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Chapter 1 

INTRODUCTION 

The City of Eloy (City) has recently received tremendous interest from developers wishing 
to build within its existing Planning and Designated Management Agency (DMA) area, as 
well as in adjacent areas. To be prepared for this potential growth, the City has undertaken 
the development of a Wastewater Master Plan. This document describes the results of this 
planning effort. 

To fund the planning effort, the City was assisted by a consortium of private developers and 
landowners who have tracts of land located in the project planning area.  

The approach used in the development of the Wastewater Master Plan was to complete a 
series of Technical Memoranda (TMs). These Memoranda are summarized in this 
Summary Report. The full detailed TMs are included as appendices under separate tabs 
within this Summary Report. They include: 
TM 1 – Existing Wastewater Treatment Plant Evaluation and Expansion Plan 
TM 2 – Phased Regional Wastewater Reclamation Facilities (WRF), Review and Approval 

Process 
TM 3 – Phased Regional Water Reclamation Facility Design and Construction Guidelines 
TM 4 – Software Selection 
In addition to development of the TMs and this summary report, a 208 Amendment was 
produced as a separate document. The Amendment defined the proposed expansion of the 
City's DMA area, and it revised the water quality management plan to include expansion of 
the existing treatment plant and future development of eight new WRFs in the planning 
area. The Amendment is currently in the final stages of the approval process through the 
Central Arizona Association of Governments (CAAG).
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Chapter 2 

PLANNING AREA 

2.1 EXISTING PLANNING AREAS 
Figure 1 shows the original City planning area and the existing 208 Designated 
Management Area (DMA). These encompassed an area of approximately 97 square miles.  

2.2 REVISED PLANNING AREAS 
To identify the new planning area, Eloy identified the known planned developments in the 
surrounding area. These planned developments are shown on Figure 2. Based on the 
location of these developments and other factors, a revised Planning Area was identified 
and adopted by the City in 2006. This revised Planning Area covers an area of 
approximately 256 square miles. 

With this expanded Planning Area, the 208 DMA was also expanded to encompass many 
of the planned developments. However, the proposed DMA (158 square miles) is currently 
smaller than the Planning Area in order to minimize inter-governmental concerns.  

Figure 3 shows the revised adopted Planning Area and the proposed DMA area. 

2.3 WASTEWATER SUB-BASINS  
Given the size of the proposed Eloy DMA Area, topography, and infrastructure boundaries 
(such as Interstate 10, State Highway 84, Santa Rosa Canal, railroad, etc.), it was 
determined that a multi-plant regional water reclamation system (as opposed to one large 
centralized treatment facility) would be a more effective means of treating and reclaiming 
wastewater within the planning area. Figure 4 shows the proposed DMA divided into nine 
(9) sub-basin areas -- the existing plant sub-basin (Sub-Basin 1) and eight (8) new sub-
basin areas. These areas were identified based on the topography, developer's plans, and 
physical boundaries such as roads, railroads, etc.   
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Index Name
1 900 acres METRO
2 Allied Universal Corporation
3 AllState
4 Annexation By Jordan Rose
5 Annexation Case No. A05-36A
6 Annexation Case No. A05-36B
7 Annexation Case No. A05-36C
8 Blue Beacon
9 Campos La Palma

10 CCA's Expansion
11 Cornman Commons
12 Daybreak at Picacho
13 Desert Greens
14 Eagle West Headend
15 Earley & La Palma
16 Edgewater
17 Eloy 120
18 Eloy 140
19 Eloy 160
20 Eloy 160 Cornman
21 Eloy 160 Hanna
22 Eloy Valley
23 Eloy Valley
24 Eloy Valley
25 Eloy Valley 2
26 Eloy Valley 3
27 Eloy Valley 3
28 Eloy Valley Annexation
29 Eloy Valley Annexation
30 Encanto Pariso I
31 Encanto Pariso II
32 Encanto Travera
33 Esperanza
34 Fink Property
35 G.C. Del Sol
36 Grand Valley Estates
37 Grand Valley Ranch
38 Hanna and Picacho
39 I-10 & Sunland Gin
40 Ironwood Estates
41 Isom Ranch
42 La Palma Ranch
43 Langley Sunshine Park
44 Madison Crossing
45 Major General Plan Amendment
46 Major General Plan Amendment 2
47 Major General Plan Amendment 2
48 Major General Plan Amendment 2
49 Major General Plan Amendment 2
50 New Development
51 Overfield Property
52 Palmilla
53 Picacho Heights
54 Picacho Peak West
55 Picacho View I
56 Picacho View II
57 Picacho/Robson
58 Picket Property
59 Rancho Del Sol Brillante
60 Roberts Resort
61 Shay Landing
62 Sierra Vista
63 Silver Reef
64 Steven Farms
65 Sunshine 539
66 Sunshine City
67 Sunshine Estates
68 Talon Mountain
69 The Villages of Santa Cruz valley
70 Toltec Business Park

The usage of this information
is for planning purposes only.

M:\Client\Eloy_PHXMP\7266B00 Eloy Sewer Study-TO#3\Analysis\GIS Analysis\Maps\Sept 07\Fig2_Proposeddevelopments.mxd



Ellis Rd.

Nutt Rd.

Hotts Rd.

Shay Rd.

Arica Rd.

Pretzer Rd.

Phillips Rd.

Harmon Rd.

Alsdorf Rd.

Shedd Rd.

Hanna Rd.

Milligan Rd.

Houser Rd.

Earley Rd.

Battaglia Rd.

Selma Hwy.

Cornman Rd.

Cu
rry

 R
d.

Greene Reservoir Rd.

La
mb

 R
d.

To
lte

c H
wy

.

Pe
art

 R
d.

Pic
ac

ho
 H

wy

SR 287/Steele Rd.

Tre
ke

ll R
d.

La
 Pa

lm
a R

d.

Ov
erf

iel
d R

d.

Su
ns

hin
e B

lvd
.

Su
nla

nd
 G

in 
Rd

.

He
nn

es
s R

d.

SR
 87

/B
arr

ett
 R

d.

To
lte

c B
utt

es
 R

d.

Ele
ve

n M
ile

 C
orn

er 
Rd

.

Tw
ee

dy
 R

d./
Tu

mb
lew

ee
d R

d.

Th
orn

ton
 R

d.

Ch
uic

hu
 R

d.

10

8

84

87

93

287

387

93

84

84

84

93

1

13

24

25

12

36

7

6

45

8

2

8

1

9

1

4

8 7

5 23

7

1

9

5

4

3 24

1

3

2

9

1 2

3

6

4

8

2

9

5

23

8

1

6

5

1

7

7

7

23

9

5

8

6

3

9

4

6

6

9

8

4

7 9

3

1

4

9

6

5

8

6

6

87

5

7

5

11

234

11

11

11

31

11 11

11
11

11

18

19

18

32

20

30

12

36

33

33

29

19

34

32

28

24

17

19

35

10

13

13

35

32

12

24

25

16

32

23

28

14

34

29

24

36

14

25

22 21

32 33

10

33

30

10

27

24

14

2729

2629

21

17

20

23

25

15

30

13

18

36

34

12

12

17

31

24

21

14

35

20

28

16 14

20

29

24

25

27

23

28

36

2829

33

18

13

21

16

28

26

22

2019

15

34

33

18

1317

26

16

21

32

12

35

27

35

17

22

23

23

15

12

29

26

22

13

26

16

25

14

10

20 22

27

15

2320

13

10

23

27

25

23

21

10

26

31

15

14

15 17

21

29

1416

24

15

26

35

28

17

30

10

18

16

25

2221

27

20

16

19

12

2019

35

36

21

29

18

34

22

17

17

32

30 28

32
31

32

14

34

19

31

36

10

24

30

31

31

30

10

23

27

33

15

12

34

34

22

28

27

19

15

31

22

30

33

31

19

35

18

3633

16

36

30

13

18

26

34 35

26 25

T9S R6E T9S R7E

T8S R8E

T7S R6E

T8S R6E T8S R7E

T7S R8E

T9S R8E

T7S R7E

T7S R5E

T9S R9E

T8S R9ET8S R5E

T7S R9E

T9S R5E

T6S R6E
T6S R7E T6S R8ET6S R5E T6S R9E

T9S R10E

T8S R10E

T7S R10E

T6S R10E

T10S R7ET10S R6E T10S R9ET10S R5E T10S R8E T10S R10E

T7S R4E

T6S R4E

Interstate
State Highway
Streets
Railroad
Canal
Sections
Township & Range
Eloy Existing DMA
Eloy Adopted 
Planning Area (2006)
Eloy Proposed DMA

EXISTING AND PROPOSED DMA AREAS Figure 3

0 1 20.5
Miles

Cit
y o

f E
loy

 - W
as

tew
ate

r M
as

ter
 Pl

an
, S

ep
tem

be
r 2

00
7

The usage of this information
is for planning purposes only.

1

M:\Client\Eloy_PHXMP\7266B00 Eloy Sewer Study-TO#3\Analysis\GIS Analysis\Maps\Sept 07\Fig3_Existing and Proposed 208 Planning and DMA Areas.mxd

Eloy Proposed DMA boundary 
provided by Pinal County 12/13/06
1



Ellis Rd.

Nutt Rd.

Hotts Rd.

Shay Rd.

Arica Rd.

Pretzer Rd.

Phillips Rd.

Harmon Rd.

Alsdorf Rd.

Shedd Rd.

Hanna Rd.

Milligan Rd.

Houser Rd.

Earley Rd.

Battaglia Rd.

Selma Hwy.

Cornman Rd.

Cu
rry

 R
d.

Greene Reservoir Rd.

La
mb

 R
d.

To
lte

c H
wy

.

Pe
art

 R
d.

Pic
ac

ho
 H

wy

SR 287/Steele Rd.

Tre
ke

ll R
d.

La
 P

alm
a R

d.

Ov
erf

iel
d R

d.

Su
ns

hin
e B

lvd
.

Su
nla

nd
 G

in 
Rd

.

He
nn

es
s R

d.

SR
 87

/Ba
rre

tt R
d.

To
lte

c B
utt

es
 R

d.

Ele
ve

n M
ile

 C
orn

er 
Rd

.

Tw
ee

dy
 R

d./
Tu

mb
lew

ee
d R

d.

Th
orn

ton
 R

d.

Ch
uic

hu
 R

d.
Area 1

Area 2

Area 3

Area 6

Area 5

Area 7

Area 4

Area 8

Area 9

10

8

84

87

93

287

387

93

84

84

84

93

Water Reclamation Facility Locations

Existing Water Reclamation Facility
Proposed Water Reclamation Facility
Interstate
State Highway
Streets
Railroad
Canal
5-ft Contours
Eloy Planning Area
Eloy Proposed DMA
Eloy Existing DMA
Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
Area 8
Area 9

WATER RECLAMATION FACILITY (WRF) SUB-BASINS Figure 4

0 1 20.5
Miles

Notes:
1. The Transportation layers are GIS data from ESRI 
Data & Maps (2004).
2. The planning boundary and developments
are based on information obtained from 
the City of Eloy. 
3. This GIS map is a limited representation of 
facilities, intended for planning purposes only.
It is not intended for construction or other 
purposes requiring greater positional 
accuracy.

Cit
y o

f E
loy

 - W
as

tew
ate

r M
as

ter
 Pl

an
, S

ep
tem

be
r 2

00
7

M:\Client\Eloy_PHXMP\7266B00 Eloy Sewer Study-TO#3\Analysis\GIS Analysis\Maps\Sept 07\Fig4_WRF Sub-Basins.mxd



 

Chapter 3 

LAND USE, POPULATION AND FLOW PROJECTIONS 

3.1 EXISTING AND FUTURE LAND USE 
The City's general plan identifies the land uses in the existing planning area. Figure 5 
shows this land use. Categories of the different land uses utilized in the plan are shown in 
Table 1. 
 
Table 1 Land Use Classifications 

Wastewater Master Plan 
City of Eloy 

Land Use Category 
Dwelling Density 

(DU/AC)(1) 
High Density Residential 14 
Medium High Density Residential 10 
Medium Density Residential 4 
Low Density Residential 1 
Rural Residential 0.5 
Commercial - 
Industrial - 
Public/Institutional - 
Other - 
(1) Dwelling unit per acre. 
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Land Use Category Area (Acres) % of Square Mile
Low Density Residential 64 10
Medium Density Residential 320 50
Medium-High Density Residential 32 5
Others 96 15
Commercial 64 10
No Wastewater 64 10

0 2 41

Miles

Existing Wastewater Treatment Plant
Streets
Interstate
State Highway
Railroad
Sections
Township & Range
Eloy Adopted Planning Area (2006)

Land Use

Rural Residential (0.5 DU/AC)
Low Density Residential (1 DU/AC)
Medium Density Residential (4 DU/AC)
Medium-High Density Residential (10 DU/AC)
High Density Residential (14 DU/AC)
Commercial
Institutional / Public / Industrial
Others
No Wastewater

Typical Square Mile Breakdown:

Medium Density
Residential

Commercial

No Wastewater

Low Density Residential

Others

Medium-High Density Residential

The usage of of this information is for planning purposes only.
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Portions of the proposed DMA area do not yet have a defined land use plan and some 
larger portions are "generically" defined as low density residential. To assist in the 
estimation of future wastewater flows from the proposed DMA area, some form of land use 
planning is required. To this end, a "typical" square mile of land uses was developed. The 
"typical" land use was used for portions of the planning area that lack specific land use 
designations, and for large areas designated as low density residential to more accurately 
represent a likely mix of land uses. This "typical" land use plan for the revised DMA area is 
shown on Figure 5. Table 2 shows a summary of the estimated buildout acreage. 
 
Table 2 Summary of Developed Acres 

Wastewater Master Plan 
City of Eloy 

Land Use Category 
Developed Acres 

at Buildout 
High Density Residential 418 
Medium High Density Residential 4,108 
Medium Density Residential 36,055 
Low Density Residential 9,403 
Rural Residential 17,885 
Commercial 7,249 
Industrial 7,807 
Public/Institutional 1,895 
Other 8,113 

3.2 POPULATION PROJECTIONS 
The Eloy population in the existing WWTP service area (Sub-Basin 1) in 2005 was 
estimated at 10,375.  

To develop some estimate of the 10- to 20-year future population in the nine sub-basins, 
projections were made as to possible starting and buildout dates for the known 
developments in the DMA area (Figure 2). For the areas with no currently defined 
developments, an assessment was made that 25 percent of the area would start 
development by 2020.  

Table 3 shows the estimated projected population in the wastewater sub-basins through 
2030. Also shown in the table is the projected buildout population for the DMA area based 
on the land use plan and related densities.  
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Table 3 Land Use Based Population Estimates (by Sub-Basin)  
Wastewater Master Plan 
City of Eloy 

Year 
2005 

Population
2010(1) 

Population 
2020 

Population 
2030 

Population 
Buildout 

Population 
Sub-Basin 1 10,375 44,347 77,607 115,080 115,080 
Sub-Basin 2 0 0 35,770 95,047 102,201 
Sub-Basin 3 0 0 42,389 112,633 121,111 
Sub-Basin 4 0 0 12,285 34,503 37,100 
Sub-Basin 5 0 0 26,099 69,348 74,568 
Sub-Basin 6 0 0 34,253 91,015 97,866 
Sub-Basin 7 0 0 30,137 74,020 80,557 
Sub-Basin 8(2) 0 0 0 0 0 
Sub-Basin 9(2) 0 0 0 0 0 

Totals 10,375 44,347 258,540 591,647 628,484 
Notes: 
(1) Although some of the new WRFs may start with initial flows in the 2010 timeframe, they are 

shown beyond 2010 for planning level estimates. 
(2) Sub-Basins 8 and 9 include only commercial/industrial flows, with zero population. 

3.3 FLOW PROJECTIONS 
The critical element in the design of a wastewater collection and treatment system is the 
amount of wastewater, gallons per day (gpd) or mgd, to be collected, transported, treated, 
and reclaimed. In master planning, this flow is generally estimated from the land use where 
each type of land use generates a particular volume of wastewater (gallons per acre per 
day, gpad). For residential land use, the land use classification defines the number of 
dwelling units per acre (DU/AC) (see Table 1), and the City Planning Department identifies 
the average number of persons per dwelling unit. In Eloy, this has been estimated as 3.0 
persons per dwelling unit. Table 4 shows the unit flows for the Eloy Wastewater Master 
Plan. Since no flow measurements have been made in Eloy, the unit flows used in the 
planning are typical for communities similar to Eloy.  
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Table 4 Summary of Wastewater Unit Flows 
Wastewater Master Plan 
City of Eloy 

Land Use Category Unit Flows 
High Density Residential 65 gpcd 
Medium High Density Residential 65 gpcd 
Medium Density Residential 65 gpcd 
Low Density Residential 65 gpcd 
Rural Residential 65 gpcd 
Commercial 1,000 gpad 
Industrial 1,000 gpad 
Public/Institutional 500 gpad 
Other 1,000 gpad 

The estimated flow from the planning area for residential is calculated by multiplying the 
area (acres), by the housing density (DU/AC), by the estimated number of people per 
dwelling unit (3), and by the unit flow (gpcd). 

Residential flow = acres x DU/AC x 3.0 x 65 (gpcd) 

For industrial and commercial land uses, the flow is estimated by multiplying the acres by 
the unit flow for the type of land use. 

Industrial/Commercial flow = acres x unit flow (gpad) 

Table 5 shows the estimated projected population and flow from the wastewater sub-basins 
through 2030. Also shown in the table is the projected buildout population and wastewater 
flows for the DMA area.  
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Table 5 Land Use Based Population/Flow Projections (by Sub-Basin) 
Wastewater Master Plan 
City of Eloy 

ptem
ber 21, 2007 

3-6
 

t\Eloy_P
H

XW
\7266B

00\R
pt\Final\S

um
m

ary R
eport-Final.doc 

2005 2010(1) 2020 2030 Buildout 

Year Population 
Flow 
(mgd) Population

Flow 
(mgd) Population 

Flow 
(mgd) Population

Flow 
(mgd) Population

Flow 
(mgd)

Sub-Basin 1 10,375 0.74 44,347 4.0 77,607 7.0 115,080 10.38 115,080 10.38 
Sub-Basin 2 0 0 0 0 35,770 2.10 95,047 6.48 102,201 8.41 
Sub-Basin 3 0 0 0 0 42,389 2.69 112,633 8.28 121,111 10.75 
Sub-Basin 4 0 0 0 0 12,285 1.08 34,503 3.33 37,100 4.32 
Sub-Basin 5 0 0 0 0 26,099 1.90 69,348 5.86 74,568 7.61 
Sub-Basin 6 0 0 0 0 34,253 2.33 91,015 7.17 97,866 9.31 
Sub-Basin 7 0 0 0 0 30,137 1.88 74,020 5.78 80,557 7.51 
Sub-Basin 8(2) 0 0 0 0 0 0.96 0 2.94 0 3.82 
Sub-Basin 9(2) 0 0 0 0 0 1.06 0 2.58 0 3.20 

Totals 10,375 0.74 44,347 4.0 258,540 21.0 591,647 52.8 628,484 65.31 
Notes: 
(1) Although some of the new WRFs may start with initial flows in the 2010 timeframe, they are shown beyond 2010 for planning level estimates. 
(2) Sub-Basins 8 and 9 include only commercial/industrial flows, with zero population. 

 

 



 

Chapter 4 

EXISTING WWTP EVALUATION AND EXPANSION PLANNING 

A detailed description of the WWTP evaluation and proposed expansion is contained in 
Technical Memorandum No. 1 – Existing WWTP Evaluation and Expansion Plan (see 
Appendix A). 

4.1 EXISTING PLANT 
A wastewater treatment facility has been located at the existing 51.6 acre site for many 
years and it serves Wastewater Sub-Basin No. 1. Before the current facility was 
constructed at the site, the previous treatment facility included four aerated lagoons with 
four recharge basins. In 1998, the facility was upgraded to include the following: 

• Influent pump station 

• Static screens (4 units)  

• Extended aeration biological process for nitrogen removal (Biolac®) (2 basins)  

• Integrated secondary clarifiers (4 clarifiers) 

• Effluent storage pond 

• Effluent recharge basins (3 basins) 

The plant also has a chlorine contact chamber, a bulk hypochlorite storage tank, and an 
effluent pump. However, the disinfection and effluent pumping systems are not used since 
agriculture irrigation is no longer an acceptable disposal option and the reuse permit has 
lapsed. 

Treated effluent from the secondary clarifiers flows to the effluent storage pond, and from 
there it is directed to the recharge basins. The discharge to the basins is cycled between 
basins to allow for wet and dry cycles. The estimated recharge rate for the basins is 
approximately 1.2 feet/acre/day, which was set at 0.6 feet/acre/day for the design of the 
basins to account for the wet-dry cycling. 

Solids from the treatment process are initially directed to a sludge holding pond, with the 
dried sludge sent to the City landfill for disposal. Figure 6 shows the layout of the existing 
plant. 

The plant operates under an Aquifer Protection Permit (APP) No. 101689, dated March 21, 
2005. Table 6 shows the permit standards and the current plant effluent quality. 
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Table 6 Summary of WWTP and APP Parameters 
Wastewater Master Plan 
City of Eloy 

Parameter Plant Effluent APP Standard 
Average Annual Flow, mgd  0.74 1.90 
Maximum Discharge, mgd 0.89 2.0 
Total Nitrogen, Average, mg/L 3.4 8.0 
Total Nitrogen, Maximum, mg/L 4.2 10.0 

In summary, the plant is currently operating at approximately 37 percent of its capacity of 
2.0 mgd and is producing a well-treated effluent that meets all permit requirements. Also, 
with the low plant loading, the solids produced at the plant are well digested and dry easily 
for disposal. Figure 7 shows a schematic of the existing WWTP process. 

4.2 FUTURE PLANT FLOWS AND ALTERNATIVES 
Based on the land use plan for Sub-Basin No. 1, the buildout population is expected to be 
approximately 125,000 with an average annual wastewater flow of 10.38 mgd (see 
Table 5). To adequately treat such a flow, the existing plant will have to be modified. 
Successfully expanding the existing plant from 2.0 mgd to its nominal buildout capacity of 
10.5 mgd requires careful thought and the development of a long-term conceptual plan.  

Some of the issues considered in the conceptual planning for the WWTP expansion 
included: 

• Short-term expansion versus buildout expansion needs 

• Future setback requirements 

• Good neighbor practices 

• Unit process footprints 

• Headworks  

• Secondary treatment 

• Solids handling and disposal 

• Tertiary treatment for turbidity removal and disinfection 

• Odor, noise, and aesthetic controls  

• Effluent reuse and disposal requirements and options 

• Project phasing
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Some of the conclusions drawn from the WWTP analysis are: 

• The plant expansion will likely be completed in three to four separate phases. 

• The headworks will have to be replaced. The new headworks should contain an 
influent lift station, mechanically cleaned screens, grit removal (not required during 
initial expansion phase), and odor control. 

• The Phase I Expansion may include a new headworks, adding one 2-mgd Biolac® 
unit with integral clarifiers, expanding and upgrading the existing disinfection system, 
and continuation with the present sludge treatment handling system. 

• The Biolac® secondary treatment system should not be included in any expansion 
beyond 4.0 mgd. It is too land intensive and inefficient and as such, is generally not a 
suitable technology for larger treatment facilities. 

• Expansion beyond 4.0 mgd should consider a more conventional secondary 
treatment process, with nitrogen removal. This will reduce the footprint of the plant. 
Another option is utilizing a membrane biological reactor (MBR) process, which has 
an even smaller footprint. However, MBR plants can be more expensive and more 
difficult to operate. When decisions are made for systems beyond the 4.0 mgd size, 
the MBR option should be revisited. 

• Include external secondary clarifiers for expansion beyond 4.0 mgd.  

• Build a new effluent pump station. 

• Replace the existing chlorine disinfection system with ultraviolet light (UV) 
disinfection. This reduces the amount of hazardous materials on site as well as 
reducing the formation of disinfection byproducts. However, the use of bulk 
hypochlorite is a practical alternative that may be continued. 

• Add tertiary filtration to meet Class A+ if this effluent quality is required in the future. 
Cloth media disk filtration was identified as a viable and cost-efficient filtration process 
for consideration. 

• For sludge handling in the larger plant, it is recommended that the waste sludge be 
thickened prior to digestion.  

• Aerobic digestion should be used at the site to minimize odor production and aid in 
the process of producing a quality solids end product. 

• The digested sludge should be dewatered prior to landfill disposal, unless land 
application sites are identified. 
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4.3 WWTP PROJECT PHASES 
For planning purposes, the WWTP expansion is identified as a three (3) phased expansion. 
It is possible that minor expansions will take place in between each of the major expansion 
phases in order to upgrade or expand minor facilities. For example, Phase 1A may include 
only the headworks expansion and Phase 1B may include an expansion of the secondary 
and tertiary processes.  

4.3.1 Phase 1 

The first expansion is the short-term expansion, bringing the total capacity to 4.0 mgd 
AADF. The expansion would add the following: 

• Preliminary Treatment: New headworks facility, including two screen channels with 
one mechanically cleaned screen installed and one manually cleaned screen to serve 
as an emergency bypass. Odor control would be provided on the headspace in the 
screening channels. Construct a new influent lift station and piping to the aeration 
basin splitter structure. Designate areas for future grit removal, future third (and 
possibly fourth) screening channel, and a future Headworks Building (to enclose the 
screening channels and screening equipment). 

• Secondary Treatment: Install one 2-mgd Biolac® aeration basin and integral clarifiers. 
Expand or construct a new aeration basin splitter structure. Expand and upgrade the 
existing blower facility. 

• Tertiary Treatment: The existing disinfection system would be expanded to 
accommodate the expansion of the WWTP.  

• Solids Handling: The existing sludge storage basin could continue to be used for 
sludge management. However, depending upon the needs of the City, improvements 
may be made to the solids handling facilities during Phase 1. 

4.3.2 Phase 2 

The second expansion would bring the facility to a total capacity of 7.0 mgd AADF, along 
with the conversion from the proprietary extended aeration process to a more conventional 
process. In addition, offsite recharge or reuse will be required in order to dispose of the 
effluent. This phase would mark a major expansion for the WWTP. 

• Preliminary Treatment: A grit chamber would be added to the headworks facility. 
Additional pumps would be added to the lift station. A second mechanically cleaned 
screen would be added to replace the manually cleaned screen. A Headworks 
Building would be constructed over the screening area. Odor control would be 
expanded to accommodate the new Headworks Building. The existing static screens 
and unused primary clarifier structure would also be demolished.  
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• Secondary Treatment: A 7.0 mgd conventional activated sludge process, with two 
equally sized trains and three external clarifiers would be constructed. A return 
activated sludge/waste activated sludge (RAS/WAS) pump station would also be 
constructed. After completion of the Phase 2 expansion, the Biolac® basins would be 
taken offline. A new Blower Building with climate control would be provided. 

• Tertiary Treatment: Disinfection would be expanded as necessary to match the 
increase in capacity. If necessary, disk filters could be added to provide greater 
effluent disposal flexibility. The effluent pump station would be expanded to enable 
offsite recharge and reuse. The tertiary equipment would be constructed in a 
sequential and common wall arrangement, as much as practical, to provide a more 
compact footprint. 

• Solids Handling: Aerobic digesters would be constructed (common wall with the 
aeration basins) along with a new RAS/WAS Building and a new Solids Handling 
Building. The existing sludge storage basin would be drained and decommissioned at 
the completion of Phase 2. These improvements may be completed as part of 
Phase 1. 

4.3.3 Buildout 

The third and possibly fourth phase(s) would bring the capacity of the WWTP to buildout at 
approximately 10.5 mgd AADF. The buildout facility is illustrated in Figure 7, followed by a 
process flow schematic presented in Figure 8. In addition, each phased expansion is 
summarized in Table 7. 

• Preliminary Treatment: Two additional screen channels and two mechanically 
cleaned screens would be added. A second grit chamber would also be added. 
Additional pumps would be added to the influent lift station. The Headworks Building 
would be expanded to accommodate the additional screening equipment. 

• Secondary Treatment: An additional 3.5 mgd activated sludge process would be 
constructed along with one additional external clarifier and blower. The additional 
biological basins would be common wall with the basins constructed under Phase 2, 
to provide a more compact footprint. 

• Tertiary Treatment: Additional filtration and disinfection equipment would be added. 
The effluent disposal pump station would be expanded with additional pumps. 

• Solids Handling: Additional aerobic digesters would be common wall constructed with 
the aeration basins. The solids handling equipment would be expanded to match the 
increase in the plant capacity. 

Figure 9 also shows the expanded 10.5 mgd WWTP can be constructed on the existing site 
and still maintain the required 350-foot setback, assumed from the existing fence line. 
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4.4 EXISTING WWTP EFFLUENT REUSE AND DISPOSAL 
Currently, the City recharges the effluent using three basins and is permitted to recharge up 
to 2.0 mgd of effluent. There are approximately 25 acres of land available for recharge at 
the existing WWTP. However, to recharge all of the buildout flow of 10.5 mgd, 
approximately 60 acres will be required.  

To provide maximum use of the reclaimed water, the City also wants to consider other 
reuse options. These include:  

• Urban Lakes 

• Riparian Habitat 

• Open Access Landscape Irrigation 

The City currently owns 80 acres of land to the north of the Santa Rosa Canal. This 
property may be considered for recharge, riparian habitat, and/or a water conservation 
center. For the urban lakes, the City should coordinate with the developers to determine the 
size and best fit into the community. 

To be able to use the plant effluent for uses other than recharge, the effluent quality of the 
plant will need to be increased from its current Class B+ to Class A+ classification.  

4.5 SOLIDS DISPOSAL 
The solids from the existing plant are initially stored in the onsite sludge storage ponds. 
Once they have dried, they are removed and disposed of in the City's landfill, located near 
the intersection of Allsdorf and Toltec Roads. This disposal plan will most likely continue in 
the future, although the sludge processing capability will improve as the plant is expanded. 
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Phase 1 Expansion Phase 2 Expansion Buildout(1) 
Annual Average 
Daily Flow (mgd 
AADF) 

2 4 7 10.5 

Average Day Max 
Month Flow (mgd 
ADMMF) 

3(2) 6 (2) 9.5 (3) 14.2 (3) 

Preliminary Treatment 
Screening Static Screens One Mechanically Cleaned 

Screen 
One Manually Cleaned 
Screen 

Add one Mechanically 
Cleaned to replace 
manually cleaned 
screen 

Four Mechanically 
Cleaned Screens 

Grit Removal None None One Mechanical Vortex 
Grit Chamber 

Two Mechanical Vortex 
Grit Chambers 

Lift Station Wet Pit (10' diameter) New Wet or Dry Well Lift 
Station 

Add Pumps Wet or Dry Well Lift 
Station 

Odor Control None Expand to include 
Headworks Building 

Wet Chemical Scrubber 
or In-Ground Biofilter 

Wet Chemical Scrubber or 
In-Ground Biofilter to treat 
channel headspace and Lift 
Station 

Secondary Treatment 
Biological Two 1 mgd Biolac® Add 2 mgd Biolac® Add 7 mgd AADF MLE 

process (two 3.5 mgd 
AADF trains) 

10.5 mgd AADF MLE 
process (three 3.5 mgd 
AADF trains) 

Clarification Four Integral Six Integral Three External 110' 
Diameter Circular 
Clarifiers 

Four External 110' 
Diameter Circular 
Clarifiers 
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Table 7 Expansion Plan Matrix - Existing WWTP Evaluation and Expansion Plan 
Wastewater Master Plan 
City of Eloy 

 Existing WWTP Phase 1 Expansion Phase 2 Expansion Buildout(1) 
RAS/WAS Pumping Air Lift Air Lift Wet Pit Submersible 

Pump Station 
Wet Pit Submersible 
Pump Station 

Tertiary Treatment 
Disinfection Bulk Hypochlorite (not 

used) 
Bulk Hypochlorite or UV Expand Disinfection Bulk Hypochlorite or UV 

Filtration None None Option - Disk Filters Option - Disk Filters 
Effluent Disposal 
Effluent Disposal 
Pump Station 

One pump (not used) Same New Vertical Turbine 
Pump Station 

Vertical Turbine Pump 
Station 

Required Recharge (4) 
Area (acres) 

11.2 22.4 39.4 58.5 

Max. Onsite 
Recharge Available 
(acres) 

25.4 23.4 18.2 19.5 

Offsite Recharge 
Required (acres) (5) 

None None 21.2 39.0 

Solids Handling 
Thickening None None 

Option: Add Thickeners 
Centrifuge, Gravity Belt 
Thickener, or Rotary 
Drum Thickener 

Centrifuge, Gravity Belt 
Thickener, or Rotary 
Drum Thickener 

Digestion Sludge Drying Bed Sludge Drying Bed 
Option: Add Two Aerobic 
Digesters 

Two Aerobic Digesters Four Aerobic Digesters 

Dewatering None None 
Option: Add Dewatering 

Centrifuge or Belt Filter 
Press 

Centrifuge or Belt Filter 
Press 
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Table 7 Expansion Plan Matrix - Existing WWTP Evaluation and Expansion Plan 
Wastewater Master Plan 
City of Eloy 

 Existing WWTP Phase 1 Expansion Phase 2 Expansion Buildout(1) 
Miscellaneous 
Admin., Maintenance, 
and Lab Building 

Trailer Same Option - Add Building Option - Add Building 

Headworks Building None None Add Building Headworks Building 
Solids Handling 
Building 

None None Add Building Solids Handling Building 

Blower/Electrical 
Building 

Three Sided Shed Expand Existing, Enclose, 
add Noise Controls 

New Building Blower and Electrical 
Building with Climate 
Control 

Notes: 
(1) Buildout features shown represent the final quantity and type of each feature, while Phases 1 and 2 represent the additions to the facility. 
(2) Assumed maximum month peaking factor of 1.5. 
(3) Assumes peaking factor reduced to 1.35 as collection area expands. 
(4) Required recharge area includes a 10 percent increase to account for containment berms and access roads. However, these features could 

require additional land. These quantities are to serve as an approximation with accurate land areas determined through site-specific 
hydrogeologic testing. 

(5) Assumes recharge is the only method of effluent disposal. Offsite Recharge Required is the difference between the Max. Onsite Recharge 
Available and the Required Recharge Area. Required Recharge Area is based upon 0.6 acre-ft/acre/day design percolation rate used at the 
existing WWTP, rate taken from Westland (2004). Offsite recharge may be performed at the 80 acres of City owned land to the north of the 
existing WWTP. This would enable all recharge to be handled offsite and provide more space at the existing WTTP for treatment process and 
support facilities. 

 

 



 

Chapter 5 

SUB-BASIN COLLECTION AND TREATMENT SYSTEM 

5.1 SOFTWARE SELECTION 
Part of the planning for the Wastewater Master Plan is the analysis of the existing collection 
system and the layout and sizing for the future collection systems to serve the Wastewater 
Sub-Basins. This type of planning and analysis is best accomplished using a wastewater 
collection system computer model. Carollo Engineers identified and then evaluated several 
of the commonly available models. This detailed analysis and evaluation is summarized 
below but described in detail in Technical Memorandum No. 4 – Software Selection 
(Appendix D).  

Eight wastewater modeling software packages were evaluated: H2OMAP Sewer by MWH 
Soft, InfoSewer by MWH Soft, Hydra by Pizer, Inc., Infoworks CS by Wallingford Software, 
Mouse by the Danish Hydraulic Institute, MIKE SWMM by the Danish Hydraulic Institute, 
XP-SWMM by XP Software, Inc., and SewerCAD by Haestad/Bentley, Inc. 

These models were then technically evaluated relative to: 

• Type of Hydraulic Calculation: Steady State, Quasi-Dynamic or Fully Dynamic. 

• Type of Hydrology Calculation such as runoff flows, time of concentration, etc. 

• Complex Hydraulic Calculation with multiple friction loss equations for multiple conduit 
shapes. 

• Contaminant and Corrosion Potential modeling for hydrogen sulfide. 

• GIS Interface capabilities. 

• Customer Service and Support. 

Other non-technical criteria used in the evaluation of the software included: 

• Should be able to run on commonly available hardware and operating systems. 

• Should have an open architecture and use standard formats. 

• Must be designed to work with GIS. 

• Vendor should be consistently profitable. 

• Supported with responsive staff. 

• Interface should be intuitive and easy to use.  

• Best value for the money.  
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Table 8 shows a summary of features for sewer modeling software. Based on the 
evaluation, H2OMAP Sewer was recommended for the City with the major reasons being: 

• H2OMAP Sewer has a load allocation module and data cleanup tools that Sewer CAD 
does not have.  

• H2OMAP Sewer has advantages over Sewer CAD such as an open database, lower 
price, more sophisticated hydraulic engine, good support, and industry leadership. 

H2OMAP Sewer is used by other Arizona communities including Chandler, Prescott Valley, 
Show Low, Casa Grande, Prescott, Gilbert, Mesa, Goodyear, Scottsdale, and Avondale. 

5.2 COLLECTION SYSTEM DESIGN CRITERIA 
This section of the report describes the performance and design criteria used in the 
evaluation, planning, and design of the City's sewer and reclaimed water system. Detailed 
descriptions are contained in Technical Memorandum No 3 (see Appendix C).  

The basic "standards of measurement" used in the design of gravity sewers, force mains, 
and lifts stations include the following. 

• Pipe Capacity, which is based on pipe diameter, slope, and Manning's coefficient of 
friction (n). 

• Velocity, which has both a minimum and maximum number. The minimum velocity is 
2.0 feet per second (fps) to minimize settlement of solids and the maximum velocity is 
approximately 7.0 fps to minimize erosion of the pipe material.  

• Flow Depth in gravity sewers is the ratio of the maximum depth of flow in the pipe to 
the diameter of the pipe (d/D).  

• Changes in Pipe Sizes occur when a smaller sewer joins a larger one. The adopted 
criteria is for the crowns of the pipes to match. 

• Lift Station Capacity should be equal to approximately three times the average daily 
flow with the largest pump out of service. 

• Lift Station well sizing should consider fill time, average flow, and minimum pump 
cycle.  

• Lift Stations should have access to back-up generators.  

• Force Mains should have a minimum diameter of 6 inches. 

• Gravity Sewers should have a minimum cover of 5 feet, have 4 feet of separation 
from the flowline of irrigation ditches, and a minimum separation of 6 feet from 
potable water mains.
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Table 8 Software Selection 
Wastewater Master Plan 
City of Eloy 

 

H2OMAP 
Sewer, 

MWH Soft 

InfoSewer 
by 

MWH Soft 

SewerCAD, 
Haestad/ 
Bentley 

Hydra, 
Pizer 

XP-SWMM, 
XP Software 

MIKE SWMM, 
 DHI Software 

Mouse, 
DHI Software 

Infoworks, 
Wallingford 

Software 
Company Characteristics         
Number of current software licenses of sewer modeling product with active support 
agreements in the U.S. 

