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FPOREWORD

Man and his enviromment must be protected from the adverse effects of
pesticides, radiation, noise and other forms of pollution, and the
unwise management of solid waste. Efforts to protect the environment
require a focus that recognizes the interplay between the components of
our physical environment - air, water, and land, The National Environ-
mental Research Centers provide this multidisciplinary focus through
programs engaged in

® studies on the effects of envirommental contaminants on man and
the biosphere, and

® a search for ways to prevent contamination and to recycle val-
uable resources.

The ever increasing demands for fresh water combined with a limited
supply has made the renovation and reuse of wastewater an important
component of water resource planning. This study presents the results
of a survey of existing reuse of municipal wastewater in the United
States of America. Reuse categories covered included agricultural
and industrial, recreational and damestic.

A. W. Breidenbach, Ph.D.
Director

National Environmental
Research Center, Cincinnati
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SECTION I

SCOPE, OBJECTIVES, AND APPROACH

SCOPE

This study was limited to reuse of wastewater from municipal
plants with emphasis upon direct reuse of the water as it
leaves the treatment plant. Projects involving indirect re-
use after injection or percolation were not included except
where the degree of dilution by groundwater is slight.
Similarly, projects were not included which involved in-
direct reuse by downstream withdrawal of surface waters con-
taining wastewater, unless the degree of dilution with
natural surface waters is slight. Industrial reuse of in-
plant water is not included.

The types of reuse covered in this study are:

. Irrigation and other agricultural uses
. Cooling water
. Industrial process water
Boiler feed water
. Recreational lakes
. Fish propagation
. Non-potable domestic use

OBJECTIVES

The primary purpose of this study was to make a state-of-
the-art survey to bring together information about existing
reuse operations in a concise form. This information can be
used by design engineers in the design of new reuse systems
and by governmental decision makers in planning whether such
systems are appropriate to their situations. The report is
also a useful tool for responsible management and technical
personnel in locating existing reuse operations which can
provide valuable background experience. A second purpose

of the project is to spotlight deficiencies that exist in
the available reuse information and suggest future research
to overcome these deficiencies.



ecific project objectives were as follows:

Conduct a literature search to collect data on those
projects for which publications exist, and also to
obtain water quality criteria for various reuse
applications.

<

Supplement the literature search by various means to
locate and obtain descriptive information on unpub-
licized municipal reuse projects and update existing
information on publicized projects.

. Conduct field investigations of important municipal
reuse operations which are relatively little known.
Well-documented operations, e.g., Santee, Califor-
nia; Lake Tahoe, California; etc., were not visited.

. For each reuse situation obtain technical and eco-
nomic information pertinent to size, design, per-
formance, costs, reuse application, and problems.

. Organize and analyze the data in an attempt to ar-
rive at optimum treatment systems and values of
design parameters which can be recommended for spe-
cific reuse applications.

APPROACH

The following tasks were performed by the SCS Engineers pro-
ject team during the completion of this study:

. A comprehensive literature search was conducted in
the Library of Congress, several large university
libraries, and EPA in-house sources for any infor-
mation pertinent to municipal wastewater reuse
operations. Hundreds of sources were reviewed (see
Bibliography, Section VIII)and information extracted.
With the exception of the highly publicized reuse
projects, most of the published literature was out
of date and incomplete.

- Letters were written requesting assistance in lo-
cating municipal wastewater reuse projects to the
following organizations:

- All 50 state water pollution control regulatory
agencies.

- FEach of the 59 U.S. and foreign member associa-
tions of the Water Pollution Control Federation.



- Each of the 51 State Water Resource Research Institutes,

- Various Federal agencies including the Bureau of Reclamation,
Office of Water Resources Research, and several divisions
within the Environmental Protection Agency.

- Prominent consulting engineering firms active in pollution
control facility design, including all those placing
professional service cards in the Journal of the Water
Pollution Control Association.

- University-connected individuals who have published reports
related to wastewater reuse.

- The national agencies responsible for pollution control in
all of the Major European Countries, plus Russia, Japan,
Israel, Canada, Mexico, and Australia.

Follow-up letter and telephone calls were made to corresponding
state agencies until answers were received from all.

A total of 358 United States and 55 foreign reuse sites were
tentatively identified. Of the 358 U.S. sites, 205 were judged
to be very small irrigation disposal operations. A detailed

11 page questionnaire (See Appendix G) was prepared and sent
to the 153 other American sites and 55 foreign sites. U.S.
respondents totaled 145. Foreign response was poor throughout
the project, finally totaling only 6 out of 55 questionnaires
sent.

In cooperation with the EPA Project Officer, 18 of the most
unique, little known reuse operations were selected for field
investigation and case studies prepared (see Appendix A). The
case studies included examples of reuse for irrigation of crops
for human consumption, irrigation of crops not for human con-
sumption, industrial reuse, recreational lakes, and non-potable
damestic use (i.e., toilet flushing).

A summary tabulation was made (see Appendix B) of data received
from U.S. questionnaire respondents. The tabulation concisely

presents data pertinent to location, volume, effluent quality,

costs, system reliability, plant design, purpose of reuse, and

additional treatment by user.



Separate chapters were prepared describing the re-
sults of the study by category of reuse; i.e., irri-
gation, industrial, recreation, fish propagation,
and domestic. Each chapter contains sections cover-
ing water quality criteria for the specific reuse, a
listing and analysis of existing operations supply-
ing wastewater for the specific reuse, and economic
analysis,



SECTION IT

IRRIGATION REUSE

INTRODUCTION

Responses to this survey indicated the total yearly reuse volume in this
country was 133 billion gallons in 1971. Of this total, 77 billion gallons
or 58% was utilized in agriculture. One hundred thirty-two plants answering
questionnaires practice irrigation reuse of their effluent. An additional
205 plants in Texas, California, and Arizona irrigate on a very small scale
with reclaimed effluent. These small plants locations and associated flows
are tabulated in Appendix C, and are

not included in the remaining data

in the chapter.

Fiqgure 1 shows the increase in irri-
gational reuse of municipal wastewater 130
during this century, as determined by 120
the year in which the plants surveyed

began reuse. 1o

This chapter is divided into three 100

sections, as follows: 90

. Required water quality, which is 80
largely derived from existing
literature sources.

70
60

. Analysis of current reuse for
irrigation, which is largely
derived from the data developed
during this study.

50
40

30

. Analysis of current econcmics, 20
which is largely derived from

data developed during this study.

TOTAL NUMBER OF TREATMENT PLANTS REUSING

[300 1920 1930 [940 1950 (960 IS70 1280
YEAR

FIGURE 1
GROWTH OF IRRIGATION REUSE



REQUIRED QUALITY CRITERIA

General

Irrigation uses can be separated into the following major application

subsections:
Agricultural crops
. Pasture land
Turf and landscape
. Stock watering

Agricultural Crops and Pasture Land Irrigation

Irrigation water quality is set by a number of factors including short-
term effects on crop quality, long-term effect on soil characteristics
and the potential effect on the intended utility of the crop. Table 1
presents general limits for irrigation water constituents as suggested
by the U.S. EPA.

Irrigation water guality can, however, be assessed only in relation to
the specific conditions under which the water is to be used. Absolute
limits to the permissible concentrations of 'salts and constituents in
irrigation water are difficult to fix for several reasons: (1) Soil
solution is normally three to eight times as concentrated as the irri-
gating water applied to it because of the evaporation of water from the
soil surface, the transpiration of plants, and the selective absorption
of mineral constituents by the plants; (2) Plants vary widely in their
tolerance to salinity, as well as specific salt constituents; and

(3) Soil type, climatic conditions, irrigation practices, and drainage
all influence the reaction of a given crop to irrigation water quality.
The suitability of a given irrigation water is contingent, therefore,
upon both the crop and the soil characteristics. (4)

For example, establishment of a limit for heavy metal elements in
irrigation water is complicated by the ability of certain soils and
soil conditions to fix and absorb them. Soils containing larger
percentages of minerals and/or having high clay contents (fine
textured soils) have greater affinity for storing metallic ions
than sandy soils. Either soil type, however, shows increased
abilities to retain heavy metals at pH levels above 7.0 (alkaline

conditions). (6)



Table 1.

LIMITS OF POLLUTANTS FOR

TRRIGATION WATER RECOMMENDED BY EPA (11)

FOR WATER USED FOR SHORT-TERM USE** ON
CONTINUOUSLY FINE TEXTURED NEUTRAL
ON ALIL SOILS AND ALKALINE SOILS
(mg/1) (mg/1)
CONSTITUENTS
Heavy Metals
Aluminum 5.0 20.0
Arsenic 2.0 10.0
Beryllium 0.1 0.5
Boron 0.75 2.0
Cadmium 0.01 0.05
Chromium 0.1 1.0
Cobalt 0.05 5.0
Copper 0.2 5.0
Fluoride 2.0 15.0
Iron 5.0 20.0
Lead 5.0 10.0
Lithium 2.5 -
Manganese 0.2 10.0
Molybdenum 0.01 0.05
Nickel 0.2 2.0
Selenium 0.02 -
Bacterial
Coliform density 1,000/100ml
Chemical
pH 4.5-9.0
TDS 5,000
Herbicides
Dalapon 0.2 ug/1
TCA 0.2 ug/1
2,4-D 0.1 ng/1

**"Short-term" used here means a period of time as long

as 20 years.



A recent study, (13) compared the effects of continued use, over a 14 year
study period, of wastewater effluent and well water as a source of irrigation
water on selected soil properties. The results are summarized in Table 2

below.

Table 2. RESULTS OF SOIL TESTS MADE
ON GRABE SILT LOAM SOIL (1969)* (13)

Modu-
Soluble lus of Infil.
Irr. Soil salts NO3 rupture rate
source hor. (EC.XlO3) (mg/1) (mg}l) (9) (cm/hr)
Effluent Ap 1.77 132 37 223 1.52
C 0.80 38 16 168
Well Ap 0.88 65 17 137 1.91
water C 0.43 12 8 153

KEY: Ap horizon (plow layer, 0 to 25 cm)
C horizon (sub-soil, 38.to 51 cm)

As can be seen, soil irrigated with treatment plant effluent had a lower
infiltration rate, higher modulus of rupture, and a higher concentration of
soluble salts, nitrates, and phosphates than soil irrigated with well water.
Thus improperly managed long-term use of irrigation waters (particularly
reclaimed wastewater) may result in deterioration of surface soil structure,
increased power needs for plowing and tilling, and possible adverse effects
on crop growth due to high salt concentrations in the soil, It should be
noted, however, that this study(13) indicated that irrigation with wastewater
effluent for 14 years had no adverse effect on crop production.

Table 3, on the following page, judges irrigation water quality by the
analy51s of five basic constltuents, % sodium, TDS, boron, chloride and
sulfate. Excessive TDS in irrigation water can have an osmotic effect
by restricting or preventing water uptake by the crops; the salts can be
toxic to plant metabolism, and, by altering soil structure, permeability,
and aeration, adversely affect plant growth. (7)

The cations calcium, sodium, and potassium, and the anions, carbonate,
bicarbonate, sulfate, chloride, nitrate and phosphate, atthough
essential for plant growth, may be toxic above certain concentrations and
are augmented in importance by their effects upon the character of the
soil. (2)



Table 3. CRITERION FOR CLASSIFICATION
OF IRRIGATION WATERS (4)

Classification¥*
Suitable Marginal Unsuitable

Parameter Low High Low High
Na,$** 0 60 60 75 75
TDS, mg/l 0 700 700 2,100 2,100
Boron, mg/1l 0 0.5 0.5 2.0 2.0

(Semi-tolerant

plants)
Chloride, mg/1 0 177 177 355 355
504, mg/1 0 960 960 1,920 1,920

*Classifications apply to most plants under most conditions
of soil, climate, and irrigation practices.

**Calculated by: (Na)
(Na + Ca + Mg + K)

x 100

Sodium is generally one of the most critical of these ions since it can
limit plant growth by increasing the soil alkalinity to deleterious
levels. High sodium can also displace calcium and magnesium from the
soil, resulting in poor tilth and low permeability of the soil. (2)

Note that the standards given in Table 3 present a range of acceptable
concentrations, thus recognizing the varying salt tolerance between
different species of plants. Table 4 provides information on relative
salt tolerances of selected crops. Since the soil solution is always
more concentrated than the irrigation water, the standards for ion
concentrations allow for greater limiting values for ions as measured
in soil solutions rather than water solution. (4) In addition, crops
vary in their sensitivity to various constituents of water as mentioned
above., Table 5 provides data on tolerances of selected crops to
concentrations of chloride in the soil solution.
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Table 4,

RELATIVE TOLERANCES OF

CROPS TO SALT CONCENTRATIONS (7)
CROP
DIVISION LOW SALT TOLERANCE MEDIUM SALT TOLERANCE HIGH SALT TOLERANCE
Fruit EC x 103 (2
Crops
Avacado Plum Cantaloupe Date palm
Lemon Prune Grape
Strawberry Grapefruit Olive
Peach Orange Fig
Apricot Apple Pomegranate
Almond Pear
Vegetable EC x 103 = 3 EC x 103 = 4 EC x 103 = 10
Crops .
Green beans Cucumber Lettuce Spinach
Celery Squash Cauliflower Asparagus
Radish Peas Bell pepper Kale
Onion Cabbage Garden beets
EC x 103 = 4 Carrot Broccoli 3
Potatoes Tomato EC x 10° = 12
Sweet corn
EC x 103 = 10
Forage EC x 103 = 2 EC x 103 = 4 EC x 103 = 12
Crops
Burnet Bird's-foot trefoil

Ladino clover
Red clover

Alsike clover
Meadow foxtail

Sickle milkvetch gymooth brome

Sour clover Big trefoil
Cicer milkvetch Rgeeg canary

Tall meadow Meadow fescue
oat-grass Blue grama

Barley (hay)
Western wheat grass
Canada wild rye
Rescue grass

Rhodes grass
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Table 4. (Continued)
CROP
DIVISION | LOW SALT TOLERANCE MEDIUM SALT TOLERANCE HIGH SALT TOLERANCE
Forage White Dutch clover Orchard grass Dallis grass Bermuda grass
Crops Oats (hay) Strawberry clover Nuttall alkali grass
Cont. EC x% 103 = 4 Wheat (hay) Mountain brome Salt grass
Rye (hay) Rye grass . Alkali sacaton
Tall fescue Yellow sweetclover
Alfalfa White sweetclover EC x 103 = 18
Hubam clover
Sudan grass EC x 103 = 12
Field EC x 103 = 4 EC x 103 = 6 EC x 103 = 10
Crops
Field beans Castorbeans Rice Cotton
Sunflower Oats (grain) Rape
Flax Wheat (grain) Sugar beet
Corn (field) Rye (grain) Barley (grain)
Sorghum
EC x 103 = 10 EC x 103 = 16

Note: Electrical conductivity (EC) values represent salinity levels at which a 50
percent decrease in yield may be expected as compared to yields on nonsaline

soil under comparable growing conditions.



Table 5. MAXIMUM PERMISSIBLE CHLORINE CONTENT
IN SOIL SOLUTION FOR SELECTED CRoPS (1)

Limit of tolerance
to chloride in
soil solution,

Crop Rootstock or variety meq/liter
Citrus Rangpar lime, Cleopatra 50
mandarin
Rough lemon, tangelo, 30
sour orange
Sweet orange, citrange 20
Stone fruit Marianna 50
Lovell, Shalil 20
Yunnan 14
Avocado West Indian 16
Mexican 10
Grape Varieties
Thompson seedless, Perlette 50
Cardinal, black rose 20
Berries Boysenberry 20
Olailie blackberry 20
Indian summer raspberry 10
Strawberry Lassen 16
Shasta 10

Detailed studies have compiled extensive data on the element
Boron in irrigation water. Table 6 lists permissible limits
and associated crop types which can tolerate these limits.

The allowable bacterial content of irrigation water varies
widely depending upon the crop and regulatory agency re-
guirements in various states, as described in the next sec-
tion of this chapter. In 1968, the FWPCA recommended the
following guidelines for irrigation water bacteria counts.
This criteria was expressed as particularly applicable to
crops destined for direct human or animal consumption: (3)

"The monthly arithmetic average density of the coliform

group of bacteria shall not excged 5,000 per 100 ml, and the
monthly arithmetic average density of fecal coliforms shall

12



Table 6. LIMITS OF BORON
IN IRRIGATION WATER (8)

A. PERMISGIBLE LIMITS (mg/1)

CROP GROUP
CLASS OF WATER SENSITIVE SEMITOLERANT TOLERANT
Excellent <0.33 <0.67 <1.00
Good 0.33 to 0.67 0.67 to 1.33 1.00 to 2.00
Permissible 0.67 to 1.00 1.33 to 2.00 2.00 to 3.00
Doubtful 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75
Unsuitable »1.25 > 2.50 >3.75

B. CROP GROUPS OF BORON TOLERANCE*

SENSITIVE SEMITOLERANT TOLERANT
Pecan Sunflower Athel
Walnut Potato Asparagus
Jerusalem-artichoke Cotton Palm
Navy bean Tomato Date palm
American elm Sweetpea Sugar beet
Plum Radish Mangel
Pear Field pea Garden beet
Apple Ragged Robin rose Alfalfa
Grape Olive Gladiolus
Kadota fig Barley Broadbean
Persimmon Wheat Onion
Cherry Corn Turnip
Peach Milo Cabbage
Apricot Oat Lettuce
Thornless blackberry Zinnia Carrot
Orange Pumpkin
Avacado Bell pepper
Grapefruit Sweet potato
Lemon Lima bean

*In each group, the plants first named are considered as being
more tolerant; the last named, more sensitive.

13



not exceed 1,000 per 100 ml. Both of these limits shall be
an average of at least two consecutive samples examined per
month during the irrigation season. Any one sample examlned
in any one month shall not exceed a coliform group density
of more than 20,000 per 100 ml."

Turf and Landscape Irrigation

In general, golf course turf and hardy vegetation, such as
bushes and trees, are more tolerant than agricultural crops
to harmful constituents possibly contained in treated waste-
water. (An example of both golf course and freeway landscape
irrigation is detailed in the field investigation of San
Bernardino, California in Appendix A).

Percent sodium in the range of 50-75 percent can be harmful
as high percentage sodium water will cause soils to seal,
reducing percolation rates, and interfering with root
growth. TDS should not exceed 2,500-3,000 ppm. Although no
disease transmission has been reported as a result of golf
course irrigation with sewage effluent, California standards
require that such water be chlorinated to bring the coliform
count down to a median MPN of 23 per 100 ml. No adverse
effects on greens and fairways is reported unless an exces-
sively high chlorine dosage is substituted for adequate con-
tact time. Over-chlorination will result in bleaching and
yvellow streaking of the turf. (10

FIGURE 2

RECLAIMED WASTEWATER IS USED FOR
IRRIGATION OF MANY GOLF COURSES

14



Stock Watering

Although much research data has been accumulated in the U.S.
relative to the effects of water-borne constituents on lab-
oratory animals, relatively little information is available
on this subject applicable to livestock. (4)

The daily water consumption by animals (See Table 7) deter-
mines the total guantities of ingested substances and, thus,
the critical limits for animal metabolisms. The daily water
volume requirements, however, vary with regard to climate,
water content of food consumed, degree of exertion, and
salinity of the available water supply.(z)

Table 7. AVERAGE WATER 2)
CONSUMPTION FOR SELECTED ANIMALS(

Animal Water consumption
in gpd/head

Beef cattle 7-12
Dairy cattle 10-16
Horses 8-12
Swine 3-5

Sheep and goats 1-4

Chickens 8-10

(per 100 birds)

Turkeys 10-15

(per 100 birds)

The tolerance of animals to salts in drinking water depends
on several independent factors, including their species,
ages, physiological conditions, season of the year, and salt
content of foods consumed. Water containing a high concen-
tration of salts may cause gastroenteritis, wasting disease,
and death. (4) Lactation and reproduction are usually the
first animal functions to be affected by unfavorable mineral
concentrations; reduction and termination of milk and eggs
production has been observed. Although animals can usually
tolerate higher salinity than man, it has been recommended
that, for good production, animals should be provided with
drinking water of as high a quality as that required for
human conumption.

The Department of Agriculture in Western Australia has pub-
lished the threshold concentrations of salinity at which
animals begin to show deleterious symptoms. Table 8 tabu-
lates that government's findings.
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Table 8. SALINITY LEVELS TOLERABLE
BY SELECTED ANIMALS (4)

Animal Threshold salinity

(mg/1)
Beef cattle 10,000
Dairy cattle 7,150
Horses 6,435
Pigs 4,290
Adult dry sheep 12,900
Poultry 2,860

Table 9 tabulates threshold and limiting concentrations for
various parameters in livestock drinking water. (4) Ionic
constituents of water, appear to produce an osmotic effect
when present in heavy concentrations. Results from tests
have shown that jt is this effect rather than the toxicity
of any one element that is generally harmful to the animal.
Some elements, however, are injurious even in trace concen-
trations; the most critical of these are nitrates, fluorides,
selenium, and molybdenum. (4)

Bacterial infection of livestock by polluted water has not
been established even when human disease organisms were de-
tected in the water supply. Experts have recommended, how-
ever, that pending further studies and analyses, sewage
effluents should be adequately disinfected prior to use by
livestock. (4)

ANALYSIS OF CURRENT REUSE FOR IRRIGATION

Table 10 presents an inventory of treatment plants categor-
ized by specific irrigation reuses. This table may be used
in conjunction with Appendix B to obtain data pertinent to
irrigation of particular crops with municipal wastewater.
For example, only one facility is listed as irrigating
asparagus, i.e., CA-31, which is found in Appendix B to be
the Irvine Ranch Water District, Irvine, California. Appen-
dix B provides additional current information pertinent to
water quality, treatment, charges, etc. at the Irvine reuse
operation.
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Table 9. WATER QUALITY PARAMETER
LIMITS FOR LIVESTOCK (4

EPA
Threshold Limiting acceptable
Quality factor concen. * concen. ** concen.(11)
Total dissoclved 2,500 5,000
solids (TDS),
mg/1
Cadmium, mg/1l 5 5.0
Calcium, mg/l 500 1,000
Magnesium, mg/l 250 500#
Sodium, mg/l 1,000 2,000#
Arsenic, mg/l 1 0.2
Bicarbonate, mg/1l 500 500
Chloride, mg/l 1,500 3,000
Fluoride, mg/l 1 6 2
Nitrate, mg/l 200 400 100
Nitrite, mg/1l None None
Sulfate, mg/1 500 1,000¢%
Range of pH 6.0-8.5 5.6-9.0

*Threshold values represent concentrations at which
poultry or sensitive animals might show slight
effects from prolonged use of such water. Lower
concentrations are of little or no concern.

**Limiting concentrations based on interim criteria,
South Africa. Animals in lactation or production
might show definite adverse reactions.

#Total magnesium compounds plus sodium sulfate should
not exceed 50 percent of the total dissolved
solids.
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Table 10. INVENTORY OF TREATMENT FACILITIES
CATEGORIZED BY SPECIFIC IRRIGATION USES

TYPE OF USE FACILITY CODE (*)

RECREATION

Athletic Fields AZ -6 CA~63 CO-2 FL-1

Duck Clubs CA~178

Game Refuges AZ-12

Golf Courses AZ-3 AZ-5 AZ-8 AZ-13
AZ-16 AZ-17 CA-13 CA-~-25
Ca-34 CA-35 CA-36 CA-38
Ca-50 CA-55 CA-56 CA-62
CA-63 CA-70 CA-74 Co-1
CO-5 CO-6 ID-1 MO-2
NM-5 NM-7 NV-2 NV-3
TX-7 TX~10

Parks CA-60 CO-2

Parade Grounds AZ-5

CROPS

Alfalfa AZ-4 AZ-14 CAa-1 CA-2
CA-4 CA-5 CA-9 CA-14
CAa-19 ca-23 CA-24 CA-33
CA-36 CA-40 Ca-41 CA-46
CA-64 ca-67 CA-68 Ca-71
CA-76 ND-1 NM-1 NM-8
NV-1 NV-2 NV-3 NV-4
TX-2 TX-6 TX-11 UT-1

Asparagus CA-31

*See Appendix B for facility names and specific data,
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Table 10. (Continued)

TYPE OF USE [ FACILITY CODE (*)

Avocados CA-22

Barley CA-3 Ca-4 CA-5 CA-28
CA-45 CA-47 CA-75 CA-76
NvV-2 WA-2

Beans CA-12 WA-2

Carrots WA-1

Citrus Crops CaA-21 CA-22 CA-31 CA-41
CA~66

Corn CA-4 CA-5 CA-14 CA-23
CA-24 CA-28 CAa-31 CA-45
ChA-64 FL-2 NE-1

Cotton AZ-4 AZ-15 CA-1 CA-2
CA-3 CA-4 CA-5 CA-7
CA-18 CA-19 CA-20 Ca-21
CA-23 Ca-24 CA-28 CA~30
CA-33 CA-46 CA~64 CA-71
Ca-175 CA-76 NM-1 NM-8
TX~6

Cucumbers CA-36

Fodder AZ-12 CA-6 CA-22 CA-29
CA-48 Cca-71

Forest MO-1

Grain AZ-4 CA-18 CA-20 Ca-46
NM-2 NM-3 NM-6

Grapes CA-2 CA-18 CA-23 CA-24
OR-1 TX-2

*See Appendix B for facility names and specific data.
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Table 10. (Continued)

TYPE OF USE FACILITY CODE (%*)
Grass AZ -6 AZ-9 CA-54 CA-63
CO-3 FL~-2 MI-1 OK-2

TX-11 UT-1

Hay CA-19 CA-53 CA-68 NM-9
NV-1 TX-2

Landscapes AZ-6 AZ-14 CA-39 CA-41
CA-55 CA-72 CO-3 FL-1

Milo Maize CA-19 CA-45 CA-64 NE-1
TX-11

Oats CA~45 TX=-2 TX-11

Olives CA-17

Onions WA-1

Pasture AZ-7 AZ-15 AZ-17 CA-4
CA-5 CA-6 CA-9 CA-15
CA-16 CA-18 CA-26 CA-27
CA-29 CA-30 CA-32 CA-37

CA-41 CA-47 CA-48 CA-49
CA-51 CA-52 CA-59 CA-61

CA-66 CA-73 CA-77 CA-78
NM-10 NV-2 NV-4 TX-5
TX-6 TX-12 WA~1

Potatoes WA-2

Rye ‘ CA-47

Seed CA-7 CA-44

Sorghum AZ-9 CA-17 CA-54 FL-2
NV~-2 TX~6

*See Appendix B for facility names and specific datg.
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Table 10.

(Continued)

TYPE OF USE

FACILITY CODE (*)

Spinach

Squash

Sudan Grass

Sugar Beets

Tomatoes

Trees

Wheat

WA-1

CA-36

CA-48

CA-12

CA-31

CA-2
NM-2

CA-54

CA-36 WA-2

CA-39 CA-41 CA-63
FL-1

CAa-4 CA-5 CA-45
NM-6 TX-2 WA-2

*See Appendix B for facility names and specific data.
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As shown in Table 11, some treatment plants pro@ucing %rrl—
gation water report significant percentages of industrial
wastes in their influent. Specific industrial wastes re-
ported as being significant are shown in Table 12.

Table 11. PRESENCE OF INDUSTRIAL WASTES
IN INFLUENT RAW SEWAGE
REUSED FOR IRRIGATION

Average influent
industrial waste Number of Percent of
as % of total treatment treatment plants
influent plants affected affected
0 58 46
1 -10 38 30
11 - 20 17 14
21 - 30 6 5
over 30 6 5

Conventional primary and secondary treatment are not effec-
tive in removing certain industrial waste constituents,

e.g. boron. Since tertiary plants are generally uneconom-
ical for wastewaters treated specifically for irrigation, it
is important to know the sources and types of industrial
wastes. Such foreknowledge may determine the type of crop
selected or restrictions on certain industrial waste char-
acteristics.

Table 13 tabulates wastewater irrigation into eight major
categories of crops and the degree of treatment provided.
Approximately three-fourths of the effluent undergoes
secondary treatment.

It is surprising, however, that primary treated effluent is
still used somewhere to irrigate each of the crop cate-
gories. The most significant reuse of primary effluent is
for corn, cotton and-cattle grazing uses; however, it should
be emphasized that this corn is utilized only for cattle
feed. This reuse of primary effluent is exemplified by
Bakersfield, California (CA-4), described in detail in Ap-
pendix A, Field Investigation reports. Two plants (CA-2

and CA-23) within the vegetable and fruit categories provide
primary effluent for irrigation of grape vineyards and olive
groves.

Fifteen plants supply tertiary water for irrigation; one

unique example of such tertiary treatment is'Fort.Carson,
Colorado, where a Neptune Micro Floc filter is utilized.
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Table 12. SIGNIFICANT INDUSTRIAL WASTES CONTAINED
IN INFLUENT RAW SEWAGE FOR IRRIGATION REUSE

Number of Percent of treatment
Pollutant source | treatment plants plants producing
affected* water for irrigation
Industrial Process
Paper & Textile 1 1
Mfg.
Laundry 6 5
Unspecified 4 3
Chemicals
Plating 10 8
Photographic 1 1
Unspecified 3 3
Food Process
Meat packing 10 8
Fruit and 5 4
vegetable
Dairy 7 6
Unspecified 6 5
None 71 56

*Certain plants are affected by more than one waste type.

Table 13. MUNICIPAL TREATMENT PROVIDED FOR
IRRIGATION REUSE ON SPECIFIC CROPS

Number of Treatment level (% of plants)
treatment
Crop plants* Primary Secondary Tertiary
Grain 17 23 77 0
Corn 11 36 64 0
Vegetables 6 14 86 0
Fruit 12 18 82 0
Cotton 26 29 71 0
Fodder 51 24 73 3
Pasture 34 20 71 9
Turf and 47 9 70 21

Landscape

*Certain plants supply water to more than one crop.
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(See Appendix A for a detailed discussion). However, in
many cases, irrigation is an adjunc? to direct reuse demand-
ing high quality water, for rec;eatlon §CA-§5) or industry
employed solely for the irrigation application.

FIGURE 3

RECLAIMED WASTEWATER DIVERTED FOR

IRRIGATION OF CROPS AND GOLF
COURSES LAS VEGAS, NEV.

The crops classified in Table 13 are listed again in Table
14 to summarize the quality of effluent currently employed
in agricultural reuse. Table 14 must be viewed only in the
most general terms, however, since parameters from all
levels of treatment are averaged together; furthermore, the
diverse tolerances of specific crops within one category
(e.g., vegetables) preclude a judgment of effluent adequacy
by an averaged value from several plants. It is recommended
that treatment adequacy be analyzed on an individual plant
basis relative to the crop types anticipated.

Many of the current users of renovated wastewater consider
their supplies to be substandard to fresh water sources.
Municipal wastewater, however, has a substantial value in
fertilizer elements required by all crops. Table 15 com-
piles the results of several researchers as summarized by
Williams, et. al. These authorities estimate than an
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Table 14.

APPLIED TO CROPS

QUALITY OF EFFLUENT

BOD (mg/1) SS (mg/1) TDS (mg/1)
NO. PLANTS

CROP IRRIGATING* |LOW | HIGH | AVG | LOW | HIGH | AVG | LOW | HIGH | AVG
Grain 17 10 1100 180 10 173 71 324 1400 837
Corn 11 10 370 76 10 135 69 8 1114 601
Vegetables 6 6 1100 193 6 127 31 5 1114 700
Fruit 12 10 160 32 9 135 58 14 1400 798
Cotton 26 15 370 84 12 259 94 324 2250 854
Fodder 51 1 370 54 0 259 66 8 1450 641
Pasture 34 7 370 50 2 118 40 6 2250 839
Turf & 47 1 80. 19 0 200 26 43 2000 658

Landscape

* Certain plants supply water to more than one crop.
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Table 14 (Continued)

Na (mg/1) Cl (mg/1) pH
NO. PLANTS

CROP IRRIGATING* |[LOW | HIGH { AVG | LOW | HIGH | AVG | LOW | HIGH | AVG
Grain 17 87 300 204 10 300 130 6.8 9.9 7.7
Corn 11 56 220 137 49 200 105 6.8 8.7 7.6
Vegetables 6 0 321 163 160 283 212 6.5 9.9 7.5
Fruit 12 100 300 176 115 300 176 7.0 8.4 7.6
Cotton 26 87 450 211 0 460 163 6.7 8.7 7.4
Fodder 51 5 300 167 0 380 154 6.7 8.7 7.2
Pasture 34 10 450 193 2 460 149 6.5 9.2 7.6
Turf and 47 5 400 140 0 400 109 6.7 2.5 7.4

Landscape

*Certain plants supply water to more than

one crop.



acre-ft. of treated municipal wastewater contains approxi-
mately 17 to 18 dollars of commercial fertilizer value;
furthermore, some studies indicate, optimistically, that
almost all fertilization requirements can be met by waste-
water alone. (10)

Table 15. TYPICAL FERTILIZER CONTENT
OF SECONDARY TREATED MUNICIPAL
WASTEWATER(10)

Researcher Nitrogen Phosphorus Potassium
Hershkovitz 5.5-6.6 1.7-2.2 2.9-3.5
lbs/cap./yr lbs/cap./yr. lbs/cap./yr.
Fair, Geyer, 6-7 1.2 2
and Okum lbs/cap./yr lbs/cap./yr. 1lbs/cap./vr.
Day and Tucker 65 50 32

lbs/acre~ft. 1lbs/acre-ft. 1lbs/acre-ft.

By extracting the nutrients listed in Table 15, the crops
act as a further treatment method to protect surface and
groundwater resources. The efficiency of various crops in
achieving nutrient removals is listed in Table 16.

The municipal facilities supplying effluent for irrigation
generally do not utilize sophisticated instrumentation to
monitor the effluent quality. Rural plants with funds
available rely heavily on periodic laboratory testing by
state health departments and related agencies.

It is interesting to note that 60 percent of the plants sur-
veyed reported no end use quality criteria (Column F7,
Appendix B) for irrigation reuse. It is unreasonable to
accept almost two-thirds of the operations as having no
criteria requirements whatsoever, and presumably most
respondents were basing their answer on rejection by the
irrigator,; not health requirements. One-half the respon-
dents state that their effluents are of acceptable quality
100 percent of the time.

Slightly over half of the reclaimed irrigation water sup-
pliers reported no alternate means of disposal; forty-four
percent, however, indicate that their reuse was not total.
Factors in their inability to totally reuse the effluent
include the following:

Insufficient storage capacity to coordinate effluent
availability with irrigation needs.
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Table 16. POUNDS OF NUTRIENTS REMOVED PER ACRE IN HARVESTED
CROPS AT VARIOUS LEVELS OF EFFLUENT APPLICATION IN 1963 (5)

RED CLOVER ALFALFA CORN* WHEAT*

(INCHES) (INCHES) (INCHES) (INCHES)

NUTRIENT 1 ‘ 2 1 2 1 1 2
N 216.8 210.7 143.2 191.7 88.3 90.2 63.8 82.7
P 26.0 24.4 23.0 32.0 19.9 23. 16.1 20.4
K 264.1 243.5 167.9 234.0 16.8 24 11.7 11.9
Ca 127.0 119.2 50.0 45 0.26 1.3 1.8
Mg 22.3 21.7 11.4 14.5 5.6 4.0 5.3

*Grain only



. Uneconomically long distance between plant and addi-
tional possible users.

. Insufficient land availability.

. Lack of interest by effluent producer and potential
reusers.

Not surprisingly, seasonal conditions dictate effluent
utilization. The typical procedure in such cases is to dis-
charge the effluent to a water course during the non-growing
season. Conversely, in some situations, not enough effluent
can be supplied during the irrigation season to satisfy the
demand.

To assist in remedying this fluctuation, many plants have
storage facilities available as illustrated in Figure 4.

Effluent transport dis-
tances to potential
reuse sites is an im- 26T
portant economic factor.

With one or two excep- 24
tions, transport facili- o0
ties are defined as an
engineered pipeline or 20
channel; not an existing
river bed into which the
effluent is discharged
and withdrawn by down-
stream irrigators.
Figure 5 displays the
ranges of irrigation

NUMBER OF PLANTS
]

water transport distances 10

reported by current

agricultural reusers. 8

The figure illustrates 6

that 20 percent of all

irrigation reusers are 4

directly adjacent to

the municipal treatment 2

site and less than 6 i ) i

percent are more than 4 o St 1-2 210 1020 20-30 OVER
mile s away. The data AVERAGE AVAILAE:_GEURSETOEAGE TIME (DAYS)
received indicates that STORAGE CAPACITY OF IRRIGATION
the bulk of the reusers WATER SUPPLY FACILITIES

lie two miles or less
from their supplier.
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FIGURE 5

TRANSPORT DISTANCE FROM ‘TREATMENT

PLANT TO IRRIGATION REUSE

Figure 6 illustrates that half the
irrigation reusers have alternate
sources available. Many indicated
that their alternate sources are
rarely used. Nearly 50 percent of
the agricultural reusers are totally
dependent upon reuse for successful
operations. One of the largest of
these is the Buckeye Irrigation
District near Phoenix. The irri-
gational reuse program at Phoenix
is described in Appendix A.

PERCENT OF TREATMENT PLANTS

30

TRRIGATTION IN ISRAEL

Data obtained from Israel(lz) shows
approximately 40 plants in that
country utilizing reclaimed muni-
cipal effluent for irrigation with
another 34 facilities practicing
groundwater recharge. Table 17 on
the following page shows the growth
of reuse in Israel from 1963 to
1971. Roughly 86 percent of the
country's total treated wastewater
flow was reused in 1971 (62% for
irrigation and 24% for recharge.)
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FIGURE 6

ALTERNATE SOURCES OF STANDBY OR
BLENDING SUPPLIES FOR IRRIGATION



Table 17. VOLUMES OF MUNICIPAL
REUSE IN ISRAEL (cu. m./day)

1963 Total | 1967 Total | 1971 Total

Volume treated 88,440 119,080 155,300
Volume reused 48,470 79,670 133,535
Percent reused 55 67 86

The predominant type of treatment in Israel involves anaero-
bic and aerobic lagoons. In a few instances these basic
systems are enhanced by the addition of Imhoff tanks, sedi-
mentation tanks, and trickling filters.

Table 18 below summarizes Israeli reuse of municipal waste-
waters by crop. As can be seen, field crops take the major-
ity of the reclaimed water. However, a significantly high
percentage of the reclaimed irrigation water (21%) is used
on citrus crops.

Table 18. REUSE OF MUNICIPAL WASTEWATERS,
BY CROP IN ISRAEL

Ouantity of
Area Irrigated Wastewater Reused

Crop ha % cu.m/day %

Field crops 1,533.0 61.5 45,680 47.7
Orchards and vineyards 140.0 5.6 4,900 5.2
Citrus 431.5 17.2 19,500 20.6
Other crops 152.0 6.1 5,150 5.5
Pastures 133.0 5.3 10,075 10.0
Fodder crops 107.0 4.3 9,130 9.7
Fish ponds -— - 1,250 1.3
Total 2,492.5 100.0 95,685 100.0

ANALYSIS OF CURRENT IRRIGATION REUSE ECONOMICS

In a report involving data from many plants, there is the
danger of overuse of the data obtained to arrive at broad
conclusions which are meaningless for a specific reuse
application. This is true particularly of the economics of
sewage treatment and reuse which are subject to many factors
completely outside of the scope of this study. The reader
is urged, therefore, to make a detailed investigation, be-
fore applying economic data presented herein to another
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location where conditions are only superficially similar.

Table 19 presents 1971 treatment costs reported by munici-
pal plants furnishing effluent for irrigation reuse in the
United States. The cost per million gallons treated is
shown both inclusive and exclusive of capital amortization.
The cost exclusive of capital amortization simply represents
all annual costs for labor, materials, energy, supplies, and
miscellaneous items divided by mg of effluent produced annu-
ally. The cost including amortization was developed as
shown in Appendix E and is based upon 5.5% interest, 25 year
life, and updating of all original construction costs to

January 1972.

Figures 8 and 9, depict the information from Table 19
plotted as best-fit curves for functions of average daily
plant effluent volumes. It should be remembered that the
curves in Figures 8 and 9 represent averages for all de-
grees of treatment from primary to tertiary.

Figure 7 shows the difference between current costs and
revenues for irrigation reuse. Current costs are the total
for all producers of reclaimed water for irrigation - not
just those who sell their

effluent. Only 25 produ-

cers of irrigation water

sell their renovated pro- 12.06

duct. Most municipalities 12 [Jcosts

look upon the irrigation [ REVENUES
operations as primarily a
means of disposal, and are
not prone to demanding
payment for effluent which
they would otherwise waste.
In some cases (e.g., CA-4)
the irrigation operation
allows the municipality to
provide only primary treat-
ment, whereas if discharge
were made to surface waters
a high degree of secondary
treatment would be required.
The discrepancy between
costs and revenues shown

in Figure 7 reveals, how-
ever, that as a whole
municipalities are ap-
Parently not demanding TURF & LLANDSCAPE CROPS & PASTURE
sufficient revenue for FIGURE 7

re claimedwgst(_awatgr they MUNICIPAL TREATMENT COSTS AND
supply for irrigation. 1In REVENUES FOR IRRIGATION USES

10.11

[ 0.22

TOTAL ANNUAL DOLLARS (IN MILLIONS)

0.06

R
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Table 19.

TREATMENT COSTS

FOR IRRIGATION REUSE¥*

Trt. cost Trt. cost Trt. cost Trt. cost
($/MG) ($/MG) ($/MG) ($/MG)
Plant| incl. cap.| excl. cap.|| Plant | incl. cap.| excl. cap.
code amort. amort. code amort. amort.
AZ-2 - - CA-30 285 190
AZ-3 145 54 CaA-31 262 123
AZ-4 57 22 CA-32 503 259
AZ-5 - - Ca-33 - 92
AZ-6 2,580 604 CA-34 330 123
AZ~7 - - CA-35 441 208
AZ-8 244 76 CA- 36 1,411 176
AZ-9 117 60 CA-37 292 93
AZ-11 - - CA-38 884 545
AZ-12 72 32 CA-39 130 44
AZ-13 - 4 CA-40 298 83
AZ-14 34 18 Ca-41 141 50
AZ-15 698 215 CA-44 251 104
AZ-16 - - CA-45 251 104
AZ-17 - 62 CA-46 472 77
CA-47 . 36 14
CA-1 - 151 CA-48 253 127
CA-2 485 254 CA-49 359 23
CA-3 - - CA-50 523 353
Ca-4 113 58 CA~-51 - 3,209
CA-5 92 38 CA-52 - -
CA-6 144 80 CA-53 476 229
CA-7 245 185 CA-54 1,416 472
CA-9 348 244 CA-55 355 100
CA-11 519 322 CA-56 - -
CA-12 - 272 CA-57 394 -
CA-13 - 144 CA-59 483 348
CA-14 - - CA-60 311 207
Ca-15 - 56 Ca~-61 405 290
CA-16 143 143 Ca-62 1,399 448
CA-17 902 49 Ca-63 520 268
CA-18 171 30 CA-64 253 93
CA-19 88 41 CA-65 1,747 1,086
CA-20 61 26 CA~-66 223 41
Ca-21 57 18 CA-67 1,258 794
CA-22 289 166 CA-68 - 142
CA-23 79 42 CA-69 174 30
CA-24 79 42 CA-70 2,703 1,005
CA-25 936 395 CAa-71 47 22
CA-26 276 128 CA-72 580 112
Ca-27 - 12 CA-73 6,363 1,411
CaA-28 206 123 CA~-74 6,566 5,606
CA-29 408 127 CA-75 1,231 476
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Table 19. (Continued)
Trt. cost Trt. cost Trt. cost Trt. cost
($/MG) ($/MG) ($/MG) ($/MG)
Plant | incl. cap. | excl. cap. || Plant | incl. cap. | excl. cap.
code amort. amort. code amort. amort.
CA-76 - - TX-1 - -
CA-77 - 25 TX-2 219 73
CA-78 - 36 TX-5 144 42
TX~-6 114 54
Cco-1 322 152 TX=-17 - -
Co-2 28 15 TX-8 134 80
Co-3 498 125 TX-10 495 338
CO-5 - - T™X-11 82 22
CO-6 363 137 TX-12 - -
FL-1 522 161 UT-1 720 83
FL-2 174 163
WA-1 93 39
ID-1 310 193 WA-2 109 59
MI-1 - -
MO-1 - -
MO-2 1,381 429
NE-1 128 29
NV-1 29 4
NV-2 66 44
NV-3 288 193
NV-4 352 193
*See Appendix E for
NM-1 47 - calculation procedure.
NM-2 - -
NM-3 - -
NM-4 - -
NM-5 - -
NM-6 - -
NM-7 506 95
NM-8 190 68
NM-9 429 119
NM-10 - -
ND-1 115 18
OK-2 2,806 415
OR-1 1,273 823
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all cases, however, any revenue is more than they would ob-
tain through disposal.

Table 20 shows the range of effluent charges by those 25
suppliers who currently charge for their effluent. The
majority of these charge less than $150/MG., Table 20.does
not differentiate between the level of treatmen? provided;
thus, to determine whether user charges are egultable,.
facilities should be investigated on an individual basis.

Table 20. RANGES OF EFFLUENT
CHARGES FOR IRRIGATION REUSE

Range of Charges

for Effluent ($/MG) No. of Suppliers
1 - 150 17
151 - 300 5
301 - 900 0
901 - 1,000 3

Figure 10 on the following page shows how the level of treat-
ment affects municipal charges for irrigation water. The
results, as expected, indicate better treatment allows
higher charges for the effluent. The high average price for
tertiary treated water is due mainly to the Grand Canyon,
Arizona (AZ-6) facility which charges $1,000/MG. When
weighted average is used, the tertiary price shown in Figure
10 decreases from $337 to $76/MG because the daily volume of
the Grand Canyon facility is only 0.03 mgd.

Several suppliers charge on either an indirect or flat-rate
basis. The typical indirect basis (e.g., CA-2, CA-3, CA-18)
gives the grower all water and land in exchange for a per-
centage of his farm income. This percentage ranges from 20
to 25 percent.

Flat-rate charges for effluent fall into two categories:
token fees and compensatory fees. Token fees (e.g., CA-44,
CA-45, CA-47) are imposed to fulfill legal obligations and
protect water rights. The three facilities cited here
charge $1.00 per year to users. Compensatory fees (e.g.,
NM-2, NM-3, NM-4, NM-5, NM-9) are designed to partially de-
fray the costs of treatment. The responders to this study
indicated charges in the range of $200 to $1,000 annually.
In several cases the price is set by bids received from
several interested potential users.

36



@
[w)

—_ 76
©
=
~70
-
o
= n 60
~ o
2 g
» 550
8 .
3 7Y
z La0
@ 53]
i 2
3 §3O
g a
E 020
w
a p
] H
Wy M
BO S 0
bl i
e : g ‘ iz,
PRIMARY TERTIARY PRIMAR SECONDARY TERTIARY
TYPE OF TREATMENT TYPE OF TREATMENT

FIGURE 10

USER CHARGES FOR IRRIGATION REUSE RELATIVE TO
LEVELS OF TREATMENT

The results of the study revealed little economic correla-
tion among the relationships listed below:

. TDS concentration vs. total effluent sales, shown
in Figure 11,

. Effluent volume vs. average user charge, shown in
Figure 12.

. TDS concentration vs. average user charge, shown in
Figure 13.

. BOD concentration vs. average user charge, shown in
Figure 14.

It appears that charges for effluent are primarily influenced
by factors other than effluent quality. Among these factors
are fresh water cost and availability in the area, prior
water rights in the area, and the municipality's failure to
recognize its effluent as a valuable commodity rather than
something to be discarded.
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SECTION IIT

INDUSTRIAL REUSE

INTRODUCTION

Responses to this survey indicated that reuse of municipal
wastewater effluents by industry amounted to 53.5 billion

gallons in 1971, or 40 percent of the total United States

reuse volume. The bulk of the industrial reuse volume is

due to one user; the Bethlehem Steel Plant in Baltimore,
Maryland, which utilizes 44 billion gallons annually.

Figure 15 depicts the
growth of industrial re-
use since 1930, as deter-
mined by the year in
which the plants surveyed
began reuse. Only 15
industrial plants are
presently reusing munici-
pal wastewater in the
United States. These 15
facilities include three
city-owned power plants,
so private industry is
represented by only 12
plants in the entire na-
tion. Obviously, numerous
potential reuse opportuni-
ties remain unrecognized.

Nine of the industrial re-
use facilities were
visited during the project
and detailed descriptions
of their operations are
presented in individual
case studies contained in
Appendix A.

TOTAL NUMBER OF TREATMENT PLANTS REUSING

1930 1940 1950 1960 1970

FIGURE IS5

GROWTH OF

INDUSTRIAL REUSE

1980



This chapter is divided into three sections as follows:

. Required water quality, which is derived from
existing literature sources and this study.

. Analysis of current reuse by industry which is
largely derived from the data developed during this
study.

Analysis of current economics, which is largely de-
rived from data developed during this study.

REQUIRED QUALITY CRITERIA
General

Water quality requirements vary widely between industries,
between different plants in the same industry, and between
various processes within a single plant. It is impossible,
therefore, to present quality criteria for all industrial
operations. References 1, 2, 3, and 4 at the end of this
chapter contain substantial general information pertinent to
water quality requirements by most of the major water using
industries. The bulk of industrial water is used for
cooling, boiler feed, washing, transport of materials, and
as an ingredient in the product itself. Of these uses,
cooling is predominant in the reuse of municipal wastewater,
accounting for approximately 145 mgd out of the total 147
mgd reported industry reuse.

Cooling Water

Cooling water systems may be broadly classified as either
"once through" (e.g. MD-1) or recirculating (e.g. CA-8,
NV-2, NV-3).

Once through cooling systems, as the name implies, use in-
take water for only one cooling cycle and then discharge it.
The intake water need not be of high quality. Sea water and
polluted river waters are commonly used with minimal treat-
ment, such as coarse screening and periodic shock chlorina-
tion. The Bethlehem Steel Company cooling system which uses
Baltimore, Maryland, municipal effluent is a once through
system. The effluent successfully used by Bethlehem for
over 20 vyears 1s relatively poor quality secondary effluent.
A detailed description of their operation is given in
Appendix A.

Recirculating cooling systems, on the other hand, continual-

ly recirculate the same cooling water for many cycles by
utilizing cooling towers or spray ponds to recool the water
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after each heat exchange cycle. To prevent unacceptable
bulld—up of contaminants, a portion of the re01rculat1ng
water is continuously wasted. This waste discharge is
called blowdown, and is representative of the quality of the
recirculating water. To replace the volume lost in blowdown
the recirculating cooling system requires makeup water.
Contaminants present in makeup water are concentrated many
times during the cooling cycles, and organics and nutrients
in the makeup water furnish food for organisms. Thus, it is
important for the makeup water to be of high quality. Sew-
age effluent treated to a high degree is successfully used
for cooling makeup water at nine locations as described

later in this chapter.
The basic requirements for cooling waters are that they:
Do not form scale on heat exchange surfaces.

Are not corrosive to metal in the cooling system.

. Do not supply nutrients promoting the growth of
slime-forming organisms.

Do not foam excessively.
Do not deteriorate wood in cooling towers.

The literature provided several lists of water quality for
cooling water supplies which are summarized in Table 21. As
indicated later in this chapter, sewage effluent is being
successfully used with higher TDS than recommended, however
all successful users reduce their organics and nutrients to
very low levels.

Boiler Feed Water

Quality requirements for boiler feed makeup water are depend-
ent upon the pressure at which the boiler is operated. The
higher the pressure, the higher the quality of water re-
guired. Very high pressure boilers require makeup water of
distilled quality or better. Table 22 shows gquality toler-
ances recommended by several authorities. As described in
the following section of this chapter, three industrial
users of treated sewage effluent for boiler feed water make-
up were reported, with a total volume requirement of approx-
imately I mgd. All users reduce the hardness of the boiler
feed makeup water to close to zero. Low pressure boilers,

e.g. 200 psig, report use of effluents with TDS concentra-
tions as high as 1,000 mg/1.
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Table 21.

COOLING WATER QUALITY
REQUIREMENTS FOR MAKEUP WATER
TO RECIRCULATING SYSTEMS

Parameter Reference Reference SCS comment based
(2) (3) on this study
Cl 500 up to 460 successfully
used
TDS 500 - up to 1,650 success-
fully used
Hardness 130 50 --
(CaCO0,)
Alkalinity 20 - --
(CaCoO3)
pH aar 6.9-9.0 preferably 6.8-7.2
COD 75 - preferably below 10
TSS 100 25 preferably below 10
Turbidity -— 50 preferably below 10
BOD - 25 preferably below 5
MBAS -— 2 2 is good
NH 3 - 4 preferably below 1
POy - 1 {1 is good
510y 50 -- -
Al 0.1 -- -=
Fe 0.5 0.5 --
Mn 0.5 -- --
Ca 50 - -
Mg aar 0.5 -
HCO3 24 -- --
SO0y 200 -= -
Note: aar = accepted as received
High pressure boilers, e.g. 650-1,500 psig, however, in both

reported uses demineralize the effluents to

tions of under 2 mg/l.

TDS concentra-

Silica and aluminum are very undesirable ‘because they form

a hard scale on heat exchange surfaces.

Pottasium and

sodium in higher concentrations can cause excessive foaming
of the boiler water.

ANALYSIS OF CURRENT INDUSTRIAI REUSE
Only 15 industrial plants, as listed in Table 23 and located

in Figure 16 were reusing municipal wastewater in the United
States during 1972.
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Table 22, QUALITY TOLERANCES FOR
CONSTITUENTS OF INDUSTRIAIL BOILER FEEDWATER

'cdnral Water Pollulicn

American Boiler Manufacturers New FEngland Water Works Control Adminlstration
Association, (ABMA)L* Association (MEWHA) 2 (now LDA)
Quality Pressure ranges, psig Pressure ranget, ncig Prensure vanges, psio

Paramnter 0—3001301~150[ﬂsl-600[601—750 751-300 901—100011001—1500 0—1501150~2501250~400IOVGL 400 0~lbOllSC-700 700-1500

9%

TDS, ppm 3500 3000 2500 2000 1500 1250 1000 3000~ 2500- 1500- 50 700 500 200
500** 500 100

Suspended

solids, ppm 300 250 150 100 60 40 20 N.S. N.S. N.S. N.S. 190 5 0.0

o +
Silica,ppm N.S5. N.S. N.S5. N.5. N.S. N.S. N.S. 40 20 5 0.0 30 10 0.7
Hardness as i

CaCO3,ppm N.S. N.S. N.S. N.S. N.S. N.S. ‘N.S. 80 40 10 2 20 0.0 0.0
Alkalinity,

ppm 700 600 500 400 300 250 200 N.S. N.S. 140 160 40
pH, units N.S. N.s. N.S. N.S. N.S. N.S. N.S. 8,0 8.4 9.0 9.6 8.0~ 8.2~ 8.2~

10.0 10.0 9.0

Dissolved

oxygen,ppm N.S. N.S. N.5. N.S. N.S. N.S. N.S. i.5 0.10 0.0 0.0 2.5 0.007 0.007
Iron, ppm N.S. N.S. N.S. N.S. N.S. N.S. N.5. N.S. N.S. N.S. N.S. 1.0 0.30 0.05
Manganese,ppm N.S. N.S, N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S5. 0.3 0.10 0.01
Aluminum,ppm N.S. N.S. .N.S. N.5. N.S. N.S. N.S. S 0,5 0.05 0.01 5 0.10 0.01
Bicarbonate,

ppm N.s5. N.S. N.S. N.S. N.S. N.S. N.S. 50 5 5 0.0 170 120 0.01
Chloride,ppﬁ

ppm N,S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. MN.S. NP# NP NP
Sulfate,ppm N.S5, N.S. N.S, N,S. N.5. N.S. N,S. N.S. N.S. N.S. N.S. NP NP NP

*Sources: 1. from reference (2} ** Varies with boiler design
2. from reference {3) + N,S. - not specified

3. from reference (4) # NP - no problem at levels normally encountered



Table 23.

INVENTORY OF INDUSTRIAL REUSE

OPERATIONS IN THE UNITED STATES

Location Producer User Purpose
Bagdad, Bagdad Copper Same Process
Arizona Corporation
Morenci, Phelps Dodge Same Process
Arizona Corporation
Burbank, Ci+ty of Burbank City Power Cooling
California Generating
Station
Colorado City of Colorado City Electric Cooling
Springs, Springs Division
Colorado Martin Drake
Plant
Baltimore, City of Bethlehem Steel Cooling
Maryland Baltimore Corporation and
Process
Midland, City of Midland Dow Chemical Cooling
Michigan Company
Las Vegas, City of Las Nevada Power Cooling
Nevada Vegas Company
Las Vegas, Clark County Nevada Power Cooling
Nevada Sanitation Company
District
Enid, City of Enid Champlin Cooling
Oklahoma Refinery
Amarillo, City of Amarillo Southwestern Cooling
Texas Public Service
Company
Texaco, Inc.
Big Spring, City of Big Cosden 0il and Boiler
Texas Spring Chemical Co. feed
Denton, Dity of Denton Municipal Steam Cooling
Texas Electric Plant
Lubbock, City of Lubbock Southwestern Boiler
Texas Public Service feed and
Company cooling
Odessa, City of Odessa El Paso Products Boiler
Texas Company feed and
cooling
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Industrial reuse operations in foreign countries are listed
in Table 24. With few exceptions cost and technical infor-
mation was not obtained from foreign industrial reusers, and
Table 24 is derived primarily from the technical literature.

Detailed technical information pertinent to each American
industrial use is summarized in Table 25. The major indus-
try classifications using municipal wastewater, and the ap-
proximate percentage of the total volume used by each is
shown in Table 26. Basic metals manufacturing at 74 percent
of the total volume, followed by power generation at 20 per-
cent, petro-chemical at 5 percent, and ore processing at 1
percent represent all the industries presently reusing muni-
cipal wastewater. Again, relative usage volumes are dis-
torted by the large volume used by the Bethlehem Steel
Company in Baltimore, Maryland for their once through
cooling operation.

In terms of industrial usage, Table 27 shows that the major
volume of reclaimed sewage is used for cooling water, with
minor quantities used for boiler feed makeup water and manu-
facturing processes.

