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EXECUTIVE SUMMARY

Discussion of Report

Part One: This report examines the feasibility of constructing a
recreational lake and related dryland facilities at the Tucson
Detention Besin Flood Control Project, using treated effluent from
the Randolph Park Wastewater Treatment Plant to fill and maintain
a recreational lake.

While the basin will continue to serve its primary function as a
flood control device, the lake would serve a second, much needed,
function: as a recreational facility, for boating, fishing, and
limited continuous body contact activities.

One plan suggests that the lake initially be filled with groundwater,
only later utilizing treated effluent from the Randolph Park Waste-
water Treatment Plant (1.75 miles northeast of the detention basin)
for water level maintenance. :

Another plan recommends that the Take be filled and maintained with
treated effluent not used for Randolph Golf Course; Randolph (Reid)
Park would then continue, as it does currently, to use groundwater
for its irrigation.

Part Two: The detention basin is located within the Santa Cruz River
drainage area, in which the predominant soil materials are clayey
sands, irregular occurrences of sandy clays, and borderline sands
having a 3% to 19% moisture content.

Due to an absence of cacti (saguaro or other), a desert "indicator,"
and the presence of trees such as cottonwood and mesquite, this site
is significantly different from the surrounding environment. It
might be appropriate to call it a transitional zone, an area between
desert-grasslands and forest zones, attributable to the additional
moisture available in the detention basin.

The proposed recreational lake is not likely to destroy or seriously
disrupt rare or endangered flora and fauna. Various commercial,
industrial, and residential activities have, in the past, sufficiently
disturbed this area so that it is now reasonable to assume that any
damage to rare and endangered species has already been done.

Part Three: A comparison of the physical, biological, and chemical
properties of the Randolph Wastewater Treatment Plant effluent with
the water quality requirements for recreational use (as established
by the Arizona Department of Health Services) reveals that a reduc-
tion in suspended solids and nutrients is necessary to meet the




recreational water quality requirements. (Treatment alternatives
are discussed in Part 5.) Furthermore, since the Randoiph Waste-
water Treatment Plant serves an established residential area, the
overall quality of the effluent is not anticipated to change.

Part Four: Due to an inadequate sewage collection system, the maxi-.— " !
mum influent that can be delivered to the Randoiph Park Wastewater

Treatment Plant falls short of the plant's design capacity by 0.5

mgd. Since no effort to correct this inadequacy is foreseen, all

calculations used to determine the quantity of effluent available

for the Ajo Wet Park have been based on the current influent and

effluent rates.

Water losses in the recreational lake due to evaporation, vegetation
transpiration, and so on, total approximately 10% of the flow from
the Randolph plant. Based on the current Randolph Park Wastewater
Treatment Plant operating level, and considering the water loss rate,
the maximum lake size was calculated to be 8.0 acres. Using the
more substantial Randolph plant capacity figure (1.5 mgd), the maxi-
mum take size is then calculated to range from 61 to 98 acres depend-
ing upon the quantity of additional effluent that will be made avail-
able for the lake.

Stormwater and Tucson Electric Power Company blowdown water were also ,
considered, but rejected, as possible sources for the Ajo Wet Park. !

Part Five: There are various processes that may be used to bring the

Randolph Park effluent up to the required water quality standards.

Land treatment, filtration, microscreening, carbon adsorption, phos-

phorus removal, nitrogen removal, and the use of polishing ponds are

tertiary processes worthy of consideration. However, due to the high

initial cost, carbon adsorption might prove an unattractive alterna-

tive. ’

Likewise, microscreen units are expensive and require additional
operating costs. Polishing ponds, on the other hand, can reduce the
settleable solids, BOD, and fecal coliforms, and, with the introduc-
tion of fish, could serve as a nonboating fishing area.

Part Six: The quantity and quality of effluent processed at the
Randolph Wastewater Plant are inadequate to maintain a fishing and
boating lake of the Ajo Detention Basin without extensive capital
improvements. These capital improvements include a 0.5 mgd raw sew-
age pumping station; a 0.81 mgd two stage tertiary lime treatment
plant to reduce phosphorous and heavy metals; an ammonia stripping
plant to remove ammonia and reduce total nitrogen; and a filtration
plant to reduce turbidity and suspended solids.

ii




B.

PART 1
GENERAL

PURPQSE:

The purpose of this report is to study the feasibility of using
treated effluent from the Randolph Park Wastewater Treatment
Plant to fill and maintain a recreational lake and park located
at the Tucson Detention Basin Flood Control Project. The lake
should be adequate for fishing and boating with only incidental
body contact. The results of this study will be used to make
future planning and design decisions concerning the Ajo Wet
Park project.

SCOPE:

The objectives of the report are as follcws:

1. Study and discuss the properties of the proposed Ajo Wet
Park site. i

2. Study and discuss the quantity and quality of the Randoiph !
Park Wastewater Treatment Plant Effluent.

3. Estimate the existing and future quantity of effluent avail-
able for use in the Ajo Wet Park Lake.

4, Prepare alternate concepts, with estimate of the construc-
tion, operating and maintenance costs for treatment of
secondary plant effluent for use at the Ajo Wet Park Lake.

5. Discuss the feasibility of lake development.

INTRODUCTION:

The Pima County Parks and Recreation Department, in cooperation
with the U. S. Army Corps of Engineers and the City of Tucson,
has developed plans for a recreational lake and related dryland
park facilities to be built at the Tucson diversion channel
flood control basin.

The project is located in eastern Pima County, just outside the
city limit between Campbell Avenue and Country Club Road
(Figure 1.1). While simultaneously maintaining the basin's
primary function as a flood control device, the lake is to be
established to provide recreational boating and fishing for the

1-1
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FIGURE 1.1
PROJECT LOCATION




immediate area, which has been shown, by surveys and public
meetings, to be significantly lacking in such facilities.
Swimming and other continuous body contact with the lake water,
however, will not be encouraged.

The lake could initially be filled with water pumped from the
ground, but once full the water level would be maintained with
treated effluent from the Randolph (Reid) Park Wastewater Treat-
ment Plant, which is located about 1.75 miles northeast of the
detention basin at the intersection of 22nd Street and Alvernon
Way.

The existing site has been analyzed by the Pima County Parks
and Recreation Department and the Corps of Engineers; a rough
illustration of this analysis is in Figure 1.2. Figure 1.3
represents the topography of the existing detention basin and
its associated levees and drainage channels.

The proposed park will be planted with native vegetation and
will feature a boat launching area, fish cleaning station,
trails for hiking and bicycling, restrooms, ramadas, parking
lot and a sewage treatment area. A conceptual drawing of the
completed park with a 60 acre lake is in Figure 1.4.

The original design developed by the Corps of Engineers and Pima
County Parks and Recreation Department included a pump station
and pipeline to return water from the lake to Randolph (Reid)
Park for irrigation. An alternate plan suggests that effluent
not used for Randolph golf course be used to fill the lake;
Randolph (Reid) Park would continue, as it does currently, to
use groundwater directly for its irrigation.

1-3
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PART 2

PRESENT PHYSICAL, CHEMICAL
AND
BIOLOGICAL PROPERTIES OF THE DETENTION BASIN SITE

The detention basin is approximately 120 acres in area with a peri-
meter consisting of a 20 ft. wide berm. The low flow channel through
the basin is about 2447 ft. long from inlet to outlet. The inlet
structure, on the northeast side of the basin, is 46 feet across the
channel bottom at its opening into the basin, and the outlet structure,
on the southwest side, is 60 ft. across, narrowing to 15 ft. entering
the outlet channel. A 24" corrugated metal pipe overflow structure

is imbedded in the berm (levee) on the southwest perimeter, about half-
way between the inlet and outlet structures.

There is a sand extraction operation and borrow pit excavation in the
northeast part of the basin, about 500 ft. from the inlet, and a chip
stockpile southwest of the inlet used by the Pima County Highway Dept.
In addition, concrete and asphalt debris has been dumped in this same
general area. None of these operations will deter or affect the con-
struction of a lake and park.

The basin is situated within the Santa Cruz River drainage area. Out
of 10 soil test holes drilled to a depth of 30 ft., none encountered
groundwater; however, a 1972 U.5.G.S. map of depth to water in wells
indicates a probable depth to water of 100 to 200 ft. in the basin
area., The predominant materials in the test hole samples were clayey
sands with irregular occurrences of sandy clays and borderiine sands
having a 3% to 19% moisture content range, with a moisture content of
10% being average. Materials in the southern half of the basin are
cemented to some degree by caliche, and caliche (a soil cemented by
calcium carbonate) forms a solid pavement in front of the inlet (Soils
Investigation Report, Corps of Engineers).

