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1.0 INTRODUCTION 

In 1983 the "Laramie Water Master Plan Final Report for the City of Laramie", by Banner 
Associates, was prepared. The City is rapidly approaching the limits of its existing 
developed water supply and thus, the City felt a need to examine its water supply sources and 
alternatives for expansion. In an effort to keep this master plan consistent with present 
development trends and to develop a plan that would endeavor to anticipate future 
development trends and their related impacts to the water supply, treatment, transmission, 
and distribution system, the City of Laramie, in conjunction with the Wyoming Water 
Development Commission (WWDC) commissioned a City of Laramie Water Supply Master 
Plan Level I study in 1994. This study was completed by Western Water Consultants, Inc. 
and submitted to WWDC in January 1995. 

The Level I study addressed four primary areas of the water system. These were supply, 
treatment, transmission and distribution. Section 10.0 of the Level I study summarized the 
recommendations for further study and improvements to extend the capability of the existing 
system to meet future needs. In summary, this section recommended: 1) further analysis of 
the cathodic protection system and pipeline condition of the 20" and 24" transmission lines 
from the water treatment plant to the 8 million gallon (MG) storage reservoir, 2) study of the 
ability of the Pioneer Canal to deliver water during the winter months, 3) study of Laramie's 
rate structure, 4) further study to optimize the joint use of surface and ground water 
resources, operational analysis, and pump and backup power needs for existing booster pump 
stations for Zones 2 through 5. 

The purpose of the City of Laramie Water Supply Master Plan Level II is to perform 
additional analysis to determine necessary improvements to the supply, transmission, 
distribution and storage components of Laramie's raw and potable water system. 

The City of Laramie Water Supply Mater Plan Level II Study covers the following areas: the 
City of Laramie, Wyoming; an area between Sodergreen Reservoir and the City of Laramie, 
within the right-of-way of Highway 230; and an area between the Laramie River and 
Sodergreen Reservoir within the Pioneer Canal. 

The City of Laramie Water Supply Master Plan Level II Study was authorized by the 
Wyoming Water Development Commission in a contract with RBD, Inc. Engineering 
Consultants dated June 2, 1995, under Service Agreement Number 05SC0290696 . 
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2.0 CORROSION AND FLOW STUDY OF TRANSMISSION LINES 

2.1 RESTRICTED FLOWS 

The existing 36" pipeline does not have the capacity to meet the long term needs of the City 
of Laramie. The pipeline has significant hydraulic restrictions, in the form of trapped air, 
squashed pipe, silt and stick dams, and inadequate pipe size. The most significant losses are 
from the "Fish Trap" vault into the WTP. The isolation gates on the inlet structure are not 
performing adequately and need to be replaced. In addition, the next time the water level in 
Sodergreen Reservoir is lowered, an evaluation of the interior of the inlet structure should 
be performed. Consideration should be given to modifying the pipeline in Sodergreen 
Reservoir to reduce the silt load into the WTP. 

The existing 20" and 24" pipelines from the WTP to the City have a "C" factor of 120. This 
is indicative of a good clean pipe, although not new. 

2.2 CORROSION PREVENTION 

36 Inch Steel Raw Water Pipeline 

This 8,500 foot long pipeline from Sodergreen Reservoir to the Water Treatment Plant has 
experienced six external corrosion leaks between the Fall of 1993 and December 1995 and 
other existing leakage is suspected. The external coating was observed to be breached in 
many locations upon excavation inspection due to rock penetration. Corrosion damage in 
these damaged coating areas was severe. Cathodic protection current requirement testing 
also suggests the coating effectiveness is poor and that mitigation of further corrosion using 
cathodic protection may be feasible but difficult particularly if coating disbondment has 
occurred. 

Soil tests indicate the pipe environment is not unusually aggressive which supports the fact 
that corrosion leakage has been low for a 48 year old pipeline. However, even in these soils, 
unprotected steel piping will, if given enough time, ultimately develop leaks. 

The internal integrity of this pipeline appears to be intact. While a few localized areas may 
have more damage than was revealed during the video inspection, there does not appear to 
be a significant problem. 

In summary, the 36 inch raw water pipeline has been severely damaged by external 
corrosion. It is believed that numerous holes (10 to 50) already exist but have been 
undetected due to the high water table and low operating pressure of the line. It can be 
expected that corrosion leakage will increase at a rapidly increasing rate if left unmitigated. 
This line should be considered for replacement or extensive rehabilitation. 

Wyoming Water Development Commission 2-1 RBD, INC. 



24 Inch DIP Treated Water Line 

This line consists of approximately 4.9 miles of24 inch ductile iron pipe from HWY 230 
across town to the 8 MG storage reservoir. Only two corrosion leaks have been reported 
from the installation date in 1964 through December 1995. 

Although this line was installed without an external coating, corrosion appears to have been 
controlled partly due to the formation of a calcareous cement like deposit from the 
surrounding soils that has bonded itself to the pipe and formed a barrier. This "coating" 
material occurs most predominantly east of the Laramie River. 

External corrosion pitting, severe in certain small localized spots, was observed in several 
excavations where the "coating" was breached but it is the exception rather than the rule. 

Soil conditions are not unusually corrosive but certain "hot spot" areas are likely to develop 
greater corrosion rates. 

