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FOREWORD

The National Eutrophication Survey was initiated in 1972 in
response to an Administration commitment to investigate the nation-
wide threat of accelerated eutrophication to fresh water lakes and
reservoirs. '

OBJECTIVES

The Survey was designed to develop, in conjunction with state
environmental agencies, information on nutrient sources, concentrations,
and impact on selected freshwater lakes as a basis for formulating
comprehensive and coordinated national, regional, and state management
practices relating to point-source discharge reduction and non-point
source pollution abatement in lake watersheds. .

ANALYTIC APPROACH

The mathematical and statistical procedures selected for the
Survey's eutrophication analysis are based on related concepts that:

a. A generalized representation or model relating
sources, concentrations, and impacts can be constructed.

b. By applying measurements of relevant parameters
associated with lake degradation, the generalized model
can be transformed into an operational representation of
a lake, its drainage basin, and related nutrients.

c. With such a transformation,'an assessment of the
potential for eutrophication control can be made.

LAKE ANALYSIS

In this report, the first stage of evaluation of lake and water-
shed data collected from the study lake and its drainage basin is
documented. The report is formatted to provide state environmental
agencies with specific information for basin planning [§303(e)], water
quality criteria/standards review [§303(c)], clean lakes [§314(a,b)],
and water quality monitoring [§106 and §305(b)] activities mandated
by the Federal Water Poliution Control Act Amendments of 1972.



Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condi-
tion are being made to advance the rationale and data base for
refinement of nutrient water quality criteria for the Nation's
fresh water lakes. Likewise, multivariate evaluations for the
relationships between land use, nutrient export, and trophic
condition, by lake class or use, are being developed to assist
in the formulation of planning guidelines and policies by EPA
and to augment plans implementation by the states.
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LAKE NAME

Bluestone

Chesdin

Chickahominy
Claytor
J. H. Kerr

J. W. Flannagan
Occoquan
Rivanna

Smith Mountain

iy

NATIONAL EUTROPHICATION SURVEY

STUDY LAKES
STATE OF VIRGINIA

COUNTY

Giles, VA; Mercer,
Monroe, Summers, WV

Amelia, Chesterfield,
Dinwiddie

Charles City, New Kent

Pulaski

Chdr]otte, Hallifax,
Micklenburg, VA;
Granville, Vance, -
Warren, NC

Dickenson

Fairfax, Prince William

Albemarle

Bedford, Frankliin,
Pittsylvania
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RIVANNA RESERVOIR
STORET NO. 5113

I.  CONCLUSIONS
A. Trophic Condition:
Survey data indicate that Rivanna Reservoir is eutrophic.
It ranked seventh in overall trophic quality when the eight
Virginia lakes sampled in 1973 were compared using a combina-
tion of six parameters*. Six lakes had less median total phos-
phorus, median dissolved phosphorus, and median inorganic
nitrogen; two had less mean chlorophyll a; and six had greater
mean Secchi disc transparency. Depression of dissolved oxygen
with depth occurred at sampling station 1 in July and September
and at station 2 in July.
Survey limnologists noted an algal b]oom at stations 2 and
3 in September.
B. Rate-Limiting Nutrient:
The algal assay results indicate the reservoir was phos-
phorus limited at the time the sample was taken (04/09/73).
The reservoir data indicate phosphorus limitation at stations
1 and 2 and nitrogen limitation at station 3 at all sampling
times.
C. Nutrient Controllability:
1. Point sources--During the sampling year, point sources
contributed 9.0% of the total phosphorus load to the reservoir.

Morton's Frozen Foods in Crozet accounted for 8.0%, and the

* See Appendix A.



2
Farmington Country Club accounted for 1.0% of the total.
Other point sources are known, but it is not likely they were
significant contributors to the total reservoir load during
the sampling year (see page 11).

The present loading of 11.83 g/m?/year is almost 12 times
that proposed by Vollenweider (Vollenweider and Dillon, 1974)
as a eutrophic loading (see page 15). Although Vollenweider's
model may not be applicable to water bodies with short hydraulic
rentention times, the present trophic condition of the reser-
voir is evidence of excessive nutrient loads.

Because the reservoir is phosphorus 1limited much of the
time, all phosphorus inputs should be minimized to the greatest
practicable extent. Phosphorus removal at the listed point
sources should at least help slow the present rate of eutrophi-
cation of the reservoir. Further water quality improvement would
be expected if a significant portion of the phosphorus expoét of
Mechums River is controllable (see discussion below).

2. Non-point sources--The gaged tributaries were estimated
to have contributed 91.0% of the total reaching the reservoir.
Mechums River contributed nearly 71% of the total and had the
highest export rate (see page 14). The 59 kg P/km2/yr measured
is more than twice the next highest rate (Fishing Creek, 29 kg
P/km?/yr) and may be indicative of unknown and unsampled point
sources, particular land-use practices within the drainage, or

underestimation of the listed point source loads. Additional



3
study is needed to determine the controllability of nutrient

sources in the Mechums River Drainage.
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IT. LAKE AND DRAINAGE BASIN CHARACTERISTICS+

A. Lake MorphometryTT:

1. Surface area: 1.82 kilometers?2.

2. Mean depth: 6.1 meters.

3. Maximum depth: >11.6 meters.

4. Volume: 11.102 x 10% m3.

5. Mean hydraulic retention time: 16 days.

B. Tributary and Qutlet:
(See Appendix C for flow data)

1. Tributaries -

Drainage Mean flow

Name area (km?)* (m3/sec)*
Ivy Creek 56.7 0.7
Mechums River 256.7 3.0
Moormans River 193.0 2.2
Buck Mountain Creek 95.8 1.1
Fishing Creek 11.7 0.1
Naked Creek . 8.2 0.1

Minor tributaries &
immediate drainage - 49.5 0.6
Totals 671.6 7.8
2. Outlet -

South Fork, Rivanna River 673.4*? 7.8

C. Precipitation***:
1. Year of sampling: 115.2 centimeters.

2. Mean annual: 112.1 centimeters.

1+ Table of metric conversions--Appendix B.

++ Bellanca, 1975.

