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1.0 INTRODUCTION AND OBJECTIVES 

This report presents the results of a feasibility level investigation for the City of 

Cheyenne, Wyoming. The Cheyenne Board of Public Utilities (BOPU) is the project 

sponsor, and project funding was provided by the Wyoming Water Development 

Commission (WWDC). The report was prepared by States West Water Resources 

Corporation (SWWRC) as prime consultant, with subconsultants CH2M-HILL, 

RUSTNOT, Wester-Wetstein and Associates, and Intermountain Professional Services, 

Inc. Work for this project was as outlined in WWDC Request for Proposal No. 95-12, 

and further descn"bed in the project contract dated June 2, 1995, between SWWRC and 

theWWDC. 

1.1 Background Information 

Cheyenne was founded in 1867 with the arrival of the Union Pacific Railroad. Crow 

Creek was, and continues to be, a major component in the community's water supply 

system. Initially, water was withdrawn from Crow Creek near 19th Street and piped to 

an open reservoir at 15th and Dillon. Water was distributed to the business district 

using a steam pump. Later, because of cattle waste from the nearby Fort D. A. Russell, 

an aqueduct was constructed to divert water from above the fort. Water was delivered 

to the lakes in [now] Lions Park, and from the lakes to downtown Cheyenne via a 

pipeline system. This system provided downtown Cheyenne with pressure of only 14 

pounds per square inch. 

Direct flow diversions from Crow Creek were sufficient for about 30 years, until 

population growth demanded a more dependable supply. In 1902, Granite Springs 

Reservoir was built on Middle Crow Creek with a capacity of 5,320 acre-feet. Nine 

years later, Crystal Reservoir was built downstream of Granite on Middle Crow Creek. 

Crystal Reservoir has a capacity of3,410 acre-feet. 

In 1911, the same year Crystal Dam and Reservoir was built, the North Crow 

Diversion Dam was built on North Crow Creek. The concrete gravity arch dam is 

similar to but smaller than the Crystal dam. With a reservoir capacity of only 50 acre

feet, the facility was not intended to store spring runoff. Instead, it supplies a regulated 

flow and head for a diversion pipeline to Cheyenne. The pipeline transports water to 



the Round Top treatment plant - the first stage of which was also constructed in 1911. 

Water lines were constructed from the treatment plant to Cheyenne in 1912. 

In about 1931, the North Crow Dam and Reservoir was constructed to improve the 

water supply of the North Crow drainage. The dam is an earthen embankment 

approximately 85 feet high at its tallest point which impounds an 1,865 acre-foot 

reservoir pool. Located five miles upstream of the diversion dam, the North Crow 

Reservoir controls the runoff from about 19 square miles. 

Continued growth of Cheyenne and a drought in the 1930's made it evident that the 

surface waters of the Crow Creek watershed had been developed as much as possible. 

Thus, a search for other water sources conunenced. Beginning in the 1930's, Cheyenne 

developed a well field into the Ogallala Aquifer west of the city. In the early 1960's, 

construction of the extensive Cheyenne Stage I system supplied water from the 

Medicine Bow Mountains 100 miles to the west of Cheyenne. Two reservoirs, a 

pipeline, a tunne~ and a water collection system provide the water supply and exchange 

water for the system. Water is delivered to a tributary of Middle Crow Creek to flow 

downstream into Granite Reservoir. Starting in the early 1980's, the Stage II water 

supply system project expanded all components of the system. This included expanding 

the collector system much further north on the west side of the continental divide 

(between the towns of Encampment and Baggs), and enlarging both Hog Park and Rob 

Roy Reservoirs. With Stage ll, the City of Cheyenne can meet water supply needs for 

many coming years. 

The City of Cheyenne water supply system has several characteristics that make the 

system unique, particularly for a city the size of Cheyenne. The supply system itself is 

complicated due to the need to import water from long distances. And in part due to 

the massive facilities involved in the Stage I and II projects, water administration is 

very complex. The city has seven water storage reservoirs and two diversion structures 

to manage surface supplies. 

The city's two water treatment plants, Sherard and Round Top, are both located west 

of the city to take advantage of the terrain so that they can be supplied by gravity and 

also feed the city by gravity. Storage is located primarily west of the city as well. The 

Buffalo Ridge tank is located on the north side of the city, but is too low to be of use 

without pumping, except during high demand periods. 

Because treatment and storage facilities are located on the west side of the city, 

numerous and sizable transmission lines are needed. The city has only one gravity 
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pressure zone and two pumped-pressure zones. Growth of the city has been to the 
north and east, causing the problems of transmission to be compounded. In addition, 

the North Cheyenne area has been master-planned to eventually be served by the city. 
Water pressures in the eastern parts of the city are quite high, which is good for fire 

capability, but not as desirable under normal operation. 

Over the years, while the supply side of the water system has been improved and 
enlarged, capacity of the water treatment plants has been reached. This is especially 

critical because the Round Top filter plant, a city relic dating back to 1915, is nearly at 
the end of its useful life and must be abandoned. Many important transmission 

pipelines are also that old, or nearly so, and their condition is suspect. Thus, more 
recent water supply planning for Cheyenne has concentrated less on actual supply 

suitability and more on the condition and expansion of local infrastructure: water 

treatment facilities, transmission pipelines, and automation to help the system operate 
efficiently. 

1.2 Previous Studies 

The immediate predecessor to the current study, the Level I Cheyenne Water Supply 
Master Plan, was published in July 1994. The Master Plan was sponsored by the 
Cheyenne BOPU and funded by the WWDC. The work was performed by the team of 

Black and Veatch, Wester-Wet stein and Associates, and Western Water Consultants. 
The study investigated water supply needs, surface water supply and storage, 

groundwater supplies, water supply alternatives, surface water treatment plants, 
distribution system evaluations, and monitoring and control systems. 

The Master Plan recommended a preferred alternative that included a number of 
improvements to be made in Phase I. These improvements included: 

* 

* 

* 

Retiring the Round Top Water Treatment Plant (WTP) 

Mandatory implementation of at least partial demand management. Moderate 
conservation should also be pursued by the BOPU. 

Modifying the existing I-million gallon storage tank at Round Top for raw 

water demand management service during Phase I. 
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* 

* 

* 

* 

* 

* 

Constructing a pumping station and pipeline to convey reclaimed wastewater 

eflluent from the Crow Creek Wastewater Treatment Plant (WWTP) to 

parks/greenbelts in northeast Cheyenne. 

Drilling exploratory demand management irrigation wells to serve 

parks/greenbelts that cannot economically connect to the northwest or 

northeast Cheyenne nonpotable water delivery system. 

Providing radon removal for the well discharge line at Round Top and 

continue to use the existing concrete storage tanks for potable water service 

during Phase I. 

Expanding the Sherard WTP capacity to 32 mgd. Upgrading the well fields to 

reliably produce and deliver 14 mgd to the BOPU's distribution system. 

Providing facilities to pump raw surface water from Round Top WTP to the 

Sherard WTP, and, 

Rehabilitating the concrete portion of the Stage I pipeline. 

Some of these recommendations are straightforward and required no further 

examination in the Level II study. Others did require additional detailed evaluation 

and, along with new ideas put forth in the proposal, form the substance of this report. 

1.3 Objectives of the Current Study 

It is the overall goal of this Level II study to further evaluate certain findings of the Level 

I report, as directed by the WWDC and as put forth in the proposal responding to RFP 

NO. 95-12. In addition, some scope refinements not initiated in the Level I study were 

also included (for example, field pipeline corrosion evaluations). Specific objectives of 

this current work, in more detail, are: 

1. Quantify Demand Management Opportunities and Costs by reviewing areas 

where demand management could be implemented, and the associated costs. Specifically, 

this focuses on irrigation and, to a lesser extent, industrial uses which do not require, but 

are currently using, treated water. Several methods for supplanting treated water with 
raw water, groundwater (via aquifer storage and recovery techniques), or wastewater 

eflluent were to be reviewed to determine which method best suited a particular 
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application. To determine if demand management was viable, costs for implementation 

were to be compared to the cost of continued use of treated water for those applications. 

2. Identify Infrastructure Improvements at Round Top needed to allow storage 

and piping at this location to function properly when the filtration plant is taken ofHine in 

the near future. Improvements to be reviewed included control valving, disinfection 

systems for groundwater, and facilities to provide radon removal from groundwater which 

will continue to be routed through the plant. 

3. Evaluate the Need to Relocate Part of the 30-Inch Sherard WTP Supply 
Pipeline, which the Level I study had identified as possibly too close to the hydraulic 

grade line. Under this objective, the hydraulics of the entire 30-inch line were also to be 
reviewed to assess the ability of this line to deliver water to Sherard relative to the 

proposed expansion of the plant. 

4. Evaluate the Need for a 12 MGD Pump Station from Round Top to Sherard, 
as recommended in the Level I study. The purpose of the pump is to increase raw water 

delivery to Sherard. Following from the results of the demand management analysis, the 

need for and sizing of a pump at Round Top would be reevaluated. Other alternatives for 

increasing deliveries to Sherard, including new pipelines or construction of the pump 

station at another location, such as the WYE, were to be reviewed and compared to find 

the best alternative. 

5. Provide Preliminary Design and Layout of a New 42/36-Inch Main across 

Cheyenne, following review of the Level I CYBERNET model of the city distribution 

system and determination of need for the upgrade. 

6. Review the Current SCADA System and make recommendations for upgrades 

or replacements as needed. 

7. Perform a Pipeline Corrosion Investigation to identify the condition and 

expected remaining useful life of, and possible remediation alternatives (if necessary) for, 

the main transmission pipelines. 

Once recommended alternatives are identified, a final task was to determine the effects of 

the cost of the improvements on the BOPU's rate structure (tap and use fees) for private 

and commercial users. 
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2.0 DEMAND MANAGEMENT 

2.1 Introduction 

Demand Management is the reduction in certain lesser types of demands on BOPU water 
treatment plant (WTP) capacity, leaving such capacity better able to serve higher uses. 
For this report, Demand Management evaluation looks at reducing the amount of treated 
water used for irrigation of public areas such as parks and golf courses, and possibly 
industrial use, thus reducing the demands these uses place on WTP capacity. Treatment 
capacity is then reserved for domestic and municipal needs that require treated water, 
while irrigation and other uses potentially would be met with raw water, groundwater (via 
aquifer storage and recovery techniques) or wastewater effluent. 

2.2 Evaluation of Existing Pipelines 

Raw water is currently delivered to the Round Top WTP via two 20-inch cast iron 
pipelines as shown on Figure 2.1. If this raw water source were to be used for irrigation 
or other uses, it is necessary to evaluate the capacity and condition of the pipes for long
term service. There also exists a 16-inch cast iron pipe which carries treated water from 
Round Top to Lion's Park, which has been identified as a possible transmission line for 
raw water. Likewise, this line was evaluated for condition and capacity. Finally, there 
exists a 30-inch cast iron line which delivers treated water from Round Top to the city. 
This line extends further south than the 16-inch line, where it crosses 1-25 and continues 
down Hynds Boulevard. This 30-inch pipe is suspected of having plugging problems, and 
its condition needed to be evaluated because it will remain a major line feeding the city 
from Round Top. Appendix 8.1 describes the corrosion evaluation performed by 
RUS1NOT for these lines, among others. 

20-inch Cast Iron Lake Lines 

Description 

Earlier studies have reported the capacity of the two 20-inch cast iron raw water lines 
which deliver water to the Round Top WTP at approximately 12 mgd (18.6 cfs)(Black 
and Veatch, 1994). Recent discussions with BOPU personnel indicate slightly lower 
values, on the order of 9-10 mgd (14-15.5 cfs)(Bud Spillman, personal communication). 
An objective of this study, in addition to determining the physical condition of the pipes, 
was to calculate the expected capacity of these pipes to determine the maximum amount 
of raw water available through them by gravity for municipal irrigation or other purposes. 

The northern line collects water from the North Crow Diversion Dam and the Brush 
Creek Diversion Dam. The southern line collects water from the Hecla Intake and the 
South Crow Diversion Dam. During peak summertime periods, the BOPU currently 

6 



-lJ 
~I 

31 ~5 36 

;-\ 

:-1--
tn' G : 1 

8 

18 [7 

19 

29 

32 

17 16 15 

20 21 22 

28 

32 33 3[ 32 

31 32 35 

L_ 

! 
I 

5 2 

8 11 

17 15 14 

23 

26 

35 

5 

--r 

36 I JI 32 

12 

13 17 

24 20 

25 

36 

. __ '0 1_'_1 .-J-,----J. 

P 69 '" I R. 67 '..J. 

33 34 

9 10 

16 15 

21 22 2" 

27 2E 

33 34 35 

33 34 

- ~O' 

36 I 31 

~--, 

I 
I l2-n 

13 18 

24 19 

25 30 

36 31 

N 

• = EXISTING WELLS 

0 = EXISTING WELL FIELDS 

EXISTING PIPELINES 

FUTURE PIPELINES 

f!i = POSSIBLE PUMP STATIONS 

EXISTING CONTOUR LINES 

ROADS 

--- - = RAILROAD TRACKS 

\ = EXISTING DAMS 

EXISTING SERVICE AREA 

PROPOSED SERVICE AREA 

STATES ~EST ~ATER 
RESOURCES CORPORATION 

1904 E 15th 
CHEYENNE,. VYOHING 82001 

<307> 634-7848 

CITY Of CHEYENNE 
CHEYENNE VATER SUPPLY LEVEL II PROJECT 

GENERAL LOCATION MAP 
CITY OF CHEYENNE 'wiATER SUPPLY FACILITIES 

JHH/JHR 

PH 
l' .. 10000' 2.1 

7 JUL Y 1996 254 



collects about 3-4 mgd from the North Crow dam and 5-6 mgd from Hecla. No water is 
currently taken from the South Crow diversion structure due to debris intake, and only 
about 0.5 mgd is admitted at the Brush Creek structure because of sediment (including 
gravel) inflows at higher rates. 

The south line was constructed in 1910 and the north line was constructed in 1928. The 
northern line is cross-connected to the southern line where the two meet at the "WYE", 
about 10.5 miles west of Round Top, from which both lines continue to the east to the 
Round Top WfP. Valving at the WYE (GL elevation 6,529 +1-) allows the two pipes to 
operate independently or together, the main difference being that when connected (valve 
open) the hydraulic grade lines (HGL) for both lines equalize at the WYE. In this 
situation, both pipes would theoretically deliver the same flowrate to Round Top from the 
WYE (providing they have equal roughness), and there is some mixing from the sources. 
When operated independently, the two lines maintain separate HGLs and there is no 
mixing at the WYE. According to BOPU personne~ the WYE is normally operated with 
the cross connecting valve open, resulting in the pipes typically operating with an 
equalized HGL as described above. 

At mile post 5.12, as measured from Round Top (see Appendix 8.1), there apparently 
exists another cross-connection between the north and south lines, which reportedly 
operates in a normally closed position. 

Hydraulic Analyses 

Prior to conducting flow tests, analyses were performed to develop hydraulic relationships 
which would be refined with the flow test data. Hydraulic analyses of the pipes requires 
knowledge of the inlet and exit elevations, pipe length(s), an estimate of pipe roughness 
and determination of whether any major flow obstructions may exist. For this evaluation 
inlet and exit elevations were taken or estimated from as-built drawings, pipe lengths were 
measured from design and/or as-built profile sheets, and BOPU personnel were queried as 
to their knowledge of pipe obstructions that may exist. An insufficient number of air relief 
valves on the lines may be a flow limiting characteristic, and results in entrained air and 
foam under full flow conditions, according to BOPU personnel Prior to flow tests 
conducted for this study, five new ARVs were installed on the North Crow line. Another 
possible limiting factor is whether the line from Hecla operates at full capacity, although 
the headgate structure at Hecla appears to ensure submerged inlet conditions. The 
terminus of both lines is the cascade aeration tower at Round Top (Elev. 6,381 +1-). 

Pipe roughness was estimated from the literature. As the pipes are 67-85 years old, they 
will be rougher than when new. Steel and McGhee (1970) indicate the Hazen-Williams 
"C" coefficient for 30-year old cast iron pipe to be in the range of75-90 (no range is given 
for older pipe). Assuming the rate of roughness increase decreases over time, and based 
on TV inspection of critical parts of the lines, it is estimated the C value would be no less 
than this range. Therefore, C val\les of75 and 90 were selected for hydraulic modeling of 
these lines. Such an assumption was felt to give a conservative estimate of the friction 
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loss experienced in both pipes until the true roughness could be detennined from flow 
tests. 

Minor losses due to valves, pipe bends, etc. were neglected in the analyses because the 
length of the pipe would cause friction losses to dominate. Generally it is held that minor 
losses can be ignored if the length of the pipe exceeds 1000 times the pipe diameter, a 
condition easily met in this case. 

Data used in the hydraulic analyses of the pipes follow. All pipes are nominal 20-inch 
diameter: 

Pipe Section 
North Line to WYE 
South Line to WYE 
WYE to Round Top (both N and S) 

Length 
37,500' 
27,300' 
55,700' ea. 

Inlet Elev. 
6,893 
6,787 

Exit Elev. 

6,381 ea. 

Using these data and estimated C values, the calculated capacities of the pipes totaled 9.25 
to 11.1 mgd. As discussed in the next section, flow tests revealed the actual pipe 
capacities to be higher, indicating the true effective roughness of the pipes is less (higher 
C) than assumed above. 

Flow Test Results 

Flow tests of the 2x20-inch CI lines were performed on November 21 and December 5, 
1995. Results of the latter test, which achieved full flow in both the north and south lines, 
are discussed here. 

Pressures were monitored at several points on both lines for the entire duration of the test. 
On the South Line, pressures were recorded at points 6,800 feet below the Hecla 
diversion (20,500 above the WYE), at the WYE, 36,700 feet below the WYE, and 50,700 
feet below the WYE (5,000 feet above Round Top). On the North Line, pressures were 
monitored at the same points as the South Line below the WYE, and at one higher point 
19,000 feet below the North Crow diversion dam (18,500 feet above the WYE). 
Pressures recorded at the WYE were used in calculating effective "C" values from the test 
resuhs, while the other points primarily were used to monitor the pressures along various 
reaches of the pipes as flows were increased over time. Because of their length (the South 
Line is 83,000 feet long and the North Line is 93,200 feet long), and because both pipes 
are controlled only at their upper ends, achieving maximum flows in the pipes at Round 
Top took about six hours. 

Flows were measured at three points during the test, using meters in both lines at Round 
Top and one in the north line at the North Crow diversion dam. There is no metering 
capability at the Hecla diversion on the South Line. 
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The test was run in two parts. First, the lines were brought up to near capacity with the 
crossover valve at the WYE closed, effectively isolating the two lines. Next, the 
crossover valve was opened, allowing mixing at the WYE, and the lines allowed to 
stabilize again. Data summarizing the flow tests and the Hazen-Williams "C" values 
calculated therefrom follow: 

LOCATION 
North WYE Round Toll. 

Hecla Crow North South North South 
Condition: Diversion Diversion Line Line Line Line 
WYE Valve Open: 
Pressure, psig 0 0 66 65 0 0 
Flow, mgd 5.871 6.7 5.97 6.6 5.97 6.6 
Calculated "C" 1012 1092 943 1043 

WYE Valve Closed: 
Pressure, psig 0 0 72 56 0 0 
Flow, mgd 6.28 6.4 6.06 6.28 6.06 6.28 
Calculated "C" 972 1062 963 1033 

1 - Obtained by subtraction 
2 _ effective "C" above the WYE only 
3 _ effective "C" from WYE to Round Top only 

Measured flows at Round Top indicate the capacity of the parallel20-inch lines to be as 
high as 12.6 mgd. This rate is higher than that initially estimated with hydraulic analyses, 
due to the higher actual "C" values observed during the flow test. It is noted that the 
"valve closed" data above indicate more water flowing through the meter at the North 
Crow Diversion than was measured on the North Line at Round Top (6.4 vs. 6.06 mgd). 
These numbers should be the same. This 5.6 percent difference is possibly due to 
differences between the meters or to steady flow not quite being achieved before high 
pressure concerns prompted opening of the crossover valve at the WYE. Calculations for 
determining "C" in this situation used the average of the two measured flows, or 6.23 
mgd. Complete data from the flow tests are provided in Appendix 2.1. 

Co"osion Evaluation 

Six locations on the 20-inch cast iron lines were sampled for corrosion pitting (see 
Chapter 8.0 and Appendix 8.1). The exterior of the pipes appear still to be in good 
condition, which is attnbuted to the original lacquer coating. Pipe interiors have 
experienced more pitting than the exteriors, likely due to the inner wall being uncoated, 
and to the apparently more aggressive nature of surface water compared to well water. 
Five of the samples had an original pipe thickness of 5/8-inch ( 625 mils), while one was 
3/4-inch (750 mils). Total pipe wall loss was seen to vary from 150 to 310 mils (24 to 50 
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percent of the original wall thickness). This corresponds to an average pitting rate on 
these lines of 1.8 to 4.6 mils per year. 

Due to the loss of pipe wall, and the likelihood pitting will continue, cleaning and lining of 
these lines will be required to extend their lives. For the time being, the pipes are 
serviceable and will continue to deliver water to the WYE and Round Top. Depending on 
whether one or both lines will be needed to carry raw water from the WYE to Round Top 
for demand management, lining decisions can be postponed. If both lines are used, lining 
probably will be needed earlier than if only one line is used. In thiS latter case, one line can 
simply be retired until the other becomes undependable, at which time the retired pipe 
could be brought back into service. 

It is estimated cleaning and lining of these pipes, using a 3/16-inch mortar coat, will cost 
approximately $35 per lineal foot (not including engineering or construction 
contingencies). For the entire North Crow line, the capital cost for this work will be about 
$3.3 million. For the entire Hecla line, the cost is $2.9 million. A lining contractor has 
indicated such a lining will result in a minimum Hazen-Williams "C" factor of 125 
compared to the 94 to 1 09 range of "C" values determined from flow tests for existing 
conditions. Combining the increased "C" with the resulting slight decrease in pipe 
diameter lost to the new lining, capacities of the rehabilitated lines can be estimated. In 
addition, sliplining the pipes with high-density polyethylene (HDPE) was also evaluated. 
This type of lining is approximately 10 percent more expensive than mortar. 

With mortar lining, the North Crow line should be able to convey 7.6 mgd, compared to 
the current maximum capacity of 6.6 mgd. The Hecla line should deliver 7.2 mgd, 
compared to the current 6.0 mgd. While these increases are substantial (17 percent), they 
likely do not warrant the $6.2 million investment at this time. In the interim, additional 
corrosion control could be accomplished by installation of galvanic anodes for hot spot 
protection at locations where exterior leaks occur in the future. 

16-inch Cast Iron Line - Round Top to Lion's Park 

Description 

It has been suggested that the existing 16-inch cast iron line from Round Top to Lion's 
Park could be used to deliver raw water by gravity for irrigation at that park, and/or at 
other users in the area such as the Cheyenne Country Club, FEWAFB golf course and the 
Airport Golf Course. This line currently delivers potable water to the city distribution 
system, but recent operational experience with the line out of service indicates it is not a 
critical supply line and could be converted to another use. Its route extends from the 
Round Top valve house southeast across the northwest part of FEW AFB, between the 
lobes of Lake Pearson, through the Cheyenne Country Club, under 1-25, to the southwest 
side of Sloan Lake, from which it veers south to 8th Avenue, where it connects with the 
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city distnbution system between Pioneer and Bent Avenues. Approximately 1,500 feet 
above the pipe terminus on 8th Avenue the pipe diameter reduces to 14-inch. 

Hydraulic Analyses 

Assuming the controlling elevation at the upper end of the line to be 6,364 (Round Top 
overflow elevation), and a pipe length of approximately 20,700 feet to its current terminus 
near Lion's Park, calculations were performed to estimate the capacity of the pipe under 
two operating scenarios. First, assuming the line discharged to atmospheric conditions 
(i.e. is fed into lake(s) for subsequent pumping to points of use), and second, assuming the 
line would deliver water while retaining sufficient gravity head to allow irrigation without 
secondary pumping. 

The elevation of the edge of Sloans Lake is approximately 6,140, giving a static head in 
the pipe at that point of 224 feet or 97 psig. This pressure is the maximum available, and 
will be reduced by friction losses when the pipe is flowing. It is desirable to keep 
operating pressures above at least 80 psig for proper operation of and coverage by the 
existing sprinkler system( s). Therefore, analyses were run assuming two different head 
conditions at the pipe outlet - zero and 80 psig. 

To give a range of possible flowrates, Hazen-William "C" values of 75 and 90 were used 
in the analyses. Results of the calculations follow: 

Hazen-Williams 
"C" 
75 
75 
90 
90 

Outlet Pressure, psig 

o 
80 
o 
80 

Flowrate, mgd (cfs) 

3.87 (6.0) 
1.51 (2.3) 
4.65 (7.2) 
1.81 (2.8) 

Results of flow tests, discussed in the following section, indicate the true roughness of this 
pipe to be in the range predicted. 

Flow Test Results 

A flow test of the 16-inch CI line was conducted on November 3, 1995. The test was 
conducted in two parts, each involving inducing flow by opening fire hydrants at different 
points. Prior to both flow events, all large connecting pipes were valved off to avoid test 
errors due to extraneous flows into or out of the 16-inch line. 

Flows were measured at three points: the propeller meter located at the Round Top Valve 
House, the venturi meter located near the 24-inch inter-tie on FEWAFB, and using hand
held pitot gages at the hydrant discharge(s). Locations of the hydrants used in the tests 
were 1) at the northwest comer of the Cheyenne Country Club (14,000 pipeline feet from 
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Round Top) and 2) behind the Old West Museum at Frontier Park (19,400 pipeline feet 
from Round Top). Only the pitot readings were used in reducing data from the tests. 

The flow test data follow: 

Location: 
Elevation 
Distance from Round Top, feet 
Measured Static Pressure, psig 
Hydrant Flow, gpm; mgd 
16-inch Line Velocity, fps 
Hydrant Back Pressure, psig (est.) 
Calculated "C" from Test 

Round To 
6,364 

o 
o 

NA 
NA 
NA 
NA 

H drant #1 
6,180 
14,000 

80 
1,300; 1.87 

2.07 
57 
64 

H drant #2 
6,153 
19,400 

90 
1,425; 2.05 

2.26 
66 
80 

As shown, the calculated "C" values are lower than those computed for the 20-inch lines, 
and for the test using hydrant # 1 certainly less than anticipated. These findings may be 
due to higher-than-expected roughness, or to inaccuracies in calculating hydrant back 
pressures, or both. The data indicate smoother pipe in the lower reaches, given that the 
overall "C" value for the longest reach tested (hydrant #2) is higher than for the test of the 
upper reach (hydrant #1). Using the "C" value (80) for the longest reach tested, the 
maximum capacity of the pipe discharging to the atmosphere (as it would if it were 
draining to northwest area lakes) can be calculated. For this situation, the maximum 
capacity of the 16-inch pipe is calculated to be 2,880 gpm (4.15 mgd). If it is desired to 
maintain 80 psig back pressure at the outlet, as assumed in the previous section, the 
maximum capacity is 1,120 gpm (1.61 mgd). The flow test data are presented in 
Appendix 2.1. 

Co"osion Evaluation 

Two locations on the 16-inch cast iron line were sampled for corrosion pitting. Again, 
internal pitting was more significant than external pitting. The original pipe wall thickness 
was 3/4-inch (750 mils) at both sample locations. Combining internal and external metal 
loss, this pipe has seen 100 to 250 mils lost to pitting, or 13 to 33 percent of the original 
wall thickness. The corresponding rate of loss is 1.3 to 3.3 mils per year. Data on 
corrosion can be found in Appendix 8.1. 

Currently, the pipe is felt to be serviceable. Corrosion on this line has been about half 
what was observed along the 20-inch cast iron Round Top supply lines. While cleaning of 
this line may be required in the future, no immediate lining or replacement work appears 
necessary. Additional corrosion control could be accomplished by installation of galvanic 
anodes for hot spot protection at future leak repair locations. 
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30-Inch Cast Iron Line, Round Top to City 

Description 

This cast iron line is about 4 miles long, extending from the Round Top Water Treatment 
Plant southeast across Francis E. Warren Air Force Base to 1-25 adjacent to 6th Avenue. 
At 1-25 the line turns south, then crosses the interstate and turns south again along Hynds 
Boulevard to Randall Avenue, which it follows into the city. Pte operational history of 
this line leads to the suspicion it may be partially plugged. Meter readings are not as high 
as one would expect for a 30-inch line. On October 4, 1993, a severe rupture of this line 
along Randall Avenue resulted in only a modest increase in flow. By comparison, other 
nearby large mains experienced significant flow increases, apparently indicating the leak 
was backfed by the distribution system rather than from the 30-inch line itself. 

While this line is not proposed to be part of any demand management alternative, its 
performance is important should the 16-inch line be taken out of potable service. Without 
the 16-inch line, Round Top can deliver treated water only through the north 24-inch 
concrete line and the 30-inch cast iron line descn"bed in this section. 

Flow Test Results 

On April 30, 1996, a flow test of the 30-inch line was conducted. Because of the relative 
lack of hydrants and/or blowoffs that could be opened to put a demand on the pipe for the 
flow test, flow was induced by sequentially throttling back other large mains into the city. 
By doing so, city demands were increasingly forced to be met through the 30-inch line. 
Prior to the test, plans were made to monitor critical system pressures so that flow 
throttling did not impair customer service or firefighting capabilities. 

During the test, flow was measured with the venturi meter located near the 36-inch 
intertie. The propeller meter near the valve house at Round Top was not in sef\lice. 
Pressures were monitored at four locations during the test: at the air relief valve (ARV) 
below Round Top (station 55+69), at the intertie (station 73+85), at the ARV below the 
intertie (station 121+57), and near Interstate 25 (station 197+18). Stationing for this line 
is as assigned by RUSlNOT during their corrosion work, and begins with 0+00 at Round 
Top. 