Internal corrosion has not been detected in any inspections to date and does not appear to be 
a threat to the structural integrity of the pipe. 

Based on all information available to date, it appears that external corrosion problems on this 
line are not severe enough to warrant replacement of the entire line and that the majority of 
it can be expected to provide an additional service life of20 to 30 years. Replacement of two 
segments of pipe that have already experienced leakage may be warranted. Corrosion 
leakage for the remainder of the line can be expected to occur in localized areas each year 
(estimated 1 to 3 leaks/year). Because the leak rate is expected to be manageable, this line 
is a good candidate for "hot spot" cathodic protection wherein sacrificial anodes are installed 
in specific locations to provide very localized corrosion protection. 

2.3 APPURTENANCES 

No significant deterioration was observed on the following three main pipeline 
appurtenances: the inlet structure on the 36 inch raw water line at the outlet of Sodergreen 
Reservoir; the valve vault on the 24 inch line adjacent to HWY 230 (sta 977+00); and the 
vaults at each end of the tunnel under 1-80 which contain the 24 inch treated water line and 
a 20 inch steel water line. 
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3.0 SYSTEM OPERATIONAL ANALYSIS 

3.1 EXISTING CITY DISTRIBUTION AND STORAGE SYSTEM 

The City of Laramie's demands for water are supplied by both surface and groundwater 
sources, with approximately 62% coming from its water wells and the rest from its water 
treatment plant. The distribution system is divided into five pressure zones, with the 
majority of the population currently living in Zones 1 and 2. All pressure zones, with the 
exception of Zone 1, are served by pwnp stations. There are five pwnp stations; the Hi and 
Lo sides of the Hi-Lo Pump Station, the Alta Vista Pump Station, the Indian Hills Pump 
Station, and the Imperial Heights Pump Station. The pump stations are staged so that water 
is lifted from zone to zone until it reaches the point of demand. The distribution system is 
served by three storage reservoirs, with a total capacity of 11.5 million gallons. 

3.2 FUTURE SERVICE PLAN 

Much of the anticipated growth in the Laramie area is expected to be around West Laramie, 
to the north and south of Zone 2, and on the east side. Using information contained in the 
Level I study, demands were calculated for 25 years and 50 years in the future. However, 
only the 25-years demands were used to model recommended improvements to the water 
distribution system per direction of the City. In addition, the system's ability to deliver fire 
flows was examined, based on the requirements given in the Uniform Fire Code. 

3.3 HYDRAULIC MODEL 

Modeling was performed by constructing a new distribution system model using Cybernet. 
This was done due to the inadequacies of the City's existing KYPIPE model, and the 
superior capabilities of Cybemet. The Cybemet model was constructed using data files from 
the City's existing KYPIPE model, system maps provided by the City, and other information 
provided by City staff. The Cybernet model was then calibrated using fire hydrant test 
records provided by the City. Assumptions were minimized by incorporating data from the 
City's SCADA (supervisory control and data acquisition) system, and from an understanding 
of system function gained through discussions with City staff. The computer model was 
used to model system function under Peak Day and Peak Hour conditions. Available fire 
flows were modeled under Peak Hour conditions, and compared with hydrant test data. The 
model indicated that low pressures and inadequate fire flows could occur in several areas, 
including Corthell Hill and the northern portions of Zone 2. In addition, it was found that 
the pump station serving the Imperial Heights subdivision could not deliver adequate fire 
flows. 

Wyoming Water Development Commission 3-1 RBD, INC. 



4.0 FLOW TEST OF PIONEER CANAL 

During the Autumn 1995 and Winter 1995/1996 a successful flow monitoring program was 
completed on the Pioneer Canal. The purpose of the late season flow was to demonstrate 
that water can flow from the Laramie River down the Pioneer Canal to Sogergreen Reservoir 
during the late autumn and winter. For purposes of the study the definition of autumn and 
winter had more to due with anticipated weather conditions than calendar seasons. Autumn 
was considered September through October 31,1995 with winter being November 1,1995 
through March 31, 1996. 

The autumn flow study estimated flow at predetermined cross-section stations along the 
length of the canal. In general, the estimated flow at the winter cross-section station was 
about 75-percent to 80-percent of the estimated flow at the Parshall Flume. 

The winter flow study estimated the flow at one cross-section close to Sodergreen Reservoir. 
Throughout the winter it was possible to flow water the length of the Pioneer Canal to 
Sodergreen Reservoir. 
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5.0 RATE STUDY 

Based on capital plans presented in Tables 5-2,5-3 and 5-5 as well as forecasted cash flows 
presented in Table 5-4, current monthly user charges will not support the CIP reflected in 
City budget documents as well as those included in this Level II Study. Based on trial rate 
increases, monthly user charges are estimated to have to increase 20.0 percent in 1997-98. 
The timing of this increase is due primarily to an increase in internally funded capital 
projects in that year. This result presumes that the City will use some of the remaining 
principal of a 1963 G.O. Bond issue to fund certain projects related to the water transmission 
and distribution system over the next few years. Depending on the need for additional 
capital investment, additional sources of funding for the rehabilitation of the transmission 
and distribution system may be necessary. 

