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EXECUTIVE SUMMARY

A Introduction

The St Vrain Basin Reconnaissance Study was authorized by the
Co lorado Water Resources Power Deve lopment Author i ty CWRPDA in February
1983 This Study is the first comprehensive basin wide study undertaken since
the State Legislature created the CWRPDA in 1981 The initial objectives of
the Study were 1 to identify the needs of the St Vrain Basin for future
water resources development and 2 to identify and evaluate at a reconnais
sance level of detai I the means avai lable to meet those needs through the
development of new water suppl ies and through the improved regulation and dis
tribution of already developed waters including imported waters

The Study Area which includes about 480 square mi les was estab
I ished as the St Vrain Basin exclusive of the Boulder Creek Watershed area

and with minor adjustments reflecting present water service areas It is
located in the Front Range region of Colorado approximately 30 to SO mi les
north and northwest of Denver in Boulder Weld and Larimer counties The 1980
population of the Study Area which includes the cities of Longmont and Lyons
is estimated to be 63 000 Under a medium growth scenario population is pro
jected to increase nearly three fold to 172 000 by year 2020 The principal
cities are Longmont and Lyons Adjacent areas lying to the north and south of
the St Vrain Basin together with the Study Area were designated as a Siting
Area in which potential water development projects to serve the Study Area
could be sited The Siting Area includes the Little Thompson River Basin and
Carter Lake to the north and the Boulder Creek Basin to the south Water
needs outside of the Study Area were not to be considered

Step 1 of the Study completed in August 1984 resulted in identi
fication of water related needs and physical social and economic character
istics of the Basin Revised objectives for Step 2 begun in October 1984
were adopted which are To formulate and evaluate alternative water manage
ment plans which meet present and future demands for agricultural municipal
and industrial water supplies in the St Vrain Basin with consideration for
other uses of the Basin s water and associated land resources Non structural
measures were to be considered equally with structural measures with consid
erable emphasis given to evaluation of potential social and envi ronmental
effects of alternative plans The thi rd and final step of the Study as

originally planned Reconnaissance Level Evaluation of Candidate Alternatives
was deleted when the Step 2 scope was redefined and expanded

A Management Committee consisting of representatives of the North
ern Colorado Water Conservancy District the Colorado Water Conservation
Board and the CWRPDA guided the Study The Study was performed by an asso

ciation of R W Beck and Associates and Dames Moore assisted by Leonard
Rice Consulting Water Engineers and W B Lord and Associates
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B Public Information and Involvement Program

A comprehensive Publ ic Informat ion and Involvement Program Pro

gram was conducted as an integral part of the Study The purposes of the

Program were twofold 1 to inform the publ ic as to the objectives and

progress of the Study and 2 to provide opportunities for publ ic input to

the Management Committee and Study Team during the entire Study process A

Study Advisory Committee comprised of 16 persons representing local and

regional interests in the Study Area was formed to provide advice to the Man

agement Committee and to serve as a liaison between the general public and the

Management Committee

The Study Advisors met eight times with the Management Committee

and Study Team in formal sessions through December 1985 all of which were

open to the general public and news media The Advisors also participated in

a public values assessment which was used to identify needs and values of the

various interest groups in the Basin The Advisors provided comments on draft

task memoranda Study reports and prel iminary alternative plans for water

resource development

C Study Process

In general the Study process included investigations synthesis of
alternative plans and evaluations performed by the Study Team with continual

interaction comment and review by the Management Committee and by the Study
Advisors This process although requiring a longer time span to complete the

Study as compared to use of a more traditional approach is more I ikely to

engender a broad base of support for the Study findings and recommendations

The various community interests are carried forward with each element of the

Study so that the end product does not contain unanticipated or unacceptable
results from the perspective of the local water resources community

Step 1 of the Study identified potential water management purposes
including municipal industrial and agricultural water supply enhancement of

fish and wildlife improvement or protection of water quality water based

recreation reservoir and stream corridor flood damage reduction and hydro
electric power generation Major parts of the Step 1 effort included prep
aration of an inventory of Basin water resources irrigated land acreage

population and other characteristics of the Basin Future demands or water

requirements in the caSe of irrigated agriculture were compi led for current

conditions and forecast up to year 2020 A projection of electric power

demand to year 2020 was also made but this projection was based on an area to

which such power might be marketed rather than on needs of the St Vrain

Basin

Provision of water suppl ies for present and future needs of the

three sectors mentioned above was identified in Step 2 as the primary water

management purpose to be served by the plans to be formulated The other

potential water management purposes were addressed to the extent they could
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reasonably be considered as anci Ilary features of plans formulated primari Iy
for water supply purposes

In Step 2 preliminary alternative water resource management plans
were formulated by combining selected non structural and structural elements
to meet various target levels of water supply development Some 98 structural
elements and 26 non structural elements were identi fied and evaluated on a

prel iminary basis By combining various elements ten prel iminary alternative

plans were formulated of which six were subsequently evaluated A computer
ized River Basin Simulation Model was used as a tool in analyzing the antici

pated performance of the formulated plans

D Findings and Conclusions

1 Water Supply and Demand

Native surface water resources in the Study Area average about
118 000 ac ftyr as represented by the combined runoff of St Vrain and left
Hand creeks where they enter the plains from the foothi lis zone Imported
water via the Colorado Big Thompson Project has averaged about 31 000 ac ft yr
since the latter 1950 s Ground water usage and potential are I imi ted and
the present use of this resource is estimated to be about g ooo ac ft yr

For the municipal and industrial M I sector population and
industrial growth are expected to result in increased water demand in the

Study Area from about 18 000 ac ftyr presently to about 44 000 ac ftyr in
2020 under a medium population growth scenario for drought year conditions
The present fi rm annual water supply in the M I sector is estimated to be
about 18 000 ac ft If no further supplies are developed and demand reduction
measures are not implemented the deficiency in year 2020 would be about
26 000 ac ftyr of firm supply longmont s entitlement to 8 000 ac ft of

Windy Gap Project supply could be uti lized to partially satisfy this deficit

If this entitlement to Windy Gap Project supply is uti lized within
the Basin not considering the potential for reuse it is estimated that an

adequate drought year supply wi II be avai lable for M I purposes unti I some

point in the decade of year 2000 to 2010 assuming suitable cooperative
arrangements are consummated to ensure distribution of supplies to all users

However in the absence of further water resource development beyond utiliza
tion of the Windy Gap supply and conversion of agricultural water rights on

urbanized lands to M I use drought year supply capacity for M I purposes
would be inadequate by about 18 000 ac ftyr in 2020 for a medium population
growth scenario The Study placed considerable emphasis on identifying and

evaluating measures to reduce municipal water demand both in average hydro
logic years and in drought conditions The Study adopted a criterion of pro
viding capacity for M I water supply in combination with demand reduction
sufficient to meet conditions anticipated during a 1 in 30 year drought
Plans developed by the Study identify and evaluate alternative means for meet

ing the projected M I supply deficiency
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In the agricultural sector based on estimated full irrigation
water requi rements a deficiency in avai lable supply present Iy exists in the
range of about 70 000 to 140 000 ac ft yr depending on hydrologic conditions

crop pattern and growing season weather Because of conversion of agricul
tural land to urban type uses this deficiency in agricultural water supply is
forecast to deel ine to about 78 000 ac ft in the year 2020 under a planned
target of providing 85 of the calculated Blaney Criddle requirement during a

one in 10 year drought condition This forecast assumes no further develop
ment of the Basin s water resources for agriculture but with improved overal I
irrigation efficiency from the presently estimated 45 to 50 Agricultural
water requirements as presented herein are not to be construed as an economic
demand for water since the cost of providing new supplies to meet present and
projected defici ts appears to be great Iy in excess of the economic return of
such water in crop production Instead water requirements were calculated
based on the empirical Blaney Criddle approach to meeting the physiological
water requirements of crops to provide full crop yields or slightly reduced

yields during droughts

2 Potential Additional Water Resources Development

The Study finds that about 13 000 ac ftyr of addi tional native
St Vrain Creek water can be developed under a junior water right as firm

supply for M I purposes The storage capacity required to develop this supply
under the M I drought criterion adopted for this Study would be about
80 000 ae ft Estimated costs of constructing a reservoir of this capacity
would be relatively high for any sites within the Study Area Consequently
it is concluded that this water supply would be too costly for irrigated agri
culture in the absence of significant subsidies

The potential for development of large water supplies from ground
water is considered negligible due to prevai ling geologic conditions in the
Basin and the tributary nature of shal low alluvial aquifers

3 Hydroelectric Potential

The potential for developing a signi ficant amount of conventional

hydroelectric power to produce revenues that would appreciably offset the cost

of a water resources project does not exist due to limited streamflows How
ever the potential may exist for a moderate sized pumped storage peaking
power development to be economically competitive with alternatives but the

Study did not thoroughly evaluate this potential Further study would be nec

essary to identify and compare a potential project in the St Vrain Basin with
other potential pumped storage projects in the region where such capacity
could be marketed

4 Non Structural Water Resource Management Measures

The Study has identified a large array of non structural measures

that have considerable potential to increase efficiency of water use or to

reduce the level of demand Incorporation of selected non structural measures
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in the alternative water resources plans is shown to offset a significant por
tion of forecast water demands Several of these measures can be implemented
at a substantially lower cost per acre foot of water than the cost of develop
men t 01 new firm y i e I d from e i the r nat i ve 0 r i mported supp lies A I so inst i
tutional arrangements and water rights administration could be modified to

improve the economical allocation of water and overall efficiency of use
Several of these potential measures have not been implemented previously else
where on a large scale and wi II requi re considerable cooperation among the
various interests involved in water resources management and use

5 Issues in Water Resources Management

During the approximately two year Study process a number of issues
related to management and development of water resources in the St Vrain
Basin were identified and discussed with the Advisors Corrmittee the Manage
ment Convn i ttee and other concerned c it i zens Some issues seem to have been
resolved by consensus whereas others require additional investigation study
and dialog among the various interests in the Basin Issues identified
include the fol lowing

a Although a wide range of views regarding water resources

management was expressed a general consensus appears to have
been reached that water avai labi I ity for municipal indus
trial and agricultural purposes should be the primary
consideration in water resources management Important
secondary purposes were mentioned previously

b The monetary cost 01 water resources management and develop
ment is a major issue i nc I ud i ng the way in wh i ch the cost
burden wi II be shared by various water user groups or inter
ests

c Agricultural interests generally desire improved regulation
of water suppl ies for crop irrigation The Study findings
indicate however that only non structural measures for
improving agricultural water management wi II be economical to

implement Since subsidies would be requi red methods for
financing arrangements for structural facilities is a crucial
issue in the agricultural sector Financial arrangements for
faci lities for M I water suppl ies are also an important issue

d Social concerns impacted by water resources management are

important to a large segment of the community including the

location of major storage reservoirs availability of rec

reation and flood control needs Major reservoir locations

immediately upstream from residential communities are a par
ticularly sensitive social concern

e Conversion of a large
Thompson Project water

industrial use may be an

number of shares of Colorado Big
from agricultural to municipal and
economic and social issue
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3B
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M I Fi rm Yield
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22 300
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Water Cost 1985
ac ftJ

480
320
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480

410
600
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f Preservation of environmental resources and compliance of
water development structural programs with the Boulder County
Comprehensive Plan are significant issues

g The reuse of reclaimed wastewater for irrigation use and by
exchange the augmentation of M I suppl ies is an important
issue

h The implementation and use of non structural measures to

reduce demands and improve the efficiency of water use for

both the M I and agricultural sectors wi II be an issue of

increasing significance This issue includes changes in

existing water management institutions or establishment of

new institutional structures which could faci litate implemen
tation of various non structural and structural measures

6 Water Resource Management Plans

a Estimated Yield and Costs of New Water Supply

Six water resources management plans were evaluated in the Study
for which the estimated fi rm M I yield developed by structural measures and

new purchases and estimated cost of water for each plan are tabulated below
Plans 1A and 1B address M I supply fully and include only non structural meas

ures for agricultural supply whereas the other four plans include a struc

tural component for agricultural water management ranging from in season

regulation of existing supplies to development of limited quantities of new

supplies in addition to non structural measures Firm yields of the plans as

shown in the tab I e do not meet the fu II forecast def i c it of 26 000 ac ft in

year 2020 In each case the remaining defici t would be offset by demand
reduction measures

Plan

Care must be exercised in comparing the above M I water costs because where a

structural agricultural component is included certain costs for joint use

facilities are allocated between agricultural and MI supply If the agricul
tural water supply features were eliminated Plans 2A 3A and 3B would revert

essentially to Plan 1A Plan 3C would become a single purpose M I water
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supply reservoir together with purchase of C BT Project shares and implemen
tation of non structural measures Estimated costs of agricultural yield from
structural measures are 360 ac ft for Plan 3C 480 ac ft for Plan 2A

590 ac ft for Plan 3A and 700 ac ft for Plan 3B

b Selection of Preferred Plan

The Study has identified and evaluated a number of plan elements
which have significant potential to serve the water resources management needs
of the Study Area However of the six alternative plans evaluated none

appears to be clearly optimal or suitable in total for detailed feasibility
studies and eventual implementation since significant uncertainties remain

particularly in regard to the technical and environmental feasibi lity of stor

age sites Engineering and geotechnical investigations including drilling
are needed to further evaluate the major dam and reservoi r si tes to reduce
uncertainties and more thorough analysis is needed of the more promising
non structural measures

7 The Coffintop Geer Canyon and Boulder Creek Proiects

The reconnaissance level work performed in this Study indicates
that development of the Coffintop Project would be more costly for municipal
for water supply purposes than alternative storage projects including reser

voirs at the Little Thompson Smithy Mountain and North Sheep Mountain
sites Major social concerns also exist concerning development of the Coffin

top Project Since feasibi I i ty Ievel work has previously been performed at

this site by others it is concluded that no further study should be made of
the Coffintop Project except if further study of projects at the Little

Thompson Smithy Mountain and North Sheep Mountain sites should all indicate
their respective project costs are significantly higher than the estimated
costs developed in this Study The Geer Canyon Project on Left Hand Creek
would be costly and only I imited potential exists on this stream for develop
ment of new water supplies In addition a large number of residences are

located in close proximity downstream of the dam site which would result in a

social concern The Geer Canyon site was not included in any of the plans
formulated by the Study

Sites on Boulder Creek were reviewed at a reconnaissance level and
it is concluded that because of potential costs and the over appropriated
situation of Boulder Creek water rights that development of a storage project
on Boulder Creek to serve the St Vrain Basin would not be feasible

E Recommendations

Because there does not appear to be one clearly superior plan from

among the six plans formulated and evaluated in the Study none of the plans
in total are recommended for feasibility studies More study of certain plan
elements is considered necessary prior to compiling a definite recommended

plan for which full feasibi I ity studies would then be undertaken Decisions

regarding implementation would be based on results of the feasibility studies
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1 First Priority Investiqations and Studies

The recommended first priority investigations and studies are

focused on determining a specific recommended plan to meet future demands for
M l fi rm water supply in the Study Area and to determine speci fic measures

for increasing irrigation water use efficiency These investigations and
studies are intended to result in a preliminary feasibi lity evaluation and a

specific plan or set of structural and non structural measures The fol lowing
categories of investigations and studies are recommended

a Engineering related to development of addi tional M I fi rm

yield including engineering investigations of reservoir
sit es 0 flit tie Thompson No 2 No rth Sheep Moun ta in Sm i thy
Mountain and enlargement of Ralph Price Reservoir The
feasibi I ity of developing storage at Dowe Flats and of rais
ing Carter Lake as an alternative terminal storage reservoir
for Longmont s Windy Gap Project entitlement would also be
studied as would a number of other related engineering
invest igat ions

b Engineering and analysis of measures to reduce municipal
water demand and to increase irrigation water use efficiency

c Environmental and social impact studies related to effects of
implementing pertinent water resource management measures

d Policy and institutional analyses

e Selection of a preferred major storage
sideration of envi ronmental social
institutional and engineering factors

from con

financial
reservoir

economic

2 Preparation of Implementation Proqram

Following completion of first priority investigations a program
for conducting full feasibility studies should be prepared which will lead to
decisions regarding implementation of a recommended plan for water resources

management Th i s program shou Id i nc I ude act i v i ties such as deta i led schedu l
ing for early action items e g permitting and financing identification of
agencies that wi II be responsible as lead agencies for implementation of
specific plan elements and development of a general financing plan to provide
funding that wi I I carry program implementation into the feasibi I ity EIS and
permitting stages The financing plan would also identify the most likely
funding approaches for engineering design and construction of structural fea
tures and implementation of non structural measures

3 Needed Future Studies

To develop and implement a truly comprehensive water resources

management program a number of additional future studies wi I I be needed Some
of these studies do not have a fixed time frame but others may be required
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during the EIS permitting phase of any major structural element Future
studies may address topics such as a demand study of reservoi r based rec

reation the potential if any of adverse water quality effects or soil

toxicity resulting from use of reclaimed wastewater secondary effluent for

irrigation flood damage reduction studies and evaluation of data on crop
consumptive use of water as related to crop production Information on the
last item would help to define more specifically the amount of irrigation
water that can be economically applied to crops in the Basin

B0349C



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Chapter
Number

II

III

IV

ST VRAIN BASIN RECONNAISSANCE STUDY

TABLE OF CONTENTS

Chapter Title
Page

Number

Letter of Transmittal
Executive Summary
Table of Contents
List of Tables
List of Figures

INTRODUCTION

A Background and Objectives
B Study Team and Management
C Public Information and Involvement Program
D Siting and Study Areas
E Study Process

1 1

1 2
1 2
1 4

1 5

BASIN DESCRIPTION

A Introduction
B Physical Characteristics
C Environmental Resources
D Social Characteristics
E Institutional Setting

11 1

11 1

11 3
11 8
11 9

HYDROLOGY AND WATER RIGHTS

A Introduction
B Surface Water Hydrology
C Groundwater Hydrology
D Trans Basin Imports
E Water Administration and Management
F Water Rights

111 1

111 1

111 3
111 5
111 8
111 10

WATER SUPPLY ENTITIES

A Introduction
B Water Conservancy Districts
C Municipalities
D Water Companies
E Water Districts
F Ditch Companies
G Other Water Suppliers

IV 1

IV 1

IV 2
IV 5
IV 6
IV 7
IV 8



Chapte r

Number

v

VI

VII

VIII

IX

TABLE OF CONTENTS
continued

I

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Chapter Ti tie
Page

Number

WATER AND POWER DEMAND FORECASTS

A Introduction
B Water Demand Forecast
C Power Demand Forecast

V 1

V 1
V 21

OPERATION OF THE ST VRAIN BASIN WATER SUPPLY SYSTEM

A I nt roduct ion VI 1

B Description and Cal ibration of RIBSIM VI 1

C Description and Evaluation of the Existing
Water Supply System VI 9

D Comparison of Existing Supply to Demand VI 10
E Storable Flow Analysis VI 13

PLAN FORMULATION

A Introduction
B Water Resource Management Plan Purposes
C Identification of Plan Elements
D Evaluation of Plan Elements
E Formulation of Preliminary Alternative Plans

VII 1
VII 1

VII 2
VII 5
VI 1 30

EVALUATION OF PRELIMINARY ALTERNATIVE PLANS

A Introduction
B Basis of Evaluation
C Evaluation of Plan 1A

D Evaluation of Plan 1B
E Evaluation of Plan 2A

F Evaluation of Plan 3A
G Evaluation of Plan 3B
H Institutional Considerations

VIII 1

VIII 1
VIII 4

VIII 9
VIII 11

VIII 14

VIII 17

VIII 32

REVISIONS TO ALTERNATIVE PLANS

A Introduction
B Plan Revisions
C Western Lateral from Burch Lake Treatment Plant
D Combined Pipel ine Barbour Ponds Dowe Flats and

Longmont Wastewater SWPC Pits and Foothi I Is
Reservoir

E Enlargement of Ralph Price Reservoir
F Plan 3C

IX 1

IX 1

IX 2

IX 2

IX 3
IX 4



I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

B0349C

Chapter
Number

x

TABLE OF CONTENTS
continued

Chapter Title
Page

Number

CONCLUSIONS AND RECOMMENDATIONS

A Conclusions
B Recommendations

X 1

X 8

APPENDIX A Results of Public Values Assessment
APPENDIX B Glossary
APPENDIX C Abbreviations
APPENDIX D References



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Table
Number

1 1

11 1
11 2

11 3

111 1

IV 1

IV 2

V 1
V 2
V 3
V 4
V 5
V 6
V 7
V 8
V 9
V 10
V 11

V 12
V 13
V 14

V 15
V 16
V 17

VI 1
VI 2

VI 3
VI 4

VI 5
VI 6
VI 7

VII 1

VII 2
VII 3
VII 4

B0349C

LI ST OF TABLES

Title

Study Tasks

Water Quality Data
Boulder County 1970 1980 General Population Housing and

Socioeconomic Characteristics
General Population Housing and Socioeconomic Characteristics

for Selected Communities in the St Vrain Basin

Summary of USGS Streamflow Gages

City of Longmont Summary of Storage Water Rights
City of Longmont Summary of Direct Flow Water Rights

Longmont Population Projection
Study Area Population Projection
Consumptive Use of Irrigation Water

Irrigated Acreage Projection
Potential Agricultural Water Requirements Forecast

Longmont Historical Data
Rural Area Data

Monthly Municipal Water Usage
Water Demand Projection Equations for Longmont
Longmont Water Demand Forecast
Rural Area Water Demand Forecast

Municipal Water Demand in a Drou9ht Year
1983 Industrial Water Demand
Industrial Water Demand Forecast
Total Water Demand Drou9ht Conditions

Projected Loads and Resources Colorado Uti I ities
Estimated Additional Peaking Power Capacity Requirements

Colorado Uti lities

Listing of Water Rights Shown in Figure VI 1 2 pages
RIBSIM Input Water Rights Listin9 2 pages
Average Ten Year Water Balance Model Results 1971 1980

Current Municipal and Industrial Deficit
Current Agricultural Deficit
2020 Municipal and Industrial Deficit

2020 Agricultural Deficit

Alphabetical Listing of Structural Plan Elements

Numerical Listing of Structural Plan Elements

Listing of Non Structural Plan Elements
Selected Storage Element Characteristics



Table
Number

VII 5
VII 6
VII 7

VII 8
VII 9
VII 10
VII 11
VII 12

VII 13

VIII 1

VIII 2
VIII 3
VIII 4

VIII 5
VIII 6
VIII 7
VIII 8
VIII 9
VIII 10
VIII 11

IX 1

X 1

X 2

X 3
X 4

X 5
X 6

B0349C

LI ST OF TABLES
cont i nued

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Title

Selected Diversion and Conveyance Elements
Selected and Non Selected Structural Elements
Potential Structural Plan Elements

Existing Structural Plan Elements
Plan 1A Principal Statistics
Plan 1B Principal Statistics
Plan 2A Principal Statistics
Plan 3A Principal Statistics
Plan 3B Principal Statistics

Summary of Estimated Plan Cost and Yield Data
Plan 1A Cost Estimate Summary
Plan 1A Estimated Annual Cost
Plan 1B Cost Estimate Summary
Plan 1B Estimated Annual Cost
Plan 2A Cost Estimate Summary
Plan 2A Estimated Annual Cost
Plan 3A Cost Estimate Summary
Plan 3A Estimated Annual Cost
Plan 3B Cost Estimate Summary
Plan 3B Estimated Annual Cost