Cooling Water

Twelve of the fifteen industrial reusers report. cooling
water as the primary use for the reclaimed municipal sewage.
Cooling water technology is complex, and the use of re-
claimed sewage presents special problems of treatment and
control to responsible operating personnel. The differences
between treated sewage effluent and fresh water must be
recognized and planned for, or serious problems may occur in
the heat exchange and cooling system. For example, the city
of Denton, Texas began using its municipal sewage effluent
as cooling water makeup to its municipal power generation
plant in early 1972 and rapidly experienced massive conden-
ser tube fouling and other problems. The effluent produced
by the Denton Sewage Treatment plant is of only average
quality, as seen in Table 28, with wide fluctuations in
quality because the plant is on the verge of being over-
loaded. The Denton power dgenerating station has no treat-
ment facilities to remove suspended solids, organics or
nutrients from the reclaimed sewage. Problems at Denton
were inevitable, and the experience of other users indicate
that the Denton difficulties can only be resolved by great
improvement in the Denton sewage effluent or installation of
treatment facilities at the power plant to remove suspended
solids and organics. Appendix A presents a case study dis-
cussion of the reclamation and reuse program at Denton.
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Table 24.

INVENTORY OF INDUSTRIAL REUSE
OPERATIONS IN FOREIGN COUNTRIES

LOCATION PRODUCER USER PURPOSE
Belmont, City of Belmont Western Mining Process
West. Australia Corp., Ltd.
Perth, i o
West. Australia City of Perth Dampier Mining Process
Co., Ltd.
Hamersley Iron Process
Pty., Ltd.
Mt. Newman Process
Mining Co.
Bristol, City of Bristol Bristol Corp. Process
England and Imperial
Smelting
Corp., Ltd.
Derby County, Derby County Refuse Incin- Cooling
England Borough erator
Dunstable, Borough of Cement Works Process
England Dunstable
Nottingham, City of Not- Skins and Offal Cooling
England tingham Processor
Nuneaton, Borough of Offal Renderer Cooling
England Nuneaton
Oldham County, Oldham County Power Station Cooling
England Borough
Scunthorpe, Scunthorpe Steel Manufac- Cooling
England Borough turer
Sheffield, City of Steel Manufac- Cooling
England Sheffield turer
Stoke-on-Trent, City of Stoke- Steel Manufac~ Cooling

England

on-Trent

turer
Gas Producer
Tire Manufac-
turer
Power Station
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Table 24. (Continued)
LOCATION PRODUCER USER PURPOSE
Haifa, Greater Haifa 0il Refineries, Cooling
Israel Regional Sew- Ltd.
erage Authority
Kawasaki, Iriezaki Sewage Shin Toyo Cooling
Japan Treatment Glass Com-
Plant pany
Nippon Kokan Cooling
Mizue Iron
Works
Toa 0il Cooling
Company
Nagoya, Tatsumi Indus- Sumitomo Metal Cooling
Japan trial Water Company
Plant
Osaka, Tsumori Sewage Yamato Steel Cooling
Japan Treatment Works
Plant
Tokyo, Mikawashima Senju Paper Cooling
Japan Sewage Treat- Mfg. Com. and
ment Plant Process
Minamisenju In- 180 plants Cooling
dustrial and
Water Plant Process
Minamisunamachi 150 plants Cooling
Industrial and
Water Plant Process
Mexico City, City of Mexico Federal Com- Cooling
Mexico City mission of
Electricity
Monterrey, City of Monter- Celulosa y Cooling,
Mexico rey Derivados, Boiler
S.A, Feed,
and
Process

Aceros Planos,
S.A.

Papelera Mal-
donado
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Table 24, (Continued)

LOCATION PRODUCER USER PURPOSE
Monterrey, Agua Industrial
Mexico de Monterrey
(Cont.) S. de U.
Federal Commis-
sion of Elec-
tricity
Pretoria, City of Rooiwal Power Cooling
South Africa Pretoria Generation

Station
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Table 25,

SUMMARY OF INDUSTRIAL OPERATIONS

PRODUCER INFORMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
e ——————————
: i RESPONSE
Sgﬁggﬁcw——-—} as | Bla[B2b B3 Cla [Clc [c2a |c2b [c2c {c2d jc2e |caf c29  |can
~
© 2] © ~
SRR
= MUNICIPAL 8 |28 5 A8 | 281,81 o o g - 2
: el BT (B0l BEE|EICEI Sl E 2 sle ] g, | &,
5 PLANT Hzl B |8 .| sa& = H o = o n o [ 34
= o8 1] “g GE| S2m | 88|38 .| = O Rl - g8 )
. LOCAT 28| 35|85| 5585 | 35|28| & O .| E . B = <E
a 5] a1 a ) Q| EH o) ) a ) o oo €] <
o B HO | Zz= oHg go 17 5] [7) e 3 5] o, o o
4] o5 | H @ > E 2 © o
3] R o
3]
A3-130 Bagdad, AZ 1967 0.2 © none 0.2 non 14 100 100 18 12 6.8 ... none
A3-515 Morenci, AZ 1957 0,6 O none 0.6 non .., ... .- . see  ere e .o
Cl1-160 Burbank, CA 1967 5.2 25 Alrcft. 2.0 sSum 2 2 500 88 82 7.2 0-20 trace
mfg.
C2-186 Colorado Springs, CO 1971 21 10 Plating,Z.d Win 8 2 650 50 20 6.9 225 P
Elect.
Mfg.
M2-130 Baltimore, MD 1942 170 4 [N 120 ... 46 44 450 75 100 7.0 5 x 106 trace
M4-510 Midland, MI 1968 6 10 none 6.0 Sum 25 25 450 ... 250 7.6 1000 none
N2-471 Las Vegas, NV 1958 27 0 none 3.8 Spr 21 18 985 ... . 7.6 ... .o
Sum
N2-470 Las Vegas, NV 1962 12.5 0 none 4.3 spr 19 22 1550 ... 330 7.6 ... .
Clark County San. Dist. Sum
02-250 Enid, OK 1954 5 23 een 2.0 .. 31 32 600 .. <. 7.4 . . e
T2-115 Amarillo, TX 1954 10 7 Meat, 4.5 ... 10 15 1400 300 300 7.7 O none
Laundry,
Food
®2-140 Big Spring, TX 1943 0.5 0 none 0.5 ,.. 35 30 960 ... oo 7.0 L. .
T2-202 Denton, TX 1972 6 1 Metals, 1.5 ,.. 30 38 127 ... 70 7.2 16,000 Cr,2n
Meat
T2-497 Lubbeck, TX 1938 6.5- 20 Dairy, 2.8 ... 18 20 1650 450 460 7.8 .. ..
Plating
T2-575 Odessa, TX 1956 6.5 1 Chro- 5.5 Sum 10 13 1300 ... 250 7.4 6 a 105 ...
mates
SYMBOLS IND Industrial NH3  Low NH3 Required
QUALITY MONITORING DEVICES IRR Irrigation OR Odor ?emoval
Cly Cl, Residual Analizer GRD Ground Water Recharge pH gH Adjustment Required ~
CON Conductivity Meter END USE SHD tate” Health Department Stds.
LAB Laboratory Analysis BOD Low BOD Regquiread ss Low SS Requl;ed
pH pll Analizer B Low Boron Required TDS Low TDS quulred i
TURE Turbidimeter cl Low Cl Required USPHS U.S. Public Health Stds.
PURPOSE OF REUSE DIS Disinfection Required SUPPLEMENTAL SUPPLY
DOM Domestic DWQ Drinking Water Quality Prs PrlvgteSSource
FISH Fish Habitation FD Free of Debris PS Public Source
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Table 25. (Continued)
PRODUCER INFORMATION MUNTICIPAL SEWAGE
REVENUE TREATMENT PLANT
(Cost Data SYSTEM USER INFORMATION DESIGN INFORMATION
Appe;gix )| RELIABILITY
QUESTIONNAIRE RESPONSE
D7 D8 El E2 |'E3| Fé6 F7 F9 Fl0 |F8 G5 F6 & 7 F8b 9 |Fl0 #NUNBER
[7F E
" n 3 8 o ] ﬁ g 4
nE 3]
BE |00 |27 )izalBals, B |22 (28]E )5 BB |mlnR G :
] Z &42 Z > ~ 2] ~ N
S “oS |8EEEE(SE 88 | aB (22 |52 |85 (B 5E | |Sefea copaezns 2
Ok Ol lux S EOH O 0
S uEn |GSESa|ZE|SE BB )55 |58 (55|58 B (ESlEmEd ;
[ AR BElezalHal & x| a og anogfAas B %) m[_@é 2
o5 BE |RE[ET|ER[E [8°|5%| a|E | & Al G s 8
BE b g ] 17 J 3} 2l H
cas eee ses «»s Yes IND No ... none 4 PCL,AS infin 1 Yes A3~13¢
e .o 0 none Yes IND none No  none none 1.5 PCL,TF none 2.5 No A3-515
43 31 0.5 pH Yes IND S8 Yes LAB pg [ PCL,AS none 1 Yes User Treatment: C1-160
TDS PPC shock chlorination,
BOD pH adjust., corro-
sion inhibitor
300 38 2 TURB Yes IRR Bop Yes LAB pg 2 PCL,TF, 3 3 No User Treatment: C2-186
pH IND ss CCOAG,pH, Cold lime, Filt.,
LAB PO CADS. MMF Carbon adsorption
MBAS
1.33 ... 0 ... Yes IND ... Yes none PS ... PCL, 75 5 Yes User Treatment: M2-130
TF (88%) sedimentation,
AS (12%) chlor., screening
3.33 0 none Yes IND .. . ... PS e ane tes  eea  aea M4-~510
20 42.5 Q LAB No IND BoD Yes LAB PS 30 PCL,TF none 1 Yes User Treatment: N2-471
Cl2 IRR sSs Cold lime clarif.
30 64 4} none Yes IND BOD Yes LAB ps 12 PpCL,TF 6 1.5 Yes User Treatment: N2-470
IRR ss Cold lime clarif.
7 5 e+e 4»s ... IND .., Yes LAB p3g 8,5 PCL,AS none 2 Yes User Treatment: 02-250
Chem. clarif.
23 145 0 §8§B Yes %gg BoD Yes LAB giw 15 PCL,AS 18 10 Yes  Multiple users  T2-115
H graduated charges
gl User Treatment:
2 cold lime, Alum
floc., Clar., Soft,
79 14.4 1 none Yes IND TDS Yes [LAB pS 1.4 PCL,AER 1 2 Yes  User Treatment: T2-140
P04 Hot lime, Hot zeo.,
Hard. Deaer., Anth. filt
80 10.8 67 ... Yes IND SS .., LAB PS ,.. PCL,AS 10 2 Yes User Treatment: T2-202
TDS Shock chlorin.,
PO, pH adjustment
119 42,7 1 Cl, Yes IND BOD Yes LAB PS 12 PCL,AS none 1-3 Yes User Treatment: T2-497
IRR ss Cold lime, pH
Cl adjustment, Anth-
pH Filt., Rev. Osmos.,
PO4 Zeolite
125 250 0 LAB Yes IND Alk Yes LAB pry 8 PCL,AS 15 0.5 Yes User Treatment: T2~575
Hard. Lime, Recarbona-
Ca tion, Zeolite
Mg
PO4
SF Sand Filter

QUALITY SAFEGUARDS
AUTO Automatic Testing
PPC
LAB
sT State Testing Only
TREATMENT PROCESSES
~PRIMARY TREATMENT
bCL
RSL

Raw Sewage Lagoon

Pre & Post Chlorination
Regular Lab Testing

Primary Clarification

—SECONDARY TREATMENT

AS
AER
TF

Activated Sludge
Reration Only
Trickling Filter

CCOAG Chemical Coagulation
OXPD Oxidation Ponds

-TERTIARY TREATMENT
ANTH Anthracite Filter

MMF

Mixed Media Filter

L

CADS Carbon Adsorption
CCOAG Chemical Coagulation
DAER Deaeration

IE

Ion

Exchange

LCOAG Lime Coagulation
PH Adjustment

pH
POL
RO

Poli
Reve

shing Ponds
rse Osmosis




Table 26. MAJOR INDUSTRY
CLASSIFICATIONS USING
MUNICIPAL WASTEWATER

Number Percent of total
Industry of plants volume reused
Basic Metal 1 74
Manufacturers
Power Generation 7 20
Petro~Chemical 5 5
Mining and Ore 2 1
Processing

Table 27. TYPE OF INDUSTRIAL
REUSE IN THE UNITED STATES

Number of Percent Reuse volume
Type of use plants(l) of total (mgd)
Boiler feed 3 17 1
Process 3 17 1
Cooling 12 66 154

(l)More than 15 because several reusers use
municipal effluent for more than one use.
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Table 28. MUNICIPAL EFFLUENT QUALITIES TO
INDUSTRIAL REUSE IN THE UNITED STATES
INDUSTRIAL USER AND APPLICATION
Bagdad El Paso
Copper Products City of
Corp. Company, City of Colorado
Bagdad, Odessa, Burbank, Springs,
PARAMETER Arizona Texas Calif. Colorado
Process Cooling & Cooling Cooling (R&D)
Boilers
BOD, ppm 14 10 2 8
SS, ppm 100 10-15 2 2
TDS, ppm 100 1300 500 650
Na, ppm 18 ... 88 50
Chlorides, 12 250 82 20
ppm
pH 6.8 7.4 7.2 6.9
Coliforms, 6 x 10° 0-20 225
MPN per
100 ml
Total .o 240 160 240
Hardness
PO4, ppm .o 44 20 1
Oréanic Nl LI e s ® 39 1‘5
ppm
Heavy oo . e trace trace
Metals,
ppm
Color, e e cee 5
units
MBAS, ppm cos .o cee 0.15
NH3, ppm . .. cee 27
NO3, ppm .o 18 .o 0.5
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Table 28. (Continued)
INDUSTRIAL USER AND APPLICATION
Nevada
Bethlehem Dow Power Co.
Steel Chemical Sunrise Champlin
Corp. Company Station Refinery
Baltimore,| Midland, Las Vegas, Enid,
PARAMETER Maryland Michigan Nevada Oklahoma
Cooling & Cooling Cooling Cooling
Process
BOD, ppm 46 20-30 21 31
SS, ppm 44 20-30 18 32
TDS, ppm 450 400-500 980-990 600
Na, ppm 75 »s 00 oo s L]
Chlorides, 100 200-300
ppm
pH 7.0 7.6 7.6 7.4
Coliforms, 5 x 106 <1000 ..
MPN per
100 ml
Total .o .o e .o
Hardness
PO4, ppm 12 e 15-20 .
Orgal’liC N’ * o o o » * o @ . e
ppm
Heavy trace none ce e PN
Metals,
ppm
Color, .o e s . ee e
units
MBAS, ppm .o . .o oo
NH3, ppm
NO;, ppm 4 . 1.0-3.4 .o
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Table 28. (Continued)
INDUSTRIAL USER AND APPLICATION
Southwestern
Public Southwestern
Service Co. & City of Public Cosden Oil
Texaco, Inc. Denton [Service Co. [ & Chem. Co.
Amarillo, Denton, Lubbock, Big Spring,
PARAMETER Texas Texas Texas Texas
Cooling Cooling Cooling & Boilers
Boilers
BOD, ppm 10 10 18 35
SS, ppm 15 38 20 10
TDS, ppm 1400 127 1650 960
Na, ppm 300 .o 4590 .
Chlorides, 300 70 460 .
ppm
pH 7.7 7.2 7.8 7.0
Coliforms, none 16,000 .o .
MPN per
100 ml
Total . . .. L.
Hardness
POy, ppm .o . 30-40
Organic N, .o . .- .
ppm
Heavy .. trace ... .
Metals,
ppm
Color, . .. .
units Tt
MBAS, ppm . .o . e
NH3, pPpm .- . eee ..
NO3, Pprm «en - s .
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FIGURE 17
COLD LIME CLARIFIER TO TREAT REUSED

WASTEWATER FOR COOLING TOWER MAKE-
UP.THE NEVADA POWER CO.,LAS VEGAS,NEV.

FIGURE I8

COLD LIME CLARIFIER (BACKGROUND)
AND ZEOLITE SOFTENERS TO TREAT
TREAT WASTEWATER FOR COOLING TOWER
AND BOILER FEED MAKE -UP.

EL PASO PRODUCTS, CO.,0DESSA, TEXAS
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Table No. 29 shows average sewage treatment plant effluent
quality (as measured by BOD and suspended solids) versus the
treatment required by the industrial plant to make the water
suitable for cooling tower makeup. The table shows that
superior quality sewage effluent, e.g., the city of Burbank,
California, can be used successfully with only an increase
in chlorine, acid, and corrosion inhibitors required to put
the effluent on almost equal status with fresh water. 1If,

Table 29. EFFLUENT QUALITY VERSUS USER
TREATMENT REQUIRED FOR COOLING
TOWER MAKEUP WATER

Effluent quality
mg/1
User treatment
Selected Users BOD | SS TDS processes
City of 2 2 500 Shock chlorination,
Burbank, CA pH adjustment, corro-

sion inhibitor

Nevada Power Co. 20 20 1,000- sShock chlorination,

Las Vegas, NV 1,500 lime clarification,
pH adjustment, corro-
sion inhibitor

Southwestern 10 15 1,400 Lime clarification,
Public Service pH adjustment, shock
Company chlorination, corro-

Amarillo, TX sion inhibitor

City of 30 30 130 Shock chlorination,
Denton, TX pH adjustment, corro-

sion inhibitor (Treat-
ment insufficient for
effluent of this gqual-

ity)
El Paso Products 10 13 1,300 Lime clarification,
Company pH adjustment, fil-
Odessa, TX tration, softening.

however, the treated sewage effluent is of average quality
or worse, then clarification treatment is necessary to
remove suspended solids and organics prior to use.
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Boiler Feed Makeup Water

The three industrial plants reporting the use of sewage
effluent for makeup to boilers are as follows:

Cosden 0il and Chemical Company
Big Spring, Texas

El Paso Products Company
Odessa, Texas

Southwestern Public Service Company
Lubbock, Texas

Each of the users provides substantial additional treatment,
the extent of which is dependent upon the type of boiler for
which the makeup water is intended. Low pressure boilers
successfully utilize effluents which have been clarified,
softened, and reduced in phosphates. High pressure boilers
require makeup water which has been given the additional
treatment step of dissolved solids removal, or deionization.
Table 30 tabulates the treatment processes and average re-
sults achieved by each user. For their high pressure
boilers, Southwestern Public Service Company and El1 Paso
Products produce water of less than 2 TDS. For their low
pressure boilers, Cosden 0il and Chemical Company and E1
Paso Products do not reduce total dissolved solids in the
reclaimed water prior to use.

In depth discussions of all facets of these three sophisti-
cated industrial reuse operations are presented in Appendix
A.

Processing Water

Three plants reported using reclaimed sewage effluent for
processing purposes, all in the mining and steel making
industries. These are:

Bagdad Copper Corporation
Bagdad, Arizona

Phelps Dodge Corporation
Morenci, Arizona

Bethlehem Steel Corporation
Baltimore, Maryland

The two Arizona plants utilize the sewage effluent in the
mining of copper.
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FIGURE 19
WATER TREATMENT EQUIPMENT TO PREPARE REUSED WASTEWATER
FOR BOILER FEED MAKE-UP USE.HOT LIME CLARIFIER
IN BACKGROUND AND ZEOLITE SOFTENERS IN FOREGROUND.
THE COSDEN OIL AND CHEMICAL CO., BIG SPRING, TEX.
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Table 30.

COMPARISON OF TREATMENT

PROCESSES UTILIZED FOR PRODUCING
BOILER FEED MAKEUP WATER FROM
MUNICIPAL SEWAGE EFFLUENT

Product
water
quality,
Company and boiler in ppm as
pressure Treatment processes CaCO3
Cosden 0Oil and Hot process lime clarifi- TDS, 443
Chemical Company, cation, anthracite fil- hardness,
Big Spring, TX tration, hot zeolite 0-2
(175 psig boilers) softening, and deaeration.
El Paso Products Cold lime clarification, DS, 1,000
Company recarbonation, anthracite, hardness,
Odessa, TX filtration, 2zeolite sof- 0-2
(200 psig boilers) tening, and deaeration.
El Paso Products All of above for low TDS, 0-2
Company pressure boilers plus hardness,
Odessa, TX demineralization through 0
(650 psig boilers) cation and anion ex-
changers.
Southwestern Public Cold lime clarification, TDS, 0-1
Service Company pH adjustment, reverse hardness,
Lubbock, TX osmosis, followed by 0

(1,500 psig
boilers)

demineralization with
cation and anion ex-
changes, and a mixed bed
exchanger for final
polishing.

Bagdad Copper Corporation pumps an average of 0.2 mgd of
secondary treated effluent to its' tailings pond, where it
is diluted approximately 20:1 with fresh water and used for

milling of copper.

Most domestic copper ore consists of low

grade copper sulfides that are concentrated by flotation.
Water for this purpose may be highly mineralized but it

should be free of acid, mud,

slime,

and particularly petro-

leum products that adhere to ore and change its specific

gravity.

Later in this process, water is required for a

leaching step where low pH and alkalinity are desirable.

The Phelps Dodge Corporation plant in Morenci uses 0.6 mgd
of primary treated domestic sewage effluent from the town of

Morenci.
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the mine leach dumps collecting copper values. .The pregnant
leach solution is then pumped to the precipitatlop plant
where it is reacted with recycled tin cans, removing the
copper. The precipitation plant wastewater is then recycled
back to the leach dump.

Bethlehem Steel Corporation uses the bulk of its' 170 mgd
inflow of treated sewage effluent for cooling purposes but
small amounts are also used for a variety of processes with-
in this fully integrated iron and steel plant. Specific
uses include gas cleaning, quenching, mill roll cooling,
bearing cooling, process temperature control, direct process,
de-scaling systems, mill hydraulic systems, fire protection,
air conditioning, and road equipment washing.

Reported details of effluent quality utilized by all three
of these process water users was given in Tables 25 and 28.

An additional use of reclaimed sewage for industrial pro-
cesses should be mentioned. Three petro-chemical plants,

as described in the previous section use sewage effluent for
boiler feed makeup water. The steam from these boilers, and
boiler blowdown, is used for

a variety of process pur- 5T
poses within the plants.

Transport distances are
often an important consid- a4
eration in the feasibility
of wastewater reclamation.
Figure 20 shows the dis-
tances of various indus-
trial -users from the
municipal suppliers. 1In
all reported cases the user
has been responsible for
financing the effluent
transport facilities.

NUMBER OF PLANTS

Storage facilities for the
reclaimed effluent were I
constructed by eight of
the industrial reusers.
Figure 21 illustrates the
range of storage facility | ; ?
sizes. 0-5 .5-I 1-2 2-4 4-6 OVER
DISTANCE TO REUSE (MILES) 6
FIGURE 20
TRANSPORT DISTANCE FROM TREATMENT
PLANT TO INDUSTRIAL REUSE
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ECONOMICS OF INDUSTRIAL WATER REUSE

Economics is the prime motivating force of industry and the
use of reclaimed wastewater is governed by the cost of al-
ternate water supply procurement and treatment. In loca-
tions where public water supplies of good quality and
guantity are available at low cost, treatment and reuse of
renovated water by industry
has not been economically
attractive. Thus, it is
not surprising that most
industrial users of treated
municipal effluent are in
the semi-arid southwestern
states where water costs
are relatively high and
water quality tends to be

poorer in terms of TDS and
hardness.

Several of the industrial
plants do not have an ade-
quate alternate source of
water and are strongly
dependent upon their sew-
age effluent supply. One
example of such a situa-
tion is Southwestern
Public Service Company's
power plant in Amarillo,
Texas. The public fresh 5 ! i :
water Supply is limited 0 5-1 i-5 OVER 5
and reclaimed effluent AVERAGE AVAILABLE STORAGE TIME (DAYS)

supplies 100% of their FIGURE 2I

Appendix A for discussion WATER SUPPLY FACILITIES

of the Amarillo operation.

Most of the other plants,

however, have chosen to

use reclaimed water because it is the cheapest source to
serve their needs.

NUMBER OF PLANTS

The cost of reclaimed water may be divided into two parts.
First, the cost of procuring the reclaimed water, including
payments to the municipality, construction of effluent
transportation facilities, and all other costs required to
deliver the effluent to the industrial plant site.

Second, the cost of treating the reclaimed water to make
its' quality suitable for the intended use.
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When comparing reclaimed water to fresh water, the cost of
procuring reclaimed water is virtually always less, however,
the cost of treatment is usually more. Table 31 shows re-
ported procurement costs and user treatment costs for indus-
trial plants. (In some cases, it was not possible to obtain
information pertinent to user treatment costs because of
company policy discouraging release of cost information.)

The total cost to the industry of procurement and additional
treatment varies from nothing to $821 per million gallons.

The purchase price for the municipal effluent is sometimes
tied to the cost of municipal sewage treatment, but avail-
ability of water in the area, local political situations,
quality of the effluent, and other factors in some cases
have significant effect. Disregarding Colorado Spring,
which is a pilot operation, the range in purchase price of
municipal effluent to industrial users is nothing to $144/pg
with a median of $79/MG.

Additional treatment costs generally comprise the largest
portion of the cost of reclaimed water to industry. The
treatment costs depend upon the end use gquality required,
the quality of the sewage effluent, the degree of treatment
required, the quantitv of water treated, and other factors.
For cooling water use in recirculating systems, the reported
industry treatment costs varied from $100/MG to $550MG.

The lower cost is for treatment of exceptionally high gqual-
ity effluent produced at Burbank, California, and the higher
cost is for a very sophisticated reclaimed water treatment
system at Odessa, Texas.

Both the exceptional secondary treatment at Burbank and the
extensive tertiary system at Odessa, Texas, are discussed as
field investigations in Appendix A.

For boiler feed makeup water use, Cosden 0il and Chemical
Company reported treatment costs of $742MG. Treatment
costs incurred at other plants treating a portion of the
effluent for boiler feed makeup water are estimated by SCS
Engineers to be in the range of $500MG to $1,000/ MG.

In this economics section primary emphasis has been made on
Fhe costs to the users. Various aspects of treatment costs
incurred by the municipalities supplying the effluent were
also summarized. None of the municipalities provided more
treatment than would be necessary for discharge to surface
waters. With only 15 plants represented, there is limited
statistical significance to the summary figures which are
as follows:
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Table 31.

INDUSTRIAL USER
COSTS FOR RECLAIMED WASTE

COosT TO USER TOTAL
USER PROCURE TREATMENT EFFLUENT
EFFLUENT COSsT CosT
($/MG) ($/MG) ($/MG)

Bagdad Copper Corp. 0 0 0
Bagdad, Arizona

Phelps Dodge Corp. 0 0 0
Morenci, Arizona

City of Burbank 43 100 143
California

City of Colorado Springs 320 .en e
Colorado

Bethlehem Steel Corp. 1.33(avg) N/A N/A
Baltimore, Maryland

Dow Chemical Co. 3.33(avg) N/A N/A
Midland, Michigan

Nevada Power Co. 25 193 225
Las Vegas, Nevada

Champlin Refinery 7 N/A N/A
Enid, Oklahoma

Southwestern Public 80 160 240
Service Co.

Amarillo, Texas

Texaco, Inc. 90 194 284
Amarillo, Texas

Cosden 0il & Chemical Co. 79 (avg) 742 821
Big Spring, Texas

City of Denton 80 100 18Q
Texas

Southwestern Public 144 160 304
Service Co.r Lubbock, TX

El Paso Products Co. 125 550 675

Odessa, Texas
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Municipal treatment costs and revenues for indus=-
trial uses, Figure 22,

. Effect of effluent
volume on munici- 8.26
pal treatment costs
for industrial re- [_Jcosts

use, Figures 23 REVENUES
and 24.

. Effect of plant
effluent volume on
industrial users
charges, Figure 25.

. User charges for
industrial reuse
relative to levels
of treatment,
Figure 26.

. User charges for
industrial reuse
relative to TDS 008
and BOD concentra-

tiong, Figures 27 0.02 0.01
and 2é J ) COOLING PROCESS BOILER

FIGURE 22 FEED
As with irrigation reuse, MUNICIPAL. TREATMENT COSTS AND
the revenue received by REVENUES FOR INDUSTRIAL USES
the municipalities from
industrial reusers is less
than the cost of treatment
to the municipality. However, in all cases the municipality
would have had to provide equivalent treatment prior to dis-
charge in any case, so any revenues for sales of effluent
are a bonus to the local municipal taxpayers.

TOTAL ANNUAL DOLLARS (IN MILLIONS)

Treatment costs per unit volume treated decreases, as volume
increases, which is expected.

Corrolations between municipal effluent guality and cost to
the user were as expected when measured by BOD, i.e. costs
of low BOD effluent is more than high BOD effluents. When
quality is measured in TDS, however, the cost relationship
is contrary to what would be expected, i.e. the wastewater
with high TDS sold for a higher price than the low TDS
wastewater. This apparent incongruity is caused by the
small sample of plants being considered, and the many fac-
tors influencing costs other than effluent qualitv. In the
desert, even poor quality water is at a premium.
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SECTTON IV

RECREATTON REUSE

INTRODUCTION

Recreational uses of renovated wastewater include the fol-
lowing:

. Recreational lakes without sanctioned boating,
fishing, or body contact, but with possibility of
some inadvertent public contact. For example, lakes
with shoreline picnic areas. It is assumed there is
little significant risk of injestion.

. Recreational lakes with boating and fishing allowed,
but no swimming. It is assumed that there is a
significant risk of injestion and that the fish will
be eaten by the fishermen.

. Recreational lakes with swimming, i.e., total immer-
sion.

. Reclaimed wastewater lakes ‘used only for incidental
fishing.

. Irrigation of landscaping vegetation located in
recreational areas.

Reclaimed wastewater lakes used only for incidental fishing
are described in Chapter VI, and reuse for irrigation of
recreational facilities (e.g., golf courses) is covered in
Chapter IT. This chapter will discuss three projects as
listed in Table 32 which have made valuable contributions
to the future development of recreational lakes composed of
treated municipal wastewater.

The Tahoe and Santee projects are well publicized and were
not field investigated as part of this study. Information
on the@ﬁ%two operations is thus based upon returned ques-
tionnaiﬁﬁs and technical literature sources. The reuse pro-
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gram at Lancaster, California, is discussed in depth in

Appendix A.

Table 32. RECREATIONAL REUSE OPERATIONS

Level of

Reuse volume municipal
Municipal plant location (mgd) treatment
Los Angeles, California 0.5 Tertiary
(L.A. Sanitation District
Lancaster Plant)
Santee, California 1.0 Tertiary
(Santee County Water
District
Lake Tahoe, California 2.7 Tertiary

(South Tahoe PUD)

REQUIRED QUALITY CRITERIA

For recreational use, general water characteristics of con-

cern include the following:

Dissolved oxygen concentrations must always be
above levels required to support game fish.
Therefore, the organic strength, e.g., BOD, of the

effluent must not exert

an oxygen demand which

lowers dissolved oxygen concentrations below accept-
able levels. In addition, dissolved oxygen levels
can be effected seriously by heavy algae growth or
formation of an ice covering.

Nutrients, e.g., nitrogen and phosphate compounds,
stimulate unaesthetic algal growth and accelerate

eutrophication.

Ammonia in small concentrations can be very toxic
to fish. The level of toxicity depends upon other
water characteristics, including pH, dissolved oxy-
gen and carbon dioxide concentrations.

Fecal coliforms are indicative of the presence of
pathogenic bacteria and viruses which can cause ill-
ness to persons coming in contact with the water.
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Toxic materials, e.g., heavy metals and chlorinated
hydrocarbons, if present in water or bottom muds can
be concentrated to deliterious levels in the aquatic
food chain.

Water quality standards for municipal effluents supplying
recreational lakes have thus been generally established to
prevent introduction in detrimental qualities of the con-
stituents listed above. 1In Table 33 are shown the standards
set for the Lake Tahoe and Lancaster, California projects.
To emphasize the stringency of the effluent standards shown
in Table 33, a comparison may be made with Table 34 which
shows the standards recommended by the California State
Water Quality Control Board for water recreational areas
where sewage is not being reclaimed. The water quality
standards for recreational waters composed of reclaimed
wastewater are obviously much more stringent than the qual-
ity recommendations for ordinary recreational waters.

CURRENT OPERATIONS

In the following three subsections the facilities at Santee,
Lake Tahoe and Lancaster, California are briefly described.
Certainly any municipality which is seriously considering
the use of reclaimed effluent for a recreational lake in-
volving body contact should contact these agencies operating
the lakes directly in order to obtain complete information.

Sanitation Districts of Los Angeles County

A very interesting recreational lake project has been initi-
ated by the Sanitation Districts of Los Angeles County
utilizing oxidation pond effluent from their Lancaster,
California water renovation plant. The project is described
in detail in Appendix A. Over four years of study and pilot
plant experimentation was conducted to determine optimum
tertiary treatment design factors and the feasibility of
economical renovation of oxidation pond effluent to meet
quality standards. Much of the research and development

was conducted under EPA grants, and is detailed in reports
prepared for EPA.(2) The treated water is purchased by the
county of Los Angeles for their Apollo County Park, an aqua-
tic recreational park featuring boating and fishing.

The tertiary processes at Lancaster as illustrated in Figure
24 include pre-chlorination, flocculation with alum, sedi-
mentation, filtration, and disinfection. The product water
quality objectives include the following criteria:

. Turbidity - 5.0 JTU's
. Coliform organisms - 2.2 per 100 ml
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Table 33.

WATER QUALITY REQUIREMENTS

FOR SOUTH TAHOE AND LANCASTER

South Tahoe
and Lancaster

South Tahoe

Parameter
USPHS
Lahontan drinking
RWQCB * Alpine County | water
Turbidity, JTU 3-10 5 5
POg, mg/1 0.1-0.5 no -
requirement
pH 6.5-7.0 6.5-8.5 6.0-8.5
BOD, ppm 5-10 <5 -
COD, ppm 45-75 <30 -
DO, ppm 7-15 - 4-7.5
Algae, counts/ml 0-10,000 - -
Coliforms, MPN/100 ml 0-2.2 adequate 1
disinfection
Temperature, ©C 10-30 - -
SS, ppm 10 <2 -
TDS, ppm 500-650 - 500
Ammonia Nitrogen, ppm 0.1-15.0 - -
Organic Nitrogen, ppm 1.0-3.0 - -
Nitrate Nitrogen, ppm 1.0-4.0 - 45
Total Nitrogen, ppm 3-20 - -
Total Alkalinity, ppm 74-140 - -
Hardness, ppm 85-110 - -
MBAS, ppm 2- <0.5 -
Boron, ppm 0.8-1.4 - -
SAR 5-7 - -
Residual 0.5-2.5 - -
Chlorine, ppm
CO2, ppm 1 - -
ABS, ppm 7-15 - 0.5

*In California, gquality standards for the plants discharging
effluent to recreational lakes are set by regional water

quality control boards.
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Table 34. WATER QUALITY RECOMMENDATIONS
FOR RECREATIONAL USES (1)

Water contact Boating and aesthetic
Parameter

Noticeable | Limiting Noticeable | Limiting

threshold threshold | threshold threshold
Coliforms, MPN per 100 ml 1,000%* #
Visible solids of sewage origin None None None None
ABS (detergent), mg/liter 1=* 2 1* 5
Suspended solids, mg/liter 20%* 100 20%* 100
Flotable o0il and grease, mg/liter 0 5 0 10
Emulsified o0il and grease, mg/liter 10%* 20 20%* 50
Turbidity, silica scale units 10%* 50 20%* +
Color, standard cobalt scale units 15% 100 15%* 100
Threshold odor number 32%* 256 32% 256
Range of pH 6.5-9.0 6.0-10.0 6.5-9.0 6.0-10.0
Temperature, maximum ©C 30 50 30 50
Transparency, Secchi disk, ft - - 20% +

*Value not to be exceeded in more than 20 percent of 20 consecutive samples,

nor in any 3 consecutive samples.

#No limiting concentration can be specified on the basis of epidemiological

evidence, provided no fecal pollution is evident. (Note:

Noticeable

threshold represents the level at which people begin to notice and perhaps
to complain. Limiting threshold is the level at which recreational use in

surface waters would impede use.)

+No concentrations likely to be found in surface waters would impede use.
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. Total phosphates - 0.5 mg/1l
. Ammonia - 1.0 mg/1l

Quality characteristics of the tertiary treated effluent and
the lake water are summarized in Table 35, which shows that
the effluent quality objectives have been accomplished. As
detailed in the Appendix A case study, however, a careéeful
program of oxidation pond management is required due to sea-
sonal changes in the ammonia concentration and TDS of the
oxidation pond effluent.

Low TDS, low ammonia water is stored at the treatment plant
in the fall and used to dilute otherwise unsatisfactory ef-
fluent during the winter months. A heavy irrigation program
is also encouraged at the receiving lakes to keep the water
moving, thereby reducing the increase in dissolved solids in
those waters.

During the winter months, green algae predominate in the
oxidation ponds. These species of algae are easilv removed
in the tertiary plant by flocculation and filtration and
cause no problems. IHHowever, with the advent of warmer tem-
peratures blue-green algae (anacystic and oscillatoria) be-
come prominent and initially caused difficulties. Blue-
green algae do not flocculate and settle as readily as the
greens and because of their size and shape, they pass
through the dual media filter and cause an increase in tur-
bidity. To counteract this problem, a pre-chlorination pro-
gram prior to flocculation was initiated and the problem has
been virtually eliminated. With pre-chlorination, the or-
ganisms flocculate and settle well and once settled they do
not gas as they did previously.

South Tahoe Public Utility District

The best documented (4,5,6) tertiary treatment process in
the nation is found at South Lake Tahoe Sanitary District,
California where five tertiary treatment steps are combined
to provide exceptionally high quality effluent. Figure 30
on the following page illustrates the treatment of activated
sludge effluent by chemical coagulation for phosphate and
nitrogen removal, filtration, carbon adsorption, and chlor-
ination. This plant also utilizes advanced sludge handling
techniques, lime recalcination and carbon reactivation.
Much of the research and demonstration work has been funded
by EPA.

Shortly before 1950 the regulatory agencies of Nevada and
California responsible for protecting the waters of Lake
Tahoe reached agreement that no sewage would be allowed to
enter the surface waters of the Lake Tahoe Basin. Except
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for accidents, this policy has been adhered to throughout a
period of rapid growth in the Basin. In 1968 the District
placed their tertiary system in operation and began to ex-
port water from the Tahoe Basin into Alpine County. The
treated effluent is pumped 14 miles through a lift of 1,470
feet, and then flows through gravity pipeline an additional
13 miles to Indian Creek Reservoir. Indian Creek Reservoir
has a capacity of 3,200 acre feet. It is approved for body
contact sports (swimming) and is reported to boast excellent
trout fishing.(7) Table 35 shows typical effluent charac-
teristics of the South Tahoe treatment plant.

Santee County Water District

This project is justifiably famous for its' pioneering work
in the reclamation of domestic sewage for recreational
lakes. Since 1961, Santee has provided much of the research
and development data utilized to answer questions regarding
the potential health hazards involved in public use of
recreational lakes composed of treated wastewater. The
Santee lakes have been used progressively for recreational
activities involving increased human contact as laboratorv
results and epidemiological information indicated that such
activities could be conducted without health hazard. The
lakes are now used for boating and fishing with associated
activities along the shoreline but are not open for whole-
body water contact sports. In 1965, an area adjacent to one
of the lakes was equipped with a separate flow-through
swimming basin which used reclaimed water that was given

FIGURE 3{
RECREATIONAL LAKES OF RECLAIMED WASTEWATER AT SANTEE, CA.
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additional treatment by coagulation, filtration, and
chlorination.

Among the most significant data developed by the Santee pro-
ject were studies of virus survival. The virus study (8)
concluded that the oxidation pond and percolation zone were
efficient in removing bacteria and virus. No virus were
found in the recreational lakes or in the swimming pool. 1In
concurrent studies, (8) no epidemiological evidence of ill-

ness was found.

As shown in Figures 32 and 33 effluent from the Santee
activated sludge plant is discharged to a 30 MG oxidation
pond. Effluent from the pond is the pumped one half mile to
three acres of percolation beds located upstream from the
recreational lakes. The down-canyon flow from the beds per-
colates horizontally underground through the natural sand
and gravel strata for distances that have varied from 400 to
1,500 feet. The vertical drop is approximately 15 feet.

The underground flow is intercepted by large collection
ditches. 1Intercepted flow is essentially 95 percent waste-
water except during periods of heavy rainfall. The col-
lected water is chlorinated in a contact chamber prior to
entry into the uppermost of four recreational lakes or to
tertiary treatment at the swim basin described above. The
four lakes are arranged in series and range in capacity from
12 to 18 MG and in surface area from 6 to 10 acres.

Plant Performances

Typical effluent quality is shown in Tables 35 and 36 for
each of the three plants supplying reclaimed water for
recreational lakes. While each plant meets most of its
quality objectives the great majority of the time, specific
problems have been encountered. Lancaster reports that the
ammonia levels are occasionally excessive during the winter
months while turbidity is consistently above limits. The
Lancaster effluent also has a high chlorine residual and
high carbon dioxide concentration, both of which drop to

acceptable levels in the recreational lakes. The lakes,
however, show excessive turbidity and total dissolved
solids. These problems, and others discussed previously,

cause the effluent to be substandard 15 percent of the time.
The Santee County Water District reports that the TDS dis-
charge requirement set by the Regional Water Quality Control
Board has been difficult to meet. The high saline level of
the local water supply is responsible for the situation.
Also noted are algae blooms in the lakes, especially during
the summer months.
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Table 35.

WASTEWATER FOR RECREATIONAIL IAKES

TYPICAL PLANT PERFORMANCE SUPPLYING

LANCASTER WATER RENOVATION PLANT

PARAMETER

PLANT LAKE 1 | LAKE 2 | LAKE 3

EFFLUENT
Temp., °F 38 36 36 35
Turbidity, JTU 1.5 23 22 25
pH 6.15 7.70 8.59 8.62
DS, mg/l 544 843 932 8§51
55, mg/1 5 28 32 32
Alkalinity, mg/l CaCOj 65.1 148 167 150
Boron, mg/l 0.74 1.33 1.52 1.29
CO2, mg/l 67.58 2.64 0 0
Chlorine Demand/hr., mg/l 0 0.99 1.01 0.96
Chlorine Residual, mg/1l 3.4 0 0 0
Total Hardness, -mg/l CaCoj, 68 117 128 121
MBAS, mg/l 0 0.1 0.1 0.1
Amonia Nitrogen, mg/1l 1.0 1.0 1.2 1.2
Organic Nitrogen, mg/1l 1.7 2.0 2.0 1.9
Nitxite Nitrogen, mg/l 0 0.02 0.03 0.03
Nitrate Nitrigen, mg/l 1.9 1.2 0.8 1.1
BOD, mg/l 0.4 2.2 1.4 1l.9
Total COD, mg/l 35 45 51 49
DO, mg/l 12.4 10.5 11.7 12.1
Ortho Phosphate, mg/l 0.21 0.26 0.25 0.20
Total Phosphate, mg/l 0.29 0.38 0.43 0.40
Potassium, mg/1l 16 20 19 18
Sodium, mg/l 158 238 239 237
Sodium Equiv. Ratio, % Na 79.5 78.6 77.3 78.2
Coliforms, MPN/100 ml <2.2 2.2 <2.2 <2.2
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Table 35. (Continued)
Santee
So. Tahoe P.U.D. Co. W.D.
Parameter
Indian Oox. After
Plant creek pond infil- Lakes
effluent resv'r effluent tration system
Temp., OF 4-22
Turbidity, JTU 0.3-0. 30 5 0-20
pH 6.9-8. 8.4 7.7 7.7 8.8
TDS, mg/1l 250 120-416 1,168 1,150 1,150-1,600
5SS, mg/1 0 3.4 8.6 S 10
Alkalinity, mg/l CaCojg 187-308 125 250 240 50-170
Boron, mg/l
CO5, mg/1 5.6 2.4 0
Chlorine Demand/hr., mg/1l
Chlorine Residual, mg/1 0.6-2.2 0 0 0.01
Total Hardness, mg/l CaCOj3 110-164 380 400 210
MBAS, mg/l 0.19-0.45
Anmonia Nitrogen, mg/1l 23.0-35.0 3.6 22.3 0.36 0.1-1.0
Organic Nitrogen, mg/1l 0.9
Nitrite Nitrogen, mg/1l 0.01-0.27 0.2 0.02 0.01 0.01
Nitrate Nitrigen, mg/1l 0.1-0.9 2.8 1.0 1.0 1.0
BOD, mg/1 0.7-3.2 6.6 5.0 3.5
Total COD, mg/1l 12.0-28.7 22 41
DO, mg/1 9.8 6.0
Ortho Phosphate, mg/1l 0.05
Total Phosphate, mg/1l 0.17-0.41 0.09 8.0 3.6 0.1-4.2
Potassium, mg/1l
Sodium, mg/1l <5 207
Sodium Equiv. Ratio, % Na
Coliforms, MPN/100 ml <2 <2 <2.2
Ammonium & Ammonia Nitrogen 0.1-1.2 3.3-4.0
Chlorides mg/l 30 21.8 230 250 270-480
Sulfates mg/1l 15-36 450 340 380-575




Table 36.

HEAVY METAL CONCENTRATIONS

IN PLANT EFFLUENTS USED IN
RECREATIONAL LAKES, mg/l

Maximum
Santee U.S.P.H.S.
So. Tahoe Lancaster County drinking

Parameter P.U.D. W.R.P. W.D. water
Arsenic <0.005 0 0 0.05
Chromium*t® < 0.0005 0 0 0.05
Copper 0.0116 0.04 0 1.0
Iron <0.0003 0.22 0 0.3
Manganese 0.002 0.03 - 0.05
Selenium <0.0005 0 - 0.01
Silver 0.0004 - - 0.05
Zinc <0.005 0.24 0 5.0
Bromine 0.065 - - -
Uranium 0.0015 - - -
Cobalt 0.00022 - - -
Cesium 0.000006 - - -
Mercury <0.0005 - - -
Rubidium 0.010 - - -
Scandium 0.000001 - - -
Antimony 0.00044 - - -

The South Tahoe Public Utility District reports no adverse
conditions in either the plant effluent or the reservoir in
Alpine County since the installation of an ammonia stripping
process. Prior to that, a major fish kill at Indian Creek
Reservoir occurred during the winter of 1971. An 8 inch ice
cover on the reservoir melted very rapidly releasing a surge
of nutrients and NH3 into the water and approximately 5 to
10 percent of the fish in the reservoir were killed.

Final disposal of the water following detention in the rec-
reational lake is an important consideration in overall uti-
lization by reuse. The one billion gallon capacity Indian
Creek Reservoir retains water for an average period of 7
months between complete turnovers. Final disposal is to
Indian Creek from which farmers extract a portion for their
irrigation needs. Santee maintains an average 16 day reten-
tion followed by final disposal through turf irrigation and
discharge to the San Diego River. The Lancaster Water Reno-
vation Plant has no receiving stream for its final disposal,
so it must depend upon irrigation practices to assimilate
the stored effluent.
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All three of the plants provide advanced laboratories
equipped to perform the tests required to monitor treatment
performance. Chemists have a program of routine sampling
established for all the parameters described previously in
this chapter. As exemplified by the Lancaster operation,
sampling is necessary at both the plant effluent point and
within the reservoir.

Unofficial Recreational Use

The operations describe in this chapter are plants official-
ly supplying effluent for recreation. An unknown number of
plants producing high quality effluent provide recreational
water on an unofficial, informal or illegal basis. Figure
34 illustrates such a case where children have climbed a
fence to frolick in the effluent from the Whittier Narrows
Water Reclamation Plant in Los Angeles County.

FIGURE 34
CHILDREN FROLIC IN TREATED EFFLUENT
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The heavy use of municipal sewage ponds by ducks, and other
game birds, has been reported. The ponds are thus contrib-
uting to wildlife conservation and American outdoor recrea-
tion. Thousands of these birds are killed and consumed
annually by hunters. A public health concern exists since
lead shot will drive bacteria from feathers into the body
of the duck. Also, the ducks may build up high concentra-
tions of toxic elements and organic compounds, if such dele-
terious compounds are significantly present in the sewage
pond the ducks inhabit. No research into these potential
health hazards has been reported. (9)

ANALYSIS OF CURRENT ECONOMICS

Table 37 summarizes treatment costs reported by the three
plants supplying effluents used in recreational lakes. Of
interest are the bottom lines of Table 37 which contrast

the comparatively low cost of the Lancaster treatment opera-
tion relative to the more sophisticated operations at Tahoe
and Santee. The Lancaster plant, which uses simple chemical
flocculation and filtration following oxidation ponds, pro-
duces effluent for about $150/MG including amortization.
Operating costs are also much less at Lancaster than at
Tahoe or Santee.

A major reason behind the high cost of treatment at South
Tahoe P.U.D. is that the present volume of 2.7 mgd is far
below the plant design capacity of 7.5 mgd. The District
believes its costs will be reduced to approximately $320/MG
when the plant reaches full design capacity.
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Table 37.

TREATMENT COSTS REPORTED BY TERTIARY

PLANTS SUPPLYING EFFLUENTS USED IN RECREATIONAL LAKES

Plant
Santee
Parameter County
South Tahoe P.U.D. Lancaster W.R.P. W.D.
Year built 1959 1965 1967 1958 1959 1960 1969 1967
Original cost 2.0 1.0 2.5 .687 .063 .069 .248 2.0
(millions)
Sewerage const. 1.66 1.54 1.44 1.69 1.66 1.64 1.30 1.44
cost index ratio
(Jan. 1972/yr
built)
January 1972 3.32 1.54 3.60 1.16 0.10 0.11 0.32 2.88
equivalent cost
Annual capital 247,506 114,807 268,380 86,478 7,455 8,200 23,856 214,704
amortization
5.5%-25 years
1971 annual
operating costs
labor - 30,503 78,040
supplies - 8,883 30,141
utilities - 12,634 43,175
other - 12,217 171,727
total 238,600 64,237 (sec.) 323,083
28,273 (tert.)
Total annual cost 869,293 218,499 537,787
including
amortization
Annual effluent (mg) 986 1,460 1,205
Effluent cost 882 150 446
w/amortization
($/mg)
Effluent cost 242 63 268

w/0 amortization
($/mg)
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CHAPTER V

DOMESTIC REUSE

INTRODUCTION

Great controversy surrounds the subject of domestic reuse
of wastewater for potable purposes. A recent study in
California, () documented public attitudes in that state
toward various uses of reclaimed wastewater. It was found
that opposition to the use of reclaimed water is generally
dependent upon the likelihood or extent of personal contact.
Non-potable domestic uses such as lawn irrigation and toi-
let flushing were opposed by less than 4 percent of the
respondents, home laundry by 20 percent, and potable reuse
was opposed by over 55 percent of all respondents.

It is not within the scope of this study to enter into the
controversy over technical capability, health hazards or
public acceptability of domestic reuse of reclaimed water.
This chapter briefly describes the well known operation at
Windhoek, South West Africa, which is the only current exam-
ple of direct potable reuse of municipal wastewater. In
addition, the non-potable domestic reuse program managed by
the National Park Service at Grand Canyon National Park is
discussed. The Grand Canyon operation is described in de-
tail in Appendix A, Field Investigation Reports.

Table 38 summarizes treatment and volume reused for these
systems,

Table 38. INVENTORY OF DOMESTIC REUSE OPERATIONS

Level of
Reuse Volume | Municipal
Municipal Plant Loc¢ation (mgd) Treatment
Windhoek, South West Africa 0.59 Tertiary
Grand Canyon, AZ (National Park '
Service) 0.03 Tertiary
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One other documented example of potable reuse, although of
short duration, was that at Chanute, Kansas. 5 A severe
drought from 1952 to 1957 forced this town of 12,000 inhabi-
tants to make almost direct potable use of the effluent

from its sewage treatment plant during a 5 month period.
When the Neosho River, the normal water source, went dry

in the summer of 1956, chlorinated effluent from the second-
ary treatment plant was collected behind a dam in the river
bed. The residence time in this pond was approximately
seventeen days. The water was then coagulated, settled,
filtered, and chlorinated at the water treatment plant for
distribution to the community as the potable supply.

The tap water never failed to meet Drinking Water Standards.
However, it had a pale yellow color, an unpleasant musty
taste, and frothed when drawn into a glass. It was high

in chlorides, sodium, total solids, and organic content.
Coliform organisms were found on three different days, but
MPN levels were within standards.

Algae were present from 2,000 to 45,000/ml. A few live, un-
identified amabae and small nonpathogenic worms were re-
covered. No viruses were identified.

Public acceptance was poor and sales of bottled water flour-
ished. Seventy private wells were drilled (although most
of the water from this source was found too mineralized

to be palitable).

One year later local and federal health authorities met
with the local medical society. It was the consensus that
no illness could be traced to the water supply, even though
many patients blamed the water for illnesses they acquired.

Ten years later, Carl E. Workman, Superintendent of the
Water Plant, stated in a telephone interview that apparently
no chronic ill effects had ever been discovered due to the
drinking of reclaimed water during the 5 month emergency
period.

QUALITY CRITERIA

Criteria for the reuse of municipal wastewater for domestic
purposes is recognized by authoritative sources to be lack-
ing. The USPHS drinking water standards are ineffective in
stipulating limits for treated wastewater constituentsi the
standards, in fact, exclude wastewater by definition.

The operation at Windhoek, South West Africa is currently

the only officially-recognized, full-scale potable reuse
facility in the world; and, even at Windhoek, the treated
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wastewater is diluted 7.5 to 1 with fresh water before being
supplied to the city.

The World Health Organization (WHO) sets the standards for
the Windhoek water supply. Portions of the WHO standa;ds
and the USPHS Drinking Water Standards, are presented in

Table 39.

Table 39. WHO AND USPHS DRINKING WATER STANDARDS

Regulatory Agency

WHO USPHS
Parameter, mg/1 Acceptable Allowable
pH 7.0-8.5 6.5-9.2 6.0-8.5
Color 5 50 15
Turbidity 5 25 5
TDS 500 1,500 500
Sulfates 200 400 250
Chlorides 200 600 250
Nitrates - 45 45
Ammonium Nitrogen 0.5 - -
Kjeldahl Nitrogen 1.0 - -
COD 10 - -
BOD 6 - -
DO - - 2-7.5
ABS 0.5 1.0 0.5
Coliforms - - 1

The United States Environmental Protection Agency's "Policy
Statement on Water Reuse" (July 7, 1972) states in regard
to potable reuse as follows:

"We do not have the knowledge to support the direct
interconnection of wastewater reclamation plants in-
to municipal water supplies at this time. The pota-
ble use of renovated wastewaters blended with other
acceptable supplies in reservoirs may be employed
once research and demonstration has shown that all
of the following conditions would be met:

a. Protection from hazards to health

b. Offers higher quality than available conventional
sources

c. Results in less adverse ecological impact than
conventional alternatives

d. Is tested and supplied using completely depend-
able chemical and biological control technology
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e. Is more economical than conventicnal sources
f. 1Is approved by cognizant public health authori-
ties."

The joint AWWA-WPCF statement on domestic reuse is somewhat
different from the EPA statement and reads as follows:

"WHEREAS: Ever-greater amounts of treated wastewaters
are being discharged to the waters of the nation and
constitute an increasing proportion of many existing
water supplies, and -

WHEREAS: more and more proposals are being made to
introduce reclaimed wastewaters directly into vari-
ous elements of domestic water-supply systems, and

WHEREAS: the sound management of our total available
water resources must include consideration of the
potential use of properly treated wastewaters as
part of drinking-water supplies, and

WHEREAS: there is insufficient scientific informa-
tion about acute and long-term effects on man's
health resulting from such uses of wastewaters, and

WHEREAS: fail-safe technology to assure the removal
of all potentially harmful substances from waste-
waters is not available,

NOW THEREFORE BE IT RESOLVED: that the AWWA and WPCF
do hereby urge the federal government to support im-
mediate multi-disciplinary national effort to pro-
vide the scientific knowledge and technology rela-
tive to the reuse of water for drinking purposes 1in
order to assure the full protection of the public
health."

It is expected that more definitive quality standards for
both potable and non-potable domestic reuse will be forth-
coming.

ANALYSTS OF CURRENT PROCESS PRACTICES

South Africa

In South Africa, the need for additional water supplies has
instigated substantial research into water reclamation. The
only known operation reclaiming sewage directly for potable
use on a permanent basis was put on stream in Windhoek,
South West Africa, during the late 1960's. The design capa-
city of the Windhoek plant is 1.17 mgd and during the first
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two years of operation, the reclamation plant has contrib-
uted an average of 13.4 percent of the total local water
consumption.

Figure No. 35 on the following page, schematically illus-
trates the plant processes., Following conventional second-
ary treatment by trickling filtration and maturation (oxida-
tion) ponding, the water is sent through a tertiary plant
consisting of the following unit processes:

. pH correction with carbon dioxide

. Algae flotation (aided by alum sulphate)
. Foam fractionation

. Lime flocculation

. Breakpoint chlorination

. Sedimentation

. Rapid sand filtration

. Activated carbon adsorption

. Post chlorination

A key element in the process chain is the stimulation of
algae growth in the maturation ponds in order to remove
nutrients. The maturation pond effluent is then subjected
to extensive treatment to remove algae, settleables, and
suspended solids. Referring to Figure 35, it is seen that
breakpoint chlorination is practiced to provide a free
chlorine residual through the sand filters and oxidize
ammonia-nitrogen. Carbon adsorption and final chlorina-
tion to a free chlorine residual of 0.5 mg/l completes the
treatment process. Two chlorine residual recorders with
alarm actuators ensure proper chlorination.

The typical plant effluent quality attained from the Wind-
hoek facility is shown in Table 40. A comparison with the
WHO limits previously shown in Table 39, shows that Wind-
hoek exceeds the "acceptable" values for color, TDS, COD,
and ABS; however, stays well under the "allowable" limits.
Subsequent blending of the effluent into the normal potable
supply from Goreangab Dam improves all quality parameters

of the combined water to better than the WHO "acceptable"
values. Average percentage of reused water in the combined
water is 13 percent with a reported range of 0 to 28 percent.

Problems experienced at the Windhoek plant include the fol-
lowing:

- Mechanical failures in the algae flotation and foam
fractionation units (now corrected)

. Tertiary plant shutdown for activated carbon regen-
eration

926



GRIT PRIMARY TRICKLING SECONDARY
CHAMBER CLARIFICATION  FILTER CL ARIFICATION
TANK TANK

A

MATURATION  PONDS

BREAKPOINT
CHLORINATION
{
RECARBONATION  ALGAE ABS LIME
TANK TANK
DOMESTIC CL.Z
WATER
FROM WATER
TREATMENT
CLEAR
PLANT WATER ACTIVATED RAPID FINAL
SUMP CARBON SAND CLARIFICATION
FILTERS FILTERS  TANK
Lo
CL TO
2 CITY
RESERVOIR CITy
FIGURE 35

GAMMAMS SEWAGE PURIFICATION WORKS
WINDHOEK, SOUTH WEST AFRICA

97



Table 40. TYPICAL QUALITY OF EFFLUENTS
FROM WINDHOEK AND GRAND CANYON

Facility
Parameter, mg/1l Windhoek ] Grand Canyon
pH 7.8 6.9-7.2
Color 8 -
Turbidity 4 -
TDS 540 616
Sulfates 125 -
Chlorides 62 200
Nitrates 9 -
Ammonium Nitrogen 0.2 -
Kjeldahl Nitrogen 0.5 -
COD 14 -
BOD 0.3 5-10
DO - -
ABS 0.7 -
Coliforms 0 0
Sodium 76 -
Potassium 19 -
Phosphates 0.016 -

Excessive maturation pond ammonia levels during win-
ter months, making treatment to reuse levels uneco-
nomical

As a result of these problems, the plant has operated at
only 50 percent of design capacity.

