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SECTION 1

INTRODUCTION

PURPOSE AND SCOPE

This assessment evaluates the environmental effects of discharging 9Ist

Avenue and 23rd Avenue Wastewater Treatment Plant effluent into the Salt River.

Issues and concerns related to water resources, riparian vegetation and wi!d-

life, flood hazards, and insects are specifically addressed. As identified

throughout the Final Environmental Impact Statement for the Point Source Metro

Phoenix 208 Wastewater Management Plan (USEPA, 1979), these concerns include:

o Potential degradation of surface and groundwater quality due to
effluent discharge

o The impacts of effluent discharge on the maintenance of riparian vege
tation, which provides wildlife habitat and is reported to cause in
creases in floodwater spreading

o The impacts of effluent discharge on present nuisance insect problems

o Public health impacts associated with the effluent

These issues are assessed in the context of two separate conditions of

effluent discharge which were selected by the City of Phoenix. The conditions

are.based on effluent projections as described in Appendix C (Greeley and Hansen,

1980).

EFFLUENT DISCHARGE CONDITIONS

Two effluent discharge conditions were compared in order to determine

the effects of effluent in the area downstream of the 9lst Avenue Wastewater

Treatment Plant. The first condition considers the impacts of the effluent
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discharge assuming total effluent reuse and, therefore, minimum discharge into

the Salt River. Under this condition, the only effluent discharged to the Salt

River would be 6.52 mgd to meet an existing non-contractual commitment to the

Arizona Game and Fish Department. The assessment of this condition reflects

the impacts of minimum discharge on the area downstream of the 9lst Avenue

Plant.

The second condition of discharge assumes that the existing reuse commit

ments would be fulfilled and the remaining unused effluent would be discharged

into the Salt River. Under this condition, discharge to the Salt River would

decrease from 90 mgdannual average flow in 1980 to approximately 20.2 mgd

annual average flow of effluent in 1986, and then increase .to 35.2 mgd by the

year 2000. This condition further assumes that the Arizona Nuclear Power

Project (ANPP) will use only enough effluent for three units at the Palo Verde

Nuclear Generating Station and will allow the unused portion of their contracted

effluent to be discharged into the Salt River. The minimum effluent discharge

'of approximately 20.2 mgd in 1986 was selected for evaluation in this report

because maximum impacts are to be expected under this low flow condition.

The discharge point into the river for either condition is assumed to be

at the outfall of the existing effluent channel. A further discussion of

projected flows and estimated quantities of effluent discharge into the Salt

River is provided under "Physical Factors" in Section 2. A description of

existing effluent reuse commitments is provided under "Institutional Arrange

ments," also in Section 2.

Effluent discharged from the 23rd Avenue Wastewater Treatment Plant is ac

counted for in this assessment as part of the baseline river-flow of the Salt River
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entering the project area southeast of the 9Ist Avenue Plant. The effects of

effluent discharged to the Salt River from the 23rd Avenue Plant on the area

upstream of the 9Ist Avenue Plant project area are not evaluated in this report;

however, the effects of 23rd Avenue Plant effluent on riparian vegetation have

been addressed in the 23rd Avenue Plant Upgrade Interim Report No.1 (Greeley

and Hansen, October 1979). Surface water quality, groundwater quality and the

relationship of these factors to public health are addressed in the draft

Effluent Disinfection Facility Plan for the 23rd Avenue Wastewater Treatment

Plant (Greeley and Hansen, December 1979) and in the above mentioned Interim

Report No.1 (Greeley and Hansen, October 1979). Insect problems associated

with the 23rd Avenue Plant and. its discharges are being addressed in the "Insects

and Odors" appendix to the 23rd Avenue Plant Upgrade Interim Report No.2, to

be completed in March 1980.

PUBLIC CONCERNS ASSOCIATED WITH EFFLUENT DISCHARGE

Public concerns regarding the impact of effluent discharge into the Salt

River have been well documented. In general, these concerns include insect

problems attributable to the effluent, the impact of effluent on support of

riparian vegetation, and the impact of effluent on surface and groundwater

quality, which could potentially affect public health.

Residents in the vicinity of the gIst Avenue Plant have historically noted

insect problems (USEPA, 1979). Typical nuisance insects of this area include

Psorophora confinnis and Culex pipiens mosquitoes and non-biting midges of the

genus Chironomus (bloodworms) (ABE/CDM, 1980).
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A recent study (ABE/CDM, 1980) found that although Psorophora confinnis

mosquitoes are probably the major nuisance insect species in the project area,

they were not found to be associated with treatment plant effluent. Common

breeding sites include poorly leveled or drained yards and pastures, tailwater

ponds, desert ponds, dammed washes, and other areas where water stands for more

than thre.e days. This assessment focuses primarily on the· effects of effluent

discharge on Culex pipiens mosquitoes and midges, the insect species which are

most related to the effluent.

Another public concern involving effluent discharge is the degree to which

it supports downstream riparian vegetation. Both adverse and beneficial impacts

of vegetation have been ascribed to the effluent,' Effluent presently flows

through the Base and Meridian Wildlife Area, which is located east of 115th

Avenue and managed by the Arizona Game and Fish Department for preservation of

valuable wetland vegetation and wildlife habitat. Further downstream, however,

residents of the Holly Acres area who have had their homes and land recently

flooded believe that the effluent supports riparian vegetation, particularly

saltcedar, which they believe is the dominant factor in the spreading of flood

water on their properties.

The impact of effluent discharge on surface and groundwater quality is of

major concern to the Gila River Indian Community and other residents of the

project area who live near the 9lst Avenue Plant or effluent channel. These

residents are primarily concerned that effluent-impacted groundwater may

contaminate their potable water supply wells and that open access to the effluent

channel is a public safety hazard. Mitigation of these pu?lic concerns associ

ated with the plant is addressed in the 9lst Avenue Plant Expansion Draft

Facility Plan.
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PROJECT AREA

The project area corresponds with that of the gIst Avenue Plant Expansion

Draft Facility Plan. As depicted on Plate 1-1, the area includes the land

within a two-mile wide corridor along the Salt River channel from 83rd Avenue

to the Buckeye Canal headgate about 7.5 miles downstream. Much of the project

area is within the 100 year floodplain of the Salt and Gila Rivers.

The gIst Avenue Plant is located on the north bank of the Salt River just

east of gIst Avenue and south of Broadway Road. The plant is surrounded on the

west, north and east by low density rural/agricultural development with some

rural sUbdivisions of residential housing such as Holly Acres, two to four

miles west, and others five to ten miles northwest of the plant. In addition,

the Maricopa Colony of the Gila River Indian Community is located on the south

bank of the Salt River channel about one mile south of the plant location.

The project area lies entirely within the Gila River drainage basin.

Flows of the Salt and Verde Rivers, which converge east of the Phoenix metro

politan area, are controlled by six dams and reservoirs that distribute the

joint flows to various canals at the Granite Reef Diversion Dam for irrigation.

Discharge of treated effluent from the 23rd and gIst Avenue Wastewater

Treatment Plants helps to support the flow of the Salt River. As described

under "Physical Factors" in Section 2, effluent discharge from the 23rd Avenue

Plant has been accounted for in this assessment as part of the baseline river

flow entering the project area southeast of the 9lst Avenue Plant. The flows

of the Salt River combine with irrigation tailwaters and normal stormwater

runoff of the Gila River just downstream of the plant. These combined flows



•

•

•

•

•

•

•

•

•

•

•

N..
Scale: 1inch =5.5miles

arthur beard engineers, inc./CAMP DRESSER &McKE E INC.

Plate1-1
Project Area

Location



•

•

•

•

•

•

•

•

•

•

•

1-6

and the existing groundwater table maintain a significant riparian habitat, in-

cluding the Base and Meridian Wildlife Area. At a location between Litchfield

Road and Bullard Avenue t the Buckeye Canal diverts the majority of the flow

for irrigation purposes.

METHODOLOGY

GENERAL: The assessment of the two effluent discharge conditions was under-

taken in several steps. These steps included:

o Determination of needs for relevant environmental information on the
present and past environmental conditions within the project area.
This information centered on surface water, groundwater, vegetation,
flooding, and insects.

o Development and evaluation of environmental information. Detailed in
formation was developed for each of the five categories listed above.
Information includes present and past conditions and the environmental
factors which influence those conditions. Present ~onditions were
quantified to the extent possible for use as a baseline in the discharge
assessment.

o Determination of relationships among surface water, groundwater, vege
tation, flooding, and insects. Based on the above, the relationships
among those factors were identified and quantified to the extentpos
sible.

o Assessment. Using as baselines the information developed for each cate
gory and the relationships determined among them, the impacts of the
discharge of effluent were assessed under the two conditions.

The following discusses the assumptions and environmental information de-

veloped to assess the impacts of the two effluent discharge conditions and ex-

plains how the information was used to determine impacts.

SURFACE WATERS: Basic information on surface water quality and quantity

in the project area was developed for the assessment of effluent discharge impacts.
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Information on the quality of the surface flow in the project area was needed

to address the impact of effluent discharge in terms of public health.

Annual average flows and seasonal surface flow fluctuations of the Salt

River excluding 9Ist Avenue Plant effluent were determined to establish that

which is referred to as the baseline river flow. Both the baseline river flow

and effluent from the 91st Avenue Plant were used to address possible impacts

on riparian vegetation. This included fluctuations in quantities of effluent

discharged to the surface waters under existing effluent reuse commitments and

the effects of seasonal variation in the amount of irrigation tailwater

present in the project area.

The baseline river flow was determined using existing information sources.

Because information on quantities of irrigation tailwater was not directly

available, a range of tailwater contribution to surface baseline river flow

was derived on the basis of irrigable acreages. Seasonal changes in tailwater

flow were. determined based on monthly percentages of total irrigation-water

supplied to agricultural lands.

Total surface water flows under each effluent discharge condition were

determined by adding the effluent discharge flow for the first and second dis

charge conditions to the baseline river flow. A comparison between the two

provides the net change in total surface flow expected under the two conditions.

A comparison of surface water flows under the two discharge conditions was

made for 1986 when the effluent for Units 1, 2, and 3 of the Palo Verde NUclear

Generating Station would be required. The MAG 208 Final EIS (USEPA, 1979)

states that urbanization will continue in the region, resulting in conversion



1-8

from agricultural to urban land.use. Proj ection of the baseline river flow

which is predominated by irrigation tailwaters was not attempted past 1986

because of the uncertainty of future irrigable acreage but was assumed to be

constant to the year 2000.

GROUNDWATER: Information on groundwater quality and quantity was necessary

to address the issue of the potential effects of effluent discharge in the

project area. Dr. Kenneth Schmidt, a groundwater quality expert, was contracted

to determine these effects (Appendix B). The relationships between the ground

water levels and geological. conditions, the effects of flooding and river

surface flows on groundwater recharge, and the effect of groundwater levels on

the support of riparian vegetation were then determined.

VEGETATION: Information on riparian vegetation in the project area was

required in order to address issues concerning maintenance of riparian wildlife

habitat and to address the concern that riparian vegetation results in increased

floodwater spreading in the project area. This included identification of the

riparian species in the area and the environmental conditions required for

their establishment and survival. Present and historical information on density

and distribution was developed based on literature searches, examination of

aerial photographs and field investigations. The key to the evaluation of

riparian vegetati.on in the proj ect area was the determination of relationships

between surface water and groundwater conditions and the establishment and

survival requirements for riparian species. Conclusions and assessment of

future vegetative growth under the two effluent discharge conditions were then

prepared.
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FLOODING: Several factors were required to assess the potential for in

creased flooding under the two conditions of effluent discharge. Theseincluded

info:rmation on historical flood flows,effe.cts of vegetation on flooding, his

torical changes in the river channel and floodplain, and info:rmation on flood

profiles under varying flood flow conditions. An element of the flooding

assessment included an investigation ·of changes in the river channel and recent

flood intensities in order to address possible causes of floodwater spreading.

In this assessment, the largest recent flooding events were compared with the

floodplain frequency map to determine probabl'e areas of inundation. The assess

ment of flooding associated with the two conditions of effluent discharge was

then perfo:rmed.

INSECTS: The info:rmation necessary for the assessment of insect problems

associated with the two conditions of effluent discharge was based on Appendix

G of the gIst Avenue Wastewater Treatment Plant Expansion Draft Facility Plan.

The impacts of the two effluent discharge conditions on insects were then de

termined.

SUMMARY: There are presently several studies underway which relate to

some of the major issues and concerns addressed in this assessment. The anal

ysis and conclusions presented in this assessment have been based on existing

info:rmation an4 documents. These are cited in the list of references. Quan

tified conclusions concerning certain impacts were not possible based on the

info:rmation presently available. These are noted in the text and summarized in

Section 4, "Issues to be Resolved."
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SECTION 2

ENVIRONMENTAL ASSESSMENT

PHYSICAL FACTORS

The factors addressed in this portion of the assessment are essentially

related to the project area water resources. These physical factors are of

primary importance in determining the relationship between vegetative growth

and the surface and ground~ater characteristics. The specific physical factors

included in this analysis are surface water quantity, surface water quality,

geology, groundwater quantity, and groundwater quality.

SURFACE WATER QUAJ"JTITY: The 91st Avenue Wastewater Treatment Plant

started discharging effluent in 1958; by 1962 the effluent flow had increased

to about 4 mgd. From 1964 to 1965 effluent discharge increased from approxi

mately 5 mgd to 23 mgd. Presently, about 100,000 acre-feet per year (ap

proximately 90 mgd) of effluent is discharged from the plant to the Salt River

channel about three miles upstream of the Salt-Gila River confluence. This

flow combines with the proj ect area average annual basel.ine river flow of

approximately 42,000 to 57,000 acre-feet. The combined waters flow westward in

the channel, past the Salt-Gila River confluence and beyond the confluence of

the Agua Fria River. At about this point, a majority of the flow is diverted

into the Buckeye Canal and used for irrigation by the Buckeye Irrigation Com

pany.

The flow of the river is maintained by several surface and groundwater

inflows other than plant effluent. One contribution of stream flow in the pro

ject area is the upstream Salt River flow, as indicated in Table 2-1. This net
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TABLE 2-1

ESTIMATED UPSTREAM WATER SUPPLY
TO THE PROJECT AAEA

(Acre- Feet; Year)

UPSTREAM WATER SUPPLY:
(Above gIst Avenue Outfall)

2-2

•
INFLOW 23rd Avenue Effluent l

Tailwater (NE~24-TlN-R2E) 1
Rainfal1 2
Underflow2
Groundwater Inflow2

Subtotal

41,800
1,500

200
100
300

43,900

•

•

•

•

•

•

•

OUTFLOW - Diversionl
Evapotransp~rationl
GrQundwater Rechargel

Subtotal

NET AVERAGE FLOW*

* Not Including Flood Flows

SOURCE:

1 Halpenny and Clark, 1977.
2 USEPA, 1979.

250
3,900

33,400

37,550

6,350
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inflow of approximately 6,300 acre-feet per year is expected to be relatively

continuous and uniform from month to month, as opposed to being seasonally

variable. This is due to the rather consistent discharge of effluent from the

23rd Avenue Plant. The baseline river flow of the proj ectarea(i. e. excluding

91st Avenue Plant effluent) exhibits a larger seasonal fluctuation than the

upstream reach because it depends more on rainfall and the variable contribu

tion of irrigation tailwaters and the Gila River. These flows are presented in

Table 2-2.

Gila River flow fluctuations result from stormwater runoff and, to some

extent, growing season irrigation demands. Data pertaining to Gila River flows

at the confluence of the Salt River were derived from a ten-year composite of

flows (13,400 acre-feet/year averaged over 1968-1977) from USGS gauging stations

located upstream of the Salt-Gila confluence on the Gila River near Laveen (#9

4890) and the Santa Cruz River near Laveen (#9-4795). Rainfall data analysis

was based on monthly percentages of the area's annual average precipitation of

7.48 inches, which provides an average of 1,400 acre-feet/year of rainwater to

the river channel. These flows join with various relatively constant river

waters, mainly groundwater underflow of 3,500 acre-feet/year from the· Gila

River bed upstream of the Salt-Gila confluence and general groundwater inflow

to the stream which contributes 1,700 acre-feet/ year (Halpenny and Clark,

1977) .

Other than effluent, the major contributor of flows to the river is irri

gation tailwater. The actual locations of the points of discharge have been

identified. (Halpenny and Clark, 1977.) Because actual flow measurements for
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TABLE 2-2
ESTIMATED WATER SUPPLY

IN TH E PROJECT AREA
(Acre- Feet/ Year)

PROJECT AREA BASE FLOW:

•

•

•

INFLOW - Upstream Water Supply (Table 2-1)
Other Effluent1
Upper Gila River Discharge2,3
Rainfall1
Underflow2
Groundwater Inflow1
Irrigation Tai1water4

AVERAGE FLOW*

91st AVENUE PLANT EFFLUENT:

INFLOW - Annual Average (90mgd)

6,350
800

13,400
1,400
3,500
1,700

15,000 - 30,000

42,150 - 57,150

100,000

•

•

•

•

•

* Not Including Flood Flows.

SOURCE:

1 USEPA, 1979.
2 Halpenny and Clark, 1977.
3 USGS Gauging Station (#9-4890, #9-4795) (lO-year average, 1968-1977).
4 Field Reconnaissance and Data Analysis.
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these tailwaters are not available, an estimate of the most probable range of

tailwater flows was made for this assessment. Based on aerial photograph

interpretation and topographical slopes, approximately 22,000 and 10,000 acres

of irrigable land border the north and south banks of the Salt River, respec

tively, and supply tailwaters to the project area. To determine a yearly

contribution of tailwaters, it was assumed that 5-10 percent of the total land

would be left fallow. Therefore, it would be expected that approximately

30,000 acres per year of land would be available for irrigation. Through a

monitoring program of eleven irrigation districts in California, Merrill et al

(1979) determined. that in terms of field supply and return flow measurements a

range of 0.5 to 1~0 acre-feet/year of .tailwater would be expected per acre. of

irrigated lands. Based on this interpretation, the range of expected annual

tailwater flow from the previously stated acreages would be about 15,000 to

30,000 acre-feet/year. This range should be considered as the maximum expected

flow. The data supplied in Table 2-3 for irrigation tailwater flows was as

sessed for expected monthly discharge volumes for a typical growing season.

