
T) 
M] 

20.2 11.9 10.6 15.1 26.5 9!>. 4 
T) 
1' J 

26.0 14.S 12.4 17.0 29.2 105.0 
Tl 
"J 

32.7 19.2 14.3 lH.q 32.2 113.0 
Tl 
"'] 

41. 3 :n. 6 16.R 21. 4 36. () 124.0 
T) 

"J 
52.7 28.4 20.' 24.6 40.4 136.0 

T) 151.0C 8 c:, • Fl) 

"J 
66.6 35.7 24.4 28.6 46.1 151.0 

T) 

"1 
!J 3. 1 44. f- 29.4 33.5 53.o 170.0 

Tl 
•.q 

104.0 55.R 3t. 4 40.0 62.1 
Tl 114.0(l""·O) ,, ] 

121.0 69.6 44.9 48.5 74. (l 
T) lll.4(2:?9.0) 77.7004.0) 
"] 

1'15. Q 55.fl b0.4 89 ... 
T) h4.0('.?fl5.0) bh.'"l(:?f>7.0) 
"'l 

--------------------·~----------------------------------------------------·-----------

t<!'..AL 

IJR PU•~JIHD I' I SF" I 8 5 • O C 2 3 a • <• l 101.onco.o) b7.3CrnO.O) 75.7(301.0) !OA.O(]OO.ll) 19! .0(l 38.0l 
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TABLE 10 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS. STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.05 

DENSIM~THIC fROUO~ NU,..BFR 

3 10 30 100 1000 
RIS~:(DIA) ------------------·•••••••••••••••••••••-•••••••··-··-···--·--·--···-•••••••••••••••-

~J 

~I 

l 
M) 

M J 
4 

~· J 

'I) 
-, 

"') 

9 
M) 

I 2 

~ J 
20 

"') 

?'> 
lo') 

33 
M J 

42 
M) 

5 1 
f'] 

70 
f.'J 

90 
~ J 

11 5 
M) 

148 

"I 
241 

~:I 

2.7 

3.6 
4.3( J.7] 

4,5 

5. 4 

10,7 

I 2, 9 

2b.2 

32.7 

41 • b 

53,0 

bij, J 

110.0 

141. 0 

1RO,O 

2, I I 0. 4 J 
2,6 

3.6 

4,0 

4.4 

5.2 

b. (l 

7. 1 

B.2 

10, I 

11 • 9 

14.9 

18.2 

36,0 

45,2 

57.5 

73.0 

92.7 

2,1[ 0,0] 
4,0 

5. 1 

s.s 

5,8 

6,4 

7,7 

9,5 

12.4 

16.9 

20.2 

24.4 

36,5 

2.1c o,nJ 

8. 1 

8,7 

9,3 

10.1 

10. 8 

11 , B 

15. 1 

1ll,9 

21. 4 

24,6 

28,4 

33 .1 

39 .1 

56,5 

2,1[ n,OJ 
10,9 

13. 0 

14.4 

lb,4 

1 B , 1 

21 • 1 

22,5 

24. fo 

2b,S 

32,? 

35,7 

52,2 

71 • 3 

2. 1 [ (\. 0 J 
36,2 

44,3 

49,R 

54.l 

58.0 

69,0 

75,0 

94,5 

103,0 

112.0 

121 • 0 

132,0 

144,0 

156,0 

172,0 

1ll9.0 

-·----------------------------~---------------~------------------~-------------------
ntL AT "A1 R~ Al. 
OH PfRMITIEll ~IS~ 221,0(300,0) 113,0(301,0) 67,8(]00,0) 66,5(301,0) 98,4(301,0) 201.oc221.o) 
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RISF.COIA) 

2 

) 

4 

5 

7 

9 

12 

15 

20 

25 

13 

42 

TABLE 11 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.02 

OEllSIMt:TRlC ~·JIOllOf; NllMBF.M 

3 10 30 100 1000 

-··---------------------------------------------------------------------·------------,., 
MI 2.1r o.4J 2.oc o.oJ 2.or 0.01 2.oc 0 0 0J 2.oc 0.01 

1.9 2. (i '). 8 5.R Q.7 27.8 , ) 
") 

2. 7 l. I 4.4 ". 7 1 t • 7 Jl.3 
'fl 
M J 

l.6 3.5 4 0 A 7.4 12.4 J7.2 
'I ) 
,.. l 4. 2 [ l. 7l 

4.5 l.9 s.1 7,8 1 3. 3 40.5 
Tl 

: Ml 
5.3 4.3 S.4 1:1. 3 13.Q 43.4 

1 ) 4 5. ~ ( 5. 8) 
Ml 

6.8 s.o 6.o 8.9 1 '5. 2 41l. 8 
T) 

MJ 
e.2 5.7 6.4 9.5 16.2 55.7 

Tl 
Ill 

10,J 6,7 1.0 10.J 17 .6 
Tl 111.5C 14.2) 
!IJ 

12.2 7.7 7.6 10.9 ! B • 9 
T) 
II) 

15.J 9.3 8. !'i 12.0 n .1 
T) 16. 2 ( 21.B) 12.2( 21.4) 

I 11) 

17.9 10.9 9.3 13.0 
Tl 1 t.6 ( 28.0l 9.9( 28 .3) 
Ml 

13.0 10.6 14.8 
Tl 
MJ 

15.5 12.2 
Tl 

: MI 

------·····-----·--------------------------------------------------------------------
nu .. AT MAX RnL 
nR PlPMJTTEO AtSE 24,0( 32 0 1) 16.6( 4,.2) 13.5( 45.1) 16.0C 35.2) 24,t( 23.21 60.7( 9.5) 
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RI SF ( ll l A) 

2 

J 

4 

5 

7 

9 

1 2 

15 

20 

25 

j 1 

42 

54 

70 

lJCL AT MllX 

TABLE 12 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.02 

OF.NSlMETHIC f Plllll'IF: NUMl:lffl 

3 to 30 100 1000 

-------------------------------------------------------------------------------------T) 
M J 2. IC 0,4) 2. 0 ( 0,0) 2. 0 [ 0,0) 2. 0 [ 0,0] 2. 0 [ 0,0) 

1. 9 2. 6 3, ll 5,R Q,7 27. El 
Tl 
r.t) 

2,7 1. 1 4,4 6,7 1t. 7 33.1 
1) 

"I 
3,6 3. 5 4,8 7. 4 12,3 3b,7 

rJ 
r.: J 4. 2 [ 3. 7 J 

4. 5 3,9 5. 1 7. fl 1 3. 2 39.6 
1 ) 
,. J 

5,4 4,3 5,4 fl. 2 11,9 42. 2 
Tl 
"'J 

6,9 s.o 6,0 fl. 9 15,0 46,5 
'rl 
MJ 

8.4 5.7 6.4 9,5 16,0 50.2 
1) 55.3( 12. 1) 
IA J 

1 0. 4 6.B 1.0 10.2 1 7. 3 
Tl 
") 

12.6 7. fl 7.6 1 0, II 16.2 60.4 
T) 
") 

ti;. 9 9,5 R.5 11. 7 19 0 8 
1 ) 
fl) 

19.2 11.2 9.3 1 2. 5 21.' 
Tl 22. 3( ?9,b) 
Ml 

23.9 13.7 10,6 13 .6 23.2 
r J :.15. 5 ( 3 'J. 8 ) 
"I 

28.6 16,5 12.0 14,9 25, ll 
1 ) 18. 0 ( 47,9) 13.8( 54.0) 1 5. 1 ( 44,2) 
") 

19,7 lb,5 
T) 
M) 

23.5 1b.2 19.5 
T) 
"I 

----------------------------------------------------·--------------------------------
R~· AL 

OH PF:H'111'TFD R l ~~: 40. i; ( 52.2) 27,4( 70,8) 19,9( 83.6) n .sc 71,6) 29, 3C 48.4) 7 3. 9 ( 19,6) 
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TABLE 13 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS., STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.02 

DENSIMl:;TRJC FROUDE NU'IBER 

1 3 10 30 100 JOOO 
RISt:(DlA) -------------------------------------------------------------------------------------: T) 

Ml 2.1( 0.4) 2.or 0.01 2.oc o.oJ 2.oc O.Ol 2.or o.nJ 
1 1.9 2.6 3.B 5.8 9.7 27.B 

T) 

Ml 
2 : 2.7 3.1 4.4 6.7 11.2 33.1 

T) : 
: 11 J 

3 I 3.6 l.5 4.8 7.4 1'2.3 36.1 
I T) : 

P1) 4.2[ 3.7] t 
4 4.5 3.9 5 .1 7.8 13.'2 39.4 

1) : 
Joi) 

5 5.4 4.3 5.4 e.2 13 .8 41.9 . . 
T) 

: 114) 

7 t,.. 9 s.o 5.9 e.!il 15.0 45.9 : 
T) 

: lo') 

9 8.4 s.1 6.4 9.5 15.9 49.1 
T) 

: "4J 
J2 10.s 6.8 1.0 10.1 17 .o 53.0 

T> : 

'I J : 
15 12.6 7.8 7.6 10.7 18. f) 56.8 

T) 
") 

20 16.2 9.6 e.5 11.6 19.4 61.8 
1) 

Ml 
25 19. 7 tl .3 9.3 12.3 20.~ 66.4 

T) 
oil) 

33 25.3 14.0 10.7 13.4 22.2 72.9 
Tl 74.~( 35.4) 
.. J 

42 31.3 17 .1 12.2 14.S 23.8 eo.o 
T) 
"'J 

54 39.l 21 .1 14.1 15. 'I 25.6 91.t 
Tl 
M) 

70 48.6 26.2 16.7 17.6 2A.O 
T) 50.)( 73 .f.) 30.3( R7.0) 

"'J 
90 51!. 4 32.2 1Q.7 19.7 30.8 

T) 35.4(102.0) 
I'.] 

11!:> : 38.9 23.4 22.2 H.4 
T) 2~.H129.0) B.1C1?4.0) 

"'J 
14& 47.2 27 0 R 2'>.7 

TJ 
,.. J 

190 j4.7 32 .6 : 
f) 
114 J 

-------------------------------------------------------------------------------------
D t L AT "Al P[llL 

o~ f-Ef<"lfJED WIS[ 9).()(\07.0) f.\.](149.U) 41.\(104.0) 34.5(104.0) 41.2(143.0) 101.0( 51'.2) 
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TABLE 14 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.02 

DENSJ~ETRIC FPOUOE ~UMREP. 

1 3 10 30 100 1000 

RlSfCOIA) -------------------------------------------------------------------------------------

1 

2 

l 

4 

5 

7 

9 

12 

15 

20 

25 

42 

54 

70 

90 

115 

14b 

1 'JO 

244 

Tl 
14] 

T) 

Ml 

T) 
I "'] 

I Tl 

2.7 

M] 4.2( 3.7] 

Tl 
"'] 

T) 

fol J 

T) 

"J 

Tl 
!ii J 

T) 
I I' J 

Tl 
,.. ) 

Tl 
M] 

T) 
"I] 

T) 
M) 

T) 

Ml 

T) 

"l 

T) 

""1 

T) 
,. J 

Tl 
,. J 

4.5 

5.4 

&.4 

10.6 

12.7 

25.4 

31. B 

40.2 

51. 2 

64.P 

61. 1 

101.0 
n 112.oc11,1.01 
M J 

T) 
'4 J 

T) 
HJ 

123. 0 

2.u o.41 
2.6 

l.1 

3.5 

3.9 

4.3 

5.0 

5.7 

7.B 

11.4 

14.1 

17.3 

21. 4 

42.2 

52.B 

2.oc 0.01 
3.B 

4.4 

4.8 

5.1 

6.4 

7.0 

7.6 

8.5 

9. 3 

10.7 

12.2 

14.2 

16. 0 

20.1 

24.1 

2.or 0.01 
5.11 

6.7 

7.4 

7.8 

B.2 

9.5 

10.1 

10.7 

12.3 

13. 4 

15.8 

17.4 

21.R 

29.0 

34.0 

2.0[ 0.01 
9.7 

11. 2 

12.3 

13.2 

13.R 

15.9 

17. 0 

18.0 

19.3 

20.4 

22.0 

23.5 

25.2 

27.2 

29.6 

32.2 

39.7 

45.0 
4Q.6(2P 0

0 U) 

2.0[ 0.01 
27.8 

33.1 

lb.5 

39.4 

41.6 

45.S 

48.8 

52.7 

56.1 

60.8 

64.S 

70.1 

75.2 

81.2 

88.2 

96.1 

105.0 
107.0(173.0) 

116.0 

134 .o 

-------------------------------------------------------------------------------------
OIL AT ,.AX FEllL 
OR P~Jd•lTTl:.O IUSf ~l.OC24J.O) 93.P.(300.0) ~1.7(3nn.O) 39.1(301.0) 50 0 8(101.0) l-10"'-0__J_J_Q~-'-QJ 
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TABLE 15 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.02 

OENSIMETRIC FHn~DE NUMRFR 

3 to 30 100 1 QO(l 

RISECDlAl --------------------------------------····-····--------------------------------------Ml 

,.. J 

2 
") 

M] 
4 

"J 
5 

'4) 

7 
"l 

Q 

MJ 
15 

~] 

jll) 

'41 

75 
MJ 

42 

"'l 
70 

"'I 
Q(I 

"l 
1 1 'j 

148 
'4 J 

:~] 

74l 
Ill 

2.7 

3,6 
4.21 3.7] 

4.5 

5.4 

':I, 4 

1 \). & 

, 2. 7 

1 b. 3 

25.6 

32.0 

40.5 

51. 9 

Sl 4. 1 

10~.o 

1 37. ') 

175,0 

2.1 [ 0.4] 

3. 1 

3.5 

3.9 

4.3 

s.o 

5,7 

6,8 

7,8 

9,6 

11 • 4 

14.1 

17.3 

21. 5 

27. 1 

34.n 

42.8 

54,3 

69.0 

l'J 7. 7 

2.0[ 0.01 
3.0 

4.4 

4.R 

r; • I 

5.4 

1.0 

7,6 

8,5 

9,3 

10,7 

l 7.? 

16,9 

24.4 

2.oc 0.01 
5.8 

6.7 

7.4 

7.8 

R,2 

B.9 

9.5 

10.1 

10. 7 

11. f, 

I?, 3 

13. 4 

15.7 

1 7. 4 

1q.4 

21 • 8 

25,0 

29,0 

34. 0 

2.oc 0.01 
9.7 

11.? 

1 2. 3 

13. 2 

13. R 

14.9 

15,Q 

17.0 

1R,n 

19.3 

20,4 

22. 0 

23. 4 

?,5., 

77 .1 

29.2 

3 1 • fl 

35.1 

Hl. 7 

43.3 

2.0[ 0.01 
27. R 

33.1 

lb.5 

45,5 

4ll. 8 

52,7 

5~.7 

60,5 

b4,2 

69. 5 

74.4 

80,0 

86.4 

93., 

100.0 

109.0 

117.0 

12 El. 0 

-------------------------------------------------------------------------------------
D (I, AT '0 X RF:/lf, 
nH PF.R~l1f~n ~IF"- 215,0(301.0) 107,0(300.0) ~4.7(301.0) 39.2(301.0) 47.Q(]02.0) 137.0(300.0) 
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klSf(lllA) 

2 

4 

!:> 

q 

I 2 

15 

20 

2!J 

3 l 

12 

TABLE 16 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.00 

OE:t.SlMl::THIC FROUDE: ~IUMRF:R 

3 I 0 30 100 1000 

·------------------------------------------------------------------------------------T J 
'-lj 2. tr 0.4] 2.oc 0.01 2. 0 [ 0.01 2.or 0.01 2. 0 ( 0.01 

l.9 2.6 3.7 S.b R.B 22.2 
Tl 
"'l 

2.7 3.0 4.2 6.3 IO.\ 25.4 
T) 
11 J 

3.6 3.5 4. Ii 6.9 11.0 27.B 
Tl 
"] ~ • 2 l 3. 6 J 

4. !J 3.8 4.9 7.3 11 • 7 29.6 ,., 
M J 

5. 3 4.2 5.? 7.6 12. 3 31.1 
Tl 
"l 

b.8 4.9 5.7 P.2 13.2 33. B ,. ) 34 .o ( 7.3) 
"] 

!l. 2 5,6 6,\ I:!, 7 1J.9 Jb,2 
fl 
M] 

I 0, 2 6,b Ii. 6 9.3 14,9 40,R 
Tl 
•I) 

1 2. 1 7. 5 7.1 9. tl 15.9 
Tl 15,9( 1 5. fi) 
M) 

1~.1 9,0 11. 0 Io. fi 17,0 
Tl 1 6. 1 ( 22. 0) 11. () ( 2l.'2) 
I'] 

17.6 10.s B,7 11 • 3 lR,7 
1) 11. 3( 28,4) 9. 3( 29. 4) 
"') 

12.5 9 .13 12.4 
Tl 
roll 

14,1 10, II 
Tl 
Mj 

-----·-------------------------------------------------------------------------------
DlL AT MAX f.tFAL 
OR PF.R~IT1fll ~IS! 20,1( 32,3) 14,2( 43,2) 11,6( 47 0 8) 13.P( JR.II) 19,9( 26.7) 42,8( 12,4) 
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RlSUll[A) 

2 

3 

4 

5 

7 

Cl 

12 

15 

70 

25 

11 

42 

54 

70 

IHL AT MAX 

. 

TABLE 17 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.00 

OF:NSIMt:TRIC fHC'llOE. NU,..!\EH 

3 10 JO 100 1000 

-------------------------------------------------------------------------------------Tl 
II.] 2 •I C 0.4) 2.oc o.oJ 2.oc 0 0 0) 2.oc 0.01 2.oc 0.01 

I. 9 2.6 l.7 5.6 B.R 22.2 
I Tl 

,. J 
2. 1 3.0 4.2 6.3 10.1 25.4 

'fl 
: "I] 

3.6 3.5 4.6 6.9 11.0 27.7 
T) .. , 4. 2 l J.6) 

4.5 3. Fl 4.9 7.3 11 • 6 29.2 
Tl 
"l] 

5.4 4.2 5.7 7.6 12.2 30.7 
Tl 
"l] 

I>• R 4.9 5.6 B.2 13. 1 32.9 
Tl 
M) 

B.3 5.6 6. t R.6 13. 7 J4.R 
Tl 
Ml 

10.3 6.6 6.6 9.2 14.6 37.2 
n 

I II] 

12.4 7.6 7. I 9.7 !5.3 39.3 
Tl 39.BC 15 0 8) 
,.. ) 

15.7 9.2 R.O 10.4 16.4 42.6 
'f ) 
"') 

18.9 10.8 B.7 11.1 17. 3 46.5 
Tl 

'"J 
23.6 13. 3 9.9 12.0 1 B. r; 

Tl 25. It 3 5. ()) 1 R. 6 C 33. 8) 
"'] 

21:1. '2 15.9 11. '2 12.R 19.B 
Tl 17.5 c 48.4) l 3. 5 ( 48.Q) 
~J 

18.9 12.7 14.0 21. 9 
Tl 13.0 ( Sb.5) 
,q 

21.B 14.6 15.3 
Tl 
~q 

-------------------------------------------------------------------------------------
PE.Al, 

OR P<"fl'-' I TTF ll R 1 SF" 31 • 5 ( 52.&) 22.oc 72. 5) 1&. 3 ( R9.0) I 6. I! C B0.4) 23. )( 5 7. 1 ) 49. 7( 26.7) 
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IHSECDlA) 

2 

3 

4 

5 

7 

9 

17 

15 

20 

25 

B 

42 

54 

70 

90 

115 

148 

190 

TABLE 18 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.00 

Df.NSI~f.:TPIC irpQllDE l•UMBEP 

j 10 30 100 1000 

-------------------------------------------------------------------------------------T) 
'II J 2. tr 0.4) 2.nr 0.01 2. (I [ 0.01 2.oc f\ • O] 2.0( 0.01 

1.9 2.6 3. 7 !":>. 6 R.B 22.0 
'I') 

M] 

2.7 3.0 4,7 6,3 10.1 25.4 
TJ 
111) 

3.6 3.'> 4.6 6.9 11.0 27.5 
Tl 
MJ 4.2[ 3.7J 

4.5 3,P 4.Q 7.3 11.6 29.? 
Tl 
11) 

5,4 4.2 5.2 7,6 12. 1 30,5 
Tl 
)'] 

o.~ 4,9 5. f, P.2 13.0 32,7 
1'} 

.~ J 
8. 3 5,6 6. (1 8.6 13.7 34 .3 

T) 
"'J 

10.4 6.6 f,. 6 9.2 14.5 36.5 
T) 
"I] 

1 2. f, 7.6 7.1 9.7 15.2 38.2 
T) 

"'I 
16.n 9.3 B.O 10.3 16.? 40.6 

T) 

'"] 
1 '1. 4 10. 9 8,P 10.9 16.9 42.6 

T) 
•q 

24,Q 13.6 10.0 11 • ll 18.0 45.2 
T) 
"'l 

30,7 16." 1 l • 3 12.7 19,1 47,9 
T) 49.9( 49,4) 
.. J 

38,3 20,4 13 .1 13. 7 20,7 51.2 
TJ 
II J 

47.7 25.3 15.3 15.0 21,5 55.4 
T) 49.9( 7 4. 4) 
"J 

5 7. 3 3t, 1 1 El. 1 1 f). f, 27.9 
T) 34.6(104.0) 23.9(104,0l 
"'l 

37,3 21.4 1 B. <\ 24.6 
Tl 23,9(!~6.0) 1Q.8(138,0) 
"1 

43.2 25.? 70. '> ?6.7 
Tl 
M J 

20,0 27. q 

T) 

'·IJ 

-------------------------------------------------------------------------------------
OIL AT "AX Pf"l.l, 
OR PERMITTfD PISr 62.~C!OR,0) 43,4(153,0J 29.9(707,0) 24,9(225,0) 30,0(17P,0) 62.7( 84,6) 
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TABLE 19 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.00 

DE~SlM~TRlC FPO~Of ~U~Bf~ 

3 10 30 1on 1000 

HIS£COIAl -------------------------------------------------------------------------------------

2 

3 

4 

5 

7 

9 

12 

1 5 

20 

25 

42 

54 

7() 

11 5 

148 

190 

244 

DI L AT ~AX ~ EAt. 

Tl 
"I) 

Tl 
"] 

T) 

M] 

Tl 
"I] 

T) 
Ml 

T) 

M] 

Tl 
.,J 

T) 
Ml 

Tl 
Ml 

Tl 
M] 

T) 

M] 

Tl 
,.. J 

1) 

"I] 

T) 

Ml 

Tl 
II] 

T) 
11) 

T) 
M] 

T) 
"J 

1.9 

2.7 

3.6 

4.2[ 3.71 
4.5 

5.4 

R.3 

10.5 

1b.1 

19.6 

25.1 

31 • 3 

39.6 

so.5 

79.7 

99.6 
Tl 111.Ci(l64.0l 
Ml 

Tl 
111 

Tl 
11) 

121.n 

139.0 

2.1[ 0.4] 
2.6 

J.n 

3.5 

3.8 

4.2 

4.9 

">. 6 

6.6 

7.6 

9.3 

11.0 

13. 7 

16.7 

20.7 

26.0 

32.7 

40.8 

50.9 

63.4 
76.9(240.0} 

77.8 

2.or n.oJ 
3.7 

4.2 

5.2 

6,n 

7 .1 

~.o 

8.R 

10.0 

11 • 4 

13.2 

22.3 

27.1 

32.'l 

40.7 

2.oc n.nJ 
5.6 

6.3 

6.9 

7.3 

7.6 

8.2 

9.2 

9.7 

10.3 

10.9 

11. 8 

12.6 

13. 7 

15.0 

18.5 

20.9 

2.0[ 0,0) 
R.8 

10.1 

11. 0 

11.6 

12.1 

13,0 

13.6 

1 4. 5 

15,1 

1h.1 

22.5 

27.5 

2.oc o.n1 
22.0 

25.~ 

27.5 

29.0 

30.5 

32.7 

34.3 

36.2 

36.0 

40.2 

42.0 

44,5 

46.R 

49.2 

52.0 

54.R 

5 6. () 

61.5 
65.1(187.0) 

65.4 

r'JH P~.Rl"IrTED t<JSE 119.0(2-15.0l 90.2(300.0) 47.4000.0) 31 0 7CJO!,O) 31.H3fJ2 0 0} 76.<'(300.0) 
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TABLE 20 

DIFFUSER PLUME DILUTION 
PORT SPACING = 2 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.00 

DEtlSIM~THlC f"IWUOf. NIJl-IRfR 

3 I 0 100 JOOD 
~l~F.(01A) --~---------·-··-·-···------·••••••••••••••••••••••••••••••••••••••••••••••••••••-••• 

MI 

MI 

"I 
J 

t<lj 

4 
¥] 

5 
"') 

7 

9 
llJ 

12 
M) 

15 
M) 

20 
"J 

2'> 

42 
MJ 

54 

70 
Ml 

90 
M) 

11 '> 
M) 

Ill 

,..] 

