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1.0 INITRODUCTION

Harding I-awson Associates (HI-A) has been retained by the Washoe County

Department of fbblic Worla Utility Division to conduct an engineering study of the

water resources of the Winnemucca Ranch and Upper Dry Valley Watershed. The

purpose of the study was to evaluate methods and costs associated with collecting,

storing and conveying water to the county service areas from existing springs within

the Winnemucca Ranch and surface flows from the Upper Dry Valley Watershed.

The scope of the study did not include an analysis of the environmental issues that

may be associated wittritris project.

The results of this study are presented in this report and the attached

conceptual drawings. Cost data for all alternatives are presented within Appendix A

of this repoft.

1.1 Location

Upper Dry Valley is located in northern Washoe County, approximately 34

mile5 north of Spark, Nevada and 9 miles southeast of $rramid I-ake. Upper Dry

Valley can be found on Dogskin Mountaiq Nev. Quadrangle within Township 24

alnd 25 North and Range 19 East. The majority of Upper Dry Valley is locited on

private property on the Winnemucca Ranch at the end of Winnemucca Ranch Road

off State Route 445. The average elevation of Upper Dry Valley is 5200 feet mean

sea level (MSL)..

Upper Dry Valley along with its many contributary springs currently flows

down Dry Valley Creek to Dry Valley north of Red Rock and Seven I-akes

Mountain. The water then continues west to the California/Nevada state line.

Spanish Flat Reservoir is located approximately 2 miles northeast of Upper

Dry Valley on the Winnemucca Ranch, in the southwest 1/4, northwest l/4, Section
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30 of Township 25 North, Range 20 East. The reservoir is located at an elevation of

approximately 6686 feet MSL. The embankment has a crest length of 568 feet, a

drainage basin of about 6.8 square miles and a water surface of about 0.7 square

mile.

Refer to the HI-A report dated June 29, 1992, entitled "Preliminary

Evaluation, Spanish Flat DanU Winnemucca Ranch" to Washoe County Department

of Public Works for additional information regarding Spanish Flat Dam.

The Winnemucca Ranch Springs are located to the east of Winnemucca

Ranch within the existing pasture land. These springs consist of four spring

locations named Sugarcane, Suzie, APD, and Upper and l-ower Spring de Casa. All

of these locations are within Sections 12 and 13 of Township 24N and Range 19E.

Currently, the springs drain through the ranch pasture land serving as irrigation

water.

12 Scope ofWork

The original scope of work, as outlined in HI-A's proposal dated December

LL,1992, included an evaluation of the methods and cost for collecting, storing and

conveying the spring and surface flows by pipeline to points of use in Spanish

Springs Valley and/or Irmmon Valley. The transmission to Irmmon Valley

included the alternates of connection to the proposed Truckee Meadows pipeline or

via a separate pipeline.

The study was to include the evaluation of four (4) possible schemes, as

requested by the Washoe County Utility Divisio& for the collectio& storage and

conveyance of the Winnemucca Ranch water rights. The four proposed schemes are

the following:
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Winnemucca Ranch Spring Flows

Develop four (4) springs, Suzie, Sugarcane, APD and de Casas on the
Winnemucca Ranch. Collect the flow and convev bv pioeline to
Spanish Springs Valley and/or Irmmon Valley "aloirg ihe most
favorable topographic and geologic alignment. Annual possible flows
of 900, 1.,000 and 1,100 acre feet were to be evaluated.

Surface Flows from Dry Valley lVatershed .

Develop storaqe facilities to collect and store surface flows. Two
possible stora{e sites were anticipated and referred to as the Dry
Creek site and the Black Canyon site. It was anticipated that storaee
would be provided by consiructing low earth fiII dams, sized Io
impound flows of 500, 1,000, or 1,500 acre feet annually. Conveyance
of water from the storage reservoirs would be to Spanish Springs
Valley andfor l*mmori Valley by pipeline and ivould iriclud'e
combining with flows from the Winnemucca Ranch Springs.

Water treatment (filtration) of surface water would be necessary prior
to introduction in a domestic distribution system and woulil be
provided at the storage facility.

Storage facilities and treatment are the same as in No. 2 above, but
conveyance would be by pipeline down Dry Valley to tie into the
propo-sed Truckee Meadbws pipeline.

Spqing development and collection are the same as in No. 1 above,
with water_conrre.yed by a pumping facility and pipeline to storage and
treatment facilitii:s deJcribed iil Nb. 2 above andihen conveyed-to the
proposed Truckee Meadows pipeline.

Etght tasls were proposed to accomplish the engineering evaluation for the

above alternatives.

Task No. 1 -- Initial site reconnaissance and identification of potential

reservoir sites and pipeline routes.

The work items for this task included the following:

- initial map stu$y.of.existing USGS Quads to identi$ preliminary
storage sites ancl pipetine routes;

3
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Harding l-awson Associates
- field reconnaissance of study area to veriry preliminary storage and

routing selections; and

- brief narrative report of site conditions.

Task No. 2 - Geologic reconnaissance of reservoir sites and pipeline routes.

The work items for this task included the following:

- geologic literature review;

- field geologic study; and

- preliminary geologic report.

Task No. 3 - Mapping of reservoir sites.

The work items for this task included the following:

- set photo identified control points (utilizing existing aerial
phottigraphy) at each reservoir sitei and

- compile topographic mapping with 5 foot contour interval for each
reservoir site (Autocad format).

Task No. 4 -- Winnemucca Ranch springs collection and conveyance to

Spanish Springs Valley and/or Irmmon Valley.

The work items for this task included the following:

- details of spring development and collection; 
c

- pipeline routing, details, plan and profiles;

- pipeline hydraulics;

- pump station details and hydraulics; and

- quantities and cost estimate.

Task No. 5 - Dry Valley Reservoirs (trvo sites) and treatment facilities.

Combine with Winnemucca Ranch spring water and convey to Spanish Springs

Valley and/or Lemmon Valley. Reservoirs of 500, 1,000, 1,500 acre foot capacity.

The work items for this task included the following:

- storage depth determinations;

- dam embankment and spillway;

4
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r : ;,ffi#;ffiHilffi:.r.u,ins;
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- embankment and spillway details;

- water treatment facility (industry reference);

t ilt"ittli 
routing to Winnemucca Ranch springs, details, plan and

I PiPeline hYdraulics;

- pump station details and hydraulics;

I Uffiifr?1,',d';',i,'noiHlffiffir':,f,1;#xlfo"t" 
va'ev and/or

I - quantities and cost estimates.

Task No. 6 - Convey Dry Valley Reservoir water to Truckee Meadows

I pipeline

I 
The work items for this task included the following:

- pipeline routing to Truckee Meadows pipeline;

I 
pipeline details, plan and profile;

I ;H:l#:::',T1,u,,,

I 
- Convey Dry Valley Reservoir water and Winnemucca Ranch

r springwater to Truckee Meadows pipeline.

I 
The work items for this task included the following:

- pipeline routing frgm Winnemucca Ranch springs to Dry Valley

I 
reservoirs, details, plan and profiles;

pipeline hydraulics;

I HfJftl|i# 
sizing adjustments of pipeline to the Truckee Meadows

I 
- quantities and cost estimates.

Task No. 8 - Engineering Report

I
ls
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I The work items for this task included the following:

I - :.ffi:fl:':;issancesummary;and

I - description of Project Schemes:

I 
conceptual drawings

I PhotograPhs

, design assumptions

f hydraulic data

t 
costdata

In addition to the above scope of work HI-A, was requested by the Utility

I 
Division to provide engineering analysis on two additional alternatives. These

alternatives were to analpe the conveyance of water from the Spanish Flat Dam to

I the head of Cottonwood Creek or to Winnemucca Ranch Springs. The latter would

I then be routed to Spanish Springs Valley or Irmmon Valley. This work was

t outlined in HI-A's supplemental proposal dated July 6, 1gg3.

I 
The work items associated with these additional alternatives included the

following:

I geologic reconnaissance of possible alternative pipeline routes;

I 
- preparation of a brief narrative report of site conditions;

- prepare topoglaplil sllip -m?p -(from U$GS Quad Maps, Autocad
format) along the identified pipeline corridor;

- prepare g:eliminary details and hydraulics of pump station located at
Spanish Flat Dam;

- prepare preliminary pipeline details, plan and profile from Spanish
Flai Reservoir to Cbttoirwood Creek aird from Spanistr Flat Reiervoir
to Winnemucca Ranch Springs; and

I
T
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- prePare an engineering report:

summary of data

Hading Lawson Associates

geologic reconnaissance summary

description of project

1. conceptual drawings

2. photographs

3. design assumptions

4. cost data
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2.0 SPANISH spRrNGs vALLEy IMPoRTATIoN ANAlysi3tdins 'awson 
Associates

2.1 Alternatives

The Spanish Springs Valley importation alternatives consist of collecting and

conveying waters from existing Winnemucca Ranch Springs and/or the waters from

Upper Dry Valley to the Spanish Springs Valley. The term Winnemucca Ranch

Springs for purposes of this report include Suzie, Sugarcane, APD and de Casas

springs. All of these springs reside on the Winnemucca Ranch east of the ranch

house (see conceptual drawings, sheet C3 of 36, for the approximate spring

locations). The springs will be collected via a collection system similar to that

shown on sheet C36 of 36 of the drawings. Possible flows from this group of springs

is estimated by the Washoe County Utility Division at a total of 900, 1,000, or 1,100

acre - feet per year. The waters from Upper Dry Valley will be collected at either a

dam in Upper Dry valley or the existing Spanish Flat Reservoir on the Winnemucca

Ranch. The possible flows analyzed from the Upper Dry Valley were 500, 1,000, or

1,100 acre - feet per year. The flow from Spanish Flat Reservoir is approximately

3225 acre - feet per year. All discharge flows were provided to HI-A. by the Utility

Division.

The Spanish Springp alternative uses existing roads for the entire pipeline

route excepting that portion from Winnemucca Ranch Road to the spring locations

above the ranch and from Black Canyon Reservoir to the springs. The pipe

trenching will be at a depth of 3 to 5 feet in generally sandy soil. See section 7.0 of

this report for the geologic summary. Using existing roads will reduce the costs of

trenching and minimize envirorunental impacts.

22 Winnemucca Ranch Springs

Three flows were anallzed including 900, 1,000 and 1,100 acre feet per year

all from the Winnemucca Ranch Springs. The springs are high enough in elevation

t
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I
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to allow gravity flow from the springs to Spanish Springs Valley without the use of a

pump station. The pipe selected for all three flows was a 10 inch ductile iron pipe.

The maximum working pressure of the pipe was calculated to be 290 pounds per

square inch (psi). Class 50 pipe was used for this alternative allowing for

approximately 100 psi operational allowance for water hammer and other

phenomenon. This pipe was sized on the basis of water flowing 24 hours per day,

and 365 days per year. The springs probably flow heavier during the spring months

than the fall and winter months. However, the flows at different periods of the year

were.not available at the time of this report. This indicates that additional

information is needed on the spring flow characteristics. The additional spring flow

information might suggest a slightly larger pipe size based on the peak flows from

the springs.

23 Black Canyon Reservoir and Winnemucca Ranch Sorings

The flows analyzed included 900, 1,000 and 1,100 acre feet per year from the

Winnemucca Ranch Springs and 500, 1,000, and 1,500 acre-feet per year from Black
:

Canyon Reservoir. The reservoir water will have to be pumped to the spring

location where gravity will carry the water on into Spanish Springs Valley.

Additionally, the water from the reservoir will have to be treated prior to

introduction to the potable water supply system from the springs. This treatment

will be done at the dam where the pump station will be located. Etectric power for

the pump stations and water treatment plants would be provided by constructing an

electrical transmission line from the Route 445/Winnemucca Ranch Road

intersection to the pump station and treatment facility locations.

The pipe selected for flow combinations of 1,400, 1.,500, 1,600 and 1,900 acre-

feet per year from Spanish Springs Valley to Winnemucca Ranch Springs is a 12

inch class 50 ductile iron pipe. The pipe selected for flow combinations of 2,000

9
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2,100, 2,400, 2,5A0 and 2,600 acre-feet per year from Spanish Springs Valley to

Winnemucca Ranch Springs is a 14 inch class 50 ductiie iron pipe. The pipe

selected from Winnemucca Ranch Springs to Black Canyon Dam for a flow of 500,

1,000 and 1,100 acre-feet per year is 8, 10 and 10 inch class 50 ductile iron

respectively. The maximum working pressure of the pipe for all these flows was

calculated to be approximately 310 psi. These pipe sizes were based on the water

flowing 24 hours per day, and 365 days per year from all sources. As mentioned

above, the springs probably flow heavier during the spring months than the fall and

winter months. Also the reservoir was assumed to discharge at a constant rate

through the year assuming sufficient storage inflow during the year. Pipe sizes

identified in this study are subject to revisions as additional data is obtained

regarding expected flow rates into the reservoir and the refinement of the flows

from the springs.

2.4 Spanish Flat Reservoir and \{innemucca Ranch Sorings

The flows analped werc 3,225 acre-feet per year from the Spanish Flat

Reservoir and 900, 1,000, or 1,100 acre-feet per year from the Winnemucca Ranch

Springs. The reservoir water will flow down the existing channel to a man made

diversion ditch as shown on the drawings. The water will be piped from the

diversion ditch to the springs. This will eliminate infiltration loss from the diversion

ditch to the springs. The channel from Spanish Flat Reservoir to the diversion ditch

is very sandy and subject to infiltration loss; however, the channel is also extremely

roclcy, making pipeline conskuction diffrcult and expensive. Additional data is

needed to determine the amount of water to be expected to infiltrate into the

ground in this existing channel.

The water from the reservoir will have to be treated prior to introduction to

the potable water supply system. This treatment witl be done after piping to the

10
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springs and before combination with the spring water. This wilt reduce the cost of

electrical line installation for the treatment facility. Electricity will again be

supplied by constructing a transmission line from the Route 44s/Winnemucca

Ranch Road intersection to the treatment facility at Winnemucca Ranch Springs

The pipe selected for the flow combination of.4,125,4,225, and 4,335 acre-feet per

year from Spanish Springs Valley to Winnemucca Ranch Springs is an 18 inch class

50 ductile iron pipe. The pipe selected from Winnemucca Ranch Springs to the top

of the diversion structure for a flow of.3,225 acre-feet per year is also an 18 inch

class 50 ductile iron pipe. The maximum working pressure of the pipe for all these

flows was calculated to be approximately 250 psi. As before, these pipe sizes were

based on the water flowing 24 hours per day, and 365 days per year from all sources.

Pipe and hydraulic grade line profiles were not prepared for the combination of

flows from the Spanish Flat Reservoir and the Winnemucca Ranch Springs. These

profiles would be similar to those prepared for the combination of flows from the

Black Canyon Reservoir and Winnemucca Ranch Springs.

11
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3.1 Alternatives

The I-emmon Valley importation alternatives consist of collecting and

conveying the waters from the Winnemucca Ranch Springs and/or the waters from

Upper Dry Valley or Spanish Flat Reservoir to I-emmon Valley. The pipe route for

the alternatives initially follows the same route to Spanish Springs Valley, but then

is routed up to Bedell Flat from Winnemucca Ranch Road. From Bedell Flat the

pipeline ties into the Truckee Meadows Pipeline. This pipeline would then continue

on to I-emmon Valley. The pressure head was assumed to be approximately 100 psi

in the Truckee Meadows Pipeline at the point of connection to the Winnemucca

Ranch Pipeline. The flows considered are the same as those analyzed for the

Spanish Springs Valley pipelines.

32 lVinnemucca Ranch Sorinss

The flows include 900, 1,000 and 1,100 acre-feet per year, all from

Winnemucca Ranch Springs. Unlike the Spanish Springs Valley alternative, the

springs are not high enough to produce enough pressure to push the water up into

Bedell Flat, north of I-emmon Valley. To provide enough pressure to Irmmon

Valley, a pump station will be provided at Winnemucca Ranch Springs. This

location reduces the pumping costs due to its high elevation. The ma,rimum

working pressure in the pipeline is approximately 600 psi for the three flows

analyzed for this alternative. The pipe selected for all three flows was class 50 and

51 ductile iron pipe, with class 51 being used only within high pressure areas. The

pipe class was varied to reduce the pipeline costs.

33 Black Canyon Resenoir and Winnemucca Ranch Springs

The flows analyzed included 900, 1,000 and 1,100 acre-feet per year from the

Winnemucca Ranch Springs and 500, 1,000 and 1,500 acre-feet per year from Black

I
I
I
I
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I
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Canyon Reservoir. The reservoir water will be pumped to the spring location where

the water will be combined with the spring water. The reservoir water will also be

treated at the dam site prior to mixing with spring water.

This alternative will require the spring water as well as the reservoir water to

be pumped to a pressure sufficient to allow the water to flow up to Bedell Flat to

connect to the Truckee Meadows Pipeline.

The pipe selected for flow combinations of 1,400, 1,500 and 1,600 acre-feet

per year was L2" diameter class 50 and 52 ductile iron pipe. The pipe selected for

flow combinations of 1.,900, 2,000, 2,L00,2,400,2,500 and 2,600 acre-feet per year

was 14" diameter class 50 and 53 ductile iron pipe. The pipe selected from Black

Canyon Reservoir to Winnemucca Ranch Springs for flows of 500, 1,000 and 1,500

acre-feet per year was 10", 12" and 12" class 50 ductile iron pipe.

Electricity will again be supplied by constructing a transmission line from the

Route ,[45/Winnemucca Ranch Road intersection to the pump stations and

treatment facility for this option.

3.4 Spanish Flat Reservoir and Winnemucca Ranch Springs

The flows analped for are the same as in Section2.4 above, 3,225 acre-feet

per year from Spanish Flat Reservoir and 900, 1,000, or 1,100 acre-feet per year

from Winnemucca Ranch Springs. The reservoir water will flow down the existing

channel to a man made diversion ditch as shown on the plans. The water will be

piped from the existing diversion ditch to the springs. As mentioned previously, this

will eliminate infiltration loss from the ditch to Winnemucca Ranch Springs. The

water from the reservoir will be treated prior to introduction to the potable water

supply system at the springs location. This will reduce the cost of electrical line

installation for the treatment facility. Electricity will again be supplied by the

13
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t construction of a transmission line from the Route,+45/Winnemucca Ranch Road

i.tersection to the treatment facility at Winnemucca Ranch Springs.If The pipe selected for this route is 18" class 50 ductile iron pipe from Spanish

t 
Flat Reservoir to the Springs and 18" class 54 ductile iron pipe from Winnemucca

r 
Ranch Springs to Bedell Flat. As before, all pipe sizes are based on continuous flow

I year round. Pipe and hydraulic grade line profiles are similar to those prepared for

the combination of flows from the Black Canyon Reservoir and Winnemucca Ranch

I Springs.

I
t
I
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Associates

4.1 Alternatives
' 

The Dry Valley alternatives consists of collecting and conveying the waters

from existing Winnemucca Ranch Springs andf orthe waters from Upper Dry Valley

through Dry Valley to connect to the Truckee Meadows Pipeline. A reservoir

located at the base of Upper Dry Valley at the head of Dry Valley Canyon would be

constructed to collect and retain the runoff from Upper Dry Valley. From this

reservoir, a pipeline will be constructed down Dry Valley Canyon to Dry Valley. At

this point the pipeline will connect to the Truckee Meadows Pipeline. The Truckee

Meadows Pipeline would then continue on to I-emmon Valley. The pressure head

was assumed to be approximately 350 psi at the point of cormection to the Dry

Valley Pipeline.

The flows considered for this alternate were the same as for the previous

alternates with the exception of Spanish Flat Reservoir. Spanish Flat Reservoir was

not considered as part of this route. .Also, the reservoir containing the runoff from

Dry Valley was moved from Black Canyon to the downstream end of Upper Dry

Valley.

Although this report does not address environmental issues, site visits

indicate a possible archaeologic restraint with this pipeline route. Additionally, the

valley floor within this canyon contains an incised meandering streambed. At points

this strearrbed has scoured the valley floor to a depth of 10 to 15 feet. This will

increase the cost of the pipeline through the canyon. There is an existing concrete

dam approximately 4 feet thick and 20 to 30 feet tall completely blocking the

canyon. The bedrock on both the right and left abutment of the dam make it

difficult and expensive to pass the pipeline through the canyon. '

15
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42 Winnemucca Ranch Springs

The flows for this alternative include 900, 1,000 and 1,100 acre-feet per year,

all from Winnemucca Ranch Springs. Similar to the Irmmon Valley Alternate the

springs are not high enough to provide enough pressure to match the pressure in the

Truckee Meadows Pipeline in Dry Valley. A pump station will be installed at

Winnemucca Ranch Springs to boost the pressure approximately 15G170 psi to

match the pipeline pressures. The maximum working pressure in the pipeline is

approximately 350 psi at the Truckee Meadows Pipeline. The pipe selected for the

flow of 500 acre-feet per year was a 10" class 50 ductile iron. The pipe selected for

the flows of 1,000 and 1.,500 acre-feet per year was a 12" class 50 ductile iron pipe.

4.3 Dr.v Valley Reservoir and Winnemucca Ranch Sorings

The flows analyzed for this alternative included 900, 1,000'and 1,L00 acre

feet per year from the winnemucca Ranch Springs and 500, 1.,000 and 1,500 acre

feet per year from Dry Valley Reservoir. The reservoir and spring water will be

pumped to the base of Dry Valley Canyon where the pipeline will connect to the

Truckee Meadows Pipeline. The reservoir water will be treated at the dam prior to

combining with the spring water.

The pipe selected for flows of 900, 1,000 and 1,100 acre feet per year from

Winnemucca Ranch Springs to the Dry Valley Reservoir was a 12" diameter class 50

ductile iron pipe. The flows of 500 acre feet per year from the reservoir and 900

acre feet Per year from the springs to the Truckee Meadows Pipeline received a 10"

diameter class 50 ductile iron pipe. Flows of 1,000, 1,100, 1,400 and 1,500 acre feet

per year received a 12" diameter class 50 ductile iron pipe. While flows of 1,600,

1,900, 2,000, 2,100,2,400,2,500 and 2,600 all received pipe sizes of 14" diameter

class 50 ductile iron pipe. The ma:rimum working pressure in the pipeline is at the

Truckee Meadows Pipeline at 350 psi. ;

L6
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I Electricity will again be supplied by constructing a transmission line to

Winnemucca Ranch Springs and Dry Valley from the Route 44l/Wiwremucca

I Ranch Road intersection to the pump station and treatment facility for this option.

I Pomp stations will be located at the Dry Valley Reservoir and at Winnemucca

Ranch Springs.

I
I
I
I
I
I
I
I
I
I
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s.0 corror{wooD .REEK INFILTRATI'N ANALys,r 
t"t''n r'awson Associates

Currently Spanish Flat Reservoir is operated by the Winnemucca Ranch.

The outlet drains down a canyon in the Virginia Mountains to a man made earthen

diversion ditch located above the ranch. This ditch diverts the water from Upper

Dry Valley to Winnemucca Ranch near the Winnemucca Ranch Springs where it is

currently used for irrigation. Excess water that is not diverted by this diversion ditch

is allowed to flow into and through Upper Dry Valley.

. The flow analyzed for this alternative was 3,225 acre-feet per year from the

Spanish Flat Reservoir. The water will be pumped from the reservoir to the top of

the Virginia Mountains north of Spanish Flat Reservoir into East Cottonwood

Creek. The water will then be discharged to the creek where it will be inliltrated

into the ground to add to the groundwater recharge within Cottonwood drainage.

The pipeline will follow existing roads to its outlet at the top of East Cottonwood

Creek Canyon.

The water will not have to be treated prior to discharge into Cottonwood

Creek because it will be infiltrated into the ground rather than directly used as

potable water. Electricity will again be supplied by constructing a transmission line

from the Route zt45/Winnemucca Ranch Road intersection to the pumping facility

at Spanish Flat Reservoir. The pipe selected for this alternate is an 18" class 50

ductile iron pipe.

I
I
I
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6.0 HyDRor,oGIc M'DELING oF REsERvoIRs 
Hardins Lawson Associates

The flood flows into the reservoirs were analyzed using the U.S. Army Corps

of Engineers computer program HEC-I. Within this prograrn, the SCS dimensional

unit hydrograph was used to determine runoffhydrographs. In additiorl two routing

methods were used within the program: the modified Puls method for routing

through reservoirs and the Muskingum method for channel routing. The HEC-1

SCS model is designed to represent a given drainage basin as it is subject to various

intensities of precipitation. The model is set up using mathematical parameters

which represent various surface conditions of the given basin. This model computes

stream flow hydrographs at key locations within the site. The major parameters

represented by the SCS model are drainage area, precipitatior\ SCS curve number,

and SCS watershed lag time (reference Table 1 in Appendix A for the hydrologic

design parameters used for this analysis).

Hydrolory is a complex system with many uncertain variables. This model

takes into account hydrologic variables using basin average assumptions. It is HI-A's

best judgment that these assumptions are conservative enough to account for

hydrologic inconsistencies. The hydrologr process is not an exact science, however,

and is very judgmental in nature; therefore, all runoff values contained herein are

approximate.

6.1 Drainage Basins

Analysis points for Black C;anyon and Dry Valley Reservoirs were picked at

the base of the reservoir for each watershed boundary.

The topographic boundaries of each watershed drainage basin were

approximated by outlining the watershed boundaries on a 1 inch = 2000 feet USGS

Quadrangle.

19
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Harding lawson Associates

62 Precipitation

. 
As specified by the US Army Corps of Engineers, the 7/2 and full probable

ma:rimum floods (PMF) were analyzed for each basin. The Design Event was

determined to be the l/2 PMF for both the Black Canyon Reservoir and the Dry

Valley reservoir (reference Appendices B and C for the analysis printouts).

Precipitation values for the two PMF storms were determined from the

procedures outlined within Hydrometeorological repoft (HMR) No.49, prepared by

the National Weather Service.

Due to the relatively small size of the drainage basins included in this

analysis, no areal reduction factors were used to allow for storm distribution. The

precipitation distribution was taken from the standard SCS Tpe II distribution.

This is the standard rainfall distribution developed by the Soil Conservation Service

for this area of the country. HMR No. 5 distributions were used to distribute the

PMF storms (reference Appendix A for the PMF calculations and distributions).

63 SCS Cune Number

An SCS curve number was calculated for each basin with the following four

considerations in mind:

1. Soil Tlpe - Soils are classified according to their hydrologic behavior.
The four classes in the SCS analysis are A B, G and D, with A being
the most pervious and D being the least. The soil classifications of A
B, C, and D were encountereii for the runoff basin for both dams. A
weighted soil type was used for both basins based on the amount of
area for each soil t1pe.

2. Vegetative Tlpe - The tlpe of vegetation will influence runoff and
SCS has broken the twe of veqetation into multiple classes (open
spaces, gr6s, forest, rit'c.). ThJ vegetation at this site varies'fiom
sparse sagebrush with a grass understory to short $ass pasture land.

3. Cover - The curve number is influenced by the amount of protective
covei on the sround surface of the wafershed. Cover is usuallv
defined as the iercentaqe of sround covered with vesetation. SCS hai
broken this down into iateg6ries such as good, faii, and poor. The
cover on this site is generally considered poor to fair due to the lack of
dense vegetation.

I
I
I
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Harding Lawson Associates

Soil Moisture - Soil moisture is expressed in antecedent soil moisture
condition (AMC). A\4C is classified as I, II, or III, with AMC III
being the wettest condition and AMC II as the reference point on
which curve numbers are based. The curve number can be-adiusted
depending on the anticipated AMC. Generally, peak runoff figures
are calculated using an antecedent moisture condition of II due tb the
approximate nature of the AMC. This analysis uses the standard
air'tecedent moisture condition of II.

The curve number for each area can vary according to each of these variables

from a low of 0 (a completely pendous watershed with no possibility of runoff) to a

high of 100 (a completely impervious watershed with runoff equaling rainfall).

After considering all of the above parameters, a curve number of 69 for both basins

was chosen. This reflects the runoff potential and vegetation characteristics of the

site.

6,4 SCS Watershed Lag Time

The lag time for each basin was calculated using the velocity method. The

velocity method breaks up the hydraulic length of each basin into varying slopes and

land t1pes. Each segment's length is divided by its corresponding runoff velocity to

obtain a time of concentration for each reach. The SCS lag time is 0.6 times the

computed time of concentration. The lag time must then be adjusted according to

the actual field conditions of the given channel. Field conditions that may affect the

channel's efficiency are bank and bottom soil conditions, vegetatiorl debris, etc.

The lag time is used to estimate the delay time from initial precipitation to actual

runoff at some reference point within the basin. It is of extreme importance that the

lag time closely approximate the actual field conditions due to its significant impact

on the peak runoff values at each analysis point. As mentioned in Section 7.0 of this

report, site reconnaissance was performed to evaluate channel conditions for each

basin. The tlpes and amount of vegetation, channel condition and slope were all

verified to best determine the channel velocities. Table 1 in Appendix A lists the

calculated lag times for each basin.
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Harding lawson Associates

6.5 Dam Height / ReservoirVolume Evaluations

Both dams were analyzed for the full PMP and the l/2 PMP storms. The

PMP for both sites is approximately 13.3 inches within a 6 hour period. The 1,/2

PMP is simply calculated by halving the initial precipitation to a depth of 6.65

inches.