Plan 3C Principal Statistics

Plan 1A Summary of Plan Evaluat on

Plan 1B Summary of Plan Evaluat on

Plan 2A Summary of Plan Evaluat on

Plan 3A Summary of Plan Evaluat on

Plan 3B Summary of Plan Evaluat on

Plan 3C Summary of Plan Evaluat on



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
B0349C

Figure
Number

1 1

11 1

111 1

111 2

111 3
111 4

111 5

V 1

V 2

VI 1

VI 2
VI 3
VI 4

VI 5

VII 1

VII 2
VII 3
VII 4

VII 5
VII 6

IX 1

LI ST OF FIGURES

Ti tie

Siting and Study Area

Water Qual i ty Map

Gaging Station Locations

Straight Line Diagram Major Water Rights St Vrain Creek

Straight Line Diagram Major Water Rights Left Hand Creek

Straight Line Diagram Major Water Rights South St Vrain Creek

Straight Line Diagram Major Water Rights North St Vrain Creek

Frequency Distribution of Consumptive Use of Irrigation Water
General Service Areas Principal Power Suppliers in Colorado

Schematic Diagrams of Water Rights Network Used for Calibration

Disposition of Municipal Headgate Diversions

Disposition of Irrigation Headgate Diversions
Modeled vs Gaged Flow St Vrain Creek at Lyons
Modeled vs Gaged Flow St Vrain Creek at Mouth

Location of Structural Plan Elements
Plan 1A Structural Features
Plan 1B Structural Features
Plan 2A Structural Features
Plan 3A Structural Features
Plan 3B Structural Features

Plan 3C Structural Features



I

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

I

CHAPTER I

INTRODUCTION

A Background and Objectives

The St Vrain Basin Study was originally authorized by the Colorado
Water Resources Power Development Authority CWRPDA in February 1983 This

Study is the fi rst comprehensive Basin wide study undertaken since the State
Legislature created the CWRPDA in 1981

The initial objectives of the Study as established in February
1983 and included in the Plan of Study of October 1983 were 1 to iden
ti fy the needs of the St Vra i n Bas i n for future water resource deve lopment
and 2 to identify and evaluate at a reconnaissance level of detai I the
means avai lable to meet those needs through the development of new water sup
plies and through the improved regulation and distribution of already devel
oped waters including imported waters The Study was initially planned to be
carried out in three major steps

o Step 1 Identification of needs and characteristics of the
St Vrain Basin

o Step 2 Formulation of water resource development alternatives

o Step 3 Reconnaissance level evaluation of candidate alternatives

The identification and evaluation of means to meet the future water
resource needs of the St Vrain Basin were initially limited to structural
alternatives such as new reservoirs and appurtenant facilities and the re
habi I itation expansion or change in use of existing reservoi rs and appurte
nant faci I ities Also St Vrain Basin water development alternatives were to
be limited to consideration of already developed trans mountain water and
development of native flows in the St Vrain Basin inclusive of the Boulder
Creek Watershed Hydroelectric potential both conventional and pumped stor

age was to be evaluated as a possible means of generating revenues from the
sale of power to aid in financing a potential project However partway
through Step 1 as a result of publ ic input it was decided to substantially
alter the scope and approach to the Study by including consideration of non
structural measures in meeting water management objectives Also the change
in scope indicated more emphasis would be placed on evaluation of potential
social and environmental effects of alternative measures designed to meet
water related needs

Step 1 of the Study completed in August 1984 resulted in the
identification of water related needs to the year 2020 and compi lation of
characteristics of the Basin related to water resources management Step 2 of
the Study was initiated in October 1984 with complementary objectives to

Step 1 and a revised Plan of Study was prepared
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Revised objectives for Step 2 were adopted which are To formulate
and evaluate alternative water management plans which meet present and future
demands for agricultural municipal and industrial water suppl ies in the
St Vrain Basin with consideration for other uses of the Basin s water and
associated land resources Step 3 was deleted when Step 2 activities were

redefined and expanded

B Study Team and Management

A Management Committee consisting of representatives from the
Northern Co lorado Water Conservancy Di str i ct the Co lorado Water Conservat i on

Board and the CWRPDA gu i ded the Study An assoc i at i on of two consu I t i ng
engineering firms R W Beck and Associates and Dames Moore was responsi
ble for performing the Study An interdiscipl inary team of special ists was

organized to conduct reconnaissance level engineering economic financial
and envi ronmental studies The Study Team also participated in the Publ ic
Information and Involvement Program Leonard Rice Consulting Water Engineers
Inc participated as a member of the Study Team and was responsible for analy
sis of water rights and hydrology and W B Lord and Associates provided
assistance in the areas of municipal water demand and institutional analyses

C Public Information and Involvement Program

A Publ ic Information and Involvement Program Program was con

ducted as an integral part of the Study The purposes of the program were as

follows 1 to inform the publ ic as to the objectives and progress of the

Study and 2 to provide opportuni ties for publ ic advice to the Management
Committee in the decision making process The Program included preparation
and issuance of newsletters which informed the public of progress and upcoming
Study activities Public meetings were held in the Study Area to provide a

public forum for discussion of the Study s components including issues
evaluation criteria alternatives and analyses of formulated water resources

management plans

The Program was modified during the Study to include the fol lowing
additional activities 1 a series of interviews with community leaders and

2 a public values assessment

A Study Advisory Committee of persons representing local and

regional interests in the Study Area was formed to provide advice to the Man

agement Commi ttee on the content and performance of the Study and also to

serve as I iaison between the general publ ic and the Management Committee
This Advisory Committee comprised of 16 individuals from an equal number of

organizations represents a diverse range of economic social and environmen

tal interests potentially affected by water resource management and develop
ment in the St Vrain Basin The Advisors as of the completion of the Study
are listed below with the name of the organization or interest group each

represents
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o

o

o

o

o

o

o

o

Jim Cinea
Jim Clark
Ron Gosne II
Robert Helmick
Conrad Hopp
Gary Mast

Larry Nelson
Barbara Poquette
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City of Longmont
Colorado Division of Water Resources
Town of Lyons
Boulder County
Boulder County Farm Bureau
Denver Regional Counci I of Governments
U S Bureau of Reclamation
St Vrain and Left Hand Water Conservancy
District
Dam Concerned Citizens Lyons
Colorado Open Space Counci I
League of Women Voters
U S Forest Service
Sierra Club

City of Boulder
St Vrain Agricultural Water Users
Al lenspark Water Users

The Advisors met eight times with the Management Committee and
Study Team in formal sessions through December 1985 al I of which were open to
the general public and news media The Advisors also participated in a publ ic
values assessment which was used to identify needs and goals of the various
interest groups in the Basin In addition they provided comments on draft
task memoranda Study reports and water resource development alternatives

o

o

o

o

o

o

o

o

Dean Readmond

Larry Quinn
Ms Mike Smith

Roger Tarum
David Walder
Robert Wheeler
Les Wi II iams
Jack Zumwinkel

A series of interviews was held in February 1984 with selected
individuals to obtain opinions on issues concerns and needs related to water

resource development in the St Vrain Basin People interviewed included mem

bers of the Advisory Committee elected officials agency personnel and
citizens representing special interests in the Study Area Interviews pro
vided valuable information regarding the focus of the Study issues of concern
to various groups and potential alternative measures for water resource

management and development This information together with information pre
viously gained from Advisory and public meetings was instrumental in focusing
the revision of the Plan of Study for Step 2 The fol lowing paragraphs are a

summary of major issues and comments discussed during the February 1984 inter
views

Needs Clear definition and documentation of water related needs
in the Basin were emphasized as a major concern Some of those interviewed
cited various perceived needs ranging from winter water del ivery to increased
irrigation efficiency Several people expressed concern that Colorado could
lose water rights to other states unless development plans progress quickly

Alternatives A concern voiced in several interviews was the
apparent exclusion of non structural alternatives in the Plan of Study Sug
gestions for non structural alternatives to be considered include Basin wide
management planning innovative conservation programs and reuse of water and

exchange options
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Envi ronmental Concerns Potential adverse and beneficial effects
of water development alternatives were identified as a major issue among area

stakeholders defined as those individuals and organizations having a stake in
the outcome of the Study Speci fically stakeholders were concerned about
the potential impact of water development on recreation water quality and
coldwater fisheries In addition other envi ronmental and social issues dis
cussed were related to safety concerns regarding dams and flood hazards in the
Basin

Economic Concerns A number of economic issues were raised during
the interviews Several people commented that land developers have not had to

bear enough of the economic burden of water development in the past Capital
costs and effects on area water rates were common concerns expressed about

potential project construction At the same time several people remarked
that cost should not be a sole determining factor in selection or elimination
of otherwise attractive alternative measures or plans

In summary the interviews and other elements of the Program were

instrumental in changing the direction and emphasis of the Step 2 studies In

response to conce rns ra i sed in the i nterv i ews regard i ng the I ack of emphas i s

on non structural alternatives the Management Commi ttee di rected that Step 2

studies be modified to include greater emphasis on non structural water

resources management measures

In Step 2 Advisory Commi ttee members completed a formal opinion
questionnaire intended to document the relative importance of water related
issues such as water availability flood control recreation environmental
and social concerns energy production and financial considerations Results
of this survey are included as Appendix A to this report They indicate that
the Committee favored reservoir alternatives located in the foothills or on

the plains rather than those located in high mountain areas The consensus

was that a wel I managed water resources management program is definitely
needed to conserve available water supplies As a result of the questionnaire
and the on going Program a better understanding of regional interests and
values was obtained

D Siting and Study Areas

A Siting Area and a

to commencement of the Study
Area is the larger of the two

Study Area were establ ished by the CWRPDA prior
These areas are shown in Fig 1 1 The Siting

fully encompassing the Study Area

The Study Area is the area to be served by the structural and
non structural measures developed in this Study The Study Area includes the
St Vrain Creek Basin to its confluence with the South Platte River exclusive
of Boulder Creek and an approximate 40 sq mi area of the SI Vrain physical
drainage basin in the vicinity of Firestone Frederick and Dacono Also a

small portion of the City of Boulder in the vicinity of Boulder Reservoir is
included in the Study Area
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The Siting Area is that area in which faci lities such as new reser

voirs may be sited and the rehabilitation expansion or change in use of

existing reservoirs may be accomplished to serve the needs of the Study Area

The physical boundaries of the Siting Area are defined as the area

inclusive of the St Vrain Basin the Little Thompson River Basin and Carter
Lake to the north the Boulder Creek Basin on the south the Continental
Divide on the west and the South Platte River on the east

E Study Process

As previously indicated the St Vrain Study was intended initially
to be a three step process beginning with the Basin description and identi
fication of water related needs in Step 1 the formulation and preliminary
evaluation of alternatives primari Iy structural in Step 2 and a reconnais
sance level evaluation of several selected alternatives in Step 3 Emphasis
was to be placed on identification evaluation and selection of sites for
water resources development primari Iy storage However within three months

following initiation of of Step 1 work it was evident that the Study requi red
a broader analysis to incorporate consideration of a spectrum of water manage
ment purposes and with much greater emphasis on non structural measures and
more thorough evaluation of social and environmental effects of alternative
water resource management plans Therefore the range of identified manage
ment measures was expanded to meet those purposes and subsequent Iy Step 2
activities were redefined and Step 3 of the original Plan of Study was el im
inated

I n conduct i ng Step 1 and Step 2 stud i es spec if i c tasks were com

pleted as defined in the Plan of Study Each of these specific tasks along
with their respective purposes is summarized in Table 1 1 The fol lowing dis
cussion summarizes the scope of the major tasks and results of Step 1 and

Step 2

Step 1 Identification of St Vrain Basin Characteristics and Needs

As indicated in Table 1 1 six speci fic tasks were completed for

Step 1

Step 1 completed in August 1984 includes 1 an inventory of
the physical SOCioeconomiC environmental hydrologic and institutional
characteristics of the Basin 2 water and power demand projections through
the year 2020 and 3 prel iminary identification of the water management pur

poses to be addressed by the Study

Several water management purposes were identified in Step 1 These

range from regulation of trans Basin diversions and irrigation suppl ies to

enhancement of fish and wi Idlife and protection and improvement of water qual
ity and include flood damage reduction hydroelectric power generation and

municipal industrial water supply
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Step 2 of the Study began in October 1984 with the completion of a

revised Plan of Study Revisions were made in recognition of the revised
Study scope which resulted from input from the publ ic and from the Study
Advisors As indicated in Table 1 2 13 specific tasks including the Final
Report were completed for Step 2

The main emphasis of Step 2 was to formulate and evaluate up to six
alternative water resource management plans An important part of plan formu
lation was the need to identify and evaluate plan elements Plan elements are

the bui Iding blocks for the alternatives and include existing structural fea
tures potential structural features and non structural elements also
referred to as measures Evaluations were performed on 98 structural ele
ments and 26 non structural elements to determine which plan elements could to

some degree meet the adopted plan purposes and which would be sui table for
plan formulation A computerized River Basin Simulation Model RIBSIM was
used as a tool in analyzing water yield aspects of performance of the formu
lated plans

Information obtained in the previous tasks of Step 1 and Step 2 was

used in the plan formulation process Study team members with expertise in
the areas of water resource planning hydrology water rights economics
hydraul ic design and envi ronmental and social analyses met in workshop ses

sions to formulate nine preliminary alternative plans representing a range of
potential water resource development for the St Vrain Basin The alternative
plans include combinations of structural and non structural measures for meet

ing the municipal industrial and agricultural water supply needs of the
Basin Five of these plans were selected for evaluation in Task 2 9 A sixth
plan was subsequently formulated by CWRPDA staff fol lowing response from the

publ ic and Advisors to the results of Task 2 9

Both prior to and following evaluation the alternative plans were

presented to the Study Adv i sors Comments f rom the pub Ii c and the Study
Advisors were presented to the Study Management Commi ttee and incorporated
into the Final Report and Summary Report

B0349C
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Table 1 1

St Vrain Basin Reconnaissance Study

STEP 1

Task

1 1 St Vrain Basin Description

1 2 Hydrology and Water Resources
Assessment

1 3 Inventory of Water Entities
and Uses

1 4 Water Demand Forecasts

1 5 Power Demand Forecast and

Preliminary Market Assessments

1 6 Identification of Water

Management Purposes

STEP 2

Task

2 1 Finalize Plan of Study

2 2 Public Involvement and
Information Program

2 3 Review and Final ize Plan

Purposes

2 4 Calibrate River Basin
Simulation Model

2 5 Evaluation of Existing Water

Supply Systems Operation

B0353C

STUDY TASKS

Purpose

Describe the Basin s physical environ
mental social and economic
characteristics

Determine avai lability of water within
the physical and legal constraints of
the Basin

Identify existing water supply entities
and faci I ities in the Basin

Identify the future water demand for
various sectors

Determine Power Demand Forecast and
assess preliminary marketabi lity

Summarization of the results of Step 1

of the St Vrain Basin Study

General Purpose

Prepare Revised Plan of Study

Conduct a PII program including a survey
to obtain information about the relative

importance of water related issues

Translate future dema ds for water

supplies and for other potential plan
purposes into specific objectives

Adapt and calibrate the River Basin
Simulation Model RIBSIM to simulate
the St Vrain Basin Water Supply System

Quantify existing and future water

supply deficits
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STEP 2 continued

Task

2 6 Identification of Plan
Elements

2 7 Evaluation of Plan Elements

2 8 Formulation of Preliminary
Alternative Plans

2 9 Evaluation of Preliminary
Alternative Plans

2 10 Presentation of Preliminary
Alternative Plans

2 11 Evaluation of Final
Alternatives

2 12 Summary Report and Review
of Final Alternatives

2 13 Final Report

B0353C

Table 1 1

continued

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

General Purpose

Identify and list the plan elements to

be considered for evaluation and
formulation of alternative water

resource management plans

Provide a technical evaluation of the
plan elements and selection of those
elements which appeared to be most

suitable for water resource management
plan formulations

Formulate alternative water resource

management plans using combinations of
plan elements

Evaluate the alternative plans
formulated

Present preliminary alternatives and
the evaluation of the preliminary
alternatives to the public

Evaluate revised alternatives resulting
from Task 2 10

Prepare a Summary Report and present
final Study results

Prepare Final Report
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CHAPTER I I

BASIN DESCRIPTION

A Introduction

This chapter presents a general description of the St Vrain Basin
characteristics and conditions The description summarizes the physical
environmental and social characteristics as well as information pertaining to

the governing entities in the St Vrain Basin

B Physical Characteristics

1 Boundaries

The physical boundaries of the Siting and Study Areas are defined
in Chapter I These areas are shown in Fig 1 1

2 Topography

The Siting Area which includes the Study Area can be divided into
three separate topographic provinces These provinces are the Front Range or

the mountainous western portion of the area the Hogback or foothi II ridges
rising up from the plains and the plains area or piedmont composing the
eastern portion of the area Elevations within the Siting Area range from a

high of 14251 feet at Longs Peak in the Front Range province to a low of
4740 feet at the confluence of the St Vrain and South Platte rivers in the
Plains province

3 CI imate

The rapid variance of topography in the St Vrain Basin in conjunc
tion with the Basin s mid latitude location results in localized climatic
extremes The cl imate of the lowest portions of the Basin consisting of the
Plains region is classi fied as semi arid and receives an average of about
13 inches of precipitation per year with the maximum and minimum precipitation
generally occurring during the spring and winter months respectively Mean
annual temperature for the City of Longmont which is representative of the
Plains region is 48 60F The mountainous western area of the St Vrain
Basin can receive over 40 inches of precipitation per year with the majority
of the precipitation coming from fall and winter snow storms Mean annual

temperature for the high mountain areas as represented by AI lenspark EI 8500
is 40 50F

4 Geology

Regional features which are present within the Siting Area boundary
are the Front Range the Denver Basin and the Foothi lis Belt The Front Range
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is a massive flat fault bounded arch approximately 185 mi les long and 25 to
45 mi les wide The main body of the Front Range consists of Precambrian
crystal I ine formations Structural rei ief of the Precambrian surface ranges
from approximately 14000 feet above sea level along the Continental Divide to

approximately 8000 feet below sea level in the adjacent Denver Basin

The Denver Basin is an asymmetrical structural basin Its axis
closely parallels and is located near the Front Range uplift The deepest
portion of the Basin is located near the City of Denver and is estimated to

represent more than 13 000 feet of sediments Along the western edge of the
Denver Basin uplifted paleozoic mesozoic and tertiary sediments are exposed
and are known as the Foothi I Is Belt

5 Water Resources

Sources of water used in the approximate 480 sq mi St Vrain Basin
come from native surface runoff trans Basin diversions and groundwater
These sources are quantified briefly herein however a more detai led discus
sion is presented in Chapter II I

The long term average native vi rgin surface water runoff of the
St Vrain Creek Basin exclusive of the Boulder Creek drainage is estimated to
be 117 600 ac ft per year U S COE 1977 This native surface water runoff
of the St Vrain Creek is estimated from the combined flow records of gaging
stations located on St Vrain Creek near Lyons and Left Hand Creek near

Boulder Surface water runoff from areas below these gaging stations is not
included in these estimates but runoff from the lower basin represents a
small volume on a long term average basis

Native surface water runoff during the 1953 to 1956 4 year drought
period averaged 75 800 ac ft per year or approximately 64 of the long term

average The largest peak discharge of record on St Vrain Creek at Lyons
prior to 1980 was 10 500 cfs on June 22 1941 U S COE 1977

Another source of water to the Basin comes from trans Basin diver
sions The Colorado Big Thompson C BT Project is a trans Basin diversion
project constructed by the Bureau of Reclamation in the 1940 s and 1950 s and
operated except for power generation features by the Northern Colorado Water

Conservancy District At the time the Study began it was the only trans
Basin diversion conveying water to the Study Area however the new Windy Gap
Project wi II deliver western slope water beginning in 1985 by use of the C BT
del ivery system Water users wi thin the St Vrain Basin di vert from the C BT
system an average of approximately 31 000 ac ft per year wi th approximately
13 500 and 17 500 ac ft going to municipal and agricultural uses respective
ly Since the C BT system is a supplemental water supply system del iveries
from the system are generally inversely proportional to native flow in the
St Vrain Basin i e the highest del iveries of C BT system water to the Basin
occur in drought years
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Groundwater is also a source of supply for municipal industrial
domestic stock and agricultural use in the Basin The primary aquifer in the
Basin is in the val ley alluvium of St Vrain Creek and its plains area tribu
taries The alluvium is recharged by precipitation applied irrigation water
and leakage from canals and reservoirs It is estimated that approximately
9 000 ac ft per year may be used for irrigated agriculture in the Study Area
and that lesser amounts of groundwater are used for rural residential and
other uses

C Environmental Resources

1 Terrestrial Biology

The St Vrain Basin encompasses a diverse array of vegetation types
due to the wide range in elevat ion and corresponding changes in life zones

The Siting Area is divided into three regional zones each zone characterized

by generally similar sensitivities of the environmental resources The three
life zones identified are the mountain zone elevations above 7000 feet the
foothi lis zone elevations between 5500 and 7000 feet and the plains zone

elevations below 5500 feet

The mountain zone contains vegetation and wi Idlife habitat that is
interrelated wi th the high scenic and recreational land use values Vegeta
tion in the mountain zone consists primari Iy of Douglas fir lodgepole pine
and aspen mountain forests Riparian vegetation is usually characterized by
wi IIow and alder stands Elk and mule deer important wi Idl i fe species use

higher elevations of the mountain habitat during the summer

The foothi lis zone is a transitional area between the mountain and

plain zones Vegetation in this zone becomes dominated by ponderosa pine in
association with aspen and Douglas fir Riparian vegetation consists primari
ly of willow and alder Essentially the same wildlife species utilize the
foothi lis zone as the mountain zone Seasonal use by game species is impor
tant in this zone

Much of the plains zone was originally represented by plains grass
land with occasional sagebrush and mixed prairie species and now is mostly
converted to agricultural production Blue gramma weed grasses and other
mid to tall grasses dominate the native rangelands Dense riparian vegeta
tion dominated by cottonwoods grows along water courses and around some of the
numerous lakes and reservoi rs Wi Idl i fe associated wi th this zone includes

coyote fox mule deer whitetai I deer and numerous species of bi rds and
smal I mammals Plant communities and open water provide suitable habitat for

migratory waterfowl shorebi rds and raptors including the peregrine falcon
and bald eagle

No plant species I isted as threatened or endangered by the Federal

government or the State of Colorado are known to occur within the St Vrain
Basin U S Fish and Wildlife Service 1983 However butterfly weed is a
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candidate species for listing by the Federal government and has the potential
to occur in the St Vrain Basin Several other plant species of special con

cern to the state have the potential to occur in the Study Area These
include Bell s twinpod and a little bluestem community A total of 24 sites
of critical plant associations and nine sites of rare plants are identified in
Boulder County in the Comprehensive Plan Boulder County 1984 Wildlife

species that are I isted as threatened or endangered species by the Federal

government that have the potential to occur in the St Vrain Basin include the

peregrine falcon and the American bald eagle Peregrine falcon habitat exists

alon9 Boulder Creek from the middle north fork confluence downstream to the
confluence of south Boulder Creek Thirty seven separate areas are identified
as critical wi Idlife habitat in Boulder County in the Boulder County Compre
hensive Plan Boulder County 1983

Aquatic habitats in the mountain zone include streams alpine
lakes and a limited number of reservoir so Habitats generally may be charact
erized by cold temperatures low productivi ty and low suspended and dissolved
solids levels In addition streams have high gradients variable flows and
limited substrate variabi lity Aquatic fauna consist mainly of trout species
and invertebrates at low population densities