1,000+ Hundreds ~3,900 ~1,000 ~1,000 ~1,000 ~500 ~150 

Provides companion water modeling software yes Yes yes no no yes yes yes 

Provides storm water drainage modeling capabilities or companion software yes Yes yes, in a separate 
package 

yes yes yes yes yes 

Customer support very good very good good fair good good good fair 

Price, assuming 5,000 pipes $8,000 $8,000 $13,500 $4,500 $11,000 $5,000 $14,000 $32,000 

Price of additional modules $1,000 $1,000 $0 $0 $1,000 $4,400 $4,400 $0 

Total M & S annual fee $2,000 $2,000 $3,800 $1,250 $1,000 $450 $2,000 $5,000 

Software training provided by the vendor, per person $1,200 $1,200 $1,500 regular, 
$995 special 

$1,200 $1,000 varies, $500 
(web based) 

varies, $500 
(web based) 

free if 
 by June 30 

Floating or network licenses yes Yes yes no yes yes yes yes 

Company stability good Good good fair fair good good good 

Additional modules required load generation load generation none included GIS Interface GIS Interface GIS Interface none 
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Table 8 Software Selection 
Wastewater Master Plan 
City of Eloy 

 

Usefulness to Eloy 
3 = essential,  

2 = useful,  
1 = possible value, 

0 = no value 

H2OMAP 
Sewer,  

MWH Soft 

InfoSewer 
by 

MWH Soft 
SewerCAD, 

Haestad/ Bentley
Hydra, 
Pizer 

XP-SWMM, 
XP Software 

MIKE SWMM, 
DHI Software 

Mouse, 
DHI Software 

Infoworks, 
Wallingford 

Software 
Technical Characteristics          
Compatible with Windows 2000, MS Office 2000 3 Yes yes yes yes yes yes yes Yes 

Compatible with Arc View 9.1 (geodatabases) 2 Yes yes yes no no no no No 

Hydraulic engine source n/a Proprietary proprietary proprietary proprietary Modified SWMM SWMM proprietary Proprietary 
Steady state, normal depth hydraulic calculation 2 Yes yes yes no no yes yes No 

Quasi-dynamic hydraulic calculation 3 Yes yes yes yes yes yes yes No 

Fully dynamic 1 No no no no yes yes yes Yes 

Storm water runoff and time of concentration hydrology 
calculations 

0 Yes yes no yes yes yes yes Yes 

Reads and writes to shape files directly 3 Yes yes no no no no no No 

Converts shape file data using an interface 2 No no yes yes yes yes yes Yes 

Tools to fix GIS data topology problems 2 Yes yes partial no no yes yes Yes 

Database driven 3 Yes yes yes, proprietary no no yes yes Yes 

Automatically sizes new mains 2 Yes yes yes no no no yes No 

Calculates pipe replacement costs 2 Yes yes yes no no no no No 

Calculates loads based on land use 3 Yes yes via Arc View yes no yes yes Yes 

Estimates elevations of intermediate manholes when missing 2 Yes yes no no no yes yes Yes 

Tracks source, age, or water quality parameters 1 Yes yes no no no no no Yes 

User Interface          

Scenario manager 3 Yes yes yes no no no yes Yes 

Customizable tabular reports 2 Yes yes yes no yes yes yes Yes 

Graphically compares the results of multiple simulations 2 Yes yes yes no no yes yes Yes 

Displays GIS data layers on screen 2 Yes yes no no no yes yes Yes 

Export tabular data to Excel 3 Yes yes yes yes yes yes yes Yes 

Update existing elements from GIS shapefiles 2 Yes no no no no no no Yes 

Information libraries 1 No no yes no no no no Yes 
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Table 9 summarizes the performance and design criteria to design and evaluate 
wastewater systems.  
 
Table 9  Wastewater System Criteria Summary 

Wastewater Master Plan 
City of Eloy 

Description Criteria 
Pipe Capacity(3) Pipe Size 

(inches) 
Minimum Slope(1)(2) 

(ft/ft) (mgd) (cfs) 
8 0.0034 0.45 0.70 

10 0.0025 0.70 1.09 
12 0.0020 1.02 1.57 
14 0.0016 1.38 2.14 
15 0.0015 1.59 2.45 
16 0.0014 1.80 2.79 
18 0.0012 2.28 3.53 
20 0.0010 2.82 4.36 
21 0.0010 3.11 4.81 
24 0.0008 4.06 6.28 

Note: 
(1) Slopes are calculated using Manning's Equation for pipes flowing full with a minimum 

velocity of 2 fps. 
(2) Sewers larger than 24 inches should have a slope ≥ 0.0008. 
(3) Pipe Capacity based on full pipe flow. 
Maximum Velocity ≤ 7 feet per second 
Flow Depth, d/D 
d/D for New Sewer Pipes with Diameters less than 12 inches 
d/D for Designing New Sewer Pipes 12 inches and Higher 
d/D for Evaluating Existing Mains in Developed Areas 

= 0.5 
= 0.75 
= 0.90 

Headloss in Existing Pipes 
Gravity Pipes 
Pressure Pipes 

 
Manning's n = 0.013 
Hazen William's C = 120 

Changes in Pipe Size 
When a smaller sewer joins a larger one: 

 
Sewer crowns will be 
matched. 

Headloss at Manholes 
Manholes with pipelines intersecting at 90-degrees or greater 
Manholes with pipelines intersecting at less than 90-degrees 

 
Provide 0.2' Invert Drop 
Provide 0.1' Invert Drop 
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Table 9  Wastewater System Criteria Summary 
Wastewater Master Plan 
City of Eloy 

Description Criteria 
Clearances 
Minimum coverage  
Separation from irrigation ditch 
Separation from potable water lines 

 
5 feet 
4 feet 
6 feet (Unless encased in 
concrete) 

5.3 SUB-BASIN COLLECTION SYSTEM 
As shown in Figure 10, a wastewater collection system was developed for the entire DMA 
area at projected buildout. Layout and sizing of the collection system was based on the 
design criteria (Section 5.2) and on USGS contours. Flow projections generated from the 
GIS-based land use plan were input to the hydraulic model to define the preliminary 
system. Additional data and results from the collection system model are included on 
Figure 11 (pipe diameters and flow rates) and Figure 12 (manhole invert and rim 
elevations). 

5.4 WRF DESIGN AND CONSTRUCTION GUIDELINES 
This section describes the proposed design and construction guidelines for the Sub-Basin 
Water Reclamation Facilities. Detailed guidelines are contained in Technical Memorandum 
No. 3 (see Appendix C). 

The development of the proposed Phased Regional WRFs require some initial assumptions 
regarding the WRFs, including the following: 

1. Regional WRFs will only be considered within the service areas established by the 
City. 

2. Each Regional WRF will be constructed by the developer as the initial phase of the 
permanent Regional WRF. 

3. Each Regional WRF will be constructed at a location advantageous to water 
reclamation. 

4. Adequate space will be provided to accommodate future expansion of each Regional 
WRF to serve planned buildout of its designated region. The initial phase shall be 
planned to accommodate future expansions to buildout at the designated site. 

5. The initial phase of each Regional WRF must have the capability to meet all required 
effluent water quality standards as stated in the Arizona Administrative Code (A.A.C.). 
In addition, each WRF will not discharge to any waters of the U.S. (thereby requiring 
an NPDES permit). 
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PRELIMINARY SEWER SYSTEM LAYOUT AT BUILDOUT Figure 10
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Notes:
1. The Transportation layers are GIS data from ESRI 
Data & Maps (2004).
2. The planning boundary and developments
are based on information obtained from 
the City of Eloy. 
3. This GIS map is a limited representation of 
facilities, intended for planning purposes only.
It is not intended for construction or other 
purposes requiring greater positional 
accuracy.
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PIPE DIAMETERS AND FLOW RATES - SEWER SYSTEM AT BUILDOUT Figure 11
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Notes:
1. The Transportation layers are GIS data from ESRI 
Data & Maps (2004).
2. The planning boundary and developments
are based on information obtained from 
the City of Eloy. 
3. This GIS map is a limited representation of 
facilities, intended for planning purposes only.
It is not intended for construction or other 
purposes requiring greater positional 
accuracy.
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6. Once built, each Regional WRF will be owned and operated by the City. 

7. The effluent quality being promoted by the City is Class A+ to allow options and 
flexibility for water reclamation. 

8. The effluent from the WRFs may be used for irrigation, groundwater recharge, 
wetland development, riparian preserves and urban lakes. Other uses may be 
proposed and decided on a case-by case basis.  

Factors to be considered in the WRF Design and Construction, include: 

• Peaking Factors 

• Site Requirements 
– Access and security 
– Aesthetics 
– Future connections 
– Flood control 

• Treatment Components 
– Influent pumping 
– Screening  
– Biological secondary treatment (capable of nutrient removal) 
– Secondary clarification 
– Tertiary filtration (or future accommodations for filtration)  
– Disinfection 
– Effluent pumping 
– Reclaimed water storage 
– Solids processing and disposal 

• Other Design Factors  
– Odor control 
– Noise control 
– Utility and standby power 
– Instrumentation, controls and alarm telemetry 
– Utilities, Process and yard piping 
– Valves 
– Applicable codes and standards 
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• Construction and Start-Up 
– Approved contractor 
– Acceptable manufacturer 
– Local facilities and support 
– Equipment installation oversight 
– Training 
– Submittals 
– Operation and maintenance manual 
– Spare parts 
– Permits 
– Insurance 
– Warranties and guarantees
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Chapter 6 

IMPLEMENTATION PLAN 

6.1 INTRODUCTION  
The overall concept for handling wastewater in the Eloy planning area is for the 
development of up to nine sub regional collection, treatment and reclamation systems. How 
these systems would be located, sized and designed are defined in this report and in the 
Technical Memoranda contained in the Appendices. The ultimate size of the WRFs and 
their associated collection system at buildout have been identified. The WRFs range in 
capacity from 3.2 mgd up to 10.4 mgd, and interceptors draining into the plants range in 
size from 15 inches up to 36 inches in diameter. Once development gets established in 
each of the sub-basins, the plants and major interceptors can be constructed. However, in 
the very early stages of development there may not be the flow or need for the "ultimate" 
system. Therefore, a sub-basin implementation plan needs to be developed to guide the 
City and developers in these early stages. 

6.2 WATER RECLAMATION FACILITIES  

6.2.1 Basic Requirements 

No matter what size of WRF is going to be constructed there are some basic planning 
requirements that must be met. These include the following: 

1. Regional WRFs will only be considered within the service areas established by the 
City. 

2. Each Regional WRF will be constructed by the developer as the initial phase of the 
permanent Regional WRF. 

3. Each Regional WRF will be constructed at a location advantageous to water 
reclamation. Site-specific investigations will be required to evaluate and size recharge 
facilities and to assess other effluent uses. 

4. Adequate space will be provided to accommodate future expansion of each Regional 
WRF to serve its designated region. The initial phase shall be planned to 
accommodate future expansions to buildout at the designated site. 

5. The initial phase of each Regional WRF must have the capability to meet all required 
effluent water quality standards as stated in the Arizona Administrative Code (A.A.C.). 
In addition, each WRF will not discharge to any waters of the U.S. (thereby requiring 
an NPDES permit). 

6. Once built, each Regional WRF will be owned and operated by the City. 

7. The effluent quality being promoted by the City is Class A+. 
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8. The effluent from the WRFs may be used for irrigation, groundwater recharge, 
wetland development, riparian preserves and urban lakes. Other uses may be 
proposed and decided on a case-by case basis.  

For the approval of each system, the developer will also still have to go through a city 
review and approval process as defined below: 

1. Developer meets with City to discuss the project and City requirements. 

2. Developer submits phased Regional WRF Data Sheet to City (see Attachment A). 

3. City reviews phased Regional WRF Data sheet, and approves or disapproves initial 
phase request based on the review criteria contained in Attachment B. 

4. City sends a concept approval letter to developer. 

5. If City approves the initial phased Regional WRF concept, the Developer will submit a 
phased Regional WRF Engineering Report to City. 

6. City reviews Engineering Report. 

7. Upon acceptance of the Engineering Report, the developer can proceed in obtaining 
the necessary Approval to Construct and APP permits from ADEQ. The developer 
shall provide copies of the ADEQ permitting submittals to the City. 

8. Developer submits intermediate (approximately 60 percent completion stage) design 
drawings and specifications for City review and comment. 

9. Upon City approval of the intermediate design submittal, the developer submits Final 
(100 percent completion stage) design drawings and specifications for final City 
comment and approval.  

10. Upon acceptance of the Final design drawings and specifications the City will issue a 
Regional WRF Construction Permit. 

6.2.2 Design Considerations 

6.2.2.1 Small Plant Operation vs. Size 

To successfully operate and maintain a biological wastewater treatment process requires a 
certain volume of wastewater. The "bugs" in the system live off the food in the wastewater 
and without the food the system dies. The quantity of waste flow a system needs depends 
on the size and type of system, which poses the dilemma of sizing the initial phase of a 
WRF. If the WRF is too big, then there could be a long-term problem of insufficient flow 
(food) and therefore poor plant performance and difficult operations. If the WRF is too 
small, then it will have to be expanded very quickly, which adds to the overall expense. 
Therefore, a balance needs to be achieved between the various plant demands.  
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6.2.2.2 Initial Sizing 

Because of these WRF challenges, the initial phase of a WRF will most likely be a small 
plant in the capacity range of 250,000 gpd up to 1.0 mgd. The actual size will depend on 
the estimates by the developer as to the projected rate of growth in the service area.  

If the initial plant is small (less than 0.75 mgd), consideration could be given to the 
feasibility of a package plant that could be removed from the site at a later date when flows 
dictate a larger more permanent plant. The second phase of the WRF could then initiate the 
concept of the final WRF layout. 

If the initial plant is larger, e.g. 1.0 mgd, consideration could be given to it being the first 
phase of the ultimate plant. At this time there may also be consideration of more permanent 
process and administrative control buildings as well as standby power.  

These size selection details must be worked out in advance with the City staff, as they will 
be operating the plant.  

6.2.2.3 Initial Operation 

Once the plant size has been selected and the plant constructed, there is the initial start-up 
and operation period when the flow to the plant is very low and insufficient to meet the 
needs of the plant. For this time frame, consideration should be given to store and haul the 
wastewater. In this scenario, the wastewater will flow to the plant, be stored at the plant in 
the wet well or in one of the plant tanks suitable for the task, and on regular intervals, be 
collected and hauled to the existing City WWTP for treatment.  

6.2.2.4 Plant Expansion 

Given the fact that an expansion to a plant could take up to three years for planning, 
design, construction and permitting, it is imperative that the initial phase flows to the WRF 
be closely monitored. For a fast growing service area, a WRF expansion plan should be 
developed when the flow to the WRF reaches about 50 percent of the plant capacity. In a 
slower growing service area, an expansion plan may be delayed until the flow reaches 
about 75 percent of existing plant capacity.   

6.3 COLLECTION SYSTEM 
Like a WRF, a collection system needs a minimal volume of flow to operate successfully. 
Too little flow in a large sewer line can cause slow rates of flow, solids deposition, odors 
and catastrophic pipeline corrosion. Too much flow in a system can cause sewage 
backups, and overflowing manholes. 
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6.3.1 Sewer Sizing 

It will be unlikely that the initial interceptors connecting to the WRFs will be the final size 
identified in the buildout master plan. Some smaller interim size may be required. It also 
means that not all sewers will be constructed in the initial phases. In some instances, it may 
be preferable to construct a small interim lift station and force main that would be replaced 
at a later date with a permanent larger sewer.  

6.3.2 Lift Stations 

The proper sizing of lift stations and force mains in the early stages of a system is very 
important. This covers wet well size, pump size, and diameter of the force main.  

The primary concerns with lift stations and small flows are the detention time in the wet well 
and force main, minimum scouring velocity in the force main, and the resultant odor 
problems. Careful consideration needs to be given to each of these factors and how the 
best approach to addressing them for each development. These details will need to be 
worked out with the developer and the City. 

6.4 EXISTING WWTP EXPANSION 
As presented in Section 4.0 and in TM No. 1 (Appendix A), the planned expansion of the 
existing WWTP will be accomplished in phases. The phased approach will allow the City to 
build treatment capacity to accommodate new development, and to continuously satisfy 
permit requirements and accomplish effluent recharge while expanding capacity and 
changing treatment processes. Although overall timing of the phased expansions will be 
driven by private development schedules, the length of time required to design, construct, 
and permit new treatment capacity dictates a proactive approach by the City. Preliminary 
options of costs for the phased plant expansion were developed and are summarized in 
Table 10. Supporting documentation for the summary costs is provided in Appendix E. 
 

FINAL - September 2007 6-4 
H:\Client\Eloy_PHXW\7266B00\Rpt\Final\Summary Report-Final.doc 



 

Table 10 Preliminary Opinion of Costs 
Wastewater Master Plan 
City of Eloy 

Project Summary Estimate Class: Conceptual 
Project: City of Eloy - Wastewater Master Plan ENR Index at Estimate(1) 7691 

Job #: 7266B.00 Date: 06/29/06 
Location: City of Eloy By: ACG 

Description 
Total Project 

Cost 
PHASE I   

IA - HEADWORKS EXPANSION $3,742,000 
IB -SECONDARY TREATMENT EXPANSION $7,872,000 
IC - SOLIDS HANDLING FACILITIES $13,869,000 
ID - TERTIARY TREATMENT(2) $5,332,000 

PHASE I - TOTAL PROJECT COST $30,815,000 
PHASE II $71,660,000 
BUILDOUT $77,350,000 
The cost estimate herein is based on our perception of current conditions at the project location. 
This estimate reflects our professional opinion of accurate costs at this time and is subject to 
change as the project design matures. Carollo Engineers has no control over variances in the cost 
of labor, materials, equipment, services provided by others, contractor’s methods of determining 
prices, competitive bidding or market conditions, practices or bidding strategies. Carollo Engineers 
cannot and does not warrant or guarantee that proposals, bids or actual construction costs will not 
vary from the costs presented herein.  
Notes: 
(1) ENR Construction Cost Index (CCI) at the time of this estimate is based upon the 20 Cities 

Average Value for May 2006. 
(2) Tertiary treatment expansion may not be required during the Phase 1 expansion if the current 

BADCT waiver, due to soil aquifer treatment, is continued by ADEQ.  
(3) All costs listed herein are based upon May 2006 ENR dollars. Future costs should be escalated 

out to the mid-point of construction. Assume an annual infiltration rate of approximately 5% or 
City approved rate of escalation. 
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Technical Memorandum No. 1 
EXISTING WWTP EVALUATION AND EXPANSION PLAN 

1.0 INTRODUCTION AND BACKGROUND 

1.1 Purpose 

The purpose of this technical memorandum is to evaluate the existing facility, to identify 
treatment process alternatives, and to present a conceptual expansion plan for the City of 
Eloy's existing Wastewater Treatment Plant (WWTP). The WWTP is located between 
Tumbleweed Road and North Eleven Mile Corner Road, immediately south of the Santa 
Rosa Canal, as shown on Figure 1.1. The existing WWTP is located on two parcels of land 
totaling approximately 51.6 acres, assessor parcel numbers (APN) 404-12-002A5 and 
001D0. The site is bordered to the north by the Santa Rosa Canal and to east, west, and 
south by property owned by Tes Farms, APN 404-12-00504. 

1.2 Organization 

This technical memorandum is organized into the following sections: 
• Section 1.0 – Introduction and Background: The purpose, objectives, and 

organization of this technical memorandum. 
• Section 2.0 – Existing Treatment Plant: The existing process concept, plant layout, 

equipment, a review of the original design criteria, and the performance to date. 
• Section 3.0 – Projected Design Capacity: Wastewater Master Plan and projected 

wastewater flows. 
• Section 4.0 – Effluent Disposal Options: Options for disposal of the treated 

wastewater and the classes of reuse water. 
• Section 5.0 – Effluent Water Quality Requirements: Water quality required for 

each of the options presented in Section 4.0.  
• Section 6.0 – Liquid Stream Evaluation: Evaluation of the options for each unit 

process in the liquid stream, along with recommendations for each of these 
processes. 

• Section 7.0 – Solids Stream Evaluation: Evaluation of the options for each unit 
process in the solids stream, along with recommendations for each of these 
processes.
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• Section 8.0 – Plant Expansion Alternatives: Recommendations from the liquid and 
solids stream evaluations are compiled into alternatives and further discussed for 
their fit into the short and long-term phasing. 

• Section 9.0 – Plant Phased Expansion Plan: A phased approach is presented for 
the expansion of the existing WWTP from its current capacity of 2 mgd to buildout, 
currently estimated at 14 mgd annual average daily flow (AADF). 

1.3 Objectives 

The objectives of this technical memorandum include: 
• Review the existing treatment plant operation and equipment. 
• Define criteria to evaluate treatment alternatives. 
• Identify alternative treatment processes. 
• Evaluate the appropriate treatment alternatives where necessary. 
• Provide treatment process recommendations and summarize the basis for selection. 
• Develop a conceptual expansion plan for the existing treatment plant. 
• Provide process recommendations that can serve as a "model" for the future 

Regional Water Reclamation Facilities. 

1.4 Background 

The City of Eloy, Arizona (City) is located approximately 55 miles north of Tucson and 
65 miles south of Phoenix. The City owns and operates a wastewater treatment plant 
located at 1750 North Eleven Mile Corner Road. The City is currently planning for new 
developments and significant growth within its City limits. This will require an expansion of 
the existing WWTP to service the anticipated growth within its service area. New Regional 
Water Reclamation Facilities (WRFs) are being master-planned to serve growth in the 
remaining City wastewater service areas. 
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2.0 EXISTING TREATMENT PLANT 

2.1 History 

Before the current facility was constructed, wastewater was treated, at the existing site, 
through four aerated lagoons and discharged to four recharge basins. The aerated lagoons 
were located at approximately the location of the future Recharge Basins 1, 2, 3, and 4. The 
construction date of the original facility is unknown. The facility was upgraded in 1998 with 
new preliminary treatment facilities (influent pump station and static screens), extended 
aeration biological process (Biolac®), and integral secondary clarifiers. The re-grading of 
the recharge ponds to create sub-cells was performed in 2002. The most recent expansion 
also planned for the addition of an aerobic sludge digestion pond fitted with surface 
aerators. Future plans included additional Biolac® basins and vacuum assisted sludge 
drying beds. Due to budgetary constraints, the aerobic digester, and vacuum assisted 
sludge drying beds were not constructed. 

2.2 Existing Facility Description 

The existing WWTP is a secondary treatment plant with a proprietary extended aeration 
activated sludge process called Biolac® (as manufactured by Parkson). Wastewater is 
collected at the influent junction box from two gravity influent pipes and then directed to the 
influent lift station. From the lift station the wastewater is pumped to the inclined static 
screens. The pumped flow is measured through a magnetic flowmeter. Screenings are 
collected in a trough and conveyed by a screw auger to a collection bin. Screened 
wastewater flows, via gravity, to the splitter box located near the aeration basins. 
Wastewater is mixed with return activated sludge at the splitter box and then directed to the 
aeration basins for biological treatment. The aeration basins include fine bubble membrane 
diffusers, suspended approximately one foot from the basin bottom. The aeration diffusers 
provide mixing and aeration. In addition, the aeration system is cycled with timers to allow 
for both nitrification and denitrification within an individual basin. Air is provided by positive 
displacement blowers. Mixed liquor from the basins flows into an integral clarifier, where the 
solids are settled. Return activated sludge (RAS) is air lifted from the clarifier to the splitter 
box, while waste activated sludge (WAS) is air lifted to the lined solids drying pond. Treated 
effluent flows over the clarifier weir and to the evaporation/percolation basins for disposal. 
Treated effluent can also be disinfected with chlorine and disposed by irrigation onto 
adjacent agricultural or pasture lands. Flow to the recharge basins is metered with a 
velocity area meter mounted in a monitoring manhole before the recharge basins. Currently 
three recharge basins are used with an additional four basins available for recharge. The 
facility also includes a chlorine contact chamber, bulk hypochlorite storage tank, and a 
single effluent disposal pump. The disinfection and effluent pumping facilities are not used 
since disposal via pasture irrigation is no longer a disposal method and the reuse permit 
has lapsed. The layout of the existing treatment plant is presented in Figure 1.2 and the 
process schematic is illustrated in Figure 1.3.





®
(



 

September 2006 1-7 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No01\Final-TM1.doc 

The major plant features and equipment are summarized in Table 1.1 along with the 
manufacturer, number of units, and design capacities. 
 
Table 1.1 Existing WWTP Design Parameters and Equipment 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Design Parameter Value Unit 
Influent Pumps   

Manufacturer Fairbank Morse -- 
Type of Pump Submersible Wet Pit -- 
Number of Pumps 2 -- 
Horsepower, each 25 HP 
Design Capacity 2,800 gpm 
Type of Pump Station Wet Well - - 
Controls Mechanical Floats - - 
Flow Metering Magnetic Flow Meter  

Screens   
Manufacturer Vulcan -- 
Type Inclined Static Screens -- 
Number of Screens 4 -- 
Screen Size 1.524 mm 
Design Capacity 4,680 gpm 

Activated Sludge System   
Manufacturer Parkson -- 
Process Extended Aeration - 

Biolac® 
-- 

Number of Basins 2 -- 
Total Volume 1.82 MG 
Side Water Depth 12 ft 
MLSS 3,000 mg/L 
F/M 0.068 lbs BOD5 /lbs 

MLVSS day 
Diffused Aeration   

Manufacturer Parkson -- 
Type Fine Bubble - Biofuser® -- 
Number of Units  -- 

Aeration Chains 7 -- 
Total Assemblies 63 -- 

Process Air Requirements   
Without WOX(1)(2) 1,573 scfm 
With WOX 1,102 scfm 
Per diffuser, max 5.17 scfm 

Oxygen Transfer Efficiency   
Without WOX 4.52 percent 
With WOX 4.33 percent 
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Table 1.1 Existing WWTP Design Parameters and Equipment 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Design Parameter Value Unit 
Aeration Blowers   

Manufacturer Denver Gardner -- 
Type of Blower Positive Displacement -- 
Number of Blowers 4  
Blower Capacity 1,722 scfm 
Horsepower 195 HP 
Blower Controller Constant -- 

Secondary Clarification   
Manufacturer Parkson -- 
Type Integral - Rectangular -- 
Number 4 -- 
Dimensions   

Length 50 ft 
Width 24.92 ft 
Side Water Depth 12 ft 

Surface Area   
Each Clarifier 1,246 sf 

  2 of 4 clarifiers out of service 2,492 sf 
Volume   

Each Clarifier 112,210 gal 
  2 of 4 clarifiers out of service 224,420 gal 
  Total 448,840 gal 

Weir Type Rectangular Trough -- 
Weir Length  ft 

Each Clarifier 66 ft 
  2 of 4 clarifiers out of service 132 ft 
  Total 264 ft 

Type of sludge removal Air Lift -- 
Type of scum removal Floating Skimmer -- 
Hydraulic Retention Time   

At Average Day   
All Basins in Service 5.4 hrs 
2 of 4 clarifiers out of service 2.7 hrs 

At Maximum Month(3)   
All Basins in Service 4.0 hrs 
2 of 4 clarifiers out of service 2.0 hrs 
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Table 1.1 Existing WWTP Design Parameters and Equipment 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Design Parameter Value Unit 
Surface Overflow Rate   

At Average Day   
All Basins in Service 401 gpd/sf 
2 of 4 clarifiers out of service 802 gpd/sf 

At Maximum Month   
All Basins in Service 541 gpd/sf 
2 of 4 clarifiers out of service 1,983 gpd/sf 

Weir Loading   
At Average Day   

All Basins in Service 7,575 gpd/ft 
2 of 4 clarifiers out of service 15,151 gpd/ft 

At Maximum Month   
All Basins in Service 10,227 gpd/ft 
2 of 4 clarifiers out of service (4) 20,455 gpd/ft 

RAS / WAS Pumping   
Type Air Lift -- 

Disinfection   
Type Bulk Hypochlorite  
Concentration 12.5 percent 
Storage Volume 150 gallons 

Effluent Disposal   
Type Recharge Basins -- 
Basins in Operation 3 -- 
Total Basin 7 -- 
Percolation Rate(5) 0.6 acre-feet/acre/day 
Wet-Dry Cycling  50 percent 
Current Operation Surface Area 15.45 Acres 
Total Available Surface Area 25.4 Acres 
Total Available Disposal Capacity 4.97 mgd 

Notes: 
(1) WOX: Wave Oxidation™, for denitrification. 
(2) WOX is cycled on and off, values provided are for periods when aeration basins are running in 

WOX mode and running without WOX. 
(3) Max month peaking factor assumed at 1.35. 
(4) Secondary Clarifiers: one basin out of service is equal to having one clarifier out of service in a 

basin with both basins operating, since there are two basins and four clarifiers. 
(5) The reported recharge basin percolation rate includes an adjusted for the wet-dry cycling. 

Unadjusted the rate is 1.2 acre-feet/acre/day, Westland Resource, Inc. (2004). 
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2.3 Permit Limits 

The WWTP operates under Aquifer Protection Permit (APP) No. 101689, dated March 21, 
2005, as issued by the Arizona Department of Environmental Quality (ADEQ). The existing 
point of compliance (POC) is a downstream monitoring well, designated as MW No. 1, 
located at a latitude of 32° 46' 07" N and a longitude of 111° 34' 26" W. An upgradient 
monitoring well, designated as MW No. 2, is used in conjunction with MW No. 1 to monitor 
the groundwater quality. These wells have also been used to justify further treatment 
through the unsaturated zone, thereby eliminating the need for disinfection prior to disposal 
to the existing recharge basins. The monitoring wells are shown on Figure 1.2. The existing 
APP requirements are summarized in the Table 1.2.  
 
Table 1.2 Existing Permit Requirements 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 Alert Level Maximum Discharge Level 
Percolation Pond Discharge   
Average Monthly Flow 1.9 mgd 2.0 mgd 
Total Nitrogen 8.0 mg/L 10.0 mg/L 
Class C Reclaimed Water (1) (2)   
Average Monthly Flow 0.49875 mgd 0.525 mgd 
Fecal Coliform Single Sample  No Limit 4,000 MPN 
Fecal Coliform Seven Sample Median No Limit 1,000 MPN 
Notes: 
(1) Class C Reclaimed Water to be used for pasture and farm field irrigation 
(2) Class C Reclaimed Water not a currently used disposal method, permit expired on 12/30/04 
This existing WWTP has performed satisfactorily to date, and the City has expressed 
interest in investigating the feasibility of further expanding the treatment plant with the 
Biolac® system.  

2.4 Plant Operation 

The plant is currently operated with minimal operator intervention. Operator intervention is 
required to set the splitter box gate valves, aeration cycle frequency and duration, RAS flow 
rate and duration, WAS flow rate and duration, and effluent disposal location. Operators 
have been pleased with the system to date, citing the ease of operation and stable process 
as major benefits. 
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2.5 Plant Performance 

The existing secondary treatment system has been operating satisfactorily to meet the 
facility's permitted effluent limitations summarized in Table 1.2 previously. The long solids 
retention time, low organic loading rate, and subsequently large aeration volume (typical 
with extended aeration), provides for a stable and flexible process since flow and load 
equalization can typically be "absorbed" within the aeration basin. This provides the 
operators with flexibility and forgiveness in the operation of the plant. Self-monitoring 
reports for the existing WWTP have been reviewed for the period from January through 
December 2005. A summary of the data from these reports is provided in Table 1.3. 
 
Table 1.3 WWTP Effluent Summary Data for 2005 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Parameter Value Unit 
Annual Average Daily Flow (AADF) (1) 0.735 mgd 
Average Day Max Month Flow (ADMMF) (1) 0.887 (November) mgd 
Total Nitrogen - Average (2) 3.4 mg/L 
Total Nitrogen - Maximum (2) 4.2 mg/L 
Notes: 
(1) Flow is measured and reported from the effluent flow monitoring manhole 
(2) Total Nitrogen results taken from percolation basins, three sampling events in 2005 
2.5.1 Influent Junction Structure 

Two influent gravity sewer pipes (12 and 18 inches) enter the WWTP and combine flow at 
the influent junction structure. The inverts of the pipes are at approximately 1,531.2 feet 
above mean sea level (ft msl) with ground elevations at around 1,545.5 ft msl, resulting in 
an influent invert pipe depth of approximately 14 feet. Inspection of the structure noted that 
it is open to the environment and odorous. 

2.5.2 Influent Lift Station 

The existing influent lift station contains two 25-horsepower submersible non-clog pumps in 
a 10-foot inside diameter wet well. The maximum capacity of the lift station is approximately 
4 mgd. The combination of relatively deep influent sewers and aboveground static screens 
warranted an influent lift station. The lift station is approximately 27 feet deep and is 
controlled using mechanical floats and a pump control panel located at the wet well. The 
1998 construction drawings specified the installation of two 60-horsepower submersible 
pumps. 
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2.5.3 Preliminary Screening 

As previously reported, four existing inclined static screens provide preliminary screening 
before the aeration basins. The original design provided three screens for duty service and 
one screen designated as a backup. Inclined screens are typically prone to blinding. 
Blinding occurs when screenings build up on the outside of the screen allowing wastewater 
to cascade over the screen, often carrying some of the screenings with this overflow. Visual 
inspection of the screens confirmed that some blinding was occurring and that the 
screenings were not being effectively collected in the screw conveyor. Operators use a 
squeegee to clean the wastewater and screenings from the concrete pad beneath the 
screw conveyor that overflow due to blinding. The screenings that are collected in the screw 
conveyor are transferred to a dumpster and disposed off-site. The four inclined screens 
have a combined maximum throughput of approximately 6 mgd, with all four screens 
operating (no back up screen scenario). 

2.5.4 Biolac® Aeration Basins 

The existing secondary treatment system includes two Biolac® aeration basins. Each 
aeration basin is fitted with aeration chains with isolation valves. Timing of the valve 
opening and closing allows for zones of oxic and anoxic conditions within a single basin. 
This process is known as the Wave-Oxidation® (WOX) process. This enables nitrification 
and denitrification within the same basin. During a site visit, only one aeration basin (along 
with its associated two clarifiers) was in operation. 
The existing Biolac® system was designed with the following design parameters and 
criteria. 
 
Table 1.4 Existing Biolac® Design Parameters 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Parameter Influent Effluent 

Design Flow Rate (mgd) 2 - - 
Peak Flow Rate (mgd) 4 - - 
BOD5 (mg/L) 200 10 
TSS (mg/L) 200 15 
NH3 (mg/L) 25 1 
TKN (mg/L) 30 1 
According to operation logs, the two basins are currently operated with a MLSS 
concentration ranging from 3,000 to 5,000 mg/L, with RAS return for approximately 3 hours 
per day. Dissolved oxygen (D.O.) probes are installed in each basin. 



 

September 2006 1-13 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No01\Final-TM1.doc 

The existing system is typically operating from 37 percent to 44 percent of rated capacity. In 
addition, it should be noted that the existing APP only limits nitrogen concentrations in the 
effluent. Achieving nitrogen levels below 10 mg/L is typically indicative of adequate BOD5 
and COD reduction. Daily logs have shown COD reductions to be 86 percent on average. 
Assuming this can be similarly correlated to the BOD reduction, the anticipated effluent 
BOD5 concentrations would be approximately 28 mg/L on average, which is within a typical 
discharge permit level of 30 mg/L. In addition, non-compliance sampling has shown BOD5 
levels in the effluent to be from 4 to 11 mg/L; however, only seven sampling events were 
provided.  

2.5.5 Biolac® Integral Secondary Clarifiers 

The existing secondary clarifiers are integral to the biological process with two clarifiers 
associated with each aeration basin.. Mixed liquor flows through wall openings at the end of 
the aeration basin into the secondary clarifiers, where the mixed liquor is then settled. 
Clarified effluent flows over a V-notch weir. The V-notch weir is approximately 33 feet long, 
with two weirs installed on each side of the effluent trough. Each clarifier includes one 
trough. Design criteria for the clarifiers are summarized in Table 1.1.  
According to operation logs, the sludge volume index (SVI) has typically been 
approximately 132 mg/L. SVI results under 100 mg/L are typical of a good settling sludge, 
while 150 mg/L or more is often contributed to filamentous growth (poor settling). However, 
because the data in the logs was consistently reported at 131.8 mg/L, the validity of the 
data is suspect and may not be indicative of the actual settling performance. Additional 
testing may be warranted prior to design of future secondary clarifiers. 

2.5.6 Disinfection and Reuse Pump Station 

The facility has the capability to disinfect wastewater in an existing chlorine contact 
chamber located between Recharge Basins 5 and 6. Bulk 12-percent hypochlorite is 
delivered to the WWTP and stored in a 150-gallon tank. The existing WWTP also contains 
one effluent disposal pump used to pump effluent for Class C Reuse. 
However, chlorination has not been used in some time since the facility demonstrated soil 
aquifer treatment. In addition, the facility no longer disposes of effluent via agricultural Class 
C Reuse, thereby eliminating the need to disinfect and pump the effluent. 

2.5.7 Recharge Basins 

After clarification, effluent can be directed, via gravity, to three equally sized recharge 
basins (Recharge Basins 5, 6, and 7) with a total surface area of approximately 15 acres. 
The discharge is cycled to allow for wet and dry cycles. There have been no reports of 
plugging or inability to percolate the effluent at the recharge basins. The plant site contains 
an additional four recharge basins (Recharge Basins 1, 2, 3, and 4) on the south end of the 
facility. The combined surface area for all seven basins is approximately 25 acres. The 
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recharge basins are noted to have a percolation rate of 1.2 acre-feet/acre/day, per the Eloy 
Reclaimed Water Recharge Project, April 2004, Westland Resource, Inc. The basins were 
designed using a percolation rate of 0.6 acre-feet/acre/day to account for a 50 percent 
reduction common with wet/dry cycling. This design rate results in the ability to recharge a 
maximum of approximately 5 mgd. 
The facility has an underground storage permit from the Arizona Department of Water 
Resources (ADWR), Application No. 71-591932, for groundwater recharged from the 
recharge basins. 

2.5.8 Electrical, Instrumentation, and Controls 

Two APS transformers provide power to the existing WWTP. A 75-kVA pad mounted 
transfer located just south of the existing influent junction box provides 480 volt, 3-phase 
power to the existing headworks. A 300-kVA pad mounted transformer provides power to 
the aeration basins, clarifiers, and blowers. Backup power is provided by a 125-kW 
generator (Generac), located just north of the existing influent junction box. 
The existing WWTP does not have a Supervisory Control and Data Acquisition (SCADA) 
System, instead the operation and controls are simple mechanical controls (float switches) 
or are manual (manually operated valves). 

3.0 PROJECTED DESIGN CAPACITY 
A land use plan was developed for the City of Eloy to classify the type of current and future 
developments. The purpose of the land use plan is to quantify existing and future 
developments, and identify the location of developments. The classifications of land uses 
were specifically developed as part of the Wastewater Service Area Study (Carollo 2006) 
and are consistent with the City's General Plan wherever possible. In undeveloped and 
undefined areas, a "typical" square mile of development was used in the land use plan. 
The land use plan allows the creation of a planning level sewer collection system layout to 
serve the existing and future developments. The geographic and political boundaries of the 
City resulted in the creation of five (5) Wastewater Service Areas, with the existing WWTP 
located in Wastewater Service Area 1. The land use within each Wastewater Service Area 
is then combined with wastewater generation (unit flow) rates per land use type to produce 
the total wastewater flow to be generated with the given Wastewater Service Area. 
Wastewater Service Area 1 is estimated to generate a total of 14 AADF at buildout; 
therefore, the buildout capacity of the existing WWTP will be defined as 14 mgd AADF. The 
anticipated timing of the growth and expansion from the current 2 mgd capacity to the 
anticipated buildout capacity was not evaluated as part of this study. 



 

September 2006 1-15 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No01\Final-TM1.doc 

4.0 EFFLUENT DISPOSAL OPTIONS 
The level of treatment (effluent quality) required at the treatment plant will be dependent 
upon the future effluent disposal method(s) and the best available demonstrated control 
technology (BADCT) treatment performance requirements as defined by ADEQ. The 
effluent disposal methods to be considered by the City include: 
• Urban Lakes 
• Riparian Habitat 
• Recharge Basins 
• Open access landscape irrigation 
If pursued, urban lakes would be coordinated with the developers and the homeowner's 
association (HOA) to determine the maximum size maintainable by the HOA. Recharge 
basins are the preferred effluent disposal method at the existing WWTP. 
The minimum reclaimed water requirements for different reuse options are provided in the 
following table. 
 
