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CHAPTER 1 

SUMMARY 

The Town of Glendo's existing water system is not capable of providing 

sufficient water at adequate pressure to meet peak summertime water demand. 

It was assumed that this problem was due to inadequate well capacity. Pump 

testing of the primary groundwater source, Downey Well No.1, revealed, 

however, that the well is of sufficient capacity to meet both present and 

future water demands. 

Computer simulation analysis of the distribution system indicates that 

the inadequate water and low pressure problems are in fact due to excessive 

headloss in the six inch transmission main connecting the Town to its water 
storage reservoirs. There are two possible solutions to this problem: 

1. Replace or supplement the six inch transmission main with a 

larger main. A ten inch main in addition and parallel to the six 

inch main could satisfy peak and minimal fire flow conditions 

while maintaining acceptable pressure level within the Town's 

distribution system. 

2. Provide adequate storage to meet peak and fire flow conditions 

closer to Town. For example, a new reservoir located at the old 

reservoir site 1000 feet southeast of Town utilizing the remain

ing six inch connecting main would be equivalent to providing the 

new 10 inch main discussed above. 

The existing three storage reservoirs are of sufficient total volume 

(210,000 gallons) to satisfy peak flow periods, provide one day's emergency 

storage, and satisfy existing fire fighting equipment demands for at least 

two hours. However, the reservoirs do not contain adequate volume to meet 

Insurance Service Office (ISO) recommendations for minimum fire flows of 

3,000 GPM for three hours based on the size and construction of the high 

school-grade school complex. An additional 400,000 gallons of storage is 

needed to meet this recommendation. 
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The cost of a new 10 inch transmission main is estimated at $150,000. 
The cost of a new 400,000 gallon, ground-level, metal cylinder reservoir is 
estimated at $185,000. As either improvement would solve the low pressure 
problems, the Town could gain an additional 400,000 gallons of storage at 
an incremental cost increase of $35,000, or $0.09 per gallon by adding the 
new reservoir. Therefore, it is recommended that the Town construct addi
tional storage nearer to Town. The size of this new reservoir should be as 
large as financially feasible, but not smaller than 150,000 gallons (Esti
mated cost $130,000). 

Assuming a total improvement program cost of $150,000 and funding the 
program through a 20 year, 10 percent revenue bond, a water rate increase 
of $1.06 per 1,000 gallons of water used would be required to pay for the 
program. This increase would represent an increase of 75 percent in the 
monthly water bill for a residential user using 5,000 gallons of water per 
month. 

GlENDO/Z 
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2. 1 STUDY PURPOSE AND SCOPE 

CHAPTER 2 

INTRODUCTION 

Over the past several years the Town of Glendo has experienced re

occurri ng low water pressure peri ods resul t i ng in forced curtail ment of 

water use. The Town requested assistance in correcting this problem from 

the Wyoming Water Development Commission through the Commission's Ground

water Grant Program. In August 1983, the Commission retained Morrison

Maierle, Inc. to complete a groundwater exploration program in order to 

II 1 ocate a re 1 i ab 1 e source of groundwater adequate to meet the projected 

needs of the TOWN OF GLENDO in proximity for economical development and 

delivery to the Town's existing system.II!1 

At the direction of the Commission this groundwater exploration pro

gram was to be completed in two phases. The first phase, a groundwater 

development feasibility study, was to consist of determining the Town's 

present and future needs for additonal groundwater supplies and to identiy 

potent i a 1 well site 1 ocat ions and target aqui fers to satisfy the water 

supply needs. The second phase of the groundwater exploration program was 

to consist of exploratory water well drilling and testing. 

Initially, it was not known if the Town of Glendo's existing ground

water sources could yield adequate suppl ies of water to meet the Town I s 

needs. This uncertainty regarding the adequacy of the existing groundwater 

sources stemmed from the possibility that the low water pressure problems 

were due to problems with undersized water mains within the distribution 

system especi ally the two mi 1 es long transmi ss ion 1 i ne connecting the 

Town's primary groundwater source to the in-town distribution system. 

Accordi ngly, the i ni t i a 1 emphas is of the groundwater deve 1 opment feas

ibility study was an evaluation of the existing water system components; 

supply, storage and distribution. 

11 Wyoming DAFC, RFP No. 0789-N 
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2.2 STUDY AREA 

The Town of Glendo ;s a small incorporated community located in east 
central Wyoming. Glendo is approximately 75 miles east of Casper on Inter
state 25 and a few mi 1 es west of Gl endo Reservoi r on the North P1 atte 
River. The Town serves as a commercial center for surrounding area 
ranchers and farmers. The local grade and high school s are attended by 
approximately 110 students of which about half are bused in from the sur
rounding area. Oil exploration and development has been and remains a major 
source of local employment. This type of employment is seasonal in nature 
and local officials estimate the Town I s population decreases to approxi

mately 300 during the winter months. A small tourism industry has deve
loped based on recreational activities at Glendo Reservoir and due to the 
Townfs location on the Interstate. 

The 1980 census population of Glendo was 369. The Wyoming Department 
of Administration Research and Statistics Section has projected that the 
population of Platte County will decrease over the next ten years . .!/ 
Thereforei t can be assumed that Glendo wi 11 experience very 1 itt 1 e if any 
growth over the same period. 

2.3 ACKNOWLEDGEMENTS 
Morrison-Maierle, Inc. would like to acknowledge the cooperation of 

the residents of the Town of Glendo in suffering temporary interruptions of 
water supplies duri ng the pressure testing of the di stri but i on system. 
Particular thanks are due to Ken Holkan who provided much needed assistance 
in conducting pressure tests of the system and pumping tests of the Downey 
Well No.1. Considerable support was kindly provided by Town Clerk, 
Barbara Cundall in obtaining water use records and by Town Mayor E.L. 

nHonk ll Engling and other members of the Town Council in obtaining necessary 
background information. Project funding and administration was managed by 
Evan Green of the Wyoming Water Development Commission staff who provided 
advice and direction at appropriate stages in the study. 

11 Phil Kiner, WDA; Telephone Conservation, 11-18-83 
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3. 1 GENERAL LAYOUT 

CHAPTER 3 

EXISTING WATER SYSTEM 

The general layout of the existing Glendo water system is shown on 
Figure 1. The primary source of water is the Downey Well No. 1 which is 

located about two miles south of Glendo (Figure 1). Water is pumped from 

the Downey Well No. 1 through a 6- inch di ameter AC transmi ss i on 1 i ne a 
distance of about one-half mile to three storage reservoirs with a combined 
storage volume of 210,000 gallons. Water from the storage reservoirs flows 

by gravity through about one and one-half miles of 6-inch diameter AC 
transmission line to where it enters the town distribution system. An 
additional well (Town Well on Figure 1) is located in town and supplies 

water directly to the town water distribution system. The locations of 

hydrants and valves wi thi n the town di stri but i on system are depi cted on 
Fi gure 2. 

