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INTRODUCTION 

Phase I of the Green River-Rock Springs-Sweetwater County Joint Powers Water Board (JPWB) 
Masterplan resulted in updating the pre-existing hydraulic computer model in both Rock Springs 
and Green River in order to more accurately reflect the changes in system configuration and 
demand conditions since the model was initially developed in 1990. Phase I was completed by 
Nelson Engineering in September 2007. 

Phase 2 of the JPWB Masterplan, contained herein, investigates the existing systems in both 
communities in an effort to determine operational inadequacies and recommends capital 
improvements to remedy the inadequacies. Recommended improvements are conceptually 
designed with the aid of the computer models to insure compatibility with the remaining 
systems. 

System inadequacies are either intuitively observed based on a historic knowledge of system 
configuration, or discovered during trial computer model runs. In the latter case, the computer 
models in both cities are utilized to analyze system behavior under a myriad of present day 
operating conditions. System behavior from both hydraulic and water quality standpoints is 
investigated, and system improvements required to mitigate undesirable operational parameters 
is noted and reported. Finally, under Phase 2, future demand growth potential for both 
communities is estimated at specific future milestone dates, entered into the respective models, 
and any system improvements necessary to meet the increased future demands conceptually 
determined and repolted. 

The Phase 2 Masterplan Project was funded entirely by the Wyoming Water Development 
Commission. Appreciation is offered to Mr. Chace Tavelli, P.E., Project Officer with the 
WWDC, and Mr. Bryan Seppie, P.E., of the lPWB, whose guidance on the project was key to its 
success. 
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TASK 2 
TRANSMISSION & DISTRIBUTION SYSTEM ANALYSIS 

This section discusses analysis and recommended improvements to the existing Rock Springs 
and Green River transmission and distribution system perceived necessary in order to improve 
existing system performance, efficiency or redundancy. The system deficiencies delineated 
within this section are evident under 2004 operation conditions and do not result solely from 
increased future service area water demand or water quality issues, both of which are discussed 
in later task write-ups. 

The analysis of each community's water system was completed independently. Many parallels 
exist however, as to the methodology of analysis between the two cities, particularly in reference 
to Finish Water Storage Allocation. Where applicable, parallel methods are explained in detail 
for the Rock Springs system and simply noted in the Green River system writeup. 

I. ROCK SPRINGS SYSTEM (Refer to Exhibit 2-1 in Appendix A for a map overview 
of the existing Rock Springs water transmission and distribution system) 

A. Finish Water Storage Allocation and Available Fire flow Delivery 

Introduction: 
Finish water storage is required in municipal water systems to compensate for periodic 
fluctuation of demands, as well as to provide supply during emergency events such as fires or 
during time periods when normal methods of system supply replenishment are temporarily 
disrupted. Storage tanks are located such that they can respond effectively to the needs of their 
operational service area. In 1990, Forsgren Associates P.A. prepared a master plan of the Rock 
Springs and Green River water system for the Joint Powers Water Board. In that study, the 
following two guidelines were put forth in determining the storage needs for each tank and the 
entire system: 

At least one peak-day back-up storage available to each community where supply is 
dependent upon pumping (particularly without reserve power). 
At least 2 hours fire plus 25% of peak day storage available (directly or indirectly) to 
each service zone. 

These guidelines were taken into consideration when determining what factors should be used to 
determine the storage needs for this study, but it was decided instead to focus on the following 
tlu'ee primary types of storage stratification within a typical tank structure: 

Equalization storage. 
Fire storage. 
Reserve storage. 
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Cycling storage is neglected on the basis that it can be temporarily covered by one of the other 
types of stratification within each tank or replenished by transferring water from the Mansface 
Tanks in Green River, depending on the situation. Cycling storage is simply the volume of water 
between normal "off' and "on" pump cycles to a tank. Cycling storage represents a potential 
reduction in gross tank capacity, however, it is ignored in the Finish Water Storage Allocation 
Tables which fo llow for the fo llowing reasons: 

Since tank levels are constantly changing up or down, there is no way to pre
determine a beginning tank level at the initiation of an emergency event requiring 
utilization of fire or reserve storage. 
Pump control levels within tanks are periodically changed or operated manually 
under current operation. 
Future attention to water quality concerns within individual tanks may force 
additional modifications to pump control levels. 
Proper utilization of standby power at pump stations and redundant tank supply lines 
can minimize the effect of cycling storage requirements. 
As is discussed later in this section, cycling storage for turbidity events is assumed to 
be provided in the Mansface Tanks and available for topping off all storage facilities, 
due to the assumed nature of the event. 

Under this Task, the entire system was evaluated in the condition as it existed in 2004 with the 
exception of the Reliance Tank that is represented with a 525,000-gallon tank per the 
recommendations of the Reliance Interim Report (Appendix C). It should also be noted that this 
analysis does not take into account water quality which is addressed under Task 4 of this report. 

Types of Stratification 

Equalization Storage is best defined as the amount of water needed to supply any demand 
above maximum daily demand. A WW A notes that this could be 20-25% of average daily 
demand but they do not recommend blindly using this number. A WW A also notes that larger 
supply pumps and piping can be implemented in order to reduce the volume of needed 
equalization storage. For this study, the assumption is made that the supply replenishment 
system must be capable of pumping at least max daily demand and any demand greater than that 
(such as peak hourly demand) should be stored in the tanks as equalization storage. Of course, 
peak hour demand does not occur for exactly one hour. On any given day with high domestic 
use, demand might build up to a maximum day value over an hour, then exceed it for 30 minutes, 
then recede back down to max day over another hour, or demand could slightly exceed max day 
for seven or eight hours with or without ever reaching peak hour. 

Figure 2-1 is a graph of the Total System Demand (calculated hourly) vs. Time for all of Rock 
Springs on max day 2004 (August 16, 2004). The greatest area below the demand curve but 
above 10 million gallons per day (max day demand) is the volume of water needed for 
equalization storage. This graphing process was performed for several different days with high 
hourly or daily demands but the max day for 2004 yielded the greatest volume (574,000 gallons) . 
The overall 574,000 gallon equalization storage was applied to each Rock Springs tank based on 
the percentage of the total demand that it was responsible for. Taking into consideration that the 
574,000 gallon demand calculation was for the entire system and that an individual tank might 
require a greater than pro-rated equalization volume, a safety factor of 20% was added. For 
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example, the Wind River Tank service area requires 1,818 gpm to covel' max day demand, which 
is 26% of the total Rock Springs demand on max day. Therefore, the Wind River Tank is 
responsible for approximately 179,000 (574,000 x .26 x 1.20) gallons of equalization storage. 
This calculation was completed for each tank in the Equalization column of Tables 2-3, 2-4, and 
2-5 presented later in this report. In 2004, all of the pump stations were able to supply much 
more than the max day demand, potentially allowing a significant reduction of required 
equalization storage. This fact was ignored, however, and the max day demand line was retained 
as the lower limit of the area in calculation of required equalization volume. 

Required Fire Storage is based on the type of development that has occurred within each tank 
service area. If there is a school, hospital, or heavy industrial land use within a tank service area, 
more storage is required than if there are only single-family residential units. The International 
Fire Code, which both Rock Springs and Green River have adopted, requires a minimum of 
1500 gpm of fire flow for two hours for one and two family residential dwellings, unless it can 
be demonstrated that no dwellings over 3,600 square feet will be dependent on the system; in 
that case the fire flow can be reduced to 1000 gpm for two hours. The Code also requires up to 
8,000 gpm for 2, 3 or 4 hours for other classified uses depending on building size and materials 
of construction. The Master Plan presented by Forsgren Associates P.A. in 1990 recommends 
1,000 gpm (2 hour duration) for residential, 2,500 gpm (2 hour duration) for commercial 
development and churches, and 3,500 gpm (2 hour duration) for schools, hospitals, and industrial 
development. In conversations with the local fire marshals and the JPWB, the following 
recommended requirements for fire flow and fire storage (specifically for this study) are as 
follows: 

Residential - 1,500 gpm for 2 hrs. 
New Commercial, Industrial- 1,800 gpm for 3 hrs (w/sprinkler system). 
Existing Commercial, Industrial, Schools, Hospital - 3,000 gpm for 3 hrs. 
In all cases the residual pressure must be above 20 psi anywhere in the zone. 
Velocity in delivery pipes is limited to 6 ft/sec. 

There are two different factors which need to be evaluated for fire analysis; the amount of 
storage needed in each tank service area (based on development) and whether or not the fully 
functional (no closed valves or out-of-service lines) 2004 transmission and distribution system 
can deliver it. The water system must first be evaluated to see if it is reasonable to deliver the 
required fire flows to the locations that need them. This is achieved by placing a fire flow 
demand at critical locations (nodes) in the model and running steady state scenarios to see if 
pressures are lowered below the allowable 20 psi , or if velocities are in excess of 6 feet per 
second (fps). 6 fps is an assumed maximum desirable line velocity for the purpose of this study, 
as dictated by the JPWB. It should be noted that the model is used only to determine if the fire 
flow can be delivered through the system to junctions nearby critical locations. The placement 
and number of fire hydrants needed to utilize the available flow from that point are beyond the 
scope of this project. 

Within the Rock Springs system, all zones except Reliance and Stassinos may require the 
maximum fire flow (3,000 gpm) at some location. This is due to the existence of schools, 
hospitals or industrial development in all of the other zones. Table 2-1 summarizes all fire 
locations simulated, the maximum fire flow available, and the resulting minimum residual 
pressure or limiting pipe velocity and its location. Each scenario is run at maximum daily 
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Table 2-1 
Rock Springs System Analysis 

I I 

Zone Location of Simulated Fire Demand 

north of cross on 8" line 

Note: 
-When 3000gpm Is stated for fire flow, that amount or more Is available at that loeation. 
-When less than 3000gpm Is noted, that Is the Maximum available. 
·For Wind River Zone Nodes J·1789 and J·1998 (College Dr. & west side of 1-80) are Ignored due to their location and elevation being 
outside of a assumed zone boundary, 
~Reliance Zone modeled with 12" line from the Reliance Tank in place. 
-Available fire flow at Assisted Living Center In Big Horn Zone (1600 gpm) supplied at Intersection of Kimberly Ave. and Sage 51. 
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demand with no pumps delivering water to the zone (except in the College Zone) and a 
reasonable number of pumps pulling water from the zone (if applicable). A list of the 
assumptions made in setting up and running each of the scenarios is shown in Table 2-2. The 
results of the model runs as shown in Table 2-1 indicate that the Wind River Zone, the Bluffs 
Zone, the Eastside Tank Service Area, Reliance Zone, Stassi nos Zone and isolated areas of the 
Base Zone, cannot deliver the maximum fire flow (3,000 gpm ) at the indicated locations. This 
is not to say, however, that provided flow is inadequate. That decision should be made by the 
local Fire Marshall in consideration of case by case development types and materials of 
construction. The reader should note that the Conclusions/Recommendations portion of this 
section lists some system improvements which can be made to increase available fire flow within 
the Stassi nos, Reliance, and Wind River Zones. Table 2-1 also indicates that 3000 gpm (or 
more) is currently available at the remaining indicated locations. Finally, it must be understood 
that Table 2-1 lists only selected and generalized distribution system locations from which fire 
demands were modeled for the purposes of this study. Selected locations are predominantly 
those anticipated to represent larger fire demand areas due to building classification or use, 
however, the locations are not inclusive of all such facilities, nor, obviously, are all possible 
locations examined for any development classification. Other locations city-wide may supply a 
lower than desired fire flow for residential or higher building classification depending on 
distribution configuration, i.e. small or dead end supply lines. 

The storage of fire flow is a simple calculation, gallons per minute multiplied times the duration 
of the fire flow (in most cases 3,000 gpm • 3hrs = 540,000 gal). The total amount of required 
storage should be available in each tank in the event of a fire during a power outage or a pipeline 
failure. 

Reserve Storage is the volume of water needed to supply a tank's service area during an 
infrequently occurring temporary interruption in continued water re-supply. There are numerous 
events which require utilization of reserve storage, some affect only sections of the system while 
others can affect the entire system. Pipeline failures and power failures are examples of the 
former, potentially resulting in one or more tank service areas completely losing re-supply 
capability and therefore needing reserve storage to provide a continued reasonable level of 
service. In almost all of these circumstances the system can be up and running again within one 
and a half days. If the system failure occurs within the main supply source feeding a tank and its 
service area, and if a totally redundant tank supply source is not available (as is the case 
throughout the majority of Rock Springs) then continued customer supply must come out of tank 
reserve for the entire time that the system is down. It is also possible to have a fire occur during 
this type of reserve event. Therefore, the tank would also need to store all of the water for fire 
and domestic demand, including equalization storage. It is important to note that in this 
scenario, full fire and domestic storage volume must be provided within each individual tank 
since the basic premise of this type of event assumes that tank and service area resupply during 
the system outage is not possible. 

The most detrimental reserve event is one that disrupts resupply to all of the tanks in both of the 
cities; these are usually caused by a shutdown of the Water Plant in Green River. The most 
common reason for plant shutdown is a turbidity event. The Water Treatment Plant is capable of 
continually treating raw water with turbidity readings up to 200 Nephelometric Turbidity Units 
(NTU's). The plant has experienced up to seven days in a row with maximum daily turbidity 
readings above the 200 NTU limit. During this time it was possible to run the plant for portions 
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Table 2-2 
Rock Springs System Analysis 

Fire Flow Model Run Assumptions 

Base Zone: 
' Modeled Requirement Scenario: 
Blairtown Tank at 14 ft 
O-FW Pump 
O-RS Booster Pumps 
O-Summer WR Pump 
I-Small Gateway Pump 
Max Daily Demand 

Eastside Zone: 
' Modeled Requirement Scenario: 
ES Tank at 16 ft 
O-ES Pumps 
Max Daily Demand 

Wind River Zone: 
' Modeled Requirement Scenario: 
WR Tank at 15 ft 
O-WRPump 
I-WMPump 
Max Daily Demand 

College Hill Zone: 
' Modeled Requirement Scenario: 
Gateway Tank at 65 ft 
2-College Pumps 
Max Day Demand 

Reliance: 
' Modeled !Minimum delivery capability: 
Reliance Tank at 16 ft 
Valve at cross Closed 
Max Daily Demand 
Maximum delivery capability: 
Valve at cross open 
I-WM Pump on 

Stassinos: 
*Modeled !Minimum delivery capability: 
Stass inos Tank at 6 ft 
Valve at cross Closed 
Max Daily Demand 
Maximum delivery capability: 
Valve at cross open 
I-WM Pump on 

·Fire flow simulation results utilizing these assumptions can be found in Table I. 
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of the day at a reduced capacity, but for the remainder of the time all system demand was 
supplied by the finish water storage. The other possibility for plant shutdown is in the event of 
contamination of the Green River, potentially from a hazardous waste spill from Interstate 80 or 
the Union Pacific mainline, both of which transect the river upstream of the Water Plant inlet 
works. In June of 2004, a Source Water Assessment of the JPWB system was prepared for the 
Wyoming Depaltment of Environmental Quality by Lidstone and Trihydro. In the report 
summary, the water source and treatment plant intake structure scored high for land use, point 
source, and transportation corridor contaminant susceptibility. The entire Source Water 
Assessment as well as general information pertaining to historic turbidity events and their effect 
on the Treatment Plant are explained in Appendix B- Interim Report- Water System Raw Water 
Supply. This report was prepared for the JPWB and WWDC by Nelson Engineering under this 
Master Plan Project in July of2008. 

It is impossible to determine exactly how long either a contamination or a turbidity event (both 
referred to hereafter as "Turbidity Events") could conceivably shut down the plant, but based on 
the Water System Raw Water Supply Interim Report, four days is considered reasonable. 
Turbidity events have lasted longer in total but the plant was usable for some periods during 
these times. 

System analysis under "Turbidity Events" has one impOltant difference from pipeline or power 
failure events (Non-Turbidity Events) regarding fire storage. In a Turbidity Event, supply from 
the treatment plant is disrupted, however, the ability to shuttle water from tank to tank within 
each individual community is not compromised, if piping and pumping arrangements allow such 
transfer. Assuming that only one fire will occur in a community during a Turbidity Event, it is 
not necessary to store the maximum fire flow requirement (3000 gpm for 3 hours) in each tank if 
the system can shuttle fire water as needed. Agreeably, this is not a normal operation and would 
require manual system override, however, during a Turbidity Event with an unknown ending 
point it is reasonable to assume that Fire Department personnel could be in contact with City 
Water Department personnel to shuttle water if needed. Under this philosophy, more existing 
tank volume could conceivably be utilized as reserve storage for domestic use. 

Three Tables are presented on the following pages to illustrate Finish Water Storage Allocation 
in Rock Springs. Regarding Reserve Storage, two points of emphasis need to be explained 
before the Tables are presented: 

The assumption is made that under a Turbidity or Non-Turbidity Event, domestic use, 
regardless of the time of year, can be temporarily cUltailed to Average Day Demand 
conditions (one-half of Max day demand in Rock Springs). This can be done by 
public notification via personal contact, press releases, etc., to inform the affected 
public to curtail unnecessary water use until required system repairs are made. 
History has shown that the public will support water conservation methods in these 
situations. 

The Rock Springs system supplies water to an impOltant industrial user, Simplot 
Fertilizer Company, and they cannot immediately shut down their supply without 
significant negative impact on their manufacturing process. The assumption is made 
that under a Turbidity or Non-Turbidity Event, supply continues to the facility at a 
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rate of approximately 1012 gpm (2004 average usage rate) for twelve hours (728,640 
gallons) after commencement of an "event". This volume of water is included in the 
required reserve within the Eastside Tanle 

Table 2-3 illustrates Finish Water Storage Allocation in Rock Springs under a Non-Turbidity 
related event. Allocating equalization, fire flow and reserve storage as described above, the 
amount of storage needed and the amount of storage available are compared therein. The 
scenario in Table 2-3 represents the maximum total fire storage needed for the Rock Springs 
system based on the aforementioned assumption that resupply is cut off to any of the tanks, and 
their respective service areas, and that each tank must provide all of the water demands 
(including fire flow) without the benefit of water shuttling for the extent of the event. Table 2-3 
represents this scenario for a 1.5 day duration, a reasonable length of time for a Non-Turbidity 
event. It can be seen from the comparison of existing vs. needed tank volumes, that all of the 
tank service areas in the Rock Springs system can sustain themselves for one and a half days 
under average daily demand conditions, with the exception of the Stassinos and Wind River 
Tank Service Areas. Readers are reminded that all tanks within the Table are assumed to be full 
at the beginning of the reserve event. Any depletion of "full volume storage" due to normal tank 
cycling at the beginning of the reserve event is not included in the calculation. 

Table 2-4 shows the effect that a four day average day demand Turbidity Event has on the Rock 
Springs system. Over a four day event it is certainly possible to have a fire but it is felt 
unrealistic to have more than one major fire throughout the system. It is also felt unrealistic to 
combine a Non-Turbidity event on top of a Turbidity event. It is therefore assumed that the 
pumping system is capable of shuttling water between service areas as needed to meet the 
individual demands in each separate zone. This allows storage allocation for only one major fire 
system-wide, limited by the capability of the pumps and transmission piping, resulting in 
providing a pOllion of the fire flow from the Blairtown Tanks for use anywhere in the City. For 
example, if there is a fire at the Rec Center in the Wind River Zone, the Wind River pumps can 
supply 2,780 gpm of the 3,000 gpm fire flow needed from the Blairtown Tank while the Wind 
River Tank must store the remaining 39,600 gallons (220 gpm for 3 hours). The supply pumping 
capability for each tank service area is taken into account in determining the appropriate fire 
storage need at each "receiver tank service area". This is represented in Table 2-4 under the Fire 
Flow column. The "Diff' column in Table 2-4 compares the existing tank capacity to the needed 
capacity under the assumed four day reserve scenario. The total deficiency of the tanks under a 
four day reserve event is 11.22 million gallons. This means that the existing finish water storage 
must be doubled to accommodate a 4 day turbidity event. Because the deficiency is so great, a 
two day average day demand Turbidity Event was examined as well. Table 2-5 is a 
representation of this more common event, possibly occurring every year. Under this scenario 
the system is deficient by over one million gallons. The majority of the deficiency is due to the 
Wind River Tank's inadequate capacity. 

COllclllSiolls/ Recommelldatiolls 

Based on the information presented above, the existing finish water storage is inadequate even 
under a non-turbidity event (Stassi nos and Wind River Tanks). The equalization stratification is 
a small percentage of the overall need but is required anytime demand exceeds maximum day 
supply capability, and will increase with the demand in the future. Elimination of equalization 
storage is possible if the pumping rates are considered, thereby allowing that amount to be 
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Table 2-3 
Non-Turbidity Related Reserve Event with Full Fire Flow in Each Tank 

2004 Rock Springs System 

Max %Max %of Fire of %of Total Total 

Tank Day Day Equal. need Flow need Reserve need Need Existing 

Name (gpm) 1 % gallons % gallons % 
Blairtown 2630 38% 259919 7% 540000 14% 
Eastside 1362 20% 134605 5% 540000 18% 
Gateway 545 8% 53862 4% 540000 45% 
Wind River 1818 26% 179670 6% 540000 20% 
White Mtn 325 5% 32119 3% 540000 58% 
Stassinos 36.6 1% 3617 2% 180000 80% 
Reliance 224 3% 22138 5% 180000 40% 
Total 6941 100% 685930 6% 3060000 25% 

Max Eq. Storage Needed (normalized) 
Aug 16th, 04 (max day) 574000 gal/ons Used this # in calcs 
July 19th, 04 504000 gallons 
Aug 3rd , 04 410000 lIhr 
July 27th, 04 380000 lIhr 

Note: a 20% safety factor is applied to the highest number 
Eastside calc is wlo Simplot 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial, retail .. . 
Note: 

gallons % MG 
2963484 79% 3.8 
2263342 77% 2.9 
614106 51% 1.2 

2048522 74% 2.8 
366210 39% 0.9 
41241 18% 0.2 

252403 56% 0.5 
8549308 70% 12.3 

- Existing Stassi nos Tank stores 1500gpm for 2 hrs (180,000 gallons) - residential util ization only 
- Proposed Reliance Tank can provide 1000gpm for 3 hrs by itself (180,000 gallons) 
- Fire flow could be supplemented from White Mountain Tank for both Stassinos 
and Reliance if connecting transmission lines are intact and solenoid valves are open. 

Reserve Storage 
Duration 1.5 days 
AVD' Dmnd 0.5 X Max Day" 
Dmnd Multi'" 1 X Avg Day 
Simplot 728640 gal reserve used before Simplot is shut off 
'average daily demand (12 hrs@ 1012 gpm from Eastside Tank) 
"max day is 2 X avg day. Must back calc to get to avg day 
"'demand multiplier used to calc daily demand under a reserve scenario 

1. Demands based on year 2004 data, exclusive of Simplot demand. 

MG' 

4.11 
3.04 
1.45 
2.00 
1.00 
0.13 

0.525 
12.26 

2. Reflects tanks as existing in year 2004, except for Reliance Tank upgraded to 525,000 gallon capacity. 
3. Cycling storage is not accounted for In this allocation table. 
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MG' 

0.35 
0.10 
0.24 

-0 .77 
0.06 

-0 .09 
0.07 

-0.04 



Table 2-4 
4 Day Turbidity Related Reserve Event with the Minimum Fire Flow in Each Tank 

2004 Rock Sorinas Svstem 

Max % %of of 

Tank Day Max Equal. need Fire Flow need 

Name (gpm) 1 % gallons % gallons % 
Blairtown 2630 38% 261007 3% 540,000 6% 
Eastside 1362 20% 135168 3% 219,600 4% 
Gatewav 545 8% 54087 3% 360,000 18% 
Wind Rive 1818 26% 180422 3% 39,600 1% 
White Mtn 325 5% 32254 2% 298,800 20% 
Stassinos 36.6 1% 3632 1% 144,000 57% 
Reliance 224 3% 22230 3% 180,000 21% 
Total 6941 100% 688800 3% 1,782,000 8% 

Max Eq. Storage Needed (normalized) 
Aug 16th, 04 (max day) 574000 gal/ons Used this # in cales 
July 19th, 04 504000 gallons 
Aug 3rd, 04 410000 gallons 
July 27th, 04 380000 gallons 

Note: a 20% safety factor is applied to the highest number 
Eastside calc is wlo Simplot 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial , retaiL .. 
Note: 

%of 
Reserve need 

gallons % 
7,574,400 90% 
4,651,200 93% 
1,626,815 80% 
5,235,840 96% 
1,160,977 78% 

105,408 42% 
645,120 76% 

20,999,760 89% 

• Proposed Reliance Tank can provide 1 OOOgpm for 3 hrs by itself (180,000 gallons) 

Total 
Need 

MG 
8.4 
5.0 
2.0 
5.5 
1.5 
0.3 
0.8 

23.5 

• Fire flow could be supplemented from White Mountain Tank for both Stassi nos and Reliance. 

Reserve Storage 
Duration 4.00 days 
AVD'Dmnd 0.5 X Max Day" 
Dmnd Multi'" 1 X Avg Day 
Simplot 728640 gal reserve used before Simplot is shut off 
'average daily demand (12 hrs@ 1012 gpm from Eastside Tank) 
"max day is 2 X avg day. Must back calc to get to avg day 
"'demand multiplier used to calc daily demand under a reserve scenario 

1. Demands based on year 2004 data, exclusive of Simplot demand. 

Total 
Existing 

MG ' 

4.11 
3.04 
1.45 
2.00 
1.00 
0.13 

0.525 
12.26 

2. Reflects tanks as existing in year 2004, except for Reliance Tank upgraded to 525,000 gallon capacity. 
3. Cycling storage is accounted for in the Mansface Tanks. 
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Dlff 
MG' 

·4.27 
·1 .97 
·0.59 
·3.46 
·0.49 
·0.12 
·0.32 

·11 .22 



Table 2-5 
2 Day Turbidity Related Reserve Event with the Minimum Fire Flow in Each Tank 

2004 Rock Scrinas Svstem 

Max % % of of 

Tank Day Max Equal. need Fire Flow need 

Name (gpm) 1 % gallons % gallons % 
Blairtown 2630 38% 261007 6% 540,000 12% 
Eastside 1362 20% 135168 4% 219,600 7% 
Gateway 545 8% 54087 4% 360,000 29% 
Wind Rive 1818 26% 180422 6% 39,600 1% 
White Mtn 325 5% 32254 3% 298,800 29% 
Stassinos 36.6 1% 3632 2% 144,000 72% 
Reliance 224 3% 22230 4% 180,000 34% 
Total 6941 100% 688800 5% 1,782,000 13% 

Max Eq. Storage Needed (normalized) 
Aug 16th, 04 (max day) 574000 gallons Used this # in calcs 
July 19th, 04 504000 gallons 
Aug 3rd , 04 410000 llhr 
July 27th, 04 380000 l/hr 

Note: a 20% safety factor is applied to the highest number 
Eastside calc is wlo Simplot 

Fire Flow Storage 
Commercialt 3000 gpm 
Ouration 3 hrs 
t includes schools, churches, industrial, retaiL .. 
Note: 

%of 
Reserve need 

gallons % 
3,787,200 83% 
2,689,920 88% 

842,015 67% 
2,617,920 92% 

692,977 68% 
52,704 26% 

322,560 61% 
11,005,296 82% 

- Proposed Reliance Tank can provide 1000gpm for 3 hrs by itself (180,000 gallons) 

Total Total 
Need Exlstln!! 

MG MG 2 

4.6 4.11 
3.0 3.04 
1.3 1.45 
2.8 2.00 
1.0 1.00 
0.2 0.13 
0.5 0.525 

13.5 12.26 

- Fire flow could be supplemented from White Mountain Tank for both Stassi nos and Reliance. 

Reserve Storage 
Duration 2.00 days 
AVO' Omnd 0.5 X Max Oay" 
Dmnd Multi'" 1 X Avg Day 
Simplot 728640 gal reserve used before Simplot is shut off 
'average da ily demand (12 hrs @ 1012 gpm from Eastside Tank) 
"max day is 2 X avg day. Must back calc to get to avg day 
'''demand multiplier used to calc daily demand under a reserve scenario 

1. Demands based on year 2004 data, exclusive of Simplot demand. 
2. Reflects tanks as existing in year 2004, except for Reliance Tank upgraded to 525,000 gallon capacity. 
3. Cycling storage is accounted for in the Mansface Tanks. 
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Diff 
MG3 

-0.48 
0.00 
0.19 

-0.84 
-0.02 
-0.07 
0.00 

-1 .22 



allocated to one ofthe other stratifications. This is possible in each service area for the system as 
it existed in 2004 but the total system-wide savings would only amount to a little over the 
equivalent of one large fire ( :: 540,000 gallons), and is not relevant for a non-turbidity event 
since it is assumed that water cannot be shuttled. 

As can be seen from Tables 2-3, 2-4, and 2-5, the largest single component of finish water 
storage is reserve. The three scenarios cited require a system-wide reserve commitment of from 
8.5 mg to II mg to 21 mg. Even under Table 2-3, the Wind River Tank is almost 1 mg deficient 
under total storage requirement. Although a case can be made for immediate upsizing of the 
Wind River Facility, the question remains, upsize to what level? One extreme option is to 
increase the Wind River Facility (and perhaps each of the other finish water tanks) to the 
appropriate size to handle the four day turbidity event represented in Table 2-4. This action 
would be imprudent without further investigation of Raw Water Storage (as discussed in the next 
section) as an alternative system supply during turbidity events, due to the capital cost and 
inherent operational problems regarding maintenance of water quality within the extremely large 
finish water facilities. It is clear that the elephant in the room is Raw Water Storage, and we 
cannot over-emphasis the importance of follow-through in that regard. 

The Task 5 section of this report discusses Finish Water Storage Allocation in consideration of 
future water system demands expected to be placed on the system assuming non-turbidity 
reserve events only. If some degree of reserve storage is required in the future to cover turbidity 
events, extrapolation can easily be made to cover the additional requirements. 

The above-described analysis of the Rock Springs Transmission and Distribution System results 
in the following zones being unable to provide less than 3000 gpm fire flow without exceeding 
the pressure or velocity limitations: 

Reliance - 1050 gpm. 
Stassi nos Area - 900 gpm. 
The Bluffs - 900 gpm. 
Wind River - 1425 gpm (min). 
Eastside Tank Service Area -1600 gpm (min). 
North East Portion of the Base Zone- 900 gpm (min). 

The Stassinos Area is located outside the Rock Springs City Limits and is fed by a single 8" 
supply line from Stassi nos Tank (assuming a worst case scenario that the solenoid valve from 
White Mountain Tank is closed), so fire demand is limited to a single directional flow of 900 
gpm from Stassinos Tank, based on the theoretical limiting pipe velocity of 6 fps. Under this 
limiting scenario, if more fire flow is required, for whatever reason, it potentially could be 
provided on demand from the White Mountain Tank. For this additional flow to be 
automatically supplied, a bypass PRY must be installed around the existing solenoid valve and 
set to operate only under fire flow conditions if the solenoid valve is closed, thereby 
guaranteeing bidirectional supply under any operating condition. This action would serve to 
increase available fire flow to the Stassinos Tank Service Area supply line along Yellowstone 
Road, and thereby reduce the assumed required fire storage volume within the Stassi nos Tank, if 
the solenoid valve was closed. This of course, assumes that the entire transmission line between 
White Mountain and Stassi nos Tanks is functional. A similar approach is recommended for the 
Reliance Area in the Reliance Interim Report located in Appendix C. The limitation in the 
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Bluffs is a result of the single primary 8" feed supplying the zone, however, there is no adjacent 
secondary supply source to augment the primary supply on a zone-wide basis. Limitations in the 
Eastside Tank Service Area and the Base Zone are predominantly the result of line velocity 
limitations, however, these areas should be further evaluated on a case by case basis, as some 
available fire flows, albeit below maximum levels, may be adequate for existing development 
classifications. 

The Wind River Service Area is unable to deliver the desired fire flows due to low residual 
pressures at the top of the zone, located in the area of College Drive and 1-80. The majority of 
these pressure problems can be solved by reactivating both the PRY at the White MOlmtain 
Pump Station and the PRY from the Reliance Transmission line. Both of these PRVs provide 
water from the White Mountain Tank Service Area. The PRY from the Reliance Transmission 
Line has been reconfigured since 2004 and now will require the next phase of development in 
that area to install a 12" line through the development to the existing 12" line running south into 
the Wind River Zone. It should be noted that the recommended improvements to the Reliance 
system must be completed before the PRY from the Reliance Transmission line is activated, in 
order to prevent a fire in the Wind River Zone from draining the Reliance Tank. The PRY 
located at the White Mountain Pump Station had difficulty serving its original purpose when first 
installed due to the small amount of demand that it was required to serve. The demand is now 
large enough that the existing PRY is appropriate if it is set to open under fire flow conditions 
only. The actual setting of this PRY should be determined through field tests to avoid potential 
water hammer in the northern portion of the Wind River Zone. The remainder of the fire flow 
problems in the Wind River Service Area can be solved in the future with the placement of 
another PRY serving the Rec Center area from a higher zone, to the west, created in the future. It 
is possible that the fire flow would need to be increased in the Wind River Zone prior to the 
development of higher zones. If this is the case, an additional line from the Wind River Tank to 
the intersection of Summit Drive and Reagan Avenue could solve both pressure and velocity 
problems during a fire . 

B. Raw Water Storage 

In reference to Tables 2-3, 2-4, and 2-5 in the previous section, the following conclusions can be 
drawn: 

I. Under Table 2-3, for a power outage or pipeline failure (Non-Turbidity Event), the 
overall Rock Springs system can operate for at least 1.5 average demand days without 
depleting fire storage in any tank except the Stassi nos and Wind River Tanks, if re-supply 
to that tank and its service area is cut off. 

2. Under Table 2-4, assuming a turbidity event forcing plant shut down for four average 
demand days (or two maximum demand days), the overall Rock Springs system is: 

11.22 million gallons deficient in reserve water supply needs if equalization and fire 
storage are not depleted to meet domestic demand requirements. 

8.77 million gallons deficient in reserve water supply needs if all equalization and fire 
flow storage are utilized to meet domestic demand requirements. 
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3. Under Table 2-5, assuming a turbidity event forcing plant shut down for two average 
demand days (or one maximum demand day), the overall Rock Springs system is: 

1.22 million gallons deficient in reserve water supply needs if equalization and fire 
storage are not depleted to meet domestic demand requirements. Utilization of all 
dedicated equalization storage and approximately 30% of dedicated fire storage 
would be required to supplement reserve storage under this scenario. 

In July 2008, an Interim Report titled Water System Raw Water Supply was prepared by Nelson 
Engineering for the purpose of preparing a "first look" at the issue of raw water storage ahead of 
the Water Treatment Facility in Green River in response to the demonstrated need of overall 
system storage inadequacy during turbidity events. The report is included under Appendix B 
herein with only minor editorial modifications made after the July submittal. The report 
examines Raw Water Storage as an alternative to additional system-wide Finish Water Storage 
for turbidity-related reserve events. The report concludes that for the combined Rock 
Springs/Green River System, a raw water storage facility located ahead of the treatment plant is a 
more desirable alternative for the following reasons: 

1. Raw water storage can be provided at significantly less capital expense on a per gallon 
basis, since it is not required to maintain finish water quality. 

2. Providing large quantities of finish water reserve for use during relatively rare 
turbidity events presents a plethora of water quality problems during normal operations 
when the reserve is not needed. 

3. Raw water storage, if adequately sized, can eliminate plant shutdown and is available 
at the top end of the transmission system where it can be shuttled to the location where it 
is needed most. 

Based on the information provided herein, it is recommended that storage deficiencies within the 
Rock Springs system during turbidity events be considered a system inadequacy and that further 
study center around Raw Water Storage as the best solution. 

c. Transmission Line Redundancy and Replacement between Green River and Rock 
Springs 

Operation of the existing water transmission system between Green River and Rock Springs 
includes utilization of the newer 30" steel line and the majority of the older parallel 20" AC line. 
Approximately 15,000' of the existing 20" line on the east end of Green River is no longer 
capable of utilization due to pressure class inadequacy and other operational concerns, and has 
been abandoned. Rock Springs' supply water is therefore pumped from tlle Treatment Plant 
entirely through the single 30" line through the 15,000' length, until the water reaches a 
crossover under 1-80 at West Kanda, which feeds the remaining usable length of the 20" pipe. 
Both pipes then transmit water through the remaining twelve miles to Rock Springs. 

System operation in this regard has a major shortcoming in that there is no supply redundancy 
throughout the 15,000' length where the existing 20" pipe is not utilized. A 30" pipeline break 
somewhere within this length, some of which exists within downtown Green River, would result 
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in total disruption of supply to Rock Springs. If a 30" pipeline break were to occur within the 
supply corridor where the parallel 20" pipe was being utilized, some supply to Rock Springs 
could be provided while the repair was being made. 

The obvious solution to this problem is to install a new line replacing the abandoned 20" pipe in 
order to provide a complete redundant Rock Springs supply from the Water treatment Plant to 
West Kanda. A possible alignment for the replacement pipe is shown in Exhibit 2-2 in Appendix 
A. What is not yet clear, however, is the optimum size and pressure class of the replacement 
line. It makes no sense to schedule this line replacement simply to satisfy existing conditions 
alone without consideration of future demand requirements which will undoubtedly require a 
pipe of increased size. For this reason, further discussion pertaining to this item is deferred until 
Task 5 and 6 discussions. Under Task 2, however, suffice it to be said that 100% (end to end) 
redundancy of the Rock Springs Transmission Supply line(s) should be a priority goal, 
particularly since a good portion of the existing single 30" transects developed areas of the City 
of Green River. 

As stated above, from West Kanda to Rock Springs, the existing 20" and 30" transmission lines 
are currently in use in a parallel configuration. The 20" AC line was built in the late 1960's and 
early 1970's and was designed around a mode of operation consisting of multiple pump stations 
in series between the two cities, thereby subjecting the AC line to relatively low operating 
pressures. The system was operated in this manner until 1994 when the 30" line was 
constructed, and the multiple series pump stations were abandoned and replaced with a single 
Rock Springs Booster Pump Station at the new Treatment Plant. The result of this new pumping 
arrangement was increased pressure, particularly in the west end of the 20" line. 

Comparison of available manufacturer's literature on AC pipe, presumed installed pipe classes 
taken from the old construction drawings, and calculated pressures within the 20" line, indicate 
that the normal working pressure of the system now equals or slightly exceeds pipe pressure 
class in several low lying locations within the remaining length of pipe which is still in service. 
This fact illustrates that the hydraulic capacity of the pipe has been reached, and due to its age 
the pipe is nearing the end of its useful life. It is our recommendation that the line be scheduled 
for replacement from West Kanda to the 1-80 grade separation west of the Purple Sage 
development in West Rock Springs. As with the redundant line segment from West Kanda to the 
Treatment Plant in Green River, however, the new line size should be determined with due 
consideration of future water supply needs; consequently further discussion of this matter is 
deferred until Task 5 and 6 of this repolt. 

D. Redundant Water Supply to White Mountain Tank-Summit Drive Improvements 

White Mountain Tank is an existing one-million gallon potable water storage facility located 
north and west of the existing Rock Springs City Limits. The storage facility service area 
includes the existing developments of the White Mountain Sewer and Water District. In 
addition, it is anticipated that the service area will be expanded in the future to include new 
developments north, south, and east of the existing storage facility location. See Exhibit 2-3 in 
Appendix A for a map overview of the Tank and its current service area. 
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White Mountain Tank is currently supplied with water solely from the White Mountain Pump 
Station located on Foothill Boulevard in north Rock Springs, and the dedicated 16" diameter, 
14,000' long line between the pump station and the tank. Additionally, the White Mountain 
Pump Station is currently supplied with water solely from the Wind River Pump Station and the 
Wind River Tank located west of Rock Springs and approximately 22,000' of connecting line. 

The existing operational configuration as described above exposes the White Mountain Tank 
(and its existing and proposed service area) to significant risk of water supply disruption if a 
pipeline break were to occur on the suction or discharge side of the White Mountain Pump 
Station, or if extensive damage occurred to the Pump Station itself. For this reason, it is 
recommended that a redundant water supply configuration be developed to serve the White 
Mountain Tank. The recommended location and configuration of the redundant pump station 
and supply line is shown in Exhibit 2-3 labeled as Proposed Summit Drive Pump Station and 
Discharge Line. Because, however, this improvement satisfies an existing immediate need for 
supply redundancy and an additional future need for an increase in supply capability, fiuther 
discussion ofthis item is deferred until the Task 5 and 6 section ofthis report. 

E. Redundant Water Supply to the Wind River Pressure Zone-FoothilVSierra Pump 
Station 

The Wind River Pressure Zone in Rock Springs is, in terms of area, the largest pressure zone in 
the City and is situated to encompass all of the northerly and approximately one-half of the 
westerly portions of Rock Springs. Approximately one-half of the zone is currently 
undeveloped, however, the majority of Rock Springs future residential and industrial 
development is now occurring and is expected to continue to occur within this zone. This 
development is being spawned by several projects completed by the City of Rock Springs in 
which water and sewer service is being extended into previously un-serviced areas of the zone. 
The Wind River Zone and its relevant water system components are shown on Exhibit 2-3 in 
Appendix A. 

The Wind River Pressure Zone operates at a higher hydraulic grade line than the Rock Springs 
Base Zone, therefore pumping is required to supply the zone. With the existing configuration of 
the Rock Springs water transmission system, all water entering the Wind River Zone must pass 
through the Wind River Pump Station and approximately 3,000' of 18" pipe on the suction side 
of the pump station. There is no other means by which water can be pumped from the Base zone 
to the higher-pressure zone, consequently any disruption of service to the Wind River Pump 
Station or its 18" suction or discharge line would cut off water supply to the Wind River Zone. It 
would be possible to temporarily backfeed the Wind River Zone from the higher White 
Mountain Tank, however, it must be remembered that the White Mountain Tank Zone is fed 
from the Wind River Zone through the White Mountain Pump Station. If the Wind River Zone 
has no replenishment supply, then neither does the White Mountain zone (other than stored 
water). Backfeeding water from the higher White Mountain Zone to the lower Wind River Zone 
can be counter productive because it depletes water supply in both zones with no replenislunent 
supply to either. It is more logical to provide a redundant supply from the Base Zone to the 
Wind River Zone because the Base Zone is directly supplied from the transmission lines 
extending all the way back to the Water Treatment Plant in Green River. 
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A logical location for the redundant pump station is at the intersection of Foothill Boulevard and 
Sierra Road as shown on Exhibit 2-3. This location was selected because of its proximity to the 
existing Base/Wind River Zone boundary, and due to the fact that with relatively minimal system 
improvements, multiple 12" lines could feed the suction side of the pump station. Required 
improvements necessary to construct this redundant facility are as follows: 

1. Extension of the existing 12" Foothill Boulevard Water Line approximately 1000 feet 
easterly to the Sierra Road intersection, thereby completing the dual 12" feed to the 
suction side of the pump station. 

2. Construction of a new pump station (Foothill/Sierra). 
3. Construction of approximately 5000 feet of dedicated 14" pump station discharge line 

connecting to Sweetwater Drive. 

The improvements described above and shown on Exhibit 2-3 are intended as an interim solution 
to the needed redundant supply to the Wind River Zone. For a relatively small expenditure, the 
immediate need for redundancy can be satisfied, and in fact, simultaneous parallel pump supply 
from both pump stations can be provided to the Wind River Zone in excess of the current 
capability from the existing Wind River Pump Station alone. Both redundant and supplemental 
production from the proposed Foothill/Sierra Pump Station is limited, however, in order to avoid 
high velocities and low pressures in the suction lines. Model runs indicate the following: 

1. Operation of the existing Wind River Pump Station alone can result in velocities of 
6.S ft/sec in the suction line from Foothill Boulevard. 

2. Operation ofthe proposed Foothill/Sierra Pump Station alone in excess of 21 00 gpm, 
(S5% of 2004 max day flow to the downstream service areas) results in velocities in 
excess of 6 ftlsec in the existing 12" Foothill Boulevard suction line, thereby creating 
a limiting factor. 

3. Operation of the proposed Foothill/Sierra Pump Station at 4S0 gpm, together with 
simultaneous operation of the existing Wind River Pump Station at 5,400 gpm, 
(245% of 2004 max day flow to the downstream service areas) results in an increase 
in the maximum pressure (within Wind River Zone) of 2 psi, thereby limiting the 
contribution from the new pump station. 

The limiting factors described above will not cover future demand needs as the Wind River Zone 
develops to buildout. At some point, well before buildout, a larger capacity redundant supply 
system to the Wind River Zone will be required. In our view, this will entail a new pump station 
and transmission line on the north side of I-SO from the Purple Sage area to the Wind River 
Tank, requiring significant financial resources. Since this proposed improvement is largely 
driven by Future Water Supply needs, it is discussed in detail under Tasks 5 and 6 of this report. 
In the meantime, however, we believe it prudent to consider the interim solution discussed here, 
at much less cost, with additional but limited benefit, until such time that further Wind River 
Zone development is imminent. A decision by Simplot as to whether or not they wish to 
increase the size of their supply will also have an impact on this issue, and that answer is simply 
not known at this time. 
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As a note of interest, Table 2-3 indicates that the Wind River Tank is over allocated in 2004 by 
.77 mgd. It can be mathematically shown that if the proposed FoothilVSierra Pump Station is 
constructed, and certain other conditions are met, then the Wind River Tank does not become 
over allocated until 2018, for a non-turbidity reserve event. Thus, the supply redundancy 
offers an attractive dual advantage. This situation is explained in more detail in the Task 6 write 
up. 

F. Reliance Water Supply Improvements 

In July 2008 Nelson Engineering produced an interim repOlt titled "Reliance Area Water Supply 
System Level I Study". This was written in order to provide a preliminary examination of the 
recently discovered inadequacies of the Reliance System located in extreme north Rock Springs 
(See Exhibit 2-1 in Appendix A). The entire report is included herein within Appendix C with 
only minor editorial modifications made after the July submittal. The report examines the 
shortcomings of the Reliance System and offers several possible solutions. The interim report 
concludes that the following problems currently exist in the Reliance System: 

I. The current tank is inadequate to serve the existing needs of the system, specifically in 
the event of an emergency (fire or reserve). Therefore a larger tank is needed. 

2. The TransmissionlDistribution System is inadequate to deliver required fire flows for the 
existing facilities within Reliance. This problem can be solved by allowing a portion of 
the fire flow to be covered from the White Mountain Tank through the use of an inline 
PRY. Providing a portion of the needed fire storage in the White Mountain Tank will 
reduce the size of the storage facility as well. 

Based on the model simulations completed within the interim repOlt, it is recommended that the 
control vault for Reliance be moved east of Highway 191 and a PRY be installed around the 
control valve for fire protection only. Installation of a concrete storage tank of approximately 
500,000 gallons is also recommended. All of these recommended modifications are to be 
evaluated further in a Level II Study. 

G. Miscellaneous System Analysis Findings 

One of the most common types of reserve events is a power outage/pipeline failure. In Section A, 
a reserve event due to a power outage or pipeline failure is presented in Table 2-3 . This type of 
reserve event should not require nearly as much reserve storage if redundant supply systems 
(pump stations and pipelines) serve critical tanks and their service areas and standby power is 
available at one of the supply pump stations. Standby power generators do not have to be located 
at every pump station if the recommended redundant tank service area supply systems are 
provided. On the other hand, if redundant supply systems cannot be provided, standby power is 
still important for power outages, but will not help if the reserve event is occasioned by a 
pipeline failure. 

Tosk 2 - Page 13 of22 



Only the College Hill Pump Station currently has standby power. A list of the pump stations for 
which we recommend the installation of standby power generators is as follows: 

Finish Water (including RS Booster Pumps at the Water Treatment Plant). 
Eastside Pump Station. 
Gateway Pump Station. 
Wind River Pump Station. 
White Mountain or Proposed Summit Drive Pump Station. 

We believe that standby power located at the existing Wind River Pump Station (primary supply) 
in conjunction with the proposed redundant Foothill/Sierra Pump Station (secondary supply) and 
its proposed tank supply line would allow for a significant reduction of required reserve storage 
in the Wind River Tank, down to perhaps a value of 25% of maximum daily demand as 
suggested by WDEQ, assuming a non-turbidity reserve event. Standby power at the existing 
pump station covers a power failure, while the redundant pump station at Foothill Boulevard and 
Sierra Road can supply at least some demand during a primary supply pipeline failure, even if 
the repair takes a day and a half to complete. (This assumes that a large area power outage and 
pipeline failure do not occur simultaneously, affecting the primary supply). The White Mountain 
Tank Service Area can be configured in a similar manner. Either the existing White Mountain 
Pump Station or the proposed Summit Drive Pump Station can be set up with backup power and 
the supply pipeline redundancy allows coverage of a pipeline failure. Under this same 
philosophy, if the existing 20 inch transmission line is replaced through Green River as 
recommended in Section C, standby power at the Water Plant Finish Water Facility would allow 
for a reduction of required reserve storage in the Blairtown Tanks. The Eastside and College 
Tanks will not see a reduction of reserve storage due to the addition of standby power at their 
respective supply pump stations because there is no pipeline supply redundancy to these tanks. 
This does not mean that it is less important to consider standby power at these locations; the 
benefits are just not the same. 

Another problem found while analyzing the Rock Springs system are pipes that sometimes 
experience high velocities, depending on the method of system operation. As an example, when 
the large pump alone is on at the Gateway Pump Station, velocity in the 8" line to the College 
Tank is 11.5' /sec, producing 1830 gpm. Maximum day supply demand in 2004 plus reasonable 
fire storage replenishment in the College Tank requires about 1100 gpm (the supply capacity of 
the two smaller Gateway pumps in combination), consequently the larger pump is rarely needed. 
It is our understanding, however, that the large pump is used periodically to quickly replenish the 
College Tank. If this operation is to be continued, we recommend replacing the 8" line to the 
College with a 12" diameter pipe. The larger line will, however, produce less frictional head loss 
and a new system head curve should be calculated to determine the new point of operation on the 
head-capacity curves for all existing Gateway pumps. 
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Finally, the JPWB has designated several necessary additional improvements to the existing 
Rock Springs system required simply due to age, functional obsolescence, and high maintenance 
costs. These improvements include: 

Distribution system replacement south of Palisades Way in the Bighorn and 
Thompson Zones. 
Replacement of the Gateway Pump Station. 
Bellview Area distribution system replacement. 
Elk Street distribution system replacement from I-SO nOlth to Desert Boulevard. 
Replacement of distribution system piping in Blairtown. 
Replacement of miscellaneous waterline/creek crossings at Bitter Creek and 
Killpecker Creek. 