The foothi I Is zone aquatic ecosystems consist mainly of streams and
a few reservoi rs Both streams and reservoi rs in this zone generally would
have habitat characteristics simi lar in some respects to mountain zone

resources except the temperatures productivity and solids levels would be

slightly higher Stream flow would be less variable gradients would be lower
and substrates more diverse than streams at higher elevations The aquatic
biota of the foothi lis zone would be expected to be dominated by cold water

trout species The fishery and invertebrate communities would be more diverse
and populations would be more dense than mountain zone communities

Warm water reservoirs and streams provide most of the aquatic habi
tat in the plains zone These communities generally may be characterized by
seasonal temperature variation high productivity and high suspended and dis
solved sol ids Streams are typically low gradient streams with I imited sub
strates and variable flows as a result of irrigation Aquatic biota consist
of a variety of warm water fishes dominated by the minnow species and many
invertebrates adapted to sand and si It substrates

Sport fisheries in the Siting Area are variable The best sport
fishing would typically be in the lakes and streams of the foothi I Is zone and
lower elevations of the mountain zone The poorest sport fisheries exist in
the lower portions of the various streams in the plains zone The sport fish
eries of the Little Thompson River Left Hand Creek and Four Mi Ie Creek gener
ally are considered of lower quality than those of St Vrain and Boulder
Creeks
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Two aquatic species of special interest occur in the area A popu
lation of greenback cutthroat trout a Federally endangered species is known
to occur in Como Creek a tributary to North Boulder Creek The johnny
darter which occurs in the foothi lis zone of St Vrain Creek is currently
I isted as a threatened species in Colorado by the Colorado Division of Wi Id
life

3 Water Quality

Water quality in the St Vrain Creek Basin is highly variable The
headwaters and upstream reaches have good to excellent water quality while
there is significant deterioration in several water qual ity parameters down
stream from Lyons The upper reach above the town of Lyons is characterized

by generally good water quality with low water temperature high dissolved

oxygen and rocky and gravel bottoms This upper segment of the Basin general
ly maintains sustained flows

A 1983 study of St Vrain Creek indicated that the water quality of

the stream at Lyons is good and meets the state stream standards of a Class I
cold water fishery Water qual ity below Lyons to Hygiene Road also appears to

be capable of supporting a Class I cold water fishery however periods of low
stream flow during the winter months appear to be the limiting factor in sus

taining a fishery DRCOG 1983c

The St Vrain streambed through the Lyons and Longmont reaches is
si Ited as a result of increased development along stream banks and the resul
tant increases in storm runoff Agricultural withdrawals below Lyons have
reduced flows considerably from those of the past Water qual ity downstream
of Longmont is generally poor due to agricultural return flows

Non point sources deliver significant quantities of pollutants to

the St Vrain Basin waterways however few data are avai lable for quantifying
the relative contribution of non point to point source pollution The data
indicate that loadin9 from non point sources for total dissolved sol ids fecal
coliforms fecal streptococci and nitrates outweigh loadings from point
sources Ammonia and phosphate contributions from point sources exceed those
from non point sources Significant loadings of organic materials BOD occur

from both point and non point sources It is believed that agricultural irri

gation return flows are the primary cause of the high total dissolved solids
contributions from non point sources The high levels of microorganisms
del ivered to St Vrain streams are bel ieved to be a resul t of stormwater

runoff DRCOG 1981

Water qual ity data from the EPA STORET retrieval system were analy
zed for five sampling stations in the upper and lower basins Data summaries

are shown in Table 11 1 Measured pH levels increase as the St Vrain Creek

flows from the high mountain sources through the foothi lis down through the

plains to Weld County The increase in pH provides evidence of dissolved salt

loading which buffers the water at higher pH levels This is supported by
data which show significant increases in conductivity from 28 to 1 300 mg l as
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the stream flows from the high mountains downstream through the foothi lis to

the plains

Three main point wastewater discharges are located in the Basin
These are effluents from the municipal treatment plants for the City of Long
mont the Town of Lyons and the Niwot Sanitation District The City of
Longmont Wastewater Treatment Plant discharges to St Vrain Creek just below
the confluence with Left Hand Creek The plant currently operates at about
80 capacity with an average dai Iy flow of 6 5 mgd It is anticipated that
the plant wi I I be expanded to approximately 14 mgd by the year 2020 Ammonia
concentrations are a concern during low flow periods in the winter months and
are currently restricted in the Longmont National Pollutant Discharge Elimina
tion System Permit

The Town of Lyons Wastewater Treatment Plant discharges to St Vrain
Creek just below the confluence of North and South St Vrain creeks
The plant current Iy operates at 29 capaci ty wi th an average dai Iy f low of
0 085 mgd with no expansion anticipated at this time

The Niwot Sanitation District s Wastewater Treatment Plant dis

charges into a tributary of St Vrain Creek at a point about 4 mi les northeast
of Boulder Reservoir The plant currently operates at 40 of capacity with no

expansion anticipated at this time

In addition minor wastewater discharges include a few mine dis

charges and the Jamestown wastewater treatment faci I ity into Left Hand Creek

Currently there are no land treatment systems and or water rights exchanges
using treated wastewater in the Study Area Mugler 1984 personal corrmunica
tion

Current water qual i ty planning efforts in the St Vrain Basin are

being undertaken by a task force comprised of state and local governmental
interests including the Denver Regional Counci I of Governments the Larimerl

Weld Counties Council of Governments the City of Longmont Boulder and Weld
Counties Colorado Division of Wildlife EPA Region VIII the Colorado Divi
sion of Water Qual ity and the St Vrain and Left Hand Conservancy District
The task force is investigating whether current stream standards are being
met whether stream standards are proper or should be changed extent of water

quality problems and possible solutions etc In addition water quality
planning studies on St Vrain Creek are present Iy being conducted by the Ci ty
of Longmont and the EPA

4 Stream Classification

Water quality classifications of the State of Colorado are based

primari Iy on the uses for which a stream is presently suitable or intended to

become suitable These classifications include recreation Classes 1 and 2

agriculture aquatic life Classes 1 and 2 warm and cold water domestic
water supply and existing high qual ity waters Classes 1 and 2 Class 1

designations indicate a higher qual ity within particular usage category than
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does Class 2 Figure 11 1 shows the stream classifications of various streams

within the Study Area

5 Recreation and Aesthetics

The St Vrain Basin offers a variety of recreational resources that
are characteristic of the Front Range Region Recreation opportunities and
activities vary with location within the Basin A portion of Rocky Mountain
National Park occupies about 40 sq mi in the northwest corner of the Basin

together wi th the out lying Twin Sisters Area Numerous trai Is in the park
provide scenic views with typical activities including hiking picnicking
camping and nature interpretation

South of the Nat ional Park I ies the Indian Peaks Wi Iderness Area
administered by the U S Forest Service This also contains spectacular high
country scenery but is more remote from motorized access The Indian Peaks
Wi Iderness Area is the most heavi Iy used wi Iderness area in the Rocky Mountain

region Tyler 1984 personal communication

Most of the western half of the Basin is within the Roosevelt
National Forest which is managed by the U S Forest Service for multiple use

The mountainous forested terrain offers significant scenic enjoyment wi Id
life fishing and hunting opportunities Also the upper reaches of the
north middle and south branches of S1 Vrain Creek are classi fied as impor
tant fishing streams

Some scattered blocks of private land within the Front Range moun

tains support individual and organized recreation activities In the area

from the hogback eastward most land is privately owned Most users are local

although the National Park attracts out of state visitors The majority of
recreational use occurs in the summer There are significant winter activ
i ties such as cross coun try sk i i ng and snowmobil i ng and big and sma I I game
hunting in the fal I

The aesthetic quality of the western mountainous area of the Basin
is characterized by spectacular alpine features rugged terrain and commanding
views of the surrounding country Seasonal changes are marked with some snow

and ice visible all year and alpine flowers providing colorful ephemeral
displays in summer Distinctive rock features waterfalls and vegetation
patterns near tree line occur with rare man made modifications to the land

scape Below tree I ine the landscape becomes heavi Iy forested wi th rugged
mountains dissected by deep steep sided valleys The transition from for

ested mountains to open plains is marked by the Hogback ridges which form

distinctive topographic landmarks

The area is seen and experienced largely by local residents at

lower elevations those driving the highways and by recreational users U S

Highway 36 Boulder to Estes Park and State Highway 7 Lyons to Estes Park

are designated scenic highways by the State of Colorado
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D Social Characteristics

The Study Area encompasses approximately 320 000 acres 500 sq mi
of which approximately 82 is in Boulder County 16 is in Weld County and 2

is in Larimer County The upper portion of the Basin west of Lyons includes

approximately 190 000 acres which is primari Iy national forest lands and

undeveloped private lands A few small communities Lyons Allenspark Ward
and Jamestown are present with scattered subdivisions that are presently
under development Rocky Mountain National Park and the Twin Sisters Area

occupy about 40 sq mi in the northwest corner of the Basin The City of Long
mont and scattered subdivision developments in the lower basin east of Lyons
comprise the largest percentage of urban development in the Study Area

Cropland is the dominant land use in the lower basin with irrigated
lands predominating over non irrigated croplands In 1980 approximately
71 000 acres of cropland in the Study Area were irrigated It is estimated
that an additional 10 000 acres would be prime irrigated land if water were

suppl ied SCS 1979

Regional land use pol icies of the count ies are guided by county
plans wh i ch cons i s t 0 f b road based I and use goa Is po I i c i es and p roposa I s

intended to guide future development The Boulder County Comprehensive Plan
is the most detai led plan of the three counties in the Study Area Boulder
Larimer and Weld A significant component of the Boulder County Comprehen
sive Plan is the identification of natural and cultural factors which interact
with various land use factors Future water resource projects wi II be re

viewed wi th regard to thei r consistency wi th the county plans of the various
counties in which the projects are sited

2 Socioeconomics

Boulder County makes up 82 of the Study Area and 64 of the Siting
Area The principal towns and cities of the county are experiencing consider
able economic and population growth This has been partially a result of the
scientific research at the University of Colorado and at federal establish
ments in and near Boulder Elsewhere the development of manufacturing plants
has had significant influence on the local economy Tourism likewise has
played an important part in developing and stimulating the economy of the
area Table 11 2 shows selected socioeconomic data for 1970 and 1980 for
Boulder County The population of Boulder County in 1980 was 189 625 an

increase of approximately 44 from the 1970 census

The Study Area population in 1980 is estimated at 63 000 people
Of these approximately 43 000 people I ive in Longmont Three thousand live
in the upper basin west of Lyons inclusive of the 223 and 129 people who
reside in Jamestown and Ward respectively DRCOG 1983a 1983b General

popu lat ion hous i ng and soc i oeconomi c character i st i cs for the four largest
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communities in the S1 Vrain Basin are presented in Table 11 3 Seventeen
thousand people live in the rural portion of the lower basin inclusive of the
1 037 people who reside in Lyons The three largest employment sectors for

Longmont and Lyons were manufacturing services and retai I

E Institutional Setting

There are a number of institutions and agencies which may to a

greater or lesser extent be involved in the planning management or develop
ment of water resources in the S1 Vrain Basin They include cities and
towns water supply companies special districts counties regional planning
agencies state agencies and federal agencies

Municipalities in the Study Area include the City of Longmont and
the towns of Jamestown Lyons Mead and Ward Each of these municipal ities is
a water supplier for its respective urban area

Two water supply companies and several ditch companies supply water

to rural areas in the Basin The Left Hand Water Supply Company and the Longs
Peak Water Association provide domestic water to rural residential customers

in the eastern portion of the Study Area Di tch companies provide water to

al I types of users However agriculture comprises the largest percentage of
ditch company uses Some ditch companies are privately owned many however
are mutual companies in which the water users are share holders and the com

pany operates under the guidance of a board of directors

Special districts in the area include water districts water and
sanitation districts and water conservancy districts The Little Thompson
Water District provides water service to the rural residential area near Mead
in the eastern end of the Basin Other special districts in the Study Area
are the AI lenspark Water and Sanitation District the Fairways Water and Sani
tation District the Left Hand Water and Sanitation District and the Olde

Stage Water District

Water conservancy districts are quasi municipal corporations wi th

the power to levy special assessments and tax property within the district for
the purpose of financing water projects There are three conservancy dis
tricts which encompass all or portions of the Study Area They are the North
ern Colorado Water Conservancy District NCWCD the Municipal Subdistrict of
NCWCD and the S1 Vrain Left Hand Water Conservancy District SV LHWCD
The total area in the Northern Colorado Water Conservancy District is almost
one and a half mi I I ion acres and includes portions of Boulder Larimer Logan
Morgan Sedgewick Washington and Weld counties in Colorado The NCWCD sup
plies water from the faci lities of the C BT Project for agricultural munici

pal and industrial purposes

The SV LHWCD was organ i zed in 1971 to promote cooperat i on between
municipal and agricultural water users in the St Vrain Basin District
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boundaries approximate those of the Study Area It does not currently supply
water or own or operate faci lities

The Study Area includes jurisdictions of two regional planning
agencies the Denver Regional Counci I of Governments and the Larimer Weld
Counci I of Governments The regional planning agencies assist local govern
ments by coordinating regional planning activities and by reviewing proposed
development for conformance with adopted regional plans

Four state agencies have a major role in water resources activities
in Colorado The Colorado Water Conservation Board and the CWRPDA are respon
sible for water planning and development activities in Colorado The Division
of Water Resources State Engineer s Office has the responsibi lity for
administering water rights and water diversions in Colorado The Department
of Health Water Quality Control Division is responsible for water quality
planning and enforcement activities in Colorado

Other resource management agencies which are directly or indirectly
concerned with water management in the Study Area include the U S Army Corps
of Engineers the U S Bureau of Reclamation the U S Environmental Protec
tion Agency the U S Department of Energy the U S Forest Service the U S
Soi I Conservation Service the Colorado Division of Wi Idl i fe the Colorado
Division of Parks and Outdoor Recreation and the Colorado Department of High
ways
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I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I



Table II I
cn

St Vrain Basin Reconnaissance Study

WATER QUALITY DATA

UDDp r Basin Lower Basin

South St North St St Vrain Longmont St Vrain St Vrain

Vrai n Creek Vrai n Creek Creek at STP Creek Below Creek Near

Parametpr Units Ahovp Lvons at Lonamont Dam Lvons Effluent Lonamont Mouth

DO MG L 9 6 9 5 9 6 3 6 9 6 9 5

PH STANDARD 7 4 7 3 7 4 7 3 8 1 7 9

TALK MG L 218 10 0 19 7 214 9 212 2

NO N03 MG L 0 13 0 07 0 26 0 17 2 4 3 13

NH3 NH4 MG L 0 08 19 00 2 0 1 18

T Hardness MG L 23 2 10 9 24 0 545 5 512 8

Calcium MG L 6 8 3 3 7 1 101 6 249 6

Magnesium MG L 1 5 0 7 1 6 70 9 63 7

Sodium MG L 3 1 1 9 3 4 98 7 107 4

Potassium MG L 0 6 0 4 0 6 5 2 5 2

Chloride MG L 1 1 0 7 1 4 17 2 29 5

Sulfate MG L 5 7 4 1 7 7 505 5 488 9

fluoride MG L 0 2 0 14 0 2 1 1 1 0

Arsenic UG L 1 0 4 5 1 2 1 0

Barium UG L 200 0 200 0

Berylium UG L 200 0 0 3 16 8 25 0

Cadmium UG L 3 0 0 0 5 0 0 2 0 2

Copper UG L 2 0 1 5 5 2 12 1 12 3

Iron UG L 513 120 0 1 274 3 1 014 5

Lead UGIL 6 0 10 30 0 6 9 5 4

Manganese UG L 10 1 8 8 75 5 127 6

Zinc UG L 20 0 10 0 16 0 32 6

Selenium UGIL 1 0 10 40 0 2 5 2 5

Mercury UG L 0 5 0 5 8 0 0 4 0 4

Fecal
Coli form 100 m1 0 0 40 5 540 000 2 288 8 908

TDS MG L 40 3 23 1 41 0 965 3 984 9

Conductivity MICROHMS 60 9 27 9 70 0 964 2 1 331 1 1 281 0

1 Blanks indicate no data available
2 Data represents average values generally representing mid to late 197015

conditions

SOURCE EPA Storet System Denver Colorado

80353C
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Table 11 2

St Vrain Basin Reconnaissance Study

BOULDER COUNTY

1970 1980 GENERAL POPULATION HOUSING
AND SOCIOECONOMIC CHARACTERISTICS

1970 1980 Percent Change

Popu I at ion 131 889

Total Housing Units 44 307

189 625

74 638

8 331

68 964

7 6

2 63

2 6

13 5

1 2

43 8

Persons in Group Quarters 7 643

68 5

9 0

Total Households 40 870

Vacancy Rate 7 8

Average Household Size no persons 3 04

Median Household Income 20 007
In 1980 Dollars

68 7

19 774

Per Capital Income 6 972
in 1980 Dollars

8 608 23 5

Civi lian Unemployment Rate 4 37 4 23

Employment by Industry
Classification

A9riculture and Mining
Construction
Manu factu ring
Transportation Communication
Wholesale Trade
Retai I Trade
Fin Ins and Real Estate
Services
Public Administration

1 317
2 923

11 025
2 669
1 242

8 254
2 159

19 807
3 076

12 8Median Education years

2 644
6 595

21 653
5 136
4 080

16 503
5 351

32 250
4 950

14 2

100 8

125 6
96 4
92 4

228 5
99 9

146 7
62 8
60 9

1 The Civi lian Unemployment Rate was 4 9 in September 1983 after peaking
at 7 7 in January of 1983

SOURCE Denver Regional Counci I of Governments 1983a Regional Data
Series Profi les of 1970 1980 Socio Economic Change by County and
Census Tract

B0353C



Table II 3

St Vrain Reconnaissance StudyCO
0

GENERAL POPULATION HOUSING AND SOCIOECONOMIC CHARACTERISTICSU1
FOR SELECTED COMMUNITIES IN THE ST VRAIN 8ASIN

Lonamont Lvons Jam stown Ward

Change
1980 1970 No 1980 1980 1980

Total Persons 42 942 25 012 17 930 717 1 137 223 129
Median Age 28 27 1 3 7 29 29 30

Persons in Households 42 621 24 777 17 844 72 0 1 130 223 129
Persons in Group Quarters 321 235 86 36 6 7 0 0
Total Households 15 483 8 062 7 421 92 0 454 92 68

Average Household Size 2 8 3 1 2 5 2 4 1 9
Owner Occupied Housing Units 9 983 5 383 4 600 85 5 300 60 40
Renter Occupied Housing Units 5 500 2 679 2 821 105 3 154 32 28
Median Value of Owner Occupied

Units 66 500 53 001 13 499 25 5 59 400 62 200 29 800
Median Monthly Rent 248 176 72 40 9 193 269 153
Median Household Income 19 638 18 940 698 3 7 15 312 17 500 6 458

Per Capita Income 7 686 6 048 1 638 27 1 6 621 7 500 4 803
Civilian Labor Force 21 664 10 012 11 652 116 4 568 141 80
Civilian Unemployment Rate 4 57 4 86 6 16 2 12 21 12

Industry
1

Agriculture and Mining 496 313 183 58 5 7 6 13
Construction 1 812 790 1 022 129 4 92 17 5
Manufacturi ng 5 907 2 908 2 999 103 1 125 39 11
Transportation Communication 1 253 494 759 153 6 15 4 2
Wholesale Trade 925 253 672 265 6 19 5 2
Retail Trade 3 502 1 472 2 030 137 9 132 16 3
Fin Ins and Real Estate 900 344 556 161 6 18 3 3
Services 4 864 2 328 2 536 108 9 99 38 24
Public Administration 1 015 627 388 61 9 26 10 0

Occupat i on
1 20 674 9 525 11 149 117 0 533 138 63

Managerial Professional
Technical Sales and Admin 11 145 4 704 6 441 136 9 211 93 19

Service Occupations 2 225 3 418 1 193 34 9 97 8 12
Farmi ng Forestry and Fishing 261 178 83 46 6 6 2 0
Preci s Prod Craft Repair
Operators fabricators Labor 7 043 1 229 5 814 473 1 219 35 32

Median Education 2 12 7 12 4 0 3 2 4 12 6 14 7 15 8

1 Industry and occupation classifications of employed persons 16 years old and over by res i dence
2 Median education expressed as years of school completed

SOURCE Denver Regional Council of Governments 1983b Regional Data Series Changes in Local Demographics
1970 1980 for Places in the Denver Metropolitan Area I

B0353C
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CHAPTER II I

HYDROLOGY AND WATER RIGHTS

A Introduction

This chapter describes the surface and groundwater hydrology of the
St Vrain Basin Also included is a description of trans Basin imports to the
St Vrain Basin a discussion of water administration and management and a

summary of water rights in the Basin

B Surface Water Hydrology

1 General

St Vrain Creek has a total
fluence with the South Platte River

drainage area is from Boulder Creek
which has a drainage area of 496 sq mi

The St Vrain Basin is typical of South Platte River tributaries in
Colorado The Basin has an eastern aspect wi th elevat ions ranging from

approximately 4700 feet at the South Platte River to above 13000 feet along
the Continental Divide Precipitation generally increases with elevation
snowfall is the main source of runoff to the St Vrain Basin The St Vrain
Basin annually contributes a net 156 000 ac ft on the average to the South
Platte River This volume is the gaged f low at the mouth and includes the
effect of trans Basin imports and depletions caused by irrigated agriculture
and municipal and industrial water uses Trans Basin imports are discussed
later in this chapter and water uses are discussed in Chapter IV

drainage area of 976 sq mi at its con

A significant portion of the total
a major tributary to St Vrain Creek

The main tributaries of St Vrain Creek wi thin the Study Area are

the North South and Middle St Vrain creeks and Left Hand Creek Locations
of U S Geological Survey USGS stream gaging stations are shown in Fig 111 1

and they are described in the fol lowing paragraphs Data from those stations

are shown in Table 111 1

2 North St Vrain Creek

North St Vrain Creek which rises in the high mountains west of

Allenspark has a drainage area of 127 sq mi ranging in elevation from

5300 feet at Lyons to 14250 feet at Longs Peak USGS Stream Gaging Stat ion

7220 located 4 mi les west of Lyons operated from 1926 to 1953 In addition

to depletions resulting from irrigation of a reported 300 acres above the

gage flows reported in Table 111 1 at this gage were partly regulated by
several small reservoirs



3 South St Vrain Creek
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111 2

Button Rock Dam which creates Ralph Price Reservoi r is located on

North St Vrain Creek about 8 mi les upstream of Lyons This reservoir has an
act ive storage capaci ty of 15750 ac ft and is the largest reservoi r in the
Study Area Button Rock Dam was completed in 1969 and has a height of
210 feet The dam was constructed by the Ci ty of Longmont to supplement its
municipal water supply as described in Chapter IV

South St Vrain Creek has a drainage area of 85 sq mi including
Middle St Vrain Creek above its confluence with North St Vrain Creek at

Lyons Elevations in this subbasin range from approximately 5300 feet at

Lyons to 13223 feet at Mt Audubon near the Continental Divide Middle
St Vrain Creek has a drainage area of 31 sq mi and joins South St Vrain
Creek at an elevation of 7040 feet about 9 mi les upstream of Lyons

Formerly there were two USGS stream gaging stations on South
St Vrain Creek Station 7225 with a period of record from 1925 through
1927 1929 through 1931 and 1955 through 1973 was located at about elevation
9400 feet above the Left Hand Ditch Company diversion dam Station 7234
with a period of record from 1976 through 1980 was located above Lyons