Surface winds in this region of Arizona are light most of the time,
with an average annual velocity of about 8.1 mph from the southeast.
There are no important seasonal changes in either prevailing direction
or velocity, highest velocities usually occurring with winds from the
southwest and east to south. Maximum velocities at Tucson International
Airport rcach 59 mph, with an annual average maximum velocity of about
35 mph (NOAA Climatological Data). Temperature data is in Figure 2.1
and information on sunshine is in Table 2.71.

There are two Hohokam sherd sites, ca 900-1300 A.D., located within
about one mile of the detention basin. One of the sites, currently
occupied by an abandoned service station, is at the southwest corner
of Ajo Way and Palo Verde Road; the other is located north of Irving-
ton Road, between Country Club Road and I-10, on the north bank of
Julian Wash.

2-1
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PERCENT OF POSSIBLE SUNSHINE AT TUCSON INTERNATIONAL AIRPORT

ANNUAL
MONTH J F M A M J J A S 0 N L AVERAGE
% OF POSSIBLE
SUNSHINE
(1948-1954 AVERAGE) 78.6|84.0|82.8]|88.0193.0(93.3|73.8/82.8|82.4}91.3]90.1]80.0 #5.0

Source:

The Climate Of Arizona, H. V. Smith, 1956.
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There are, however, no records of archaeological sites or other cul-
tural resources within the detention basin itself.

Furthermore, there are no mineral deposits within the basin site.
The soil is strongly calcareous, and is moderately alkaline with a
pH between 7.9 and 8.4. It has a high corrosivity to uncoated steel
and a low corrosivity to concrete. Since the lake will be lined,
these properties should not affect the quality of the lake water.

Although disturbed in recent years, this site appears to be a
desert-grassland biotic community of the high Lower Sonoran and low
Upper Sonoran life zones. The former life zone is represented by
plants such as paloverde (Cercidium), creosotebush (Larrea), and
mesquite (Prosopis), while shrubs (e.g. Baccharis, Psilostrophe) and
grasses (e.g. Sorghum, Phalaris) comprise the latter zone. There
are two main reasons for describing this community as a combination
of desert and grassland. One is the lack of saguaro cacti, a Sonoran
desert "indicator" species. In fact, no cacti of any species are
found in the detention basin. Secondly, at altitudes below 3,000
ft., grassland shrubs and grasses flourish in the low, flat areas
frequently inundated by seasonal storms.

The absence of cacti and the presence of large trees (i.e. Populus
fremontii) usually found near streams make this area (elevation
2500") significantly different from the surrounding environment.

It might be appropriate to call it a transitional zone, an area
between desert-grassland and forest zones, attributable, clearly
enough, to the additional moisture available in the detention basin.
Moreover, the deciduous riparian forest community includes cotton-
wood (Populus), mesquite, and blue paloverde, which also grow in
artificially created habitats where human activities have changed
the drainage pattern of the landscape (Turner, 1974).

The existing basin and levees have obviously affected the distri-
bution and composition of local vegetation. Although most of the
levees are sparsely covered with grasses and shrubs, the inner slope

of the northwest levee has a noticeably denser cover of creosote-

bush, paloverde, and mesquite trees, due to the prevailing pattern

of drainage toward the Santa Cruz River. Also, plants (e.g. Baccharis,
or Desertbroom) in the bottom of the basin are gradually being

buried by sediments brought in when the basin is flooded by storm
runoff.

During the period of initial observations, jack rabbits (Lepus),
quail (Lophortyx gambelii), and a few lizards were seen. It is
reasonable to assume that animals such as javelina (Pecari) and
deer (Odocoileus) once inhabited the site but have since been dis-
placed by urbanization. In addition, this nearly riparian forest
habitat, though artificial, is probably a nesting site for game
birds including whitewing doves (Zenaidura asiatica), and the pre-
viously mentioned Gambel quail.

2-4
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The proposed recreational lake construction is not likely to destroy
rare or endangered fauna or flora. Previous ecological studies have
shown that the Arizona desert flora has relatively little true
endemicity (Lowe, 1964). The detention basin site has no features
which qualify it as a unique habitat. There are no geographical or
climatic isolating mechanisms that could allow speciation to occur
through genetic divergence between populations of a given organism.
Since the construction of the lake and its supporting facilities
will not occur near the basin inlet, the riparian forest habitat
should remain undisturbed. Furthermore, the area has already been

severely disturbed by various commercial, industrial, and residential

activities; it is reasonable to assume, therefore, that the damage
to rare and endangered species has already been done. In addition,
disturbances of either natural or artificial habitats often lead to
crossbreeding (Blair, 1961).

Grasses likely to colonize the lake shore are those found at the
basin bottom adjacent to the inlet (e.g. Sorghum halapense), and

in other low spots where water tends to accumulate (e.g. Phalaris
caroliniana). Some of the Sorghum was infected with a fungus
resembTing ergot (which is any fungus of the genus Claviceps), many
of the seeds being replaced by black, powdry masses which are pro-
bably the dried sclerotia of the fungus.

Finally, it is important to note that this report is based on
observations made during the late spring flowering season. Vegeta-
tion is more abundant at this time of year than at any other. On
the other hand, while some plants bloom at any time of the year and
may appear to be more abundant than this report would indicate,
others bloom earlier or later and are not included at all.
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PART 3
QUALITY OF RANDOLPH EFFLUENT

The physical, biological, and chemical properties of the effluent
from the Randolph Wastewater Treatment Plant are shown in Table 3.1.
The type of effluent treatment that is needed for these properties
are compared to the water quality requirements for recreational use
established by the Arizona Department of Health Services. These
water quality standards are shown in Tables 3.2 and 3.3. These
wastewater reuse guidelines were based on (1) the "Rules and Regula-
tions for Reclaimed Wastes," Article 6, Part 4, by the Arizona State
Department of Health, in which the minimum level of treatment speci-
fied is "secondary treatment," and (2) specific Federal criteria for
what constitutes "secondary treatment". It should be mentioned that
the EPA guidelines are more stringent than those of the State, 30
mg/1 BOD compared to 35 mg/1 BOD, and 30 mg/1 total SS compared to
35 mg/1 total SS for the state. These two values have been incor-
porated in Table 3.2, the values in parentheses reflect the antici-
pated change in the State guidelines to match the existing, more
rigorous Federal quidelines.

An analysis of these three tables reveals that by reducing the level
of suspended solids and nutrients, the effluent would meet recrea-
tional water quality requirements. The treatment process that could
be used are discussed in Chapter 5.

The residential area that the Randolph plant serves is well estab-
lished and not likely to change radically in the near future. There-
fore, no major changes in the quality of the effluent during the 1ife
of the wastewater treatment plant are anticipated.

The following is a description of some of the parameters given in
Table 3.1 which are used to evaluate the suitability of effluent for
reuse:

A. Dissolved solids is a general term used to describe the mineral
content of water. Total dissolved solids (TDS) consist primarily
of sodium, potassium, calcium and magesium cations and carbonate,
chloride, sulfate and nitrate anions. OQther constituents usually
present in small amounts may be silver, arsenic, iron, chromium,
cadmium, lead, mercury, copper, zinc, etc. Generally speaking,
water with a TDS of less than 1000 mg/1 is considered fresh; a
TDS from 1000 to 10,000 mg/1 is considered brackish; a TDS from
10,000 to 25,000 mg/1 is considered saline; and a TDS greater
than 25,000 mg/1 is considered seawater,

B. Biological Oxygen Demand (BODg) is the most widely used parameter
in describing organic pollution, applied to both wastewater and

3-1




QUALITY OF EFFLUENT

PARAMETER

Facal Coliform
N/100 m.1.

5 Day BOD
mg/1

Dissolved Oxygen

Turbidity
Jackson Turbidity Units

pH

Suspended Solids
mg/1

Settleable Solids
mg/1

Chlorine Residual
mg/1

Total Dissolved Solids
mg/1

Phosphates (as-PO4)
mg/1

Iron (mg/1)
Nickel (mg/1,
Cadmium (mg/1)
Chromium (mg/1)
Copper (mg/1)
Zinc (mg/1)

Lead (mg/1)
Manganese (mg/1)

NITROGEN SPECIES

Ammonium Nitrogen
(as N) mg/1
Nitrate Nitrogen
{as N) mg/1

Nitrite Nitrogen
(as N) mg/1

RANDOLPH EFFLUENT

(Aver

279

15

1.

486

o 0O 0O 0O 0O o0 O o o

age)

.65
.06
.08
.03
.36
.39
.04
.05

HIGH LOW

45.3 7.

2.6

5.8

1

14

.02

MEDIAN

20.2

1

1

.5

A

TABLE 3.1
QUALITY OF EFFLUENT
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b) Yo limit on concentration.

c) Based on "Effluent Parameters for eclaimed uastes,’

of Aeaith. Aoril, 1972.
*} Obtained oy telepnone.