These monthly flow determinations were derived from a monthly percentage of the

total annual flows in the Grand Canal below Power House and the Tempe Crosscut

Canal (Salt River Project, 1970-1978). The percentages were applied against

the total acreage of irrigable land and the expected runoff, as previously

described, to predict the monthly contribution of irrigation tailwaters to the

baseline river flow.

The accumulation of these various flows (Table 2-3) without effluent

creates a flow in the river that is heavily influenced by seasonal fluctuations

(Figure 2-1). The present effluent discharge added to the river provides a
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TABLE 2-3

PROJECT _AREA

MONTHLY AVERAGE BASE LINE FLOW

MONTH
NON-SEASONAL FLOWS

(ac. -ft. /month)

AVG. ANNUAL I UPPER GILA
RAINFALL RIVER FLOWS

(ac . .,.ft. /month) (ac. -ft ./month)

IRRIGATION
TAILWATER.,.RANGE
(ac. -ft ./month)

BASELINE
RIVER FLOW

(ac. -ft. /month)

BASELINE
RIVER FLOW

(mgd)

Jan.

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

1030 135 NF 150- 300 1315-146.5 14.1- 15.7
11 160 NF 150- 300 1340-1490 14.4- 15.0

" 130 NF 900-1800 2060-2960 22.1- 31. 7

" 60 NF 1950-3900 3040-4990 32.6- 53.5

" 20 NF 1950-3900 3020-4970 32.4- 53.3

" 20 100 2250-4500 3400-5650 36.5- 60.6

" 145 2200 2550-5100 5925~8475 63.5- 90.9

" 250 5500 2400-4800 9180-11 ,580 98.4-124.2

" 130 4200 1650-3300 7010-8660 75.2- 92.9

" 95 1300 750-1500 3175-3925 34.0- 42.1

" 90 100 150-' 300 1370-1520 14.7- 16.3

" 165 NF 150.;. 300 1345~1495 14.4~ 16.0

Yearly
Flows

12,350 Af/yr,
Af/yr Source
6,350 Upstream watel

supply
800 Other effluent

3, sao Underflow
1,700 Groundwater

inflow
12,350 Af/yr.

1.030 Af/month

1400 Af/yr

Based on
monthly
averages

13,400 Af/yr.

Based on mth1y.
averages

la-yr. average~

NF - Gila not
flO\ving

Range: Af/yr.
15,000-30,000
Based on 0.5-
1.0 Af of run
off per acre
irr~gated

Range: Af/yr.
42,180-57,180

Does not include discharge from
the 91st Avenue Plant

AF/month ~ 93.25 = mgd

Expected flow per year
1980 - 1986

N
I

0'1
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uniform contribution of flow which essentially maintains a high flow in the

river when the seasonal discharges are reduced.

The gIst Avenue Plant presently adds approximately 90 mgd of effluent to

the Salt River channel flow. In this arid region, this effluent has proven to

be a valuable resource. The 9lst Avenue Plant is in the process of being

expanded as identified in the MAG 208 Plan. The effluent, including the pro-

jected flows to 120 mgd, is already subject to reuse commitments as follows:

o Up to 30,000 acre-feet per year (approximately 26.8 mgd) to Buckeye
Irrigation Company for restricted agricultural irrigation.

o Up to 7,300 acre-feet per year (approximately 6.52mgd) to the Arizona
Game and Fish Department for a wildlife management area in the Salt
River bed near l15th Avenue (not a contracted allocation).

o 1,200 acre-feet per year (approximately 1.07 mgd) to the U.S. Water
Conservation Laboratory for the laboratory's research facilities at
Flushing ~Ieadows. However, these facilities were washed out by 1978-79
floodwaters and there are no plans to reactivate the project.

o Up to 140,000 acre-feet per year (approximately 125 mgd) to the Arizona
Nuclear Power Project. The ~lti-cities/fu~PP contract specifies that
the effluent may be used at the Palo Verde Nuclear Generating Station
(PVNGS) or any other power generating facility ANPP may choose.

The plant effluent is currently discharged along the nortp bank of the

Salt River where it eventually mixes with the baseline river flow as previously

described. The river water flows to Buckeye Heading where the majority is

diverted and used for irrigation. As a result of this discharge two reuse

commitments are satisfied: 1) effluent allocated to AGFD which flows through

the downstream riparian habitat, and 2) the effluent drawn off by the Buckeye

Irrigation Company for restricted agricultural irrigation.

2-7
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As indicated in Table 2-4, discharge of all effluent from the plant into

the Salt River is expected to continue until about 1983 when Arizona Nuclear

Power Project (ANPP)is scheduled to bring the first power generating unit

commercially on line. Buckeye Irrigation Company has made arrangements to have

its supply of effluent conveyed through the same pipeline thatANPP would use

for its allotment. Therefore, the BIe flow and the effluent required by the

ANPP commitment would be removed from the river.

The increasing use of effluent by ANPP as the remaining units are brought

on line would significantly change the quantity of plant effluent discharged to

the river. The. flows in Table 2-4 indicate the remaining effluent as an annual

average. However, when the flows are assessed on a monthly basis the discharge

is shown to be seasonally variable. The cooling water demand for Palo Verde

Nuclear Generating Station (PVNGS) would be the highest during the summer

months and would decline during the colder seasons. Table 2-5 indicates the

monthly requirements as each power generating unit becomes operational- (Appendix

C, Greeley and Hansen, 1980). Monthly fluctuations in the baseline river flow

would serve to offset the seasonal demands of cooling water for ANPP, which

would tend to produce a more uniform flow in the river through 1986. Fig-

ure 2-2 indicates this offsetting effect of reduced effluent discharged under

the seasonally higher requirements of PVNGS and the simultaneous increase in

the baseline river flow caused by agriculture uses.

The baseline river flows, (i.e. without effluent) were determined based on

the existing conditions, specifically in terms of present land uses. According

to the N~G 208 Final EIS (USEPA, 1979), the region is expected to continue to

•

•

•

•

•

•

•

•

•

•

•



• • • • • • • • •TABLE 2-4

EFFLUENT REUSE PROJECTIONS FORTHE 91st AVENUE TREATMENT PLANT

(120 mgd - Annual Average Flow Basis)

• •

DISCI1ARGE TO SALT- ADDITIONAL EFFLUENT
Estimated EFFLUENT REUSE CO~~ITMENT REQUIRED TO MEET
Projected

GILA RIVER (5,6) REUSE COMMITMENTS~

Year Flow AGFD BIC PVNGS With Without With Units 4&5
(rngd) (rngd) (mgd) (1) (mgd) (2,3) Units 4&5 Units 4&[ (mgd)(rngd) (rngd)

1980 90 6.52 26.81 - 90

1981 93 " " - 93

1982 95 " " - 95

1983 98 " II 20. 7 (Unit 1) 50.5

1984 101 " " 38.7 (Units 1&2) 35.5

1985 103 " " 38.7 (Units 1&2) 37.5

1986 105 " •• 58.0 (Units 1,2,3) 20.2
(4)

1988 110 " " 77.3 (Units 1-4) 6.52 25.2 .63

1990 120 " " 96.6 (Units 1-5) " 35:2 9.93

1995 120 " " 96.6 (Units 1-5) " 35.2 9.93.

2000 120 " " 96.6 (Units 1-5) " 35.2 9.93

AGFD-Arizona Game and Fish Dept-/BIC-Buckeye Irrigation Co./PVNGS-Pal0 Verde
Nuclear Generating Station --. --
I. BIC water expected to be drawn off PVNGS pipeline.
2. Only PVNGS Power Generating Units 1,2 and 3 have been approved to date.
3. Greeley and Hansen, 1980.
4. Assumes average annual requirement of 19.3 mgd for each of units 4 &5.
5. Includes 6.52 mgd committed to AGFO.
6. Assumes Flushing Meadow allocation available for reuse.
7. Based on per unit requirements. ANPP is contractually allowed up to

approximately 125 mgd annual average supply of effluent.

N
I

\D
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TABLE 2-5

REDUCTION IN PLANT EFFLUENT DUE TO COMMITMENTS
AND CORRESPONDING DISCHARGE TO THE RIVER

2-10

•

•
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•

•

•

Effluent Phnt Effluent Flows
Plant Effluent Flows, mgd Commitments' mgd

Month 91st Ave . .. PV~GS/BIC

mgd ;- to the River

1980

January 33.4 33.4
February 86.2 36 . .2
~tarch 83.0 38.0
April 33.0 88.0
May 38.9 88.9
June 88.9 88.9
July 91.6 91.6
August 93.4 93.4
September 98.9 98.9
October 97.0 97.0
November 92.5 92.5
December 90.7 90.7

1983

January 90.2 - 90.2
February 93.1 - 93.1
March 95.1 - 95.1
April 95.1 - 95.1
May 96.0 48.9 47."1
June 96.0 50.2 45.8
July 99.0 49.9 49.1
August 100.9 ~9.9 51.0
September 107.8 43.5 59.3
October 104.9 47.8 57.1
November 100.0 40.4 59.6
Decembe.r 98.0 44.7 53.3

1984

January 92.5 39.9 52.6
February 95.5 40.2 55.3
,larch 97.5 46.3 51.2
April 97.5 46.9 50.6_
~lay 98.5 71. 0 27.5
June 98.S 73.6 24.9
July 101.5 73.0 28.5
August 103.5 73.0 30.5
September 109.5 70.2 39.3
October 107.5 68.8 38.7
November 102.5 54.0 48.5
DecemMer 100.5 62.6 37.9

1986

January 96.6 53.0 43.6
February 99.8 52.4 47.4
March 101.9 65.8 36.1
April 101. 9 67.0 34.9
~lay 102.9 93.1 9.8
June 102.9 97.0 5.9
July 106 .. 1 96.1 10.0
August 108.2 96.1 12.1
September llS.S 91. 9 23.6
October 112.4 89.8 22.6
November 107.1 67.6 39.5
December 105.0 80.5 24.S

SOURCE:

.Gree1ey & Hanse:l,1980
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grow in population. This would result in a continuation of the present trend

of conversion from agricultural land to urban development. The contribution of

irrigation tailwaterto the baseline river flow after 1986 is difficult to pre'"

dict and could not be quantified for this assessment. Because these reduced

flows of irrigation tailwaters cannot be quantified, flows were assumed to re

main constant to the year 2000 for this study.

The quantity of plant effluent discharged to the Salt River is expected

to change with time. As discussed previously, the effluent has become a valuable

resource and its effective reuse is of significant interest. The main focus of

this assessment is to determine the effects of two possible effluent reuse

conditions on the maintenance of surface water flows in the river for the

entire year. The two effluent conditions consist of: 1) the discharge of only

the 6.52 mgd for AGFD with total reuse of the remaining effluent, and 2) allo

cations of effluent to the existing reuse commitments through 1986 with the

unused portion being discharged to the river.

A general reduction in the existing relatively consistent flow of effluent

discharged into the Salt River would be expected from either effluent discharge

. condition. As a result, channel flow characteristics would shift in both

effluent discharge con<iitions to a more seasonally variable flow, primarily

because on an annual basis the total river flow would have a higher proportion

of irrigation tailwaters. The difference between the two effluent conditions

would be expected to be the greatest dYring the winter when the seasonal base

line river flow is at its lowest, causing plant effluent discharge to be most

dominant. ~eriver flows under the two effluent conditions are provided in

Table 2-6 and represented in Figure 2-3.
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TABLE 2-6

PROJECT AREA RIVER FLOW UNDER THE EFFLUENT
REUSE CONDITIONS (1986)

SECOND CONDITION FIRST CONDITION
9Ist AVENUE PLANT BASELINE FLOW ANb RASET lNE FLOW AND

• UNUSED EFFLUENT·- BASELINE
EFFLUENT FLOw3 6.5mgd OF

19861 RIVER FLOW2 EFFLUENT DISCHARG&
MONTHS (mgd) (mgd) (mgd) (mgd)

Jan. 43.6 14.1- 15.7 57.7- 59.3 20.6- 22.2

• Feb. 47 •. 4 14.4- 16.0 61.8- 63.4 20.9- 22.5

Mar. 36.1 22.1- 31.7 58.2- 67.8 28.6- 38.2

Apr. 34.9 32.6- 53.5 67.5- 88.4 39.1- 60 .. 0

• May 9.8 32.4- 53.3 42.2- 63.1 38.9- 59.8

June 5.9 36.5- 60.6 42.4- 66.5 43.0- 67.1

July 10.0 63.5- 90.9 73.5-100.9 70.0- 97.4

• Aug. 12.1 98.4-124.2 110.5-136.3 104.9-130.7

Sept. 23.6 76.2- 93.9 98.8-116.5 82.7-100.4

Oct. 22.6 34.0- 42.1 56.6- 64.7 - 40.5- 48.6

• Nov. 39.5 14.7- 16.3 54.2- 55.8 21.2- 22.8

Dec. 24.5 14.4- 16.0 38.9- 40.5 20.9- 22.5

•

•

•

•

1 From Table 2-5. Assumes effluent commitments.to PVNGS and BIC by pipeline.

2 From Table 2~1.

3 River flow under second effluent discharge condition - assumes 20.2 annual
average discbarge into the Salt River.

4 River flow under first effluent discharge condition - assumes 6.52 annual
average discharge into the Salt River.
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FIGURE 2-3

COMPARisON 01= PROJECT AREAR'VER FLOWS UNDER THE EFFLUENT REUSE CONDITIONS*
(1986)
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GEOLOGY: The proj ect area is located in an area of particular geological •

interest. The available data indicates a significant relationship between the

area's geomorphology, surface water flow and depths to groundwater in this seg-

ment of the river. The subsurface geology is such that the basement rocks in •

the project area are arranged in fault-block sequences; mountain units are

bounded by faults and are uplifted with respect to the nearby rocks. Converse-

ly, the sediment-filled valleys are the bordering blocks; they are bounded by •

faults and lowered with respect to the surrounding rocks (Graf, 1980). Specific

to the project area, this is characterized by the ridge of mountains which runs

parallel to the. southern border of the river channel. This ridge of mountains •

essentially starts at Monument Hill (llSthAvenue) and extends to the butte

which is topped by the Goodyear Survey Mark (adjacent to the Agua Fria River).

The lowered portion of the fault is evidenced by the sediment-filled valley, •

which begins along the river channel and continues north through the project

area.

Several distinct geologic units are found in the project area. The sub

surface geology was derived from wells drilled throughout the area; the wells

are located on Plate 2-1. The uppermost material beneath the majority of the

area is Re.cent alluvium. This unit is comprised of coarse-grained deposits

(primarily boulders, gravel, and sand) up to 200 feet thick, and is a prolific

aquifer. The next distinctive unit ranges in depths from about 180 to 270 feet

below land surface. This unit is comprised primarily of clay and silt and may

be comparable to the "Middle Fine-Grained Unit" of the u.S. Bureau of Reclama

tion (1977). Because of its low permeability, this unit is a poor water pro

ducer.

•
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It could be concluded that relatively impermeable geologic materials are

present at relatively shallow depths near the Gila River west of Monument Hill.

The subsurface geologic structure between Monument Hill and the Estrella Moun

tain Regional Park is such that shallow groundwater levels are favored. Hard

rock either crops out at the land surface in this area or is present at rela

tively shallow depth, forming a boundary to the groundwater system south of

the Gila River; In this southern part of the project area, near the mountain

front, a substantial amount of water can .be produced from the conglomerate

layer (Appendix B; Schmidt, 1980).

GROUNDWATER QUANTITY: The project area has historically been underlain

by relatively shallow groundwater levels as compared to other parts of the Salt

River Valley. This is largely due to the subsurface geologic structure, sources

of groundwater recharge such as flood flows and other discharges, along with

the relativ~ly small amount of pumpage (Schmidt, 1980).

Halpenny and Greene (1975) reported on a water balance investigation of

the Salt and Gila Rivers between 23rd Avenue and Gillespie Dam. By the end of

the 1950's, flow in the Gila River at the Buckeye Heading had decreased to the

point where water was present only after storms. Groundwater levels along the

channel began to decline up through 1965 due to expanded pumpage and a decrease

in stream flow. However, west of 11Sth Avenue, water levels did not fall sig

nificantly below the Gila River channel. Well data near 9lst Avenue and the

Salt River indicate that the groundwater level exceeded 40 feet in the early

1950's. After 1965, several sources of recharge became important in the project

area. These include periodic flood flows and relatively continuous discharges
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of effluent and other water in the channel of the Salt River. The combined

effect of these sources has been to substantially raise water levels in the

area from 1965 to the present, as indicated by hydrogeologic studies of wells

in the area shown on Plate 2-1 and 2-2 (Appendix B; Schmidt, 1980).

Groundwater levels presented in the hydrograph on Figure 2-4 indicate that

in the short term, water levels in wells in the project area fall during drought

periods and rise during wet periods. During wet periods, two predominant

factors control the depth to groundwater. First, there is direct recharge

during flood flows. Second, pumpage is usually decreased substantially at the

time of flood flows because of abundance of available canal water. These

factors combine to produce a rather marked response in water levels following

flood flows, which is expressed on Figure 2-4. In the long term, there has

been a gradual· rise in water levels since the mid-1960's in the project area,

and this is attributed to recharge from effluent and the prevalence of more

runoff in the Salt and Gila Rivers than occurred in previous decades. -

Information regarding depth to water beneath the channel of the Salt and

Gila Rivers in the project area is scarce because of a lack of measurements for

wells which tap only the Recent alluvium. However, extrapolation of measure

ments from wells to the north and south of the Gila River near·the Agua Fria

River confluence suggests that groundwater levels beneath the western part of

the project area have been at or near the elevation of the river channel (less

than five feet deep) since the mid-1960's. East of Monument Hill, however,

depth to water has often ranged from 10 to 20 feet beneath the Salt River

channel (Schmidt, 1980).
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Plate 2-1
Location Of Selected Wells

With Hydrogeologic Records
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Land Surface Elev. 984'

Figure 2-4

Ground Water Depths
In Response To

Flood Flows
source,Schmidt 1980Flood-occurences of flood recharge
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A comparison of the project area geomorphology and available well data

indicates that this segment of the river channel within the project area is

characterized by two groundwater regimes, with the east and west separation

occurring at l15th Avenue. This is based on the fact that the western part ex-

hibits typically high groundwater levels, as previously stated, and the levels

in the eastern part respond more readily to recharge as a result of lower

groundwater levels (Figure 2-4). The depth to water beneath the channel is im-

portant because it partially controls the amount of recharge that can occur

from water in the channel. In general, the deeper the water level, the more

storage space there is for recharge.

