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ECONOMIC AND ENGINEERING FEASIBILITY OF WATER DEVELOPMENT AND
IMPORTATION TO CLARK COUNTY

. THE LAS VEGAS
VALLEY WATER DISTRICT WATER-RIGHT APPLICATIONS

INTRODUCTION

A highly controversial action was taken in 1989 when the Las Vegas Valley Water District
(LVVWD) filed with the State Engineer for over 800,000 acre-f/yr of water rights in a region of Nevada
equal to about one forth of the State (Figure 1, Appendix I). The applications represented all, and in some
areas, more than, the remaining unappropriated water in the numerous ground-water management basins.
The response was also unprecedented. Over 1,000 protests were filed with the State Engineer by a full
spectrum of private individuals, business entities, citizen and conservation groups, federal agencies,
Indian tribes, and local governments. The ground water is the lifeblood for local growth throughout the
region, and the protestants perceived that Las Vegas (the economic giant/bad guy on the block) was
moving to bleck regional development in favor of locking up the water for continued growth of Las Vegas,
The general Las Vegas response to the outcry has been: We are the most rapidly growing community in
the U.S.; we will be out of water for growth by early in the 21st Century, there is no other assured water
source.

The original filings were made in the Western tradition of a scramble for control of the water
resources (first in time, first in right). We think, at the time of filing, the applications had not been
carefully planned from any perspective other than where theére was unappropriated water within several
hundred miles of Las Vegas. Subsequently, LVVWD scaled down the total pursued applications to about
190,800 acre-ft./yr. of ground-water rights over much of the same regional extent in a four phased
development scenario (Figure 2, Appendix II).

The filings have raised many water-development issues into sharper focus. One of those issues is
the engineering and economic feasibility of developing and transporting the water to Las Vegas from
such a large region with widely separate basins. This study has been directed toward evaluating this
question.

A fundamental question for both the residents of Clark County (the potential water users) and the
residents of the affected rural counties (the potential water losers) is whether some or all of the water
related to the currently pursued applications would prove too costly for use in the Las Vegas area. In an
effort to address this question, Lincoln, Nye, and White Pine Counties, as a consortium, contracted with
Mifflin and Associates, Inc. to establish a reconnaissance level engineering and economic feasibility study
of the LVVWD water-right applications. This report is the preliminary findings.

RATIONALE

Two fundamental questions in water-supply development are the 1) the unit cost of new water
source, and 2) the new source cost impact on the total water supply to the users. Imported water that is
too costly for general use either must be subsidized, or conversely, the water importation scheme may fail
to pay for itself because of reduced demand for high cost water, The widely distributed nature of the
water-right applications, the uncertainty of resource availability, the great distances of necessary transport,
and the total pumping lifis over a number of tepographic barriers, combine to raise questions about
economic and engineering feasibility. Institutional questions are also raised if permits were granted to the
water-right applications, but the water eventually proved tco costly to develop. With such a scenario,
neither Clark County nor the affected counties would benefit from the use of the water resources for an
uncertain period of time. Clearly, the cost of water, and the economic feasibility of paying for the water,
should be understood before the water is reserved for LVVWD for the proposed period of phased
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development. We belicve that the minimum cost analysis established in this study gives a reconnaissance
level perspective of what the minimum cost of water would be to the water users in Las Vegas if the
program were to be attempted. It also establishes an independent evaluation of the investments necessary,
total costs, and associated uncertainties with engineering feasibility.

We have attempted to establish a reconnaissance level engineering and economic feasibility
study that is both timely and technically accurate. We document the analyses by attached Appendices that
allow for in-depth review. The study is based on economic principles, current engineering construction
costs, current energy costs, our judgment on feasibility and appropiate design, and the phased
development based on projected population and water demands according to the LVVWD.

SCOPE OF ANALYSIS

The study objective is a reconnaissance level engineering and economic analysis of the Las
Vegas Valley Water District's currently pursued water applications in Clark, Lincoln, Nye, and White
Pine Counties. The study assumes, for evaluation purposes, that the currently pursued applications for
water rights will receive permits and therefore be developed over the stated phased development period
(Appendix II). The study assumes that all the future water demand will be located in the Las Vegas Valley
urban area. '

Water demands are assumed to be independent of the water cost. This assumption, which is not

true when water costs greatly increase, was necessary to adopt to reach the objective of the study, i.e. the

" costs of the water delivered to Las Vegas Valley, at various stages of postulated future demands, and the
approximate costs to the water users as well,

Locations of well fields, pipelines, pump stations, and power lines are established for each phase
on the basis of cost effective design and existing information. The study attempts to establish the "least
cost" water for the water development and transport infrastructure for each phase of development. Water
quality and location of favorable aquifer characteristics in the ground-water basins with applications
determine the location of the well fields, pumping lifts, cost of water exploration, and anticipated average
production well yields, It has been assumed that private and public land holdings will not materially
impact the overall costs of infrastructure development.

The analyses establish estimates of the engineering, construction, operational, maintenance,
and financial costs for each phase to determine the approximate direct costs of the water delivered to Las
Vegas Valley. However, indirect costs (opportunity costs) related to foregone local economic development
(in recreation, wildlife, agriculture, mining, industrial and urban economic sectors) have not been
evaluated.

In addition, the analysis has considered natural water quality and availability, terrain
characteristics, ground-water basin boundaries, phased water demands, engineering design and operating
criteria, and water project financing principles, Historical water demand trends have been projected into
the future by the LVVWD to establish the phased water development to meet the increasing water
demands in Las Vegas Valley, Our "least cost" approach analysis underpins the analysis in an attempt to
minimize the cost of the imported water for all phases of development, This tends t¢ group the LVVWD
applications into geographic areas tied to each phase of development,

GENERAL APPROACH AND ASSOCIATED ASSUMPTIONS

A general problem in developing feasibility and costs for the conceptual water development and
tmportation scheme is that the information base is limited. Therefore, a series of assumptions are required
before evaluations can be quantified. As a general rule, we have adopted assumptions that tend to
minimize the costs, or assume the availability of the water when data or information were lacking. Our
philosophy has been to reach an analysis that would not overestimate costs on a systematic basis. We
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estimated costs as if we were in good control of design and execution, and the phases of censtraction
would proceed on schedule. The project costs in current dollars is therefore a minimum cost analysis.
Certain costs have not been included, and one anticipated water source, the Virgin River surface-water
application of 60,000 acre-ft/yr., has been omitted. Right-of-way costs have been ignored, as have and
environmental mitigation costs. Overall right-of-way costs would not be a significant cost factor, as more
than 90% of the 817 miles of pipeline would be located on BLM land at a current BLM right-of-way cost
of $3/acrefyr. rental fee. (Appendix VI)

Virgin River Surface-Water Applications

The Virgin River surface-water application of 60,000 acre ft/yr. has not been included in the
water-cost analysis because of too great of uncertainty for feasibility of capture/cost: -

I. The conventional approach to capture of this annual amount of water within Nevada is
dependent upon a storage reservoir that, for all practical purposes, must have a useful storage of
at least 50,000 acre-ft. A suitable site for such a reservoir is highly questionable in terms of
engineering/cost feasibility, and

II. The other possible approaches for the water capture are 1) reservoir sites in other states,
blocked by institutional constraints, 2) wheeling the water through Lake Mead and SNWP, -
blocked by an institution barrier, and 3) infiltration galleries, currently lacking engincering/cost
feasibility information. '

In our judgment, the currently proposed Halfway Wash reservoir site is too dangerous for
conventional reservoir designs, and costly if made safe. The entire excess flow of the Virgin River occurs
in three to four months of the year and requires a reservoir site of approximately 50,000 acre-ft of useful
storage capacity. The dam-crest height would be approximately 180 feet at the Halfway Wash site, and the
geology is unfavorable for such reservoir head fluctuation each year, The reservoir area is underlain by
the Muddy Creek Formation where the lithologies are interbedded sands, silts, clays and limited gravel
lenses. This formation is semi-consolidated and unconsolidated, and the sands dominate some sections of
the sedimentary sequence. There is limited natural foundation or bank stability, and high seepage losses
and piping danger would accompany most cost effective designs. There would be poor slope stability of
the reservoir basin slopes. A second, and also costly problem, is the capture of the river flow using self-
cleaning diversion structure(s) and pumps to lift the water to the reservoir. Appendix VIH illustrates a
rough scoping analysis of the energy requirement and associated diversion channel and pumping capacity
necessary to capture the low. We believe this approach would yield a water source with a cost/acre-ft of
water captured that would prove to be very high, perhaps about two times the cost of Phase I water.

Some or most of the 60,000 acre-ft/yr. of surface water might be captured by developing the
shallow pround water that is in direct hydraulic connection with the river along the Nevada reach of the
Virgin River. The concept would require a large number of infiltration galleries designed to capture the
water in sands and gravels hydraulically connected to the river. Perhaps the entire 60,000 acre-ft/yr,
could be captured, but feasibility studies are necessary to demonstrate both effective design and cost
associated with this approach. In many areas of the world, infiltration galleries are successfully used on a
smaller scale for river-water capture, If demonstrated technically successful on a large scale, the resulting
water would probably cost considerably. more than the conventional well produced water. The annual
exchange of up to 60,000 acre-f/yr. of river water with shallow floodplain river channel aquifers would
tend to improve the ground-water quality now found under the entire floodplain arca. We judge that this
capture approach has a good potential to be technically successful, but at large infrastructure costs.