Total city demand during the four hour test fluctuated between 9 and 14 mgd. After 
isolating the 30-inch line at the intertie and obtaining static pressures, the 16-inch Round 
Top Line was closed. Throttling then began on the north 24-inch concrete line, which also 
eventually was completely closed. With the 16- and 24-inch lines completely closed, and 
the 30-inch Hynds line (which extends from the Sherard WfP to the city) 30 percent 
closed, only 1.3 mgd was being delivered via the tested line. The test progressed by 
throttling down the Hynds line to a 95 percent closed position, at which time it was 
delivering about 2 mgd with 8.6 mgd metered through the tested line. This was the 
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maximum flow measured during the flow test. Pressures in Western Hills and Buffalo 
Ridge dropped to near 20 psi at this point, and the test was terminated. 

Following the test, pressures recorded at the maximum flowrate were converted to 
elevations so a hydraulic grade line could be constructed. Ground elevations at the points 
where pressure gages were placed were taken from a 2-foot contour map of the pipeline 
route. A drop of 1.1 feet in the water level of Round Top reservoir was experienced 
during the test, and the final elevation was used in this analysis. Tabular data descn"bing 
the test are presented in Appendix 2.1. 

Hydraulic analysis of the test results were performed to estimate effective roughness 
coefficients for each reach (defined as between pressure gage locations). The results 
indicate the three upper reaches (from Round Top to station 121+57) have significantly 
higher roughness than the lowest reach (station 121+57 to 197+18). Calculation of 
equivalent Hazen-Williams "C" factors gives values of 64, 63, 65 and 102, listed in 
downstream order. To some extent this information corroborates the results of the Level I 
study, which indicated a suspicion of flow constraints above the intertie. 

While it was hoped the test would identify an isolated area of plugging, it appears there 
may be several flow constrictions in the upper three reaches. The corrosion investigation 
did not find significant tuberculation in this line, leading to the possibility of orphaned or 
malfunctioning valves, or some other physical obstruction, as the likely source of 
constriction. There may also be restrictions in the valve house proper, which could be 
checked by placing pressure gages in and immediately below the building to look for 
anomolously high pressures drops. It has been recommended to the BOPU that the upper 
three reaches be videoed or cleaned with a tracking pig to determine the nature and 
location of whatever flow obstruction may exist. 

If the upper reaches could be rehabilitated to exhibit the same "C" factor as the lowest 
reach (102), the line could deliver up to 11.5 mgd under the same pressure regime seen at 
the end of the flow test. This 2.9 mgd increase represents a potential 34 percent increase 
in capacity for the 30-inch line. 

Co"osion Evaluation 

This pipe was excavated at four locations. Two revealed minimal external corrosion, 
although alleged corrosion leaks have been reported. One leaking lead joint exhibited 
active external corrosion with pitting depths in the 80 to 100 mil range. An internal pipe 
sample revealed minimal pitting (less than 50 mils). Given an original metal thickness of 
5/8 inch, maximum internal and external pitting comprises 24 percent of the pipe wall, at a 
rate of about two mils per year. The loss is not as significant as seen in the 20-inch raw 
surface water supply lines (see Appendix 8.1), but is higher than seen in the 16-inch cast 
iron Round Top line. Corrosion evaluations performed as a part of this Level IT study 
tend to indicate that lines ca.rry4J.g raw surface water suffer most from corrosive attack, 
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with treated water lines less so. Well field lines appear least affected by corrosion, 
probably due to the chemical nature of the water. 

2.3 Evaluation of Potential Raw Water Uses 

Irrigation 

Irrigation is the primary use of water in the City of Cheyenne that does not require potable 
water, and thus is the prime target for demand management. Irrigated areas were 
evaluated initially based on size, proximity to potential raw water sources, and whether or 
not an area was city owned or managed. However, non-city-owned areas and smaller 
isolated irrigated pieces were also analyzed to see if treated water could be supplanted 
economically with raw water. 

City Parks and Golf Courses 

The City of Cheyenne owns and manages two golf courses and numerous parks (see 
Figure 2.2). Golf courses include the Airport Golf Course and Prairie View Golf Course, 
both managed by Mr. John Roth. The reported irrigated areas at these courses are 55.6 
and 35 acres, respectively. Mr. Roth has indicated he would like to increase the irrigation 
at the Airport course to about 85 acres, and there has been discussion of the Prairie View 
course expanding to 18 holes (it is currently a nine-hole course). Evaluation of 
alternatives for serving these golf courses assumes their current size, with consideration 
given to the effects on demand should either expand. Both courses are candidates for raw 
water service because of their size and proximity to potential raw water sources. 

The City of Cheyenne manages numerous existing parks varying in size from about two 
acres to 50 acres. There are also three proposed community parks which are planned to 
be larger: Sun Valley Community Park at 70 acres, North Cheyenne Community Park at 
130 acres, and South Cheyenne Community Park at 160 acres. Based on landscaping 
plans for the proposed North Cheyenne Park, which indicate about half the total park area 
will be irrigated, it was assumed any replacement irrigation supply must serve half the total 
acreage at all three proposed parks. 

Existing parks evaluated for demand management alternatives are listed later in this 
section. Cost estimates have indicated that, unless located near a raw water source or 
near other areas of concentrated irrigation water use, parks less than about five acres in 
size cannot be served economically with either raw water, groundwater (via an aquifer 
storage and recovery program), or wastewater effluent as a substitute for treated water. 
For this reason, several smaller parks are omitted from further consideration herein. 
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Private Golf Courses 

There exist two golf courses on the west side of Cheyenne managed by private interests. 
These include the Cheyenne Country Club and the F. E. Warren Air Force Base 
(FEW AFB) Golf Course. Both currently use treated city water for irrigation, although the 
FEW AFB course is currently modifying their operation to take at least a partial supply 
from Lake Pearson, which is fed by the Ware line. Both are candidates for raw water 
service because of their location near the existing 16-inch cast iron line which runs from 
Round Top to Lion's Park. In fact, both entities currently tap thIs line for irrigation water, 
and the Country Club also takes water for domestic use from this source. Cost estimates 
that involve removing the 16-inch line from potable service also then include costs for 
providing raw water at sufficient head for irrigation, and a replacement domestic potable 
line is included for the Country Club. 

Other Irrigated Areas 

The City of Cheyenne manages all cemeteries in the vicinity of East Pershing Avenue 
between Seymour and Morrie Avenues. Included are the Lakeview, Beth E~ Olivet, 
Jewish and IOOF cemeteries, which comprise about 48 irrigated acres. The cemetery 
manager, Mr. Scott Heatherington, has indicated his desire to see the irrigation of these 
areas at least simplified, and assisted with this study by providing important water use, tap 
location, and acreage information. 

I"igation Requirements 

To determine the number of acres of grass at local parks and golf courses that could be 
irrigated with raw water from Round Top, historic records were reviewed and an estimate 
of the irrigation requirements of these areas was made. Published values of consumptive 
use requirements (CUR) for lawn grass in Cheyenne were obtained from Po chop et al 
(1992) to help determine maximum daily needs. In addition, the golf course and parks 
superintendents were interviewed to verify the number of irrigated acres at each site· and 
to estimate historic peak instantaneous demand rates as well as possible constraints, such 
as pressure inadequacies, which hamper their current irrigating efforts. There exists a 
wide range of variation of peak irrigation demand rates among the various users, as 
discovered during the interviews. For example, the maximum rate demanded by FEW golf 
course, reported at 2,000 gpm, serves a reported 86 maintained acres at a rate of 23.2 
gpm per acre. The Country Club, on the other hand, applies 1050 gpm to 112 acres, for a 
rate of 9.4 gpm per acre. Basing irrigation system sizing on reported maximum demands 
is therefore misleading, because scheduling or variation in zone demands is not reflected in 
instantaneous total demand values. It was therefore concluded that the demand analysis 
must be based on the CUR of lawn grass, with historic or reported demands used only for 
comparison. Acreages and irrigation requirements of Cheyenne area parks, golf courses 
and other potential users of raw water are given in Table 2.1. Values are provided as daily 
totals and instantaneous rates. 
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Table 2.1. Irrigation and Industrial Use Demand Summary 

1 2 3 
Max Day Max Day Max Day 

Irrigated Demand Demand Demand 
Description Acreage MGD CFS GPM - 8 hr 

Northwest Park Complex: 
Cheyenne Country Club 112 0.89 1.38 1,858 

Airport Golf Course 55.6 0.44 0.69 923 
FEW Golf Course 86 0.68 1.06 1,427 

Lions Park 49.6 0.40 0.61 823 
TOTAL 303.2 2.41 3.74 5,031 

East-Central Park Complex: 
Dutcher Field 4.6 0.04 0.06 76 

Jr. League Baseball 21 0.17 0.26 348 
Cahill Park 10 0.08 0.12 166 

Cheyenne Soccer 15 0.12 0.19 249 
Converse Softball 11 0.09 0.14 183 

Prairie View Golf Course 35 0.28 0.43 581 
Brimmer Park 17.2 0.14 0.21 285 

TOTAL 113.8 0.91 1.40 1,888 

Cemeteries: 
Lakeview Cemetery 24.75 0.20 0.31 411 

Beth El Cemetery 11 0.09 0.14 183 
Olivet Cemetery 8 0.06 0.10 133 
IOOF Cemetery 1 0.01 0.01 17 

Jewish Cemetery 3.3 0.03 0.04 55 
TOTAL 48.05 0.38 0.59 797 

Miscellaneous Smaller Parks: 
Pioneer Park 4.8 0.04 0.06 80 

Martin Luther King/17th 6.2 0.05 0.08 103 
Ho lliday Park 29.1 0.23 0.36 483 
Lincoln Park 2 0.02 0.02 33 

Mylar/Smalley Parks 8.7 0.07 0.11 144 
Jaycee Park 2.1 0.02 0.03 35 

TOTAL 52.9 0.42 0.65 878 
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Table 2.1, Cont'd 
1 2 3 

Max Day Max Day Max Day 
Irrigated Demand Demand Demand 

Description Acreage MGD CFS GPM - 8 hr 
Miscellaneous Western Areas: 

WYDOT 11 0.09 0.14 183 
McCormick Jr. High 4.9 0.04 0.06 81 
Central High School 8.6 0.07 0.11 143 

Westgate Association 4.5 0.04 0~06 75 
Governor's Mansion 8.9 0.07 0.11 148 

TOTAL 37.9 0.30 0.47 629 

Miscellaneous: 
Bar-X Ranch 3.2 0.03 0.04 53 

Centennial 0.2 0.00 0.00 3 
Miller School Athletic Field 6.2 0.05 0.08 103 

Unicover 4.2 0.03 0.05 70 
Frontier Refinery NA 0.68 1.05 470 

V A Medical Center 21.5 0.17 0.27 357 
Blanchard Stadium 5.2 0.04 0.06 86 

TOTAL 40.5 1.00 1.55 1,142 

Proposed Park Areas: 
N. Cheyenne Comm. Pk 65 0.52 0.80 1,079 
S. Cheyenne Comm. Pk. 80 0.64 0.99 1,327 

Sun Valley Comm. Pk. 35 0.28 0.43 581 
TOTAL 180 1.43 2.22 2,987 

Airport MOU Areas 
Morrie Avenue 6.9 0.05 0.09 114 

Airport Parkway 2.9 0.02 0.04 48 
TOTAL 9.8 0.08 0.12 162.61 

GRAND TOTAL 786.15 6.94 10.75 13514.47 

Irrigation Application Assumes: 0.22 in/day Irr. Efficiency: 0.75 
( daily consumptive use requirement for July) 

Note: Demand column (1) is total for day; column (2) describes constant 24-hr per day flow; 
colunm (3) is the rate equivalent for an 8-hr period; 

Proposed park areas assume irrigation of one-half of total park area. 
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The initial step was to estimate the maximum daily consumptive use of lawn grass in 
Cheyenne. Pochop gives a mean monthly CUR for lawn grass in July (the peak month of 
the summer) of 6.82 inches, or 0.22 inch per day. On a monthly basis, about 2 inches (29 
percent) normally can be expected to be provided by effective rainfall- or about 0.06 inch 
per day. However, so as not to experience shortages during dry spells, it was determined 
the raw water delivery system must be able to deliver the full CUR. Thus, not considering 
storage or use efficiency, a daily water supply of 5,970 gallons (0.018 acre-foot) is 
required per acre of lawn. Because not all water applied is effectively used, due to such 
things as the inadvertent watering of sidewalks, roads, parking lots or bare areas, the 
application rate must be increased. Assuming an irrigation efficiency of 75 percent, about 
7,960 gallons per acre per day are required. From discussions with a University of 
Wyoming Civil Engineering Department irrigation specialist, 75 percent irrigation 
efficiency is a reasonable value to assign to parks and golf courses (Dr. K. James 
Fornstrom, personal communication). 

Interviews with the park/golf course superintendents indicated most of their irrigation is 
done at night, and generally all night. This is advantageous because it averts unnecessary 
evaporative losses which occur during the day, and leaves the facilities available for 
daytime use. Some facilities (such as ballparks and soccer fields) are irrigated on a two or 
three day rotation, and some are irrigated during the day if needed for nighttime use. 
Converting the acreage requirement above (7,960 gpd) to an equivalent gallons per minute 
over eight hours gives a rate requirement of 16.6 gpm per acre. This value will be used in 
subsequent hydraulic analyses and sizing of well and pipeline source alternatives. The 
interviews also indicated it is desirable to keep operating pressures at the tap at or above 
80 psig at all times, and 100 psig is preferable for the existing systems. Interviews gave 
the following maximum demands experienced by some of the larger users: 

Entity 

FEW Golf Course 
Cheyenne Country Club 
Airport Golf Course 

Lion's Park 
Prairie View Golf Course 
Dutcher Fields 
Cahill Park/Soccer Complex 
Brimmer Park 
Jr. League Baseball 
Converse Softball Parks 
TOTAL 
* rounded 

Maximum Demand from 
Interview (gpm) 

2,000 
1,050 

1,000 (could use 1,800-
2,200) 
1,000 
1,200 
1,200 
1,200 
1,200 
1,200 
1,200 

12,250 
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Maximum Calculated 
Demand from Table 2.1 

(gpm) * 
1,430 
1,860 
920 

820 
580 
80 

420 
290 
350 
180 

6,930 



It is noted that the smaller parks, according to interview information, experience a much 
larger instantaneous demand than a strict eight-hour application from Table 2.1 would 
indicate. It is believed this is a combination of scheduling and use efficiency effects. That 
is, it is unlikely the maximum rate from the interviews is required for an entire eight-hour 
period unless there are system deficiencies that drastically reduce irrigation efficiency for 
that location. More likely, these demands reflect zone irrigation rates for the individual 
irrigation systems, which would be true instantaneous demands on a supply pipe, but 
which also would supply sufficient water over a period much less than eight hours. For 
example, if Brimmer Park irrigation occurs in fact at a rate of 1,200 gpm, it would only 
take 1.9 hours to supply the total gallons needed for the maximum day with an irrigation 
efficiency of75 percent, after which time it would place no further demand on the supply. 
Thus, the practice of staggering irrigation schedules among the various users should result 
in an eight-hour constant demand similar to the values given in Table 2.1, and would also 
result in the most economical supply system sizing. A measure of conservatism is added 
by this approach considering that those incremental areas which must be irrigated during 
the day will reduce nighttime demands on the system, help keep operating pressures high, 
and reduce instantaneous source demands. 

Proximally Located I"igated Areas 

Because many irrigated areas exist in close proximity to one another, logical groupings 
have been created to aid in evaluating service to those areas. As used further in this 
report, the following groupings are defined: 

Group Name 
Northwest Park Complex 

Group Includes 
FEWAFB Golf Course 
Cheyenne Country Club 
Airport Golf Course 
Lion's Park 

East-Central Park Complex Prairie View Golf Course 
Jr. League Baseball 
Converse Ballfields 
Dutcher Fields 

Cemeteries Lakeview 
IOOF 
Olivet 
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BethEl 
Jewish 

Brimmer Park 
Cahill Park 
Soccer Complex 



Industrial Use 

The primary industrial use evaluated for demand management was the Frontier Oil 
Refinery. Mr. Rob Gronewold, refinery contact for this study, indicated raw water could 
be used to serve up to 40 percent of the refinery's total demand. However, the refinery 
needs this supply year-round, compared to the irrigation needs which are seasonal. The 
refinery's water demand is relatively constant, with a peak month total demand ( for the 
period 1992-1994) of 58.8 MG (1.9 mgd), a maximum daily de~d of 1.93 mgd, and an 
average annual demand of 616 MG (1.69 mgd). Because the maximum day demand is 
only 14 percent higher than the average annual demand, sizing of demand management 
alternatives were based on the average annual amount, assuming the peak day incremental 
needs would easily be met from temporary storage facilities. The demand value used for 
alternative evaluation was therefore 40 percent of 1.69 mgd, or 0.68 mgd. 

2.4 Raw Water Delivery 

For raw water at Round Top to be made available to points of use, transmission 
alternatives must be evaluated. Two possible modes of transmission exist: delivery of 
water by pressure pipe, or delivery under open channel flow conditions using existing 
drainageways. 

Via New or Existing Pipelines 

Several options exist for delivering raw water to points of use by pressure pipeline. One 
option, as already mentioned, is use of the existing 16-inch cast iron pipe that runs from 
Round Top to Lion's Park. This is an attractive possibility, at least for serving the 
Northwest Park Complex, because the pipe is already in place. However, the capacity of 
this pipe and less-than desirable static pressure (97 psig) limits its ability to serve any 
northwest irrigation needs with sufficient gravity pressure to operate irrigation systems 
properly. As presented earlier, this pipe can deliver about 1,120 gpm at a residual 
pressure of 80 psig, and 2,880 gpm if discharged to atmospheric pressure. Therefore, 
when delivering under pressure, this pipe can only serve 67 acres during the eight hour 
nighttime irrigating window. This is insufficient even to irrigate the Airport Golf Course 
and Lion's Park, and the Country Club and FEW AFB Golf Course would need another 
source. 

However, if discharged to atmosphere and stored in various northwest area lakes (Lake 
Terry for the Country Club, Lake Pearson for FEWAFB, Kiwanis Lake for the Airport 
Golf Course, and Sloan Lake for Lion's Park), and delivered under pressure from pump 
stations, a total of 520 acres could be served. This increase in serviceable acreage is due 
to the increased capacity of the 16-inch pipe when discharging to atmosphere, plus the 
ability to discharge water 24 hours per day at the higher rate while relying on lake storage 
and pump capacity to distribute the water over the eight hour nighttime irrigating period. 
This acreage (520) is sufficient to serve the Northwest Park Complex (303.2 acres) plus 
an additional 217 acres. Thus, given additional delivery piping and pump stations, areas 
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such as the cemeteries (48.05 acres), Holliday Park (29.1 acres), Jaycee Park (2.1 acres), 
Miller-Deming athletic field (6.2 acres), plus the East-Central Park Complex (113.8 acres) 
could be served if the economics were favorable. Assuming the Airport Golf Course 
increases its irrigated acreage by 30, and Prairie View increases by 35, the supply would 
be less than optimal, at 92 percent of demand in July (total acreage of 567.45 vs. supply 
sufficient for 520). If such a shortage could not be tolerated, the smaller, isolated areas 
may be supplanted in the above list and served in another fashion. 

A secondary advantage of using northwest area lakes for water storage is the potential for 
water quality improvement provided by the increased flow-through of fresh water. 

Discussions with Mr. Jerry Olson, Cheyenne Airport Manager, have indicated that while a 
pipeline route along the southern edge of the airport property was constructable, 
development proposed for that area might create problems in the future with light 
industrial tenants. His preference is for a route that traverses airport property in an east
west direction nearer the main runway. Mr. Olson also indicated that, with the exception 
of a few older or reclaimed runways and taxiways, all such features must be crossed using 
borings and not with open cuts. 

The route suggested by Mr. Olson is shorter than one which follows the south property 
boundary, but will require more pipe to serve the cemeteries. Alternatives going no 
further east than the cemeteries could be served either way, as either route is west of the 
area proposed for light industrial development and will not conflict with such 
development. 

A second pressure pipe option is to install a new, larger pipeline from Round Top to the 
Northwest Park Complex and then continue east. Because the Northwest Park Complex 
can be served with the existing 16-inch line, it is presumed that an entirely new pipe must 
be evaluated to include service to the cemeteries and the East-Central Park Complex as 
well. That is, there is no new gravity pipe option evaluated to serve only the Northwest 
Park Complex. The advantage of a new gravity pipeline from Round Top is that all areas 
could be served by gravity pressure, obviating the operating and maintenance costs 
associated with pump stations, although initial capital costs for the gravity pipe are higher. 

As descn"bed earlier, the maximum capacity of raw water delivery to Round Top is 12.6 
mgd (8,750 gpm). Without storage, this source could serve 527 acres at 16.6 gpm per 
acre. Thus, new pressure pipe could conceivably serve the Northwest Park Complex, 
Jaycee Park, Miller School athletic field, the cemeteries, and the East-Central Park 
Complex (total 473 acres), plus either the proposed North Cheyenne Community Park (65 
acres) or the Veteran's Administration Hospital (21.5 acres) and the Blanchard Stadium 
area (6 .4 acres). 
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Via Existing Surface Drainageways 

Another possible mechanism for delivery of raw water to points of irrigation or industrial 
use is by surface discharge down Dry Creek and/or Crow Creek. Then, near the target 
irrigated areas, storage, pump stations and transmission pipelines would be constructed to 
provide the rate and pressure needed for irrigation. 

Advantages of this approach include the avoided capital requir~d compared to pipeline 
construction, less risk of undesirable low line pressures during periods of high demand, 
and aesthetic improvements created by augmented flows along the natural conveyances 
used. Disadvantages include higher operation and maintenance costs associated with 
pump stations, possible contamination and siltation problems using open channels for 
conveyance, and loss of water to evaporation, bank storage and wastage down the 
channels. 

Using Dry Creek as an example, this approach would deliver water via gravity pipe from 
Round Top to a dissipation structure on the creek's upper reaches. Water would then 
flow down the channel, through drainage structures and ponds (such as Mylar Pond), 
effectively increasing the base flow in the creek during the summer period. At points of 
use, storage would be created to provide at least one day of irrigation demand, and pump 
stations constructed to deliver water to the irrigation systems. Such points might include 
Mylar Pond (which would need to be dredged to provide sufficient capacity and reduce 
siltation) for irrigation of Mylar and Smalley Parks; Carey Reservoir, which could be 
enlarged below the flood pool, for irrigation of the East-Central Park Complex and 
possibly the proposed North Cheyenne Community Park and Cemeteries; and a point on 
Dry Creek proper adjacent to the Proposed Sun Valley Community Park from which that 
park would be irrigated. 

Operational considerations when using natural conveyances primarily involve scheduling 
of water delivery. Water would need to be released on a relatively continuous basis into 
the creek(s), avoiding potential concerns with rapidly fluctuating water levels. Also, 
because travel times to points of use would be as much as several hours, the system could 
not simply be turned on and off. Continuous flows needed to keep pump station storage 
basins full would also mean that water could be wasted downstream at times when storage 
is full and pumping is not necessary. Thus, there is a potential cost of unquantified lost 
raw water inherent to this approach not attnbutable to evaporation, bank storage and 
other channel losses. As a :final consideration, the addition of 2 cfs to the natural flows in 
Dry Creek would have no detrimental effect on the flood carrying capacity of the channel; 
major floods in this channel have seen several hundred to several thousand cfs peak flows, 
an amount so large as to render the 2 cfs augmentation unnoticeable and insignificant. 

Estimates of evaporation and conveyance losses were made to assess these impacts to 
water delivery. Ifflows in Dry Creek were augmented by two cfs (3.96 acre-feet per day), 
the approximate maximum 24-hour demand of Mylar and Smalley Parks, the East Central 
Park Complex, and the proposed Sun Valley Community Park, the exposed water surface 
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in the channel could be as wide as 12 feet. Per mile of channel, this creates 1.45 acres of 
exposed water surface area. For a July lake evaporation rate of 6.1 inches (8.66 inches 
pan evaporation x 0.7), or 0.2 inch per day, this equates to 0.024 acre-foot evaporative 
loss, or about 0.61 percent per mile. Research by the Civil Engineering Department at the 
University of Wyoming has indicated that conveyance losses (including evaporation) in 
natural channels may be as high as one to two percent per mile (Victor Hasfurther, 
personal communication). Using the higher end of this range, and assuming six miles of 
flow length from the discharge point into Dry Creek down to ~e proposed Sun Valley 
park, a total of 12 percent of the augmented flow can 'conservatively ~ estimated to be 
lost. That is, for every 1.0 cfs released, only 0.88 cfs is assumed to arrive at the point of 
use. Thus, all alternatives evaluating the use of natural conveyances must also include a 
cost of lost raw water. On a cash-needs basis, the BOPU estimates the cost of providing 
raw surface water to the city's treatment plants at $1.30 per thousand gallons for 1996. 

Discussions with the State of Wyoming Department of Environmental Quality, Water 
Quality Division, indicate no permits or additional treatment requirements would be placed 
on such a use of raw water. Permits from the State Engineer's Office would be necessary 
to allow augmentation of the natural flows of either Dry Creek or Crow Creek. 

The Cheyenne office of the U.S. Army Corps of Engineers (COE) was contacted to 
determine their permitting requirements for the pump station structures that would be 
constructed in Dry Creek and Crow Creek under this type of project. Generally speaking, 
if (for the project as a whole) in-channel excavation can be held to less than 1,000 cubic 
yards, fills kept to less than 25 cubic yards, and wetland impacts kept to less than one 
acre, a nationwide permit could be used. Otherwise, an individual 404 permit would be 
required. Even if the individual permit were needed, however, the project could be 
permitted relatively quickly if perceived as beneficial by the community. At first blush, the 
COE thought an individual permit for such a non-controversial project could be granted 
near the minimum time line (considering public notice requirements, etc.). 

In summary, for irrigation of Mylar/Smalley Parks, the East-Central Park Complex, ~and 
the proposed Sun Valley Community Park, a release of about 2.2 cfs would be required to 
meet a maximum day consumptive demand of 1.93 cfs at delivery points. If Cheyenne 
CentrallMcCormick Jr. High irrigation were added, these totals would increase to 2.4 cfs 
to deliver the needed 2.11. 

2.5 Aquifer Storage and Recovery (ASR) Opportunities 

Aquifer Storage and Recovery (ASR) is the practice of using aquifer storage capacity to 
inject water into wells during periods of low demand, then provide water by pumping from 
the same wells to augment other sources during high demand conditions. Advantages 
include storage without evaporative losses, reduced treatment of the produced water if 
used for potable uses (disinfecti~n only vs. disinfection and filtration for surface water), 
and reduced cost per gallon of Storage when compared to traditional steel or concrete 
tanks. 
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Recent applications of ASR typically involve potable water uses for the water recovered 
from the wells. For the City of Cheyenne's project work, however, recovered water 
would be used for irrigation. This application has the advantage of not requiring 
disinfection prior to reuse, but it also means the cost of ASR must be compared to other 
means of providing raw water, not treated water. Also, the cost of water treatment is lost 
for water injected into the ground, because the recovered water can no longer be used for 
potable purposes. As currently conceived, ASR techniques in Cheyenne would withdraw 
water from wells in the summer to help meet peak irrigation demands. Then, during 
nonirrigation months, treated water would be bled back into the grouIid. Although the 
City of Cheyenne proper is in a groundwater control area, the State Engineer has indicated 
wells would be permitted under ASR operating conditions. That is, the ASR program 
would have to have no net draft on the aquifer on an annual basis. 

As implemented by CH2M-Hill for other projects, ASR facilities typically include 
equipment on the surface and underground. Surficial equipment includes a valve vault 
with a pipe loop so that produced water is metered in one direction while injected water, 
flowing the opposite direction, follows instead around the loop where it is metered before 
going down the well's production string. Surficial equipment also includes whatever radio 
or telemetry hardware is desired to allow remote operation of the well. Downhole, 
recharged water exits the production string and enters the well casing through a special 
"injection valve" located just above the pump. The injection valve is designed to maintain 
pressure in the water column during injection operations. Otherwise, the water column 
would "fall" and experience cavitation problems. Once in the casing, head is generated by 
the accumulating water until it is pushed back through the well screen at an acceptable 
rate. Nonnally, head generated in the casing is sufficient to achieve injection, and no back 
pressure or casing pressurization is needed. 

The hydrogeology of the Cheyenne area has been reviewed as a part of this project, and 
CH2M-Hill personnel experienced in ASR projects nationwide have been involved. The 
findings indicate that both the surficial Ogallala Formation and the deeper Lance-Fox Hills 
Formation hold potential for ASR, and the White River Formation deserved consideration. 
For completeness, all are reviewed here. 

Ogallala Aquifer 

The Ogallala Formation is widely developed by the City of Cheyenne as well as by 
residents within and around the city for domestic and irrigation uses. Because it is 
relatively shallow, fairly prolific, and the water quality is good, development and 
withdrawals of groundwater from this horizon have resulted in the formation of control 
areas, as mentioned above, to control additional development. There are almost 2,000 
wells currently producing water from the Ogallala in the vicinity of Cheyenne. 

Most wells in the vicinity of the East-Central Park Complex, an area where ASR is 
considered a possibility, are domestic wells and yields of more than 25 gpm would not be 
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expected. A review of records at the State Engineer's Office indicates there are no wells 
in the same township as this park complex which will yield in the 350-500 gpm range. 
The largest yields in the township are found in wells drilled for irrigation. These wells 
include one drilled at Frontier Mall (p54066W), the State Capitol (p39784W), and the 
cemetery area (p55227W). All of these wells yield less than 200 gpm. In a report by 
Cady (1935), three tests of tertiary (Ogallala) wells for the Veteran's Administration 
Hospital resulted in low yields (less than 100 gpm). It was Cady's conclusion that the VA 
should consider obtaining water from wells west of Cheyenne. 

Outside this township, a well along Crow Creek, belonging to Star Aggregates 
(p96139W) was tested at 400 gpm with 100 feet of drawdown. Another well belonging 
to the City of Cheyenne, the Riser Well (p37524W) located immediately south of Central 
High School, yields 110 gpm. Both these wells are completed only in the Ogallala 
Formation. 