3.2 WATER WELLS 

The primary source of water ;s Downey Well No.1. This well is lo

cated about two miles south of Town. The well is artesian and is presently 

equipped with a 25 horsepower centrifugal pump capable of pumping 80 to 120 

GPM to the reservoir site. This pump was originally equipped with a larger 
impeller and had a pumping capacity to the reservoirs of 250 GPM. To 

prevent excessive drawdown and the pumping of air during portions of some 
years, a smaller impeller with the present capacity was installed. In 1977 

a new control system was installed which bases pump operation on the water 

level in the Town1s largest reservoir. Water from the well is transmitted 

through a six inch asbestos cement (AC) main to the reservoirs and from the 

reservoirs to Town as illustrated on Figure 1. 

The second well (Town Well on Figure 1) is normally utilized as a 
standby source and is located on the south edge of Town. This well is 
approximately 600 feet deep and was re-equipped with a new submersible pump 

and motor thi s past summer. Wi th the new pump, the we 11 is capab 1 e of 
supplying approximately 40 GPM at the well house. 
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3.3 STORAGE 

The three storage reservoi rs are located just off the Downey Well 
transmission main between Town and the well. The three reservoirs are 
ground-1 eve 1 s metal cyl i nder tanks and have a comb i ned vo 1 ume of 210,000 
gallons. Individual tank volumes are in order of their construction: 

1971 -- 42 s000; 1977 -- 100sOOO; and 1980 -- 68,000 gallons. A second set 
of two 30,000 gallon reservoirs was located approximately 1,000 feet south
east of Towns but was dismantled in the late 1970·s. 

3.4 DISTRIBUTION SYSTEM 

The distribution system is shown on Figure 2. The core of the system 
was reconstructed in 1971 and consists of six inch AC mains. There is, as 
noted on Figure 2, some older and smaller pipe located mostly along the 
outer edges of the distribution system. The distribution system includes 
19 fire hydrants, however, only nine hydrants s most installed since 1971, 
are equipped with a standard 5.25 inch pumper nozzle. The remaining hy
drants are equipped with only a single 2.5 inch nozzle or, in a few cases, 
two 2.5 inch nozzles. 

3.5 WATER USAGE 

Based on meter readings for the July 1982 through June 1983 period, 
average water use ranged from a high of 110,000 gallons per day (GPO) in 
August 1982 to a low of 30,000 GPO in March 1983. These figures correspond 
to a per capita daily use of approximately 300 GPO in the summer and 100 
GPO in the winter. Total metered water use for the year was 19.32 million 
ga 11 ons correspondi ng to a year round average of 53, 000 GPO. Based upon 
midmorning flow measurements taken during September 1983, peak hourly flow 
rates of up to five times average daily flow can be expected. 

GLENDO/CC 
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4. 1 DESCRIPTION 

CHAPTER 4 

DOWNEY WELL NO. 1 

Downey Well No.1 is a flowing artesian well. Shut in pressure shown 
on engineering plans dated May 1971 is 30 pounds per square inch (psi). 

Shut in pressure measured September 12, 1983 was at 1 east 22.5 ps i as 

described under the analysis of the test data. 

It is not known whether the di fference in pressure between May 1971 

and September 1983 refl ects along term gradua 1 dep 1 et i on of aqu i fer 

pressure due to use of the Downey Well for water supply purposes or if the 
di fference is the resul t of other factors such as peak use, interference 
from summertime pumping of a nearby irrigaton well, periodic fluctuation in 

aqui fer pressures related to fl uctuat ions in long-term recharge, or even 

di fferences in determi ni ng pressure at each time. The di fference in ob

served aquifer pressure between 1977 and 1983 indicates that maintenance of 

a record of shut in pressures on a semi-annual basis or more frequently is 
des i rab 1 e in order to detect long term dec 1 i nes in aqui fer pressure that 

would reduce the yield of the Downey Well No.1. 

The surface casing of the Downey Well No. 1 consists of six inch 

diameter steel pipe. Other construction details including the depth of the 

well are not known. Other nearby flowing artesian water wells are about 
400 to 500 feet deep and produce from the so-called Converse sand, a wide

spread sandstone unit in the upper part of the Hartville Formation. It is 

presumed the Downey Well No.1 is completed at a depth similar to the other 

nearby wells in the Converse sand. 

4.2 YIELD TEST 

A test of the yi e 1 d of the Downey Well No. 1 was conducted on 

September 12, 1983 for the purpose of determining the long term dependable 

yield available for water supply for the Town of Glendo. The nature of the 

yield testing was necessarily influenced by the fact that the well was in 
operation for use by the Town. The length of the testing period during 
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which the well was not available to provide water to the Town was governed 
by the water available in the storage reservoirs and the desire to maintain 
a prudent level of storage. Therefore, the yield testing procedures were 
conducted in the shortest time possible consistent with obtaining valid 
test results. 

The discharge plumbing on the well was modified to pump water directly 
to the atmosphere with a discharge head approximately 2.5 feet above the 
pump outlet. The discharge plumbing was equipped with a valve so that the 
discharge rate could be regulated. Discharge rates were measured volume
trically by means of a calibrated container and a stop watch. The testing 
procedures consisted of (1) a shut in test· to measure aquifer artesian 
pressure, (2) an artesian flow test of yield, and (3) a pumping test of 
yield. Information regarding the sequence of test events is summarized on 
Table 1. 

The total duration of artesian flow yield testing was 13 minutes and 
203 minutes for pumping yield tests. All artesian flow tests were con
ducted through the pump impellers. Final artesian flow pressures at 120 
GPM were 16.5 psi indicating that the pump impellers were restricting the 
artesian flow rate. The total loss in production time for the Downey Well 
No. 1 during the testing, including shut in tests of pressure, was six 
hours and nine minutes. 

4.3 ANALYSIS 

Analysis of the test data includes determination of static conditions, 
calculation of aquifer parameters such as the transmissivity and storage 
coefficient, and determination of specific capacity values to be used in 
projecting future well yields. 