II. GREEN RIVER SYSTEM (Refer to Exhibit 2-4 in Appendix A for a map overview 
of the existing Green River water transmission and distribution system) 

A. Finish Water Storage Allocation and Available Fire Flow Delivery 

ItllrO(/lIctioll: 
Finish water storage requirements are determined using the same techniques in Green River as in 
Rock Springs. The same three types of stratification are analyzed to produce the storage needs 
for each tank: 

- Equalization. 
- Fire. 
- Reserve. 

Cycling volume is accommodated in the Green River system as previously presented for Rock 
Springs. During non-turbidity reserve events the cycling volume is assumed to be provided from 
one of the other stratifications, reducing the tank's overall capabilities. For a turbidity or similar 
potentially longer term reserve event, it is assumed that water can be shuttled between tanks 
allowing for an estimation of the entire system's cycling volume to be accounted for in the 
Mansface Tanks. The quantity is estimated by assuming each tank is at its first level setting 
when the event begins and water is shuttled from Mansface to fill each tank to its maximum 
level. 

Types of Stratificatioll 
Equalization storage for Green River was generally determined the same way as in Rock 
Springs. The largest volume of equalization storage needed in 2004 was on August 11 (See 
Figure 2-2). A 15% safety factor was applied to the total equalization volume to account for 
differences between the entire system and each individual tank. This overall volume was then 
distributed on a demand basis to each tank. 
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Green River Equalization Storage on Max Day 
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Required fire storage and delivery capability was again based on the type of development within 
each tank service area. The supply system was analyzed through use of the model to see how 
much water could be delivered to the larger fire flow demand locations. At least one location in 
every zone was simulated in the model to determine the maximum flow that could be delivered 
without exceeding a maximum velocity of 6 ftlsec 01' lowering the residual pressure below 20 
psi. 

Due to the layout of some of the zones in Green River, a 3000 gpm fire flow is not possible at 
many commercial or institutional locations (schools, hospitals, industrial.. .). Because available 
fire flow is often significantly lower, the maximum capability of the existing system is reported 
and left for the Fire Marshal to decide if it is adequate. Table 2-6 is a summary of the maximum 
fire flows available at each of the tested locations. The system is set up in the worst case 
scenario that is reasonable: 

Tank levels are set at a reasonable minimum: 
o Upland Tank Level = 15 ft . 
o Teton Tank Level = lOft. 
o Mansface Tanks Level = 10 ft. 
o Northside Tank level = 5 ft. 

"Maximum Day" peaking factor is applied to all nodes. 
All fire flow is delivered from the tanks, unaided by pump station zone resupply. 

The resulting fire flow limitations are usually caused by line velocities in excess of the 6 ft /sec, 
which is set as the maximum for this study. The minimum pressure requirement of 20 psi, only 
affects the Northside system. At the bottom of Table 2-6 it is noted that in the Mansface Tanks 
Service Area, on the south side of the Green River, fire flows above 1100 gpm are not possible if 
both the Hitching Post and Shoshone Pump Stations are on (pump station zone depletion). This 
is due to the limiting velocity in the 18" line from Mansface Tanks to Knotty Pine Street. The 
fire flows available without any pumping at these two pump stations, are reported in Table 2-6 
because it allows the investigation of other limitations in the system beyond the 18" transmission 
line. 

It should also be noted that when a fire occurs anywhere in the system, the residual pressure is 
not going to be checked and the velocity is not going to be limited to 6 ft /sec. The fire fighters 
will use as much water as a hydrant or group of hydrants can deliver. If this is more than what is 
reported as the maximum in Table 2-6, one or more of the limitations will be exceeded. 

Required fire storage in Green River is, of course, based on the type of development, not the 
available fire flow at a specific location. For example, if there is a fire at Monroe School and the 
fire fighters use 3000 gpm for three hours (exceeding 6 ft/sec in several Jines) this total volume 
must be available in Mansface Tanks, not merely the maximum of 1600 gpm for 3 hours as is 
called out in Table 2-6. Therefore, based on the development in each tank service area, each 
tank is responsible for at least one location that may need the full 3000 gpm for 3 hours (540,000 
gallons). The only exception to this is Teton Tank. The PRY located on Hitching Post Drive 
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Table 2-6 
Green River Fire Flow Simulation Results from Model 

Z one Location Flow Pmln (psi) Vm.,(ftlsec) Notes 
High School (J-500) 1750 27@Deer Ridge S In 12" feed 
Rec Center (J-79) 2075 29@Deer Ridge 6 in 12" feed 

Upland 
W. WY College 3000 24 @ College S in l S'" feed 
(75' above J-859) 

Church @ Indian Hills & Uinta 1235 27 @Deer Ridge 6 in 8" from 1325gpm If 6'" In Apache => 8'" 
Int Upland (J-452) PRY 1700 if hyd Is Installed on 12'"in Uinta 

LOS Church on Shoshone(J-708) 620 28@ Deer Ridge S@8'" PRV 

Low Upland LOS Church wi Hyd on 12" 3000 22@ Linwood 6@8'" PRV 2400gpm from new hyd off 12" line 
(J-458) Tank 

Monroe School (J-718 & 802) 1S00 22@ Linwood 6 in 8" feed 700gpm above PRY, 900gpm below 
Tank 

Monroe wI 8" line In Monroe to 12" 2400 20@ Linwood S in 6'" feed 1550gpm above PRV, 900gpm below 
Tank adjust PRV's to balance flow 

Mansface Ace Hardware (J-339 & 224) 750 26@ Linwood 6 1n 6"& 4" an addit ional 1600 gpm Is available 
Tank feeds from the hyd on the 12" across 

Roosevelt 
Roosevelt Elem (J-335 & 852) 2350 21 @ Linwood 6 1n 4'" feed This al ready assumes long reach to 12" 

Tank on Roosevelt 
Apt. on HP & Upland (J-543) 2000 44 @ tank line S in 12'" feed Vmax could be reduced by using 12 II 

Teton on Upland 

Int Teton Church on W. Teton & RI (J-598) 1600 32@ Deer Ridge 6 1n 8" feed 

Jackson School (J-S4S) 2880 32@ Deer Ridge 6 1n 12'" feed 
Low Teton 

Apt. on 10 (J-861) 900 32@ Deer Ridge 6 1n 6'" feed Fed by two six inch lines 

Smiths (J-674) 1800 32@ Deer Ridge 6 1n 12'" feed requires 2250gpm for 4 hours 
Hitching Post Senior Center on W. Teton 1800 32@ Deer Ridge 6 1n 12'" feed 

(J-679) 

Mini·Mall on Uinta and Riverview (J- 900 21 @ Linwood 61n 8'" feed 

Iron Wood 
240) Tank 
Mini-Mall wi Hyd off Elec Add 16"' 1800 20@ Llnwood 61n 8"' feed Bring 8'" line from 16" and bleed back 
line Tank from Ironwood to Elec 

Lincoln School (J-240) 1300 23@ Linwood 61n 8"' feed 

Linwood Tank 
Lincoln w/8" in Monroe - > 12" 2400 20@ Lin Tank 6 In18'" @ MF Replace 8'" from Ulnla to HP 

Public Works Building (J-277) 900 25@ Lin Tank 6 in 8" feed Fed by single 8"' line 

Public Works if PRV installed @J- 1800 24@Linwood 61n 8" feed PRV Installed In line from linwood Zone 
Low Linwood 409 Tank N. of Pub. Works 

Truman Elem (J-502) 1900 22@ Llnwood 61n 12"' feed Vmax occurs In 12" line from the PRV 
Tank that feeds Low Linwood Zone 

Service Garage on W. 2nd S. and 2800 21 @ Linwood 6 In 8" feed Check valve from Northside opens and 
Electric Add S. Center (J-782) Tank provides 1000 gpm, 

Oak Tree Inn (J-n1) 1800 32@ hyd 6 In 8" feed Some Imbalance of flow might occur 
Trona Heights from one side of 8" vs the other. 

Rai l Yard East end of Rail Road 1550 21 @Cempump 6 1n 8" feed 20" line in R.R. Is not accounted for 
Northside 

Cnty & City build (J-90 & 125) 1550 21 @Cem pump 61n 8'" feed Fed from both sides of block 

FalthlEvans Anywhere In l oop (J-411) 1435 15.5 @ Lin Tank 61n 10"' feed Hyd Is In Mansface Zone 

Note: 
-When 3000gpm Is stated for fire flow, than that amount or more Is available at that location. 
-When less is noted than that Is the Maximum available. 
-Vmax limited to 6 ftlsec (flow reduced If needed) 
-Tank levels are set to reasonable minimums. 
-Fire Flows above (in red) for Mansface, Linwood, Low linwood, Ironwood & Electric are based on no pumping from the Shoshone or 
Hitching Post. If Shoshone pumps 1250gpm & Hitching Post pumps 850gpm & Vmax = 6 ftlsec then maximum fire flow available in these 
zones Is 1100gpm due to high velocIty In the 18" line from Mansface Tanks to Knotty Pine St. 
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and Upland Street (fed from the Upland Tank) can supplement fire flow from Teton Tank to the 
Intermediate Teton, Low Teton, and Hitching Post Zones with more than 2000 gpm during a fire. 
This leaves only the Teton Zone to be fed exclusively by the Teton Tank. Due to the fact that 
only residential demand exists in the Teton Zone, all that must be stored in the tank is 1500 gpm 
for 2 hours (180,000 gallons). 

Reserve storage in Green River is allocated within the two same two scenarios as in Rock 
Springs, a potentially long term turbidity (or similar) event or a relatively short term non
turbidity related event. A non-turbidity related event would include power outages and pipeline 
failures. A turbidity or similar event causes the entire water plant to shut down thereby affecting 
the entire water system in both Green River and Rock Springs. The ramifications of both of 
these types of reserve events are illustrated in Tables 2-7, 2-8 and 2-9. 

Table 2-7 represents the storage requirements under a non-turbidity event. During these types of 
reserve events a fire and all domestic demand (including equalization storage) must be supplied 
without the advantage of pumping (shuttling) water between tanks, as explained earlier. Table 2-
7 illustrates that with the current storage and system configuration in Green River all of the tanks 
can generally supply at least 1.5 days of average daily demand except the Teton Tank. The 
majority of pipeline failures or power outages should be repairable within the 1.5 days, so it is 
safe to say that the only tank that is over-allocated under this type of reserve event is the Teton 
Tank. Readers are reminded, however, that all tanks within the Table are assumed to be full at 
the beginning of the reserve event. Any depletion of "full volume storage" due to normal tank 
cycling at the beginning of the reserve event is not included in the calculation. 

Tables 2-8 and 2-9 represent the storage requirements during a tW'bidity or similar event for a 4 
and 2-day duration. These are the same time periods as calculated for the Rock Springs system. 
A 2-day turbidity event occurs almost every year whereas an unusually (but not unreasonably) 
long event is counted as 4 days. During a turbidity event it would be irresponsible not to account 
for one fire system-wide somewhere within Green River. Again, it is assumed that unlike a non
turbidity event, water can be shuttled from tank to tank. This means that fire supply can be stored 
in a lower tank and pumped to a higher tank. Domestic demand including reserve and 
equalization storage can be treated in the same fashion. As explained previously, a reasonable 
approximation for cycling storage is accounted for in the Mansface Tanks. At the bottom of 
Tables 2-8 and 2-9 is an analysis of the volume that each system tank (in both cities) is reduced 
by at their particular pump resupply control settings. For this study the first level control setting 
is used. This is a reasonably conservative setting considering that the majority of the tanks do 
not make it to the second setting very often, if ever. Full capacity in the Mansface Tanks (3.04 
mg) is then reduced by the sum of all cycling storage in all tanks in both cities (1.69 mg) in order 
to "top off" each individual system tank. Due to the cycling storage, for a 2-day turbidity even! 
the Mansface Tanks are over-allocated along with the Teton Tank. For a 4-day turbidity event 
all of the Green River tanks are over-allocated. As noted above in the section for finish water 
storage in Rock Springs, it may be cost effective and a great benefit to water quality if this 
storage can be accounted for in a raw water reservoir instead of increasing the volume of the 
finish water tanks. 
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Table 2·7 
Non-Turbidity Related Reserve Event with Full Fire Flow in Each Tank 

2004 Green River System 

Max %Max %of Fire %of 

Tank Day Day Equal. need Flow need Reserve 

Name (gpm) 1 % gallons % gallons % gallons 
Mansface 1694 46% 281277 11% 540000 22% 1655716 
Northside 407 11% 67580 7% 540000 54% 397801 .8 
Upland 387.2 11% 64292 7% 540000 55% 378449.3 
Teton 1196.8 32% 198720 13% 180000 12% 1169752 
Total 3685 100% 611869 10% 1800000 30% 3601719 

Max Eq. Storage Needed (normalized) 
Aug 11 h. 04 (max hr) 532060 gallons Used this # in cales 
Aug 12th, 04 320000 gallons 
Aug 8th, 04 289000 1Ihr 

Note: a 15% safety factor is applied to the highest number 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial, retail. .. 
Note: 

%of 
need 

% 
67% 
40% 
39% 
76% 
60% 

- Teton Tank is only responsible for residential fire flow (1500gpm for 2 hours) 

Reserve Storage 
Duration 
AVD'Dmnd 
Dmnd Multi'" 
'average daily demand 

1.50 days 
0.4525 X Max Day" 

1 X Avg Day 

"max day is 2,21 X avg day, Must back calc to get to avg day 
'''demand multiplier used to calc daily demand under a reserve scenario 

1. Demands based on year 2004 data, 
2. Cycling storage is not accounted for under this scenario, 

Total Total 
Need Existing 

MG MG 
2.48 3.04 
1.01 0.94 
0.98 1.34 
1.55 1.01 
601 6.33 
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Table 2·8 
4 Day Turbidity Related Reserve Event with the Minimum Fire Flow in Each Tank 

2004 Green River Svstem 

Tank ~:; I·;~:x 1 I=",,~I I ~~;~ ~~: ~~;! Reserve ~~;! ~~~~ 1 "Total 
Olff 

_Name I (gpm) % I n~lInno % I % gallons % -MG MG MG 

1694 46' 1281277 5% 54000C 10% AA<~OAO 84% 5.2 1.35 -3.88 
i 407 11 5% 18000C 14% 1 81% 1.3 0.94 -0.37 

ipland 387.2 11 5% 23% 1009198 73% 1.4 1.34 -0.05 
.Teton 1196 . 32~ 6% C 0% 3119340 94% 3.3 1.01 -2.3 

~Eq. 3681 100~ 611869 i% 11035000 9% 85% 11.3 4.64 -6.6 ' 

11 h. 04 (max hr) 532060 gal/om Used this # in calcs 
Aug 12th, 04 320000 gallons 
AugSth,04 289000 1/hr 