In the area west of Cheyenne, where the city wells are located, yields of350 to 500 gpm 
are not the norm. The yields of24 city wells were reported by Morgan (1946). Although 
one well, King No.2, yielded 530 gpm, less than half (11) of the wells yielded more than 
300 gpm. 

Because the Ogallala is thinning in the vicinity of Cheyenne, the yields from individual 
wells are likely to be limited. While it is certainly possible to develop wells that may yield 
as much as 100 gpm and the cost of these wells will be less than for deeper aquifers, such 
development may impact other wells or surface water features in the vicinity. 

White River Formation 

The White River Formation contains some sand and gravel lenses which may yield water 
for irrigation purposes. However, finding continuous sand and gravel lenses capable of 
supporting long term yields, or with significant permeability, would require a great de~ of 
drilling and testing. West of Cheyenne, the White River yields sizable quantities of water 
in the Federal Well Field. In this area, it is necessary to locate the well in fracture zones 
within the formation to realize such yields. There has been no verification of such fracture 
zones in the Cheyenne area. More than likely, discontinuous gravel and sand lenses may 
be encountered in the municipal area. Because of the lack of evidence that the White 
River could support sustained withdrawals, or an ASR-type operation, it was not 
considered further. 

LancelFox Hills Formation 

The LancelFox Hills Formations are fairly continuous throughout the Cheyenne area. The 
top of the Lance typically starts at a depth of about 800 to 1,000 feet and the bottom of 
the Fox Hills typically can be found at a depth of about 2,100 feet. The Lance Formation 
typically is composed of intermittent shales, mudstones, coal and sandstone, whereas the 
Fox Hills Formation is primarily composed of sandstone with some shale stringers. 
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Sandstones within the Fox Hills appear to be fairly continuous in the Cheyenne area, and 
may yield sizable quantities of water. Of initial concern with the LancelFox Hills 
Formation is water quality. 

Typically, water from the LancelFox Hills Formation is high in total dissolved solids 
(IDS)(1,000-1,500 mgIl), and is usually of a sodium bicarbonate type. Often, the water 
has a high sodium adsorption ratio which makes it unfit for irrigation purposes. This is 
supported by USGS reports which indicate water from wells in eastern Laramie County to 
be quite high in IDS and sodium, rendering it unusable for irrigation. In contrast, the 
Conrey Well, a city well completed only in the upper part of the Lance, is relatively low in 
both TDS and sodium. If the water quality in the combined LancelFox Hills Formation 
improves to the west as indicated in the Conrey Well, the aquifer may be a good target for 
ASR development in Cheyenne. 

No wells were found in the Vicinity of Cheyenne which produced from the entire Lance 
section, and none were found which produce at all from the Fox Hills. From examination 
of geophysical logs in the area, the formations appear very similar to those in the Gillette 
area. A review of the Gillette-area wells indicates one well (Fox Hills No.4) produces 
500 to 600 gpm with 300 to 400 feet of drawdown, while a second (Fox Hills No.3) well 
produces 600 to 700 gpm with 250 to 300 feet of drawdown. 

Summary 

The White River Formation is felt to be a risky target for ASR facilities. There are 
concerns with LancelFox Hills aquifer water quality. However, these concerns could be 
overcome as ASR facilities, over time, tend to produce water which is closer to the 
injected (treated) water quality. The depth of the LancelFox Hills will make these wells 
quite expensive. The Ogallala holds less concern about water quality but presents more of 
a problem with less-than-desirable yields from individual wells. 

Because there is evidence of Ogallala wells yielding in the 300 gpm range, and although 
this is an optimistic value, cost estimates for ASR facilities assume 300 gpm per well at a 
total depth of about 250 feet.. Until a test well is drilled, the true yield of Ogallala wells 
constructed for ASR purposes will not be known with certainty. 

2.6 Wastewater Treatment Plant EfOuent Opportunities 

Another potential source of water for irrigation or industrial use is wastewater eftluent 
from the Crow Creek and/or Dry Creek wastewater treatment plants. Three concerns 
with the use of this water, however, make it costly to develop when compared to other 
sources. 

First, only that amount of eftluent assignable to transbasin diversion imports could be 
developed, because in-basin water must be left for downstream Crow Creek appropriators. 
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That is, only wastewater effluent attributable to Stage I or Stage IT water would be 
available for demand management. According to calculations performed by the BOPU, 
average values for effluent assignable to transbasin sources are 0.5 MGD from the Crow 
Creek WWTP and 0.9 MGD from the Dry Creek WWTP. Without storage, irrigation 
from these sources could serve 63 and 113 acres, respectively. With storage, these values 
would triple to 189 and 339 acres. Thus, only with storage could significant acreages be 
served, and most areas of substantial irrigated acreage are two to four miles from the 
WWTPs. 

Second, the locations of the wastewater treatment plants are lower in elevation than all 
points of use. Thus pumping would be required, significantly increasing operating costs. 
Additionally, wastewater plant locations are such that interstate highway and railway 
crossings (via borings) are required for any pipeline route, again significantly increasing 
project costs. 

Third, additional treatment will likely be necessary. The State of Wyoming's current 
standards for treated wastewater effluent used for irrigation of public areas are listed in the 
Wyoming Department of Environmental Quality, Water Quality Division Rules and 
Regulations, Chapter 11 (WDEQ, 1984), p. 130. Of primary concern are standards for 
biochemical oxygen demand (BOD, 10 mg/l daytime, 30 mg/l dusk to dawn), total 
suspended solids (TSS, 5 mg/l daytime, 100 mg/l dusk to dawn), fecal coliforms (200 
colonies per 100 ml) and total dissolved solids (TDS, 480 mg/l). 

A review of effluent water quality from both plants during the normal irrigation months of 
April through October, for years 1994 and 1995, indicate all standards, with the exception 
of daytime requirements for BOD and TSS, are being met regularly. Daily composite 
samples gave the following ranges for the two years reviewed: 

Crow Creek Plant BOD -
TSS -
Coliform
IDS-

3.7 to 24.6 
1 to 37 
o to 144 
Not Reviewed 

mg/l 
mg/l 
colll00 ml 

Dry Creek Plant BOD - 0 to 37 mgIl 
TSS - 1 to 53 mg/l 
Coliform - 0 to 180 colll00 ml 
IDS - 331 to 511 * mg/l 

(* only one of seven samples in 1995 exceeded 480 mg!l, no 1994 samples were available) 

Concerns for additional treatment arise from the inability to meet daytime irrigation 
standards, even though daytime irrigation will be only minimally required, and the 
presence of BOD without sufficient residual chlorine to prevent bacterial growth in 
irrigation system facilities. Chlorine residual in the wastewater eflluent is routinely in the 
1.0 - 2.0 mg/l range, while 5.0 mg/l is recognized as needed for effective bacterial control. 
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Thus, while full tertiary treatment may not be necessary, additional chlorination is 
recommended to minimize operational problems with BOD. 

The standard for coliform bacteria in urban irrigation water in other states (CO, CA) is 5 
log virus reduction with less than 2.2 per ml total coliform. While Wyoming currently 
does not operate with these standards, Mr. Gary Steele of the Water Quality Division has 
indicated the State's intent to promulgate rules in the near future (one to two years) closer 
to these values. Thus, there may be a requirement on the use of more sophisticated 
treatment for wastewater eftluent before too long. . Tertiary treatment consisting of 
pressure filtration, coagulant or polymer addition and disinfection will cost on the order of 
$1.25 - $1.5 million for 600 gpm (or about $1.45 - $1.74 million per mgd). This 
substantially increases the total cost of developing these sources. Current costs for 
providing treated water for irrigation total approximately $1.0 million per mgd. 

Based on the foregoing, and on cost estimates, development of wastewater eftluent as a 
demand management option is not feasible. In fact, costs associated with the concerns 
mentioned above make eftluent water more costly than paying for additional water 
treatment capacity and continuing to serve park areas with treated water. 

2.7 Alternatives for Demand Management 

Numerous alternatives were evaluated to provide irrigation or industrial water to various 
points of use from various sources. Some alternative types, such as constructing a new 
pipeline from Round Top to the Northwest Park Complex and other downhill points of 
use, have several variations depending on the number of acres or combination of parks 
served. 

Cost Estimating Procedures 

Numerous construction and operating costs were developed to assist in comparing the 
various alternatives. Derivation of these costs is as descnred under the following 
headings: 

Pipe, Fittings, Pavement, Earthwork, HighwaylRailroad Borings: General construction 
costs were taken from several sources, including the Level I study (Black & Veatch, 
1994), bid prices, supplier quotes, cost estimating guides, and experience with similar 
projects. 

Pump Stations: Pump station and appurtenant costs were developed from U. S. Bureau of 
Reclamation cost curves, inflated to 1996. Pump station costs developed for this study 
are presented in Appendix 2.2. A summary of pump station construction and power cost 
estimates are shown in Table 2.2. 

Wells: Drilling and completing unit costs are generally as experienced in other similar 
drilling projects. Additional costs for ASR facilities were approximated from costs 
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Table 2.2 Pump Station Construction and Annual Power Cost Summary. 
City of Cheyenne Water Supply Master Plan, Level II 

Capital Cost Annual Power 
Location For Service Of: Estimate Estimate 

Kiwanis Lake Airport Golf Course $141,500 $5,700 
Sloan Lake Lion's Park $129,700 $5,100 

Lake Absarraca Cheyenne Country Club $171,600 $10,700 
Lake Minnehaha Holliday Park . $76,800 $2,900 
Carey Reservoir East-Central Parks $243,800 $12,900 
Carey Reservoir Above, plus Prop. N. Chey Park $307,000 $20,300 
Carey Reservoir Above, plus Cemeteries $395,200 $30,000 

Dry Creek Proposed Sun Valley Comm. Park $85,500 $3,400 
Dry Creek WWTP Proposed Sun Valley Comm. Park $116,100 $4,800 

Crow Creek Proposed South Chey. Comm. Park $198,100 $11,100 
Crow Creek Martin Luther King Park $39,850 $700 
Crow Creek Frontier Refinery $84,600 $9,900 
Cemeteries Cemeteries $106,150 $4,500 
Mylar Pond Mylar/Smalley Parks $40,540 $900 
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experienced at the Centennial Water and Sanitation District, near Denver CO, as descn"bed 
during a tour of that project on October 19, 1995. This project was designed by CH2M
~ who coordinated the tour and provided technical information on successful ASR 
applications. 

Power: There are three components used in developing total power charges, as obtained 
from Cheyenne Light, Fuel and Power: demand charges, rate charges, and service and 
facilities charges. Demand charges are calculated as $8.83 per kW, up to a maximum of 
$0.13 per kW-hour actually consumed. The rate for power used is $0.02151 per kW
hour. During non-use months (pumps used for irrigation purposes will not operate during 
winter months) a service and facilities charge of $11.10 per installation will be assessed. 
Spreadsheets were developed for each pump size (either for pump stations or in wells) to 
calculate total electrical power usage and costs combining all three components. These 
annual power calculations are presented in Appendix 2.3. Table 2.2 summarizes the cost 
estimates. 

Lost Water: Alternatives involving ASR techniques, which inject treated water into the 
ground, must bear a cost of lost treatment effort expended on that water, whether or not 
the water is injected during peak periods. According to BOPU cash-needs basis cost 
tracking, recent surface water treatment costs (chlorination only) are about $0.35 per 
thousand gallons. Alternatives involving transmitting raw water down surface 
drainageways (i.e. Dry Creek) must bear a cost of lost raw water, due to evaporation and 
wastage. The current cash-needs estimate for providing raw surface water is $1.30 per 
thousand gallons, most of which is debt service. 

Water Treatment: The cost of providing untreated water for non potable uses (invoking 
demand management) must be compared to the cost of the status quo (providing treated 
water) to determine which is the most economical water supply. The cost of water 
treatment includes retirement of the facility debt plus O&M costs for treatment, 
administrative support, and distnoution system operation. For this study, treatment 
facility costs were estimated at $1 million per MOD capacity. 1995 O&M costs for water 
treatment and distnoution, from BOPU cash-needs estimates, were assumed to be $1.11 
per thousand gallons. 

Labor: To allow for staff costs required by system operation, troubleshooting, repairs, 
etc., annual technician salary was selected at $20,000, with a 40 percent burden rate, for 
total compensation of $28,000. This compensation rate is at the low end of the senior 
utility technician scale. Since almost all alternatives involve irrigation facilities and are 
therefore seasonal, and even then should involve only part-time attention, most labor costs 
are even fractions of this $28,000 amount (i.e. $7,000, $3,500, or less), depending on the 
complexity of the system. 

Force Account: To allow for unforeseen construction contingencies, a force account 
equal to 5 percent of the capital construction cost is provided. 
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Economic Assunmtions: Discounted cash flow analysis, or the comparison of alternatives 
using annual cost or present worth computations, requires selection of appropriate rates 
for inflation, loan interest, and cost of capital, as well as loan/grant mix ratios and loan 
term. In this evaluation, a loan interest rate of 7.25 percent, indicative of probable future 
WWDC and current Wyoming Farm/Loan Board current rates, were used. For new 
construction, WWDC currently makes available a 60/40 grantlloan mix package. Farm 
Loan Board mixes are generally 50/50. 

Inflation, used to approximate the rate of rise in the prices for goods, services and 
commodities that may affect alternative comparisons, was assumed to continue at 4 
percent. Cost of capital, or the discount rate associated with future cash flows such as 
project component replacements (e.g. pump replacements at defined periods) not payable 
under the original loan, is assumed to be 7 percent. Loan terms of 30 years were 
evaluated. Loan/grant mixes evaluated included 50/50 and 100 percent loan (no grant) at 
7.25 percent interest, for comparison (see the section below on funding sources for a 
discussion of the 50/50 mix selection). Capital costs for constructing new treatment 
capacity only are assumed to be financed as a 100 percent loan at 8 percent interest, as 
directed by the WWDC. 

The following discussion of alternatives for serving the various potential raw water users 
refers to Table 2.3 which includes several different cost figures for comparison. Capital 
costs (column 1) are for construction of new facilities required to implement that 
particular demand management alternative. First-year annual costs include debt 
retirement, power, labor and lost water, and are calculated with and without a 50 percent 
grant for capital construction (columns 2 and 3). Present worth costs (columns 4 and 5) 
represent the total amount of cash required on hand to cover all future yearly charges, if 
variable costs (everything but loan repayment) inflate at a four percent rate. Present worth 
is also figured with and without a 50 percent grant. The column entitled "Total Annual 
Treatment Cost" (column 12) is an estimate of the yearly cost of water treatment, as 
described above, if the area were to be served with treated water (status quo). This cost 
includes debt service on an equivalent amount of treatment capacity (column 9), plus 
operation and maintenance charges of $1.11 per thousand gallons (column 11). One test 
of the cost effectiveness of a demand management alternative is determined by whether it 
is less costly than providing a similar quantity of treated water. Thus, project economic 
favorability is determined by comparing columns 2 and 3 to column 12, or columns 4 and 
5 to column 13. 

It should be noted there exist secondary benefits to the construction of economically 
favorable alternatives that are not quantified herein. Among others, these include delayed 
investment in transmission capacity serving the Sherard WTP, reduction in wear and tear 
on the distribution infrastructure due to reduced demands, and maximizing the use of 
depreciated assets (such as the Round Top storage facilities and influent lines). While it is 
difficult to attach dollars to these benefits, their net effect is positive. 
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Table 2.3 Summary of Demand Management Alternative Costs 
Cheyenne Level II 

6 7 8 

1 2 3 4 5 Equiv. Treatment Costs: 

Capital Alternative Alternative Alternative Alternative Irr. MuDay Cap. Cost 

Cost Annual Cost Annual Cost Pro Worth Pro Worth Acres Savings Avoided 

Alternative 50% Loan 100% Loan 50% Loan 100% Loan MGD (SIM1MGD) 

!,Northwest Park Complex: 

Gravity Pipe $6,081,000 $251,200 5502,400 53,369,000 $6,736,000 303.2 2.42 52,416,000 

Existing 16-inlPump Stations 51,764,000 $100,000 $172,500 51,538,000 52,515,000 303.2 2.42 52,416,000 

ASR 52,399,000 $256,200 $353,300 $4,611,000 55,940,000 303.2 2.42 52,416,000 

lEast-Central Park Complex 

Gravity Pipe 52,285,000 $94,400 5188,800 51,265,700 52,531,300 113.8 0.91 5907,000 

Existing 16-inIPwnp Stations 51,819,000 $90,100 $168,700 51,392,000 52,400,000 113.8 0.91 5907,000 

Pump from Dry Creek 51,856,000 $106,800 5183,500 51,659,000 52,687,000 113.8 0.91 $907,000 

ASR 51,341,000 $124,400 5179,800 52,184,000 52,927,000 113.8 0.91 5907,000 

Cemeteries 

Gravity Pipe 5961,000 $39,700 579,400 5532,100 51,064,200 48.05 0.38 5383,000 

Pump from Dry Creek 51,007,000 $56,400 598,000 5868,000 51,426,000 48.05 0.38 5383,000 

Existing 16-inIPwnp Stations 5834,000 Ul,700 $74,000 $568,000 51,030,000 48.05 0.38 $383,000 

ASR 5570,000 $52,100 575,600 5912,000 51,228,000 48.05 0.38 5383,000 

North Cheyenne Community Park 

Gravity Pipe 51,834,000 575,800 $151,600 $1,016,100 52,032,200 65 0.52 5518,000 

Pump from Dry Creek 51,494,000 $77,600 5139,300 51,159,700 51,985,500 65 0.52 5518,000 

ASR 5829,000 $74,900 5109,200 51,309,000 51,768,000 65 0.52 5518,000 

South Cheyenne Community Park 

Pump from Crow Creek 51,533,000 $88,000 5151,300 51,364,000 52,213,000 80 0.64 5637,000 

ASR 51,130,000 $91,800 5138,500 51,568,000 52,194,000 80 0.64 5637,000 

Sun Valley Community Park 

Pump from Dry Creek 5474,000 $28,.300 U7,900 5445,000 5707,000 35 0.28 5279,000 

Dry Creek WWTP 52,681,000 5127,500 5238,300 51,835,000 $3,321,000 35 0.28 5279,000 

ASR 5362,000 $36,000 $50,900 5640,000 5840,000 35 0.28 5279,000 

Mylar/Smalley Parks 

Pump from Dry Creek 5195,000 $10,200 518,300 5154,000 5262,000 8.7 0.07 569,000 

ASR $225,000 519,200 $28,600 5332,000 $457,000 8.7 0.01 569,000 

9 10 11 12 13 

Treatment Treated Treated TOTAL Treatment 

Capacity Debt Water Water Annual Pro Worth 

100% Loan Used Cost Treatment 100% Loan 

8%,30yr (MGIyr) (SI.11/kgal) Cost 8%,JOyr 

5214,600 229.20 5254,400 $469,000 58,194,000 

5214,600 229.20 5254,400 5469,000 58,194,000 

5214,600 229.20 5254,400 $469,000 58,194,000 

580,600 86.02 595,500 5176,100 53,075,000 

580,600 86.02 595,500 5176,100 53,075,000 

580,600 86.02 595,500 5176,100 53,075,000 

580,600 86.02 595,500 5176,100 53,075,000 

534,000 36.32 $40,300 $74,300 51,298,000 

534,000 36.32 540,300 $74,300 51,298,000 

$34,000 36.32 $40,300 $74,300 51,298,000 

534,000 36.32 540,300 $74,300 51,298,000 

546,000 49.14 554,500 5100,500 51,759,000 

$46,000 49.14 554,500 5100,500 51,759,000 

$46,000 49.14. 554,500 5100,500 51,759,000 

556,600 60.47 567,100 5123,700 52,160,000 

556,600 60.47 $67,100 $123,700 52,160,000 

524,800 26.46 529,400 554,200 5947,000 

524,800 26.46 529,400 554,200 5947,000 

524,800 26.46 529,400 $54,200 5947,000 

$6,100 6.58 $7,300 $13,400 $234,000 

$6,100 6.58 57,300 $13,400 5234,000 



Table 2.3 Summary of Demand Management Alternative Costs 
Cheyenne Level II 

6 7 8 

1 2 3 4 5 Equiv. Treatment Costs: 

Capital Alternative Alternative Alternative Alternative Irr. MuDay Cap. Cost 

Cost Annual Cost Annual Cost Pro Worth Pro Worth Acres Savings Avoided 

Alternative 50% Loan 100% Loan 50% Loan 100% Loan MGD ($ 1 MlMGD) 

Holliday Park 

Existing 16-inlPump Stations S505,000 $25,200 $44,800 S344,000 S623,000 29.1 0.23 S232,000 

Gravity Pipe S670,000 $39,200 S66,900 S612,000 S983,000 29.1 0.23 S232,000 

Storm SewersIL. Minnehaha $276,000 $25,800 $37,200 $453,000 S606,000 29.1 0.23 $232,000 

ASR S351,000 $33,900 S48,400 S600,000 S795,000 29.1 0.23 S232,000 

Martin Luther King Park 

Pump from Crow Creek S119,000 $6,800 $11,700 S106,000 SI72,OOO 6.2 0.05 $49,000 

ASR S145,000 S15,300 $21,200 $274,000 $354,000 6.2 0.05 $49,000 

tpioneer Park 

Pump from Crow Creek $369,000 $20,000 S35,300 S305,000 S509,000 4.8 0.04 $38,000 

ASR S142,000 S14,800 S20,600 S264,000 $343,000 4.8 0.04 S38,000 

Vaycee Park 

Existing 16-inlPump Stations S233,000 $11,400 S21,000 S165,000 $294,000 2.1 0.02 $17,000 

ASR $142,000 S14,800 $20,600 $264,000 S343,000 2.1 0.02 $17,000 

Frontier Refinery 

Pump from Crow Creek $388,000 $64,700 $80,700 SI,233,000 SI,447,000 NA 0.68 $680,000 

Miller School Athletic Field 

Connect to Cemeteries S65,000 $3,800 $6,500 $59,000 S95,000 6.2 0.05 $49,000 

ASR $139,000 S15,000 $20,700 $270,000 $347,000 6.2 0.05 $49,000 

VA Hospital I Okie Blanchard Stadium 

Pump From Dry Creek $303,000 $24,900 $37,400 $427,000 $594,000 27.9 0.22 $222,000 

Gravity Pipe $149,000 $6,100 $12,300 $82,000 $165,000 27.9 0.22 $222,000 

ASR S475,000 U2,800 $62,500 S748,000 $1,012,000 27.9 0.22 S222,000 

McCormick Jr. HighlCentral High 

Pump From Dry Creek S179,000 $12,400 $19,800 $203,000 S302,000 13.5 0.11 $108,000 

ASR S226,000 $19,000 S28,300 S326,000 S452,000 13.5 0.11 S108,000 

9 10 11 

Treatment Treated Treated 

Capacity Debt Water Water 

100% Loan Used Cost 

8%, 30 yr (MG/yr) ($I.lllkgal) 

S20,600 22.00 S24,400 

$20,600 22.00 S24,400 

$20,600 22.00 S24,400 

S20,600 22.00 S24,400 

S4,400 4.69 S5,200 

$4,400 4.69 S5,200 

S3,400 3.63 S4,000 

$3,400 3.63 $4,000 

$1,500 1.59 SI,800 

SI,500 1.59 $1,800 

$60,400 248.00 S275,300 

$4,400 4.69 S5,200 

$4,400 4.69 $5,200 

S19,700 21.09 $23,400 

$19,700 21.09 $23,400 

$19,700 21.09 $23,400 

S9,600 10.20 SII,300 

$9,600 10.20 Sl1,300 

Notes: Annual cost columns 2 and 3 are to be compared to column 12 to detennine the economic favorability of a Demand Management Alternative. 
Annual costs bold and italicised denote annual project costs less than constructing and operating an equivalent amount of treatment capacity. 
Present worth costs in columns 5 and 13 can also be compared to determine the economic favorability of an alternative 
Annual costs in columns 2 and 3 include O&M costs. Costs in columns 2 through 5 assume 7.25% interest and a 30-year term. 

12 13 

TOTAL Treatment 

Annual Pro Worth 

Treatment 100% Loan 

Cost 8%,30yr 

S45,000 S786,000 

S45,000 S786,000 

S45,000 S786,000 

$45,000 S786,000 

$9,600 $166,000 

S9,600 $166,000 

S7,400 $130,000 

S7,400 $130,000 

S3,300 S58,000 

$3,300 $58,000 

S335,700 S6,563,000 

$9,600 $166,000 

$9,600 $166,000 

S43,100 S753,000 

$43,100 $753,000 

$43,100 $753,000 

$20,900 S366,000 

$20,900 $366,000 



Figures 2.3 through 2.5 show the components of the various alternatives. Because of the 
relative uncertainty in siting ASR wells prior to a test program, this method is not depicted 
on any maps. Rather, the number of wells and approximate length of pipe needed to 
connect to irrigation systems and potable water lines provide the basis for costing. Cost 
estimates and present worth calculations are from Appendix 2.4. 

Funding Sources 

WWDC funding is available for those projects, or parts of projects, dealing with water 
supply or transmission at a 60/40 grantlloan mix. Such items include wells, transmission 
pipelines, appurtenances, and storage. Items not eligible for WWDC funding include 
facilities related to water treatment or distribution. Rehabilitation work is eligible for 
WWDC funding, but at a 50/50 grant loan mix. 

In some cases, components of alternatives are ineligible for WWDC funding. In these 
cases, other sources of funds must be investigated. These other sources may include the 
Farm Loan Board, Permanent Mineral Trust loans, Capital Facilities Tax (CFT) monies, or 
bond issues. The terms of all these sources vary. 

Farm Loan Board terms and grant/loan mixes were discussed previously. Permanent 
Mineral Trust loans generally include no grant component, but the interest rate may be 
reduced to as low as 4 percent if a local Capital Facilities Tax has been approved by the 
voters. CFT revenues are paid by residents in the form of an additional 1 percent tax on 
retail sales. 

Because the final mix of funding used for anyone project cannot be foreseen with 
certainty, the assumption was made that all economics will still be evaluated using a 50/50 
grantlloan mix at 7.25 percent interest for 30 years. This assumption attempts to account 
for the offsetting effects of some funds being available at the 60/40 mix, some at 50/50, 
and some with no grant component but a 4 percent interest rate (providing a CFT is in 
place). Project economics are presented in Table 2.3. 

Northwest Park Complex 

There are three possible methods for implementing demand management at the Northwest 
Park Complex. These include ASR using Ogallala wells, installation of a new gravity 
pipeline from Round Top, and making use of the existing 16-inch cast-iron line that 
currently delivers treated water from Round Top to the Lion's Park area. All alternatives 
appear favorable on a present worth basis, even assuming that financing will be undertaken 
with a 100 percent loan. However, it is evident the most cost effective alternative is 
changing the use of the existing 16-inch line to deliver raw water to area park lakes, from 
which it would be pumped to areas to be irrigated. This project includes three pump 
stations, disconnection of existing taps, distribution piping and connections to existing 
irrigation systems, and backfeeding treated water to the Cheyenne Country Club and 
WYDOT. 
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These parks and golf courses contain 303.2 acres of irrigated ground which, if served by 
other than treated water, would reduce peak day treated water demand by 2.42 mgd. If 
the Airport Golf Course were to add 30 irrigated acres to its current configuration, the 
reduction in treated water demand (or increase in raw water demand) would grow to 2.66 
mgd. 

East-Central Park Complex 

There are four logical methods for implementing demand management at the East-Central 
Park Complex. These include ASR using Ogallala wells, installation of a new gravity 
pipeline from Round Top, pumping from Dry Creek (via an enlarged Carey Reservoir) and 
extending a low pressure line from the existing 16-inch cast-iron line that currently 
delivers treated water from Round Top to the Lion's Park area (pump stations would be 
required to provide irrigation pressure). 

On a present worth basis, all alternatives appear more attractive than the status quo, even 
assuming the projects will be financed with a 100 percent loan. However, the pipeline 
alternative is not as attractive as it appears, because it also assumes a new gravity pipe will 
serve the Northwest Park Complex. A new gravity pipeline has already been seen to be 
the least favorable alternative for that area (and in fact it is also least favorable here). 
Pumping from Dry Creek or extending a low pressure line from the 16-inch line in Lion's 
Park are the most attractive options until ASR capabilities are tested. The proximity of 
irrigated areas and the available open space may make the East-Central Park Complex the 
most appropriate place to construct and test ASR facilities. 

These parks and golf courses contain 113.S acres of irrigated ground which, if served by 
other than treated water, would reduce peak day treated water demand by 0.91 mgd. If 
the Prairie View Golf Course were to double in size (add 35 irrigated acres) by becoming 
an IS-hole course, the irrigation demand of this park complex would increase to 1.19 
mgd. 

Cemeteries 

There are four logical methods for implementing demand management at the cemeteries. 
These include ASR using Ogallala wells, tapping a new gravity pipeline from Round Top, 
pumping from Dry Creek (via an enlarged Carey Reservoir) and extending a low pressure 
line from the existing 16-inch cast-iron line that currently delivers treated water from 
Round Top to the Lion's Park area (pump stations would be required at the cemeteries to 
provide irrigation pressure). 

All alternatives appear preferable to treated water if a 50/50 loan/grant mix is available, 
and all but one (pumping from Dry Creek) are favorable assuming a 100 percent loan on a 
present worth basis. However, the pipeline alternative is not as attractive as it appears, 
because it also assumes a new gravity pipe will serve the Northwest Park Complex, which 
has already been seen to be the least favorable alternative for that area. The next most 
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favorable alternatives, on a present worth basis and a 100 percent loan, are extending the 
16-inch line under low pressure from Lion's Park, followed by ASR methods. A possible 
drawback to implementing ASR methods at the cemeteries is the topographic dropoff 
which occurs east and south thereof. Basements of homes could be endangered by rising 
water levels in this highly developed area if the zone of influence of injected water were to 
migrate much beyond the limits of the cemeteries. Design work could consider placing the 
ASR wells nearer the airport boundary, to minimize high water-table risks. 

The cemeteries contain 48.05 acres of irrigated ground which, if served by other than 
treated water, would reduce peak day treated water demand by 0.38 mgd. 