4 Left Hand Creek

Left Hand Creek with a drainage area of approximately 72 sq mi
has its source about 3 mi les southwest of the Town of Ward Elevations in

this subbasin range from 4940 feet at the conf luence wi th St Vrain Creek
near Longmont to over 11400 feet at Niwot Mountain Left Hand Creek flows
are enhanced by importation of South St Vrain Creek water by the Left Hand
Ditch Company at a diversion point above the Town of Jamestown An estimated
annual importation of approximately 12 000 ac ft from South St Vrain Creek is
included in the reported average annual Left Hand Creek discharge of
28 840 ac ft shown in Table I I 1 1

Previous Iy there have been two USGS stream gaging stat ions located
on Left Hand Creek Station 7245 with a drainage area of 52 sq mi was
located above the Left Hand Ditch Company ditch headgates It operated off
and on from 1930 through 1980 when it was discontinued by the USGS

Gaging Station 7250 located at the mouth of Left Hand Creek was
in operation from 1928 through 1942 and from 1954 through 1955 when it was
discontinued by the USGS At that time it was reported that approximately
12 000 acres of land above this station were irrigated indicating that gaged
flows are greatly affected by diversions and storage for irrigation

5 Lower St Vrain Creek

St Vrain Creek between Lyon and the mouth excluding Left Hand
Creek has a drainage area of 201 sq mi The water yield of this drainage
area is rather low in comparison to the mountain drainage basins as average
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annual precipitation decreases from approximately 16 to 30 inches in the moun

tains to 12 to 16 inches in the plains

Creek
tat ions
and are

There are four USGS stream gag i ng s tations a long lower St V ra i n

All gages in this reach are affected by upstream diversions and impor
for irrigation Gaged flows are substantially regulated by reservoirs
affected by trans Basin imports

Gaging Station 7240 St Vrain Creek at Lyons is located just
downstream of the confluence of North and South St Vrain creeks where the

drainage area is 212 sq mi There are several ditch diversions above the

gage but the St Vrain Supply Canal which imports Colorado Big Thompson
Project water into the St Vrain Basin is located just downstream There
fore this gage is a useful reference point for inflows to the plains portion
of the Basin Based on an 1895 to 1981 continuous period of record the aver

age annual gaged discharge at Station 7240 is 92 470 ac ft Calculation of

virgin flows for the period 1951 to 1980 results in an estimated average
annual discharge of 116 000 ac ft Note that the 1951 to 1980 period contains
the 3 years of least runoff during the enti re period of record These are

1956 1966 and 1977 in order of decreasing gaged flow

Gaging Station 7251 St Vrain Creek near Longmont with 370 sq mi
of drainage area was in place from 1965 through 1968 while Station 7254 5
St Vrain Creek below Longmont reflecting a drainage area of 424 sq mi has
data from 1977 to 1981

Gaging Station 7310 St Vrain Creek at mouth confluence with the
South Platte River drains 976 sq mi including Boulder Creek During the
1928 to 1981 period of record the minimum and maximum recorded flows are

12 cfs and 11 300 cfs respectively The average annual discharge which is

greatly affected by diversions and storage as well as trans Basin imports is

approximately 150 000 ac ft

C Groundwater Hydrology

1 Geology and Hydrology of the Study Area

The St Vrain Basin is geologically diverse but may be classi fied
into three distinct hydrogeologic terrains which are generally coincident
with the three topographic provinces described in Chapter II 1 the Pre
cambrian igneous and metamorphic mountains west of the hogback ridges
mountains 2 the upturned sedimentary strata exposed as hogback ridges

immediately east of the mountains foothi lis and 3 unconsol idated allu
vial eol ian and glacial deposits which overl ie sedimentary rocks in most of
the area east of the hogback and limited areas in the mountains plains

The

permeabi I i ty
water suppl ies

mountainous portion of the St Vrain Basin is underlain by low

igneous and metamorphic rocks which yield limited domestic
at best The plains portion of the Basin is underlain by 8 000
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to 10 000 feet of Cretaceous shales This shale is an effective aquiclude
which prevents recharge to underlying Paleozoic and Mesozoic sandstones The
great thickness of the shale economically precludes dri I ling through it even
in areas where the underlying sandstones are good aquifers

The Paleozoic and Mesozoic Formations which underl ie the Creta
ceous shales crop out along the north south trending hogback which flank the
mountain front on the east The hogback serves as a recharge area for these
formations The Pennsylvanian Permian Fountain Formation the Permian Lyons
Formation and the Cretaceous Dakota Group all consist of relatively thick
sandstone sections Domestic and small commercial water supplies are obtained
from the sandstones locally However because these formations are so steeply
dipping in the potential recharge zone along the hogback the area exposed for
recharge is very limited and hence these sandstone aquifers will not sustain
large yields to wel Is

Unconsol idated glacial alluvial sheetwash and eol ian deposi ts
overl ie the bedrock over much of the Basin Glacial deposi ts are restricted
to the upper parts of drainages and are not high yield aquifers due to their
relative thinness generally less than 50 feet and the abundance of fine
grained material which effectively lowers the permeability Sheetwash and
eolian deposits are also thin and permeability is low due to their fine
grained texture Yields from glacial sheetwash and eolian deposits are

generally limited to domestic supplies

Alluvial deposits are probably the best aquifers within the Basin
consisting of floodplain and terrace deposits These deposits consist pri
mari Iy of boulders gravel and sand with minor amounts of si It and clay
Alluvial floodplain deposits occur adjacent to streams within their flood

plains Where thick enough these deposits wi I I yield moderate to large quan
tities of water to wel Is Yields in excess of 200 gpm have been reported from
floodplain gravels in the St Vrain Basin Well yields from floodplain
deposits are easi Iy sustained because they are hydraulically connected to the
stream Terrace deposits generally occur on elevated terraces and are most

often above the water table This means that terrace deposi ts are generally
not saturated as they are easi Iy drained Where saturated terrace deposi ts

wi II yield moderate amounts of water

3 Present Groundwater Development

As of 1983 there are approximately 1 800 wells located wi thin the
St Vrain Basin Domestic and stock wells make up 94 of this total Maximum
potential annual withdrawal from the wells is about 37 000 ac ft based on

reported well yields Actual annual withdrawal is probably less than
one quarter of that or about 9 000 ac ft Domest ic and stock wells account
for about 63 of the total capacity There are 28 irrigation wells on record
at the State Engineer s Office with an average reported yield of about
380 gpm
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4 Potential for Groundwater Development

Development of large scale groundwater supplies from aquifers with
in the St Vrain Basin has very I imi ted potential The only aqui fers which
wi II consistently yield more than 50 gpm to wells are the alluvial floodplain
deposits These deposits are of limited areal extent

All groundwater within the St Vrain Basin is considered tributary
by the State Engineer s Office and therefore development is subject to

requirements for augmentation However wells could be developed in alluvial

deposits as alternate points of diversion for existing surface water rights

D Trans Basin Imports

Native runoff from the St Vrain Basin has in recent history been

supplemented by importation of water from other drainage basins The two

sources of trans Basin water are the existing Colorado Big Thompson Project
and the Windy Gap Project which began deliveries to the Basin in 1985 These
two projects are described below

1 Colorado Big Thompson Project

The Colorado Big Thompson C BT Project was designed and con

structed by the Bureau of Reclamation to divert store and deliver surplus
water from the headwaters of the Colorado River to the Big Thompson River on

the eastern slope for use within portions of the South Platte River Basin in

Colorado The Bureau of Reclamat ion present Iy operates and maintains all

western slope faci lities and eastern slope faci lities including power gener
ation features up to and including Horsetooth Reservoir and Carter lake The

NCWCD makes releases from Horsetooth Reservoir and Carter lake in response to

water orders and also operates and maintains all C BT distribution features

below these two terminal reservoirs At the invitation of the U S Department
of the Interior the NCWCD is presently negotiating with the Bureau of Recla

mation to assume ful I operation and maintenance responsibi lities for the

entire C BT system

a Project Description

Construction of the C BT Project began in 1938 and was completed
in 1956 Water deliveries to the Big Thompson River began as early as 1947

with del iveries to the St Vrain Basin as early as 1954 Full operation and

official deliveries of C BT Project water began in the 1957 irrigation season

The C BT Project consists of a series of reservoirs conveyance
faci I ities and pumping plants which divert water from the headwaters of the

Colorado River and deliver it to the Big Thompson River Water is diverted at

Willow Creek Reservoir and pumped to lake Granby for storage Willow Creek

Reservoi r water and water captured by lake Granby is then pumped to Shadow

Mountain lake and Grand lake Water is subsequently delivered to the east
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slope by gravity flow via Adams Tunnel to Mary s Lake and then to Lake
Estes From Lake Estes the water is conveyed to Flatiron Reservoir At this
point a portion of the water is del ivered north to Horsetooth Reservoi rand
the remaining portion is pumped south to Carter Lake Hydroelectric generat
ing plants operate at several locations within the eastern slope portion of
the conveyance system

Carter lake Reservoi r is the regulating reservoi r for C BT water
deliveries to the St Vrain Basin When water users in the St Vrain Basin
call for C BT water the NCWCD releases water from Carter lake into the
St Vrain Supply Canal The canal del ivers C BT water to turnouts along the
canal and to St Vrain Creek The St Vrain Supply Canal becomes the Boulder
Feeder Canal south of St Vrain Creek and delivers water to those users south
of the creek In some cases C BT water users situated upstream of the deliv
ery point of the supply canal exchange C BT water for creek water with down
stream users along St Vrain Creek

b Water Delivery and Administration

The amount of water del ivered each year to an owner of C BT uni ts
varies according to the need within the service area for supplemental water
Each year the NCWCD Board of Directors declares a quota for delivery of water
to the owners of certified C BT units based upon demand forecasts One unit
of C BT water is defined as 1 310 000th of the water supply annually made
avai lable by the C BT Project The quota has varied from 100 1 0 ac ft per
unit in a dry year when the demand for supplemental water contained in stor

age is high to around 60 0 6 ac ft per unit in wet years when the demand
for supplemental water is lower The average delivery per C BT unit is about
0 7 ac ft

Actual C BT deliveries have varied from 121 800 ac ft in 1957 to
306 700 ac ft in 1977 and have averaged approximately 218 500 ac ft for the
period 1957 through 1982 Deliveries to the St Vrain Basin including the
Boulder Feeder Canal have ranged from a low of approximately 8 300 ac ft in
1957 to a high of approximately 51 000 ac ft in 1977

Within the St Vrain Basin Study Area approximately 25 300 C BT
units are owned by agricultural users and about 12 700 C BT units are owned by
domestic water suppliers This ownership translates to a total water del ivery
to the Basin of about 38 000 ac ft in a dry year or 26 600 ac ft in an average
year

I t is important to overall Basin water use that water del ivered to
owners of C BT units can be used only once by that owner That is irrigation
return flow from C BT Project water must be allowed to return to the river
system to benefit downstream water users
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2 Windy Gap Project

Windy Gap Project construction was completed in 1985 by the Munic

ipal Subdistrict of the NCWCD following a 4 year construction period and

planning that began in the mid 1960 s Participating entities in the Windy
Gap Project are the cities of Boulder Estes Park Greeley Loveland Longmont
and the Platte River Power Authority The City of Fort Collins was a partici
pant initially but subsequently has transferred its interest to other partic
ipants

a Proiect Description

The Windy Gap Project is a trans Basin diversion scheme which uti 1

izes unused conveyance capacity in the C BT Project together with certain new

faci lities The latter consist of a diversion dam on the Colorado River and
associated pumping plant and pipel ine faci I ities to convey diverted water to

Lake Granby of the C BT Project Specifically project facilities are the

following

o Windy Gap Reservoir formed by a diversion dam located on the
Colorado River with 320 ac ft active capacity

o Windy Gap Pumping Plant four pumps each rated at 150 cfs
for 600 cfs total capacity

o Windy Gap Lake Granby Pipel ine a 9 foot diameter pipeline
approximately 30 000 feet in length

o Lake Granby Inlet Works inlet faci lity to Lake Granby

b Water Del ivery and Administration

Water del iver ies from Windy Gap began in mid 1985 Del iver ies to

the project participants wi II be based upon the number of units owned and
allotted according to the Water Allotment Contract One uni t is defined as

1 480th of the water supply annually produced by Windy Gap and made avai lable

by the Subdistrict Presently the cities of Boulder Greeley and Longmont
each own 80 Windy Gap un its Estes Park and Love I and each own 40 un its and

the Platte River Power Authority owns 160 units

With the existing project features the yield of Windy Gap units
wi II be variable just as the yield of C BT units can vary Operation studies

of the Windy Gap diversion dam simulating 22 years of operations indicate
that an average yield of 48 000 ac ftyr can be developed by the project for

delivery to the eastern slope Diversions to the eastern slope are limited to

not more than 90 000 ac ft in anyone year and are not to exceed an average
of 65 000 ac ft per year in any consecutive 10 year period Municipal Subdis
trict 1981
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I t is understood that storage capaci ty located on the eastern slope
wi II be necessary to even out fluctuations in both monthly and annual del iv
eries of Windy Gap water from the western slope in order for this supply to
be avai lable on a fi rm yield basis del ivered to meet a municipal monthly
demand schedule NCWCD staff have estimated that approximately 16 000 ac ft
of eastern slope storage capacity wi II be required to enable delivery of long
mont s entitlement on the above basis Storage needs of other Windy Gap Proj
ect participants are not considered in this report Additional western slope
storage may also be necessary to ensure adequate inf low to lake Granby for
project deliveries under adverse hydrologic conditions

Water del ivered to the owners of Windy Gap uni ts can be used for
municipal domestic irrigation and industrial purposes In addition nothing
shall prevent the Petitioner owner from reusing Subdistrict water by

direct delivery exchange or otherwise provided the use thereof is for bene
fit of lands faci lities and service areas within the boundaries of the Sub
district Municipal Subdistrict 1981 This capability for reuse makes
an acre foot of Windy Gap Project water go further toward satisfying water

demands of the unit owners or if the reuse right is sold it would help to
reduce the net cost of Windy Gap water

Repayment of Windy Gap Project investment costs began in 1982 and
is estimated to continue through 2014 It is I ikely that Windy Gap Project
water wi I I be used primari Iy for municipal and industrial purposes because the
cost of this water is greater than can be justified for use in irrigated agri
culture It is expected that owners of Windy Gap units wi I I vigorously pursue
the sale of rights to reuse this imported water

E Water Administration and Management

Administration of water rights in the St Vrain Basin by the State
Office and management of the Basin water resources by water user
two distinct functions described in this section

Eng i nee r s

groups are

The St Vrain Basin lies in Division 1 of the State Engineer s

Water Divisions Water rights in Division 1 are administered by the Divi
sion 1 Engineer whose office is in Greeley Within Division 1 is Water
District 5 the St Vrain Creek Drainage Basin The water rights wi thin the

District are administered by a Water Commissioner appointed by the Division 1

Engineer The Water Commissioner has primary responsibi I ity for the day today
regulation of waters in all of Water District 5 The St Vrain Basin Study
Area is located entirely within Water District 5 of Division 1

The District 5 Water Commissioner administers the St Vrain Basin
under the statutes of the State of Colorado which provide for a strict prior
ity system In administering the surface water rights system the most senior
rights usually receive a ful I water supply throughout the irrigation season
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Typically based on the last 20 years direct flow water rights with priority
dates previous to and including June 30 1864 are the most senior and receive
a full water supply without need for supplemental water Most owners of water

rights with priority dates later than 1864 own some C BT units or other sup
plemental supply

Reservoi r storage rights which are junior to most of the di rect
flow rights are typically in priority during the non irrigation season and
the spring runoff period Upstream reservoirs are allowed by statute to fill
out of priority making releases later to satisfy downstream senior reservoirs
in the event that such senior rights were not satisfied at the end of the
storage season

I t is the responsibi I i ty of the Water Commissioner to see that all
diversions for direct flow and storage are made in priority and in accordance
with the terms of each individual water right decree The Commissioner is
also responsible for administration of C BT Project water as long such water

is wi thin the St Vrain Creek channel Once diversion of C BT water into a

ditch has been made responsibi I ity for management of that diverted water is

relinquished to the owner of the ditch

2 Management

Agricultural municipal and industrial water users are each respon
sible for managing their own water supplies Agricultural water users are

ass i sted by both the NCWCD and the St Vra i n and Left Hand Water Conservancy
District Chapter IV includes addi tional information on this topic Munic

ipal and industrial users may be assisted by the Municipal Subdistrict of the
NCWCD

Water use forecasting and planning is practiced only to a limited
extent in the St Vrain Basin due in part to a lack of large storage reser

voi rs to allow control over runoff and water del iveries The NCWCD does
encou rage i r r i gat ion schedu ling based on crop needs wh i ch is an i mpo rtant

consideration in schedul ing C BT water del ivery Many di tch companies how
ever do not own C BT units or storage faci I ities and are therefore forced
to rely on direct diversion from the river

Ralph Price Button Rock Reservoir owned by the City of Longmont
allows Longmont to use stored runoff in the winter or during dry summers

This is the only reservoi r of substantial capacity in the Basin Therefore

Longmont currently has more flexibility in water management than other water

users

The operation of the St Vrain Basin water supply system is
described in greater detai I in Chapter IV



111 10

F Water Rights

1 General

The State Engineer s Tabulation of Water Rights dated July 1
1981 includes for the St Vrain Basin approximately 420 decreed direct flow
water rights totaling 3 846 cfs and approximately 225 decreed storage rights
totaling 221 416 ac ft Of these rights 75 cfs and 115 586 ac ft are condi
tional and 127 cfs and 104 420 ac ftare for non irrigation uses The major
ity of these water rights occur on the main stem of St Vrain Creek and on
Left Hand Creek There are also nine minimum streamflow fi lings in the
St Vrain Basin eight of which have been decreed

Straight line dia9rams Figs 111 2 through 111 5 present signif
icant water rights in a format which allows for evaluation wi thin thei r
respective sub basins These diagrams were prepared from information gathered
from USGS maps and the July 1 1981 State Engineer s tabulation and consulta
tion with the Water Commissioner

Diversion records and call records for Water District 5 are kept by
the State Engineer and Division Engineer respectively

2 Transfers and Exchanges

Because the St Vrain Basin is over appropriated there have been a
number of transfers and exchanges of water rights These legal mechanisms
allow for greater flexibi I ity in beneficially using the waters of the
St Vrain Basin A common type of exchange in the St Vrain Basin is that in
which a trade is made of upstream St Vrain diversions for C BT Project deliv
eries A representative transfer is the 1981 City of Longmont transfer
wherein the historical consumptive use and other transferable portions of
Longmont s interest in six irrigation ditches were transferred to alternate
points of diversion and patterns of use Such exchanges and transfers are one
means by which water users can effect an increase in their water supply
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c
01 Table III l
c
n

e ST VRAIN BASIN RECONNAISSANCE STUDY

SUMMARY OF U S G S STREAMFLOW GAGES0

a

Period Approx Dischargeo
m

U S G S Of Elevation Drain Min Max Average0

Station Stream Location Record ft Area cfs cfs cfs ac ft yr
00

c

7220
1 s16 1926 1953 6 050 106 1 630 64 870North St Vrain R71W T3N 3 3 90IE

at Longmont Dam

7225 South St Vrain R73W T2N S36 1925 1927 9 372 14 4 1 462 28 20 290
5 near Ward 1929 1931m
m

1955 1973l
5

7234
I South St Vrain R70W T3N S19 1976 1980 5400 81 3 932 62 45 010

7240
I

above Lyons
St Vrain Creek R70W T3N S20 1887 1891 2

5 292 212 0 10 500 128 92 470
at Lyons 1895 1981

7251 St Vrain Creek R68w T2N S7 1965 1968 4 890 370 12 1 810 68 49 200

near Longmont
1977 1981

2
72545 St Vrain Creek R68w T2N S9 4 850 424 22 2 380 123 89 110

below Longmont
7310 St Vrain Creek R67W T3N S3 1905 1906

2
4 740 976 12 11 300 207 150 000

at mouth 1928 1981
7245 Left Hand Creek R71W T2N s26 1930 1931 5 710 52 1 1 140 39 8 28 840

near Boulder 1948 1953
1956 1957
1977 1980

7250
1

Left Hand Creek R69W T2N S10 1928 1942 4 940 72 0 4 812 13 9 340
at mouth 1954 1955