244 
MI 

1 • Cl 

2.7 

J.6 
4.:1( 3.7) 

4. !> 

5.4 

I 0. 5 

I 2. I> 

16.1 

19. 6 

25.3 

31. s 

39. q 

~ 1. 2 

82.5 

106. 0 

135.0 

I 7 3. O 

2.11 0.4J 
2.6 

1.0 

3.5 

4.2 

4.9 

7.6 

11.0 

13. 7 

16.8 

20.8 

26.2 

32.9 

41 • 3 

'52.5 

66.b 

1!4. 7 

2.oc o.oi 2.or o.oJ 
3.7 

4.? 6.3 

4.6 

7.) 

., • b 

5.6 Ii. 2 

6.0 R.& 

6.6 

7.1 

e.o 1 0. 3 

e.e 

10.0 11. 8 

11 • 4 17. fl 

13. 2 13. 7 

15.7 15.0 

18.6 16.7 

22.5 1 8. 5 

27. 5 21.0 

33.R 2 4. 1 

41. R 211.1 

2.oc n.01 
R. B 

10.1 

11. 0 

11.6 

l 2. 1 

I 3. 0 

1 J. 6 

14. 5 

16. 1 

17.9 

18.9 

19.9 

21 • I 

27.4 

2 l. ll 

25.5 

27.3 

29.5 

2.or 0.01 
22.0 

27.5 

29.0 

30.5 

32.7 

34.] 

J6.2 

38. 0 

40.2 

42.0 

44.4 

48.9 

51. 5 

54.2 

63.0 

bb.2 

r•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~--

I) I L A T "' A X II f A 1, 
OR PERMTTTfD 1115~ 212.0Cl0\.0) \03 0 0()01.0) ~0.2(301.0) 32.1(301.0) 31.7(301.0) 69.1(101.0) 
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TABLE 21 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO= 0.10 

DENSIMET~lr FPOUOf NU~BF~ 

3 I 0 30 100 1000 
~ISr(OlA) ··-···--------------------··-····••••••••••••••••••••••••••··---·-······••••••••••••• 

T) 

WJ b. 3[ 1 • 0 l b. 2 [ 0. t J 6. 2 r 0 0 0) b. 2r 0,0) 
1 • q 2.8 6.4 11 • R 2?.7 8 5. fi 

T) 

r.'] 

2,7 3.7 a.? 14.4 27. 3 110.0 
T) 117.0( 2. 4) 
M) 

3. 5 4.6 9,6 1t>.4 H .1 131.0 
T) 

M} 

4.5 5.6 10.Q 1!l.2 H.3 
T) 
"1] 5.,, 6. fi 12.0 20.0 37.3 
T) 4 I • 6 ( 6,b) 
Mj 

8. 1 8.8 14,4 23,J 42.R 
T) 
,..) 9. 1 [ 7. 3) 

1().8 11.0 16,P 2t>.3 4R,5 
T) 28.4( 10,3) 
"'] 

12 1~.4 14.0 20.4 31. 3 
T} 2 3. 1 ( 14.2) 
MJ 113 • 1 [ 13. 7) 

1 ') 20.3 17.0 24,4 )fi. 7 
T) 23,9( 1 7. 7 l 20.4( 18. 3) 
"11 

20 26,9 22.5 3 3. 1 
T> 
Ml 

7'> 34 .1 
'1 ) 

I "'I 

------·------------------------------------------------------------------------------
l>ll.. AT l~AX REAL 
OR PF""'JTTfO RIS~ ~2.7( 24.4) 41.3( 25.6) Js.qc 70.8) 40,0( 16.0) 57,5( 10,6) lbl.OC 3.R> 
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HISf':(OlA) 

2 

3 

4 

5 

7 

Q 

I 2 

1 ') 

20 

?5 

3 l 

TABLE 22 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO= 0.10 

OE't\SH1~;Tl!IC FROUllE NUfolBF:H 

3 10 30 101) 1000 

------------------------·-----------------------------------------··------------------Tl 
fo'] b. 3[ 1. 0 l 6. 2 l 0. l J 6.? [ (). 0 J b. 2 { 0,0] 

1. 9 ?,8 b,4 11 • 7 22.?. 85,0 
l) 

'4] 
2,7 3,7 B.2 14. 3 27. 1 107.0 

T) 
p.t] 

3. 6 4. f· 9,6 16. 1 30,9 123,0 
Tl 

"'l 
4,5 5,6 10. A 18.1 B,R 137. (I 

Tl 146,0( 4. 7) 
ill 

5,6 6,6 12.0 19, R )b,5 150,0 
1) 

"'' B. t 8. 8 14,2 22. <j 4 t. 3 180,0 
T) 

Ml 9. 3l 7,5] 
10,9 10,9 16.4 26,0 45,9 

Tl 
fo') 

15,n 14.0 JQ,7 30.3 51. q 
Tl 54,2( 13,1) 
MI 19. 6 ( 14. 3 J 

20,B 17.0 2 3. 1 34. 8 'i8, 4 
Tl 40,5( 1q.1) 
"'l 

28.7 21,9 2fl, A 41.9 70,5 , ) 35,0( 24,9) 
M] 

35.0 26,7 35.2 49.8 
Tl 37,BC 27,31 31, A! 30.0) 
MJ 

44,9 35.3 4R,8 
Tl 
Ml 

-----------------------------------------·----------------·--------------------------
DIL AT '4AX Rl:..Al, 
OR PfHMI1TfD HISr:: 87,4( 37,9) 6R.4( 41.7) 56 0 6( 35,B) 58,1( 29,1) 75,2( 20,7) 204,0( 7,6) 
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l'lSF:(llJA) 

2 

3 

" 
5 

7 

9 

l:t 

1 i; 

20 

2!> 

3J 

42 

54 

70 

TABLE 23 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO= 0.10 

lJENSUH:1'11 JC f PllllOE NllMRER 

3 10 30 100 1000 

-------------------------------------------------------------------------------------n 
MI b. 3[ l • 0 J 6. 2 [ 0. I J f,. 2 [ o.oJ b. 2 l 0.01 

1. Q 2.8 6.4 11 • 7 22.0 84.4 
r J 
MI 

2.7 3.7 !! • 2 1 4 • 3 27 .1 105.0 
n 
M) 

3. 6 4.6 9.5 16.J 30.7 120,0 
Tl 
,.] 

4.5 5.6 10. !1 18 • I 33.6 132. 0 
T) 
M) 

5, Ii 6.6 12.0 19.7 36.2 143,0 
T) 
Ml 

ll • 1 B.7 14,7 22. 8 40.8 161.0 
T) 

~] 9.4[ 7.f>] 

10.Q 10.9 16.3 25.B 44.9 176.0 
T) 

rot] 

15.7 14. 0 19.4 30.0 50.5 197.0 
T) 206.0( 13. 3) 
"] 20. 2( 14.6) 

21. 0 17.0 21. 5 34.0 56.1 217.0 
Tl 
M] 

28.B 21. B 27. 7 40.8 64,4 257,0 
Tl 
"'I 

36.2 26.7 32,7 47.5 73 .o 
T) 

"'J 
47.5 34. 3 41,0 58.4 B5,7 

't) 88.1( 34. b) 
lo') 

59.7 42.B 51.2 70.5 101.0 
Tl H.oc 53.2) 75,4( 45.6) 
"] 

75,2 54.5 &6.?. 87,8 
n 62.6( 62. 3) &8,1( 55.4) 
"] 

95,2 71.5 93. 7 , ) 
M) 

-------------------------------------------------------------------------------------
OIL AT MAX RnL 
llR PFR~JfTVn RTSf 181.0( 7~.0) 14J,OC 85.9) 114.0C 77.5) 109.0( 66.7) 123.0( 53,1) 28!!,0( 21.5) 
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l'ISECDIA) 

1 

2 

3 

4 

5 

1 

9 

12 

15 

21) 

75 

33 

42 

54 

7fl 

90 

11.., 

1 4 f, 

1'l0 

OIL AT f.IAX 

TABLE 24 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO= 0.10 

(lENSIMt:TRIC FR OU DE NUMBER 

3 10 30 100 1000 

-----------------------··--------------------------------------------------------"·---
Tl 
M] b. l I 1 • 0] 6.2[ 0.11 6.?C O.OJ 6. 2 [ O.OJ 

1. 9 2.B 6.4 11 • 7 22 .o 84.4 
T> 
Ml 

2.7 3. 7 R.2 14.3 21.1 10!). 0 
T) .. ] 

3. b 4.6 9.s 16.3 30. 1 119. (I 
Tl 
") 

4.5 5.,, 10. !l 1A.1 33 .6 131.0 
T) 
Mj 

5.6 6.,, 12.0 19.7 36.2 141.0 
T) 

Ml 
8. ! 8.7 1 4. 1 22. 8 40.8 1s7. n 

r > 
Ml 9.5[ 7.71 

10. ') 10.9 lb.3 25.b 44.9 1 71 • 0 
T) 
M] 

15. 7 14.0 19.4 29.B 50.5 189.0 
Tl 
.. J 20.41 l 4. 7 J 

21. 1 11.0 27.S 34. () 55.7 204.0 
Tl 
Ml 

29.o 21. !l 27.5 40.5 63.9 227 .o 
Tl 
Ml 

36.5 26.7 32.2 47.1 71 • 9 247.0 
T) 
... J 

4&. "> H.3 40.2 57.b 84.4 276.0 
Tl 
"1 

61. j 42.B 4 8. Fl 69. 0 97.5 305.0 
T) 312.0C 44.2) 
•. q 

78.7 51.2 60.9 84.4 11 5. I) 345.0 
f) 

"I] 

1 0 l • 0 69.5 77.1 105.0 1311. 0 
T) 

"'] 

12a.o P'l. 2 9 8. Ii 131.0 1li6.0 
Tl 1h2.0(tl3.0) 173.0( 95.3) 
"] 

160.0 11 2. 0 12R.O I t,5. 0 202.0 
T J 1fd.O(l!H.O) IJH.0(142.0) 152.0(!32.0) 
"'I 

}00 •(I 145.0 l 7 7. (l 212.0 
1 } 
r-<J 

241.0 
1) 

"J 

-------------------------------------------------------------------------------------
Rfn 

OR Pfl<''4l11U' PI s~· _2'57.0(thf>.O) 31!:!.0(l'l'5.0) ~~-~~~ 2 32. n (1__~'2) ~3-2_.~1 3 q • 0 ) 3~1 ._<?i__25~_2 

G-25 



TABLE 25 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO= 0.10 

DF.NSif.IE.TIHC F'FlnUl>I': Nlll!~F:H 

3 10 30 100 1000 
HJSE(lll Al 

----------------------------------------·----·-----------------------------~---------,,. J b. 3( t.01 b. 2 c 0 •I J 6.2[ o.O} 6.2£ 0.01 
1. 9 2.R 6.4 11, 7 22 .o 84.4 

Ml 
2 2. 1 J.7 0.2 14. 3 :n.1 105,0 

"'J 
3.6 4,6 9.5 1 I). 3 30.7 119.0 

M J 
.\ 4 • 5 5,6 10. ll 18.0 33.6 131.0 

"l .. 5. b 6.b 12.0 tQ.7 .Hi. 2 141.0 
"l 

7 ll • I S.7 14 .1 12. b 40,R 157.0 
"'J 9. 'i [ 7.71 

9 10.9 1 0. q 16,3 25.b 44,h 110.0 
:~ J 

12 1 !J. 7 14.0 1Q.4 29,S 50.2 1\!ll. 0 
"I 20.5[ 14. 7 J 

l 5 21. 1 17.0 22.3 3 3 • .:! 5'i. 7 :l03.0 
M) 

2<l 29.0 21. 8 27.3 40,5 63,9 22 3. 0 
"J 

25 36.7 26.7 )'.;I.:? 47,l 7 l • 4 242.0 
"l 

B 48. 5 34. 3 39.9 57,2 83.B 267.0 
,., J 

42 61, 8 4 2. fj 41l. 5 68,5 9b. 7 291.0 
!-\) 

54 79.3 5 4. 1 &0.1 R3,8 114. 0 320.0 
M] 

70 10 J. 0 69.5 75.0 104. () 136.0 355.0 
I"] 

90 132,0 BR,2 q 3, ll 128.0 164,0 
r-tj 

11 5 1b9,0 112.0 11 7. () 159. f) l'lB.O 

"J 
H~ 216.0 143.0 149.0 200.0 242.0 

Ml 
190 277.0 183.0 18 R. 0 251.0 297.0 

.. J 
'..M4 234.0 239,0 

M] 

---~--------·--······-······--------------··-·····-----------------------------------
f'l IL AT MA~ l'F'Af, 
IHI Pf RM r rn·o RI ,<;fo: }1l 1 0P:?R 1 0) ?fl~ 1 0,~ci9 1 0) 284,0,2Q4,0) J12 1 op40 1 02 J1s 1 opo4 1 0> 362,0( 7314) 
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TABLE 26 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.05 

rFNSJ~[TRir FPOUDF NUMBFR 

3 10 3 0 100 1000 
RIS~llJIAJ •••••••••••••••••••••••••••••••••••••••••••···-·---·······----·-···•••••••••••••••••• 

T J 
"'1 5. 7 l o.ci1 5. 6 [ o • I J 5. 6 [ 0.01 5. 6 [ 0.01 

\. q 2.8 'i,fl Cl. 9 t 7 • fl 62,2 
Tl 
~I 

2 2,7 3,6 7 • 1 11. 8 21. 3 17 .6 
Tl 90,4( 3.0J 
"'I 

3.6 4.4 8,0 13. 2 23,9 
Tl 
"] 

4 4,6 5. l R.7 14.7 2fi. 0 103,0 
T J 
M J 

5 5. (; ".o 9.4 15.2 2R,O 
Tl 
"'] 

7 8. 1 7.6 10,6 16,9 31,3 
TJ 3 3. 1 ( R .1) 
M] 9. 2 [ B •'I J 

9 10.R 9,4 11. B Pl ,6 3 4. 'i 
j) 

"'I 
12 15. 4 11. 7 13. 5 2\.0 40.2 

T) 21. 6 ( 12,8) 
MI l R, 0 ( 13. 7] 

20,0 l 3, B 15. I 23,4 
Tl 2 3. 4 ( 1 7. q) 16. H 1 7. 7) 
M] 

20 25,6 17. 2 1 B, J 28. fj 
Tl 17.H 20,3) 
M) 

20,4 22.3 
1 ) 
M] 

-----------------------·-------------------------------------------------------------
OIL AT ~\AX REAL 
8H P~R~JI l~n ~15~ 44,2( 25,0l 31,1( 29,b) 2b,,( 27,1) 29,'l( ?0,1) 45,l( 11,2) 124,0( 4,9) 
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H l !'F: (DI Al 

2 

3 

4 

5 

7 

9 

1 2 

1~ 

?O 

?.5 

33 

4,. 

TABLE 27 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.05 

OENSIME:l'HH" f POUllE NU,.Af'R 

10 30 100 1000 

-------·-----------------------------------------------------------------------------Tl 
.111 5, 7C 0,9] s.,., r 0. 11 s. 6 r 0, U) 5,6[ 0.01 

l • q 2. !! r:; • B 9,Q 17,6 61 , R 
T) 
MI 

2,7 ],6 7, I 11 • 8 21 • l 76,6 
Tl 
M) 

],6 4,4 e.o 13. 1 n. 1 !! 7. 4 
1') 

M J 
4.,., 5.1 B,7 1 4. 1 ?5. !! 96,3 

T) 

MJ 
5,7 6,0 9,3 15.1 27.7 104,0 

T) 112.oc 6 .1) 
M] 

!! • 1 7.6 10,6 16.8 30,7 119,0 
T) 
MI 

10,9 0,4 11 • 6 18.2 J3,3 137.0 
T) 

"I 9,5[ 9. 1 ] 
1 5. c; , 1. 8 13. 3 20.4 36,7 

T) 
MI I q, 4 C 14. 31 

20,7 14,0 14,B 22. 5 40,2 
f) 41."' ( 16. 4) 
~ J 

?7,5 11. 5 17.4 25,B 45,R 
Tl 29,2( 25,0) 
M} 

33,6 21.0 20.n 29.4 52,6 
T) 36,2( 27.5) 24,1( 32.7) 
Ml 

41. A ?6,0 24.? 35. '5 
Tl 2f,. o; ( lJ. ll) 

J MI 
ll ,!1 in.~ 

1') 

M) 

----------------------------------------------------------------------------------·--
0 I L A T M A X H U (, 
OR PF:P~lTTEO RISE 74,4( 39,0) 52,7( 48,9) 42,0C 48,7) 42,4( 3R,7) 57,2( 26.4) 154,0( 9,A) 
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lilSHDlfll 

2 

3 

4 

'i 

7 

9 

I 2 

1!:> 

20 

2!:> 

J3 

42 

54 

70 

90 

rn 1, AT MA 1 

TABLE 28 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.05 

Of:NSIMfTRIC FROllOf NUMHER 

3 10 30 100 10011 

-------------------------------------------------------------------------------------T) 
'·11 5. 7r o.9J 5. fi [ 0. 1 ] 5,6( 0. 0 J !:>. h [ 0.01 

1 • Q 2.R 5.R 9.9 17. 6 61 • 8 
I ) 

"'I 
2.7 3.6 7 • 1 11 • 9 21.1 7b.O 

1l 
MI 

3.,, 4.4 R.o 1 3 • 1 23,6 8b.l 
Tl 
•.I) 

4.6 5. 1 R0 7 14.1 25,h 93,6 
T) 

'A J 
5.7 6.0 9.3 15.U 27,5 10 1 • 0 

1 ) 
MJ 

8 • 1 7.6 10.5 16. 7 10,3 112.0 
T) 
.111 

l 0. Q 9.4 11 • fl 1 R , 1 32,7 123,0 
f) 

MI 9,6[ 9. 3] 

15,6 11,9 13,2 :rn. 2 36,0 136,0 
Tl 
"'1 2 0. 1 [ 14. 61 

21 , I) 14. 1 14,7 22. 2 39.1 147,0 
T) 15b.O( 17. 'i) 
M J 

;i 8. 4 17. 8 17. 1 25,3 41.7 16b,0 
Tl 
M 1 

15.2 21. 3 19,6 28.2 4R,l 187,0 
T) 

~ J 
45,9 7.6.9 23,4 32,9 5 4. !i , ) 

Ml 
56,8 ·n, I 27.R 38,3 f2 ,0 

f) t>4, H 44.9) 
"1] 

70,7 41,0 33,6 45,5 77. 1 
Tl 71 • 0 ( 54,5) 51 • 6 ( t'3.4) 
'MI 

95.6 51 • 0 41. 6 56,3 RB.2 
Tl 51,6( 71 .1) 45,2( 77. 2) 

"I 
61,2 53.1 74.4 

r) 

") 

-------------------------------------------------~-----------------------------------
f< F"ll r. 

IW l'FR•q rn·n F' I$~: 1b0,0( 77. 9) 1 tli.0(10?.0) 1:!9,7(11(),()) 70,4( o"j, fi) 90,3f 7 1!. b) 7\fi,0( ;,JR, 7) 

G-29 



HJSECOIA) 

2 

3 

4 

5 

7 

Q 

12 

15 

20 

25 

33 

42 

54 

70 

90 

115 

t 4" 

190 

'.744 

l)Jf, AT "'II X 

TABLE 29 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.05 

DENS1"1t:Tfnr FPOUOE t 1 U" BER 

3 10 30 100 1000 

-------------------------------------------------------------------------------------
T) 
M) 5. 7[ O.QJ 5.6( 0 .1l 5.6[ o.OJ 5.6[ 0.01 

1.9 2.8 '5. p 9.9 17.6 61. R 
T) 
"I) 

2.7 3.6 7. 1 11. 8 21 .1 75.5 
f) 
"4) 

3.6 4.4 fl. 0 1 3. 1 2 3. f> 85.6 
Tl 
"I] 

4. f; s.1 B.7 14.1 25. f, 93.6 
Tl 
M] 

5.7 6.0 9.3 15.0 27.3 100.0 
T) 
"l 

8 0 1 7.6 10.s 1 f). 7 30. 3 111.0 
T) 
M) 

10.~ 9.4 11 • 6 113. 1 3/.7 120.0 
T) 
rot] 9.7( 9.3] 

15.7 11.9 13. 2 20. 1 35.7 132.0 
T) 

I'] 70.4[ t 4. 71 
21.0 14.1 14.7 22.0 3R.R 142. 0 

r> 
Ml 

2H.6 17.9 17. 1 25.1 43.1 157.0 
T) 
"I] 

35.7 21.4 19.6 27.B 47.5 169.0 
T) 
"I] 

46.8 27 .1 23.4 32.4 53 0 8 1 8 l. 0 
T) 

"'] 
58.B 33. 6 27. 7 37. 2 60.5 204.0 

: T) 
"'] 

75.0 41.Q 33.1 43.7 69.4 226.0 
Tl 233.0( SR.3) 
°'I 

95.6 53.0 40.9 52.3 80.7 254.0 
Tl 
M] 

120.0 66.5 4'l.R b2.9 94.9 
T) 

"'I 
150,0 RL4 61.6 76.9 113.0 

T) 156,0(121.0) 124.0(130.0) 
"] 

1~2. 0 10 1. 0 77. ~ q 7. f) 137.0 
fl IH.O(lh5.U) 98.1)(190.0) 109.0(l'>".n) 
M) 

129.n 9B.~ 127. [) p,q.o 
Tl 
MI 

140.0 
T) 

"') 

-------------------------------------------------------------------------------------
PF.AL 

01< fEl<~lT'J'ED I< I SE 2 0 '1 •I) ( \ 7 3 • 0) 2o2.0C235.0) 214.l'IC/t:'i.O) 177.0(237.0) _175.'1( 1 Qb 0 0) 27b.O( P 1 • I l 
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TABLE 30 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.05 

3 10 30 100 1000 

RIS~(DIA) -------------------------·------·-··-·······-··-----·----------·-···----·----·••••••• 

2 

4 

., 
7 

9 

1 2 

20 

2':> 

J 1 

42 

54 

70 

QO 

115 

1 4 lj 

244 

"J 
1 • 9 

2. 7 
"J 

3. 6 
"!) 