The plant also experiences substantial water losses in the
algae flotation and foam fractionation units and backwash of
sand and activated carbon filtration systems. These losses
account for over 10 percent of the plant influent volume.

The Windhoek water reclamation plant operated from October
1968 until the end of 1970. Towards the beginning of 1971,
the loading on the conventional sewage treatment works had
increased to such an extent that the quality of the matura-
tion pond effluent did not comply with the water quality
specifications of the reclamation plant. Reclamation of
treated sewage effluent was therefore stopped temporarily
pending upgrading of the conventional sewage treatment
facilities. In addition, increased rainfall in the area
eliminated the urgent need for water reclamation. The plant
will be commissioned again upon expansion of the conventional
treatment works.

98



All information on the Windhoek plant presented in the
foregoing section was derived from the technical litera-
ture. (2I r7l 8’

Grand Canyon Village, Arizona

The Grand Canyon, Arizona, wastewater treatment facility,
operated by the National Park Service, provides water for
direct, non-potable domestic uses. (A field investigation

is included in Appendix A of this report). During the May
through September high-use season an average of 30,000 gpd

of reclaimed water (approximately 7 percent of the total water
demand during the period) is used for: toilet flushing, car
washing, irrigation, construction, and stock watering. All
water use decreases significantly during the winter months.

The largest single use of the effluent is for flushing pub-
lic toilets in the older lodges, motels, dorms, and cafe-
terias within the village. Irrigation of the high school
football field and landscaping is another major use of re-
claimed water, and minor guantities are used for vehicle
washing and road construction.

Treatment consists of conventional activated sludge followed
by anthracite filtration and final chlorination to a high 5
mg/l residual. Typical effluent characteristics were shown
in Table 40.

The Grand Canyon plant is non-automated. Chlorine residual
is considered to be the most critical parameter and is
checked every 24 hours by plant personnel. Specific efflu-
ent quality limits are as follows:

10 mg/1 BOD
10 mg/1 SS
200 per 100 ml coliforms, MPN

The effluent is reported to be substandard in quality approxi-
mately two percent of the time.

Pikes Peak

A potential domestic reuse system has been partially evalu-
ated at Pikes Peak, Colorado. Toilet and kitchen wastes
generated at this recreation area will be treated to allow
reuse on site for toilet flushing. To date only the treat-
ment system has been evaluated. Acceptability of the efflu-
ent cannot be fully evaluated until the U.S. Forest Service
selects a permanent location for the installation on the
Peak site. Treatment is conducted in a closed activated
sludge-ultrafiltration unit of proprietary design. The
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ultrafiltration portion acts as a positive barrier to the
movement of biomass out of the system. Thus, the system
can operate at a very long SRT which is conducive to high
treatment efficiency. In addition, the ultrafiltration
membrane prevents escape of high molecular weight soluble
organics and colloidal matter.

At Pike's Peak, 15,000 gpd have been produced by this pro-
cess. Typical guality values reported for August-September
1970 are summarized in Table 41 below.

Table 41. SUMMARY OF PERFORMANCE OF THE DORR-
OLIVER ACTIVATED SLUDGE-ULTRAFILTRATION PLANT
OPERATIONS AT PIKES PEAK AUGUST-SEPTEMBER 1970

Influent Effluent Percent

mg/1 mg/1 Removal
BOD 285 1 99
COD 547 32 94
TOC 136 6.6 95
Turbidity (JTU) 47 0.33 -
Color (units) 320 40 -
TSS 129 - 100
MLSS 3,954 - -
Coliform (per 100 ML) - - 100
P0Oys-P 9.1 11.1 -
pH 7.9 5.9 -
Threshold Odor Number - 6 -

Average Flux 11.0 GFP = 21,000 GPD

ANALYSIS OF CURRENT ECONOMICS

Windhoek is reported to produce effluent at $577/MG, includ-
ing amortized capital costs. Table 42 on the following page
summarizes the tertiary treatment costs over the first two
years of operation.

These costs do not include that of conventional sewage
treatment and are based on the actual plant flow at roughly
50 percent of design. For the maximum 80 percent utiliza-
tion, the total unit cost would drop to $495/MG; a figure
which compares favorably with the unit cost of $530/MG for

conventional water treatment of surface water supplies at
Windhoek.

The combination of tertiary unit processes at Windhoek
proved to be an economical system for production of
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Table 42. TERTIARY TREATMENT COSTS AT
WINDHOEK, SOUTH AFRICA (1968-1970) (9)

Cost Item S/MG
Capital costs 194
Labor 44
Chemicals 144
Activated carbon 120
Specialized supervision 75

Total $§577

reclaimed water. A constraint is imposed upon the cost
evaluation, however, by the previously discussed inability
of the sewage treatment facility to always provide an efflu-
ent suitable for reclamation by the tertiary treatment pro-
cesses.

The cost of treatment at Grand Canyon is estimated at $604/
MG not including capital amortization, and $2,580/MG includ-
ing capital amortization. The high cost of the Grand Canyon
effluent is due to its' low volume, and is not indicative of
"normal" cost for non-potable domestic reuse.

It is not known what revenues, if any, are received by the
city of Windhoek for reused water. Grand Canyon, however,
has a specific rate structure for its water. The charge

for renovated water is $1,750/MG except where fresh potable
water is available. If fresh water is available, the charge
is $1,000/MG to provide stronger incentive for reuse since
fresh water is priced at $2,450/MG. The importance of the
reclaimed water supply is emphasized by the method of fresh
water transport. Fresh water is piped 15 miles across the
Grand Canyon and pumped 3,400 feet vertically. The National
Park Service realized $11,000 on sales of renovated water in
1971.
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SECTTON VI

FISH PROPAGATION AND FARMING

INTRODUCTION

Current programs involving the propagation of fish in
treated municipal wastewater lagoons provide encouragement
that this type of water reuse has good potential. Two

major potential applications are: (1) recreational fishing,
and (2) commercial fish farming.

Although various species of fish exist in numerous municipal
wastewater treatment lagoons, stocking of effluent lakes and
ponds for public recreational fishing is done in relatively
few locations in the county. As treatment processes become
more advanced and effluent qualities improve, however, the
use of effluent lakes and ponds for raising recreational
fish may become more popular.

We were unable to locate any current commercial fish farming
operations utilizing reclaimed sewage in the United States.
Several foreign countries, notably Israel, as well as sever-
al countries in Asia and Europe have practiced pisciculture
in wastewater lagoons. The studies and pilot programs
referenced in this chapter generally indicate a cautious
optimism toward the feasibility of wastewater fish farming.

Required Quality Criteria

Of primary importance in fish farming is the presence of
dissolved oxygen in sufficient concentrations to support
fish life.

When wastewater is the environment, the potentially signifi-
cant BOD concentration is particularly critical since it can
reduce or totally deplete oxygen levels in the water.

Ammonia is a detrimental constituent common to wastewater;
even very low concentrations can result in significant fish
kills. (3 The toxicity of ammonia and ammonium salts to
fish is directly related to the amount of undissociated
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ammonium hydroxide in the water which %n turn is a'fun?ggon
of pH according to the following equilibrium equation:

[NHgt][OH~] = 1.8 x 10-5
TNH4O0H ]

As the pH is raised the concentration of unionized ammonia
and toxicity increases. One researcher found that the toxi-
city of a given concentration of ammonium compounds toward
fish increased by 200 percent between pH 7.4 and 8.0.

Other sources documented in Reference 2, show that the toxi-
city of ammonia to fish is increased markedly at low-concen-
trations of dissolved oxygen. One theory explains that at
low DO levels, the concentration of fish excreted CO2 is
reduced and thus, the pH value of the water in contact with
the gill surface rises, leading to increased toxicity of am-
monium hydroxide as explained above.

Of equal importance to water quality is the presence of
pathogenic bacteria and viruses, certain heavy metals (such
as mercury), and pesticides and herbicides. Their presence
in the reclaimed water could be hazardous to both the fish
and the individuals who eat the fish.(4) Tables 43 and 44
offer typical limiting concentrations of selected quality
parameters,

ANALYSIS OF CURRENT PROCESS PRACTICES

As summarized in Tables 45 and 46 current practices in the
United States for raising of fish in wastewater lagoons is
limited to recreational fishing operations. Pilot experi-
ments with fish farming in treated sewage effluent have
been conducted in Michigan and Las Virgenes, California.
Appendix A provides a field investigation of the Las Vir-
genes operation, including specifics on their fish farming
exXperimentation. Overseas, successful fish farming is re-
ported in Israel.

Quality of effluent is of paramount importance to a healthy
fish population. Conventional secondary treatment is unable
to sufficiently remove some pollutants that could be toxic
fish life, e.g., some pesticides and algacides, heavy
metals, and some components of industrial wastes. Table 47
shows the low percentage of industrial waste in the influent

of municipal plants providing treated wastewater for raising
fish.

Table 4$ summarizes the water quality characteristics of the
reservolrs holding fish. In the case of Lancaster, Santee,
and Indian Creek, these reservoirs are recreational lakes
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Table 43. TENTATIVE GUIDES FOR THE QUALITY
OF WATER REQUIRED FOR FISH LIFE (1)

Threshold
concentration¥*

Determination Fresh water
Total dissolved solids (TDS), mg/liter 2,000#
Electrical conductivity, umhos/cm @ 25°C 3,000#
Temperature, maximum ©C 34
Maximum for salmonoid fish 23
Range of pH 6.5-8.5
Dissolved oxygen (D.O.), minimum mg/liter 5.0+
Flotable oil and grease, mg/liter 0
Emulsified oil and grease, mg/liter 104
Detergent, ABS, mg/liter 2.0
Ammonia (free), mg/liter 0.54%
Arsenic, mg/liter 1.0#
Barium, mg/liter 5.0#
Cadmium, mg/liter 0.01#
Carbon dixoide (free), mg/liter 1.0
Chlorine (free), mg/liter 0.02

Chromium, hexavalent, mg/liter
Copper, mg/liter

Cyanide, mg/liter

Fluoride, mg/liter

Lead, mg/liter

Mercury, mg/liter

Nickel, mg/liter

Phenolic compounds, as phenol, mg/liter
Silver, mg/liter

Sulfide, dissolved, mg/liter
Zinc, mg/liter

OCOOHOOOHOOO
o
'_.I

*Threshold concentration is value that normally might not be
deleterious to fish life. Waters that do not exceed these
values should be suitable habitats for mixed fauna and
flora.

#Values not to be exceeded more than 20 percent of any 20
consecutive samples, nor in any 3 consecutive samples.
Other values should never be exceeded. Frequency of
sampling should be specified.

+Dissolved oxygen concentrations should not fall below 5.0
mg/liter more than 20 percent of the time and never below
2.0 mg/liter. (Note: Recent data indicate also that rate
of change of oxygen tension is an important factor, and
that diurnal changes in D.O. may, in sewage-polluted water,
render the value of 5.0 of questionable merit.)
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Table 44.

APPROXIMATE LETHAL CONCENTRATIONS

OF SELECTED CHEMICALS TO FISH LIFE (1)

LETHAL

CHEMICAL ORGANISM TESTED CONCENTRATION,
mg/LITER
ABS (100 percent) Fathead minnow 3.5-4.5
ABS (100 percent) Bluegills 4.2-4.4
Household syndets Fathead minnow 39-61
Alkyl sulfate Fathead minnow 5.1-5.9
LAS (Cl12) Bluegill fingerlings 3
LAS (Cl4) Bluegill fingerlings 0.6
Acetic acid Goldfish 423
Alum Goldfish 100
Ammonia Goldfish 2-2.5 NH3
Ammonia Perch, roach, 3 N
rainbow trout
Sodium arsenite Minnow 17.8 As
Sodium arsenate Minnow 234 As
Barium chloride Goldfish 5000
Barium chloride Salmon 158
Cadmium chloride Goldfish 0.017
Cadmium nitrate Goldfish 0.3 Cd
CO2 Various species 100-200
CcoO Various species 1.5
Chloramine Brown trout fry 0.06
Chlorine Rainbow trout 0.03-0.08
Chromic acid Goldfish 200
Copper sulfate Stickleback 0.03 Cu
Copper nitrate Stickleback 0.02 Cu
Cyanogen chloride Goldfish 1
HpS Goldfish 10
HCT Stickleback pH 4.8
HCI Goldfish pH 4.0
Lead nitrate Minnow, stickleback, 0.33 Pb
brown trout

Mercuric chloride Stickleback 0.01 Hg
Nickel nitrate Stickleback 1 Ni
Nitric acid Minnow pH 5.0
Oxygen Rainbow trout 3 cc/liter
Phenol Rainbow trout 6
Phenol Perch 9
Potassium chromate Rainbow trout 75
Potassium cyanide Rainbow trout 0.13 Cn
Sodium cyanide Stickleback 1.04 Cn
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Table 44. (Continued)

LETHAL
CHEMICAL ORGANISM TESTED CONCENTRATION,
mg/LITER
Silver nitrate Stickleback 70 K
Sodium fluoride Goldfish 1000
Sodium sulfide Brown trout 15
Zinc sulfate Stickleback 0.3 Zn
Zinc sulfate Rainbow trout 0.5
Pesticides
l. Chlorinated
hydrocarbons
Aldrin Goldfish 0.028
DDT Goldfish 0.027
DDT Rainbow trout 0.5-0.32
DDT Salmon 0.08
DDT Brook trout 0.032
DDT Minnow, guppy 0.75 ppb
DDT Stoneflies (species) 0.32-1.8
BHC Goldfish 2.3
BHC Rainbow trout 3
Chlordane Goldfish 0.082
Chlordane Rainbow trout 0.5
Dieldrin Goldfish 0.037
Dieldrin Bluegill 0.008
Dieldrin Rainbow trout 0.05
Endrin Goldfish 0.0019
Endrin Carp 0.14
Endrin Fathead minnow 0.001
Endrin Various species 0.03-0.05 ppb
Endrin Stoneflies (species) 0.32-2.4 ppb
Heptachlor Rainbow trout 0.25
Heptachlor Goldfish 0.23
Heptachlor Bluegill 0.019
Heptachlor Redear sunfish 0.017
Methoxychlor Rainbow trout 0.05
Methoxychlor Goldfish 0.056
Toxaphene Rainbow trout 0.05
Toxaphene Goldfish 0.0056
Toxaphene Carp 0.1
Toxaphene Goldfish 0.2
Toxaphene Goldfish 0.04
Toxaphene Minnows 0.2
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Table 44. (Continued)

LETHAL
CHEMICAL ORGANISM TESTED CONCENTRATION,
mg/LITER
2. Organic
phosphates
Chlorothion Fathead minnow 3.2
Dipterex Fathead minnow 180
EPN Fathead minnow 0.2
Guthion Fathead minnow 0.093
Guthion Bluegill 0.005
Malathion Fathead minnow 12.5
Parathion Fathead minnow 1.4-2.7
TEPP Fathead minnow 1.7
3. Herbicides
Weedex Young reach 40-80
Weeda Zol and 15-30
Weeda Zol T.L. trench 20-49
Simazine Minnow 0.5
(no plants
present)
Atrazine (A361) Minnow 5.0
(plants present)
Atrazine in
Gesaprime Minnow 3.75
4. Bactericides
Algibiol
Soricide Minnow 20
tetraminol Minnow 8

*Note: This table is a summary derived from numerous
sources as specifically listed in reference (1).
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Table 45.

INVENTORY OF REUSE OPERATIONS FOR
RECREATIONAL FISHING IN THE UNITED STATES

LEVEL OF
MUNICIPAL PLANT | FISH SPECIES | REUSE VOLUME | MUNICIPAL
LLOCATION RAISED (mgd) TREATMENT
Los Angeles, CA Bass 0.5 Tertiary
(L.A. County Channel Catfish
Sanitation Gambusia
Districts, Redeared Sunfish
Lancaster Trout
Plant)
Santee, CA Bluegill 1.0 Secondary
Channel Catfish
Gambusia
Largemouth Bass
Rainbow Trout
Redeared Sunfish
Threadfin Shad
South Lake Rainbow Trout 2.7 Tertiary
Tahoe, CA
(South Tahoe
PUD)
Colorado Smallmouth Bass 1.4 Tertiary
Springs, CO Trout
(U.S. Air
Force Academy)
Okolona, KY Bluegill 1.0 Secondary

(Okolona Sewer
Const. Dist.)

Largemouth Bass
Minnows
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Table 46.

INVENTORY OF FISH FARMING PILOT STUDY

OPERATIONS IN THE UNITED STATES

MUNICIPAL PLANT
LOCATION

FISH SPECIES
RAISED

TYPE OF

MUNICIPAL
TREATMENT

Bangor, Mich.
Belding, Mich.

Carson City, Mich.

Coopersville, Mich.

Eau Claire, Mich.
Gassopolis, Mich.
Lawton, Mich.

Las Virgenes, Ca.

Fathead Minnows
Fathead Minnows

Golden Shiners
Muskies

Bottom Muds
Fathead Minnows
Golden Shiners
Tiger Muskies

Fathead Minnows
Fathead Minnows
Fathead Minnows

Fathead Minnows
Gambusia

Bass

Catfish

Crappie
Bluegill

Oxidation Pond
Oxidation Pond

Oxidation Pond

Oxidation Pond

Oxidation Pond

Oxidation Pond
Oxidation Pond

High Quality Ac:
tivated Sludge
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Table 47. PRESENCE OF INDUSTRIAL
WASTE IN MUNICIPAL PLANT INFLUENT

Percent of

Average Industrial
Flow Waste in
Plant (MG) Influent

Lancaster, California 4
Santee, California 3
Okolona, Kentucky 1.
Colorado Springs, Colorado 1
Indian Creek, California 2
Michigan (total of 7 plants) 10

o
.
MO oOKHWUM

fed from effluent from tertiary wastewater treatment. The
fish in Okolona, Kentucky are raised in aerated lagoons and
those in Michigan in oxidation ponds at the treatment plants.

Table 48. BASIC WATER.QUALITY CHARACTERISTICS OF
RECLATMED WATER RESERVOIRS FOR FISH PROPOGATION (2)

BOD SS pH Cll |Coliform [TDs
mg/1 mg/1l mng/1l MPN mg/1
Lancaster, 1.4-2.2 28-32 7.7-8.6 -- 2.2 843-942
Calif.
Santee, - - 8.8 270~480 <2.2 1150-1600
Calif.
Indian Creek, 6.6 3.4 8.3-8.4 22 - 120-416
Calif.
Okolona, Not Known
Michigan
Belding, 2~-10 5-10 7.3-7.6 100-150 - -

Michigan(l)

(1) One of 7 similar treatment facilities in Michigan
that participated in pilot fish farming programs.

(2) See Chapter IV "Recreation" for extensive quality
characteristics for the Lancaster, Santee, and
Indian Creek operations.

Controversy exists regarding the necessary degree of treat-
ment to provide an optimum wastewater lagoon habitat for
fish. There is an apparent trade-off between water quality
and availability of natural food for the food chain. Pri-
mary treatment removes most of the settleable solids but
leaves a larger percentage of the nutrients and BOD to
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provide food for the aguatic food chain. However, water
quality is usually poor and DO levels often approach the
threshold values of fish survival. Secondary treatment
prior to release to fish inhabited lagoons provides ad-
vantages of much improved water quality (higher DO, lower
BOD, COD, SS) but removes a portion of the nutrients avail-
able to stimulate growth of aquatic plants. Tertiary treat-
ment provides the highest water guality but is capable of
removing nearly all nutrient value.

As of yet, standard measurements have not been made of sever-
al important water characteristics affecting fish. Although
much research has been conducted regarding lethal limits and
observable deleterious effects of various concentrations of
pollutants, little has been done to investigate water char-
acteristics that taint the flesh or impart tastes and odors
to the fish. These considerations are of importance if com-
mercial fish farming in reclaimed wastewater is to be suc-
cessful in this country.

From the inventory of existing operations in Appendix B it
can be seen that four out of the five recreational fishing
systems employ some type of tertiary treatment. The Air
Force Academy plant has two oxidation ponds, following
trickling filters, prior to discharge to the fishing lakes.
Santee, California takes advantage of a natural sand bed,
for its tertiary treatment. After secondary treatment the
wastewater percolates through a 15 ft depth of sand and soil
in a spreading area consisting of 6 basins of about 1/2 acre
each. The water then flows horizontally through the sand-
soil strata for approximately 400-1,500 feet into the first
of a series of recreational lakes.

Lancaster, California employs a tertiary treatment system
following secondary oxidation ponds. It consists of:
chemical coagulation, sedimentation, multi-media filtration
(anthrafilt, sand, gravel), and chlorination. 1Indian Creek
Reservoir is fed with waters from the much publicized Lake
Tahoe water reclamation plant. Tertiary treatment at Lake
Tahoe is comprised of: chemical coagulation, sedimentation,
ammonia stripping, 2-stage recarbonation, mixed media fil-
tration, granular carbon adsorption and chlorination. The
remainlng recreational facility, Okolona, Kentucky, has
plans for future expansion to more advanced aerated lagoon
treatment but currently involves only two lagoons in series,

thg §econd one being aerated with a Hinde system and con-
taining the fish.

In comparison, the pilot fish farming study by the Michigan
Department of_Ngtural Resources, Fishery Division, was con-
ducted at municipal plants with only settling preceding the
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lagoons. The program in Michigan and at Okolona, Kentucky
were not extensively monitored as to water quality and its
affect on the fish population.

Naturally, the species of fish best suited for stocking in
wastewater lakes and lagoons is directly contingent upon
water quality. Species that are more tolerant of most com-
mon pollutants include minnows, gambusia, catfish, carp,
muskies, bluegill, and small mouth bass which have better
chances of survival in effluent from primary treatment. As
water quality improves and stabilizes with secondary and
tertiary treatment, less tolerant, higher guality fish such
as brown and rainbow trout can survive successfully.

Most waste treatment operations will occasionally have prob-
lems and plants upsets. These may become critical if a
lagoon or lake containing fish receives the treated effluent.
Specific problems were mentioned by five of the six opera-
tions covered in this chapter (Okolona, Kentucky reported no
problems) .

At the Air Force Academy, a transfer of low DO water from an
upstream oxidation pond caused a fish kill in one of their
recreation lakes. Concern is also indicated that concentra-
tions of copper in bottom muds, from now discontinued appli-
cations of CuSO4 algacide, will re-enter the water and build
up in the aquatic food chain. This is being closely moni-
tored. Details of the recreational fishing program, waste-
water treatment, and water qualities at the Air Force Aca-
demy are supplied in a case study report in Appendix A.

Lancaster, California reports problems with high NH3 levels
during winter months which could be critical because of
ammonia's high toxicity to fish. Build up of heavy metals
in the fish population at Lancaster is being monitored and
a report to EPA is being prepared. Appendix A contains an
in-depth discussion of Lancaster reuse systems.

Santee, California's greatest concern is meeting the strin-
gent TDS discharge requirement established by the Regional
Water Quality Control Administration (400 mg/l increase in
concentration above those concentrations in the public

water supply). Santee also experienced an unusual fish

kill which was believed to have been caused by a bloom of
algae (statoblasts) concentrations. Several similar cases
known as "red tides" have been reported on the eastern coast
of Florida and in California.

The only water quality problem experienced at Indian Creek

reservoir occured during the winter of 1971 prior to ammonia
stripping operations at the Lake Tahoe treatment plant. An
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8 inch ice cover on the reservoir melted very rapidly releas-
ing a surge of nutrients and NH3 into the water. Concur-
rently, loss of the ice cover allowed escape of COj from the
lake water which raised the pH and increased the toxicity of
the ammonia concentrations. Approximately 5% to 10% of the
fish in the reservoir were killed during this incident. How-
ever, no similar problems have occurred since, gnd the treat-
ment plant now operates an ammonia stripping unit to safe-
guard against such occurances in the future.

The fish farming operation in Michigan experienced winter
kills in nearly all of their lagoons. Ice cover shut out
light and eliminated surface aeration while plant respira-
tion and organic matter decay continued, thus greatly re-
ducing the DO concentration in the water and killing the
fish. Also of concern in the Michigan study was the build-
up of mercury in the fish of one of ponds coupled with the
knowledge that toxic industrial wastes could not be diverted
once they had reached the treatment plant. The most criti-
cal problem indicated in the Michigan study(4) was the po-
tential health hazard of transfer of human pathogens from
the sewage effluent to the fish and back to man. The unans-
wered health questions were the basis of their decision to
terminate their experimental operation until conclusive in-
formation could be developed.

ANALYSTS OF CURRENT ECONOMICS

The economics of current recreational fishing operations in
treated wastewater lagoons and lakes are difficult to ana-
lyze. Costs associated with the treatment operations them-
selves are given in Table 49. In most of these operations,
fish are simply an added benefit and recreational fishing
was not a significant factor in determining type or cost of
treatment. The recreational benefits to the public are real,
but beyond the scope of this study to evaluate. One general
recreational benefit-cost analysis is provided in the case
study report on Lancaster, California in Appendix A.

If these reclaimed water recreation operations are compared
with small commercial fishing lakes, it can be assumed that
each fisherman could be assessed a fee of $1.00 per day for
use of the facility. Currently, none of the programs charge
patrons to fish on their lakes. However, authorities at
Lancaster anticipate a facility fishing permit of $1 per
fisherman per day to help finance the extensive stocking
program.

Commercial fish farming in wastewater treatment plant efflu-

ent is governed by economics. The pilot fish farming opera-
tion by the Natural Resources Department of the State of
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Michigan showed that certain species of fish could grow and
reproduce successfully in primary sewage and that possible
economic gain may be realized as well. Approximately 400-
800 lbs/acre of fathead minnows were raised at the Belding,
Michigan Wastewater Treatment plant in 1971. The minnows
were harvested and transported to a nearby state fish
hatchery at a total cost of $0.15/1b. The normal price paid
by the state for forage minnows from commercial hatcheries
is $0.50/1b. The basic areas for savings over normal hatch-
ery operations are: (1) reduction of artificial feeding
(dependent on degree of treatment with more advanced treat-
ment removing greater guantities of natural food); and (2)
lower water costs.

Table 49. TREATMENT COSTS FOR
REUSE FOR RECREATIONAL FISHING*

Treatment Cost Treatment Cost
Municipal Plant ($/MG) ($/MG)
Code Incl. Capital Amort. | Excl. Capital Amort.
CA-39 130 44
CA-63 520 268
CA-65 1,747 1,086
Co-3 498 126
Ky-1 211 134

*See Appendix E for calculation procedure.
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SECTION VIIT

SUMMARY

This report provides the results of the effort performed by SCS Engineers
under Contract 68-03-0148 to the U.S. Environmental Protection Agency,
National Envirommental Research Center—-Cincinnati, Ohio. The project
campiled an updated listing of municival wastewater reuse operations, and
utilized questionnaires and field visits to obtain information describing
current treatment and reuse practices. Municipalities contemplating
various kinds of wastewater reuse will find the report useful in identify-
ing existing operations elsewhere which have initiated similar reuse
practices. For most reuse operations (very small irrigation operations
excluded) data is provided pertinent to volume, effluent quality, municipal
treatment, user treatment, costs, specific reuse, quality safeguards, and
other information. Report data is provided in English units. Appendix F
is provided for those who wish to convert English units into metric.

The types of reuse covered in this study are:
Irrigation and other agricultural uses
Cooling water
Industrial process water
. Boiler feed water
. Recreational lakes
Fish propagation
Non-potable domestic use
Separate chapters were prepared describing the results of the study by
category of reuse; i.e., irrigation, industrial, recreation, fish pro-
pagation, and domestic. Each chapter contains sections covering water
quality criteria for the specific reuse, a listing and analysis of
existing operations supplying wastewater for the specific reuse, and
an econamic analysis.
As shown in Figure 36, of the above types of reuse by far the greatest

number of plants practice reuse by irrigation. In terms of volume,
however, irrigation reuse accounts for only slightly more than half
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the reuse reported, with
industrial reuse a close
second. Figure 37 shows
the comparative volumes
by types of reuse. One
large industrial reuser,
the Bethlehem Steel Corp.
in Baltimore, Maryland
(170 mgd) significantly
effects the volume com-
parison.
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Geographically the reuse

operations are concentra-
ted in the semi-arid
Southwestern United States.
As shown in Table 50, Texas
with 149 municipal reuse
operations and California
with 138 are far ahead of
other states.
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Irrigation Reuse

The irrigation chapter

provides an excellent 100

tabulation (Table 10)

by crop of the munici- 90
palities that are sup-

plying effluent for ir- 80
rigation of that crop.
Thirty-nine types of
irrigation reuse are
represented, ranging
from golf courses (30
locations) to sugar
beets (3 locations).

A subsequent tabulation
(Table 14) summarizes
the quality of effluent
being applied to various
crops. A wide quality 20
range is represented,

e.g., BOD of 15 to 370 10
mg/l for cotton, showing

that the effluent qual-

ity ranges from poor

primary to excellent

secondary. Of particu-
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Table 50. GEOGRAPHICAL DISTRIBUTION
OF REPORTED MUNICIPAL REUSE

No. of Municipalities Practicing Reuse

State Trr, Ind. Rec. Dom. Total
Texas 144 (2) 5 0 0 149
California 134(1) 1 3 0 138
Arizona 28(3) 2 0 1 31
New Mexico 10 0 0 0 10
Colorado 5 1 1 0 7
Nevada 4 2 0 0 6
Michigan 1 1 0 0 2
Florida 2 0 0 0 2
Oklahoma 1 1 0 0 2
Washington 2 0 0 0 2
Missouri 2 0 0 0 2
Maryland 0 1 0 0 1
Kentucky 0 0 1 0 1
North Dakota 1 0 0 0 1
Indiana 1 0 0 0 1
Nebraska 1 0 0 0 1
Oregon 1 0 0 0 1
Utah 1 0 0 0 1
Totals 338 14 5 1 358

(1) Includes 61 very small irrigation disposal which are not
included in comprehensive data tabulation, Appendix B.

(2) Includes 135 very small irrigation disposal which are
not included in comprehensive data tabulation, Appendix B.

(3)Includes 13 very small irrigation disposal which are not
included in comprehensive data tabulation.
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high average TDS (over 800 mg/l) and Na (over 300 mg/1l)
levels of reclaimed waters used for irrigation. These aver-
age values indicate that relatively poor waters in terms of
dissolved salts are being successfully used on a wide variety
of crops, with proper irrigation management.

The prevalent relationship between the municipal supp}iers
of effluent and the users of the effluent for irrigation is
to suit the crop to the quality of the effluent. If con-
taminants are present which are not readily removed by con-
ventional treatment, e.g., TDS and Boron, crops are selected
which tolerate the contaminant. In most cases, irrigation
reuse is more a method of disposal than an alternative to
fresh water supplies.

Of the plants returning questionnaires, approximately 25 per-
cent of those furnishing effluent for irrigation provide
only the equivalent of primary treatment (see Table 13).

The majority are small plants which irrigate small acreages
of pasture, landscape or animal feed crops. One large user
of primary effluent for irrigation is located at Bakersfield,
California and is described in the field investigation re-
ports (Appendix A). As a result of developing concern over
the potential long-term damage to groundwater and soil from
use of primary effluent, it is probable that regulatory
agencies will eventually require secondary treatment of
effluent for irrigation at Bakersfield and elsewhere.

Few of the reuse applications are irrigation of crops for
human consumption. Most of the crops for human consumption
are those that do not come into direct contact with effluent
such as grapes, citrus, and other tree crops. Truck crops
such as asparagus, beans, cucumbers, onions, spinach, and
tomatoes are irrigated at least partially with effluent only
at three California sites; Camarillo, Irvine, and Livermore;
and at two Washington sites; Walla Walla, and Warden. The
Walla Walla operation is described in the field investigation
reports (Appendix A).

Only 18 of the irrigation reuse operations reported no efflu-
ent storage available, and most have storage of two days or
more. Comments received from operators, irrigators, and
regulatory agencies emphasized the importance of substantial
storage facilities for effluent and tail water in order to
balance irrigation demands, allow for rainy periods when the
fields are saturated, and prevent run-off. Approximately
half the operations reported having alternate sources of ir-
rigation water in addition to the municipal effluent.

The stgdy acquired a great deal of information pertinent to
economics of reuse by irrigation and other means. This is
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summarized and presented at end of each specific reuse chap-
ter. In a report involving data from many plants, there is
danger of overuse of the data obtained to arrive at broad
conclusions which are meaningless for a specific reuse appli-
cation. This is true particularly of the economics of sewage
treatment and reuse which are subject to many factors com-
pletely outside the scope of this study. The reader is
urged, therefore, to make a detailed investigation, before
applying economic data presented herein to another location
where conditions are only superficially similar.

Only 25 municipal producers of irrigation water report they
sell their renovated product. Most municipalities look upon
the irrigation operations as primarily a means of disposal,
and are not prone to demanding payment for effluent which
they would otherwise waste. In some cases the irrigation
operation allows the municipality to provide only primary
treatment, whereas if discharge were made to surface waters
a high degree of secondary treatment would be necessary.
Municipal revenues from irrigation are estimated to equal
less than one percent of the treatment cost incurred by the
municipality. As a whole, municipalities are apparently not
demanding sufficient revenue for reclaimed wastewater they
supply for irrigation.

Among those municipalities charging for their effluent, it
appears that charges for effluent are primarily influenced
by factors other than effluent quality. Among these fac-
tors are fresh water cost and availability in the area,
prior water rights in the area, and the municipality's fail-
ure to recognize its effluent as a valuable commodity rather
than something to be discarded.

Industrial Reuse

Only 15 industrial plants are presently reusing municipal
wastewater in the United States, including three city-owned
power plants, so private industry is represented by only 12
plants. Obviously, numerous potential reuse opportunities
remain unrecognized.

Cooling (154 mgd), boiler feed (1 mgd) and copper mining (1
mgd) are the three reported uses for treated municipal
effluent. Obviously, cooling is predominant, and excellent
examples of successful operations are described in Appendix
A of this report for Burhank, California; Las Vegas, Nevada;
Baltimore, Maryland; and five sites in Texas.

Cooling water technology is complex, and the use of reclaimed

sewage presents special problems of treatment and control to
responsible operating personnel. The difference between
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treated sewage effluent and fresh water must be recognlzed
and planned for, or serious problems will occur in the heat

exchange and cooling system.

The Bethlehem Steel Company cooling system which uses Balti-
more, Maryland municipal effluent is a once through system,
and successfully uses a relatively poor quality secondary
effluent. The other industrial reusers use the effluent in
recirculating cooling systems and require a much higher qual-
ity water supply. Chapter III, Industrial Reuse, provided
several tabulations (Tables 21 and 29) detailing water qual-
ity necessary, and the field investigation reports (see Ap-
pendix A) for Lubbock, Texas (see Table A-29), and Odessa,
Texas {(see Table A- 31) describe water quality criteria at
those locations. Generally, the industrial reuser treats
the municipal effluent with lime clarification prior to use
in order to reduce phosphates, organics, and suspended solids.
After lime treatment, the reclaimed water is more heavily
chlorinated and acid treated than is customary for fresh
water supplies. Burbank, California is unusual because the
power plant there does not find it necessary to lime treat
the municipal effluent prior to use. The Burbank sewage
treatment plant, however, produces an outstanding effluent
(typically 2 mg/l BOD and 2 mg/1 Sus. Sol.). The effluent
is heavily chlorinated, pH adjusted, and corrosion inhibi-
tors added.

The use of treated municipal effluent for boiler feed water
makeup 1is practiced at three Texas locations; Big Spring,
Lubbock, and Odessa, all of which are described in field in-
vestigation reports contained in Appendix A. Since water
quality criteria is very high for boiler feed makeup water,
the effluent must be extensively treated by the industrial
user prior to use. At Southwestern Public Service Company,
Lubbock, Texas, for example, TDS and hardness are reduced
to less than 1 mg/l with pH adjustment, reverse osmosis,
followed by demineralization with cation and anion exchanges,
and a mixed bed exchanger for final polishing. For low
pressure boilers clarification, filtration and softening is
a tgpical treatment sequence, and demineralization is not
used.

Three plants reported using reclaimed sewage effluent for
processing purposes in the mining and steel maklng industries.
Two Arizona plants utilize the effluent in the mining of cop-
per. Bethlehem Steel Corp. uses small amounts for a variety
of processes within its' fully integrated iron and steel
plant in Baltimore, Maryland. Specific uses include gas
cleaning, quenching, mill roll cooling, bearing cooling,
process temperature control, direct process, de- scallng sys-
tems, mill hydraulic systems, fire protection, air condition-
ing, and road equipment washing.
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Most industrial users of treated municipal effluent are in
the semi-arid southwestern states where water costs are
relatively high and fresh water quality tends to be poor in
terms of TDS and hardness. Several of the Texas plants do
not have an adequate alternative source of water and are
totally dependent upon their sewage effluent supply. The
others, however, have chosen to use reclaimed water because
it is the cheapest source to serve their needs.

The cost of reclaimed water may be divided into two parts.
First, the cost of procuring the reclaimed water, including
payments to the municipality, construction of effluent trans-
portation facilities, and all other costs required to de-
liver the effluent to the industrial plant site. Second, the
cost of treating the reclaimed water to make its' quality
suitable for the intended use.

Additional treatment costs generally comprise the largest
portion of the cost of reclaimed water use to industry. The
treatment costs depend upon the end use quality required,
the quality of the sewage effluent, the degree of treatment
required, the gquantity of water treated, and other factors.
For cooling water use in recirculating systems, the reported
industry treatment costs varied from $100/MG to $550/MG.

Recreational Reuse

The recreational reuse chapter describes the three major
recreational lake reuse projects in the United States, i.e.,
Santee, Tahoe, and Lancaster, California. Reclaimed waste
water lakes used only for incidental fishing are described
in a later chapter.

Each of the recreational lake projects described has pro-
vided important background for advances in waste water treat-
ment,

The Santee County Water District lakes project is justifiably
famous for its' pioneering work. Since 1961, the Santee
Lakes have been used progressively for recreational activi-
ties involving increased human contact as laboratory results
and epidemiological information indicated that such activi-
ties could be conducted without health hazard. The lakes
are now used for boating and fishing with associated activi-
ties along the shoreline but are not open for whole-body
water-contact sports. In 1965, an area adjacent to one of
the lakes was equipped with a separate flow-through swimming
basin which used reclaimed water that was given additional
treatment by coagulation, filtration, and chlorination.
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The best documented tertiary treatment process in the nation
is found at Lake Tahoe, California where five tertiary treat-
ment steps are combined to provide exceptionally high qual-
ity effluent. Activated sludge effluent is subjected to
chemical treatment for phosphate removal, nitrogen removal,
filtration, carbon adsorption, and chlorination. This plant
also utilizes advanced sludge handling techniques, lime re-
calcination and carbon reactivation.

The treated effluent is pumped 14 miles through a lift of
1,470 feet, and then flows through gravity pipeline an addi-
tional 13 miles to Indian Creek Reservoir. Indian Creek Re-
servoir has a capacity of 3,200 acre feet. It is approved
for body contact sports (swimming) and is reported to boast
excellent trout fishing.

An interesting new project is located at Lancaster, Califor-
nia, where since 1971, the Sanitation Districts of Los
Angeles County have sold renovated wastewater to the county
of Los Angeles for use in a chain of three recreational
lakes. The lakes have a capacity of 80 MG and serve as a
focal point for the Counties' 56 acre Appolo Park. The
park, located near Lancaster, California, was opened to the
public in 1973 and features fishing, boating, and picnic
areas.

During 1973, an average of 0.5 mgd of renovated wastewater
for the Appollo Park lakes was supplied by the District's
Renovation Plant No. 14 near Lancaster, California.

Treatment at Lancaster consists of a series of eight oxida-
tion ponds followed by flocculation and sedimentation for
removal of phosphates, suspended solids and algae; filtra-
tion to polish the effluent; and chlorination.

Each of the three recreational projects briefly described
above is unique but they share much in common. All have
found it technically feasible to consistently produce ef-
fluent meeting drinking water coliform standards. All prac-
tice phosphate removal for algae control and filter the
effluent to reduce turbidity. Many species of fish have
been grown successfully, including trout.

Domestic Reuse

Great controversy surrounds the subject of domestic reuse of
wastewater for potable purposes. Much less opposition is
v01?ed to non-potable domestic reuse, e.g., toilet flushing.
It 1s not within the scope of this study to enter into the
controversy. This report briefly describes the well-known
operation at Windhoek, South West Africa, which is the only
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current example of direct potable reuse of municipal waste-
water. In addition, the non-potable domestic reuse program
managed by the National Park Service at Grand Canyon National
Park is described in detail in Appendix A, Field Investiga-
tion Reports.

The Grand Canyon domestic reuse operation provides an aver-
age of 30,000 gpd through a separate distribution system for
toilet flushing, car washing, irrigation, construction, and
car watering. Major tertiary treatment given the activated
sludge effluent is anthracite filtration and heavy chlorina-
tion. Cost to the user for the reclaimed water is $1,000 to
$§1,750 per MG. This premium price can be obtained because
fresh water sells for $2,450 per MG.

Fish Propagation and Farming

The study did not locate any commercial fish farming ventures
using reclaimed wastewater in the United States.

Although various species of fish exist in numerous municipal
wastewater treatment lagoons, stocking of effluent lakes and
ponds for public recreational fishing was reported in only
eleven locations in this country. The fish species range
from fathead minnows, raised for bait in Michigan oxidation
pond, to rainbow trout stocked at Indian Clreek Reservoir,
fed by effluent from Lake Tahoe.

Fish kills have resulted from depleted oxygen or the presence
of ammonia at some locations. Other potential problems can
result from the presence of pathogenic bacteria, heavy
metals, and pesticides. Several tables are provided in the
chapter which detail concentrations of various constituents
reported to be lethal to fish.

ECONOMIC FEASIBILITY OF WASTEWATER REUSE

Municipal wastewater reuse cost benefit analysis may be
viewed from a local, regional, and national basis. A broad
evaluation of wastewater reuse economic feasibility re-
quires consideration of both water supply management and
waste treatment management systems.

On a national basis, EPA, and many other agencies and organi-
zations, support the continued development and practice of
successive wastewater reclamation, reuse, recycling, and re-
charge as a major element in water resource management, pro-
viding the reclamation systems are designed and operated so
as to avoid health hazards or environmental damage. The
Federal Water Pollution Control Act Amendments of 1972 em-
phasizes a much broader consideration of wastewater reuse in
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the development and implementation of waste treatment manage-
ment plans than has been given in the past. EPA encourages
the incorporation of wastewater reuse facilitles in municipal
wastewater systems whenever such facilities are: (g) cost-
effective, and (b) will result in na greater pollution
effects to receiving waters than if wastewater reuse were not
employed. As shown by this study, only a small percentage of
municipal wastewater is presently reused in this country. On
a national basis, it will be beneficial to increase reuse
whenever possible within the technological and economic re-
straints stated above.

Cost-benefit analysis of municipal wastewater reuse on a
regional and local basis is complex, and a need exists for
development of detailed procedures and methodologies for
economic evaluation of wastewater reuse. Each site and each
area is unique. Based on this study, however, preliminary
guidelines are presented below which list the major consid-
erations involved in the reuse economic feasibility analysis.

An outline for the essential components of a complete eco-
nomic analysis is given below. Following the outline, a

brief discussion of each major component is presented, with
examples from this study to illustrate applicable situations.

OUTLINE OF CONSIDERATIONS REQUIRED FOR ECONOMIC
ANALYSIS OF MUNICIPAL WASTEWATER REUSE
A. Fresh water considerations, present and future

1. Demand: in terms of quality, volume, and reliability
for

a. Domestic
b. Industrial
c¢. Irrigation
d. Recreational
e. And other purposes
2. Supply: gquality, volume, accessibility, reliability,
and resultant cost to meet anticipated demand of l.a
through e.
3. Legal or contractural restraints: e.g., a binding

contract to purchase a minimum quality of fresh water
from an existing water development project.
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Municipal wastewater treatment considerations, present
and future.

1.

2.

Volume and guality of raw sewage

Control of industrial sources contributing constitu-
ents potentially detrimental to reuse

Differences in treatment and effluent conveyance
facilities required to discharge to either receiving
waters, land, or various potential reuses.

a. Capital improvements, including effect of fed-
eral and state construction grants

b. Operational costs
c¢. Environmental considerations
Legal or contractural constraints; e.g., water rights

requiring return of certain volumes of effluent to a
water course.

Reclaimed wastewater market considerations, present and

future.

1. Potential customers for irrigation, industrial, rec-
reational water, both public and private.

2. Volume, quality, and reliability requirements of po-
tential reusers.

3. Effluent transportation and storage facilities re-
guired.

4, Additional treatment and/or volume, if any, regquired
by the reuser above that necessary for the fresh
water supply-

a. Capital improvements
b. Operation

5. Additional treatment, if any, required by the reuser
before discharge of his wastewater, above that neces-
sary when using the fresh water supply.

6. Potential revenues from sale of effluent to reusers.

Development of an analytic framework to complete an eco-
nomic analysis of municipal wastewater reuse and
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feasibility using reasonable assumptions for capital
financing costs, life of capital improvements, future_
changes in water demand and wastewater treatment require-

ments, and so forth.

A. Fresh Water Considerations

In most areas the present volume demand for fresh water for
various purposes is readily available information. Future
water demand projections are also usually available through
the agencies responsible for water supply, or can be easily
developed from existing planning data. A projection of
water supply needs over a period of 20-30 years is desirable
and it is important that estimates be made of what percent-
ages of the demand are attributable to irrigation (other
than private home landscaping), industrial (particularly
large water using industrial complexes), power generation,
and recreational lakes (especially in the arid areas.)

The existing and projected quality of alternate water sup-
plies is often an important consideration in the economics
of wastewater reuse. The potential user in deciding between
alternate water supplies is interested in what additional
treatment and handling costs he will incur because of quality
differences betweren fresh water and reused water. For exam-
ple, in all cases of reuse for cooling tower makeup water
reported in this study, the user paid a penalty in extra
treatment and chemicals required over that required for
fresh water. For many irrigation applications, the guality
difference is less important.

The volume reliability of the fresh water supply may be in-
ferior to the reclaimed wastewater. In an area experiencing
a water shortage, domestic needs will normally be met first,
with agriculture and industry having lower priority. 1In
Odessa, Texas, the El Paso Products Company deliberately
chose to purchase reclaimed water for cooling and boiler feed
makeup because the municipal effluent is a more reliable
source than the public or private water supply. Similar
situations exist at other cities in Southwest Texas.

The present and future purchase price of fresh water is a
paramount factor in an economic analysis of wastewater reuse.
In areas where fresh water is cheap and abundant, the reuse
of municipal wastewater is less attractive. Conversely, in
areas where fresh water is expensive, there is strong incen-
tive for reuse. To take an extreme example, at Grand Canyon
Village, Arizona, the purchase price of fresh water is
§2,450[MG and reclaimed wastewater is used for many purposes
1ncludlpg toilet flushing. 1In some cases, the reuse project
can be justified on the basis of an expected increase in the
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future cost of fresh water. The Contra Costa County Water
District near San Francisco is planning extensive industrial
reuse of municipal wastewater in spite of the fact that at
1973 prices the fresh water costs less than the treated re-
claimed water. The District has projected ahead and deter-
mined that the reuse of wastewater now will result in lower
overall water management costs a few years hence.

Legal or contractural requirements to pay for water supply
improvements or to purchase a minimum quantity of imported
water may influence some communities in their consideration
of wastewater reuse. Many California areas, for example, are
obligated to purchase a minimum quantity of water annually
from large water importation projects. Unless the community
can modify its contractural obligation to purchase fresh
water, a large scale reuse program may be impractical.

B. Municipal Wastewater Treatment Considerations

The volume and gquality of the sewage generated by an area to
some extent determines what types of reuse applications are
feasible and, in addition, has an effect on treatment costs
because of "economy of scale." Generally, a community must
prevent the excessive discharge into its' collection system
of contaminants which survive the treatment process and are
detrimental to reuse applications. For example, many com-
munities using municipal wastewater for irrigation have ord-
inances preventing discharge of home water softener brines
into the sewers. Similar restrictions against wastes con-
taining heavy metals are prevalent. In some areas, such as
Big Spring, Texas, excessive infiltration of high TDS water
into a deep trunk sewer renders most of the municipal efflu-
ent unsuitable for industrial or irrigation reuse.

An important cost factor in evaluating reuse are the differ-
ences in treatment facilities required to discharge to either
receiving waters, land, or various potential reuses. This
study showed, however, that very few of the municipal treat-
ment plants supplying effluent for reuse provide greater
treatment than would be necessary for alternate wasting of
the effluent to receiving waters. In some cases of irriga-
tion and industrial reuse, the municipal effluent is poorer
in quality than would be required by state agencies for di-
rect discharge to receiving waters, e.g., Bakersfield, Cali-
fornia and Big Spring, Texas. These municipalities have
enjoyed reduced treatment costs because their effluent is
reused.

Expensive facilities may be required to transport the waste-
water to the reuser. The treatment plant is usually located
at the lowest elevation in its' service area and very near
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to receiving waters. A force main, pump station, and stor-
age facilities are often necessary to convey the treated

effluent to the reuser.

If the reuse requirement is periodic or seasonal, large ef-
fluent storage ponds may be necessary. Occasionally, ponds
must be aerated to maintain effluent quality.

The results of our guestionnaire response indicated that in
the majority of existing reuse operations, the reuser paid
for the effluent transportation and storage facilities. The
trend has reversed in recent years, however, because of the
availability of federal and state construction grants to

municipalities.

Legal or contractural constraints are important in some lo-
cations because the reuse of wastewater instead of discharge
to a receiving stream is complicated by water rights of
downstream users. Water rights laws are usually based on a
priority system whereby river waters are subject to appro-
priation. Prior to initiation of a reuse program such con-
straints should be investigated and resolved. For example,
the city of Denver, Colorado, which is planning a major
municipal wastewater reuse program, has entered litigation
to resolve water rights questions raised by the planned re-
use program. The city of Phoenix, Arizona, constructed an
effluent transport canal and provided assurance of a cer-
tain quantity of effluent to a large downstream agricultural
user under prior rights laws. Legal or contractural res-
traints may effect the feasibility and economics of waste-
water reuse, but can usually be resolved.

C. Reclaimed Wastewater Market Considerations

Obviously, a municipal wastewater reuse program must have
customers for its' reclaimed water to be successful. It
appears from the results of this study that generally muni-
cipalities have not sought out potential reusers, particu-
larly among private industry. Rare is the municipality
which thinks of its' effluent as a commodity to sell rather
than a nuisance to waste. Yet, reused water has enormous
potential for increasing the water resources of individual
localities and the nation. If reclaimed wastewater is used
to satisfy demands for non-domestic uses of water wherever
feasible, the fresh water thus saved will be able to satisfy
much of the future increase in demand for general water
supply.

One of the first places for a municipality to look is at

its' own municipal activities. Municipal power generation
stations, golf courses, parks, school grounds, farms, and
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recreational lakes are all successfully using their own
treated municipal effluent as a water supply. Other govern-
mental agencies, e.g., county, state, and federal, are also
excellent prospects to purchase reclaimed water.

Private irrigation reuse sales opportunities are prevalent
in most areas. Private farms, orchards, and golf courses
are all amply represented among existing reusers listed in
this report. Financial arrangements in effect between the
municipality and the irrigator range from charges based on
volume used to a flat fee negotiated annually. Most of the
existing irrigation reuse operations are located very near
the treatment plant. It appears that more emphasis might
be given to selling effluent to large irrigators remote
from the treatment plant.

There are only twelve private industrial reusers of munici-
pal effluent in the nation and two of these are "company
towns" for large copper mines. Undoubtedly, many opportuni-
ties for industrial reuse of municipal wastewater are being
ignored, especially for cooling purposes. As the results of
this study amply demonstrate, municipal effluent can be suc-
cessfully used for both once-through and recirculating cool-
ing systems. There is extra cost to the industry in treat-
ment and chemicals in the use of reclaimed water instead of
fresh water, however, in many cases this extra cost is off-
set by the lower cost of the used water. The potential mar-
ket is staggering. The power industry alone uses over 75
billion gallons per day of cooling water.

Looking at the reclaimed wastewater market from the reusers
point of view, it appears that generally the reuser is most
concerned about what will be the real total cost to him of
using effluent instead of fresh water. He is willing to
consider the use of reclaimed water if the cost savings
justify his having to cope with any additional problems
associated with reclaimed water use. The potential extra
costs of the problems may include the following:

The effluent may be insufficient volume at times. For
example, during a hot summer spell there may be insuf-
ficient effluent for adequate irrigation or cooling water
makeup. The city of Burbank supplies cooling water to a
nearby power plant, and occasionally low effluent volume
late on a summer night is insufficient to satisfy the
power plant requirement. Adequate storage facilities

can normally overcome volume supply-demand problems.
Conversely, as previously indicated, the reclaimed waste-
water supply may be the more reliable in water short
areas.
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The effluent is of lower quality than fresh water, and
will show occasional variability in quality resulting
from sewage treatment plant upsets. The industrial re-
user for cooling will normally incur extra cost for the
use of lower quality water, because of increased treat-
ment required and need for greater volume. The greater
volume may be necessary because the higher TDS of the
reclaimed water allows fewer cycles through the cooling
system before discharge. The occasional variable quality
may necessitate extra safeguards in personnel vigilance
and quality monitoring instrumentation to protect the
industrial user.

The irrigation reuser is normally less concerned about

occasional changes in quality (except health hazards).

His only extra cost may be increased volume required to
prevent buildup of TDS, sodium, chlorides, etc. in the

soil root zone. Offsetting this may be the fertilizer

value of the effluent, which has been estimated at $18/
MG in the irrigation chapter of this report.

Effluent transportation and storage facilities in many
cases may be the single largest extra cost to the reuser.
The magnitude of the cost is dependent upon many factors,
including distance, elevation difference, storage volume,
pipe diameter, etc. In some cases equivalent facilities
would be required for fresh water supplies so no extra
cost is incurred for wastewater reuse.

A problem in some instances to the reuser is the dis=-
charge of his wastewater. Because he is using a lower
quality water supply, his wastewater discharge in turn
may have difficulty meeting the regulatory agency stand-
ards. A common example of this situation is cooling
tower blowdown which has concentrated contaminants such
as TDS, heavy metals, chlorides, etc. many times over
their levels in the cooling makeup water. The problem
was approached in several ways by respondents to this
study. Several industrial plants simply have no dis-
charge, but instead dispose of their final waste by
evaporation or deep well injection. One power genera-
tion station proved to the local regulatory agency that
its' use of treated sewage effluent resulted in a lower
overall discharge of contaminants to the environment:
though the discharge from the power station is more con-
centrated, the discharge from the nearby sewage treatment
plant is eliminated entirely.

Revenues from sale of effluent are an important factor in
the economic evaluation of a wastewater reuse program.

The results of this study show that generally most indus-
trial reusers are paying for the wastewater they use on a
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volume basis, and most irrigation reusers are getting the
wastewater free or for a very minimal sum. Price is a
relative factor. The price of reclaimed wastewater must
be compared to the price of alternative supplies of water
that will meet the customers needs and to whether or not
he can afford to pay the price being asked, and still
compete on the open-market with his product.

The cost of additional treatment, transport and storage
to meet a customers' special needs is a further restraint
on price setting. No matter how conservation minded a
community is, the use of reclaimed water will be severely
limited if the net cost to the community for disposal via
reclamation exceeds that of alternative method of dis-
posal which is also commensurate with regulatory require-
ments.

D. Development of an Analytic Framework to Complete an Eco-
nomic Analysis

Development of an analytic framework to complete an economic
analysis is necessary to tie the various considerations des-
cribed in the previous pages together and arrive at a ra-
tional answer to the feasibility of wastewater reuse. A
need exists to develop detailed procedures and methodologies
to accomplish this. On a simplistic basis, however, waste-
water reuse is probably worth seriously investigating when-
ever one or more of the following conditions is met:

. Existing fresh water supplies are limited and substantial
future expenditures are contemplated to develop addi-
tional supplies.

. Existing fresh water supplies are relatively expensive.

. Private or public developments with need for large vol-
umes of water exist in the area.

. The treatment provided the wastewater produces an efflu-
ent of very high guality which is now wasted into receiv-
ing waters.

. Regulatory agencies are planning to require a higher de-
gree of treatment for discharge to receiving waters, such
as nutrient removal.

Again on a simplistic basis, the economic feasibility of
wastewater reuse can be viewed from the standpoint of both
the municipality and the potential reusers as a series of
Pluses and minuses. A favorable situation will have both
the municipality and the potential reuser on the plus side.
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For the municipality the balance sheet would include the
following:

Pluses

1. Savings in fresh water supply facilities which do not
have to be built because reuse lessens the demand upon

fresh water sources.

2. Savings in sewage treatment and disposal costs, if any,
for discharge to reuse instead of discharge to receiving
water.

3. Savings, if any, in construction of raw sewage trunk
sewers resulting from construction of a sewage reclama-

tion plant at an upstream location in the collection sys-
tem.

4. Revenues received from the sale of reclaimed water.

5. Environmental advantages, i.e., discharge of nutrients
to land instead of receiving waters.

6. Public relations advantages.

Minuses

1. Extra costs for sewage treatment and effluent transport
and storage, if any, for discharge to reuse instead of

discharge to receiving waters.

2. Extra costs, if any, for administration of a reuse pro-
gram, e.g., billings, handling complaints, etc.

3. Legal restraints, e.g., prior water rights.
4, Sal?, nitrate, and other contaminants build-up in the
basin resulting from recycle, especially in cases of

irrigation reuse.

For the reuser, the balance sheet would include the follow-
ing:

Pluses
l. Lower cost water supply.

2. If an irrigator, higher fertilizer value of reclaimed
water.

3. In some cases, more dependable water supply.

134



4., Beneficial public relations.
Minuses

1. Extra cost for treatment, conveyance or storage, if any,
over that required for fresh water supply.

2. Extra volume needed to accomplish similar purposes, if
any, over that required for fresh water supply.

3. Extra costs, if any, for reuser to discharge his waste-
water as a result of using reclaimed water instead of
fresh water.