If monthly user charges are increased 20.0 percent in 1997-98 and again by 6.0 percent in 
1999-2000 to offset the effects of inflation, sufficient revenue is expected to be generated 
through 1999-2000 to support both debt service payments for WWDC loans associated with 
recommended Level II improvements and increases in operating expenses due to inflation 
and other factors. Additional increases in monthly user charges· are expected to be necessary 
beyond the year 2000 to continue to fund both internal projects and to pay debt service on 
anticipated future WWDC - funded projects. At this point, the magnitude of those increases 
cannot be determined. 

Since additional improvements are being made to the water treatment plant, it may also be 
prudent to revise water plant investment fees to generate additional revenue for future capital 
projects supporting new customers. 
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TABLE 5-2 
CITY OF LARAMIE WATER FUND 
CAPITAL IMPROVEMENT PLAN 

1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003·04 2004-05 

Internally-Funded CIP' (Fiscal Year Basis) 

Administration SO SO S16,000 SO SO SO SO SO SO SO 

Pumping & Wells 0 3,100 182,000 21,000 0 0 0 0 0 0 

Filter Treatment Plantb 52,200 85,500 147,000 72,000 0 69,000 0 763,000 0 0 

Transmission & Distribution 135,000 0 342,000 295,000 305,000 287,000 335,000 335,000 335,000 335,000 

Meters 28,000 0 28,000 28,000 28,000 28,000 28,000 28,000 28,000 28,000 

Buildings & Grounds 2,800 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 

Water Rights 12,000 16,000 4,000 4,000 0 28,000 16,000 16,000 16,000 16,000 

Equipment Purchases 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 
........ - ................................. _._._ .. 

TOTAL INTERNALLY-FUNDED PROJECTS $302,822 $179,422 $793,822 $494,822 S407,822 $486,822 $453,822 $1,216,822 $453,822 $453,822 

Grant Loan 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

WWDC-Funded Projects (Calendar Year Basis) 

Wellfields< 67% 33% $200,000 

Construct Spur Well and Pipelined 67% 33% 4,200,000 

Modify Zone 3' 67% 33% 2,334,000 

Soldier Springs Rsvr 50% 50% 400,000 

Replace 36·inch Pipeline9 50% 50% 888,000 1,799,000 

Replace 20-inch Lagoon Pipelineh 50% 50% 150,000 

24-inch Pipeline' 50% 50% 312,000 

Corrosion Control Programl 50% 50% 3,500,000 
.............. .......... ......... -..... -.-..... -.-..... -....... -.. ............... .... .... . ............................... -................. ............................ -......... _ ..... 

TOTAL WWDC-FUNDED PROJECTS S600,000 S5,550,000 SO S2,334,000 SO SO SO S3,500,000 SO Sl,799,000 

TOTAL ClP S902,822 S5,729,422 S793,822 S2,828,822 S407,822 S486,822 S453,822 S4,716,822 S453,822 S2,252,822 

a Based on budget documents prepared by the City of Laramie. CIP items were escalated at 3.5% per annum to the mid-points of construction. 
b Based on cost estimates prepared by the City of Laramie. Costs of WTP improvements scheduled for 2002-03 are based on a S600,000 capital cost (1996S), escalated at 3.5% per annum 

to the mid-point of construction assumed to be january, 2002. 
c Based on a 1995 S400,000 WWDC granVloan package, only S200,000 of which was expended in 1995-96 per City staff. The granVloan split of the expended funds is 67% / 33%. 
d Appropriation based on a S3, 132,000 (March, 1993S) cost estimate (Level II), escalated at 3.5% per annum to the mid-point of construction (assumed to be june, 1997) to S3,625,OOO. 
e Based on a S2, 179,000 (1996S) cost estimate (Level II), escalated at 3.5% per annum to the mid-point of construction assumed to be June, 1998. 
f Based on a 1995 S550,OOO WWDC grant/loan package, only S400,000 of which was expended in 1995-96 per City staff. The grant/loan split of the expended funds is 50% / 50%. 
g Based on a S2,243,000 (1996S) cost estimate (Level II). It is assumed that S888,000 will be financed in 1996 and the balance funded in 2004 and its cost 

escalated at 3.5% per annum to the mid-point of construction assumed to be june, 2004. 
h Based on a S150,000 (1996$) cost estimate (Level II). 

Based on $312,000 (1996S) for cathodic protection plus replacement of certain portions of the pipeline (Level II). 
The project is expected to be partially funded from amounts left over from the Soldier and 8MG Reservoir projects totalling S550,000. 
Based on a S2,750,000 (1995S) cost estimate (Levell), escalated at 3.5% per annum to the mid-point of construction assumed to be June, 2002. 

2005-06 

SO 

0 

0 

335,000 

28,000 

2,000 

16,000 

72,822 

$453,822 

2005 

SO 

$453,822 
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TABLE 5-3 
CITY OF LARAMIE WATER FUND 

FORECASTED DEBT SERVICE SCHEDULE 
(Fiscal Year Basis) 

1995-96 1996-97 1997-98 1998-99 1999-00 

Grant Proceeds S168,OOO S3,489,OOO SO Sl,563,780 SO 

loan Proceeds S232,OOO S2,061,000 SO S770,220 SO 

Total WWDC-Funded Projects" S400,OOO S5,550,OOO SO S2,334,OOO SO 

Debt Service Payments 

Existingb 335,000 335,000 335,000 335,000 335,000 

4% /20 Years 17,071 17,071 

4% / 20 Years 151,652 151,652 

4% / 20 Years 0 

4% / 20 Years 

4% / 20 Years 
4% /20 Years 

.................................... . ................................... _ ....... 