4.3.1 Static Conditons 

As shown on Table 1, the first part of the testing procedure consisted 
of a shut in test of artesian pressure. The shut in test lasted for about 
96 minutes. Data from the shut in test are shown on Table 2. 
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Table 1: Sequence of Test Events 

1. Shut in recovery test: 
Duration - 1 hour 36 minutes 
Initial shut in pressure - 17.0 psi 
Final shut in pressure - 22.5 psi 

2. Artesian flow yield test: 

Flow Initial 
Rate Duration Pressure 

(GPM) (Minutes) (psi) 

36.4 5 21.50 
85.7 3 19.25 

120.00 5 17.25 
Shut In 3 19.50 

3. Pumping yield test: 

Pumping Initial 
Rate Duration Pressure 

(GPM) (Minutes) (psi) 

100.0 10 19.00 
240.0 158 12.00 
171.4 8 7.60 
120.0 8 11.50 
60.0 9 14.00 
32.4 10 17.00 

Shut In 15 19.00 

4-3 

Final 
Pressure 
(psi) 

21.25 
19.00 
16.50 
21.50 

Final 
Pressure 
(psi) 

16.75 
4.75 
8.25 

12.40 
16.10 
18.25 
21.00 



Table 2: Shut in Test Data 

Clock Elapsed Pressure]/ Heac¢/ 
Time Time Psi) (Feet) Remarks 

1400 13.50 31. 15 Pumping 
1407 14.00 32.21 Pumping 
1410 Pump Off 
1410:15 0.25 17.00 39.23 Shut In 
1410:45 0.75 18.00 41.54 
1411:15 1.25 18.50 42.69 
1412:04 2.07 19.00 43.85 
1413:40 3.67 19.50 45.00 
1415:30 5.50 20.00 46.15 
1418:20 8.33 20.50 47.31 
1425:54 15.90 21. 00 48.46 
1434:11 24. 18 21. 50 49.62 
1441. 00 31.00 21.75 50.19 
1456:25 46.42 22.00 50.77 
1513:45 63.75 22.25 51.35 
1546:20 96.33 22.50 51.92 

1/ Pressure observed on gage on well head. 
2/ Head represents height water would rise above land surface at well 

head under static conditions at 0.4333 psi = 1.0 ft. head. 
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The purpose of the shut in test was to determine the pressure in the 
aquifer under static conditions. As shown on Table 2, static conditions 
were not obtained during the shut in test due to the limited period of time 
available during which shut in recovery of pressure could be observed. A 
logarithmic plot of observed head versus time is shown on Figure 3 based on 
the data presented on Table 2. The pressure-time plot is a recovery curve 
that depicts the rate and trend of shut in pressure recovery. Projection 
of the curve past the 96 minute test duration provides an estimated static 
pressure of 25. 1 psi at 167 hours (58 feet of pressure based on Figure 3). 

The observed pressure of 22.5 psi at the end of the 96 minute shut in 
test (Table 2) is less than the projected static pressure of 25.1 psi 
(Figure 3). Conversion of the 22.5 psi and 25.1 psi values to head above 
land surface provides values of 51.9 and 58.0 feet, respectively. Assuming 
a mi ni mum we 11 depth of 400 feet, compari son of the absolute head at 96 
minutes and at 167 hours (451.91458) indicates that the observed pressure 
of 22.5 psi at 96 minutes represents recovery to 98.7 percent of projected 
static conditions. Therefore, the observed pressure of 22.5 psi (51.9 feet 
of head above land surface) is used throughout this report as a practical 
approximation of static head conditions. The observed value of 22.5 psi is 
selected in favor of the projected value of 25.1 psi for use as a static 
level in order that projected yield calculations for artesian flow based on 
artesian head available above land surface will be conservatively pessi
mistic. 

4.3.2 Aquifer Parameters 

Pumping test data provides the basis for calculating the aquifer 
parameters of transmissivity and storativity (storage coefficient). Trans
missivity and storativity are aquifer parameters used in predicting the 
long-term response of aquifer pressure and well yields to pumping stress. 
Transmissivity is defined as the rate of flow of water at the prevailing 
temperature through a vertical strip of aquifer one unit wide, extending 
the full saturated thickness of the aquifer, under a unit hydraulic grad
i ent and is expressed in terms of gallons per mi nute per foot (GPM/ft). 
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Storativity or storage coefficient is defined as the volume of water that 
an aquifer releases from, or takes into, storage per unit surface area of 
aquifer, per unit change in potentiometric head (aquifer pressure) because 
of expanison of the water and elastic compression of the aquifer rock 
materials and is expressed as a dimensionless coefficient. 

Aqui fer parameters are cal cu 1 ated herei n based on the methods of 
Birsoy and Summers (1980)~/ for evaluating step tests and intermittent 
pumping data. Data from the stepped rate tests is presented on Table 3 in 
the format used for constructing graphi c plots for sol ut i on of transmi s
sivity and storativity. Pumping rates of 100 GPM and 240 GPM are used in 
the analysis. the pumping rate of 100 GPM was increased to 240 GPM after 
only 10 minutes of pumping when field observations of the rate of drawdown 
indicated that testing duration at several stepped rates intermediate to 
the maximum rate of 240 GPM would require a longer period of time than 
desired for completion of the testing. 

The graphic plot of the data presented on Table 3 is shown on Figure 4 
with an accompanying solution for the aquifer parameters. The solution 
provides a transmissivity value of 8,123 GPO/ft. The calculated storage 
coefficient of 0.0135 (Figure 4) is based on an assumed effective well 
radius of 3.0 inches. It should be noted that the methodology used herein 
to calculate transmissivity is based on the Cooper and Jacob (1946)11 

modified nonequi1ibrium equation or so called "straight 1ine" solution. The 
straight line solution assumes that for large values of time or at a small 
value of distance to the drawdown observations the nonequilibrium curve of 
Theis (1935)~/ can be represented by a straight line. The validity of this 
assumption and thereby the applicability of the straight line solution can 

~/ 

5/ 

Birsoy, Y.K., and Summers, W.K., 1980, Determination of aquifer para
meters from step tests and intermittent pumping data: Groundwater, v. 
18, no. 2, pp. 137-146. 
Cooper, and C.E. Jacob, 1946, A generalized. graphical method for 
evaluating formation constants and summarizing well field history: 
Trans. Amer. Geophys. Unon, vol. 27, pp. 526-534. 
Theis, C. V., 1935, The relation between the lowering of the piezo
metric surface and the rate and duration of discharge of a well using 
groundwater storage; Trans. Amer. Geophys. Unon, vol. 2, pp. 519-524. 

4-7 



Table 3: Pumping test data. 

Step 1 
Q1 ::: 100 G~M SWL::: 51.92 ft. (22.5 psi) 
tl ::: 0.0 mln til::: 10.0 min 

Clock Elapsed Observed Observed Adjustment Adjusted s/Q 
Time Time Processing Drawdown Factor Time 

{Minutes~ {Esi 2 {Feet) {B{t}~ {Minutes} {ft/GPM 

1636 0 (22.5) (0) 0 0 
1636:30 0.50 19.00 8.08 0 .50 0.081 
1638 2.00 18.00 10.38 0 2.00 0.104 
1639 3.00 17.75 10.96 0 3.00 0.110 
1640 4.00 17.50 11.54 a 4.00 0.115 
1641 5.00 17.25 12. 12 a 5.00 0.121 
1642 6.00 17.20 12.23 a 6.00 0.172 
1644 8.00 17.00 12.69 a 8.00 0.127 
1645 9.00 16.90 12.92 a 9.00 0.129 
1646 10.00 16.75 16.75 a 10.00 0.133 