* For 1imits of accuracy, see Working Paper No. 175,
1973-1976". '

** Includes area of lake.

*** See Working Paper No. 175.

...Survey Methods,



III. LAKE WATER QUALITY SUMMARY

Rivanna Reservoir was sampled three times during the open-water
season of 1973 by means of a pontoon-equipped Huey helicopter. Each
time, samples for physical and chemical parameters were collected
from three stations on the lake and from a number of depths at each
station (see map, page v). During each visit, a single depth-integrated
(4.6 m or near bottom to surface) sample was composited from the stations
for phytoplankton identification and enumeration; and during the first
visit, a single 18.9-1iter depth-integrated sample was composited
for algal assays. Also each time, a depth-integrated sample was collected
from each of the stations for chlorophyll a analysis. The maximum
depths'sampled were 11.6 meters at station 1, 8.8 meters at station
2, and 2.4 meters at station 3.

The sampling results are presented in full in Appendix D and are

summarized in the following table.



PARAMETER

TEMP (C)

DISS OXY (MG/L)
CNDCTVY (MCROMO)
PH (STAND UNITS)
TOT ALK (MG/L)
TOT P (MG/L)
ORTHO P (MG/L)
NOZ2+NO3 (MG/L)
AMMONIA (MG/L)
KJEL N (MG/7L)
INORG N (MG/L)
TOTAL N (MG/L)
CHLRPYL A (UG/L)

SECCHI (METERS)

11.0
9.7
50.
6.8
10.
0.066
0.022
0.370
0.030
0.200
0,400
0.610

247

A. SUMMARY OF PHYSICAL AND CHEMICAL CHARACTERISTICS FOR RIVANNA (SOUTH FORK) RES

1ST SAMPLING ( 4/ 9/73)

3 SITES
RANGE MEAN
= 12.4 11.7
= 11.0 10.1
- S0. 50,
- 8.0 Te6
- 17. 13,
= 0.216 0.119
= 0,039 0.028
= 0.670 0.481
- 0.100 0.072
- 0.700 0.375
= 0.770 0,553
= 1.150 0.856
- 7.7 Se1
- 0.6 0.5

MEDIAN

11.6
10.0
50.
7.7
12.
0.092
0.027
0,420
0.070
0.400
0.485
0.845
5.0

Oe4

STORET CODE 5113

2ND SAMPLING ( 7/19/73)

3 SITES
RANGE MEAN
23.5 = 2644 25.3
3.2 - 840 6.0
53, - 60. S6e
T4 = 8e1 7.5
18. - 23. 21
0.023 - 0.123 0.060
0.004 =~ 0.066 0.020
0.160 = 0.420 0.292
0.130 = 0.350 0.207
0.200 = 0.700 0.550
0.290 =~ 0.720 0.499
0.600 - 1.070 0.842
3.1 - l12.1 6.4
0.8 =~ 1.8 le4

MEDIAN

25.8
68
SS.
Tet
2l.
0.037
0.008
0,275
0.205
0.600
0520
0.865

3.9

105

2049
2.0
57.
6.6
18.
0.040
0.009
0.130
0.090
0.200
0.230
0.430

1.8

1.0

3RD SAMPLING ( 9/29/73)

3 SITES
KANGE MEAN
= 23.5 2217
- 8.0 Se6
- 250. 153.
- 7.6 649
- 22. 20.
- 0.165 0.076
= 0.099 0.021
= 0.400 0.191
- 0.370 0.185
- 1.200 0.520
=~ 0.580 0.376
- 1.360 0,711
= 15.9 8.5
- le4 l.2

MEDIAN
23.0
Se9
147,
6.8
20.
0.060
0.010
0.18V
0.195
0500
0.395
0.680
7.8

1.3



B. Biological characteristics:

1.

Phytoplankton -

Sampling
Date

04/09/73

07/19/73

09/29/73

Chlorophyll a -
Sampling

Date

04/09/73

07/19/73

09/29/73

Domi

nant

Genera

O1 W — L& W N —

- wWwhN —
. . L] . .

Fragilaria sp.

Dinobryon sp.
Melosira sp.

Cryptomonas sp.
Navicula sp.

Other genera
Total

Melosira sp.
Flagellates

Sphaerellopsis sp.

Navicula sp.

Ankistrodesmus sp.

Other genera
Total

Anabaena sp.
Melosira sp.

Cyclotella sp.
Flagellates

Microcystis sp.
Other genera

Total

Station

Number

Algal Units
per ml

1,355
376
256
241
196
814

3,238

140
1,635

Chlorophyll a
(ng/1)

TN~
. . .
— O O

—t
- N~ N W W
3 . . . .

0 W



c.

Limiting Nutrient Study:

1. Autoclaved, filtered, and nutrient spiked -

Ortho P Inorganic N Maximum yield
Spike (mg/1) Conc. (mg/1) Conc. (mg/1) (mg/1-dry wt.)
Control 0.035 0.490 8.9
0.050 P 0.085 0.490 1.7
0.050 P + 1.0 N 0.085 1.490 23.1
1.0 N 0.035 1.490 8.5

2. Discussion -

The control yield of the assay alga, Selenastrum capri-

cornutum, indicates that the potential primary productivity
of Rivanna Reservojr was quite high at the time the sample
was collected (04/09/73). Also, a significant increase in
yield when orthophosphorus alone was added indicates that
the lake was phosphorus limited at that tihe. Note that
the addition of nitrogen alone produced a yie]d no greater
than that of the control.

The reservoir data indicate a combination of limiting
nutrients; although it will be noted that station 3, nearest
the nutrient point sources impacting the Mechum River,
tended toward nitrogen limitation while stations 1 and 2,
further away, tended towards phosphorus Tlimitation.

Following is a tabulation of the mean inorganic nitro-
gen/orthophosphorus ratios for each of the stations and
sampling times with the indicated 1limiting nutrient in

parentheses.



Station

1
2
3

04/09/73

18/1 (P)
25/1 (P)
13/1 (N?)

07/19/73

71/1 (P)
67/1 (P)
9/1 (N)

09/29/73

42/1 (P)
26/1 (P)
6/1 (N)
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IV. NUTRIENT LOADINGS
(See Appendix E for data)

For the determination of nutrient loadings, the Virginia National
Guard collected monthly near-surface grab samples from each of the
tributary sites indicated on the map (page v), except for the high
runoff months of May and June when two samples were collected.
Sampling was begun in July, 1973, and was completed in June, 1974.