Total Debt Service Payments S335,OOO S335,OOO S335,000 S503,723 S503,723 

a For financial planning purposes only. This does not constitute a commitment of WWDC funds for future projects. 

b This debt is expected to be retired in 2000-01. 

2000-01 

SO 

SO 

SO 

335,000 

17,071 

151,652 

0 

56,674 

S560,397 

2001-02 2002-03 2003-04 2004-05 2005-06 

SO Sl,750,OOO SO S899,500 SO 

SO Sl,750,OOO SO S899,500 SO 

SO $3,500,000 SO Sl,799,OOO SO 

0 0 0 0 0 

17,071 17,071 17,071 17,071 17,071 

151,652 151,652 151,652 151,652 151,652 

0 0 0 0 0 

56,674 56,674 56,674 56,674 56,674 

0 0 0 0 0 

0 0 0 0 

0 0 0 

128,768 128,768 

0 
....... , ..... ~............... . 

S225,397 S225,397 S225,397 $354,165 S354,165 



TABLE 5-4 
CITY OF LARAMIE WATER FUND 

FORECASTED CASH FLOWS 

1995-96' 1996-97b 1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 

Operating Revenues 
Monthly User Charges<·d 11,550,000 $1,565,500 11,897,400 11,916,400 12,051,700 12,072,200 12,218,500 12,240,700 12,398,900 12,422,900 12,594,000 
Meter Sales 30,000 18,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 
Othe'" 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 

Total Operating Revenues 11,590,000 $(593;500·· . 11,927,400 11,946,400 S2,081,700 S2,102,200 S2,248,500 12,270,700 S2,428,900 S2,452,900 S2,624,000 

Operating Expenses' 
Administration S297,298 B06,200 B15,400 B24,900 B34,600 B44,600 B54,900 S365,500 B76,500 1387,800 B99,400 
Pumping &. Wells 181,152 186,600 192,200 198,000 203,900 210,000 216,300 222,800 229,500 236,400 243,500 
Filter Treatment Plant 190,001 195,700 201,600 207,600 213,800 220,200 226,800 233,600 240,600 247,800 255,200 
Transmission &. Distribution 220,406 227,000 233,800 240,800 248,000 255,400 263,100 271,000 279,100 287,500 296,100 
Meters 125,404 129,200 133,100 137,100 141,200 145,400 149,800 154,300 158,900 163,700 168,600 
Buildings &. Grounds 68,725 70,800 72,900 75,100 77,400 79,700 82,100 84,600 87,100 89,700 92,400 
Water Rights 152,825 157,400 162,100 167,000 172,000 177,200 182,500 188,000 193,600 199,400 205,400 
Other 0 0 0 0 0 0 0 0 0 0 0 

Total Operating Expense Sl,235,811 Sl,272,900 Sl ,311,100 Sl,350,500 Sl,390,900 11,432,500 11,475,500 Sl,519,800 Sl,565,300 Sl,612,300 Sl,660,600 
Operating Income (loss) Excl Depcn S354,189 1320,600 .......... $61'6;·300· . . . -

S750,900 S863,600 S840,600 S963,400 U'1 S595,900 S690,800 S669,700 S773,OOO 
I 

+=' Non-Operating Rev~nues (Expenses) 
Earnings on Investments S13,000 113,000 113,000 113,000 113,000 113,000 113,000 113,000 113,000 113,000 113,000 
Miscellaneous9 53,893 33,985 40,000 40,000 40,000 40,000 40,000 40,000 40,000 40,000 40,000 
Transfer Out to General Fund (56,970) (66,462) (49,685) (50,160) (53,543) (54,055) (57,713) (58,268) (62,223) (62,823) (67,100) 
Debt Service 335,000 335,000 335,000 503,723 503,723 560,397 225,397 225,397 225,397 354,165 354,165 

Total 1344,923 1315,523 1338,315 'i5(j6~5'63' .. S503,180 ..... ····S559;342· 1220,685 1220,130 1216,175 S344,343 1340,065 

Total Available for Capital 19,266 15,077 1277,985 189,337 1187,620 1110,358 1552,315 1530,770 1647,425 1496,257 1623,335 

a Based on 1995-96 Budget documents. 
b Projected. 
c Annual Customer Base Growth 1.0% 
d Trial Rate Increases 0.0% 20.0% 0.0% 6.0% 0.0% 6.0% 0.0% 6.0% 0.0% 6.0% 
e Includes hydrant charges and construction reimbursements 
f Annual Budget Increases 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 

g Includes ranch lease, wellhead protection, ranch refunds, sewer service charges, and gain on security sale. 