Both dams were analyzed using an initial condition set at L,500 acre-feet of

storage, then the storms were run through each reservoir with differing spillway

configurations to minimize the height of each dam. This analysis is conservative due

to the fact that the reservoirs probably will never have a volume this high. All

pipelines were sized assuming continuous flow from the reservoirs throughout the

year. During the spring months the reservoirs will fill to some height and slowly

drain throughout the year. At the time of this report there was not enough data to

fully analyze the maximum pool elevation that would be obtained during the spring

runoffperiod. This information is being obtained by Washoe County by monitoring

a network of rain and stream gages installed within the area. Both dams are

probably over designed at this time. Costs for both dams may reduce after final

design.

6.5.1 Black Canyon Reservoir

The spillway for this reservoir is located off of a finger in the reservoir pool

to the north. The spillway will be in rock cut and will need no slope protection due

to is location away from the dam face. The cut from the spillway will be used for

shell material during the dam construction.

The dam core materials are planned to be taken from the pool and

surrounding area. This material will have to be processed on-site before placement.
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652 Upoer Dr.vValley Resenoir

This reservoir location is in a confined area at the base of Upper Dry Valley.

The spillway is located on the left abutment of the dam in a rock cut. Due to the

close proximity to the dam face, this spillway was estimated to need full concrete

lining along with enerry dissipaters at the base of the dam to reduce erosion. The'

spillway excavation will produce shell material usable on the upstream and

downstream dam face. The core materials for the dam are planned to be taken

from the pool and surrounding area. This material will have to be processed on-site

before placement.

I
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7.0 cEoloclc REcoNNAIssANcE A.ID LITER.{TTJRE R";;il;t 
Lawson Associates

A literature review was performed as part of the Winnemucca Ranch Water

Resources Study. The review focused on available geotechnical, topographical, and

orthological data from existing published and unpublished sources. A list of

references reviewed is provided in the Bibliography.

In addition to the literature search, site reconnaissances of proposed pipeline

routes and reservoir sites were conducted. A site reconnaissance was conducted to

field confirm surface conditions and to veriff findings of the literature review. The

geologic factors studied included: rock and soil conditions including; near or

surface bedrock; liquefaction potential; high groundwater; access for construction

equipment.

Geologic data and assessments summarized below were based on the

literature review and site reconnaissance only. Rippability of bedroclg subsurface

conditions, liquefaction potential and other geotechnical and excavation

considerations should be better defined during a design geotechnical investigation.

7.1 GeneralObservations

Data obtained during the literature review did not indicate the presence of

active faults crossing any of the proposed pipeline alignments, proposed reservoir

sites, or the existing Spanish Flat Reservoir. A Holocene Age (younger than 11,000

years) fault is present in Warm Springs Valley near the Bfamid I-ake Highway.

Holocene faults are considered by the United State Geological Survey (USGS) to

be active faults. The fault trace is approximately two miles in length. Several active

faults are present near the Ollinghouse Mine that have the potential to generate

large earthquakes and may cause liquefaction of granular soils.

Two subsurface factors must be present in a seismically active area to have a

significant potential for liquefaction: high ground water and loose, fine grained
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Hading Lawson Associates

cohesionless soils. Published data and site reconnaissance indicate high

groundwater at locations along the proposed pipeline alignment and reservoir sites.

Additionally, sandy soils are present in some arery. To determine if there is a

potential for liquefaction in these arezr, additional studies including subsurface

exploration would be required.

72 Upper DryValley Reservoir Site

Abutments at the Upper Dry Valley site are composed of Tertiary Hartford

Hill Rhyolite bedrock, predominantly consisting of propylitically altered, variable

welded ashflow tuff with minor beds of ashflow tuff and lenses of clastic sediments.

The ashflow tuff is composed of quartz latite or rhyolite in composition. The

bedrock is moderately to highly fractured and covered by a layer of colluvium. The

bedroclg although fractured, is competent. Prior to construction" the colluvial

material should be removed to expose competent bedrock. Seepage may occur

through the bedrock fractures at the abutments.

The foundation for the proposed dam consists of a Quaternary alluvial cover

consisting of streanl elonian (wind), talus and slope wash and alluvial fan deposits

overlying bedrock. The Quaternary alluvial deposits range in thickness. For

preliminary engineering design cost purposes, the thickness w:ls ilssumed not to

exceed 30 feet. The thickness of alluvial cover must be verified during a

geotechnical investigation prior to final design. Bedrock is the Hartford Hill

Rhyolite described above. Due to the close spacing of fractures and proplytic

alteratiorl seepage.may occur under the dam through the bedrock foundation.

The spillway will be located in the rhyolite bedrock. Materiat to be

excavated will be primarily the fractured bedrock. A large quantity of rock

excavation will be generated during construction of the spillway and could be

suitable for use in a dam embankment.
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Harding Lawson Associates

Based on the literature revie% soils comprising the flat portion of the

impoundment area consist of sandy, silty clays and silty sands. However, during the

site reconnaissance, only silty fine sands were observed in surface exposures. The

colluvium covering the slopes in the impoundment area consist of silty and clayey

sands with gravel and cobbles. Generally, these soils have a moderately low

permeability depending on their gradation. At the time of the reconnaissanc.e, there

were a number of phreatites and an organic layer in the upper 6 to 8 inches of soil.

However, grass and sagebrush roots may extend deeper. This area may be

considered a wetlands area. This wetlands area may be mitigated with the

construction and subsequent flooding of the impoundment area. This will require

additional study to confirm.

73 Black Canyon Reservoir Site

The abutments at the Black Canyon Reservoir site are bedrock comprised of

andestic and dacitic flows, of the $namid Sequence. The bedrock is overlain by

colluvial soils. The colluvial soils contain a moderate percentage of clay material.

The andesite and dacite bedrock is highly fractured and is slightly to moderately

weathered, with minor alteration. The bedrock is competent, however, seepage may

occru through the abutment. The colluvial material would be removed prior to

construction.

The foundation for the proposed dam consisb of a Quaternary alluvial soil

cover over the Pfamid Sequence andesitic and dacitic bedrock. For preliminary

design pulposes, the foundation is similar to the Upper Dry Valley Foundation and

a depth of 30 feet of alluvial cover to be removed was assumed. Seepage may occur

tlrough the foundation and abutrnent bedrock due to the fracturing.
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Harding lawson Associates

The spillway will be located in the andesitic and dacitic bedrock after the

removal of colluvial material. Spillway construction should generate a large

quantity of rock excavation suitable for use in a dam embankment.

Based on the site reconnaissance, the soils within the impoundment area

consist of silty fine sands. Generally, these soils have moderate permeability,

however, if the soils are well graded, permeability rates may be lower than expected

when compacted. Phreatites, willows and an upper organic soil layer are present

within the impoundment area. This area may be considered a wetlands. The

wetland area at the Black Canyon site may be mitigated with the construction and

subsequent flooding of the impoundment area. This will require additional study to

confirm.

7.4 Spanish Flat Reservoir Site

A preliminary evaluation for the Spanish Flat Reservoir site was conducted

by HLA and is summarized in a report dated June 29, 1992. Potential concerns are

as follows:

1. The upstream slope has been severely eroded bv wave action which
has recluced the effective crest width tri about 6 feet.

2. See_pagg appears to be passing along the low-level conduit and exits
under the conduit at the downstream end. Seepage volumes are small
and no piping of the soils is evident.

3. Seepage also appears along the downstream toe of the embankment
at various places at about 50 to 100 feet on each side of the outlet.

4. The spillway on the left abutment has experienced some side slope
sloughing and there is considerable sagebrush in the control secti<in.
These obstructions may not allow thE structure to operate to the
required design level.

5. The condition of the low-level outlet conduit is unknown. The
conduit has not been inspected. Some minor seepage appears to be
exiting from around the conduit.
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The low-level conduit is pressurized at all times due to the way it is operated.

This potential concern could be mitigated by simply changing the operation

procedure to use the upstream control gate.

The HLA report concludes that a geotechnical investigation will be required

to determine the most effective method for upgrading the reservoir.

7.5 Spanish Springs Importation Alternative

The three routes described below eventually transport water to Spanish

Springs via a pipeline along Winnemucca Ranch Road to Route 445. The following

paragraph describes geologic conditions expected to be encountered along that

portion common to the three routes.

The majority of the Winnemucca Ranch Road route is underlain by alluvial

soil deposits that should present no significant excavation problems. The alluvium

includes the Pleistocene Winnemucca Ranch lake deposits of clays, silts, sands,

gravel and calcareous tufa, and Quaternary stream talus, slope wash alluvial fan and

elonian deposits. Shallow bedrock may be encountered along the alignment;

however, the majority of bedrock encountered would be the Pfamid Sequence

(described below) and is potentially rippable. Rippability of bedroclg subsurface

conditions and otler excavation considerations should be determined by a
geotechnical investigation.

. Winnemucca Ranch Springs Alternative

The Winnemucca Ranch Springs alternate pipeline route crosses pre-
lake Lahontan Deposits coniisting of d'edply weathered terr-ace,
alluvial fan and pediment gravels.

o Black Canyon Resenoir and Winnemucca Ranch Springs Alternative

Black Canyon Reservoir water would be piped from the reservoir to
the Winndmucca Ranch Springs. The bipeline route crosses the
Hartford Hill Rhyolite bedroik (described in Section 7.2) and
Quaternary alluvial soil consisting of stream, elonian, talus, slop-ewash
and alluvial fan deposits. The first 2.5 miles of the alignment ii in the
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Harding Lawson Associates

for this portion, it
spacing, moderate

. Spanish Flat Resenoir and Winnemucca Ranch Sorings Alternative

The proposed alienment to convey water to the Winnemucca Ranch
sprin'e fiom the Spanish Flat Reiervoir is described in Section 2.3.
The ieservoir watdr will flow down an existing channel to an existins
diversion. The flow will be piped from the Jxistine diversion to thE
Winnemucca Ranch Springp.' the existing channel-is a creek bed in
the Tertiarv hramid Sequence bedrock. Bedrock is composed of the
andesite arid dacitic flo#s described above and andesitii and dacitic
breccias, lahars, agglomerates, tuffs and associated intrusives. The
pipeline portion of the alignment is generally in Quaternary alluvium
and colluvium soils. Construction of the pipeline would be straight

' forward. Infiltration losses in the upper ofeir channel portion of tTris
alignment may be high.

7.6 Lemmon Valley Imnortation Alternative

The pipeline route for this alternative initially follows the same route as the

Spanish Springs importation alternative with the exception that the pipe is routed up

to Bedell Flat from Winnemucca Ranch Road. From Bedell Flat, it is assumed the

pipeline will tie into the Truckee Meadows Pipeline. The pipeline alternatives

(Winnemucca Ranch Spring, Black Canyon Reservoir and Winnemucca Ranch

Springs and the Spanish Flat Reservoir and Winnemucca Springs) are described in

Section 7.5. The route to Bedell Flat, once it leaves Winnemucca Ranch Road, will

traverse Quaternary alluvial soils and medium to coarse grained, weathered

granodiorite bedrock. Genera'lly the route follows an existing road and will be easy

to excavate. Soils encountered will be granular. If the granodiorite bedrock is

encountered, excavation should not be too difficult; however, shallow groundwater

may be encountered in Bedell Flat.

7.7 Dry Valley Route,to Lemmon Valley Importation Alternative

The Dry Valley Route to Lemmon Valley, as described in Section 4.0, would

convey water from the Upper Dry Valley Reservoir or Winnemucca Ranch Springs

to the Truckee Meadow Pipeline.
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o Dry Valley Reservoir and Winnemucca Springs Alternative

Dry Valley cuts through the Hartford Hill Rhyolite bedrock,
predominantly composed of ashflow tuff (see- section 7.2).
Constructability concerns were addressed in Section 4.0. Additionallv.
there is a potehtial for shallow groundwater and very difficult acceid
for construction equipment.

. Winnemucca Ranch Springs Alternative

The Winnemucca Ranch Sptings pipeline route would transfer water
from the spring to the Truckee Meadows Pipeline. From the
Winnemucci Ranch Springs, the route would'encounter similar
conditions as the Black Canyon Reservoir and Winnemucca Ranch
Spring Alternate and the same problems as described above in
Section 7.5.

7.8 Cottonwood Creek Infiltration Alternative

The Cottonwood Creek Infiltration route would initially parallel the

impoundment area at the Spanish Flat Reservoir. Based on published information,

soils in the impoundment are4 consist of Quaternary alluvial deposits. These soils

are most likely saturated and may pose a dewatering and trench stabilization

problem during excavation. The portion of the alignment from the north end of the

Spanish Flat Reservoir to the top of the Virginia Mountains, the outlet at East

Cottonwood Creeh is underlain by alluvial soil and highly fractured bedrock. This

alignment will only be used if the Spanish Flat Reservoir alternative is selected.

Heavy construction equipment access to the reservoir would be moderately diffrcult.

From the reservoir, heavy equipment access is not a problem.

7.9 Conceptual Embankment

A conceptual embankment section for the Upper Dry Valley and Black

Canyon Reservoir sites is presented on sheet C35 of 36 of the accompanylng

drawings. It is based on HI-A's literature review, site reconnaissance, and

experience in northern Nevad4 especially with the. recently constructed South

Truckee Meadows Reservoir. Tnne 4 is a rock fill and will be constructed from the

rock excavation for the spillways. Zone 1 is a core and will be constructed from
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overexcavation of ovprburden soils within the impoundment area. The effectiveness

of this core to retard seepage through the embankment will depend on the gradation

and presence of clay in these soils. Zones 2 and 3 are specified soil that will be

designed to meet the filter criteria for the embankment.

In order to control seepage under the embankment, the existing alluvial soils

will be excavated to expose competent bedrock. These soils may be used as borrow

for Zones !,2 and3. A three stage grout curtain and concrete cap will most likely

be required beneath the Zone 1 core to mitigate seepage through the fractured

bedrock under the embankment in the foundation and abutments.

A preliminary followed by a final geotechnical investigation will be required

to confirm the material properly and foundation assumptions the conceptual design

is based on.

. Embankment improvements required for the Spanish Flat Dam are

presented in Section III of HLA's June 29, 1992report
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APPENDIX A

I This appendix contains cost data for all alternatives.
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SPANISH SPRINGS ALTERNATIVES
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elo00
eeoo
Q-2600
e2500
e2400
Q-2100
ele00
Q=2000
e1600
els00
G1400

Preliminary Engineers Estimate Summary Sheet

Snanish Snrines Importation Alternate
Alternates in Order of Cost ner Ac-Ft

$9,300 DollarVAc-Ft (Winnemucca Ranch Springs)
$10,200 Dollars/Ac-Ft (Winnemucca Ranch Springs)
$l1,400 Dollars/Ac-Ft (Winnemucca Ranch Springs)
Sl1,600 DollardAc-Ft @lack Canyon Reservoir & Winnemucca Ranch Springs)
$12,100 Dollars/Ac-Ft @lack Canyon Reservoir & Winnemucca Ranch Springs)
$12,600 Dollars/Ac-Ft (Black Canyon Reservoir & Winnemucca Ranch Springs)
$14,100 DollarVAc-Ft @lack Canyon Reservoir & Winnemucca Ranch Springs)
$14,300 Dollars/Ac-Ft @lack Canyon Reservoir & Winnemucca Ranch Springs)
$14,800 DollarJAc-Ft (Black Canyon Reservoir & Winnemucca Ranch Springs)
$16,100 Dollars/Ac-Ft (Black Canyon Reservoir & Winnemucca Ranch Springs)
$17,200 Dollars/Ac-Ft @lack Canyon Reservoir & Winnemucca Ranch Springs)
$18,400 Dollars/Ac-Ft @lack Canyon Reservoir & Winnemucca Ranch Springs)



Winnemucca Ranch Springs
to Spanish Springs

Q=900 ac-ft/yr
Approx.

Item Quantity Unit Descriotion Price
I I LS Pipeline to Spanish Sprines $7,0s5,150

Contineencv (25olo) $1,763,788

Subtotal $8,819,939

Geotechnical & Survws (27o) $r76,379
Engineering Desien (67o) $529,136
Construction Manaeement (87o) $705.51s

Total $10,229,968
Rounded Total s10.230.000
Dollars/AC-FT $11.400

Note:

All Costs are preliminarv and do not include
rny environmental planning and permitting costs
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Winnemucca Ranch Springs
to Spanish Springs

Q=1000 ac-ft/yr
ADDrox.

Item Quantiw Unit Description Price
I I LS Pipeline to SDanish Sorines $7.055.150

Contingenry (257o) $1,763,788

Subtotal $8,818,938

Geotechnical & Survevs (27o) $176.379
Ensineerins Desi en (67o) $529,136
Construction Manaeement (8%) $705.515

Total $10,229.968
Rounded Total s10.230.000
Dollars/AC-FT $10r00

Note:

All Costs are preliminary and do not include
any environmental planning and permitting costs
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Winnemucca Ranch Springs
to Spanish Springs

Q=l100 ac-fUyr
Aoorox.

Item Ouantitv Unit Descriotion Price
I I LS Pipeline to Spanish Sorines $7.055.150

Contingency (257o) $1.763.788

Subtotal $8,818"939

Geote.hnical & Survevs (2%) $176.379
Eneineerine Desisn (67o) $529.136
Construction lvlana eement (8olo) $705.515

Total $10,229,968
Rounded Total $10,230,000
Dollars/AC-FT $9300

Note:

All Costs are preliminary and do not include
any environmental planning and Dermitting costs
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Black Canyon Reseruoir and Winnemucca Ranch Sprines
to Spanish Springs

Q=1400 ac-ft/yr
ADDrox.

Item Quantitv Unit Descriotion Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pipeline to Spanish Sprinss $9.949.800

Subtotal $17,790.285
Contingency (257o) s4,447,571

Subtotal s22.237.856

Geotechnical & Survevs (27o) $444.757
Engineering Desien (5.8o/o\ $1,289,796
Construction Management (87o) $1.779.029

Total $25,751,439
Rounded Total $25,751,000
Dollars/AC-FT $18.400

Note:

All Costs are preliminary and do not include
rny environmental planning and permitting coss
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Black Canyon Resewoir and Winnemucca Ranch Sprinss
to Spanish Springs

Q=I500 ac-ft/yr
Approx.

Item Ouantitv Unit Price
I I LS Black Canvon Dam $7,840,485
2 LS Pipeline to SDanish Sprines $9,949,800

Subtotal $17,790,285
Contingency (257o) s4.447.s71

Subtotal $22237,856

Geotechnical & Surveys (27o) $444.757
Engi ne€rine Desisn 6.80/o\ $1.289.796
Construction Management (87o) sr,779,029

Total $25,751,438
Rounded Total $25,751,000
DollarVAC-FT $17.200

Note:

All Costs are preliminary and do not include
my environmental planning and D€rmittins costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Spanish Springs

Q:1600 ac-fUyr
ADDrox.

Item CIEntitv Unit Description Price
I I LS Black Canvon Dam s7.840.48s
2 I LS Pioeline to Soanish Sorines $9,961,300

Subtotal $17.801.785
Contingency (257o) $4,450.446

Subtotal s22.252231

Geotechnical & Survervs (27o) $445,045
Engineering Design (5. 87o) sL,290,629
Construction Management (8%) $1,780,179

Totat $25,768,084
Rounded Total s25,768.000
DollarVAC-FT $16,100

Note:

All Costs are preliminary and do not include

44y environmental planning and permitting costs
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Black Canyon Reseruoir and Winnemucca Ranch Springs
to Spanish Sprinss

Q=1900 ac-ft/yr
Approx.

Item Quantitv Unit Description Price
I I LS Black Canvon Dam $7,840,485
2 t LS Pipeline to Spanish Springs $10.882.400

Subtotal $18,722,885
Contingency (25%o) $4.680.721

Subtotal $23,403,606

Geotechnical & Surveys (27o) $468.072
Engineering Design (5.8Y"\ $1.357.409
ConstructionManagement (8%) $1,872,289

Total s27,t01,376
Rounded Total s27.101.000
Dollars/AC-FT/YR $14J00

Note:

All Costs are preliminarv and do not include
any environmental costs (i.e. EIS, 401 Permits. etc.)
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Black Canyon Resenoir and Winnemucca Ranch Springs
to Spanish Springs

Q=2000 ac-fUyr
Aporox.

Item Ouantitv Unit Descriotion Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pioeline to Soanish Sorines $12.582.325

Subtotal $20.422.810
ContineencT (257o) $5.105.703

Subtotal $255285r3

Geotechnical & Survevs (2%) $510.570
Eneineerine Desim (5. 87o) s1.480.654
Construction Management (87o) $2.042.281

Total $29562.018
Rounded Total s29562,000
Dollars/AC-FT s14.800

Note:

All Coss are preliminary and do not include
any environmental plannine and Dermittins costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Spanish Springs

Q=2100 ac-fUyr
Approx.

Item Quantity Unit Description Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pipeline to SDanish Sprines $12.582.325

Subtotal s20,422,810
Contingenry (257o) $5.105.703

Subtotal s2s528513

Geotechnical & Survevs (27o) $s10.570
Engi neering Desim 6.80/ol $1,480.654
Construction lvlanaeement (8%o) $2.042.281

Total $29,s62.018
Rounded Total $29562,000
DollarVAC-FT $14,100

Note:

AU Coss are preliminary and do not include

1ny environmental planning and permitting costs
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Black Canyon Reseryoir and Winnemucca Ranch Sprinss
to Spanish Springs

Q=2400 ac-fUyr
Approx.

Item Quantitv Unit Descriotion Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pioeline to Soanish Sorines $t3.027.325

Subtotal $20.867.810
Contingency (257o) $5,216,953

Subtotal $26.084.763

Geotechnical & Survevs (27o) $521,695
Eneineerine Desisn 6 -8o/"\ $1.512.916
Construction Management (87o) $2,086.781

Total $30.206.155
Rounded Total $30,206,000
Dollars/AC-FT $12,600

Note:

All Costs are preliminary and do not include
any environmental planning and permitting costs
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Black Canyon Resenoir and Winnemucca Ranch Springs
to Spanish Springs

Q:2500 ac-fUyr
Aporox.

Item Quantity Unit Descriotion Price
I I LS Black Canvon Dam $7,840.485
2 t LS Pipeline to Spanish Sorinss sr3,027,325

Subtotal $20,867,810
Contingenw (257o) $5.216.953

Subtotal $26,084.763

Geotechnical & Survws (27o) $521,695
Engineering Desim 6.80/ol s1,512.916
Construction Manaeement (87o) $2.086.781

total $30.206.155
Rounded Total $30,206,000
DollarVAC-FT $12,100

Note:

All Costs are preliminary and do not include
rny environmental planning and Dermittins costs

Page 1l Lolu93



Black Canyon Reseruoir and Winnemucca Ranch Springs
to Spanish Springs

Q=2600 ac-fUyr
Approx.

Item Quantitv Unit Description Price
I I LS Black Canvon Dam $7,840.485
2 I LS Pipeline to Spanish Sorines $t3,027.325

Subtotal s20,867,810
Contingency (257o) $5,216.953

Subtotal $26.084.763

Geotechnical & Survevs (27o) $521.695
Engineerine Desi sn 6.80/ol $1,512,9t6
Construction Management (87o) $2,086,78 t

fotal $30.206.15s
Rounded Total $30,206,000
DollarVAC-tr.7 $n.600

Note:

Nl Costs are preliminary and do not include
rny environmental planning and permitting costs
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Preliminara Engineers Estimate
Winnemucca Ranch Springs to Spanish Spr ngs

Q = 900' 1000, or I f00 AC-FT/YR from Winnemucca Ranch Springs
Unit Total

Item Ouantitv Unit Description Price Price
I 126,725 LF lOn Class 50 Restrained Joint Ductile Iron $30.00 $3.801.750
2 126.725 LF Trenching $20.00 $2.534.500
J 9 EA 6ft Butterflv Valve $3.500.00 $3 1.500
4 l0 EA lOn Butterllv Valve $6,500.00 $65.000
5 9 EA 6" Check Valve $2.000.00 $18,000
6 JJ EA Air/Vacuum Valve l' - 410 psi $350.00 $11.5s0
7 3 EA Air Release Valve l' - 410 osi $350.00 $1.050
8 16 EA Combination Valve lo - 410 psi $5s0.00 $8,800
9 54 EA Valve Vaults $3.000.00 $162.000
l0 l8 EA Reducer lOn x 6n s1.000.00 $18,000
lt 4 EA Sprine Collection $100.000.00 $400,000
T2 I EA 1000 Gal Steel Tank $3,000.00 $3,000

Total s7.055.150

9130193
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Preliminary Engineers Estimate
Black Canyon Resewoir and Winnemucca Ranch Springs to Spanish Springs

Q = 500 AC-FT/YR from Black Canyon Reseruoir
Q = 900 or 1000 AC-FT/YR from Winnemucca Ranch Springs

Total Q = 1400 or 1500 AC-FT/YR
Unit Total

Item Ouantitv Units Description Price Price
I 126,725 LF 12' Class 50 Restrained Joint Ductile Iron $30.00 $3.801.750
2 18.050 LF 8n Class 50 Restrained Joint Ductile Iron $23.00 $415.150
J 144-775 LF Trenching $20.00 $2.895.s00
4 T2 EA Butterllv Valve 12" $9,000.00 $10E,000
5 8 EA Butterfly Valve 6n $3,500.00 $28.000
6 I EA Butterflv Valve 4o $2.500.00 $2.500
7 8 EA Check Valve 6" $2,000.00 $16.000
8 t EA Check Valve 4" $700.00 $700
9 36 EA AirA/acuum Valve 1 "4 l0psi $3s0.00 $12,600
l0 ) EA Air Release Valve l'-4l0psi $3s0.00 s1-750
ll l8 EA Combination Valve l"-410 psi $550.00 $9.900
T2 63 EA Valve Vaults $3,000.00 $189.000
l3 t4 EA Reducer (l2n x 6') $1.200.00 $16.800
T4 I EA Reducer (12" x 8n) $1,s00.00 $1.500
l5 2 EA Reducer (8n x4") $800.00 $1.600
l6 2 EA 4n Pressure Release Valve $2.500.00 $5,000
t7 2 EA hmp 4x6-ll, 3560rpm, 15hp $9,000.00 $18,000
l8 I EA Pump Station (excludine oumos) $l15,000.00 $n5.000
l9 4 EA Spring Collection $100.000.00 $400.000
20 I EA Treatment Plant $330.000.00 $330.000
2l I EA Chlorination System s10.000.00 $10.000
22 91.700 LF Power (Three-Phase) $r6.50 $1,513,050
23 I EA Line Regulator $58.000.00 $58,000

Total s9.949.800
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Preliminary Engineers Estimate
Black Canyon Reservoir and Winnemucca Ranch Springs to Spanish Sprines

Q = 500 AC-FT/YR from Black Canyon Reseruoir

Q = 1100 AC-FT/YR from Winnemucca Ranch Springs
TotalQ=1600AC-pT/YR

Unit Total
Item Ouantitv Units Descriotion Price Price

1 126.725 LF l2n Class 50 Restrained Joint Ductile lron $30.00 $3,801,750
2 18.050 LF B' Class 50 Restrained Joint Ductile Iron $23.00 s4l5.rs0
3 144,775 LF frenching $20.00 $2,895.500
4 t2 EA Bufterllv Valve 12' $9.000.00 $108,000
5 8 EA Bufterllv Valve 6" $3.500.00 $28.000
6 I EA Butterflv Valve 4" $2.s00.00 $2.500
7 8 EA Check Valve 6" $2,000.00 $16.000
8 I EA Check Valve 4' $700.00 $700
9 JJ EA AirA/acuum Valve 2"-4 l0psi s5s0.00 $18.150
l0 J EA Air Release Valve 2"-4l0psi $650.00 $1.950
ll l6 EA Combination Valve 2"-410 osi $800.00 $12.800
t2 3 EA Air/Vacuum Valve l"-4lOpsi $3s0.00 $1.050
l3 2 EA Air Release Valve l"-4l0osi $350.00 $700
t4 2 EA Combination Valve l'-410 psi $ss0.00 $1,100
l5 63 EA Valve Vaults $3.000.00 $189,000
l6 t4 EA Reducer (l2n x 6n) $1,200.00 $16,800
t7 I EA Reducer (12' x8') $1.500.00 $1.500
l8 2 EA Reducer (8' x 4') $800.00 $1.600
l9 2 EA 4n Preszure Reducing Valve $2,500.00 $s.000
20 2 EA Pump 4x6-11. 3560mrn l5ho $9.000.00 $18,000
2l I EA Pump Station (excludine oumos) $l15.000.00 $n5.000
22 I EA Treatment Plant $330.000.00 $330.000
23 I EA Chlorination System $10.000.00 $10.000
24 91,700 LF Power (Three-Phase) $16.50 $1,513,050
25 I EA Line Regulator $58.000.00 $58.000
26 4 EA Spring Collection $100.000.00 $400,000

Total $9"961300
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Preliminara Engineers Estimate
Black Canyon Reserwt rir and Winnemucca Ranch Springs to Spanish Sprinss