This analysis (Schmidt, 1980) indicates that the eastern basin groundwater

level is more dependent on recharge, with the primary sources of recharge to

the groundwater in the project area being:

1. Seepage of flood waters from the floodplains of the Salt, Gila, and
Agua Fria Rivers.

2. Seepage of effluent and irrigation tailwater from the channels of
the Salt and Gila Rivers.

3. Deep percolation of irrigation return flow.

In comparison, for the present discharge rate of about 100,000 acre-feet

per year, recharge of 9lst Avenue Plant effluent in the project area is probably

about 8,000-10,000 acre-feet per year, while for the 1965-66 flood flOWS, an

estimated 15,000-20,000 acre-feet were recharged in the project area, primarily

east of Monument Hill. TIlese calculations and a review of water-level measure-

ments for wells in the project area indicate that flood flows have three primary

impacts on groundwater recharge (Schmidt, 1980):
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1. They supply direct recharge.

2. They clear the channel of the organic mat formed by the effluent dis
charge, the removal of which temporarily greatly enhances the seepage
of effluent and other ·surface water from the stream channel.

3. They coincide with periods of"abundant canal water, which results in
minimal pumpage.

The difference between the two effluent conditions would primarily affect

the eastern part, where the depth to groundwater is such that larger recharge

would occur. Under the first condition, with only 7,300 acre-feet per year of

effluent discharge, an estimated 1,500 acre-feet per year of recharge, would be

expected from 9lst Avenue Plant effluent. The majority of this recharge would

take place in the eastern portion as a result of the lower groundwater level,

which provides a greater recharge potential. The recharge capabilities in the

western part would be less, because of a high groundwater level which reduces

storage availability. During dry periods, water levels could decline at a rate

of several feet per year in excess of that normally expected during such periods.

Under the second condition, with the remaining committed effluent discharged,

an estimated 4,000 to 8,000 acre-feet per year of recharge from 9lstAvenue

Plant effluent would be expected to occur, the majority of which would be in

the eastern part of the project area. Recharge from other sources of water

would continue. Water levels would probably decline slightly on the long term

under this alternative; however, the precise magnitude of this decline is

unknown, but a rate less than one foot per year is likely. The rate>a.nd

degree of groundwater level decline would be offset as a result of recharge by

floods or other large discharges (Appendix B; Schmidt, 1980).
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Plate 2-2 shows selected well locations and use of the area groundwater,

with the most predominant use being for irrigation.

GROUNDWATER QUALITY: The chemical quality of groundwater in the sha1~

lowest strata of the project area is poor. Schmidt (1978) assessed the re

gional groundwater characteristics of several chemical constituents (Table 2

7). In general, groundwater to the north of the project area exhibits a de

crease in the salinity content with an increase in nitrate.

Wells north of the Salt and Gila Rivers and on a down gradient from

recharge of flood water and effluent appear to have relatively low salinity

water. An example is the well at Holly Acres which is about one-half mile from

the river channel. Water from this well had a low nitrate content and a total

dissolved solids content of about 800 mg!l in 1979 (Schmidt, 1980).

Numerous other chemical analyses for trace elements have been performed on

samples of water from public supply wells in the project area. The only con

stituent found in amounts exceeding the USEPA drinking water limits is iron.

The limit for iron is based on aesthetic, not health concerns, and is recom

mended only. Much of the groundwater in the Recent alluvium, which is the

major aquifer in the area, is considered "marginal" to "unstable" for domestic

use and irrigation, due tb high salinity, chloride, and hardness. Therefore,

much of the drinking water in the project area is reportedly supplied by bot

tled water. The reduction of the low salinity effluent from possible recharge

could tend to increase the total dissolved solids content of the groundwater in

the area, particularily in the eastern part. However, this would be expected

to be reduced as a result of the contribution of flood flows.
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Schmidt, 1980

TABLE 2-7
CHEMICAL ANALYSIS FOR WATER FROM WEllS IN THE PROJECT AREA

•
I

(A-I-I) (13-1-1)
Constituent (mg/l) I 28 cdb 29 dcc 30 cbb 35 ccb 22 dda 26 bec, 28 cdc I 36 bba

Calcium 216 465 120 30 126 69 108 42
Magnesium 72 185 63 14 39 39 70 19
Sodium 639 640 342 259 312 264 272 200
Carbonate 0 0 0 0 0 0 0 0
Bicarbonate 422 239 156 127 134 151 400 118
Sulfate 348 620 212 118 195 93 261 78
Chloride 1070 1830 760 344 636 624 656 356
Nitrate 26 11 11 3 4 2 23 < 1
Fluoride - < 0.2 0.3 0.9 0.2 0 . .:3 0.3 0.6
Total Hardness (CaC03) 770 1920 559 133 580 336 546 183
Iron - 0.1 < 0.1 < 0.05 0.2 0.44 - < 0.1
Manganese - < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 - < 0.05
Chromium - < 0.01 0.01 - < 0.01 <0.01 - < 0.01
Arsenic - < 0.01 < 0.01 - <0.01 < 0.01 - < 0.01
pH 7.6 7.4 7.6 7.8 - 7.8 7.6 8.0
Electrical Conductivity

II
(micromhos @ 250 c) 4320 - - 2130 1850 3730 -

Total Dissolved Solids 2580 4250 1730 840 1512 1078 1772 790

Date 11/08/68 04/05/79 04/02/79 06/77 08/22/76 08/11/76' 07/77 04/05/79

Perforated Interval (feet] 50-140 - 410 T.D. 389-407 500 T.D. - 55-421 176 T.D.

Lab SRP ADHS ADHS ATL ADHS ADHS U of A ADHS

Data from MAG 208 program and files of Arizona Department of Health Services,
Maricopa County Health Department, and Bureau of Indian Affairs.
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Potential well contamination, which is of concern to the Gila River Indian

Community, was not found to be correlated to the effluent from the 91st Avenue

Plant. However, monitoring of wells is necessary to determine other possible

sources and constituents of contamination.

BIOLOGICAL FACTORS

RIPARIAN VEGETATION: Riparian vegetation in the project area has a his-

tory closely related to groundwater fluctuations. The historical description

below of both the groundwater and the riparian vegetation is presented as a

basis for understanding present conditions and future impacts. The three major

riparian species to be considered are saltcedar (Tamarix chinensis), cottonwood

(Populus fremontii) and willow (Salix~. Information is based on photo-

graphic evidence, research articles and field reconnaissance. The historical

discussions are followed by a description of the existing vegetation in the

eastern and western groundwater areas. The future impacts on vegetation under
-

the two effluent discharge conditions are then assessed for the eastern and

western parts of the project area.

Groundwater History. Groundwater levels in the project area are high

compared to other parts of the Salt River Valley (Appendix B; Schmidt, 1980).

Groundwater was close to the surface under the Salt River channel in 1920

(Halpenny and Greene, 1975), but because of increased pumpage and decreased

streamflow, groundwater levels declined through 1965. West of 11Sth Avenue,-

however, the decline under the channel was not significant. This is largely

due to the presence of relatively impermeable geologic materials at shallow

depths. After 1965, several sources of recharge became important in the project

LiBRARY
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area. These include periodic flood flows and relatively continuous discharge

of sewage effluent and other waters in the channel of the Salt River.

History of Riparian Vegetation. Prior to the 1920's, riparian vege

tation in the project area probably consisted primarily of cottonwood and

willow with small bosques of mesquite, all of which are native species (Horton

and Campbell, 1974). The earliest account of saltcedar (an introduced, exotic

species) on the Gila River was around 1900. Saltcedar was apparently common ln

the river bottom near Tempe in 1901, and by 1902 saltcedar could. be seen along

the Gila River around Gila Bend,· but it did not appear to be well established

(Robinson, 1965).

Heavy growth of saltcedar was reported at Gillespie Dam on the Gila River

in 1929. During the same year, it was reported as a nuisance along unlined

laterals of the Roosevelt Irrigation District in the Buckeye area and "jungles"

of it were reported along the Gila River (Robinson, 1965).

Photographs taken in 1941 (Maricopa County Flood Control District - MCFCD)

show fairly densesaltcedargrowthin most of the area. West of the Agua Fria

Gila River confluence, the saltcedar growth consisted of large trees covering

about 80 percent of the channels with few open spaces. From this point east to

the Salt-Gila River confluence, the bed of the channel had approximately 60

percent coverage with a few widely dispersed clumps of sa1tcedar and several

open areas. The Salt-Gila River confluence east to 91st Avenue had compara

tively sparse coverage consisting of riparian tree species along the low flow

channels, with little growth outside the channel. From photographs taken in

1941 and later, cottonwood and willow did not occur in dense stands, but were

generally dispersed along low flow channels throughout the area.
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Partial photographic records from 1949 (U.S. Army Corps of Engineers) in

dicate an increase in the areal extent of riparian vegetation. The area from

the Salt-Gila River confluence to 9Ist Avenue remained relatively the same, but

west of the confluence there was a slight increase in extent and density of

vegetation. Soil Conservation Service (SCS) aerial photographs from 1954

indicate only a slight reduction in growth along the Salt River from 91st

Avenue to the Salt-Gila River confluence.

In the late 1950's an extensive thinning of vegetation began to occur.

Photographic records of 1959 (MCFCD) show a general reduction in areal extent

of riparian vegetation. West of the Agua Fria-Gila River confluence, dense

growth occurred along the low flow channel only, with about 20 percent coverage

outside the channel. From this point to the Salt-Gila River confluence, a

similar reduction was evident. Dense growth occurred only along the low flow

channels, with the area outside the channel exhibiting many open spaces and

some scattered growth. By this time, the area from the Salt-Gila River con

fluence east to 9Ist Avenue was practically barren. Very little vegetation was

present, even along the channel. The vegetation was essentially the same in

SCS photographs from 1964.

Comparison of the 1964 photographs with 1978 and 1979 photos indicates a

general trend toward increasing density and coverage throughout the project

area.

Some general conclusions can be drawn from the above information. First,

saltcedar growth in the project area probably started during the 1920's and

coverage was probably heaviest in the late 1940's. In the 1950's, a reduction
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in the extent of coverage began to occur, and. probably continued until about

1967, when a gradual reversal began. The extent and density of riparian vege-

tationhas apparently been slowly increasing from the late 1960's to the

present.

These changes in the extent and density of vegetation, especially salt-

cedar, are largely dependent on gross groundwater fluctuations. The fluctua-

tions in turn largely depend on flood flow, effluent and other recharge, and

pumping rates. Prior to 1965, there was a 25 year period without flood flows,

accompanied by increasing groundwater pumpage and decreased streamflow. A

simultaneous reduction in vegetation occurred during the same period of de-

creased groundwater levels.

The 9Ist Avenue·Treatment Plant commenced operation in 1958. With ap-

proximately 0.1 mgd annual average flow being discharged, the effluent did not

travel far. By early 1962, however, effluent discharges increased to about 4 mgd

annual average flow and reached the Buckeye Heading six and one-half miles

downstream (Halpenny and Greene, 1975). During this period, however, the

vegetation in the stretch from 9Ist Avenue to the Buckeye headgate continued to

decrease. Increases in vegetation did not begin until about 1967, after the

flood of December 1965-January 1966. Effluent discharge from the 9lst Avenue

. "Plant increased to approximately 23 mgd annual average flow in 1965 (Halpenny

and Greene, 1975). The increase in groundwater level from recharge of these

flows was probably the primary factor in increased vegetative growth. The low

groundwater levels prior to 1965 allowed greater recharge capacity. Several

sources of recharge became important in the project area, as previously men-

tioned. These include periodic flood flows and relatively continuous discharge
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of effluent and other waters which supported new vegetation. In general terms,

the riparian vegetation has been increasing in areal extent and density since

the late 1960's.

Because the project area has value for wildlife, much of the river bed

from 9lst Avenue to 115th Avenue has been proposed as a natural area by the

Arizona State Parks Board•. Th-e proposal involves 1,120 acres of

land and will require a voluntary, cooperative agreement among all of the land

owners prior to becoming a registered natural area. A natural area status does

not impose any legal restrictions on the land, but recognizes the site as a

special area in which management and protection of resources are encouraged.

The purpose of the establishment of the natural area is to help maintain

riparian vegetation at this site and add some impetus to control illegal dis

turbances such as trash dumping.

The site of the proposed natural area includes a segment of the Salt River

and riparian habitat between9lst and l15th Avenues in the eastern paxt of the

project area. The southern boundary is adjacent to the northern edge of the

Gila River Indian Community (Smith and Bender, 1973).

Current ownership of the river bed within the project area is varied. The

southern half of the river bed between 9lst Avenue and 107th Avenue is owned by

the Gila River Indian Community, with the remaining land divided among private,

state and municipal ownerships. However, west of 107th Avenue to the Buckeye

Heading, the majority of the land is either owned by the Arizona Game and Fish

Department (AGFD) or designated as State Trust Land. A portion of this land

within the proposed natural area is currently managed by the AGFD as the Base
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and Meridian Wildlife Area, located in the Salt River channel just east of

llSth Avenue. The AGFD had constructed s.everal ponds that were managed as

waterfowl resting areas and were important to migratory as well as resident

wetland wildlife. TIle earthen dams constructed for this purpose were washed

out during the recent floods and no plans have been made to replace them.

Existing Vegetation. The project area contains a groundwater regime

that is comprised of two groundwater parts, as described in "Physical Factors."

The division between the eastern and western groundwater parts extends north

ward from Monument Hill at approximately l15th Avenue. Because the difference

in groundwater level between the eastern and western areas results in con

trasting vegetative distribution,these areas are discussed separately.

o Eastern Part - At present, surface flow and depth to groundwater

appear to influence both areal extent and species composition of riparian

vegetation in this area. This area is characterized by deeper groundwater

levels than those found in the western area, although at present they-are

relatively high due to recent flooding and other recharge; levels are approx

imately ten feet near llSth Avenue and generally range from 10-20 feet beneath

the Salt River channel upstream to about 9lst Avenue. In general, the ground

water level declines about seven feet per mile upstream from· 1l5th Avenue to an

approximate depth of 70 feet at the 23rd Avenue Plant (Schmidt, 1980).

The relatively deep water table of .the eastern part of the groundwater

regime is unattainable by many plant species. Table 2-8 shows the maximum root

depths for mature cottonwood, willow, and saltcedar. Cottonwood roots are not

known to reach down farther than 25-30 feet, while willow does not extend below
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TABLE 2-8

ROOT DEPTHS AND EVAPOTRANSPIRATION RATES

Species Location
Depth to Maximum Average Tree Evapotranspiration Source

Water Table Root Depth Height Rate (acre feet/acre/year)

Cottonwood Safford Valley, 7 ft. 25-~O ft. no. data 6.0 (lOO". volume densit.y) Gatewood et a1.

AZ 1950 and Turner.
1951

;jan Luis Roy 4. ft. 5. 2 (10()~. volume density) ~luckel et a 1.

River, CA 1945

3 ft. 8.1 (100% volume density)

Willow Sa fford Va 11 ey, 7 ft. < 15 ft. no data 6.0 (100% volume density) Gate';Qod et al.

AZ 1950 and Tu rner •
1951

Winnemucca, 4 ft. 3.03 (less than 100% 'Robinson, 1970

NV (Alkali conditions) volume density)

Safford Valley, A 7 ft. I~ ft. 7.2 (100% volume density) G.ltClwOU et a L

AZ 1950 and Turner,
1951

Safford Valley 4.0 13 ft. 9.2 (100"0 vo 1ume dens i ty) Gatewood et a I.
1950

Tamarisk or S<Jfford Valley 8.0 30-60 ft. 13 ft. 7.0 (100·0 volume density)

Saltcedar 23l'd Avenue to Taken into Taken into 5.5 (75-100% areal I~a tel' Resource

Gillespie account accollnt density) Associates, 8/75

23.rd Avenue to Takon into Taken into 4.5 (50-75% areal density)
Gillespie account: account.

23ro Avenue to Taken into Taken into 2.9 (25-50% areal density)
Gillespi.e accollnt account.

23l'd Avenue to Taken into , Taken into 1.0 (10-25% areal density)
Gillespie account. account

N
I

N
'-I



2-28

15 feet to groundwater (Robinson, 1958), and seven· feet is more likely (Zim-

merman, 1969). Unlike cottonwood and willow, the roots of saltcedar may reach

relatively deep groundwater.levels of approximately 30-60 feet (Water Resource
,

Associates, 1975). However, these depths are for established trees. Younger

trees and seedlings require shallow groundwater and/or surface flows.

As a result, between 9lst and 11Sth Avenues, willow and cottonwood trees

are primarily restricted to areas adjacent to surface water flow. Nowillow

trees exist away from the surface flow. Saltcedar is found growing in dense

stands near surface water and also in areas not watered by surface flows.

These latter areas are characterized by dry surface soil and, as discussed, a

relatively deepwater table (approximately 10-20 feet).

Although the minimum surface flow necessary for the maintenance of riparian

vegetation in this area is not known, these flows directly impact adjacent

vegetation and help to maintain highe1.· groundwater levels.

A report is presently being completed by the U.S. Fish and Wildlife Service

on the stream flow effects on maintenance of cottonwood for the Verde River.

Further studies would be necessary to determine a theoretical minimum flow

essential for maintaining riparian tree species in this area. These studies

would include a tree count, densities, a determination of evapotranspiration

rates for individual species, percolation rate of a surface water flow, depth

to water table and surface water evapotranspiration rates. Table 2-8 presents

evapotranspiration rates calculated for several arid areas. The rates show

considerable variation both between species and areas depending on several

factors. Therefore, an accurate determination of the rates for this project

area would require site specific analysis.
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o Western Part - In general, the vegetation in the western part of

the project area appears to be supported more by readily accessible groundwater

than by surface flow. The subsurface geologic characteristics of this portion

of the project area favor shallow groundwater levels. Asa result, the western

part is characterized by groundwater levels at or near the elevation of the

Gila River channel. These levels have remained relatively shallow because

of comparatively small amounts of pumpage and continued flows for recharge to

the groundwater (Schmidt, 1980).