Notes

1
Also

2
1981

has some water quality data

to present I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

e
SV JOhnstown 0

V Milliken

Berthoudc

I
1

I
C

J

1

l

If

2
ard

r
r

r
i

I r
J

I
r

Rive

NORTH

Lilli

DA
1

Mead
o

11
i4

0

AllanaEark

o

s

c
o

1o IO 0t

SCALE 1 lUlO OOO

1 Inch qul 4mil

1011111o

LEGEND

U 8 G 8 Gaging Station

R W BECK ASSOCIATES
DAMES AND MOORE

Ag Vtt M
O i ftTY

DENVER CCIlClRADO

IT VRA III SIN ECONNAIICIE STUDY

GAGING STATION LOCATIONS

FE 1986 m I



NORTH
VRAIN

1
ltJl

ZIN
JI

dltJ
u O
11

C

ST liL

CR

LYONS

I
I
1

I

Q S

V

0

HIGHLAND
2 211883

3 22 1890

7 23 1951
7 231951

7 23 1951

HIGHLAND LAKE
2 211883 5 311874 453 AF

7 23 1951 12 2 1918 182 AF

7 23 1951 12 31 1929 635 AF

LAKE RES NO 2
11 15 1881 1650 AF
6 22 1889 1085 AF

9 30 1926 972 8 AF
12 31 1929 1653 AF

12 311929 1087 AF

UNION RESERVOIR
CALKINS LAKE

3 13 1907 10 6 1902 7340 AF

3 13 1907 10 S 1902 5879 AF R

BAXTER LAKE RES
3 J3 1907 5 12 1878 20 I AF
7 23 1951 12 311929 200 AF R

IDE a STARBIRD NO 1 RES
3 13 1907 4 19 1885 122 AF

7 23 1951 12 311929 122 AF

DIVIDE RESERVOIR
2 12 1883 3 111879 90QAF
7 23 1951 12131 1929 900 AF

R

tJoV
c

1
1

c

JO to qj

J

v

IO
t 1tor

t

I 1 0
1

9 01
rcJ 1

PLEASANT VALLEY RES
2 211883 6 r 1871 1608 2AF

6 1 1926 23 1904 923 9 AF

7 23 951 12 311929 2532 1 AF R

LONGMONT SUPPLY
DETENTION POND

MCiNTOSH LAKE
3 13 1907 10 18 1902 2460 AF
7 23 1951 12 31 1921 2460 AF

KNOUTH RESERVOIR
2 211883 4 25 1880 37 5 AF
7 23 1951 6 1 1942 73 2 AF
7 23 1951 6 1 1942 88 BAF C

2 25 1971 4 1 1962 108 13AF

2 25 1971 4 1 1962
541 25 AF C

INDEPENDENT RES
7 23 1951 12 2 1918 164 9 AF

7 23 1951 12 31 1929

164 9 AF R

ri

G J1p 1
t J

Q
t

o o

roO
1 0

ol 1

cP t

ctO J
V

rol
to

f8

fOO
to

roOl 1

RUNYAN DITCH
6 21882 5 1 1863 10 Scfs

ZWECK a TURNER DITCH
6 2 1882 6 30 1864 82 61 cfs

ST VRAIN CREEK

4
iSl

o
9

p s
erA
p 0 p

P 3
v

o
v J

l
Z

l

0

Cl

0

Cl

o
m

PELLA DITCH
6 2 1882 3 20 1862 2 02 cfs

PECK DITCH
6 2 1882 5 10 1867 17 cf
6 2 1882 5 10 1867 23 62 cfs

ct w tt

to
y

iy Q
O

9 to 6 c
19 y

6

p
iS

Io
I 0
0 CLOVER BASIN RESERVOIR

6 1 1926 8 29 1910 596 AF

FOOTHILLS RESERVOIR
6 1 1926 7 13 1910 4239AF
7 23 1951 12 31 1929 2506 AF

7 23 1951 12 31 1929 4340AF C

LEGEND

LIMITS OF MINIMUM
STREAMFLOW REACH

NAME OF DECREED RIGHT
ADJUOICATlON oPPROPRIATlON APPROPRIATED C It R

DATE DATE AMOUNT CONDITIONAL REFILL

NOTES I NOT TO SCALE

HIGHLAND NO I MULLIGAN RES
12211883 11 15 1879 778 AF

7 23 1951 10 18 1922 285 7 AF

7 23 1951 12 31 1929 1063 7 AF R

HIGHLAND NO 3 FOSTER RES
2 21 1883 1115 1881 869 AF

3 13 1907 9 13 1902 779 AF

7 23 1951 12 31 1929 870 AF R

7 23 1951 12 31 1929 790 AF R

MARIE RESERVOIR
6 1 1926 8 21 1910 402 AF

I

I

I
I
I

8
I

LONGMONT

I

THOMAS RESERVOIR
3 13 1907 11 1 1891 348 AF

6 1 1926 7 25 1910 322 AF

Oo Oh
6 c

SOUTH FLAT RES
12 31 1973 1 1 1961 65647 AF l

12 31 1973 1 1 1961 65647 AF C Co

RES
1 27 1903 552 66 AF

8 28 1964 61 4075 AF

6 1 1968 614 07 AF C R

J
ltJl

zlri
I

J

xlltJ
ulO
1 1

IC
I
Ill

I
1
I
I
I
1
1
1
I
1

Leonard Rice Consulting Water Engineers Inc

R W BECK AND ASSOCIATES
DAMES AND MOORE

COLORADO WATER RESOURCES a
POWER DEVELOPMENT AUTHORITY

DENVER COLORADO

ST VRAIN BASIN RECONNAISSANCE STUDY

STRAIGHT LINE DIAGRAM
MAJOR WATER RIGHTS

ST VRAIN CREEK

OVJO
rc

MTEI

FEB 1966 1II 2



MINIMUM FLOW
12 31 1979 3 14 1979 2 eft

SUPPLY NO I Sondbeach Lake
6 r 1926 12 19 1906 296 AF

LYONS RES NO I
2 25 1971 e 29 1910 66 32 AF C

LYONS RES NO 2
2 25 1971 8 29 1910 53 65 AF C

ARBUCKLE RES NO 2 Bluebird Lake

FROM FK NORTH Sf VRAIN

6 1 1926 8 18 1902 138 AF

6 1 1926 9 13 1902 420 AF

22 1931 6 26 1914 852 5 AF

FROM M IDOLE Sf VRAIN

6 1 1926 6 26 1914 420 3 AF

II

21Q
i t

I

15i lD

I

Itto
I

COPELAND RESERVOIR
6 l1926 6 30 1913 75 AF

6 1 1926 6 30 1913 1425 AF C

I

I
I

I
I

ARBUCKLE RES NO 4 peor Lake

6 1 1926 9 13 1902 420 AF

MINIMUM FLOW

7 11 1978 J4cfs

NOT DECREED
t
v

t

J V l
rtt

tO

y OJ 11
q

BUTTON ROCK RES

2 25 1971 2 8 1910 1765 AF

2 25 1971 7 3 1926 2866 5 AF

2 25 1971 5 27 1964 13 330 AF

2 25 1971 5 27 1964 32 551 AF C

o c
I

Q
v 1 IN

o I I
O

S I I
t Z 0

I
Q JIz

I I
XIW

ul
IG
Iii

LYONS

NORTH ST VRAIN CREEK

G 1
1l

o

0

LEGEND

LIMITS OF MINIMUM
STREAMFLOW REACH

NAME OF DECREED RIGHT
ADJUDICA T1oN APPROPRIATION APPROPRIATED C

DATE DATE AMOUNT CONDITIONAL

NOTE NOT TO SCALE

Leonard Rice Consulting Waler Engineers Inc

ST VRAIN CREEK

R W BECK AND ASSOCIATESI
DAMES AND MOORE

COLORADO WATER RESOURCES a
POWER DEVELOPMENT AUTHORITY

DENVER COLORADO

ST VRAIN BASIN RECONNAISSANCE STUDY

STRAIGHT LINE DIAGRAM

MAJOR WATER RIGHTS
NORTH ST VRAIN CREEK

DATE

FEB 19B6
fiG

1II 5



FROM SOUTH
ST VRAIN CREEl

SEE FIG 1 2 10

1y4
o

Iy

STEELE BROS RES
NO 2

12 2 1918 33 3 AF
12 31 1929 33 3 AF R

STEELE BROS RES
NO I

7 23 1951 12 2 1918 62 98 AF

7 23 1951 12 31 1929 62 98 AF R

ALLEN LAKE RESERVOIR
7 23 1951 12 2 1918 134 2 AF
7 23 19 1 5 17 1927 569 5 AF

7 23 1951 12 311929 134 2 AF R
7 231951 12 311929 569 5 AF R

CD
o
c
r
o

o
LEFT HANO RESERVOIR
2 12 1883 4 15 1817 480 AF

SWEDE LAKE Schureman Res
6 1 1926 12 311880 151 AF

6 11 926 12 J 9 8 72 2 AF

7 23 1951 122 1918 II AF

7 23 1951 10 1 1950 14AF

1123 1951 10 1 1950 28 AF

354 AF

82 AF

LEFT HAND CREEK
LEFT HAND PARK

3 13 1907 8 5 1891

2 25 1971 8 1 1961

RESERVOIR
185 AF

1102 32 AF

GEER CANYON RESERVOIR
5 19 1978 12 311969 17 497 AF C

o

l
Z

l
r

c

Ill

r
1

0

JU iiJ od

1 1
1
fj e

Ol Ill O e

I
v IO it b

V l e vc

tc ev

o S
S l

S sljIS 9
Od iClS 4

9s
9

IS
Q

Q

y
96

s

4
09

Ol t
6 S

6 tgG D
c

061 69 j
6 6

6

6 I
8

11
1i1

iSl

1t
1 S C

to L1
Q

6
6 r

Q
6j

tl
O

6
1 619 Cy

1
8

21 r

SOlCy

80

JODER RESERVOIR
2 25 1971 7 10 1961 102 12 AF
2 25 1971 7 10 1961 102 12 AF C

TO BOULDER
RESERVOIR

LEFT HAND VALLEY RES
7 23 195 3 15 945 10 572 AF

LAGERMAN RESERVOIR
2 1211883 9 3 1878 540 3 AF

Xl

W
Z 0

JZ
I W

do
f

f

LEFT HAND CREEK

LEGEND

LIMITS OF MINIMUM
STREAMFLOW REACH

olvel RESERVOIR
SlOAt

NAME OF DECREED RIGHT
ADJUDICATION APPROPRIATION APPROPRIATED C

DATE DATE AMOUNT CONDITIONAL

R

REF LL

NOTES I NOT TO SCALE
2 NOT LISTED IN STATE

ENGINEERS 1981 TABULATION

Leonald Rice Consultmg Waler Engineers Inc

RW BECK AND ASSOCIATES
DAMES AND MOORE

COLORADO WATER RESOURCES 8
POWER DEVELOPMENT AUTHORITY

DENVER COLORADO

ST VRAIN BASIN RECONNAISSANCE STUDY

CATE

FEB 1986
FIG

m 3



MINIMUM FLOW 3 6 mi

12 31 1979 7 11 1978 12 ct

CONEY CREEK

GREEN LAKE RED DEER LAKE
6 1 1926 12 31 1908 72 AF

6 1 1926 12 31 1908 252 AF C
7 23 1951 1221918 81 4 AF
7 23 195J 8 1 1935 242 3 AF C

UPPER CONEY LAKE
MINIMUM LEVEL

12 31 1976 3 17 1976 248 AF

LOWER CONEY LAKE
MINIMUM LEVEL

12 31 1976 3 17 1976 95 AF

BEAVER
3 13 1907

3 13 1907

6 111926
FLOW

BLUE LAKE
MINIMUM LEVEL

12311976 3 171976 1285 AF

1231 1979 7 11 1978 3cfs

SOUTH ST VRAIN CREEK

LAKE ISABELLE
6 1 1926 9 r5 1907 208 38 AF

PEACEFUL
VALLEY

PARK RESERVOIR
6 30 1892 888 AF

6 21 1902 959 AF

9 30 1905 335 AF

1Z

1

LEGEND

LIMITS OF MINIMUM
STREAMFLOW REACH

NAME OF DECREED RIGHT
ADJUOICATION APPROPRIATION APPROPRIATED C

DATE DATE AMOUNT CONDITIONAL

COFFINTOP RESERVOIR
5 19 1978 12 31 1969 31 903 AF C

MINIMUM FLOW
12 311979 7 11 1978 Bets

ST VRAIN CREEK

SILVER SPRUCE RES NO I a 2
7 23 1951 4 12 1948 9 3 AF

7 23 1951 4 12 1948 3 3 AF
7 23 1951 9 22 948 63 15 AF C
7 23 1951 0 4 1948 1t 65 AF C

0

r
v 1

oS
oS
t 1

6 9 1

09
f

NOTE NOT TO SCALE

Leonald Rice Consulting Walel Engineers Inc

R W BECK AND ASSOCIATESI
DAMES AND MOORE

COLORAOO WATER RESOURCES 8
POWER DEVELOPMENT AUTHORITY

DENVER COLORADO

ST VRAIN BASIN RECONNAISSANCE STUDY

STRAIGHT LINE DIAGRAM

MAJOR WATER RIGHTS

SOUTH ST VRAIN CREEK
OATE FlG

4FE B 19B6 oW



I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

I

I

I

I

CHAPTER IV

WATER SUPPLY ENTITIES

A Introduction

This section describes the organization functioning and water
supply systems including water rights of the various water supply entities
of the St Vrain Basin

B Water Conservancy Districts

There are three water conservancy districts in the St Vrain Basin
whose general purpose is to provide a means of financing and operating water

projects to conserve water for municipal or agricultural water use

1 Northern Colorado Water Conservancy District

The Northern Colorado Water Conservancy District NCWCD was formed
in 1937 to promote finance and contract for construction and administration
of supplemental water suppl ies in Northeastern Colorado NCWCD now operates
the C BT Project as descr ibed in Chapter III The Project service area in
cludes nearly 1 500 000 acres of land in the irrigated agricultural areas in
the vicinity of the St Vrain Big Thompson Cache La Poudre Boulder and
South Platte rivers from near Plattevi I Ie to the Colorado Nebraska border

The NCWCD is governed by a Board of Di rectors appointed by the
District Court of Colorado These represent the four judicial districts
wi thin the NCWCD boundaries Funding for the district comes from a one mi II
ad valorem tax on properties within the boundaries and from revenues received
for the rental of water

The development of a supplemental water supply to users in the
lower South Platte River Basin was the motivating factor in the formation of
the NCWCD In concert with formation of NCWCD the C BT Project was designed
and constructed by the U S Bureau of Reclamation to divert store and deliver
the supplemental water supply

2 Municipal Subdistrict of the Northern Colorado
Water Conservancy District

Municipal Subdistrict No 1 of the NCWCD Subdistrict was formed
in 1970 Under provisions of the Water Conservancy Act a subdistrict is an

independent and separate conservancy district with the same legal standing and
powers as the parent district By statute the Board of Directors of the Sub
district is the same board as the parent district NCWCD and the staff of the
NCWCD serves as the staff of the Subdistrict



Longmont owns one new and two older water treatment plants
older plants are located on Highway 66 about 1 mi Ie east of Lyons The

plant has a capacity of 10million gallons per day mgd while the

plant has a capacity of 14 mgd The new Burch Lake Water Treatment
located on Highway 66 has a rated capacity of 30 mgd
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IV 2

The Subdistrict was formed to develop the Windy Gap Project
described in Section II I

3 St Vrain Left Hand Water Conservancy District

The St Vrain Left Hand Water Conservancy District SV LHWCD was

formed in 1971 as a cooperative effort between municipalities and agricul
tural water users within the Basin

The SV LHWCD whose boundar i es are near I y i den t i ca I to the Study
Area boundary is funded by a one hal f mi II ad valorem tax in accordance wi th
the Conservancy Act Nine di rectors are appointed by the district judges of
the three judicial districts within the boundaries

The goals and objectives of the SV LHWCD are 1 to protect
existing water rights from condemnation by municipalities 2 to provide
addi tional water storage capaci ty in the Basin for flood control recreation
and water supply 3 to provide better management of existing water supplies
through modernization of irrigation techniques and 4 to meet State water

quality and quantity standards

To accompl ish these goals the SV LHWCD reviews and cOlTll1ents on

proposals for development activities The SV LHWCD has studied water storage
projects for flood control recreation and water supply In 1981 the
SV LHWCD publ ished a study for Geer Canyon and Coffintop Dam si tes Rocky
Mountain Consultants 1981 The SV LHWCD has participated in studies related
to instream flow maintenance water quality and quantity problems and poten
tial of St Vrain Creek as well as a study of irrigation management in the
St Vrain Basin Rocky Mountain Consultants 1983a 1983d

C Municipalities

1 Longmon t

The City of Longmont is the largest municipal water supplier in the
Basin serving approximately 47 000 people in 1983 For the period November
1982 to October 1983 Longmont treated 11 650 ac ft of water for residential
and commercial and 820 ac ft for industrial purposes

Raw water is brought into the system through pipel ines from North
St Vrain and South St Vrain creeks the St Vrain Supply Canal and the High
land Ditch The north pipeline diverts water from North St Vrain just down
stream of Ralph Price Button Rock Reservoi r to the Longmont Power Plant
west of Lyons and then to the old water treatment plants The south pipeline
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diverts water from South St Vrain Creek approximately 1 mi Ie upstream of
Lyons for del ivery to the old treatment plants There is also a di rect line
from the St Vrain Supply Canal of the C BT Project to the old treatment

plants A recently completed pipeline delivers water from the Highland Ditch
to the new Burch Lake Treatment Plant and al lows delivery of either Highland
Ditch or C BT Project water via St Vrain Creek to the new treatment plant

Longmont owns storage rights direct flow rights pipeline decrees
units of the C BT Project Windy Gap units and conditional decrees for well
fields Table IV 1 lists the absolute and conditional storage rights owned by
the City and their estimated yields Table IV 2 lists the direct flow ditch
rights owned by Longmont as of 1979 The total average yield of these
rights as reported in 1979 was approximately 8 000 ac ft per year

Longmont holds two pipel ine decrees one from South St Vrain Creek
and one from North St Vrain The south pipel ine has two decrees for a total
of 3 cfs with a reported average yield of 200 ac ft per year The north

pipel ine has one decree for 28 5 cfs which yields an average 566 ac ft per
year In addition Longmont has transferred a total of 4 3 cfs from the
Palmerton and Longmont supply ditches to the north pipeline These earlier
priority dates have had an average yield of 2 800 ac ft per year Rocky Moun
tain Consultants 1979

Longmont also owns 8 294 shares of C BT Project water whose aver

age yield is approximately 5 000 ac ft per year In a dry year the yield
could be up to 8 294 ac ft Delivery of C BT Project shares via the St Vrain
Supply Canal is currently limited to the irrigation season

Longmont current Iy owns 80 uni ts of the Windy Gap Project which
have an est imated average annua I y i e Id of 8 000 ac ft In it i ally Wi ndy Gap
Project water wi II be avai lable only during the irrigation season since with
Project faci lit ies completed in 1985 such water is to be del ivered through
the existin9 C BT Project system

Acquisition of additional water rights by Longmont wi I I occur over
the years as new land is annexed to the City Since 1976 newly annexed lands
have been requi red to provide 2 ac ft of di rect f low and 1 ac ft of storage
water rights for each acre annexed for eligibi lity to receive a treated water

supply from the City

The most pressing water supply problem facing Longmont at present
is the shortage of water supply avai lable for use during the winter season
It has been estimated that under current population 9rowth forecasts the
City will experience winter water supply shortages as early as 1990 Rocky
Mountain Consultants 1979 It is possible that shortages may be reduced or

postponed by annexation of storage rights and by the anticipated delivery or
sales of Windy Gap water and its reuses and by the perfecting of existing
conditional storage rights However Longmont wi II eventually require addi
tional storage capacity or a winter deliver capabi lity of C BT or Windy Gap
Project water to meet winter demands



Current problems faced by Jamestown are related
rate limitations and freezing of pipes in the winter

expected to grow significantly during the planning period

to summert ime flow
Jamestown is not
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2 Town of Lyons

Lyons located at the confluence of North and South St Vrain
creeks supplied water to a 1983 population of approximately 1 300 The
treatment plant which receives water diverted from North St Vrain Creek
delivered 310 ac ft in the period November 1982 through October 1983

In addition to a pipeline decree from North St Vrain Creek Lyons
also owns portions of other direct flow water rights The Town owns 275 units
of C BT Project water and 300 ac ft of storage capacity in Ralph Price Reser
voir Lyons direct flow rights have been estimated to yield 780 ac ft per
year

It is anticipated that Lyons wi II experience growth in the near
future which may require the addition of new water treatment faci lities It

has been estimated that the future water needs approximate 725 ac ft annually
Rocky Mountain Consultants 1980

3 Town of Mead

a present
the Town

Mead located in the lower St Vrain Basin serves treated water to

popu lat i on of approx imate Iy 400 The treatment plant located near

delivers approximately gO ac ft per year

The Town owns an 81 ac ft decree for Green Lake Reservo iron the
Middle St Vrain as well as shares of the Supply Ditch and C BT units The
average yield of these water rights is estimated at about 280 ac ft per year

Problems which wi I I be faced by Mead as its population expands are

mostly system related such as inadequate fire flows and storage of treated
water Engineering Professionals 1981

4 Jamestown

Jamestown located on James Creek a tributary to Left Hand Creek
presently serves approximately 250 people The water system is reported to

have del ivered about 30 ac ft per year in 1979 W W Wheeler Associates
I nc 1982

The Town owns two wells and an infi Itration gallery Shares of
Left Hand Ditch Company have been used in a plan for augmentation in the
decree for the wel Is Case No 79CW333 which entitles Jamestown to at least
12 5 ac ft per year of out of priority depletions



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

IV 5

5 Town of Ward

Ward located near the headwaters of Left Hand Creek has a year
round population of approximately 120 people Current water use is estimated
at about 12 ac ft per year

The Town has a deve loped sp ring located wes t of town the re is no
treatment faci I ity The only reported problem experienced by the Town is
freezing pipes in the winter

D Water Companies

This section describes the two private water companies which pro
vide water for rural domestic and other uses

1 Longs Peak Water Association Inc

The Longs Peak Water Associat ion Inc LPWA organized in 1960
suppl ies water to an area generally north of Highway 66 and west of Inter
state 25 The service area is bordered on the north and east by the Little
Thompson Val ley Water District and on the south by Longmont

The association currently serves a population of
2 000 delivering approximately 570 ac ft in calendar year 1983
water was used for domestic purposes

approximately
Most of this

The LPWA owns two treatment plants each with a reported capacity
of 1 5 mgd Raw water is delivered to the plants from the St Vrain Creek to
the Supply Ditch Rough and Ready Ditch or Pleasant Valley Reservoir

The LPWA owns three shares of the Supply Ditch one share of Rough
and Ready Ditch one half share of Pleasant Valley Reservoir and two reser
voirs near their treatment plant In addition LPWA owns 742 units of C BT
water These water rights are estimated to yield about 720 ac ft in an aver

age year with about 375 ac ft of storage capacity

The LPWA service area population is expected to increase If C BT

deliveries were to decrease as a result of an extended drought the LPWA cus

tomers might experience shortages

2 Left Hand Water Supply Company

The Left Hand Water Supply Company LHWSC was formed in the early
1960 s to provide a domestic water supply to rural users in Boulder and south
west Weld counties covering an area of approximately 200 sq mi Approximate
ly 75 sq mi of this area are contained in the St Vrain Basin Study Area
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The current population within the LHWSC service area is approxi
mately 9 250 people Durin9 the period November 1982 through October 1983

the LHWSC treated about 1 910 ac ft

The LHWSC diverts Left Hand Creek water through Haldi Ditch into

Joder Reservoir Their treatment plant with a capacity of 7 0 mgd is

located near Joder Reservoir and Spurgeon No 1 Reservoir which have a total

storage capacity of about 300 ac ft

Water rights owned by the LHWSC include 1 525 shares of Left Hand

Ditch Company and 3 256 units of C BT with a total yield estimated at about

3 225 ac ft

Niwot
voir
the i r

The LHWSC is planning to bui Id a new 2 5 mgd treatment plant near

and is interested in acquiring storage rights in Left Hand Valley Reser
These two measures wi II help meet dry year and wintertime demands as

service area population grows

E Water Districts

Water districts are formed under the laws of the State of Colorado

as quasi municipal entities The Little Thompson Valley Water District and

the Central Weld Water District described in this chapter were formed to treat

and distribute domestic water to rural water users

The Little Thompson Valley Water District LTVWD and Central Weld

Water District CWWD formed in 1962 and 1963 respectively serve rural

domestic users in parts of Boulder Larimer and southwest Weld counties They
are discussed together since they share water treatment faci lities have the
same source of water and serve the majority of their users outside the Study
Area

The LTVWD serves an area bounded by the footh ill s on the west

Greeley on the east Highway 34 in Loveland on the north and St Vrain Creek
east of Interstate 25 and the LPWA boundary on the south Approximately

45 sq mi of Boulder County and Weld County served by the LTVWD are in the

Study Area

The CWWD serves an area from Interstate 25 on the west St Vrain
Creek in the Study Area on the north and the NCWCD boundary as the eastern

and southern I imi ts Approximately 8 sq mi wi thin the CWWD service boundary
are located inside the St Vrain Basin Study Area

The present population served by the LTVWD within the Study Area is
estimated at 2 500 For the CWWD the population within the service area is
est i mated at 200 It is es t i mated that 600 ac ft of the 4 665 ac ft of water

treated from November 1982 through October 1983 was for users in the St Vrain
Basin Study Area Raw water is delivered from Carter Lake to the 7 0 mgd
treatment plant owned by the two districts The two districts own a total of
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6 054 units of C BT Project water Denver Water Department 1975 which
yields about 4 240 ac ft in an average year

Population growth in these service areas is expected to continue
The present means of meeting future demands is by acquisition of additional
shares of C BT Project water

F Ditch Companies

Ditch companies are entities originally organized to appropriate
water to be beneficially used for agricultural purposes These companies of
which more than 20 operate within the Basin now provide water to al I types of
users however agriculture sti II comprises the largest percentage of ditch

company water use This section wi II briefly describe the two largest di tch

companies in the St Vrain Basin

1 Highland Ditch Company

The Highland Ditch Company Highland is the largest ditch system
in the Study Area serving approximately 25 000 acres of irrigated land
located north and east of Longmont There are 700 shares in Highland which
share proportionately in the direct flow and storage yields of the company

Water is diverted from the north bank of St Vrain Creek near

Lyons into Highland Ditch which feeds a ditch and lateral system of about
21 mi les in total length This system del ivers water to and is supplemented
by four reservoirs Highland Lake and Highland Reservoir Nos 1 2 and 3

The storage capaci ty of these reservoi rs totals approximately 7 000 ac ft In

addition Highland owns Mcintosh Lake and Foothi lis Reservoi r which because
of their locations outside of Highland s system are used for exchange water

or to satisfy cal Is of senior downstream diversion rights See Fig 111 2

Water rights owned by Highland are relatively junior the earl iest

being a November 30 1871 right for 205 cfs Reported average year and

dry year yields of the Highland Ditch direct flow rights have been about
22 ac ft and 2 2 ac ft per share respectively Rocky Mountain Consultants
1983c

