
D-A122 614 WATER SUPPLY ANALYSIS FOR THE GUAM COMPREHENSIVE STUDY 1/23
(U) ARMY ENGINEER WATERWAYS EXPERIMENT STATION
VICKSBURG MS ENVIRONMENTAL LAB T M WAISKI OCT 82

UNCLASSIFIED WES/MP/EL-82-5 F/G 13/2, Nlllllllllll
IIIIIIIIIIIIII
Ehmhhhhhmhhhhu
IIIIIIIIIIIIIIl
IIIIIIIIIIIIIIl
IIIIIIIIIIIIIIffllfllf
llllllllllll



~12.

1.0 I g ir

W 3 J&.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- 1963-A



MISCELLANEOUS PAPER EL-82-5

WATER SUPPLY ANALYSIS FOR THE
* GUAM COMPREHENSIVE STUDY

(~.j by

Thomas M. Waiski
U. S.ArmyEnvironmental Laboratory
U. . AmyEngineer Waterways Experiment Station

P. 0. Box 631, Vicksburg, Miss. 39180

October 1982 DETC
Final Report DC2 9

Approved For Public Release: Distribution Unlimnited

D
-41

7-*

Prepared for U. 2 Arni Engineer District, Honolulu
For, Shafter, Hawaii 96868

*and Office. Chief of Engineers, UJ. S. Army
Washington, D'C. 20314. 009



Destroy this report whnno longer needed. Do not reurn

The findinqs in this report are not to be construed as an official
Department of the Army position unless so designated.

by other authorized documents.

The contents of this report are not to be used for
* advertising, publication, or promotional purposes.

Citation of trade names does not constitute an
official endorsement or approval of the use of

such commercial products.



w U

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (Whel Data Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 2. OV ACCESSION NO 3. RE IPIENT'S CATALOG NUMBER

Miscellaneous Paper EL-82-5 &

4. TITLE (and Subtitle) S TYPE OF REPORT & PERIOD COVERED - S
WATER SUPPLY ANALYSIS FOR THE GUAM Final report
COMPREHENSIVE STUDY

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(&)

Thomas M. Walski * -

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT. TASK
AREA a WORK UNIT NUMBERS

U. S. Army Engineer Waterways Experiment 
Station

Environmental Laboratory
P. 0. Box 631, Vicksburg, Miss. 39180
II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE g
U. S. Army Engineer District, Honolulu, Fort October 1982
Shafter, Hawaii 96858, and Office, Chief of Engi- 13. NUMBER OF PAGES

neers, U. S. Army, Washington, D. C. 20314 244
14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified

IS. DECLASSIFICATION/DOWNGRADING 5 "
SCHEDULE

16. DISTRIBUTION STATEMENT (of thle Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the aberact entered In Block 20. If different from Report)

18. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, Va. 22151.

I!. KEY WORDS (Continue on revere. aide If neceaery end Identify by block numober)

Computer programs Water distribution

Guam Water supply
MAPS (Computer program)

Z& AEsTRACT( nt em a-revenm sid ffneseem saidentily by block nmbet)

' This report presents an analysis of five types of water supply alternative
plans for public water use on Guam. These include (4) northern lens aquifer
plus military sources, (b) northern lens aquifer only; (-6) northern lens aquifer
plus southeastern river; 4j southeastern river development only, and (i) south- .,

eastern river development plus military sources.

There are two parts to the report. The first part, "Water Distribution

(Continued)

OM= 1473 EMDTON OF I NOV 6S IS OBSOLETE Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

S~~1 19 0 a 1 S S S S S



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Whui Da Etered)

20. ABSTRACT (Continued).

System Analysis,;' presents the results of a water balance for the five types of
alternatives under three water use projections, and documents the collection of r *
data and development and calibration of the MAPS (Methodology for Areawide
Planning Studies) water distribution system for Guam. The model is intended to
be turned over to the Government of Guam.

In the second part, "Economic Analysis of Alternatives," conceptual de-
signs are presented for each type of alternative for three water use projections.
These designs include source, treatment, and major distribution facilities. The -0
MAPS computer program was used to prepare cost estimates and convert capital
and operation and maintenance (O&M) estimates into average annual cost for
economic evaluation.

In general, alternatives relying on the northern lens aquifer were less
expensive because of the large capital cost associated with large dams. The

* large dams with centralized treatment should produce better quality water. Use ! U
of several types of sources should reduce the stresses on the northern lens
aquifer.-.

* U'

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(fhne Data Entered)

0 0 0 6 6 U U 6 6 6 S S U S U U S U



sI

PREFACE

This report presents the results of the water supply task of the -I w
Guam Comprehensive Study (GCS). This work was conducted by the U. S.

Army Engineer Waterways Experiment Station (WES), Vicksburg, Miss., for

the U. S. Army Engineer Division, Pacific Ocean (Honolulu District),

under InterArmy Order PODSP-CIV-81-39. - 4

This report was prepared by Dr. Thomas M. Walski, Water Resources

Engineering Group (WREG), Environmental Engineering Division (EED),

Environmental Laboratory (EL), WES. He was assisted by Ms. Cheryl M.

Lloyd, WREG. Technical review was provided by Dr. Joe Miller Morgan, - .

WREG. Chiefs of the WREG and EED were Messrs. Michael R. Palermo and

*Andrew J. Green, respectively. Chief of the EL was Dr. John Harrison.

The study manager for the GCS at the Honolulu District was

Mr. Gene P. Dashiell, Project Formulation Section of Planning Branch. - -

The principal engineer was Mr. James D. Emerson of the Hydraulics

Section. Division Engineers during this study and publication of this

report were BG Henry J. Hatch and COL Robert M. Bunker.

Commander and Director of WES during conduct of the study was

COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

This report should be cited as follows:

Walski, T. M. 1982. "Water Supply Analysis for the " 6
Guam Comprehensive Study," Miscellaneous Paper EL-82-5,
U. S. Army Engineer Waterways Experiment Station, CE,

Vicksburg, Miss.
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PART I

WATER DISTRIBUTION SYSTEM ANALYSIS

1. Introduction

Background * -

The U.S. Army Engineer Division, Pacific Ocean (POD), Honolulu

District, is conducting the Guam Comprehensive Study for water and

related land resources (GCS). The U.S. Army Engineer Waterways Experi-

ment Station (WES) was requested to provide technical assistance to the

Honolulu District in carrying out the water supply portion of the GCS.

While the primary interest of the Honolulu District is the possi-

bility of providing additional sources of water, it was necessary in

the study to also analyze the treatment and distribution of water in

Guam since different sources of water require different treatment and

distribution systems. Therefore, in order to properly determine the

economic benefits and costs of the alternatives (since the benefits of

Federal water supply projects are measured using the costs of the most U S

likely non-Federal alternative), it was necessary for WES to calculate

the costs of treatment and distribution systems other than for the

Federal Plan.

Overview

A considerable portion of the WES effort was spent developing an

understanding of the existing Public Utility Agency of Guam (PUAG) water

supply system. This was done on two levels. First, water balances were

performed on a village basis for several alternative development scenar-

ios under several growth projections to identify source development re- -,

quirements. These water balances did not take into consideration system

hydraulics, but merely the volumes of water required at the village

level and the availability of water from various sources. It was as-

sumed that an adequate distribution system could be constructed for

any alternative.

Secondly, an analysis was performed by WES using the Hardy-Cross

*O S S 4 0 0 0 0 S S S S S S S S S



method portion of the Methodology for Areawide Planning Studies (MAPS)

computer program developed at WES. In this portion of the study a

model of the distribution system was constructed and calibrated for -

four subareas on Guam. The model was then used to locate and investi-

gate problem areas in the distribution system. The model was found to

be very useful and will be given to the Government of Guam to assist in

the future management of the system. . -

This is the first part of a two-part final report. This part

contains the results of the water balance analysis and a discussion of

the development of and results from the water distribution analysis.

The second part consists of an economic analysis of the alternatives.

Section 2 of this part contains the results of the water balance.

* Section 3 describes the data collection effort required to develop and

calibrate the water distribution model. Section 4 contains a descrip-

tion of the calibration of the model. Section 5 presents a discussion

* of anticipated problems in the distribution system under future water

* use. Appendices A and B contain the User's Guide and Documentation of

the MAPS Water Distribution Program. Appendix C contains sample results

of the calibration runs. Appendix D contains maps of the distribution

* system model, while Appendix E contains a description of the program

* being given to the Government of Guam along with some instructions for

its use.

Description of System S S

The PUAG water supply system is a composite of many types of

sources, treatment, storage, transmission lines, and operating strate-

gies. The PUAG relies on wells in the northern part of the island as

the primary source of water, although it also operates surface, spring,

and well sources in other areas and purchases water from the U.S. Navy.

Treatment generally consists solely of chlorination at the source

(well or spring), although more conventional treatment is used at sur-

face sources. Ground-level tanks are generally used for storage, al- w

though there are some elevated tanks.

Very little booster pumping is used as sufficient pressure head is

generally provided by well pumps or gravity flow from storage. The

1-2
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distribution system includes a wide variety of pipe materials.

The PUAG system is divided into four regional systems. The

regional water system boundaries are shown in Figure 1-1. The areas p

not included in the PUAG system are undeveloped or served by either the

U.S. Air Force or U.S. Navy systems.

1-3

0 p w

' II

* S

• • • • • • • g • • • • • S

S S"

S .



LEGEND

[lIfiREGIONAL WATER SYSTEM A

SREGIONAL WATER SYSTEM B -

ZZIREGIONAL WATER SYSTEM C

REGIONAL WATER SYSTEM D

___REGIONAL WATER * -
SYSTEM BOUNDARY

-- SUB-REGIONAL WATER DDD
SYSTEM BOUNDARY

COMMERCIAL PORT ASAN

AGAN

AGAN

*o o

1-4



2. Water Balance

Introduction

A great deal of information related to water supply problems and

their potential solutions can be developed fairly easily by performing

a water balance for the PUAG System. This balance is based on average

water use and source yield for an array of different water demand pro- * *
jections and distribution and source development scenarios.

Sources

There are essentially three sources of water on Guam which can be

used by the PUAG. They are (1) the northern groundwater lens, (2) the 40

Navy system using the Fena reservoir and treatment plant, and (3) a new

surface water reservoir in one of the southeastern river valleys. (In

this report, this option will be referred to as the Ugum River Dam,

although other sources are feasible.)

Scenarios

For the water balance, the existing PUAG sources are assumed to

continue producing water throughout the study period. Five scenarios

were formulated for the most likely combinations of additional source S

development. These are:

1. Groundwater development plus Navy source.

2. Groundwater development only.

3. Groundwater and Ugum River development. g

4. Ugum River plus other southeastern rivers.

5. Ugum River plus Navy source.

The results of the water balance for each of these scenarios is dis-

cussed in detail later. The facilities associated with each of these S

scenarios are presented in Section 1, Part II, of this report.

Water Use

Water use estimates for the water balances are based on the popu-

lation projections provided by the Guam Bureau of Planning. The popu- w

lation projections were converted to water use based on per capita

water use estimates from the Master Plan (Water Facilities Master Plan;

1-5
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Barrett, Harris & Associates, Inc. 1979) as shown below for each service

area.

Service Area Per Capita Use

Yigo, Dededo (Service Area A*) 80 gpcd**

Remainder of Isldnd (Service Area B) 145 gpcd

Agat, Santa Rita (Service Area C) 100 gpcd

Umatac, Merizo, Inarajan, Talofofo, 105 gpcd
Yona (Service Area D)

* These designations correspond to those used in the Master Plan.

** Gallons per capita per day.

The water use for each village, based on the above per capita rates, is

shown in Table 2-1 for the three time windows considered (1976, 2000,

and 2035). The total water use is projected to double from 1976 to 2000 -U U

and increase by 17 percent in the following 35 years. One problem made

evident from Table 2-1 is that total use in 1976 is calculated to be

only 9.72 mgd, while in the Master Plan water production plus purchase
is reported as 17.7 mgd. The differences are due to "unaccounted for"

water and large commercial and industrial users. In order to include

these water sinks in the water requirements to be used in the mass

balance, the values in Table 2-1 must be modified.

The uncertainty in the use and population projections can best be

accounted for by performing the water balance for a range of water re-

quirements. In this study three sets of water uses are examined in the

water balance:

1. Low a. 2000 - Water use from Table 2-1 plus 4.1 mgd added
a ffor agricultural/commercial use as per Table 5-25 3

of Master Plan

b. 2035 - 2000 use times 1.17

2. Medium a. 2000 - Taken from Master Plan Table 5-25 (28.9 mgd)

b. 2035 - 2000 use times 1.17

3. High a. 2000 - Water use from Table 2-1 times 1.97, which
is ratio of 1976 production to domestic use

b. 2035 - 2000 use times 1.17

1-6
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Table 2-1

Water Purchased by Village

(gpm) I S
Village 1976 2000 2035

1. Dededo 1215 2014 2356

2. Yigo 339 672 786

3. Tamunig-Tumon 1193 2769 3240 I -.

4. Barrigada, Mangilao, 1857 4130 4832
Mongmong-Toto-Maite,
Chalan Pago-Ordot

5. Agana 64 257 300

6. Agana Hgts-Sinajana 501 881 1030 0

7. Asan 145 272 318

8. Piti 158 266 312

9. Yona 299 617 722

10. Santa Rita 222 351 410

11. Agat 294 653 764

12. Talofofo 157 195 228

13. Umatac 51 117 136

14. Inarajan 130 202 236

15. Merizo 119 188 220

Total 6,744 13,584 15,890

• S
(9.72 mgd) (19.57 mgd) (22.9 mgd)

1-7 • S
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The average day water use for the PUAG system in million gallons per

day is given below.

Low Medium High

2000 23.7 28.9 38.6

2035 27.7 33.7 45.1 * -O

Per capita use 141 172 230

(gpcd)

The per capita use rates are based on a civilian population of 167,500 S

in 2000.

Existing Sources

For the water balance, new sources are brought on line only when

the capacity of existing PUAG sources is exceeded. The capacity of U S

surface water and spring sources is given in Table 4-4 of the Master

Plan and is shown below as Table 2-2.

Table 2-2

Source Capacity

Source Capacity (gpm)

Asan Spring 125 O

Santa Rita Springs 50

Ylig River 250

Geus Dam 70

Siligen Spring 10

* Laelae Spring 65

La Sa Fua River 30

Total 600

(0.86 mgd)

Groundwater source capacities were taken from Appendix D of the Master

Plan and are listed in Table 2-3 by the Village in which they are

1-8
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Table 2-3

Well Capacity

Village Capacity (gpm) - _

Yigo (AG*+Y) 541

Dededo (D+F) 2705

Barrigada et al. (A+M) 3675 * -.

Talofofo (T) 152

7073 = 10.1 mgd

• Capital letters refer to well series as defined in the
Master Plan.

located. Note that the numbers in Table 2-3 are 80 percent of the

values of Appendix D. This is to account for downtime and manual 0'

operation of the wells.

The total surface water capacity in Table 2-2 of 0.86 mgd agrees

roughly with Table 5-3 of the Master Plan which gives surface and spring

produc-ion of 0.92 mgd. The total well capacity in Table 2-3 is some- I a

what lower than the 14.19 mgd well production given in the Master Plan.

This is probably due to the fact that capacity is not given in Appendix

D of the Master Plan for nine of the wells reflected in Table 2-3. This

figure of 14.19 mgd requires each of these wells to have a capacity of

308 gpm which is higher than that reported for any of the existing wells.

Inconsistencies in the data on source capacity, production, and

water use should be kept in mind when interpreting the numbers reported

in the results of the water balances. In general, a range of values

has been given and it is left to the reader to decide which value is

more reasonable. At the very least this should serve to cause the

reader to appreciate the uncertainty associated with the water bclance

calculations.

Results of Water Balances

The results of the water balances for the five scenarios inves-

tigated are presented in the following sections. The results are shown

1-9

* S S S S S S S S S S S S S U U S



- -

graphically and flows at critical points in the system are given in

matrix form for several sets of conditions. The three rows of the

matrices correspond to the low, medium, and high water use projections -.

given earlier and the two columns represent the 2000 and 2035 time

frames. For example, in Scenario 1, the flow between Village 4

(Barrigada et al.) and 9 (Yona) for the medium use projection in 2035

is shown in the second column, second row (2.29 mgd). An arrow along "e 0

a line indicates direction of flow. A negative flow indicates flow in

the direction opposite the arrow.

Scenario 1: Groundwater Development Plus Continued Use of Navy

(Figure 2.1). This scenario represents the status quo, with the 0

military (chiefly the Navy) providing 2.6 mgd, the PUAG providing 0.9

mgd from surface and spring sources, and the remainder coming from

wells. In this scenario, the Agat-Santa Rita area, which is presently

served by the Navy, will continue to be so served and will not be con- -

nected to the remainder of the system except through Navy lines. By

2035 the Navy will supply from 1422 gpm (2.05 mgd) to 2327 gpm (3.35

mgd) to the areas it serves. The advantage of continuing use of Navy

sources is that the Navy takes its water from the Fena Reservoir in

the southern portion of the island and any water taken from this source

reduces the stress on the northern groundwater lens. Even so, this

scenario calls for from 5240 gpm (7.55 mgd) to 16,453 gpm (23.71 mgd)

of additional groundwater to be pumped from the northern lens. The

present pumping rate is 18.3 mgd, according to the Master Plan, and the

estimated yield is approximately 50 mgd. Therefore, adequate water is

available, although there will be little safety margin. Continued use

of Navy facilities also will eliminate the need for the Cross Island C S

pipeline along Route 17 and will allow elimination (or reduction in

size) of the line connecting Asan and Agana. The southern portion of

the island will receive from 1270 gpm (1.83 mgd) to 2192 gpm (3.16 mgd)

4 from the north to supplement its surface sources by 2035.

Scenario 2: Groundwater Development Only (Figure 2-2). This

scenario corresponds to the proposed Master Plan. In this plan net

purchase from Navy sources will be zero, although water may be traded.

1-10

• • • • • • • • • • • 1- •0

6- S C S S S S S S S S S S S S



2000 2035

LOW (GD
[3-8 5ADDITIONAL MED[ FO MG

18.56 13.06 GROUNDWATER HIGH]
7.8 23.71 L I. I

(I MGD 694 GPM)

3.AAN PAG ODOT1.9 183

TS,4. ARINARAJ AN SOTLAS

FigureANAG 2-1T Sceari 1 - rudatr+Nv

7. A A .1 22

.6 3 . 6

S.. IINAVY 13l 21

* ~ ~ ~ ~ ~ ~ 28 3.35 S U S S S U S S 5



2000 2035
LOWF

F570 9.72 ADIINL MED j FLOW (MGD) 7083 15.73 GROUNDWATER HG20.79 27.38 HIGHL2 (1 MGD =694 GPM)

1. DEDE0

3.~ TAMN*N

4'32 5*'

:7 2

10 SNTARIT 12.1-12OF

0~1 SGA 0.6 0.7S 0 S S S 8] S



For this alternative, all of future development must be met from the

northern lens, and the Asan-Piti-Ninitz Hill and Agat-Santa Rita areas

will be connected to the remainder of the PUAG system. The northern

lens must provide from 6747 gpm (9.72 mgd) to 79,000 gpm (27.38 mgd)

additional water by 2035. Unless the distribution system is repaired

to eliminate losses and/or conservation is implemented, the northern

lens will be stressed near its limits. This scenario calls for an • -•

additional 100 wells (assuming approximately 200 gpm/well) and will

probably result in significant operation and maintenance problems as

well as possible water quality problems if current operation is indic-

ative of future operation. Rather than chlorinate the water at each

well and pump it directly into the system, it may be better to collect

water at a central point in each wellfield, treat it there, and then

pump it into the system. This should improve water quality control and

simplify operation. It may even be economical since the pumps at the 0 lo

wells can be smaller and chlorinators will not be required at each well.

(The previous statements are true for all scenarios using wells, but

are mentioned here since this scenario relies on wells most heavily.)

In this scenario, the water transported to the south will double that

required in scenario 1 since water for Agat-Santa Rita must pass through

Yona on its way to the Cross Island pipeline. Trading water with the

Navy is possible, with the Navy providing a gallon of water to Agat-

Santa Rita for every gallon it receives from, for example, Barrigada. l 9

Scenario 3: Groundwater Plus Ugum River Dam (Figure 2-3). In

this scenario the Ugum River Dam will, as discussed in the Ugum River

Interim Report (Honolulu District 1980), be constructed by the year

2000 and will yield 6246 gpm (9.0 mgd). This water will be supplemented *
by additional groundwater development in the northern lens, which can

range from 0.72 to 18.38 mgd depending on use. This plan eliminates the

need for connections with the Navy except for emergencies, and will

protect groundwater from overdrafting and subsequent salinity problems.

Since there will be a large central treatment plant and pumping station,

operation should be considerably simpler than for the 100+ wells in

scenario 2, and water quality should be excellent.

1-13
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Scenario 4: Southern Surface Water Source Development Only (Fig-

ure 2-4). This scenario represents the case in which no additional

groundwater development occurs and the water requirements are met by one

or more reservoirs in the southern portion of the island. (Note that

in Figure 2-4 this alternative is referred to as the Southeast River

Dams, which consist of the Ugum and Inarajan Dams). In this scenario

the stresses on the northern lens are greatly relieved and, as a result, * _0

water quality should improve. Instead of building separate chlorination

2000 2035
LOW ]

ADDITIONAL MED FLOW (MGD)
GROUNDWATER HIGH L -* "

11 MGD - 694 GPM)

U U

TAAT

13. A U IG

5. MRZNA

6. AGANA HGTSc 4. BARRIGADA, RANGILAO,SINAJANA 'MONGMONG, TO)TO-MAITE,7. -SA CALA ,AO OO 2.2 5 " .576 7.o
0~. 8 1"- 8.11

- 17.,14'7 20 -I1q I A~
: I N. vv / 2.13 2.491 v u1
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I1.UATAC .
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Figure 2-4. Scenario 4 - Southeast River Dams Only
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facilities at each well, a centralized, modern, automated treatment plant

can be built. The transmission cost to pump this water north to the

high use areas in Tamuning and the large capital costs involved with dam

construction will result in higher costs than some other alternatives.

This alternative is most attractive if additional groundwater cannot be

developed and connections with the Navy must be eliminated. If all

island demands are met from the Southeast dams, the line from Yona to

the north would carry from 5.60 to 20.23 mgd in 2035 assuming unlimited

source capacity. Since total yield from the dams is 15.9 mgd, and the

southern villages must be served first before pumping north, the actual

ultimate flow that can be pumped north is given in the block labelled

"ultimate." Note that in the low projection, there will be unused

capacity even in 2035.

Scenario 5: Southern Surface Plus Navy (Figure 2-5). This

scenario is similar to scenario 4 except that Navy connections would

continue to be used for Asan-Piti-Nimitz Hill and Agat-Santa Rita. This

would eliminate the need for a Cross Island road pipeline, and reduce

the size (and possibly number) of the required reservoir(s). This plan

also has negligible impact on the northern groundwater lens and would

allow simple operation and good water quality. It will require a large

pipeline connecting the reservoirs with the northern use areas. Under

the high use projection, both the Ugum and Inarajan Dams must be built.

Under the other projections only the Ugum Dam is required. *

4
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3. Data Collection for Hydraulic Model

Most of the data used in this analysis were taken from the Master -.

Plan. These data were supplemented by and cross checked with data

from a variety of other sources including the GCS Stage I Report and

the Ugum River Interim Study. A more detailed description of the

sources of particular types of data is given below. Published data * -.

were supplemented by field observations and tests conducted by the

Honolulu District and WES personnel with the assistance of PUAG

personnel during August 1981.

Service Areas *6

The island has been divided into four "service areas" in the

Master Plan, conforming to the Bureau of Planning's Land Use Plan.

These service areas are:

A - Dededo, Yigo, and other northern areas; U S

B - South of Dededo to Piti in the west and Pago Bay in the south;

C - Agat-Santa Rita;

D - South portion of island from Pago Bay to Umatac.

It would be complicated and expensive to simulate the entire

system at one time with the MAPS computer program, and it is not

necessary to do this since some areas are separated from the others,

or connected only through a booster pump or pressure-reducing valve.

In addition, the boundaries between the service areas listed above are

not convenient points at which to break off a hydraulic model. There-

fore, for modeling purposes, it was necessary to divide the island into

a different set of "subareas" related to the service areas as described

below.

Subarea Service Area In Master Plan

AB A and B minus Harmon, Yigo, Mt. Santa Rosa,
Barrigada Heights, Asan, Piti, and Nimitz Hill •

C C minus Sinfa Reservoir Area

D1 D north of Malojloj Pump Station

D2 D south of Malojloj Pressure-Reducing Valve

1-18
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Theae subareas were simulated using the MAPS program. The areas not

included were generally separate and so simple that it was best to use

hand calculations. 0 •

Population/Water Use

Population data were taken from a document entitled "Revised Vil-

lage Population Projections for the Year 2000" dated June 1977 and

transmitted from Betty S. Guerrero, Bureau of Planning, to the Honolulu 0 -.

District on 31 March 1981. This document contains existing population

and projected 2000 population broken down by village. The 2030 popu-

lation was determined based on 3/4 percent growth per year for 1980-

2000 and 1/4 percent growth per year from 2000-2035 as given in "Table

29" which was apparently taken from the Apra Harbor Survey Report and

cited on Table All in the Ugum River Interim Study. This corresponds to

a 17 percent growth from 2000 to 2030.

In developing water use from population data, the Master Plan

used 80, 145, 100, and 105 gpcd for service areas A, B, C, and D,

respectively (service areas as defined in Master Plan). The sum of

water produced (15.11 mgd) and purchased (2.59 mgd) by the PUAG in 1977

is 17.70 mgd according to the Master Plan. This corresponds to 208.9

gpcd (17.7 mgd/84,701 people). In general, the ratio of water produced

(plus purchased) to water used was 1.5, so, in the mathematical model

runs, pressures and flows were simulated for the projected water use

and twice the water use in order to bracket the possible pressures. S

Wat er System Maps

The most important information required for modeling a water

distribution system is a map of the distribution system. For this work,

the skeletal system to be modeled was drawn on tracing paper overlaid 0 0

on 1:24,000-scale U.S. Geological Survey (USGS) topographic maps. All

of the elevations, pipe diameters and lengths, tanks, pressure-reducing

valves, booster pumps, and wells were located on the maps.

There were several sources of data from which to develop maps of

the water distribution system. The primary source was the "Existing

Islandwide Water Facilities System Maps" prepared as part of the Master

Plan. There were also two plan maps and one profile map in the Water

1-19
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0 0

Facilities Master Plan, a plan and profile map in the Agat-Santa Rita

and Yigo Sanitary Surveys, a set of blue line maps of the southern por-

tion of the island, and a map from the Ugum River Interim Report. Data -0 0
on elevations were taken from quad sheets and the system profile in the

Master Plan. In some cases, the data from the various sources were

inconsistent, so some judgment had to be made as to which source was

more reliable. (Generally, the "Existing Islandwide Water Facilities

System Maps" were used.)

The location of wells was taken from Figure 4-3 of the Master Plan

and the capacity and head at the wells was taken from Appendix D of the

Master Plan. Pressures and capacities of all of the booster pumping

stations were not available in the Master Plan. These data were pro-

vided in a letter from the PUAG dated 6 June 1981. The upstream and

downstream pressures at pressure-reducing valves wete also provided in

the same letter.

Additional Data Collection

In order to properly calibrate the water distribution model, it

was necessary to know the pressures throughout the distribution system

while also observing water elevations in tanks, and the pres:i' rf at

pumps, wells, and pressure-reducing valves at roughly the same time.

Virtually no pressure data could be found, except for some sketchy

data in the Agat-Santa Rita and Yigo sanitary surveys, and it was felt

that additional data collection was necessary to calibrate the model.

Personnel from Honolulu District, PUAG, and WES performed pressure and

flow tests and observed operation of the PUAG water distribution system

during a field trip.

The primary purpose of the field testing on Guam was to collect

sufficent data to enable WES to properly calibrate the network model of

the PUAG water distribution system that WES has developed. Independent

of the model, the data can be used to gain a quantitative understanding

of the operation of the system and to predict fire flows from hydrants

tested for insurance rating purposes.

Several types of data were collected. They include;

1. Static pressure at hydrants,

1-20
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2. Pressure while nearby test hydrant was opened,

3. Flow from test hydrant,

4. Water levels in reservoirs,

5. Suction and discharge pressure at pumps,

6. Discharge pressure at wells,

7. Upstream and downstream pressure at pressure-reducing valves
(PRy).

While much of the data could be collected by observing gages

located on the tanks and pumps, gages for measuring the hydrant pres-

sures and flows were needed at preselected points in the system. These

with a 160-psi dial and a Pollard Hydrant Flow Gage (P-669) with a 1300-

gpm dial. The tests were conducted by Mr. James Emerson, POD, Mr. Juan

Soriano, PUAG, and Dr. Thomas Walski, WES, on 18-20 August 1981. The

data collected are presented in the following sections.

Hydrant Tests

Table 3-1 contains data collected during the hydrant static and

flow tests. For many hydrants only a static pressure reading was taken,

while for others an adjacent hydrant was opened and a flow test was

conducted as described in American Water Works Association (AWWA) Manual

No. M17 (Installation, Field Testing and Maintenance of Fire Hydrants).

Note that in previous Sanitary Surveys conducted for Agat-Santa Rita

and Yigo areas, it appears that only one hydrant was used in conducting

the flow test so that the pressure reported for the flowing condition

is not the pressure during the flow test as defined in AWWA M17, but

rather the velocity head at the mouth of the hydrant in pounds per

square inch. Therefore, only the static pressures given in the Sanitary

Surveys are correct.

The data contained in each column of Table 3-1 are described in

greater detail below.

Column 1. The location is that of the hydrant at which the static

* pressure gage was located. The nearest hydrant to this hydrant is the

one that was allowed to flow.

Column 2. The hydrants to be tested were selected partly based
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on their proximity to node points in the water distribution network

model being developed by WES. The node number at which the hydrant is

located is given in column 2. In some cases, the hydrant is a signifi- - •

cant distance from the node. These node numbers are designated by an

asterisk.

Column 3. The date on which the test was conducted is given in

column 3. The number 18 indicates that it was conducted 18 August 1981.

Column 4. The elevation of the hydrant above mean sea level (msl)

was obtained from USGS 1:24,000-scale topographic maps with 20-ft con-

tour intervals. The data should only be considered accurate to +10 ft.

Column 5. The pressure (in pounds per square inch) recorded at

the hydrant under normal flows is given in column 5. It is accurate to

+5 psi.

Column 6. The elevation (in feet) of the hydraulic grade line

(HGL) under normal flows is given in column 6. It is calculated using

HGL = E + 2.31 P

where

HGL = height of hydraulic grade line, ft S S

E = elevation of hydrant, ft

P = pressure at hydrant, psi

Columns 7 and 8. Columns 7 and 8 contain the same information as

given in columns 5 and 6, respectively, except that the entries are for

the case in which the adjacent hydrant is flowing.

Column 9. Column 9 contains the flow from the adjacent hydrant

rounded usually to the nearest 30 gpm.

Column 10. The predicted flow at 20 psi is the customary way of 5 5

describing the flow that can be delivered through a pumper fire engine.

It is determined from the following formula given by the National Board

of Fire Underwriters:

Q20 = QT /I0-

where
0
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6 6

Q20 = flow provided at 20 psi, gpm

QT = flow provided during test, gpm

PS = static pressure reading, psi

PT = pressure recorded during test, psi

Caution must be exercised in using some of the results in Table

3-1. For example, the accuracy of values for predicted fire flow at

20 psi depends on the relative size of PS - 20 and PS - PT * If * -

PS - 20 is much greater than PS - PT (e.g., a factor of 20), then

the results will be less reliable than if PT was approximately 20.

This is due to the fact that opening the hydrant in these cases did not

significantly change the pressure and, hence, did not closely simulate g

fire conditions. The results of test 5 (Route 4 Agana) will, therefore,

not be as good an indicator as test 7 (End of Agana System).

Unusual results were found in running the hydrant test at some

locations. These are described in detail below.

Location 12. Agat Cemetery--the flow at the hydrant varied from

440-1100 gpm during the test. The test was rerun and the flow stabi-

lized near 790 gpm. The variation may have been due to the effect of

the Agat pressure-reducing valve, or construction on a nearby water 0

main. Results from this test were not used in calibration.

Location 28. During the test in the Latte Heights, the pressure

did not return to the initial static pressure of 35 psi after the flow

test but only to 28 psi. The value of 35 psi was used for calibration. g

Locations 39 and 40. There was very little pressure in the Agafa

Gumas area during the tests because the Agafa Gumas Tank was out of

service. This, however, does not explain why the pressure in test 39

was almost nonexistent. It is very likely that there was a closed

valve or blocked pipe near the hydrant. These values were also not used

in the model calibration.

Reservoirs

The water elevation in every tank was checked immediately pre-

ceding or following the hydrant tests influenced by that tank. The

results are shown in Table 3-2. In cases where the reservoir was

remotely located or elevated, the water level reported that day by
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Table 3-2

Water Elevation in Reservoirs

Water Node No. 0 _

Location Date Elevation in
Observed Aug 81 ft Model

Tumon Reservoir 18 36 240

Agana Heights Reservoir 18 38 206 * -.

Fena Clearwell 18 14 300

Umatac Tank 18-19 0 401

Merizo Reservoir 19 36 411

Windward Hills Large Reservoir 19 40 445

Chaot Reservoir 19 15 213

Mangilao Reservoir 19 40 220

Barrigada Reservoir 19 27 259

Yigo Reservoir 20 19 160 g

Reported by PUAG

Piti Reservoir 18 37 276

Malojloj Reservoir 19 18 421

Barrigada Heights Reservoir 19 35 260

Yona Reservoir 19 14 462

Harmon Reservoir 20 12 150

Agafa Gumas Reservoir 20 0 100

PUAG was used. The Umatac Tank was eupty due to a power outage in that

part of the island, and the Agafa Gumas Tank was out of service.

Pumps and Wells

Discharge and suction head at most of the booster pumps and some

of the wells are presented in Table 3-3. Numerous other wells were

checked but no reading could be obtained since the faces on the pressure

gages were not readable. The Yona Booster Pump Station was not in-

cluded in Table 3-3 as it appeared that one of its gages was not reading

correctly. While the pump was running, the difference between suction
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Table 3-3

Pressure at Pumps and Wells

Pressure Node No. -

Date Suction Discharge in
Location Aug81 psi psi Model

Agana Springs 19 - 45 270
Pigua 20 25 125 414
Malojloj 20 20 - 425* 0 -
Upper Brigade 20 - 70 452*
Lower Brigade 20 - off 452*

Ylig Treatment Plant 20 - 235 454
Well A-7 20 - 105 214
Well A-18 20 - 120 222 -*
Well A-2 20 - 134 214
Well A-14 20 - 78 222

Barrigada Heights 20 14 110 258*
Well D-16 20 - 82 116
Well D-18 20 - 90 116
Well M-14 20 - 105 122* W W

Well Y-3 21 - 118 170*

Well AG-i 21 - 70 124
Ysengsong 21 95 125 103
Well F-3 21 - 180 105
Well F-6 21 - 245 106
Well F-5 21 - 200 106
Well D-9 21 - 120 108

* Well or pump is a significant distance from the node.

and discharge pressure was 10 psi. This is inconsistent with the horse-

power of the pump described in the Master Plan, and indicates that one

of the gages was not working, or that the pump impeller was damaged.

At some of the pumps and wells, it was unclear whether the pres-

sure was in pounds per square inch or feet because of the difficulty in S

reading the gage. Since most gages indicate pressure in pounds per

square inch, in most cases it was concluded that the pressures were in

pounds per square inch. This resulted in some inconsistencies between

Table 3-3 of this report and Appendix D of the Master Plan. For ex- •

ample, the Master Plan reports pressure at well F-6 as 115 psi while

the pressure gage read 245. These readings are only consistent if the

245 is the pressure in feet (i.e. 106 psi).
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Pressure-Reducing Valves

Table 3-4 gives the pressures at the major pressure-reducing

valves in the system. The area around the Agat pressure-reducing valve

was so covered by vegetation that the valve could not be located.

Table 3-4

Pressure at Pressure-Reducing Valves

Pressure Node No.
Date Upstream Downstream in

Location Aug 81 psi psi Model

Agat 18 Could not locate 325

Laelae Spring 18 - 80-85 404 V U

Malojloj 19 - 100 427*

San Victores Road 20 65 60 250*

* Hydrant is a significant distance from the node. S

U
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4. Development and Calibration
of Water Distribution System Model

This section contains a description of the steps used to develop

and calibrate the water distribution system model. There were actually

"1models" for four separate subareas on the island. (AB, C, Dl, D2) as

described in the previous section. These correspond to four separate

data files for the MAPS computer program. 0 -

Procedure

Once the map of the distribution system was constructed, the lay-

out of the system was coded in a form acceptable to the MAPS computer

program as described in Appendix A. These data files were created and
stored on the Boeing Computer Services (BCS) computer.

Next, water use was divided among the nodes. This information

was stored in separate data files which were merged with the files

rV describing the physical system at the time computer runs were made.

It must be remembered that the model is a "skeletal" model in that

it does not include every pipe in the PUAG system, but only the major

* lines. Thus, most of the smaller neighborhood distribution lines have

been omitted. Several parallel pipes may be represented by a single

large pipe in the model. Similarly, withdrawals of water by users

located in an area of several acres may be considered to occur together

at a single node.

The model was considered calibrated when it was capable of pre-

* dicting the elevation of the hydraulic grade line (i.e., pressure) at

* all nodes, for which calibration data were available under average flow

and fire flow conditions. Noting that pressures are known to be approx-

* imately +5 psi (12 ft) and elevations to +10 ft, the model should be

considered to be an accurate representation of the system if it predicts

* pressures to within 20 ft of those observed.

The first run of the program for a given area generally produced

a very poor calibration. The first variables t- be adjusted were the

pressures at pumps and wells since the data associated with these

appurtenances were often sketchy at best. Note that wells were generally

* S qlp
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not modeled separately but rather were grouped in "wellfields" which

were assigned to nodes. The well data used for the program is given in

Table 4-1. In service area AB, wellfield nodes have numbers in the 50's

and are connected to the system by very short pipes.