In this area, willow and cottonwood trees are found growing near the

surface water flow. Saltcedar stands are extensive in areas away from the

surface flow and include relatively large willow trees. Just east of Bullard

Avenue, individual willow trees are found growing throughout the river channel

in areas devoid of surface flow. The existence of these willows in the absence

of surface flow reflect high groundwater levels in that willow roots·have been

found to descend to groundwater only seven feet or less in most cases-(Zimmer

man, 1969). It may be concluded that once the willow is established and surface

flows diminish, the willow's maintenance becomes dependent on a shallow ground

water table. Over~l1, the vegetation appears to be supported more by ground

water levels than by surface flow. However, as noted previously, surface flow

is a factor in the maintenance of groundwater levels.

Future Vegetation. The future of riparian vegetation in the project

area will depend on both groundwater levels and surface flows. Issues of

public concern deal with both the maintenance of riparian habitat and the

impacts of effluent discharge on that habitat.
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The impacts of the two effluent discharge conditions on riparian habitat

are addressed in the following discussion. The first condition of effluent

discharge reflects the impacts of minimum discharge assuming only 6.52 mgd of

effluent forAGFD discharged into the Salt River. The second effluent condi

tion assumes discharge into the river of the remaining effluent not used for

existing effluent reuse commitments. This condition would result in effluent

discharge to the river decreasing from 90 mgd annual average flow in 1980 to

approximately 20.2 mgd annual average flow in 1986 based on flow projections

provided in the 9lst Avenue Plant Expansion Draft Facility Plan. Annual average

flow then increases to about 35.2 mgd by the year 2000.

The reduction in effluent discharge which will occur under either con

dition will affect the eastern and western parts of the project area differently

because of the unequal groundwater l~vels in each area. The minimum monthly

flow expected to occur in 1986 under the first discharge condition is 20.6 mgd

(minimum baseline river flow of 14.1 mgd plus effluent discharge of 6-.5 mgd).

It is expected that surface flow should not terminate within the project area.

o Eastern Part - Due to the relatively deep groundwater levels,

vegetation in the eastern area depends on surface flow to a greater extent than

in the western area where groundwater is higher and more accessible to the

vegetation.

Under the first condition, the reduction in annual average stream flow due

to total effluent reuse may impact vegetation adjacent to the surface water due

to a general reduction in soil saturation. Therefore, vegetation which depends

on surface flow, such as cottonwood and willow, may be expected to thin and
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become distributed in closer proximity to the river channel. Much of the salt

cedar located in the eastern part has been noted as primarily supported by

groundwater and, therefore, is not expected to be significantly impacted by the

reduction in stream flow.

Based on a report by Turner (1974), a significant change in the establish

ment of riparian vegetation is not expected to occur as a result of seasonal

fluctuations in effluent discharge due to the commencement of reuse allocations.

Turner states that "In terms of physiologic requirements for water, the estab

lishment of riparian species is not directly related to the amount of stream

discharge." If the alluvium is fully saturated, an increase in flow from 50

cubic feet per second to 5,000 cubic feet per second is unimportant to riparian

seedling establishment. More important to the vegetation is the duration of

flow during critical growth periods such as germination and seedling establish

ment in the spring and summer (Turner, 1974) ..

As depicted in Figure 2-3, under the first condition monthly average flows

are expected to remain constant or increase throughout the spring, which corres

ponds to the period of germination and seedling establishment. Cottonwood pro

duces seeds from mid-March to mid-April. A high groundwater level and bare,

sandy soil, especially nearby deposited alluvial soil appear to be optimal for

germination and seedling development (Ohmart, 1977); willow apparently requires

similar conditions for seedling establishment and germination (personal communi

cation, Ohmart, 1980). During the summer and fall when the water ~equirements of

vegetation are the greatest, the seasonal fluctuation of the baseline river flow

will result in the greatest monthly flows. Lowest monthly flows will occur in

the winter (November through March), when water requirements of vegetation are
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at the lowest point. As a result, the seasonal variability in surface flow is

not expected to significantly alter the germination, seedling establishment, or

maintenance of the cottonwood, willow, or aquatic organisms in the eastern

portion of the project area. Aquatic organisms should be maintained during low

winter flows since those flows are not expected to terminate before Buckeye

Heading.

Similarly, in this area saltcedar is not expected to be impacted by the

seasonal variation in surface flow. Saltcedar produces seeds from mid-April to

October, with peak distribution of viable seeds in June and July (Merkel et aI,

1957). Germination occurs on water, generally in less than 24 hours. Very

moist conditions are required for satisfactory germination and seedling estab

lishment and for the first two to four weeks of growth. The combination of

warm, moist, bare soil, especially that left by receding surface flows, is

ideal for saltcedar establishment (Horton et aI, 1960). These conditions,

which are favorable for the germination of saltcedar, should not be signifi

cantly affected by variation in seasonal flows due to a discharge of 6.52 mgd.

In general, the greatest impacts in the eastern area under the first

condition should result from the expected reduction in soil saturation due to

a decrease in average annual stream flow. As a result, a thinning of river

channel vegetation (cottonwood and willow) may. be expected to occur. Seasonal

variation in stream flow should not significantly affect the cottonwood, wil

low, or saltcedar.

Under the second effluent discharge condition, the reduction in annual

average flow from the current 90 mgd to approximately 20.2 mgd ?hould result in

•
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impacts similar to those noted above for the first condition. Based on annual

average flow, the reduction in yearly surface water quantity could result in

decreased soil saturation and a thinning of the vegetation associated with the

river channel (cottonwood and willow). The thinning of vegetation is not ex

pected to be as great as that which could occur under the first condition due

to the relatively greater stream flow and area of saturated soil occurring in

the second condition. Saltcedar is not expected to be significantly affected

by the reduction of annual average stream flow in the eastern area because of

its ability to reach the lower groundwater table once established.

Seasonal variation in surface flows under the second condition will result

in a greater quantity of water available for vegetation during the spring

months relative to the available amount in the first condition (see Figure 2

3). The relatively greater surface flow in the spring could result in more

germination and seedling-establishment of cottonwood and willow along the river

channel over that expected in the 6.52 mgd discharge condition due to ·the

larger area of saturated soil.

In summary, within the eastern area, the second effluent discharge con

dition could result in a thinning of cottonwood and willow and a redistribution

of that vegetation to a closer proximity to the river channel due to an ex

pected reduction in soil saturation over present conditions. However, these

impacts are not expected to be as extreme as the effects of the first effluent

discharge condition. Seasonal variation in stream flows could enable more

germination and seedling establishment of river channel vegetation (cottonwood

.and willow) than the first effluent condition due to greater surface flows in
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the spring. _S~edar should not be significantly impacted by either the

reduction in annual average flow or the seasonal variability in surface flow

under the second condition.

o Western Part - Vegetation in the western part is supported by

groundwater to a greater extent than in the eastern part. Currently, ground

water levels are shallow, 5 feet or less, and are expected to remain shallow

unless some new large-scale purnpage is developed (Schmidt, 1980). As with the

eastern area, the groundwater level in the western area is recharged by flood

flows, effluent and other flows. Based on root depths, the groundwater level

in the western area is high enough to support cottonwood, willow, or saltcedar.

As a result, these vegetative types could be maintained in portions of the

western part where surface water does not exist.

Under the first effluent condition (effluent discharge reduced to 6.52

mgd), based on annual average stream flow, the existing vegetation west of

approximately l15th Avenue is not expected to be significantly affected. The

reduction in surface flows associated with a loss of effluent in this area

would probably not appreciably affect the survival and growth of present ri

parian vegetation because of the shallow depth to groundwater. Both estab

lished native and exotic tree species can effectively obtain water for main

tenance and growth from the present groundwater.

In general, throughout the western part, an annual reduction in surface

flow west of 115th Avenue ~ould not necessarily preclude cottonwood and willow

seedling establishment. If the groundwater remains high, low sandy spots would

continue to provide conditions necessary for seedling establishment.
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./
The seasonal variation in surface flows is not expected to affect the

germination, seedling establishment, or maintenance of cottonwood, willow,

saltcedar or aquatic organisms in the western part of the project area. Aqua

tic organisms should be maintained during low water flows since those flows are

not expected to terminate before Buckeye Heading. As discussed under "Eastern

Part" monthly average flows are expected to remain constant or increase through

out the spring enabling germination and seedling establishment. The increased

flows occurring in spring or summer could be beneficial to the growth and

reproduction of the riparian tree species in the area because this is a period

of active growth for them. Most riparian species are deciduous (drop their

leaves in the winter) and would have a reduced water requirement during the

winter months. In the absence of a drop in groundwater as a result of new

pumping, there should be sufficient water present during spring and summer to

al,low maintenance and new growth of riparian vegetation from 115th Avenue to

the Buckeye Heading.

The effects of the second effluent discharge condition on vegetation in

the western area are expected to be similar to those of the first condition.

In general, the second effluent condition would probably not appreciably affect

the survival and growth of present riparian vegetation. The shallow depth to

groundwater enables both established native and exotic tree species to effec

tively obtain water for maintenance and growth.

Seasonal variatio~ in surface flows under the second condition will result

in greater amounts of surface water available for vegetation during the spring

months over the available quantities in the 6.52 mgd effluent discharge condi

tion (see Figure 2-3). The relatively greater surface flow in the spring could
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result in more germination and seedling establishment of cottonwood and willow

along the river channel over that expected in the first discharge condition due

to the larger area of saturated soil. Saltcedar is not expected to be signifi-

cantly affected by seasonal variation in stream flow under the second condition.

SOCIOECONOMIC FACTORS

Socioeconomic factors addressed in this assessment concern flooding, in-

stitutional arrangements, public health considerations, and nuisance insect

problems. The following discussion includes an analysis of flooding within the

project area in terms of both historical documentation and current potential.

Under "Institutional Arrangements," the floodplain regulations of Maricopa

County are described as well as the effluent reuse commitments of the Multi-

cities. Future effluent reuse potential is then addressed. After a discussion

on the public health impacts from potential surface and groundwater quality

from effluent, the role of effluent in nuisance insect problems is described.

FLOODING: A major issue raised by residents in the project area is flood-

ing. The concern that riparian vegetative growth contributes to floodwater

spreading is discussed in this section.

General. Presently, upstream impoundments provide water conservation

as a primary objective and as such do not provide storage for downstream flood
\

protection. Flooding in the project area differs in summer and winter; histor-

ically, floods have most often occurred in the winter. In 1978 and 1979, above

average rainfall resulted in major winter storm flooding. Summer thunder-

storms, formed in the Gulf of Mexico, sometimes result in flooding, but they

seldom produce enough runoff volume to create serious problems. Flooding from
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such sununer storms is· normally confined to small areas and is of short dura-

tion. Major historical floods in the Salt River are shown on Table 2-9.

Flooding isexpected.to occur when the natural channel flow capacity is

exceeded, resulting in overflow and inundation of the low lands, which are

characteristic of the river channel in the project area. Damages to residen-

tial,commercial and agricultural areas depend on the extent of those land uses

• within the floodplain. Determination of floodwater spreading under various

•

•

•

•

•

•

•

flood flow conditions·requires the application of hydrologic· and hydraulic

principles to the physical conditions which exist in the river channel and

overbank .areas. In brief, the ability of the river to pass a given flood flow

is a function of channel area, depth, slope, and characteristics of the boun-

dariesof the channel.

The basic information required for a flooding assessment includes estimates

of flow in a river under specific hydrologic conditions, determination of the

geometry of the river channel at all locations where changes occur, determina-

tion of "roughness coefficients" for each river section, determination of

backwater effects, and the relating of water levels to topography in the flood-

plain area. A more detailed discussion is available from the U.S. Army Corps

of Engineers (197S).

Although a reliable determination of flood potential can be made from data

collected at a particular time, if certain physical changes occur, the potential

for flooding will be altered. Physical changes in the floodway which alter

flooding potential include:

1. Encroachment of vegetation, which may cause a reduction in flow
velocity and the deposition of sediment.
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TABLE 2-9
HISTORICAL FLOODS ON THE SALT RIVER

Flood Peak (ft3/s)
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•

•

•

•

•

February 1891

April 1895

November 27, 1905

January 19-20, 1916

January 29-30, 1916

February 1920

MaTch 1938

March 1941

December 1965-January 1966*

February\2l-May 29, 1973*

March .2, 1978*

December 19, 1978*

January 19, 1979*

March 29, 1979*

300, 000

115, 000

200,000

120,000

105,000

130,000

85,000

40,000

67,000

22,000

122,000

140,000

88,000

67,400

•

•

••

•

Data for early floods obtained from the Interim Report on Survey
for Flood Control, Gila and Salt Rivers, Gillespie Dam to McDowell
Dam Site, Arizona: U.S. Army Corps of Engineers, Los Angeles
District, 1957.

*Datafor recent floods obtained from the U.S. Geological Survey,
measured at 48th Street and the Salt River (figures are preliminary
and subject to revision) .
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2. Scouring of river banks and the channel bottom, and the deposition of
suspended materials by an intervening flood, which could result In
channel migration and changes in channel hydraulic capacity.

3. Saturation of floodway soils from an intervening flood, preventing
groundwater recharge that might otherwise occur and reduce total flood
volume.

4. Roadway construction or placement of obstructions in the river channel
or floodway which could reduce the hydraulic capacity, causing back
water effects and eventual floodwater spreading.

The project area has experienced a series of floods of varying intensities

through the years (see Table 2-9). The flood flows and estimated recurrence

intervals, as used by the U.S. Department of Housing and Urban Development, are

as follows:

•
Recurrence Interval

100 yrs.
50
10

Peak Flow (cfs)

210,000
160,000

37,000

• Analysis of Past and Recent Flooding. As discussed above, a number

•

•

•

•

of factors may contribute to changes in flooding potential over time. The

flooding issue in the project area centers on the effect of the recent (1967)

encroachment of saltcedar into the area and its relative impact on the river's

capability to pass flood flows. This concern is apparently based on observa-

tions of flood flows in the mid-1960's, which resulted in minor damages,

compared to the floods of 1978-1979, which caused more extensive damages. To

address this concern, an analysis was conducted to determine the relative

changes in the river channel and intensities of the flow which could account

for the differences in the flood spreading.
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The flood of 1965-66 came after a long period of stability in the river

channel. According to the flood history (Table 2-9), the most recent flood

prior to this time was in 1941 and was less intense, at 40,000 cubic feet per

second (cfs). As stated in the groundwater discussion, the 25 year span was

characterized by a loss in a constant surface flow marked by an extensive

decline in the groundwater level. Channel stability may have affected the peak

flood flow. According to Aldridge (1970, pp. 160-168), the peak flood flow for

the 1965-66 flood at Granite Reef Dam was 67,000 cfs and by the time the flow

reached Gillespie Dam the peak was reduced to 64,000 cfs. Flow data for a mid

point of 66,000 cfs was determined at the Joint Head Dam on 48th Street. The

66,000 cfs flow was used in the analysis to indicate the peak flow in the

project area.

Documentation of flood damages and area of inundation for the 1965-66

flood were not available for the project area; therefore, interpretation of

aerial photographs was necessary to determine the amount of land inundated by

the 1965-66 flood flow. The photos indicate that the 1965-66 (66,000 cfs)

flood would have reached the southernmost border of the present Holly Acres

subdivision.

As part of the analysis, the 1965-66 flood was compared to the most recent

flood of March 1979 with a flow of 68,000 cfs (including 600-700 cfs from the

Gila and Santa Cruz Rivers). The March 1979 flood flow was chosen for com

parison with the 1965-66 flood because peak flows were similar and a comparison

of 1964 aerial photographs with 1979 aerial photographs shows a relative abun

dance of riparian vegetation in 1979 as opposed to sparse growth in 1964, prior

•

•

•

•

•

•

•

•

•

•

•



caused some spreading of flood water into the southernmost boundary of the

Holly Acres subdivision. This was confirmed by aerial photographs, which

showed the increased area of inundation was not great. The comparison, how

eveT, proved to be inconclusive without the availability of flood hydrographs,

channel topography prior to the flood, and quantifiable flood spreading records.

Factors Affecting Flooding. While the comparison of past and recent

flooding proved inconclusive due to lack of quantified information, analysis

and investigations identified several factors which may influence floodwater

spreading that were found to be in effect during the 1978-79 floods (Table 2-9).

These factors were not found to be a part of the 1965-66 flood.

o Vegetation - One of the factors centers around the controversy of

the impacts caused by the encroachment of saltcedar into the floodplain.

According to Robinson (1958), in a stream where saltcedar has become estab

lished in the floodplain, there is (1) a depletion of stream flow, {2) an

increase in the area inundated by floods, and (3) an increase in deposition

of sediment in the areas of saltcedar growth. Riparian vegetative species such

as saltcedar are known to produce a resistance to flow and a stability of the

floodplain boundary (Graf, 1978). Due to saltcedar's morphology, it produces

dense stands of vegetation which would characteristically decrease flow velo

cities through tile areas of dense growth. This could cause an increase in

deposition of sediment carried by previous flood flows. This phenomenon was

observed by Burkham (1971) along the Upper Gila River in Safford Valley, where

sediment islands and sandbars were formed in areas of low velocity. In terms

•

•

•

•

•

•

•

•

•

•

•

to the 1965-66 f~ood.
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The March 1979 flood, according to residents, may have
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of changes In the stream channel, however, Burkham concluded that large flood

flows ~/ere the main cause of the widening of the stream channel and that flood-

plain vegetation may have been a minor contributing factor.

o Obstructions - To determine further possible changes in the area

that may cause increased flooding, a field investigation of the floodway was

conducted to determine any natural and/or man-made obstructions which could

result in increased backwaters which were not in effect during the 1965-66

flood. The most notable influence appears to be the placement of a landfill in

t~center of the floodway. In 1973, Maricopa County Highway Department leased

a segment of the river channel from the State Land Department to dispose of

solid waste. The landfill was located along the eastern edge of El Mirage Road

about 2,000 feet south of the Holly Acres subdivision. The landfill covered

about 20 acres of surface area and was later closed in 1977 due to flooding.

