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1.0 Introduction 

HydroScience Engineers, Inc. (HSe) was retained by Analytical Environmental Services 
(AES) to prepare this Water and Wastewater Feasibility Study for four proposed site 
development alternatives for the Ione Band of Miwok Indians Casino and Hotel Project.  
This study will be used to support the Environmental Impact Statement (EIS) being 
prepared by AES for the project.  The scope of the study includes site background and 
field investigations, an evaluation of facility requirements, and a preliminary design of 
onsite water and wastewater facilities. 

This report is organized into the following sections: 

 Projected Flows 

 Water Supply and Treatment 

 Regulatory Requirements 

 Wastewater Treatment and Disposal 

 Conclusions 

1.1 Background 
The proposed project is located on the southern border of the City of Plymouth, in 
Amador County, California and is bound on the west by State Highway 49.  A project 
Vicinity and Location Map are provided in Figure 1-1.  Figure 1-2 shows those parcels 
included within the project scope.  A table is also provided on Figure 1-2 listing the 
Assessors Parcel Numbers (APN) and the size of those said parcels.  The total project 
site is approximately 228.04-acres in size.   An aerial view is shown in Figure 1-3. 

1.2 Project Description 
Four alternative designs are being considered for the site.  Three of the alternatives 
include variations of a casino and hotel, and the fourth includes a retail center.  The four 
alternatives are as follows: 

• Alternative A “Preferred Alternative” – Phase I includes a casino with 2,000 slot 
machines, 40 table games, and restaurant/bar areas (Figure 1-4).  Phase II will 
add a 250-room hotel and a 1,200 seat event center, as shown in Figure 1-5. 

• Alternative B – Phase I includes a casino with 1,500 slot machines, 30 table 
games, and restaurant/bar areas (Figure 1-6).  Phase II will add a 250-room hotel 
and a 1,200 seat event center, as shown in Figure 1-7. 
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• Alternative C – A casino with 1,000 slot machines, 20 table games, and 
restaurant/bar areas as shown in Figure 1-8.  

• Alternative D – A regional shopping center as shown in Figure 1-9. 

Related facility area (square footage) estimates for each alternative are further 
summarized in Table 1-1. 

TABLE 1-1 
Facility Area (ft2) Estimates 
 Alternative 

Facility A B C D 

Casino     

     Slot Machines 50,000 37,500 25,000 - 

     Table Games 15,000 11,250 7,500 - 

     Back of House Service and Support  
     Areas 

20,000 18,000 15,250 - 

     Food and Beverage 20,000 20,000 18,500 - 

     Public and Misc. Areas 15,000 14,000 13,000 - 

Hotel 166,500 166,500 - - 

Event Center 30,000 30,000 - - 

Retail     

     Anchor Stores - - - 42,625 

     Inline Shops - - - 80,625 

Project Totals (ft2) 316,500 297,250 79,250 123,250 

 

1.3 Objectives 
The goal of this study is to identify and evaluate the water supply and wastewater 
service requirements for each of the project alternatives on a preliminary design level.  
Specific objectives of this study are to: 

• Estimate water and wastewater flows for the site alternatives; and  

• Evaluate facility requirements for acquiring water and wastewater service. 
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2.0 Projected Flows 

This section outlines the design criteria and general assumptions for estimating the 
wastewater production and water demand anticipated for the Project.  The analysis 
begins with estimates on wastewater flow, since unit wastewater flow for the various 
services and customers is more readily available than water usage information.  This 
data is subsequently used to back-calculate the corresponding water demand. 

In addition to the water and wastewater flows, recycled water demand and its influence 
on the water demand and wastewater disposal requirements were also evaluated.  
Reclamation has the dual advantage of reducing the net potable water demand and the 
wastewater disposal requirements, since potable water demand traditionally needed for 
landscape irrigation and toilet flushing, for instance, can be satisfied with recycled 
water.  At the same time, treated wastewater that would normally require disposal can 
instead be applied for beneficial reuse.  The extent to which the reclamation program 
affects the potable water demand and wastewater disposal requirement is also 
summarized in this section. 

2.1 Wastewater Flows 
Facility programs are used to calculate the wastewater flows for the proposed site 
layout alternatives.  The facility program provided for each site alternative describes 
what type of restaurants are proposed and the respective number of seats, the number 
of hotel rooms, slot machines, gaming tables, square footage of facility areas, and the 
like.  From these descriptions and quantities, unit wastewater flows (gallons per day per 
unit) can be estimated.  Tables 2-1 through 2-4 provide estimated wastewater flows for 
the four proposed site layout alternatives.  Due to the size and complexity of the 
information used to generate the condensed results presented in Tables 2-1 through 2-4 
refer to Appendix A for the complete versions of Tables 2-1 through 2-4. 

Casinos differ from other business establishments in the hours that they are open, the 
type of services they provide, and occupancy rates.  A casino is open 24-hours per day 
with times during each day when more guests are present than others.  The peak times 
of the day vary slightly depending on the surrounding community but they typically 
have a pattern to the rate of occupancy.   In this report the occupancy or use of the 
casino and hotel has been divided up into weekdays and weekends.  Weekdays are 
from Monday through Friday when occupancy and flows are the lowest.  Weekends are 
typically two days long, Saturday and Sunday. 
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Based on assumed flows from other similar casinos there are, during the above-
mentioned weekdays and weekends, times of the day when the casino has a lower or 
higher occupancy rate.  For example, during a typical weekday in the morning and 
early afternoon the casino has an occupancy rate of roughly 30 to 40 percent as 
compared to the late afternoon, evening, and night the casino may have a 60 to 70 
percent occupancy rate.   

For Tables 2-1 through 2-4 the estimated flows are based on a summation of flows for 
two 12-hour cycles, a 12-hour morning (a.m.) cycle and a 12-hour evening (p.m.) cycle.    
The rates of occupancy for the a.m. and p.m. cycles changes dramatically for weekdays 
and weekends.   

An average estimated wastewater flow is calculated using the weekday and weekend 
flows.  The average is calculated assuming five days of weekday plus two days of 
weekend flows.  The average wastewater flow is useful in determining the design 
average day water demand and design wastewater disposal flow.   

It is assumed that the casino and hotel heating and air conditioning system will include 
cooling towers.  As shown in Tables 2-1 through 2-4, the assumed average day flow 
associated with the cooling towers is 15,000 gpd.  For the Ione Rancheria project it is 
assumed that the average day blow down rate is also 15,000 gpd.  

Although wastewater flows from a hotel vary throughout the day the hotel occupancy 
is not dependent on the same a.m. and p.m. rates as the casino.  Therefore, the Tables 2-
1 through 2-4 show the same hotel occupancy rates for the a.m. and p.m. periods.  

Tables 2-1 through 2-4 show the term “I&I”.  This is an abbreviation for inflow and 
infiltration, which is typical in older gravity sewer collection systems or in areas of poor 
surface drainage and high groundwater.  I&I is calculated as a percentage of the 
influent flow.  For this project zero (0) percent is used, as this project will be a new 
construction and may contain a minimal length of PVC gravity sewer pipe and pressure 
force mains. 

The tables’ show a “Calculated Peaking Factor”, which is for a reference check only, as 
the flows for weekday and weekend were calculated using estimated a.m. and p.m. 
occupancy rates for 12-hour cycles.  The peaking factor is equal to the flow divided by 
the weekday flow.   
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TABLE 2-1 
Estimated Wastewater Flows for Site Layout Alternative A, Phase I and II 
 Square 

Footage Quantity Units Frequency 
Use 

Subtotal Flow/Unit Flow 
Typical WEEKDAY 

Flows 
Typical WEEKEND 

Flows 
AVERAGE Day 

Flows a 

 (ft2) (each) (each) (uses/day) (units) (gpd/unit) (gpd) (gpd) (gpd) (gpd) 

Casino           

     Slots 50,000 2,000 seats 12 24,000 4 96,000 50,400 96,000 63,429 

     Tables (40 tables @ 7 seats per table) 15,000 280 seats 12 3,360 4 13,440 7,056 13,440 8,880 

     Employees  1,412 employees 3 4,236 13 55,068 22,027 34,418 25,567 

Restaurants 20,000          

     Buffet  250 seats 12 3,000 4 12,000 4,800 10,500 6,429 

     Restaurant #1 (Specialty)  100 seats 10 1,000 10 10,000 4,000 8,750 5,357 

     Coffee Bar  10 seats 12 120 3 360 144 315 193 

     Sports Bar  50 seats 12 600 3 1,800 720 1,575 964 

Public &Miscellaneous Areas 15,000     0.0 0 0 0 0 

Back of House (refer to employees) 20,000     0.2 4,000 1,600 2,500 1,857 

Cooling Towers (Average Estimated Waste Flow)  1 LS    20,000 15,000 15,000 15,000 

Parking  3,039 spaces   0.0 0 0 0 0 

Hotel           

Rooms 166,500 250 rooms 1 250 150 37,500 18,750 37,500 24,107 

Event and Convention Center 30,000     0.2 6,000 2,400 3,750 2,786 

           

Subtotal 316,500          

Subtotal Daily Flows        126,897 223,748 154,569 

I&I        0 0 0 

Daily Flows        126,897 223,748 154,569 

Calculated Peaking Factor        1.0 1.76 1.22 
a  5/7 * weekday + 2/7 * weekend day  
Peaking factors are back-calculated as a reference check only and are not used to calculate flows. 
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TABLE 2-2 
Estimated Wastewater Flows for Site Layout Alternative B, Phase I and II  
 Square 

Footage Quantity Units Frequency 
Use 

Subtotal Flow/Unit Flow 
Typical WEEKDAY 

Flows 
Typical WEEKEND 

Flows 
AVERAGE Day 

Flows a 

 (ft2) (each) (each) (uses/day) (units) (gpd/unit) (gpd) (gpd) (gpd) (gpd) 

Casino           

     Slots 37,500 1,500 seats 12 18,000 4 72,000 37,800 72,000 47,571 

     Tables (40 tables @ 7 seats per table) 11,250 280 seats 12 3,360 4 13,440 7,056 13,440 8,880 

     Employees  1,230 employees 3 3,390 13 47,970 19,188 29,981 22,272 

Restaurants 20,000          

     Buffet  250 seats 12 3,000 4 12,000 4,800 10,500 6,429 

     Restaurant #1 (Specialty)  100 seats 10 1,000 10 10,000 4,000 8,750 5,357 

     Coffee Bar  10 seats 12 120 3 360 144 315 193 

     Sports Bar  50 seats 12 600 3 1,800 720 1,575 964 

Public &Miscellaneous Areas 14,000     0.0 0 0 0 0 

Back of House (refer to employees) 18,000     0.2 3,600 1,440 2,250 1,671 

Cooling Towers (Average Estimated Waste Flow)  1 LS    20,000 15,000 15,000 15,000 

Parking  3,001 spaces   0.0 0 0 0 0 

Hotel           

Rooms 166,500 250 rooms 1 250 150 37,500 18,750 37,500 24,107 

Event and Convention Center 30,000     0.2 6,000 2,400 3,750 2,786 

           