Step 2 
Q1 ::: 100 G~M Q ::: 240 GPM 
tl ::: 0.0 mln t 2

1 ::: 10.0 min 

Clock Elapsed Observed Observed Adjustment Adjusted S/Q 
Time Time Processing Drawdown Factor Time 

(Minutes) {Esi) {Feet} {B{tn (Minutes) (ft/GPM) 

1646:03 10.05 12.00 24.23 9.11 0.46 O. 101 
1648:40 12.67 9.00 31. 15 1. 91 5.11 0.130 
1649 13.00 8. 75 31. 73 1. 84 5.53 0.132 
1650:30 14.50 8.50 32.31 1. 63 7.33 0.135 
1651 15.00 8.25 32.88 l. 58 7.90 0.137 
1652 16.00 8.25 32.88 1. 50 9.03 0.137 
1653 17.00 8.00 33.46 1. 45 10.13 0.139 
1654 18.00 7.75 34.04 1.40 11.22 O. 142 
1655 19.00 7.60 34.38 1. 37 12.29 0.143 
1656 20.00 7.50 34.62 1. 33 13.35 0.144 
1700 24.00 7.25 35.19 1. 25 17.53 0.147 
1702:30 26.50 7.00 35.77 1. 22 20.10 0.149 
1706 30.00 6.80 36.23 1. 18 23.68 0.151 
1711 35.00 6.50 36.92 1. 15 28.76 0.154 
1716 40.00 6.25 37.50 1 . 13 33.82 0.156 
1721 45.00 6.15 37.73 1.11 38.86 0.157 
1726 50.00 5.75 38.65 1. 10 43.90 0.161 
1736 60.00 5.70 38.77 1. 08 53.95 0.162 
1746 70.00 5.50 39.23 1. 07 63.98 0.163 
1756 80.00 5.50 39.23 1. 06 74.01 0.163 
1806 90.00 5.20 39.92 1. 05 84.02 O. 166 
1816 100.00 5. 10 40.15 1. 04 94.04 O. 167 
1825 109.00 5.00 40.38 1. 04 103.05 0.168 
1920 164.00 4.75 40.96 1. 03 158.09 0.171 
1924 168.00 

Q = Discharge rate S ::: Orawdwown SWL ::: Static Water level 
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be tested by calculating the value of the integration constant, u, for any 
given solution. 

The calculated aquifer parameters of T = 8,123 GPD/ft and S = 0.0135 
should provide conservatively large predictions of aquifer drawdown and 
estimated reductions in water well yield during long-term groundwater 
withdrawals. The basis for this conclusion is the presence of a positive 
boundary condition late in the 240 GPM pumping test as shown on Figure 4. 
The positive boundary condition may be indicative of an actual hydrologic 
boundary such as recharge or increased transmissivity in an anisotropic 
aquifer or it may reflect a leaky artesian system. The positive boundary 
condition results in a decrease in the rate of drawdown as the duration of 
groundwater withdrawal time increases. Thus, the use of the transmissivity 
value of 8,123 GPD/ft based on conditions prior to the onset of the boun
dary or leaky system effect in the data (Figure 4) will result in conser
vatively large predictions of drawdown at the Downey Well No.1. 

4.3.3 Specific Capacity and Yield 

Well yield or capacity is discharge volume per unit time and is com
monly expressed in gallons per minute (GPM). In order to compare the 
potential yield of one well to another or to compare changes in potential 
yield from the same well at different times, it is necessary to express 
well capacity in relation to some constant standard. The conventionally 
accepted standard of comparison is unit drawdown or "specific capacity. II 
The theoretical specific capacity of a well is related to the abbreviated 
nonequalibrium equation as follows: 

Q = T 
s 264 log (Tt/l.87r2S)6.5 

where Q = well discharge, PGM 
s = drawdown, ft 
T = Transmissivity, GPD/ft 
r = effective well radius, ft 
S = the storativity 
t = time, min. since pumping started 
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Examination of Equation 1 shows that specific capacity Q/s, is direct

ly proport i ona 1 to T, and inversely proport i ona 1 to log t, log 1 Ir2, and 

log lIS. Clearly, large changes in t, r, and 5 cause small changes in 

specific capacity whereas large changes in T cause correspondingly large 

changes in specific capacity. Therefore, if groundwater withdrawals due to 

pumpi ng over along peri od of time cause groundwater 1 eve 1 s or artes i an 

pressure to dec1 i ne s i gni fi cant 1y, T wi 11 be reduced accordi ngly wi th a 

commensurate reduction in well specific capacity and yield. The specific 

capaci ty of a heavi ly pumped we 11 may decrease over the long term due to 

these factors. It is for these reasons that evaluation of the present and 

predicted future specific capacity of the Downey Well No. 1 is the key to 

predicting long-term reliable yield from the well. 

Observat ions of speci fi c capac i ty for the Downey We 11 No. 1 were 

conducted for both artesian flow discharge and pumping discharge condi

tions. Specific capacity data for artesian flow is shown on Table 5 and 

Table 6 shows specific capacity data for the pumping tests. 

As shown on Tab 1 es 1 and 6, the stepped rate tests were conducted 

initially at the highest rate of pumping, 240 GPM, in order to produce 

maximum stress on the aquifer in the shortest possible time. At the end of 

the 240 GPM test, when field data indicated that conditions necessary for a 

constant yield test had been satisfied, several short duration stepped rate 

tests were conducted at discharge rates of 171.4 GPM, 120 GPM, 60 GPM, and 

32.4 GPM to provide data for plotting of a specific capacity curve. 

Because the stepped rate tests were conducted at progressively smaller 

rates, water 1 eve 1 s were recoveri ng and it was neces sary to determi ne an 

approximate stable water level (or observed drawdown) for each pumping 

rate. Curves of drawdown versus time for each pumpi ng rate are shown on 

Figure 5. The curves shown on Figure 5 demonstrate that drawdown, i. e. 

specific capacity, was essentially stabilized prior to the initiation of 

each successive reduction in pumping rate. In addition, the data presented 

on Figure 5 indicates that the correct position of the specific capacity 

curve through the pumping test data plotted on Figure 6 is through the last 
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Table 5: Specific capacity data for Downey Well No. 1 under artesian 
flow. Static water level assumed to be 51.92 feet above land 
surface or 22.5 psi. 

Clock Observed Observed Discharge Specific Remarks 
Time Pressure Drawdown Rate Capacity 

-- (psi) (Feet) (GPM) (GPM/ft) 

1546 22.50 0 0 Shut ;n pressure 
1615 Begin Test 
1616 21.50 2.31 36.4 15.8 
1618 21.50 2.31 36.4 15.8 
1919.30 21.25 2.88 36.4 12.6 
1620 Increase Rate 
1621 19.25 7.50 85.7 11.4 
1622:30 19.00 8.08 85.7 10.6 
1623 Increase Rate 
1624 17.25 12. 12 120 9.9 
1625 17.00 12.69 120 9.5 
1625:30 Increase Rate 
1627 16.50 13.85 120 8.7 Maximum Flow 
1628 Close Valve 
1628:05 19.5 Shut In 
1631 21.5 Shut In 
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Table 6: Specific capacity data for Downey Well No. 1 under pumping. 
Static water level assumed to be 51.92 feet above land surface or 
22.5 psi. 