Both the municipality and the potential reusers should ana-
lyze reuse on the basis of future as well as existing con-
ditions. Rising fresh water costs and more stringent waste-
water discharge requirements in the near future may make
reclamation a practical solution now.
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SECTION VIII
CONCLUSIONS

The reuse of municipal wastewater is being practiced on a
continuing basis at about 358 locations in the United
States. About 95 percent of these operations are located
in the semi-arid Southwest states of Texas, California,
Arizona, New Mexico, Colorado, and Nevada. Total reuse
volume is approximately 133 billion gallons annually,
exclusive of groundwater recharge which was not included
in the scope of this study.

Treated municipal wastewater is being successfully uti-
lized for irrigation of a wide variety of crops and land-
scaping, industrial cooling and process water, recrea-
tional lakes, and fish propagation. At one U.S. site
treated effluent is used for non-potable domestic pur-
poses (e.g., toilet flushing).

Irrigation with municipal wastewater is practiced at
approximately 338 locations and utilizes about 77 billion
gallons annually. The majority of the crops are not for
human consumption. Examples are cited, however, of the
irrigation of many varieties of crops for human consump-
tion and irrigation of landscaping with human contact
(e.g., golf courses).

Approximately one quarter of the treatment plants fur-
nishing wastewater for irrigation in 1972 provide only
primary treatment. The remainder provide secondary
treatment and in a few instances tertiary treatment.
Reported quality, both organic and inorganic, of effluent
used for irrigation varies widely. With proper crop
selection and irrigation management even very poor qual-
ity effluents are used successfully.

;mportant components of a successful irrigation program
include adequate storage, well engineered runoff control,
odor and insect nuisance prevention, protection of the
public against unsafe exposure, and good lines of com-
munication between the municipal supplier and the irri-
gator. Many existing programs lack one or more of these
safeguards and guidelines for proper design and operation
shoulq be adopted and enforced by responsible regulatory
agencies.,

Many irrigation operations are primarily intended as a
method of disposal. If there was no runoff from irri-
ggted areas into surface waters, regulatory agencies paid
little attention to the irrigation wastewater quality.
In recent years, however, there has been growing concern
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over the possible effect upon groundwater resources from
infiltration of pollutants contained in treated sewage
used for irrigation. It is probable that in the future,
effluent guality standards for such use will become more
stringent.

Approximately 20 percent of the municipalities supplying
treated wastewater for irrigation receive revenue from
sale of the wastewater. At those municipalities which do
charge, weighted average user charges are $6/MG for pri-
mary effluent, $11/MG for secondary effluent, and $76/MG
for tertiary effluent. As a whole, municipalities are
apparently not charging enough for the effluent they sup-
ply, however, any revenue is more than would be received
if the effluent were simply discharged to waste.

Only 15 industrial plants are presently reusing munici-
pal wastewater in the U.S. These 15 facilities include
three city-owned power plants, so private industry 1is
represented by only 12 plants. Obviously, numerous
potential industrial reuse opportunities remain unrecog-
nized.

Approximately 53.5 billion gallons of treated municipal
effluent is reused annually by industry. Cooling water
use accounts for 98.5 percent of the total volume, with
the remaining small increment used for boiler feed water
makeup, process water in copper mining, and miscellaneous
process uses.

Treated municipal wastewater is being used successfully
for cooling water makeup at 12 industrial plants in the
U.S. Cooling water technology is complex and the use of
reclaimed sewage presents special problems of treatment
to the industrial operator. Unless the municipal efflu-
ent is of exceptionally high quality, further chemical
treatment is required to remove phosphates, organics, and
suspended solids prior to usein the cooling tower system.
Municipalities and industries have demonstrated the abi-
lity to cooperate in managing reuse programs to the bene-
fit of both. Probably the greatest single undeveloped
reuse potential is the increased use of municipal efflu-
ents for industrial cooling purposes.

Generally, from an industry point of view, the municipal
wastewater is in direct competition with fresh water. In
order for reuse to be attractive, either the total cost
of purchasing, transporting, and treating the wastewater
must be less than the total of equivalent costs for fresh
water, or the reclaimed wastewater must provide a more
dependable supply than the fresh water system. At seven
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locations where costs could be determined, the total cost
of using effluent ranged from $143 to $675/MG with a
median of $240/MG.

There are three U.S. municipal treatment plants which
provide treated effluent for major recreational lake pro-
jects. They are located in California at the cities of
Lake Tahoe, Santee, and Lancaster. All provide some
degree of tertiary treatment, and have been extensively
covered in the technical literature. FEach project has
been successful in achieving most of its' goals in terms
of consistantly providing high quality effluent which
poses no hazard to the public utilizing the lakes.

Reported treatment costs, including capital amortization,
for supplying tertiary treated effluent for recreational
lakes range from $150/MG at Lancaster, California to
$882/MG at Lake Tahoe. Lake Tahoe costs are misleading
because the treatment plant is operating at less than
half design capacity.

Successful fish propagation in treated municipal effluent
has been reported at several locations in addition to the
major recreational lakes listed above. There is little
or no information available, however, regarding the suit-
ability of the fish for human consumption.

The only active domestic reuse operation in the U.S. is
at Grand Canyon Village, Arizona where about 30,000 gpd
of treated municipal wastewater is used for toilet
flushing, car washing, and other non-potable uses.

Only a small percentage of municipal wastewater is pre-
sently reused in this country. To conserve our national
fresh water resources government and the public will be
wise to strongly support the expanded practice and con-
tinued development of municipal wastewater reclamation.
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SECTION IX

RECOMMENDATIONS FOR ADDITIONAL RESEARCH

A major need to supplement this report is a state-of-the
art study of groundwater recharge, using reclaimed
wastewater for water supply augmentation, salt water
intrusion barrier and oil field flooding. The approach
for the additional work would be similar to that used
for this study.

Work should begin on preparation of an EPA technology
transfer seminar publication on wastewater reuse, simi-
lar to EPA publications on upgrading lagoons, nitrifi-
cation, and denitrification facilities, etc. Such a
publication would have widespread distribution and
create interest in reuse.

Implementation of a series of comprehensive, in-depth
evaluations of existing reuse operations would be of im-
mense value. This report is a broad overview, almost
entirely dependent for its information upon data sup-
plied by the existing reuse operations. What is needed
is a detailed technical and economic field study involv-
ing extensive on-site analysis of various phases of rep-
resentative reuse operations. Irrigation, industrial,
groundwater recharge, and recreational lake uses should
be represented.

Preparation of a study showing detailed methodologies
and procedures for economic evaluation of a municipal
wastewater reuse program.

The role of incentives for reuse on a federal, state,
and local level should be studied. Many of the bene-
fits from local wastewater reuse are felt on a regional
or national level, and perhaps local reuse operations
should be compensated accordingly. Similarly, the re-
user is benefitting the community and perhaps should be
rewarded in some manner, e.g., lower industrial waste
discharge surcharge, etc. As part of this work, the
relationship between treatment plant construction
grants and potential reuse programs should be analyzed.
There is a danger that federal and state grants will

139



10.

contain provisions which tend to inadvertently disgour-
age reuse. Possibly this recommendation could be incor-
porated into 4. above.

Continued basic research is needed into the potential
health hazards of the use of reclaimed wastewater for
purposes of direct potable reuse, total body contact,
edible fish propogation, and irrigation of crops for
human consumption. Of particular interest is the fate
of the refractory organics, heavy metals and pathogenic
organisms during reuse. Is there a buildup? Is there
a health hazard? At what concentrations? Etc.

Since cooling water is the predominant industrial use
for reclaimed wastewater, now and in the future, more
needs to be known about optimizing the technical and
cost relationships between effluent gquality, user treat-
ment required, and cooling system operational procedures
(e.g., number of cycles, corrosion control, etc).

Continued basic research is needed in the area of ad-
vanced treatment methods for removal of contaminants
detrimental to reuse. Partial demineralization of ef-
fluent must be made less expensive, if possible. An
inexpensive method of removing boron from potential
irrigation water is needed. The effectiveness of dis-
infection with and without filtration should be deter-
mined for various qualities of effluent. Some munici-
palities feel their effluent could only be reused if
it were filtered, because chlorination alone will not
produce adequate bacterial kills.

Dual potable and non-potable water system technology and
economics is of interest, particularly the factors
bearing on the feasibility of a dual system, and the
necessary design criteria to protect the public health.

Basic research should continue in the development of
simple, rapid procedures and reliable instrumentation
for measurement and monitoring of bacteria, chemicals,
and toxic agents in reclaimed water. Other than an
occassional chlorine residual recorder or turbidimeter
very little instrumentation to monitor reclaimed water
was reported by this study. Bacteriological tests would
be more valuable if the time lag between sampling and
results were shortened.
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APPENDIX A
FIFID INVESTIGATION REPORTS

GRAND CANYON VILLAGE, ARIZONA

INTRODUCTION

Grand Canyon Village, located on the south rim of the Grand
Canyon, is the only reported location in the United States
where reclaimed sewage effluent is utilized as a non-potable
domestic water supply. An average of 30,000 gpd (approxi-
mately 7 percent of the total water demand) is used during
the May through September high-use season for: toilet
flushing, car washing, irrigation, construction, and stock
watering.

MUNICIPAL TREATMENT PROCESSES

Reclaimed water is supplied to the village by the wvillage
tertiary treatment plant. The plant, built in March, 1972,
treats an average of 0.22 mgd during peak season, of which
approximately 14 percent is reclaimed for non-potable use.
Industrial wastes from a large laundry comprise only a small
fraction of the influent raw sewage flow and exert no sig-
nificant effect on the treatment process.

Figure A-1 diagrams the major treatment processes. Primary
treatment consists of screening followed by comminution.
The raw sewage then goes directly into one of three acti-
vated sludge aeration tanks which provide 5 hr detention
time, MLSS concentration of 2,000 to 3,000 mg/l and 60 per-
cent sludge recirculation rate. Gravity circular secondary
clarification follows with an overflow rate of 600 gpd/sq
ft. Aerobic sludge digestion is used followed by drying
beds.

Tertiary treatment constructed in 1926 consists of filtra-
tion through anthracite coal beds (which are composed of 2.5
to 3.5 ft of various sized rock covered with 18 inches of
coal), and chlorination to a residual of 5 mg/l chlorine.

A covered concrete storage tank holds 0.3 mg and serves to
meet the varying demands of the village. The reclaimed
water is then pumped directly into the village distribution
system, where a steel storage tank holding 0.1 MG provides
constant pressure.
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Typical final effluent characteristics are listed in Table
A-1. The only reported effluent odor is a noticeable
chlorine odor resulting from the high residual, that is
maintained partly to discourage human consumption of the
water.

Table A-1. AVERAGE EFFLUENT CHARACTERISTICS
AT GRAND CANYON VILLAGE, ARIZONA

Characteristic Concentration

(mg/1)

BOD 10

SS 10

TDS 616

Cl 200

MPN 0

pH 6.9-7.2

After secondary treatment, the effluent remaining after the
non-potable distribution system needs are met, is stored in
a 6 MG evaporation lagoon.

REUSE PRACTICES

The largest single use of the effluent is for flushing pub-
lic toilets in most of the older lodges, motels, dorms, and
cafeterias within the village.

Irrigation of the high school football field and landscaping
is another major use of reclaimed water, followed by vehicle
washing and occasional use in road and airport runway con-
struction. Table A-2 shows high and low reuse volumes for
various activities. Use drops off during the winter months
as tourist activity declines.

Table A-2., REUSE VOLUMES AT
GRAND CANYON VILLAGE, ARIZONA

Volume {(gal/month)

Use High Low

Public Toilets 1,050,000 321,000
Irrigation 515,000 19,000
Car Washing 26,000 3,200
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The major problem reported with the reclaimed water opera-
tion is distribution. The distribution system for reclaimed
water is old and piping is corroded. The existing system is
already limited in area and becomes more so as old piping
deteriorates and is abandoned.

If requested funds become available, park engineers are
planning to replace and expand the reclaimed water distribu-
tion system and replace the tertiary treatment plant. Re-
claimed water would then be made available to all private
and public toilets for which an economic advantage could be
shown. The potential use for reclaimed water is roughly

6 MG/month during peak seasons. Figure A-2 depicts the
existing and future distribution plan for the village.

In addition to problems of distribution, other difficulties
include minor occurances of sludge bulking and poor settling
in the secondary clarifier. Low pressure resulting from in-
sufficiently elevated reclaimed water storage tank was re-
cently rectified by installation of a pneumatic pressure
system to serve the higher points of use. Generally, the
present system is considered very successful. There have
been no reports of health or aesthetic problems due to re-
claimed water use.

An improved and expanded system of wastewater treatment and
distribution would ease the increasing demand on the pre-
cious fresh water supply of Grand Canyon Village. The suc-
cess of this operation may interest other communities with
critical water supply problems, to evaluate the advantages
of domestic water reclamation and reuse systems. This is
especially true for those future developments where costs
of a parallel non-potable piping system would not be as pro-
hibitive. At Grand Canyon, reclaimed water pipes were laid
in the same trench with the sewers. All trenching is in
solid rock.

ECONOMICS

Economics is of particular importance in the grand Canyon
since geographic and climatic constraints to obtaining fresh
water are severe. The land surrounding Grand Canyon Village
1s arid. Potable water must be piped 15 miles across the
Grand Canyon from Roaring Springs and pumped 3,400 ft in
elevation. As a result, fresh water cost is $2.45/1,000 gal.
In addition, damage to the transmission pipe from falling
chk along the canyon walls is common. Maintenance is dif-
ficult and costly, involving the use of helicopter air lifts
apd other unusual techniques. The Village's rapid popula-
tion growth of approximately 6 percent annually increases
the critical nature of the water supply problem. Maximum

172



MARICOPA POINT

MATHIR POINT

AT service

] ==
P, \_ .:,'=' Y
T, \'  Anphithearer 4 m 2)/ Firture

Wissror 4 Statian
2

ELT

02\4.

\Ceater vl
. L Bl )]
o~ B e &) “~

Ra “ r.

"’
Future ‘
Reuse Compersacrcell

Area

nOS 4
ulihty Area 2 (

&7 Hospital
L

L/

St e emelapersf] traiter Canp
v 7 s,jN -y
- Woste Water Troatment Pladt f

Haspitol
Rood
SOUTH RIM VILLAGE

s00

oy,

k{13 1888

[ oo
Tin

Bealy

—— Rogols
=== Existing Waste Water System

FIGURE A-2
EXISTING AND FUTURE REUSE

AT GRAND CANYON VILLAGE, ARIZONA



use of reclaimed water is economically feasible. Charges
for reclaimed water are $1.00/1,000 gal when piped to a
point of use where potable water is also available, and
$1.75/1,000 gal for all other areas. The lower rate pro-
vides an incentive to use reclaimed water. Total revenue
from sale of reclaimed water was $11,000 in 1971.

SCS Engineers estimates that the treatment cost of the waste-
water is $2.58/1,000 gal. Sales of effluent reduce the vil-
lage's treatment costs by approximately 5 percent. The re-
maining treatment costs are paid out of appropriated funds
by the federal government.
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PHOENIX, ARIZONA

INTRODUCTION

The municipality of Phoenix, Arizona has one of the nation's
largest wastewater reclamation and irrigation programs.
Approximately 35 mgd of secondary treated effluent is com-
mitted by contracts for irrigating crops, providing water to
a 70 acre fish and game marsh, and for experimental reclama-
tion purposes.

MUNICIPAL, TREATMENT PROCESSES

Phoenix, Arizona operates two activated sludge treatment
plants, the 23rd Ave. Plant which serves a portion of
Phoenix, and the Multi-City 91st Ave. Plant which treats
sewage from Phoenix and the surrounding cities of Glendale,
Tempe, Scottsdale, Mesa, Youngtown, Sun City and Peoria.
Industrial waste flow into the municipal plants comprise
about 7 percent of the total volume, with the predominant
waste coming from plating operations. Stringent industrial
discharge standards which require the pretreatment of all
industrial wastewaters discharged into the sanitary sewerage
system, protect the treatment plants and insures an effluent
suitable for reuse. Treatment provided at the two plants is
nearly identical and only the 91st Ave. plant will be dis-
cussed in detail. Figure A-3 shows schematically the treat-
ment and reuse operations.

The 91st Ave. plant treats 60 mgd of raw sewage. Primary
treatment consists of screening followed by grit removal and
four primary sedimentation tanks. The sewage then flows
into four activated sludge tanks using step aeration with
conventional spiral flow, 5 hr detention, and 2,100 mg/1l
mixed liquor solids concentration. Air is supplied at the
rate of 1,300 cu ft per 1lb of BOD removed. Twenty-four
secondary gravity clarification tanks with overflow rates

of 530 gpd/sq ft provide final settling prior to discharge.

Water quality characteristics of the secondary effluent from
the 91st Ave. activated sludge plant are tabulated in Table
A-3,



40 MGD

[ ] screenine

GRIT CHAMBER

CONVENTIONAL

ANAEROBIC SIX DAMS UPSTREAM
DIGESTION
SLUDGE SALT
THICKENING RIVER
(NORMALL
SECONDARY DRY)
CLARIFICATION
TANKS

PRIMARY

CLARIFICATION
'S TANKS
1t 1

=

STABILIZATION PONDS

gl

23 RD. AVE. PLANT

ACTIVATED
SLUDGE
TANKS
( SAME FLOW
60 MGD DIAGRAM AS 6.5 MGD.
23 RD. AVE
PLANT BUT
WITHOUT ASU FISH & GAME
STABILIZAT ION . PONDS) EXPERIMENTAL MARSH Ay
(;J g IMTGD 60-70 X
OIST AVE. PLANT . ACRES A r_y t:r

U.S. WATER CONSERVATION
LABORATORY

DIKE

BUCKEYE IRRIGATION
COMPANY"

1.07 MGD. WASTEWATER
RECLAMATION RESEARCH

26.8 MGD
FOR ALFALFA, COTTON,
AND GRAINS.
PHOENIX AREA
| BEAGLE CLUB
0.18 MGD FOR
IRRIGAT ION
FIGURE A-3

MUNICIPAL. WATER RECLAMATION AND IRRIGATION REUSE SYSTEM

PHOENIX, ARIZONA

176




Table A-3. TYPICAL MUNICIPAL EFFLUENT CHARAC-
TERISTICS AT 91ST AVE. PLANT, PHOENIX, ARIZONA

Characteristics|Concentration | Characteristics|Concentration

(mg/1) (mg/1)

ss 25 Ca 64

BOD 13 Mg 26

TDS 1,000 Fe 0
Total N 32 Na 125

NO 2 COD 50

3

NO» 1 Hardness 268

NH 3 20 Alkalinity 316

PO4 33 pH 7.4

504 100 MPN 3.5 x 10

Cl 275

Currently, an advanced tertiary treatment pilot system is
being tried at the 91st Ave. plant in cooperation with Ari-
zona State University to treat approximately 0.3 mgd of
secondary effluent. The treatment involves two submerged
biological filter units in series. This simple system is
reported to consistently reduce BOD and SS concentrations
below 1 mg/l. A smaller submerged biological filter pilot
system at the 23rd Ave. plant is being fed raw sewage at the
rate of 8,000 gpd. The effluent from this small operation
has a BOD of about 1 mg/l and is being successfully used in
hydroponic irrigation experiments with tomatoes, carrots,
lettuce, and beans.

Further treatment of secondary effluent is provided only at
the 23rd Ave. plant. One-hundred twenty acres of ponds pro-
vide this additional treatment and also serve as a sanctuary
for hundreds of water fowl, including ducks, geese, herons,
and smaller marsh birds. The 91st Ave. plant discharges
directly to the dry Salt River bed.

REUSE PRACTICES

Reclaimed water reuse in Phoenix, Arizona, can be separated
into four areas: (1) irrigation by the Phoenix, Arizona
Beagle Club, 0.18 mgd; (2) irrigation by the Buckeye Irriga-
tion Company, 26.8 mgd; (3) creation of a marsh for fish and
wildlife refuge by the Arizona Fish and Game Department; and
(4) advanced wastewater treatment experimentation, 1.07 mgd.

Effluent from the 91st Ave. plant, averaging 60 mgd, flows
through an open, earth-lined channel to the normally dry
Salt River bed. Approximately three miles downstream, the
flow encounters a dike which causes a portion of the
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reclaimed water to form a marshy area of 70 acres. This
area serves as a refuge for birds and other wildlife as well
as a site for recreational fishing. Carp, Catfish, and Gam-
busia are among the species of fish life found in the refuge.
Further down the river, the U.S. Water Conservation Labora-
tory extracts 1.07 mgd for experimentation, and the Buckeye
Irrigation Company diverts 27 mgd for irrigation of alfalfa,
cotton, and grains.

ECONOMICS

About 25.2 mgd is purchased from the Multi-Cities by the
Buckeye Irrigation Company at $4.60/MG; however, an addi-
tional 1.6 mgd of Phoenix's reclaimed water flow is also
diverted from the Salt River by the Buckeye Irrigation Com-
pany to satisfy a legal commitment. Total revenue to the
Multi-Cities was $42,300 in 1972. Plans are being prepared
for reuse as cooling water for nuclear power plants, the
first of which is to be completed in about 1981, The Ari-
zona Nuclear Power Project has been granted an option to
purchase an ultimate volume of 140,000 acre feet of effluent
per year.

The city of Phoenix has recently been offered an EPA Re-
search Grant to construct and operate a soil filter system
to reclaim about 15 mgd of effluent from the 23rd Ave.
plant. This demonstration system, a larger version of the

1 mgd research unit now operated by the U.S. Water Conserva-
tion Laboratory downstream from the 91st Ave. plant, will
produce water that is suitable for unrestricted agricultural
use. It is intended that this water will be sold to the
Roosevelt Irrigation District when the unit is placed in
operation about July 1974.
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BAKERSFIELD, CALIFORNIA

INTRODUCTION

The city of Bakersfield, California has reclaimed primary
treated municipal wastewater for irrigation water since 1912.
During 1972 the program irrigated 2,400 acres of corn, bar-
ley, wheat, alfalfa, cotton, and permanent pasture by utili-
zing the entire average effluent flow of 12 mgd from two
municipal treatment plants located adjacent to the fields.
The project demonstrates that irrigation with poor quality
effluent is agriculturally feasible and economically attrac-
tive. The farmer realizes substantial savings in the pur-
chase of water and the municipality gains economic advan-
tages through low treatment costs. Of major significance is
the resulting conservation of fresh water supplies in this
water short area. Long-term effects upon groundwater qual-
ity, however, have not yet been thoroughly investigated.

A successful program requires knowledgeable crop management
and a well balanced irrigation program. Sufficient water
storage capacity should be available to meet variance in
water demand for optimum results. A large capacity tail-
water collection and recirculation system is required to
prevent runoff of polluted irrigation water.

MUNICIPAL TREATMENT PROCESSES

The two Bakersfield primary treatment plants are located
within 2,400 acres of irrigated fields and approximately 2
miles from the nearest residential development. The plants
are very similar, consisting of screening, grit removal, and
primary gravity clarification, followed by a holding pond.
Conventional anaerobic sludge digestion is used. Dried
sludge is composted with collected leaves and spread in city
parks. The only significant difference in the two plant
processes is the addition of pre-aeration prior to sedimenta-
tion at Plant No. 2. A schematic flow diagram of Plant No.
2 is shown in Figure A-4 and plant effluent characteristics
are presented in Table A-4. The poor quality of the Plant
No. 1 effluent is due to high influent BOD from dairy and
poultry processing plants.

179



Table A-4. AVERAGE MUNICIPAL
EFFLUENT CHARACTERISTICS AT
BAKERSFIELD, CALIFORNIA

Characteristic Plant No. 1 Plant No. 2

(mg/1) (3.6 mgd) (8.4 mgd)
BOD 370 85
SS 118 26
TDS 630 324
Na 181 87
Cl 96 50
pH 7.0 7.4
PO4 16 20
NH3~N 29 23
|
SCREENING

GRIT CHAMBER

AERATION TANK

10 MG
HOLDING POND

__IRRIGATION PRIMARY
TO 2400 CLARIFICATION

ACRES TANKS

DIGESTERS |
TO DRYING BED

FIGURE A-4
MUNICIPAL SEWAGE TREATMENT PLANT NO.2

BAKERSFIELD, CALIFORNIA
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REUSE PRACTICES

The irrigated fields surround the treatment plants and uti-
lize all effluent from the plants. Ridge and furrow irriga-
tion is used. No discharge of wastewater is allowed from
the 2,400 acre farm. Management of tailwater (runoff from
the fields) is a large operation involving storage in a 20
MG tailwater pond and pumping back to the irrigation system.
This effort could be greatly reduced by increased storage
capacity of effluent prior to irrigation.

In general, odors in the fields are not severe; however,
mosquitos are ubiquitous throughout the irrigation system
and pose a significant problem which is perpetuated by ex-
cess water ponding during the winter season. Mosquito
abatement spraying is the only insect control practiced.

The farm is surrounded by other agricultural land and is lo-
cated southeast of the city of Bakersfield, approximately
two miles from the nearest residences. This separation is
sufficient to prevent nuisance odors and insects from dis-
turbing local citizens.

Cotton is the only cash crop grown. Corn, barley, alfalfa,
wheat and permanent pasture are used for animal feed on the
farm. Irrigation with primary effluent is restricted by the
California State Health Department to crops not for human
consumption.

The reclaimed water supply must be augmented during the
months of June, July, and August by well water which consti-
tutes 33 percent of the total supply during these summer
months.

In Bakersfield's experience, the effect of using reclaimed
primary effluent varies with the crop. Corn and permanent
pasture is reported to grow equally well using fresh water
irrigation systems or using primary effluent. The grain
crops of alfalfa, barley, and wheat also showed growth and
yields camparable to crops irrigated with fresh irrigation
water. Bakersfield reports, however, that high nitrogen
concentrations in the reclaimed water can impair optimum
production of grain crops, and careful management is neces-
sary to regulate the amount of irrigation water used and the
amount of nitrogen assimilated by the plants. Cotton is the
only crop that appeared to be detrimentally affected by
irrigation with primary effluent. The high concentrations
of nutrients direct growth to the plant rather than to the
cotton boles; thus, cotton production is reduced by an esti-
mated 25 percent compared to irrigation with fresh water and
balanced fertilization.
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Substantial storage capacity is important for an optimum
irrigation program with reclaimed wastewater. Thg present
irrigation program at Bakersfield is impaired by inadequate
lagoon storage capacity which prevents complete satisfaction
of high summer demands and forces overuse in the rainy win-
ter season, causing saturation of the fields and ponding. A
proposed reservoir of 800 to 1,500 acre-ft would balance the
reclaimed water supply to meet seasonal needs. Also planned
is increased replacement of open earth ditches with irriga-
tion pipe in order to increase percolation and reduce tail-
water accumulation, storage, and pumping.

The city recognizes the potential for groundwater contamina-
tion when irrigating with primary effluent. The major con-
cern is that nitrates will increase in groundwater and well
supplies. Studies are presently under way to determine the
effects of reclaimed water irrigation on groundwater quality
in the area. Preliminary investigations indicate no nitrate
contamination of well water supplies has occurred during the
first 50 years of the Bakersfield reclamation operation.

ECONOMICS

The city of Bakersfield realizes substantial savings because
primary treatment is sufficient for disposal to field irri-
gation whereas secondary treatment would be required if the
effluent was discharged to surface waters. The approximate
1972 cost for primary treatment is $113/MG at Plant No. 1,
and $92/MG at Plant No. 2. The city estimates an increase
to $175/MG if secondary treatment were necessary (costs in-
clude capital amortization).

Financial savings through the use of the reclaimed water are
significant for the farming and livestock operation also.

No exact dollar values are available, but the farm operator
believes a savings of $5/acre annually in water cost is con-
servative. A greater savings would be possible if the ef-
fluent were properly balanced to meet all seasonal demands.
Construction of deep wells has been necessary to augment the
flow from the treatment plants in the summer. The $9,000/
year cost for mosquito abatement could also be reduced by
proper water storage and balancing to reduce tailwater vol-
ume and ponding on the fields.
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BURBANK, CALIFORNIA

INTRODUCTION

Located in the heart of the downtown area, the municipal
wastewater reclamation facility at Burbank attains a sig-
nificantly higher quality effluent than is typical of con-
ventional secondary treatment systems. Since 1967, the city
power generating plant has successfully utilized this efflu-
ent for cooling water makeup. Initial problems with efflu-
ent reuse were solved by close cooperation between personnel
of the wastewater treatment plant and the power plant. Co-
operation continues on a day-to-day basis to ensure opti-
mum operation. In the opinion of SCS Engineers, the Burbank
reclamation operation is presently among the outstanding
examples of cooling makeup water reuse in the nation.

MUNICIPAL TREATMENT PROCESSES

The municipality treats an average raw sewage flow of 5.2
mgd, ranging from 2 to 9 mgd. The influent contains approxi-
mately 25 percent industrial waste, predominantly generated
by aircraft manufacture and containing hexavalent chromium,
cyanide, and heavy metals. Concentrations of undesirable
industrial waste characteristics are controlled by a ridgidly
enforced industrial waste ordinance and frequent inspections.

The 6 mgd design capacity treatment plant, as diagrammed in
Figure A-5, includes screening and barminutors, followed by
gravity settling in two rectangular primary clarification
tanks designed for 1,250 gpd/sq ft surface overflow rate.
The three aeration tanks are each 30 ft wide by 210 ft long
by 15 ft deep. The tanks may be operated in parallel or in
series. Presently, series operation is used with step feed
of the primary effluent at 10 ft, 60 ft, 110 ft, and 160 ft
from the beginning of the first tank. Design parameters for
the aeration tanks include the following:

. BOD load - 31 1lbs/1,000 cu ft tank volume

« Air supply - 1,300 cu ft/1lb BOD removed or 1.9 cu
ft/gal

. Detention period - 8.4 hrs
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Return sludge - 30 to 70 percent.

Present operation utilizes one of the aeration tanks for
sludge reaeration, maintains approximately 900 mg/l MLSS in
the aeration tanks, and recirculates approximately 30 per-
cent return activated sludge.

Final clarification is provided by four rectangular clari-
fiers designed for 935 gpd/sq ft overflow rate.

The final treatment step is chlorination at a dosage of
approximately 7 mg/l for 45 minutes producing a residual of
2 to 3 mg/l. Typical plant effluent quality is shown in
Table A-5. It should be noted that the city of Burbank
plant has a significant advantage over other plants because
it disposes of its raw sludge to the city of Los Angeles via
a nearby interceptor sewer. No sludge and supernatant hand-
ling requirements are a great asset in producing an excep-
tional quality effluent. 1In case of an emergency, the same
interceptor to the city of Los Angeles can be used to dis-
pose of raw sewage or poor effluent.

Table A-5. AVERAGE MUNICIPAL
EFFLUENT CHARACTERISTICS AT BURBANK

Characteristic|Concentration | Characteristic|Concentration

(mg/1) (mg/1)

BOD 0.66 Organic N 39

Ss 4.5 Pb 0.01

TDS 500 Cr 0.02

Na 88 Zn 0.02

Cl 82 Ne 0.32

pH 7.2 Cu 0.03

MPN 0-20 B 0.9

Total Hardness 160 Hg 0.002

Total POy 20 cd 0.002

Water not used for cooling water makeup is discharged to the
Los Angeles River and ultimately used for groundwater re-
charge via spreading grounds.

The power plant has no specific limitation on the effluent
quality received; however, minimum levels of dissolved and
suspended solids, phosphate, nitrogen, and organics are
desired. The power plant cannot discharge wastewater with
greater than 750 mg/l TDS, thus severly limiting the number
of recycles of water prior to blowdown.
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Communication between treatment plant personnel and power
plant personnel is important in the success of the effluent
reuse practice in Burbank. Any change 1in eff}uent charag—
teristics or performance of the reused water in the cooling
towers is immediately reported and discussed.

REUSE PRACTICES

The city of Burbank's 170 Mw power generation station uses
approximately 2 mgd of the renovated water in its mechanical
draft cooling towers. This volume varies from 1.5 to 2.5
mgd with about 25 percent more water used during the summer
months when high power demands are placed on the station.

User treatment includes shock chlorination once daily in
winter and twice daily in summer to produce a 1 mg/l chlo-
rine residual. The pH is adjusted to between 6.6 and 6.8
with sulfuric acid. Poly-electrolyte is added for corrosion
inhibition and scaling prevention. All chemical additions
are direct to the recirculating cooling water.

Standby supplies from the city potable water sources are
available if required. Prior to implementation of the
wastewater reuse, the city water supply was the only source
of makeup water, and the power plant has good data comparing
the treatment required for effluent vs. potable city water.
Effluent generally is reported to have the following disad-
vantages:

l. Greater chlorine dosage is needed to prevent growths
due to the nutrient values. The difference is
approximately 2:1 in the winter and 4:1 in the sum-
mer.

2. More acid for pH control is required because of the
greater buffering action. The difference is approxi-
mately 3:2.

3. More poly-electrolyte is required.

4. More water is required in the cooling operation be-
cause the higher TDS of the wastewater prevents as
many recycles as could be obtained with potable
water.

ECONOMICS

Municipal waste treatment costs are estimated at $126/MG,
based upon the following reported costs: labor, $74,000;
supplies, $13,000; utilities, $27,000; and other items,
$4,000. Capital cost of the treatment plant was $1.1

186



million in 1966 which represents an equivalent 1972 cost of
$1,626,000 calculated with the FWPCA Sewage Treatment Plant
Construction Cost Index Ratio (1972/1966 = 1.48). Therefore,
annual capital amortization (5.5% over 25 years) totaled
$121,367. Adding the operating costs to amortization yielded
a total annual treatment cost of $239,367 or $126/mg for the
annual effluent volume of 1,898 mg. Reclaimed water sales,
though simply an inter-city transfer, totaled $31,000 in

1972 at a rate of $43/MG.

It is estimated by SCS Engineers that the power plant spends
approximately $100/MG for additional chemical treatment as
previously described. The combined cost of $226 compares
very favorably with total costs reported by other munici-
palities, and is a strong argument for the overall effi-
ciency of the Burbank reclamation program.
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CALABASAS, CALIFORNIA

(LAS VIRGENES MUNICIPAL WATER DISTRICT)

INTRODUCTION

The Las Virgenes Water District has been reclaiming treated
effluent since 1965. Currently, it is using renovated water
for crop and pasture irrigation. However, a $3.5 million
expansion of the reclaimed water system is tentatively
planned for 1976 and is to include a series of recreational
lakes as well as an enlarged irrigation program. The rec-
lamation plant was selected Los Angeles Basin Plant of the
Year for 1972 and is an outstanding example of good acti-
vated sludge design and operation.

MUNICIPAL TREATMENT PROCESSES

The Tapia Treatment Plant in Las Virgenes gives secondary
treatment to an average wastewater flow of 3 mgd, 10 percent
of which is contributed by industry. However, all indus-
tries are required to pretreat their waste to domestic sew-
age strengths, and no heavy metal concentrations are allowed
in excess of USPHS Drinking Water Standards. Due to these
stringent discharge controls, no problems are experienced at
the treatment plant due to industrial wastewater flows.

Figure A-6 shows a schematic flow diagram of the treatment
processes. Primary treatment consists of comminution fol-
lowed by sedimentation in two rectangular tanks each 125 ft
x 20 ft x 12 ft in dimension, with a 1,600 gpd/sq ft over-
flow rate, and 1.1 hour detention time at the design flow
rate of 8 mgd.

The wastewater then enters three rectangular activated
sludge aeration tanks, each having dimensions of 160 ft x 30
ft x 15 ft. The operation is step feed with 3.6 hour
detention at a sludge recirculation rate of 33 percent. Air
is diffused at 1 cu ft per gallon of raw sewage or approxi-
mately 1,000 cu ft of air per 1lb of BOD removed. The MLSS
concentration is regulated with seasonal temperature and
microbiological activity to 1,600 mg/l in the summer and

188



COMMINUTOR

AND
| METERING
y
PRIMARY
CLARIFICATION
TANKS
RE-AERATION
DIGESTION “
ACTIVATED
SLUDGE
TANKS
T T ]
CHEMICAL
DEWATERING
SLUDGE { { i f }
TO FARM
FERTILIZATION
RETURN
SECONDARY
CLARIFICATION ACTIVATED
TANKS - - 1 ]
CHLORINE
CONTACT I3MG HOLDING POND
c
IRRIGATION
AND WASTE
SPRAY
3 MG HOLDING
POND WASTE
SPRAY

IRRIGATION
3 MG HOLDING POND ONLY

FIGURE A-6

MUNICIPAL WASTE WATER TREATMENT FACILITY

TAPIA PLANT

LAS VIRGENES, CALIFORNIA

189



2,600 mg/l in the winter. The activated sludge process is
closely monitored and regulated to achieve consistent com-
plete nitrification. Concentration of nitrate nitrogen
(NO3) is monitored at regular intervals along the aeration
tanks with corrections and modifications of the operation
geared to maintain proper concentration and activity of the
sensitive nitrifying bacteria (Nitrosomonas and Nitrobacter).

Following aeration, the mixed liquor is settled in five
secondary clarification tanks each 150 ft x 20 ft x 10 ft in
dimension, with a 600 gpd/sq ft overflow rate, and 2.5 hour
detention time at design flow. Presently, one of the
secondary clarifiers is being used as a chlorine contact
chamber to supplement the o0ld chlorine tank and provide 1.1
hours of contact time. A chlorine dosage of 8 mg/l results
in a free chlorine residual of 1 mg/l.

Return activated sludge can be reaerated prior to return to
the aeration tanks. A combination of settled waste acti-
vated sludge and primary sludge is pumped into two aerobic
digestion tanks with 120 ft x 30 ft x 15 ft dimensions,
which provide 20 days of detention time at a total plant
flow rate of 4 mgd. Digested sludge is dewatered in three
dual cell gravity units and trucked to agricultural fields
for spreading and tilling into the soil.

Following chlorination, the final effluent is stored in a 3
MG asphalt lined reservoir. From the here the reclaimed
water is pumped to two unlined stabilization/storage reser-
voirs. The first reservoir holds 3 MG and contains only
excess water for waste spray disposal on non-productive
land. During winter months, all effluent is disposed in
this manner since the Tapia plant has no permit for stream
discharge, except during periods of inclement weather. The
second reservoir holds 13 MG of reclaimed water for crop and
permanent pasture irrigation. Gravity feed from the reser-
voirs supplies sufficient head for irrigation and disposal
operations.

As summarized in Table A-6, the final effluent from the
Tapia plant approaches drinking water guality. BOD, SS,
heavy metal concentrations, and Coliform MPN are very low.
The low metals concentrations are due to the stringent in-
dustrial discharge regulations.

REUSE PRACTICES

Reclaimed wastewater is currently used for irrigation of
nearby farmland. The irrigation program is highly seasonal
utilizing approximately 60 percent of the total effluent
flow from March to October, and little water the remainder
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Table A-6. AVERAGE MUNICIPAL EFFLUENT
CHARACTERISTICS AT LAS VIRGENES

Constituent | Concentration Constituent | Concentration
(mg/1) (mg/1)
Pb 0.022 B 0.77
cd 0.003 NO3~N 13.2
Cu 0.014 NO5>~N 0.07
Ni 0.031 NH3~N 0.0
Zn 0.056 Cl 112
MBAS 0.34 TDS 870
CRTG 0.0 S04 267
Phenols 0.034 POy 32.8
Oorg-N 2.2 BOD 3
F 0.36 SS 1
pH 7.8 MPN 2.2

of the year. The following crops and acreages are irriga-
ted:

. Alfalfa - 225 acres
. Permanent pasture - 30 acres
. Sudan grass - 5 acres

In addition, the campuses of a local grade school and Pepper-
dine University (Malibu) are irrigated with effluent during
the summer months.

The irrigation system will be expanded next year to include
a golf course and green belt areas in the community of
Calabasas. The additional demand will be for 300 to 500
acre-ft/year of reclaimed water.

As seen in Table A-6, the nutrient concentrations in the
renovated effluent are quite high, due in part to the com-
plete nitrification aeration process. The nutrient value
in the effluent is estimated at approximately $18/acre-ft
based on current market values for nitrogen and phosphorus
fertilizers.

Farmers have reported favorable results using effluent water.
Yields of alfalfa have increased over previous years when
well water was used. Some of this alfalfa is used to make
"alfalfa juice concentrate", a health food supplement for
human consumption. The final product of dehydrated alfalfa
juice has successfully passed all FDA requirements and is
sold on the open market. The growth of sudan grass has been
markedly stimulated by irrigation with reclaimed water; used
as green feed for cattle, the best previous production using
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well water was one regrowth after harvest. Cur;ently, three
regrowths occur each season approximately doubling gross pro-

duction.

The treated effluent is of such high quality that no signifi-
cant problems are reported with the irrigation program. Soil
damaging constituents are not evident and suspended solids
are so low that no plugging of spray nozzles has occurred.

The water district is planning a $3.5 million expansion of
the reclaimed water system in 1976. In addition to enlarg-
ing the irrigation program several recreational lakes will
be constructed for public fishing and picnicking.

Extensive bio-assay experiments are being conducted in the
plant laboratory to determine acute and long-term toxic
effects of the effluent on fat-head minnows and gambusia
(mosquito fish). The purpose of the experimentation is two-
fold: (1) to assure the success of fish health, reproduc-
tion, and growth in planned reclaimed water recreational
lakes; and (2) to validate requests for a stream discharge
permit by proving that the plant effluent has no deleterious
effects on fish life.

Preliminary results have been encouraging as no toxic ef-
fects have been observed either in the lab aguariums or the
two treatment plant aeration tanks presently used as fish
ralsing reservoirs. Reproduction and vital activities have
been normal.

Fish have also been introduced into the existing reclaimed
water reservoirs. Bass, bluegill, crappie, and catfish have
shown higher growth rates (bass growing from 4 inches to 16
inches in 15 months) and equivalent reproductive activities
than are reported for identical species living in natural
surface waters.

ECONOMICS

The Las Virgenes Municipal Water District sells reclaimed
water to the farmers for $15/acre-ft. The price was selec-
ted to be competitive with the cost of local well water,
which is of poor quality with TDS concentrations of 1,300
to 1,500 mg/l. Because of the added nutrient value and
competitive cost of the high quality effluent supply, the
farmers have switched to 100 percent reclaimed water usage
with well water used only as standby.

The $15/acre-ft amortizes the reclaimed water piping system;
thus, the municipal water district is reimbursed for a minor



portion of their estimated treatment costs of $348/MG while
the farmers receive high quality water at costs competitive
with poor quality well water supplies.
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SANITATION DISTRICTS OF LOS ANGELES

COUNTY (LANCASTER, CALIFORNIA)

INTRODUCTION

Since 1971, the Sanitation Districts of Los Angeles County
have sold renovated wastewater to the county of Los Angeles
for use in a chain of three recreational lakes. The lakes
have a capacity of 80 MG and serve as a focal point for the
Counties' 56 acre Appolo Park. The park, located near Lan-
caster, California, was opened to the public in 1973 and
features sport fishing, boating, picnic areas, play fields,
hiking, and camping. Pending final tests, the fish caught
are not kept for eating. The area has a typical southwest
desert climate.

During 1973, an average of 0.5 mgd of renovated wastewater
for the Appolo Park lakes was supplied by the District's
Renovation Plant No. 14 near Lancaster, California. The
treatment, which is simple and relatively inexpensive, was
developed through an extensive research and pilot program
conducted by the District and the federal EPA to establish
design criteria for the project. This background data, and
the operating experience now being developed, will be of
value to future similar recreational lake developments.

MUNICIPAL TREATMENT PROCESSES

The District Wastewater Renovation Plant No. 14 near Lan-
caster provides oxidation pond treatment to an average in-
fluent flow of 4 mgd. An average of 0.5 mgd of the pond
effluent is filtered and chlorinated prior to pumping to the
recreational lakes. Figure A-7 on the following page shows
a schematic flow diagram of the operation.

The raw influent passes through a communitor and into two
primary sedimentation tanks. Only 5 percent of the raw sew-
age flow is contributed by industry and no deleterious effects
on plant operation are reported.
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Secondary treatment is provided by eight oxidation ponds,
with a total surface area of 240 acres. Detention at aver-
age flow rates is 60 days with a BOD loading of 100 lbs/
acre/day. An average of 3.5 mgd of effluent from the oxi-
dation ponds is retained behind dikes for disposal by evapo-
ration. The remaining 0.5 mgd is given the following se-
guence of tertiary treatment stages:

. Flocculation
. Sedimentation
. Filtration

. Chlorination,

for removal of phosphates, suspended solids, algae, and bac-
teria.

Effective flocculation is achieved with an average alum dos-
age of 300 mg/l. The flocculation chamber is designed for
380 gpm, with tank dimensions of 16 ft x 8 ft x 8 ft depth
and a detention time of 20 minutes.

Sedimentation is provided by a covered tank measuring 16 ft
X 68 ft x 7 ft depth. Two and one half hours of retention
time is provided at an overflow rate of 500 gpd/sq ft.

Following sedimentation, a multi-media filter is employed
for further solids removal.

Characteristics of the unit are as follows:

. Filter media - 18 in. anthrafilt

9 in. sand

15 in. gravel

. 360 gpm design flow
. 180 sg ft filter bed area
. 2.0 gpm/sqg ft loading rate
. 7.0 ft final head loss
. 18 gpm/sqg ft max. backwash rate
. 2.0 gpm/sq ft surface wash at 50 psi
. 50 percent bed expansion

Following filtration, chlorination is accomplished in a con-
tgct tank with 44,000 cu ft volume and 8 hour detention
time. Chlorine dosage will range up to 15 mg/l to provide
t?e desired 3.4 mg/l residual in the recreational lake sup-
ply.

Problems experienced to date include high turbidity and am-
monia levels during winter months, as cooler temperatures
cause slowing of biological activity in the oxidation ponds.
In order to affect complete nitrification and breakdown of



ammonia, long retention periods (60 days in the summer and
longer periods in the winter) are provided in the secondary
oxidation ponds. An undesirable side effect, however, is
that the TDS concentrations of the ponds increase with time
due to high evaporative loss. The tertiary treatment plant
has no significant effect on dissolved solids. Thus, the
high TDS concentrations are passed on to the recreational
lakes. Evaporation in the recreational lakes further con-
centrates the dissolved solids, often to levels as high as
1,200 mg/1.

To alleviate the situation, low ammonia water is stored each
autumn in one of the oxidation ponds for release during the
winter to dilute water with higher ammonia concentration as
necessary. In addition, irrigation with lake water is en-
couraged to keep water flowing through the lakes and to con-
trol increasing TDS concentrations.

Table A-7 on the following page shows effluent qualities for
the oxidation ponds and the tertiary plant. Quality require-
ments for the tertiary effluent are also listed. General re-
quirements for the reclaimed water for recreational use are
set by the State as follows:

"It is desirable that the reclaimed water be of high quality,
low in dissolved salts and nutrients, while fully oxygenated.
The water must'-be pleasing esthetically, in both clarity and
odor for full public acceptance. It must be capable of sus-
taining fish life and of course be pathogenically acceptable.”

REUSE OPERATIONS

The tertiary effluent at Lancaster is used as the sole
source of makeup water for three recreational lakes for use
by boaters and fishermen. Discharge from the lake is uti-
lized for irrigation of park landscape and leaching opera-
tions to reclaim nearby alkaline soils.

Water is not supplied to the agquatic park unless it meets
all the guality standards delineated in Table A-7. To in-
sure compliance, turbidity, phosphate, chlorine, and ammonia
tests are made daily; alkalinity and suspended solids tests
are run weekly; and tests for all other constituents are
carried out every two weeks.

Water quality characteristics of the recreational lake
water are summarized in Table A-8.

Note the high TDS concentrations as previously mentioned.

However, as the other characteristics show, the reclaimed
lake water is of good overall quality.
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Table A-7. LANCASTER, CALIFORNIA, RENOVATION PLANT NO. 14
WATER QUALITY CHARACTERISTICS AND REQUIREMENTS
Oxidation
Pond Tertiary Lake Supply
Effluent Effluent Quality
Constitutents (Dec. 1971) (Dec. 1971) Requirements
Turbidity (JTU) 23.0 1.5 3-10
PO4~3 (mg/1) 29.0 0.25 0.1-0.5
pH 9.15 6.15 6.5-7.0
BOD (ppm) 5.8 0.4 5-10
COD (ppm) 149.0 35.0 45-175
DO (ppm) 12.4 12.4 7-15
Algae Counts 200,000 - -—
Coliform (MPN) 150,000 - 0-2.2
Temp. (©C) 34.0 38.0 10-30
SS (ppm) 25.0 5.0 10
TDS (ppm) 560.0 544.0 500-650
NH3-N (ppm) 1.1 1.0 0.1-15.0
Org. N (ppm) 8.6 1.7 1.0-3.0
NO3-N (ppm) 1.8 1.9 1.0-4.0
Total N (ppm) -- - 3-20
Total Alk (ppm) 227.0 65.0 74-140
Hardness (ppm) 69.0 68.0 85-110
Boron (ppm) 1.06 0.74 0.8-1.4
Na (ppm) -- 153.0 -
Residual Cl; (ppm) -— 3.4 0.5-2.5
CO2 (ppm) -- 68.0 1
ABS (ppm) 0.1 0.0 7-15
F1~ (ppm) -- 1.7 -
Cat+ (ppm) -- 61.0 -
Cl- (ppm) -- 85.0 -
SO04=(ppm) -- 65.0 --
Total heavy metals -- 0.53 -

(ppm)
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Table A-8. ANTELOPE VALLEY WATER RECLAMATION
PROJECT RECREATIONAL LAKES QUALITY

Lake Lake i Lake

No. 1 No. 2 | No. 3
Temperature, ©F 35 37 36
Turbidity, JTU 21 20 25
pH 7.6 8.58 8.62
Total Dissolved Solids, mg/1l 833 932 853
Suspended Solids, mg/1 26 32 9
Alkalinity, mg/l CaCO3 143 168 151
Boron, mg/l B 1.27 1.48 1.26
Carbon Dioxide, mg/l CO, 3.17 0 0
Chlorine Demand/hr, mg/l Cl 0.89 0.94 1.09
Chlorine Residual, mg/l1 Cl 0 0 0
Total Hardness, mg/l CaCOj3 116 128 120
MBAS, mg/l1 ABS 0.1 0.1 0.1
Ammonia Nitrogen, mg/l N 1.0 1.3 1.4
Organic Nitrogen, mg/l N 2.2 2.1 1.8
Nitrite Nitrogen, mg/l N 0.01 0.03 0.03
Nitrate Nitrogen, mg/l N 1.3 0.6 1.2
BOD, mg/l 0 0.9 1.2 1.7
Total COD, mg/l O 44 51 47
Dissolved Oxygen, mg/l 0O 10.7 11.8 12,2
Ortho Phosphate, mg/l POy 0.26 0.26 0.20
Total Phosphate, mg/l1 POy 0.37 0.41 0.39
Potassium, mg/l K 19 19 18
Sodium, mg/1 Na 235 268 235
Sodium Equivalent Ratio, %Na 78.5 79.3 78.2
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A program of fish stocking was initiated in the spr%ng of
1971. Table A-9 below summarizes past and future fish plant-

ing operations.

Table A-9. APOLLO PARK FISH STOCKING PROGRAM

Date Type Number Size
December, 1971 Rainbow trout 100 4-6"
March, 1971 Large mouth bass 100 Mature

Redear sunfish 50 Mature
Channel catfish 20 Mature
Gambusia 1,000 Mature

March, 1973 Channel catfish 5,200 4-6"
Future program Rainbow trout 40,000 1/2 1b
annually Channel catfish 10,000 1/2 1b

Fish growth in the recreational lakes has been extremely
good to date, averaging roughly 1" per month. Some of the
trout planted in December, 1971 measured from 18"-24" when
caught two years later. Observations have shown all fish
metabolism and reproduction to be normal and lab analyses
have failed to reveal any bacteriological or virological
disease.

It is anticipated that the lakes will be opened to the pub-
lic for fishing in 1974 pending final verification of the
epidemiological quality of the fish.

ECONOMICS

The county of Los Angeles pays the L.A. Sanitation District
approximately $30,000 per year for the reclaimed wastewater
used in the recreational lakes. This sum reimburses the
Sanitation District for operation and maintenance of the
tertiary portion of the treatment plant.

It is estimated that the total cost (present worth) of the
Apollo Park project is $5,777,050 which includes a construc-
tion cost of $2,415,150 and operation, maintenance, and part
replacement present worth of $3,361,900 (capitalized at 4
percent for 50 years).

Recreational benefits are estimated at $1.60 per visitor day

based on the "Recreation and Fishing and Wildlife Enhance-
ment Benefits," prepared by the State Department of Water
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Resources. Total recreational benefit present worth is cal:

culated as $16,431,600, yielding a "benefit-cost ratio" of
2.8:1.

Costs of maintaining the fishing program are not available
as yet. However, it is anticipated that in the future a
$1.00 facility permit fee per fisherman per day may be re-
quired to help finance the fish stocking program. The lake
and fish population is large enough to accomodate 20,000
fishermen per year. Thus, the permit program could raise
roughly $20,000 per year in revenue.
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SAN BERNARDINO, CALIFORNIA

INTRODUCTION

The city of San Bernardino, California has supplied re-
claimed water since 1960 to the State Division of Highways
for freeway landscape irrigation purposes. The lush land-
scaping totals approximately 80 acres under irrigation, and
enhances approximately 3 miles of 8 lane freeway with a wide
variety of trees, shrubs, and groundcover.

The effluent receives tertiary treatment including lime
treatment, gravity sand filtration, and chlorination prior
to reuse. This is the only significant example of reuse

for highway landscaping in the nation and provide background
information for others contemplating similar applications.

MUNICIPAT TREATMENT PROCESSES

The treatment plant processes 16 MG of water a day of which
3 mgd is given tertiary treatment for reuse. The raw sewage
is approximately 15 percent industrial, however,it causes no
significant effect upon the characteristics of the plant in-
fluent. At the time this report was prepared, the city
plant was undergoing a major expansion and we will describe
the treatment processes only briefly.

Primary treatment consists of screening followed by gravity
settling in covered circular clarifiers of 120 £t diameter.
The primary clarification tanks are kept under a slight
vac;um and are equipped with KMnO4 spray units for odor con-
trol.

Secondary treatment is conventional activated sludge fol-
lowed by secondary clarification and chlorination. Because
the plant is in the midst of an expansion program, design
details and performance are not meaningful to this report.
Sludge handling involves thickening, digestion with sludge
heating, separation by centrifuge, and fluidized bed in-
cineration at 400 deg F and 300 psi.

Thirteen mgd not receiving tertiary treatment is discharged
to the Santa Ana River. Tertiary treatment as shown in
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Figure A-8 is installed to process the remaining 3 mgd for
reuse as irrigation water. Secondary effluent from the
chlorination tank flows through a 10 mesh revolving screen
and into a 60 ft diameter reaction clarifier with a 16 ft
depth and 2,100 gpm overflow rate. Lime, alum and polymer
are added to effect coagulation and KMnO4 is added for odor
removal. Mixing, coagulation, floculation, internal recir-
culation and clarification take place in the reaction
clarifier. The reactor clarifier chemicals are added by a
dry lime feeder, liquid alum pumps and liquid polymer pumps.

Reactor effluent is filtered through a 3 cell circular
gravity sand filter of 32 ft diameter and 10 ft deep.

The filter backwashes itself automatically as required using
previously filtered water in storage. Backwash wastewater
is returned to the primary clarifier of the sewage treatment
plant. Following filtration, the renovated effluent is
heavily chlorinated and stored in a 1 MG asphalt-lined hold-
ing pond. Pumps withdraw water from the lagoon to feed two
pressure tank systems, one of 700 gpm capacity supplying a
local golf course, and a second of 500 gpm capacity at 150
psi pressure to supply 3 miles of freeway landscaping.

Table A-10 shows typical quality characteristics of the ef-
fluent after tertiary treatment.

Table A-10. AVERAGE TERTIARY EFFLUENT
CHARACTERISTICS AT SAN BERNARDINO, CALIFORNIA

Characteristic Concentration
(mg/1)

BOD 13
SS -

TDS 553
Na 85
Cl 83
pH 7.4
MPN 2

REUSE PRACTICES

In 1972, the reclaimed tertiary treated water was used to
irrigate fairways and greens of the Orange Show Public Golf
Course and a 3 mile section of freeway landscaping on

Interstate 15 through San Bernardino.

Golf course irriga-

tion consumes 1 mgd of reclaimed water in the drier summer
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months and 0.5 mgd during winter. Approximately 2 mgd of ef-
fluent from the municipal plant is used to irrigate the free-
way landscape. A large variety of plants are grown along
this section of freeway and the Division of Highways reports
no problems associated with use of the reclaimed water.

Types of plants grown are:

Nerium oleander
Parthenocissus tricuspidata
Pyracantha Santa Cruz
Lagerstroemia indica
Platanus racemosa

Schinus molle

Photina arbutifilia

Punica granatus
Washingtonia robusta
Baccharis pilularis

Common Oleander

Boston Ivy

Fire-Thorn

Crape Myrthe
California Sycamore
California Pepper Tree
Toyon

Pomegranate

Mexican Fan Palm

Dwarf Coyote Brush

ECONOMICS

In 1971, the city of San Bernardino realized a revenue of
$3,500 from the sale of reclaimed water to the Orange Show
Golf Course, at a price of $15.34/MG. Reclaimed water was
given free of charge to the highway department for land-
scape irrigation and thus no revenue was generated from the
water use.

The treatment costs, as calculated by SCS Engineers, amount

to $355/MG with capital amortization, and $100/MG without
amortization.
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COLORADO SPRINGS, COLORADO

INTRODUCTION

The city of Colorado Springs currently provides tertiary
treatment to a portion of its secondary effluent for reuse
in irrigation and cooling tower makeup. Their experience is
of great interest to others contemplating reuse because the
secondary treatment plant effluent is of relatively poor
quality and tertiary treatment includes chemical clarifica-
tion, dual media filtration, and carbon adsorption. Of the
20 mgd of sewage given secondary treatment at the plant,
approximately 5 mgd receives tertiary filtration and is
piped throughout the city in a non-potable water distribu-
tion system to provide irrigation water for city facilities.
An additional 2 mgd is given chemical clarification and car-
bon adsorption tertiary treatment for supply to the munici-
pal power generation plant for cooling water makeup. A new
30 mgd activated sludge plant, due to be completed in mid
1973, will replace the existing trickling filter plant.

MUNICIPAL TREATMENT PROCESSES

The treatment plant treats an average daily flow of 19 mgd
in the winter and 23 mgd during summer months. Approxi-
mately 10 percent of this flow is industrial wastewater,
primarily from electronics manufacturing and metal plating
operations. Most significant contaminants in raw sewage are
copper (1 to 1.5 mg/l), hexavalent chrome (0.3 mg/l), and
zinc (1.0 mg/l).