Subtotal 297,250          

Subtotal Daily Flows        111,298 195,061 135,230 

I&I        0 0 0 

Daily Flows        111,298 195,061 135,230 

Calculated Peaking Factor        1.0 1.75 1.22 
a  5/7 * weekday + 2/7 * weekend day  
Peaking factors are back-calculated as a reference check only and are not used to calculate flows. 
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TABLE 2-3 
Estimated Wastewater Flows for Site Layout Alternative C 
 Square 

Footage Quantity Units Frequency 
Use 

Subtotal Flow/Unit Flow 
Typical WEEKDAY 

Flows 
Typical WEEKEND 

Flows 
AVERAGE Day 

Flows a 

 (ft2) (each) (each) (uses/day) (units) (gpd/unit) (gpd) (gpd) (gpd) (gpd) 

Casino           

     Slots 25,000 1,000 seats 12 12,000 4 48,000 25,200 48,000 31,714 

     Tables (40 tables @ 7 seats per table) 7,500 140 seats 12 1,680 4 6,720 3,528 6,720 4,440 

     Employees  852 employees 3 2,556 13 33,228 13,291 20,768 15,427 

Restaurants 18,500          

     Buffet  250 seats 12 3,000 4 12,000 4,800 10,500 6,429 

     Restaurant #1 (Specialty)  0 seats 10 0 10 0 0 0 0 

     Coffee Bar  0 seats 12 0 3 0 0 0 0 

     Sports Bar  50 seats 12 600 3 1,800 720 1,575 964 

Public &Miscellaneous Areas 13,000     0.0 0 0 0 0 

Back of House (refer to employees) 15,250     0.2 3,050 1,220 1,906 1,416 

Cooling Towers (Average Estimated Waste Flow)  1 LS    20,000 15,000 15,000 15,000 

Parking  1,579 spaces   0.0 0 0 0 0 

Hotel           

Rooms 0 0 rooms 1 0 150 0 0 0 0 

Event and Convention Center 0     0.2 0 0 0 0 

           

Subtotal 79,250          

Subtotal Daily Flows        63,759 104,469 75,391 

I&I        0 0 0 

Daily Flows        63,759 104,469  75,391 

Calculated Peaking Factor        1.0 1.64 1.18 
a  5/7 * weekday + 2/7 * weekend day  
Peaking factors are back-calculated as a reference check only and are not used to calculate flows. 
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TABLE 2-4 
Estimated Wastewater Flows for Site Layout Alternative D  
 

Square 
Footage Quantity Units Frequency 

Use 
Subtotal Flow/Unit Flow 

Typical 
WEEKDAY 

Flows 

Typical 
WEEKEND 

Flows AVERAGE Day Flows a 

 (ft2) (each) (each) (uses/day) (units) (gpd/unit) (gpd) (gpd) (gpd) (gpd) 

Retail           

     Anchor Stores 42,625 0 seats   0.2 8,525 3,410 5,328 3,958 

     In-Line Shops 80,625 0 seats   0.2 16,125 6,450 10,078 7,487 

     Employees  720 employees 3 2,160 13 28,080 11,232 17,550 13,037 

Restaurants           

     Restaurant #1, Short Order  50 seats 10 500 4 2,000 800 1,750 1,071 

     Restaurant #2,  Conventional Sit Down  50 seats 6 300 10 3,000 1,200 2,625 1,607 

     Coffee Bar  10 seats 12 120 3 360 144 315 193 

           

Parking  650 spaces   2.0 1,300 520 813 604 

           

Subtotal 123,250          

Subtotal Daily Flows        23,756 38,459 27,957 

I & I        0 0 0 

Daily Flows        23,756 38,459 27,957 

Calculated Peaking Factor        1.0 1.62 1.18 
a  5/7 * weekday + 2/7 * weekend day  
Peaking factors are back-calculated as a reference check only and are not used to calculate flows. 
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A summary of estimated wastewater flows for the four site layout alternatives is 
provided in Table 2-5 below. 

TABLE 2-5 
Estimated Wastewater Flows (gpd) b 
Site Layout Alternative A B C D 

 Phase I Phase II Phase I Phase II   

Weekday Day 105,800 126,900 90,100 111,300 63,800 23,800 

Weekend Day 192,500 233,700 153,800 195,100 104,500 38,500 

Average Day a 130,600 154,600 108,300 135,200 75,400 28,000 
a  5/7 * weekday + 2/7 * weekend day  
b Wastewater flows rounded to the nearest 100. 
 

2.2 Water Demands 
There are many uses for domestic water in the proposed project.  The water supplied or 
purveyed form the site will have the following uses. 

Cooking Bath Tubs Water Features 

Cleaning Restrooms Pools and Hot Tubs 

Dishwashing Sinks Landscaping 

Consumption Janitorial Cooling Towers 

Showers Laundry  

 

The domestic water demands are calculated from the estimated wastewater flows.  It is 
assumed that there is a 5 percent loss in the domestic water flow as it becomes 
wastewater due to losses such as consumption, evaporation, and leakage.  

There are three components to water usage in a cooling tower. 

Evaporation – Water is evaporated over the tower to release heat and cool the 
HVAC system.   

Blow Down – As water evaporates the impurities left behind become more 
concentrated.  Therefore after a specified number of cycles, the water is wasted, 
otherwise known as blow down water.   

Drift Losses – A percentage of the water is lost and unaccounted. 

The total evaporation and drift loss is assumed to equal the assumed wasting rate or 
blow down of the cooling towers; 15,000-gpd.   



SECTION 2 WATER & WASTEWATER FEASIBILITY STUDY  

W&WW FEASIBLITY STUDY (V7) 2-8 

No sizing of the cooling towers or water demands are provided at this time to better 
estimate the water demand and wastewater flows generated by the cooling towers.  
Therefore, for simplification it is assumed that this project mimics a similarly sized 
casino with a blow down rate almost equal to the evaporation and drift losses.  The 
estimated total demand for the Preferred Site Layout Alternative A, Phase 1 and 2 is 
30,000-gpd, (15,000-gpd evaporation & drift losses + 15,000-gpd blow down).   

Water is also used for landscaping irrigation.  For the Site Layout Alternatives A, B, and 
C it is assumed that a total of 2.0-acres of landscaping will be installed with an average 
water demand of 5,000-gpd/acre.  A total water demand of 10,000-gpd is assumed for 
Alternatives A, B, and C.  Site Layout Alternative D is assumed to have only 1.0-acre of 
landscaping and an assumed water demand of 5,000-gpd.   

Table 2-6 shows estimated water demands as a function of estimated wastewater flows.  
Weekday, weekend, and average day flows are provided.  It is assumed that 5 percent 
of water used is lost to consumption and other factors, and does not become part of the 
wastewater flow. 
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TABLE 2-6 
Estimated Water Demands Without Recycled Water (gpd) 
 A B C D 

 Phase I Phase II Phase I Phase II   

Casino       

     Slots 66,767 66,767 50,075 50,075 33,383 -- 

      Tables 9,347 9,347 9,347 9,347 4,674 -- 

     Employees 26,913 26,913 23,444 23,444 16,239 13,723 

Restaurants       

     Buffet 6,767 6,767 6,767 6,767 6,767 -- 

     Specialty 5,639 5,639 5,639 5,639 0 -- 

     Short Order -- -- -- -- -- 1,128 

     Conventional Sit Down -- -- -- -- -- 1,692 

     Coffee Bar 203 203 203 203 0 203 

      Sports Bar 1,015 1,015 1,015 1,015 1,015 -- 

Back of House (refer to employees) 0 0 0 0 0 -- 

Public & Miscellaneous Areas 1,955 1,955 1,759 1,759 1,491 -- 

Cooling Towers (Blow Down) 15,789 15,789 15,789 15,789 15,789 -- 

Cooling Towers (Evaporation & Drift)d 15,789 15,789 15,789 15,789 15,789 -- 

Parking 0 0 0 0 0 635 

Hotel       

     Rooms 0 25,376 0 25,376 -- -- 

Convention Center 0 2,932 0 2,932 -- -- 

Retail       

     Anchor Stores -- -- -- -- -- 4,166 

     In Line Shops -- -- -- -- -- 7,881 

Water Demands       

     Weekday Day 126,500 148,600 109,800 132,200 82,100 1,200 

     Weekend Day 206,600 250,500 176,500 220,300 125,000 1,900 

     Average Day Demand a 150,200 178,500 129,800 158,100 95,100 29,400 

     Average Day Landscape Irrigation b 10,000 10,000 10,000 10,000 10,000 5,000 

 Recommended Water Supply c 160,200 188,500 139,800 168,100 105,100 34,400 
a  Water demands = wastewater flows / 0.95 
b  Estimated at average daily demand of 5,000 gpd/acre landscaping.  Type and acreage of landscaping assumed. 
c  Recommended water supply = average day demand plus landscape irrigation. 
d  Assume water demand for evaporation and drift losses are equal to blow down waste. 
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The recommended water supply is the average day demand plus landscape irrigation 
demand.  It is assumed that the proposed water storage tank will provide enough 
storage to handle the higher weekend water demands.  During weekday flows when 
the demand is less than the average day demand the water storage tank will fill to again 
provide weekend reserves.   Therefore the average day demand is used to size the water 
supply recommended from the onsite well(s) and/or the offsite service connection(s).    

2.3 Recycled Water 
Recycled water in this report means wastewater that has been treated sufficiently to 
meet the California Department of Health Services’ (DHS) comprehensive recycled 
water regulations that define treatment processes, water quality criteria, and treatment 
reliability requirements for public use of recycled water. These regulations are 
contained in Title 22, Division 4, Chapter 3 of the California Administrative Code, more 
commonly referred to as Title 22. 

Approved by the State in December 2000, Title 22 prescribes recycled water criteria and 
divides them into several categories based upon the extent of public access or risk of 
exposure. In general, Title 22 regulations are more stringent for uses with high potential 
for public contact and less stringent for uses with low potential for public contact. 
Depending on the use, Title 22 establishes four levels of treatment required for recycled 
water: undisinfected secondary, undisinfected secondary–23, undisinfected secondary–
2.2, and disinfected tertiary. 

Disinfected Tertiary Recycled Water. This category of recycled water includes secondary 
effluent that has undergone tertiary treatment and has been disinfected to a level such 
that the median coliform bacteria in the water does not exceed 2.2 MPN per 100 mL. 
Title 22 defines the tertiary treatment process as wastewater that has been oxidized, 
coagulated, clarified, and filtered. The recycled water turbidity should not exceed 2 
NTU on average, should not exceed 5 NTU more than five percent of the time during 
any 24-hour period, and should never exceed 10 NTU. 
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2.3.1 Design Criteria 
To estimate the extent of the potable water applications that could be substituted with 
recycled water, average water usage for each facility was broken down according to the 
possible applications.  These applications and their typical usage breakdowns are 
summarized in Table 2-7.  All toilet flushing and landscaping can be dual-plumbed for 
use with recycled water.  It is assumed that approximately 50 percent of the water 
demand for the cooling towers can be converted to recycled water use.  The percent 
reduction in potable water demand use is then estimated on a basis of percent 
replacement by recycled water. 