Clock Observed Observed Discharge Specific Remarks 
Time Pressure Drawdown Rate Capacity 

{Qsi 2 !Feetl ~GPMl (GPM/ft) 

1631 20.00 Open Valve 
1636: 30 19.00 Pump on; full 
flow 
1637 100 First Flow Meas. 
1638 18.00 10.38 100 9.6 
1639 17.75 10.96 100 9.1 
1640 17.50 11.54 100 8. 7 
1641 17.25 12. 12 100 8.3 
1642 17.20 12.23 100 8.2 
1644 17.00 12.69 100 7.9 
1645 16.90 12.92 100 7.7 
1646 16.75 13.27 100 7.5 Increase Flow 
1646;03 12.00 24.23 
Effects 

240 9.9 Casing Storage 

1648:40 9.00 31. 15 240 7.7 
1649 8.75 31. 73 240 7.6 
1650:30 8.50 32.31 240 7.4 
1651 8.25 32.88 240 7.3 
1652 8.25 32.88 240 7.3 
1653 8.00 33.46 240 7.2 
1654 7.75 34.04 240 7. 1 
1655 7.60 34.38 240 7.0 
1656 7.50 34.62 240 6.9 
1700 7.25 35.19 240 6.8 
1702:30 7.00 35.77 240 6. 7 
1706 6.80 36.23 240 6.6 
1711 6.50 36.92 240 6.5 
1716 6.25 37.50 240 6.4 
1721 6. J5 37.73 240 6.4 
1726 5.75 
1736 5.70 38.65 240 6.2 
1746 5.50 39.23 240 6.1 
1756 5.50 39.23 240 6.1 
1806 5.20 39.92 240 6.0 
1816 5. 10 40. 15 240 6.0 
1825 5.00 40.38 240 5.9 
1920 4.75 40.96 240 5.9 
1924:30 Decrease Rate 
1925:30 7.00 35.77 171..4 4.8 
1927 7.60 34.38 171.4 5.0 
1928:30 8.00 33.46 171.4 5.1 
1934 8.25 32.88 171. 44 5.2 
1934:10 Decrease Rate 
1934:20 10.00 28.85 120 4.2 
1937 11.50 25.38 120 4.7 
1939:30 12.00 24.23 120 5.0 
1942 12.25 23.65 120 5.1 
1944 12.40 23.31 120 5.1 
1944:30 Decrease Rate 
1945 14.00 19.62 60 3.1 
1946:30 15.00 17.31 60 3.5 
1948 15.40 16.38 60 3.7 
1950 15.75 15.58 60 4.1 
1954:30 Decrease Rate 
1955 17.00 12.69 32.4 2.6 
1956:30 17.50 11.54 32.4 2.8 
1958 17.75 10.96 32.4 3.0 
2000 18.00 10.38 32.4 3.1 
2004 18.25 9.81 32.4 3.3 
2005 Close Valve, 
Shut In 
2009:30 20.00 Shut In 
2017:30 20.60 Shut In 
2019 Resume Municipal 

Pumping 
2020 21.00 
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drawdown observation for each pumping rate. The specific capacity curve 
labeled Q/s = 6.7 gpm represents the curve drawn through the decreasing 
stepped rate data (Figure 6). 

The specific capacity curve of Q/s = 6.7 GPM/ft for the decreasing 
stepped rate test does not project back through the origi n of the graph 
(Figure 6) as anticipated where s = 0 and Q = O. The reason for the approx
imately five feet of drawdown at the Q = 0 intercept on Figure 6 is the 
combined head losses caused by about 2.5 feet of elevation difference 
between the discharge pipe outlet and the pump outlet and friction losses 
in a number of elbows, belled reducers, pipes, and valves between the pump 
and the discharge pipe outlet. 

As shown on Table 6, the final specific capacity at the 240 gpm rate 
was 5.9 GPM/ft after 2.8 hours of pumping. A specific capacity curve for 

5.9 GPM/ft is plotted on Figure 6 with the Q = 0 intercept shifted to match 
the five feet of head loss inherent in the discharge piping. The Q/s = 5.9 
GPM/ft. curve plots well within the limits of the decreasing stepped rate 
data on Figure 6. However, the difference between specific capacity of 5.9 
GPM/ft observed at the end of the 240 gpm test and the specific capacity of 
6.7 GPM/ft for the decreasing stepped rate tests shows that although the 
duration of the pumping test was long enough to calculate a valid trans
missivity value, and the rate of drawdown was stable, drawdown had not 
approached a maximum value for the 240 GPM rate. Therefore, the specific 
capacity values calculated from the pumping test data and shown on Table 6 

and Figure 6 are transient values. Continued long-term pumping would 
result in a progressive decrease in the specific capacity until some final 
stable value of specific capacity less than 5.8 GPM/ft. was obtained. 

If a reasonable life for the Downey Water Well is assumed to be an 
additional 20 years, it can be demonstrated that the predicted specific 
capacity of the well at the end of 20 years wi 11 be 3.0 GPM/ft for any 
pumping capacity. The predicted specific capacity is based on the values 

of T = 8,123 GPD/ft and S = 0.0135 and predicted drawdown at the end of 20 
years of pumping as calculated from the Theis nonequi1ibrium equation. 
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Increasing the anticipated well life to 50 years of pumping results in a 
predicted specific capacity of 2.9 GPM/ft. Thus, a value of Q/s = 3.0 
GPMI ft is reasonab 1 y near the spec if i c capac i ty that mi ght be expected 
after long-term pumping of the Downey Well No.1. 

A specific capacity curve for Q/s = 3.0 GPK/ft is shown on Figure 6, 
corrected for friction losses in the discharge piping. The projected 
specific capacity value of 3.0 GPM/ft after 20 years is a conservatively 
small estimate for two reasons: (1) use of the Theis nonequilibrium equa
tion to predict drawdown and associated specific capacity usually produces 
predicted drawdown greater than that observed in nature and (2) the value 
of T = 8,123 GPD/ft used in the prediction does not take into account the 
onset of a positive boundary condition observed late in the pumping test. 
These factors suggest that the actual specific capacity of the well after 
20 years of continuous use will be greater than 3.0 GPM/ft. 

Based on the data presented herein, a family of specific capacity 
curves could be presented on Figure 6 for periods of continuous pumping use 
ranging from the present to 20 years or more into the future. The values 
of specific capacity for discrete durations of continuous pumping use of 
the Downey Well No. 1 are shown on Table 7. 