Figure A-9 illustrates the unit processes of the present
plant. Raw sewage is degritted followed by comminution and
flow measurement. A splitter box diverts the wastewater to
three primary clarifiers, each 115 ft in diameter and hav-
ing a detention time (with recirculation) of about 2 hours
at maximum flow. A 122,500 gal primary effluent storage
tank feeds a constant rate to the trickling filters. Pumps
transfer the water from the storage tank to a distribution
tower where a steady head is maintained to the trickling
filter units. The three trickling filters are each 170 ft
in diameter with a bed depth of 5 1/2 ft. The filter media

206



DETRITORS

AND
COMMINUTORS
PRIMARY
CLARIFICATION
TANKS
WET
WELL
TRICKLING
FILTERS
SECONDARY
CLARIFICATION
TANKS
PORTEOUS HEAT CLORINE
TREATMENT FOR CONT‘ Ner
SLUDGE
I3 MGD TO STREAM
TO SLUDGE
STOCKPILE

7 MGD TO TERTIARY TREATMENT

FIGURE A-9
MUNICIPAL SECONDARY WASTE WATER TREATMENT FACLLITY
COLORADO SPRINGS, COLORADO

207



in the two older units is redwood slats, and that in the
third is quarry rock. All the filters are covered and
equipped with air exchange systems which circulate 18,000
cfm of air that is scrubbed with KMnO4 mist to remove odors.
The average recirculation ratio is 1.6:1 with the redwood
media units loaded at 200 lbs BOD/1,000 cu ft of media and
the rock filter at 45 1bs BOD/1,000 cu ft. Following the
trickling filters are three secondary clarifiers each 120 ft
in diameter, with an overflow rate of 680 gpd/sq ft. Sludge
from these clarifiers is returned to the primary influent.
The final secondary process is chlorination with 30 minute
detention time. All sludges receive Porteous heat treatment
processing. This operation includes: grinding, heating
with steam to 360 deg F at 150 to 180 psi, cooling, decant-
ing, thickening and vacuum filtration. Final moisture con-
tent is 62 percent.

As seen by the first column of Table A-11 the secondary ef-
fluent is of relatively poor guality. As seen in Figure A-
10 the tertiary treatment consists of two circuits, termed
industrial and irrigation respectively; each involves dif-
ferent processes. The irrigation circuit provides filtra-
tion and chlorination with three dual media pressure filters
removing suspended solids. The media consists of 3 ft of
1.5 mm sand covered by 5 ft of 2.8 mm anthracite coal. The
filters have a surface area of 113 sq ft and an hydraulic
design loading of 15 gpm/sq ft for a total design capacity
of 7.3 mgd. The filters are backwashed every 8 hours with
either air, at 300 cfm/sq ft, water, at 20 gpm/sq ft, or
both. After filtration, the water is chlorinated again and
discharged to storage reservoirs of 2.5 MG total capacity
from which water is pumped upon demand to various irriga-
tional users throughout the city.

The 2 mgd of effluent intended for industrial reuse receives
a much higher degree of treatment than the irrigation water.
The chlorinated secondary effluent is pumped to a reaction
clarifier where a lime dose of 300 to 350 mg/l is added to
enhance coagulation and settling. The tank has a diameter
of 48 ft, a capacity of 168,000 gal and a 2 hour detention
time at a 2 mgd flow rate. The 11.5 pH effluent from the
lime reaction clarifier is neutralized to 7.0 in a recarbon-
ation step with CO, from the lime recalcination furnace, sup-
plemented by HpSO4.

The recarbonation tank is 14 ft in diameter, has a capacity
of 16,000 gal, and a detention time of 12 minutes. The

water_is then filtered through one dual media pressure fil-
ter, identical to those previously described fro the irri-
gation circuit. This filter is intended primarily to pro-
tect the carbon adsorption units that follow. If the lime
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Table A-11.

AVERAGE 1972 WATER CHARACTERISTICS FOR
INDUSTRIAL REUSE AT COLORADO SPRINGS, COLORADO

Stage of Tertiary Treatment

Reactor Lead Carbon Polish
Characteristic Secondary | Clarifier Tower Tower
mg/1 Effluent | Effluent Effluent |Effluent
BOD 75-115 47 28.8 22.1
COoD 325 145 59.4 43.5
TSS 85 5 2.7 2.7
Turbidity, JTU 56 6 4.5 3.3
Org-N 12-15 - 2.4 1.8
Na -- - - 50
Cl - -- - 20
Hardness (as
CaCo03) 200 240 220 253
Catt - - 100 92
Color 150 35 21.9 11.8
PO4 30 1.0 1.55 1.53
MBAS 4.6 3.0 1.07 0.43
NH3-N -—— - 24.5 15.6
NO3-N - - 0.5 0.4
Cu -- -— -— 1-1.5
Cr - -— -- 0.3
Fe - - - 1-2
pH 7.3 11.2 7.0 7.1
TOC 96 46 25.3 20.4
TDS - - 659 661

Total Fecal Coli-

form

700/100ml
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clarifier should malfunction, losing its sludge blanket, the
dual media water filters would remove most of the solids be-
fore they could saturate the carbon. Following the filter
are two carbon adsorption units operated in series, with a
third as standby. Each down flow unit is 20 ft in diameter
and has a 10 ft depth of 8 x 30 mesh granular activated car-
bon totaling 94,000 lbs of carbon per tower. At a design
flow of 2 mgd, the loading rate is 4.25 gpm/sqg ft (or 0.50
lbs COD removed/lb of carbon) providing a total residence
time in the carbon beds of 34 minutes. The carbon towers
and sand filter are backwashed daily with either air, at
1,000 cfm/sq ft, water at 10 gpm/sqg ft, or both, for 30
minutes. After carbon adsorption, the water is chlorinated
to a residual of 0.5 mg/l and stored in a 3 MG butalyne-
lined reservoir. Water from this reservoir is presently
used for either backwashing filters or irrigation reuse;
however, beginning in June 1973, 2 mgd will be used for
makeup to the cooling towers of the municipal power plant 2
miles away.

Auxiliary equipment for the industrial circuit includes lime
recalcination and carbon regeneration systems. In the lime
recalcining operation, the lime mud is drawn from the solids
contact clarifier underflow at 7 to 8 percent dry weight and
pumped to a spent lime holding tank. An 18 inch centrifuge
dewaters the sludge to a cake of about 50 percent solids.
This cake is conveyed to a 6 ft diameter, six hearth furnace
fired at 1,650 deg F. The calcium carbonates and bicarbon-
ates and the calcium phosphates are converted to calcium
oxide and blown to a fresh lime holding tank. The calcium
oxide is then slaked in a lime slaker and hydrated to cal-
cium hydroxide which is recycled back to the solids contact
clarifer for reuse.

In the carbon regeneration system the spent carbon is con-
veyed, by water eduction to a holding tank. The carbon is
then removed through a rotary proportioning valve to a de-
watering screw and the dewatered carbon fed to a 3 ft dia-
meter, six hearth furnace, fired at about 1,650 deg F.

After regeneration, the carbon is guenched and moved by
water eductors back to the carbon tower. The furnace has a
throughput capacity of 75 lbs/hour and the regeneration loss
of carbon is about 6.5 percent.

Major problems reported with the treatment process are over-
loading of the trickling filters (to be alleviated by the
new activated sludge plant), and very high maintenance costs
for the lime recalcination furnace.
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REUSE PRACTICES

In 1960, the city of Colorado Springs initiated the present
reclaimed water system for irrigation. After the previously
described secondary and dual media filtration treatment, the
water is chlorinated and stored in a series of reservoirs.
From here the water is piped through approximately 12 miles
of pipeline to irrigate city parks, a 27 hole golf course,
the Colorado College grounds, industrial landscapes, and a
cemetery.

All water outlets from these lines are marked with signs
reading "Non-Potable Water"; however, if the water is used
accidentally for drinking, the 0.5 mg/l chlorine residual,
maintained at all times, should prevent illness.

Industrial reuse will commence in the summer of 1973 when

2 mgd of the industrial circuit tertiary effluent will be
supplied to the 250 Mw municipal power plant for cooling
tower makeup water. The power plant, located approximately
2 miles distant, is currently using a small volume of the
reclaimed water in its stack gas scrubber to remove particu-
late matter. The renovated water for cooling will satisfy
95 percent of the cooling makeup demand. The remaining 5
percent will come from the public supply.

Due to the high quality of the tertiary effluent, further
waste treatment at the industrial site is expected to be
minimal. A zinc chromate biological inhibiter, or equiva-
lent, will be added prior to the cooling towers to reduce
microorganism growth. Problems with calcium phosphate and
calcium sulfate scaling in condenser tubing are possible but
not anticipated. The use of stainless steel tubing at the
power plant minimizes potential corrosion from the 27 mg/l
of NH3 in the effluent. Close monitoring and system analy-
ses to determine additional treatment, if any, will begin
once the reuse program is initiated. The quantities of
chemicals and costs cannot be determined until reuse begins.

ECONOMICS

SCS Engineers has estimated that the cost of primary and
secondary treatment is approximately $60/MG, including capi-
tal amortization. The tertiary equipment at the facility
adds an additional $260/MG. Thus, a total of $320/MG is
estimated to produce the effluent for reuse. It must be
Fecognized, however, that the industrial tertiary circuit

is significantly more expensive thah the irrigation tertiary

circuit; thus, the $320/MG is not necessarily applicable for
both uses.
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The irrigation supply is sold for 7¢/100 cu ft ($94/MG) and

produced a revenue of $37,955 in 1971.

The resale price of

this water to be used for cooling at the power plant has not

yet been established.
conservation of the fresh water supply.

Reuse in this case is oriented toward

The chemical costs at the tertiary plant are indicated in

Table A-12.
Table A-12. TYPICAL TERTIARY PLANT
CHEMICAL COSTS AT COLORADO SPRINGS*
Material Cost (%)
Lime 28,163
Acid 26,888
Carbon 12,054
Natural Gas for regeneration 14,207

*1972 total for 588 MG treated
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FORT CARSON, COLORADO

INTRODUCTION

The Army base at Fort Carson, Colorado, has been partici-
pating in a wastewater treatment and reuse program since
1971. Secondary effluent is given tertiary treatment in
preparation for spray irrigation of the base's 18 hole golf
course. The tertiary treatment includes mixed media pres-
sure filtration by Neptune Micro-Floc filters.

MUNICIPAL TREATMENT PROCESSES

As a military installation, Fort Carson's population varies
considerably. However, an average of 20,000 military per-
sonnel and 2,000 civilians (on base 8 hours per day) produce
a raw wastewater flow of approximately 1.7 mgd. Roughly 5
percent of this volume is industrial waste, composed primar-
ily of laundry discharges and grease and oil from equipment
washing operations. These wastes have no significant dele-
terious effects on plant operations.

Treatment of an average of 1.7 mgd is illustrated schemat-
ically in Figure A-11 and begins with bar screening and
comminution followed by gravity settling in two primary
clarification tanks. Sludge from these tanks is given con-
ventional 2-stage anaerobic digestion. Secondary treatment
is provided by four high rate trickling filters having rock
media, 8 ft depths, 73 ft diameters, and loadings of 25 lbs
BOD/1,000 cu ft/day. Three final clarifiers have 9.5 ft
side wall depths, 55 ft diameters, and an overflow rate of
870 gpd/sg ft based on a 2 hour detention period. (Only two
clarifiers are normally utilized).

Sludge from final clarifiers is returned to the primary
clarifiers. New controls for effluent recirculation are
being constructed to allow a more constant flow through the
trickling filters. Secondary effluent is then chlorinated
at a dosage of approximately 5 mg/l before discharge into a
0.7 MG pond. Water to be reused for irrigation (0.3 mgd) is
pumped from this pond through a pair of Neptune Micro-Floc
mixed media filters, while the remainder of the effluent is
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released to a stream. The 8 ft diameter filters are pres-
sure type, downflow units with a total capacity of approxi-
mately 1,000 gpm based on 10 gpm/sq ft filtration rate. The
filter beds are comprised of the following media layers from
top to bottom:

Media Depth
Anthracite Coal 13.5 in.
Silica Sand 9.0 in.
Garnet Sand 7.5 in.
Gravel 14,0 in.

Filter backwashing occurs once every 8 hours on the average
and takes 1/2 hour to complete. Water filtered through one
unit is used, along with water stored in the pipe to the
reservoir, to backwash the other. Backwash rates are 15
gpm/sq ft or 1,500 gpm total. A surface backwash at 41 gpm
is employed prior to backwashing to remove solids from the
filter surface.

Typical effluent quality characteristics of the final re-
claimed water are as follows: BOD - 12 mg/l, SS - 17 mg/l,
coliforms 0 - 100,000/ml, pH - 7.5.

REUSE PRACTICES

After filtration, the water is pumped 3 miles to a 3 MG
storage reservoir from which water is drawn for irrigation
of the adjacent golf course and for fire protection of the
clubhouse building. Water for irrigation can ,also be taken
from the effluent pipeline before it reaches the reservoir
or, if necessary, from the potable distribution system. An
average of 0.3 mgd is used on the course during the irriga-
tion season (May to October). Plans have been made to in-
clude 40 acres of sewage treatment plant grounds in the
renovated water irrigation system. Through the winter
months, when no irrigation is done, a total of 10 MG is
pumped to the reservoir to compensate for seepage, with the
remainder discharged to the stream.

Major problems encountered by the Fort Carson system are
associated with the pumping and distribution systems rather
than treatment. Numerous breakdowns of pumps and pipeline
have hampered efficient operation. Sprinkler heads are pre-
sently being modified to alleviate problems caused by algae
plugging the spray nozzles. To reduce health hazards, and
to meet the requirements of the Army Medical Laboratory, a
new chlorination station is planned immediately before ap-
plication to the golf course to provide a minimum of 2 mg/l
Clp residual at the sprinkler head. Referring again to
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Figure A-11, it is seen that there is no chlorination at
present through the filters or final storage. Regrowth of
coliforms in the final 3 MG holding pond cause high coliform
counts in the golf course irrigation water.

The greatest maintenance troubles reported at the treatment
plant have involved the Micro-Floc filters. Initially de-
signed for total automatic control, malfunctions in this
system have forced substantial manual supervision (especi-

ally during backwashing) averaging 4 to 6 man-hours per 16
hours of filter operation.

ECONOMICS

Fort Carson realizes substantial savings through the use of
reclaimed water for irrigation. Public potable water pur-
chased from the city of Colorado Springs costs $409/MG.
Total cost, including capital amortization of all equipment,
to produce 1 MG of reclaimed effluent is approximately $363.
This cost is deceptive, however, in that only about $105/MG
is for tertiary treatment. Approximately $258/MG is re-
quired in any case to treat the sewage for disposal to the
stream. Comparing $105/MG to $409/MG for fresh water shows
a savings of $304/MG to Fort Carson for reuse or approxi-
mately $15,000 annually.
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COLORADO SPRINGS, COLORADO

(U.S. AIR FORCE ACADEMY)

INTRODUCTION

The U.S. Air Force Academy is utilizing reclaimed wastewater
to fill a series of non-potable reservoirs which provide
recreational fishing for the cadets and supply irrigation
water for academy grounds. This program of water reclama-
tion and reuse was initiated in 1957 upon completion of the
academy and sewage treatment plant construction.

TREATMENT PROCESSES

The wastewater treatment plant provides secondary treatment
to an average of 1.2 mgd in serving a population of 16,700

including 4,400 cadets. The flow contains an insignificant
amount of industrial wastes but has relatively high amounts
of grease from food services.

Figure A-12 shows the treatment process. Treatment begins
with mechanical bar screening and grinding in comminutors,
followed by passage through a grit and grease removal unit.
The grease removal efficiency is poor, and grease clogging
of trickling filter units has occurred. Three circular pri-
mary clarifiers remove settleable solids, transferring the
sludge to a conventional anaerobic sludge digestion process.
Primary effluent is fed to three rock media, primary trick-
ling filters of 60 ft diameter with organic loadings of 50
lbs BOD/1,000 cu ft/day. Intermediate clarification follows
the primary trickling filters. The water then passes into a
second set of standard rate trickling filter units identical
to the primary filters. Preceding final clarification, the
water enters an aeration tank operated as an activated
sludge unit. This tank is 10.5 ft in depth and provides 4
hours of retention time at 400 mg/l1 MLSS concentration.
Aeration is accomplished with a brush aerator, and activated
sludge is recycled from the final clarifiers. Four final
clarification tanks are each 30 ft in diameter with a de-
sign weir overflow rate of 7,800 gal/lf/day under conditions
of no recirculation to the trickling filters. This overflow
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rate can be increased when recirculating to augment low flow
through the filters. The clarifier effluent is then chlo-
rinated for approximately 20 minutes to a 0.5 mg/l chlorine
residual before release to a creek or the non-potable reser-
voir system.

Average effluent quality characteristics are given in Table
A-13. It is surprising that the effluent is not of better
quality in view of the extensive secondary treatment pro-
vided. The superintendent stated that the plant is not an
optimum design hydraulically, and the activated sludge unit
BOD removals are poor due to inability to maintain a suit-
able floc.

Table A-13. AVERAGE EFFLUENT CHARACTERISTICS AT THE
U.S. AIR FORCE ACADEMY, COLORADO SPRINGS, COLORADO

Characteristic Concentration

mg/1

BOD 20

sSS 30

POy 12

NO3 35-40

NH3 5

pH 7.1

Additional treatment is provided for water used for recrea-
tional fishing and irrigation. It consists of long-term
residence (85 day maximum) in four reservoirs.

Presently, only the second reservoir is aerated. Three sur-
face aerators driven by a 30 HP compressor comprise the
Helixer System that diffuses approximately 135 1lbs of oxygen
into the lake in a 24 hr period. The primary purpose of
this aeration is to induce circulation and turnover of the
lake waters to increase natural surface transfer of oxygen
from the atmosphere. Aeration systems are also planned for
reservoirs No. 1 and No. 3 when funds become available.

REUSE PRACTICES

Reuse at the Air Force Academy is seasonal. From May to
October all the effluent (approximately 1.2 mgd) is dis-
charged to the non-potable reservoir system. During late
fall and winter months, when there is no irrigation or fish-
ing, the effluent is discharged to a stream. To improve the
quality of water discharged to the stream, all effluent is
first sent through non-potable reservoir No. 1.
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The reservoir system consists of three soil-cement lined
ponds and one clay-lined pond connected in series with a
total storage capacity of 149 MG. In addition to the 1.2
mgd effluent discharge, a system of eight non-potable wells
can supply a total of 2.9 mgd to the four reservoirs.

Water from all four reservoirs is used for irrigation. Dur-
ing the irrigation season, approximately 3 feet of reclaimed
water is applied to 347 acres of academy lands including
cadet athletic fields, a cemetery, parade grounds, highway
median strips, a golf course, and the stadium. Some odor
problems have been encountered with the use of water from
the first lake, especially if this water remains in the
irrigation distribution system too long. Plugging of irri-
gation nozzles with algae and debris is also an occasional
problem. It is anticipated that construction of a 1/4 inch
screen to filter the final effluent will help relieve this
problem. Algal blooms are experienced in all the reservoirs
in the late summer. High nutrient loads in the reservoir
system stimulate algal growth. It is the opinion of the
academy technical staff that CO2 is the limiting nutrient
rather than PO4—3, and that reduction of benthos organisms
(that release CO2) by inducing lake turnover through aera-
tion will reduce the COy concentrations in the water, there-
by reducing algal growth. Low concentrations of CuSO4 alga-
cide have also been used in the past to discourage aquatic
plant growth. Table A-14 lists water quality characteris-
tics of the reservoirs.

For several years, a program of research stocking has been
carried out in non-potable reservoirs No. 2 and No. 3. Rec-
reational fish stocking was limited to reservoir No. 4.

This lake is approximately 40 feet deep and holds 20 MG. It
is the last lake in the series, is situated in a natural
drainage basin, and has the best water quality (see Table A-
11) . The DO content is over 5 mg/l near the lake surface,
but rapidly deteriorates to an oxygen demand at the deeper
levels.

A full spectrum of aquatic plant and animal life is evident.
The reservoir has been periodically stocked with 6" to 8"
trout, small and large mouth bass, bluegill, and channel
catfish fingerlings.

The low temperature of Reservoir No. 4 (only occasionally do
surface temperatures rise to 70° in late summer months)
favors a trout population rather than warm water species;
e.g., bass, bluegill, and catfish. However, the rainbow
trout are more sensitive to dissolved oxygen concentration,
and sporadic kills of the trout have occurred with low DO.
Fish spawning activity is also insignificant because the
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Table A-14., RESERVOIR WATER CHARACTERISTICS AT
U.S. AIR FORCE ACADEMY, COLORADO SPRINGS, COLORADO

Reservoir No.

Characteristic 1* 2% 3** 4x*
Temp., Deg C 12.2 10.0 10.5 10.0
DO, mg/1 2.8 13,9%%%* 4.5 6.1
POy, mg/1l 22.0 26.4 3.0 3.0
pH -- 8.2 7.5 7.5
Total alkalinity, mg/l - - 98.0 77.0
Turbidity, JTU - 5.0 - -—
COD, mg/1 60.5 - -- -
BOD, mg/1 5.0 - - --
Ss, mg/1 20.0 -- - --
COy, mg/1 - - 8.6 5.7

*Data obtained in April 1971.
**Data obtained are average surface readings for the period
April 17 through May 5, 1961.
***Not typical; supersaturated due to algal activity.

lake does not have the shallow, sandy bottom preferred for
spawning, and most of the trout stocked in the spring are
caught by fishermen during the summer season.

Although much remains to be learned about these reservoirs,
several conclusions are reported by the Academy. Year-
round potential for trout is limited based on the demon-
strated inability of reservoir No. 4 to support trout over
the long term. Fish kill experiences here date back over a
decade, and this reservoir has the best water quality of the
series. Trout potential, if such exists on a predictable
basis, lies in growing a crop over the colder months in the
highly fertile ponds No. 2 and No. 3. The aeration of
reservoir No. 2 could create conditons capable of supporting
a trout population. This project is under investigation.
Undoubtedly year-round potential of the latter ponds lies in
the management of more tolerant warm water fishes, such as
has been empirically determined for Pond No. 4. Periodic
(3-4 year) stocking of fingerling bluegills eventually re-
sults in some king-size specimens (just under one pound).
Channel catfish likewise do reasonably well. Although such
fishing opportunity cannot be considered Utopian, it is
nonetheless judicious use of the water resource and provides
diversity to the overall program.
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ECONOMICS

The reclaimed water irrigation program consumes approximately
1,000 acre-ft or 336 MG a year. Public water purchased from
the city of Colorado Springs costs $409,MG. Therefore, the
Academy is realizing a savings in water purchase costs of
roughly $137,000 per year.

In addition to the 347 acres irrigated with reclaimed water,
485 acres are watered with potable city supplies. Unfor-
tunately, the costs of expanding the existing non-potable
reclaimed water irrigation system to include this land are
prohibitively high.

There are no tangible economics benefits from the recrea-
tional fishing program as no fees are charged to cadets or
employees of the academy to use the lakes. The costs of the
trout and bass stocking programs are minimal.
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BALTIMORE, MARYLAND

INTRODUCTION

The city of Baltimore, through its Back River Wastewater
Treatment Plant, supplies an average of 120 mgd to the Spar-
rows Point Plant of Bethlehem Steel Corporation. In terms
of volume, this is the largest reuse operation in the na-
tion, and possibly in the world. In operation since 1942,
the reclamation program has long been a success, both tech-
nically and economically. It is remarkable that in the
intervening 30 years similar arrangements have not been in-
stituted between other municipalities and large basic metal
manufacturing plants in America.

MUNICIPAL TREATMENT PROCESSES

Figure A-13 illustrates schematically the major treatment
processes at the municipal plant and management of the re-
claimed water during transportation to the steel plant.

After screening, grit removal and primary clarification, the
180 mgd average flow of primary effluent is split into par-
allel secondary treatment process lines.

Approximately 160 mgd is treated with standard rate trick-
ling filters with a total surface area of 30 acres and a
depth of 8.5 ft. Final clarification following the trick-
ling filters is provided in 5 tanks designed for 1.5 hours
detention and 900 gpd/sqg ft overflow rate. Sludge is re-
turned to the grit chamber for eventual removal in the pri-
mary clarifier.

In the other secondary treatment process line, approximately
20 mgd of primary effluent is treated in two activated
sludge tanks measuring 60 ft x 376 ft x 15 ft deep. Return
activated sludge is normally 20 percent and air supply is
around 1 cu ft/gal. The activated sludge final clarifiers
are 126 ft diameter x 16 ft deep. Waste activated sludge

1s returned to the grit chamber.
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Referring again to Figure A-13 it is seen that the city dis-
charges to waste approximately 60 mgd which is gh}orinated
at a dosage of approximately 10 mg/l. The remaining 120 mgd

is directed to the Bethlehem Steel Corp. post-treatment

facilities.
shown in Table

A-15 below.

Average effluent quality to Bethlehem Steel is

Table A-15. AVERAGE EFFLUENT CHARACTERISTICS (UNCHLO-
RINATED) BACK RIVER PLANT, BALTIMORE, MARYLAND
Characteristic|Concentration Characteristic |Concentration
(mg/1) (mg/1)
BOD 46 MPN 5 x 106
Ss 44 Zn 1.0
TDS 450 Fe 0.5
Na 75 POy 12.0
pH 7.0 NOj3 4.0

The effluent quality shown in Table A-15 is suitable for
cooling water by Bethlehem Steel because its cooling use is
"once through", i.e., there is no recirculaion of cooling
water for multiple use. Other cooling water applications
described in this report, e.g., Burbank, California and
Odessa, Texas, supply recirculating cooling systems and re-
quire higher quality effluent to operate successfully.

Specific quality parameters have been agreed upon between
the city of Baltimore and Bethlehem Steel. The following
monthly average limits are stipulated:

pH 6.5 to 7.8

. SS 25 mg/l (Activated Sludge)
50 mg/l (Trickling Filter)
Cl 175 mg/1

Since the city must also meet the more stringent require-
ments of the state of Maryland, these contract limits are
generally not exceeded.

USER TREATMENT PROCESSES

Bethlehem Steel operates a tertiary sedimentation facility
adjacent to the city's Back River Plant. This facility con-
sists of two 15 mgd capacity and one 20 mgd capacity package
units{ however, due to hydraulic problems their combined
capacity is only 40. mgd.
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The 40 mgd is blended with the 80 mgd not further settled,
and chlorinated before being pumped 5 miles to a 75 MG capa-
city equilization reservoir at the steel plant. The Spar-
rows Point Plant of Bethlehem Steel removes effluent from
the reservoir as needed for cooling and manufacturing pro-
cesses.

The equilization reservoir has a current deposition of
sludge varying from 0 to 14 inches which is never removed.
Floating sludge is returned to the municipal treatment plant
via sewers.

Quality assurance is maintained by sampling for chlorine,
chloride ion, and turbidity levels at 4-hour intervals at
the continuously-manned tertiary plant. Currently it is re-
ported that the treated wastewater must be by-passed approxi-
mately 12 hours per month due to unacceptable turbidity or
when the chloride concentration exceeds 175 mg/l. Although
this occurs infrequently, runoff from salted roads during
winter months and excessively high tides can cause diffi-
culty in maintaining the 175 mg/l1 limit.

REUSE PRACTICES

The municipal effluent is utilized in many aspects of steel
plant operation. Specific uses occur in furnace cooling,
gas cleaning, quenching, spray cooling, mill roll cooling,
closed heat exchangers, bearing cooling, process temperature
control, descaling systems, hydraulic systems, fire protec-
tion, air conditioning, and road equipment washing. Figure
A-14 depicts a typical flow schematic of water use in the
steel industry.

Reuse can be discontinued for only short times because of
the steel plant's dependence upon the municipal supply.
After a 12 hour period, brackish water from the Back River
and other sources is utilized. After 24 hours a portion of
the steel operation would be forced to shut down, although
this has never occured.

Bethlehem Steel is required by contract to accept a minimum
of 100 mgd from the city treatment plant. In addition to
the municipal wastewater supply, the industry has a 550 mgd
capacity brackish water system as well as other sources of
both potable and non-potable supply.

Plans for future improvements and increased reuse are cur-
rently being considered at Bethlehem Steel. The Blast fur-
naces, now using brackish cooling water, will be partially
converted to reuse effluent, and a new blast furnace will be
designed to reuse effluent exclusively. The company is also
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planning for greater in-plant recycling of the effluent
prior to discharge. The entire plant wastewater is treated
prior to discharge, with separate treatment provided for
sanitary and industrial wastes.

ECONOMICS

Because of the scale of operations involved, the unit cost
of treatment for reuse is very low at Baltimore. The Steel
Company is charged $500/month for each average daily flow
increment of 12.5 mgd, an equivalent of $1.33/MG. 1In 1972,
total reclaimed water sale was $60,000.

Total 1971-72 operating and maintenance costs for the Back
River Plant was $2.4 million, divided approximately as fol-
lows:

. Labor $1.70 million
. Contractural services .25 million
. Material and supplies .33 million
. Equipment replacement .15 million

Operating and maintenance cost per mg equals only $37. It
was not possible to obtain costs from Bethlehem Steel Corp.
for their treatment and transportation. An engineering
estimate by SCS is that $11/MG is a conservative figure.
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LAS VEGAS, NEVADA

INTRODUCTION

The city of Las Vegas and Clark County Sanitation District
each operate a secondary sewage treatment plant to serve the
Las Vegas, Nevada area. A portion of each plant's effluent
is reclaimed for use as cooling tower makeup water and in
irrigating local farms and golf courses.

The effluent is very high in TDS and of average quality in

other respects. The Nevada Power Company provides tertiary
treatment to the effluent prior to reuse in cooling towers

at two of its power plants.

MUNICIPAL TREATMENT PROCESSES

The city of Las Vegas municipal treatment plant is schemati-
cally shown in Figure A-15. An average of 27 mgd of in-
fluent raw sewage is screened and grit removed before pri-
mary sedimentation. Secondary treatment consists of three
180 ft diameter trickling filters with 4 ft of rock media
and three rectangular secondary sedimentation tanks each
measuring 184 ft by 34 ft by 8 ft deep. The secondary
clarifiers provide for a recirculation ratio of 2:1 with an
overflow rate of 800 gpd/sqg ft.

After 40 minutes chlorine contact, the renovated water flows
to a holding pond at the Nevada Power Company Sunrise Sta-
tion cooling towers, and to the Las Vegas Wash. Three farms
utilizing renovated water take their supply straight from
the chlorine contact tank. On an annual average, 23 mgd is
wasted to the wash, 3 mgd is used by the farms, and 1 mgd by
the Power Company. Table A-16 tabulates the total reuse ac-
tivities in the Las Vegas Valley.

The Clark County facility, as shown in Figure A-16, is very
similar to that of the city of Las Vegas. An average raw
sewage influent volume of 12.5 mgd, after screening, is in-
troduced to four primary clarifiers measuring 18 ft by 220
ft by 8.5 ft deep, which have a detention time of 2 hours
and an overflow rate of 950 gpd/sq ft. These are followed
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by two high-rate trickling filters each 175 ft diameter with
5 ft of rock media. A recirculation ratio of 1.5:1 is main-
tained providing a BOD loading of 60 1b/100 cu ft. Two sec-
ondary clarifiers provide detention time for the trickling
filter effluent of 2 hours. The overflow rate is 760 gpd/sq
ft.

The final treatment step consists of chlorine contact for 20
minutes prior to discharge to a 6 MG asphalt paved holding
pond for reclaimed water storage. The effluent is pumped to
the Sunrise and Clark Power Stations of the Nevada Power Com-
pany, two golf courses, and alfalfa fields. Maximum dis-
tance to any user is 1.5 miles. As seen in Table A-16, on

an average basis, 8.3 mgd is discharged to Las Vegas Wash, 3
mgd for irrigation, and 1 mgd to power plant cooling tower
makeup.

Both plants average 85 to 90 percent reduction in BOD and
suspended solids. Table A-16 tabulates average effluent
characteristics for each plant. The significant difference
between the effluents is in the high TDS of the county plant
effluent due to the higher TDS in the water supply of the
county area.

Table A-16. AVERAGE EFFLUENT
CHARACTERISTICS IN LAS VEGAS VALLEY

Concentration (mg/l)

Characteristic Las Vegas City Plant Clark County Plant
BOD 21 19
Ss 18 22
Cl 295 330
TDS 985 1,550
pH 7.6 7.6

REUSE PRACTICES

The municipal effluents from both the city of Las Vegas and
Clark County Sanitation District are utilized for 35 percent
of the supply in the cooling towers of the Nevada Power Com-
pany power generation stations. Tertiary treatment at the
power stations consists of chlorination followed by cold
lime treatment and lagooning. Problems reported by the
power company are occasional algae buildup in the county
aerated lagoon and septicity of the renovated water supply
upon arrival at the power company due to anaerobic condi-
tions in the force main. Installation of floating aerators
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in the lagoon following the county treatment facility has
helped reduce this problem by maintaining higher dissolved
oxygen levels in the final effluent.

The irrigation reuse operations on two golf courses have ex-
perienced several problems including significant odors, and
salt accumulations in the soil due to the high TDS of the
effluent. Table A-17 summarizes municipal wastewater reuse
practices in the Las Vegas area.

Table A-17. SUMMARY OF REUSE VOLUMES
IN LAS VEGAS VALLEY

Volume, mgd

Description Las Vegas Clark County

City Plant Plant
Avg. total effluent volume 27.0 12.5
Avg. volume to reuse 3.8 4.3
High volume to reuse 6.5 5.0
Low volume to reuse 1.0 1.3
Avg. Volume to power plant 1.0 1.3
Avg. volume to farms* 2.8 1.0
Avg. volume to golf courses** - 2.0
Avg. discharge to surface waters 23.2 8.2

*Ranges from high of 8 mgd in summer to low of 1 mgd in
winter.

**Estimated volume, summer use is approximately double win-
ter use.

ECONOMICS

Table A-18 lists pertinent data relative to the reuse of ef-
fluent by Nevada Power Company. The cost of effluent to
Nevada Power Company averages $15/MG plus amortized costs
for capital investment in the pumping and transportation
facilities. The latter costs raise the delivered price of
effluent to $20/MG and $30/MG respectively at the power sta-
tions.

The delivered effluent requires additional clarification and
nutrient removal before it can be used for cooling tower
makeup water. Including amortization of treatment facili-
ties, it is estimated that the tertiary treatment by the
power plants averages approximately $200/MG.
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Table A-18. SUMMARY OF EFFLUENT REUSE BY NEVADA
POWER COMPANY IN LAS VEGAS NEVADA

Power Plant

Description Clark Station Sunrise Station
Present capability, KW 130,000 85,000 |
Use of effluent Cooling tower Cooling tower
Source of effluent Clark County City of
San. District Las Vegas
Alternate source of water None Clark County
San. District
Avg. effluent used, mgd 1.3 1.0
Effluent cost, $/MG* 30 20

Capital cost of treatment
facilities at power sta-

tion, $** 400,000 400,000
Chemical cost, $/day*** 75 50
Labor cost, $/day 48 48
Other costs, §$/day 5 5
Total cost, S$/MG**** 223 195

*Includes amortization of storage and transport facili-
ties for effluent between sewage treatment plant and
power generation station. Actual charge for effluent
less capital amortization is approximately $15/MG for
each power plant.

**Estimated by SCS Engineers.

***Sunrise is disproportionately lower because effluent
used is of better gquality. See Table A-16.

****Tncludes amortization of treatment facility cost at 5.5

percent interest, 25-year life divided by 365 days X
average effluent volume used.
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AMARILLO, TEXAS

INTRODUCTION

The city of Amarillo, Texas treats municipal wastewater and
provides reclaimed effluent to Southwestern Public Service
Company and Texaco Oil Company for use as cooling water
makeup. They also supply water to agricultural concerns for
irrigation of approximately 2,300 acres of crop land. The
River Road Wastewater Treatment Plant supplies all reclaimed
water for industrial use and will be the only municipal
plant discussed in this section. Renovated water for irri-
gation is supplied by the Hollywood Road Plant in Amarillo.

The use of reclaimed water is a vital part of plant opera-
tion at both Texaco and Southwestern Public Service Company.
Aside from economic savings to both municipality and indus-
try, it is likely that discontinuation of reclaimed water
use would severely disrupt operation of the Southwestern
power plant. When the irrigation of 2,500 acres of crop
land is added to the balance, reclamation is obviously a
vital resource to the community.

MUNICIPAL TREATMENT PROCESSES

The activated sludge plant at River Road handles an average
flow of 10 mgd. Of this influent flow, 7 percent is contri-
buted by industrial discharges which include meat packing,
laundries, and food processing plant wastes. Although these
wastes comprise 29 percent of the total BOD load to the
plant, they appear to have no significant adverse effects on
either plant operation or efficiency.

Primary treatment consists of screening, grit removal, and
gravity clarification, followed by storage in a 3.7 MG
equalization lagoon to stabilize flow to the aeration tanks.
Secondary treatment involves conventional spiral flow acti-
vated sludge with a 4 hour detention time, mixed liquor con-
centration to 2,600 mg/l, 40 percent sludge recirculation
rate, and 1.8 cu ft of air added per gal. Circular second-
ary clarifiers with overflow rates of 600 gpd/sqg ft precede
final chlorination and discharge to an 18 MG holding pond.

236



Solids handling consists of sludge thickening and conven-
tional anaerobic digestion. Figure A-17 shows a schematic
diagram of the treatment process.

Typical effluent quality characteristics of the River Road
plant are shown in Table A-~19 along with comparative list-
ings of city well and lake supplies. The reclaimed water
quality is within the limits specified in the contract with
industry, also shown in Table A-19.

Problems with activated sludge upsets due to filamentous
organisms and high grease content of the raw waste have been
reduced considerably by close regulation of industrial waste
discharges. Persistant problems with sludge bulking during
winter months have forced usage of concentrated hydrogen
peroxide in final clarifiers as a specific biocide. Con-
sideration is also being given to alum addition to increase
coagulation and enhance settling.

USER TREATMENT PROCESSES

Southwestern Public Service Company, an electric utility,
has been treating reclaimed city sewage effluent since 1961
at its Nichols Station Plant in Amarillo. Reclaimed water
usage varies from 1.5 to 5 mgd and satisfies the entire
cooling water demand for the 485 Mw capacity power plant.
Southwestern's treatment facility has a maximum capacity of
13.7 mgd and consists of cold lime treatment, pH adjustment,
storage and chlorination prior to use in the cooling towers.
Figure A-18 shows a schematic flow diagram of the treatment
process. Two of four cold lime treaters are currently in
use and are operated at chemical feed rates of 2.5 to 3.0
lbs lime and 0.25 lbs alum per 1,000 gals treated. Phos-
phate reductions to less than 2.0 mg/l1 and substantial sili-
ca removal is achieved in this unit, preventing problems of
orthophosphate and silicate scaling. The treated effluent
from the cold lime softener has a high pH of 10.0 to 10.5,
an hydroxide alkalinity of 50 to 100 mg/l, and is very un-
stable. 1In this state the water will scale calcium carbon-
ate very rapidly; therefore, acid is added to lower the pH
to 9.2 and prevent after-precipitation and scaling. Storage
is in two lagoons with a volume of 3 MG.

Problems with biofouling and scaling of heat exchange equip-
ment and piping are minimized by heavy chlorination and pH
control to 7.0. The chlorine treatment, however, was some-
what corrosive to the system as condenser tubing was pitted
and the pH difficult to control during chlorination. Some
slime was found in condenser tubing even with the high chlo-
rine dosage. BAmertap systems have recently been installed
in one of the three units at Nichols Station to circulate
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Table A-19.

COMPARATIVE AVERAGE WATER

CHARACTERISTICS IN AMARILLO, TEXAS

Source
Treated
Characteristic Well Lake Municipal Contract

mg/1 Water Water Effluent Limits
Ca 40 58 6l
Mg 26 23 24
Na 34 210 300
Fe 0 0
M-Alkalinity 230 162 287
Hardness 210 240 253
Si0, 56 3 10
NH3-N 0 0.43 24
NO3-N 1 0.6 4
POy 0 0.02 20
Cl 11 225 300
S04 28 225 280
TDS 360 950 1,400 1,400
SS 0 0 15 25
BOD 0 0 15 25
CcoD 0 0
Chlorine
Residual 0.2 0.6 0.6 0.1
pH 7.7 7.8 7.7 6.8-9.0

*All analytical data except pH is expressed as the ion.
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Table A-20. AVERAGE WATER CHARACTERISTICS

FOR REUSE AT SOUTHWESTERN PUBLIC
SERVICE COMPANY, AMARILLO, TEXAS

Amarillo Treated Cooling Cooling

Constituent Fresh Municipal Tower Water in
(mg/1) Water Effluent Makeup Tower
Ca 68 74 72 376
Mg 29 36 10 51
Na 111 134 134 689
K 3 «8 8 39
NH3 0 12 12 1
HCO4 104 134 24 20
CO4 0 0 36 0
SOy 254 281 336 1,728
Cl 60 78 78 388
NO4 0 3 2 90
POy 0 48 2 10
5105 5 17 6 30
pH 8.1 7.3 9.2 7.0
BOD 0 15 2 6

*Analysis results corrected for calculated cation and

anion balance.

All analytical data except pH expressed as the ion.
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sponge rubber balls through the condenser tubes, thus main-~
taining a cleanness factor of 85 to 90 percent. It is hoped
that this action will eliminate the need for chlorination.
Blowdown water from the cooling towers is used by a local
farmer to irrigate alfalfa, wheat, maize, and other high
salt tolerant grasses.

Typical effluent qualities produced by the Southwestern Pub-
lic Service Company treatment system are listed in Table A-
20, along with the qualities of fresh water, sewage effluent,
and water within the cooling towers,

Reclaimed water treatment at Texaco consists of cold lime
treatment for phosphate, silica, and SS removal with some
softening also effected. Water is fed directly to the cool-
ing towers from the cold-lime treatment with chlorination of
cooling tower recirculating water for control of biofouling.
Storage facilities totaling 6.5 MG are used only for emer-
gency as the regular inflow bypasses the storage sites.

Texaco's treatment facility is diagrammed in Figure A-19.
Typical reclaimed water quality values obtained through
treatment are shown in Table A-21.

Table A-21. AVERAGE TREATED EFFLUENT CHARACTERISTICS
FOR REUSE AT TEXACO REFINERY, AMARILLO, TEXAS

Characteristic Concentration

(mg/1)
TDS 1,100
PO4 5
Siosp 34
S04 220
Cl 207
Hardness 130
Total Hardness 225
M-Alkalinity 270

All analytical data expressed as the ion.

REUSE PRACTICES

Of the 10 mgd treated at the River Road Plant, an average of
3 mgd is purchased by Southwestern Public Service Company
and 1.5 mgd by the Texas 0il Refinery; all this water is
used for cooling water makeup. The remaining 5.5 mgd is
discharged to a creek and must meet Texas State discharge
standards of 20 mg/l SS and 20 mg/l BOD. It is expected
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that by 1975, virtually all effluent from the River Road
Plant will be reused by industry, since Southwestern Public
Service plans increased reclaimed water usage due to plant

expansion.

The Texaco Refinery in Amarillo also uses effluent from the
River Road municipal treatment plant for cooling purposes.
The 20,000 barrel/day refinery treats and reuses an average
of 1.5 mgd of reclaimed water, which satisfies all its cool-
ing water demands. Renovated water has not been used re-
cently for low pressure boiler feed; however, it was util-
ized in previous years to supply up to 100 percent of the
boiler feed water when well water supplies were insufficient.

The main problem encountered at the Texaco refinery due to
reclaimed water use are: (1) increased usage of algacides
and biocides to control growth of bacteria and algae due to
the presence of nutrients in the effluent; and (2) sludging
tendencies that produce soft deposits on heat exchange
equipment. Another problem when renovated water was used in
the boilers was corrosion of copper parts by ammonia pro-
duced from decomposition of organic matter. High TDS con-
centrations (1,300 mg/l), foaming, and scaling problems dis-
couraged further use of treated reclaimed effluent in the
boilers.

ECONOMICS

In the case of Southwestern Public Service Company, the eco-
nomic decision to use reclaimed water is based on long-term
availability, long term cost, and effect on total capital
investment, rather than immediate lowest cost.

One of the major reasons for consideration of sewage effluent
water is its availability. As the need for power increases,
the flow of wastewater increases. The natural balance thus
provides the cooling water requirements for the necessary
additional generation needs.

The long term cost of sewage effluent for industrial water

for cooling approaches the same cost as more valuable fresh
water. The use of treated sewage effluent conserves high

quality fresh water.

Public fresh water presently costs approximately 19¢/1,000
gal; however, this cost would increase significantly if
Texaco and Southwestern abandoned the use of reclaimed water
in favor of the city supply, because the city would be
forced to locate and drill extensive new wells in order to
meet the added 7.8 mgd peak industrial demand.
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Cost data for the two reusing industries in Amarillo are
listed in Table A-22.

TABLE A-22

REPORTED COSTS OF RECLAIMED WATER REUSE
IN AMARILLO, TEXAS

COST ($/MG)

ITEM SPSC TEX
Reclaimed water cost (1) 80 90
Operation:

- Labor 20 8

- Utilities (inc. in 12

labor)

- Supplies 59 25
Maintenance 13 12
Capital Amort. 68(2) 137(3)
Total 240 284

(1) Difference between two industrial costs due to
graduated price scale.

(2) Estimated by SCS Engineers

(3) Based upon Texaco figures as follows:
In-plant treatment facilities, $132, 400, at 6%
for 20 years, = $40/MG/yr., and for contribution
to city treatment plant and reclaimed water

transportation facilities, $964,000, at 3%% for
30 years, = $97/MG/yr.
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BIG SPRING, TEXAS

INTRODUCTION

The Cosden 0il and Chemical Company of Big Spring, Texas has
used reclaimed water from the Big Spring sewage treatment
plant since 1943. Presently Cosden utilizes 0.5 mgd of
treated effluent for low pressure boiler feed makeup water.
The boiler steam is used for a great variety of consumptive
purposes within this large petro-chemical complex.

MUNICIPAL TREATMENT PROCESSES

Figure A-20 shows a flow diagram of the 0.5 mgd Big Spring
treatment plant which supplies the reclaimed water. The
raw sewage contains no industrial wastes. Built in 1943,
the plant uses the outmoded Hays aeration process of two
stage aeration without activated sludge recirculation.

The Hays aeration facility includes: screening, primary and
intermediate settling, first and second stage aeration,
final clarification, anaerobic digestion and storage in a

1 MG capacity holding pond. Typical quality characteristics
reported for the treated wastewaters are: BOD-35 mg/1,
§5-10 mg/l, TDS-960 mg/l, pH-7.0, and hardness-250 mg/l.

Adjacent to the Hays plant shown in Figure A-20, the city
operates a trickling filter plant with an average flow of
2.3 mgd. This plant receives raw sewage from a different
area of Big Spring. Infiltration of the sewers causes this
sewage to contain up to 1,000 mg/l chlorides which renders
the effluent unsuitable for reuse by the Cosden plant.

Improvements in the present sewer system are underwayv to
greatly reduce the amount of groundwater infiltration into
the sewer lines. If successful, this program should improve
the quality of the effluent from the city's trickling filter
plant and make its reuse by Cosden a possibility; however,
according to Cosden engineers, future usage of this water
for cooling is doubtful due to the corrosive properties of
residual organics in the sewage effluent and the high costs
of algicides and corrosion inhibitors that would be needed.
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USER TREATMENT PROCESSES

Treatment by the Cosden 0il and Chemical Co., preceding use
in its 175 psig boilers, includes: hot process lime sof-
tening, anthracite filtration, hot zeolite softening and
deaeration. Figure A-21 shows a schematic flow diagram of
the Cosden 0il treatment plant. Table A-23 gives important
gquality characteristics of the effluent from the sewage
treatment plant as well as water gqualities after the lime
and zeolite softening.

Table A-23. AVERAGE WATER CHARACTERISTICS
AT VARIOUS STAGES OF TREATMENT FOR REUSE
AT COSDEN OIL, BIG SPRING, TEXAS

Stage of treatment

Treated Hot lime Hot zeolite
Constituent municipal softener softener
(mg/1) effluent effluent effluent
Cations
Ca 50 20 0-1
Mg 84 8 0-1
Na 494 405 431
Total 636 433 433
Anions
HCO3 386 - -
COj3 - 164 l64
OH - 22 22
504 70 100 100
Cl 180 147 147
Total 636 433 433
Total hardness 142 28 0-2
Methyl orange 386 186 186
alkalinity
pH 7.3 9.95 -

REUSE PRACTICES

The Cosden 0il and Chemical Company processes over 12 mil-
lion barrels of crude oil annually. The 0.5 mgd of treated
effluent supplied by the city of Big Spring equals approxi-
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mately 25 percent of Cosden's total water demand. The
remainder of the supply comes from Lake Thomas and is used
primarily for cooling water. Table A-24 lists the various
ways in which steam produced from sewage effluent water has
been successfully used over many years of operation at Cos-
den 0il and Chemical Company.

At present, the reclaimed effluent is used only to feed 175
psig boilers. Condensate from these boilers also supply
high guality makeup water for the high pressure boilers (600

psig).

Solutions of amine, caustic, and ammonia for various treating
uses have been made up using steam condensate for many years.
There has been no problem noticed when using sewage effluent
water to generate the steam.

The C3 and C4 olefin feed to a catalytic polymerization unit
for producing polygasoline has been saturated with steam
condensate from sewage effluent without noticeable changes
in the catalyst life or quality of the gasoline. The pro-
cess is a fixed, multibed solid phosphoric acid type of
process.

For several years, chloride salts have been continuously
washed from the feed-effluent heat exchange equipment of a
hydrosulfurization unit with steam condensate. It was found
that without this wash steam the heat exchanger tubes plug
rapidly on the effluent side.

Table A-25 is a tabulation of the applications in which
sewage effluent water has been used in process requirements.
In maintaining bottom hole pressure of LPG products in salt
cavern storage, there has been no evidence of algae prob-
lems. As a result of the ammonium nitrates present in the
effluent there was a problem with the LPG products passing
the copper strip corrosion test.

Reclaimed effluent has been used in electrical desalting of
crude oil. It was found, however, that using effluent, the
crude preheat exchange equipment fouled too rapidly. This

problem was overcome by heating the water between 200 and
250 deg F.

ECONOMICS

In exchange for the sewage plant effluent, Cosden pays
$14,400 per year towards operation of the municipal treat-
ment plant. Additional treatment costs at the refinery are
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Table A-24. TYPICAL REUSE APPLICATIONS OF
STEAM PRODUCED FROM TREATED MUNICIPAL
EFFLUENT AT COSDEN OIL, BIG SPRING, TEXAS

Steam stripping of atmospheric crude oil dis-
tillation sidecut streams.

Vacuum jet requirements for flash separation
between gas o0il and asphalt.

Steam stripping of FCC fractionator side streams.

Steam stripping of FCC catalyst (both regenerated
and spent).

Steam stripping of boiler feed water.
Steam-air decoking of catalyst:

- Cobalt-moly type hydrogeneration

-~ Activated carbon

- Palladium

Steam—air decoking of furnace tubes.

Fuel oil atomizing.

Ethylbenzene dehydrogenation reaction diluent.

Steam required to create vacuum for styrene
monomer distillation.

Heating process streams in tubular exchanger
equipment.
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Table A-25. REUSE APPLICATIONS
OF PROCESS WATER PRODUCED FROM
TREATED MUNICIPAL EFFLUENT AT
COSDEN OIL, BIG SPRING, TEXAS

Maintenance of bottom hole pressure for
salt well storage of light hydrocarbons.

Crude o0il desalter water reguirements.

listed in Table A-26 and compared to the procurement and
treatment costs of water from Lake Thomas.
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Table A-26. REPORTED 1967 COSTS OF WATER FOR
BOILER FEED AT COSDEN OIL, BIG SPRING, TEXAS

Source
Municipal
Sewage
Effluent
Item Water Raw Lake Water
Capital investment $300,000 $300,000
Capacity 825 gpm 825 gpm
$/M gal. S/M gal.
Water costs 0.045 0.185
Chemical costs:
OXygen scavenging agency @
$100/ton 0.0028 0.0029
Lime @ $20/ton 0.0444 0.0157
Rock Salt @ $8/ton 0.0040 0.0040
Gypsum @ $18/ton 0.0184 -
Sludge conditioning agent @
$560/ton 0.0785 0.0457
Filming amine - 0.0345
Utilities costs:
Steam @ $0.30/1,000 BTU (15
psi gauge) * 0.4000 0.4000
Electrical power 0.0005 0.0005
Labor: 0.0671 0.0671
Supplies 0.0134 0.0134
Maintenance: 0.0150 0.0150
Amortization: *¥ 0.0921 0.0921
Total cost at design rate: 0.7870 0.8797

*This heat is actually utilized as boiler preheat.
**Qyer ten years with alternate value of money at 6% com-
pounded annually.-

SCS Engineers has calculated the total cost of effluent
treatment by the municipal plant at $343/MG.
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DENTON, TEXAS

INTRODUCTION

The city of Denton initiated reuse of its municipal waste-
water effluent in 1972 for makeup water to cooling towers
of the city power generating station. The effluent was of
variable quality. As a result major difficulties were ex-
perienced by the power plant during the summer of 1972. The
city reports that operations during the spring of 1973 im-
proved greatly, however, others presently considering reuse
of effluent for cooling tower makeup can benefit from Den-
ton's initial experiences. The reader is directed to the
chapter on industrial reuse in this report which concludes
that unless the municipal sewage treatment plant produces a
superior effluent, e.g., BOD and SS below 5-10 mg/l, addi-
tional clarification should be provided for further removal
of organics, nutrients, and suspended solids prior to use
in recirculating cooling towers.

The city of Denton initially attempted, without further
clarification, to use, for cooling water makeup, an average
secondary treated effluent from a plant on the verge of
being overloaded. It could not be successfully done. Mas-
sive fouling of heat exchange systems by bacterial growths
occurred, significantly reducing power generation efficien-
cies and increasing maintenance costs.

MUNICIPAL TREATMENT PROCESSES

The city sewage treatment plant has reached its design flow
of 6 mgd, with maximum flow rates up to 10 mgd. A plant
expansion is being planned since the existing facility is
on the verge of being overloaded. Raw sewage is onlvy one
percent industrial waste, primarily blood from a packing
house and heavy metals from a plating operation.

Figure A-22 schematically illustrates the treatment pro-
cesses at the sewage treatment plant and the power genera-
tion station. Incoming raw sewage is screened, grit removed,
and settled in three primary clarifiers, 58 ft diameter x

7 £t deep. Primary effluent flows to five aeration tanks
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which may be alternatively operated in a conventional acti-
vated sludge manner, step aeration, or with sludge reaera-

tion. The tanks each measure 29 ft x 150 ft x 15 ft deep.

Operating parameters are as follows:

. 4 hour.detention
. 2,500 to 3,000 mg/1 MLSS
. 40 to 45 percent sludge recirculation

The three secondary clarifiers are 70 ft diameter x 12 ft
deep with a design overflow rate of 520 gpd/sq ft. Chlorine
contact is for 30 minutes at design flow of 6 mgd.

Sludge is anaerobically digested and treated by the Zimpro
process.

An average 4.5 mgd of final effluent is gravity discharged
from the chlorine contact tank to an adjacent creek. The
remaining 1.5 mgd is pumped approximately 2 miles through

an 18 inch diameter steel pipe, terminating in a 10 MG capa-
city unlined storage pond adjacent to the power plant.

Reported quality of the final effluent is shown in Table
aA-27.

Table A-27. AVERAGE MUNICIPAL
EFFLUENT CHARACTERISTICS AT
DENTON, TEXAS

Characteristic Concentration

(mg/1)

BOD 30

SS 38

TDS 127

Cl 70

PH 7.2

MPN 16,000

The effluent characteristics shown in Table A-25 are re-
ported to be superior to the quality of the reclaimed water
in the 10 MG holding pond. Apparently the effluent some-
times becomes septic in the 2 mile force main enroute to
the pond, since dark, odorous discharge into the pond is
reported by power plant personnel.
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REUSE PRACTICES

The municipal steam electric generating station which
attempted to use the effluent for approximately 3 months is
110 Mw in size. The steam station pumped the effluent out
of the 10 MG holding pond direct to the cooling towers.
Chlorine, algicides and scale inhibitor are added to the
cooling tower recirculating water. While effluent was used,
dosages of these chemicals were doubled or quadrupled, over
normal fresh water dosages, but great difficulties were
still experienced due to rapid fouling of condenser tubes.
Suspended solids, organics and nutrients in the effluent
were at too high a level. Unlike some other cooling water
applications of reclaimed wastewater, the TDS level at Den-
ton is relatively low at 127 mg/l.

It appears to SCS Engineers that the city of Denton reuse
problems ,can only be solved by greatly improved treatment
facilities at the wastewater treatment plant or additional
treatment at the power plant to reduce suspended solids, or-
ganics and nutrients.

ECONOMICS

The economics of the Denton reuse program are unresolved
since the effluent was not of suitable guality. The sewage
treatment plant cost $0.5 million to construct in 1964 and
an additional $1.2 million to expand in 1968. Operating
costs in 1971 were $174,000. Including amortization of
capital investment, treatment costs average approximately
$168/MG. Operating costs alone comprise $80/MG. Pumping
costs to transport the effluent 2 miles to the steam station
are estimated at $20/MG additional.

The power station reports that cost of its chemical treat-
ment for cooling water is $40 to $50/MG for fresh water, and
$80 to $100/MG during their attempt to use the effluent
during their attempt to use the effluent during 1972. These
costs covered purchase of chlorine, acid, algicides, corro-
sion inhibitor, etc.
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LUBBOCK, TEXAS

INTRODUCTION

The city of Lubbock, Texas supplies reclaimed water for
industrial and agricultural reuse. Out of 14 mgd of treated
effluent generated in an average day, approximately 20 per-
cent is sold to Southwestern Public Service Company for use
as cooling water and boiler feed water makeup, and the re-
maining 80 percent is used by local farmers for irrigation.

Lubbock, Texas illustrates the advantages to both munici-
pality and industry of the utilization of reclaimed munici-
pal wastewater. Southwestern Public Service Company is
heavily dependent on the renovated water supply, which it
requires to reach optimal operating capacity. Economic ad-
vantages are reflected in lower water costs to the power
company and greater revenues to the city from reclaimed
water sales.

MUNICIPAL TREATMENT PROCESSES

The municipal treatment system at Lubbock consists of three
interconnected treatment plants located on one site south-
east of the city and one located northwest of the city. Two
of the southeast plants are trickling filter plants with a
combined capacity of approximately 14 mgd and one is an
activated sludge plant capable of treating 12 mgd. Only the
activated sludge plant supplies renovated water for indus-
trial reuse and the trickling filter effluent is used solely
for irrigation. The northwest treatment plant is a contact
stabilization plant with a rated capacity of 0.75 mgd.
Chlorinated effluent is pumped to Texas Tech University farm
for irrigation. The remainder of this report will be con-
cerned primarily with the activated sludge plant and South-
western Public Service Company's reclaimed water treatment
and reuse system.