Through an interagency agreement, stream flow estimates for the
year of sampling and a "normalized" or average year were provided by
the Virginia District Office of the U.S. Geological Survey for the
tributary sites nearest the lake.

In this report, nutrient loads for sampled tributaries were
determined by using a modification of a U.S. Geological Survey computer
program for calculating stream loadings*. Nutrient loads shown are
those measured minus point-source loads, if any.

Nutrient loads for unsampled "minor tributaries and immediate
drainage" ("ZZ" of U.S.G.S.) were estimated using the means of the
nutrient loads, in kg/km?/year, at station D-1, E-1, and G-1 and
multiplying the means by the ZZ area in kmZ.

Nutrient loads from the town of Crozet, Morton's Frozen Foods, and
Murray Manufacturing were calculated using nutrient concentrations
and corresponding flow data provided by the Virginia Water Control
Board (Godfrey, 1976). Nutrient loads for Miller School, Brownsville,

and Acme Visible Records, all of which discharge intermittently, are

* See Working Paper No. 175.
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not included in the following tables because it is not likely these

sources contributed significant amounts during the sampling year.

The operator of the Farmington Country Club wastewater treatment

plant provided too few monthly effluent samples and corresponding flow

data to permit calculation of nutrient loads, so the loads were esti-

mated at 1.134 kg P and 3.401 kg N/capita/year.

A. Waste Sources:

1. Known mum’cipa]1~ -

Receiving

Water

Ivy Creek

Slabtown Branch/
Lickinghole Creek

Powell's Creek/
Lickinghole Creek

Miller Branch/
Mechums River

Receiving

Water

Trib. of
Lickinghole Creek
Trib. of S. Fk.
Rivanna River
Trib. of

Pop. Mean Flow

Name Served Treatment (m3/d)

Farmington + 250 ext. aer. 94.6*

Country Club '

Brownsville ? ext. aer. 151.0%*
(intermit-
tent discharge)

Crozet 40 none 15.1*

Miller School 100-200 none 75.7*
(intermit-
tent discharge)

2. Known industrialT -

Type Mean Flow

Name Waste Treatment (m3/d)

Mortons Frozen food pro- none 1,099.2

Foods, Crozet cessing
Murray Mfg., - none 1.3
Earlysville
Acme Visible - none 28.4
(intermit-

Records, Crozet

t Godfrey, 1976.
++ Gregory, 1973..

* Estimated at 0.3785 m3/capita/day.

** Design flow.

tent discharge)

Lickinghole Creek
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B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
kg P/ % of
Source ‘ yr ' total
a. - Tributaries (non-point load) -

- Ivy Creek 1,070 5.0
Mechums River 15,255 70.9
Moormans River 1,505 7.0
Buck Mountain Creek 790 3.6
Fishing Creek 335 1.6
Naked Creek : 105 0.5

b. Minor tributaries & immediate
drainage (non-point load) - 480 2.2
c. Known municipal STP's -
Farmington Country Club 220 1.0
Brownsville ? -
Crozet 10 <0.1
Miller School -2 -
d. Septic tanks - Unknown ? -
e. Known industrial -
Morton's Frozen Foods 1,720 8.0
Murray Mfg. 5 <0.1
Acme Visible Records ? -
f. Direct precipitation* - 30 0.2
Total 21,525 100.0

2. Qutputs -
Lake outlet - S. Fk., Rivanna R. 13,945
3. Net annual P accumulation - 7,580 kg.

* See Working Paper No. 175.
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C. Annual Total Nitrogen Loading - Average Year:

1. Inputs -

kg N/ % of
Source yr total

a. Tributaries (non-point load) -
Ivy Creek 29,640 11.3
Mechums River 4 117,435 44.8
Moormans River 54,630 20.8
Buck Mountain Creek _ 28,345 10.8
Fishing Creek 4,785 1.8
Naked Creek 2,970 1.1

b. Minor tributaries & immediate
drainage (non-point load) - 15,530 5.9

c. Known municipal STP's -

Farmington Country Club 130 0.1
Brownsville . ? -
Crozet 165 0.1
Miller School ? -

d. Septic tanks - Unknown ? -

e. Known industrial -

Morton's Frozen Foods 6,525 2.5
Murray Mfg. 10 <0.1
Acme Visible Records ? -

f. Direct precipitation* - - 1,965 0.8

Total 262,130 100.0

2. Outputs -
Lake outlet - S. Fk., Rivanna R. 276,455
3. Net annual N loss - 14,325 kg.

* See Working Paper No. 175.
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D. Mean Annual Non-point Nutrient Export by Subdrainage Area:

Tributary kg P/km2/yr kg N/km?/yr
Ivy Creek 19 523
Mechums River 59 457
Moormans River 8 283
Buck Mountain Creek 8 296
Fishing Creek 29 409

Naked Creek 13 . 362
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E. Yearly Loads:

In the following table, the existing phosphorus loadings
are compared to those proposed by Vollenweider (Vollenweider
and Dillon, 1974). Essentially, his "dangerous" loading is
one at which the receiving water would become eutrophic or
remain eutrophic; his "permissible" loading is that which
would result in the receiving water remaining oligotrophic
or becoming oligotrophic if morphometry permitted. A meso-
trophic loading would be considered one between "dangerous"
and "permissible".

Note that Vollenweider's model may not be applicable to
water bodies with short hydraulic retention times.

Total Phosphorus Total Nitrogen
Total Accumulated Total Accumulated

grams/m2/yr 11.83 4.16 144.0 loss*

Vollenweider phosphorus loadings
(g/m?/yr) based on mean depth and mean
hydraulic retention time of Rivanna Reservoir:

"Dangerous" (eutrophic loading) 2.20
"Permissible” (oligotrophic loading) 1.10

* There was an apparent loss of nitrogen during the sampling year. This
may have been due to nitrogen fixation in the lake, solubilization of
previously sedimented nitrogen, recharge with nitrogen-rich ground
water, or unknown and unsampled point sources discharging directly to
the lake. Whatever the cause, a similar nitrogen loss has occurred at
Shagawa Lake, Minnesota, which has been intensively studied by EPA's
former Nagiona] Eutrophication and Lake Restoration Branch (Malueg et
al., 1975).
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VI. APPENDICES

APPENDIX A

LAKE RANKINGS



LAKES RANKED 8Y INDEX NOS.