The utility of knowing the long-term specific capacity of the well may 
be demonstrated by several examples. In example 1, the shut in pressure of 
the Downey Well is assumed to be the 22.5 psi observed during the 96 minute 
shut in test. The 22.5 psi shut in pressure is equivalent to a static 
water level 51.9 feet above the land surface. Thus the reliable long-term 
continuous yield that may be depended upon from the well solely from arte
sian flow to a booster pump is 3.0 GPM/ft x 51.9 ft = 155.7 GPM. Rates of 
yield exceeding 155.7 GPM would require installation of a submersible or 
turbine pump into the well to augment artesian flow. 

In example 2, it is desired to obtain a long-term reliable yield of 
300 GPM from the Downey Well No. 1 under the same conditions described in 
examp 1 e 1. A di scharge rate of 300 GPM wi th a speci fi c capaci ty of 3.0 
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Table 7: Predicted specific capacities (Q/s) for the Downey Well 
No. 2 after specified durations of continuous pumping withdrawal 
at any rate of pumping. 

Duration of 
Continuous Pumping 

(Years) 

0.25 
0.50 
0.75 
1 
2 
3 
5 

10 
15 
20 
50 
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Specific Capacity 
(gpm/ft) 

3.66 
3.53 
3.46 
3.41 
3.30 
3.24 
3.17 
3.07 
3.02 
2.98 
2.87 



gpm/ft would require 100 feet of drawdown. The static water level ;s 51.9 
feet above land surface so a pump inlet would have to be set a depth of 48 
feet -(100ft-52ft) below land surface plus pump inlet submergence require
ments to reliably pump 300 GPM from the well on a continuous long-term 

basis. 

In example 3, it is desired to pump at a rate of 150 gpm for 12 hours 
each day and not pump duri ng the remai ni ng 12 hours of each day. The 
static water level and specific capacity are the same as in example 1 and 
2. The average pumping rate for each day is 75 GPM (12 hours/24 hours x 
150 GPM). The average pumping rate requires a long-term average drawdown of 
75 GPM/ 3.0 GPM/ft or 25 feet. Since static water level is 51.9 feet above 
land surface, the long-term average yield of 75 GPM can easily be satisfied 
by artesian flow. Similarly, the maximum instantaneous drawdown required 
to provide a yield of 150 GPM during each 12 hour period is 150 GPM/:3.0 
GPM/ft or 50 ft. Thus, the artesian head of 51.9 feet above land surface 
is adequate to satisfy the 150 GPM peak demand by artes i an flow wi thout 
installing a pump into the well casing below land surface. 

4.3.4 Orawdown 

Drawdown is the change ;n groundwater levels (artesian pressure) 
; nduced by wi thdrawa 1 of groundwater from the aqui fer. Orawdown is ob
served as the change ;n water levels in a well resulting from pumping of 
the well or pumping of a nearby well. Drawdown may be predicted where the 
aquifer parameters of transmissivity and storativity are known and the 
effective well radius is known by using the following equations: 

and 

s = 114.6Q W(u) 
T 

Equation 2 

u = 2693r2S Equation 3 
Tt 

where W(u) = 0.577216 - ln u + U - u2 + u3 - u4 + 
2:2! 3:3! 4:4! 

and s = drawdown, ft 
Q = well discharge, GPM 
T = transmissivity, GPO/ft 
r = distance from pumping well to observation well or 

effective radius of pumped well (single well test), ft 
S = the storativity, dimensionless 
t = time, minutes since pumping started 
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Equations 2 and 3 are algebraic expressions of the Theis nonequilibrium 
equation and are the basis for the specific capacity predictions shown on 
Figure 6 and Table 7. 

Drawdown 'caused by pumping of the Downey Well No.1 is of particular 
interest because of the advantages of ope rat i ng the well as an artes ian 
well, if possible, rather than installing new pumping equipment in the 
well. The drawdown available for well yield strictly by artesian flow is 
simply the height that artesian pressure is attempting to push water above 
the land surface, i.e., 51.9 feet as provided by the 22.5 psi shut in 
pressure. 

Table 8 shows the calculated duration of pumping required at various 
discharge rates to cause drawdown approximately equal to the 51.9 feet of 
head available for artesian flow at the land surface. The time required to 

deplete the head available for artesian flow at the land surface was cal
culated using Equations 2 and 3 and an assumed effective well radius of 
0.25 feet, transmissivity equal to 8,123 GPO/ft, and storativity equal to 
0.0135. 

In view of the conservative assumptions used in predicting the draw
down at the Downey Well No.1, the pumping durations required to deplete 
the flow of water from the well at the land surface as shown in Table 8 are 
probably less than actual pumping requirements. However, the calculations 
used to produce Table 8 are based on a number of assumptions including the 
following: 

1. Release of water from storage in the aquifer is instantaneous 
with change in head. 

2. There is no recharge to the aquifer system during the pumping 
period. 

3. There is no change in the aquifer pressure or groundwater levels 
due to external effects, such as pumping of other wells. 
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4. The effective radius of the Downey Well No. 1 is the same as the 
casing radius of 0.25 feet. 

The probabi 1 i ty of devi at ions from the foregoi ng assumptions i nter
jects uncertainty into the predictions shown on Table 8. The data pre

sented on Table 8 should be regarded as an estimate only. 

4.3.5 Interference Effects 

Pumping of other wells near to the Downey Well No. 1 will add to the 
drawdown of the artesian pressure. The cumulative effect of drawdown from 
two or more wells is referred to as interference effects. The Downey Well 
No. 1 is located near an irrigation well penetrating the same aquifer and 
is subject to interference effects. 

Engineering evaluation of water usage and projected water demands at 
the Town of Glendo, as presented in this report, indicates that daily water 
demands placed on the Downey Well No. 1 are about 110,000 GPD during peak 
demand periods or a little over 75 GPM. Demands drop off to 30,000 GPO or 
about 21 GPM during low use periods. Thus, a conservatively worst assump
tion would be that demands placed on the Downey Well No.1 average 75 GPM 
cont i nuous ly, 365 days per year, every year. Predi cted drawdown at the 
Downey Well No. 1 as the result of 20 years of continuous non-stop pumping 
at 75 GPM is 25.2 feet. 

An estimate of the interference effects of a nearby irrigation well 
can be made based on the following general assumption: 

1 . The i rri gat i on well i rri gates 640 acres of crop wi th an annual 

consumptive use requirement of 30 inches. 

2. The irrigation season is 150 days and the project irrigation 
efficiency is 70 percent, thus the average well yield requirement 
is 461 GPM based on the 30 inch consumptive use requirement and 
assuming no effective precipitation. 

4-21 



Table 8: Predicted days of pumping withdrawal required to deplete artesian 
flow at land surface at specified rates of discharge. Artesian 
head initially available equal to 51.9 feet above land surface. 