We concluded that there are two potentially cost effective approaches to capturing the 60,000
acre-ft/yr. of annual flow in the lower Virgin River: 1) the construction of dams upstream in Arizona or
Utah, at safer, fower cost reservoir sites, or 2 ) wheeling the water through Lake Mead and then to Las
Vegas Valley using the SNWP pipeline/treatment facilities. Both of these possibilities are currently
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blocked by institutional problems. We have therefore designed our analysis with a pipeline sized for the
ground-water permits currently pursued. The most attractive scenario from a cost perspective is wheeling
the Virgin River water through the SNWP at a cost that is comparable to existing water costs in Las
Vegas Valley. :

In the same area we have redistributed the points of ground-water diversion to arcas north of the
Virgin River floodplain to avoid the generally poor quality water that occurs along the river valley. This
results in lower yield wells and slightly more pipeline, but we judge it a good tradeoff to avoid the 2,000-
3,000 mg/1 TDS ground water found where the applications were located.

At a June, 1992 Aquavision program, LVVWD Chief Engineer, David A. Donnelly, reported that
there was a $2,000,000 feasibility study underway by the LVVWD and Bureau of Reclamation looking at
the water-capture alternatives, and that a highly preliminary cost figure of $564,000,000 had been
established for the Halfway Wash reservoir, associated pumping facilities, and a desalinization plant. If
this preliminary cost estimate were to hold, the cost of Virgin River water would be at least double the cost
of the rest of Phase I water. He briefly mentioned the water-capture alternative of Rancy well collectors
and infiltration galleries.

Pipeline and Powerline Routes:

The pipeline routes have been selected to minimize pumping lifts, and to avoid patented land and
unfavorable terrain. We have followed the LVVWD assumption that the pipeline right-of-ways and
access can be established on the Nellis Bombing Range/Desert National Wildlife Range area. There is
also an area where the pipeline must pass through the Pahranagat National Wildlife Refuge. On the
whole, however, the right-of-ways for power and pipelines would be located on BLM land, and for a
project of this magnitude, right-of-way costs would not be likely to substantially change the order of
magnitude of cost of the water, Figure 2 illustrates the phased pipeline routes that we have selected on the
basis of the general location of the proposed well ficlds.

Availability of Phase I Water:

It is possible that most of the northwestern Las Vegas Valley pipeline water supply of Phase [
would be frustrated by the failure to gain access to the Nellis Bembing Range/Desert National Wildlife
Range, or that infrastructure costs might be increased by special requirements for access. In general,
other Phase I water sources are also the most uncertain in terms of physical feasibility, cost of
development and institutional barriers or constraints. In our opinion, some of the anticipated water
sources may not be available, and what proves to be available would be more costly than our cost analysis
indicates. This statement is based on the following:

1. The carbonate aquifer (the Arrow Canyon Range Aquifer) that is known to occur in Coyote
Spring Valley, may extend southward through Hidden Valley, California Wash, and Garnet
Vatley ground-water management basins, and may, in part, or in all, be in very close hydrautic
connection with the Muddy River Springs. Sparse data suggest a regional extent of exceedingly
high aquifer transmissivity and uniform fluid potentials. This may prevent ground-water
production in Coyote Spring Valley, and may limit the amount of exploitation that is possible in
the contiguous basins to the south,

II. The applications in the Nellis Air Force Bombing Range/National Desert Game Range may
be blocked by access problems as previously mentioned.

In summary, a high percentage of Phase I water supply is in question in terms of physical
feasibility in development, and institutional constrains or barriers, For cost analysis we assumed that all
but the Virgin River water would be developed as planned in Phase I. Water sources of Phases II, I, and
IV are more certain overall in terms of physical feasibility in development; however, these northern
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sources remain uncertain from the institutional constraints requiring the State Engineer to act in the
overall public interest in allocating water rights.

WATER COSTS

There are a number of cost components that have been developed to establish the cost/acre-ft of
water for each phase of ground-water development, These cost components have been determined on the
basis of the information and assumptions documented in the attached Appendices. The cost components
are capital investments associated with necessary costs in infrastructure development, which must be
amortized at an assumed interest rate, and term of payout, and operational costs, which are incurred over
the operational period considered. It has been assumed that capital cost for each phase will be amortized
. over a 50 year life of the project, and the capital costs begin five years before each phase 1s to come on-
line. The effects of two interest rates (6% and 8%) on the overall project costs and on the water costs are
given in Tables 1 and 2, where all of the cost components are summarized.

Tables 1 and 2 breakdown the capital and operational costs by phase and by cost/acre-ft in each
phase, by cost/acre-ft combined phase(s), and by the cost/acre-ft to the water user for the combined total
water supply. All costs are in 1992 present value dollars. This means that the costs given in Tables 1 and
2 are what the cost would be if built and operated today, or, if no deflation or inflation were to occur, what
the costs would be in the future. It's important to recognize that a 50 year term to retire debt is only
realistic to assume if each phase of the water development were to be financed by the federal government.
In maintaining minimum cost analysis, we have adopted these schedules of amortization for the necessary
capital costs (Appendix VII }. ‘

Based on the overall objective to determine water costs to the users, in-valley distribution costs
have been incorporated into the analysis for source water cost. These cost components are derived from
LVVWD costs (Appendix VIII ) and could be excluded to compare alternative source-water costs at some
point of delivery (such as at Lake Mead, before water delivery through the SNWP, or after delivery, with
$111/acre-ft added to the source water cost}). Most alternative water sources would likely be from the
Colorado River, or an in-valley source, such as captured surface water, or shallow ground water.

We have assumed cost relationships for the LVVWD operation are reasonably representative of
the entire Las Vegas urban area, where in fact the City of North Las Vegas, City of Henderson, and
Boulder City provide water to their respective jurisdictions. As these entities currently supply Colorado
River water, or combinations of in-valley ground water and Colorado River water, cost structures are
similar enough to assume that the LVVWD cost structures are representative, but in detail there are
differences.

The cost components we have included as necessary costs to establish the minimum costs of the
sources of water, and costs to the water user are briefly discussed. More information occurs in the
Appendices.

Management And Operational Cost

This is the cost per acre-ft of water realized by LVVWD in operations (Appendix VIII). It needs
to be added to each additional acre-foot of water delivered to Las Vegas Valley users.,

Well Supervision and Maintenance Cost
This well supervision and maintenance cost is based on the cost/acre-fi that exists for well water

developed by the LVVWD (Appendix VII ). This current LVVWD cost is assumed to be a minimal well
supervision and maintenance cost for well fields widely distributed over a large area of Nevada.
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Table I
Water Costs
at 6% 350 Year Amoritization
All Values in 1992 Doltars

I OPERATIONAL/MANAGEMENT COSTS ARE THE SAME FOR ALL PHASES..$112.00

Il SUPERVISION AND MAINTENANCE COST PER ACRE FT. DELIVERED

: Direct Total New
Phase Phase Development
I $29.00 $29.00
II 29.00 29.00
111 29.00 29.00
4'2 29.00 25.00
11 PUMPING COST/ACRE FT
Direct Total New
Phase Phase Development
I $115.00 $114.89
a 25.00 72.26
I 133.00 105.84
v 163.00 121.78

IV ENVIRONMENT IMPACT STATEMENT COST (1% of combined construction costs)

Capital Phase Only All Phases

Costs Amoritized Amoritized
Phase PrsVal /facre ft facre ft
all $30,204,334.00 $£9.80 $0.79

V WELL CONSTRUCTION COST

Capital Phase Only All Phases

Costs Amoritized Amoritized

Phase PrsVal facre i facre ft -
1 $77,126,808.00 $149.63 $149.63
I 44,806,083.00 95.40 123.78
it £9,821,646.00 72.60 9529
4" 89,768,185.00 104.49 97.85

VI PIPELINE CONSTRUCTION COST

Capital Phase Only All Phases

Costs Amoritized Amoritized
Phase PrsVal facre fi facre ft
1 $£378,533,000.00 $734.35 $141.22
1 616,723,000,00 1,313.15 699.93
HIS £66,920,000.00 700.74 700.38
v 620,777,000.00 722.57 706.57

8

Total
Water Supply
$3.12
5.43
9.33
i2.15

Total
Water Supply
$12.36
13.54
34.04
51.02

Total Water
Supply
facre fi

$4.10

Total Water
Supply
facre ft
$18.11

28.53
32.60
40.99

Total Water
Supply
facre ft

$17.09
161.33
239.60
29598
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VI TRANSMISSION LINE and SUBSTATION COSTS

All Phases
Amoritized
facre ft
$24.74
4732

30.02
42.27

All Phases
Amoritized
facre fi
$34.30

3430
34.30
34.30

Capital Phase Only
Costs Amoritized
Phase PrsVal facre £
I $12,753,000.00 $24.74
i1 33,861,000.00 72.10
11 20,093,250.00 16.24
v 63,546,500.00 73.97
VIIE IN-VALLEY INFRASTRUCTURE COST
Capital Phase Only
Costs Amoritized
Phase PrsVat /acre ft
1 $17,682,577.00 $34.30
I 16,110,961.00 34.30
i 42,439,053.00 3430
v 29,471,323.00 34.30
TOTAL FUNDS NECESSARY TO BORROW TO COMPLETE THIS PROJECT
TOTAL 50 year PAYOUT
TOTAL MONTHLY PAYMENT
Amount of Phase Only
Capital Amortized
Phase - Necessary facre ft
I $491,249,910.00 $1,209.00
1 716,197,438.00 1,738.02
i 1,031,645,062.00 1,080.54
v 812,153,988.00 1,207.92