Smaller Isolated Irrigated Areas 

McCormick Jr. High/Central High 

Because of the relatively isolated location of these schools, only two alternative 
mechanisms for replacing treated water were evaluated: ASR using Ogallala wells and 
pumping from Dry Creek. Both assume the Riser Well (located just south of Central 
High) to be converted to irrigation use for the schools. Currently, this well is used to help 
maintain water levels in Kiwanis Lake, a use which will be unnecessary if Kiwanis is 
ultimately fed by the 16-inch gravity line from Round Top. 

Both alternatives appear competitive with the status quo if a 50 percent loan is assumed, 
although pumping from Dry Creek is least expensive and its present worth cost for a 100 
percent loan is favorable compared to using treated water. The Dry Creek alternative cost 
is incremental to the cost of pumping from Dry Creek for the East-Central Park Complex 
and the proposed Sun Valley Community Park. That is, this method cannot be used for 
the cost given unless Dry Creek is also used as a conveyance for these other parks as well. 
Costs for the ASR alternative must be considered preliminary until a test program 
confirms the effectiveness of this method. The Riser well is a likely candidate to be 
included in an ASR program, should one be further pursued. 

These parks contain 13.5 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.11 mgd. 

Mylar/Smalley Parks 

Because of the relatively isolated location of these parks, only two alternative mechanisms 
for replacing treated water were evaluated: ASR using Ogallala wells and pumping from 
Dry Creek. The Dry Creek alternative would require a pump station at Mylar Pond to 
provide irrigation pressure. 

Only the Dry Creek alternative appears competitive with the status quo, and only at the 50 
percent loan level. Its cost is incremental to the cost of pumping from Dry Creek for the 
East-Central Park Complex and the proposed Sun Valley Community Park. That is, this 
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method cannot be used for the cost given unless Dry Creek is also used as a conveyance 
for these other parks as well. Costs for the ASR alternative must be considered 
preliminary until a test program confirms the effectiveness of this method. 

These parks contain 8.7 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.07 mgd. 

VA HospitaVOkie Blanchard Stadium 

These non-city-owned facilities were evaluated as an add-on to the East-Central Park 
Complex, to which they are in close proximity. Three alternatives were examined: ASR 
using Ogallala wells, pumping from Dry Creek, and extending gravity pressure pipe. 

As discussed for the East-Central Park Complex, the gravity pipe alternative is less 
attractive because it is not the economical choice for the Northwest Park Complex. Of the 
others examined, it appears serving these areas by connecting to a system pumping from 
Dry Creek is most favorable to the status quo at both the 50 and 100 percent loan levels 
(on a present worth basis). 

These parks contain 27.9 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.22 mgd. 

Martin Luther King Park 

Because of the relatively isolated location of this park, only two alternative mechanisms 
for replacing treated water were evaluated: ASR using Ogallala wells and pumping from 
Crow Creek. 

Only the Crow Creek alternative appears competitive with the status quo, and only at the 
50 percent loan level. Its cost is incremental to the cost of pumping from Crow Creek for 
the proposed South Cheyenne Community Park. That is, this method cannot be used for 
the cost given unless Crow Creek is used as a conveyance for this other park as well. 
Costs for the ASR alternative must be considered preliminary until a test program 
confirms the effectiveness of this method. 

This park contains 6.2 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.05 mgd. 

Miller School Athletic Field 

Two alternatives were evaluated for serving this park, located at the intersection of Evans 
and Pershing Avenues. This field could be served by ASR using Ogallala wells, or by 
connecting to pumping equipment at the cemeteries which in turn receive water by gravity 
under the alternative extending the 16-inch line from Lion's Park. No alternative was 
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evaluated using extension of a pressure pipe, because this alternative is not economic for 
serving the cemeteries or the East-Central Park Complex. 

The most cost effective alternative, at both the 50 and 100 percent loan levels, is to 
connect to pumping equipment at the cemeteries, provided that an alternative with a pump 
station is chosen for the cemeteries. 

This park contains 6.2 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by·0.05 mgd. 

Holliday Park 

Four methods were evaluated for implementing demand management at Holliday Park. 
These include ASR using Ogallala wells, tapping a new gravity pipeline from Round Top 
via the cemeteries, delivering water from the cemeteries via storm sewers into Lake 
Minnehaha (pump stations would be required to provide irrigation pressure), and 
delivering water from the cemeteries via a low pressure line into Lake Minnehaha (again 
pump stations would be required). 

Using storm sewers to deliver water to the park or adding new pipe to deliver water from 
the cemeteries (which must be made available there by some other selected alternative) 
appear to be the most cost effective assuming a 50/50 loan/grant mix. Whether or not the 
use of storm sewers for such a purpose would be acceptable to the City of Cheyenne must 
be confirmed. There are practical concerns with the use of storm sewers: possible 
reduction in capacity if inadvertently operated during a storm event and exfiltration 
potentially causing high groundwater problems. Because of these potential drawbacks, 
this alternative is not preferred until discussions with City of Cheyenne are held. 
Extending a new pipe from the cemeteries is therefore preferred. This appears economical 
at both the 50 and 100 percent loan levels, on a present worth basis. 

This park contains 29.1 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.23 mgd. 

Pioneer Park 

Because of the relatively isolated location of this park, only two alternative mechanisms 
for replacing treated water were evaluated: ASR using Ogallala wells and pumping from 
Crow Creek. 

Neither alternative is competitive with the status quo, and appear to indicate that parks of 
this size and smaller (see also discussion of Jaycee Park) do not benefit from demand 
management unless located close to the raw water supply, and in fact are most 
economically served with treated water. 
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This park contains 4.8 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.04 mgd. 

Jaycee Park 

Because of the relatively isolated location of this park, only two alternative mechanisms 
for replacing treated water were evaluated: ASR using Ogallala wells and extending a low 
pressure line from the existing 16-inch cast-iron line that currently delivers treated water 
from Round Top to the Lion's Park area (pump stations would be required to provide 
irrigation pressure). 

Neither alternative is competitive with the status quo, and appear to indicate that parks of 
this size do not benefit from demand management unless located close to the raw water 
supply, and are most economically served with treated water. 

This park contains 2.1 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.02 mgd. 

Proposed Community Parks 

North Cheyenne Community Park 

Three alternatives were evaluated for this park: gravity pipe extended from the East
Central Park Complex, ASR using Ogallala wells, and pumping from Dry Creek (via an 
enlarged Carey Reservoir). 

The incremental cost of delivering water via gravity pipe is the least economically 
favorable of the three, due primarily to the fact it requires upsizing of the gravity pipe all 
the way back to Lion's Park to allow water to reach the North Cheyenne Park under 
sufficient pressure, and additional storage at Round Top is necessary to meet peak 
demands. 

Both remaining alternatives appear competitive with the status quo, but only if a 50 
percent grant is assumed. The cost of the Dry Creek alternative· descn"bes the incremental 
cost of serving this park from a system that also serves the East-Central Park Complex. 

Costs for the ASR alternative must be considered preliminary until a test program 
confirms the effectiveness of this method. 

This park contains 65 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.52 mgd. 
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South Cheyenne Community Park 

Because of the relatively isolated location of this park, only two alternative mechanisms 
for replacing treated water were evaluated: ASR using Ogallala wells and pumping from 
Crow Creek. 

Both alternatives appear competitive with the status quo assuming a 50 percent grant. 
Because pumping from Crow Creek appears quite favorable for Frontier Refinery, the 
Crow Creek alternative for the proposed South Cheyenne Park would be the preferred 
alternative due to the mutually beneficial effect of serving multiple needs from the same 
source. That is, the marginal cost of increased pipe size to get water to Crow Creek to 
serve multiple areas is less than the individual cost to serve the areas independently. 
Neither alternative appears favorable if a 100 percent loan must be obtained. 

Costs for the ASR alternative must be considered preliminary until a test program 
confirms the effectiveness of this method. 

This park could contain about 80 acres of irrigated ground which, if served by other than 
treated water, would reduce peak day treated water demand by 0.64 mgd. 

Sun Valley Community Park 

Three alternatives were evaluated for replacing treated water at this proposed park: 
pumping from Dry Creek, pumping from the Dry Creek Wastewater Treatment Plant, and 
ASR using Ogallala wells. 

Of these, the wastewater alternative is least cost-effective, due to the large cost of 
necessary additional treatment and the need to construct significant piping (about two 
miles) which must cross an interstate highway and a railroad. 

The other two alternatives, ASR and pumping from Dry Creek, are approximately equal in 
an economic sense, and both appear favorable at the 100 percent loan leve~ on a present 
worth basis. The cost for pumping from Dry Creek assumes the East-Central Park 
Complex is also served in this fashion; it represents the incremental cost to include the Sun 
Valley park in a Dry Creek system. The cost for ASR methods assumes the wells will in 
fact yield 300 gpm, which is yet to be detennined. 

This park could contain about 35 acres of irrigated ground which, if served by other than 
treated water, would reduce peak day treated water demand by 0.28 mgd. 

Airport Parkway and Proposed Morrie Avenue Park 

In 1995 the BOPU entered into a memorandum of understanding with the Cheyenne 
Airport that essentially provided '< free irrigation water for the Airport Parkway and the 
proposed Morrie Avenue Park if the Airport allowed use of its property for a pipeline 
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route, should such a route be the preferred alternative. The cost of serving these areas 
should be relatively small because of the proximity of the pipeline, and the limited irrigated 
area. 

These parks contain 9.8 acres of irrigated ground which, if served by other than treated 
water, would reduce peak day treated water demand by 0.08 mgd. 

Industrial Users 

The only major industry evaluated for demand management was the Frontier Refinery. 
Two reasonable possibilities exist for replacing treated water: pumping treated 
wastewater from the Crow Creek Wastewater Treatment Plant and pumping raw water 
from Crow Creek (water which would be piped to Crow Creek from Round Top). 

Because of the cost of treating wastewater, and pumping it two miles (including crossing 
an interstate highway), it was apparent the wastewater alternative would be cost 
prohibitive. In addition, BOPU studies indicate there may be insufficient water available at 
all times to meet Frontier's demand (0.5 mgd is available, on average; 0.68 is needed for 
the peak day). For these reasons, this alternative was not pursued further. 

A cost estimate was prepared for pumping from Crow Creek, incremental to the cost of 
pumping raw water from Crow Creek for Martin Luther King and the proposed South 
Cheyenne Community Parks. As shown in Table 2.2, raw water could be provided to the 
Frontier Refinery at a cost significantly less than the cost of providing treated water. This 
industrial use, if served by other than treated water, would reduce peak day treated water 
demand by 0.68 mgd. 

Effects of Demand Management on WTP Capacity Requirements 

Implementation of demand management alternatives, for those areas where it can be 
accomplished more cost effectively than continuing to use treated water, will reduce 
demands on Cheyenne's water treatment plant facilities. Peak day reductions in demand 
for the various service areas are summarized as: 

Existing Areas 
Service Area 
Northwest Park Complex 
East-Central Park Complex 
Cemeteries 
Holliday Park 
Miller School Athletic Field 
Martin Luther King Park 
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Peak Day Reduction, mgd 
2.42 - 2.66 
0.91 - 1.19 
0.38 
0.23 
0.05 
0.05 



Existing Areas 
(cont'd) 

Proposed Areas 

VA HospitallBlanchard Stadium 
McCormick JHS/Central HS 
Airport ParkwaylMorrie 
Frontier Refinery 
TOTAL 

North Cheyenne Community Park 
South Cheyenne Community Park 
Sun Valley Community Park 
TOTAL 

GRAND TOTAL 

0.22 
0.11 
0.08 
0.68 
5.13 - 5.65 

0.52 
0.64 
0.28 
1.44 

6.57 - 7.09 

Ranges given for the Northwest and East-Central Park Complexes include the potential 
growth at the Airport and Prairie View Golf Courses. 

2.8 Other ASR Applications 

During the course of this study, two other possible applications of Aquifer Storage and 
Recovery (ASR) techniques arose (see Section 5.4). These applications, however, are not 
strictly tied to reduction of irrigation or industrial demands. Rather, their effect is to 
reduce overall treated water demand and delay investment in either water treatment 
capacity or facilities needed to deliver raw water to Cheyenne's Sherard water treatment 
facility. 

The first of the two applications is construction of ASR wells on the east and south edges 
of the city to supplement the distribution system at times of high demand, effectively 
raising pressures in that area plus reducing the draw on treatment facilities. Second is the 
concept of pumping treated water back to the city's Happy Jack wellfield from a pump 
station on the distnbution side of the Sherard plant. This second possibility has two 
advantages: reducing long-term drawdowns in the wellfield and allowing groundwater to 
help meet peak day loads, since the produced groundwater need only be chlorinated and 
not run through the entire filtration plant. 

Because these applications are more closely tied to raw water treatment, a detailed 
discussion is provided in Section 5.4. 

2.9 Maximizing Yield from North Crow Reservoir System 

During review of the draft report, which included the recommendation of using water 
from the North Crow 20-inch line for demand management, the BOPU requested that an 
evaluation of the maximum yield of the North Crow system be made. This evaluation was 
intended to make sure converting this source to demand management uses would not 
reduce the historic yield of the reservoir system or cause unnecessary spills. 

47 



North Crow Historic Yield vs. Estimated Irrigation Demand 

Since completion of rehabilitation work at the upper terminus of the North Crow pipeline, 
almost two years of metered flow information is available. In calendar 1995, the pipeline 
carried 190.6 MG to the Round Top plant. Up to September 13, 1996, 126.8 MG had 
been delivered (which extrapolates to an annual amount of 181 MG). Because not even 
two full years of data are available, it is assumed yield to the pipeline is (and has been) a 
rounded value of about 200 MG/year. This corresponds to a yield of about 610 acre
feet/year. For comparison, the Level I study estimates the average annual inflow to North 
Crow Reservoir to be on the order of 1,806 acre-feet/year and 485 acre-feet/year at the 
Old North Crow Diversion Dam, for a total inflow of2,291 acre-feet/year. At a normal 
high water line surface area of about 94 acres, and a net evaporation rate of28 inches per 
year (48 inches lake evaporation minus 20 inches of precipitation), about 220 acre-feet 
will be lost at the reservoir( s) due to evaporation. While calculating evaporation at the 
NHWL tends to overestimate evaporative loss at North Crow Reservoir, it can also be 
considered to include losses from the smaller Old North Crow Diversion dam reservoir as 
well as losses between the two. This reduces the apparent average annual yield of the 
system at the North Crow pipeline entrance to about 2,070 acre-feet per year. 

However, average annual yield neglects the effects of extended dry periods, which serve 
to lower the actual yield of the reservoir when inflows are less than average. While a 
detailed operation study can give the best indication of the firm reservoir yield during 
drought, a reasonable estimation can be obtained using mass curve analysis (an established 
procedure which is detailed in Introduction to Hydrology by Viessman, et. al, among other 
references). For this work, a mass curve was generated using annual inflow estimates for 
North Crow Reservoir and the Old North Crow diversion dam from the Level I study. 
Given a storage capacity of 1,830 acre-feet at the reservoir (and neglecting storage at the 
diversion dam), the mass curve analysis indicates a firm yield of the system of about 1,240 
acre-feet. Because mass curve analysis does not account for evaporation, this value must 
again be corrected. Using average annual evaporation of220 acre-feet as calculated 
above (which admittedly will over-estimate evaporative loss for a reservoir that is drawing 
down), the firm yield is reduced to as low as 1,020 acre-feet. 

This Iowa firm yield is also borne out by the distribution of estimated inflows to the North 
Crow dams. Of the sixty years of synthesized record given in the Level I study, twelve 
show system inflows less than 1,000 acre-feet per year. That is, in about one year out of 
5, water supply demands must rely at least in part on carry over storage. 

As currently proposed, the North Crow line will be converted to a raw water supply for 
303 to 333 acres of parks and golf courses in northwest Cheyenne (the latter value 
assumes a 30-acre increase to the size of the Airport Golf Course). The average annual 
consumptive irrigation requirement for lawn grass in Cheyenne is 20.88 inches, which 
equates to 27.8 inches of water applied with an irrigation efficiency of75 percent. Total 
irrigation requirements for the 303 to 333 acres to be irrigated then calculate to be 700 to 
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770 acre-feet per year. Irrigation will therefore place a 15 to 26 percent increased demand 
on recent metered yield from North Crow Reservoir. 

Another water use (which is not beneficial) that will draw upon North Crow yield is 
evaporation from the northwest area lakes. Assuming a total annual lake evaporation of 
45 inches, minus annual precipitation of about 14 inches, gives a net lake evaporation of 
31 inches, which must be borne (as a worst case) by delivered water. Lakes Absarraca, 
Kiwanis and Sloan comprise a total of about 57 surface acres. Thus, about 147 acre-feet 
additional will be required to maintain city lake levels. The total draw on the North Crow 
pipeline is therefore as high as about 850 to 920 acre-feet per year. This represents an 
increase of39 to 51 percent above the historic estimate of610 acre-feet. If the ware line 
and the riser well continue to feed the lakes, then the percent of total evaporation charged 
to North Crow deliveries can be reduced. 

Not counting instream flow or other needs, the physically available firm yield from the 
North Crow system for uses in excess of irrigation is 1,020 minus 920, or about 100 acre
feet /year. Therefore, on a firm basis, the yield of the system is only about 10 percent 
larger than projected demand. On an average annual basis, with inflows (minus 
evaporation) of about 2,070 acre-feet, the physically available yield from the North Crow 
system for uses in excess of irrigation is 2,070 minus 920, or about 1,150 acre-feet /year. 

Yield Maximization 

This additional water could be used by gravity in place of water from Hecla during times 
of low demand when pipelines are well below capacity, and as long as some surface water 
treatment capacity remains at Round Top. Over a nine month period (not including the 
high demand months of June, July and August), this means about 4.2 acre-feet per day 
(1.4 mgd) additional is available from the North Crow system. Ifno surface water 
treatment capacity is available at Round Top, the easiest use of this water would involve 
connecting the lake lines to the Sherard 30-inch supply line (see Section 5.3). Preliminary 
sizing of a pump station to overcome head in the Sherard line indicates a 20 HP pumping 
plant would be needed at a cost of about $50,000. This pump station would use about 
$3,000 per year in power costs. These costs are in addition to the piping improvements 
needed to connect the Hecla line to the Sherard line, and at Sherard, which amount to 
about $400,000 (also in Section 5.3). 

2.10 Summary and Recommendations 

Based on economic analysis, most of the demand management alternatives are feasible if 
grants are available for 50 percent of the project costs. If such funding can be obtained, 
up to 5.13 mgd of water treatment capacity could be freed up by efficiently serving 
existing parks, golf courses, cemeteries and the Frontier Refinery with raw water or 
groundwater. An additional 1.44 mgd demand on treatment capacity would be averted if 
the three large proposed community parks were served similarly. If these projects must be 
funded with a 100 percent loan, only nine of the 15 service areas listed in Table 2.2 have 
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at least one favorable alternative. With a 100 percent lo~ none of the alternatives 
evaluated for the proposed North and South Cheyenne Community Parks, Mylar/Smalley 
Parks, Martin Luther King Park, Pioneer Park and Jaycee Park appear economical. The 
following summaries discuss the choice among alternatives for those service areas with 
favorable economics for the 100 percent loan scenario. 

By far the most cost effective method of supplanting treated water for irrigation of the 
Northwest Park Complex is using the existing 16-inch cast iron line from Round Top, 
delivering raw water by gravity to area lakes, and constructing pump stations to provide 
irrigation water at the rates and pressures desired. The capital cost of this alternative is 
estimated to be $1,764,000, with an estimated first year annual cost of $172,500 
(including O&M costs). 

The selection of the 16-inch line for serving the Northwest Park Complex makes a new, 
larger gravity pressure pipe from Round Top to the cemeteries and the East-Central Park 
Complex unattractive. TheS,e areas must therefore look to other alternatives. The East
Central Park Complex appears to be best served with a pump station situated at a 
deepened Carey Reservoir, with raw water provided either through an extension of the 16-
inch line at Lion's Park or via conveyance down Dry Creek. The capital cost of these 
alternatives is estimated to be $1,819,000 to $1,856,000, with an estimated first year 
annual cost of$168,700 to $183,500. Although the application of ASR technology to this 
park complex ranks third from a cost standpoint, this area appears to be the best location 
for a pilot ASR program. With a pilot or test well, the cost of this technology could be 
better defined for use in the Cheyenne area. 

The cemeteries would be best served by extending a low pressure line from the existing 
16-inch line in Lion's Park to a pump station at the cemeteries, which would be necessary 
to provide irrigation pressure. The capital cost of this alternative is estimated to be 
$834,000, with an estimated first year annual cost of $74,000. Should traversing the 
western part of the airport property become problematic, the use of ASR or pumping from 
Dry Creek are approximately equal economically, although both have possible drawbacks. 
The Dry Creek option still requires a pipe along the eastern, less developed airport 
periphery, and ASR operations might raise local groundwater levels in residential areas 
east and south of the cemeteries. 

Holliday Park appears best served by extending a low pressure pipe from the cemeteries to 
Lake Minnehaha and installing a pump station for irrigation. The capital cost of this 
alternative is estimated to be $505,000, with an estimated annual cost of $44,800. This 
alternative assumes water is available at the cemeteries. The lowest cost alternative, 
delivering water to Lake Minnehaha from the cemeteries via existing storm sewers, has 
practical concerns which prevent it from being the recommended alternative. If the 
cemeteries are not served, this park likely will continue to use treated water. The third 
most attractive alternative is the use of ASR facilities 
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The Miller School Athletic field is economically serviceable due to its proximity to the 
cemeteries. The preferred alternative for this field is connecting it to pumping equipment 
at the cemeteries, and therefore assumes raw water is available at the cemeteries. If the 
cemeteries are not served, this field must continue to use treated water. The cost of this 
alternative is estimated to be $65,000, with an estimated first year annual cost of$6,500. 

The combination of the Veterans Hospital and Okie Blanchard Stadium were evaluated as 
an add-on to the East-Central Park Complex. It appears economical to add these service 
areas to the pump station system which is recommended to serVe the East-Central Park 
Complex. The incremental capital cost of this alternative is estimated to be $303,000, with 
an estimated first year annual cost of$37,400. 

The McCormick Jr. High/Central High irrigated areas appear best served by pumping from 
Dry Creek. For this service area, it is assumed the Riser Well will supplement pumping 
from Dry Creek. The only other method evaluated, application of ASR techniques also 
using the Riser Well, is marginally more expensive. The capital costs for this alternative is 
estimated at $179,000, while first year annual costs are estimated to be $19,800. 

The only viable alternative for serving the Frontier Refinery is pumping from Crow Creek. 
This alternative is especially attractive when combined with similar service to the 
Proposed South Cheyenne Community Park, and possibly Martin Luther King Park. The 
incremental capital cost of this alternative is estimated to be $388,000, with an estimated 
first year annual cost of$80,700. 

Assuming costs representative of the most favorable alternatives for each site, the total 
cost for serving parks, cemeteries, golf courses and industry using demand management 
alternatives is approximated as (present worth assumes 100 percent loan): 

SeniceArea Cal!itaI Cost Present Worth 
Existing Northwest Park Complex $l.8M $2.5M 
Areas East-Central Park Complex $1.9M $2.7M 

Cemeteries $O.8M $l.OM 
Holliday Park $O.5M $O.7M 
Miller School Athletic Field $O.07M $O.lM 
Martin Luther King Park $O.lM $O.2M 
VA HospitallBlanchard Stadium $O.3M $O.6M 
McCormick JHS/Central HS $O.2M $O.3M 
Airport ParkwaylMorrie $O.1M $O.2M (est) 
Frontier Refmery $O.4M $l.4M 
TOTAL $6. 17M $9.7M 

Proposed North Cheyenne Community Park $l.5M $2.0M 
Areas South Cheyenne Community Park $l.5M $2.2M 

Sun Valley Community Park $O.5M $O.7M 
TOTAL $3.5M S4.9M 
GRAND TOTAL $9.67M $14.6M 
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3.0 ROUND TOP WTP RESERVOIR PIPING AND 
WELL LINE EVALUATION 

This chapter discusses three process or water quality-related issues associated with future 
uses anticipated for the Round Top WTP when it will no longer serve as a complete 
filtration facility. In particular, the issues are: 

1. Determine a control valve configuration to be located below Round Top that will allow 
treated water storage to ''float'' on the distribution system without overflowing. In the 
future, not only will chlorinated groundwater be supplied from Round Top, treated water 
from Sherard will flow to and from Round Top storage. Valves must be selected to allow 
this varied operation, and costs for valve installation are provided. Also, any new valve 
configuration must be compatible with a new 5 MG storage tank, whenever conditions at 
the existing storage reservoir make it unfit for use. 

2. Because groundwater is currently disinfected at Round Top by mixing with already
chlorinated surface water, future groundwater chlorination facilities must be constructed 
prior to ceasing surface water treatment. Gaseous chlorine is compared to sodium 
hypochlorite disinfection to accomplish this task. 

3. Radon levels in the city's groundwater supply vary from 150 to 1,100 pCiIL, making 
radon removal an eventual requirement under the :final Radionuclide rule. The Sherard 
plant currently uses air stripping to remove radon. Four different types of aeration, 
including air stripping, are compared for use at Round Top. 

3.1 Round Top Control Valving 

The purpose of this evaluation was two-fold. The first task was to select control valving 
type, size, and configuration to remotely control the flow of treated groundwater from 
either the existing Round Top Reservoir or a future reservoir at the Round Top facility. 
The second task was to develop a conceptual plan for siting a new 5 million gallon 
reservoir for treated groundwater storage with an overflow elevation of 6,364. This work 
should also develop a concept that will allow raw surface water delivery from the existing 
reservoir to the existing 16-inch potable distribution pipeline. 

Control Valving 

The original scope of work for this task stated that control valving was necessary on 
pipelines leaving the Round Top Reservoir to prevent overflow of the reservoir from 
treated water flowing from the King II Reservoir via the 36-inch intertie. The King II 
Reservoir has an overflow elevation (6,386) 22 feet higher than the Round Top Reservoir. 
Concepts included installation of butterfly control valves with automatic linkage to the 
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existing sonic level indicator in Basin No.3, or installation of ahitude valves that 
automatically modulate to maintain hydraulic line pressure. Discussion with BOPU staff 
regarding this issue revealed that potential filling and overflow of the Round Top 
Reservoir from the King II Reservoir is currently satisfactorily controlled by remote 
adjustment of the control valve on the 36-inch intertie. Therefore, additional control 
valving to mitigate this condition is not necessary. 

BOPU staff said, however, that control valving on the 16-inch, 24-inch, and 30-inch lines 
exiting the Round Top Reservoir would be beneficial to remotely control filling and 
emptying of the reservoir with groundwater from the Bell and Federal well fields. 
Currently, there are three valves that can be used to isolate each of the three lines exiting 
the Round Top Reservoir. These valves are labeled 1,2, and 3 on Figure 3.1. 

Valve 1 is an electrically actuated butterfly valve, locally operated, that can be used to 
isolate the 30-inch distribution line from the reservoir. Valve 2 is a manual gate valve 
used to isolate the 16-inch distribution line from the reservoir, and valve 3 is a manual gate 
valve used to isolate the 24-inch distribution line from the reservoir. Valves 1 and 2 are 
located in the Valve House, and valve 3 is located in a valve box outside and adjacent to 
the Valve House as depicted in Figure 3.1. 

Historically, each of these three valves remains open, but occasionally the 30-inch valve is 
closed to allow the Round Top Reservoir to fill. Conversion of each of these three valves 
to electrically actuated, remotely controlled, butterfly valves would provide operators 
ready fleXlbility to more tightly manage the Round Top Reservoir storage volume under 
all operating conditions. 

Pratt Triton butterfly valves, or equivalent equipment, conforming to A WW A Standard 
C504 are suggested to replace the valves on the 16-inch and 24-inch pipelines. 
Limitorque L120 Series electric valve actuators with modulating control systems, or 
equal, are recommended for installation on the existing 30-inch butterfly valve, if 
compatible, and on the two new butterfly control valves. See Appendix 3.1 for 
manufacturer's information on these components. 

Table 3.1 presents a summary of the cost estimates and economic evaluation for 
installation of these control valve components. 

New 5 MG Round Top Treated Water Reservoir 

In the Level I study, a 5 MG Round Top Reservoir was proposed to store groundwater 
from the Bell and Federal well fields. If this new reservoir were built, the concept could 
include conversion of the existing Round Top Reservoir to nonpotable water storage for 
irrigation. To offer the same hydraulic service currently provided, the new 5 MG 
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Table 3.1 Summary of Cost Estimates for Valve and Tank Work, and Disinfection 
and Radon Removal Alternatives 

1 2 3 4 5 

Annual Cost Annual Cost Present Worth Present Worth 
50% Loan/Grant 100% Loan 50% Loan/Grant 100% Loan 

Capital 7.25% Interest 7.25% Interest 7.25% Interest 7.25% Interest 

V1 Alternative Cost 30 yr 30 yr 30 yr 30 yr 
V1 

Round Top Reservoir Control Valving $19,000 NA NA NA NA 

Round Top Reservoir - New 5 MG Tank $5,138,000 $263,600 $475,900 $3,919,600 $6,765,700 

Well Line Disinfection Systems 
Gaseous Chlorine $245,000 $24,700 $34,800 $439,700 $575,400 

Sodium Hypochlorite $78,000 $32,600 $35,900 $657,500 $700,900 

Radon Removal Systems 
Packed Tower Aeration $568,000 $174,200 $197,600 $3,463,300 $3,778,000 

Diffused Aeration $1,770,000 $253,900 $327,000 $4,758,200 $5,738,500 
Cascade Aeration $361,000 $54,000 $68,900 $1,016,800 $1,216,500 

In-Line Aeration $429,000 $57,500 $75,300 $1,069,300 $1,307,200 

CHAP3SUM.XLS 



reservoir would need to have an overflow elevation of 6,364, or the same as the current 
reservoir. 