Q = 1000 AC-F-T/YR from Black Canyon Reservoir

Q=900A I-FT/YR from Winnemucca Ranch Springs
TotalQ=1900AC-FT/YR

Unit Total
Item Quantity Units Descriotion Price Price

I 126.725 LF 12' Class 50 Restrained Joint Ductile Iron $36.00 $4.562.100
2 18.050 LF l0' Class 50 Restrained Joint DuCile lron $30.00 $541.500
3 t44.775 LF Irenching $20.00 s2.895.500
4 t2 EA Butterllv Valve 12" $9.000.00 $108.000
5 9 EA Butterflv Valve 6n $3,500.00 $3r.500
6 9 EA Check Valve 6' s2.000.00 $18.000
7 33 EA AirAy'acuum Valve 2'-4 lOpsi $550.00 $18.150
8 J EA Air Release Valve 2"-4lOosi $650.00 $1.950
9 t6 EA Combination Valve 2"-410 psi $800.00 $r2.800
l0 3 EA Air/Vacuum Valve l'-4l0osi $350.00 $1.050
ll 2 EA Air Release Valve l'-4l0psi $350.00 $700
t2 2 EA Combination Valve 1'-410 psi $550.00 $1,100
l3 63 EA Valve Vaults $3.000.00 s189,000
t4 l5 EA Reducer (12" x 6') $1.200.00 $18.000
l5 2 EA Reducer (l0n x 6') t1.000.00 s2,000
l6 2 EA Pumo 4x6-ll- 3560mm- l5ho $9,000.00 $18,000
t7 2 EA 6" Preszure Release Valve $3,s00.00 $7.000
l8 I EA fump Station (excludine pumos) $115.000.00 $l15.000
t9 4 EA Sprine Collection $100.000.00 s400.000
20 I EA Ireatment Plant $360.000.00 $360,000
2l I EA Chlorination Svstem $10,000.00 $10,000
22 91,700 LF Poiver (Tlree-Phase) $16.50 $1.513.050
23 I EA Line Regulator $58,000.00 $s8.000

Total $10,882,400
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Preliminary Engineers Estimate
Black Canyon Reservoir and winnemucca Ranch Springs to Spanish springs

Q = 1000 AC-FT/YR from Black Canyon Reservoir
Q= 000, 1100 AC-FT/YR from Winnemucca Ranch Springs

otal Q = 2000 or 2100 AC-FT/YR
Unit Total

Item Quantitv Units Description Price Price
I L26,725 LF 14' Class 50 Restrained Joint Ductile Iron $49.00 s6.209.525
2 18,050 LF l0' Class 50 Restrained Joint Ductile Iron $30.00 $541.500
3 144-775 LF Irenching $20.00 $2,895,500
4 t2 EA Butterflv Valve 14' $13.000.00 $156.000
5 9 EA Butterfly Valve 6n $3.500.00 $3 1.500
6 9 EA Check Valve 6" $2.000.00 $18.000
7 JJ EA AirA/acuum Valve 2n4 l0osi $550.00 sl8.ls0
8 3 EA Air Release Valve 2'-4l0psi $650.00 $1,950
9 l6 EA Combination Valve 2"410 psi $800.00 $12.800
l0 3 EA Air/Vacuum Valve I "-4 l0osi $350.00 $1.050ll 2 EA Air Release Valve l"-4l0psi $350.00 $700
t2 2 EA Combination Valve l'-410 psi $s50.00 $1.100
l3 63 EA Valve Vaults $3,000.00 $189.000
t4 l5 EA Reducer (14' x 6n) $1,500.00 $22.500
l5 2 EA Reducer (l0n x 6n) $1.000.00 $2.000
l6 2 EA Pump 4x6-l 1, 3560rpm, l5hp $9.000.00 $18.000
t7 2 EA 6n Preszure Release Valve $3.500.00 s7,000
l8 I EA Pump Station (excludins pumos) $l1s.000.00 $115.000
t9 4 EA Spring Collection $100,000.00 $400,000
20. I EA Ireatment Plant $360.000.00 $360.000
2l I EA Chlorination Svstem $10.000.00 $10,000
22 91,700 LF Power (Three-Phase) $16.s0 $1.513.050
23 I EA Line Regulator $s8.000.00 ss8,000

Total s12582325
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Preliminarv Ensineers Estimate
Black Canyon Reservoir and Winnemucca Ranch Springs to Spanish Sprinss

Q = 1500 AC-FT/YR from Black Canyon Reservoir
Q = 900,1000,11 00 AC-FT/YR from Winnemucca Ranch Sprinss

Total Q = 2400,2500, 2600 AC-FT/YR
Unit Total

Item Quantity Units Descrintion Price Price
I 126.725 LF l4n Class 50 Restrained Joint Ductile Iron $49.00 $6.209.525
2 18,050 LF lOn Class 50 Restrained Joint Ductile Iron $30.00 $541.500
3 t44,775 LF Trenchins $20.00 $2.895.500
4 t2 EA Butterflv Valve 14" $13.000.00 $1s6.000
5 9 EA Butterllv Valve 6u $3.500.00 $3 1,500

6 9 EA Check Valve 6" $2.000.00 $18.000
7 2 EA 8n Preszure Reducing Valve $5,500.00 $11,000
8 33 EA Air/Vacuum Valve 2'-4 l0psi $550.00 s18.150
9 J EA Air Release Valve 2'-410psi $6s0.00 $1.950
l0 l6 EA Combination Valve 2"-410 psi $800.00 $12,800
1l 15 EA Reducer (14" x 6n) $1.500.00 $22.500
t2 J EA Reducer (l0n x 6n) $1,000.00 $3.000
l3 3 EA AirA/acuum Valve l "-4lOosi $3s0.00 $1.050
t4 2 EA Air Release Valve 1"410psi $350.00 $700
l5 2 EA Combination Valve ln-410 osi $550.00 $1.100
16 63 EA Valve Vaults $3.000.00 $189.000
t7 2 EA tumo 4x6-11. 3560mrn l5ho $9,000.00 $18.000
IE I EA Pumo Station (excludine oumos) s115.000.00 $115.000
l9 4 EA Sprine Collection $100.000.00 $400,000
20 I EA Treatment Plant $800.000.00 $800,000
2l I EA Chlorination Svstem $10,000.00 $10,000
22 91.700 LF Power (Three-Phase) $16.50 $1.513.050
23 I EA Line Resulator $58.000.00 $58.000

Total $13,027325
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Black Canyon Reservoir
Preliminary Engineers Estimate

Unit Total
Item Quantity Unit Description Price Price

I 98,500 CY Foundation Excavation $4.00 $394.000
2 228-300 CY Spillwav Excavation $5.50 91.255.650
J 140.000 CY Zrrnel Embankment $25.00 s3,500,000
4 44,800 CY 7nne2 Embankment $18.50 $828.800
5 36.600 CY Zrrne3 Embankment $14.00 $512.400
6 27r.7N CY 7nne4 Embankment $2.00 $543.400
? 1.530 SY Grout Cao Surface Preo

(10'Min. 12'Max.) $17.s0 s26.775
8 190 EA Pioe for Grout Holes $50.00 $9,500
9 650 CY Grout Cao Concrete $300.00 $195,000

l0 10.450 LF Drilline Rotary Percussion

Grout Holes $8.00 $83.600
ll 8,360 LF Redrilline of Grout Holes $8.00 $66,880
t2 18.530 Bag Portland Cement in Grout $13.00 $240.890
l3 361 Bag Bentonite in Grout $6.1s $2.220
l4 570 EA Connection to Grout Holes $55.00 $31.350
l5 400 LF Grout Can Linear Foot of

Ioins orFaults to 4'Wide $24.00 $9.600
l6 40 CY Grout Cap (Concrete placed

in ioints or Faults > 4' Wide) $500.00 $20.000
17 480 EA Grout Cap Anchor Bars $69.00 $33.120
l8 5 EA Fneumatic Piezometer s2,500.00 $12,500
l9 200 LF Piezometer Bore Holes $34.00 $6,800
20 4 EA Relief Well $17.000.00 $68.000

Total $7.840.485
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LEMMON, VALLEY ALTERNATIVES



I Preliminary Engineers Estimate Summary Sheet

I 
Lemmon Vallev Imnortation AlternateI
Alternates in order of Cost ner Ac-Ft

ft
r{ ell00 $8,400 Dollars/AC-FT (Winnemucca Ranch Springs)
' e1000 $9,200 Dollars/AC-FT (Winnemucca Ranch Springs)

I e900 $10,200 Dollars/AC-FT (Winnemucca Ranch Springs)

I e2600 S10,200 Dollars/AC-FT (Black Canyon Reservoir and Winnemucca Ranch Springs)

r E;;33 3ll:fffi 3lll#t3:#3f:1ffi:1ff:ililil1$11ffil:ffiffi:l#ffi:i
I

a e2100 $12,300 Dollars/AC-FT (Black Canyon Reservoir and Winnemucca Ranch Springs)

e2000 $12,900 DollardAC-FT @lack Canyon Reservoir and Winnemucca Ranch Springs)
e1900 $13,600 Dollars/AC-FT (Black Canyon Reservoir and Winnemucca Ranch Springs)

I F1600 S15,000 DollarVAC-FT @lack Canyon Reservoir and Winnemucca Ranch Springs)
t e1500 $16,000 Dollars/AC-FT @lack Canyon Reservoir and Winnemucca Ranch Springs)

e1400 $17,100 Dollars/AC-FT @lack Canyon Reservoir and Winnemucca Ranch Springs)

I
I

I
I
t
T

T

I
I
I
I
I
I
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Winnemucca Ranch Springs

to Lemmon Valley (Tie to TMPP)

Q=900 ac-ft/yr
ADDrox.

Item QuantiW Unit . Description Price

I I LS Pioeline to Lemmon Vallw s6.269.286
Contineency (257o) 9t.567.322

Subtotal $7.836.608

Geotechnical & Suryevs (3%o) $235,098
Engineering Desi gn (6.3Yo) $493.706

Construction Management (87o) $626.929

Total $9,192,341

Rounded Total $9.192.000
Dollars/AC-FT s10.200

Note:

All Costs are preliminary and do not include

anv environmental olannine or Dermittins costs
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Winnemucca Ranch Springs
to Lemmon Vallev (Tie to TMPP)

Q=1000 ac-ftlyr
ADDrox.

Item Ouantitv Unit Description Price
I I LS Pipeline to I*mmon Valle,y s6-269-286

Contingency (257o) sr.567.322

Subtotal $7.836.608

Geotechnical & Survevs (37o) $235,098
Ensineerins Design (6.30/o) $493.706
Construction Manaeement (8o/o) $626,929

Total $9,192,341

Rounded Total $9,192,000
DollarVAC-FT $9,200

Note:

All Costs are preliminarv and do not include

anv environmental olanning or Dermittins costs
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Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=l100 ac-fUyr
Approx.

Item QuantiA Unit Description Price
I I LS Pipeline to L€mmon Vallev 96,269.286

Contineencv (257o) 91.567.322

Subtotal s7,936.608

Geotechnical & Survevs (37o) $235.098
Ensineerins Desim (6.30/o) $493.706
Construction Management (8%o) $626.929

Iotal $9.192.341

Rounded Total $9,192,000
DollarVAC-FT $8,400

Note:

All Costs are preliminary and do not include
rny environmental planning or permitting costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmor Valley (Tie to TMPP)

Q=l400 ac-ft/yr
ADprox.

Item Quantity Unit Description Price
I I LS Black Canvon Dam $7,840,485
2 I LS Pipeline to Lemmon Vallev s8-73s.375

Subtotal s16,575,860
Contingency (257o) $4.143.965

Subtotal $20.719.825

Geotechnical & Suwws (27o) $4r4.391
Engrneerine Desien (5.87o) $1.201.750
Construction Management (87o) $1,657,586

Iotal $23.993.558

Rounded Total $23,994,000
Dollars/AC-FT $17,100

Note:

All Costs are preliminary and do not include
any environmental planning or permittins costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=1500 ac-ft/yr
Approx.

Item Quantiw Unit Description Price
I I LS Black Canvon Dam $7.840.48s
2 I LS Pineline to Lemmon Vallev $8,735.375

Subtotal s16,575,860
Contingency (257o) $4.143.965

Subtotal s20,719,825

Geotechnical & Survevs (27o) $414.397
Engineering Desierr (5.8o/o\ $1.201.750
Construction Manaeement (87o) sl-657.586

Total $23.993.5s8

Rounded Total $23,994,000
Dollars/AC-FT $16,000

Note:

AII Costs are preliminarv and do not include
any environmental planning or permitting costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=1600 ac-ftlyr
Approx.

Item Quantity Unit Description Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pipeline to Lemmon Valley $8,743,925

Subtotal $16.s84.410
Contingency (257o) $4.146.103

Subtotal s20,7305t3

Geotechnical & Survws (27o) $414,610
Eneine€rine Desim (5. 87o) $1.202.370
Construction Manasement (87o) $1,658,441

Iotal $24,00s.934

Rounded Total $24,006,000
Dollars/AC-FT s15,000

Note:
All Costs are preliminary and do not include
any environmental planning or permittins costs
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Black Canyon Reseryoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=1900 ac-fUyr
Approx.

Item Quantity Unit Description Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pipeline to Lemmon Vallev $10,048,775

Subtotal $17.889.260
Contingency (257o) $4,472.3t5

Subtotal $2236157s

Geotechnical & Survevs (2%o) $447.232
Engineering Design (5. 87o) $1.296.971
Construction Management (8%) $1.788.926

Iotal $2s,894,704

Rounded Total s25.895.000
Dollars/AC-tr'T $13,600

Note:

All Costs are oreliminarv and do not include
rny environmental planning or permitting costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=2000 ac-fUyr
Approx.

Item Quantitv Unit Descriotion Price
I I LS Black Canvon Dam s7.840.485
2 I LS Pipeline to Lemmon Vallev $10.048.775

Subtotal $17,889.260
Contingency (257o) 94.472.315

Subtotal s22361,575

Geotechnical & Survevs (27o) $447,232
Engineering Design (5.8YA sr,296.971
Construction Manaeement (87o) $1.788.926

Iotal $25.894.704

Rounded Total $25,895,000
DollarVAC-FT $12,900

Note:

All Coss are preliminary and do not include
anv environmental planning or Dermittins costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=2100 ac-fUyr
Approx.

Item Quantity Unit Description Price
I I LS Black Canvon Dam $7,840,485
2 I LS Pipeline to Lemmon Vallw $10,048.775

Subtotal $17,889,260
Contingency (25%o) $4,472,315

Subtotal s2236t,575

Geotechnical & Survevs (27o) $447,232
Engineering Design (5. 8olo) $1,296.971
Construction Manaeement (87o) $1.788.926

Total $25,894.704

Rounded Total s25,895,000
DollarVAC-FT $12J00

Note:

AII Costs are preliminary and do not include
any environmental Dlanning or permitting costs
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Black Canyon Resenoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q'=2400 ac-ft/yr
ApDrox.

Item Quantitv Unit Description Price
I I LS Black Canvon Dam $7,840,485
2 I LS Pipeline to Lemmon Vallev $10,488.775

Subtotal $18.329-260
Contineenw (257o) s4.582.315

Subtotal $22,911,575

Geotechnical & Survevs (27o) $458,232
Eneineerine Desisn 6.8o/o) $r.328.871
Construction lvlanagement (87o) st,832,926

Iotal $26,53 1,604

Rounded Total s26532,000
DollarVAC-FT s11.100

Note:

All Costs are preliminary and do not include
any environmental planning or permitting costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=2500 ac-fUyr
Approx.

Item Quantitv Unit Descriotion Price
I I LS Black Canvon Dam $7.840.485
2 I LS Pipeline to Lemmon Vallw $10-488.775

Subtotal $18.329.260
Contineency (257o) $4.582.315

Subtotal s22,911575

Geotechnical & Survevs (2%) $458.232
Engineering Design (5.8W $1,328.871
Construction Manaeement (8oZ) s1.832.926

Iotal. $26.s31.604

Rounded Total $26532,000
DollarVAC-FT $10,600

Note:

All Costs are preliminary and do not include
any environmental planning or permitting costs
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Black Canyon Reservoir and Winnemucca Ranch Springs
to Lemmon Valley (Tie to TMPP)

Q=2600 ac-ft/yr
Approx.

Item Ouantitv Unit Description Price
I I LS Black Canyon Dam $7,840,485
2 I LS Pioeline to Lemmon Vallev s10.488.775

Subtotal $18,329,260
Contineency (257o) $4.s82.315

Subtotal $22,911575

Geotechnical & Survevs (2%) $4s8,232
Engineering Desisn (5.8o/o) $1.328.871
Constnrction Management (8%) $1.832.926

Iotal $26.s31.604

Rounded Total $26,532,000
DollarVAC-FT $10,200

Note:

4l Costs are preliminary and do not include
rny environmental planning or permittins costs
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Preliminary Engineerc Estimate
Winnemucca Ranch Springs to Lemmon Valley

900,1000 and 1100 AC-FT/YR from \ilinnemucca Ranch Springs
Unit Total

Item Quantitv Units Descriotion Price Price
I 21,000 LF 10" Class 50 Restrained Joint Ductile lron $30.00 $630,000
2 54,100 LF l0' Class 5l Restrained Joint Ductile Iron $32.00 $1,731,200
3 75-100 LF Trenching s25.00 $1.877.500
4 5 EA Butterfly Valve l0' $6.500.00 $32,500
5 5 EA Butterflv Valve 6" $3.500.00 $17.500
6 J EA Check Valve 6" $2,000.00 s10.000
7 23 EA AirA/acuum Valve l'-700psi $500.00 $11.500
8 3 EA Air Release Valve l"-700psi $550.00 $1,650
9 30 EA Valve Vaults $3,000.00 $90.000
l0 4 EA Combination Valve l'-700osi $900.00 $3,600
ll 9 EA Reducer (10" x 6") $2.500.00 $22,500
t2 2 EA Pump 4x6-9, 3560rpm, 50hp $5.518.00 $l1,036
l3 4 EA Spring Collection s100.000.00 $400.000
l4 I EA Pump Station (excludine oumos) $l1s,000.00 $l15.000
l5 76.200 LF Power (Three Phase) $16.50 s1.257.300
l6 I EA Line Regulator $58.000.00 $58.000

Total $6"269.286
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Preliminara En gineers Estimate
plack Canyon Reservoir and Winnemucca Ranch Springs to Lemmon Vallev

900, 100 D AC-FT/YR from Winnemucca Ranch Springs and
500 AC-FT/YR from Black Canvon Reservoir

Q = 1400, 1500 AC-FT/YR
Item Quantity Unit Description Price Price

I 54,100 LF 12" Class 52 Restrained Joint Ductile Iron $42.00 $2-272-200
2 21.000 LF 12" Class 50 Restrained Joint Ductile Iron $36.00 $756,000
J 18.075 LF 10" Class 50 Restrained Joint Ductile Iron $30.00 $542,250
4 93.t75 LF Trenching $25.00 $2,329,375
5 5 EA Butterflv Valve 12" $9.000.00 $45,000
6 5 EA Butterflv Valve 6" $3.500.00 $17.500
7 5 EA Check Valve 6" $2.000.00 $r0.000
8 I EA Butterflv Valve 4" $2.500.00 s2-500
9 I EA Check Valve 4" $700.00 $700

10 27 EA Air/Vacuum Valve l"-700psi $s00.00 $13.500
ll 4 EA Air Release Valve l"-700osi $s50.00 s2.200
t2 6 EA Combination Valve l "-700Dsi $900.00 $5.400
l3 37 EA Valve Vaults $3.000.00 $111.000
T4 8 EA Reducer (12" x 6") $2.700.00 $21.600
l5 I EA Reducer (10" x 6") $2.s00.00 $2.500
l6 2 EA Reducer (10" x 4") $2.300.00 $4,600
I7 4 EA Pump 3x4-10. 1750mm. l5ho $8.000.00 $32,000
l8 2 EA Pump 4x6-9, 3560mm, 75hp $r3.000.00 $26.000
l9 4 EA Spring Collection $100.000.00 $400,000
2A I EA Treatment Plant $330.000.00 $330.000
2l I EA Chlorination Svstem $10.000.00 $10.000
22 2 EA Pump Station (excluding pumps) $115.000.00 $230,000
23 91.700 LF Power (Three-Phase) $16.50 $1,s13,0s0
24 t EA Line Regulator $s8.000.00 $58.000

Total s8,735,375
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Prelim inary En g, i neers Esti!rate
Black Cany_on Reservoir and winnenlucca Ranch Sp.ings t@

t I oo _nc-nrrvn rro- wii,,,.",*." nn"ffir, 
"*o. 500 AC-FT/YR from Black Canyon Reservoir

Itcm I Quantity_ |- Ut,t,
_ Q: 1600 

^C:FT/YR
O"r"-.irrtion--.--- I- Pricc- l- Pri".-

I I s+,roo LF 12" Class 52 Rcstraincd Joint Ductile lron $42.00 $2.272.200
2 21,000 LF 12" Class 50 Rcstraincd Joint Ductilc lron $36.00 $756.000
3 18.075 LF 10" Class 50 Rcstrained Joint Ductile lron $30.00 $542,250
4 93.t75 LF Trenching $25.00 s2.329-375
5 5 EA Butterllv Valr,c 12" $9.000.00 $45,000
6 ) EA Buttcrflv Valvc 6" $3.500.00 $17-500
7 ) EA Chcck Valvc 6" $2.000.00 $10-000
8 I EA Buttcrfly Valvc 4" $2.500.00 $2,500
9 I EA Chcck Valvc 4" $700.00 $700

l0 3 EA Air/Vacuum Valvc l "-4 l0psi $350.00 $1.050
It 2 EA Air Release Valvc l"-4lOosi $3s0.00 $700
t2 2 EA Combination Valve l"-4 l0psi $s50.00 $1.100
l3 24 EA Air/Vacuum Valve 2"-700psi $900.00 $21.600
t4 4 EA Combination Valve 2"-700psi $1.300.00 $5,200
l5 37 EA Valve Vaults $3,000.00 sl l1.000
l6 8 EA Reducer (12" x 6") $2.700.00 $21.600
t7 I EA Rcduccr (10" x 6") $2.500.00 $2.500
l8 2 EA Reducer (10" x 4") $2.300.00 $4.600
t9 4 EA Pump 3x4-10, l750rpm, l5hp $8,000.00 $32.000
20 2 EA Pump 4x6-9, 3560rpm, 75hp $ 13.000.00 $26.000
2l 4 EA Spring Collcction $ 100.000.00 $400.000
22 I EA Trcatment Plant $330,000.00 $330.000
23 I EA Chlorination Svstcm $r0.000.00 $ 10.000
24 2 EA Pump Station (cxcluding punrps) $l r5.000.00 $230.000
25 91,700 LF Porver (Thrce-Phasc) $ 16.s0 $1,513.050
26 I EA Linc Rcgulator $58,000.00 s58,000

Total $8,743,925
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Prelim ina!y En gineers Estimate
Black Canyon Reservoir and winngmucca Ranch Springs to Lemmotr Vailey

900'1000'1100 AC-FT/YR froin winnemucca Ranch Springs and
1000 AC-FT/YR from Black Canyon Reservoir

Q: 1900, 2000, 2100 AC-FT/YR
I Itim Quantitv Unit Dcscription Price Price

I 54.100 LF 14" Class 53 Rcstra ncd Joint Ductile lron $58.00 $3, I 37.800
2 21.000 LF 14" Class 50 Restra ned Joint Duct le Iron $49.00 $1,029,000
J 18.075 LF 12" Class 50 Restra ned Joint Ductile lron $36.00 $650.700
4 93,175 LF Irenching $25.00 $2.329,375
) 5 EA Buttcrflv Valvc 14" $ r 3,000.00 $65,000
6 6 EA Buttcrflv Valvc 6" $3,500.00 $21.000
7 6 EA Chcck Valvc (i-!i?,{t psi) $2.000.00 $ 12.000
8 3 EA Air/Vacuum Valvc l"-4 lOpsi $350,00 $ t.050
9 2 EA Air Rclcasc Valvc I"-4l0psi $350.00 $700

l0 2 EA Conrbination Valvc l"-4 l0psi $550.00 sl 100
lt 23 EA Air/Vacuunr Valvc 2"-700psi $900.00 $20.700
t2 3 EA Air Rcleasc Valvc 2"-700psi $1.000.00 $3,000
l3 4 EA Combination Valvc 2"-700psi $1,300.00 $5.200
t4 37 EA Valve Vaults $3,000.00 $ I I t.000
l5 8 EA Rcduccr (14" x 6") $3.000.00 $24.000
t6 J EA Rcducer (12" x 6") $2.700.00 $8. r00
l7 4 EA Pump 3x4-10, l750rpm, l5hp $8.000.00 $32.000
l8 2 EA Punrp 4x(r-9, 3-560rprn, 75hp $ l3.000.00 $2(r.000
l9 4 EA !pf4g Collcction $ 100.000.00 $400.000
20 I EA Trcatmcnt Plarrl $360.000.00 $360.000
2l I EA Chlorination Svstcnr $10.000.00 $ l0.000
22 2 EA Pump Station (cxcluding Dunrps) $ I l 5,000.00 $230.000
23 91.700 LF Porvcr (Thrce-Plrasc) $16.50 $ 1.5 r 3.050
24 I EA Line Regulator $58.000.00 $58.000

Iotal $10.048.775
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. lretinrinary Errg_ttgg.r q!.3!g
Black Cnnyon Reservoir and Winnenlucca O"n.n

9oo,@ffin.nSp.ingr"no
I soo AC-F1/YR fromservoir

ryrtsm-
I 54.100 LF 14" Class 53 Restraincd Joint Ductilc Iron $58.00 $3,137,900
2 2l,000 LF 14" Class 50 Restraincd Joint Ductile lron $49.00 $1,029,000
3 18.075 LF l2'Class 50 Rcstraincd Joint Ductile Iron $36.00 $650,700
4 93, I 75 LF Trenching $25.00 92.329.375
5 ) EA Butterflv Valve 14" $ 13.000.00 $65.000
6 6 EA Butterfly Valve 6" $3,500.00 $21,000
7 6 EA Check Valve 6" (740 psi) $2.000.00 $ 12.000
8 J EA Air/Vacuum Valve l "-4 l0psi $350.00 $ 1.050
9 2 EA Air Rclcasc Valvc I "-4 lOpsi $350.00 $700

l0 2 EA Combination Valve l "-4 l0psi $s50.00 $ 1.100
ll 23 EA Air/Vacuum Valvc 2"-700psi $900.00 $20.700
12 3 EA Air Releasc Valvc 2"-700psi $ r.000.00 $3.000
l3 4 EA Combi nation Valve 2"-700psi $ 1.300.00 $5.200
l4 37 EA Valvc Vaults $3.000.00 $l I1.000
l5 8 EA Reduccr (14" x 6") $3.000.00 $24.000
t6 J EA Rcduccr (12" x 6") $2,700.00 $8.100
t7 4 EA Pu*p!14 -_! 0,_!l!Qry,ry, ! shp $8.000.00 $32.000
l8 2 EA Pump 4x6-9, 3560rpm, 75hp $r3.000.00 $26.000
l9 4 EA Spring Collcction $ 100.000.00 $400,000
20 I EA Trcatmcnt Plant $800.000.00 $800,000
2l I EA Chlorination Svstcnr $r0.000.00 $ 10.000
22 2 EA Pump Slation (cxcluding pumps) $l15.000.00 $230.000
23 9 r.700 LF Powcr (Thrcc-Phasc) $ t 6.s0 $ I ,5 13,050
24 I EA Linc Rcgulator $58.000.00 s58,000

Total $10,499.775

r0t2u93



Black Canyon Reservoir
Preliminary Engineers Estimate

Unit Total
Item Ouantitv Unit Descriotion Price Price

I 98,500 CY Foundation Excavation $4.00 $394,000
2 228,300 CY Spillway Excavation $5.50 $1.255.650
3 140,000 CY TaneI Embankment $25.00 $3.500.000
4 ,14.800 CY 7ane2 Embankment s18.50 $828,800
) 36,600 CY 7nne3 Embankment $14.00 $512.400
6 271.700 CY 7nne4 Embankment $2.00 $543.400
7 1.530 SY Grout Cap Surface Prep

(10'Min. 12'Max.) $17.50 $26,77s
8 190 EA Pipe for Grout Holes $50.00 $9.500
9 650 CY Grout Cao Concrete $300.00 $195,000

l0 10.450 LF Drilline Rotary Percussion
Grout Holes $8.00 $83.600

1l 8,360 LF Redrilline of Grout Holes $8.00 $66,880
12 18.530 Bas Portland Cement in Grout $13.00 $240.890
l3 361 Bag Bentonite in Grout $6. l5 $2,220
l4 570 EA Connection to Grout Holes $5s.00 $3 1,350
l5 400 LF Grout Cap Linear Foot of

Joints or Faults to 4" Wide $24.00 $9.600
l6 40 CY Grout Cap (Concrete placed

in ioints or Faults > 4' Wide) ss00.00 $20,000
t7 480 EA Grout Cap Anchor Bars $69.00 $33.120
l8 5 EA Pneumatic Piezometer $2.s00.00 $12.500
l9 200 LF Piezometer Bore Holes s34.00 $6,800
20 4 EA Relief Well $17.000.00 $68,000

Total $7.840.485
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DRY VALLEY ALTERNATIVES



t Preliminara Engineers Estimate Summary Sheet

I Drv Vallev Importation Alternater 
Alternates in order of Cost ner Ac-Ft

I ell00 $6,000 Dollars/Ac-Fl

t e1000 $6,600 DollarVAc-Ft

e900 $6,900 Dollars/Ac-Ft

I e2600 $8,300 DollarVAc-Ft

I e2500 $8,700 DollarVAc-Ft
Q:2400 $9,000 Dollars/Ac-Ft

r E;ffi ll3:i33 3lllilYi::il
t Q=lgoo $ll,4oo DollarVAc-Ft

@1500 (res) $11,900 Dollars/Ac-Ft

I el6oo $13,700 Dollars/Ac-Ft

al e1500 $14,300 Dollars/Ac-Ft
e1400 $15,400 Dollars/Ac-Ft

I @1000 (res) $17,900 Dollars/Ac-Ft

I Q=500 (res) $35,500 DollarVAc-Ft

IJ
I

!

t'

I
I
T

I
I
I
I
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Dry Valley Reseroir
To Dry Valley (Tie To TMPP)

Q=500 ac-fUyr
Approx.