Pumping Pum~ing Duration Predicted 
Rate Drawdown 
(GPM) Days Years (Feet) 

240 1. 55 51. 9 
225 4.4 51. 9 
200 34 0.09 51. 9 
180 255 0.70 51.9 
170 865 2.37 51. 9 
160 3,340 9.15 51.9 
150 15,513 42.50 51.9 
140 89,425 245.00 51. 9 
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3. The irrigation well is 660 feet from the Downey Well No.1. 

The interference effects of an irrigation well on the Downey Well No. 1 
based on the foregoing idealized assumptions are shown on Table 9. 

The data on Table 9 are not presented as representative of conditions 
existing at the Downey Well No.1. The hypothetical data on Table 9 serve 
only to show that the Downey Well No. 1 is subject to interference effects 
and that under certain conditions of heavy irrigation well use, the capa
city of the Downey Well No. 1 could be reduced by interference effects. 
The fact that the demands projected for the Downey Well No. 1 will be much 
less than an average rate of 75 GPM suggests that interference effects will 
probably not impair the capability of the well to satisfy the Town1s water 
demands solely by artesian flow. The data on Table 9 suggests that even 
duri ng peak demands for i rri gat i on water and town water supp 1y, artes ian 
flow from the Downey Well No. 1 shou1 d be adequate for the town needs 
unless pumpage of the irrigation well is increased substantially beyond the 
assumptions presented herein. 

4.3.6 Findings 

The analysis of the test of the yield of the Downey Well No.1, as 
discussed in the preceding paragraphs, has resulted in the following con
clusions: 

1. The long-term re1 iable yield of the Downey Well No. 1 under 
artesian flow from the well head is 150 GPM. 

2. The long-term specific capacity of the Downey Well No. 1 is 3.0 

GPM/ft. 

3. The Downey Well No. 1 can reliably provide water supply equi

va 1 ent to an average continuous artes i an flow of 75 GPM, even 
subject to interference by a nearby irrigation well. 
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Table 9: Hypothetical example of interference effects from irrigation 
well located 660 feet from the Downey Well. 

IRRIGATION WELL DOWNEY WELL NO. 1 

Discharge Duration Drawdown!/ Cum. Drawdownf / Residual Pressure~/ 
(PGMl (da~s) ~Feet) (Feet) (Esi) 

460 10 10. 1 35.3 7.2 
460 20 14.2 39.4 5.4 
460 30 16.7 41. 9 4.4 
460 60 21. 0 46.2 2.5 
460 90 23.6 48.8 1.4 
460 120 25.4 50.6 0.6 
460 150 26.9 52.1 -0. 1 

11 Drawdown at Downey Well No.1 as caused by irrigation well. 
~/ Cumulative drawdown in Downey Well No. 1 after 20 years of pumping 

Downey Well No.1 continuously at 75 gpm. 
3/ Artesian pressure remaining at land surface in Downey Well No.1. 
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4. Instantaneous artesian flow rates up to 150 GPM can be re1 ied 

upon in general, however interference from a nearby i rri gat ion 

well may reduce maximum artesian flow yields below 150 GPM for 

short periods of time during some summer months, particularly if 

average long-term demands placed on the Downey Well No.1 exceed 

75 GPM. 

GLENDO/DO 
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5. 1 SYSTEM DEFICIENCES 

CHAPTER 5 
CONCLUSIONS 

5.1.1 Supply: The existing primary water source is capable of pro
viding over 115,000 gallons of water per day and as such is sufficient to 
meet present demands assuming there is adequate storage to meet peak flows 
and an adequate distribution system to transmit the water to the Town. 
While the existing standby well is not adequate to meet normal summertime 
flow requirements, it appears to be adequate to meet normal non-irrigation 
requirements based on recorded wintertime usages. 

5.1.2 Storage: The volume of the existing storage reservoirs is ap
proximately equal to two days peak summertime usage. As such they appear 
to be more than adequate to meet peak summertime flows. However, the 
Insurance Services Office (ISO) "Guide for Determination of Required Fire 
Flow" indicates a fire flow of 3,000 GPM for three hours in addition to the 
maximum daily rate of water use is recommended for the Town of Glendo to 
provide sufficient water to fight a fire at the high school-grade school 
complex. In order to meet this recommendation, an additional 400,000 
gallons of storage is needed. It should be noted, though, that the Town1s 
present fire truck is only capable of pumping 750 GPM. The existing res
ervoirs could sustain this 750 GPM demand superimposed on the summertime 
demands for more than the three hours recommended by ISO. 

5. 1.3 Distribution: Computer simulation analysis indicates that the 
worst deficiency within the distribution system is the transmission main 
from the reservoirs to Town. This six inch main is too small to allow 
adequate flow from the reservoir to Town to meet summertime water demands. 
Under peak summertime flow conditions the head10ss through this line is 
estimated to be such that system pressures will drop to below 20 pounds per 
square inch in the higher areas of Town. This analysis is supported by the 
past practice of using the auxiliary well to boost system pressures even 
though reservoir levels are maintained by the Downey Well at adequate 
levels. Another serious deficiency is the four inch line running from B to 
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C Streets along Paige Avenue. Under heavy demands in the high school-grade 
school area this line will experience excessive pressure loss. 

5.1.4 Fire Hydrants: Fire hydrant spac i ng iss 1 i ght 1 y inadequate. 
Based on the Insurance Service Office guidelines, additional fire hydrants 
equipped with 5.25 inch pumper nozzles are needed in the areas of B Street 
and Warren Avenue and Fifth Street and Paige Avenue. 

5.2 RECOMMENDED IMPROVEMENTS 

5.2.1 Supply: Supply appears to be adequate if the Downey Well can be 
equipped wi th a 1 arger impe 11 er to increase its capaci ty to 150 GPM or 
greater when pumping to full storage reservoirs. This would decrease the 
time the well is operating during the summer to a more acceptable 10 to 12 
hours per day. Pumping tests of the Downey Well indicate that this well 
can probably supply 150 GPM without excessive drawdown or air problems even 
when the nearby Lancaster irrigation well is being heavily pumped. 

5.2.2 Storage: While an additional 400,000 gallons of storage is needed 
to meet ISO recommendations, computer simulation indicates that a smaller 
reservoir located nearer to Town would be the equivalent of installing a 
second 10 inch main parallel to the existing six inch transmission main 
from the reservoir to Town in terms of maintaining system pressures. This 
appears to be the case not only under peak summertime demands, but also 
under a 750 GPM fire flow on top of peak summertime demand. A 50,000 
gallon reservoir would be adequate to meet peak summertime demands without 
loss of distribution pressure. A 150,000 gallon reservoir would be ade
quate to supply 750 GPM of fire flow for three hours in addition to peak 
summertime demand without loss of distribution pressure. 