The water district currently generates a 10% operating surplus.
The average income the district would receive

9

Total Water
Supply
Jacre ft

$2.99
10.91
10.27
17.71

Tota]l Water
Supply
facre ft
$4.15

7.91
11.74
1437

$3,050,637,720.00
9,635,134,174.00

16,058,557.00
All Phases Phase Impact Average
Amortized onCost Carrent Acre Ft
facre fi facre ft Cost Cost
$1,209.00 $146.29 $334.48 $480.77
1,461.21 336.81 334.48 671.29
1,249.29 42738 334.48 761.86
1,237.75 518.45 334.48 852.97
Phase Impact Average
onCost Current Acre Ft
/acre fi Cost Cost
$160.92 $334.48 $£495.40
370.49 334.48 704.97
470.12 334.48 804.60
570.34 334.48 904.82
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Table IT
‘Water Costs
“at 8% 50 Year Amoritization
All Values in 1992 Dollars

1 OPERATIONAL/MANAGEMENT COSTS ARE THE SAME FOR ALL PHASES..$112.00

I SUPERVISION AND MAINTENANCE COST PER ACRE FT. DELIVERED

Direct Total New Total
Phase Phase Development Water Supply
I $29.00 $29.00 $3.12
I 29.00 29.00 543
I 29.00 2%.00 9.33
v 29.00 29.00 12.15
111 PUMPING COST/ACRE FT
Direct Total New Total
Phase Phase Development Water Supply

I $115.00 $114.89 $12.36

I 25.00 72.26 : 13.54

m 133.00 105.84 34.04

v 163.00 121.78 51.02

IV ENVIRONMENT IMPACT STATEMENT COST (1% of combined construction costs)

Capital Phase Only All Phases Total Water

Costs Amoritized Amoritized Supply
Phase PrsVal facre ft facre & facre ft
all $30,204,333.86 $12.65 $12.63 §5.29

V WELL CONSTRUCTION COST

Capital Phase Only All Phases Total Water
Costs Amoritized Ameoritized Supply
Phase PrsVal facre fi facre ft /acre ft
1 $77,126,808.00 $193.08 $49.63 $8.11
I 44,806,083.00 123.11 136.99 31.58
I 89,821,646.00 93.69 112.88 3862
v 89,768,185.00 134.83 119.00 49.85

VI. PIPELINE CONSTRUCTION COST

Capital Phase Only All Phases Total Water
Costs Amoritized Amoritized Supply
Phase PrsVal facre ft facre ft facre ft
1 $378,533,000.00 $947.61 $141.22 $17.09
II 616,723,000.00 1,694.49 381.74 203,24
1 866,920,000.00 904.24 894.27 305.93
v 620,777,000.00 932.41 904.90 379.06
10
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V11 TRANSMISSION LINE and SUBSTATION COSTS

Capital

Costs

Phase PrsVal
1 $12,753,000.00
i 33,861,000.00
1614 20,093,250.00
iv 63,546,500.00

VIII IN-VALLEY INFRASTRUCTURE COST

Capital

Costs

Phase PrsVal
I $17,682,577.00
il 16,110,961.00
1 42,439,053.00
v 29,471,323.00

Phase Only
Amoritized
Jacre ft
$31.93
93.04
20,96
95.45

Phase Onty
Amoritized

facre ft
$44,27
44,27
44,27
44.27

TOTAL FUNDS NECESSARY TO BORROW TO COMPLETE THIS PROJECT

TOTAL 50 year PAYOUT
TOTAL MONTHLY PAYMENT
Amount of
Capital
Phase Necessary
I $491,249,510.00
II 716,197,438.00
in 1,031,645,062.00

812,153,588.00

Phase Only
Amortized
facre ft
$1,485.00
2,180.82
1,322.65
1,482.39

The water district currently generates a 10% operaling surplus.

The average income the district would receive

11

All Phases
Amoritized
facre ft
$34.30
39.05
41.95
42.60
All Phases Phase Impact
Amortized on Cost
facre ft facre fi
$1,485.00 $179.69
1,816.73 418.76
1,541.67 527.41
1,525.14 638.38
Phase Impact
on Cost
facre ft
$197.65
460.63
580.15
T02.77

TFotal Water
Supply
facre ft

$3.86
14.07
13.25
22.85

Total Water
Supply
facre ft
$4.15

9.00
14.35
17.84

$3,050,637,720.00
12,433,240,104.00
20,376,033.00

Average
Current Acre Ft
Cost Cost
$334.48 $514.17
334.48 753.24
334.48 861.89
33448 973.36
Average
Cusrent Acre Ft
Cost Cost
$334.48 $532.13
334.48 795.11
334.48 914.63
334.48 1,037.25
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Pumping Costs

These have been established on the basis of the engineering analysis of the pipeline design, the
assumed pumping lifts based on the locations of the well fields and known or estimated water levels and
aquifer characteristics, and the service area costs quotes (Appendix V). One vendor has already increased
rates by 30%, but we have maintained the quoted prices at the rates provided in the first half of 1992.

Well Construction Costs

These are capital costs related to the exploration drilling for aquifers, the construction of
production wells, the pumps and control equipment and other well-field infrastructure (Appendix IV). Such
costs have the potential to vary over a very wide range, and we have used current well construction/well
field infrastructure costs for LVVWD water wells in Las Vegas Valley as a guideline, and assumed
excellent technical management and hydrogeologic support in the exploratory work necessary before the
well fields can be located in detail, and production wells actually designed and constructed. These are
clearly minimum costs for exploratory and development of the ground water in widely varying
hydrogeologic settings. Some of the development is planned from carbonate-rock aquifers, a costly and
technically complex objective with minimal experience in Nevada for guidance. We have been rather
optimistic with respect to costs containment if we compare drilling program costs and results for drilling
associated with DOE/REECO on the Yucca Mountain project, DOE/REECQO on the Tonopah Test Range,
and Bureau of Reclamation/USGS for the Nevada Carbonate Aquifer Program. Costs range up to
approximately one order of magnitude greater in specific programs. Nevertheless, in order to avoid
systematically overestimating these costs, we have used the minimum cost associated with programs that
we would anticipate if we were to have total control on the design of the exploratory and production well
drilling (which includes contracting in the private sector for drilling services).

Pipeline Construction Costs

Pipeline construction costs are the major capital costs associated with the proposed program, and
also the most confidently estimated costs due to the reconnaissance design work that we established and
current industry costs for such projects (Appendix III). These are closer to real costs than other categories
where we stress minimum costs. '

Transmission Line and Substation Costs

The capital costs for construction of the necessary new energy infrastructure are based on the well
field designs, location, well pumping lifts, and pipeline pumping lifts (focation and amount of energy
demand), as estimated by the power suppliers in the various service areas. These are therefore confident
cost estimates (Appendix V).

In-Valley Infrastructure Cost

This is a capital cost required to expand the in-valley water delivery system at the same time the
water is added to the system, These capital costs are only related to the portion of the distribution system
paid for by LVVWD, other assets are paid by developers. They have been estimated on the basis of
information in Appendix VIII. In cost comparisons with other sources of water ( unless the source is
established by reducing water demand ) the $34.30/acre-ft cost is also necessary to add to the source water
cost per acre-ft. With a "source” created by reduced water demand, this cost would be lower by an
unknown amount,

Environmental Impact Statement Cost

This is a significant capital cost and must be incurred before the construction phases. The 1% of
combined construction costs is a normal estimate used in large scale projects (Appendix VII).
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In Tables 1 and 2 we also show a 10% charge by the LVVWD on delivered water to establish and
maintain an operating fund. This is basically similar to a profit margin, and is used for a variety of
purposes. It is uncertain to us if this would.be included, and therefore we show the effect on the cost to the
water user with and without the 10% override on total costs.

In summary, each cost component is summed to arrive at the source costs associated with the
water developed by each phase, and the water cost to the users when added to the existing supply. Also the
Tables 1 and 2 give the nmiinimum capital costs necessary for the construction of all phases of the water
development scheme ($3 billion) and the true cost, if each phase of capital costs are amortized over 50
years at 6% ($9.6 billion) and at 8% ($12.4 billion). Total monthly payment on these levels of debt average
~ $16 million/month at 6% and $ 20/million/month at 8%,

GENERAL DISCUSSION OF RESULTS

Quantitativé results of this analysis need to be put into context. The following discussion points
to certain aspects that constrain how the minimum cost analysis should be interpreted and used.