Item OuantitY Unit Description Price
I I LS Drv VallevDam $9.207.358
2 I LS Pipeline to Drv Vallev s3,059,750

Subtotal $12.267.108
Contineency (257o) $3,066,777

Subtotal s15J33,885

Geotechnical & Surveys (2%o) $306,678
Engineering Design (5. 87o) $889,365
Construction lvlanasement (87o) st,226,7r1

Total $17,756,639

Rounded Total s17.757.000
Note: Dollars/AC-FT s3s500
All Costs are preliminarv and do not include
rny environmental olannine or Dermittins costs
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Dry Valley Reseryoir
To Dry Valley (Tie To TMPP)

Q:1000 ac-ftlyr
Approx.

Item Quantity Unit Description Price
I 1. LS Drv VallwDam $9,207.358
2 I LS Pioeline to Drv Vallev $3.1s8.250

Subtotal $12.36s.608
Contingency (257o) $3,091,402

Subtotal $15,457,010

Geotechnical & Survws (2%o) $309.140
Ensineerine Desi sn (5. 8olo) $896.s07
Construction lvlana sement (8ol") s1.236.561

Total $17.899.218

Rounded Total $17,899,000
Note: DollarVAC-FT $17.900
All Costs are preliminarv and do not include
any environmental planning or Dermitting costs
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Dry Valley Reservoir
To Dry Valley (Tie To TMPP)

Q:1500 ac-ftlyr
Approx.

Item Quantitv Unit Description Price
I I LS Drv VallevDam $9,207,358
2 I LS Pipeline to Dry Vallev $3,158,2s0

Subtotal $12.36s-608
Contineency (257o) $3,091.402

Subtotal $15,457,010

Geotechnical & Survevs (27o) $309.140
Engineerins Desim (5.87o) $896,507
Construction Manaqement (87o) sl-236.s61

Total $17,899.218

Rounded Total $17.899.000
Note: Dollars/AC-f,'T $11.900
All Costs are preliminarv and do not include
any environmental planning or permitting costs
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Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q:900 ac-ftlyr
ADprox.

Item QuantiW Unit Descriotion Price
I I LS Pioeline to Drv Vallev $4.231.6s0

Contingency (257o) $1.057,913

Subtotal $5,289,563

Geotechnical & Survevs (37o) $158.687
Engineering Desien 6.40/o\ $338,532
Construction Management (87o) $423.165

Total s6,209,947

Rounded Total $6,210,000
Note: Dollars/AC-FT s6,900
All Costs are preliminarv and do not include
rny environmental planning and permitting costs
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Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q=1000 ac-fUyr
Approx.

Item QuantiW Unil Description Price
I I LS Pipeline to Drv Vallev s4.465.520

Contingenw (257o) $1.116.380

Subtotal $5i581,900

Geotechnical & Survevs (37o) sr67.4s7
Engineering Desien (6.40/ol $3s7.242
Construction Manaeement (8%) $446,552

Iotal $6.5s3.151

Rounded Total $6'553,000
Note: DollarVAC-FT $6,600
All Costs are preliminary and do not include
any environmental planning and permitting costs
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Winnemucca Ranch Sprines
To Dry Valley (Tie To TMPP)

Q=1100 ac-fUyr
ADDrox.

Item Quantity Unit Descriotion Price
I I LS Pipeline to Dry Vallev $4,465,520

Contineenq/ (25ol") $1.116.380

Subtotal $5581,900

Geotechnical & Suwevs (37o) 8t67.457
Engineering Design (6.4Y"\ s357-242
Construction Manaeement (87o) $446.552

Total $6,553,151

Rounded Total $6'553,000
Dollaru/AC-F'T $6,000

Note:

All Costs are preliminary and do not include

rny environmental planning and Dermitting costs
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Dry Valley Reservoir and Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q=l400 ac-ft/yr
ADprox.

Item Quantitv Unit Description Price
I I LS Dry Vallev Dam $9,207.358
2 I LS Pipeline to Drv Vallev $5,655,170

Subtotal s14,862,528
Contingency (257o) s3.715.632

Subtotal $18,578,160

Geotechnical & Survevs (27o) $371.563
Eneineerine Desisr 6.8o/o\ $1.077.s33
Construction Management (87o) $1,486,253

Iotal $21.513.509

Rounded Total $21"514,000
DollarVAC-FT $15.400

Note:

All Coss are preliminarv and do not include
rny environmental planning and Dermitting costs
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Dry Valley Reservoir and Winnemucca Ranch Snrines
To Dry Valley (Tie To TMPP)

Q=1500 ac-ft/yr
ADDrox.

Item Quantity Unit Description Price
I I LS Dry Vallw Dam $9,207,359
2 I LS Pipeline to Drv Vallw $5.655.170

Subtotal $14,862,528
Continsency (257o) $3.715-632

Subtotal $18578,160

Geotechnical & Survevs (2%o) $371.563
Engineering Design (5. 87o) $1,077.533
Construction lvlanagement (87o) $1.486.253

Iotal $21,513.s09

Rounded Total s21514.000
DollarVAC-FT s14300

Note:

All Costs are oreliminarv and do not include
any environmental planning and permitting costs
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Drv Valley Reseruoir and Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q=1600 ac-fUyr
Approx.

Item Quantitv Unit Description Price
I I LS Dry Vallev Dam $9,207,359
2 I LS Pineline to Drv Vallw $5.883.870

Subtotal $1s.091.228
Contineency (257o) $3.772.807

Subtotal $18,864.035

Geotechnical & Survevs (27o) $377.28r
Engineerinq Desien 6.80/o\ $1,094,1l4
Construction Management (87o) s1,509,123

Iotal $21.844,ss3

Rounded Total $21.845.000
DollarVAC-F.T $13,700

Note:

All Costs are orelimina rv and do not include
any environmental planning and permitting costs
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Dry Valley Reservoir and Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q=1900 ac-ft/yr
Approx.

Item Quantity Unit Description Price
I I LS Dry Valley Dam s9,207,3s8
2 I LS Pioeline to Drv Vallev s5-770-270

Subtotal $14.977,628
Contingency (257o) s3.744.407

Subtotal $18.722.035

Geotechnical & Survevs (27o) $374,441
Engineering Design (5. 87o) $1,085.878
Construction Management (87o) sr.497.763

Iotal $21.680.117

Rounded Total s21.680.000
DollarVAC-FT $11,400

Note:

All Costs are preliminary and do not include
any environmental plannins and Dermittins costs
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Dry Valley Reservoir and Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q:2000 ac-ftlyr
Approx.

Item Ouantitv Unit Description Price
I I LS Drv Vallev Dam $9,207,358
2 I LS Pipeline to Dry Valley $5,770,270

Subtotal s14.977,628
Contingency (25%o) $3.744.40'7

Subtotal $18,722,035

Geotechnical & Survevs (27o) $374,441
Engineerine Desisx 6.80/o\ $1.085.878
Construction ldanaeement (87o) $r.497.763

Total $21.680.117

Rounded Total $21,680,000
DollarVAC-FT $10.800

Note:

All Costs are preliminary and do not include
rny environmental plannins and Dermitting costs
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Dry Valley Reseryoir and Winnemucca Ranch Sprines
To Dry Valley (Tie To TMPP)

Q=2100 ac-fUyr
ADDrox.

Item Quantity Unit Descriotion Price
I I LS Dry Valley Dam $9,207,358
2 I LS Pioeline to Drv Vallev ss.770.270

Subtotal $14.977.628
Contingency (257o) $3.744.407

Subtotal $18,722,035

Geotechnical & Survevs (27o) s374-44r
Engineering Desien (5. 87o) $1,085,878
Construction Manaeement (87o) $L,497,763

Total $21,680,n7

Rounded Total $21,680,000
DollarVAC-F-T $10300

Note:

Nl Costs are preliminarv and do not include
any environmental Dlanning and Dermittins costs
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Dry Valley Reservoir and Winnemucca Ranch Springs
To Dry Valley (Tie To TMPP)

Q=2400 ac-fUyr
Aporox.

Item Ouantitv Unit Description Price
I I LS Drv VallwDam $9,207,358
2 I LS Pipeline to Dry Vallev $5,770,270

Subtotal s14.977.628
Contineencv (257o) $3,744.407

Subtotal $18.722.03s

Geotechnical & Surveys (27o) $374,441
Ensineering Desisr 6.80/o\ s1,085,878
Construction Management (87o) $r,497,763

Total $2 1,680, l l7

Rounded Total $21.680.000
Dollars/AC-F'T $9,000

Note:

All Costs are preliminary and do not include
any environmental planning and permitting costs
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Dry Valley Reseruoir and Winnemucca Ranch Springs
To Drv Valley (Tie To TMPP)

Q:2500 ac-ftlyr
Aoprox.

Item Ouantitv Unit Description Price
I I LS Drv Vallev Dam $9.207.358
2 I LS Pipeline to Dry Vallev $5.770.270

Subtotal $14.977.628
Contingency (257o) s3-744-407

Subtotal $18,722,035

Geotechnical & Survevs (27o) $374,441
Eneineerine Desien (5.87o) sr,085,878
Constnrction Management (87o) $r,497,763

Total $21,680,1l7

Rounded Total $21,680,000
DollarVAC-FT s8.700

Note:

All Costs are oreliminarv and do not include

any environmental plannine and D€rmitting costs

Page 14 rolU93



Dry Valley Reservoir and Winnemucca Ranch Sprinqs
To Dry Valley (Tie To TMPP)

Q=2600 ac-fUyr
Approx.

Item QuantiW Unit Description Price
I I LS Dry Valley Dam $9,207,358
2 I LS Pioeline to Drv Vallev $s.770.270

Subtotal $14,977,628
Contingency (257o) $3,744,407

Subtotal $18,722,035

Geotechnical & Surveys (27o) $374.441
Engineering Desim (5.87o) $1.085.878
Construction Management (87o) $r.497.763

Total $2 1.680.1 l7

Rounded Total $21.680.000
DollarVAC-tr'T $8300

Note:

All Costs are preliminary and do not include
rny environmental olannins and Dermittins costs

I
t
I
I
f;

I
I
I
t
I
I
I
I
t
I
I
J

I
I

t0nt93Page 15



I
I
I
t
I
t
I
I
t
I
I
t
I
I
I
I
t
I
I

Preliminary Engineers Estimate
Dry Valley Reservoir to Drv ValleY

Q = 500 AC-FT/YR from Dry Valley Reservoir
Unit Total

Item Quantity Unit Description Price Price
I 16.000 LF 10" Class 50 Restrained Joint Ductile Iron $30.00 $480,000
2 16.000 LF Irenching $30.00 $480.000
3 1 EA Butterflv Valve l0' $6.500.00 $6.s00
4 6 EA Air/Vacuum Valve l" -410 osi s350.00 $2.100
5 6 EA Vave Vaults $3.000.00 $18.000
6 2 EA Combination Valve 1 "-4 lOpsi $550.00 $1.100
7 2 EA tumo 3x4-10. l750mm. l5ho $8-000.00 $16.000
8 I EA freatment Plant s360.000.00 $360.000
9 I EA Chlorination Svstem $10.000.00 $10,000
l0 I EA Pumo Station (excludine oumos) $l15.000.00 $115.000
ll 91.700 LF Power (Ihree-Phase) $16.50 $1.513.050
t2 1 EA Line Regulator $58.000.00 s58.000

Total $3.059.750
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Preliminary Engineers Estimate
Dry Valley Reservoir to Dry Valley

1000, f 500 AC-I'T/YR from Dry Valley Reservoir
Unit Total

Item Ouantitv Unit Description Price Price
I 16.000 LF l2n Class 50 Restrained Joint Ductile Iron $36.00 $576.000
2 16,000 LF Irenching $30.00 s480.000
3 I EA Butterflv Valve 12" $9.000.00 $9.000
4 6 EA Air/Vacuum Valve I'n -410 osi $350.00 $2,100
) 6 EA Valve Vaults $3,000.00 $18.000
6 2 EA Combination Valve l"4lopsi s550.00 $1.100
7 2 EA tump 3x4-10, l750rpm, l5hp $8.000.00 $16.000
8 I EA Treatment Plant $360.000.00 $360.000
9 I EA Chlorination Svstem $10.000.00 $10.000
l0 I EA Pumo Station (excludins oumos) $l15.000.00 s11s.000
ll 91,700 LF Power (Three-Phase) $16.s0 s1,513,050
t2 I EA Line Regulator $58-000.00 $58.000

Total $3,158,250
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Preliminary Engineeru Estimate
Winnemucca Ranch Springs to Dry Valtey

Q = 900 AC-FT/YR from Winnemucca Ranch Sprinqs
Unit Total

Item Ouantitv Units Description Price Price
I 38,145 LF l0' Class 50 Ductile Iron $30.00 $1,144,350
2 38.145 LF frenchine $30.00 $1,144,350
3 2 EA Butterflv Valve 10" $6.500.00 $13.000
4 t6 EA AirA/acuum Valve 1 "4l0osi $350.00 $5.600
5 J EA Combination Valve l'-4lOosi $550.00 $1.650
6 4 EA Air Release Valve 1" -4l0osi $350.00 $1.400
7 2 EA Pump 4x6-ll. 3560mn 20ho $9.500.00 $r9,000
8 4 EA Sprine Collection $100.000.00 $400,000
9 I EA Pump Station (excludins oumos) $l1s,000.00 $u5.000
l0 76,200 EA Power (Three-Phase) $16.50 $1,257,300
ll 24 EA Valve Vaults $3.000.00 $72.000
t2 I EA Line Regulator $58.000.00 $58.000

Total $4.231,650

Page 18 9130193



I
I
I
I
I
t
I
I
I
t
I
I
I
I
I
I
I
I
I 

Pagele

Preliminary Engineers Estimate
Winnemucca Ranch Springs to Dry Valley

Q = 1000, 1100 AC-F"T/YR from Winnemucca Ranch Springs
Unit Total

Item Ouantitv Units Description Price Price
I 38.145 LF 12" Class 50 Ductile Iron $36.00 $1,373,220
2 38,145 LF Trenching $30.00 $1.144.350
J 2 EA Bunerfly Valve 12" $9.000.00 $18,000
4 l6 EA AirA/acuum Valve l'4 lOosi $350.00 $5,600
) J EA Combination Valve l "-4 l0psi $550.00 $1,6s0
6 4 EA Air Release Valve l" -4l0psi $3s0.00 $1.400
7 24 EA Valve Vaults $3-000.00 $72.000
8 2 EA Pumo 4x6-l l. 3560mn 20ho $9.s00.00 $19,000
9 4 EA Spring Collection $100.000.00 $400,000
10 I EA fumo Station (excludine oumos) $l15,000.00 $ll5-000
ll 76.200 EA Power (Three-Phase) $16.s0 $1,257,300
T2 I EA Line Regulator $58,000.00 $58,000

Total $4.465"520

9t30t93



I
I
I
I
I
I
T

I
I
I
t
I
I
I
I
I
I
I
I

Preliminary Engineen Estimate
Winnemucca Ranch Springs and Dry Valley Reservoir to Dry Vallev

900, 1000 AC-FT/YR from Winnemucca Ranch Sprines and
500 AC-FT/YR from Dry Valley Reservoir

Q=1400, 1500 AC-FT/YR
Item Ouantitv Unit Description Price Price

I 38.145 LF 12' Class 50 Restrained Joint Ductile Iron $36.00 sr.373.220
2 38.145 LF Trenchins $30.00 $1,144,350
3 I EA Butterflv Valve 12" $9.000.00 $9,000
4 l6 EA Air/Vacuum Valve l'4l0osi $350.00 $5.600
) 4 EA Air Release Valve l"-4l0osi $350.00 $1,400
6 I EA 6" Check Valve $2.000.00 $2,000
7 I EA 6" Butterflv Valve $3,5@.00 $3,500
8 22 EA Valve Vaults $3,000.00 $66.000
9 2 EA Reducer (12x6) $1.200.00 $2,400

l0 3 EA Combination Valve 1 "-4l0osi $550.00 $1,650
ll 2 EA Pump 3x4-10, 1750rpm, l5hp $8.000.00 $16.000
t2 2 EA Pump 4x6-l l, 3560rpm, 20hp $9.500.00 $19.000
13 4 EA Sprins Collection $100.000.00 $400,000
l4 I EA Ireatment Plant $800.000.00 $800.000
l5 t EA Chlorination System $10.000.00 $10.000
16 2 EA Pumo Station (excludine oumos) $115,000.00 $230,000
t7 91.700 LF Power (Three-Phase) $16.50 $1,5r3,050
l8 I EA Line Regulator $s8.000.00 $58.000

TotaI $5,655.170
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Preliminary Engineeru Estimate
Winnemucca Ranch Springs and Drv Vallev Reservoir to Drv Vallev

1100 AC-FT/YR from Winnemucca Ranch Springs and
500 AC-FT/YR from Dry Valley Reseruoir

Q=1600 AC-FT/YR
Item Quantitv Unit Description Price Price

I 16.000 LF 14' Class 50 Restrained Joint Ductile Iron $49.00 $784.000
2 22.r45 LF 12" Class 50 Restrained Joint Ductile Iron $36.00 s797.220
3 38.145 LF Irenching $30.00 $1.144.350
4 I EA 6" Check Valve s2.000.00 $2.000

rJ I EA 6" Butterflv Valve $3.500.00 $3,s00
6 2 EA Reducer (12x6) $1.200.00 $2,400
7 22 EA Valve Vaults $3.000.00 $66,000
8 2 EA Butterflv Valve 14n $13,000.00 $26,000
9 9 EA AirAy'acuum Valve 2 "-4 I 0psi s550.00 $4.9s0

l0 4 EA Air Release Valve 2"410nsi $700.00 $2.800
ll 2 EA Combination Valve 2"-4 lOosi $800.00 $1,600
t2 7 EA Air/Vacuum Valve 1n-4 lOpsi $350.00 $2,450
13 t EA Combination Valve 1"4 l0osi $550.00 $550
t4 2 EA Pump 3x4-10. 1750mm. l5hp $8.000.00 $16,000
l5 2 EA Pumo 4x6-11- 3560mm- 20ho $9.500.00 $19.000
l6 4 EA Sprine Collection $100.000.00 s400.000
t7 I EA Treatment Plant $800,000.00 $800-000
l8 I EA Chlorination Svstem $10,000.00 $10,000
l9 2 EA fump Station (excluding pumos) $115.000.00 $230,000
20 ' 9l-700 LF Power (Three-Phase) $16.50 $1.sr3.0s0
2l I EA Line Rezulator $58.000.00 $58,000

Total $5.883.870
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Preliminary Engineers Estimate
Dry Valley Reservoir and Winnemucca Ranch Springs to Dry Valley

Q = 900, 1000, 1100 AC-F"T/YR from Winnemucca Ranch Sprinss
Q = 1000 AC-FT/YR from Dry Valley Reseruoir

a = 1900, 2000, 2100 AC-FT/YR
Unit Total

Item Quantity Units Descriotion Price Price
I 16,000 LF 14" Class 50 Ductile Iron s49.00 $784,000
2 22,r45 LF 12' Class 50 Ductile Iron $36.00 $797.220
3 38,145 LF frenchins $30.00 $1.144.350
4 2 EA Pumo. 3x4-10. 1750 mrnl5ho $8.000.00 $16.000
5 I EA 5' Check Valve $2.000.00 $2,000
6 I EA 5'Bufterflv Valve $3.500.00 $3.s00
7 2 EA Reducer (12x6) $1,200.00 s2-400
8 23 EA Valve Vaults $3,000.00 $69,000
9 2 EA Butterflv Valve l4n $13.000.00 $26.000

l0 9 EA Air/Vacuum Valve 2"-4 I 0osi $550.00 $4,950
ll 4 EA Air Release Valve 2"-410osi $700.00 $2,800
t2 7 EA AirA/acuum Valve 1 "4 lOosi $3s0.00 $2,4s0
l3 I EA Combination Valve ln -4l0psi $550.00 $550
T4 2 EA Pump 4x6-11. 3560mm- 20ho $9.500.00 $19,000
l5 4 EA Sprine Collection $100.000.00 $400.000
l6 I EA Treatment Plant $800.000.00 $800.000
t7 I EA Chlorination Svstem $10.000.00 $10.000
l8 I EA Pumn Station (excludine oumos) $l15.000.00 $l1s,000
l9 91.700 LF Power (Three-Phase) $16.s0 $1.513.050
20 I EA Line Reeulator $s8.000.00 $58.000

Total $5.770.270
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Preliminary Engineers Estimate
Dry Valley Reservoir and Winnemucca Ranch Springs to Dry Valley
Q:900, 1000, 1100 AC-FT/YR from Winnemucca Ranch Sprines

Q = 1500 AC-FT/YR from Dry Valley Reservoir

a = 2400, 2500, 2600 AC-FT/YR
Unit Total

ltem Quantity Units Description Price Price
I 16.000 LF 14" Class 50 Ductile Iron $49.00 $784.000
2 22,I45 LF 12" Class 50 Ductile Iron $36.00 s797.220
3 38-145 LF Irenching $30.00 $1,144,3s0
4 2 EA tump. 3x4-10. 1750 mm.l5ho $8.000.00 $16,000
) I EA 6' Check Valve $2.000.00 $2,000
6 I EA 6" Butterflv Valve $3.500.00 $3,s00
7 2 EA Reducer (12x6) $1.200.00 $2,400
8 23 EA Valve Vaults $3.000.00 $69,000
9 2 EA Butterflv Valve 14" $13.000.00 $26,000

l0 9 EA Air/Vacuum Valve 2"-4 l0osi $550.00 $4,950
n 4 EA Air Release Valve 2"-4l0psi s700.00 $2.800
t2 7 EA AirA/acuum Valve l"-4l0psi $350.00 $2,450
13 I EA Combination Valve ln -410psi $550.00 $ss0
L4 2 EA Pump 4x6-11. 3560mm. 20hp $9,s00.00 $19.000
l5 4 EA Sprine Collection $100.000.00 $400,000
16 I EA Ireatment Plant $800.000.00 $800.000
t7 I EA Chlorination Svstem s10.000.00 $10.000
l8 I EA fump Station (excludins oumps) $l1s.000.00 $115,000
l9 91.700 LF Power (Three-Phase) $16.50 $1,513,0s0
20 I EA Line Regulator $58.000.00 $s8,000

Total s5,770,270

Page23 t0tv93



t
I
t
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I

Dry Valley Resenoir
Preliminary Engineers Estimate

Unit Total
Item Quantity Unit Description Price Price

1 t47 -600 CY Foundation Excavation $4.00 $590,400
2 rr7.200 CY Tnnel Embankment $25.00 $2.930.000
3 41.900 CY Zrrne2 Embankment $18.s0 $77s.1s0
4 34-200 CY hne3 Embankment $r4.00 $478.800
5 183,400 CY 7nne4 Embankment $2.00 $366,800
6 1,410 SY Grout Cao Surface Preo

(10'Min. 12'Max.) $17.50 $24,675
I 176 EA Pipe for Grout Holes $50.00 $8,800
8 590 CY Grout Cao Concrete $300.00 $177,000
9 9.680 LF Driline Rotary Percussion

Grout Holes $8.00 $77,440
10 7.744 LF Redrilline of Grout Holes $8.00 $61.9s2
11 17.160 Bas Portland Cement in Grout $13.00 $223,080
t2 334 Bag Bentonite in Grout $6.15 $2.0s4
l3 528 EA Connection to Grout Holes $s5.00 $29.040
t4 400 LF Grout Cap Linear Foot of

Ioints or Faults to 4" Wide $24.00 $9,600
l5 40 CY Grout Cap (Concrete placed

in ioints or Faults > 4' Wide) $500.00 $20,000
l6 443 EA Grout Cao Anchor Bars $69.00 $30,567
T7 ) EA Pneumatic Piezometer $2.500.00 $12.500
l8 200 LF Piezometer Bore Holes $34.00 $6,800
19 4 EA Relief Well $17,000.00 $68.000

Subtotal $5,892,658

Snillway Construction
20 92.200 CY Soillway Excavation $6.00 $553,200
2l 6.200 CY Concrete Spillway $400.00 $2,480,000
22 300 CY Soillwav End Section $400.00 $r20.000
23 11.000 SF Rip Rap $6.00 $66,000
24 3.800 CY Drainaee Laver $10.00 $38,000
25 115 EA Weep Holes and Drainaee Pioine $500.00 $s7.500

Subtotal $3J14,700

Total $9.2073s8
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Preliminary Engineers Estimate Summary Sheet

Snanish Flat Reservoir Alternate
Alternates in order of Cost ner Ac-Ft

Q=3225 $2,000 DollarVAC-M (Cottonwood Creek)

Q=4325 $4,300 Dollars/AC-FT (temmon Vallg
V4225 $4,400 Dollars/AC-FT (Lemmon Valley)
Q=4125 $4,500 DollarVAC-FT (Lemmon Valley)
Q=4325 $5,500 Dollars/AC-FT(SpanishSprings)

V4225 $5,600 Dollars/AC-FT (Spanish Springs)

Q:4125 $5,700 DollarVAC-FT (Spanish Springs)

I
I
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I
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Spanish Flat Resewoir and Winnemucca Ranch Sprines
to Spanish Springs

Q=4125, 4225, 4325 ac-ftlyr
Approx.

Item Quantity Unit Description Price
I I LS Pipeline to lrmmon Vallev (inc. Reservoir) $16,157,600

Contineencv (257o) $4,039,400

Subtotal $20,197,000

Geotechnical & Survevs (37o) $60s,910
Engineering Desi gn (5.8Y.\ $1.171.426
Construction Management (8%o) $r.61s.760

lotal $23.590.096

Rounded Total $23590,000
DollarVAC-FT (4,125 ac-fUvr) $5.700
DollarVAC-FT (4,225 ac-fUyr) $5,600
Dollars/AC-F T (4325 ac-fUvr) $5500

Note:

All Costs are preliminary and do not include
any environmental planning or Dermittins costs

Page 1 1U1?/93
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Spanish FIat Reservoir and Winnemucca Ranch Sprinss
to Lemmon Valley

Q=4125, 4225, 4325 ac-Itlyr
Approx.