TABLE 2-7 
Breakdown in Typical Domestic Water Uses at Varying Facilities 

FACILITY Toilet 
Flushing a Bathing Cooking, 

drinking 
Laundry, 
dishes 

Cooling 
Towers a 

Landscape 
Irrigation a 

WATER DEMAND 
REDUCTION 
USING RW 

Casino  72% b - 28% - - - 72% 

Events center 72% b - 28% - - - 72% 

Restaurant 27% - 53% 20% - - 27% 

Hotel 27% 50% 8% 15% - - 27% 

Retail 72% b - 28% - - - 72% 

Cooling 
Towers 

- - - - 100% - 50% 

Landscape 
Irrigation 

     100% 100% 

a Can be converted to recycled water service. 
b Source: Irvine Ranch Water District 
RW = Recycled Water 
 

2.3.2 Recycled Water Demands 
The use of recycled water at this casino and hotel for the use of flushing toilets, urinals, 
and the cooling towers would reduce the water demand.  In similar facilities operating 
in California, such as Thunder Valley Casino and Cache Creek Casino & Hotel, they 
have historically recycled approximately 40% +/- of the wastewater flow for recycled 
water use. Therefore for the purpose of this estimate, it is assumed that 40 percent of the 
wastewater flow is recycled and used for such purposes. Table 2-8 shows the calculated 
recycled water demands as a factor of the estimated wastewater flows.  Note that due to 
the fact landscape irrigation does not contribute to the wastewater flow, it has not been 
included as part of the recycled water demand in Table 2-8. 
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TABLE 2-8  
Estimated Recycled Water Demands (gpd) c 

Site Layout Alternative A B C D b 

  Phase I Phase II Phase I Phase II   

Week Day 42,300 50,800 36,000 44,500 25,500 n/a 

Weekend Day 77,000 93,500 61,500 78,000 41,800 n/a 

Average Day a 52,200 61,800 43,300 54,100 30,200 n/a 
a  5/7 * week day + 2/7 * weekend day 
b Alternative D does not include recycled water 
c Recycled water demand = 0.40 * wastewater flow 
Does not include landscape irrigation demand 
Recycled water demands rounded to the nearest 100 gpd. 
 

2.4 Water Demands with Recycled Water 
The domestic water demand can be reduced by the recycled water demand, as shown in 
Table 2-9.   Landscaping water demands will be supplied by recycled water as an 
alternative means of wastewater effluent disposal thereby reducing the summer time 
disposal required.   

TABLE 2-9 
Estimated Water Demands with Recycled Water (gpd) 

Site Layout Alternative A B C D c 

 Phase I Phase II Phase I Phase II   

Average Day Water Demand a 150,200 178,500 129,800 158,100 95,100 34,400 

Recycled Water Demand 52,200 61,800 43,300 54,100 30,200 n/a 

Recommended Domestic Water 
Supply b 98,000 116,700 86,500 104,000 64,900 34,400 
a  5/7 * week day + 2/7 * weekend day 
b Recommended supply = average day domestic water less recycled water. 
c Alternative D does not include recycled water and does include domestic supply of landscape irrigation. 
Water demands rounded to the nearest 100 gpd. 
Recycled water demand includes toilet flushing and process water. 
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3.0 Water Supply 

This section describes components necessary to provide water supply service to the four 
project alternatives.  It begins with a discussion of existing onsite facilities, source of 
supply, and then details the water quality.  The final aspect is a preliminary evaluation 
of the water system requirements to deliver water to each of the four alternatives. 

3.1 Existing Facilities 
The proposed site contains eight parcels (APN: 10-200-003, 10-200-004, and 10-200-006 
through 10-200-011) with existing water service from the City of Plymouth.  The project 
site is also within the service boundary of the Amador Water Agency (AWA).  In 
addition to AWA, there are several water supply wells located within a two mile radius 
of the project site. 

3.1.1 City of Plymouth 
The City of Plymouth serves the local population via storing and treating surface water 
from the Arroyo Ditch and treating groundwater from local wells.  A water service 
moratorium was placed on the City in February 1990, by the California Department of 
Health Services (DHS), and limited future water service due to the lack of a reliable 
water supply.  The City plans to utilize the Arroyo Ditch, local wells, and additional 
treated water from the AWA to provide the City with a reliable and redundant long-
term supply alternative. 

3.1.2 Amador Water Agency 
Amador Water Agency (AWA) serves the areas of Jackson, Martell, Sutter Creek, Sutter 
Hill, Ione, Amador City, and Drytown, plus hundreds of customers between Lake 
Tabeaud and Sutter Hill.  The primary source of water is the Mokelumne River, which 
is supplied from rainfall and snowmelt.  This water is stored in Tiger Creek Afterbay 
and Lake Tabeaud and is treated prior to distribution. 

3.2 Water Supply 
3.2.1 Groundwater Wells 

Based on Department of Water Resources (DWR) Well Completion Reports (DWR Well 
Logs) for all water supply wells within a two mile radius of the project site obtained by 
Applied Engineering and Geology, Inc. (AEG), it would appear that approximately 36 
domestic water producing wells located within and near the City of Plymouth.  These 
wells vary in depth from approximately 80 to 500 feet below ground surface (bgs), with 
static water levels ranging from approximately 14 to 200 feet bgs.  The majority of the 
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wells are located on the western side of Plymouth.  There are two wells located within 
the City of Plymouth that are reported to produce water at a rate greater than 200 gpm. 

There are approximately 87 domestic water-producing wells in the vicinity of the 
project site.  These wells vary in depth from approximately 100 to over 700 feet bgs.  A 
large percentage of the wells produce greater than 50 gpm. 

Most of the wells located within the immediate vicinity of the project site are shown to 
be low producing wells.  With the exception of three wells, the wells are shown to 
produce less than 15 gpm, with four wells producing less than five gpm. 

Four existing onsite wells (M1, M2, H1, and H2), an onsite cistern (CIS), and two off-site 
wells (M3, M4) were located during AEG’s review.  Their locations are shown in Figure 
3-1.   Of these wells, pumping tests were performed on M1, M3, and H1 by AEG.  The 
pump testing methods included: step-drawdown tests, constant rate tests, constant 
yield/drawdown tests, and recovery tests.  Table 3-1 presents AEG’s recommended 
long-term well yields based on the pumping tests. A copy of the report prepared by 
AEG on the pumping tests and water quality analysis is included as Appendix B. 

TABLE 3-1 
Recommended Long-Term Well Yields a b 

Well Lower Limit Upper Limit Recommended Long-Term Well 
Yields 

M1 8.5 12.1 10 

M3 31.9 45.6 38 

H1 28.5 40.7 35 

Total Recommended Yield 68.9 98.4 83 
a All values shown in gallons per minute (gpm). 
b Source: Applied Engineering and Geology, Inc., Pumping Test Report – Ione Rancheria (August 2004).  
 
 

3.2.2 Trucking 
Potable water supply could be supplemented by purchasing water from an outside 
distributor and trucking the water to the project site.  Costs associated with trucking in 
potable water are not provided in this report as they are dependent upon the volume of 
water required and the location of the distributor. 
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3.3 Potable Water Demand 
As discussed in Section 2, two potable water demands were developed: one as a total 
water demand and one with recycled water to supplement potable water consumption.  
Table 3-2 presents a comparison of the average daily water demand with and without 
the use of recycled water.  The water demand presented is as a weighted average 
between the weekday and weekend flows, and includes landscaping water demand.  

TABLE 3-2 
Comparison of Average Day Water Demand with and without Recycled Water (gpd) 

Site Layout Alternative A B C D c 

 Phase I Phase II  Phase I Phase II   

Average day domestic water 
demand without recycled 
water a 160,200 188,500 139,800 168,100 105,100 34,400 

Average day domestic water 
demand with recycled water b 98,000 116,700 86,500 104,000 64,900 34,400 
a Includes landscape irrigation 
b Recycled water includes landscape irrigation, toilet flushing, and process water. 
c Alternative D does not include recycled water 
Water demands rounded to the nearest 100 gpd. 

3.4 Water Quality 
AWA distributes high quality water that meets federal and state requirements for safe 
drinking water.  No additional treatment is required if obtaining water directly from 
one of the AWA water treatment plants.  Water quality information on AWA drinking 
water is available from annual Consumer Confidence Reports published by the AWA.  
Appendix C contains a copy of the Consumer Confidence Report for the AWA. 

Additional water quality information is available from the wells located on and within 
the vicinity of the project site.  AEG collected water samples from each of the pumped 
wells (AEG, 2004).  Table 3-3 summarizes the results from the water samples taken from 
the wells. 
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TABLE 3-3 
Groundwater Sampling Water Chemistry Results a 
Analyte EPA 

Method 
Crit. 

Quant. 
M1 M3 H1 

Arsenic (ug/L) 6020 5.0 < 5.0 < 5.0 < 5.0 

Lead (ug/L) 6020 5.0 < 5.0 < 5.0 < 5.0 

Selenium (ug/L) 6020 5.0 < 5.0 < 5.0 < 5.0 

Thallium (ug/L) 6020 10 < 10 < 10 < 10 

Antimony (ug/L) 6010B 50 < 50 < 50 < 50 

Barium (ug/L) 6010B 20 50 < 20 39 

Beryllium (ug/L) 6010B 5.0 < 5.0 < 5.0 < 5.0 

Cadmium (ug/L) 6010B 10 < 10 < 10 < 10 

Cobalt (ug/L) 6010B 20 < 20 < 20 < 20 

Chromium (ug/L) 6010B 20 < 20 < 20 < 20 

Copper (ug/L) 6010B 20 440 < 20 < 20 

Molybdenum (ug/L) 6010B 20 < 20 < 20 < 20 

Nickel (ug/L) 6010B 20 < 20 < 20 < 20 

Silver (ug/L) 6010B 10 < 10 < 10 < 10 

Vanadium (ug/L) 6010B 20 < 20 < 20 < 20 

Zinc (ug/L) 6010B 20 60 < 20 < 20 

Mercury (ug/L) 7470 0.20 < 0.20 < 0.20 < 0.20 

Total Alkalinity (mg/L) 310.1 5.0 180 220 630 

Bicarbonate as CaCO3 (mg/L) 310.1 5.0 180 220 630 

Carbonate as CaCO3 (mg/L) 310.1 5.0 < 5.0 < 5.0 < 5.0 

Hydroxide as CaCO3 (mg/L) 310.1 5.0 < 5.0 < 5.0 < 5.0 

Chloride (mg/L) 300.0 0.50 7.0 12 26 

Fluoride (mg/L) 300.0 0.10 0.34 0.21 0.24 

Nitrate as NO3 (mg/L) 300.0 2.0 < 2.0 < 2.0 < 2.0 

Sulfate as SO4 (mg/L) 300.0 2.5 2.2 60 230 

Total Sulfides (mg/.L) b 376.2 0.05 33 --- --- 

Total Sulfides (mg/L) c 376.2 0.05 < 0.05 --- --- 

MBAS (mg/L) 425.1 0.10 < 0.10 < 0.10 < 0.10 
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TABLE 3-3 (CONT) 
Groundwater Sampling Water Chemistry Results a 
Analyte EPA Method Crit. 