Table 1.5 Minimum Reclaimed Water Requirements for Direct Reuse 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Type of Direct Reuse 
Minimum Class of Reclaimed 

Water Required 
Irrigation of food crops A 
Recreational impoundments A 
Residential landscape irrigation A 
School ground landscape irrigation A 
Open access landscape irrigation A 
Toilet and urinal flushing A 
Fire protection systems A 
Spray irrigation of an orchard or vineyard A 
Commercial closed loop air conditioning systems A 
Vehicle and equipment washing (does not include 
self-service vehicle washes) 

A 

Snowmaking A 
Surface irrigation of an orchard or vineyard B 
Golf course irrigation B 
Restricted access landscape irrigation B 
Landscape impoundment B 
Dust control B 
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Table 1.5 Minimum Reclaimed Water Requirements for Direct Reuse 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Type of Direct Reuse 
Minimum Class of Reclaimed 

Water Required 
Soil compaction and similar construction activities B 
Pasture for milking animals B 
Livestock watering (dairy animals) B 
Concrete and cement mixing B 
Materials washing and sieving B 
Street cleaning B 
Pasture for non-dairy animals C 
Livestock watering (non-dairy animals) C 
Irrigation of sod farms C 
Irrigation of fiber, seed, forage, and similar crops C 
Silviculture C 
Notes: 
1.  Reference: A.A.C. R18-11-309 Table A 
2.  Denitrification is designated by adding a "+" to the Class, for example A+. 
Currently the existing WWTP site has approximately 25 acres of area designated for 
recharge. Assuming the design recharge rate of 0.6 acre-feet/acre/day is consistent 
throughout the site, approximately 72 acres of recharge (not including berms, access roads, 
etc.) is required at 14 mgd AADF assuming no other disposal methods are pursued. 
Therefore, the current area set aside for recharge is insufficient. In addition, future 
expansion of the WWTP will further reduce the available area for recharge. It is 
recommended that the City pursue other reuse options (such as urban lakes, injection 
wells, aquifer storage and recovery, etc.) and additional land for recharge. The use of offsite 
effluent disposal will likely require an expansion to the existing reuse pump station or 
construction of a new effluent pump station. Also to be considered is the impact of 
recharging effluent on land within close proximity to wastewater infrastructure, specifically 
the impacts upon existing and future structures. Geotechnical investigations will be 
necessary to assess the ability to construct structures upon land used for recharge and to 
assess the potential impacts upon structures from the recharge of effluent in close proximity 
to structures. Hydrogeologic investigations are also recommended to further evaluate 
impacts upon the aquifer, including groundwater "mounding" and migration. 
The City currently owns approximately 81.5 acres of land to the north of the existing WWTP 
and north of the Santa Rosa Canal (APN 404-27-01500). These 81.5 acres would be a 
prime location for a future site dedicated to recharge, and possibly riparian habitat to serve 
as a water conservation education center. It would be prudent of the City to earmark this 
land for these purposes and possibly recharge a majority of the effluent from the existing 
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WWTP at this 81.5-acre site. This will benefit the City since additional major land purchase 
may not be required and this would provide the maximum use of the land at the existing 
WWTP. Site specific recharge rates and recharge basin layouts including containment 
berms and access roads will be required to determine the maximum amount of recharge 
that could be performed at this site. 

5.0 EFFLUENT WATER QUALITY OBJECTIVES 
Treated effluent must (at a minimum) meet or exceed the current standards set forth in the 
Arizona Administrative Code (A.A.C.), specifically as defined in R18-9 and R18-11. The 
specific effluent limits, sampling parameters, and sampling frequency will be determined by 
the various permits required for expansions to the existing wastewater treatment plant. 
Typically, ADEQ requires Class B+ for effluent disposal via recharge basins, while open 
access methods, also promoted by the City, require Class A+. Since the land requirement 
for disposal via recharge basins is substantial, it is anticipated that the existing WWTP and 
each Regional WRF will use multiple effluent disposal methods. Therefore, the existing 
WWTP and each Regional WRF may include the flexibility to produce Class A+ or Class B+ 
depending upon the disposal method and dependent upon soil aquifer treatment thereby 
waiving the need for disinfection. While effluent disposal methods requiring a Class C level 
of treatment may be available, it should be noted that the effluent would still be required to 
meet the BADCT standards, which requires denitrification and more stringent disinfection 
requirements, resulting in the need to provide nitrogen removal and disinfection at Class A 
standards. It should also be noted that while no specific Reuse type requires Class A+ or 
B+ (the "+" refers to nitrogen removal) quality water, the BADCT standards require nitrogen 
removal and therefore treatment to Class A+ or B+ instead of Class A or B.   
Currently, the existing wastewater plant is able to discharge effluent to recharge basins 
without disinfection. This is allowable since the BADCT standards provide for a deviation 
from the disinfection requirements if soil treatment can be proved at the site. Despite the 
allowable deviation from the disinfection requirement, ADEQ could discontinue the credit for 
treatment through the unsaturated zone when the facility expands. Therefore, continued 
monitoring and reporting (as part of a design report or hydrogeologic report) of the soil 
treatment and proactive discussions with ADEQ are essential to protecting this current 
practice. In addition, major updates to the APP will include a public hearing process, public 
opinion may be negative towards the recharging of groundwater with effluent that has not 
undergone disinfection. To accommodate the potential of ADEQ requiring disinfection for 
future expansion, sufficient footprint should be set aside for disinfection and possibly 
filtration. The BADCT treatment performance requirements, reclaimed water quality 
standards, and recommended effluent design criteria are provided in Tables 1.6, 1.7, and 
1.8, respectively. 
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Table 1.6 BADCT Effluent Requirements  
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 
Average Daily Flow 

< 250,000 gpd 
Average Daily Flow 

> 250,000 gpd 
Parameter Effluent Limits(1) Effluent Limits(1) 
pH 6.0 - 9.0 6.0 - 9.0 
BOD (30 day average) < 30 mg/L < 30 mg/L 
BOD (7 day average) < 45 mg/L < 45 mg/L 
TSS (30 day average) < 30 mg/L < 30 mg/L 
TSS (7 day average) < 45 mg/L < 45 mg/L 
Removal Efficiency for BOD, CBOD, TSS 85% 85% 
Total Nitrogen (as N) (2)(3) < 10 mg/L < 10 mg/L 
Fecal Coliform (3)   

Single sample maximum 800 cfu/100 mL 23 cfu/100 mL 
Seven sample median 200 cfu/100 mL 2.2 cfu/100 mL 

Notes: 
(1) Reference: A.A.C. R18-9-B204 
(2) Five month rolling geometric mean 
(3) BADCT standards allow for soil aquifer treatment if it can be proved that the level of treatment is 

reached in the wastewater that percolates to the groundwater. In this case, the limit would not 
be at the outfall, but rather prior to the groundwater interface. 

 
Table 1.7 Reclaimed Water Quality Standards 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 Class A+ (1) Class B+ (2) Class C (3) 

Parameter 
Effluent 
Limits 

Effluent 
Limits Effluent Limits 

Total Nitrogen (as N) (4) < 10 mg/L < 10 mg/L N/A 
Turbidity     

Daily (24-hour) average 2 NTU N/A N/A 
Single sample maximum 5 NTU N/A N/A 

Fecal Coliform     
Single sample maximum 23 cfu/100 mL 800 cfu/100 mL 4,000 cfu/100 mL
Four out of last seven daily samples Non Detect 200 cfu/100 mL 1,000 cfu/100 mL

Notes: 
(1) Reference: A.A.C. R18-11-303 
(2) Reference: A.A.C. R18-11-305 
(3) Reference: A.A.C. R18-11-307 
(4) Five sample geometric mean 
(5) Class A, B, C, etc uses are listed in R18-11 Table A 
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Table 1.8 Recommended Effluent Design Criteria 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Parameter Effluent Limits 
pH 6.0 - 9.0 
BOD < 10 mg/L 
TSS < 10 mg/L 
Total Nitrogen (as N) < 8 mg/L 
Turbidity (1) (2)  

Daily (24-hour) average 2 NTU 
Single sample maximum 5 NTU 

Fecal Coliform (2) (3)  
Single sample maximum 23 cfu/100 mL 
Seven sample median 2.2 cfu/100 mL 

Notes: 
(1) Turbidity monitoring only required if Class A+ reclaimed water is being produced. 
(2) Turbidity and coliform limits will not be required if limits are continued to be waived by ADEQ 

due to the large groundwater separation and the proven soil aquifer treatment. 
(3) Fecal Coliform for four out of last seven days must be non detect if Class A+ reclaimed water is 

being produced. 
In order to meet these effluent water quality recommendations, expansions of the existing 
WWTP will be required to include nitrogen removal, disinfection, and possibly filtration 
(filtration would be required if a Class A Reuse method is pursued or if ultraviolet light (UV) 
disinfection is the preferred disinfection technology). In addition, if during the next major 
APP amendment process ADEQ does not accept soil aquifer treatment the future 
expansion will require disinfection. 

6.0 OVERALL EXPANSION PLAN CONCEPT 
The existing WWTP expansions and future Regional WRFs (covered under a separate 
technical memorandum) are proposed to be developed under a water reclamation facility 
(WRF) concept. Under the WRF concept, the WRFs would be planned and expanded with 
the overall goal of recharging and/or reclaiming water for beneficial uses within the City 
limits. This concept could be realized with a treatment facility producing either Class B+ or 
Class A+ reclaimed water (as defined by A.A.C. R18-11-303 and 305). Class B+ reclaimed 
water is defined as wastewater that has undergone secondary treatment, nitrogen removal, 
and disinfection, and could be utilized for golf course irrigation and restricted access 
landscape irrigation. Class A+ reclaimed water is defined as wastewater that has 
undergone secondary treatment, nitrogen removal, filtration (with provisions for coagulant 
addition if required), nitrogen removal, and disinfection and could be utilized for irrigation of 
food crops, recreational impoundments, residential landscape irrigation, toilet and urinal 
flushing, and urban lakes. Direct injection wells and/or aquifer storage and recovery (ASR) 
wells could be implemented as a supplement to or as an alternative disposal via recharge 
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basins. Direction injection and/or ASR wells could be used to gain groundwater credits 
without the expansive land area requirements of surface recharge, or to provide location 
specific groundwater recharge (e.g., strategic mounding or injection into a lower aquifer 
unit). The recharge option could also be expanded to a riparian preserve-type facility, which 
could include both recharge basins and open water impoundments (ponds). 
Sections 7 and 8, Liquid Stream Evaluation and Solids Stream Evaluation, discuss the unit 
process options that are available to meet the long-term planning goal of reclamation (i.e. 
ability to produce either Class B+ or Class A+ reclaimed water reliably and consistently). 
Each unit process is followed by a recommendation on the specific technology best suited 
to fit the future needs at the WWTP.  

6.1 Setback Requirements 

The future expansions at the existing WWTP must also meet the setback requirements set 
forth in A.A.C. R18-9-B201, as summarized in Table 1.9. A setback is defined as the 
distance from a feature that has the potential to produce odor or noise to the nearest 
adjacent property line. Since the existing WWTP capacity is greater than 1 mgd, the setback 
distances are 350 and 1,000 feet depending upon odor, noise and aesthetic controls. The 
350-foot setback limit has been placed upon the existing WWTP layout for illustration 
purposes and to define the limits for future unit process expansions. The 350-foot setback 
line has been offset from the existing fence, for illustration purposes; the actual property line 
should be defined to further define the setback implications. Facilities that have the potential 
to produce noise and/or odor will need to be constructed within this setback and be provided 
with measures to minimize their effect. These facilities and features include headworks, 
blowers, solids handling equipment, aeration basins, and digesters. The 350-foot setback 
line superimposed over the exiting WWTP site is presented as Figure 1.4.  
 
Table 1.9  Facility Setback Requirements 

Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Sewage Treatment Facility 
Design Flow 

(gpd) 

No Noise, Odor, or  
Aesthetic Controls 

(feet) 

Full Noise, Odor, and 
Aesthetic Controls 

(feet) 
24,000 to less than 100,000 350 50 
100,000 to less than 500,000 500 100 
500,000 to less than 1,000,000 750 250 
1,000,000 or greater 1,000 350 
Source: Arizona Administrative Code (A.A.C.) R18-9-B201 
Support facilities that can be located outside the setback limits include administration / 
maintenance facilities and recharge basins. Odor control features may be required to be 
located within the setback limits, however this should be coordinated with ADEQ as these 
features might be allowable outside the setback limits. 
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7.0 LIQUID STREAM EVALUATION 

7.1 Preliminary Treatment (Headworks) 

A new preliminary treatment system consisting of mechanical screening and grit removal is 
proposed, with the screenings operations located in a new Headworks Building that 
includes odor control. The headworks facilities would be sized to treat the short-term 
expansion goal of 4 mgd AADF, with accommodations for further expansions to the 
anticipated buildout capacity of 14 mgd AADF. 

7.1.1 Influent Screening 

As the initial plant preliminary treatment process, influent screening is used to remove large 
items such as rags and debris to protect downstream treatment processes and equipment. 
Hydraulic losses through bar screens are a function of approach velocity and the velocity 
through the bars. As such, headloss increases with the degree of clogging. Mechanical-
cleaning mechanisms are used to reduce potential overflows and flooding due to screen 
clogging, similar to what occurs with the existing static units. Proposed influent screening 
alternatives include either a grinder auger or a step screen. The grinder auger and step 
screens are further discussed as follows. 
7.1.1.1 Grinder Auger 

The grinder auger is an in-channel screen that consists of a dual or single-shafted grinder 
and a lift screw. Many manufacturers can include an optional screenings washer/compactor 
unit. Wastewater first enters through the grinder, where coarse solids are ground and then 
separated from the wastewater through a perforated screen. Typically, a 1/4-inch perforated 
screen is recommended. The coarse solids are carried up a helical shaft conveyer before 
dispensing into a dumpster or the screenings washer/compactor. The grinder augers can 
provide additional protection of downstream equipment by grinding incoming solids; 
however, the grinders can fail and require periodic rebuilding by the manufacturer. 
Examples of commonly used grinder augers are JWC's Auger Monster and grinder augers 
produced by Franklin Miller. 
7.1.1.2 Step Screen 

This self-cleaning mechanical screen adds a bottom "step" to improve the removal of grit 
and debris that can settle at the bottom of the screen. Step screens have moving lamellas 
to improve screening removal and allow for unassisted cleaning (no brushes or water 
sprays needed). These screens can be installed in deep channels with screenings 
discharge heights of over 22 feet. In addition, step screens can be installed with 3 to 8 mm 
openings, providing a fine level of screening. Huber and Vulcan are two recommended step 
screen manufacturers. 
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7.1.2 Influent Lift Station 

The existing influent pump station currently pumps raw wastewater to the existing inclined 
static screens. The influent pump station would require an expansion to handle the 
increased flows and piping modifications to bypass the inclined static screens (to be 
removed). However, the existing wet well inside diameter dimension of 10 feet, is too 
restrictive for installing new larger submersible pumps capable of meeting the ADEQ 
requirement of providing adequate pumping capacity at the peak hour flow with one pump 
out of service.  
A practical option is to construct a new influent lift station with expandability to provide 
buildout capacity. A new influent lift station could be constructed without impacting 
operation of the existing facility. The new lift station could be constructed as a wet well 
(submersible pumps in wet well) or wet-dry well (submersible or self-priming pumps in a dry 
well) configuration. The wet well configuration (such as the current lift station) is less 
expensive to construct but can be problematic to maintain. A wet-dry well configuration 
allows for easier maintenance since the pumps are in a dry well out of the wastewater wet 
well. The downside of a wet-dry well configuration is the increased capital cost, larger 
footprint, ventilation requirements, and lighting requirements. 
Any lift station alternative should include one standby pump of equal capacity to the largest 
pump. In addition, foul air from the lift station should be withdrawn and sent to the odor 
control system. 

7.1.3 Grit Removal and Handling 

The objective of a grit removal process is to physically remove heavy, abrasive, and 
inorganic solids from the flow stream. The removal of such grit, including sand, gravel, and 
other large particles, is important because it eliminates excessive wear on a plant's 
mechanical equipment, reduces the formation of deposits in the pipelines and process 
units, and reduces the frequency of digester cleaning.  
It should be noted that the replacement of the existing inclined static screens with finer 
mechanical screening devices may defer the need for grit removal to a future plant 
expansion. While grit removal is recommended, the capital costs of these facilities may 
preclude its inclusion until later phases. Regardless, the new headworks facilities will be 
planned to include the additional headloss through a grit removal system and allow gravity 
flow through the remainder of the plant. 
Proposed grit removal alternatives include aerated, vortex, or tube settling grit removal 
methods. Vortex grit removal, including both mechanical vortex and free vortex, has proven 
to be an effective and practical method for grit removal and is typically recommended over 
other technologies. Grit from the vortex would be washed, drained and collected into a bin 
for off-site disposal.  



 

September 2006 1-24 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No01\Final-TM1.doc 

Grit is typically removed using an airlift pump, a turbo suction lift pump, or a torque flow 
(recessed impeller) pump. The objective of grit pumping is to move the grit to a grit washer 
while preventing the grit from clogging the pipes. For these types of pumps, careful 
consideration must be given to the material of construction, overpressure protection, and 
types of lubrication and seal systems. Lots of organics are typically removed with vortex grit 
systems. As such, grit washing and dewatering is often used to further separate organics 
from the grit, in order to reduce odor and vector problems. 
The grit removal technologies are briefly discussed as follows. 
7.1.3.1 Aerated Grit Removal  

Aerated grit chambers use a specific velocity of roll or agitation to keep organics in 
suspension while settling out the grit. If the velocity is properly adjusted, roll can produce a 
very low percentage of organic material in the grit. The aerated grit removal process 
typically consists of a rectangular tank with coarse bubble diffusers along one wall, and a 
bottom floor sloped to a collection trough under the diffusers. Aerated grit removal is 
typically more expensive than vortex grit removal because of the structure and 
supplemental equipment.  
The reputation of aerated grit removal as an effective process has suffered somewhat over 
the years due to some faults in the typical design criteria. The traditional width-to-depth 
ratio of aerated grit basins has increased to accommodate the coarse bubble swing-out 
type diffusers. This creates a large area down the middle of the basin that is not affected by 
the roll pattern and often results in short-circuiting of grit through the process. Attempts to 
remedy this have been made by installing vertical baffles across the width of the basin. 
Another reason for poor aerated grit removal performance is often due to shallow floor 
slopes along the bottom of the basin, which results in grit becoming resuspended before it 
reaches the collection trough under the diffusers. 
7.1.3.2 Vortex Grit Removal  

The vortex grit removal process provides a simpler, less mechanically intensive method of 
grit removal on a smaller footprint than aerated grit removal. Vortex grit removal works on 
the principles of gravity and centrifugal action. Upon entering the circular, conical-shaped 
chamber, the grit is moved to the outside of the chamber because of the centrifugal forces 
created by the spiraling action of the chamber. Tangential velocities increase as they move 
from the outside wall to the center of the unit. Therefore, the flow path on the outer part of 
the chamber has a longer travel time, allowing the grit to settle. The benefits of vortex grit 
removal are that it is lower in cost than an aerated system and typically does not require 
odor control. However, the short detention time of vortex grit removal decreases the 
efficiency of fine grit removal in comparison to that of an aerated process. 
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Vortex systems are generally classified as free vortex or mechanically-induced vortex. In a 
mechanically-induced vortex system, a rotating turbine controls the velocity inside the 
circular chamber. The turbine impeller is located at the center of the chamber, above the 
grit collection hopper, which causes a lifting action, which suspends the lighter organic 
material, which exits the basin through the effluent channel. One manufacturer has a basin 
with a flat bottom, while other manufacturers use a sloped, conical bottom. Smith & 
Loveless's Pista® Grit Chamber and US Filter's Mectan Grit System are examples of a 
mechanically induced vortex systems. However, the Mectan Grit System is preferable since 
its cone shaped bottom has an advantage over the Pista® Grit's flat bottom, which in some 
facilities has resulted in build-up of grit. 
A free vortex system takes advantage of the centrifugal and gravitational forces created by 
the orientation of the inlet piping into the circular basin without the use of a mechanical 
turbine. The rotating flow creates a free vortex accelerated boundary layer for grit collection 
and classification. The primary advantages of the free vortex system are that it is an all 
hydraulic, non-mechanical design with no moving parts. The primary disadvantage of a free 
vortex system is that operational flexibility for adequately handling variable flow rates is 
minimized, as compared to mechanically-induced vortex systems. Additionally, there are 
only two manufacturers of free vortex grit systems (Eutek System's TeaCup™ and Hydro 
International's Grit King®).  
7.1.3.3 Tube Settling Grit Removal 

Tube settling is a proprietary technology for grit removal consisting of a circular basin, 
similar to a free vortex grit removal basin, inside of which is a bank of settling tubes. The 
concept of settling tubes is fundamental to sedimentation theory. Many settling basins have 
been retrofitted with settling tubes or settling plates (i.e., Lamella plates) for years as a 
means of expanding the design capacity of a basin. The settling tubes are designed to 
impart a high velocity on the wastewater entering the tube in order to prevent plugging. The 
wastewater flow then experiences a decrease in velocity until the optimum rate for grit 
removal is achieved. The primary benefit to this type of system is a smaller footprint 
compared to the vortex system. The primary disadvantages include a single proprietor 
(Eutek Systems HeadCell™) and minimal installations in the U.S. to date. Again, the 
operational flexibility for adequately handling variable flow rates is minimized. 

7.1.4 Odor Control 

The proposed Headworks Building would be constructed to provide odor control of the 
preliminary treatment process. An odor control system would be installed to treat the 
odorous air (primarily hydrogen sulfide, or H2S) from the Headworks Building as well as the 
headspace from the influent channels and influent pump station. In addition, the secondary 
process and solids handling facilities will likely also require odor control measures due to 
the setback requirements. The odor causing constituents from these processes vary and 
may result in multiple odor control methods throughout the site, for example carbon 
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adsorption is better suited to treating odors from aeration tanks and secondary clarifiers, 
while wet-chemical scrubbers are suited to odors at Headworks facilities. 
Several different methods are available to control odors at the future headworks. Odors 
generated at wastewater facilities have historically been controlled using either liquid 
stream or air stream treatment technology. Liquid stream treatments add chemicals to the 
wastewater stream to minimize odors before they can be emitted. Air stream (vapor phase) 
treatments use an enclosure surrounding the odorous area to capture the affected air, and 
then ventilate the collected gases to an odor control unit for treatment. For this application, 
an air stream treatment technology is recommended. Generally the three primary air stream 
odor control technologies are: 
• Wet Chemical Scrubber 
• Carbon Adsorption 
• Biofiltration 
7.1.4.1 Wet Chemical Scrubber 

Vapor phase treatments rely on transferring odorants to the liquid or solid phase via 
absorption, condensation, and/or adsorption. The most popular absorption technology is 
wet chemical scrubbing using either packed towers or mist chambers. Packed towers are 
the predominant technology employed in the U.S. 
The primary advantages to packed-tower wet chemical scrubbers are that they can treat 
high inlet concentrations, and they respond well to variable inlet concentrations. The 
primary disadvantages include high chemical requirements, high electrical consumption, 
and high noise potential. Multi-stage systems often have pressure drops of 8 to 12 inches of 
water column, depending on the number of stages. There is also a high corrosion potential 
and safety concerns with the handling of hazardous chemicals. 
7.1.4.2 Carbon Adsorption 

Although several different types of media are often used to adsorb odorous compounds, the 
most widely used is granular activated carbon (GAC). The carbon is thermally treated to 
create tiny pores, which substantially increases the surface area and creates active sites for 
bonding locations. Odorous compounds bond to the adsorptive surfaces. GAC 
effectiveness decreases as adsorptive sites are taken up by the contaminants. This 
eventually requires regeneration or replacement of the media. There are two general types 
of carbon adsorption systems - caustic-regenerated impregnated carbon and water-
regenerated catalytic carbon. 
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Caustic-Regenerated Impregnated Carbon 

Traditionally, air streams containing high levels of H2S have been treated with alkali-
impregnated carbon. Impregnated carbon employs chemical additives to increase 
contaminant capacity. The most common additive is an alkaline or caustic reagent, primarily 
sodium hydroxide (NaOH) or potassium hydroxide (KOH). The reagent reacts with H2S, the 
product of which remains fixed on the carbon. As the chemical impregnant is consumed, 
sulfur will clog the pores in the activated carbon, reducing the effectiveness as the 
adsorption sites become saturated. The carbon then has to be replaced or regenerated. 
Soaking the vessel with caustic solutions will regenerate the carbon's capacity to remove 
H2S. This method of regeneration restores the adsorptive capacity of the carbon to 
approximately 80 percent of its former capacity. As the adsorption capacity decreases, the 
time between regenerations also decreases. Generally, after three of four regenerations, 
replacing the carbon is required. For replacement-type carbon systems, the adsorber unit is 
taken offline to remove the exhausted carbon, which results in facility downtime. 
Another concern associated with chemical regeneration is that it creates heat, posing a 
potential fire danger. Caustic-impregnated carbon can reduce the kindling temperature from 
around 500 degrees C to about 250-300 degrees C. Onsite regeneration of impregnated 
activated carbon also has other drawbacks. Disposal of the spent caustic solution can 
become a handling problem. However, since the caustic solution is a high pH stream, it 
could potentially help keep sulfides in solution if bled back into the waste stream 
appropriately. 
Water-Regenerated Catalytic Carbon 

One carbon manufacturer, Calgon Carbon Corporation, has developed a proprietary vapor-
phase virgin activated compound called Centaur HSV™, which is specifically intended for 
wastewater facilities. The Centaur HSV™ carbon is a bituminous coal-based product that 
catalytically oxidizes H2S and converts it to water-soluble sulfur compounds. Unlike the 
impregnated carbon, this catalytic carbon does not require a caustic reagent for an acid-
base neutralization and regeneration. As a result, it can be restored for H2S uptake through 
simple water washing. This method of regeneration restores the adsorptive capacity of the 
carbon to approximately 85 percent of its original capacity, with an approximate 5 percent 
decrease each subsequent regeneration, down to about 60 percent of the original capacity. 
Again, as the adsorption capacity decreases, the time between regeneration also 
decreases. After approximately six regenerations, replacing the carbon is generally 
recommended. 
Carbon adsorption systems typically are easy to operate and reliable. The effectiveness of 
carbon is directly related to the number and size of the active sites available for adsorption. 
When the influent odorous air streams contain high concentrations, the carbon sites will be 
consumed rapidly. Since wastewater air streams often contain a mixture of odorous 
compounds, it is difficult to predict carbon breakthrough without some type of pilot testing. 
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Isotherms are available to estimate carbon breakthrough for single components, but not for 
multi-component mixtures. Electrical consumption can also be high, primarily due to the 
pressure drop through the carbon bed, which increase markedly with higher face velocities 
through the beds. 

7.1.5 Biofilters 

Biofiltration (or a Biofilter) is a natural media bed process that contains bacteria and 
microorganisms. This process removes odor from foul air streams by both adsorption and 
absorption of the odor-causing compounds onto the media where microorganisms oxidize 
the compounds. The media can be wood chips, yard waste, compost, or proprietary media. 
The microorganisms that grow on the media are sufficient to provide for odor removal, no 
additional chemicals and/or bacteria is required. With any Biofilter a mist spray is required 
to provide the necessary moisture to the Biofilter. The major benefit of using biofilters is 
there are no chemical requirements. The downside of a Biofilter is they typically require a 
greater footprint than wet chemical scrubbers. 
A biofilter can be constructed either as an aboveground stack configuration or as an in-
ground system. Typically, the aboveground configurations use proprietary media as a site 
for microorganism growth, while in-ground systems have been constructed with proprietary 
media or more "natural" medias. Belowground systems are typically constructed in a 
belowground concrete tank with influent foul air header piping in order to provide an even 
distribution of foul air to the Biofilter. 
In the past Biofilters were used primarily at relatively smaller facilities (under 6 mgd AADF); 
however, recent advances have resulted in the ability to treat odor at very large facilities. 
These recent advances make the in-ground proprietary media Biofilters and attractive 
option for the Existing WWTP, future WRFs, and future lift stations throughout the 
wastewater collections system. 

7.1.6 Headworks Recommendations 

The recommendations for the preliminary treatment system is provided below, with the 
arrangement alternatives (such as screening proceeding the lift station, etc.) further 
discussed and illustrated under Section 9.0, Plant Expansion Alternatives. In addition, due 
to site features, such as the deep influent sewer lines and setback issues, these 
recommendations and the alternatives discussed later in Section 9.0 will require further 
investigation during a preliminary design effort. 
Lift Station: Due to the physical constraints of the existing wet well, it is recommended that 
a new submersible lift station be constructed within the 350-foot setback. At the direction of 
the City, a new wet well configuration is proposed in order to reduce the capital costs 
associated with a dry well approach. The lift station should include at least two pumps and 
possibly three or more pumps in order to provide flexibility and coverage over the possible 
flow ranges. The lift station should be designed with expandability to serve buildout 
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conditions. The trough style wet well could be constructed to further reduce the capital 
costs and promote self cleaning. Upon construction of the new lift station, the existing wet 
well should be abandoned. 
Screening: A step screen is recommended for the headworks project. Step screens are 
efficient, can handle high flows, provide fine screening, can be fully enclosed, and are self-
cleaning, thereby reducing the need for operator intervention and making this a perfect fit 
for the City. In addition, the wide operating flow range of these screens allows for greater 
flexibility as the plant expands. Upon construction of the new screening facility, the existing 
static screens should be removed. 
It is recommended that any screen be coupled with a conveyor, washer, and compactor 
typically provided as a single unit available from the screen manufacturer.  
Grit Removal: It is recommended that the headworks include grit removal by the 
mechanically induced vortex grit removal method due to its low capital cost, good grit 
removal performance, low headloss, success at similar facilities, and ease of adding this 
process after a gravity screen arrangement. Alternatively, if gravity flow cannot be 
maintained through the Headworks, a free vortex system could be installed above grade. 
However, if capital costs are an issue for the headworks expansion it may be possible to 
postpone the installation of the grit removal and provided the necessary footprint for future 
addition of grit removal. 
Odor Control: A wet chemical scrubber is recommended for the Headworks Building. This 
system has a cost benefit over a biofilter as the plant capacity and necessary headworks 
scrubbing needs increase. A packed tower configuration is recommended due to its ability 
to handle variations in the odor concentration and flow rate; this provides increased 
flexibility as the plant expands. However, if chemical handling is an issue and footprint is 
not a major issue, a belowground pre-engineered biofilter is recommended, which will likely 
have lower capital and O&M costs compared to a wet-chemical scrubber. In addition, if 
ADEQ allows the construction of an odor control system outside the setback limits, the 
Biofilter will become a more attractive option since footprint will likely not be an issue. The 
City has expressed an interest in using a biofilter alternative; odor control options will be 
furthered during a preliminary design phase. 

7.2 Secondary Treatment 

The secondary treatment process includes the biological process and secondary 
clarification. The options for these processes are discussed in this subsection with the 
biological process discussed first, followed by a discussion on clarification. 
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7.2.1 Selection Criteria 

The biological process selection criteria for this project are as follows: 
• Effluent Quality: How well does the treatment process perform to meet water quality 

requirements? 
• Footprint: How much room is required for the treatment basins and associated 

equipment? 
• "Good Neighbor" Features: What is the odor and noise potential of the process and 

associated equipment? 
• Maintenance Attention: How much time does the operators need to spend (daily, 

monthly, or yearly) to keep the process equipment working properly? 
• Site Aesthetics: How aesthetically pleasing will the finished structures and equipment 

be to the public? 
• Process Reliability: Will the process consistently meet or exceed the water quality 

requirements? 
• Operational Flexibility: How easily can the operation of the treatment process be 

changed to meet changing loading conditions? 
• Expandability: How easy is it to expand the treatment process or convert the process 

to another technology? 
• Public Acceptance: How favorably will the public view the treatment process? 
• Energy Cost: How much energy does the process consume per volume of 

wastewater treated? 
• Capital Cost: How much does the system cost? 

7.2.2 Technology Review 

The following suspended growth activated sludge technologies are discussed herein: 
• Conventional activated sludge - Modified Ludzack-Ettinger (MLE) 
• Membrane bioreactor (MBR) 
• Extended aeration 

– Biolac® 
– Oxidation ditch  
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7.2.2.1 Conventional Activated Sludge (MLE) 

A conventional activated sludge process that includes nitrogen removal, such as the 
modified Ludzack-Ettinger (MLE) process, has been well documented and successfully 
implemented since the 1960s. This process is also known as biological nutrient removal 
(BNR), since nutrients (in this case nitrogen) are reduced during the biological process. The 
process includes two "zones" - an anoxic zone and an aerobic (oxic) zone. Two recycle 
streams are provided in this process - return activated sludge (from a secondary clarifier) 
and a separate internal mixed liquor recycle (from aerobic to anoxic zone). The addition of 
the mixed liquor recycle enables increased denitrification. The process requires control of 
the mixed liquor recycle in order to achieve excellent nitrogen removal. There are many 
modifications to this process to allow for different benefits, with many of these being 
proprietary processes. There are numerous successful MLE facilities in operation in the 
size range of the Eloy WWTP, such as those in Phoenix (Cave Creek WRP), Peoria 
(Beardsley Road WRF), and Yuma (Desert Dunes WPCF), just to name a few.  
The benefits of this process are the reduced footprint (as compared to extended aeration), 
expandability, operation flexibility, effluent quality, and practicality for large treatment 
facilities. This would require an engineered system (as opposed to a proprietary pre-
engineered system) and an experienced operator. At minimum, a moderate level of 
automation is recommended to further simplify the operation of this process. 
7.2.2.2 Membrane Bioreactor (MBR) 

A membrane bioreactor (MBR) process is an activated sludge process with micro- or ultra-
filters (membranes) submerged into the activated sludge process. This reduces the 
necessary footprint due to the following: separate clarifiers and tertiary filters are eliminated; 
mixed liquor concentrations can be increased (thereby increasing the biological kinetics); 
and filters are included into the process tanks. An MBR can be incorporated into a BNR 
process. The MBR process requires a high level of operator training; however, this process 
can be highly automated and coupled with a well-planned SCADA system to monitor the 
process, thereby reducing the demand upon the operator. MBR facilities have been 
constructed to accommodate remote daily operation. 
An MBR process is mentioned herein as a possible option for future expansions. Since the 
current practice is disposal of the treated effluent to recharge basins and footprint has not 
been identified as a major issue, an MBR is not viewed as a practical initial phase treatment 
process. However, as the City growth encroaches upon the existing and future WRFs, 
expansion within the existing footprint may become attractive. In addition, future 
opportunities for reusing treated wastewater and increased competition in the membrane 
market (resulting in reduced costs) could make this technology more attractive. Therefore, 
the alternatives are also compared by the ease of expansion/conversion to an MBR 
process. 
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7.2.2.3 Extended Aeration Processes 

The following technologies are categorized as extended aeration activated sludge 
processes. Extended aeration is typically used for small proprietary pre-engineered 
wastewater treatment plants due to the relatively simple design and operation. Extended 
aeration is typically used for facilities up to 4 or 5 mgd AADF. Extended aeration 
wastewater facilities are in operation that successfully treat flows in excess of 4 to 5 mgd; 
however, this is at the expense of energy efficiency and footprint. Typically, facilities are 
physically constrained and are sensitive to energy costs, resulting in the selection of a 
conventional treatment approach. 
The two technologies presented can be further categorized as low-rate cyclic activated 
sludge processes, since they are designed with a low organic loading concept, high 
detention times, cyclic aeration, and with lower clarifier loading rates. The combination of 
these criteria yields a stable, flexible, and easy to operate process. On the downside, these 
design parameters result in a larger footprint and more aeration energy as compared to 
conventional processes. This process can be operated with a low-level of automation (e.g. 
aeration set to run off timers). 

Biolac®  

Biolac® is a proprietary extended aeration activated sludge process (as manufactured by 
Parkson Corporation) which can also include denitrification (Wave Oxidation© process). 
The process incorporates a long solids retention time with submerged aeration, typically in 
earthen (lined or unlined) basins. Suspended aeration diffusers are set at approximately 
one foot from the bottom of the aerated basin. The aerators provide a dual function of 
mixing and aerating. The Wave Oxidation© process involves individually controlling the 
aeration chains to allow for oxic and anoxic conditions within a single basin, enabling 
nitrification and denitrification. An integral clarifier can be incorporated to reduce the overall 
footprint.  
The Biolac® process is a very stable and flexible operation, as is typical with extended 
aeration. Future expansions with Biolac® would follow the existing configuration with 
earthen basins lined with a geo-synthetic liner (ADEQ requires a minimum 30-mil liner for 
earthen aeration basins). Due to limitations in side slopes, the earthen basin design 
increases the overall footprint of the facility as compared to extended aeration processes 
constructed with concrete tanks. The use of a synthetic liner also raises issues of leakage 
and potential replacement costs. In addition, the expandability and/or conversion of this 
configuration for future phases is limited due to the earthen/lined configuration, requiring 
demolition and construction of concrete tanks to accommodate membranes, conventional 
activated sludge, etc. The lack of a physical barrier between the oxic and anoxic zones can 
also result in decreased denitrification since control of the oxygen level in the anoxic zone is 
difficult. 
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Biolac® is a proven process, both in Arizona and within the City. For short-term solutions 
and for facilities with small flows (less than 2 to 5 mgd), this is an attractive solution from 
both an operation and cost approach. The inherent process flexibility of an extended 
aeration process to operate at flows much lower than design is a key benefit of the 
technology to new and expanding communities. However, as the facility expands beyond 
the 4-mgd capacity, other alternatives should be considered to provide treatment that is 
more efficient and for a reduced footprint. As community growth encroaches upon the 
treatment facility, odor control will become an attractive method to maintain a "good 
neighbor" status. If the aeration basins were required to have odor control, the footprint 
requirements of an earthen aeration basin design coupled with extended aeration would 
greatly increase the costs of odor control and would deem earthen basins cost prohibitive.  
The aeration strategy of this process can be costly from an operation and maintenance 
(O&M) basis. Typical operator complaints (of other Biolac® facilities) include the difficulty of 
retrieving the aerator chains and the number of parts requiring maintenance. The current 
aeration configuration includes 63 aerator assemblies per basin, for a 4-mgd facility this 
equates to 252 assemblies, and projecting this further out to 14 mgd would result in 882 
assemblies requiring periodic servicing and spare parts. 

Oxidation Ditch 

The oxidation ditch process is compared herein to the Biolac® since it is also an extended 
aeration process with some similarities and differences. The oxidation ditch process 
consists of a ring or oval shaped channel equipped with mechanical aeration and mixing 
devices. Aeration and mixing devices are sized to provide plug flow along the channels and 
complete mix at the influent zone. Oxidation ditches can also be designed for denitrification, 
by allowing the end run of the channel to go anoxic or by adding additional volume at the 
end of the run. The geometry of the oxidation ditch can be modified to provide greater 
biological treatment within a given footprint (e.g. by deepening the ditch). Oxidation ditch 
facilities are typically treating flows up to 6 mgd AADF. However, oxidation ditches have 
been modified to provide treatment at much larger facilities by reducing the solids retention 
time and thereby operating outside the extended aeration mode and more like conventional 
process. There are several proprietary oxidation ditch systems available, with successful 
operations at locations such as Casa Grande, Sahuarita, and Surprise. The proprietary 
Carrousel® oxidation ditch (as manufactured by Eimco) is considered herein, due to its 
simple and flexible operation, proven success, and historical experience in the region. 
Other successful oxidation ditch designs include the Orbal® multi-channel oxidation ditch 
process by US Filter/Siemens and the Phased Isolation Ditch by Krüger. 
Oxidation ditches are constructed in a concrete tank; this allows for space savings, as 
compared to the Biolac®, and future upgrade/conversion flexibility. Oxidation ditches are 
also a more efficient treatment process, as compared to Biolac®, since the energy added 
for aeration is sufficient to provide the velocity needed for plug flow around the oxidation 
ditch. Oxidation ditches can also operate with shorter hydraulic retention times, as 
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compared to other extended aeration processes, resulting in a smaller footprint. In addition, 
the ditch can be modified to increase the biological capabilities within a given footprint (e.g. 
adding a second aerator impeller allows for deepening of the ditch).  
The Carrousel® oxidation ditch operation is comparable to the operation of the Biolac® and 
actually has less equipment (no blowers or aeration chains, instead has one or two surface 
aerators). While the capital costs of an oxidation ditch (such as Carrousel®) would be 
greater than the Biolac® process, the O&M costs would be less and would likely offset the 
costs over the 20-year life. In addition, the concrete tanks constructed for the oxidation ditch 
can be readily retrofitted to accommodate a conventional activated sludge process or 
membrane bioreactor process in the future, if desired (for example the City of Avondale 
converted oxidation ditches to an MLE process). 

7.2.3 Comparison of Processes 

The alternatives for biological process (extended aeration only) are briefly juxtaposed for an 
initial expansion of an additional 2 mgd, for total WWTP capacity of 4 mgd, in Table 1.10. 
Table 1.11 provides a numerical ranking of the selection criteria, defined earlier. The 
numerical weighting factors are based upon the perceived importance of each of the 
selection criteria. Finally, the comparison of suspended growth alternatives is provided in 
Table 1.12. 