Item Quantity Unit Descrintion Price
I I LS lipgline to Lemmon Valley (inc. Reservoir) $12.748.636

Contingenry (257o) $3,187.159

Subtotal $15,935,795

Geotechnical & Surveys (37o) $478,074
Engineering Design (5.870) $924,276
Construction Management (87o) 8r.274.864

Total $18.6r3.009

Rounded Total $18.613.000
DollarVAC-FT (4,125 ac-fUvr) $4500
DollarVAC-FT (4,225 ac-fUvr) $4,400
DollarVAC-FT (4J25 ac-fUvr) s4t0o

Note:

All Costs are preliminary and do not include
any environmental planning or permitting costs

Page2 ton2t93
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Spanish FIat Reservoir to Cottonwood Creek
Q=3225 ac-ftlyr

Approx.
Item Quantitv Unit Description Price

I I LS Pipeline to Cottonwood Creek $4.391.8s0
Contingency (25%) $1,097,963

Subtotal $5,489,813

Geotechnical & Survevs (3%o) $164.694
En gineeri n g Desi gn (6.30/ol $345,858
Construction Management (8%o) $439,r85

Total $6.439.550

Rounded Total s6,440,000
Dollars/AC-FT $2,000

Note:
All Costs are preliminary and do not include
any environmental planning or Dermittins costs

Page 3 totr2t93
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Preliminary Engineers Estimate
Spanish Flat and Winnemucca Ranch Springs to Spanish Sprinss
900, 1000, or 1100 AC-FT/YR from Winnemucca Ranch Springs

3225 AC-F"T/YR from Spanish Flat Reseruoir

Q= 4125,4225,4325 AC-FT/YR
Item Ouantitv Unit Descriotion Price Price

I t37.67s LF 18" Class 50 Restrained Joint Ductile Iron $70.00 $9.637.250
2 137.675 LF Irenching $20.00 $2,753,500
3 9 EA 6" Butterflv Valve $3.500.00 $3 1.500
4 ll EA 18" Butterflv Valve $9.500.00 $104.500
5 9 EA 6" Check Valve $2.000.00 $18,000
6 38 EA AirA/acuum Valve 2" - 410 osi $3s0.00 $13.300
7 ) EA Air Release Valve l" - 410 osi $350.00 $1,7s0
8 16 EA Combination Valve 2" - 410 osi $5s0.00 $8.800
9 62 EA Valve Vaults $3.000.00 $186.000
10 I EA Treatment Plant $800,000.00 $800.000
1l I EA Chlorination Svstem $10.000.00 $10.000
t2 4 EA Sorine Collection $100,000.00 $400,000
l3 l8 EA Reducer l0nx6" $1,000.00 $18.000
t4 I LS Spanish Flat Dam Rehabilitation $500,000.00 $s00.000
l5 98.000 LF Power (Three-Phase) $16.50 $1.617.000
l6 I EA Line Regulator $58,000.00 $58.000

fotal $16.157.600

Page 4 tolt2l93
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Preliminary Engineers Estimate
Spanish Flat Reservoir and winnemucca Ranch Springs to Lemmon valley

900, 1000, or 1100 AC-FT/YR from Winnemucca Ranch Springs and
3225 AC-F"T/YR from Spanish FIat Resenoir

Q= 4125,4225,4325 AC-FT/YR
I 31,950 LF 18" Class 50 Restrained Joint Ductile Iron $70.00 $2,236,500
2 54.100 LF 18' Class 54 Restrained Joint Ductile Iron s85.00 $4.598.500
3 86,050 LF Irenching $2s.00 $2,151,250
4 6 EA Butterlly Valve 18' $9.500.00 $57,000
5 ) EA Butterfly Valve 6" $3.s00.00 $17,500
6 ) EA Check Valve 6" $2,000.00 $10.000
7 28 EA AirA/acuum Valve 2 "-700psi $s00.00 $14.000
8 5 EA Air Release Valve 1"-700psi $550.00 $2.750
9 38 EA Valve Vaults $3.000.00 $l14.000
10 4 EA Combination Valve2"-7OOosi $900.00 $3.600
ll 9 EA Reducer (10" x 6") s2.500.00 $22.500
t2 2 EA fump 4x6-9. 3560mm. 50ho $s.518.00 $l1,036
l3 1 EA Treatment Plant $800.000.00 s800-000
t4 I EA Chlorination Svstem $10.000.00 $10.000
l5 I EA Inlet Structure $10.000.00 $10.000
16 I LS Spanish Flat Dam Rehabilitation $s00.000.00 $s00.000
t7 4 EA Spring Collection $100.000.00 $400.000
l8 I EA Pump Station (excludins pumps) $115.000.00 $l1s.000
l9 98,000 LF Power (Three Phase) $16.50 $1,617.000
20 I EA Line Regulator s58,000.00 $s8,000

Total $12.748.636

Page 5 t0lt2t93
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Preliminary Engineers Estimate
Spanish Flat Reservoir to Cottonwood Creek

Q= 3225 AC-FT/YR from Spanish Flat Reservoir
Unit Iotal

Item Quantiw Units Description Price Price
I 21.550 LF l8n Class 50 Restrained Joint Ductile Iron s70.00 $1.508.500
3 21.550 LF Irenchins $20.00 $431.000
4 J EA Butterflv Valve 18" $9.s00.00 $28,500
4 J EA Butterfly Valve 8" $7.500.00 $22.500
6 I EA Pressure Reducer Valve 8' $5,500.00 $5.s00
6 I EA Check Valve 8" s3-000.00 $3.000
7 7 EA Air/Vacuum Valve 2 

n-700psi $500.00 $3.500
8 J EA Air Release Valve l"-700psi $550.00 $1.650
9 l6 EA Valve Vaults $3,000.00 $48,000
l0 5 EA Combination Valve2 "-700psi $900.00 $4.s00
u 6 EA Reducer (18" x 8") $1.700.00 $10.200
t2 2 EA Pump 6x8-22, 1780rpm,350hp $15.000.00 $30.000
l5 I EA Outlet Structure $s.000.00 $5.000
l6 I LS Spanish Flat Dam Rehabilitation $500.000.00 $500.000
l8 I EA Pump Station (excluding pumps) $115,000.00 $l15.000
l9 98.000 LF Power CIhree Phase) $16.50 $1,617,000
20 I EA Line Resulator $s8,000.00 s58-000

Total $4J91,850

Page 6 tult2t93
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Harding Lawson Associates

I This appendix contains miscellaneous hydrology calculations performed

I 
during the course of the project.



Harding Lawson Associates

TABLE 1

HYDROLOGIC DESIGN PARAMETERS

Basin or Station Area (Mi2) SCS Curve Number Lag Time (hrs.)

Upper Dry Valley Reservoir 27.45 69 2.724
Black Canyon Reservoir 15.19 69 2.257



Harding Lawson Associates

Basin

Upper Dry Valley Reservoir

Upper Dry Valley Reservoir

Black Canyon Reservoir

Black Canyon Reservoir

TABLE 2
SITE DISCHARGE SUMMARY

Peak Discharge (cfs)

27,98r

8,683

22,8L3

. 7,14L

Discharse Description

PMP Storm Discharge

1/2PMP Storm
Discharge

PMP Storm Discharge

|/?PMP Storm
Discharge

]

I
I
I
I
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f igs. 3 .12 ro 3.17I /UzT
4. Areally and seasonally adjusted

PMP [steps I X 2 X 3J - 
",6 irL. f6

5. Durational variation Icable
@.sl & no rg p7't

TJL l,tt6 zt z,c 4.t 4.t in. <fi1
C. Total PMP

1. Add steps A9 and 36 e-5!L'44-2.!-tpZt-t". N
2. PMP for other durations from soooth curve fitced to plot of conpured data.
3. Courparison sich local-stora pMp (see sec. 5.3).

Drainage 7n/ 4.^t'o,, 7-**,o

L50

Table 6.L.-General-scono PIIP coupucacions for
basin

the Colorado River and Great

AI"^JS /e_riz ft*.)
cenEer

Duration (hrs)
tz 18 24 46 72

zL 77 ?o tat tU t4z 7

zE_ 3) b !,L fu_ZJ_ i". 16.)

2( ir.. ($)

laritude //?'y'2'<o' ,

S cep

Longirude y'oa'of basin

-9"Month 5.^-r

e,T;-(d)

-*.

Convergence ?MP

1. Drainage average value from
one of figures 2.5 co 2.16

2. Reduction for barrier-
elevaEion Ifig.2.18J

3. Barrier-elevacion reduced
lltP [step 1 X srep 2J

4. Durational variation
[figs. 2.25 co 2.27
and rable 2.71.

4.* i". (6)

5. Convergeuce PllP for in<iicaced
duracions[sreps:Xq]

. 6. Ineremencal 10 ui2 {ZS t*2;
PIP [successive subEracrion
iu step 5l

7. Area1 reduccion Iselect f;on
figs. 2.28 and 2.29J

8. Areally reduced Pl{P [scep 6 X
scep 7l

,4. Drainage average PVP [accr:.nu1ace.d
v:lues of scep 8]

0rographic PYP

1. Draiaage average orographic index
2. Areal'reducrion Ifigure 3.ZO] fb.7.
3. Adjustaenc for oonch [one of

z4l tE ah_ o,( /.s /,o in. <fi1

&--:::::=-_z
rc lE a,c o"r /\ /.o

{st_ !S_ 4.a G,L),t_

fron figure 3.I1a to d.

i-n. (6)

iu. (h)

,.[1
6. Ordgraphic PMP for given tiur-

acions[sreps4X5]
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Table 6.1.-General-sEora' ?IIP compuEations for
basin

Drainage 3AJ d^..-, Zo*.,.
LatLtudelfrj/'sol' , Longicude._ of basin

h'oo\t'
Honrh f6z

S tep
6

A. Convergence ?le

1. Drainage average value fron
one of figures 2.5 co 2.16

2. Reduction for barrier-
elevarion [fig.2.18]

3. Barri-er-elevation reduced
PIIP [srep I X scep 2]

4. Durational variation
Ifigs. 2.25 to 2.27
and rable 2.7J.

the Colorado River and Great

trea 6/g .i2 (tr2)
center 

.

Duration (hrs)
12 t8 24 46 72

5.

5.

Convergeuce PllP for indicaced
duracions [sceps : X A]

Increnenral 10 uiZ (zS tr2)
PllP [successive subcraction
iu scep 5l

7. Areal reducrion Iselect froo
figs. 2.28 and 2.291

8. Areally reduced PIP [scep 6 X
scep 7l

9. Drainage average Plfp [accrrnulaced
v:'lues of step 8l

Orographic PMp

1. Drainage average orograghic index
2. Areal'reducrion Ifigure 3.20] LAX,
3. Adjustaent for nonch [one of

figs. 3.12 ro 3.I7J /ot
4. Areally and seasonally adjusted

Z{ l4-tL.o!St,\ /,o j:n. (la)

/@_-r_
ZK tg. o.c o.r /,3 /.o ::n. (m)

7rt- ,,'t r'& 4t G,/ 7. t j:n. (oo)LB
I1 fron figure -1.11a co d. Zf- in. (rirn)

PMP [sceps 1 x 2 x 3J ZL i^. f6l
Durational variacion Irab1e3'i1 3o s1 Bo-ldp /g /a)-7.q
Orographic PMP for given <iur-
arions [sreps 4 x 5] 0J?b-/,6a!a"J.4,Ly',1 i". 6)

C. Toral PMP

1. Add sreps A9 and 86 LeL4l!_/oz /Z in. ,/,
2. PMP for other durations frou suooth curve fitted to plot of compuced data.
3. Couparisoo sich Local-stora pllp (see sec- 6.3).

I

5.

o.

aj;. $,t

€7-

4 p- in. (6)
/

5J-77 '1o /* /2192

zg. J-L b -/'A L,J- JJ

,|

in. ,rt,
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Table 6.1. -General-scorm PIIP
basin

Lacitudefll!f,fu!,

S tep Duration (hrs)
12 18 24 46 72

Convergence PMP

1. Drainage average value from
one of figures 2.5 co 2.16

2. Reduction for barrier-
elevarion [fig.2.18]

3. Barrier-elevacion reduced
?IIP [srep I X scep 2]

' 4. Durational variacion
[figs. 2.25 co 2.27
and rable 2.7J.

5. Convergeuce PltP for indicaced
durations [sreps f X /, ]

6. rncreoencll 1o roi2 (ze m2)
PUP [successive subcracrion
iu step 5l Zs4 LSe.eLLt,L eZf irr. (#)

7. Areal reduccion Iselect f;on
figs. 2.28 and 2.291 /b_j:.? _7.

8. Areali.y reduced pl€ [scep 5 X
scep 7l ZS{- l,ll o.tr p!& Lz an in. (4)

9. Drainage average Pyp [accr:oulaced
values of scep 8l &_ u 4,u fu_ g_ (r!.?io. (#)

B. Orographic i'Mp

1. Draiaage average orographic index frou figure 3.11a to d.

2. Areal'reducrion Ifigure 3.ZO] 18 Z

3. Adjustaent for nonch [one of
f igs. 3 .12 to 3.171 /et_z

4. ArealLy and seasonally adjusted_ /?MP [sreps 1 x 2 X 3] Z( i". ffil
5. Durational variation Itab1e

comouEations for the Colorado River and Great

t'.'J.fy'1-^i2 1fi1
Longitude _ of basin center

40' ,o'SE'
Mouth L'{A1Z

A.

e.f t". (r"r)

<<,r

Lt". (m)

fl- ze I t po- lzl t-Q- z

& 3ai-kz-{zn- L,L2 i.n. @f

Z:( i".C6l

rl

lp

l1

t;

s.il
q

6. Ordgraphic PMp for given dur-
ar,ions[sreps4X5]

C. Total PMP

se_Q_ fu_ La /9./8.t

. ,E/J!'_L z( 5Z_r/,22.i". V,
1. Add sceps A9 and 86 3,5 €'fQLZL1,q p5in. Cfil
Z. PMP for other durations frotn smooth curve fitted to plot of couputed data.
3. Couparison sith local-srorn plp (see sec. 5.3).
i.

a

t.

I

t

,
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Table 6.1.-General-storl P}IP coupuEat,ions for the
basin

Drainage B(^.L d-t-on Euua,o
Laritude //tJpd_, Longirude _ of basin cenrer

4o. &,sa'
Honth Ap"

S teo

Convergence PMP

1. Drainage average value froo
one of figures 2.5 co 2.L6

Z. Reduction for barrier-' elevacion Ifig. 2.18]
.3. Barrier-elevacion reduced

PIIP [srep 1 X srep 2]

4. Durational variaciou
Ifigs. 2.25 co 2.27
and rable 2.71.

Duration (hrs)
61218244872

A.

sz;. ,1,

,/,

J0O =i_
scep 7l

9. Draiuage average pl{p [accuoulaced
v:'lues of scep 8l

B. Orographic PMp

1- Drainage average orographic index frorn figure 3.11a co d. z{ i.,..(fu)
2. Areal'reducrion Ifigure 3.ZO) 2A_7.
3. AdjustuenE for uonrh [one of

f igs. 3 .12 to 3.17I t- / ,.

4. Areally and seasonally adjusred
PMP [sreps I x 2 x 3l Z.LLI. tFl

5. Durational variacion ItabJ_e
?o <? e /A- tA lt| z

. D_ r!\ 12- zi_ 3J 4J i". (6)

ZS_ J,!_ !,{ LL l, I o,C tn. (6)

Z( /. I a.{ a.ct I.t o c i". *A)

zt <.c -{.t -{f oe Lz- is. (A)

,.f 1

6. Ordgraphic pMp for given <iur-
arions[sceps4X5]

C. Total PMP

1. Add steps Ae and 86 3rl^4.1_fr-!,n !,Lbf *. cfil
2. PMP for other durations fron suooth curve fitced to plot of conpuced data.
3. Couparisou uith local-srortrpllp (see sec. 6.3).

7.

8.

gz
4,s in. (d

/

5. Convergeuce PIP for inciicaced
duracions [sceps 3 X 4]

. 5. Increnencal l0 rniZ (zS trz)
PUP [successive subErac:ion
iu step 5l
Areal reduccion Iselect f;oo
fi.gs. 2.28 and 2.291

Areally reduced PtP [srep 6 X

&- 2j- 4 | ttp l_z/ ga z

Z.SZ3-C- 4J- 4t frla 6,2 ir'.

Colorado River and Great

at"^J=g,n ,i2 (t*2)

I
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Table 6.1.-General-sco:m PIIP
basin

Drainage

Latitude /19_?tkd_,

cotrDutations for the Colorado River and Great

S Eep

Longitude _ of basin center
4o-o036.'

Honth thu

A. Convergence PMP

1. Drainage average value frorn
one of figures 2.5 xo 2.L6

2. Reduction for barrier-
elevarion lfie.2.l8J

3. Barrier-elevacion reduced
Pltp [step 1 X srep 2]

4. Durational variarion
Ifigs. 2.ZS to 2.27
and table 2.71.

I
73 in. (qd)/

-^L

(#)

r6t

(#)

(6)

rt

rl

IB
I1

53- n -qL J@. tz| 81 7

z'( L4-)-.3- lt,za ri it.

z< o,9 -d{_ 0.4 /,0 ac i'..

JCD------7.

4- A- eL d- /.o o,c in.

6- L4- .a3-'/3 tJ <q i.t.

frou figure 3.11a to d. 26 irr.(a)

3L tL 52 4.( 6L /o,a tn. (")

f1

fc

Areal reducrion [figrrre l.ZO1ful,
Adjustnenc for nonch [one of
figs. 3.12 ro 3.17J Lz
Areally and seasonally adjusted
PMP [sreps I x 2 x 3J z,L j:r. (61 '
Durational variacion Itab1e3-Il 3e-<1 lo ro /.t1 laL:tq
Orographic ?MP for given dur-
acions [sreps 4 X 5] O_Z J,L /rA_ ZZ {- 4,t i". (#)

l1

trea2t54L 
^i2 (62)

Duration (hrs)
t2 18 24 46 72

2. PMP for other durations fron soooth curve fitted to plot of computed data.
3. Corpari.son crirh local-stot7tr plp (see sec. 6.3) .

r:

43 i". (yto)/

5. Convergence ?!IP for inriicaced
<iuracions [sceps : X q j

, 6. Increnenlal l0 ni2 tZS t^2'1
PUP [successive subcraction
iu scep 5l

7. Areal reduccion Iselect froo
figs. 2.28 and 2.291

8. Areally reduced Pt€ [scep 6 X
scep 7l

9. Drainage average Pyp [accuoulaced
v:'lues of step 8]

Orographic PMp

1. Drainage average orographic index
2-

J.

4.

).

6.

Total PHP

1. Add sreps A9 and 86

I1
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Table 6. 1.-General-sto:il
basin

Drainage

Lacitude Ul!'r'Sa" ,

S ceo

PIIP conoutations for

Longitude _ of basin cencer
y'Dca'38'

Honth <,^/

the Colorado River and Great

Area tS.l9 ^t, <#>

I
I

A. Convergence PMP

1. Drainage average value froo
one of figures 2.5 co 2.I5 ),4 irr. (#,)

2. Reduction for barrier-
elevacion [fig. 2.18] St

I 3. Barrier-elevaEion reduced
I PuP [step I x scep 2] ,/S it'. f&l

4. Durational variarion

Duration (hrs)
12 18 24 46 72

6.

8.

t
I
I
I

I

'l B.

Irl
)

t1

I

'l

Ifigs. 2.25 co 2.27
and table 2.71.
Convergeuce PIIP for inriicated
duracions [sceps : X AJ

Incrernencal 10 rni2 (zg l<l2)
PIIP Isuccessive subcracrion
iu step 5l
Areal reduccion Iselect f;oa
figs. 2.28 and 2.291

Areally reduced PI{P [srep 6 X
scep 7l

9. Draiuage average PYP [accuou].aced
values of step 8]

Orographic iMP

&-sl-fu-B-* s,) in. (d)

Zgz a,4 o,{ o3 a1 gt

JL-----
Z-,!o o,q a,C a.\ a.1 o(

&_X_ fu-4_ sL t7 ir. (fu)

co d. Z( in.($)

in. (6)

v

in. (#)

1. Drainage average orographic index from figure 3.l1a
2. Areal'reducrion Ifigure 3.20] *qA 7.

3. Adjustaent for nonrh [one of
figs. 3.12 ro 3.171 ?z tt

4. Areally and seasonally adjusted

. PMP [steps lx 2X 3J t< Lr.. (4)
5. Durational variacion Icable

C. Total PMP

1. Add sreps A9 and 86

,.[1
6. Ordgraphic PMP for given dur-

aEions[sreps4X5]

<a g1 &s ra /5. /il7.

. a.t- /!j- tZ- L.Z.U_4.< in. (fu)

s'L/A5-2U.A,Q to.o ir. (un)

2- PMP for other durations from smooth curve fitted to plot of conpured data.
3. Couparisou sirh local-srora pllp (see sec. 5.3).

t;
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TabLe 6 .l-. -General-storrbasin

Drainage

Larirude UL'lr'So' ,

S tep

PIIP conouCations for the Colorado River and Great

n7A."^_6rE_^i. (tlz)
center

Duration (hrs)
L2 18 24 46 72

Longitude of basin. y'aQ,sa'
Monrh duL

Ut".(6,1

A. Convergeuce PMP

1. Drainage average value froo
one of figures 2.5 co 2.15

2. Reduction for barrier-
elevation [fig.2.I8]

.3. Barrier-elevation reduced
PIIP [step 1 X srep 2]

4. Durational vari.ation
Ifigs. 2.25 co 2.27
and table 2.71.

z'q-s,2- !r-/.,tet 6 7 in. <6t

Zfr-a,t, o{ LL nb a.4 in. (F)

tAtt _:_9/UU '

Z!j_ o.e' o.( a.3 o.p, eg! j:n. (dD)

1. Drainage average orographic index frou figure _?.11a to d.

2. Areal'reducrion Ifigure l.ZO1 lgZ
3. Adjustuenr for nonch [one of

figs. 3.12 to 3.17J qLtJ.

4. Areally and seasonally adjusred. t
PMP [sreps 1 X 2 x 3] Z1{trt. (76t

5. Duracional variacion Icab1e

4-3,L42 -8.3,3 s,-tis. (#).

3o s> @_ e- &- tAIt
6. Orographic PMP for given dur-

ations [steps 4 X 5] a,7 /,4 A_U_5,A45.i".
C. Tocal PMP

1. Add steps A9 and 86 3'A-5,/ !-L1,4 f/ //,2 j:n. q
2. PMP for other durations frou suooth curve fitted to plot of conputed data.
3. Couparisou vith local-stolr Plp (see sec. G.3).

. 5.

8.

zr ir.GA)/

/^t

552

Convergence PllP for indicared
'ciuracions [sceps S X qJ

rncreoencal 10 ni2 (zg m2)
PIP Isuccessive subcraccion
ia scep 5l
Areal reducE,ion Iselect f;oo
figs. 2.28 and 2.291

Areally reduced Pl€ [scep 5 X
scep 7l

9. Drainage average PMP Iaccunulaced
velues of srep g]

B. Orographic i'Mp

,.{r

d- A e3- fto tlt tzuz

fi"'

)::.
9t..,
ft-e
:i:'.

.fo-l

d

=
:



,l
rl
1l

rl
rl
rl
rl
rl
rl

rl

rl

t;

t1

I1

l1

t;

t;

I

150

?able 5. L.-General-sco:m
basin

Drainage

Lacitude

Pl{P coupurations for the Colorado River and Great

At""JK/9 ri2 (t-2)
_ of basin center

y'oiao'eo"
Houth A,r,

A.

Step

Convergence PMP

1. Drainage average value froro
one of figures 2.5 ro 2.15

2. Reduction for barrier-
elevacion [fig.2.18J

3. Barrier-elevaEi.on reduced
tle [step I X srep 2]

4. Durational variaci.on
Ifigs. 2.25 to 2.27
and table 2.71.

Duration (hrs)
L2 18 24 46 72

e,.t". (u6)
I

5.

. 5.

6

rqAl

r'f 1

6. Ordgraphic PMP for given dur-
atious[sreps4X5]

{9.i". tdl

Convergeoce PIIP for indicared
<iuracions[sreps:Xq]
IncremenEal 10 rni2 (Ze kn2)
PUP [successive subcracrion
ia scep 5J

7. Areal reduction Iselect f;oo
figs. 2.28 and Z.Z9)

8. AreaIJ.y reduced pMp [srep 6 X
scep 7l

9. Draiuage average Pyp [accunulaced
val-ues of scep 8]

B. Orographic PMp

1. Draiuage average orographic index fron figure 3.11a ro d. Zf in. (in)
2. Areal'reduccion Ifigure 3.ZOj 361
3. Adjusroent for nonch [one of

figs. 3.12 to 3.171 /Lz
4. Areally and seasonally adjusted

PMP [sceps f X 2X 3] 1'{j.:n.
5. Durational variarion Irab1e

<o sl Ao /@ /Sa .eIt

d'S t4- z -zt. y',o 4z in. d^)
C. Total PMP

1. Add sreps A9 aud 86 3,25,/ AL J_fr_tZ!. i". G/)
2- PMP for other durations from smooeh curve fitced to plot of conpuced data.
3. Couparisou wirh local-sEorsrpllp (see sec. G.3).

4- es qS @- u7 Ju.r,

2,1 s? LL /S 13 <l ::n. (6)

Z1 Lrt-o.s .e.S-a.a acl in. (

Joo ----7.
21 -at-,. a.( a,3 o.b o.4 irt. (l)

a3-s.7 h6-€&s.t i:o,. (6)

I

I

t
t.

I
a
I

a
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TabLe 5 . L. -General-s 
toru

basin
PIIP compucat,ions for

Drainage

Lacitude ,/ 14'.t-' , Longitud" -./o'. of basin

Month 5u-o
S teo

6

Convergeuce PMP

1. Drainage average value froo
one of fi.gures 2.5 co 2.16

2. Reduction for barrier-
elevatlon [fig.2.18]

3. Barrier-elevacion reduced
Ple [srep I X scep 2]

4. Durational variacion
Ifigs. 2.25 to 2.27
and tabte 2.7J.

Colorado River and Great

Ar"aJSr_O_ riz e4)

the

center

A.

Duration (hrs)
t2 18 24 46 72

&i". (d')

5-< 7-

47b in. (q6) i

l4- eS 73 no tlZ tz c z

).

. 6.

Convergence ?lIP for indicared
<iuracions [sceps: X t]
Lncremencal l0 ni2 (ZS U^2)
PIP Isuccessive subcracrion
io scep 5l

3,t &.-4{-*-6ug,9 i\. (J)

j-t_ z{ /r!_g_.,5- o,?, o,3 !n. (EiO

/BO 

-t'

7. Areal reduccion Iselect f;on
figs. 2.28 and 2.291

8. Areally reduced Pl€ [scep 5 X
scep 7l 5rl_8. /,/ at dl, o,3 :';r.. (F)

9. Drainage average Pyp Iaccuoulaced
v:rues of scep gJ 3JJ_ <,u 4< /O SC ti f\. (6)

B. Orographic lMp

1. Drainage average orographic index fron figure 3.11a to d. ZS_
2. Areal'reducrion Ifigure 3.ZOJ QL-Z
3. Adjustaent for roonrh [one of

f igs. 3 . 12 to 3 .171 /"( it

4. Areally and seasonally adjusted
PMP [sreps I x 2 x.3J ZL ilr.. (fr)

5. Durational variarion Icab1e

''f 1 e-il- -*' ,x> /fr./il.
6. Ordgraphic PMP for given tiur-

in. (rin)

arions [sceps 4 x 5] a.8_/.s_aJ_44t41 in. 6^)
C. Total PMP

1. Add steps A9 aud 86 3i-zLQL-uXl 142trr, C6l
2- PMP for other durations fron.suooth curve fitced to plot of conputed data.
3. Courparisou crirh 1ocal-storrrplp (see sec. 6.3).
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Table 6. 1.-General-sEoru
basin

Drainage

Lacitude

S tep

PIIP conputat,j-ons for

lat.L

Longicude 40" of basin cenrer

,"ran ,*,

)-

. 5.

8.

c.

I
I
I
I
I
I
I
t
t
I
I
I

A. Convergeuce PMP

1. Drainage average value fron
one of figures 2.5 co 2.16

2- Reduction for barrier-
elevacion Ifig.2.18]

3. Barrier-elevation reduced
PIIP [step 1 X scep 2]

4. Durational variacion
Ifigs. 2.25 co 2.27
and rable 2.71.

=--O 

r. (ur)

gz

44a 6- _{a_zn_ 6E io. (d)

A-/,J- a6 o.4 ht d.6 i..,.. (^)

J@--:z-7.
z1 1rl_ a{ o"!_ /,o o,c in. (dl

4. Areally and seasonally adjusted
pMp fsreps rx 2 X 3] ZOta. tdl

3..F Iq
6. Ordgraphic PMp

ations [steps
Total PMP

for given <iur-
4xsl o.o t{ LL4r {i". 16l

I 1. Add steps Ae and 86 SZgA-K.too r/.J in. Cfrl

I 2' PMP for other durations frou suooth curve fitted to ploe of coopuced data.
3. Couparisou uith local-sron! ple (see sec. 6.3).

I

4.1 tr.. (qd)/

Convergence PIIP for indicaced
<iurations [sceps 3 X 4 j

Increnencal t0 niZ (25 kn2)
PUP Isuccessive subcracrion
iu scep 5l
Area1 re<iuccion IseJ.ect f;oa
figs. 2.28 anrl 2.291

AreaIJ-y reduced Pl{P [scep 5 X
srep 7J

9. Draiuage average ltttr [accunulaced
v:'tues of step gJ

B. Orographic irMp

5. Durational variation I table

1. Draiaage average orographic index frou figure 3.11a to d.
2. Areal' reducrion I figure 3 .2Ol jtl
3. Adjustaent for nonth [one of

figs. 3 . L2 to 3.17 l /6e z

the Colorado River and Great

Area /5,/9 ^i2 (#)

Duration (hrs)
12 18 24 46 72

b- e t fL lqe. l-zo- bl_ x

A-&-4( /,4 fr t.< :.o,. (fu)

Zf in. (rin)

<p sl_ &- /a /E? /22.2
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Table 6.1.-General-sto:m PIIP conoucations for the Colorado River and Greatbasin

Ar"^_15.,/g_^i2 tu/lDrainage BZN I Q.*,r-^i Z*on"n
Laritude I ld" 4Z , , Longicud 

" d- of basin cenrer

Duration (hrs)
t2 18 24 46 72

5.

6-

8.

I
I
I
I
I
I
I

&:rn. tdt

6z

4- 7b 1r ta tzt- t!! z

z.c s7 1,4 _{A c,/ 0,9 i''. (&)

a-L d- o"t a'tl l\ o,d in- tA>

JQ--:z--z
7'L an g- d_ ls e* ir,. (fr)

Ztt--s-Z il- /a l,/ 1 .9 !n. (#)tl 
B

I1

I1

l1

Month n/.,
' Step

A. Convergence PMP

1. Drainage average value fron
one of figures 2.5 co Z.L6

2. ReducEion for barrier-
* elevarion [fie. 2.18]

3. Barrier-elevaci.on reduced
Ple [srep I X scep 2]

4. Durational variacion
Ifigs. 2.25 co 2.27
and rable 2.71.

/At".(d)

Convergeuce PIIP foi in<iicaced
<iuracions [sreps : X C]

Increoencal l0 rni? (zO t<nz)
PUP Isuccessive subcraction
iu step 5l
Areal reduction Iselect fron
figs. 2.28 and 2.291

Areally reduced PMp [scep 6 X
scep 7l

9. Drainage average pl{p Iaccuoulaced
vaLues of srep 8l

Orographic iMp

1- Drainage. average orographi-c index fron figure 3.r1a co d. Zf in.(rim)
2. Areal reducrion [figure 3.ZOl 7g Z,

3. Adjustrenc for nonrh [one of
figs. 3.12 ro 3.171 /o? z

4. Areally and seasonally adjusted
pMp [steps I x 2 x 3l ZZ j:r-. (#)

5. Durarional variarion IcabIe
,.d f Se_ ,O_ to tst_ /sq. /2a7.

6. Ordgraphic PMp for given dur-
atj.ons [sreps 4 x s] d.B_/,5-aLZ2{Lfo in. C6l

Total PMP

1. Add steps A9 and 86 QJ_8,U 4/- 2.(/d// /,q ir,,. (fr)
2. PMP for other durations frou smooth curve fitted to plot of conputed data.
3. Couparison llirh local-srori! pllp (see sec. 6.3).

c.