RANK

LAKE CODE LAKE NAME

5105
5103
5110
5112
5111
5106
5113

S108

JOHN W, FLANNAGAN DAM
CLAYTOR LAKE

SMITH MOUNTAIN LAKE
CHICKAHOMINY LAKE

LAKE CHESDIN

JOHN He KERR RESERVOIR
RIVANNA (SOUTH FORK) RES

OCCOGUAN RESERVOIR

INDEX NO

507
378
358
315
285
271
213

72



LAKE DATA TO BE USED IN RANKINGS

LAKE MEDIAN MEDIAN 560~ . MEAN 15- MEDIAN
CODE LAKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS ORTHO P
S103 CLAYTOR LAKE 0.031 0,450 439,500 S.642 14,500 0.008
5105 JOHN W, FLANNAGAN DAM .0.011 0,320 415,700 54955 14,800 0.004
5106 JOHN H, KERR RESERVOIR 06044 0.290 4584937 8.833 15,000 0.009
5108 O0CCOQUAN RESERVOIR 0.098 0525 459.750 12.417 15,000 0.037
5110 SMITH MOUNTAIN LAKE 0.0156 0,410 4194667 11.59%3 . 154000 0.005
5111 LAXE CHESDIN 0.044 0.240 465;778 12.556 14.800 0.0038

511¢ CHICKAHOMINY LAKE 0.066 0.125 4554333 13.600 9.400 0.017

5113 RIVANNA (SOUTH FORK) RES 0.079 0.475 460.222 | 6.667 13.000 0.022



PERCENT OF LAKES WITH HIGHER VALUES (NUMBER OF LAKES WITH HIGHER VALUES)

LAKE HMEDIAN MEDIAN 50¢C- MEAN 15- MEOTAN INDEX
CODE LAKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS ORTHO P NO

S103 CLAYTOR LAKE 71 ( S) 29 ( 2) 71 ¢ 5) 100 ¢ 1) 43 (3 64 ( 4) 378
5105 JOHN W. FLANNAGAN OAM 100 ¢ 7 S7T ( 4) 100 ¢ 86 ¢ 6) - 64 ( &) 100 (- 7) 507
5106 JOHN H, KERR RESERVOIR 43 (3 71 ¢ S 43 ( 3) ST ( 4} 14 ¢ 0) . 43 ¢ 3) 271

5108 O0CCOQUAN RESERVOIR 0ot o 0o« 0) 29 ( 2) 29 ( 2) la ¢ 0) 0 t 0) 72
S11C SMITH MOUNTAIN LAKE 86 ( 6) 43 (3 86 ( 6) 43 ( 3) ‘ 1 (0 86 ( 6) © 358
S111 LAKE CHESDIN 57 (4} 86 ( &) 0 ﬁ o) 14 ¢ 1) 64 (4 64 ( &) 235
5112 CHICKAHOMINY LAKE 29 (2 100 ¢ D 57 { 4} c ( 0) 100 ¢ 7) 29 ( 2} 315

5113 RIVANNA (SOUTH FORK) RES 14 ¢ 1) 14 ¢ 1) 14 ¢ 1 71 (5 86 ( 6) 14 ¢ 1) 213



APPENDIX B

CONVERSION FACTORS



CONVERSION FACTORS

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles

Meters x 3.281 = feet

Cubic meters x 8.107 x 107 = acre/feet
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic feet/sec
Centimeters x 0.3937 = inches

Kilograms x 2.205 = pounds

Kilograms/square kilometer x 5.711 = 1bs/square mile



APPENDIX C

TRIBUTARY FLOW DATA



LAKE CODE S113

TOTAL DRAINAGE AREA OF LAKE(SQ KM}

TRIBUTARY

S113A]1
511381
5113C1
5113Di4
S113E1
S5113F1
511361
511322

673.4
S6.7
256.7
193.0
95.8
11.7
8.2
50.5

SUB=-DRAINAGE
AREA (5Q KM)

JAN

8.78
0.71
3440
2455
l1.22
O0elé
0.08
0.62

TRIBUTARY FLOW INFORMATION FOR VIRGINIA

FEB

10.48
0.96
4425
.11
1.87
0.20
0.14
0.85

S F RIVANNA RIVER RESERVOIR

6734

MAR

15.01
1430
S.66
4425
2.21
0.28
0.20
1.16

APR

12.74
1.10
4,81
3.68
1.84
0.23
0.17
0.96

TOTAL DRAINAGE AREA OF LAKE =
SUM OF SUB-DRAINAGE AREAS =

MEAN MONTHLY FLOWS AND DAILY FLOWS(CMS)

TRIBUTARY

5113A1

511381

MONTH

4
O WD~

11

L Pt
DOVODNENSHWN=N

-
—

—
NS WN =N

YEAR

73
73
73
73
73
73

MEAN FLOW

S5.86
2483
Te70
6el4
21.66
15.29
Te93
8.72
9.91
B8.21
731
067
0.84
0e4l
1.08
0.87
275
1.98
le19
1.13
1.27
1.05
0.96

DAY

15
12
9
7
11
8
13
10
10
19
S
2
15
12
9
7
11
8
13
10
10
‘19
5
2

FLOW

4490
2.83
2455
4.81
5.61
8.50
13,73
7.93
5,52
T.22
5.24
15.86
0.74
0,40
0,40
0.57
0.79
0.91
le76
1.19
0.71
0.93
0.68
204

MAY

9434
0.71
3.68
2466
1.25
0.14
0.08
0,62

673.4
672.6

DAY

24
17

26
17

02705776
NORMALIZED FLOWS(CMS)

JUN JUL AUG SEP ocT
6,23 3,68 5.95 3.68 4425
0.45 0.25 071 023 0.28
241 leb4 227 lets2 1.70
le76 1.05 l.64 0.99 1.19
0.79 045 0.76 0.42 0.54
0.08 0,03 0.08 0,03 0.06
0.06 0.03 0.06 0,03 0.03
0,40 0.23 0.37 0.20 0.25