Source-Water Costs and Water User Costs

Two fundamental cost considerations in new water-supply development for an urban area are: 1)
cost of the new water supply that will be added to the existing supply, and 2) cost of the overall water
supply to the water users as the result of the combined supply. We have established estimates of the costs
from both perspectives. A brief discussion of these two different costs is necessary to put the LVVWD
water applications into appropriate context with respect to costs to the water user, and the economic
feasibility of the plan,

The minimum cost of a new water supply, or source, to add to an existing supply, has been
evaluated for each phase planned in the development of the ground-water applications. When the new
source is not a significant percentage of the total water supply, the change in the water cost to the user is
not greatly increased (see Phase I total water-supply column in Tables 1 and 2). However, when the new
source(s) become a significant part of the total supply (Phase I - IV becomes about 40% of the total
supply) the per unit cost of the new source water strongly influences the overall cost of the water to the
users.

New source-water cost is also a useful number (cost/unit of water) to compare with alternative
sources of water. When carefully developed cost analyses are established for alternative water sources it
becomes possible to make rational choices between water-supply alternatives. This seems fundamental
common sense, but alternative water sources lack careful evaluations.

Water Cost Versus Water Demand

The water demand derived from the population projection and historic water demand is only a
valid assumption if the overall costs of water to the users remain in the same general water cost/water
demand range. We purposely used the projected water demands based on historic population
growth/water demand because this projecticn is the LVVWD basis for the current water-right applications
and the timing of the phases submitted to the State Engincer. However, at the minimum costs established
in the analysis, the Las Vegas area water demands would not remain at the projected household per capita
rate of 200 gallons per day per person or valley-wide demand of about 300 gallons per day per person.

The trend of data in Figure 3 suggests that household demands would drop by about one third to
one half of the existing per capita demand if the minimum water costs 10 users were to be realized (Phases
i1, 111 and IV user water costs). Figure 3 also gives perspective as to the household per capita water
demands that are reasonable to assume for high end water costs, which is where the costs to the wser would
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be unless the waters were to be subsidized in some manner. The data of Figure 3 are by no means perfect,
because there are several ways to calculate per capita water demand, and water cost data are also
determined in varied manners. The basic message of the fipure is clear, however: as water costs enter the
high end cost zone (user costs similar to Phase II, IIT and V) the household per capita water demands arc
about 100 gallons per day or less. Depending on which per capita water demand one would use for Las
Vegas (see Appendix VIII) one should predict a water demand that is decreased by one half to one third of
that currently present in the Las Vegas urban area if the water source costs were to be constrained to the
minimum cost. One can also appreciate from Figure 3 that household water demands correlate better with
costs in the higher range of water costs. It should also be noted that household demands are generally the
least responsive to high water costs; other water use demands are generally more responsive to high water
costs. The current Las Vegas per capita water demand has ample room to decrease if water prices were to
rise into the high water cost range. The minimum costs established in this analysis assure that actual

" water costs would be well within the high water cost range where demands are the most strongly
influenced by water cost.

An unplanned decrease in water demand has serious consequences in large, very costly water
development projects. If there is less demand for the water at the water price required for payout of the
project, there is no direct way to recover project costs based on the sale of water (raising the price of the
water to correct for the lower water demand may lower the demand further). It is therefore of paramount
importance that water-development projects based on population projections be designed on the basis of
per capita water demand/price of water. This principle of water demand/water price is generally
understood. The original ground-water applications (Appendix I) or the revised structure (Appendix II)
are for quantities of water that are roughly ten times, or two times, respectively, greater than reasonable
demand scenarios consonant with the minimum cost of the water and the generally favored population
projection. Only if the population projection were to be grossly in error, and the total population at year
2014 were to be about double the REMI population projection, would all of Phase IT water be sold.

Interest Rates/Payout Periods

Interest rates and payofl periods have an influence on water costs, and is an area of considerable
uncertainty for the a large debt required for each phase of the water development. Typically, for large
water-resource projects a 50 year period of payoff is desirable because it lowers the monthly, or annual
payments (but increases the overall total cost) and the infrastructure has a comparable life. We have
assumed 50 year payouts for both Table 1 at 6% interest, and Table 2 at 8% interest. Shorter term loans
tend to increase the cost of the water during the term of the loan, but reduce the total cost of the project.
Therefore, if it were possible for Las Vegas to finance the infrastructure with 25 or 30 year bonds, at the
same interest rates, the water costs would be somewhat higher during the payout period, but the total
project costs are lower.

Appropriate interest rate is open to serious question. In keeping with our minimum cost analysis
we have prepared Table 1 at 6% interest financing, but we don't believe it is realistic. Average cost of
LVVWD indebtedness at the present time is about 8%, and this overall cost of financing is questionable
also in view of the magnitude of indebtedness required for the water-development scheme. After Phase [
financing, each subsequent phase would be financed while still carrying all of the existing phase
obligations (and Virgin River infrastructure?). Total payoff is almost $10 billion with the 6% interest
scenario and over $12 billion with the 8% interest scenario! This total level of indebtedness is beyond
what could be established in the private sector. Too many investors remember the Washington Public
Power Supply System fiasco brought about by similar circumstances- building three nuciea: power plants
for energy demands that did not materialize.

Traditionally, many water resource development projects that require large capital investments
have been sponsored by the federal government. The Bureau of Reclamation would be the probable
agency, and the 50 year 8% amortization scenario would probably be appropriate. However, our
assumptions of good control and timely progress in the minimum cost analysis are likely inappropriate for

14
Revised 8/21/92\TRINYE.INT\08/26/92 09:38 AM\B:lw



dvo> 49 A/.v,v 49d suo)véE w1 PUvwdg

€
.

>4

=4 = = = S o 3 bs =] = ny W e < ) - @ © o jird vt n N
o o (=] Q o o o (= :
< < < o o o o S S S 3 S 3 =3 S 2 2 3. .8 S =1 2
oS L B B T LI B 1 R 1L R A st B A L B L B BN BN | T T T LI AL |
£ aunbid A= PL 20 43T L5 —-— - v
A -
- -
-
- @
-7 - @
FAOTIANT IS0 TYINIQISIH - — - :
= : - o
00} —+ g - ®
. \ - - [7]
< % s \\ -7 Z
s - .
v - ’
Fd A m \\ - - —
mNH -1T 4 > A\ - - -
/ 32 - -
v - - -
/8 ] - -
E © - - -
/ 2 = s ~
ost+ 7 8 : 2 8
! ® @ =
[y - 3 P < ®
g o H I HVINIT 90T 38N TV.LOL
= a @ _ - @ g
..‘ z \.P\ g ”
(-]
Sii—+ [ a a s e :
f s =
! @., 4 ’
/
! /
—_ /
002 -+ ® P _
aG / HVINIT 3sN TVviDL
22+ 3o adorsAue osn |RjUSPISA — —
4 m jeluepisal paLssul salgbuy S0 @
il
;L ® (e101 26/81 /6 sejebuy s07 @
05z 1 S o o [ejuspisal sebep se1 @
Q
+ z i |e10} sebap se (o)
& L]
> & = - [elUSPISa] paLISIUl A
& w T
: ; £ [ejuspisas v
sz + 1 i . g0y ©
. = Jeauy) Bot asn |ejo] &~
2 Jesul| -asn [e10) >
-3 ®
00€ £ © e EDED
< g
5 :
> g
4 " L]
63 — 0




one component of the cost analysis - the exploratory drilling and well construction element. Experience
in Nevada indicates that a cost multiplier of up to 10 (by comparing DOE and Bureau of Reclamation
drilling program costs and results) is conceivable for costs in the well construction component. With a
multiplier of ten, for example, the source water costs approximately double for each phasel Costs to the
water user approximately triple instead of double by Phase II. There is no way to ascertain how this cost
component, which is viable in a cost sense only if it has very goed technical management and design,
would be structured. The drilling cost range gives an idea of why we stress this is a minimum cost
-analysis, we have assumed private sector efficiency in the drilling necessary for finding and developing
the ground water.

The very large capital expenditures may argue strongly for federal underwriting, but timing and
political realities argue just as strongly against a federal project: I the water-development plan were to go

forward (if permits were granted by the State Engineer within the next five years) there is considerable
uncertainty as to when, or if, the project, or phases, would be authorized and funded by Congress. A very
smooth and timely pathway is necessary for authorization, feasibility and design studies, Environmentat
Impact Statement preparation, and funding to have Phase I come on line by 2007. A four to five year
period (private sector efficiency) is the minimum time required to find favorable aquifers and develop the
well fields for each phase. To give an example, it has required 17 years for the Bureau of Reclamation's
Yuma desalinization facility on the lower Colorado River to come on-line to treat 70,000 acre-fifyr of
brackish water after Congressional authorization.

Minimum Costs/Granted Permits

In the minimum cost analysis there is another important cost relationship between permits
granted by the State Engineer and water costs. It is briefly discussed here to give awareness of the
relationship.