4. 6 
"'J 

., • 7 
M J 

ij • 1 
I "IJ 

10. 9 
I ~I 

1 ':l. 7 
lolj 20.4l 14.7] 

n.o 
"') 

Ml 
3':>.7 

1-1] 

4 7. 1 
"] 

59.3 

76.0 
Ii) 

9!l. 3 
I M) 

17.':l. 0 

"J 
160.0 

MI 
204.0 

M j 

"'] 

I'] 

OIL AT MAX PEAL 

2.8 

3. 6 

4.4 

5. 1 

6.0 

7.6 

9.4 
9.7( Q.JJ 

11. 9 

14.1 

17.9 

21 • 4 

27. 3 

B.6 

42.2 

53.4 

67.ti 

85.5 

109.0 

13R.O 

176.0 

5. H O.QJ 
5.8 

7 • 1 

s.o 

R0 7 

Q.J 

10.s 

11. 6 

13. 2 

1 7. I 

19.6 

23.l 

33. t 

40.5 

49.P 

61.5 

76.6 

95,7 

120.0 

').6[ 0.11 
9.9 

11. B 

13.1 

1 4. 1 

1s.o 

1 Fi. 7 

18.1 

20.1 

2?.. 0 

25.1 

27.8 

32.2 

37.0 

43.4 

73.6 

qo.o 

110,0 

136,0 

5. fi [ 0. (] J 
17.6 

21.1 

23.6 

27.3 

30.3 

32.7 

3". 1 

lR 0 R 

43.1 

47.1 

60. 1 

R0.7 

9 ! • 7 

110,0 

1 32. (1 

15<l,O 

194,0 

5,6[ 0.01 
61.8 

75.5 

85,6 

93,0 

99.6 

111 • 0 

120.0 

131. 0 

141.0 

155.0 

166.0 

ltU. 0 

198.0 

216.0 

237.0 

260.0 

OR PtRMJTTED ~TSE 325.0(237,0J 216 0 0(300.0) 146,0(301.0) 163.0(JOO,O) 22<l.~(300.0) 286.0(114.0) 
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10/>FCPlA) 

2 

3 

4 

5 

7 

9 

12 

I 'i 

20 

25 

TABLE 31 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.02 

PF:NsrnnRIC f'ROU[lF.: llUMflER 

3 10 30 100 1000 

--------------------------------------·----------------------------------------------Tl 

"'l 5. 3[ o.9J 5. 3[ 0. I J 5. J [ 0.01 5. 3( 0.01 
1. 9 2.7 5.5 9.9 l 4. 7 44.6 

Tl 
"'J 

2.7 3.6 6.6 10.3 1 7. 3 5.J.? 
T J 
II) 

3,6 4.3 7.J 11. 2 1q.0 60.9 
TJ 67.l( 4.0) 
t.<J 

4.6 5. 1 7.9 l 2. 0 20.5 67. 6 
T) 
loll 

s.7 5.9 8.4 12.7 21. 7 73.5 
T) 

I ") 

8.1 7.5 9.3 1 J. R 23.Q 
Tl 
MJ 9 .1 [ II. 9 J 

10, R 9.?. I 0 .1 14. R 2'i. B 
T) 26.5( 10. 0) 

Ml 
1 5. 2 11 • 3 l t • ' 16.1 2 A. II 

TJ 1 7. 4 ( 15.2) 
"') 10. 0 l l 1. 7 l 

19.B 13. 3 12.2 31. ~ 
1) 23. l ( 1 7. p) 13. BC 20 .1) 

"'l 
25.3 16 .1 1 q. fi 

T) 16.5( 20.8) 
f.I J 

79.5 I 8. 6 15. '5 
TJ 
~I l 

OIL A'r l!AX RF;AL 
OR PEPllJTT~D R[S~ JS.BC 25.l) 24.2( 30.9) 19.4( 32.1) 23.0( 24.R) 34.9( 16.2) 90.3( 6.5) 
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HISF(OH) 

2 

3 

4 

5 

7 

q 

1 2 

15 

7.0 

7.5 

) I 

42 

54 

TABLE 32 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.02 

DENS HH:THIC FROUD~: N l' "I BER 

3 IO 30 100 1000 

-------------------------------------------------------------------------------------Tl 

"J 5. 3 [ o.q1 5. l[ 0 .1l 5 • .H 0,0] 5. 3 [ 0,0] 
1. 9 2,7 5.5 8,H 1 4. 7 44,3 

TI 
M J 

2.7 3 • " 6 ,6 10,3 1 7. 3 53,4 
Tl 
r.IJ 

l, 6 4,3 7,3 11 • 2 1q.o 59.7 
T) .. , 

4,6 5. t 7.8 12. 0 20,4 65,3 
fl 
"11 

5.7 5,9 8,4 12. i; 21 • 5 69,5 
T) 

M] 
8,1 7,5 9,2 13.7 '3. I\ 77.6 

'I ) R2,1C 8,2) 
I'] 

I 0, 9 q,2 10,0 14. 6 7~.1 85,5 
T) 
Ml 9, H 9,2] 

1 5. c; 1\. 5 11.1 15,8 27. 3 97,9 
Tl 
MI 1 9. 4 l I 4. 31 

20. i; 13. t- I 2, 1 1i;.9 29,0 
Tl 
M] 

27,3 t 6. 7 1 3. 7 1R.5 32,0 
Tl 32. 2 ( 70,6) 
"I] 

3 J. I 19,7 I "i, 4 20,0 3 4. ll 
Tl 35,7( 27,61 21. 7( 31 • n) 
M] 

40,9 24. J 17. R 72,!i I\ 1. 0 
1 ) 25.1( )4. q) 19. JC 38. 4) 
If I 

28.6 20.4 25.4 
Tl 
,.. J 

24,3 
TJ 
M] 

--------------------------------------------------------------------------------·--·-
DIL AT MAX REAL 
UH PrPM11TFD RISF 60.6( 39.4) 40.2( 51,4) 29.2( 5q.s) Jn.oc 50,0) 42.7( 33,6) 111,0( 13.3) 
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TABLE 33 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STAB IL ITV STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATION = 0.02 

DENSillETlllC F"POUDE ~:U,.BER 

3 10 30 100 1000 
RISECDlA) -------------------------------------------------------------------------------------

T) 
M] 5. 3[ 0.9] 5.3[ I'). 1 ] 5. ][ O.OJ !:>. 3[ 0. ()] 

1. 9 2.7 5.5 8.k 14.7 44.3 
T) 
MJ 

2 2.7 3.6 6.6 10.3 17.3 53.0 
T) 
M] 

3 3.6 4.3 7.3 11. 2 18.9 59.3 
T) 
r1 1 

4 4.6 5.1 7 0 R 12.0 20.2 64.4 
Tl 
Ml 

5 5. 7 5.9 R.4 D.6 21.4 68.~ 
T) 
M) 

7 8 • 1 7.5 9.2 13. 6 23. 3 75.5 
T> 
MJ 

9 10.9 9.2 10.0 14.5 24.7 80.9 
Tl 
II'] 9.5r 9.3] : 

12 t5.6 11. 6 11 • 1 15.7 26.7 88.3 
Tl 
I.OJ 21). 1 [ 14.fi1 

15 20.e 13 .6 12.1 16.7 28.4 95.2 
't) 

tot 1 
70 28.2 17 .o 13.7 1 8 • 1 30.9 105.0 

TJ 112.oc 2 3. 8) 
"1 

25 34. 'l 20.2 15.~ 19.6 32 .9 114.0 
TJ 
"] 

33 44. (j 25.4 17.<l 21.5 35.B 129.0 
Tl 
~] 

42 55.7 30.9 20.7 23.7 39.0 
T) 

~] 

54 68.8 38.0 24.2 26.5 43.1 
T) 69.5( '54. 9) 44.8( 59.7) 
~I] 

70 82.8 47.0 29.o 30.2 4fl. 4 
T) 48.9( 74.1) 33. 8 ( 85.4) 
11'] 

qo Sti.3 34.5 35. 0 56. 3 
T) 35.3( 93.1) 
"l 

115 41.3 42.2 
Tl 
1") 

-------------------------------------------------------------------------------------
DIL AT "4All REAL, 
OR PEPMITTED RISE 136 0 0( 79.11 90.1(108.0) bl 0 5(13Q 0 0) 52.7(133.0) 61.9( 97 0 2) 152.0( 39.0) 
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l!ISECDI.A) 

2 

3 

4 

5 

7 

9 

12 

15 

2U 

25 

33 

42 

54 

70 

90 

115 

14'1 

190 

244 

DlL .:IT ~AX 

TABLE 34 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.02 

DFNSI,..,ETfiIC rPOUDF NUMBER 

3 1 (I 30 inn 1000 

-------------------------------------------------------------------------------------
T) 
Ml s. 3( 0.91 5. 3[ 0. 11 5.H 0.01 5. )[ 0.01 

1. 9 2.7 5.5 8.8 14.7 44.3 
Tl 
•I] 

2.7 3.6 &.6 10.3 17. 3 53.0 
Tl 
"IJ 

3.6 4.3 7.3 11. 2 18.9 59.3 
Tl 
Ml 

4.6 <;. 1 7.8 12.0 2n.2 63.9 
Tl 
Ml 

!) • 7 5.9 8.4 12.b 21.4 68.1 
Tl 
.. J 

8. 1 7.5 9.2 13.b 23.3 75.0 
T) 

IA I 
10.9 9.2 10.0 14.5 24.7 80.4 

Tl 
f>IJ Q. 5 [ 9.3] 

t 5. I' 11. 6 11 • 1 1". 7 26.7 87.2 
T) 
"'1 2 (). 2 ( I 4. bl 

21. 0 13. 7 12.1 1 6. 7 2R.2 93.1 
1) 
"'l 

28.4 1 7. 1 13.7 11:1 • 1 30.7 102.0 
T) 
"'] 

35.2 20.4 15.5 19.4 32.7 109.0 
Tl 
M) 

45.9 25.6 18.0 21. 4 35.4 119.0 
T) 
Ml 

57 ... 31.5 20.8 23.4 3 Fl. 1 128.0 
Tl 
Mj 

73.5 )Q.4 24.6 26.2 41 ... 140.0 
Tl 
"'l 

93. (l 49.5 2Q.6 29.6 46.0 1!>3.0 
Tl 163.0( p 1 • 6) 
"'I 

1 I 7. o 61.7 35.7 33. 7 51." 170.0 
Tl 
Ml 

145. o 11.0 43.3 39.0 57.5 192.0 
Tl 15i.'H123.0l 
•q 

1 76. () 95. 5 57.Q 45.A ;,5. q 
Tl 108.0(171.0l 
"] 

117.0 64.7 54.4 76.R 
TJ 7b.OC232.'Jl 77.2(1Q2.l') 
"] 

1 H.O 7Q.2 65.7 'P. R 
T) 66.2(247.0) 
MI 

-------------------------------------------------------------------------------------
f<EAL 

OR PF:k~ITH.D fi I Sf'.: 194.0(lH•.O) l'l1.1'1(249.0) 9J."1(30fl.(J) 79.2(300.0) 115.0(:?91'.0) ~-1__.JJJ_~ 
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TABLE 35 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.02 

) t 0 JO 100 1000 

RISECDIA) ·----------····-----------------·--------------------···------------------------····--

2 

4 

5 

7 

9 

12 

ts 

20 

42 

!>4 

70 

90 

115 

148 

1QO 

744 

"I 

foll 
2.7 

Ill 

M) 

4.6 
"4] 

5,7 
"l 

"'I 
10,9 

fo') 

15,7 
"l 20,4[ 14.71 

21. 0 
M) 

"'J 
35,5 

Ml 

Ml 
!>8. 4 

Ml 
14 .o 

fol) 

95.6 

122. 0 
Ml 

154.0 
Ml 

190,0 
M) 

253.0 
"'I 

II) 

2.7 

4.J 

5. 1 

7,5 

Q,2 
9.5( 9.4) 
tt,b 

17. 1 

20.5 

25,8 

31,9 

c;o. 2 

63,1 

n. 2 

101.0 

128,0 

161.0 

5.3C o.91 
5.5 

6,6 

7,3 

7,9 

10.0 

11 • 1 

12.t 

13. 7 

15.5 

19.0 

20, I) 

Jli,O 

54.1 

b7.3 

5.J[ 0.11 
ll. 8 

10,3 

11. 2 

12.0 

12.6 

14,5 

15,7 

1 9. 1 

19,4 

21.4 

26.2 

29,4 

Jlj. 7 

45,4 

53.9 

li4. 5 

5 0 3( O.OJ 
14. 7 

1 7. J 

20.2 

21,4 

23,J 

78. 2 

30,5 

35.2 

41.5 

45,5 

50.5 

63.6 

72 .s 

RJ,4 

5.3( 0.01 
44.3 

53,0 

59.l 

63,9 

68,1 

74. 'i 

101.0 

108,0 

117.0 

126,0 

136,0 

148,0 

160,0 

173.0 

189,0 

207.0 

---------------------------------------------·---------------------------------------
OIL AT "10 ME.AL 
nH P~RMITTEO HISE 321,0C242,0) 200,0(]00,0) 101,0(300,0) 75,7(301.0) 94,6(300,0) 208,0(194,0) 
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I< I SE ( n I Al 

') 

3 

4 

5 

7 

9 

1 2 

15 

20 

25 

33 

TABLE 36 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.00 

DF.NS 1'ff'l'IU C F"llnllflF llllM~ER 

3 10 30 100 1000 

---------------------------------·---------------------------------------------------: 1') 

"'I s .1 r 0.91 5. 0 [ 0. 1 ] 5. 0 [ 0,0J 5. or 0,0] 
\, 9 2.7 5,3 8,2 12.<I 32,0 

Tl 
1q 

2,7 3,5 6.2 9,3 1 4. El 37,0 
Tl 
MI 

J,6 4,3 6.9 10.1 16.0 40,5 
Tl 
MI 

4,b i;. 0 7,4 10. 7 17.0 43.1 
T) 
!<) 

5,7 5,8 7. R 1,. 2 17,9 45,5 
Tl 46. 5 ( 5,5) 
~ l 

8. 1 7.4 B.6 12,1 19.2 50,2 
I Tl 

Ml 9. or B,9J 
I 0, 8 9. 1 9,3 1/. 8 20. 4 5b,2 

Tl 21. 7( 11 • 8) 
,..) 

15. 2 11 • 2 10,3 13,7 2 I. Q 

1 l 
MI I 13, 0 C 1 3. 7 J 

19,R 13. 0 l1. 1 14.6 23.4 
I T) 2.l.lC 1 ., • 9 ) 15,0( 1Ii,9) 

"') 

25.1 15,7 \2,5 15,9 
T) 16. 1( 2 l • 1 ) 12. BC 21. 6) 
hi] 

28.3 17,9 13,6 1 7.:? 
Tl 
M] 

15,4 
Tl 

I ~ J 

-------------------------------------------------------------------------------------
OIL AT MAX RF.AL 
OR P~R~lTT~;[) RISE 2R,3( 25,2) 19,B( 31,5) 16,0( 34,7) 18,8( 2R,3) 27,0( 19,b) 58,0( <1,1) 
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NlSECOJA) 

1 

j 

4 

5 

7 

9 

12 

I!:> 

?•) 

25 

33 

42 

54 

TABLE 37 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.00 

l'ENSHH. TR IC FROUDF NUMBF'I' 

3 , 0 30 100 1000 

-------------------------------------------------------------------------------------n 
M) 5. 1 ( o.•n 5. 0 l 0 .1) 5.0[ O.OJ 5. o I 0.01 

I. 9 2.1 5.3 8.2 1 2. Q 32.0 
Tl 
'11 

2.1 3.5 6.? 9.3 I 4. 7 36. 7 
T) 
"l 

.3. 6 4.3 6.9 1 fJ. I 16. 0 39.Q 
Tl 
fol) 

4. b 5.0 7.4 10.7 16.9 42.5 
1'} 

Ml 
5.7 5.8 7.B 11. '2 17. 7 44.6 

1 ) 
Ml 

8 • 1 7.4 B.6 17. 0 19.0 47.B 
Tl 
"') 

10.9 9.1 9.3 12.7 20.0 50.B 
1) 53.9( 11.6) 
M) 9.21 9.1) 

15.5 11. 3 10.3 13.5 21.3 54.5 
]') 

"l 19.3[ 1 4. 2) 
20.s 13. 3 11. 2 14. 3 72 .5 58.2 

1 ) 

"'1 
27. I lb.3 12.6 15. !:> ~4. 0 

Tl 25.2( 74. 7) 
M J 

32.9 19.2 13.9 16.4 25.4 
T) 35.~( 77. 7) 
M] 

40.3 23 .4 16.0 17.9 27.5 
I 1' ) 24.4( 35. 3) 1'1.9( 40.9) t 8. 2 ( 15.3) 

"j 
27.4 1 fl. 1 19.4 

1') .. ] 
20. 5 21.4 

T) 

'1) 

-------------------------------------------------------------------------------------
OIL AT ~Alf RUL 
OR Pf.MMI11F.D k!~r. 41 0 8( 19.b) 30.3{ 52.6) 22.2( 64.9) ?2.RC 59.9) 31.6( 41.9) b7.5( 19.6) 
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TABLE 38 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, ~TABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.00 

O~NSlMEl'flIC fROllDE Nll1"RER 

3 10 30 100 1000 
RISUDlld ------------------------------------------------------------~------------------------

Tl 
,.. J 5. 1 [ 0.91 s.oc 0.11 5.0[ 0.01 s.or o. 0 J 

1. q 2.7 5.3 8.2 12.9 32.0 
T) 
~J 

2 2.7 3.5 6.2 9.3 14.7 36.7 
T) 
"') 

3 3. b 4.3 6.9 10. 1 16. 0 39.6 
T) 

"'J 
4 4.6 5. (I 7.4 10.7 lb.9 42.2 

T) 
1"1 

5 s.7 5.B 7. fi 11. 2 17.6 44.0 
Tl 
"'] 

7 B.1 7.4 8.6 12.0 18.'l 47.1 
T) 
!o'] 

9 1 0. q 'l.1 9.3 12.6 19. El 49.8 
I l 
"'l 9.4[ 9.3) 

12 15. 6 11. 4 10.3 13.5 21.1 52.7 
T) 
"I] 20.ll t -1. 6] 

15 20. ll 13. 5 11.2 14.2 22. 2 55.4 
Tl 
") 

20 28.0 16.7 12.6 15.3 23.4 58.7 
Tl 
~] 

25 34. 5 19.6 14.0 16.J 24.7 bl 0 8 
Tl 
"] 

3] 44.6 24.6 16.2 17.B 26.3 66.1 
Tl 67. 7( 36.4) 
"l 

42 54.'l 29, Fl 1 ll. B 19.2 27.7 70.5 
Tl 
~) 

54 f, 7. f' 36.7 21. Q 21.0 29. 'i 76.S 
Tl 6 a.st ., 5. 1 ) 
"l 

70 131. I 45.1 25.8 2] .1 31. 7 
Tl 47.5( 7 5. t,) 32.5( 77. 2) 
!') 

qo 53. 7 30. f, 25.7 34. f) 
Tl J2.5( 99.3) 27.0(101.0) .. , 

115 35.R 28 .6 "3 7. 1 
T) 
"] 

I 4 ti 40.4 31. 4 

Tl 
"] 

-------------------------------------------------------------------------------------
OIL AT "'AX µf AL 
1P 1-'F:kl"l TTED ~I SC: R ") • t> ( 7<1. 9 l 59.2(111.0) 40.7f151.0) 33.ll(th'>.'>J 4fl,7(\lt.O) 8 5. ti ( 67. 3 l 
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TABLE 39 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.00 

DfNSIMETRlC fPOUDf NUMBfH 

3 10 30 100 101l0 

RISECDIA) -------------------------------------------------------------------------------------

2 

3 

4 

7 

9 

12 

15 

20 

25 

33 

42 

54 

70 

90 

115 

\41 

190 

244 

Tl 
M] 

T) 
,..1 

T) 
Ii] 

T) 

M) 

T) 

Ml 

Tl 
,., l 

T) 
M] 

TJ 
"'] 

Tl 

1.9 

2.7 

3.6 

B. 1 

fl'] 20,2[ 14.6) 

T) 
M] 

T) 

M] 

Tl 
,.. 1 

Tl .. ] 

T) 

"] 

Tl 
Mj 

T) 

.. J 

T) 
"'] 

21.0 

28.2 

35.0 

45. "i 

56.8 

115. (1 

142.0 
T) 151.0(124.0) 
~ l 

1 ) 
.. J 

T) .. ] 

T) 

M] 

17 l. () 

2.7 

4.3 

5.0 

5. fl 

7.4 

9. 1 

9.4[ 9.3] 
11.4 

13.5 

16.7 

24.9 

30.5 

47.5 

73. 4 

9t.2 
tr15.0C171i.O) 

111.0 

5.1£ o.91 
5.3 

7.4 

8.6 

10.3 

11. 7 

12.6 

14. l 

22.2 

26.5 

47.1 

57.5 

5.oc 0.11 
8.2 

10.1 

11 • 2 

12. o 

12.6 

13.5 

14.2 

16.2 

17.6 

19.2 

21.0 

23.3 

33.S 

3 fl. 7 

5.0[ 0.01 
12.9 

14.7 

16.0 

17.6 

1!~. 9 

21.1 

22.0 

23.4 

24.5 

27. 4 

31.0 

33.0 

4 1 • 1 

6Q.6 45.1 44.R 
70 0 3(748.0) "il.1 (300 0 0) 46.8(776.0) 

5.oc 0.01 
31. R 

36.5 

41.9 

44.0 

47.1 

49.S 

52.4 

54.R 

58.0 

60.7 

64.4 

b7.7 

71. 2 

75.3 

79. 7 

84.5 
SA.3(137.0) 

9 0. 1 

97.t 

-------------------------------------------------------------------------------------
OIL AT '14X Pf:AL 
OR PEl'll'l'lTF:D fllSE \R<;..!..-Q~J 131.0C257.0J B0.)(10ll.O) 51.2(301.0J 41'l.H300.0) ~:7_._0_!_2~..'.~ 
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TABLE 40 

DIFFUSER PLUME DILUTION 
PORT SPACING = 5 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.00 

Of"'rnIMETHIC' F'ROUD~· NllMAF:R 

3 10 30 100 1000 
HIS~(PJA) -------------------------------------------------------------------------------------1'1] 5, I f 0,9) 5. u ( 0, 1] ... () [ 0,0] 5. 0 [ 0,0) 

I. 9 '). 7 5. 3 R,2 I 2, 9 H ,9 
") 

.2 '}. 7 3,5 fl. 2 9,3 14,7 36,5 
~· I 

3,6 4. 3 6,9 10.1 16,0 39,6 
l'J 

4 4,6 5, I) 7,4 10,7 16,9 41.9 
"'l 

5 5,7 s.e 7. 8 11. 2 1 7. fi 44,0 
"'J 

7 8 • 1 7.4 8,6 I 2. 0 I 8. q 4b,8 
~. J 

9 10. 9 9. 1 Q,3 12.6 jQ,R 49,5 
"'l 9. 4 [ 9,3J 

12 1 5. 7 11 • 4 11). 3 13. 5 21. 0 52,4 
I'] 20. 4 [ 14. 7 J 

\ 5 21. 0 13. 5 11 • 2 14. 2 22. () 54,B 
Ml 

20 ')a. 2 16,P 12.6 15,3 23,4 57. 7 
"I} 

'25 35,0 20.0 14.1 16,2 24,5 60,4 
"'J 

H 45,9 24.9 16.3 17.b 2fi. 0 63,9 
M} 

4 :l 57,6 30.7 18,9 19,2 27.4 67,1 
·~ J 

~4 72,9 3R,O 22. 3 21. 0 29,0 70,5 
II] 

70 9 3, 6 4H,I 26.7 23,3 10,R 74,3 
l'J 

90 17.0.0 60,5 32,2 7.6. 0 32,8 70,1 
l ~ J 

11 ~ 152.0 75.7 ]Q,4 29,5 35,1 02,1 
M) 

14A 194,0 96, 1 48,5 34,0 37,7 86,3 
"'l 

lQO HB,0 122 .o 60,0 39,6 40,Q 90,9 
"1] 

244 J 1 ll, O 156,0 75,1 46,8 44.6 95,6 
M J 

-------------------------------------------------------------------------------------
l>I L AT "IA X Rf AL 
rJR PF'll"I l 1'TE['l RI Sf; 318 1 0,H5 1 0l 190,0(301.0) 90,f\(301,0) 54.2001,0) 48,3(300,0) 99,8(300,0) 
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Hl.SE(Olfl) 

2 

3 

4 

5 

7 

9 

12 

15 

20 

TABLE 41 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO= 0.10 

DFHS l ME'l'H IC fROllOE NUMHER 

3 10 30 100 1000 

-------------------------------------------------------------------------------------Tl 
l'J 15. Q [ 0. 9] 15 .•n 0. 1) 15. 9 [ 0.01 

I. 9 2.8 6.4 16.4 34.3 134.0 
1) 163,0C 1 • 7) 
"'l 

2,7 3.7 8 0 8 21. 4 42 0 8 177. 0 
1) 
,..] 