Figure 3.2 presents a site plan of the Round Top Water Treatment Plant. To maintain the 
current reservoir intact, minimize earthwork, and provide the 6,364 overflow elevation, 
the most probable location for the new reservoir is on the site of the existing water 
treatment plant. This location also is depicted on Figure 3.2. 

Figure 3.3 presents a proposed method for piping and valving configuration to support 
potable water storage and distribution from the new 5 MG reservoir, and nonpotable 
water storage and distribution from the current Round Top Reservoir. The concept 
presented in Figure 3.3 is intended to reuse, to the maximum extent possible, the current 
piping and valving and reservoir operational strategy. The concept includes: repiping the 
current lines that empty Basin Nos. 1 and 3, so that they empty the new 5 MG reservoir; 
repiping the current lines that handle overflows from the east side of the treatment plant, 
so that they empty Basin Nos. 1 and 3; isolating the 24-inch and 30-inch potable lines from 
the current Round Top Reservoir; and isolating the current 16-inch line for nonpotable 
service. 

Because of the relatively low cost of installing the control valving as described, it is seen 
more as a maintenance item and less a candidate for long-term funding. Therefore, annual 
cost calculations were not performed. 

Assuming a circular prestressed concrete tank with a diameter of 176 feet and side water 
depth of 27 feet sited as depicted in Figure 3.2 and piped-up as depicted in Figure 3.3, 
Table 3.1 also presents a summary of the cost estimates and associated economic 
evaluation for installation of this tank. The BOPU may choose to select other tank 
construction materials. 

3.2 Well Line Disinfection Alternatives 

Once the Round Top filtration plant is taken out of service, incoming groundwater will 
need to pass through a new disinfection facility. Currently this water is disinfected by 
mixing with chlorinated surface water, a process that will not be available after shutdown 
of the old plant. Two types of disinfection processes were evaluated: gaseous chlorine 
and sodium hypochlorite. 

Design Criteria 

The evaluation of alternative disinfectants herein is based on the following criteria: 

• The disinfection approach should not be linked to the existing Round Top 
Reservoir exclusively because it is possible that Federal and Bell well field 
flows will be routed to a new reservoir in the future. 

• The Bell well field capacity is about 3.0 million gallons per day (mgd). 
• The Federal well field capacity is about 4.5 mgd. 
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• The maximum chlorine dose is 2.5 milligrams per liter (mgIl) as ek. 
• Maximum chlorine usage is 160 pounds per day (lb.ld) as Ck. 
• The chlorine storage requirement is 15 days at maximum usage for a total of 

2,400 pounds as Ck. 

Facilities Descriptions 

The major components and space requirements for either chlorine gas or sodium 
hypochlorite disinfection of the Bell and Federal well fields are presented in this section. 

Gaseous Chlorine 

The following major components comprise the gaseous chlorine system: 

• Two one ton chlorine gas cylinders (one on-line and one standby) both with 
cylinder scales. 

• Electrically operated monorail trolley hoist for moving cylinders. 
• Two 200 lb.ld solution type chlorinators (one on-line and one standby), 

both with panel mounted distribution flow meters to apportion chlorine 
solution to both the Bell and Federal well field pipelines based on flow 
proportional control. 

• Interconnecting piping, solution water supply, and diffusers at the two 
points of application. 

• A chlorine scrubber to handle leaks from the one-ton containers. 
• A building including rooms for chlorine storage (approximately 150 ft2), for 

an emergency scrubber system (approximately 200 ft2), and a room for 
chlorinators (approximately 100 ft2). 

Figure 3.4 presents a conceptual process schematic of the gaseous chlorine system. 

Table 3.1 presents capital and annual operation and maintenance (O&M) cost estimates 
for the gaseous chlorine system previously described, and associated economics. These 
estimates are based on Environmental Protection Agency (EPA) costing information, 
similar projects, and manufacturer and supplier quotes. 

Sodium Hypochlorite 

The following major components comprise the sodium hypochlorite system: 

• Two 5,500 gallon storage tanks (one standby) with containment sump and 
tanker truck delivery apron. 

• Three 4 gallon per hour (gph) chemical metering pumps (one standby) with 
flow proportional control to the Bell and Federal well field pipelines. 

• Interconnecting piping and diffusers at the two points of application. 
• A 400 fl? building to house both storage and feeding equipment. 
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Figure 3.5 presents a conceptual process schematic of the sodium hypochlorite system. 

Table 3.1 presents capital and annual operation and maintenance (O&M) cost estimates 
for the sodium hypochlorite system previously descnood. These estimates are based on 
Environmental Protection Agency (EPA) costing information, similar projects, and 
manufacturer and supplier quotes. 

Comparative Evaluation And Recommendation 

Table 3.2 presents an evaluation of gaseous chlorine versus sodium hypochlorite 
disinfection based on the previously presented information and experience gained on 
similar projects for others. Each alternative is assigned a rating based on the following 
system: 

Consideration 
Characteristic 

+ = most favorable 
- = least favorable 
o = neutraVsame 

Table 3.2 
Ch GAS VERSUS NaOCI LIQUID COMPARATIVE EVALUATION 

or CI1(g) NaOCI (I) Comments 

Safety considerations - + Ch gas is toxic, a strong oxidant, and denser 
than air making it more dangerous to handle. 

Code requirements and - + Leak detection and scrubber are required for 

related equipment Ch gas. 

Delivery reliability 0 0 Delivery of either chemical should be 
comparab!y reliable. 

Delivery frequency 0 0 Once a month for both chemicals. 

Process experience 0 0 Similar proven track record. 

System complexity - + Liquid storage and feed system is more 
straight-forward than gas storage and feed. 

Space requirements 0 + NaOCI requires a little less space. 

Water quality impacts 0 - Both can create disinfection byproducts. 
NaOCI will add a small amount of dissolved 
solids to the groundwater (approx. equivalent 
to the Ch dose). 

Capital costs - + NaOCI is 113 the Ch cost. 

Chemical costs + - NaOCI is almost 2-112 times more expensive 
than Ch. 

Present worth costs 0 0 Present worth costs are comparable. 
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Based on the comparative evaluation given in Table 3.2, sodium hypochlorite disinfection 
is the preferred disinfection method for the Bell and Federal well fields after retirement of 
the Round Top Plant. Both alternatives offer comparable present worth costs, but sodium 
hypochlorite is simpler and safer to feed than chlorine gas. 

Conceptually, a sodium hypochlorite storage and feed building (approximately 25 ft. by 16 
ft.) could be located between the two incoming well field pipelines just west of the existing 
Round Top reservoir. The location likely could be where the existing well house is 
located. Two buried plastic chemical feed lines would then deliver sodium hypochlorite to 
chemical diffusion injectors tapped into the Bell and Federal well field pipelines about 10 
pipe diameters upstream of entry into the existing Round Top Reservoir. 

3.3 Radon Removal Alternatives 

The purpose of this evaluation is to compare the relative costs and 
advantages/disadvantages of alternatives for radon removal from the Federal and Bell well 
fields, and to develop a conceptual layout of the preferred alternative. The alternatives 
are: 

• Packed tower aeration 
• Diffused aeration 
• Cascade aeration 
• In-line injection aerationldegasification 

Design Criteria 

The evaluation of alternative radon removal methods herein is based on the following 
common criteria: 

• The radon removal method should not be linked to the existing Round Top 
Reservoir because it is possible that Federal and Bell well field flows will be 
routed to a new reservoir in the future. 

• The Bell well field capacity is about 3.0 million gallons per day (mgd). 
• The Federal well field capacity is about 4.5 mgd. 
• Each well field flow is conveyed via a 24-inch pipeline to the top of the 

existing Round Top Reservoir where it free discharges. 
• Radon levels range from 150 to 1,100 picocuries per liter (PCiIL) in the 

Federal and Bell well field groundwater. 
• The proposed Environmental Protection Agency (EPA) maximum 

contaminant level (MCL) for radon is 300 pCiIL. 
• Up to 73-percent radon removal is required to contend with proposed 

MCL. 
• Aeration should take place upstream of chlorination to avoid stripping of 

chlorine residual and/or recontamination of previously disinfected water. 
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• Conservatively, assume that repumping IS required for radon removal 
methods that break head. 

Facilities Descriptions 

The major components, design criteria, and space requirements for the four alternative 
radon removal methods are presented in this section. 

Packed Tower Aeration 

The following process specific design criteria govern performance, sizing, and costs 
associated with the packed tower aeration (PTA) radon removal method: 

• Hydraulic loading rate = 25 gpm/ft2. 
• Air blower rate = 1.5 cfinlgpm (air/water ratio approx. = 10:1) at 6 psi. 
• Packing depth = 5 feet minimum. 
• Overall tower height approximately = 25 feet. 
• Bell PTA diameter = 10 feet. 
• Federal PTA diameter = 12.5 feet. 
• Bell repumping station rating = 3 mgd at 20 psi. 
• Federal repumping station rating = 4.5 mgd at 20 psi. 

Figure 3.6 presents a conceptual process schematic of the PTA approach. 

Table 3.1 presents capital and operation and maintenance (O&M) cost estimates for the 
PTA radon removal approach previously described. These estimates are based on 
Environmental Protection Agency (EPA) costing information, similar projects, and 
manufacturer and supplier quotes. 

Diffused Aeration 

The following process specific design criteria govern performance, sizing, and costs 
associated with the diffused aeration radon removal method: 

• Air/water ratio = 10: 1. 
• Air loading rate = 5 scfinlft2. 
• Basin sidewater depth = 12 feet or greater. 
• Bell basin dimensions = 12-feet wide by 48-feet long by 12-feet SWD. 
• Federal basin dimensions = 14.5-feet wide by 58-feet long by 12-feet SWD. 
• Bell basin blower rating = 2,880 cfm at 8 psi. 
• Federal basin blower rating = 4,205 cfm at 8 psi. 
• Bell repumping station rating = 3 mgd at 20 psi. 
• Federal repumping station rating = 4.5 mgd at 20 psi. 
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Figure 3.7 presents a conceptual process schematic of the diffused aeration approach. 
Table 3.1 presents capital and operation and maintenance (O&M) cost estimates for the 
diffused aeration radon removal approach previously descnbed. These estimates are based 
on manufacturer and supplier quotes. 

Cascade Aeration 

The following process specific design criteria govern performance, SlZtng, and costs 
associated with the cascade aeration radon removal method: 

• Use proprietary Multicone Aerator manufactured by Infilco Degremont Inc. 
or similar device (see Appendix 3.2). 

• One unit per well field. 
• Dimensions of each unit = 6-1/2 feet diameter by 6-1/2 feet high. 
• Bell repumping station rating = 3 mgd at 20 psi. 
• Federal repumping station rating = 4.5 mgd at 20 psi. 

Figure 3.8 presents a conceptual process schematic of the cascade aeration approach. 

Table 3.1 presents capital and operation and maintenance (O&M) cost estimates for the 
cascade aeration radon removal approach previously described. These estimates are based 
on Environmental Protection Agency (EP A) costing information, similar projects, and 
manufacturer and supplier quotes. 

In-Line Injection AerationlDegasijication 

The following process specific design criteria govern performance, SlZtng, and costs 
associated with the in-line injection aerationldegasification radon removal method: 

• Use proprietary Mazzei Injector Corporation high efficiency injector and 
degassing separator (see Appendix 3.2). 

• One unit per well field. 
• Dimensions of Bell unit = 2-1/2 feet diameter by 15-1/2 feet high. 
• Dimensions of Federal unit = 4 feet diameter by 15-2/3 feet high. 

Figure 3.9 presents a conceptual process schematic of the in-line injection 
aerationldegasification approach. 

Table 3.1 presents capital and operation and maintenance (O&M) cost estimates for the 
in-line injection aerationldegasification radon removal approach previously described. 
These estimates are based on Environmental Protection Agency (EP A) costing 
information, similar projects, and manufacturer and supplier quotes. 
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Comparative Evaluation And Recommendation 

Table 3.3 presents an evaluation of the previous four aeration methods for radon removal 
based on the previously presented information and experience gained on similar projects 
Detailed cost estimates for these aeration methods, as well as the valve and tank work and 
disinfection alternatives discussed earlier, can be found in Appendix 3.3. Each alternative 
is assigned a rating based on the following system: 

• + = most favorable 
• - = least favorable • ° = neutra1/same 

Table 3.3 

RADON REMOVAL METHODS COMPARATIVE EVALUATION 

Consideration or Packed Diffused Cascade In-Line Comments 
Characteristic Tower Air Aerator Aeration 

Process + ° - ° PTA> 95%, Diffused and In-line 
Performance Aeration> 75 %, Cascade 

Aeration> 50 % 

System Complexity - - + + PTA & Diffused Aeration require 
blowers, Cascade & In-line 
Aeration do not require blowers 

Space Requirements 0 - + + Cascade & In-line Aeration = 10O 
ft2, PTA = 500 ft2, Diffused 
Aeration = 1,500 ft2 

Capital Costs - - + + Cascade & In-line Aeration < 
$500,000, PTA & Diffused 
Aeration> $500,000 

Power Costs - - + + Cascade & In-line Aeration < 
$50,000/yr, PTA & Diffused 
Aeration> $100,000/yr 

Present Worth - - + + Cascade & In-line Aeration < 
Costs $80,000, PTA & Diffused 

Aeration> $200,000 
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Based on the comparative evaluation presented in Table 3.3, the in-line aeration method is 
the preferred radon removal method for the Bell and Federal well fields. The cascade 
aeration system is slightly less expensive than the in-line aeration method, but does not 
offer the radon removal performance offered by the in-line aeration method. 

Conceptually, the in-line injection/degassing system could each be placed on the well field 
lines just upstream of both the existing Reservoir and the disinfection application points. 
The foot-print for each system is small at about 100 square feet. 
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4.0 RELOCATION OF 30-INCH SHERARD WTP 
SUPPLY LINE 

This task was approached as two sub-tasks. First, an evaluation of the pipe and facility 
configuration at Sherard was made to determine ifa reported hydraulic grade line problem 
existed. Second, a determination of the hydraulic characteristics and capacity of the 
Crystal to Sherard line was needed for further supply system analyses. 

4.1 Relocation of Pipe near Sherard WTP 

The 30-inch line from Crystal to Sherard crosses a small ridge (STA 442+15 on the as
built drawings) approximately 800 feet upstream from the treatment plant. The Level I 
study noted a potential problem with the hydraulic grade line (HGL) dropping below the 
pipe at this point, possibly resulting in air binding or cavitation and reducing pipe capacity, 
and recommended relocating about 1,500 feet of pipe. A review of the as-built drawings 
indicates the elevation of the pipe at this point to be about 6,397, while the elevation range 
for the operating water levels in the contact basins at Sherard (influent storage) is 
6,397.75 (inlet) to 6,411.68 (HWL). 

The HGL in a gravity system is constrained and defined by the atmospheric water level at 
the downstream end. The only way the HGL could drop below the top of the pipe at 
442+ 15 is if there were no backpressure created at the PolyJet valve (essentially take it out 
of service) and if the water level in the contact basins were below a point equivalent to the 
pipe elevation at the point of concern (6,397) minus headloss between that point and the 
contact basins. A survey conducted on February 20, 1996, confirmed the top of the 30-
inch pipe in the air relief/vacuum valve vault at station 442+15 to be 15.2 feet below the 
contact basin overflow leve~ or about 1.2 feet below the bottom of the contact basin. 

Considering that the pipe elevation at 442+ 15 is physically below the bottom o( the 
contact basins, and that under high flows (when the hydraulic grade would be lowest) the 
water level in the basins would be at or near their operating HWL, there is no opportunity 
for the HGL to fall below the top of the pipe at the point of concern (442+15). Thus, 
relocation of the pipe in this reach is not warranted. 

4.2 Hydraulics of 30-inch Line, Crystal to Sherard WTP 

The maximum capacity of this line was reported in the Level I study to be 26 mgd. 
However, no quantification of this number was provided, and there are no recent tests 
documenting flow characteristics from which the BOPU can reliably plan. Therefore, as a 
part of this study, flow tests were conducted to measure the maximum capacity of the line 
with the PolyJet valve in place. From the test data, effective friction factors could be 
back-calculated, allowing an estpnate to be made of the maximum capacity of the line 
without the PolyJet - which represents the peak available through this pipe to Sherard. 
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The Bailey PolyJet valve, located in the valve vault at Sherard just upstream of the contact 
basins, is used to break head and control flow to the contact basins under less than 
maximum conditions and represents the primary impedance to flow in this pipeline. 

To aid in proper interpretation of the flow test data, important components which 
comprise the Crystal to Sherard pipeline were catalogued. These included: 

Section and Components 

Crystal Dam Outlet Works: 2x24-in screened intake riser pipes, 2x24-in outlet tubes, one 
24-in wye, one 24x30-in expansion, one 30-inch plug valve, one 30-inch venturi meter. 

Outlet Works to the North Crow WYE: 31,890 feet of pipe total, including 4,425 feet of 
30-inch RCP from the venturi meter vault below Crystal Dam to the Hecla intake, and 
27,465 feet of nominal 30-inch steel pipe, Hecla intake to the WYE. The RCP has a 
reported ID of 30 inches, while the steel pipe is 30-inch OD, 29.S-inch ID. With a 
reported 0.5-inch coal tar coating on the inside, the steel pipe has an effective hydraulic 
diameter of28.5 inches. 

North Crow Wye: 30-inch fittings consisting of 2x30-inch flanged tees, one butterfly 
valve, and 2x45° elbows. 

WYE to Sherard: 44,450 feet of 30-inch ductile iron pipe. 

Sherard WTP: One 3Ox18-in reducer, One 30x18-in enlarger, lxl0-inch bypass pipe, 
2x18-in wyes, 2xl8-inch 450 elbows, one I8-inch gate valve, one 18-inch butterfly valve, 
one I8-inch Bailey PolyJet valve, and one 30-inch venturi meter. 

Flow Test Results 

Flow tests of this pipe were conducted on December 19, 1995, January 4, 1996, and 
February 20, 1996. During the first test, pressure gages were installed at the WYE, in the 
valve vault at Sherard upstream of the PolyJet valve, and on the piping at Sherard below 
the PolyJet valve and immediately upstream of the venturi meter. For the second test, an 
additional pressure monitor was placed in the valve house at Crystal Dam, to more 
accurately determine if significant headloss was experienced across the dam. The third 
test was conducted with the 10-inch bypass in place around the PolyJet valve to see how 
much flow increased. During all three tests meter readings were taken from venturi 
meters at both Crystal Dam and Sherard. 

All tests were run with the PolyJet valve in place and serving as the primary throttling 
mechanism. Data collected during all three tests are presented in Appendix 2.1. 
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The data taken at maximum flow during all three flow tests are summarized as: 

Date of Test: 
Flow @ Crystal, mgd 
Flow @ Sherard, mgd 
Pressure @ Crystal, psig 
Pressure @ WYE, psig 
Pressure above PolyJet, psig 
Pressure below PolyJet, psig 
Crystal Lake Level, ft msl 
"C" Calculated from Test* 
Duration of Test 

12/19/1995 
18.25 
21.45 
NA 
90 
42 
1 

6967.1 
113;118 

2 hrs 

114/1996 
21.0 
17.8 

22.5 (static 24.8) 
90 
50 
3 

6967.6 
111;125 

2 hrs, 10 min. 

(* - first number represents Crystal to WYE; second is WYE to Sherard) 
(** - Sherard meter out of calibrated range) 

2120/96 
23.1 

20.96** 
21.1 (static 23.8) 

70 
18 
3 

6965.9 
NA 

1 hr, 30 min. 

During the first two tests, discrepancies in flow measurements were experienced. In both 
cases it appears the higher number is the more accurate of the two. Transmitter or 
calibration problems apparently plagued the lower-reading meter in each test. In the third 
test, operation of the 10-inch bypass increased the capacity of the existing line by 2 mgd. 

Using the "C" factors calculated from the flow test data, and assuming the PolyJet valve 
to be removed (and neglecting minor losses at Crystal Dam, the WYE and at Sherard), 
and without the 10-inch bypass, the maximum capacity for this pipe by gravity is in the 
range of24-25 mgd. 
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5.0 12 MGD Pump Station, Round Top WTP to 
Sherard WTP 

The Level I study recommended a 12 mgd pump station be evaluated for construction at 
or near the Round Top WTP. The reason given for this size of plant was to allow the 
BOPU the fleXIbility to treat all water available at Round Top, by being able to pump it to 
the Sherard WTP, in the event demand management techniques prove inefficient. 

Earlier work presented herein (Section 2.7) has shown scenarios where treated water 
demands can be reduced by the ability to cost-effectively provide raw water from Round 
Top for irrigation or industrial needs. The amount of water used in this fashion varies, 
depending on assumptions, from five to seven mgd, or approximately the equivalent of the 
maximum capacity of one of the 20-inch CI lake (supply) lines (Section 2.2). Therefore, if 
demand management is implemented, only about six mgd will be available to be pumped to 
Sherard. For discussion purposes, it is proposed that the North Crow line will be used to 
deliver raw water to Round Top for demand management uses, and raw water from the 
Hecla line will be deliverable to Sherard. 

There are two options for pumping six mgd from the 20-inch supply lines. One is, as the 
Level I study indicates, a pump station near Round Top. A second possibility is a pump 
station at the WYE. 

5.1 Pump Station at Round Top WTP 

Pwnping from Round Top to Sherard will require construction of a pumping plant plus a 
transmission pipeline. To minimize pipeline length, a pump station location approximately 
two miles west of Round Top was selected. From this point, in the S1/2 S1/2, Section 7, 
TI4N, R67W, a 19,500 foot pipeline is required to deliver water to Sherard. A 24-inch 
pipe was selected, which carries six mgd at a velocity of 3.1 feet per second and jhus 
maintains additional capacity should higher flows be needed in the future. Pumping six 
mgd from near Round Top (elevation 6,315) to Sherard (elevation 6,400) will require a 
175 horsepower (130 kW) installation, assuming head is broken at the pump intake. See 
figure 5.1 for details. 

5.2 Pump Station at the WYE 

Placing a pump station at the WYE is premised on the fact that under maximum gravity 
flow conditions, the existing 30-inch line from the WYE to Sherard operates substantially 
below rated pressure. Pipeline capacity in this reach therefore can be increased by 
constructing a pump station at the WYE, which, by breaking head, also induces increased 
flow in the pipe from Crystal to the WYE. Compared to the alternative of a pump station 
near Round Top, two distinct dijferences are noted. First, no new transmission pipeline is 
required because the pump station will serve to pressurize an existing line. Second, the 
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pump station at the WYE must handle all flows in the 30-inch line, not just the incremental 
six mgd, and higher heads must be developed. Thus, the practical and economic tradeoff 
between the two is a sma1l pump station and pipeline (Round Top) versus a larger pump 
station and no additional piping (the WYE). Pumping 30.9 mgd (maximum gravity 
capacity of the 30-inch line from Crystal to the WYE, which is approximately the gravity 
capacity of the entire Crystal to Sherard line, plus an incremental 6 mgd) will require a 
2,530 horsepower (1890 kW) installation at the WYE. Such a power requirement may 
stress the local power grid. This flowrate occurs at a-velocity of 9.8 fps in the 30-inch 
pipe, which is high. See figure 5.1 for details. 

5.3 Alternatives for Increasing Raw Water Delivery to 
Sherard WTP 

The actual capacity of the 30-inch supply line to Sherard appears to be less than previously 
thought (see Section 2.3). Given this, and the impending loss of Round Top, there is a 
need to further evaluate how increasing quantities of raw water will be delivered to 
Sherard. 

The supply of surface water available at Crystal and North Crow dams is not the limiting 
factor in providing treated surface water to Cheyenne; getting that water to the Sherard 
WTP is. Three mechanisms were evaluated for increasing delivery to Sherard: 

1. Maximizing capacity of existing pipelines; 
2. Construction of pump stations; and 
3. Construction of additional pipelines 

Components evaluated are depicted on Figure 5.1. 

1. Maximizing capacity of existing pipelines: Although the 30-inch Crystal to Sherard 
line alone reaches its capacity at 24-25 mgd, up to 26.5 mgd could be delivered to Sherard 
if the 20-inch CI line from Hecla were connected to the 30-inch line at the WYE, allowing 
both sources to feed the 30-inch line from the WYE on down. The effect of this 
interconnection is to reduce headloss in both pipes above the WYE, leaving more pressure 
at the WYE, and increasing the throughput of the lower reach (see Figure 5.2). Proper 
valving could then be installed so that, until Round Top is retired, water from the Hecla 
line could be directed to either WTP. The BOPU should pursue this ''fix'', which will 
increase flows into Sherard until more extensive improvements are implemented. Such 
increased flows will only be useful when Sherard capacity is increased beyond 20 mgd, 
however. Costs estimated for bypass piping and valving needed at the WYE and at the 
Sherard WTP are approximately $400,000. 

2. Construction ofpump stations,: In addition to the incremental 6 mgd pump stations at 
the WYE and Round Top described above, another possibility is construction of a pump 
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station at the WYE sized to maximize the capacity of the 30-inch line downstream 
therefrom. Hydraulic analyses have been performed which indicate the maximum capacity 
of this reach, with pump station discharge pressures approaching the pressure limit of the 
pipe of250 psi, to be approximately 39.2 mgd (with a velocity of 12.4 fps, which will lead 
to unacceptably high headloss). A pump station of this size at the WYE would be a 5,670 
horsepower (4,230 kW) installation. 

3. Construction of additional pipelines: At some point, even pumping will not deliver 
sufficient raw water to Sherard, and additional pipeline capacity from Crystal will be 
needed. For the pJanning horizon evaluated - until 2040 - the needs of Cheyenne could be 
served with a parallel30-inch line below the WYE and a 24-inch line from Crystal to the 
WYE. A second 30-inch line is not needed above the WYE because the incremental flows 
can be carried in the existing 20-inch Hecla line. Whether and when additional pipelines 
would be needed is a function of demand, wellfield production, demand management 
implementation, and whether the pipeline( s) would be combined with pumping. 

A summary of the hydraulic capacities of the various pipes, existing or proposed, which 
deliver water to the WYE, and from the WYE to Sherard and Round Top, is given in 
Table 5.1. This summary not only describes the amount deliverable to Sherard and Round 
Top under pressure, but also how much is deliverable to the WYE under atmospheric 
conditions. That is, if a pump station were located at the WYE, how much additional 
water is available if head is broken at that point via a wet well. The hydraulic grade lines 
depicted in Figure 5.2 present hydraulic conditions for the Crystal to Sherard analyses. 

Economic Analysis 

To determine which pumping, piping or combination scheme is preferable required a 
review of demand forecasts from the Level I study. Population and demand projections 
were not re-evaluated as a part of this report. However, in review of the draft version of 
the cu"ent report, the BOPU noted that 1990 maximum day demand (shown on Figure 
5.3) of 42.4 mgd overestimates actual maximum day demand seen by the treatment 
plants. According to BOPU estimates, a beginning maximum day demand of 40.2 mgd is 
more appropriate. The effect of this lower beginning value is to delay the need for 
improvements by about 5 years, compared to the staging shown in Figures 5.4 through 
5.6 (as well as 5.10 through 5.12), assuming demands increase over time at the rate 
predicted. The reader is urged to consider the effects of these actual conditions when 
interpreting the results of this section. Demand projections, using the revised beginning 
value, are shown on Figure 5.3 for comparative purposes. For consistency with the Level 
I report, however, the demand values and growth rates published therein are retained here. 

Figure 5.3 presents the Level I peak day demand projection to year 2040. Also shown on 
this figure are the effects of demand management, reducing demand by 5 mgd until the 
year 2000, when savings increase to about 6.5 mgd. Groundwater pumping provides 11 
mgd until 1997, when wellfield capacity is increased to 14 mgd. Raw surface water must 
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Table 5.1 Summary of Hydraulic Capacities of Cheyenne BOPU Supply Pipelines 
Hazen-

Diameter Length Williams Upstrm 

Pipe Section (in.) Material (ft) .. c .. Elev. 

Crystal to WYE 

Existing Round Top Supply, discharge to atmosphere 20 CI 27,300 106 6,967 

Existing Sherard Supply, discharge to atmosphere 28.71 Steel 31,890 111 6,967 

Future Supply Line, discharge to atmosphere 24 01 31,890 125 6,967 

Crystal to Sherard 

Existing Sherard Supply 30 Steel/Ol 76,340 111;125 6,967 

Existing Sherard Supply, with 10-inch Bypass 30 Steel/Ol 76,340 111;125 6,967 

Existing Sherard Supply, discharge to atmosphere 30 Steel/Ol 76,340 111;125 6,967 

Connect Exist'g 20-in CI to Sherard Supply at WYE 20&30 StlOl/CI 76,340 106;111;125 6,967 

Connect 20-in CI at WYE, add 30-in below WYE 20&30 StlOI/CI 76,340 106;111;125 6,967 

Add Proposed 24-in above WYE and 30-in below WYE 20,24,30 StlOI/CI 76,340 106;111 ;125 6,967 

WYE to Sherard 

Existing Sherard Supply, pump at WYE for Max Pressure 30 01 44,450 125 6,529 

Old North Crow to WYE 

Existing Round Top Supply, discharge to atmosphere! 20 CI 37,500 97 6,893 

Hecla to Round Top 

Existing 20-in CI, discharge to atmosphere 20 CI 83,000 106;103 6,787 

Old North Crow to Round Top 

Existing 20-in CI, discharge to atmosphere 20 CI 93,200 97;94 6,893 

I 
I 

Dnstrm ! Cap. Vel. 