We have assumed that a// of the ground water in the Appendix II plan would be granted permits
and that the permitted water development could be moved around within the management basins to
maximize the development of good quality ground water at the lowest cost. We also assumed that a small
amount could be shifted from one basin to another to make the scheme more cost effective. If the State
Engineer were to allow pennits for significantly less than these amounts in some, or all, of the
management basins, the impact on water cost may be substantial and would tend to higher cost water.
The most costly elements of the water-development scheme would be the long pipeline and powerline
infrastructures to the various basins. The less water developed along and at the end of these pipelines, the
higher the source water costs become because of higher infrastructure cost/unit of water developed. Two
permits in Cave Valley make the least cost effective water development due to the million dollar
infrastructure necessary to capture only a small total flow. In our cost analysis, for example, to minimize
cost of such situations we shifted the same quantity of water development to applications in basins that-
were on or near the main pipeline routes. If fewer permits were to be granted ( in view of the large
number of protests and the unrealistic predicted water demand at the resulting water cost) there would be
less total water for development but it may still be distributed over much of the same region of Nevada.
This would require pipelines and powerlines of approximately the same total length (there is 817 miles of
pipeline in our analysis) to develop, say, one half of the water used in the cost analysis. Any such scenario
of less water for development in the widely distributed basins would result in higher source water
cost/acre-ft than those established in this analysis. The savings from smaller diameter pipelines, and
fewer well installations do not offset the higher cost per unit of water captured due to the long pipelines
and power transmission lines. Converscly, any scenario that significantly shortens the pipeline
/transmission line infrastructure will tend to lower the infrastructure cost/unit of water developed.
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CONCLUSIONS

The majority of the currently pursued ground-water applications, as structured in a four phased
water development plan beginning the year 2007, are not economically feasible, even through there is
engineering feasibility to develop and transport much of the water to Las Vegas. The minimum cost
analysis indicates water costs to the user would reduce the per capita water demand by at least one third of
the projected water demand beginning in Phase II. After Phase I, Las Vegans would not accomplish
anything other than an additional fwo billion dollar debt that could not be retired as planned because of
the impact of high user water prices on the water demand. Las Vegans could instead structure water
prices (without investing another dollar to bring additional water from the north) to about the same water
prices as required by the Phase II water, and through the resulting decreases in water demands,
accomplish approximately the same population growth, during the same period, at a similar cost to the
water user! This, to us, argues strongly against Phase II, II1, and IV of the Appendix II plan from the
public interest perspective.

The minimum cost of adding the new water sources (inclusive of in-valley infrastructure costs} to
the existing water supply would range from around ten times the Colorado River water cost (SNWP water
cost before distribution) for Phases I, ITI, and IV water, and sixteen times for Phase II water. The
Colorado River water is the most costly water source in use today at $111/acre-ft delivered to the LVVWD
distribution system. We also believe that the 60,000 acre-fi/yr. of surface water from the Virgin River
would be, if eventually captured from the Virgin River in Nevada, more costly than Phase I water
(probably similar to Phase II cost without desalinization, and over 20 times Colorado River cost with
desalinization). Part, or the majority of Phase I water may prove unavailable because of access problems
(Nellis Bombing Range) and potential pumping impact on the Muddy River Springs (the Arrow Canyon
Range Carbonate Aquifer). If the Phase I water proved to be less available than assumed; Phase II water,
as an early source, would be quite pricey at over $170(0/acre-ft. A scenario of Virgin River Water first,
Phase IT water second (both pricey sources) would establish user water costs that would strongly impact
water demands, and establish several billion dollars of bad debt in the process. As currently pursued, the
staged development appears economically viable only through Phase I (without Virgin River water) or
Virgin River water (without Phase I water),

It should be noted that other "possible” sources, apart from those derived from our suggested
water strategy, appear to be of approximately equal or lower cost than the minimum water costs associated
with the ground-water development strategy, and heavy debt could probably be avoided. As an example,
$860/acre-ft sea water desalinization/Colorado River trade with the City of Santa Barbara has the
potential to put water in Las Vegas for less than $1,000/acre-ft and distributed for less than the minimum
Phase I water cost. It should be also noted that the multibillion dollar debt load required by the first phase
. of ground water and Virgin River water development is highly undesirable if it proves feasible to
establish,

In summary, there is economic feasibility for Phase I or Virgin River water, but not both together
due to the resulting high user water costs reducing the watcr demand. Considerable uncertainty is
associated with Phase 1 and Virgin River water development because of water availability (Phase I) or
engineering feasibility/cost problems (Virgin River), Phase II, III, IV have overall engineering feasibility,
but are not economically feasible beginning with Phase II if they follow either Phase I or Virgin River

_water development programs due to the high nser water cost lowering the water demand by approximately
the amount of phase water developed. Infrastructure capital investments are large enough (multibillion
dollar debt load by the second step of development) that a federally sponsored water development program
is the only plausible financial scenario. However, uncertain timing, political acceptability, and cost
containment problems argue against federal sponsorship.

The LVVWD 1989 filings for the water rights establish a turning point in the Southern Nevada
approach to future growth and water supply. The bold move for the ground-water rights has focused
necessary attention on the need for a new Southern Nevada water strategy. Engineering feasibility or

17
Revised 8/21/92\TRINYE. INT\08/26/92 (09:38 AM\B:1lw



Revised 8/21/92

locking up the water rights are not the only key elements of establishing an expanded water supply for the
continued growth of Las Vegas and other Southern Nevada communities. Economic feasibility, and
careful consideration of water costs in terms of water-use requirements, are equally as important elements
if the traditional quality development is to continue with population growth, Water development strategy
must be predicated on all key elements if Las Vegas and other Southern Nevada communities wish to
continue long term quality growth.

The alternative water development strategy provides 1) long term lower total water costs, 2)
continued low cost water supply for irrigation and other nonpotable uses, 3) an equal or greater total water
supply, 4) greater flexibility and independence with a secure supply, and (5) no multibillion dollar debt
load.

ALTERNATIVE STRATEGY

The minimum cost analysis and other relationships established in the study point to an alternative
water strategy that offers continued growth of population in Scuthern Nevada and a maximized total water
supply at the lowest overall cost.

L Increase Water Prices to Reduce Potable Water Demand /Established Secondary Lo
Cost Water Supply ‘

An effective policy to reduce the potable water demand is necessary to make long term
population/economic growth feasible. It is also clear from this water cost analysis that markedly
increased future water prices would be the result of the current water strategy for Las Vegans.
The real water cost to Las Vegas users would at least double if Phase I water came on line, and a
multibillion dollar debt load would exist. A change in water-supply strategy is necessary to
obtain ecoriomic growth with traditional community water-use standards in conjunction with the
population growth. The most appropriate time to change the water-development strategy is now,
before the very large capital investments are made in the Virgin River or Phase I supplies. The
best strategy is to reduce the potable water demand, and put capital investments into frastructure
needed to maximize use of in-valley secondary water, in order to minimize the overall water
costs, avoid the risks of multibillion dollar debt, and maximize the total long term water supply
for Southern Nevada.

The very high per capita water demand in Las Vegas strongly suggests that water
pri¢ing may reduce the potable water demand by as much as 50% without impacting population
growth. If an alternative secondary water supply is made available during the demand reduction
transition, traditional landscape oriented water uses can be maintained. If we were to design the
structured potable water price increases, they would be stepped into rapid increases during a ten
plus year period, and linked to the development of service from an in-valley distribution system
of secondary (nonpotable renovated wastewater) low cost water supply. By around 20035 it would
be established as to what the demand would be for new, more costly, potable water sources and
how large the demand for the in-valley derived secondary water supply was proving to be. The
increase in potable water prices would be raised until the potable water demand was reduced to
about the 30% of the current per capita demand. This would be accomplished as the in-valley
renovated water source comes on line in distribution systems. This is a strategy that allows for
delaying the need for any future large water source at significantly higher costs for 40 to 50
years, and permits the excess potable water revenues to be used for the implemented in-valley
water collection, renovation and distribution program. While this alternative may seem strong
medicine, it is believed to be better to commit to a program which has the potential to 1) more
than double the total water supply for new users, and 2) ensure that a least cost overall water
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supply strategy has been implemented. This water pricing strategy would give real substance to
an economic growth policy for the foreseeable future by forcing the high per capita potable water
use into lower demand use patterns, and provide a funding base to establish a parallel supply of
in-valley secondary water at continued low water costs.

IL. Return Flow Credit Versus Wastewater Reclamation (In-Valley), Surface-Water and
Shaltow Ground-Water Harvesting

The concept of "return flow credit" of wastewater for Colorado River water has led

Las Vegas down a narrow pathway to the present, and the miinimum cost analysis clearly
demonstrates it not to be the optimum pathway for maximizing water supply for continued
growth at the lowest, long term water costs. The "return flow credit" strategy has always had the
appearances of being the most cost effective way to maximize water supply with "return flow
credit" water of up to 150,000 acre-ft/yr., or equal to as much as 50% of Nevada's Colorado River
allotment. However, 1) this theoretical amount will only be available if there is sufficient
Colorado River flow to meet the lower Colorado River basin allocations, plus the return flow
credit amount, 2} the credit water is based on the stipulation that return flow wastewater meets
certain water-quality standards, and 3) only that "credit” is given to water interpreted to be return
flow from Colorado River water use. This is not a flexible or secure way to maximize water
supply. To date the "return flow credit" sirategy has more or less trapped Las Vegas into a
mindset of a totally potable water supply (at very high future water prices if this water strategy is
continued).