Once the heads at tanks, pumps, and wells were established, the

next parameters that required adjustment were the magnitudes and

distribution of water use and hydraulic conductivities, as represented

by the Hazen-Williams C-factor. In general, the flows were divided

evenly among the nodes within a given part of a subvillage (e.g., Yona,

Table 4-1

Wellfield Pump Data 0 0

Total
Wellfield Capacity Head

Node Wells gpm ft

501 A-i, 5, 6 701 190
502 A-2, 4, 7, 8 775 239
503 A-3, 11, 12 610 220
504 A-9, 10, 13 315 300
505 A-14, 18, 21 590 169

506 A-15 185 132 0 5
507 A-17 190 157

508 A-19 200 248
510 AG-I, 2 95 170
511 D-1, 2, 4, 5 1062 45

512 D-3 500 41 S
513 D-6, 7, 9, 10, 11 706 182
514 D-8, 12 337 189
515 D-13 94 174
516 D-14 165 138

517 D-15 158 228
518 F-3, 4 457 162

519 F-5, 6, 7 198 242
520 F-8 129 88
523 M-1, 2, 3, 4, 8, 9 987 139

524 M-5, 6, 7 540 122

525 M-12, 14 300 148 0 ]
526 F-i 295 150
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Asmisen, Baza Gardens, and Windward Hills are subvillages within the

village of Yona).

A C-factor of 110 was used for all pipes. This was done since

* there was little need to further fine tune the model as it calibrated

well with a single value for C. Since the model was of the skeletal

type, the pipes in the model did not always correspond exactly to the

existing distribution system. C-factor tests should be conducted oJn 0'-

some of the major transmission lines in the PUAG system.

Pressure-reducing valves were modeled as a constant head node on

the downstream side and a constant flow node on the upstream side, as

described in Appendix A.

If pumps were not running during data collection for calibration

(e.g., Lower Brigade), no flow was permitted during the calibration

simulation. This was accomplished by "disconnecting" one end of the

line on which the pump was located. w
Results of Calibration

The results of the calibration runs are summarized in Table 4-2.

Since it was difficult to determine the exact water use at the time the

tests were run, the model was run for flow rates equal to the average

water use and twice that amount. The pressures under both use rates

are reported in Table 4-2. The pressure for average use is given as

the first number in parentheses in the average flow column entitled

"Predicted HGL" and the pressure at twice the average use is given as

the second number in parentheses.

The predicted pressure at twice average flow is generally closer

to the observed pressure since the tests were run during the daytime

when water use was high, and the "average use" does not include unac- 0

counted for water which may be carried by the distribution system. The

detailed computer printouts for some runs are presented in Appendix C.

Each of the values in the predicted pressure under fire flow

conditions column corresponds to a single run of the program at the

given fire flow, while the remainder of the subarea is consuming water

at twice the average flow rate.

There were a few nodes at which there were notable problems in the
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calibration. These are discussed below.

The location of the pressure test conducted at Sinajana was a

significant distance from either of the nearby nodes (nodes 209 and 211).

Therefore, the predicted pressure at both nodes is given.

The predicted pressure at node 200 (south end of Agana) during

fire flow is significantly lower than that observed. This could be

corrected by slightly increasing the C-factor for some of the lines

leading to node 200.

The data collected in the Agat-Santa Rita area during the August

1981 field trip were inconsistent with the pressure readings reported

in the Agat-Santa Rita Sanitary Survey. It was decided that the data

set that most closely reflected "typical" operations of the system

should be used. During the August 1981 tests, the pressure was observed

to fluctuate during tests, and there were inconsistencies in the data

(e.g., HGL dropped by 66 ft in 2500 ft between node 315 (Juan Guererro

Ave.) and 311 (near Agat Cemetery) in Agat). This indicates that there

may have been some closed valves in Agat in order to accommodate nearby

water main construction works. For this reason, the values for static

pressure from the Agat-Santa Rita Sanitary Survey were used for cali-

bration and are shown in parentheses below the observed pressures.

The fire flow pressures reported in Agat-Santa Rita Sanitary

Survey cannot be used because the "pressure" reported was actually the

velocity head at the flowing hydrant. In conducting a hydrant flow

test, the "residual" hydrant (where pressure is measured) should not

be the same as the "test" (flowing) hydrant (AWWA Manual 17). In the

Agat-Santa Rita Study, the AWWA procedure was not used and the pressure

was read at the flowing hydrant. This could result in significant head

losses in the hydrant, especially if the hydrant valve is not completely

open. Because of this problem, it was not possible to calibrate the

pressure in Agat-Santa Rita for fire flow conditions.

In Hyundai, it was found that the pressure was controlled by Santa

Rita Springs and not the Navy Mag Pumping Station source.

There are essentially two pressure zones in subarea C. They are

separated by the Agat PRV. In order to simulate the two areas in a
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single model run, it was necessary to simulate the PRV connecting them

with an "imaginary" pipe with very low flow. This imaginary pipe

connecting node 300 and 326 must be included even though no such pipe

actually exists. This was necessary since a PRV operates in an unsteady --

manner, but the model is a steady-state model.

In modeling the hydraulics of Umatac Village, the sources for the

village (LaeLae Spring, Atlague Spring) were taken as a single node

(404) and considered to produce an HGL of 130 ft.

The Merizo PRV was set to a pressure of 37 psi, although data

from PUAG showed it had a downstream pressure of 30 psi. Similarly,

the Malogloj-Inarajan PRV was set to 100 psi in the model (as observed

in the field), although a letter from PUAG stated it was set at 80 psi

and the Master Plan stated it was set at 25 psi.

The capacity of the booster pump at Umatac was set to 30 gpm at

a head of 235 ft, although PUAG data showed it had a capacity of only

15 gpm. Da-a from PUAG also showed the Inarajan package pumping station

to produce 160 psi, although this resulted in extremely high pressures

near the Inarajan school (node 426). There were no data to confirm

this pressure.

In Talofofo it was impossible to accurately calibrate the model

for the fire flow condition. The most likely explanation was that the

fire flow recorded as 730 gpm was actually 530 gpm. This is the flow

required to give the correct pressure. Furthermore, there is a 530

mark on the pressure gage, but no 730; so the number may well have been

recorded incorrectly.

In the Agafa Gumas and Ysengsong Road areas the predicted HGL is

higher than the observed HGL. This is most likely due to combining

several well pumps into a single wellfield node with a single pump

curve. This approximation slightly underestimates the head losses

between the well and the distribution mains. The calibration is con-

siderably better for nodes nearer to tanks than wells.

Because subarea AB is so large, and the solution to a Hardy-Cross

problem is not an exact solution, the pressure reported for nodes well

away from the datum node will have a larger error than from nodes near
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the datum node. For the calibration runs, both the Tumon and Mangilao

tanks were used as the datum on individual runs. Since the most critical

nodes (i.e., most users) are in the Agana-Tumon area, the Tumon tank 0 6

(node 248) was used as the datum for the runs shown in Table 4-2. Runs

made using the Mangilao tank as datum were more accurate in the Mangilao

area.

Summary of Calibration 0 0

The results of the calibration indicate that the model can

correctly predict pressure and flow in the PUAG distribution system.

While the model is adequately calibrated, there is margin for improve-

ment by "fine tuning" the C-factors and assigning water users to nodes. S S

Future users of the model are encouraged to perform this fine tuning,

as well as to update the model to account for improvements to the

system.

• [
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5. Predicted System

Behavior Under Future Conditions

0 0

The purpose of developing the water distribution system model was

not to simulate existing conditions, but rather to project the behavior

of the system under many different conditions. Once the model was

calibrated, it was run for different subareas for a variety of flows. * -.

The most important runs were for average flow in the year 2000

and for peak flow in the year 2030, which corresponds to 4.5 times the

average flow in 2000. Numerous other runs were made to investigate the

existing system under alternative conditions in order to identify weak '9

points in the system.

The results of these simulation runs are presented in the follow-

ing sections. The hydraulics of areas of the island, which were not

covered by the model, are also discussed briefly. Unless otherwise 40

stated, the comments below refer to the existing system under current

water use.

Subarea AB

Dededo. As long as the wells in the Dededo area are operating,

pressures will be adequate in Dededo. If the wells are not pumping,

the area is served primarily by the Barrigada Reservoir. The reservoir

alone can meet average demands, but because of the distance from Dededo

(approximately 2 miles), pressure will be very low during peak use or g

fire flow conditions.

Tumon-Tamuning. The Tumon-Tamuning area is one of the few areas

with no sources. It receives its water primarily from the wells of -the

Dededo area. The pressure is controlled by the Tumon Reservoir and is 40

adequate under normal conditions. Under high flow or fire flow, too

much head loss occurs in the pipes to provide the required pressures.

There is a valve between the Tumon Reservoir and Tamuning, which is

described as normally closed (N.C.) in the Master Plan. If this valve

is opened, the pressures in Tamuning during high flow period can be

greatly improved. Replacing this valve with a pressure-reducing valve

would serve this purpose well and would also serve to protect the system
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during low flow periods. The Tumon Loop Reservoir has not yet been

connected to the system. When it is, it should improve the fire flow

in the Tumon Bay area, since presently fire flow to this area must -e
travel from Dededo or the Tumon Reservoir, and, either way, head losses

are high.

Latte Heights. Latte Heights, which is located at 400 ft msl, is

served, like Dededo, by the Barrigada Reservoir. It has adequate * -*

pressure during average and low flow periods and when the pumps at the

M-series wells are operating. The proposed additional booster pump on

the line from the Barrigada Reservoir should improve pressure in the

Latte Heights area.

Mangilao-Barrigada-Chalan Pago-Ordot. The Mang4 lao-Barrigada-

Chalan Pago-Ordot areas are served by the A-series wells. Pressure is

further controlled by the Chaot and Mangilao Reservoirs. As long as

the wells are pumping, pressure will be adequate. If the wells are _W

shut off, pressure can be a problem at high flow in the Barrigada area

since some of the nodes are several miles from the Mangilao Reservoir.

One solution to this problem would be to connect Barrigada with

Barrigada Heights by way of Security Road. A pressure-reducing- g

sustaining valve, set to open only during high flow periods, and ap-

proximately 2 miles of pipe would be required for this.

Mongmong-Toto-Maite. At present, Mongmong-Toto-Maite is served

primarily by Navy sources. The proposed Barrigada Reservoir should

result in adequate pressures in the area. A high priority should be

placed on conducting the Sanitary Survey of Mongmong-Toto-Maite as

recommended in the Master Plan.

Agana Heights-Sinajana. The Agana Heights-Sinajana area receives

its water from the A-series wells. Pressure is controlled by the Agana

Heights reservoir. The reservoir is not much higher than the Agana

Heights community so the pressure will be low in that immediate area.

During average flow, the pressure can be raised by wells and the Chaot

Reservoir, but during high flow the pressure cannot be sustained because

of the distance to that reservoir. Sinajana is lower and nearer the

Chaot Reservoir, so it will have adequate pressure, even at high flow.
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Agana. The Agana Area receives water from Agana Heights and

Tamuning and also has an emergency connection to a Navy line. Because

of the low elevation, the pressure is adequate during average conditions,

but it is difficult to supply fire flows of about 1000 gpm at the east

extremities of Agana where the system is essentially a dead-end line

(6 in. and 8 in.). Since there are commercial buildings in the area,

high flows for fire fighting are required. This situation should be * .

corrected when the proposed 18-in, and 20-in, line along the coast is

constructed.

Subarea C

Subarea C is at present isolated from the remainder of the PUAG

distribution system. It receives water primarily from the Fena Water

Treatment Plant, plus Santa Rita Springs and the Navy Mag Booster Pump.

The pressures are generally adequate in the subarea during average

conditions and the new line being installed along the coast should

alleviate the problem of achieving high flows in Old Agat. The 2-in.

section of pipe between the Navy Mag Booster Pump and Hyundai should

be replaced by a larger line and a pressure-reducing valve. At present,

the 2-in, line is preventing the area from receiving high flows from

-~ the Navy system that are needed under fire-fighting conditions.

Subareas D1 and D2

Service area D receives most of its water from local sources,

although some water enters from service area B to the north. This area

is divided into two subareas (Dl and D2) by the booster pump and

pressure-reducing valve in Malojloj.

Yona. The areas downstream of the booster pump station generally

have adequate pressure. However, in the hills to the west of Yona

0 there is inadequate pressure for fire fighting. The proposed reservoir

in the hills should correct this problem. The pumping station being

constructed near the Pago River should raise pressure in the remainder

of the area.

Baza Gardens. Baza Gardens has adequate pressure for both average

and high flows since it is downstream of the Brigade Pump Station and

is at a much lower elevation than the Windward Hills Reservoirs.
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Windward Hills. The Windward Hills golf course, landing strip, and

memorial park have adequate pressure for average conditions, but, be-

cause they are at an elevation comparable to that of the Windward Hill

Reservoir, low pressures will exist at flows above 500 gpm. If the

pipeline and pump station along Cross Island Road are installed, care

must be exercised to ensure that adequate pressure can be maintained at

the suction end of the pump. The pump station should be located at the
* 0

intersection of Route 17 and 4A, and not farther up Route 17 as shown

in the Master Plan.

Talofofo. The distribution system in Talofofo is fed from the

Windward Hills Reservoirs. The main lines in Talofofo provide adequate

pressure for average use and fire flows of 500 gpm.

Malojloj. Malojloj has adequate pressure because of the Malojloj

Reservoir and Booster Pumping Station. The primary problem is that the

Booster Pumping Station is located at an elevation of 250 ft, rather
than being located in the Talofofo River valley. This means that very

low pressures can develop at the suction end of the pump. This can

result in cavitation and possible contamination if there are leaks in

the pipe. The pumps should be moved to an elevation just above the

Talofofo River floodplain.

Inarajan. Inarajan receives its water from the north by way of

Malojloj. The pressure is regulated by a pressure-reducing valve on

the 8-in. line from Malojloj. The area around Inarajan High School

requires a separate booster pump station to provide flow to the higher

elevations.

Merizo. Merizo takes its water from the Geus River, Siligen Spring,

and the northern part of the island via Inarajan. The water is pumped

from the Pigua Booster Pump Station to the Merizo Reservoir, which serves

Merizo. The low-lying areas of Merizo receive water through a pressure-

reducing valve. There is a problem in maintaining adequate pressure at

the suction epd of the Pigua booster pumps. This can be eliminated by

installing a booster pump (possibly one from Pigua) between Inarajan

and Merizo. When operating, it can serve the lower portion of Merizo

and maintain positive suction pressure at Pigua. This will eliminate

4
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the wasteful practice of pumping water from the Pigua Booster Pump

Station into a pressure-reducing valve.

Umatac. Umatac is served from Laelae Spring and La Sa Fua River.

The distribution lines are barely adequate for high flow conditions and

cannot provide fire flow. Major improvements in this area, as identi-

fied in the Master Plan, are required.

Other Areas * *

The following areas are either not connected to the other sub-

areas, or are connected only at a single point, such as a booster pump.

Therefore, it is easier to analyze them separately, rather than with

large MAPS simulation runs. These areas are discussed individually 4

below.

Yigo. Even though Yigo is considered part of service area A, it

is virtually a separate system at present. The Yigo system provides

adequate pressure at average and fire flows for users along Route 1. •

The pressures are somewhat lower in the area along Route 15 because of

the higher elevations. The Anderson Elementary School is connected

through a valve that is normally closed and receives flow from the

U... Air Force, as does Mt. Santa Rosa. Fire demands cannot be met in this

area because of the elevation. The 2-in. lines should be replaced by

6-in. lines and the area should be connected to the Yigo system through

a new booster pump station. This area should be modeled using MAPS once

the new construction is completed and calibration data obtained.

Harmon. The Harmon system is separate at present, but could be

connected to the Dededo area near Wettengal Junction. The Harmon Tank

is at too low an elevation and should be abandoned, raised, or replaced

0 if Harmon is connected to Dededo. s

Barrigada Heights. Barrigada Heights is connected to the Barrigada

Reservoir through Barrigada Booster Pump Station. Because of its high

elevation (reservoir at 705 ft) and large mains, there are no hydraulic

* problems in the area in the foreseeable future and Barrigada Height

could provide backup fire flow to Barrigada and vicinity through a

pressure-reducing-sustaining valve.

Asan-Piti-Nimitz Hill. Asan and Piti are served from Asan Spring
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and can be supplemented by a connection to the Navy. Adequate pressure

exists in this area for average flow and fire-fighting conditions.

Connecting this area to service area B would improve reliability and

provide water to the Nimitz Hill area located above Asan-Piti, which

is currenitly served by the Navy. Connecting Nimitz Hill, Nimitz Hill

Estates, and other residential areas to the PUAG system will require

*Ji construction of one or more booster pumping stations. The Master Plan * "•

shows two booster pumping stations along Spruance Drive. It may be less

expensive to install one station with a pipeline from Asan, cross

country to the reservoir location on Nimitz Hill, and a pressure-

reducing-sustrining valve between Nimitz Hill Estates and Piti. p 00

Sinifa-Talisay. Sinifa and Talisay are located on Cross Island

Road above subarea C. This area receives water from the Navy through

the Apra Heights Booster Pump Station and stores it in a reservoir at

an elevation of 550 ft. There is very little development currently. 9

Pressures are adequate for average flow conditions, but fire flows

cannot be delivered because of the small size of the mains (2 in.).

If areas C and D are connected, this area will be served by the line

from Windward Hills to Santa Rosa. Under these conditions, it will be 0

possible to provide fire protection and additional development can take

place.

Review of Master Plan

The distribution system proposed in the Master Plan was reviewed p

and found to be an acceptable plan given that: (1) the PUAG should no

longer rely on the military for supply and (2) all additional demands

could be met from the northern groundwater lens. While some minor

difficulties in the plan are pointed out in the preceding sections, the b

recommended improvements are generally hydraulically sound.

If the first assumption is invalid, and the Navy sources can be

used indefinitely, there is little need for the large lines connecting

Asan, Piti, Nimitz Hill, Agat, Santa Rosa, and Santa Rita to the re- •

mainder of the PUAG system. Elimination of these lines can result in

significant savings in transmission and storage facility costs and will

eliminate the need for some wells on the northern groundwater lens.
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Since the Navy water is not taken from the groundwater lens, some of the

stress on that aquifer will be relieved.

If the first assumption holds (i.e., PUAG is disconnected from the-

Navy) and the groundwater lens is not to be exploited, the Ugum River

project or another project in southern Guam becomes attractive. This

arrangement will require a significantly different distribution system

with water flowing from south to north.* *
Future Use of Distribution Model

The results presented in this report show only a few of the cases

that the water distribution model can simulate. If properly utilized

qby the PUAG or a contractor, this model can become a powerful manage-

ment tool. For example, it can be used to:

1. Test the effect of installing new pipes, tanks, valves, or
pumps;

42. Test the effect of shutting off several pumps or wells due to
power failure or well contamination;

3. Test the effect of eliminating connections with the Navy.

The model users should construct separate data files (or card

decks) representing the distribution system at present and various lo lo

proposed systems for several time windows. In this way, the user can

have an accurate understanding of the impact of each modification. It

* is also very easy to run the program for various water use rates or

simulated fire needs.

With this model, the PUAG has been given substantially increased

capability in managing the water distribution system. It is up to the

* PUAG to make maximum use of time capability to efficiently improve the

system. w
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APPENDIX A: USER'S GUIDE

This appendix consists of the User's Guide for the MAPS Water Dis-

tribution Program (MAPDIST). It is Chapter 17 of Part 1 of the MAPS --

Manual (EM 1110-2-502) and, as such, the paragraph and figure numbers

have the prefix "17."
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* CHAPTER 17

WATER DISTRiBUTION SYSTEM ANALYSIS • .

17-1. Introduction. The MAPS Water Distribution System Analysis module cal-
ciilates the velocity, flows, head losses, and pressures in each link and node
of ai water distribution system givei the head at each tank, pressure at each
pump, olevation at each node, diameter and length of each line, and water use.
The program works for looped and branched networks and there is no need for the
user to identify loops in the network. The program can be run as a stand-
aloio program or as part of MAPS. If run as part of MAPS, the user is limited
to 350 nodes and a line of input is limited to 36 characters. Both methods
are discussttd in this chapter. The program does not automatically handle
pressure reducing valves, but there are methods to account for their influence.

17-2. Input. Data for the distribution system analysis are read by the mod-
ule fron a data file. For the stand-alone program, this data file is built

using the system editor. When the module is run as part of MAPS, the data •
file is built within the program using the commands given in paragraph 17-3.
The HAPS keywords that are used for the water distribution program are listed
in Table 17-1 and are described below.

a. Job. The JOB card provides the computer with the title of the job.
It is printed at the top of every page of output.

b. Line. The format of the PIPE or LINE card used to describe every
pipe to the program is given below.

Card Type Node Node Diameter Length Optional
(inches) (ft)

PIPE 1084 2976 6.0 3756.0 Hazen Wil-
LINE liams C if

different
from stan-
dard 120.

The order of data on the card is the node numbers at the ends of the pipe, the
diameter of the pipe, and the length of the pipe. Optionally the Hazen Wil-
liams C may he specified if it is different from that specified on the COEF
card (described later).

c. Node Elevations. Node numbers may be assigned in any order from 1
to 9999. Output of node data will be in the order of the node input

Node
Number Elevation U

ELEVATION 515 867.6

Thiia card provides the ground elevation of the nodes of the system. Elevation

is given in feet.
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Table 17-1. Keywords for Water Distribution

JOB XXKXXX

LINE FROM XX.K TO X(.K DIA4ETER = XX.X IN LENGTH - XX.X FT C-XX.X

PIPE FROM XX.X TO XX.X DIAMETER - XX.X IN LENGTH - XX.X FT C-XX.X

ELEVATION OF NODE XX.X IS XX.X FT

PUMP AT NODE XX.X PROVTDES XX.X PSI

TANK AT NODE XX.X IS XK.X FT TO WATER LEVEL

OUTPUT FROM NODE XX.X IS XX.X GPM

INPUT TO NODE XX.X IS XX.X GPM

COEFICIENT C-XX.X

ACCURACY XX.X ITERATIONS OR XX.X GPM •

FRV FROM NODE XX.X TO XX.X SET AT XX.X PSI

CHECK VALVE FROM NODE XX.X TO XX.X

BOOSTER PUMP FROM NODE XX.X TO XX.X FOR XX.X GPM

LOOP TABLES PRINTED

RATIO XX.X OF FLOW TO PREVIOUS OUTPUT FLOW U"
ERROR OF EACH ITERATION PRINTED

NO ERROR PRINTOUT

DATUM NODE XX.X

APUMP NODE XX.X HEAD XX.X XX.X XX.X FT FLOW XX.X XX.X GPM

BPUMP NOD)E XX.X HEAD XX.X FT FLOW XX.X GPM ...

XBOOSTER FROM NODE XX.X TO XX.X HEAD XX.X FT FLOW XX.X GPM

EXECUTE

END OF PROBLEM

17-2
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d. Constant Head Nodes. PUMHP and TANK cards specify constant head
points. PUMP cards allow this specification in psi while TANK cards allow this
specification in feet of head. Examples are:

Node Constant head
Number in feet of water

TANK 3726 100

Node Constant headq Number in psi

PUMP 3726 43.3

The two cards shown above would produce identical results. See paragraph 17-7

for a more detailed disc ssion of how the program considers pumps.

e. Input and Output. INPUT cards specify a point of supply of a con- P
stant amount of water at a varlab_ . pressure.

Node Input in
Number gpn

INPUT 317 525

OUTPUT cards specify a constant output of water under variable pressure.

Node Demand
Number in gpm

OUTPUT 715 535.0

f. Coefficient. The coefficient card enables the user to specify a S
value of Hazen Williams C, different from the default value of 120. The value
is used for all pipes for which C is not given on the PIPE or LINE card. The
format is

COEFFICIENT 110.

4 The above card specifies the Hazen Williams C to be used is 110 if not speci-

fied optionally on the PIPE or LINE card.___

g. Execute. The EXECUTE card tells the program that data input is com-
plete. This card says that the system has been completely described and that
the analysis of the system may proceed. The data cards may be presented to
the computer in any order, with the exception of the EXEC card, which must be

othe last card of the data deck before a run starts. l

h. Convergence Criteria. The network problem is solved using the Hardy-
Cross method. The flows in each loop are corrected by &I at each iteration
where

17-3 l5 1
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-h Q 1 is.5(17-1)

1.85 _ h Q0. 5

where

Q = flow, gpm

h - friction factor

(See documentation for more details on solution method.) The program stops
wher the maximum number of iterations (NOETER) is reached or the largest value
of &!) is less than a critical tolerance (ACCU). The default values for NOITER
mi ACCU are 50. and 0.1 gpm. The iterations cease when either of these limits S U
is reached. The user can change the default values by using the ACCURACY card

Number of Accuracy
Iterations (gpm)

ACCURACY 100. 0.01

The above line decreases the error tolerance to 0.01 gpm and the maximum
number of iterations to 100. Increasing the number of iterations or decreasing
the tolerance increases the accuracy of the solution and the run cost.
Decreasing the number of iterations or increasing the tolerance has the oppo-
site effect.

i. Terminating Run. Once the solution is output, the user can change
the inputs and outputs for the network using the INPUT and OUTPUT cards asbefore and rerun the program using the EXEC command. To stop the program, the

user must enter END. The program will also stop when it reaches an "end-of-
file" from the input file.

j. Valves. The user can specify the existence of a check valve or pres-
sure reducing valve (PRV) by giving the nodes (in direction of flow) between
which the valves are located. In the case of the pressure reducing valve; the 6 _
user must also specify the pressure (in psi) to he maintained on the down-
stream end of the PRV. Examples are

Nodes
CHECK 101 102

permits flows only from 101 to 102, nodes and S

Nodes Pressure
psi

PRV 200 300 50

permits flow from 200 to 300 only and pressure at the 200 beginning end of line
cannot exceed 50 psi. Valves are discussed in more detail in paragraph 17-6. g 5

k. Pumps. Pumps which pump into the system (as opposed to in-line
booster pumps) can be represented not only using the INPUT or PUMP cards,
which model the pump as a constant flow or constant head node, but also by the
APUMP or BPUMP card, which simulate the fact that a pump operates at a point
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on a pump head curve. In the case of the APUMP card, three points from the
pump curee are used to represent the pump, while for BPUMP, only one point is
used. Given the pump curve in Figure 17-1, the APUMP and BPUMP cards at node
20 are

Node Heads (ft) Flow (gpm)
APUMP 20 250 212.5 100 100 200
BPUMP 20 200 115.5 I •

When an APUMP or BPUMP card is used, there must only be one pipe from the node
at which the pump is located. More details on pumps are given in paragraph 17-7.
N~te that on the APU'MP card, the fir~t head is the head when flow is zero.

nod,- with an APLU:i' or BPCMP im,,t h,' ,unne, Led to the network through one
and only one line.

1. Booster Pumps. In-line booster pumps can be simulated in two ways.
Either a BOOSTER card can be used which forces a given flow to pass between
two nodes with the head calculated by the program, or a XBOOSTER card can be
used which forces the flow and head at a booster pump to fall on the pump head
curve. Unlike the LINE or PIPE cards, the order in which the from and to nodes
are specified on the booster cards is critical. Examples are

From To Flow
Node Node (gpm)

BOOSTER 10 11 200

Head Flow
(ft) (gpm)

XBOOSTER 105 106 150 300 p

See paragraph 17-7 for additional information. For the BOOSTER card, node 10
and II cannot be connected by a line card and nodes 10 and 11 must not be a
constant head or INPUT or OUTPUT nodes. The elevation of node 10 and 11 must
be the same. For an KBOOSTER card, node 105 and 106 must be connected by a
line.

63 m. Datum. The program selects the constant head node with the highest
hydraulic grade line elevation to be the datum node from which the loop tables
are established. In some cases the user may wish to select another, more cen-
trally located, node as the datum. In this case the user would select a TANK
or PUMP node and call it the datum

Node Head
* TANK 115 50

DATUM 115

17-3. Rerunning Program. With the earlier version of the program, it was
possible to run the program several times using a single data file, and

changing the input and output flows between runs. Now it is possible in
MAPOIST to change virtually every parameter as long as the network remains the
same (i.e. lines not removed, node elevations not changed, booster pumps not P U
changed). In addition to enabling the user to make several runs with a single
data file, these changes reduce the number of iterations required for the
solution to converge since the program uses the previous solution as a start-
ing point for the reruns. To rerun the program, the user merely inserts cards

17-9 P U
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Figure 17-1. Typical Pump Head Characteristic Curve

*17-6 4P 0

*9 0p Sp Sp S S w



EM 1110-2-502
Part 1 of 2

ChangelI
15 Apr 82

to be changed after the EXECUTE card of the first run. The data for the rerun
must be followed by an EXECUTE card. There is no limit to the number of reruns
that can be made. A typical data file is. shown below.

(Data for the first run) * -

EXECUTE

(Data changed for first rerun)

EXECUTE

q(Data changed for second rerun)

EXECUTE

(Data changed for the n-th rerun)

EXECUTE
END)

This type of file setup is shown in example problem 1 (pag- 17-22).

a. LINE or PIPE Card. A pipe cannot he added or deleted from the net-
work, but the diameter, length, or Hazen-Williams coefficient (C) can be
changed. This allows the user to try several different pipe sizes. While the
user cannot remove a line for a rerun, it is possible to virtually eliminate
the flow from the line by setting the diameter or C coefficient to a small S
value (e.g. diameterO0.1 or C-0).

b. PUMP or TANK. The pressure provided by a pump or the elevation of a
tank can be changed for a rerun. Pumps or tanks cannot be added or deleted,
but by setting the head to zero, the same effect can be achieved.

c. INPUT or OUTPUT. The input and output flows to and from a node can
he changed on a rerun. This is especially helpful in simulating fire flows or
the effect of future development on "lows and pressure.

d. RATIO. The RATIO card can be used to adjust the water use at all
output nodes in a network. It is useful for simulating the effect of conser-
vation or the heads during peak use or low use times without having to enter
data for each output node. For example, to reduce water use by 20% due to
conservation (i.e. 0.8 of the original flow), the user would enter

RATIO 0.8

To simulate a peak use period in-which flow is 2 times the average flows input

(except for node 105 in which the flow is 150 gpm), the user would enter

RATIO 2.
OUTPUT 105 150

17-7 l3 l
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The location of the RATIO card in the input is important as any OUTPUT cards
after the RATIO card will not he changed. For example, if the order of the
two cards above is reversed, the output at node 105 would be 300 gpm (i.e.
2x150).

e. COEFFICIENT. It is possible to change the Hazen-Williams C coeffi- • 0
cient for a rerun. This wakes it easy to perform a sensitivity analysis on
the effect of C. Changing C for a rerun using the COEFFICIENT card will not
override the C values specified on LINE or PIPE cards.

f. PRV and CHECK. The setting of a pressure reducing volve can be
changed for a rerun. While the PRV cannot be removed, the same effect can be
achieved by changing the pressure setting to a large number. Similarly check
valves can he added but cannot be deleted.

g. ACCU. The convergence criteria on the ACCURACY card can be changed.
Both the naximum number of iterations and maximum & should be specified. If
the max &l is omitted the program will run the maximu nmumber of iterations.
-Jith the ACCU card, the user can look at the initial solution, stop the program
after 1, 10, r 20 iterations and then allow the program to run to completion
to check the speed with which the solution converges.

h. ERROR. It is possible to switch the printing of the largest loop
correction factor on or off by using the ERROR or NO ERROR card in a rerun.

i. Pump Curves. It is possible to change the coefficients of the pump
head curves for a rerun. In the case of an in-line booster (XBOOST) it is
even possible to add a booster pump, provided that the line on which it is 6
added already is part of the network.

J. JOB. The JOB card can be used to change the title in a rerun.

k. Other Cards. ELEVATION, DATUM, and BOOSTER cards cannot be changed
for reruns. Similarly LOOP TABLES cannot be printed for reruns as they would
be the same as for the initial run. S S

17-4. Building Data File. The water distribution program reads its data from

a file. The stand-alone version, MAPDIST, reads data from a file built using
the computer system editor (CMEDIT in the case of BCS). In the case of the
version contained in MAPS, the data file can be built using MAPS. If the user
wishes to build the system data file using MAPS, he can enter the distribution
analysis portion of the program by entering

DISTRIBUTION

in response to an 'INPUT MAPS COMMAND' prompt. The program responds with the
prompt

READ, EDIT, RUN OR END? W

a. Building File. To build a data file, the user would enter READ and
receive the prompt

17-8 0
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ENTER DISTRIBUTION DATA AND END WITH FILE

The user then builds a data file using the keywords given in Table 17-2. When
he has completed building the file, he enters FILE and again receives the
prompt * -

READ, EDIT, RUN OR END?

b. Running Program. To run the program at this point, the user enters
RUN and the output as given in paragraph 17-5 is produced. Following the run,

the user is again prompted

READ), EDIT, RUN OR END? 6

If the user wishes to return to the MAPS system level, he should enter END.

c. Editing File. If the user wishes to change the data file, he s.ould
enter EDIT, to which he receives the prompt

LIST, REPLACE, DELETE, ADD OR FILE? I U

These keywords are given in Table 17-2. List XX.X 1 TO XX.X 2 prints all the

Table 17-2. MAPS Editor Keywords

LIST LINES XX.X 1 TO XX.X2  U

REPLACE LINE KX.X

DELETE LINE XX.X

ADD LINE XX.X

FILE

lines from XX * X to XX X If neither argument is given, the entire file is

printed. If ne argument is given, all lines from that line to the end are
printed. If the user enters REPLACE XX.X, the line immediately following the
REPLACE command is placed in place of line XX.X. For example, if line 31 is
ELEV 41 123, the user can change the elevation from 123 to 133 by entering

REPLACE 31

ELEV 41 133

The DELETE command deletes the line from the file and decreases the line number
of lines after the deleted line by one. For example, if the file contained

41: OUTP 41 100

42: EXEC

43: END

17-9
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and the user entered DELE 41, the file would contain

41: EXEC

42: END * -

The ADD command adds a line at the desired location. For example, if the file
contained

29: TANK 2 115

30: TAWI 3 120

and the user entered

ADD 30

TANK 4 150

the file would contain

29: TANK 2 115

30: TANK 4 150

31: TANK 3 120

The FILE command returns control to the distribution program.

17-5. Output. There are several types of tables printed by the program
depending on the option specified. The line table and node table will be
printed for all runs that go to completion. Each type of table is described
below.

a. Line Table. Two types of tables are produced by the distribution
system module. The first is the pipe summary, which gives S S

(1) direction of flow (from and to nodes).

(2) diameter, in.,

(3) length, ft,

(4) C coefficient,

(5) slope of energy grade line, ft/ft.

(6) head loss, ft,

*(7) flow, gpm,

(8) velocity, ft/sec.
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b. Node Table. The second table is the node summary, which gives

(1) node number,

(2) elevation of junction, ft,
"0 -.

(3) pressure, psi,

(4) elevation of hydraulic grade line, ft,

(5) net flow into/out of system at node, gpm,

(6) type of node (i.e., constant head, input, output). 0

Note that pumps requested by APMIP and BPUMP are called "CONSTANT HEAD" nodes

in 6.

c. Loop Tables. The loop table output is divided into two parts. The
first contains one row for each pipe. It contains the internal line num-
ber assigned to the pipe (I), the user's external node numbers of the pipe (KFM, A m
KTO), and the internal node numbers (NFM, NTO) corresponding to the external

node number. If there is a booster pump station assigned to the line, there
are two additional columns: the first gives the row in the XB matrix contain-
ing the pump head characteristic curve coefficients for the pump while the
second contains a + or -1 depending on if the flow is from KFM to KTO (+1) or the
opposite (-1) direction. The second section of the loop tables contain, the
loop number, the number of pipes in the loop (NPPLO), and the difference in
head between the constant head node on the loop and the datum, followed by a
list of the pipes in the loop.

d. Error Listing. The table titled "LOOP ERROR" gives the largest
value of the correction factor, -)FLO, for the current iteration and the number
of the loop to which the value apliies. This output is helpful in determining
how the program is converging.

e. Valves and Pumps. There are several special warning flags given
when flow is in the wrong direction at valves. These are described in the
section on flags. When pumps or valves are operating properly the following
types of output are printed. If there are no valves or pumps of a given type,
the entire section is skipped.

* (1) Check Valves. The from and to nodes of each check valve are *
printed.

(2) PRV. The from and to nodes and the pressure at the downstream

end of the PRV are printed.

(3) Booster Pump. For booster pumps at which only the head is
specified (BOOST card), the table titled "BOOSTER PUMPS" is printed, giving
th suction and discharge nodes, the head calculated by the program, and the
flow entered by the user. Where the pump head curve is given (XBOOST card),
the suction and discharge nodes are given, plus the three coefficients of the
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pump curve (a, b, c), and the head produced by the pump. The pump curve coef-

ficients are

H = a Q2 + bQ + c (17-2)

where H = head, ft
Q - flow, gpm

(4) Pumps. For pumps, pumping into the system, only the node at which
the pump is located and the pump curve coefficients (APUMP and BPUMP) are
printed as the flow and head at the pump cam be read from the node table.
The coefficients are in the sai. order as for booster pumps above.

f. Run Statistics. At the end of the above tables, the program prints
the node number of the datum node, the value of )6L0 (the largest loop correc-
tion factor) and the total number of iterations.

g. Warning Flags. The program provides warning flags to the user to
indicate a condition in the program that must be corrected before a successful
run can be made. The flags and the user's response are given in Table 17-3.