Elev. (mgd) (fps) Comments 

j 

I 
6,529 9.2 6.52 Intake is at Hecla, 4,590 ft downstream from Crystal 

6,529 30.9 10.63 Upper 4,425 ft is 30-in 10 RCP, Steel is 28.5-in 10 

6,529 
I 

21.3 10.49 Assume pump station at WYE 

6,413 21 6.62 From flow tests 

6,413 23 7.25 From flow test 

6,413 24 7.56 Pipe is DIP below WYE; PolyJet removed at Sherard 

6,413 26.5 8.35 Length does not include 27,300 ft of 20-in CI 

6,413 37 5.83 2 pipes abv WYE; 2 pipes below; vel in ea 30" pipe 

6,413 48 7.56 3 pipes abv WYE; 2 pipes below; vel in ea 30" pipe 

6,413 39.2 12.35 Pump Assist; 250 psi at WYE, 0 psi at Sherard 

6,529 8.5 6.03 Intake is at Old North Crow Dam 

6,381 6.6 4.68 Capacity based on flow test 

I 

6,381 6 4.25 Capacity based on flow test 

POTOEM.XLS 



,-.... 
0 
C) 

L 
'--' 

\J 
C 
0 

00 E ~ 
<lJ 

0 

>. 
0 

0 

E 
:J 

E 
x 
0 
L 

Figure 5.3 Maximum Day Demand Projections. 
with and without Demand Management 
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then provide the difference between total demand, corrected for demand management, and 
that amount met by groundwater supply. 

Three alternatives were evaluated to increase sW"face water delivery to Sherard. 

Alternative 1 assumes a pump station will be constructed at either the WYE or Round 
Top to provide an incremental 6 mgd. Groundwater supplies are increased concurrently 
to 14 mgd. After approximately year 2010, pump station capacity is no longer sufficient 
to meet demand. At this time, the pump station is retired and a new pipe is constructed 
from Crystal to Sherard to provide all necessary surface water by gravity. The capacity of 
this system will meet projected demands until about 2040. Figure 5.4 shows the timing of 
components under this plan. 

Alternative 2 assumes construction to include a new 30-inch pipe from the WYE to 
Sherard, in addition to increasing production from the wellfields to 14 mgd. This pipe will 
make maximum use of the 20-inch Hecla line. The capacity of this line will meet projected 
demands until approximately 2024, when demands will require construction of a 24-inch 
line from the WYE up to Crystal. With this pipe in place, projected demands will be met 
until about year 2045. This alternative delivers water to Sherard totally by gravity; no 
pump stations are required. Figure 5.5 shows the timing of components under this plan. 

Alternative 3 assumes Phase I construction of a 39 mgd pump station at the WYE, which 
will maximize the capacity of the 30-inch pipe below that point. No additional capacity is 
needed until 2028, when the pump station capability is fully utilized. At this time, wellfield 
production is shown to increase by 6 mgd to 20 mgd. The capacity of this system will 
meet projected demands until about 2040. Figure 5.6 shows the timing of components 
under this plan. 

Because all three alternatives require construction of major components many years in the 
future, a current capital cost comparison is of little value. Therefore, annual cost 
computations were performed and converted to present worth. 
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Figure 5.4 Staging Surface Water Supply -
Alternative 1 Component Staging 
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Figure 5.5 Staging Surface Water Supply -
Alternative 2 Component Staging 
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Figure 5.6 Staging Surface Water Supply -
Alternative 3 Component Staging 
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Capital Costs 

The following capital cost estimates have been prepared. Included for reference are the 
capital costs for those components constructed at some future time, assuming four percent 
inflation: 

Alternative No. 1 
24-in. Pipeline $3,444,000 
Year Constructed 2010 
Inflated Cost $5,735,000 

30-in. Pipeline $6,623,000 
Year Constructed 2010 
Inflated Cost $11,028,000 

6 mgd Pump Station $1,167,000 
Year Constructed 1997 
Inflated Cost NA 

39 mgd Pump Station NA 
Year Constructed 
Inflated Cost 

6 mgd Wellfield Ent. NA 
Year Constructed 
Inflated Cost 

Alternative No. 2 
$3,444,000 
2024 
$9,930000 

$6,623,000 
1997 
NA 

NA 

NA 

NA 

Alternative No.3 
NA 

NA 

NA 

$2,250,000 
1997 
NA 

$1,880,000 
2028 
$6,340,000 

Inflated capital costs were used to calculate debt retirement payments beginning the year 
the debt would be incurred. 

Annual Costs 

Annual costs for this comparison included debt retirement for capital expenditures and 
power, ifpump stations are included. Debt payments were computed assuming a 50/50 
loan/grant mix, interest at 7.25 percent, for a period of30 years. Exceptions to this occur 
when, for example, for Alternative 1, the 6 mgd pump station is amortized over a period 
of 13 years -instead of 30 - because this is the length of its useful life. In this case, credit 
for salvage value (50 percent of original cost) is taken. Other capital items that are 
constructed near the end of the planning horizon (2040) are amortized over however many 
years remain between construction and year 2040. 

Power costs for pump stations are more difficult to quantify, because although demands 
go up each year, the duration of pump running time will be a strong function of weather. 
The pumps are not running unless maximum daily demand exceeds the maximum daily 
gravity delivery of 26.5 mgd, which will be unlikely in wet weather but routine during 
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extended dry periods. As demands increase over time and pumping is required more and 
more frequently, actual pumping needs will become more predictable. 

Pumping costs that reflect the increased pumping frequency over time were calculated in 
the following manner: 

1. Maximum annual pumping hours were calculated assuming 744 operating hours in July 
with lesser hours assigned to the other months as a fraction of this amount in a pattern 
described by Table 3-7 from the Level I report. 

2. Costs were calculated for the entire year, using operating hours described above, 
following the same procedures described for calculating well and pump station power 
costs in Section 2.7. 

3. Monthly demands were assumed to be distributed over the year in the same pattern 
described in 1. above, with the projected maximum occurring in July. In this way, a family 
of hypothetical maximum annual demand curves was developed to reflect the demand 
projections in the Level I study (Table 3-8). This set of curves is presented as Figure 5.7. 
This figure reflects peak day demands after demand management effects and groundwater 
contributions have been removed (i.e. actual demands on surface water supply only). 

4. Frequency, or duration, of pumping was then estimated as the amount of time each 
demand graph exceeded 26.5 mgd, the maximum capacity of the Sherard supply line with 
the 20-inch Hecla line connected at the WYE. The fraction of the year so determined was 
then multiplied by the estimated maximum annual power cost (item 2. above) to arrive at 
the estimated actual power charge for that year. A summary of the findings of this 
procedure follows (values are rounded): 

Year 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 
0/0 Time 
Pumped 13.3 0 12.5 17.5 23.3 27.5 31.7 35.8 38.3 40.8 

Pum Station Size 
175HP 2,530HP 5,670HP 

Max. Annual Power Cost $28,570 $414,800 $930,760 
1995 $3,800 $55,200 $124,000 
2000 $0 $0 $0 
2005 $3,600 $51,900 $116,000 
2010 $5,000 $72,600 $163,000 
2015 $6,700 $96,600 $217,000 
2020 $7,900 $114,000 $256,000 
2025 $9,100 $131,000 $295,000 
2030 $10,200 $148,000 $334,000 
2035 $10,900 $159,000 $357,000 
2040 $11,600 $169,000 $380,000 
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Costs shown for years 2005 and later are expressed in 1995 dollars, and are inflated at 4 
percent prior to annual cost comparisons. Reductions in percent of time pumped for years 
2000-2005 as compared to 1995 are due to the assumption that the proposed park areas 
(North Cheyenne, South Cheyenne and Sun Valley Community Parks) would all be under 
demand management in year 2000, thus decreasing treated water demand temporarily. 

Under Alternative 1, pumping an incremental 6 mgd was described as from "either the 
WYE or Round Top". No distinction is made within the alternative, as the annual costs 
are similar. Whichever pumping location is chosen makes no difference in the relative 
economics between the three alternatives. However, when annual costs are compared for 
the 13 years during which the 6 mgd pump station would operate, the WYE location is the 
more favorable of the two (Figure 5.8). Thus, from this point forward, economics for 
Alternative 1 assume a pump station at the WYE. An annual cost summary comparing 
Alternatives 1, 2 and 3 is presented in Appendix 5.1. The annual costs for the three 
alternatives are shown graphically on Figure 5.9. 

Present Worth 

Present worth analyses, or converting a stream of future annual payments to a current 
equivalent sum, are also presented in Appendix 5.1. An inflation rate of 4 percent was 
used in the calculations. Present worth costs are also shown on Figure 5.9. 

5.4 Alternative Use of ASR Techniques 

As mentioned in Section 2.8, two additional applications of ASR (aquifer storage and 
recovery) methods have evolved during the course of this study. These applications 
include: 1) pumping rechlorinated groundwater from strategically placed wells directly 
into the treated water distrIbution system to mitigate low pressures during times of high 
demand, and 2) pumping treated water back into the city wellfields for storage and later 
use without retreatment other than chlorination. 

ASR Application Along Cheyenne's Southeast Periphery 

The distribution system in the eastern part of Cheyenne typically experiences high, or at 
least sufficient, pressures due to topographical influences. However, times of peak 
demand temporarily will cause pressures to drop in this area. Such a drop is due to 
friction losses in the system under high flows because the only source of head is the 
elevation of the King Reservoirs, or Round Top, west of town. It was postulated that 
pressures could be maintained in this area, and demand on treatment facilities lessened, if 
wells could be connected to the distnbution system at selected points. Such wells would 
only operate under low system pressure, say 40 to 60 ps~ at which time their pumps 
would help support pressures in the southeast part of town. When demands are low, the 
wells would bleed treated water into the ground so that no net draft on groundwater 
occurred. 
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Figure 5.9 Annual Cost Comparison, Sherard Supply Alternatives 1, 2, and 3 
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Advantages of this approach are several. They include a wider area from which more 
highly producing well sites could be selected, compared to ASR applications at parks and 
golf courses only; the lack of a need to connect to irrigation systems as well as potable 
lines (as is the case in ASR methods descn"bed earlier in this report); and the incremental 
effect on lessening demands whether or not other methods of demand management are 
implemented. 

Project Components and Economics 

Implementation of this project was assumed to include 12 Ogallala wells producing 300 
gpm each located along the southeast periphery of the city at places adjacent to open 
ground and where the distribution system appears to easily be tapped. Project 
components include, at each location, a well with ASR facilities as described in Section 
2.5, connection to the existing distribution piping, and a chlorination building. Detailed 
capital cost estimates are provided in Appendix 5.2. Project staging assumed two wells 
per year would be drilled over a period of six years. For debt service calculations, prices 
for capital items were reduced slightly to recognize the present worth effects of delayed 
construction. That is, it was assumed the money for all wells would be available up front, 
even though some wells would be constructed six years later. 

Annual costs include power, pump replacement, labor, and the value of lost treatment 
effort on that water which is injected. Power costs were calculated in the same manner as 
descn"bed in Section 5.3. Labor, pump replacement and lost treatment costs were figured 
similar to those presented in Section 2.7. 

Present worth calculations were performed to return all future expenditures to current 
dollars. These calculations are also presented in Appendix 5.2. 

Table 5.2 provides a summary of the costs of this alternative compared to providing a 
similar amount of additional treatment capacity. A cost comparison for implementing this 
alternative to supplying a similar amount of treated water shows that even if the lost 
chlorination cost is considered, the present worth of the alternative costs ($5,896,000) is 
significantly less than increasing treatment capacity ($8,187,000). Not as evident is the 
deferred cost of expanding existing treatment or transmission facilities west of town. By 
meeting up to 1.73 mgd of peak day demands from ASR wells, and given the slope of the 
demand projection curve (Figure 5.3), at full development this project could delay the 
effects of population growth on treated water demand by up to three to four years. Of 
course, this effect is contingent upon achieving well production rates of at least 300 gpm, 
which must be confirmed. 

ASR Application to Recharge Existing City Wellfields 

The second type of ASR identified involved pumping treated water back to the city wells 
during periods of low demand. In reviewing this concept with Jim Van Dom, Wellfield 
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Table 5.2 Summary of Alternative ASR Application Costs 

1 2 3 4 5 6 7 8 9 10 11 12 
Alternative Alternative Alternative Alternative Max Day Capital Treatment Treated Cost for TOTAL Treatment 

Annual Cost Annual Cost Pro Worth Pro Worth Water Cost Capacity Water Treated Annual Pro Worth 
Capital 50/50 100% Loan 50/50 100% Loan Savings Avoided Debt, 100% Used Water Treatment 100% Loan 

Alternative Cost 7.25%,30 yr 7.25%,30 yr 7.2SOk, 30 yr 7.25%,30 yr MGD ($1M/MGD) 8%,30 yr (MG/yr) ($1.11/kgal) Cost 8%,30 yr 

Wells Along Southeast 

Cheyenne Periphery $1.854,000 $98,300 $174,800 $4,869,000 $5,896,000 1.73 $1,730,000 $153,700 40.00 $44,400 $198.100 $8,187,000 

Pumping Back to Happy 

Jack Wellfield $1,177,000 $241,700 $290,300 $5,568,000 $6,219,000 2.00 $2,000,000 $177,700 459.00 $509,500 $687,200 $13,029,000 

Notes: 
1. Present worth costs in columns 5 and 12 are to be compared to determine the economic favorability of an Alternative. 
2. Annual costs in columns 2 and 3 can also be compared to column 11 to determine the economic favorability of an alternative. 
3. Present worth and annual costs bold and italicised denote project costs less than constructing and operating an equivalent amount of treatment capacity. 
4. Annual costs in columns 2 and 3 include O&M costs. 
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Supervisor, it was felt that only the Happy Jack field would benefit from such a program 
This field experiences the greatest seasonal drawdowns and is in greatest danger of being 
mined. According to Mr. Van Dom, the Happy Jack field loses about 25 percent of its 
capacity from spring to fall, due to declining water levels. Thus, evaluation of the 
application of this concept was limited to the Happy Jack field. 

The Level I study summarized average production from the Happy Jack field as 1,109 
acre-feet per year for the period 1983-1992, or 37 percent of the average total 
groundwater delivery during that period of 3,022 acre-feet per year. This is well below 
the adjudicated maximum groundwater production of 5,500 acre-feet per year. Many 
wells in this field are currently undergoing rehabilitation, which is designed to increase 
total peak day groundwater production from 11 mgd to 14 mgd, or a 27 percent 
improvement. Ascribing this amount of increase to the Happy Jack field would indicate 
near future groundwater production of about 1,408 acre-feet annually (459 MG). In an 
attempt to maintain water levels, it was assumed this same quantity would be injected back 
into the field. 

In further discussions with Mr. Van Dom, it was determined winter groundwater 
production needs could be met from the other fields (the Federal, Bell, and Borie well 
fields), leaving the Happy Jack wells idle and operationally able to accept water. Thus, an 
injection program should have little adverse impact on producing groundwater needed for 
buffering capacity (the BOPU tries to maintain a 30-35 percent groundwater mix for water 
quality reasons). Over time, water produced from the Happy Jack field would tend to 
exhibit quality closer to that indicative of surface water. It was assumed existing pipelines 
could be used to deliver water from the Sherard plant back to the wells, provided pumping 
capacity and a short bypass pipe were constructed to move treated water from the efiluent 
side of King No.2 Reservoir to the well side of the Happy Jack vault, a distance of a few 
hundred feet. 

Sizing of the pump station required estimating pumping quantity and lift from the King 
No.2 Reservoir to the furthest wells at the west end of the field, which are in an area 
experiencing some of the larger seasonal drawdowns. The Happy Jack field has fifteen 
active wells, producing an average of 315 gpm (including post-rehabilitation production 
estimates). Because injection into a well typically occurs at a rate less than production for 
similar head difference, and because head available for injection may be limited without 
casing pressurization, it was assumed each well could accept half the average pumping 
rate (158 gpm). It was further assumed the 459 MG annual injected quantity would occur 
evenly over a six month period, or at a constant rate of 2.55 mgd (1770 gpm). At a rate 
of 158 gpm per well, this translates to 11.2 (rounded to 12) wells needed to be fit with 
ASR facilities. 

Pumping lifts were estimated with static and friction loss components to the furthest, and 
topographically highest, wells. Static lift from the King No.2 Reservoir overflow (elev. 
6,386) to the King No.5 wellhead (elev. 6,675) is 289 feet, and to the Koppes No.6 
wellhead (elev. 6,570) is 184 feet. The extra head required to overcome friction was 
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estimated to be, using existing pipe sizes and proposed flows, approximately 40· feet to 
King No.5 and 60 feet to Koppes No.6. These equate to total pumping heads of 329 feet 
(142 psi) to King No.5, and 244 feet (106 psi) to Koppes No.6. For pump sizing, the 
larger of these was selected. The 142 psi discharge pressure needed to deliver water to 
King No.5 was then rounded to 150 psi, to account for other unanticipated losses. This 
also was felt to be as high a pressure as could reasonably be expected to be used with 
existing pipes; records of as-built pipe pressure ratings are not readily available. Prior to 
commitment to this project, additional work should be pursued to confirm the pressure 
capacity of the existing pipes, as well as their actual condition, as construction of a 
separate piping system would significantly affect project economics. 

Project Components and Economics 

A pumping rate of 1,770 gpm (3.94 cfs) at a head of 150 psi (about 350 feet) requires a 
minimum 224 horsepower pump station (assuming 70 percent pump efficiency). This 
facility would be located near the effluent side of the King No.2 Reservoir. No more than 
500 feet of 12-inch pipe would be needed to connect the pumping plant to the Happy Jack 
well line on the upstream side of its terminus vault. In addition to the 12 ASR installations 
to be constructed at selected wells, some expansion of the SCADA system would be 
desirable to allow fully automatic operation of the injection system. 

Annual costs include power, pump replacement, labor, and the value of lost treatment 
effort on that water which is injected. Power costs were calculated in the same manner as 
described in Section 5.3. Labor, pump replacement and lost treatment costs were figured 
similar to those presented in Section 2.7. Detailed capital cost estimates are provided in 
Appendix 5.2. 

Present worth calculations were performed to return all future expenditures to current 
dollars. These calculations are also presented in Appendix 5.2. 

Table 5.2 provides a summary of the costs of this alternative compared to providing a 
similar amount of additional treatment capacity. A cost comparison for implementing this 
alternative to supplying a similar amount of treated water shows that even if the lost 
chlorination cost is considered, the present worth of the alternative costs ($6,219,000) is 
significantly less than supplying treatment capacity ($13,029,000). Not as evident is the 
deferred cost of expanding existing transmission facilities west of town. By meeting up to 
an additional 2.0 mgd of peak day demands from the Happy Jack wells, and given the 
slope of the demand projection curve (Figure 5.3), at full development this project could 
delay the effects of population growth on treated water demand by up to four years. 

Effects of Alternative ASR Projects on Sherard Supply Economics 

Implementation of alternative ASR applications could have the cumulative effect of 
delaying improvements to the Sherard supply system, described earlier, by about seven 
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years. The three alternatives that were evaluated to increase surface water delivery to 
Sherard were then reevaluated to estimate the economic effects of such a delay. 

Alternative 1 assumes a pump station will be constructed at either the WYE or Round 
Top to provide an incremental 6 mgd. Groundwater supplies are increased concurrently 
to 14 mgd. ASR applications delay the need to construct this pump station until about 
year 2004. After approximately year 2018, pump station capacity is no longer sufficient to 
meet demand. At this time, the pump station is retired and a new pipe is constructed from 
Crystal to Sherard to provide all necessary surface water by gravity. The capacity of this 
system will meet projected demands until about 2045. Figure 5.10 shows the timing of 
components under this revised plan. 

Alternative 2 assumes construction to include a new 30-inch pipe from the WYE to 
Sherard, in addition to increasing production from the wellfields to 14 mgd.. This pipe 
will make maximum use of the 20-inch Hecla line. ASR applications delay the need to 
construct this pipeline until about year 2004. The capacity of this line will meet projected 
demands until approximately 2032, when demands will require construction of a 24-inch 
line from the WYE up to Crystal. With this pipe in place, projected demands will be met 
until about year 2050. This alternative delivers water to Sherard totally by gravity; no 
pump stations are required. Figure 5.11 shows the timing of components under this plan. 

Alternative 3 assumes Phase I construction of a 39 mgd pump station at the WYE, which 
will maximize the capacity of the 30-inch pipe below that point. ASR applications delay 
the need to construct this pump station until about year 2004. No additional capacity is 
needed until 2036, when the pump station capability is fully utilized. At this time, wellfield 
production is shown to increase by 6 mgd to 20 mgd. The capacity of this system will 
meet projected demands until past about year 2045. Figure 5.12 shows the timing of 
components under this plan. 

Because all three alternatives require construction of major components many years in the 
future, a current capital cost comparison is of little value. Therefore, annual cost 
computations were performed and converted to present worth. 
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Figure 5.10 Sherard Surface Water Supply. Alternative 1 
with Effects of Alternative ASR Applications 
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Figure 5.11 Sherard Surface Water Supply, Alternative 2 
with Effects of Alternative ASR Applications 
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Figure 5.12 Sherard Surface Water Supply, Alternative 3 
with Effects of Alternative ASR Applications 

70 ~~------~--------~------~--------~--------~------~--------~------~--------~------~ 
• Projected total demand 

--------- Projected total demand 
with demand management 

.. 1.73 MGD Demand reduction due to ASR 
60 application along Cheyenne's Southeast Periphery 

40 

30 

20 

1990 

_. -.-. - 2.00 MGD Demand reduction due to ASR 
application at Happy Jack Well 

1995 2000 2005 2010 2015 

Year 

2020 2025 2030 2035 2040 



Capital Costs 

The following capital cost estimates have been revised from those presented in Section 
5.3. Included for reference are the capital costs for those components constructed at 
some future time, assuming four percent inflation: 

24-in. Pipeline 
Year Constructed 
Inflated Cost 

30-in. Pipeline 
Year Constructed 
Inflated Cost 

6 mgd Pump Station 
Year Constructed 
Inflated Cost 

Alternative No.1 * 
$3,444,000 
2018 
$7,848,000 

$6,623,000 
2018 
$15,092,000 

$1,167,000 
2004 
$1,536,000 

39 mgd Pump Station NA 
Year Constructed 
Inflated Cost 

6 mgd Wellfield Enl. NA 
Year Constructed 
Inflated Cost 

Alternative No. 2* 
$3,444,000 
2032 
$13,590,000 

$6,623,000 
2004 
$8,715,000 

NA 

NA 

NA 

Alternative No. 3* 
NA 

NA 

NA 

$2,250,000 
2004 
$2,961,000 

$1,880,000 
2036 
$8,679,000 

(*with delayed construction due to implementation of alternative ASR projects) 
Inflated capital costs were used to calculate debt retirement payments beginning the year 
the debt would be incurred. Annual costs were computed similar to the method used in 
Section 5.3, with pump station power costs delayed by 7 to 8 years to recognize the 
reduced pumping load afforded by the ASR projects. That is, power costs under the 
revised procedure would be equal to the amount for power estimated seven to eight years 
earlier for the original alternative, prior to inflation effects. In essence, this reflects the 
ASR projects' effect of not only delaying construction, but also of retarding the growth 
rate of pumping hours needed per year, as presented in Section 5.3. 

Appendix 5.3 compares the annual costs of these projects on a year by year basis. Figure 
5.13 provides an annual cost comparison for the Sherard supply alternatives, with the 
effects of the alternative ASR projects. In all cases, assuming a 50 percent grant, present 
worth costs for the projects delayed by ASR are less than for the unaffected analyses. The 
difference is most noticeable for Alternative 3. For Alternatives 1 and 2, the advantage of 
delaying construction is in large part canceled out by the effects of inflation. 
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Figure 5.13 Annual Cost Comparison, Sherard Supply Alternatives 1, 2, and 3, 
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Alternative Present First Year Annual Cost PW Including Alt. 
Comparison Worth W/ASR W/OASR ASR Application 

Costs W/ASR 
Alt. 1 $8,439,000 $106,700 
Alt. 1 with Delay $8,402,000 $140,400* $18,839,000 
Alt. 2 $7,191,000 $273,600 
Alt. 2 with Delay $6,985,000 $360,000* $17,422,000 
Alt. 3 $11,044,000 $217~000 
Alt. 3 with Delay $9,795,000 $285,500* $20,232,000 
(*2004) 

Because the delaying of any of the Sherard supply alternatives requires investment in, and 
associated costs of, the alternative ASR projects, these ASR costs need to be included 
with the cost of the delayed projects, for comparison with the non-delayed projects. This 
cost combination is reflected in the last column above. In other words, the present worth 
cost of Alternative 1 is $8,439,000, which must be compared to the present worth cost of 
a delayed Alternative 1, plus the present worth of the ASR project that permitted the 
delay, or a total of $18,839,000. From this perspective, it does not appear favorable to 
delay any project, nor invest in the alternative programs. 

However, the comparison is not quite so simple. Both ASR projects are less costly than 
constructing similar quantities of treatment capacity, because water produced by these 
methods needs rechlorination only. Thus, investment in these projects could be justified 
on their favorability compared to treatment capacity construction alone. Also, the ASR 
project along the southeast periphery of the city has the intangible benefit of reducing 
stress on the distnbution system by not having to feed the entire city from one direction, 
and possibly delaying investment in a large cross-town main (see Chapter 6.0). Also, both 
ASR projects provide a permanent 3.73 mgd reduction in treated water demand, equal to 
converting 73 percent of the economically-serviceable existing park areas listed in Section 
2.7 to raw water use. 

5.5 Summary and Recommendations 

The choice of facilities for increasing deliveries to Sherard depends on the BOPU's 
assessment of demands within a 40-year planning window. For the 40-year planning 
period, Alternative 2 is the better choice with a lower overall present worth cost, and 
significantly lower amlual costs later in the project life. However, it is not the lowest 
amlual cost project in the early years, where the debt service on pipeline construction is 
greater than debt repayment plus power costs for either Alternative 1 or 3. If the first 13 
years were used as the planning window, to see if demands increase as projected, 
Ahernative 1 is the better choice. 

Implementing either of the two alternative ASR applications could delay the effects of 
population projections on treated water demand by up to four years. Implementing both 
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could delay those same effects up to eight years, if ASR wells along the southeast 
periphery of the city can be constructed to operate as assumed. 

As discussed in the economic analysis discussion in section 5.3, actual current maximum 
day demand differs from that determined in the Level I study. The difference (about 2.2 
mgd) translates to about a five year delay in project component staging compared to that 
shown in Figures 5.4 through 5.6 and 5.10 through 5.12, assuming the rate of growth 
occurs as predicted. The economics for these alternatives were not recalculated for the 
actual beginning demand because the change affects all alternatives similarly (by 
reducing annual and present worth costs slightly) and therefore would not affect the 
recommendations made previously. Demand forecasts such as these are useful tools for 
comparing alternatives on a common basis, but rarely occur as predicted. The BOPU is 
therefore advised to make decisions on timing of infrastructure construction based on 
target demands rather than uncertain time intervals. Accurate metering and up-to-date 
SCADA equipment will portend the true need for and timing of necessary component 
construction. 
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6.0 42/36-INCH MAIN ACROSS CHEYENNE 

The Level I study recommended phased construction of a new transmission main from 
King No.1 Reservoir to the southwest part of Cheyenne, through downtown, east along 
21st Street, past the intersection of East 12th Street and Converse Avenue, and ultimately 
to points east of College Drive. The purpose of the main is twofold: reduce the need to 
convey water from Round Top, and support the hydraulic grade lines in the northern and 
eastern parts of the city. Alternative 1 on Figure 6.1 (pocket) shows most of the 
recommended route from the Level I report. Preliminary engineering has determined this 
line to be 42-inch diameter from King No.1 Reservoir to the intersection of Happy Jack 
Road and Washington Avenue, 36-inch diameter from there to Henderson Drive, and 30-
inch and 20-inch from there on east. 

As proposed for the Level II study, alternate routes for the in-town sections of pipe were 
evaluated. While Alternative 1 would apparently serve the major purposes related to 
distnbution and pressure support, it was envisioned there may be a more easily 
constructable route other than through downtown. Additionally, Alternative 1 
immediately parallels an existing 24-inch main along West 19th and 21st Streets, and it 
was reasoned better pressure distribution could be achieved in that area if the new line was 
further separated from the existing main. West of the city, from King No.1 Reservoir 
essentially to the Crow Creek crossing, the route and sizing of the recommended 42-inch 
line was not further evaluated. 

Alternatives 2 and 3 on Figure 6.1 show two additional routes that were studied. 
Alternative 2 proceeds down West 16th Street, where pipeline construction could be 
coordinated with the planned reconstruction of that street by the WYDOT. At Capitol 
Avenue, the route drops to West 15th Street which is not a major thoroughfare and traffic 
disruptions would be minimized. Also, 15th Street is not currently built to city street 
standards, and pipeline construction would allow it to be upgraded. The final section .. of 
this route follows East Nationway and terminates at the intersection of East 8th Street and 
Converse Avenue. In this reach, Nationway has a wide right-of-way (ROW) which would 
allow pipeline construction without destruction of existing pavement. A drawback to this 
route is the ownership of the 15th Street ROW by the Union Pacific Railroad (UPRR). 
ROW lease fees typically charged by the UPRR are large and are viewed as a disincentive 
to construction by the BOPU. 

Alternative 3 stays south of Crow Creek, following Washington Avenue to Stinson, and 
across railroad tracks and through a relatively undeveloped area to West 7th Street. This 
route then follows West and East 7th Streets, ultimately crossing the railroad tracks again 
before terminating at East 8th Street and Converse Avenue, the same end point as 
Alternative 2. This alternative requires 5,500 feet more 42-inch pipe; 36-inch pipe does 
not start until the intersection of Snyder and West 7th Street. However, this route has the 
advantage of being relatively easy to construct, and it would support pressures in south 
Cheyenne as well as the eastern part of the city. 
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Cost Summaries for the three alternatives are provided in Table 6.1. For these estimates, 
it was assumed steel pipe would be used for the 42-inch transmission line to town, and the 
in-town 36-inch line would be ductile iron. Cost estimates were also solicited for concrete 
pressure pipe (AWWA C303 bar wrap), as an alternate for the 42-inch transmission line. 
Materials and installation for this type of pipe appear to be 10 to 15 percent higher than 
for stee~ so the cost estimates continue to use steel. However, if and when construction 
occurs, the C303 pipe should be considered in the bid process as future cost fluctuations 
may make it more competitive. Discussions with the BOPU have' indicated Alternative 3 
to be their preferred choice. 