TABLE 5-5 
CITY OF LARAMIE WATER FUND 

CAPITAL FINANCING PLAN 

1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 

Source of Funds 
Net Income from Operations 19,266 15,077 1277,985 189,337 1187,620 1110,358 1552,315 1530,770 1647,425 1496,257 S623,335 
Plant Investment Fees 72,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 60,000 
WWDC Loan Proceeds 232,000 2,061,000 ° 770,220 ° ° ° 1,750,000 ° 899,500 ° WWDC Grants 168,000 3,489,000 ° 1,563,780 ° ° ° 1,750,000 ° 899,500 0 
Other Transfers In ° ° ° ° ° ° 0 ° ° ° ° Total Sources 1481,266 S5,615,077 S337,985 S2~483;33i ... S247,620 S170,358 S612,315 S4,090,770 S707,425 S2,355,257 ··S683,335 

Use of Funds (Ca12ital Projects) 
Administration SO SO S16,000 SO SO SO SO SO SO SO SO 
Pumping & Wells ° 3,100 182,000 21,000 ° ° 0 ° ° 0 ° Filter Treatment Plant 52,200 85,500 147,000 72,000 ° 69,000 ° 763,000 ° ° ° Transmission & Distribution 135,000 ° 342,000 295,000 305,000 287,000 335,000 335,000 335,000 335,000 335,000 
Meters 28,000 ° 28,000 28,000 28,000 28,000 28,000 28,000 28,000 28,000 28,000 
Buildings & Grounds 2,800 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 
Water Rights 12,000 16,000 4,000 4,000 ° 28,000 16,000 16,000 16,000 16,000 16,000 
Equipment Purchases 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 72,822 
laPrelle Wellfield 200,000 0 ° ° ° ° ° ° 0 ° 0 

tIl 
Soldier & 8MG Reservoir 400,000 ° ° 0 ° 0 0 ° ° 0 ° I 

tIl Replace 42-inch Pipeline 0 888,000 0 ° ° 0 0 0 0 1,799,000 ° Construct Spur Well and Pipeline ° 4,200,000 ° ° ° ° 0 ° ° ° ° Cathodic Protection on 24-inch Pipe 0 312,000 ° ° ° ° 0 ° ° 0 0 
Replace 20-inch lagoon Pipeline 0 150,000 ° 0 0 ° ° ° 0 ° 0 
Modify Zones 3-5 0 ° 0 2,334,000 ° ° 0 ° 0 0 0 
Corrosion Control Program ° 0 ° ° ° ° 0 3,500,000 ° ° ° Total Uses S902,822 S5,729,422 S793,822 'Si~828~822 ··········i40i~822· S486,822 S453,822 S4,716,822 1453,822 S2,252,822 S453,822 



6.0 CONCEPTUAL LEVEL PLANS AND COST ESTIMATES 

6.1 ALTERNATIVE ANALYSIS 

6.1.1 36" RAW WATERLINE 

When all rehabilitation costs are totaled, Alternative No. 2 (Table 6-1) is the least 
expensive because it does not incur the "smart pig" cost. The disadvantage of this 
alternative, however, is that the pipe condition is not accurately known and may be 
considerably worse than presumed. This lack of knowledge increases the overall economic 
and operating risk of this alternative. However, the evaluation considered many other 
factors, including the probability of success, reliability of the system and the probability 
of the alternative lasting another 50 years. Examination of all the alternatives reveals that 
replacement of the entire 36 inch line with a new 42 inch line (Alternative No.4) offers the 
greatest value for the cost. While the cost is slightly higher than Alternative No.2, a new 
pipeline eliminates the operating uncertainty and risk associated with corrosion of the 
existing line and also satisfies the projected future hydraulic capacity requirements. 

6.1.2 24 INCH TRANSMISSION LINE 

Pipe replacement should be limited to those areas where leakage has already occurred. 
"Hot spot" cathodic protection involves the installation of sacrificial anodes at specific 
locations where corrosion has been observed or is likely to occur based on soil conditions. 
In addition, as part of a "hot spot" program, the City should install a sacrificial anode on 
the 24 inch line any time the pipe is excavated for any reason such as a tap, repair, 
inspection, or crossing by another utility. It must be noted that some localized corrosion 
leakage can still be expected to occur on the 24 inch line. However, the leak frequency 
will be greatly reduced from what would occur if no corrosion control measures were 
implemented. 

6.1.3 20" TRANSMISSION LINE 

No improvements are warranted on this pipeline because the pipe excavations revealed no 
corrosion problems and the soil sample data does not indicate particularly aggressive soil. 
No leaks have been reported by the City on this section of pipe and an excavation 
inspection performed during the Level I Study revealed no evidence of external corrosion. 
This line can be expected to provide 20 to 30 years of additional service life although an 
occasional localized leak may occur in the future. 
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Alt's 1 2 

1 125 60 

2 125 60 

3 125 60 

4 125 0 

TABLE 6-1 
ALTERNATIVE MATRIX FOR A 50 YEAR DESIGN LIFE 

PIPE SYSTEM TO SUPPLY RAW WATER FROM 
SODERGREEN RESERVOIR TO THE LARAMIE WTP 

1996 Costs in 1000's of Dollars Probabilities 

3 4 5 6 7 8 9 10 Pipe sizes 11 12 13 

375 70 60 0 0 0 676 15 36" / 22" 90 90 90 

0 70 60 250 0 0 676 15 36" / 22" 75 * 76 50 

0 5 60 0 660 0 717 5 32" / 24" 99 99 95 

0 15 0 0 0 1185 0 5 42" 99 99 99 

Total Points Total Cost 

270 $ 1,381,000 

201 $ 1,256,000 

293 $ 1,632,000 

297 $ 1,330,000 

Alternative No.1 Rehabilitate existing upstream intake structure; add new ARV's; install new dis 42" pipe; smart pig ex. 36" 
pipe and make repairs; add cathodic protection to 36" pipe; future 22" O.D. parallel pipe. 