7.2.4 Biological Process Recommendation: 

In the long-term, a conventional activated sludge process (MLE or an MBR) would benefit 
the City by reducing the overall plant footprint, improve flexibility, is practical to cover (for 
odor control), and provides a readily expandable process concept. However, the operator 
requirements and the necessary capital investment for these two approaches may warrant 
that a less operator intensive process be pursued in the short-term. 
For the short-term expansion to 4 mgd, it is recommended that the facility be expanded with 
an additional Biolac® basin. This is based upon the City's experience with this technology, 
to maintain a consistent biological process concept, and to reduce capital costs. While an 
oxidation ditch may be a better-suited process for this application, the use of two different 
technologies at the same facility is not recommended. Expansions beyond 4 mgd could use 
all or some the existing Biolac® basins for flow equalization (recommended if an MBR is 
pursued). If the City wishes to continue the use of an extended aeration technology until the 
buildout capacity of the plant is reached, it is recommended that the next expansion and 
future expansions include oxidation ditch technology in order to reduce the footprint, reduce 
energy costs, and reduce operator maintenance requirements. However, extended aeration 
technology is not recommended for the long-term expansion needs of the WWTP, 
particularly given the existing WWTP boundary and setback limits. 
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Table 1.10 Comparison of Extended Aeration Processes 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Process Advantages Disadvantages 
Biolac® • Stable process 

• Easy to operate 
• Reduced quantities of sludge 

generated 
• Nitrification and 

denitrification in single basin 
 

• Proprietary design 
• Large biological basin volume 

(as compared to conventional 
processes and processes 
installed in concrete tanks) 

• Accurate control of RAS/WAS 
• O&M of air diffuser and valves 
• Increased oxygen and mixing 

requirements 
• Not easily retrofitted to MBR 

process or conventional 
processes 

• Difficult to remove grit and solids 
without damaging liner 

• Requires a geosynthetic liner, 
failure risks and replacement 
costs 

 
Oxidation Ditch 
(Carrousel®) 
 

• High degree of process 
control 

• Less equipment to maintain 
• Easy basin cleaning 

(removal of grit, etc.) 
• Concrete basins can be 

modified for future 
expansions/conversions 

• Small footprint (as compared 
to Biolac®) 

• Nitrification and 
denitrification in a single 
basin 

 

• Concrete costs 
• Proprietary design 
• Large biological basin volume 

(as compared to conventional 
processes) 
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Table 1.11 Numerical Weighting Factors 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

Criteria Numerical Weighting Factor 

Effluent Quality 4 
Footprint 4 
"Good Neighbor" Features 5 
Maintenance Attention 5 
Site Aesthetics 2 
Process Reliability 5 
Operational Flexibility 3 
Expandability 4 
Public Acceptance 5 
Energy Costs 2 
Capital Costs 4 
Notes: 
1.  Numerical Weighting Factors 1 through 5, with 5 being the most important. 
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Table 1.12 Comparison and Ranking of Biological Process Alternatives 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 

Numerical 
Weighting 

Factor Biolac® 
Oxidation 

Ditch MLE MBR 
Effluent Quality 4 4 4 4 5 
Footprint 4 1 2 4 5 
"Good Neighbor" Features 5 1 2 3 5 
Maintenance Attention 5 4 5 3 2 
Site Aesthetics 2 2 2 3 5 
Process Reliability 5 5 5 4 3 
Operational Flexibility 3 2 3 4 4 
Expandability 4 1 3 4 5 
Public Acceptance 5 3 4 4 5 
Energy Costs 2 1 3 5 2 
Capital Costs 4 5 3 4 2 
Total Score  121 147 162 169 
Notes: 
1.  Ranking 1 through 5, with 5 being the best. 
2.  Capital Costs do not include costs for land. 
3.  Total Scores are calculated as the summation of all the products of the rankings and 

numerical weighting factors for each criteria. 
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The ranking of the biological process alternatives results in a close ranking of the MLE and 
MBR systems. While the MBR achieved the highest rank of the all the alternatives the 
current effluent disposal practices do not warrant the increased capital investment, however 
changes in effluent disposal practices and/or changes in effluent permit requirements could 
result in an MBR process selection. All of the biological process alternatives will be 
discussed as potential buildout alternatives with the MLE and MBR options being most 
favorable due to the advantages of these processes. 
As the existing WWTP facility expands, it is recommended that selector boxes be added to 
the aeration basins. The selector box aids in the control of filamentous organisms and 
allows for thorough mixing of the influent and RAS flows before the aeration zone. Selector 
boxes are typically sized with a hydraulic retention time of 20 to 60 minutes and generally 
include a mechanical mixing device. Selector boxes can be retrofitted into the existing 
aeration basins and designed into future expansions. 

7.2.5 Secondary Clarification 

The primary function of the secondary clarifier is to separate the activated sludge solids 
from the mixed liquor. Solids separation is the final step in the production of a well-clarified, 
stable effluent low in BOD and TSS, and as such, represents a critical link in the operation 
of an activated sludge treatment process. Typically, the goal is to achieve a total suspended 
solids concentration of less than 30 mg/L, although for a well-operated nitrification-
denitrification process, BOD and TSS effluent concentrations less than 10 mg/L are typical. 
Return activated sludge (RAS) is directed from the clarifiers to the inlet of the biological 
process, while waste activated sludge (WAS) is directed to the solids handling facilities, or 
solids drying ponds at the existing WWTP, for further treatment and/or off-site disposal. 
Currently, clarification is achieved by an integral rectangular clarifier. Alternatives include 
the continuation of the use of integral clarifiers or the use of external circular clarifiers. 
While the integral clarifiers have performed well to date, this should be considered with 
respect to the lack of current permit limits in regards to TSS. The current configuration of 
integral clarifiers limits the flexibility between the unit operations. For example, if aeration is 
offline in a basin and a clarifier is offline in a different clarifier, two process trains would be 
taken out of service. To avoid such a scenario and thereby improve operational flexibility 
and performance, it is recommended that external circular clarifiers be incorporated into 
future expansions. Separating the unit processes in this manner will allow for increased 
process flexibility and reliability. In addition, future removal of the existing integral clarifiers 
and minor modifications to the existing aeration basins would enable increased biological 
treatment within the existing basins. The use of external clarifiers also eliminates the space 
constraints of the integral design, allowing for more conservative clarifier design, which can 
be a benefit to the biological process performance. 
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With the existing configuration, if one clarifier or basin is out of service during the maximum 
month flow period, the surface overflow and weir loading rates will exceed ADEQ 
standards. Comparing the values provided in Table 1.1 with clarifier design standards 
provided in Engineering Bulletin No.11, Minimum Requirements for Design, Submission of 
Plans and Specifications of Sewage Works, ADEQ, 1978 (Bulletin No. 11) shows that the 
clarifiers will operated beyond the 1,000 gpd/sf surface overflow rate standards when one 
clarifier or basin is out of service. In addition, Bulletin No. 11 sets the weir loading rate for 
extended aeration plants at a maximum of 7,000 gpd/ft, which is also exceeded when one 
clarifier or basin is out of service during maximum month flow period. If the short-term 
expansion does incorporate and additional Biolac® basin, the clarifiers should be sized to 
remedy this situation and provide additional flexibility. 
7.2.5.1 Secondary Clarifier Recommendation 

An analysis of the existing clarifier performance is recommended to assess the existing 
integral clarifier performance and to determine if external clarifiers are warranted. A State 
Point Analysis (SPA) technique utilizing the operational MLSS, solids overflow rate (SOR), 
sludge volume index (SVI), RAS, and initial settling velocity (ISV) would provide further 
insight into performance and capability of the existing clarifiers. These field-collected 
parameters can then be modeled using a desktop process simulator such as Clariflux™ to 
develop plant specific ISV curves. 
It is recommended that expansion beyond the short-term include external circular clarifiers 
in order to increase the control and efficiency of the secondary process. The clarification 
process is crucial to the performance of downstream processes such as filtration and 
disinfection and ultimate effluent quality, adding to the importance of adequate clarification. 

7.2.6 RAS Pump Station 

The use of an air lift pump for return activated sludge (RAS) pumping can be problematic 
on larger installations, since air lift pumping can be difficult to meter and control. A 
centralized and positive method of providing return activated sludge is recommended for 
larger installations, particularly if external clarifiers are implemented. This would improve 
the process control and reduce the O&M requirements as opposed to air lift mechanisms at 
each clarifier.  

7.2.7 Blower Building 

An expansion to the WWTP will require additional aeration capacity, and therefore 
additional or larger blowers. This is an opportunity to consider enclosing the blowers in a 
sound-attenuated building and for enclosing the electrical equipment (PLCs, etc.) in a 
climate-controlled environment. It is therefore recommended that future expansions include 
a centralized and expandable Blower and Electrical Building. 
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7.3 Tertiary Alternatives 

As discussed previously, the level of tertiary treatment will be based upon the effluent 
disposal option(s) selected. At a minimum, it is anticipated that Class B+ treatment, and 
depending upon the effluent disposal options pursued, Class A+ may be required. At a 
minimum, the BADCT standards require that the tertiary facilities include disinfection, with 
filtration being optional depending upon the effluent disposal method (for Class A uses). 
However, as previously stated, a waiver from the BADCT disinfection requirement may be 
granted if soil aquifer treatment is proven, as is the current practice at the WWTP. 

7.3.1 Disinfection 

BADCT standards require sufficient disinfection such that total coliform organism do not 
exceed 2.2 MPN per 100 mL as a seven sample median and that they do not exceed 23 
MPN per 100 mL at any time. Class A (or A+) reclaimed water requires sufficient 
disinfection such that total coliform organisms are non-detect in four out of seven daily 
samples, and do not exceed 23 MPN per 100 mL at any time. Two feasible disinfection 
alternatives are chlorination with liquid sodium hypochlorite and ultraviolet light (UV) 
disinfection. 
7.3.1.1 Sodium Hypochlorite 

Liquid sodium hypochlorite is an effective disinfectant to reduce total coliform in the effluent. 
Hypochlorite disinfection systems typically include a bulk storage tank for the liquid sodium 
hypochlorite (12.5 percent concentration), chemical feed pumps, injection and mixing 
equipment, and a chlorine contact tank to provide retention time for disinfection.  
As an alternative to concentrated sodium hypochlorite, low strength (0.8 percent) sodium 
hypochlorite can be generated on-site by electrolytic means from concentrated brine 
solution for use as needed. This approach would avoid the need for storing large volumes 
of concentrated hypochlorite on site, and reduce risks associated with handling a high 
strength chemical. The units typically require elevated operating and maintenance attention 
to operate properly. 
Hypochlorite is a proven, low cost method for disinfection. In addition, this is a common 
compound, often used for odor control, biological foam control, etc. On the downside, it 
requires a larger footprint and hazardous chemical handling. A chlorine contact tank sized 
to provide 30 minutes of contact time (per ADEQ regulations), at peak hour flow, would 
require a substantial footprint at the future buildout condition. 
ADEQ typically requires dechlorination before disposal of chlorinated effluent, due to 
concerns over disinfection byproducts such as trihalomethanes (THMs). Dechlorination is 
typically achieved by using sodium bisulfite.  
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Currently, ADEQ has waived the chlorination requirement for the existing wastewater facility 
due to the large separation distance of groundwater from the recharge basins. However, as 
the WWTP expands and other methods of effluent disposal are pursued, these 
requirements will likely be reinforced and efforts should be made to maintain the 
disinfection waiver. 
7.3.1.2 Ultraviolet (UV) Light 

As effluent is passed through modules of lamps emitting a spectrum of ultraviolet (UV) light, 
microorganisms are effectively inactivated from contact with the correct intensity and 
exposure to the UV light. UV disinfection could be achieved by using a closed vessel or 
open channel method. UV disinfection provides numerous advantages over hypochlorite 
disinfection, such as smaller footprint, public perception, no chlorine byproducts, reduced 
chemical handling, no need to dechlorinate, etc. On the downside, the life-cycle costs are 
higher and filtration is required to improve the efficiency of the UV system. UV disinfection 
can be achieved by three different methods: low-pressure, low intensity; medium-pressure, 
high output (MP/HO); and low-pressure, high output (LP/HO). Since UV disinfection is only 
a potential future expansion item, and may not be required if the current practice of soil 
aquifer treatment is maintained, UV disinfection methods are not being further evaluated at 
this time. 

7.3.2 Filtration 

The purpose of tertiary filtration is to remove suspended solids that carry over from the 
secondary clarifiers, and to provide a high-quality filtrate to optimize the efficiency of the 
disinfection process, particularly if UV lamps are used for producing an essentially 
pathogen-free final effluent. In short, tertiary filtration is a vital component in producing 
Class A+ for future water reclamation. ADEQ regulations for Class A+ reclaimed water 
(A.C.C. R18-11-303) specify turbidity requirements of 2 NTUs or less based on a 24-hour 
average, not to exceed 5 NTUs maximum at any time. 
7.3.2.1 Traveling Bridge 

Traveling bridge filters are commonly used at water reclamation plants in Arizona, 
particularly in small capacity plants. The filters are low head (typically one foot of head 
loss), shallow media depth (16-24 inches), gravity filters. Filter media can be mono (sand) 
or dual (sand and anthracite), although mono-media sand filters are generally 
recommended for wastewater applications. 
7.3.2.2 Continuous Backwash Filters 

Continuous backwash filters are gaining popularity for large filter installations. Continuous 
backwash filters are deep-bed granular media filters. As the name implies, these filters 
backwash while in operation, and involve the movement of the media in the cleaning 
process. There have been issues with the backwash mechanisms (air-lift), on these filters; 
however, most manufacturers have modified their designs in attempt to remedy this issue.  
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7.3.2.3 Cloth Media (Disk) Filters 

Cloth media filters or more commonly termed disk filters are a recent advance in 
wastewater treatment. The cloth disk filters require less space than sand filters and often 
can be installed inside existing sand filter tanks, thereby increasing the filtration capability 
within the same footprint. 
Advantages of disk filtration includes: compact design and small footprint, operational 
flexibility, automatic operation, easily expandable, low operating headloss (approximately 8 
to 10 inches), low maintenance, and it is an economical approach. On the downside, there 
are fewer installations than other filtration technologies, the "life span" of the cloth media is 
unknown, manufacturer serviceability is unknown, susceptibility to biogrowth, susceptibility 
to pin floc breakthrough, more mechanical equipment, and possibly a lack of operator 
familiarity. 
Currently there are two major manufacturers of disk filters, Aqua Aerobics and Krüger. The 
major differences between these two manufacturers is the Aqua Aerobics' Aqua Diamond®, 
Aqua Disk®, Aqua Drum®, Aqua Minidisk®, include a continuous or nearly continuous 
backwash with filtered effluent exiting from inside the cloth filter (outside-in flow). On the 
other hand the Hydrotech Diskfilter by US Filter/Krüger, is an inside-out flow configuration 
with unfiltered effluent entering the inside of the cloth filter and the backwash cycle is an 
automated process based upon pressure differential. Aqua Aerobic disk filters have been 
successfully implemented at Litchfield Park, El Mirage, and Fountain Hills, while US 
Filter/Krüger disk filters are being installed at the new Greenfield Water Reclamation Plant 
in Gilbert and are in operation at the Verrado WRF. 

7.3.3 Effluent Pumping 

As the existing WWTP expands and the need to convey effluent to offsite locations for 
disposal increases, the effluent pumping will need to be upgraded to accommodate. 
Effluent pumping can be achieved by using centrifugal, submersible or vertical turbine 
pumps.  
Commonly, effluent pumping is achieved by using vertical turbine pumps since they are 
efficient, and suitable to low-head high-flow situations that are typical to effluent pumping. 
Vertical turbine pumps would likely require noise control; this could be achieved by adding 
soundproof shrouds. Vertical turbines could be placed in a clear well or installed as pump-
can configuration. A clear well provides the benefit of additional equalization, thereby 
enabling more flexibility. A vertical turbine pump station situated in a clear well would be a 
good fit with the potential future effluent disposal method of recharge at the City-owned 
80-acre site to the north of the existing WWTP. The 80-acre site is at relatively the same 
elevation is within close proximity, thereby reducing the need for high-head pumps. 
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7.3.4 Tertiary Recommendations 

Disinfection: Ultraviolet light (UV) disinfection is recommended as a long-term expansion 
item, since there is no chemical handling and hazardous material issues, eliminates the 
formation of disinfection byproducts and subsequent dechlorination requirements, and 
requires a smaller footprint than chlorine contact chambers. Chlorine will still be required to 
provide chlorine residual for reclamation disposal and odor control; however, the quantity of 
chlorine to be stored at the WWTP would be minimal and dependent upon the disposal 
method and extent of odor control and therefore could be hauled onsite as a bulk liquid. 
Other options to avoid hazardous material issues (and if UV disinfection is not attractive 
from the City's standpoint) is onsite generation of 0.8 percent hypochlorite or using 12.5 
percent hypochlorite hauled from an outside source. The use of bulk hypochlorite can be 
attractive from a capital standpoint since the capital expenditure is minor (holding tank, 
metering pumps, piping, etc.). 
Filtration: Disk filtration is recommended since this technology has a small footprint, 
provides good filtration, and allows for disposal flexibility. Competition within the disk 
filtration market has resulted in more competitive pricing, and is cost competitive with media 
filters. However, this recommendation is optional unless Class A Reuse options and/or UV 
disinfection is pursued. Additionally, since continuation of the current practice of soil aquifer 
treatment will be pursued as the WWTP expands, it is not recommended that filtration be 
added unless required by ADEQ. 
Effluent Pump Station: It is recommended that a new effluent pump station be constructed 
in order to meet the future needs of sending effluent to additional offsite recharge basins. 
The potential for effluent disposal for reuse furthers the need for an effluent pump station at 
the existing WWTP. The pump station could be fitted with variable frequency drive motors 
in order to meet the pressure needs of a reuse distribution system. Since effluent disposal 
options other than reuse will be pursued, the facility will not be required to construct an 
effluent disposal storage reservoir. However, the use of an existing recharge basin for a 
dual purpose of recharge and storage will provide further effluent disposal flexibility. It is 
recommended that a vertical turbine pump station with a clear well be constructed when 
offsite effluent disposal is pursued. 

8.0 SOLIDS STREAM EVALUATION 
Currently, the solids wasted from the biological process are directed to a sludge drying bed. 
As the WWTP expands, this practice will require an upgrade to a more conventional 
process. This section will discuss options for solids thickening, digestion, and dewatering. 
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8.1 Solids Thickening 

Thickening is generally accomplished by a number of mechanical process alternatives, the 
most feasible being centrifuge, gravity belt thickener, or rotary drum thickener. These 
mechanical thickening processes typically require a minimum of 0.5 percent solids feed 
concentration, preferably around 1.0 percent concentration for better performance. When 
feed sludge is of lower concentration, the ability of mechanical thickeners to perform will be 
reduced, requiring much lower feed rates and high polymer use, resulting in less than 
optimum thickened sludge concentration. In turn, this will compromise digester performance 
and stress the sludge dewatering process following digestion. The target concentration for 
thickened sludge is 5 to 6 percent. 
The issue of odor potential is a major factor in the decision as to which thickening process 
equipment to select. Centrifuges and rotary drum thickeners, by their nature, are somewhat 
contained. A gravity belt thickener is open to the atmosphere in the room in which it is 
installed. Therefore, to contain odor and create an acceptable working environment for the 
operators, the entire thickener space must be aggressively scrubbed. Hoods are frequently 
used over the thickeners to improve the extraction of air from the space directly over the 
sludge, however much of the odorous air escapes into the room. Thus, a very large volume 
of air must be handled and treated. It may be possible to surround each thickener with an 
enclosure to minimize the amount of foul air to be treated. This has the disadvantage of 
requiring confined-space entry procedures by the operators when entering to check the 
process, and interference with access for maintenance and repair. 

8.1.1 Gravity Belt Thickeners 

Gravity belt thickeners (GBTs) consist of a gravity belt that moves over rollers driven by a 
variable-speed drive. After polymer conditioning, the sludge is distributed evenly across the 
belt. Water then drains away, allowing the concentrated sludge to be collected at the 
discharge end of the belt. After the thickened sludge is removed, the belt then travels 
through a washing mechanism before returning to the collection end to repeat the process. 
GBTs are a modification of the upper gravity zone of the belt filter process. GBTs have the 
benefit of a compact footprint, low power usage, high solids capture with minimal polymer, 
and low capital costs. Disadvantages include odor potential if not enclosed and secondary 
process scum can clog the belts. 

8.1.2 Rotary Drum Thickeners 

A rotary drum thickener (RDT), also called a rotary screen thickener, is an internally feed 
drum screen with a screw for transporting thickened solids out of the drum. The advantages 
of this technology are the recycle flow is low as compared to GBTs, low initial capital cost, 
and minimal power usage. Disadvantages include sensitivity to polymer type, odor potential 
if not enclosed, and the low loading rates result in numerous units for larger facilities 
thereby negating the low capital costs. 
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8.1.3 Centrifuge Thickeners 

Centrifuges are widely used in the industry for a variety of applications, including thickening 
and dewatering. Sludge is fed into the centrifuge at a constant flow rate, and due to the 
centrifugal force acting upon the constituents of varying densities, the sludge is separated 
into thickened sludge and centrate. The centrate is then drained and recycled, while the 
thickened sludge is discharged by the screw feeder. Advantages of this technology include 
minimal polymer usage, odor containment, and effectiveness for WAS thickening. 
Disadvantages include high maintenance requirements, high capital costs, and high power 
costs, 

8.2 Digestion 

There are two main types of solids digestion: aerobic and anaerobic. Generally, smaller 
plants use aerobic processes to digest solids, while larger facilities use anaerobic 
processes. In order to increase the efficiency of digestion and reduced tank volume, the 
pre-digestion solids are often thickened; see above discussion on solids thickening. 
Aerobic digestion can be achieved in tanks fitted with coarse or fine bubble membrane 
diffusers with air supplied by dedicated blowers. Depending on the location of the digester 
and the proximity to the nearest potential neighbor, covers and odor control may not be 
required. An aerobic digester could be constructed with common walls to the biological 
process to reduce construction costs or they could be constructed in separate basins. 

8.3 Solids Dewatering 

Solids from the digester would be pumped to a location for dewatering and, depending upon 
the final use, hauled offsite to a landfill or hauled for land application. The most feasible 
solids dewatering options to be considered include belt filter presses and centrifuges. 
Vacuum-assisted sludge drying beds, as previously proposed by others, have not been 
considered due to the odor issues, operator requirements, and footprint requirement. 
Centrifuges can produce a drier and less odorous cake than belt filter presses; however, 
the cost for centrifuges can be higher. A benefit of using centrifuges is that one technology 
can be used for both thickening and dewatering, reducing the need to operate different 
technologies, common spare parts, and one vendor interaction. In addition, centrifuges 
provide good odor containment and have a clean appearance. 
Belt filter presses are also commonly used to dewater due to low capital and operating 
costs. Belt filter presses are also relatively less mechanically complex than other 
dewatering technologies. However, this technology has a high odor potential and automatic 
operation is not advisable. 
Alternately, the adequately digested solids could forego dewatering and an outside 
contractor could be procured to accept digested liquid sludge for land application. 
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8.4 Solids Handling Recommendations 

Thickening: Centrifuges, gravity belt thickeners, or rotary drum thickeners could be 
successfully added as the facility's solids handling capabilities expand. Centrifuges may be 
more attractive from the ability to use a common technology for thickening and dewatering 
and to reduce odor control requirements at the solids handling area. However, the less 
complicated gravity belt thickeners or rotary drum thickeners may be a more reasonable 
option if maintenance is an issue. 
Digestion: Aerobic digestion is recommended for future expansions of the existing WWTP. 
It is recommended that the digesters be common walled with the biological process 
(common walled with aerobic basins) in order to reduce construction costs. However, 
separate digester basins could be constructed if preferred by the City. 
Dewatering: Similar to the thickening recommendation, the use of centrifuge or belt filter 
press could be successfully implemented as the facility's solids handling capabilities expand. 
If a common technology is a goal for the facility, then centrifuges should be implemented. 
However, if maintenance is an issue then the facility should expand with belt filter presses. 
Solids Handling Building: The thickeners, future dewatering equipment, solids pumps, 
and controls are recommended to be located in a new building near the future aerobic 
digesters. The building should be maintained under a vacuum to reduce the potential for 
odors escaping to the atmosphere and will require odor control of foul air removed from the 
thickening and dewatering equipment. 

9.0 PLANT EXPANSION ALTERNATIVES 
The recommendations made under the Liquid and Solids Evaluation sections can be 
compiled into plant expansion alternatives, which are presented in this section. Expansion 
alternatives are organized into three categories: headworks, short-term expansion, and 
buildout. The alternatives have been organized in this manner since the first expansion at 
the WWTP will likely include an upgrade to the headworks followed by the short-term 
expansion. The buildout alternatives are provided as a long-term vision of the WWTP and 
set the stage for developing a phasing strategy to bring the WWTP from its current capacity 
to buildout. The next section (Section 10 - Plant Phased Expansion Plan) will address the 
sequencing of the selected alternatives in greater detail.  

9.1 Preliminary Treatment (Headworks) Alternatives 

As previously mentioned, the preliminary treatment system is proposed to include a new 
Headworks Building, screens, grit removal, odor control, and a lift station. The Headworks 
facilities are recommended to be sized to treat the short-term expansion design capacity of 
4.0-mgd AADF (with the appropriate peaking requirements) and provide accommodations 
for future expansions. In this subsection; common features to all three alternatives are 
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discussed; followed by a description of the three headworks alternatives, and finally a 
recommended headworks alternative is provided. It should be noted that these 
recommendations are contingent upon sizing, layout, and cost implications to be further 
developed during a preliminary design stage. 

9.1.1 Common Headworks Alternatives Features 

Demolition: The existing static screens and unused primary clarifier would be removed 
during the headworks project or during a future expansion phase. The existing lift station 
would be abandoned after a new lift station has been constructed. 
Headworks Building: A new Headworks Building would enclose the screening process 
along with its associated equipment, such as conveyor, washer, and compactor. Grit 
removal can be located outside the building since a majority of the foul air will be released 
in the open channel screening environment. The building can be constructed of masonry 
block with elements to match the architectural scheme of the future expansions and/or a 
City approved architectural themes.  
Odor Control: A chemical wet scrubber is recommended for the Headworks Building. This 
system has a cost benefit over a biofilter as the plant capacity and necessary headworks 
scrubbing needs increase. A packed tower configuration is recommended due to its ability 
to handle variations in the odor concentration and flow rate; this provides increased 
flexibility as the plant expands. However, if space is not of concern, an in-ground biofilter 
could be constructed for odor control, thereby reducing the need for chemicals. If the State 
(ADEQ) would allow construction of a biofilter outside the setback limits, this would be a 
cost-effective alternative for the City to consider. 

9.1.2 Alternative A 

Alternative A is representative of a typical gravity preliminary treatment system, as 
illustrated in Figure 1.5. This system is not practical since the influent sewer inverts are 
approximately 14 feet below land surface, which is too deep for typical grit chambers, which 
are at most 9.5 feet deep. 

9.1.3 Alternative B 

Alternative B addresses the influent sewer depth issue by moving the lift station before grit 
removal. Step screens can be installed into deeper channels with the ability to lift screens 
up to 22 feet, making this a feasible alternative if the headworks is constructed near the 
existing influent junction box. This option would also be feasible if the influent sewer lines 
are extended to the new headworks area with a nearly flat slope.  
The grit chamber can be built at-grade in order to provide the appropriate water level 
needed to flow the wastewater over the weir at the aeration basin splitter structure. Another 
benefit to this option is screening prior to the lift station will aid in protecting the pumps and 
thereby reduce pump failure due to clogging. Alternative B is illustrated in Figure 1.6. 
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9.1.4 Alternative C 

Alternative C allows for influent pumping at the front of the headworks process. Wastewater 
entering the plant would be lifted to the screening channel and conveyed via gravity to the 
grit removal chamber. Wastewater would continue to the aeration basin splitter box via 
gravity flow. In order for the wastewater to flow over the weir at the aeration basin splitter 
box, both the screening channel and grit chamber would have to be constructed at or above 
grade. This could result in a taller headworks building structure. Another iteration of this 
alternative is to install a second pump station after the grit chamber. This is not 
recommended since double pumping increases the operation costs of the facility. If the 
headworks are to be constructed within the 350-foot setback limits (refer to Figure 1.3) the 
depth of the influent sewer extension (with a conservative gravity line slope) may result in 
the need for a lift station at the beginning of the headworks. Alternative C is illustrated in 
Figure 1.7. 

9.1.5 Recommended Headworks Alternative 

Alternatives B and C are feasible options for the Headworks process. The benefits of 
screening prior to pumping favors Alternative B, while the potentially deep screening 
channel would favor Alternative C instead of Alternative B. It is proposed that these two 
alternatives be evaluated during a preliminary design phase in which the details and cost 
implications can be furthered in order to provided a more thorough basis for selection. 

9.2 Expansion Alternatives 

All the plant expansion alternatives contained herein include Headworks Alternative C, 
however, Alternative B may be selected upon further evaluation during a preliminary design 
phase. A short-term WWTP expansion alternative is discussed followed by three buildout 
alternatives. 

9.2.1 Short Term Alternatives 

The short-term is defined as increasing the plant capacity from 2 to 4 mgd AADF, thereby 
doubling the plant capacity. However, the long-term expansion needs of the plant should be 
taken into consideration when planning the short-term expansion. A major aspect of the 
long-term plant expansion requirements is the footprint required for effluent disposal via 
recharge basins and meeting setback requirements.
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Secondary Treatment: It is recommended that the short-term expansion incorporate one 
additional Biolac® basin with a 2 mgd AADF capacity. This recommendation is based upon 
the City's familiarity with the Biolac® system, its relatively low capital costs, and ease of 
operation. However, due to the intensive land requirements for the Biolac® process, it is 
recommended that a more efficient process be used in future expansions. The 4 mgd 
AADF, of Biolac® basins could be converted to equalization basins or the land reclaimed 
for other purposes such as new buildings or recharge. This is further discussed in the 
Buildout Alternatives subsection. 
In the long-term, it is recommended that the plant move from integral clarification to external 
circular clarifiers. However, if the City prefers an additional short-term Biolac® expansion, 
the integral clarifiers could be pursued with the understanding that it is recommended that 
this method be abandoned in the long-term. In addition, air lift activated sludge (a common 
feature of the Biolac® process) could be continued for the short-term expansion; however, 
should be replaced with a positive pumping scheme during future expansions. 
Other secondary treatment process improvements should include:  
• Expand or Add an Additional Aeration Splitter Box: In order to accommodate the 

additional aeration basin and allow for process control, modify the existing splitter box 
to allow for splitting to the new aeration basin and to handle the increased hydraulic 
load. 

• Install Selector Boxes: To provide control of filamentous organisms and to promote 
adequate mixing of RAS and influent wastewater, selector boxes could be 
constructed in the influent portion of the existing aeration basins and designed into 
the proposed aeration basins. Mixers would be incorporated into the selector boxes. 
However, if foaming has not been an operational issue, selector boxes could be an 
optional expansion item to be incorporated into future expansion phases. 

Tertiary Treatment: In order to meet BADCT standards and to provide effluent disposal 
flexibility, it is recommended that the plant be upgraded to include disinfection (either by 
using UV disinfection or bulk hypochlorite). The disinfection facility would be sized for the 
short-term expansion and provide for future expansions. An optional tertiary upgrade is the 
addition of disk filtration, if Class A Reuse is pursued. If filtration is not pursued, UV 
disinfection will not be recommended since this technology requires adequate upstream 
filtration for efficient disinfection. 
Solids Handling: In the short-term, the facility could continue with the current practice of 
solids storage and disposal via the sludge storage pond. However, in the long-term this 
practice should be abandoned for a more conventional approach. If the current practice is 
to be pursued in the short-term, a solids balance is recommended to determine if the 
existing solids holding basin will provide adequate storage at 4 mgd AADF. 



 

September 2006 1-53 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No01\Final-TM1.doc 

Effluent Disposal: In the short-term, adequate disposal capacity is provided by the existing 
recharge basins, but will require additional piping and a change in the effluent monitoring 
location in order to incorporate the remaining recharge basins into the recharge program. It 
is recommended that one effluent flow monitoring location be established at a new effluent 
flow splitter structure, in order to simplify the monitoring and reporting process. 
Electrical and Controls: It is recommended that a Supervisory Control and Data 
Acquisition System (SCADA) be installed to improve process control and remote control 
capabilities. In addition, this new SCADA system should be expandable to include future 
regional treatment plants and expansion of the existing WWTP. The main SCADA CPU 
would be best located in the City's new Engineering Building, with a local CPU at each 
future WRF. The SCADA system should allow remote monitoring and control of any WRF 
from any location. The SCADA system would incorporate data from the influent and effluent 
flowmeters, MLSS sensors, water level sensors, dissolved oxygen sensors, etc.  
Blower and Electrical Building: The existing blower area should be upgraded to include 
additional blowers and an insulated enclosure to control noise from the blowers. 

9.2.2 Buildout Alternatives 

Given that the existing plant may eventually expand to approximately 14 mgd AADF, 
adequate planning should be provided to successfully take the existing WWTP from its 
current 2 mgd capacity to buildout capacity. The following alternatives incorporate the 
Headworks Alternative C (with flexibility for Alternative B if selected during a preliminary 
design phase) and the unit process recommendations made in the liquids and solids stream 
evaluations. The alternatives differ in their approach of addressing the most land intensive 
feature of the WWTP, the biological process. 
Alternative 1: Alternative 1 is an extended aeration expansion with the continued expansion 
of the Biolac® process to buildout and the addition of external circular clarifiers. The 
feasibility of this approach lies in the land requirements inherent to the Biolac® process. The 
reduction of the available recharge area at the existing WWTP is a negative to this 
alternative. The modular nature of the expansion results in multiple activated sludge 
processes requiring operator attention, thereby increasing maintenance and process issues. 
A Biolac® expansion, to buildout, would also include new external clarifiers to improve the 
process flexibility and performance at higher flows. Additionally, the cost to cover and provide 
odor control would be excessive. Biolac® expansion beyond 4 mgd AADF is not 
recommended for this plant. 
Alternative 2: Alternative 2 is an extended aeration expansion using oxidation ditch 
technology along with external circular clarifiers. This alternative assumes that the short-term 
expansion includes oxidation ditch technology. If oxidation ditch technology were chosen for 
the long-term expansion, it would be prudent to begin this process during the short-term 
expansion phase. This option has the benefit, over Alternative 1, in having a smaller footprint 
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and less equipment (no blowers and only a few surface aerators). However, if odor control 
were required, the cost to cover and provide odor control would be excessive. Oxidation 
ditches could later be converted to a conventional process or to an MBR.  
Alternative 3: Alternative 3 takes a more conventional approach in order to further reduce 
the footprint and maximize the space available for recharge. This alternative includes an 
MLE process constructed with concrete tanks that are common walled with aerobic 
digesters in order to provide capital cost savings and further reduce the footprint. This 
system has the advantage over extended aeration in that it yields a smaller footprint and is 
a more efficient process. 
Alternative 4: Alternative 4 further reduces the footprint by pursuing an MBR approach. 
This approach yields the smallest footprint by eliminating the need for secondary clarifiers 
and separate filters. In addition, the quality of effluent produced from an MBR, coupled with 
disinfection, provides the greatest effluent disposal flexibility of all the alternatives. This 
approach would allow the largest area for onsite recharge, due to its small footprint. 
However, the capital costs for this approach would be the highest. 

9.2.3 Long Term Expansion Recommendation 

Alternative 3 is recommended for the long-term expansion of the existing WWTP. Since a 
buildout flow of 14 mgd AADF is anticipated for the existing WWTP and recharge at the 
existing WWTP site is to be maximized (thereby reducing land costs for additional recharge 
locations) the small footprint and efficiency of a conventional activated sludge process is 
recommended. However, since expansions beyond 4 mgd AADF are not likely for several 
years, an MBR alternative may become more attractive as the market matures and cost 
competition increases in this market. Therefore, the selected option may shift to Alternative 4 in 
the future and should be revisited prior to commencing with expansions beyond 4 mgd AADF. 

10.0 PLANT PHASED EXPANSION PLAN 
Successful expansion of the existing WWTP from its current capacity of 2 mgd AADF to a 
buildout capacity of 14 mgd AADF requires that a conceptual expansion framework be in 
place. The goal of this section is to bring together the recommendations into a phased 
expansion approach. For planning purposes, the expansion is shown as three (3) phased 
expansions. It is possible that minor expansions will take place in between each of the major 
expansion phases in order to upgrade or expand minor facilities. For example, Phase 1A may 
include only the headworks expansion and Phase 1B may include an expansion of the 
secondary and tertiary processes.  
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It is also recommended that the process and equipment selections for the expansions of the 
existing WWTP be mirrored at the future Regional Water Reclamation Facilities (WRFs). 
The goal would be to have all of the buildout facilities using common equipment and 
processes. This will result in common operation, maintenance, parts, etc., for all of the 
WRFs within the City. 

10.1 Phase 1 

The first expansion is the short-term expansion, as described previously bringing the total 
capacity to 4 mgd AADF and consisting of a new headworks facility. This phase is 
illustrated in Figure 1.8. The facility would add the following: 
Preliminary Treatment: New headworks facility including: two screen channels with one 
mechanically cleaned screen installed and one manually cleaned screen to serve as an 
emergency bypass. Odor control would be provided on the headspace in the screening 
channels. Construct a new influent lift station and piping to the aeration basin splitter 
structure. Designate area for future grit removal, future third (and possibly fourth) screening 
channel, and a future Headworks Building (to enclose the screening channels and 
screening equipment). 
Secondary Treatment: Install one 2-mgd Biolac® aeration basin and integral clarifiers. 
Expand or construct a new aeration basin splitter structure. Expand and upgrade the 
existing blower area. 
Tertiary Treatment: The existing disinfection system would be expanded to accommodate 
the expansion of the WWTP.  
Solids Handling: The existing sludge storage basin could continue to be used for sludge 
management. However, depending upon the results of a solids balance and the needs of 
the City, solids handling improvements may be pursued during Phase I. 

10.2 Phase 2 

The second expansion would bring the facility to a total capacity of 7 mgd AADF, along with 
the conversion from the proprietary extended aeration process to a more conventional 
process. In addition, offsite recharge or reuse will be required in order to dispose of the 
effluent. This phase is illustrated in Figure 1.9. This phase would mark a major expansion 
for the WWTP. 
Preliminary Treatment: A grit chamber would be added to the Headworks facility. 
Additional pumps would be added to the influent lift station. A second mechanically cleaned 
screen would be added to replace the manually cleaned screen. A Headworks Building 
would be constructed over the screening area. Odor control would be expanded to 
accommodate the new Headworks Building. The existing static screens and unused 
primary clarifier structure would also be demolished.
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Secondary Treatment: A 7 mgd AADF MLE process, with two equally-sized trains, and 
three external clarifiers would be constructed. A RAS/WAS pump station would also be 
constructed. After completion of the Phase 2 expansion, the Biolac® basins would be taken 
offline. A new blower building with climate control would be provided. 
Tertiary Treatment: Disinfection would be expanded as necessary to match the increase in 
capacity. If necessary, disk filters could be added to provide greater effluent disposal 
flexibility. The effluent pump station would be expanded to enable offsite recharge and 
reuse. The tertiary equipment would be constructed in a sequential and common walled 
arrangement, as much as practical, to provide a more compact footprint. 
Solids Handling: Aerobic digesters would be constructed (common walled with the 
aeration basins) along with a new RAS/WAS Building and a new Solids Handling Building. 
The existing sludge storage basin would be drained and decommissioned at the completion 
of Phase 2. These improvements may be completed as part of Phase 1; however, this 
approach may result in separate digesters not common walled with the aeration basins. 