Figures in Jarentheses are anticioated future standaras.
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EFFLUENT QUALITY REQUIRE-
MENTS FOR VARIOUS USES




o

[ e,

INTHILYM

SN
50070
002°0

SN

SN

SN
05070
oo o

SN
0oL o
005°0
000" L
050°0

SN

00270

D0
IO

onoy

0007
0001

AD01STIAL

"6L61 ‘8 dunp ‘[13Un0)
1043U0) A1y[enh 437PH BUOZLJY °SJ3IEM 3DPJUNG 404 SPJPPURIS AJL[eny JIIPM :IJYNOS

‘SWeauI§ pajeutuog Juan(J43 03 os(e sayjddy -3
©19M0| SL 3sn Syl 129304d A}djenbape 03 A4eS$S3D3U UOL1ILAIUIIUOD wNWXeW Jy)

‘UGEIIATAP §O [IAI] WNWHULW JUILIND YT 3P 23S S ISH SIyY) 40) UOLIPAIUIILOD wnwiXew Y] I
NOILOVY¥4 Q3AT0SSIA - @

*SIINYISENS IDVHL TWIOL - 1 "QHVONVLIS ON - SN :21Qe) Siy) UL PIsn uo13eiAaduqQy °p

“1/6w (000 S! UOLIPJIUIIUOD UNLLPR) wnwIXew *Jeiqey K43ysS)y 4ajem plod 40§ D

*49qWnU ® 329(3s A[ajenbape 01 ISN SLY} J40J sioeNe ISJIAPe IN0GE UMOUY S| I[IFI| 001 °Q

°S,000-02-6Y4 ‘Y'Y D'y 335 *ISN3J J3jemdIsem 3094 |p 03 3|qedj|dde sIjwi| 404 "@

SIION
SN 500170 NYHL SSI1 SN SN SN (W10L) 3014108
SN 5000 a 500°'0 S00°0 SILION M4
SN 20200 NVIIL SS31 ==~ 0020 002°0 (SIXI1dW0D m NOL JOINVA) SY) SIGINVAD
SN 020°0 SN SN SN (L1N Q3ZINOT-ND SY) VINOWWY
1 000" 01 g 0050 9 M SN (uz sv) NIz
SN 0 050°0 a0 q 050°0 Q0 0500 (by SV) ¥aAlIs
10200 q--- a " a oo a0t0°0 (35 SY) WNINITIS
Q" ol 200°0 NWHL SS3T o--- 1200°0 12000 (P11 SY) ANNDYUIN
17'000° 0t SN Q SN SN (Ul SY) ISINVONVW
1 000°01 40 050°0 NVHL SS3T o=~ a0s0°0 a0 050°0 (ad sv) avn
L 000°S 1 050°0 a7 SN SN {2 SY) ¥1440)
1 000t 0 050°0 g Q 050°0 0 0S0°0 (INITWAIML § INTTIVAVXIH “4) SY) WNIWONI)
1 n050°0 50 010°D a 1010°0 10100 (P SY) WNIWOY)
1 000" 1 SH q SN SN (8 sv) woxod
SN SN 9 Q 000"t a4 000° L (eq Sv) walyve
10002 0 050°0 Q" Q 050°0 g 050°0 (SV_SY) _2INISHY
(/9% WAWTXVW) (STINVISHNS TOVAL
SN S0 S0 S0 SN ID¥VHISIG JLSYM OL ING JONVHD WIWIXVH '€
S¥ S°9 59 59 SN WIWININ "2
06 06 9°8 9°8 SN Ez:i,ww
gt
000% 000% 000t 008 000V 0339%3 LON TVIIS 31dWVS ITINIS €
03323 10N TWHS

0002 0002 0002 00t 0002 G01¥3d AVQ OF HOJ SIVIWVYS 40 Z0t "2
0001 000t 0001 002 0001 (WOWINTW 319WYS G) NVIW DTYHLINOID L
(18 001 / SLIND)  WHO4110D TWIIN

NOTLYDIHNT AQ09 WIL¥Vd  AGO9 1R

ERTR A ET INNOS
NV D1LVNOV NOTLY N YLV 311SIH00
S50 N1177104d 411 WV

SISN A1DTLONd HOS SOMVANYLS D141034S

TABLE 3.3a

SPECIFIC STANDARDS
FOR PROTECTED USES
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SPECIFIC STANDARDS
FOR PROTECTED USES
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surface waters. This parameter is a determination of the rela-
tive amount of dissolved oxygen that is used by micro-organisms
in the biochemical oxidation of organic matter.

Suspended solids (SS) generally describes the organic and inor-
ganic particles that are not dissolved. Approximately 75% of
suspended solids are organic in nature, generated by both plant
and animal life. Organic compounds consist of combinations of
carbon, hydrogen and oxygen. Other elements such as sulfur,
phosphorus and iron may also be present. Suspended solids also
encompass an ever increasing amount of synthetically produced
organics ranging from very simple to extremely complex in struc-
ture. These synthetically produced organics include substances
used as surfactants, phenols and agricultural pesticides. The
presence of these substances has complicated wastewater treat-
ment in recent years because many of them cannot be, or are
very slowly, decomposed biologically.

The Fecal Coliform count is a measurement that generally indi-
cates micro-biological content inciuding viruses and pathogenic
organisms. Fecal Bacteria of the coliform group are primary
indicators of fecal contamination and are of sanitary signifi-
cance. Fecal coliform bacteria is often used to monitor recrea-
tional water quality.

Phosphorus in its elemental form can be toxic to man and accumu-
lates in much of the same way as mercury. Phosphorus as phos-
phate is a nutrient which is essential for plant 1ife. Phosphate
stimulates growth of aquatic plants such as algae which can
result in eutrophication.

Nitrogen comes in several forms - two gases, moleculars nitrogen
and nitrous oxide, and also in five nongaseous forms of combined
nitrogen, ammonia nitrite and nitrate, and amino and amide groups
all of which are a significant part of the nitrogen cycle.

Ammonia, organic nitrogen, nitrates and nitrites are the forms
of nitrogen that are significantly present in wastewater.
Organic nitrogen and ammonia both of which are discharged in
human wastes are, generally speaking, the initial forms of
nitrogen present in sewage. As time progresses, bacterial
action converts the organic nitrogen into ammonia, and then,
under aerobic conditions, the ammonia is oxidized to nitrites
and nitrates. Under anaerobic conditions nitrates are reduced
to nitrites. Nitrites under anaerobic conditions will be further
reduced to nitrogen gas, or to a lesser degree, to ammonia. The
relative proportions of these forms of nitrogen, therefore, are
indicators of the freshness of wastewater and the quality of
treated effluent.
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Organic, ammonia and nitrite nitrogen present in wastewater
treatment piant effluent will exert an oxygen demand in the
receiving waters. In addition, the n:trate form of nitrogen
will serve as a nutrient for aquatic plants and will promote
eutrophication of lakes.

3-7




PART 4

QUANTITY OF EFFLUENT

RANDOLPH PARK EFFLUENT:

The proposed source of water for the Ajo Wet Park is the Randolph waste-
water treatment plant. This facility is an activated sludge plant
designed to treat 1.5 mgd. Presently, the maximum influent that can

be delivered to the plant is approximately 1.0 mgd. This is due to the
inadequacy of the existing sewage collection system.

Mr. Dave Johnson, of the Tucson Water and Sewer Department, stated that
by constructing a 1ift station and one-half mile of pipeline, additional
flow could be obtained. He estimated that there would be enough addi-
tional influent to run the Randolph plant at its maximum capacity. How-
ever, since it is unknown whether or not the funding for the lift station
and pipeline can be obtained, calculations for the size of the lake will
cover the following three possible situations:

1. Existing conditions remain the same.

2. Flow to the Randolph Wastewater Treatment Plant is increased and
the effluent in excess of the golf course requirements is utilized
by the proposed lake.

3. Flow to the Randolph Wastewater Treatment Plant is increased and
all of the additional effluent is utilized by the proposed lake.

The size of the proposed lake is determined by evaporation, seepage,
precipitation, and the available quantity of effluent.

EVAPORATION:

The loss of water due to evaporation was determined using pan evapora-
tion information from the National Ocean and Atmospheric Administration
(NOAA) Environmental Data Service. This data was collected at the
University of Arizona weather station. These values were then multi-
plied by 0.7 to obtain approximate Take evaporation rates (0.7 is the
conversion factor recommended by the University of Arizona to convert
from pan evaporation rates to lake evaporation rates). Both the pan
and lake evaporation figures are shown in Table 4.1.