Alternative No.2 Rehabilitate existing upstream intake structure; add new ARV's; install new dis 42" pipe; add cathodic 
protection to 36" pipe; repair future leaks; future 22" D.D. parallel pipe. 

Alternative No.3 Rehabilitate existing upstream intake structure; add new ARV's; install new dis 42 " pipe; slip line existing 
36" pipe wi 32" D.D. pipe; future 24" D.D. parallel pipe. 

Alternative No.4 Rehabilitate existing upstream intake structure; abandoned existing 36" pipe; install new 42" pipe 

Probability Point System: 0 - 100 with 0 being the least rating possible and 100 being the highest rating possible, 0 - worst case, 100 -
best case. 

Cost Value Note: Future occurrence items such as C.P in future, future leaks, and future maintenance are shown above in their 
present worth. The future pipe is assumed installed in 20 years and the cost shown above is its present 
worth. 
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Column Definitions: Column 1: Cost of rehabilitation of the existing intake structure 

Column 2: Cost of new downstream 42" pipe 

Column 3: Cost of smart pig and repairs 

Column 4: Cost of Cathodic Protection 

Column 5: Cost of A.R.V.'s 

Column 6: Cost to repair future leaks 

Column 7: Cost to slip line existing 36" pipe 

Column 8: Cost to install new 42" pipe 

Column 9: Cost of future parallel pipe 

Column 10: Maintenance cost 

Column 11: Probability of Success 

Column 12: Reliability of System 

Column 13: Probability of 50 year life of system 

* 1 % for 0 - 5 years = 0.05 
75 % for 5 - 10 years = 3.75 
85 % for 10 - 40 years = 34.00 

Total value = 37.80 
Possible value = 50.00 
Percentage = 76% 

6.1.4 CITY DISTRIBUTION SYSTEM 

The operational analysis of the City of Laramie water system included the evaluation of the 
following elements: 

• Pressure zones 
• Additional storage 
• Additional conveyance 
• The proposed Spur Well field 
• Existing pump stations 
• The 20-inch and 24-inch transmission lines 
• Increased treatment plant capacity 
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The system was analyzed for its ability to meet system demands for water, while maintaining 
adequate pressures. In addition, means to maximize operational efficiency were investigated. 
Demands were calculated using the information given in the Level I study. 

6.1.5 PIONEER CANAL 

Lining portions of the canal will reduce conveyance losses in a given reach. For this analysis 
three lining types are considered. The three lining types considered are: 

1. High Density Polyethylene (HDPE). 
2. Polyvinyl Chloride (PVC). 
3. Clay earth. 

Each lining type will require clearing and grubbing of the existing channel cross-section. For 
the HDPE and PVC alternatives, after clearing and grubbing, approximately 12" of the 
existing canal soil would first be removed, the liner installed, and then the soil placed back 
on top of the liner. For the clay earth liner, after clearing and grubbing, approximately 24" 
of the existing canal soil would first be removed, 12" of clay soil installed, 12" of existing 
canal soil installed, and the remaining existing canal soil disposed of. 

The State Engineers Office Groundwater Division was contacted to provide a tabulation of 
well permit records in the area adjacent to the Pioneer Canal. Research shows there are 43 
permitted wells in the area. Of the 43 permitted wells, 7 wells are 35 feet or less deep and 
an additional three wells are abandoned wells owned by the City of Laramie. There are an 
additional seven wells that have no recorded depth, yield or static water level. Of the 
remaining 26 wells, ten have a recorded depth of 100 feet or more. Of the remaining 26 
wells, the closest well is approximately 1500 feet from the Pioneer Canal and is about 80 feet 
higher in elevation. Therefore, lining the Pioneer Canal is expected to have little if any 
noticeable effect on well performance in the area. However, it is suggested that groundwater 
models for the existing condition and a lined canal condition be completed at the time of 
Level III fmal design to confIrm that lining the canal will have little if any noticeable effect 
on well performance in the area. 

6.1.6 APPURTENANCES 

No improvements are warranted on the appurtenances observed because no significant 
deterioration was observed. The following three main pipeline appurtenances were analyzed 
as a part of this report: the inlet structure on the 36 inch raw water line at the outlet of 
Sodergreen Reservoir; the valve vault on the 24 inch line adjacent to HWY 230 (sta 977+00); 
and the vaults at each end of the tunnel under 1-80 which contain the 24 inch treated water 
line and a 20 inch steel water line. 
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6.2 RECOMMENDED CAPITAL IMPROVEMENTS 

6.2.1 36" RAW WATERLINE 

RBD, Inc. recommends that a structural engineer be retained to more fully evaluate the inlet 
structure during the next scheduled "draining" of Sodergreen Reservoir. Until full access to 
the interior of the inlet structure is obtained to verify assumptions used herein, the full scope 
of the project is unobtainable. However, City crews have been inside the inlet structure and 
have not reported structural problems. In addition, evidence was not found of any problems 
other than minor surface spalling. Therefore, RBD, Inc. believes the inlet structure is only 
in need of surface "cosmetic" repairs and possibly minor structural repairs. 