17-6. Valves. The program does not automatically control pressure and flow
at check valves and PRVs, but it does provide sufficient information so that
the user can manually correct the program for the effect of the valves.

a. Direction of Flow in Pressure Reducing Valves (PRV) and Check Valves.
The program can recognize check valves and PRV's and test to determine: 1. if S S
the flow is in the correct direction in the line, and 2. for PEV's if the PRV
will be regulating pressure downstream. Since both types of valves have the
effect of permitting flow in only one direction, they essentially remove the
line from the network if the pressure gradient in the line is in the wrong
direction. Since the program cannot remove a pipe from the network within a
given run, it is necessary for the user to remove the pipe and rerun the net-
work if the flow is in the wrong direction as the program will merely issue 0 S
the warning "CHECK (or PRV) VALVE AT _ TO _ CLOSED--FLOW IN WRONG DIREC-
TION--REMOVE AND RERUN." In inputting data for valves, the nodes are entered
in the direction in which flow can occur. In the case of the PRV, the valve
is assumed to be located at the "from" node while it makes no difference for
the check valve.

b. Pressure Regulation at PRV's. The pressure setting (i.e. the pres-
sure maintained at the downstream end of a pressure reducing valve in psi) is
the third value on a PRV card. If the pressure at the upstream node exceeds
this pressure, the valve will be reducing the pressure in the pipe; therefore,
the flow through the line and the pressures downstream will be reduced. When
this occurs, the program prints "PRV.AT WILL REDUCE PRESSURE; PRESSURE
DOWNSTREAM OF PRV MUST BE CORRECTED." When this occurs, the user should check
the pressure at the node. If it is close to the pressure setting the PRV will
probably not have much effect on the system and the results are accurate. If 40

the pressure is much higher than the setting, the PRV should be replaced by
two nodes, a constant head tank or a pump in the downstream direction and a
constant output node on the upstream end. The head for the constant head node
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Table 17-3. Flags For Distribution Module

Flag User Response

CAN ONLY USE RTIO ON RERUNS Ratio card cannot be used on initial

run. OUTPUT cards must he used. 0 0

CAN FIND BOOSTER xx 9 xx2  LINE or PIPE card for line from xx I to
PUMP IGNORED xx 2 must preceed XBOOSTER card.

CATf FIND BOOSTER xx1 xx2 To rerun with XBOOSTER pump, line from
TO CRANGE xx to xx2 must be in original data

set. 2 6

CANT FIND DATUM IN NODE TABLE Node specified on DATUM card must have

an ELEV and PUMP or TANK card in data
file.

CAN7 FIND PIPE FROM PUMP xx There is no pipe connecting pump at
node xx to network. There should be
one and only one pipe connected to

APUMP or BPUMP pumps.

CANT FIND yyyy xx IN LOOP TABLE Program was unable to locate a tank or

pump to change the elevation for a
rerun. Check node number on tank or
pump to insure it agrees with original
node number.

CANT FIND yyyy xx TO CHANGE Program could not find node to change

for rerun. Check node numbers to
insure node agrees with original.

CANT FIND yyyy xx I xx 2 TO CHANGE Program could not locate line xx to
xx2 to change its values. Rememler U S
that the order of the nodes on this
card is important. Try changing order.

CANT TRACE FLOW TO ORIGIN Program cannot balance inputs and out-
puts for initial solution. Check to
be sure input and output nodes are
connected to system. 0

CHECK VALVE PRV AT xx TO xx2  Valve is preventing flow in direction
CLOSED of decreasing hydraulic grade line.

FLOW IN WRONG DIRECTION This has effect of removing pipe from
REMOVE AND RERUN network since flow cannot go backwards

through valve. Pressures near valve
are incorrect. Remove line xxI to xx2  •

and rerun to determine effect Of
closed valve.

(continued)
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Table 17-3 (continued)

Flag User Response

DIAMETER CANNOT BE ZERO ON Use a positive number for the third
LINE XI 1 xx2  entry on a line card. '

ERROR IN LOOP TABLE SETUP xx Check data. Call program developers.

xx i loop causing problems.

JUNCTION xx ON yyyy CARD NOT If a pump, tank, etc., is specified at
DEFINED BY LINE CARD a node, that node must also be speci-

fied on at least one PIPE or LINE card,
and ELEVATION must be given.

LENGTH CANNOT BE ZERO ON LINE xx1  Use a positive number for the fourth
xx2  entry on a line card.

MUST HAVE AT LEAST ONE CONSTANT There must be at least one PUMP or
HEAD NODE TANK node to serve as a datum. APUMP

and BPUMP nodes cannot be datum nodes. •

NODE xx NOT CONNECTED TO NETWORK There is a line not connected to the
a b c datum node except possibly through a

booster pump station. Connect node xx
to the system. a is the internal node
number, b is the number of nodes, and

c is the position in the node table of •
the node being addressed when the
problem occurred.

NOT CONVERGING xx The correction factor for iteration xx

is larger than for iteration xx-1. If
this occurs many times in a run check
MAXERR of output to insure convergence
has occurred or turn on convergence
printout with an ERROR card to deter-
mine loop causing problem.

ONE PUMP OR TANK MUST BE SPECl- There must be at least one constant
FIED head r.ode (pump or tank) in the system

to act as a datum.

PRV AT xx WILL REDUCE PRESSURE See paragraph 17-6a for discussion.
PRESSURE DOWNSTREAM OF PRV MUST

BE CORRECTED

TOO MANY LOOPS Limits exceeded on variable NPPLO or
REMOVE PIPES DIFF. Increase limits in dimension

statement or remove enough pipes to l
allow program to fit. Presently

MAXN = 350.

(continued)
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Table 17-3 (concluded)

Flag User Response

TOO MANY PIPES IN LOOPS Limits exceeded on variable LPPI or
REMOVE P[PES LPSGN. Increase limits in dimension - @

statement or remove enough pipes to
allow program to fit. Presently
HAXLP - 899.

TOO MANY yyyy CARDS Limits on dimension statement for yyyy
LAST CARD IGNORED card has been exceeded. Reduce number

of yyyy cards or increase limit. -g

yyyy IS AN INVALID INPUT CARD Look up correct keyword in Table
TYPE 17-1.

yyyy NOT ALLOWED IN NEW FLOW A yyyy card cannot be specified on a
RERUN rerun. Change must be made on a new

CARD) IGNORED run.

S S

(concluded)
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is the pres:;ure se.tting of thLe valve wlile the output flow can be estimated

from

Q (est) = (trogvalve frs run) * Pressure settn (17-3)
Pressure at valve (first run) * -.

The network cai, then be rerun until the output flow from the constant head

node equals the output from the constant output node. This procedure is shown

schematically in Figure 17-2.

17-7. Special Consideration for Pumps. Pumps in a water distribution system

can perform a wide variety of functions. They may be operated to maintain a

constant head or flow, or be allowed to find their own operating points along

a pump head curve. Similarly pumps may withdraw water from tanks, wells, or

pressure pipes. Pump head curves may be available in some cases while in

others only the head provided by the pump or the capacity of a pump (or pump

station) may be known. Because of the variability in the function, operation

and data availability for pumps, there are seven different keywords which

can be used to represent pumps. Each keyword was discussed individually in

Paragraph 17-2 and the relationship between the keywords is shown in Table 17-4. S

a. Location. In modeling the behavior of a pump, it is necessary to

know if the suction end of the pump is connected (1) to another portion of the

system or (2) to a point outside of the distribution system. In the first

case, the pump is called an "In-Line Booster" pump and the head at the suction

end of the pump depends on the flows in the remainder of the system. In the

second case, the pump is said to be pumping "Into the System" and the elevation lop
specified on the node card is taken as the height of the hydraulic grade line

at the suction inlet. The node elevation in these cases may not always be the

elevation of the pump but rather may be the elevation of water in a tank. (See

subparagraphs d and e).

b. Operating Mode. Figure 17-3 shows the three ways which the program

can represent pumps. Knowing the characteristics of a given pump, and the "p

manner in which it is operated, the user can select the correct keyword based

on the discussion contained in the following paragraphs. From a computational

standpoint (i.e., amount of computer time used), the constant head representa-

tion is most efficient while the pump curve representation is the least.

In many cases though, it is impossible to simply specify the flow from a pump,

as the flow will vary depending on the head near the pump.

c. Multiple Pumps at Pump Station. Most pumping stations do not con-

sist of a single pump but rather a number of pumps connected in parallel. In

most cases enough pumps are operated at anytime to insure that each pump is

discharging at a flow near its maximum efficiency. Such operation produces a

relatively constant head at most flows so the pump station can be modeled as a

constant head node (PUMP or TANK card). If the head drops significantly, at

higher flows, the station should be represented by a cumulative pump curve for

aLl operating pumps (APUMP, BPUMP, XBOOST cards). For example, if there are

four pumps each rate! at 200 ft for 100 gpm, a single pump at node 50 would

be de;cribeI on a BP17IP card as IHPUP 50 200 100. If the four pumps are

17-16 5
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Place two nodes (i, i+l) in place

of PRV connected by 1 ft of pipe

Run Syste

pe "~ PmxValve open| ..o
no ••

*Make i output node[

with flow Qi

Make i+l constant head
[node with pressure P

Remove pipe fo
i to i+lfi

-no P.i pressure at i

P + pressure at
i+l

P - pressure set-
Pmax ting on valve

Valves interacting P <P -fo nln

settig vavesto i+l

I no Qi+1 " flow in line

Valve closed from i+l

8 = max. allowable
error in flow
around valve when

Figure 17-2. Procedure for pressure reducing shut

valve
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operating in parallel (remembering that for parallel pumps, flows are added),
the BPUHP card would be 8PUMP 50 200 400.

d. Pumping from Tank. In specifying a pump taking suction from a tank,
clearwell or pressure pipe, not part of the system being modeled, the user must -
be careful to insure that the total head (elevation of hydraulic grade line)
at the discharge end of the pump is correct. (If a constant flow pump is
specified, this is not a problem). For example, if a pump at node 10, located
at elevation 400 ft, takes suction from a buried clearwell with water surface
at 390 ft and produces 200 ft of head at 300 gpm (HGL at 590 ft), the following
statements would be correct

ELEV 10 400 ELEV 10 390 U
TANK 10 190 TANK 10 200

ELEV 10 400 ELEV 10 390
BPUMP 10 190 300 PUMP 10 86.6

but ELEV 10 400

BPUP 10 200 ' '

would be incorrect since the result is a HGL elevation of 600 ft.

Table 17-4

Guide for Selecting
Pump Keywords

ocation Into In-Line
Operating System Booster
Mode

Constant Flow INPUT (gpm) BOOST (gpm)

* S

Constant Head PUMP (psi)

TANK (rt) ____

Pump Curve APUMP (ft, gpm) XBOOST (ft, gpm) 6 6

BPJMT' (ft, gpm)

17-18 S S
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* •.

* •

1CoNSTA~r FLOW
* S

L
I HEAD CHARACTERISTIC CURVE

w

S

FLOW, GPM

Figure 17-3. Alternative Representation of Pumps
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e. Pumping from Wells. Ii modeling the head produced at a well the user
should enter the actual pump elevation on the ELEV card and the head (above

that elevation) on the APUMP or BPUMP card. Fluctuations in the groundwater
table can be accounted f6r by changing the head at the pump. Where several
wells are located together in a weolfteld, it is often desirable to consider
the well iumps as one pump station at a single node. For example, given
data for the three pumps below

Elevation Head Flow
(ft) (ft) (gpm)

1. 402 200 100
2. 395 200 100
3. 420 180 100

The welifietd at node 20 can be represented as

ELEV 20 400
BPUMP 20 200 300

It is generally not desirable to use PUMP or TANK cards for well pumps as flow
from well pumps is fairly constant but flows tend to vary widely at nodes
represented by PUMP or TANK cards.

17-8. Example Problems. The following example problems illustrate some of
the functions of the water distribution program. For both examples the KAPDIST
(stand-alone) version of the program is used.

a. Example Problem 1. The network for this example is shown in
kigure 17-4. In this example average flows are simulated first. Following
this, the program is rerun with a fire flow of 500 gpm (in addition to the

75 gpm average flow) at node 8625. Note that the pressure is maintained
between 40 and 70 psi for average conditions but that during the fire, pres-

sures drop to as low as -26.8 psi. Usually it is desirable to maintain a S S
pressure of at least 20 psi during fire flow conditions.

0 S"
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LI F=-.E 1A

:Pi~ 7 it 4 ine
LI, 1 Ll f 415 11Z

LI N i5 45 .3 6ib
&IN 1 4625 117 3
L,l 117 L5 5 715 .. 0
LI. 1 117 45 3 72t
LINZ E! 41 Z.t 630
LINI F5 857 2 ,eC
kLEV , 17.
i L! ;- 1F,

.L ili 21 le,
,LkV It 1tw

zLlv 117 l.b
lLiV 8f2E 1&0
L1V 45 16,

!LEV EE 170
LL2V 41 e13
iLIV 3%7 155
.ANJi 3 120
FUMF 21 60
LUTF 6625 -75
CUTP 41 Z0
CUTI j37 25
(.UTP 4t 0
CUll' 15 lEO
INPUk EE 225
x LI C 6 , , '
CUTP CE25 575
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Tc U iIA P.L T C Lc s/ I tcss 1 LC V UL C I T

I3 (.., t p 13, 4 i 2 0.C4

b7 L 4.2 iLt. I' k *L-?4 -:..2C le: E 2.Z4
it 4.o) 15~ i2C.i. vCE 2.35 :3 10

1b 117 Z.O ,.23 kfa -;' 1. 2 .001-'4 11.73' Z. 2.24
ZI 15 C.~ 0. -15 .;( 1201.? - 1L1 6.3F Z)" - 4 3.74 lop

IZ62E 117 1 0 1 i ccl V- .6 4.E 2
1l17 &t --. ?15.i ; UOv iE0 3.66r C 1.5

FlFBEILC. 1XAP1Li FROBLiV FAG! 2

NIT FLC. p
JONC'ICK ILEVATICN LGL PidSSYTI~ INrU't CUIPUl

3 17e.e 2S. E2. 4C.6 COrNS'ANI I-EA:7
Y100.0 2E -:.7 47-1

21 16. 2SE-.: f E.2 .i 372.4 CCi\STNT SA

117 16j5.k- 2L-0.4 4s~c-

41 16.5.0 27,1.2 46.2 M .0 00IrU T
E l 55 k; 2(Ce.S 4E.5 eouiu

-NOLI 21 IS LA'IUM
7 I1,AlILNE RFrU!Fil

rVAykfiR= Oc
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FIiLC L CV 9 c -Li" "

,*If, L GL C AL

;, N 1, 1 C.SN 1 LC V;TLCCI
,) (F.T) :P') (GPiK (FFS)

I Gi'7 Z 1..8 371 .d e?5 ' 4 . 1 5 2 .. 0 l2 e. i" . Z f 3 . -! - ,Z .1 1 .3 3• ,

15 117 3.0 1230 C 12 . .Z 7? £,.E.1I 155.3 7.OEZ1 I S . t ., 1 1 . 1 0 " :.  . Z ." .4 E 5 5 0 . 5 :.. " 2 E
15 4E q . S-15,.; 1?0.C .,: ? .Sb 1 . 7.41
1 1.E- 5 : . 1 I ,1 . , 4 7 t 5 .7 4 k 3 . 4 . 2 ,t

1 1 ? 'r E Z . 0 7I E . C 1 2 . k . i e ! Q7 3 .6 2 -, t . v i . q .M
E5. 117 3. 72",. l 12.2 .0 251E 1.E . p3.1 3.76

G5 41 2.L 6ee.i 12.GC .0C S.6 5.55 30.0 1.96
E5 F 27 2.C 5eZ. 120.Z .C1Ic c .?V 25.0 2.55

"IBIFLC* E;Av.Pll PRCPLR' PiGl 4

Nrr , oLCV
JUNITICN IKEVATICN YC'L P!,SSUI INPUT OUTPUP

(FT) (FT) (PSI) (GFPW I (GPM)
170.e 2S0.0 EX2.e 319.5 CONSTANT HEAIL

7 180.0 2?E.2 42.4
2i i6e.0 2IGE.5 ek.0 55e.! C(NSTA!T BEA D'.
15 1E2. 0 2F2.e 57.1 1F . .0 OUTPUT

117 165.0 163.4 E.2
6b25 . 1e.0 i.1 -11.0- 57o.e CUIFUT4t ice1 .e k 2 ., Z ' is.2 2.13.2 OI' - IU.

5 17£ .0 1O. 2 4.4 20.0 INIU.
41 I65.a 174.7 4.2 le. OUllUT

* E37 155.0 170.4 2.7 2' . CVT'.-UT •
NCIi" 21 15 LAIUr.

MAXILER= .C-5E
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b. Example Problem 2a. Given the distribution system shown in
Figure 17-5 consisting of a source (202), a tank (201), a high service area

(300-303), a low service area (101-304), and a PRV (103-102), simulate the
flows and pressures at a time when the tank is full and all flow is being
provided by source 202. The pressures should be between 20 and 50 psi. The S "
data file is given below followed by the output (including node table ard
convergence check).

! I i',*IL = VA,juj. "i1 ,1LE ,'/Fi & CKC.6,, VALUk

ILEB 100 100
ILEV lo! I0
ILI 102 10e
ILIV 103 1
tLEV 200 20L

Q iLIV L 1 200 5
ILIV 202 200
.LIV 30 160
ILIV 301 -60

LI 30k 160
ILIV 30"3 160
ILIV 304 10L
LIi 10G 102 6 30
LiNI 100 101 4 300
LINE 102 103 4 1
LINE 10i3 200 b 2400e
LINE 101 304 4 1500
LINE 20 20i 8 300
LINE 200 202 F 3eo
LI N1 LOO IN 0 I 150C
LINE 30i 3e1 6 300
LINE 301 301- 6 -,00
LINE 300 UL~ F -3f~e
LINE ;5ZL 3 e3 6 300
LINE 303 .Z04 4 300C
CEEL 202 2e1
PRV 102 102 so

*CUTF 30C I Z o
c6'F 501 iC.
CLIP 3C2 iek

CLIP 3i4 Ie.
CU P 101 LC

iAN~K 201 EC
* 1NJU 202 tee

Li Ce A .iLt

EN12 -
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0SS

LOCP TABLiS
K LI -;V iTC NFP N7C 11F

1 lee 1Z2 1 L
1 Z ' 10 1 1 3
1l2 102 2

4103 2OZ 4
121 4 3 f

C 20; ZZl 5 ?
7 22£ Z 5 E U

6 Z c r6 2 5

11 3 e 3 2 9 12
12 307 ZGZ ii 12
13 3C4 303 6 11

a lS

LCOP 1 tPTLC 4 I YF= e.
12 11 9 I9

LCCF 2 Ni1(= C
I 13. i 4 1 i 13

LLLF LE£RC1,
1
1
1
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k'i~~LcLC' 1 A T~'r* r2 css FIC% ViLCCTTY

: I :e 4.2 ' C 7ZE S1.3 2.33

l2VC1C1V - .01

3re1 Z(x c 3 c 2. 12k e c .1o E4
3 C 3-:l 6. C 3 Or. .i0 1 C a~27- 1& 154.3 1.7t

El. 16 3e e.2 17 ?( .ca3 .ze2 12 54.3.6
3 4 4.2 0 Z . 123. *2cck; .2V . .22

i1('~L ~'ifl &CLM'Y '.A!LIA PAGY F2

KIT FLCV
JUNC'IICK !LEVAT1CN IGI yBr"SUBY INPUT OUTPUT

100 122. 247.5 E' .
I k, iee.c 2,17.5 6.3.9

2C c~ 250.2 21.7
Zz22 2Ce.0 250.0 ;Ej.7 00CCN'TAk~T HLPE

z , 2ze o -251 .& 1 2.f4 !0e Z INPL
NO0 icz.0 244.? Zze.4 1letfcl L u,.rb~
301 16C.0 2-A3.2 16. 1C$0. Ct'1Pr~j

130. 24. 3C. CL (.PLI
303 16C.fe 243.3, 3f;.~ e cie CTITFUTu24 122.C 2 2A. ci.E& 50.0 CU IT

* FR' 1.1 122 VILL i.h'JCk StU.S S
PEissuiR £c..%s:?;AM CYF pRV lUSI k! CCI.-FLCT.'L

9, 5,'.'.' 4 9., ;,9 * * ***,: . ' .! * 3 * *:

CEiCK VALVES

ii c'r 7 L
12z 12% s .
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c. Example 2b. The output indicates that the pressures are adequate
through the system but the values for pressure downstream of node 102 should be
reduced by the PRV. To simulate this condition the PRV is replaced by a constant
head node at 102 and a constant output at 103. By trial-and-error it is found
that when the pressure is 15 psi at node 102, the flow to node 103 should be • S
approximately 10 gpm. The input and output for the run are shown below.

F=EX3
JOE EXAMPLE V/PRV ACTING AS CONSTANT HEAD
ELFV 100 100
ILEV 101 100 -
ILEV 102 100
ELIV 103 100
ILEV 200 200
ELEV 201 200
ELEV 202 200
ELEV 300 160
ELEV 301 160 1P
ELFV 302 160
ELEV 303 160
ELEV 304 100
LINE 100 102 6 30
LINE 100 101 4 3e0
LINE 103 200 6 2400
LINE 101 304 4 1500
LINE 200 201 8 3 0 M 6
LINE 200 2e2 8 300
LINE 200 300 8 1500
LINE 300 301 6 300
LINE 301 303 6 300
LINE 300 302 6 300
LINE 302 303 6 30
LINE 303 3e4 4 3000
CHIC 202 200
OUTP 300 100
OUTP 301 100
OUTP 302 100
OUTP 303 100
OUTP*304 50

4 OUTP 101 50 0
TANK 201 50
INPU 202 500
OUTP 103 10
PUMP 102 50
EXEC
IN 1
EOI ENCCUNTERED.

C>
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d. Example 2c. Next, suppose that the source at node 202 is to be
abandoned, and replaced by a 90 ft high tank at node 100 (e.g., at a new
treatment plant) as is shown in Figure 17-6. The higher elevations near
node 200 will be served by a booster pump which can produce 200 gpm at 100 ft
of head.

LAM' IL"-,-

10CU 12e 102
£LiA 1 £ !2£

103~ lC2
iLIV 2 ;L 20i

LEV 201 2Ze
ILIV 202 20e
iLEV 300 160
kLiV 301 160
iLBV 302 16e
iLE14 3O 16Z "
ELE' 304 102
LIKL 100 ;Oz c 3 e
LDit I£ e-eli 4 300

LINj 102 103 4 1
LIN! 103 2U0 C 24ee
LINE i1 324 4 15ZO
LIP jk- ?e e 2.d i 300
Ll~i 20e 202 & 3Z
LIN 2eC 30E , 135m
Li?-i 300 301 C 30C
LINKE 301 3e3 6 3e0
LIN\E 302 302 630
LIN! 30r 30Z 6 ZZO
LIKE 303 34 4 3022Z
OUTi 30 100
cUir 301 1z
GUIF 3e2 1ee

G,0 3F 4 5e
CUTP 101 5E
TANK 21 5C

BUC 1I02 103 10 2P
iC
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.. .. .. ... ....,..,...,., ......... .... .. ,. ... : . ':'...--..,.. . ,- .

:ii 'rL C INCG P Z cC .&4 r L FAGI 1

F GO C C LIA LE C"L C LC)S/FT LCSS FLCf VELOCITY

U£2 11, 6. 3. 122.e .30@01 .eC E.- .10
1 1 4.c /. i 2. . z.olqu .2 .o .22
'e 107 6.Z 242:.Z Il'i.Z .20 ke2 .04 1i.0 .11
7. ,4 1q1 4.0 1 5o?. C 120.0 . ik169 2.53 41.2 1.05 4
Ze! 2¢0 8.o 300.V 122.v,. .0000 .0e 1.2 .01
202 20Z E. i , .k 12 -6 .neeiF 1.75s 5o.0 3.19
a, o L k. 150M.0 12o .2 .,cc6b &.4S 4S1.Z 3.14

C 'l6.. 500z a 12e .0 . k - F 1.25 il.6 2.2Z
3 03 6.) Zz.0 12z. .. 111 Z C5 6 i.09

L50 ."'2 6.E 3k£. ' 120-1 .ef41 1.25 105.6 2.22
302 30 6.k U0. 12e.0 .0e111 .33 95.6 1.e9
3 Z94 4.0 0.0 12e.Z .Ee?15 22.04 E1.2 2.33 •

1 £AAMPLY /PR:/V ACTING PS CC".bTAN'' HPD FAGF 2

S! T FLC0
UNCTICN 1L EVATI1 ECL IO1 SSUIDE iNrLT UTPUT

(FT) (FT) (TSI) !G P t (GPh)
lieiz.e 215.4 E0.0

101 10(t.0 215;.4 4-. 50.0 ouTFpuT 0
02 120.0 211.4 50.0 e.6 CONSTANT HAD

13102.0 2! C.e 64.S 1e0 OUTPI
200 2.e.e Z-S0.0 21.6
201 2eZ.C 50. j Z1.7 1.2 CONSTANT HEAL
2e2 20,'.C 1 . P 50.e
30c 160.0 35.5 5.3 I1k.P ,UTI-UT
341 16e.e 24i.3 34.S 10.MO CVUIPUT l

2!64. 2.. 4.? 1,-" V GU. p! "
303 16k.Q' 23I.9 34.6 100.0 CU'IPUT
304 1U0.0 217.s 51.e 50.c OIJIPUT

NrL! 2zi iS tATUr
4 ITERATICrNS R1211.TI.r'IXiF.R= - .5
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V.. i\L~ 3EICjN.' rc

q ±~.XJ4~Pr iI'~i: ~ SCiJRi AN! PCCEiPA2l1

F IAI, REAL

FCM IC DIP. UN\'IF C CSZ/'F"i LCZ.3 iLCV VELCCITY

lb 1 c u 30.e 12C.0 C~277! .2'5 ;73.1 3.10

1~1034 1.Q 2 lk.A 0 ; C .~A (c 2 73.1 6. 6
103 22e 6.e 24ek..0 120'0 .C 77t 18.6C 273.1 3.12

~1~C8~ 32 -e i~66 .1-70 2f3.5 1.62

3el 3 6.L 3e2.e l2k. C0246 .74 147.5 1.67
3 'V Z'252 (09 Zb.Q 12 . l~ 1.0e 17c_'.0 2 .03 4
3e2 3e03 6.Z .3.2.0 ?* .CZVE .23 79.0 ;
323 zi~4 4 . 300C .0 12 .f j) k346 40.3 12G.6 Z'. 23

!EXA;'.FLi 1ITH FE-Q SCL-Rci AN! ECCSTE ?A CF 2

NE!T FLO~
JUNCT1CX ILEVAICN liGL FRISSURI INPUI %IU7±'Uj

( _7 I ) (PSI) (GI-ri (GPM) 0 5
i~c? ~ ~ 0 24F'.5 CONSIANI hll;U

lZ3 ie.0. 26E.1 72.6
2005 2ze.z 24-- 21.4
201 200.0 25C .0 21.6 253.t CONSTANI ElAl

*202 2e 01. 0 14 . f 21.40 0

302 160.0 23F.8 3% .i 1 i0.0 CL~IPUI

501L 3 JV 16(6 . 1 EL 34 1 0 7..0 LII
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APPENDIX B: DOCUMENTATION

This appendix consists of the Documentation for the MAPS Water

Distribution Program (MAPDIST). It is Chapter 17 of Part 2 of the Maps

Manual and, as such, the paragraph and figure numbers have the prefix

"17."
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*CHAPTER 17

WATER DISTRIBUTION SYSTEM ANALYSIS

17-1. Introduction. The water distribution system analysis module calculates p~
the pressure, flows, and head loss in a looped or branched water distribution
system using the Hardy-Cross Method. The module can be run as part of the MAPS
program or a-; a stand-alone program called MAPDIST. Paragraph 17-2 describes
input to the program, paragraph 17-3 describes the overall solution algorithms
and paragraph 17-4 describes the method used by the program in setting up inter-
nal tables for the solution algorithm. Paragraphs 17-5 and 17-6 present methods
on how valves and pumps are considered by the program. Paragraph 17-7 contains
a description of the program's capability to rerun a system with modified data,
and paragraph 17-9 Lists the subroutines used by the program. The modifications
made to the program since the original MAPS manual (EM 1110-2-502) was published
were made only to the MAPDIST version of the program. The version contained
in the MAPS program is the original (Nov 80) version.

17-2. Input Required.

Elevation of each node, ft
Length of each line, ft
Diameter of each line, in.
Hazen-William C for each line (default - 120)
Water elevation (above node elevation) for each tank, ft
Pressure at each pump, psi
Constant flow input or output at variable pressures, gpm P 1P
Number of iterations (default - 50)
Accuracy of iterative solution, gpm. (default =01

PRV setting, psi
Check valve location
Level of detail of printouts
Pump characteristic curve (if using this type of pump)

To protect the user from errors caused by exceeding the limits of a dimension -

statement, every line of the user's input is tested against the maximum number
of nodes, lines, tanks, etc. to insure that the limits are not exceeded. If
they are exceeded, the input is not accepted and a warning is printed.

17-3. Solution Method. The program reads data from the input device until it
encounters an EXEC card. At this time it identifies and stores the loops,

* establishes internal junction numbers, and assigns initial flows to the system.
It balances the system using the Hardy-Cross method until the convergence cri-
teria is met (DELQ(max) <DELQ(allovible))or the maximum number of iterations
is reached. It prints the output and stops if it receives an END command or
an end-of-file from the input device, or continues to the next problem. The
user can rerun the system for new flows once output has been printed by enter-
ing the data to be changed, and an EXEC command to begin the execution. The

* flowchart of the program is given in Figure 17-1. The Hardy-Cross method forp
balancing flows is based on the principle that, under steady conditions, the
head loss around any loop is zero and the flow into a node is equal to flow

* 17-1 U
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out of that node. The initial flow assignments are made to meet the require-
ment of zero flow gained or lost in each node. The flows are then altered to
comply with the head loss constraint using one of three formulas.

DELQ - Ef Qi1.85 
+ DIFF - HB

1.85 Jfi DB (17-)

where

DELQ - correction to flow, gpm

Sf- friction factor for i-th line

Q, - flow in i-th line, gpm

DIFF - correction for loop with tank or pump

HB = head provided by J-th booster pump, ft
- XB (j,1) * Q12 + XB (J,2) * Q + XB (J,3)

DB - slope of head capacity curve for J-th booster pump, ft/gpm

- 2 * XB (jl) * Q + XB (J,2)

Equation (17-1) is appropriate for all loops except those which have a pump
acting as a water source (not an in-line booster) and a pump head curve is
given for the pump. In that case DELQ is given by

DELQ - LPUMP * B4 * (HP2 - HP)
DQ - SUMZ (17-2)

where

LPUMP - indicator of direction of flow in line

B4 - indicator of direction of pumping 0 5

HP2 - head produced by J-th pump at flow QP, ft

- A (jl) * Qp2 + A (J,2) * QP + A (J,3)

HP - head required from pump to balance loop, ft

DQ - slope of head characteristic curve for pump J, ft/gpm
2 * A (il) * QP + A (J,2) •

QP - flow through pump at last iteration

SUMZ - 1.85 fi Q1 0.85

In some special cases involving pumps in which a pump curve is given, the pro-
gram also checks to insure that 1. flow is passing through the pumps in the
correct direction, and 2. if head required by the line from the pump exceeds

* the peak head that can be exerted by the pump, the flow will be zero. In each • S
case DELQ is set so that the flow in the line in the following iteration will
be zero (i.e. DELQ = -QP).

17-3 1 0
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The flow for the k-th iteration in the i-th line is corrected using

Qik = Qik-1 + DELQ (17-3)

where k refers to the iteration number.

The flows are altered in such a way that the property of zero net change in * "

flow at every node is maintained. The friction factors in each pipe are cal-

culated asing the Hazen-WiILiams equation

hi = fi Qi
1 85  (17-4)

where h = head loss in i-th pipe, ft

10.43 Li

1 .85 D 4.87

L = length of i-th pipe, ft

C - Hazen-Williams coefficient

D - diameter of i-th pipe, in. •

17-4. Establishing Loops. Another difficult problem in applying the Hardy-
Cross method is that of automatically converting the user's description of the
system into a table of loops (LPPI) for use by the program. The steps involved
with this procedure are shown in Figure 17-2. The steps in this figure corre-
spond to the box labelled BUILD LOOP TABLES in Figure 17-1. Definitions of
variables used in the program are given in Table 17-1*. The program first V U
renumbers the nodes for internal use and identifies the tank or pump with the
greatest hydraulic head as the datum unless the user specifies another constant
head node as the datum. The program builds a tree starting from the datum.
It identifies loops by finding the same node in two locations in the tree and
tracing the iines between the nodes.

a. Loops With Constant Head Nodes. For constant head nodes other than -
the datum, the difference in head (DIFF) between the two nodes must be added
into the total head loss in these loops. It is calculated as

DIFF = REFHD-ELEV-HEAD (17-5)

where

* REFHD - head at datum, ft

= ELEVd + HEADd for datum

ELEV = elevation at other constant head node, ft

HEAD = j head at other constant head node, ft
0 if representing pump with pump curve

* Located at end of Chapter.

17-4 U
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b. Loop Tables. To illustrate the building of a loop table, tables
for the example problem shownl in Figure 17-3a are b~uilt in a step-by-step pro-
cedure. The data input is shown in Table 17-2. The user-suppliai nodes are
converted into internal nodes shown in Figure 17-3b. The internal pipe and
node tables (Tables 17-3 and 17-4) are constructed for reference. The tree
structure shown in Figure 17-4 is built using the pointer in Table 17-5. The-0 0
program then traces the loops through the tree to build the ITBL array for
each loop. These ITBL arrays are strung together to form LPPI, the loop table
used by the program. The numbers stored in LPPI are not the beginning and end-
ing nodes of the line, but the location of the line in Table 17-3. LPPI and
ITBL are shown in Table 17-6.

c. Initial Solution. An initial starting solution is required for the
Hardy-Cross solution. This solution is obtained by tracing the inputs and out-
puts back to the datum keeping track of the signs. The steps required to ini-
tialize the flows are shown in Figure 17-5, and correspond to the box labelled
INITIALIZE USING CONTINUITY in Figure 17-1.

17-5. Valves. Some special tests are required in the program to determine if
check valves and pressure reducing valves are being modeled properly. V

a. Check Valves. The "from" and "to" external node numbers for the
I-th check valve are stored in ICHK (1,1) and ICHK (1.2) respectively. Once
the network has been solved, these valves are compared vith the direction of
flow in the arrays 151 and 152. If the direction is reversed a warning mes-
sage is printed. A check valve does not affect the output flows and pressures.

b. Pressure Reducing Valves. The "from" and "to" external node num-
bers of the I-th pressure reducing valve are stored in IPV (I,1) and IPV (T,2)
respectively. The pressure setting of the valve in psi is stored in PRV? (I).
After the line data is printed, the direction of flow in the PRV is checked
the sane way as for the check valve. After the node data is printed, the
pressure is checked against the pressure at the "from" node. If the pressure
at the node (XS) exceeds PRV, a warning is printed. A pressure reducing valve
does not affect the flows and pressures printed.

17-6. Pumps. There are two types of situations in which pumps can be used:
1. pumping into system, and 2. in-line booster pumps. Pumps can be repre-
sented in MAPS as 1. a constant head node, 2. a constant flow node, or 3. a
pump head characteristic curve. These three ways are shown graphically in
Figure 17-6. Each of these cases is discussed in one of the following subpara-
graphs. Note that it is not possible to specify a constant head for an in-line____
booster pump.

a. Constant Head into System (TANK or PUMP Card). In this case the
punp merely maintains a constant pressure at the pump node (much like a tank).
No check is made to insure that water is actually flowing out of the pump.
This corresponds to the horizontal line In Figure 17-6.

b. Constant Inf low t -o System (INPUT Card). In this case the pump
forces a constant flow into the system at whatever pressure is required. This
corresponds to the vertical line in Figure 17-6.

17-6
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Table 17-2. Input for System Shown in Figure 17-4

JOB EXAMPLE OF LOOP TABLES

LINE 8 3 6 100

LINE 5 1 6 100

LINE 8 1 6 50

LINE 5 3 6 50

LINE 6 3 6 100

LINE 8 4 6 50

LINE 4 2 6 200

LINE 6 2 6 50U

LINE 7 6 6 50

LINE 7 5 6 100

ELEV 1 100

*

-ELEV 
2 100

ELEV 3 100

ELEV 4 100

ELEV 5 100

ELEV 6 100

ELEV 7 100

ELEV 8 i0O

PUMP 7 50

TANK 4 115

OUTPUT 2 30

1

0OUTPUT 3 10

EXEC
END

-17-8
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Table 17-3. Internal Pipe Table

Line KTO KFM NTO NFM

1 8 3 2 1 S
2 5 1 4 3

3 8 1 2 3

4 5 3 4 1

5 6 3 5 1

6 8 4 2 6

7 4 2 6 7

8 6 2 5 7

9 7 6 8 5

10 7 5 8 4

Table 17-4. Internal Node Table

Internal External
Node Node

I KJNOC(I) NORG

1 3 4

2 8 8

3 1 6

4 5 3 .
5 6 2

6 4 9

7 2 5

8 7 1

17-9 U
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JCT NBPT

1 8 ---

2 5 8

3 4 8 .

4 1 5

5 7 5

6 3 4

7 1 4

8 2 1 -

9 6 7

10 2 3

11 6 2

c. Pump Curve into System (APUMP and BPUMP Card). In this case, the U U
pump characteristic curve is represented by a parabola with the equation

where b

H - head produced by pumps, ft S S

Q - flow produced by pumps, gpm

a,b,c - coefficients

With the APUMP card, three points on the pump head curve are required, includ-
ing the intercept with the vertical axis (0,Hl). Letting the other points be
called (Q2,H2) and (Q3,H3), the subroutine PARA calculates a, b, and c as fol-
lows

c - Hl
a - ((H3-c) (H2-c)', /(Q3 - Q2) (17-7)

b =(2) -a * Q3(-c
Q3

When BPUMP is used, only one point on the pump head characteristic curve is
given and the assumptions are made that 1. the intercept with the vertical
axis is at a head 25 percent greater than the given head, and 2. the deriva-
tive of the curve is 0 at that point. Therefore, given a single point (QI,HI)

c- 1.25 * HI 1

b 0 (17-8)

-a =-.25*HI/Q1
2

17-11
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Table 17-6. Loop Table (LPPI) 0 -
and

Loop Building Tables (ITBL)

LPPI LPSGN;

4 +1 S
4

10 +1
ITBL 8 NPPLO(I) -4

9 -
5

5 -

3 +1
3

2 +1
ITEL 44 NPPLO(2) -4 5

4 -1
1

1 +1
2

6 -
2

11

'4 +1
4

ITBL NPPLO(3) -7 10 +1

9 -1

8 +1

NOLPS -3

17-12
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d. Constant Flow Booster Pump (BOOSTER). A booster pump is repre-
sented by two nodes corresponding to the suction and discharge ends of the
pump to deliver constant flow Q. In the program, the suction end of the pump
is replaced by an output node with flow Q and the discharge end is replaced by
an input node with flow Q. This is the reason that the booster pump cannot * -*
also be a constant head, input, or output node. Furthermore, since the suc-
tion and discharge end of the pump are not connected directly by a LINE, there
must exist some other path to the datum from each end of the pump, else the
program will not run. The head provided by the pump is calculated from the
pressure at the discharge (p2 ) and suction (p1 ) end of the pump using

Head - (P2 - P1)/0.433 (17-9)

The head is not forced to fall on a pump head curve.

e. Booster Pump with Pump Curve (XBOOSTER). In this case the pump is
represented by a pump head characteristic curve similar to that described in
paragraph 17-6c for BPUMP except that the coefficients are stored in the array
XB. The location of the coefficients in XB are given for the I-th line in
IBP (I,1) while the direction in which the pump is pumping in the I-th line is
given by a +1 or -1 in IBP (1,2).