Highland also owns storage rights total ing approximately 25 000 ac
ft This includes refi II rights and the reservoir rights for faci lities which
are used for exchange purposes The yield of storage rights owned by Highland
have been reported at approximately 11 ac ft per share in an average year and
about 4 6 ac ft per share in a dry year Rocky Mountain Consultants 1983c

Because the total yield per share is very low approximately
14 500 units of C BT Project water are owned by the users of Highland Ditch
water as of 1983 Total average year yield including all sources is esti
mated to be about 37 600 ac ft
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2 Left Hand Ditch Company

In 1866 owners of all existing water rights on Left Hand Creek
formed the Left Hand Ditch Company LHDC a corporation combining their
water rights in exchange for stock in the company Presently almost all
water rights along Left Hand Creek are held by the LHDC All stock is con

sidered equal in priority There are 16 900 shares in the LHDC irrigating
approximately 7 000 acres and serving the Left Hand Water Supply Company

The LHDC imports water from South St Vrain Creek into James Creek
a tributary of Left Hand Creek thereby providing additional irrigation
water On Left Hand Creek there are about 16 major ditches some with several

headgates and del ivery systems which are the conveyance faci I ities of the
LHDC water The LHDC superintendent handles the distribution of water to

these major ditches Operation and maintenance of individual laterals is
achieved either by the lateral owner or a hired ditch rider The company also
owns and operates several reservoi rs along Left Hand Creek as well as one

reservoir Lake Isabel Ie on South St Vrain Creek

Water rights owned by the LHDC are numerous combining the original
direct flow and storage rights of the member ditches The Left Hand Ditch
diversion from the South St Vrain Creek has a June 1 1863 right for 41 cfs
and a June 1 1870 right for 685 cfs

Reservoi rs total ing approximately 6 500 ac ft capaci ty are

typically fi lied at the end of the irrigation season In addition there are

current Iy 1 363 C BT Project uni ts owned by LHDC water users Including all
of the above sources the yield of the LHDC water rights is estimated to be
22 000 ac ft in an average year W W Wheeler and Associates 1982

G Other Water Suppliers

This section describes minor water supply entities within the
St Vrain Basin Study Area which serve smal I rural or mountain communities

Allenspark located in the mountains of western Boulder County is
served water by the Allenspark Water and Sanitation District Approximately
100 year round residents and 100 sunvnertime only residents are served by the

District whose estimated 1983 consumptive use was approximately 9 ac ft Raw
water comes from Wi Ilow Creek a tributary to Rock Creek which is tributary
to the North St Vrain Creek The District is not expected to expand its
service area nor serve a larger population in the foreseeable future

2 Fairways Water and Sanitation District

The Fairways Water and Sanitation District serves a golf course and
13 homes east of Left Hand Valley Reservoi r in Boulder County It is esti
mated that this District used about 2 ac ft in 1980 with purchased ditch
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water as the supply The District is not expected to grow significantly
Denver Water Board 1975

3 Left Hand Water and Sanitation District

The Left Hand Water and Sanitation District serves a population of
about 120 people in the Lake of the Pines subdivision north of Boulder
The estimated 1980 usage is 35 ac ft from a groundwater supply This entity
is not expected to grow because al I future homes in the subdivision are to be
served by the Left Hand Water Supply Company Denver Water Board 1975

4 Olde Stage Water District

The Olde Stage Water District serves about 200 people in the moun
tains northwest of Boulder and south of Left Hand Creek The estimated 1980
water usage is 35 ac ft suppl ied by wells completed in the Lykins Sandstone
Aquifer It is estimated that additional population growth wi II occur but
that the present supply wi I I be adequate Denver Water Board 1975

B0349C
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Table IV l

ST VRAIN BASIN RECONNAISSANCE STUDY

CITY OF LONGMONT

SUMMARY OF STORAGE WATER RIGHTS

20 year Minimum 5
Decreed Percent Average Year Storage
Capacity Longmont Yield Carryover

Reservoir ac ft Ownership ac ft yr Yield ac ft yr

Bluebird 994 100 342
1

92
1

Copeland
Condo

2
75 100 40 15

Copeland 1420 100 0 0

McCall 506 100 1851
101

1
Pear 420 100 146 89
Button Rock

2
17 688 100 4 000 3 200

Button Rock Condo 32 551 100 0 0

Sandbeach 2
296 100 133 79

Liberty Condo 1 500 100 0 0

Clover Basib 794 15 45 13

Independent 4
164 33 28 28

Oligarchy No 1
3 5

2 130 32 271 21

Pleasant Valley 2 532 16 345

Total 61 070 5 550 3 983

1
Yield if facilities were operable to full capacity

2
Condo means conditional water right

3
Does not include shares acquired since 1979

4 Also known as Burch Lake

5 Also known as Terry Lake

Source Rocky Mountain Consultants Inc Longmont Water Study 1979

B0353C

C
Leonard Rice Consulting Water Engineers Inc
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TABLE IV 2

ST VRAIN BASIN RECONNAISSANCE STUDY

CITY OF LONGMONT

SUMMARY OF DIRECT FLOW WATER RIGHTS

Ditch Name

Total Interests

or Shares

Owned

Beckwith
Clover Basin

Denio TN or

Feltham
3

Longmont Supply
Niwot

North Pipt3 ne

Oligarchy
Oscar Becf th

Palmerton
Pella

Roughd Ready
3

Smead
South Flat

South 3 peline
Swede

Upper Baldwin

Zweck Turner

95 33
41

316
2

All

152 2

13 U
All

101 4
2

50 of ditch

6 5
220

214
25 of ditch

324 2
All

56
12 5

2
199 864

Since 1979 Longmont Water Study

1
Feltham is owned entirely by Longmont and is used to irrigate
parks It is a 1 cfs right with an appropriation date of 7 12

1902 and diverts from Spring Gulch a tributary to St Vrain
Creek

2
These ditches are unincorporated and ownership is therefore not
stated in terms of shares

3
These ditches were involved in the Longmont Water Transfer

Source Rocky Mountain Consultants Inc Longmont Water Study
1979 and City of Longmont 1983

B0353C
Leonard Rice Consulting Water Engineers Inc
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CHAPTER V

WATER AND POWER DEMAND FORECASTS

A Introduction

This chapter presents a forecast of water demand for municipal and
industrial suppl ies a forecast of potential water requirements for agricul
ture and a forecast of power demand and associated need for hydroelectric
generation by electric uti lities in Colorado and adjacent regions Both fore
casts are made to the year 2020 Results of the forecasts are important to

define the bounds of an overal I water resource management plan

B Water Demand Forecast

1 General

This section presents the results of studies conducted to forecast
future water demand in the St Vrain Basin area identified in Fig 1 1 which
includes water demands in the Left Hand Creek Basin Water demands in the
Si ting Area and outside the Study Area are not considered herein In the

agricultural sector water requirements as forecast herein are distinguished
from water demand in that requi rements are not related to the economic value
of the water in terms of its cost potential pricing or wi I lingness or abi 1

ity of users to pay In certain contexts the term water demand is used
where demands in the municipal and industrial sectors are aggregated with

agricultural requirements and where the three sectors are discussed to

gether However throughout this report agricultural water is forecast in
terms of potential requirements rather than economic demand

A rigorous analysis was made of water demand for the municipal and
industrial sectors and potential water requi rements for agriculture using

more sophisticated techniques than generally used in reconnaissance studies
Forecasts are presented to year 2020 wi th high medium and low levels of
demand estimated Generally the forecasts were developed based on historical
trends and projected population growth and land use changes in the Study Area

Several variables were used to forecast water demand and agricul
tural water requirements In the agricultural sector the total irrigated
area crop pattern crop consumptive water use population density population
location patterns and system irrigation efficiency are considered along with

population growth In the municipal sector forecasts household size mean

household income price of water in Longmont and housing patterns in Longmont
are considered as influencing demand along with population In the industrial
sector forecasts the manufacturing employment pattern with emphasis on tech

nology related growth is the key variable used along with population

The total estimated water demand and agricultural water requirements
for the Study Area is obtained by combining high medium and low forecasts for
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each sector to obtain high medium and low total water demand and requirement
scenarios respectively Water demand and agricultural water requirements
forecasts are given both for average weather conditions and dry hot drought
year irrigation season conditions for the agricultural sector and the munic
ipal sector For the industrial sector only water demands for average
weather conditions are presented because industrial demand in the Study Area
is cons idered re lat i ve ly i nsens it i ve to c I imato log i ca I var i ab les and a Iso is
a small fraction of the total demand in the Study Area Opportunities for
serving other potential project purposes such as water quality provision for
water oriented recreation enhancement of fish and wi Idlife and hydroelectric
power production are also identified and quantified as appropriate in terms
of potential water demand Flood damage reduction is discussed briefly in
terms of storage capacity for reduction of flood peaks

2 Population Forecast

A number of different projections have been made by various organi
zations and entities for the population of the City of longmont These pro
jections start at various base years involve di fferent assumptions project
to different future years and were developed for a variety of purposes The
approach which has been applied in this Study to arrive at population projec
tions to be used in the forecasting involved the review of other population
forecasts and the categorization of those forecasts into high medium and low
categories This review identified the fact that a recent study Rocky Moun
tain Consultants 1983b generally typifies other projections existing in the
literature Therefore the Rocky Mountain Consultants projections have been
selected for use in this Study Table V 1 presents the population projections
for longmont Also shown is the relationship of the projections selected for
use in this Study to those of other studies

Population projections for the rural areas are based upon simi lar
overall growth rates as those predicted for longmont because no comprehensive
projections were found in the literature for the rural areas Although rural
area growth rates are expected to be considerably lower than for longmont the
error introduced by use of the longmont rate is considered qui te minor
Growth rates that are used approximate a 34 increase in population every
10 years in the high 30 in the medium and 24 in the low forecast
Table V 2 gives the adopted projections for the various population groups for
the Study Area

Two important variables associated with population growth that
affect the amount of irrigated land converted to urban use and thus ultimately
affecting the agricultural water requirements in future years are 1 popu
lation densities and 2 the ratio of irrigated acres to total acres converted
to urban use In Section B 3 below Potential Agricultural Water Require
ments population densities of eight six and four people per acre and irri
gated land conversion ratios of 0 35 0 55 and 0 75 are used for the high
medium and low projections respectively



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

V 3

The population densities selected are based on historical trends in
and near the Study Area The 1980 population densities of Longmont and Lyons
are approximately six and two people per acre respectively The population
density of rural areas is much less than two people per acre whereas the den

sity of Boulder has been as hi9h as eight people per acre in the early 1970 s

Longmont plans to annex various areas with densities covering this range
Therefore the range of densities of eight six and four people per acre is
considered to represent the likely range of possibi lities that wi I I be experi
enced in the Study Area In this estimate more weight is given to historical

population densities for urban areas than those for rural areas because new

population growth is expected to be associated with non agricultural activ
i ties

The actual irrigated land conversion ratio wi II depend on where new

population growth occurs within the Study Area Almost all annexation by
Longmont wi I I decrease irrigated acreage whereas conversely almost al I annex

ation by Lyons wi II not decrease irrigated acres Should most of the develop
ment occur around Longmont the ratio of irrigated acreage to total acreage
converted wi II approach 0 75 However should most of the development occur

around Lyons this ratio wi II approach 0 35 The current ratio in the Study
Area of irrigated acreage to total plains area acreage is approximately 0 55
Therefore the irrigated acreage ratio range of 0 35 to 0 75 for lands con

verted to urban uses is considered to represent the range of possibi lities of

population distribution within the Study Area

3 Potential Agricultural Water Requirements

a General

The following subsections present estimates of potential agricul
tural water requi rements for average and drought year irrigation season con

ditions In this Study potential agricultural water requirements are defined
as the amount of water reQui red for irrigation of cropland wi thin the Study
Area that is sufficient to satisfy potential crop consumptive use without
consideration of cost or pricing constraints on water use Minor agricultural
uses such as stock watering and domest ic farmhouse use are not considered
since they are not significant in terms of water quantity

b Forecast Approach

Primary factors which affect crop water requirements are crop pat
tern and the corresponding consumptive water use of that crop pattern effec
tive precipitation acreage in production and overall system irrigation
efficiency These factors are described in more detai I in Section B 3 c

below A reasonably rigorous approach was used in forecasting agricultural
water requirements uti lizing monthly climatological data for a 3O year
historical period and performing frequency analyses of results of calculated
seasonal requirements For a given irrigated area the potential agricultural
water requirement is determined by uti lizing the fol lowing relationship
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Diversion Requirement
ac ft

Crop Consumptive
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12 x

Use Effective Precipitation
inches

System Irrigation Efficiency

x Area ac

Crop consumptive use is calculated by the modi fied Blaney Criddle
procedure by the use of a mathematical model which generally relates consump
tive use with temperature length of day type of crop and crop growth
stage Crop consumptive use is given by the fol lowing relationships

U Inches Crop Consumptive Use F x K where

F Monthly Consumptive Use Factor Mean Monthly Temperature x Percent
Day I ight Hours

KT Climatic Coefficient 0 0173 x Mean Monthly Temperature 0 314

K Crop Consumptive Use Coefficient KT x Monthly Growth Stage
Coeff i c i ent

Month Iy temperatures and prec i pi tat i on are bas i c c I imato log i ca I
data used in the procedure Monthly percentage of dayl ight hours is deter
mined from Technical Release TR No 21 Table 1 Irrigation Water Require
ments Soi I Conservation Service SCS Apri I 1967 Revised 1970 SCS TR 21
1967 Growth stage coefficients are determined from curves in the TR 21
Appendix for each particular crop Effective precipitation is determined
from Table 6 in TR 21 Thi rty years 1951 through 1980 of cl imatological
records of monthly precipitation and mean monthly temperature for Longmont are
uti lized to calculate the estimated consumptive use of irrigation water by the
above Blaney Criddle procedure A frequency relationship is then developed
for the consumptive use of irrigation water on a seasonal basis based on the
30 years of calculated data Subsequently monthly irrigation diversion
requi rements for the 30 year period are calculated by applying irrigation
efficiency to this est imated consumpt ive use of i rrigat ion water Table V 3
presents consumptive use of irrigation water for various crops produced in the
region for the period of record 1951 through 1980 Figure V 1 shows the
frequency relationship for the consumptive use of irrigation water for the

period of record 1951 through 1980 These results are in general agreement
with data presented in the Colorado Irrigation Guide SCS no date

c Conditions and Rationale Uti lized in Forecasts

1 Climatic Conditions

Important climatic conditions which affect potential agricultural
water requirements are ambient temperature and precipitation during the
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growing season Climatological data for the period of record 1951 through
1980 for Longmont are uti I ized for the calculation of potential agricultural
water requirements

2 Current Irrigated Acreage

The number of acres of irrigated cropland within the Study Area is
estimated to be 71 000 acres as of 1980 of which 40 000 acres are in Boulder
County with the remainder in Weld County There is no irrigated cropland in
Larimer County within the Study Area This acreage estimate is based on a

quantified estimate of lands within the Study Area shown to be irrigated on

the series of special maps published by the SCS which show important farmlands
in various counties in Colorado SCS 1979 The primary sources of informa
tion used in preparing the maps are published land use maps 1978 Landsat
simulated color infrared prints and personal communications wi th local plan
ners and the SCS district conservationist The estimate of 71 000 acres is
also supported by the fact that Water District No 5 which corresponds
closely to the Study Area reports for 1983 that 68 130 irrigated acres were

supplied by ditches and 25 175 acres were supplied by ditch company reser

voirs Since nearly all the irrigated acres supplied by ditch company reser

voi rs are also suppl ied by the di tches the 68 130 acres is considered likely
to be a sl ight underestimate of the total number of irrigated acres in the
Study Area Palmer 1984 personal communication The 71 000 acres is also

supported by data compi led by the Agricultural Stabi I ization and Conservation
Service and estimates made by the U S Army Corps of Engineers in a 1977 study
of the South Platte Basin which included the St Vrain Basin U S COE 1977

3 Decl ine in Irrigated Acreage

Losses of agricultural land are I inked to population growth in the
Study Area Since loss of agricultural acreage wi I I occur due to an increase
in population in the plains portion of the Study Area population estimates
for this area are uti I ized in estimating the decrease in agricultural acre

age In addition it is also assumed that irrigated agricultural acreage
would be urbanized in proportion to the ratio of irrigated acreage converted
to total acreage converted to urban uses

Based on the above assumptions the number of irrigated acres would
decline to approximately 65 000 acres 62 000 acres and 55 000 acres by the

year 2020 fo r the high med i um and low fo recas ts respect i ve I y Tab Ie V 4

shows the forecast decline in irrigated acres over the planning period The
above reduction in the present acreage is based on population densities of

eight six and four people per acre and an irrigated land conversion ratios of
0 35 0 55 and 0 75 for the high medium and low projections respectively

4 Crop Pattern

Since the Study Area includes approximately one half of the crop
land in Boulder County but on Iy one tenth of the cropland in Weld County
Colorado Dept of Agriculture 1983 the agricultural statistics of Boulder
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County are used to estimate the crop pattern in the Study Area Hay and corn

have been the predominate irrigated crops in Boulder County since 1960 making
up approximately 50 and 25 respectively of the total harvested irrigated
acreage The remaining 25 is made up of several crops with spring grains
predominating Weld County statistics were also reviewed and a simi lar crop
pattern was found Since crop patterns have changed little during the last
20 years the crop pattern of 50 hay 25 corn and 25 spring grain is uti 1
ized for the projections made herein

Crop consumptive use is the amount of water used by plants in
transpiration and bui Iding of plant tissue as well as that evaporated from

adjacent soi I and precipitation intercepted on plant foliage Potential crop
consumptive use represents the theoretical amount of water which the soi I crop
would consume if an adequate water supply were provided to the root zone

Estimates of potential consumptive use of irrigation water for the three pri
mary crops grown in the Study Area as well as potential consumptive use of

irrigation water for the estimated crop pattern of these three crops are pre
sented in Table V 3 The values presented in Table V 3 are calculated by
using the modi fied Blaney Criddle method These values are the consumptive
use of irrigation water which includes correction of the crop consumptive use

for effective precipitation i e effective precipitation is subtracted from
the crop consumptive use Figure V 1 shows the frequency of occurrence of the
seasonal consumptive use of irrigation water From this figure the consump
tive use of irrigation water for a particular year having certain weather
conditions can be estimated The potential consumptive use of irrigation
water for the period 1951 1980 is estimated at 21 4 inches for the one in ten

drought year conditions and 18 4 inches for average weather conditions

6 Effective Precipitation

In order to determine the potential irrigation water requirements
effective precipitation must be subtracted from the crop consumptive use esti
mate Effective precipitation is the amount of precipitation falling during
the growing season which is avai lable for consumptive use by crops that is
stored in the soi I root zone I t does not include water loss to deep percola
tion or surface runoff Many factors influence the fraction of total precipi
tation that becomes effective including crop type soil type and condition
field slope and type and intensi ty of snow or rain storm The average
effective precipitation for the crop pattern in the Study Area over the grow
i ng season is 5 04 inches and was ca I cu I a ted us i ng SCS methodo logy SCS
TR 21 1967 for the period 1951 through 1980

7 Irrigation Efficiency

The concept of irrigation efficiency must be considered in order to
estimate the amount of irrigation water needed to satisfy crop requirements
For this Study irrigation efficiency is defined as the percentage of diverted
irrigation water that is stored in the soi I and avai lable for consumptive use
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by the crop There are different designations for irrigation efficiencies

depending on the point of measurement For example if appl ied water is
measured at the farm headgate it is called farm irrigation efficiency If

appl ied water is measured at the point of diversion it may be called project
efficiency Irrigation efficiency as used in this Study is overall system
efficiency which takes into account water reuse within the Basin on farm

efficiency and di tch efficiency Water reuse is accounted for because the
demand forecast refers to the amount of water diverted at di tch headgates
which is affected by the amount of reuse Another important factor is the

proper timing of the application of irrigation water Excess amounts of irri

gation water over and above the potential consumptive use are currently
appl ied in the ear Iy part of the growing season in areas suppl ied by some of
the senior water rights This practice has the effect of lowering overall
eff i ci ency

A study of the South Platte River Basin U S COE 1977 indicates
an average system irrigation efficiency of 43 This estimate of current

irrigation efficiency appears to be reasonable for the St Vrain Basin based
on discussions with Jim Hami Iton the District SCS conservationist for Long
mont and with Bob Brandt of Rocky Mountain Consultants Hamilton 1984 and
Brandt 1984 personal communications In this Study a 50 system irriga
tion efficiency is used for all forecasts of future requirements It is
considered that improvements in system irrigation efficiency wi II occur as a

result of the transfer of early season applications of irrigation water by
storage or other means to later portions of the growing season and by the
uti lization of other measures such as lining of selected irrigation ditches

improved forecasting of streamflow monitoring of soi I moisture and associ
ated scheduling of irrigation applications Thus all forecasts assess the
level of crop water requirements under the condition that water would be made
avai lable throughout the growing season either by storage or other means in
accordance with crop growth stage requirements

The above estimates of current irrigation efficiency are proven in
the calibration of the hydrologic and water rights model RIBSIM developed in
this Study The RIBSIM model is described in Chapter VI During cal ibration
of the model a 45 system irrigation efficiency has been found to closely
correlate the current operation of the Basin

d Results of Potential Agricultural
Water Requirements Forecast

Table V 5 presents potential agricultural water requirements for

irrigation water for the high medium and low forecasts for di fferent condi
tions Presented are water requirements for average weather conditions for
one in ten drought year irrigation season conditions and for one in ten

drought year irrigation season conditions with application of 85 of the ful I

consumptive use requi rement to the crops The condi tion of 85 consumpt ive
use requirement of irrigation water applied to the crops is based on the fact
that limited experimental data relating crop yield of corn to amount of irri

gation water appl ied suggest that incremental increases in crop yield become
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substantially smaller as the full or maximum consumptive use of irrigation
water is approached From experimental data presented Danielson et al
1977 the appl ication of 85 of the full consumptive use of irrigation water
is judged to be reasonable in a drought year

Agricultural potential water requirements are predicted to steadi Iy
decline over the planning period with all cases considered due primari Iy to
the conversion of agricultural land to urban uses Agricultural water re

quirements are forecast to decline over the planning period from 253 000 ac ft
per year to 219 000 ac ft per year for the medium growth scenario subjected to
1 in 10 drought year conditions with 100 of the full consumptive use

applied Water requirements for average weather conditions are approximately
15 lower than those for the 1 in 10 drought year irrigation season conditions

It is important to note that the above potential agricultural water

requirements reflect the quantity of water which would be required to satisfy
the potential crop consumptive use The actual demand for additional water in
the Basin is also dependent upon the cost or pricing of water and the price
irrigators would be wi I ling or able to pay The present water resources sys
tem in the Basin even wi th C BT Project imports is not capable of supplying
the calculated ful I amount 253 000 ac ft of present agricultural water

requirements

Municipal water use as defined herein refers to water delivered to

users for residential and conunercial supply and for publ ic uses such as fi re

fighting street cleaning and park waterin9 etc The total municipal demand
for surface water in the Study Area can be represented by the demand of the
City of Longmont and domestic requirements of rural areas which include the
towns of Lyons and Mead and other rural areas in Boulder Weld and Larimer
count i es