Note: a 15% safety factor is '1" • to the i number 

Fire FIO~,_,t 
3000 gpm 

~~~~tl"n 3 hrs 
includes schools, churches, industrial, retail .. , 

Note: Fire storage can be reduced by delivery into the tank service areas as fOllows: 
Northside = 1000 gpm in Northside Tank and 2000 gpm from Mansface Tanks= 3000 gpm 
Teton = 1500 gpm through Hitching Post Pump Station and 1500 gpm from Upland Tank = 3000 gpm 

, Upland = 1750 gpm in Upland Tank and 1250 gpm through Shoshone Pump Station = 3000 gpm 

.... 
n, ,,~tlnn 4.00 days 
AVO'Omnd 0.4525 X Max Day" 
.... , • Multi'" ~, "y 1 X Avg Day 

_~. daily demand 
'''''~ day is 2,21 X avg day. Must back calc to get to avg day 

m, ,llInll", used to calc daily demand under a reserve scenario 

Level Max 1 sl 2nd 3rd Dia 1 st-2nd I ~ "U -OI 01 U-IVI" ITot Vol 
lanK It It It It It MG MG MG MG MG 

MF 20,5 19.5 19 17 105 0.1 30 0.065 0.259 0.453 0.130 3,0 
BT 22 20 17 122 0,1 75 0.175 0,350 0,874 0.350 4. 
ES 22.S 21 16 105 0.130 0.259 0,389 0,881 13 1.0 
WM 15 12 9 105 0.065 0.130 0.065 0.389 14 .0 
WR 22.5 21 18 122 0.087 0.175 .1 
GW 80 7~ 70 54 0.017 0.086 1.086 1.4 
RE 22.5 18 26 0.004 1.018 0.09 
ST 10 9 46 0.012 ).012 0.13 
NS 14.5 10.8 105 0.065 0.240 0.94 
Teton 36.5 34.5 34 33,5 66 0,026 0.013 0.013 0.077 0.051 0.93 
Inl'mn 61 54 53 52 61 0,022 0.022 0.022 0.197 0.153 1.33 

Total 0,620 0.923 1.097 2.871 1.685 18.07 

Note: assume that all tanks are at the 1 st level "" .. " '\J when reserve event ~,,~"'~ and l at I"g, ,~,gv" 
tanks supply the volume needed to top off each tank (1.69 MG), Thus cycling storage Is independent of all 
other 
1. Vv" ,g"y, based on year 2004 data. 
2. Cycling storage is removed from the existing volume of Mansface Tanks (3.04MG reduced to 1.35MG). 
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Table 2-9 
2 Dav Turbiditv Related Reserve Event with the Minimum Fire Flow in Each Tank 

2~()4 

Tank 
Name 

~:; ~x ", ., ~~~! ~~: ~~~! 
% of Total 

Reserve _ ne~ Need 
% MG 

Total Dlff 

1 % % % MG MG 

1694 46% "0'''' 9% '" 18% 
40"[ 11% OIODU 9% 23% 

73,& 3.0 
68% 0.8 

1.35 -1.67 
0.94 0.16 

I 
Teton 
Total 

387. 11% 7% 315000 36% 57% 0.9 1.34 0.46 
1196.8 32% 1"01LU 11% C 0% 89% 1.8 1.0' -0.75 

3685 100% 611869 9% 111 16% 74% 6.4 4.64 -1.80 

Max ~~. ,y 

Aug 11h, 04 (max hr) 532060 gal/om Used this # in calcs 
Aug 12th. 04 320000 gallons 
Aug 8th, 04 289000 1/hr 

Note: a 15% safety factor is i I to the number 

Fire FlOW,. 
YY''''''Y'V,y, 3000 gpm 
Duration 3 hrs 
t ir · h N' schools, churches, industrial, retail ... 
Note: Fire storage can be reduced by delivery into the tank service areas as follows: 

Northside = 1000 gpm in Northside Tank and 2000 gpm from Mansface Tanks= 3000 gpm 
- Teton = 1500 gpm through i Post Pump Station and 1500 gpm from Upland Tank = 3000 gpm 
. Ilnl"nrj = 1750 gpm in 11;'I"nrl Tank and 1250 'gpm Shoshone Pump Station - 3000 gpm 

.~ V,y,."v 
Duration 
AVO" Dmnd 
Dmnd Multi""" 

I"averafle daily demand 

2.00 days 
0.4525 X Max Day"" 

1 X Avg Day 

",aA day is 2.21 X avg day. Must back calc to get to avg day 
""' ,It;nH, used to calc daily demand under a reserve scenario 

Level Max 1 st 2nd 3rd Dia 11 st-2nd 1, 

20.5 19.5 19 1.065 '.2591 1.453 0.130 ~
~ It It It It It MG MG 1 MG MG 

ITot vo 
MG 

3.0 
22 20 19 .175 '.350 '.874 0.350 . 1 

ES 22.8 21 19 1.259 '.389 '.88' 0.233 l.Q 
WM 15 12 10 9 11 0.065 0.130 0.065 0.389 0.194 .0 
IWR 22.5 20 18 _1: 0.087 0.175 0.219 
IGW 80 75 70 0.017 0.086 0.086 
IRE 22.5 18 26 0.004 0.018 0.01 
1ST 10 9 46 0.012 0.012 .13 
INS 14.5 10.8 105 0.065 0.240 ~ 
ITeton 36.5 34.5 34 33.5 66 0.026 0.013 0.013 o.on 0.051 .93 

61 54 53 52 51 0.022 0.022 0.022 0.197 0.153 1.33 
ITotal U . ti~U 0.923 1.09"[ 2.87' 1.685 18.0"[ 
INote: assume that all tanKs are at the 1st level setting when reserve event ~"~.,,,,; and hat Mansface 
[tanks supply the volume needed to top off each tank (1 .69 MG). Thus cycling storage is independent of 
lall other' 
1 0", "a"~~ based on year 2004 data. 
2. Cycling storage is removed from the existing volume of Mansface Tanks (3.04MG reduced to 1.35MG). 
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Conclusions! RecommelUlations 

Based on the information presented above, the Teton Tank is over allocated during a non
turbidity event, and the entire existing system-wide finish water storage capacity may be 
inadequate to sustain a turbidity event, depending on its length. Under a non-turbidity reserve 
event (Table 2-7) the system as a whole contains over 300,000 gallons of extra finish water 
storage. If the tank service areas could be reconfigured to balance the demands, then the existing 
finish water storage may be sufficient. This potential is explored below in Section C. 

The Task 5 section of this report discusses Finish Water Storage Allocation in consideration of 
future water system demands expected to be placed on the system assuming non-turbidity 
reserve events only. If some degree of reserve storage is required in the future to cover turbidity 
events, extrapolation can easily be made to cover the additional requirements. 

Several recommendations for increasing fire flow are made in Table 2-6 under the notes column. 
For example, if the 8" line in Monroe is replaced with a 12", an additional 800 gpm can be 
delivered. The recommendations in Table 2-6 are only some of the solutions available. Another 
solution is to reconfigure the zones and tank service areas as is explained below in Section C. 
This reconfiguration provides PRY feeds from other tanks during fires, allowing for bidirectional 
flow to increase the overall delivery to many locations. 

B. Raw Water Storage 

In reference to Tables 2-7, 2-8, and 2-9 in the previous section, the following conclusions can be 
drawn: 

I. Under Table 2·7, for a power outage or pipeline failure, the overall Green River 
system can operate for at least 1.5 average demand days without depleting fire storage in 
any tank except the Teton Tank, if re-supply to that tank is cut off. 

2. Under Table 2-8, assuming a turbidity event forcing water plant shut down for four 
average demand days (or 1.8 maximum demand days), the overall Green River system is: 

6.61 million gallons deficient in reserve water supply needs if equalization and fire 
storage are not depleted to meet domestic demand requirements. 

4.96 million gallons deficient in reserve water supply needs if all equalization and fire 
flow storage are utilized to meet domestic demand requirements. 

3. Under Table 2-9, assuming a turbidity event forcing plant shut down for two average 
demand days (or 0.9 maximum demand days), the overall Green River system is: 

1.8 million gallons deficient in reserve water supply needs if equalization and fire 
storage are not depleted to meet domestic demand requirements. Utilization of all 
dedicated equalization storage and all dedicated fire storage would be almost enough 
to supplement reserve storage under this scenario. 
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Based on the information provided herein, it is recommended that storage deficiencies within the 
Green River system during all emergency events be considered a primary system inadequacy. 
Pressure zone reconfiguration and rebalancing of tank service areas as described in the following 
section should be further examined in an attempt to resolve existing storage over-allocation 
during non-turbidity events. As described in detail in the preceding Rock Springs section, as 
well as within the Interim Report contained in Appendix B, further investigation of Raw Water 
Storage is the recommended approach to over-allocation during turbidity events. Again, we are 
reluctant to recommend an immediate increase in finish water storage until the Raw Water 
Storage issue is resolved, one way or the other. 

C. Pressure Zone Reconfiguration (South Side of Green River) 

It is recommended that reconfiguration of several existing pressure zones south of the river be 
considered as generally depicted on Exhibit 2-5 within Appendix A. Eventual replacement of 
the existing Upland and Teton Tanks with a new single facility at a higher elevation 
(approximate base elevation of 6520' ±) is also suggested. Tank replacement, however, is 
viewed as a longer term objective to be accommodated sometime in the future after final 
resolution of the Raw Water Storage issue. Zonal reconfiguration essentially marries Upland and 
Teton Tank into a common zone, and shifts Low Upland, Hitching Post, and a portion of Low 
Teton Zones from the Upland/Teton Tank Service Areas to Mansface. 

Advantages gained by this recommended action are as follows: 

I. At the present time, water to supply Upland, Intermediate Upland, Low Upland, Hitching 
Post, Teton, Intermediate Teton and Low Teton pressure zones is pumped from the 
Mansface Zone via Shoshone and Hitching Post Pump Stations. Under the proposed 
plan, maximum day supply to Low Upland, Hitching Post, and a portion of Low Teton 
can be alternately provided by gravity from the Mansface Tanks. Significant energy 
costs can be saved by utilizing gravity flow from the Mansface Tanks where possible. 

2. Eventual replacement of the existing Upland and Teton Tanks with a new single facility 
at a higher elevation will enhance available system pressure at existing high elevation 
facilities (including Western Wyoming College) and provide reasonable pressure along 
Ten Mile Road south of town. A single tank will also simplify operations as compared to 
supply to and withdrawal from two tanks in the same zone. 

3. The Faith Evans Pump Station can be abandoned and the old zone supplied from the new 
UplandlTeton Zone, or the Intermediate Upland Zone. 

4. Both the existing Hitching Post Pump Station and Shoshone Pump Station could be 
utilized as feeds to the new UplandlTeton Tank, providing supply redundancy. 

5. Because the expanded Mansface Zone under the new configuration extends further east 
across the southern portion of town, storage within the married Upland/Teton Tank can 
supplement short term equalization, fire or reserve storage requirements within the entire 
town south of the river through PRY release back to the Mansface Zone. 
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6. Zonal reconfiguration results in reallocation of existing finish water storage demonstrated 
in Sections A and B above as being an existing concern. See conclusions below. 

Costs and potential ramifications of the recommended action are as follows: 

I. Additional storage capability may eventually be required at the Mansface Tank location 
in order to service the expanded Mansface Zone. It is anticipated, however, that fire 
storage provided in the married Upland/Teton Tank could serve both the new 
Upland/Teton Zone and all lower elevation zones east of Uinta Drive as a result of 
carefully selected PRY settings allowing for cascading of water from upper to lower 
pressure zones during these infrequent events. 

2. Upgrading of existing line sizes may be required throughout the south side of the City in 
order to adequately distribute water throughout the reconfigured system. 

3. New pumps may eventually be required at the Hitching Post and Shoshone Pump 
Stations in order to deliver water to the new Uplandffeton Tank. Additionally, increased 
pipe pressures downstream of the pump stations may require upgrading of pipe pressure 
classes. 

4. Realignment of pressure zones will require a capital expenditure to relocate some existing 
PRVs to a new location. 

5. Realignment of pressure zones will result in slightly increased or decreased pressures, 
compared with existing, for virtually all customers in the reconfigured zones. Exhibit 2-5 
displays the estimated magnitude ofthe differential pressures within each subarea. 

Conclllsion 

The reader is referred to Table 2-7, previously presented, which illustrates storage allocation 
within the existing system under a non-turbidity event. It is noted that under this scenario, Teton 
Tank is over-allocated by 540,000 gallons and Mansface Tanks are under-allocated by 560,000 
gallons. Table 2-10, immediately following, illustrates storage allocation within the 
reconfigured system under the same non-turbidity event. No significant over-allocation exists 
because of shifted demands between zones. Within Table 2-10, fire storage is not provided in 
Teton Tank because it is married to Upland Tank which has a full fire flow complement. Also, 
Mansface Tank does not contain a full fire flow complement because the assumption is made 
that it can be supplemented from Upland/Teton or Northside Tanks. The assumption is made 
that only one fire will occur during a reserve event. 

It is probable that "positive" storage allocation as presented in Table 2-10 will not last 
indefinitely, predominantly since development growth is expected in the Teton Tank Service 
Area. (See Task 5 of this report). Additionally, the Teton Tank is nearing the end of its useful life 
and will eventually require replacement anyway. The storage reallocation recommendation is 
presented as an interim improvement until the Raw Water Storage issue is resolved, at which 
time the long term storage requirement for the Teton Tank can be quantified. The zone 
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Table 2·10 
Reconfigured Svstem 2004 Dmnds 

Non-Turbidity Event with Full Fire Flow in Each Tank 
Green River System 

Max % Max %of Fire %of %of Total Existing 

Tank Day Day Equal. need Flow need Reserve need Need 

Name (gpm) 1 % gallons % gallons % gallons % MG 
Mansface 2282 62% 377476 14% 180000 6% 2230427 80% 2.8 
Northside 408 11% 67489 7% 540000 54% 398779.2 40% 1.0 
Upland 589 16% 97429 8% 540000 45% 575688.6 47% 1.2 
Teton 420 11% 69474 14% 0% 410508 86% 0.5 
Total 3699 100% 611869 11% 1260000 23% 3615403 66% 5.5 

Max Eq. Storage Needed (normalized) 
Aug 11 h. 04 (max hr) 532060 gallons Used this # in calcs 
Aug 12th, 04 320000 gallons 
Aug 8th, 04 289000 1/hr 

Note: a 15% safety factor is applied to the highest number 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial , retaiL .. 
Note: Fire storage can be reduced by supplementation from higher tanks 
- Mansface = 1000gpm in tank and 2000gpm from Upland or Northside = 3000gpm for 3hrs 
- Upland and Teton Tanks are combined 

Reserve Storage 
Duration 
AVD'Dmnd 
Dmnd Multi'" 
'average daily demand 

1.50 days 
0,4525 X Max Day" 

1 X Avg Day 

"max day is 2.21 X avg day. Must back calc to get to avg day 
"'demand multiplier used to calc daily demand under a reserve scenario 

1. Demands based on year 2004 data. 
2. Cycling storage is not accounted for under this scenario. 

Total 

MG 
3.04 
0.94 
1.34 
1.01 
6.33 

S:IProj20071125-01 (RS-GR-SWCO Masler Plan Phase 2)IFinal ReportlTask 21Table 2-7,8,9,1 O.xls 

Dlff 
MG' 

0.25 
-0.07 
0.13 
0.53 
0.84 



reconfiguration, however, which enabled the reallocation, is viewed as a necessary permanent 
improvement. The reader is reminded that zonal reconfiguration will not relieve system storage 
over-allocation during turbidity events. 

The proposed realignment of pressure zones shown in Exhibit 2-5 is intended to present a 
preliminary concept based on our knowledge of existing zone boundaries and existing elevation 
contours. A much more detailed Level 2 Study of system behavior under the new zonal 
configuration is required in order to more clearly define the ramifications and extent of required 
improvements necessary if the zone reconfiguration is carried out. The existing hydraulic model 
is an excellent tool for this purpose as the existing pipe network can be modified to reflect the 
new pressure zone boundaries. System behavior under all conceivable demand conditions, 
including fire flow, can then be observed and if necessary, model configuration can be modified 
or adapted to provide optimal performance. The Level 2 study can also provide an opportunity 
for Fire Marshal input if the available fire flow data reported in Table 2-6 herein are felt to be 
inadequate. Following this approach, the Joint Powers Water Board and the City will have 
accurate information regarding the extent of capital improvements associated with zone re
configuration if they choose to improve the system in this manner. 

A detailed analysis of the system under reconfigured pressure zones as described above is 
beyond the scope of this Level I Study. Exhibit 2-5, however, presents a conceptual pictorial 
layout of what the zones may look like and indicates approximate pressure differentials that 
customers may experience between the existing and proposed configuration. The first step in the 
evaluation process involves review of the differential values to determine if they will be 
acceptable to the majority of customers. If they are determined to be acceptable, then the Level 
2 Study is reconunended. 

In regards to the recommended replacement of the Upland and Teton Tanks into a single 
replacement facility, new tank sizing and placement is dependent on the following criteria: 

1. Pressure zone configurations; 
2. System operational parameters; 
3. Ability to service an expanded service area south of town; and 
4. Reserve storage requirements, if any, resulting from turbidity or contamination events 

occurring within the Green River. 

Items 1 and 2 can be resolved as a result of the recommended Level 2 Study as described above. 
Item 3 is discussed in further detail under Task 5 of this repOlt. Item 4 is directly related to the 
establishment of a Raw Water Storage Facility as described in Appendix B. The earliest possible 
date at which a Level 3 Raw Water Storage Facility Project could be funded by WWDC is 
during the 2011 Legislative Session. 

D. Miscellaneous System Analysis Findings 

The installation of standby power generators at strategic locations is recommended in Green 
River for the same reasons previously presented for Rock Springs. Standby power for the Finish 
Water Pump Station can supply the Mansface Tanks which, in the reconfigured Green River 
System, represents more than half of the city's demand. The actuated valve located at Trona 
Heights, which supplies the Northside Tank, already has standby power. Either the Shoshone or 
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Hitching Post Pump Station should have standby power depending on which one is decided to be 
the primary feed for the reconfigured system. This may allow the needed reserve storage in the 
combined Upland and Teton Tank system to be reduced for a non-turbidity reserve event. 

Another problem in the existing Green River system is the continued use of the 20" Rock 
Springs transmission line for distribution purposes. An unknown number of service taps are 
currently connected to the 20" line along the eastern end of Railroad Avenue and in the adjacent 
east-west alley to the north. This line is recommended to be abandoned in Section I - C of this 
Task write-up. There is an existing 8" water line paralleling the 20" for a portion of the length in 
question; all possible taps should be transfel1'ed to this 8" line. In addition, the existing 8" water 
line east of Pizza Hut should be extended and re-looped through the alley north of Railroad 
Avenue so that all remaining services can be taken off the 20" line. This improvement would 
also serve to enhance circulation at the east end of the Northside Zone, thereby improving water 
quality. 
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TASK 3 
TRANSIENT ANALYSIS 

The analysis of transient pressure surges on both the Rock Springs and Green River systems was 
completed in October 2008 by Dowl HKM, and their final report is included herein under 
Appendix D. The transient effects of sudden changes in flow velocity were modeled utilizing the 
software "Hammer" by Bentley Systems. The hydraulic model was supplied by Nelson 
Engineering in a skeletonized form, i.e. collapsing the model by removing all of the distribution 
system and transferring the demands to logical locations on the remaining transmission system. 

Five initial scenarios (3 in Rock Springs and 2 in Green River) were chosen by Nelson 
Engineering to be analyzed. From these original scenarios, Dowl HKM and Nelson Engineering 
decided that several of these needed to be altered in order to verify that the worst transient surge 
conditions would be produced. A list and description of the scenarios examined can be found 
within the final report. The allowable working pressure and occasional surge capability for each 
size and type of pipe was calculated by Nelson Engineering and provided to Dowl HKM in order 
for them to conclude whether or not the potential transient surge pressure was within the 
limitations of the existing pipe. Conclusions for each of the scenarios can be found within Dowl 
HKM's final report. 

As a matter of standard procedure, it is recommended that the design of any future system 
improvements capable of producing transient surges, particularly pump stations, include a 
transient analysis. Transient analysis should be considered as a design tool rather than an 
afterthought subsequent to placing the improvements into operation. 
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TASK 4 
WATER QUALITY MODELING 

This section discusses the intended objectives of creation of Water Quality Models for both Rock 
Springs and Green River and the methods utilized in model development, calibration, and 
application. Also included are discussions and results of a mathematical model of mixing and 
water age analysis in all system tanks in both communities and recommended modifications to 
the transmission and distribution systems regarding placement of chlorine booster stations. 

I. ASSESS WATER QUALITY MODELING ALTERNATIVES AND NEEDS 

Within Task 2, utilization of the Water Gems Models for both Rock Springs and Green River has 
been for the purpose of examination of operational hydraulic conditions. As was discussed in the 
Tracer Test section of the Phase I Report, the software has the additional capability of modeling 
water quality parameters and their movement through the system. Water quality parameters are 
not limited to conductivity as in the Tracer Test, but can include chlorine residual, disinfection
by-products, water borne disease organisms, or even intentionally induced contaminants. 

During meetings held with the JPWB, it was determined that their greatest need in terms of water 
quality modeling centered around water age and chlorine residual tlu'oughout the distribution 
system of both cities. This concern was spawned by requirements of the USEPA Safe Drinking 
Water Act (SDW A) which specifically requires that detectable levels of chlorine residual (0.1 
mg/I or greater) be maintained throughout the distribution system. 

Given the demonstrated needs of the project sponsor, a goal of this study became development of 
a water quality model which could serve the following purposes: 

1. Provide a tool by which system analysis could be completed in order to determine 
areas of the existing system where residual chlorine concentrations may be 
inadequate. 

2. Provide a tool to analyze the effect of various alternative system modifications 
expected to resolve system water quality inadequacies, in order to detelmine the best 
solution. 

3. Provide substantiation to regulatory agencies that compliance with water quality 
requirements throughout the distribution system are, in fact, being met. 

II. CALIBRATION FOR WATER OUALITY MODELING 

In order to provide a model that is capable of achieving the tlu'ee goals mentioned above, it must 
first be calibrated for water quality. The model was hydraulically calibrated under the Phase 1 
Master Plan process, but water quality calibration takes four additional steps: 

I. Determine the bulk decay rate of chlorine (CL) within the finish water mass. 
2. Setup the model with the appropriate parameters to simulate appropriate field conditions. 
3. Determine the age of water at different locations using the model. 
4. Compare and adjust model results to match field results. 
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The bulk decay rate is determined through laboratory analysis while the rest of the steps are 
completed within the model. 

Chlorine naturally decays within a given system differently depending upon several variables, so 
it is important to conduct tests of the actual finish water from the system. One of the variables 
that affects decay is temperature. Due to the typical drastic change of water temperature between 
summer and winter, two decay analyses were performed, one at the projected maximum water 
temperature in the summer (71 OF) and one at the anticipated minimum temperature experienced 
in the winter (35°F). For this project two samples were taken from the tap at the Water 
Treatment Plant at the same time and the CL residual was tested and recorded. The first sample 
was left at room temperature (- 71 °F) to represent the warmest the water can get in the summer. 
The second sample was placed in a continuously running bath of tap water. Because this test 
was performed in the winter, the bath should represent close to a minimum temperature 
experienced in the winter. The samples were analyzed for chlorine residual at given intervals 
over a ten day period to determine the different residual decay based on temperature. These rates 
were then used in the model to represent summer and winter conditions for bulk decay. The 
summer decay rate was found to be 0.32 day" and the winter decay rate 0.12 day". Occasionally 
it is necessary to choose a rate between these two if an intervening time of year is being modeled 
such as fall or early summer. This is the case for the time period that the water quality field 
calibration was performed (end of September through mid October), so a rate of 0.23 day" was 
used for the calibration period. 

The accumulation of field data required for water quality calibration was performed at the same 
time as the Tracer Test (fall 2005). Approximately every four hours someone checked each of 
the field conductivity meters and at the same time took a sample of the CL residual at each 
location. This provided a base line of field data to be compared with water quality model output 
as a gauge of model calibration, and allowed for much of the model to be set up exactly the way 
it was during the validation process. Several model modifications were required in order to 
analyze water quality instead of movement of the tracer solution through the system. The tracer 
injection was excluded, the water treatment plant was set up as the primary constituent source 
with a pattern applied to represent the CL injection resulting in measured residuals at specific 
times, the constituent was changed to CL with a fall bulk decay rate of 0.23 day'" and any Rock 
Springs CL booster stations were simulated at their appropriate locations and fall 2005 injection 
rates in the model. Booster locations and field injection rates during the Tracer Test were as 
follows: 

• Industrial Drive Station to 18" waterline---4 lb./day chlorine gas-continuous injection. 

• Industrial Drive Station to 24" waterline---4 lb./day chlorine gas-continuous injection. 

• Eastside Pump Sta. to Blairtown Tanks---5 lb./day chlorine gas-on when flow > 1 00 
gpm. 

• Eastside Pump Sta. to Eastside Tanks---5 lb./day chlorine gas-on when pumps are on. 

• Wind River Pump Station---28 in31hr. sodium hypo-on when pumps are on. 

• White Mountain Pump Station---26 in3/hr. sodium hypo-on when pumps are on. 
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Once the model is set up and will run for the entire calibration period without any errors, the age 
at each location is initialized. This is done by running the model under the age analysis routine, 
which outputs the age at each node, tank, PRY, or pump. The age at the end of the run is then 
input in as the initial age and the model is rerun. This takes several iterations or one long 
extended period simulation to come up with a relatively constant age over the duration of the 
model run. An example of this is presented in Figure 4· I, which is a graph of water age at a 
junction in the Wind River Zone. In this graph it can be seen that the water age starts at 0 hours; 
then by the end of the simulation (300 hours) its age is oscillating about 60 hours. This means 
that the water takes, on average, 60 hours to travel from the Water Treatment Plant to this 
junction in the model. 60 hours is then input as the initial age ofthe water at that junction. The 
age of the water in each tank is compared to the water age predicted by the Comp Tank Software 
used in Section III of this Task write·up and found to be very similar if the travel time to the tank 
is subtracted. 

Analyzing the age of the water can point out some potential water quality problems but it is 
necessary to run the model under the constituent analysis routine to confirm their existence, as 
well as to complete water quality calibration of the model. To complete the calibration, wall 
decay must be taken into consideration. Wall decay is the reduction of CL due to interaction 
between the water and the walls of the pipe which may have organic matter deposited on them. 
The CL residual field readings are compared to the model results and if the model is predicting 
higher CL residual then wall decay can be added as a model input value. Wall decay can be 
applied to the entire system if the majority of the model results are higher than the field readings, 
or it can be applied locally if one area is showing higher residual than another. 

Rock Springs System 

The primary challenge of calibrating the water quality model for the Rock Springs system is 
manipulating the CL booster stations. As previously described, there are two CL gas booster 
stations and two Sodium Hypo·Chloride booster stations, all of which are either injecting a 
preset amount or are "off'. This is difficult to model because the incoming chlorine 
concentration must be determined, then a rate of injection must be applied to match what was 
recorded in the field . The pipes directly around the booster stations are the only locations that 
are not adequately calibrated due to the difficulty in modeling the exact nature of the injection 
process. Much of the en'or that is experienced in the comparison between the model results and 
the field readings can be attributed to these stations. Comparison graphs of the model versus 
field results are presented in Figure 4·2, pages 1·3. No wall decay is needed in the system to 
calibrate the model. This may not be completely accurate for the areas of town which have older 
pipes. An explanation for the lack of wall decay could be that the system contains a lot of newer 
pipe which has minimal wall decay or that the water in the system is moving at high velocities 
and therefore residence time is not long enough for wall decay to have an effect. These 
explanations are sUPPOIted by the fact that the system in 2008 requires even less CL boosting 
than the 2004 system. In the past four years, many new pipes have been added and much more 
water is being delivered to the system due to the large population growth. Therefore with the 
exception of the pipes in close proximity to existing booster stations, the model is considered 
calibrated. 
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Figure 4-1 
Water Age Over 300 Hour Model Simulation 
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Figure 4-2 
Rock Springs Water Quality Results 
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Figure 4-2 
Rock Springs Water Quality Results 
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Figure 4-2 
Rock Springs Water Quality Results 
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Green River System 

The Green River System was divided into two sections for the Tracer Test, the Southside and the 
Northside areas, therefore the water quality analysis was divided into the same sections. Due to 
unknown PRV field settings during execution of the Southside Tracer Test, field measured 
chlorine residual levels cannot be directly correlated to any "known" concurrent system 
hydraulic operational configuration. (See Phase 1 Report). This situation essentially eliminates 
the ability to calibrate the water quality model. Consequently the comparison of the residual 
field readings and the model results for the Southside system do not correlate adequately as can 
be seen in Figure 4-3, pages 1-2. 

The Green River Northside system was hydraulically calibrated to an acceptable extent and 
therefore the correlation between field and model water quality results is reasonable. The 
Northside system is relatively small. This causes inaccuracies to be introduced into the system 
that are not present in the Green River Southside or the Rock Springs systems. The error in 
some of the Tracer Test results for Northside was attributed to the fact that the path of the water 
can be altered greatly by a minimal change in demand. For example, one household could be 
filling a bath while another could be using no water at all, thereby directing the flow down a 
different path in the field than the average demands accounted for in the model. This situation 
can explain the error seen in the water quality calibration for the eastern end of the system. A 
wall decay rate of 0.5 ft/day was applied globally to the entire Northside system and a 50 gpm 
demand was added at the east end of Railroad Avenue (J-132) to bring the water towards the east 
faster and thereby increase the CL residual at the nearby locations. With the exception of a 
couple of monitoring locations the model is considered calibrated. The final results of the water 
quality calibration of the Northside area are displayed in Figure 4-4, pages 1-2. 

III. MODELING MIXING & AGING IN STORAGE FACILITIES 

The reader is directed to Appendix E of this document for the report "Analysis of Rock Springs
Green River Wyoming Finish Water Tanks", prepared by Walter M. Grayman, Ph.D., PE. The 
report discusses the author's findings regarding water mixing and aging in each of the existing 
Rock Springs and Green River service area storage facilities. 

The report concludes with a listing of numerous suggested mitigative system modifications, both 
physical and operationally oriented, which can reduce water quality problems in the tanks. 
Interestingly enough, suggested operational changes may be difficult to carry out within either 
City's system, given the existing need to provide as much finish water storage as possible in case 
a Green River Turbidity Event occurs. This once again points out the urgent need for the 
Supplemental Raw Water Supply Reservoir at the Water Treatment Plant. Implementation of 
suggested water storage operational modifications to increase water quality within the storage 
facilities will be significantly easier to carry out if storage for turbidity events is accommodated 
elsewhere other than in finished water reserve. 
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Figure 4-3 
Green River Southside Water Quality Results 
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Figure 4-3 
Green River Southside Water Quality Results 
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Figure 4-4 
Green River Northside Water Quality Results 
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Figure 4-4 
Green River Northside Water Quality Results 
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IV. RECOMMENDED MODIFICATIONS TO IMPROVE CHLORINE RESIDUAL 
CONCENTRATION CONSISTENCY THROUGHOUT THE ROCK SPRINGS 
TRANSMISSION/DISTRIBUTION SYSTEM 

It is no surprise that maintenance of chlorine residual within the Rock Springs Transmission and 
Distribution System requires utilization of chlorine booster stations throughout the service area. 
The fact that the greater Rock Springs system is located approximately 15 miles east of the 
Water Plant in Green River (where regular post treatment chlorination occurs) demonstrates the 
potential for loss of chlorine residual during water transmission between the cities. 

As previously discussed, non-automated chlorine booster stations are currently in use at various 
sites throughout the Rock Springs system. Predominantly the booster stations are located within 
existing or renovated pump stations, taking advantage of existing structures to house the 
equipment. Location by this simplistic method has not resulted in, we suspect, the most 
advantageous positioning of the facilities throughout the system. Depending on periodic 
sequencing of pump stations, operation in this manner may indeed induce significant variability 
in chlorine residual, particularly on the high concentration end, if multiple series booster stations 
in relatively close proximity are all injecting chlorine. Complicating this issue is the fact that all 
existing chlorine booster stations are manually operated, either on or off, under an adjustable but 
pre-selected injection rate. Injection is not paced either by line flow control or incoming or 
outgoing residual control. The result is, undoubtedly, periodic high residual concentrations 
under certain pumping configurations in order to provide minimum concentrations under other 
pumping scenarios. It is extremely difficult to simulate this unique chlorine reinjection scheme 
within the computer model, and it may be impractical to model future water quality scenarios 
utilizing this method of reinjection. 

It is recommended that the JPWB consider upgrading their chlorination booster stations to 
combined automatic flow control and automatic residual control. Stations of this type utilize an 
upstream flow meter to measure line flow and a downstream sampling diffuser to monitor 
chlorine residual. The chlorine injection rate is paced by both parameters and controlled by a 
multifunction controller. A schematic of the equipment layout is shown on Figure 4-5. 

Complications of this application technique include a minimum of one-minute water travel time 
between the static mixer and the sample diffuser. With velocities of 5'/second, this could 
amount to 300' of separation, requiring an underground sample line and an increased time lag 
affecting the ability of the system to quickly respond to rapidly changing residual concentration 
levels. Another complication concerns the fact that within the Rock Springs system, it is 
envisioned that a single chlorine booster station may inject to multiple adjacent waterlines with 
differing pre-existing residual levels and/or flow values. We have been told by equipment 
vendors, however, that these conditions are not unique, and similarly operated stations exist and 
are in operation. These stations utilize multiple components unique to each individual water line 
controlled by a common PLC rather than the multi-function controller, such that flow and 
residual pacing can occur independently for each of the multiple lines served by a single booster 
station. 

Task 4· Page S of9 





If the JPWB is receptive to the idea of automated chlorine booster stations, the next step in the 
process involves preliminary determinations of where the stations may be sited. The Rock 
Springs Water Quality Model as described previously in Section II if this Task write-up was 
utilized in an attempt to predict logical booster siting locations. 

There are three factors which must be accounted for when attempting to place new CL booster 
stations: 

1. A CL residual level ofO.lmg/L must be maintained at all locations. 
2. CL residual levels in excess of 1.0 mg/L result in customer complaints and should be 

avoided if possible. 
3. The more CL added to the system the more Disinfection-By-Products (DBP's ) are 

potentially produced. 

This simply means that a residual level of between 0.1 to 1.0 mg/L is targeted while injecting as 
little CL as possible. The number of stations and the feasibility of their locations should be 
accounted for as well to minimize the overall expense. 

The water quality calibrated model allows an iterative method to be used to optimize the 
placement of each CL booster station. The first step is to create a new scenario with all of the 
existing booster stations removed. The model is then run under Extended Period Simulation 
conditions and the results examined to see where the CL residual falls below 0.1 mg/L. Based 
on the location of these low measurements, a set point booster is added to a node in the model. 
The set point booster will change the CL residual level of all water flowing through that node to 
the set value unless it is already higher than the setting, in that case it will leave it unchanged. 
The location of the node and the dosage can easily be changed in the model allowing multiple 
trials to be checked in a relatively short amount of time. 

Tanks are usually responsible for low residual levels due to the long residence time of water that 
enters them. The booster stations are often established on tank inlet lines to ensure that the CL 
residual does not drop below 0.1 mg/L inside the structure. Once water quality is lost it is hard 
to regain, so it is important to keep the tanks within the residual limits. The disadvantage of this 
approach is that more CL is generally added to the system than may otherwise be required, solely 
to keep the tanks above the lower limit, which potentially creates more DBP's than would 
otherwise be necessary. This is why it is important to optimize tank level considering demand 
needs (equalization storage), emergency requirements (fire & reserve storage), cost and water 
quality. If the tank can be sized smaller then it will be cycled more frequently and therefore 
maintain better water quality with less added CL. 

After a CL booster location is tested and verified in the model, it is assessed for feasibility. If 
there is a pump station in the immediate vicinity then it may be cost effective to place the CL 
booster at or in the pump station. Likewise, if two or more CL boosters are close to each other 
then it could be reasonable for them to be in the same building. This simplifies maintenance and 
reduces expense. 
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Results 

The Water Treatment Plant in Green River discharges finish water with a chlorine residual of 
between 0.6 to 1.3 mglL. This water is tested at the discharge of the Finished Water Pump 
Station where it can go to either the Mansface Tanks or to Rock Springs. As previously 
discussed, the Rock Springs water system currently has four CL booster station locations situated 
as follows: 

Old Industrial Pump Station. 
Eastside Pump Station. 
Wind River Pump Station. 
White Mountain Pump Station. 

The Industrial Pump Station site feeds CL gas to both the 24 inch line feeding the Blairtown 
Tanks and the 18 inch line feeding the Wind River Pump Station. This site continuously adds a 
set amount of CL gas to the system regardless of the flow rate in either pipeline. The Eastside 
location feeds CL gas to both the 24 inch line feeding into Blairtown Tanks and the Eastside 
Pump discharge line to Eastside Tanks. A preset amount of CL gas is added to the line to the 
Blaitiown Tanks only when the flow rate is greater than 100 gpm, but the injection rate dose not 
change with any fluctuation in flow above 100 gpm. A preset amount of CL gas is added to the 
Eastside Pump Station discharge line only when the pumps are on. This means that if two or 
even three pumps are on at the Eastside Pump Station, the same amount of CL is added as when 
there is only one pump on. The Wind River site feeds a preset amount of sodium hypochlorite to 
the discharge line of the pump station when any of the pumps are on. The amount of Sodium 
hypochlorite added does not change if two pumps are on instead of one. The White Mountain 
site is the same set up as the one at Wind River, adding a preset amount of sodium hypochlorite 
to the discharge line of the pump station regardless of the number of pumps on. 

Initially the model was run under Extended Period Simulation with all of the existing CL 
boosters turned off and the Water Treatment Plant providing a constant water source chlorine 
concentration of 1.0 mglL, to see how far into the system the CL would reach. The winter and 
summer model runs were surprisingly similar. The CL residual fell below the acceptable limits in 
three general locations: 

After the White Mountain Pump Station. 
In The Edgar Zones below the Eastside Tank. 
After the College Hill Tank. 

The low CL residual in all of the locations appears to be due to residence times within the 
associated tank facilities. 
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Several new booster locations were analyzed before coming to the following preliminary 
combined winter and summer recommendations: 

Lower the CL residual coming from the Plant to 0.8 mglL. 
New CL booster station at the cross to Reliance, Stassinos and White Mountain Tank 
set to 0.75 mglL in each line. 
New CL booster station on the discharge of the Eastside Pump Station set to 0.75 
mglL. 
New CL booster station on the discharge of the Gateway Pump Station set to 0.75 
mglL. 

If these facilities are in place model runs indicate that there are still numerous locations where 
the CL residual is low that would need further investigation. The majority of these locations are 
dead end lines with either low demand or long and relatively large diameter lines causing long 
travel times. For example, the 14" dead end line along Highway 191 to the Jail Facility has a 
long travel time of 215 hrs, even in the summer. In lieu of a chlorine booster station on this line, 
a logical alternative may be to simply waste water at the line end, to decrease travel time until 
demand in the area naturally increases. Another problem location needing further investigation 
is the Lower Edgar Zone where the water can go through the Eastside Tank then flow down 
through two other zones and decay below 0.1 mglL in the winter. The obvious solution to this is 
to increase the CL boost rate at the Eastside Pump Station, but that would also result in increased 
residuals in the Big Horn and Thompson Street Zones which already experience 0.74 mglL. 

A portion of the College Zone experiences high CL residual levels of 0.74 mglL when the 
College Pumps are fed directly from the Gateway Pump Station. High residual levels of 0.75 
mglL are also experienced along lY Road, but the CL booster cannot be turned down at the cross 
because the Reliance Tank is already experiencing low residual levels of 0.12 mglL. It is 
recommended that the water quality in the Reliance System be examined in depth during the 
design phase of the proposed new Reliance Tank. The feed to Stassi nos from the cross could be 
boosted to 1.0 mglL providing an increase in CL residual in the Stassinoss Tank from 0.15 to 
0.21 mglL, but this would result in the customers on the south end of the line experiencing CL 
residual levels close to 1.0 mglL. 

These new CL booster locations are intended to provide some guidance for future studies and 
should be reviewed and analyzed under new model runs with the most current demands and 
system improvements when booster relocation is in the next level of a planning or pre-design 
phase. Prior to the installation of any new CL booster stations, additional field tests should be 
performed to verify that the CL residual experienced at that location is the same or similar to 
what the model is predicting. Some discrepancy from the information provided herein should be 
expected due to the many improvements the system has seen due to the rapid population and 
infrastructure growth since 2004. Finally, it should be understood that prediction of booster 
station locations based on output of the water quality model is not an exact science, and is 
entirely dependent on the demand conditions assumed during model runs. Unanticipated 
demand conditions, in either the short or long term, could result in the need for booster station 
relocation. With this in mind, initial establishment of the automated station locations should be 
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considered as a "pilot project" placed in operation and run for several seasons with concurrent 
system-wide field monitoring of results. It may be necessary to alter booster locations both 
during the initial pilot project or in the long term as a result of system growth, therefore, it is 
suggested that stations be housed within semi-portable skid structures. 

Green River does not currently have any CL booster stations because in general, they are close 
enough to the plant that the water does not decay below 0.1 mglL before it reaches most of the 
system, with the possible exception of the Upland Tank Service Area during certain winter 
periods. The Upland Tank Service Area problem is suspected as more of a "tank" problem and 
the physical and operational mitigative actions suggested in the Appendix E report should be 
considered as a first effort in resolving residual concerns. 
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TaskS 
Future Water Supply Needs and Hydraulic System Inadequacies 

Under Task 2 of this report, the 2004 Green River and Rock Springs systems were analyzed to 
determine their existing hydraulic shortcomings. The improvements necessary to remedy these 
shortcomings are expected to last 15 to 60 years or more, depending on what is replaced (i.e. 
pump, pipe, tank, etc.), therefore these improvements cannot be designed for 2004 demand 
conditions. Future growth and therefore future water demands of each community must be 
accounted for. This was accomplished under this project by analyzing the predicted future 
systems in the same fashion as the 2004 systems were in Task 2, except with increased demands. 

There are three primary ways the future systems are analyzed: 

The tanks are analyzed using the fornlat of the storage allocation tables previously 
presented. 
The models are set up and run in multiple scenarios to find any inadequacies. 
The general layout and operation are investigated to find any problems. 

Before the future systems could be analyzed, the amount and location of the future growth had to 
be determined. Because of the recent significant population increase in Rock Springs and Green 
River due to area-wide energy development, no local or state agency was able, or willing, to 
provide future population growth projections. An alternate method of estimating the impact of 
future growth on water demand was devised, involving determining the location and size of 
future growth areas in each community, then estimating development type and density based on 
existing zoning, then water demand based on type of use. Through meetings with officials from 
Sweetwater County, Rock Springs and Green River, potential future growth areas were 
determined. These areas were then reviewed by Joint Powers Water Board personnel and a final 
list of growth areas to include for full-build-out (FBO) was developed. Because full-build-out 
occurs at an unknown time in the future, two dates were chosen in the interim (2018 and 2030) to 
make a more accurate estimate of the incremental rate of growth. Each growth area was then 
evaluated by JPWB personnel and a percentage of full-build-out growth was approximated for 
both year 2018 and year 2030. Demand conditions at both years were then analyzed within the 
models and the inadequacies noted. 

Inadequacies in either the Rock Springs or the Green River systems are determined based on the 
following criteria: 

Over-allocation of existing tank storage volume. 
Pumps cannot deliver maximum day demand. 
Pipeline velocities over 6 ftlsec during normal operation, and during maximum day 
demand with a fire event. 
System pressures in excess of the allowable based on pipe pressure class. 
Pressures below 20 psi. 

If any of these limitations are exceeded, it IS noted 111 this section of the report and the 
recommended solution is presented in Task 6. 
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I. ROCK SPRINGS SYSTEM 

The spreadsheet in Table 5-1 lists the future Rock Springs growth area locations and calculates 
average day demand for each. The locations are grouped into tank service areas so that the 
future demands can be allocated to a specific tank. The density of development is determined 
using the zoning maps and regulations for both the County and the City. Zoning maps for the 
City of Rock Springs and Sweetwater County are combined in Exhibit 5-1 in Appendix A. The 
zoning on these maps is followed literally so that any future alterations in zoning can be analyzed 
and the impact on the system can be determined through the use of Table 5-1. The density of 
each future growth area is determined from the respective zoning regulations and multiplied by a 
predetermined flow rate per unit, yielding the demand at full-build-out. The flow per unit only 
varies between different zoning classifications (residential, commercial or industrial). 
Percentage values under Year 2018 and Year 2030 refer to accumulated percent of full-build-out 
assumed at that date. 

There are several locations indicated in Table 5-1 where future demands were obtained 
differently than as indicated above. Where available, reliable data generated from other recent 
Rock Springs improvement projects where future growth of an area had already been estimated 
was utilized within the spreadsheet. The City of Rock Springs is currently upgrading their sewer 
system in several locations. These upgrades include plans for future development which the 
sewer improvements must naturally accommodate. Under these projects the future growth of 
each tributary area was investigated in more detail than the scope of this Master Plan requires. 
The future water system demand within these "common" areas was extrapolated from calculated 
sewer inflow by assuming that the average winter day water demand was roughly equivalent to 
the yearly average day sewer flow. The increase in water usage from winter to summer is 
therefore due only to irrigation which is not discharged to the sewer system, but is relatively easy 
to calculate based on historic water demand data. Data obtained by this process is shown in 
Table 5-1 in red and labeled as FH (for the Foothill Boulevard Sewer Project completed by 
Nelson Engineering), Ind Dr (for the Industrial Drive Improvements Project in progress by 
Nelson Engineering), and MLS (for the Main Lift Station upgrade sewer project in progress by 
Nelson Engineering). 

Two other locations in Table 5-1 where future demands were obtained differently are the Airport 
and Simplot. The Airport actually refers to several future growth areas including the Airport 
area, Arrowhead Springs, Baxter 1-80 Interchange Development, and a potential industrial 
development that were investigated in the WWDC report "Rock Springs East Water Supply 
Master Plan" study prepared by Leon R. Kjellgren in 1995. Average daily demands shown in 
Table 5-1 for the "AirpOlt" areas were taken from the 1995 report and are included under the 
build-out column. Likewise, future additional water demands for the Simplot Fertilizer Facility 
are taken from the 1995 report and placed under the build-out column. (Simplot's cunent 
demand (1012 gpm) is accounted for under the Task 2 demand scenarios; the additional 1988 
gpm demand shown in Table 5-1 takes Simplot's demand to 3000 gpm at full-build-out, as 
assumed within the 1995 report). There are no assurances when or if either Simplot or the 
Airport development will require the stated demand; therefore both are included in the build-out 
column only. As presented later within the Task 6 writeup, two full-build-out design scenarios 
are created; one scenario for the system without the Airport and Simplot's future demands 
included, and one with both incorporated. The demands shown in Table 5-1 are utilized in each 
scenario. 
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Table 5·1 
Estimated Rock Springs Future Average Daily Demands 

Units! #of Flow! Build '04 AD 
Location! Service Area Area Zone Acre Units Unit Out Year 2018 Year 2030 Dmnd 

White Mountain Tank (acre) (cnty&city) (#) (#) (gpm) (gpm) % (gpm % (gpm) (gpm) 
WMW&SD Residential 520 RR-1 , R-1 1-3 1248 0.25 312 50% 156 85% 265 
Stassinos Residential 1600 RR-3 0.33 528 0.25 132 70% 92 78% 103 18.5 
Reliance Industrial 160 1-2 1-4 320 0.174 56 0% 0 50% 28 112 
S. ofWM Tank Res 896 R-1 3 2688 0.25 672 0% 0 30% 202 
JY Rd Industrial 320 1-2 1-4 640 0.174 111 100% 111 100% 111 
JY Rd Ressidential 640 RR-1 1 640 0.25 160 25% 40 50% 80 
Subtotal 6064 1443 28% 400 55% 789 293 

Wind River Tank 
FH Blvd area Res (FH) R-1 to R-6 6117 0.25 1529 40% 612 70% 1070 
FH Blvd area Ind!Comm (FH 1-1,1-2,B-2 39 10% 4 10% 4 
I nd Dr area Res (Ind Dr) 76.5 R-1 to R-4 3-12 1885 0.25 471 5% 24 25% 118 
Ind Dr area Ind (Ind Dr) 168 1-1,1-2, B-2 1-4 250 172 15% 26 50% 86 
Yellowstone Rd Ind (MLS) 78.48 1-2 1-4 314 0.33 102 40% 41 40% 41 
Behind Outlaw (MLS) Res 34.5 R-1 2.6 90 0.25 23 10% 2 50% 11 
Subtotal 8656 2336 30% 708 57% 1330 902 

East Side Tank 
New Development MLS)Re 633 R-1 to R-6 3-22 5653 0.25 1413 5% 71 15% 212 
New Development MLS) Ind 92 1-1, B-2 1-4 30 0% o 100% 30 
Airport (1995 Study 264 0% 0 0% 0 
Simplot (max) 1988 0% 0 0% 0 
Subtotal 5653 3696 2% 71 7% 242 1694 

College Hili 
New Development (MLS) Re 50.54 R-2 3 152 0.25 38 50% 19 75% 28 
Gateway Comm 40 B-2 1-4 80 0.25 20 100% 20 100% 20 
Gateway Res!Coliege 160 R-1 3 480 0.25 120 25% 30 35% 42 
Subtotal 152 178 39% 69 51% 90 273 

Base Zone (BT Tank) 
Main Lift Station (MLS) Res 171 R-1 to R-6 3-10 611 0.25 153 10% 15 30% 46 
Main Lift Station (MLS) Comr 18.8 B-2 1-4 5 100% 5 100% 5 
New Sbdvs (CORS) Res R-1 to R-5 3-10 446 0.25 112 50% 56 70% 78 
New Sbdvs (CORS) Ind 1-1,1-2, 8-2 1-4 87 0.33 28 50% 14 70% 20 
Subtotal 1144 298 30% 90 50% 149 1315 

Total 21669 7951 1338 26011 4477 
12428 

(MLS) Main Lift Station indicates flow values determined from the Rock Springs main sewage lift station tributary 
flows spread sheet. 
Industrial and Commercial Flows are based on the specific area and do not have a peaking factor for winter to 
summer because they generaly do not have irrigation 

New Subdivisions (CORS) are subdivisions noted on the Jan '04 to March '08 map from the CORS planning 
department that have been approved or are in the approval process. 

There is some cross over between Ind drive and Foothill future improvements. These adjustments have been 
made to the FH spread sheet. The Ind Dr. spread sheet has been unaltered. 

Red indicates values taken from other spread sheets. See Task 5 writeup. 
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The non-turbidity tank storage allocation tables used in Task 2 were modified to determine the 
adequacy of each existing tank in the future systems. Tables 5-2, 5-3 & 5-4 represent predicted 
storage allocation in 2018, 2030 and full-build-out, respectively, assuming 2004 storage 
facilities, except for Reliance, as noted, and an additional tank, RS East, which is added to Table 
5-4. This additional proposed tank is necessary to service the Airport/Simplot area under the 
East Water Supply Master Plan, assumed under this report to be developed under the full-build
out time milestone. The equalization storage is increased based on the same percentage the 
demand increases disregarding any Simpiot demand, as indicated in the footnotes in all the 
Tables. For example, in 2018 the demand increases 38% from 2004, therefore the 2004 
equalization storage is multiplied by 1.38. The fire flow storage stays the same for each tank 
because 3,000 gpm is still needed for 3 hours (with the same exceptions in Reliance and 
Stassinos). Reserve storage is calculated exactly the same as in Task 2. Because this is a non
turbidity event, the duration is one and a half average days and Simplot is allocated the same 12 
hours before shutoff, except that under Table 5-4 Simplot is allocated 12 hours at the their 
presumed full-build-out demand, 3000 gpm, stored in the RS East Tank instead of Eastside. Any 
tank with a negative number in the difference column is considered to be over-allocated. 

Following storage analysis, future demands at specific milestone dates were placed in the model 
on the appropriate transmission lines. In areas of anticipated future growth, the transmission 
lines and pumping facilities were tested for adequate pressure and flow; future distribution 
systems were left for the developer to design correctly based on the actual use. Model scenarios 
were set up and executed system-wide for future runs in Rock Springs at the following two 
milestone dates: 

Year 2018. 
Year 2030. 

Table 5-5 is a summary list of the discovered hydraulic inadequacies (storage, pumping and 
transmission facilities) of the existing system in 2004 (from Task 2), 2018 and 2030. Each 
inadequate item is listed under the year at which time it is first observed to exceed the afore
mentioned limitations. Final design recommendations for selected items listed in Table 5-5 