Of the 6 to 7 mgd treated by the activated sludge plant,
approximately 20 percent is industrial waste. The four
major industrial wastes are: cotton seed oil and hulls,
packing house grease and blood, dairy whey, and various
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heavy metals from plating plants. These industrial compo-
nents have adversely affected the efficiency of the treat-
ment plant on past occasions as follows: (1) Grease and oil
clogs piping and machinery and inhibits settling. (2) Blood
and whey have extremely high BOD's (100,000 mg/l and 42,000
mg/l respectively), thus surge loads can significantly in-
crease effluent BOD's. (3) Chromium, arsenic and other
heavy metals, even in low concentrations, can be toxic to
activated sludge bacteria and upset the process.

Figure A-23 schematically illustrates the activated sludge
plant. Primary treatment for the activated sludge plant
consists of screening and grit removal followed by gravity
settling. Secondary activated sludge treatment involves
conventional spiral flow with 6 hour detention at 12 mgd
design flow with an MLSS concentration of 2,000 mg/l. Re-
cycled sludge (30 to 50 percent recirculation rate) is
treated with 3 to 5 mg/l chlorine for control of sludge
bulking. In the aeration tanks, an average 1,680 cu ft of
air is supplied per pound of BOD removed. Two gravity, cir-
cular secondary clarifiers with 580 gpd/sq ft overflow rates
are employed for final settling. Reclaimed effluent for use
by Southwestern Public Service Company is then chlorinated
at 4 to 10 mg/1 and pumped to the power plant about 3 miles
away. Irrigation water is stored in three lagoons with a
total capacity of 30 million gallons. Solids handling in-
volves conventional anaerobic digestion followed by sludge
drying beds.

Problems with the activated sludge operations, aside from
those connected with industrial wastes previously discussed,
concern overloading of the digesters causing a poor quality
supernatant that is discharged to the older trickling filter
plant, and prolific algae growth in the aeration tanks which
hinders settling. Effluent characteristics from the acti-
vated sludge plant are listed in Table A-28.

USER TREATMENT PROCESSES

The reclaimed water is given further treatment by South-
western Public Service Company prior to reuse as illustrated
in Figure A-24. The effluent is discharged into two cold
lime clarifiers for removal of solids and phosphates. Lime
is fed at a rate of 3 1lbs/1,000 gal and alum at 0.2 1lbs/
1,000 gal. Sulfuric acid is added to lower the pH to neu-
tral. Next, storage is provided in a 6 MG concrete-lined
lagoon, to meet irregular flow demands and to serve as an
emergency reserve, prior to use in the cooling towers.
Further extensive treatment is given to 30,000 gpd for use
as boiler feed water makeup. After the cold lime treatment
and pH adjustment, this water is fed to a reverse osmosis

259



BAR
CONVENTIONAL SCREEN
ANAEROBIC
DIGESTION
GRIT
CHAMBER
DRYING
BEDS
PRIMARY
CLARIFICATION
TANKS
WASTE
ACTIVATED
SLUDGE
ACTIVATED
SLUDGE
Cly ~—t ] TANKS
RETURN
ACTIVATED
FINAL
SLUDGE CLARIFICATION
TANKS
TO SOUTHWESTERN
1 Q PUBLIC SERVICE CO.
POWER PLANT
ALTERNATE REUSE
TO IRRIGATION TO IRRIGATION

2.3 MG
HOLDING POND

FIGURE A-23
MUNICIPAL WASTE WATER TREATMENT FACILITY
LUBBOCK, TEXAS

260



Table A-28. AVERAGE MUNICIPAL
EFFLUENT CHARACTERISTICS FROM
ACTIVATED SLUDGE PLANT AT
LUBBOCK, TEXAS

Characteristic | Concentration | Characteristic | Concentration

(mg/1) (mg/1)
BOD 18 Total hardness 240
SS 20 Ca 145
TDS 1,650 Si0y 11.5
Na 450 POy 35
Ccl 460 SO 250
P-Alkalinity 0 Chlorine 2

residual

M-Alkalinity 250 pH 7.8

unit that removes 85 percent of the total dissolved solids
while wasting 30 percent of the flow as concentrated brine
solution. The R.O. unit has completed over one year of
operation, but Southwestern believes it would be premature
to make any accurate performance evaluat.on of the cellulose
acetate membranes. Following R.O., total demineralization
is achieved by passage through successive cation exchange,
weak base anion exchange, and strong base anion exchange
units, followed by a mixed bed polishing unit. Due to the
salt removal by the R.0O. unit, the demineralization train
has been operated for as long as 6 months between regenera-
tions. Effluent from the treatment system exceeds the qual-
ity of distilled water for direct use in the boilers. Table
A-29 shows typical quality characteristics of the reclaimed
water at various stages of treatment.

REUSE PRACTICES

An average of 2 to 3.5 mgd of reclaimed water satisfies the
entire water demand of the Southwestern Public Service Com-
pany for cooling water and boiler feed water makeup in their
250 Mw power generation plant. Fresh water is available
from the city in the event of failure of the reclaimed water
system, however, the 0.7 mgd available from the city would
be insufficient to run the power plant at rated capacity.

Overall, the use of reclaimed water for cooling and boiler
feed makeup water has been successful at Southwestern Pub-
lic Service Company. The Company's confidence in this
renovated water supply is reflected by the current construc-
tion of new boiler facilities to increase the power genera-
ting capacity from 250 Mw to 500 Mw, and proportionately
increase the use of reclaimed water. Several minor problems

261



EFFLUENT FROM MUNICIPAL FACILITY

COLD LIME
TREATMENT

/ SULFURIC ACID

pH ADJUSTMENT UNIT

R NI S

6 MG HOLDING POND

BLOWDOWN TO |
EVAPORATION

POND AND

IRRIGATION

COOLING TOWERS

ANTHRACITE
FILTER

REVERSE
OSMOSIS

CATION
EXCHANGER

WEAK BASE
ANION UNIT

STRONG BASE
ANION UNIT

MIXED BED

EXCHANGER

TO BOILER FEED
WATER MAKE UP

FIGURE A-24

RECLAIMED WATER TREATMENT FACILITY

SOUTHWESTERN PUBLIC SERVICE CO.

LUBBOCK, TEXAS

262



£€9¢

Table A-29.

AVERAGE WATER CHARACTERISTICS AT VARIOUS

STAGES OF TREATMENT FOR REUSE AT SOUTHWESTERN

PUBLIC SERVICE COMPANY, LUBBOCK, TEXAS

State of Tertiary Treatment

Power Cold-Lime R.O. R.O. Boiler
Characteristic Plant Treater Unit Unit Feed
(mg/1) Influent Effluent Influent Effluent Influent
P-Alkalinity 0 158 -- - 0
M~Alkalinity 250 220 - 8 0
OH -— 96 - -- 0
Total Hardness 240 240 234 8 0
Ca 145 214 180 6 .02
S$i0j 11.5 1.5 1.5 0.6 0
POy 35 1.5 1.5 0.5 0
SOy 250 250 380 10 0
Cl 358 358 354 62 0
pH 7.8 10.6 5.6 5.5 7.0
Chlorine Residual 2 0 0 0 0
Conductivity, Mmho - 0 1,760 180 0
TDS - -— 1,130 115 0




were reported in the treatment and reuse of the municipal
effluent. Prolific bacterial growth in the 6 MG storage
lagoon following cold lime treatment produces acids through
biological activity and organics breakdown. This acid up-
sets the pH equilibrium in the cooling towers. and may force
treatment with chlorine to kill the microorganisms. More
frequent cleansing of the R.O. unit membrane is necessary
because of the higher TDS concentration of the reclaimed
water than would be expected using fresh water. The problem
of cooling tower blowdown disposal with its high concentra-
tion of dissolved salts, is solved by storage and evapora-
tion in an unlined pond which also serves as a water supply
storage for seasonal irrigation by a local farmer.

Reclaimed water for irrigation is stored in three lagoons
with a total capacity of 30 MG. One large grower receilves
the majority of the water free of charge in exchange for
disposing of all the effluent, except that used at the power
plant, on his 2,500 acres of land. Crops irrigated with re-
claimed wastewater include: cotton, sorghum, alfalfa, win-
ter wheat, and pasture grasses.

ECONOMICS

Both the city of Lubbock, and the Southwestern Public Serx-
vice Company gain economic advantages through the treatment
and reuse of renovated water. The power company pays a
total cost of 14.4c¢/1,000 gal for the reclaimed water. Of
this sum, 11.9 goes to the city of Lubbock and pays the
power company's prorated share of the operating cost of the
12 mgd capacity activated sludge plant. The remaining 2.5c
is paid as a reimbursement to the large irrigation user who
has a legal right to the water until 1990 for his irrigation
program. The large irrigation user receives the water free
in exchange for disposing of all the effluent on his land,
allowing none to escape to surface waters.

Total costs to Southwestern Public Service Company for re-

claimed water purchase and treatment are shown in Table
A-30.

The power company has no discharge permit but currently
sells i?s cooling tower blowdown water to a local farmer for
irrigation at 1c/1,000 gal. Evaporation ponds are used for

ultimate disposal if the farmer does not utilize the entire
flow.
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Table A-30. REPORTED COSTS OF
WATER FOR REUSE AT SOUTHWESTERN
PUBLIC SERVICE COMPANY,
LUBBOCK, TEXAS

Cost
Item (¢/1,000 gal)

Paid to city of Lubbock 11.9
Paid to other owners 2.5
Operating cost of tertiary 16.0

treatment plant (in-

cluding capital

amortization)
Total reuse cost 30.4
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ODESSA, TEXAS

INTRODUCTION

The El1 Paso Products Company of Odessa, Texas, is currently
using reclaimed water from the Odessa Municipal Sewage
Treatment Plant for makeup water to cooling towers and low
pressure boilers. This water reclamation and reuse opera-
tion is of economic value to both city and industry. E1
Paso Products receives an inexpensive, reliable, and contin-
uous water supply while the city of Odessa receives suffi-
cient revenues to operate the sewage treatment plant and
also partial funding of plant expansions and improvements.

MUNICIPAL TREATMENT PROCESSES

The sewage treatment plant at Odessa provides secondary
treatment to an average of 6.5 mgd of which 99 percent is
domestic sewage and 1 percent is industrial waste, primarily
from a plating operation. Primary treatment units consist
of screening, grit removal, grease removal, and primary
clarification. Primary effluent is stored in an aerated
equalization tank of 1 MG capacity to provide steady flow
into the aeration tanks.

Secondary activated sludge treatment takes place in three
tanks with conventional spiral flow, MLSS concentrations of
1,100 to 1,400 mg/1l and 3.5 hour detention time. Clarifica-
tion is performed in three final circular clarifiers, two of
70 ft diameter and 11 ft depth and a third with 90 ft diam-
eter and a depth of 13 ft. Chlorination is done in a con-
tact basin with 30 minute detention. Pumps transport re-
claimed water to either El1 Paso Products' 15 MG lagoon or
storage ponds for irrigation. Figure A-25 shows a schematic
of the municipal treatment process.

Reported quality characteristics of the treated wastewater
are:

BOD - 10 mg/1

SS - 13 mg/1
TDS - 1,300 mg/1l
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Chlorides - 250 mg/l
Coliform - 6 x 10°2/100 ml
pH - 7.4

Hardness - 240 mg/l

Total P - 44 mg/1

Total N - 18 mg/1l

Occasionally high concentrations of chromate from a plating
operation must be bypassed to the irrigation lakes.

USER TREATMENT PROCESSES

The E1 Paso Products Company at Odessa, Texas, is a large
chemical manufacturing plant requiring 7 mgd to satisfy its
water demand. Approximately 5.5 mgd is supplied by treated
sewage effluent with the remainder coming from company-owned
wells.

As shown in Figure A-26 El1 Paso Products operates a sophis-
ticated water treatment system to give further treatment to
the effluent from the sewage plant and to well-water sup-
plies.

El Paso's holding lagoon is an unlined pond with a capacity
of 15 MG and is utilized for eliminating surges and for
storing fire demand and utility water. Water from the
holding lagoon is pumped to a cold-lime treater, the essen-
tial purpose of which is to remove phosphates and suspended
solids. Some hardness and silica are removed, but the guan-
tity is considerably less than the theoretical amount of
which a cold-lime treater is capable. The reason for the
underrated efficiency is believed to be due to ammonia oxi-
dizing to nitrate, followed by reaction with calcium bicar-
bonate to produce calcium nitrate and carbon dioxide. These
processes reduce the  amount of calcium bicarbonate hardness
that can be removed by lime treatment. Treatment in the
lime treater is accomplished with hydrated lime fed at 150
mg/l and a cationic polyelectrolyte at 2 mg/l.

The effluent from the cold-lime treater is recarbonated to
convert carbonate and hydroxyl ions to the soluble bicarbon-
ate in the subsequent water-conditioning equipment. Recar-
bonation is accomplished with waste carbon dioxide from El
Paso's ammonia plant. The recarbonation system has bottled-
gas and inert-gas generators on emergency standby. Sludge
from the cold-lime treater is thickened in an old hot-lime
treater shell. The overflow is returned to the treater and
the bottom sediment is sent to the waste disposal area.

After recarbonation the water contains suspended floc and
must be filtered before further use. This filtration is
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accomplished in pressure-type filters utilizing sized anthra-
cite coal for the filtering media. Backwash water from the
filters is reclaimed in a closed backwash system consisting
of a primary surge tank, a clarifier, two pressure-type fil-
ters, and a final surge tank. The backwash water is con-
tinually reused, with fresh water being added to replace

that which is lost through clarifier blowdown.

The filtered water is stored in a 50,000-barrel capacity
surge tank which enables the lime treater to operate at a
steady rate even though water demands in the industrial coms
plex fluctuate between day and night conditions.

Water is taken from the surge tank and split into two
streams, one of which goes to sodium zeolite exchangers and
the other to hydrogen zeolite exchangers. After softening,
the streams are blended together and sent to degasifiers
where the carbon dioxide formed by blending the streams is
stripped from the water with the use of air. The degasifier
basins contain level controllers that regulate the flow of
sodium zeolite-treated water in accordance with the demand
for total split-stream water,with the flow of hydrogen zeo-
lite-treated water being proportional to the sodium flow.
An operator determines, by analysis, the ratio of each
stream needed to obtain the desired total alkalinity of the
blended stream and sets this ratio into the ratio control-
lers.

Regeneration of the exchangers is accomplished with sodium
chloride in the sodium units and hydrochloric acid in the
hydrogen units. Backwash water for the ion exchangers is
taken from and returned to the closed backwash system.

Rinse from the sodium units goes to the process sewer within
the complex, whereas rinse from the hydrogen units goes to a
waste acid surge tank in the waste disposal area. At this
point, El Paso incorporates another in-plant reuse plan by
recovering the last third of the rinse from both the sodium
and hydrogen exchangers and returning it to the 50,000-bar-
rel surge tank.

Tables A-31 and A-32 list typical quality attainments in the
user treatment processes and representative parameters for
the various reuse systems.

REUSE PRACTICES

Split-stream water is used for cooling tower blowdown and as
makeup to the low pressure (175 psi to 250 psi) boilers. A
small stream of the hydrogen zeolite water is demineralized
in strong-base anion units for high pressure (600 psi)
boiler makeup.
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Table A-31.

AVERAGE WATER CHARACTERISTICS

AT VARIOUS STAGES OF TREATMENT FOR REUSE AT
EL PASO PRODUCTS COMPANY, ODESSA, TEXAS

Stage of Tertiary Treatment

Characteristic Sewage Cold-Lime | Recarbonator | Split
(mg/1) Effluent | Effluent Effluent Stream

P alkalinity 0 85 0 0
M alkalinity 137 159 159 64
Total hardness 240 158 163 0
Ca 51 47 48 0
Mg 10 10 10 0
Cl 250 146 151 156
S04 101 97 1ol 97
Na 92 78 92 117
SI0, 19 19 19 19
POy 40 4 - -
Conductivity,

Mmho 1,012 935 1,020 925
pH 7.4 10.2 7.9 7.1
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Table A-32. TYPICAL QUALITY CHARACTERISTICS IN
TERTIARY TREATMENT AND REUSE UNITS
AT EL PASO PRODUCTS COMPANY,
ODESSA, TEXAS
Unit and Unit and
characteristic Conc. characteristic Conc.
Lime Treater Negative hardness, -2 to -5
mg/1
Lime (2P-M) *, 20-50 Causticity, mg/l 50-100
mg/1 as OH
Sludge volume 20 Silica, mg/1 50
(15 min
settling), % Steam and Condensate
Algae control as
required| pH 7.5 to
Recarbonator 8.0
Cooling Tower
P alkalinity 0
(controlled M alkalinity, mg/l 80-100
by CO3) as CaCo03
P alkalinity, mg/1 0
Sodium Units as CacCo
Conductivity, Mmho 7,000
Hardness, mg/1l 5 max. + 250
as CaCO3 Orthophosphate, 20
mg/1
Hydrogen Units Chromate, mg/1l 12-15
Filterable solids, 20
Free mineral 200-375 mg/1
acidity, mg/1 Dispersant, gpd 1
Hardness, mg/1 0 pH 6.4 to
as CaCO3 6.8
Si0p, mg/1 150
Split-Stream Blend Total plate count, 3.0 x
. bacteria/ml 106
M alkalinity, mg/1 40-60 Corrosion probe, 2.0
as CaCoj3 MPY
Hardness, mg/1l 0 to
as CaCoOj3 trace Bactericides
600 psi Boilers Quaternary ammonium
. compounds, nitrogen-based
Dissolved solids as 1,000 compounds, pentachloro-
conductivity, phenate, trichlophenate,
Mmho peracetic acid, and
Phosphate, mg/1 40-60 chlorine.
Sodium sulfite, 25=35
mg/1l
Antifoam as
required
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Cooling towers are of the recirculating counterflow type and
utilize a concentrated solution of zinc and chromate for
corrosion inhibition, the major ingredient of which is zinc
salt. The inhibitor functions as a true dicathodic polari-
zation, and it contains no organics or phosphates that could
serve as nutrients for bacterial growth.

ECONOMICS

In exchange for the effluent from the Odessa treatment plant,
El Paso Products pays virtually all the operating expenses
for the municipal plant. Last year these expenses amounted
to approximately $250,000 or 12.5¢/1,000 gal received. In
comparison, raw water taken from the public supply would

cost approximately 50¢/1,000 gal with zeolite softening and
degasification still being necessary. In addition to opera-
ting costs, El1 Paso Products paid the $1,000,000 construc-
tion cost of the original secondary facility at the City of
Odessa plant and for the addition, in 1965, of a third clar-

ifier, blower, and spargers at a cost of approximately
$100,000.

Table A-33 is a breakdown of water treatment costs at the
El Paso Products plant during the period January 1970 to

September 1970, which is representative of current expendi-
tures.
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Table A-33. AVERAGE TREATMENT COSTS FOR

REUSE AT EL PASO PRODUCTS COMPANY, ODESSA, TEXAS
COSTS
ITEM $ ¢/1000 gal*
Raw Water
Sewage effluent 140,111 12.55
Well water 31,635
171,746
Chemicals 18.72
Lime (150 mg/1) 25,128 1.84
Coagulant (sodium aluminate,
15 mg/1) 14,786 1.08
(polymer, 2 mg/1l)
Biocide 6,031 0.44
Acid 160,568 11.73
Brine 38,305 2.80
Sodium softener cleaning 2,888 0.21
Resin, filter media 8,476 0.62
Utilities 14.94
Power 43,081 3.15
Waste water disposal 161,407 11.79
Operations 11.66
Labor 103,942 7.59
Supervision and engineering 7,308 0.53
Expenses 28,879 2.11
Administrative overhead 19,612 1.43
Maintenance 133,900 9.78
Total 67.65

*Based on 1,368.6 MG total influent

(Waste water 1,203.5 MG and well water 165.1 MG)
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WALLA WALLA, WASHINGTON

INTRODUCTION

Farmers in Walla Walla have utilized reclaimed sewage efflu-
ent for irrigation since the original treatment plant was
constructed in 1929. A variety of crops, irrigated with
renovated wastewater, are grown on a total of 1,650 acres of
land including a 700 acre city-owned farm adjacent to the
plant.

The Walla Walla reclamation program has several unique as-
pects. Truck crops for human consumption have been irriga-
ted with sewage effluent for many years with approval of
health authorities. During summer months over half the
plant influent is industrial waste. Finally, an extensive
spray irrigation system has been constructed to apply the
effluent.

MUNICIPAL TREATMENT PROCESSES

The treatment facilities at Walla Walla are illustrated
schematically in Figure A-27. Treatment is complicated by
high industrial waste volumes generated by food canneries
from mid-April through November. Different treatment and
disposal is provided during these months than during the
winter months when only the domestic raw sewage enters the
plant.

The domestic system (as opposed to the industrial system)
has a design capacity of approximately 7.5 mgd and consists
of degriting and clarification followed by three high-rate
trickling filters, 145 ft diameter and 4 ft deep, utilizing
2:1 recirculation ratios. The water then passes into three
intermediate clarifiers, two with 60 ft diameters, and one
rectangular with 45 ft x 90 ft dimensions. One standard
rate, fixed nozzle, square trickling filter follows clarifi-
cation and measures 220 ft square with 7 ft depth of rock
media. Following the standard filter, chlorine is added to
maintain a 0.5 mg/l residual into the final clarification
tanks. The two final clarifiers are rectangular, measuring
35 ft x 140 ft and 35 ft x 80 ft, respectively. The treated
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effluent is then stored in a surge lagoon from which 7.5 mgd
flows by gravity to the Blalock and Gose Irrigation Disr
tricts. A pump station located at the lagoon returns excess
water to the industrial wastewater treatment system when the
effluent flow exceeds the irrigation demands of the two dis-
tricts.

During the April-November period when canning is in progress,
0.0 to 3.0 mgd of the cannery waste is mixed with the domes-
tic sewage and treated to supply the total 7.5 mgd needed by
the Blalock and Gose Irrigation Districts. The remainder of
the raw cannery waste (approximately 5.0 to 5.5 mgd) 1is
stored temporarily in an aeration basin, treated with NaOH
for pH control, and then is pumped directly to the 700 acre
city farm for alfalfa irrigation. Alternative piping sys-
tems allow for intermediate treatment of certain industrial
flows, by-passing primary treatment units, and entering the
secondary process directly. The cannery wastewater is gen-
erally acidic in nature; therefore, NaOH is added in the
aeration basin for pH control before the wastewater is
pumped to the city farm.

The treatment system is flexible enough to satisfy all irri-
gation demands and yet provide secondary treatment to the
largest water volume possible. During the non-growing
season there is no canning activity, and the domestic sewage
is given secondary treatment prior to release to an adjacent
creek. During the growing season, all-effluent from the
plant, both domestic and industrial, is used for irrigation
with no stream discharge. At this time of the year, Mill
Creek is diverted for irrigation by upstream interests, and
there is no water in the bed near the plant. During winter
months, there is no industrial wastewater and domestic ef-
fluent is released to the now flowing receiving stream.

Effluent characteristics of the treated wastewater are as
follows: BOD - 5 to 50 mg/l; SS - 4 to 23 mg/l; and pH -
6.3. The lower range of concentrations represent total
domestic sewage effluent while the higher figures reflect
considerable industrial wastewater contributions to the
plant influent from canneries. Considering the seasonal re-
use program, it is evident that the effluent of higher
quality is released to the stream during winter months,
while the poorer quality reclaimed wastewater is used for
irrigation during the growing season.

REUSE PRACTICES
Referring again to Figure A-27, it is seen that the irriga-

tion program in Walla Walla is comprised of two distinct
systems. The city alfalfa farm of 700 acres uses only
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aerated and neutralized industrial wastewater, while the
Blalock and Gose Irrigation Districts use only effluent
which has undergone complete secondary treatment.

The Blalock and Gose Irrigation Districts were using water
from the creek contaminated with raw sewage at the turn of
the century. When the sewage treatment plant was built in
1926, an agreement was reached between the city and the
irrigators whereby water (treated or not) would be provided
to the Blalock and Gose Districts at 9.48 and 1.77 cfs, res-
pectively. The equivalent flow at this rate is 7.3 mgd.
The new treatment plant is designed to provide 7.5 mgd of
treated effluent to the districts. Blalock and Gose are
divided into several hundred parcels of land, each contain-
ing only a few acres. Farmers supply their own irrigation
pipe systems and irrigate carrots, onions, lettuce, spinach,
radishes, turnips, beets, and asparagus with the reclaimed
city effluent. Produce from these fields has been sold
fresh as well as canned for years. The investigators were
advised that the State Department of Ecology has not yet
questioned the health hazards of human consumption of these
vegetable crops. Neither has there been a lack of crop mar-
ketability- Knowledgeable local authorities, however, feel
that this issue will be closely examined by public health
authorities in the near future. It is interesting to note
that, prior to completion of the 7.5 mgd secondary plant,
untreated industrial waste was used to irrigate the Dis-
trict's fields. It is reported that clogging of pipes and
sprinkler heads with slime and solids was a continual prob-
lem. Sludges present in the industrial waste stream sealed
the surface of the ground and greatly reduced soil permea-
bility. Subsequently, the sludge had to be manually re-
moved from the furrows. The high chloride content of can-
nery wastewaters from processing peas caused some crops to
turn yellow. High salt content was degrading to the agri-
cultural soils, and odor problems were also significant
under the old system.

The city, in 1972, completed a $1.6 million pump station and
sprinkler irrigation system to irrigate the city alfalfa
farm. The new system operated only six weeks using fresh
water to test the system hydraulics and occasional indus-
trial wastewater for trouble shooting. Full-scale operation
is planned for 1973. Water is to be pumped from the 325,000
gal aeration basin to the fields by three 3,800 gpm pumps
(one always on standby). Automatic controls regulate -the
wastewater flow through the piping network, which consists
of two lead lines from the plant, each feeding into two main
lines 1/4 mile apart. Laterials are spaced 80 ft apart off
the main lines, and contain sprinkler heads at 60 ft inter-
vals. By June 1973, industrial wastewater up to 6 mgd will
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be pumped through this irrigation system. Problems with
clogging due to suspended matter and bacteriological and al-
gal growth have been reduced during test runs by sprinkler
head modifications. 1In essence, this system is an unusual
land disposal system for industrial waste in that it will
use Rain Bird type sprinklers and is municipally operated.

The system of wastewater reclamation and irrigational reuse

provides advantages to the city and farmers alike. Farmers

receive a large volume of irrigational water free of charge,
without which their crop would be greatly reduced or totally
eliminated. The city, on the other hand, is saved from the

problems and costs of meeting stream standards for their in-
dustrial wastewater effluent.

ECONOMICS

The 7.25 mgd of treated effluent is provided to the Blalock
and Gose Irrigation Districts at no charge under prior water
rights agreements. Also, there is no inter-city transfer of
funds between the alfalfa farm operation and the treatment
plant, since the alfalfa farm is intended primarily for in-
dustrial waste disposal.

An analysis of cost/Mg for treatment and disposal is given
below:

Year constructed 1953 1962 1972
Capital cost, $ million .173 .435 1.600
Construction cost index factor 2.09 1.61 1.00
1972 cost equivalent, $ million .362 .700 1.600
Annual cost factor, 5.5 percent

25 year life 26,987 52,185 119,280
Total Annual Cost Factor $198,452
Total Operational Cost 90,367
Total Amortization & Operation Cost $288,819
Annual Volume, MG 2,300
Total Cost, $/MG 126

Operational Cost Only, $/MG 39

The cost/MG of $39 for operation only and $126 for capital
recovery and operation are comparatively low. If the city
treated its high-strength summer season wastes in a conven-
tional manner and discharged direct to surface waters, the
unit cost for treatment and disposal would be higher, based
on costs experienced at other cities with a large percentage
of cannery waste; e.g., Modesto, California.
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MUNICIPAL Bzl |27| 82E 508 Iot=2 B0 I B B A RN B Ha
85 g laEl &8 w8 =t gl={flu]| £ 2z |=8
P 5|55 (25| 558 | 8Bl 2E| 5 ; g 5% |58
LOCATION £%]d5]2| cae 125|551 8l sl 8| e | Bl g8 =°
Pl =0 |zx| HES clw a @ 3 = 9 a & o
> FERE] whz | ES P 2 © =
3 < = =
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AZ-1  BAGDAD, AZ 1967 0.2 0 none 0.2 none 14 100 100 18 12 6.8 ... none
(Bagdad Copper Corp.)
AZ-2 CASA GRANDE, AZ 1959 1.0 ... ... 1.0 ... .. @se ssv  ovs ese sas  aee Laee
AZ-3 FLAGSTAFF, AZ 1972 1.0 O none 1.0 sum 17 30 cee see ees T2 ... aee
AZ-4 FLORENCE, AZ 1953 0.7 0 none 0.7 spr S5 111 .ee ees <es 8.0 200000 none
(Arizona State Prison} sum
A2-5 FT. HUACHUCA, AZ 1941 1.5 0 none 1.0 ... 27 sas  eee ces eee 7.3 ... von
{(Ft, Huachuca Mil. Res.)
AZ-6 GRAND CANYON, AZ 1928 0.2 7 deterg.,0.03 spr 10 10 616 ... 200 7.0 O cen
NacCl sum
Az-7 KEARNY, AZ 1958 0.6 0 none 0.5 ... .. ese s6a mes ese eea eae ‘e
AZ-8 LAKE HAVASU, AZ 1972 0.6 © none .6 ... 5 0.1 ... ... 1 7 “se sen
Az2-9 MESA, AZ 1957 4.3 10 none 4.3 ... 45 30 eee <.s 350 7.5 50,000 ...
A2~10 MORENCI, AZ 1957 0.6 0 none 0.6 none .. ese mes ses ses eee  sos “ee
{(Phelps Dodge Corp.)
AZ-11 PHOENIX, AZ 1932 40.0 7 plating 28.0 none 20 20 800 ... 300 7.5 ... ‘e
(23rd Avenue Plant)
A2-12 PHOENIX, AZ 1971 60.0 7 plating 60.0 none 13 25 1000 ... ... 7.4 3.5 x ...
(91st Avenue Plant) 106
AZ-13 PRESCOTT, AZ 1958 1.5 0 none 0.5 spr 70, 117 .e. cie eee 7.0 ... cea
sum
AZ~14 SHONTO, AZ 1965 0.1 © none .1 ... 35 eee 350 ... ... 8.7 1400 cer
(BIA,Shonto Doard., School)
AZ-15 TOLLESON, AZ 1968 1.1 60 meat 1.1} ... 23 16 2250 ... ... 7.0 ... ree
pack., :
plating
AZ-16 WILCOX, AZ .e. 0.2 0 none 0.2 ... .. tee mes svs sse ses  asa v
AZ-17 WINSLOW, AZ 1958 0.8 0 none 0.5 ... 50 aee eae wes ees B5S aen ...
CA-~1 ARMONA, CA 1951 0.3 o0 none 0.3 ... .. ese ses  ees aee ese sens eve
CA~2 ARVIN, CA 1952 0.5 © none 0.5 ... .. ces  eem  sae  wes 1.3 .. [N
CA-3  AVENAL, CA ... 0.5 0 none 0.5 .. .. ate  ses  ses ese  ews  ses e
CA-4  BAKERSFIELD, CA 1912 3.6 14 dairy, 3.6 ... 370 118 630 181 96 7.0 ... ae
(Plant #1) poultry ’
SYMROL.S IND Industrial FD Free of Debris
EUALITY MONITORING DEVICES IRR Irrigation PO Phosphate Removal
CcI, Cly Kesidaal Analizer GRD Ground Water Recharge NH3 Low NH3 Reguired
CON Ceonductivity leter REC Recrcation OR Odor Removal
LAB Laboratory Analysis CHD USE QUALITY CAITIRIA pH plt Adjustment Recuired
pH Pl Analazer BOD Low LOD dequired SHD State Health Dept. Stds.
TURB Turbidineter B Low Boren Reauired ss Iow SS Required
PURPOSE OF Ri'LTE Ccl Low Cl Required DS Low TDS Required
DOM Lomestic DIS Disinfection Recuired USFHS U.S. Public Health Stds.
FISH Fish Habitation DuQ Drinking Water Quality
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PPODUCER INFGRMATION
S TETRATD MUNICIPAL SEWAGE
(cggi‘dgﬁh SYSTEM USER INFORMATION TREATMENT PLANT
Appendix RELTABILITY DESIGN INFORMATION
D7 DA El E2 |EZ re F7 F9 | F10 | Fa G5 G6 & 7 Gab Gl0
v [ a Q
7] 2] - (<}
o = ] I
5% |52 |2 lezulBel s | 2ns 2828 20 % 52 | %|eded
Lo |awng [ 3 w| SLEE |8 S| 40z~ 7 7o Ly
2291 S a5 cefma| 235 |SEIGS|E2[0 § AP LT
OLjgnolel gelee] s leat <0 Wa jiihs i 2SRk 2. COMMENTS
A e Zul e G52 (3| GL | 2R1EY 58 mC6 B
Sx loa 0 L S IS o f[ae o = & b &3
A R EEL I ) “1 718y °f G
m -
o
0 [+ 4] «es Yyes IND none no none PrS 4.0 PCL,A5,SCL 13.0 1.0 yes Az-l
7 2.5 «.. none ... IRR ... no none none 8.3 RSL 8.4 ... ... AZ-2
36 13.1 0 none yes IRR SHD yes LAB none ... ... ces  sas ses AZ-3
0 0 0 none yes IRR FD no .. PS 2.0 PCL,OXPD ees 0.3 yes AZ-4
0 0 ees sse see IRR ... yes ... Ps 4.0 PCL,TF,SCL 2.5 2.0 ... AZ-5
1000 10.9 2 none yes IRR BOD,SS, no none PS 0.5 AS,SCL,ANTH 0.3 2.0 yes AZ-6
boM DIS
0 0 «es NONe ... IRR ... no none none 1.5 RSL 10.0 0 vos AZ-7
0 0 0 none no IRR FD ,ho none none ... ... eee ses eas AZ-8
k) 4.8 0 none yes IRR none ne none none 5.0 PCL,TF,SCL 7.0 0 yes AZ-9
0 0 0 none yes IND none no none PrS 1.5 PCL,TF 0 2.5 no AZ-10
0 ] wee ese wes IRR ... eee vee ese 30. PCL,AS,SCL ... ... Yes Az-11
4.30 24.1 o pPH  yes IRR SHD no none PS 60, PCL,AS,SCL 234. 2.0 yes AZ-12
0 0 90 none yes IRR none no none PS 1.5 PCL,OXPD,SF 0.6 5.0 yes AZ-13
0 0 ese ses sse IRR ... no «» PS 0.1 PCL,OXPD 10.0 1.5 ... Az-14
0 0 1 LAB yes IRR * no none PS 2.5 TF «e. 4.0 ... *no irrig. of di- AZ-1S
rectly consumed
crops or dairy cat-
tle
ese oss sas IRR ... see e»s ase ses RSL ese  esa ses A2-16
«.. nNOnNe }es IRR none no hone none 1.8 PCL,OXPD 6.5 1.0 yes A2-17
++. none ... IRR none no none PrS 0.3 PCL ... 0 ees Ca-1
eee ves yes IRR ... no ... Pr§ 1.0 PCL 1.0 1.5 ... *user charges: 25% CA-2
- - of farm income
* 3.0 ese ses ees IRR ... no- ... none 1.0 PCL,OXPD vee O «.. *user charges: 20% CA-3
- . of farm income
0 "o 25 ... ...IRR * vee we. PIS 5.5 PCL s+ wee ae. *no irrig. of di- Ch-4
. ) rectly consumed
. , crops ..
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed &ediu Filter
Prs Private Source RSL Raw Scwage Lagoon SF sand Filter
PS Public Source -SECONDARY TREATMENT CADS Carbqn Adsorption
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chemical Coagulation
AUTO Automatic lesting AER Aeration Only DAER Deaeration
PPL Pre & Post Chlorination TF Trickling Filter 1E Ign Exchange
LAD Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Qanulation
ST State Testing Only OXPD  Oxidation Ponds pil ph_Adjustment
TREATMENT PROCLSSES ~TERTIARY TRLATMCNT POL Polishing Ponds
STHIMARY ANTil  AntRracite Filter RO Reverse Osmosis
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PRODUCER INFORMATION

INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
QUESTITEA T HE oo Lo Claf Cl C2bh [ c2c | c2d | C2e | C2f C2h
 Siinrn A5 | Bla{R2b| 83 ajClcjc2a c 2 €29
et A1 o w ™~
=) 2 N :d -
s 2812|528 |28l s8] < < Tlale |2
MUNICIPAL Bzle |z ez [ERICE] 50 IS5 2, |Ba
s Ny B 2ol B > . o= J
pr.ANT 2olZgitel bng |egl 85| T 2B | RE |28
gafaz3i29) 8 28 55| <£2] a - » - ] - 3 ; =
LOCATION < 2l22| 522 SRR » 2 P & = 3 =
2olpR|a| aRE eS)eE| s a8 12131818 |
3] < X =
o
CA-5  BAKERSFIELD, CA 1912 3.5 0 none 8.5 ... 85 26 324 87.4 49.6 7.4 ...
(Plant #2)
CA~-6  BAKERSFIELD, CA 1949 3.8 1 cotton, 3.8 win 50 50 425 .. see T4 ... ces
(Mt. Vernon Co, .San. Dist) chemical
CA-7 BAKERSFIELD, CA 1247 2.3 1 ... 2.3 see 50 12 eer eas eee TuS cene eee
(No.of River San.Dist.#l)
CA-8 BURBANK, CA 1967 5.2 25 aircrft.2.0 sum 2 2 500 88 82 7.2 10 trace
mfg.
CA-9  CALABASAS, CA 1965 3.0 10 3.0 ... S 2 870 ... e.. 7.8 2.2 .o
{(Las Virgenes MWD}
CA-10 CALISTOGA, CA 1972 0.2 1 o 0.1 sum 13 61 528 122 141 8.4 12,000 ...
CA-11 CAMARILLO, Ca 1958 2.3 11 plating, 2.3 none 10 14 900 321 195 7.5 2.2 none
chemical
CA-12 CAMARILLO, CA 1935 0.2 © none 0.3 ... 6 6 0.1 0 283 7.4 2,2 "none
(Camarillo St. Hospital)
CA~13 CHINA LAKE, CA 1955 1.6 20 air 0.7 ... 7 «e» 450 110 100 8.4 23 ese
(Naval Weapons Center) cond,
CA-14 CHINO, CA 1942 2.4 5 meat 2.4 ... 10 12 B 70 70 7.5 2 .none
CA-15 CHINO, CA 1941 0.6 20 laundry 0.5 none 15 15 610 62 40 6.9 ... .aee
(Calif. Inst. for Men)
CA-16 COACHELLA, CA 1938 1.0 5 food 0.2 none 20 S 475 ... 69 7.2 ... .none
{(Coachella San. Dist.) prcc.
CA-17 CORNING, CA 1950 0.3 10 food 0.2 sum 25 49 14 ves  eee 1.3 L. e
proc.
CA-18 CUTLER, CA 1960 0.4 1 none 0.3 4es ttt ees ses ess ees ess ses ces
{Cutler PUD)
CA-19 DELANO, CA 1948 2.7 5 none 2.7 ... 70 62  eer aue O T0 ees  aes
CA-20 EARLIMART, CA 1960 0.3 © none 0.3 tih ter tee eee ese ses aee  ees con
(Earlimart PUD)
CA-21 EXETER, CA 1955 0.7 10 fruit 007  ter (o4 eee  cee  sas eea sas teee cee
packing .
SYMBOLS IND Industrial FD Frec of Debris
QUALLLY VONITORING DEVICEHS IRR Irragation PO Phosphate Removal
[P Cly Hesidual Analizer GRD Ground Water Kecharge NH1y Low NHjy Required
COH Conductivity ticter RLC Recrcation OR Odor Removal
LAB Laboratory Analysis EHR USE QUALITY CRITLRIA pH pil Adjustment Recuired
pH pli Analizer BoD Low LOD Required SHD State lealth Dept. Stds.
TURB Turbidineter B Low Boron Recuired sS Low SS Required
PURPQSE OF REISE Ccl Low Cl Required TDS Low TDS Required
SR tomestic DIS Disinfection Reauired USPHUS U.5. Public Health stds.
FISH Fish Habitation DuWQ Drinking Water Quality

284



PFODUCER INTOPMATION
RLJLnCL MUNICIPAL SEWAGE
(Cost Data SYSTEM USER INFORMATION TREATMENT FLANT
Appendix PELIABILITY DESIGN INFOPMATION
D7 D8 E1 | E2 |E3 | Fé F7 F9 | F10 | F8 |65 6 & 7 G2v | 59 fcio
nE @ ] a [&)
YA N Q. o |3 ¥ S 2
Gp | e o o o =0 & x = wn S nE
Lo Jounold ° ., GE s [ORTa ™ > - Z o | 28
So¢7 e 8l% s8| 250 SERICEN P T R
SNz~ e ;- o e <0 |0 - [Iu%) o A e =
R 5 BSE |BO|BE|RBldg|l BE FEopiEy oMW
Smo{oa fef g 3 S|lgvfBz -8 g ~§g
zC | o = %] [y [ERT TNy
0 & o 2 o = %
5L z w 7] 3] J «
a
1] 0 25 ... ... * :
IRR ees e«. Prs 16. PCL ees +ve u.. *no irrig. of di- CA-S
rectly consumed
) crops
0 0 30 ... ... IRR none no none PrS 6.6 PCL,TF,SCL 0 5.0 no .. ca-s
0 0 see oo ses IRR ... ese +se -+s 3.0 PCL,TF,SCL 40.0 0.3 ... "7 ca-7
43 31.0 0.5 pH, yes IND * yes LAB PS 6.0 PCL,AS,SCL O 1.0 yes *end use quality: CA-8
LAB ** PPC desires low TDS,SS,
‘PO47,N03-, organics
**user treatment:
shock chlorinatien,
pH adjust., corro-
sion inhibitor
5 5.4 0 gl;, yes IRR ... sve sas ses ess AS «es 5.0 ... *industries treat CA-9
. URB wastes before dis-
charge
0 0 98 none yes GRD ... ees osse +e. 0.4 PCL,OXPD, 0 0.5 yes CA-10
CCoAG
/] 0 1 ve. no IRR SHD no LAB PS 4.8 PCL,AS,SCL, 12.0 0.5 yes CA-11
POL,SF
[+] 0 0 none ne IRR ... no PPC none ... PCL,TF,SCL 1.5 0.3 yes ca-12
0 [ [ Cl; ... IRR SHD no none none 2.0 PCL,0XPD 30.0 0.5 ... CA-13
0 0 0 géﬁ yes IRR SHD,TDS no none none 3.0 PCL,AS,SCL 20.0 1.0 yes Cca-14
"] 0 0 none yes IRR none no none none 1.3 PCL,0XPD 11.0 0.8 no CA~15
0 0 [+] none yes IRR none no none none 1.5 PCL,AS 0 0.1 yes CA-16
[ [¢] 0 none yés IRR * no none ... 0.5 PCL,O0XPD** 5.0 0.1 ... *cattle not pas- CA-17
tured on disposal
fields
**reuse from PCL
- tank only
A P [} none yes IRR none no none none 1.0 PCL,OXPD,TF 6.5 1.0 no *user charges: 25% CA-18
—_— of farm income
0 1] 30 none yes IRR * no none PS 1.0 PCL,OXPD 1760 0.5 yes %irrig. of non-ed- CA-19
- ible crops only
0 0 ese sas sae IRR ... no ... none 0,8 PCL,TF,OXPD ... O ces ., _ CA-20
}. N GRD !
4.201 ese ese .eee IRR ..o no ... none 0.8 PCL,OXPD ess .0 con CA-21
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
rrs Private Source RSL Raw Sewage lagoon SF Sand Filter
PS Public Source -SECONDARY TREATMENT CADS Carbon Adsorption
QUATITY SAFLGUARDS AS Activated Sludge CCOAG Chemical Coagulation
AUTO Automatic Testin AER Aeration Only DAER Deaeration
9
PPC Pre & Post Chlorination TF Trickling Filter 1E Jon Exchange
LAB Regular Lab Testing CCOAG Chcmical Coagulation LCOAG Lime Coagulation
ST State Testing Only OXPD Oxidation Ponds pH ph Adjustment
TRIATHMENT PROCLCSSIS =TCRTIARY TRLATMINT POL Polishing Ponds
TR ENTIT AunLhracite Filter RO Reverse Osmosis

—PR.MAR
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PRODUCER INFORMATION
INFLUENT AVERAGE. CHARACTERISTICS OF EFFLUENT TO REUSE
Q.[L:EERO" Arr FITPS T o] A5 [ Blalmrab| 83 Claj Clc{c2a|C2b{Cc2c{c2d|C2e | c2f]| c2g |[c2h
-
1] w ] ~
va [ s a « o )
[A] 1] Z2auW I S50l | ~ = y
LR R : -t I <
MUNICIPAL £z g’; 2w corte=losl S22l 1212 o
ggi{zs 5:..7 o e wel| Bxl = o X o a v Sz g2
PLANT [ gIBE| =0 “lc 81858 o . = a = o] z o
= == - - - -
LOCATION 8135182l cae 123|588 S| w5 | s E] ]2 zF
g |58|z%| ass |gE|e¥| 8|8 |e 2| 88|88 |&
3] < b ]
(3]

CA-22 FALLBROOK, CA 1954 0.7 0 none 0.06 spr 43 47 1100 175 215 7.0 1.45x ‘0
(Fallbrook San. Dist.) sum 10

CA-23 FRESNO, CA 1900 26.0 20 none 3.9 spr 60 135 700 140 115 8.4 ... ces
(Plant #1) sum - -

CA-24 FRESNO, CA 1900 12.0 30 wine 1.8 spr 60 135 700 140 115 8.4 ... .ee
(Plant £2) proc. sum

CA~25 GEORGE AFB, CA 1963 0.6 O none 0.5 sum 36 100 150 ... ... 7.6 ... .Cr

CA-26 GUADALUPE, CA 1952 0.5 0 none 0.5 none 77 72 1670 198 138 7.7 424,000,,.

CA~27 GUSTINE, CA «es 2.7 65 none 2.0 ... 33 90 1130 292 191 9.0 ... ees

CA~28 HANFORD, CA 1501 2.0 10 milk 2.0 none 40 124 .. ... T0.9 B.7 ... .:..

proc,

CA-29 HEMET, CA 1965 2.8 1 laundry 1.0 spr 30 20 720 145 135 7.3 1.8 _x none

sum 106

CA-30 INDIO, CA - 1936 3.4 10 fruit 0.3 sum 15 40 452 ... 100 7.2 2.3 van
(Valley San. Dist.) proc. fall .

CA-31 IRVINE, CA 1967 2.8 0 none 2.8 spr 13 15 1110 200 160 7.5 2 none
(Irvine Ranch W.D.} sum

CA=-32 1IVARHOE, CA 1953 0.3 © none 0.3 ... 200 ... ced ese eer ees  ees eas
(Ivanhoe PUD)

CA-33 KERMAN, CA 1950 0.3 © none 0.3 ... 113 88 €00 ... O 6.9 ... e

CA-34 LAGUNA NIGUEL, CA 1966 0.4 5 none 0.4 ... 25 30 1075 235 180 7.4 2.0 none
(Moulton Niguel W.D.)

CA-35 LEUCADIA, CA 1962 0.5 0 eas 0.5 ... 15 18 ese eee 375 7.2 2.2 see
{Leucadia Co. W.D.)

CA-36 LIVERMORE, CA 1967 4.2 17 none 4.2 ... 7.3 13 768 131 159 6.7 2.5 ses

CA-37 LODI, CA 1968 3.7 11 canning 3.7 spr 13 17 8.6 10 1.6 7.3 ... eve

plating sum

CA-38 LOS ANGELES, CA 1962 0.1 ¢ none 0.1 none 13 36 1122 300 196 6.8 10 Zn
(L.A. County San. Dist.- Fe
La Canada Plant)

CA~39 10OS ANGELES, CA 1970 4.0 5 none 0.5 sum 3 3 550 150 &8¢0 7.6 ... Zn
{L.A. County San. Dist.- Fe
Lancaster Plant) R

CA-40 LOS ANGELES, CA 1964 1.3 8 eew 0.7 spr 50 200 500 120 5SS 7.8 ... .none
(L.A. County San. Dist.~- sum
Palmdale Plant) fall

CA-41 LOS ANGELES, CA 1928 7.7 S5 nome 0.7 sum 15 9 s64 100 148 7.7 23 ...
(L.A. County San. Dist.- , ~-
Pomona Plant)

SYMBO£§ IND Industrial FD Free of Debris

QUALTTY MOUITORILG DEVICLS IRR Irrigation PO, Phosphate Removal

Ccls Cly Residual Anallzer GRD Ground Water Recharge NH3 Low NH3 Required

CON Conductivity Heter REC Recreation OR Odor Renmoval

LAB Laboratory Analysis END USE QUALITY CRITERIA pH Pl Adjustment Reaquired

pH pli Analizer BOD Low bBOD Reqguired SHD State Health Dept. Stds.

TURB Turbidimeter B Low Boron Reauired ss Iow 85 Required

PURPOSE OF REUSE Ccl Low €l Required TS low 1TDS Reguired

M = tlc DIs Disinfecction Reauired USPiS U.S. Public Health Stds.

FISH Fish Habitation DHQ Drinking Water Quality




PFODUCER INFOPMATION
PO MUNICIPAL SEWAGE
(Cost Data SYSTEM USER INFORMATION TREATMENT PLANT
Appendix RELIABILITY DESIGN INFORMATION
D7 53] E1l E2 JE3 re F7 F9 | F10 e G5 G6 & 7 GB8b | G¥ [G10
ag | G 2 e
z — o . [T] <
8E~' _d e [ e |2 2 = [2R2) 2 wi
ZL |oue < C . wEA | Z RS £ o
<aul~ olge owl S |2 [ARCH 2N 2K7] sus £%
SR 22| o3e |2 I I e R
Yha|2EG 6D S| 2245 |& IR R Ea 388 @y COMMENTS
3 SRS [ gs [ Hoo |a o |BY 3 Loy me
gx (o8 |9k = J g £7IRE EE ESREEASE
* adl Y D < - .
5 |7g @ 3] 3 @
- a 1
0 _. 0 30 none no IRR SHD no none none 0.6 PCL,TF,AS, 0 1 yes .. .‘. lCA-ZZ
P SCL — _
o .0 0 LAB no IRR none no none PS 37 PCL eee «e. DO C T Tca-23
0.. o0 0 LAB no IRR none no none PS 8 TF,SCL ces ees DO T ea-24
0 0 0 Cly yes IRR none no none none 1.5 PCL,TF,S5CL 10,2 2 no " ca-2s
0 0 0 LAB yes IRR none no none PrS 0.5 RSL 1.0 0.3 no "7 ca-26
o0 ees vev w.. IRR ... no ... none ... RSL vee 0.1 ... . ca-27
0 0 Q0 none ... IRR SHD no none neone 2.3 PCL,TF,0XPD 72 0 yes o -CA-ZB
18 4.5 0 CON, yes IRR, S§ no none none 2,5 PCL,AS 1.0
. .o . es -
cRD . Y CA-29
0 0 10 cl, yes IRR S5 no none PrS 5.0 PCL,AS,SCL ... wes oss CA-30
120 0 CON yes IRR g,TDS, no LAB PS 5.0 PCL,AS,SCL 300 3.5 no *indirect revenue CA-3l
- Is
o 0. ees see ses IRR ... no ... PrS ... PCL,OXPD eee 0.3 ... . cAa-32
* * 1} none yes IRR none no none PrsS 0.3 PCL [} 0.3 ... *indirect revenue CA-33
ser ses 90 TURB yes IRR ... no none PS .»s AS,SCL,SF S 1.0 yes CA-34
LAB
0 0 1 CON yes IRR TDS,DIS,no none PS 0_.13 PCL,TF,SCL 10 1.3 yes CA-35
cl, BOD,SS
0 0 1 none no IRR DIS,BOD,no none PrS 5.0 PCL,TF,AER, ... 1.0 yes CA-36
SsS SCL o
-0 0 o «s»s Yyes IRR none no none ... 3.5 PCL,AS,SCL 250 © yes CA-37
0. 0 ] none yes IRR FD,TDS no none PrS 0.2 AS,SCL 0.2 0.2 ro " ca-38
0 ._.0 15 TURB yes IRR near  no AUTO none 4.5 PCL,OXPD, 0 4.0 yes "7 ea-39
- C12 REC DWQ CCOAG ,MMF - S -
5_.0.9 0 noneyes IRR SHD,BOD no none PS 3.1 PCL,OXPD .50 2.0 .yes : . . ca-40
22 3,9 0 Clz yes IRR SHD no none none 9.6 PCL,AS,SCL 0 2.0 yes 7
—_——— CON . - P
b d , TURB . . . . ., ' 1
I S IR 1 T -
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
Prs Private Source RSL Raw Sewage Lagoon SF Sand Filter .
rs Public Source ~SECONDARY TREATMENT CADS Carbon Adsorption
QUALITY SAFLGLUARDS AS Activated Sludge CCOAG Chemical Coagulation
ALYO Autcratic Testing AER Aeration Only DAER Deaeration
FEC Pre & Fost Chlorination TF Trickling Filter IE Ion Exchange
LAB Regular Lab Testing CCCAG Chemical Coagulation LCOAG Lime Coagulation
s State Testing Only OXPD Oxidaticn Ponds pH ph Adjustment
TRIATHENT PROC g =TERTIARY TRUATMINT POL Polishing Ponds
=DRIMARY TRUATHLNT ANTIT Anthracite Filter RO Reverse Osmosis
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PRODUCER INFORMATION
INFLUENT AVERAGF CHARACTERISTICS OF EFFLUENT TO REUSE
JUESTIDONT R ITT PRor ok =l A5 | Bla |R2b B3 Cla| Cle|cra|C2b |c2c | C2d|C2e | C2£ | C2g9 CZh
“UL'DI.‘P —1
) 5 ~
&a a4 Go & > - W
] s¢ld.] 225 {2952 © 2l L.l E]lale [
MUNICIPAL ‘g W™ e O S é ; —\" } ~ - ~N § 0
BEIEslEs| BES N oglgal 2 2 2| |8 8| B |8
PLANT BIEIGEl Jow |88 28] .| = <=l al*| &% >
a ﬁ Son] z2& 538 <x a - @ - o] . 3 ; I
LOCATION E 2la<) 524 alasi o | w | & s | &l =z |8 =
i |ER|EE| Gz |eE|vz| 2|8 & 2388 |&
e « x 4
3]
CA-42 LOS ANGELES, CA 1972 30.5 20 none 23 none 7 "13 687 150 138 8.0 20 Fe
(L.A. County San, Dist.- Zn
San Jose Creek Plant) .Pb
CA-43 L1OS ANGELES, CA 1962 17.1 15 none 16 none 12 13 606 130 99 7.6 240 Zn
: (L.A. County San, Dist.- Pb:
Whittier Narrows Plant) .
ChA-~44 MARCH AFB, CA 1941 0.4 15 aircrft.0.4 none 15 12 850 175 160 6.8 ... trace
{March Plant) maint.
CA-45 MARCH AFB, CA 1941 0.3 5 none 0.3 none 15 10 900 220 200 6.8 ... trace
(Hest March Plant) .
CA-46 MCFARLAND, CA 1949 0.3 S agri. 0.3 ... 648 259 438 ... 78 6.8 ... cee
- pack. -
CA-47 MOJAVE, CA 1945 0.2 0 none 0.2 see eee see ese 232 139 8.2 ... sae
(Mojave PUD)
CA-48 OCEANSIDE, CA 1958 4.4 1 piating 0.6 none ? 18 1280 285 303 7.7 43 trace
CA-49 ORANGE COVE, CA 1956 0.4 0 none 0.4 cee e aes ees ses ess  ses ees see
CA-S0 PALM SPRINGS, CA 1960 2.7 0 none 1.0 ... 212 eee 437 ... 58 7.1 2400 cen
CA-51 PATTERSON, CA 1960 0.02 0 none  0.0L ... 33 102 11  .er aeu Bu2 eee  aae
CA~52 PLEASANTON, CA 1910 1.3 5 “ee 1.3 ... 40 see eea ese see T4 ... eas
CA-53 PORTERVILLE, CA 1952 1.3 ¢ none 0.7 DONE cue env osss .0se oes see aes eae
CA-54 POWAY, CA 1972 0.4 © none 0.05 sum 18 23 1450 ... 380 8 120 none
(Pomerade Co. W.D.)
CA-55 SAN BERNARDINO, CA 1962 16 15 none 3.0 sum 13 ... 553 85 83 7.4 2 none
CA-56 SAN BRUUO, CA 1932 0.1 0 none 0. cee vee wee see ees ses see ses Ceen
(San Fran. Co. Jail #2)
CA-57 SAN CLEMENTE, CA 1957 2.0 0  nome 2.0 ... see eee eee wes 0.2 6.9 2
CA-58 SAN DIEGO, CA 1971 0.02 15 plating, .0lS none 7 0 35 7 7 ? 0 Cewe
elect.
CA-59 SAN DIEGD, CA 1960 1.3 25 plating 1.3 ... 15 20 1000 ... ... 7.5 23 Cr
. {Rancho Eecrnardo Recla- in
mation Plant) .Cu
CA-60 SAN FRANCISCO, CA 1932 1.0 © none 0.9 none 10 10 cee  see aee 6,9 2.2 » e
— {McQueen STP) .
CA-61 SANTA MARIA, CA 1964 1.3 2 photo 1.3 spr 27 23 1144 270 217 7.0 724,00dnone
(Laguna Co. San. Dist.) sum
fall
SYMBOLS IND Industrial FD Frec of Debris
CUALITY DEVICLS IRR Irrigation PO Phosphate Removal
Cl; Cly Resigual Analizer GRD Ground Water Recharge NH1 Low NHj Reqguired
CON Conductivity tleter REC Recrcation OR Odor Rermoval
LAB Laboratory Analysis END USE DUALLITY CRITIRIA pil pll Adjustment Recuired
pH pll Anatizer EOD Low Lol Feguired SHD State Health Dept. Stds.
TURD Turbard:ireter B Low Boron Required ss Low S$S Required
PUPPCSE cl low Cl Rrauired ™S Low TDS Reguired
DOT Srentla DI1s Disinfectior Reouired uUspuS U.S, Public Health Stds.
FISH Fish Hublitation D0 Drinking Water Quality
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PRODUCER INFORMATION
REVLNCL MUNICITAL SEWAGE
(Cost Data SYSTEM USER INFORMATION TREATMENT PLANT
Appendix RELIABILITY DESICN INFORMATION
p7 { b8 |EL| E2 |E3 | FE 7 {Fafrio] re Jo5 | 66 s 7 | cab|co 10| S iIG i in Tl TIREONSE
[5] % []
[l ) 2] a a £ o
wh |~ ge| o |= e ol Q Q < I
2~ 4 Czl & 2| > = =
6 108 12 [x20(%8] s | azs [2E28 5. | % &2 | *LeHat
<Ro|aSlag|SEREle s Q) oma [OX|mal GH|E& 8o GENEo | aE
Py 3 eolzi ACH&; W A lRel a0 | 24 .L_.; 0 (SRCER AR R
[STREN z}z~< NN RS %2 aocb |ba|l <O ng |2 E L -J";‘._E-'Dgcuggq COMMENTS
moledon |BSISORIZR 28] 238 |BY 38 92120 <O It i A
o D nwAalgoEixal & Wow |a o | £ R [*Re] e OUl ] B gy
e fO L R o v o < | a = 2 & B (poled B8
gg 18k |a&| = |z6] & “ “1s = € o m“gmﬁg’i‘&
“ - o E: -
a
. . .
15 +.. Cly yes GRD USPHS, no CON PS 37.5PCL,AS,SCL 0 5.0 yes *new operation CcA-42
-— CON SHD LAB .
' TURB - - -
68 395 0 Cls yes GRD USPHS, no -IAB PS5 12.0pPCL,AS,SCL O 3.0 yes CA-43
[ CON SHD
* * ¢ Clz yes IRR none ses 2o+ eees 1.0 PCL,TF,SCL 2.4 1.0 no *$1.00 per year CA-44‘_
oo pH user charge
x> * 0. Clp yes IRR none ees oss <., 1.2 PCL,TF,SCL 2,7 3.0 no *$1.00 per year CA-45
pH user charge
0 0 Q none yes IRR none no none PS 0.3 PCL,TF cer  eee aes CA-46
A * 0 ees ee»s IRR .,, no none none .,. RSL vee O no *$1.00 per year CA-47
user charge _
1] 0 «es LAB ... IRR SHD,DIS no ... none ... PCL,AS,SCL* 0 5.5 yes *3 plants in city CA-48
. GRD
o o ev+ <se <.. IRR SHD no ... none 1.4 PCL,TF 10.0 0 ... CA-49 _.
o o0 cee eee ees IRR ... no ... PrS 4.2 TF,OXED 9.5 0.5 ... CA-50
0 0 0 none yes IRR none no none none 0.5 PCL,OXPD 0 0 aee CA-51
6.... 0 ese ese eev IRR ... no ... none 1.7 PCL,TF,AER, 5 0.5 ... CA-52
- SCL,POL
0 0 ees ase aes IRR ... no ... none 2.0 PCL,AS,SCL 0 4] no CA~-53
GRD
0 1] 0 none yes IRR SHD no ST none 1.5 PCL,TF,SCL, ... 0.3 yes CA-54 _
- POL
15 3.5 [} Cl, yes IRR OR,BOD, no none PS 16. PCL,AS,SCL, 1.0 ... yes CA-55
DI1s CCOAG,SF
0 0 sse sse see IRR ... no ... PS 0.1 PCL,AS,SCL 1.0 2.3 ... CA-56
* ces 0 LAB ... IRR DWQ ne none ... 4.0 PCL,AS,SCL, 15 3.5 yes *user charge: 1/2 CA-S7
GRD MMF potable water cost
"o wes se. yes R&D* TDS tee ese ew. .02 RO wee ... yes *experimental CA-58 _
boiler feed
0 ses ees +-e IRR ... no ... none 1.3 AS,SCL 0.2 2.0 ... CA-59 ~
o 0 2  none no IRR SHD no nene PS ... PCL,AS,SCL 2.0 0 yes CA-60 _
o_ o0 © ... no IRR SHD,BOD,no none none 1.4 PCL,TF,SCL, 13. ... no ca-617
——— . ss POL .. .. -
L i ' . R o o
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed h:ledia Filter
Prs Frivate Source RSL Raw Sewage Lagoon SF Sand Filter .
PS Public Source ~SECONDARY TREATMLNT CADS Carbgn Adsorptlonl
QUALITY SAFLGUARDS AS Activated sludge CCOAG Chemlca‘f Coagulation
AJTO Autciatic Testing AER Acration Only DAER Deacration
PEFC Pre & Post Chlorinaticn TF Trickling Filter i1E Ion Exchange
LAB Regular Lab Testing CCOAG Chemiccl Coagulation LCOAG Lime C.oagulatxon
st State Testing Only OXPD Oxidation Ponds pH ph ij\vastment
TKCATHENT PROCLSSES =TERTIARY TKDATMINT POL Polishing Ponds
SPRIVARY dRbLALU.e ANTIT Antliracite rilter RO Reverse Osmosis
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PRODUCER INFORMATION