SUMMARY

TOTAL FLOW IN = 93.04
TOTAL FLOW QUT = 93,73

FLOW DAY FLOW

5.38

779

0.71

1.02

NOV

5,95
048
227
1.70
0.82
o.oe
0.06
0.42

765
0,59
2.83
2.21
1.0S5
0.11
0,08
0.54

MEAN

7.80
0.65
3.00
2.23
1.10
Oe.l2
0.08
0.55



TRIBUTARY FLOW INFORMATION FOR VIRGINIA 02/05/76
LAKE CODE 5113 S F RIVANNA RIVER RESERVOIR

MEAN MONTHLY FLOWS AND DAILY FLOWS(CMS)

TRIBUTARY .  MONTH YEAR MEAN FLOW DAY FLOW DAY FLOW DAY FLOW
5113C1 7 73 185 15 1.50

9 73 le12 9 0.99

10 73 294 7 1.73

11 73 2.35 11 2.18

12 73 8.27 8 .11

1 74 5495 13 5.24

2 74 3.06 10 3.00

3 74 Je 34 10 2,04

4 T4 3e74 19 2,72

S 74 311 S 1.98 24 2406

6 Te 278 2 5.95 17 2497
511301 7 73 0.66 1S5 . 0.76

8 73 0.82 12 0.40

9 73 0.40 9 0.31 - -

10 73 1405 7 0.74

11 73 0.85 11 0.76

12 73 2497 8 1.13

1 T4 215 13 1.90

2 74 1.10 10 1.08

3 T4 le22 10 0.76

4 74 1.39 19 1.02

S 74 1.13 S 0.74 2% 0.76

6 74 . 1.02 2 2.24 17 l.08
S113t1 7 73 0.52 1S 0.54

8 73 0.65 12 0.31

9 73 0.31 9 0.28

10 73 0.84 7 0.54

11 73 0467 11 0.62

12 73 238 8 0.91

1 74 1e70 13 1.50

2 74 0.91 10 0.88

3 T4 0.96 10 0.59

4 T4 1.08 19 . 0.79

S T4 0.88 S 0.57 24 0459

6 T4 0.79 2 1.73 17 0.85 -
S5113F} 7 73 0.09 15 0.11

8 73 0.11 12 0.06

9 73 0.06 9 0.06

10 73 - 0el4 7 0.08

11 73 0.12 11 O.11

12 73 0.42 8 0.16

1 18 0.30 13 0.26

2 T4 0.15 10 0,15

3 T4 017 10 0.10

4 T4 0«19 19 0.14

S T4 0415 S 0.10 24 0.10

6 74 Oela 2 0.30 17 0.15



TRIBUTARY FLOW INFORMATION FOR VIRGINIA 02705776
LAKE CODE 5113 S F RIVANNA RIVER RESERVOIR

MEAN MONTHLY FLOWS AND DAILY FLOWS(CMS)

TRIBUTARY  MONTH  YEAR  MEAN FLOW DAY FLOW DAY FLOW DAY FLOW
511361 7 73 0,07 15 0.06
8 73 0.08 12 0.03 -
9 73 0.04 9 0.03
10 73 0.10 7 0.06
11 73 0.08 11 0.08
12 73 0.30 8 0.12
1 74 0.22 13 0.19
2 76 0.11 10 0.11
3 76 0.12 10 . 0.07
4 76 0.14 19 0.10 '
5 74 0011 5 0.07 24 0.07
6

T4 0.10 2 0.22 17 0.11



APPENDIX D

PHYSICAL and CHEMICAL DATA



STORET RETRIEVAL DATE 76/02/05

DATE
FROM
T0

73704709

73707719

73709729

DATE
FROM
T0

73/04/09

73701719

73/709/29

TIME DEPTH
OF
DAY FEET

12 00 0000
12 00 0006
12 00 0016
12 00 0025
12 00 0038
10 25 0000
10 25 0005
10 25 0015
10 25 0035
10 10 0000
10 10 0005
10 10 0015
10 10 0025
10 10 0035

TIME DEPTH
OoF
DAY FEET

12 00 0000
12 00 0006
12 00 0016
12 00 0025
12 00 0038
10 25 0000
10 25 0005
10 25 0015
10 25 0035
10 10 0000
10 10 000S
10 10 0015
10 10 0025
10 10 0035

00010
WATER

TEMP

CENT

124
12.3
12.0
ll.&
11.6
2642
25.9
25.7
2443
23.2
23.0
23.0
22.8
22¢1

00665
PHOS~TOT

MG/LL P

0.087
0.080
0.078
0.080
0.098
0.037
0.029
0.038
0.077
0.042
04049
0.052
0.069
0,085

K VALUE KNOWN TO BE
LESS THAN INDICATED

00300
Do

MG/L

10.3
10.2

—
nNe&on wHroe Co
.
onNoenN nNe® Cvo

32217
CHLRPHYL
A
UG/L

7.7

00077
TRANSP
SECCHI
INCHES

15

60

S0

00094
CNDUCTVY
FIELD
MICROMHO

50K
50K
50K
50K
S0K
59
57
57
690
57
58
60
60
63

511301
38 05 42.0 078 28 08.0

RIVANNA
51003 VIRGINIA
11EPALES
3
00400 00410
PH T ALK
CACO3
Su MG/L
7.80 17
7.90 16
6.80 17
T.40 17
7.80 17
7.40 18
Te40 19
Te40 22
7.50 23
6.80 20
6.80 19
670 21
6460 20
6.60 22

(SOUTH FORK) RESERVOIR

2111202
0042 FEET DEPTH
00610 00625 00630
NH3=-N TOT KJEL NO2&NO3
TOTAL N N-TOTAL
MG/L MG/L MG/L
0.060 0.400 0.420
0.060 0.200K 0.420
0,060 0.200K 0.410
0.060 0.200 0.410
0.080 0.200 0.410
0.260 0.600 0.320
0.230 0.600 0.280
0.260 0.600 0.270
0.350 0.700 0.370
0.210 04400 0.180
0.220 0.500 0.180
0.220 0.500 0.190
0.260 0.500 0.180
0.370 0.500 0.210

00671
PHOS=DIS
ORTHO
MG/L P

0.026
0.036
0.023
0.026
0.023
0.008
0,004
0.008
0.013
0.010
0.010
0.009
0.011
0.013