J.5 4.6 11 .1 2..,. l 49,t 
Tl 
"I) 

4.5 5.6 13.5 21l, ll 54.5 
Tl 58,4( 4 • ll) 
hi] 

5.6 6. f, l Fi. 1 32.0 60.t 
Tl 
'IJ lb.6( 5.21 

8,1 8, ll 21 • 3 38,6 72 .o 
1) 39,Q( 7,5) 
Ml 

I 0. 8 11. 3 26.3 44,9 
TJ 32. 4 ( 11 •. n 
pl} 

15. 4 15,8 34,R 
1) ,. ) 

20,5 21. 4 44.6 
Tl 25,5( 17.6) 26.0( 1 7. ll 
M) 74, 1 [ 1f.2 J 

lO, 7 34. 1 
T) 

I ,.. J 35.0[ 21 • 7) 

-------------------------------------------------------------------------------------
OIL AT llAX RF.AL 
OR Pf~~lfTED RI.SE 64 0 5( 23 0 5) 54.7( 22.6) 49,7( 16.1) 56.2( 11.Fi) RO.?( 7.6) 227,0( 2.7) 
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1-!lSt.CnlA) 

2 

3 

4 

5 

1 

q 

\2 

15 

20 

:;>':> 

33 

TABLE 42 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO= 0.10 

DENSl1'1tTRIC FPflllOE NllMttf.H 

3 10 30 100 1 ooo 

----------·--------------------------------------------------------------------------fl 
loll t 5. 9 [ O.C!J 15.9 ( 0. l] 1~.9 [ 0.01 

l • q 2.R f,. 4 16.1 34.3 132.0 
T) 
II) 

2.1 3.7 8. !l 21. 4 42.2 168.0 
Tl 
M J 

3. 6 4.6 11.0 25.1 48.1 195.0 
I) 20~.oc 3.4) 
Ml 

4. 5 5. t- 13. 4 28.4 53.4 221.0 
Tl 
") 

5.6 6.6 16 .o 31. 8 513. 0 254.0 
I Tl 

M] 16.7( 5.3] 
8. t a.e 21.0 37. 8 66.7 

1) 

1"] 

10.9 11 • 2 25.P 43.7 75.0 
T) 76. () ( 9.4) 
llJ 

15.6 15.6 32.9 52.7 87.3 
Tl 57.6 ( 13 • R) 
Ml 

2 t. 0 2(). 1 40.5 bi. 4 
T) 50.2( 18.1) 
II J 26.Q[ 18 .1) 

J 1 • 1 30.9 54.2 11.1 
1 l 

I MJ 
43.1 41.3 70.9 

Tl 4 5. b ( ? t;. 0) 43.4( 26 .1) 
~, J 4 ~. 2 l 27.0J 

65.3 70.5 
Tl 

I loll 

-------------------------------------------~-------·---------------------------------
OlL A't' MO llEAL 
OR P~PMJfT~D ~ISE 114.0( 14.4) 92.0( 34.4) 78.2( 26.5) 81 0 9( 20.R) 106.0C t4.8) 285.0( 5 0 4) 
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TABLE 43 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.10 

DFNSIMElRIC fl!Olll"IF. NU"IBER 

] In 30 100 1000 
PlS,,(DfA) -------------------------------------------------------------------------------------1 ) 

,..) 15,q( 0. '11 15,Q( 0. 11 15. y ( 0, I) J 
I , 9 ',Ii 6,4 I b, 1 l4,3 1 31 • 0 

T) 
l"J 

2 2.7 3.7 8,R :11. 3 42.2 lb4,0 
Tl 
Ml 

3. 6 4,6 11 • 0 2!:>. 1 47,R 189,0 
T) 
Mj 

4 4,5 5,6 13. 4 28,4 53,0 208,0 
T) 
fol} 

5 5. 6 6,b 15.9 31.5 57.' 224.0 
1 ) 
,.. ) 1 b, EC 5,4} 

8 • 1 ll. 7 20,8 17. r:; fi5. 3 254,0 
'f) 
r-1) 

q 10,9 11 • 2 2 r:;. 4 43,4 72,q 283,0 
1 ) 289,0( 11,5) 
,..) 

1 2 15. 7 15. 5 3?.2 5 ! • b 8 3. 2 324,0 
Tl 
,.. 1 

15 2 1 • I 20,4 39.1 60.1 93,6 361. 0 
T) 

r-1 2 R, h [ IQ,2) 
20 31 • 5 30,3 50,2 73,5 l IO, 0 

T) 124.0( 24,5) 
,.. J 

2'.> 44 .o 3Q,9 61,8 ll7,4 126.0 
1 ) 107,0C 32, 1) 
~I 59,7[ 30. 7 I 

n bf.. 2 54,9 81,5 109.0 152,0 
Tl 99,7( 39.8) 
"1] 

42 !!B, 0 72, 5 107,0 136, () 
I T J 97. 9 ( 46,4) rn .4c 49,4) 

M) 

54 115. 0 99,0 150,0 
T) 

"'1 

-------------------------------------------------------------------------------------
OIL AT MAX PEU 
OR PF.~~JTT~D RISE 241,0( 62.5) 192,0! 66,0) 15b.0( 55,2) 153,0C 47,l) 174,0( 37,7) 404.0( 15,3) 
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TABLE 44 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.10 

DENSil-IHRIC HOUDE r~U~RER 

3 10 30 100 1000 
RISE(DlA) -------------------------------------------------------------------------------------T) 

"! J 1 5. 9 c 0. 9] 15.9[ O.lJ 15.9[ 0.01 
1 1.9 2.B 6.4 16. 3 34.0 1 31 • 0 

T) 
M) 

2 2.7 l.7 P.R 21.3 42.2 163.0 
T) 
II J 

] 3.o 4.6 11 • (l 25.1 47.H 1tlb.0 
T) 
fol) 

4 4.5 5.6 13.4 n.4 5?.7 205.0 
T) 
,.. ) 

5 5.6 6.6 1').Q 31.5 57.2 221.0 
T) 
"'I 16.9[ 5.41 

7 8 • 1 e.1 20. fl 37.5 65. ~ 241l. 0 
TJ 
,.. ] 

9 10. Cl 11.2 25.4 43.1 72. 4 271.0 
T) 
"'J 

12 15.7 15.5 37.2 51 • 6 82.6 299.0 
T) 
II] 

15 21 • 1 2n.4 38 • f, 59.7 Q2.3 325.0 
T) 
M] 29.0( 19.5] 

20 ] 1 •II 30.3 49.S 72. 9 108.0 ]b].0 
T) 
"'I 

25 44.0 39 .9 60.1 86.1 124.0 391! .o 
T) 439.0( 31 • 5) 
1'1 63. 5 ( l 1 • 8] 

33 6 7. 1 54.5 77. f, 100.0 14f>. 0 4 49. ('I 
T) 
.. J 

42 91,1 71.0 97. f, 131 • 0 173.0 
T) 

I'] 

51 1 21 • 0 9 3. ll 124.0 Hd.O 207,0 
T) 245.0( 67.7) 
f>' I 

70 \')8.0 122.0 167.0 204,0 252.0 
1 I 231.0( 79.7) 
"'] 

91) ]()4.0 15Q,Q 21 f,. (I 2')9. () l09,0 
T) 211J.OC ) ., • 7 ) 194.0(107.0) nt .oc 01 • 7) 
... J 

11 ') 260.0 213.0 29Q. (l 
Tl 
.. I 

----~------------------------------------------------------------------·-------------

OIL "T "AX FIE"L 
OR p~;p'4JT1FD RISE ~-10.0_il_?!i_~ JS:'?,0(142.0) 331_.0(123.0) !.D 0 0C_~~ _l~_,_~L_<?_~!l_) ~56.0( 34.IJ 
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TABLE 45 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO= 0.10 

DENS I METRIC rPOUH NUt~f\f fl 

3 10 30 100 1000 
RIS!'.:(0111) -------------------------------------------------------------------------------------MJ 1 5. q ( 0. 'l) 1'i.9 [ 0 •I J 15. 9[ 0.01 

\ • 'l 2,B ". 4 16. l 34,0 1ll.0 
I') 

2 'l. 7 3,7 B.R 21 • j 42.2 163,0 
"'J 

3,6 4,6 11 • 0 ]. 5. 1 47,8 186,0 
'-lj 

4 4,5 5,6 11,4 28,4 52,7 205,0 
"') 

5 5. 6 6,b 15,Cl 31. 'i 57,2 220.0 
"'J 16, BC 5,4] 

7 tl, 1 B,7 20,B 37.5 64,R 246,0 
~· 1 

9 10,9 11. 7 25.4 43,1 72.4 2t>~.o 
"') 

12 1 5. 7 15.3 32.o 51. 6 82.6 2Y6 .o 
"'J 

l 5 21 • l 20,4 JB,6 59,7 92.1 320,0 
M) 79,2[ 19. 6) 

20 31. fl 30,3 49, I 72.9 10R,O 354.0 
"'J 

25 44. 3 39,9 60. I 86,1 1;>3,0 383. 0 
"'l b4, ll l 32.21 

"l J 6 ., • b 54,5 76,6 107,0 146,0 425.0 
M] 

42 'H. 7 71.0 95, I; 130.0 171,0 
M] 

51 123,0 92,3 121.0 161,0 205,0 
MJ 

70 162,0 1 21 • 0 154,0 202.0 24q,o 
MI 

90 212.0 156,0 196,1) 252,0 303,0 
M] 

115 273 .o 201.0 247,0 115,0 J6q,o 
M] 

118 351.0 259.0 316. 0 39f! .o 
'-I] 

190 333. 0 
I "'I 

----------·--------------------------------------------------------------------------
OIL AT lo\AX Rf.A[, 
'JP PER~1T1'rn PISE JCl7,0(11ih,0} 3'56!0(?03.01 376 2 0~117.o> 400,0(149,0) 400.oc1:n.01 46410( 411 7) 
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TABLE .46 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.05 

.! 10 30 100 1000 
~ISF(l)lAJ •••••••••••••••••••••••••••••••••••••••••••••••••·••••••••••••••••••••••••••••••••••• 

Tl 
r-<J 12. 6 [ 0.8] 12. 6 [ 0. 11 12,6( 0.01 

1,Q 2,8 5,9 1.J.6 21'.. 2 !11. 9 
Tl 
M J 

2 7,7 3,6 7,6 16,Q 32,0 121.0 
1 l 124,0( 2. 2) 
,., l 

1,6 4,4 9,1 19.2 3fi. 0 145,0 
Tl 
~I I 

4 4.h 5.1 10,3 21.1 39,6 
Tl 
"I] 

5,6 6,0 11 • 7 22,B 4:>. q 
Tl 45.5( 5,9) 
"') 14,0( 6 .13 J 

7 R,1 7,6 14. 3 26,2 4q. 1 
Tl 
M] 

1 0. 0 9.4 16,8 29.2 56.5 
Tl 29,8( 9,4) 
MI 

12 15. 4 1 2. 3 20.3 34,3 
T J 22,9( 14. 3) 
,•.q 

15 20,3 15. 5 23,CI 
T) 24 .ClC I 7, 7 l 20,5( 19. 2) 
fl') 

20 29,3 21.7 32,7 
T J 
M] 3 3. 4 [ 22.4) 22 ,6 [ 20.7J 

25 28.9 
Tl 
"I 

-------------------------------------------------------------------------------------
Oii, U MAX REAL 
CJH PERMJ11ED RISE 54,2( 24,0) 41.~( 26,6) 36,6( ?1.1) 41.6( 14,9) 62,0( 9,6) 172,0( 3,51 
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TABLE 47 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.05 

D~NSIMETRIC FPOUnE NUMHrR 

3 l 0 30 100 1000 
Nl~f(UlA) ·----~---·-·--•••••••·--·•••••••••••••••••••••••••••••••••••••••••••••------------·· 

1) 

.. J 17. b [ 0.01 t 1. 6 r 0. 1 J 1 2. b [ 0.01 
I • q 2.8 5.9 I 3. 5 26.?. 94.3 

T) 

"'I 
2 2 •. , 3.6 7.6 lt>.Q 31, R 111.n 

T J 
"1 

3.b 4.4 Q.O 19.0 3'i. 7 134,0 
1) 

"'l 
4 4.b 5.1 10.l 21. 0 3R.R 150,0 

'I J 155,0( 4.4) 
"'J 

5 5,7 6,0 11 • 6 2'2. i; 41.9 164.0 
f) 
,. 1 14. 2 [ 7. 1 l 

7 R,1 7.6 25. 6 46.8 205.0 
'T) 
M) 

9 10.9 Q.4 16.6 28.6 51.6 
Tl 57,6( 1 l • 9) 
~ J 

12 15. 5 12. 3 19.7 37.9 51! ,0 
Tl 
"'l 

2 0. !l 15.6 22.Q 37.o 64.R 
I Tl 41.3( 18.1) 

M) 
20 30.7 21 • 6 28.0 44.3 

I) 33.RC 25.2) 

~· J 27. 1 [ 24.0J 
25 41.3 28.4 52.6 

Tl 44.0( 26. :n 34. 5 ( 30.1) 
W) 4 7 • ., [ 27.Rl 

St>. 5 38.0 46.7 
1 ) 
I") 

f>tl1 AT /'AX PflL 
OH P~P~J1T[n ~TS~ 98.4( )5,3) 72.4( 41.4) ~8.7( 36.4) 59.5( 27.9) 79.3( 19.1) 215.0( 7,1) 
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TABLE 48 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.05 

D~NSlMETkIC FROUOt P llMflER 

3 10 30 100 1000 
f<ISF:COUl -------------------------------------------------------------------------------------Tl 

I ~) 12. 7[ 0. Ill 12.6[ 0. 1 J 12. 6 r 0,0] 
1.9 2. (j 5.9 13. 5 26,2 93,6 

Tl 
l 11 l 

2 2.7 3.b 7.6 16. 8 31. 5 115.0 
I Tl 

Ill 
3.6 4.4 9,0 19.0 35,5 131,0 

T) 
Ml 

4 4.6 5,1 10.3 20,8 38,6 144. 0 
1 ) 

l Ml 
s 5.7 b,0 11.6 22 ,5 4 t • 3 155.0 

Tl 
Ml 

7 8,1 7.6 1 4. 1 25,4 46,2 174. 0 
Tl 

I Ml 14. 3[ 7. 2 l 
9 10.9 9,4 16,4 28.2 50,2 191. 0 

Tl 
.~ J 

12 15.6 12.3 19,6 32. 2 56,1 214.0 
Tl 217,0( 1?,6) 

I Ml 
15 21.0 15,6 22,5 36,0 61,8 236.0 

T) 
I II] 

20 31. 3 21.7 27,3 42.2 70,0 287,0 
T) 

Ml 
25 43.1 28.6 32 .o 48,5 78,7 

Tl 90,nC 32,4) 
Ml 60 .1 ( 31,6] 30, 1[ 2f•.Ol 

l3 b4,0 39,4 39.6 58.4 92,0 
Tl 
Ml 

42 92,7 so.2 48,5 70. 5 107,0 
Tl 92. 4( 47.3) 7 3. q ( 44.7) 

l .. ] 
54 t04,0 64,0 b0,9 88,3 

T) 68. 7C 58,~) 64,0( 56,7) 
l II] 

70 81,8 84,0 
Tl 
Ml 

-------------------------------------------------·-----------------------------------
OIL AT MAX RP'AL 
OR PlRMJTTED fil5~ 211,0( 65,2) 157,0( 81,4) 123,0( 79,9) 111.oc 66.0) 127.0( 50.61 302,0( 20,3) 
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RISECDJA) 

2 

1 

4 

:, 

1 

9 

12 

15 

20 

25 

33 

42 

54 

70 

90 

115 

1 4 fj 

OIL AT llAX 

TABLE 49 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO= 0.05 

DFHSIMETHIC f'ROUDE NUMf\Ek 

3 10 30 100 1000 

--------------------------------------------------------------·----------------------T) 
UJ 12. 7[ 0 0 R] 12.6[ 0.11 12.6[ 0.01 

1. q 2.8 5.9 13.5 26.2 Y3.6 ,. ) 
M J 

2.1 3.6 7.6 16.B 31.5 115.0 
Tl 
M) 

3.6 4.4 9.0 lCJ.O 35.5 131.0 
Tl 
MJ 

4.6 5.1 10.3 20. Ei 38 .6 143. 0 
Tl 
M) 

r;. 1 6.0 11.6 22 .5 41.3 153.0 
T) 
.,] 

8. 1 7.6 14.0 25.4 45.q 171.0 
Tl 
II) 14. H 1.21 

1 0 • 'l 9.4 16. 3 28.2 50.2 185.0 
Tl 
MJ 

15.7 1 2. 3 1 q. f. 32.0 55.7 204.0 
Tl 
M) 

21. 0 15.6 2?.. 5 35.7 60.CJ 220.0 
Tl 
1'11 

31. 3 21. 7 27.3 41.9 69. ') 244.0 
Tl 
"l 

43. 4 2 8. !l 3 1 • £l 47.8 77.1 26';. 0 
T) 

M) 63.9[ 32.6] 30.')[ 2t-. 51 
oS • .l 3CJ. 6 3CJ. 1 ';b. 8 89.1 295.0 

Tl 326.(J( 41.8) 

"'1 
87. ·• 50.9 41.5 f.7.6 103.0 326.0 

T) 
II] 

1 t 4. 0 65.3 5'1.0 81 • s 120.0 
Tl 
"'J 

147.0 84.3 72.9 100.0 143.0 
Tl 
"'I 

1 k ';.I) 107.0 91. 0 125.0 \77.0 
Tl 201. 0 ( 0 9.1) 158.0(115.0) 175.0C 02,b) 
,.. J 

227. I') 1~'i.0 116. 0 200.0 
Tl 151.0(129.0) 140.0(\ 38.0) 
... J 

112.n 153.0 211 • 0 
T} 
M 1 

-------------------------------------------------------------------------------------
PF:AL 

OR l'ER")TTF.O !dSE 2 5 9 • O C I ~~I)_? 2Q4.0(t~O.Ol 284.0()l'lO.O) 2 4 0 • 0 ( I 6 l . I) ) 239.0(135.0) 361.0( 51 • A) 
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TABLE 50 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.05 

DENS 1 IH:T RIC f'F/Ofll'lf: NUMBER 

3 10 )0 100 1000 
RIS~<OIAl ·-------------···-········-·-·••••••••••••••••••••••···--·······-------···--···------

~ J 
I. 9 

I "'I 
2 2,7 

Ml 
.3 3,6 

"'l 
4,6 

M) 

5 !'>. 7 
M] 

7 B, I 
"') 

9 

"'1 
I 2 15. 7 

"'l 
15 21 • I 

Ml 
'20 31. 5 

Ml 

25 43.4 
Ml 64,B[ 3'2,Bl 

3 .l 65,7 
I Ml 

42 RB,O 
"'J 

54 
MJ 

70 152,0 
"'l 

196,0 
'-'l 

115 251,0 
"'J 

1 4 tl 324,0 
"') 

~ J 
244 

"l 

2,8 

5. I 

6.0 

12.1 

15.6 

21. 7 

28.R 
31,1( 26.6] 

39.9 

51.2 

65.7 

109,0 

140,0 

lH,O 

229.0 

294,0 

7. f, 

10,3 

11 , 6 

14,0 
14.31 7,3) 

16.3 

19,6 

22 .s 

27.1 

31, R 

39,1 

47,1 

71. 9 

111. 0 

141 • 0 

177.0 

12.7[ O,BJ 1?,h[ O,IJ 12,6[ 0,01 
13.5 26,2 93,6 

16. 8 31. 5 115.0 

19.0 35. '5 131. 0 

20,B 14 .3. 0 

41 • 3 

25.4 170,0 

28. '2 184,0 

32.0 55,7 202.0 

35,7 218.0 

41,9 69,0 240,0 

47.5 77.1 259,0 

89.2 284,0 

6b,7 102.0 310,0 

119,0 3 39. 0 

97,2 141,0 

119 ,0 168,0 

146.0 20 I. 0 

101.0 245.0 

226,0 300.0 

2R3,0 

-------------------------------------------------------------------------------------
OIL •T MAX l'F:AL 
OR PEPMI'fTf.D HlSf JB2,0C\74,0) 310,0(258,0) 273,0(300,0) 295,0(256,0) 31?,0(?00,0) 370,0( f.7,5) 
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HSF.CDIA) 

2 

3 

4 

5 

7 

9 

12 

1 'l 

20 

25 

TABLE 51 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.02 

o~:NSlMl:.TRir FROllO~: ~UMBf.ll 

3 1 0 30 100 1000 

-----·-·-----------------------------------------------------------------------------l n 
M) 11 • 1 [ 0 0 AJ 11. 0 [ 0. 1 ] 11. or O.OJ 

1.9 2.1 5.5 11 • 7 ?.O. II b4.8 
Tl 
•. q 

2.7 3.6 7. 1 1 4. 1 24.h 79.R 
T) 90.4( 2.Q) 
M] 

3.6 4. 3 R0 2 1 5. 7 27.1 91.7 
T) 
!A 1 

4.6 5. 1 9.3 16.9 ?.Q. '1 104,0 
Tl 
M) 

5.7 5.9 10.2 17.9 31 • 3 
'I) 

M J 
8.1 7.5 12.0 19,7 34. 8 

'l') 35.2( 7.4) 
MJ 12. B [ 8.0J 

10.e 9.2 13 ,n 21. 3 38,0 
TJ 21. 9 ( 11.4) 
Ml 

I'>. 2 12.0 15.6 23. 4 44.7 
T) 

Ml 
20.3 14,9 17.4 25. B 

T) 24.BC I 7. 6) t 9. 7( 19.6) 18. 3( 16. 5) 
~) 

29,0 20.1 20,4 .. 
Ii 

1') 

p.i] 32,9( 22. 4) 22 .or 21 • 8) 
24,9 24.9 

Tl 
t.4] 

OIL AT MAX RE:AL 
l)H PF.RMJTTFn RISE 44,lC 24.0) 32,0( 27.7) 2b.1( 25,4) ~0.7( 18.8) 46.7( 12.2) 123.0C 4.A) 
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l<l~F(nTAJ 

l 

3 

4 

r; 

7 

9 

1 2 

1~ 

20 

25 

33 

42 

TABLE 52 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.02 

[1 f ti SI M ~:TR IC rRnu1w NIJMHER 

3 10 30 100 1000 

-------------------------------------------------------------------------------------1') 

l'J 11. IC O.RJ 11. or 0. 1 J 11. 0 [ 0.01 
I, Q 2.7 5.5 11 • 7 20. A b4,4 

T) 
,, ) 

2.7 3.b 7.1 I 4. I 14. 4 7 H •? 
T) 

"'l 
J. 6 4.3 s.2 15.7 26.9 88.6 

T) 

"'I 
4.6 I\• I 9.3 16.H ?9,0 96. 9 

T) 

"'l 
5.7 5.9 10.2 I 7. 7 30.7 105.0 

Tl 111.0( 6.0) 
"') 

B. 1 7.5 11. 9 19.4 33,R 110.0 
'!) 

•I] 13. 2[ B.61 
10.9 9.2 11. 5 20, ll 36.2 135.0 

1} 

") 

15. 5 12.0 1 '5.6 22.e 39. fi 
T) 

M J 
20,7 I 5. 1 17.4 24.4 42.B 

T) 43.1( 15. 4) ,. ] 
30.5 20,7 20. l 27. 3 48,0 

Tl 29,0( 2 3. 3) 
M] 26.9[ 25.2] 

41.3 22. 8 30.1 56.2 
T) 41. 7( 26. 2) 32. 7( 30. \I) 25.5( 30,1) 
MJ 47.5( 27.91 

55.2 34.S 27 .1. 35.4 
T) 
MJ 

41.5 32.4 
T) 