-tf

t
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Table 6.1.-General-sco:m PIIP
basin

Drainage

Latitude

' Step

coroouEations for the Colorado River and Great

//q'y'L' ,

Monrh De.

I
I

I

'r
rl

A. Convergence PMP

1. Drainage average value fron
one of figures 2.5 ro 2.16

2. Reduction for barrier-
elevation [fig.2.18]

3. Barrier-elevacion reduced
Ple [srep I X scep 2]

4. Durational variacion
Ifigs. Z.2S co 2.27
and rable 2.71.

89 in. (ur)

<z

U-z,LU-/a Lz 21 h. 6t

6-/a-e.ed /,4 t.o it. (6)

z,{ SA_4,/ 4j (,s ).< tr-.

3J_ zz ,1o rp I4 t{A z

3e-€z &_'t@_ tfr-/B? z

cfui

in. (rim)1. Draiuage average orographic index frou figure 3.11a ro d. ZL
2. Areal'reducrion Ifigr:re 3.201 LZ
3. Adjustaenr for uonch [one of

figs. 3.12 to 3.171 /gZ
4. Areally and seasonally adjusted

PMP [sceps 1X 2 x 3] LLj:n. (m)
5. Durational variarion Irable

A.2 6- z t zL 4t y',1 in. <61

3'L5.3 'LS 4-/o4- tZ,Lin. (ru)

2. PMP for other durations frou smooth curve fitted to plot, of conputed data.

.3. Couparisou sirh Local-sroraplf (see sec. 6.3).

Ate^ /c&-ri2 (rJ2)
cenEe!

Duration (hrs)
12 18 24 48 72

7. Areal reduccion Iselect froa
figs. 2.28 and 2.29J /oO 7.

8. Areally reduced PMp [scep 6 X
scep 7l Z,t E_ aG o.s 14 /,r, in. (ryO

9- Drainage average PMP [accuoulaced

4,q i". (6)

5. Convergence PlfP for indicaced
<iurasions [steps I X A]

. 6. Increroenral 10 rni2 (ZS t*2)
PllP [successive subcraccion
iu step 5J

v:'lues of scep 8]
3. Orographic i'Mp

3't l
t{

6. Ordgraphic ?Mp for gi.ven dur-
arions[sceps4X5]

C. Tocal PMP

1. Add sreps A9 and 86
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Table 6'3A'--Local-sEorru PIIP compucaEion, coJ-orado River, Great Basi.n and,carifornia drainages. For drainage average depch pl,,. Go totable 6.38 if areal variaEion is iequirea.-
Drainage Area ,q.zg ni2 A#lLatiEude .. ,<z_, 

um Elevar ion&_ ft (yT
SEeps correspond to those in sec. 6.3A.

1. Average t-hr l-mi' (r.u-*r) plfp for
drai.nage If ig. 4.5j.

2. a. Reduct,j.on for elevacion. [No adjuscmencfor elevaEions up Eo 5,000 feer it,SZa ,o),52 decrease per 1,000 feer (305 rn) above
5,000 f eec (1,524 m) l. e2 t

b. llulEiply srep I by scep 2a. G.-5

3. Average 6/1-hr raEio for drainage [fig . 4.7J. ,.(-

4. DuraE,ional variation
for'6/l-hr racio of
scep 3 [rabte 4.4). 4S z"_ az /a lz4_/&_t!.2_ tgt I* f.

5. 1-ni2 (z.o-t*z) plrp for
indicated duraEions
[step 2b x scep 4]. <L g._Zl_ a.s /LL il,{ telz_aL} in. (f)

6. Areal reducEion

A- 4_ 7b za at Bz -A_ U. g- 7.

4- /tL . { Q,t c.s a!_ tat rc,* //,j in. (&)
8. Incremencal pMp

I successive subEraction
in step 7I . LE L,L /, | 0,7 o,1 .6,( in. (d)

24 /,q /,2 /,b ) 15_uin. increments

9. Time sequence of incre-
mental PMp according to:

[fig.4.sJ.
7. Areal reduced pMp

[sceps S X O].

Hourly incremenc s lpsq a,i At 't,S 
,,) o.? ttg

[cable 4.71. .. tAttro .z-t(rr _4s A.2_ ]A_ 6_ JrL a.z in.
Four largesc lS-min.
incremenLs Itable 4.9]. 4 lq Z b_ in. (F)

W) tt,s,.t,
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4. a. Reduccion for ele..raEion. [No adjusEmenE
" for elevar,ions up to 5,000 feec (1,5?4 n),

52 decrease per I,000 feer (305 m) above
5,000 feer (1,524 m)1.

b. MulEiply sreg 3 by scep 4a.

5. Average 6/1-hr rario for drainage [fig. 4:7].
6. Obcain isohecal labels for 15-min increnencal and

table 4.5 corresponding 6/l-hr racio of srep 5.

7.

PMP Incremenc

Highest l-hr
Hj.ghes e l5-rnin.

2nd
3rd
4ch

tt 
"

tl

,!

ObEain isohyecal
increqental PYP

2nd Highesr
1-hr pMp

3rd It

4ch rl

5th rl

6ch tt

Multiply sr,eps 6
of PMP.

Highest 15-nin.

tl
tl
tl
t,
ll

/A) dZ

labels in Z
values from

43 st
z1 23
/) /u
t\ tL

4_4
tct t4
tg
11
LL

8.

2nd
3rd
4ch

Highest 1-hr
2nd
3rd
4ch
5ch
6ch

9. Arrange values

a( o,-, Zo d.3 /,2

ls3

Table 6.38.--Loca1-storm Pl[P compucacion, Colorado River and Greag Basin, andcalifornia drainages. (Giving areal discriburion of pMp)

SE,eps correspond to those in sec. 6.38.

L. PLaee idealized isohyeral par,Eern Ifig. 4.10] over drainage
adjusted to 1:500r000 scale Eo obcain trost cricical plac"1n"rrt.

2. Noce Che isohyets within drainage. xi S.
3. Average l-hr l-mi' (r.O-tonz) pMp for drainage

[fie. 4.5]. d.<- in. t,q(t

?2. u ii

ea.r in. (dt)

/,C

the highesr PltP from

Isohyec
A

in "tr

of l-hr PMP for Znd co
table 4.5 using 6/1-hr

6th highesr hourly
ratio of step 5.

,il
lrl
t!l

:!i

.ll
!tl
;tr

i
:l
!l
l!
IN

iii
LrL "l

and 7 by scep 4b co geE, increnent.al isohyecal labels

7r 2tJ'b UU
?.

-&
t,4 /,3
Ll-L
as 6.E
Z,o lal
/,L I,L

'') ,)
r/. -/-

-_5- _-D_

of step 8 in cine sequence [tables 4.7 and

O,C /tZ A,j za A,7 O,S L) r,/*t?- po,S
5,czz /4/r

in in. (rron)

4.81.

$3'-

e,L t 6|-t t//o -Z - 14t,
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Table 6 . 1. -General-s 
Eo:m PllP conoutacions ' 

f or the
basin

Drainage -D- ,l IL -7-**n-^
Lacitude ll1" 4t' , Longitud"4p__ of basin

Month ?r,-r
S tep

5

cente!

Duration (hrs)
lz 18 24 48 72

in. (m)

Colorado River and Great

Area_ZJ_y'S__.i2 (t 2)

co d. _ in. (rim)

A. Convergence PMP

1. Drainage average value fron
one of figures 2.5 co 2.16 8Jin. (uar)

2. Reduction for barrier-
elevation [fig.2.I8] _7.

3. Barrier-elevarion reduced
PIIP [step I X scep 2] _i.. (@)

4. Durational variacion
Ifigs. 2.25 to 2.27
and table 2.71. Z

Convergeuce PllP for in<iicaced
duracions [sreps : X A]

Increnencal 10 uiZ (zg t 2)

PUP [successive subcracti.on.
iu step 5l
Areal reducEion Iselecc fron
figs. 2.28 and 2.291

Areally reduced PIP [scep 6 X

).

A

1

8.
step 7J

9. Draiuage average PVp faccuoulaced
values of srep 8l

B. Orographic iHp

3-tl
u

6. Ordgraphic PMp for given dur-
arions[sceps4X5]

C. Toral PMP

1. Add steps A9 and 86

1. Draioage average orograghic index fron figure 3.lla
2. Areal'reducrion Ifigure 3.ZOl _Z
3. Adjustaenr for nonrh [one of

f igs. 3 .12 to 3.17I _i.
4. Areally and seasonaLly adjusted

PMP [sceps 1X 2X 3J _ir. (m)
5. Durational variation Itable

2- PMP for other durations frou smooth curve fitted to plot of coopuced data.
3. Couparisou sith locaL-srora plfp (see sec. 6.3).
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APPENDIX C

I
. This appendix contains the hydrologic analysis printout for Black Canyon

I Reservoir.
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l{arding Lawson Associates

APPENDIX D

r 
This appendix contains the hydrologic analysis printout for Upper Dry Valley

I Reservoir.



u;

=F=ac)
=HeotsGou

=F!Z =f\>ct\o(J zzzuH<u
ulF@aJo:gz,>ee
an\lululzdlto-croANF<HO\FFOeOan<.UHG

- lr, ulF
-@j-J\FHHH

@-Grcr-F=z
-F!.HCTH.AO
l!=roF
-cr6cAE\lllc\<

@uz
14=oo6N4Z, uco|F<(
z@o.t<
?-a=uvFUJ(JUl

*JC.E<<(9ooao..uJocu,
-roulF z.o<oao<d

ct .n <, (n
z,z,Ha@
=OEUFJz,aez,!z tuu->E>FUJl<Ho-3u>UJE
-o(9u euz,*=BeilJH=-oHz:o4tsF<Hane-\:ZEz,cgoodOUH(g
HA@OFJo = <,2, <. <,E<=UJU(!'=U

LEUJZ
a=<=<(u
=H(JdloEoFlfuHe=(naL
U=EH
&o=oHacuJoJ(/,

JTUJU'
JdIF6FJ<)Z=H

e,@<H
o<E)24u><.<.ootuu=
)oLdjc,z,co=r!uo4a,,ez,2,6ulooul>
=HH..=<&HHZF9Z,Z.Oo
o|HHHAH
GTTF<F
CUUGI!<oor€=.n .. U
Hl!t!=62,
---uJ/rHF j-FZ.AY.

.1. t .* J< .1. .1. .1. t<*
J.**t( oa* v, lltt( dFt(rlz\().la u lrl F*:ao\o
*HFNiaoouct\*=z,uao.t<UHd<\g
+dFHl\.*rU@2,-
*oudl*Z,6Ge
*@HZr6*o-(toHhJao:zaJ*et!U<^*o/ro\o*o
{. > H O\ \ON
*=(9Oov
*oaO\OH.L<J*o.*'EA
+@a*'>*=-.x
.x
+*{.J.*{<J..L.L.L

I
I
I
I
T

I
I
T

I
t
I
I
T

t
I
I
T

t
t

xxxxxxxxxx
xxxxx

x xxxxx

xxxxxx xxxxx
xxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxx

><xxxx><><x

.**.*.x.r.t.*

Nro
l-uoa.lu ' 'rn

-hO.. ctn
CH-oU(, lu (4 (',)u

<reso=:ZO\.OPHoo\o>oF<eG\f(\IO l.) om
-z\oo\c>o=o\<<Hr!<rne=Ole
ctcJoa\OUN\Oe >rs co
6LO

- >E' U(uoF
a-c6<oC'6OJJZsf e

.X .* {< .1. .1. .|( .|(



I
I
!
T

I

.+ \O .+ \O.,\oe(rnrN

.(t\clhh.il t\.+

rrto\r..lnF.$COrol
t'l o\ ur hr.t o\+
rtt nl \t \o..rno
OeeNmcthh(\th

l.t

Or0Ore. .$o
O\cOeNm{trnrneO\N
C\.t rn \f \o..\SO\
-rrr@O\hh\r(\l
\O-O\-
' .ro(

Oroee\it rn rn rnoN
n.+rf\trnln. . tt €.SO\errc
-Snhh

('(\l .+6O\€tO
O.'(\tN.\Otn tt O\ r r flre]nlnnlN

d.Snl.S\tln\tc,..nlt\NoF.+reN@1.lhrn
o\

(\t6.N(\te

\Oh.t\
lOe

r.l h.fs:

l.lrn.N
:

r"l I

r".: "l

.nt

ao6aFez,a9HHH
HHHHHH-HCGCL

e N tt.f rn \o t\ @ o\ o - Nssr

l;IE

F
=Gz
H

I
IU-

I
t
t
T

+.x
.|(
+.x
J<.r
l'
IC.r
.x
.x
t(*
ta.F
t(
{a.F*.k
-r
.|(*.**.r
J(c,*2.
*H{. t-*=.to
l.E+*e
{aH.xot'>o.roa|'r.ru

e*o.1. u+(c.r

)z==!z sz )z

o

o\\o

tn4-CrO\t.+=E(\l.O-Lt!
N (\j

*.x.r
la
{a.*..r
t(.|(
.|<
{<+*..r
l(*
'l'
t<
'l(.F.*
.|<
'l'
{<.rE
*<.xa
{a-.|<
t(F'* t(=*ot(J*r
{<o* Jo.x<e{a F*o'|(F
{a

YE=V\Z\Z

hnn
' (\'l.:

l?)ln-nt-.(\t
l.l!e-e

o-rn\tl^
=e.N4.rr

@

=o
H
ts
=dt
eF6anH

2,6o
F=
JUO
=Cea=

-J@CD-<,z,oc)cHU
=FtoonodE<FO.OHdF<N(V

OFHUr
>oc=GHuao6=au(A
lUoE.tONOt)&c=o\oo\(\tvz.z,
>(\l(=-fUe\itn--J@COJ6..OO<:zoo><zZOO(Jrneur>LC,e,eE===qAG-E

T

I
t
I
T

I
I
I
'l'

rOO\O\O\\O@aOF\OqtO\\OrFeF
6nh6

=<F=e=@a:adlo-qcLJ= zo>>>uluoFNy,&(nurqro@oN

U
z,
H
J

.+n\Ot!@O\O-NtO\frn(\.t m (\t (\l (\l (\l f.t m l.| m Fl r.l
14\+h\Of\6O\O-nll.lece--er(\laIAlN



.x.Ft.|<.|(.|(.*

.|( J< .t .|( .|( .X .X

Eouetsl!z\ouur
ZtJ\O
HFhcr (, u.t o\z.z.udlrUHG<$EFHNLU@2,-()UEI

ZOGe
@HZ,L6
cctc)Hnc,z,aJGUU<^u UI(J\OU> H O\ \Cn
=(gtOovcO\OH<J o.&o@a

I
I
I
I
I
I
I
I
t
T

I
I
t
I
t
I
I
I
I

J

EFU
FZZHH6

ezc,o
H-
FL
FE
5(,co
EC,
oululaoF=>!z

<H-uucz,a*FE<Hr<H=
ctcro6FazztfJHHC.0(9e

FFFUZ,Z,=
=e,e,dlHHFz,<,<,=aaz,HFF)ZZ,U
Eatrvrzuuo

UJ
I
6

FoJJ
OJcoao
Fd-zFcoz,<,ooco(9FOZ?EH()oqJ>
cct

o
ru
F
z,

=
z,

JUJU
<F=><H€41-U
F(!r(ltzzz@AHH

UFFHUdC
d=<<
UIHFFalrt-66
U
=nrioH-O\O
FZN 3rF-F
=@GOzHU

Ec,HEFrzullrlHF=-
<E<HGFXAF<-xxe6--(!'

<)
l!E
=6H
F-

ozo
H
F
=@
d
F
@

@Hz,ao
F=
JU
feUfJ6CO<, z,oodHU
=F-cc<FHEF<

OFHU
>oo_=EHULU(n=utn
UCEeL=

nlv>mo\Ur$hJ
JA<zoo> <,2, 2,
>C€dE===AC-E

66
E4
ffoo-ro Ut-O J
ehH E
O\Or lll tt

&ul<-
=(,Jl!AZ,

<,@oH
c@U
FUI-z,= F
HHC FUz,aOJH<<,2FFU'c'<Oc,4FF<F3A@UF
=F(!'HoH<o-(JZZ,H

=H(J<lrl
-cE@aL
H
J
c,zU

Ol.lOOl.lOO.eO\OOO\roe
:ZN-z\f
=-=O--@o\

zuJUouluJHFEZ.t=l-
=<H<H:Zz,al-aFulHH6AU z.z.H

6ur o (\I
JO
dt
H
t

Joe
FFFJz.z.o<.
odJo(JO.GU'

HHA
Ff
G
F
=o

.r.r*.r.r.*.r.F
{<*.r
*^N
{<eO
*lJ.oc'].l{a u . .n
t-n0"t(vcurJa C Heto*ul*ctuoou*<-rL0,l=l.Y6.o+rHlruoo>oF'F (e
l. c s^t o'x rn olflt(-:z\oo\*a>oEo\.*<<HU<n
*et@l-+a(ltdJot\J.OulN\O.XE>1\cO.|(oLO
{.>-o.x - >E uJ{. o oFJ<6-C6<t(ooa{.oJ
*J=.|(r=
l.G*
J<{. .t .r< {< -l< .* .|( *

F
H

z,

@\o

l(.r
J.t(t
J'*.|(
t(.|(
+<



Ue
z,OoH=
FOAH

FGUouc
todlr
<=H)JZ,t-act acr

=OEOHUUL'c.F>U
reHeE z'=u

HOC

oooo\oooo06z.tz,Fo(^o
O-O-\O
H(l,H(9I
FHFH<l!<uF=F=
@@ U
=crl-EZ<JEC
EHEFC!=
FA&Z,H(te6l->F

e q, .t', d, EJOc)U
Fd
O@FO o

z.
Ho

@

o
atrnH\+
F@?H(!

FUF
oo6
LEZr
O-<Hz.ot!F
=eEZ.<F HFHz,uro
H.tt co u
dl=c,dl@c
a

N

E
6

F

=o
J

J
Fo
F

+.r*
.1..r
tc
la
.1.*
{a.t
.|<

+
l..x
.x.r*
.r.r
L
.r.r
'l(
.F
t*
.r*.F
{a.|(
'L
.t<*
J'

l(.r*
.lr
l(*
{..r*
.r
{a
la
.***
{<
l..x
***
la.F
J.
.r
t(.r
.r*
{<

***
*i*
,x
J(.|(
.F*.ta
.x*t(.**.k** .|. .l(****o*.1. {. o t(t(.k-.L .|. .*.1. .1. '1.*ra.*.1. .1. .|.

* .t(.r .|( .|(.F .|( .|(
{<***{..|(
*
la.x

t( lzlr :z,.
I.!*r

l(*

zoH
Fs
H

z, tJouroHdrlFGLOcc o
4@
FO
<HcFooa<o
HE
F
J
f
=

-

@z
J

ro
EU
d!E:f
z,

z,o
F

z,z, <,<JJOLZ,c
H
F
J

=

azo
OF
UHouJ -EZ
uluo-E

EFuFruJ r!4UOrUat@uFHUUCuJdtcoa(9u=ooLlBO<<6

z,oH
FU

ul J u.t t!Jc'€Eu><= F\UU<
-c)udF<<U(t=cco-
zode,=UJF=UJLOOts

I
I
I
I
t
I
I
I
I
t
I
I
I
I
I
I
I
I
I

v,J
(\I
(\I

c,=a-c
OentN

F3

@o\re



a cO.t\ar6\Orha N\OO\FCto\(\l
= \o l\ @ o tr h o\O-O66COr\\Og--

= 8888888
e ooooooo

g

:Eo
I

z. oooooooOr-
e ooooooo

3 8888888Uu oooooooxu

8 8888888oJ OOOOOOO

z. oooooooE (\l tl.f h O e nlGOOOOeee
- (\l(\l(\ni(\r(\ln
zz,z,z,z,zzzo===ff3=E?------

6

s 8888888Uo oooooooxU
(nooooooo
oJ ()OOOOOO

oooooooO r CU tl rf n ON(\tNotN(\r.t
ereee-r

zzz,z,z,z.zft=>===
-a-----
coco€@@@@

e nl tt .t Ur \O t\nn6nn6n

.|< .L .|( .|. .|( .|( .t( .1. .|. .r

ooooooo

enlltlr+h\ON6
d&

z,E

z,oE
o

I

=o
t-
Fo
F

-r
&

o
-

(\l r O\ r \O tl \S O\O\ \O cO N e @ tlI.l.+.+hNnl l.l r

\oNnt\oo(\t\o-N O\ $ tt .it o\ a.t e( n\O\Ontrmr

ls\ON(\,1 \feO\{
CO\O1.lO\OOrlen\o@1\(\,l-elqr

.c^iNo.dd;r;c;
O\O@(]cO.+hm\+ h ts o tl -Mlnle

ddJo.dninidr;erCOO!O\O\ONrOmO\e.lrtl nl r

o tt (\t
NtOr
c;dci

o tt nt
Nl.)e

ooo

o tt (\I
m1\-
cidc;

o t) ^lN@e
ooo

F
6

z,o
H
F
Fo
zo
F
F

oU

(9
-<LJ
E(Jt nlFN
z(\l
=
an(n
U
J
z,oHc'.n <.z,JUF
E
H
6
oa,
@

I
I
I
t
l
I
I
I
I
t
I
T

t
I
J

I
T

(A
tU\Oqr\O( OOOi<iFrOcOn\OO-\f-<(\t\oofs(\lrZrl.lN

:EAId
<oaE(!, 6
OOOTOt-O.(\l(\lN@dHhNe.+nl(\t\i-a d O\ \O tl € tl r
>- u tt nl
-d d
FTHO
z. l

=6 ZrlalaO(rnrfreu o\ tl \o nl tn l.l n nl\O\OnO\F)-
-t tl 

^t@

or.!nt€FO\rC)
oooo

or\nrcor.+rO
O-OO

o.rrdoi.ro.o.d,;rnlshrNN\Oo,lrOrN\fe
til lfl -

\OONONlnrn-N\On-neO\tstOr\Mtl.ln-
O.l lfl r

orqlfl€
IqF]q
OsOO

oo
-

oo14@e\t]ftO
oNooF

(9

ut
= ooroo

-(\ltOOaoooo
t

oor.tctrC!tOO
z,ooooo
F
F
@

z,Lo=
Hq
F
Fo

E8(9
H-
U3

J
3z,ozo

(,

o
z.o
HF
cl
H
e
Fo
H-a
J

eq
=U
F

JO< tl
Fp.o

f;
I



I
I
I
s
IJI
I. O.f h t\ N cO oI \O... N \O O\ c} O \O I\ ct \O:t Ot o| \O c' (\t q l\ @:f Ol !t cO t4 lO -t E F !Q ry €O.O I Q l>

fO N N N N @ n - (b.d lO e O\ f\ \O .C r.t m e O 6 € N \O \O ln h $ \S rO lv) r.l m m (\.1 N r e - -\O 6 n .+ .+ tl tl f.l N (\l (\l nI e - e r - r r r

I I I8I8I8I I I I8 8I I I I I I I8I8.8I I I I I I I I I I I I I I I I I I
ci d d d d d d c; ci d ci ci d d ci d d d c; ci ci c; d c; ci d d ci d ci d d d d d d d c; d d d d c;

8888888888888888888888888888888888888888888
o' ci d ci d d c; d d d d d d d d ci ci ci d d d d d c; d ci ci ci ci d ci d c; d ci ci d ci ci d d d c;

oooooooooooooooQoooooaoSoooQoooooQoqoqoQooo6 + rh o F N n at h 6 - dr lf| + n o F c\| ro s r't o r (\r 1o \s n o q N ro !t ! q q !.! fo \! !4 ql e (\l f.l
H N i: N N ft ft N N F R R R R n B I I I I I s s E E s 6 I I I I s s I I ts I I ts 3 3 3 t
z, z. z z, z z z, z, z, z, z z z, z, z z, z, z, z, z z z z, z, z, = z, z, z z z z. = z, z, z z, z' z' z 1 z z
= = 5 - = 5 5 - - = = 5 = > = :r = r r r = = > ::t = = = 3 = = = > :f = f = D = = = = :f f
--??-----?????-----???----a?--?---?-??-----
O Gr € @ @ cO € Ct @€ @ @ @@ @ O\ O\ O\ 6 6 O\ O\O\ O\ O\ O\O\O\ O\ O\O\O\6O\ O\O\O\ O\ O\ O\O\( (

t
J

-
I
I O O e h.f O.C nr N (\ \o O 14 O\ cO n \O r (\t O O\ t0 \o @ l: O f- cl \ 'a nt O\ I @.t \9 O l\.f -.f I n\a - - 6 F pi B $ g 5 p e * h h $ E s p $ t H n F 5 F 3 S € [ q I E S 5 E 6 t t S $. i\i r'.c.o irt P s e F R N R K R h N R ffi N h F R N R ft R g P P I : P S

88S838R$ggp$B3BBgfi ss==F:8888888888888888888
cicicidcid---c;ddcidciciciciciddcicicidcicicic;ciciddcicicic;dcicidcid

RRPFP:pfi N::8Ets8888555885EE58588888888888888
c; c; d c; d c; - ci d ci ci ci ci d ci d d d d d d d d d d d d d d d ci d d d d d c; ci d ci d d c;

a

I
I-' - - '''t 8 8I I I I I8 8 8 8I I I I I8 8I I8I I I I8I I8I I I I I I I I
-xxxxxx-, ::::::r o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

@ o\ o q N rQ -t r/_r \o ls @ o\ o - N tl .{ rn \o f\ qt 6 o c N r.r .t h \o t\ @ o\ o F (\l lo \s 6 \o * T s 8ri h 6 b.6 \(i.o \(j € \o.\o O Ft- l.- N N N F rs r\ r- @ € 6,6t co € (' @ @ co o\ 6 ( o\ o\ o\ 6 o\ (

-
I .x {< + .r. t< .t< .|. .x .x .1. J. .|. .x .|. .rc {< t< {< .t .|. .|. {. t J. .* .r .F .F .|. .r. -x .|. .x + .* .r .|. .F '|. 't + 'r 'r '*

(o O\ O e nt tO \$ h \O I\ @ O\ O r 
^l 

rq $ h \O F @ o\ O q N rO -t |J1r I l-\ Q q O q nl rQ .t !n I t\ @ O O
-r--rra;F+Nrva\ii{dt(\idi\tNfut"lrOiiieiror.troiq14tl.+.S.+.g.f.l\s\t'f\tt^

I
I

.r

.1.
la.x
+.F.r.r
.x
.F*.r**t.r
J'.r
+.r
+(*.|.
.lr
.F*.f.
J'.x
,.l.**.r*

I
I R R R R R R g E \ E B p B n H n B B S S $ S E S I I I I I I I I8I I I I I I I8I81 d d d ci d c; o.i - - ci d d c; ci ci d ci ci d d d d ci d d ci ci d d c; ci d d d ci d d d d ci d d c;

f;fifisfiee883EF*fifisnss8Es$FSFFSFgg$EsBFf;FttBEEr-rrrrrrr-r-reerr--eee--ee-rerrrrrrNnl
z z z z z z = = z. z z z z z z z z. z. z z z z z z z, z. z. = z z 1 1 1 = = z z z z z = 

z z
= = - - - - = = 5 5 5 = 5 = - = 5 5 5 - - = = = 5 = - - - r = = = = = = = :f ? ? = 3 =-------?-----------------------a--a--------
c, cr @ co 6 € @ @ @ co @ @ @ @ co @ .o @ co dr @ @ 6 @ @ @ @ O O @ @ € @ @ € co @ € @ co @ @ co

I
I
l
I



a @ .t \O rn \O e rn () \t rn N N O ol \O \+ t\ \O O\ O O \O N Oc I\ \O O\ F O O\ nl r.S r nl CO ts e CO ( nl qt \O N ( N N \C

= \o N co o r.t h ( r.t F N N (\r @ h - 6 \o to r o t\ \o .+ tlO r O o\ 6 @ N \O \O h h \C rC tt Fl 1.1 nl (\l nl (! e F F e -o

888888888888888888888888
d c; d c; d d d d c; d ci d d ci ci d ci d d d d d d c;

o
6uaxU
o
6o

.* .r .r .x .r .|( .t .x .F .r .r .F * * .r .r .F .r .x .x .r .|. .r .r .r .* +

888888888888888888888888
d d d ci ci d ci d d c; ci ci d d d d c; d d d d d c; c;

888888888888888888888888
d ci d d d ci d c; ci ci d d ci ci d ci ci d ci d d d d ci

6 F al tt.t 6 \O t\ aO O\ O - (\t fO .+ n \O N @ O\ c' e N l.O .Ce rn rn rn ul 6 h rn ur ln \o \o \o \o \o \o \o \o \o \o N N N rs I\
G

z, ooc)ooooooooooooooooooooo
= 

(\l 1.1 \c h o r N l.l \s h o e N to.if 6 o r N l.l.it n c, ee O O O O e r e F e e N nl Rt (\l nl m l.t l.t l.t l.t rtl tl O O
- (\t (\t (\t N a\t ni N N N N N nt nt (\.t N nl (\t nt o,t N (\t (\t o o
z, z z, z, z z. z. z. z. z. z. z. z. z. z z, z. z, z, z, z, z z z. z.o ===>>=:t===f f============
=---a?----a--------a????-
6