17-7. Rerun Capabilities. Formerly the network could only be rerun with dif-
ferent INPUT or OUTPUT values. Presently reruns can be made for new PIPE, LINE,
TANK, PUMP, COEF, PRV, ACCURACY data, and pump curve coefficients (APUMP, BPUMP,
XBOOST). In each case the location of the node or line in the array within
the program is located and the value is changed. If the node or line cannot
be found, a warning is printed and the new values are ignored, except for CHECK
and PRV, in which case a new valve is added. Output flows are modified using
the value input on the RATIO card according to the formula

GPMO (I) - RAT * GPMO (1) (17-10)

where S "

GPMO - output for node I

RAT - value on ratio card

The above calculation is carried out only for output nodes that do not corre-
spond to booster pumps (i.e. KJNO(JCTO)OIBOOS(I,1)). Once the values of GPMO
are changed, the flows are traced back to the datum as was done for input and
output nodes except that ITRA-JTRA-5.

17-8. Calculating Output. Once the iterative solution has terminated, the
flows in each line are known but the user needs more output than merely these
flows and an echo of the input data. These other quantities, such as head
loss in each pipe, velocity, and pressure, are calculated once the iterative
solution is complete. The methods used to determine these outputs are given
below.

17-15
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a. Head Loss. The head loss in each pipe is calculated as

HLOSS(I) = F(I)*GLOW
1.8 5  (17-11)

where

HLOSS() = head loss in I-th pipe, ft

F(I) = head loss constant (eq. 17-5)

GLOW - flow, gpm

The value printed as head loss is

H - j HLOSS(I) j (17-12)

and the head loss per foot (HPF), given by

HPF = H/REACH(l)
where (17-13)

REACH(I) = length of J-th pipe, ft

b. Velocity. The velocity is calculated as

GLOW* 144VELP -

448.8*DIA2 *0.785 (17-14)

where

VELP = velocity, ft/sec

DIA = diameter, in.

c. Pressure. The value printed as pressure is the difference between
the reference head and the elevation of the node minus the head loss between
the datum node and the node.

PRESS = (REFHD-FOSS-ELEV)*0.433 (17-15)

where

FOSS = EHLOSSk for all pipes k between reference head and node

ELEV - elevation at node, ft

REFHD - system reference head, ft

The height of the hydraulic grade line is given by

IIGL - REFHD-FOSS (17-16)

where

HGL - height of hydraulic grade line, ft

17-16
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d. Flow. The flow into or out of a node is that specified by the user
on the INPUT or OUTPUT card for those nodes. For constant head nodes, the
values of the flow are the sum of the flows of all of the pipes coming into
the constant head node

SLOW =I_. FLOW (17-17) 0 --

for all pipes, J, coming into the constant head node.

17-9. Routines Used. There are two MAPS water distribution programs. Stand-
alone program MAPDIST is a separate program. Because MAPDIST is not tied toq the MAPS data base system, the number of nodes considered by MAPDIST can be •
increased rather easily. At present the limit is set to 350 nodes. Subroutine
MWATER is a MAPS subroutine called by subroutine DISTRI which also calls the
data base editing subroutines DEDIT and DREAD. It is limited to systems with
350 nodes and 350 pipes. Both programs use the subroutine SCAN to read data.
The DEDIT and DREAD subroutines are identical to the REDIT and RREAD subroutines
used by the report generator module. The reader is referred to Chapter 21 for
a description of these routines. The stand-alone program also calls a subroutine S a
PARA which fits a parabolic system head curve to three points on the curve as
given in an APUMP card.

* S
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Table 17-I. Definition of Variables for Water Distribution Module

Variable Definition Units

A(I,J) Coefficients in the equation for pump head curve for --- 0 "
pump I. If flol at pump I is QP, head produced is
HP2 = A(I,1)*QP + A(I,2)*QP + A(I,3)

ACCU Accuracy for solution procedure; to stop the maximum gpm
DELQ must be less than ACCU (default - 0.1)

BHEAD Head provided by booster pump ft

BOOST Flow through booster pump gpm

BI, B2, Indicators of where flow is in positive or negative ---
B3, B4 direction (+1. or -1.)

C(1) Hazen-Williams C for I-th pipe --

COEF Constant Hazen-Williams C for all pipes if C(I) ---
not specified S S

CUSE 'C(I) , if C(I)>O
'COEF , if C(I)0-

DATUM HEAD+ELEV for highest tank ft

DB Slope of booster pump head curve ft/gpm

DELQ Loop correction factor gpm

DFCHK Difference between peak hydraulic grade elevation ft
and datum elevation. Warning is printed if DFCHK
is negative.

DIA(I) Diameter of I-th pipe in.

DIFF(L) Difference in elevation between reference head and ft
head at tank or pump for I-th loop 0 0

DQ Slope of pump head curve ft/gpm
=2* A(I,J)*QP + A(I,2) if > 0

0 if_ 0
DREF Difference in head between original and rerun when ft

constant head node is changed for rerun

ELEV(I) Elevation of I-th node ft •

ERR Value of largest DELQ in iteration gpm

ERRL Value of ERR for previous iteration gpm

F(I) Friction constant for I-th pipe ---

10.43*REACH(I)

*CUSE1. 8 5D1A(I)4 .
8 7  1P

(continued)
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Table 17-1. (continued)

Variable Definition Units

FLOW(I) Flow in I-th pipe gpm *
FOSS Total head loss from reference head ft

FTRA Flow to output or from input node gpm

G Flow in pipe corrected for direction gpm

GLOW Flow in pipe corrected for direction gpm

GPMI(I) Flow into I-th input node gpm

GPMIT Input on input card for rerun gpm

GPMO(I) Flow out of I-th output node gpm

GPMOT Output on output card for rerun gpm

H Head loss in pipeIF*G 1 .851 ft

HB Head provided by booster pump ft

HEAD(I) Head at I-th constant head pump or tank ft

HIGH Highest head encountered in finding datum ft

HLOSS(I) Head loss in I-th pipe (can be positive or ft
negative)

HP Head required at pump ft g
k-d HPF Head loss per foot H/(REACH) ft/ft

HP2 Head produced by pump at flow from previous ft
iteration

HI, H2 Head at suction and discharge end of booster pump psi

I Counter on loops -- * .'

IB Indicator on direction of flow in line from pump ---

IBK Array containing number of nodes coming after ---

IBK(1)

IBOOS(I,J) Node number of suction (J-1) and discharge (J-2)

ends of I-th booster pump

IBP(I,J) Location in booster table of coefficients of I-th ---

booster pump curve for J-1. Indicator of direc-
tion of flow in pump for J-2.

IBUF Characters in columns 5 through 80 on input card -

ICHK(I,J) 'From" (J-1) and "to" (J-2) node of I-th booster ---

pump

ID First four characters of input card

(continued)
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Table 17-1. (continued)

Variable Definition Units

IDIFF(I,J) Indicator on loop with pump
(Location in pump table of pump on loop, J-1 - " •

- 4Location in elevation table of pump, J-2
,,Location in pipe table of pipe from pump, J-3

- 0 if no pump curve pump on I-th loop

IER (0, do not print ERR ---

1, print ERR for each iteration

IFT Array containing numbers of nodes coming before --- U
IFT(l)

ILINE Counter on number of lines printed J_

IP Indicator on heading for pump curve coefficients, ---
f 1, if heading already printed

IPAGE Counter on number of pages printed --- "

IPUMP Line number of line from pump ---

IPV(I,J) "From" (J-l) and "to" (J-2) node of I-th PRV ---

IREF Placeholder on JCT in building loops ---

IS(I), External node number for I-th node or line in --

IS2(I) output

ISGN Index on direction of flow (+1, -1) ---

IT Counter on output nodes for ratio rerun ---

ITBL Array containing node numbers of node in loop ---

ITLE Title of run

I, if node is input node

2, if node is output node

ITRA 3 er
3, if new input is zero
4, if new output is zero -.

J Counter on loops

JBP(I,J) Beginning and ending node number for line with I-th --- '
booster pump

JCT(J) Internal node number (e.g., if JCT(5)-7, the back ---

pointer to node 7 is NBPT(5) and NORG(7)-5)

JCTE Node number for elevation card ---

JCTI Node number for input nodes ---

JCTLT Node number for input nodes (rerun) ---

(continued)
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Table 17-1. (continued)

Variable Definition Units

JCTO Node number for output nodes ---

JCTOT Node number for output node (rerun)--

JCTT Node number for tank or pump node --

JER Number of loop with max DELQ

JREF Placeholder for JCT in building loops ---

JTRA Index on tracing outputs to origin ---

4, output node
5, ratio

K Counter on loops

KFM External "from" node on pipe

KJNO External junction number --- W

KK Counter on loops ---

KTO External "to" node on pipe card --

L Counter on loops

LIST Alphanumeric keywords recognized by program

1, if IREF not input, output, tank, or pump

2, if IREF is input
LL3, if IREF is output

4, if IREF is tank or pump

LOOPT '0, no print -
'.1, print loop tables ---

LPPI Array containing loops in order in which they are -

processed

LPSGN(I) Direction of flow in 1-th pipe ---

LPUMP Direction of flow in Line I from pump ---

1,if LPSGN(I) > 0
-1, if LPSGN(I) L_ 0

M Counter on loops

'0, if JCT is not already identified as to or
from nodeMARK

*1, if JCT Identified already

SMAXLI Number of lines per page of output (default = 50) U U

(continued)
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Table 17-1. (continued)

Variable Definition Units

MAXN Maximum number of nodes and pipes -

Currently = 350 "
M Counter on loops ---

N Counter on loops

NBK Placeholder used in building ITBL

NBOOS Number of booster pumps -S S
NBPT(J) Node flowing into node at J-th location in JCT

(e.g., if JCT(3)-4 and NBPT(3)-8, then node 4
receives flow from node 8 and NORG(4)3)

NCHK Number of check valves ---

NDATUM Internal number of datumnode

NFM Internal "from" node number

NFO Placeholder used in building ITBL

NN Counter on loops

NOELE Number of nodes for which elevation specified

NOIN Number of input nodes

NOITER Maximum number of iterations - •

NOJNC Number of internal nodes

NOLIN Number of pipes

NOLPS Number of loops

NOOUT Number of output nodes

NOPTR Number of internal nodes with pointers -

NORG(L) Location in Junction and back pointer table of
node (1) (e.g., NORG(5)-2 means JCT(2)-5 and node
coming to 5 is NBPT(2))

NOTNK Number of tanks and pumps

NPPLO Number of pipes in I-th loop. Used in identifying - 0
loops in LPP1

NPRV Number of PRV's --

NTO Internal "to" node number

OHEAD Head for pump or tank before rerun ft

PRESS Dynamic pressure (REFHD-FOSS-ELEV)*0.433 psi

(continued)
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Table 17-1. (concluded)

Variable Definition Units

PRV (I) Pressure setting for I-th PRV psi * .*

QB Flow through booster pump gpm

QM Flow at pump at maximum head gpm

QP Flow at pump from previous iteration gpm

RAT Ratio of output for current run to previous run ---

REACH(I) Length of I-th pipe ft

REFHD Elevation of hydraulic grade line at datum node ft

SLOW Net flow into or out of node gpm

STATIC Static pressure (REFHD-ELEV)*0.433 psi

SUMH Sum of head loss in loop '.F(I) GI '8 5  
ft

SUMZ ' 1.85 F(I) 85 --

THD Total head at pump or tank before rerun ft

VALUE Array of values returned from SCAN subroutine ---

VELP(I) Velocity in I-th pipe ft/sec

XB(IJ) Coefficients in pump head curve equation for -_

booster pump 1 2
HB = XB(I,1) *QB **2 + XB(I,2) *QB + XB(I,3)

XS(I) Pressure at I-th node psi

Z 1.85*F(I)*G
0.85
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APPENDIX C: CALIBRATION OUTPUT

This appendix contains the printout from the calibration runs of
S S

the MAPS Water Distribution Program for the PUAG system. These print-

outs generally agree with the results as summarized in Table 4-2 of the

main text and the data files prepared on tape for the PUAG (although

there may be some minor differences). These printouts can be used to

check the output of the model when it is run on a new system.

U W

* 0
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GuAM AR .&A A & I tAVY FT.") P i

.. t, TO LIA LF NT H C LCFSFT' T(SS " ("I VFLCCTTY) :") (r"[) ,(Gj,") 'FPr ) S
12,, 108 6.j x15 " 110.) r,;ee-t F .. .-

12Cl" I56.£ 13C '. 1I'.0 .C " .. .~1 37.2

112 113 6.0 100.0 1l0j .'I C02 41..8 1 192c 3 1.7t

113 25- 1 4 V 10V. 110-J .CC63 3 21 . .47
11V6 11 S . 4C)Cw.0 li;.* .I P4 V,.7 13. 6F. .] e6 1£? C'. C7 14. 0 i .3 .Z : ., " -. 1
iF- 106 1.0 540 .'0 1. . I C OE111 C.1.lo 1i16 iz.0 2 0 1, 0.@ I 10 .,0 .0 -,("- .04 r .,7.! • "

11 .11. 12. 00.0 110.3 . 2 7 C ,'.42 r .. .A

11 r 111 12.0--F( 10. 0 110. 0 01'027 . 177.1 .4L

I-Z 11 O 8. . ll . .C.1 ' V733' 1 .6. ..16Ill11 4 1 --.- Z' 'g. ii,. C.1 , 112- C .03 _ 2' 6
1 117K.0 .6 16 2 .32 1 £±.C

112 268 6.0 [OE0.0 lie.E? .L34 7 4.i . ".t2
268 l2 6.0 7OZ2.0 110.0 .e0E06. 67.t2 2.,.
115 253 14.r 1100".0 110.7 .ZCOG63 2.7 211. 4.47
11 1 lij 6.u 45W .0) 110.1 .0' ! '4 4.b? I1 ,. , X ,
I E 115 12 .£ e ,. 0.( 0 1 .; . , "'02 4 7.11 7 721 1 33
121 116 1. e . iiC., .00 I'5 i.4S2 .7.' 4 "
116 17 8.e 100C.0 ll2.0 .Z 1623 1., .. 2
1 11 12.0 110C.0 110.2 . U?7 .20 27.. 6 1 .44
i23 119 12.0 34600.0 110. 0 .0024C !.F 3.
2:1. 1I2 12.0 1800.0 11W.? .I U112 2.1. e .1SI& 11 8.0 1209.0 11.0 .,;"' .75 2 .31
13l21 12 .0 zI0.o . .i010 .7 4 A .37
I1 12 2.G 16E0.c ll2 '0 .-C('1 !.71 , C, " 1 4

12 123 12. 24C0.1e 1i0.1 .Zoep- 1.5c :"'A.P
410 24b2 12. 16~.C !i2. .Z01.C 21.7 1 -. 94

ifs ~ 6.0 . 11. c .13- £.4 A2 I7 1.4

2,t t 241i4 ± .g Z bOv.v, 110.£ e .V f22 2 .Z2 2 [ v 1.3,
241 268 14.0 3000.0 110.0 L,4u ? E.6 ,, ; ',
268 240 8.0 2300.0 110.0) OOEOE., lb.b2 L144 _.3
2t6 - 239 14.0 200A .0 110.0) .j(9V76 I.:j7 7. 1.41
2"" 2- 1?2. (' 4 ".Z2.9. C 11 r.O .(W 10[ 45 151."1 .41
2.7 237 1A .e ' PO .0 110.0 .NP12 23 27Po.? .5(p

232 2." 1 12.7 A600'.0 1I10.0 ^A4 4 3.7 397.7 .P3
?7-,> 27 5 10. v1 '1 OI. 0 lit.1) .OOMP1 1.9m 244.0, 1.210

p 3 F, : ', 1..0 5 10. e,110 . OP 30 1.6c C- X r 1 .47

r- ~ ~~ C 2,r 47 ?6

2Z 5 9.9 250 0 11 ".7 6 .4 14. 11 " . •23E 27C ii.' 0,iZ 111-0 . ?"l p  5,! 5.'  : I.
;1k& 242 0. r' . 110.0 .e'' 04 "' .31

25 24 C 12.0 150V'.(3 11*. .C 0 X.,I 4e.3.l
2L233 tC. 16 V .0 110.3 .COMT -.7 E3" 7..

6 3 " 224= C, kf 4£ .0 1 , Cr .f3,)7 0.7 .7 2.7('
2 45 "J 2 4 1 v,10 0OC 1.5f 7 .A11
241 L.u, 12.0 16 ,. " 110.0 .Ve17C Z.72 C-' C, 1.94

7V' 4 4.0 i6%0 .9j 110.Y .2 11 -t C IF.3 1 1i1 C 3 2l.7?
24'? ;r 6.0 ,Oo.o llI :. .j ,.(, 2.:7 Z.,4 12F. 1 A.C{

14 IF, I.L 0 £.. lic.,) V,175 1 .20 15! 1 .77

c-2

0 0 • 0 0 0 0 0 0 0 • 0 • 1



1 CLii AREAS A & B (AVE FI0OW

FjLL *iEAr
FhOl TO DIA LENGT T C LCSS/?' LOSE 7LOW VELOCITY

(!N) (rT', (FT'; f,?M) :7 ") 0 -
257 l 12.0 55ce.c i11i. .0C3.?7 5.3 7 504." 1.43
2t7 CE8 12.• 2CO.0. 110.0 .eo4C .92 3-7. .6

256 259 12.0 '.0i? .Z022 .Z 2?2.0 .6F
255 257 8.L 45 . 1110.Z .0"'32 ]1- - .l .61
25,, 255 S.• 120.0 110.0 . 2671 3..05 i041.. 6.35
25L 249 P.e 4-Ze.e lilo. .000e4 . .0 .v 11-
2E2 2E, 6.0 2806.• 0 . .C 5 ' 1 .C 461 *J
255 254 8.e Pi0 '.J 110.0 .C!292 39.7; 8e4., 5.52
25- 221 !2.0 22500.z 110.0 oe,6Q .2.1 0 6*.p 2.4i5
c-l 219 :.0 21je. 0 110.0 .cL'7e 12.09 15A.7 j.2021 ,Z 5J• ] .':53 '.7,i 2S7.R q.o

221 222 i2.£ 2100.0 I .0 .204 .90. 1'. .
162 8- 1. 0." 110. .(01 .. - .

224 268 12 .,2 0. li . eOO 1.1 1F7C 1 .2,1

221222 6.0 C 1600.0 110.0 L" CC1 4 2 9 ( 7-.r .30
212C :- 12.0. -7l .Sc 1.. 1191.0 ;lco - 1 7 .4 " 171. 6 2.

22x 225 !0.r 48SC.e i1.a .VP033 1.5" 1'(,.5 .71
22! 226 6.e 18e.e Ie.o .mo67 1.2. 142.3 .'1
22 6 227 8. 1600.0 110.0 .00(13 .1 2.( .3p
2o -iF Z21 Z . 0 20e.0 . .110.0 .ee 2 OE .0 .16
224 265 8.0 550P.0 .111.' VPl3 .7? t4 , .: 0 a
2±4 22[ 8.0 5700.C 110. .00!31 1.46 6.7 .17
2U 2G .a 450.0 I V.. . l5 . 173.5 1.15
224 266 12.L M0@.3 Il .0 .2411 .4f I. .2 .5
2692 2' 6.0 1700.C 110.0 .0 ZCe .0 2(,." .3e
;_I": 214 12.0 860.0 110.0 .0 7..4 E3.9.7 i F
1b 20l 12.e -80C.0 0 . . 0201 .L E 5b.. .45

21G 21b 8.0 63.0 110.0 .z Zcle .49 07 . .31
2- 262 6.o zOee.z 1. .lS17 .,c 3.2 •25.
2o3 Zu? . 2, 1001.0 . .ZZ02 .02 E-.c .17
214 265 6.0 1600.J lil.o .eL18, 1.64 3e. 2.44
2i4 215 8.0 520- 110.0 M .0363 1.31 . .
213 214 6.j 450.0 110.0 •150 G.7? 103.Z 1.17
414 211 3 . 7300.6 11 C.Z C .,26 60 .4£ -55.3 ).53

41 el. 4 ..- C .3.79
; 2 12.0 3Z00.0 i .o . . l0- .226 k;07 12.C EOO.O II .x . ZO .£ eoc2.e

21 e Z06 12.0 1600.0 i10.0 . 106E-'  1.19 .l£. 1.19
209 208 i0.£- 340,. , 110.o .010i5 354.52 i1-.5 4.54
211 209 P.0 22..; 1IP.w .£54i I74.e2 i1 1- .4 7.?
2k, c 20 3 18.0 1700.16 iie.0 val£ .L A .z .ib •

0 -3 204 1;e .0 loe .6 110.0 .0'oeol .01 2 .. .1!5
231 204 16.0 76i j. 0 -LI i. 0 UW$2t1 l. LX- 'l .7 .-2
2 3 202 8.0 5400.0 iI10.0 . CCJ0- .49 , .3 .31
202 2il 6.0 i0eg.e 110.0 i?2017 .i? 3Z..2.7
201 2wi b.0 1200. i.0 1 . ,k'k Io I l .l .10
171 116 12.0 179t5.0 110.0 .Z0C .14 11-.4 .37
123 171 12.v, 2.0 110.0 A0022 .0e 02. .04 •
101 172 8.0 6298.0 110.0 .00418 Ze.30 362.1 2.44
172 102 8.0 2.0 110.0 .00363 .01 3,,1" .Z 3.26
124 174 -3. k 44 .C 110.0 Io.014 .(3 -.6 .33
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SGUAM AREAS A L E (AVE .LOW) PA& 3

HEAD HIAT
FR,. O DIA Lr'NGTP C LOSS/F! LCSS FLC W iLOCTTY

(IN , (FT) (PI) i,,PM) (FPS)
174 100 6.0 .2 11 0i.0 0. k0 . i , 0 0..i
27 C 222 8.. 8D.0O 110.0 .Zk02Z L.6t ?. 4 .51
2 23 279 8.L 2.0 110.0 .0037 .,Z IJ 1 .66
L , 290 8.0 3000.0 110.0 0 iJe 0.00 Z 0.00
216 212 12.0 8?00.0 110.0 .00103 6.9E 52±.3 ].'1Z
21 210 12. k 79 0. 110.0 .10t3 .23 7 .22 * -.
21 248 12.0 8E0.0 110.0 .eQ113 .11 1'3.5 .43
2E0 282 12.0 850.0 110.0 .00063 .54 4U.C0 1.14
263 243 6.0 100.0 110.0 . lz2 .ie tL. .95
244 284 6.0 2900.0 110.0 oiK) C t.
284 26i 6.e IZ6. 10. .0 671 8.67 .. 95
E10 i?4 6.0 1.0 110.0 .0O2CF5 C" 5 .86
511 112 6.0 1.0 110.0 .Z337 0 o.l , ... 22 •
b12 114 u.0 1. 0 110.0 .0125 X 3Y.7 i.11
513 111 6.0 1.0 110.3 .00 °  .10 -9c .8 l1.34
514 ll 6.0 1.0 110.0 .v)1791 .02 3§3.7 4.4'
tit ie0 6.C 1.0 11Z. .0125 .0 ? .3 1.06
E16 123 6.6 1.0 110.0 .iO04E o.0 t.c .63
517 116 6.0 1.0 110.0 .0456 0 1 7 .7. .13
501 211 6.0 1.0 110.0 .04326 .i4 6Z4.1 7.0Z a a
542 214 6.e 1.0 110.0 .04212 .04 -. 0 7.10
5e3 212 6.e 1.0 116.e V'0447 .00 1c5.5 2.11
E00 223 6.0 1.0 110.0 .O0542 .01 £ZU.2 2.3
505 22? 6.0 1.0 iIv. .zI;3c .02 41-2.6 4.66
506 266 6.0 1.0 110.0 .000C3 . 716 .4 .

5£7 218 6.0 1.0 110.3 .00004 .00 i7.9 .16
b08 216 6.0 1.0 110.0 .U460 .00 ic.8 2.14
526 102 6.0 1.0 110.0 .0264 .00 14,-.0 1.59
518 101 6.0 1.0 110.0 .w1332 .01 335.,a 3.&1
519 106 6.0 1.0 110.0 .Z0551 .01 208.1 25
103 b20 6.0 1.0 i10.0 0.00000 0.00 0.0 0.00
523 256 6.k i.0 110.0 .108i. .11 104i. , 11.83
E24 257 6.0 1.0 110.Z .05865 .06 717.4 .4'
122 U2. 6.0 1.0 110.0 0.00%00 0.0c 0 1.z. ..
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* 0

& uAi AhEAS A & B (AVE FLOW)

UtC 'L UN ELtVATICN HGL i E ES1; RE I t-PUT CU TIr

1 t '5 5. 643.1 ! .7--
121 46£.£ 642.1 e&.C
1, 2 43 0 61t. 7F .3

10t 43'.Z 5.L. ..2 ?v..6 U 1 Ur4,' X 3. 1 .6 .' , C1 i 6 36J. LI E .0 1£e .6 [ 3 '6 I UT
.1 39. 597.0 E. ,7 . 1 O1'ffU*

z E1i .0 ba7.2 76.7 . u Oui IU
41Z.21 5F7.2 Yt.7 . t Plf U 7

li1 410.0 584. 7 .E
i 38. 2. 6.1 2 2 C" PLT

112 [f'L.Z 25.6 Li.l
113 368.0 383.c . 2i2.S CGNSTAVT YkA:
114 75.o 51. a1.2 ",
1 l 1 I.C 5 1 3 .2 P . r. C U r i -7,

Ii8 . t . '3£i:. U T
I 285.0 492.1 99 .7 1_" CUL IU"

120 25£.0 46E.7 eZ.4 n..3 ua:IUT -.
I~i -) 48L.± £C.2 1 r. U'd' "

123 2g*r 4C['. * 7 .6
124 454c0 6'3.7 bl-.6

7*
,;I 1-5.0 tz . ..;. L 3 .[ L U i lU

171 v).6 4C3.7 7E.z .-.6 C U.P'UT
172 435.0 615.E S.3 . iPJT
i1(4 54L.0 643.1 44.0 US O I

0 0 e 233.9 SE1j6. U
2V.i 5.0 233.9 E,9.1 1C.1 O IIU
2162 b.v 234.1 9C.2 0.1 OUflb;
Z03 0 234.15 E;'.4 i£. O uPUT
2 4 5.0 c 54. C- .-- 5=.3 O ,'JI
201 15.0 234.C 15.1 . Cur L: S
206 170.0 235.i 2P.2 1.1.0 OUT T2UT
207 150.Z 23J.1 3.9 7 . L I PUT
2.:l 196.e 23C.2 17.4 .: CONSTANT ': Ai
20S 2ee.e 270.8 3 ..6 75.9 OUTPUT
210 30.0 39t. 1.3 75. c OTUT
211 145.0 34E.C ,C:.s
212 125.0 335.P i17.3
213 34c- .0 363.3 14.9 C:31.3 CC I.TAI,. rIAL -
214 i4b.0 4eE.1 113.0
L1 145.e 4,4.7 i12.- 111.4 OUI'UT
216 I5.O 04.E i I(.3
L17 8.0 404.2 171.6 -o.3 OUTPUT
21E 21.e 412.2 87.6
219 Zile .0 369.t ZE.8 Y . OU'UT
220 3 1.0 381.2 22.4 2-7.3 CONSTA,,T ,
221 225.0 401.6 75.5 ',o.1 OUTIUT
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IGlUAM AREAS A & B (AVE .-'C ) PC

j'LNCT10N ELEVATION NO 2SUi.IU PLO ?U
I (K;) (psi) CK i ~2-

Z 22 205.e -i . - 4-1.?7v
223 70.0 412.6 14F-.4
224 235.e 3r,. 71.E 59.0 OUT:UT

4220.0 37;.4 Y6 CeU T L' T
Z26 Z20.0 '12C.2 7C:.3 E . OUTPUT
Z27 200.0 396. 840 rc cu lrUT
12 2i 22(6.e 3 C-1 763 ~cuT~fi0
229 22. q 3 5.4 76.0 L ~.0CPUT
230 220.0 397.C 76.; 59.e OUTPuT
2-31 5.0 23c.t 12Z.2 LE.F ObiFUT"

-3 60.0 24 ). 2 76.0 K. CI''
31"Wk;. e 24E .E 51.7 - 1 OL±P'JT

~.57. 3t .3 ?e.7 PE.6 Ouuq7J

23? £3.i0 236.5 02.1 . OiU1
111.0 252.4 61.2 .CcU2PL:1

2.5; 93.0 ZE3. f2. -. ~i
196.0 23E. ~ 1.3 C..2 CO,2'AN -

241 110.0 ^162.5c 6c.0 I~6C~3
6242 1zlq.0 252.2 65. cd.6 CitC1PUT U

246j ?5. , 252 .E Ee.e 22.4 OL"?&,T
244 2 .0 271.6 c~ ll t 2L.4 CUTFUT
2 4- 5 162.0 2C-.8 tt.& 62.e OU'IPUT
246 20.0 28'-.9 116. :2. 4 G ji 1u
2/17 21c.e 291.9 117.7 22.4 OUIPUlj
24= 95. 293.1 c F-. 8Z tL CUTI U

187tis.0 470.C- 122.C a. CU"T I U'
250 216. 417 10. 1±5.i 3z.e OUTIUT

-Zl .3v 467.3 114.4 72.4 OUTPUT
253 2e(&.e 310.S. 46.0 30.0 OUTPbT
2t4 425.0 460.' 11-.5
455 40V,.O b~v . Z. E2 OUIPUT
256 z. 0 532.t 59.5 *
25,-7 40t.e 429. 4,".7
2 56 460.0 41,E ir~.5 0.6ib

251 4b. 9. 7428.0 CCNS ANT Lh
26E5 125.e '4. L 12c-.6 13' .4 ~AT Pu'
266 2.3b.0 &5 ?.

*268 114. 6 24.t 61.? inc. 6 0 LI TPUjT0
27c 70.0 412. 8 1 -E . * 2.3.6 O U T IJT
261 1E-,.0 293.2 t %..9 i 73 Co.3Af I

Zd2 4 70i. 2 136.t 0 e 0U T FL7L
260 bvtio Zo.. vo.9

0ro 0.0 aruc .C %;
290 655.e 404 .2 1121.045.0 643.7 ? 1.7 Z~.6 C LN STA N T
:)l1 370.0 42E.6 Z4.1 5 5 4. eCCNSTi!.,; "it

.37 25.0 e 517.9 ei .. ?.7 CUNS'IANT IA
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6 S

I GUAM AhEAS A & B (AVE FLOh) AGi 6

NET F1OI0

JUNCTION RLEVATION FGL PFISJUii INPUT OUTr'UT
( F r k ( I T ) ( P S T ) ( P ! ') ( C r ', , - 6 0

513 380.0 51-.0 C,.2 t9e.e CUiZ TAN T L2 --
L14 41O.0 564.3 75.b 3t3.7 OFJSNIANT EFAb
L15 410.0 5F'?.2 76.7 .3 CCNS'A N WLA1
LlI 3 2Z.e 4c3.7 e!T. 5E.9 CCNSTANT FiAL
i17 300.0 to& ... . 6 iut.9 CCNSTA ,.2 Hi A
5i01 145.0 345.E Et. 9 6,;. 1 CONSTAt.T hiAl
502 14b.0 406.i 113.1 6ZI.0 C ON STANT Lil L "•
503 125.0 395.6 11'e .3 1L.; ,14 STPNT FEA7

h04 'e.0 412.& 14b.4 2e.2 N3JNS .ANT I.ijD
5Z5 2(o5. v 4006. '? ,- ..? ,ii .6 CONSIANT E-7A,

t06 23.e b . 7i.8 7=.4 LC.,5TANT hFAL
-"7 210.0 412., &7.6 13..C c.NS AM %,rH
5co 150.0 404.8 11£.3 168.t CCkN6AN'T EiAA
526 435.0 61E.8 76.3 142.0 CONSTANT riAL S
518 460.0 C42.2 ?L.9 33t.4 CONS'iAfT LlplAi
519 36o.0 59'1.0 1v2.6 208.1 CONSTA.. L A1
520 430.0 59e.0 .i .9 q. ) G(,Ob ANT hiAku
523 395.0 532.t 5C.6 141.9 CONSTANT HEAL
E24 4 z .( 40-.I Ze.7 7/±'?. it CCKc7.TK IEA'"
25 290.z 492.1 86.6 £.e CC 0NTA T. HEA.

PUMP CURVE COEFFICIENTS
510 -.4711-02 0. .213E+03
511 -. 97.-05 0. .563F+02
512 -.4101-04 0. .513F+02
L,il, -. 9131E-04 0. . Z2&:,+03•

5i -.416i-03 . .20.i* 3
5 15r -. 4G2,-O2 . .21&!+e3
516 -. 127F-02 ,. .1731+03
517 -. 22SE-C2 ro. M2L+01
5o"i -.942E--04 0. Z 3E F+0Z
5?, -. 1481-03 0. .2 7 , 1+

5i -.756E-03 ;. .3751+03

5£6 -.C6 64i-Z 0. .165F+03
507 -. 1091-02 0. . i,Z3
506 -. 1I5--02 0.
E 2.6 -. 4281-0Z 0.1 -i+-u
5!c -.194E-u3 0. .203F+03 •

520 -. 1321!-02 . .ii0E+03
£23 -.3E71-04 0. . 174z+ 77
524 -.105F-03 0. .tlr+03
52t -. IE 0 . .I ,
NOLE 240 IS DATUM

t- I 1EIATICNS PEQUIREZ U
e;AXlEB= 12.630
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1INPUT GUAM ARIA C PAGE 1

HIAD HEAl
FROM TO DIA LENGTH C LOSS/FT LOSS FLOW VELOCITY

(IN) (FT) (FT) (GPM) (FPS) 0
316 317 2.0 600.0 110.0 .03067 18.40 29.2 2.98
315 316 8.0 2750.0 110.0 .00004 .10 29.2 .19
315 313 8.0 2000.0 110.0 .00082 1.64 158.5 1.01
313 314 6.0 1500.0 110.0 .00024 .3E 38.0 .43
303 315 8.0 4500.0 110.0 .00185 8.32 246.0 1.57
321 301 12.0 900.0 110.0 .00030 .27 268.0 .76
300 321 12.0 3500.0 110.0 .00038 1.31 302.0 .86 0 -.
301 320 12.0 1000.0 110.0 .00023 .23 234.0 .66
312 304 8.0 1850.0 110.0 .00001 .02 15.5 .10
320 325 12.0 1100.0 110.0 .00017 .19 200.0 .57
326 304 12.0 2000.0 110.0 .00009 .17 135.4 .38
313 312 3.0 2800.0 110.0 .02905 81.35 82.5 3.74
312 311 6.0 1950.0 110.0 .00014 .27 28.4 .32
305 311 2.0 1000.0 110.0 .00004 .04 .8 .08
304 305 12.0 3500.0 110.0 .00006 .21 112.5 .32
308 311 8.0 1200.0 110.0 .00000 .01 9.3 .06
306 308 12.0 300.0 110.0 .00002 .01 61.4 .17
305 306 12.0 1000.0 110.0 .e0003 .03 73.2 .21
306 307 6.0 1500.0 110.0 .eOO01 .01 5.E .07
308 309 12.0 7750.0 110.0 .00001 .09 46.2 .13
309 310 8.0 1250.0 110.0 0.00000 0.00 0.0 0.00
300 326 1.0 100.0 1.0 1.51154151.1F .4 .14

1INPUT GUAM AREA C PAGE 2

NET FLOW
JUNCTION ELEVATION BGL PRISSURE INPUT OUTPUT

(FT) (FT) (PSI) (GP) (GPM)
300 350.0 355.0 2.2 302.4 CONSTANT HEAD
301 250.0 353.4 44.8 34.0 OUTPUT
303 290.0 295.0 2.2 246.0 CONSTANT HEAD
304 125.0 203.7 34.1 38.5 OUTPUT
305 30.0 203.5 75.1 38.E OUTPUT
306 15.0 203.4 81.6 5.S OUTPUT
307 40.0 203.4 70.8 5.9 OUTPUT S S
308 10.0 203.4 83.8 5.9 OUTPUT
309 10.0 203.3 83.7 46.2 OUTPUT
310 10.0 203.3 83.7
311 10.0 203.4 83.8 38.5 CUTPUT
312 10.0 203.7 83.9 38.5 OUTPUT
313 10.0 285.0 119.1 38.0 OUTPUT
314 10.0 284.7 118.9 38.0 OUTPUT S
315 50.0 286.7 102.5 58.3 OUTPUT
316 110.0 286.6 76.5
317 150.0 268.2 51.2 29.2 OUTPUT
320 230.0 353.2 53.3 34.0 OUTPUT
321 240.0 353.7 49.2 34.0 OUTPUT
325 100.0 353.0 109.5 200.0 OUTPUT
326 100.0 203.8 45.0 135.1 CONSTANT HIAD

NODE 326 IS DATUM
13 ITERATIONS REQUIRED

MAXRRR= .001

C-8
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iNPbl GUAM AhEA Li FfE I

iEAI lITAL
FI, TO Li.i LF:4Th C LC J'FT L(CS C, Vl!cr:rn'

(IN) kFT) 'FT) K'
40 465 i2.0 5 1..24T .87 '. L7T _
4 3 466 1Z.Z i 5110. iII. . ,i .[- Z' ~ .5

4 3 433 -. ~.i12A~-- C. .62
4g 434 4. " 3£ . C 1 . . i: -  4. 44,. '.03

e 43 . 12. 0 .i0. 3.