considered to be priorities are provided in Task 6, Proposed Improvements Conceptual Design. 

The majority of the general shortcomings of the Rock Springs system show up in 2004 (as 
described under Task 2) but several of the same system inadequacies can be extrapolated forward 
to the future system. For instance, recommended supply redundancy capability is even more 
important as the system grows outward and the loss of a single supply source becomes a problem 
for a much larger area. By example, if the airpolt development and the increase in Simplot' s 
demand are realized, then the lack of standby power at the Eastside Pump Station becomes a 
greater concern. 

II. GREEN RIVER SYSTEM 

The Green River system was examined in a different manner than the Rock Springs system, due 
to the findings and recommendations included within Task 2. Under Task 2, the 2004 system 
was analyzed utilizing the methods previously mentioned, but after close examination of the 
general layout and operation of the Green River system, several major changes were 
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Table 5-2 
Year 2018 Future Non-Turbidity Related Reserve Event with Full Fire Flow in Each Tank 

Rock Springs System 

Max I "I. Max %of Fire of 

Tank Day Day Equal. need Flow need Reserve 

Name (gpm) 4 % gallons3 
% gallons % gallons 

Blairtown 2810 29% 278087 7% 540000 14% 3034800 
Eastside 1505 16% 148940 5% 540000 18% 2354040 
Gatewav 684 7% 67691 5% 540000 40% 738720 
Wind River 3220 34% 318662 7% 540000 12% 3477600 
White Mtn 940 10% 93026 6% 540000 33% 1015200 
Stassinos 222 2% 21970 5% 180000 41% 239760 

Reliance 224 2% 22168 5% 180000 41% 241920 
Total 9605 100% 950544 6% 3060000 20% 11102040 

Max Eq. Storage Needed (normalized) 
Aug 16th, 04 (max daY)*I .38 792120 gallons Used this # in cales 
July 19th, 04 504000 gallons 
Aug 3rd, 04 410000 1/hr 
July 27th, 04 380000 1/hr 

Note: a 20% safety factor is applied to the highest number 
Eastside calc is w/o Simplot 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial , retaiL .. 

Note: 

%of Total 
need Need 

% MG 
79% 3.9 
77% 3.0 
55% 1.3 
80% 4.3 
62% 1.6 
54% 0.4 

54% 0.4 
73% 15.1 

- Existing Stassinos Tank stores 1500gpm for 2 hrs (180,000 gallons)- residential utilization only 
- Proposed Reliance Tank can provide 1000gpm for 3 hrs by itself (180,000 gallons) 
- Fire flow could be supplemented from White Mountain Tank for both Stassi nos 

and Reliance if connecting transmission lines are intact and solenoid valves are open. 

Reserve Storage 
Duration 1.50 days 
AVD' Dmnd 0.5 X Max Day" 
Dmnd Multi'" 1 X Avg Day 

Simplot 728640 gal reserve used before Simplot is shut off 
'average daily demand (12 hrs@ 1012 gpm from Eastside Tank) 
" max day is 2 X avg day. Must back calc to get to avg day 
"'demand multiplier used to calc daily demand under a reserve scenario 

Total 
Existing 

MG' 

4.11 
3.04 
1.45 
2.00 
1.00 
0.13 

0.525 
12.26 

1. Reflects tanks as existing in year 2004, except for Reliance Tank upgraded to 525,000 gallon capacity. 
2. Cycling storage is not accounted for in this allocation table. 
3. Equalization storage has been increased by the same percent that Rock Springs has grown (38%) 
since 2004, disregarding Simplot demand. See write-up. 
4. Demands based on estimated year 2018, exclusive of Simplot demand. 
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MG2 

0.26 
0.00 
0.10 

-2 .34 
-0.65 
-0.31 

0.08 
-2 .86 



Table 5-3 
Year 2030 Future Non-Turbidity Related Reserve Event with Full Fire Flow in Each Tank 

Rock Springs System 

Max VI. Max VI. or I"lre or 

Tank Day Day Equal. need Flow need Reserve 

Name (gpm) 4 % gallons3 
% gallons % gallons 

Blairtown 2927 24% 290818 7% 540000 14% 3161160 
Eastside 1849 15% 183711 5% 540000 16% 2725560 
Gateway 727 6% 72233 5% 540000 39% 785160 
Wind River 4465 37% 443629 8% 540000 9% 4822200 
White Mtn 1641 14% 163045 7% 540000 22% 1772280 
Stassinos 243 2% 24144 5% 180000 39% 262440 

Reliance 280 2% 27820 5% 180000 35% 302400 
Total 12132 100% 1205400 7% 3060000 17% 13831200 

Max Eq. Storage Needed (normalized) 
Aug 16th, 04 (max day) '1. 75 1004500 gallons Used this # in calcs 
July 19th, 04 504000 gallons 
Aug 3rd, 04 410000 1/hr 
July 27th , 04 380000 1/hr 

Note: a 20% safety factor is applied to the highest number 
Eastside calc is wlo Simplot 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial, retail ... 

Note: 

'1. of Total 
need Need 

% MG 
79% 4.0 
79% 3.4 
56% 1.4 
83% 5.8 
72% 2.5 
56% 0.5 

59% 0.5 
76% 18.1 

- Existing Stassinos Tank stores 1500gpm for 2 hrs (180,000 gallons)- residential utilization only 
- Proposed Reliance Tank can provide 1000gpm for 3 hrs by itself (180,000 gallons) 
- Fire flow could be supplemented from White Mountain Tank for both Stassi nos 

and Reliance if connecting transmission lines are intact and solenoid valves are open. 

Reserve Storage 
Duration 1.50 days 
AVD'Dmnd 0.5 X Max Day" 
Dmnd Multi'" 1 X Avg Day 

Simplot 728640 gal reserve used before Simplot is shut off 
'average daily demand (12 hrs @ 101 2 gpm from Eastside Tank) 
" max day is 2 X avg day. Must back calc to get to avg day 
"·demand multiplier used to calc daily demand under a reserve scenario 

Total 
Existing 

MG' 

4.11 
3.04 
1.45 
2.00 
1.00 
0.13 

0.525 
12.26 

1. Reflects tanks as existing in year 2004, except for Reliance Tank upgraded to 525,000 gallon capacity. 
2. Cycling storage is not accounted for in this allocation table. 
3. Equalization storage has been increased by the same percent that Rock Springs has grown (75%) 
since 2004, disregarding Simplot demand. See write-up. 
4. Demands based on estimated year 2030, exclusive of Simplot demand. 
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Diff 

MG2 

0.12 
-0.41 
0.05 

-3.81 
-1.48 
-0.34 

0.01 
-5.84 



Table 5·4 
FBe Future Non-Turbiditv Related Reserve Event with Full Fire Flow in Each Tank 

Rock Springs System 

Max I%Max %01 Fire or "/001 lotal lotal 

Tank Day Day Equal. need Flow need Reserve need Need Existing Dlff 

Name (gpm) 4 % gallons' % gallons % gallons % MG MG' MG' 

Blairtown 3225 17% 320602 7% 540000 12% 3483000 80% 4.3 4.11 -0.23 
Eastside 4251 23% 422598 8% 540000 10% 4591080 83% 5.6 3.04 -2.51 
RS East 450 2% 44735 1% 310000 10% 2646000 88% 3.0 3.00 0.00 
Gateway 902 5% 89669 6% 540000 34% 974160 61% 1.6 1.45 -0.15 
Wind River 6477 34% 643888 8% 540000 7% 6995160 86% 8.2 2.00 -6.18 
White Mtn 2836 15% 281931 7% 540000 14% 3062880 79% 3.9 1.00 -2.88 
Stassi nos 301 2% 29923 6% 180000 34% 325080 61% 0.5 0.13 -0.40 

Reliance 335 2% 33303 6% 180000 31% 361800 63% 0.6 0.525 -0.05 
Total 18777 100% 1866648 7% 3370000 12% 22439160 81% 27.7 15.26 -12.42 

Max Eq. Storage Needed (normalized) 
Aug 16th, 04 (max day) '2. 71 1555540 gallons Used this # in calcs 
July 19th, 04 504000 gallons 
Aug 3rd, 04 4100001 /hr 
July 27th, 04 380000 1/hr 

Note: a 20% safety factor is applied to the highest number 
Eastside calc is w/o Simplot 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
t includes schools, churches, industrial, retail ... 

Note: - f ire demand in excess of 31 O,OOOgall at RS East covered by reducing reserve storage 
- Existing Stassinos Tank stores 1500gpm for 2 hrs (180,000 gallons)- residential utilization only 
- Proposed Reliance Tank can provide 1000gpm for 3 hrs by itself (180,000 gallons) 
- Fire flow could be supplemented from White Mountain Tank for both Stassinos 

and Reliance if connecting transmission lines are intact and solenoid valves are open. 

Reserve Storage 
Duration 1.50 days 
AVD'Dmnd 0.5 X Max Day" 
Dmnd Multi'" 1 X Avg Day 

Simplot 2160000 gal reserve used before Simplot is shut off 
'average daily demand (12 hrs @ 3000 gpm from RS East Tank) 
" max day is 2 X avg day. Must back calc to get to avg day 
'''demand multiplier used to calc daily demand under a reserve scenario 

1. Reflects tanks as existing in year 2004, except for Reliance Tank upgraded to 525,000 gallon capacity 
and the addition of proposed RS East Tank servicing AirporV Simplo!. See "Rock Springs East Water Supply 
Master Plan," Kjellgren, 1995. 
2. Cycling storage is not accounted for in this allocation table. 
3. Equalization storage has been increased by the same percent that Rock Springs has grown (171%) 
since 2004, disregarding Simplot demand. See write-up. 
4. Demands based on estimated full build out, exclusive of Simplot demand. 
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Table 5-5 
List of Hydraulically Inadequate Items Observed in Rock Springs System 

By Milestone Date 

2004 (described under Task 2) 

20lS 

2030 

• Wind River Tank is over allocated under a non-turbidity reserve event 
• Stassinos Tank is over allocated under a non-turbidity reserve event 
• Reliance Tank is over allocated and outdated 

• As is its distribution system in the Industrial Area 
• All tanks are over allocated under a Turbidity reserve event 

• Lack ofraw water supply 
• Lack of Transmission redundancy from Green River to Rock Springs 
• High working pressures in 20" from West Kanda to Purple Sage 
• No Redundant supply to Wind River or White Mountain Service Areas 
• Fire flow supply 

• Due to low pressures/high velocities in Wind River Zone 
• Reliance fire flow supply due to high pipeline velocities 

• Insufficient standby power at pump stations 
• Bellview area distribution system outdated 
• Big Hom and Thompson Zone distribution system is outdated 
• Gateway Pump Station is outdated 
• Elk SI. transmission and distribution lines are outdated 

• From I-SO NOIth to Desert Blvd 
• Distribution lines in Blairtown are outdated 
• Creek crossings under Killpecker and Bitter Creeks are outdated 
• High velocities 

• S" Gateway pump discharge (> lOft/sec) 
• Wind River suction and discharge 

• White Mountain Tank is over allocated under a non-turbidity reserve event 
• Eastside pumps can not pump max day demand with Simplot @ 1500gpm 
• High velocities 

• IS" line from Wind River Tank to Summit Dr. (> 7ft/sec) 
• 30" from WTP to West Kanda (if 20" is not reclaimed/ replaced) 

o Flow is above design flow but <6ft/sec 

• Eastside Tank is over allocated under a non-turbidity reserve event 
• Reduced fire flow in Wind River & White Mountain at JY Road 

• Due to pipeline velocities and low pressures 
• Wind River, White Mountain & Rock Springs Booster pumps cannot deliver 

max day demand 
• High Velocities 

• Thompson St PRV 
• Wind River Suction & Discharge 
• Headers in WR, WM, ES, RS Boosters 



recommended. The changes included reconfiguration of several pressure zones resulting in 
reallocation of demand to different tanks. These changes, if adopted, will require modification 
of certain existing system components to the extent that an analysis of future demands on the 
existing piping configuration will serve no purpose. Due to the initial positive response on the 
possible zone reconfiguration from city officials, it is recommended that the effects of future 
system demands be examined as a part of a recommended Level 2 study which would further 
investigate the viability of the zonal reconfiguration recommendation. Therefore, analysis of the 
future Green River system herein, includes only examination of finish water storage allocation. 

The future water demands are presented in Table 5-6 using the same layout as for Rock Springs. 
The demands are calculated using the same process as previously described: determining area, 
then density based on zoning, then demands based on type of use. The majority of the future 
growth information, including number of units, was provided by the City of Green River 
Planning Department. Exhibit 2-5 in Appendix A shows the location of the future development 
areas in the Teton Tank Service Area located in the southeast portion of the City. The Future 
Development to the West Service Area in Table 5-6 refers to the Covered Wagon/Peru 
HilVJamestown-Rio Vista area west of Green River. The Covered Wagon/Peru Hill future 
development potential was examined in depth by Horrocks Engineers under the "1-80 West 
Feasibi lity Study, completed in October 2005. The buildout demands shown in Table 5-6 are 
taken from that study, with the permission of the City of Green River. A WWDC Levell Water 
Study for the Jamestown-Rio Vista area is currently underway, however, future demands have 
not yet been developed by the project engineer; an estimated value has therefore been utilized in 
the Table. 

Applicable incremental milestone demand increases are made for the years 2018 and 2030 as a 
percentage of build out. Note that there is only a 25 gpm increase in demand from 2030 to full
build-out, therefore the system is only analyzed at year 2018 and full -build-out, which is 
expected to occur shortly after the year 2030. This is a major difference from the Rock Springs 
system future analysis. 

The non-turbidity tank storage analysis tables used in Task 2 were modified to determine the 
adequacy of each tank in the future system. Tables 5-7 and 5-8 represent the future Green River 
System in 2018 and full-build-out/2030, respectively, assuming zonal reconfiguration as 
previously recommended. The equalization storage is increased based on the same percentage 
the demand increases (exactly the same as in Rock Springs). The development to the west is not 
accounted for in Table 5-8 because it utilizes its own storage facilities as detailed in the 2005 
Horrocks Report. Note that with the reconfiguration of zones and reallocation of demands, the 
existing tank volumes are all acceptable beyond 2018 and only the future Upland! Teton 
combined tank would need increased storage at full-b uild-out! 2030. It should be noted that the 
Teton Tank will be beyond its design life well before that time and the deficiency in storage can 
be addressed during that replacement process. 

In conclusion, it can be said that expected future growth in Green River will have a limited 
impact on the storage system if the recommendations under Task 2 are carried out. Chief among 
these, of course, is Raw Water Storage at the Water Plant. If the Green River system is required 
to provide finish water storage to cover turbidity events, then a substantial investment in 
additional onsite storage volume will be required. 
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Table 5·6 
Estimated Green River Future Average Daily Demands 

Units! #of Flow! Build '04 
Location! Service Area Area Zone Acre Units Unit Out Year 2018 Year 2030 Dmnd 

Mansface Tank (acre) (cnty&city) (#) (#) (gpm) (gpm) % (gpm % (gpm) (gpm) 
Wild Horse Canyon Dev 8-2 1-4 8 1.5 12 100% 12 100% 12 
Hampton Inn & Suites 8-2 0.33 105 0.14 15 100% 15 100% 15 

0 0 0 
Subtotal 113 27 100% 27 100% 27 770 

Upland Tank 
Hunter's Run R-1 250 0.25 63 75% 47 100% 63 
The Ridge R-1 100 0.25 25 65% 16 100% 25 
Deer Ridge Estates R-1 25 0.25 6 100% 6 100% 6 

0 0 
Subtotal 375 94 74% 69 100% 94 176 

Teton Tank 
Palmer R-2 6 22 0.25 6 100% 6 100% 6 
Jackman (Low, Med Dense) 50 R-1, R-2 4-6 206 0.25 52 40% 21 100% 52 
Jackman (High Density) 30 R-4 750 0.20 150 20% 30 100% 150 
Green River Livestock 640 R-1 400 0.25 100 10% 10 75% 75 
The Mesa R-3 60 0.25 15 100% 15 100% 15 
Subtotal 1438 322 25% 81 92% 297 544 

Northside Tank 
No Major Improvements noted 
Subtotal 0 0 0% 0 0% 0 185 

Development to the West 
Jamestown/ Rio Vista All 1-4 0.25 100 0% o 100% 100 
Covered Wagon/Peru Hill All 1-4 1.08 682 0% o 100% 682 

4 0 0 0 
Subtotal 782 0% o 100% 782 0 

Total 1926 1225 177 12001 1675 
2900 

The number of lots for each new development in the Upland Tank and Teton Tank areas, was provided by the 
City of Green River Planning Department. 
The flow for development of the Covered Wagon and Peru Hill was taken from the "1-80 West Feasibility Study" 
Oct 2005 by Horrocks Engineers. This provided a max day flow that is now converted to an average day using 
the peaking factor for Green River (Max Day = 2.2 • Avg Day). 
Red indicates data provided by the City of Green River or the "Horrocks Report" 
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Table 5-7 
Reconfigured Green River System with 2018 Future Demands 

Non-Turbidity Related Reserve Event with Full Fire Flow in Each Tank 

Max Eq. Storage Needed (normalized) 
Aug 11 h, 04 (max hr)*1. 11 590587 gallons Used this # in calcs 
Aug 12th, 04 320000 gallons 
Aug 8th, 04 289000 1/hr 

Note: a 15% safety factor is applied to the highest number 

Fire Flow Storage 
Commercialt 3000 gpm 
Duration 3 hrs 
Note: Teton & Upland are combined allowing all fire flow to be stored in Upland Tank 
- Reduce Mansface fire storage by supplying majority of fire flow from higher tanks 
T includes schools, churches, industrial , retail. .. 

Reserve Storage 
Duration 
AVO' Dmnd 
Dmnd Multi'" 
'average daily demand 

1.50 days 
0.4525 X Max Day" 

1 X Avg Day 

"max day is 2.21 X avg day. Must back calc to get to avg day 
'''demand multiplier used to calc daily demand under a reserve scenario 

1. Demands are based on an estimated year 2018 condition . 
2. Cycling storage is not accounted for in this allocation table. 
3. Equalization storage has been increased by the same percent that Green River has grown (11 %) 
since 2004. 
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Tank 

Table 5·8 
Reconfigured Green River System with FBO/2030 Future Demands 

Non-Turbidity Related Reserve Event with Full Fire Flow in Each Tank 

Max %Max %of Fire %of % of Total Existing 
Day Day Equal. need Flow need Reserve need Need Total Diff 

Name (gpm) 1 % gallons' % gallons % gallons % MG MG MG' 

Mansface 2375 51% 391243 14% 180000 6% 2321325 80% 
Northside 408 9% 67211 7% 540000 54% 398779 40% 
Upland 831 18% 136894 9% 540000 36% 812219 55% 
Teton 1066 23% 175606 14% 0% 1041908 86% 
Total 4680 100% 770955 12% 1260000 19% 4574232 69% 

Max Eq. Storage Needed (normalized) 
Aug 11h. 04 (max hr)'1.26 670396 gallons Used this # in calcs 
Aug 12th, 04 320000 gallons 
Aug 8th, 04 289000 1/hr 

Note: a 15% safety factor is applied to the highest number 

Fire Flow Storage 
Commercial t 3000 gpm 
Duration 3 hrs 
Note: Teton & Upland are combined allowing all fire flow to be stored in Upland Tank 
- Reduce Mansface fire storage by supplying majority of fire flow from higher tanks 
T includes schools, churches, industrial, retail. .. 

Reserve Storage 
Duration 
AVD'Dmnd 
Dmnd Multi'" 
'average dally demand 

1.50 days 
0.4525 X Max Day" 

1 X Avg Day 

"max day is 2.21 X avg day. Must back calc to get to avg day 
" ' demand multiplier used to calc daily demand under a reserve scenario 

1. Demands are based on an estimated full build out condition . 
2. Cycling storage is not accounted for in this allocation table. 

2.9 3.04 
1.0 0.94 
1.5 1.34 
1.2 1.01 
6.6 6.33 

3. Equalization storage has been increased by the same percent that Green River has grown (26%) 
since 2004, exclusive of Jamestown - Rio Vista and Covered Wagonl Peru Hill developments. See 

Task 5 write-up. 
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0.15 
-0.07 
-0.15 
-0.21 
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III. WATER TREATMENT PLANT PRODUCTION REOUIREMENTS 

Table 5-9 below presents the total amount of finish water, assuming max day demand conditions, 
required at the three milestones used in Task 5 as well as the base demands required in 2004. 
The Water Treatment Plant must be able to treat and supply the given amount by each time 
milestone. The Table data indicates that the existing plant, with a current capacity of 32 mgd 
under current regulatory and operational procedures, will be fully utilized shortly after 2030. 

Table 5-9 
Water Treatment Plant Requirements 

Year 2004 2018 2030 FBO· FB02 

Location gpm gpm gpm gpm gpm 
Rock Springs 6930 9606 12132 18328 18328 
Simp lot 1012 1500 1500 1500 3000 
Airport 0 0 0 0 450 
Green River 3702 4093 4626 4681 4681 
1-80 West 0 0 0 1728 1728 
Total in I!pm 11644 15199 18258 26237 28187 
Total in ml!:d 16.8 21.9 26.3 37.8 40.6 

I. Full build out including the 1-80 West development. 
2. Full build out including 1-80 West, Simplot & the airpOIt. 
3. All demands represent an estimated max daily demand condition. 
4.1-80 West refers to Covered Wagon! Peru Hill! Jamestown-Rio Vista area west 

of Green River. 
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Task 6 
Proposed Improvements Conceptual Design and Recommendations 

In Task 2 of this report the existing Rock Springs and Green River systems were hydraulically 
analyzed to determine adequacy in meeting 2004 demands. The same methods were again used 
in Task 5, but for the system at two future time milestones, years 2018 and 2030. Task 3 
analyzed the 2004 systems for the effects of potential transient events and in Task 4 the 2004 
systems were analyzed for water quality considerations. All of this information is combined 
under Task 6 to determine what improvements will be required as both Rock Springs and Green 
River expand. 

A list of inadequate system components in 2004, 2018 and 2030 was presented in Table 5-5 for 
Rock Springs and noted in the body of the Task 5 report for Green River. These do not include 
the findings from Tasks 3 and 4. Task 3, analysis of the systems under possible transient events, 
yielded no major problems and therefore no major improvements are recommended herein. Task 
4 found several potential water quality problems in both Green River and Rock Springs and these 
are addressed individually in the conclusions of Task 4. The most dominant recommended 
improvement coming out of Task 4 was the automated chlorination booster stations throughout 
the Rock Springs system. 

As explained in Task 5, the inadequacies of each system are noted at the time they occur, but it is 
unreasonable to design their improvements to the demand conditions existing at that time. The 
system will need to change as future growth areas are developed and other components reach the 
end of their design life. For the purposes of this repOlt, new improvements are assumed to have 
a design life based on the following criteria: 

Pumps - 15 years. 
Pipes - 50+ years. 
Tanks - over 60 years. 

The lifecycles designated above are not blindly implemented when a new improvement is 
required. The needs of the system at subsequent milestone periods are compared along with the 
needs at full-build-out and a judgment call is made as to which design criteria should govern. 
For example, the Wind River Tank is over-allocated by almost 800,000 gallons in 2004 and over 
6 million gallons at full-build-out, assuming a non-turbidity reserve event. A new tank could last 
over 60 years so the 6 million gallons may be needed within a new tank's lifetime but due to 
potential water quality problems, one smaller tank might be recommended now and a second one 
when the additional storage is needed. (In actuality an alternative solution is presented later for 
the Wind River Tank which requires no new tanks be installed until after 2018). Conversely, a 
new pipeline may be sized at 16" based on 2030 demand and 18" at full-build-out. The 
relatively minimal cost difference between the two may warrant selecting the larger size, even at 
an early replacement date. Full-build-out is understood to be the "end product" of the system, 
albeit an undefinable date, at least for the purposes of this Master Plan. Any system 
improvements required in 2004, 2018, or 2030 are recommended herein with design 
consideration given to projected system needs at all subsequent time milestones, including full
build-out, before ajudgment is made as to recommended improvement sizing. 
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I. Rock Springs System 

As mentioned before, the full-build-out scenario is run through the storage allocation 
spreadsheets and the hydraulic model to create an "end product" for the system to be built to. In 
Rock Springs this is complicated by the development at the Airport and the potential increase of 
demand by Simplot. At full-build-out these two demands could add almost 3000 gpm on a max 
day, including fire storage replenishment, which would require additional improvements from 
the Water Treatment Plant to the Airport/Simplot point of delivery. It is not known when, or if, 
this increase in demand will occur, therefore two full-build-out scenarios are provided herein, 
one with and one without the SimplotlAirport increase. This allows for the addition of this area 
to be quantified for a future cost-benefit analysis, if desired. 

Table 6- I is a recommended list of system-wide improvements needed to achieve full-build-out 
with and without the additions of the Airport and Simplot. Many of these improvements are not 
required until or after 2030. 

A commentary on the items shown in Table 6-1 is as follows: 

FBO Max Day w/o Simplot and AiIl'ort 

Finish Water Storage-Although existing storage is over-allocated at full-build-out, the 
effects can be minimized by providing supply redundancy where possible within the 
system. Also, the status of the Raw Water Storage Facility upstream of the Treatment 
Plant will have a pronounced effect on storage requirements at full-build-out. 

New Supply to White Mountain Tank-At full -build-out, we recommend that the 
Summit Drive Pump Station and discharge line shown on Exhibit 2-3 in Appendix A is 
the primary supply to the White Mountain Tank. The existing White Mountain Pump 
Station serves a partial redundant function only. 

New Supply to Wind River Tank- At full-build-out, we recommend that the Crossroads 
Pump Station, the 30" North 1-80 Transmission Line, and the 30" Pump Station 
Discharge Line shown on Exhibit 2-3 is the primary supply to the Wind River Tank. The 
existing Wind River Pump Station and the Foothill/Sierra Pump Station serve as a 
redundant supply. The existing 20" transmission line between Purple Sage and the 
Western Hills Trailer Court reverts from transmission to distribution status as indicated 
on Exhibit 2-3. 

Gateway Discharge Line-Upgrading to 12" size, as recommended in Task 2, is required 
for full-build-out. 

Eastside and Rock Springs Booster Pump Replacement-Required to supply max day 
flow to their respective service areas at full-build-out. Additional 12" line required 
parallel to existing 18" line around the South Belt Route in order to maintain existing 
1500 gpm supply to Simplot. See Exhibit 6- I in Appendix A. 

Replacement of Existing 20" AC line- Replace with 24" line with sufficient pressure 
class rating the entire distance between Water Plant in Green River and Purple Sage. 
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Table 6-1 
Rock Springs System Upgrades Needed at Full Build Out 

FBO Max Day wlo Simplot and Airport 
All existing Rock Springs System Tanks are over-allocated as shown in Table 5-4 under a non

turbidity reserve event. 

New Supply Required to White Mountain Tank 
3 pumps wI 300hp motors (lout of service) 
16" pump discharge to White Mountain Tank 
PRY's from White Mountain Zone to Wind River Zone 

New Supply Required to Wind River Tank 
3 pumps wI 250hp motors (lout of service) 
30" suction and discharge from Purple Sage to Wind River Tank 

Increase Gateway pump discharge line to 12" 

New Eastside Pumps Required 
3 pumps wI 300hp motors (lout of service) 
12" discharge to Simplot takeoff (parallel to exist 18" & connect to existing 18" at 
Canyon Court Trailer Park) 

New RS Booster Pumps Required 
5 pumps wI 500hp motors (lout of service) 

Replace Existing 20" line from Treatment Plant to Purple Sage with a 24" line of appropl'iate 
pressure class 

Add a New 24" line from Wind River Tank to the intersection of Reagan Ave. and Summit Dr. 

Add a New 18" line from the intersection of Reagan Ave. and Summit Dr. to the new pump 
station serving White Mountain Tank. 

High velocities causing pipe size increase 
Exist 18" connecting 30" to old 20" at Purple Sage upgraded to 24" 

Exist 12" from N. side ofl-80 to S. Side at Western Hills Trailer Court upgraded to 18" 
or 20" 

Upgrade Headers in White Mountain, Eastside, RS Booster pump stations 

Additional 18" line from Eastside Tank to the Belt Route then a 14" down the Belt Route 
to the Wyoming Street PRY. See Exhibit 6-1 in Appendix A 

Additional line parallel to the existing 24" line from the end of existing 20" in Blairtown 
to the Blairtown Tanks, to be finally sized based on overall desired system operation. See 
Exhibit 6-1 Appendix A. 
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Table 6-1 (continued) 
Rock Springs System Upgrades Needed at Full Build Out 

FBO Max Day wi Simplot and Airport 

All of the changes called out above, with the additions and modifications below 

New Eastside pumps 
3 pumps w/ 300hp motors (lout of service) 
IS" discharge to Simplot takeoff (parallel to exist IS") including segment around Canyon 
Court Trailer Park. See Exhibit 6· I 

Relocate Simplot pump station 1.5 miles east on HWY 430 
3 pumps wi 250hp motors (lout of service) 
Install new tank for Simplot and Airport 
Install delivery system to airport and other developments past Simp lot 

New RS Booster pumps 
5 pumps wi 550hp motors (lout of service) 

Replace Existing 20" line from Treatment Plant to Purple Sage with a 30"line of appropriate 
pressure class 

High velocities causing pipe size increase 
Exist IS" connecting 30" to old 20" at Purple Sage upgraded to 30" 

Exist 12" from N. side ofi·SO to S. side at Western Hills Trailer Court upgraded to 20" 

Upgrade Headers in White Mountain, Eastside, RS Booster pump stations 
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Additional Pipelines Required in Vicinity of Wind River Tank-Required to deliver 
max day demand plus fire flow out of Wind River Tank to Reagan Ave. and the new 
Summit Drive Pump Station as delineated on Exhibit 2-3. 

High Velocity Pipe Changeouts-Required at full-build-out to minimize high velocities 
and excessive head loss. 

FBO Max Day wi Simplot and Airport 

Eastside Pump Replacement-Required to supply max day flow to their respective 
service areas at full-build-out. Additional 18" line required parallel to existing 18" line 
around the south Belt Route in order to supply required demand, as indicated on Exhibit 
6-1. 

Relocate Existing Simplot Pump Station and Construct New Facilities-As 
recommended in Rock Springs East Water Supply Master Plan-Levell Study, by Leon 
R. Kjellgren, P.E., November 1995. Shown as RS East Pump Station on Exhibit 6-1. 

Rock Springs Booster Pump Replacement-Required in order to produce flow 
increases. 

Replacement of Existing 20" AC line- Replace with 30" line with sufficient pressure 
class rating the entire distance between Water Plant in Green River and Purple Sage 

High Velocity Pipe Changeouts-Required at full-build-out to minimize high velocities 
and excessive headloss. 

Rock Springs Recommended Improvements 

Based on all information contained within this entire report, the following listing of immediate 
Rock Springs recommended system improvements is provided. Items are listed, ranked by our 
perception of importance, with the most critical listed first. Note that all recommended 
improvements are in response to system deficiencies noted within the 2004 system (Task 2 and 
4) and are not required as a result of future anticipated growth. Preliminary recommended 
component replacement sizing, however, is provided, where applicable, in consideration of2018, 
2030, and full-build-out needs, after extensive review on a case by case basis. 

1. Raw Water Storage- The importance of the establishment of a raw water storage facility is 
referenced in numerous sections of this report but it should be re-emphasized that without its 
implementation, system storage is grossly inadequate. It is clear that this improvement 
represents a No. I priority. 

2. Reliance Improvements- The improvements needed in Reliance are detailed in Appendix C 
of this report. They are an immediate need because the system as it currently exists, is unable to 
supply adequate fire 01' reserve storage or delivery. 
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3. City-wide Fire Supply Review-The available fire flow information provided in Table 2-1 of 
the Final Report should be reviewed with input from the local fire department in detelmining 
delivery adequacy. As stated in the report, 3000 gpm is an admirable goal, but it is not necessary 
in all situations. Conversely, some listed flows may be truly inadequate, considering their 
specific location. In cases of inadequacy, capital improvements may be warranted. Existing 
system components limiting additional flow capability are indicated in the right hand column of 
the Table. Of special concern is the south end of the Wind River Zone, where a maximum of 
2000 gpm is available. This area includes numerous school facilities and the City Recreation 
Center. We believe that 2000 gpm may be inadequate for these facilities; fire flow can be 
increased by addition of a 24" line from the Wind River Tank to the intersection of Reagan and 
Summit Drive. The new 24" line, in combination with the existing 18" line will meet full-build
out conditions. 

4. New Supply to Wind River Tank- It is recommended to construct the FoothilVSierra Pump 
Station which is explained in Task 2. This pump station requires 1000' of 12" line completing 
the transmission line in Foothill Boulevard, three pumps with 100 hp motors and 5000' of 14" 
discharge piping to Sweetwater Drive. Standby power should also be installed at the existing 
Wind River Pump Station. This is intended as an interim fix to solve several immediate 
problems and the Foothill/Siena Pump Station and the Wind River Pump Station become 
secondary Wind River Zone supply sources when the proposed Crossroads Pump Station is 
required. 

As a note of interest, Table 5-5 indicates that the Wind River Tank is over allocated in 2004 (by 
.77 mgd from Table 2-3) assuming a non-turbidity reserve event. In Table 5-2 the tank is shown 
to be over allocated by 2.34 mg in 2018. It can be mathematically shown that if the proposed 
Foothill/Sierra Pump Station is constructed, and standby power is provided at the Wind River 
Pump Station, and if it is agreed that completing these items can reduce the required reserve 
storage in the Wind River Tank to 25% of max daily demand, then the Wind River Tank does 
not become over allocated until 2018, for a non-turbidity reserve event. Thus, the supply 
redundancy offers an attractive dual advantage. 

5. Replace 20" Transmission line- Replace the existing 20" transmission line with at least a 24" 
line from the Water Treatment Plant to Purple Sage. Total length is approximately 45,000 feet. 
Install backup power servicing the Rock Springs Booster and Finish Water Pumps. This will 
solve two immediate problems mentioned in Table 5-5, redundancy and excessive pressure on 
the existing AC line. The entire pipeline does not have to be installed in one project. It can be 
split into several phases, one to solve redundancy concerns from Green River to West Kanda, 
one to patch the CUlTent problem areas where pressures are above the existing pipeline's pressure 
class, and eventual completion from end to end in order to increase the ultimate delivery 
capability to Rock Springs. At the onset of the project a detelmination needs to be made as to 
whether or not Simplot and the Airport need to be accommodated. If they are included in the 
design, a 30" diameter pipe is required. In either case, the pipeline is sized to meet full-build-out 
conditions. 

6. Mitigate Water Quality Concerns in System Storage Facilities-Consider implementation of 
physical and operational changes to storage tanks as recommended within Task 4 in order to 
reduce water age, improve mixing and reduce stratification potential. Tanks of medium or high 
priority are Eastside, Gateway, and Stassinos. 
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7. Reactivation of the PRY at White Mountain Pump Station- A 10" diameter PRY currently 
exists at the White Mountain Pump Station, capable of delivering flow from the White Mountain 
Zone to the Wind River Zone. Reactivation of this PRY, for fire flow purposes only, will allow 
an increase of fire flow supply to the North portion of the Wind River Zone. 

8. Increase Available Fire Supply to the Stassinos Tank Service Area- Construct a PRY 
bypass, set for fire conditions, around the solenoid valve supplying the Stassinos Service Area in 
order to supplement fire supply from Stassinos Tank at times when the solenoid valve is 
normally closed. This is similar to the proposed action on the Reliance supply line. 

9. New Supply to White Mountain Tank- Construct the Summit Drive Pump Station and 
discharge line shown on Exhibit 2-3 to provide a redundant supply to the White Mountain Tank. 
3 pumps with 150hp motors and 20,500' of 16" discharge piping are required. The pumps are 
designed for the needs in 2030 while the piping, including the headers within the pump station, 
are designed to full-build-out conditions based on the design criteria presented at the beginning 
of this section. The new pump station in combination with the existing White Mountain Pump 
Station, and standby power at either location, together create a redundant supply and may allow 
for the White Mountain Tank to avoid necessary expansion until 2030, under a non-turbidity 
reserve event. PRV's from this new 16" discharge line to the Wind River Zone are 
recommended to improve fire flow into the Wind River Zone. If the addition of a 24" line from 
Wind River Tank to the intersection of Reagan and Summit Drive has not been previously 
completed, it should be constructed as a part of this project. The new 24" line, in combination 
with the existing 18" line, will meet full-build-out conditions 

10. New PRY from JY Road to Wind River Zone- When development occurs to the South of 
IY Road, the installation of a new 12" diameter PRY is recommended. This will supply the 12" 
line running on the east edge of the golf course to the Wind River Zone, providing bidirectional 
flow during a fire. Bidirectional flow provides an increase in available fire flow to the industrial 
areas north of Yellowstone Road. 

11. Construct New Automated Chlorination Booster Stations- As discussed in Task 4, 
improved technology is available to more accurately control the chlorine residual within the 
system. Injection systems can be supplied which cover a large range of flows so exact future 
flow detennination is not critical. 

12. Replace the Gateway Pump Station and 8" Discharge line- Replace the pump station and 
discharge line to the top of College Hill , with a 12" diameter line to avoid high velocities. A 
portion of this replacement is currently in the design phase but it must be extended down to the 
existing Gateway Pump Station. The 12" line will meet full-build-out demand conditions. 
Install standby power as a part of pump station replacement. 

13. Replacement of Miscellaneous System Components due to Obsolescence- Table 5-5 lists 
numerous out-dated system components which mayor may not be hydraulically inadequate, but 
are at any rate nearing the end of their useful life. A schedule should be devised for timely 
replacement of these facilities on a prioritized basis before maintenance and operational costs 
rise excessively. 
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14. Standby Power-Install standby power at each above-recommended location as well as at 
the Eastside Pump Station. 

II. Green River System 

As noted in Task 5, Green River is handled differently from Rock Springs when investigating 
future needs. The primary improvement recommendation is reconfiguration of several pressure 
zones as detailed in Task 2. If it is decided to pursue this action, then the reconfigured system 
can be modeled and conceptual design recommendations can be made in a Level 2 Study based 
on the future demands presented in Task 5 of this report. The Level 2 Study should also address 
existing fire flow availability inadequacies listed in Table 2-6 with appropriate input provided by 
the local fire department. It is anticipated that significant system variation from the existing 
configuration will be required within the south side of the City, and detailed analysis to that 
extent is outside the scope of this report. One of the other improvements that are required for the 
reconfiguration is the installation of fire hydrants off of the 16" line out of the Northside Tank. 
These fire hydrants provide fire supply for the new development in Wild Horse Canyon. 

Another extremely high priority in Green River is, of course the establishment of Raw Water 
Storage. The philosophy of providing continuous water supply during long term turbidity events 
is as beneficial to Green River as Rock Springs. 

Several other improvements in Green River coming out of Task 2 were standby power at either 
the Shoshone or Hitching Post Pump Stations and abandonment of the existing services off the 
existing 20" Rock Springs Transmission Line in Railroad Avenue. Both of these projects are 
relatively minor in nature and can be designed at the time that they are implemented. 

Task 4 recommended improvements for the Green River system are limited to implementation of 
physical and operational changes to storage tanks as recommended in order to reduce water age, 
improve mixing and reduce stratification potential. Tanks of medium or high priority are 
Upland, Teton and Northside. 

The Green River Tanks were hydraulically modeled taking into consideration the reconfigured 
system in Task 5. No increase in storage is needed by the year 2018 but before 2030 the new 
development to the south (Jackman and Green River Livestock) requires additional storage to be 
provided. The Teton Tank is also near the end of its design life. One of the primary advantages 
of the reconfigured system is that it reallocates available storage and allows for some future 
growth without the need for additional storage. This allows for the time needed to determine 
how much, if any, raw water storage will be built before any new finish water storage is 
constructed. Any new tanks must take into consideration the amount, if any, of reserve storage 
for a turbidity event that is needed. After the raw water storage facility is sized and construction 
is approved, a new tank replacing the existing Teton and Upland tanks can be designed. The 
most reasonable location for this new tank may be above and behind the existing Upland Tank. 
This tank could be sized much smaller than the combined volume of the existing Upland and 
Teton Tanks if a separate tank is placed above the new development to the south (Jackman and 
Green River Livestock). A tank in close proximity to its demand has many benefits including 
less chance of pipeline failure between it and the demand it must supply. More finish water 
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storage can be provided at other locations as needed based on the capabilities of the raw water 
storage facility. Another primary advantage of the reconfigured system is the increase in fire 
flow due to bi-directional supply. The PRY's from the Upland/Teton Zone can supply a portion 
of the fire flow for the Mansface Tanks Service Area. 

The other location of future development is the area west of Green River detailed in the "1-80 
West Feasibility Study" completed by Horrocks Engineers in October 2005. Exhibit 6-2 in 
Appendix A is a pictOlial view of the "Preferred Water Routing Alternative" taken from the 
HOlTocks Report, redrawn by Nelson Engineering, and placed on an updated aerial photograph 
with the permission of the City of Green River. More detailed conceptual design information for 
the described improvements is also provided within the Horrocks Report. 

III. Treatment Facility and Overall System 

It is recognized that the "whole" of the entire JPWB system is greater than simply the sum of the 
transmission and distribution networks of the two cities. The Water Treatment Plant is certainly 
an extremely important component, as are the administrative policies that form the procedures on 
which the JPWB operates on a day by day basis. In this light, the following recommendations 
are offered: 

• A periodic analysis of treatment plant process operations should be conducted and 
potential improvements, if any, considered which may improve operational efficiencies. 
New technological improvements obviously develop with time, and should be taken 
advantage of, when appropriate. 

• An analysis of pumping strategies and power utilization throughout the treatment plant 
should be conducted. With the increasing cost of power, efficient utilization of the 
resource is becoming paramount. 

• An analysis of SCADA operations should be conducted system-wide with an eye 
towards further optimization for greater efficiency and control or monitoring of critical 
system performance. An example may be transmission of field chlorine residual 
readings in combination with establishment of the automated chlorine booster stations. 

• A review of the JPWB document "Rules, Regulations and Standards for System 
Operations" should be made, and appropriate modifications, if any, promulgated to 
insure that the policy statement provides the best possible tool for operation of the 
system. 
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TASK 7 
FUTURE PROJECTS COST ANALYSIS 

This section presents a Preliminary Opinion of Probable Construction Cost for the following 
selected recommended major improvements coming out of Task 2 (System Analysis), and Task 4 
(Water Quality Modeling) other than those for which Interim Reports have previously been 
provided under this project. Recommended major improvements listed are considered to be 
immediate needs at the time of this study. Cost data is, however, reflective of component sizing 
as recommended in Task 6 (Proposed Improvements Conceptual Design) in consideration of 
projected Future Water Supply Needs as discussed in Task 5. 

Note that costs for all construction components have been calculated using RS Means Heavy 
Construction Cost Data, 23'd Edition, 2009. 

1. Raw Water Storage-See Interim Report in Appendix B. 

2. Table 7-1---Transmission Line Redundancy between Green River and Rock Springs West 
Kanda to Water Treatment Plant. 

3. Table 7-1a---Transmission Line Replacement between Green River and Rock Springs 
West Kanda to Purple Sage. 

4. Table 7-2---Redundant Water Supply to White Mountain Tank-Summit Drive 
Improvements. 

5. Table 7-3---Redundant Water Supply to the Wind River Pressure Zone-Foothill/Sierra 
Pump Station. 

6. Reliance Water Supply Improvements-See Interim Report in Appendix C. 

7. Table 7-4---Standby Generators. 

8. Table 7-5---Gateway Pump Station Discharge Line. 

9. Table 7-6---Chlorination Booster Stations-Gateway and Eastside Pump Stations 
(Individually). 

10. Table 7-6a---Chlorination Booster Stations-White Mountain TankiStassinoslReliance 
Cross. 

11. Table 7-7---Parallel 24" Transmission Line from Wind River Tank to the intersection of 
Summit Drive and Reagan Avenue. 
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TABLE 7·1 
Preliminary Opinion of Probable Construction Cost 

Transmission Line Redundancy between Green River and Rock 
Springs.West Kanda to Water Treatment Plant 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LegaIFees ------------------------------ -- --- - - - - ---- -- - --- - -
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cost of Project Components 
17,500 Lineal Feet 24" water line installed at $175/LF-----------------------
End Connections-2 at $25,000-------------------------------------------------------. 
5000 Lineal Feet Asphalt Removal and Replacement at $50 I LF.------
Cathodic Protection --------------------------------------------------------------------. 

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Engineering Costs = CCS#1 x1 0% - - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - - -

$3,062,500 
$50,000 

$250,000 
$50,000 

$3,412,500 
$341,250 

$3,753,750 
$563.D63 

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - --

Notes: Pipe assumed at 24" Ductile Iron in order to meet pressure requ irements. 
Assumes utilization of existing casings crossing UP mainline and Green River. 

S:IProj20071125-01 (RS-GR-SWCO Master Plan Phase 2)IFlnal ReportlTask 71Table 7-1 ... Cost Estlmate.xls 

$300,000 
$25,000 
$10,000 
$31 ,500 

$4,316,813 
$4,683,313 



a 
Preliminary Opinion of Probable Construction Cost 

Transmission Line Replacement-Green River to Rock Springs- West 
Kanda to Purple Sage 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Legal Fees - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

IAcqui:siticln of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

Cost of Project Components 
25,000 Lineal Feet 24" water line installed at $175/LF----------------------------------------
End Connections-2 at $5000-------------------------------------------------------------------------. 
Surcharge due to Project Remoteness------------------------------------------------------------. 
Cathodic Protection-------------------------------------------------------------------------------------

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Engineering Costs = CCS#1 x1 0% - - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - - -

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Prelimi i i of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - --

Notes: Pipe assumed at 24" Ductile Iron in order to meet pressure requirements. 
Assumes re-utilization of existing r/w. 

$4,375,000 
$10,000 

$250,000 
$50,000 

$4,685,000 
$468,500 

$5,153,500 
$773,025 



TABLE 7-2 
Preliminary Opinion of Probable Construction Cost 

Redundant Water Supply to White Mountain Tank-Summit Drive 
Improvements 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LegaIFees- ---------------------------------------- - ---- -----
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

Cost of Project Components 
10,000 Lineal Feet 16" PVC C905 DR 18 water line installed at $951 LF--------------- $950,000 
10,500 Lineal Feet 16" PVC C905 DR 14 water line installed at $115/LF------------- $1,207,500 
End Con nection s-2 at $25, 000--------------------------------------------------------------------- $50, 000 
450 HP Pump Station (3 @ 150 HP)------------------------------------------------------------- $500,000 
Supply 3 Phase Power to Pump Station-------------------------------------------------------- $100,000 
1500 Lineal Feet 12" C900 connection to existing Northpark Line at $55/LF------- $82,500 
PRV Vault Complete---------------------------------------------------------------------------------- $40,000 

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - $2,930,000 
Engineering Costs = CCS#1 x1 0% - - - - - - - - - - - - - - - - - - - - - - - - - - $293,000 
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - $3,223,000 
Contingency = Subtotal #2x15% - - - - -- -- - - -- -- - - -- -- - -- - - -- $483,450 

$260,000 
$10,000 
$20,000 
$61,500 

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - - $3,706,450 
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - - $4,057,950 



TABLE 7-3 
Preliminary Opinion of Probable Construction Cost 

Redundant Water Supply to the Wind River Pressure Zone
Foothill/Sierra Pump Station 

Preparation of Final Designs and Specifications" " " " """ " " " """ "" " " " """ " """ 
Permitting and Mitigation " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " - " " " " " " " " " 
Legal Fees" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " 
Acquisition of Access and Right of Way " " " " " " " " " " " " " " " " " " " " " """ " " """" 

Cost of Project Components 
1,000 Lineal Feet 12" PVC C900 DR 18 water line installed at $55/LF """""""""""""""""" 
5,000 Lineal Feet 14" PVC C905 DR 25 water line installed at $60/LF """""""""""""""""' 
End Connections"2 at $1 0,000 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 

300 HP Pump Station (3 @1 00 HP)"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
1000 Lineal Feet Asphalt Removal and Replacement at $50/LF"""""""""""""""""""""""""" 

Misc, Amenities"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
3 Phase Power Supply to Pump Station"""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 
Construction Cost Subtotal #1 "" " "" " "" " " """" " " "" " " " " " " " " "" 
Engineering Costs = CCS#1 x1 0% " " " " " " " " " " " " " " " " " " " " " " " " " " 
Subtotal #2 " " " " "" " " " "" - - - " - - " " " " " " " " " "" " " " """ " "" """ " " 
Contingency = Subtotal #2x15% " " " " " " " " " " " " " " - " " " " " " " " " " " " 

$55 ,000 
$300,000 

$20,000 
$350,000 

$50,000 
$30,000 
$25,000 

$830,000 
$83,000 

$913,000 
$136,950 

$75,000 
$3,000 
$2,000 

$10,500 

Construction Cost Total (Subtotal #2 plus Contingency) " " " " " " """ "" "" " "" " "" " 
Prel iminary Opinion of Probable Construction Cost " " "" -"" " " " " "" " " "" " " " """ 

$1 ,049,950 
$1,140,450 



TABLE 7-4 
Preliminary Opinion of Probable Construction Cost 

Standby Generators 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lega l Fees - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

Cost of Project Components 
Supply and Installation of 300 KVA Diesel Generator and Auto Transfer Switch-----

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Engineering Costs = CCS#1 x1 0% - - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - - -

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - -

Note: 300 KVA is sufficient capacity to power a 200 HP motor. Final cost 
will obviously be dependent on installed motor horsepower at each 
individual location . 

$75,000 

$75,000 
$7,500 

$82,500 
$12,375 

$10,000 
nfa 
nfa 
nfa 

$94,875 
$104,875 



TABLE 7-5 
Preliminary Opinion of Probable Construction Cost 

Gateway Pump Station Discharge Line 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LegaIFees---------------------------- -----------------------
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cost of Project Components 
3500 Lineal Feet 12" PVC C900 DR 18 water line installed at $55/LF -------------------
End Connections-2 at $5000-------------------------------------------------------------------------. 

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Eng ineering Costs = CCS#1 x10% - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - - -

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - -

Note: Assumes utilization of existing rlw 

$192,500 
$10,000 

$202,500 
$20,250 

$222,750 
$33,413 

$25,000 
$5,000 
nla 
nla 

$256,163 
$286,163 



TABLE 7-6 
Preliminary Opinion of Probable Construction Cost 

Chlorination Booster Stations-Gateway and Eastside Pump Stations 
(Individually) 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Legal Fees - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cost of Project Components 
Equipment and Materials Supply--------------------------------------------------------------------. 
Installation and Startup 

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - -
Engineering Costs = CCS#1 x1 0% - - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - - -

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - -

$63,000 
$35,000 

$98,000 
$9,800 

$107,800 
$16,170 

Note: Costs assume single pipe injection and equipment housed in pre-existing building onsite. 

$15,000 
$2,500 
n/a 
n/a 

$123,970 
$141,470 



TABLE 7-6a 
Preliminary Opinion of Probable Construction Cost 

Chlorination Booster Station-White Mountain Tank/Stassinos/Reliance 
Cross 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Legal Fees - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cost of Project Components 
Equipment and Materials Supply--------------------------------------------------------------------. 
I ns ta II ati 0 nan d Sta rtu p------------------------------------------------- ----- --------------------------
Building Structure---------------------------------------------------------------------------------------. 

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Engineering Costs = CCS#1 x10% - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - --

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - -

$126,200 
$60,000 
$50,000 

$236,200 
$23,620 

$259,820 
$38,973 

Note: Costs assume triple pipe injection and equipment housed in a new building onsite. 

$35,000 
$2,500 
nla 
nla 

$298,793 
$336,293 



TABLE 7-7 
Preliminary Opinion of Probable Construction Cost 

Parallel 24" Transmission Line From Wind River Tank to the 
Intersection of Summit Drive and Reagan Avenue 

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - -
Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LegaIFees ---- -----------------------------------------------
Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

Cost of Project Components 
4000 Lineal Feet of 24" PVC Water line at $145fLF--------------------------------------------, 
End Connections-2 at $35000-----------------------------------------------------------------------
Check Va Ive and Va u It --------------------------------------------------------------------------------

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - -
Engineering Costs = CCS#1 x1 0% - - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - --

$580,000 
$70,000 
$75,000 

$725,000 
$72,500 

$797,500 
$119,625 

$75,000 
$2,500 
nfa 
nfa 

Construction Cost Total (Subtotal #2 plus Contingency) - - - - - - - - - - - - - - - - - - - -
Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - -

$917,125 
$994,625 

Notes: Costs assume utilization of existing rfw, 
Check valve and vault assumed in order to limit 24" to tank withdrawal only, 
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Chapter I  
INTRODUCTION 

 
The Joint Powers Water Board (JPWB) Water Treatment Plant is located in Green River, 
Wyoming.  The plant was constructed in 1999 with a maximum capacity of 32 million 
gallons per day (mgd).  Modifications on the plant can increase the capacity 11 mgd to 43 
mgd.  Treated water from the plant is distributed to the cities of Rock Springs and Green 
River, along with several other community water districts throughout Sweetwater 
County.  The plant treats water supplied from the Green River adjacent to the plant.  The 
Green River is a quality water source but can become very turbid during storm water 
runoff events. 
   
The JPWB Water System Raw Water Supply Interim Report was commissioned to study 
the possibility of a more safe and secure water source for the treatment plant.  The safe 
and secure source would be used to supply the plant during events in which water directly 
from the Green River cannot be treated to current EPA standards at the plant. 
   
The most common source of problems for treating the water is high turbidity events in 
the Green River.  The design turbidity limit level of the clarifiers at the plant is 200 
Nephelometric Turbidity Units (NTU’s).  In 2005 the Joint Powers Board commissioned 
a pre-sedimentation basin study prepared by The Engineering Company.  This report 
contains detailed figures showing historic turbidity levels from 1994 to 2005.  The report 
also contains information on the long lasting turbidity spike which occurred in March of 
2005 and resulted in an EPA letter of violation for releasing water slightly above EPA 
turbidity standards.  During 2007 the turbidity levels in the Green River ranged from 2 
NTU’s to as high as 4,500 NTU’s.  During periods in which raw water levels exceed 200 
NTU’s, the treatment plant capacity is limited in order to produce treated water within the 
EPA limits. 
   
The first table located in Appendix A shows the maximum daily NTU count for each day 
from 2004 through 2008.  These values were provided by the JPWB and reflect the 
highest hand sample taken of the 12 daily samples taken by the operators.  Days in which 
limits are exceeded are highlighted.  Also included in Appendix A is a graph showing the 
daily high NTU limit for each year from 2004 through June 2008.  In 2007 there were 7 
days in which the NTU count in the river exceeded the 200 NTU design limit.  In the past 
several years the turbidity in the river has become even more of an issue due to drought 
conditions, which have resulted in decreased flows in the river.  Along with lower river 
flows the plant has also had to increase production due to the large population increase in 
the area in the past 5 years.  Throughout the past several years there have been instances 
in which plant production has been extremely limited and even in some cases shut down 
completely.  Figure 1 in Appendix A shows the river turbidity levels for the summer of 
2007 with spikes and instances in which the plant was shut down.  The worst case 
required a 24 hour plant shut down and a total of 3 days of limited plant capacity, during 
which system storage dropped to below 38% of capacity.  As the turbidity in the river 
increases over the 200 NTU design, the treatment process slows down to increase 