10.3 Buildout 

The third and possibly fourth phase(s) would bring the capacity of the WWTP to buildout at 
14 mgd AADF. This phase is illustrated in Figure 1.10, followed by a process flow 
schematic presented in Figure 1.11. In addition, each phased expansion is summarized in 
Table 1.13. 
Preliminary Treatment: Two additional screen channels and two mechanically cleaned 
screens would be added. A second grit chamber would also be added. Additional pumps 
would be added to the influent lift station. The Headworks Building would be expanded to 
accommodate the additional screening equipment. 
Secondary Treatment: An additional 7 mgd AADF MLE process, comprised of two equally 
sized trains, would be constructed along with two additional external clarifiers and blowers. 
The additional biological basins would be common walled with the basins constructed under 
Phase 2, to provide a more compact footprint. 
Tertiary Treatment: Additional filtration and disinfection equipment would be added. The 
effluent disposal pump station would be expanded, likely by adding additional pumps. 
Solids Handling: Additional aerobic digesters would be common wall constructed with the 
aeration basins. The solids handling equipment would be expanded to match the increase in 
the plant capacity.
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Table 1.13 Expansion Plan Matrix 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 
Existing  
WWTP 

Phase 1 
Expansion 

Phase 2  
Expansion Buildout (1) 

Annual Average Daily 
Flow  (mgd AADF) 

2 4 7 14 

Average Day Max 
Month Flow (mgd 
ADMMF) 

3(2) 6(2) 9.5(3) 19(3) 

Preliminary Treatment 
Screening  Static screens One mechanically 

cleaned screen 
One manually cleaned 
screen 

Add one mechanically 
cleaned screen to replace 
manually cleaned screen 

Four mechanically cleaned 
screens 

Grit Removal None None One mechanical vortex 
grit chamber 

Two mechanical vortex grit 
chambers  

Lift Station Wet Pit (10' diameter) New wet well lift station Add pumps Wet well lift station 
Odor Control None Wet chemical scrubber 

or biofilter to treat 
channel headspace and 
lift station 

Expand to include 
headworks building 

Wet chemical scrubber or 
Biofilter 

Secondary Treatment 
Biological Two 1 mgd Biolac® Add 2 mgd Biolac® Add 7 mgd AADF MLE 

process 
(two 3.5 mgd AADF trains)

14 mgd AADF MLE process 
(four 3.5 mgd AADF trains) 

Clarification Four integral Six integral Three external 110' 
diameter circular clarifiers 

Five external 110' diameter 
circular clarifiers 

RAS/WAS Pumping Air lift Air lift Wet pit submersible pump 
station 

Wet pit submersible pump 
station 
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Table 1.13 Expansion Plan Matrix 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 
Existing  
WWTP 

Phase 1 
Expansion 

Phase 2  
Expansion Buildout (1) 

Tertiary Treatment 
Disinfection Bulk hypochlorite (not used) Bulk hypochlorite or UV Expand disinfection Bulk hypochlorite or UV 
Filtration None None Option - disk filters Option - disk filters 
Effluent Disposal 
Effluent Disposal Pump 
Station 

One pump (not used) Same New vertical turbine pump 
station 

Vertical turbine pump 
station 

Required Recharge(4) 
Area (acres) 

11.2 22.4 39.4 78.8 

Max. Onsite Recharge 
Available (acres) 

25.4 23.4 18.2 19.5 

Offsite Recharge 
Required (acres)(5) 

None None 21.2 59.3 

Solids Handling 
Thickening None None Centrifuge,gravity belt 

thickener, or rotary drum 
thickener 

Centrifuge, gravity belt 
thickener, or rotary drum 
thickener 

Digestion Sludge drying bed Sludge drying bed or 
aerobic digestion 

Two aerobic digesters Four aerobic digesters 

Dewatering None None Centrifuge or belt filter 
press 

Centrifuge or belt filter 
press 
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Table 1.13 Expansion Plan Matrix 
Existing WWTP Evaluation and Expansion Plan 
City of Eloy, Arizona 

 
Existing  
WWTP 

Phase 1 
Expansion 

Phase 2  
Expansion Buildout (1) 

Miscellaneous 
Admin, Maintenance, 
& Lab Building 

Trailer Same Option - add building Option - add building 

Headworks Building None None Add building Headworks building  
Solids Handling 
Building 

None None Add building Solids handling building 

Blower/Electrical 
Building 

Three sided shed Expand existing, enclose, 
add noise controls 

New building Blower and electrical 
building with climate control 

Notes: 
(1) Buildout features shown represent the final quantity and type of each feature, while Phases 1 and 2 represent the additions to the facility. 
(2) Assumed Peaking Factor of 1.5. 
(3) Assumes peaking factor reduced to 1.35 as collection area expands. 
(4) Required recharge area includes a 10% increase to account for containment berms and access roads. However, these features could require 

additional land. These quantities are to serve as an approximation with accurate land areas determined through site-specific hydrogeologic testing. 
(5) Assumes recharge is the only method of effluent disposal. Offsite Recharge Required is the difference between the Max. Onsite Recharge Available 

and the Required Recharge Area. Required Recharge Area is based upon 0.6 acre-ft/acre/day design percolation rate used at the existing WWTP, rate 
taken from Westland (2004). 

 Offsite recharge may be performed at the 81.5 acres of City owned land to the north of the existing WWTP. This would enable all recharge to be 
handled offsite and provide more space at the existing WTTP for treatment process and support facilities. 
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Appendix A 
AQUIFER PROTECTION PERMIT NO. 101689 
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Appendix B  
UNDERGROUND STORAGE PERMIT NO. 71-591932 
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Technical Memorandum No. 2 
PHASED REGIONAL WRF 

REVIEW AND APPROVAL PROCESS 

1.0 INTRODUCTION 
The City of Eloy is expecting rapid growth within the next twenty years. To identify the 
wastewater system required to handle this growth, the City is updating its wastewater 
master plan. This plan will identify the future areas to be served, the location and size of 
major collection system trunk lines, and the location and size of future wastewater 
reclamation facilities (WRF). 
Although this wastewater master plan update is intended to be completed by the end of the 
summer of 2006, it will take many years for the actual facilities to be constructed. However, 
development does not generally follow a logical path and wait for facilities to be in place. 
Instead, developers tend to build where land is the most economical, and this means that 
many new developments could be constructed in areas without existing wastewater 
infrastructure. These developments must have wastewater service including collection, 
treatment, and effluent disposal/reuse. One way for the development to obtain wastewater 
service is for the development to construct the collection system and the initial phase(s) of 
the Regional WRFs. 
The City supports this concept, but historically, small wastewater systems have caused 
problems because of poor design, poor construction, or lack of effective long-term operation 
and maintenance. In addition, all wastewater treatment plants greater than 24,000 gallons 
per day (gpd) capacity are currently required to go through a Central Arizona Association of 
Governments (CAAG) 208 Area Wide Water Quality Management Plan amendment (208 
Plan), which can take up to 12 months to finalize. Pinal County also has a policy of not 
approving a land use permit for any wastewater plant under 1.0 million gallons per day 
(mgd) capacity. In addition, as a private utility system, the developer must also obtain a 
Certificate of Convenience and Necessity (CC&N) from the Arizona Corporation 
Commission.  
The proposed Phased Regional WRF sites, as identified in the Wastewater Master Plan, all 
lie within the City’s existing Designated Management Area (DMA). Therefore, the City has 
authority to approve or disapprove any new WRF within its DMA, per the 208 Plan 
Amendment process. To minimize the problems associated with the development of small 
WRFs and to assist developers through the process, the City has developed a Regional 
WRF and Approval Process. 
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1.1 Wastewater Master Plan and 208 Plan Amendment 

The master plan includes two goals relative to the planning and 208 permitting of the 
Regional WRFs: 
1. Define potential locations and ultimate capacities of the future Regional WRFs for 

incorporation into the 208 Plan. 
2. Develop a Phased Regional WRF Review Process. 
This master plan will be used to update the 208 Plan. The 208 Plan Amendment process, 
through CAAG and ADEQ, commenced in July 2006 with completion likely in the first or 
second quarter of 2007. It is a goal to incorporate all of the proposed Regional WRFs into 
this 208 Plan Amendment process. It is possible that a development schedule identifies the 
need to pursue an individual Regional WRF 208 Plan Amendment. In this event, the 
developer(s) and the City could consider an individual developer-driven 208 Plan 
Amendment for the specific Regional WRF. However, it is very likely that individual 208 
Plan Amendments will not be pursued due to the timing and benefits of combining all the 
Regional WRFs into one 208 Plan Amendment.  
The City is currently pursuing annexation of land outside its existing DMA, which would be 
served by the nearest Regional WRF once the areas are developed. It is anticipated that a 
208 Plan Amendment(s) will be pursued to include these future annexation areas, however 
these areas will not be included in the 2006 208 Plan Amendment process, but rather the 
amendment(s) will be pursued after the annexation within these areas is finalized. 

1.2 Phased Regional WRF Review Process Concept 

The Phased Regional WRF Review Process will allow the City the maximum level of control 
in the planning and construction of the WRFs including: 
• Location 
• Size 
• Process selection 
• Design criteria 
• Operation and maintenance (O&M) requirements 
• Solids handling 
• Effluent disposal/reuse 
• Planning for the future integration into the City system and community 
• Planning for future Regional WRF expansions 
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Within this Review Process, the City is developing two major elements: 
1. Phased Regional WRF Review and Approval Process: This details the steps the 

City and Developer must use to obtain the appropriate City, County (if necessary), 
and CAAG (if necessary) approval. 

2. Phased Regional WRF Design and Construction Guidelines: This identifies the 
guidelines and criteria for the selection of the WRF process, manufacturers, 
construction quality, and criteria to allow for future expansions at these sites. 

This document describes the Phased Regional WRF Review and Approval Process. A 
separate document has been prepared for the Phased Regional WRF Design and 
Construction Guidelines. 

2.0 PHASED REGIONAL WRF ASSUMPTIONS 
The Phased Regional WRF shall be defined as a wastewater reclamation facility that will be 
expanded over several phases as the developments within its wastewater service area are 
constructed. The initial phase will be constructed by the developer(s) within the wastewater 
service area, in order to expedite the construction of these facilities, to provide timely 
wastewater service to these developments, and to promote growth outside the existing City 
wastewater collection system. The Regional WRFs will be planned with the goal of 
beneficial reuse of reclaimed water. As such, the WRFs will likely be located near 
reclamation opportunities and will (in contrast to typical wastewater treatment plants) not 
necessarily be located at the geographic low point of the wastewater service area. The 
initial phase of each Regional WRF might not include features of the Ultimate Regional 
WRF. The initial phase is assumed to be constructed as a relatively small wastewater 
facility, likely with a rated capacity under 1 or 2 mgd. However, larger initial facilities can be 
pursued on a case-by-case basis if warranted by the development. 
The development of the proposed Phased Regional WRF Review and Approval Process 
requires some initial assumptions regarding the WRFs, including the following: 
1. Regional WRFs will only be considered within the service areas established by the 

City. 
2. Each Regional WRF will be constructed by the developer as the initial phase of the 

permanent Regional WRF. 
3. Each Regional WRF will be constructed at a location advantageous to water 

reclamation. 
4. Adequate space will be provided to accommodate future expansion of each Regional 

WRF to serve its designated region. The initial phase shall be planned to 
accommodate future expansions to build-out at the designated site. 

5. The initial phase of each Regional WRF must have the capability to meet all required 
effluent water quality standards as stated in the Arizona Administrative Code (A.A.C.). 
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In addition, each WRF will not discharge to any waters of the U.S. (thereby requiring 
an NPDES permit). 

6. Once built, each Regional WRF will be owned and operated by the City. 

3.0 CITY OF ELOY BOUNDARIES 
Figure 2.1 shows the existing wastewater planning and service area for the City. Also 
shown is the DMA boundary, proposed planning, and future service areas of the City, along 
with the proposed locations for the future Regional WRFs. The Phased Regional WRF 
Review and Approval Process would be initiated for each of the Regional WRF shown in 
Figure 2.1. 

4.0 COUNTY APPROVAL PROCESS 
Currently, the City has no formal wastewater facility review and approval process for any 
area inside or outside of its current DMA boundaries. A Developer wishing to construct a 
wastewater treatment system outside the City DMA must go through the County review and 
approval system. For comparison purposes, the general steps a Developer would have to 
go through (if the proposed plant was greater than 24,000 gpd) includes the following just to 
meet 208 Plan Amendment requirements: 
1. Developer meets with County to identify project. 
2. Obtain land use permit from County Board of Supervisors (Note: the County has a 

policy of not approving treatment facilities less than 1.0 mgd, and to obtain a land use 
permit for a treatment facility less than 1.0 mgd could require an extensive effort). 

3. Developer submits Draft 208 Amendment Report to County. 
4. County reviews Draft 208 Amendment Report. 
5. If the proposed plan concept fits into the County’s overall plan, the County will send a 

letter and a proposal summary to CAAG (with copy to the developer), stating that the 
treatment facility is compatible with the 208 Plan.  

6. CAAG reviews submittal to verify compliance with the 208 Plan and that the Regional 
impacts have been addressed. If the treatment facility is compatible, CAAG will 
submit the proposal to the CAAG committees and the Regional Council.  

7. 208 Amendment approved by CAAG Sub Committees, Regional Council and State 
Water Quality Working Group. 

8. Based on the Regional Council actions, CAAG informs the Arizona Department of 
Environmental Quality (ADEQ) that the treatment facility is compatible with the 208 
Plan. 

EPA reviews Amendment and if acceptable, the Governor signs the Amendment.  
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Items 1 through 9 can take up to 24 months or more to complete depending on the 
problems in obtaining the land use permit. In addition, any new treatment facility near the 
City’s existing DMA and planning area is subject to City comments or objections through 
the 208 Plan Amendment process. 
The City’s Regional WRF approach will shorten this timeline since the City initiated 208 
Plan Amendment includes all of the future Regional WRF, thereby eliminating the steps 
outlined above. Developments seeking to construct wastewater facilities within the City’s 
existing DMA are discussed in the following section, which details steps in the City’s 
proposed Review and Approval Process. 

5.0 PROPOSED PHASED REGIONAL WRF REVIEW AND 
APPROVAL PROCESS 

This section describes the proposed process for the City to review and approve the initial 
phase of the Regional WRF being proposed by developers within the City’s DMA.  
The process for review and approval of the initial phase of the Regional WRF is as follows: 
1. Developer meets with City to discuss the project and City requirements. 
2. Developer submits phased Regional WRF Data Sheet to City (see Appendix A). 
3. City reviews phased Regional WRF Data sheet, and approves or disapproves initial 

phase request based on the review criteria contained in Appendix B. 
4. City sends a concept approval letter to developer. 
5. If City approves the initial phased Regional WRF concept, the Developer will submit a 

phased Regional WRF Engineering Report to City. 
6. City reviews Engineering Report. 
7. Upon acceptance of the Engineering Report, the developer can proceed in obtaining 

the necessary Approval to Construct and APP permits from ADEQ. The developer 
shall provide copies of the ADEQ permitting submittals to the City. 

8. Developer submits intermediate (approximately 60-percent completion stage) design 
drawings and specifications for City review and comment. 

9. Upon City approval of the intermediate design submittal, the developer submits Final 
(100-percent completion stage) design drawings and specifications for final City 
comment and approval.  

10. Upon acceptance of the Final design drawings and specifications the City will issue a 
Regional WRF Construction Permit. 

The Engineering Report and design submittals must all conform to Appendix C and the 
Phase Regional Design and Construction Guidelines. 
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Since the City will own and operate each Regional WRF once construction is complete, the 
Developer will not be required to go through the effort to obtain the CC&N for the system, 
since it will never operate as a privately owned system. 
Should the Developer not be able to work out the details of its proposed initial phase of the 
Regional WRF with the City, it would not be able to proceed. The City would not approve 
the Final plans and specifications without a letter of compliance from ADEQ. ADEQ will not 
give a letter of compliance without letters of concept approval and support from the City.  
This approach is in line with the overall approach of the Certified Areawide Water Quality 
Management Plan (A.A.C. R18-9-5-301), which is commonly termed the 208 Plan, since it 
promotes wastewater treatment on a Regional basis and it is intended that all 
developments within the City Planning Area will be served by a future Regional WRF. 
.
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Appendix A  

PHASED REGIONAL WRF  
DATA SHEET 
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CITY OF ELOY 
PHASED REGIONAL  

WASTEWATER RECLAMATION FACILITY  
DATA SHEET 

City of Eloy 628 N. Main St., Eloy, AZ 85231 
Tel. No. (520) 466-9201, Fax (520) 466-3161 

 

1. PROJECT/DEVELOPMENT DESCRIPTION 
Project Name   
Street Address   
Legal Description (Section, Township & Range)   
Land Area (Acres)   
Brief Description of Project (Type of development, number of homes, density of homes, etc.) 
  
  
  
  
Project Schedule (Start construction, homes in first year, homes in next 4 years) 
  
  
Please attach figures of the proposed developments 

2. APPLICANT INFORMATION 
Name   
Mailing Address   
Phone   Fax   
Status (Owner, Agent, Engineer, etc.)   
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3. OWNER INFORMATION (If different from above) 
Name   
Mailing Address   
Phone   Fax   

4. PROJECTED WASTEWATER FLOW 
Estimated Flow per Dwelling Unit (gallons per day)   
Future Flows (gallons per day)   
  
Proposed Maximum Capacity of Plant   

5. PARTNERSHIPS (if any other Owner/developments to be included in initial phase of 
Regional WRF) 
Name   
Mailing Address   
Phone   Fax   
If needed attach a second page with information on the partners for this project. 

6. PROPOSED WRF SITE DESCRIPTION 
Street Address (or boundary roads)   
Legal Description (Section, Township & Range)   
Land Area (Acres) Min/Max available  
Brief Description of Site and any Potential Issues with Site 
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7. EFFLUENT REUSE/SOLIDS DISPOSAL 
Planned Reuses   
Emergency Discharge   
Solids Disposal   
Other opportunities for Water Reuse   

8.  CAPITAL FUNDING 
Estimated Capital Cost   
Estimated Operation & Maintenance Cost per Year   
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Appendix B 

PHASED REGIONAL WRF APPLICATION  
CITY INTERNAL REVIEW FORM 
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CITY OF ELOY 
PHASED REGIONAL 

WASTEWATER RECLAMATION FACILITY  
CITY INTERNAL REVIEW FORM 

City of Eloy 628 N. Main St., Eloy, AZ 85231 
Tel. No. (520) 466-9201, Fax (520) 466-3161 

 

1.  WASTEWATER SERVICE AREA 
Wastewater Service Area to be Served   
Location of Nearest Sewer Line   
Distance to Nearest Sewer Line   
Location of Proposed Sewer Line   
Schedule for Proposed Sewer Line   
Distance to Nearest Planned or Existing Treatment Facility   

2. POTENTIAL WRF BENEFITS 
Potential Benefits Could Include: Delays or promotes interceptor construction, allows 
additional development in area, designated by City as a site for future Regional plant, 
provides water source, etc.) 
  
  
  
  

3.  POTENTIAL WRF PROBLEMS 
Potential Problems Could Include: Location and size not as defined in Master Plan, other 
non-conformance issues with Master Plan, excess effluent for proposed reuses, no solids 
disposal plan, site proposed is too small, permitting, other issues with location, etc. 
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4. POTENTIAL FOR COMBINING WITH OTHER DEVELOPMENTS 
Nearest Proposed Development   
  
Nearest Proposed Common Sewer Line   
  

Other Developments that this Initial Phase WRF Could Serve   
  

Potential for Additional Funding Partners (see other developments above)   
  

5.  FINANCIAL  
Estimated Capital Cost   
Estimated O&M Cost   

6.  Other Comments 
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Appendix C  

PHASED REGIONAL WRF 
ENGINEERING REPORT REQUIREMENTS 
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CITY OF ELOY 
PHASED REGIONAL 

WASTEWATER RECLAMATION FACILITY  
ENGINEERING REPORT REQUIREMENTS 

City of Eloy 628 N. Main St., Eloy, AZ 85231 
Tel. No. (520) 466-9201, Fax (520) 466-3161 

INSTRUCTIONS 
After the initial Data Sheet has been approved by the City for the Regional WRF, the applicant 
will submit an engineering report describing the following details about the proposed 
development and the initial phase of the Regional WRF. The Engineering Report shall be 
sealed and signed by an Arizona licensed professional engineer. The Engineering Report 
must also correspond to the requirements set forth under the Phase Regional WRF 
Design and Construction Guidelines.  

1. DEVELOPMENT DESCRIPTION 
This description will cover the following items: 
• General location map showing development location within the City, development 

boundaries, water courses, nearest City sewer lines, scale and north arrow 
• Development description including type of development, residential, mixed use, 

commercial, etc. 
• Proposed size of development 
• Proposed schedule for construction 

2. PROJECTED FLOW 
• Land use densities 
• Unit flows per dwelling unit 
• Peaking factors 
• Phasing of projected flows by year 
• Projected influent quality and loadings - BOD, SS, NH3  

3. WRF LOCATION  
Regional WRF location map showing:  
• Plant location 
• Floodplain 
• Washes 
• Surrounding land use 
• Water wells within 1/2 mile 
• Initial and maximum area available for the Regional WRF 
• Setbacks 
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4. EFFLUENT QUALITY 
Identify effluent disposal methods, locations for disposal, and associated quality 
requirements. 
Proposed effluent quality: A+, A, B+, B, etc. 

5. PROCESS SELECTION 
This section identifies which treatment processes were evaluated and which process was 
selected for the initial phase of the Regional WRF. 
• Describe treatment options identified and evaluated 
• Describe evaluation process 
• Describe the selected system 
• Describe conformance to BADCT standards 

6. PRELIMINARY PLANT DESIGN 
Describe the WRF unit operations, configuration, flow diagram, storage areas, discharge 
locations, etc. The following shall be addressed: 
• Treatment units 
• Unit sizes 
• Plant layout 
• Disinfection (dechlorination if chlorine disinfection) 
• Odor control 
• Process control 
• Emergency power 
• Expansion options 
• Solids handling 
• Solids disposal 
• Effluent disposal/reclamation 
• Geotechnical Report including soils investigation 
• Figures showing the schematic diagram, preliminary hydraulics, and facility layout, 

are required 

7. Operation 
• Describe normal operation of facility 
• Provide operation and maintenance plan for WRF 
• Contingency and emergency operation plan 
• System start-up plan 
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8. COST ESTIMATE 
• Capital costs 
• O&M costs 

9. Permitting and Approval 
This identifies the additional permitting and approvals required for the WRF: 
• APP  
• County 
• Other 

10. PROJECT SCHEDULE 
Identify the total plant schedule including: 
• Start construction 
• Start-up 
• On-line 

11. EXPANSION PLANNING 
Suitability of the proposed site for the Buildout Regional WRF shall be addressed 
including: 
• Layout Figure of Buildout Regional WRF on the proposed site, include setbacks 
• Basis for layout of Buildout Regional WRF 
• Processes requiring odor control due to setbacks and buildout layout 
• Features of initial WRF that can be used for Buildout Regional WRF 
• Buildout effluent disposal methods (if effluent disposal cannot be met by onsite 

recharge only, discuss feasible alternatives and quantify offsite effluent disposal) 
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Technical Memorandum No. 3 
PHASED REGIONAL WRF 

DESIGN AND CONSTRUCTION GUIDELINES 

1.0 INTRODUCTION 
The City of Eloy is expecting rapid growth within the next twenty years. To identify the 
wastewater system required to handle this growth, the City is updating its wastewater/ 
sewer master plan. This plan will identify the future areas to be served, the location and 
size of major collection system trunk lines, and the location and size of future water 
reclamation facilities (WRFs). 

Although this wastewater master plan update is intended to be completed during the 
summer of 2006, it will take many years for the actual facilities to be constructed. However, 
development generally does not follow a logical timeline and wait for facilities to be in place. 
Instead, developers tend to build where land is the most economical, and this means that 
many new developments could be constructed in areas without existing wastewater 
infrastructure. These developments must eventually have wastewater service including 
collection, treatment, and effluent disposal/reuse. One way for the development to obtain 
wastewater service is for the development to construct the collection system and the initial 
phase(s) of the Regional WRFs, through developer agreements with the City. 

The City supports this concept, but historically, small wastewater systems have caused 
problems because of poor design, poor construction, or lack of effective long-term operation 
and maintenance. In addition, all wastewater treatment plants greater than 24,000 gallons 
per day (gpd) capacity are currently required to go through a Central Arizona Association of 
Governments (CAAG) 208 Area Wide Water Quality Management Plan (208 Plan) 
amendment, which can take more than 12 months to finalize. Pinal County also has a policy 
of not approving a land use permit for any wastewater treatment plant under 1.0 million 
gallons per day (mgd) capacity. In addition, the developer must also obtain a Certificate of 
Convenience and Necessity (CC&N) from the Arizona Corporation Commission, if they 
intend to operate the facility as an independent utility system (e.g. non-City operated 
facility). 

The proposed Phased Regional WRF sites, as identified in the Wastewater Master Plan, all 
lie within the City's existing Designated Management Area (DMA). Therefore, the City has 
authority to approve or disapprove any new WRF within its DMA, per the 208 Plan 
Amendment process. To minimize the problems associated with the development of small 
WRFs and to assist developers through the process, the City has developed a Regional 
WRF and Approval Process. 
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1.1 Wastewater Master Plan and 208 Plan Amendment 

The master plan includes two goals relative to the planning and 208 permitting of the 
Regional WRFs: 

1. Define potential locations and ultimate capacities of the future Regional WRFs for 
incorporation into the 208 Plan 

2. Develop a Phased Regional WRF Review and Approval Process 

The 208 Plan Amendment process, as defined by the current wastewater master planning 
efforts and permitted through CAAG and ADEQ, commenced in July 2006 with completion 
likely in the first or second quarter of 2007. The goal was to incorporate all of the proposed 
Regional WRFs into this 208 Plan Amendment process. It is possible that a specific 
development schedule may dictate the need to pursue an individual Regional WRF 208 
Plan Amendment, prior to the completion of the City's overall 208 Plan Amendment. In this 
event, the developer(s) and the City could consider an individual developer-driven 208 Plan 
Amendment for the specific Regional WRF. However, it is very likely that individual 208 
Plan Amendments will not be pursued due to the timing and benefits of combining all the 
Regional WRFs into one 208 Plan Amendment.  

The City is currently pursuing annexation of land outside its existing DMA, which would be 
served by the nearest Regional WRF once the areas are developed. It is anticipated that 
208 Plan Amendment(s) will be pursued to include these future annexation areas; however, 
these areas will not be included in the current (2006) 208 Plan Amendment process, but 
rather this process will be pursued after the annexation within these areas is finalized. 

1.2 Phased Regional WRF Review Process Concept 

The Phased Regional WRF Review Process will allow the City the maximum level of control 
in the planning and construction of the WRFs including: 

• Location 

• Size 

• Process selection 

• Design criteria 

• Operation and maintenance (O&M) requirements 

• Solids handling 

• Effluent disposal/reuse 

• Planning for the future integration into the City system and community 

• Planning for future Regional WRF expansions 
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Within this Review Process, the City is developing two major elements: 

1. Phased Regional WRF Review and Approval Process: This details the steps the 
City and Developer must follow to obtain the appropriate City, County (if necessary), 
and CAAG (if necessary) approval. 

2. Phased Regional WRF Design and Construction Guidelines: This identifies the 
guidelines and criteria for the selection of the WRF process, manufacturers, 
construction quality, and criteria to allow for future expansions at these sites. 

This document describes the Phased Regional WRF Design and Construction Guidelines. 
A separate document has been prepared for the Phased Regional WRF Review and 
Approval Process. Both of these documents are to be used in the proposed review and 
approval process. 

2.0 PHASED REGIONAL WRF ASSUMPTIONS 
The Phased Regional WRF shall be defined as a water reclamation facility that will be 
expanded over several phases as the developments within its wastewater service area are 
constructed. The initial phase will be constructed by the developer(s) within the wastewater 
service area, in order to expedite the construction of these facilities, to provide timely 
wastewater service to these developments, and to promote growth outside the existing City 
sewer collection system. The Regional WRFs will be planned with the goal of beneficial 
reuse of reclaimed water. As such, the WRFs will likely be located near reclamation 
opportunities and will (in contrast to typical wastewater treatment plants) not necessarily be 
located at the geographic low point of the wastewater service area. The initial phase of 
each Regional WRF might not include features of the ultimate Regional WRF. The initial 
phase is assumed to be constructed as a relatively small wastewater facility, likely with a 
rated capacity under 1 or 2 mgd. However, larger initial facilities can be pursued on a case-
by-case basis if warranted by the development. 

The development of the proposed Phased Regional WRF Review and Approval Process 
requires some initial assumptions regarding the WRFs, including the following: 

1. Regional WRFs will only be considered within the service areas established by the 
City. 

2. Each Regional WRF will be constructed by the developer as the initial phase of the 
permanent Regional WRF. 

3. Each Regional WRF will be constructed at a location advantageous to water 
reclamation. 

4. Adequate space will be provided to accommodate future expansion of each Regional 
WRF to serve its designated region. The initial phase shall be planned to 
accommodate future expansions to buildout at the designated site. 

5. The initial phase of each Regional WRF must have the capability to meet all required 
effluent water quality standards as stated in the Arizona Administrative Code (A.A.C.). 
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In addition, each WRF will not discharge to any waters of the U.S. (thereby requiring 
an NPDES permit). 

6. Once built, each Regional WRF will be owned and operated by the City. 

The potential locations of the Regional WRFs and their respective service areas are 
presented in Figure 3.1. Note that the Wastewater Service Area 1 is served by the existing 
wastewater treatment plant (WWTP). The existing WWTP is not included in the Phased 
Regional WRF Process since it is an existing facility. Expansions to the existing WWTP are 
covered under Technical Memorandum No. 1.  

3.0 GENERAL REGIONAL WRF DESIGN AND CONSTRUCTION 
GUIDELINES 

3.1 Initial Project Phasing 

It is recognized that wastewater quantity will increase as developments grow. To 
accommodate this condition, water reclamation facilities are often constructed in phases. 
Typically, a relatively small facility will be constructed to accommodate flows from the initial 
development and as the development progresses, the wastewater facilities are expanded to 
treat the higher flows generated by the growth. 

The initial capacity required for each Regional WRF covered under these guidelines, as 
defined by the annual average daily design flow (AADF) will be determined on a site-by-site 
basis. The primary decision factor regarding the acceptable initial capacity will be the 
anticipated timing of construction of the developments within the wastewater service area 
served by the Regional WRF. 

The unit cost of treating wastewater will generally decrease as the size of the WRF 
increases. Therefore, as part of the project-specific Engineering Report required for each 
Regional WRF (see Section 3.14 herein), an estimate of annual O&M costs for treatment 
shall be required.  

3.2 Effluent Disposal 

The level of treatment (effluent quality) required at each Regional WRF will be dependent 
upon the effluent disposal method(s) and the best available demonstrated control 
technology (BADCT) treatment performance requirements as defined by ADEQ. The 
effluent disposal methods promoted by the City are: 

• Urban Lakes, Wetlands, and Riparian Preserves 

• Recharge Basins 

• Athletic fields and other open access landscape irrigation 

• Agricultural uses 
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Other effluent disposal methods may be proposed and will be handled on a case-by-case 
basis. The minimum reclaimed water quality requirements for different reuse options are 
provided in the following table. 
 
Table 3.1 Minimum Reclaimed Water Requirements for Direct Reuse(1) 

Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Type of Direct Reuse 
Minimum Class of Reclaimed Water 

Required 
Irrigation of food crops A 
Recreational Impoundments A 
Residential Landscape Irrigation A 
School ground landscape irrigation A 
Open access landscape irrigation A 
Toilet and urinal flushing A 
Fire protection systems A 
Spray irrigation of an orchard or vineyard A 
Commercial closed loop air conditioning systems A 
Vehicle and equipment washing (does not 
include self-service vehicle washes) 

A 

Snowmaking A 
Surface irrigation of an orchard or vineyard B 
Golf course irrigation B 
Restricted access landscape irrigation B 
Landscape impoundment B 
Dust control B 
Soil compaction and similar construction activities B 
Pasture for milking animals B 
Livestock watering (dairy animals) B 
Concrete and cement mixing B 
Materials washing and sieving B 
Street cleaning B 
Pasture for non-dairy animals C 
Livestock watering (non-dairy animals) C 
Irrigation of sod farms C 
Irrigation of fiber, seed, forage, and similar crops C 
Silviculture C 
Notes: 
(1) Reference: A.A.C. R18-11-309 Table A 
(2) Denitrification is designated by adding a "+" to the Class, for example A+. 
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3.3 Effluent Quality 

As stated previously, the treated effluent must (at a minimum) meet or exceed the current 
standards set forth in the Arizona Administrative Code (A.A.C.), specifically as defined in 
R18-9 and R18-11. The specific WRF effluent limits, sampling parameters, and sampling 
frequency shall be determined by the various permits required for the Regional WRF.  

Typically, ADEQ requires Class B+ for effluent disposal via recharge basins, while open 
access methods, also promoted by the City, require Class A+. Since the land requirement 
for disposal via recharge basins is substantial, it is anticipated that each Regional WRF will 
use multiple effluent disposal methods. Therefore, each Regional WRF may include the 
flexibility to produce Class A+ or Class B+ depending upon the disposal method. While 
effluent disposal methods requiring a Class C level of treatment may be available, it should 
be noted that the effluent would still be required to meet the BADCT standards, which 
requires denitrification and more stringent disinfection requirements. 

The BADCT treatment performance requirements, reclaimed water quality standards, and 
recommended effluent design criteria are provided in Tables 3.2, 3.3, and 3.4, respectively. 
 
Table 3.2 BADCT Effluent Requirements  

Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Parameter 

Average Daily Flow 
< 250,000 gpd 

Effluent Limits(1) 

Average Daily Flow 
> 250,000 gpd 

Effluent Limits(1) 
pH 6.0 - 9.0 6.0 - 9.0 
BOD (30 day average) < 30 mg/L < 30 mg/L 
BOD (7 day average) < 45 mg/L < 45 mg/L 
TSS (30 day average) < 30 mg/L < 30 mg/L 
TSS (7 day average) < 45 mg/L < 45 mg/L 
Removal Efficiency for BOD, CBOD, TSS 85% 85% 
Total Nitrogen (as N) (2) < 10 mg/L < 10 mg/L 
Fecal Coliform    

Single sample maximum 800 cfu/100 mL 23 cfu/100 mL 
Seven sample median 200 cfu/100 mL 2.2 cfu/100 mL 

Notes: 
(1) Reference: A.A.C. R18-9-B204 
(2) Five month rolling geometric mean 
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Table 3.3 Reclaimed Water Quality Standards 
Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Parameter 
Class A+ (1) 

Effluent Limits 
Class B+ (2) 

Effluent Limits 
Class C (3)  

Effluent Limits 
Total Nitrogen (as N) (4) < 10 mg/L < 10 mg/L N/A 
Turbidity     

Daily (24-hour) average 2 NTU N/A N/A 
Single sample maximum 5 NTU N/A N/A 

Fecal Coliform     
Single sample maximum 23 cfu/100 mL 800 cfu/100 mL 4,000 cfu/100 mL 
Four out of last seven daily 
samples 

Non Detect 200 cfu/100 mL 1,000 cfu/100 mL 

Notes: 
(1) Reference: A.A.C. R18-11-303 
(2) Reference: A.A.C. R18-11-305 
(3) Reference: A.A.C. R18-11-307 
(4) Five sample geometric mean 
(5) Class A, B, C, etc uses are listed in R18-11 Table A. 

 
Table 3.4 Recommended Effluent Design Criteria 

Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Parameter Effluent Limits 
pH 6.0 - 9.0 
BOD < 10 mg/L 
TSS < 10 mg/L 
Total Nitrogen (as N) < 8 mg/L 
Turbidity (1)  

Daily (24-hour) average 2 NTU 
Single sample maximum 5 NTU 

Fecal Coliform (2)  
Single sample maximum 23 cfu/100 mL 
Seven sample median 2.2 cfu/100 mL 

Notes: 
(1) Turbidity monitoring only required if Class A+ reclaimed water is being produced. 
(2) Fecal Coliform for four out of last seven daily samples must be non detect if Class A+ 

reclaimed water is being produced. 
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In order to meet these effluent water quality requirements, the initial phase of the Regional 
WRF will be required to provide (at a minimum) preliminary and secondary treatment, 
followed by tertiary filtration and disinfection. Specific treatment processes and design 
criteria for the initial phase of the Regional WRF in the City will be described in further detail 
in Section 3.5. 

3.4 Design Peaking Factors 

The most common method of determining applicable peaking factors is from the analysis of 
existing flow rate data. However, if existing flow measurement records are unavailable or 
inadequate (as is expected for the initial phases of the WRFs), the peaking factors in 
Table 3.5 (at a minimum) shall be applied. 
 
Table 3.5 Acceptable Design Peaking Factors 

Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Parameter Peak Factor 
Peak Hour 4.0 
Peak Day 3.0 
Average Day Peak Month 2.0 

3.5 WRF Site Requirements 

Site selection criteria for the Regional WRFs, including site access and security, aesthetics, 
location of facilities relative to future connection (per Eloy Wastewater Master Plan), facility 
redundancy and contingency options, flood control, and storm water management, are 
discussed herein.  

Potential sites shall be of sufficient area to accommodate the ultimate Regional WRF 
footprint. If the ultimate Regional WRF will include adjacent effluent disposal features (such 
as riparian preserve, recharge basins, etc.), the land requirement will be contingent upon the 
site-specific soil infiltration capabilities. Regional WRF proposed without adjacent effluent 
disposal features must identify, in the Engineering Report, the location(s) for the effluent 
disposal features. Minimum land requirements for the WRF are provided in Table 3.6. The 
land requirements shown may be reduced based upon site-specific soil information, and 
increases of effluent disposal by methods other than recharge basins (such as irrigation and 
Aquifer Storage and Recovery Wells). 
 



 

September 2006 3-10 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No03\Final-TM3.doc 

Table 3.6 Regional WRFs - Projected Land Requirements 
Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Waste-
water 

Service 
Area 

Ultimate Average 
Daily Flow 

(mgd) 

Estimated 
Process Footprint

(Acres)(1) 

Estimated 
Recharge Area 

(Acres) 

Total Estimated 
WRF Footprint 

(Acres)(2) 

1 Refer to Tech Memo No. 1 for information on the existing WWTP 
2 21 45 97 142 
3 14 37 65 102 
4 6 30 28 58 
5 15 38 707 108 
6 9 28 42 70 
7 14 37 65 102 
8 8 25 37 62 
9 16 40 74 114 

10 1.5 10 7 17 
Notes: 
(1) WRF process footprints determined from the potential ultimate buildout layout of the WRF and a 

350 setback to property lines for full odor and noise controls. Footprint will be dependent upon 
the facilities selected for the ultimate Regional WRF the numbers provided are for planning 
purposes only. 

(2) Total estimated footprint area requirement includes land required for effluent disposal features 
(recharge basins, riparian preserve, etc.) with an estimated percolation rate of 1.2-feet per day, 
a 50% increase in recharge land area for wet/dry cycling, and an additional 20% increase to 
account for containment berms and access roadways. Also assumes 25% of reclaimed water is 
disposed via other methods, irrigation, ASR, etc. [Note: Percolation rate from existing Eloy 
WWTP recharge basin design.] 

(3) Areas provided are approximate and will require site-specific planning measures to determine 
the actual area required for the ultimate Regional WRF sites.  

Potential sites for the Regional WRFs must be of sufficient size to meet the setback 
requirements set forth in A.A.C. R18-9-B201, as summarized in Table 3.6. Setback is 
defined as the distance from the WRF to the nearest contiguous property line. Selected 
sites must take into account the future expansion of the Regional WRF and its ultimate size. 
Additional space is to be set aside on the site for treating of flows from future developments 
within the wastewater service area, for future sludge processing on-site, or other operation 
and maintenance-related activities. Therefore the ultimate site footprint shall provide the 
setback requirements for facilities over 1 mgd, as defined in Table 3.7. The setbacks may 
be required between the WRF and any contiguous effluent disposal features since these 
features will likely be frequented by the community. This will be addressed on a case-by-
case basis. 
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Table 3.7 Facility Setback Requirements 
Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Sewage Treatment Facility 
Design Flow 

(gpd) 

No Noise, Odor, or 
Aesthetic Controls 

(feet) 

Full Noise, Odor, and 
Aesthetic Controls 

(feet) 
24,000 to less than 100,000 350 50 
100,000 to less than 500,000 500 100 
500,000 to less than 1,000,000 750 250 
1,000,000 or greater 1,000 350 
Source: Arizona Administrative Code (A.A.C.) R18-9-B201 

All wastewater facilities within Eloy are intended to be "good neighbors," meaning that all 
WRFs shall be provided with odor and noise control, as defined further in Sections 3.6 and 
3.7, respectively. All property owners whose property is adjacent to the proposed WRF site 
shall be fully informed about the proposed WRF. The WRF site plan shall be submitted to 
the City of Eloy for review and approval as part of the Engineering Report submittal.  