SEEPAGE:
Due to the permeability of the sands which make up the floor of the
basin, it is assumed that the lake bottom would be sealed. If the lake

bottom were sealed with a silty clay, the expected loss would be a drop
in water elevation of approximately one foot per year.
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TABLE 4.1

EVAPORATION DATA
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OTHER LOSSES:

Other losses that might occur from the proposed project include vegeta-
tion transpiration, tertiary treatment process losses in the transmission
of the effluent from Randolph to the Ajo Wet Park, and evaporation at

the Randolph plant. These losses were added together and approximated

to be 10% of the flow from Randolph plant on the following basis:

a. Filter Backwash - 5% loss.

b. Leakage - At a pressure of 8Q psi the allowable loss in an 8"
diameter pipe is 1.08 x 10 ~3 gal/ft/hour (AWWA). Therefore,
the annual loss would be:

(1.08 x 10 -3 gal/ft/hr) (24 hrs) (365 days) (5000 ft)
(7.48 gal/ft3) (43,560 ft3/acre)

= 0.15 acre/feet/year loss

c. Vegetation Transpiration - Assume vegetation occurs over 15% of
lake area. The consumptive use of this vegetation will be a
drop in water elevation of 2.5 feet per year. (Irrigation
Principles and Practices). Therefore, the annual Toss would be:

(15%) (2.5 feet) (Lake Size).

{Effluent Volume)
(Lake Depth)

9 feet, the annual loss would be:

Since the (Lake Size) = , and the (Lake Depth)

(15% (2.5 feet)
(9 feet)

% 1oss

(Effluent Volume) = 4% (Effluent Volume)

[]

PRECIPITATION:

The monthly precipitation data as obtained from the NOAA is shown in
Table 4.2. The precipitation was measured at four locations around
Tucson and averaged over five years from 1974 to 1978.

LAKE SIZE:

The calculation of lake size was done by computer, utilizing the com-
puter program found in appendix B. This program takes the monthly
effluent quantity, losses and minimum lake depth as input to calculate
the surface area, volume and depth for each month. The lake is assumed
to be twice as long as it is wide with 3 to 1 side slopes.
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The most important factor that determines the size of the lake is the
quantity of effluent. As mentioned previously, three possible situa-
tions which affect the quantity of effluent available for use at the
proposed lake have been considered. The first situation (existing con-
ditions remain unchanged) would result in the monthly water usages
shown on Table 4.3. It should be noted that these figures reflect the
new City of Tucson policy of planting (and irrigating) winter rye grass
at municipal golif courses. Prior to this winter there was no winter
irrigation requirement at the Randolph golf courses, thereby allowing
sufficient effluent to maintain an 18 acre lake. The new irrigation
requirement for winter rye grass leaves only enough effluent available
to maintain an 8 acre lake.

The properties of the 8 acre lake that could be maintained under the
existing conditions are shown on Table 4.4. Note that no groundwater
is to be used to maintain the elevation of the water in the lake. How-
ever, some source such as groundwater will be required for the initial
filling of the lake. Assuming a minimum depth of nine feet, it would
require 61 acre-feet to fill this 8 acre lake.

Since the water entering the lake from the Randolph plant is available
only in the winter the lake elevation will rise during this time. The
lake elevation will lower in the summer due to the high evaporation
rates. The monthly changes in the lake elevation are shown in Table 4.4.
It can be seen from this table that the fluctuation between the maximum
and minimum lake elevations is 6.0 feet.

If the funding can be obtained for the construction of the pipeline and
1ift station necessary to have the Randolph plant operating at full capa-
city, either the second situation (only the effluent in excess of the
irrigation requirements for the golf courses will be available for the
proposed lake) or the third situation (all of the additional effluent
will be available for the proposed lake) can occur.

The second situation would result in the monthly water usages on Table
4.5, The properties of the 61 acre lake that could be maintained by the
effluent in excess of golf course requirement are shown on Table 4.6.

As with the smaller lake, this lake would have to be filled initially
with some other source, such as groundwater. Assuming an average depth
of nine feet, it would require 528 acre-feet to fill the lake. Once

the lake was filled, the fluctuation between the maximum and minimum
lake elevation would be only 3.7 feet. This is an improvement over the
6.0 feet that was calculated for the smaller lake.

The third situation would result in the monthly water usages shown on
Table 4.7. The properties of the 98 acre lake that could be maintained
by all of the additional effluent are shown on Table 4.8. The ground-
water required to fill this lake would be 855 acre-feet, and the fluc-
tuation in lake elevation over a period of one year would be only 1.7
feet.
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98.
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9.0
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VOLUME
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967.
1003.
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855,
887.
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FT
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TABLE 4.8

PROPERTIES OF
98 ACRE LAKE




ALTERNATE SQURCES:

Two other sources that were considered for use at the Ajo Wet Park were
storm water and Tucson Electric Power Company blowdown water.

Storm water was determined to be an undesirable source since it arrives
in large quantities at infrequent intervals. This would require a
tertiary treatment plant with a large capacity. This would be very
uneconomical since it would remain idle most of the year.

The blowdown water also proved to be an unreliable source. As the
Tucson Electric Power Company transitions from natural gas and oil
powered generating stations to coal fired generating stations, there
will be less and less cooling tower water available. Also, additional
money would be required for modifications at the generating plant and
for construction of a pipeline between the generating plant and Ajo
Wet Park.




PART 5
ADDITIONAL TREATMENT

There are various alternative tertiary processes that can be used on
the Randolph Park effluent to bring it up to the required water
quality standards. Some of these processes and their efficiency in
treating secondary effluent are listed in Table 5.1.

[t was desired to keep the cost of the additional treatment and the
difficulty of operation to a minimum. Therefore, expensive methods
of treatment, such as reverse osmosis and ion exchange, were not
considered as feasibie options. The processes that were considered
are land treatment, filtration, microscreening, carbon adsorption,
phosphorus removal, nitrogen removal, and polishing ponds.

LAND TREATMENT:

The three major types of land treatment are irrigation, overland

flow, and infiltration-percolation. Since irrigation and overland
flow typically have low recovery rates ( 80%) they won't be considered
further. With a well developed recovery technique up to 97% of the
effluent treated by infiltration-percolation can be recovered.

Infiltration-percolation treats wastewater with a minimum of land
area and at a high rate. The maximum effluent that the land would
be required to handle occurs in December and January. Ouring these
two months a Toading rate of close to 0.5 mgd would be required. If
an application rate of 0.15 ft/day is used the land area required
for this treatment would be approximately 10 acres. During the
summer when there is no effluent to treat, the soil would be able to
rest, which would restore its infiltration and treatment capacity.

The two methods that could be used in recovering the renovated water
are pumping with wells or gathering it in underdrains. These are
illustrated in Figure 5.1.

FILTRATION: -

Granular media filtration and microscreening are normally used when

a reduction in suspended solids and BOD is desired. The major granu-
lar media filter configurations are shown in Figure 5.2. The down-
flow filters as shown in Figure 4.2, (a), (b) and (d) reguire back-
wash water that averages about 5 percent of the flow.

Qutdoor sand beds can also be used to treat the effiuent. The efflu-
ent is placed on one bed for 24 hours. The bed is then drained and
allowed to dry for one to two days. By intermittently operating
three beds in this fashion a three day cycle can be established.

This cycle can produce a high quality effluent. For a loading of
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APPLIED
TASTEWATER

PERCOLATION

(a) HYDRAULIC PATHWAY

FLOODING BASINS

PERCOLATION

¢ 7Y Cunsaturareo zowe)

GROUNDYATER

(b) RECOYERY OF RENOYATED WATER BY UNDERDRAINS

441y "

,‘ PERCOLATION
| (UNSATURATED ZONE) !
i

(¢) RECOVERY OF RENQOVATED WATER BY WELLS

RECOVERED

; i

FIGURE 5.1
RAPID INFILTRATION
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MEDIA
JEPTH
30"-40"

INFLUENT

UNDERDRAIN

CHAMBER

(a) CONVENTIONAL DOWNFLOW

' Sq§ SILIca 9 s

’
EFFLUENT

FILTER

|

q‘ SAND\)Q

'

(¢) DUAL MEDIA DOWNFLOW FILTER

OVERFLOW TROUGH
|

EFFLUENT

GARNE™
SanNo

- 3RID TQ
RETAIN

SAND

I~ UNODERDRAIN

9) UPFLOW

CHAMBER

INFLUENT

FILTER

UNCERQRAIN

SHAMBER

(@} MULTI.MED!IA DOWNFLOW FILTER

FIGURE 5.2

FILTER CONFIGURATIONS




0.5 mgd a sand bed size of approximately one acre would be required.