detention time in the clarifier.  While drought conditions remain and water demands 
increase, plant shut downs are expected to increase each year. 
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In addition to turbidity concerns in the river, there is also concern of possible raw water 
contamination by hazardous materials.  The Green River Basin covers an extremely large 
area, running from the Wind River Range to the Wyoming Range.  This basin area is also 
being greatly impacted by energy development at the present.  The Joint Powers Board 
has an inherit concern that with all of the energy development and associated truck traffic 
in the area there is risk of river contamination.  In June of 2004, a Source Water 
Assessment was prepared for the JPWB by Lidstone and Trihydro.  A copy of this report 
is included in Appendix B.  In the summary for the JPWB, the water source and treatment 
plant intake structure scores high in susceptibility for land use, point source, and 
transportation corridor contaminant susceptibility.  The water source received high 
susceptibility scores for land use because much of the land along the Upper Green River 
is forested.  The point source high scores are a result of the large amount of contaminated 
soil and numerous underground storage tanks.  The intake received a high susceptibility 
rating for transportation corridor contaminant because of the Union Pacific Mainline and 
Interstate 80 which cross the Green River just north of the treatment plant.  
  
In 2007 there were two separate fish kills in the Green River Basin.  On August 3, 2007 a 
fish kill occurred in Daniel, Wyoming.  It was determined that malathion from a 
mosquito abatement program had spilled into the river.  Then on August 14, 2007 a fish 
kill on Slate Creek occurred.  At this time there is no known reason for the incident.  
Neither of these incidences affected the treatment plant but pose as examples as to what 
could happen in the Green River Basin.  In the more immediate location to the plant there 
are other contamination concerns.  Approximately 4 miles upstream of the plant intake 
structure Interstate 80 crosses the river.  There is a large amount of semi truck traffic on 
the interstate.  An accident occurring on the interstate could result in a hazardous material 
spill into the river.  Additionally there is a Union Pacific railroad bridge about 1000 feet 
upstream of the intake.  This also poses a hazardous material threat to the plant if a train 
accident or derailment were to occur.  Although an accidental chemical spill has not 
disrupted the plant to date the possibility is still there. 
 
The Joint Powers Water Board has determined that a safe and secure raw water supply 
could eliminate the problems associated with the quality of water in the Green River 
and/or hazardous material spills upstream.  Water could be supplied to the treatment plant 
during events when water quality from the Green River is outside the limits of the 
treatment plant design parameters, thus reducing the chance of water quality violations.  
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Chapter II  
WATER SUPPLY & STORAGE EVALUATION 

 
Since there is no other surface water in the area to supply the plant with the required 
demand, the plant source options are limited to groundwater supply and impounding high 
quality water from the Green River in a raw water reservoir for use during periods of low 
quality river events.  The study area for both a reservoir and ground water supply was 
limited to locations in close proximity of the existing treatment plant.  Costs of 
transmitting raw water at great distance to the plant would be cost prohibitive.  The 
ground water study area is shown in Wester Wetstein & Associates Groundwater 
Feasibility Investigation attached in Appendix C.  The reservoir study area was limited to 
locations up gradient of the plant but in close enough proximity to take advantage of 
gravity flow and/or lower pumping costs.  Exhibit 1 shows the area of reservoir locations 
that were studied.   
 
 
An alternative to providing raw water storage ahead of the treatment plant is to provide 
elevated levels of finished water storage throughout both cities in order to supply 
customer demands when the treatment system is shut down or capacity is limited.   

Nelson Engineering is currently under contract with the Wyoming Water Development 
Commission (WWDC) to complete Phase 2 of the Green River - Rock Springs – 
Sweetwater County Joint Powers Water Board (JPWB) Master Plan, Level I Study. The 
final report covering the Level I Study is scheduled for completion in February, 2009.  
Although not yet complete, the Phase 2 work has demonstrated the need for providing 
unusually high quantities of finish water reserve storage throughout the Rock Springs and 
Green River Service Areas. This elevated finish water storage capability is currently the 
only means of supplying a continuing minimum level of service during a Green River 
turbidity event which completely disrupts new water supply to the two communities.   

 

Because of the historical pattern of river turbidity events, Nelson Engineering is 
recommending, at an absolute minimum, at least two average annual demand days of 
required reserve storage for the Cities of Rock Springs and Green River, plus almost 1 
million gallons of pre-shutoff reserve for a critical industrial user, totaling almost 16 
million gallons, assuming 2004 water demand data.  A gross total of only 18 million 
gallons of storage is currently available in both cities. After adding required fire and 
equalization storage to the large recommended reserve requirement, the existing 
combined storage system is over-allocated by 3 million gallons, assuming a two day river 
turbidity event.  Of greater concern, however, is the fact that average summer day 
demand in both cities is almost twice average annual demand, and it is during the 
summer months when the chance of river turbidity is highest.  It may be difficult to limit 
consumption to average annual demand values during the summer months.  Additionally, 
water demands will certainly increase beyond 2004 levels as both communities grow.         
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Although the Phase 2 work is not yet complete, the following conditions are clear: 

 

1) Because water supply from the Treatment Plant can be, and has been, 
periodically interrupted for multiple days because of Green River turbidity 
events, some degree of storage must be available somewhere within the 
system.  One alternative is to provide the storage as finished water storage 
throughout the system.   

2) Using 2004 water demand data, certain individual tanks in Rock Springs are 
currently over-allocated because of the need to provide such a large quantity 
of reserve storage. If storage is continued to be accommodated as finished 
water storage within the service area, additional volume will be required.  The 
additional volume results in longer residence time and lower water quality. 

3) Increased population growth in Rock Springs since 2004 has only served to 
exacerbate the problem.    

4) A continuous water supply to Simplot will require some degree of sacrifice 
whenever a turbidity event occurs.   

 

It is intuitively obvious that additional system storage is required in order to maintain 
service to Rock Springs and Green River during a turbidity event, and that the need is 
exacerbated as the area grows. This can either take the form of additional finish water 
storage within either service areas, or a raw water storage facility at the head end of the 
treatment plant at the plant site, or at least some combination of both.  A raw water 
supply sized to the extent feasible is most reasonable for the following reasons: 

 

1) Increasing finish water storage requires a significantly greater capital expense 
per gallon than raw water storage, because water quality must be maintained. 

2) Providing large quantities of finished water reserve for use during rare events 
presents a plethora of water quality problems during normal operations when 
the reserve is not needed. 

3) The greatest benefit of stored reserve water occurs when it is located ahead of 
the treatment facility.  At this location, shutdown and startup of the plant is 
not required, assuming that adequate raw water storage is available to carry 
the plant through the turbidity event. Additionally, continually produced 
potable water is available at the “top” end of the transmission system, and can 
be “shuttled” to the location where it is needed most. 

 

The required quantity of safe and secure source water for today’s flows can easily be 
determined by historical flow data from the treatment plant.  The desire to size the 
groundwater source and/or raw water reservoir to accommodate flows 15 to 20 years into 
the future is much more difficult.  Due to the large amount of energy development in the 
region, the population of Sweetwater County has experienced a large increase in the past 
several years.  There is very little data to determine the current population numbers.  
After several conversations with the Sweetwater County Planning Department it was 
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determined that the best and only source of demographics for the area was from the 
Sweetwater Economic Development Association (SWEDA).  A copy of the most current 
demographics is located in Appendix D.  By looking at the data in this report the 
population in Sweetwater County increased approximately 3.4% for each of the past 3 
years.  The population in 2007 was estimated at 44,468.  If the population were to 
increase at 3.4% for the next 20 years the population would then be 86,787 or an increase 
of about 95%.  This estimate seems to be quite high and above the carrying capacity of 
the existing communities in the area.  Next, a more reasonable estimate of a 2% increase 
per year was assumed.  This would put the population in 20 years at 66077 or an increase 
of 49%.  This estimate seems to be more reasonable.  When compared to population 
projections determined in the Green River Basin Plan II – Municipal Use Projects 
prepared by WWC Engineering, these numbers are between the high and moderate 
growth population projections determined in the report.  
  
After determining a reasonable population increase, the next step is to put this population 
increase to an increased water demand.  From current JPWB meter data in 2007 the 
average daily demand during the high flow months of June, July, and August was 17.5 
million gallons per day (mgd).  When this number is projected out 20 years at an increase 
of 2% per year the average day demand is estimated at 26 mgd.  The projected average 
day demand estimate will be used to determine how long during the high demand period 
of June, July, and August that the safe and secure water source of a given volume could 
supply the plant during an event on the river.  
 
An item of note in regards to the water demand; in 2007 of the 17.5 mgd average flow 3.0 
mgd was supplied to the Simplot facility.  Currently the average flow to the facility is 
approximately 1,200 gpm with a maximum of 1,700 gpm.  Simplot has estimated that the 
demand at the facility could increase to 3,000 gpm. 
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Chapter III  
RAW WATER SOURCE EVALUATION 

 
The potential of developing a large volume of quality groundwater to supplement the 
treatment plant was studied by Wester, Wetstein & Associates.  A copy of the 
investigation is included in Appendix C.  The author to the investigation, John Westein, 
PG concludes the report by stating that production potential in the aquifers in the area is 
less than 100 gpm and in most cases less than 20 gpm.  Comparing these production rates 
to daily demand requirements, it is clear that the option of ground water supply is not 
feasible.  That leaves a raw water reservoir as the recommended option. 
 
As stated earlier, the reservoir study area was limited to locations in close proximity (less 
than 2 miles) and/or up gradient from the existing treatment plant.  Through aerial photo 
and contour information four separate reservoir site locations were analyzed.  The options 
are as follows; Telephone Canyon, Killdeer Wetland, Upper Bench/Quarry, and Section 
9.  Exhibit 1 gives an overview of the study area with the site locations.  The Telephone 
Canyon Site is located adjacent to the plant site at the mouth of Telephone Canyon.  
There is currently a storm water detention basin in the proposed location.  The Killdeer 
Wetland Site is located approximately 1,600 feet upstream in the flood plain of the Green 
River at the Killdeer Wetland.  The site is currently a wetland developed by the Green 
Belt Task Force.  At approximately one mile upstream of the plant but on the bench 
above the wetland is the Upper Bench/Quarry Site.  This is currently a large sage brush 
flat which at some point in the past had a portion used in a gravel extraction process.  The 
final option is the Section 9 Site.  This is a sage brush bench above the river 
approximately 1.5 miles upstream of the plant.  At each location rough designs were 
performed to determine construction components and preliminary costs.  Also 
preliminary geotechnical investigations where performed at each of the proposed sites.  
The complete geotechnical report is located in Appendix E.  According to the 
geotechnical report there is a possibility of rock excavation at each of the sites but the 
extent is unknown.  Some materials at each site may also be used for lining and 
construction purposes.  Future subsurface investigations would need to focus on the depth 
to bedrock and the permeability of in-place soils and bedrock.  Items of work for each 
option along with cost estimates have been completed.  Those estimates assume some 
amount of rock excavation and that each reservoir will require lining using materials not 
available on site.    
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Chapter IV  
RAW WATER RESERVOIR SITES 

 

A. TELEPHONE CANYON SITE 

 

The Telephone Canyon Site is located approximately 500 feet west of the treatment plant 
at the mouth of Telephone Canyon.  The site is in a narrow canyon with steep valley 
walls.  The proposed reservoir location is currently a storm water detention basin 
constructed by the JPWB to release storm water flows in the canyon at controlled flow 
rates.  Exhibit 2 shows a plan view of the reservoir location.  The bottom of the reservoir 
was set at an elevation of 6,120.  This would allow all stored water above this elevation 
to gravity flow to the treatment plant.  The size and height of the reservoir was set such 
that all material excavated onsite will be used in the construction of the embankment.  
This of course is dependent on further geotechnical studies to determine if onsite 
materials can be used in the embankment.  The water level was set such that the height of 
the overall embankment would not be extremely high over the existing ground. The 
storage size of the proposed reservoir is approximately 220 acre-feet, with a full depth 
water level at 6,140.    
 
 
The existing intake structure at the Green River would be used to pump water to the 
reservoir.  Water would then be fed by gravity to the treatment plant through a separate 
outlet pipe.  Piping from the intake to the reservoir would be sized to handle the 
maximum capacity of the treatment plant (43 mgd).  The intake pumps would need to be 
reconfigured to pump the additional head to the reservoir.  The reservoir would then 
supply flow to the plant by gravity.  When an event happens on the river the intake would 
shut down.  The plant would continue to be fed from the reservoir.  Based on calculated 
future average daily flows (26 mgd) and the storage size this could operate the system for 
up to 2.75 days.  Water from the existing intake structure would continually circulate 
through the reservoir as the standard operating procedure unless it is determined that 
constant circulation is not necessary.  The ability to pump from the intake directly to the 
plant would need to be maintained so that if the reservoir needed work the plant would 
stay online.   
 
 
Exhibit 2 shows the location of the reservoir and some of the components of work.  
Construction of the Telephone Canyon Site involves several components.  These are 
separated into Reservoir Construction, Transmission System, and Associated Items of 
Work. 
 
A couple of assumptions were made with regard to the reservoir construction.  For the 
purposes of this preliminary design it is assumed that all material excavated onsite will be 
used as embankment on the site.  From the preliminary geotechnical report it is assumed 
that some bedrock will be encountered during excavation.  For estimation purposes about 
10 percent of the excavation was assumed to be rock excavation.  Due to the permeability 
of the soils the reservoir will need to be lined with either an amended soil liner or a 
plastic liner.   
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To construct the reservoir a large concrete overflow structure on the existing storm 
detention basin will be required to be removed.  The existing road over the detention 
basin embankment will need to be reconstructed to be able to handle a very large load 
due to the location of an existing Pacific Power and Light electrical vault on the north 
side of the reservoir.  Also on the north side of the reservoir an interceptor ditch with a 
culvert under the road will need to be constructed to divert any storm water runoff from 
above the reservoir on the north side around the reservoir.  Due to the large amount of 
runoff in Telephone Canyon an interceptor ditch will also need to be constructed to divert 
all of this flow to the south side of the reservoir.  During the summer of 2007 a large 
storm event took place in the Telephone Canyon drainage.  At the weir on the existing 
concrete overflow structure an estimated flow of about 900 cfs was observed.  The 
proposed interceptor ditch should be designed to safely flow approximately 1300 cfs.  
Additionally an inlet structure to the ditch would need to be constructed to divert the flow 
into the ditch.  A box culvert will be required where the ditch crosses under the existing 
gravel road just west of River View Drive.  After passing to the other side of the road the 
slope increases drastically.  The channel will need to be lined with concrete to eliminate 
the possibility of erosion during a storm event and also to facilitate flows.  There is also a 
need to construct a berm along the north side of the plant entrance road.  This berm 
would protect the plant should the runoff in the channel overflow the banks as an 
additional safety measure.  A concrete overflow structure on the reservoir discharging 
into the Telephone Canyon ditch would be required.  Another large portion of the 
construction will be the relocation of some utilities in the location of the reservoir.  These 
utilities include AT&T fiber optic, Questar gas main, and Pacific Power overhead power.  
These utility companies provided estimates for the relocation costs.  There are several 
other gas transmission lines and fiber optic lines in the area but all of these companies 
have been contacted and they determined to present no conflicts.  With the large amount 
of gas lines in the Telephone Canyon area many of their spill containment contamination 
plans include using the existing storm water detention basin.  With the construction of a 
reservoir in the area the containment plans will need to be updated.  There are water 
rights which will have to be filed with the Wyoming State Engineers Office.  These 
filings include both an enlargement of the existing water right to the plant and a reservoir 
permit.  A majority of the land which the proposed reservoir is located on is owned by the 
JPWB.  There is a small section of land between the proposed reservoir and the treatment 
plant which is owned by the City of Green River.  There would need to be some 
negotiations between both entities for the JPWB to secure the use and/or ownership of 
this parcel.   
 
 
The transmission system requires the following items of work.  At the river the existing 
intake structure will be utilized.  Several of the pumps will need to be reconfigured to 
pump the increased head required to fill the reservoir.  The inlet pipe from the existing 
intake structure to the reservoir would be sized to flow the plant maximum flow of 43 
mgd.  For this flow the pipe would be sized at a 42” diameter pipe.  This pipe would 
connect to the two existing 30” diameter pipes just to the east of the plant ozone building.   
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At this connection valves will be required to direct flow either directly to the plant or 
reservoir.  A concrete inlet structure will be required at the reservoir.  A separate outlet 
structure would gravity flow to the plant.  The pipe from the reservoir to the plant will 
also be sized to the maximum plant flow of 43 mgd.  The 42” diameter pipe will gravity 
feed water from the reservoir to the plant.     
 
A construction estimate for the work described for the Telephone Canyon Site is shown 
in Table 1.  This estimate includes costs for work, permitting, land acquisition, 
engineering and administration costs, and contingencies. 
 
 
B. TELEPHONE CANYON ADDITIONAL VOLUME SITE 

 
In addition to the Telephone Canyon Site, an additional option to gain more storage 
volume was studied.  The Telephone Canyon Additional Volume Site will function 
identical to the base site option.  Construction components will be identical to the base 
option with the addition of some excavation and hauling of the additional material to a 
spoil site.  Just north of the proposed reservoir there is an existing drainage that feeds into 
Telephone Canyon.  This option proposes taking the additional excavation material and 
filling in the depression.   Exhibit 3 shows the location of the area to be filled in for this 
option.  The construction estimate for the work is shown in Table 2.  The additional 
excavation cost was estimated higher due to the difficult location of the spoils area.  With 
the increase in excavation the estimated rock excavation was also increased.  The total 
storage area for this option is approximately 272 acre-ft.  At the calculated future average 
daily demand (26 mgd) this storage could supply the plant for 3.4 days.  By looking at the 
estimated cost when compared with the initial Telephone Canyon costs the additional 
volume of 52 acre-ft would cost approximately $60,000/acre-ft of volume. 
 
 

C. UPPER BENCH/QUARRY SITE 

 
The Upper Bench/Quarry Site is located approximately 1 mile north of the plant on a 
bench about 20 feet above the river.  The site is located on a bench between the river and 
the Union Pacific Railroad tracks.  The site is a large sage brush flat which contains some 
old gravel excavation pits.  Exhibit 4 shows a plan view of the reservoir location.  The 
bottom of the reservoir was set at an elevation of 6,100 feet.  The top of the water surface 
level was set at 6,125.5 feet.  This leaves the embankment on the low side at about 25 
feet tall.  Due to the existing ground elevation at the reservoir site and the treatment plant 
elevation of 6,120 the water surface would need to be much higher to gravity flow to the 
plant.  Because of this, additional pumps and intake will be required at the reservoir to 
pump  back to the plant.  The size and height of the reservoir was set such that all 
material excavated onsite will be used in the construction of the embankment but keeping 
the overall height manageable.  This of course is dependent on further geotechnical 
studies to determine if onsite materials can be used in the embankment.  The storage size 
of the proposed reservoir is approximately 645 acre-feet.  Under this option the existing 
intake structure would be utilized to provide water to the plant.  Under normal river 
conditions the reservoir would also be filled using the existing intake structure as well.  In 
the case of an event in the river the existing intake would be shut down and water would 
be pumped back from the reservoir to the plant.  Water in the reservoir will require 
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turnover at specified times.  An outlet would flow water from the reservoir into the river 
at the same time the pumps fill the reservoir to provide water turnover.  The pipe and 
pump on the inlet side to the reservoir would be sized to handle the maximum plant 
capacity of 43 mgd.  Based on the average day demand the reservoir could supply the 
plant for a total of 8.1 days.     
 
 
Exhibit 4 shows the location of the reservoir and some of the components of work.  
Construction of the Upper Bench/Quarry involves several components.  For the purposes 
of this preliminary design it is assumed that all material excavated onsite will be used as 
embankment for the reservoir.  From the preliminary geotechnical report it is assumed 
that some bedrock will be encountered during excavation, about ten percent was 
assumed.  Due to the permeability of the soils the reservoir will need to be lined with 
either an amended soil liner or a plastic liner.  At the reservoir a large intake/outtake 
structure would be required.  The structure would include the pumps used to pump from 
the reservoir back to the plant.  The structure would also include an energy dissipater on 
the water flowing into the reservoir.  An overflow outlet and pipe would be required from 
the reservoir to the river which would function during the water turnover times.  Several 
of the pumps at the existing intake will need to be reconfigured to pump the increased 
head required to fill the reservoir.  The inlet pipe from the existing intake structure to the 
reservoir would be sized to flow the maximum plant capacity of 43 mgd.  For this flow 
the pipe would be sized at a 42” diameter pipe.  Pipe manifolding at the existing intake 
would be required to be reconfigured to allow water to be pumped either to the reservoir 
or to the plant.  Due to the railroad crossing a boring will be required on the pipeline at 
that location.  There are water rights which will have to be filed with the Wyoming State 
Engineers Office.  These filings include both an enlargement of the existing water right to 
the plant and a reservoir permit.  Land acquisition has been accounted for in the 
construction estimate.  The land at the reservoir sit is property of the BLM.  Easements 
will need to be secured on the pipeline from the JPWB property to the reservoir.   
 
 
A construction estimate for the work described for the Upper Bench/Quarry is shown in 
Table 3.  This estimate includes costs for work, permitting, land acquisition, engineering 
and administration costs, and contingencies. 
 
 

D. KILLDEER WETLAND SITE 

 
Preliminary map study in the area indicated a possible location for a reservoir along the 
river approximately 1,600 feet north of the plant.  This is known as the Killdeer Wetland 
Site. The site is a wetland area constructed by the Green Belt Task Force.  Although this 
area is large enough to site a reservoir there are several issues with this site.  As is the 
case of the Upper Bench/Quarry Site, water would have to be pumped to and from the 
reservoir.  The location of the reservoir would also be well into the Green River Flood 
Plain as designated by FEMA.  In order to construct a reservoir in this location, a 
hydraulic analysis would be required to demonstrate that the proposed embankment 
would not increase the flood level.  This would be very difficult, if not impossible, to 
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accomplish.  Wetland mitigation would also be required due to the construction in 
existing wetlands.  The Killdeer Wetland Site was eliminated because of the permitting 
issues and also due to the fact that the Upper Bench/Quarry Site is essentially the same 
alternative without the permitting issues. 
 
 

E. SECTION 9 SITE 

 
A reconnaissance effort was made to locate an additional site along the river potentially 
high enough in elevation to eliminate the need to pump from the reservoir back to the 
plant.  The extent of the aerial photography with contour data that Sweetwater County 
has of the study area ends at the north end of Section 16.  After consulting USGS 
quadrangle maps and additional aerial photography it was determined there could 
possibly be a reservoir site in the portion of Section 9 on a bench above the river.  In 
order to facilitate gravity flow from the reservoir to the plant it was assumed that there 
would need to be approximately 50 feet of elevation difference between the bottom of the 
reservoir and the treatment plant.  A hand held GPS unit was used to compare the ground 
surface at a known elevation based on the aerial contours, approximately 6120, the same 
elevation as the treatment plant.  Then a location roughly in the middle of the Section 9 
Site was checked and the difference was approximately 50 feet.  Exhibit 5 shows the 
location of the Section 9 Site.  A reservoir outline with approximately 11.5 acres of 
storage looks feasible from the aerial photo.  If the reservoir were to be 30 feet deep the 
amount of storage would be 345 acre-feet, making this a feasible option which should be 
studied further.  This site would operate much the same as the Upper Bench/Quarry Site 
with the exception of pumping back to the plant.  Without contour data it is impossible to 
come up with accurate construction costs, but with the preliminary data available, this 
site needs to be further investigated under a Level II study.  With an assumed 345 acre-
feet of storage this site could provide raw water to the plant for 4.3 days. 
 
 
This preliminary reconnaissance level investigation has determined that three separate 
locations are potentially capable of further consideration for reservoir placement.  
Preliminary construction costs have been determined for two of these locations along 
with a third cost estimate for an expanded volume at the Telephone Canyon Site.  The 
following table contains each of the overall estimated costs along with storage volume 
provided.  Additionally a cost/acre-ft of storage has been determined for each option.  A 
column is also included which states the number of days at the assumed average daily 
flow of 26 mgd that the reservoir can supply the plant.  The plant has had reduced 
production flows and limitations on large users for up to 3 days in the past.  The 
construction of a safe and secure raw water supply source to the plant could eliminate a 
large portion of the plant shutdowns and production interruptions.   



I-12 

 
 

ALTERNATIVE COST ANALYSIS TABLE  

     

Option 
Storage Volume (Acre-

Ft) 
Total Project 

Cost Estimate 

Cost Analysis 
(Cost/Acre-ft 

Storage) 
Length of Plant 
Supply (Days)** 

Telephone Canyon Site 220 $9,357,985 $42,536 2.75 

Upper Bench/Quarry Site 645 $10,705,832 $16,598 8.1 

Telephone Canyon Addition Volume Site 272 $12,479,333 $45,880 3.4 

Site 9 Site 345* ----- ----- 4.3 

     
* Based on an assumed depth of 30 feet at the rough area shown on the plan view.  Also the construction estimate and cost 
analysis were not determined due to lack of contour information. 

**Based supplying the plant at the assumed 2030 average day flow of 26 mgd. 
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Chapter V  
FUNDING CONSIDERATIONS 

 
Several opportunities for funding assistance are available for this project. They include 
the following: 
 
 

1. The State Land and Investment Board administrates the Mineral Royalty 
Grant Programs as well as the Impacted Community Assistance Fund for 
communities under impact due to energy development. Block grants are 
provided to counties to distribute as they wish. 

 
2. The State Land and Investment Board also administrates the SRF Drinking 

Water Loan program which makes money available at 2.5% for twenty years 
for water system improvements. 

 
3. Transmission and storage improvements are also eligible for grant/loan 

assistance from WWDC. Current guidelines suggest a 67% grant 33% loan 
mix. Loan terms are 4% over 50 years.  A project of this type would be ideally 
suited for WWDC funding.  This project would develop water usage such that 
water in the Green River would remain in Wyoming for beneficial use of 
Wyoming residents.  

 
 
Due to the large construction costs of all the reservoir options it is assumed that the 
funding would be required through more than one fiscal year.  The funding could 
possibly take place over several fiscal years. 
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Chapter VI  
RECOMMENDATIONS FOR LEVEL II STUDY 

 
 

A. Based on the information included within this Reconnaissance Study, it is 
recommended that a Level II (Feasibility) Study be completed for the proposed 
project.  The scope for a Level II Study should, at a minimum, include the 
following requirements: 

 
 

1. A rough site survey should be performed in the Section 9 Site area to 
determine if, in fact, the elevation of a reservoir would allow for gravity 
flow back to the plant.  Following gathering of the field data a preliminary 
design and dirt work quantities can be determined.  Then a cost estimate 
should be prepared to compare with each of the other viable options. 

 
2. A turnover analysis of the water in the reservoir should be performed to 

determine how often water in the reservoirs will need to be recycled to 
avoid algae blooms.  This could greatly affect the reservoir options which 
the JPWB wished to study further.  The Upper Bench/Quarry and Section 
9 Site options may be eliminated if the turnover is required every few days 
making for extremely high pumping costs. 

 
3. Costs for operation and maintenance of each of the reservoir options 

should be prepared to compare against each other. 
 

4. An in-depth geotechnical analysis needs to be performed under the Level 
II Study for reservoir embankment and lining purposes. Normally, this is 
accomplished under Level III work, however due to the possibility of rock 
formations in the area the costs of excavation could change drastically.  
Also if materials onsite are determined adequate for lining of the reservoir 
this would greatly reduce the construction costs. 

 
5. Perform land ownership research and obtain permission of right-of-entry 

to accomplish the geotechnical investigation at some of the sites. 
 
6. Research of other municipal water systems which employ the same 

process of storing raw water in a large reservoir should be performed.  
This research should include taking with operators about the advantages 
and disadvantages of such a process. 

 
7. A more in-depth discussion with JPWB, County officials, and others 

involved with growth in the service area needs to be performed in order to 
gain more knowledge of the development potential within the JPWB 
service area. This information will give more credence to the reservoir 
sizing which would be recommended. 
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8. A new project cost analysis of alternatives considering both capitol and 

O&M costs based on the refined information included in the Level II study 
should be provided. 

 
9. Recommendation of a preferred alternative for reservoir siting. 
 
10. The normal project meeting and report tasks should also be included in the 

scope of services. 
 
 
B. Anticipated Time Line  
 

Assuming that the Level II work would begin in June 2009, due to the extent of 
the anticipated scope work it is possible to have the Level II Study completed 
before August 1, 2010, assuming  a scope of services similar to that enclosed.  An 
application for Level III funding could then be submitted by the sponsor in 
August 2010. 

 
 
C. Anticipated Level II Study Costs 

 
It is recommended that a budget amount of $200,000 be established to fund the 
Level II Study. 

 
 



EXHIBITS AND TABLES







TABLE 1

TELEPHONE CANYON SITE

Estimate of Probable Construction Cost in 2008 Dollars
Nelson Engineering Job # 07-125-2

Summary

Total $

Reservoir Construction $4,544,300
Transmission System $2,070,600
Associated Items of Work $10,000
Subtotal $6,624,900

15.0%
5.0%

Quantity Units Unit Price Total
$ $

Reservoir Construction
Excavation and Embankment 105750 CYD $9.00 $951,750
Rock Excavation and Removal 11750 CYD $12.00 $141,000
Reservoir Lining 81500 SYD $2.10 $171,150
Removal Concrete Overflow Structure 1 LS $25,000 $25,000
Road Construction 1100 LF $36.50 $40,150
Overflow Structure 1 LS $185,000 $185,000
Interceptor Ditch Construction 3300 CYD $5.50 $18,150
Interceptor Ditch Culvert - 36" CMP 50 LF $75.00 $3,750
Telephone Canyon Ditch Inlet 1 LS $220,000 $220,000
Telephone Canyon Ditch Construction 8500 CYD $7.00 $59,500
Telephone Canyon Ditch Culvert - 10'x10' Box Culvert 50 LF $350.00 $17,500
Concrete Lining Telephone Canyon Ditch 2300 LF $600 $1,380,000
Relocate Questar Gas Gas Line 1 LS $100,000 $100,000
Relocate AT&T Fiber Optic Line 2300 LS $130.00 $299,000
Relocate Overhead Power 1 LS $175,000 $175,000

SUBTOTAL $3,786,950
Contractor Overhead & Profit 15.0% $568,043
Mobilization/Demobilization/Gen. Conditions 5.0% $189,348

Facility Subtotal $4,544,300

Transmission System

2,100 LF $235.00 $493,500

1,200 LF $235.00 $282,000
Reconfigure Intake Pumps (Change 4 Pumps) 1 LS $200,000 $200,000
Reservoir Inlet Pipe Structure 1 LS $500,000 $500,000
Reservoir Outlet Structure 1 LS $250,000 $250,000

SUBTOTAL $1,725,500
Contractor Overhead & Profit 15.0% $258,825
Mobilization/Demobilization/Gen. Conditions 5.0% $86,275

Facility Subtotal $2,070,600

Associated Items of Work
Berm Construction at Plant 1,000 CYD $10.00 $10,000

SUBTOTAL $10,000

Contractor Overhead =
Mobilization/Demobilization/Gen. Conditions =

42" Diameter Inlet Pipeline, includes all pipe, valves,
fittings, trenching, and backfill

42" Diameter Outlet Pipeline, includes all pipe, valves,
fittings, trenching, and backfill

OPINION OF PROBABLE CONSTRUCTION COSTS RAW WATER SUPPLY

Facility

Assumptions



TABLE 1 cont'd

Preparation of Final Design and Specifications (=CCS#1 X 8%) $529,992

$264,996
Legal Fees (=CCS#1 X 2%) $132,498
Acquisition of Access and Rights-of-Way (from City of Green River) $50,000

Cost of Project Components
Reservoir Construction $4,544,300
Transmission System $2,070,600
Associated Items of Work $10,000

Construction Cost Subtotal #1 $6,624,900
Engineering Costs (=CCS#1 X 10%) $662,490
Subtotal #2 $7,287,390
Contingency (=Subtotal #2 X 15%) $1,093,109

Construction Cost Total $8,380,499 $8,380,499

Project Cost Total, 2008 $ $9,357,985

Project Cost Total, 2013 $ (1) $10,855,262

(1) assumes inflation rate of 3% per year

TELEPHONE CANYON SITE

Permitting and Mitigation (=CCS#1 X 4%)

TOTAL PROJECT COST ESTIMATE





TABLE 2

TELEPHONE CANYON ADDITIONAL VOLUME SITE

Estimate of Probable Construction Cost in 2008 Dollars
Nelson Engineering Job # 07-125-2

Summary

Total $

Reservoir Construction $6,765,900
Transmission System $2,070,600
Associated Items of Work $10,000
Subtotal $8,846,500

15.0%
5.0%

Quantity Units Unit Price Total
$ $

Reservoir Construction
Excavation and Embankment 105700 CYD $9.00 $951,300

132,300 CYD $12.00 $1,587,600
Rock Excavation and Removal 26500 CYD $12.00 $318,000
Reservoir Lining 123000 SYD $2.10 $258,300
Removal Concrete Overflow Structure 1 LS $25,000 $25,000
Road Construction 1100 LF $36.50 $40,150
Overflow Structure 1 LS $185,000 $185,000
Interceptor Ditch Construction 3300 CYD $5.50 $18,150
Interceptor Ditch Culvert - 36" CMP 50 LF $75.00 $3,750
Telephone Canyon Ditch Inlet 1 LS $220,000 $220,000
Telephone Canyon Ditch Construction 8500 CYD $7.00 $59,500
Telephone Canyon Ditch Culvert - 10'x10' Box Culvert 50 LF $350.00 $17,500
Concrete Lining Telephone Canyon Ditch 2300 LF $600.00 $1,380,000
Relocate Questar Gas Gas Line 1 LS $100,000 $100,000
Relocate AT&T Fiber Optic Line 2300 LF $130.00 $299,000
Relocate Overhead Power 1 LS $175,000 $175,000

SUBTOTAL $5,638,250
Contractor Overhead & Profit 15.0% $845,738
Mobilization/Demobilization/Gen. Conditions 5.0% $281,913

Facility Subtotal $6,765,900

Transmission System

2,100 LF $235 $493,500

1,200 LF $235 $282,000
Reconfigure Intake Pumps (Change 4 Pumps) 1 LS $200,000 $200,000
Reservoir Inlet Pipe Structure 1 LS $500,000 $500,000
Reservoir Outlet Structure 1 LS $250,000 $250,000

SUBTOTAL $1,725,500
Contractor Overhead & Profit 15.0% $258,825
Mobilization/Demobilization/Gen. Conditions 5.0% $86,275

Facility Subtotal $2,070,600

Associated Items of Work
Berm Construction at Plant 1,000 CYD $10.00 $10,000

SUBTOTAL $10,000

OPINION OF PROBABLE CONSTRUCTION COSTS RAW WATER SUPPLY

Facility

Assumptions

42" Diameter Outlet Pipeline, includes all pipe, valves,
fittings, trenching, and backfill

Contractor Overhead =
Mobilization/Demobilization/Gen. Conditions =

42" Diameter Inlet Pipeline, includes all pipe, valves,
fittings, trenching, and backfill

Additional Excavation, includes haul to difficult site
above reservoir for placement



TABLE 2 cont'd

Preparation of Final Design and Specifications (=CCS#1 X 8%) $707,720

$353,860
Legal Fees (=CCS#1 X 2%) $176,930
Acquisition of Access and Rights-of-Way (from City of Green River) $50,000

Cost of Project Components
Reservoir Construction $6,765,900
Transmission System $2,070,600
Associated Items of Work $10,000

Construction Cost Subtotal #1 $8,846,500
Engineering Costs (=CCS#1 X 10%) $884,650
Subtotal #2 $9,731,150
Contingency (=Subtotal #2 X 15%) $1,459,673

Construction Cost Total $11,190,823 $11,190,823

Project Cost Total, 2008 $ $12,479,333

Project Cost Total, 2013 $ (1) $14,476,026

(1) assumes inflation rate of 3% per year

TELEPHONE CANYON ADDITIONAL VOLUME SITE

Permitting and Mitigation (=CCS#1 X 4%)

TOTAL PROJECT COST ESTIMATE





TABLE 3

UPPER BENCH/QUARRY SITE

Estimate of Probable Construction Cost in 2008 Dollars
Nelson Engineering Job # 07-125-2

Summary

Total $

Reservoir Construction $2,914,900

Transmission System $3,755,400
Subtotal $6,670,300

15.0%
5.0%

Quantity Units Unit Price Total
$ $

Reservoir Construction
Excavation and Embankment 235800 CYD $7.50 $1,768,500

Rock Excavation and Removal 26200 CYD $12.00 $314,400

Reservoir Lining 81500 SYD $2.10 $171,150

Overflow Structure 1 LS $35,000 $35,000

1,000 LF $125.00 $125,000

Overflow Outlet 1 LS $15,000 $15,000

SUBTOTAL $2,429,050

Contractor Overhead & Profit 15.0% $364,358

Mobilization/Demobilization/Gen. Conditions 5.0% $121,453
Facility Subtotal $2,914,900

Transmission System

1 LS $1,500,000 $1,500,000

5,700 LF $235.00 $1,339,500

Reconfigure Pipe Manifold at Existing Intake 1 LS $150,000 $150,000

Railroad Boring 200 LF $700.00 $140,000

SUBTOTAL $3,129,500

Contractor Overhead & Profit 15.0% $469,425

Mobilization/Demobilization/Gen. Conditions 5.0% $156,475
Facility Subtotal $3,755,400

42" Diameter Outlet Pipeline, includes all pipe, valves,

fittings, trenching, and backfill

Contractor Overhead =
Mobilization/Demobilization/Gen. Conditions =

30" Diameter Overflow Pipeline, includes all pipe,

valves, fittings, trenching, and backfill

Intake/Outtake at Reservoir (includes all piping and

pumps at structure)

OPINION OF PROBABLE CONSTRUCTION COSTS RAW WATER SUPPLY

Facility

Assumptions



TABLE 3 cont'd

Preparation of Final Design and Specifications (=CCS#1 X 8%) $533,624

$266,812
Legal Fees (=CCS#1 X 2%) $133,406
Acquisition of Access and Rights-of-Way (=CCS#1 x 2%) $1,334,060

Cost of Project Components
Reservoir Construction $2,914,900
Transmission System $3,755,400

Construction Cost Subtotal #1 $6,670,300
Engineering Costs (=CCS#1 X 10%) $667,030
Subtotal #2 $7,337,330
Contingency (=Subtotal #2 X 15%) $1,100,600

Construction Cost Total $8,437,930 $8,437,930

Project Cost Total, 2008 $ $10,705,832

Project Cost Total, 2013 $ (1) $12,418,765

(1) assumes inflation rate of 3% per year

UPPER BENCH/QUARRY SITE

Permitting and Mitigation (=CCS#1 X 4%)

TOTAL PROJECT COST ESTIMATE





APPENDIX A
TURBIDITY TABLES AND GRAPHS



2004 Raw Water Turbidity of Green River

Jan-04 Feb-04 Mar-04 Apr-04 May-04 Jun-04
1/1/04 5.35 2/1/04 3.74 3/1/04 4.39 4/1/04 16.10 5/1/04 7.87 6/1/04 9.58
1/2/04 3.10 2/2/04 3.78 3/2/04 4.53 4/2/04 28.60 5/2/04 8.82 6/2/04 10.90
1/3/04 2.89 2/3/04 3.70 3/3/04 3.85 4/3/04 30.60 5/3/04 11.40 6/3/04 13.10
1/4/04 2.38 2/4/04 3.62 3/4/04 3.80 4/4/04 18.00 5/4/04 12.30 6/4/04 12.00
1/5/04 2.61 2/5/04 3.59 3/5/04 3.29 4/5/04 18.00 5/5/04 11.90 6/5/04 12.70
1/6/04 2.44 2/6/04 3.26 3/6/04 3.63 4/6/04 16.00 5/6/04 11.20 6/6/04 12.90
1/7/04 2.83 2/7/04 2.76 3/7/04 4.48 4/7/04 15.60 5/7/04 10.70 6/7/04 12.40
1/8/04 3.75 2/8/04 3.76 3/8/04 14.40 4/8/04 16.50 5/8/04 11.20 6/8/04 12.40
1/9/04 3.71 2/9/04 3.00 3/9/04 8.89 4/9/04 101.00 5/9/04 11.40 6/9/04 12.50
1/10/04 4.73 2/10/04 4.20 3/10/04 22.90 4/10/04 116.00 5/10/04 10.90 6/10/04 12.90
1/11/04 3.12 2/11/04 3.27 3/11/04 15.20 4/11/04 104.00 5/11/04 12.30 6/11/04 10.30
1/12/04 2.80 2/12/04 3.50 3/12/04 11.40 4/12/04 113.00 5/12/04 10.50 6/12/04 8.27
1/13/04 2.78 2/13/04 2.95 3/13/04 12.20 4/13/04 70.80 5/13/04 14.30 6/13/04 8.84
1/14/04 2.94 2/14/04 2.89 3/14/04 22.40 4/14/04 27.70 5/14/04 19.50 6/14/04 9.80
1/15/04 3.16 2/15/04 3.63 3/15/04 40.30 4/15/04 20.30 5/15/04 19.90 6/15/04 10.10
1/16/04 3.25 2/16/04 3.92 3/16/04 105.00 4/16/04 20.60 5/16/04 18.90 6/16/04 11.40
1/17/04 3.53 2/17/04 4.25 3/17/04 198.00 4/17/04 16.50 5/17/04 16.70 6/17/04 10.40
1/18/04 3.00 2/18/04 4.32 3/18/04 230.00 4/18/04 10.70 5/18/04 16.20 6/18/04 9.27
1/19/04 4.61 2/19/04 3.86 3/19/04 284.00 4/19/04 10.20 5/19/04 19.10 6/19/04 9.10
1/20/04 3.30 2/20/04 3.46 3/20/04 175.00 4/20/04 9.77 5/20/04 14.80 6/20/04 458.00
1/21/04 3.75 2/21/04 3.84 3/21/04 92.50 4/21/04 10.60 5/21/04 13.50 6/21/04 22.40
1/22/04 3.03 2/22/04 3.47 3/22/04 65.90 4/22/04 9.97 5/22/04 13.00 6/22/04 22.60
1/23/04 3.51 2/23/04 3.44 3/23/04 36.70 4/23/04 10.20 5/23/04 10.70 6/23/04 17.20
1/24/04 3.42 2/24/04 3.17 3/24/04 25.30 4/24/04 10.70 5/24/04 9.42 6/24/04 20.10
1/25/04 3.93 2/25/04 3.76 3/25/04 24.60 4/25/04 10.70 5/25/04 10.20 6/25/04 17.30
1/26/04 3.09 2/26/04 3.66 3/26/04 25.00 4/26/04 11.50 5/26/04 8.62 6/26/04 448.00
1/27/04 2.92 2/27/04 3.84 3/27/04 38.70 4/27/04 11.30 5/27/04 8.64 6/27/04 20.50
1/28/04 5.06 2/28/04 3.72 3/28/04 42.80 4/28/04 12.00 5/28/04 10.60 6/28/04 277.00
1/29/04 5.26 2/29/04 3.83 3/29/04 35.70 4/29/04 13.50 5/29/04 11.50 6/29/04 837.00
1/30/04 4.59 3/30/04 22.80 4/30/04 8.80 5/30/04 11.20 6/30/04 89.00
1/31/04 4.04 3/31/04 15.60 5/31/04 8.36

* Highest reading of the 12 daily samples



2004 Raw Water Turbidity of Green River

Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04
7/1/04 168.00 8/1/04 8.42 9/1/04 5.06 10/1/04 5.16 11/1/04 6.33 12/1/04 9.50
7/2/04 274.00 8/2/04 5.93 9/2/04 4.70 10/2/04 26.20 11/2/04 5.11 12/2/04 16.10
7/3/04 130.00 8/3/04 6.27 9/3/04 4.27 10/3/04 27.00 11/3/04 6.30 12/3/04 4.67
7/4/04 3497.00 8/4/04 5.67 9/4/04 4.37 10/4/04 7.37 11/4/04 7.56 12/4/04 4.08
7/5/04 2900.00 8/5/04 6.39 9/5/04 55.50 10/5/04 5.67 11/5/04 6.99 12/5/04 3.74
7/6/04 47.50 8/6/04 5.20 9/6/04 30.60 10/6/04 4.79 11/6/04 6.53 12/6/04 3.75
7/7/04 28.60 8/7/04 5.21 9/7/04 7.77 10/7/04 4.55 11/7/04 5.86 12/7/04 3.08
7/8/04 21.50 8/8/04 5.21 9/8/04 5.50 10/8/04 4.73 11/8/04 5.60 12/8/04 3.61
7/9/04 21.20 8/9/04 5.01 9/9/04 5.19 10/9/04 4.74 11/9/04 6.54 12/9/04 3.96
7/10/04 19.90 8/10/04 6.02 9/10/04 5.30 10/10/04 5.07 11/10/04 56.40 12/10/04 3.67
7/11/04 19.40 8/11/04 4.58 9/11/04 5.12 10/11/04 4.83 11/11/04 72.50 12/11/04 6.72
7/12/04 16.40 8/12/04 7.23 9/12/04 5.29 10/12/04 4.86 11/12/04 53.90 12/12/04 11.30
7/13/04 14.60 8/13/04 28.50 9/13/04 6.70 10/13/04 4.50 11/13/04 30.50 12/13/04 14.10
7/14/04 13.60 8/14/04 13.60 9/14/04 7.81 10/14/04 4.44 11/14/04 13.90 12/14/04 14.00
7/15/04 15.10 8/15/04 5.73 9/15/04 9.65 10/15/04 4.86 11/15/04 14.80 12/15/04 10.10
7/16/04 66.60 8/16/04 5.02 9/16/04 7.60 10/16/04 4.55 11/16/04 16.20 12/16/04 9.15
7/17/04 13.30 8/17/04 4.98 9/17/04 6.88 10/17/04 4.16 11/17/04 10.20 12/17/04 5.74
7/18/04 62.50 8/18/04 4.85 9/18/04 4.53 10/18/04 4.26 11/18/04 5.97 12/18/04 9.64
7/19/04 10.80 8/19/04 33.40 9/19/04 4.53 10/19/04 3.60 11/19/04 5.57 12/19/04 6.30
7/20/04 10.60 8/20/04 9.41 9/20/04 5.21 10/20/04 4.26 11/20/04 4.52 12/20/04 5.42
7/21/04 8.90 8/21/04 6.07 9/21/04 4.57 10/21/04 33.70 11/21/04 4.83 12/21/04 8.08
7/22/04 21.10 8/22/04 8.64 9/22/04 4.21 10/22/04 150.00 11/22/04 4.55 12/22/04 4.80
7/23/04 9.58 8/23/04 11.90 9/23/04 3.91 10/23/04 212.00 11/23/04 5.80 12/23/04 4.01
7/24/04 8.83 8/24/04 10.90 9/24/04 4.96 10/24/04 75.90 11/24/04 5.55 12/24/04 3.71
7/25/04 7.73 8/25/04 71.40 9/25/04 5.87 10/25/04 21.50 11/25/04 5.59 12/25/04 8.40
7/26/04 8.09 8/26/04 14.40 9/26/04 4.48 10/26/04 12.50 11/26/04 6.04 12/26/04 6.64
7/27/04 11.80 8/27/04 6.07 9/27/04 4.54 10/27/04 18.50 11/27/04 5.41 12/27/04 4.59
7/28/04 7.06 8/28/04 5.48 9/28/04 5.12 10/28/04 16.30 11/28/04 5.63 12/28/04 5.62
7/29/04 6.77 8/29/04 5.69 9/29/04 5.37 10/29/04 101.00 11/29/04 10.20 12/29/04 3.50
7/30/04 6.56 8/30/04 5.13 9/30/04 5.42 10/30/04 35.90 11/30/04 9.87 12/30/04 4.05
7/31/04 6.04 8/31/04 5.18 10/31/04 9.21 12/31/04 3.80



2005 Raw Water Turbidity of Green River

Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05
1/1/05 4.23 2/1/05 2.60 3/1/05 6.89 4/1/05 58.50 5/1/05 261.00 6/1/05 24.40
1/2/05 3.44 2/2/05 2.69 3/2/05 8.03 4/2/05 38.40 5/2/05 169.00 6/2/05 28.20
1/3/05 3.87 2/3/05 3.26 3/3/05 10.10 4/3/05 29.60 5/3/05 105.00 6/3/05 33.00
1/4/05 4.42 2/4/05 2.62 3/4/05 13.10 4/4/05 26.10 5/4/05 30.10 6/4/05 26.00
1/5/05 3.38 2/5/05 4.07 3/5/05 21.20 4/5/05 22.40 5/5/05 25.40 6/5/05 24.10
1/6/05 3.30 2/6/05 3.47 3/6/05 64.60 4/6/05 26.10 5/6/05 213.00 6/6/05 25.70
1/7/05 3.80 2/7/05 2.47 3/7/05 56.60 4/7/05 36.70 5/7/05 297.00 6/7/05 17.30
1/8/05 3.54 2/8/05 3.20 3/8/05 131.00 4/8/05 25.60 5/8/05 161.00 6/8/05 13.90
1/9/05 6.64 2/9/05 2.66 3/9/05 181.00 4/9/05 18.40 5/9/05 58.40 6/9/05 12.20
1/10/05 3.01 2/10/05 3.27 3/10/05 379.00 4/10/05 22.20 5/10/05 20.80 6/10/05 13.00
1/11/05 2.91 2/11/05 4.05 3/11/05 486.00 4/11/05 15.80 5/11/05 91.10 6/11/05 11.50
1/12/05 3.03 2/12/05 2.72 3/12/05 458.00 4/12/05 16.00 5/12/05 169.00 6/12/05 10.70
1/13/05 2.98 2/13/05 5.03 3/13/05 720.00 4/13/05 17.40 5/13/05 175.00 6/13/05 10.50
1/14/05 2.72 2/14/05 3.27 3/14/05 617.00 4/14/05 17.90 5/14/05 30.40 6/14/05 9.45
1/15/05 3.44 2/15/05 4.42 3/15/05 617.00 4/15/05 16.20 5/15/05 15.20 6/15/05 9.84
1/16/05 2.98 2/16/05 3.70 3/16/05 215.00 4/16/05 13.90 5/16/05 14.50 6/16/05 9.32
1/17/05 3.76 2/17/05 3.28 3/17/05 96.30 4/17/05 14.90 5/17/05 13.90 6/17/05 9.02
1/18/05 3.89 2/18/05 5.46 3/18/05 90.20 4/18/05 15.20 5/18/05 14.90 6/18/05 8.37
1/19/05 3.80 2/19/05 3.57 3/19/05 46.10 4/19/05 16.00 5/19/05 14.20 6/19/05 7.81
1/20/05 3.74 2/20/05 6.97 3/20/05 49.60 4/20/05 18.40 5/20/05 20.40 6/20/05 8.63
1/21/05 3.62 2/21/05 5.84 3/21/05 63.40 4/21/05 10.30 5/21/05 20.60 6/21/05 7.07
1/22/05 3.57 2/22/05 4.89 3/22/05 74.40 4/22/05 9.75 5/22/05 17.90 6/22/05 7.87
1/23/05 3.58 2/23/05 5.18 3/23/05 440.00 4/23/05 10.01 5/23/05 17.00 6/23/05 7.97
1/24/05 3.55 2/24/05 4.83 3/24/05 347.00 4/24/05 12.20 5/24/05 25.60 6/24/05 12.50
1/25/05 3.81 2/25/05 5.46 3/25/05 181.00 4/25/05 230.00 5/25/05 31.20 6/25/05 12.80
1/26/05 3.23 2/26/05 6.40 3/26/05 112.00 4/26/05 176.00 5/26/05 39.00 6/26/05 12.80
1/27/05 3.50 2/27/05 5.88 3/27/05 53.80 4/27/05 17.50 5/27/05 48.90 6/27/05 12.70
1/28/05 4.05 2/28/05 7.21 3/28/05 113.00 4/28/05 235.00 5/28/05 48.70 6/28/05 11.70
1/29/05 3.65 3/29/05 362.00 4/29/05 242.00 5/29/05 38.70 6/29/05 10.10
1/30/05 3.57 3/30/05 273.00 4/30/05 270.00 5/30/05 31.60 6/30/05 9.27
1/31/05 3.05 3/31/05 78.30 5/31/05 23.70



2005 Raw Water Turbidity of Green River

Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05
7/1/05 7.84 8/1/05 9.03 9/1/05 3.25 10/1/05 3.67 11/1/05 2.65 12/1/05 4.42
7/2/05 7.39 8/2/05 4.75 9/2/05 3.15 10/2/05 3.70 11/2/05 2.78 12/2/05 5.14
7/3/05 6.67 8/3/05 4.36 9/3/05 3.18 10/3/05 3.34 11/3/05 2.67 12/3/05 4.81
7/4/05 7.19 8/4/05 4.52 9/4/05 3.00 10/4/05 3.44 11/4/05 2.58 12/4/05 3.81
7/5/05 7.15 8/5/05 4.63 9/5/05 3.37 10/5/05 22.40 11/5/05 2.63 12/5/05 2.49
7/6/05 5.73 8/6/05 9.81 9/6/05 3.06 10/6/05 29.40 11/6/05 2.39 12/6/05 2.99
7/7/05 5.36 8/7/05 4.65 9/7/05 3.05 10/7/05 8.96 11/7/05 2.70 12/7/05 3.24
7/8/05 5.94 8/8/05 4.36 9/8/05 3.09 10/8/05 5.55 11/8/05 3.12 12/8/05 3.26
7/9/05 5.38 8/9/05 4.52 9/9/05 10.70 10/9/05 5.26 11/9/05 2.74 12/9/05 2.71
7/10/05 5.42 8/10/05 4.39 9/10/05 4.64 10/10/05 3.98 11/10/05 2.86 12/10/05 3.02
7/11/05 5.23 8/11/05 4.45 9/11/05 3.33 10/11/05 4.20 11/11/05 2.75 12/11/05 2.83
7/12/05 4.69 8/12/05 3.94 9/12/05 3.24 10/12/05 4.62 11/12/05 3.38 12/12/05 2.39
7/13/05 7.65 8/13/05 4.55 9/13/05 4.29 10/13/05 3.99 11/13/05 2.95 12/13/05 2.47
7/14/05 4.53 8/14/05 4.14 9/14/05 2.89 10/14/05 3.58 11/14/05 4.34 12/14/05 2.32
7/15/05 3.95 8/15/05 3.88 9/15/05 2.66 10/15/05 3.66 11/15/05 4.20 12/15/05 2.31
7/16/05 3.83 8/16/05 3.46 9/16/05 4.19 10/16/05 3.48 11/16/05 5.62 12/16/05 2.51
7/17/05 3.72 8/17/05 6.42 9/17/05 2.83 10/17/05 3.58 11/17/05 5.47 12/17/05 2.60
7/18/05 3.98 8/18/05 6.91 9/18/05 4.80 10/18/05 3.31 11/18/05 3.30 12/18/05 2.55
7/19/05 3.72 8/19/05 5.64 9/19/05 2.95 10/19/05 3.23 11/19/05 3.48 12/19/05 2.18
7/20/05 3.62 8/20/05 4.01 9/20/05 2.87 10/20/05 4.51 11/20/05 3.13 12/20/05 2.30
7/21/05 3.58 8/21/05 4.09 9/21/05 2.87 10/21/05 12.70 11/21/05 2.99 12/21/05 2.33
7/22/05 4.29 8/22/05 3.72 9/22/05 17.20 10/22/05 80.30 11/22/05 2.92 12/22/05 2.51
7/23/05 4.39 8/23/05 5.95 9/23/05 18.30 10/23/05 7.85 11/23/05 3.44 12/23/05 2.68
7/24/05 4.57 8/24/05 4.99 9/24/05 6.93 10/24/05 3.49 11/24/05 2.91 12/24/05 3.03
7/25/05 6.03 8/25/05 4.11 9/25/05 4.94 10/25/05 3.26 11/25/05 3.41 12/25/05 2.56
7/26/05 5.97 8/26/05 4.38 9/26/05 4.24 10/26/05 3.20 11/26/05 2.97 12/26/05 2.37
7/27/05 4.70 8/27/05 3.27 9/27/05 5.30 10/27/05 3.13 11/27/05 6.22 12/27/05 2.90
7/28/05 5.21 8/28/05 3.24 9/28/05 3.60 10/28/05 3.20 11/28/05 7.38 12/28/05 2.52
7/29/05 3.67 8/29/05 5.00 9/29/05 3.80 10/29/05 3.29 11/29/05 8.84 12/29/05 3.03
7/30/05 3.69 8/30/05 3.55 9/30/05 3.63 10/30/05 2.96 11/30/05 5.23 12/30/05 2.80
7/31/05 3.66 8/31/05 3.24 10/31/05 3.21 12/31/05 2.53



2006 Raw Water Turbidity of Green River

Jan-06 Feb-06 Mar-06 Apr-06 May-06 Jun-06
1/1/06 3.67 2/1/06 3.82 3/1/06 61.00 4/1/06 11.10 5/1/06 8.93 6/1/06 135.00
1/2/06 10.10 2/2/06 4.15 3/2/06 59.80 4/2/06 13.20 5/2/06 8.63 6/2/06 15.90
1/3/06 8.96 2/3/06 3.90 3/3/06 24.80 4/3/06 16.20 5/3/06 8.72 6/3/06 14.30
1/4/06 4.98 2/4/06 4.14 3/4/06 16.20 4/4/06 18.30 5/4/06 7.90 6/4/06 11.00
1/5/06 4.07 2/5/06 3.71 3/5/06 12.20 4/5/06 19.30 5/5/06 7.18 6/5/06 10.10
1/6/06 4.14 2/6/06 3.34 3/6/06 10.10 4/6/06 14.70 5/6/06 7.27 6/6/06 8.88
1/7/06 3.98 2/7/06 3.46 3/7/06 10.70 4/7/06 16.10 5/7/06 7.33 6/7/06 11.17
1/8/06 3.73 2/8/06 3.64 3/8/06 12.70 4/8/06 36.10 5/8/06 8.55 6/8/06 8.97
1/9/06 3.21 2/9/06 3.30 3/9/06 9.83 4/9/06 53.70 5/9/06 8.39 6/9/06 7.84
1/10/06 3.29 2/10/06 3.57 3/10/06 8.75 4/10/06 26.80 5/10/06 6.78 6/10/06 17.89
1/11/06 3.38 2/11/06 3.45 3/11/06 7.16 4/11/06 14.60 5/11/06 7.74 6/11/06 16.40
1/12/06 3.75 2/12/06 3.77 3/12/06 5.75 4/12/06 15.00 5/12/06 9.19 6/12/06 7.48
1/13/06 3.64 2/13/06 3.57 3/13/06 5.22 4/13/06 14.80 5/13/06 10.10 6/13/06 14.00
1/14/06 3.43 2/14/06 3.17 3/14/06 7.77 4/14/06 15.80 5/14/06 11.70 6/14/06 8.41
1/15/06 2.83 2/15/06 2.92 3/15/06 10.20 4/15/06 12.20 5/15/06 9.83 6/15/06 8.40
1/16/06 2.91 2/16/06 2.49 3/16/06 8.24 4/16/06 10.90 5/16/06 10.10 6/16/06 6.75
1/17/06 2.68 2/17/06 3.16 3/17/06 14.10 4/17/06 10.70 5/17/06 9.01 6/17/06 6.71
1/18/06 3.51 2/18/06 2.87 3/18/06 8.76 4/18/06 9.72 5/18/06 10.60 6/18/06 6.74
1/19/06 3.16 2/19/06 2.68 3/19/06 6.84 4/19/06 10.50 5/19/06 8.40 6/19/06 8.46
1/20/06 3.49 2/20/06 2.78 3/20/06 5.56 4/20/06 12.10 5/20/06 7.67 6/20/06 5.80
1/21/06 2.94 2/21/06 2.31 3/21/06 4.77 4/21/06 12.50 5/21/06 7.66 6/21/06 5.28
1/22/06 2.83 2/22/06 2.77 3/22/06 4.56 4/22/06 10.80 5/22/06 7.53 6/22/06 4.62
1/23/06 2.64 2/23/06 2.28 3/23/06 6.27 4/23/06 13.70 5/23/06 7.64 6/23/06 4.65
1/24/06 3.01 2/24/06 2.99 3/24/06 4.58 4/24/06 12.40 5/24/06 9.39 6/24/06 6.05
1/25/06 3.41 2/25/06 3.11 3/25/06 5.36 4/25/06 9.31 5/25/06 13.40 6/25/06 6.12
1/26/06 2.88 2/26/06 3.61 3/26/06 8.13 4/26/06 9.92 5/26/06 16.00 6/26/06 3.92
1/27/06 2.71 2/27/06 5.83 3/27/06 7.46 4/27/06 9.46 5/27/06 13.00 6/27/06 3.82
1/28/06 2.84 2/28/06 44.00 3/28/06 7.03 4/28/06 10.10 5/28/06 13.30 6/28/06 3.42
1/29/06 2.43 3/29/06 11.60 4/29/06 10.30 5/29/06 9.65 6/29/06 2.90
1/30/06 2.40 3/30/06 16.50 4/30/06 10.40 5/30/06 10.10 6/30/06 2.75
1/31/06 2.86 3/31/06 16.30 5/31/06 13.70



2006 Raw Water Turbidity of Green River

Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06
7/1/06 6.22 8/1/06 4.32 9/1/06 7.06 10/1/06 7.44 11/1/06 3.90 12/1/06 15.80
7/2/06 10.20 8/2/06 3.96 9/2/06 6.75 10/2/06 7.51 11/2/06 3.52 12/2/06 4.70
7/3/06 9.87 8/3/06 3.77 9/3/06 5.76 10/3/06 7.57 11/3/06 4.04 12/3/06 3.79
7/4/06 4.63 8/4/06 3.24 9/4/06 5.11 10/4/06 7.23 11/4/06 4.73 12/4/06 2.94
7/5/06 4.26 8/5/06 3.63 9/5/06 5.07 10/5/06 8.22 11/5/06 4.25 12/5/06 2.50
7/6/06 3.79 8/6/06 3.95 9/6/06 5.78 10/6/06 32.10 11/6/06 4.34 12/6/06 2.22
7/7/06 3.60 8/7/06 3.45 9/7/06 4.64 10/7/06 13.10 11/7/06 4.43 12/7/06 3.78
7/8/06 3.77 8/8/06 4.40 9/8/06 4.18 10/8/06 9.22 11/8/06 5.69 12/8/06 2.25
7/9/06 3.18 8/9/06 3.41 9/9/06 3.82 10/9/06 7.32 11/9/06 5.55 12/9/06 2.37
7/10/06 3.41 8/10/06 3.27 9/10/06 3.81 10/10/06 6.28 11/10/06 4.50 12/10/06 2.24
7/11/06 3.49 8/11/06 3.21 9/11/06 3.68 10/11/06 5.47 11/11/06 4.58 12/11/06 2.81
7/12/06 3.67 8/12/06 3.21 9/12/06 3.55 10/12/06 5.73 11/12/06 3.06 12/12/06 2.23
7/13/06 3.79 8/13/06 3.53 9/13/06 3.03 10/13/06 6.17 11/13/06 2.97 12/13/06 2.43
7/14/06 3.99 8/14/06 3.69 9/14/06 3.38 10/14/06 5.88 11/14/06 4.25 12/14/06 2.44
7/15/06 3.41 8/15/06 3.92 9/15/06 3.86 10/15/06 6.07 11/15/06 3.98 12/15/06 5.73
7/16/06 3.41 8/16/06 3.95 9/16/06 238.00 10/16/06 8.04 11/16/06 4.01 12/16/06 11.50
7/17/06 3.69 8/17/06 3.68 9/17/06 291.00 10/17/06 4.81 11/17/06 3.12 12/17/06 6.04
7/18/06 4.14 8/18/06 3.70 9/18/06 103.00 10/18/06 4.20 11/18/06 3.57 12/18/06 3.73
7/19/06 3.47 8/19/06 3.59 9/19/06 33.30 10/19/06 4.28 11/19/06 6.44 12/19/06 2.92
7/20/06 3.51 8/20/06 3.56 9/20/06 20.00 10/20/06 4.36 11/20/06 11.90 12/20/06 2.67
7/21/06 6.50 8/21/06 5.72 9/21/06 13.50 10/21/06 5.13 11/21/06 7.78 12/21/06 3.91
7/22/06 3.47 8/22/06 3.51 9/22/06 8.56 10/22/06 4.77 11/22/06 5.45 12/22/06 2.90
7/23/06 3.50 8/23/06 3.58 9/23/06 8.04 10/23/06 4.53 11/23/06 6.46 12/23/06 3.73
7/24/06 3.31 8/24/06 3.75 9/24/06 34.70 10/24/06 4.94 11/24/06 9.13 12/24/06 2.93
7/25/06 5.30 8/25/06 6.35 9/25/06 17.00 10/25/06 5.04 11/25/06 6.53 12/25/06 3.31
7/26/06 3.60 8/26/06 123.00 9/26/06 12.00 10/26/06 4.66 11/26/06 6.81 12/26/06 3.33
7/27/06 5.00 8/27/06 240.00 9/27/06 9.85 10/27/06 10.10 11/27/06 3.66 12/27/06 3.38
7/28/06 4.34 8/28/06 67.60 9/28/06 12.70 10/28/06 4.32 11/28/06 5.56 12/28/06 2.81
7/29/06 4.20 8/29/06 14.40 9/29/06 10.50 10/29/06 7.46 11/29/06 16.20 12/29/06 2.39
7/30/06 4.12 8/30/06 9.65 9/30/06 7.56 10/30/06 6.94 11/30/06 50.20 12/30/06 2.31
7/31/06 4.29 8/31/06 9.13 10/31/06 5.56 12/31/06 2.79



2007 Raw Water Turbidity of Green River

Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07
1/1/07 2.06 2/1/07 2.71 3/1/07 11.40 4/1/07 9.29 5/1/07 5.71 6/1/07 10.10
1/2/07 2.37 2/2/07 2.86 3/2/07 16.50 4/2/07 17.00 5/2/07 5.56 6/2/07 10.70
1/3/07 2.51 2/3/07 2.70 3/3/07 13.10 4/3/07 12.00 5/3/07 5.43 6/3/07 10.60
1/4/07 2.95 2/4/07 6.07 3/4/07 13.00 4/4/07 8.16 5/4/07 5.27 6/4/07 14.40
1/5/07 2.98 2/5/07 3.65 3/5/07 17.50 4/5/07 8.45 5/5/07 4.32 6/5/07 9.27
1/6/07 4.17 2/6/07 3.94 3/6/07 15.00 4/6/07 8.48 5/6/07 7.15 6/6/07 9.21
1/7/07 2.15 2/7/07 3.37 3/7/07 45.30 4/7/07 10.10 5/7/07 1069.00 6/7/07 9.26
1/8/07 2.56 2/8/07 3.47 3/8/07 239.00 4/8/07 7.25 5/8/07 844.00 6/8/07 6.16
1/9/07 4.52 2/9/07 3.92 3/9/07 144.00 4/9/07 7.52 5/9/07 73.90 6/9/07 7.15
1/10/07 2.89 2/10/07 5.79 3/10/07 122.00 4/10/07 8.18 5/10/07 24.70 6/10/07 8.08
1/11/07 2.22 2/11/07 13.80 3/11/07 101.00 4/11/07 7.31 5/11/07 14.10 6/11/07 9.52
1/12/07 3.80 2/12/07 65.90 3/12/07 113.00 4/12/07 6.82 5/12/07 14.60 6/12/07 9.12
1/13/07 5.00 2/13/07 75.40 3/13/07 65.60 4/13/07 6.45 5/13/07 11.80 6/13/07 9.84
1/14/07 2.07 2/14/07 61.10 3/14/07 56.50 4/14/07 6.03 5/14/07 12.10 6/14/07 10.80
1/15/07 2.16 2/15/07 26.30 3/15/07 61.80 4/15/07 7.10 5/15/07 12.00 6/15/07 9.77
1/16/07 2.20 2/16/07 19.50 3/16/07 151.00 4/16/07 7.84 5/16/07 10.40 6/16/07 9.67
1/17/07 3.13 2/17/07 21.50 3/17/07 101.00 4/17/07 8.00 5/17/07 10.20 6/17/07 11.60
1/18/07 3.84 2/18/07 21.10 3/18/07 62.50 4/18/07 7.31 5/18/07 10.40 6/18/07 10.50
1/19/07 3.44 2/19/07 20.10 3/19/07 49.90 4/19/07 7.21 5/19/07 10.30 6/19/07 8.74
1/20/07 3.23 2/20/07 31.50 3/20/07 45.40 4/20/07 5.13 5/20/07 10.70 6/20/07 8.22
1/21/07 3.04 2/21/07 17.40 3/21/07 37.50 4/21/07 4.58 5/21/07 18.70 6/21/07 8.21
1/22/07 2.73 2/22/07 19.40 3/22/07 27.90 4/22/07 4.57 5/22/07 9.19 6/22/07 8.60