"') 

----------------------------------------------------·--------------------------------
I)[ l, AT ~ t. X I< E A L 
O~ PfRMTTTEll R!Sf 81.4( 35.6) 54 0 6( 43.&) 40.0( 46.1) 40 0 7( 37,5) 57.7( 25.1) 152.0( 9,Bl 
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RISECDII\) 

2 

3 

4 

5 

1 

9 

1 2 

15 

20 

2':> 

Jl 

42 

54 

70 

91) 

01[, AT "A~ 

TABLE 53 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.02 

OFNSlMETRlC nH1llO~'. NUMt\ER 

3 to 30 100 1000 

--------------------·-----------------------·----------------------------------------T) 

"'I 11 • 1 [ n.s1 11 • 0 [ u. 1 J 11 • o r O.OJ 
I, 9 2.7 5. 'i 1\,1 20,7 b.3. q 

TJ 
MJ 

2.7 3,6 7,1 1 4. 1 24,4 7 7. f, 
T) 
"'I 

Lb 4.3 R,7 15. 6 26.9 87,J 
T) 

"'l 
4,6 5. 1 Q,3 1 b, H 2B, ll y4,q 

T) 
!oil 

~.7 s.9 10. I 17.1 30. 5 101.0 
1') 
to'} 

8,1 7.5 11. 9 19. 3 3 3. 3 112. 0 
T) 
MJ 13,4[ R0 91 

10,9 9.2 13 .s :rn. 1 35,7 121.0 
1') 

"'I 
15.6 12.0 15. 'i 27.5 38.6 1 H .o 

Tl 
"ii 

2 t. 0 15.1 1 7. 3 24.1 41.J 144.0 
T) 1~2.U( \ 7. 4) 
... J 

J1. 1 21.0 20.2 26.5 4':>. 2 lb2,0 , ) 
"l 

42.8 27 ,5 22.9 2 l:l, H 48,7 11:11 • 0 
1) 

MJ 59,7[ 31 • 5] 29,B[ 26.9] 
bl.5 37,0 27. 3 32,4 53.Q 

T) 
,.. ] 

I! 2. 1 46.2 31. 8 36,5 60,1 
T) 90,8( 47,3) b 1 • 5 ( 4 4. 4) ,. ] 

101 • 0 57.6 37 ,8 41, l:l 613. 1 
Tl 63,4( 61, 1) 46.5( 64,1) 
,.. I 

70,4 45,6 49.7 81,7 
1 ) 46,4( 71. 7) 
MI 

55,5 62. 6 
T) 

f"] 

-------------------------------------------------------------------------------------
~~:r. L 

nR PFkt.IJ TTE:D R 1 S~; 1Fl4. 0 ( ,, ,, • 0) 1'22,0( P7,2) !I!>, 1 (!Oh.() l 7 l,., ( 07,Q) RS. H '71 ,'J) /l)Q. (I ( IR.('.) 
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HlSE.Ct>lA) 

2 

3 

4 

5 

7 

9 

12 

15 

20 

25 

33 

42 

54 

70 

<10 

115 

to 

1 ·~o 

244 

OIL AT ~AX 

TABLE 54 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.02 

D~NSlr•ETHIC f PClUDE ~Ut-1~F.k 

3 10 30 100 1000 

-------------------------------------------------------------------------------------T) 

"'1 11. 1 ( o.1n l 1. 0 [ 0.11 11.0[ 0 • O] 
1. 9 2.7 5.5 11.7 20.1 63.9 

Tl 
"'] 

2.7 3.6 7.1 14. 1 24.4 77.b 
'[) 

10 
3.6 4.3 B.? 15.6 26.9 86.7 

T) 
Ml 

4.6 5 .1 9.3 16.B 28. i! 94.3 
Tl 
"'] 

5.7 5.9 10.1 17. 7 30.5 100.0 
T) 

Ml 
B.1 7.5 11.9 19.3 33. 3 111.0 

Tl 
"'l 13. 4 [ R.91 

10.Q 9.2 13.'5 20.7 35.5 119.0 
Tl 
") 

15.6 12.0 15.5 22 .3 38.3 130.0 
T) 

") 
21. 0 15.2 17. 3 23.9 41.0 139.0 

Tl 
II] 

31. 3 21.0 20.2 2 6. 3 44.6 153.0 
T) 
MI 

43.4 27. 5 22.9 28.6 47.R 164.0 
TJ 
"l 6 3 • ., r 32.51 30.9[ 27. 5) 

o5. 3 37. 8 27.3 32.2 53.0 180.0 
T) 

I .. ] 
86.1 47.5 32.0 36.0 57.9 196.0 

T) 

II J 
11 2. 0 60.5 3R.3 40 0 8 64.6 210 0 0 

T) 224.0( 59.7) 
"') 

143.0 76.6 46. 'i 47.0 73.0 241.0 
Tl 
"I 

179 .o 96. 1 56.7 54.7 83.5 
Tl 196.,0(tOO.Ol 
"] 

2 I 4. o 119.0 b9.2 64.7 %.1 
I Tl 137.0(13h.O) 100.0(139.v) 

)ol] 

147.0 f, 5. ~ 77.6 115.0 
Tl 99.4(178.ll) 91.<1(182.0) 
~· J 

176.o 105.0 95. Q 14 2. 0 
Tl 
"I 

1 3..,. 0 133.0 
Tl 
I"] 

-------------------------------------------------------------------------------------
Pt A I. 

QR PE~f'IJ11f:D f< I <;F 2 4 ., • •) ( 1 3 p • I) ) 200.0(197.0l 214.<l(2C.<l.Ol 172.0(264.0) 160.0(212.0J 26 4. 0 ( P3.7) 
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TABLE 55 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.02 

D F: NS HH 1 H I C f II 0 U llF N ii >.I fH fl 

3 10 30 100 1 (10(1 

kJSElulAl -----------------------------------------------------------··---------------·--------

j 

4 

5 

7 

1'' 

20 

25 

1 l 

42 

54 

70 

115 

190 

OIL A.T MAX R~:AL 

"'I 
1,9 

"'I 
'}. 7 

,.. l 

M) 

i • 6 
,"I 

5,7 
"] 

B, I 

"l 
l (). Q 

f"] 

I 5, 7 
,.. J 

21. 0 
MJ 

31 • 3 
MI 

4 3, 4 
"°l 64,B! 32,81 

b.,. 7 

13 7. 3 
M 1 

I 1 4 • fJ 
.., I 

1 411. () 
,.. J 

I 91 , il 
"I] 

?4 4. () 
MJ 

314.0 
M] 

"'l 

"1] 

2.7 

4. J 

5 .1 

7,5 

Q,2 

12. 0 

15. 2 

21 , I 

27.7 
31,1[ 27,b] 

37,B 

47,8 

60,9 

78,2 

9Q,O 

125,0 

160. 0 

704,0 

2(-.0,0 

5. 5 

7, I 

R,7 

l (). l 

11 • Cl 
lJ,<>[ Cl,!) 

1 7. 3 

20.2 

22,Q 

27,3 

32.2 

38,6 

46,8 

~7.2 

70,3 

87,6 

11 (). 0 

1J7.0 

11.1[ 0,R] 11,0[ 0,1] 11,0[ 0,0) 
11,7 10.1 b3.9 

14. 1 2 4. 4 77 ,6 

15. (, ]Ii. 0 8b.7 

28. fi 9 4. 3 

l 7. 7 10,5 100,0 

1 Q. 3 )J,1 111. 0 

35.5 11 ~. 0 

2?. 3 3R,3 130,0 

2J.9 40.~ 138. 0 

44. f, 151, 0 

2 B, f> 47,A lb2,0 

32,0 52,R 17b,0 

35.7 57.7 190,0 

40,5 64,0 20b,0 

46.B 72,0 225,0 

54,2 81,5 245,0 

63.7 93. 1 268,0 

7.,. 7 \08,0 

1?6.0 

111 • 0 14Q,O 

OH PF.R"ITTlr HJ~E 375,0(17~,0) 295,0(278,0) lh&,OC,01,0) 131,0(300,0) 173,0(300,0) 271,0(119,0) 
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j 

4 

5 

7 

9 
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1 !> 

20 

2'> 

TABLE 56 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.00 

DE'NSlME.THIC F'ROUDE NllP'!\EH 

) 10 30 100 1000 

-----------~-------------------------------------------------------------------------T) 

"IJ 1 0. 1 [ o.91 1 o. 1 r 0. 1 J 1 O. 1 I 0.01 
1. 9 2.7 s.J 10.6 1 7. 3 42.5 

T) 
M) 

'}. 7 3. 5 &.7 12. 5 JQ,R 49.1 
·n 
lo'] 

J.I'> 4.3 7.8 13. 6 21. 5 53.8 
f) 

Ml 
4,b s.o B.7 1 4. 4 22, ll 5 ., • 6 

T) 5 tl. 4 ( 4 • 3 ) 
"I 

5. 7 s.e 9,6 15.2 23,9 b0.9 
Tl 
"l 

8 • 1 7.4 11. 2 1f,.4 25,R b9,6 
T) 27.5( Q. 2) 

Ml 12 .1 I A• 1] 

10.8 q,1 1 '} • " 17. 4 
Tl 
¥j 

15. 2 11. 8 14. J 1 8 • tl 29,A 
Tl 19. 3( 13,4) 
M] 

20.3 14.7 15.B 20.0 32.R 
Tl 24.8( 1 7. 7) 19. f, ( 19. & ) 1 b. !! ( 1 7. 5) 
MJ 

20.H 19,B 17,9 22.1 
T) 

"'J 32.9( n.s1 21.9 ( 22. OJ 
24. t 19.6 

Tl 
I') 

----------------------------~--------------------------------------------------------
DJL AT "'AX FEAL 
UH PER~l'fr~o PISE 34.1( 24.1) 25,4( 28.1) 20,7( 27,b) 23.9( 27..2) 34,)( tS.4) 7J.3( 7,3) 
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l!IS~ COIA> 

2 

3 

4 

5 

7 

9 

12 

1 5 

20 

25 

33 

42 

OIL AT lllAX 

TABLE 57 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.00 

DEN.s1Ml1'1HC FflOIJD~ NllMIH'H 

) 10 10 JOO 1000 

-----------------------------------------------·-------------------------------------r Tl 
MI 10. 1 ( ().'I] 1o.1 r 0. 1 J 10, l[ (). 0 l 

1 • ':I 2.7 5.3 I 0, b l 7. 3 4:.!, 2 
I Tl 

•.q 
2,7 3,5 6.7 12.5 19,7 4H,5 

1') 

lo') 

3,6 4,3 7,7 13. 5 21 • 4 53,0 
T J 
~J 

4,b 5,0 8,7 1 4 • 4 22,b 5b,1 
Tl 
Ml 

5,7 5,R 9,5 15. 1 23,7 5 ti. 8 
I T) 

"') 
8. t 7,4 11.2 16.2 25,4 b3,5 

T> 67,BC 'l, 2) 
Ml 12. 5 [ B,11] 

10,9 9,1 17.. 6 17. 3 26,7 
T) 

Ml 
15,5 11. 9 14,4 1B,5 2H, 4 73 .6 

Tl 
fl\] 

20.1 14,9 lb,O 19,b 30,0 81,0 
Tl 31 • q ( 19,4) 
"'] 

31). 5 20,5 1 B, 3 21. I 32,2 
Tl 
Ml 

41. t 26,5 20,4 22,6 34. 3 
Tl 43.7( 26. 2) 37. 2 ( 31. 2) 2 J. 1 ( 3 2. 1 ) 23,2( 27,6) 
"I 47,21 27,81 26. 7[ 25. 3) 

54,6 H • B 23,4 24,7 39,4 
T) 
•l] 

38,9 26.3 27.0 
Tl 
Ml 

-----------------------------~-------------------------------------------------------
REAL 

oq PEl!llJTHn llIU 56,4( 35.6) 39,SC 44. 2) 28,6( 50,7) 29,0( 46,3) 40,0( 33. 1) 85. tc 15. 6) 
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TABLE 58 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.00 

OFNSJ"4~TIHC fROUDE NUl'RF:k 

J 10 30 100 1000 
RIS£CDJA) -------------------------------------------------------------------------------------

Tl 
~J 1 0. 1 [ O.QJ 1 0. 1 [ 0.11 l 0. 1 [ 0.01 

1.9 2.7 5.3 10.b 17.3 42.2 
T) 

"'] 
2 2.7 3.5 6.7 12.4 19.7 48.5 

Tl 
"'] 

J J.6 4.3 7.7 13.5 21.4 52.7 
T) 

f.I) 

4 4. F, 5.0 A.7 14.4 22.6 55.7 
Tl 
"'l 

5 ., • 7 S.B Q.5 15.0 23.6 58.4 
T) 
,.) 

7 8.1 7.4 11 • 1 lb. 2 25.3 62.2 
T) 
1") 12.6( Q. 11 

9 10.9 y .1 17. 1 26.5 65.5 
T) 
,. l 

12 15.6 l?.o 14.4 lH.4 2 ll. 0 10.0 
T) 
fol] 

15 21.0 15.0 16.1 19.4 29.4 7 J. 3 
T) 
"'l 

20 31 • 1 70.8 1A.5 21.0 31. 2 7 ll. 0 
T) 
1"] 

25 42. 'l 27 .1 20.A 22. 3 32.9 82.3 
Tl 85.2( 28.7) 
,. J 59.7[ 31 • 'i l 29.'lf 27. 11 

33 63.5 36.5 24.4 24.4 35.0 BB.5 
1) 
") 

42 81.5 45.2 28.2 2b.5 37.1 95.7 
T) Y0.4( n .1>1 
"] 

54 99.9 55.7 33. 1 29.2 39.7 
Tl 61.4( 61.61 41.0( 60. 'J) 
"] 

70 67.4 39.2 32.5 42.7 
T) 41. 6 ( 7 7. ') 34. 2 ( '30. 0) 
"] 

90 45.6 36 .1 46.6 
Tl 
'"] 

11 5 51 • 3 40 .1 
T) 
f') 

-------------------------------------------------------------------------------------
OIL AT t-IAX Ff.A I,, 
OR Pf:k)' J T TED FI SF" \11. 0 ( 6b.4) 76.0( !19. 3) 51.HtlEl.<l) 42.AClJO.O) 51.3(104.0) 107.0( 4Q.5) 
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RJS~CDIA) 

2 

3 

4 

5 

7 

9 

12 

15 

20 

25 

33 

42 

54 

70 

90 

115 

t 4>! 

190 

244 

OIL AT MAX 

TABLE 59 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.00 

L'E.N::,l'-'fTkl<' FPOUDE qi..i!\EH 

3 10 30 10() 1000 

-------------------------------------------------------------------------------------
Tl 
M) 10.1[ 0.91 10.l[ 0. 1) 10. tr 0.01 

1 • 9 2.7 '5. 3 10.fi 17. l 42.2 
T) 
I!] 

2.7 3.5 6.7 12.4 19.7 48. <; 

Tl 
"'] 

3.6 4.3 1.1 13. 5 21.3 52.3 
T) 
MJ 

4.6 5. () 8.7 14.4 22.s 55.7 
T) 

Ml 
5.7 5.B 9.5 1s.o 23.6 ss.o 

T) .. ] 
I:!. 1 7.4 1 t • I 16.2 25.1 62.2 

Tl 
,.. l 

10.9 9.1 12.6 17. 1 26.5 65.1 
T1 
Ml 12. 7( Q.21 

15.6 12.0 14.5 18.4 28. I) 69.3 
T) 
,., J 

21.0 ls.() 16.1 19.4 29.2 72.3 
T) 
M] 

31. J 20.8 l~.6 21.0 31.0 76.6 
T) 
M) 

43. 4 27. 3 21.0 22.3 32.5 80.2 
Tl 
M] 63.5[ 32.51 30.7[ 27.5] 

65.3 37.2 24.8 24.4 34.6 84.9 
T) 
,. J 

85.6 46.5 213. il 26.5 36.6 89.4 
Tl 

I Ml 
110. I) 51.1. 4 34.0 29.2 38 0 8 94.4 

Tl 
"1) 

111.0 73. 9 41.0 32.R 41.6 100.0 
Tl 
MJ : 

176.0 92.2 49. 'i 37.0 44.4 106.0 
T) 193.0(101.0l 111.0(109.0l 
M] 

214. () 114.0 59.A 42.1 47.6 113. 0 
T) 133.0(140.U) 
MI 

1H.O 72 .fl 48.6 51.6 122.0 
'!') 

'4J 
163.0 R7.t' 56.S 56.2 

Tl 81:1.Q(194.0) 1>4.6C2H.O) 59 0 0(21H.O) 
... ) 

104." 65.7 61.5 
Tl 
"I 

·------------------------------------------------------------------------------------
llEAL 

OR PER" 1rn·o PJSF 239.0(140.0) lt.f;.0(20).UJ 112.0(?•JO.O) n.qc100.rn 66.6(.lOO.O) 132.0(IPO.O) 
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TABLE 60 

DIFFUSER PLUME DILUTION 
PORT SPACING = 10 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.00 

OtNSlMl:.TRIC FPOllOE NUMAFP 

3 Io 30 l 00 1000 
RJSE(OTA) -----------·----·-·-----------·•·••••••••••••••••••••••••••••••••-••••••-•••••••-•••• 

I') 

'•t) 

2 2.7 
"'l 

f.I] 
4 

5 5.7 
"IJ 

7 8. 1 

9 
Ml 

I 2 l 5. 7 
f.IJ 

1 5 21. 0 
M] 

20 
M] 

25 43. 4 
M) 64,8[ 12,9] 

33 b5. J 
Ml 

42 86,7 
I "I] 

54 I 1J, o 
Ml 

70 I 4 b, O 
Ml 

90 188,0 
Ml 

11 5 
M] 

I 4 9 306,0 
f.IJ 

190 
"'l 

2H 

2,7 

3.5 

4,3 

5.0 

5,R 

7.4 

12.0 

15.0 

27,3 
30,9[ 27,b] 

37,2 

47.1 

59,3 

75,5 

95.0 

120.0 

152,0 

246.0 

5.3 

6.7 

7. 7 

R. 7 

11. l 

1 2.,, 
12.7{ 9.21 

14.5 

16. 1 

1R,6 

21,0 

24. 7 

28.R 

41.3 

50.? 

61.3 

76,0 

94. 3 

118 .o 

lo.1 c o.ql 10.1r 0.11 10.1c 0.01 
10.b 17,3 42,2 

1 2. 4 19,7 

13. 5 21. 1 

14. 4 

2 3. 6 

l 6. 2 25,1 

17.1 16,3 

18. 4 211, 0 

2Q,2 

n .o 31, 0 

24.4 

26.5 36.5 

29.:? 38,B 

32.9 41 • 3 

37. 3 44.? 

42,5 47.4 

49.5 51. J 

58.5 55,9 

61.6 

411, 5 

52.3 

58.o 

62.2 

65.1 

68.9 

72,0 

79.9 

84.5 

93,I 

98.1 

103.0 

108.0 

114,0 

120.0 

126.0 

: I 

-------------------------------------------------------------------------------------
DIL AT 10.X k~:AL 

OH PfP"JTfED HT~E 371 0 0(180.0) 288.0(287 0 0) 141.0(]0l.O) Bl.R(J00 0 0) 67.2(100 0 0) 132 0 0(300 0 0) 

G-61 



TABLE 61 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO= 0.10 

OF:NSI"'t:TRIC F"POllOE NUM~EH 

3 1n 30 100 1000 
PISF'(r>lA) -------------------------------------------------------------------------------------r > 

MI 71. 0 [ 0.01 
I. 9 2.A 6.4 16.4 51.6 258.0 

T) 261.0( I• J) 
t-1] 71 • 0 ( 1. 9) 

2 2. 7 3. 7 8.B 23.3 72.9 
T) 
l'J 

3 l. 5 4.6 11 • 1 29.4 RB.6 
'f) 92. 3( l. J) 
I.I) 

4 4. !j 5. f> 13 .5 35.7 t03.n 
T) 

MI 
!:> 5.6 6.6 16. 1 42.2 173. 0 

: Tl 53.0( f>. 5) 
M] 

7 8, I 8 0 R 22. 2 57.2 
Tl 
MJ 71 • 5 ( fl. 6 J 

9 10,B tl.3 29. fl 75.5 
T) 39.0( 10.8) 
~I 

12 t 5. 4 15.8 44.Q 
Tl 
"IJ 

15 20.5 21.4 
Tl 25.5( 17.6) 26.:H 17. 0) 
'·!J 

20 30.7 37,3 
Tl 
I') 

---------------------------------···-------------------------------------------------
OTL AT OX RE~L 

nR PERMITT~:o PISF 67.2( 23.4) 63.3( 22.2) 66.1( 14.7) 83.7( Q.4) 128.0( 5.1) 361.0C 1.7) 
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klSE(OlA) 

1 

3 

4 

5 

7 

'I 

12 

15 

20 

25 

33 

TABLE 62 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.10 

o~.NSIM~TRIC r110UDE NtlMRf.R 

3 I 0 30 100 1000 

-------------------------------------------------------------------------------------T) 

I') 71.0[ 0.01 
l. q 2.8 6.4 16.4 "1. 2 249.0 

Tl 
MJ 71. 0 [ 2.0J 

1.1 3.7 B.R 23.1 71. q 319,0 
T) 32b,0( 2. 1 ) 
~ J 

3.6 4.6 11 • 0 29.0 R6.1 HO.O 
Tl 
~·I 

4.5 5,6 11. 4 35.2 Q7. (, 
'f) 

f'J 
5.6 6,6 16.0 41. 3 l 0 ~. (l 

T) 121 • 0 ( 6.2) 
M] 

l:l • 1 8.R 21. 7 54.9 130 .o 
1' l 
M] 

10. q 11. 2 28,6 70,0 153. () 
Tl 85,0( 11 • 0) 
MJ 11. 5 r q.?. l 

15.6 15,6 41,6 93.0 
T) 

"'l 
21 • 0 20.7 58.0 117,0 

Tl b9,5C 1 F,. 7) 
"'] 73. 'i [ I 7. 3 J 

31.1 3 I. 3 94.3 
T) 

t-IJ 
43.1 46.5 

T) 4 5. 6 ( 16.0) 4R.8( 25,6) 
n 82. 7[ 30.SJ 

72,5 
Tl 
Ml 90,5( ]] • 7] 

DlL AT MAX REAi, 
OR Pr.RMJTTFD PISF 126.0( 34.0) 118.0( 32.Jl 114,0( 22,1) 125,0( 15.7) 16R,0( 9,6) 452.0( 3,4) 
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TABLE 63 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO= 0.10 

DENSIM~THIC nrnuor. NUMA ER 

3 10 30 100 1000 
R l St: C ll J A) -------------------------------------------------------------------------------------T) 

)4) 71. u [ 0.01 
1 • q 2.8 I;. 4 16.4 so.q 245.0 

1 ) 
M) 71.0[ 2.01 

2 2.7 3.7 I'.!. p 22.q 306.0 ,. ) 
MI 

3 3.6 4.6 1 t • 0 29.0 es.o 3!:12. 0 
T) 

MI 
4 4.5 5.6 13. 4 35.0 q5.? 391.0 

1 ) 
MJ 

5 5.6 I\. 6 15.q 41.0 106.0 425.0 
Tl 458,0( 6,0) 
Ml 

7 8,1 ll. 7 21,5 54,2 124.0 492.0 
T) 
Mj 

9 10.9 11.2 28.2 68.5 142.0 573.0 
T) 
~q 71,4[ 9,4) 

12 I 5, 7 15. !> 40,2 90.4 166,0 
T) 
M] 

15 21.1 20,4 55,3 111 • 0 191,0 
T) 197,0( 1 5. 8) 
MJ 75.5( 18.4) 

20 31 • 5 JO• '5 86,2 146,0 '232,0 
rJ 166,0( 23,l) 
l'J 

25 44,0 42,8 119.0 181.0 
1 J 155.0C 30.5) 
MI 

33 67,1 69.5 174,0 
T) 
'·11 109,0[ 41.2) 