The general approach taken in this Study for forecasting water

demand for Longmont is to relate water demand to certain variables including
population household size mean household income and price of water The
relationship of these variables to water demand was obtained by a review of
the literature and by the uti lization of historical data in the Study Area
Thus by forecasting changes in these explanatory variables future water
demand can be predicted Induced reduction in water demand as a result of
price increases is explicitly included in the forecast for Longmont Also
potential effects of other demand reducing measures resulting from policy
changes that could be instituted especially during dry years have been esti
mated but are not included in the forecasts since these measures are not con

sidered representative for most years

In this Study water demand for rural areas is strictly correlated
to population and per capita consumption This correlation was adopted
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because the current per capita water demand for this portion of the population
is relatively low Also historical data disa99regatin9 water demand simi lar
to that for Longmont are not avai lable for the rural area

b Overview

1 Current Conditions

Municipal water is supplied to the population of the Study Area by
the water system of the Ci ty of Longmont and by a number of relat ively small
municipal systems and water districts

Longmont suppl ies treated water for resident ial and cOllll1ercial use
to its residents which numbered approximately 43 000 in 1980 This represents
a majority of the total population within the Study Area which amounted to

approximately 63 000 in 1980 The water demand rate in 1983 for customers

served by Longmont averaged approximately 239 gal Ions per capita per day which
includes approximately 15 gallons per capi ta per day of industr ial demand
Also the above estimate includes a 15 allowance for system losses and publ ic
uses In addition to public lands which are irrigated with treated water

certain other public lands within Longmont are irrigated with untreated ditch
water and therefore not included in this forecast due to the small volume
relative to Longmont s municipal water demand Table V 6 presents Longmont s

historical water demand data along with other statistics important in water
demand forecasting

Domestic water requirements of the rural area population totaling
approximately 17 000 in 1980 are met by a number of small municipal systems
and water districts These include the municipal systems of Lyons and Mead
the Left Hand Water Supply Company Left Hand Longs Peak Water Association
and the Little Thompson Water District as described in Chapter I I I Table V 7
gives the 1980 population and current per capita water demand for these rural
areas The rural population of Boulder County is served by Left Hand and

Longs Peak Water Association The rural population of Weld County is served

by the Little Thompson Water District Table V 8 shows the monthly municipal
water use for the rural areas as wel I as for the City of Longmont

In addition to the population served by surface water sources by
the above entities some residences located primari Iy in the foothi I Is rely on

groundwater The 1980 population of these residences is estimated to be

approximately 3 000 DRCOG 1983a This portion of the population is not

considered in the municipal demand forecast for surface water

2 Forecast Approach

City of Longmont

In this Study residential water demand is correlated to household
size price and household income Other factors that could influence the
forecast are lot size housing values and cl imate Since income lot size
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and housing values are generally interrelated these were not considered in

the forecast Weather was not included as an explanatory variable in the

relationships developed in this Study Thus the relationships developed pre
dict water demand for average weather conditions Drought year demands are

calculated using another technique as is discussed later in this section
COlTlllercial water demand is correlated to population and water price The

relationships for predicting residential and commercial demand are given in
Table V g Public water demand is estimated by including a 15 allowance over

and above the total residential and commercial demand to account for system
losses and publ ic uses This allowance is based on historical and expected
values as indicated by Longmont s records

Longmont s residential demand is divided into three categories con

sisting of single fami Iy unmetered residences single fami Iy metered resi
dences and multi fami Iy residences The distinction between indoor and
outdoor water demand is made because of its importance in showing differences
between single and multi family residences and in differences in sensitivity
to price The relationship between these explanatory variables and water

demand was obtained by reviewing other studies and by using the 1980 Longmont
data to adjust the demand relationships to local conditions i e to calculate
the constant term in the relationships given in Table V 9 In addition 1976
data from Longmont were uti lized to test whether the relationships accurately
forecast historical demands The 1976 and 1980 data were selected because the
weather for these two years was nearest to normal of any of the years for
which data were avai lable thus el iminating the need to incorporate weather
into the forecasting relationships

In order to estimate drought year demand for the City of Longmont
the concept of consumptive use of irrigation water in the agricultural sector

is applied to the City of Longmont s outdoor use The correlation is made
between lawn watering and the irrigation of hay in the agricultural sector

By this approach an increase in outdoor use in a drought year of approximately
25 will result based on the percentage increase of alfalfa water use for a

demand that is equaled or exceeded 3 of the years or a 1 in 30 chance This
is considered to be a reasonable level of protection for a municipal ity
located on the Front Range

The demand forecast for this group of the population is based on a

constant per capita demand over the planning period Historical data describ

ing this portion of the population are not disag9regated simi lar to the Long
mont data Therefore the approach used for Longmont could not be uti I ized
A review of current per capita demand for the water entities serving this

group shows that the per capita demand ranges from 110 gallons per day for the
Little Thompson Water District to 210 gallons per day for the Towns of Lyons
and Mead Since most of the population in this group is located in areas

served by Left Hand Little Thompson Water District and Longs Peak Water Asso
ciation a weighted average of 140 gallons per day is used in the forecast
The drought year demand for this group of the population is considered to be
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approximately simi lar to the demand for average weather conditions because of
the low per capi ta demand and the small amount of outdoor water use due to
minimal lawn watering Therefore no drought year estimates are made for this
population group

c Conditions and Rationale Uti I ized in Forecasts

1 Population

Section B 2 describes the population forecasts uti lized in the
demand forecasts presented herein The high medium and low population esti
mates are uti I ized to obtain the high medium and low demand forecasts
respectively These population forecasts are given in Tables V 1 and V 2

2 Household Size

Household size for Longmont is predicted to remain constant over

the Study Period This is based upon historical data which indicate as shown
in Table V 6 that mean household size decreased from 2 97 in 1970 to 2 63 in
1980 and has since remained constant

3 Median Household Income

Different income increases are utilized for the high medium and
low forecasts Real income is assumed to increase at a growth rate of zero

1 and 2 per year for the low medium and high forecasts respectively
These growth rates are intended to cover the range of potential real income
growths for the Study Area during the planning period

4 Price of Water

Price of water is included as an explanatory variable in the demand

relationship for metered single fami Iy residences and for multi fami Iy resi
dences outdoor water demand The 1983 price of water in Longmont was 1 05 per
thousand gallons for metered service In this Study demand forecasts are

based on the premise that this price would not increase due to the cost of the
Windy Gap Project in future years

The exponential terms appl icable to the water price elasticity of
demand are derived from literature values Based on the elasticity values
reported in other studies an elasticity term was selected for this Study to

represent conservative estimates of water demands which may result in some

overestimation of future water demands This approach is considered reason

able in view of the substantial water demand reductions anticipated to occur

as a consequence of initial metering

5 Reduction in Water Demand

Reduction in demand sometimes termed conservation would be
real ized as a result of price increases and pol icy decisions made by water
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suppliers and or political entities The term conservation as used in this

Study refers to reduced water demand only I t does not include certain
broader concepts of conservat ion such as improved water reuse and increased

storage of floodwaters and improved uti lization of water within the St Vrain
Basin In the forecasts price related demand reduction effects are expl ici t

ly included for longmont as discussed above In addition it is estimated
that a 25 reduction in water use may be achieved by policy related measures

which traditionally have been instituted during periods of water shortage
Flack 1982 This additional degree of conservation is not accounted for in

the municipal forecasts made herein because it would not be real ized in most

years For the rural area forecasts the effects of demand reduction are not

considered since current per capita demand is low due to lack of significant
outdoor demand associated with lawn watering

6 Effects of Metering

No data are yet avai lable on annual water demand by single fami Iy
metered residences in longmont Consequently for this forecasting study 1980
water use for unmetered households is reduced by 23 and 40 for indoor and
outdoor demand respectively to allow for the effect of the 105 per thou
sand gallon charge presently in effect in longmont These two percentages are

taken from a study that compares water demand in two nearly identical residen
tial areas of the City of Boulder which differ primari Iy by the water rate

charge Burns et al 1975 The 23 and 40 reductions used in this Study are

also lower than those of an earlier Boulder study which indicate 35 and 50

respectively occurred as a consequence of metering Hanke 1970 This pro
cedure is followed in order to calculate the constant term in the demand

relationships for metered housing Table V g

7 Single Fami Iy Unmetered Residences

Single fami ly residences in longmont were unmetered unti I 1978

Beginning in that year meters were required on all new houses but the meters

were not used for water pricing In June 1983 the City began charging metered

single fami Iy customers at a uni form rate of 1 05 per thousand gallons
Buyers of existing single fami Iy residences are now requi red to install water

meters so that the existing housing stock is converted to metered status as

ownership change occurs The current rate of sale of existing houses is 9

annually therefore the stock of unmetered houses declines at a rate of 9 or

less annually The single fami Iy unmetered water demand relationships Equa
tions 1 and 2 in Table V 9 include both household income and household size
as explanatory variables The exponents for the two explanatory variables are

both 0 4 an average of values reported in the literature Morris and Jones
1980 Morgan 1973

The number of single fami Iy metered residences is equal to the
total number of single fami Iy residences less the number of unmetered
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residences as shown in Equation 10 in Table V 9 The total number of single
fami Iy residences in Longmont grew at a slower rate than population during the
1970 1980 decade In fact it grew at a rate of 0 74 of the population growth
rate Therefore Relationship 8 projects the number of single fami Iy resi
dences in Longmont

The single fami Iy metered water demand relationship also includes
household income and household size as explanatory variables and with the same
values for their exponents as are used in the unmetered case In addition
both indoor and outdoor demand equations include water price as a third
explanatory variable The single fami Iy metered demand relationships Equa
tions 3 and 4 in Table V 9 are adjusted to site specific conditions i e
the constant term is estimated at a price of 1 00 nearly identical to the
current price and consumption of 77 and 60 of 1980 indoor and outdoor water
demand values respectively for unmetered residences

9 Multi Fami Iy Residences

The number of multi fami Iy residences in Longmont has been increas
ing faster than the number of single fami Iy residences in recent years
During the 1970 1980 decade the number of master metered uni ts in Longmont
increased 10 faster than the City s population according to Longmont Water
Department records and reached a level of 559 units at the end of that period
Therefore Equation 7 in Table V 9 projects the number of multi fami Iy units
in year N

The multi fami Iy indoor water demand relationship employs the same
variables function form and exponential values as those used for the single
fami Iy unmetered residences in recognition of the fact that these are master
metered units so that the marginal cost of water to residents is zero as in
the flat rate case The multi fami Iy outdoor water demand relationship
Equation 6 in Table V 9 follows the outdoor water demand relationship for

single fami Iy metered residences because outdoor water demand is control led by
the owner or manager who pays the water bi I I This relationship is adjusted
to local conditions by using 1980 multi fami Iy data but without the assumed
reduction due to metering because multi unit residences were metered in 1980

10 Commercial Demand

The commercial water demand relationship Equation 11 in Table V 9
relates demand to two explanatory variables population and water price The
relationship is adjusted for site conditions of Longmont usin9 1980 data from
Longmont The price term employs the same elasticity exponential term as
that employed for indoor residential use

d Results of Forecasts

Longmont water demand forecasts are shown in Table V 10 for average
weather conditions Table V 11 shows water demand for the rural area for
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average weather conditions Table V 12 shows the drought year 1 in 30

municipal demand for the Study Area

Municipal water demand for Longmont is forecast to steadi Iy
increase from 10 800 ac ft per year in 1980 to approximately 24 700 ac ft per

year in 2020 for the medium population projection for the 1 in 30 drought
year Simi larly demand for the rural areas is estimated to increase from

2700 ac ft per year in 1980 to 7 600 ac ft per year in 2020 for the medium

population growth estimate The total per capita demand for Longmont is fore
cast to decrease from 224 gallons per day in 1980 to 176 gallons per day in

2020 for the medium forecast due primari Iy to the decrease in the number of

single fami Iy residences with flat rate schedules The decrease in per capita
consumption for the high forecast is less than the medium forecast to

approximately 196 gallons per day due to the difference in real income growth
rates assumed for the high forecast

5 Industrial Forecast

a General

The forecasting approach taken is to relate industrial demand to

manufacturing employment and to demand per employee for that employment
Manufacturing employment is in turn correlated to population growth in the

Study Area It it further predicted that the predominant type of industry
that would locate in the Study Area is technology related Therefore the
forecasts do not include the possibi I ity of any new water intensive industry
located in the Study Area because no evidence of this has been found Water

price considerations are not incorporated in the forecast due to the fact that
water is not a major input to the types of industry presently in the Study
Area or I ikely to locate there in the planning period Furthermore indus
trial water demand is low relative to that of the agricultural and municipal
sectors and since most industrial demand associated wi th technology related
industries is not sensitive to cl imatological factors refinements employing
such factors are considered unnecessary

b Overview

Industrial water demand is the lowest volume of the three major
categories of water demand in the Study Area Major industrial water users

include those suppl ied by the Ci ty of Longmont those suppl ied by Left Hand
and those industries that own di rect water rights A breakdown of the 1983
industrial water demand in the Study Area is shown in Table V 13 Industrial
demand in the Study Area in 1983 was 1 900 ac ft per year which is a rela

tively minor amount as compared to the agricultural and municipal sectors

For the planning period industrial demand is expected to remain only a frac
tion of the other sectors
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2 Forecast Approach and Methodology

Future industrial water demand is divided into three separate cate

gories These are technology related industrial demand such as Storage Tech
nology Corporation STC non technology related industrial demand such as

Longmont Foods and energy related water demand such as Publ ic Service Company
of Colorado PSCJ The basic approach used in estimating technology related
and non technology related industrial water demand is to relate the demand to

employment in each of these sectors and to a demand per employee per day for
that employment The number of people employed in each of the sectors is pro
jected based on ratios that relate employment to population As explained
above water price considerations and cl imatological factors are not included
in the forecast

Water demand by the energy sector is projected to remain constant
over the planning period since expansion of generating capacity at the
St Vrain power plant site is unlikely prior to 2020

tionships

a Technology Related Water Demand
HT n HT 1980 0 00112 x PI x WF x M x PCD HT x F HT

Industrial water demand therefore is based on the following rela

b Non Technology Related Water Demand
NHT n NHT 1980 0 00112 x PI x WF x M x PCD NHT x F NHT

c PSC Water Demand
PSC Water demand is assumed constant during the planning period

where

HT n Total technology related water demand for nth year

HT 1980 Technology related water demand in 1980

NHT n Total non technology related water demand for nth year

NHT 1980 Total non technology related water demands in 1980

PI Population increases in the Study Area over the peri
od n 1980

WF Fraction of the total population which makes up the
workforce

M Fraction of total new jobs which are basic manufac
turing jobs



F NHT Fraction of total new manufacturing jobs which are

non technology related

Per employee per day demand for technology related

industry
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F HT Fraction of total new manufacturing jobs which are

technology related

PCD HT

PCD NHT Per employee per day demand for non technology related

industry

c Basic Conditions and Rationale Uti lized in the Forecast

The conditions and rationale for these conditions uti lized in pro
jecting the industrial water demand for the high medium and low forecasts are

given below

o The total number of jobs in the Study Area is assumed to be

equivalent to the number of employed persons who live in the
Study Area A review of vital statistics compi led by the

City of Longmont shows that in 1981 86 of the totajobs in
the Study Area were fi lied by persons I iving in the Study
Area City of Longmont 1982 It is expected that this per
centage wi II increase somewhat as industry continues to

locate in the St Vrain Basin

o The percentage of the total Basin population which makes up
the workforce is assumed to remain constant at the current

50 A review of 1980 Census Bureau data for the Study Area
shows that 31 000 persons were employed out of a total of
63 000 persons residing in the area or approximately 50 of
the total DRCOG 1983a This percentage is simi lar to

values for Boulder County and Denver in 1980

o Of the total increase in overall employment estimated for the

Study Area 50 of these jobs are assumed to be basic jobs
i e jobs that produce goods and services that are sold out

side the Study Area and 50 service support jobs The City
of Longmont estimates that for each new manufacturing or

basic employment job establ ished between 0 98 and 1 37 new

service jobs wi II be created Ci ty of Longmont 1982 The
value of 1 0 is chosen for this Study as a reasonable esti
mate

o All future basic jobs are assumed to be manufacturing jobs
This assumption that 100 of al I future basic jobs wi I I be in
the manufacturing sector results in a maximum forecast of
industrial water demand
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o New manufacturing jobs in the Basin are anticipated to be

approximately 80 technology related and 20 other manufac

turing Mi Iler 1984 personal cOlllllunication In the last
few years recent expansion of manufacturing in the Study
Area has been primari Iy technoI09y related for example STC
and Mini Scribe have both moved into the Study Area in the
last few years In addition current plans call for the
bui Iding of a major faci I i ty by Hewlett Packard to the east
of Longmon tin Sou I de r Coun ty Thus i t seems reasonab I e to
assume that a large percentage of increased manufactur i ng
employment in the Study Area wi I I be technology related

o Dai Iy per employee water demand at technology related faci l

it ies is est imated to be 100 gallons based on 365 days per
year This estimate is derived based on 1983 use at STC s

faci lity located in Longmont

o Dai Iy per employee water demand for future non technology
related manufacturing is estimated to be 300 gal Ions based on

365 days operation per year This estimate is based on 1983

usage at Longmont Foods Turkey Plant and is judged to be rep
resentative of future non technology related manufacturing
that would likely locate in the Study Area

o No future expansion of thermal power generating faci lities is

projected to occur in the Study Area prior to 2020 Thus

energy related water demand is projected to remain constant
over the planning period The St Vrain nuclear power plant
si te has addi t ional acreage avai lable for faci I i ty expan
sion However based on current power demand forecasts

expansion at this site is judged to be unlikely prior to 2020
Van Volkenburg In the forecasts a 1 000 ac ft per year

demand suppl ied from the St Vrain Basin is accounted for

although there is a 3 100 ac ft demand at the Fort St Vrain
nuclear power plant The remaining 2 100 ac ft per year
which is currently supplied from outside the St Vrain Basin

may at some future time be suppl ied from wi thin the Basin
However this would be accompl ished by transferring water

currently used for agricultural purposes by the plant owner

to industrial use Hence total water demand wi thin the
Basin would not be affected

d Results of Industrial Demand Forecast

The forecast industrial water demand in the Study Area for the low
medium and high population growth is presented in Table V 14 The total pro
jected industrial demand rises from its 1980 level of 1 770 ac ft per year to

levels of approximately 5 100 5 900 and 7 200 ac ft per year for the low
medium and high population growth scenarios respectively Although employ
ment in technology related industries is predicted to predominate in the
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future technology related and non technology related demands are estimated to

be approximately equal in 2020 due to the lower per employee dai Iy water

demand for the technology related industries relative to the non technology
related industries

6 Total Water Demand

The potential agricultural water requi rements forecasts presented
in Table V 5 and municipal and industrial water demand forecasts presented in
Tables V 12 and V 14 are combined to estimate the total water demand for the

Study Area Drought year conditions along with medium population projections
for 2020 are used herein for planning Total water demand is estimated for

high medium and low scenarios for varying conditions regarding the important
variables such as population growth income growth patterns population den

sity etc A scenario for a particular level of demand includes the summation
of corresponding forecasts for the agricultural municipal and industrial
sectors Table V 15 presents forecast total water demand for drought year
conditions uti I ized in planning as undertaken in this Study

Total water demand for the medium scenario is forecast to decrease
from 268 000 ac ft per year in 1980 to 257 000 ac ft per year in 2020 when
100 of the fu II consumpt i ve use is app lied to the crops I f 85 0 f the fu II

consumpt ive use were appl ied to the crops the demand would decrease from
230 000 ac ft per year in 1980 to 224 000 ac ft per year in 2020 for the

medium scenario The decrease in total demand in the future should not be

interpreted as meaning there is no further need to develop the Basin s water

resources This is because as further discussed in Chapter VI the estimated
full demand requi rements cannot be suppl ied by the water resources as now

developed

Municipal and industrial water demands are forecast to increase

throughout the planning period whi Ie the potential agricultural water require
ments decrease because of conversion of agricultural land to urban use The
decrease in potential irrigation water requirements is larger than the
increase in municipal and industrial water demand for the medium and low
scenarios resulting in a decrease in forecast total water demand over the

planning period For the high scenario the increase in the municipal and
industrial demand is larger than the decrease in potential agricultural water

requirements and consequently the total water demand forecast shows an

increase over the planning period

7 Water Demand Considerations
in Relation to Other Plan Purposes

a General

A range of potential water management plan purposes was identified
based on the technical analyses and evaluations conducted in this Study and

upon the issues and concerns expressed by the Study advisors and others The

primary purposes of plans to be considered are to deal with water supply needs
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in the Basin However other purposes are identified that should be included
in association with the primary water supply purposes These other purposes
are enhancement of fish and wi Idlife provision of water oriented recreation

improvement of water quality flood protection and hydroelectric power pro
duction

The discussion of other plan purposes in this section is for the

purpose of considerin9 potential water quantity or storage capacity factors
related to such plan purposes It provides preliminary descriptions of bene
fits that may be attainable from flow management primari Iy in conjunction
with the primary water supply purposes addressed in the Study This section
does not provide a comprehensive discussion of potential measures for achiev
in9 other plan purposes and in particular does not identify non structural
measures

b Enhancement of Fish and Wi Idlife

Any implemented water supply management measure is I ikely to have
some beneficial and or adverse impact upon fish and wi Idlife During later

stages of project development subsequent to this Study impact analyses wi I I
be performed to identify expected impacts and to develop specific mitigation
measures to alleviate such impacts as well as taking advantage of opportuni
ties presented to enhance fish and wi Idlife

Dne measure which can be addressed quantitatively at present com

mensurate with the reconnaissance level of detai I of this Study is flow

augmentat ion in assoc i at i on wi th the const ruct i on of a reservoi rs to mai n

tain and improve fish life in St Vrain Creek in the reach from approximately
Lyons to Hygiene Road This reach of the creek is considered important as a

coldwater fishery Instream flow studies Rocky Mountain Consultants Inc
1983a DRCOG 1983b concluded that flows 15 to 30 cfs year around in the main
stem of St Vrain Creek along with habitat improvement structures would sub

stantially improve the creek as a fishery Uti I izing the 30 cfs flow
criterion along with monthly historical flow data recorded in St Vrain Creek
at 01 igarchy Creek during 1954 which was a historical dry year an estimate
of approximately 12 000 ac ft per year would be desi rable to augment the
historical dry year flows to 30 cfs for every month during the year The 1954
historical flows ranged from zero in September to an average of 47 cfs in