When Sodergreen Reservoir is drained and the slide gate and minor structural repairs to the 
inlet structure are undertaken, RBD, Inc. recommends all of the debris in the inlet structure 
and the 36" pipeline near Sodergreen Reservoir be removed. The 36" pipeline should be 
videotaped to the common point with the taping completed under this study. Completion of 
this section will provide the City with a tape of the entire pipeline (less the small amount at 
the "fish trap" vault). 

Finally, if Sodergreen Reservoir is "drained" to the point where the 36" pipeline in the 
reservoir is visible, RBD, Inc. recommends dredging out the silt load around the pipe 
entrance. Although the area will eventually refill with silt, this will significantly reduce the 
amount of sediment load into the WTP. In addition, installing a 90 degree vertical bend on 
the end of this pipe will also reduce the amount of silt entering the WTP through the 
pipeline. 

RBD, Inc.'s evaluation demonstrated that the existing 36" pipeline does not have the ability 
to pass the future required hydraulic capacity of 15.75 MGD. In addition, the pipelines 
structural integrity has been jeopardized due to corrosion. Therefore, RBD, Inc. 
recommends that the existing pipeline be abandoned in place and be replaced with a new 42" 
pipeline as soon as possible. 

During development of the recommended capital improvements, considerable discussions 
were held regarding the costs involved in replacing the entire pipeline. As a result of these 
discussions, it was decided by the Wyoming Water Development Commission that the 
project would be completed in two phases. The first phase involves approximately the first 
1 000' of pipeline from the WTP towards Sodergreen Reservoir. This portion of pipeline was 
selected since it significantly increases the flow capacity of the system, due to the high head 
losses from the "fish trap" vault into to WTP, and because the improvements will be 
compatible with a future replacement/enlargement of the raw water pipeline regardless of 
whether the source is Sodergreen Reservoir or the Laramie River. The second phase includes 
replacing the pipeline between the inlet structure and the westerly end of the pipeline 
completed in Phase 1 as well as rehabilitating the slide gates at the inlet structure. 
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6.2.2 24 INCH TRANSMISSION LINE 

RBD, Inc.' s evaluation demonstrated that pipe replacement should be focused on those areas 
where leakage has already occurred. In addition, "Hot Spot" cathodic protection should be 
installed at specific locations where corrosion has been observed or is likely to occur based 
on soil conditions. Therefore, RBD, Inc. recommends that the following 24" pipeline 
replacement segments and 'Hot Spot" cathodic protection segments be constructed as 
available funding permits. 

Replace approximately 3,400 linear feet of 24" pipeline at the following locations: 

1. From the east side of the mobile home park located east of the valve vault at HWY 
230 to a point approximately 1,000 feet further east of the mobile home park (station 
988+20 to station 998+20). 

2. From the west side of the Laramie River east approximately 2,400 feet to the east 
side of Spring Creek located on the Big Hom Lumber Mill property (station 1062+00 
to station 1086+00). 

Install "Hot Spot" cathodic protection on a total of 4,850 linear feet at the following 
locations: 

1. From a point approximately 250 feet west of Adams Street to a point approximately 
1,750 feet west of Adams Street (1,500 feet) (station 1024+00 to station 1039+00). 

2. From the east side of Spring Creek located on the Big Hom Lumber Mill property 
to 2nd & Sanders (approximately 1,350 feet) (station 1087+20 to station 1101+35) 
Note: Footage and stationing differ due to existing railroad casing pipe not needing 
cathodic protection. 

3. From a point midway between 8th & Springcreek and 9th & Russell to a point 
midway between 10th & Russell and 11th & Russell (approximately 1,000 feet) 
(station 1027+00 to station 1037+00). 

4. From a point approximately 50 feet east of 15th & Spring Creek to a point 500 feet 
further east (500 feet) (station 1053+00 to station 1058+00). 

5. From the east side of the intersection of Park Ave. & Spring Creek to a point 
approximately 500 feet west (500 feet) (station 1170+50 to station 1175+50). 

6.2.3 20" TRANSMISSION LINE 

RBD, Inc. 's evaluation demonstrated that no capital improvements are warranted on this 
pipeline because the pipe excavations revealed no corrosion problems and the soil sample 
data does not indicate particularly aggressive soil. 
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6.2.4 CITY DISTRIBUTION SYSTEM 

The recommended improvements are given below in prioritized order, with the top priority 
given first: 

Pressure Zone 3: 

RBD, Inc. recommends that the City of Laramie combine the existing pressure zones 3,4 and 
5 into one zone, which is referred to herein as Zone 3. To achieve this, RBD, Inc. 
recommends that the City construct a 1.2 million gallon storage reservoir east of the City, 
with an overflow elevation of 7490'. In addition, RBD, Inc. recommends that a pipeline be 
constructed connecting the new tank to the Imperial Heights and Indian Hills subdivisions. 
The recommended diameter of the pipeline is 18" between the tank and Indian Hills, and 20" 
between the tank and Imperial Heights. 

RBD, Inc. recommends that once construction of the proposed storage reservoir for Zone 3 
is completed, along with the connecting pipelines, the City evaluate their pump stations and 
modify them to operate more efficiently. This will primarily involve modification or 
replacement of pump impellers, and removal of variable speed drives. 

Corthell Hill: 

RBD, Inc. recommends that the City construct a pipeline 18" in diameter from the Hi-Lo 
Pump Station to the terminus of the distribution system on Corthell Hill. This pipeline will 
alleviate low pressure problems reported there, and ensure that adequate fire flows can be 
delivered. 