Quant. 
M1 M3 H1 

Specific Conductance (umhos/cm) 120.1 1 340 480 1,00 

Calcium (mg/L) 200.7/2340B 1.0 32 60 170 

Magnesium (mg/L) 200.7/2340B 1.0 18 32 110 

Potassium (mg/L) 200.7/2340B 1.0 3.4 < 1.0 1.5 

Sodium (mg/L)` 200.7/2340B 1.0 23 11 30 

Hardness as CaCO3 (mg/L) 200.7/2340B 1.0 160 280 860 

pH (std. units) 150.1 -- 8.00 6.90 7.20 

Total Dissolved Solids (mg/L) 160.1 10 200 360 910 
a Results reported as micrograms per liter, unless otherwise noted. 
b Sample collected during pumping test. 
c Sample collected after pumping test was complete, but before water level in well had recovered. 

3.5 Water Facilities 
Due to the limited amount of available water supply in proximity to the project site, a 
multitude of supply sources are anticipated to be required to meet the various 
alternatives’ water demands.  The proposed sources of water for the project site include 
onsite wells and offsite wells, as well as trucking in water.  The onsite and offsite wells 
would require further treatment prior to entering the potable water distribution system. 

3.5.1 Water Treatment Plant 
Based on groundwater quality identified in the previous section, it is anticipated that 
water supplied from any onsite or offsite wells will contain high levels of total dissolved 
solids (TDS), therefore it is recommended that a reverse osmosis (RO) treatment system 
be installed.  It is also anticipated that water supplied from any onsite or offsite well 
will exceed the State secondary drinking water standards for iron and manganese.  
Thus, an onsite water treatment plant to remove iron and manganese would be 
required.  It is recommended that the treatment plant utilize a manganese greensand 
pressure filtration process and remove iron and manganese to levels below 0.3 mg/L, 
and 0.05 mg/L, respectively.  The backwash waste stream would be directed into a 
holding tank and settled water would be recycled back into the front of the water 
treatment plant at a rate not exceeding 10 percent of the plant’s rated capacity.  Iron and 
manganese sludge would be periodically discharged from the tank to the sewer system.  
The iron and manganese sludge will be filtered by the membrane bioreactor filters.  
Physical clogging or chemical damage to the filter membranes will not occur as a result 
from the iron and manganese sludge.  The iron and manganese will become a small 
component of the sludge wasted from the wastewater treatment plant and disposed of 
to a local sanitary landfill.  It is recommended that the plant be located near the 
proposed site for the wastewater treatment plant, as shown in Figure 3-2 to 3-7.  A 
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typical layout of the iron and manganese plant is shown in Figure 3-8.  A process flow 
diagram showing how water is treated within the treatment plant is shown in Figure 3-
9. 

The manganese filtration process consists of oxidation using a feed stream of sodium 
hypochlorite, and filtration through a manganese greensand filtration media.  The 
function of the manganese greensand is to provide a catalyst to fully oxidize 
manganese, which may not be accomplished solely with a sodium hypochlorite oxidant.  
Potassium permanganate will be used to initially condition and prepare the media, and 
it may be used continuously or intermittently to aid in oxidation, if required. The feed 
of potassium permanganate will also be used to remove sulfides, control odor, and 
improve taste due to the sulfides.  Sodium hypochlorite would be used to disinfect the 
water before distribution.  A continuous monitoring chlorine residual analyzer will 
monitor chlorine residual at the end of the filters, before entering a water storage tank.  
Chlorine dosage control would be manual, with options for automatic pacing based on 
residual.  The water treatment plant process facilities would be located within an 
enclosed building. 

Significant features of the iron and manganese plant would include: 

 PLC control system interlinked to a common water/wastewater SCADA system. 

 Surface wash to reduce the possibility of “mudball” formation on the media 
surface. 

 Fail-safe control valves that would fail in the filter-forward mode of operation. 

Table 3-4 summarizes the recommended Iron and Manganese Water Treatment Plant 
design criteria. 

TABLE 3-4 
Recommended Iron and Manganese Water Treatment Plant Design Criteria 
Parameter Value 

Process Pressure Filtration 

Media Anthracite/Greensand 

Number of Filters 1 

Filter Loading Rate 3 gpm/sf 

Filter Size 6 ft dia. X 72” high 

Oxidant Sodium Hypochlorite 

Process Control PLC/on with Service Well 
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The RO system removes dissolved minerals and salts from the water stream and 
produces water that is low in inorganic salts, organic matter, and bacteria.  In the RO 
system, the influent stream passes across and through sheets of specialized semi-
permeable membranes under high pressure.  The membranes block the passage of 
dissolved minerals (with molecular weight over 100) while allowing the water to pass 
through.  The water that passes through the membranes is called permeate or product.  
The mineral rich stream that the membranes reject is called reject or concentrate.  The 
permeate water can be used as a direct feed to a distribution system, or stored in a 
reservoir or storage tank. 

The reject stream would be then run through an additional RO unit to further 
concentrate the brine and minimize the water wasted.  The brine would require 
disposing of.  A similar system at Thunder Valley currently sends their brine to East 
Bay Municipal Utility District (EBMUD) for a fee based on the amount of brine.  Table 
3-5 presents the RO influent water demands that would be required to produce the 
finished water needed to satisfy the anticipated water demands (Table 2-6) from the 
various facilities for each Alternative. 

TABLE 3-5 
Comparison of Average Day Influent RO Water Demand with and without Recycled Water (gpd) 

Site Layout Alternative A B C D c 

 Phase I Phase II  Phase I Phase II   

Average day influent RO water 
demand without recycled 
water a 170,200 200,300 148,500 178,600 111,700 36,600 

Average day influent RO water 
demand with recycled water b 108,000 128,500 95,200 114,500 71,500 36,600 
a Includes landscape irrigation. Based on an anticipated reject stream of 6.25% of the influent flow. 
b Recycled water includes landscape irrigation, toilet flushing, and process water. 
c Alternative D does not include recycled water 
Water demands rounded to the nearest 100 gpd. 
 

3.5.2 Water Storage Tank and Pump Station 
A water storage tank would be constructed to store water produced by the water 
treatment plant.  The actual required capacity of the tank is dependant on the project 
site’s fire flow requirements and the selected project alternative.  The anticipated 
capacity of the tank is summarized in Table 3-6 for the four alternatives.  It should be 
noted the recommended capacity of the domestic water storage tank is affected by the 
use of recycled water to satisfy fire suppression could reduce the domestic water 
storage tank requirements. 
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TABLE 3-6 
Domestic Water Storage Requirements with Recycled Water (gallons) 

Site Layout Alternative A B C D 

Average Day domestic water demand 200,000 179,000 112,000 37,000 

Domestic water storage a 800,000 716,000 448,000 148,000 

Fire suppression b 500,000 500,000 500,000 400,000 

Domestic water storage tank capacity c 1,300,000 1,216,000 948,000 548,000 

Recommended domestic water storage 
tank capacity d 1,300,000 1,250,000 1,000,000 600,000 
a 4.0 times the average day demand 
b Assumed storage required per local fire jurisdiction. 
c Domestic water storage plus fire suppression. 
d Rounded up to the nearest common tank size increment. 
Water demands rounded up to the nearest 1,000 gal. 
 
The water storage tank would be of welded steel construction meeting all American 
Water Works Association (AWWA) specifications for welded steel tanks.  A typical 
section of a tank is shown in Figure 3-10.  The tank would be cylindrical in shape.  A 
shorter height and larger diameter tank will prove easier to mask from view using 
landscaping and natural features.  The tank sizing would be based on standard pre-
engineered tank dimensions, which are typically in 8-foot increments.  It is possible that 
the tank would be partially or completely buried, but for the purpose of this analysis, it 
is assumed that the tank would be located at grade. 

It is recommended that this tank be utilized as the supply and a pump station be 
utilized to maintain pressure in the distribution system.  This potable water pump 
station will be required to convey water from the storage tank to the facilities requiring 
potable water and would be sized to handle both fire flow and domestic demands.  The 
ultimate pumping capacity will be dependent on fire flow requirements and the 
selected project alternative. 

It should be noted that two – 1 million gallon domestic water storage tanks are 
recommended as a part of this project for Alternatives A, B, and C.  
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4.0 Regulatory Requirements 

4.1 Background 
Wastewater treatment and disposal strategies are developed and evaluated in this 
report.  Regulatory requirements for these strategies differ depending on the method of 
treatment and disposal.  For example, the requirements for connection to the City of 
Plymouth sewage collection system will essentially be the annexation to the service 
area, payment of fees, and acquisition of encroachment permits.  In contrast for the 
construction of an on-site wastewater treatment and disposal system, the County 
Department of Health would be typically the governing body issuing requirements and 
permits for the purpose of protecting the groundwater and preventing potential public 
health and nuisance problems.  If out of their regulations, then the regional water 
quality control board (RWQCB) would be the governing body.  However, since the 
proposed system is on Tribal lands, then the governing body would be the United 
States Environmental Protection Agency (USEPA). 

4.2 Subsurface Disposal 
Subsurface disposal permitting would likely be based on groundwater quality 
degradation criteria under recent USEPA guidelines. Under this permitting strategy, it 
would be necessary to perform a hydrogeological study to establish pollutant transport 
patterns in the nearest identifiable groundwater basin. An analysis would be required 
to determine the down-gradient environmental impacts to the beneficial users of the 
groundwater and the permit would likely contain mass-based discharge limitations.  

Typical discharge prohibitions include:  

 Discharge of wastes to surface waters or surface water drainage courses, 
 Discharge of wastes to areas other than the designated treatment and disposal 

areas, and 
 Bypass or overflow of untreated or partially treated waste. 

Typical discharge specifications include: 

 Objectionable odors originating from the WWTP shall not be perceivable beyond 
the boundary of the WWTP and disposal areas. 

 Wastewater discharged to leachlines shall remain underground at all times. 
 The distance between any unlined pond or leaching trench bottoms and the 

anticipated highest groundwater shall be greater than 6 inches, or such distance 
as necessary to provide compliance with local groundwater limitations. 
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 Operation of the WWTP shall be performed by wastewater treatment operators 
licensed by the State of California. 

 Public contact with the wastewater shall be precluded through such means as 
fences and signs or acceptable alternatives. 

4.3 Land Disposal 
Land disposal, such as through the use of sprayfields, would likely be reviewed by the 
USEPA consistent with local Basin Plan Objectives. Typical requirements include 
tailwater and runoff control, possible installation of monitoring wells, and 
consideration of antidegradation provisions.  

Typical discharge prohibitions include:  

 The direct, point-source discharge of pollutants or wastes to surface waters or 
surface water drainage courses; 

 Bypass around, or overflow from, the treatment plant and spray disposal area of 
untreated or partially treated waste; and 

 Resurfacing of wastewater percolating from the spray disposal field. 

Typical discharge specifications include: 

 Wastewater spray drift from the WWTP or spray disposal field shall not migrate 
out of the plant’s property boundaries. 

 All tailwater and/or stormwater shall be collected and returned to the holding 
ponds at all times when wastewater is being applied to the spray disposal field. 

 The discharger shall not irrigate with effluent 24 hours before precipitation, 
during periods of precipitation, and for 24 hours after wastewater application 
has ceased. 