An important relationship is that at least 50% of water use does not requite potable
water, and most of this use is for irrigation. Las Vegas, to keep its water-use life-style, would
benefit from a water strategy that continues to provide water that is affordable for
landscaping/outdoor uses. Another important number is something like 70% of delivered water
historically returned as water flow in Las Vegas Wash (this percentage decreases as the urban
area continues to spread throughout the valley). In rough numbers, if about 300,000 acre-fi/yr. of
water are being used in the Las Vegas Valley today, probably a minimum of 150,000 acre-ft/yr.
becomes some form of return flow water. Simple arithmetic indicates there is 450,000 acre- ft at
the minimum for use (if nonpotable uses are separated) at the present time. However, when Las
Vegas needs the full 450,000 acre-ft and uses it, there is then 50% of total water use for recovery,
or a total of 675,000 acre-ft available with 50% recovery, and so on. This is the principle of
recycling. Surface-water runoff in the valley measures in the of thousands of acre-fl from some
storms and is an additional source to add to the return flow from water that is used. Past return
flow has created a large volume of new shallow ground water of varied (but useful) quality in
storage, that continues to cause waterlogging problems in many areas and which should be
developed and used. Roughly estimated, there will be at least 50% of the total water used in the
valley to capture and to reuse as well as the surface water and shallow ground water in storage.
In terms of maximizing supply, this recycling approach has a large edge on "return flow credit”
because there is no institutional cap on the total amount; it can be recovered on the basis of total
wastewater return flow plus the other water sources which occur in the valley. There is a very
low relative cost to capture and treatblend this water. The secondary water-supply delivery
infrastructure cost is very substantial according to our rough estimates, perhaps as much as Phase
I of the ground-water importation scheme. The difference is that, with the suggested strategy, it
could be paid off in about 15 or 20 years, and creates at least 50 more years of water supply at
low water costs.

If the alternative strategy began in 1995, the following would result by the year 2030
using the REMI population projection: A total water demand of 480,000 acre-ft/yr composed of
160,000 acre-fi/yr of potable demand {60,000 acre-fi/yr of in-valley ground water and 100,000
acre-fi/yr of Colorado River water yielding an average water quality of about 590 mg/l) and
320,000 acre-ft/yr of secondary water demand (220,000 acre-fi/yr of captured wastewater and
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100,000 acre-ft/yr of Colorado River water blended to give a water quality of about 1050 mg/1).
This leaves about 100,000 acre-fi/yr of Nevada Colorado River allotment for Laughlin area use
and the balance in reserve, and at least 20,000 acre-ft/yr of wastewater in reserve as well. Total
use of this reserve water could not occur till the last half of the century according to the
projection of the REMI curve, but when used, it would create another 50,000 acre-ft/yr of
wastewater, resulting in a total useful water supply for Southern Nevada of about 630,000 acre-
ft/yr, at an overall cost to the user of 125% of present cost of water! This is quite a different
result when Phase I adds only 32,561 acre-ft/yr to the existing supply and raises water cost to
about 150% of current user cost!

All in-valley sources of water can be effectively captured and used if potable water and
nonpotable use water are separated and delivered. Such an approach encourages long term
policy designed to capture and use @/l in-valley water sources: 1) systematic location, design, and
construction of new wastewater-treatment facilities for water reclamation; 2) systematic location,
design, and construction of surface-water capture structures for secondary (or primary) systcms;
3) systematic design, and construction of shallow ground-water development infrastructure; and
4) the most important infrastructure system of all, the construction of the distribution network for
secondary water delivery. Reclaimed wastewater and the other in-valley water sources is the best
low cost, long-term water source that has the potential to keep Las Vegas green with both golf
courses and greenbacks. Of the "new" required infrastructure, only two are "new" systems that
would not, with the existing water strategy, be built out in some configuration: 1) the distribution
system for secondary water, and 2) a part of the capture system ( wells for shallow ground water).
The surface water, and water-treatment systems must be expanded with continued growth
regardless of water strategy. In the new areas of development, the secondary distribution system
can be put in at relatively lower costs when development ocours, as well.

Such a policy and program does not preclude the use of "return flow credit” Colorado
River water in the immediate and distant future when and if it proves to be available and cost
effective. However, the secondary water gystemn combined with a price structured decrease in
potable water demand would give the community the flexibility and independence to capture,
treat, blend, and use all in-valley water sources, including water that may be used for return flow
credit, when desirable. Full implementation of the combined water strategy over the next 20 to
30 years yields a "new" water supply available for growth that is at least equal to the 240,000
acre-ft/yr of application water at small fraction of the cost . It has the potential to more than
double the total water supply of the valley.

A common objection to the wastewater capture, and recycling strategy is the perceived
salinity buildup problem. Briefly, the problem is real, but overstated. [t is dealt with in two
ways: 1) water blending, with larger volumes of low TDS water mixed with smaller volumes of
higher TDS water to keep nonpotable water at acceptable quality for irrigation purposes, 2)
desalinization, if eventually necessary (determined by the waters available for blending and the
rates at which the salts actually concentrate in the recaptured wastewater). Nature tends to help
out more than is commonly recognized with most of the salt in the consumptively used water
going into long term storage in the vadose zone during the ET process. Salt cycling with the
wastewater in the shallow ground water is not dominated by salt concentrated by current
consumptive use, but rather it is previously concentrated salt being leached out of long term
storage in the vadose zone by the induced shallow saturation (note that for over 20 years the Las
Vegas Wash effluent has been around 1200 TDS). Desalinization of brackish water is lower cost
than for sea water, and Las Vegans are already talking about (paying for) desalinization of sea
water for Colorado River water trades. The question needs to be posed: Why look to Santa
Barbara, or any other distant faucet on the Colorado River pipeline? The mindset on "return flow
credit" has deflected water-supply strategy to very high cost future water source aliernatives.

" Even the poorest quality recycled water desalinized in Las Vegas Valley should prove to be less
than one half the cost of (fraded) sea water desalinization,
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I, Test Institutional Barriers to Additionat Colorade River Use from Upper or Lower
Basin Sources,

The minimum cost analysis gives insight into the savings that might be accomplished
for additional water rights or long term leased water from a Colorado River basin source.
Institutional structures on the Colorado River need a strong challenge. This alternative is
companion to the water-supply strategy we believe will be successful, but the actual demand for
this water may not become real until well after 2030.

Additional Strategy

With a Las Vegas water-supply strategy based on a combination of potable water-demand
reduction/wastewater reclamation and use, Las Vegas has at least 40 years to put to use the water
resources that are "in hand" with continued rapid growth. Southern Nevada's population may almost
double with the in-hand water resources if the potable water demand is maintained at or below the 100
gallons/day/capita level, and the secondary supply water price is structured similar to current water costs.
Because of the alternative lower cost water supply, the potable water demand can be lowered markedly if
necessary (the 100 gpd/capita is a demand level that includes all water use in many comumunities),
Eventually, Alternative IIT might bear fruit in the form of Upper Colorado River basin water. It's
important to note, however, that such water may not be needed in large quantities for many years. The
long hiatus in actual need for new water sources is appropriate for institutional changes of this nature,

Considerable interest has recently been reported in the possibility of trading for California
Colorado River allotment water by paying for desalinization of sea water in California. The Bureau of
Reclamation treatment costs for the Yuma Desalinization Plant (brackish water) are being reported at
about $425/acre-ft. Santa Barbara, California, reports that their sea water desalinization derived supply,
after the facility is amortized during the first five years of operation, will cost about $860/acre-ft. The
higher cost is perhaps realistic for sea water desalinization, and a "trade" for Colorado River water at this
cost is competitive with the minimum cost for all phases of the northern ground-water applications after
adding the SNWP and in-valley distribution costs. What may make sense however, is in-valley
desalinization of brackish shallow ground water (at the $425/acre-ft cost?) before a sea water/Colorado
River swap. The approach has the apparent cost advantage of reclaiming the poorest quality water
recovered in the valley (water where the salts have been concentrated) to reserve the SNWP pumping
capacity for future "other" Colorado River sources (and save about $1ll/acre-ft, the cost of putting
desalinization exchange water through the SNWP, and another $300 plus /acre-ft in the difference
between brackish and sea water desalinization costs). Eventually, when all the wastewater is needed to
meet the demands, this may prove to be the least cost source to add to the supply.

We view the "return flow credit" Colorado River water with some reservation as a reliable long
term source. The immediate future is the most opportune period to capture and use in-valley wastewater
in order to keep long term water costs down and maximize reliable water supply. The need for return
flow credit water rapidly ceases as wastewater reuse comes on line and total Southern Nevada water
ultimately use expands to 450,000-500,000 acre-ft/yr. We speculate that there could be considerable
pumping capacity in the SNWP in the future, particularly if return flow credit water is limited or
eliminated in the future. Any water sources which come from the Colorado River water at competitive
water cosis might be delivered through the SNWP if the return flow credit water does not take up the
pumping capacity. The existing SNWF pumping capacity has been suggested to be up to 150,000 acre-
ft/yr above the Nevada allotment, or ample capacity to handle "new" Colorado River sources.

It is beyond the scope of this study for in-depth evaluation of the alternative water management
strategy that has been outlined and briefly discussed. However, the only costly new infrastructure is the
21
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secondary water distribution system, and, ultimately, desalinization facilities, The "aliernative" water
strategy for Las Vegas appears to offer the longest period of population growth, while maintaining a) a
large total water supply to meet continued rapid population growth, b) lowest overall water costs, c) a
large supply of low cost water, and d) considerable flexibility {capability of controlling potable water
demands) and independence (no "surprises” if return flow credit water is not available for some reason).