Spur Wells: 

RBD, Inc. recommends that the City construct the pipeline from the Spur Well Field to a 
point in the distribution system located at the intersection of Beaufort and 15th Streets. This 
will improve system pressures in the northern portions of Zone 2, and allow further 
developments north of Zone 2 to connect directly into the new pipeline. RBD, Inc. further 
recommends that the 500,000 gallon tank proposed for the Spur Well project in the Level I 
study be eliminated as it would be unnecessary. 

Water Treatment Plant Pump Station: 

RBD, Inc. recommends that when the City has increased the capacity of its water treatment 
plant to an amount greater than what the 20-inch and 24-inch pipelines can deliver by gravity 
flow, it construct a pump station at the plant to deliver the increased flows through the 
existing pipelines. 

Wyoming Water Development Commission 6-7 RBD, INC. 



6.2.5 PIONEER CANAL 

RBD, Inc. recommends the following five items be incorporated into future winter flow 
studies: 

1) Continue the winter flow study throughout several winter seasons. During the winter 
of 1995-1996 is seems that performing velocity measurements twice a month was 
satisfactory. RBD, Inc. recommends the winter flow monitoring program be 
continued for five additional years. 

2) Move the two-foot parshall flume to the center or southeastern side of the 20-foot 
parshall flume. It is believed that moving the flume to the center or southeastern side 
of the larger flume will help prevent the flume from filling with snow. The 
prevailing wind is from the northwest and when the snow is blown into the flume it 
deposits along the Northwestern side of the flume. It was observed that the 
southeastern side of the flume was relatively snow free throughout most of the 
winter. 

The sandbag dike and plastic tarp constructed for this study at the flume, appeared 
to have some minor leakage. Since the purpose of the study was to estimate the flow 
at the upstream and downstream ends of the canal, a good hydraulic seal as possible 
at the Parshall Flume is important to prevent bypass flow. 

RBD, Inc. recommends that a steel panel dike with a steel stiffener plates be 
constructed in the throat of the 20-foot flume during the winter flow studies. The 
arrangement would consist of a steel plate forming the dike with a steel diaphram 
"backbone" of the dike. The steel plate is also fitted with a bracket for holding the 
2-foot parshall flume during future winter flow studies. The steel panel dike would 
be fitted with neoprene gaskets to form a water tight seal. 

3) Construct a solar shed over the two-foot flume. Constructing the solar shed will help 
the flume warm earlier in the day and stay warmer longer into the afternoon. 

4) Construct an air or carbon dioxide bubbler for the head pool of the 2-foot parshall 
flume. The bubbler would be a steel pipe with holes drilled approximately every four 
inches. A hose attached to the pipe connects to a pressurized bottle of air or carbon 
dioxide. The gas bubbling to the surface every few seconds will help keep the canal 
cross-section and head pool free of ice and reduce or eliminate pressure flow. For 
this arrangement to be effective the bubbler must be started prior to ice forming in 
the autumn. This technique is useful for preventing ice formation instead of 
breaking-up ice after formation has begun. 

A chainsaw was the most effective, efficient tool for getting through the ice at the 
winter cross-section. Several techniques for getting through the ice and keeping the 
ice open were tried during the study. However, because of the open location, cutting 
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through the ice with a chainsaw when the ice is about three inches or greater in 
thickness seem to be the best solution. 

5) During the Autumn Flow Study, there appears to be a difference in the flow reported 
by Western Water Consultants and the flow estimated by RBD, Inc. at the 20-foot 
flume. It was observed during the autumn that vegetation had grown on the walls and 
floor of the flume thus increasing the surface roughness. As the surface roughness 
increases the discharge is reduced (under the same head). It would be beneficial to 
accurately measure the flow in the flume throughout the year. Therefore, RBD, Inc. 
recommends that the 20-foot flume be painted with a product that resists the growth 
of vegetation in the flume. Perhaps, developing new flow vs. head rating curve 
should be considered. 

Lining portions of the canal will reduce conveyance losses in a given reach. In order to 
eliminate conveyance losses and thus eliminate costs to the City of Laramie for conveyance 
losses as well as maximizing the available water right from the Laramie River, RBD, Inc. 
recommends that the canal be lined its entire length. However, if the decision is made to line 
selected sections, the reaches with the highest conveyance losses are recommended for lining 
first. 

RBD, Inc. recommends that further investigation of potential influences between the surface 
water in the Pioneer Canal and its influence on groundwater be done at the time of the Level 
III project. A review of the state well permit records show there may be several wells that 
are various combinations of depth and recorded discharge that further investigation of the 
interaction of surface water and groundwater are warranted. The investigation should 
include a hydro geologic investigation to determine if it is possible that the wells and canal 
are hydraulically connected. If it is determined that there maya potential removal of water 
source by lining the canal, then a groundwater modeling exercise should be undertaken to 
further investigate and quantify the effects of lining the canal. RBD, Inc. recommends that 
two computer models be "built" as follows: 

1. With water flowing in the canal in its existing condition. 
2. With the canal lined thus removing surface water as a source from the subject wells. 

6.2.6 APPURTENANCES 

RBD, Inc.' s evaluation demonstrated that no capital improvements are warranted on the three 
appurtenances analyzed because the corrosion evaluation revealed no corrosion problems. 
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