 The tailwater recapture system must be operated to capture all wastewater 
runoff, as well as any stormwater runoff that occurs within 24 hours of the last 
application of wastewater. 

 The discharger shall cease spray irrigation of wastewater when winds exceed 30 
mph. 

 Public contact with wastewater shall be precluded through such means as fences, 
placards, and/or irrigation management practices (or other acceptable methods). 

 Objectionable odors originating at this facility shall not be perceivable beyond 
the boundary of the WWTP and disposal areas. 

 A controlled 100-foot buffer shall be maintained around the spray disposal field’s 
wetted area created during wastewater application. 

4.3.1 Surface Water Disposal 
Surface water discharges would be issued by the USEPA in the form of an Nation 
Pollution Discharge Elimination System (NPDES) permit and in accordance with the 
RWQCB Basin Plan standards. Additionally, the NPDES permit would likely be subject 
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to the requirements of the California Toxics Rule (CTR). The USEPA has recently 
promulgated the CTR to bring the state in compliance with the Clean Water Act for 
priority toxic pollutants. The USEPA has indicated that any new federally issued 
NPDES permits for tribal wastewater facilities will also likely require compliance with 
the CTR.  

The permit process would involve performing an analysis to assess the downstream 
environmental impacts. The permit would likely contain mass-based discharge 
limitations. The primary beneficial users of surface waters are fish. In addition to 
pollutant limitations, toxicity standards would be established and monitored by 
bioassay. Since there are no industrial discharges to the tribal wastewater system, levels 
of metals and other toxic components are expected to be minimal; however, it can still 
be assumed that any new surface water discharge in the area would have to be treated 
to very high standards, such as tertiary and disinfected level, before discharging to local 
surface waters.  
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5.0 Wastewater Facility 

This section describes the components necessary to provide wastewater collection, 
treatment, and disposal service to the four project alternatives.  It begins with a 
discussion of existing onsite facilities and then details collection, treatment, and 
disposal requirements.  The final aspect is a preliminary level evaluation of the onsite 
wastewater system requirements for each alternative. 

5.1 Existing Facilities 
The proposed site contains eight parcels (APN: 10-200-003, 10-200-004, and 10-200-006 
through 10-200-011) with existing wastewater service from the City of Plymouth.  The 
project site is within the service boundary of the City, which maintains peripheral 
wastewater collection lines around the property. 

5.1.1 City of Plymouth 
The City of Plymouth Wastewater Treatment Plant utilizes a pond treatment system 
and currently receives an average daily flow of 95,000 gpd and an average five-day 
biological oxygen demand (BOD5) loading of 198 lbs BOD5/day.  Additionally, the 
Plymouth WWTP utilizes sprayfields to dispose of its treated effluent and has a 
disposal capacity of 180,000 gpd. 

5.2 Wastewater Treatment 
A new WWTP would be required to treat wastewater discharge from the various users 
planned for the proposed project alternatives. Various treatment designs are possible 
and process selection ultimately involves consideration of many factors, including: 

• Wastewater strength,  
• Effluent disposal,  
• Process reliability,  
• Operational requirements,  
• Treatment flexibility,  
• Available space,  
• Solid waste disposal,  
• Nuisance odor,  
• Visual aesthetics,  
• Noise, and 
• Capital and operating costs 
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Of the factors identified above, the method of effluent disposal and the restrictions 
imposed therein would have the greatest effect on the type of treatment required. The 
production of recycled water that meets CCR Title 22 requirements would ultimately 
require advanced tertiary treatment of wastewater to produce effluent containing very 
low concentrations of organics, solids, nutrients, and pathogens.  

Due to its small layout and its ability to reliably produce high-quality effluent, 
membrane bioreactors (MBR) are recommended to treat wastewater for the various 
project alternatives. They are widely used throughout the country for flows up to 5.0 
MGD and are ideal for the project’s remote location where reliable wastewater 
treatment is critical to meeting strict discharge standards.   

The MBR is a state-of-the-art, advanced wastewater treatment process that utilizes 
membrane technology, comparable to that used for production of potable water. The 
membranes are classified as microfiltration (MF) and have microscopic pores that strain 
solids greater than 0.1 µm to produce effluent with very low solids concentration. MBRs 
are also known for high rates of organics removal and can be further designed to 
achieve removal of nutrients, such as nitrogen (e.g. ammonia, nitrates, and nitrite) and, 
to a limited extent, phosphorous.  

The MBR is not strictly designed for phosphorous removal although some MBR 
manufactures claim that a small percentage can be removed through the chemical 
addition of alum to promote the precipitation of phosphate out of solution.  Other 
means of reducing phosphorous, which is true with any activated sludge process, is 
through the addition of an anaerobic basin in front of the anoxic basin.  Typical effluent 
from an MBR process includes: 

 < 1 mg/L BOD, 
 < 0.2 mg/L NH4-N, 
 < 8 mg/L NO3, 
 < 2.2 MPN/100 mL total coliform, and 
 < 0.1 NTU. 

Compared to alternative wastewater treatment designs, MBRs are able to more reliably 
and consistently produce high-quality effluent ideal for a variety of disposal and reuse 
alternatives. For systems treating to tertiary-level, the cost of the MBR system also 
becomes cost competitive with more conventional treatment processes.  

The non-economic advantages and disadvantages of the MBR system are summarized 
in Table 5-1.  
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TABLE 5-1 
Non-economic Advantages and Disadvantages of the MBR 

Advantages Disadvantages 

Small footprint. Requires fine screening.  

Extremely high-quality effluent; state-of-the-art treatment. Limited equipment manufacturers. 

Achieves nitrogen removal. Relatively new process. 

Combines clarification and filtration with oxidation 
process. 

Requires emergency storage basin.  

High MLSS provides resistance to loading shocks.  

Certified for CCR Title 22 use by CA DHS.  

Significantly reduces disinfection requirements.   

Provides pretreatment for TDS removal by reverse 
osmosis. 

 

 

5.2.1 Membrane Bioreactors 
MBRs are state-of-art treatment processes designed to treat wastewater using the same 
principles as conventional activated sludge processes. That common, driving principle 
is the conversion of soluble waste into biomass. The difference is the rate at which these 
reactions are occurring and also the method by which the separation of solids occurs. 
Compared to conventional activated sludge, which relies on a clarifier for gravitational 
separation of solids, MBRs utilize membrane technology to physically separate the 
solids. The result is a more uniform effluent quality and enhanced biological treatment 
performance due to higher microorganism concentrations not previously possible with 
activated sludge due to the resulting settling problems caused by excessive solids 
loading to the clarifier. 

MBR systems are comprised of many unit processes, which together achieve treatment 
of raw wastewater to produce a high-quality effluent ideal for reclamation use. A 
conceptual process flow diagram showing the major unit processes for the proposed 
WWTP is illustrated in Figure 5-1. Treatment begins upstream of the MBR at the 
headworks, which uses fine screens to remove large materials that can potentially 
damage the membrane. Wastewater from the headworks flow by gravity into the MBR 
structure.  

The MBR process combines oxidation, clarification, and filtration into one step. A 
bioreactor with separate anoxic and aerobic cells provides the environment necessary 
for BOD5 oxidation, nitrification, and denitrification processes to occur. High 
concentrations of mixed liquor suspended solids (MLSS), up to 15,000 mg/L, are 
maintained in the MBR tank allowing rapid synthesis of the soluble organics in the 
wastewater. Nitrogen removal through nitrification and denitrification is also achieved 
in the MBR tank between the aerobic and anaerobic tank cells, respectively. 
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Membrane modules immersed in an aerobic portion of the process tank combine the 
functions of the clarifier and tertiary filtration processes into a single step. The 
membranes are classified as MF and have microscopic pores that strain solids larger 
than 0.1 µm to produce effluent with a very low solids concentration. Having completed 
filtration, the membrane effluent (or a permeate) is drawn through for distribution. 

Depending on the disposal point, the permeate is disinfected with either ultraviolet 
light (UV) or a chlorine solution. For disposal to the subsurface leachfield or sprayfield, 
UV is preferred since very low solids concentration minimizes shielding of bacteria, 
thereby producing a high pathogenic kill. As a result, UV disinfection provides efficient 
and consistent microbial inactivation without increased risk of chemical DBP formation. 
For disposal by reclamation, chlorination is preferred over UV since recycled water 
distribution design typically endeavors to maintain chlorine residual in the distribution 
system to prevent regrowth. 

Waste sludge and solids residual would be disposed of by mechanical dewatering 
means. Waste activated sludge (WAS) and biosolids residual produced by the 
wastewater would be dewatered on site by means of a mechanical dewatering system 
and ultimately hauled off site for disposal. It is recommended that landfills in the region 
be contacted to determine if the landfills accept biosolids. The frequency of this 
operation would depend on the solids wasting frequency in the wastewater plant. All 
biosolids dewatering and storage facilities would be contained indoors and the foul air 
scrubbed to minimize odors.  

The MBR WWTP would require a Grade III lead operator and Grade I or II operators to 
run the tertiary treatment plant based on State Standards for WWTP Operator 
qualifications.  

Membrane bioreactors are simple the most cost effective and reliable method of treating 
wastewater today.  Additional treatment and polishing processes can be easily added to 
the MBR to meet foreseeable effluent quality requirements. Other casinos utilizing MBR 
technology in the area surrounding the proposed Ione Rancheria Casino and Hotel 
include the following facilities. 

• Thunder Valley Casino, Lincoln, CA – Zenon MBR 

• Cache Creek Casino & Hotel, Brooks, CA  – Zenon MBR 

• Rolling Hills Casino, Corning, CA – Enviroquip/Kubota MBR 
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A preliminary level design of the recommended MBR WWTP is included in this study 
for each proposed alternative.  Design wastewater treatment plant flows and loadings 
are summarized in Table 5-2 and 5-3, accordingly. 

TABLE 5-2 
Design Wastewater Treatment Plant Flows (gpd) 
Site Layout Alternative A B C D 

  Phase I Phase II Phase I Phase II   

Weekday Day 105,800 126,900 90,100 111,300 63,800 23,800 

Weekend Day 192,500 223,700 153,800 195,100 104,500 38,500 

Average Day a 130,600 154,600 108,300 135,200 75,400 28,000 

Design Average Day Flows b 200,000 200,000 200,000 200,000 100,000 30,000 
a  5/7 * week day + 2/7 * weekend day 
b  Average Day flow rounded up to incremental wastewater treatment unit capacity. 
Wastewater flows rounded to the nearest 100 gpd. 
Estimated from similar facilities 
 

In comparison typical average day flows for other surrounding Casino and Hotel 
facilities are the following. 

• Thunder Valley Casino, Lincoln, CA are 175,000 gpd; 

• Cache Creek Casino & Hotel, Brook, CA is 220,000 gpd;  

• Jackson Rancheria Casino & Hotel, Jackson, CA is 100,000 gpd; and  

• Rolling Hills Casino 40,000 gpd.     

TABLE 5-3 
Estimated Average Day Wastewater Loads (lbs/day) a 
Site Layout Alternative A B C D 

  Phase I  Phase II  Phase I Phase II   

BOD5 650 780 540 680 380 100 

TSS 600 710 500 620 350 90 
a Loadings rounded up to the nearest 10 lbs/day. 