22
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LAS VEGAS WATER STUDY
(PIPELINE PORTION)

SOURCES OF WATER |




contour interval of the map is 200 feet. The _f_olk_)wing criteria are considered in the
determination of the pipeline alignments:

1. Tominimize the pipe lengths,




'-_'i‘he Whlte Rlver System cavers the basins of Gamet Vai ey (216) Cc:ycte |
L Sprmgs Vai!ey (21(} , and Pahroc: ”aliey (208) The matn irunk lme af th;s

; ' ".-'j_sys_tem Qenera!iy._fcilcws U'_. '__Hfghway 93




TABLE 1
POINTS OF DIVERSION WITHIN EACH SYSTEM

. |Application | Basin [ BasiMame ! cownty | Fumg | Assumed|




TABLE 1 (cont'd) |
POINTS OF DIVERSION WITHIN EACH SYSTEM

| Aeplication | Basin | ' Basin Name i Fling | Assumed |




FLOW RATES IN PIPES




Surface Water Sources:
300, 000 Ac ﬂ/year or 25,000 Ac-ft/month

Grouadwater Saurces e
56 060 Ac~ft/year frcm wgilng e ‘




HYDRAULIC CONSIDERATIONS




Booster Pumping Facilities

' Becauss ofthe. hlgh-head cond:tcons it is assumed that vemcal turbms pumps will
S be used for the booster pump statlons;. These ve" ica _urb:ne pumps_ are used nooo '

con]unctzan wuth sterage tanks at varicus_requlred-- locataansi:}n the system _ S




The information on desngn fiow, pipe size, velocity, pipe length, and head loss for
each segment of pspehne at dlﬁerent implementat;on phases is. shown m a tabular
formznAppenﬁixB : _ S e
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PIPELINE CHARACTERISTICS LAS VEGAS VALLEY = (2007) VEGFPS.WKL

Plpe Flow  Peak 8ize Velooity Length H.L. §/L¥
LD, (oFE) (@) (m)  (rRS)  (FE) (P&}




PIPELINE C‘KARACTERIS'BICS KEADGR VALLEY T (2014) VEGFP4.,WK1

. Pipe Flow s?eak Size Velocity Leﬁgth H L. $/LF cost '
= I.D. (CFS) . (GPM) (In)  (FES) oo R (ft) AR

7 Civdse gk

0.1
149 mz0
1.0
0.3
0.9
0.7
o
0
6




. PIPELINE CHARACTERISTICS MEADOW VALLEY (2018) VEGFP3.WK1 ™~

_ Pipe Flow  Peak Bize Velocity Length H.L.  $/LF  Cost

102 68700 84 3
2 .-;.:.".1:0'2' 68700 -8 .




Pipe
o I.D..

Flow

(crs)

3 “31;9}1 :

PIPELINB GﬂARBCTERESTIQB

WEITE'RIVER

Peak size Velocity

(GPH)

(In)

{FPS{

(2018)

Length R.h._

€Ft}

(Ft)

VEGFP3.WK1

s




PIPELINE CHARACTERISTICS  RAILROAD VALLEY  (2025) VEGFP2 . WE1

 pipe Flow Peak size Velocity length H.L.  §/LF  Cost




PIPELINE CHARACTERISTICS LAS VEGAS VALLEY OVERALL VEGFP1.WK1

. pipe Flow  Pesk BSize Veloeity Lemgth H.L.  $/LF  Cost
. I.D. (CFS) (GPM) (In) ~(FPS)  (Ft) (F&} - (§)

1 a0 36 2.9

INE CHARACTERISTICS




PIPELINE cnnnncrsnxswxcs RAILROAD VALLEY OVERALL S

_Pipe  Flow  DPeak Bize Velocity Lemgth H.L. $/LF ¢




| PIPELINE CHARACTERISTICS MEADOW VALLEY OVERALL VEGFP1.WK1

‘pipe Flow  Peak Bize Velocity Lemgth H.L.  $/LF  Cost
 I.D. (CF8) (GEM) (In) (FPS)  (FE) (F®)




PIPELINE CHARACTERISTICS  WHITE RIVER OVERALL _vz_srm -WK1

) _ﬁ-i_p_e ,_E."_!._o-w . Peak Bize Velccity Length H L §/LF 0051:
| o RD. (cE8). . (epm (Im) o (FRS) o (FE) (rt)-:- e




BHEET

ENGINEERS INC. ﬁ&fi_ nusﬁ_ﬁ

1238 W Adn st Ml l: &500! Prons (B02) T44-2584%

DA?E




8HEET _ OF

ENGINEERS, INC. ) gy.ﬁEﬁ__ pate_£ =7 -T2

o — I TEI R TICE “s Phowniz, KX $S00R ¢ Phone {801} 244-2584

CHECK._____ DATE__




SRR Ly w remmim s e i a1 bares s e e+ dmes ree e 4 e e D s e Mt b eoe mra i imn e @ b mamd me cme 4a 4 Thm s i s e nwann s T Smea Sa e s e e o s+ e o
H 1
i
i 3

BEFOR'E ADJUSTMENT_,. Fo/e R S —
/-7777/‘/65 Vf‘}LVES ,f.‘.-fé‘ﬁ&/?ﬁfﬁ ':‘_:ﬁﬁ"f::'f




sueeT — -/

ENGINEERS, INC. ... oy S EL m_é,_@ﬁ;_

CHECK DATE

{_n‘_.iﬁﬁT__ dlittfand, (1]

mno 4—4f4—0 k

‘::--PR,f.?%jjjj--:ff:-;me- ,REDUC/"?':éé;.:f..-_ SW‘/@NS




. eHEET — 2 OF

ENGINEERS INC. BY _ DATE

2258 M, A4th SL. : . "Mnﬂil AL, BS00N + Phena ($83} 2442586

\ L © CHECK.__—___ DATE




ENGINEERS, INC. BY DATE

I3 N, L4th 51, + Phosniz, Az. B5003 + Phons {802} 244-2564 e

_q;._ig_m_. e e e AP -

Sy ' 9*":79 ke aom mea




ENGINEERS, INC. v bate

2238 M. 44th 8L, * Phoanix, Az, 05028 » Phone {$02) 2442564




SHEET % ____OF

ENGINEERS, INC. By DATE

A5 N Adth 51, ¢ Phosnix, AL $5008 = Phone {(§01) 244- 2344 - ; s
CHECK - DATE

CLIENT

| wem

3. STA. 3fotor | o200 gpm.  d-20"

o -




SHEET Mﬂé OF

ENGINEERS INC. BY DATE

2288 N, K418 51, M Af. WEOOE o Phone {B037 2042588 : . -

';.:z} e : . CHECK -
D ot _ - . e AT




SHEET 7 OF

ENGINEERS, INC. By DATE

2255 N, 441h 5L v Phoenix, Az §5003 » Phona (802} 244-2588

3 © CHECK DATE
CLIENT — e i




S8HEET g OF

ENGINEERS, INC.

2ISE M. 44th SL T + Phoenin, AL 5008 » Phone {802) 244-2564

By DATE

CHECK.. . DATE-

“GLIENT




ENGINEERS, INC. By _ DATE

2288 N, 44ih S, & Phoanix, Az 35008 « Prens (802) 144-2568

goB L weNO_




CLIENY

ENGINEERS, INC.

2285 N. 4dth St o Phoenix, Az, $5008 + Prone (802} 244.2568

SHEET
BY

[0 __oF

__DATE

CHECK

DATE




'— 73 - sHEET — [{ ___OF
; - fﬂ']}ngNEEEm‘?ﬂ ! ]:iege Phens {802) 244-2566 By DATE

-~ | : _ CHECK DATE.
1 cuenr - -'

oo wewe 4440




sueer (2~ __OF

ENGINEERS, INC. BY DATE

; 258 N, 441h ST + Phoenix, Az, #5038 = Phone (882} 244-255¢8

I AT Méo : - Q=440 o




sHeer /3 oF

ENGINEERS, INC. BY- DATE

TISINAMASL 7T T+ Phosnix, Az KS008 + Phone {802) 244-2568

CHECK. . DATE.

J euenr
- B R ST EE R




SHEET

ENGINEERS, INC.

L AZESNAGRSL o Phownix, AZ 15003  Phene 802} 244-2558

BY . DATE

OLIENT




S




: BXPLORATI{)N AND WELL CONSTRUCTION
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OPERATIONAL COST~ ELECTRICIT"Y

The completmn of the prcposed_Las' "egas___Valley Water Dasmcts unportanon _preject Wxii need_ e
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Columiis R-V:

. EVALUATION OF NEVADAPOWER, LARGE GENERAL SERVICE - WATERPUMPING.




E.VALUATION OF LINCOLN COUNTY P_éW'Ea CGMMERCiAL AND INI)USTRIAL 50 - 1000 KVARATE.