A microscreening unit such as is shown in Figure 5.3 is often used
to polish secondary effluent. However, such units are more expen-
sive in capital outlay and operating costs than the sand filters.
The microscreens also cannot produce the high quality that can be
obtained with a sand filter,

POLISHING PONDS:

Polishing ponds can reduce the settleable solids, BOD, and fecal
coliforms. I[f the retention time is greater than three days then
a reduction in phosphorus can also be obtained. However, there is
a gain in suspended solids as the retention time increases. The
relationship between various components of the wastewater and the
retention time is shown in Figure 5.4,

The required size of the pond is based upon the daily load it is
designed to treat. The following calculations would be typical for
the Randolph plant effluent:

Average BOD5 = 15 mg/]

Average Fiow = 500,000 gal/day
{December, January)

. . _ 1 1b. 3.78543 1
Daily Loading = 15 mg/1 x 753,597 g X gal x 500,000 gal/day
= 63 1b/day
Typical Loading on Tertiary Ponds = 15 1b/day-acre

Size of Pond = 63/15 = 4.2 acres

Fish could be introduced into the polishing pond which would help
reduce the suspended solids. This pond could then be used as a non-
boating fishing area.

To obtain a higher quality effluent, a rock filter, as shown in

Figure 5.5, could be added. A biological film forms on the rocks
which helps to filter the wastewater. Because this film is anaerobic,
a post aeration facility is required. This could possibly take the
form of a cascade which would enhance the aesthetics of the lake.

CARBON ADSORPTION:

This process consists of passing the secondary effluent through a
tank filled with carbon granules or carbon slurry. The impurities
are adsorbed by the carbon provided a sufficient retention time is
allowed. When the adsorption capacity of the carbon is exhausted it
must be replaced or regenerated.



FIGURE 5.3

TYPICAL MICROSCREEN UNIT
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The equipment that is required for this process consists of vessels
in which the carbon is held, piping, screens, and a regeneration
furnace. This expensive equipment results in a high initial invest-
ment. It is also possible that an operator would be required at

the tertiary plant on a daily basis. For these two reasons, this
type of treatment is an unattractive alternative.

PHOSPHORUS REMOVAL :

Phosphorus can be removed from the secondary effluent by the addi-
tion of lime or inorganic salts. These chemicals combine with the
phosphorus to form solids which settle out of the wastewater, In
addition to phosphorus removal, the addition of chemicals can result
in a significant removal of organic material. If settling alone is
used, the residual phosphorus can be reduced to 1.0 mg/1. [f higher
removals are desired, filtration must be used.

NITROGEN REMOVAL:

There are two general types of methods to remove nitrogen from waste-
water. The first tvpe encompasses the physical chemical methods

such as ionexchange, ammonia stripping, and break point chlorination.
These methods, with the possible exception of breakpoint chlorination,
are usu?1ly expensive.

The second type of nitrogen removal is the biological method. This
consists of conversion of the nitrogen in the form of ammonia to
nitrogen in the form of nitrate. This is accomplished by introduc-
ing oxygen into the effluent. If the quantity of the resulting
nitrate is unacceptably too high, then denitrification must be used.
The denitrification process converts the nitrate into nitrogen gas
which is allowed to escape to the atmosphere.




PART 6

FINDINGS AND CONCLUSIONS

In general it has been found that the effluent from the Randolph Waste-
water Treatment Plant is deficient in both quantity and quality for

the filling and maintenance of a recreational lake without extensive
capital improvements to the sewage collection system and the treatment
plant. The problem areas are summerized as follows:

A. The sewage collection system feeding the Randolph Wastewater Treat-
ment Plant cannot deliver sufficient sewage for the plant to oper-
ate at its design capacity.

B. The maximum lake size that can be maintained by the existing system
is 8 acres.

C. If the sewage collection system were to be improved, the quantity
of effluent treated at Randolph would be sufficient to maintain a
lake ranging in size from 61 to 98 acres, depending upon the
quantity of effluent retained for irrigational purposes at Randolph.

D. Regardless of lake size, a supplemental source of water will be
required for the initial filling of the lake, as well as for
domestic uses of the proposed wet park. Based upon the park
visitor estimates shown on Table 6.1, and assuming 12 hour daily
operation, and an average water demand of 15 gallons per person
per day, it was estimated that the proposed park would reguire a
200 gpm well. In addition, the following estimates were made:

1. For an 8 acre lake.

Daily visitors
Domestic water use 118,920 gallons per day
Water needed to fill lake 61 acre-ft.

Time to fill lake with effluent plus groundwater = 35 days.

7,928 persons

2. For a 61 acre lake.

Daily visitors 9,282 persons
Domestic water use 139,230 gallons per day
Water needed to fill lake 528 acre-ft.

Time to fill lake with effluent plus groundwater = 166 days.

3. For a 98 acre lake.

10,022
150,330 gallons per day

Daily visitors
Domestic water use

6-1
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Water needed to fill lake = 855 acre-ft.
Time to fi11l lake with effluent plus groundwater = 296 days.

The quality of the effiuent from the Randolph Wastewater Treatment
Plant is not high enough for its use in a lake for fishing and
boating. The effects of various constituents in water (and efflu-
ent) upon freshwater organisms is dependent upon many variables
such as species, age of the organism, temperature, and the cumula-
tive synergistic and antagonistic effects of toxicants present.
For example, zinc has been found to be toxic at concentrations as
low as 0.1 mg/1 (zinc forms insoluble compounds with the mucous
film on fish gills) but the presence of copper increases the over-
all toxicity (synergism) while the presence of calcium decreases
the toxic effects (antagonism) (6). ODue to this great array of
variables it is impossible to prescribe an all encompassing list
of water quality criteria for aquatic organisms. The following
general criteria, however, can be presented as applicable to the
Randolph Wastewater Treatment Plant effluent: (6) (15)

1. Dissolved materials: not greater than 50 milliosmoles
{equivalent to 1500 mg/1 of NaCl)

2. pH: 1in the range of 6.0 - 9.0
3. Alkalinity: not less than 20 mg/1
Dissolved Oxygen: not less than 5 mg/1

Carbon Dioxide: not greater than 25 mg/1

(o BN S L B

Turbidity: not greater than 25 Jackson units

7. Total phosphorus, (P): not greater than 0.05 mg/1
Total nitrogen, {N): not greater than 10 mg/1

9. Ammonia, (N): not greater than 1.5 mg/1

10. Iron: not greater than 0.2 mg/]

11. Lead: not greater than 0.1 mg/]

12. Zinc: not greater than 0.7 mg/1

13. Copper: not greater than 0.02 mg/1

Comparison of the effluent quality (Table 3.1) to these criteria
reveals the following problems:
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1. Dissolved oxygen content is too low

2. Turbidity is too high

3. Phosphorous content is too high

4. Ammonia content is too high

5. Iron, zinc and copper content is too high

Additional laboratory testing and pilot treatment plant operations
must be performed in order to establish, positively, the proper
stages of advanced treatment and the optimum chemical dosages
required to make the effluent suitable for aquatic life. A pre-
liminary estimate of the additional treatment required indicates
that two stage tertiary lime treatment (for phosphorous and heavy
metals removal) followed by ammonia stripping, and filtration (for
reduction of turbidity) will be required. Discriptions of these
processes, and the methodology used to estimate capital and annual
costs are found in Appendix A.

The estimated costs were calculated using the cost equations found
in Appendix A with the following modifications:

1. Base capital costs were multiplied by the ratio of the projected
Engineering News Record Construction Cost Index of 3425 for 1980

to the index of 1850 for February, 1973.
2. The cost of land was assumed to be $5,000 per acre.
3. The interest rate used was 8%.
4. The wage rate used was $7.20 per hour.

5. Base material costs were multiplied by the ratio of the pro-
jected Engineering News Record materials index of 850 for 1980
by the index of 488 for February, 1973.

The estimated costs that are presented here were calculated utiliz-
ing equations that were empirically derived from curves of cost
data versus plant size (see Appendix A) and are extremely rough.
These costs are to be used for very preliminary planning purposes.

1. 0.5 mgd raw sewage pumping station to increase influent flow
to Randolph Wastewater Treatment Plant.
Capital Cost = $431,576

Amortized Construction Cost
Fixed O & M cost

Variable 0 & M cost

Annual Cost

Annual Cost

14.02 ¢ per 1000 gallons
3.00 ¢ per 1000 gallons
0.53 ¢ per 1000 gallons

17.55 ¢ per 1000 gallons

$32,029 per year
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0.81 mgd two stage tertiary lime treatment.

Capital Cost =

Amortized Construction Cost
Fixed 0 & M Cost

Variable 0 & M Cost

Annual Cost

$1,446,487

46.99 ¢ per 1000
11.01 ¢ per 1000
1.76 ¢ per 1000
69.76 ¢ per 1000
$218,722 per year

0.81 mgd ammonia stripping unit.