42 9t3. 3 114,0 
T) 112,0C 4!:1. 5) 129,0( 44.4) 
II) 

54 157,0 2H.O 
T) 

I M) 159. () [ 54. 41 

--------------------------------------------------------M·---------------------------
OlL AT MAX HU 
UR PERMITTED HISE 312,0( 58,3) 210.oc 55.1) 2Jb,0( 40.6) 23~.oc 37,7) 275.0( 24,1) 617,0( 9,6) 
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3 

4 

5 

7 

q 

12 

15 

20 

2" 

33 

42 

'\4 

70 

9\) 

TABLE 64 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO= 0.10 

D~·NlilMt:TRIC F'RntJDE NIH'BF.R 

3 I 0 30 100 1000 

-----------------------------------------·-------------------------------------------I l 
M J 71.0( o.ri1 

I. 9 2.B 6.4 lh.4 ~l).Q 244.0 
1 l 
I" l 71. 0 [ 2.01 

2 •. , l.7 8. !l ?.2. Q 304,0 
Tl 
M J 

J. b 4.6 11.0 2q. f) 84,4 34 7. 0 
Tl 
~1 

4,5 5. f' 13. 4 35. 0 95, Ii 380,0 
Tl 
"'l 

5.& 6.b 15.9 41.0 \05,0 411 • 0 
T) 
"4] 

ll • 1 II. 7 21.s 54.1 124. (I 461. 0 
Tl 
Ml 

10,9 11.2 2 ll. 0 6 ll. 1 141,0 505. 0 
Tl 
"l 71 • 4 [ q. '\) 

15.7 15.5 3q,q kq. 8 164.0 563.0 
Tl 
"I] 

21.1 20.4 54,5 111.0 107,0 615,0 
Tl 
"'] 76,0[ lR,71 

..l 1 • ll 30,3 84.4 144,0 725,o 
Tl 
"'l 

44,0 42.5 115,0 177,0 261.0 
Tl 
M] 

67,6 67,1 164.0 230,0 317.0 
Tl 
"'J 

99. I) 103,0 219,0 289,0 381,0 
T) 364,0( 53. :n 3f!7,0C 43,0} 
MJ 124.0[ 4 6 .1) 

150,0 163,0 297,0 369,0 
Tl 355,0( 62,b) 
M] 

2 34. 0 244.0 408,0 
Tl 3 09. 0 ( 83,7) 318,0( 82.4) 
M] 247,0( 72. 4) 

343,0 379.0 
Tl 

I loll 

-------------------------------------------------------------------------------------
DU.. -T MU RF.H 
OH PF.;RMITTF:D fo<ISP.: 447,0(103,0) 510,0( qq,9) 4h2,0( 77,1) 45_1,0( 6f.."i) 4&1,()_~~ ~~~-(___!2_! __ 9) 
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TABLE 65 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO= 0.10 

Df:NSIMETRH· f fHlUn~: NUf'llf.H 

3 10 30 100 1000 
RISt:CDIA) ------------·------------------------------------------------------------------------"'l 71. 0 [ 0.01 

1.9 2.R 6.4 1 fi. 4 50,Q 244.0 
f'] 11.0 r 2,0] 

2 2.7 3.7 8.R 22.Q 302.0 
"'l 

3 J,6 4.6 11 • 0 28,R 84 0 4 345. 0 
"'I 

4 4.5 5,6 lJ.4 34.R IJ5. 6 378.0 
f'j 

5 5. ti 6.6 1'i.9 4t.o to5.o 40'1.0 
fl'] 

1 1:1.1 B.7 21 • 4 'i 3. 8 124.0 456.0 
~q 

9 tn.9 11. 2 28.0 68.1 140.0 497.0 
'I] 71. 4 [ 9.5) 

12 15.1 15.3 jQ.9 ~9.B I '>4. 0 550.0 
"'I 

15 21 • 1 20.4 54.1 110 .o 1R7.0 595.0 
f'J 76.6[ 10 .en 

20 H.8 30.3 BJ.8 144.0 223, 0 
"'l 

25 44.3 42.2 114.0 177,0 259,0 

~· I 
JJ l:i 7. 6 66,7 162.0 :ne .o 315. 0 

:~ J 
12 99 0 6 102.0 215.0 2~1.0 377,0 

"IJ 129.0[ 47,71 
54 151.0 1liO.0 284,0 364,0 458.0 

r.t] 

70 234,0 232.0 3 7". 0 4h8,0 
llJ 2Aq.oc 79,21 

90 352.0 321,0 495,0 
•q 

I l"; 407,0 431. 0 
MJ 

-------------------------------------------------------------------------------------
OIL AT MAX REAL 
OH PF"l'f'l'rTED RJS£ 53!>.0(124,0) 4B7.0C128!0) 528,0( 95.9) 541.0( 81.6} 536.0( 65.9) 633.0C 17.9) 
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12 

15 
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2!) 

TABLE 66 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.05 

OENSIMETRIC FROUDE NU1'1PtR 

J 10 JO 100 1000 

-------------------------------------------------------------------------------------Tl 
,. l 44.9( 0.01 

1 • 9 2.8 5,9 I 3. 7 40,5 172.0 
T) 19~.oc t. 4) 
"'l 4 4. 9 r l . 3 J 

2,7 J,b 7,6 18,6 54.5 232,0 
1) 

~I 

3.~ 4,4 q, l 22 .s 63,S 
T) 71. 0 ( 4.0l 
MI 

4.6 5, I 10,3 26.2 71. s 
Tl 
MJ 

5,6 6,0 11. 7 29.8 78,7 
Tl 
"'J 

b. 1 7,6 14,3 37,R 
T) 41 • ] ( 7. 8) 
,.,) 1 s. 2 r 8,?J 

1 o. e 9.4 17. 'J 4b, ll 

Tl 
r.1) 

15,4 12,3 22. 3 
1 l 26.0( 13, B) 
MJ 

20.3 15,5 29,0 
Tl 24. 9 ( 1 7. 7) 20,5( 19. 2) 
I') 45,6( 1 9. 1 J 

29. 3 21,7 
Tl 
t~ J 49,2[ 23.9J 

30,9 
Tl 
Ml 45,6[ 26,4J 

-------------------------------------------------------------------------------------
OIL AT /!IA)( Rl'Alo 
OR Pf.~"'lllEO RISF 56,l( 23,91 46,2( 26,4) 48,5( 19,4) 62,6( 11,7) 97,2( 6,4) 269,0( 2,)) 
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TABLE 67 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.05 

DENS HffTR IC FPOUM: ~itlM~FR 

3 I 0 30 100 1000 

-------------------------------------------------------------------------------------T) 
,., J 44.9[ 0,0] 

I, 9 7,8 5,Q 13. 7 40,2 169,0 
T) 
,.. I 4 4. Q [ t • 3 J 

2. 7 J. 6 7,6 18,5 53,!l 214. 0 
T) 242,0( 2. 8) 
,.. J 

3,6 4,4 Q,O 22. 3 6'.?. 2 249,0 
I) 
'1] 

4. fi 5, I 10,3 25,8 69,0 2A9,0 
Tl 
,.. ) 

5,7 6,0 11 ,6 29,4 75,0 
T) 
,, 1 

ti. 1 7,6 14. 2 36,5 86. 2 
Tl 90,4( 7,H) 
"j 

\0,9 9.4 16,9 44.J 9b. 9 
Tl 
I'] 45.5[ Q.4) 

15. 5 12.3 21,4 5 '). 7 116. 0 
T) 62,6( I 3, 9) 

Ml 
20,R 15.6 26.5 67.1 

Tl 
"l 

30.7 21,6 37,3 89.2 
Tl 45.2( 72. 8) 
II J 51.2£ ?4. b I 

41.3 2R,6 5 3.1 
Tl 44. 0 ( 2b,2) 36,2( 29.9) 
,..,] 

59,6 42.2 
r > 

I "J 71.2[ 34 .91 61 • 0 [ 38.7] 

OIL H MA/.. R!::AL 
OR PEHMlTT~D RtSE 108,0( 35,l) 89.1( 39,9) ~4,4( J0,7) 91,6( 20.'.?) 124,0( 12,4) JJS,0( 4,5) 
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TABLE 68 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.05 

PEtlS I "'t:TR 1 C fROUOE NllMIH:H 

l Io 30 100 1000 

-------------------------------------------------------------------------------------T) 
lo!] 44.9[ 0.01 

1.9 2.e 5.9 13. 7 39.9 lbll.O 
Tl 
!>') 44.9[ I • J J 

2.7 3.6 7.6 18.5 'S3. 4 2011.0 
Tl 
"'J 

3.6 4.4 9.0 22.2 61 • 3 237.0 
1) 
1'] 

4.b 5.1 10.3 25.b 68.1 2b1.0 
Tl 

I 14) 

5.7 6.0 11.6 29.0 74 .o 2&2.0 
Tl 

I MJ 
II. 1 7.6 14.1 3b 0 0 Al.8 320 .o 

T) 339.0( 8.0) 
"'J 

10.9 9.4 16.7 43.4 93.6 357.0 
Tl 
M] 45.9£ 9.7} 

15.6 12.3 21.0 54.2 101.0 420.0 
T) 
Ill 

2 t. 0 15.6 25.8 64.4 119.0 
Tl 
"'] 

31. 3 21 • 7 35.o 110. 9 140.0 
I T) 143.0( 20.9) 

Ml 
H.1 28.6 45.9 97.6 160.0 

Tl 118.0( 30.81 
MJ 5 7. 2[ 29. 3} 

64.4 41. 6 b7.6 126.0 
Tl 
•I] 

91 • 1 58.9 93.6 161.0 
Tl tos.oc 41). 4) 102.oc 44.5) 
"'J 

130.0 87.4 1'l4.0 
Tl 88.6( 54.b) 
Ml 14~.0( ')7.71 '19.7[ 58.5) 

• 167.0 
Tl 
MJ 

-------------------------------------------------------------------------------------
DJL AT MAJI HEAL 
f)H pr,~~JTT[O RTSE 274.0( 61.2) 222.0( 71.0) IHJ.O( 59.0) 173.0( 44.3) 200.oc 32.4) 471.0( 13.0) 
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OIL AT "All 

TABLE 69 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.05 

DENSI~IE.lRIC f PGU[JE "llMBER 

3 10 30 100 1000 

-------------------------------------------------------------------------------------
T) 
"'I 44.9[ 0,0] 

1 • q 2.B 5.9 13. 7 39,9 168,0 
T) 
~] 44,9[ 1. 3 J 

2. 7 3.6 7. f, 111. 5 5 3. '1 206.0 
rJ 
"l 

3.o 4.4 9.0 22.2 61,1 2H.O 
T) 
"'] 

4.6 s.1 l (I. 1 25. f, 67.6 258.0 
f) 

l<'J 
5.7 6.0 11.6 29.0 73. 5 277 .o 

T) 
~] 

". 1 7.6 14.0 36.0 83.2 309.0 
Tl 
"'] 

1 •J. 9 Q,4 16.7 43.1 92. 3 337.0 
1 ) 
.. J 45.9[ 9 .11] 

15.7 12.3 21.0 53. il 105.o 372.0 
T) 
"'I 

21.0 tS,6 25. f, f,j. 9 1tB.0 40<t.O 
T) 

"'I 
3 1 • 3 21.7 34. 5 79,8 137,0 451.0 

T) 
M] 

43.1 28,8 44,9 95.6 156.0 495.0 
T) 
... ] 59.7( 3 1 • 1 ] 

65.3 41.6 64,R 121.0 105.n 
T) 

") 

94. J 58. II 87.4 149.0 217.0 
T) 
"'I 

t 39, I) 86.2 117.0 188.0 260. rl 
T) 277,0( 58,8) 
.. J 130.0[ 69.8] 

205.0 1J t .o 157.0 241. 0 31R,O 
T) 2H.O( 8 , • 3) 255.0( 74. 2) 
~J 248. 0 ( 7Q.5] 

290.0 184,0 215.0 312.0 
T) 223,0(105.0) 232.0( 95.2) 
"'1 

24<).0 326.n 
!) 
"'l 

-------------------------------------------------------------------------------------
- - --. --- - - ---------REAL 

OR Pf.H'" 1 TTl'D Rt SF. 361,0(111.0) 375.0(136.0) jllR,0(123,0) 350.0( qq,n> 353.11( 79. 7) 50n,O( :;>f;. 4) 
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TABLE 70 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.05 

Dl::NSil'I~ T!Ur F'POUOE !W,..FIE~ 

3 10 JI) 100 1000 
IHSF.(OIA) -------------------------------------------------------------------------------------~ J 44,9[ 0. I) J 

1. 9 2,8 5,q 13. 7 3Q,q 16 fl. 0 
"'J 44,Q[ t • 31 

] }. • 7 3,6 7. b 111. 5 53,4 206,0 
"l 

3, Ii 4,4 9,0 22. 2 f, 1. l 234 ,0 
... J 

4 4,6 5,1 1 0. l 2!i.6 Fi 7. 6 256,0 
"4) 

~ 5,7 6,0 11 • 6 29,0 73,5 2'15. 0 
... J 

7 8, I 7.6 14,0 lb,0 R J •?. 30b,0 
"'] 

q 1 n, 9 9,4 1f:i • 7 4 3. I 92.3 333. 0 
"') 45,Q[ Q,8] 

l 2 15,7 17. 3 21.0 53,B 105,0 366,0 
'') 

15 2 I. I 15,b 25,4 61,5 117,0 396,0 
r.'J 

20 3\. 5 21. 7 3". 3 7Q,8 136. 0 43b,0 
"'l 

25 43,4 28.~ 44,6 94,9 155,0 472,0 
lo' l bO, 'i [ H ,6J 

33 65,7 41,9 64,4 119,0 11!3,0 
I ,., ] 

42 94,9 59,3 e i;. t 147,0 215. () 
II] 

'>4 I 41 , 0 !l 6. 1 114. 0 183,0 ?!i7. 0 
"'] 

70 2 l 2. 0 131. 0 151 • 0 231,0 310,0 
Ml 299,0( 87,0l 139,0( 72,9) 

90 ll 6. 0 197,0 196,0 290,0 378,0 
fl] 

115 4 29. (} 257,0 251. 0 365,0 
Ml 

148 337,0 326,0 
I M] 

-------------------------------------------------------------------------------------
OtJ, AT "'A)( Pt.AL 
OH PE~MITTEO RISE 503,0(132,0) 40!1,0(176,0) 386,0(175,0) 422,0(135,0) 428,0(105,0) 512,0( 31,4) 
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TABLE 71 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.02 

DfNSlM~T~lC fROUO~ NUMHEH 

3 10 30 100 1000 

--------------------------------------------·----------------------------------------T) 

Ml 32.0[ 0.01 
I • Q 2.7 5. !) 11 • Q 30.5 111.0 

Tl 138.0( 2.0) 
l'J 32.0[ 1.1 I 

2.7 3.6 7. t 15.5 )q. 1 140.0 
T) 
MI 

3.1> 4.3 8.7 18. 2 44.3 171.0 
Tl 
l'J 

4.n 5.1 9.3 20.5 4R.5 
T) 

M] 
5.7 5.9 10.2 22 .6 52.7 

1 ) 53.0( <;. 2) 
1.q 

B • t 7.5 12.0 26.5 60.5 
T) 
"] 

Io. 8 9.2 13.7 30.5 
T) 31 • 5 ( 9.5) 
I') 32.9[ 10.21 1.,. 2 12.0 16.2 36.7 
Tl 
"1] 

2 0. J 14.9 19.0 
T) 24.~C I 7. 6) 19. 7( 1 9. b) 19. R ( 16.0) 
"'J 

29 .o 20.1 24.4 
T) 

MI 39. 3L 24.0J 32.5( 21. 7] 
25.6 

T) 

I M) 33.4[ 27. 5] 

OIL A1 "4AX RnL 
OR PFRMlTTFD klSF. 45.5( 24,0) 34.q( 27.6) 3J.3( 23,8) 45.0C 14.7) 70,4( H,3) 187.0C 3.2) 
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TABLE 74 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATI FI CATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.02 

CEt•SI "f-.TR H" fPOl'[lF r.lf"BU' 

) 10 3 \) 100 100(1 
RISECDI.t) -------------------------------------------------------------------------------------

Tl 
"'l 32.0[ O.OJ 

t.9 2.7 5." 11 • q 30. 5 108. I) 
T) 

'I) 32.0£ 1 • 1] 
2 2.7 J.6 7.1 15.3 JR• fj 132 .o 

TJ 
"I 

3 j. h ~.3 !:l. 2 18.0 43. ·i 148.0 
Tl 
.. J 

4 4.b s.1 'l.3 20.2 47.1 162.0 
Tl 
"'1 

5 5.7 5.9 1 0. t 22.2 50.2 172.0 
f) 
~) 

7 B. I 7. !:! 11. 9 25.4 55.J 191.0 
TJ 
"l 

9 10.9 9.2 1 J. 5 21l. b 59.7 201.0 
T) 

"I 
12 15.6 12.0 15.9 33. 1 6') • .1 226.0 

Tl 
"'I 34. 0 [ 12.7] 

15 21.0 15.2 18.~ 37. 2 70.5 244.0 
T) 
.. J 

20 31. J 21.0 2/.. b 43.1 7B.2 268 .o 
Tl 
"'l 

25 43.1 27.5 27.1 48.5 85.7 291.0 
T) 
"') 

33 65.J 39.4 35.2 56.R 97.6 323.0 
T) 345. 0 ( 3Q.1) 
"'} 

42 94.3 54.5 45.2 65.7 110. 0 356.0 
TJ 
... J 

54 us .o 11.6 60.1 77.4 126.0 
Tl 
1.q 61.JI 55.11 

70 204.0 112.0 H.3 93. 2 148.0 
Tl 27h.0( A7.3) 175.0( R9.1) 
M j 246.0[ 79.5] tJt.0( 7k.2J 

90 2qs.o 156.0 to 1. n 114. 0 176.0 
Tl 194.0(112.0) 
MJ 

115 199.0 128.0 141.0 215.0 
1) 146.oc 1 n.o> 147.0(120.0J 
'-'I 

Ha 2413.0 163.0 191.0 
r l 
I.I) 

-------------------------------------------------------------------------------------
DIJ, AT ,.!IX RfA[, 
1M PrR~1rr~u RIS~ 1~0.oc112.n> 1sq.oc1s2.o> 29~.nr1qs.n) 2s~.oc11n.01 241.nr1J1.n> 374.0C 46 .11 
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TABLE 75 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.02 

l'\FNSIMETlllC F IHl\JM" Nlllofflfl< 

3 10 10 100 1000 
l<l.SECUIA) ·------------·------------------------------··---------------------------------------M) 3 2. 0 [ 0,01 

1.9 2.7 5.5 11 • q 30,5 108.0 
"4] J2,0[ I. l J 

2 2.7 3.6 7. l 15. 3 3 R. fi l 31 • 0 
"'} 

3,b 4,3 B.2 tB.O 43.4 14 0. (I 
: MJ 

4 4.6 s.1 9.3 20.2 47.1 161.0 
Ml 

5 5.7 5.9 10.1 22.2 50.2 172.0 
'4) 

7 8. I 7,5 1l • q 2~.4 5 '). 3 lYO.O 
M] 

9 10.9 9.2 13.5 28, I:> 5lJ. 3 205.0 
: M) 

12 15.7 12.0 15.9 33 .1 65.3 225.0 
rot] 34. ][ 12.9) 

1., 21.0 15.2 1?,2 37,2 10.n 241. 0 
Ml 

20 H, l 21. I 27.6 43,1 18. 2 264.0 
.Ml 

25 4 3. 4 27.7 21. t 4A.5 85.J 283.0 
lof) 

33 65.7 39,4 35,0 56. 4 96,4 310,0 
MJ 

42 94,9 54.9 45.2 65. 3 109. 0 33t>,O 
~] 

5-l 140.0 78.2 1)0. 1 76,5 124,0 367.0 
Ml 63. 1 ( 56.4] 

70 'H l. 0 114. 0 79.A CJl.4 144,0 
M J 2q7. O I 86.9) 144.0( 81. 9 J 

90 314. 0 t 63. (l 103.0 110.0 16q,o 
lof] 

115 423.0 217.0 129.o 132. 0 1Y9 0 0 

: Ml 
148 2R3,0 1&6 .o 1b1 • f) 23CJ.O 

'4] 

\90 367,0 211.0 198.0 28R,O 
Ml 

244 269.o 245,0 
"') 

----·--·---------------------------------------------------------·-------------------
UlL AT "'AX HA[, 
OR PEHMITTF"O HIS£ 49b,0Ct33,0) 175.CICl 94 0 0) 2911.0(272.0) 273 0 0{27fi!O) 295!0(196!0) 380.0{ 59.ll) 
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TABLE 76 

DIFFUSER PLUME OILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.00 

OfNSIMETHIC FPOUO~ NUMBlA 

l 10 30 100 1000 

-------------------------··-----------·---·------------------------------------------TJ 
!IJ 2). 1 [ 0,0) 

1. 9 2,7 5,3 10,6 23,h b2,2 
TJ 
"IJ 25. 3f 1. ~) 

2,7 3,5 f,. 7 13. ~ 2 (;, R 71. q 
Tl 
"'] 

3,b 4,3 7. f:I '). 5 31 • ') 79,3 
T) 79. ~ ( 3. 2) 
Ml 

4,b 5,0 R,7 1 7 • 1 33, H B~,b 

T} 

"I) 

5,7 5,R 9,6 tR,6 35,5 93,5 
'f} J ll, 3 ( 6,9) 

I MJ 
II, t 7.4 11 • 2 21.3 38,6 

Tl 
I fl 1 

l 0. 8 9 .1 12.7 23, 7 4'. 5 
Tl 26.0( 11 • 0) 
.o.l) 26. 'i r l 1 • 51 

15. 2 11. 8 14.9 2 7. l 
Tl 
"'I 

20,l 14. 7 1 7 I 3 2'1. 8 
1') 24. 8 ( 17. 7) 19,6( 19. 8) 18. 5 ( 16,8) 
.. l 

28,8 I 9, 8 21.0 
T) 
"l) H,9[ 24,IJ 

24 ,9 25,0 
T) 
"IJ 27,4[ 27. 9J 2),7r 2~.SJ 

-------------------------------------------------------------------------------------
OIL Ar .ox HAL 
'lR P~R~ITT~U klSE 34,9( 24,0) 27,5( 27,8) 2b,0( 25,6) 33,3( 17.~) 47,3( 11,JJ 99,9( 5,1) 
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TABLE 77 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.00 

Dl!:NSI14t;TH1C fROIJIJE NUMRER 

3 10 30 100 1000 

-··-·--·-·---·--------------·---------------------------------------------~----------Tl 
'-I) 25.1[ I). 0} 

1. 9 2.7 5.J 10.b 23 .6 bl.8 
T) 

: /J] 25.3[ 1. 3J 
2.7 3.5 6.7 13. 4 2R.6 71. 0 

1) 
I.I) 

3.6 4.3 7.7 1 r;. !> 31. 3 11. t 
I T) 

loll 
4. 6 5.0 B.7 17.0 33. 3 112. I 

Tl 
M) 

!:>. 7 5.e 1).5 t B. 5 35.0 tl 6. t 
Tl 92. !> ( 6.7) 
MI 

II. 1 7.4 11 • 2 21.0 37.B <Jj. 5 
T) 

MJ 
10.9 9.1 12.6 2 ~.I )'). 9 101 • 0 

Tl 
: "I] 

15.5 11.9 14,Q 26.2 42.6 
: T) 44,3( 1 4. 3 l 

"l J 27.5[ l 3 • ., J 
20.7 14.9 17.1 21:! • ti 4 5. o 

Tl 
Ml 

30.5 21). 5 2 I. 0 32.0 l\B • Q 

T) 32.7( 21 • 5) '. 
MJ 

11. t 26.5 24.8 34.b 
Tl 4 j. 7( 26.71 33 •II ( 30.9) 211. 4 ( '}'), 1) 