STORET RETRIEVAL DATE 76/02/05
511302
38 06 18,0 078 29 18.0
RIVANNA (SOUTH FORK) RESERVOIR
51003 VIRGINIA

11EPALES 2111202
3 0033 FEET DEPTH
00010 00300 00077 00094 00400 00410 00610 00625 00630 00671
DATE TIME DEPTH WATER Do TRANSP CNDUCTVY PH T ALK NH3-N TOT KJEL NO28NO3  PHOS-DIS
FROM OF TEMP SECCHI FIELOD CACO3 TOTAL N N-TOTAL ORTHO
T0 DAY FEET CENT MG/L INCHES M1CROMHO SuU MG/L MG/L MG/L MG/L HG/L P
73/04/909 12 30 0000 11.8 15 S0K T.80 12 0.080 0.700 0.450 0.022
12 30 0006 11.6 9.9 S0K 7.40 10 0.100 0.500 0.620 0.028
12 30 0015 11.5 9.7 SOK 7.80 10 0.100 0.500 0.610 0.030
12 30 Q022 11.5 10.0 S0K Te40 10K 0.100 0.400 0.610 0.030
12 30 0029 11.5 9.9 50K 770 10K 0.100 0.400 0.670 0.030
73707/19_11 10 0000 2644 712 54 T.40 21 0.160 0.600 0.210 0.00S
11 10 0005 2642 Tt 5S4 Te40 21 0.200 0,700 0.260 0.007
11 10 001S 26.0 4,0 55 Te40 21 0.210 0.400 0.230 0.007
73709729 10 25 0000 23.5 54 250 7.00 18 0.090 0.600 0.140 0.010
10 25 0005 2343 5.8 250 6.90 20 0.100 0.500 0.140 0.010
10 25 0012 23.2 6.0 230 6.80 20 0.180 0.300 0.130 0.010
00665 32217
DATE TIME DEPTH PHOS-TOT CHLRPHYL
FROM OF A
T0 DAY FEET MG/L P UG/L
73704709 12 30 0000 0.097 2.7

12 30 0006 0.177
12 30 0015 0.197
12 30 0022 0.216
12 30 0029 0.172
73/07/19 11 10 0000 0,023 3.1
11 10 0005 0.028
11 10 0015 0.031
73709729 10 25 0000 0.040 15.9
10 25 0005 0,046
10 25 0012 0.071

K VALUE KNOWN TO BE
LESS THAN INDICATED



STORET RETRIEVAL DATE 76/02/05
511303
38 07 29.0 078 30 47.0
RIVANNA (SOUTH FORK) RESERVOIR
51003 VIRGINIA

11EPALES 2111202
3 0012 FEET DEPTH
00010 00300 00077 00094 00400 00410 00610 00625 00630 00671
DATE TIME DEPTH WATER Do TRANSP CNDUCTVY PH T ALK NH3=-N TOT KJEL NO2&NO3 PHOS~DIS
FROM OF TEMP SECCHI FIELD CACO3 TOTAL N N=TOTAL ORTHO
T0 DAY FEET CENT MG/L INCHES MICROMHO SuU MG/L MG/L MG/L MG/L MG/L P
73704709 13 00 0000 11.0 24 S0K 8.00 11 0.040 0500 0.370 0.039
13 00 0007 11.0 11.0 50K 7.70 11 0,030 0.300 0.370 0.022
73/707/19 11 35 0000 25.0 30 53 8.10 21 0.130 0.700 0.160 0.026
11 35 0004 23.9 8.0 53 7.50 21 0.140 0.200K 0.400 0.066
11 35 0008 2345 8.0 54 T+.60 22 0.130 0.400 0.420 0.061
73709729 10 40 0000 22.0 8,0 38 250 7.60 20 0.100 1.200 0.160 0,030
10 40 0005 2049 Te6 250 6.90 20 0.100 0.200K 0.400 0.099
00665 32217
DATE TIME DEPTH PHOS-TOT CHLRPHYL
FROM of A
T0 DAY FEET MG/L P uG/L
73704709 13 00 0000 0.066 5.0
13 00 0007 0.083
73707719 11 35 0000 0.123 12.1

11 35 000« 0.108
11 35 o008 0.111

73709729 10 40 0000 0.165 1.8
10 40 0005 0.146

K VALUE KNOWN T0 BE
LESS THAN INDICATED



APPENDIX E

TRIBUTARY and WASTEWATER
TREATMENT PLANT DATA



STORET KETRIEVAL UATE 79/G3/726

DATE
FRU#
TV

73701715
73708/ 1¢
T137u9/7063
T3/ 1w/7G7
73711711
13/1270%
Tas/ultrsls
T47ue/ lv
T4/03/71v
Ta/ua/ly
74705765
Talun/s
Tu/vo/G2
Tar/ub6/ L7

V63

TIME DEPTH «U-ZeNO3

OF
vay

11
10
11
15
09
11
lu
14
la
17
15
17
16
13

17
vl

00
45

46
30

4b
35

45
57

H=ToTaL

Fect MG/L

vel230
Velduy
velIn
velli
Ge50G
veldle
CeS5e
Gewlu
e300
Uelda
Ue0nvy
Je252
{e16d
U.Od%

V0625
TOT KJel
N
4G/7L

06230
0e300
0740
le23V
1300
UeD0U
Velul
16100
UeT0u
0.200
ZobUU
1200
Qe3G0

K VALUE KNOWN TO BE
LESS THAN INDICATED

y6liu
N 3=N
fulalL
Mo/L

Jel2l0
velly
Jel90
UellBy
Je130
Ce064
D.032
Jeu2S
Delih
u.UlS
Del0TU
U.lyb
vel25
Uel 7Y

060671
PHOS=01S
ur THO
MG/L P

Ved1l0"
VeDl2
0.009
Ued19
0.021
0020
0.020
GeG10
Je15
GeClU
Ue01l0
0.005
0 005K
UeUUSGK

5113a1l
38 Ub 02.0 078 27 43.0
5> FORR RIVANNA RIVER
5139 7.5 b CHARLUOTTES
U/S FURK RIVANN RIVEKR RE
US 29 srDG 3 MI NE UF CHARLOTTESVILLE
11EPALES 21112u4
4 0V0VU FEEY DEPTH