3 I8I8I I I8 8I I I I K $ P g p S I g B g g
Uo cloooooooooooo--sooooooooxU
o o o o o o o o o o @ r\ \o $ r^ r l\.+ - qll :f ro l!| ro n(n 6-F----(uNer-ren(!rrOOOOo OoJ oooooooooooooroooooooooo

z, o o o o o o o o o o o o o o to l\ !.| ro n ro ro r! r! rl- 6 - - - - - - (\l (\t N N Or Or.C O\.f O\ @ N r.l rl r.l m r.l
c OOOOOOOOOOOOOoTeeOOOOOOOO

a e nI tt.+ n \O t\ € O\ O e (\l lO.+ n \O N @ 6 I q N !4 !t&eerreeeerrnlninrnl^l
G

z ooooooooooooQ)o9QoOQOqQOO
= 6 - N !.| + h O - n| l.| + n O r (\l t'l \it n O r (v rtl \t nE (\l N (\l n (\t nt r.t lft tl f.t tt tl \t s \f $.if .it h h rn rn rn n
- rr-Feeer---ee-r-Fer---ee
z z. z. z. z, z, z, z. z, z, z, z, z z. = z. z z z 1 1 1 1 1 Z
o=f===->t==ff=f====:'==ff=
E------??----a---???a?---

6

g
o o o o Cl O O O O e rn .f O .i nl N (\l \O O tl O\ @ h \O

ce14l.)NOhOr\OO.+Nf\
= c tfl @.+ ra ..t F \+ tl h o\
O F N tt .+ \O CT O C\ture

I
o

-
z,o
FH<FF<@&
F

<,2e<.
8d
6

e .o\
-\CO\OI tl O eO\O .-fonr\o\o .r.\o

O\-

a
@o
J
J

Fo
F

o
t":
tn

J
J
r
z,
H

E
J

Fo
F

I
I
I
I
I
t
I
I
I
t
I
I
t
I
t
I
T

t
I

H

=o
@

6
1
N

ule
U

F
J

==I

e'-
-r.tnotl\oe\O rn . o.laod,(r

=e,.o\(nc)-$O\O
o J t tt o eul r(\l\o .$(J NNO\Oxuleu(9
JG

FoF'E.O\
=-\+O\O\=l?.lor

O =.$\O 
..+(VH(\tt\O\O

'Xe\t
E

@@lgUE
tr- |vuuz<,

HV

u^O
=ghH-*:^

=oJ^T\roN
!Zo€<v(\tu



c. ,o\
-\tO\Oll.|Oe
O\O'.+O nNO\Oe.e'\o(

=E.O\.nO-.$O\O
@ J t tl o -UEN\O.$uNf\(o
Xt!ruct
JC,
FoFE.O\

=E.$O\OO\=ll.lOe@o=s\o..rt(\lHntNO\Oh.)<-.+\t Ee (\'l

uJe

UJ

F
5
==L'

e.r
- tt h olNOe\Orn.(\dtoo\

6@*ruro-lvuu
z,<
HV

u^O
=G6HI

=oJ^t\roN
f-sz(Jdt< v (\'l

U

6
U'a
J

J
Fo
F

otl
lft

J
J
r
z,

J

Fo
F

IrI d .f d o. d c;(\;-N d; .fd.C o- m.r r\e\o or co{) \o o r\e O O O N tn @ (\l \O F N !.1 o\ n Nl O\ \O fv) e CO \O l.l e O\ cO \O
o.t e O o\ @ N \O \O rn n \t .S ro t.} rq ot N (\t (\I r - r -

I
I
I
I

I
I
I
T

I

I
I
I
I
I
I
I

r .|< .r .x {. .1. .1. .x .x .1. .|. .1. .x .1. .x .x .1. .1. .x .1. * .r .x .r .|. .|( .x .1.

q q q q q q e q e q q q q q q q q q 
.8 
q q q q q q q

o o o o o o ooo o o ooo c)o o o o o o oo o o o

88888888888888888888888888
d ci d d c; d c; d c; d d d ci d d c; d c; d c; d d d d d d

88888888888888888888888888 \
ci ci d ci d ci ci d d d d d d d d d ci d ci d d d d d d c;

ln € N 6 O\ O e N m \t r^ \O N @ O\ O r N tt .f ln \O tr @ (t\ ON r\ r\ N I\ CO 0o @ 6 € 0o Ct CO C' @ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O

oooooooooooooooooooooooooo(u to \f n (f e c\t r.t \c h o e N tt \f h o e Rt tt $ n o e N FtO O O O e - r r - r C! nl N (\ (\l N l.| l.l tl l.l fl tt \t.+ \l r|f
oooooooooooooooooooooooooo
z. z, z, z, z, z, z, z, z, = z. z, z, z, z, z z, z z, z, z, z, z, = z, z,>f============ff=f>>==f===?-?????-?-??a??--a?---?---
( ( O\ O\ O\ ( O\ O\ oN O\ O\ O\ O\ O\ O\ O\ O\ O\ 6 O\ 6 O\ O\ O\ cN O\

- - - - @ (t (t (, C, cO O O O O O O O O O O O O Ol.l - - e e e e OO O O O O O O O O O O O O O O O OO
oooooooooc)oooooooooooooooo

m-ree-eOOOOOOOOOOOOOoooooooooooooooooooooooooo
oooooooooooooooooooooooooo

B S E S S S s I I I I I I I I I I8'8I I I I I I I
oo oo oooooooooo(f ooooooooooo

rr € t\ co o\ o r N rt $ h \o N @ (^ o e (\t ro \+ h \o N q, o\ ont (\ nl nl N m l.l fft r.t r.l lO tl lq ?A m \t .$ .+.S.1 .+ $ \t \f.+ h

ooooooooooooooooooooooooooO e N l.! \+ n O r N tt \f h O r N r.l I h O - N ]fl \+ h O e\O \O \O \O \O \O f\ N I\ N t\ l\ 0(' 0o @ CO CI] df, O\ O\.O\ ( ( ( O O
-r-eerrrrrreeeeec----(\J(\J
z, z, z, z, z, z. z, z, z. z, z. = z, z, z, z z, z z, z z, = z, z, z, z,
f :f, :f f 3 

= = = 
3 

= = = = = = = = = 
D 

= 
:t 

= 
f I f 

=?1---------------?a?a-----

o @ Gr co @ @ 6 @ @ € @ 6 @ @ @ o € co @ ((r o @ co @ @ @

Ir r rrl o o..o.d d F d N d t-,ri cv o. \o q, .t \o o I\.r r.t \o h
n \O (\l 6 O\ .+ O @ .C N n (t O\ (l .t O ltt - O\ - \O N nt N \O .t
ri @ e - 0O tO rn tt O\ - - @ tl \O N \O tt O rO .$ e O\ @ ls \O \O
n t\ o N r.l h \o N N € (, N I\ \O n \t I.l nl o o\ 6 \o rn \s r.l (\l
r - (\l (\l nl N nl nt N Ol nt nt nl N N nl N N (\J e r - e F - -



xxxxxx)<r<x><><><xxxxxxxxxxxxxxJ)<xxxxxXJXJJJJ
J
J
J

JJJIJJJJJJJXX
JJJJJ-I'< x.>< x.x x'x x..x x.x

J
.J

J
.J

J
.J

J
!rJ

J
.J

J
.J

o
@oU
I
><u

O^-x

o-

o ur (\t

J

I
I
I
I
I
I
I

xxxxxxx
J

t!o

I
8oo
nt
r.t

c; ciI
co
nt

I
t

I
R' c;
ts\l
(\I

z,oH
F
FOO@c, oo(v

I
I

oo
CI
\oI

o
o
N

=roJr
F
=ooo
^Ooo

I
oI

I
e (\,1 tO \t tn \O N @ O\ () F N tO $ rn \O NN Ol (\t N C! nJ O.l (\t Ol ].t rl tt to t! t{l ta to

oooooooooooooooooNr.l\fhoeNl.l$60-Nm$hoh h h n \o \O \o \O \o \O N N N N t\ I\ 0(t

---r--reerr--eco co @ @ @ @ @ @ @ @ € co € @ € (, @

oooo.s

IoO O 6l e nl tt .f rn \O N @ O\ c, e (\l tt \t rn € N @ O\ Ou-e-errerer(\lL
z.o o o o oo oo o o o o o oo o o o oo
= o e N r.t \c 6 o - Rl r.l \s n o F cu r.l \g n o -E N oI nt N N (V tt ra m ar) t) t! .c .f \t .., .f \l' n 6
--------F---------< @ G' @ @ @ @ € @ € @ @ co @ @ @ @ @ @ @ @a

I
I
I



t
I
I
I
I
I
I
I
I
I
I
I o

I
I o

oe(\tro$ln\oNco( o-ntNNI\NNNNI\NN@€CO

ooooooooooooom\fnO-nJ1.!\il6Or(UhmmnOOCrOOOFFcroroJnrooooooooooco @ (t o\ o\ o\ o\ o\ o\ o\ o\ o\ oN

o

cO o\ O r nl a"l \i |,r \O I\ @ O\ O r nt l.) \S h \O 1r (, 6 O e $t r.t $ ln \O I\ € O\l.l tl \f .$ \t \f \f \s .,t .$ \f \f rn rn ut t'| rn ut h rn tn ln \o \o \o \o € \o \o \o € \o

oooooooooooooooooooooooooooooooor nl lt! s h o - nl tl r+ h o e nl tl .f n o r (\l to .$ n o e N rl \i h ct e Nqr@€@@O\O\O\O\O\o\OOOOOOe reNRlNmCVNrnmr.lEEEEE6EEEEES$s$$s$s$$$$$$s$$$$s$

I
I
I
I
I



I
I
I
I
I
I

I
I
I
I
I
I
I
I
I :i

IdiI r.i .+;dr-do.dJni ri -+n\oF..8€ co @ G! 6 @ @ O\ O\ O. o|. O\ O\ o|. O. a 
^ P

- 
oOOOOOOOOOOOOOOOOO

I snCte(\ItO\f6OeNl.|€nOr(!I{l
- 

q 
= iv m (\I N nt N tt tq r"t rt tt tl .t.f .s \t

I OOOOOOOOOOOOOOOOOO
I O\O\O\O\O\O\O\O\O\( ( ( O\O\O\o\O\O\

I



o O \O ( t\ ?O O\ nt h \O nt (\l O\ tt e n N @ $ O ta r.l O nl O\ e CO @ (\l O O .S O O\q 6.l. e o - ttl @.c N (\l r.l h o \o tt (\l r N \+ \o o\ to N - N m co n N o\ \o \t -= .t - @ 6 N o\ \o.s N o € \o h l.t nl e o o\ 6I! \o \o h h $ \f tt rt l.t (v 
^l 

nl No .+.c tt r'| a.t nt Al (\ Gt N r ra

I I8I I8I I I8 8I8 8.8 8 8I I I I I I I8 8 8I I I I I I
d d d d d d d d d ci ci c; d ci ci c; d ci ci d d ci ci ci ci ci ci d ct d d d c;

888888888888888888888888888888888
ci d ci ci ci ci ci ci ci ci d ci ci d d ci d d ci ci ci ci d d d ci d d d d d d c;

888888888888888888888888888888888
d d d d d d d d c; d d d d c; d d d d d d d d d ci d d ci ci ci d ci ci ci

r N t.| $ h \O N @ O\ O r c\l r.l .+ n \O t- @ 6 O e (\l l.l .+ h \O ls @ ( O I N mrn rn ]n rn h tn rn r'r rn \o \o \o \o \o \o \o \o \o \o N N t\ r\ N N F N N F @ € @ @

oooooooooooooooooooooooooooooooooN l.| .f h o r c! rn .i h o - (\ r.l $ h o e nl to .f n o e (\l t4 .+ n o e N m .f
O O O O e e T N TV N (\I N 

^l 
l.l tl m rO tl l.l O O O O O O F e F e eN N N N N (\.t nt N N O.t N N nt (\.t N O.t nt (\t (\l N N N O O O O O O O O O O O

z, z, z, z, z, z, z, z, z z, z, 2 z z, z z 2 z, z z z, z, z, z, z, = z, z, z, z, z, z, z,
=f === f 3= = = == = = 3= > ==:t ==:f = 5> >= f = = f f
---------------aa?-??-a?a???-a?--
@ (, @ € O 0o @ € 0o.O @ 0o 0o € @ @ cO cO cO @ @ @ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O.

3 88I I I I I I I88I I n9$ B ftN ss P ppFE I I88I I IU(J OOOOOOOOOOOOOOOOOC)OOOOOOOOOOOOOOOxu

@ o n n n ut rn r^ o o o o o o |'l e o \o r.l o:f !!l I 9:E I I I i 9 9 e eo 6 o o o o o o - - - - - - o\ n tl F - e o o O O O O o o o o o o o ooJ ooooooooooooooooooooooooooooooooo

z. o n n n n h l^ 0 0 0 0 0 0 c) F r.r t! (\r r\ N N N N N N 9I9I I I r$:il- 6 ct ci ct ci ci o - - F - - +.ir o. N.s.$ !.1 - - - e e F O o O o o o o o
E OOOOOOOOOOOOoToOC)OOooOOOOOOOoOooO

6 r N r.t $ n \O t- @ O. O e (\l l{) \+ rn \o N @ o\ o e (\l !4:? tar 9l\ QQ q a q ry lflc, e - r - - - - N N (\ (\l nl nl 
^l 

(\t nl N r.l tl l.l tl

z. ooooooooooooQoooooQ|oQQooQooooo9oo
= O - N r4 + n O F dt r.r + r^ O - N r.r.c r^ (' - nt ro \t n Q q N lll \t t4 I r $l- N N nt a\i N N ro t4 

'.| 
i6 Ml rO .e \t.+.$.$.f n rn h rn u1 n \O € \O \O € \O r! N N

--eeeeerr--erer-----rrrreeeer--
z. z. z. z z. z. = z. z. z. z, z z, z, z, z.z. z, z, z, z. z, z, z. z. z z 1 1 z 1 1 z z
O55r=5===f=====D==>f=r>==f==Dffflr
=??-----1a??----aa-?---a-??-a?a???

6
6uUxu
ooo
J

z
e

6
e
E

z,Ee-
z,o
=
6

L .x .x .x .x .x .* .|( .x .L .x .1. * .1. * .|( .|. .|. .|( .|. .|< .f * .F .r .|( .|. * .|. .F .X {. .|. * + .|.

a o o o o o o d d ci d d c; ci r.- o e h = h (\ n c, \o \o !^ o n r rQ \t r \o hc F N O h O a\t trt tt tt .t l.t N N tn o\ \o.f tt (\t 
-E ra.l\Oo\l.l@.qro\I\\O$-qr$( l.l\O

O --(\J iO\tn\ONN@@(^Oo

I
e o

h

c;

=o
FH<FF<an&
F

-e
<, z,e<,(tJ
OG

I
I
I
I
I
t
t
T

I
I
I
I
I
I
I
I
I
I
I

.fa

.|.*.*

.|(

.****.r

.**.F*.r**l.

.|<

l.
J(*.r.r****
J'*
'F.L
.x
.F
la.r
J(.*.r
{a.x
.x*.r*.r.r
{<



d. ,r\
-NN(\II o(\lo\ON '\Otl r.rr ot tl t.)(\I.\ome

I
r

I
'

I
!
I B$bfiffi8:BdE'SsH$ssR

88888888888888888
c; ci ci ci ci ci ci d ci ci ci d d d d d c;

85558888888888888
d d d d d ci ci ci ci d d d d d d d c;

\+ h \O N @ O\ O r N 1.1 $ rn \O N 6 O O@ @ @ 6 CO CO O\ O\ O\ O\ O\ oN O\ O\ ( ( ()

ooooooooooooooooon O c N r.l .f n O r (\l tl .f h Ct e nl l.l
- N nl N nt n! N iO r.l Fl l.l l.l !O .$ \t \i .Sooooooooooooooooo
z z z z, z z = z, z, z, z, = z, z, z, = z,
========ff=======-a?a?a----------?
O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\

I
I

- 88888888888888888
d d d d d d d d ci ci d ci d ci ci d c;

t
r 88888888888888888r d d d ci ci ci ci d ci d ci c; ci d d d c;

II (! e to O r.- .O rd - Fi O. .C; - d O .o r.r r.r6 N \O N O\ *$ e (\l Or .f O f\ $ tl N tl hN cO @ N h l.t O € e N l.l @ \t O \O nr @o\ o\ o\ o\ o\ o\ o\ 0o @ N N \O \o \o h rr .+

' BBBBBBBBBBBBSBSBB
d d d c; d ci ci ci ci ci ci d ci ci ci d c;

I
r.
I qqqqqqqqqqqqqqqeq

ooooooooooooc)oooo

oooooooooooooooool.} $ n O r C\l tt \f n O e nt r.l \t n O et\ N Is 0o @ 0o € 0(t @ O\ 6 O\ ( ( 6 O O
I 

cerr-r-rrrrr-r-(\l(\l
I Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z Z, Z, Z, Z, Z, Z,
I=DD====>fff=f===f
Iaaa--??a---------

(l @ € @ @ co @ co € @ @ @ co @ @ @ co

=E.t\6c,-NnIn,.nJtoNo
u4(\tI\'\oO f\ N tt ttXUU(!'
JC,
FoF C, .N

E-l\(\r(\la\flO(\lO\onl =\tN .\O.cH(\lNI.laftrn.x.l
tl =F

l!

U

F
J
==f
I

E .O
-tnrnOI N(r\o\On .(\l\O 

^l 
tl

6oFrur
o-lvooz,<

HV

U^N
=d\OH-
Fvn

=o
ror\r@!zoo\<vUc

(n
tno
J
J
Fo
F

n
v)
d

J
J
r
z,H
E
J
Fo
F

I Sn3hSS35$$$$S5S$8r

I
I



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxJJJJJJ

JJJJJJJJJ
JJJJJJ
JJJ

xxxxxxxxxxxxxxxxxxxxxxxxxxxxXXJJ)<JJJ><JJXJJJJ
JJ
JJJ

xxxxxxxxxxx
J
J
J
J
J
J
J
J
J
J
J
J

xxxx
)<
)<
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J

JJJdq o
tn
an
U
I
><U.{.

Cla xo

,9@l
OUco

J

I
I
I
I
I
I
I
I

,(\to

.oo

I
'oo oI

I
dq oI

oooo
o

z,oH
F
Fdqooo I

ciqoooct

I
I

.ooooo\o
=o
Jq

'F.=.o oooo
^OO.f

I
I
I o

(\l

o(\I
n
@

^i l.i .+,; d il d 6 ci -: rri l.i .+ ; d N(\l N N N N N nt N tt tt ?o tl tt rt to tt

ooooooooooooocrooto € h o e (\l tl s h o e nl tt \$ h otn n n \o \o \o \o \o \o N I\ N N N N (t
rrrrrrFr-r-rrr-eqr@@@6@@@cr@€@@@@tr

(\l l.l $ 6 \O f! cO O\ O - nI tt .f h \d tt d o\ d
-eeFr--eee(\l

oooooooooooooooooooe N m s n c) r (v t.l \f n o - N l.l \s h o -nt (\l N (\I N r.! aO ?.t tl tt tt \f .S \f .$ $ .C h nrl-sc-resr---rer-rc@ € (t (, @ @ @ € @ @ € @ @ @ @ @ (b € @

o
o
N

c;

I
Ioo,Es

OUq

=8EnlEr<@6

I
I
t



I
I
I
I
I
I
I
T

I
I
I
I

ot
I

o

Oc() {)
oono
- (\J
NNco (t

ci'c;
ni r; -+ d d N d o' ci J d ri .r,ri .o''- d o. ci - n;\O \O \O \O \O \O \O € N N N N N I\ N N N I\ q, Gt €

oooooooooooooooooooooe N ft \+ n O r N l.t \$ n O e N Fl.f 6 O r N mnt (\l m (\t N l.l 14 tO l.l l.l lq O O O O O O e r e r
m m Ar N N (\r N 

^t 
N N m O O O O O O O O O Oaat@@(tco@codtctdtd)( o\( ( ( ( ( ( ( o\

@ O O - (\I to \$ rn \O N @ O\ O r n, ro rS h \O t! @ O\t! I.l.+.l' .c .s .+ $ $ .f .c .$ n h h h h n n n n n

oooooooooooooooooooooo
- (\l ,.l s n o - nl tt \f n o r nt l.t \f n o r nl m $@@CO6,@( ( O\( ( ( OOOOOOe-eeee r e s c e - - a\I fU CU (\ nl N N (\l (\l (\j 

^t€ @ € € co @ co @ € € € @ @ € @ € @ @ 6 6 6 6

I
I
I
I
I



I
I
I
I
I
I
I
I

I
I
I
t
I
I

I

(\ftO.C6\OI\coo.8
O\O\O\O\O\O\O\( O

oooooooo;
cNl.lrifhOrC!lOFr r.l r.r ro ro $ .f .s .+oooooooooO\(n(h(nO\O\O\O\(

o
lfl$n\Of\CtO\O-co@@@@(r@(^o\

ooooooooo.fhO-nllO{nO
e e (\ (\! nt N n! (\t tloooooooooO\O\O\O\( ( O\O\O\

I



88
.fd\o-
F (\l
hh

88
O.-hrr (\l
rtl h

88.'.dnoEN
hh

qq
Ore\tOe(\lln rn

88.'d.it o\
nh

nnl
ci-NONh

?al

O\O
o.dl.t \O
e( (\l

lrl
@o\\C

N

F
6
zaoHAF
UJO{. uJ

*l=
={<=o
6Jr 4
rF(,o=2. c)H4FA6o- z< 6 

=FUUUJH-FO
Fct=><

Lo=
Z:EBO
OFUFOHOOZ
FHOU<==
Ill=HcJ<UXu6=u

88 z,.$.+ Or.t@ n
nh

JoourF6OO z.<.F-UU
O\O\@FH-(\INUAU
eeEHHThho=rc) 4

>>uiF<<ozOO==uuooJJz.
JJCO

\l'$HHHaLntN o-o-l!x
60=lLtrnh

O. O.erO
rrrnh

z.oH
F

UJU

oo
ci o.

@\o
ctzH
Ff(/to-ox
Oc>-HO'FFEl!anH:>(9uz,(nct&,E
EF
ea
F
@

.f\O
6ln
@\O.f t!ra

eln
.+cd].t 6tt os

l.i*
t<**
.r
.F*
t(.|(
.L
.x
+.x
l..x
ta
.la.**
.x.r
{<
.F
+J'
.F.r
.x
.r
.x
.x

+
.1.*
.1.
.1.
{a

*.F*
.x
.1.*
l.
.1.
.x
.F
.x
+
*
.1.
t<

t(
.1.
{a

**t
t(*.*
.F
.|(.r
.r.r
J<

.r

.x
J<

.F
a<
J(
.r
.x
.x

.1.*,(
l.
.1.
.|(

t(*.|(
.r
t(*
.r*+
'1.+*
t<
ta*

I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

88
o.Jtt o\
nh

\Or
c;d\fn o(\'l

h\+
.+o,
erf h

^l 
.f

tt o\
nt

Fz, z,c)U
H
FO
Hoaruz,r

EOUoozo
I!JHd<F6
dIHH
=FaaoHz,2z.o<
rH9oe

LJEc,<G'u4z,clulFH
=LHY)>z.dZ.FH&

=-888
F@ooon

*.r*l..r.r
l'*.**
-1..r
l..F
l.*
l(.r
+.x
l.+
l(l(.F
.x
+ct .xz*

H*
FJ.f{ao{.E*

t(FE*H*Ao{.>.F(l'E+2,U*o+ Ful{.Dc.+ o.rE
Ic
e
(9
oEa
-

oooo oor.to
OOcOhOO\Oh
.drid- d.coi-6NO\O
ccNhn

JA=3J466uHC'cEulHctcs=ox<L30x
>.(JG('UAGE(JU

=raJO
JHL
CLOF

.C (\
O.Ct'l

o\

6

o\
(\,1

oe
co
(\l

.* .r .r .r .r**+a*l.O.|(*ntaJ.e.F.|( .x.r .r
*t<ta .l(.|( J..r .r
J( .X.r.r.|<*J.

U
@

tt

oo
tlt)

F
@

.tt
t)

5Z
5Z

\$
(\.1



l!o\ol.tF@rtta\lo
(!,

F((((((((6e.rreF
rnhrnnrnh6n

u N$\t\OlO\O.+6ct
dl.lOCt\OtOrO@er-OOOOO(
FNntNOlOJNnlrq,

3 ,'iddddr.-^i6J \O \O 6 tt \O r O\ @r oN.s(\t( N.+NF .f r.l l.l r.l O.l N (V N
=o
6O\OeN?.1.+rn\OE\ONNNNNNNE
z. ooooooooENl.l\fnOr(\Il.tE lfl Fl l.l tl o o o o
-oINntNoooo

= z,z,z,z,z,zzz.o=====5=5
=?-------

6
.* .r .x .* .|. .r * .|. .F .t( .|.

lll l.l ?.1 N (\l r O\ 0(t \O
c)
F OOOOOOOO@ (\t(\t(\t(\tntNNN

hnhnhhhh
u O\(r\Ottr€ecOo(9

e ,O\ O\ O\ 0o N \O.S nJe,cco\o\co\ccFNNNNOINN(\Io

=o r^r@t-.o\$.d-J nr6NrOFOnOrO\(nNr.!\OCO\Oh
F t-NNN\On$tO
'NNN(\JNA'N(\Io
a6\Of:€O\Or^letv|r.rI.lml.t\:'.g'.ce
z. octooooooE \f n O r (\l tt \f hc. Nrsdtcoql66dt
-eerrr
zz,z,z,=z=zz,o=====3==
E???-??--

6
.|( .* .x .x .|. .* .x .t .x .|. .|(

u tl tl tl tl Fl r.l lfl tl(9

F @@@@O@@€anr-rr-rr-
ntn|'l|'rrnhrrtn

ul oooooooogtE 88888888ehnrnhhhrnn
Frre
tn

=I OOOooooo
F
fo
aeNlft$ln\oN@e

z. oooooooo
=Oenil.l 

.fnO-
E (\l ol ot nI (\ (\l tt tl
-e-rr-eFr
z. z. z. = 2.2.2. 2. 2.
o=-:tf=f==
=--a?-??-

o
o

z.o
FH<F
F<(.ne
F

--
<,2d<(9J
OG
a

OOO\tmeOO\O\tOON@I.l\ONO
O\ O \t r tl O @ t\ e
@ \O \OO@ \ONO.trcOOeO\rn|

rnrrtnN\Oin (\I

OOOrO\COdtNFl
-OO.it@.C6Otl
-tdo. -r;N o.t-o.tl n O e CO O nt O\rO@n-dtN-rnrhnl\orn e

oro \ootoo\ (\l0
rrO\OeO1.lree€(\lr+h\On

-f

6.ScrORtnctl\
.cd dc,ino\6-
Nr.C(\lNnO\n I.l

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I

ooo oNro ]nr/ro ooo600 nctdt r.t{tN vrroo
O O .+ \+ \O \O .\O I\ N h \O \O(\ h hrCO O@O\ \O^l-(\lNGlrrorocN(\(\t

hha\1O6.+@h
-c|

OOO OOt\ OO\O m\O\t)
O O O O tt tO n .it O nt h N
o.do. Jid Joid '"ivio;to .+ (\l \o @ o\ e o\ tl to ee N rf O s tl.+ Gt

F\$
'a

OOOO\hO\O-\OO\OOz,moo@oooo\mnI\ooHcC).l|OcO\OFO\h0|fO\-
F @ .f O q, (\INo\ 6Oe

uJ6(\lJUE
I u ooo Noo o@o l.t1\o
=ooJ OOO\ \$O\O rOt.ltO ].t(\IO\r 

= 
\f rO ( d! Nrn( .f (\lO

F O \O (\l@e O\ONfJrnurolntnrqNln
oLolrU(9(9 z. ooo ooo ntrnm NNr.l
EAd, = 

.+o... o\o.t roec or\oF J t! $ q, F! - 6 O r C)OUhr\Of:Rl
z, rn - rn (\l\$./! aqrnnAHNUFf ooo ooo ooo ooocNOO\fOOe$OC\IlfrO

E
o| 14c)O\ O\OO\ rOrOe srOrOam-Nh(to\o(to

-NO-rhtOnl6n(vmhr.lNn \o

hr.t oo\s ?.t .s N
\SO\ OO\a.t€6(]f!r@Nehnl 6

1.1

-+ c \O l.tr! ro co dl
tt @ o \oo@ ooOrr(\l
-hNn (\
e€(fh
O\\iOr
;F .c .+
cdmC)h-O(VnNn (\

-mhh@@ \o\o
dd --eO .$O(\Jr\ON

6Nh
r

$r\sr.tntm \OlO
.+.d ;o\O@ N(n

@-nlvtn

OOO OOO O\(v.f nt@n.c(foNoohtftho\o\r
OO\t .$O\i oIrfO 1.lN$(\I t) N (\ h o\ o h o

-O\-OFetl(\lNnln(\lNhtqon
h

ooo ooo tsc, lo olNhoooooor+n?.t\o\o\o
OOO\6OO\n.+O\Nere @ \O l.l tl @ l.t \$ O

-\OO\NeOhnlvt rn ef rn toohtt

l!=z.u=zu=z. ltt=2,croo('oocroocroo<JH<JH<JH<JHO'TF€4FGTFdTF€F<oaF<cF<EF<F=>F=>F3>Ff>octuoou@ou@ou
JJJJUUUU