: ~1 

58,0 36.B 31 .1 38,6 
T) 
fll) 61. 4 [ 35.2] 46,8( 41. tll 35.9[ 39.2] 

47.0 37 .6 
Tl 
fol J 

-------------------------------------------------------------------·-----------------
REAL 

OR P~;H~l1TED RlS! 61 • ~ ( JS.ll 47.2( 42.6) 38.6( 43,9) 40,5( 34. 7) 54.9( 24 .1) 116.0( 11 • 4) 
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TABLE 78 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.00 

OENSIMl:.1HlC" F"ROLIDE.: NU"IBICR 

3 10 30 100 1000 

-------------------------------------------·-----------------------------------------Tl 
Ml 25, I [ 0. 0 J 

I, 9 2.7 5,3 10.6 23.4 ti!. ll 
T) 

"I) 25, H 1 • 3 J 
2.7 J.5 6,7 1 3. 4 28,6 7 u • ., 

'T ) 
Ml 

3,6 4.3 7,7 1 5. J 31. 3 76,6 
Tl 
Ml 

4,6 5,0 11. 7 17,0 33, 1 !iO, 9 
I 'T) 

M) 

5,1 5 .11 9,5 1 fl. 4 34,H 84,4 
1) 
M) 

8.1 7,4 1 t • 1 20,ll 37,2 90.5 
T) 

I lo!] 
10,9 9,1 17.6 2?.9 )'l. 1 95.4 

T) 

I Ml 
15.6 12.0 14,8 25,8 41,6 102.0 

T) 
loll 2B,2C 15.0l 

21.0 15,0 17.1 28 .4 43.7 101.0 
T) 

I M} 

3 t • 1 20,B 21.0 l1. 8 46.5 114,0 
T) 116.0( 21 • t) 
"'J 

42.0 27" 1 25.1 34. 1 48.9 121. 0 
T) 
." l 

64.0 l8 .6 31. 8 l8.3 52.J 134. ('\ 
T) 
M] 

90,4 53.0 40,2 41 .9 55.6 
Tl 104.0( 46,4) Sb. 3C 4 4. 1) 

"'J 
127.0 74 .o 5'2.0 46,7 59.8 

T) 79. 3( 57.)) 59.3( 63,4) 4 R, 1 ( 58,3) 
"'I 138.0( 58. 2l 93,E>C 65.3) s 3. or o; 5. 4 J 

99.7 63. 7 52 .1 · f>S • 7 
Tl 
"') 

12. f'i 57,7 
T) 
"4] 

-------------------------------------------------------------------------------------
HAL 

OR f'~:RMT1'Tf0 FIIH 14J,O( 6\.8) 10S.O< 77. 6) 73.1( Q'.!. 2) 5q,4( 94,1) 7 (1.?. ( 75, 3) 145,0( 3 f.. l 1 
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TABLE 79 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.00 

CENSI"ETRlC F'POUDF. 'lll".AER 

10 JO 100 1000 

RIS~CDIA) -------------------------------------------------------------------------------------

2 

3 

4 

7 

9 

12 

15 

20 

25 

42 

54 

70 

90 

11S 

1411 

t'lO 

2H 

Tl .. ) 
T) .. } 

Tl 
~1 

T) 
Ill J 

Tl .. ] 
T J 
... , 
Tl 
"J 

Tl 
,,, J 

n 
'I} 

Tl 
1" l 

Tl 
: "J 

Tl 
M] 

Tl 
Ill 

n 

1 • 9 

2.7 

4,6 

5.7 

~. t 

10.9 

15.6 

21. n 

43.4 

65.3 

94.J 

138. n 

2.7 5. 3 

3.5 

4.3 7,7 

5,0 8,7 

5,8 

7,4 11 • 1 

12.6 

12.0 14.8 

15.0 17.1 

20.e 21.0 

27. 3 

39,1 32.0 

54.2 

76,6 53,0 

14) 60,9( 61.3] 
204,0 111.0 69,5 

Tl 275,0C IP.4} 
1"1 246,0C 79,51 131,0C 1R,1J 

283,0 154.0 ij6.2 
T) 189,0(113,0) 
14) 

Tl 
11) 

T) 
'I) 

Tl 
11 J 

192.0 

228 .o 

105,0 
125,0(\46,0) 

148, I) 

10.6 

13 ,4 

15.3 

17. n 

18,4 

20.8 

22.9 

25,6 

28.2 

28,6( 15.6] 
31. 5 

34. 3 

38.3 

42.5 

47.4 

61.7 

70,7 

23.4 

25.)( 1.3] 
2R.6 

31. 3 

33. l 

34. 8 

39 .1 

41,3 

43.5 

46.2 

48.2 

51.4 

54.4 

58.0 

62,1 

66.7 

72.1 

~1.9 7R.~ 

89.0(17\,0) 80.6(160.0) 

86,0 

107,0 

25.1( 0.01 
61. 3 

70.5 

76.0 

80,4 

84,4 

90.0 

94,5 

100.0 

105,0 

111. 0 

116,0 

123,0 

130,0 

137 .o 

146,0 
151.0( 80,5) 

156,0 

168,0 

t VJ . 
------------------------------------------------------------------------------------.-

DIL AT '4AX RFAL 
OR PER"ll1'rE:D RISt. 3H,OC\t2,0l 23'2.0(154,0) 154,ll(?lJ,Ol 111.0C267,r)) 99,9(~7.0J 173.0(_1~J_.~l 
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TABLE 80 

DIFFUSER PLUME DILUTION 
PORT SPACING = 25 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.00 

DENSJMfTRIC FRnUo~ NUMR[~ 

3 10 30 100 1000 
MISECOlA) •••••••••-•••••••·--·-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

l 

5 

1 

9 

1 2 

20 

25 

42 

51 

70 

90 

115 

148 

190 

244 

Ml 
2.1 

M) 

2. 1 3.5 
"'l 

4.3 
lol) 

5,0 
Ml 

5.7 s.s 
"') 

7,4 

10.9 9. 1 
"'J 

15,7 12.0 
: ,,. ) 

21. 0 15.0 

31. l 20,8 
M) 

43.4 
MI 

b5.1 39,1 

'i 4' 1 
Ml 

140.0 77.6 
M] 

211.0 114.0 
U) 297.0( 86,9) 143.0[ 81,9] 

. ~] 
MJ 

l Ml 

u) 

Ml 

111.0 162.0 

119,0 212.0 

274.0 

351,0 

5.3 

b.1 

1.1 

e.1 

9.5 

11' 1 

12' 6 

17.1 

21 ,0 

25.1 

37 ,0 

40.8 

53.4 
ti3.5[ 63.11 

70,5 

110,0 

1JR.0 

172. 0 

216.0 

10. b 

17.0 

I B. 4 

20. i! 

22.9 

25.6 

28.2 
28,6( tti,61 

31. 5 

34,3 

42.5 

47. 7 

72,7 

05,5 

102,0 

123,0 

2!>,lC o.nJ 
23.4 bl.1 

25,3( 1 .31 
2R.6 10.5 

33.1 

34,R 

37,2 

39. t 

41. 3 

43.2 

5 l. 3 

57.7 

bl.7 

71. 6 

7B,3 

86,4 

96.3 

90.0 

94. 'i 

99,9 

104,0 

l 11 • 0 

11 b. 0 

128,0 

135.0 

142,0 

149,0 

157,0 

165,0 

-----·---·--···-·-···----------------------------------------------------------------
OIL AT MAX IH.AL 
(JR PHMl'f'fEO rnsr. 491,0CllJ,O) 3&3,0(197,0) 202.onoo.O) 145,0(301,0) 106,0(301,0) 174,0(191~ 
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TABLE 81 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO= 0.10 

or~SIM~TNIC FROUDE NUMttrR 

3 t 0 10 100 1000 
l(lSECllIA) ----··-------------------------·-----------------------------------------------------T) 430.0( 0. 7) 

MI 
I , 9 2,8 6,4 '6 ,4 51,6 !l7 I • 0 

'J') 
1.q 

2 2.7 3,7 8. fl 23,3 71. 5 
T) 
111 

j 3. !> 4,6 11 • 1 29.4 93,0 
Tl 96,9( l • 2) 
lo( l 

4 4,5 5,6 13.5 35,7 114. 0 
Tl 
MJ 

5 5,6 6,6 16. 1 42.2 
T} '\ 3. 0 ( 6,5) 

: /14 l 
1 8,1 8,8 22. 2 57,7 

f) 

"' I 
9 10. fl tt. 3 29.6 76, 1 

: T) 38,0( 10. 8) 
Ml 

12 15,4 15,8 44,9 
T) 
,.. J 

I 5 20.5 21,4 
1) :.15. 5 ( I 7, 6) 2b,2( 17. 0) 
II J 

20 30,7 31. 3 
T) 
IJ.1 

UlL AT MAX llFAL 
O~ P~H~lTTEU HIS~ b7,2( 23,4) 63,3( 22.2) 66,!( 14,7) 84,7( 9,4) 152,0( 4,9) 684,0( 1,1) 
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TABLE 82 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.10 

!'\ENS I ME.'fH 1 C FR11UDF. NUMllfH 

3 IO 30 100 1000 
RJ!lt:H>IAl -----------------------------------------------~-------------------------------------Tl 

I Ii) 

l • q 2.e 6.4 16.4 51, 2 497.0 
Tl 592.0( l • 3 ) 
Ml 

2 2.7 3.7 e.e 23.1 71. q 893, () 
Tl 
M) 

3 l.6 4.6 11 • 0 29. n 89,2 
Tl 
lo') 

4 4.5 s.6 13.4 35.2 ]05.0 
Tl 

I "'l 
5 5,b 6.6 lb,0 41 • l 122 .o 

f) 13f>. 0 ( 5.9) 
M] 

1 8. I e.s 21 • 7 54.9 156. 0 
t') 

!.!] 

9 10.9 11.2 28.6 10.0 
Tl 86.2( t 1 • 0) 

I ~) 

12 15.6 15.b 41. 6 96.3 
T) 
Ml 

t5 21.0 20.7 !>8.0 129.0 
T) 69,5( lb.7) 
Ml 

20 J 1 • 1 3 t • 3 97 .o 
T> 
"IJ 

25 43.1 46.5 
Tl 45.6( 2b.O) 48.8( 25. fi) 

: ") 
H 77.5 

1) 

"J 

-------------------------------------------------------------------------------------
OtL AT lllU REAL 
o~ PfRfo'll'TFD kI5£ 128.0( 14.0) 121.oc 32.3) 120,0( 22,0) 138.0( 15.4) 215.0( B.8) ~29.0( 2.0) 
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TABLE 83 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO= 0.10 

DENSIMETF<lC fPO!IOF: t<llMAt::H 

3 10 30 11)0 1000 
PISF.:(OJ A) ------------------------------------------------------------------------------------· 'J ) 

,.. J 
1. 9 2.B 6.4 16.4 50.9 477.0 

Tl 
t.IJ 

2 2.7 1.1 II. 8 2?.Y 71,0 689,0 
T) 

"I 
3 l.b 4.6 11. 0 2Q,O 97,J f:ib1. 0 

T) 929.0( 3. 4) 
~1 

4 4.5 5.6 13.4 35. () I 02, O 
Tl 
MJ 

5 5,6 6.6 15.9 41,0 11 7. n 
T) 
"'} 

7 8, I 8.7 21.s 54,2 147.0 
Tl 

I lfj 

9 10.9 11.2 29.? b8,5 t76,0 
T) 
If) 

12 15,7 15.5 40.2 92,3 224.0 
Tl 254,0{ 13. 0) 
M] 

15 21.1 20,4 55.J 120,0 277 ,0 
T) 
,.. ] 

20 31. 5 )0.5 lib. 8 !73,0 
T) 197,0( 22.0) 
M) 

25 44.0 42.B 129,1) 236,0 
Tl 178,0( 29. e 1 
f!lj 

33 67,t 69.5 218.0 
1') 

"'l 
4i 98,3 114.0 

Tl 112.oc 45. ')) 132,0( 44,3) 
loll 

54 151,0 303,0 
TI 
"I) 

---------------------------------------------------------··-··--·--------------------
OIL U MAX llEAL 
JR PfRHITTED PlSE 326,0( 58.21 310.0( 54.2) 2Q7.0C l~.1} ll4,0C 29 0 8) 402 0 0( 20.0) 974,0( 1,bJ 
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TABLE 84 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO= 0.10 

Df.NSIMETRJr FFHJUrJE; Nll!~HFR 

) 10 30 100 1000 
II Is~: C 01A) ··------------------·----------------------------------------------------------------r Tl 

llJ 
1. q 2.s ti.4 lb.4 !J 0. q 474. 0 

Tl 
1'1 l 

.l 2.7 1.7 R, R 22 ,9 71. 0 b70,0 
Tl 
"'J 

j 3. b 4.b 11. 0 29,0 B7,3 819,0 
Tl 
l'J 

4 4.5 5.6 13.4 J.,. () 102.0 9~4.0 

Tl 
"'] 

5 5.6 6.b 15,<l 41. 0 11f>.0 
Tl 
M) ., R.1 a.1 21.5 S4,J 145,0 
Tl 
•ol) 

9 10,9 11.2 28,0 6B.I 173,0 
T) 
llJ 

12 1 5. 7 15.5 39.9 91 • 7 218.0 
Tl 
Ml 

15 21 • t 20.4 54.5 118. 0 265,0 
Tl 
loll 

20 31 • 8 J0.3 f:l 5. 0 170.0 351 • 0 
Tl 

"'1 
2:, 44.0 42.5 124.0 2~0.0 444,0 

T) 611.0( 32,9) 
loll 

ll 67.6 67.1 203.0 344,0 613.0 
T) 
"l 

42 99,0 !03.0 319.0 soo.o 
Tl 525,0( 54,1) 544,0( 44.4) 
"'J 

54 1so.n 111.0 
Tl 
"'J 

70 JH.O 317.0 
Tl 372. 0 ( 83.6) 432,0C 77. 8) 

I II J 
~o 375,0 

r> 
M) 

------------------·---·--------------------------------------------------------------
OTL AT llAX RFAL 
OH PFR"ll1H'O RJSE '546.0(ll'll.O) 721),0( llll,9) b71,0( nt,0) t>fi~~~~~~) !_>'}_~-..!-~.<-~~!-?_~ ~'!_~-4~?) 
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TABLE 85 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO= 0.10 

Dl'..NS I Mt:'i'R l C F'llnlltlE NUMBER 

3 I 0 30 100 1000 
Rt:H:lO!A) ----------------·--------------------------------------------------------------------"'l 

1 • q 2,R 6,4 \6,4 !JO• q 474,0 
MI 

2 'I. •. , l,7 e.e 2?. 9 71. 0 66b,0 
M) 

J.6 4.6 11 • 0 28. 8 Rb,7 813. 0 
"') 

4 4.5 5,6 13,4 34, R 102,0 934,0 
M) 

') 5,6 6,6 15.9 41. 0 116. 0 
M] 

7 B. I 8,7 :.! 1 • 4 5 3, H 144. n 
M] 

q \0,9 11.2 2R,O 68.l 172.0 
Ml 

t 2 J '), 7 15,3 39.9 91. 1 217, 0 
II) 

1 '1 2 1 , I 20,4 54,1 t t fj. I) 263,0 
M) 

'20 3 t. B 30,3 84.4 170,0 347,0 
"'} 

2~ 44.3 42.2 123.0 ?.29.0 4 3 B, ll 
MJ 

33 67,6 66,7 199,0 342.0 60\,0 
MJ 

42 91l,6 102.0 311. 0 492,0 
Ml 

54 1 !> \ • 0 l64,0 !>01.0 737.0 
II) 

7J 234 .o 279 .o 
~) 

<10 3o),0 481,0 
~I 

\ 1 s 563,0 
l>IJ 

-------------------------------------------------------------------------------------
OIL AT "!AX RE.t\L 
UI< Pl:.Rll.lt'H .. O RISE 620,0(121,0) 730.0(108,0) 795,0( 68,6) 794,0( 56,6) 7R7,0(_i~ 974,0( 4,4) 
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TABLE 86 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.05 

DF'NSIMf.TklC F'flCllJDE NUMBER 

3 to 30 too 1000 
H1S~(OJA) ·•-•••••••••••••••••••••••••••••••••-•••••••••••-•••••••••••••••••-·-···---·-·······• 

Tl 364,0( 0. 'J) 

I Ml 
1 • 9 2.8 5,9 13, 7 40,5 407,0 

1) 
M] 

2 2.7 3. () 7.ft 1 B. 6 56,R 
Tl 
MJ 

.) • 6 4,4 9,1 22,5 71,0 
T) ll 1 • '> ( 3.8) 
Ml 

4 4. f> i;. 1 10,) 21>.2 &4,4 
Tl 

"'1 
!:>. 6 6,0 1 I • 7 29.8 100,0 

T) 
"'] 

1 ll. 1 7,6 14. 3 3 7, ll 
'r) 41.3( 1,1n 
,.. J 

9 10,B 9.4 17.) 46,R 
T) 

M] 
12 15.4 12.3 22.3 

T) 26,0( 13. El) 
MJ 

1 5 20,3 15,5 29,0 
Tl 2 4. 'J ( 17. 1} 20.5( 19.2) 
"J 

20 29,) 21 • 7 
Tl 
M) 

30,9 
1' l 
~ 1 

OIL Ai' MAX REAL 
Ok PERMITTED RISE 56,5( 23,9) 46,2( 26,4) 48,Q( 19,4) 66,7( 11,6) 127,0( 5,8) 571,0( 1,3) 

G-87 



TABLE 87 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS~ STABILITY STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.05 

D~.NSIMt.TRIC F"POUl"!E ~IUf.IBFR 

3 10 JO 100 100[) 
k1Sf(IJI A) ---·----------------------·-··-------------------------------------------------------T) 

MI 
1 • q 2.e 5.9 13. 7 40. 2 374.0 

Tl 491.0( l • & ) 
... ] 

2 2.7 3.6 7.6 l ij. "i 56.l 583.0 
T) 
M] 

j J,6 4.4 9,0 22.3 f.8. 5 
TJ 
I') 

4 4,6 5.1 10.3 25.8 79,R 
Tl 
MJ 

5 5.7 6.0 t t • 6 29.4 90.4 
Tl 112,0( 1. 0) 

Ml 
1 8.t 7.6 14.2 3b.5 

1) 

I "'] 

9 10. ') 9.4 16.9 44.3 137. 0 
Tl 
M) 

12 15,5 12,3 2 t • 4 5 7. i. 
Tl 6!>, Ii ( 1 3. 7) 
Ml 

15 20,8 15,6 26.5 73,0 
T) 

Ml 
20 30.7 21. 6 37,3 

Tl 45.2( 22. 8) 
•o!) 

25 41. 3 28,6 53,1 
fl 44. 0 ( 26.2) 3f'>. 2 ( 29,9) 
"'] 

33 59.6 42.2 
T) 
M) 

-------------------------------------------------------------------------------------
DIL U IOX REH. 
OR PfP~ITTEn HIS[ 109.0( 35,1) 91,4( 39,9) 90.9( 30.5) !08,0( lQ,5) 176,0( 10,6) 770.0C 2.4) 
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TABLE 88 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.05 

DENSir-IETHIC F"RC1UUE ~IUMHER 

3 I 0 10 I oo 1001) 
HISF'(D[A) -------------------··----------------------------------------------------------------., ) 

"l 
1.9 2. "I 5.<l 1 3. 7 3q.q 3b4.0 

Tl 
.. j 

2 2. 7 3.b 7.6 1 B, 5 55,7 519,0 
TJ 
,..] 

3 3.6 4.4 9.0 22. 2 6 7. f, b47,0 
T) 
MJ 

4 4.b s.1 10,3 ?5. 6 78. 2 770. 0 
T) 774,0( 4. 1) 
~) 

5 5.7 6.0 11. 6 ?9.0 El B. O 90b.O 
T) 
M} 

7 8. t 7.6 14. 1 3b.O t07,0 
T) 
"1) 

q 10,9 9.4 16. 7 43.4 126,0 
T) 

I'] 

1 2 15.6 12.3 21.0 55. j 155,0 
T) 
,14 J 

15 21.0 15.6 25,8 68.~ l 116. 0 
Tl 205,0( 16. b) 
141 

20 J1. 3 21.7 35. 0 <l4.'1 244.0 
TJ 
MI 

25 43.1 29.6 45. q 125,0 
T) tso.oc 2R.5) 
14 j 

3l 64. 4 41.6 69.0 187.0 
Tl 
"') 

42 91 • 1 58,9 108,0 
TJ 105.0( 41\. 4) 117.0( 43,7) 
11] 

54 130.0 87.4 214.0 
TJ 88,6( 54.b) 
"'l 

70 208.0 
Tl 
~ J 

-------------------------------------------------------------------------------------
utL AT P'AX REAi, 
O~ PEH~llT~O RlS~ 285,0( 61,t) 245.0C 70,5) 2)6,0( 55,4) 247,0( 38,5) )24,0( ?4.4) 914,0( 5,1) 
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TABLE 89 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.05 

DEllSl"'ETHIC FPOll{)E ~. U" BF.H 

3 1 (I )0 100 1000 
RlSF(ClAl -------------------------------------------------------------------------------------T) 

~I 

1.9 2.8 5.9 13.7 H. Q 362.0 
Tl 
"'J 

2 2.7 1.6 7. f- 1 B. ~ 55.1 50R.O 
T> .. ] 

J J.6 4.4 9. n n.2 67.1 621. 0 
Tl 
'II) 

1 4.6 5.1 10.3 25." 77.6 719.0 
Tl 
"41 

5 5.7 6.0 11 • 6 29.0 sn. 3 R07.0 
Tl 
,.. l 

7 8. 1 7.6 14.0 36.0 106.0 
T) 
'11) 

9 10.9 9.4 16.7 43. l 124.0 
Tl 
'"I 

12 15.7 12.3 21.0 54.9 152.0 
T) 
fol) 

1 ':i 21.0 15.6 25. fl 61.b 180.0 
T1 
\I J 

20 31. 3 21. 1 34.5 92.3 230.0 
Tl 
... J 

25 43.1 28. 8 44.9 122.0 285,0 
Tl 
"') 

J3 b5.J 41.6 65.3 177.0 182.0 
T) 486.0( 40.f;) 
.. J 

42 94.J 58.8 94.9 254. () so&.o 
Tl 
,.I 

54 1H.0 86.2 14R.O 379. f') 
T) 426.0( 57.9) 
... J 

10 205.0 131.0 256.0 
Tl 2135. 0 ( 87.2) 374.0( 131. 1) 

II J 
91) 299.0 201. 0 497.n 

f) 258.0(103.0) 
"'J 

115 332.0 
T) 

"'J 
-------------------------------------------------------------------------------------

Oll, AT '4AX POL 
OR Pf'fl .. (ltEI) k(SE' 410.0(109.0) ">59.fJC\21.0) n02.~~I_> 577.n~-"'~~ 59~.0( 1R.OJ 914.1)( 6.4) 
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TABLE 90 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERSt STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.05 

lli h:>Hlt:TIHC ffiO\JOt. tlUMl:H:~ 

3 10 30 1 no 1000 
RISHlllA) -------------------------------------·-----------------------------------·-----------"-I 

1 • 9 2.8 5.9 13. 7 39.9 3b2.0 
Ml 

1 2.1 3.b 7.6 1 B, ~ 'i5. 3 !>UB. 0 

"I 
J 3.b 4,4 9.0 22.2 67.1 61 7. () 

Ml 
4 4,6 5,1 10.3 25,6 77. f> 710,0 

MI ., 5.7 6.0 11 • 6 29.0 87.J 7Y 1, 0 
M J 

7 8 • \ 7.6 1 4 • (I )b.O 105.0 
Ill 

9 10.9 9.4 16,7 43,1 124,0 
Ml 

12 15.7 12.3 21. 0 54,5 151,0 
I M] 

15 21 • 1 15. b 25,4 67,6 100.0 
M) 

20 31, 5 21, 7 34,3 92.3 229,0 
M] 

25 43,4 28,8 44,6 I 21, 0 282,0 
M) 

B 6!>. 7 41,<I b4,4 1 75. () 376,0 
~I 

42 H,9 59,l 92,J 249,0 493,0 
II] 

54 141,0 86,l 141. 0 3b7,0 670,(1 
Ml 

70 212. 0 131. 0 227,0 564,0 
Ml 

90 317.0 199.0 379.0 
MI 

1 ' !> 470.0 302,0 637,0 
MJ 

148 476,0 
"'l 

------------------------·----------------------------·-------------------------------
OJI, AT MAX HE~t. 