However, the surface elevation of the abandoned landfill remains approximately

+4 to 5 feet (elevation 934-, USGS) above the surrounding channel. Aerial photos

taken during the flood indicate that the flood outlined the landfill periphery

with negligible cresting, and the landfill apparently continued to divert flows

while the flood receded. Initially, this removal of floodway capacity would be

expected to cause flow diversion and increased backwater, which could result in

increased flooding. A reliable determination of this effect would require a

detailed hydraulic analysis of this segment of the channel.

Another structural occurrence in the river is roadways; however, these

culverted road crossings may not contribute significantly to a backwater effect,

2ince they are washed out at very low flows (personal communication, ADOT,

1980).

•

•

•

•

•

•

•

•

•

•

•



Vi;t::

>.:.~~~:

~«
~

', .. ~

i I

Jt",., .

;j

., .....

)?

'.~

t ~'3 ,,'"

. ,-·r' . ,',

. j'

"

; ......

PLATE 2-3
PROJECT AREA

FLOOD AREAS

-'::.t:"

~. -, ;.:'"

," .....,.". ,f

9

"\

?e

.. :~~ ...
;;::1

...: .

..t

",~,~ '-

(~

\

::; ~:

\1(

. ~

~{,~ ::

::::.:~~

. :::.::"~-:-

"~"

.~..,: ;

::~:{.::

arthur beard engine.rl,lne. /CAMP DRESSER &McKEE INC.

.:;::.,

t· ..'
_ GU. IRlv.r IndianCOfl1munity". . ... ..

j.'·f
i........... ~. ', .. ' '!.

"\,
••"

~ONFLUENCE O~;~.,"~<,
_GJLAan~rSALT AJ\lERS

.. :..•. ;

.: ...
, .

" ;. ';:';{:, t

~:: ,'-",

\..

i
i ,,"

i.;.,~~~~i::t~:~

::,::).... ;. '~':~'"

~'.'

~..::~' .

l'

:'1'"'.~

~;

.::'

)

2.(C.OCJ~

.. J

J
~::-.;!:

,

...........

:;;:

~:: :' ::

_.,:~!~~"~,E~~

,;;~

:.;

;.-

FLOODPLAIN DEVELOPED BY

.,. Toups Corporation

-,:.:<::.:,

:~:.

;:....

::.::.::::<: .....

(

(B...d on 1978 topography)

_ •••••• FLOODWAY

100 YEAR FLOOD

II U..l.llLl I 50 YEAR FLOOD

U.JIIIIIII 10YEAR FLOOD•

•

•

•

•

•

•

•

•

•

•



•

•

•

•

•

•

•

•

•

2-43

Conclusions. Several conclusions could be made about the recent

flooding events, their corresponding changes in the river channel and the

overall impact on floodwater spreading. As previously stated, topography and

basic channel hydraulic capacity are of primary importance in the conveyance of

flood flows. Plate 2-3 shows the location of the Holly Acres subdivision in

relation to flood-prone areas; the expected frequency of flooding to the sub~

division would be between 10 and 50 years. It should be noted that these

relative lines of flood frequency change with time. Such changes occur as a

result of alteration in actual river channel capacity, such as increased channel

depth from scouring or widening of the floodway by a previous flooding event.

It should be further noted that the flood frequency map (Plate 2-3) is based on

the most up-to-date (1976) topography, which may have changed due to the more

recent floods. Therefore, location with respect to these floodplains should be

used primarily as an indication of flood frequency.

-
The information indicates that numerous factors could affect floodwater

spreading and the degree of damage that results. The most significant of these

is the intensity of the flood flow and the location of development in relation

to the·corresponding floodplain. This relationship most adequately explains

the reason for the higher levels of flood-related damages in 1978-79 than in

1965-66.

Plate 2-3 provides the relative frequency of flooding and the location of

area development relative to flood-prone areas. To determine the correlation

between the most recent floods and the expected areas of inundation, the fol-

•

•

lowing information should be used: Table 2- provides the peak flows for the
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TABLE 2-10

UNUSED EFFLUENT IN 1986
(MONTHLY AVERAGE FLOW)
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1986 91st AVENUE PLANT REMAINING UNUSED
MONTH EFFLUENT FLOWS1 (mgd) COMMITTED .. EFFLUENT1, 2{mgd) EFFLUENT3 (mgd)• January 96.6 59.5 37.1

February 99.8 58.9 40.9

March 101.9 72.3 29.6• April 101. 9 73.5 28.4

May 102.9 99.6 3.3

June 102.9 103.5 ... 0.6•
July 106.1 102.6 3.5

August 108.2 102.6 5.6

• September 115.5 98.4 17.1
/

October 112.4 96.3 16.1

November 107.1 74.1 33.0,

• December 105.0 87.0 18.0

•

•

•

•

lSee Appendix C.

2Inc l udes allocations to AGFO, BIC, and ANPP.

3Flows derived from data presented in Appendix C.

SOURCE: ABE/COM 1980.
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recent floods. The largest of these floods (140,000 cfs) occurred on December

19, 1978, and, according to Holly Acres residents, was the most damaging. This

flow corresponds roughly with the HUD flood frequency curve for a 50 year event

at 160,000 ·cfs. Plate 2-3 shows the areas of land that would be inundated by

a 50 year flood; a comparison can be made to locate the expected areas of

inundation for the 140,000 cfs flood of December 1978.

The particular area within the boundary of the 50 year flood designation

is characteristically a lowland area, located at the confluence of three major

rivers. The indication would therefore be that these topographical charac

teristics and the location of the development appear to be influential in the

extent and significance of area flooding.

In order to minimize flooding potential, a floodplain management plan was

developed for the purposes of the Flood Insurance Program (HUD, 1979). One

aspect of floodplain management involves balancing the economic gain from

floodplain development against the resulting increase in flood hazard.- In

cluded in the plan was the concept of a floodway which is used as a tool to

assist local communities in determining future land uses. Under this concept,

the area of the lOa-year flood is divided into a floodway and a floodway fringe.

The floodway is the channel of a stream plus any adjacent floodplain areas that

must be kept free of encroachment so that the 100 year flood can be carried

without substantial increases in flood heights. Figure 2-5 represents the

concept of the floodway and Plate 2-3 indicates its relative location in the

project area.

Based on this assessment, neither effluent discharge condition would

create a significant change in present flooding potentials in the project area.
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INSTITUTIONAL ARRANGEMENTS:

Floodplain Regulations. The "1975 Floodplain Regulations for the Un

incorporated Area of Maricopa County,!' adopted by the Floodplain Board on July

14, 1975, and amended on October 17, 1977, is a two-district floodplain regu

lation intended to prevent the dangerous and expensive misuse of floodplains in

t:le county. This regulation divides the Regulatory Floodplain (100 year flood

plain) into two areas. The first area, the Floodway District, restricts develop

ment to uses which are not susceptible to severe or expensive flood damage and

which do not obstruct the flow of flood water. In the Floodway Fringe District,

the second area, development must be protected from the 100 year flood either

by floodproofing or by elevating items susceptible to flood damage so that they

are above the flood elevations. The majority of the residential areas within

the project area along Southern Avenue, including Holly Acres, are within the

Floodway District.

EFFLUENT REUSE:

Existing Reuse Commitments. The Multi-cities, either singly or

jointly, have agreed to supply treatment plant effluent from the 9lst Avenue

Plant to the Arizona Game and Fish Department, the U.S. Department of Agricul-

ture's Water Conservation Laboratory, the Buckeye Irrigation Company, and the

Arizona Nuclear Power Project.

The City of Phoenix has agreed to provide the Arizona Game and Fish Depart-

ment (AGFD) with 20 acre-feet per day (6.52 mgd) of effluent. The AGFD uses ..

the plant effluent as a water supply for vegetative growth that serves as

wildlife habitat. The effluent has been supplied to the AGFD through normal

..

..



•

•

•

•

•

•

•

•

•

•

•

2-47

discharge into the Salt River with the rest of the plant effluent. This allo

cation of effluent to the AGFD is a non-contractual commitment.

A commitment of 1,200 acre-feet per year (1.07 mgd) was made to the

United States Department of Agriculture's Water Conservation Laboratory for the

Flushing Meadows Project. This advanced wastewater treatment research facility

was located in the Salt River about one and one-half miles downstream of the

9lst Avenue Plant until it was destroyed in the 1978-79 floods. Since there

are no plans to reactivate this project, this 1.07 mgd flow is assumed to be

available for reuse in this assessment.

The Salt and Gila River flows are drawn off by the Buckeye Canal at an

area between Litchfield Road and Bullard Avenue for irrigation. In 1971, the

City of Phoenix entered into a 40-year contract with the Buckeye Irrigation

Company (BIC) to supply 30,000 acre-feet of effluent per year in monthly incre

ments of 2,500 acre-feet (26.81 mgd). The effluent must be of sufficient

quality to permit its use for irrigation of crops not intended for human con

sumption. Presently, the delivery of effluent to BIC has been by ,natural

channel in the Salt River; however, they have made arrangements to obtain

effluent from the plant through the same pipeline that will convey effluent to

the Palo Verde Nuclear Generating Station.

A commitment for portions or all of the remaining effluent has been made

by the cities of Glendale, Mesa, Phoenix, Scottsdale, Tempe, and Youngtown to

the Arizona Public Service Company (APS) and the Salt River Project (SRP). The

effluent is presently intended for use as cooling water at the Palo Verde

Nuclear Generating Station (PVNGS) as part of the Arizona Nuclear Power Project

(ANPP). The PVNGS flow requirements are expected to be approximately 107,000
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acre-feet per year (95.6 mgd), which is about 21,400 acre-feet per year (19.1

mgd) for each of five power generating units. Although generating units four

and five have been indefinitely delayed, the total commitment presently con-

tracted under the Multi-cities/ANPP Agreement is 140,000 af/yr (125 mgd). This

may be used at the Palo Verde Nuclear Generating Station or any other generating

facility APS and/or SRP may choose. The contract expires 40 years after the

date the last power generating unit is placed into operation or the year 2040,

whichever comes first.

The previously described commitments to Arizona Game and Fish Department,

the U.S. Water Conservation Laboratory, and the Buckeye Irrigation Company are

higher in priority than the ANPP commitment. Any effluent up to 125 mgd

from the 91st Avenue Plant which is not previously committed to other users is

to be committed to the ANPP. The 23rd Avenue Plant effluent may.be used to

fulfill remaining portions of commitment after all of the available supply of

9lst Avenue Plant effluent has been alloc~ted.

The effluent will be delivered to ANPP on or adjacent to the plant site.

A pipeline is presently being constructed by ANPP which will be used to convey
~

effluent from the gIst Avenue Plant to PVNGS. This pipeline will also convey

effluent to the Buckeye Irrigation Company. The contract establishes effluent

quality requirements on an annual average basis for three effluent constituents:

1. Phosphate - 60 mg/l
2. Suspended Solids - 30 mg/l
3. BODS - 30 mg/l

The reuse of effluent is a major issue of public concern. Both short- and

long-term plans are being developed by the Multi-cities in order to ensure its

most beneficial use.

•
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Effluent Reuse Potential. In terms of annual average flows, effluent

discharge from the 9lst Avenue Plant should be sufficient to meet the expected

requirements of existing commitments until such time as the fourth PVNGS unit

would become operational in 1988 (see Table 2-4). However, based on monthly

average flows, after the third PVNGS unit becomes operational in 1986 all

effluent from the 9lst Avenue Plant is expected to be utilized by existing

commitments, at least for short periods of time. Table 2-10 depicts total

unused effluent from the 9lst Avenue Plant projected for the year 1986.

In June of 1986, effluent from the 9lst Avenue Plant will be insufficient to

meet existing effluent commitments based on monthly average flow projections.

In 1986, a monthly average of only approximately 3.0 mgd should be available

for reuse from May through August.

The above discussion is based on expected effluent requirements assuming

the operation of, three PVNGS units which would require a total annual average

of 58.0 mgd of effluent. However, as stated previously, the contractual agree

ment between the Multi-cities and the fu~PP entitles the latter to a maximum of

140,000 acre-feet per year (125 mgd) of effluent. If the ANPP required the

maximum quantity of effluent stipulated in the contract, all effluent from the

9lst Avenue Plant through the year 2000 which is not previously committed to

other users could be fully utilized by ANPP. Based on this assessment, ef

fluent reuse potential beyond existing commitments appears uncertain and greatly

dependent upon the requirements of ANPP.

PUBLIC HEALTH: Public health concerns have been expressed by residents of

the Gila River Indian Community and others over potential effluent-impacted

groundwater as a source of contamination to their potable water supply wells.
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However, those constituents of concern that have been tested and relate to ef

fluent recharge, such as nitrates, were not found to be at levels that would

create a public health impact (Schmidt, 1980). A monitoring program is nec

essary to further assess the concentrations of other constituents which may

present in the groundwater as a result of natural occurrences.

INSECTS: An additional public concern is that of insect problems in the

vicinity of the 9lst Avenue Plant. Insects which have been identified as being

associated with the effluent discharge are the Culex pipiens mosquitoes and

Chironomid (bloodworm) midges.

In the Insect and Odor Report for the 9Ist Avenue Plant Expansion Facility

Plan (ABE/CDM, 1980), large numbers of Culex pipiens were reported in stagnant

pools of effluent and irrigation runoff water near the 9lst Avenue Plant.

However, these mosquitoes can breed wherever standing water exists for an

extended time in the project area and generally do not disperse far from their

breeding area. They are suspected vectors of viral encephalitis.

Midges of the genus Chironomus, known as bloodworm midges, were found to

be especially numerous in the effluent channel with its high organic matter

content. The effluent appears to significantly increase midge numbers by

creating an optimum breeding habitat. It is likely that some of the midges

breeding in effluent dominated areas are dispersing to areas away from the

effluent. While they do not bite, midges can create a nuisance by swarming and.

clinging to sides of houses and eaves.

Mitigation of many insect problems is provided for in the Effluent Dis

infection Facility Plan and the Minor Modifications Facility Plan. These
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facilities are scheduled for completion of construction by November 1, 1980,

and October 1, 1981, respectively. Culex pipiens mosquitoes which breed

in the effluent pools near the 9lst Avenue Plant should be affected by the

construction of disinfection and minor modifications facilities at the plant.

The addition of scum removal to the clarifiers will diminish the larval food

source by reducing the amount of organic matter deposited in the effluent and

Salt River channels. Disinfection at the gIst Avenue Plant should also reduce

Culex breeding in the effluent channel by diminishing the food source for the

larvae. However, the impacts noted above will be very localized and as such,

C~lex mosquitoes may still be expected to breed in significant numbers through

out the riparian habitat, agricultural area, and wherever standing water exists.

The addition of scum removal to the plant will reduce the nlmber of

breeding sites for midges by reducing the high organic substrate now being

deposited in the effluent and Salt River channels. As described for the Culex

mosquitoes, disinfection facilities at the 9lst Avenue Plant will reduce the

food source for these pollution-tolerant insects. The introduction of chlorine

through disinfection should result in the reduction of midges by diminishing

the quantity of microscopic organisms which are used as food by midge larvae.

In addition, the improved water quality resulting from these plant altera

tions would enable a greater diversity of insects to ~nhabit the effluent

channel. The cleaner effluent would allow for the survival of more species and

probably result in a more balanced community of organisms, including a decline

of pollution-tolerant midges. Balance of community refers to the diversity of

insect species found in natural communities. In a balanced community, one
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species would not normally reproduce in excessive numbers because of com

petition and predation.

Impacts Under First Condition. The reduction of effluent discharge

to 6.52 mgd could diminish breeding sites for Culex mosquitoes. However,

Culex mosquitoes may still be expected to breed in significant numbers through

out the riparian habitat, agricultural area, and where there is standing water.

With the expansion of the 9lst Avenue Plant, there would be a net improvement

in water quality over that resulting from the disinfection and minor modifi

cations to the plant as noted above.

The primary advantage of the plant expansion in terms of impact on insects

is the reduction in pollution, or high organic and nutrient content, in the

water, factors which increase some species of pollution-tolerant insect popu

lations. The cleaner effluent should result in a balanced community of organisms

with no dominant nuisance species. As a result, the reduction of potential

breeding sites and increased diversity of competing insect species should

result in a decreased number of midges.

In addition, after the completion of minor modifications, effluent disin

fection and plant expansion, the seasonal variations in effluent discharge and

Salt River base flow should not impact nuisance insect populations, assuming

ponding is avoided. Both Culex and midges exhibit peak breeding activity in

the summer and fall; in summer, they require about ten or eleven days to complete

their life cycle, depending on temperature, moisture and food. Under the 6.52

mgd effluent discharge. condition a constant flow of water will be maintained in

the Salt River during the insect breeding periods.
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Impacts'Under Second Condition. As noted above, minor modifications,

effluent disinfection, and the plant expansion will significantly improve the

quality of the effluent discharged from the 9lst Avenue Plant. The improved

water quality will decrease the number of ~ pipiens and midges related to the

effluent by diminishing their breeding habitat. The second effluent discharge

condition should not result in significant breeding habitat. Since the quality

of the effluent appears to be a greater factor than effluent quantity in deter

mining the potential for excessive breeding of nuisance insects, the impacts of

discharging the remaining unused effluent are expected to be similar to those

of discharging 6.52 mgd because both conditions will have cleaner effluent than

that presently discharged from the plant. As described in the first effluent

discharge condition, with the minor modifications, effluent disinfection and

plant expansion, seasonal variations in effluent discharge and Salt River base

flow should not impact nuisance insect populations.

CULTURAL FACTORS

Special concerns of area residents regarding insects, flooding attributable

to vegetation, and public health are discussed under "Public Concerns Associated

with Effluent Discharge!1 in the introduction to this assessment. In general,

community life in the area should be enhanced by the improvement in the quality

of effluent under both effluent discharge conditions. Impacts from improved

effluent quality would primarily affect current insect problems associated ~ith

the effluent in that nuisance insect populations should decrease.

Concern has been expressed over degradation of riparian habitat due to re

duction of surface flows. The MAG 208 Final EIS (USEPA, 1979) states that as a
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mitigation measure to this potential impact, adequate water supply must be

assured for valuable wildlife habitat. Either of the two effluent discharge

conditions would be expected to result in adequate surface water for vegetation

in the portion of the project area west of l15th Avenue, since this vegetation •

is primarily dependent on the shallow groundwater. The··minimum.flow·required to

maintain the riparian vegetation east of 115th Avenue is not now known, however.