Capital Cost

Amortized Construction Cost
Fixed 0 & M Cost

Variable 0 & M Cost

Annual Cost

Annual Cost

0.81 mgd filtration unit.
Capital Cost

Amortized Construction Cost
Fixed 0 & M Cost

Variable 0 & M Cost

Annual Cost

Annual Cost
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$178,233

5.79 ¢ per 1000
15.66 ¢ per 1000
4.89 ¢ per 1000
26.34 ¢ per 1000
$82,585 per year

$850,223

27.62 ¢ per 1000
2.89 ¢ per 1000
14.26 ¢ per 1000
44.77 ¢ per 1000
$140,370 per year

gallons
gallons
gallons
gallons

gallons
gallons
gallons
gallons

gallions
gallons
gallons
gallons




APPENDIX A

EXCERPTS FROM

“A GUIDE TO THE SELECTION OF
COST-EFFECTIVE WASTEWATER
TREATMENT SYSTEMS”




AB. RAW WASTEWATER PUMPING

Raw wastewater pumping stations are normally designed to provide
sufficient hydraulic head to permit gravity flow through the treatment plant.
In general. it has been found to be more cost-effective to provide sufficient
head in a single pump station than to provide multiple stations of lower
heads within the plant. The exceptions to this are those situations where
site topography prevents plant layout in such a manner that gravity flow can

be readily achieved.

PUMP STATION DESIGN

Pump station design varies widely from plant to plant because of
differences in capacity and head requirements. Generally, these pumping
stations are of rel.atively low head (10'-40') and high capacity. Various types
of pumps are in common use, but probably the most popular are the open im-.
peller centrifugal pumps. Although these are relatively inefficient, they
offer the advantage of being able to pass large solids, an essential feature

of pumps used in this capacity.

An important consideration in the design of raw waste pumping stations
is the diurnal variation of wastewater flow. Because of'this variation, the
pumping station must be capable of handlihg the peak instantaneous flow during
the life of the plant. Further, sufficient standby capacity must be provided to
insure that the maximum flow can be handled even though a portion of the pump-

ing facility is out of service.

For this study, pump capacities were assigned for estimation of capital
and © & M based on the 24 hour peak flow, while costs of the pumping station
structure were based on ultimate pumping capacity. A typical value of 30' TDH
(total dynamic head) was used to determine horsepower requirements and

power costs.
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AB. RAW WASTEWATER PUMPING
influent:  Effluent from Preliminary Treatment AA

a* BOD = 210 mgN
SS =~ 230mgN
4 = 11T mpft

TOH = 30ft

*Peak Capacity (with fargest unit out of servicsl = 2xQ

Design criteria in boid type are per
mad influent wastewater flow,
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AB. RAWWASTEWATER PUMPING
Influent:  Effluent from Preliminary Trestment AA
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F. TWO-STAGE TERTIARY LIME TREATMENT

This process is very similar in purpose to primary sedimentation.
With two-stage lime addition, however, it follcws, rather than precedes,
bioclogical treatment.

Reasons for placing lime treatment after biological treatment in-

clude:
o additional BOD removal
° phosphor‘ous removal

o lime sludge produced is relatively uncontaminated with

organic matter

The reader is directed to the discussion of Primary Sedimentation with
Two-Stage Lime Addition, unit process A2. for a more complete descrip-

tion and ofher information pertaining to efficiency and cost.




A2 TWO STAGE LIME ADDITION

In this modification, lime is rapidly mixed with the first-stage
influent to obtain a minimum pH of 1l. The water is stirred in the
first-stage up-flow solids contact clarifier to encourage floc forma-
tion and precipitation. Following settling the water is discharged from
the first-stage unit. Carbon dioxide is added to the water to reduce
the pH in the second-stage to approximately 10, within range of the mi-
nimum calcium carbonate-solubility. The water is again flocculated,
settled and discharged. The pH of the process effluent is then neutra-~

lized with CO32 or acid.

Solids produced in the first and second-stage units are mechani-

cally collected, thickened and pumped to sludge treatment processes.

The increased efficiency of this process over conventional pri-
mary sedimentation resulting from flocculation of small suspended par-
ticles and precipitation of the oxygen demanding material combined with
other physical chemical unit operations, sometimes eliminates the need
for biological treatment. As much as 80% of the influent BOD, more than
90% of the suspended solids and approximately 90% of the phosphorus can
be removed from the raw wastewater by this process. If a higher quality
effluent is required this process can be followed by filtration and activated
carbon to produce an effluent significantly lower in BOD and suspended solids
than conventional secondary effluent.

Advantages of using lime over other chemical agents include

1) more easily dewaterable sludge solids,

2) almost complete destruction of bacteria and viruses,

3) precipitation of nearly all heavy metals, and

4) potential for recovery of much of the lime used.

A major disadvantage is the handling and disposal of large quantities

of lime sludge.




. B-2. TWO-STAGE TERTIARY LIME TREATMENT

fnfluent:  Effiuent from Conventional Activatad Sludge C-1

= 8mgN
= B8mgA
= 0.5 mg/t

Dosage = 400 mg/
3340 1b
I LiME l coz i I oo2 I
1000 gpd/#t? 1000 gpd/fe?
BOD = 0 mg/t 1000 12 1000 112 800
$S = 25mgn ¥ s
P = Bmgi| RAPID P
—_—]  MIX
FLOCGULATOR FLOCCULATOR
CLARIFIER CLARIFIER
sp

5% Solids
8300 Ib
) 10gpm

THICKENER
40 1b/t3/day
160 f¢2

10% Solids

Design criteria in bold type are per
mod influent wastewater flow.
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F-2. TWO-STAGE TERTIARY LIME TREATMENT
Influent:  Efftuent from Conventionsl Activated Sludge C-1
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K. AMMONIA STRIPPING

Ammonia may be removed from wastewater by a physical stripping
process. If the pH of a wastewater is raised to about 11 esentially all
of the ammonium ion is converted to free ammonia. This gas may then
be stripped by passing the waste through a packed tower having a counter
current flow of air.

Stripping towers can be very effective in ammonia removal but their
efficiency is highly dependent on air temperature. As the air tempera-
ture decreases, the ammonia removal efficiency drops significantly.
This process, therefore, is not recommended in a cold climate. A ma-
jor operational disadvantage of stripping is calcium carbonate scaling
in the tower, which has been a persistent problem. Furthermore, the
discharge of ammonia to the atrnosphere can be a significant source of
air pollution. ’

ITEMS INCLUDED IN COST ESTIMATES

Capital Cost

The major pieces of equipment included in the capital cost are listed
below.
l. Ammonia stripping towers
2. Blower

O&M Costs

Costs are divided between power and labor.
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K. AMMONIA STRIPPING
Influent:  Efftuent from First Stage of Two Stage Tertiary Lime Trestment F.1 or F-2

Ca(OHIy
pHM > 11
CHEMICALS
FOR pH CONTROL NH3, AIR
2
2o Amonts
TKN = 29 mgn TRN T 2 mgn*
Totai - N = 30 mg/ Total -N ¥ Img/t
400 efm/gpm
280,000 cfm
AR

*90% remaval efficiency st 80°F ambient air temperature

Design criteria in boid type sre per
mod influent westewater flow.
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K. AMMONIA STRIPPING
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D. GRAVITY FILTRATION

All of the suspended matter in wastewater cannot be removed by
gravity settling even after coagulation and flocculation. Thus, if a low
effluent suspended solids concentration is required, filtration of the

biological or two stage lime treatment effluent is generally necessary,

Filtration consists of passing the wastewater through a bed of po-
rous material, separating the suspended matter from the water, As’
solids accumulate in the filter bed, it becomes necessary to backwash
the bed by passing clean water at a nigh rate through the filter in a re-
verse direction to that of normal flow. The wash water, containing the
suspended solids, is generally returned to the head of the plant and re-
cycled through the primary clarifiers, although the wash water optionally

can be returned to the other plant clarifiers when appropriate.