-., 455 2.2 306F.c i 110 . .1C LI.67 -.. --
4' 436 6. : 20P. V, 110.4) .2f 1 1.C i
4 7 439 F' C 150e.Z i1 .Z . 13 2 0
426 4356 6.2 5 . 5 ; .2 ' .1 .r .,z3
438 44z 6.2 .Z 11i.2 . . .11 7-. .L4
44 441 o.) 200 i. . .i 110 .J C
44' 442 4. 0 8 . C .1 C. .57 L,.4,
1142 413 2. 1 5Z£. .1 le
i- 4'7 5.2 'GC. Q 110 . . '' 4 5.. "C i. 3
i, t4 444 i2.0 94;.0 110.0 .0 C 2 E
44c '44 8.., z7 02.V 110.0 .. i.L6.
!4 C 447 . 3400. o i .2 .11?(. .3 g C .

4,i 445 6.0 1222.4!11.. .?04 .07 ? . C .16
44 c  446 8.e 32ZZ. 2' 11.4 .C272 2.4 1:.4
4£ 452 8. 3822.2 110. . 24)3 .12 2'.3 . 5
46s 449 j.2 3700.0 110.0 .2 126 4.66 22& .2
462 456 3.0 6027. 0 110.2 . e,20 Z . 0"C .L ,
45 455 12.0 13460.0 11.4 .*0216 2.19 12E[
-i1 451 l:..£ C .h £ o.4 . Y c 17 0 i 2_ .73 V,

45Z 4t2 6.0 4702.Z 110.2 .4)!46 ! .E 1 .6 1 i .5
414 4L3 . 100 0 110.9 .2102Z 33.[- Z '.2 k .
1 4,) 457 6.0 310.0 1i0.0 .2243Z 13.40 1 .L. 2 .o? W
452 457 12.". X0#?.0 110.o .0 u 0 0 .02 2" .C" .Z?
45t7 456 12. 36ZV.2 1I.v. .00C.72 .1, 12.2 .55
42- 462 4.4 132c.l. II . -• .Z{_5 2.67 4LV., 1
'2i 4b1 2.2 220.G 110.0 .01E7Z 3.1P 4.
462 453 8.. 2000.0 110.0 .eO3L .76 67 .67
,i 56o 462 -.0 ilL. iI 11.( . 0, 0 0, .4 /Z c .. 72
lob 45E i2. c-£ CA iie.. C, 110.1_ 1.6 _

C- 9



lIt'PUT GUAM AREA Dl PA~ G 2 _

rET FLDbJUiuLIOCN LiVAIION HGL P R1533CTo11IF INPUT 321-

**433 20.6 345.1 1 2.L8 1Z.S CU. 1".T
434 24k.0 433.E 83 a6 11. LJTU T
435 300.0 4137?. 9 z2? 11.6 QJ"FUT
436 308l.8 438.4 5E.9 11.6 OUTIPUT
4 37 30e2.0 431.? 62.1
436 30. 42.3 52.L1.8 OU'i'J *UT,±39C:r 3 43&.5 u".0 11I. 6 C LLUU
44C' 30k.2 43E0.4 z ' . r 11.8 CUP':UT
441l 31&. 0 43&E-. . 5C- . 2IKlE L PUT
44Z 303.0 437.8 ES.? 11.2 OUTUT443 6L0O. 432.1 -17 .2 : .e t)UpU:
'±44 350.0 444.(o 40.7
44E 4C4.0 444.o 17.:3 562CNSA\ EAL
446 Z2.;z.0 44.r.4 413 13. 017±ST447 366.0 445.3 34.4 1.2 CUIPUIZ440 360.0 445.3 36.9139OTU
44;- 360.80 '476c G,4. 0 -V.3 C UC'I TT
4t0 240.g '.4?.~ Z. 7.3 CU'?IUT
451 32_05 . 354 11% rIOST:,
!n2 335. 0 354.9 E;6 9E .4 C0'JSTANTLEI

4t'1 4. 0 361.S6~t 15.3 ±5.E 01 UT0
4t54 33Z.0 z )c5. 4 IY.2 300.0 1 Np bT
45E5E 4.0 '345.e 1.32. 3 lo.5 C U s245E 6 L. 4. 1.6

457 210. 348. SC .9150001
45827.0 344 44. 420r CL'UT

460 16-0.0 362-1 G6.3 -i7.C C 1iPUT
461 290.3 381.9- 30 .8 Z2.4 OUT':P L-T
46 36 2. 0 t&5E 11. .3 CCNS2ANT 1,17465 3. 3 ) 41. 147.3 192.3 cd:TN I i
466 e,.e 3,'44.2 25.? 11.0 U'P U
467 36C3.e 343.ZZ -'(.2 e2. o5: J3ii
465 3 35.0 4S.2.3 5 OT oi tccs"ii
465 60.0 34-(." 124.6

F !(OM TO IL LO6UREJTf)Eu(O)
4t1 466 67.4 20k;.2

0 BOSTiR CUL 'Vi CUEFFICIENTS PEALIE_
45F 462 -. 715F-02 0. .1290+03, 37.84

N4CtE 441. IS DATUM
17 ITtRATICK2 RNEQ71IEL

0 
U

C- 10



I CNA-TKAtTUC (2X AVF FLCW) PAGf 1

HFAr HEAl
ikoM TO DIA LFNGTE C LOSS/11 LOSS FLOW VILOCITY

N (i ) (FT) (FT) (Cim) (FPS)
466 467 12.e 5000.0 11C. .00463 3.15 40o.0 1.14
433 466 12.e 5 . 10.Z 1k6.F 3.38 415.? i.6
434 433 2.0 3000.Z 110 .Z337!21.3& .. 3.14
43[Z 434 4.e 2300.0 110.0 .06,731 7.62 t4;.4 1.3C

43C 435 6.0 1250.0 110.0 .M00e 1.12 .9
J55 433 12.0 340.0 110.0 .00070 3.7E 23.4 i.2e
43C 455 2.k 52,e.i i1o.o .264 1 & .44 Z.2 Z.75
437 436 6.2 200.0 110.0 .0 '3£& .6z 27-2.1 1.73
437 43; 8.0 150e.0 110.0 .00047 .71 l11.c .,5
436 438 6.0 500.0 112.0 ..Z24 .2 02.e .5?
43c 440 6.0 3Ni.0 110 .>12E .C8 21.4 1.27

44e 441 6.0 22e i.0 L;0010 .02 22. C .27
440 442 4.2 F.C 110.0 .00;55 2.? 1?.2 1.ZI
442 443 2.0 ie0o.o i10.0 .k2c & 20.6& 26.t- 2.41
444 437 8.A, 6300.0 110.0 .CZ220 13.6E 27.7.1 1.7,.
445 444 12.0 945.0 110.0 .00e2l .27 Z62.7 .-5
44t 444 8.0 3700.0 110.0 .00?01 .01 ".4 .05
'46 447 8.0 34Ce.C 110.0 . 0,[ .11 27.i8
446 448 6.0 2000.0 IIC.o . .kap 27.F .32
44Z 446 8.0 3200.0 11Z.0 .000. .§4 CV- .5 be
44 450 6.0 38S0 .0 110.0 ZeZll .4Z 14.6 .
466 449 6.0 3700. 110.0 .i26 4.6C 2. 1.28
46 456 8.0 6027.0 110.0 0.0000C 0.00 .Z . ,0
456 455 12.9 13460.e iIe.0 .00074 6.94 453.5 1.24
4L2 451 12.0 5e.0 110.0 .ee1? .e1 2ez: .57
4L3 452 6.2 4700.0 110.0 .00061 2.& ( b.a .72
454 453 6.0 3100.0 110.0 .01086 30L P 0., 3.41 3 U
4bZ -457 6.0 3100.0 110.0 .00536 16.6e e£OL.o 2.33
458 457 12.0 5000.0 ii0.0 .00029 1.44 26c.3 .74
, i7 4t6 12.e 3 6e.e i.0 .,Z274 2.6t 435.3 1.24
4L: 460 4.0 1300.0 10. . 741 9.o3 Ep4.z 2.15
45£ 461 2.o 20.0 110.0 .Ct-*-4 1l." '± . 4.17
462 459? 3.0 2000.0 110.0 .00137 ? 2.7. ZZ,. 1.33

* 458 462 8.0 1100.0 110.0 .00042 .46 110 .2 .73 •
4Cb 458 12.e 94i.0 l1i." .e0o81 7.57 456.5 i.3 -

C-1.1
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1YrNA-IALGOFO (2X LVF YLC~h) PAGE

JUNl.CTICN IL1IVAT1CN H G L ?PhESSUEI 1NFLT 0'a'i1,iT

4320!.0 -21 t. 1 12 *.5 t cur±u 0-.( C~
434 2403.e 420.t" 78F. Z 20.c ou'lPU:
"35 30.0 428.1 t:5.E ':. t OU71UT
43t 300.e 429.3 56.0 e23. C UuliPUT
437 3V00.0 42 . 11.
4.38 30q.0 429.1 Et.9 23O Ui'PUT

300~.0 429.2 55.9 p3. oU1pT
Z3vi0 .0 428.8 B. ;L-. 6 C0I'll IT

t41 300.0 42E.E 55.E D2i.6 LUU'2FUT
442 30o.e 42C.? 54.- ~6 ullPUT
14 3 300.0 406.1 4E.9 Z 2. C 111 Oi-uT
444 350.0 443.7 40.6
44t. 404.0 444.0 17.3 262.? OCNSTANT L
446 350.0 443.7 40.6 p7.8 OU F uT
447 366.0 4143.6 33.6 27.1 C*T  iIu rq442 760.C 443. t 36.i Z..8 O'1JPL uT
449 30e.0 444.7 62.6 14. UPUT
45~ 0 4. 444.2 68.4 L,7:, OuT--
'151 32Z.0 35.5.0 13.0 IN -CO0 0
452 0"5.3 355.0 b. 15C.C CCNSTANT il'AD2

44-'4 33.0 3E1.4 1-55.2 3 0 1 NPUiT
4EL 40.e. 326.E 125-.C c. Z OU
456 6e.e 33r=.t 10.
457 210.0 341.2 56.3 35i.8 C'iPt'I
-its 2?E.C Z42.7 31.5 ,4.0 cUIPLIL
4E9 2ee.u, 381.3 7E.E -1.0 CUTIL2
460 160.(0 371.7 1e.6 OUIS S461l 290.0 366.9- 34.6 ' O& O IU
4162 362.0 3&4. / 1(6.4 -.6 CO\Z TA*&1 l,
46E 9j.5 'A50. L 1-t-7.5 456.5 C~ATL
466 ic~ 31 E. e ~34 1.
467 3c k). 0 112.L -o.5 E ~. cu 1:.jT
468 335b. 0 44L-.3 49.5 C~ 6 1 0BO C
469 U .k 336.E f: 20.G

I3GOSTER FUNdPS

451 466 200.0

BCCSTIF CUIRVi GCFFICIL.. rF1L
F~ 462 -.'el5E-Z2 Z. .'i'+03 ~id2

NCLi. 445 IS DATUM
2-o ITzRATICN", 1BiQUI1il

Mpxiia= .856

CS12
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07S3i GUAM ARkA D4
SI,%Akj AN-UHA''AC) PAA 1

HEAE hAL
"'h R 0ri TO LIA LiNGTii C LOSo/fl LCS FL&, ELLG iT't

(IN) 01)( ( ,, S

4LA 403 4.0 i'ok .O. 11(l.0 0 kA (e (.0 0.*.
41c- 417 2 . , 3-'175.0 1Iv. .0 0-01 o2 .b2 J'. i. 'j
444 403 4.0 2'?ft. 110.0 e 16.75 5 .i .5
407! 406 65.0 20v,0.0 ik10.0 L i 1~.± k 1.48

0 6 405 6.0 2Vbi-.O 110.0 0~' .- 6vv (6 . 0 L*.
406 4 0 ' 2.0 13 00. 0 ii .0 .,o074 48.'?1 3,c,.L _-.JZ
4W7 4V, 8 2.V 5000.e 110,., .03 7'+?±oT.34 Z:.5 5.,3
LOE 4v 8.K 520i.0 112. .kvVZ2 .12 2:. .0i
412 410 . 2650.e 110.0 .k 0i1 .22 '.b.
412 411 12. Y 300.0 I . .1.3 i O C4 .52
41n 412 3.0 1100.0 110.0 .V[ C 1 4 - 2.25
414 415 6.0 100.0 il0.Z .i612 i.b i. '±.'' b o
q.± - 4--? b .e 275e.0 111? .07 .s C/. k.230
496 41o 6. 0 1.0 ii$.6 .. e22 .11 t . .
469 416 8.0 00 10i.Z .e0 .(ei k.6
416 417 o.0 67 0.r/ i1q.0 . .3k 32J .21
414 q1Z 6.0 3000.0 110.: 0 .V)L'L 0 0.00 e e.6
sIF 414 1 '. 2bL'e.Z .110. v 5 13.53 b5L.2 i
41 S 418 12.0 10175.0 1. .0.C/5"7 Z 3..,2 1.
±20 41S. 6.V K J. 0 110.0 .01&69 56. r 42L.& 4.Z?
421 420 o .0 2500.0 110.0 .Ve47E 11.8 c  4--.9 2.62
421 422 -.0 2400.0 110 .0 0C03 .0'? i2.6 .i4
425 421 8.0 250.e 110.0 .C5b31 13.27 1 Z.?
42t 426 8.0 6200.6 1i0. .0k0V .1e 2u.4 .i?
426 424 8.0 100.0 110.0 .0o00e . 0 V? . .06
427 425 8. 400.0 110.@ .0V632 2L.26 477.

p lp
C-13



1 GUAM ARIAD4 (INARAJAN-UMAIAC) VALZ 2

Nil FLO*
JuNL ION LEvATION. H 6L PRISSUhf iNPUT CULPUi

(F'l) (1i) (PSI) kPfp ) (u rj -
4e2 30.0 113.2 6c.0-
407 30.0 113.2 3t.k 43.? CU IPUT
404 50.0 130.0 34.6 76.- COlORIANT 1-iAL
405 160.0 327.b 63 .9

'407 150.0 278.8 tfK.E
4k E 2C. 9.L.4 3V.9 . CU9U"
409 30.0 91.3 26.5 1..3 CUTPUI
410 170.0 t19.I t4.6 i3.3 OUTPUT
411 294.0 319.0 10.8 e--.3 CCONSIANT i.rPE
412 280.2 31 .2 17 .LV 1l .3 %U1'FL T41; 14 V. 224.0 06.4
414 50.0 224.0 7t .3 1-3.3 OUTPUT
41E 50.0 323.1 118.3
41C t.0 91.3 37.4 16.3 CUTPUT
417 t.0 S1.0 37.2 43.£ V Ul fUT
41o 50.0 237.E 81.2
419 2e.0 243.5 S.6.8 7.1 CUTPUT
420 20.0 299.6 121.1 ?.1 CUTPUT

6 421 20.0 311.t 126.2 12.6 0UIPUT
422 30.0 311.4 121.8 i2.6 OUIPUT
424 23C.0 745.2 223.1 10.0 OUTPUT
425 20.0 Z22.7 1I. ,, 16.4 UUTPUT
426 220.0 14E.7 :27.4 lt.. OUTPUT
427 120.0 350.0 £9.6 477.9 CONSTANT F7';,
497 5.0 322.9 137.6 2 .0 OUTPUT
49E 5.0 -1.3 37.4 36.1 CO 'SArT LEAL. S

BCCSTER CUIVE CGEFFICIENTS HEAL
403 406 -. 653F-01 e. .2s4E+?3 22A.63
415 414 -.239E-02 0. .4"i1'+03 1"" .12
425 426 -. 243F-01 0. .438E+03 42'/. .C6
*CrC 427 IS ATUM

11 ITERATIONS REQUIRED
MAXERR= .e79

C-14



lyI 0

.06111 UMATAC-INAR'
AJAN (2X AVE FLOW) PAGE 1

HEAD HEAD"[- Flc11 TO LIA LENGTH C LCSS/FT LOSS FLOW VELOCITY
(IN) (FT) (FT) (GP ) I PS) 1 _

402 403 4.0 175.0 i10.0 O.CeOOO o.oe o.e e.eo
41-; 417 2.0 33175.0 1i.0 .00417138.4E 9.9 1.02
404 403 4.0 2700.0 110.0 .01410 38.O 11.1.0 3.104
4e3 4e6 3.0 2e00.e 110.0 .016466 -.73 31.4 1.43
406 405 8.0 2050.0 110.0 0.k200 0.00 0.0 0.00
406 407 2.0 1300.0 110.e e3503 45.54 31.4 3.4 :1 1
4e7 408 2.C t00.2 I10.e e3t0317E.16 i. .
40. 409 8.0 520CI.0 112.e .ool .04 12.4.
412 410 3. ' 2650.0 1110.0 .'3 .0v 26.6 .17
412 411 12.e 30 .0 i11.0 .ovp3o .o! 273.0 .77
41E 412 E.0 i100.v 11o.0 .0 3Z6 3.37 32-3.2 2.06
414 415 6.0 100.0 110.o .eiE53 1.54 3E.L 4.12
415; 497 6.0 2750.0 110.0 .L026 .72 4,..0 .45 I S
498 416 6.0 i. 110 . i .00 116. J I .LZ
41 G 416' 8.e 2200.0 110.0 .0 00 0 1 .02 14.2 .09
416 417 8.0 6750.0 11.Z .L t 21 1.42 71i.1 .4q
414 41 6.0 3000.Z 110.0 e.kiI. .k V v.20 2?. .q
S16 414 12.0 23 000. 0 110.0 .k 60 i.83 3E.- !.11

, 41k- 41S 12.0 10175.0 110 .0 0CZ 6.1 2r ..- 1.11
4 42e 41S 6. e 300.J 110.0 .01966 58.9? 4i14.C ,.7o 9 i
421 420 8.0 2520.k 110.0 . M,.15 12. e 42- .2 2.73
421 422 6.e ?400. 110.e . C11 .27 2 .2
42f 4Z1 6.0 2f 0.0 110 i "4' 1.V
425 l!26 9.0 3 1 0 11~. VZ%11 *-47-C 424 E. 1 " . l .0 1' .... 11 ... V,; ..
42Y 425 8.0 490 .0 110.0 .'*uAFbf ' ".' " A *Iv

I "0

C-15 0 i

* 0 0 0 a iS Sp S



1 UMATAC-INARAJAN (" A. rTuf s

jtNCTICK -Lv71A'TON FG1 PRESSURI INPUT OUTPUT
(FT) (IT) (PST) (GPM,) (GPfr,) * -

402 30.e 91.9 26.6
403 30.0 91.9 26.8 '.?.6 OUTPUT
404 5q.11 130.e 34.6 112.0 CONSTANT lilAl.
W0 lee .o 311.7 57.V
40C 100.0 311.7 91.7
407 150.0l 266.1 50-.3

ol' l20.0 91.0 30.7 19l.0 OUTPUT0
4S30.0 90.2 2E.4 26.E OUTIPUT

410 170.0 719.e 64.5 26.e OUTPUT
411 294.0 319.e 10.p 272.0 CCNSTANT HEAL
412 280.0 319.1 16.9 26.6 OUTI-UT
413 14 (. 20E.0 2.
414 5e.e 20F2 6p.4 2C3.6 OUTPUT
41 Ew 5 0. o 322.5 11E.0
416 5.0 90.9 37.2 26t UTPUI
417 5.0 89P.5 36.6 D6.0 OUTPTT
418 5r6.0 221.F 74.4
419- 20.0 22H.v 90'.1 i4.2 OUTPUT'
42v, 20.0 2RE.9 115.6 14.2 b CIlPuiT

4221 2.0 2cc. 121Z.2 n-.2 culf~ul a'
422 30 27c.6 116.7 b. c omlu'r
4 2A 230.0 6C:.1 1L'7.0 2z..2 Ouitiui
425 20.0 31b.7 12-.o ID ~U a I T

4t; 220. 0 6F5.1 i ~.4 Db Ob "IT
427 12k.e 350.e 99.6 564.2 ClNSTANT Eu AL

47.0 321.c- 1Z27.2 e~. C U1l; T
t.0 C-~c 37.2 11 c-.1 CIINSTA~P htni 0

tCS'-7R CURVE. COIFFICIFNTS K!I Ar
4 0 3 406 -. 653F-31 Q. .2z4k+03 2 2 z..47
415 414 -.235§E-02 0. 3 li +03 11F .01
42E 426 -. 243!-Z1 e. E + (c 3 2C--.7,,

NOiJF 427 IS LATUV
23 IrIIRATIONS RFOUIRL

MAMPFi= .061

C-16
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00051 AGAT-SANTA RITA (2X AVE FLOW) PAGI 1

HEAD HFAD
T V L)FOM TO DIA LENGTH C LOSS/FT LOSS FLGW VELOCITY I S(IN) (FT) (FT) (GPM) tFPS"

316 317 2.0 600.0 110.0 .11055 66.33 E8.4 5.97
315 316 8.0 2750.0 110.0 .00013 .36 E8.4 .37
315 313 8.0 2000.0 110.0 .00160 3.1S 227.2 1.45
313 314 6.0 1500.0 110.0 .0oo85 1.28 76.0 .86
303 315 8.0 4500.0 110.0 .00459 20.66 402.2 2.57
321 301 12.0 900.0 110.0 .00108 .9e 536.0 1.52
300 321 12.0 3500.0 110.0 .00135 4.7,q 604.0 1.71
301 320 12.0 1000.0 110.0 .00084 .84 468.0 1.33
304 312 8.0 1850.0 110.0 .00010 .is 52.0 .33
320 325 12.0 1100.0 110.0 .00063 .6c 400.0 1.14
326 304 12.0 2000.0 110.0 .00052 1.04 360.6 1.02
313 312 3.0 2800.0 110.0 .02448 68.54 75.2 3.41
312 311 6.0 1950.0 110.0 .00040 .77 50.2 .57
305 311 2.0 1000.0 110.0 .00016 .16 1.7 .18
304 305 12.0 3500.0 110.0 .00023 .80 231.6 .66
308 311 8.0 1200.0 110.0 .00003 .03 25.1 .16
306 308 12.0 300.0 110.0 .00008 .02 129.3 .37
305 306 12.0 1000.0 110.0 .00011 .11 152.9 .43
306 307 6.0 1500.0 110.0 .00003 .04 11.8 .13 p
308 309 12.0 7750.0 110.0 .e004 .33 92.4 .26
309 310 8.0 1250.0 110.0 0.000 0.00 0.0 0.00
300 326 1.0 100.0 1.0 1.51154151.15 .4 .14
AGAT-SANTA RITA (2X AVE FLOW) YAGE 2

NET FLOW
JUNCTION ELEVATION HGL PRISSURE INPUT OUTPUT W

(FT) (FT) (PSI) (GPM) (GPM)
300 350.0 355.0 2.2 604.4 CONSTANT HEAD
301 250.0 349.3 43.0 68.0 OUTPUT
303 290.0 295.0 2.2 402.2 CCNSTANT HEAD
304 125.0 202.8 33.7 77.0 OUTPUT
305 30.0 202.0 74.5 77.0 OUTPUT.1 306 15.0 201.9 80.9 11.8 OUTPUT
307 40.0 201.9 70.1 11.8 OUTPUT
308 10.0 201.9 83.1 11.8 OUTPUT
309 10.0 201.E C2.9 92.4 OUTPUT
310 10.0 201.t 82.9
311 10.0 201.f 83.1 77.0 OUTPUT
312 10.0 202.6 83.4 77.0 OUTPUT •
313 10.0 271.2 113.1 76.0 OUTPUT
314 10.0 269,9 112.5 76.0 OUTPUT
315 50.0 274.3 97.1 116.6 OUTPUT
316 110.0 274.0 71.0
317 150.0 207.7 2E.0 58.4 OUTPUT
320 230.0 348.4 51.3 68.0 OUTPUT
321 240.0 350.3 47.7 68.0 OUTPUT
325 100.0 347.e 107.3 400.0 CUTPUT
326 100.0 203.8 45.0 360.3 CONSTANT HEAD

NODE 326 IS DATUP
26 ITERATIONS REQUIREDMAXERR= .O01
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1 1UICON TANk AS DATUM I-AGE 1

iiAD BIAL
FatCi TO DIA LENGT E C LCZS/FT LC)S FLtAV V _LCCITY(IN) (FT) (FI) (cim) E P 5S) * • _ 0

124 101 6.0 450.0.0 110.0 .0201E .6E zZ,.l .-4Ig,2 103 6.0 6100.0 110.0 .004-60 29.30 1!-,3.3 2.19
103 165 6.0 130e.0 110.0 .00237 3.0- 132.1 .. 50
106 10b 12.0 4600.0 110.0 .c9 4.5e 507.0 1.44
l26 107 8.0 1400.0 110.0 .2C012 .17 55.6 .36
105 108 12.0 5400.0 110.0 .CxW 1 t.90 E3 .5 1.53
10; 108 12.0 2000.0 110.0 .Ooq- .03 -'6.2 .; 6
1Z 110 12.0 2300. , 110.01 .,1i7 2.47 5 36.5 1.51
i1e iii 3.e --c, (6 110., ..245i 6 .C3 e25 6 6.36
102 106 L.0 560.e 110.. .0£4G(; _?. 7 9.2 2.6F
111 114 12.0 800.0 110.0 .0156 1.2t 653.4 i -5
111 112 8.0 3"00.0 110.0 .02080 66.u - t 11.i £.61
11Z 113 b.- Z00.03 i10. .£,7187 355-.94 17?7 o C.L il.(
117 112 6.V 7000.0 112. .kc6v 42. - 215.1 .43
117 253 14.0 11000.v) 1ie.' .,'k764 84.0e 231Y.4 4.82
114 115 8.1 * 4500. * I . .10 0 110 4.92Z Ic 1.4 I.I ?
125 115 12.0 3700.9 110.0 .C0C8E 3.12" 4CF.0 1.3
i15 116 12.0 1400.0 110.i .00124 1.74 t7C.3 1.C-'
116 117 8.0 1000.0 110.0 .01614 16.14 7,3.c -. 07
11? 119 12.V 1100.1 110.0 .C0794 1.04 4ft7.2 1.41 S S
123 119 12.4 3400.e 110.0 .ee29. 10.15 §2tF." 2.63
119 122 12.e 182w).0 110.0 .V, k4 5.30 CLE.7 L.61
122 121 8.0 1200.0 110.0 .00326 3.91 334.1 2.13
121 120 8.0 2700.0 110.0 .0049 1.3Z 12Z.3 .77
119 120 8.0 4200.0 110.0 .00251 10.56 2£'. .4 1.95
114 125 12.0 160e.o 110el.0 .e11L 1.6 546. 1.55
120 252 12. v 16H0.e 110.3 .02331 5.3e F£F.9 2.78
122 120 12.9 2400.0 liz.0 .0219 5.2E 73.c 2.22
253 245 14.0 3100.0 1i .0 .00727 22.55E 22tZ.4 1.69
l,5 241 14.V 4500.0 110.0 .00692 31.14 21LJ.4 "i.E7
241 268 14.e 3000.e 110.0 .e025G 7.77 lZ66.1 2.69
26L 240 8.0 2300.0 110.2 .P? 225t," r4F 2. 1.67
Z68 239 14.0 2000.e 110.0 .00112 2.24 &1 ?. ' 1 . 1 • 0
240 237 12.0 4400.0 110.0 .V0167 7.3 E :77.I I. ...12
LKV. 236 14.k 200Z.?0 110.0 .CC45 .20 4iL 1.04
236 231 lb.e 2600.0C6 110.0 C041 1.07 C7.3 .d
2Z 231 12.0 860.e.0 1i0. .20e2F 2.40 e K7.2
232 23t 10.o 3100.0 110.2 .0 e2 .72 111.6 .t9
235 236 10.. 500.0 110.05 . 123 .61 3!.6 1.45
23c 235 8.0 2500.V ii0.0 .CO42t 10.70 3C7.3 2.47
23E 236 12.e 4V0.0 11i. 2 .0015. .60 64.? 1.82
236 242 6.0 2600.0 110.0 .02021 .5 7U.f .43
;34 242 12.0 1[,e. 0 i1 .0 .0.i05 .07 II.e .29
234 23Z 12.0 1600.0 110.0 .00144 2.30 621.S 1.77
23. 232 10.0 2400S2 110.0 .O0304 7.29 [7 .vj 2.37
L43 234 12.e 360.0 11.0 .0 L12 6.24 7C! .5 2.18
L41 243 12.0 e i .2 zi.% .2.190 3.03 725.1 2.06 S
246 244 4.0 1600.0 110.V .C1759 20-6.14 1, 3.42
27 246 6.0 o0.0 110.0 .ce41b 3.7 IPL.9 (.3
246 247 .0 1600.0 110.j .00i[ 2.46 2 .7 1.43

C-18

0l 0 S • S 0 0 S • • S S U S S



1 TbhCN TANK AS IATUM IAG. 2

HEAB HEAr
FRCM TO DIA LRNGT C LOSS/F' LOSS 7LOW ViTrCITY(IN) (FT) (FP) (CFm) Fl ) &
Lb7 123 12.0 5500.0 i10.0 .005.15 26.31 1244.1 1.53 -
25e 257 12.0 200...0 110.0 .k7 1 2.36 5Ui.1 1.52
2 C 2tL 12 .£ 0 -0. lle.Z .Ve 17 .11 7F2.' ..
2t7 2EE 8.0 4500.0 110.0 .0009 .4i -1?.C .30
256 255 6.0 1200.0 110.0 .02E94 31.01 102Z.4 G.54
-50 24c 8.0 400.0 110.0 .00014 .05 C0.3 .
252 25e 6.0 2P0.O 110.Z .ZL122 59.41 920.0 5.d 6 "•
255 254 8.0 210. 0 i10. . 2066 43.3E £0?.5 5.79
2E4 221 12.e 22E00.0 110.0 .C0287 64.54 Ce7.q 2.57
221 219 3.0 210e.0 Iie. .20300 6.31 O1.7 2.£&
21 220 E.0 500.b Iie. .e,48- 2.14 41;.1 2.66
210 219 F.e 6C00.0 110.2 .00172 13.31 ;3'.5 1.51
222 216 12.e 420e.k 110.c .0vkc/3 .C6 231.1 r-6
221 222 12.0 2100.0 110.0 .11,U7 1.6Z 4-1Y.C 1.27 S
222 224 12.0 2700.0 110.0 .0 CZ3 1 6.23 fC3.4 l .. 29
22.1 225 10.0 4800.0 110.0 . 1121 .61 3i."l 1.44
225 226 8.0 180o. c 110.0 . 00L.Z 4.37 2E5.2 1.62
2Z6 227 8.C 1600.0 112.0 .k047 .7r . i L .75
22b 222 8.e 2000 .o 11o. .00'e .1 C: 4. ? .31
228 229 O.e 550e.0 110.0 .00C47 2.61 iIF.£ .75
230 228 3.0 -:7. 0 110.0 .oei1 E.22 1c.5 l.l; 3
266 230 8 . 0 900.e 110.0 .03C 3.30 3F5C. .2.7
22I 266 12.e 4000.e 110.0 .k02,46 1.03 336.5 . 6
230 22t 6.0 160e.e i1.e .om-_i .6c 51.3 53
21E 216 12.0 680.0 110.3 .00il .6F 1-?. .42
216 217 12.0 4600.0 110.0 .e02041 1.9 t1f. ._
216 215 6.0 800.0 110.0 .. 17 .. .17 "6.7 4)
215 265 6.e 5300.i 110.0 .0eZ3 1.1 3J.3 .45
2.6 267 12.e 1000.e 110.0 .e.7 e? iI.0 .33
214 265 G.0 1600.k 11.0 .k.0437 6.OF 1&3.5 2.;2
214 215 b.e t20. lie.e .o 110 v .70 1&., 1.18
223 214 6.0 45150.0 110.0 .C1 4 6.72 12.8 1.17
214 211 6.C 7300.e 1(. .'65'( 17.9 E 4 c .1 . 12
212 Z13 12.0 0 11 .0 .e UM6 1.32 1r:.3 .53
L?6 2k5 12.0 3200.e 110.0 .Q015F 5 . 0t.1 i.e? -- 1
206 207 12.0 803.0 110.0 .eLZll .OF 151- .1.32o ' ; 0 C 12.0 ibO(1.0 ii@. I .C 41 & 6.C,c C- Iii . ,.6
2:g 2 2 8 10.0 3 4 0 ..A 110.0 £ , 2 .31 1IFL I d'.1 4.16
2il 2 k 8.Z 2200.V iie. .623cC 72.72 11- .2 7.47
Let 2c3 18.0 1700.0 110.i .d./1'± .23 FCC.1 .64
203 204 12.0 10 0. 0 110.L. .kZ 7 5, 37 . 1.C0
2 i 204 16.0 7600.0 110.0 . 0051 3.& 7L7.3 1.21
203 2o2 8.0 5400.0 110.0 U07;3 1.77 U.c. .2 :
20Z 201 6.k 1000.0 110. .07M76 .63 t4.4 .73
2C1 2 Z C .k 1200.0 110.0 .0e00. .(T5 32.2 .21
171 116 12.0 1728.0 11;.0 V 02-. 52 t2. .75
123 171 12.0 2.0 110.0 .207F .00 45.6 1.28
101 172 8.0 6298.0 110.0 00E21 02.84 42.9 2.7t
1? 102 6.u 2.3 110.0 .00404 .01 373..
124 174 6.0 44S8.2 110.0 v0051 2.32 57.C .66
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I !UMON TANK AS DATUM PL Z

F}ct" TO DIA LENGTH C LOSS/F1 LOSS FLOGJ VELOCITY
(IN) (FT) (FT) (C(M) FFS

174 100 6.0 2.0 110.0 0. k e.oL 7., ?.? S
27 222 E.0 C998.0 110.0 .0b44 3.98 P 3.E .7
223 279 8.0 2. 110.0 .e 084 .00 16z.7 1.23
217 2'90 8.0 37000.0 lio.z0 o.ooo 0.02 _0 .c
21Z 216 12.V 8?00.0 112.0 .00000 .02 . .85
212 210 12.L ?900.C i10 .82011 .F3 151.3 .43
7- 2,13 12.C 8E0.0 112.0 M0~3,1 ZF)1 ?G'5.71* -250 282 12.0 50.0 110.0 .222'," 1.23 U9O.2 ?.27
283 243 6.0 100.0 110.0 .00115 .12 .2.3 1.I1
r-4'i 2E4 G.L 2900. 110Lli.0 1~15 3.3'i (~.3 1.21
Zt4:'Z 2E3 6.0 10C.0 10.0 .2'714 9.71 e.i.3 ]
511 124 6.k 1.0 110.0 .e0111 .2& 7 p.3.
ii 112 6.0 1. 110..? .'4541 .25 652. 7.
E12 114 6.0 1.0 110.0 .11221 .1 "7. .se513 Il 6.0 1.0 110.0 .1.42 .1 1 I . i.
5i4 110 6.0 1.0 110.0 .02415 .. 2 4C.?.
515 129 6.0 1.0 110.0 .201:L .1 0 117.4 1.33
£16 123 6.0 1.Z 110.2 . C23C .00 132.7 i.51
517 116 6.0 1.0 110.0 .005 7 .01 217.3 2.47
501 Zll 6.0 1.0 110.0 .(49 7 .05 cQ1.i -. 73
512 Z14 6.0 1.c 110.j .5E64 .cc 754. i -. 56 •
t, 6 212 6.0 1.0 110. 2 .i503 .02 35r.1 4. ,
£E4 223 6.0 1.0 110.0 .008.12 .01 .,2. L c
505 222 6.o 1.0 110.0 .02254 .03 476.- 1.41
506 266 6.0 1.0 110.0 .0025e .00 137.6 1.5c
5e? 218 6.0 1. 110.0 .V0313 .00 15-3.4
508 216 6.0 1Ag 110.0 .C0649 .01 227.4 2.58
.26 102 6.0 1.0 110.0 .00T02 .01 297.2 2.6 • 5
518 101 6.0 1.0 110.0 .01&54 e- 40.1 1.55
510 106 6.0 1.0 110.0 .0074C .01 24i.1 2.77
16-3 520 6.0 1.0 110.0 0.0Gcon 0.00 _0 0.00
523 25C 6.C 1. . .0 .148. .il 1023. 11.62
524 257 6.e . 110.0 .05622 .c6 7JC.
52£ ic2 6.0 1.0 110.0 .c050e .V, 1 Z-7.5 4.
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nn* * 6 . _ • • m . . m

I 1UMON -ANK AS LATIUM PAGE 4

%ET FL('6
.UrCTICN LEVATICN HGL P EISSURE INPUT CUTiPUT

" (FT) (iT) (PSI) (GPr ) (GMI M 0
100 630.6 16.3
101 46C. V 632.3 74.6
102 435.0 599.4 71.2
103 /±32.0 570.1 (1.7 C1.2 CU7! uT
105 430.0 E67.0 5 .3 1i.6 CUTFUT
106 360.0 571.£ . I, z.c C U 1UT
107 390.0 571.4 7&.5 £5.6 oUiPU: 0 -.
108 410.0 561.1 65.4 61.2 OUIPUq
109 410.0 561.2 65.5 61.2 CUTVJT
110 410.0 -55-.7 C4.4
il 380.0 48 .8 47.0 574.4 OUTU2U

112 370.0 423.3 23.1
113 368.0 387.3 &.4 531.3 CONSIANT V'i'P.
114 375.0 488.6 4£ .2
115 310.e 483.6 75.2 77.8 CUTPU '
116 306.e 481.4 78.6
117 300.0 465.' 71.6 7..4 C, u 11 'll
116 300.e 73.£ 75.3 2 2.8 OI P p ;
11G 28E.e. 464.3 77.6 1 OUTPUT
120 280.0 4t3.7 7L.2 13 .E OUTHIT
12i Z0.0 455.1 71.E il. CUI'UT
122 290.Q 459.0 73.2
123 320.0 474.4 66.9
124 455.0 632.9 77.0

355.0 48C.E £7.1 77.8 CUTPUT
171 320.C 474.4 66.9 1Ga.2 CU 1 '-,
172 435.0 59G.4 ?1.2 tt.6 OU'.FUT U U
174 540.0 630.6 35.2 57.80O.;.!T
200 5.e 221.0 3.5 32.2 CUTUr
201 L.0 221.0 3. to 32. 2 CU TT !
2))2 5.o 221.C £3.8 2.2 OT T
203 5.0 223.4 E-4.6 32.2 0U' PUI
2f,, 5.( 222.P £4.3 1166.6 uU FU"
20E 15.0 223.6 t C.3 1 5k,.0 cu~U I 6'
206 170.0 222.7 2E.4 Z1':2.e UiUT
207 15o.0 228.6 34.0 11.8 OU 7JT
208 16.k 235.4 17.1 24.5 CuNSTANT HiAl
20£S 20e.e 26. 7 2F.0 1t1.8 UiIIT
210 30.0 379.1 151.1 151.& CU2PuP
211 145.0 33?.4 83.3 *
212 125.C 77. 9 117.4
213 349.0 378.6 12.8 1E.3 CCNSTAN -:T
214 145.0 78t.4 104.1
215 145.e 379.7 iei..
216 150.0 379.9 £9.5
217 8.0 377.9 160.: , -. "
218 210.e 360.5 77.S U U
219 300.0 388.1 3E. 1 1 .2 C 6 T I b
220 341.0 385.e i - 3 416.1 COi\SIANT 1_iLu
221 225.0 3S4.4 7-9.3 140.2 CUTFUT
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1 TUMON TANK AS IATTPM rAGF b

NET FLCW
JUNCTION FLFVATICN HGL PRFSSURF INPUT OUTPUT

(FT) lz a (psi) (GPr ) (Gj)
L22 2(z5. 3E2.& E1.3
23 70.0 392.1 139.E

224 23b.0 38rc.- 65.6 118.0 CU'iiuT
22t 220.0 3760.7 69.6 111-.0 CUTIUT
226 220.0 37t.4 6Y7 11E.0CPL
227 200.0 375.6 1(el.~ Vi1.0 0 j'pU Si T
22& 220.C 376.2 67.6 1ic.0 O'U P' T
229 22v,.O 373.6 6o).5 li1.0 CUTPUT
230 220.0 381.4 E69.9 11i .c CUTI-UT
231 5.0 22t.? 9 6. 0 1?77.2Z OT IP UT
232 60.0 22C-.1 7~ 177 .2 O'u'iUT
233 13C.0 236.3 46.0 -t4.8 OUTPUT1
234 1 10. ( 2.3c. t 55.? 4,±.6 CLIFUT S
2 3 E 75.0 22E. 4 66. 4 177. 2 G~fUT
2 36 5E.0 227.E 74.8 177.2 OUIIIJT
23? 133.0 22c.7r 58.7 17Y.2 OUIPUT
38 111.0 239.0 5t.4 17,7.2Z OUliU7

232 93.0 2390.6 63.5 177.2 OTUTPUT
;40 196.0 23e.0 17.3 3E4.C CCN3:ANT~j HIZAL
241 110.0 249.7 6W .5 17.17.2 CLrIlUT
242 100.0 2386.E e0 v; 177 .Z VUTUT

754 ?.0 -,+6.6 74.3 '4.L 1 OT l ,1
11-44 2 .0 25'.e E hi 3 . c 44.0 OIT PL1
24L 16-2.0 2p~f 1.4 ci'ui
246 20.0 287 ?. 9- 116.6 --. CUTI 1T
247 20.0 L 1:1. ? 117.6 0"11 OlUT
248 .95.0 2 4 .1 26.2. 44. Ol~i~'

18C- DF7.0 360 b7.4 co.0 C pUUT
250 205.0 38SE.0 ?I Y LA CLUT

252 2Z3.0 44E.4 ; 7.6 62.c0 CUIPUT
253 200.0 30-1.3 44.7 Cl*.0 OUTIPUT
Z A4 425.0 458.9 14.7
2 t E 4oe. e E02.3 44.3 164.~ GUTFUT
256 Z95.0 E33.-7 9.