5.2.2 Facility Design 
Facility design of the MBR WWTP was completed on a preliminary level.  A conceptual 
site layout was included previously on Figure 3-2 to 3-7 showing major facility sizes 
and locations for treating 200,000, 100,000, or 30,000 gpd average day wastewater, 
accordingly. Future additional facilities are also shown to illustrate possible expansion 
designs. Unit process summaries for major processes are included in Table 5-4.  
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It should also be noted that the following treatment plant facility descriptions may 
require slight modifications upon the selection of a MBR manufacturer due to variations 
in process theory between manufacturers and patented products. 

Grease Interceptors  The Uniform Plumbing Code (UPC) requires that all kitchen waste be 
directed through a grease trap prior to entering into the sanitary sewer collection 
system.  In a municipal collection system the community or regional WWTP influent 
fats, oils, and grease (FOG) levels are reduced as the FOG is diluted by other residential 
and commercial waste steams.  In a Casino and Hotel project where there are typically 
many food services and the wastewater steam is not as diluted by flows from toilet, 
shower, and laundry facilities the onsite WWTP influent may have a higher than 
normal FOG concentration.  It is standard practice to install passive grease interceptors.  
Additional FOG removal can be obtained by installing active mechanical grease 
separators in the drain lines of the restaurants sinks and select equipment.   

A passive grease interceptor is a two stage water tight in-ground concrete tank 
designed to cool wastewater so that fast may solidify and to slow the velocity of the 
wastewater steam to allow for separation of the fats, oils, and greases from the water.  
The passive grease interceptor must be regularly cleaned to remove the accumulated 
floating and settled solids.  Sizing and placement requirements for passive grease 
interceptors can be found in the UPC.  It is recommended that the passive grease 
interceptor be designed conservatively.   

An active mechanical grease separator is typically small enough to be installed under or 
near the kitchen sink or equipment generating high FOG concentrations.  The device 
skims the FOG waste from the water and stores it in a waste container for disposal.  
Multiple active grease separators are typically required to reduce the FOG from each 
point source.  Refer to the grease separator manufacture for sizing and placement of 
units.   

A combination of passive and active grease interceptors may be required to reduce the 
FOG concentration to a level recommended by the WWTP manufacturer.   

Headworks. Headworks facilities would consist of flow measurement and screening 
equipment. Typical plan and section drawings are illustrated in Figure 5-2. Wastewater 
pumped by the raw wastewater lift stations to the headworks would enter the influent 
pipe, which would be reduced to a 3-inch diameter pipe upstream of a magnetic flow 
meter. After flow measurement, the pipe would discharge to a covered headworks 
influent box for distribution to the screening channels. Slide gates would control flow to 
the screening channels. 

Fine screening (< 1.5 mm) would be required for protection of the MF membranes. A 
provided bypass around the screen would act as an emergency overflow in case of 
mechanical or electrical failure. The headworks screening channel would be sized to 
handle the peak wastewater flows for each alternative. 
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Screening would be accomplished by a self-cleaning inclined cylindrical sieve screen 
with an integral screenings scraper/conveyor, compactor, and mechanical washer 
system. A 1.5-mm screen size would be required to protect the MF membranes from 
hair and stringy material. The cylindrical screen fits into the channel at one end. As the 
water level rises in the influent channel, a shaftless helical screw pushes the solids 
down into the channel where a mechanical washer system breaks up fecal material so 
that it can pass through the screen to the treatment plant. Then the screw reverses 
directions in order to pull the remaining inorganic solids upwards to a compactor. 
Compacted screenings fall into a bin via a discharge chute. Excess liquid from the 
compactor flows back to the channel.  

The headworks channel and screen system would be covered. Foul air from the 
headworks facilities would be scrubbed for odor removal, which would be 
accomplished in a soil filter. This eliminates the need for chemicals and simplifies 
operational requirements typical for a chemical scrubbing system. 

Immersed Microfiltration Membrane Bioreactor. The MBR system combines a suspended 
growth biological reactor with membrane filtration. Each MBR process train would 
consist of an anoxic zone for denitrification, an aeration zone for soluble BOD reduction 
and nitrification, and a membrane filtration zone for solids removal. Two MBR trains 
would be provided, each sized to handle half of the peak design wastewater flow. This 
would allow one process train to be taken off line for maintenance during off-peak days 
at the gaming facility. The MBRs would typically produce an effluent with BOD and 
TSS levels of less than 2 mg/L, and a turbidity of less than 0.1 NTU. The components of 
the MBR are described below.  
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Anoxic Zone. An anoxic basin would be provided for each process train. Nitrate removal, 
a process called denitrification, is accomplished in this basin by a suspended growth 
bacterial process that thrives in an anoxic environment. In the absence of oxygen, 
denitrifying bacteria obtain energy for cell growth from the conversion of nitrates to 
nitrogen gas. The hydraulic retention time (HRT) would be approximately 8 hours for 
complete denitrification. The incoming raw wastewater provides a continuous carbon 
source needed for denitrifying bacteria cell synthesis.  

In addition, some carbon would be supplied in the recirculated biomass through 
endogenous decay. The anoxic zones would be equipped with mechanical mixers to aid 
in the denitrification process. From the anoxic zones, the wastewater would flow to the 
aeration tanks. 

Aeration Zone. An aeration basin would be provided for each process train. Wastewater 
entering the tank would be aerated by process air blowers, supplied through a fine 
bubble diffuser system installed at the bottom of the aeration tank. Soluble organics are 
converted into biomass by an aerobic suspended growth process. In this process, 
microorganisms utilize the carbon in the wastewater for energy and cellular synthesis. 
The recirculated mixed liquor entering the aeration basin from the anoxic basin 
provides a continuous source of bacteria. Conversion of ammonia to nitrates, called 
nitrification, occurs in the aeration basin. Nitrifying bacteria incorporate ammonia-
nitrogen into respiration and cell synthesis processes and produce nitrates as a 
byproduct. 

Membranes. The membranes would be located in the corner of the aeration basin for each 
process train. Membrane cassettes would be immersed in each basin; each cassette 
would contain eight membrane modules. A membrane module consists of a bundle of 
hollow microfiltration or ultrafiltration fibers, with a typical nominal pore size of 
approximately 0.1 µm. 

A vacuum would be applied to the module headers to draw the wastewater from the 
process tank through the membrane. Wastewater would then flow through the hollow 
fibers to a permeate pump. The permeate pump would transfer the wastewater to the 
UV disinfection facilities or to the seasonal storage reservoir.  

Mixed liquor from the membrane zone would be continuously recycled back to the 
anoxic zone by a recycle pump in each membrane tank. This oxidized and nitrified 
recycle stream would be blended with raw sewage, which is a source of carbon source, 
to enable denitrification to occur in the anoxic zone. Periodically, a sludge waste pump 
located in each membrane zone would waste excess mixed liquor to the belt filter press 
where it is dewatered and eventual hauled off site for disposal. 

Air is fed to the underside of the membranes to prevent solids from binding on the 
surface of the membranes. Piping and backwash storage tanks would be provided for 
periodic backwash of the membranes. Five backwash storage tanks would be provided, 
each with a storage capacity of approximately 3,000 gallons. The backwash tanks would 
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be filled with permeate from the MBRs. Sodium hypochlorite would be added to the 
backwash for control of regrowth on the membrane strands. It is expected that the 
chlorine demand in the permeate would consume any chlorine introduced by the 
backwash cycle. 

An overhead crane with a traveling bridge would be provided for maintenance use. The 
crane would be used to maneuver membrane cassettes for service and/or soak cleaning 
in a chemical dip tank (containing a mild sodium hypochlorite solution) located at the 
end of the basin structure. Chemical pumps would be provided for transfer of sodium 
hypochlorite to the dip tank. 

The sodium hypochorite solution (chlorine solution) used to backwash the filters would 
be mostly consumed by the wastewater during the cleaning process.  Any residual 
chlorine would be used as the water is recirculated throughout the anoxic and aerobic 
basins.   

Disinfection: 

1) UV Disinfection. Membrane-filtered effluent is well suited for disinfection by UV light 
due to the very low solids content. UV disinfection would eliminate the need to store 
large quantities of disinfectant chemicals, such as sodium hypochlorite. An additional 
benefit is that disinfection by-products are not formed.   

UV disinfection facilities would be provided for disinfection of wastewater prior to 
subsurface disposal or spray field disposal. The proposed UV disinfection facilities 
would typically be located adjacent to the MBR basins. UV disinfection is accomplished 
by a bank of UV lamps contained in a stainless steel channel with a built-in weir-level 
control system. 

Dosage requirements and certain operational features and controls of the UV system 
would meet Title 22 recycled water requirements. UV disinfection lamps would utilize 
low-pressure, high-intensity lamps. A packaged control system would be supplied by 
the UV system vendor. 

2) Chlorine Disinfection. A hypochlorite feed system would be used to provide 
chlorination to the recycled water prior to being pumped into the recycled water 
storage tank. Chlorination disinfects the treated wastewater while maintaining a 
chlorine residual of 1–2 mg/L in the storage tank and the dual-plumbed piping system. 
This low residual should be effective in preventing any regrowth in the recycled water 
distribution system. The contact time needed for complete mixing of the solution would 
be accomplished in the recycled water distribution piping. 

Recycled Water Pump Station. A recycled water pump station would be required for 
recycled water distribution. The size and type of pumps required would be determined 
based on the hydraulic flow and storage characteristics and requirements of the system. 
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Emergency/Equalization Storage Basin. The emergency/equalization storage basin (E/ESB) 
is located within the WWTP site and is intended to serve two functions. As an 
equalization basin, the E/ESB is intended to attenuate peak influent flows by diverting 
excess wastewater upstream of the MBR tank. This ensures that the MBR receives a 
relatively constant flow of wastewater. Once influent flows have subsided, the stored 
wastewater is returned to the treatment train. 

In addition, the E/ESB can also serve as a temporary storage reservoir in the event that 
the MBR is not in service. In the event of complete mechanical shut-down or failure, 
raw wastewater would be screened by the headworks via a manually-screened 
overflow channel and be diverted to the E/ESB for emergency storage by gravity. When 
wastewater treatment systems are online again, the stored wastewater can be pumped 
back into the process train for treatment.  

Mechanical Dewatering. The mechanical dewatering system would be located within a 
building on the WWTP site to provide odor control in the vicinity of the dewatering 
equipment.  The mechanical dewatering system would be designed to meet Code of 
Federal Regulations Title 40: Protection of Environment – Part 503: Standards for the Use or 
Disposal of Sewage Sludge (CFR 40 Part 503).  The mechanical dewatering system would 
produce either Class A or Class B biosolids depending on the selected disposal method.   
A more comprehensive analysis examining expected sludge quality, mechanical 
dewatering equipment, disposal facilities in the vicinity of the project site (Jackson 
Rancheria is currently sending biosolids from their WWTP to Forward Inc. Landfill 
located in Stockton, CA), and cost of operation would be required prior to the selection 
of Class A or Class B biosolids and prior to selection of the mechanical dewatering 
system. 