6Ubob>
PHOS=-TOT

MG/L P

LeUT75
Ue055
UelBYS
OeuYS
OeuU90
VelB7
VeloDU
VDelas
VeU60
(OPRVERY)
UeU4G(
Ve030
Vel3vu



STORET RETRIEVAL DATE 75/(G3/26

00630 00625
DATE TIME DEPTH NO26NO3 TOT KUEL
FROM OF N=TOTAL N
TO DAY  FEET MG/L MG/L
73707715 09 30 0.680 U300
73/G8712 08 11 Ue710 0,420
73769709 12 28 Ue64l 0.100K
737106707 13 0S5 UVeT740 0.750
73711711 08 15 GeB2V 1.050
73712708 v9 30 Ve 760 0.300
74/61/713 69 0S Ue930 0.400
T4/7G2/10 12 30 1.010 1.100
74763710 13 16 0.800 0.600
T4/64/19 15 55 Le588 0.200
74705705 13 59 Uebl6 1.000
7475724 16 25 Ge680 2900
74706702 15 00 V570 l.000
T4/06/17 17T 30 Ue560 0400

K VALUE KNOwWN TO BE
LESS THAN INDICATED

vu61lu
NH3=-N
TOTAL

MG/L

Vel34
0029
0.022
0069
Uel0GO
0.020
0e022
0.025
U.025
0010
0eu4S
Uel50
C.082
Ue035

00671
PHOS=DIS
ORTHO
MG/L P

G.012
0.030
0.021
0.016
0046
0.016
06012
0.005
0.010
0.027
0.010
Ve022
0.035
Ve025

511381
38 04 30.0 078 31 57.0
Ivy CREEK
51 7.5 W CHARLOTTES

T/S FORK RIVANN RIVER RE

RT 654 BRUG 15 NW OF HESSIAN HILLS
11EPALES 2111204

4 0000 FEET DEPTH

00665
PHOS-TOT

MG/L P

0.055
Uel50
0.050
0e045
0.055
0045
0.035
0.025
0.045
0.045
0.030
0,090
0450
0.120



STURET RETRIEVAL DATE 75743726
5114C1
38 07 lb6e0 078 33 00.0U
MECHUMS RIVER
51 7.5 FREE UNIUN
1/S FOKRK RIVANN RIVER RE
=l 601 BkOG 2 MI SSE OF FREE UNION

11£PALES 21112u4a
“ V000 FEET DEPTH
yub3v vo62% o6l 00671 06665
DATE TIME DERPTH WUeANO3 TUT KJEL NH3=N PHOS=DIS PHUS-TOT
FrUM OF w=T0TAL N TOTAL ORTHO
T0 vaY FEET MG/ MG/L ML MG/L P MG/L P
73/07715 09 51 Uea30 0432V 0030 0e130 Ve l0U
73/uv8/12 08 27 Vebly 0.530 Ue037 Ue231 Vel
73/u9/709 13 15 ve380 04370 G026 Ge230 0e250
73710707 13 25 UeSTU Le75V G040 Jelbl Uel30
713/12/7G8 U9 S0 Uea TV AV velice Ueu92 0160
Ta/Gl/713 09 19 Veb3U Oel0U Uelcl Velibl 0elOU
Te/G2/10 L2 S0 Geb72 1e500 vel20 0e075 Uel3v
TarG3/1v i3 30 Ue520 1.700 06035 Uel9S 0250
Ta/o4u/15 16 16 Je330 Ue2UV 0elG1l0 UeldS Ueld3
Ta/us/G5 4 15 vel2lH 0300 Ue020 U.138 Uel?78
Tu/uo/24 16 35 Ue360 280U G105 0e101 Uelap
Ta/vo/02 15 14 vetby le4v Ve3%0 Lel0O Uelas

Ta/06/17 LT 45 Vo334 Ue20V GeUlU 0edB5 Uelas



STURET RETRIEVAL VATt 75703726

DATE
FrOm
To

737017715
73708712
73/u9/709
13710707
73711711
73/12/7068
74701713
Ta/02710
Ta/03/10
74/u4719
74705705
14705/ 24
T4/¢00/02
T4/00/717

T IME

OF
LAY

09
37
35
35
35
00
26
00
40
30
25
45
26
Sa

00630 00625
NO2&NO 3 TOT KJEL
N=TOTAL N

MG/L MG/L

Uel26 04350
UaC76 GeudU
Jel2y 06350
Jelu7 1650
Uelb4 UeB50
D132 Ve300V
Ue269 0e400
Ue200 0,600
U060 0700
Vel4n 0.200
Ve 040 1300
Ve060 VeH00
Uel92 0700
De084 0e100K

K VALUE KNOWN TO BE
LESS THAN INDICATED

0ve61l0
NH3=N
TOTAL

MG/L

0.015
Gev22
Uel68
0e061
04079
0«020
Je01l6
0.015
0.020
G.010
Gel20
Ue050
U060
Je01U

00671
PHOS-DIS
URTHY
MG/L P

0.011
0.015
V030
0e014
Ge011
0008
0.020
040051
0005
Ue010
0.010
0.012
04010
0.010

511301
38 08 28.0 078 33 25.0
MOORMANS RIVER
51 7«5 FREE UNION
I/5 FORK RIVANN RIVER RE
KT 601 BRUG 1e25 MI SSE OF FREE UNION
11EPALES 2111204
4 0000 FEET DEPTH
0u665
PHOS=TOT

MG/L P

0.040
0045
VeUb0
0.025
0.011
0.035
tel20
0.005
0.010
0.010
0.010
0.020
0.015
0.015



sTure T keTRIEZVAL DATL 75/03/726

w630 00625
DaTt TIME DEPTA nUesa™N03 TOT KJEL
FrOM UF WN=TOTAL N
Tu UeY  FEET MG/L MG/L
73/v7/715 1y 22 v.270 UeoBU
73/u9/709 13 S0 Jelba UeubU
137167067 13 45 Velbd UeHUU
73711711 Uz 45 UelBU Ve 750
73/12/7v4 1u 37 Jeldbs JeaQu
Ta/ulz13 u9 4l Vel Ue200
Ta/G3710 13 56 Lelbu GeaQu
T4/744/19 16 38 el 3l UelUy
Ta/ub/705 14 35 Jelcdi VedUU
Ta/i5/724 |16 39 Jellb 1eH0V
14/ub6/07 1> af) velHH l.lUU
Ta/ubrs 17 18 ¢S5 Jelbn Ve300