3.5.1 Site Access and Security 

The requirement for access for the WRF site includes adequate access for operations and 
maintenance vehicles to the site from public roads and within the site to the process tanks 
and buildings.  

Access roads to a site from public roads and access roads within the site shall be a 
minimum 24-foot wide road, designed in accordance with the latest edition of the Maricopa 
Association of Governments Standards for Public Works Construction. Where possible, 
access shall be from a main road and not a side street in a subdivision. Two entrances from 
separate roads to the site shall be provided, where practical. 

The WRF roadway system shall be laid out to provide access for large trucks to all 
treatment facilities for WRF operation and maintenance. The minimum turning radius for 
WRF roads shall be 40 feet. Where equipment maintenance requires the use of truck-
mounted or portable hoists, space must be sufficiently allocated for this equipment. 

Secured access to the WRF site shall be provided, in the form of either full perimeter 
fencing or block walls, with lockable gates. Signs shall be posted identifying the site as a 
water reclamation facility and forbidding trespassing. The potential for vandalism at a given 
site shall be discussed with the City, and appropriate security measures designed and 
constructed. All exterior doors shall be of metal construction, and all glass shall be 
tempered. Exterior locks shall be of the mortise type. A single key shall operate all locks. 

The WRF access shall be reviewed with the City of Eloy Fire Department to verify that the 
requirements for fire protection have been met. 
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Access within the WRF shall be provided for general operation and maintenance of all 
equipment as follows: 

• A minimum of 3 feet clearance space around all process equipment. 

• A minimum of 3 feet clearance in front of electrical panels. 

• A minimum of 3 feet clearance in back of control panels. 

• Walkways 4 feet wide shall be provided around all process tanks. 

3.5.2 Aesthetics 

In addition to the odor and noise control requirements per Sections 3.6 and 3.7, 
respectively, the site and the facility shall be designed to be compatible with the 
environment of the surrounding area, while presenting an image of being unobtrusive and 
aesthetically pleasing. The following shall be considered: 

• Use low water plantings for landscaping. Landscape plants that will act to visually 
shield the WRF process tanks are encouraged. 

• Use materials that are the same as, or compatible with, neighboring structures. 

• Roofs and/or tops of structures shall be as free of visible mechanical equipment as 
possible. 

• Use site lighting per the City's standards. 

• In general, materials of construction shall be corrosion resistant and require a 
minimum amount of maintenance. 

3.5.3 Location of Facilities Relative to Future Connections 

The future use of the site will be contingent upon a number of factors, including growth of 
the development and surrounding area, and coordination with the City's Wastewater and 
Water Master Plans. It is assumed that the Regional WRF site will ultimately serve its entire 
wastewater service area. The ability to connect the entire wastewater service area to the 
Regional WRF shall be considered when locating the new site. As such, the required 
location and orientation of some facilities on the site will be dependent on the overall site 
location within the City's planning area, and will require coordination and final approval by 
the City. 

3.5.4 WRF Redundancy and Contingency Options 

Since the Regional WRF will be a stand-alone facility, WRF bypass capability will not be 
available. Therefore, sufficient WRF redundancy will be required.  

Redundancy shall be achieved by providing multiple treatment trains and standby 
equipment as identified in Section 3.5 herein. Sufficient spare parts shall be provided in the 
initial WRF construction to repair or replace any piece of critical process equipment within 
24 hours. 
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If there is a major interruption in the treatment process and wastewater is not treated or 
only partially treated, the contingent procedures may involve emergency basin storage and 
pump-back facilities, and possibly the use of tanker trucks to collect and transport flows to 
the nearest wastewater treatment facility until the major interruption is mitigated. All 
contingency options must be addressed in the Engineering Report submittal for the City's 
review and approval. 

3.5.5 Flood Control 

The flood potential of the site shall be addressed in the Engineering Report submittal. If the 
site is subject to potential flooding, flood protection for structures and equipment shall be 
provided in the form of berms, dikes, or floodwalls. The flood protection shall be designed to 
allow WRF operation to continue during a 25-year flood, and to protect the facilities from 
damage during a 100-year flood. Access to the site and the protected facilities shall be 
maintained under these flood conditions. 

3.5.6 Storm Water Management 

All storm water from the WRF site shall be retained on-site. The site shall be graded such 
that surface water does not drain into the WRF collection system or the process tanks. 

3.6 Acceptable Treatment Processes and Equipment 

The City of Eloy has identified the following acceptable processes to be utilized for the initial 
phase of the Regional WRFs. The WRF should only use standard treatment processes and 
proven technologies, and (at a minimum) should contain the following components: 

• Influent pumping 

• Screening facilities 

• Biological secondary treatment (capable of nutrient removal) 

• Secondary clarification 

• Tertiary filtration (or future accommodations for filtration)  

• Disinfection 

• Effluent pumping 

• Reclaimed water storage 

• Solids processing and disposal 

A process flow diagram of the acceptable initial Phase Regional WRF processes is shown 
in Figure 3.2. The "package plant" type treatment processes will not be acceptable. 

Since City will take over ownership and operation of the completed facility, all equipment 
models and manufacturers must be approved by the City, and the City reserves the right to 
deny the use of any equipment and/or manufacturer not deemed suitable or preferred by 
the City. 
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3.6.1 Influent Pumping 

Influent pumping shall be designed with submersible-type sewage pumps, possibly placed 
in a wet well or manhole located on the WRF site, and supplied with lift-out rails to allow 
pump removal without entering the wet well. The firm capacity should be sized by the peak 
hour design flow and controlled by the wet well (or manhole) level. Online standby capacity 
should be provided with at least one (1) standby pump of the largest size installed. The 
influent pump station may be located before or after the headworks (screening and grit 
removal) depending upon the site-specific hydraulic constraints. 

3.6.2 Screening Facilities 

Mechanical screening shall be required before the secondary treatment process in order to 
protect the downstream processes and equipment. Acceptable screens should have a 
maximum opening size of 0.25 inches. Either one unit with a bypass channel, or two units 
without bypass, shall be installed. Integral washing and compacting of screenings is also 
required.  

The firm capacity of the screening units and channels should be sized by the peak hour 
design flow and controlled by the differential level across the screen(s). Due to the 
corrosive nature of raw wastewater, the screens should be made out of a sufficiently 
resistant material (typically Type 316 stainless steel).  

Arrangements should be made for the screenings to be conveyed and stored in a closed 
bin, or alternately an open bin in an area that is mechanically ventilated with the exhaust air 
treated in an odor control system. All screenings shall be transported off-site to a disposal 
site acceptable to the City.  

3.6.3 Biological Secondary Treatment 

The most energy consuming, operator attention-intensive, and costly component of the 
WRF is the biological treatment process. This process shall be easy to operate, produce a 
good quality effluent, provide tanks of sufficient capacity to absorb shock loadings, and 
produce a stabilized sludge for disposal. In order to meet the total nitrogen effluent limits, a 
nitrification-denitrification process shall be required. Acceptable biological treatment 
processes shall be of extended aeration or oxidation ditch-type only, as described in the 
proceeding subsections.  

A conventional activated sludge process that provides biological nutrient removal (BNR) will 
be acceptable for larger initial Phased Regional WRFs (treating flows greater than 3 or 4 
mgd ADF). In such a case, the conventional activated sludge process shall either be the 
modified Ludzack-Ettinger (MLE) or membrane bioreactor (MBR) process. The MLE and/or 
MBR process is the City's preferred biological process for facilities handling flows over 3 or 
4 mgd ADF. The proposal to construct an MLE or MBR biological process, during the initial 
phase, will be handled on a case-by-case basis. 
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3.6.3.1 Extended Aeration Process 

The extended aeration process is a modification of the activated sludge process, which 
removes biodegradable organic wastes under aerobic conditions. Oxygen required to 
sustain the aerobic biological process may be supplied mechanically or by diffused 
aeration. Mixing is also provided by either aeration or mechanical means to maintain the 
microbial organisms in contact with the dissolved organics. By controlling the pH, the 
biological processes can be optimized as essential nutrients facilitate growth and ensuing 
degradation of unwanted components. 

The City preferred extended aeration process is the Biolac® process, by Parkson. To meet 
total nitrogen removal limits, the Wave Oxidation© aeration process from Parkson must 
also be included. Other extended aeration processes will be approved on an individual 
basis. 

3.6.3.2 Oxidation Ditches 

An oxidation ditch, a modified form of the activated sludge process, is an aerated, long-
term, complete mix process. Typical oxidation ditch treatment systems consist of a single or 
multi-channel configuration within a ring, oval or horseshoe-shaped basin. Aerators and/or 
mixers provide air and circulation and promote oxygen transfer in the oxidation ditch. 

Oxidation ditches tend to operate in an extended aeration mode consisting of long hydraulic 
and solids retention times that allow more organic matter to break down biologically.  

The City preferred oxidation ditch processes includes: the Carrousel® process by EIMCO 
with the Carrousel® denitlR® process for nitrification/denitrification; the Phased Isolation 
Ditch®, by Krüger; or the Orbal® process by US Filter/Siemens. Other processes will be 
approved on an individual basis. 

3.6.3.3 Typical Design Parameters 

Table 3.8 lists some typical design parameters for the two acceptable biological treatment 
processes - extended aeration and oxidation ditches. 

Before introducing the influent wastewater into the aeration tank(s), the wastewater shall be 
mixed with the return activated sludge (RAS) in a separate tank or compartment designed 
to maintain anoxic conditions (this tank is also referred to as a selector box). This separate 
tank or compartment shall be mechanically mixed, and shall have a minimum detention 
time of 30 minutes. This tank is intended to discourage the growth of filamentous organisms 
due to the high F/M ratio, as well as provide a zone for denitrification of the nitrates in the 
RAS stream, which will release alkalinity necessary for nitrification in the aeration tank. 
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Table 3.8 Typical Design Parameters for Biological Treatment Processes 
Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Wastewater Characteristic 
Extended 
Aeration 

Oxidation 
Ditch 

BOD5 loading (lb BOD5/lb MLVSS) 0.05 - 0.15 0.05 - 0.30 
Oxygen required, avg. at 20°C (lb/lb BOD5 applied) 2 - 3 2 - 3 
Oxygen required, peak at 20°C (value x avg. flow) 1.5 - 2.0 1.5 - 2.0 
MLSS (mg/L) 3,000 - 6,000 3,000 - 6,000 
Detention Time (hours) 18 - 36 18 - 36 
Volumetric loading (lb BOD5/day/1,000 ft3) 10 - 25 5 - 30 

The firm capacity of the biological secondary treatment process should be sized by the 
average day maximum month (ADMM) design flow. It is recommended that two (2) basins 
be provided, either in separate tanks or integrally combined in a single tank with sufficient 
separation, and each sized to handle a minimum of 50 percent of the average day 
maximum month (ADMM) design flow. All basins shall be sized with sufficient freeboard to 
hydraulically accommodate the peak hour design flow without overtopping the basin (or 
tank) walls. 

3.6.4 Secondary Clarification 

Following the biological secondary treatment process, the mixed liquor then flows to a 
secondary clarifier. Secondary clarification is necessary to separate microorganisms for 
wasting and/or recycling, and to prepare the biologically treated wastewater for tertiary 
filtration. A tank set in a quiescent mode is enough to allow solids to settle out into a sludge 
form that can either be wasted or recycled to a separate treatment unit. The secondary 
clarifier shall be either circular or rectangular (if integral to the aeration tanks). All clarifiers 
provided as separate basins shall be circular. 

A circular secondary clarifier shall have center feed, peripheral weir, and a mechanical 
sludge collector. The circular mechanism shall be either bridge-supported or center-
supported. The mechanism shall be capable of withstanding twice the maximum operating 
torque without buckling or bending structural members. An overload device shall be 
provided to alarm and to trip out the mechanism at high torque. 

A rectangular secondary clarifier shall be of the flow-through type with sludge collected at 
the influent end of the tank. The rectangular mechanism shall be non-metallic chain-and-
flight type. Baffles shall be provided in front of the inlet gates to help disperse the inlet flow. 

The secondary clarifier shall also include provisions for surface skimming of scum. 
Provisions shall be made for the collected scum to either be returned to the aeration tanks, 
or collected in a sump for off-site disposal by vacuum-assisted tanker trucks. 
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The firm capacity of the secondary clarifier(s) should be sized by the average day maximum 
month (ADMM) design flow. A minimum of two (2) basins, either in separate tanks or 
integrally combined in a single tank with sufficient separation and each sized to handle a 
minimum of 50 percent of the average day maximum month (ADMM) design flow, shall be 
required. If more than two (2) aeration tanks are provided, a like number of secondary 
clarifiers shall also be provided. Each basin shall be sized with sufficient freeboard to 
hydraulically accommodate the peak hour design flow without overtopping the basin (or 
tank) walls. 

Table 3.9 lists the acceptable design parameters for secondary clarifiers. The applicable 
surface and weir loading rates depend on the quality of the raw wastewater and efficiency 
of the biological treatment.  
 
Table 3.9 Typical Design Parameters for Secondary Clarifiers 

Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Parameter Design Criteria 
Surface Overflow Rate (gpd/ft2)  

Average 400 - 800 
Peak 1,000 - 1,600 

Weir Loading Rate (gpd/ft) 8,000 - 15,000 
Hydraulic Retention Time (hours) > 2.0 
Solids Flux Loading (lbs/day-ft2) 20 - 30 
Minimum Side Water Depth (ft) 12 
Sources:  Design of Municipal Wastewater Treatment Plants, Manual of Practice No. 8 (MOP-8); 

Engineering Bulletin No. 11, Arizona Department of Health Services, July 1978 

A secondary sludge system shall also be provided to return (recycle) sludge to the aeration 
tank and to waste excess sludge to aerated sludge storage tank(s). The return activated 
sludge (RAS) and waste activated sludge (WAS) pumping system should be centrifugal type, 
integral to the secondary clarification process. Firm capacity for the RAS and WAS pumps 
shall be 50 to 150 percent of the annual average daily design flow (AADF) . Online standby 
capacity should also be provided with at least one (1) standby pump of the largest size 
installed.  

RAS flow should be metered and controlled by either a modulating valve or variable 
frequency drive (VFD). Excess sludge shall also be metered, and shall be designed to be 
wasted from the system either continuously or on a timed cycle. 
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3.6.5 Tertiary Filtration 

Tertiary filtration shall be required to remove suspended solids (SS) and particulate BOD to 
optimize the subsequent disinfection process. Acceptable filtration technologies include: 

• Cloth media (disk) filter. 

• Automatic traveling bridge filter. 

• Continuous backwash filter. 

The firm capacity of the tertiary filtration process should be sized by the peak day design 
flow. A minimum of two (2) basins, either in separate tanks or integrally combined in a 
single tank with sufficient separation and each sized to handle 100 percent of the peak day 
design flow, shall be required. Each basin shall be sized with sufficient freeboard to 
hydraulically accommodate the peak hour design flow without overtopping the basin (or 
tank) walls. Each unit should have a maximum loading rate of 5 gpm/ft2 sized at peak day 
flow with one (1) filter out of service. The suggested backwash rate is 15 gpm/ft2, with 
backwash flows returned to the influent wet well (or manhole). 

3.6.6 Disinfection 

To meet BADCT standards and the Class A+ and Class B+ reuse standards, disinfection 
must be provided. Acceptable disinfection technologies include: 

• Ultraviolet (UV) radiation. 

• Liquid sodium hypochlorite solution feed. (if chlorine disinfection is pursued, 
dechlorination will be required). 

UV disinfection shall be of the open-channel, gravity type or of the closed-pipe, pressure 
type. UV dosages shall be as recommended by the manufacturer, suitable for the peak 
hour design flow. A fully redundant standby train should also be provided in a separate 
channel or pipe. 

The use of liquid sodium hypochlorite for disinfection shall be acceptable based on a 
dosage of 10 mg/L with a detention time of 15 minutes at peak hour design flow. 
Acceptable feed system should consist of chemical storage tank, metering pumps, and 
appropriate appurtenances. Online standby capacity should also be provided with at least 
one (1) standby pump of the largest size installed. A minimum of 15 days of liquid 
hypochlorite storage shall be provided. In addition, dechlorination will be required along with 
monitoring of the chlorine residual (or oxygen reduction potential, ORP) to verify and 
optimize the dechlorination. 
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Supplemental chlorination may also be required for the following functions: 

• Odor control 

• Algae control on tertiary filters 

• Chlorination of return activated sludge (RAS) stream 

• Chlorine addition to WRF effluent for residual purposes 

• Spray down to control foaming in the biological process 

To meet the minimum Class C reclaimed water requirements for reuse, the effluent can 
bypass the tertiary processes (filtration and disinfection). Therefore, disinfection bypass 
capabilities shall be provided for a disposal based tertiary treatment. 

3.6.7 Effluent Pumping 

The treated WRF effluent shall be pumped either to a reclaimed water storage reservoir or 
directly to applicable reuse sites. Effluent pumps shall be either submersible centrifugal or 
vertical turbine type. Firm capacity should be sized by the peak hour design flow and 
controlled by the effluent wet well level. Online standby capacity should be provided with at 
least one (1) standby pump of the largest size installed.  

3.6.8 Reclaimed Water Storage 

Reclaimed water storage shall be sized to meet the needs for irrigation and reuse. A 
minimum of five (5) days storage must be available at all times when irrigation is not 
required. The five days of storage shall be based upon the WRF annual average daily 
design flow (AADF) capacity. The five-day storage requirement is waived if sufficient 
effluent disposal can be achieved through recharge without additional effluent disposal 
methods. 

3.6.9 Reclaimed Water Disposal 

Disposal of effluent can be achieved by Class A+, Class B+, and Class C uses (refer to 
A.A.C. R18-11, Table A [and Table 3.1, herein] for the specific direct reuse methods by 
reuse class); however, the type of disposal method must be approved by the City. The use 
of recharge basins can be pursued provided the site has adequate infiltration capabilities. 
Surface recharge disposal design shall be based upon sufficient geotechnical investigations 
to include, at minimum, backhoe pits, surface percolation tests, at depth percolation tests, 
and geotechnical borings to determine groundwater depth and lithology. The backhoe pits 
should be dug to allow the safe entry of a soil scientist, geologist, or engineer trained in soil 
investigations. The backhoe pits shall be dug to at least 4 feet in depth. The soil horizons 
shall be logged and location of redox characteristics and caliche shall be noted. The 
borings and percolation tests shall be sufficient to characterize the entire site earmarked for 
recharge. Recharge basins shall be sized using the field percolation test results and 
adjusted to account for plugging and field-testing practices. The Eloy region is known to 
have caliche (cement-like layers) below the ground surface. This results in poor percolation 
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and an increased land requirement for recharge basins. It is therefore imperative that 
adequate site-specific soil investigations be performed at the proposed sites and that the 
appropriate adjustments are made to the field percolation testing to account for errors in the 
percolation testing methodology and future plugging. A water balance demonstrating the 
ability to dispose of the effluent, calculated on a monthly basis, shall be performed. 

The ultimate goal of the WRF concept is to reclaim wastewater for beneficial uses. 
Therefore, disposal techniques that provide a beneficial use are encouraged and may be 
required by the City for the initial phase. In addition, the reclamation of wastewater could be 
used to obtain groundwater credits by injecting or recharging the reclaimed water. 
Discussions should take place with the City during the planning stages to determine if 
groundwater credits are to be pursued during the initial Phase of each Regional WRF. 

3.6.10 Solids Processing and Disposal 

Wastewater solids are regulated by the Federal Sewage Sludge Regulations (40 CFR Part 
503) and the Arizona Administrative Code (A.A.C.) Title 18, Chapter 9.  

The characteristics of the sludge that is produced at the Regional WRFs are dependent on 
the type of biological treatment chosen. The WRFs should (at a minimum) be equipped with 
aerated sludge storage tanks, possibly with upstream sludge thickening to maximize 
storage capability. Final disposal of the WRF sludge should be reviewed and coordinated 
with the City. Sludge shall be disposed according to the applicable regulations. 

The sludge storage tank should have a minimum capacity of ten (10) days storage for 
waste solids based on the average day maximum month (ADMM) design flow. The sludge 
storage tank shall be aerated with floor-mounted diffuser assemblies, and outfitted with 
covers and connected to the odor control system. 

Aeration to the sludge storage tanks shall be supplied by low-pressure fans (or blowers). A 
minimum of two (2) fans shall be provided. Each fan shall be sized to provide a minimum of 
75 percent of the maximum oxygen required. 

3.7 Odor Control 

As identified in Section 3.4 previously, odor control for the WRF shall be required. 
Acceptable odor control technologies include a wet chemical scrubber, carbon adsorption 
bed, or biologically active filter (biofilter). Required process units to be covered and/or 
enclosed and vented to the odor control system shall include (at a minimum) the influent 
pumping wet well and screenings facilities (channel and/or building). Depending upon the 
site-specific boundary conditions and proximity to residential, commercial, and industrial 
facilities, odor control of the biological secondary treatment basin(s), and sludge storage 
tank(s) may be required. Acceptable covers shall be lightweight fiberglass or aluminum.  
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3.8 Noise Control 

Emergency generators, pumps, blowers, and aerators are all potential sources of noise at a 
WRF. In addition to the control of noise within the equipment itself, including silencers and 
vibration dampening, the enclosure of equipment and the use of sound absorbing material 
placed on walls and ceilings adjacent to noise producing equipment is the best method to 
reduce and contain noise levels. The use of sound seal gaskets on exterior doors shall also 
aid in containing noise. 

As a minimum requirement, noise control should be provided to allow no more than 45 dBA 
at the WRF boundary. Refer to Table 3.6, shown previously, for setback requirements. 

3.9 Utility and Standby Power 

All capital costs associated with providing adequate power to the Regional WRF shall be 
the responsibility of the developer, who shall coordinate with the local power utility to verify 
adequate facilities are available. The electrical distribution system shall be designed with 
the following factors taken into consideration: 

• Load determination 

• Load demand 

• Load diversity 

• Reliability of power 

• Service voltage 

• Distribution and utilization voltage levels 

• Short circuit capacity 

• Flexibility 

• Expansion 

• Safety 

In general, distribution equipment, motor control centers and motors shall be protected from 
moisture and liquids. Explosion-proof equipment shall be used in hazardous areas.  

• Transformers: Transformers shall be designed to step the incoming utility voltage 
down to the facility operating voltage. Transformers shall be liquid filled, oil insulated 
type designed for outdoor installations. It is anticipated that the initial phase of the 
Regional WRF will operate on 480 volt, 3-phase, 60-hertz power supply. 

• Motor Control Centers: Motor control centers shall be rated NEMA 12 for indoor 
installations and NEMA 4 for outdoor installations. 

• Motors: Motors shall be protected on all three phases against overload and short 
circuit. Large motors shall have low voltage and ground fault protection. Motors shall 
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have a minimum service factor of 1.15 or a nameplate 15 percent greater than 
required maximum brake horsepower. 

• Conduits: Underground duct banks shall be plastic conduits encased in concrete. 
Conduit exposed within buildings or outdoor structures may be rigid heavy wall 
aluminum. For corrosive areas, conduits shall be rigid steel with PVC coating. 
Minimum conduit size shall be 3/4-inch diameter. 

Standby power shall also be required for the facility site, including either a second source 
from the local utility provider (if available) or an on-site diesel engine driven generator unit, 
both to include means of automatic transfer if the primary power utility source should fail. 
The standby source shall be sized sufficiently to operate pump and process equipment 
necessary to adequately maintain the treatment of wastewater and required effluent quality, 
including the effluent disinfection system. Standby power shall also be provided for critical 
ventilation, lighting, and facility instrumentation. 

Power shall be supplied to the critical load through a transfer switch upon a power failure. 
The transfer switch shall automatically transfer from the normal source to the standby 
source. Vital loads shall be arranged so that either source can operate the required critical 
equipment. 

If an on-site diesel engine driven generator is used for standby service, a minimum of 
24 hours of diesel fuel storage shall be provided. Natural gas can be used as an alternative 
fuel source instead of diesel. 

If a second utility source is used for standby service, a double-ended switchgear or motor 
control center arrangement shall be provided. A second utility source shall either be a 
separate feeder from a separate substation, or a loop feeder on separate transformers from 
a common substation. 

3.10 Instrumentation, Controls and Alarm Telemetry 

Facility controls shall be designed such that the facility can be operated unattended and 
automatically. Equipment controls shall be at the central control panel and locally at the 
devices. Automatic control systems shall be provided with manual overrides. Alarms and 
annunciators shall be provided to indicate equipment malfunctions. Fail-safe controls shall 
be used where possible. A single failure shall not disable both the control system and the 
alarm system. Backup controls and instrumentation shall be used for vital components or 
occurrence that might result in damage in equipment. 

Equipment controls shall be designed to restart equipment automatically in the event of a 
power failure. Timers shall be utilized to stagger the starting times for equipment. 

Start-lockout-stop (SLOS) pushbuttons and power disconnect switches shall be installed 
locally at each device, to allow a positive lockout of equipment for maintenance and relieve 
the danger of equipment starting automatically during maintenance.  
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Instrumentation shall be provided for process monitoring and control. A control panel shall 
be provided to allow for central monitoring control and alarm annunciation at the WRF. 
Instrumentation shall be provided to monitor and record the following process parameters, 
using the instruments types listed in Table 3.10. 
 
Table 3.10 Parameters Measured and Suggested Instruments 

Phased Regional WRF Design and Construction Guidelines 
City of Eloy, Arizona 

Parameter Instrument 
WRF Influent Flow Magnetic Flowmeter 
Return Activated Sludge (RAS) Flow Magnetic Flowmeter 
Waste Activated Sludge (WAS) Flow Magnetic Flowmeter 
Aeration Tank Dissolved Oxygen Concentration(1) Dissolved Oxygen (DO) Meter 
Effluent Turbidity(2) Nephelometer 
WRF Effluent Flow and Totalized Water Production Magnetic Flowmeter 
Equipment Running Time Elapsed Time Meter 
Effluent Water pH(1) pH Meter 
Notes: 
(1) Hand-held portable instrument may be substituted for permanently mounted equipment with City 

of Eloy approval. 
(2) Turbidity monitoring will only be required if Class A+ reclaimed water is being produced. 
(3) Chlorine residual monitoring will be required if chlorine disinfection is pursued. 
(4) Alternative flowmeters will be accepted on a case-by-case basis and will be dependent upon the 

measurement location. 

Monitored process parameters shall be continuously recorded, using strip chart recorders 
or alternate means (digital recording is preferred). 

WRF influent, aeration tank effluent, and WRF effluent shall be continuously sampled by an 
automatic composite refrigerated sampler. The sampler shall be operated either manually, 
by a timer, or paced on WRF influent flow. 

A central panel shall be provided which shall include an alarm annunciator for all alarms. In 
general, the following parameters shall be alarmed at the WRF: 

• All Equipment Failures 

• High Liquid Level - Influent and Effluent Pump Stations 

• Low Aeration Tank Dissolved Oxygen (if permanently-mounted instrument is 
provided) 

• High Effluent Turbidity (if Class A+ reclaimed water is being provided) 

• Ultraviolet Bulb Failure (if UV is provided for disinfection) 

• Low Storage Tank Liquid Level (if hypochlorite is provided for disinfection) 
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• Chlorine residual alarm (in case dechlorination system fails), if chlorine disinfection is 
pursued 

The initial phase of the Regional WRF will normally be unmanned. Therefore, a telemetry 
system shall also be provided to transmit selected alarms to the City's existing water 
reclamation facility or another location as chosen by the City. The following alarms shall be 
transmitted: 

• Process Equipment Failure (pumps, aerator and/or blower, clarifier mechanism, filter 
backwash mechanism, or disinfection units) 

• WRF Power Failure 

Coordination with the City shall take place to determine other supervisory control and data 
acquisition (SCADA) requirements. Since the Regional WRF will be a long-term City 
operated facility, the telemetry and communications between the existing and future WRF is 
crucial to efficient operations and integration into the existing operation program. 

3.11 Utilities, Process Piping and Yard Piping 

The following utilities are to be made available at all WRF sites:  

• Potable water 

• Non-potable water (using disinfected WRF effluent) 

• High-pressure air (if necessary) 

• Telephone service 

• Fire protection 

• Computer networking cabling 

Process piping shall be of high quality, heavy-duty construction. All process piping that 
carries water, wastewater, reclaimed water, screenings, sludge, air, or scum shall be of 
polyvinyl chloride (PVC), ductile iron, or steel construction, as suitable for the intended 
service. If required, pipelines carrying hypochlorite solution shall be chlorinated polyvinyl 
chloride (CPVC) material. Ductile iron and steel pipelines shall meet the requirements of the 
American Water Works Association (AWWA) or the American National Standards Institute 
(ANSI) standards. PVC and CPVC pipelines shall meet the requirements of AWWA and 
ASTM standards. Flow velocities shall range from two (2) to six (6) feet per second (fps).  

Any piping designed for fluids containing solids shall include the following: 

• Minimum diameter of six (6) inches  

• Minimize number of fittings 

• Use long-radius bends 

• Provide quick breakdown (i.e., Victaulic type) fittings in appropriate locations 
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• Provisions for cleaning by rodding, steaming, or pigging, including the appropriate 
use fittings, valves, and blind flanges 

All piping shall be color-coded. Exposed piping shall have identification markers indicating 
contents and direction of flow. All non-potable water hose bibs shall be clearly marked 
"Non-Potable Water - Do Not Drink." Visible electrical conduit shall have markers identifying 
the contents. 

Process piping at all pumps shall include suction and discharge couplings and isolation 
valves to isolate the pump from the piping system, as well as suction and discharge 
pressure gauges. 

3.12 Valves 

Valves shall be constructed of non-corroding materials. Valves shall be designed to operate 
at the test pressures of the pipelines in which they are installed. Valves in pipelines carrying 
sludge, screenings, or scum shall be of eccentric plug valves, diaphragm valves, or ball 
valves. The use of gate, butterfly, or globe valves for this service is unacceptable. Plug 
valves shall have a minimum port opening of 80 percent. Valve seats shall be nickel. 

Butterfly valves are acceptable for use in pipelines carrying clean water or air. Butterfly 
valves shall be designed in conformance with AWWA C504. Valve seat material shall be 
selected specifically for the intended service.  

All valves shall be equipped with operators. Manual operators shall have a maximum pull to 
operate the valve of 40 pounds. Valves seven (7) feet or more above an operating floor 
shall have chain wheel operators. 

Where a valve that requires regular operation is not readily accessible, consideration shall 
be given to providing a motor operator for the valve. 

3.13 Applicable Codes and Standards 

The detailed design of the initial phase of the Regional WRF shall meet the requirements of 
the City's applicable codes and standards. The City of Eloy has adopted by ordinance the 
International Building Code, Uniform Fire and Mechanical Codes, National Electrical Code 
and Maricopa Association of Governments Standards for Public Works Construction. As 
these codes are updated, the City periodically will adopt the updated codes. The City will 
provide a list of the applicable editions of these codes upon request. 

3.14 Construction Requirements 

Construction of the WRF shall be in conformance with the approved plans and 
specifications.  
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3.14.1 Project Contractor 

The WRF must be constructed by an experienced, licensed, and bonded Contractor. 

3.14.2 Acceptable Manufacturer Requirements 

The manufacturer/designer of the WRF must demonstrate successful implementation of 
existing WRFs of similar size and operating characteristics to the proposed project. For 
confirmation that the manufacturer/designer has a well-established record of 
accomplishment, the Engineering Report submittal should include reference contact 
information for at least five (5) operating WRFs of similar size, each with an operating 
history of a minimum of one (1) year. In addition, the manufacturer/designer shall provide a 
summary of operating records for each reference WRF demonstrating compliance with 
applicable regulatory requirements. The submittal should include a copy of regulatory 
requirements for each WRF, such as Federal, State, County and/or municipal provisions, 
and local contacts for the local/state regulatory agency. 

3.14.3 Local Facilities and Support 

The manufacturer must have local representation to attend to the City's needs with regards 
to design, construction, start-up, and operation. The local contact should have all available 
means of contact, including electronic mail, telephone, and facsimile access.  

3.14.4 Equipment Installation Oversight 

Equipment installation shall be supervised by a qualified representative of the 
manufacturer. The manufacturer's representative shall supervise all field performance tests 
and checkouts. 

3.14.5 Training 

A comprehensive training program shall be provided to train City personnel in the operation 
and maintenance of the WRF. Training in the overall WRF operation shall be given by the 
WRF Design Engineer. Training in equipment operation and maintenance shall be given by 
the specific equipment manufacturers. 

3.15 Submittal Requirements 

The following engineering documents shall be submitted to the City for review and 
approval: 

• Engineering Report: This report must be complete and address all of the 
requirements and stipulations as described previously in these guidelines. 

• Preliminary Design Drawings and Specifications: Submitted when final design is 
approximately 60 percent complete. 

• Final Design Drawings and Specifications. 
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The Engineering Report shall include applicable geotechnical, structural, mechanical, and 
electrical design criteria and requirements. A site-specific soils investigation shall be 
required, with adequate soils information obtained to provide applicable design and 
construction data. The structural basis of design shall include a description of all structures, 
loads, soils investigations, design assumptions, and materials specifications. All design 
calculations, reports, plans and specifications shall be signed and sealed by a Professional 
Engineer licensed in the State of Arizona. The specifications shall provide enough 
information for the City to approve of the proposed equipment. A separate equipment and 
manufacturers lists including cross-references to the specifications is encouraged to 
expedite the City review process. This list can be created for major items such as pumps, 
screens, clarifiers, etc. 

The City will review all submitted documents. Any question or comments shall be resolved 
to the City's satisfaction prior to the City issuing of a permit for construction of said facilities. 

3.16 Operations and Maintenance Manual 

A comprehensive O&M Manual shall be prepared for submittal to the City post-construction 
and pre-startup. The O&M Manual shall be complete and meet the requirements of A.A.C. 
Title 18, Chapter 9. A total of five (5) copies of the O&M Manual shall be prepared and 
turned over to the City. 

3.17 Spare Parts 

Spare parts shall be provided for all equipment. Spare parts shall be selected to meet the 
normal requirements of equipment operation and maintenance and to allow emergency 
repairs without excessive downtime. Spare parts shall be delivered securely wrapped or 
boxed, indexed and tagged with complete information for use and re-ordering. The required 
spare parts and tools, based on manufacturer requirements, shall be delivered to the site. A 
complete inventory shall be given to the City. 

As noted in Section 3.4.4 previously, sufficient spare parts shall be provided, in accordance 
with manufacturer's recommendations, to repair or replace any critical process equipment 
within 24 hours. 

3.18 Applicable Permits 

The developer shall be responsible for the development, preparation, and submittal of all 
pertinent permit applications as listed in Table 3.11. 
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Table 3.11  Permits Required for Regional WRF  
Phased Regional WRF Design and Construction Guidelines 
City of Eloy, Arizona 

Responsible Agency Permit/Approval 
Arizona Department of Environmental Quality (ADEQ) Aquifer Protection Permit (APP) 
Pinal County Air Quality Permit 
City of Eloy(1) Any relevant building permits, etc. 
Arizona Department of Water Resources(2) Recharge Permit, etc. 
Notes: 
(1) City will provide an overall "Approval to Construct" permit as part of their review process. 
(2) Underground storage or storage and recovery approaches will require a permit(s) from ADWR. 
(3) Water reclamation will require reclaimed water permit(s) obtained from ADEQ. 

3.19 Insurance Requirements 

Insurance shall be provided and shall remain in force from the start of construction until 
WRF acceptance by the City. The following minimum insurance coverage shall be provided: 

• Workers Compensation: Coverage as required by the State of Arizona 

• Employer's Liability: $1,000,000 each occurrence 

• Comprehensive Automobile Liability Insurance: $1,000,000 combined single limit for 
each occurrence 

• Commercial General Liability Insurance: $1,000,000 combined single limit for each 
occurrence (and general aggregate) 

• Umbrella Liability Insurance: $2,000,000 combined single limit for each occurrence 
(and general aggregate) 

• Property (Builder's Risk) Insurance: Full replacement cost 

• Design Errors and Omissions Insurance: $1,000,000 minimum 

The City of Eloy shall be named as additional insured on all insurance policies. 

3.20 Warranties and Guarantees 

All warranties for equipment shall be transferred to the City upon acceptance of the WRF. 
Warranties for equipment shall be for a minimum of one (1) year from the date of 
acceptance. 

A one (1) year guarantee against defective workmanship and materials for the entire facility 
shall be provided to the City from the date of acceptance. The guarantee shall be as 
described in Section 108 of the MAG Standard Specifications. 
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In addition, the treatment process manufacturer shall be available for one (1) year after start 
up of the WRF to assist in process-related issues. 

3.21 WRF Acceptance by City 

Before the acceptance of the WRF by the City, the following conditions must be met. 

3.21.1 Completion of Construction 

All construction activities shall be completed. A final inspection by the City (or City-
appointed representative) will be performed to confirm that the final facility is in 
conformance with the approved Plans and Specifications, as well as any additional 
requirements by ADEQ and/or Pinal County. 

3.21.2 Equipment Performance Test  

All equipment shall be tested to indicate that it will operate as specified and that all controls 
are functioning (including overloads and alarms). A copy of any Field Test Reports 
performed during construction shall be available during the equipment performance tests. 

3.21.3 Facility Performance Test 

It shall be demonstrated for a period of three (3) months that the WRF is capable of 
producing an effluent that meets the specified standards. The WRF operation and 
maintenance shall be performed by the developer or manufacturer during this time. WRF 
operating records shall be submitted to the City on a weekly basis. A representative of the 
City may be periodically on site during this time to observe the performance of the WRF. 

3.21.4 Resolution of All Disputes, Claims and Legal Actions 

The City will take over the WRF when the title is clear. A waiver of all liens from the 
Contractor and his subcontractor(s) and supplier(s) shall be provided. Any legal actions or 
claims that are outstanding that might affect the City shall be resolved prior to acceptance. 

3.21.5 Transfer of Documents 

The following sets of documents shall be transferred to the City: 

• Five (5) sets of record drawings and specifications. 

• One (1) reproducible set of record drawings on Mylar. 

• Five (5) copies of the completed O&M Manual. 

• Five (5) copies of the approved shop drawings. 

• Two (2) sets of all construction meeting notes. 

• Two (2) sets of all equipment and material tests. 
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4.0 RECLAIMED WATER SYSTEM 
This section presents a description of the criteria to be used for future reclaimed water 
distribution systems. The ultimate goal of the reclaimed water distribution system is to 
provide reliable delivery at adequate system pressures. Reliability in a distribution system is 
typically accomplished by providing system redundancy in the form of looping, extra pumps, 
and additional storage. In general, the level of system reliability is a function of the reliability 
of the individual system components. 

4.1 Supply, Storage and Pumping 

The future reclaimed water system supply will be related to the influent flow to the future 
Regional WRFs. Reclaimed water from the WRFs, and potentially groundwater pumped 
from recovery wells, will comprise the source water for distribution to the reclaimed water 
system. 

System storage reservoirs may be provided at the Regional WRFs to serve mainly as "day 
tanks" to assist in maximizing reclaimed water utilization by capturing excess flow during 
diurnal peaking. The reservoirs are not intended to function as storage to meet abnormally 
high or extended demand periods. Additional storage located in the system such as 
individual large user storage facilities and possibly water from recovery wells, may be 
utilized to meet peak demands. 

Pump stations associated with the reclaimed water system should have the capability to 
consistently meet maximum day system demands with the largest pump out of service (firm 
capacity). 

4.2 Transmission and Distribution 

The reclaimed water distribution system piping will serve to deliver water from the Regional 
WRFs and storage reservoirs to users throughout the system. A series of performance 
criteria have been developed for the proposed reclaimed water distribution systems, which 
has been based upon typical pressurized system design standards. These standards are 
provided as follows: 

• System pressures must be maintained between 20 and 85 pounds per square inch 
(psi) throughout the reclaimed water distribution system. The maximum allowable 
pressure in the reclaimed water distribution is set at 85 psi, in order to protect any 
future PVC pipelines that are installed. At system pressures less than 20 psi, users 
may not have adequate pressure to operate sprinkler irrigation systems (for example), 
which will lead to complaints. Consequently, the minimum allowable pressure at any 
point in the reclaimed water distribution system is to be set at 20 psi. It is the end 
user's responsibility to provide additional boosting capability to meet pressure 
requirements exceeding 20 psi. 