Operations Building. An operations building would be required to house the plant 
controls, the motor control center, the blowers required for the MBR process, the 
chemical storage and handling facilities, and other mechanical equipment. A 
preliminary plan of the building is shown in Figure 5-3. The building would also 
include a maintenance room. A small laboratory would be provided for on-site testing 
and sample preparation. In addition, a small locker room with showers would be 
provided. Roll-up doors would be provided for entry to the blower room. Double-doors 
would provide access to the electrical and chemical rooms.   

The building would be a masonry, single-story structure with a standing seam-painted 
metal roof. A combination of plain block and split-face block would be used. Interior 
walls would be either masonry or metal stud with drywall. Suspended ceiling and 
lighting panels would be provided in some rooms with utilities and ventilation ducting 
in the overhead space. 
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A summary of unit processes information and general design criteria are further 
summarized in Table 5-4. 

TABLE 5-4 
Unit Process Summary for the MBR WWTP for Alternative A, B, and C a, 

Unit process Design criteria Size Total units 

Flow meter Magnetic flow meter on influent pipe  Peak hour flow  1 

Fine screen 3-mm perforations 
2 fps approach velocity 

TBD 1 
plus 1 bypass 

Anoxic basin 8-hr HDT 
12-ft. operating depth 
14-ft total depth 

TBD 2 

Aeration basin 13-hr HDT TBD 2 

Immersed membrane TBD based on selected manufacturer. 30,000, 100,000, 
or 200,000 gpd 

(Based on 
selected 

alternative) 

2 

Recirculation pumps Submersible centrifugal non-clog 
constant speed 

TBD 1 per basin 

Air blowers Positive displacement 
constant speed 

TBD 2 duty  
1 standby 

Permeate pumps Flexible impeller 
Variable frequency drive (VFD) 

TBD 2 duty  
1 standby 

Backpulse pump Horizontal end suction centrifugal 
Constant speed, timed sequence 

TBD 1 duty 
1 standby 

Backpulse tank  150 gpm per backpulse 
2-min. duration 
Polyethylene 

TBD 1 

Emergency/equalization 
storage basin 

Storage capacity for 1-day average day flow TBD 1 

Seasonal storage reservoir To be determined by others. TBD TBD 

UV disinfection total coliform 23 MPN per 100 mL sample TBD 1 channel 

Chlorination minimum 450 mg-min/L CT,  
90 minutes minimum modal contact time 

TBD 1 

Mechanical Dewatering 
System 

Located indoors for odor control TBD TBD 

Plant drain and 
supernatant return pump 
station 

Pumped back to headworks 
Submersible non-clog 

100 gpm, each 1 duty 
1 standby 

a Not representative of the design criteria for Alternative D.  
b Design 3criteria based on a peak wastewater flow of 200,000 or 400,000 gpd 
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5.2.3 Facilities Layout 
Figures 3-2 to 3-7, shown previously, show proposed site locations for the 
microfiltration wastewater treatment plant on the proposed project site.  Both the Water 
Treatment and Wastewater Treatment plants would be located to the south of the 
proposed main parking lot.  Wastewater generated from the gaming facilities would 
flow by gravity to an influent pumping station, which would lift the wastewater to the 
headworks facilities.  After passing through the headworks metering and screening 
facilities, the wastewater would flow by gravity to the influent distribution channel 
upstream of the anoxic basins at the MBR facilities.  Wastewater would flow from the 
influent channel to the anoxic basins and the aeration basins as described above.  The 
permeate pumps would convey the treated effluent to the  

The operations building would be located north of the MBR facilities and the sludge 
stabilization basins.  The operations building would visually shield most of the WWTP 
facilities from the gaming facility and parking lot.  If desired, the operations building 
could match the architectural features used at the gaming facility.  A circular interior 
plant roadway would be constructed to allow vehicle access to all portions of the MBR 
facilities and operations building. 

5.2.4 MBR Capital Equipment Cost 
MBR capital equipment cost estimates were obtained from various manufacturers for a 
microfiltration wastewater treatment system for each of the proposed alternatives.  The 
estimated capital costs are summarized in Table 5-5.  The MBR capital equipment cost 
estimates include only the MBR equipment (i.e. the membranes, permeate pumps, air 
blowers, air diffusers, mixers, screens, instrumentation) for comparison purposes due to 
the complexity of sizing of a WWTP.  Additional capital costs for the other facilities 
associated with a microfiltration wastewater treatment plant (i.e. operations building, 
sludge stabilization basin, dewatering equipment, ultraviolet disinfection, chlorine 
contact basin, disposal fields, etc.) are not included at this time.  An economic analysis 
would be conducted upon the selection of an alternative. 

TABLE 5-5 
Capital Cost Estimates a 

 Ionics Enviroquip Zenon 

Alternative A (0.2 MGD WWTP) $649,000 $555,000 $511,000 

Alternative B (0.2 MGD WWTP) $649,000 $555,000 $511,000 

Alternative C (0.1 MGD WWTP) $519,000 $420,000 $434,000 

Alternative D (0.03 MGD WWTP) $103,000 -- -- 
a Costs are rounded to the nearest $1,000. 
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5.3 Recycled Water 
This section discusses the recommended design criteria for the Project’s recycled water 
facilities.  The recommended onsite water facilities include: 

 Reverse Osmosis Treatment System (if required), 

 Recycled Water Storage Tank, 

 Recycled Water Pump Station, 

 Onsite Irrigation/Dual Plumbing Facilities, 

Each of these facilities is described in the following sections. 

5.3.1 Reverse Osmosis Treatment System 
An RO system would be required, if the treated effluent from the WWTP does not met 
the governing agency’s TDS requirements for effluent disposal via reuse, subsurface 
disposal, or surface water disposal.  This RO system would be designed similarly to the 
drinking water RO system. 

The RO system removes dissolved minerals and salts from the water stream and 
produces water that is low in inorganic salts, organic matter, and bacteria.  In the RO 
system, the influent stream passes across and through sheets of specialized semi-
permeable membranes under high pressure.  The membranes block the passage of 
dissolved minerals (with molecular weight over 100) while allowing the water to pass 
through.  The water that passes through the membranes is called permeate or product.  
The mineral rich stream that the membranes reject is called reject or concentrate.  The 
permeate water can be used as a direct feed to a distrubition system, or stored in a 
reservoir or storage tank. 

The reject stream would be then run through an additional RO unit to further 
concentrate the brine and minimize the water wasted.  The brine would require 
disposing of.  A similar system at Thunder Valley currently sends their brine to East 
Bay Municipal Utility District (EBMUD) for a fee based on the amount of brine. 

5.3.2 Recycled Water Storage Tank 
The purpose of this tank would be to provide equalization storage for onsite recycled 
water use used in the building for toilet flushing, onsite landscaping, and for sprayfield 
irrigation.  The tank would be sized such that it will provide equalization for peak 
flows, as well as provide emergency storage for the recycled water system, thereby 
allowing for a more steady flow to be sent to the RW distrubition system.  Should 
seasonal storage facilities be constructed, the water would also be pumped to the 
seasonal storage basins from this storage tank.  If desired, recycled water could be 
utilized to supply water for fire suppression, such as the sprinkler systems and fire 
hydrants. 
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A typical section for the storage tank is shown as Figure 5-4.  The recycled water storage 
tank would be constructed near the wastewater treatment plant site.  The storage tank 
would not maintain pressure in the recycled water distribution system.  This storage 
tank would be similar to the potable water storage tank with respect to construction 
methods.  Summarized in Table 5-6 are the recommended recycled water storage 
capacities for the four alternatives. 

TABLE 5-6 
Recycled Water Storage Tank Requirements (gallons) 

Site Layout Alternative A B C D a 

 Phase I Phase II Phase I Phase II   

Average Day Recycled Water 
Demand 52,000 62,000 43,000 54,000 30,000 n/a 

Recycled Water Storage Tank 
Capacity 208,000 248,000 172,000 216,000 120,000 n/a 

Recommended recycled water 
storage capacity 250,000 250,000 250,000 250,000 250,000 n/a 
a Alternative D does not include recycled water. 
b 4.0 times the average day demand 
c Rounded up a common tank size increment. 
d Water demands rounded up to the nearest 1,000 gal. 
 

5.3.3 Recycled Water Pump Station 
Three separate recycled water pump stations are required for the recycled water 
facilities.  All of the required pump sizes and configurations would be dependent on the 
overall wastewater discharge strategy.  However, the strategy described below assumes 
that seasonal storage is utilized, recycled water is produced and maximized onsite, and 
that the flows are similar to those identified in Section 2. 

The first pump station would pump water from the wastewater treatment plant to the 
storage tank.  This pump station is expected to be a low head pump station with a 
hydropneumatic tank that fills the recycled water tank to provide system storage. 
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The second pump station would pump water from the recycled water storage tank to 
the recycled water distribution system.  This pump station would likely need to 
continuously operate, since there will be no system storage.  There are no suitable sites 
for a recycled water storage tank at an elevation that would all gravity to maintain 
pressure in the distribution system. 

The third pump station would pump out of the season storage ponds to the sprayfields 
for irrigation.  These pumps will operate seasonally, typically between March and 
October, and would be sized to convey the entire volume of recycled water stored in the 
seasonal storage ponds plus a portion of the daily summertime wastewater flows 
within a 5-day week, 8-hours per day time period between March and October. 

5.3.4 Onsite Water Reuse Facilities 
This report assumes that the facilities for the selected alternative will be dual-plumbed 
with both potable and recycled water.  The primary uses of recycled water will be for 
toilet flushing, onsite landscape irrigation, and cooling water.  The onsite recycled water 
reuse facilities will be designed to ensure that they comply with all DHS standards.  The 
required onsite facilities will be identified upon completion of a site plan and 
preliminary engineering.  The primary onsite design requirements include: 

 Recycled water irrigation facilities marked in a purple color. 

 Signage informing the public recycled water is used. 

 Pipelines in separate trenches a minimum distance away from other water 
pipelines. 

 Labeling of recycled water valves, boxes, and sprinkler heads. 

Within the building, the interior plumbing system will have to be plumbed separately 
from the building’s potable water system, and contain no cross connections.  The dual-
plumbing piping systems must be distinctly marked and color-coded. 

5.4 Effluent Disposal 
The proposed WWTP for alternatives A, B, C, and D will produce recycled wastewater 
effluent meeting Title 22 tertiary treatment standards.  This effluent may be dispersed to 
sub-surface leachfields, sprayfields, landscape irrigation, and seasonal storage ponds.  
Summarized in Table 5-7 are the estimated effluent disposal requirements for each of 
the four alternatives.  Due to limited on and off site water supply it is recommended 
that recycled water be utilized for the flushing of toilets and urinals within the casino 
and that recycled water be used for landscape irrigation.   