INFLUENT XUERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
QULbIlI:HHT«Tr' FESFIN AL ol 25 | Blalmon B3 Claj| Cle C2a|C2b C2c | C2da{c2e | C2f | €29 |[C2h
w b £ | N
& w y o -
s 12803, 228 | 25185 i . | < lale |2
MUNICIPAL AN ENEEER A I ER N I RN R IR Ba
T | o we s g X g oz
prane 2olgieel bpa e Bg) DL E T E 1B £} gE T8
i @ é Slocaf =28 § S|l &% a - " - - - e} § B
LOCATION E: SHEE Sea =lEagl o 7 a ] x = <) <
3 |18813 wRE REI93 8 ale =zl =21 %@ £
& « ES =
3]
CA-62 SANTA ROSA, CA 1967 0.2 none 0. ..o 10 ees ees eme wee 1.1 2.1 see
CA-63 SANTEE, CA 1961 3.3 1 none 1.0 none 5 9 1168 207 245 7.2 2 ces
CA-64 SHAFTER, CA 1938 1.0 0.5 food, 1.0 spr 54 98 eee wee ees 1.0 ... N
meat sum P
CA-65 SOUTH LAKE TAHOE, CA 1966 2.7 O none 2,7 spr 1 0 250 S 30 7.0 2 none
sum
CA-66 STRATHMORE, CA 1949 0.2 60 ... 0.2 et eee ete ees aee aae ees  aes ves
(Strathmore, PUD)
CA-67 SUSANVILLE, CA 1951 ¢.8 O P 0.2 sum 40 30 ces eee aes esee 50 .o
(Susanville San. Dist.)
CA-68 TAFT, CA 1951 1.0 ... ... 1.0 cee cee ere ess sss aee ese aes cee
CA-69 TEHACHAPI, CA 1937 0.5 0 none 0.4 o0 120 sii sed tee aes ees ees ces
CA-70 THOUSAND OAKS, CA 1968 0.1 © none 0.1 spr 1 1 450 124 136 7.7 2.1 none
sum
fall
CA~71 TULARE, CA 1926 3.8 82 dairy 3.8 NONE ... car  eoa oo sse eos  eea een
proc.
CA-72 TWENTYNINE PALMS, CA 1954 1.2 0 none 0.5 ... 70 ... 460 180 40 7.4 0 e
(U.S. Marine Corps)
CA-73 VALLEY CENTER, CA 1965 0.01 0 none 0.0 ... 25 eee  see ses ees 1.0 ... “es
(valley Center MWD)
CA-74 VENTURA, CA 1966 5.5 25 fruit 0.3 spr 30 30 2000 400 400 7.2 23 oo
proc. sum
CA-75 VISALIA, CA 1966 5.1 25 .., 5.1 ... 40 32 600 ... 175 7.5 ... e
CA-76 WASCO, CA 1937 0.8 20 ... 0.7 +ae 150 173 ... cee ees 7.0 ... cue
(Wasco PUD)
CA-77 WEED, CA 1948 0.2 S5 none 0.2 ... 14 33 6 ess ses ese een cee
CA-78 WCODLAND, CA 1930 4.5 50 veg. 6.0 spr 25 ces  see ses eee 9.2 ... ces
- proc. sum
CO-1  AURORA, CO 1969 1.3 1 oil 0.4 spr 10 20 900 .0 ves 744 .. e
sum
Co-2 COLORADO SPRINGS, CO 1971 21.0 10 plating, 7.0* win 8 2 650 50 20 6.9 225 cu
elec, .Cr
Zn
SYMPOLS IND Industrial FD Free of Debris
QUALIYY MONITORINLG DEVICERS IRR lrrigation POy Phosphate Removal
cIy Cl, Rusidual Analiizer GRD Ground tater Recharge NH3 Low NH3 Required
con Conductivity lMoter REC Recreatjon OR Odor Reroval
LAaB Labeoratory Analysis END USE QUALTTY CFIT pH pil Adjustment Reaquired
pH pi Analizer Boh Low DbuD KRegul: SHD State Health Dept. Stds.
TURRB Turbidineter B Low Boron Reauired sS Low SS Fequired
PURPOSE CF RIUSE Ccl Low Cl Fequired ™S Low TDS Reguired
DOM Domustic DIS Disinfection Recuired USPUS U.S. Public tlealth Stds,
FISh Fish Habitation DO Lrinking Water Quality
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PPODUCER INI'ORMATION
eTTTT MUNICIPAL SEWAGE
(Co‘E't"'L}},‘(a SYSTEM USER INFORMATION TREATMENT PLANT
I ppendix PXLIABILITY DFESIGN INFOPMATION
D7 - - - y T TR
8 bEV]| E2 |£3 | *6 F7 | F9[F10{ F8 |65 | 6 & 7 | Gab | GO [G10]adtoiit e i s)
nE 2 a S
3 rd e 0 A
¢ |54 e fZzle | ars (2828 E | 5 se ol
25 |Jowo LESLG] | vEs L k] 2. N ™ A
gaci~ ool LaSiE (B Sae Ty ag) Ca45.0 R Sl < E
jealf B0 24 ol 1S3 Ehld Ry i) el 2D P ) bl
ObSldeo Slefsiza) én] e |exl €9l o g B Elowva] & g COMMENTS
b @io |65 D020 CF | Zo= gl D | 5510 O e S
£ =5 w3 EzalE] & HBoe loe| duiane |BY 59 Lo dn
e -(’Ej 9‘6. 3 lesl 5 [¢] 2;« 3:) ™ = & ;C"“»‘i‘ o
ES [k ai| * |zF| & 2 % S ] SIS 4&
X J N I
[= S -1
0 0 ase see  ees IRR ... no .» none 0,7 AS,SF 3.5 2.0 yes
150 0.06 © LAB yes IRR SHD no PPC none 4.0 PCL,AS,SCL 32.0 0.5 yes
REC
0 0 ... nhone yes IRR FD no none PS 1.8 PCL,TF 3 4] cee CA-64
0 0 0 AUTO yes IRR DWQ,SHD,no none none 7.5 PCL,AS,SCL, 1000.27 vyes CA-65
LAB REC USPHS LCOAG,MMF,
CADS ,Ammonia -
- Stripping
0 0 ees sae ase IRR ... no ... PS 0.2 PCL,OXPD 4.0 0.1 ... CA-66
0 0 eee +ss ... IRR ... no ... none 1.2 PCL,OXPD 30.0 0.5 ... " cA-67
* 0.75 <ee oa- .. IRR ... no ... PS <+« PCL,TF 0 0.1 yes *user charge flat CA-68
fee
0 [+] 0 none yes IRR ... 4se vese ee.. 0.5 PCL,TF,0XPD 10.0 O yes CA-69
220 6.1 0 LAB yes IRR SHD no none PS 1.5 AS,SCL 3.0 0.8 yes cA-70
19 25.5 30 IAB yes IRR SHD no none PrS 3  PCL,TF tee tee eee cA-71
0 0 10 none yes IRR DIS no none PS 2.5 PCL,OXPD 14,0 0 no CrL-72
0 0 aee ees +es IRR ... ees ses eses .01 PCL,AER s.0 0.8 ... CA-73
0 0 0 LAB yes IRR SHD no none PS 4.0 PCL,TF,SCL 0 0 yes CA-74
o 0 aes oas Yyes IRR ... no none ... 6,2 PCL,TF,OXPD .e. +cs ooe CA=-75
0 1] wes ase ss- IRR ... no ... PS 1.0 PCL 2.7 2 e CA-76
- Prs
0.0 S none ... 1IRR ncone NO NONE NONEe «.. ««s cee  ses sas CA-77
9.0 0 none yes IRR SHD no none none 10. RSL 426 3.5 yes ca-78
240 20.5 0 TURB yes IRR ... yes ... P§ 1.0 AS,SCL,MMF* 10.0 3.7 yes *micro-floc fil- CO-1
o T tration;**occasion-
- al algae contrcl
94%* 38.0 2 TURB ves IRR BOD,TDS,yes LAB PS 13. PS,TF,SCL, 3.0 2.0 yes *IRR-5 mgd,IND-2 CO-2
pH IND PO4,SS *% % J.COAG,MMF, ngd R&D;**charges
LAB pH,CADS**** to irrig. only;
*¥**expanded system
. . ' , under const, ;k*a% -
! [ G . . IRR-MMF only tert...
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed }jledia Filter
Prs Private Source RSL Raw Suvrage Lagoon SF Sand Filter
PS Public Source ~STCONDARY TREATMUNT CADS Carbon Adsorption
QUALITY SAFLGUARDS AS Activated Sludge CCOAG ChemicaZ‘l Coagulation
AUTO Automatic Testing AER Acration Only DAER Deaeration
PPC Pre & Post Chlorination TF Trickling Filter IE Ion Exchange )
LAB Reqgular Lab Testing CCSAG  Chemicz2l Coagulation LCOAG Lime Coagulation
ST State Testing Only (92 903] Oxidat.on Ponds pH ph Adjustment
TRCAT!FHT PROCLSSLS =TCRTIARY 1HTATMINT POL Polishing Ponds
RIvanYy S RLATIENT ANTH Anthracite Filter RO Reverse Osmosis
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PRODUCFR INFORMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
S?i:é;ofﬁ}ATTﬁrnzrﬁxnn ol A5 | RlalB2p B3 Cla| Clc|c2a|C2b|c2c fCc2d{c2e | C2{ | C29 |C2h
s X w W N
3 (LY =) |2l N~ 7} o
p t ) ZoW o) WS | o~ - % oy )
3 < ooy S5 d 2
HUNICIPAL £z g}‘ 2 R -Aal g -2 BT BRSNS R B SO A - Ba
Bslzg|es] e wgl| 8 = g|= g | & g | 92 o
PLANT al%816e| dew 10188 (| % =218l 58 [~5
) Slzal = 5 - - o] -
LOCATION 9145182 e |23 551 8ol s B =13 5 E
2 |g8iz%| dAz |gE|WF @) @ B 12 ) 31818 |&
2] < E -
O
co-3 COLORADO SPRINGS, CO 1957 1.5 0 none 1.4 spr 20 30 eea ese aes 1.1 0.5 none
(U.S. Air Force Academy) sum ..
CO-4  DENVER, CO 1970 150 20 plating 0.1 ... 3 0 800 ... ... 7.2 5 Pb
(Denver Board of Water -Zn
Commissioners) ‘Mo
Co-5 DENVER, CO 1940 0.5 0 none 0.5 spr 25 20 43 100 100 7.2 © cen
(Fitzsimons Gen., Hosp.) sum
Co-6 FT. CARSON, CO 1971 1.7 5 laundry 0.3 spr 12 17 cee see ses 7.5 ... ae
sum
fall
FL-1  COCOA BEACH, FL 1969 2.7 0 none 1.0 none 1l 1 eee  ses 17 7.2 25 none
PL-2  TALLAHASSEE, FL 1966 2.0 © none 2.0 ... 57 16 433 56 65 7.4 ... sen
1D-1 BOISE, ID 1971 0.1 10 paint 0.1 spr 79 29 ves see 0.5 7.3 ... none
sum
KY-1  OKOLONA, KY 1971 1.0 0 none 1.0 ..e 375 120 sae see eee T2 ... “ee
(Ckolona Sewer Con, Dist)
MD~1  BALTIMORE, MD 1942 170. 4 cee 120. ... 46 44 450 75 100 7.0 S5 x Zn
106 Fe
MI-1 BELDING, MI 1972 0.5 10 none 0.05 spr 6 8 see eee 125 2.5 O cen
sum
MI-2  MIDLAND, MI 1968 6.0 10 none 6.0 sum 25 25 45¢ ... 250 7.6 1000 none
MO-1 JEFFERSON CITY, MO 1972 0.4 ¢ none 0.04 spr ... ... ... 11 vee B.7 ... voe
(Mo, State Park Board) sum
MO-2 LOCKWOOD, MO 1971 0.5 © none 0.5 spr 15 cae ese 70 68 8.0 200 com
sum
NE-1 SHELBY, NE 1961 0.05 © none * SUM ..o s s ves cae “es "G Lwes
NV-1 ELY, NV 1967 1.5 2 oo 1.0 ... 20 eee see sme  ses see ses oo
NV-2 LAS VEGAS, NV 1958 27.0 © none 3.8 spr 21 18 985 ... ee. 7.6 ... cee
sum
NV-3  LAS VEGAS, NV 1962 12.5 0 none 4.3 spr 19 22 1550 ... 330 7.6 ...
(Clark Co. San. Dist.) sum
fall
NV-4 WINNEMUCCA, NV 1966 0.4 10 none 0.4 ... 20 ees  ves Levs aae B.5 L., e
NWJ-1  VINELAND, NJ 1965 3.8 60 ... -
(Landis Sewerage Auth.) -
NM-1  ARTESIA, NM 1960 0.6 5 ces 0.6 ... 25 caw  eee  ese eee T4 Laa e
SYMBOLS IND Industrial FD Frec of Debris
QUALITY H?HrTORING DEVICES IRR Irrigation PO, Phosphate Removal
cly Cily Resicual Analizer GRD Ground Water Recharge NH3 Low NHj Required
CON Conductivaity Heter REC Recreation OR Odor Removal
LAB Laboratory Analysis FND USE QUALITY CRITLRIA pH pll Adjustment Recguired
pH plt Analiz=r bob Low BOU RHeguirad SHD State Health Dept. Stds.
TURB Turb:dineter B Low Boron Required Ss Low S5 Required
PUPPOSE QF RLU=L Cl Low Cl Ruequired TDS Low TDS Required ,
DOt Dores = DIS Disinfection Reouired USPHS U.S5. Public Health Stds.
FISH Fish Habitation DO Drinking Water Quality
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LPPODUCER L:FGEMATION
PE N MUNICIPAL SEVAGE
(Cost Dita STSTEM USER INFOFMATION TREATMENT PLANT
2 ppandix RELIABILITY DESIGY INFOFMATION
D7 | o8 |1 k2 |3 re F7 ro | F1o | F8 |Gs 66 & 7 6sb [ 63 felo
v [ i
P =)
28 (28 lo-| o |2, oy 2 e
SIS = o | ¥ L >al iz | g < e w H &
=0 jeunold [OESRil bl Ve oW et e b Zw I ew
STt Bl Kool BN o1 E gl GHE s L Lo lG, W <X
S EAELEl SZE |EE1E5| EE|DE £ A% "
bolRfa|EE|zes|zs 955 |E5| 58 | 4g{un ZE HiEa COMMENTS
= =] Lo | EE S HCx lod) ok | g [i5Y 59 HE5
ce g8 |SEITEC|dE CH LR S -0 - B4 458
S no|he] = o (zE 2 = s =5
3] - v H A
4 o
0 0 0 pH yes IRR OR,DIS, yes PPC FS 2,2 PCL,TF,SCL, 128. 6.0 yes _ co-3
- REC SHD AER,AS o
0 0 0 ... yes RsD DWQ te+ we+ ees ave RO,IE,CADS, vev vpe wus 7 co-4
SF,CCOAG,Ni- o
- trogen Rem. -
1] 0 4] none yes IRR none no none none 0.9 PCL,TF,SCL 2.3 0.3 yes Cco-5
6. 0 0 LAB yes IRR DIS no LAB PS 3.5 PCL,TF,SCL, 3.0 3.0 yes *™Micro-Floc fil- CO-6
- MMF* tration
o [+ 0 none no IRR §SHD no LAB none 3.0 AER,SCL,OXPD.,. 0.3 yes FL-1
0 0 sees sss eas IRR ... no ... none 2.5 PCL,TF,SCL 5.0 O ces FL-2
0 0 «-. LAB yes IRR SHD,DIS,no none none 0.5 OXPD,AER, 0.4 0.5 yes *Micro-Floc fil-- ID-1
USPUS CCOAG ,MMF* tration
0 0 cas s ... FISH ... eee sss es. 1.0 RSL,O0XPD, 1.8 s oens Ky-1
AER
1.33 60 0 «.e Yyes IND ... yes none PS w.. PCL,TF,SCL, 75.0 5.0 yes *scd.,Clz,screen- MD-1
* AS** ing;**TF-150 mgd,
AS~-20 mgd
0 0 0 LAB yes IRR DIS no none none ... RSL «es O yes MI-1
3.33 0 ... none yes IND ... ese oes PS eee e cee eee eae MI-2
0 0 0 LAB yes IRR SS,B no LAB none ... RSL cer O see MO-1
0 0 0 none yes IRR none no none none ... APCL,TP,OXPD 136 0.5 yes MO-2
0 0 0 none yes IRR SHD no ST none .05 RSL ... O yes *irrig. twice NE-1
during summer
0 [} eee sea «ss IRR ... no ... none 3.0 RSL,AER, +es 3.0 yes NV-1
OXPD
20. 42.5 0 LAB no IRR BOD,SS yes LAB PS 30 PCL,TF,SCL 0 1.0 yes *LCOAG at steam NV-2
S . Cl, IND * PPC plant
30 . 63.9 0 ILAB yes IRR BOD,SS yes LAB PS 12 PCL,TF,SCL 6.0 1.5 yes *LCOAG at steam  NV-3
- - IND * plant
.0 ’ .0 0 none yes IRR none no none PS 1.5 OXPD,AER 33.0 0 yes T Nv-4
0 -0 eee +-s Yes GRD ... no ... none 5.0 ... cee ees aen NJ-1
S o085 ey wl. Ll IRR L. cen eee eee 4.0 L. 0 ‘1.5 ... *flat rate annual NM-1
| SO B . . ' . . . i bid -
L | IR (U (R S i ' 1 R 1 e
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed blledia Filter
Prs Private Source RSL Raw Sewage Lagoon SF Sand Filter )
PS Public Source -SECCNDARY TREATMENT CADS Carbon Adsorption
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chemlca]_. Coagulation
AUTO Automatic icsting AER Acration Only DAER  Deczeration
PPC Pre & Post Chlorination TF Trickling Filter 1E Io. Exchange
LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lire C_oagulatx.on
ST State Testing Only ONPD Oxidation Ponds pi ph l‘\dj\.xstment
TRCATMENT PROCTSSIES ~TERTIARY TRCATMUNT POL Polishing Puuas
~PRIMARY TRLATHLI T NI Anthracite Filter RO Peverse Osmosis
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PRODUCER INFOPMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
Rt on] A5 | Bla|B2zn] B3 Cla| Clc|c2a{c2b {c2ec|c2d|c2e | c2f| c2g |C2n
el -
ol [ ja] ~
gc & 0 [ =) @ o
@ G oad ) 5ol ws] <~ — = o e
HmzCTPAL A R EE R R N R S I B IR I
BEIE 12 BEE | D=2l E1 S 205 gl 8= (¥
PI.ANT ﬁ 2 g{& - g E &3 ? @3 . = . = S X & % ; &
LOCATION 2125 Bl Cgalasg|ci|i 8l alg | s|E] ]2 L
g |gB|EE| dRz |EE|ey| &8 ) |2 8| "8 |4
& < Fy =
3]
NM-2 CLOVIS, NM 1935 4.0 17 meat, 4.0 tie eer ese ses eve ses  ses  aen eee
milk
NM-3 DEMING, NM 1941 1.5 0 none 1e5 tei dae ese sea  eae see ese mese ees
NM-4 DEXTER, NM “se  ees  ses ee= aes see sms  ese ses ese sse ece sas see
NM-S JAL, NM 1951 0.3 0 nene 0.3 cii cee tee cee ese ese ese eas T
NM-6 LORDSBURG, NM 1949 0.3 0 none 0.3 ... 118 69 1021 ... ... 7.6 ... ees
NM-7 LOS ALAMOS, NM 1951 0.4 0 none 0.2 spr 22 ews ase eae ese eme see con
{Los Alamcs Co. Utilities) sum
fall
NM-8 ROSWELL, NM 1948 3.0 18 meat 3.0 spr 55 26 eee  eee ses .4 ... e
packing sum
NM-9 RATON, NM 1951 0.5 2 nene 0.5 spr 16 100 sen eee ee. 7.2 ... ces
sum
NM-10 TUCUMCARI, NM 1851 1.0 © none 0.1 et cen see aes ees e ess  see ces
ND-1 -DICKINSON, ND 1958 1.0 S dairy 0.1 spr 42 cas eas sere ees esa  ewe vea
proc. sum
OK-1 ENID, OK 1954 5.0 23 ... 2,0 ... 31 32 600 ... ... 7.4 ... oo
OK=~-2 FREDERICK, OK 1919 0.6 17 ... 0.2 ..., 4.2 ... cea s.. 148 7.2 ... .o
OR-1 HILLSBORO, OR 1941 1.0 30 laundry 2.0 win 59 66 ese ses ses 7.1 800 oo
PA-1 UNIVERSITY PARK, PA 1863 0.5 ... ... 0.5 cee vee cee  ses ses ses ses ses Iy
(Penn. State University)
TX-1 ABILENE, TX 1958 8.7 12 ... 3.2 ... 17 .ee 750 ... 168 7,1 ... Mg
TX~2 AMARILLO, TX 1954 10.0 7 meat, 6.3* spr 10 15 1400 300 300 7,7 © none
. food, sum
laundry
TX-3  BIG SPRING, TX 1943 0.5 0 none 0.5 ... 35 30 960 ... ... 7.0 ...
TX-4 DENTON, TX 1972 6.0 1 metals, 1.5 none 30 38 127 ... 70 7.2 16,000 Cr
meat Zn
TX-5 HONDO, TX 1968 0.4 0 nome 0.4 ... 30 96 et eae aee Bud aer e
SYMBOLS IND Industrial FD Frce of Debris
QUALILTY MOUITORIUG OLVICHS IRR Irrigation PO Phosphate Removal
Clz Cly kesicual Analizer GRD Ground Water Recharge NH3 Low NHj Required
con Conductivaity ticter REC Recreation OR Odor Removal
L}B Laboratcry Analysis LD _USE GUALITY CRITERIA ptH pll Adjustment Required
pil pll Analizex B30 Thow ULl hequired SHD State Health Dept. Stds.
TURB Turbidireter B Low Boron Reauired SS Low SS Required
PURPOSE OF @il’Sk Cl Low €1 keauired TDS Low TD3S Regquired
B Doroztic DIS Disinfection Reauired USPHS U.S. Public Health Stds.
FISH Fish Habitation DWQ Drirking Water Quality
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FPPODUCER INFORMATION -
RLVENOC MUNICIPAL SEWAGE
(Cost Data SYSTEM USER INFOPMATION TREATMENT PLANT
Appendix RELTABILITY DESIGN INFOPMATION
D7 De El1} E2 |E3 Fé F7 F9 | Flo | F8 GS 66 & 7 Gel | G3 |Gie
@ 1
ug - “ Q @ z @ 0., v 8
B 173 12790182l s | uzs (282812 | ¢ < ¢l .2
z0 [ewno [SREEi i © . Mk |2 = = = 3] o3 M E
<au|—~ olCE|arilbm =) ormx [Ty R Bl Ty = SR
Zfl eolzPcZcl|55) 28 cd fhplas | £2 0 Fu ey <x
GuSjazs cLiZes|zzl ez e ekl 20| Galns &0 5 e B COMMENTS
poldwe|Es|SEpE Cul wo~ lad]on | 35 {nx <0 SRS -2 Lo
o £ {ea2ny ZEl uox a2 ok (aplEY 3R “ouf [l
e [0 Z™s el £ U (&% <|a” g 2& w B Ee
EE e LL: 7k = E8l & < w a & [y = v‘.i é &
3] H o o @
N a
* 1.0 aee ees e
IRR .. no ... PS ... PCL,OXPD ... 0 ... *user charge $1000 NM~2
. per year
*
evs s+ e« IRR .. no ... none 2.0 PCL,TF,O0XPD 13.0 0.3 ... *flat rate annual NM~3
N bid
ese 0.2 L. L. .. .o
IRR ere see ses wes aen ses  uew ... *flat rate NM~4
-
0.5 ees sse sse IRR ., evs ess  e.. 0.3 PCL,O0XPD ee« 3.0 ... *$40 per month NM-5
. flat rate
"] 0 eee asa eoe IRR .. no ... none 0.8 OXPD 2.4 2.0 ... N4-6
120 3.4 0 LAB no IRR .. s+ e2a +.. 0.8 PCL,TF,SCL 0.5 1.0 ... NM-7
11 7.7 ess sse  o.s IRR .. no ... PS 5.0 PCL,TF,SCL O 3.0 yes NM-8
* 0,2 2 none yes IRR .. es see ess  ass ses e+ +es e«s. *user chargs $200 NM-9
- per year
[ 0 ess ase ees IRR .. ne ... none 1.0 PCL,TF,SCL 0 0.5 yes NM-10
0 0 aes ss+ Yes IRR none no none PS 0.8 RSL 0 0.2 no ND-1
777 5.0 .u. wev ... IND .. yes LAB PS 8.5 PCL,AS,SCL O 2.0 yes *user treatment: OK-1
N * chem. addition
0o o we+ e +es IRR SHD NO .. +u. ... PCL,AS,SCL O 1.5 yes OK-2
0 0 [ none yes IRR SHD no none Prs* 2.0 PCL,AS,SCL 3.7 0.5 yes *industrial waste OR-1
water
b o e ... yes R&D .. cae eee .. 4.0 ... ee. 5.0 yes PA-1
o 0 vee ees .e. IRR .. 4+ ees v.. 12, PCL,AS,SCL 600 3.0 ... TX-1
b 145 0 LAB yes IRR BOD,SS, yes LAB PS 15. PCL,AS,SCL 18.0 10. yes *ind. use=4.5 mgd; TX-2
IND pH bl Prs **avg, ind. charge
$80-590 per MG;***
user treatment:
—_—— - . — - LCOAG,Alum. Floc.,
R Clar.,Soft.
76% '14.4 1 none yes IND TDS,PO4,yes LAB PS 1.4 PCL,AER*** 1.0 2.0 yes *graduated charge; TX-3
- HARD. **user treatment: B
— - hot lime,hot zeo.,
- DAER, ANTIH; ***Hayes
- aeration -
'~
80 10,8 67 LAB yes IND SS,PO4, yes LAB PS ... PCL,AS,SCL 10,0 2.0 yes *user treatment: TX-4
. PR ™s * shock chlorin.,pH
! adjustment
l.OA 0 ... none yes IRR none no none none 0.4 PCL,OXPD" ere ees wes _ TX-5
A S e o i . i o eeed
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
Prs Privatc source RSL Raw Sewage Lagoon SF sand Filter
Ps Public Source ~SECONDARY TXEATMENT CADS Carbon Adsorption
OUALITY SAFLGUARDS 15 Activated STudge CCOAG Chemical Ceagulation
AUTO Automatic lesting . AER Aeration Only DAER Deaeration
PPC Pre & Post Chlorination TF Trickling Filter 1E Ion Exchange
LAB Regular Lab Testing CCOAG Chem:zal Coaqulation LCOAG Lime Coagulation
ST state Testing Only OXPD  Oxida:ion Ponds pH ph Adjustment
TRCATIENT PROCTGSIS =TERTIARY TKTATMONT vOL Polishing Ponds
SPRIMARY TREATLUT ANTI ™ "Anthivacife Filter RO Reverse Osmesis



FRODUCER INFORMATION
INFLUENT AVERAGE CHAPMCTFERISTICS OF EFFLUENT TO REUSE
JUESTIT AT = 57 o o] AS | B1alAzn] B3 Cla} Clc|c2a|T2b [c2c |C2d|c2e | c2f] c29 [c2n
" P T
Qo [ ¢ a %) o -
g l8sl3- 228 (e s 2l a2l ale |B
MUNTCIPAL A EMIEEER E R B N N ESE "
sslzsied| 225 | Lol 8 = g | = g | a c | 5. |E8
PTL.ANT @ % af| Do g 2§ | = X x a 2 £& ;&
LOCATION 2 23182 Cea (23|55 8 | a | 8 | o 1|3 z &
> cS|ET| wrE [ES|¥El 8| @ & z g a o g
& < X =
(3]
TX~-6  LUBBOCK, TX 1938 14.2 20 packing, 11.4 ... .65 86 tee ses sms  eae  eee cen
dairy, :
plating
1938 14.2 20 packing,2.8 ... 18 20 1650 450 460 7.8 ... eee
dairy, .
plating
TX-7 McKINNEY, TX eee 0.2 L., ... ces eae 11 8 ees een  maese cee  esne ceea
TX-8 MIDLAND, TX «.a 4.3 5 packing 4.3 none 250 250 1200 235 305 6.7 ... trace
TX-9 CDESSA, TX 1956 6.5 1 plating 5.5 sun 10 13 1300 ... 250 7.4 6 x s °°°
10
TX-10 REESE AFB, TX 1943 0.3 © none 0.02 sum 8 ete ocee eeo eas ecss sas Laes
TX-11 SAN ANGELO, TX «.. 4.8 19 packing,4.8 none 77 eee e.. 324 428 8.2 ... none
dairy
TX~12 UVALDE, TX 1938 0.9 0 none 0.9 none 40 60 cae ees eee 1.0 ... feee
UT-1  SUNNYSIDE, UT 1954 0.1 25 none 0.1 ... 9.4 15 ces see eee 1.4 93.x .o
{(Kaiser Steel Corp.) 103
WA-1  WALLA WALLA, WA 1923 6.3 10 food 8.3 ... 28 14 see ese eee 6.5 ... .ee
proc.
WA-2  WARDEN, WA 1964 1.3 100 food 1.3 spr 1100 127 ... ... ... 9.5 none sen
proc. sum
fall
SYmPCLS IND Industrial FD Free of Debris
GUanIiy IUITCPING DUVICES IKR Irrigation PO, Phosphate Kemoval
CIz L1 ees3anal 1.1Ter GFED Ground Water Recharge Niiy Low NH3 Peqguired
COoN Conductiva tor RR.C OR Odor Renoval
LAB Laboratory Analys:is U0 pH pll Adjustment Reauired
pH pii Aralizer i) T SHD State Health Dept. Stds.
TUR3 Turbidiseter B Low Doron Reaurred ss Low SS Required
Cl low Cl Reanired TDS Low TDS Recuired
C1s Disinfection Recuired UsrHS U.S., Public licalth Stds.

FISH

sh ifabitation LuQ Drinking Water Quality
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PRODUCER INFORMATION
REVLNCE MUNICIPAL SEWAGE
(Cost Data SYSTEM USER INFOPMATION TREATMENT PLANT
Appendix PELIABILITY DESIGN INFORMATION
D7 D8 El| 2 {3 | Fe F7 F9|lFio| re lGs G6 & 7 ceb | G9 {Glo
7 2 )
Qg [ a a
wz |~ Qe z 1 o3 [T] Rt 4 o
: 4 o |8z« W |2z| > = &
25 ggo < |zzuied)l o | wES |26 L2l g, 244 £ z(«g;"“ﬁ
LAt~ ol |lxd|s o “a SHa |OF| e el 7] zw-lz0 %%
Sl eolzzndn|s gl ay S [mEl s 5816 g zBsSze 1=
Callgza1 e(280I225 92| oxe (e 2D a {HE (241 2SR G B
bo|dES|ES|5EE|2 eBl z23=2 jnd|2ul 43|80 <O Aeeined e
& e D n|ZnEITE & 3= |ad| akg a2 o hOU:‘.é:“’m
Be |63 |an|CEf|us)x G leel T2 & < B2 ezlrRded
¢ len |2=l 2 (28] 2 < wla - E o g tied 28
14 e v =t 17) 5] 3 r 72 B
o] - (=l
1 4 a
9 0 1 Cly, yes IRR none yss LAE PS 12 PpCL,TF,SCL © 3.0 yes *user treatment: TX~6
L OXPD -
b -
119 42.7 1 Cl, yes INp BOD,SS, yes LAB PS 12 PCL,AS,SCL 0 3.0 yes *user treatment:
= pH,CL, * LCOAG,RO, IE,ANTH,
- POy pH adjustment
v
ces ses esas ese +ss IRR ... see see PS ees sae 2.0 cee tee TX-7
] 0 0 none yes IRR ... no none none 6.0 PCL,TF,OXPD ... .cev oas TX-8
125 250* C LAB yes IND ** yes LAB PrSs 8.0 PCL,AS,SCL 15,0 0.5 yes *user pays munici~ TX-3
i pal treat. costs;
i **high quality for
boiler feed;***
" LCOAG,pH,ANTH, IE
] 0 0 none yes IRR none NO NONE NONE c2s ews ces  ems ses "rx-lo
0 0 0 none yes IRR none no none none 5.0 PCL,O0XPD 130. © no TX-11
0 0 none yes IRR ... ro none none 1.0 PCL,OXPD 2.6 no TX-12 -
b (4] 10 TURB yes IRR SHD no ST none 0.3 PCL,TF,SCL* ... 0.5 yes *coke-breeze fil- UT-1
LAB ter
o o 15 Clz yes IRR ... no none PS 7.5 PCL,TF,SCL 0 1.0 ... wa-1
:0 [ 25 LaB ‘yes IRR none no none PS 1.5 PCL,OXPD, ses 2,0 no WA=-2
AER
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
Prs Private source RSL Raw Sewage Lagcon SF Sand Filter
Ps Public Source -SECONDARY TREATMLNT CADS Carbon Adsorvtion
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Ch-mical Coagulation
AUTO AuLomatic lesting AER Aeration Only DAER Deaeration
PPC Pre & Post Chlerination TF Trickling Filter iE Ion Exchange
LAB Regular Lab Testing CCCAG Chemical Coagulaticn LCOAG ILime Ccagulation.
ST State Testing Only OXPD  Oxidation Ponds pH pn Adjustment
TREATHENT PROCLSSES =TERTIARY TRLCATMENT POL Polishing Pords
PRINGGRY IRLACIENL R¥IT . Anthracite Filter RO Reverse Osmozis
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PRCOUCCR INFORMATION
‘INFLUENT AVERAGF. CHARACTERISTICS OF EFFLUENT TO REUSE
WOUESTLO WA Fre vDl ok o a5 | pialmr2n! B3 Cla| Cle|c2a{C2b|c2c |C2d|C2e | C2f} c29 {C2n
A [%} X N
(<} -] a4} i W -]
] o 26 P ogle=! o % , o
< <8, ¥ - - (7]
MUNICIPAL 2z Ez g” SNt -1 - 3 IR B I S & |ba
-l S N = g | = 3 o= o
prawT P8 %cioel she leglBel T 2 T E R E ) BE 0K
[ =3 - -
LOCATION 2%145184) gea |23|a5] 8w {8 | s < N ="
g |gR|aF| GEs jegieF 818 & 2 q 188 |
3 3 EY =
(3]
AZ-1 BAGDAD, AZ 1967 0.2 0 none 6.2 none 14 100 100 18 12 6.8 ... none
(Bagdad Copper Corp.) -
AZ-2 CASA GRANDE, AZ 1959 1.0 ... ... 1.0 cue tev see sae ste sss see  wae cen
AZ~-3  FLAGSTAFF, A2 1972 1.0 0 none 1.0 sum 17 30 coe eee ess 1.2 ... ces
AZ-4  FLORENCE, A2 1953 0.7 ¢ none 0.7 spr S5 11l ... ... ... 8.0 100000 rone
(Arizona State Prison) sum
AZ-5  FT. HUACHUCA, AZ 1941 1.5 0 none 1.0 vee 27 cii eee ees eee 1.3 ... “ee
(Ft. Huachuca Mil. Res.)
AZ-6  GRAND CANYON, AZ 1928 0.2 7 deterq,,0.03 spr 10 10 616 ... 200 7.0 O ses
NacCl sum
AZ-7 KEARNY, AZ 195¢ 0.6 © none 0.5 cee tea ese sea ass eee ese eee cen
AZ-8  LAXE HAVASU, AZ 1972 0,6 0 none 0.6 ... 5 0.1 .a0 oo 1 7 e N
AZ-9  MESA, AZ 1957 4.3 10 none 4.3 ... 45 30 see eee 350 7.5 50,000 ...
AZ~10 MORENCI, AZ 1957 0.6 © none 0.6 MNORE cev see sae ecos sea eee  ses .o
(Phelps Dodge Corp.}
AZ-11 PIOENIX, AZ 1932 40.0 7 plating 28.0 none 20 20 800 ... 300 7.5 ... ces
(23rd Avenue Plant)
AZ-12 PHOENIX, AZ 1971 60.0 7 plating 60.0 none 13 25 1000 ... ... 7.4 3.5 x ...
(91st Avenue Plant) - 106
AZ-13 PRESCOTT, AZ 1958 1.5 © none 0.5 spr 70, 117 ... cee eea T.0 ... con
sum
AZ-14 SHONTO, AZ 1965 0.1 0 none 0.1 ... 35 ... 350 ... ... 8.7 1400 ...
(BIA,Shonto Board. School)
AZ-15 TOLLESON, AZ 1968 1.1 60 meat 1.1 ... 23 16 2250 ... .. 7.0 ... cee
pack.,
plating
AZ2~16 WILCOX, AZ ees 0.2 O aone 002 tue aen aue sae ers see sse  ses “es
Az-17 WINSLOW, AZ 1958 0.8 0 none S eer 50 eir eae wen ees B85 ain e
CA-1 ARMONA, CA 1951 0.3 © none 0.3 cee cae cae was sss  ass  ese .see oo
CA-2  ARVIN, CA 1952 0.5 0 none 0.5 cee vee eae sea see ase 13 ... e
CA-3  AVENAL, CA cer 0.5 0 moMe 0.5 aee eue wee s see ees mes eee aeus
CA-4  BAKERSFIELD, CA 1912 3.6 14 dairy, 3.6 ... 370 118 630 181 96 7.0 ... ‘oo
— (Plant #1) . poultry
e ; . .
L . . ; i :
SYMBOLS IND Industrial FD Free of Dcbris
EUALITY HONITORING DEVICLS IRR Irrigation P04 Phosphate Removal
Cl, Cly Residual Analizer GRD Ground Water Recharge NH3 Low NH3 Required
con Conductivity HNeter REC Recreation OR Odor Removal
LAB Laboratory Analysis END _USE QUALITY CRITERIA pH plt Adjustment Reauired
pH plt Analizer BoD Low LDD Required SHD State Health Dept. 5tds.
TURB Turbidimeter B Low Boron Reauired ss low SS Required
PURPOSE. QF I 2 Cl Low Cl Required DS Low TDS Reguired
bon Domestic DI1sS Disinfection Reauired USPHS U.S. Public Health Stds.
FISH Fish Habitation DWO Drinking Water Quality
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PRODUCER INFORMATION

INFLUENT AVERAGF. CHARACTERISTICS OF EFFLUENT TO REUSE
WOESTIONT XTI, “Ter Ty
b p isligint as | mialnzn| B3 |Cla| Clc|cea|c2b|c2c [c2a[c2e [ c2¢| c2q9 |c2n
—
w w w ~
g a & . u wa I o
w Q Z249 ool e z .
MUN'TCTPAL a. 28 E’ g gz oy Il a2 | = oo ¢ 2
g2 |k -[2 ;| nEE 9 21515 ]als]2 g8
PLANT gl=glsel 55a [ugles| 5| £ EAE-RE 8; &
LOCATION fe13zl2z| Edalaz|88| 8| sl <]l B ) 23 E‘"
# EQ|E%| w8% |eg|ox| a @ = z 3 o g 2]
& = b3 = =
3]
CA-5  BAKERSFIELD, CA 1912 8.5 0 none 8.5 ... 85 26 324 87.4 49.6 7.4 ...
(Plant #2)
CA-6  BAKERSFIELD, CA 1949 3.8 1 cotton, 3.8 win 50 50 425 ... ... 7.4 ...
(Mt. Vernon Co. .San. Dist) chemical )
CA-7 BAKERSFIELD, CA 1947 2.3 1 see 2.3 ... 50 12 cee sse wes 1.5 ... e
{No.of River San.Dist.#1)
CA-8 BURBANK, CA 1967 5.2 25 aircrft.2.0 sum 2 2 500 88 82 7.2 10 trace
mfg.
CA-9 CALABASAS, CA 1965 3.0 10 * 3.0 ... 5 2 870 ... ... 7.8 2.2 RN
(Las Virgenes MWD) '
CA-10 CALISTOGA, CA 1972 0.2 1 eve 0.1 sum 13 61 528 122 141 8.4 12,000 ...
CA-11 CAMARILLO, CA 1958 2.3 11 plating, 2.3 none 10 14 900 321 195 7.5 2.2 none
chemical
ca-12 CAMARILLO, CA 1935 0.2 0 none 0.3 ... 6 € 6.1 0 283 7.4 2.2 none
(Camarillo St. Hospital)
CA-13 CHINA LAKE, CA 1955 1.6 20 aix 0.7 ... 7 ... 450 110 1100 8.4 23 ven
(qual Weapons Center) cond.
CA-14 CHINO, CA 1942 2.4 S meat 2.4 ... 10 12 8 70 70 7.5 2 .none
CA-15 CHINO, CA 1941 0.6 20 1laundry 0.5 none 15 15 610 62 40 6.9 ... cee
{Calif,. Inst. for Men)
CA~16 COACHELLA, CA 1938 1.0 S5 food 0.2 none 20 5 475 ... 69 7.2 ... none
. (Coachella San. Dist.) proc.
CA-17 CORNING, CA 1950 0.3 10 food 0.2 sum 25 49 14 cee e 1.3 ... ces
. proc.
CA-18 CUTLER, CA 1960 0.4 1 none 0.3 e ces ses  ses ase ese ses  ass PN
(Cutler PUD)
CA-19 DELANO, CA 1948 2.7 5 none 2.7 ... 70 62 ... ... 0 7.0 ...
CA-20 EARLIMART, CA 1860 0.3 0  NONE 0.3 aee ces eee aee  ses  eas ees ame eee
(Earlimart PUD) :
CA-21 EXETER, CA 1955 0.7 10 fruit 0.7 ot tee ess sse eus eees -sees sse ---ews
- packing . i
SYMBOLS IND Industrial FD Free of Debris
QUALITY MONITORING DEVICES IRR Irrigation™. POy Phosphate Removal
Cly Cl; Residual Analizer GRD Ground Water Recharge N3 Low NHj Required
CON Conductivity teter REC Recrecation OR Odor Removal )
LAB Laboratory Analysis END USE QUALITY CRITLRIA pH pll Adjustment Required
pH pll Analizer iYeTi) Tow BOD Reguired SHD State Health Dept. Stds.
TURB Turbidimeter B Low Boron Recuired ss Low SS Required
PURPOSE OF_RLUSE Cl Low Cl Required TDS Low TDS Required
M mestic DIs Disinfection Pecauired usprus U.S, Public Health Stds.
FISH Fish Habjitation DWQ Drinking Water Quality
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PRODUCER INFORMATION
INFLUERT AVERAGF CHARACTERISTICS OF EFFLUEWNT TO REUSE
NORLER FTLEDSE o A5 | BlalB2b] B3 Cla| Clc|C2a{C2b jcC2c |C2d|C2e | C2E} Cc2g [C2h
—
(5] [ m ~N
Q & on )
W g g3, 24 S8 2| - - g - 2
MUNICIPAL SlE 5 SEE B CE SRSl alStE |§a
> by > - = = 3 g Ly 41
PLANT 2g 1<y 5| soe jegles| L EL =18 = | &E s
wi = = .
LOCATION E" ’ig: 22| caa 55 sEl8latel « g £ {3 e
A §> ZF| waZ E> ME a 0 3] z g 3 3] o

CA-22 FALLBROOK, CA 1954 0.7 0 none 0.06 spr 43 47 1100 175 215 7.0 1.46x 0
(Fallbraok San. Dist.] sum 10

CA-23 FRESNO, CA 1900 26.0 20 none 3.9 spr 60 135 700 140 115 8.4 ... .oe
(Plant #1) sum - -

CA-24 'FRESNO, CA 1900 12.0 30 wine 1.8 spr 60 135 700 140 115 B.4 ... ase
{Plant #2) proc. sum

CA-25 GEORGE AFB, CA 1963 6.6 0 none 0.5 sum 36 100 150 ... ce. 7.6 ... Cr

CA-26 GUADALUPE, CA 1952 0.5 0 none 0.5 none 77 72 1670 198 138 7.7 424,000.,.

CA-27 GUSTINE, CA eee 2.7 65 none 2.0 ... 33 90 1130 292 191 9.0 ... cen

CA-28 HANFORD, CA 1901 2.0 10 milk 2.0 none 40 124 ... ... 70.%3 8.7 ... P

proc.

CA-29 UEMET, CA 1965 2.8 1 laundry 1.0 spr 30 20 720 145 135 7.3 1.8 _x none

sum 106

CA-30 INDIO, CA 1936 3.4 10 fruit 0.3 sum 15 40 452 ... 100 7.2 2.3 cee
(Valley San. Dist,) Pproc. fall

CA~31 1IRVINE, CA 1967 2.8 0 none 2.8 spr 13 15 1110 200 160 7.5 2 none

- (Irvine Ranch W.D.) sum

CA-32 IVANHOE, CA 1953 0.3 0 none 003 coe 200 o0 cer ess eee ess  sen ‘oo
(Ivanhoe PUD)

CA-33 KERMAN, CA 1950 0.3 0 none 6.3 ... 113 &8 600 ... O 6.9 ... e

CA-34 LAGUNA NIGUEL, CA 1966 0.4 5 none 0.4 ... 25 30 1075 235 180 7.4 2.0 none
(Moulton Niguel W,D.)

CA-35 LEUCADIA, CA 1962 0.5 © e 0.5 ... 15 18 ees se. 375 7.2 2.2 aee
{Leucadia Co. W.D.)

CA-36 LIVERMORE, CA 1967 4.2 17 none 4.2 ... 7.3 13 768 131 159 6.7 2.5 “ee

CA-37 1l0DI, CA 1968 3.7 11 canning 3.7 spr 13 17 8.6 10 1.6 7.3 ... aee

plating sum

CA-38 LOS ANGCELES, CA 1962 0.1 0 none 0.1 none 13 36 1122 300 196 6.8 10 Zn
(L.A. County San. Dist.- Fe
La Canada Plant)

CA-39 LOS ANGELES, CA 1970 4.0 5 none 0.5 sum 3 3 S50 150 B0 7.6 ... Zn
(L.A. County San. Dist.- Fe
Lancaster Plant)

CA-40 LOS ANGELES, CA 1964 1.3 8 coe 0.7 spr 50 200 500 120 55 7.8 ... none
(L.A. County San. Dist.- sum

. Palmdale Plant) fall

CA-41 LOS ANGELES, CA 1928 7.7 5 none 0.7 sum 15 9 564 100 148 7.7 23 ...

. (L.A. County San. Dist.=- . , . — e

. —-—.. Pomona Plant) . s, . b . . . e e n

L . ‘ ; I ] i P i .

SYMBOLS IND Industrial FD Free of Debris

QURTITY MONITORING DEVICLCS IRR Irrigation PO, Phosphate Removal

Ccly Cly RuS}dgal Anallzer GRD Ground Water Recharge NH3 Low NH3j Required

CON Conductivity leter REC Recreation OR Odor Reroval

LARB Laboratory Analysis END USE QUALITY CRITERIA pH pll 2Adjustment Reauired

pH pH A@a}lzer BOD Low BOD Required sHD State Health Dept. Stds.

TURB Turbidimeter B Low Boron Required ss Low 8S Required

PURPOSE OF Ri:USE Ccl Low Cl Reauired TDS Low TDS Required

M Domestic D1s Disinfection Reauired USPHMS  U.S., Public Hcalth Stds.

FISH Fish Habitation DWQ Drinking Water Quality
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PROCUCZR INFORMATION
1
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
I JUESTINTTATTr ™
NUMEED oot A5 | Bla |B2n| B3 1 Cla|Clc]|c2a|c2b |c2c[c2d[c2e | cat] caq ]c2n
mrendy —
[ L @ ~
ga e lZo 17} o
w ¢ S8 1 S50l ws = - ]
MUNICIPAL g, 1282 228 152 S| ISl Tl £
sZ|EclEs| BES  ulzal £ 8| E |5l 5| B |6
PLANT B8 IGE| Sou (89138 .| £ N - R EE L5
LOCATION 2133129 EEQ E3|15Ei Sl alalelEl |3 gk
S E8|2%| w8 S| 9% a | « & z 9 G 8 &
& = 5 = =
(3]
CA-42 10S ANGELES, CA 1972 30.5 20 none 23 none 7 13 687 150 138 8,0 20 ‘Fe
(L.A. County San. Dist.- Zn
. San Jose Creek Plant) .Pb
CA-43 10S ANGELES, CA 1962 17.1 15 none 16 none 12 13 606 130 99 7.6 240 2n
(L.A. County San. Dist.- Pb
. Whittier Narrows Plant)
CA-44 MARCH AFB, CA 1941 0.4 15 aircrft.0.4 none 15 12 850 175 160 6.8 ... trace
(March Plant) maint.
CA-45 MARCH AFB, CA 1941 0.3 5 none 0.3 none 15 10 900 220 200 6.8 ... trace
.. (West March Plant)
CA-46 McCFARLAND, CA 1949 0.3 S agri. 0.3 ... 64 259 438 ... 78 6.8 ... cees
- .. pack. -
CA-47 MOJAVE, CA 1945 0.2 0 none 0.2 4. ces eee ese 232 139 8,2 ... cee
{Mojave PUD)
cA-48 OCEANSIDE, CA 1958 4.4 ‘1  plating 0.6 none 7 18 1280 285 303 7.7 43 trace
CA-49 ORANGE COVE, CA 1956 0.4 0 none 04 oo cee evs see ate seas mes  aas e
CA-50 PALM SPRINGS, CA 1960 2.7 0 none 1.0 ... 12 eeo 437 ... S8 7.1 2400 cew
CA-51 PATTERSON, CA 1960 0.02 0 none 0.01 ... 33 102 11 ces oo B2 ... PN
CA-52 PLEASANTON, CA 2910 1.3 5 ... b R R T P I
CA-53 PORTERVILLE, CA 1952 1.3 o none 0.7 NON@ 406 sses oes .ose oes ese  ove PR
CA-54 POWAY, CA 1972 0.4 ¢ none 0.05 sum 18 23 1450 ... 380 8 120 none
(Pomerado Co. W.D.)
CA-55 SAN BERNARDINO, CA 1962 16 15 none 3.0 sum 13 ... 553 85 83 7.4 2 none
CA~56 SAN BRUNO, CA 1932 0.1 0 none 0.1l cee cee eve ess ses see ess eee ces
{(san Fran. Co. Jail 12)
CA-57 SAN CLEMENTE, CA 1957 2.0 0 nome 2.0 ... ees ees ese .. 0.2 6.9 2
CA-58 SAN DIEGO, CA 1971 0.02 15 plating,.015 none 7 () 3 7 7 7 0
elect.
CA-59 SAN DIEGO, CA 1960 1.3 25 plating 1.3 ... 15 20 1000 ... ... 7.5 23 -Cr
| *{Rancho Bernardo Recla- . -2Zn
L mation Plant) -Cu
.CA-GO SAN FRANCISCO, CA 1932 1.0 .0 none 0.9 none 10 10 sse  ene eee 6.9 2.2 aes
— (McQueen STP) - : s
; : .
CA-61 SANTA MARIA, CA 1964 1.3 2 photo 1.3 spr 27 23 1144 270 217 7.0 724,000 none
} e -—{Laguna Co. San. Dist.) sum - . : . -y
L. . . i .. fall . i : : : e
SYMBOLS - IND Industrial FD Pree of Debris
QUALITY MONITORING DEVICLS IRR Irrigation FO, Phosphate Removal
CI; Cl; Residual Analizer GRD Ground Water Recharge NH 4 Low NH3 Required
CON Conductivity ticter REC Recrcation OR odor l}cmoval )
LAB Laboratory Analysis END USE QUALITY CRITERIA pH pll Adjustment Recuired
pHl pll Analizer ' BOD Low BOD Required SHD State llcalth Dept. Stds.
TURB Turbidimeter B Low Boron Required ss Low SS Required
PURPOSE OF RLUSE Cl Low Cl Required DS Low TDS Required
box Domestic DISs Disinfection Reauired USPUS u.s. Public Health Stds.
PISn Fish Habitation oW Drinking Water Quality
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PRODUCER INFORMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
DUL‘.ﬂEED TihirF PROCEONGTE > AS Bla |R2h B3 Cla| clelczalc2hr|c2elc2alcre | c2f c2q C2h
—
4] [ 4] I~
a [ ] =y -
s [2812-| 228 | 58|58 < < =l g |Z
MUNTCTPAL szle )2 o |€%) 24 v & FISlIalS) 2 ga
> by ot = o oz
pr.ANT I EE I A AR R R R+ 25
[ =) = = - - -
LOCATION 29125182 €8¢ E3lEEi 8 la |84 E |8 |5°
> E8 1A wnE |BS9G) A @ B = = =
3] < = [
(3]
CA-62 SANTA ROSA, CA 1967 0.2 0 none 0.2 ... 10 ces eee see aee T 2.1 cee
CA-63 SANTEE, CA 1961 3.3 1 none 1.0 none § 9 1168 207 245 7.2 2 cen
CA-64 SHAFTER, CA 1938 1.0 0.5 food, 1.0 spr 54 98 ees  ees aes 1.0 ... ces
meat sum e e
CA-65 SOUTH LAKE TAHOE, CA 1966 2.7 0 none 2,7 spr 1 [ 250 S 30 7.0 2 none
sum -
CA-66 STRATHMORE, CA 1949 0.2 60 ... 0.2 cev see wse ses cae sae sse ses aes
(Strathmore, PUD)
CA-67 SUSANVILLE, CA 1951 0.8 © .es 0.2 sum 40 30 aes  ese see eee S0 cee
(Susanville San. Dist,)
CA-68 TAFT, CA 1951 1.0 ... ... 1.0 cee wee ses ees ses see see ses ‘eea
CA-69 TEHACHAPI, CA 1937 0.5 0 none 0.4 ... 120 c.h cee aee ves eas ane ces
CA-70 THOUSAND OAKS, CA 1968 0.1 © none 0.1 spr 1 1 450 124 136 7.7 2.1 none
.- sum
fall
CA-71 TULARE, CA 1926 3.8 82 dairy 3.8 NONE ceo tae e4e see see  aes  ese ees
proc.
CA-72 TWENTYNINE PAIMS, CA 1954 1.2 0 none 0.5 ... 70 ««c 460 180 40 7.4 0 cen
(U.S, Marine Corps) ° .
CA~73 VALLEY CENTER, CA 1965 0.01 O none 6.01 ... 25 ess see see ese 1,0 ... Leas
(Valley Center MWwD)
CA-74 VENTURA, CA 1966 5.5 25 fruit 0.3 spr 30 30 2000 400 400 7.2 23 ceme
proc. sum
CA-75 VISALIA, CA 1966 S.1 25 ... 5.1 ... 40 32 600 ... 175 7.5 ... ‘ave
CA-76 WASCO, CA 1937 0.8 20 ... 0.7 cev 150 173 sii wee eee Tu0 ees e
{(Wasco PUD)
CA-77 WEED, CA 1948 0.2 5 none 0.2 ... 14 38 6  eer aee aee eee een
CA-78 WOODLAND, CA 1930 4.5 50 vegq. 6.0 spr 25 see see eee ees 9.2 ... fese
proc. sum
€o-1 AURORA, CO 1969 1.3 1 oil 0.4 spr 10 20 900 ... ... 7.4 ... cewe
' sum .