The Level I study proposed that the need for this new main from Sherard was needed 
immediately, based on low pressures modeled for the 1995 maximum hour flow (about 66 
mgd). However, there was some concern of the model results because the BOPU has not 
seen short-term demand rates as high as 66 mgd (indeed, in recent years, the maximum 
seen has been closer to 50 mgd). In addition, some industrial demands, such as the 
Frontier Refinery, appeared to be affected by global peaking factors so that the demand 
value was inadvertently high. For these reasons, under a separate contract, SWWRC 
evaluated the model results for the 1995 maximum hour after making some minor changes 
in model demands. This work also looked at the effects of using a smaller maximum hour 
demand value (Le. 50 mgd vs. 66 mgd) to see if the need for the new main was imminent. 
The results of this work indicated that while a new, large diameter pipe is indeed needed 
when demands approach 66 mgd, the pipe is not needed immediately. 

Therefore, while the pipeline will be needed and must be installed, it has been lowered in 
priority in this report. The BOPU is advised that since demand projections are 
approximate at best, system pressures should be monitored at regular intervals in areas 
where low pressure concerns will be seen first. In this way, the need for the new line can 
be assessed over time, and funding sought as the need becomes more critical. 
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Table 6.1 Summary of 42/36-lnch Transmission Main Cost Estimates 

~ 
Annual Cost Annual Cost Present Worth Present Worth 

0 50% Loan/Grant 100% Loan 50% Loan/Grant 100% Loan 
0"1 

Capital 7.25% Interest 7.25% Interest 7.25% Interest 7.25% Interest 
Alternative Cost 30 yr 30 yr 30 yr 30 yr 

Alternative 1 $12,800,000 $528,700 $1,057,500 $7,090,300 $14,180,500 

Alternative 2 $10,800,000 $446,100 $892,300 $5,982,400 $11,964,800 

Alternative 3 $11,200,000 $462,700 $925,300 $6,204,000 $12,408,000 

CHAP6SUM.XLS 



7.0 SCADA UPGRADES 

This chapter presents a review of the BOPU's supervisory control and data acquisition 
(SCADA) system. The existing system was inventoried and suggestions made on its 
ability to be upgraded and expanded. Alternatives to leased phone lines for 
communication are also addressed with the intent of expanding the system to include the 
reservoirs, well fields, WTPs, and other miscellaneous sites. Along with the 
communication systems, this chapter discusses new software and hardware requirements. 
Radio path studies for this chapter were under subcontract with KNS Communications of 
Denver, Colorado. Copies of their report will be made available to the BOPU and the 
WWDC, and a copy is maintained in SWWRC offices. 

7.1 Existing SCADA System 

The current BOPU SCADA system consists of 15 remote terminal units (RTUs) in the 
field, leased telephone lines, and a Digital Equipment Corporation V AX computer. The 
system was manufactured by Leeds & Northrup and referred to as the "BIF Acutel Brite" 
system. Since its installation, the manufacturer has introduced a new line of SCADA 
equipment and discontinued support for the BOPU System. This action on the part of the 
manufacturer prevents the system from being upgraded or even maintained. 

Recommendations for the Existing System 

Because the existing system is outdated and has been abandoned by its manufacturer 
(eliminating any opportunity for expansion of the current system) the current syst~m 
should be replaced. The existing RTUs can be incorporated into a new SCADA system 
providing some initial savings. However, the computer system should be completely 
replaced to allow the SCADA system to run on a more common computer architecture. 
Regarding communication systems, several alternatives have been investigated to lower 
the overall cost associated with the current leased telephone lines. 

7.2 Communications 

The most costly and troublesome area of a SCADA system is the communication 
equipment. This part of the system links the control stations with the RTUs and provides 
the path for commands to the sites and data retrieval therefrom. Three techniques are 
available for this operation: leased phone lines, radio links, and satellite links. Leased 
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phone lines are currently being used. This section discusses the advantages of each 
method and makes recommendations on which should be used. 

Leased Telephone Lines 

The BOPU currently uses leased telephone lines to provide communication to its RTUs. 
These lines provide generally reliable service, but at a relatively high cost. However, the 
support and maintenance of the telephone lines are not the responsibility of the BOPU, but 
of the telephone companies. The major advantages to this type of communication are its 
ability to transmit around obstacles and the security from outside users interfering with the 
system. As for the past performance, the current lines have served the existing sites well, 
but repair times tend to be extensive. In cQnclusion, phone lines should be considered 
only for those remote sites that prohibit radio communication. 

Path Study For Radio/Satellite Signals 

Before new radio or satellite communication hardware could be recommended, the 
topography of the general area where the system would be installed had to be checked to 
assure proper performance. Initially, computer models were developed that provided 
preliminary ground profiles. From these profiles, problem sites were determined and field 
checked. 

Land profiles for each site were developed using digital models. Several different maps 
served as a basis for the models. These included USGS 7.S minute quad maps (1:24,000 
scale), Digital Elevation Models (3 second and 30 meter), and BLM topographic maps 
(l : 1 00,000 scale). 

After putting these maps in digital form, modeled profiles of each site were developed. 
Profiles were created to determine possible topographic obstructions in the system. Since 
radios primarily operate by "line-of-sight", this analysis helps determine problem areas 
before field testing. Also, interference-related losses may prohibit the signal from being 
received correctly, even though a location may have a clear line-of-sight to the base 
station. For this reason, signal losses were modeled from the calculated land profiles to 
identify additional problem areas, if any. 

After determining which sites might have communications problems, a field study was 
undertaken to determine their severity. Alternative solutions to line-of-sight deficiencies 
were also investigated until the problem sites could be resolved. Three groups of sites 
were visited and their path field strengths tested. These include the Cheyenne well fields, 
the Crow Creek Basin reservoirs and other miscellaneous sites. 
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Representative and problem well sites were chosen in each well field to determine the 
potential for radio links. With the help of Jim Van Dorn from the BOPU, field strengths 
were tested from those wells that were determined to have major losses or obstructions 
when using Round Top WfP as a base station. These tests are summarized in the KNS 
Communications Report (KNS Communications, 1996). 

All city reservoirs in the Crow Creek Basin were tested to determine if radio links were 
possible. When no line-of-sight path could be found, various alternatives were 
investigated. As an example, South Crow Creek Reservoir is obstructed from Round Top 
WTP. By bouncing a signal down a valley, however, the signal is able to be received at 
Crystal Reservoir. From there, the signal can be relayed to the base station. 

Along with the reservoirs and wells, field strength tests were also conducted from the 
WYE and a visual inspection was made at Ames Monument. As an alternative, the 
KTWO tower near the Sherard Water Treatment plant was also tested as a possible "store 
and forward" site. A "store and forward" site is an intermediate location that can "see" 
other stations that cannot "see" the base station, and where data are stored and then 
forwarded between them. 

Radio Links 

Radio transmitters and receivers relay all data and commands between the base station and 
the outlying sites without any physical connections. For radio systems to operate 
properly, the user must consider radio quality, system diagnostics, and vendor reliability. 
A sample specification for radios is included in the KNS Communications report which 
details the necessary qualities to be required of all radio link hardware. Also included in 
these specifications are lists of prospective vendors and materials. It is recommended that 
after installation of any radio system, and before final acceptance, a certified FCC radio 
technician fully inspect and certify the radios. This last check will help to verify the proper 
tuning and operation of the radios. 

Provided quality radios are utilized, only the radio frequencies used are of concern relative 
to this type of link. If an unlicensed frequency is chosen, there is a possibility that the 
system will be unable to communicate due to overuse of the frequency. If a licensed 
frequency is chosen, there will be a greater initial expense, but the frequency will be 
protected. The possible frequency selections this report investigated, with their 
advantages and disadvantages, are as follows: 

VHF Frequencies - Typically this frequency is dominated by voice transmissions. 
It is not recommended for SCADA system. 
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UHF Offset frequency pairs - This is a licensed frequency, using 450mhz 
frequencies. 

900 MHz MAS (Multiple Address System) frequency pairs - This system would 
use licensed 900 MHz frequencies. 

900 MHz Spread Spectrum - This frequency is non-licensed and has the possibility 
to become severely impaired by high power users. 

900 Mhz Microwave Frequency Pairs - These frequencies are licensed for a 
particular path only. Their primary use is for base station links. 

Satellite Links 

Radio links are typically line-of-sight signals. If there is an obstruction or signal loss 
between communication points, the signal will fail. For this reason, this report also 
investigated satellite links. Simply, the signal is transmitted to a fixed position orbiting 
satellite and then reflected to a ground station. The only physical impedance to this type 
of communication is satellite coverage. If a site is situated in a basin, there exists a 
possibility that it may not continuously be able to track existing satellites, thereby 
hampering communication. 

Although satellite coverage may present a problem, the high cost of this type of 
communication system is their main obstacle. Two methods for receiving satellite 
communications are available. The first involves the purchase of a receiver, which permits 
direct access to satellite transmissions. The cost for purchasing and installing this 
hardware is approximately $150,000. The second method uses a third party to receive and 
transfer the signal. Typically, such a service can be leased for about $400 per month per 
signal. Basic satellite systems provide only minimal communicating capability. A typical 
satellite link would only permit one polling every four hours, with only one way 
communication. To provide two way communication, separate satellite signals must be 
leased, and a receiving system must be installed. As evident from these costs, satellite 
links are extremely expensive, and they provide less than desirable communication 
flexibility. 

Recommendations for Communications 

Several alternatives were developed to evaluate combining the advantages of leased phone 
lines (some already in place, reliable, work well in non- "line-of-sight" situations), with 
radio links (less expensive, good for "line-of-sight" applications) and satellite links 

110 



(expensive, but possibly desirable for remote locations) for communication services. these 
alternatives include: 

Alternative 1 - Sites within the Crow Creek basin would be connected to the 
SCADA system with radio links. All other sites would retain their 
leased telephone lines. 

Alternative 2 - Sites within the Crow Creek basin would be connected to the 
SCADA system with radio links. All other sites would be linked by 
satellite. The BOPU would have their own satellite receiver from 
which to download satellite signals. 

Alternative 3 - Sites within the Crow Creek basin would be connected to the 
SCADA system with radio links. All other sites would be linked by 
satellite. The BOPU would pay an independent third party to 
download the satellite signals and forward them. 

Alternative 4 - All sites would be linked through leased telephone lines. 

Alternative 1 is recommended (see Figure 7.1, which shows the proposed radio links). 
This alternative uses both leased telephone sites and radio links. For the distant sites such 
as Hog Park and Rob Roy Reservoirs, the existing leased telephone lines would remain. 
These lines provide better access to the sites at a much lower cost than satellite links. 
Within the Crow Creek basin, radio links can provide the required coverage at a lower 
price than leased telephone lines. However, several different frequency types will be 
necessary to economically cover the entire system. These will be further discussed in the 
overall system recommendation. 

7.3 SCADA Control Software 

The main user interface with a SCADA system is the control software. Control software 
must be able to perform a multiple number of tasks, including providing telemetry 
communication with the sites and organization of incoming ~lata. Control orders are 
generated through the software and forwarded to the controlled sites, such as reservoir 
release valves, pressure sensors and water meters. Alarm levels can be set providing for 
notification of key personnel if alarm conditions exist. As the main interface with the rest 
of a SCADA system, the difficulty (or lack thereof) with utilization of the entire system 
will be based primarily on this one component. If this portion of the system is difficult to 
use or unreliable, the entire network may function below expectations. 
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Architecture 

A primary consideration with control software is its architecture. As with the existing 
BOPU's Leeds & Northrup "BIF's AttoBIF" SCADA system, proprietary software does 
not allow for the use of differing manufacturers' hardware. When replacements or 
upgrades are required, the ability to shop around for a better or less costly product (or one 

with better support) is lost. And, if the supply vendor goes out of business, the entire 
system may become obsolete and an entire system replacement necessary. 

A software package that has open architecture provides significantly more flexibility. 
Open architecture allows for multiple hardware setups and provides drivers and driver 
creation kits to work with a wide range of equipment. Varying hardware components can 
be installed within the system and be made to interact with the software appropriately. 
This allows for the SCADA system to be maintained, upgraded, or expanded. All the 
software packages evaluated for this study are of the open architecture classification. 

Hardware Requirements 

Three main computer types exist that run control software. The most expensive and 
specialized uses a mainframe system as the control platform. The initial capital cost is high 
for the mainframe, and system training and maintenance are expensive. Typically, 
mainframes also have their own unique operating systems, which require specialized 
support. For these reasons, as software has progressed, programming has been targeted 
towards other computers and away from mainframes. 

Workstations such as those manufactured by Sun Microsystems, Hewlett-Packard and 
Digital Equipment Corporation comprise the next level of computer platforms. These 
systems are more powerful than personal computers but still have less-common operating 
systems that are difficult for most people to operate and are not as common in the 
workplace. These systems, which generally are UNIX-based, are progressing toward 
personal computer compatibility with such operating systems as Windows NT. 

Finally, there are personal computers. These are the most common and widely understood 
type of computer. Most software is being written specifically for this platform. The 
power of this group of computers is constantly increasing and will eventually be as fast 
and powerful as workstations. As for their operating systems, nearly all computer users 
understand the basic functions of DOS and Windows, and further training is not 
anticipated. The SCADA control software packages that were studied in this report all 
run on personal computers. 
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Displays 

Four criteria exist from which to judge control software: programming, display of 
information, alarm functions with the ability to troubleshoot hardware, and presentation of 
historical data. Programming involves the initial setup of the software and the continual 
manipulation of the control screens and the database as upgrades and replacements are 
conducted. BOPU personnel need to be able to revise and update their software without 
the time or expense of bringing in an outside consultant for every change. Although some 
initial training will be needed for their personnel, the BOPU will experience cost savings 
with the ability to handle their own system. 

The next software attribute reviewed was data display. All the software is expected to 
display data correctly, but the quality of the display is important to the overall usability of 
the software package. If an operator can not readily determine how the system is running, 
mistakes will be made, and the SCADA system will not live up to its full potential. On the 
other hand, software that provides user friendly graphics allows for comfort with the 
system and more user confidence. 

Control software must also provide a good alarm scheme. Water distribution operations 
require that when certain conditions are violated an immediate warning be provided. 
Along with the alarm capabilities, some software packages allow for "on line" 
troubleshooting. Ifparticular problems are associated with an alarm, the solutions can be 
made to appear on an operator's screen immediately. 

The last criterion used to review control software is the ability to graphically portray 
historical data. Although data collection and alarm functions are the main uses of a 
SCADA system, the capability to review past data in a well organized manner provides a 
large benefit to the users of the system. Trends and variations due to process changes can 
immediately be seen and necessary changes made. 

Software 

Using the criteria above, three software packages were selected as acceptable alternatives. 
All three are specifically designed for this type of SCADA application. Their interfaces 
are user friendly and provide easy to use operator programming. They all have dealer 
representatives in Denver for nearby support; and, these software packages will operate 
with any RTU or programmable logic controller (PLC) including the existing BIFs. All of 
them provide for open architecture, run within Windows NT for personal computers, and 
in some form possess all the display criteria. 
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The three packages are as follows: 

Paragon TNT - Created by Intec Controls Corporation from Walpole, MA. 

FIX - Created by Intellution from Norwood, MA. 

InTouch 5.6 - Created by Wonderware from Irvine, CA. 

7.4 SCADA System Recommendations 

As previously stated, the existing BOPU SCADA system must be replaced. In its current 
state, it does not allow for affordable expansion of the overall system. The existing RTUs 
can be included in a new system to provide some salvage of the old hardware. New 
communication links should be transferred to radio links as depicted in Figure 7.1. This 
will provide reliable links at a cost savings. Control software must provide open 
architecture, user-friendly programming, alarm functions, and easy to read informational 
displays. 

The four alternatives presented in Section 7.2 were evaluated for their initial capital costs 
and operation and maintenance costs. Table 7.1 presents capital, first-year annual, and 
present worth cost estimates. Detailed cost estimates are provided in Appendix 7. These 
estimates include not only the costs for the recommended communication links, they also 
include money for new computer architecture and control software, the costs of which are 
essentially equivalent among the four communication link alternatives. Again, Alternative 
1, which uses leased telephone lines and radio links for communication, is preferred. 
Figure 7.2 presents a schematic of the proposed SCADA system. 

Radio Link Communications 

In accordance with the KNS Communication report, the recommendation for the radio 
links is for two 900 WIz MAS (Multiple Address System) systems, 2 900 Mhz 
Microwave Frequency Pairs, 2 UHF Offset frequency pairs, and possibly as many as two 
900 MHz Spread Spectrum systems. Round Top WTP and Table Mountain will serve as 
the two MAS master sites. From these two sites, signals will be relayed to the Snyder 
Avenue BOPU shop via the two 900 Mhz Microwave Frequency Paris. The Table 
Mountain site will require one of the frequencies and the use of Round Top WTP as a 
relay station. The UHF Offset frequency pair and the 900 MHz Spread Spectrum systems 
will be used for store and forward sites that do not have direct access to the repeater sites. 
It is possible the 900 WIz Spread Spectrum systems will not be needed. 

The application for the 900 WIz MAS frequencies should be made as soon as possible 
due to their limited availability and their required application time. The Federal 
Communications Commission (FCC) will only issue and protect these frequencies within a 
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Table 7.1 Summary of SCADA System Alternative Costs 

1st Year 1st Year 
Annual Cost Annual Cost Present Worth Present Worth 

50% Loan/Grant 100% Loan 500/0 Loan/Grant 100% Loan 
Capital 7.25% Interest 7.25% Interest 7.25% Interest 7.25% Interest 

I-' Alternative Cost 30 yr 30 yr 30 yr 30 yr I-' 
(j'\ 

1. Radio Links and Leased Telephone $704,000 $73,900 $103,000 $1,327,400 $1,718,000 
2. Radio and Satellite, BOPU-Owned Receiver $934,000 $133,600 $172,200 $2,502,000 $3,020,000 
3. Radio and Satellite, Third Party Receiver $736,000 $145,300 $175,700 $2,808,000 $3,215,000 
4. Leased Telephone Lines Only $727,000 $122,900 $153,000 $2,344,000 $2,747,000 
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90 mile range. Under this guideline, Cheyenne is lumped inside the same zone as Denver. 
This increases the competition for the limited number of frequencies. According to KNS 
Communications, several pairs still remain unused in the Denver area, but the number is 
dwindling. 

Additionally, the FCC processing time for this frequency range is relatively long. From 
the date the applications for the MAS licenses are received, the FCC processing takes 
approximately 8 months. This results in about a one year delay from the time that the 
application process starts until the system can actually be bid. If the BOPU wants to 
assure possessing the necessary licenses for the SCADA system, the application procedure 
should be started immediately. 

After applying for and receiving the licenses, there still exists the possibility that they can 
be withdrawn by the FCC. If the FCC is petitioned for the given frequencies due to 
inactive use, the agency may revoke the licenses. In order to avoid this process and retain 
the frequencies, each MAS systems must have at least 4 remote sites in operation within 8 
months of the date the licenses are granted. For this reason, along with the licensing 
costs, the BOPU should be prepared to install two master stations and eight remote 
stations within one year. 

In summary, the BOPU needs to apply for both 900:MHz MAS frequency licenses 
immediately. If the BOPU is unable to get the two required MAS frequencies, the entire 
SCADA system will be forced to use leased telephone line or satellite connections. This 
will nearly double the present worth cost of the radio system as can be seen in Table 7.1. 
In addition, to provide a minimal amount of functionality with these sites, application for 
the two 900 :MHz microwave frequency pairs and the UHF Offset frequency pair should 
also be pursued at the same time. This will allow the required links from Table Mountain 
to Round Top WfP to be installed. Along with the licenses, two master stations and eight 
remote stations must also be installed upon FCC granting of the licenses. This 
combination of the MAS systems and microwave links will fulfill the minimal ''frequency 
use" condition and comprise the backbone of the entire SCADA system communication 
link. The cost to apply for the frequencies and install the required initial system is 
approximately $120,000. In conclusion, and because the money needed for this expense 
will not be available from the WWDC quickly enough to reserve and protect the 
frequencies, it is recommended the BOPU initiate the process now to insure the future 
installation of this system. 
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8.0 PIPELINE CORROSION INVESTIGATION 

This chapter and Appendix 8.1 summarize the corrosion control evaluation for the 
Cheyenne Level II Study conducted by RUSTNOT Corrosion Control Services, Inc. with 
assistance from CH2M-IllLL. The evaluation is based on the field inspections and testing 
completed with Cheyenne BOPU personnel during the fall and winter of 1995 and the 
spring of 1996. 

8.1 Corrosion Evaluation Testing Approach 

The corrosion evaluation consisted of testing to determine the general condition of the 
various piping systems, some of which were 85 years old. No previous evaluation of the 
condition of the lines had been completed to determine their reliability. The goal of the 
corrosion evaluation was to determine if additional testing or rehabilitation of the lines 
would be required to maintain system reliability and how such work should be considered 
in the BOPU's future master plan. 

Soil testing consisted of laboratory analysis of 3 soil samples, 129 soil resistivity 
measurements, and 29 soil box resistivity measurements to assess the corrosivity at 
selected points along the various pipeline routes. Evaluating pipe conditions consisted of 
49 external pipe evaluations, 25 internal inspections, and evaluation of 19 pipe samples. 
The study also consisted of a determination of water corrosivity and a laboratory analysis 
of a black deposit found in the treated water pipelines. An inventory of the pipelines and 
appurtenances was also completed during the study to determine if more air release valves 
(ARVs) or blow-offs (BOs) should be installed on the pipelines. 

8.2 Pipe Summary 

The water transmission lines evaluated during this study consisted of approximately 84 
miles of 14 different raw and treated water transmission lines as well as pipe samples from 
smaller lines in the well fields (Table 8.1). The various transmission lines are shown on 
Figure 8.1. The results of the study are that the majority of the pipe system is in good to 
average condition and still is reliable. Some rehabilitation and additional testing is 
recommended on selected lines to more accurately identify possible problems and 
rehabilitation alternatives. The results and recommendations are summarized below by the 
different pipeline types. Appendix 8.1 goes into much greater detail regarding 
recommendations and costs for the individual pipe segments. Due to the quantity of 
information generated during the corrosion investigation, Appendix 8.1 is quite extensive 
and is bound separately. 
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TABLES.l SUMMARY OF PIPELINES EV ALUATED 
Pipe No. Pipeline Name Pipe Pipe Material Date Approximate 

(Location) Size Constructed Length 
(Inches) (Miles) 

1 Hynds (Sherard King I to 30 pecp 1951 5.02 
Town) 

2 North Crow (North Crow 20 CIP 1910 7.48 
Dam to Wye) 

3 Hecla (Hecla Diversion to 20 CIP 1910 5.18 
Wye) 

4 Federal Steel (Well Field 16 and Steel 1954 7.31 
Transmission) 20 

5 Round Top 30" (WTP- 30 CIP 1910 3.74 
Town) 

6 South Lake Line (Wye - 20 CIP 1910 10.55 
Round Top) 

7 North Lake Line (Wye to 20 CIP 1928 10.55 
Round Top WTP) 

8 Federal PCCP (Well Field 20 and PCCP 1957 7.66 
PCCP Transmission Line) 24 

9 Round Top 24" PCCP 24 PCCP 1959 2.53 
(Round Top WTP to Western 
Hills) 

10 Round Top 16" CIP (Round 16 CIP 1910 3.29 
Top WTP to Country Club) 

11 Round Top 30" DIP, Line 2 30 DIP 1987 1.47 
12 Intertie (Sherard King I to 36 and DIP 1974/75 4.63 

Round Top Lines) 24 
13 Crystal To Wye 30 RCP & Steel 1962 6.04 
14 30" DIP Wye to Sherard 30 DIP 197411975 8.42 

WTP 
15 Well Field Piping (Borie, Varies Steel and CIP 1940's, Varies 

Federal, and Happy Jack) 1950's 
TOTAL >83.87 
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Concrete Lines 

The three concrete pipelines were constructed in the 1950's and consist of approximately 
15 miles of pipe. The three lines are the Hynds 30-inch, the Federal 20- and 24-inch, and 
the Round Top 24-inch lines. All three lines are a prestressed concrete cylinder pipe 
(A WW A Specification No. 301). This type of pressure pipe contains a steel cylinder 
which is coated and lined with a concrete coating. There is prestressing wire on the steel 
cylinder. The pipe section of the concrete lines evaluated all appeared to be in very good 
condition and did not display any major corrosion damage on the pipe cylinder at the 
locations examined during this study. On both the 24-inch Federal line and the 24-inch 
Round Top line, the pipe joints appear to be diapered and coated with a concrete mortar 
completely around the pipe circumference. On the Hynds line, however, the external 
cement mortar diaper did not completely go around the whole pipe joint, and corrosion 
was observed on areas of uncoated steel at the external joints. Although the corrosion 
observed at the external joint locations examined was minor, additional testing should be 
considered given the corrosivity of this route. 

On the Federal 24-inch and the Round Top 24-inch lines it appears that some of the joints 
may be internally lined. However, it was not possible from the TV inspection to confirm if 
all of the joints were lined or not. It appears the internal joints on the Hynds 30-inch line 
were not mortar lined after installation. It was not possible to determine with the black 
deposit in the treated water lines if there was any internal corrosion of the joints occurring. 
Where the joint is not concrete coated, it allows the steel cylinder to be exposed to 
corrosive conditions both externally and internally. 

Consideration should be given by BOPU to monitor this problem. The steel cylinder 
should be examined whenever the line is excavated in the future. It may be possible to 
clean and mortar coat these joints, if major corrosion damage is discovered. The lines 
should be closely examined when the line is worked on this year by the BOPU to install 
valves and tees. It may also be possible to conduct an over the line potential survey to 
identify corrosion activity on the external pipeline in the most corrosive portions of the 
route. Because the pipeline is not electrically continuous, however, the potential survey is 
not as accurate and is more subject to interpretation than for an electrically continuous 
line. 

The major area of concern identified during the field survey was the condition of buried 
steel appurtenances connected directly to the concrete coated steel line. At these 
locations, there is a galvanic corrosion cell between the concrete coated steel and the 
coated steel. The coated steel is the anode and will corrode to protect the concrete coated 
steel. This was demonstrated by the major corrosion observed on the dresser coupling 
and ductile iron pipe spool at the King I Vault and on the bolts on the blind flange of the 
tee at Military Road. In both these locations major corrosion was observed. To minimize 
future corrosion at these locations, they should be coated and galvanic anodes installed. 
All joints should be diapered and a cement mortar coating installed to minimize exposure 
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of the steel cylinder to the corrosive soils. Coating could be completed with a petrolatum 
tape system (Denso) and 32 pound galvanic anodes connected directly to the steel piece 
by cadwelding. The bolts on the tee blind flange should be carefully replaced. One 20-
inch valve on the Hynds line at Highway 222 should be considered for replacement with a 
larger valve. It was not possible during our study to determine the condition of the pipe 
lining in this area to assess if the increased flow rate has caused any erosion/corrosion. 

There is a very slick black deposit in some of the treated water pipelines. It was most 
noticeable in the Hynds line, where the black deposit was slick enough to hinder 
movement in the pipeline and was so dark as to prevent inspection by TV equipment. The 
thickness of the black deposit varies between and along the treated water lines. It was 
reported to be thicker nearer the WTP locations. A sample of the black deposit taken 
from the Hynds line was analyzed. This laboratory analysis determined that the black 
deposit consisted of. aluminum, manganese, and iron. It is suspected that the aluminum is 
from the use of alum (aluminum sulfate) in the water treatment process and that 
manganese and iron are deposits from the water. It does not appear that the black deposit 
contributes significantly to the water corrosivity, but it does create dirty water complaints 
during times of high flow. 

Because the Hynds pipeline is going to be taken out of service later in 1996, it is 
recommend that additional testing be conducted at that time to determine the degree of 
corrosion at joints both internally and externally. This would require that the Hynds Line 
be pigged to clean the black deposit off the interior pipe surface to allow a better 
evaluation. This would consist of installing pig launching and receiving stations and 
constructing a settling pond for the dirty water. Soft pigs would then be run several times 
through the line to clean the black deposit out. Visual and physical inspection should then 
be completed on the pipe segments that are to be removed by the highway department 
during installation of the storm water drain pipeline at the interstate. Additional soil 
resistivity and potential measurements and excavations should also be completed at this 
time to determine the extent of external corrosion at pipeline joints in the most corrosive 
soil conditions. Depending on the degree of corrosion found during the external and 
internal testing, additional testing or rehabilitation could then be identified. 

At this time, it is not felt that TV inspection or potential measurements of the entire line is 
justifiable until it can be demonstrated that there is a significant problem. A phased 
approach to the additional corrosion investigation is proposed. The first phase of the 
testing would determine the extent of the problem and whether more expensive testing is 
required. The second phase, if required, would consist of TV inspection of the pipeline, 
over-the-line potential measurements for the entire pipe route and additional pipe 
excavations. Rehabilitation alternatives to be considered if major corrosion is identified 
would consist of cement mortar lining of the internal joints, joint bonding of the joints 
internally to provide electrical continuity to the pipeline, and installation of a cathodic 
protection system to provide corrosion protection to the uncoated portion of the external 
joints. 
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It is recommended that pigging of the line and the next phase of the corrosion testing be 
completed in 1996, at the same time the line is taken out of service for the line relocation 
at the interstate. It may be possible to remove the 20-inch valve at Highway 222, and 
replace it with a 30-inch valve, at the same time. The 20-inch valve will have to be 
removed anyway to allow the pigging operation. 

Cast Iron Lines 

The six cast iron pipelines consist of approximately 41 miles of unlined sand type cast iron 
pipe with lead joints. The five lines constructed in 1910 are the Hecla 20-inch line, the 
North Crow 20-inch line, the South Lake 20-inch line, the Round Top 30-inch line, and 
the Round Top 16-inch line. The sixth cast iron line is the North Lake 20-inch line, which 
was constructed in 1928. The exterior of the cast iron pipelines generally looked to be in 
good condition with minimal pitting. The soils along the pipe routes change from 
corrosive to non-corrosive conditions. The excellent condition and thickness of the 
external lacquer coating as well as the original cast iron wall thickness have contributed to 
the good service life. Some corrosion leaks on the 16-inch and 30-inch Round Top 
Pipelines have been reported by BOPU personnel. Minimal corrosion control work 
required would be installation of galvanic anodes for hot spot protection at any future leak 
locations. Cleaning and coating of appurtenances are required at some ARV, BO, and 
Vault locations. Some larger manhole vaults are required to allow access for maintenance. 