Recreational opportunities provided by hunting: and bird-watching should •

not be significantly altered under either effluent condition in the area west

of 115th Avenue. Those opportunities may, however, be affected by changes

which could occur in riparian vegetation east of 115th Avenue. •
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SECTION 3

CONCLUSIONS

This section presents the results and conclusions of this assessment in

terms of the specific concerns presented in the introduction to this report.

The conclusions have been based on information examined to date, including

documents and correspondence presented in the list of references. Specific

issues which require additional study are discussed in Section 4, "Issues to be

Resolved."

WATER RESOURCES

Neither the first nor the second effluent condition is expected to ap

preciably impact project area surface water quality, groundwater quality or

groundwater quantity. The most noticeable impact of the effluent discharge

conditions would be on surface water quantity; a general reduction in the

existing relatively consistent flow of effluent discharge into the Salt River

may be expected. As a result, channel flow characteristics would shift under

either effluent discharge condition to a more seasonally variable flow, pri

marily because the river flow would have a higher proportion of irrigation

tailwaters. In terms of the general concentration of constituents, surface

water quality should not be significantly altered. Groundwater quality and

quantity, likewise, are not expected to be significantly altered.

The western portion of the project area exhibits a high groundwater eleva

tion. This is due to a geological fault which results in a subsurface geologic

characteristic which favors shallow groundwater levels. The depth to water
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beneath the channel is important because it partially controls the amount of

recharge that can occur from water in the channel. Typically, the shallower

the water level, the less storage space there is for recharge. Therefore, no

significant impact on the groundwater quantity in the western part would be

expected by variation in effluent flow from the 9lst Avenue Plant.

The eastern part of the project area has a somewhat greater depth to

groundwater than the western part. Groundwater level in the eastern segment is

dependent on recharge from flood flows, effluent, and other flows. In the

first condition, 6.52 mgd annual average discharge, an estimated 1,500 acre

feet per year of recharge from 9lst Avenue Plant effluent would be expected to

occur, the majority which would be in the eastern part of the project area.

During dry periods, water levels could decline at a rate of several feet per

year in excess of that normally encountered during such periods (Appendix B;

Scmnidt, 1980). Under the second condition, an estimated 4,000 to 8,000 acre

feet per year (approximately 3.6 to 7.1 mgd annual average) of recharge from

9lst Avenue Plant effluent would be expected to occur, primarily in the eastern

part of the project area. Water levels may be expected to decline slightly in

the long term under this alternative. The precise magnitude of this decline is

unknown, but a rate less than one foot per year is likely (Appendix B; Schmidt,

1980).

In terms of groundwater quality, no significant change is likely to result

within the western part from either effluent discharge condition. In the

eastern part, under the 6.52 mgd effluent discharge condition, salinity of the

groundwater could increase slightly due to the reduction in effluent recharge.
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Under the second effluent reuse condition, however, the reduction in effluent

discharge into the Salt River is not expected to significantly impact ground

water quality because of the small decrease in total groundwater recharge.

Seasonal fluctuations of effluent discharge caused by ANPP withdrawals are

not expected to affect overall surface water or groundwater quality. Through

out the year, the combined flows of effluent discharge and the receiving

streams ultimately dilute the various pollutants in each. Under the second

condition, by 1986 seasonal fluctuations in effluent withdrawals are expected

to result in the greater percentage of river flow being comprised of effluent

during the winter months. During the summer, the river flow should be pre

dominantly irrigation tailwater.

Therefore, although the overall surface water quality should remain rela

tively consistent, flows in the river during the winter may be expected to have

relatively greater percentages of BOD, ammonia, and chloramine toxicity from

the effluent. Summer flows should be comprised of higher percentages of total

dissolved solids, total suspended solids, and elevated pH.

RIPARIAN VEGETATION AND WILDLIFE HABITAT

The 208 Final Environmental Impact Statement (USEPA, 1979) states that the

riparian vegetation downstream of the 9lst Avenue Plant must be assured an ade

quate water supply. Under either effluent condition, surface flows should be

sufficient to maintain both exotic and native riparian vegetation west of 11Sth

Avenue. This vegetation is primarily supported by shallow groundwater levels

which are expected to remain stable as long as large-scale pumpage is not

developed, and continuous flows provide recharge. In general, east of 11Sth
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Avenue, the riparian vegetation is more dependent on surface water flows and

gross groundwater fluctuations than the vegetation located to the west. How

ever, further investigation is necessary to determine the minimum surface flow

required to maintain this eastern riparian vegetation. The decrease in annual

average stream flow is expected to reduce the amount of saturated soil surface

in either condition. This is expected to result in a thinning of native riparian

vegetation associated with the river channel (cottonwood and willow) east of

l15th Avenue.

Seasonal fluctuations caused by ANPP withdrawals should not have any

significant effect on the vegetation, either native or exotic, or on aquatic

organisms downstream of the 9lst Avenue Plant. The combined baseline river flow

and effluent discharge should result in lowest monthly flows occurring in the

winter, when evaporation and evapotranspiration are lowest. Therefore, impacts

resulting from low flow conditions should be minimal. Flows during these

months are still expected to reach the Buckeye Heading.

FLOOD HAZARDS

Flooding in the project area is one of the major concerns of the local

residents. Development in a flood-prone area is one of the most significant

reasons for extensive floo~ damages. These flood-prone areas are most readily

determined by the topography of the river channel and adjacent land and inten

sity of the flood flows. Flooding events are classified by using a specific

rainfall quantification, the accumulated runoff to the river, and the capacity

of the channel to convey the flow. These frequencies of occurrence are custom

arily ranked as 10, 50 and 100 year events. As discussed in the text, the
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exact location of these floodplains may change as does the channel topography.

However, they do provide relative frequencies and areas prone to inundation.

Plate 2-3 was derived from the most recent topographical data (1976) and should

provide a relatively accurate indication of those areas which would have been

inundated by the recent floods.

Changes in the configuration of these floodplains could occur as a result

of various factors. The most logical would be obstructions in the floodplain

which would inadvertently reduce the channel capacity and increase the potential

for overflow. One of the recent changes in the channel would be the addition

of a sanitary landfill adjacent to Holly Acres. The contribution of the obstacle

during high flood flows would not be expected to be great. A detailed hydraulic

analysis would be required to determine the flows and corresponding effects.

The encroachment of saltcedar into the project area has been cited by area

residents as the cause for increases in floodway damages they have experienced

in recent years. This assertion appears to be based on observation of floods

before and after the recent (1967) encroachment of saltcedar into the project

area. A quantified determination of the effects of saltcedar on the increases

in flooding was not possible based on the existing information analyzed as part

of this assessment. However, during the course of this assessment, it was

found through analysis of the 1965-66 flood of 66,000 cubic feet per second

(cfs) flows would have reached the southern boundary of the portion of land

which is now the Holly Acres subdivision. The floods which followed in March

1978 at 122,000 cfs and December 1978 at 140,000 cfs occurred after the en

croachment of saltcedar. Based on the low elevation of the area, the location
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at the confluence of three major rivers, and the relative location of develop

ment to the corresponding floodplain (as indicated on Plate 2-3), it appears

that the greater intensity of the flood flow was the significant factor in the

increase in flooded areas.

INSECTS

Neither of the two effluent discharge conditions should have any sig

nificant impact on nuisance insects. The current problems with the two nuisance

insects associated with the effluent (Culex mosquitoes and midges) are expected

to be mitigated through the construction of facilities identified in the Minor

Modifications, Effluent Disinfection, and the Plant Expansion Facility Plans

prior to the reduction in effluent discharge resulting from existing reuse

commitments. In addition, seasonal fluctuations of the effluent discharge

caused by ANPP withdrawals are not expected to have any effect on nuisance

insect populations.
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SECTION 4

ISSUES TO BE RESOLVED

WATER RESOURCES

Historically, there has been a lack of both water-level measurements and

groundwater quality monitoring in the southern portion of the project area.

Therefore, the necessity exists for implementing a regular monitoring program

for groundwater in the project area between Southern Avenue and Baseline Road.

As a part of this monitoring program, water levels should be measured in wells

less than 250 feet deep on a quarterly basis. Approximately one dozen existing

wells, as close to the river as possible, should be selected for water-level

measurements. In addition, about six monitor wells should be installed to fill

gaps in the network. These wells should be about fifty feet deep and perforated

from about ten feet below the stated water level in the fall (in the absence

of flood releases) to the bottom. Six-inch diameter PVC casing should be in

stalled to allow water sample collection by submersible pumps. Water samples

should be collected from this network on a quarterly basis and analyzed for

the major inorganic chemical constituents: boron, fluoride, iron, manganese,

chromium, arsenic, cadmium and dissolved organic carbon. Temperature, electrical

conductivitiy and pH should be measured in the field. An extensive study of

organic chemicals in groundwater of the south part of the project area could

also be undertaken.

The data that would be collected could also be used in a more definitive

assessment of the riparian vegetation that is supported by the groundwater regime.
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This data would also help assess any possible future impacts that could occur

as a result of changes in groundwater depth.

The baseline river flow was determined using various parameters that were

necessary in this assessment and are important to the downstream ecosystem.

A more quantified determination of the-baseline river flow would enable a

more accurate assessment of the precise times and quantities of seasonal fluc

tuations that would occur in the project area. This could be accomplished by

the gauging of flows through road culverts such as at 115th Avenue. These pro

jections could then be correlated with times of germination and seedling estab

lishment to further monitor changes in the riparian habitat.

RIPARIAN VEGETATION AND WILDLIFE HABITAT

As stipulated in the MAG 208 Final EIS (USEPA, 1979), sufficient effluent

should be discharged to ensure an adequate water supply for the riparian habitat.

For the determination of the minimum flows necessary to support the vegetation,

several factual aspects would have to be known. Of primary importance would be

an updated areal and density quantification of the riparian habitat by species.

As stated, quantified flow data on the irrigation tailwaters discharged to the

project area would have to be known, particularly because these flows are so

seasonally variable. Also needed would be determination of evapotranspiration

rates for individual species, percolation rate of a surface water flow, depth

to water table and surface water evapotranspiration rates, all on a site specific

basis. In addition, a continuation of monitoring the groundwater level in the

western portions of the project area is necessary. This would be used to monitor

any possible decline caused by pumping which could impact the habitat.
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With this data input the flows required to meet the consumptive use rate

and the area evapotranspiration rate could be determined.

FLOOD HAZARDS

A number of studies are presently underway which can aid in the determ-

ination of flooding potential within the project area. The Central Arizona

Water Control Study being conducted by the U. S. Water and Power Resources

Service (WPRS) is addressing flood control in the Salt and Gila Rivers. As a

part of this study, the Corps of Engineers is sponsoring investigations of

phreatophytes (saltcedar) and channel stability in the Salt-Gila Riverproj.ect

area'; , Specific parts o:! that s·tudy. include:

o A literature search ofphreatophyte control
o An investigation of phreatophyte invasion in the Salt-Gila project area
o Mapping of phreatophyte distribution in the project area
o A study of channel stability and changes in the river cha~nel

Studies such as those noted above can. contribute information to the

eventual quantification of flooding potential and the influence of vegetation

on flooding in the project area.

INSECTS

There are no additional issues to be resolved concerning the effects of

the effluent discharge conditions on insects.
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EVALUATION OF EFFECT OF 91ST AVENUE
EFFLUENT ALTERNATIVES ON GROUNDWATER

by Kenneth D. Schmidt

INTRODUCTION

Presently, about 100,000 acre-feet per year of sewage

effluent from the 91st Avenue sewage treatment plant are

discharged to the Salt River channel about three miles up-

stream from the Gila River confluence. The effluent flows

westward in the channel, past the confluence, to a point

west of the Agua Fria River. At this point, most of the

effluent is diverted into the Buckeye Canal. The flow by

the year 2000 is projected to be about 134,000 acre-feet

per year (Greeley and Hanson, 1979). Present plans call

for delivery of from 65,000 to 108,000 acre-feet per year

of the effluent through a pipeline to the Palo Verde Nuclear

Generating Station. An additional 30,000 acre-feet per year

of effluent would be delivered to the Buckeye Irrigation

District through this pipeline. The City of Phoenix has

agreed to provide the Arizona Game and Fish Department with

7,300 acre-feet per year of effluent for wildlife habitat

downstream of 91st Avenue.

The following two alternatives are discussed in this

report:

1) discharge of only 7,300 acre-feet of effluent from
the 91st Avenue plant to the Salt River.
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2) discharge of from 22,600 to 39,400 acre-feet per
year of effluent from the 9lst Avenue treatment
plant to the Salt River.

The study area considered in this report extends from 75th

Avenue on the east to Bullard Avenue on the west; and,

from Broadway Road on the north to Baseline Road on the south.

The objective of this report is to evaluate the impacts o'f

the two alternatives on groundwater quantity and quality in

the area between 9lst Avenue and the Buckeye Canal heading.

EXISTING CONDITIONS

Surface Water

Halpenny and Greene (1975) reported on a water balance

investigation of the Salt and Gila Rivers between 23rd Ave-

nue and Gillespie Dam. By the end of the 1950's, flow in

the Gila River at the Buckeye Canal heading had decreased

to the point where water was present only after storms.

This was due to the effects of surface water impoundments and

large-scale pumpage, which resulted in lowered groundwater

levels. Since 1941, substantial flood flows were present in

the Salt River during the following periods:

December 22, 1965 - January 10, 1966
March 13, 1973 - May 18, 1973

March 1, 1978 - March 7, 1978
December 18, 1978 - January 7, 1979

January 17, 1979 - February 5, 1979
March 15, 1979 - April 16, 1979

Halpenny and Greene (1975) reported on streamflow in the

Gila River at the confluence with the Salt River. There was
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•
more than 80,000 acre-feet of flow in water year 1966, about

56,000 acre-feet in 1968, and more than 19,000 acre-feet in

1971. Sewage effluent from the 9lst Avenue plant was first

discharged to the Salt River in 1958 and by 1964, this to

taled 5,900 acre-feet per year. The effluent discharge in

creased to 25,700 acre-feet per year in 1965, and by 1970

was almost 56,000 acre-feet per year.

Prior to the 1965-66 flood flows, channel seepage in the

six and one-half mile reach between 9lst Avenue and Buckeye

Canal heading were about 35 percent of the discharge on an

annual basis. After that flood and rechannelization, the

seepage declined to about 26 percent for 1966-67 (Halpenny

and Greene, 1975). It has been observed that an organic mat

gradually builds up in the channel and limits percolation

losses, a situation similar to that observed in the Santa

Cruz River channel where effluent from the City of Tucson is

disposed (Sebenik, Cluff, and DeCook, 1972). Significant

amounts of irrigation tailwater are also discharged to the

Salt River in"or above the study area.

Subsurface Geologx

At least four distinct geologic units have been penetra

ted by wells in the study area. The uppermost materials be

neath most of the area are Recent alluvium. This unit is

comprised of coarse-grained deposits, primarily boulders,

gravel, and sand, up to 200 feet thick. This unit is a
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prolific aquifer in the study area. It is thickest near the

Salt and Gila Rivers and is about 100 feet thick in the

northern part of the study area. The unit is locally missing

in the south part of the study area south of the Gila River,

between Honument Hill and the Sierra Estrella Park.

A second distinctive unit has been penetrated beneath

most of the study area at depths ranging from about 180 to

270 feet below land surface. This unit is comprised primarily

of clay and silt and may be comparable to the "Middle Fine-

Grained Unit" of the U.S. Bureau of Reclamation (1977). Be-

cause of its low permeability, this unit is a poor water

producer. The top of this unit ranges from 210 to 250 feet

in depth beneath much of the study area. The south edge of

this unit is near the Salt and Gila Rivers, and locally the
/

unit is absent south of Southern Avenue. The unit is under-

lain by conglomerate or hardrock. The unit appears to thicken

considerably to the north beneath the study area. Several

wells over 700 feet in depth in the north part of the study

area have bottomed in this material. For example, Well (B-l-l)

25add penetrated clay to a depth of almost 900 feet.

A third distinctive unit penetrated by wells in the area

is conglomerate, or the equivalent of the "Lower Conglomerate

Unit" of the U.S. Bureau of Reclamation (1977). This unit is

present at relatively shallow depths beneath the south part

of the study area, but may be very deep or missing beneath the

north part. Several wells south of the Salt and Gila Rivers
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have penetrated this unit above a depth of 200 feet, whereas

beneath the north part of the study area the unit has been

penetrated ata depth exceeding 400 feet. The unit is locally

a prolific aquifer in the Salt River Valley and is tapped by

both deep wells in the western part of the study area and

shallow wells in the southern part.

The fourth unit is the hardrock, which is essentially

non-water bearing. This unit has only rarely been penetrated

by wells in the northern part of the study area, because it

underlies a substantial thickness of clay. The hardrock was

encountered at a depth of 875 feet below land surface at well

(B-l-l) 25add and at a depth of 774 feet at well (B-l-l) 28aab.

On the other hand, some wells south of the Gila River have

penetrated hardrock at depths of less than 150 feet .. Al though

the unit can provide small well yields adequate for individual

domestic use, it is not of adequate permeability for large

scale groundwater development. Figure 1 shows the use and

Figure 2 shows the hydrogeologic information available for

selected wells in the study area.

Water Levels

The study area has historically been underlain by rela

tively shallow groundwater levels, compared to otJ'l.er parts

of the Salt River Valley. Largely, this is due to the sub

surface geologic structure, chemical quality of the groundwate:r:',

and disposal of wastewaters. 1i'lest of Monument H:i:-ll,

•

•

•

•

•

•

•

•

•

•

•



• • • • • • • • • • •

..
", Mflrircl{l& Vi

tr······ ..·

L~ct. ,
I
J

.~Iri

!
L

22

;2'2"

;~...u Ay•.~ ~ ...I"~~.~-~.... __..... ~._.....- •..__ ....-._..... [

'", '",

,n_.~:_/>./ j' .

L·· ... LI.' I:" .t 2'r.... ,' - ., ". , ".~.-"
J
1"'--"~--'-""---"'"

(;'A'o1l"~...J ,,'~.~.~ ~:.i., .....>.l>':~~~"""-"""'::~_::

+.