~57405.0 500. 412.
586 IF-2.0 -10t.1 19.5 2i'r (I IU T

25.) 458.0 5 05 . 2 2C.4 7 0.? OCNS TA,. I L E
'bb 105.0 37 8-. 4 118 .4 222.E OULPUT
;26C 235.0 3&1.'? 64.8

00 267 23E.70 le4.c C4.8 F)CCJ>J
2C112.o 2.41.9 56.0. 177.2 CUT!IUT

70.0 392.1 139.5 '7.2 Ob'jL'l
15S..0e ;2'4. 60. .I :O. 5 CC.STANT iY

2E-2 iL$eZ9 .1 120J' Z£.2 C!'?:171
2 s3 520.0 24C.7 Ell. 2

0 2 -"- 6t5. 37i.S I Ml l
510 4-'5,. ' 6'3 2 .9 ?7 .u L, 67.5 t,(AJ"TANT
bi1 370.0 423.3 23.1 c-5 0. 9 CCONTANT .
512 375.k 4FE.t 4 .2 ep.L CCSTi'.T HFA.L
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1 IUM0ON 1ANK AS LAILIM iAz 6;

N FT F L C-
JUN.CTICN ELIVATICN Hu PRESSUiF IN!Ptl O~iuT

t13 3e0 900 4 7. C 11il.1. p CC r T.. 1: tA:
514 410.0 H"* 64.4 462.'. CONSIAN' FEAl
515 41o.0 5ul.2 t-5 3 17. . COiN,'TA.T I! iA;
bib )20.0 1.74.4 6t).9 132.7 C .1,1% ;T 1, N hEAI

173eo.e 461. 73.6 2117.3 C C NS A Nl HE
E01 145.0 RA?.5 E 3.3 6F1.i C GN 3 A NI 'IP.A
E02 14t.0 --J.4 1-24.1 7b4.3 CG0 'S TiN 2 PA. I

U32~. e P s 11C.4 3.1C'NSTAN .E-

505 20b.0) 392. &1- i?'±6.' .STANT
506 235.(6 3e4.7 64.c) 13li. CCNS TANT Lh ij

50 L 0. e 3 7 22-. . C ONSTA NT Ez
~2b 43b.l? 04 1 23'. CVNSTANT h-~!

360.0 El~ . 1.3 Z44i.1 CCNSTANT ilL u
t20 0 . 0 t. 1 .. 1. ~ CSTANr h~
523 .395.0 E33.4 5 l. 123.4 CONSTANT~ H!AL
524 40. Z4. 73,o.6 CONS"IANT h i!
b25 290.0 459.0 ',3.2 197.- ' Ns'r L i D

PlUMl uUhvi CUEFFIC~IN26
t10 -. 471E-022 0.
511 -. 997E-05 0. 5 6bZ t +0
t-12 -- i-4 0. .5131+e2

51z4 -. 4 A.L-03 0..27+0
515 -. 4G2i.-02 0. Z1 i+
5it - . 127E.-02 0..

29-.28-02, .2E.0
51 -. 942E-04 0. .3r..

503 -14-.30. 21-~3
5e4 -76i -3 '0k.
505 -. 121F-03 0.
5V6 -.9611L-03~ 0.+
t~o -.lov-ve 0. .910

E2b -. 4261-03 0. . 1 E61+Z"7
*318 -.lG4f-O3 e. .2031+0;S

t19 -.iL41-02 Z. .3031-4~3

t23 -. 357E-04 0. L? 4 ,3
524 -.15eH-iX 0. .1 5Z 0-3

O~L E 240 IS LATUM
6 70 ITIP.TIONS REQUhIa
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APP'ENDIX D: MAPS

Appendix D consists of maps of the water distribution system, in-

cluding a set of original maps in color, plus several blue line copies.

The set consists of two maps: (1) service areas A and B (northern por-

tion of Guam) and (2) service areas C and D) (southern portion of Guam).

The maps are 1:2400-scale and are intended to be overlaid on 7.5-mmn

USGS quad sheets. The maps are color coded as follows:

-(black) roads and other features

q446 (black) node numbers

360 (red) node elevations 
S

8" (green) pipe diameter

3400' (green) pipe length

- (blue) pipes (in areas A and B)

D-14 (orange) well numbers

523 (blue) well node numbers

These maps have been transmitted to POD under separate cover.

orV
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APPENDIX E: COMPUTER TAPE

This appendix consists of the computer tape of the water distribu-
tion model and listing thereof. The tape (volume serial number 536164)

was created on a CDC Cyber 175 machine using a 9 tack, 1600 bpi, un-

labeled tape with 80 characters per block and EBCDIC character set. It

can be read on an IBM computer by specifying: -

DCB = (LRECL = 80, RECFM = FB, BLKSIZE = 80)

There are 2082 records on the tape.

The tape contains:

1. The MAPS water distribution main program

2. Subroutine SCAN

3. Subroutine PARA

4. Data file for example problem in Appendix A

5. Data file for subarea AB

6. Data file for subarea C

7. Data file for subarea Dl

8. Data file for subarea D4

Also inclosed with the tape is a listing of its contents. The

contents of the tape are also stored on the Boeing Computer Services

computer under POD account CEJOPI in the file named GTAPE on archive

tape 536232. It can be retrieved with the ARCHIV program:

GET,ARCHIV/UN = CEBBLB

ARCHIV

it is the 26th file on 536232

The computer tape has been transmitted to POD under separate

cover.

E-1



71
PART II: ECONOMIC ANALYSIS OF ALTERNATIVES

Background

The U. S. Army Engineer Waterways Experiment Station (WES) is

providing technical assistance to the U. S. Army Engineer Division, * -

Pacific Ocean (POD), relative to the water supply task of the Guam

Comprehensive Study (GCS). In Part ' of this report WES analyzed water

source and transmission problems on Guam, first with a macroscopic water * ;
balance, and then with a mathematical model of the hydraulics of the

distribution system. The costs of the alternative water supply plans

are developed and presented in this portion of the report.

Estimating the cost of alternative water supply systems is very

important to the economic analysis for the GCS water supply task because

the benefits, as well as the costs, of alternative plans are directly

related to facility costs. According to the Federal Register (44FR72894)

"(in absence of marginal cost pricing).. the benefits from a water

supply plan shall be measured instead by the resource cost of the

alternatives most likely to be implemented in the absence of that plan."

The cost data presented in this report will, therefore, be used by

Honolulu District personnel for determining both National Economic

Development (NED) benefits and costs of water supply facilities as part 0 4

of the final GCS report or a survey report for a specific project.

In most Corps of Engineers water supply studies, only source,

treatment, and long distance transmission facilities need be considered

in the economic analysis since distribution systems are usually unaf-

fected by the choice of water source. The situation is considerably

more complicated in the case of the Public Utility Agency of Guam (PUAG)

water supply systems because the well sources are an integral part of

the distribution system. Hence, changes affecting the sizing and con-

struction staging of wells will also affect the sizing, staging, and

cost of the distribution piping. Therefore, the cost analysis in this

report must include consideration of alternative distribution facilities.

2-1
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Purpose

The purpose of this work is to determine average annual cost,

including capital, operation and maintenance (O&M), and replacement

cost, for every major water supply facility, for each alternative plan,

for each water use projection. The facilities considered will include

dams, wells, treatment plants, and pumping stations as well as major

transmission and distribution lines. Costs will not be developed for

minor distribution lines (i.e., those unaffected by source selection),

valves, and appurtenance and storage tanks.*

Preliminary Designs

In the Master Plan (Barrett, Harris and Associates 1979), the

size, year of construction, and first cost (in 1980 dollars) has been

prsented for a single plan using groundwater to meet future water re-

quirements. To the extent possible, this information is used in the

cost estimates included in this report. The cost estimates in the

Master Plan are incomplete in that they do not contain O&M and replace-

ment costs, which can be significant (e.g., pumping at wells). The

average annual costs of facilities are also not presented ir the Master

Plan.

Costs must also be developed for facilities not included in the

Master Plan. The report for the Ugum River Interim Study (Honolulu

District 1980) includes a detailed estimate of first costs for the Ugum

River Dam and cost estimate summaries for the Inarajan River and Ylig

River Dams. These costs will be used in this report, except for the

cost of "Water Treatment Works" (which includes pumping stations and

some water and sewer lines). An estimate is made of O&M and replace-

ment costs for these dams in the Ugum River Report. *

The remainder of the costs used in this report were generated

using the Methodology for Areawide Planning Studies (MAPS) computer

program developed at WES. Documentation of the costs functions used

In the Master Plan, storage tanks are referred to as "reservoirs."

Because of possible confusion between this use of the word "reswrvoir"
and its use to describe surface impoundments (dams), thlc less ambigu-

ous terms "storage tank" and "dam" are used in this rei)Jrt.
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in MAPS is given in EM 1110-2-502. The functions were modified based

on costs presented in the Master Plan to account for local conditions

on Guam.

Definition of Alternatives 0

In this report water supply cost estimates are developed for five

types of alternatives based on the source used as defined below.

Alternative I -.
Type Source

I Groundwater development plus Navy

2 Groundwater development only

3 Groundwater and Ugum River development

4 Ugum River and Inarajan River dams

5 Ugum River development plus Navy

Three sets of cost estimates are presented for each of the five types

of alternatives. These estimates are based on the three levels of

projected water use utilized for the water balance analysis presented

in Part I. (See Part I for definition of "Low," "Medium," and "High"

water use.) Alternatives are referred to in this report using the plan

type and use projection. For example, plan type 3 under the high-use

projection is called 3-H.

If present water use rates continue, the high projections will be

applicable. The medium projection can be reached by reducing unac-

counted for water. This would include leak detection and repair,

increased metering, and meter testing. The low projection can be

reached, but only through widespread installation of water-saving

devices and major changes in the water use habits of consumers. In the

absence of a major educational campaign and a significant increase in

the price of water, both are considered highly unlikely.

The ratios of the different water use rates in the year 2035 are

6 shown below.
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Water
Ose Relative Water Use

Projection Low Med Hg

Low 1.00 1.22 1.63
Med 0.82 1.00 1.34
High 0.61 0.75 1.00

The values given above are not based on a detailed study of conserva- * -

tion measure effectiveness of Guam, but merely represent a reasonably

broad range of values selected to cover possible variations in water

use in order to determine the sensitivity of costs to water use.

If this study proceeds beyond reconnaissance, a detailed evalu-

ation of conservation effectiveness must be made, in accordance with

the conservation procedure manual (IWR CR80-i), to accurately forecast

water use for a specific set of conservation measures. While the water

use reductions utilized in this report are not necessarily identical 1

with those that might be determined in a later stage of this study,

development of costs for three use rates is an important step in

developing a foregone cost function (as shown in Figure 3-2 of ETL 110-

2-259, "Interim Guidance on Use of MAPS Computer Program for Water

Supply and Conservation Studies").

Effects of Use Reduction

The water supply facility size and construction staging data

given in the Master Plan and the Ugum River Report correspond roughly

to the high water use projection. Since conservation must be con-

sidered as an alternative to construction, it is necessary to ascertain

the effect of water use reduction on construction. There are three

possibilities: (1) reduction of size, (2) delay of construction, or

(3) some combination of both. The case in which the facility is not

built at all is obviously the limiting case (i.e., size = 0 or year

built is outside of planning horizon). In the Master Plan and the Ugum

River Report, facilities were planned to develop the source in the

optimal manner or to transport water to meet the ultimate demand when-

ever it might occur. Therefore, the size of the recommended facilities

selected in the above reports will generally not be altered in this
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report. Instead, the year in which the facility is to be built will

be adjusted to account for reduction in water use. A few minor excep-

tions (e.g., Ugum River pipeline) are discussed later in the report.

Naming Conventions

Each of the alternative plans is assigned a name based on the type

* of plan and the water use projection (e.g., alternative 3-11 is the Ugum

River Dam supplemented by groundwater for the high water use projec- *
tion). For each type of alternative (i.e., 1, 2, 3, 4, 5), the facili-

ties are generally the same for each water use projection (i.e., high,

med, low), but the staging of construction is different. The facilities

associated with each type of alternatives are shown in Figures 1-1 and 5 .

1-2 and the facilities making up each plan are described in Tables 1-1

through 1-4. Each facility is assigned a name for the GCS (e.g., T-1

is transmission project 1). Each of these facilities actually consists

of several "projects" described in the Master Plan (e.g., T-1 consists 9 0'

of A-5, 6, 9, and AR-I, 2, 3). These relationships are described in

the above-referenced tables. The abbreviations WTP and BPS are used

to indicate water treatment plants and booster pumping stations,

* respectively.

In the tables, the facility name consists of a prefix for the

type of facility followed by a number. The prefixes are defined below:

Pref ix Meaning

S Source Project
T Transmission Project
P Pump Project
M Miscellaneous Project

0The locations of some of the major projects are shown in Figures 1-1 6 4

and 1-2.

Note that the facilities required for type 1 and type 2 plans are

virtually identical. The main difference between the Dlans is that,

for type 1, the Navy source will supplement the northern lens ground-

water sources, delaying much of the construction significantly and

eliminating the need for the Cross-Island pipeline (T-3) completely.

Similarly, the type 3, 4, and 5 alternatives are all based on
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Table 1-1

Alternative Types I and 2

Facility Name in
Name Master Plan Description

S-i AW-I; BW-I Northern lens wells

S-2 -- Purchase of military water

T-1 A-5,6,9; AB-1,2,3 Major transmission lines from •

northern lens wells to major
use areas

T-2 B-23,24; BD-i; Major transmission lines connect-
D-17,19 ing service area B (Mangilao)

with service area D (Yona- g

Windward Hills)

T-3 CD-i; D-13,16 Cross Island Pipeline (2 only)

T-4 D-9,10,11 Major transmission lines connect-

ing Windwird Hills to Talofofo

Bay

T-11 C-4,5 Lines from Sinifa to Santa Rita
and Santa Rosa (2 only)

M-1 ABM-2,3 Typhoon proofinig and backup
generators for wells

P-i DPS-1,2 Pumping stations from Brigade to

Sinifa

2 -
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Table 1-2

Alternative Type 3

Facility Name in
Name Master Plan Description

S-I AW-1; BW-l Northern lens wells

S-3 -- Ugum River Dam, Malojloj WTP * -.

T-1 A-5,6,9,; AB-1,2,3 Major transmission lines from

northern lens wells to major
use areas

T-5 Transmission line connecting
Malojloj WTP to Talofofo Bay

BPS

T-6 Transmission line connecting
Talofofo Bay BPS to Agana

T-7 Transmission line connecting
Talofofo Bay BPS to Windward

Hills BPS U

T-8 Transmission line connecting

Windward Hills BPS to Sinifa

T-1O -- Ugum River Raw Water Line

T-11 C-4,5 Transmission line connecting g g
Sinifa to Santa Rita and Santa
Rosa

P-2 -- Talofofo Bay BPS

P-3 -- Windward Hills BPS

P-5 -- Raw Water Pumping from Ugum _

2-9



Table 1-3

Alternative Type 4

Facility Name in

Name Master Plan Description

S-3 -- Ugum River Dam, Malojloj WTP

S-4 -- Inarajan River Dam, and WTP

T-5 -- Transmission line connecting Malojloj WTP 0
to Talofofo Bay BPS

T-6 Transmission line connecting Talofofo Bay
BPS to Agana

T-7 Transmission line connecting Talofofo Bay
BPS to Windward Hills BPS

T-8 Transmission line connecting Windward Hills

BPS to Sinifa

T-9 -- Inarajan-Malojloj Raw Water Line

T-10 -- Ugum River Raw Water Line

T-11 C-4,5 Transmission line connecting Sinifa to

Santa Rita and Santa Rosa

P-2 -- Talofofo Bay BPS

P-3 -- Windward Hills BPS

P-4 -- Inarajan Raw Water Pumping Station

P-5 -- Raw Water Pumping from Ugum

2-1
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Table 1-4

Alternative Type 5

Facility Name in
Name Master Plan Description

S-3 -- Ugum River Dam, Malojloj WTP

T-5 -- Transmission line connecting Malojloj WTP
to Talofofo Bay BPS0 0

T-6 -- Transmission line connecting Talofofo Bay
BPS to Agana

T-10 - Ugum River Raw Water Line

P-2 -- Talofofo Bay BPS ls 4

P-5 - Raw Water Pumping from Ugum

S 2-11 5



construction of the Ugum River Dam supplemented by other facilities.

Water supply from the dam is supplemented under 3 by the northern lens

wells, under 4 by the Inarajan Dam, and under 5 by Navy sources. - 0

Overview of Report

The next section of the report focuses on plans for the south-

western river dams since distribution lines from these dams were not

discussed in the Master Plan. In subsequent sections, costs are 0 "

developed for each type of facility. Construction and O&M costs are

pre.' nted first, followed by the development of average annual costs

based on construction staging considerations. The costs of individual

types of facilities are then combined to form cost estimates for the S S

alternative plans.

4 6
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2. Conceptional Design

for Southeast Dam Projects j
The Master Plan contains descriptions of the facilities req-tired -

for alternative types I and 2. Appendix A from the Financial Analy'sis

portion of the Master Plan is included as Appendix A to this report.

While the Ugum River Report contains fairly detailed design information

for the Ugum and Inarajan River Dams, there is very little discussion

of specific treatment, pumping, and distribution systems required for

these projects. Therefore, to equitably compare total project costs

among the alternatives, it is necessary to prepare a conceptual design

of the system required for alternative types 3, 4, and 5.

In order to correctly size and locate the pipes, pumps, and plants,

it was necessary to screen a large number of piping and pumping arrange-

ments to arrive at the least costly. This was accomplished with the

aid of the MAPS Computer Program which was developed at WES. The sizes

of pipes and pumps determined using MAPS represent virtually optimal

sizes as opposed to sizing decisions based on rules-of-thumb.

In this section physical and hydraulic features of alternatives

relying upon the southeastern rivers are described. While decisions

with regard to size and location of the facilities were based on cost,

the costs are generally not presented until Section 3.

Design Flows

The size of transmission facilities depends upon how the water is

divided among: (1) the southern portion of the island (i.e., Inarajan,

Merizo, Umatac), (2) the Agat-Santa Rita area plus Talofofo, and (3) the

northern portion of the island (Yona and beyond). This in turn depends

on the yields of the various reservoirs.

The water supply yield (i.e. safe yield minus instream release)

for the Ugum River Dam is 9.0 mgd (6246 gpm) and from the Inarajan River

Dam is 6.9 mgd (4789 gpm). This results in a total water supply yield

* from the southeastern dams of 15.9 mgd (11,034 gpm).

Once the yields are known for plans 3 and 5 (9.0 mgd) and 4 (15.9

mgd), it is necessary to divide the flows in the directions described

• 2-13 1 1
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above. This distribution is described for each plan in Table 2-1. Note

that the numbers in Table 2-1 do not always agree with the numbers pre-

sented in the water balance in Section 2, Part I, of this study. For

example, the flow from Village 9 (Yona) to Village 4 (Barrigada) under

the low use projection in the year 2035 is 2669 gpm in Figure 2-3,

Part I. In Table 2-1, Part II, the flow from Talofofo Bay toward Agana

is given as 3789 gpm. The difference is due to water use along the line

(Yona, Talofofo). When there are differences, the flows in Table 2-1

are used as the basis for design.

Table 2-1

Flow Distribution for Southeastern Reservoirs S S

To To Through
Reservoir Inarajan Santa To Talofofo Bay

Yield and South Rita Agana BPS

Alternative spm gpm _pm _$m gpm

3-H 6,246 1000 2327 2,919 5,246

3-M 6,246 698 1759 3,789 5,548

3-L 6,246 543 1421 4,282 5,703

4-H 11,034 1000 2327 7,707 10,034

4-M 11,034 698 1759 8,577 10,336 6 •

4-L 11,034 543 1421 9,070 10,493

5-H 11,034 1000 -- 10,034 10,034

5-M 6,246 698 -- 5,548 5,548

5-L 6,246 543 -- 5,703 5,703

The next question concerning flows was whether the transmission

line should be designed to meet peak demand or to operate at constant

capacity allowing daily fluctuations in use to be dampened out by

storage tanks. Since the most efficient way to operate the treatment

plant and pumping station is at capacity, the latter approach is

desirable. Furthermore, since seasonal fluctuations in use are small,

they can be neglected at this stage of planning.

Overview of Southeastern Dam Plans

Plans involving southeastern dams (i.e. alternatives types 3, 4,

and 5) have many features in common. The primary differences are that
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4 and 5-H include the Inarajan Dam and 5 does not include the Cross

Island pipeline to Agat-Santa Rita.

The alternatives are shown in profile in Figures 2-1 and 2-2. All -•

include pumping raw water through transmission lines to a central treat-

ment plant and clearwell at Malojloj. The main pumping station is

located at Talofofo Bay, the last point before the flow splits to Agana

or Santa Rita. An additional pumping station is required at Windward S -*

Hills to provide adequate lift to raise water to the Sinifa storage

tank (elevation 765 ft). A description of each of the facilities is

presented below.

Dams 5

Hydrologic data and design parameters for the southeastern river

dams are contained in Appendixes D and E of the Ugum River study. The

reader is referred to that report for details; however, the only changes

in facilities recommended in this report are the size and location of S S

raw water pipes and pumps, and the water treatment plant. These are

discussed in m-re detail later.

Raw Water Transmission Lines

Raw water pipes and pumps required by the Ugum River Dam (T-10, w w

P-5) and the Inarajan River Dam (T-9, P-4) were sized using the MAPS

pipeline routine, which selects pipe sizes to minimize life cycle costs.

The output from these runs is included in Appendix B as an example of

*output from MAPS. (This is not done for other pipes because of the 10

volume of output.) The results of the design are summarized in Table

2-2. Note that because of the high cost of piping and pumping equip-

ment on Guam, the 24-in.-diameter pipe proved to be optimal instead of

the 30-in. pipe recommended in the Master Plan (Appendix B shows its 0 S

cost to be 5.4 percent greater).

Treatment Facilities

Considerable savings could be realized by constructing and oper-

ating a centralized water treatment plant at Malojloj rather than 0

separate plants at each dam. This occurs because of economies of scale

that exist in treatment plant construction and operation (i.e. one large

plant costs less than two small ones) and because most of the water from
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Table 2-2

Hydraulic Design Summary for Raw Water Lines

Pipe Pump
Diameter Flow Head

Facility in. mgd ft Plan Type

T-9, P-4 24 9.0 100 3,4,5

T-10, P-5 24 6.9 254 4, 5-H * -.

the Inarajan Dam must pass Malojloj anyway on its way north. Locating
U U

the plant on a plateau in Malojloj also makes best use of the elevation

head from the Ugum Dam which would be lost if the plant was located at

the base of the dam. Water treatment plant costs are shown in Table 2-3.

Table 2-3

Water Treatment Plant Cost

Average Annual
Flow Capital O&M Cost*
mgd (106 $) (103 $/yr) (103 $/yr) g

Direct 9.0 2.23 118 339
Filtration 15.9 3.27 185 509

Flocculation 9.0 4.46 219 661
Clarification
Filtration 15.9 6.52 325 971 4P

* If built in base year.

The treatment train selected in the Ugum River Report consisted

of screening, rapid mix, flocculation, clarification, filtration, and

chlorination. This is a typical choice for a surface water plant, and

while the water quality analysis of the Ugum River listed in Table E-2

of the Ugum River Report indicates that the water is quite clear

(highest turbidity = 28 NTU) agricultural development which will ad-

versely affect water quality is expected in the area of the dam. Since

much of the suspended matter in the stream is described as silty clay,
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only some of the material will settle within the reservoir. Without

further study it is difficult to determine if conventional treatment or

direct filtration will be required. There, cost estimates are pre-

sented in Table 2-3 in both levels of treatment.

Distribution System

Distribution for plan types 3, 4, and 5 is significantly different

from I and 2 in that for 3, 1:, and 5 the net flow of water is from south

to north. Therefore, the major transmission lines reported in the

Master Plan are not relevant to alternatives that include the southeast

dams.

Hydraulic design features for each alternative are given in

Table 2-4. This includes the size of each transmission line (for which

the flow depends on the alternative), capacity, and suction and dis-

charge pressure for each pumping station. Note that the pressures at

the suction side of the pumps are positive for all alternatives, andK U
the pressure on the discharge end are not excessive (i.e. always less

than 230 psi). It is important to maintain reasonably low discharge

pressure so that very thick-walled pipe is not required. The pressures

at Ordot (el. 270 ft) and Agana (el. 10 ft) are presented to show that

pressures are not excessively low at high elevations or excessively high

at low elevations.

In developing the distribution system shown in Figures 1-2, 2-1,

and 2-2, every attempt was made to take advantage of existing water

distribution lines. This could result in significant savings in the ...

size of pipe required. The most dramatic savings result from using

an existing 12-in. line that runs from Malojloj to Agana.

The principal transmission line is the one that connects Talofofo

Bay to Agana T-6. This line was sized to carry water to Agana and not

to be used as a local distribution line. As such, the pressures at the

higher elevations in Chalan Pago and Ordot along Route 4 will be fairly

low (approx 20 psi), but adequate to ensure that, in case of a break,

water will not leak into this treated water line. This design will

result in minimum use of energy. The Chalan Pago-Ordot area will

continue to be served by wells and the Chaot storage tank.
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' .;tated cirl icr, lzliofo Bay was select:d as tile lot :it ion ol

the main pumping plant (P-2) because it is the last point at which a

sin~l1c pumping station could be built before the flow splits to Agat-

Santa Rita and Agana. Furthermore, because of the low elevation, there

should be no problem in maintaining positive suction pressures and

avoiding cavitation.

Because of the economies of scale in pumping station construction,

it would have been desirable to construct only one station for all

southeL-astern dam pumping. Unfortunately, some of the flow from the

dams in plan types 3 and 4 must be carried to the Sinifa storage tank

at elevation 765 ft. To accomplish this in one lift would require

costly high pressure pipe. Therefore, a booster station is used in

Windward Hills so that the water can be raised in two lifts. With

thi, location, only the water being carried to Agat-Santa Rita receives

:Al., boost, thus considerable energy is saved.

.ansmission line T-ll from Sinifa storage tank to Hyundai and

Santa Rosa is not included in Table 2-4. This is because it will be

the same for all alternatives (although the years of construction will

vary) and is essentially a distribution line sized for fire flow, not

a transmission line.

In developing these plans, it is assumed that surface intakes at

La Sa Fua River, LaeLae Spring, Geus River, and Siligen Spring will

co't mite to be used. Therefore, as shown in Table 2-1, only 903 gpm

i-: ,-,yired from the .ins for use in the south even at the highest use

rate. Thus, the existing 8-in. line from Malojloj to Inarajan should

provide adequate flow. The situation under fire flow conditions could

be improved by moving the existing pressure-reducing valve closer to

Inara jan.

Transmission line T-5 from the Malojloj Treatment Plant clearwell

to tiin Talofofo Bay Pumping Station is sized to conserve much of the

lic, i ivailable at Xalojloj and minimize pumping energy costs at

l ,-,,,'.o Bay.

iiv of the lin,,' in alternatives 3, 4, and 5 are long straight

rossing seviral drainage divides. Waterhammer could become a
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signific It IprolI. '., , i dui ini'. st,irtiup nd >,hutdowii of the

Talofofo Bay Pumping Station. A detailed waterhammer analysis should

be performed during the design phase of the transmission lines. For

example, pipeline T-6 will probably require air release valves at Yona

and Chalin Pago and pressure relief valves at the Ylig River and Pago

River.

No storage tanks are included in this design as they will be the

same as in the Master Plan.

In the following section major facility costs are Presented for

all alternatives.
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3. Development of
Facility Cost Estimates

Introduction

In this section costs are developed for each facility required

under each alternative based on the preliminary designs presented in

the previous section and the Master Plan. In Section 4 these costs *
are combined to determine the costs of the alternative plans.

For a given type of plan, differences in water use are reflected

in the year in which a facility is constructed. In general, the

analysis shows that most of the facilities will be constructed by the

year 2000. This is to be expected since most of the growth in water

use will occur by that year. Operations and maintenance (O&M) costs

are based on the average flow for a given facility, even though the

flow may vary considerably over the life of the facility. Cost at 9

average flow is generally a good indicator of overall O&M cost.

Construction Staging

In most Corps reservoir studies, selection of year of construction

is a fairly simple matter as all of the facilities are staged to come

on line at the same time. In this study, the Corps facilities are

merely one portion of an integrated surface and groundwater development

plan. As such, the staiing of any facility depends on that of other

facilities and the water use rates.

Since well sources can be developed in small increments (approx.

200 gpm per well), there is considerable flexibility in when they can

be built. On the other hand, dams and their associated treatment and

distribution facilities must be built simultaneously. Therefore, in 40

plans involving Corps dams, the construction year of the reservoir is

fixed and staging of the development of wells to supplement the reser-

voirs is used to account for different water use rates.

The dams are not down sized to account for staging since the

storage capacity selected in the Ugum River Report makes best use of

the damsite. Because of economies of scale in dam construction, use of

a reduced size dam is generally economically inefficient.
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For the purpose of this study, construction of the Ugum River Dam

would begin in 1990 and would be completed in 1993; and construction of

the Inarajan River Dam would begin in 1994 and would be completed in
'1 1997. For amortization calculations, construction costs would occur in

1993 and 1997, respectively, and O&M costs would begin to accrue only

after the completion of the dam.

Figure 3-1 shows the average day water use that must be met for

each projection as a function of time. Figures 3-2 through 3-16 on the

following pages show the construction staging required to provide the

needed water for each scenario.

Economic Input Data

Costs presented in this report correspond to 1980 price levels on

Guam. This base year was selected since costs reported in the Master

Plan are in 1980 dollars. Estimated 1980 costs can be upgraded to 1985

dollars using the ratios of appropriate cost indices for the two years.

The following data on price levels were used to develop the MAPS cost

estimates:

ENR Construction Cost Index 3200
Electricity 6 to 11.9¢/kwhr
O&M Labor $10/hr g

Local Multiplier 1.5

The 1.5 multiplier is used to correct construction costs from the

U. S. National Average (i.e. ENR Construction Cost Index = 3200 for

1980) to Guam. Using the ENR Construction Cost Index of 3200 and the

1.5 multiplier, MAPS was able to reproduce costs given in the Master

Plan. The O&M labor costs include overhead. The price of electricity

was not corrected using the multiplier. Two electrical energy prices

were used--6¢/kwhr, which reflects present costs, and 11.9¢/kwhr, which

reflects the current cost of producing energy.

For calculating the average annual cost of alternatives, a base

year of 1985 is used and costs are amortized over a 50-year period at

7-5/8% interest. The 50-year economic life was selected as reasonable

for many of the water supply facilities.

Most of the facilities built during the study period will have

useful life remaining at the end of the study period. This can be

6 2-24
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accounted for using salvage values. If, for example, a facility costing

$1 million is built in 2000 and has a 50-year life, the present worth of

its salvage values in 2035, using linear depreciation, is

(2000 + 50) - 2035 -50
($1,000,000) 50 (1.07625) = $7,600

Since most of the facilities are built before 2000, the above calcula-

tion shows that salvage value (except for dams) is small enough to be

ignored.

In the case of the Ugum and Inarajan Dams, which have an economic

life of 100 years, there is a significant amount of useful life after

2035, so the dams will be depreciated linearly and the present worth

of their salvage value will be subtracted from the cost. This is

roughly equivalent to amortizing the dam over 100 years.

Dams

First costs for both the Ugum River Dam and Inarajan River Dam

were taken from Table E-3 and E-5 of the Ugum River Report and are

given in Table 3-1. The costs were corrected by subtracting 1.12 (i.e.

4750/4239) times the "Water Treatment Facilities" item, so that the

costs would include only the dam and not the treatment plant and raw

water pumping facilities. These facilities depend somewhat on the plan

and are listed separately.

The annual O&M and replacement costs for the Ugum and Inarajan * 0
Dams are given as $135,000/yr and $136 ,000/yr, respectively, on page

G-18 of the Ugum River Report. When compared with the cost of operating

a complete surface water treatment plaut (as shown in Table 2-3), these

costs appear low. Therefore, these costs were interpreted to reflect

only the costs of operating the dams and not the water treatment

facilities.

Since the dams are built over a three-year period, interest during

construction of $4,326,000 and $5,497,000 is used for the Ugum and

Inarajan Dams, respectively. The dams are the only facilities for

which interest during construction is calculated because they are the

only ones with such long construction times.

I
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Table 3-1

Cost Estimate Summary - Inarajan River

Feature Cost

ILand and Damages $ 1,439,000
Care and Diversion of Water 636,000
Reservoir 10,529,000
Diversion Channel 162,000
Dam Embankment 16,225,000
Spillway 9,207,000 *~
Outlet Works 4,009,000
Access Road 424,000
Water Treatment Facilities 4,679,000
Construction Facilities 150,000

Subtotal $47,460,000

q Engineering and Design 3,080,000 5
Supervision and Administration 2,760,000

Total Project First Cost $53,300,000

Less Water Treatment Facilities 5,240,000

Total Dam First Cost $48,060,000

Cost Estimate Summary -Ugum River

Feat ure Cost

Land and Damages $ 3,513,000
Care and Diversion of Water 638,000
Reservoir 9,112,000
Diversion Channel 462,000
Dam Embankment 12,115,000
Spil1lway 1,533,000
Spillway Dikes 1,753,000-
Outlet Works 1,847,000
Access Road 653,000
Water Treatment Facil it ies 8,614,000
Construction Facilities 150,000

Subtotal $42,390,000 S

Engineering and Design 2,760,000
Supervision and Administration 2,350,000

Total Project First Cost $47,500,000

Less Water Treatment Facilities -9,_674 2_0

Total Dam First Cost $37,826,000
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The average annual costs of the dams over the 50-year study period

can be calculated as:

AG = crf [pwfm (CAP + OM/crfp) - CAP(I - p/100) pwfn]

where

AAC = average annual cost over n years, $/yr

crf = capital recovery factor for n years, 1/yrn

n = length of amortization period, years

pwfm = present worth factor for m years

m = year built - base year, years

CAP = capital cost in year m , $

OM = O&M cost, $/yr

p = number of years in study period that facility is operating
years

For the Ugum Dam (m = 1993 - 1985, n = 50 , p = 42 , CAP = 42152)

AAC = 0.0782 [0.555 (42152 + 135/0.0799)

- (42152) (- ) 0.0254 = $1,854,000/year • 5

For the Inarajan Dam (m = 1997 - 1985, n = 50 , p = 38 , CAP = 53557)

AAC = 0.0782 0.414 (53557 + 136/0.0812) 5

- (53557) 1- 0.02541 $1,722,00/year
100~

The above average annual costs could als be generated using the MAPS

amortization module described in Chapter 22 of EM 1110-2-502.