OH PfRMiTT~D RJSE 571.0C130.0) 551,0(160,0) 689.0(119,0) 717,0( 80,7) 708.0( 56.!>) 914,0( f>,7) 
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TABLE 91 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.02 

LIE'NSIMf.:TkIC f"J<OllClr NUMRF.H 

] 10 30 100 10011 
ldS~(DH.l ---·-----------------·---------------------------------------------------------------1) 

"') 
1 • 9 2.7 5.5 11 • 9 ]0.5 ~o~.o 

f) 282,0( I • 1 ) 
I'll] 

2 2,7 3.6 7.1 15. 5 4t. fl ,. ) 
Ml 

3 J.6 4.3 e.2 1 8. 2 50,5 
1 ) 

"'l 
4 4,6 5. 1 9.3 10 • ., Lj fl. 4 

T) 64,0( 4. 7J 
"I I 

5 5.7 5,9 10.2 22 .6 f.6. 7 
I 'I') 

"') 
1 8.1 7,5 12.0 26.5 89,R 

T) 
~) 

9 10.e 9,2 13.7 30,5 
T) 31. 5 ( 9.5) 
n 

12 15. 2 12.0 16.2 3 7 • ., 
T) 
Ml 

15 20.1 14.9 19.0 
T) 24.SC 17. 6) 19. 1 ( 19.b) 19.8( 16. 0) 
M] 

20 29,0 20.1 24.4 
Tl 
lo') 

2'5 25.6 
'1') 

"'J 

-------------------------------------------------------------------------------------
OIL AT ~·AX REAL 
oq P[RMJTTEO klSE 45 0 8( 24.0) 34 0 8( 27.6) 33.5( 23.8) 49.2( 14.5) 9Q.7( 7.2) 439,0( 1,7) 
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TABLE 92 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILI:Y STRATIFICATION PARAMETER = 500 

CURRENT TO EFFLUENT RATIO = 0.02 

DFNS l METIH C F ROllO~ t;UMk~R 

3 IO 30 100 1000 
lll5~~COIA) -------------------------------------------------------------------------------------Tl 

"I 
1.9 2.7 s.5 11. q )0,5 2!>4. 0 

T) 
fl!) 

2 i,7 3.6 7. 1 15.5 41,0 314 .o 
r) 3AO.OC ? • 1 ) 
fl!] 

J 3,6 4.3 R.2 Uj. l 49,t !>2&. 0 
Tl 
Ml 

4 4,6 5.1 9,3 20,4 5b,5 
1) 

1-!J 
'> 5,7 5,9 10.2 n. J 63. l 

T) 

"'l 
7 8 • 1 7. 5 11 • 9 25,8 75,0 

T) 8ti,2( H,9) 
1-!J 

9 10,9 9.2 13. s 29.2 87.4 
T) 
M] 

12 15,5 12.0 16.0 34. 3 109,0 ,. ) 
I "'l 

15 20.1 15.1 19.5 39,6 ,. ) 44,9( 1 7. 7) 
"'l 

20 30,5 20.7 22.9 50.2 
Tl 
,.. ] 

25 41 • 3 26,9 27 ,9 65 .1:1 
1 l 43,7( 2&.2) 34.1( 30,7) 30.9( 2 !I. 1 ) 
"'l 

13 58,4 37,3 37 .o 
Tl 
lo!] 

42 59,3 
I T) 

") 
••••••••••••••••••••••••-••••••••••••••••••••••••••••m••••••••••••••••••••••••~•••••• 

OIL AT "AX Pf.AL 
OR PE~~JTtED RISE 90,b( 35.3) b7,9( 42.ll 59,l( 40.21 74,4( 26,3) 135,0C 13.!>) 594,0( 3,1) 
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TABLE 93 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.02 

lll!.NSHH:TR I(' FROlll'~: NUMFlf.k 

3 I 0 JO 100 1000 
IU srll'll A) -------------------------------------------------------------------------------------T) 

"I 
1. q 2,7 5.5 11 • 9 30,5 249.0 

Tl 
M) 

2 ;i. 7 3,6 7. t 15. 3 40,8 352,0 
T) 
M J 

l 3,6 4,3 9,7 1R,0 4R,A OJ. O 
I T l 

p.!] 

4 4. 6 5. 1 9. 3 20,2 55,7 508. () 
·n 
lo'} 

5 5,7 5,9 1 0. I 22.2 61. 3 578,0 
T) 59 4. () ( 5. 2) 
M] 

7 R, 1 7,5 11. 9 :.15. h 71,9 7 4 4. 0 
T) 
lo'] 

9 10. 'I 'l.2 13.s 2H,R R7,1 
1') 

M] 
12 15,6 12.0 15,9 33. 3 96,3 

T) 

Ml 
15 21. 0 15.1 18,4 38,0 111 • 0 

T) 

Ml 
20 31, 1 21.0 2'l,6 46,2 137,0 

T) 149,0( n .2> 
p.t) 

25 42,B 27,5 27,3 54,9 166,0 
T) 

M J 
33 64,0 39,9 35,2 71,0 

T) 91,H 41 • 1) 
f>'.J 

42 90,4 53,4 45,5 94,9 
T) 104,0( 46,4) 
'1] 

Si 127,0 74.5 60,9 147,0 
T) 79. a c 57,0) b9,0( 5'l,5) 

l M] 
70 105,0 89,2 

T) 

"'J 

-------------------------------------------------------------------------------------
n I L A 'f' MA X R E:A l, 
OR P~RMJTTED RIS~ 25\,0( 61,6) 190,0( 76,4) 160,0( RO,!) 170,0( 56,8) 238,0( 32,7) 807,0( 7,5) 
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TABLE 94 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.02 

OE1~Sil-IE1RIC" fROUDE" Mll,.AEP 

3 10 30 100 1000 
RISE(DIA) -------------------------------------------------------------------------------------

T) 

"I 
1. Q 2.7 5.5 11. <j 30.5 249.0 

Tl 
11) 

'l 2.7 l.6 7.1 15.3 40. R 347.0 
'T ) .. ] 

j 3.6 1, 3 s.2 18.0 48. 8 421.0 
T) 
.. q 

4 4. f, 5. l 9.3 20.2 55.3 487.0 
T) .. ) 

5 :lo 7 5.9 10.1 22.2 60. q 545.0 
T) 

MJ 
7 8. 1 7.5 11.9 25.4 71.4 644.0 

T) 

II I 
9 10.9 9,2 13.5 28. Ii 80,<J 735.0 

T) 

"'J 
12 15.6 12.0 15.<J .31. 1 94,<J 

T) 

"'] 
15 21.0 15.2 l~.4 37.5 100.0 

T) 

"'1 
20 31. 3 21.0 27,6 45.2 131.0 

TJ 
•') 

25 43. 4 27 .5 27.t 53.4 156.0 
T) 
"') 

33 65.J 39.4 35.2 67.6 199.0 
T) 
Ml 

42 94.3 54.5 4'5. 2 86.1 252.0 
T) 
,_,I 

54 138. () 77.6 60 .1 115.0 334.0 
T) 347,0( 55.8) 
loll 

70 20'1.0 112.0 IH.'2 165,0 466,0 
T) 2112.oc 87.2) 
II) 

90 295.0 162. (I 118.0 2~7.0 
T) 2!b.0(110.0) 264,0( 91,5) 
"41 

11 'j 229.0 171,0 461.0 
Tl 193,0(1?.4,0) 
11) 

14~ 29]. 0 
T J 
II I 

-------------------------------------------------------------------------------------
DIL .\T 110 l<EllL 
OM PEPMITTEO Pis~· )ll4,0C1lO.Ol 337,0(144,0) 470.0(t!Pl,0) 4b7,_~llif'>_.._O_J 47R.O_L~ EI07,QJ___J__()_.__?__2 
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TABLE 95 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.02 

O~:NSlMFTRIC F'RllUDf. Nll,..A~:R 

3 to 30 100 1000 
H I S ~: ([) [ A ) -------------q·---------------------·-·-p·-------------------------------------------: Ill l 

1 • 9 ? • 7 5.5 1 I , 9 30. i:; 249,0 
14] 

'2 2.7 3,6 1. I 15. 3 40,8 34 7. 0 
,.. ) 

),6 4. 3 8,2 I 8, 0 48,5 421,0 
M] 

4 4,b '). 1 9,) 20.2 55,3 4b4. 0 
MI 

') 5,7 5,Q 1 0, I 22. 2 60,9 ') 3 9. 0 
~) 

7 B, I 7,5 I I , q 25,4 71, 4 6..l2. 0 
Ml 

9 10,9 9,2 1). 5 20,b R0 0 Q 712. 0 
M] 

12 15. 1 12.0 15,9 B,1 94,3 

"'l 
1 ') 21.0 15,2 18. 2 37. 5 108,0 

M] 
20 H, 3 21 • 1 22,6 45,2 131 • 0 

M) 
2"> 43,4 27.7 27, 1 53,0 154,0 

Ml 
33 65,7 39,4 35,0 66,7 19!i.0 

Ml 
42 94,9 54,9 45.? l:l4. 4 24'>.0 

Ml 
54 140,0 7R,2 b0,1 11 I , 0 320,0 

"'] 
70 211. 0 114.0 !13.? 154,0 4 3!>. 0 

M) 
qo 316,0 101.0 117.0 221,0 

MJ 
11 !:I 4b8,0 243,0 166,0 328,0 

"'] 
148 360,0 247,0 512,0 

M) 
190 37 I, 0 

Ml 

-------·-------------------------------------~---------------------------------------
DJL AT p.tAJ( HEAL 
OH P~:Rlo'ITIEC HJSE 570,0(130,0) 496,0(!79,0) 4_60. 0 ( 216 ! 0) 5651005610) 598,0( RQ,6) 001.0~ 1 1 • 7) 
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TABLE 96 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 200 

CURRENT TO EFFLUENT RATIO = 0.00 

DF:NSlMn'klf fROUOE NllM Bf:~ 

3 10 30 100 1000 
RlSUDlA) ----·---------·------------------------------------------------------------------·---Tl 

M} 
1 • q 2.7 5.3 10.6 23.6 1J1. 0 

Tl 144.0( 2. 0) 
"'] 

'} 2,7 l.S 6.7 13. 5 29,B 146.0 
T) 

MJ 
j j,h 4.3 7.8 15,5 34. 5 11:17. 0 

1) 
,w l 

4 4,b o;. 0 8,7 11.1 3 8. F, 

Tl 
~1) 

5 5.7 s.e q." 1ll,6 41,q 
T} 45,5( b. 1 ) 
lol] 

7 B • 1 7,4 11. 2 2 l. 3 48. fl 
Tl 
Iii] 

9 10,8 9 .1 1?,7 23,7 56,Q 
Tl 26.0( 1 t • 0) 
"'J 

12 I 5. 2 11.11 14,Q 27.3 
Tl 
IA J 

15 20.3 14.7 1 7. 3 30.9 
T) 24. ij ( 1 7. 7) 19. 6 ( 19 .11) l 8. 5 C 16.8) .. ] 

20 H.B tll.B 21. 0 
Tl 
M] 

25 24.9 25.0 
Tl 
Ml 

-------------------------------------------------------------------------------------
DII AT MAX REAL 
OR PER~JTT£0 RJS~ 34.9( 24.0) 27.5( 27.8) 26.1( 25.6) 36.6( 17.3) 64.3( 9,8) 203.0C 3,1) 
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TABLE 97 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETtR = 500 

CURRENT TO EFFLUENT RATIO = 0.00 

DtNSlMl':THIC FRCJUDF.: NUP1fif:H 

3 10 30 100 1000 
1ns~:CDIA) -----------------------------------------------------------------------~-------------T) 

,>I] 

I. 9 2.7 5.3 1ll,6 23.6 110. (I , ) 
... ] 

2 2.7 3.5 6.1 13 .4 29,6 140,0 
Tl 
Ml 

3 ),6 4.3 7.7 1~.5 34,0 1bJ.0 
'r) 1tH,0 ( 3,9) 
Ml 

4 r,. b !i. 0 R.7 11. (l 31 • H 18 ~. 0 
I , ) 

I"] 

5 5,7 5.8 9.5 1 8 • !l 40,R 20t>,O 
'I) 

M J 
1 8. t 7.4 11. 2 21. 0 46.? 

Tl 
I PA] 

9 10.<l 9. 1 12.6 2], 1 50,9 
T) 57,6( 1?. 1) 
M] 

1 2 15,5 11 • 9 14.9 26,2 
T) 
M] 

15 20.7 14,9 17.1 28,8 64,4 
T) 

Ml 
20 30.5 20,5 21.0 33. 3 

Tl 34. 3 ( 21 • 3) 
Ml 

25 41. t 26.5 24,B 37.8 
T) 43. 7( 26.2) 33. 8 ( 30,9) 28. 4C 29,7) 
,., ) 

33 SH,O 36. e 31 .1 46,7 
Tl 
toll 

42 47,0 )R,I 
: T) 

M J 
••••••-•••••••••-•••••••••••••••••••••••m•••••••••••••••••••••••••••-•••••••••••••••• 

OTL AT MAX Rf.AL 
OR P~RMJTTED ~JSf 61,t( 35.3) 47 0 5( 42,6) 40.0( 43,9) 48.2( 33,3) 81.1( 19,4) 255,0( 6,2) 

G-98 



TABLE 98 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 2000 

CURRENT TO EFFLUENT RATIO = 0.00 

OF:NS1ME1'RIC FRflllDE NllMflrn 

l to 30 100 1 000 
HISHOTA) ----------------------------------------------------------------·--------------------,. ) 

") 
1. q 2.7 5.3 10.6 23. 4 109. () 

1) 

I "'l 
2 2.7 l. 5 6.7 1l.4 29,6 13B. 0 

Tl 
,11) 

J 3.6 4.J 1.1 15,3 34,0 159. 0 
I Tl 

MJ 
4 4.b 5.0 R • '1 17.0 37. 5 175.0 

1) 
M) 

5 5,7 5.B 9.5 I El, 4 40,5 190,0 
Tl 
MI 

7 8. 1 7.4 11.1 20,H 45,2 213.0 
T) 
M] 

9 t0.9 9.1 12.6 22,9 49,5 2 3t1. 0 
T) 255.0( t 0. 8) 
MI 

12 1!).6 12.0 14 • R 25,R 54,9 21>7.0 
Tl 
M] 

15 21.0 15.0 1 7 • 1 28.4 59.7 302.0 
T) 

"') 
20 31.1 20.e 21. 0 32.4 b6.6 

Tl 
"11 

25 12. ij 27.1 25.1 36.2 73 .1 
: 'T) 

11) 

33 64.0 38.6 31 • 8 42.2 82,R 
T) R 3. fi ( 33. Bl 
"') 

42 90.4 53.0 40.2 4 9 .1 93 0 1! 
Tl 104.0( 46.4) 57.8( 54.1) 
Ill 

54 127.0 74.0 52.0 
: Tl 79. 3( 57.3) 60.9( 63.l) 
I Ml 

70 102.0 68,1 69.8 
Tl 
"'] 

-----------------~-------------------------------------------------------------------
DIL AT MAX Rf: AL 
OP PEl<MllH.O R l SF; 146,0( 61.7) 111,0( 77. l) 85,8( 119. 6) 81 • 5 ( 82.4) 117,0( 53,7) 359,0( I 7. 4) 
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TABLE 99 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = 10000 

CURRENT TO EFFLUENT RATIO = 0.00 

c.ENSIM~TRIC fl"-'OlJDl NU~1f.'n~ 

3 10 30 100 1000 
RISE(DlAl -------------------------------------------------------------------·-----------------

T) 

M J 
1. 9 2.7 s.3 1o.6 23.4 109.0 

1) 

"] 
2 2.7 3.5 b.1 13.4 ?9 .6 137 .o 

T) 

"l 
3 3.6 4.3 7.7 15.3 33 .P 157.0 

T) 

"'] 
4 4.6 5.0 8.7 17. 0 37.7 173.0 

T) ,. ] 
5 5.7 5.A q.s 18.4 40.2 186.0 

7) 

"'l 
7 8. l 7.4 11. 1 20.8 45.2 208.0 

T) 
.. j 

9 10. 'i 9. 1 12.6 22. 9 49.1 22 ij. 0 
T) 
M] 

1 2 15. 6 12.0 14.8 25.h 54.S 251.0 
T) 
M) 

15 21.0 15. fl 17.1 2A.2 se.s 272.0 
'I) 
Ii) 

20 31.~ 20.8 21.0 32.2 65.7 302.0 
T) 

"'] 
25 43.4 27.3 25.1 3b.O 71. 2 328.0 

Tl 
"'J 

13 65.3 39.1 32.0 41.9 79.3 367.0 
Tl 381.0( 36.0) 
"') 

42 94.3 54.2 40.<; 48.H BB.O 
Tl 
IA] 

54 13!l .O 76.6 53.0 58.0 98.3 
Tl 
I'] 

70 204.0 111 • 0 71.4 70.4 112. 0 
Tl 282.0C 87.3) 
1"] 

90 :?9~.o 160.0 46. fi 87.0 127. () 
'J) 215.0(111.0) lH.0(106.0) 
Ii] 

115 226.0 131.0 109.0 147.0 
Tl 16CJ.OCH5.0J I 3fl.0(130.0) 

"'l 
148 1 7 q. (I I 38. O 173.0 

Tl 
.. l 

190 174. fl 
T) 
"'] 

-------------------------------------------------------------------------------------
OIL AT ·ox Pi'.:AL 
OR Pf,R,.ITTl-:0 l'lSE 3~t.OC110J.I)) 290.0(145.0l 225._Q_!JR4.0) 11l3._Q_!_.?_Ot.O) 1.B7.0(1fi2.U) 407.0( 41.5) 
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TABLE 100 

DIFFUSER PLUME DILUTION 
PORT SPACING = 1000 DIAMETERS, STABILITY STRATIFICATION PARAMETER = INFINITE 

CURRENT TO EFFLUENT RATIO = 0.00 

o~:HSIIH:rRIC fROUDE N U'41\f:R 

3 10 JO 100 1000 
FclSECDIAl -------------------------------------------------------------------------------------Ml 

I• 9 2.7 5.3 10.b 23.4 108.0 
"4) 

2 2.7 J. 5 6.7 I 3. 4 79. 6 137.0 
Ml 

3 3,6 4.J 7. 7 15. 3 33. A 15&.o 
"') 

4 4.6 5.0 8.7 17. 0 ~7. 2 172.0 
loll 

5 5.7 5.8 9.5 1 8 • 1 40.7 18b,O 

"'l 
7 8 • 1 7,4 \1 .1 20.8 45,2 200.0 

M] 
9 10. q 9.l 12.t> n.<.1 4 <). 1 220.0 

M] 
1 2 15.7 11.0 14.R 25.b 54. 1 248,0 

Ml 
l 5 21. 0 15.o 17.1 20.2 58 0 8 2btl.O 

Ml 
20 31. 3 20.0 21. 0 32,2 65.3 295.0 

Ml 
25 43.4 27. 3 2 'j. 1 3b. () 70.R 31 B. f') 

foll 
33 65.7 39.1 32.0 41. 9 79.1 348. 0 

foll 
4 :.! 94.9 54. 1 ·40 0 9 49.B 87. 2 378.0 

Ml 
54 140.0 77.6 53.4 58.0 97.3 

"') 
7 () 211 • 0 114.0 71. 9 70.5 110.0 

l'I J 
90 315. 0 u;s.o 99.0 87.S 125.0 

"'] 
11 5 468.0 242.0 136.0 111 • 0 143.0 

Iii) 
148 357.o 193.o 144,0 168.0 

II] 

190 276.0 191 • 0 200.0 
Ml 

244 400.0 259.0 244.0 
loll 

------·------------------------------------------------------------------------------
I) (1, 'T •ox REAL 
OR HR"I l 1'TEO HI Sf 51>9.0(130.0) 485!0(1110.0) 402.Cl(24"i 1 0) 329.0(7q4.0) 248.0(250.0) 407.0( 52.52 
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APPENDIX H 

fQUIVALENTS OF COMMONLY USED UNITS OF MEASUREMENT 

H-1 



I 

TABLE H-1 
EQUIVALENTS OF COMMONLY USED UNITS OF MEASUREMENT 

-
English Unit Multiplier SI Unit English Unit Multiplier SI Unit 

acre X4. 046. 72~: m2 
+ 2.471Xl0 X 

gpd/ft xo.c1z4.,. 
+ 80. 65X 

ml/day m 

acre XO. 405-+ ha* gpd/sq ft X0.0408.,. ml/day m2 

+ 2.471X + 24. 51 x 
acre-ft Xl,233.5-+ 

+ 8. 11XlO- 4X 
ml gpm XO. 0631.,. 

+15.85X 
dm l/s 

Btu Xl. 055.,. kJ gpm XO. 0631-+ 1 */s 
... 0. 9478X + l5.85X 

Btu X0.252-+ kg-cal* gpm/sq ft X40. 7-+ l*/min m2 

+ 3. 968X +- 0. 0245X 

Btu/hr/sq ft X3.158-+ J/s-m 2 hp XO. 7454 ... kW 
+ 0. 316X + 1.341X 

Btu/lb XO. 555 ... kg-cal/kg* hp-hr X2. 684-+ MJ 
+ l .BOX + 0.372X 

cfm xo. oza ... ml/min in. X2. 54.,. cm 
+ 35. 71X ... 0.3937X 

cfs )(1. 7 ... ml/min lb/day/acre-f1 X3. 68+ g/day ml 
+ 0.588X +- 0.2717X 

cfs/ sq mil es XO. 657 + ml/min km 2 lb/l ,000 cu f1 x10. o~ g/m l 
+ 1. 522X + 0.0625X 

cu ft XO. 028-+ mi lb/day/cu ft Xl 6-+ kg/day ml 
+ 35.314X +- 0. 0625X 

cu ft X28. 3z.,. l* 1 b/mil gal XO. 92.,. g/ml 
+ O. 0353X + B.333X 

cu in. Xl6.39_,. Cll1 3 mi 1 ga 1 X3,785+ 1113 

+ 0.061X + 2. 64Xl0- ~X 

cu yd XO. 75 + ma mgd X3, 785+ m3/day 
+ l.3709X + 2.64Xl0- "X 

OF 0. 556(cF-32 )-+ CC rngd XO. 0438-+ m 
3
/s 

+1.8( C)+32 ... 22 .82X 

oc plus 273+ K mile Xl. 61-+ km 
+minus 273 +- 0. 621 x 

ft XO. 3048-> m ppb XlO- l ... mg/l * 
+ 3. 28X + l ,OOOX 

ft-lb Xl.356., J ppm approximately mg/l* 
+ 0. 737X equal to 

gal X3. 785-+ l* sq ft X0.0929-+ m2 
+- 0.264X +10.76X 

gal X0.003785-> ml sq in. X645.2-+ nm2 
+ 264.2X ... 0.00155 

gpd/acre XO. 9365-+- ml/day km 2 sq miles X2. 590..,. km 2 

+ 1 .068X ... 0. 3861 x 
Other commonly used conversions: 

1 MGD " l . 55cfs 1 BTU = 252 cal 
ye = 62.4 BTU/ft 3 /°F 

p 

l ltftl •3.414 X 10 6 BTU/hr 

l BTU• 778 ft-lb l Langley/day= 3.7 BTU/ft. 2 /day 

*Not an SI unit, but a term convnonly used and preferred as a wastewater unit of expressiop. 
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