=2.=2.ooooJHJHrFTF
F<F<3>=>
OUOUJJuu

tt o\ N oOO r\N
d.d NN@ @o\\O-

hon r

OO @\OooG'm
O\O O\nco Rt o\eOerncoh

oo @oooNh
c; o. r; F;tn(

-6r6hh



e.El.l
-(\t-coIt\t.OeOrn(\lho\

.r-
\O\On
r

U(9U
< G ' (!t G ttd-N<-@
c,tNFt.
FNe@Nr(/, l\ nJ N o\Uu(lrh(9

EU
UJ

<e.GtO
-N=rco

=lFDl.=.te=.C-ENnl H(!6HXx
=

c,'o
-t4\O\OI r.t ct tt
O.S'-hN@Otr
\o

=c.oo-rq\o€J | 
'.! 

qt r.lrN.C.r
NISOOU

ct
eu

e.o
= - t! \o \oftmctro
=.J,.l'.FH(\lNdto
XF

=

& . tl , e, . E tl
-NN€ -nr -(}I o€F I N r .\ON .N \ON \O€NN@ N O\

fi

O6l-rluLo-l
z,<

oE
=o
1.!€
,;

u
E
F
F

@
o\N
nt U^?OU^tfl

=d@=d@H-.HE
FvnFvn

U^l.l
=d@H-
Fvrn

Uc,U
e^ . <^NdF6 FFAIFro\@ttt.n I o\ ut-crN\24c|rz<<v(\r<vUnUG
G

o

=o
J=Gc)
FJ^-
=L.t@orcN \zuf\!z<v(\l
UL4

@ \O \f Rl c O\ @ \O h \+ l.l Ol e O O\ @ N \O h 6 \+ lO l.l C{
O\ O\ ( ( O\ @ @ @ c(t @ @ @ @ cO N N N N N N N N t\ f\q, co (l @ @ @ @ @ @ @ @ @ @ (, @ @ @ @ co 6 dt € d) d!rrr-rrrreerererr--rre
tn rn rn l rn l.rt rn ln tn rn rn rn tn rn rn rn ln t t ur |rl rn rn tn

f\ - .$ \O \O .C O\ r 6 N O r.t O - 6 nl tO \O Rl O O\ - \+ O
.d .+ ci'- ui .+ r; .+ .r d dj ci r; d o, ri r.- - d d d J.d ci\O n -t 

^l - O O\ @ l\ \O h h.if tl nl Rl c e O O O\ O\ 0o CtO\ O\ O\ O\ O\ O\ (, qt @ cO @ @ (t @ @ @ (tt @ cO cO N r\ N l\
---r-rr-rrerr--rre-re

6 O\ q) F n e N e.S.C O ?.1 O N ( ( nl O\ O\ r h r O rO lA (, h N e O e (\l .f t\ O { @ Rt I\ Ft (t .+ e N .+ - @e O\ N \O n \S t.| N e O ( O\ CO N I\ \tt \O n n n $.+.+ r.tNeeFeeeeee

t
I
I
I
I
I
I
I
I
I

f\ @ O\ O r (\l 14 \t n \O t! 6 Or O c N m .f rn \O N @ O\ ON N N (} 6 (o aO c(, cO (t cO dt cO O\ O\ O\ O\ O\ O\ ( O\ ( 6 O

o o o o ooo o c) o o o o o oo o o o o o ooos n o e N n \f n o - (\, m rc n o r N m s 6 ct - N mO O - - F e e e (! nl n (\l nl nl l.l lO r.t 1.} l.} tl € \+ \t \toooooooooooooooooooooooo
z. z, z. z. z, z, z, z. z, z, z, = z. z. z, z, z. z. z. = z. = z, z,
= = = :t = > = = = = = = = :) = = D = > = = 5 3 =? ? --- a ? ? ? - - - - - - - - a a - - - - - -
O\ O\ O\ O. O. O\ O\ O\ O\ O\ O\ O\ 6 O\ O\ 6 O\ O\ (^ O\ O\ O\ O\ O\

.|( .|( .t .F .r {. .1. .F .t .|. .r .|. .x J. .|( .|( .|( .r .* .* .t .r .r * .x .t .x
\$ e O\ N rn i.t O 0(, h rO O N tt O \O e ls tt 0o.C O \O nt O\ n N
c; c; o o. o. o. o. d cd cd cd r- rr t- .d 6 ri "i .+ .c .l ri !d ^j c{ rriO O O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ oN O\ o\ O\ O\ 6 O\ 6 O\ 6 O\NNerrrr--rr---nnhhnnnhnn66nhnhh6nnhhnhhh

@ O\ 0o \O t4 @ O € (\ O O m m rn O\ \i N \O n ur 0o ln t\ \$ t! rn
t\ \O h $ tl - O N .$ O \t \f O lf| .f h h \O (O r 6 - 6 N F O\O @ \O \f N O qt h trl r O h (V 0O .$ O \O N Ct rn r aO \$ r @ ln
6 @ CO (, @ @ N t\ 1\ f\ \O \O \O h h h .f .f l.t ln rO crl nl (\t e F(\t (\t m nt N N (\ (\.t N m N (\.t (\.t (! (\t (\.t nI (\t (\l 

^t 
(\1 (\.t N (\t N nl

ooooooooooooooooooooooooooo e N tt rl' n o r nt to .f n o - (v tl .{' h o - nt tt \it h o e
O\ ( ( O\ 6 O\ O O O O O O r r r F F - nl (\I m m (\l N l.l tO

I - r e r e e N N m (\l (\l rU (\l (\l (\l (\I (\I N m N N nr (\J N O.l N
I Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, = Z, = = Z Z
I=f=ff=====ff===f=========>
I---?---------------------tco @ co @ 6 co oo € @ cr co @ 6 co co @ co @ b € @ @ o @ @ @

.r * .|( .x .t .t( t .r .r .* * * * .r * * + t .r .r .r .x * .r .r .F *
lO tl m m t4 l.| m t^ N e rO .f .$ C, .C e ls .l - N e O € O\ F O.l

arl l.l r.l m tO fn m tO l.l $ \S n \O t\ O\ e (\l rf \O N o\ O O O e e
@ @6 @ @ 6 € O @ @ @ 6 @ (' (, (^ O\ O\ O\ (^ (} O O O O Oeeeeerr-r--r---(\JNN(\l(\hhhhnnnhhnnnhhn6nnhhnnhhhh

O () O (\t h \O - ol q) N O fO ls c) F 0o \O O\ .C .C C) tt.t O \O O.l

O O O O O - h t4 CO .+.+ O \O fO \O l.l tO e N N -f rO O e Or e
o o o o o o o e N rn o\ h N N m \o o 6 0 n @ N m \o N o\rtr v\ rtr n h n h n rn rn h \o N € o\ c) N r.t n \o 1\ @ o\ o\ o\ 6e e e r - - - - e - - e - r e Ol (\ N N (\l nl N N Ot N nt

I
I

I
I - r.r to o..f o 

^i 
d;t-t- .+NIscr c, h \c ro\ Gt q, c (\t6\o

I .+N.rt 6 nlrtc.f O\Of\r O\\f € r - Rl\O N Nnr -m @Rl O\ l\ 6 .t r4 a.t rl \C 6 € .+ @ rO ]s Rl \O O \t O\.+ O\ n r ]s tt(\l O O\ @ N \O h $ I.t (\l - r C) O (n O\ CO 6 N \O \O h h h r+ r+(\lNeFr----rr---

I d d d ci ci ci ci d d d ci d.d'- €' ^i d .r d.d .+,; c.i.d ci F-stNEESffi$S€€SH
I r?o\$..FPRRnEN

I lq \t rn \Ot-@ 6 O e(\l tO.C n\O N @ O\ OrN tt.f n\O N @I .C.$.f \t.+ \+ \$ n |/l h h tn rn n h h h \o \o \o \o \o \o \o \o \o
I

o\ o f N ro -f rn \o F € o\ o e N rfl \t n \o N @ o\ o r (\l ?.1 .+e e - - e e r - - e N N (\l nl n, N N nl nl (\l tl l.l a.l ?.'l tl
oooooooooooooooooooooooooor\l lfl .+ h O - N lO .+ h O r N r.l .f h O - N 

'.l 
..t n O e (\ lrl

tt t! tt trt.f.s.+.f.$.s n n rn rn ln h \o \o \o \o \o \o N N N Nr-ee-reeee-err--r-r-
z. z. z, z, z. z, z, z, z, z, z, z z, z, z, z, z. z, z. z, z, z, z, z, z, z.
= 

D - :f 
= = = 

f Df f f 
== = 

:f f f 
==== 

f 9 f 
=-??:--------a-?-------a---

6 C' 6 O € T cO @ cO co cO cO 6 Cr C' cO € @ @ 6 cO @ @ @ 6 @

t
I
I



I
I
I
I
I
I
I
I
I
I
I
I

=l{
Fli

IE
f
=3

I
I
I
t



o

oo o(\l
tt

dB
o(\|

dB
.c
nt

U' U' U' q'
,anan

@
U'

..HHHH oorHH

H

o

H

,o
.a

o
an.a,

U'U' U' U' 
'N 

U' 
'N 'N@@@vr@o0llru>

I
I

@

.qocro888(\Enl
NF

@

at

88O\OdtN

ER.$e
(v

zo
F
FOOaO oo(\,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

I
I

on

o

H

=oooJOr\o
Fr
o
o"8o

ol

=o
Jrz
H()

^8Hco

HHHHOI

- m fO .f n \O t\ CO ( O c nl tt.+ n \O I\ Ct O\ (] - (\l iO \t lO \O t!
r r - N nl (\l nt f\,1 N Rl (\l N N r.t r.) l.) t.| r'| l.l tl l.!

o o o oo o cl o o o oo o o o oo cf o o o o oo o o o.$ n o e N ro .f h o - Rl to \f h o e N l.l \f h o e nt tl \it n o
Ft lft \C .f $ .{' \', r+ 6 Ur n tn rn h \O \O \O \O \O \O t\ t\ t! t\ t\ f\ 0o
-r--rr--crre-ee-rr-FreeeeFr€ @ @ @@ @ @ @ @6 @ @ € @@€ € @ O € @ O co c(' cO @ @

Ro
E5s

HHHHHHHHHHO O G - (\j l.t \C h \O 1\ € O\ Ouq
:zooooooooootOe(\llrl\fnOr(\ll.ld m (\t (\t (\l Nl N tt to rr l.l
---r-rrree-<co@o@€o@co@@a



I
I
I
I
I
I:I@I@60roor'46

@o
"@ @@

@

o
tn

U' ao (n
@o

an

'@@ 6
60

6 o
U' oI

I
U'.oalr@

u, an v, U'U'6I
I
I
I
I

H

o

HHHH
HHH

nt tt \t n \O t\ @ O\ ONt\NNNT\NN.O
ooooooooohoe(\ll.l\itno-R88888855@( (lo\o\o\o\('\(t\

Hoo
HH

nll.l .Ch\ON@O\O-\O\O\O\O\O\O\O\Ol\N

ooooocfoooo
-Nm\CnOrNtl\C(\t (\t (\l nt (\t r.l tt m to t.|nt(\tnt(\NN^t(\tNNqr@@@@6@@coco

Ct O\ O e (\l t) \t h \O l\ 0o O\ O e (\l r.t .$ ttt \O N 0o O\ Cf, el.l t' .f .+ .$ \i.t.f.$ .$ .$ .i' h h h h n n h Ul h r| \O \O

ooooooooooooooooooooooooe (\ 1.1 rl n O - ol t! \t n O - N tl \t h O r N tf) \t rn OcO @ @ @ cO O\ O\ O\ O\ O\ O O O O O O O c - - - - F (\
c-rree -e(!N(\t(\lNNnlNniNnlNGl@ co @ co @ € co € @ € 6 € @ @ @ @ o @ co co co @ co €

Ho

H

HH

- (\J€co
oo(\.1 t l
oo((h

I
I
I
I
I
I



I
I
I
Ian an u, <n v, at u, u,

@@@o @@@@ao

I
I
I
I
I
t
I
t
I
I
I

I
I

HHO
..HHHHHHH

Nl.l\+n\ON€6O( (t\(t\(t\(n( ( ( O

oooooooooe(Vl.l\CnO-nll.'tt tt tt tt tt .l \t .l $ooooooooo(O\(O\(O\O\O\O\

HHHHHHHHH

t! $ h \O t\ O Or O e€@OcO@@@O\O\

ooooooooo\fnO-Nm.fnO
ee(\(\lnl(\tN(\ll.taoooooooo0\o\(o\o\o\o\(('\

I
I
I
t
I
!
I
t



.+ (\l O O N \O h r+ 1.1 e O O O\ @ I\ \O h n.C.C rO nJ nJ e r O O O O\ 6 O CO

o. 6 ox d d.d.d d d d d d N N r* t- t- t- r- r- F: F F tr l. r- t- r- d d d.dco qt co co c(t qt qt co (t @ (, @ @ € @ € @ @ @ @ co @ @ @ @ qt co @ co @ @ @
-r-rrr-errrreeen h h h n h rn h n n rn rn rn rn r'l ln tn rn |.rl n h h h h h n h tn rn ur |'r rn

e 0o oI ro o |ft N !1 .l' N.f tn o\ 6 o.J' N ro t\ r.t r e lrl N m o o\ 6 o ..t ro e
(t h .$ 1.1 l.t tt \+ h t\ O\ OI n (() N t\ r \O e \O nl (t .$ O {, l.t O \O r.t e Cl h tO1.| N - O O\ O f\ \O n \t $ 1.1 N nt - e O O 6 O\ (, (t aO t\ N F {t {t V) h n h( ( (t\ o\ 0C, 0o ct 0(t 6t 0o ct (t 6 co @ co 00 co r\ N N r\ r\ N N N N r\ f\ 1\ r! r\eeererFFeeeerr---rrr---

tO e e O @ .f € 6, h ts h N'\g n O @ O\ tt O O e n O I\ \O \O N O\ r.t N tt O\ro Ft r o o\ o - r.l \o (^ l.t N nt N t! @..' e @ h N,t o N.f N o @ € l'r m N oN \O ln \t N N e O 6 @ @ ls ls \O \O h rn rn.t.+ \t r.l tl tt tl tl ol ol N N N nl
rr---r-r

6 O c N l.} { h \O t\ @ O\ O e N Fl \+ n \O N @ O\ O r m tl \t h {t N @ O\ O\o N ls r\ N I\ r\ N F t\ r\ co co 0o € 0(, @ @ 0o co 6 o\ ( ( o\ o\ o\ o\ 6 o 6 o
ooooooooooooooooooooooooooooooooN r.l .$ rn O e N tl .S h O F (\l l.).+ h O r 

^l 
tO \f n O r N m\t rn O r (\l l.ltl rq lq tq O O O O O O e e e N nl (\l (\l a\l N l.l r.l l.l I.l lO rO .C ..t .f .S(\t m nt (\,t o o o o o o o o o o o o o o o o o o o o o o o o o o o o

z, = z z z, z = z, z, z z, z, z z, = z, z, z, z, z, z, z = z, z z z = z, z, z z
=====5===>======3======f===ff===---------------??--??-a---a-----
@ @ @ @ O\ (^ O\ o\ O\ 6 O\ o\ O\ O\ O\ O\ O\ O\ O. Oi O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\

.x .|( .x .|( .x J. .x .k .|( .r .F .x {. .r .* .F Jr .* .r .r .r .|. .tc .x * .r .r .F * .r .* .r .*
tn ( N h \o N @ N \O n tt s O\ \O -C - @ rO m O N.$ N O\ N.+ (\t O\ \O \t (\t O\ l\
.+.+ h h h n h h h n h n .+ $ $ $ l.) l.! tA r.l nt c\l N e e e r O O O O 6 O\O\ O\ (^ ( O\ ( O\ O\ 6 O\ ( O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ 6 O\ O\ O\ (^ O\ O\ O\ O\ O\ cO cO

--rr--r---r---rrereeeFerFFeeF-6 h 6 h n h h n h n h h n n n n n n h h n h h n h ln h rn rn ln h rn h

(\l e o\ o\ l.t (\l c\l o\ o\ o\ rn rn N t! @ Lar \o rt o N \o N tt .+ o l.t nl co \o \o l: or e
(\l I! $ rn O cO O \O cO \O r tO tl N O\ \O nr O .f O\ rn e € rn Ft e O O\ O (\l h O\ rn\O O\ nl .+ \O \O N \O 6 .l t.l c o\ I\ .C nI O I\ n N O @ h l.l c Or l: \t tl r O\ N \O
?.t t4 -S \t $.$ { \+ $ $ \+ \f ro to tt t.r tt N (\t nt n e e - e o o o o o o\ o\ o\(\! N (\t ot ot (\t N, o.t nI N N N ot nI N (\ (\I (\t (\t N (\r m o.t m (! (\t N N n, N e e e

g38PRgg38PRgSR8PRge38PR83H8PRgg38
N N @ @ @ @ @ @ O\ O. O\ O\ O\ O\ O O O O O O - e e r e e N (\l m (\l (\l N r.le r r - e r - r - e e e r r N N N N N nl (\l C{ (\t N N N N nl N (\l 

^l 
N N

z z z z z, z, z, z z z z z z z z z z, 2 z. z, z z, 2 z, z z z = z z z, z, z.
=====f==5===f3f==f=======-======3----------------a?a?-?--?----?---
co @ (' (, c, co @ @ (, @ @ @ @ @ @ @ 6 @ @ € @ @ € @ O @ 6 @ @ @ @ 00 @

* .r .r .r * * .x .r .* .k .r .F .r .x * .r .r .r * .r * * + * .r * .* .r .r * .x .|. *
tt r.t r.t tq ro r.t r.t to r.t l.| ro ro m m lf| ao m \f \o o N \o e @ \o rn rn ln rr $ - @ h
l.l tO l.t 14 l.t tt rO lO l.t l.t 1.1 tt l.t 1.1 1.1 rO l.t tl tl l.l .t ..t. t/l ll1 \o l\| 0o o\ Q e m nl l.l
O cO @ cO @ cO € @ € @ C(, @ @ cO @ @ @ @ @ @ @ @ q, co qt co co co ( O\ ( o\ O\eeeeeF-ee--rreeere-e-hh6nnnhh6nhhhnhhnnhh6n6nhnhhnhhnn

O O O O O O O O O O O O O r N -$ - N nt f\ n O .l ol l.t N ln O\ O\ O. (\l O tt

88888888888888888SRffi 88RFH8pS8$RPEh h n n h h h n n n h n 6 u\ rn h rn n 6 n n n \o \o N q, q, c c, c, e N (\l
rr--r--Ferce--r-eeereFereo.lNN(\t(\l

ooooooooooooooooooooooooooooooQooo e (\l to \s |r| (f r N t! \$ r o r (\l r.! \t h o e (\l to \f ttr o r N t! \ir rn o e (\I
al N (\l nl nl al tl tt tt tl tt to .$ .c \1'.{' .i' .+ n n h ln rn !.| \o € \o \o \o \o I\ t\ t\e - - e r r e e e e e c e e.e r r r
z, = z, = z, z, z, z z z z, z, z, z, z z, z, z, z, z, z, = z, z z z z z, = z, z, z, 2
== = = - D = =>= = = = = == = f = f = = = == =f = =f :t:t=------------------------- -- ------
co @ 6 @ d, @ @ @ @ € @ @ 6 (, € € (, @ @ co € @ (' 6 € @ € O O @ @ @ co

nl N O\.+ tl tt rO r.t (\l O N 6 N N n \O 6 ttr O (\l e F nl n F O N.t n O\ t.) n \t
@ @ O\ - t) n € lO e tl O\ (\ tl (\l O ls rf e O\ F \O \O 1\ O\ fO @ .+ O n N N m \O
O h O\ tO n \O \O \O n l.l O 0o 6 N O\ n N O\ h Ol O\ \O l.l O C, 6 I.l e @ rO ... 

^l 
O1\ t\ 1\ @ € CO @ C' @ @ CO N N N \O \O \O n h h \+.+.g .C rl tt tt tt (\t (\t nl N nt

=o
J
r
F
Io
6eE
z,E
E,

2.o
=
a

.r .r .r
u
s
o

U
(9

ee'F
@

=o
J
r
F
=o
aEe
z
=G
z,o
=
a

.F .F .*
U
ct
F
a/,

U
(9

F
U'

=o
Jq
F:o
6ee
z.
EE
E
z,o
E

6

n \o N 6t o\ O e N trt .f rn \o F tO 6 O - N r{) .+ h \O N cO 6 Q e 
^I 

tl.il h € f\
1.! tt tft ?o to .+ .+ .,f .,t \t .$ .s .s .$ ..' n rn n h tn n h 6 n n \o \o \o \o \o € \o €

- (\t M' \+ h \O t! @ O\ O e (\l lO $ ur \O N @ O\ O - (\I tl.+ n \O a\ @ O\ O e O,l l.l
e r e r - e e - r - N o,l nf N N N oJ N oI o,l 14 tl l.l tl

O o o o o O o O O O O O o O O O O o o O O O O O t- O o q ro \t.$ !t e
N I.} r.l @ tl \O tl 6 Nrtnr@Nh14O€ee(\J!O\Srth

6-
ln
o

z,o
FH<FF<oe

<, z,oa<(9J
oc
6

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



U
c, G\O
<:EO\Ft.ON€

NCtUJ-(9h

U

C\O
E-O\
=1.E.$@H (\I 4tXr

=

=& .@
O-.COnlJI(\IO\$rnlh.\f

t! nl to ttu(9
U

&.@E-.fO(\l
= | NO\t
=\fn'\fH(\lNl.}mx
=

e\O
-o\
odtrn q,
\O tn-

&'@
-\foNImO.f
On .\$
UTAIl.|l.I
d

c.'N.e.€o\
-N@O\ :E\$ -.tl€l^rntNt.\OO\'O\\ON\Or.!hNN(\tO\

n

o a/, t-ruq(.r-lvU(J
2.<

e
- l.!tnloo\hr
\o

u
ct<Gc-l.t
et(\l
FNO\@N-
U
t9
dU
<G t tl
=tNf,.$O\
=(\le
x

=

=ao
6:
Rt

I

utE

U

F
J
D
=DI

@

o
N\o
\o

u
=H
F
F

a.r
@\o
c,

@

=oJr
F
=o
!z
U

Ul^N UJ^I\
=c\OEE\OH-.H:E
Fv\O Fv\O

U
ctu
C^r<^rnEFc'FF]\
F4NtnU)Ol.fUlhON} TO\
!Z<<v-<vUU\UC
c

ru^N
Ed\OHE
Fv\O

=oJ^toro@c \ol!z(Jco<vUo

I
I
I
I

t(*
v)
o\
@
h

n:
e
h
o\e

l-
o\

@\o

o
l.t(v
z.
=-
@

{<*
o
\il
o\r

N
ci(\l
t!
nt

o\
COs\o

\s
t'

o
r.lt\r
z.

-
co

I
I
I
I
I
I
I
t
I
I
t
t
I
I
I



I
I
I
I

oo

I
oo

I
o8

co(\l

ci c;o.$
(\I

I
o

6
6

@oI

6
6.@oa@@@o

@66@@@O@@O@A
I
I

@
I

'Uo(5o<oc,oE(V
Fo

@

oo o\o

I
I

n
oo o(\I

=o
H
tsrIFOC;I(nor.g

HHHH
.H

H

o

o

3O38rCt
F

o
ovO oo\o

I
I
I
I
I
I
I

o

H

- (\J
N(\I

oonl r.t
6h
e-
@€

=oJrzHooo
^OH\l

oololol(\t I
I
I
I
I
I

OOEc Uc
z.o
=oG(!r lGe<@a

o

o.
(\.1

c)\t
\o
@

l"r.+;dNd(! (\I (\t (\t N (\l

oooooo\t n o - (\l tt6!n\o\o\o\o
r--rre
€@@@@@

H
(\.1

(\l
(o



I
I
I
t
I
I
I

@o@ ..t(n
an@

@a@@o

I
I

uro..o@
oo6 60qran at @ ar, an.90@u)@@@

I
I

HOH 'o
H

H

H

o

H

o

IH

.H

I
I
I
I
I
t
I
I

o
H

HH
HH

HHHH

'HHHH**-i *

\C 6 \O N 0o O\ O - Rl r.l \+ h \O F CO o\ O e nl\o (t \Ct \O <) € r\ N N N r\ N N r\ N r\ q, cO dt

oooooooooooooooooooIfl .+ n O r N l.t \f n O r m lYl lit t4\ Ct r nI,.1(\l N N frl tl tt l.| l.l tt O O O O O A F - r enr (\r N (u N N nt (\t m o o o o a I o o o o€ @ cO @ @ @ @ @ aO O\ o' (^ O\ O\ O\ O\ O\ O\ O\

H

r N tl\O \O \O

oooOrNmNnlNATAI
@@@

@ O\ O - (\I tt \t n \O N @ O\ O - (\l wt \+ 6 \O t\ @ O\ Ol.l ri.s.f .f \$.c .f .+ .+ .+ .+ n h h h h 6 n n n n \o

ooooooooooooooooooooooo
- nI lt'l \t h O e nl l.l $ n O - rV lO r+ n O r N lO r+ r|(, C, qt cO @ O\ o\ O\ O\ O\ O\ O O O O O O e r r - - rr e r e s r - - (\,1 (\l (! nl nl nl nl nl (\l nI OI N@ @ @ co @ @ @ @ @ co co @ @ @ (, @ € co @ @ 6 co ct



.l
I

@@@@@@qqv>i
'@@@@660Urtn

I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
Io
o
g

otl.+o
ch

HHHHHHHHH
IHHHHHHHH

tl \.t h \O N q) O O e nt ?tl .$ tn \O N 0(t O\c(t @ @ ct € € @ (^ o\ o\ o\ o\ ( ( o\ o\ o\

ooooooooooooooooo\f n O r N tl \+ h O - N tl \t n C, r nlI - N N (\ nI N Rl lft tl rl ltl r.l r.t \c \t.+oooooooooooooooooo\ O\ O\ O\ O\ (^ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ C



rnNN\O

"i .d
o\.fs.ta h

Fu I\ tlunt@

z.OH (\l
rnou

ct
F@u(!, u\z<=
<FHuoFc
.F;x-

=U=Uo=oE
JHJH
rFCF

zo
F
F
L
oUE
G

F
aU
H
Ja(\lO .t- .t-CherOttl\O

Hcr 6rn \o\o@t- ( cto<HE
F
GrO'O.1.1

Olsne@.N'CO
-hO\hF€l'-

azo
H
F
F-c
=oo
o
=o
=OouuUJ H

=FU<Gc<
za<,@JLZ,
uJ<@CUCEHC=
F<O
f
= \z

6Hezoao)zra<
UJU

>oL
<ETUF
=r=uU'F=

lUH
al!F
6roHUEHudt
CUroz.IH6
zcnu=vo

J

o
Fq

a
z,

=oJr
)z
u
G

I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

z,
JL

UJe

hh\f .it
r(\,1 (\.1

z.oo<)on
e

F
Fo

F

ZLoH&
F(96
EdF
uafLL-E



88
c; c;

4U
Oe@
UJJ=
EHOH<-
FL

=orJ
oro FEut==
=ooH-FX

=
z,LOL4)-V'
FG<83cuo
=>-6O

=<ooo(\tN.@.1L@\ocooo\(\t-rr&6
G
F

z.
J

=oo
-F

=Ger
z,-ooH<FU<,8FCOq

(9
c,=C,HrC
oa
H
an>-6JU<,@z,=

c
-Uoh<,ouEUcD=@H(lrFz
HJc<LZ,CG
FUGt-vz,
>Ho

d
=d<ra u
LGo<
>2.E=<o=-
=@
@@Y

U

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

F8
.+ci

tt N@\O
rn \o

Nrn
^l \
o(Glr

e l.l@@(\O
Nqt(\I

F
@
IJdoo(]\tO.o\
>\O\O<Cle=-Jrn
J
H
Go

===o=J.nHgrXFo<=
EC)

El!
f(9F
=<rHqlxoa(J<F<
=@

h8
ri ci

U
=J<h>oIoo.oJfon<cO-
F-6
H
z,
H

60O\ I\(n .$
N(\J

=E=:E<
=F6HC
XUE<6UE

o

e>
EHUI50JE>UJHE
xuJ@<.6
tu3

Hrr
FO=

z,oHU=
F('O<<J
>GrUEPJFDu@O

.r

.1.
+a

-Iou-
ro
6
z,U
J
E

z,
l.l(*

ooon
-ci



l,
l,
mzo
=m



Harding Lawson Associates

APPENDIX E
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LA CASAS SPRING

WINNEMUCCA RANCH



VIEW LOOKING TOWARDS
BLACK CANYON RESERVOIR SITE

DRY VALLEY



DRY VALLEY RESERVOIR LOCATION

DRY VALLEY CANYON
WEST OF UPPER DRY VALLEY
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COTTONWOOD CREEK
ALTERNATIVE DISCHARGE LOCATIONS

MEASUREMENT DEVICES
DURING HIGH FLOW



SPANISH FLAT RESERVOIR OUTLET

SPANISH FLAT RESERVOIR



SPANISH FLAT RESERVOIR OUTLET

SPANISH FLAT RESERVOIR OUTLET
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DIVERSION DITCH FROM SPANISH FLAT
RESERVOIR TO WINNEMUCCA RANCH

DIVERSION DITCH FROM SPANISH FLAT
RESERVOIR TO WINNEMUCCA RANCH
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