Water Treatment

Water Treatment Plant costs based on the capital and O&M costs

shown in Table 2-3 are presented below.
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Actual Average Annual
Capacity Flow Cost
mgd mgd $/yr

Plan 3-H, M, L 9.0 9.0 156,000* --

and 5-M, L 313,000**

Plan 4-H, M, L 15.9 9.0±- 223,000*
and 5-H 15.9tt 445,000**

* Filtration only.

** Conventional treatment.
t For 1993 to 1997.

tt For 1998 to 2035.

The average annual costs differ from those shown in Table 2-3 because

they are based on a 9.0-mgd plant built in 1993 and operated from 1994

through 2035 and a 15.9-mgd plant built in 1993, operated at 9.0 mgd

from 1994 through 1997 and operated at 15.9 mgd from 1998 through 2035,

rather than a plant built during the base year and operated for an

amortization life of 25 years.

Transmission Lines

The diameter, length, and capital cost of transmission lines

included in the Master Plan are given in Table 3-2. The transmission

projects in this study actually consist of several projects from the

Master Plan. Most of the smaller distribution lines identified in the

Master Plan are not included in Table 3-2 since they are sized for fire

flow and their size and staging would be the same for any alternative.

The costs of transmission lines from the southeastern dams are

given in Table 3-3. For these pipes, the year of construction depends

on the year in which the dam is constructed. The varying water use

projections are reflected in changes in pipe sizes (taken from Tables

2-2 and 2-4).

It was felt that lines identified in the Master Plan were ade-

quately sized for the ultimate capacity of the wellfields. Therefore,

a reduction in water use would not result in a down sizing of the line,

but rather would result in a delay of the construction date. The con-

struction dates are shown in Table 3-4 for each major transmission
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Table 3-2

Cost of Transmission Lines from Master Plan

Project Capital - S
in Cost Diameter Length --

Project Master Plan 103$ in. ft

T-I A-5 2,232 16 3,600
A-6 700 12 14,000
A-9 350 12 7,000 0 "

AB-I 3,007 16 48,500
AB-2 3,602 24 36,750
AB-3 589 8 15,500

Total T-I 10,480

T-2 B-23 558 16 9,000
B-24 375 12 7,500

BD-1 527 16 8,500
D-17 326 16 5,250
D-19 310 16 5,000

Total T-2 2,096 •

T-3 CD-i 620 16 10,000
D-13 806 16 13,000
D-16 160 12 3,200

Total T-2 1,586

T-4 D-9 176 6 5,500
D-10 527 16 8,500
D-11 170 12 3,400

Total T-4 873

T-11 C-4 209 8 5,500
C-5 613 12 17,250

Total T-11 822

45•
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Table 3-3

Cost of Transmission Lines for Southeastern Dams

Capital0
Length Diameter Cost

Project ft Plan in. 1l03$)

T-5 5,000 3-H, M, L; 5-M, L 20 410
5-H; 4-H, M, L 30 625

T-6 54,300 3-H 14 3040

3-b,; 5-M, L 18 3801

T-7 12,850 3-1;- 12 P4
AllH, M;4-, 5 24 1760

Table 3-4

Year Built for Transmission Projects

T-1 -2 T-3,11

1-H 1987 1997- --

1-M 1992 1998 -

1-L 1995 2000 --

2-H 1985 1992 1992
2-M 1990 1995 1995

42-L 1993 1996 1996

3-H 1989 -- 1993
3-M 1996 -- 1993
3-L 2000 -- 1993

T-5, 6, 7, 8, 10
* built in 1993

T-9 built in 1997

2 -46
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project. The dates assigned are based on the construction period given

in the Master Plan, corrected to account for high or low use rate.

The O&M costs for transmission lines are generally on the order

of 0.2 percent of construction cost per year. Since these costs are

so small, they are omitted in this analysis.

The average annual cost for each transmission line is shown in

Table 3-5. The total average annual cost for transmission lines for

* each plan is presented in the final column.

Pumping Stations

The cost of pumping stations is a function of capacity, head, and

type of structure. The capacity and head at pumping stations associated

with the southeastern river dams are taken from Tables 2-2 and 2-4. The

capacity of the other pumping stations are taken from the Master Plan.

The head to be provided by the pumps is not given in the Master Plan,

so head requirements were estimated based on the elevation of the

pumping station and expected head losses in the pipes.

The costs of the pumping stations required by each plan are given

in Table 3-6. The costs were generated using the MAPS computer program

and are based on improved structures at Ugum Dam (P-5), Inarajan Dam

- (P-4), Talofofo Bay (P-2), and simple structures at Brigade (P-la),

Cross Island Road (P-lb), and Windward Hills (P-3).

Many of the pumping stations described in the Master Plan are not

included in Table 3-6 (e.g., BPS-l-Latte Heights) since these stations

are primarily for local distribution and would be essentially the same

for all plans.

For a given facility, the capital costs given in Table 3-6 are

somewhat higher than those in the Master Plan. It is believed the costs

reported in the Master Plan are generally too low. Capital costs were

actually shown to be a minor component of the average annual costs for

the pumping stations. This resulted directly from the fact that energy

costs accounted for approximately 80 percent of the total costs.

Wells

The Master Plan gives the capital cost of a well as $200,000.

This number is reasonable and is used in Lhe following estimates. it
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appears to include chlorination equipment, but no standby power.

The O&M costs for wells include labor, power, chlorine, and other

chemical costs, and are generally significant, but are not covered in

the Master Plan. Labor should cost $4000/yr/well and chlorine $3000/vr/ 5 0

well, based on standard dosages and 1 man-hour/day/well. The pumping

energy for a well providing 200 gpm (0.29 mgd) can be given by:

C = 11.41 QHP/e • -

where

C = energy cost, $/yr

Q = flow, mgd

H = head, ft

P = price of power, ¢/kwhr

e = efficiency

The head at the well is generally 100 psi and the depth to groundwater

averages 170 ft, so the head required, H , is 170 + 2.31 (100) or

401 ft. The price of energy is taken as 6 and 11.9¢/kwhr, and well

pumps can be assumed to have a wire-to-water efficiency of 0.50. This

gives energy cost as:

C = 11.41(0.29)(401)(6)/0.5

= 15,922 say $16 ,000/yr/well for 6¢/kwhr

= $31,600/yr/well for 11.9¢/kwhr 0

The total O&M cost is, therefore, aPproximately $23,000/yr/well at 6C/

kwhr, or $38,600/yr/well at 11.9¢/kwhr.

The flow from "new wells" (i.e., built after 1985) for each plan

is given in Figure 3-17. These data were taken from Figures 3-2 through

3-16. The flow from new wells (Q) at any time (t) can be represented

by a set of straight lines. For example, for plan 3-M there is a period

of construction, followed by a 2 0-year period of no construction

immediately after Ugum Dam is completed, followed by a period of new

construction once demand exceeds the capacity of the dam. This can be

represented by

2-51
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0+ 0.47-L , 0 < t < 8

Q(t) =3.5 ,8 < t < 28

(-0.8 + 0.159t 28 < t < 50

Note that each piece of the function is represented by a line segment

of the form

Q(t) = a + bt tk < t <tk~

The values of a , b , t t ,are given for each line segment in
k'9 k+1

Table 3-7. The rate at which wells are constructed is represented by

the b coefficient since it corresponds to:

-Q b, mgd/yr
dt

Since b is new well yield in million gallons per day per year, and

each well yields 0.29 mgd (200 gpm), b/0.29 is the number of wells built

per year (or 106/b is the average number of days between successive

wells being brought on line).

The procedure for calculating the average annual cost of wells,
given the function Q(t) and the capital and 0&M costs for wells, is

described in Appendix C. The average annual cost for the wells required

by each plan is given in Table 3-8. Note that 0&M costs are con-

6 sistently higher than capital costs.

Purchase

Some water must be purchased from the military for each alterna-

tive. In plan type 1, water will be purchased at roughly the same rate

as at present. In plan types 2, 3, and 4, military sources will be
used until a dam or sufficient wells can be constructed to make the

PUAG capable of meeting all of its own needs. In plan type 5, military

sources will be used to supplement the dams.

S The quantity of military water required as a function of time is

.Thowii in Figure 3-18 for plan types I through 4 and Figure 3-19 for plan

type 5. The coefficients of the line segments are shown in Table 3-9.
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Table 3-7

Coefficients for Well Equations

Plan a b t- ttk

1-H1 0 1.07 0 15
12.2 0.23 15 50

1-M 0 0.507 0 15

5.7 0.137 15 50 -

1-L 0 0.13 0 50

2-H 0 1.27 0 15
15.8 0.237 15 50

*2-M 0 0.72 0 15 -

8.5 0.137 15 50

2-L 0 0.373 0 15
3.8 0.0971 15 50

3-H 0 1.06 0 8
8.4 0 8 15
6.8 0.22 15 50

3-M 0 0.475 0 8
3.5 0 8 28 I'

-0.8 0.159 28 50

3-L 0 0.175 0 8
1.5 0 28 50

4-H 0 1.1 0 8
8.8 0 8 27

0 0.217 27 50

4-M 0 0.5715 0 8
4.6 0 8 50
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Table 3-8

Average Annual Cost for New Wells

Amortized Amortized Average 6 _
Construction Cost O&M Cost Annual Cost

Plan (103$/yr) (103$/yr) (103$/yr)

I-H 597 1200 1797
I-M 289 592 881
I-L 96 189 285

2-H 700 1440 2140
2-M 398 800 1198
2-L 212 416 628

3-H 410 893 1302 Ip

3-M 173 330 503
3-L 59 129 188

4-H 390 752 1142
4-M 194 403 597

• U"

4-L - - -

5-H---
5-m---
5-L---

. wo
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Table 3-9

Coefficients f or Purchase Equations, Q =a + bt

V2Plan a b k-i t k

1-H, M, L 3.0 0 0 50

2-H, M, L 3.0 -0.20 0 15

3, 4-H, M, L 3.0 0 0 8
0 0 8 50

5-H 3.0 1.125 0 8
2.2 0.176 8 50

5-m 3.0 0.50 0 8
2.0 0 8 15

-0.2 0.136 15 50

5-L 3.0 0.125 0 8
0 0 8 50

* V
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The average annual cost of water purchases for each alternative

is presented in Table 3-10. They were calculated using the same formu-

las as the average annual cost of well O&M derived in Appendix C.

Table 3-10

Average Annual Cost to Purchase Water

Average - -
Annual Cost

Plan (I03$/yr)

I-H, M, L 1220

2-H, M, L 510

3, 4-H, M, L 823

5-H 2445

5-M 1445

5-L 615

Miscellaneous

Numerous miscellaneous capital improvements were identified in

the Master Plan. Most of these are required regardless of which plan

is selected (e.g., security fencing at storage tanks). The only im-

provements that are significantly affected by the type of plan are the

construction of typhoon-proof well housings (ABM-3) and the purchase of

standby generators (ABM-2). Most of these will probably not be required

in Plans 3, 4, and 5 si'ce the dam source and pumping stations will

have this type of protection and will be able to meet most of the

island's needs during an emergency. .61
Miscellaneous improvements are estimated to cost $1,680,000 (ABM-

3) and $705,000 (ABM-2). For plans 3, 4, and 5, the cost will be about

$200,000; therefore, the additional cost to provide protection and

backup power to wells, instead of a single surface water source, is

$2,185,000. This construction project is to take place in, or about,

1988; therefore, the present worth may be estimated to be $1,752,000

and the average annual cost is $137,000.
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4. Comparison of Alternative Plans

Introduction -

Costs for the individual facilities developed in the previous sec-

tion are combined in this section to determine the total average annual

cost for each alternative. This is followed by a discussion of some

other considerations not accounted for in the cost estimates. Procedures * -

for calculating the foregone cost of conservation are then presented.

Cost Summary

Using descriptions of the facilities, which make up each alterna-

tive as given in Section 1, and cost estimates from Section 3, the aver-

age annual cost of each alternative was determined. This information is

* presented in Table 4-1 for an energy cost of 60/kwhr and a filtration

water treatment plant at the southeastern river dams. Table 4-2 is for

an energy cost of 11.9(,/kwhr while Table 4-3 is for conventional treat- 0 g

ment. Costs are shown as a function of average day water use in the

year 2035 in Figure 4-1. Bar charts are presented in Figures 4-2

through 4-4 for the high, medium, and low use projections, respectively,

* to indicate the relative importance of well, dam, transmission, and

purchase costs.

These figures and tables show that, for all use projections, plan

* -type 2 is the least costly with plan type 1 slightly more expensive.

This indicates that wells are the least costly supplies and that sup-

plementing wells with purchased water is slightly more expensive than

building more wells.

The bar charts indicate that it is the very large first cost of

*the dams that makes plans requiring them relatively unattractive from

an economic viewpoint. The plans using both the Inarajan and Ugum Dams

(i.e. 4 and 5 high) are the most costly.

The wells are very attractive economically because their construc-

tion can be delayed until they are needed and they can be added in small

increments. For example, plan 2-H requires 93 wells to be built. Sup-

pose these wells were all built in 1985 and operated continuously for

50 years. In that case, the amortized capital cost would be
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Table 4-1

Summary of Average Annual Cost (103 $/yr) of Alternatives

Energy = 6¢/kwhr; Direct Filtration

Well Dam Transmission
and and and

Miscellaneous Treatment Pump Purchase Total

1-H 1449 905 1220 3574 * -
1-M 779 672 1220 2671
I-L 346 561 1220 2127

2-H 1695 1226 510 3431
2-M 1012 932 510 2454
2-L 597 - 801 510 1908 g

3-H 658 2193 1262 544 4657
3-M 370 2193 1042 544 4149
3-L 136 2193 938 544 3811

4-H 838 4085 974 544 6441
4-M 434 4085 925 544 5988
4-L - 4085 896 544 5525

5-H - 4085 796 2445 7326
5-M - 2193 469 1445 4107
5-L - 2193 481 615 3289 3

2-61
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Table 4-2

Summary of Average Annual Cost (103$/yr) of Alternatives

Energy 11.9C/kwhr; Direct Filtration -

Well Dam Transmission

and and and

Miscellaneous Treatment Pump Purchase Total

I-H 1934 975 1220 4129 * -.

1-M 1018 737 1220 2975
1-L 422 605 1220 2247

2-H 2277 1402 510 4189
2-M 1335 1035 510 2880
2-L 765 896 510 2171 lop

3-H 1302 2193 1411 544 5450
3-m 508 2193 1199 544 4444

3-L 188 2193 1080 544 4005

4-H 1142 4085 1330 544 7101 "
4-M 597 4085 1212 544 6438

4-L - 4085 1172 544 5801

5-H 4085 1031 2445 7561

5-M 2193 594 1445 4232

5-L 2193 623 615 3431 "

d
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Table 4-3

Summary of Average Annual Cost (103$/yr) of Alternatives

Energy = 11.9¢/kwhr; Conventional Treatment

Well Dam Transmission
and and and

Miscellaneous Treatment Pump Purchase Total

1-H 1934 975 1220 4129 * *
I-M 1018 737 1220 2975
1-L 422 605 1220 2247

2-H 2277 1402 510 4189
*2-M 1335 1035 510 2880

2-L 765 896 510 2171

* 3-H 1302 2350 1411 544 5607
3-M 508 2350 1199 544 4601
3-L 188 2350 1080 544 4162

4-H 1142 4307 1330 544 7323
4-M 597 4307 1212 544 6660
4-L - 4307 1172 544 6023

5-H - 4307 1031 2445 7783
5-M - 2350 594 1445 4389
5-L - 2350 623 615 3588

* 
O
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$1,456,000/yr instead of $700,000/yr and O&M costs would be $2,139,000/

yr instead of $858,000/yr. This means that alternative 2-H would be

comparable in cost to alternative 3-H which uses a dam.

Similarly the dams become more attractive if their construction

is delayed. For example, if the Ugum Dam construction is delayed by

10 years to 2003, the amortized capital cost is reduced by a factor of

two. Of course, there would be a need for additional water in the

intervening years, but, in general, the costs would be reduced by de-

laying dam construction.

Sensitivity to Energy
Cost and Level of Treatment

Table 4-1 and Figures 4-1 through 4-3 are based on energy costs of

6¢/kwhr. The cost to produce energy is actually 11.9¢/kwhr. If this

price is used, the more energy intensive alternatives become less attrac-

tive. The cost of each alternative for an energy cost of l1.9¢/kwhr is

shown in Table 4-2. The ranking of the alternatives does not change

much between alternatives in Tables 4-1 and 4-2 but there is some

relative change. For example, at 6¢/kwhr, alternative 5-M was 67 per-

cent more expensive than 2-M. At 11.9¢/kwhr, it is 47 percent more

expensive.

Another decision which can affect cost is the level of treatment

provided at the dams. The Ugum River Report recommended conventional

treatment (coagulation, flocculation, sedimentation, and filtration). *
The estimates given in Tables 4-1 and 4-2 are based on filtration only.

Table 4-3 shows the costs for the case in which conventional treatment

is used. The relative ranking of the alternatives remains the same,

but the dams on southeastern rivers become slightly less attractive.

Water Quality

Water taken from the southeastern surface sources must be sub-

jected to considerable treatment prior to use while groundwater taken

from the northern lens can be disinfected and used directly (i.e. no

treatment except chlorination). As a result, finished waters from the

two sources may be quite different with respect to quality.

The treated surface water should be of generally superior quality,
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especially with respect to mineral content, hardness, and corrosivity

(the water can be stabilized during the treatment process)- Therefore,

the higher quality surface water will require less additional treatment

prior to special uses applications (e.g. boiler feed water, specialized

cleaning operations, etc.). This will result in cost savings to con-

sumer:v. An additional factor is that customer-owned appliances should

be less subject to water quality related failures if the surface water

is used. -

Prevention of waterLorne disease is always a primary concern in

public water supply. In this regard, dependence on disinfection at

individual well sites is questionable. Clearly, controlled disinfection

at a centralized water treatment plant is more dependable and reliable

than automated disinfection at a host of individual well sites.

The northern lens aquifer underlies a large developed area while

the Ugum and Inarajan Dam drainage areas are relatively undeveloped.

* The aquifer is highly susceptible to contamination from chemical spills

or illegal wastes discharge. Having a diversity of sources would enable

the PUAG to shut down contaminated wells and use surface water if there

* were a problem with well contamination.

12It is difficult to determine from the Master Plan whether water .

from the northern lens aquifer is scale forming or corrosive. A

determination should be made of the stability of the water. If it is

not stable, it will result in a low carrying capacity of water mains.

The stability is easy to control at a single source, but is difficult 6

to control with widely scattered well sources.

From the above discussion, it is clear that water from the south-

eastern dams would be of better quality than from the northern lens

* aquifer. Unfortunately, there is no way to assign a dollar value to

these benefits, except for perhaps the extra cost to treat boiler

feedwater. Nevertheless, improved drinking water quality should be

listed as a benefit of the surface water sources. Providing treatment

* at each individual well comparable to that achieved at surface water-

treatment plants would be extremely expensive since economies of scale

could not be realized at each well.

C ~2-69 3 3
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Well Capacity

Wells in this study were assumed to yield 200 gpm (0.29 mgd).

However, with time, wells tend to lose capacity due to fouling or

clogging of screens. Most of the existing wells on Guam are currently

producing less than 200 gpm (Appendix D of the Master Plan).

Since the average annual cost of wells varies inversely with

yield (Appendix C), costs can be adjusted to account for the lower * -

yield by multiplying the cost in Table 3-8 by the inverse ratio of the

yields. For example, if a yield of 160 gpm was used for alternative

2-M, the cost (in 10 3$) would be

(0875) x 16-=$1,094

In seismically active areas such as Guam, wells occasionally need

to be abandoned because ground motion causes them to become inoperable.

This could become a problem on Guam and might result in substantial

well replacement costs. If an estimate can be made of the rate at

which wells must be replaced, then these costs (if significant) should

be added to the cost of well alternatives.

Aquifer Yield

At present, there remains some question as to (safe) groundwater

yield. The Ugum River Report used 40 mgd as safe yield for publi.Lc

water supply. The Master Plan (pg 8-5) states that usable yield is

likely to be in the range of 30 to 60 mgd.

The answer to the question of safe yield should be provided when

4 the "Northern Guam Lens Study" is published. This study report will

include the results of a major groundwater modeling study.

If the study indicates that a safe yield of 45 mgd (corresponding

* to the high use projection) for public water supply cannot be provided,

4 then some adjustment must be made to the results of this report as

plan 2-H and possibly 1-H may be infeasible. There are several

alternatives.

The first alternative is to reduce water loss. At present,
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unaccounted for water is on the order of 30 percent of production

(approx 5 mgd). This can be cut in half with a thorough water inven-

tory and leak detection survey and control program.

If the shortfall is small, some minor sources, such as Agana

Springs, can be developed to relieve the stress on the aquifer. Small

surface water intakes on the Pago, Talofofo, and Inarajan Rivers may

also be possible. Limited amounts of additional water may also be * -

purchased from the Navy.

If the shortfall is large and conservation by reduction of un-

accounted for water or demand management is not adequate, development

of the southeastern rivers becomes a necessity. In that case, plan 3

is the most attractive alternative from an economic as well as a water

quality standpoint. In such a case, it is economically desirable to

* delay construction of the dam as long as possible.

Energy Cost w
Energy prices of 6 and 11.00/kwhr are used in this report. Un-

like capital costs, which occur near the beginning of the study period,

* energy costs increase throughout the study period as flow increases.

If the unit price of energy increases disproportionately with other

prices (i.e. the opportunity price of energy is greater than 11.9c/

kwhr), then the cost of energy for each of the alternatives should

*increase. In order to calculate the cost of energy correctly, it is

necessary to project the opportunity price of energy throughout the

study period. This, of course, cannot be done with any great confi- -

* dence. The evaluation section of POD projects that the price of fuel

on Guam will increase by a factor of 2.15 in the years from 1982 to

2000. S

Plans relying primarily on wells use considerably more energy

than those without wells. Thus, in the face of rising energy costs,

these plans become less attractive than more capital-intensive projects

41(i.e. dams).

Conservation Foregone Costs

An important measure of the benefits of water conservation is the

foregone water supply cost (i.e. costs not incurred as a direct
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consequence of conservation). These can be further divided into short

run (i.e. existing facilities not used) and long run (i.e. new facili-

ties not built nor operated).

Using 45 mgd as the unrestricted water use in 2035, it is possible - I •0

to use the data from Table 4-1 to determine a foregone cost function

for each type of plan (the method used is described ETL 1110-2-259).

These functions are shown in Figure 4-5. Care must be exercised in

using these functions for plans involving dams (e.g. plan 5) because

the points are connected by a straight line when actually they might
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Figure 4-5. Smoothed Long Run Cost Functions
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be better represented by functions with a break at the flow correspond-

ing to a decision to build or not to build a dam as shown in Figure 4-6.

This would require making cost estimates for a given use rate with and S

without the dam.

The short run foregone cost shows up primarily in savings in
pumping energy at the wells or a reduction in water purchased. If

measures affecting short run cost affect purchased water, the short run

savings can be given as

LEGEND 16
A L TERNA TI VE 5

DAM 1- - - - (UGUM)
DAM 2 (INARAJAN)

5
I 3 U U
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Figure 4-6. Actual Long Run Cost Functions
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* I
(AQ)($1120/mg) t

where
Q = water use reduction, mgd

t = number of days water use is reduced, days

In the case of well water, the cost is

(23,000) (0.8) t = 174 (AQ)t
(0.29) (365)

based on $23,000/yr O&M for each well

0.29 mgd yield per well

0.8 fraction of well O&M for energy

2 -7
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5. Summary

In Part II of this report, the facilities required for the five

types of plans presented in Part I were identified. Preliminary designs

for many of the facilities were available in the Master Plan and Ugum

River Report. For those treatment and transmissions facilities not

included in those documents, planning level designs were prepared and

presented in this report.

Staging of construction was determined for each type of plan under

three water use projections. Cost estimates, including both capital and

O&M costs, were prepared for each major facility. The average annual U

cost of each alternative was then calculated.

In general, plans involving primarily development of groundwater

proved to be more economical than those involving development of large

dams, provided adequate groundwater is available.

-U U
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Appendix A:

Proposed Capital Improvements Groupea into

5-Yr Construction Periods*

CONSTRUCTION PERIOD 1980 TO 1985

Supply Improvements (1980-85)

Service Estimated

Area Project Description/Location Number 1980 Cost

A AW-1 Construct first phase of well program 11 $2,200,000
along Routes 1, 3, and 9 and Y-Sengsong
Road.

B BW-1 Construct wells within the area enclosed 13 2,600,000
by Routes 4, 8, and 10. • _"

TOTAL SUPPLY IMPROVEMENTS $4,800,000

Storage Improvements (1980-85)

Service Estimated
Area Project Location Capacity 1980 Cost

A AR-I Site of the present Barrigada Reservoir. 3.0 $ 610,000

AR-2 Site of the present Dededo Ground Reser- 2.0 505,000 ..

voir. •

AR-3 Site of the present Dededo Ground Reser- 2.0 505,000
voir.

B BR-3 Site of the present Mangilao Reservoir. 2.0 505,000

BR-6 Site of the present Agana Heights Reservoir. 2.0 505,000 0

D DR-I West of Yona. 2.0 505,000

TOTAL STORAGE IMPRODVEENTS $3,135,000

• -S

• Barrett, Harris, and Associates (1979).

A-1

-
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Transmission Main Improvements (1980-85)

Service Length Estimated I S
Area Project Location Size (ft) 1980 Cost

A A-7 From the "normally closed" valve be- 12" 4000 $ 200,000
tween Wells D-11 and D-6 south to the
Dededo Ground Reservoir.

A-8 From the end of A-4, west along Route 16" 7500 465,000 I -.
1 to Dededo where connection is made
to the existing 14" main.

A-9 From Dededo, south to Latte Heights 12" 7000 350,000

Subdivision

A-10 From the Dededo Jr. High School, east 16" 6000 372,000 9 g
along West Santa Monica to the end
of A-6, then south along Y-Sengsong
Rd. to Route 1.

B 3-15 From Bien Venida, northwest along 8" 3500 133,000
Gibson Rd. to the Agana Heights
Reservoir.

B-16 South, from Bien Venida, along Gibson 14" 2500 125,000
Rd. to Route 4, just north of Afami
Rd.

B-23 From the junction of the 8" line with 16" 9000 558,000
the 12" line along Route 15 (near
Mangilao) south past the Mangilao 0
Reservoir and Washington High School,

then west to Route 10.

D D-18 From the new ¥ona Reservoir to Yona. 18" 10,000 700,000

TOTAL TRANSMISSION MAIN IMPROVEMENTS $2,903,000

Pressure Reulating Station Improvements (1980-85)
Service Estimated

Area Project 1980 Cost

B BPR-1 $ 15,000 S 0

BPR-2 7,000

BPR-4 1,000

TOTAL PRESSURE REGULATING STATION IMPROVEMENTS $ 23,000

A-2 * •
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Miscellaneous System Improvements (1980-85)

Service Estimated 7 1
Area Project Description/Location 1980 Cost

A AM-3 Rehabilitate or dismantle and remove Dededo $ 60,000 S 0
Elevated Reservoir.

AIM-1 Repair inoperable pump control valves at PUAG's 255,000
existing 62. wells, including the replacement of
parts as necessary.

ABM-2 Construction of emergency standby generator hookups 705,000 v *

at 36 existing wells and the purchase of eighteen
(18) portable standby generators.

ABM-3 Construction of 15 of the proposed 25 emergency 1,575,000
standby generators with typhoon proof buildings to
serve a portion of the existing PUAG well supply.

• S
ABM-4 Construction of chlorination buildings to house 185,000

chlorination equipment at thirty well stations.

ABM-5 Sandblast and paint three 0.5 mg steel reservoirs
and seven 1.0 g steel reservoirs 575,000

A1M-6 Preparation of a report to study the condition 25,000
and usability of existing water storage reservoir
level monitoring equipment and to indicate addi-
tional level monitoring equipment requirements.

A11-7 Install level monitoring and telemetry equipment 510,000
at major water storage reservoirs.

AIM-8 Provide security fencing at major water storage p
reservoirs. 125,000

B 3M-1 Miscellaneous site improvements at the Tumon Loop 204,000
Reservoir.

BM-2 Construct pressure sensing pump controls at Asan
Spring and water level controls at Piti Reservoir. 20,000 I '

D DM- Construction of a new La Sa Fua raw water intake 518,000
and construction of new Umatac Water Treatment
Plant with a capacity of approximately 150 to 200 gpm.

A-3
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Miscellaneous System Improvements (1980-85) (continued)

Service Estimated 0
Area Project Description/Location 1980 Cost

D DM-3 Construction of the Ylig Water Treatment Plant $ 1,495,000
and raw water intake facilities of approxi-
mately 350 50 gpm.

TOTAL MISCELLANEOUS SYSTEM IMPROVEMENTS $ 6,252,000 -"

TOTAL WATER FACILITIES IMPROVEMENTS (1980-85) $17,113,000

= S"

L

A-4
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CONSTRUCTION PERIOD 1986-1990

Supply Improvements (1986-90

Service Estimated
Area Project Location Number 1980 Cost

A AW-I Construct second phase of well program along 20 $ 4,000,000 * "•
Routes 1, 3, and 9 and Y-Sengsong Road

TOTAL SUPPLY IMPROVEMENTS $ 4,000,000

Storage Improvements (1986-90)

Service Capacity Estimated

Area Project Location (mg) 1980 Cost

A AR-5 Site of the present Yigo Reservoir 2.0 $ 505,000

B BR-I Site of the present Tumon Loop Reservoir 2.0 505,000

BR-2 Site of the present Tumon Reservoir 2.0 505,000 U V

TOTAL STORAGE IMPROVEMENTS $1,515, 000

Transmission Main Improvements (1986-90)

Service Length Estimated V
Area Prjc Location Size (ft) 1980 Cost

A A-4 From Yigo Reservoir south along Route 12" 22750 $1,138,000
1 to the oand of the existing 12" line

~at the Ypapao Subdivision entrance.

A-5 From the existing Y-Sengsong BPS north 16" 36000 2,232,000 S S
to the intersection of Route 3, then
north along Route 3 and Route 9 to
Route I at the Yigo Reservoir

AB-2 Frrm the intersection of A-5 with 24" 36750 3,602,000
Route 3, south along Route 3, through
the Liguan Terrace Subdivision area, 5 5
west to Route 1, south past the Tumon
Loop Reservoir to the intersection
with the existing 14" water main.

* A-5 S U
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Transmission Main Improvements (1986-90) (continued)

Service Length Estimated 0
Area Project Location Size (ft) 1980 Cost -

A AB-3 From the Dededo Ground Reservoir 8" 15500 $ 589,000
south to Route 1 then west and south
along Route 1, parallel to the ex-
isting 14" line to the intersection
with Route 1. * -.

B B-i From the Guam Reef Hotel, south- 16" 4000 248,000
east along San Vitores Rd. to the
Tumon Loop Reservoir

B-2 From the junction of AB-2 and AB-3, 20" 10500 861,000
southwesterly along Route 1 to the
normally closed valve in the ex-
isting 14" line along Route 1.

B-4 From Route 1 along Airport Road to 12" 2750 138,000
Tumon Reservoir.

B-13 From Piti, southwest along Route 1 20" 2500 205,000to Route 6. •

B-18 From Coreana Rd. junction with 16" 2500 155,000
Route 8 east along Route 8 to
Canada Toto Road.

D D-1 From Sanchez School, north along 6" 10800 346,000
Route 2 to the Water Treatment Plant
near the La Sa Fua River

D-14 From Brigate Booster Pump Station No. 12" 3200 240,000
1 and No. 2 to the existing 6" line
from the Ylig Water Treatment Plant.

D-15 From Ylig Water Treatment Plant to 12" 3200 160,000 g
Project D-14.

D-16 From the junction of existing 12" 12" 3200 160,000
and 6" lines near Ylig Bay to
junction with Project D-18 and D-19.

TOTAL TRANSMISSION MAIN IMPROVEMENTS $10,074,000

A-6



Pressure Regulating Station Improvements (1986-90)

Service Estimated -. -
Area Project 1980 Cost

A APR- $ 16,000

APR-2 10,000

APR-3 8,000 * -

a BPR-3 27,000

D DPR-1 5,000

TOTAL PRESSURE REGULATING STATION IMPROVEMENTS $ 66,000

Miscellaneous System improvements (1986-90)

Service Estimated
Area Project Description/Location 1980 Cost

A ABM-3 Construction of the remaining 10 emergency standby $ 1,040 ,000
generators with typhoon-proof buildings to serve
& total of 35 existing PUAG wells.

D DM-4 Construction of Geus River Water Treatment Plant 400,000
improvements with a capacity of 75 to 150 gpm.

TOTAL MISCELLANEOUS SYSTEM IMPROVEMENTS $ 1,440,000

TOTAL WATER FACILITIES IMPROVEMENTS (1986-90) $17,095,000

A-7
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CONSTRUCTION PERIOD 1991 TO 1995

Supply Improvements (1991-95)

Service Estimated
Area Project Description/Location Number 1980 Cost

A A-I Construct third phase of well program along 20 $4,000,000
Routes 1, 3, and 9 and Y-Sengsong Road. 0 -.

TOTAL SUPPLY IMPROVEMENTS $4,000,000

Storage Imorovements (1991-95)

Service Estimated S S
Area Project Location Capacity 1980 Cost

B BR-4 Site of the present Chaot Reservoir. 1.0 $ 400,000

BR-5 Near the junction of Toto Road and Route 8. 2.0 505,000

C CR-1 Pagachao Subdivision. 1.0 400,000

TOTAL STORAGE IMPROVEMENTS $1,305,000

Transmission Main Improvements (1991-95)

Service Length Estimated
Area Project Location Size (ft) 1980 Cost

A A-3 East along Gayierno Rd. fron Marine 12" 7750 $ 388,000
Dr., then south through Takano Sub-
division to the Junction of AB-1 and
A-I.

AB-1 From a point on Route 15, approxi- 16" 48500 3,007,000 •
mately 1 mile south of Gayierno Rd.,
south along Route 15 to Route 10
near the Mangilao Reservoir.

B B-10 From the "normally closed" valve on 18" 14500 1,015,000
Route 1, near Ypao Rd. southwest
along Route 1 to Route 4.

B-Il West along Route I from Route 4 to 20" 14500 1,189,000
Asan.

B-12 From Asan west along Route 1 to Piti. 16" 9500 589,000

A -
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Transmssion Main Improvements (1991-95) (continued)

Service Length Estimated - 0 0
Area Project Location Size (ft) 1980 Cost ---.

3 3-17 From the junction of Routes 1 and 8, 12" 8000 $ 400,000
east along Route 8 to Careana Road.

3-22 From the junction of the existing 12" 16" 8000 496,000
and 8" lines, approximately 2500 feet 6 - ]
east of the Barrigada Reservoir south
through Latte Heights to the Well M-2
area, then east past Well M-3, M-4,
and 1-8 to Route 15.

BD-I South along Route 4 from the junction 16" 8500 527,000
of Routes 10 and 4, to the Pago
Booster Pump Station.

C C-i From Route 2 at the P agachao Sub- 12" 3750 188,000
division entrance to the proposed
reservoir in Pagachao Subdivision.

D D-12 From the junction of Routes 4A and 18" 1000 700,000
17 northwesterly along Route 17 to
the Cross Island Booster Pump Station.

D-17 From the junction of the existing 16" 5250 326,000
12" and 6" lines near Ylig Bay north
along Route 4 to Yona.

D-19 From Yona to the Pago Booster Pump. 16" 5000 310,000 S

TOTAL TRANSMISSION MAIN IMPRVEMENTS $9,135,000

Booster Pump Station Improvements (1991-95)

Service Capacity Estimated 0 S
Area Project Location (gpm) 1980 Cost .

B BPS-i At the boundary between water Service Areas 2000 $ 200,000
"A" and "B" near Latte Heights. Pumps
water from the lower Dededo pressure zone
to the higher Yigo pressure zone in Line
B-22. 0 "

BPS-2 Along Route 1 at west edge of Agana. 3350 265,000
Boosts pressure to allow flow into Piti
Reservoir.

TOTAL BOOSTER POMP STATION IMPROVEMENTS $ 465,000

A-9
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Pressure Regulating Station Improvements (1991-95)
Service 

Estimated 4 S
Area Project 1980 cost

B BPR-6 $ 13,000

TOTAL PRESSURE REGULATING STATION IMPROVEMENTS $ 13,000 ]
Miscellaneous System Improvements (1991-95)

Service 
Estimated

Area ProJect Description/Location 1980 Cost

A AM-i Construction of 8500 feet of 6" water main, 4500 $ 710,000
feet of 8" water main, and a hydiopneumatic
booster pump station with fire pump in the Route
15-Mount Santa Rosa area.

AM-2 Abandon existing 4" water main along Gayierno 88,000
Rd. and Route 1 in Yigo and construct water service

* reconnections as required.

AM-4 Construct 4500 feet of 6" water main, 3500 feet of 615,000
12" water main, and two pressure regulating stations
in the Harmon Village Area. Dismantle and remove
existing steel reservoir.

c CM-I Replace water service laterals in Santa Rosa (Hyundai 450,000
L,-;vision witn non-corrosive water service laterals.

D Dm-2 Construction of Laelae (Piga) Springs improvements 523,000
and water treatment plant with capacity of approxi-
mately 75 to 150 glm.

TOTAL MISCELLANEOUS SYSTEM IMPROVEMENTS $ 2,386,000 0 "

TOTAL WATER FACILITIES IMPROVEMENTS (1991-95) $17,304,000

S W
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CONSTRUCTION PERIOD 1996 TO 2000

Supply Improvements (1996-2000) *
Service Estimated
Area Project Description/Location Number 1980 Cost

A AW-i Construct fourth phase of well program 20 $4,000,000
along Routes 1, 3, and 9 and Y-Sengsong * .*
Rtoad._ _ _

TOTAL SUPPLY IMPROVNT $4,000,000

Storage Reservoir Improvements (1996-2000)

rvice Capacity Estimated
Area Project Location (mg) 1980 Cost

A AR-4 Mt. Santa Rosa. 1.0 $ 400,000

8 BR-7 At the site of the present Piti Reservoir. 2.0 505,000

BR-8 Near the existing 6" connection to the 0.2 308,000
14" Navy line east of Nimitz Hill.

0 DR-2 Route 17 west of Windward Hills. 0.2 308,000

TOTAL STORAGE IMPROVemENTS $1,521,000

Transmission Main Improvements (1996-2000)

Service Length Estimated
Area Project Location Size (ft) 1980 Cost

A A-I From the intersection of Gayierno 6" 7250 $ 276,000
Road and Takano Subdivision entrance g
east along Route 15 approximately -7
two miles to the point of connection
with Project AB-i.