FIGURE' 1
Location Of Selected Wells

With Hydrogeologic Records

'" ",'" ". . ;."/ i" I . \ • •

"",..""".... /.. '.".j I. \'...... ... " I (' .. ,
·1 /''''.. ,t... . '. & .. 4j ( .• ' "~ I '. '. ",.. ~ r ,\.... >, ,B

,•. , 'r' . I '.' , .
v £,I.! . '. • '. 1. :1 i .

/', j '.:" l'. i \i ~, ••-.-'1' I fl' IV') '" (\. t\ ( "", "". t..! ........ '",,, ..
'\I :·c/V '!. n. \. ,.' " •• \ / " ....y...... Ii

l
}{--jcr..,~\t'". .' R ;.lndi.~.CommunitiAsl_""r- -.-. ----.-. 1_.__1 /:.-,'-....... _.}, Ii J.~, 1"';7 \', ", .~ ....... . , t·, J.... t

. . iY ,,}:#,l ". ..... \""';. 1 ' ', ...' r \ ! .I \., . J ....... .iU f' \. :". '" r ~ I .•.\.. / .1' ..•••
1,_1 It {.I) . ,_ "' .. ~l..-.. 'b ': 1 ..·~ ...~M ......·t~,,·~··J.... ,.·~~· \. " "", I . J ' I I

~I .) \) ( .\, ; .:' ...."j 7 / ) f " 8 ,.' -, 10 1 '.. io .- .-
· ~/.. 1."'.. (/ '. · ·,0 ;! : .., j )'

~I " .~" J ,-

., ?;;: .\. r',~..:"'·· ." ....J \/{'"

2

~ Subsurface Geology
• Water levels
@ Chemical Quality

1" /
21i

"1''''---'- ~ ~ r¥_-
"!

--"" ::

N

'*Scale: 1"=2700'



• • • • • • • • • • •

....

22

FIGURE 2

10

22

Location Of
Selected Wells In
The PrOject Area

28

'ii'"

.."" ....... "'" ..~~.~.

. 8 , . .t
'.. ,,""0

",Yo

"
."\

......... .,.tlJ

k -,
! .tf"'1 .. ,~:\j d\"J.\
~ V') ,

~'i

@ Domestic or
e Irrjgation
\;) Public Supply Stock

U;i"

\. ~
------r' :. ..". ..;

""-"":<-'oi./,'
. .~' ,', " " ,",,"F /.:,~ .l' rr~, ,j. " t,." ,,' .,' Z ,"' • ," ",", • <, ':';.,.L••• ) k '~"" "", ','~. .t ,~~; ..;;:,.<..•....Y~.. \b ;:..J~' ',</'1;i";:~' ""'"".. :~ /' ~"-~... ~r-- ••=."' ". \' ...~, ,-,., '\ ,' ..\ ~~, '.( . ' ..~ , "~'i~ ..,., ',~ ( . '-"-", , "'."i xi ., or''!'''''', " __,_"_._~ ~ !

• / . '." ......" '~ .........., 'I / • • ./~l"'/ ·~l~'?,/·,{""..'... .,"".,.......,,, ,\: \ , .. f"", ~~ ..::::'

' . . r '. " I , ~••_.L ..,. 'j' ....1':..,.)· ., . , , .\ \. " ...,...,.,...••., '. ._:..#1.... '!.("iI'!1 I • tAre '\ ). ...... \30 (,&\.1. •

' " , . , '~ , ,,",

-1,11\0/ .' ProJec '." _:0> " :,,' '":,;;c,.. .. , '. . ~'I@. '"
<II' . " " ~ ~, .. '"r" : I \>. ~~'.L• '" ..'.,• ., .,.,,- '.'. "'. ,Il , '.. ""!"'--"''''@ ••['-,{i\1i'1i'

8 . . ',-" ~ • '. '@"""~,,. .....~ "~. I ., ....' .. ~'. ; \ '. ,
• • 'J' • . ~_ r" i. \. , -- ~ I '

N-Scale: 1"=2700'



•

•

•

•

•

•

•

•

•

•

•

6

relatively impermeable geologic materials are present at

relatively shallow depths near the Gila River. The poor

chemical quality of the shallow groundwater results in only

limited pumpage. Disposal of wastewaters acts as a source

of recharge to the area. As noted by Halpenny and Greene

(1975), groundwater levels were near the Salt River channel

in 1920, even as far eastward as downtown Phoenix. Ground

water levels declined up through 1965 due to expanded purnpage

and a decrease in streamflow. However, west of the Agua Fria

River confluence, water levels did not fall significantly be

low the Gila River channel. After 1965, two sources of re

charge became predominant in the study area. These include

relatively continuous discharges of sewage effluent and other

water and periodic flood releases to the channel of .the Salt

River. The combined effect of these sources has been to sub

stantially raise water levels in the area from 1965 to the

present. Depth to water is discussed in tT,<70 parts: 1) measure

ments from wells that are usually some distance from the river,

and 2) estimated depths beneath the river channel.

Well Measurements

The depth to water in well (A-l-l) 33aad, near 9lst Ave

nue and the Salt River, exceeded 40 feet in the early 1950's.

Despite flood flows and some recharge of sewage effluent, the

depth to water in this area was still greater than 40 feet in

January 1978. A depth to water of about 20 feet was main

tained following the flood flows until May 1978, when pumping



7

for .irrigation commenced. After the Surnmer 1978 pumping

season, water levels recovered toa depth of almost 20 feet.

Following the flood flows in December 1978, the water level

rose to a depth of 16 feet. By February 1979, the water lev

el was again about 20 feet deep.

Water-level measurements for well (B-l-l)28cdc, near the

Buckeye Canal heading, indicate that depth to water exceeded

50 feet in 1965-66. In large part the relatively great depth

was due to pumping of a series of wells along the upper reach

of the Buckeye Canal. The water level rOSe to a depth of

about 35 feet following the flood flows of 1964-65. Water

levels in this well rose another 13 feet between 1966 and 1971,

and this is attributed largely to recharge from sewage effluent.

The flood flows in 1973 only raised water levels slightly in

this area, probably because of the shallow depth to water at

that time beneath the Gila River channel. Water levels in

this. area were at a depth of about 35 feet before the 1978

flood releases, and had risen to a depth of 15 feet by 1979.

Water levels in well (A-l-l) 29baa, about one and one-half

miles north of the Salt River, have been measured on a fre

quent basis since 1963. Water levels in this well respond

markedly to flood flows in the Salt River. In 1964, depth

to water was about 73 feet at this location. The water level

in this well rose about 19 feet folJ,owing the flood flows of

1965-~6,and this level was generally maintained until 1973.

The maintenance.of this level was likely due to recharge of
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sewage effluent. The water level rose an additional 10 feet

following the flood release in 1973. Water levels receded

about 12 feet between 1975 and early 1978, but the water level

rose about 10 feet following the flood flows in 1978.

On the short-term, water levels in wells in the study area

thus fall during drought periods and rise during wet periods.

During wet periods, two predominant factors control the depth

to water. First, there is direct recharge during flood flows.

Second, pumpage is usually substantially decreased at the time

of flood flows, because of the abundance of available canal

~Nater. These factors cow.bine to produce rather marked re-

sponses in water levels following flood flows. In dry periods,

this source of recharge is not present and pumping tends to be

greater oecause of the decreased availability of canal water.
,

On the long-term, there has been a gradual rise in water levels

since the mid-1960's in the study area, and this is attributed

to sewage effluent and the prevalence of more runoff in the

Salt and Gila Rivers than occurred in previous decades.

Conditions Beneath River Channel

Depth to water beneath the channel is important because

it partially controls the amount of recharge that can occur

from water in the channel. In general, the deeper the water

level, the more storage space there is for recharge. Dep~~

to water beneath the channel of the Salt and Gila Rivers in

the study area is poorly known because of a lack of measure-

ments for wells near the channel. Ideally, measurements
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would be available in this area for wells which tap only the

Recent alluvium. For purposes of this report, information

has been extrapolated from deeper wells, at some distance

from the channel. Near 9lst Avenue, the depth to water in

January 1978 was believed to be about 25 feet beneath the

river channel. At 'this same location, depth to water was

believed to coincide with the surface of the channel in De

cember 1978 and to be less than five feet deep in February

1979. At the site of the former Flushing Meadows Project in

the east half of section 32, TIN/R1E , depth to water between

1967 and 1978 was usually about five feet below the channel.

However, during ~rought periods the depth to water fell to

almost 10 feet below the channel. During flood flows, the

water level apparently coincided with the level of the

stream channel., The relatively shallow depth to water at

this location is apparently due to the lack of nearby active

large-capacity wells and recharge from 91st Avenue sewage

effluent and flood flows.

Extrapolation of measurements from wells to the north

and south of the Gila River near the Agua Fria River con

fluence suggests that groundwater levels beneath the western

part of the study aiea have been at or near the elevation of

the river channel (less than five feet deep) since the mid

1960's. However, east of Monument Hill, depth to water has

generally ranged from 10 to 20 feet deep beneath the Salt

River channel.
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The direction of groundwater movement in the study area

is not well known, due to a lack of intensive wat<er-level

measurements. However, intensive measurements in 1972 indi-

cated that the regional direction of movement was to the

west. The slope of the water table was about 7 feet per mile

near 91st Avenue and about 13 feet per mile near the Agua Fria

River. It is likely that following flood releases, there is

a more northerly component to the regional direction of

groundwater movement.

Recharge and Discharge

The primary sources of recharge to groundwater in the

study area are:

1) seepage of flood releases from the floodplains of the
Salt and Gila and Agua Fria Rivers.

2) seepage of sewage effluent and irrigation tailwater
from the channels of the Salt and Gila Rivers.

3) deep percolation of irrigation return flow.

Halpenny and Greene (1975) determined that there was about

10,400 acre-feet of recharge in 1966-67 due to seepage of

sewage effluent from the 91st Avenue plant. At that ·time,

about 41,000 acre-feet per year of effluent were discharged

from the plant. This recharge amounted to about 26 percent

of the discharge. However, this rate is likely high compared

to normal conditions because of the extensive scouring of

the channel prior to when the budget study period began. At

the present discharge rate of about 100,000 acre-feet per
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year, recharge of9lst Avenue plant effluent in the study

area is probably about 8,000-10,000 acre-feet per year.

Recharge from flood releases can be estimated from water

level responses and from streamflow measurements. For the

1965-66 flood flows, an estimated 15,000-20,000 acre-feet

were recharged in the study area, primarily east of Honument

Hill. These calculations and a review of water-level

measurements for wells in the study area indicate that flood

flows are extremely important in three ways:

1) They supply direct recharge.

2) They clear the channel of the organic mat which
temporarily greatly enhances the seepage o~ sewage
effluent and other water from the stream channel.

3) They conincide with periods of abundant canal water,
which results in minimal pumpage.

The water level responses during and after flood flows thus

reflect direct recharge of flood water, enhanced percolation

of effluent and other water due to channel scouring, and a

reduction in pumpage.

1'.quifer Characteristics

Well yields and specific capacities in the study area

depend highly on the geologic units tapped. Yields of 4,000

to 5,000 gpm are possible from shallow wells (less than 200

feet deep) tapping the Recent alluvium. Specific capacities

for such wells coromonly range from 100 to 150 gpm per foot of

drawdown. The transmissivity is estimated to range from
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170,000 to 250,000 gpd per foot of aquifer width. Hell

(A-l-l) 28cdb, which is perforated from 50 to 140 feet in

depth, was pump-tested in Summer 1979 as part of the AHC

Salt River Valley groundwater model study. The specific

capacity was 182 gpm per foot. The calculated transmissivity

was 1,140,000 gpd per foot, but this value is likely high

due to recharge in the area.

Because of poor chemical quality, many wells are not

perforated opposite the shallowest strata. Specific capa

cities for wells ranging from 330 to 450 feet deep in the

study area range from 50 to 70 gpm per foot. Although

these wells tap some additional water-bearing strata below

the Recent alluvium, the specific capacity is lower be

cause the wells are not perforated opposite a significant

part of the Recent alluvium.
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Chemical Quality

Schmidt (1978) discussed the regional distribution of a

number of inorganic chemical constituents in groundwater of

the Salt River Valley. Most of the chemical analyses used

in that investigation w.ere for water from large-capacity

municipal or district irrigation wells, and not private do-'

mestic or irrigation wells. Except for several SRP wells

in the east part and several Buckeye Irrigation District

wells near the west boundary of the study area, most wells

are owned or operated by individuals, small water companies,

or small irrigation districts. In general, salinity of

groundwater decreases to the north in the study area. Elec

trical conductivity of well water is usually less than 3,000

micromhos per centimeter at 2SoC north of Lower Buckeye Road.

Near Southern Avenue, electrical conductivity may exceed

5,000 micromhos. Chloride content increases to the south and

west, from about 600 mg/l near Lower Buckeye Road, to over

1,000 mg/l near the west boundary of the study area. Total

hardness contents are very high and generally increase to the

south. Hardness contents usually range from 400 to 800 mg/l

in the study area. Nitrate contents increase to the north.

They are· usually less than 25 mg/l south of Broadway Road,

but often exceed 45 mg/l north of Lower Buckeye Road. Fluoride

contents are usually less than 1.0 mg/l in water from wells

in the study area.

Chemical analyses were collected from the files of the

Arizona Department of Health Services, Maricopa County Health
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Department, and Bureau of Indian Affairs to supplement ex

isting data compiled in the MAG 208 program. Table 1 con

tains chemical analyses of water from eight wells in the

study area (Figure 1). Chemical quality of groundwater

varies both areally and vertically in the area. All well

water sampled in the area is of the sodium chloride type,

and total dissolved solids contents range from less than 800

mg/l to more than 4,200 mg/l.

Wells north of the Salt and Gila Rivers and downgradient

from recharge of flood water and sewage effluent appear to have

relatively low salinity water. An example is well (B-l-l) 36bba,

which is at Holly Acres and about one-half mile from the river

channel. Water from this well had a low nitrate content and

a total dissolved solids content of about 800 mg/l in 1979.

Well (A-l-l) 35ccb is located south of the Salt River and east

of the 9lst Avenue sewage trea~~ent plant. This well was

constructed so as to tap only water between about 390 and 410

feet in depth. Water from this well had a low nitrate content

and a total dissolved solids content of about 850 mg/l in 1977.

Water from this well may also be influenced by recharge of

flood water and sewage effluent from the 23rd Avenue plant.

Numerous chemical analyses for trace elements have been per

formed on samples of water from public supply wells in the

study area. The only constituent found in amounts exceeding

the U.S. EPA drinking water limits is iron. The limit for

iron is based on aesthetic, not health concerns, and is



TABLE 1 - CHEMICAL ANALYSES FOR WATER FROM
WELLS IN THE STUDY AREA

(A-I-1) (B-1-1)
Constituent (mg/I) 28cdb 29dcc 30.£bJ2 35ccb 22dda 26bcc 28cdc 36boa

Calcium 216 465 120 30 126 69 108 42
Magnesium 72 185 63 14 39 39 70 19
Sodium 639 640 342 259 312 264 272 200
Carbonate 0 0 0 0 0 0 0 0
Bicarbonate 422 239 156 127 134 151 400 118
Sulfate 348 620 212 118 195 93 261 78
Chloride 1070 1830 760 344 636 624 656 356
Nitrate 26 11 11 ~ 4 2 23 ....:::loJ

Fluoride - <::0.2 0.3 0.9 0.2 0.3 0.3 0.6
Total Hardness (CaC0 3 ) 770 1920 559 133 580 336 546 183
Iron - 0.1 <.0.1 <0.05 0.2 0.44 - ~0.1

Manganese - -<0.05 <0.05 <0.05 <0 .05 ....:::.0.05 - -.:::: O. 05
Chromium - ..( 0 .01 0.01 - <0.01 <0.01 - <::..0.01
Arsenic - <'0.01 <0.01 - <0.01 <"0.01 - .....:: 0.01
pH 7.6 7.4 7.6 7.8 - 7.8 7.6 8.0
Electrical Conductivity

(micromhos @ 250 C) 4320 - - - 2130 1850 3730
Total Dissolved Solids 2580 4250 1730 840 1512 1078 1772 790

Date 11/8/68 4/5/79 4/2/79 6/77 8/22/76 8/11/76 7/77 4/5/79

Perforated Interval (ft) 50-140 - 410 TD 389-407 500 TD - 55-421 176 TD

Lab SRP ADHS ADHS ATL ADHS ADHS U of A ADHS

Data from MAG 208 program and files of Arizona Department of Health Services, Maricopa County
Health Department, and Bureau of Indian Affairs.

f-J
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recommended only. Iron contents slightly exceeded the limit

of 0.3 mg/l in water from several wells. This may be an in

dication of reducing conditions in the aquifer.

Information on the variation in chemical. quality with

well depth is available for two test holes drilled in 1975

and 1979 in the southeast part of the study area. Below a

depth of about 320 feet, clay was the predominant material

penetrated by these wells. At well (D~1-1)2abb water in the

Recent alluvium at a depth of 80 feet had a total dissolved

solids (TDS) content of about 3,400 mg/l. Between a depth

of 320 and 360 feet, the TDS of the groundwater was 2,600

mg/l. Below a depth of 420 feet, the TDS ranged from 1,400

to 1,500 mg/l. A similar pattern was found at well (A-l-l)

35cbc.

The chemical quality of water in the Recent,alluvium

is marginal to unusable for domestic use and irrigation,

due to high salinity, chloride, and hardness contents. Water

below a depth of about 300 feet is of lower salinity, but

is still usually of marginal quality for irrigation or do

mestic use. Much of the drinking water in the study area is

reportedly supplied by bottled water. No analyses have been

reported on the organic or radiologic composition of ground

water in the study area.
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INPACTS OF ALTERNATIVES

For purposes of this discussion, the study area is

divided into two parts, divided by a north-south line along

115th Avenue. The release of from 22,600 to 39,400 acre

feet per year is termed "Alternative A" and the release of

7,300 acre-feet per year of effluent is termed "Alternative

B" •.

Groundwater Quantity

Potential impacts on groundwater quantity in the study

area include changes in recharge and water levels.

Western Part

There is little pumpage of large-capacity wells south

of Broadway Road and east of the Agua Fria River in the

west part of the study area. This is believed to be primarily

due to the poor chemical quality of the ground"'later in this area.