5 éO-Z COLORADO SPRINGS, CO 1971 21.0 10 plating, 7.0* win 8 2 650 50 20 6.9 225 .Cu
. elec. .Cr
) , .Zn
T T . e | | : . : 1 I Lo LT
SYMBOLS IND Industrial FD Free of Debris
QUALTTY MONITORING DEVICLS IKR Irrigation PO Phosphate Removal
Cly Cly Residual Analizer GRD Ground Water Recharge NHy Low NH3 Required
CON Conductivity Meter REC Recreation OR Odor Removal
LAB Laboratory Analysis END USE QUALITY CRITERTA pH plf Adjustment Required
pH pli Analizer BOL Low BOD Requlrced SHD State Health Dept. Stds.
TURB Turbidimcter B Low Boron Required ss Low SS Required
PURPOSE OF R:IUSE Ccl Low Cl Required TDS low TDS Required
bon Dormestic bIS Disinfection Reaquired USPHS U.S. Public Health Stds.
FISH Fish Habitation DyQ brinking Water Quality
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PRODUCER IMFORMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUEN? TO REUSE
[ UUESTIONSXITT FrSTros
NUMBEE e | a5 | Bla{B2h] B3 Claj Clc|c2a |C2bjc2c (C2d|C2e | C20| Cc29 {C2h
ral
] A 2] N
(TR [ ] [y 0 ]
F] U] A A SCel wo £ -
MUNICIPAL a 2 ?.“ sselg=isg| Il a2 |~ R ?
B Z § sl s PR o= g } o N o N i E g I
PLANT Sl<slGel 86w |uel g 1= flal| £ 92 «
% | Sloul zoe 1 85] 42 - . a e g
LOCATION 27 |23182| Eeg |23|8E| 8| u || s|E|= |37 |5F
3 =< c
> §> (=] wZ s> Wg at v | & z é <18 o
(3}
COLORADO SPRINGS, CO 1957 1.5 0O none 1.4 spr 20 30 eee eee ese 1.1 0.5 {n e
(U.S. Air Force Academy) aﬁm : on
COo-4 DENVER, CO 1970 150 20 plating 0.1 ... 3 [¢] 800 .. ... 7,2 5 .Pb
(Denver Board of Water - . .2n
Commissioners) .Mo
Co-5 DE§VER, co 1940 0.5 0 none 0.5 spr 25 20 43 100 100 7.2 ¢ .ee
(Fitzsimons Gen. Hosp.) sum -
CO-6 FT. CARSON, CO 1971 1.7 5  laundry 0.3 spr 12 17 ... eee ... 7.5 ... oo
sum
fall
FL-1 COCOA BEACH, FL 1969 2.7 0 none 1.0 none 1 1 aee  ees 17 7.2 25 none
FL-2 TALLAHASSEE, FL 1966 2.0 © none 2.0 ... 57 16 433 56 65 7.4 ... eoe
ID-1 BOISE, ID 1971 0.1 10 paint 0.1 spr 79 29 eee eee 0.5 7.3 ... none
. sum
KY-1 OKOLONA, KY 1971 1.0 O none 1.0 ... 375 120 ... eee ... 1.2 ... coe
(Okolona Sewer Con. Dist)
np-1 BALTIMORE, MD 1942 170. 4 vee 120. .... 46 44 450 75 100 7.0 5 »x Zn
105 Fe
MI-1  BELDING, MI 1972 0.5 10 none 0.05 spr 6 8 ees eea 125 7,5 O aee
sum
MI1-2 MIDLAND, MI 1968 6.0 1lC none 6.0 sum 25 25 450 ... 250 7.6 1000 none
MO-1 JEFFERSON CITY, MO 1972 0.4 ¢ none 0.04 SPr .ee .ces ... 11 ees 8.7 .. oo
(Mo. State Park Board) sum
MO-2 LOCKWOOD, MO 1971 0.5 0 none 0.5 spr 15 eea ee. 10 68 8,0 200 e
sun
NE-1 SHELBY, NE 1961 0.05 0 none . SUN  ces ooe cse ses ees  ses  sas eee
NV-1  ELY, NV 1967 1.5 2 ses 1.0 ... 20 eee sea ses ses ses  ese e
hv-z LAS VEGAS, NV 1958 27.0 0 none 3.8 spr 21 18 985 ... .. 1.6 ... P
.- sum
NV-3  LAS VEGAS, NV 1962 12.5 0 none 4.3 spr 19 22 1550 ... 330 T.6 ... ven
' (Clark Co. San. Dist.} sum
fall
NV-4  WINNEMUCCA, NV 1966 0.4 10 none 0.4 ... 20 ..4 ees ees ee. 8.5 L., .
NJ-1  VINELAND, NJ 1965 3.8 60 ... 308 een en rme e eee men eee aee e
.. (Landis Sewerage Auth.} R . -
NM-1  ARTESIA, NM 1960 0.6 5 ces 0.6 ... 25 cee  ese eee ees T4 L. .
[ . ; P o .
SYMBOLS IND Industrial FD Free of Debris
QUALITY MOUITORING DEVICLS IRR Irrigation PO, Phosphate Removal
Cl, Cl; Residual Analizer GRD Ground Water Recharge NH3 Low NHj Required
CON Conductivity Meter REC Recreation OR odor Benoval
LAB Laboratory Analysis END USE QUALITY CRITERIA pH pll Adjustment Recuired
pH pli Analizer B8OD Tow BOD Required SHD State Hcalth Dept. Stds.
TURB Turbidimeter B Low Boren Paquired ss Low SS Required
PURPOSE OF RLUSE cl Low Cl Required DS Low TDS Required
™M Domestic DIsS Disinfection Reauired USPHS U.S. Public llealth Stds.
FISH Fish Habitation DWO Drinking Water Quality
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PRODUCER INFOPMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
ggk.bz;omﬂn ] as | Blalnan] B3 Cla} Clc)c2a)C2b |c2c jc2d|c2e | C2f] c29g [C2h
ol
[A] [ 5 w S
va & .9 tua @0 o
[N Q Zzaw p So| ez - hy d
< < Q . b y o (2]
MUNICIPAL a. 23 E‘ RS R B RN BT AN YR £
BEN%g|Eu| BE0 |uulzel £ 2| F 26| 8|5 |48
rANT AP R ELIELTIE I B S N Bl 1 I
LOCATION 2912584 E2a |a3|221 8| a8 | < £l = |3 ="
£ §> z wnEZ ég “’E a |l w & z g < | 8 @
NM-2  CLOVIS, NM 1935 4.0 17 meat, 4.0 <.t ses cee eee are ses ees ses N
milk
NM-3 DEMING, NM 1941 1.5 0 none 1e5 tee aee e4e eee ess ase ses asae .o
NA-4 DEXTER, NM sea esas vee eas eee wee sme see oeas osse was sea ses sse
HM~-5  JAL, NM 1951 0.3 0 none 0.3 tie chh ses ses sas aes eve eas eee
NM-6  LORDSBURG, NM 1949 0.3 0 none 0.3 ... 1118 69 1021 ... ... 7.6 ... .o
NM-7  LOS ALAMOS, NM 1951 0.4 0 none 0.2 spr 22 ees  ece see aes ees ees oo
{Los Alamos Co. Utilities) sum
. fall
WM~-8  POSWELL, NM 1948 3.0 18 meat 3.0 spr 55 26 eve ses eee 1.4 ... aes
packing sum
NM-9 RATON, NM 1951 0.5 2 none 0.5 spr 16 100 wee cee aee 7.2 ... aae
sum
NM-10 TUCUMCARI, NM 1951 1.0 © none 0. tve see sse see eses eee ees see .ee
ND-1  DICKINSON, ND 1958 1.0 5 dairy 0.1 spr 42 e6s ess eee ees ses eve v
proc. sum
OK-}  ENID, OK 1954 5.0 23 ... 2.0 ... 31 32 600 ... ... 7.4 ... cee
OK-2  FREDERICK, OK 1919 0.6 17 ... 0.2 ... 4.2 ... ... ... 148 7.2 ... vee
OR-1  HILLSBORO, OR 1941 1.0 30 laundry 2.0 win 59 66 ees ses  <es 7.1 8OO PN
PA-1  UNIVERSITY PARK, PA 1963 0.5 ..o osa 0.5 cer cae see eer eer eee sas eae
(Penn. Statc University)
TX-1  ABILENE, TX 1958 8.7 12 ... 3.2 ... 17 ese 750 ... 168 7.1 ... Mg
TX-2  AMARILLO, TX 1954 10.0 7 meat, 6.3* spr 10 15 1400 300 300 7.7 O none
. food, sum
.- laundry
TX-3  BIG SPRING, TX 1943 0.5 © none 0.5 ... 35 30 860 ... .. 7.0 ... ‘ee
TX~4  DENTON, TX 1972 6.0 1 metals, 1.5 none 30 38 127 ... 70 7.2 16,000 Cr
- meat 2n
TX-S  HONDO, TX 1968 0.4 0 .none 0.4 ... .30 96 esa  sse ees 844 .., Leee
SYMBOLS IND Industrial FD Free of Debris
§U0L1TY HOUITORIHG DLVICLS IRR Irrigation PO, Phosphate Removal
Cly Cl; Residual Analizer GRD Ground Water Recharge NH13 Low NH3 Required
CON Conductivity licter REC Recrcation OR Odor Renmoval
LAB laboratcry Analysis END USE QUALITY CRITERIA pH pll Adjustment Required
pH plt Aéa%xzur BOD Low BOD Required SHD State Health Dept. Stds.
TURR Turbidincter B Low Boron Reauired ss Low SS Requirced
PURPOSE OF RLUSE cl low Cl Required TDS Low TDS Required
5 Domestic DIS Disinfection Reauired uspHS U.S. Public Health Stds.
FISH Fish Habitation DWQ Drinking Water Quality
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PRODUCER INFORMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
QUESTIC T T o T ooy
SUMRER URIsL a5 | m1alman| B3 Cla| Clefc2a|C2b | cac|c2d|c2e | c2f | c2g |C2h
ol & A N
v a & 9 [ =) 7 o
® Q2 ZAWd 129l wo| ~ S -
MUNICIPAL Sz gz EEE A I Y RN R R B 3 g
- B2y |Es| net wl B = g x g a T S, (88
PT.ANT 2 g5 Suw ‘C‘i’ QF . = N X u H4 & & &
LOCIATION 2ol35188 Eewn |23l 8l g sl R 2| 8% |8F
# |E813F| wBE Juglvxl a|la | |z Q&8 &
& < X & =
3]
TX-6 LUBBOCK, TX 1938 14.2 20 packing, 11.4 ... .65 86 ass ses sas wse ses Leae
dairy, o
plating
1938 14.2 20 packing, 2.8 ... “18 20 1650 450 460 7.8 ... ces
dairy,
plating
TX-7  MCKINNEY, TX ces 0.2 ... ... S B N
TX-8  MIDLAND, TX ees 4.3 5 packing 4.3 none 250 250 1200 235 305 6.7 ... frace
TX-9 ODESSA, TX 1956 6.5 1 plating 5.5 sum 10 13 1300 ... 250 7.4 6 x .o
105
TX-10 REESE AFB, TX 1943 0.3 ¢ none 0.02 sum 8 see  ess  ees ses  sme sea ven
TX-11 SAN ANGELO, TX es« 4.8 19 packing,4.8 none 77 ees ee.e 324 428 8.2 ... none
dairy
TX-12 UVALDE, TX 1938 0.9 0 none 0.9 none 40 60 see eee see 1.0 .. oo
ur-1 SUNNYSIDE, UT 1954 0.2 25 none 0.1 ... 9.4 15 eee see see 7.4 93.x .o
(Kaiser Steel Corp.) -103
WA~1 WALLA WALLA, WA 1929 6.3 10 food 8.3 ... 28 14 eee ere eee 6.5 ... e
proc.
WA-2 WARDEN, WA 1964 1.3 100 food 1.3 spr 1100 127 ... .ee ... 9.5 none e
proc. sum
fall
- R
;-— . . o . ‘5— . = . :
' ; : i i 0 [ i : .
SYMROLS IND Industrial FD Free of Debris N
QUALITY MOUITORING DEVICES IRR Irrigation POy Phosphate Rcmova
CI, Cl; Residual Analizer GED Ground Water Recharge NH3 Low NHj Required
CON Conductivity Heterxr REC Recreation OR Odor Removal ired
LAB Laboratory Analysis END_USE QUALTTY CRITERIA pH pll Adjustment Reauire
pH pli Analizer BC0 Low BOD Required SHD State Health Dept. Stds.
TURB Turbidineter B, Low Boron Reauircd SS Low SS Required
PURPOSE OF REUSE Cl Iow Cl Required TDS Low TDS Rgou{red
1 Domestic DI1Ss Disinfection Renuired USPHS U.S. Public licalth Stds,
Fish Habitation DwWQ Drinking Water Quality
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PRODUCFR INFORMATION
INFLUENT AVERAGE CHARACTERISTICS OF EFFLUENT TO REUSE
Sgﬁ;é;“" ] A5 | Blalron| 83 Cla| Cle|c2a[C2b | c2c |c2d[c2e | c2£| c29 |c2n
) ~
= A} [A] 2 ~
=] & 0 o =g
5] gu_ 3 a4 2O w8 - £ . I -
MUNICIPAL g LiECl S8x Y=ot S| o S| o L]z H &
& g S - z o nEE ~ o= £ :; ;? :; a :; oz g2
FLANT AR E S 3 N < =Elel*]Ed =
LOCATION 21431821 €2n Js3| 35 e - 0 ~ =) N Q [
W leg|zx| rZsg gl a 21 a8 >l o E]8 S
% |88|E whRZ |ESI 93 “@ 1k z1a o g2
{2l < x x
(]
AU-1 IRYMPLE, AUSTRALIA 64 cer ces eee ese sse see wes sas ses ese ses  ase

(Red Cliffs Sewer., Au.) e o
AU-2  MARYBOROUGH, VICTORIA, 56 0.4 10 tanning 0.1 sum 35 30 ... eee 30 76 aee  oue

AUSTRALIA . - .-
(Maryborough Sewer. Au.) . . B
AU-3  NHILL, VICTORIA, 40 0.1 0 none 0.1 none 9 26 eee 350 ... 7.3 cui ..
AUSTRALIA . . . . . N
AP-1 BULAWAYC, RHODESIA, 61 o6 eee eas 2e2 ce. eve see ees eee oese ess eas sen
AFRICA ..
AF-2 PRETORIA, SOUTH AFRICA 53 20 10 brewery, 9.0 ... 14 12 460 ... 60 7.5 0
dairy,
metal
AF~3  WINDUOEK, SOUTH WEST 68 2.25 10 brewery, 0.7 spr 0.5 O 650 110 91 7.8 © cen
AFRICA dairy, sum .
meat
EN-1  BRISTOL, ENGLAND 65 3.5 cee een 3.5 ... 7 ? 700 ... 100 7.5 ... Fe
L . Ni
2n
Pb
1s-1 HAIFA, ISRAEL 64 14.0 10 none 2.5 sum 70 75 1100 250 400 7.0 ... none
MX-~1  MONTERREY, MEXICO 55 3.3 1 oil, 2.7 ... 17 10 510 ... 26 7.1 ... none
chromate
\
L. . '
i L , ) .
‘ o A - i o [ i T
SYMBOLS IND Industrial FD Freec of Debris
GUALITY MOMITORING DEVICLS IRR Irrigation PO, Phosphate Removal
cl; Cly Residual Adnalizer GRD Ground Water Recharge NH3y Low Nli3 Required
CON Conductivity Meter REC Recrcation OR Odor Removal
LAB Laboratory Analysis END USE QUALITY CRITRRIA pH pit Adjustment Required
pH pll Analizer Boo Low BOD Reguirced SHD State Health Dept. Stds.
TURB Turbidimcter B Low Boron Required 58 Low SS Reguired
PURPOSE. OF RIUSL Ccl Low Cl Required TDS low TDS Reguired
BoN Domestic DIS Disinfection Reauired uspls U.S. Public Health Stds.
FISH Fish Habitation bwo Drinking Water Quality
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PRODUCER INFORMATION
‘HE\'ENUE_ MUNICIPAL SEWAGE
(Cost lLata SYSTEM USER INFORMATION TREATMENT PLANT
Appendix FELIABILITY DESIGN INFOFPMATION
b7 [oF:] El1| E . = 1 OUTTTIAONNATRS PULPONs
2 |E3| F6 F7 F9 | F1o | Fa lGs 6 & 7 GBY | G9 | GL 0! e e o NS
w o 7
I 1] { o =} e .
0E |~ O~ = 0 ] o 4 ¢
0k e~ o O iczl W £ o x .=
0k |23.|5 [22nlSels | azs |25 2816 1 5 o | 3| gHuE
L3O~ olag Hmu""" 8] =R N-4 CZf =< HaES g;m A NI Do) X
EeZ| 6ol 2a(967(55]| 88 025 B4 25| 5L E 5 BEERsdE
N N Pty SELEslon 255 ’[:'Eé Sa| 4z tux 28 q§»—<fx?bﬁj COMMENTS
& g2 laplezEns| e« | Wox (a2 O am'BY 5O L GO Z E 5
o o f@e©F wal e O jaef T2 fa = o :5;4:@.4;!0
. 2 = '™ K E-E I
Su a (5 zela S 5 3 2 5
: a a
:0 . 0. 0 «es Yyes IND none no none Prs 4.0 PCL,AS,SCL 13.0 1.0 yes ’ .Az—l
,7 2.5 «es DONEe ... IRR ... no none none 8.3 RSL 8.4 ... ... - AZ=2
36 13.1 0 none yes IRR SHD yes LAB none ... ... eer  eee ess T az-3
2 o 0 none yes IRR FD no ... PS 2.0 PCL,OXPD ... 0.3 yes Y
[ B ] ees see see IRR ... yes ... PS 4.0 PCL,TF,SCL 2.5 2.0 ... AZ-S
looo 10.9 2 none yes fRR BOD,SS, noc none PS 0.5 AS,SCL,ANTH 0.3 2.0 yes AZ-6
- poM DIS -
0 0 ee.- DONEe ,.. IRR ... no none none 1.5 RSL 10.0 O cee A2-7
0 0 0 none no IRR FD no none none ... ... cee eee nee A2-8
3 4.8 0 none yes IRR none no none neone 5.0 PCL,TF,SCL 7.0 0 yes AZ-9
0 0 0 none yes IND none ne none PrS 1.5 PCL,TF 1] 2.5 no ) A2-10
I 0 ees eve «eoe IRR .., eee wes ese 30, PCL,AS,SCL ... ... yes AZ-11
4.30 14.1 0o pH yes IRR SHD no none PS 60. PCL,AS,SCL 234. 2.0 yes AZ-12
o o0 90 none yes IRR none  no none PS 1.5 PCL,OXPD,SF 0.6 5.0 yes ’ A2-13
0 0 wees ase  eee IRR ... no ... PS 0.1 PCL,OXPD 10.0 1.5 ... AZ-24
o .0 l ILAB yes IRR * no none PS 2.5 TF «es 4.0 ... *no irrig. of di- AZ-15
. . rectly consumed
. crops or dairy cat-
tle
1.40 0.1 ese ees ess IRR .., ews ess ess s+ RSL cee  wes see A2-16
0 [ ««. NOne yes IRR hone no none none 1.8 PCL,OXPD 6.5 1.0 yes AZ-17
0_._p___ ... none ... IRR none no none PrS 0.3 PCL el 0 eee CA-1
;.. <. Yyes IRR ... no ... Prs 1.0 PCL 1.0 1.5 ... *user charges: 25% CA-2
R : of farm income
k ves ose sse IRR ... no* ... none 1.0 PCL,OXPD veo 0 ... "user charges: 20% CA-3
—— of farm income
; ;
9 "0 7725 . L. IRR * es ees PIS 5.5 PCL wes e wes *no irrig. of di- CA-4
_ , . K ; ' rectly consumed
O S : - cxops
[ A, H - i . . , 4 I :
|~-—-'[ - Lo P P ' C l g ‘[~ N - —
EEEN USRI [ U B ! L . o i R
SUPPLEMENTAI SUPPLY PCL Primary Clarification MMF Mixed N.ledia Filter
Prs Private source RSL Raw Scwage Lagoon SF Sand Filter
PS Public Source ~SECONDARY TREATMLNT CADS Carbgn Adsorption_
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chcmlca} Coagulation
AUTO Automatic lesting AER Acration Only DAER Deaeration
PPC Pre & Post Chlorination TF Trickling Filter 1E Ion Exchange
LAB Regular Lab Testing CCOMAG Chemical Coaqulation LCOAG Lime Qoagulation
sT State Testing Only OXPD oxidation Ponds pll ph }.\d)gstmcnt
TRCATMENT PROCHGSES =TERTIARY TRLATMINT POL Polishing Ponds
“PRIMARY TRLAL T ANTH Anthracite Filter RO Reverse Osmosis



PRODUCER INTORMATION MUNICIPAL SEWAGE
(c REVL'DNUE SYSTEM USER INFORMATION TREATMENT PLANT
ost Data . - DESIGN INFORMATION
Appendix RELIABILITY
D7 | p8 |er] E2 |E3 | F6 F7 | Fo|*r10] F8 |Gs G6 & 7 | G8b|[69]|Glo AR S e
n a o i 5
0 A} , = e ol 3] <] o I
b!; — S+ o £ B> ¥
82 122 |87 |-%al82l s | uzs |25 281, ] = g0 | Flee€
-4 mmoo, bl 1A Sk Ox| —ea e z g_;q) Z 7O | X
Sl OB laxUlA L A JEREIE el IRE o) 5& C > ) gUV:qa‘
A R FEIEESIEE 2nl ozxE |ex| =0 a0k g S eERae Za COMMENTS
= B ; P
cBo BEGISSISRAIEE| S8 G2 |5EIE |23 |AY 59 [FEgRades
He |8 2 |8x|"g [Eu( 3 IR G118 & e ERIEN i -y
B2 |7k =% = |g0) & @ © E 5
2] = a -
0 0 25 ... ... IRR * eve se. Prs 16. PCL eee +ue ess "no irrig. of di- CA-S
.o . rectly consumed
- : - crops -
0 30 ... ... IRR none no none Prs 6.6 PCL,TF,SCL 0 5.0 no T
0. .0 see ees ses IRR ... ese ees ses 3.0 PCL,TF,SCL 40.0 0.3 ... .
43 31.0 0,5 pH, yes IND * yes LAB PS 6.0 PCL,AS,SCL 0 1.0 yes *end use quality: CA-8
_ LAB ** ppC . desires low TDS,SS,
- - PQ4”,NO3~, organics
- *duser treatment:
- . shock chlorination,
- pH adjust., corro-
sion inhibitor
5 .54 0 Clp, yes IRR ... eve sae ses ses AS eee 5.0 ... *industries treat CA-9
' .TURB wastes before dis-
charge
o o 98 none yes GRD ... eve ese ee. 0.4 PCL,OXPD, 0 0.5 yes T ea-10
— CCOAG -
[} 0 1 +«ee Do IRR SHD no LAB PS 4.8 PCL,AS,SCL, 12.0 0,5 yes CA~11
- POL,SF
© 0 0 nonenc IRR ... no PPC none ... PCL,TF,SCL 1.5 0.3 yes . ca-12
0o o 0 clp ... IRR SHD no none none 2.0 PCL,0XPD  30.0 0.5 ... ca-13
1] [} 0 Cl, yes IRR SHD,TDS no none none 3.0 PCL,AS,SCL 20.0 1.0 yes . CA-14
. .- CON .
1] [} [} none yes IRR none no none none 1.3 PCL,0XPD 11.0 0.8 no CA-15
0 0 0 none yes IRR none no none none 1.5 PCL,AS [ 0.1 yes CA-16
b [ 0 none fes IRR * no none e« 0.5 PCL,OxPD** 5.0 0.1 ... *cattle not pas- CA-17
tured on disposal
———— - N . fields
—— - **reuse from PCL
e tank only

4;.. 0 none yes IRR none no none none 1.0 PCL,OXPD,TF 6.5 1.0 no *user charges: 253 CA-18
. of farm income

o o 30 none yes IRR * no none PS 1.0 PCL,OXPD 1760 0.5 yes *irrig. of non-ed- CA-19
.. . Aible crops only

see ses .eea IRR ., no ... none 0.8 PCL,TF,OXPD ... 0 .... o R . CA-20
GRD v o .
ose eve eee IRR ., no ... none 0.8 PCL,O0XPD vee 0 v . CA-21
- .l - - B - 3 Y : e - - e m—— -4
SUPPLEMUNTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
brs Private Source RSL Raw Sewage Lagoon SF Sand Filter
Ps Public Source -SECONDARY TRIV'ATMENT CADS Carbon Adsorption
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chemical Coagulation
AUTO Automatic Testing AER Acration Only DAER Deaeration
PPC Pre & Post Chlorination TF Trickling Filter I1E Ion Exchange
LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Coagulation
ST State Testing Only OXPD Oxidation Ponds pit ph Adjustment
TREATMENT PROCI: .S =TLRTIARY TRUATMINT POL Polishing Ponds
SPRIMAKY TRUN ANTTI Anthracite Filter RO Reverse Osmosis
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LAB
0 0 1 CON yes IRR TDS,DIS,no none PS 0.8 PCL,TF,SCL 10 1.3 yes T ea-35
c1, BOD,SS
o o 1 none no IRR DIS,BOD,no none PrS 5.0 PCL,TF,AER, ... 1.0 yes CA-36
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! ! . ab e - o : . I i ! .- SO L4

SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter

Prs Private Source RSL Raw Sewage Lagoon SF Sand Filter .

PS Public Source ~SECONDARY TREATMENT CADS Carbon Adsorption

QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chemica% Coagulation

AUYO Autonutlc Testing AER Aeration Only DAER Deaeration

PPC Pre & Post Chlorination TF Trickling Filter I1E Ion Exchange

LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Ccagulation

ST State: Testing Only OXPD Oxidation Ponds pt ph Adjustment

TREATMENT PROC =TERTIARY TREATMUNT »OL Polishing Ponds

=PRIMARY TRK:: ANTH Anthracite Filter RO Reverse Osmosis
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(© REVLEUE SYSTEM USER INFORMATION TREATMENT PLANT
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SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
Prs Private Source RSL Raw Sewage Lagoon SF Sand Filter
PS Public Source ~SECONDARY TREATMENT CADS Carbon Adsorption
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chemical Coagulation
AUTO  Automatic sesting AER Acration Only DAER  Decaeration '
PPC Pre & Post Chlorination TF Trickling Filter IE Ion Exchange
LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Coagulation
:’l‘ State Testing Only OXPD Oxidation Ponds pit ph Adjustment
RLCATMERT PROCCSSrS =TERTIARY TRLCATMLUNT 0L Polishing Ponds
=FPRIMAEY TRUATT nthracite Filter RO Reverse Osmosis
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REVENOE MUNICIPAL SEWAGE
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P.. H ; : : N \ : : : } under const.;****
NN S U SUNURS SR B U i | | .. IRR-MMF only tert. )
SUPPLEMENTAL SUPPLY - PCL Primary Clarification MMF Mixed Media Fllter
Prs Private Source RSL Raw Sewage Lagoon SF Sand Filter
PS Public Source ~SECONDARY TREATMUNT CADS Carbon Adsorption
QUALITY SAFLGUARDS AS Activated Sludge CCOAG Chemical Coagulation
AUTO Automatic Testing AER Acration.Only DAER Deaeration
PPC Pre & Post Chlorination TF Trickling Filter 1E Ion Exchange
LAB Rugular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Coagulation
sT State Testing Only OXpD  Oxidation Ponds pit ph Adjustment
TRLATHFIT PROCLHSLS =TERTIARY TREATMINT 0L Polishing Ponds
SPRIMALRY TiAT f ANTH Anthracite Filter RO Reverse Osmosis
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> » ‘0, Cl; yes IRR none ees ess se 1.2 PCL,TF,SCL 2.7 3.0 no *$1.00 per year CA-45
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SUPPLEMENTAL SUPPLY PCL Primary Clarification MMF Mixed Media Filter
Prs ¥rivate Source RSL Raw Sewage Lagoon SF Sand Filter
PS Public source ~SECONDARY TREATMUNT CADS Carbon Adsorption
QUALITY SAFLGUARD3 AS Activated Sludge CCOAG Chemical Coagulation
T Autonatlc Testing AER Acration Only DAER Deacration,
PPC Pre & Post Chlorination TF Trickling Filter 1E lon Exchange
LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Coaqulation
sT State Testing Only OXPD  Oxidation Ponds “pH ph Adjustment
TRUATMENT PROCLSSLS ~TERTIARY TREATMLUNT POL Polishing Ponds
“PRINARY TRLAGLOT T nthracite Filter RO Reverse Osmosis
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REvERTE MUNICIPAL SEWAGE
{Cost Data SYSTEM USER INPORMATION TREATMENT PLANT
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L- : : S <- s .. bid .
i ess see eee IRR ... are sss eve ame esa eee teeeiese *flat rate M-4
[y - . - . . .
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P e ses we- IRR .., no ... nome 0.8 OXPD 2.4 2.0 ... BM-6
120 3.4 © 1A no IR ... ese eve .. 0.8 PCL,TF,SCL 0.5 1.0 ... NM-7
77 .. L no ... PS 5.0 PCL,TF,SCL 0 3.0 yes T NMes
o .
- 8.2 2 none yes IRR ... “se see ees ees mea ese -eve-avs "user charge $200 NM-9
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0. 0 eee sev ses IRR ... noe ... none 1.0 PCL,TF,SCL 0 0.5 yes NM-10
0 0 eses ss« yes IRR none ho none PS 0.8 RSL ] 0.2 no ND-1
7 5.0 eee eeeo IND ... yes LAB PS 8.5 PCL,AS,5CL O 2.0 yes *user treatment:  OK-1
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O - . . . $80-$90 per MG;***
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e
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shock chlorin.,pH
adjustment

SUPPLEMENTAL SUPPLY PCL Primary Clarification MMP Mixed Media Filter
rsS Private Source RSL Raw Scwage Lagoon S¥ Sand Filter

Ps Public Source «~SECONDARY TREATMLNT CADS Carbon Adsorption

QUALITY SAFLGUARDS AS Activated sludge CCOAG Chemical Coagulation

AUTO™  Automdtic Testing AER Aeration Only DAER Dcaeration

PPC Pre & Post Chloranation TF Trickling Filter 1E Ion Exchange

LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Coagulation

ST State Testing Only OXPD Oxidation Ponds pH ph Adjustment
TREATMENT PROCLSSES =TERTIARY TRUATMEMT POL Polishing Ponds
SPRIPARY TRIATU.L T ANTI ™ Knthiracite Filter RO Reverse Osmosis
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'I__. - POy .. o -+ -. . pH adjustment
eee - ane  sae sss ses IRR a.. cee wee P aes ewe 200 el el S )
..o 0 none yes IRR .,. no none none 6.0 PCL,TF,OXPD .4¢ cee aos . TX~8
125 250* 0 LAB yes IND #* yes LAB Prs 8.0 PCL,AS,SCL 15.0 0.5 yes *user pays munici- TX-9
- . . eee . pal treat. costs;
——— .. . . *4high quality for
—_ - - - . .- .- .- . . . boiler feed;***
pem - - .- - . : LCOAG,pH,ANTH,IE
rY 0 0 none -yu IRR none no none none cev eae owe :... ves - f'rx-w
] 0 0 none yes IRR none no none none 5.0 PCL,0XPD 130. 0 no TX~-11
0 . 0 none yes IRR ... no none none 1.0 PCL,0XPD 2.6 0 no ) e TX=12
i) 0 io TURB yes IRR SHD no ST none 0.3 PCL,TF,SCL* ... 0.5 yes *coke-breeze fil- UT-1
- LAB , ter
0 0 15 clz yes IRR ... no none PS 7.5 PCL,TF,SCL 0 1.0 ... i wA-1
0 "0 25 1am .yes IRR none no none PS 1.5 ?CL,OXPD, ees 2,0 no WA-2
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' : . Do S .
i I
i , .. . Y i
i y - P , . e i o e e e e e e M
S S TR SO . P B S
SUPPLEMENTAL SUPPLY PCL Primary Clarification MMP Mixed Media Filter
S Private Source RSL Raw Sewage Lagoon SF Sand Filter
PS Public Source =SECONDARY TREATMENT CADS  Carbon Adsorption
UALITY SAFLGUARDS AS Actlvated Sludge CCOAG Chemical Coagulation
AUT Automatic Testing AER Aeration Only DAER  Deaeration
PPC Pre & Post Chlorination TF . Trickling Filter IE Ton Exchange
LAB Regular Lab Testing CCOAG Chemical Coagulation LCOAG Lime Coagulaticn
ST State Testing Only OXPD Oxidation Ponds pH ph Adjustment
TREATHENT PROCESSDS =TERTIARY TREATMINT ©0L Polishing Ponds
=PRIMARY TREATHE ENTH  Arthraclte Filter RO Reversge Osmosis
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32 25.9 5 LAB .yes IND
170 85.0 0 LAB no IRR
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APPENDIX C

TEXAS MUNICIPALITIES REPORTED TO PROVIDE
EFFLUENT FOR IRRIGATION
BUT NOT TABULATED IN APPENDIX B

City Ave. Flow City Ave. Flow
mgd mgd
Abernathy 0.13 Fort Stockton 0.90
Amherst 0.08 Fredericksburg 0.001
Anson 0.19 Freer 0.16
Anton 0.04 Friona 0.25
Aspermont 0.10 Fritch 0.40
Benjamine 0.04 Goldthwaite 0.06
Bexar County 0.005 Gorman 0.08
Big Lake 0.15 Graford 0.02
Blanco 0.04 Grand Falls 0.04
Bonham 1.4 Granger 0.70
Barger 0.88 Hale Center 0.13
Brady 0.50 Happy 0.07
Brownfield 0.47 Hart 0.18
Burkburnet 0.65 Holliday 0.13
Burnet 0.14 Honahans 0.90
Castroville 0.04 Idaldo 0.09
Coahoma 0.05 Ingleside 0.001
Coleman 0.51 Johnson City 0.04
Colorado City 0.51 Karnes City 0.12
Comfort 0.002 Kermit 0.83
Crane 0.31 Kerrville 0.001
Crockett County 0.001 Kilgore 0.005
Crosbyton 0.14 Kingsville 0.81
Cross Plains 0.06 La Coste 0.04
Crystal City 1.20 Lamesa 1.13
Dalhart 0.60 Lorenzo 0.08
Del Rio 0.40 Levelland 0.66
Denison 0.15 Littlefield 0.47
Denver City 0.35 Llano 0.28
Devine 0.08 Lyford 0.27
Dimmitt 0.82 Lockney 0.14
Dublin 1.0 McCamey 0.23
Dumas 1.00 McKinley 1.5
Earth 0.09 McLean 0.13
El Dorado 0.09 Marfa 0.23
El Paso 0.45 Mason 0.14
El SA 0.002 Meadow 0.04
Fabens 0.001 Miles 0.02
Falforias 0.35 Monahans 1.00
Falls City 0.02 Morton 0.24
Farwell 0.79 Muleshoe 0.5
Florence 0.046 Munday 0.21
Floydada 0.07 Nordheim 0.01
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APPENDIX C (continued)

City Ave. Flow
mgd
O'Donnell 0.07
Orange Grove 0.06
Paducah 0.23
Pearsall 0.23
Pecas 0.33
Perryton 1.0
Petersburg 0.10
Plains 0.09
Poteet 0.19
Premont 0.20
Qui taque 0.04
Ralls 0.20
Rankin 0.20
Raymondville 0.002
Richland Springs 0.025
Rio Grande City 0.10
Roby 0.06
Rochester 0.04
Ropesville 0.03
Roscoe 0.15
Rotan 0.12
Sabinal 0.08
San Saba 0.17
Santa Anna 0.10
Seagraves 0.19
Seminole 0.45
Shallowater 0.08
Silverton 0.09
Slaton 0.40
Snyder 1.50
Sonora 0.22
Spur 0.1
Stanton 0.15
Stockdale 0.18
Stratford 0.16
Sudan 0.098
Sundown 0.07
Sunray 0.20
Sweetwater 0.001
Tahoka 0.18
Taylor 0.20
Uvaloe 0.002
Van Horn 0.13
Wellington 0.19
Whiteface 0.04
Wilson 0.03
Winters 0.80
Yoakum 0.42
Youth City 0.004
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CALIFORNIA LOCATIONS REPORTED TO
PROVIDE EFFLUENT FOR IRRIGATION BUT
NOT TABULATED IN APPENDIX B

MGD Crop MGD Crop
City Reused| Irrigated City Reused | Irrigated
Barstow (USMC) 0.14 G Mount Vernon 3.56 c, F
Brentwood 0.14 P San. Dist.
Buttonwillow 0.18 P Murphy's San. 0.05 P
CA Conservation 0.04 P Dist.
Center North of River 2.33 C, F
CA Medical 0.36 p San. Dist.
Facility Ontario-Upland 0.96 G
(Vacaville) Pacific Union 0.13 F
Callan 0.27 L College
Camp Pendleton 0.82 G Palmdale 1.10 F
Carmel San. Dist. 0.14 Artichokes Quincy San. Dist. 0.19 P
Chester 0.16 P Rainbow Municipal 0.02 G
Chowchilla 0.68 C, F Water Dist.
Coit Ranch, Inc. 0.03 C, B Rancho Bernardo 0.41 G, L
Colton 1.23 P Reedley 0.38 Grapes
Coalinga 0.68 Cc, B Ridgecrest Co. 0.58 F
Corcoran 0.68 c, P San. Dist.
Devel Vocational 0.05 P Riverdale 0.14 P, F
Institute Rossmoor Sanita- 1.10 G, L
Dinuba 2.33 Plums, tion, Inc.
grapes San Francisco Co. 0.14 G
Elsinore 0.30 p Jail #2
El Toro Marine 0.96 G San Joaquin 0.27 F
Base (USMC) General Hosp.
Encinitas San. 0.47 Flowers San Luis Obispo 1.10 P
Dist. San Pasqual 0.01 G
Fowler 0.23 C Academy
grapes Sanger 0.93 Walnuts,
Golden Gate Park 0.63 L grapes
Huron 0.27 C, B Sebastopol 0.14 p
La Canada 0.16 G Shastina San. 0.14 P
Lakeport 0.26 P, Walnuts, Dist.
pears Solvang 0.08 P
Lamont 0.08 cC Stratford 0.003 ¢C, B
Lemoore 0.36 P, F Tehachapi State 0.18 F
Lindsay 0.30 C Institute
Log Cabin Ranch 0.01 L Terra Bella 0.03 P
School Valley San. Dist. 0.30 C
Loma Linda 0.11 P Warner Springs 0.03 G
University Resort Co.
Madera 2.38 P Winton San. Dist. 0.41 P
Manteca 1.37 F, L Woodlake 0.16 F
Meadowood 0.01 G
Mendocino State 0.05 F
Hospital
Key: P - pasture L - landscape G - golf course

F - fodder

C - cotton

B - barley
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APPENDIX C(continued)

ARIZONA MUNICIPALITIES
REPORTED TO PROVIDE EFFLUENT FOR IRRIGATION
BUT NOT TABULATED IN APPENDIX B

Arizona City
Avondale
Buckeye
Carefree
Chandler
Coolidge
Douglas

Eloy

Gilbert
Litchfield Park
Mesa

Show Low
Tucson
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APPENDIX D
FOREIGN REUSE SITES

SITE USE VOLUME REUSED
AFRICA

RHODESIA

Salisbury .o N
SOUTH AFRICA

Cape Town I .o
Durban, Natal .o e
Krugersdorp, Transvaal .o .o
Kimberley .o oo
Pietermaritzburg, Natal .o cee
Port Elizabeth e .o
Randfontein .o e
Springs, Transvaal .o “ee
Vanderbijl Park, Transvaal .o oo

SOUTH WEST AFRICA

Luderitz .o PN
AUSTRALIA

VICTORIA

Ararat IRR e
Benalla IRR ..
Bendigo IRR ..
Birchip IRR .
Charlton IRR ..
Cobram IRR ..
Corryong IRR ...
Dandenong IRR ..
Dimboola IRR ..
Donald IRR ..
Echuca IRR ...
Eildon IRR .
Euroa IRR ...
Frankston IRR ..
Horsham IRR ..
Jeparit IRR ...
Kyabram IRR e
Kyneton IRR ..
Lang Lang IRR v
Maffra IRR ..
Mansfield IRR ...
Mooroopna IRR ...
Morwell IRR o
Murtoa IRR o
Rochester IRR “ee
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SITE USE VOLUME REUSED

AUSTRALTIA
VICTORIA (Continued)
St. Arnaud IRR .
Sea Lake IRR .o
Seymour IRR .
Stawell IRR
Swan Hill IRR .
Tallangatta IRR .
Tatura IRR .
Warracknabeal IRR .
Wycheproof IRR .
Yarrawonga IRR

WESTERN AUSTRALIA

Belmont IND -
(Western Mining Corporation LTD.)

Exmouth IRR

Kalgoorlie IRR .
Katanning IRR v
Kojonup IRR e
Merredin IRR .
Narrogin IRR .
Northam IRR o v
Perth IND “en
(Dampier Mining Company LTD.)

Perth IND .o
(Hamersley Iron Pty. LTD.)

Perth IND cee
(Mount Newman Mining Company Pty.

LTD.)

Port Hedland IRR o
Roebourne IRR .o
Wyalkatchem IRR e

SOUTH AUSTRALIA

Bolivar Sewage Treatment Works IRR 1.0 mgd

Glenelg Sewage Treatment Works IRR 0.5 mgd
CANADA

ONTARIO

Listowel IRR 1.0 Imgd
ENGLAND

Bristol IND

(cooling, process) 5.3 mgd
Derby County IND 0.3 mgd
(cooling)
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SITE USE VOLUME REUSED

ENGIAND (Continued)

Dunstable IND 0.3 mgd
(process)

Nottingham IND 0.8 mgd
(cooling)

Nuneaton IND 0.2+ mgd
(cooling

Oldham County IND 1.5 mgd
(cooling)

Scunthorpe IND 0.7 mgd
{cooling)

Sheffield IND 1.0 mgd
(cooling)

Stoke-on-Trent IND 3.2 mgd
(cooling)

ISRAEL

NORTHERN DISTRICT

Bet Shean IRR 600 CuM/D

Hazor IRR 600 CuM/D

Upper Tiberias IRR 1,300 CuM/D

Migdal HaEmeqg IRR 1,075 CuM/D

'Afula IRR 2,100 CuM/D

Qiryat Shemonah IRR 2,200 CuM/D

HAIFA DISTRICT

Or Agiva IRR 500 CuM/D

Tirat Karmel IRR 1,850 CuM/D

Karkur IRR 1,350 CuM/D

'Atlit FISH 250 cuM/D

Pardes Hanna FISH 1,000 CuM/D

CENTRAL DISTRICT

Even Yehuda, Qadima, Tel Mond IRR 150 CuM/D

Qiryat Ono IRR 2,000 CuM/D

Herzliyya IRR 3,750 CuM/D

Yehud IRR 1,300 CuM/D

Hod HaSharon IRR 3,230 CuM/D

Lod IRR 3,200 CuM/D

Lod Airport IRR 2,500 CuM/D

Nes Ziyyona IRR 1,100 CumM/D

Nahariyya IRR, FISH 7,000 CuM/D

Rosh Ha'Ayin IRR 1,880 CuM/D

Rishon Le Zion IRR 4,500 CuM/D

Rehovot IRR 5,000 CuM/D

Ramla IRR 3,800 CuM/D

Ramat HaSharon IRR 2,000 CuM/D

Ra'ananna IRR 2,000 CuM/D

Be'er Ya'agov-Zrifin IRR 1,400 CumM/D
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SITE USE VOLUME REUSED

ISRAEL (Continued)

T. A. DISTRICT - DAN REGION

Bat Yam IRR 12,500 CuM/D

Holon IRR- 3,000 CuM/D

Ramat Gan IRR 1,000 CuM/D

JERUSALEM DISTRICT

Jerusalem IRR 13,300 CuM/D

Bet Shemesh IRR 1,000 CcuMm/D

SOUTHERN DISTRICT

Elat IRR 3,150 CuM/D

Ofagim IRR 1,050 CuM/D

Ashdod IRR 3,600 CuM/D

Be'er Sheva IRR 6,000 CuM/D

Dimona IRR 2,000 CuM/D

Yavne IRR 2,500 CuM/D

Yeroham IRR 1,000 CuM/D

Mizpe Ramon IRR 150 CuM/D

Qiryat Gat IRR 2,000 CuM/D

JAPAN

Kawasaki IND .
(cooling)

Nagoya IND .o
(cooling)

Osaka IND .o
(cooling)

Tokyo IND .o

(cooling, process)
MEXTICO

MEXICO CITY

Chapultepec Park IRR 3.7 mgd

Sports City IRR 5.3 mgd

San Juan de Aragon IRR 11.4 mgd

Xochimilco IRR .

(Floating Gardens of Mexico City)

Federal Commission of Electricity IND 3.4 mgd
(cooling)

GUADALAJARA

County Club of Guadalajara IRR 0.7 mgd

MONTERREY

Célulosa y Derivados, S.A. IND .o

Aceros Planos, S.A. IND N

Papelera Maldonado IND .o

Agua Industrial de Monterrey S.de U.IND . e

Federal Commission of Electricity IND .o
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APPENDIX E

PROCEDURE FOR CALCULATING TREATMENT COSTS

Establish equivalent January 1972 capital cost of
facility by multiplying the original cost by fac-
tors for year built (see Table E-1).

Calculate annual cost of facility, amortized over 25
years at 5.5% interest, by multiplying the results of
Step 1 by 0.07455.

Add annual operating costs to the result of Step 2 to
obtain total annual plant costs.

Determine average annual treatment volume by multiplying
average daily influent flow by 365.

Divide result of Step 3 by result of Step 4 to determine
average treatment cost of effluent in $/MG, including
amortized capital investment.

Divide only annual operating cost by result of Step 4

to determine average treatment cost of effluent in
$/MG, excluding amortized capital investment.
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TABLE E-1

SEWAGE TREATMENT PLANT CONSTRUCTION COST
INDEX RATIOS: JANUARY 1972/YEAR BUILT*

YEAR FACT&?
1957 ’j;j;;'—““
1958 1.69
1959 1.66
1960 l1.64
1961 1.63
1962 l.61
1963 1.58
1964 | 1.56
1965 1.54
1966 1.48
1967 1.44
1968 1.39
1969 1.30
1970 1.20
1971 1.08
1972 1.00

*Derived from FWPCA, Department

of Interior, Dec. 1967, and Treat-
ment Optimization Research Program,
Advanced Waste Treatment Research
Laboratory, Cincinnati, Ohio
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CONVERSIONS FROM ENGLISH UNITS TO METRIC UNITS

APPENDIX F

Customary Units

Metric Units

Multiplier
Symbol Symbol
Description Reciprocal
Multiply By To Get
Acre ac 0.4047 ha 2.471
British thermal unit Btu 1.055 kJ 0.9470
British thermal units Btu/cu ft 37.30 J/1 0.02681
per cubic foot
British thermal units Btu/lb 2.328 kJ/kg 0.4295
per pound
British thermal units | Btu/sq ft/hr 3.158 J/m?sec 0.3167
per square foot per
hour
Cubic foot cu ft 0.02832 m3 35.31
Cubic foot cu ft 28.32 1 0.03531
Pounds per thousand 1b /1000 0.01602 kg/m3 day 62,43
cubic feet per day cu ft/day
Cubic feet per minute cfm 0.4719 1/sec 2.119
Cubic feet per minute cfm/1000 cu ft 0.01667 1/m3 sec 60.00
per thousand cubic
feet
Cubic feet per second cfs 0.02832 m3/sec 35.31
Cubic feet per second cfs/ac 0.06998 m3/sec ha 14.29
per acre
Cubic inch cu in. 0.01639 1 61.01
Cubic yard cu yd 0.7646 m3 1.308
Fathom £ 1.839 m 0.5467
Foot ft 0.3048%* m 3.281
Feet per hour ft/hr 0.08467 mm/sec 11.81
Feet per minute fpm 0.00508 m/sec 196.8
Foot~pound ft-1b 1.356 J 0.7375
Gallon gal 3.785 I 0.2642
Gallons per acre gal/ac 0.00935 m3/ha 106.9
Gallons per day per gpd/lin ft 0.01242 m3/m day 80.53
linear foot
Gallons per day per gpd/sq ft 0.04074 m3/m2 day 24.54
square foot
Gal}ons per minute gpm 0.06308 1/sec 15.85
Grain gr 0.06480 g 15.43
Grains per gallon gr/gal 17.12 mg/1 0.05841
Horsepower hp 0.7457 kw 1.341
Horsepower-hour hp-hr 2.684 MJ 0.3725
Inch in. 25. 4% mm 0.03937
Knot knot 1.852 km/h 0.5400
Knot knot 0.5144 m/sec 1.944
Mile mi 1.609 km 0.6215
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Appendix F

(Continued)

Customary Units

Metric Units

Multiplier
L Symbol Symbol
Description Reciprocal
Multiply By To Get
M@les per hour mph 1.609 km/h 0.6215
Million gallons mil gal 3785.0 m3 0.0002642
Mlélion gallons per mgd 43.81 1/sec 0.02282
ay
Miélion gallons per mgd 0.04381 m3/sec 22.82
ay
Ounce oz 28.35 g 0.03527
Pound (force) 1bf 4.448 N 0.22438
Pound (mass) 1b 0.4536 kg 2,205
Pounds per acre 1b/ac 1.121 kg/ha 0.8921
Pounds per cubic foot 1b/cu ft 16.02 kg/m3 0.06242
Pounds per foot- 1b/ft 1.488 kg/m 0.6720
Pounds per horse- 1b/hp-~hr 0.1690 mg/J 5.918
power-hour
Pounds per square 1b/sq ft 4.882 kgf /m? 0.2048
. foot
Pounds per square psi 703.1 kgf/m2 0.001422
inch
Pounds per square psi 6.895 kN/m2 0.1450
inch
Square foot sq ft 0.09290 m?2 10.76
Square inch sq in. 645.2 mm?2 0.001550
Square mile sq mi 2.590 km?2 0.3861
Square yard sq yd 0.8361 m2 1.196
Ton, short ton 0.9072 t 1.102
Yard yd 0.9144* m 1.094

*Indicates exact conversion factor.

Note:

Standard gravity, g =

The U.S. gallon is assumed.

gallon is required, multiply factor by 1.201.

9.80665* m/s2

32,174 ft/s?.
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APPENDIX Form Approved
¢ 0.M.B. No.158-S 72012

When completed mail to SCS Engineers, 4014 Long Beach Boulevard,
Long Beach, California 90807

SURVEY OF TREATED MUNICIPAL WASTEWATER REUSE

GENERAL INFORMATION

1.

Full name of responsible agency producing the treated waste-

water:

Address:

Telephone numbers: Office:

Plant:

Name of agency manager:

Title: Alternate contact for

technical information: Name:

Title:

What year did you begin reclaiming treated effluent? 19
SEWAGE INFLUENT INFORMATION

Daily influent raw sewage flow volume:

a. Average: MGD

b. Range: MGD min. to: max.

Influent raw sewage type of waste (estimated percentage)

a. Municipal: %
b. Industrial: %
Specific industrial wastes - list the industrial wastes, if

any, which exert a significant effect upon the chemical char-

acter of the influent raw sewage:
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4. Remarks: Please add any information which indicates that
your raw sewage characteristics are different from the nor-
mal range of municipal sewage. For example, significant

infiltration of saline ground water causing high TDS, etc.

C. TREATED WASTEWATER EFFLUENT INFORMATION

1. Volume:

a. To reuse: Average: MGD

Range: MGD min. to MGD max.
b. To other disposal: Average MGD
Range: MGD min. to MGD max.

c. If reuse is seasonal describe seasonal variations in

volume reused:

2. Quality: Describe, or attach, typical quality character-
istics of the treated wastewater for reuse:

a. BOD, ppm:

b. Suspended solids, ppm:

¢, Total Dissolved Solids, ppm:

d. Sodium, ppm:

e. Chlorides, ppm:

£f. pH:

g. Coliform, MPN:

Heavy metal ions, if significant:
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i. oOther significant characteristics, if any, e.g., color,

nutrients, etc.:

TREATMENT FACILITY COST INFORMATION (attach budgets or other

helpful cost information)

1.

Year treatment plant built: 19 , capacity: MGD,

Type of treatment: (primary, secondary, or
tertiary)
Original cost: § , construction cost only; do not

include costs for land, engineering, financing, and admini-
stration.
Significant additions:

Brief description Year Cost

Operating cost in 1971, (excluding amortization) total:

$

a. Labor: $

b. Supplies: §

c. Utilities: §

d. Other: ¢

State your average cost (including capital amortization)

per unit volume of water produced for reuse: $

per MG.
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Estimate your average cost (including capital amortization)
per unit volume of water treated, if no reuse were practiced:
$ per MG. In other words, how much would it cost
you to treat the same municipal waste sufficiently to meet

regulatory agency discharge requirements to disposal other

than reuse.
What are your charges for reclaimed water sold: $

MGD. If graduated, explain:

What were your total revenues from sale of reclaimed water

in 1971? § .

SYSTEM RELIABILITY INFORMATION

1.

Estimate the percentage of time that the treatment facility
does not meet the volume and quality demands of the reclam-
tion use: %

Briefly describe the quality monitoring safeguards on your

reclaimed water, such as chloride residual analyzer, turbidity

meter, conductivity meter, etc.:

Indicate how essential to the user is the maintenance of
the reclaimed water supply. In other words, can the user
tolerate interruptions in his supply or must the reliability

be equivalent to that of a municipal water supply?
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4. Briefly describe your most serious problems in meeting the
volume and quality demands of producing reclaimed water for

your reuse situation:
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Form Approved
O.M.B. No. 158-5 72012

When completed mail to SCS Engineers, 4014 Long Beach Boulevard,

Long Beach, California 90807

RECLAIMED WATER USER INFORMATION:

The producing agency and the using agency are often the same,
or the producing agency may be able to answer all questions in
this section, and in such cases the responder is requested to
continue furnishing data. If the user is better able to answer
these questions then please detach this section and send it to
the user for his completion. If there is more than one user,
please xerox and send additional copies or advise SCS Engineers
to do so.

1. Name of responder to this section:

2. Full names of the users of the treated wastewater:

3. User address:

4. User telephone number:

5. User name of manager:

Title: Alternate contact for tech-

nical information. Name:

Title:

6. Describe purpose for which treated wastewater is used; i.e.,
specific reuse application. Be as specific as possible;

e.g., if irrigation, designate the specific crops grown:
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7. Describe the water quality criteria necessary for the speci-
fic reuse application. In other words, what physical and
chemical characteristic limitations are imposed upon the re-

claimed water supply?

8. If other water sources are used for blending or standby
supply. briefly describe the source and how it relates to

the reclaimed water;

9. Describe additional treatment provided the reclaimed water,

if any, by the user:

10. Describe quality safegquards, if any, installed by the user

to protect against sub-standard reclaimed water supply:
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11, Describe significant problems, if any, encountered by the

user as a result of using reclaimed municipal wastewater:
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Form Approved
O.M.B. No. 158-5 72012

When completed mail to SCS Engineers, 4014 Long Beach Boulevard,
Long Beach, California 90807

G. DETAILED DESIGN INFORMATION

The producing agency may have the detailed design information
requested below and in such cases the responder is requested
to continue furnishing data. If not, please detach this sec-

tion and send it to your design engineer for his completion.

It is the object of this section to obtain general design cri-
teria used in design of the major reclamation plant processes.
Emphasis is upon advanced secondary and tertiary treatment units.
Primary and conventional secondary treatment processes should
be only briefly described. Please attach any reports, diagrams,
etc. which will assist in understanding your design:

l. Full hame of the design engineer firm:

2. Engineer address:

3. Engineer telephone no.:

4. Name of responding engineer:

Title:

5. Design capacity: MGD
6. Briefly describe primary treatment processes. For example,
"screening followed by gravity settling" would be suffi-

cient:
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Briefly describe conventional secondary treatment processes,
including secondary clarifiers and its important design

parameters. Several typical examples follow to guide you.

Example No. 1 - Activated sludge, conventional spiral flow,
6 hour retention, 2000 ppm mixed liquor suspended solids,
30 percent sludge recirculation rate, 600 ft3 air per 1b
BOD removed, gravity circular secondary clarifier with

overflow rate of 800 gpd per ft2.

Example No. 2 ~ Oxidation pond, surface area 25 acres, aver-
age depth 5 ft, average retention 25 days, 5 day BOD loading

50 1lbs/day/acre.

Example No. 3 - Trickling filter, plastic media, 10 ft deep x
40 ft diameter, 3:1 recirculation ratio, gravity circular

2
secondary clarifier with overflow rate of 600 gpd per ft

Describe/below your design parameters for advanced secondary
or tertiary treatment utilized. This might include chemical
coagulation and sedimentation, filtration through sand or
other media, microstraining, carbon adsorption, ammonia
stripping or anaerobic denitrification, desalting with

reverse osmosis, electrodialysis or ion exchange resins,
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aerated polishing ponds, and so forth. We are especially

interested in obtaining complete information in response

to this guestion. Accompanying reports, diagrams, etc.

will be appreciated:

Storage facility for treated water intended for reuse:

a. Type:
b. Capacity: MG
c. Average storage period: days

Distance between producer and user that reclaimed water is

transported for reuse: Miles

Alternate disposal method if normal reuse is not feasible:
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