K VALUE KNOWN TO BE
LESS THaN INDICATED

uiblo
NR 3-N
TUTaL
M5/

el 1¥
Geuln
Velbéh
U.U"Z
VeUl4
veul?
Jaulib
UeulS
JelUYvy
Ve330
Uev2y

00671
PHOS-DIS
URTHO
Me/ZL P

Ge012
VeI
JelU16
UelIlV
Vel09
0e003
Ue003
Ve 0UbLK
0005
Ve00S
Ve007
0020
UeULU

5113ci
38 uY 15.0 078 3¢ 30.0
BUCK MUUNTAIN CREEK
51 7«5 FrEE UNION
/5 FURK RIVANN RIVEK RE
Ki 665 BRUG le5 MI £ OF FREE UNION
11EPALES 2111204
4 0000 FEET DEPTH
Ud6b>
PHUS~TOT

MG/L P

Uel35
0eUay
Vel40
VeliCu
Uel2V
UeU30
VeblDH
Uevuls
vellO
OelO>
U2y

Vel



STORET RETRIEVAL LATE 75/03/26

DATE
FROM
TO

73/701/15
73/7v8/12
73/7G9/09
73/10/07
73711711
73/12/708
Ta/01/713
Tarve/lv
74703710
Ta/iar/l9
14/05/05
14/045/24
Tarv6/0u2
Ta/7u46/17

vu 630

TIME OcPTr NUZ2ANOJ

OF
LAY

10
09

14

14
us
10
09
13
14
)
14
i7
15
iB

37
05
06
00
59
46
55
30
U5
57

‘50

¢S
56
21

N=TOTAL

MG/L

U033
Je012
Ue013
0.280
Uel24U
Velad
vel352
0384
. Uelol
del04
Velb6
Jel56
Vel52
VellU4

K VALUE KNOWN TO BE
LESS THAN INDICATED

00625
TOT KUEL

N

MG/L

1.000
2200
24300
06350
Ue6UV
0«500
0.200
1e400
1.800
04200
Ueb600
24450
1000
Ue400

dueblu
NH3=N
TOTAL
MG/ZL .

D.026
0037
D.026
0030
Uelba
G028
Ue.028
§.035
0.108
Ue020
UelU25
Jel20
Ve300
Ce010

006671
PHOS=(IS
OrTHO
MG/L P

0016
Le036
Vela8
0.026
Ue011
0e005K
0.012
0.045
0+005K
0005
0050
Ve031
VeulS
0.010

S5113F1
38 07 46.0 078 30 58.0
FISHING CREEK
51 7.5 FREE UNION
T/S5 FORK RIVANN RIVER RE
RT 660 BRUG 3.5 MI Sw OF EARLYVILLE
11EPALES 2111204
4 0000 FEET DEPTH

0066>
PHOS-TOT

MG/L P

0,090
0290
Uel98
0,075
0e.035
0040
0.025
04062
04025
0.020
04105
0.067
Uell5
0.080



STUORET RETRIEVAL uAT:

Dafe
FrOM
TO

13/uvlil/ 1o
73748712
73709709
T13/10/707
73711711
73/1¢/64
Ta/ui/ls
Ta/u2/710
T16/03/10
Ta/va/l9
Ta/05/05
Talus/2e
Tal/ub/ 42
Tasvb/ 1

75/03/26

CUe30 00675

TI¥E DEPTH n02aNOS TOT KJEL
QOF N=1UTAL N

JAY FEZT MG/L MG/L
U9 30 Ve lnu UeoRU
14 30 Vel du Ue345
la 30 Uaelby 24500
JY 25 Je25Y 1.G0V
1l e Uel6d Cel00
10 25 VeldZy VeaSU
13 <0 Je260 Lebul
14 27 Veluy lea00
17 18 Ueul20 0e600
15 05 JelEa UebOUU
16 10 U.l“’* O.HUU
15 ol LelUbZ2 Ve

K VALUE KNOwWN TO BE
LESS THAN INDICATED

Uubli
MNH3=N
TUTAL

Mu/L

UeUBY
V.58
JeU37
JeT30
Je072
TeG28
vel(G30
JeU30L
Vel
'\J.Ubu
uel35
Ve Ty

UeUl5

00671
PHOS=-DIS

URTHO

MG/L P

UelO7
0.026
0.011
0.013
el 15
e QUSK
0«016
0.u25%
0« U05K
Vel(US
U010
0e011
UelG10
VelUS

511301

38 Ub 4640 078 29 ¢Y.0

NAKED CREEK

51 75 E CHARLUTTES

T/5 FUORK RIVANN RIVEK RE

BANK AT END OF RD 2 MI Sw OF KIVANN
L1EPALES 2111204
4 0000 FEET DEPTH

0066>
PHOS=TUT

MG/L P

VDelay
UeUS0
Us035
Vel 35S
GeuUb5
Ve06Y
VeV
0.050
[VESVENY)
UeU35
eUZH
DeUB5
Vell1
0.006



STURET ~ETRIEVAL

DATE
F Ui
Tu

Ta/u571v
Cr(T)~
Ta/95/7 10
7647487048
cH(T) -
Ta/un/QR
Ta/v9/27
Cr(T) -
Ta/u9/27
fa/ /29
Ta/li/2n
cP(i)=-
Ta4/11/206

Tiv

Uk
tny

i

16
10

14
16
la
le

A

15

£

R

O
U

00

0
0e
(VA
0
b0

PR

G

dale 1=3/33726

G h 3 TEVE S )
DEPTA U 2aU 3 TOT mueL
=Tl e N
FeeT REETAR MG/l
EE-EEE 2enil
Jeh ) [+ N
RN AV Jenui
Lefut Codub
RV Hlevuu

K VALUE KNOWN Tu BE
LESS THAN INDICATED

vibly
N e N
TOUT kL

MO/l

seUDUK

’Io‘/‘?()
\'.ZYU

JeDUY

vubTl
PrUS=0IS
U=Tr0
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