 

September 2006 3-32 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No03\Final-TM3.doc 

• Velocity Criteria under maximum day demand conditions: 
Velocity ≤ 5 feet per second (fps) for pipes < 36 inches in diameter (HL = 2 – 7 ft / 
1,000 ft) 

• The City will allow the installation of PVC for future reclaimed water mains. The 
Hazen-Williams design coefficient of roughness for PVC will be 140. (The design 
coefficient of roughness for ductile iron will be 120.) 

4.3 Criteria Summary 

Table 3.12 summarizes the criteria that will be used for the reclaimed water system. 
 
Table 3.12  Reclaimed Water System Criteria Summary 

Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Description Criteria 
Materials PVC or Ductile Iron 
Transmission/Distribution – Velocity/ 
Headloss Pipe < 36 " in diameter 

≤ 5 fps (HL = 2 to 7 ft / 1,000 ft)  

System Pressure Criteria ≥ 20 psi 
≤ 85 psi 

Supply Delivery In general, customers with on-site storage will 
be supplied during the day. Direct use 
customers will be supplied in the evening. 
It is recommended that flow control valves be 
used to control contractual deliveries to 
individual customers. 

4.4 Construction Requirements 

Reclaimed water systems shall be constructed per the water distribution system standards 
set forth in the "Uniform Standard Specifications for Public Works Construction" as 
published by the Maricopa Association of Governments (MAG). However, when crossing 
potable water supplies, reclaimed water shall be considered equal to sewer in terms of 
clearance and protection of potable water supplies.  

Requirements for construction, submittals, insurance, warranties and guarantees, and 
transfer of documents shall be in accordance with Section 3.0 herein. 

5.0 WASTEWATER COLLECTION SYSTEM 
This section describes the capacity requirements of future wastewater collection system 
improvements. The capacities of gravity sewers, force mains, and lift stations shall be 
based on the performance and design criteria presented herein. In addition, Appendix A 
contains the ADEQ requirements for wastewater collection systems and lift station, taken 
directly from A.A.C. R18-9-E301. 
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5.1 Pipe Capacities 

Sewer capacities are dependent on many factors. These include roughness of pipe, 
maximum allowable depth of flow, and limiting velocity and slope. The Continuity Equation 
and Manning's Equation are typically used for steady-flow hydraulic calculations. The 
Manning's coefficient 'n' is a friction coefficient that varies with respect to pipe material, size 
of pipe, slightly with depth of flow, smoothness of joints, root intrusion, and other factors. 
For gravity sewers, the Manning's coefficient shall be set at an 'n' value of 0.013 as this is a 
typical observed gravity sewer field value. No deviations from this value will be accepted by 
the City. 

5.2 Flow Depth (d/D) 

When designing sewers, it is common practice to adopt variable flow depth criteria for 
various pipe sizes. This criterion is expressed as a ratio of maximum depth of flow to pipe 
diameter (d/D). Design d/D ratios typically range from 0.5 to 1.0, with the lower values 
typically used for smaller pipes that may experience flow peaks greater than planned or 
may experience blockages from debris. 

The flow depth criterion for new sewers is 0.5 for diameters less than 12 inches, and 0.75 
for diameters 12 inches and greater. However, existing sewers will be evaluated based on a 
flow depth criteria of 0.9 at peak flows because there are fewer unknowns, especially in 
established, built-out areas, and because there is no need to replace or provide relief for an 
existing sewer until flows are at the design capacity of the pipe. The hydraulic criteria used 
for sizing the proposed gravity sewers will have a greater factor of safety than the criteria 
used to evaluate the capacity of the existing system due to the uncertainties in making 
projections of future flows. The proposed difference between the design criteria and the 
existing system criteria allows full use of the existing sewer capacities and prevents 
unnecessary pipe replacement. This approach avoids the problem of replacing or upgrading 
existing sewers prematurely. 

In order to minimize the settlement of solids in the flow and promote scour, it is standard 
design practice to specify that a minimum velocity of 2 feet per second (fps) be maintained 
when the pipe is flowing half full. At this velocity, the sewer flow will typically provide self-
cleaning for the pipe. Due to the hydraulics of a circular pipe, the velocity for half pipe flow 
approaches the velocity of nearly full pipe flow. Table 3.13 lists the minimum slopes for 
maintaining self-cleaning velocities with d/D = 0.5. The minimum slope listed in the table is 
0.0008 ft/ft, which is the minimum practical slope for gravity sewer construction. Greater 
slopes are desirable if they are compatible with existing topography, as long as the velocity 
does not exceed 8 fps. 
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Table 3.13  Recommended Minimum Slopes for Circular Pipes  
Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Pipe Capacity(3) Pipe Size 
(inches) 

Minimum Slope(1) (2)

(ft/ft) (mgd) (cfs) 
8 0.0034 0.45 0.70 

10 0.0025 0.70 1.09 
12 0.0020 1.02 1.57 
14 0.0016 1.38 2.14 
15 0.0015 1.59 2.45 
16 0.0014 1.80 2.79 
18 0.0012 2.28 3.53 
20 0.0010 2.82 4.36 
21 0.0010 3.11 4.81 
24 0.0008 4.06 6.28 

Notes: 
(1) Slopes are calculated using Manning's Equation for full pipe flow with a minimum velocity of 

2 fps. 
(2) Sewers larger than 24 inches should have a slope ≥ 0.0008. 
(3) Pipe Capacity based on full pipe flow. 

5.3 Changes in Pipe Size 

When a smaller sewer joins a larger sewer, the invert of the larger sewer will be lowered 
sufficiently to maintain the same energy gradient. An approximate method for securing 
these results is to place the d/D 0.8-depth point of both sewers at the same elevation. Since 
Geographic Information System data is available for the City's wastewater system, this 
information will be used for the sewer inverts. For master planning purposes, proposed 
sewer crowns will be matched at manholes when a smaller sewer joins a larger one. 

5.4 Lift Stations 

All lift stations (permanent, temporary or "package" type) will require City approval prior to 
construction. Lift stations to be constructed within the City must conform to the standards 
set forth herein, as follows:  

• Arizona Administration Code R18-9-E301 D, provided in the Appendix. 

• Engineering Bulletin No. 11, Chapter V - Minimum Requirements for Design, 
Submission of Plans and Specifications of Sewage Works, ADEQ, July 1978. 

• Maricopa Association of Governments (MAG) Uniform Standard Specifications and 
Details, latest version. 
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5.4.1 Lift Station Approval Process 

Any lift station design submittal to the City shall include an Engineering Report, signed and 
sealed by a professional engineer licensed in the State of Arizona; which, must include the 
following minimum information before submitting for City review and approval: 

• Specifications including the manufacturer and model of all equipment. 

• Construction drawings. 

• Sizing of all major components, pump and system curves, etc. 

• Geotechnical report signed and sealed by a professional civil or structural engineer, 
or a professional geologist, licensed in the State of Arizona. 

In addition to the above minimum requirements the following must also be addressed in the 
Engineering Report: 

• Adequate land shall be provided to accommodate potential expansions to the lift 
station due to future upstream developments and/or expansion of the development 
served by the lift station. The Wastewater Master Plan and the City should be 
consulted to determine the potential buildout flows at the proposed lift station location. 

• Adequate land shall be provided for future odor control measures, if future conditions 
dictate odor control. The space for odor control shall be based upon the ultimate lift 
station capacity (see item above). 

• All equipment that requires periodic maintenance shall be easily accessible by City 
staff. For example, all isolation and check valves shall be placed outside the wet well 
in a below-grade vault structure that is accessible from grade. 

• Unless otherwise directed by the City, a firm capacity equal to three times the 
average daily flow shall be used to determine the pumping capacity of lift stations. 
The lift station must be able to provide the "firm" pumping capacity with the largest 
pump out-of-service. 

5.4.2 Temporary and/or "Packaged" Lift Stations 

Temporary and/or "packaged" lift station may be acceptable on a case-by-case basis, as 
determined by the City. Temporary and/or "packaged" lift stations must follow the Lift 
Station Approval Process and conform to the standards as defined above. If a temporary 
and/or "packaged" lift stations is approved by the City, the following minimum design 
standards should be met: 

• Temporary or "packaged" lift stations shall be a wet well submersible pump 
configuration. 

• Wet well shall be a circular concrete and may be a manhole conforming to MAG 
standards. Wet well shall be lined or coated (using T-Lock® or another City approved 
lining or coating material) to protect the concrete. 



 

September 2006 3-36 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No03\Final-TM3.doc 

• Wet well shall be sized to accommodate the pumps, pump separation (per 
manufacturer's recommendations), and conform to the sizing requirements in A.A.C. 
R18-9-E301 D. 

• Access cover shall be sized to allow removal of the submersible pumps, lockable, and 
include a safety grate inside the access cover to reduce the potential of falls into the 
wet well. 

• Duplex (two) submersible non-clog pumps capable of passing a three-inch solid. 
Triplex (three) pump configuration can also be used if necessary to meet the flow 
requirements. 

• Lifting chain for removal of pumps. 

• Pump rails to aid in ease of pump removal. 

• Water level control shall be provided to operate pumps and provide high-level alarm. 
Water level devices shall include a back-up means to ensure high-level alarm operation. 

• Influent gravity line shall not free fall into the wet well. A drop pipe or tee (to reduce 
the potential for odors, surface vortices, and air entrainment) shall be placed on the 
influent gravity line. 

• Lift station shall include a concrete anchoring for a portable lifting hoist in order to 
remove the submersible pumps. Lifting hoist shall be provided to the City. 

• Lift station shall include an audible and visual alarm for high-high alarms. 

• Lift station shall include a standby generator capable of operating the lift station during 
sustained power outages. Alternatively, a portable generator can be used if a standby 
generator is not warranted. If a portable generator is to be provided the control panel 
must be capable of relaying a power outage alarm to the City operations personnel. 

• Potable water service shall be provided at the lift station. 

• Temporary and/or "packaged" lift station must conform to Bulletin No. 11, A.A.C. R18-9-
E301 D, MAG Standards, and the requirements as defined this Secion 5.4 Lift Stations. 

5.4.3 Normal Operation 

Lift station wet well sizing takes into consideration the fill time, based on average flow, and 
the minimum pump cycle time. The volume of the wet well should provide a retention period 
not to exceed 30 minutes of average daily design flow. When selecting the minimum cycle 
time, the pump manufacturer's duty cycle recommendations shall be utilized. Starting and 
stopping more than seven times an hour for any one pump is not recommended. Refer to 
A.A.C. R18-9-E301 D and Bulletin No. 11 Chapter V page V-3 for further information on wet 
well sizing requirements. 

5.4.4 Emergency Operation 

The objective of emergency operation is to protect public health by preventing sewer back-
ups and subsequent discharge into streets and other public or private property. The most 
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common emergency would be a power outage. Permanent back-up generators and/or 
portable generators should be considered for each lift station location. The need for a 
permanent back-up generator shall be considered on a case-by-case basis. If a portable 
generator is selected to meet standby power needs, the control panel shall be capable of 
sending a power outage alarm to City operation personnel. 

5.4.5 Lift Station Design References 

It is recommended that all lift station designs follow "typical" design practices, examples 
and methodology are provided in the following references: 

• Pump Station Design, Sanks 

• Hydraulic Institute Standards  

• Design Recommendations - Pumping with Large Submersible Centrifugal Pumps, 
Flygt Systems Engineering. 

The Hydraulic Institute Standards should be referenced with care since some 
recommendations address clean water applications and are not appropriate or require 
additional accommodations for handling wastewater. 

5.5 Force Mains 

Lift stations shall conform to the following requirements and standards: 

• Arizona Administration Code R18-9-E301 D, provided in the Appendix. 

• Chapter V of the Engineering Bulletin No. 11 - Minimum Requirements for Design, 
Submission of Plans and Specifications of Sewage Works, ADEQ, July 1978. 

• Maricopa Association of Governments (MAG) Uniform Standard Specifications and 
Details, latest version. 

In addition, force mains should have a minimum diameter of 6 inches. The velocity should 
be between 3 and 7 fps to provide scour velocity so that the solids deposited while the 
pumps are off will be transported when the pumps are operating. 

5.6 Gravity Sewer Planning Guidelines 

Gravity sewers should be designed and constructed to have a minimum 5 feet of cover or 
sufficient depth to serve the ultimate drainage area. 

Gravity sewers should be designed and constructed with a minimum 4 feet of separation 
between the flowline of irrigation ditches and the crown of the sewer. 

Gravity sewers and force mains should have a minimum separation of 6 feet from potable 
water mains unless they are encased in concrete as per Arizona Department of 
Environmental Quality requirements. 
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Manholes with sewers intersecting at greater than or equal to 90-degree angles should 
provide 0.2 feet of invert drop across the manhole. Other manholes should provide a 
minimum 0.1 feet of invert drop. 

5.7 Criteria Summary 

Table 3.14 summarizes the performance and design criteria used to evaluate existing 
wastewater collection features and for planning new wastewater collection system features. 
 

Table 3.14 Wastewater System Criteria Summary 
Phased Regional WRF - Design and Construction Guidelines 
City of Eloy, Arizona 

Description Criteria 
Pipe Capacity(3) Pipe Size 

(inches) 
Minimum Slope(1)(2) 

(ft/ft) (mgd) (cfs) 
8 0.0034 0.45 0.70 

10 0.0025 0.70 1.09 
12 0.0020 1.02 1.57 
14 0.0016 1.38 2.14 
15 0.0015 1.59 2.45 
16 0.0014 1.80 2.79 
18 0.0012 2.28 3.53 
20 0.0010 2.82 4.36 
21 0.0010 3.11 4.81 
24 0.0008 4.06 6.28 

Maximum Velocity ≤ 7 feet per second 
Flow Depth, d/D 
d/D for New Sewer Pipes with Diameters less than 12 inches 
d/D for Designing New Sewer Pipes 12 inches and Higher 
d/D for Evaluating Existing Mains in Developed Areas 

= 0.5 
= 0.75 
= 0.90 

Headloss in Existing Pipes 
Gravity Pipes 
Pressure Pipes 

 
Manning's n = 0.013 
Hazen William's C = 120 

Changes in Pipe Size 
When a smaller sewer joins a larger one: 

 
Sewer crowns will be 
matched. 

Headloss at Manholes 
Manholes with pipelines intersecting at 90 degrees or greater 
Manholes with pipelines intersecting at less than 90 degrees 

 
Provide 0.2' Invert Drop 
Provide 0.1' Invert Drop 

Notes: 
(1) Slopes are calculated using Manning's Equation for pipes flowing full with a minimum velocity 

of 2 fps. 
(2) Sewers larger than 24 inches should have a slope ≥ 0.0008. 
(3) Pipe Capacity based on full pipe flow. 
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Appendix A 

SEWAGE COLLECTION SYSTEM REQUIREMENTS 
(A.A.C. R18-9-E301) 
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PART E. TYPE 4 GENERAL PERMITS 

R18-9-E301. 4.01 General Permit: Sewage Collection Systems 
A. A 4.01 General Permit allows a new sewage collection system or an expansion of an existing sewage collection 

system involving new construction. 
1. A sewer collection system includes all sewer lines and associated structures, devices, and appurtenances that: 

a Are owned or controlled by a public or private sewer utility extending from the treatment works to the 
upstream points in the system where private owners assume ownership or control; or 

b Serve multiple private users from the upstream points where the individual users assume ownership or 
control to the downstream point where the sewer delivers wastewater to a sewage collection system 
owned or controlled by a public or private sewer utility, or to a sewage treatment facility. 

2. A sewer collection system repair is not an expansion of the system that requires a Notice of Intent to 
Discharge. Repairs include work performed in response to deterioration of existing structures, devices, and 
appurtenances with the intent to maintain or restore the system to its original operational characteristics. 

B. Performance. An applicant shall design, construct, and operate a sewage collection system so that it: 
1. Provides adequate wastewater flow capacity for the planned service; 
2. Minimizes sedimentation, blockage, and erosion through maintenance of proper flow velocities throughout 

the system; 
3. Prevents sanitary sewer overflows through appropriate sizing, capacities, and inflow and infiltration 

prevention measures throughout the system; 
4. Protects water quality through minimization of exfiltration losses from the system; 
5. Provides for adequate inspection, maintenance, testing, visibility, and accessibility; and 
6. Maintains system structural integrity. 

C. Notice of Intent to Discharge. In addition to the Notice of Intent to Discharge requirements specified in R18-9-
A301(B), an applicant shall submit the following information: 
1. A statement, signed by the owner or operator of the sewage treatment facility that treats or processes the 

sewage from the proposed sewer collection system. 
a The owner or operator shall affirm that the additional volume of wastewater delivered to the facility by 

the proposed sewer collection system will not cause any flow or effluent quality limits of the individual 
permit for the facility to be exceeded. 

b If the facility is classified as a groundwater protection permit facility under A.R.S. § 49-241.01(C), or if 
no flow or effluent limits are applicable, the owner or operator shall affirm that the design flow of the 
facility will not be exceeded. 

2. If the proposed sewage collection system delivers wastewater to a downstream sewer collection system under 
different ownership or control, a statement, signed by the owner or operator of the downstream sewer 
collection system, affirming that the downstream system can maintain the performance required by 
subsection (B) if it receives the increased flows associated with the new system or the expansion; 

3. A general site plan showing the boundaries and key aspects of the project; 
4. Construction quality drawings that provide overall details of the site and the engineered works comprising the 

project including: 
a Relevant plans and profiles of sewer lines, force mains, manholes, and lift stations with sufficient detail 

to allow Department verification of design and performance characteristics; 
b Relevant cross sections showing construction details and elevations of key components of the sewer 

collection system to allow Department verification of design and performance characteristics, including 
the slope of each gravity sewer segment stated as a percentage; and 

c Drainage features and controls, and erosion protection as applicable, for the components of the project. 
5. Documentation of design flows for significant components of the sewage collection system and the basis for 

calculating the design flows; 
6. An operation and maintenance plan if the project has a design flow of more than 10,000 gallons per day; 
7. Drawings, reports, and other information that are clear, reproducible, and in a size and format specified by 

the Department. The applicant may submit the drawings in a Department-approved electronic format; and 
8. Design documents, including plans, specifications, drawings, reports, and calculations that are signed and 

sealed by an Arizona-registered professional engineer unless prohibited by law. The designer shall use good 
engineering judgement following engineering standards of practice, and rely on appropriate engineering 
methods, calculations, and guidance. 
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D. Design Requirements. 
1. General Provisions. An applicant shall ensure that the design, installation, and testing of a new sewage 

collection system or an expansion to an existing sewage collection system involving new construction 
complies with the following rules. An applicant shall: 
a Base design flows for components of the system on unit flows specified in Table 1, Unit Daily Design 

Flows. If documented by the applicant, the Department may accept lower unit flow values in the served 
area due to significant use of low flow fixtures. 

b Use the "Uniform Standard Specifications for Public Works Construction," referenced in this Section 
and published by the Maricopa Association of Governments, revisions through 2000, or the "Pima 
County Wastewater Management," November 1994 Edition, as the applicable design and construction 
criteria, unless the Department approved alternative design standards or specifications authorized by a 
delegation agreement under A.R.S. § 49-107. 

c Use gravity sewer lines, if appropriate. The applicant shall design gravity sewer lines and all other sewer 
collection system components, including force mains, manholes, lift stations, and appurtenant devices 
and structures to accommodate maximum sewage flows as determined by the method specified in 
subsections (D)(1)(c)(i) or (D)(1)(c)(ii) that yields the greatest calculated flow: 
i. Any point in a sewer main when flowing full can accommodate an average flow of 100 gallons per 

capita per day for all populations upstream from that point, or 
ii. Any point in a sewer collection system can accommodate a peak flow for all populations upstream 

from that point as tabulated below:  
Upstream Population Peaking Factor 

100 3.62 

200 3.14 

300 2.90 

400 2.74 

500 2.64 

600 2.56 

700 2.50 

800 2.46 

900 2.42 

1000 2.38 

1001 to 10,000 PF = (6.330 x p -0.231 ) + 1.094 

10,001 to 100,000 PF = (6.177 x p -0.233 ) + 1.128 

More than 100,000 PF = (4.500 x p -0.174 ) + 0.945 

PF = Peaking Factor 
p = Upstream Population 

 
d Ensure the separation of sewage collection system components from drinking water distribution system 

components under R18-4-502. 
e Request review and approval of an alternative to a design feature specified in this Section by following 

the requirements of R18-9-A312(G). 
2. Gravity sewer lines. An applicant shall: 

a Ensure that any sewer line that runs between manholes, if not straight, is of constant horizontal curvature 
with a radius of curvature not less than 200 feet; 

b Cover each sewer line with at least three feet of backfill meeting the requirements of subsection 
(D)(2)(h)(i). The applicant shall: 
i. Include at least one note specifying this requirement in construction plans; 
ii. If site-specific limitations prevent three feet of earth cover, provide the maximum cover attainable, 

and construct the sewer line of ductile iron pipe or other materials of equivalent or greater tensile 
and compressive strength; 

iii. If ductile iron pipe is not used, design and construct the sewer line pipe with restrained joints or an 
equivalent feature; and 

iv. Ensure that the design of the pipe and joints can withstand crushing or shearing from any expected 
load. Construction plans shall note locations requiring these measures. 
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c If sewer lines cross floodways, place the lines at least two feet below the 100-year storm scour depth and 
construct the lines using ductile iron pipe or pipe with equivalent tensile strength, compressive strength, 
shear resistance, and scour protection. The applicant shall ensure that sewer lines constructed in this 
manner extend at least 10 feet beyond the boundary of the 100-year storm scouring. Construction plans 
shall note locations requiring these measures. 

d Ensure that each sewer line is eight inches in diameter or larger except: 
i. The first 400 feet of a dead end sewer line with no potential for extension may be six inches in 

diameter if the design flow criteria specified in subsection (D)(1)(c) are met. If the line is ever 
extended, the applicant seeking the extension shall replace the entire length with larger pipe to 
accommodate the new design flow; or 

ii. The sewer lines for a sewage collection system for a manufactured home, mobile home, or 
recreational vehicle park are not less than four-inches in diameter for up to 20 units, five-inches in 
diameter for 21 to 36 units, and six-inches in diameter for 37 to 60 units. 

e Design sewer lines with at least the minimum slope calculated from Manning's Formula using a 
coefficient of roughness of 0.013 and a sewage velocity of two feet per second when flowing full. 
i. An applicant may request a smaller minimum slope under R18-9-A312(G) if the smaller slope is 

justified by a quarterly program of inspections, flushings, and cleanings. 
ii. If a smaller minimum slope is requested, the slope shall not be less than 50% of that calculated 

from Manning's formula using a coefficient of roughness of 0.013 and a sewage velocity of two 
feet per second. 

f Design sewer lines to avoid a slope that creates a sewage velocity greater than 10 feet per second. The 
applicant shall construct any sewer line carrying a flow with a normal velocity of greater than 10 feet per 
second using ductile iron pipe or pipe with equivalent erosion resistance, and structurally reinforce the 
receiving manhole or sewer main. 

g Design and install sewer lines, connections, and fittings with materials that meet or exceed 
manufacturer's specifications not inconsistent with this Chapter to: 
i. Limit inflows, infiltration, and exfiltration; 
ii. Resist corrosion in the project electrochemical environment; 
iii. Withstand anticipated live and dead loads; and 
iv. Provide internal erosion protection. 

h Indicate trenching and bedding details applicable for each pipe material and size in the design plans. 
Sewer lines shall be placed in trenches and bedded following the specifications established in 
subsections (D)(2)(h)(i) and (D)(2)(h)(ii). This material is incorporated by reference and does not 
include any later amendments or editions of the incorporated matter. Copies of the incorporated material 
are available for inspection at the Department of Environmental Quality and the Office of the Secretary 
of State, or may be obtained from the Maricopa Association of Governments, 302 N. 1st Avenue, Suite 
300, Phoenix, Arizona 85003, or from Pima County Wastewater Management, 201 N. Stone Avenue, 
Tucson, Arizona 85701-1207. 
i. "Trench Excavation, Backfilling, and Compaction" (Section 601), published in the "Uniform 

Standard Specifications for Public Works Construction," published by the Maricopa Association of 
Governments, revisions through 2000; and 

ii. "Rigid Pipe Bedding for Sanitary Sewers" (WWM 104), and "Flexible Pipe Bedding for Sanitary 
Sewers" (WWM 105), published by Pima County Wastewater Management, revised November 
1994. 

i Perform a deflection test of the total length of all sewer lines made of flexible materials to ensure that 
the installation meets or exceeds the manufacturer's recommendations and record the results. 

j Test each segment of the sewer line for leakage using the applicable method below and record the 
results: 
i. "Standard Test Method for Installation of Acceptance of Plastic Gravity Sewer Lines Using Low-

Pressure Air" published by the American Society for Testing and Materials, (F 1417-92), 
reapproved 1998; 

ii. "Standard Practice for Testing Concrete Pipe Sewer Lines by Low-Pressure Air Test Method" 
published by the American Society for Testing and Materials, (C 924-89), reapproved 1997; 

iii. "Standard Test Method for Low-Pressure Air Test of Vitrified Clay Pipe Lines" published by the 
American Society for Testing and Materials, (C 828-98), approved March 10, 1998; or 

iv. The material listed in subsections (D)(2)(j)(i), (D)(2)(j)(ii), and (D)(2)(j)(iii) is incorporated by 
reference and does not include any later amendments or editions of the incorporated matter. Copies 
of the incorporated material are available for inspection at the Department of Environmental 
Quality and the Office of the Secretary of State, or may be obtained from the American Society for 
Testing and Materials, 100 Barr Harbor Drive, Conshohocken, PA 19428-2959. 

k Test the total length of the sewer line for uniform slope by lamp lighting, remote camera or similar 
method approved by the Department, and record the results. 
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3. Manholes. 
a An applicant shall install manholes at all grade changes, all size changes, all alignment changes, all 

sewer intersections, and at any location necessary to comply with the following spacing requirements: 
Sewer Pipe Diameter (inches) Maximum Manhole Spacing (feet) 

4 to less than 8 300 

8 to less than 18 500 

18 to less than 36 600 

36 to less than 60 800 

60 or greater 1300 
b The Department shall allow greater manhole spacing following the procedure provided in R18-9-

A312(G) if documentation is provided showing the operator possesses or has available specialized sewer 
cleaning equipment suitable for the increased spacing. 

c The applicant shall ensure that manhole design is consistent with "Pre-cast Concrete Sewer Manhole" 
(#420), "Offset Manhole for 8" - 30" Pipe" (#421), and "Brick Sewer Manhole and Cover Frame 
Adjustment" (#422), 1998, including revisions through 2000, published by the Maricopa Association of 
Governments; and "Manholes and Appurtenant Items" (WWM 201 through WWM 211), Standard 
Details for Public Improvements, 1994 Edition, published by Pima County Wastewater Management. 

d The material specified in subsection (D)(3)(c) is incorporated by reference and does not include any 
later amendments or editions of the incorporated matter. Copies of the incorporated material are 
available for inspection at the Department of Environmental Quality and the Office of the Secretary of 
State, or may be obtained from the Maricopa Association of Governments, 302 N. 1st Avenue, Suite 
300, Phoenix, Arizona 85003, or from Pima County Wastewater Management, 201 N. Stone Avenue, 
Tucson, Arizona 85701-1207. 

e The applicant shall not locate manholes in areas subject to more than incidental runoff from rain falling 
in the immediate vicinity unless the manhole cover assembly is designed to restrict or eliminate storm 
water inflow. 

f The applicant shall test manholes using one of the following test protocols: 
i. Watertightness testing by filling the manhole with water. The applicant shall ensure that the drop in 

water level does not exceed 0.001 of total manhole volume in one hour. 
ii. Air pressure testing using the "Standard Test Method for Concrete Sewer Manholes by Negative 

Air Pressure (Vacuum) Test," published by the American Society for Testing and Materials, (C 
1244-93), approved August 15, 1993. This material is incorporated by reference, does not include 
any later amendments or editions of the incorporated matter, and is on file with the Office of the 
Secretary of State. The material may be viewed at the Department of Environmental Quality, Water 
Quality Division, or obtained from the American Society for Testing and Materials, 100 Barr 
Harbor Drive, Conshohocken, PA 19428-2959. 

g The applicant shall perform manhole testing under subsection (D)(3)(f) after installation of the manhole 
cone to verify watertightness of the manhole from the top of the cone down. 
i. Upon satisfactory test results, the applicant shall install the manhole ring and any spacers, complete 

the joints, and seal the manhole to a watertight condition. 
ii. If the manhole cone, spacers, and ring can be installed to final grade without disturbance or 

adjustment by later construction, the applicant may perform the testing from the top of the manhole 
ring on down. 

h The applicant shall locate a manhole to provide adequate visibility and vehicular maintenance 
accessibility after the manhole has been built. 

4. Force mains. If it is impractical to install a gravity sewer line system, an applicant may install a force main if 
it meets the following design, installation, and testing requirements. The applicant shall: 
a Design force mains to maintain a minimum flow velocity of three feet per second and a maximum flow 

velocity of seven feet per second. 
b Ensure that force mains have the appropriate valves and controls required to prevent drainback to the lift 

station. If drainback is necessary during cold weather to prevent freezing, the control system may allow 
manual or automatic drainback. 

c Incorporate air release valves or other appropriate components in force mains at all high points along the 
line to eliminate air accumulation. If engineering calculations provided by the applicant demonstrate that 
air will not accumulate in a given high point under typical flow conditions, the Department shall waive 
the requirement for an air release valve. 

d Provide thrust blocks or restrained joints if needed to prevent excessive movement of the force main. 
Construction plans shall show thrust block or restrained joint locations and details. The documentation 
submitted to the Department for verification of the general permit shall include calculations and analysis 
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of water hammer potential and surge control measures and shall be signed and sealed by an Arizona-
registered professional engineer. 

e If a force main is proposed to discharge directly to a sewage treatment facility without entering a flow 
equalization basin, include in the Notice of Intent to Discharge a statement from the owner or operator 
of the sewage treatment facility that the design is acceptable. 

f Design a force main to withstand, and upon completion test the force main for leakage, at a pressure of 
50 pounds per square inch or more above the design working pressure. 

g Supply flow to a force main using a lift station that meets the requirements of subsection (D)(5). 
5. Lift stations. An applicant shall: 

a Secure a lift station to prevent tampering and affix on its exterior, or on the nearest vertical object if the 
lift station is entirely below grade, at least one warning sign that includes the 24-hour emergency phone 
number of the owner or operator of the collection system; 

b Protect lift stations from physical damage from a 100-year flood event. Construction of a lift station is 
prohibited in a floodway; 

c Lift station wet well design. The applicant shall: 
i. Ensure that the minimum wet well volume in gallons shall be 1/4 of the product of the minimum 

pump cycle time, in minutes, and the total pump capacity, in gallons per minute; 
ii. Protect the wet well against corrosion to provide at least a 20-year design life; 
iii. Ensure that wet well volume does not allow the sewage retention time to exceed 30 minutes unless 

the sewage is aerated, chemicals are added to prevent or eliminate hydrogen sulfide formation, or 
adequate ventilation is provided. Notwithstanding these measures, the applicant shall not allow the 
septic condition of the sewage to adversely affect downstream collection systems or sewage 
treatment facility performance; 

iv. Ensure that excessively high or low levels of sewage in the wet well trigger an audible or visual 
alarm at the wet well site and at the system control center; and 

v. Ensure that a wet well designed to accommodate more than 5000 gallons per day has a horizontal 
open cross-sectional area of at least 20 square feet. 

d Equip a lift station wet well with at least two pumps. The applicant shall ensure that: 
i. The pumps are capable of passing a 2.5-inch sphere or are grinder pumps; 
ii. The lift station is capable of operating at design flow with any one pump out of service; and 
iii. Piping, valves, and controls are arranged to allow independent operation of each pump. 

e Not use suction pumps if the sewage lift is more than 15 feet. The applicant shall ensure that other types 
of pumps are self-priming and that pump water brake horsepower is at least 0.00025 times the product of 
the required discharge, in gallons per minute, and the required total dynamic head, in feet; 

f For safety during operation and maintenance, design lift stations to conform with all applicable state and 
federal confined space requirements; and 

g For lift stations receiving an average flow of more than 10,000 gallons per day, include a standby power 
source in the lift station design that may be put into service immediately and remain available for 24 
hours per day. 

E. Additional Verification of General Permit Conformance requirements. An applicant shall:  
1. Supply a signed and sealed Engineer's Certificate of Completion, unless prohibited by law, in a format 

approved by the Department that provides the following: 
a Confirmation that the project was completed in compliance with the requirements of this Chapter, as 

described in the plans and specifications corresponding to the Provisional Verification of General Permit 
Conformance issued by the Director, or with changes that are reflected in as-built plans submitted with 
the Engineer's Certificate of Completion; 

b As-built plans, if required, that are properly identified and numbered; and 
c Confirmation of satisfactory test results from deflection, leakage, and uniform slope testing. 

2. Provide any other relevant information required by the Department to determine that the facility conforms to 
the terms of this general permit; and 

3. If the project has a design flow of more than 10,000 gallons per day, provide a final operation and 
maintenance plan that includes the 24-hour emergency number of the owner or operator of the system. 

F. Operation and maintenance requirements. 
1. The permittee of a sewage collection system that includes a force main and lift station or that has a design 

flow of more than 10,000 gallons per day shall maintain, and revise as needed, an operation and maintenance 
plan for the system at the system control center. 

2. The permittee shall ensure that the operation and maintenance plan is the basis for operation and continuing 
maintenance of the sewer collection system. 

Historical Note 

New Section adopted by final rulemaking at 7 A.A.R. 235, effective January 1, 2001 (Supp. 00-4). 
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Technical Memorandum No. 4 
SOFTWARE SELECTION 

1.0 INTRODUCTION 
The City of Eloy (City) is planning to purchase wastewater modeling software that will be 
used to evaluate the distribution and collection systems from the current configurations 
through buildout. The City is expected to have rapid growth between now and buildout. 
Consequently, having the ability to effectively plan how the distribution and collection 
systems should grow is a priority. Specific goals for the software include: 
• Provide a reasonable approximation of hydraulic behavior in the networks. 
• Be able to create and maintain the model successfully using GIS data. 
• Have a user interface that is intuitive and relatively easy to understand. 
Carollo Engineers has been asked to provide a recommendation on the software to be 
purchased for the wastewater collection system model. The purpose of this technical 
memorandum is to do the following: 
• Determine the software functionality that will be required to satisfy the requirements of 

this project, as well as the software functionality useful to the City. 
• Compare tangible and intangible software features to determine an appropriate 

software vendor. 
• Make a software recommendation. 
All modeling software packages have a mix of strengths and weaknesses, and no software 
is perfect, or error free. Each software program is developed to fulfill the vision that the 
software company has for the software, and the vision each software company has is 
influenced by the collective experience of the company and client base for that software. 
Therefore, a software package may be stronger for some applications than for others. 
Software vendors also have different views on how to provide good software and good 
support. 
This document summarizes information about each vendor, explains software features in 
relation to the City's needs, and makes a software recommendation. 

2.0 SOFTWARE VENDORS 
The following wastewater modeling software packages were evaluated: 
• H2OMAP Sewer by MWH Soft. 
• InfoSewer by MWH Soft. 
• Hydra by Pizer, Inc. 
• Infoworks CS by Wallingford Software. 



 

DRAFT - March 24, 2006 4-2 
H:\Client\Eloy_PHXW\7266B00\TechMemo\No04\Draft-Text.doc 

• Mouse by the Danish Hydraulic Institute. 
• MIKE SWMM by the Danish Hydraulic Institute. 
• XP-SWMM by XP Software, Inc. 
• SewerCAD by Haestad/Bentley, Inc. 
Both MWH Soft and Haestad/Bentley offer modeling software that uses the EPA-SWMM 
hydraulic engine. However, these software programs were not considered in this analysis 
because both vendors offer modeling software that is more appropriate for the City. 
Software packages that did not provide dynamic or quasi-dynamic modeling capabilities 
were not considered in this evaluation. 
Background information on each software company is listed below. 
MWH Soft is a subsidiary of Montgomery Watson Harza, Inc. MWH Soft is headquartered in 
Broomfield, Colorado. 
Wallingford Software is a British software company. 
The Danish Hydraulic Institute (DHI) is a hydraulic research institution that began 
developing software for internal use, and then began selling the software to outside parties.  
Pizer, Inc. is owned by Alan Peyser, who left CH2MHill to form his own company to create 
modeling software. 
XP-Software, Inc. is a spin-off from an Australian engineering company that developed 
software for internal use, and then began selling the software commercially. XP-SWMM 
provides an interface for the EPA-SWMM software. 
Haestad/Bentley, Inc. is a software company with headquarters in Waterbury, Connecticut. 
Haestad develops hydraulic modeling software for water, wastewater, and storm water 
systems. Haestad was purchased by Bentley Systems and the software suite is being 
incorporated into the Bentley software suite. 

3.0 HYDRAULIC MODELING SOFTWARE CHARACTERISTICS 

3.1 Hydraulic Calculations 

A comparison of the different calculation methods for sewer models is given in the paper 
"Selecting the Right Model to Analyze Collection System Flows and Hydraulics" by Dent, et 
al. This paper is provided in Appendix A. This paper provides more detailed information on 
different hydraulic calculation methods. 
There are three categories of collection system hydraulic engines that perform hydraulic 
calculations. Within each category, the vendors often use slightly different methods of 
performing these calculations, or handle boundary conditions in a different manner. Each 
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algorithm has a set of advantages and disadvantages with regard to performance, stability, 
and accuracy. The main three categories are as follows: 
• Steady state calculations that assume normal depth for open channel pipeline flow. 

Extended period models make steady state calculations at specified time intervals 
throughout a simulation. 

• Quasi-dynamic calculations that route flow using a simplification of the Saint Venant 
equations that neglect the momentum term in the equations. 

• Fully dynamic calculations that solve the full Saint Venant equations, and can 
calculate the full dynamic behavior of water in a collection system. 

A Steady State model assumes that the flow through the pipe is at normal depth, and water 
depth in the pipe is calculated assuming completely steady conditions. Prior to the hydraulic 
calculations, the amount of flow through each pipe is calculated by summing up the loads 
on the upstream pipes and manholes. Peaking factors can be applied to the loads. A steady 
state model is useful for sizing mains in simple collection systems during an initial design. 
Software programs that include steady state calculation features are SewerCAD, 
InfoSewer, and H2OMAP. 
A Quasi-dynamic model routes flows through the collection system using a method of 
dynamic calculations. The momentum term in the Saint Venant equation is neglected, so 
the effects of inertia are not considered. Therefore, if the flow hydrograph results in reverse 
flow, spilling manholes in a pressurized system, or dynamic storage, the hydraulic 
calculations are not as accurate. Neglecting the momentum term often gives a more 
conservative solution. A quasi-dynamic model is used where it is necessary to route flow 
through the collection system, aggregating the peak flows, as well as attenuation. Modeling 
software with a quasi-dynamic algorithm include Hydra, InfoSewer, H2OMAP, and 
SewerCAD. XP-SWMM also has a quasi-dynamic option. 
A fully Dynamic model calculates the full inertial effects of water in a collection system or 
drainage system. These models will predict reverse flow, manhole overflows, and changes 
in storage volumes in large mains. A fully dynamic model is used for combined sewer/ 
drainage systems, areas with high water tables, high rainfall, and flat elevations. Collection 
systems in these environments must be able to predict reverse flow, and route these storm 
flows through the collection system. Dynamic models are much more complex than other 
models, and require more data. The fully dynamic models are Mouse, Infoworks CS, 
XP-SWMM, Info SWMM, H2OMAP SWMM, and MIKE SWMM. 
The City collection system is relatively simple in comparison with the collection systems of 
large cities, particularly where the annual precipitation is high. Model studies to size future 
mains do not require an analysis of flow conditions using dynamic model functionality. The 
City is located in an arid climate and does not have a high water table. Inflows from 
relatively infrequent storm events are expected to be minor, so there is no need for 
sophisticated software functionality to handle storm events. The purpose of the future 
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planning scenarios that will be analyzed using the model is to size mains in a way that 
surcharging in manholes does not take place. Therefore, the fully dynamic modeling 
functionality would most likely not provide more value than a quasi-dynamic model in sizing 
mains or in understanding the hydraulic behavior in the network. 
The quasi-dynamic model is appropriate for the City because it will route flows through the 
collection system to simulate the time varying effects of the wastewater hydrograph to verify 
that the maximum allowable depth in the mains is not exceeded and because it provides an 
accuracy that will provide good results. 