1/23/07 3.50 2/23/07 109.00 3/23/07 21.20 4/23/07 4.94 5/23/07 7.46 6/23/07 8.52
1/24/07 2.98 2/24/07 82.40 3/24/07 14.10 4/24/07 5.36 5/24/07 7.21 6/24/07 9.81
1/25/07 2.61 2/25/07 34.20 3/25/07 11.90 4/25/07 7.08 5/25/07 6.79 6/25/07 9.17
1/26/07 2.87 2/26/07 15.20 3/26/07 10.50 4/26/07 6.63 5/26/07 7.90 6/26/07 8.65
1/27/07 2.81 2/27/07 133.00 3/27/07 15.00 4/27/07 7.24 5/27/07 7.71 6/27/07 8.72
1/28/07 2.81 2/28/07 10.30 3/28/07 13.10 4/28/07 5.11 5/28/07 8.20 6/28/07 8.50
1/29/07 2.91 3/29/07 7.97 4/29/07 5.24 5/29/07 8.46 6/29/07 7.95
1/30/07 3.05 3/30/07 6.02 4/30/07 5.80 5/30/07 8.20 6/30/07 9.72
1/31/07 2.83 3/31/07 7.88 5/31/07 8.50



2007 Raw Water Turbidity of Green River

Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07
7/1/07 11.00 8/1/07 31.70 9/1/07 11.0 10/1/07 29.50 11/1/07 8.63 12/1/07 7.04
7/2/07 9.47 8/2/07 34.70 9/2/07 9.7 10/2/07 22.00 11/2/07 8.58 12/2/07 4.13
7/3/07 8.02 8/3/07 47.60 9/3/07 10.2 10/3/07 18.30 11/3/07 6.52 12/3/07 15.00
7/4/07 8.81 8/4/07 122.00 9/4/07 13.7 10/4/07 15.30 11/4/07 7.71 12/4/07 12.30
7/5/07 9.32 8/5/07 57.50 9/5/07 40.6 10/5/07 17.20 11/5/07 6.95 12/5/07 6.37
7/6/07 7.85 8/6/07 32.50 9/6/07 136.0 10/6/07 150.00 11/6/07 6.84 12/6/07 8.71
7/7/07 8.17 8/7/07 26.10 9/7/07 126.0 10/7/07 779.00 11/7/07 7.06 12/7/07 10.50
7/8/07 7.73 8/8/07 23.20 9/8/07 37.1 10/8/07 171.00 11/8/07 7.83 12/8/07 8.37
7/9/07 10.10 8/9/07 22.00 9/9/07 20.4 10/9/07 91.00 11/9/07 7.02 12/9/07 4.36
7/10/07 8.76 8/10/07 18.80 9/10/07 16.0 10/10/07 43.50 11/10/07 8.30 12/10/07 9.92
7/11/07 24.00 8/11/07 17.10 9/11/07 15.0 10/11/07 38.10 11/11/07 8.35 12/11/07 6.04
7/12/07 8.49 8/12/07 17.40 9/12/07 12.6 10/12/07 25.30 11/12/07 7.58 12/12/07 5.87
7/13/07 11.00 8/13/07 22.00 9/13/07 12.4 10/13/07 18.40 11/13/07 8.19 12/13/07 4.95
7/14/07 8.75 8/14/07 14.60 9/14/07 12.1 10/14/07 18.70 11/14/07 7.55 12/14/07 5.93
7/15/07 7.54 8/15/07 28.10 9/15/07 12.4 10/15/07 14.70 11/15/07 5.94 12/15/07 4.91
7/16/07 9.31 8/16/07 14.40 9/16/07 13.0 10/16/07 16.20 11/16/07 5.47 12/16/07 4.80
7/17/07 7.33 8/17/07 15.40 9/17/07 12.0 10/17/07 17.30 11/17/07 7.32 12/17/07 5.05
7/18/07 7.47 8/18/07 76.80 9/18/07 10.8 10/18/07 16.00 11/18/07 8.71 12/18/07 4.90
7/19/07 8.79 8/19/07 116.00 9/19/07 9.2 10/19/07 10.20 11/19/07 7.24 12/19/07 4.71
7/20/07 7.58 8/20/07 21.80 9/20/07 10.4 10/20/07 14.00 11/20/07 6.26 12/20/07 4.07
7/21/07 6.71 8/21/07 25.60 9/21/07 9.3 10/21/07 16.00 11/21/07 5.24 12/21/07 3.61
7/22/07 7.34 8/22/07 10.30 9/22/07 9.0 10/22/07 8.94 11/22/07 6.61 12/22/07 3.33
7/23/07 6.48 8/23/07 14.60 9/23/07 35.2 10/23/07 10.50 11/23/07 20.50 12/23/07 3.37
7/24/07 7.00 8/24/07 11.90 9/24/07 157.0 10/24/07 13.30 11/24/07 6.82 12/24/07 5.29
7/25/07 6.37 8/25/07 10.50 9/25/07 384.0 10/25/07 13.50 11/25/07 7.70 12/25/07 4.89
7/26/07 3758.00 8/26/07 11.40 9/26/07 151.0 10/26/07 11.90 11/26/07 6.61 12/26/07 3.83
7/27/07 4500.00 8/27/07 11.50 9/27/07 97.2 10/27/07 13.70 11/27/07 5.33 12/27/07 3.89
7/28/07 102.00 8/28/07 11.70 9/28/07 38.0 10/28/07 9.22 11/28/07 5.43 12/28/07 4.05
7/29/07 195.00 8/29/07 9.17 9/29/07 26.3 10/29/07 8.64 11/29/07 35.60 12/29/07 4.03
7/30/07 86.80 8/30/07 10.20 9/30/07 34.6 10/30/07 8.77 11/30/07 20.80 12/30/07 4.69
7/31/07 39.50 8/31/07 15.10 10/31/07 92.00 12/31/07 6.29



2008 Raw Water Turbidity of Green River

Jan-08 Feb-08 Mar-08 Apr-08 May-08
1/1/08 5.95 2/1/08 7.40 3/1/08 6.49 4/1/08 32.10 5/1/08
1/2/08 6.94 2/2/08 6.81 3/2/08 6.77 4/2/08 19.60 5/2/08
1/3/08 6.34 2/3/08 7.54 3/3/08 6.44 4/3/08 15.40 5/3/08
1/4/08 6.23 2/4/08 6.75 3/4/08 6.80 4/4/08 16.10 5/4/08
1/5/08 5.60 2/5/08 7.11 3/5/08 5.96 4/5/08 18.10 5/5/08
1/6/08 5.74 2/6/08 8.57 3/6/08 6.56 4/6/08 36.60 5/6/08
1/7/08 4.80 2/7/08 9.25 3/7/08 6.68 4/7/08 31.60 5/7/08
1/8/08 4.18 2/8/08 8.82 3/8/08 6.12 4/8/08 25.00 5/8/08
1/9/08 4.51 2/9/08 7.63 3/9/08 6.56 4/9/08 13.90 5/9/08
1/10/08 6.26 2/10/08 10.90 3/10/08 6.76 4/10/08 13.40 5/10/08
1/11/08 5.60 2/11/08 9.90 3/11/08 5.83 4/11/08 13.50 5/11/08
1/12/08 4.98 2/12/08 9.14 3/12/08 10.40 4/12/08 9.13 5/12/08
1/13/08 4.96 2/13/08 21.40 3/13/08 5.73 4/13/08 10.20 5/13/08
1/14/08 4.58 2/14/08 8.65 3/14/08 4.98 4/14/08 12.60 5/14/08
1/15/08 4.98 2/15/08 6.84 3/15/08 5.47 4/15/08 26.10 5/15/08
1/16/08 4.62 2/16/08 7.69 3/16/08 5.91 4/16/08 18.10 5/16/08
1/17/08 5.59 2/17/08 7.48 3/17/08 7.06 4/17/08 48.30 5/17/08
1/18/08 5.00 2/18/08 8.46 3/18/08 6.45 4/18/08 83.30 5/18/08
1/19/08 5.42 2/19/08 9.71 3/19/08 12.60 4/19/08 80.40 5/19/08
1/20/08 6.62 2/20/08 8.26 3/20/08 15.60 4/20/08 67.40 5/20/08
1/21/08 6.62 2/21/08 7.82 3/21/08 35.70 4/21/08 73.30 5/21/08
1/22/08 5.62 2/22/08 8.83 3/22/08 66.50 4/22/08 134.00 5/22/08
1/23/08 6.75 2/23/08 7.60 3/23/08 55.10 4/23/08 164.00 5/23/08
1/24/08 6.74 2/24/08 7.06 3/24/08 38.90 4/24/08 77.80 5/24/08
1/25/08 8.05 2/25/08 7.75 3/25/08 111.00 4/25/08 41.20 5/25/08
1/26/08 7.14 2/26/08 6.78 3/26/08 183.00 4/26/08 22.70 5/26/08
1/27/08 8.70 2/27/08 7.32 3/27/08 292.00 4/27/08 24.10 5/27/08
1/28/08 7.59 2/28/08 7.11 3/28/08 235.00 4/28/08 21.90 5/28/08
1/29/08 5.97 2/29/08 7.01 3/29/08 179.00 4/29/08 17.00 5/29/08
1/30/08 6.71 3/30/08 113.00 4/30/08 16.70 5/30/08
1/31/08 7.55 3/31/08 52.40 5/31/08



Green River Historical Turbidity Events
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FIGURE 1

Summer 2007 River Turbidity
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APPENDIX B
SOURCE WATER ASSESMENT REPORT
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Introduction

People who live in or visit the state of Wyoming enjoy pristine natural resources.  One of the 
most important of these resources is drinking water.  In 1973, the Wyoming legislature passed 
the Environmental Quality Act and directed the Wyoming Department of Environmental Quality 
(DEQ) to both preserve the surface and groundwater resources of the state, and to prevent, 
reduce, and eliminate water pollution.  

In 1996, the United States Congress passed the Safe Drinking Water Act Amendments that 
required all states having the responsibility for administering the federal rules and regulations of 
this Act, or “primacy”, to develop a Source Water Assessment and Protection (SWAP) Program.  
Although Wyoming is the only state that does not have primacy, DEQ recognized the value and 
benefit of SWAP to help protect public water systems (PWSs).  During the 1998 legislative 
session, the Wyoming Legislature authorized DEQ to set aside 10%, or $1.2 million, of the 1997 
federal Drinking Water State Revolving Fund monies to develop a SWAP program and to 
complete Source Water Assessments.

The SWAP Program is a two-part program consisting of source water assessments and source 
water protection plans.  The completion of a source water assessment involves determining a 
source water area for each PWS, assessing the sources of contamination within this source water 
area that have the potential to affect the drinking water supply, evaluating the susceptibility of the 
water supply to contamination by each of these potential sources of contamination, and finally, 
writing an assessment report that contains a summary of all the information gathered during the 
assessment.  Due to Wyoming’s unique primacy status, the completion of source water 
assessments for all PWSs is voluntary.  The DEQ has completed a source water assessment for 
each PWS that has requested one.  Local governments, PWSs, and citizens can then use these 
assessment reports to develop a source water protection plan that outlines the measures that the 
community or PWS believes are appropriate to protect their drinking water supply.  These 
measures may include management plans, clean up efforts, public education, or zoning changes.  

DEQ Coordination

DEQ contracted and worked closely with the Trihydro Corporation (Trihydro) and Lidstone and 
Associates, Inc. (Lidstone) to complete the source water assessments.  Trihydro and Lidstone 
were selected because of their geologic experience, Geographic Information System (GIS) 
expertise, and their knowledge of many PWSs in Wyoming.  PWS delineations were completed 
by the firm most familiar with the geology/hydrology of the area.  

The Wyoming Association of Rural Water Systems (WARWS) also provided a great deal of 
assistance.  WARWS published newsletters, helped sign up PWSs for assessments, and helped 
operators understand and review draft assessments.  They also provided valuable input 
throughout the development and implementation of the SWAP program.
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Source Water Area Delineation

The first step in completing the Source Water Assessment was to delineate, or determine, the 
source water area, or the area that contributes water to the well or intake.  In order to protect 
public water supplies, community leaders, planners, and PWS operators must have information 
regarding the land area that contributes water to the PWS’s wells or intakes.  Potential sources of 
contamination located upstream or upgradient from a water source could reach and possibly 
impact the water system and its customers.   Trihydro and Lidstone delineated three contaminant 
inventory zones within each source water area for the purpose of inventorying possible sources of 
contaminants that could affect drinking water quality.  The following listing of the three zones 
provides additional information on their intent: 

Ø Zone 1 is called the “Accident Prevention” or “Sanitary Protection Zone” and is located 
within a 100 foot radius of the well or intake.  The potential for contaminants released 
within this zone to affect the quality of PWS water is highest.  

Ø Zone 2 lies immediately beyond Zone 1 and is called the “Attenuation Zone.”  
Contaminants released within this zone are within close proximity of the well or intake 
and the chances of their reaching the well or intake is still high.  Zone 2 for surface water 
systems included an area 1000 feet on either side of the perennial streams that extended 
upstream of the intake for a distance of 15 miles, or the distance from the intake to the 
headwaters of the drainage contributing water to that intake.  Zone 2 for groundwater 
systems represented a 2-yr time of travel (TOT) that was determined using the best, and 
most conservative hydrogeologic data available.  

Ø Zone 3 is the area farthest from the well or intake.  Contaminant sources within this zone 
are less likely to reach the well or intake in quantities that could affect water quality.  
Zone 3 for surface water sources includes the entire stream drainage basin from Zone 2 to 
the basin headwaters.  Zone 3 for groundwater sources extends from the edge of Zone 2 
and represented the estimated 5-yr TOT.

Trihydro and Lidstone used readily available information to determine the locations of each well, 
spring, infiltration gallery, or surface water intake.  No fieldwork or site visits to individual 
PWSs were conducted to verify the accuracy of the location data.  The location of each water 
source was initially obtained from DEQ or United States Environmental Protection Agency 
(EPA) databases.  Information received from the respective PWS operators on their well 
information sheets, photographs of individual water sources, the Wyoming State Engineers 
(SEO) well information database, Wyoming Water Development Commission reports, and 
Trihydro/Lidstone company experience were also used to locate each water source as accurately 
as possible.  

To determine the source water area(s) for each well or surface water intake, Trihydro and 
Lidstone reviewed a variety of geologic, hydrologic, and hydrogeologic sources, and incorporated 
that data into a Geographical Information System (GIS).  For PWSs utilizing surface water 
sources, Hydrologic Unit Codes (HUC) and 7.5-minute U.S. Geological Survey (USGS) 
topographic maps were used to identify the basin perimeters that contribute water to the surface 
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water intake.  For those systems utilizing groundwater sources, Trihydro and Lidstone reviewed 
information from the following sources to develop source water areas:  the EPA’s sanitary 
surveys, the EPA’s early 1980s reports on the occurrence and characteristics of groundwater in 
each basin of the state, the Wyoming State Engineer’s Office (SEO) water rights database, 
University of Wyoming Master’s theses, USGS geologic and hydrogeologic reports, Driscoll’s 
Groundwater and Wells book, Wyoming Water Development Commission reports, Wyoming 
Water Research Institute reports, and previous delineations completed by other consultants, the 
Wyoming Geologic Survey and WARWS.  

The methods and techniques that were used to delineate the contaminant inventory zones within 
each source water area were consistent for all surface water systems.  However, for groundwater 
systems, professional geologists for Trihydro and Lidstone considered aquifer type (confined, 
unconfined, alluvial, etc.), flow system type (porous, or conduit), and PWS type to determine 
which delineation method was appropriate for each well, as shown on Figure 1.  For 
groundwater sources, Trihydro and Lidstone geologists used the most appropriate conservative 
methodology, which closely followed the EPA-approved Wyoming Wellhead Protection 
Program Guidance Document.

Contaminant Inventory

An inventory of contaminant sources that lie within the source water areas and have the potential 
to adversely impact the quality of the water supply was conducted within each contaminant 
inventory zone.  Knowledge of potential contaminants may encourage communities to implement 
and manage a source water protection area, and enable a PWS to plan for necessary 
improvements in treatment capabilities, develop emergency response plans, or allow time to 
remediate the source of contamination.  The principal contaminants of concern include those 
regulated under the Safe Drinking Water Act in addition to microorganisms such as 
Cryptosporidium, and exposure to nitrates.  

Contaminant inventories for Potential Sources of Contamination (PSOCs) used information 
obtained from EPA, DEQ Water Quality Division, DEQ Solid and Hazardous Waste Division, 
DEQ Land Quality Division, DEQ Abandoned Mine Lands, Wyoming Oil and Gas Conservation 
Commission, the Wyoming State Geological Survey, the U.S. Department of Transportation, and 
the Wyoming Department of Agriculture Technical Services databases.  Examples of regulated 
activities or facilities include wastewater treatment plants; confined animal feeding operations; 
underground injection wells; chemical or hazardous waste use, production, or storage sites; and 
landfills.  These permitted contamination sources produce materials that are regulated by state or 
federal laws.  These databases are also tabulated according to contaminant type in the 
susceptibility section.  Information from citizens and PWS operators played a vital role in 
verifying land uses and locations of regulated PSOCs. 

There are two basic types of contaminant sources, point and non-point, that were evaluated based 
on their proximity to the water source.  Point sources are usually associated with a single 
location, like an underground storage tank, underground injection well, oil and gas well, coal bed 
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methane (CBM) well, a solid/hazardous waste facility or a National Pollutant Discharge 
Elimination System  (NPDES) outfall.  Point sources are usually regulated and are required to 
have permits.  

In contrast, non-point source pollution results from land use patterns and transportation corridors.  
Urban land use was considered of greatest concern followed by irrigated agriculture, 
non-irrigated agriculture, and then forested areas.  Forested areas were included to evaluate the 
potential risks of increased runoff and water quality problems following forest fires.  
Transportation corridors, including pipelines, railroads, and highways, are a high concern 
because of the nature of the materials being transported.  All remaining land uses were 
considered low risk. 

To evaluate the potential impact of these contaminants, an extensive inventory was conducted in 
Zones 1, 2, and 3 for both surface and groundwater sources.  As part of the inventory, the 
assistance of local representatives and PWS operators was requested to verify the locations of 
regulated and non-regulated potential sources, land use boundaries, and to identify any historical 
sources of contamination.  

The Susceptibility Analysis Process

The final step in developing the source water assessment for each PWS was to analyze the 
susceptibility of each water source with respect to the identified PSOCs.  DEQ defines the 
susceptibility of a PWS as the potential for each well or surface water intake to draw water that 
has been contaminated by pollutants at concentrations that would pose concern.  Susceptibility 
must be determined for each water supply well or intake used by the PWS.  Contaminants may 
reach the intake or well by infiltration through geologic strata and overlying soil, direct discharge 
into surface or groundwater, overland flow, or contamination of upgradient groundwater.  
Contaminants may also enter the water source at the well, intake, or the conveyance.  A 
conveyance is defined as the pipe, canal, or aqueduct between the well or intake and the first 
form of treatment, or where the water enters the distribution system if there is no treatment.

Water system susceptibility is related to three factors that were evaluated as part of this source 
water assessment.  The first was the physical integrity of the well, intake, and conveyances.  The 
second factor was the sensitivity of the land area through which potential contaminants may 
reach the well or intake.  This included the geologic, hydrologic, and land cover characteristics of 
the watershed, well location, or aquifer source area.  The third factor was the nature of the 
potential contaminants.  Potential contaminants include specific point sources and any land uses 
that may contribute contaminants to the water supply.  For point sources, the type of potential 
contaminants, the location of the contaminant sources relative to the well or intake, and 
confirmation of a contaminant release were also considered.

Data that were used to quantitatively evaluate the susceptibility of each water source to potential 
contaminants were acquired from sources of data readily available for all PWS in the state. The 
susceptibility of each PWS is based on delineated source water areas, DEQ contaminant 
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inventories, 1:500,000 scale land use maps compiled by the University of Wyoming, EPA 
sanitary surveys, EPA’s Safe Drinking Water Information System database, and DEQ and 
Wyoming SEO well or intake permits.  

Step 1: Well or Intake Integrity Score

The first step in the susceptibility analysis was to determine the integrity score for each well or 
intake.  The well or intake was assigned a score after being evaluated for a series of  factors.  The 
factors and the points associated with them are described below.  Each well or intake received a 
score between 1 and 13.  If sanitary surveys, permits, or completion records were not available or 
did not contain the appropriate information, a maximum score was assigned for that particular 
factor as a default.  Scores for each PWS water source are listed in the Well or Intake Integrity 
tables located at the back of this document.

If the well or intake was constructed prior to 1983, it was assigned 3 points, between 1983 and 
1993, 2 points, and 1 point if constructed after 1993.  The points assigned to completion dates 
reflect DEQ’s confidence in the standards applied to the design, construction, and completion of 
wells and intakes at the time of construction.  Conveyance structures were scored based on the 
length, the risk of damage, and the degree to which the transported water is exposed to 
contaminants.  Short conveyances, less than 1 mile, received a score of 0 points, while 
conveyances greater than 1 mile received 1 point.   Open conveyances and conveyances at risk to 
structural damage received 1 point.  

Well integrity was also evaluated on the basis of four additional factors.  The first and most 
critical of these was the presence of a surface seal that is in good condition.  DEQ believes that 
the surface seal is a good indicator of the overall well condition.  Wells that had a surface seal 
were assigned a score of 0 points and wells that did not have a surface seal were assigned a score 
of 5 points.  The second factor was the presence of a good annular seal.  However, this 
information is less easily obtained, so an assumption about the annular seal was made based on 
the presence of a surface seal.  If a well had an annular seal it was assigned a score of 0 points, 
wells without an annular seal received 1 point.  The third factor was the protection of the vicinity 
immediately around the wellhead from contaminant sources.  This is usually accomplished by 
enclosing the wellhead in a well or pump house, or a fenced off area.  If the wellhead was 
protected, the well received 0 points, but unprotected wells were assigned 1 point.  The fourth 
factor is the protection of the wellhead from flooding.  For instance, the ground around the 
wellhead should be sloped away from well to encourage water and any water-borne contaminants 
to move away from rather than towards the well.  Wells that were considered protected from 
flooding were assigned 0 points, wells not protected were assigned 1 point.

The integrity of surface water systems was also evaluated based on three additional criteria.  The 
first of these was the presence of a screen.  A screen, or series of screens, will prevent debris 
from interfering with the water treatment process.  The presence of a screen yielded 0 points, 
while intakes without a screen scored 3 points.  Secondly, screens must be inspected and cleared 
of debris regularly to remain effective.  Intakes that were not inspected regularly scored 2 points.    
Finally, access to the area immediately surrounding the screen location should be restricted.  If 
the area around the intake was not protected, the intake scored an additional 2 points.
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Step 2: Water Source Sensitivity

The second step in the susceptibility analysis was to determine the well or intake sensitivity score 
on the basis of aquifer or watershed conditions and the confirmed detection of chemical 
contaminants in raw or treated water.   Wells were assigned a score between one and ten.  Intakes 
were assigned a score of five or ten.  Scores for each PWS water source are listed in the Water 
Source Sensitivity scoring tables located in the back of this document.

The inherent sensitivity of the aquifer or watershed was combined with indicators of 
contamination observed within the last five years.  If no information was available, the maximum 
score was assigned as a default for that particular scoring criterion.  Documented chemical 
detections at a well or intake within the last 5 years scored an additional 5 points.  A chemical 
detection indicates that a pathway exists for contaminants to enter the system.  

DEQ assumed that all surface water systems were highly sensitive to contamination (default 
score of 5 points) due to the fact that streams, rivers, and open conveyances directly and rapidly 
convey released contaminants.  A maximum total of 10 points was possible for surface water 
intakes.

For groundwater systems, Trihydro and Lidstone determined the sensitivity of each groundwater 
source based on the type of aquifer in which the wells were completed.  Porous flow confined 
aquifers were considered to be the least vulnerable type.  Shallow alluvial, fractured, karst, and 
some unconfined aquifers are more vulnerable to contamination from surface contaminant 
sources.  To evaluate the sensitivity of unconfined aquifers throughout the state, Trihydro and 
Lidstone used a statewide map of uppermost aquifer sensitivity that was developed using depth 
to water, recharge and overlying soil characteristics, land slope, vadose zone characteristics, and 
other hydrogeologic characteristics.  Aquifer sensitivity, based on the map, ranged from 1-5 
points.  Wells that were completed in fractured rock or limestone aquifers received a score of 5 
points.  Shallow wells completed in alluvium (less than 65 feet deep), could be under the 
influence of surface water, and received a score of 5 points.  Confined aquifers under normal 
porous flow conditions received a score of 1 point.  Groundwater source sensitivity scores ranged 
from 1 to 10 points.

Step 3: Well or Intake Rating

A well or intake rating was developed from the integrity and sensitivity scores.  A water source 
sensitivity score was determined by adding the well or intake integrity score to the water source 
sensitivity score.  A well or intake rating of low, medium, or high was assigned based on the total 
number of points scored; low (2-8 points), medium (9-15 points), high (16-23 points).  The rating 
for each well or intake was then combined with the contaminant ratings to determine the final 
susceptibility for each respective well or intake.
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Step 4: Contaminant Ratings

The fourth step in the susceptibility analysis was to rate potential sources of contamination that 
were located within the contaminant inventory zones delineated for each well or intake.  Three 
categories of contaminants were developed for this rating process:  regulated point sources, 
non-point sources including land uses, and transportation corridor sources.

Point sources were evaluated using the following three critical pieces of information: the 
contaminant type; the location of the potential source of contamination in relation to the well or 
intake; and the contaminant release status.  For the purposes of the susceptibility analysis, 
contaminants have been grouped into the following two types on the basis of their DEQ facility 
or contaminant codes: ‘Serious Contaminants’ and ‘Other Contaminants.’  Microorganisms, 
nitrates/nitrites and carcinogens are considered ‘Serious Contaminants,’ while ‘Other 
Contaminants’ includes the remainder of the contaminants listed in the federal drinking water 
standards.  Point sources identified in the contaminant inventory will have one or both types of 
potential contaminants.  The most serious contaminant type present was assigned a contaminant 
rating.  This process was completed for each point source identified in the contaminant source 
inventory.  

The point source contaminants were also rated on the location of the potential source of 
contamination in relation to the well or intake (Zone 1, 2, or 3).  The last factor in determining a 
contaminant rating is the contaminant release status.  This factor is an indication of whether a 
potential source of contamination has released contaminants into the environment.  Documented 
releases are typically found with potential sources of contamination like facilities with permitted 
discharges, groundwater pollution control sites, and leaking storage tanks.  

All Serious or Other contaminants that were identified within Zone 1 and Zone 2, regardless of 
whether a documented release of those contaminants had occurred, were considered a high risk to 
the well or intake.  A known release of a contaminant identified in Zone 3 was considered a 
medium risk to the well or intake.  Contaminants identified in Zone 3 that were classified as a no 
known release, were considered a low risk to the well or intake.

All point source PSOCs are shown on the source water area delineation map(s).  The General 
Point Source Contaminant Rating Matrix located in the general tables section at the back of this 
document, shows how the point source PSOCs were rated.  The point source PSOCs that are 
located within the contaminant inventory zones are tabulated in the Point Source Susceptibility 
Table along with these final contaminant ratings, also located at the back of this document.  For 
further details on any of these sources of contamination, contact the appropriate agency listed in 
Appendix A.

Non-point sources of contamination were evaluated on the basis of the percentage of land use in 
the source water area for various activities.  The General Land Use Rating Matrix is located in 
the general tables section of this document.  For groundwater systems with modeled, calculated 
fixed radius (CFR) delineations, and delineations that were hydrogeologically mapped, the 
percentage of land use in Zones 1, 2, and 3 was evaluated.  For all other delineations, including 
surface water watersheds, groundwater under the influence of surface water, and area-wide 
aquifer delineations, only Zones 1 and 2 were evaluated.  The percent land use, the land use 
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contaminant rating, and the land use susceptibility ratings for each well/intake are also shown in 
the Land Use Susceptibility Table, located at the back of this document.

The transportation corridor contaminant ratings were determined by counting the number of each 
transportation corridor contaminant type within each contaminant inventory zone.  The General 
Transportation Corridor Contaminant Rating Matrix shows how the transportation corridor 
contaminants were rated and is located in the general tables section. The transportation corridor 
contaminant rating and the transportation corridor contaminant susceptibility ratings are shown in 
the Transportation Corridor Susceptibility Table located at the back of this document.

Susceptibility Rating Implications

The susceptibility ratings developed during this assessment project are intended to show the 
PWS areas where contaminants have the greatest potential to impact their water supply.  

High susceptibility ratings should be used to assist the PWS in future planning efforts.  A source 
water protection plan is recommended regardless of a PWS’s susceptibility ratings.  Please 
contact WARWS at 307-436-8636 or Kim Parker, DEQ, at 307-777-7781 for additional 
guidance.  There are also consulting firms like Trihydro and Lidstone that are available to help 
you complete your source water protection plans.

In many cases, high susceptibility ratings were caused by lack of data.  As mentioned in the 
scoring process, whenever well or intake data were unknown, the highest score possible was 
assigned.  One way to reduce the susceptibility would be to replace the unknown conditions with 
the known conditions associated with the particular well or intake in question.  Restricting access 
to wells and intakes, ensuring well or intake physical integrity, enclosing wells and intakes, and 
enclosing and protecting conveyances are also ways to reduce your systems well or intake rating 
and reduce susceptibility to potential sources of contamination.  Another way to reduce 
susceptibility would be to remove or mitigate existing PSOCs and prevent new sources from 
locating within your source water area.  

It is possible that regulated point sources appear within your source water area when they should 
not or appear in the wrong location.  It is very important to have regulated point sources located 
correctly.  Regulated point sources in close proximity to your water source greatly affect your 
susceptibility ratings.  Likewise, please keep in mind that your source water area map may be 
missing regulated point sources that should appear.  Your system is potentially susceptible to 
these sources and they should be included in any future assessments and protection plans.  Please 
contact Kim Parker, DEQ, at 307-777-7781 for assistance in alerting the appropriate regulatory 
programs if any errors in point sources are discovered.

Lastly, non-regulated or historical potential sources of contamination should not be overlooked 
when doing assessment updates and protection plans.  For example, septic systems and dry 
cleaners are not regulated and therefore were not included in this assessment, but can have 
substantial impacts on water quality.  Thorough local contaminant inventories that include such 

Page 9 of 22CRYSTAL - SourceWaterAssessment.rpt



historical and non-regulated potential contaminant sources should be conducted in conjunction 
with regulatory database inventories.

Water sources with high percentages of forested land in their watershed can experience 
significant water quality impacts if a large portion of the landscape is burned.  Surface water 
systems can expect high sediment loads and elevated levels of nitrates, phosphorus, heavy 
metals, organic carbon, and other chemicals.  Forest fires can also cause water to have a smokey 
flavor.

All surface water systems, groundwater under the influence of surface water, and groundwater 
systems that rely on alluvial aquifers are vulnerable to drought conditions.  PWSs should develop 
contingency plans that include water storage, water rationing, etc. that are adequate to sustain the 
PWS through drought cycles.  

Technical Assistance

Management of the source water protection area involves knowledge of the resources available 
for protection efforts.  Local planning teams, WARWS, and consultants such as Trihydro and 
Lidstone can assist with identifying the methods and means available to the community to 
achieve the desired land use changes necessary to protect the drinking water source.  The process 
of developing management strategies for regional aquifer watershed protection areas may require 
the collaboration of all municipalities, counties, and land management agencies affected by the 
protection area.

In addition, DEQ may be able to support protection plan activities by providing financial and 
technical assistance to PWSs.  For instance, low-interest loans may be available through the State 
Revolving Fund program.  These monies may be used for the acquisition of land critical to 
source water protection, the remediation of contaminant sources, or other protection plan 
development or implementation activities.  For additional information on potential funding 
opportunities, contact Brian Mark of the DEQ at (307) 777-6371.  Local planning teams may also 
request technical assistance from DEQ while developing protection plans.  DEQ will provide 
assistance to local planning committees to the extent possible given personnel and budgetary 
constraints.  For technical assistance, contact Kim Parker of the DEQ at (307) 777-7781.  

DEQ is currently working with EPA to develop a waiver program for volatile and synthetic 
organic chemicals.  The EPA will likely require the PWS to have a completed source water 
assessment in order to apply for this type of waiver. The EPA may also require the development 
of a protection plan to be eligible for these waivers.  A developed protection plan may also aid 
the PWS by reducing costs associated with upcoming proposed regulations such as the 
Groundwater Rule.
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Source Water Protection Plans

This Source Water Assessment is the necessary first step toward developing a Source Water 
Protection Plan.  This assessment provides the technical basis for future protection measures.  
DEQ considers the protection of drinking water resources and the development of source water 
protection plans to be the long-term goal of the program.

In addition to the information provided in this assessment, DEQ requires three other components 
in a protection plan.  A contingency plan, a section discussing management strategies for all 
potential sources of contamination inventoried within the source water area, and some method to 
update the protection plan on a regular basis are required components of a protection plan.

Contingency plans describe how a PWS would handle a contamination event or the loss or 
interruption of a water supply.  Examples of components that local planning teams can include in 
a contingency plan are: options for replacing a water source; customer notification plans; 
emergency response plans; water storage plans; and measures to promote water conservation, if 
necessary.

The process of developing effective management strategies is the most important aspect of 
preventing drinking water contamination.  Management strategies can also be the most difficult 
and time-consuming step when developing a source water protection plan.  Each PWS must 
balance the responsibility of protecting the water supply with past, current and future land uses to 
determine what management strategies are appropriate and can be supported by the community.  

DEQ also requires the regular review and update of the source water protection plans.  Regular 
reviews will help the local planning team constructively deal with new trends, issues, and 
activities within the community.  

This assessment is not the end product.  Please use the information in this assessment as a tool to 
develop a protection plan for your PWS.  Once a drinking water supply becomes contaminated, a 
community or PWS is faced with the difficult and costly task of upgrading treatment facilities or 
locating an alternative drinking water source.  DEQ believes that preventing contamination is the 
key to keeping Wyoming’s drinking water supplies safe.
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PWS Source Water Assessment Summary

The Rock Springs/Green River Joint Powers Board (RS/GR-JPB) water treatment plant serves a 
wide area and is classified as a community surface water supply.  The facility supplies treated 
water to two cities, Rock Springs and Green River, and approximately 20 other consecutive 
systems.  The facility provides water to the area residential population of 32,000 through two 
major metered service connections.  The other consecutive systems are either master metered 
from a main line or through a city metered connection.  The source water for this facility is the 
Green River and the intake is located near the water treatment plant in the City of Green River.

In general, the water system scores high for land use, point source, and transportation corridor 
contaminant susceptibility.  RS/GR-JPB's water source received high susceptibility scores for 
land use because much of the land along the Green River upstream from the intake is forested.  
The water source is also highly susceptible to contaminants associated with various point 
sources.  These include an area of contaminated soil and numerous underground storage tanks.  
The intake was also assigned a high susceptibility rating for transportation corridor contaminants 
due to the presence of a railroad, interstate highway, and pipeline that cross the source water area.

SOURCE WATER ASSESSMENT SUMMARY
FOR  Rock Springs/Green River JP

Delineation Methods

Because the RS/GR-JPB obtains water for its community water system from a surface water 
source, Lidstone completed a surface water delineation of the intake.  These two communities 
have obtained their municipal supply from the Green River for over 100 years and presently 
serve approximately 20 other consecutive water systems in the area.

Surface Water Sources

The RS/GR-JPB obtains all of its municipal water from the Green River intake which is located 
along the west bank of the river in the City of Green River.  In 1993 Lidstone, along with 
Forsgren and Associates, completed an assessment of the previous intake which the communities 
had been using since 1947 and prepared recommendations for a new intake which the 
communities have since been using.  The current intake consists of an in-channel diversion 
structure, infiltration gallery, and a pumping station capable of moving 4,000 gpm to the water 
treatment plant.  Additional information on this source is included on the enclosed Surface Water 
Information Sheet. 

As shown on the enclosed delineation maps, the source water area includes most of the Green 
River basin.  Zone 2 extends 15 river miles upstream from the intake and includes a 1,000 foot 
buffer on both banks of the Green River.  Zone 3 includes the remaining Green River watershed 
upstream from the diversion structure.
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Integrity Summary

The RS/GR-JPB water treatment plant serves a wide area and is classified as a community 
surface water supply.  The intake was constructed after 1993, when stringent construction 
standards were required by the State of Wyoming.  While available records indicate the intake is 
screened and inspected regularly, access to the area around the intake is reportedly unrestricted.  
As shown on the Integrity Summary Table, the intake received an integrity score of 3.  This value 
directly reflects the fact that the intake was constructed after 1993, and that the area around the 
intake is unprotected.

Water Source Sensitivity Summary

The RS/GR-JPB water treatment plant obtains source water from the Green River. As shown on 
the Source Sensitivity Summary Table, the intake received a sensitivity score of 10.  

The intake received the maximum sensitivity score for two reasons.  The first reason is because it 
obtains water from a surface water source.  The second reason is that laboratory analysis of water 
samples from the system within the last five years detected several contaminants that are listed 
on EPA's primary and secondary drinking water standards.  These included antimony, barium, 
haloacetic acids, total trihalomethanes, and sulfate among others.  Despite detection, these 
contaminants were generally detected at concentrations below the EPA's maximum contaminant 
levels.

Water System Susceptibility Rating

Susceptibility is defined as the potential for a public water supply to draw water contaminated at 
concentrations that would pose a threat or concern to human health.  In general, RS/GR-JPB's 
water source received high susceptibility scores for land use because much of the land along the 
Green River within Zone 2 is forested.  The water source is also highly susceptible to 
contaminants associated with various point sources in Zones 1 and 2.  These include an area of 
contaminated soil and numerous underground storage tanks that are located near the intake.  The 
intake was also assigned a high susceptibility rating for transportation corridor contaminants due 
to the presence of a railroad, interstate highway, and pipeline that all cross through Zone 2.  
Susceptibility ratings for each type of potential contaminant source are summarized on the 
attached susceptibility tables.

A review of your PWS's routine water analysis results revealed that one or more chemicals that 
are considered contaminants in drinking water were detected at some time within the last five 
years.  Chemical detections have a large impact on your PWS's sensitivity score because it may 
indicate that there is a pathway for contaminants to reach the water supply.  However, it is likely 
that these chemicals are present only in small amounts and are not a danger to your health.  Some 
of these chemicals may also occur naturally in water.

For more information about which chemicals were detected, please contact the PWS for a copy 
of the most recent Consumer Confidence Report or water analysis results.  Consumer Confidence 
Reports are prepared by the PWS on a yearly basis.  The reports should include information 
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about any chemicals found in the water, even those found at very low levels.  Chemical 
detections at levels that are a concern to human health are reported on the  EPA’s website: 
<http://www.epa.gov/enviro/html/sdwis/sdwis_query.html>.  To see if your PWS has exceeded 
the federal primary or secondary drinking water standards, just click on the State of Wyoming 
and then type in the name of your PWS.    You may contact Kim Parker at DEQ, 307-777-7781, 
or WARWS for assistance.  You may also contact EPA to find out what contaminants were 
detected.  You may have to fill out a Freedom of Information Act request to obtain the water test 
results for your PWS.  Please call EPA’s Safe Drinking Water Hotline at 1-800-426-4791.
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Combined Integrity 
and Sensitivity Scores

2 - 8 9 - 15 16 - 23

HighMediumLow

Well or Intake Rating Scoring

General Tables

The table below illustrates the decision rules used to categorize each system's Integrity and 
Susceptibility scores described in Step 3.

The decision matrix below illustrates how each land use type receives a contaminant rating based 
on the percentage of land usage that corresponds to each contaminant inventory zone.

General Land Use Rating Matrix

Land Use Contaminant Rating

HighLow Medium

%
 L

a
n

d
 U

s
e

<5% 5-10% >10%Urban

<20% 20-40% >40%Irrigated 
Cropland 

<40% 40-80% >80%Non-Irrigated 
Cropland

<20% 20-40% >40%Forested Land

General Point Source - Contaminant Matrix

The point source contaminant susceptibility rating is determined for each well or intake using the 
decision matrix below.  The well/intake rating is compared with the point source contaminant 
rating for each contaminant inventory zone to produce each susceptibility rating.

Zone 1 Zone 2 Zone 3

Known 
Release

No Known 
Release

No Known 
Release

Known 
Release

No Known 
Release

Known 
Release

Serious Contaminants

Other Contaminants

Microorganisms, nitrates/ 
nitrites, carcinogens

Remaining primary and 
secondary drinking water 
contaminants

High High High High Medium Low

High High High Medium Medium Low
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The transportation corridor susceptibility rating is determined for each well or intake using the 
decision matrix below.  The ratings for each zone were determined regardless of the length that 
each pipeline, railroad line, or highway intersected each contaminant inventory zone.

A final susceptibility rating was determined for each type of contaminant by comparing the 
contaminant rating with the well or intake rating, using the decision matrix below.  A final 
susceptibility rating was determined for each type of potential contaminant, land use, point 
source, and transportation corridor.

General Transportation Corridor - Contaminant Rating Matrix

 Contaminant Inventory Zone

LowState 
Highways

High High

LowHighHighRailroads

Pipeline High High Low
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General Susceptibility Rating Matrix

Contaminant Rating Matrix
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PWS-Specific Tables

The following tables, specific to each well or intake, summarize your system's susceptibility 
using the scoring matrices described above.  A specific PSOC susceptibility table may be missing 
because that type of PSOC was not found within your source water delineation area.

Water Source
Type*

Source Name

Rock Springs/Green River JP Water Sources

PWS Well ID

SW GREEN RIVER INTAKE5600050-101

* GW - Groundwater
* SW - Surface Water
* GU - Groundwater under the influence of surface water
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Well or Intake GREEN RIVER INTAKE (5600050-101)
Surface Water / Spring
Integrity & Sensitivity Scores for Rock Springs/Green River JP (5600050)

Score Type:   Well or Intake Integrity

Step 1:

Water Source:  Green River

Criterion Condition Score

Conveyance open or closed? CLOSED  0

Risk of conveyance structure damage? LOW  0

Conveyance structure length? SHORT  0

Area around intake restricted? UNPROTECTED  2

Intake inspected regularly? YES  0

Intake screened? YES  0

Intake completion date AFTER 1993  1

 3Total Integrity Score

Score Type:   Water Source Sensitivity

Step 2:

Water Source:  Green River

Criterion Condition Score

Confirmed chemical contaminant detection? Yes  5

Sensitivity Surface Water Intake  5

 10Total Sensitivity Score

Well or Intake Rating for GREEN RIVER INTAKE MEDIUM 13
(Integrity + 
Sensitivity)

Final Well or Intake Rating:  GREEN RIVER INTAKE (5600050-101)

Step 3:
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Well or Intake GREEN RIVER INTAKE (5600050-101)
Well Or Intake GREEN RIVER INTAKE (5600050-101)

Score Type:  Land Use Susceptibility

Step 4:

SWZone 1

Land Use Type
Land Use 
Percentage

Land Use 
Contaminant Rating

Land Use
Susceptibility Rating

Urban Land  0 Low Low

Irrigated Cropland  0 Low Low

Non-Irrigated Cropland  0 Low Low

Forested Land  0 Low Low

Other Land Uses  100 Low Low

SWZone 2

Land Use Type
Land Use 
Percentage

Land Use 
Contaminant Rating

Land Use
Susceptibility Rating

Urban Land  1 Low Low

Irrigated Cropland  1 Low Low

Non-Irrigated Cropland  0 Low Low

Forested Land  46 High High

Other Land Uses  51 Low Low
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Well or Intake GREEN RIVER INTAKE (5600050-101)

These regulated contaminant sources appeared within Zones 1 and 2.  The PSOC ID# can 
be used to located the PSOC on the delineation Map.

Point Source Susceptibility for GREEN RIVER INTAKE (5600050-101)

Score Type:  Point Source Susceptibility

Step 4:

Zone:  SWZone 2

PSOC ID# PSOC Name PSOC Type PSOC Susceptibility 
Rating

PSOC Contaminant 
Rating

 52844 Green River Get N Go Underground Tank HIGHHIGH

 49011 George Construction Underground 
Injection

HIGHHIGH

 52789 Gorge Construction Company Underground Tank HIGHHIGH

 52832 Green River Auto Sales Underground Tank HIGHHIGH

 52833 Green River Auto Sales Underground Tank HIGHHIGH

 52834 Green River Auto Sales Underground Tank HIGHHIGH

 52835 Green River Auto Sales Underground Tank HIGHHIGH

 52836 Green River Auto Sales Underground Tank HIGHHIGH

 52837 Green River Auto Sales Underground Tank HIGHHIGH

 52838 Green River Conoco #204 Underground Tank HIGHHIGH

 52839 Green River Conoco #204 Underground Tank HIGHHIGH

 52840 Green River Conoco #204 Underground Tank HIGHHIGH

 52841 Green River Get N Go Underground Tank HIGHHIGH

 46961 Gorge Construction Sol/Haz Waste Site HIGHHIGH

 52843 Green River Get N Go Underground Tank HIGHHIGH

 64110 Unknown Misc. Site HIGHHIGH

 52845 Green River Get N Go Underground Tank HIGHHIGH

 52846 Green River Get N Go Underground Tank HIGHHIGH

 56796 Vacant Lot Underground Tank HIGHHIGH

 56797 Vacant Lot Underground Tank HIGHHIGH

 56798 Vacant Lot Underground Tank HIGHHIGH

 57016 West End Tri-mart Underground Tank HIGHHIGH

 57017 West End Tri-mart Underground Tank HIGHHIGH

 57018 West End Tri-mart Underground Tank HIGHHIGH

 57019 West End Tri-mart Underground Tank HIGHHIGH

 57020 West End Tri-mart Underground Tank HIGHHIGH

 60092 Harborlite Green River 
Facility

Wastewater 
Discharge

HIGHHIGH

 60095 Harborlite Green River 
Facility

Wastewater 
Discharge

HIGHHIGH

 52842 Green River Get N Go Underground Tank HIGHHIGH
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Well or Intake GREEN RIVER INTAKE (5600050-101)

Transportation Corridor Susceptibility for GREEN RIVER INTAKE (5600050-101)

Rating Type:  Transportation Corridor Susceptibility

Step 4:

Zone:  SWZone 2

Transportation Corridor Contaminant Type Low Medium High

 6 0 0Pipeline

 12 0 0Railroad

 0 0 0State Hwy

 4 0 0Interstate Hwy
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POINT SUSCEPTIBILITY SUMMARY TABLE
FOR Rock Springs/Green River JP

Point Source Susceptibility Summary

It may appear from the results of this point source susceptibility summary table that your 
system has too many PSOCs influencing the final ratings.  In some cases, a specific PSOC 
falls within a specific contaminant inventory zone shared by multiple wells or intakes.  When 
this is the case, that PSOC will be scored for each intake.  For example, an underground 
storage tank may appear within a contaminant inventory zone shared by four different wells.  
This would cause that single storage tank to be entered into the table four times, or once for 
each well or intake.

HighMediumLowPoint Source Type

N/A N/A 2Wastewater Discharge

N/A N/A 24Underground Tank

N/A N/A 1Underground Injection

N/A N/A 1Sol/Haz Waste Site

N/A N/A 1Misc. Site

* Illustrates the number of PSOCs in a particular rating class for all water sources
* N/A - Not Applicable
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Introduction 
 
The potential of developing a large volume of good quality groundwater in the 
vicinity of Green River, Wyoming is poor. Drilling costs and water quality 
constraints limit the potential number of aquifers in the area to three – the 
Quaternary Alluvium and sands in the Tertiary Green River/Wasatch Aquifer 
system (there are two separate aquifers in the Tertiary Green River/Wasatch 
Aquifer system). The area of investigation was limited to the region shown in 
Figure 1. Hydrogeologic information within the study area is very limited due to 
the scarcity of wells that have been drilled in the area around Green River. Within 
the study area there are only eleven (11) producing wells that are currently 
completed and their groundwater permits are in good standing with the Wyoming 
State Engineer’s Office (SEO). There have been a total of 21 producing wells 
that have been drilled and completed in the area, however, ten (10) of these 
have had their groundwater permit canceled by the SEO. The wells on record 
with the SEO are listed in Table 1. The groundwater development potential of 
each of these aquifers is discussed in the following sections of this report. 
 
 
Quaternary Alluvial Aquifer 
  
In the study area, the alluvial deposits are located in the Green River and Bitter 
Creek drainages. Based on the depth of completion listed in Table 1, all of these 
wells, except for one (U.W. 87182), have been completed in the Alluvial Aquifer. 
The locations of the alluvial wells are shown in Figure 2. Also shown on this 
figure are the locations of several test borings which were drilled for a 
wastewater treatment plant improvement project.   
 
The thickness of the alluvium in the Green River area is generally less than 20 
feet. In the study area, the alluvium is comprised primarily of silty sands, silty, 
gravelly sands and sandy clay. The saturated thickness of the alluvium is 
approximately 10 feet or less. As shown in Table 1, the yield from these wells is 
typically less than 20 gpm with one well listed as yielding 25 gpm and another 
canceled well listed as having produced at a rate of 50 gpm. Mason and Miller 
(2005) in their report list the potential production from the Quaternary Alluvial 
Aquifer to typically be less than 10 gpm. The SEO data appears to substantiate 
this observation. Given the thin saturated thickness of the alluvium, the 
transmissivity of the alluvial aquifer would need to be over 20,000 gpd/ft in order 
for a well to produce at a rate of 100 gpm. Based on the soil gradation tests 
performed on the soil borings in the wastewater treatment plant area, the 
calculated transmissivity of the alluvial aquifer in this area is approximately 2,000 
gpd/ft. This was based on the diameter of the grain size in which 90% of the 
particles are coarser (Cherry, 1979). With a saturated thickness of approximately 
10 feet and a transmissivity of approximately 2,000 gpd, the alluvial wells in the 
Green River area are capable of producing only 10 gpm.  
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The quality of the water produced from the Alluvial Aquifer in the study area is 
also very poor. Mason and Miller (2005) listed the quality of the water produced 
from the alluvial aquifer from 4 different alluvial wells in the area. The locations of 
these wells are shown in Figure 3. The well number for each well shown in 
Figure 3 correlates to the reference number in the Mason and Miller (2005) 
report. The specific conductance of the alluvial aquifer from these four wells 
ranged from 3,150 µS/cm to 12,000 µS/cm. This relates to a total dissolved 
solids concentration of approximately 2,100 mg/l to 8,000 mg/l. The groundwater 
was high in calcium, magnesium, sodium and chloride. In addition, the water 
produced from two of the wells either exceeded or was right at EPA’s Secondary 
Standard MCL for fluoride of 2 mg/l. Also, in two out of the three wells, the 
nitrogen levels (reported as nitrite plus nitrate) exceeded the EPA Standard. The 
water quality, as reported in the report by Mason and Miller (2005), for selected 
analytes are tabulated below in Table 2. 
 

TABLE 2 
Alluvial Aquifer Water Quality Data 

Green River Area 

Analyte 
Well No. 

1 
Well No. 

2 
Well No. 

3 
Well No. 

13 
Specific Conductance (µS/cm) 5,640 4,610 12,000 3,150 
Nitrate + Nitrite as N (mg/l) 93.8 1.09 128 NA 
Hardness (mg/l as CaCO3) 2,800 520 600 550 
Calcium (mg/l) 325 51.2 66.6 180 
Magnesium (mg/l) 474 93.9 103 120 
Potassium (mg/l) 9.49 18.0 12.1 NA 
Sodium (mg/l) 530 953 2,820 NA 
Chloride (mg/l) 221 151 260 75 
Fluoride (mg/l) 1.6 2.0 3.6 0.10 
Sulfate (mg/l) 2,500 411 4,910 1,400 
Arsenic (µg/l) 17.1 18.0 40.8 NA 
pH 7.2 7.8 8.4 7.5 

 
 
Tertiary Aquifer 
  
The Laney Member and the Wilkins Peak Member of the Tertiary Green River 
Formation outcrop over most of the study area with the exception of the surface 
alluvial deposits in the Green River and Bitter Creek drainages. Figure 4 is a map 
modified from Welder (1968) which shows the outcropping and subcropping 
(beneath the Quaternary Alluvial Deposits) geology in the area.  
 
The Green River Formation has been subdivided into five members and one 
tongue: the Laney, Godiva Rim, Wilkins Peak, Tipton Shale, and Farson 
Sandstone Members, and the Luman Tongue (Mason and Miller, 2005). In the 
study area (lower Green River Structural Basin) the Green River Formation is 
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comprised of the Laney, Wilkins Peak and Tipton Shale Members. The Godiva 
Rim and Farson Sandstone Members and Luman Tongue are absent. Underlying 
the Green River Formation is the Tertiary Wasatch Formation which is underlain 
by the Tertiary Fort Union Formation.  
 
Potential aquifers within the Tertiary rocks include sands within the Laney 
Member of the Green River Formation and sands within the Wasatch Formation. 
The depth to the Fort Union in the study area, approximately 4,000 feet, 
effectively eliminates the feasibility of developing a potable water supply from this 
Formation. Both the Wilkins Peak and Tipton Shale Members of the Green River 
are considered to have very poor groundwater development potential. 
 
Laney Member Aquifer: The Green River Formation was deposited in the ancient 
Lake Gosiute which covered nearly all of Sweetwater County during the Eocene 
Epoch. The formation has been described as a “huge lens of fine-grained 
generally calcareous sedimentary rock embedded in a thick body of somewhat 
sandy mudstone that fills a large intermontane basin (Roehler, 1992). The Laney 
Member is described as a “massive to thinly laminated buff, gray and brown, 
marlstone, shale, and muddy sandstone; white to brown tuff and tuffaceous 
sandstone; low grade to rich beds of oil shale and, in shore facies, algal deposits 
and oolite beds” (Bradley, 1961). The Laney Member was deposited during a 
humid climate when Lake Gosiute was a freshwater lake with and outlet (Bradley, 
1964). In the study area the Laney Member is approximately 0 to 400 feet thick 
(Martin, 1996).  
 
Only one well (U.W. 87182) has been completed in the Laney Member in the 
study area. The location of this well is shown in Figure 5. This is shallow well 
(see Table 1) drilled to a depth of 50 feet. The production from this well, as listed 
by the SEO, is only 10 gpm. In the immediate townships surrounding the study 
area there are two additional wells on record with the SEO that have been 
completed in the Laney Member of the Green River Formation (See Table 3). 
These wells are located in the NW¼, NE¼ of Section 7, Township 17 North, 
Range 107 West (U.W. 132618) and NW¼, NW¼ of Section 9, Township 19 
North, Range 107 West (U.W. 54302). These wells are reported to yield 45 and 
20 gpm. Martin (1996) in his report states that the Laney Member in the northern 
part of the Green River Basin near the Big Sandy River has the potential for 
yielding large quantities of water. In the Big Sandy River area, the Laney 
Member’s permeability has been enhanced by fracturing and solution channels. 
The driller’s report for the U.W. 132618 well drilled in Section 7 of Township 17 
North, Range 107 West, approximately 2¼ miles south of the study area, list 
fractured rocks being present in the Laney Member at a depth of 77 to 80 feet. 
The specific capacity associated with this well, which produces at a rate of 45 
gpm, is approximately 4.5 gpm/ft. The static water level in this well is only 3 feet 
above this fractured zone. Therefore, unless additional fractured zones are 
present deeper in the formation, the yield from the Laney would appear to be 
limited to approximately 30 to 40 gpm to prevent completing a well in such a 
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manner that the water cascades into the well. Welder (1968) in his report states 
that the groundwater potential of the Laney aquifer within the Green River 