There are three acceptable sites to locate the proposed reservoir in 
terms of matching the elevations of the existing reservoirs. They are (1) 

the abandoned reservoir site located southeast of T~wn, (2) east of Town 
along the road to the Town 1andfi 11, and (3) northwest of Town near the 
telephone company refl ector screen. 5i te (1) has several advantages in 
that a six inch transmission main to this site and a graded reservoir pad 
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are already in place. Site (2) is the best site in terms of providing the 
best possible hydraulic balance to the existing distribution system, but 
would require at least 1500 feet of new transmission line. Site (3) would 
be a better site if the distribution system were to be expanded to the 
northwest, but this site would also require significant new transmission 
main (over 3500 feet) including expensive boring under the Interstate. 

The cost of constructing a 400,000 gallon reservoir at site (1) is 
estimated at $185,000.0011 Additional construction at site (2) would add 
an estimated $55,000.00 to this cost. Additional construction at site (3) 
would add an estimated $115,000.00 to this cost. The cost of constructing 
a 50,000 or 150,000 gallon reservoir at site (1) is estimated at 
$100,000.00 and $130,000.00 respective ly wi th costs increases simi 1 ar to 
those estimated above for construction at sites (2) and (3). 

As evidenced by the estimates noted above, the cost per gallon of 
storage decreases dramatically as the size of a reservoir increases. 
Therefore, normally, when a community considers the construction of a new 
reservoir, the largest reservoir financially feasible should be con

structed. 

However t Glendo has in the past experienced problems with reservoir 
icing due to low water use during the winter. Therefore in this instance a 
smaller reservoir then recommended by the ISO may in fact provide greater 
fire protection due to the fact a large reservoir may be prone to freeze up 

and ice damage. At a minimum the reservoir should have a volume of 150,000 
gallons to at least allow maximum utilization of existing fire fighting 
equipment. 

5.2.3 Distribution: If no additional storage is to be provided, then 
the addition of a new transmission main parallel to the existing main 
should be considered. The cost of this main is estimated at $150,000. 11 
The problem with the four inch main along Paige can be solved in one or two 

II See Appendix for detailed cost estimate 
GLND02/A 
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ways. If the line is in poor condition it should be replaced with an eight 
inch main. If the line is in good condition, a new six inch line connect
ing the Warren Avenue main and the Paige Avenue main should be installed 
along A or B street. 

5.2.4 Fire Hydrants: As discussed in Paragraph 5.1.4 at least two new 
hydrants with pumper nozzles are needed. 

GLEND02/A 
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CHAPTER 6 
WATER SYSTEM FINANCES 

6.1 EXISTING RATE STRUCTURE AND EXPENSES 

Water users are divided into two classes, residental and commercial. 
Residential users pay $6.60 for the first 2,000 gallons and $0.20 for each 
1,000 gallons over this minimum. Commercial users pay $2.75 per 1,000 
gallons used. This rate schedule generated revenues of $15,496.37 during 
the July 1982-June 1983 period. 

Water system expenses duri ng thi s same pei od were $22,156. 08. Ap
proximately $9,000.00 of these expenses were for capital improvements, 
specifically expanded water main construction. Expenses in excess of water 
revenues were paid out of the general fund. It should be noted that while 
water system expenses duri ng thi s peri od were hi gher than normal due to 
water mai n construction costs, apparently the recorded expenses for thi s 
period did not include operator wages for the entire period. Based on an 
average allocation of operator wages of $300.00 per month and no unusual 
construct i on expenses, water system expenses for the next twe 1 ve month 
period are estimated at $15,000.00 to $16,000.00. This estimate tends to 
indicate that the existing rate structure is roughly adequate to operate 
and maintain the existing system excluding the cost of new construction or 
unusual maintenance. 

6.2 LONG TERM DEBT 

The Town of Glendo borrowed $100,000.00 from the Farmers Home Adminis
tration in 1971 to fund major reconstruction of the water system. This 
money was loaned to the Town over 30 years at 5 percent interest in the 
form of 100-$1,000.00 general obligation bonds. Yearly payments vary 
depending on the number of bonds redeemed each year and will normally range 
from $6,000.00 to $7,000.00. The money required to repay these bonds is 
rai sed through property tax assessment. Co 11 ect i on and payment of thi s 
money is administrated by Platte County. 
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In addition, as part of the loan agreement with Farmers Home, the Town 
must deposit $57.00 a month in a reserve account until such account is 
greater than $6,800.00. This money may be used with Farmer Home permission 
to pay unusual maintenance expenses. In fact, funds from this account were 
used to pay for the replacement of the pump in the Town well thi s past 
summer. The required $57.00 per month to maintain this account is present
ly being paid out of the general fund. 

6.3 IMPACT OF PROPOSED IMPROVEMENTS 

There are many different methods of funding water system improvements 
such as those recommended in Chapter 5. The most common two methods, 
exc 1 udi ng speci a 1 government programs, are through the use of genera 1 

obligation or revenue bonds. At the present time the most expensive method 
is a 20 year revenue bond. 

Assuming an improvement program with a total cost of $150,000.00, and 
a 20 year, 10 percent revenue bond with a 20 percent reserve requirement; 
the yearly payback is approximately $21,150.00. Based on a total water use 
of 20 million gallons per year, this would require an increase in the 
existing water rates of $1.06 per 1,000 gallons. For example a residential 
user consuming 5,000 gallons per month would realize an increase in their 
monthly water bill of approximately 75 percent from $7.20 to $12.50. 

Obviously, any decrease, or for that matter any increase, in the total 
cost of the improvement program or the rate of interest would result in a 
corresponding decrease or increase in the required water rate adjustment. 
If, for example, the Town was able to obtain another 30 year, five percent 
loan, the required increase in water rates would only be $0.50 per 1,000 
gallons. 

GLND02/C 
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COST ESTIMATE 
400,000 GALLON RESERVOIR 

1. Construction Cost 
Metal Tank Fabrication (Seismic Zone 1) 
Foundation Work 
Piping 

Subtotal 

2. Engineering, Legal, and Administration 
Design 
Inspection 
Legal 
Administration 

Subtotal 

$120,000.00 
15,000.00 
15,000.00 

$150,000.00 

$ 15,000.00 
15,000.00 
3,000.00 
1,000.00 

$ 35,000.00 

TOTAL $185,000.00 
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COST ESTIMATE 
10 INCH TRANSMISSION MAIN 

1. Construction Cost 
4,500 L.F. 10" P.V.C. Main @ $15.00/L.F. 

50 L.F. 18" Carrier Pipe, Boring & 

Installation @ $200.00/L.F. 

4,500 C.Y. Excavation and Backfill @ 

$3. OO/C. Y. 
7 10" Isolation Valves @ $2,000 Each 
2 Connections To Existing Piping 

@ $1,500 Each 

Subtotal 

2. Engineering, Legal, and Administration 
Design 
Inspection 
Legal 
Administration 

Subtotal 

TOTAL 
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$ 69,000.00 

10,000.00 

13,500.00 
14,000.00 

3,000.00 

$110,000.00 

$ 15,000.00 
20,000.00 
4,000.00 
1,000.00 

$ 40,000.00 

$150,000.00 
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