Sandblasting of the pipe samples collected during the study by BOPU indicate that 
corrosion pitting of the unlined cast iron lines have occurred. The internal evaluation 
indicates that pitting rates for unlined cast iron are between 1 and 5 mils per year. Some 
of the pits are up to 50 percent of the pipe wall. This will require that some rehabilitation 
should be considered for the cast iron pipelines in the future. 

Two rehabilitation methods evaluated were cement mortar lining and slip lining with a 
near tight fit Polyethylene Liner. Both rehabilitation methods will increase the pipe C 
factor but both reduce the pipeline interior diameter. The rehabilitation methods, costs, 
and benefits should be compared to pipe replacement. The priority for rehabilitation will 
depend on the pipeline and how the water flows will be managed in the future. Presently, 
from a corrosion control perspective, the descending order of priority would be the North 
Crow Line, the Hecla Line, then the 30-inch Round Top to Town Line, the 16-inch Round 
Top to Town Line, and the parallel lake lines. If one of the parallel Lake Lines can handle 
the anticipated demand management needs, it may be economically attractive to drain and 
leave in place one line while using the other. When corrosion leaks start occurring enough 
in the future that this line becomes undependable, the other parallel line can be activated. 

Depending on future demands, cleaning and lining of the existing 20-inch lines may be 
required. Both of these rehabilitation methods would help restore lost hydraulic capacity 
of the lines and restore pipe integrity by bridging areas of corrosion damage. Due to the 
condition and thickness of the sand cast pipe wall, it is not anticipated that rehabilitation 
will be required immediately. Given that 50 percent of the pipe wall has been penetrated 
in approximately 85 years, 1910 to 1995), we recommend that rehabilitation be completed 
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within the next 20 to 25 years to maintain system reliability, if such work is found to be 
economical. 

Based on the excellent condition of the unlined cast iron and steel pipe samples from the 
Borie Well Field, it appears that the well water is much less corrosive than the surface 
(lake) water. The pipe samples from the well field which were obtained and sandblasted 
by the BOPU confirm there is minimal internal corrosion and that the lines are in very 
good condition both externally and internally. It is anticipated the well lines will not 
require rehabilitation for the next 40 to 50 years. 

One item that was discovered during the study was that the upper portion of the Round 
Top 30-inch CIP line seemed to have some type of flow restriction (see Section 2.2). 
Additional testing is recommended to determine if this restriction may be in the valve 
house or in the upper 10,000 to 12,000 feet of the line. Testing should be completed first 
in the valve house area. Ifno obstructions can be identified then a tracking pig should be 
utilized to determine if the obstruction is in the line itsel£ The tracking pig would consist 
of a soft pig that has a transmitter to allow its location to be followed (tracked) from the 
ground surface. Launching and receiving facilities to be installed on the pipeline. If the pig 
becomes stuck at an obstruction, the pipeline will have to be excavated and a section of 
the pipe removed to retrieve the pig. The pig would be inspected after each run to see if it 
had encountered any obstructions such as partially closed valves. Another option would 
be to inspect the line with TV equipment, but this is more expensive and may not be 
possible given the number of valleys (bellies) in the pipe which may contain water. During 
the limited TV inspection performed for this study, water was encountered in one or both 
directions in the majority of locations inspected. This water may prevent TV inspection of 
the 30-inch line without having to provide a number of excavations to tap and drain the 
line to allow manned entry. 

Additional testing at the valve house could be investigated this summer. If a tracking pig 
test is required, it may be cost effective to combine such a test with the cleaning and 
pigging of the Hynds line. 

Steel Lines 

The two steel pipelines are approximately 11.5 miles long and consist of the 30-inch 
Crystal to the WYE and the 16- and 20-inch Federal Steel Well lines. The Crystalline 
(1963 construction) appeared to be in good condition at the locations observed during this 
study. Electrical continuity of the Crystal30-lnch Steel line was restored during the study 
by locating and repairing broken joint bonds on two high resistant test spans. Following 
these repairs, the new cathodic protection system was readjusted and the old system 
turned off. The entire pipeline is now above protected potential levels. It is not 
anticipated that any major rehabilitation of the Crystalline will be required, except for 
some minor maintenance of the appurtenances (ARVs and BOs). 

The Federal Well Field (comprised of 16- and 20-inch steel lines) was constructed in 1954 
and has dresser couplings. The line is therefore not electrically continuous. The exterior 
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coating on these lines is a coal tar enamel with a felt wrap. The internal coating is a coal 
tar enamel. There have been minimal problems on these lines to date, but as the external 
and internal coatings continue to age electrically and become less effective, corrosion will 
start to occur. One of the pipe samples from the Federal Steel line displayed signs that 
both the external and internal coatings are beginning to age as the internal coating was 
starting to crack and had lost most of its solvent smell. Rust deposits under the coating 
and minor pitting was observed on both the external and internal steel surfaces. 

At some time in the future, when external leaks start, it may be economical to install 
galvanic anodes on the Federal steel lines to provide cathodic protection for the pipe 
exterior in the most corrosive areas. This would consist of excavating and bonding each 
dresser coupling and installing galvanic anodes and test stations on the pipeline. It appears 
that approximately 4,000 feet of the Federal Steel line is located in three sections of wet, 
low resistivity areas near Crow Creek. These areas should be considered first for cathodic 
protection. Additional testing should be performed to confirm the condition of the lines in 
these areas, actual current requirement, costs, and an assessment of when cathodic 
protection should be implemented. This should be completed in the next 5 to 10 years. 

Ductile Iron Lines 

The three ductile iron pipelines comprise approximately 14.5 miles of the system. Two of 
the ductile iron lines were installed with polyethylene encasement in selected areas of the 
most corrosive soils. These two lines, the Crystal30-inch and the Intertie 36- and 24-inch 
lines, although 20 years old, displayed only minor surface corrosion. The Round Top No. 
2 line which is the newest line (1987) was not provided with any polyethylene encasement 
and displayed the most external corrosion damage. All three pipes were lined with cement 
mortar. The lining appeared to be in good condition with no rust stains observed. Some 
tuberculation and rust nodules were evident at the unlined joint areas. Minimal 
rehabilitation is recommended for the ductile iron lines. 

Round Top Steel Tank 

It appears that the 1,000,000 gallon steel tank at Round Top is coated with a red-lead 
based coating. Laboratory testing of a sample of the exterior coating confirm the presence 
of coating with red lead. The tank displayed major corrosion (up to 50 percent of the plate 
thickness). If the tank is going to be utilized, a structural evaluation should be performed 
before it is recoated. Since lead is classified as a hazardous waste, recoating of the tank 
will require proper disposal and handling of waste residue generated. We recommend that, 
if the tank is not going to be needed for storage, it be left in place. 

8.3 Summary of Estimated Costs 

Table 8.2 summarizes the estimated costs for corrosion control - related repairs and/or 
rehabilitation. The reader is referred to Appendix 8.1 for a more detailed discussion of the 
recommendations and unit cost estimates. 
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Table 8.2 Summary of Corrosion Control Alternative Cost Estimates 

Annual Cost Annual Cost Present Worth Present Worth 
50% Loan/Grant 100% Loan 50% Loan/Grant 100% Loan 

Capital or Budget 7.25% Interest 7.25% Interest 7.25% Interest 7.25% Interest 
Alternative Cost 30 yr 30 yr 30 yr 30 yr 

Clean and Inspect Hynds Line $300,000 $12,400 $24,800 $170,000 $330,000 
TV Inspection, Hynds Line $450,000 $18,600 $37,200 $250,000 $500,000 

Mort Int. Joints, Bonds and CP, Hynds Line $1,400,000 $57,900 $115,700 $780,000 $1,550,000 
.... Mort Int & Ext, Bonds and CP, Hynds Line $4,300,000 $177,700 $355,300 $2,400,000 $4,800,000 
tv Location Pigging, Round Top 30-ln Clf> $112,000 $4,700 $9,300 $62,000 $124,000 -..J 

TV Inspection, Round Top 30-ln CIP $130,000 $5,400 $10,700 $72,000 $144,000 
Corrosion Inspection. Federal WF Steel $32,000 $1,300 $2,600 $18,000 $35,000 

Joint Bonding & Cath Prot, FE~d WF Steel $200,000 $8,300 $16,500 $110,000 $220,000 
Slip Lining, 20-ln CIP, North Crow to WYE $1,800,000 $74,400 $148,700 $1.,000,000 $2,000,000 

Cmt Mort Lining, 20-ln CIP, Nortll Crow to WYE $1,400,000 $57,900 $115,700 $780,000 $1,550,000 
Slip Lining, 20-ln CIP, Hecla to Wye $1,200,000 $49,600 $99,100 $660,000 $1,300,000 

Cmt Mort Lining, 20-ln CIP, Hecla to Wye $950,000 $39,300 $78,500 $530,000 $1,000,000 
Slip Lining, 20-ln CIP, WYE to Round Top, 1 Line $2,500,000 $103,300 $206,600 $1,400,000 $2,800,000 

Gmf Mort Lining, 20-ln CIP, WYE to RT, 1 Line $1,950,000 $80,600 $161,100 $1,100,000 $2,200,000 

Total $16,724,000 

See Appendix 8.1 for more detailed descriptions of alternatives 
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9.0 CONCLUSIONS 

This Level II study has identified recommended alternatives to be implemented to address 
the study objectives outlined in Chapter 1. In brief, these objectives were: 

1. Quantify Demand Management Opportunities and Costs by reviewing areas 

where demand management could be implemented, and the associated costs. Specifically, 

this focuses on irrigation and, to a lesser extent, industrial uses which do not require, but 

are currently using, treated water. Several methods for supplanting treated water with 

raw water, groundwater, or wastewater eflluent were to be reviewed to determine which 

method best suited a particular application. To determine if demand management was 

viable, costs for implementation were to be compared to the cost of continued use of 

treated water for those applications. 

2. Identify Infrastructure Improvements at Round Top needed to allow storage 

and piping at this location to function properly when the filtration plant is taken off line in 

the near future. Improvements to be reviewed included control valving, disinfection 

systems for groundwater, and facilities to provide radon removal from groundwater which 

will continue to be routed through the plant. 

3. Evaluate the Need to Relocate Part of the 30-Inch Sherard WTP Supply 
Pipeline, which the Level I study had identified as possibly too close to the hydraulic 

grade line. Under this objective, the hydraulics of the entire 30-inch line were also to be 

reviewed to assess the ability of this line to deliver water to Sherard relative to the 

proposed expansion of the plant. 

4. Evaluate the Needfor a 12 MGD Pump Station from Round Top to Sherard, 
as recommended in the Level I study. The purpose of the pump is to increase raw water 

delivery to Sherard. Following from the results of the demand management analysis, the 

need for and sizing ofa pump at Round Top would be reevaluated. Other alternatives for 

increasing deliveries to Sherard, including new pipelines or construction of the pump 

station at another location, such as the WYE, were to be reviewed and compared to find 

the best alternative. 

5. Provide Preliminary Design and Layout of a New 42/36-Inch Main across 

Cheyenne, following review of the Level I CYBERNET model of the city distnoution 

system and determination of need for the upgrade. 
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6. Review the Current SCADA System and make recommendations for upgrades 

or replacements as needed, and 

7. Perform a Pipeline Corrosion Investigation to identify the condition and 

expected remaining useful life of, and possible remediation alternatives (if necessary) for, 

the main transmission pipelines. 

Once recommended alternatives are identified, a:final task was to determine the effects of 

the cost of the improvements on the BOPU's rate structure (tap and use fees) for private 

and commercial users. 

A summary of the recommended course of action for the various objectives follows. 

9.1 Demand Management 

Up to 5.13 mgd of water treatment capacity could be freed up by serving existing parks, 
golf courses, cemeteries, and the Frontier Refinery with raw and/or ground water. 
Additionally, 1.44 mgd of demand could be averted by using similar methods on the three 
larger proposed community parks. According to economic analyses, most of the demand 
management alternatives are feasible if grants are available for 50 percent of the project 
costs. If such grant funding cannot be found, 100 percent of the costs must be provided 
for by loans, making only 9 of the 15 service areas listed in Chapter 2 favorably 
economical. Detailed cost estimates are given in Appendix 2.4 and are summarized earlier 
in Table 2.3. 

Assuming a 100 percent loan, the most cost effective method of supplanting treated water 
for irrigation of the Northwest Park Complex is using the existing 16-inch cast iron line 
from Round Top, delivering raw water by gravity to area lakes, and constructing pump 
stations to provide irrigation water at the rates and pressures desired. 

The East-Central Park Complex appears to be best served with a pump station situated at 
a deepened Carey Reservoir, with raw water provided either through an extension of the 
16-inch line at Lion's Park or via conveyance down Dry Creek. Although the application 
of ASR technology to this park complex ranks third from a cost standpoint, this area 
appears to be the best location for a pilot ASR program. 

The cemeteries would be best served by extending a low pressure line from the existing 
16-inch line in Lion's Park to a pump station at the cemeteries, which would be necessary 
to provide irrigation pressure. Holliday Park appears 'best served by extending a low 
pressure pipe from the cemeteries to Lake Minnehaha and installing a pump station for 
irrigation. This alternative assumes raw water is available at the cemeteries. 

129 



The preferred alternative for the Miller School Athletic field is connecting it to pumping 
equipment at the cemeteries, and therefore assumes water is available at the cemeteries. If 
the cemeteries are not served, this field must continue to use treated water. The 
combination of the Veterans Hospital and Okie Blanchard Stadium were evaluated as an 
add-on to the East-Central Park Complex. It appears economical to add these service 
areas to the pump station serving the East-Central Park Complex. 

The McCormick Jr. High/Central High irrigated areas appear best served by pumping from 
Dry Creek. For this service area, it is assumed the Riser Well will supplement pumping 
from Dry Creek. The only viable alternative for serving the Frontier Refinery is pumping 
from Crow Creek. This alternative is especially attractive when combined with similar 
service to the Proposed South Cheyenne Community Park, and possibly Martin Luther 
King Park. 

9.2 Round Top Reservoir Piping and Well Line Evaluation 

Round Top Control Valving 

The original scope of work for this task stated that control valving was necessary on 
pipelines leaving the Round Top Reservoir to prevent overflow of the reservoir from 
treated water flowing from the King II Reservoir via the 36-inch intertie. Discussion with 
BOPU staff regarding this issue revealed that potential filling and overflow of the Round 
Top Reservoir from the King II Reservoir is currently satisfactorily controlled by 
adjustment of the control valve on the 36-inch intertie. Therefore, additional control 
valving to mitigate this condition is not necessary. However, control valving on the 16-
inch, 24-inch, and 30-inch lines exiting the Round Top Reservoir would be beneficial to 
remotely control filling and emptying of the reservoir with groundwater from the Bell and 
Federal well fields. 

Pratt Triton butterfly valves, or equal, conforming to A WW A Standard C504 are 
suggested to replace the valves on the 16-inch and 24-inch pipelines. Limitorque L120 
Series electric valve actuators with modulating control systems, or equal, are 
recommended for installation on the existing 30-inch butterfly valve, if compatible, and on 
the two new butterfly control valves. 

New 5 MG Round Top Treated Water Reservoir 

In the Level I study, a 5 MG Round Top Reservoir was proposed to store groundwater 
from the Bell and Federal well fields. The most probable location for the new reservoir is 
on the site of the existing water treatment plant. 

The proposed method for piping and valving configuration to support potable water 
storage and distribution from the new 5 MG reservoir, and nonpotable water storage and 
distribution from the current Round Top Reservoir, is intended to reuse, to the maximum 
extent possible, the current piping and valving and reservoir operational strategy. The 
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concept includes: repiping the current lines that empty Basin Nos. 1 and 3, so that they 
empty the new 5 MG reservoir; repiping the current lines that handle overflows from the 
east side of the treatment plant, so that they empty Basin Nos. 1 and 3; isolating the 24-
inch and 30-inch potable lines from the current Round Top Reservoir; and isolating the 
current 16-inch line for nonpotable service. 

Well Line Disinfection 

Once the Round Top filtration plant is taken out of service, incoming groundwater will 
need to pass through a new disinfection facility. Based on the comparative evaluation 
given in Chapter 3, sodium hypochlorite disinfection is the preferred disinfection method. 
Conceptually, a sodium hypochlorite storage and feed building (approximately 25 ft. by 16 
ft.) could be located between the two incoming well field pipelines just west of the existing 
Round Top reservoir. The location likely could be where the existing well house is 
located. Two buried plastic chemical feed lines would then deliver sodium hypochlorite to 
chemical diffusion injectors tapped into the Bell and Federal well field pipelines upstream 
of entry into the existing Round Top Reservoir. 

Radon Removal 

Radon levels range from 150 to 1,100 picocuries per liter (PCiIL) in the Federal and Bell 
well field groundwater. The proposed Environmental Protection Agency (EPA) maximum 
contaminant level (MCL) for radon is 300 pCiIL. Up to 73-percent radon removal is 
required to contend with proposed MCL. Based on the comparative evaluation presented 
in Chapter 3, in-line aeration is the preferred radon removal method for the Bell and 
Federal well fields. Conceptually, an in-line injection/degassing system could be placed on 
each of the well field lines just upstream of both the existing Round Top Reservoir and the 
disinfection application points. 

9.3 Relocation of 30-Inch Sherard WTP Supply Line 

Relocation of Pipe near Sherard WTP 

The Level I study noted a potential problem with the hydraulic grade line (HGL) dropping 
below the 30-inch line from Crystal to Sherard at approximately 800 feet upstream from 
the treatment plant, possibly resulting in air binding or cavitation and reducing pipe 
capacity, and recommended relocating about 1,500 feet of pipe. 

The top of the 30-inch pipe in the air relief7vacuum valve vault at station 442+15 is 15.2 
feet below the contact basin overflow leve~ or about 1.2 feet below the bottom of the 
contact basin. Considering that the pipe elevation at the point of concern is physically 
below the bottom of the contact basins, and that under high flows (when the hydraulic 
grade would be lowest) the water level in the basins would be at or near their operating 
HWL, there is no opportunity for the HGL to fall below the top of the pipe at the point of 
concern (442+15). Thus, relocation of the pipe in this reach is not warranted. 
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Hydraulics of 30-inch Line, Crystal Reservoir to Sherard WTP 

The maximum capacity of this line was reported in the Level I study to be 26 mgd. 
However, no qualification of this number was provided, and there are no recent tests 
documenting flow characteristics from which the BOPU can reliably plan. Data from tests 
conducted under this study allowed an estimate to be made of the maximum capacity of 
the line (without the existing PolyJet valve). Flow tests of this pipe were conducted on 
December 19, 1995, January 4, 1996, and February 20, 1996. Using the "C" factors 
calculated from the flow test data, and assuming the PolyJet valve to be removed, the 
maximum capacity for this pipe by gravity is in the range of24-26.5 mgd. The upper end 
of this range assumes the BOPU connects the 20-inch cast iron Hecla line to the 30-inch 
Sherard supply line at the WYE. 

9.4 12 MGD Pump Station and Pipeline, Round Top WTP to 
Sherard WTP 

The choice of facilities for increasing deliveries to Sherard depends on the BOPU's view 
of a 40-year planning window, particularly as it relates to whether or not future demands 
will unfold as the projections say they should. For the 40-year planning period, 
Alternative 2 (as described in Chapter 5) involving a new 30-inch pipe from the WYE to 
Sherard (in addition to increasing production from the wellfields to 14 mgd) is the better 
choice. However, it is not the lowest annual cost project in the short term, where the debt 
service on pipeline construction is greater than debt repayment plus power costs for either 
Alternative 1 or 3, both of which use pump stations early on. Ifa shorter period (about 13 
years) were to be used for the planning window, to see if demands increase as projected, 
Alternative 1 (constructing 6 mgd incremental pumping capacity at the WYE) is the better 
choice. 

Implementing either of the two alternative ASR applications (storage and recovery wells 
along the southeast periphery of Cheyenne, and using the Happy Jack well field for 
recharged water storage) could delay the effects of population projections on treated 
water demand by up to four years. Implementing both could delay those same effects up 
to eight years, if ASR wells along the southeast periphery of the city can be constructed to 
operate as assumed. Unquantified secondary benefits of these projects include reduced 
stress on the city distribution system, and possible delayed construction of the cross-town 
main described in the next section. 

9.5 42/36-Inch Main Across Cheyenne 

The Level I study recommended phased construction of a new transmission main from 
King No.1 Reservoir to Cheyenne. Three routes, including Alternative 1 from the Level I 
report, were evaluated. Cost summaries for the three alternatives are provided in Table 
6.1. For these estimates, it was assumed steel pipe would be used for the 42-inch 
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transmission line to town, and the in-town 36-inch line would be ductile iron. Discussions 
with the BOPU have indicated Alternative 3, a route which generally stays on the south 
side of Cheyenne, to be their preferred choice. 

Review of the BOPU's CYBERNET distribution system model has indicated that the need 
for this line is not immediate. However, pressures should be monitored at critical 
locations so that the timing for installation of this main can be better defined. Areas where 
low pressure may portend a problem include the suction sides of the Western Hills and 
Monterrey Heights pump stations, the mainline into the South Cheyenne Water and Sewer 
District (Walterscheid Road), and the Frontier Refinery. When confirmation of the timing 
for the pipe is accomplished, the budget numbers in Chapter 6 may need to be revised 
based on engineering or construction changes that may occur. 

9.6 SCADA Upgrades 

The existing BOPU SCADA system must be replaced. In its current state, it does not 
allow for affordable expansion of the overall system. The four alternatives presented in 
Chapter 7 were evaluated for their initial capital costs and operation and maintenance 
costs. The existing RTUs can be included in this new system to provide some salvage of 
the old hardware. New communication facilities can be established using radio links, but 
existing telephone lines are still recommended to comprise parts of the system not suitable 
for radio coverage. Control software and hardware are identified which provide open 
architecture, user-friendly programming, alarm functions, and easy to read informational 
displays. 

9.7 Pipeline Corrosion Investigation 
In general, the condition of the various pipelines investigated is a function of the material 
of which the pipe is made, and the length of service seen. Concrete cylinder pipes (e.g. the 
30-inch Hynds line) are in good shape except where buried steel appurtenances show 
evidence of corrosion. These pipes are also exhibiting accumulation of aluminum, iron 
and manganese deposits on their inner surfaces. Cathodic protection and pigging are 
recommended for several sections of these pipes. 

Cast iron pipes appear to be in relatively good shape considering their long service. Many 
have been functioning for up to 80 years (e.g., the north and south 20-inch lake lines). 
External corrosion is minimal, but internal pitting is occurring at a rate of 1 to 5 mils per 
year. Some samples exhibited corrosion of up to half the wall thickness. Rehabilitation in 
the form of lining (slip lining or mortar lining) should be considered as the pipes continue 
to age and show more frequent failures. For now, the pipes appear to be serviceable. 

Steel lines, such as the Federal wellfield line, are generally in good shape, although internal 
and external coating are beginning to age. Cathodic protection should be considered for 
steel lines in 5 to 10 years. 
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Ductile iron lines, such as the Crystal-to Sherard 30-inch line, are generally the youngest 
pipes in service and show the least wear over time. Minimal rehabilitation is anticipated 
for these lines. One exception is the Round Top No.2 line, which was installed without 
polyethylene encasement. This line should be observed over time to detect problems that 
may necessitate attention. 

9.8 Summary of Project Costs 

Table 9.1 presents a summary of capital, first-year annual and present worth costs for the 
various project components evaluated herein. For more detail on how these costs were 
developed, the reader is referred to the appropriate chapter as given in the table. 

9.9 Effects of Project Costs on BOPU Customer Rates 

Table 9.2 presents approximate rate effects of the various alternatives shown in Table 9.1. 
With the assistance of the BOPU, the first year annual cost (for two different loan/grant 
mix percentages) for each alternative was converted to an approximate cost per thousand 
gallons. This calculation assumed an annual water consumption of four billion gallons. 

These calculations do not differentiate between types of users (i.e. residential, commercial, 
industrial, or whether the user is located in the city or outside thereof). Nonetheless, it 
does give an indication of the magnitude of rate increases to be expected should the 
various alternatives be implemented. As Table 9.2 indicates, the $40 million in capital 
projects could result in rate increases ranging from $0.52 to $0.90 per thousand gallons, if 
all projects are implemented. The range shown depends on how much grant money can be 
secured, with the larger cost assuming funding with loans only at 7.25 percent. 

134 



Table 9.1 Summary of Alternative Project Costs Cheyenne Levell! 
I i 

i 
I I I 

I i Alternative I Alternative I ! 
! Capital i First-Year First-Year I Alternative ; Alternative i 

I Cost i Annual Cost Annual Cost ! Pro Worth i Pro Worth : I 
I See (Current ! 50/50 100% Loan 50/50 I 100% Loan ! Year i Relative I 

Alternative i Chapter Dollars) I 7.25%,30 yr 7.25%,30 yr I 7.25%,30 yr : 7.25%,30 yr : Constructed I 
Priority1 I 

I I I I 

Demand Management: I 2 ! I I 

Northwest Park Complex! i $1,800,000 : $99,700 $172,500 i $1,538,000 $2,515,000 1997 ! 1 

Existing Parks/Golf Coursesllndustry $4,370,000 $269,600 $443,600 $4,432,000 $7,100,000 1997 2 

Proposed Parks • $3,500,000 i $193,800 $338,500 I $2,969,000 I $5,900,000 I 2000 i 3 
! 

, 
I I 

I 
I --

Round Top Control Valving: 3 $19,000 NA NA I NA I NA 1997 i 1 
I 

New 5 MG Treated Water Reservoir: I 3 $5,138,000 $263,600 I $475,900 I $3,920,000 $6,766,000 I When Needed 3 

Well Line Disinfection: ! 3 $78,000 : $32,600 $35,900 I $658,000 I $701,000 i 1997 I 1 

Radon Removal: i 3 $429,000 i $57,500 $75,300 

I 
$1,069,000 ! $1,307,000 I 1997 i 1 I 

Sherard WTP Supply Altematives2
: i 5 I I i 

Alt. 1 - 6 MGD Incr. Pumping/New Pipeline. $11,234,000 ! $106,700 NA $8,439,000 I NA ! 1997/2010 I 

Alt. 2 - New Pipeline ~ $10,067,000 ! $273,600 NA $7,191,000 i NA ! 199712024 ! 2 
Alt. 3 - 39 MGD Pump StnIWellfield Expansion i $4,130,000 i $217,000 NA $11,139,000 ! NA I 1997/2028 

; 
I I 

Alternative ASR Applications: I 5 I I I I' I 
Wells Along Southeast Cheyenne Periphery : I $1,854,000 $98,300 $174,800 I $4,869,000 $5,896,000 I 1997-2003 I 2 

Pumping Back to Happy Jack WeI/field i $1,177,000 $241,700 I $290,300 i $5,568,000 $6,219,000 i 1997 T 2 
1$11,200,000 : 

1 

42136-lnch Main Across Cheyenne: 6 $462,700 $925,300 $6,204,000 : $12,408,000 i When Needed i 3 
SCADA System Upgrades: ! 7 $664,000 I $72,200 $99,700 ! $1,303,600 : $1,672,000 1997 ! 

1 
I I I 
i I I 

I 

1$40,296,000 ' I 
-------

GRAND TOTAL 
-~-----

i i 
i 

I : 
f---- -----

1 1 is highest priority, 2 is moderate priority, 3 is lower priority I 

2 only Alternative 2 is included in total. 
I 

i : 
-_.-

TABLE9_1.XLS 



Table 9.2 Summary of Rate Effects of Alternative Project Costs 
----------------- --r-----~--

Cheyenne Level II --- -----

Alternative Approx. Alternative Approx. 
~- --

Capital First-Year Rate Increase First-Year Rate Increase 
~-.~--

Cost Annual Cost $/1000 gal Annual Cost $/1000 gal 
f------- --

See (Current 50/50 50/50 100% Loan 100% Loan 
----~-.-----~--------.. -- --r--------------

Alternative Chapter Dollars) 7.25%,30 yr 7.25%,30 yr 7.25%,30 yr 7.25%,30 yr 
1--- -- -

Demand Management: 2 
1-----------

Northwest Park Complex $1,800,000 $99,700 $0.02 $172,500 $0.04 
--------- - ---

Existing Parks/Golf Courses/Industry $4,370,000 $269,600 $0.07 $443,600 $0.11 
------

Proposed Parks $3,500,000 $193,800 $0.05 $338,500 $0.08 

Round Top Control Valving: 3 $19,000 NA NA 
f--~-----

New 5 MG Treated Water Reservoir: 3 $5,138,000 $263,600 $0.07 $475,900 $0.12 
----

Well Line Disinfection: 3 $78,000 $32,600 $0.01 $35,900 $0.01 
----

Radon Removal: 3 $429,000 $57,500 $0.01 $75,300 $0.02 
--c---

Sherard WTP Supply Alternatives: (see note) 5 
f------- - - - --

Alt. 1 - 6 MGD Incr. Pumping/New Pipeline $11,234,000 $106,700 
-_._----

Alt. 2 - New Pipeline $10,067,000 $273,600 $0.07 $547,200 $0.14 

Alt. 3 - 39 MGD Pump StnlWellfield Expansion $4,130,000 $217,000 

Alternative ASR Applications: 5 
f--

¥Vel/s Along Southeast Ch~yenne Periphery $1,854,000 $98,300 $0.02 $174,800 $0.04 

Pumping Back to Happy Jack WeI/field $1,177,000 $241,700 $0.06 $290,300 $0.07 

42/36-lnch Main Across Cheyenne: 
c----- -

6 $11,200,000 $462,700 $0.12 $925,300 $0.23 

SCADA System Upgrades: 7 $664,000 
f---

$72,200 $0.02 $99,700 $0.02 

GRAND TOTAL $40,296,000 $2,065,300 
f---

$0.52 $3,579,000 $0.89 

------

Note: Only Alt. 2 is included in total 
c-

Rate increases assume 4 billion gallons delivered 
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