Structural Basin is fair with known yields ranging from 1 to 75 gpm. Martin (1996) 
indicates that aside from the Big Sandy River area, the hydraulic conductivity and 
well yields from the Laney Aquifer are small. 
 
The quality of the water produced from the Laney Aquifer is generally poor. 
Mason and Miller (2005) list the quality of groundwater produced from 43 wells 
and/or springs completed in or flowing from the Laney Aquifer. Of these 43 water 
quality sample locations, only one of them was near the study area. This is a 
spring located in the SE¼, NE¼, NW¼ of Section 7, Township 18 North, Range 
106 West which is approximately 1½ miles east of the northeast corner of the 
study area. The water produced from this spring exceeds the EPA’s Secondary 
Drinking Water Standards for total dissolved solids (TDS) (approximately 900 
mg/l) and sulfate (360 mg/l). Mason and Miller (2005) report that the quality of 
water produced from the Laney Aquifer deteriorates with depth and that the 
median concentration of the TDS from 24 wells completed in the Laney Aquifer at 
depths of less than 1,000 feet was 1,107 mg/l which is over twice EPA’s 
Secondary Drinking Water Standard of 500 mg/l. 
 
Wilkins Peak Member:  The Wilkins Peak Member was deposited when the 
climate was dry and hot and when Lake Gosiute had no outlet. This condition led 
to the deposition of abundant salt deposits such as trona in the Green River 
Structural Basin (Mason and Miller, 2005). The Wilkins Peak Member is 
described as a regularly bedded, greenish gray, drab to nearly white dolomitic 
mudstone, marlstone and oil shale; white to brown tuff and tuffaceous sandstone 
and marlstone beds and contains a thick saline facies and several extensive 
beds of trona (Bradley, 1961). The thickness of the Wilkins Peak Member in the 
Study area is approximately 700 to 800 feet (Martin, 1996). 
 
There are no wells completed in the Wilkins Peak Member in the study area. The 
SEO has on record one well completed in the Wilkins Peak Member in the NW¼, 
NE¼, NW¼ of Section 15, Township 18 North, Range 106 West (U.W. 7829), 
approximately 4¼ miles east of the study area. The reported yield from this well, 
which is completed at a depth from 455 feet to 540 feet, is 5 gpm. Martin (1996) 
in his report considers the Wilkins Peak Member to be relatively impermeable 
and to yield less than 30 gpm of brine water. 
 
Mason and Miller (2005), in their report, list two water quality samples from 
springs and/or wells in the general area of Green River that are producing from 
the Wilkins Peak Member. One from a spring (NW¼, SW¼, SW¼ of Section 32, 
Township 17 North, Range 106 West) and one from a well (NW¼, NE¼, NW¼ of 
Section 15, Township 18 North, Range 106 West). In both of these samples the 
groundwater is high in TDS (over 1,600 mg/l), sodium (570 mg/l), sulfate (greater 
than 640 mg/l), boron (greater than 1,500 µg/l), and fluoride (greater than 2 mg/l).  
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Tipton Shale Member:  The Tipton Shale Member is relatively thin in the study 
area, approximately 50 feet (Martin, 1996). Bradley (1961) describes the Tipton 
Shale Member as a soft brown to buff shale and organic marlstone in the lower 
half and chippy to flaky, light bluish gray organic marlstone in the upper half. 
Martin (1996) describes the groundwater potential from the Tipton Shale Member 
to be poor except in the northern areas of the basin where the sand content of 
the Member increases and differentiation from the Farson Sandstone Member is 
difficult (Martin refers to the Farson Sandstone as the New Fork Tongue of the 
Wasatch Formation). In the northern part of the basin, Martin (1996) reports that 
the hydraulic conductivities in the Tipton Shale Member are large. However, 
because the Green River Master Plan Groundwater Study Area is located in the 
southern region of the Green River Structural Basin and the thickness of the 
Tipton Shale Member is fairly thin, the hydraulic conductivities according to 
Martin (1996) will be small and the groundwater potential poor.  
 
There are no wells on record with the SEO that have been completed in the 
Tipton Shale. Mason and Miller (2005) list one well in the study area as being 
completed in the Tipton Shale Member. The location of this well is shown in 
Figure 5. This well was drilled to a depth of 764 feet. The production from this 
well is unknown. The quality of water produced is marginal to poor as listed by 
Mason and Miller (2005). The groundwater is high in TDS (approximately 1,200 
mg/l), sodium (510 mg/l), fluoride (10 mg/l) and boron (1,300 µg/l). 
 
Wasatch Formation:  The Wasatch Formation is composed of fluvial sediments  
that were deposited around the margins of Lake Gosiute at the same time as the 
Green River Formation was being deposited within the lake. The upper parts of 
the formation inter-tongue with tongues and members of the Green River 
Formation while the lower part of the main body of the Wasatch Formation 
predates Lake Gosiute, and underlies the Green River Formation, rather than 
inter-tonguing with it (Mason and Miller, 2005). Although the Wasatch has been 
subdivided into several units, the Wasatch Formation that is present within the 
study area is designated as the “main body” of the Wasatch Formation. Martin 
(1996) describes the Wasatch Formation as being comprised of fluvial sandy 
shale and siltstone with variable thicknesses of channel sandstone. The depth to 
the Wasatch Formation in the study area is approximately 1,200 feet and the 
thickness is approximately 3,000 feet. 
 
There are no wells within the study area that have been completed in the 
Wasatch Aquifer. There are five (5) wells in the townships surrounding the study 
area that have been completed in the Tertiary Wasatch Aquifer (See Table 3). As 
reported by the SEO, these wells all produce less than 25 gpm. The reported 
pump test data associated with two of these wells indicate that the specific 
capacity of these wells is very low (less than 0.35 gpm/ft) and the resulting 
transmissivities to be less than 700 gpd/ft. Mason and Miller (2005) report that 
the yield from the Wasatch wells in the Green River Basin and overthrust belt 
area ranged from 1 to 1,300 gpm with most yields less than 500 gpm. They 
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indicated that the specific capacity of these wells ranged from less than 1 to 14 
gpm/ft and that the calculated transmissivities associated with most of these 
wells ranged between 200 and 1,000 gpd/ft. Martin (1996) in his report indicates 
that the potentiometric surface of the Wasatch Aquifer in the Green River area is 
at an elevation of approximately 6,200 feet, MSL. Based on the apparent low 
specific capacity of the Wasatch Aquifer in the Green River area, the anticipated 
production from a well completed in the Wasatch Aquifer will probably be less 
than 100 gpm. 
 
Aside from the low production potential, the quality of water produced from the 
Wasatch Aquifer in the Green River area is poor. Mason and Miller (2005) in their 
report list the water quality from five wells completed in the Wasatch Aquifer in 
the area around Green River. Two of these wells are located in Section 15, 
Township 18 North, Range 106 West and three wells in Section 16, Township 18 
North, Range 106 West (approximately 4 miles east of the study area). The 
groundwater is high in TDS (averaging 1,400 mg/l), sodium (averaging 500 mg/l), 
fluoride (averaging 9.6 mg/l) and boron (averaging 1,180 µg/l). 
 
Fort Union Formation:  Very little information is available concerning the 
groundwater potential of the Ft. Union Aquifer in the Green River area. The depth 
to the Ft. Union Formation in the study area, approximately 4,200 feet, has 
precluded the development of this aquifer as a potential water supply source. 
There are no wells in the general area of Green River that have been completed 
in the Ft. Union Aquifer. Most of the information regarding the hydrogeologic 
characteristics of this formation is from basin margins where the depth to the 
formation is shallower.  
 
The Fort Union Formation is described as a brown to gray sandstone, gray to 
black shale, and thin coal beds (Love and Christiansen, 1985). The thickness of 
the Fort Union Formation in the study area is approximately 2,500 feet (Martin, 
1996). 
 
Welder (1968) reported that the potential for groundwater development from the 
Fort Union Aquifer in the Green River Structural Basin is unknown, and further 
stated that the aquifer probably contains highly mineralized water. Mason and 
Miller (2005) reported that Ahern and others (1981) had estimated the 
transmissivities of the Fort Union Aquifer in the Green River Structural Basin from 
oil field data and these values ranged from 1 to 20 gpd/ft. Based on these very 
poor transmissivities, the Fort Union Aquifer would not be capable of producing 
over 10 gpm. 
 
Mason and Miller (2005) list water quality data from 13 water wells and/or 
springs. However, as mentioned, the locations of these wells and springs are not 
in the general vicinity of the study area. The closest of these sample locations is 
on the southern tip of the Rock Springs Anticline approximately 30 miles 
southeast of the study area. Mason and Miller, in addition to the 13 water well 
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and spring data reviewed 65 produced-water samples. These samples were 
found to be much poorer than the water/spring samples. The TDS concentration 
of these produced water samples ranged from 1,170 to 153,000 mg/l with a 
median concentration of 15,400 mg/l. The depths of these samples ranged from 
1,950 to 7,700 feet with the median depth approximately 4,100 feet. The depths 
of these samples would be very similar to the depths at which the Ft. Union 
would be developed in the study area (depth of Ft. Union ranging from 
approximately 4,200 to 6,700 feet). Based on the produced-water analyses, the 
anticipated quality of water from the Ft. Union Aquifer in the study area would be 
very poor and unacceptable for domestic, livestock and irrigation purposes. 
 
Cretaceous Aquifer 
In the Rock Springs area, the Mesaverde Group (Almond Formation, Ericson 
Formation and Rock Springs Formation) are prolific aquifers. However, due to 
the depth of burial of these formations in the study area, greater than 6,700 feet, 
these aquifers were not considered as a viable source of groundwater. 
 
Summary 
In the study area there are three potential aquifers: 1) the Quaternary Alluvium, 
2) the Tertiary Laney Member of the Green River Formation and 3) the main 
body of the Tertiary Wasatch Formation. The production potential from these 
three aquifers is poor with production limited to less than 100 gpm and in most 
cases less than 20 gpm. In addition to the poor production potential, the quality of 
water produced from these three aquifers is very poor. The production potential 
and anticipated quality of water produced from these aquifers has been tabulated 
in Table 4. 
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Aquifer

Formation 
Depth      
(Feet)

Static Water 
Level       
(Feet) Production Potential

Anticipated Water 
Quality Comments

Alluvial 0 - 20 10
Maximum - 100 gpm 

Anticipated 10 - 20 gpm

TDS - 4,000 mg/l 
Nitrate+Nitrite > 10 
mg/l  Sodium - 1,000 
mg/l  Sulfate - 2,000 

mg/l

1). Production potential from this aquifer is poor due to the thin 
saturated thickness and the lack of coarse grained material         
2). The water quality is very poor, in addition to the constituents 
listed here, the alluvial aquifer may produce groundwater high in 
fluoride (> 2 mg/l)

Laney 0 - 400 Approx. 10
Maximum - 50 gpm 

Anticipated 10 - 20 gpm
TDS - >1,000 mg/l     
Sulfate - >300 mg/l

1). Production potential from this aquifer is poor. Greatest 
production is found in areas with fracturing and the presence of 
this fracturing is not well documented in the study area.              

Wilkins Peak 400 - 1,200 >150 Less than 10 gpm

TDS > 1,600 mg/l     
Fluoride > 2 mg/l      
Sodium - 600 mg/l     
Sulfate - 600 mg/l

This Member is considered a confining unit by Martin (1996)

Tipton 1,200 - 1,250 unknown Less than 10 gpm

TDS > 1,200 mg/l     
Fluoride > 10 mg/l     
Sodium - 500 mg/l     
Boron - 1300 µg/l

This Member is considered a confining unit by Martin (1996)

Wasatch 1,250 - 4,250 0 - 600
Maximum - 500 gpm 

Anticipated <100 gpm

TDS > 1,400 mg/l     
Fluoride ˜ 10 mg/l     
Sodium - 500 mg/l     
Boron - 1200 µg/l

1). Although reported yields from this Aquifer are greater than 
500 gpm, the wells completed in the Wasatch in the area around 
Green River are listed at producing less than 25 gpm with 
specific capacities of less than 1 gpm/ft                                     
2). The water quality is very poor with very high fluoride levels

Ft. Union 4,250 - 6,700 unknown
Maximum - Unknown 
Anticipated <10 gpm

TDS > 10,000 mg/l     

Production potential from the Ft. Union Aquifer is unknown in the 
Green River area, however, given the depth to the aquifer and 
the anticipated poor water quality, the Ft. Union is not an ideal 
target for a groundwater source in the study area.

TABLE 4
Green River Master Plan Study

Aquifer Summary

 
 
 
  
 
References: 
  

Ahern, John, Michael Collentine and Steve Cook, 1981, Occurrence and 
Characteristics of Ground Water in the Green River Basin and Overthrust 
Belt, Wyoming: Laramie, University of Wyoming, Water Resources Research 
Institute, Report prepared for U.S. Environmental Protection Agency 
 
Bradley, W.H., 1961, Geologic Map of a Part of Southwestern Wyoming and 
Adjacent States: U.S. Geological Survey Miscellaneous Geologic 
Investigations Map I-332, Scale 1:250,000. 
 
Bradley, W.H., 1964, Geology of Green River Formation and Associated 
Eocene Rocks in Southwestern Wyoming and Adjacent Parts of Colorado and 
Utah: U.W. Geological Survey Professional Paper 496-A. 
 
Cherry, John A. and R. Allen Freeze, 1979, Groundwater, Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey 07632, pp. 350-351. 
 
Love, J.D. and A. C. Christiansen, 1985, Geologic Map of Wyoming: U.S. 
Geological Survey, Scale 1:500,000. 
 



 
Green River Master Plan 
Groundwater Investigation Report 
Page 9 of  9 

Martin, Lawrence J., 1996, Geohydrology of Tertiary Rocks in the Green 
River Structural Basin in Wyoming, Utah, and Colorado, U.S. Geological 
Survey, Water-Resources Investigations Report 92-4164, Prepared in 
Cooperation with the Wyoming State Engineer. 
 
Mason, Jon P. and Kirk A. Miller, 2005, Water Resources of Sweetwater 
County, Wyoming, U.S. Geological Survey, Scientific Investigations Report 
2004-5214, Prepared in Cooperation with the Wyoming State Engineer’s 
Office. 
 
Roehler, H.W.,1992, Correlation, Composition, Areal Distribution, and 
Thickness of Eocene Stratigraphic Units, Greater Green River Basin, 
Wyoming, Utah, and Colorado: U.S. Geological Survey Professional Paper 
1506-E. 
 
Welder, G.E., 1968, Ground-Water Resources of the Green River Basin, 
Southwestern Wyoming:  U.S. Geological Survey Hydrologic Investigations 
Atlas HA-290. 
 



 

Permit # Priority Status Twnshp Rng Sect. Qtrqtr Lots Applicant Facility Name Uses
Yld 
Act

Well 
Depth

Static 
Depth

Mwbz 
Top

Mwbz 
Bottom

Well 
Log

Chemical 
Analysis

1 P62186W 2/25/1982 CAN 18 N 107 W 6 NESW ALLIED CHEMICAL COMPANY 50 MIS 50 22 15 15 22 Yes Yes
2 P30567W 7/29/1975 GST 18 N 107 W 7 NWNE ALBERT J. DOLENC DOLENO #2 DOM 25 30 10 15 30 Yes No
3 P87182W 2/14/1992 GST 18 N 107 W 7 NWNE DRANEY DRANEY #1 DOM 10 50 10 30 40 No Yes
4 P87969W 5/21/1992 GST 18 N 107 W 7 NWNE DARLA KNAPE KNAPE #1 DOM 12 34 8 15 20 Yes No
5 P3371W 9/17/1969 GST 18 N 107 W 7 SESE ALBERT J. DOLENC DOLENC #1 DOM 15 22 8 8 16 Yes
6 P64007W 4/22/1983 GST 18 N 107 W 8 NESE JOHN C. MORRISON MORRISON #1 DOM 12 12 4 3 12 Yes No
7 P29061W 1/24/1975 GST 18 N 107 W 16 NENE HUGH W. CROUCH CROUCH #1 DOM 12 15 10 Unknown Unknown Yes No
8 P104890W 1/15/1997 CAN 18 N 107 W 22 SENE WYO DEQ-WQD RW-1 MIS 7 21 7 Unknown Unknown Yes No
9 P104891W 1/15/1997 CAN 18 N 107 W 22 SENE WYO DEQ-WQD RW-2 MIS 7 25.5 8 Unknown Unknown Yes No

10 P104892W 1/15/1997 CAN 18 N 107 W 22 SENE WYO DEQ-WQD RW-3 MIS 7 25.5 8 Unknown Unknown Yes No
11 P148647W 11/29/2002 GST 18 N 107 W 22 SENE WYO DEQ-WQD RW-1 MIS 7 25 7 Unknown Unknown Yes No
12 P148648W 11/29/2002 GST 18 N 107 W 22 SENE WYO DEQ-WQD RW-2 MIS 7 25.5 2 Unknown Unknown Yes No
13 P148649W 11/29/2002 GST 18 N 107 W 22 SENE WYO DEQ-WQD RW-3 MIS 4 25.5 8 Unknown Unknown Yes No
14 P86577W 10/21/1991 CAN 18 N 107 W 22 SENE UNION PACIFIC RAILROAD GR-RS-2 MIS 2 15 6 Unknown Unknown No No
15 P86574W 10/21/1991 CAN 18 N 107 W 22 SWNE UNION PACIFIC RAILROAD GR-RW-1 MIS 3 19 13.68 Unknown Unknown Yes Yes
16 P86575W 10/21/1991 CAN 18 N 107 W 22 SWNE UNION PACIFIC RAILROAD GR-RW-2 MIS 3 19 14.21 16 18 Yes Yes
17 P86576W 10/21/1991 CAN 18 N 107 W 22 SWNE UNION PACIFIC RAILROAD GR-RW-3 MIS 3 19.5 11.48 15 18 Yes Yes
18 P104893W 1/15/1997 CAN 18 N 107 W 23 SWNW WYO DEQ-WQD RW-1 MIS 7 20 7 Unknown Unknown Yes No
19 P104894W 1/15/1997 CAN 18 N 107 W 23 SWNW WYO DEQ-WQD RW-2 MIS 7 26 8 Unknown Unknown Yes No
20 P60474W 4/23/1982 GST 18 N 107 W 26 NENW TIM MERCHANT T MERCHANT #1 STO 3 27 13 Unknown Unknown Yes No
21 P102115W 4/18/1996 GST 18 N 107 W 26 NWNE L40 O.D. OWENS OWENS #1 STO 10 20 12 Unknown Unknown No No

TABLE 1
Green River Master Plan Study
SEO Wells within Study Area



 

Permit # Priority Status Twnsip Rng Sect. Qtrqtr Applicant Facility Name Uses Yld Act
Well 

Depth
Static 
Depth

Mwbz 
Top

Mwbz 
Bottom

Well 
Log

Chemical 
Analysis

P132618W 2/12/2001 UNA 17 N 107 W 7 NWNE LAND CORP. W-W B-7-17-107 MIS 45 88 74 78 79 Yes No
P61067W 5/26/1982 CAN 18 N 106 W 12 NESW D & R AIR DRILLING D & R #1 DOM,MIS 25 450 180 401 409 Yes Yes
P66694W 3/26/1984 ADJ 18 N 106 W 12 NWSW WARCO PUMP SERVICE WARCO #1 MIS 15 240 60 193 210 Yes No

P20370W 1/31/1973 A&C 18 N 106 W 15 SWNW
USDI BUREAU OF MINES** UNION PACIFIC 
RAILROAD COMPANY USBM SITE 9 WATER WELL IND 10 900 900 860 900 Yes Yes

P7829W 1/20/1971 18 N 106 W 15 NENW
U.S. BUREAU OF MINES** UNION PACIFIC RAILROAD 
COMPANY USBM SITE 6 WATER WELL IND 5 540 160 455 540 Yes

P144066W 4/15/2002 GST 18 N 108 W 15 NENW DAVID WILLIAMS/YOLONDA RICH WILLIAMS # 1 DOM,STO,IRR 11 750 200 600 750 No No
P40652W 11/1/1977 ABA 19 N 106 W 28 SENW DAVIS OIL CO.**USDI, BLM DAVIS-POITEVENT FEDERAL WATER WELL #1 MIS Unknown 1410 -1 1305 Unknown Yes No
P54302W 11/6/1980 GST 19 N 107 W 9 NWNW LEONARD HAY G L I DOM,STO 20 380 160 220 380 Yes No

TABLE 3
Green River Master Plan Study

Tertiary Wells in Area Surrounding the Study Area
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APPENDIX D
SWEETWATER ECONOMIC DEVELOPMENT ASSOCIATION

2007 AND 2008 DEMOGRAPHICS



About Sweetwater County, Wyoming: 
2007 Demographics 

Since we have been unable to obtain a number from neither the State of Wyoming 
nor the Census that reflects an accurate number, we contacted the following electrical 
companies that are responsible for residential electrical hookups throughout the county. 
They furnished us with the following information: 

Pacific Power/Rocky Mountain Power 
Pacific Power Residential Electrical Hookups effective the end of January 2006 
compared to the end of December 2006: 

1400 Dewar Drive, Ste 205A Rock Springs, WY 82901 
307-352-6874 800-803-6362 FAX 307-352-6876 



Rock Springs, WY 
. district 501 

Total Supelior 

SWEETWATER COURTY 

'7UII,rll. 2006 
8,495 

1,730 

10,225 X 2.57* = 

78 

242 

13 

10 

130 X 2.57* = 

334 

1400 Dewar Drive, Ste 205A Rock Springs, WY 82901 

8,608 

1,850 

10,458 X 2.58* = 

26 

246 

16 

307-352-6874 800-803-6362 FAX 307-352-6876 



Bridger Valley Electric 

SWEETWATER [OURTY 

r;et'iWJil'[ E(OnU~~:~{tllIDf'lIi "\SOriaIiO!! \ 

I" ~OO'~03.6362 'c} 
~ -------=_:~~~~~wp-Ij;npi- -~---=_.; 

Residential Electrical Hookups effective 1112/07 

January 8, 2006 January 8, 2007 

FarsonlEden Valley, 574 X2.57 = 586 X 2.58 = 

Granger,~cEJnnon 1,475 1,512 

s t t wee wa er c t Ttl ounty oas 
January 2006 December 2006 

Houses Population Houses Population 

Total: 16,177 41,575 16,638 42,926 
Sweetwater County 

*The average number o/persons per household (2.57) was acquiredfi-om the Director or Research and 
Planning/or the State of Wyom ing for Jan 2006 and 2.58/01' Dec. 2006. 

These numbers are only estimates and it is up to you if you wish to use them. 

Census POPULA.TION 1970 1990 2000 
Rock Springs 11,700 19,100 18,708 
Green River 4,200 12,700 11,808 
Sweetwater County 18,400 38,823 37,613 

Source: Wyoming Department of Administration & Information 

1400 Dewar Drive, Ste 205A Rock Springs, W( 82901 

307-352-6874 800-803-6362 FAX 307-352-6876 



Median Household Income 
Per Capita Income 
Mean Hourly Wage. 

SWEETWATER CD.UNT! 

2005 Estimate Population by Age 

9% 

l1li17 and Under 
018to 24 

1liI25to 64 

1165 and DIcier 

Rer €apita Rersonallncome 
2005 - $65,300 
2005 - $22,914 
2005 - $17.86 

Source: WyoniinR Department of Employment & HUD 

Race &i Hispanic Origin Estimate 2005 . 
White 90.75% 
Black 0.91% 
American Indian, Eskimo or Aleut. 1.13% 
Asian or Pacific Islander 0.90% 
Other Races 3.86% 
Hispanic Origin 10.16% 
Source: US Census 
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Eand Ownership (acres) 
Total Public Lands 4,891,652 
Private Lands 1,860,085 
Water Surface 35,629 
Total Acreage 6,708,743 
Total Square Miles 10,482 

1400 Dewar Drive, Ste 205A Rock Springs, WY 82901 
307-352-6874 800-803-6362 FAX 307-352-6876 



",..--~......-::::::<-=.-=.-~:.:::==-

SWEETWATER COONTY 

About Sweetwater County, Wyoming: 
2008 Demographics 

Since we have been unable to obtain a number from neither the State of Wyoming nor the Census that reflects 
an accurate number, we contacted the following electrical companies that are responsible for residential 
electrical hookups throughout the county. They furnished us with the following active residential connections 
information: 

Pacific PowerlRocky Mountain Power 
Pacific Power Residential Electrical Hookups effective the end of December 2007 compared to the end of 
December 2007: 

December 2006 December 2007 
Rock Springs, WY 8608 8977 
(taxing district 5018) 

Rock Springs Unincorporated 1850 2080 
(taxing district 5136,5135,5020) 

Total Rock Springs 10,458 X 2.58* = 26,982 11,057 X 2.56* = 28,306 

Green River, WY 4,747 4772 
jtaxing district 5021) 
Green River Unincorporated 246 244 
(taxing district 5138) 

Total Green River 4,993 X 2.58* =12,683 5016 X 2.56 = 12,841 

Wamsutter, WY (taxing district 5016) 236 240 
Wamsutter Unincorporated (taxing district 16 15 
5132) 

Total Wamsutter 252 X 2.58* = 650 255 X 2.58 = 652 

Bairoil 66 X 2.58 = 169 

SUJlerior 135 X 2.58 = 320 

FarsonlEden, Granger, McKinnon 837 X 2.58 = 2,181 

Total: Sweetwater County 42,926 44,468 

*The average number of persons per household (2.57) was acquiredfrom the Director or Research and Planningfor the State of 
Wyomingfor Jan 2006 and 2.58 for Dec. 2006. 
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fhese numbers are only estimates and it is up to you if you wish to use them. 
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Geotechnical Assessment of Reservoir Sites 

As part of the feasibility level study of new raw water reservoir, a limited feasibility level 
geotechnical assessment of the three potential reservoir sites was conducted. All three sites are 
located on the west side of the Green River on the northwest side of the Town of Green River. Two 
of the sites are located within the well defined valley formed by the Green River through the 
surrounding uplands. The Telephone Canyon site is located at the mouth of a tributary canyon on the 
east side of the Green River Valley. 

Site assessments reported here were limited to researching available data. A detailed geotechnical 
report to include appropriate subsurface investigations will be required prior to desi~nation of a 
preferred site and for reservoir design. 

DATA SOURCES 

Geologic Mapping 

A 1:250,000 scale map of the area is contained in "Groundwater Reconnaissance of the Green River 
Basin, Southwestern Wyoming" USGS Hydrologic Investigation HA-290, G.E. Welder 1968. This 
mapping shows the Wilkins Peak Member of the Green River Formation underlying the Green River 
and the. adjacent valley floor including all three of the proposed reservoir sites. The Wilkins Peak 
Member is described as "limestone, marlstone, mudstone, siltstone, sandstone and low-grade oil 
shale". This member is mapped locally on lower elevation slopes and canyon bottoms throughout 
the area and probably exists as colluvium on slopes and alluvium in washes. Surrounding uplands 
are mapped as the Laney Shale Member of the Green River Formation. The Laney Shale consists of 
"limestone containing numerous stromatolites and ostracods, marlstone, mudstone, shale, siltstone 
and sandstone". 

Shale is a very thinly bedded fine grained sedimentary rock composed of clay and silt grains. 
Limestone is typically described as being either a granular or crystalline sedimentary rock composed 
of calcite (calcium carbonate). Marlstones (muddy limestone) are a particular species of clastic 
limestone consisting primarily of clay and silt sized calcium carbonate (lime-mud) grains. Oil shale 
is a sedimentary rock consisting of fine grained material (typically silt and clay) with high kerogen 
(solid organic chemical) content. 

Local Well Logs 

Water Wells 

Welder reports the Wilkins Peak Member as having little to no usable groundwater. The State 
Engineers database shows no water production wells located in the vicinity of the proposed project 
site. 

Union Pacific Railroad Site 

An ongoing environmental investigation and remediation operation has been taking place at the 
Union Pacific Railroad (UPRR) yard in Green River, Wyoming since the 1980's. The rail yard is 



located on the east bank of the Green River approximately 1,000 feet east of the water treatment 
facility. As part of the remediation effort, multiple monitoring wells were installed within and near 
the site. Monitoring well data for the area was obtained from the Wyoming State Engineer's Office 
and the Wyoming Department of Environmental Quality (WDEQ). Monitoring well depths were 
between 8.5 and 260 feet below ground surface (bgs). Monitoring wells appear to be completed in 
alluvium for shallow wells and in the Green River formation for wells penetrating bedrock. 
Typically, deeper well logs report clay, sand and gravel deposits from the ground surface to between 
9 and 13 feet bgs, followed by "claystone" to the total depth of the boring 

Groundwater levels in these wells ranged from 2.6 feet bgs along the Green River flood plain to 160 
feet bgs on adjacent uplands. Water bearing units identified in the wells include clay, silt, sand, and 
gravel alluvium. According the well logs, relatively shallow water bearing units overly a claystone 
or shale aquitard. Most logs indicate that underlying claystones/shales are saturated ih upper 
weathered zones and moist to dry at depth. 

Pollutant plumes from the UPPRR site do not appear to be a concern at any of the reservoir sites for 
two reasons. Firstly, the local groundwater gradient at the UPRR facility is reported to be to 
southwest, towards the Green River leaving the proposed reservoir sites cross gradient or up gradient 
of the UPRR site. Secondly, registered monitoring wells are not found west of the Green River 
leading to the assumption that compliance goals and plume delineation were achieved within the 
area east ofthe river. 

SITE DISCUSSION 

Telephone Canyon 

The potential Telephone Canyon reservoir site is located approximately 500 feet west of the existing 
water treatment facility near the eastern mouth of Telephone Canyon. The canyon is approximately 
800 feet wide at its mouth and is characterized by a flat valley bottom, steep valley walls, and a 
poorly defined ephemeral stream bed. Recent and historical aerial photography show bedrock 
outcrops on the valley walls and adjacent uplands with alluvium of unknown depth covering the 
valley floor. Depth to competent bedrock is likely to be highly variable on slopes and valley floors. 
The parent material for both alluvium and colluvium found on the valley floor is the Wilkins Peak 
and Laney Shale members of the Green River formation found throughout the canyon watershed. 

Although the units of the Green River Formation mapped at the site are fine grained and when 
massive are relatively low permeability, fracturing and jointing is possible and could present 
undesirable seepage characteristics. Overlying alluvial soils are highly likely to have undesirably 
high hydraulic conductivity and seepage rates. If low permeability bedrock is found, a dam keyed 
into the bedrock through the alluvium may preclude the need for a lining. Future subsurface 
investigations should focus on the depth to bedrock and the permeability of in-place soils and 
bedrock. 

On site reservoir lining material may be available. In particular, soils formed from weathered of 
parent materials such as ashy marlstone (limestone), mudstone, and shale are typically fine silts and 
clays with low permeability. Site specific soil information should be obtained to evaluate soil 



properties to determine the suitability of site soils for lining and construction purposes. Soils 
composed of mixtures of fine sand, clay and silt soils may be suitable for use as lining material as is 
or when amended with bentonite or polymers or otherwise treated. 

Option 2 and 3, Upper Bench/Quarry and Section 9 Sites 

The upper bench/Quarry site is located approximately 1 mile north-northwest of the existing water 
treatment facility, 1,300 feet west of the Green River, and about 1000 feet east of the Union Pacific 
Rail line. The Option 3 (SECTION 9 Site) is located approximately 1.75 miles north-northwest of 
the existing water treatment facility, less than 1,000 feet west of the Green River and less than 1,000 
feet east of the existing Union Pacific Rail line. Both of these sites are located on the fluvial terrace 
that lies west of the Green River in this reach. At both sites, the stream terrace is located 
approximately 30 above the level of the river. 

The Wilkins Peak Member of the Green River Formation is mapped as underlying the sites. Historic 
gravel quarry operations along the terrace indicate that coarse grained Green River alluvium overlies 
the bedrock. Depth to competent bedrock is unknown but is estimated to be approximately 
coincident with existing river bed elevation. 

Reservoirs constructed on the terrace, where surficial soils are sand and gravel alluvium, will require 
lining to prevent high seepage losses. Gravel and sand soils are not likely candidates for amendment 
or treatment to create engineered linings. Gravel and sands will be good sources of material for 
berms and small dams. Berms and small dams will require lining or impermeable cores to prevent 
seepage. Weathered marlstones and shales, if found at shallow depths, should be evaluated for lining 
and dam construction purposes. Site specific soil information should be obtained to evaluate soil 
properties to determine the applicability of site soils for lining and construction purposes. Future 
subsurface investigations should focus on the depth to bedrock and the permeability of in-place soils 
and bedrock. 
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Chapter I

INTRODUCTION

Nelson Engineering is currently under contract with the Wyoming Water Development
Commission (WWDC) to complete Phase 2 of the Green River - Rock Springs – Sweetwater
County Joint Powers Water Board (JPWB) Master Plan, Level I Study. A major part of the scope
requirements under the Master Plan project is identifying and prioritizing areas of system
inadequacies, and costing out reasonable solutions for system improvement. The project sponsor
is then left with a prioritized capital improvements plan extending into the future, as a part of the
overall Master Plan document. The final report covering the Level I Study is scheduled for
completion in February, 2009.

This submittal is intended to serve as an Interim Report completed by Nelson Engineering to
document recently discovered inadequacies in the Reliance Area Water Supply System. (Please
refer to Exhibit A in the Appendix which shows the geographic relationship between the
Reliance Area and the City of Rock Springs, Wyoming.) This Interim Report is prepared and
submitted to the WWDC and JPWB prior to February, 2009, because of the severe nature of the
inadequacy, and the resulting desire to expedite and fund a more focused Level II Feasibility
Study of the Reliance situation within the WWDC Omnibus Bill anticipated to go before the
2009 Wyoming Legislative Session. Inclusion of this capital project within the previously
scheduled February 2009 Final Report would postpone further consideration until 2010, a
timetable deemed unacceptable.
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Chapter II

BACKGROUND INFORMATION

The Reliance Service Area is located north of Rock Springs and east of Highway 191 (See
Exhibit A) and can be separated into three parts: The western side which contains mostly
industrial development with one high density residential trailer park, the middle area which is
largely undeveloped but will likely be developed as industrial, and the eastern part which is
primarily residential.

Water is delivered to Reliance through the use of four primary components: White Mountain
Tank (1,000,000 gallons), Reliance Tank (90,000 gallons), the transmission line between the two
tanks, and a solenoid valve controlling flow to the Reliance Tank (Please refer to Exhibit A). The
White Mountain tank is higher than the Reliance Tank allowing gravity to carry water from
White Mountain to Reliance. The transmission line is three and one half miles long and is
primarily 12” pipe. The 12” pipe splits into a distribution network of 8” and 6” pipes as it passes
through a more densely populated residential area on the east side of the Reliance Service Area.
These smaller pipes then rejoin into a 12” pipe which continues to serve as both a transmission
and distribution line and extends up to Reliance Tank. The solenoid valve is located just east of
Yellowstone Road at the beginning of the three and one half mile 12” transmission line. The
valve automatically opens to fill Reliance Tank (and supply the Reliance Service Area) when the
low operating level is reached and closes when the tank is full. When the solenoid valve is
closed, all demand within the Reliance Service Area is supplied by the Reliance Tank.

In 2007 it was discovered during hydrant testing that very little flow (200-500 gpm) was
available from the fire hydrants in the Service Area, and that residual pressure was drastically
reduced during hydrant flow. This would only happen if the solenoid valve was in the closed
position, forcing all flow to be delivered from the Reliance Tank. Immediate investigation
revealed that there was a restriction in the 6” cast iron line leading to and from the Reliance
Tank. In June of 2008, construction began on replacement of the 6” line with a new 12”
replacement; it is anticipated that this remedy will solve the low flow/pressure concerns.
Construction is expected to be complete during August 2008. Note that the distribution network
of 8” and 6” pipes passing through the more densely populated residential area on the east side of
the Reliance Service Area still exists.

Computer modeling indicates that when the new 12” line leading into and out of the Reliance
Tank is operational, and assuming that no other restrictions exist, fire flows in excess of 2000
gpm from the Reliance Tank alone can be delivered along certain components of the existing
transmission (not distribution) system. Pipe velocities in certain areas are, however, extremely
high (> 9fps). Under a reduced fire demand of 1500 gpm, pipe velocities are more reasonable (<
6fps). It should be noted, however, that with a fire demand of 1500 gpm (not an unreasonable
value) the existing 90,000 gallon Reliance Tank will empty in sixty minutes, if it were full at the
beginning of the fire demand. Compounding the problem is the concurrent need for onsite
reserve storage. The 90,000 gallons currently available in the Reliance Tank would provide for
less than 7 hours of reserve during a maximum day or less than 14 hours during an average day
of domestic water demand. WDEQ states that a tank, for a system of this size, should be able to
store one average day worth of domestic demand plus fire flow requirements. The existing
Reliance Tank can provide neither. The lack of existing reserve storage is further amplified by
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the added development that is probable in the Reliance Service Area. Future development of the
“middle area” of Reliance will cause increased demand from the tank, and a further increase in
required reserve storage. For this reason any future development to the north along Winton Road
is not included in the Reliance Service Area. Provisions could be made to allow emergency
service from the Reliance Tank to the Winton Road area; however its normal domestic demand,
fire protection and reserve needs are allocated to the White Mountain Tank. The same is true for
development west of Highway 191 along the 12” Reliance Transmission Line (JY Road).
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Chapter III

COMPUTER MODEL INPUT/OUTPUT

Due to extensive effort within Phase I of the JPWB Master Plan Project, combined with an
additional complementary project performed by the JPWB, a well calibrated hydraulic computer
model of the existing Rock Springs Water Supply, Transmission, Storage and Distribution
System is now available for analyzing system behavior. The model provides an easy tool not
only for discovery of system inadequacies, but also for design of the improvements which
resolve the inadequate operational condition.

As described in Chapter II of this report, the major concern as to the inadequacy of the Reliance
Water System is in regards to fire protection and reserve storage. It is a widely accepted water
system design parameter that a transmission and distribution system should be able to supply
either a maximum day domestic demand plus required fire flow, or peak hour demand,
whichever is greater. Due to the existing land use within the Reliance system, the former
condition dictates system design. This is the first operational consideration which must be
determined prior to utilization of the model.

The second consideration has to do with the means utilized to determine required water storage
volume. For a community as isolated as the Reliance area, it is clear that onsite storage is
necessary in order to provide the community with some immediately available water quantity in
case short term demand exceeds supply capability, or in case supply capability is completely
disrupted. Typically, water storage tanks are designed to provide three independent but
complementary volumes as follows:

1. Equalization Storage – storage volume required to meet short term domestic demands
in excess of maximum daily demand supply capability.

2. Fire Storage – storage volume required to provide short term fire flow demands in
excess of supply capability.

3. Reserve Storage – storage volume required to provide water during longer term
emergency situations such as pipeline failure, equipment failure, water treatment
facility failures, natural disasters, etc.

In a typical storage facility design these three parameters are assigned values and summed to
produce total volume requirement of the tank. A word of caution here; this is not a situation
where more is better. Too large of a tank results in long residency times with little turnover of
water, thus creating potential loss of water quality. The tank designer must make a judgment call
in calculating required tank capacity in consideration of the specifics of the system that the tank
is to serve, including the aspects of preservation of water quality.

A. INPUT DATA

Utilization of the computer model requires input of certain parameters derived and selected by
the user, which describe the means by which the system is to operate. Operational input
parameters selected for this analysis consist of the following:
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1. Minimum Fire Flow Capability – The Rules, Regulations and Standards for System
Operations published by the JPWB states that within single family residential
developments, the water system shall be capable of delivering no less than 1,000 gpm
fire flow at any location with a minimum system residual pressure of 20 psi. The most
easterly portion of the Reliance service area is predominantly residential; however,
industrial development is also present in the westerly portion adjacent to Highway
191. Based on existing Reliance Service Area land use, the JPWB established an
increased level of necessary fire protection of 1,800 gpm rather than the minimum
1,000 gpm value. In addition, the JPWB established the need for the 1,800 gpm fire
flow to be sustainable over a two hour period. Justification of the 1800 gpm criteria
for delivered fire flow is as follows:

a. National codes suggest a range of 1500-3000 gpm for industrially developed
areas.

b. Utilization of fire sprinkler systems require a minimum delivered flow of
1750 gpm.

c. The JPWB has already instituted an 1800 gpm fire supply limitation on
adjacent properties outside of the Reliance Service Area.

2. Maximum Daily Domestic Demand – Under Phase I of the Master Plan project the
Maximum Daily Demand of the Reliance Service Area was determined to be 322,560
gallons per day (gpd) or 224 gallons per minute (gpm). (The peaking factor between
Maximum Day demand and Average Daily Demand for the entire Rock Springs
System was determined to be 2.0. See Item 4 below. )

3. Tank Equalization Storage – Under Phase II of the Master Plan project, equalization
storage requirements for the Reliance Service Area were determined to be 21,000
gallons.

4. Reserve Storage – Under Phase II of the Master Plan project, recommended reserve
storage for the Reliance Service Area (as for the entire Rock Springs system) was
determined to be two times Average Daily Domestic Demand. In the case of the
Reliance Service Area alone, this amounts to 2 x 160,000 gallons = 320,000 gallons.
It should be noted that this required Reserve Storage is twice the amount
recommended by WDEQ in Chapter 12 of the Water Quality Rules and Regulations.
As will be explained in the Phase II Master Plan Report, additional reserve storage is
needed throughout the entire Rock Springs System in order to provide a reasonable
level of service during turbidity events which periodically occur in the Green River.
These events force the Water Treatment Plant to temporarily cease treatment
operations and consequently water supply to both the cities of Rock Springs and
Green River over what can be an extended period of time.
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B. MODEL OUTPUT DATA

Development of the above described information provided the basic information needed to
calculate two of the three components of tank storage requirements and to execute computer
model runs of the Reliance system. In addition to determination of system behavior under fire
flow conditions, the model would also determine how much of the 1,800 gpm fire flow would
have to be supplied by the Reliance Tank, and how much could be supplied from the White
Mountain Tank.

The model runs indicate that with the existing system operating as modeled (including the new
12” line supplying the tank), 1,800 gpm fire flow plus maximum daily domestic demand can be
supplied to anywhere within the existing system as it exists to-date, except for along the 6” dead
end main near the west end of the service area. Maximum velocities in the system are 6’/sec and
minimum residual pressures are 60 psi. As would be expected, the location of the 1,800 gpm fire
demand determines how much of the fire flow is supplied by the Reliance tank, and how much is
supplied by the White Mountain Tank, assuming that the solenoid valve is open. Fire flows
placed on the west side of the Service Area utilize proportionally more supply from White
Mountain, fire flow on the east side utilizes more water from the Reliance Tank. For an area-
wide maximum day domestic demand (224 gpm) plus an 1800 gpm fire demand just south of the
Reliance Tank on Main Street, the total Reliance tank draw is 1515 gpm. The contribution from
the White Mountain Tank is 508 gpm. 1515 gpm (rounded to 1500 gpm) represents the
maximum draw that will occur from the Reliance Tank under an area-wide maximum day
domestic demand in combination with an 1800 gpm fire demand anywhere within the Service
Area. At the west end of the system (near Highway 191) identical demand requirements require a
contribution from the Reliance Tank of 1070 gpm and 956 gpm from the White Mountain Tank.

Given that the maximum required draw from the Reliance Tank is 1500 gpm and that the desired
duration of that draw is 2 hours, the fire storage volume required in the Reliance Tank is:

1500 gpm x 60 min/hr x 2 hours = 180,000 gallons

(Note: the fact that a small percentage of the 1500 gpm demand goes to serve a pro rated portion
of maximum daily domestic demand is ignored in the fire volume calculation)
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Chapter IV

RECOMMENDED IMPROVEMENTS AND PRELIMINARY
OPINION OF PROBABLE CONSTRUCTION COST OF WWDC

ELIGIBLE COMPONENTS

Summing the recommended calculated complementary components of Reliance system storage
from Chapter III yields the following:

Equalization Storage--------------------------------------------21,000 gallons

Reserve Storage------------------------------------------------320,000 gallons

Fire Protection Storage----------------------------------------180,000 gallons

Total Recommended (rounded)---------------------------- 520,000 gallons

All storage volumes required are assumed to be additive and without overlap because of system
supply peculiarities having to do with periodic turbidity events at the Green River Water
Treatment Plant.

Unfortunately, the existing Reliance Tank has a capacity of only 90,000 gallons, providing the
required maximum value of 1500 gpm of fire associated flow for only 60 minutes with no
remaining reserve or equalization capacity. In addition, the tank was built in 1972. It is of steel
construction, has developed corrosion leaks in the past, and is near the end of its useful life. It is
clear that tank replacement is the integral part of required system improvements.

As is discussed in Chapter II, system supply from the White Mountain Tank to the Reliance
Service Area (and storage replenishment in the Reliance Tank) is accommodated by an existing
solenoid valve on Yellowstone Road approximately 2 miles west of the Service Area. The
solenoid valve opens and closes in response to the Reliance Tank level under SCADA control. It
is our recommendation that the solenoid valve be relocated to the East Side of Highway 191, so
that it is responsive to the Reliance Service Area only, and its function does not affect the supply
of water to the two miles of additional downstream service area between the solenoid valve at its
existing location and the Reliance Service Area. In addition, a pressure regulating valve should
be installed in parallel with the solenoid valve so that water will be supplied to Reliance if either
the solenoid valve opens in response to a normal minimum operating tank level, or a system
pressure decrease within the Reliance area occurs (as would happen with initiation of a fire
flow.)

Finally, the model runs indicate that with the existing transmission spine running through the
Reliance Service Area from end to end, the 1800 gpm fire flow requirement plus maximum day
demand can only be met directly off the transmission spine. Distribution system improvements
are required off of the spine in order to ultimately deliver desirable flow to land parcels separated
from the transmission line alignment. An example is the existing dead end 6” distribution line
that is tied to the 12” transmission line via a pressure regulating valve, and services the westerly
portion of the service area. Replacement of the dead end 6” line with at least a looped 8”
distribution line will be required to deliver the fire flow to the offset parcels. Distributions
system improvements are not however, eligible for WWDC funding.
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Table 1, provided below, summarizes the Total Probable Construction Cost for all WWDC
eligible components, including design, construction engineering, and administrative costs.

$140,000

$50,000
$15,000

$20,000

Cost of Project Components

$1,575,000
$125,000

$1,700,000
$170,000

$1,870,000

$280,500

$2,150,500
$2,375,500

TABLE 1

Preliminary Opinion of Probable Construction Cost

Reliance Water Supply Improvements

WWDC-Eligible

Preparation of Final Designs and Specifications - - - - - - - - - - - - - - - - - - - - - - - - -

Permitting and Mitigation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Legal Fees - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Acquisition of Access and Right of Way - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

525,000 gallon concrete water storage tank @ $3/gallon - - - - - - - - - -
Relocation of control vault and related equipment - - - - - - - - - - - - - - -

Construction Cost Subtotal #1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Preliminary Opinion of Probable Construction Cost - - - - - - - - - - - - - - - - - - - - - - -

Engineering Costs = CCS#1x10% - - - - - - - - - - - - - - - - - - - - - - - - - -
Subtotal #2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Contingency = Subtotal #2x15% - - - - - - - - - - - - - - - - - - - - - - - - - - -

Construction Cost Total (Subtotal #2 plus Contingency - - - - - - - - - - - - - - - - - - - -
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Chapter V

FUNDING CONSIDERATIONS

Several opportunities for funding assistance are available for this project. They include
the following:

1. The State Land and Investment Board administrates the Mineral Royalty
Grant Programs as well as the Impacted Community Assistance Fund for
communities under impact due to energy development. Block grants are
provided to counties to distribute as they wish.

2. The State Land and Investment Board also administrates the SRF Drinking
Water Loan program which makes money available at 2.5% for twenty years
for water system improvements.

3. Transmission and storage improvements recommended in this report are also
eligible for grant/loan assistance from WWDC. Current guidelines suggest a
67% grant 33% loan mix. Loan terms are 4% over 50 years. Annual payment
of principal and interest under this program would equal approximately
$36,000.
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Chapter VI

RECOMMENDATIONS FOR LEVEL II STUDY

A. Based on the information included within this report, it is recommended that a
Level II (Feasibility) Study be completed for the proposed project. The scope for
a Level II Study should, at a minimum, include the following requirements.

1. Aerial photography outside of the limits of that provided by the City of
Rock Springs under the Master Plan Project is now available from
Sweetwater County, and covers the Reliance Area and north of the Rock
Springs City limits. It is recommended that the consultant rubbersheet the
existing water supply transmission and distribution system from White
Mountain Tank to the east end of Reliance on the newly available county
aerial mapping as a background layer. This will provide a value-added
product to the sponsor, allow for a more complete view of recommended
transmission and distribution system improvements under the Reliance
Level II Study, and provide base mapping for an eventual set of
construction drawings.

2. Conduct a more in-depth analysis of system computer model runs, with
emphasis on distribution system improvements, for the benefit of the
project sponsor.

3. An in-depth geotechnical analysis needs to be performed under the Level
II Study for tank siting purposes. Normally, this is accomplished under
Level III work, however the known presence of past coal mining activity
in the area, and potential resulting mine voids may prevent the area around
existing site from being re-utilized. Issues involved with tank siting need
to be accommodated early on, because they will greatly affect the
construction cost, and in fact, the ability to site the tank on stable
foundation soils. The Level II geotechnical evaluation needs to include
paper research of past mining activities in the area, as well as actual onsite
drilling to confirm research findings.

4. Perform land ownership research and obtain permission of right-of-entry
to accomplish the geotechnical investigation.

5. A more in-depth discussion with JPWB and County officials needs to be
performed in order to gain more knowledge of the development potential
within the Reliance Service Area, as shown in Exhibit A as a part of this
document. This information will give more credence to the tank sizing
recommendations provided within this report.

6. A new project costing analysis based on the refined information included
in the Level II study should be provided.
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7. The normal project meeting and report tasks should also be included in the
scope of services.

B. Anticipated Time Line
Assuming that Level II work would begin in June 2009, due to the extent of the
anticipated scope work it is not deemed possible to have the Level II Study
completed before January 31, 2010. Assuming favorable resolution of the mine
voids issue, without required AML mitigation, an application for Level III
funding could then be submitted by the sponsor in August 2010.

C. Anticipated Level II Study Costs

It is recommended that a budget amount of $150,000 be established to fund the
Level II Study.
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Introduction

The purpose of this report is to document the transient (surge) analysis of the Rock
Springs and Green River water systems, utilizing year 2004 water demand data. The
maps in the Appendix show the individual skeletonized systems and the relevant
appurtenances.

Background

Transient effects can be introduced into pipelines by sudden changes in the flow rate,
such as valves opening or closing quickly, sudden pump starts, or more commonly,
pump stoppage due to power failures.  Transients caused by automatic valve opening
and closing can be remedied by adjusting opening and closing speed controls.
Similarly, transients caused by normal pump starts/stops can be minimized by the VSD,
VFD, soft start, delayed restarts, and pump control valves. Since these sources of
transients are typically not an issue due to valve and pump features, most of the
scenarios evaluated in this transient analysis focus on loss of power at the pump
stations.

Nelson Engineering updated a computer-based hydraulic model of each of the Rock
Springs and Green River systems. The overall hydraulic models were created using
WaterCAD by Haestad Methods. HKM Engineering used these models in the transient
analysis of the various components of each system. Hammer, also by Haestad, is the
transient analysis software that utilizes the physical layout, demand scenarios, and
steady-state hydraulic analyses created in WaterCAD to perform the surge analysis.
Hammer enables engineers to evaluate the magnitude of surges and design surge
protection for the water system.

In addition to the information in the WaterCAD models, information necessary for
performing the transient analysis was entered into the Hammer models. This
information included wave celerity, pump rotational inertia, and location of air/vacuum
relief valves.

Wave celerity is the term used to describe the speed which a surge wave propagates
within a pipeline.  Higher wave celerity means higher surge pressures will be generated.
Wave celerity is dependent on a number of variables, but principally on the pipe
material and wall thickness. For the purposes of this analysis, the celerity was
calculated for all pipes in both systems. Properties of the existing pipes and a water
temperature of 68 degrees Fahrenheit were used to calculate the celerity.

When the pressure of water is reduced under constant temperature, bubbles or cavities
begin to form in the liquid. This process is known as cavitation. The formation and
collapsing of the cavities can be very explosive, in some cases resulting in damage to
the water system. Damage such as pitting and degradation of the inside pipe surface
can occur when small vapor bubbles collapse. At the altitude of these two systems,
vapor forms when the pressure in the pipe drops below -11.3 psi. This happens in
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several of the scenarios and is noted in the discussion. In some instances (large pipe
diameters and thin walled pipes with poor soil bedding) pipe collapse could be a
concern. For the pipe and pressures in these two systems, pipe collapse is not a big
concern, because pressures under which vapor forms will not collapse a typical pipe,
however there is a possibility that ground water could be drawn into the pipe,
contaminating the system.

Modeling was completed using an average altitude of 6500 feet and a temperature of 68
degrees Fahrenheit. Altitude and temperature both play a role in the pressures required
for vapor to form. As altitude increases the atmospheric pressure decreases and the
vapor pressure increases. At sea level the atmospheric pressure is 14.7 psi and vapor
pressure is -14.7 psi, whereas at 6500 feet the atmospheric and vapor pressures are
11.3 and -11.3, respectfully. Vapor forms with lesser negative pressures at higher
altitudes, allowing slightly more vapor to form as the pressure wave propagates through
the system than would form at sea level. Temperature also plays a role in the vapor
pressure. As stated above, all modeling was conducted on water at 68 degrees
Fahrenheit. The system operators noted that water entering the Water Treatment Plant
in late August is around 75 degrees Fahrenheit. Vapor pressure of water at 80 degrees
was calculated to assure that the modeling results were conservative. The 12 degree
difference raised the vapor pressure by 0.3 psi. This change was negligible and had
little impact on the pressures experienced or vapor formed in the model.

When a power failure causes water system pumps to stop, rotational inertia is the major
factor in establishing how quickly the pump impeller will stop. Larger impellers (with
higher rotational inertia) tend to stop more slowly, which helps to diminish pressure
surges. Pump rotational inertia was calculated based on the brake horsepower and
rotational speed of each pump.

Due to the large size of the models and to simplify the computational effort, the models
were “skeletonized”. Skeletonization is the process of selecting only the parts of the
hydraulic network that have a significant impact on the behavior of the system for
inclusion in a water distribution model. For example, including each individual service
connection, valve, and every one of the numerous other elements that make up the
actual network would be a huge undertaking for larger systems. The portions of the
network that are not modeled are not ignored; rather, the effects of these elements are
accounted for within the parts of the system that are included in the model (Haestad,
2008). Maps of the skeletonized systems along with the overall systems can be found in
the Appendix.

I. Rock Springs System

Celerity ranged between 1436 ft/s for the 36” PVC line, and 4143 ft/s for the 8” ductile
iron lines. Table 1 illustrates some celerity values for various pipes in the Rock Springs
system.
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Table 1

Pipe Celerity
Rock Springs System

Label
Length

(ft)
Diameter

(in) Material
Celerity

(ft/s)

  P-2307 1,211 6 Cast iron 3,906

  P-2578 3,073 8 Asbestos Cement 3,549

  P-2911 1,799 8 PVC 1,584

  P-2895 4000 8 Ductile Iron 4,143

  P-2030 325 12 Asbestos Cement 3,485

  P-2590 35 12 PVC 1,563

  P-2594 321 12 Ductile Iron 3,963

  P-141 4,181 16 PVC 1,556

  P-2591 295 16 Ductile Iron 3,857

  P-1877 4,684 18 PVC 1,553

  P-1025 39 24 PVC 1,547

  P-2589 1,693 36 PVC 1,436

  P-2396 162 54 Steel 2,140

Table 2 shows the calculated rotational inertias for the various pumps in the Rock
Springs system.

Table 2

Pump Inertia
Rock Springs System

Pump Design Flow
(gpm)

Inertia
(lb*ft2)

  Wind River  1 & 2 2100 93.3

  Wind River  3 & 4 290 11.2

  Gateway  #1 250 3

  Gateway  #2 550 4.1

  Gateway  #3 1500 14.6

  White Mountain  (each) 939 67.7

  College Hill  (each) 700 18.8

  Eastside  (each) 1430 48.7

  RS Booster  (each) 2675 91.4

  Finish Water  (each) 3733 282.9