3.1.1 Hydrology Calculations for Wastewater Collection 

Some software packages are designed to be used for sanitary systems, combined systems, 
and drainage systems. Therefore, the software includes the capability to calculate runoff 
flows and time of concentration using the SCS method or a number of other calculation 
methods. The software packages that provide the option of this functionality include Hydra, 
Mouse, Infoworks CS, XP-SWMM, H2OMAP, InfoSewer, and MIKE SWMM.  
The City sanitary system is not a combined system; therefore, overland flows do not need 
to be estimated and routed through the collection system. Therefore, the hydrology 
calculations available in some software packages may be useful, but are not required. 

3.1.2 Complex Hydraulic Calculations 

Some software packages have the ability to use multiple friction loss equations to predict 
the head loss through a variety of conduits. The software packages that have this 
functionality include Hydra, Mouse, Infoworks CS, XP-SWMM, Info SWMM and MIKE 
SWMM. The Mannings Equation is considered to be adequate to predict friction losses in 
open channel pipes. The Hazen-Williams or Colebrook - White Equation is adequate for 
pressurized pipe friction loss calculations. 
The City presumably has only circular conduits, so the software functionality that calculates 
flow and depth in a wide variety of channel shapes would not be needed to model the 
collection system. 

3.1.3 Contaminant and Corrosion Potential Modeling 

Some software packages have the ability to track contaminant concentrations for the 
purpose of evaluating pretreatment options. Algorithms are also available to predict likely 
areas of high hydrogen sulfide concentrations. H2OMAP Sewer and InfoSewer have these 
capabilities. 
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3.2 GIS Interface 

Some of the software packages have the ability to read GIS shape files and translate this 
data to a format used by the modeling software using a separate or embedded data 
translation routine (SynerGEE, Mike Net, Water/Sewer CAD, Hydra, XP-SWMM, Mouse). 
These translation routines allow the user to map the shape file data fields to fields in the 
databases or flat files used by the modeling software. Some of these interfaces require 
separate, customized data conversion routines. 
The H2OMAP software stores data directly in GIS shape files. Data from shape files, Excel 
files, or AutoCAD files can be converted to the shape file format using an embedded data 
translation routine. In addition, the model results are also stored in shape files, or 
databases that can be joined to shape files. Therefore, model data and model results can 
be used directly by Arc View, and all data entry, cleanup, and display capabilities in GIS 
software is available for modeling projects. This GIS interface is more direct, and simplified 
than other software packages. 
Most of the software packages have limited ability to clean up GIS data with topology flaws. 
Data must be cleaned up completely in the GIS before that data can be extracted to the 
model. Modeling software that can identify and help clean up GIS data benefits the modeler 
because the GIS data does not need to be perfect at the time it is imported into the model. 
Data diagnostic and cleanup tools within the modeling software save time and simplify the 
model creating and updating processes. Infoworks and H2OMAP have the ability to find and 
resolve topology problems as well as missing data in the modeling software itself. Water 
GEMS InfoSewer and InfoWater utilize native GIS functionality to perform data cleanup 
tasks. Water CAD has routines that are useful to locate topology problems so that they can 
be fixed manually. Once cleaned up, this information can be sent back to the GIS using 
these software packages. 
Infoworks for water and sewer provides a considerable amount of GIS functionality within 
the modeling software. Their philosophical view seems to be that modeling is the "center" of 
infrastructure management activities and therefore the model database is updated and 
maintained as the source of asset information. This contrasts with a more prevalent view 
that the GIS database is the central database of spatially related asset information for a 
utility. Many applications, including modeling, extract GIS data as required for the 
application, but the data is maintained and updated primarily in the GIS. Infoworks WS, 
therefore, has GIS functionality to perform tasks that could be completed by using a copy of 
Arc View, at a much lower price. 
Although Eloy currently does not have infrastructure data in a GIS format, the existing 
mains in the Eloy system will be digitized using GIS software because this is the most 
efficient way to convert data on paper maps to a digital form. A spin-off benefit of digitizing 
this data for the model will be that this same data can be used for creating maps, asset 
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management, and other GIS related tasks. Therefore, it is advantageous to have software 
that works well with GIS data. 

3.3 Embedding Modeling Software within CAD, GIS Software 

The software packages run either in Arc GIS (InfoWater, InfoSewer, and Water GEMS), or 
as stand-alone software packages (H2OMAP, Hydra, Mouse, XP-SWMM). There are 
advantages as well as disadvantages in having modeling software running inside a third 
party software package. Software costs may be higher if additional copies of Arc GIS must 
be purchased to do modeling analysis. 
Modeling software that runs inside Arc GIS is intended for users that work frequently with 
Arc GIS. The advantage of this software is that GIS data manipulation, analysis, and 
display functionality can be used directly in the modeling environment. GIS data formats 
such as geodatabases that are used with ESRI's Arc GIS products can also be used 
directly. Software performance however is not as fast, and when Arc GIS is updated, 
increased costs, delays, and hassles can result as the modeling software is updated with 
the GIS software. 
Stand-alone modeling software has the advantage of being independent of the complexities 
and problems that are inherent with embedding modeling software within third party 
software. Our experience has been that stand-alone software tends to have fewer errors, 
and it is easier for the software vendor to maintain the software and associated modules. 
The interface with GIS is not compromised when model data and results can be saved 
directly in file formats that are read directly by GIS software. The full power of the GIS is 
therefore available for modeling applications.  
Carollo recommends a stand-alone modeling software package to avoid the complications 
that are caused by embedding modeling software in third party software packages. 

3.4 Customer Service and Support 

An evaluation of customer service and support provided by software vendors is subjective 
at best, since the evaluation is influenced by the specific personalities of both parties, the 
relationship that may exist between the parties, and the time constraints that the vendor 
may be under during the time that contact is made. Anecdotal information obtained from 
other software users is subject to biases as well. However, establishing and maintaining a 
good working relationship with the vendor can be very helpful to maximize the benefits 
obtained from the software. Maintaining a good personal relationship with the software 
vendor is probably the most effective way to obtain extra support and software 
enhancements when needed. During the software evaluation process, experiences with 
each vendor are explained below. 
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Haestad/Bentley – Anecdotal information obtained from other users was mixed. With the 
recent Bentley acquisition, turnover with support staff has resulted in inexperienced staff. 
Also, Bentley has demonstrated a focus on promoting their combined product suite, which 
does not necessarily serve the interests of modeling software clients. 
Wallingford Software – Expertise of the more experienced support staff are based on 
European practices, which are different from U.S. practices in some areas. The U.S. based 
office of Wallingford Software was probably the least responsive of all the vendors 
contacted. Anecdotal information gathered about customer support in the U.S. was not 
complimentary. 
Danish Hydraulic Institute – DHI Software is based in Denmark, but has four offices in the 
U.S. to provide support and project work. Mike Net is scheduled to be updated in the future 
to an integrated water/wastewater package called Mike Urban. Mike Urban is expected to 
be integrated in some fashion with ESRI's Arc GIS software. However, this upgrade has 
been delayed, and is not available in time for this project. Anecdotal information gathered 
about this vendor's software and support was complimentary. 
MWH Soft – Experience has shown that this vendor is very responsive to clients needing 
support and is able to quickly provide enhancements when needed. Anecdotal information 
gathered from other users of this software was complimentary and consistent with Carollo's 
experience. 
The City should select a vendor that has a good chance of a stable future to reduce the 
chance that the model would need to be converted to work with a different software 
package. With intense competition and the rapidly changing computer and information 
technology environment that we live in today, there are no guarantees that any vendor will 
always remain the preferred choice. Historically, those vendors that were leaders in 
supplying water modeling software ten years ago are not necessarily the same vendors that 
are perceived to be leaders today. Traits of software vendors that improve the chances for 
future viability include the following: 
• Company leadership, clear direction for the software products. 
• Strong focus on applying or creating new technology to make the software better than 

competitors. 
• Emphasis on changing and adapting to meet clients needs and expectations. 
• Open software architecture that allows information to be passed easily between 

related software and information systems. 
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4.0 SOFTWARE EVALUATION 

4.1 Critical Evaluation Criteria 

Carollo believes that the following list summarizes the most important criteria for selecting 
the software: 
1. The hydraulic computation algorithms should represent the current state of the art in 

hydraulic modeling. 
2. The software should run on commonly available hardware and operating systems. 
3. The software should have an open architecture and use standard data formats so 

that data can be easily imported into the software, and so that model results can be 
exported in a variety of forms to effectively communicate simulation results. The 
software should have the ability to edit, clean, and improve data so that imperfect 
data can easily be improved to a model ready quality. Because GIS data is 
increasingly used to store spatial data, the software should be designed specifically to 
work with GIS data. 

4. The software vendor should be consistently profitable, be a leader in the field, and 
have a vision for how the software will develop and improve. In this rapidly changing 
marketplace, the software company must remain current with technology and have a 
meaningful portion of the market share in order to have the resources to update, 
enhance, and support the software. A larger user base also provides the company 
with more ideas to improve the software. 

5. The software should be well supported with responsive staff that can quickly help the 
modeler, or improve the software to meet the client's software requirements. When 
the vendor staff are available and responsive, the modeler can establish personal 
relationships with the vendor that helps the vendor to effectively meet the modeler's 
needs. 

6. The software user interface should be intuitive and easy to use. This includes easy to 
use toolbars, menus, displays, scenario management, output tables, graphs, queries, 
and selection capabilities. 

7. The software should provide the best value for the money in helping the City manage 
a capital improvement program. 
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4.2 Preliminary Evaluation 

The first step in selecting the software is to eliminate the software packages that cannot 
meet the criteria listed above after a cursory comparison of the software capabilities against 
the criteria list in 4.1 above. Based on this comparison, the following software packages 
were eliminated from further consideration for the reasons stated below: 
Wastewater Modeling Software: 
• Hydra - No. 3 - Although an interface with the GIS is provided, it is limited and 

awkward to use. Some data formats are proprietary and there is no easy or 
automated way to manage the many files required for the software. No. 4 and 6 - The 
software vendor has not maintained a user interface that utilizes the features 
available with current technology. No. 7 - A water model is not offered. No 8 - No 
compelling value for the money. 

• XP-SWMM - No. 3 - The data interface with GIS is more limited when compared with 
other vendors. No. 6 - The software interface appears outdated. No. 7 - A companion 
water modeling software package is not offered. No. 8 - No compelling value for the 
price. 

• Infoworks – No. 5 - The software is marketed by Wallingford software in England and 
support has sometimes been less than desired. The software has been designed for 
European practice, which has differences from U.S. practice. No. 7 - Although rich in 
features, this software is very expensive and less expensive software provides all the 
functionality that is needed for the City. 

• Mouse - No. 7 - This software is rich in features but offers no compelling value for the 
price for the City's relatively small collection system. 

Stand -alone software is recommended for the City, so InfoSewer and INFO SWMM have 
been eliminated from consideration.  

4.3 Software Selection 

Table 4.1 shows a summary of features for sewer modeling software. H2OMAP Sewer has a 
load allocation module and data cleanup tools that Sewer CAD does not have. In addition, 
H2OMAP Sewer has advantages over Sewer CAD such as an open database, lower price, 
more sophisticated hydraulic engine, good support, and industry leadership. For these 
reasons, H2OMAP Sewer is recommended for the City. 
H2OMAP Sewer is used by other Arizona communities including Chandler, Prescott Valley, 
Show Low, Casa Grande, Eloy, Prescott, Gilbert, Mesa, Goodyear, Scottsdale, and 
Avondale. 
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Table 4.1 Software Selection 
City of Eloy Sanitary Sewer System Model  

 

H2OMAP 
Sewer, 

MWH Soft 

InfoSewer 
by MWH 

Soft 

SewerCAD, 
Haestad 
/Bentley 

Hydra, 
Pizer 

XP-SWMM, 
XP 

Software 

MIKE 
SWMM, 

 DHI 
Software 

Mouse, DHI 
Software 

Infoworks, 
Wallingford 

Software 
Company Characteristics         
Number of current software licenses of sewer 
modeling product with active support 
agreements in the U.S. 

1,000+ hundreds ~3,900 ~1,000 ~1,000 ~1,000 ~500 ~150 

Provides companion water modeling software yes yes yes no no yes yes yes 
Provides storm water drainage modeling 
capabilities or companion software 

yes yes yes, in a 
separate 
package 

yes yes yes yes yes 

Customer support very good very good good fair good good good fair 
Price, assuming 5,000 pipes $8,000 $8,000 $13,500 $4,500 $11,000 $5,000 $14,000 $32,000 
Price of additional modules $1,000 $1,000 $0 $0 $1,000 $4,400 $4,400 $0 
Total M & S annual fee $2,000 $2,000 $3,800 $1,250 $1,000 $450 $2,000 $5,000 
Software training provided by the vendor, per 
person 

$1,200 $1,200 $1,500 
regular, 

$995 special 
$1,200 $1,000 varies, 

$500 (web 
based) 

varies, 
$500 (web 

based) 
free if by June 

30 

Floating or network licenses yes yes yes no yes yes yes yes 
Company stability good good good fair fair good good good 
Additional modules required load 

generation
load 

generation
none included GIS 

Interface 
GIS 

Interface 
GIS 

Interface 
none 
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Table 4.1 Software Selection 
City of Eloy Sanitary Sewer System Model  

 

Usefulness 
to Eloy 

3 = essential,  
2 = useful,  

1 = possible value, 
0 = no value 

H2OMAP 
Sewer, 

MWH Soft

InfoSewer 
by MWH 

Soft 

SewerCAD, 
Haestad/ 
Bentley 

Hydra, 
Pizer 

XP-
SWMM, 

XP 
Software

MIKE 
SWMM,

DHI 
Software

Mouse,
DHI 

Software

Infoworks, 
Wallingford 

Software 
Technical Characteristics          
Compatible with Windows 2000, MS Office 2000 3 yes yes yes yes yes yes yes yes 
          
Compatible with Arc View 9.1 (geodatabases) 2 yes yes yes no no no no no 
Hydraulic engine source n/a proprietary proprietary proprietary proprieta

ry 
Modified 
SWMM 

SWMM proprietary proprietary 

Steady state, normal depth hydraulic calculation 2 yes yes yes no no yes yes no 
Quasi-dynamic hydraulic calculation 3 yes yes yes yes yes yes yes no 
Fully dynamic 1 no no no no yes yes yes yes 
Storm water runoff and time of concentration 
hydrology calculations 

0 yes yes no yes yes yes yes yes 

Reads and writes to shape files directly 3 yes yes no no no no no no 
Converts shape file data using an interface 2 no no yes yes yes yes yes yes 
Tools to fix GIS data topology problems 2 yes yes partial no no yes yes yes 
Database driven 3 yes yes yes, proprietary no no yes yes yes 
Automatically sizes new mains 2 yes yes yes no no no yes no 
Calculates pipe replacement costs 2 yes yes yes no no no no no 
Calculates loads based on land use 3 yes yes via Arc View yes no yes yes yes 
Estimates elevations of intermediate manholes 
when missing 

2 yes yes no no no yes yes yes 

Tracks source, age, or water quality parameters 1 yes yes no no no no no yes 
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Table 4.1 Software Selection 
City of Eloy Sanitary Sewer System Model  

 

Usefulness 
to Eloy 

3 = essential,  
2 = useful,  

1 = possible value, 
0 = no value 

H2OMAP 
Sewer, 

MWH Soft

InfoSewer, 
by  

MWH Soft

SewerCAD, 
Haestad/ 
Bentley 

Hydra, 
Pizer 

XP-
SWMM, 

XP 
Software

MIKE 
SWMM,

 DHI 
Software

Mouse, 
DHI 

Software

Infoworks, 
Wallingford 

Software 
User Interface          
Scenario manager 3 yes yes yes no no no yes yes 
Customizable tabular reports 2 yes yes yes no yes yes yes yes 
Graphically compares the results of multiple 
simulations 

2 yes yes yes no no yes yes yes 

Displays GIS data layers on screen 2 yes yes no no no yes yes yes 
Export tabular data to Excel 3 yes yes yes yes yes yes yes yes 
Update existing elements from GIS shapefiles 2 yes no no no no no no yes 
Information libraries 1 no no yes no no no no yes 
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Appendix A 
"SELECTING THE RIGHT MODEL TO ANALYZE COLLECTION 

SYSTEM FLOWS AND HYDRAULICS" 
by Dent, et al. 
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Appendix E  

COST SUMMARY DOCUMENTATION 
 



PROJECT SUMMARY ESTIMATE CLASS: Conceptual
PROJECT : City of Eloy - Wastewater Master Plan ENR Index at Estimate1 7691

JOB # : 7266B.00 DATE : 06/29/06
LOCATION : City of Eloy BY : ACG
ELEMENT : PROJECT SUMMARY REVIEWED: RAW

DESCRIPTION TOTAL PROJECT COST

PHASE I 

IA - HEADWORKS EXPANSION $3,742,000

IB -SECONDARY TREATMENT EXPANSION $7,872,000

IC - SOLIDS HANDLING FACILITIES $13,869,000

ID - TERTIARY TREATMENT2 $5,332,000

PHASE I - TOTAL PROJECT COST $30,815,000

PHASE II $71,660,000

BUILD OUT $77,350,000

The cost estimate herein is based on our perception of current conditions at the project location. This estimate  
reflects our professional opinion of accurate costs at this time and is subject to change as the project design
 matures. Carollo Engineers has no control over variances in the cost of labor, materials, equipment, services 
provided by others, contractor’s methods of determining prices, competitive bidding or market conditions, 
practices or bidding strategies. Carollo Engineers cannot and does not warrant or guarantee that proposals, 
bids or actual construction costs will not vary from the costs presented herein.

Notes:
1. ENR Construction Cost Index (CCI) at the time of this estimate is based upon the 20 Cities Average Value for May 2006
2. Tertiary treatment expansion may not be required during the Phase 1 expansion if the current BADCT waiver, due to soil aquifer treatment, is continued 
by ADEQ. 
3. All costs listed herein are based upon May 2006 ENR dollars. Future costs should be escalated out to the mid-point of construction. Assume an annual 
infiltration rate of approximately 5% or City approved rate of escalation.



CONCEPTUAL COST ESTIMATE

PROJECT : City of Eloy - Wastewater Master Plan
JOB # : 7266B.00 DATE : 06/29/06
LOCATION : Eloy, Arizona BY : ACG
ELEMENT : Phase 1 - Headworks REVIEWED BY: RAW

DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Influent Pump Station (IPS)
Pumps (12 mgd firm, 4,200 gpm each) 3 EA $65,000 $195,000 1.65 $322,000
Concrete 200 CY $850 $170,000 1.0 $170,000
Earthwork 1,500 CY $25 $37,500 1.0 $38,000

Screening 
Screens, compactor, and washer 1 EA $150,000 $150,000 1.65 $248,000
Manually cleaned screen 1 EA $15,000 $15,000 1.65 $25,000
Screening channels concrete 400 CY $850 $340,000 1.0 $340,000
Covers 250 SF $35 $8,750 1.65 $15,000

Odor control (2,000 cfm biofilter treating headspace channels 
and wet well) 1 LS $200,000 $200,000 1.65 $330,000
Grit separator, washer, dewatering, etc. 0 EA $80,000 $0 1.65 $0
Headworks building 0 SF $130 $0 1.0 $0
Yard piping (3%) 1 LS $45,000 $45,000 1.65 $75,000

SUBTOTAL $1,563,000

Electrical, Controls, and Instrumentation 20% $313,000
SUBTOTAL $1,876,000

Contingency 30% $563,000
TOTAL DIRECT COST WITH CONTINGENCY SUBTOTAL $2,439,000

General Conditions 15% $366,000
SUBTOTAL $2,805,000

Contractor OH&P 10% $244,000
SUBTOTAL $3,049,000

Sales Tax 5.6% $69,000
SUBTOTAL $3,118,000

TOTAL ESTIMATED CONSTRUCTION COST $3,118,000

Engineering, Legal, and Administrative Fees 15% $468,000
Owners Change Order Reserve 5% $156,000

TOTAL ESTIMATED PROJECT COST $3,742,000
Notes:
1. For purposes of this estimate, the sales tax has been applied to 50% of the Total Direct Cost estimated value.

Estimate Template v04, Rev 02/-5/04



CONCEPTUAL COST ESTIMATE

PROJECT : City of Eloy - Wastewater Master Plan
JOB # : 7266B.00 DATE : 06/29/06
LOCATION : City of Eloy - Wastewater Master Plan BY : ACG
ELEMENT : Phase 1 - Secondary Treatment (4 mgd AADF) REVIEWED BY: RAW

DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Splitter structure modifications 1 LS $40,000 $40,000 1.65 $66,000
Aeration Basins

Biolac equipment and fees (2 mgd) 1 LS $785,500 $785,500 1.65 $1,297,000
60 mil. geosynthetic liner (36" sections) 7,000 LF $2.20 $15,400 1.65 $26,000
Concrete (integral clarifiers & separation wall) 750 CY $850 $637,500 1.0 $638,000
Earthwork 21,000 CY $25 $525,000 1.0 $525,000

Blower enclosure modifications 1,500 SF $90 $135,000 1.00 $135,000
Recharge basin piping and modifications 1 LS $25,000 $25,000 1.65 $42,000
Recharge basin earthwork (onsite) 41,000 CY $6 $246,000 1.0 $246,000
Yard piping (3%) 1 LS $90,000 $90,000 1.65 $149,000
Standby generator set 1 LS $100,000 $100,000 1.65 $165,000

SUBTOTAL $3,289,000

Electrical, Controls, and Instrumentation 20% $658,000
SUBTOTAL $3,947,000

Contingency 30% $1,185,000
TOTAL DIRECT COST WITH CONTINGENCY SUBTOTAL $5,132,000

General Conditions 15% $770,000
SUBTOTAL $5,902,000

Contractor OH&P 10% $514,000
SUBTOTAL $6,416,000

Sales Tax 5.6% $144,000
SUBTOTAL $6,560,000

TOTAL ESTIMATED CONSTRUCTION COST $6,560,000

Engineering, Legal, and Administrative Fees 15% $984,000
Owners Change Order Reserve 5% $328,000

TOTAL ESTIMATED PROJECT COST $7,872,000
Notes:
1. For purposes of this estimate, the sales tax has been applied to 50% of the Total Direct Cost estimated value.
2. For purposes of this estimate, it is assumed no odor control is required for the secondary treatment system and the existing blowers will not require relocation, that 
the City will obtain a setback waiver from the adjacent property owner.

Estimate Template v04, Rev 02/-5/04



CONCEPTUAL COST ESTIMATE

PROJECT : City of Eloy - Wastewater Master Plan
JOB # : 7266B.00 DATE : 06/29/06
LOCATION : City of Eloy - Wastewater Master Plan BY : ACG
ELEMENT : Phase 1 - Solids Handling REVIEWED BY: RAW

DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Aerobic Digesters (Two)
Concrete 750 CY $850 $637,500 1.0 $638,000
Diffusers and distribution 2 EA $100,000 $200,000 1.65 $330,000
Blowers 3 EA $50,000 $150,000 1.65 $248,000
Covers 0 SF $35.00 $0 1.65 $0
Earthwork 10,000 CY $25 $250,000 1.0 $250,000

Demo existing solids handling basin 1 LS $250,000 $250,000 1.65 $413,000
Sludge transfer pumps 2 EA $15,000 $30,000 1.65 $50,000
Polymer blending system 1 LS $150,000 $150,000 1.65 $248,000
Thickening equipment 2 EA $300,000 $600,000 1.65 $990,000
Dewatering equipment 2 EA $500,000 $1,000,000 1.65 $1,650,000
Solids handling building 2,500 SF $130 $325,000 1.0 $325,000
Odor control 0 LS $400,000 $0 1.65 $0
Standby generator set 1 LS $100,000 $100,000 1.65 $165,000
Yard piping (3%) 1 LS $155,000 $155,000 1.65 $256,000

$5,563,000

Electrical, Controls, and Instrumentation 25% $1,391,000
SUBTOTAL $6,954,000

Contingency 30% $2,087,000
TOTAL DIRECT COST WITH CONTINGENCY SUBTOTAL $9,041,000

General Conditions 15% $1,357,000
SUBTOTAL $10,398,000

Contractor OH&P 10% $905,000
SUBTOTAL $11,303,000

Sales Tax 5.6% $254,000
SUBTOTAL $11,557,000

TOTAL ESTIMATED CONSTRUCTION COST $11,557,000

Engineering, Legal, and Administrative Fees 15% $1,734,000
Owners Change Order Reserve 5% $578,000

TOTAL ESTIMATED PROJECT COST $13,869,000
Notes:
1. For purposes of this estimate, the sales tax has been applied to 50% of the Total Direct Cost estimated value.
2. For purposes of this estimate, it is assumed no odor control is required for the solids handling system and the existing blowers will not require relocation, that the City will 
obtain a setback waiver from the adjacent property owner.

Estimate Template v04, Rev 02/-5/04



CONCEPTUAL COST ESTIMATE

PROJECT : City of Eloy - Wastewater Master Plan
JOB # : 7266B.00 DATE : 06/29/06
LOCATION : City of Eloy - Wastewater Master Plan BY : ACG
ELEMENT : Phase 1 - Tertiary Treatment REVIEWED BY: RAW

DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Disinfection
Chlorine contact channel concrete 500 CY $850 $425,000 1 $425,000
Earthwork 1,750 CY $25 $43,750 1.0 $44,000
Bulk chlorine tank (12,000 gal) 1 LS $15,000 $15,000 1.65 $25,000
Chlorinator 1 LS $5,000 $5,000 1.65 $9,000
Metering pumps 3 EA $1,000.00 $3,000 1.65 $5,000
Dechlorination equipment 1 LS $25,000 $25,000 1.65 $42,000

Filtration
Disk filters 1 LS $750,000 $750,000 1.65 $1,238,000
Splitter structure 1 LS $25,000 $25,000 1.65 $42,000
Concrete 1 LS $250,000 $250,000 1.0 $250,000
Polymer feed system 1 LS $40,000 $40,000 1.0 $40,000

Reuse Pump Station
Clearwell 0 LS $75,000 $0 1.65 $0
Vertical turbine pumps 0 EA $35,000 $0 1.65 $0

Yard piping (3%) 1 LS $64,000 $64,000 1.65 $106,000
SUBTOTAL $2,226,000

Electrical, Controls, and Instrumentation 20% $446,000
SUBTOTAL $2,672,000

Contingency 30% $802,000
TOTAL DIRECT COST WITH CONTINGENCY SUBTOTAL $3,474,000

General Conditions 15% $522,000
SUBTOTAL $3,996,000

Contractor OH&P 10% $348,000
SUBTOTAL $4,344,000

Sales Tax 5.6% $98,000
SUBTOTAL $4,442,000

TOTAL ESTIMATED CONSTRUCTION COST $4,442,000

Engineering, Legal, and Administrative Fees 15% $667,000
Owners Change Order Reserve 5% $223,000

TOTAL ESTIMATED PROJECT COST $5,332,000
Notes:
1. For purposes of this estimate, the sales tax has been applied to 50% of the Total Direct Cost estimated value.

Estimate Template v04, Rev 02/-5/04



CONCEPTUAL COST ESTIMATE

PROJECT : City of Eloy - Wastewater Master Plan
JOB # : 7266B.00 DATE : 06/29/06
LOCATION : City of Eloy - Wastewater Master Plan BY : ACG
ELEMENT : Phase 2 - 7 mgd, AADF REVIEWED BY: RAW

DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Headworks
Influent Pump Station (IPS)

Pumps (21+ mgd firm, two 6,400 gpm, remove one 
Phase I pump) 2 EA $75,000 $150,000 1.65 $248,000
Concrete 200 CY $850 $170,000 1.0 $170,000

Screening
Screens, compactor and washer 1 EA $150,000 $150,000 1.65 $248,000
Concrete 0 CY $850 $0 1.0 $0

Odor control (expand to 6,000 cfm) 2 LS $155,000 $310,000 1.65 $512,000
Grit separator, washer, and dewatering equipment. 1 EA $115,000 $115,000 1.65 $190,000
Headworks building 2,500 SF $130 $325,000 1.0 $325,000

Headworks Subtotal $1,693,000

Secondary Treatment
Splitter structure no. 1 100 CY $850 $85,000 1.0 $85,000
Anoxic / Aerobic Basins (7 mgd)

Concrete 8,000 CY $850 $6,800,000 1.0 $6,800,000
Blowers 3 EA $250,000 $750,000 1.65 $1,238,000
Diffusers, mixers, and distribution system 2 EA $350,000 $700,000 1.65 $1,155,000
Earthwork 45,000 CY $25 $1,125,000 1.0 $1,125,000
Covers 25,000 SF $35 $875,000 1.65 $1,444,000
MLR pumps 2 EA $30,000 $60,000 1.65 $99,000

Blower and electrical building 3,600 SF $130 $468,000 1.00 $468,000
Splitter structure no. 2 100 CY $850 $85,000 1.0 $85,000
Secondary Clarifiers (three 110' diameter)

Concrete 1,200 CY $850 $1,020,000 1.0 $1,020,000
Earthwork 31,500 CY $25 $787,500 1.0 $788,000
Equipment, mechanism, etc. 3 EA $165,000 $495,000 1.65 $817,000
Scum pump station 3 EA $50,000 $150,000 1.65 $248,000
Covers - dome 3 EA $150,000 $450,000 1.65 $743,000

RAS/WAS pumps 5 EA $20,000 $100,000 1.65 $165,000
RAS/WAS sump 1 LS $50,000 $50,000 1.65 $83,000
Odor control (carbon) 1 LS $200,000 $200,000 1.65 $330,000

Secondary Process Subtotal $16,693,000

Tertiary Treatment
Disinfection

Chlorine contact channel concrete 200 CY $850 $170,000 1.0 $170,000
Earthwork 500 CY $25 $12,500 1.0 $13,000
Bulk chlorine tank (12,000 gal) 0 LS $15,000 $0 1.65 $0
Chlorinator 0 LS $5,000 $0 1.65 $0
Metering pumps 1 EA $5,000.00 $5,000 1.65 $9,000
Dechlorination equipment 0 LS $25,000 $0 1.65 $0

Filtration
Disk filters 1 LS $500,000 $500,000 1.65 $825,000
Splitter structure no. 3 1 LS $25,000 $25,000 1.65 $42,000
Concrete 1 LS $150,000 $150,000 1.00 $150,000
Polymer feed system 1 LS $40,000 $40,000 1.0 $40,000

Reuse Pump Station
Clearwell 1 LS $150,000 $150,000 1.65 $248,000
Vertical turbine pumps 3 EA $35,000 $105,000 1.65 $174,000

Tertiary Process Subtotal $1,671,000

Solids Handling
Aerobic Digesters

Concrete 0 CY $850 $0 1.0 $0
Diffusers and distribution 0 EA $100,000 $0 1.65 $0
Blowers 0 EA $50,000 $0 1.65 $0
Covers 4,000 SF $35 $140,000 1.65 $231,000
Earthwork 0 CY $25 $0 1.0 $0

Demo existing solids handling basin 0 LS $250,000 $0 1.65 $0
Sludge transfer pumps 0 EA $15,000 $0 1.65 $0
Polymer blending system 0 LS $150,000 $0 1.65 $0
Thickening equipment 0 EA $300,000 $0 1.65 $0
Dewatering equipment 0 EA $500,000 $0 1.65 $0
Solids handling building 0 SF $130 $0 1.0 $0
Odor control (6,000 cfm biofilter) 1 LS $400,000 $400,000 1.65 $660,000

Solids Handling Subtotal $891,000

Estimate Template v04, Rev 02/-5/04



DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Miscellaneous
Access and site roadways 1 LS $750,000 $750,000 1.0 $750,000
Perimeter wall and fencing 7,000 LF $30 $210,000 1.65 $347,000
Standby generator set 1 LS $500,000 $500,000 1.65 $825,000
Recharge basin earthwork (offsite location) 260,000 CY $10 $2,600,000 1.0 $2,600,000

Recharge basin pipeline - 24" (from WRF to offsite basins) 10,000 LF $120 $1,200,000 1.65 $1,980,000
Demolition 1 LS $250,000 $250,000 1.0 $250,000
Yard piping and valves (5%) 1 LS $1,048,000 $1,048,000 1.0 $1,048,000
Administration and laboratory building 0 SF $180 $0 1.0 $0

Miscellaneous Items Subtotal $7,800,000

SUBTOTAL $28,750,000

Electrical, Controls, and Instrumentation 25% $7,188,000
SUBTOTAL $35,938,000

Contingency 30% $10,782,000
TOTAL DIRECT COST WITH CONTINGENCY SUBTOTAL $46,720,000

General Conditions 15% $7,008,000
SUBTOTAL $53,728,000

Contractor OH&P 10% $4,672,000
SUBTOTAL $58,400,000

Sales Tax 5.6% $1,309,000
SUBTOTAL $59,709,000

TOTAL ESTIMATED CONSTRUCTION COST $59,709,000

Engineering, Legal, and Administrative Fees 15% $8,957,000
Owners Change Order Reserve 5% $2,986,000

TOTAL ESTIMATED PROJECT COST $71,660,000
Notes:
1. For purposes of this estimate, the sales tax has been applied to 50% of the Total Direct Cost estimated value.
2. Offsite recharge basin does not include any riparian preserve type features, such as buildings, public access, urban fishing lake, etc.

Estimate Template v04, Rev 02/-5/04



CONCEPTUAL COST ESTIMATE

PROJECT : City of Eloy - Wastewater Master Plan
JOB # : 7266B.00 DATE : 06/29/06
LOCATION : City of Eloy - Wastewater Master Plan BY : ACG
ELEMENT : Buildout - 14 MGD, AADF REVIEWED BY: RAW

DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Headworks
Influent Pump Station (IPS)

Pumps (42 mgd firm, 12,200 gpm each, remove one 
Phase I pump, 4 duty pumps one backup) 2 EA $95,000 $190,000 1.65 $314,000
Concrete 0 CY $850 $0 1.0 $0

Screening $0
Screens, compactor and washer 2 EA $150,000 $300,000 1.65 $495,000
Concrete 75 CY $850 $63,750 1.0 $64,000

Odor Control (expand to 9,000 cfm) 1 LS $155,000 $155,000 1.65 $256,000
Grit separator, washer, and dewatering equipment 1 EA $115,000 $115,000 1.65 $190,000
Headworks building 1,000 SF $130 $130,000 1.0 $130,000

Headworks Subtotal $1,449,000

Secondary Treatment
Splitter structure no. 1 0 CY $850 $0 1.0 $0
Anoxic / Aerobic Basins (7 mgd)

Concrete 8,000 CY $850 $6,800,000 1.0 $6,800,000
Blowers 2 EA $250,000 $500,000 1.65 $825,000
Diffusers, mixers, and distribution system 2 EA $350,000 $700,000 1.65 $1,155,000
Earthwork 45,000 CY $25 $1,125,000 1.0 $1,125,000
Covers 25,000 SF $35 $875,000 1.65 $1,444,000
MLR pumps 2 EA $30,000 $60,000 1.65 $99,000

Blower and electrical building 1,800 SF $130 $234,000 1.0 $234,000
Splitter structure no. 2 0 CY $850 $0 1.0 $0
Secondary clarifiers (two 110' diameter)

Concrete 800 CY $850 $680,000 1.0 $680,000
Earthwork 31,500 CY $25 $787,500 1.0 $788,000
Equipment, mechanism, etc. 2 EA $165,000 $330,000 1.65 $545,000
Scum pump station 2 EA $50,000 $100,000 1.65 $165,000
Covers - dome 2 EA $150,000 $300,000 1.65 $495,000

RAS/WAS pumps 3 EA $20,000 $60,000 1.65 $99,000
RAS/WAS sump 1 LS $50,000 $50,000 1.65 $83,000
Odor control (carbon) 1 LS $200,000 $200,000 1.65 $330,000

Secondary Process Subtotal $14,867,000

Tertiary Treatment
Disinfection

Chlorine contact channel 500 CY $850 $425,000 1.0 $425,000
Earthwork 1,750 CY $25 $43,750 1.0 $44,000
Bulk chlorine tank (12,000 gal) 1 LS $15,000 $15,000 1.65 $25,000
Chlorinator 1 LS $5,000 $5,000 1.65 $9,000
Metering pumps 1 EA $5,000.00 $5,000 1.65 $9,000
Dechlorination equipment 1 LS $25,000 $25,000 1.65 $42,000

Filtration
Disk filters 1 LS $1,250,000 $1,250,000 1.65 $2,063,000
Splitter structure no. 3 0 LS $25,000 $0 1.65 $0
Concrete 1 LS $300,000 300000 1.65 $495,000
Polymer feed system 1 LS $70,000 $70,000 1.0 $70,000

Reuse pump station
Clearwell 0 LS $150,000 $0 1.65 $0
Vertical turbine pumps 2 EA $35,000 $70,000 1.65 $116,000

Tertiary Process Subtotal $3,298,000

Solids Handling
Aerobic Digesters (Two)

Concrete 500 CY $850 $425,000 1.0 $425,000
Diffusers and distribution 2 EA $100,000 $200,000 1.65 $330,000
Blowers 2 EA $50,000 $100,000 1.65 $165,000
Covers 4,000 SF $35 $140,000 1.65 $231,000
Earthwork 10,000 CY $25 $250,000 1.0 $250,000

Demo existing solids handling basin 0 LS $250,000 $0 1.65 $0
Sludge transfer pumps 2 EA $15,000 $30,000 1.65 $49,500
Polymer blending system 1 LS $150,000 $150,000 1.65 $247,500
Thickening equipment 2 EA $300,000 $600,000 1.65 $990,000
Dewatering equipment 2 EA $500,000 $1,000,000 1.65 $1,650,000
Solids handling building 0 SF $130 $0 1.0 $0
Odor control 0 LS $400,000 $0 1.65 $0

Solids Handling Subtotal $4,338,000

Estimate Template v04, Rev 02/-5/04



DESCRIPTION QUAN UNIT UNIT COST SUBTOTAL INSTALL FACTOR TOTAL

Miscellaneous
Access and site roadways (24' wide) 1 LS $500,000 $500,000 1.0 $500,000
Perimeter wall and fencing 0 LF $30 $0 1.65 $0
Standby generator set 1 LS $500,000 $500,000 1.65 $825,000
Recharge basin earthwork (offsite location) 260,000 CY $10 $2,600,000 1.0 $2,600,000

Recharge basin piping - 24" (from WRF to offsite basins) 0 LF $120 $0 1.65 $0
Demolition 1 LS $250,000 $250,000 1.0 $250,000
Yard piping and valves (5%) 1 LS $1,198,000 $1,198,000 1.0 $1,198,000
Administration and laboratory building 11,000 SF $200 $2,200,000 1.0 $2,200,000

Miscellaneous Items Subtotal $7,073,000

SUBTOTAL $31,030,000

Electrical, Controls, and Instrumentation 25% $7,758,000
SUBTOTAL $38,788,000

Contingency 30% $11,637,000
TOTAL DIRECT COST WITH CONTINGENCY SUBTOTAL $50,425,000

General Conditions 15% $7,564,000
SUBTOTAL $57,989,000

Contractor OH&P 10% $5,043,000
SUBTOTAL $63,032,000

Sales Tax 5.6% $1,412,000
SUBTOTAL $64,444,000

TOTAL ESTIMATED CONSTRUCTION COST $64,450,000

Engineering, Legal, and Administrative Fees 15% $9,668,000
Owners Change Order Reserve 5% $3,223,000

TOTAL ESTIMATED PROJECT COST $77,350,000
Notes:
1. For purposes of this estimate, the percentage factors are applied to the Total Direct Cost estimated value.
2. For purposes of this estimate, the sales tax has been applied to 50% of the Total Direct Cost estimated value.

Estimate Template v04, Rev 02/-5/04
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