ITEMS INCLUDED IN COST ESTIMATES

Capital Cost

The capital cost of a filter installation is a function of the loading
rate at which the wastewater may be applied. This loading is determined
by characteristics of the filter media and the solids level of the water being
applied. For this study a filtration rate of 4 ga.l/m.in/ft2 was assumed,
which is satisfactory for either a high quality biological effluent or effluent
from two stage lime treatment. Facilities for storage of backwash water

and all requisite pumps and piping were included.
Q&M Costs

The O&M costs include all power and labor associated with filtration

and backwash cycles.
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D. FILTRATION
influent:  Effluent from Primary Sedimentation ~ Two Stage Lime Addition
A2
Activated Sludge — Alum or FeCly Addition
C4arC8
Two Stage Tertiary Lime Treatment
F-1or $-2
Trickling Filter 8-2, 8-3
Astivetsd Sludge C-2, C-3
Biological Nitrification G-1, G-2, G-3, G4
Blological Denitrification H
Breskpoint Chiorination J
Ammonis Stripping K

TO HEAD OF PLANT FILTER BACKWASH
@_ STORAGE WASTE
40,000 qat

80D« 20mgn *

SS = 1Bmn " -
PP S SRR HEE BOD = 10mg/l
. FILTER R S = Smgl
. Whourfimerrun . P = 1LOmyl
4 gpm/te?
180 2
BACKWASH
RESERVOIR

*Averaged values from above influent.

Oesign criteria in boid type are per
myd influent wastewater flow
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0. FILTRATION

Influent: Effiuent from Primary Sedimentation — Two Stage Lime Addition

A2

Activated Sludge — Alum or FeCly Addition
C4o0rCS

Two Stage Tertiery Lime Treatment
F-torF-2

Trickling Filter 8-2, 8-3

Activeted Sludge C-2, C-3

Biological Nitrification G-1, G-2, G-3, G4
Biological Denitrification H

Breakpoint Chiorination J
Ammonia Stripping K
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COST EQUATIONS
Three formulae have been developed for each unit process. They are:
l. A formula for amortized capital cost
2, A formula for fixed operation and maintenance costs
3. A formula for flow-variable operation and maintenance cost
The formulae have been developed in such a manner that the following
variables may be changed as time and/or specific conditions warrant:
Value Used
to Determine
! Variable Units Symbol Cost Curves(l)
Plant capacity MGD Q 1, 3, 20, 100
Amortization Period years n 20
- (5) !
Interest Rate %o i 5-5/8 !
Service and Iaterest Facbor(z) % SIF 27 !
Labor Rate $/man-hour MHR 5
L.and Cost $/acre ULC 2000
Wholesale Price Index
Industrial Commodities!3): (5} - WPI 120
National Average Wastewater
[ Treatment Plant Cost Index(4)s{5)— STP

177.5 '

(1) Refers to ""A Guide to the Selection of Cost-Effective Wastewater

(2)

(3)
(4)
(5)

Treatment Systems. "

This includes allowance for engineering, contingencies, and interest

during construction.
As of February 1973.

As of February 1973.
For April 1975, WPI = 169. 7 STP = 232.5

and i = § 7/8% (Water Resources Council).
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Two expressions used commonly deserve a brief explanation.

The term 1 appears in each of the three cost formulae and is
3650 Q

used to convert dollars per year into cents per thousand gallons. The

term i (Hi)rl appears in the formula for total amortized cost. [tis
———rr——
(1+i)"-1
known as the capital recovery factor and converts total capital invest-
ment in dollars to a yearly amortized cost in dollars per year based on

interest rate i and amortization period n.

Several other terms appear commonly thron~hout each group of formulae.
They are (l)base capital cost, BCC, (2) land requirements, LR, {3)bage
manhours, BMH, and (4) base material cost, BMC. Each term varies
with flow for each unit process. Besides appearing individually in each
group of unit ;‘:rocess cost formulae, they are summarized in Table II-]

appearing at the end of this section.

Note that the cost formulae have been developed using a least squares
curve fitting method. The equations that appear in this section represent
the best choice of equation over the range of input values. This is impor-
tant to know when using the cost formulae for very small values of Q. In
these situations, some equations yield negative values. This is true, for
instance, with the formula for the land requirement for the ion-exchange

process:
LR = -0.17+0.021Q

For values of Q less than 8, the value of LR is less than 0,

The reader should realize that this occurs only due to poor curve fit at low
values of Q. In such occurrences, a zero value should be substituted for
any negative numbers thus obtained. Und~r no circumstances should a ne-

gative value be used.




Y]

The following formulae apply to any of the unit processes for which
flow sheets were developed in Section II.

Total Amortized Capital Cost, ¢/ 1000 Gal, -

[oed(me) o) ufmso] ] v

where

BCC, Base Capital Cost, $ =  Refer to Table B-1
LR, Land Requiremecnt, Acres = Refer to Table B-1

Fixed Operation 'and Maintenance Costs, ¢ /1000 Gal.

(o) () s58) -

where

BMH, Base Man-hour Requirement, Man-hours/Yr. = Refer to Table B-l

Variable Operation and Maintenance Costs, ¢ /1000 Gal.

(B MC) (%%'I‘) (s‘ssch ) ,

where

BMC, Base Material Costs, $/Yr. = Refer to Table B-l

CRF (Capital recovery factor) =si(l+i)?
1) -1
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Table B.1

FLOW VARIABLE COST ELEMENTS

Unit Base Capital Land Base Base Materials
Process Cost (BCQC) Requirermeat(LR) | Maghours (BMH) Cost {(BMC)

AA 32331 0% 8! 0 1379.2 #143.1Q | 860.6 +247.7Q

AB 163612 00'62 [+] 738.2 +39.9Q m

Al 139753 + 17341.2Q 0.23 +0.088Q 1852.800' @ 1158.400'62

Az 307785 +33538.6Q | 0.16 +0.18Q | 4259.3 0% %! 2956.2 g% %%

a3 198801 +19934.9Q | 0.6840.11Q | 3260.8 +161.1Q | 1694.4a%%°

As 241226 +33921.4Q | 0.26 +0.16Q | 2783.4% %7 RIS BRI T

AS 269563 +33%61.5Q | 0.26 +0.16Q | 2805.50% *3 2982.5 + 14255.3 Q

Bl 232882 + 84335 Q 1.20 Q% 2558, 4 @™ %! 4097.3 +902.0 Q

B2 241083 + 63200.50 | 0.79 ” % 2500, 8 @ 48 3525.8 + §95.8 Q

B3 241083 +63200.5Q | 0.79Q% % 2500.8 % 48 3525.8 + 895.8 Q

a1 359744 + 84786.7Q | 0.76 % %° as74.8a% % 10499.7 % 73

c2 349156 + 67047.4Q | 0.46 +0.320Q | 6228.4 +303.5Q | 10233907}

e 149156 +57047.4Q | 0.46 +0.32Q | 6228.4 +30%.5Q | 10233.9a% 7

cs 195978 + 89419.7Q | 0.78 % %! i834.7% 47 184641.1 +15301.8 Q

cs 411240 + 89839.2Q | 0.78 Q%% 5093. 2 0% 47 18720.2 + 14714.7Q

cé 348852 + 53752.3a | o0.50 %% 12929004 10336.4 Q% "?

c7 195350 + 59528.6 @ | 0.78 @’ %! 6959.8 + 360.6 Q@ | 18466.2 + 15301.5Q

cs 413737 + 99627.4Q | 0.50 Q% 34 +898.9Q% ** 20047.7 + 14697.0 Q

D 231495.0 Q2+ 8¢ 0.024 +0.028 Q| 5o o soeTi G| et a” 48

E 629840 + 90719.4 Q | 0.024 +0.028 Q[ 1600.0 Q eI PRI TTIITYY e

Fl 327178 + 33438.9Q 0.16 +0.18Q | 2981.1 Q°' * 2027.6 Q°'“

F2 327175.0 + 33438.9Q) 0.16 +0,18Q 2981.1Q 0.46 2027.6 Qo'“

Gl 210055 + s9204.6Q | 0.50 Q% % 3503.5 +192.4Q | 87%6.5Q% 7"

G2 203714 + S6924.2Q | 0.50 Q7% 3360.1 +183.9a | 8756.5 2% 7"

G3 209599 +65633.4Q | 0.44 +0.24Q | 3820.6 + 226.0Q | 8756.5Q% "

Ge 210085 + $9204.6 @ | 0.50 ¥ 3¢ 15035+ 192.4Q | 87%6.5a%"°

H 158767 + 37290.7Q | 0.49 +0.16Q | 2031.1 Q% *? .3559. 4 + 8110.1Q

1 163270 Q%+ 8 .0.17 + 0.021 @ | 3746, 2 @™ 72 1s161.5 % %
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Table B-l

{Continued)

Unit Base Capital Land Base Base Materials
Process Coat (BCC) Requirement (LR} Manhours (BMH) N Cost (BMC)