The subsurface geologic str1..1cturebetween Monument Hill and

the Sierra Estrella Park is such that shallow groundwater

levels are favored. Hardrock either crops out at the land

surface in this area or is present at relatively shallow

depth, forming a boundary to the groundwater system south of

the Gila River. In addition to sewage effluent, irrigation

tailwater, and flood flows from the Salt River, this part of

the study area receives additional streamflow from the Gila

River and from the Agua Fria River. Groundwater level eleva

tions in recent decades have been near the Gila River channel
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following flood events, and up to ten feet below the channel

at other times. Dense growths of phreatophytes are believed

to have been present west of Monument Hill for many years,

due to the shallow groundwater levels.

Impacts on groundwater levels and recharge should be

minimal in this part of the study area under either of the

alternatives. Water levels beneath the Gila River channel

have not declined substantially in this area even in the ab

sence of flood flows. Pumpage has also had a limited effect

in this area due to its relatively small magnitude. Recharge

to groundwater in this area will still be possible from flows

in the Gila River due to:

1) Sewage effluent from the 23rd Avenue plant.

2) Irrigation tailwater.

3) Flood flows from the Salt, Gila, and Agua Fria Rivers.

4) Deep percolation of irrigation return flow.

Unless some new large-scale purnpage was to be developed in

this area, little change in water level is expected to occur

under either alternative.

Eastern Part

Groundwater level elevations in recent decades have been

near the Salt and Gila River channels following flood events,

and up to 25 feet below the channels at other times. Dense

growths of phreatophytes have not generally been present in

most of this area in the past two decades. Most of this area

is upstream from the direct influence of the Gila and Agua
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Fria Rivers. Recharge of effluent in this area is limited

because of a -more predominant buildup of the organic mat

closer to the point of effluent discharge. The subsurface

geologic structure east of Monument Hill does not form a

groundwater barrier south of the Salt River. Lastly, there

is substantial pumpage for irrigation in this part of the

study area. All of these factors-combine to produce a

somewhatgreater depth to water than occurs in the \'1es tern

part of the study area.

Under Alternative A, an estimated 4,000 to 8,000 acre

feet per year of recharge from 9lst Avenue plant effluent

would be expected t.o occur, the majori ty of which would be

in the eastern part of the study area. Recharge from other

sources of water would continue to occur. Water levels

would probably slightly decline on the long-term under this

alternative. Under Alternative B, an estimated 1,500 acre

feet per year of recharge from 9lst Avenue plant effluent

would be expected to occur, the most of which would be in

the eastern part of the study area. During dry periods,

water levels could decline at a rate of saveral feet per

year in excess of that normally encountered during such

periods. However, a mitigating factor would be that recharge

from flood flows would be enhanced due to lower water levels,

which provide more storage space. Presently, some recharge

is rejected during flood flows because of the shallow water

levels. The overall effect would bea greater decline in
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water level than now occurs in the absence of flood flows,

but more recharge during flood flows. A long-term decline

in water level would result. The precise magnitude of this

decline is unknown, but a rate less than one foot per year

is likely.

There is some question as to the amount of percolation

losses that will occur under the alternative where only 7,300

acre-feet of effluent are discharged. The effluent would

have to travel more than two miles to the point of use. Per

colation losses under this alternative have previously been

estimated to average about 1,500 acre-feet per year. It should

be noted that this value is applicable when the organic mat

is developed and infiltration of effluent is thereby limited,

which is the normal situation. However, when the discharge

is first commenced, or the channel has been recently scoured

by flood flows, percolation losses may reach 50 percent or

more of the discharge. This situation occurred following the

1965-66 flood flows. Apparently the organic mat can be de

veloped fairly extensively within about nine months following

channel scouring.

Presently, studies are underway involving potential

flood control facilities for the Salt River Valley and tribu

tary watersheds. Development of additional flood control

facilities would likely enhance recharge of flood flow in

the project area. This is because less flood water would

have to be released over short periods. Longer periods of
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release v'1Ould allow more recharge. Also I pumpage might be

decreased. The net effect would likely be beneficial to

water levels in the project area.

Groundwate~Quality

Impacts on groundwater quality in the study area may

occur due to changes in recharge.

Western Part

No change in groundvla ter quality will likely result

west of El Mirage Road from either alternative. However,

east of El Mirage Road, groundwater salinity could theor

etically increase due to a reduction in recharge of effluent

in the upgradient (southeast) direction. A mitigating

factor is that flood flows of even lower salinity than

sewage effluent would be recharged in greater amounts. The

overall effect vlOuld likely result in little change in

gro\J.ndwa ter qual i ty.

Eastern Part

No significant change in ground\"ater quality would re

sult from Alternative A, because of the small decrease in

recharge. Under Alternative B, salinity of the groundwater

could increase due to the reduction in effluent recharge.

However, a mitigating factor would be the enhanced recharge

of relatively low salinity flood flows. The overall change

would likely be a slight increase in salinity. Since some
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organic chemicals and trace elements may be present in sew

age effluent, a reduction in recharge of effluent could be

beneficial to groundwater quality in the area.

MITIGATING MEASURES

Historically, there has been a lack of both water-level

measurements and groundwater quality monitoring in the south

part of the study area. In the future it would be advisable

to implement a monitoring program for groundwater in the

study area between Southern Avenue and Baseline Road. Water

levels should be measured in wells less than 250 feet deep

on a quarterly basis. Approximately one dozen existing wells

as close to the river as possible should be selected for

water-level measurements. In addition, about six monitor

wells should be installed to fill in gaps in the network.

They should be about fifty feet deep and perforated from

about ten feet below the static water level in the fall (in

the absence of flood releases) to the bottom. Four-inch

diameter PVC casing should be installed to allow water sam

ple collection by submersible pumps. Water samples should

be collected from this network on a quarterly basis and an

alyzed for the major inorganic chemical constituents, boron,

fluoride, iron, manganese, chromium, arsenic, ca4mium, and

dissolved organic carbon. Temperature, electrical conduc

tivity, and pH should be measured in the field. An extensive
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study of organic chemicals in groundwater of the south

part of the study area could also be undertaken.
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EFFLUENT FLOW PROJECTIONS

Greeley and Hansen, January 1980
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TABLE C-l

• • • • •

PLANT EFFLUENT FLOW PROJECTIONS

23rd Avenue 91st Avenue
Plant Effluent Flows, mgd Plant Effluent Flows, mgd Combined Effluent Flows, mgd

Monthly Weekly Daily Monthly Weekly Daily Monthly Weekly Daily
Month Average Minimum Minimum Average Minimum Minimum Average Minimum Minimum

1980
--:January 38.3 36.4 18.9 83.4 78.4 36.1 121.7 114.8 55.0

February 37.9 35.6 16.4 86.2 81.0 38.1 124.1 116.6 54.5
March 37.2 36.1 17.7 88.0 81. 8 40.9 125.2 117.9 58.6
April 37.2 35.0 17.5 88.0 80.1 38.4 125.2 115.1 55.9
May 36.5 34.2 18.9 88.9 79.1 41.1 125.4 113.4 60.0
June 36.8 34.6 18.7 88.9 78.2 40.7 125.7 112.8 59.4
July 37.2 35.0 21. 7 91.6 83.4 49.2 128.8 118.4 70.9
August 36.1 34.3 20.6 93.4 84.1 44.6 129.5 118.4 65.2
September 35.7 33.9 20.7 99.8 92.8 46.4 135.5 126.7 67.1
October 35.0 33.6 21.2 97.0 87.3 44.5 132.0 120.9 65.7
November 33.9 32.2 17.7 92.5 87.0 40.9 126.4 119.2 58.6
December 35.7 33.9 18.0 90.7 85.3 42.7 126.4 119.2 60.7

(Continued)
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TABLE C-1 (Continued)

23rd Avenue 91st Avenue
Plant Effluent Flows, mgd Plant Effluent Flows, mgd Combined Effluent Flows, mgd

Monthly Weekly Daily Monthly Weekly Daily Monthly Weekly Daily
Month Average Minimum Minimum Average Minimum Minimum Average Minimum Minimum

1981
January 38.3 36.4 18.9 85.6 80.5 37.0 123.9 116.9 55.9
February 37.9 35.6 16.4 88.4 83.1 39.1 126.3 118.7 55.5
March 37.2 36.1 17.7 90.2 83.9 42.0 127.4 120.0 59.7
April 37.2 35.0 17.5 90.2 82.1 39.4 127.4 117.1 56.9
May 36.5 34.2 18.9 91.1 81.1 42.2 127.6 115.3 61.1
June 36 ~ 8 34.6 18.7 91.1 80.2 41.7 127 .9 114.8 60.4
July 37.2 35.0 21. 7 93.9 85.4 50.4 131.1 120.4 72.1
August 36.1 34.3 20.6 95.8 86.2 45.7 131. 9 120.5 66.3
September 35.7 33.9 20.7 102.3 95.1 47.6 138.0 129.0 68.3
October 35.0 33.6 21. 2 99.5 89.6 45.7 134.5 123.2 66.9
November 33.9 32.2 17.7 94.9 89.2 41.9 128.8 121.4 59.6
December 35.7 33.9 18.0 93.0 87.4 43.7 128.7 121.3 61.7

1982
January 38.3 36.4 . 18.9 87.9 82.6 38.0 126.2 119.0 56.9
February 37.9 35.6 16.4 90.7 85.3 40.1 128.6 120.9 56.5
March 37.2 36.1 17.7 92.6 86.1 43.1 129.8 122.2 60.8
April 37.2 35.0 17.5 92.6 84.3 40.5 129.8 119.3 58.0
May 36.5 34.2 18.9 93.6 83.3 43.3 130.1 117.5 62~2

June 36.8 34.6 18.7 93.6 82.4 42.8 130.4 117.0 61.5
July 37.2 35.0 21.7 96.5 87.8 51.8 133.7 122.8 73.5
August 36.1 34.3 20.6 98.4 88.6 47.0 134.5 122.9 67.6
September 35.7 33.9 20.7 105.1 97.7 48.9 140.8 131.6 69.6
October 35.0 33.6 21.2 102.2 92.0 46.9 137.2 125.6 68.1
November 33.9 32.2 17.7 97.4 91.6 43.1 131. 3 123.8 60.8
December 35.7 33.9 18.0 95.5 89.8 44.9 131. 2 123.7 62.9

(Continued)



• • • • • • • • • • •
TABLE C-1 (Continued)

23rd Avenue 91st Avenue
Plant Eff1eunt Flows, mgd Plant Effluent Flows, mgd Combined Effluent Flows, mgd

Monthly Weekly Daily Monthly Weekly Daily Monthly Weekly Daily
Month Average Minimum Minimum Average Minimum Minimum Average Minimum Minimum

1983
January 38.3 36.4 18.9 90.2 84.8 39.0 128.5 121. 2 57.9
February 37.9 35.6 16.4 93.1 87.5 41.1 131.0 123.1 57.5
March 37.2 36.1 . 17.7 95.1 88.4 44.2 132.3 124.5 61.9
April 37.2 35.0 17.5 95.1 86.5 41. 5 132.3 121. 5 59.0
May 36.5 34.2 18.9 96.0 85.4 44.4 132.5 119.7 63.3
June 36.8 34.6 18.7 96.0 84.5 43.9 132.8 119.1 62.6
July 37.2 35.0 21. 7 99.0 90.1 53.2 136.2 125.1 74.9
August 36.1 34.3 20.6 100.9 90.8 48.1 137.0 125.1 68.7
September 35.7 33.9 20.7 107.8 100.3 50.2 143.5 134.2 70.8
October 35.0 33.6 21.2 104.9 94.4 48.1 139.9 128.0 69.3
Novmeber 33.9 32.2 17.7 100.0 94.0 44.2 133.9 126.2 61.9
December 35.7 33.9 18.0 98.0 92.1 46.1 133.7 126.0 64.1

1984
~nuary 38.3 36.4 18.9 92.5 87.0 40.0 130.8 123.4 58.9

February 37.9 35.6 16.4 95.5 89.8 42.2 133.4 125.4 58.6
March 37.2 36.1 17.7 97.5 90.7 45.4 134.7 126.8 63.1
April 37.2 35.0 17.5 97.5 88.7 42.6 134.7 123.7 60.1
May 36.5 34.2 18.9 98.5 87.7 45.6 135.0 122.0 64.5
June 36.8 34.6 18.7 98.5 86.7 45.1 135.3 121. 3 63.8
July 37.2 35.0 21. 7 101.5 92.4 54.5 138.7 127.4 76.2
August 36.1 34.3 20.6 103.5 93.2 49.4 139.6 127.5 70.0
September 35.7 33.9 20.7 1l0.6 102.9 51.5 146.3 136.8 72.2
October 35.0 33.6 21. 2 107.5 96.8 49.4 142.5 130.4 70.6
November 33.9 32.2 17.7 102.5 96.4 45.3 136.4 128.6 63.0
December 35.7 33.9 18.0 100.5 94.5 47.3 136.2 128.4 65.3

(Continued)
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TABLE C-l (Continued)

23rd Avenue 91st Avenue
Plant Effluent Flows, mgd Plant Effluent Flows, mgd Combined Effluent Flows, mgd

Monthly Weekly Daily Monthly Weekly Daily Monthly Weekly Daily
Month Average Minimum Minimum Average Minimum Minimum Average Minimum Minimum

1985
--::January 38.3 36.4 18.9 94.7 89.0 40.9 133.0 125.4 59.8

February 37.9 35.6 16.4 97.8 91.9 43.2 135.7 127 .5 59.6
March 37.2 36.1 17.7 99.8 92.8 46.4 137.0 128.9 64.1
April 37.2 35.0 17.5 99.8 90.8 43.6 137.0 125.8 61.1
May 36.4 34.2 18.9 100.8 89.7 46.6 137.2 124.0 65.5
June 36.8 34.6 18.7 100.8 88.7 46.1 137.6 123.3 64.8
July 37.2 35.0 21. 7 103.9 94.5 55.8 141.1 129.5 77 .5
August 36.1 34.3 20.6 106.0 95.4 50.6 L42.1 129.7 71. 2
September 35.7 33.9 20.7 113.2 105.3 52.7 148.9 139.2 73.4
October 35.0 33.6 21.2 110.1 99.1 50.5 145.1 132.7 71. 7
November 33.9 32.2 17.7 105.0 98.7 46.4 138.9 130.9 64.1
December 35.7 33.9 18.0 102.9 96.7 48.4 138.6 130.6 66.4

1986
January 38.3 36.4 18.9 96.6 90.8 41. 8 134.9 127.2 60.7
February 37.9 35.6 16.4 99.8 93.8 44.1 137.7 129.4 60.5
March 37.2 36.1 17.7 101.9 94.8 47.4 139.1 130.9 65.1
April 37.2 35.0 17.5 101. 9 92.7 44.5 139.1 127.7 62.0
May 36.4 34.2 18.9 102.9 91.6 47.6 139.3 125.8 66.5
June 36.8 34.6 18.7 102.9 90.6 47.1 139.7 125.2 65.8
July 37.2 35.0 21. 7 106.1 96.6 57.0 143.3 131.6 78.7
August 36.1 34.3 20.6 108.2 97.4 51.6 144.3 131. 7 72.2
September 35.7 33.9 20.7 115.5 107.4 53.7 151.2 141.3 74.4
October 35.0 33.6 21.2 112.4 101.2 51.6 147.4 134.8 12.8
November 33.9 32.2 17.7 107.1 100.7 47.3 141.0 132.9 65.0
December 35.7 33.9 18.0 105~0 98.7 49.4 140.7 132.6 67.4
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TABLE C-2

EFFLUENT REUSE FLOW PROJECTIONS



•

•



••

•

•

•

•



• • •• • • • • • • • •

OAllYINININUM flOWS

140

130

120

110

100

90

80u
no
E

7031=
0
-'
LJ..

60

50

40 ~

30

20

10

~/ \

!'
/ .\V'~"

.J ' ........ .-'\

:~
... ,/ "

----..,'

!'
/ \ ~

v "\
~ "....J 'v'"\

NONTHlY AVERAGE flOWS

WEEKLY I NINIMUM flOWS

"/ \.. ......."
/"'.. .-..J '.,/"'"

'V' \

REUSEI flOWS

1'\'/'"
'v"\

!'
I

\ ..........- "-
/'. r..J \...-/\

/ V \

t\
/ v ......... ,

A r..J ' ./
/ V V

f N .A M J J A SON 0 J F NAN J J A SON 0 J f MAN J J A SON 0 J f M A M J J A SON 0 J F MAN J J A S 0 NO J f N A II J J A SON 0 J F M AM J J A SON 0

1980 1981 1982 1983 1984 1985 1986

GREELEY ANO HANSEN
JOHN CAROllO ENGINEERS

FLOW DATA FOR 91ST AVENUE PLANT
PlATECI



• • • • • • • • • • •
IIIIII1601 I

--

--
?fMONTHLY AV~RAGE Flr

WS
A I /\ I J\ 1 ~

1501--

140,

130~~.. ,J,\. . /\~.· /\~..... /\
I J\'. ." " I " . ,.-I "-

_ I ,--I >, r--I r-" J

,.-l " , " '" " .'
, '" I . '~J '------.;' ~

120, ~ 'T' I I\-~V",,-_/ ~' ~
11of-- . WEEKLY IIlINIIIlUM flUS

--

--

--

40

701--

1001 I I -I I I

901-- I I I I I I

801 I
DAILY MINIMUM fLOWS

/\ /\ /'- !'\ ~ !\ /'-
/ /~ / v '\ / v '\ / v '\

\ J \ J \ J \
60 '" r- v'" r 'v'"

~ \ v 'J V J -J J
I

50r-

--------t------+----------l\ I

'C
on
E

31=
o
..J
U-

30 I--- --

20 I I I -+ I ---------------~---1------ I I

101-- --

01 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
J f M AM J J A SON 0 I f III Alii J J A SO N 0 J fill Alii J J A S ON OJ f M Alii J J A SON 0 J fill AM J J A S ON 0 J fill AM J J A SON 0 J f M A III J J A SO NO

1980 1981 1982 1983 1984 1985 1986

COMBINED FLOW DATA FOR
23RO A~E. AND 91ST AVE. PLANTS

GREELEY AND HANSEN
JOHN CAROLLO ENGINEERS PlATE C2