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Transient Scenarios

Based on the primary components of the individual systems (pump stations, PRVs, etc.)
and experience, scenarios under which maximum surge pressures would be expected
were established.  In general, for the RS System, the most likely cause of a surge is
from the sudden loss of power at any of the pump stations. The following transient
scenarios were modeled with the Rock Springs system:

Peak hour demand scenarios:
Scenario 1a  - Finish Water Pump Station power failure w/ low topographical detail
Scenario 1b - Finish Water Pump Station power failure w/ more topographical detail
Scenario 1c - Finish Water Pump Station power failure w/ more topographical detail
and existing air/vacuum valves
Scenario 1d - Finish Water Pump Station power failure with 4 RS Booster pumps
Scenario 1e - Finish Water Pump Station power failure with 20” transmission line
closed
Scenario 2a - White Mountain Pump Station power failure
Scenario 2b - White Mountain Pump Station power failure w/ outlying districts closed
Scenario 3 - Existing Air Valve not opening when break occurs in 30” transmission
line
Scenario 4 - Wind River Pump Station power failure
Scenario 5 - East Side Pump Station power failure

The peak hour demand scenarios modeled represent failures during peak flows through
all sections of the pipeline, which results in the largest velocity changes from pump
stoppage. It should be noted that typically these peak hour scenario have all tanks filling
simultaneously, in addition to high system demands, resulting in the Finished Water
Pump Station running near maximum flow rate.

Modeling Results and Discussion

The following discussions present each of the above scenarios sequentially. Each of the
following figures contains two separate graphs: The top section shows the volume of
vapor pockets (if any) formed as a result of surges created; the bottom section shows
the profile of the pipeline segment being considered. For scenarios with air/vacuum
relief, the top graph illustrates the volume of air introduced into the line through the
air/vacuum valve. With respect to the bottom section of the graph, the ground surface
elevation is shown as a bold line while the steady state (or normal operation with no
surge protection) hydraulic grade line (HGL) is shown as a dashed line. A solid thick line
and a dot-dash line representing the highest HGL and lowest HGLs, respectively,
resulting from the scenario. To establish the steady state HGL, the model is run for five
seconds under normal operating conditions prior to initiating the power failure or other
transient event.
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Scenario 1 – Finish Water Pump Station
The Finish Water Pump Station is located at the Water Treatment Plant in Green River
and pumps water to Rock Springs and Green River. The pumps are divided into two
sets, with the first set being labeled as the Finished Water Pumps and the second set
being labeled as the RS Booster Pumps. The Finished Water Pumps provide water to
the Mansface Tanks as well as supply water to the RS Booster pumps. The sole
purpose of the RS Booster Pumps is to pump water through the transmission mains to
Rock Springs. The layout of this pump station is shown below.

Schematic of Finish Water Pump Station

Scenario 1 has high demands, which results in all available FW (5) and RS Booster (4)
pumps operating. Mansface Tank is being filled at a rate of 10,184 gpm, resulting in a
total flow of 21,873 gpm leaving the Clearwell.

Throughout the entire system, pumps were turned on or off in an effort to maximize the
surge. However, it was always a goal to evaluate reasonable scenarios, and not
evaluate scenarios with unrealistic demands or flow rates. The reasonableness of the
scenarios was evaluated by Nelson Engineering. Scenario 1 has high system demands
and thereby high pipeline flows and lower system pressures. Unless otherwise noted, all
scenarios include utilization of both the 20” and 30” transmission lines between Green
River and Rock Springs.

Scenario 1a. – Peak hour demand condition and Finish Water Pump Station
power failure with low topographical detail.  Initially,  the  model  was  set  up  with
adequate topographical detail to perform standard hydraulic modeling though lacking
information critical for transient analysis.  This scenario evaluated whether or not
transients on this transmission main should be modeled with additional topographic
detail. Figure 1 shows that transients originating at the Finish Water Pump Station will
reach the Blairtown Tanks. Figure 1 also shows vapor pockets forming at the three high
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points. Note the lack of topographical detail on the right side of the figure. The existing
air/vacuum valves were not placed in the model for this scenario.

This scenario’s maximum pressure of 251 psi occurred just downstream of the RS
Booster pumps and a minimum pressure of -11.3 psi occurred at several points in the
system. Since the minimum HGL is close to the ground surface and in fact goes below
the ground surface causing negative pressures in the pipeline, HKM requested
additional topographic detail for the several sections of pipe in the system. Nelson
Engineering provided the topographical detail, which HKM incorporated into the existing
model.

Scenario 1b. – Peak hour demand condition and Finish Water Pump Station
power failure with greater topographical detail. As discussed in scenario 1A, the
initial model had low topographical detail and long pipe lengths. After viewing the results
from the first model run, the longer sections of pipe were split into shorter segments.
Splitting long pipes and adding the correct elevation at these locations increases the
topographical detail and defines other points which may be critical. Figure 2 shows
greater topographical detail than Figure 1.

As seen on Figure 2, the increased topographical detail reveals areas of concern that
were not shown in Figure 1. Vapor pockets form at the same locations as in Scenario
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1a, as well as one additional location. Note the additional locations where the minimum
HGL approaches the ground surface. The existing air/vacuum valves were not included
in the model for this scenario.

Scenario 1b’s maximum pressure of 234 psi occurs on the discharge side of the White
Mountain Pump Station (WMPS) and a minimum pressure of -11.3 psi occurs at several
locations in the system. Maximum and minimum pressures recorded in this profile were
216.5 psi and -11.3 psi, respectfully. The maximum pressure occurred on the discharge
side of the RS Booster pumps and the minimum pressure occurred at several places in
the profile.

The rough looking maximum HGL is due to the formation and collapsing of vapor
pockets. When the water columns come back together, a high pressure wave is created
and travels through the pipeline. From the FW pump station to Sta. 270+00, the
maximum HGL is smooth due to the normal HGL being higher than the surges
experienced. A total of 208 gallons of vapor forms in this scenario and is shown on the
upper graph. Although the surges generated from this water column separation do not
appear excessive, damage could be done to the pipeline or leaking pipes could draw
groundwater into the pipe, contaminating the water system. This holds true if existing
air/vacuum valves do not function properly during the hammer event.
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Figure 2a shows the profile of the 20” AC transmission line. This 20” line parallels the
30” steel line and supplies water to Rock Springs. The top graph shows nine gallons of
vapor forming just downstream of Sta. 50+00. In this profile the maximum pressure was
190 psi and occurred at the connection to the 30”. The minimum pressure was -11.3 psi
and occurred on the upstream and downstream sides of the AV at Sta. 50+00.

Scenario 1c. – Peak hour demand condition and Finish Water Pump Station
power failure with split pipes and air/vacuum valves at existing air valve
locations. Figure 3 shows the effectiveness of functional air/vacuum valves at the
existing air valve locations. Three of the five RS Booster pumps were online for this
scenario. One pump is operating in each of the Wind River and White Mountain pump
stations.  The flow rate on the discharge side of the RS Booster pumps is 10,256 gpm.
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The maximum HGL matches the normal HGL for most of the 30” steel pipeline. Beyond
the halfway mark the maximum HGL exceeds the normal operating HGL up to the
Blairtown Tanks. Near the beginning of the profile a spike occurs in the Maximum HGL.
This spike is the result of a small vapor pocket collapsing and the two water columns
coming back together. In this scenario, the upper graph displays the volume of air, not
the volume of vapor which entered the system through the air valves.

A maximum system and profile pressure of 233 psi (31 psi greater than the normal
pressure) occurs just downstream of the RS Booster Pumps. The minimum system and
profile pressure of -11.3 psi occurs on the upstream side of the air/vacuum valve at Sta.
93+23 in the 30” transmission main. Negative pressures occur near the Eastside Pump
Station and higher elevations in the 30” line. Although several sections of the pipe have
negative pressures, which are required for the air/vacuum valves to actuate, vapor
pockets do not form. In the process of inhibiting vapor formation, the air/vacuum valves
allowed 322 gallons of air to enter the system as shown on the upper graph.

Maximum pressures in the 30” steel line are well below the allowable surge pressures
as shown in the Model Pipe Pressures table in the Appendix. The minimum system
pressure of -11.3, occurring on the upstream side of the air/vacuum valve at 93+23, is a
not a concern. This negative pressure occurs near the crest of the hill and brings one
gallon of air into the system. Vapor does not form because the negative pressure wave
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moves downstream, encounters the air/vacuum valve, and then returns as a positive
pressure wave. This process takes approximately one half of one second.

Air entering the 30” line should not be a significant issue because the air relief valves
located here are of the double acting type, meaning that these valves allow air to enter
the system during suction conditions and to leave the system when pressurized. The
vacuum relief valves in the Eastside Pump Station are only vacuum breaker valves,
meaning that they only allow air into the system. This air must be purged from the
system which can become an operational concern, if the air enters the system at a high
point and has no means to escape. This holds true for all scenarios which utilize the
existing vacuum valves.

Scenario 1d. – Peak hour demand condition and Finish Water Pump Station
power failure with four RS Booster pumps running. This scenario has system
characteristics identical to 1c, with the exception of three additional pumps operating.
One extra pump was turned on in each of the RS Booster (same as scenario 1a, the
White Mountain, and the Wind River Pump Stations. Downstream of the RS Booster
pumps the flow rate is 12,086 gpm or 1,830 gpm more than Scenario 1c.
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Turning on additional pumps does not greatly affect the transients and this can be seen
by comparing Figures 3 and 4. The maximum and minimum HGL’s are similar for the
two scenarios. Operational concerns are the same as those in S-1c.

Maximum and minimum pressures shown in this profile are 229 psi and -10.1,
respectfully. The maximum pressure is seen in the pipes between the FW Pump Station
and the air/vacuum valve at 93+23 in the 30” line. The pipe just upstream of the
Eastside Pump Station experiences the minimum pressure.

The following two figures show the profile from the 30” steel line through the White
Mountain and Wind River pump stations to the White Mountain tank. Figure 4-a shows
the HGL’s associated with S-1c, where only three of the RS Booster pumps are on.
Figure 4-b shows the HGL’s associated with S-1d, with the three extra pumps on.

Through closer examination it is evident that the additional pumps allow more flow
through the 30” steel line but in this case they also allow more avenues of dissipation.
When comparing the suction side of the Wind River pump station, it can be seen that
the initial suction pressure on S-1c is lower than S-1d. When the surge reaches the WR
pump station in S-1c, the maximum HGL moves above the normal HGL, whereas in S-
1d the additional pump provides an outlet for the pressure surge and the maximum and
normal HGL’s are equal.
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In S-1d, with the extra pumps running, the flow rate leaving the WR pump station is
4,806 gpm, or 2,192 gpm more than S-1c. With only 1,679 gpm more flowing through
the RS Booster pumps in S-1d than in S-1c, the additional 362 gpm is made up from
water which would have been pumped into the Blairtown Tanks.

A maximum pressure of 233 psi was experienced at the discharge side of the White
Mountain Pump Station. Sub-atmospheric pressures occurred at several locations in the
system, including the high locations in the 30” transmission main, the pipes around the
Eastside Pump Station, and the pipes in the vicinity of the Finish Water Pump Station.
One pipe experiences pressures low enough to create vapor, but not for long enough to
form a measurable amount of vapor. The air/vacuum valves allowed 490 gallons of air
into the system, primarily through the air/vacuum valves located on the 30” transmission
main.

Figure 4c shows the profile of the 20” AC transmission main with the air/vacuum valves
in place and functioning. This 20” line parallels the 30” steel line and supplies water to
Rock Springs. The top graph shows that the air/vacuum valve at Sta. 50+00 allows 20
gallons of air into the system. In this profile the maximum pressure was 189 psi and
occurred at the connection to the 30”. The minimum pressure was -6.2 psi and occurred
on the upstream side of the AV at Sta. 50+00.
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Scenario 1e. – Peak hour demand condition and Finish Water Pump Station
power failure with 20” line closed. This scenario is based on Scenario 1c, with the
same pumps operating. The one difference is the 20” transmission line, which parallels
the 30” transmission line between Green River and Rock Springs, has been closed.
This was done to predict the effects of closing the 20”, either permanently or temporarily
for replacement. The 20” line adds capacity to the system which can be seen when
comparing the flow rates discharged from the RS Booster pumps. For S-1c, the flow
rate is 10,256 gpm and for this scenario it is 9,627 gpm, a difference of 629 gpm.
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A maximum system surge pressure of 224 psi (3 psi greater than normal pump
discharge pressure) was experienced on the discharge side of the White Mountain
pump station. The maximum pressure in the above profile was 215 psi and occurred
just downstream of the RS Booster discharge.  A total of 309 gallons of air entered the
system through the air/vacuum valves, with the majority entering through the air/vacuum
valves in the 30” transmission line. Despite the system and profile minimum pressure of
-11.3 psi, occurring at four locations, vapor formed in just one section of pipe.

The graph shows a small amount of vapor forming in the pipe on the upstream side of
the check valve which is positioned just before the vacuum valve in the line to the
Blairtown Tanks. This is not a concern from a transient standpoint, and is formed due to
modeling issues with the schematic nature of the pump station piping, versus the actual
shorter pipe lengths.

Scenario 2a. – Peak hour demand condition with White Mountain Pump Station
failure. This scenario has high system demands and thereby high pipeline flows and
lower system pressures. This pump station is situated such that it has relatively high
suction side pressures and high discharge pressures and the scenario shows the result
of pump failure while the station is pumping. In this scenario, the White Mountain (WM)
pumps are supplying Stassinos Tank and other system demands at a flow rate of 4,811
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gpm.  The WR tank is emptying in this scenario, while the Stassinos, Reliance, and WM
tanks are filling.

Vapor pockets do not form nor does any air enter the system in this scenario. The surge
dissipates as it travels from the White Mountain Pump Station back to the 30” steel line.
With the Stassinos, Reliance, and White Mountain tanks as well as lateral pipes
dampening the pressure wave. A maximum system and profile pressure of 289 psi was
recorded on the discharge side of the White Mountain Pump Station. This pipe is a
pressure class 250 and has an allowable occasional surge pressure of 350 psi.
Pressures experienced fall inside the allowable pressures and should not be a concern.

The minimum pressure shown in the above profile was 33 psi. A minimum system
pressure of -2.6 psi occurred just upstream of the Blairtown Tanks.

Scenario 2b. –White Mountain Pump Station failure under peak hour demand
condition with Stassinos and Reliance areas isolated. This scenario is the same
basic setup as Scenario 2a with the same pumps operating and the same system
demands. All of the available flow is being routed to the White Mountain Tank, which
was achieved by closing the actuated valves to the Stassinos and Reliance tanks.  The
WM pumps discharge 2,425 gpm in this scenario, 76 gpm less than S-2a. The WM and
WR tanks are both filling in this scenario.
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A maximum system and profile pressure of 334 psi occurred on the discharge side of
the White Mountain Pump Station and a minimum system pressure of -2.7 psi occurred
on the upstream side of the Blairtown Tanks. The minimum pressure shown in the
above profile was 30.5 psi. Directing all the flow to the White Mountain Tank, results in a
slightly more severe surge due to the lack of additional pipes and tanks for the pressure
wave to dissipate into. On the discharge side of the WM pumps, the pipe is a pressure
class 250. As stated above, this pipe has an allowable occasional surge pressure of 350
psi. The maximum pressure is inside the allowable pressure for its pressure class.

Scenario 3. – Peak hour demand condition with break in 30” line, the air valve at
93+23 fails to function. Similar to Scenarios 1 and 2, this scenario has high system
demands and thereby high pipeline flows and lower system pressures. Four of the RS
Booster pumps were operating in this scenario. An 8000 gpm break was modeled at
Sta. 56+81, a low point in the 30” steel line near the FW Pump Station. The break was
modeled by placing a demand from zero to 8000 gallons per minute over three seconds.
Figure 8 shows that the break or leak in the pipe lowers the operating pressure but does
not create any significant surges.
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A flow of 12,059 gpm is discharged from the RS Booster Pumps prior to the break in the
30” line. Once the break occurs, the pumps are able to supply more water and the flow
rate increases to 14,000 gpm. The minimum flow rate in the pipe, immediately
downstream of the break, decreases to 6,200 gpm. The maximum pressure in this
scenario is 231 psi and occurs at the discharge of the FW Pump Station. A minimum
pressure of -5.3 psi occurs just upstream of the Blairtown Tanks.

The air/vacuum valves allow 27,346 gallons of air to enter the system after the break
occurs. Most of the air enters through the air/vacuum valve on the downstream side of
the Blairtown Tanks.

Although this scenario was run, it is thought to hopefully not be a “reasonable” scenario.
If a break such as this were to occur, surges in the pipeline would likely be the least of
the operator’s worries. However, the importance of having functioning air/vacuum
valves should not be dismissed, as shown in S-1b. Air/vacuum valves are also
important for filling and draining the line and air release during normal operation.

Scenario 4. – Wind River Pump Station power failure under peak hour demand
condition. In this scenario, two pumps in the Wind River pump station are pumping
water to the Wind River tank and to the White Mountain pump station. One pump is on
in the WM pump station and is pumping to the White Mountain tank, the Stassinos tank,
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the Reliance tank, and other system demands. This scenario was set up to maximize
the flow in the lines to the Wind River pump station.

The WR pump station discharges 5847 gpm prior to the power failure. After the power
failure, the maximum system and profile pressure of 234 psi (12 psi greater than normal
pump discharge pressure) occurred on the discharge side of the RS Booster pumps. A
minimum system pressure of -4.5 psi occurred in the pipe to the Wind River Tank. The
minimum pressure experienced in the above profile was 18.2 psi.  No vapor pockets
form in this scenario nor does any air enter the system through the air/vacuum valves.
From a transient standpoint, there are no operational concerns in this scenario.

Scenario 5. – East Side Pump Station power failure under peak hour demand
condition. This scenario has high system demands and thereby high pipeline flows and
lower system pressures. This scenario has the same base setup as S-1d with the one
exception being two pumps operating in the East Side Pump Station.
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The East Side Pump Station supplies system demands at a flow rate of 3,083 gpm
before the power failure occurs. Following the power failure, the system downstream of
the ES Pump Station experiences maximum and minimum pressures of 146 and -10.4
psi, respectfully. The maximum pressure occurs in the line supplying Simplot and the
minimum pressure occurs just below the Eastside Tanks. Vapor pockets do not form nor
does any air enter the system during this scenario.

In discussions with the system operators, it was revealed that an air/vacuum valve is
located near the location of the low pressures in Figure #10. This air/vacuum valve was
not included in the model but should negate the low pressures by allowing air into the
system.

Conclusion

Based on the above analysis of the RS system, the existing appurtenances are
adequate protection against the surges evaluated in this study. This assumes that the
appurtenances are in working condition and have been properly maintained, and that
other operational sources of surge are controlled, such as opening and closing speed
controls on automatic valves, pumpstation soft and delayed starts, and proper operation
of system valves and hydrants. If the air/vacuum valves fail to function properly when a
surge occurs, the formation and collapse of vapor pockets could have catastrophic
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affects on the overall system piping.  The ability of the existing valves to respond to
surges should be evaluated. Discussions with the valve manufacturer should determine
whether or not the existing valves can provide surge protection by allowing rapid air
intake. The Model Pipe Pressures table in the Appendix, shows allowable and
experienced surges in various pipes during each of the scenarios.
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II. Green River System

The Green River system is a part of the larger combined system and is connected to the
Rock Springs system only through the Mansface Tank. Finished water is pumped into
the Mansface Tank and can be drawn into either the Rock Springs or the Green River
systems. The overall and the skeletonized view of the system can be seen on the map
in the Appendix.

The following table shows the calculated rotational inertias for the various pumps in the
Gren River system.

Table 3

Pump Inertia
Green River System

Pump Design Flow
(gpm)

Inertia
(lb*ft2)

  Shoshone #1, 2 and 3 700 7.08

  Hitching Post #1 452 7.04

  Hitching Post #2 513 7.08

  Hitching Post #3 513 7.04

  Hitching Post #4 1083 18.87

Transient Scenarios
The following transient scenarios were modeled with the existing system:

Peak hour demand scenarios:

Scenario 6   Power failure at the Hitching Post (HPPS) and Shoshone (SPS)
Pump Stations

Scenario 7 Power failure at the HPPS

The peak hour demand scenarios modeled represent failures during peak flows through
all sections of the pipeline, which results in the largest velocity changes from pump
stoppage.

Modeling Results and Discussion
The following discussions present each of the above scenarios sequentially. To
establish the steady state HGL, the model is run for five seconds under normal
operating conditions prior to the power failure or other transient event.
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Scenario 6 – Simultaneous power failure at the Hitching Post (HPPS) and
Shoshone (SPS) Pump Stations. With the close proximity of the two pump stations it
is reasonable to assume that a power failure will affect both pump stations. This
scenario occurs during peak demand resulting in peak flows throughout the system. It
should be noted that this scenario has all tanks approximately half full and filling
simultaneously. Lower tank levels results in lower pressures and higher velocities which
will affect how the pressure wave reacts in the system.

Two pumps are on in the HPPS. This scenario is a peak demand scenario, so the large
pump is turned on as well as one of the smaller pumps. The smaller pump is turned on
to move the large pump back on the operating curve. The large pump is only run during
the peak of the irrigation season and must be switched on and off manually.

Figure 11 shows the profile from the Mansface Tank through the SPS to the Upland
Tank. Figure 12 shows the profile from the Mansface Tank through the HPPS to the
Teton Tank.

When power failure occurs at both pump stations, it has minimal impact on the piping up
to the SPS. On the discharge side of the SPS, the minimum HGL drops below the
normal HGL but the pipes do not experience any negative pressures. A minimum
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pressure of 8.6 psi was recorded on the discharge side of the SPS.  Based on the
scenario above, there are no operational concerns on the downstream side of the SPS.

When the two pump stations lose power, a surge occurs on the suction side of the
HPPS as seen on Figure 12 above. Normal operating pressures are as low as 30 psi
just upstream of the HPPS. The surge pressures are as high as 148 psi, which is
acceptable for this class of pipe. In this scenario, the system experiences a maximum
pressure of 425 psi which occurs on the discharge side of the large pump (Pump 4) in
the HPPS. Normal operating pressure in this pipe is 168 psi. Figure 13 shows the surge
that occurs between Pump 4 in the HPPS and the throttle control valve. It should be
noted that this surge may not represent real-life conditions, based on the actual
operation and size of this valve. Further investigation is needed to verify correct
operation of this valve, before making a determination on the severity of this surge. For
example, increasing the size of the throttle control valve from 6” to 10” reduces the
surge pressure to 180 psi. Also, from this analysis, it appears the large pump may be
causing surges in the system, due to normal pump operation. This is an operational
concern. The operation of this pump should be reviewed to evaluate if it fits with the
system. If not, a properly sized pump with soft start and stops should be installed in it’s
place. If the pump is a properly sized pump for the system, controls should be installed
on the pump to minimize surges created by it’s normal operation.
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A minimum pressure of -11.3 psi occurs in several pipes on the discharge side of
HPPS. The upper portion of Figure 12 shows that a very small amount of vapor forms in
this scenario. The pipes between the HPPS and the Teton Tank had a combined total
vapor volume of 0.084 gallons. Collapse of this air pocket is insignificant. However,
standard air/vacuum valves should be installed to prevent any vapor formation or
contamination from groundwater in these pipelines. Note the scale on the top graph of
Figure 12, and the small amount of vapor that registers during this scenario.

Scenario 7- Power failure at the HPPS. This scenario was run to verify that failing
both pumps simultaneously would result in the highest and lowest surge pressures.
Surge pressures in this scenario were slightly lower than those of Scenario 6.

Conclusion

The Green River water system has one air/vacuum valve in place and functioning in the
model. This air/vacuum valve located near the SPS did not activate during either of
these scenarios. The sections of pipe between the HPPS and the Teton Tank had
pressures low enough to form vapor pockets. Properly designed and spaced air/vacuum
valves should alleviate the negative pressures in the system, and protect the system
from transients formed due to water column separation.
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Rock Springs

Steel Pipe

Wall thickness

(in)
Location Model Location

OD

(in)

Working

Pressure

(psi)

Ocasional

Surge (psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

Working

Pressure

(psi)

Surge

Pressure

(psi)

0.250 FW pump Station J-1915 36.000 292 438 223 223 204 204 222 222 215 215 222 224 201 203 222 222 222 262 222 223

0.177 Rail Road J-1906 31.375 237 355 212 212 195 195 212 212 207 207 212 213 192 195 212 212 212 255 212 213

0.170 71+37 to 315+00 J-43 31.375 228 341 215 215 200 223 214 223 212 212 214 217 197 199 (N/A) (N/A) 215 255 214 216

0.135 315+00 to 24" PVC line J-34 31.375 181 271 108 108 103 103 108 108 108 108 108 111 99 102 107 107 108 164 108 111

Ductile Iron Pipe

Pipe Size

(in)
Location Model Location

Pressure

Class

WP

(psi)

OS

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

4 Stassinos Line J-1860 350 350 450 174 176 169 170 171 173 169 170 174 201 179 250 171 172 169 170 174 174

18 Discharge side of WR pump J-1666 250 250 350 103 115 95 104 103 110 104 110 103 128 103 126 103 107 104 111 103 105

16 Discharge side of WM pump J-1872 250 250 350 235 242 219 222 226 230 219 222 235 274 240 324 226 229 219 221 235 235

16 West of the cross J-78 250 250 350 97 98 95 96 96 97 95 96 97 118 98 145 96 97 95 96 97 97

PVC Pipe

Pipe Size

(in)
Location Model Location

Pressure

Class

WP

(psi)

OS

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

24 From 30" to BT Tanks J-1002 165 165 81 87 82 87 81 81 79 79 81 84 78 80 80 80 81 147 81 85

18 Start PVC from WR pump J-2122 165 165 87 97 82 90 87 94 88 93 87 114 87 112 87 91 88 93 87 88

18 Low point in Eastside Belt Rt J-1137 235 235 116 118 116 117 116 116 116 117 116 116 116 116 116 117 116 116 117 143

12 Reliance transmission line J-71 (low pnt) 200 200 320 198 199 198 198 198 198 198 198 198 215 180 180 198 198 198 198 198 198

AC Pipe

Pipe Size

(in)
Location Model Location

Pressure

Class

WP

(psi)

OS

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)

WP

(psi)

SP

(psi)
20 RS side of trans line J-28 150 150 300 171 171 157 165 167 167 (N/A) (N/A) 167 169 149 151 168 168 163 181 163 165
20 GR side of trans line J-1960 200 200 400 190 190 180 180 189 189 (N/A) (N/A) 188 190 167 169 189 189 184 200 184 186

Green River
AC Pipe

Pipe Size

(in)
Location Model Location

Pressure

Class

WP

(psi)

OS

(psi)

WP

(psi)

SP

(psi)
12 Hitching Post Suction line J-534 150 150 300 30 136
12 Shoshone Suction Line J-431 150 150 300 77 112

Scenario 4 Scenario 5Scenario 2b Scenario 3Scenario 1e Scenario 2aScenario 1c Scenario 1d

Scenario 6

*AWWA recommends a safety factor of 4 to be used for the design of surge pressures in AC pipe in conjunction

with the bury depth of the pipe. Due to the age, condition, and the unknown depth of the AC pipe in the Rock

Springs and Green River Systems we are utilizing a safety factor of 2.

Model Pipe Pressures

Allowable Scenario 1b
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INTRODUCTION 
 
Storage facilities can directly impact water quality in a distribution system.  Major factors that 
potentially lead to water quality deterioration include aging and mixing.  As water age increases, 
disinfectant by-products increase and disinfectant residuals tend to decrease, thus increasing the 
potential for bacterial regrowth.  Poor mixing in a tank can also exacerbate water aging by causing 
uneven water age in the tank.  
 
The purpose of this investigation is to (1) study the present configuration and operation of the 
tanks in the Rock Springs and Green River, Wyoming water systems during a typical summer and 
winter period to assess the potential for mixing or aging problems in the facilities that could lead to 
water quality problems; (2) discuss/evaluate design or operational modifications that could be 
implemented to alleviate potential problems; and (3) select the most appropriate mixing model for 
each tank to use in the distribution system model.   
 
 

GENERAL METHODOLOGY 

    
The analytical methods used in this study are based largely on the methods and models developed 
as part of an Awwa Research Foundation (AwwaRF) project titled “Water Quality Modeling of 
Distribution System Storage Facilities” (Grayman et al, 2000 and 2004; Rossman and Grayman, 
1999) and a more recent AwwaRF study titled “Physical Modeling of Mixing in Water Storage 
Tanks” (Roberts et al., 2006).   
 
Assessment of water age.  The CompTank modeling method (Grayman et al., 2000) is used to 
calculate water age based on flow balance equations and an assumption of one of several idealized 
mixing regimes such as complete mix, plug flow, short circuiting or multi-compartments.  These 
are very similar to the idealized tank methods available in WaterGEMS. Water age refers only to 
the time that water is resident in the tanks – not the additional time that water takes in traveling 
from the source to the tank that is being analyzed.  Though there are no universal standards for an 
acceptable water age, there are some general “rules of thumb” that can be applied.  Acceptable 
water age depends upon several factors including: the amount of organic material in the water 
(organic material results in loss of disinfectant), the type of disinfectant that is used (chloramines 
are more stable than chlorine), and the travel time to the tank and its juxtaposition to other tanks (a 
tank that is in series or cascades into other tanks can lead to overall excessive water age).  As a 
result, in one situation, water that spends several weeks in one tank may be acceptable while in 
another case, even a few days of detention may lead to problems.  Kirmeyer et al (1999) 
recommended a 3- to 5-day complete water turnover in a tank but cautioned that each storage 
facility should be individually evaluated and given its own turnover goal. In this assessment of the 
Green River-Rock Springs tanks, tanks will be graded using the following metric for water age: 

• Good: water age less than 3 days (72 hours) 

• Fair: water age between 3 and 6 days (72 – 144 hours) 

• Poor: water age > 6 days (144 hours) 
   
Mixing issues. Inadequate mixing can also produce zones of older water in a storage facility. Most 
distribution system storage facilities operate in a fill and draw mode. An alternative mode of 
operation is flow-through mode in which water continuously enters through inlets, flows through 
the storage facility and exits through outlets. In fill and draw facilities, mixing generally occurs 
during the fill cycle and is affected by the inlet configuration, tank geometry (cross sectional area 
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and water height) and inlet momentum.  Figure 1 is a side view of a tank with a vertical inlet on 
the bottom that illustrates the “jet” mixing process that occurs in a well mixed tank. One measure 
of the mixing in a tank is the time it takes for the contents of the tank to become relatively well 
mixed following a changeover from the draw to fill cycles. Based on empirical work utilizing a 
scale model, the following relationship was developed for cylindrical tanks under fill and draw 
operation under isothermal conditions (Rossman and Grayman, 1999): 
 

 Mixing time (in seconds) = k’ (Π/4) 1/2 V2/3 (d / Q) (1)   
 where  V = volume of water in tank at start of fill in feet3 (meters3) 

  Q = inflow rate in cubic feet per second (cubic meters per second) 
  d = inlet diameter in feet (meters) 
  k’ =  empirical value = 10.2  
 
Roberts et al (2006) working with a wide range of tank scale models validated the relationship and 
found that the value of k’ varied as the ratio of tank height/diameter (H/D) changed. They 
developed the following approximate relationship for k’ that is used in this analysis: 
 

10'=k                                                     for H/D ≤  1                          (2) 







−•+= 15.310'

D

H
k                            for H/D > 1                            (3) 

 
(Note that there are only a few tanks in the Green River-Rock Springs systems where the height 

exceeds the diameter.  This is favorable since shorter and stouter tanks generally mix more easily 

than tall and narrow ones.)  

  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Mixing patterns in a tank caused by jet inflow 
 

A reasonable goal for mixing in a tank that operates in a fill and draw mode is for the mixing time 
to be less than the normal fill duration. The fill duration for a tank operating in this method is the 
average contiguous time period during which the water level in the tank is increasing. This is 
usually associated with a pump (or pumps) cycling on at a rate that exceeds the water demand in 
the area fed by the pumps. The excess water is then filling the tank. When the pumps cycle off 
and/or the demand for water in the area increases, the tank will start draining as indicated by a drop 
in water level in the tank.  
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In order to achieve good mixing (and to ensure that the fill time exceeds the mixing time), it is 
good practice to (1) operate the system so that the fill period is several hours in duration and (2) 
the water level is exercised over an interval of several feet (i.e., the water level is allowed to drop 
several feet during the drain cycle and then refill a like amount during fill). Thus, for example, 
dropping a tank water level by 6 feet over a 6 hour period and filling it over a similar duration is 
preferable to many one-hour one-foot drain and fill periods even if the total water exchanged 
between the distribution system and the tank on a daily basis is the same. One consequence of 
short fill and drain intervals is a last in-first out (LIFO) phenomena that is common in combined 
inlet-outlet systems.  Under the LIFO phenomena, the same particle of water may actually just 
“slosh” back and forth both within the tank (near to the inlet-outlet) and in the distribution piping 
leading to the tank rather than new water being introduced into the tank and then redistributed 
throughout the distribution system. 
 
In flow-through facilities, mixing can be impacted by jet mixing and/or by the flow patterns 
established by the inflow and outflow.  The greater the amount of momentum of the inflow, the 
more that jet mixing is a mixing factor in flow-through storage facilities. If jet mixing is a major 
factor then equation 1 is applicable to flow through facilities. For storage facilities where flow 
enters with little momentum such as over a weir or though a large inlet vault, or where flow goes 
through baffling that controls the flow from the inlet to outlet, jet mixing is not a major factor. In 
this case, it is more difficult to determine the mixing patterns. One can rely upon general 
engineering judgment, utilize advanced modeling techniques (computational fluid dynamics [CFD] 
models or physical scale models), or perform a tracer study with internal sampling to assess 
mixing. 
 
Stratification is a specific type of mixing problem where the contents of the tank are not fully 
mixed in the vertical dimension.  It is most commonly found in tall tanks. Stratification most 
frequently occurs when the temperature of the tank inflow is colder (and thus more dense) than the 
contents of the tank.  Such a temperature difference is most common in the summer if the source 
water is relatively cold and the warm air temperature and sunny conditions cause the tank contents 
to heat up. Under these circumstances (referred to as a negatively buoyant jet), if the momentum of 
the inflow jet is not sufficient to overcome the density difference caused by the different 
temperatures then the “new water” will tend to stay near the bottom of the tank with water near the 
top of the tank becoming older.  This phenomenon is shown graphically in Figure 2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Diagram of stratified tank caused by negatively buoyant inflow plume 

 

New Water 

Old Water 
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In mixing studies by Grayman et al (2000) and Roberts et al. (2006) a limited amount of 
quantitative analysis of stratification was presented. However, there is still insufficient guidance 
available at this time to provide any reliable predictions of whether stratification will actually 
occur in a specific tank.  As stated before, stratification is more likely to occur in tanks that are; (a) 
tall; (b) where there is poor mixing; (c) where there is little turnover of water; and (d) where the 
temperature of the inflow water (in the summer) is significantly below the general air temperature.  
 
Mixing model selection. EPANET and commercial models based on the EPANET formulation 
(e.g., WaterGEMS) support four different mixing models to represent the behavior of tanks.   

• Complete mixing assumes that all water that enters a tank is instantaneously and 
completely mixed with the water already in the tank. It is the simplest form of mixing 
behavior to assume, requires no extra parameters to describe it, and seems to apply quite 
well to a large number of facilities that operate in fill-and-draw fashion. 

• First-In-First-Out (FIFO) Plug Flow assumes that there is no mixing of water at all 
during its residence time in a tank. Water parcels move through the tank in a segregated 
fashion where the first parcel to enter is also the first to leave. Physically speaking, this 
model is most appropriate for baffled tanks that operate with simultaneous inflow and 
outflow. There are no additional parameters needed to describe this mixing model. 

• Last-In-First-Out (LIFO) Plug Flow assumes that there is no mixing between parcels of 
water that enter a tank. However in contrast to FIFO Plug Flow, the water parcels stack up 
one on top of another, where water enters and leaves the tank on the bottom with the last 
water entering being the first to exit the tank. Physically speaking this type of model might 
apply to a tall, narrow standpipe with an inlet/outlet pipe at the bottom and a low 
momentum inflow. It requires no additional parameters be provided. 

• Two-Compartment Mixing model divides the available storage volume in a tank into two 
hypothetical compartments, both of which are assumed to be completely mixed. The 
inlet/outlet pipes of the tank are assumed to be located in the first compartment. New water 
that enters the tank mixes with the water in the first compartment. If this compartment is 
full, then it sends its overflow to the second compartment where it completely mixes with 
the water already stored there. When water leaves the tank, it exits from the first 
compartment, which if full, receives an equivalent amount of water from the second 
compartment to make up the difference. The first compartment is capable of simulating 
short circuiting between inflow and outflow while the second compartment can represent 
dead zones. The user must supply a single parameter that is the fraction of the total tank 
volume devoted to the first compartment. 

 
In reality, no tank functions exactly in the mode described by these hypothetical models. As a 
result, the appropriate approach is to choose the model that best represents the behavior of the 
tank. Unfortunately, little has been published on how to select and parameterize these models.   
 

The following procedures have been set up for determining the most appropriate mixing model:  
 

1. If the tank operates in a fill and draw mode then the primary factor will be a comparison of 
the calculated mixing times (equation 1 and the average fill durations). If the average fill 
durations exceed the mixing time then this means that by the end of the fill cycle that the 
tank is well mixed and as a result the Complete Mix model will be used. 
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2. If the tank operates in simultaneous inflow-outflow mode and there is a clear delineated 
path from the inlet to the outlet (e.g., baffles) then the First in-First out plug flow model 
will be selected.  

 
3. For tanks that do not fit cleanly into the above two categories, then various factors will be 

considered in selecting the appropriate model including: a comparison of fill duration to 
calculated mixing time; and the juxtaposition of the inlet and outlet.  

 
 

EXAMPLE ANALYSIS – WIND RIVER TANK 

 
Wind River Tank is used as an example of the evaluation methodology and is presented as a 
demonstration of the general methodology. A similar process will be applied for the other tanks in 
the system, though the results will be presented in a more summary manner for subsequent tanks.  
 
Wind River Tank is a 2-million gallon tank with a combined 18” diameter inlet -outlet pipe. The 
inlet and outlet pipe and the tank is operated in a fill and draw mode.  
 

Water Age 

  

Operation of the tank was examined for a typical 31-day summer period (July 1-31, 2007) and 31-
day winter period (January 10 – February 9, 2007). For each period, the water age (average 
residence time of water) in the tank was calculated using the CompTank model for the first 21 days 
of that period (the maximum duration that can be analyzed with CompTank) under the assumption 
that there was complete and instantaneous mixing occurring in the tank. 
 
Figures 3 through 6 below, illustrate the tank operation (water level) and the resulting calculated 
water age over the 21-day summer and winter period.   
 

Wind River Tank - Typical Summer Operation

0

5

10

15

20

25

0 50 100 150 200 250 300 350 400 450 500

Hours since 0:00 July 1, 2007

W
a
te

r 
le

v
e
l 

(f
e
e
t)

 
Figure 3. Water levels in Wind River Tank during summer 21-day period 
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Wind River Tank - Summer Water Age
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Figure 4. Calculated water age in Wind River Tank during summer 21-day period 

 
 

Wind River Tank - Typical Winter Operation
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Figure 5. Water levels in Wind River Tank during winter 21-day period 

 



 8 

Wind River Tank - Winter Water Age
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Figure 6. Calculated water age in Wind River Tank during winter 21-day period 

 
As shown, the water age in the summer is in the range of 70 to 105 hours (average = 87 hours) 
while in the winter the age ranges from 100 to 130 hours (average = 114 hours). In the summer, the 
tank is exercised over a range of approximately 5 feet while in the winter the change in water level 
in the tank is usually about 3 feet. This operation along with lower water demand contributes the 
higher water age during the winter.   
 

Mixing 

 
The primary factors that affect how well and how quickly a tank will mix are (1) the inflow 
momentum and (2) temperature differences between the water in the tank and in the inflow.  
Momentum is calculated as the product of flow and velocity and since velocity depends upon the 
flow rate and the cross sectional area of the inlet pipes, the two factors that can be modified to 
increase momentum are flow rate and inlet pipe diameters. 
 
The mixing time equation (Eq. 1) was applied to the Wind River Tank for a range of inflow values 
and the results plotted in Figure 7. These results are graphically compared to the average fill 
durations and inflow rates for the summer and winter conditions. Representative summer and 
winter fill rates and durations were estimated based on a visual and statistical analysis of 31-day 
periods (July 1-31, 2007 and January 10 – February 9, 2007). As illustrated, during the summer the 
average fill duration (8 hours) at the average inflow rate (702 gpm) is just slightly less than the 
mixing time (8.8 hours) for that fill rate. As a result, we would expect that the tank is nearly 
completely mixed by the end of the fill cycle in the summer. However, during the winter, the 
average fill rate drops to 479 gpm and the average fill duration is 9 hours.  In comparison, the time 
it takes for the tank to achieve complete mixing at the winter inflow rate during the fill cycle is 
12.9 hours. This means that typically the tank will not be completely mixed before the end of the 
fill period during the winter and the possibility of less than optimal mixing exists. 
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Figure 7. Mixing times and fill durations for Wind River Tank  
 

A common means of improving mixing in a tank is to increase the inflow momentum by 
increasing the velocity of the inflow. This can be done by adding a reducer to the discharge end of 
the inlet pipe. The impact of reducing the inlet diameter from the existing 18” to 12” is illustrated 
in Figure 7. This results in the mixing time being less than the fill duration in both winter and 
summer. 
  
Mixing Model 

 
It should be recognized that no tank ever exactly fits one of the hypothetical tank representations 
(e.g., complete mix, plug flow, etc.) available in water distribution system models. In the case of 
the Wind River Tank, the mixing time is close enough to the observed fill duration that it is 
recommended that the Wind River Tank be represented by the “complete mix” tank option in the 
distribution system model.   
  
Recommended Actions 

 
Average water age (retention time) in the Wind River Tank is approximately 3.5 days in the 
summer and 4.75 days in the winter. Both figures place this tank in the “fair” category for water 
age. The mixing analysis indicated that mixing time is slightly longer than the fill durations in both 
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summer and winter. Mixing times could be reduced by the addition of a reducer (from the current 
18” to 12”) on the inlet pipe into the tank. However, since the analysis indicates that both water 
age and mixing issues are only moderate in this tank, any mitigative actions for this tank should be 
considered as low priority.   
  
ANALYSIS OF GREEN RIVER AND ROCK SPRINGS TANKS 

 
Tank Characteristics.  

 

There are 10 tank complexes in the Green River and Rock Springs distribution systems. Three of 
the complexes contain multiple tanks that typically operate in tandem while in the remaining cases 
there are single tanks. The physical characteristics of the tanks are shown in Table 1.  

 
Table 1. Physical characteristics of Green River and Rock Springs tanks 

 

Tank Total 

Capacity 

(MG) 

Number 

of tanks 

Height 

(feet) 

Inlet 

diameter 

(in) 

Tank 

diameter 

(feet) 

Height/ 

diameter 

Eastside  3.0 2 23.5 18 105 0.22 

White 

Mountain 

1.0 1 15.5 16 105 0.15 

Wind River 2.1 1 23.5 18 122 0.19 

Gateway 1.4 1 84.5 16 54 1.56 

Stassinos 1.3 1 10.5 8 46 0.23 

Blairtown 4.1 2 23.5 24 122 0.19 

Mansface 3.0 2 23 24 105 0.22 

Upland 1.3 1 61.5 12 61 1.01 

Teton 1.0 1 39.5 16 66 0.60 

Northside 0.9 1 14.5 16 105 0.14 

 

 

 

Water Age Analysis 

 

The results of the water age analysis for the 10 tanks are presented in Table 2. Water age is rated as 
good (< 3 days green), fair (3 – 6 days black) and poor (> 6 days red). 
 
           Table 2. Results of tank water age analysis 

 

Tank Summer 

avg. age 

(hours) 

Winter 

avg. age 

(hours) 

Eastside  175 188 

White 

Mountain 

60 91 

Wind River 83 114 

Gateway 125 251 

Stassinos 46 147 
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Blairtown 26 49 

Mansface 18 69 

Upland 135 362 

Teton 137 305 

Northside 78 234 

 

 

Mixing Analysis.  

 

Each tank is evaluated in terms of its mixing characteristics in summer and winter. Graphs of 
mixing time as compared to current fill duration and flow rate are presented in Appendix A for 
each tank and the results summarized in Table 3. Because the Mansface Tanks and Blairtown 
Tanks operate in simultaneous inflow-outflow mode (rather than fill and draw), the fill duration 
statistic is not relevant. 
 

Table 3. Results of tank mixing analysis 

  

 Summer Analysis Winter Analysis 

Tank Inflow 

Rate 

gpm 

Fill 

Duration 

hrs 

Mixing 

Time hrs 

Velocity 

fps 

Inflow 

Rate 

gpm 

Fill 

Duration 

hrs 

Mixing 

Time hrs 

Velocity 

fps 

Eastside  252 14.5 19.4 0.32 197 16.0 24.8 0.25 

White Mtn 494 6.0 7.1 0.79 612 5.1 5.7 0.98 

Wind River 702 8.0 8.8 0.89 479 9.0 12.9 0.61 

Gateway 497 3.0 10.7 0.60 313 5.2 17.1 0.50 

Stassinos 162 2.2 2.8 1.02 116 2.9 3.9 0.73 

Blairtown 1289 N/A 6.4 0.91 704 N/A 11.7 0.50 

Mansface 1322 N/A 5.1 0.94 488 N/A 13.9 0.35 

Upland 343 3.0 9.92 0.97 355 2.8 9.6 1.01 

Teton 308 8.0 11.4 0.49 314 2.8 11.2 0.50 

Northside 860 3.8 3.63 1.38 552 7.2 5.66 0.89 

 

Another potential mixing problem is stratification. Tall tanks and tanks experiencing inadequate 
mixing and/or old water age are especially susceptible to stratification in summer. Gateway Tank 
and Upland Tank fall into these categories and are identified as potential stratification problems. 
Teton Tank has a slight potential for stratification. 
 
The complete mixing model is most commonly used in distribution system modeling. It is 
recommended that this model be used for all tanks. Because of their long mixing times in 
comparison to fill times, Gateway Tank and Upland Tank were initially identified as candidates for 
use of the two-compartment model. The results from the tracer tests (i.e., comparison of 
concentrations in the inlet-outlet line during fill and draw) were used to investigate the mixing in 
these tanks. However, no definitive conclusions were reached because the fill durations were 
insufficient to achieve stable mixing. Therefore, due to the lack of data and the inherent 
complexity and minimal “track record” in the literature on the use of the two-compartment model, 
the complete mix model was selected to represent all of the tanks including Gateway Tank and 
Upland Tank. 
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CONCLUSIONS/RECOMMENDATIONS 

 

Table 4 summarizes the assessment of the current situation, and presents recommended mitigative 
actions and priorities for addressing potential tank problems.  
 

Mitigative actions that may be applied to reduce water quality problems in tanks can be classified 
as design (physical) changes and operational changes. Potential actions are described below. 
 
The primary physical action is the installation of a reducer on the inlet pipe. This will increase the 
velocity of inflow, resulting in increased momentum and mixing in the tank. An example of the 
effects of installing a reducer is shown in Figure 7. As illustrated, the smaller diameter inlet 
“moves” the mixing time – inflow rate curve down and to the left resulting in shorter mixing times 
required to achieve good mixing. As shown in Table 4, there are six tanks that could benefit from 
such an action though Gateway and Upland Tanks appear to have the most critical needs in this 
area.  
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Table 4. Summary and Recommendations 

 

Tank Current Assessment Recommended Mitigative Actions Priority 

Eastside  Water age is poor in winter and 
summer. Low inflow rate and 
velocity results in marginal 
mixing. 

Install reducer (18” � 12”) on 
inlet and modify operation to 
reduce water age. 

MED 

White Mtn Water age in summer is good and 
fair in winter. Mixing is marginal. 

Install reducer on tank inlet 
(16”�12”)   

LOW 

Wind River Water age is fair. Mixing is 
marginal.  

Install reducer on tank inlet 
(18”�12”)  

LOW 

Gateway Water age is fair in summer and 
poor in winter. Mixing is poor. 
Susceptible to stratification. 

Install reducer (16” � 8”) on 
inlet. Modify operation to 
reduce water age, improve 
mixing and reduce stratification 
potential. 

HIGH 

Stassinos Water age is good in summer and 
fair to poor in winter. Mixing is 
marginal. 

Modify operation to reduce 
water age and improve mixing. 

MED 

Blairtown OK NONE NONE 

Mansface OK NONE NONE 

Upland Water age is fair in summer and 
very poor in winter. Mixing is 
poor. Susceptible to stratification. 

Install reducer (12” � 8”) on 
inlet. Modify operation to 
reduce water age, improve 
mixing and reduce stratification 
potential. 

HIGH 

Teton Water age is fair in summer and 
very poor in winter. Mixing is 
poor. Slightly susceptible to 
stratification. 

Install reducer (16” � 8”) on 
inlet. Modify operation to 
reduce water age, improve 
mixing and reduce stratification 
potential. 

MED 

Northside Water age is fair in summer and 
poor in winter. Mixing is good.  

Modify operation in winter to 
reduce water age 

MED 

 

 
There are several potential ways to improve water quality (mixing and aging) through changes in 
operation. These include: 

• Increasing the quantity of water that is exchanged between the tank and the distribution 
system on a daily basis  

• Exercising the tank more frequently and more vigorously by increasing the flow rate at 
which water enters the tank and dropping the water to a lower level during the draw cycle   

• Reducing the amount of water that is routinely stored in the tank 

• Taking a tank offline during periods of lower demand (most frequently done when there are 
multiple tanks at a single location) 

 
Frequently, operational changes can be difficult to implement because of hydraulic constraints 
(i.e., existing pump characteristics) and needs to fulfill water demands (normal demands and fire 
flow requirements) and pressure requirements. However, if it is determined that a tank has excess 



 14 

capacity (year around or seasonally), if reduced water levels will not significantly impact water 
pressure or if there is flexibility in operating pump stations, then operational changes can be a 
simple and low cost solution.  
 
As an example, the effects of lowering water levels in the Upland Tank on water age are 
demonstrated in Figure 8. In this case, the water level was lowered from the normal range of 58 to 
61 feet down to a range of 44 to 47 feet. As illustrated, the average water age is reduced from 362 
hours to 279 hours. Lowering the water level also results in faster mixing (it is easier to mix a tank 
with a smaller volume of water) and less potential for stratification. As discussed above, hydraulic 
requirements must be checked to ensure that lower water levels and small storage will not result in 
unacceptable conditions. 
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Figure 8. Effects of decreased water levels on water age in Upland Tank during winter 
 
In conclusion, as shown in Table 4, Upland Tank and Gateway Tank have been identified as the 
highest priority tanks for mitigative actions to reduce water age, improve mixing and reduce the 
likelihood of stratification. It is recommended that initially a study should be made to examine 
specific improvements that could be applied to these two tanks. Based on the results of that study, 
similar improvements to other lower priority tanks could be considered in the future.   
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APPENDIX A. MIXING TIME PLOTS 
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White Mountain Tank Mixing Time
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Wind River Tank Mixing Time
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Gateway Tank Mixing Time
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Stassinos Tank Mixing Time
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Blairtown Tank Mixing Time
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Upland Tank Mixing Time
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Mansface Tank Mixing Time
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Teton Tank Mixing Time
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Northside Tank Mixing Time
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