I 136587 % %2 .0.081 +0.047 Q 3043.2Q% 4! 2399.3 + 39947.7Q

K 93029.1 Q%87 -0.016 +0.04 Q 3185.6 +660.2 O 2103.0 + 1490.0 Q

R 62270.5 + S127.1 Q 0.21 +0.018Q 62,6 Q%% b s re2misa

L 111168 + 23450.4 Q 0.40 +0.09Q 923.39 +108.1 Q 1384.2 + 152.4 Q

L2 103721 + 21188.3 @ 0.32+0.09Q 496.1 +94.2Q 1441.8 + 140.7Q

" 92686.9 +12701.3 Q o 2246.7 +313.9Q 2810.5 + 1025.3 Q

M2 101672 Q% 33 o 2039.8 + 314.7Q 2148.8 + 1025.0 Q

N1 -14885.6 + 57978.60 1.5 +1.9Q e s SoosiETg | 4+ 8eTa

N2 q Q Q a

3.00000971 + 0.000000101 G | 0.287 +0.0000972G | 35.000490 +0.000002Q | 0.0011%6 . 0,0000136 Q

o1 153201 + 27538.5Q -0.026 +0.021 Q 2264.1 + 488.9Q s231.8Q% %

oz 123189 Q% 7! 0.026 +0.016 Q 2510.8 + 514.9 Q 8059.1 + 3512.6 Q

o3 194601.0 + 45218.2Q -0.046 +0.021 Q 624,56 Q%78 3681.0 Q% 7°

o4 171784 + 37399.2 Q -0.043 +0.018Q 2391.8 + 920,04 Q 6875.30% 73

os 140189 + 22599.2 Q -0.04 +0.018Q 1899.5 + 385.5 Q 6061.6 % %

06 152608 + 22520.1 Q .0.026 +0.017Q 2339.4 +405.2Q s978.1 Q- %°

o7 168827 + 31955.5 Q -0.043 +0,016 Q 3352.5 + 880.9 Q 75241 Q% 7!

os 127983 + 13386.5 Q 40,023 +0.015 Q 1916.3 + 482.0Q 1w0s8.8a0% 7

09 12393) + 18524.6 Q 0,026 +0.016 Q 1966.1 + 507.7Q wa 9™

P 178837 Q% %4 .0.084 40,015 Q 1280.6 + 509.2 Q 7136.4 +728.8Q

P2 sa6161 Q%57 .0.084 +0.012Q 1521.8 + 504.7Q 9938.7 +933.7Q

) 631877 + 67043.6 Q -0.084 + 0,011 Q 1281.8 + 735.4Q 20391.1 + 1974.8Q

Ps sr0798 Q% %8 0 1286.8 + 609.1 Q 13163.9 +1214.7Q

Ps 286299 ¥+ 3° -0.084 +0.013 Q 1519.3 +291.4Q 7926.8 + 549.8Q

Pe 390808 Q% %* .0.084 +0,015Q 1433.9 +492.1 Q 12703.3 + 1267.2Q

P? 634606 + 65598.6 Q -0.084 +0.012Q 1464.1 +697.8 Q 8507.3 +891.9Q

ai 422409 Q% %8 .0.17 40,021 Q 3048.8 + $50.9 Q 4264.7 + 14698.8 Q

Q2 131428 Q% %4 .8.17+0.021 Q 1770.4 + 356.9Q 3267.5 + 7913.7Q

Q3 s34671 @ %7 -0.17 +0.021 Q 1904.0 +911.1 Q -262.8+ 12458.3 Q
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APPENDIX B

COMPUTER PROGRAM FOR
LAKE SIZE CALCULATIONS




'
00010 C
00020 C rwwhkndwe PROGRAM 1100 wewrocen
! 00030 C LARE SIZE
00040 C OCTORER, 1777
00050 €
00040 C CALCULATES UOLUME. DEFTH. AND SURFACE AREA OF A LART WITH SIDES AT
00070 C 3:1 SLOFE AND LENGTH EQUAL TO TWICE ITS WIDTH. MAONTH 13 IS5 THE MO0TH
060071 C OF MINIMUM LAKE DEFTH, MONTH | LS THE FOLLOWING MUNTH.
00080 C ‘
00090 DIMENSION EFFLCL2) (EVAF(12) s AREACLD ) s VOLUME (L2 OEF Ti 123y
00100 + MONTH(12)
00110 REAL LENGTH
50120 DATA MONTH/ T JANT » TFERT o PMAR T » PAFR? « TMAT " JUN" o " GUL "+ PALG" ¢« " SEF ",
00130 + TOCT?» "NOVU' + “DEC?/,NO/ "N/
00140 KEYE=10
60150 IFRT=11
00160 NFG=1
! 00161 C
i 00170 10 WRITE(KETYE,12)
| 00180 12 FORMAT(?ONUMEER OF AUNTH AFTER MINLMUM DEFTH MONTH. 1-127)
i 00190 READLCKEYE» #)MONTHL
06200 M=MONTH1
00210 0 20 K=1,12
00220 WRITE(KEYE» 1S)MONTH( i)
00230 15 FORMATC?GLOSSy INe AND EFFLUENTSCULFT., FOR * -840
00240 READ (KEYE, # JEVAR (h) «EFFL (R)
00241 MM+l
00242 IF(M.EQ.13)M=1
00250 20 CONTINUE
00260 WRITECKEYEI0)
00270 30 FORMAT(?OESTIMATE OF MINIMUM LARE DEFTH AND BOTTOM WIDTH,FT')
00280 READCKEYR» #)DMIN  WMIN
00290 WIDTH=WMIN
00300 €
00310 C ITERATE UNTIL CALCULATED YOLUME OVER & YEAR EQUALS THE INITIAL VOLUME
00320 40 VOL1=DMIN® (2. #WIDTHRWIDTH+9 ., sWIDTH*OMIN+12, sIMIN*DMIND
00330 AREAL=2 #WIDTH#LIDTH 1B, «WIDTHXIMIN® 36, sDHIN=DMIN
00340 UMIN=VOL 1
003%0 C
00340 00 S0 K=t.12
, 6N370 YOL2=VOL1 +EFFL(K)
' 40380 DEF2=(-2. #WIDTHRU IO TH SART 4. s WIDTH*¥A ¢ 35l IDTHAUOLD Y /(18 «WIDTH)
00290 GREAZ=2 . sWTOTH#WINTH+ L. sWIDTHATEF2 ¢34 # DS DR DEFD
‘ 00400 AFEAS= (AREAL+AREND) /2.
i 00410 UOL3=AREAZXEVAF (M) /12,
i 20420 COLL=YOL2-UDL3
t. 20430 DEF12(-2, cWIDTHAWIDTHESERT (3. vl ITTHE ¥ 3+ 30 abi [DTH-UOL 12D/ 13- #WTTTH
00440 DEFTH(K) =DEF1
0N4S0 UOLUME (k) =UNL1/43560 .
- 004560 AREA(K) ~AREA3/43560.
00470 50 CONTINUE
60480 TF (V0L BELUMINIGD T 7o
00490 WIDTH=WINTH=0.]
: 00300 GO TO 40
G0S01 C
26510 70 LENGTH=2. +WIDTH
50511 U0 20 K=1+12
50512 80 EFFL(KY=EFFLIK)/ .
on320 ¢
0GS30 C BUTIUT
0G5S 30 W P TECLERT » 100 T M
. 005 3¢ 100 FORMAT(IL/ 7/ 9% "Luss  FEFFLGEAT  SURFALE  JOLUME  DEFTH® S
B-1
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00540 +10Xs*IN AC-FT AREAsAC AC-FT FT*.)
00570 N=1
003580 00 150 K=1,12
00581 IF(K.LT.MONTHL)M=13+K~-MONTH1
00582 IF(K.GE.MONTH1 )M=1+K-MONTH1
00590 WRITECIPRT»110)MONTHC(K) rEVAR (M) »EFFL (M) » AREA(M) y VOLUME (M) »DEFTH (M)
00600 110 FORMAT(3XsA4,F6.1,FB.1,FLO.1,FP.1,F7.1) -
00610 IF(K.NE.3%N)GO TO 150
00620 WRITE(IFRT»120)
004630 120 FORMAT(’ )
004640 N=N+1
00450 150 CONTINUE
00660 WRITE(IPRT»140)IMIN,WIDTH,LENGTH
Q0670 160 FORMAT(//8Xs ?MINIMUM DEFTH,FT' F19.1/
004690 +8Xy *CALCULATELD EBOTTOM WIDTHSFT'»F9.1/
00700 +8X s *CALCULATED ROTTOM LENGTH,FT'/,F3.1)
00710 NPG=NFG+1 .
00720 ) IF(NPG.EQ.Q2)NPG=0
00730 €
00740 WRITE(KEYE»170)
00750 170 FORMAT(?OANQTHER CALCULATION 7 Y OR N7
00760 READ(KEYR,180) IANS
00770 180 FORMAT(AL)
00780 IF(IANS.NE.ND)GO TO 10
00790 STOF
00800 END
B-2
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