X - Ah. Cost of February - December: The. cest for each of these months was, evaluated by calculating the
percentage of use as it relates to the montiﬂy average and multnplymg that by the avera ge cost per mcnth
_ caicuiated in column V. Exampie Iuiy =Ag= V_- - :8897514.f6085620 T RRERREEE .
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Nevada Power Company

P.O. Box 230 | MﬂsTER Tt

Las Vegas, Nevada 89151

Tariff No. 1-8B
_cancels Thirtieth Revised P.S.C.N. SheetNn. 1s
“Tariff No. 1-A (withdrawn)  Cancelling Twenty Ninth Revised P.S.C.N. SheetNo. 15

Larg¢ Geperg1 sgrvice
SCHEDULE ‘LGS

AVAILABLE - Throughout the . ‘system’ frbm'?f:_"'ﬁ'éi_iﬁ#iﬂq fédiiia‘:liéé” of aﬁﬂ_‘-&b'le_f.--
character and adequate capacihy.-_-- e L S

éngICABng - To all uses of eieetric_~servxce where conaumpticn of - anergyf
- _exceeda A, 500 kWh An any one month and where the : “mand exceeds '299 kﬂ in: any
. ona. month &nd- fcr which_no specific pchedule_is pro :ded allxas:vics will

..;_;pplicabis ‘to ‘standby, 1
ol 84 Not applicahle to




Nevada Power Company

P.0. Box 230 | _ ' Mﬁs.ﬁuﬁﬁ

Las Vegas, Nevada 89151

Tarilf No. 1-B
- cancels Twentieth Revised P.S.C.N. Sheet No. 16
Tariff No. 1-A (withdrawn) ~ Cancelling Nineteenth Revised P.S.C.N. Sheet No. — 16

" Large General Service (Continued)




Nevada Power Company B
-PO.Box230.° S _
Las Vegas, Nevada 89151 e | | R LRI
| TariffNo. 1-8_ . Bl Reviser  PS.CN.SheetNoll_
. cancels . o - =

" Tanift No. 1-A (withdrawn) - Cancellin

. Second Revised =

PS. C N.Sheet NoX" .
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. Power District, Lincoln County Power D
-, utilities were asked to develop a cost estima

R ._:-_Ifflcca 'ns-selecﬁedb the Las Vegas Valley Water

ELECTRICAL INFRASTRUCTURE COST ANALYSIS

The cost to construct an electrical transmission system of: suﬂicxent foad niecessary- to operate the P
.+ system developed in this scenario would be 'wded by dea Power (Bmlder Semces

o and Range) and horsepower ratings (minir 10 ) horsepower,
With'the exception of the Virgin River ground-water applicatior
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ESTIMATE OF RIGHT-OF-WAY COSTS







Calculations of right of way cost. Pipeling right of way assumed to be 100 feet.

Las Vegas Valley : Virgin River ' " - \White River
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phase three

Meadow Valley
128906
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DEI&‘LAND FOR WATER

. The demand for. “ater by Las Vegas Valley has been fercc st.‘.by several groups m;iudmg the_ ST
" WRMI  Technical. Commxttee and the Planning. Informahoﬁ Corporation (for 1 pdates of Clark'Countys_ o
D 208 Water- Quahty Maaagc nt _Plan} ‘The Las Ve s Wa :
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FINANCING THE COST OF DEVELOPMENT

_ The cost of develapment wﬂl faIE mto seven eategones l) the cost of deveiopmg the wells 2) thc :
; _cost of pumping the water 3) the C st tq mamtam the weiis 4) the cost to construct gathenng and mam




Note that, while the cost spread over all phases declines with the last two phases of the project, as
a result of the greater amount of water delivered per doilar cost; the cost over ihe total suppky nses as the
new water becomes 1naeaszngly dommant in the average cost of total water

.Eiectnc Pumpmg Cests '7 _'

_ As suggasted pumpmg costs-;are : 'anabie -~ They. h__ eet
o j.'_Phase waier‘ $25 00 /acre ft for Phase I water; $133 .00 /acre fi for P




' the wellﬁe}ds in Phases Itf and IV to Las Vegas. These aItematwes were exa:mned briefly, and the
suggested phasmg appears to be the Eeast—cost appmach

: Transm:ssmn Lme and Substa’h

on_ _osts RS

: Tabie X4 'I’ransrmssmn Lme and Substatmn Costs fur New Loads /acre f /year' o
7. Phase Capztal Costs_ : Phase Only AH Phases Total Water R




Total Costs

Table Xﬁ summanzes total cosis of the prOJect by Phase as. above

To arrive at a typlcai
the values in ’Fable XS shcuid be dmded by 12 : SR

..... 5.

Table X6 Summary of Casts Iacre' ft iyaar :
Phase : '










. _dlstnct presently obtains water for resale from the CoEerado’ River Co S
. by the district itself. During the las_ eported: ﬁscal year, the' water district urchased 203 40- 1 acre feet v SR

- of water during its. 1990-91 season. : SR

‘water. dzstnct used 13, 846 acre feet of this water i

S _ purchased and produced fo mmediate resale by the aﬁtérI diétfict durmg the 199 91 season was' "24 352
o "_acre feet' i o :

IN-VALLEY ADM]NISTRATION AND DISTR{BUTION COSTS

_ The cost to d:stnbute water. wnthm the Las Vegas Valley Water Blstnct service area has been -
esumated utihzmg mfonnatmn supplied by Colorado River comnnsssonand-.ﬂle_water dxsmct The water. .

vells. operated

‘This created an yaﬁable water suppiy
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PUI\r{PING SUPERWSION AND MAINTENAN CE

' "i*he Las Vegas Valiey Water Dlstnct pum_ps 15_ 5% of the water uuhzed by 1ts customers from







: VIRGIN RIVER WATER CAPTURE
]EIALF WAY WASH DAM SITEIENERGY REQUIREMENTS

o U, tb 60 000: acre-feetfy: ater
- ﬁ_need to be at Eeast 160 feet h:gh for: the fuil 60
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- ESTIMATED HORSEPOWER NECASSARY TO LIFT VIRGIN RIVER SUFACE WATER FROM THE RIVER TOLAS VEGAS.

on - head
river/dam -







A Table XIV
LLAS VEGAS VALLEY WATER DISTRICT

RATE COMPARISON BY ClTY FOR 21.3 THOUSAND GALLONS OF WATER
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: Exhibit B-1
LAS VEGAS VALLEY. WATER DISIRICT
.u__mn_u__m___u_m“mwh_,______ .

STATEHEHT OF OPERATIHG EXPEHSES BY FUNCTION-
S PRGERIETARY EOi : v
0 N







Table XIIX

LAS VEGAS VAILEY WATER DISTRICT
. GENERAL STATISTICAL INFORMATION = =
. FOR EACH'OF . THE FIVE YEARS ENDED JUNE 30

118 (ground water)
©SNWS (#urfacs watar)
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Economic and Engineering Feasibility of Water Development and Importation to
Clark County

Appendix 1 - VIII Descriptions
(Only copies of Appendix IT and References and Information Sources have been provided in this review draft)

Appendix I

A. Abstract of 1989 Filings of Las Vegas Valley Water District
B. State Engincer Letter of February 14, 1992 (with list of withdrawn LVVWD applications)

Appendix 11

March 18, 1992 letter to R. Michael Turnipseed from Ross E. de Lipkau with four phase plan of water
develop, Las Vegas Valley Water District Cooperative Water Project

Appendix HI Pipeline Design and Construction Costs

Las Vegas Water Study (Pipeline Pottion) - Draft

Appendix IV Drilling and Well Construction Costs
Exploration/Well Construction

Phase 1 Costs
Phase II Costs
Phase 111 Costs
Phase IV Costs

Appendix V
A. Operational Cost- Electricity

Nevada Power Phase I

+ Overton Power Phase 1
Lincoln County Phase 11
Mount Wheeler Phase 111
Mount Wheeler Phase IV

B. Las Vegas Valley Water District (LVVWD) Monthly Water Demand - Department of Resources

C. Power Rate Schedules

1. Nevada Power
IL. Overton Power
HII. Lincoln County
1V. Mt. Wheeler

D. Electrical Infrastructure Cost Analysis



Appendix VI
Right-of-Way Annual Costs

Estimate of Right-of-—Way Costs
Summary Tables

Appendix VII
Population Projections, Demand for Water, and Water Costs
Appendix VI
A. In-Valley Administration and Distribution Costs (estimate)
B. Pumping Supervision and Maintenance {Estimate)
C. Virgin River Surface Water (estimate)

Virgin River Water Capture Half Way Wash Dam Site/Energy Requirement
Map - Possible Reservoir Location

2 Diagrams- Water Resources - Report. 51

Estimate Horsepower

D. Comparative Residential Consumption Water Diagrams

Table XIV

Excerpts from Colorado River Commission of Nevada Financial Report for the Fiscal Year End
June 30, 1991

E. Miscellaneous Information

Excerpts from Las Vegas Valley Water District (LVVWD) Annual Financial Report - Year End
June 30, 1991
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Budget and Actual All Fund Types - Year End June 30, 1991
Table VI - Enterprise Fund - Revenue Analysis by Class of Service - Year End June 30,
1991
Exhibit A-2 - Combined Statement of Revenues, Expenses, and Changes in Retained
Earnings/Fund Balance - All Fund Types for Year End June 30, 1991 with Comparative
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Exhibit B-1- Statement of Operating Expense by Function - Proprietary Fund Type -
Enterprise Fund for Year End June 30, 1991 and 1990

Excerpts from the Division of Water Resources Annual Summary 1991 '
Table XIII - Las Vegas Valiey Water District - General Statistical Information for Each
of the Five Years Ended June 30
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