It is recommended that the use of recycled water be maximized for this project.  Reuse 
will benefit this project in two ways.  First, the reuse of recycled water will reduce the 
potable water demand.   The supply of potable water from onsite and offsite wells and 
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local water agencies is limited.   Second, the reuse of recycled water will reduce the flow 
of treated wastewater effluent to the onsite disposal systems.  Thereby reducing the 
overall required disposal capacities, sizes, soil application rates, or operational 
parameters.  Table 5-7 shows average day wastewater flows to be treated, the recycled 
water demand and the difference which is the average day disposal flow.  It is assumed 
that recycled water use would be maximized onsite, thus reducing the overall effluent 
disposal requirements.  Other operating facilities such as Thunder Valley Casino, CA 
and Cache Creek Casino & Hotel have historically recycled approximately 40% +/- of 
the wastewater flow for recycled water use.   

 TABLE 5-7 
Design Wastewater Disposal Flows with Recycled Water (gpd) 
Site Layout Alternative A B C D 

 Phase I Phase II Phase I Phase II   

Average Day Wastewater Flows a 130,600 154,600 108,300 135,200 75,400 28,000 

Recycled Water Demand 52,200 71,800 43,300 64,100 40,200 n/a 

Average Day Disposal Flows c 78,400 83,000 65,000 71,100 35,200 28,000 

Design Average Day Disposal Flows d 80,000 90,000 70,000 80,000 40,000 30,000 
a 5/7 * week day + 2/7 weekend day 
c Wastewater flow less recycled water 
d Design Disposal Flow rounded to nearest unit. 
Wastewater flows rounded to the nearest 100 gpd. 
 

5.5 Water Balance 
Based on a report prepared by AEG on the soil mantle and percolation rates located 
onsite, it is recommended that sprayfield irrigation be primary disposal method due to 
limiting onsite soil conditions.  AEG also found that subsurface disposal should be 
made at low application rates (not to exceed 0.2 gpd/ft2), and that subsurface disposal 
should not be done at high elevations (above 1,125 feet) where the soil layer is thinner 
(AEG, 2004).  A copy of the results of the soil mantle and percolation tests is included in 
Appendix D. 

Utilizing the recommendations made by AEG, a water balance was conducted to 
determine the disposal area requirements for each project alternative.  Table 5-8 
summarizes the results from the water balance analysis performed by HSe.  A copy of 
the more in depth analysis is included in Appendix E. 
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TABLE 5-8 
Water Balance and Wastewater Disposal Requirements 

Site Layout Alternative A B C D 

 Phase I  Phase II  Phase I  Phase II   

Design Average Day Disposal Flows (gpd)a 80,000 90,000 70,000 80,000 40,000 30,000 

Landscape Irrigation (acres) 2.0 2.0 2.0 2.0 2.0 n/a 

Spray Disposal (acres) 13.7 13.7 13.7 13.7 13.7 5.2 

Sub-Surface Disposal (acres) 2.9 2.9 2.9 2.9 0.0 3.5 

Seasonal Storage Reservoir (MGal) 10.3 10.3 8.9 8.9 4.7 n/a 
a Design Disposal Flow rounded to nearest 1,000. 
 

The alternative seasonal storage reservoirs are only preliminarily sized in this report, 
and shall be sized and designed by a licensed engineer according to the standards as 
specified by the Dam and Reservoir Division of the Bureau of Indian Affairs (BIA).  It is 
assumed that the BIA will follow the Federal Department of Dam Safety (DODS) 
standards.  In addition, the seasonal storage reservoir shall be enclosed by a fence in 
order to restrict access to approved personnel. 
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6.0 Conclusions 

Each of the four projective alternatives was evaluated and found to be feasible in terms 
of water, wastewater, and recycled water service.  The potable water supply 
requirements can be satisfied through a combination of supplies, which include the City 
of Plymouth, onsite wells, offsite wells, trucking, and the Amador Water Agency.  As 
recycled water becomes available for use, it will be supplemented for toilet flushing, 
landscape irrigation, and process water in the cooling towers.  Wastewater service could 
be provided by a tertiary wastewater treatment plant constructed to produce high 
quality effluent suitable for reuse.  Specific conclusions are summarized below. 

Table 6-1 contains a summary of the demands and flows for the four project 
alternatives. 



 WATER & WASTEWATER FEASIBILITY STUDY  

W&WW FEASIBLITY STUDY (V7) 6-2 

TABLE 6-1 
Summary of Demands and Flows 
Site Layout Alternative A B C D g 

 Phase I Phase II  Phase I Phase II   

   (gpd)  (gpd) (gpd) (gpd) 

Recycled Water       

Average Day Recycled Water Demanda 52,200 61,800 43,300 54,100 30,200 n/a 

Recycled Water Storage b 250,000 250,000 250,000 250,000 150,000 n/a 

Water       

Water Demand without Recycled 
Waterc 170,200 200,300 148,500 178,600 111,700 36,600 

Water Demand with Recycled Water 108,000 128,500 95,200 114,500 71,500 36,600 

Recommended Pumping Rate without 
Recycled Water (gpm) 120 140 105 125 80 25 

Recommended Pumping Rate with 
Recycled Water (gpm) 75 90 70 80 50 25 

Domestic Water Storage d 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 500,000 

Wastewater Treatment       

Weekday Day Wastewater Flow 105,800 126,900 90,100 111,300 63,800 23,800 

Weekend Day Wastewater Flow 192,500 223,700 153,800 195,100 104,500 38,500 

Average Day Wastewater Flow e 130,600 154,600 108,300 135,200 75,400 28,000 

Design Average Day Wastewater 
Flowsf 200,000 200,000 200,000 200,000 100,000 30,000 

Wastewater Disposal       

Design Average Day Disposal Flows h 80,000 90,000 70,000 80,000 40,000 30,000 

Landscape Irrigation (acres) 2.0 2.0 2.0 2.0 2.0 n/a 

Spray Disposal (acres) 13.7 13.7 13.7 13.7 13.7 n/a 

Sub-Surface Disposal (acres) 2.9 2.9 2.9 2.9 0.0 3.5 

Seasonal Storage Reservoir (MGal) 10.3 10.3 8.9 8.9 4.7 n/a 
a Estimated at 40% of average day domestic water demand. 
b Operational storage only.  Does not include fire hydrant storage. 
c Average day water demand, including landscape irrigation. 
d Two – 1 million gallon domestic water storage tanks per arrangement between the Tribe, the developer, and the City. 
e  5/7 * weekday day + 2/7 * weekend day 

f Week end day flow rounded up to incremental wastewater treatment unit capacity. 
g Alternative D does not include recycled water. 
h With recycled water. 
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6.1 Water Supply 
Water supply can be provided by a combination of sources.  Sources of potable water 
include onsite and offsite wells, which would require further treatment before entering 
into the project’s water distribution system, as well as trucking water to the project site 
from a local distributor. Refer to Table 6-1 for potable water requirements for the four 
project alternatives.  

Recycled Water can significantly reduce water demand.  Experience with the use of 
recycled water for non-potable applications as an alternative water supply source 
significantly reduces potable water demand.  The potable water demand with recycled 
water for each of the four alternatives is also included in Table 6-1. 

An onsite water treatment plant to remove iron and manganese may be required.  If 
the use of onsite and offsite wells are used to supplement the required potable water 
demand a water treatment plant will be required based on preliminary water quality 
testing from the wells.  Additional treatment is not required for potable water supplied 
by the local distributor trucking in water.  An onsite reverse osmosis system may be 
required to decrease total dissolved solid (TDS) concentrations in the ground water.   

The project may also require the construction of the following water supply facilities: 
onsite wells, offsite wells, iron and manganese treatment plant, reverse osmosis 
treatment system, steel water storage tanks, a water distribution pump station, a steel 
recycled water storage tank, and a recycled water distribution pump station.  

6.2 Wastewater Treatment and Disposal 
An onsite tertiary wastewater treatment plant is recommended.  The tertiary WWTP is 
capable of producing high quality effluent meeting Title 22 regulations for recycled 
water.  The maximization of recycled water use will help to reduce the potable water 
demand.  Estimated MBR capital equipment cost estimates for the microfiltration 
treatment plant for comparison purposes are summarized in Table 6-2. 

TABLE 6-2 
Capital Cost Estimates a 

 Ionics Enviroquip Zenon 

Alternative A (0.2 MGD WWTP) $649,000 $555,000 $511,000 

Alternative B (0.2 MGD WWTP) $649,000 $555,000 $511,000 

Alternative C (0.1 MGD WWTP) $519,000 $420,000 $434,000 

Alternative D (0.03 MGD WWTP) $103,000 -- -- 
a Costs are rounded to the nearest $1,000. 
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Spray irrigation should be the primary method of onsite disposal, if surface water 
discharge is infeasible. It is recommended that the primary method of onsite disposal 
be spray disposal, if surface water discharge is infeasible.  The soil mantle and 
percolation test report by Applied Engineering and Geology (AEG) indicates that the 
site exhibits a thin layer of surface soils over highly fractured slate and shale with slow 
percolation rates.  Subsurface disposal is limited to a small area of the proposed 
disposal site.  It is recommended that a recycled water seasonal storage reservoir be 
used in conjunction with a large sprayfield and a small subsurface leachfield for 
disposal.  It is also recommended that any area used for either spray disposal or for 
subsurface disposal be periodically mowed to allow for ground inspection.  See Table 6-
1 for disposal and storage requirements for each of the four project alternatives.  The 
alternative seasonal storage reservoirs are only preliminarily sized in this report, and 
shall be sized and designed by a licensed engineer according to the standards as 
specified by the Dam and Reservoir Division of the Bureau of Indian Affairs (BIA).  It is 
assumed that the BIA will follow the Federal Department of Dam Safety (DODS) 
standards.  In addition, the seasonal storage reservoir shall be enclosed by a fence in 
order to restrict access to approved personnel. 

6.3 Preferred Site Alternative 
The preferred project alternative is Alternative A, Phase I and Phase II.  Alternative 
A, Phase I and Phase II, consists of constructing a casino with 2,000 slot machines, 40 
table games, and restaurant/bar areas during its first phase of operation.  And during 
the second phase of operation, Alternative A proposes to construct a 250-room hotel 
and 1,200 seat event center.  Table 6-1 summarizes the water supply requirements, as 
well as, the wastewater treatment and disposal requirements.  The water demand for 
the preferred alternative would require multiple sources (Onsite/Offsite Wells, and 
Trucking) to satisfy the project water requirements.  Figure 6-1 presents an overview of 
the treatment processes for both water and wastewater for this project scenario without 
recycled water usage. 

It is recommended that recycled water use be maximized in order to reduce the 
requirements for potable water and to reduce the amount of treated effluent that needs 
to be disposed.  If recycled water use is maximized, the water supply requirements 
could be met by onsite and offsite wells, or by a combination of supplies (Onsite/Offsite 
Wells and Trucking).  Figure 6-2 present an overview of the treatment processes for 
both water and wastewater for this project scenario with maximized recycled water 
usage. 
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Appendix A 
Full Tables 2-1 through 2-4, Estimated Wastewater Flows for Site 

Layout Alternatives A through D 











    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 
Pumping Tests and Sustainability Analysis for Wells H1, M1, and 

M3, and Evaluation of Water Quality 































































































    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 
Amador Water Agency – Consumer Confidence Report 2003 



















































































































    

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D 
Results of Soil Profile and Mantle Tests, AEG, March 2, 2004 































































































































































    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix E 
Water Balance Calculations 