A A-2 From the site of the proposed re- 12" 4500 225,000
servoir at Mt. Santa Rosa south along
Route 15 to Gayierno Rd. to the point *
of connection with A-i.

A-6 From the existing Y-Sengsong BPS 12" 14000 700,000
south along Y-Sengsong Rd. to Dededo
(Kaiser Housing).

A-lI w

•S S S *• 0" S S • • S S S S S



Transmission Main Improvements (1996-2000) (continued)

Service Length Estimated
Area Project Location Size (ft) 1980 Cost

A-11 From the Dededo Jr. High School, west 12" 3250 $ 163,000
along West Santa onica to the con-,
nection with AS-2.

A-12 From the Hanson Village system, south 8" 2500 95,000 * -*
to the intersection of AB-2.

B-3 From the Guam Reef Hotel, south- 16" 7500 465,000
westerly along San Vitores Ad. to the
junction with the road traversing
northwest from JFK High School.

B-5 From the Seventh Day Adventist Clinic, 12" 5250 263,000 0 0
south along Ypao Rd. to mamis Street,
then west along Mamis and Espirito
Streets to Hospital Rd.

B-6 From the termination of B-3, west a- 12" 6000 300,000
long San Vitores Road to Hospital Road.

B-7 From San Vitores Road, south along 16" 2500 155,000
Hospital Rd. to the intersection with
Farenholt Avenue.

B-8 From Hospital Rd., west along Faren- 12" 4000 200,000
holt Avenue to the junction with
Camp Watkins Road, then south to the
intersection of Route 1.

B-9 South along Hospital Rd. from Faren- 8" 4000 152,000
holt Avenue to Route 1.

B-14 From the junction of Routes I and 6, 8" 6000 228,000
southeast along Route 6 to Nisitz Drive. •

B-19 From the junction of Route 8 and 12" 16000 800,000
Canada Toto Rd. east along Route 8
to the intersection with Route 10P
then south along Route 10 to the inter-
intersection with Route 15.

B-20 From the junction of Dairy Rd. and 12" 15000 750,000
Route 10 west along Dairy Road
to the junction with RoutA 4.

B-21 From the junction of the existing 10" 12" 6500 325,000
and 12" lines near the Barrigada
Heights Reservoir, west to Route 16,
then north on Route 16 for approxi- 

6

_natelv 3500 fe-t.
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Transmission Main Improvements (1996-2000) (continued)

Service Length Estimated S
Area Project Location Size (ft) 1980 Cost

B B-24 From the junction of University 12" 7500 $ 375,000
Avenue and Route 10, southwest
along Route 10 to the junction with
Route 4.

C C-2 From Kinsella Avenue to Juan Guerrero 8" 2000 76,000
Street.

C-3 From the junction of the 12" line 12" 2750 138,000
(from Santa Rita) along Juan Guerrero
Street, Herrara Street, and Carbuil-
lido Street to the existing 12" line.

C-4 From Santa Rosa Subdivision (Hyundai) 8" 5500 209,000
east to the junction with Route 5.

C-5 From the junction of the existing 10" 12" 12250 613,000
and 12" lines near the Fena Water
Treatment Plant, north along Route 5, 5 -
through Talisay, to Route 17, then
east to the Sinifa Reservoir access
Road.

O-i From the Cross Island Booster Pump 16" 10000 620,000
Station to the Sinifa Reservoir
access road.

D D-2 From the Water Treatment Plant near 6" 6000 192,000
Laelae Spring to Route 4.

D-3 From Sanchez School to the Umatac 12" 2000 100,000
Subdivision Reservoir.

D-4 From the Umatac Subdivision Reser- 6" 6250 200,000 _
voLr, south along Route 2 to approxi-
mately the Bile River.

D-5 rom the Bile River, south along 8" 1000 38,000
Route 2 to the Pigua River.

D-6 From Martyrs Memorial School to the 12" 1000 50,000
Merizo Reservoir.

D-7 From the junction of the existing 12" 25750 1,288,000
6" and 12" lines, south of Agfayan
Say, north along Route 2 to the
Nalojloj Booster Pump Station.

A-13
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Transmission Main Improvements (1996-2000) (continued)

Service Length Estimated "Area Project Location Size (ft) 1980 Cost

D D-8 From the Inarajan Reservoir to 6" 1000 $ 62,000
Asagas.

D-9 From the junction of Routes 4A 6" 5500 176,000
and 4, northwest along Route 4A • -.
to the existing 6" main at Talofofo.

D-10 Along Route 4A from Talofofo to the 16" 8500 527,000
Windward Hills Reservoir No. 2.

D-11 Along Route 4A from the junction of 12" 3400 170,000
Routes 4A and 17 to Project D-10.

0-13 Along Route 17 from the junction of 16" 13000 806,000
Routes 4A and 17 to the junction of
Routes 17 and 4.

TOTAL TRANSMISSION MAIN IMPROVEMENTS $10,737,000

Booster Pump Station Improvements (1996-2000)

Service Capacity Estimated
Area Project Location (qpm) 1980 Cost

A APS-l On Gayierno Road near Marianas Terrace Sub- 350 $ 83,000
division. Pumps water to the Mt. Santa
Rosa area.

a BPS-3 Along Route 6, between Piti School and 175 75,000
Nimitz Hill. Provides the pressure needed
to serve Nimitz Hill and Nimitz Hill Estates.

BPS-4 Along Route 6 east of Nimitz Hill Estates 25 25,000
provides the pressure needed to serve
Nimitz Hill and Nimitz Hill Estates.

D DPS-l At present site of Brigade Booster Pump 3000 250,000 .
Stations 1 and 2, along Route 17, west
of Windward Hills. Pumps water to Wind-
ward Hills.S

DPS-2 Along Route 17 west of Windward Hills. 1750 190,000

Pumps water to Sinifa Reservoir.

VPS-3 Along Route 4 in the vicinity of Toguan 100 55,000
Bay. Pumps water from Merizo to Umatac.

TOTAL BOOSTER PUMP STATION IMPROVEMTS $ 678,000

A-14
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Pressure Regulating Station Improvements (1996-2000)

Service Estimated
Area Project 1980 Cost

& APR-4 $ 3,000

B BPR-5 2,000

C CPR-1 9,000

CPR-2 4,000

CPR-3 7,000

CPR-4 4,000

CPR-5 7,000

D DPR-2 1,000

DPR-3 4,000

DPR-4 2,000

DPR-5 2,000

TOTAL PRESSURE REGULATING STATION IMPROVEMENTS $ 45,000

TOTAL WATER FACILITIES IMPRVDENTS (1996-2000) $16,981,000

" U
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APPENDIX B: TYPICAL OUTPUT FROM

MAPS PIPELINE ROUTINE

This appendix contains printouts from the MAPS pipeline module

for two pipelines: (1) Ugum Dam to Malojloj and (2) Inarajan Dam to

Malojloj. For each pipe, nine different pipe diameters which would

result in reasonable velocities are investigated. For each pipe size,

the head losses and requirements are determined and the cost is cal-

culated. The head requirements are then used to size pumping equipment

and to determine its capital and O&M cost. Finally, a table giving the

average annual cost for each size is printed. From the final printout,

the optimal pipe size is selected based on life-cycle costs. 5

For the Ugum pipeline, the 24-in. pipe is clearly the best. For

the Inarajan pipeline, either a 20- or 24-in. pipe would cost about the

same. A 24-in. pipe is selected because it requires the least pumping

energy, and energy costs are more likely to increase more than other

costs over the life of the project.

Note that the velocity at optimal pipe size is 4.4 ft/sec for the

Ugum pipe and 3.4 ft/sec for the Inarajan pipe. In the Master Plan,

6 ft/sec is used as a rule-of-thumb for pipe sizing. As is shown in

this appendix, the energy costs, in lines that are generally flowing

at capacity, would be too great using that rule.

S B-I U B
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UGUM FOR 9.0 &6.9

PIPE LINE WITH FORCE MOD 20
AND PIPE MOD 20
DETAILED OUTPUT, SUMVARY OR ENr?
1 OUTPUT FCR FGRCE MAIN NO 20 S

UGUM-MALOJLOJ (S-3)
MAXIMUM FLOW- STAGE 1 .EeOE-01 MGL
AVERAGE FLOW- STAGE 1 .9£eZ+el MOD
LENGTH .120F+e5 FT
LENGTH .227E+01 MI
INITIAL ELEVATION .270E-03 FT * -.
INITIAL PRESSURE HEAD 0. FT
FINAL ELEVATION .340E+03 FT
FINAL PRESSURE HEAD 0. FT
ROUGHNESS HEIGHT .400E-03 FT
ALLOWABLE PRESSURE IN PIPE .200E+03 FT
RECTANGULAR TRENCH
DEPTH OF CCVER .30E0F91 FT 5 •
DRY SOIL CONDITIONS
TYPE OF PIPE
DUCTILE IRON PIPF IS USED FCR ALL DIPAtETERS

HYDRAULIC ANALYSIS AT PEAK FLOW FIRST STAGE, a
13.923 CFS 9.e00 MGD

DIAM VELOCITY VELOCITY MINOR FRICTION HEAD
(IN) (FPS) HEAD LOSSES ICSSES REQUIRED

(FT) (FT) (FT) (FT
14.0 .130E+02 .264E+01 0. A 67E+03 E 37F*03
16.0 .997E 01 .1E5+01 0. .2361+03 .3e6i+03
18.0 .788E+01 .96EI+00 0. .129E+03 .199E+03
20.0 .638E+01 .633E+00 0. .757E+02 .146kt03
24.0 .443E+01 .305E+00 0. .3LfIE+02 •100k.03
30.0 .284E+01 .125E+00 0. S79E+01 .798k-:02
36.0 .19?E+01 .603E-01 0. .394E+01 .739E+02
42.0 .145E+01 .32tF-01 0. . 183E+01 .71el+02
48.0 .111E+01 .1OlF-01 0. .44E00 .709E+02 •

NO SECCND STAGF

• •-
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CONSTRUCTION YEAR-STAG: 1 i9ee
INTEREST RATE 7.625
DESIGN LIFE Ee YEARS
ENR CONSTRUCTION INDIX 32ee.O
LAND COST 0.
CITY MULTIPLIER 1.500
TERRAIN TYPE--

LIAM PIPE COSTS CTHWR CONSTRUCTION OVERHEAD OPERATION
COSTS COSTS COSTS & MAINT.

(IN) M ($) ($) ($/YR)
14.0 .38e6E+06 .9E121+05 .4767E+06 .11921+06 .1474E+04
16.0 .4598E+06 .1142E+06 .5739E+e6 .1435E+06 .1689E+e4
18.0 .5432E+06 .13321+06 .6764E+06 .16911+06 .1911E+e4
20.0 .6305E+06 .1531E+06 .7837E+e6 .1959E+06 .214eE+e4
24.0 .8162E+06 .2e341+e6 .1020E+07 .254C1+06 .2642i-04
30.0 .1119L+07 .27691+06 .1396E+07 .3491E+06 .3421E+04
36.0 .1449E+07 .3570E+06 .180611+07 .4515E+06 .4255E+e4 S •
42.0 .1802E+07 .44301+06 .2245F+07 .5E613E+06 .5140E:04
48.0 .2177E+07 .53461+06 .2712E+V7 .6780E-06 .60721-04

FORCE MAIN CCST SUMMARY
MOD NO. 20

DIAM CAPITAL O&M AVERAGE
COST COST ANNUAL COST

(IN) ($) ($/YR) ($/YR)

14.0 -.596F+06 .1471+04 .481E+05
16.0 .7171+06 .169E+04 .78E+05
18.0 .845E+06 .191E+04 .6elE+05
20.0 .980E+06 .2141+04 .7PPE+05
24.0 .127E+07 .264E+04 .102E+06
30.0 .17tE+07 .3421+04 .140E+06
36.0 .226E+07 .426E+04 .181F+e6
42.0 .281E+07 .5141+04 .225E+06

* 48.0 .339E+07 .6071+04 .271E+06

B-3
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1 OUTPUT FOR PUMP STATION NO. 20

UGUM RW PUMP (S-3)
MAXIMUM FLOW(STAGE 1) .900E+01 MGD
AVERAGE FLOW(STAGE 1) .900E+01 MGI,
REQUIRED HEAD BASED ON FORCE MAIN MCD 20 0 0
RAW OR TREATED WATER PUMPING
YEAR BUILT 1980
DESIGN LIFE 5e YEARS
EFFICIENCY OF PUMP AND MOTOR .6 0E-02 PERCENT
MAXIMUM HEAD PER STATION .100F+04 FT
NC. OF STATIONS DETERMINED BY PROGRAM
NO. PUMPS PER STATION-STAGI 1 2
NO WET WELL
IMPROVED STRUCTURE
DOWNTIME 0.0 PERCENT

ECONOMIC CUTPUT
INTEREST RATE .?f3E-01 PERCENT
EN INDEX .320E+04
CITY MULTIPLIER .150E+01
O&M WAGE .100F+02 $/HR
COST CF ELECTRICITY .604F-01 $/KWHR
COST OF LAND SITE IMPROVEMENT 0. $

COST OF STRUCTURE AND SWITCEYARD FCR SINGLE STATION
COST BASED ON 9.00 MGD, BUILT IN 1980
DIAM NO. OF PO' STRUCTURE SWITCHYARD

STATIONS CAPACITY COSTS CCSTS
(KVA) ( )

14.0 1 .134E+04 .213F-1-06 0.
16.0 1 .771E -03 .140E+e6 0. 0 5
16.0 1 .511E+03 .103E+C6 e.
20.0 1 .380E403 .ElPE+05 0.
24.0 1 .269E+03 fE2CE+05 0.
3.0 1 .219E+03 .539E+05 0.
36.0 1 .205E+03 .512E+05 0.
42.0 1 .20eE+03 .502E+0f 0.
48.0 1 .198E+03 .498E+05 0.

COSTS FOR MECHANICAL AND FLECTRICAL EQUIPMENT FOR SINGLE STATIONCOSTS FOR STAGE 1 BASED ON .900F+01 MGD, BUILT IN 19e

DIAM HEAr PER MECHANIC ILECTRIC M!SC CONSTRUCT OVERHEAD -

STATION COST CCST COST CCST COSi

(IN) (FT) (M) ($) (M ($) (M
14. .547E+03 .140F+0E .11PE+e6 .139E+06 .793E+e6 .198E+06
16. .316E+03 .112E+@e .910E+05 .139E+e6 .628E+06 .157E+96
18. .209E+03 .953E+05 .749E+e5 .139F+06 tL36E+oC .134E+06
20. .156E+03 .847E+05 .652E+05 .139E+06 .482E+06 .121E+06
24. •11el+03 .737E+05 E553E+05 .139E+06 .431E+k6 .108E+06 •
30. .898E+02 .679E+95 .503E+05 .139v+e6 .405E+06 .101E+06
36. .839E+02 .661E*05 .4eE+05 .139E+06 .397E+06 .992E+05
42. .818E+02 .655E-05 .481F+05 .139!+06 .394E+06 .985E+O5
4e. .809E+e2 .652E+05 .479E+e5 .139F+06 .393E+06 .9821,05
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OPERATICN AND MAINTENANCE CCSTS FOR SINGL PUMP STATICX
CCSTS FOR STAGE I BASED ON .900Fo01 MGD FROM 19Pe TC 2030
SUPPLY COST .521E+04 $/YR
LABOR COST .136e+eE $/Yp

" DIAM HEAD PCWER POWFR TCTAL
REQUIRED REQUIRED COST OEM

(IN) (FT) (KWHR/YR; ($,YR) ( /Yp
14.0 .537E+03 .937F+07 .5621 06 .581 +06
16.0 .306x+03 .541E+07 .32tE+06 .343E-06
18.0 .199E+03 .35SF+07 .215E+06 .2341+06
20.0 .146E+03 .267?407 .1601-06 .1797+06
24.0 .100E+03 .1&pE+e7 .113E4-06 .1327+e6
30.0 .796E+02 .154E+07 .923E+05 .111F+06
36.0 .739E+02 .144E+07 .863E+05 .le5F+06
42.0 .718E+02 .140E+07 .P41E+05 .1031+06
48.0 .709E+02 .139E+07 .832E+05 .102E+06

1 PUMP STATION COST SUMMARY
MOD NO. 2e
DIAM NO. OF STAGE 1 STAGE 2 AVERAGE

STATIONS CAPITAL O&M CAPITAL O&M ANNUAL
COST COST CCST COST COST

G (IN) ($) ($!YR) R) Y/Yi U /
14.0 1 .991F+e6 .581F+06 0. 0. .658E e6
16.0 1 .7P4E+06 .3431+06 0. 0. .405i+e6
18.0 1 .670E+06 .2341+06 0. 0. .266R+06
20.0 1 .603E+06 .1791+06 0. 0. .226i-06
24.0 1 .538E+e6 .1321+06 0. 0. .174E+06
30.0 1 .5061+06 .1111+e6 0. 0. .151E+06
36.0 1 .496E+06 .105F+06 0. 0. .144E+0,6
42.0 1 .492E+06 .103F+06 0. 0. .141E+06
48.0 1 .491E+06 .1021+06 0. 0. .140E+06

PIPELINE COST SUMMARY
FORCE MAIN MOD 20
PUMP STATICN MOD 20 6

DIAM AMORTIZED O&M AMCRTIZED W&, AVERAGE
CONSTRUCTION COST CONSTRUCTION CCST ANNUAL
COST(PIPE) (PIPE) COSTP(PUMP) (PUMP; COST

(IN) ($1YR) ($/YR) ($/YR) '$/YR) ($1YR) *

14.0 .466E+05 .147E+04 .775E+05 .E81E+e6 .7063+06
16.0 .561E+05 .1691 04 .6141+05 .343E+06 .463E+06
18.0 .661E+05 .191F+04 .524E+05 .234E+06 .354F+06
20.0 .766E+05 .214F+04 .4721+e5 .179F+06 .305F+06
24.0 .997E+05 .264F+04 .421E+05 .132F+06 .2761+06-

* 30.0 .137E+06 .342F 04 .3S61+05 .111E*06 .21i1+6
36.0 .177E+06 .426F+04 .388E+05 .10E+06 .3251-06
42.0 .220E+06 .5141+04 .3b5E405 .l03E+eb .366F406
46.0 .26ZI+06 .6k7l+04 .3641+05 .l2E+eb .41214e6
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PIPE LINE WITH FORCE MCD 21
AND PIPE MOD 21
DETAILED OUTPUT, SUMMARY CR ENlD7
1 CUTPUT FOR FORCE MAIN NO 21

INARAJAN-MALOJLCJ (T-9'0
MAXIMUM FLOW- STAGE 1 .6S0F+e1i MGr
AVERAGE FLCW- STAGE 1 .6S.0E+01 'GE
LENGTH .670E-04 FT
LENGTH .12?E-01 MI
IhITIAL ELEVATION .9e+e2 FT
INITIAL PRESSURE HEAD 0. FT - -
FINAL ELEVATION .340E+03 FT
FINAL PRESSURE HEAD 0. FT
ROUGHNESS EEIGHT .4e0E-03 FT
ALLOWABLE PRESSURE IN PIPE .2eeE+03 IT
RECTANGULAR TRENCH
DEPTH OF COVER .3eei+el FT
DRY SOIL CONDITIONS a'
TYPE OF PIPE
DUCTILE IRON PIPE IS USED FOR ALL DIAMETERS

HYrRAULIC ANALYSIS AT PEhA FLC V !FIRST STPGE,
10.674 CFS 6.900 MGD

S S
DIAM VELOCITY VELOCITY MINOR FRICTION HEAL
(IN) (FPS) EEA LCSSES IOSSES REQUIREE

IF ) IFT) (FT) iFT)
12.0 .136E+02 .287i+01 0. .341E+03 .585F+P3
14.0 .999E+01 .1551+01 0. .155E-03 .3991'0'
16.0 .764E+01 .908E+00 0. .785E+02 .3231+03
18.0 .6041+01 .567E+00 0. .432?+02 .2871-C3 S
20.0 .489E+01 .3721+00 0. .253E-,02 .26P1+03
24.0 .340E 01 .1791+Oe 0. .101E+02 .254.E-03
30.0 .2171+01 .7351-e1 0. .330E-Ol .247E,03
36.0 .151E+01 .3541-01 0. .133E+ 1 .245i,03
42.0 .1111+01 .1911-01 0. .E21E+00 .245EI03

NO SECOND STAGE

1

S S
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CONSTRUCTION TEAP-STAGC 1 1980
INTEREST RATE 7.625
DESIGN LIFE 50 YEARS
ENR CONSTRUCTION INDEX 3200.0
LAND COST e.
CITY MULTIPLIER 1.500 ___

TERRAIN TYPE--

DIAM PIPI CCSTS OTEIR CONSTRUCTION OVERHAr CP RATION
COSTS COSTS COSTS & MAINT.

(IN) M$) ($) ($) ($) ($/VR. * " s
12.0 .2012E+06 .50221+05 .25141+e6 .6285E-05 .8281i-i.3
14.0 .2125E+06 .5-661+e5 .2662 -06 .66E4-05 .82327-03
16.1 .2567E+e6 .63751+05 .3205E-&V6 .3011E-ot .942C-7 e3
18.0 .3033E+06 .74381+05 .3777F+6 .9441E-05 .1067E-04
20.0 .3521E+06 .85511+OE .4376E+e6 .10c41+*c .1195F 0"
24.0 .4557E+06 .1136E+06 .5693E+06 .14231.+06 .1475E.0
30.0 .6250E+06 .15461+06 .7796E+06 .1949E+06 .1910E 04 4

36.0 .8090E+06 .1993F+06 .1008E+9? .2521E+06 .2376E-C4
42.0 .1006E+07 .24731+06 .1254E+e7 .3134E+06 .28701-04

FORCE MAIN COST SUMMARY
MOD NC. 21

DIAM CAPITAL C&A AVERAGE
COST COST ANNUAL CCS'I

(IN) ($) (SlYE)

12.0 .314E+06 .828F+03 .254E+05
14.0 .333E+06 .823E+03 .269E+05
16.0 .401E+06 .9431+03 .323E,05
18.0 .472E+06 .107E+04 .3E01+e5
20.0 .547E+06 .1201+04 .440E+e5
24.0 .712E+06 .147E+04 .571E+05
30.0 .975E+06 .191E+04 .782E+05
36.0 .1261+07 .2381+04 .10E+06
42.0 .157E+07 .287E+04 .125E+06
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1 OUTPUT FOR PUMP STATION NO. 21

INARAJAN PUMP (P-4)
MAXIMUM FLOW(STAGE 1) .690E+01 MGD
AVERAGE FLOW(STAGE 1) .690E+01 MGD • 0
REQUIRED HEAD BASED ON FCCE MAIN MOD 21
RAW OR TREATED WATER PUMPING
YEAR BUILT 1980
DESIGN LIFE 5? YEARS
EFFICIENCY OF PUMP AND MOTOR .6eeE+02 PERCENT
MAXIMUM HEAD PER STATION .1002+04 FT
NC. OF STATIONS DETERMINED BY PROGRAM
NO. PUMPS PER STATION-STAGE 1 2
NO WET WELL
IMPROVED STRUCTURE
DOWNTIME 0.0 PERCENT

ECONOMIC OUTPUT
INTEREST RATE .7f3E+01 PERCENT
ENR INDEX .320E+04
CITY MULTIPLIER 1toE+01
O&M WAGE .100E+02 */I-.R
COST OF ELECTRICITY .600E-01 $/KWEi
COST OF LAND SITE IrPROVEMINT e. $

COST OF STRUCTURE AND SWITCHYARD FOR SINGIE STATION
COST BASED ON 6.90 MGt, BUILT IN 1980
DIAM NO. OF POWER STRUCTURE SWITCHYARD

STATIONS CAPACITY COSTS COSTS
U(VA) (M) (M)

12.0 1 .112E+04 .1751+06 0.
14.0 1 .767E+e3 .132E+06 0.
16.0 1 .623E+03 .112E+06 0.
18.0 1 .557E+03 .103E+06 0.
20.0 1 .5231+03 .9PE+05 0.
24.0 1 .495E+03 .944F+e5 0.
30.0 1 .482E+03 G925F'05 0.
36.0 1 .478E+03 .920E+05 0.
42.0 1 .477E+03 .918E+05 0.

COSTS FOR MECHANICAL AND ILICTRICAL EQUIP'ENT FOR SINGLE STATION
COSTS FOR STAGE I BASE ON .690E+el MCD, BUILT IN 198e

DIAM HEAD PER MECHANIC ELECTRIC MISC CCNSTRUCT OVEREiIAD
STATION COST COST CCST COST COST

(IN) (FT) (M) (M) (M) ($) (M)
12. .5951+03 .113106 .10EI-06 .123b+06 .671E-06 .168E4E6
14. .4091+03 .9721+05 .8801+05 .1231+06 .5721+06 .143E+e6
16. .3331+03 .895E+05 .7981+0! .1231+06 .527E+06 .132E+06
18. .297E+03 .8551+0- .757E+05 .123F'06 .504E+Oe .126F+06 S
20. .279E+03 .834E+05 .73E1-05 .123.+06 .492F+06 .123E-06
24. .2641+03 .816E+0E .7161+e5 .1237-06 .482.e06 .121E+06
30. .2571+03 .8071.05 .707E+05 .123Y+06 .478L+06 .I19E+e6
36. .255E+03 .805E 05 .70tl+05 .1231+06 .4761+06 .119E 06
42. .2551+03 .8041+05 .7041+05 .1231+06 .4?6F+06 .119F'e6
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OPIRATION AND MAINTENANCE COSTS FOR SINGLI PUMP STATION
COSTS FOR STAGE 1 BASED ON .6SEk+01 MGD FROM 1960 TO 2C30
SUPPLY COST .4061+04 $/YR
LABOR CCST .116E-05 5/YR

LIAM HEAD POWER POWIP! TOTAL -
REQUIRED RIQUIREr COST O&M

(IN) (FT) (KWER/YB) ($/YR) (/YRB;
12.0 .585E+e3 .782E+07 .4691*06 .485F+06
14.0 .399E+03 .53eE+07 .323F406 .338q+06
16.0 .323E+03 .437F+07 .262E+06 .278F+06
18.0 .287E+03 .390E+07 .234E+06 .2501+06 0 @
20.e .269E+03 .367t-O? .22el+06 .236F+06
24.0 .254E+03 .347F+0? .20EE-06 .2245+06
30.0 .247E+03 .338E+07 .203E+06 .219F+06
36.0 .245E+03 .335F+07 .2011+06 .217E+06
42.0 .245E+03 .33tE+07 .201E+06 .2161+06

1 PUMP STATION COST SUMMARY
MOt NO. 21
rIAM NO. OF STAGE 1 STAGE 2 AVERAGE

STATIONS CAPITAL O&M CAPITAL O&M AKNUAL
COST COST COST CCST COST

(IN) ($) (5/YR) 5) (,$/YR) (5,YR)
12.0 1 .839E+06 .48-+06 0. 0. .5511+06I
14.0 1 .715F+06 .338E+06 0. 0. .394F+06
16.0 1 .658E+06 .2761+06 0. 0. .329i+06
18.0 1 .630E+06 .2501+06 0. 0. .299E+06
20.0 1 .615E+06 .236F+06 0. 0. .284E+e6
24.0 1 .603E+06 .2241+06 0. 0. .271E+06
30.0 1 .597X+06 .219E+06 0. 0. .265F+06
36.0 1 .595E+06 .2171+ 6 0. 0. .264E+06
42.0 1 .5951+06 .2161+06 0. 0. .263F+06

PIPELINE COST SUMMARY
FORCE MAIN MOD 21
PUMP STATION MOD 21 0

LIAM AMORTIZED O&M AMORTIZED O&M AVERAGE
CONSTRUCTION COST CONSTRUCTION COST ANNUAL
COST(PIPE) (PIPE) CCSTPUMP) 'PUMP% COST

(IN) ($/rR) ($/YR) ($/TR) ($/YR) (5/YB;

12.0 .246E+05 .828F+03 .6571+05 .465E+06 .576E-06
14.0 .260E+05 .823F+03 .E601+05 .338E+06 .4211-106
16.0 .3131+05 .943E+03 .5152+05 .2?8F+06 .3621+06
18.0 .3699+05 .1071+04 .493E+05 •250E+06 .3371+06
20.0 .428E+05 .12e1+04 .482T+05 .236E+06 .3281+06
24.0 .5571+05 .147E+e4 .472F+05 .224E+06 .328R+06
30.0 .7621+05 .1911+04 .467T+05 .2191+06 .343F+06
36.0 .9861+e5 .238E+04 .466T+05 .Z17E+06 .3651+06
42.0 .123E+06 .2871+04 .465E+05 .216E+06 .3681+06
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APPENDIX C: CALCULATING AVERAGE ANNUAL COST OF

GROUNDWATER AND PURCHASED WATER

In this appendix, formulas are derived for calculating the average

annual cost for construction, and operation and maintenance (O&M) of

wells, given construction and O&M costs of a single well; and purchase

of water, given the unit price to purchase water. It is assumed that

the required water yield as a function of time (Q(t)) can be represented

by a series of straight line segments of the form

Q(t) = a + bt g

for

<t < t t k ,

The variables used in the development are defined below

a,b = regression coefficients for water use segments

A = cost to operate well or buy water, $/At

B = unit price for well O&M or purchased water, $/yr/mgd

C = capital cost of well, $

F = defined in text

i = interest rate (0.07625)

k = index on segments 7

m = number of segments

N = number of wells operating in year t

PW = present worth

Q = water use, mgd

R = -kn (1 + i)

t = time, years

tk = time at end of k-th segment, yr

U = cost to operate one well one year, $/yr
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Capital Cost of We"is

If the number of new* wells existing at time t is N , the rate

at which they are built in wells per year is dN/dt Since each well

yields approximately 0.29 mgd, N can be related to flow by

N =Q(t)
0.29 * -.

Since the flow can be given by Q = a + by

a + btN 0.29 S S

and

dN b

dt 0.29

The number of wells built in a single year (At = 1) is, therefore,

dN bAt
dt A 0.29 S U

If a single well costs C dollars, the cost to build wells in a given

year is

Cost bCAt •

0.29

The present worth of this cost is

bCAt

0.29(1 + i)t

where

i = interest rate

t = O in 1985
[50 in 2035

"New" means built after 1985.
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The average annual cost is

crf bCAt
AAC=

0.29(l + i)t

where crf = capital recovery factor

The above cost is for wells built in year t Since wells can be built

for every year in the study period, * -•

50
crf C bAtAAC 0.2
0.2- -j=0 (1 + i) j

Since time is a continuous function, it is more convenient to write the

above as

50
crf C f bdt
0. 0 (1 + i) t

Since there are several line segments (say m), the above integration

must be performed separately for each segment. Therefore,

m tk

AAC = crf C [b fdt
tk 10.29R k ]i t

k = 1  t k_ 1l

where R = -Zn(l + i)

Integrating yields

MC crfC 1 1
0.29R bk k ( k-1k=l (0+i) ( + i) t -

For this study,

crf = 0.0782
7 5/8,50

C = $200,000

4P 1
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S S

1 + i = 1.0735*

R = 0.0709

bk, tk  are given in Table 3-7

m depends on the number of segments 0 0

Therefore,

m

tk  _ -76,6I k - 14
k=l .0 7 5  1.0735

O&M and Purchase Cost

For O&M and purchase cost, the procedure is similar, except that

the total number of wells or volume of water purchased rather than the

rate of demand increase is important.

The cost, A , to operate N wells for a year (At = 1) can be

given by

A =NUAt

where
* U

N = number of wells

U = unit cost

Since each well yields 0.29 mgd and the flow in any year is given by

Q=a+bt, *

A = QUAt = (a + bt)UAt
0.29 0.29

The cost to purchase water for one year (At = 1) can be given by

A = QP(365)(1000)At

= (a + bt)P365,00OAt

where P = price of water, $/1000 gal

* Note that an effective continuous interest rate of 7.35% is used which

corresponds to a discrete rate of 7.625%. The capital recovery factor
is the same as it would be for the discrete rate as it was outside of

the integral.
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The cost to operate wells or purchase water for time At can be given by

A = (a + bt)BAt

where

B U/0.29) for wells
B =

j36 5,OOOP for purchase

B has units of $/yr/mgd

The present worth of this cost can be given by

PW (a + bt)BAt

(1 + i)t

The average annual cost over the study period for watei used in time At

is

AAC - crf(a + bt)BAt

( + i)t

Since flow is a continuous function of time, At can approach 0 to give U U

50

AAC = crf B J (a + bt) dt

0 ( + i) t  
qP

Since the 50-year study period can be divided into m segments with

different values for a and b , the integration must be done separately

for each segment. Therefore, •

AC = crf B I (ak + bkt)dt
A C c f B(I + io t  •

k=l t k_ 1

Integration by parts yields

C-5
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m + k b b kl
AAC =crf__B (k k bkk -) -(a k + ktk-I -R

R t kR)

k=1 L (1 + i) (1 + i)

where R = -Zn(1 + i)

For this study,

crf = 0.0782
7 5/8,50

1 + i = 1.0735

R = -0.0709

23,000/(0.29)/(1.07625) = 73,691 for well O&M
B* =

365,000 (1.2) = 379,837 for purchase
1.07625

a,b,t are given in Tables 3-7 and 3-9

n depends on number of segments

This yields

AACwell = -87618F

AAC = -418945F
pur

where

F ak + bk(tk + 13.6) ak + bk(tk_1 + 13.6)

l (1.0735) tk (1.0735) t k-i

Computer Program

The following pages contain the computer programs used to deter-

mine average annual cost. Program WELL was used for construction cost

while program WELLO was used for O&M and purchase costs. The subroutine

SCAN is merely used to make data entry easy. It is possible to not re-

quire SCAN if a formatted read statement for A, B, and T2 is used in

statement 2.

* The 1.07625 in the formula for B is to correct B for the fact that

costs accrue continuously but are accounted for at the end of the year.
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LIST,F=WELL
PROGRAM WILL(INPUT,OUTPUT,TAP15z4;NPUT.TAP6=GU[PU'i;,

C CALCULATES AVERAGE ANNUAL COST CF WELL CONSTRUCTION 6
DIMINSION VALUE(10),KWM74)
C=-7?60663.
RINT=1 .07625

1 IT1=0
1T2=0

2 T=o S
2 IAD(5,3)KLM

3 FORMAT(74Al)
CALL SCAN(NO,VALUE,74,KLi)
IF(VALUE(1) .LT .-leeie )STOP
IF(VALUE(l).LT.-100)GO TO 4
A=VALUE(l)w
B=VALUE(2)
IT1=1T2
IT2=VALUE(3)
Zl=RINT**(-IT1)
Z2=RINT**(-.IT2)
T=T+B*(Z2-Z1)

-~ WBITF(6,E)B,IT1 ,IT2,T
5 FORMAT(13H B,IT1,IT2,T ,F8.3,2I4,F10.3;

GO TO 2
4 AAC=C*T

WRITI(6,6)AAC
6 FORMAT(6H AAC= JF10-0)

GC TC 1

C-7
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LIST ,E=WELLO
PROGRAM WELLO(INPUT,CUTPUT,TAP5 INPUT ,TAPr6 -CUTPIUT.

C CALCULATES AVERAGE ANNUAL COST OF WELL CONSTRUCTION
DIMENSION VALUE(le),KLM'74)j
C=-7?3691.
IiINT=1 .0735

q1 IT1=O
IT2=0
T=O

- .2 READ(5R,3)KLM
3 FORMAT (74Al)

CALL SCAN(NO,VALUE,74,KLM)
6 IF(VALUErl).LT.-1000)STCP

IF(VALUE(1).LT.-100)GO TO 4
A=VALUE( 1)
B=VALUE (2)
ITI.-IT2
1T2=VALUE (3)
Zl=RINT**( -ITI)
Z2=RI NT**(-IT2)
Y1=A+B* (IT1+13 .6)
Y2=A+B* ( T2+13.6)
T=T-I(Y2*Z2-Y1*Zl)
WRITE(6,5)B,IT1 ,1T2,T

5 FORMAT(13H B,IT1,1T2,T ,F&.3.214,F10.3i
GO TO 2

4 AAC=C*T
WRITF(6.,6)AAC

6 FCRMhT(6H AAC= ,Flo.e,
GO TO 1I
IND
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C SCAN

SUEBCUTINY~ SCANi 'NO.VALUF.M7,KLM,
DIM~ENSICN VALUF(1e),FLM'76,NUM;10j)
DATA IPOINT,IPLUS,MINIUS/1H.,1H4,1E-/
rATA NUM/lH0,1h1g1fE2,lH3,1P4,1!i5,1E6,lb7,1LE lli , -

K?=M71
LC I I=1,10

1 'ALbE(I)=O.
NCCL=l

2 IF(KLtA(NCL).K!.MINUS)Go '10 4
3 SLGN=-1.

GO TO 5
4 IF(KLtM(NCCL).NE.IPLUS)GO 10 6
7 SGN=l.

q5 VLUF)e.

6 IF(KLM(NCCL).NE.IFOINT)GC TC 9
10 KPT=l

GO TC 7

ICCMP-NUM(l)
11 lF(KMt,(NCCL).EQ.TC?MP, GC TO 13
12 K=K+1

ICCMP=NUM(K-1
IF(K-10)11 .14 .14

14 NCCL=NCOL+1
24 IF(NCCL-K7)2,16,16
16 N--

RETURN
13 SGN=1.

VALUE(N )-K
& NCCL=NCOL+l

IF(NCOL-K'?)17 lie.lP
17 IF(KLM(NCCL).NE.IPOINT 100 T(; 2((0
19 KPT=1

GC TC 8
20 K=O

ICOMP=NUM( 1)
21 IF(KLM(NCOL).FEO.ICCMP)GO 10 23

4 22 K=K+1 g
ICOMF=NUM(K+1) -

IF(K-10 )21 .18 .18
1s VALUE(N)=VALUF(K'/*SGK

N=N+1
KPT=e
GC TC 24

4 23 IF(PT)25,26,2t
26 VALUI(N)=VALUtTFIN)*10.+K

GO TO 8
25 VALUE(t4)=VALUE(%)4Y*'10.** -KPT)

KPT=IKPT+1
GO TO 8
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