July This target amount can be considered in association with water manage
ment practices that wi II be studied in the Basin It should be noted that

this estimate wi II need to be reviewed in the future once specific alternative

plans are identified in terms of reservoir locations and their capacity along
with resulting flows downstream of the reservoir s

c Water Oriented Recreation

Generally there are three basic types of opportuni ties for recre

ation that could be provided by a water resources management plan First
opportunities would be provided in association with a potential reservoir

lake type recreation such as boating picnicking and hiking Second stream



This discussion is limited to consideration of
flows to reduce downstream discharges as this approach is
struction of reservoi r storage for water supply purposes
flood damage reduction program would consider other structural

non structural measures also

storage of peak
related to con

A comprehens i ve

and a number of

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

V 20

corridor recreational opportunities could be provided such as trai Is for vari
ous activities These types of opportunities should be investigated and

incorporated into future studies subsequent to the present Study Third a

reservoir associated with a particular water resources management plan could

provide more water avai lable for flow augmentation downstream to improve
stream corridor recreational opportunities The consideration of 12 000 ac ft

per year of water to enhance fish and wi Idl ife wi II also improve the fishing
opportunities downstream of a potential reservoir by providing a better qual
i ty fishery

d Water Quality

Water quality considerations in the Study Area can be divided into
two general categories First there are water quality considerations with

respect to maintaining a cold water fishery from Lyons to Hygiene Road and
second considerations with respect to the impact of irrigation return flows
below Longmont The qual i ty of St Vrain Creek water at Lyons is good
Numeric stream standards have always been attained in the past The amount of
water considered for flow augmentation for fishery improvement which is
12 000 ac ft per year would also have a beneficial impact on water quality
It is estimated that this flow augmentation would result in a reduction of

approximately 20 in the total dissolved solids TDS levels to an average of

approximately 200 mg 1 at Hygiene Road based on average water year flow con

ditions However the present concentration of TDS at this location is

definitely not at a problem level In addition though flow augmentation
would result in water qual ity improvements downstream of Longmont where higher
TOS levels are presently experienced The augmented discharge of St Vrain
Creek would also result in improved receiving water conditions for Longmont s

treated wastewater effluent This improvement possibly could result in a

lesser degree of treatment requi red in terms of ammonia removal but this

potential has not been investigated

Along with flow augmentation possibi I ities considered in this

Study consideration of better management practices to control non point
sources of pollution from irrigation return flows are recommended by DRCOG to

improve water qual i ty below Longmont DRCOG 1983b At present consider
ation of flow augmentation for fishery improvement is also considered adequate
for water quality improvements

e Flood Protection or Flood Damage Reduction

In order to estimate an amount of storage volume needed to detain

excess runoff for the reduction of flood damages a flood hydrograph was

compi led that indicates discharge as a function of time associated with a
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particular storm event A storm event of 6 hour duration wi th a 100 year
recurrence interval was selected for this Study The method used for the
hyd rograph ca I cu I at ion is an SCS method based on compu ti ng direct runof f by
use of curves founded on field studies of the amount of measured runoff from
numerous soi I cover combinations Assuming that all runoff above 1 000 cfs
the assumed bankful I channel capacity would be stored in a reservoir general
ly located upstream of Lyons on St Vrain Creek approximately 10 000 ac ft of
capacity would be required Therefore 10 000 ac ft of storage capacity is
considered in plan formulation for this purpose It should be noted that this
volume does not represent a need for new water but rather dedicated space in a
reservoir to temporari Iy store floodwaters

Estimation of flood damages and the relationship of damages to

discharge as well as all other economic aspects and potential non structural
measures related to flood damage reduction are outside the scope of this
Study

f Hydroelectric Power Production

Hydroelectric power production is considered in this Study in asso
ciation with alternative plans incorporating storage reservoirs and in pipe
lines where sufficient head and discharge would occur There is no obligation
on the part of this Study to identify new power resources to provide for
projected deficiencies Therefore no new water supply is targeted for plan
formulation with respect to hydroelectric power production The potential
marketabi I ity of power generated from a St Vrain hydroelectric project is
discussed in the next section

C Power Demand Forecast

1 General

The marketabi I i ty of hydroelectric power from a St Vrain project
was discussed with principal Colorado uti lities and several uti lities in adja
cent states The market for such power would most likely come from uti I ities
located within the state of Colorado because transmitting power particularly
peaking power for substantial distances can adversely affect project feasi
bi I i ty For this reason the following power demand forecast and prel iminary
market assessment is focused on but not I imited to the principal power
suppliers in Colorado However potential markets in adjacent states which
are wi thin reasonable transmission reach of the St Vrain Basin were also
assessed Needs of utilities east of Wyoming Colorado and New Mexico were
not assessed as the western transmission system does not operate in synchro
nism with the transmission systems in the states to the east Consequently
it is not reasonable at this time to consider the states to the east as part
of the market for a St Vrain project In addition the Western Area Power
Administration WAPA a federal agency was also contacted to obtain its
plans for generation additions Certain additions to existing federal hydro
electric capacity now being marketed by WAPA are in the planning stage and
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such capacity additions have been
which wi II be avai lable to serve

ing of the uti lities and agencies

included in the tabulation of area resources

future area loads The following is a I ist
contacted during the Study

Public Service Company of Colorado
Tri State Generation and Transmission Assn
Platte River Power Authority
Colorado Ute Electric Association

City of Colorado Springs
Arkansas River Power Authority
Western Area Power Administration

The general service areas of these principal power suppl iers are

shown in Fig V 2

Although it is recognized that numerous smaller uti I ities exist
within the state the above listed Colorado utilities are considered to rep
resent the most I ikely markets for power from a potential St Vrain project
due to the comparative size of these sma I ler uti lities

Because of the relatively I imited streamflow avai lable in the
St Vrain Basin development of conventional run of river hydro generation
would be limited in capacity to relatively small installations Generation at

such installations if the power and energy output were competitively priced
could be marketed locally to uti I ities presently providing service in the
immediate area Specifically the closest uti lities include the Platte River
Power Authority Public Service Company of Colorado and Tri State G T Associ
at ion

In the section that fol lows the projected loads and resource plans
for the Colorado util ities most likely to purchase Project power are presented
to demonstrate the potential market for additional resources Table V 16
shows a summary of findings and conclusions of the six Colorado uti I ities and
WAPA

The power demand forecast presented herein was conducted in Decem
ber 1983 and therefore represents conditions prevai lin9 at that time

2 Colorado Uti lities

a Public Service Company of Colorado PSC

PSC headquartered in Denver is the state s largest investor owned
uti I ity serving approximately 800 000 electric customers in 42 cities and
towns including the Denver metropolitan area
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1 Present Loads and Resources

In 1982 PSC normally a summer peaking system experienced a peak
demand of 2 809 MW The peak demand recorded for the summer of 1983 was
2 915 MW an increase of 3 8 over 1982

PSC categorizes its existing resources as fol lows

Capabi Ii ty
MW

Baseload Capacity
Intermediate Capacity
Peak i ng Capac i ty
Net Purchases

2 410
242

429
164

3 245Total Resource Capabi lity

2 Proiected Loads and Resources

PSC prepares and updates a report each year entitled Electric Load
and Generation Resource Plan The report dated June 1983 contains PSC s load

projections and resource plans to year 2002 PSC states that it has not pre
pared projections and planning studies beyond 2002 and consequently is unable
to furnish data to 2020

The peak load and energy projections set forth in the June 1983
load and resource plan were developed by PSC using several data sources but

pr incipally the Customer and Sales Forecast publ ished by the PSC Corporate
Planning Division Both the peak and energy demand forecasts are based on

econometric model ing sales per customer analyses assumptions of future
economic activity both nationwide and in the PSC service area as well as

other data sources described below

PSC is projecting that its annual peak demand wi I I grow from
2 809 MW in 1982 to 4 674 MW in 2002 which represents a 2 6 annual growth
rate For the period 1997 through 2002 PSC projects a growth rate of 2 1

per year In the absence of extended projections from PSC for the years after
2002 continuation of a 2 1 annual growth rate is considered reasonable by
the Study Team for extending load projections to the year 2020 for the purpose
of this Study On this basis PSC s fi rm load in 2020 is estimated to be
approximately 6 800 MW If 15 is added to this figure for reserves con

s i dered to be a prudent I eve I of capac i ty reserves for p I ann i ng pu rposes
PSC s capacity requirement in 2020 is estimated to be approximately 7 800 MW

Firm load reduction estimates due to conservation and load manage
ment were developed by PSC from its di rect load control program conducted in
1982 The results were developed using PSC s marketing load research and a
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benefit cost study performed by PSC s System Planning Department The load
reduction estimates incorporated into PSC s annual peak load projections
described above are 23 MW in 1984 increasing to 205 MW in 2002

PSC anticipates increasing its generating capacity 560 MW by 1992
th rough the add it i on of the 485 MW Pawnee No 2 generat i ng un it and a 75 MW
Fort S1 Vrain nuclear plant uprating Additional purchases from area uti 1
ities are estimated by that time to bring PSC s total effective resource

capability to approximately 4 200 MW Beyond 1992 PSC is planning to add
baseload coal fired generating capacity as yet unsited and supplement its
resources as necessary through capacity purchases from other uti lities Based
on estimated resource requirements of 7 800MW in 2020 PSC will require
approximately 3 600 MW of resource additions both baseload and peaking from
1992 to 2020 plus replacement capaci ty for present gene rat ing uni ts ret ired
during that time period

3 Estimated Power Needs

PSC has indicated that it may be interested in obtaining 100 to
200 lAW of additional peaking capacity by the late 1990 s if economically
attractive when compared to other alternatives PSC now has in service
approximately 400 MW of peaking capacity On this basis it appears that PSC
may be able to effectively uti lize approximately 12 of its total load
excluding reserves in peaking capaci ty or a total of 800 MW in 2020 Con

sequent Iy PSC may be interested in an add it i ona I 400 MW of peak i ng capac i ty
by 2020 if economically priced

b Tri State G T Association Tri State

Tri State is an electric
association headquartered in Denver

p rov i des who I esa lee I ec tr i c se rv i ce

and four public power districts in
Nebraska

generation and transmission cooperative
I t operates on a nonprofi t basis and

to 21 electric distribution cooperatives
the states of Colorado Wyoming and

1 Present Loads and Resources

Tri State s annual peak demand requi rements in 1982 was approx
imately 1 020 MW not including reserve requirements The 1983 peak demand was

approximately 930 MW a reduction of 8 from the 1982 peak demand Tri State
bel ieves that a major reason for the load decrease in 1983 is the federal
government s Payment In Kind PIK Program The PIK program provides for pay
ment in kind in lieu of crop production which reduces irrigation pumping
requirements a substantial component of the Tri State load

Tri State s present power supply resources total 1733 MW and con
sist of the following components
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Capab i I i ty
MW

Base load

WAPA Allocation
Missouri River Basin 266
Colorado River Storage Project 252

Purchases Basin Electric 316
Craig Station 206
Laramie River Stat

ion
398

Peaking

Republican River Station
Burl ington Station

195
100

Total 1 733

2 Proiected Loads and Resources

Tri State has projected demand and energy requirements to 2015 in a

July 1983 loads and resources study The uti I ity furnished additional projec
tions covering the Study period to 2020 Tri State in its expanded studies

projects total capacity requirements in year 2020 of 2 100 MW including
reserve requi rements compared to a total requi rement in 1983 of approximately
1 280 MW This represents an annual load increase of approximately 1 3 over

the entire Study period

Currently the only resource additions planned by Tri State for the
period 1983 to 2020 in accordance wi th its July 1983 loads and resources

study are as fol lows

Capabi I i ty
MW

Summer Winter capacity exchange
with Colorado Ute

Additional purchases from Basin
Electric in accordance with

existing contract

70 beginning 1987

174 increase over Study Period

Total 244

Consequently together with existing resources of 1733 MW Tri
State currently plans to have avai lable in 2020 resources totaling 1 977 MW
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3 Estimated Power Needs

Tri States estimated capacity requirements of 2 100 MW in the year
2020 indicate that a defici t of 123 MW wi II exist at that time However
Tri State does not project capacity deficits to begin unti I 2014 Consequent
ly due to the speculative nature of projected capacity requirements 30 years
in the future Tri State cannot real istically be included as part of a market
for capacity from a potential St Vrain hydroelectric project

c Platte River Power Authority Platte River

Platte River is a pol itical subdivision of the state of Colorado
and suppl ies electrical energy at wholesale to the four Colorado municipal
ities of Estes Park Fort Collins Longmont and Loveland

1 Present Loads and Resources

Platte Ri ver s ex i st i ng resources i nc Iud i ng the 250 MW Rawh i de
Station Unit No 1 which commenced operation in 1984 are as fol lows

Capabi I i ty
MW

WAPA Allocation Baseload 235

Craig Station Baseload 149
Rawhide Station Baseload 250

Tota I 634

2 Proiected Loads and Resources

Platte River had estimated a peak demand for 1983 of approximately
200 MW i nc reas i ng to 620 MW by year 2000 and 2 400 MW by year 2020 These

projections reflect annual load growth of approximately 7 and do not include
reserves

Platte River s load projections are based on requirements for elec
tric energy for resale within areas presently served by the member cities and
reflect a continuation of historical trend geographic location and growth
potential of the areas and types of customer classes being served

Platte River s Rawhide Uni t No 1 a 250 MW coal fi red generating
faci I ity is located approximately 18 mi les north of Fort Coil ins and started
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commercial operation in April 1984 Rawhide Unit No 1 t0gether with associ
ated transmission facilities constitute the initial facilities of the Rawhide

Energy Project The Rawhide Energy Project is planned to ultimately include
an additional two generating units of 250 MW each for a total capacity at the
Rawhide site of 750 MW

3 Estimated Power Needs

Based on Platte River s latest load projections its existing
resources wi I I serve its load through the mid 1990 s As one future resource

alternative Platte River is considering construction of a second Rawhide
unit Construction of a second Rawhide unit for operation in the mid to

late 1990 s would provide sufficient capabi I i ty to serve projected load only
unti I the early 2000 s Peaking capacity if avai lable in the latter part of
the 1990 s and if economically attractive might defer a second Rawhide unit
for a short period of time Otherwise in the period 2000 to 2020 Platte
River might be interested in 50 to 150 MW of peaking power if avai lable in an

optimum location and if competitively priced Platte River with transmission
faci I ities located in the Longmont Loveland areas would be able to uti I ize
power resources developed in the St Vrain Basin with a minimum of transmis
sion losses and capital expenditures

d Remaining Colorado Uti lities

The remaining three Colorado uti lities surveyed in this Study
Colorado Ute Electric Association City of Colorado Springs and Arkansas
River Power Authority are considered less likely to be purchasers of power
f rom a project deve loped in the St Vrai n Bas i n than a II the ut i lit i es d i s

cussed previously because of len9thy interconnection requirements A summary
of projected loads and resources for each of these uti I i ties is included
however in Table V 16 sO that this table reflects the findings of the overall

survey conducted

3 Western Area Power Administration WAPA

In December 1977 WAPA was established to administer federal trans

mission and power marketing activities which had previously been performed by
the Uni ted States Bureau of Reclamation USBR The Loveland Fort Coil ins
area office of WAPA markets and delivers power generated principally in
Colorado and Wyoming from federal hydro projects operated by the USBR AI lo
cations of WAPA power from the federal hydropower resources have been made to
those Colorado utilities qualifying under preference provisions of federal
Reclamation Law The amounts of such al locations have been listed as

resources when appropriate for the Colorado utilities discussed previously
In general federal state and municipal entities and REA financed electric
cooperatives qualify to receive such al locations

WAPA plans to reallocate its resources for the period after 1989
but based on informat ion present Iy avai lable it is assumed that the alloca
tion of existing WAPA resources would remain essentially unchanged for this
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Study aHer 1989 I n add it ion WAPA has announced that the USBR is p lann i ng
certain capacity addition in Colorado and Wyoming which wi II add 169 lAW of

capacity by 1990 to the hydroelectric resources being marketed by the Loveland
Fort Collins area office The capacity of these additions has been included
as a future planned resource for the Colorado area A portion of the 169 MW
ultimately may be marketed to utilities other than those major Colorado util
ities discussed herein but the ultimate uti I ization of these resources wi II
not be known unti I WAPA s post 1989 marketing criteria now being formulated
have been final ized Therefore in order to determine a conservative forecast
of future resource requi rements the 169 MW is included as a planned resource

for the Colorado uti lities

WAPA does not function as an electric uti lity in the true sense of
the word since it does not have uti lity responsibi lity to serve the expanding
electrical needs of customers in a defined area However WAPA does perform
certain power supply coordination activities which can affect the systems of
the uti I ities interconnected with WAPA and could be helpful in the marketing
of power from a St Vrain project Additionally WAPA has major transmission
faci I ities in Colorado which could be important in the del ivery of project
power to a uti lity uti lizing such power

4 Uti lities Providing Service in Adiacent States

In assessing the marketabi I i ty of power from a project that might
be developed in the St Vrain Basin studies have focused primari Iy on the
long range requi rements of Colorado uti I ities and particularly those adjacent
to the St Vrain Basin As noted earlier any conventional hydro capacity
developed in the Basin wi II be small which can be easi Iy absorbed by the

immediately adjacent uti lities if economically competitive Also the market

ing of pumped storage peaking capacity inherently becomes more difficult as

transmission distances and number of intervening uti I ities increase There
fore for the purposes of this Study uti I ities outside of Colorado are not

considered to be potential purchasers of project power

5 Power Transmission

All of the Colorado ut i lit ies discussed herein are interconnected

through the transmission system comprising the western transmission grid In
addition to facilities owned by the utilities discussed previously the west

ern transmission grid contains substantial faci I i ties constructed and owned by
WAPA to deliver allocations of hydro power to its customers from the USSR

hydroelectric projects located in Colorado and adjacent states As a matter

of precedence wheel ing and interconnection agreements now exist between the

parties wh i ch p rov i de for de live ry 0f powe rand ene rgy by one pa rty ac ross

transmission faci lities owned by another Consequently we believe that

arrangements could be made to del iver power and energy from a St Vrain proj
ect to the various uti I ities discussed herein The complexity and cost of
such arrangements would depend of course on the amount of power involved and
the timing of such deliveries with respect to system capability Generally
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additions are made to the transmission system from time to time by the party
or parties creating the need for such additions

The transmission system in the immediate vicinity of the St Vrain
Basin is comprised of transmission I ines and substations owned by PSC WAPA
Platte River and Tri State Lines owned by these entities are then intercon
nected with the other in state uti lities and with uti lities in adjacent
states I f a pumped storage project were developed in the St Vrain Basin
and the project output uti lized by the adjacent uti lities pumping power could
be provided from PSC s plants in the Denver Boulder and Brush areas Platte
River s capacity at Craig and Rawhide stations and Tri State s capacity at

Craig and Laramie River stations Purchases from greater distances would
involve greater line losses and wheeling and consequently higher costs

Limitations in the existing transmission grid exist at the present
under certain conditions Transmission capacity south and west of Craig
Station limits power flows at certain times Such problems limit the ability
of the existing transmission system to del iver power from the Colorado uti 1
ities to Utah New Mexico and Arizona The system from the Craig Rifle area
to the Denver area is generally heavi Iy loaded Transmission projects how
ever are underway to rei ieve the existing problems and the interconnected
uti lities are continually planning together to make necessary additions to the
system to serve the power supply needs of the area As each new generation
project is developed detai led transmission power f low studies and stabi I i ty
studies are conducted to determine the effect of the new faci I i ty on the
system and to determine what additional transmission faci lities are required
Such transmission studies would be required for a St Vrain project involving
major generating faci lities

6 Summary

The marketabi lity of output from a St Vrain project has been dis
cussed with the principal Colorado utilities and certain of the utilities
serving in adjacent states Based on such discussions and a review of the
load projections and resource programs furnished by the uti I ities there is no

significant overall need for peaking power unti I the mid to late 1990 s

A summary of projected loads and resources for the six principal
Colorado utilities together with related capacity deficiencies for each util
ity are shown in Table V 16 In developing the capacity requirements shown
in Table V 16 15 was added to projected loads as a prudent provision for

gene ration reserves It is necessary for each utility to furnish its share of
generating reserves to provide for scheduled outage of generating units for
maintenance and for unforeseen emergency outages For planning purposes 15
for reserves is considered to be prudent and reasonable in the electric uti 1

ity industry The table indicates that by 1995 the six Colorado systems in
total wi I I require 188 MW of additional capacity beyond the capacity additions
presently planned and sited By the years 2000 and 2020 these total addition
al capacity requirements both baseload and peaking requirements increase to

1763 and 9 154 MW respect i ve I y
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Estimates of the amount of addi tional peaking capaci ty that could

be effectively uti I ized by Colorado uti lities in the 1995 2020 time frame are

shown in Table V 17 indicating a total of 170 MW in 1995 increasing to

340 MW in 2000 and 940 MW in 2020
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Table V I

St Vrain Basin Reconnaissance Study

lONGMONT POPULATION PROJECTION

High

1980 1990 2000 O10 2020

3 4 3 4 3 4 3 4 3 4
42 940 63 270 85 020 108 840 139 320

2 3 4 1 2 3 4 5 6 7 8 2 3 4 5 6 7 8 1 2 3 4 8 3 4
42 940 60 300 77 190 94 100 114 710Medium

low
3 4

42 940
3 4

103 130
3 4

54 220
3 4

69 410
3 4

84 600

1 Ken Bruns 1970 values lower
2 Denver Water Department 1975 values similar
3 Corps of Engineers 1977 values lower
4 Rocky Mountain Consultants 1979 values lower in high and medium

scenarios higher in high scenario
5 Denver Regional Council of Government 1982 values higher
6 City of Longmont 1982 values similar
7 Boulder County 1983 values similar
8 Denver Board of Water Commissioners 1983 values higher

Source of Information Rocky Mountain Consultants 1983b

80353C
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Table V 2

St Vrain Basin Reconnaissance Study

STUDY AREA POPULATION PROJECTION

Rural Areas
2

1980 1990 2000 2010 2020

High 17 100 22 900 30 700 41 100 55 100

Medium 17 100 22 200 28 900 37 600 48 800

Low 17 100 21 200 26 300 32 600 40 400

Foothi lis

1980 1990 2000 2010 2020

High 3 000 4 000 5 400 7 200 9 700

Medium 3 000 3 900 5 100 6 600 8 600

Low 3 000 3 700 4 600 5 700 7 100

Total 4

1980 1990 2000 2010 2020

High 63 000 90 200 121 100 157 100 204 100

Medium 63 000 86 400 111 200 138 300 172 100

Low 63 000 79 100 100 300 122 900 150 600

1 Includes the towns of Lyons and Mead as wet I as the rural population of

Boulder and Weld Counties excluding the foothi I Is
2 These estimates assume the same overal I rate of growth as Longmont
3 Includes the communities of Ward Jamestown and rural residents in the

foothi lis west of Lyons
4 Includes Longmont population estimates from Table V l



I

I V 33

Table V 3

I St Vrain Basin Reconnaissance Study

I
CONSUMPTIVE USE OF IRRIGATION WATER

inches

I Crop
Year AI fal fa Hay Corn Grain Spring Grain Pattern

I
1951 20 11 14 42 6 33 15 25
1952 26 91 20 22 9 44 20 87
1953 24 04 18 51 7 76 18 59
1954 29 69 21 93 10 89 23 05

I 1955 25 61 19 05 9 00 19 82

1956 26 31 19 05 10 36 20 51

I
1957 21 32 16 08 6 06 16 20
1958 22 91 18 05 6 45 17 58
1959 23 36 17 41 8 60 18 18

I
1960 26 23 19 93 7 71 20 03

1961 18 64 14 09 6 20 14 39
1962 25 29 15 78 8 19 18 64

I 1963 28 03 20 30 9 20 21 39
1964 25 51 19 47 8 33 19 71
1965 18 63 12 76 6 07 14 02

I 1966 26 13 19 72 9 17 20 29
1967 17 95 13 08 3 44 13 11

I
1968 2345 17 52 8 50 18 23
1969 23 24 18 42 4 63 17 38
1970 23 13 16 16 7 75 17 54

I 1971 23 78 17 48 10 17 18 80
1972 24 44 16 50 8 64 18 51
1973 23 56 17 84 7 89 18 21

I
1974 24 94 17 75 9 21 19 21

1975 22 70 16 02 6 48 16 98

1976 22 84 16 15 7 89 17 43

I 1977 29 23 22 14 10 49 22 77
1978 24 48 17 88 5 67 18 13
1979 21 79 15 84 540 16 21

I
1980 27 71 2148 8 69 2140

1951

I
1980 Avg 24 07 17 70 7 82 18 41

I
B0353C
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1980 1990 2000

68 600

66 800

64 300

2010 2020
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Table V 4

St Vrain Basin Reconnaissance Study

IRRIGATED ACREAGE PROJECTION
Acres

High

Low

71 000

71 000

71 000

69 800

68 900

68 100

67 100

64 400

60 300

65 100

61 500

55 300

Medium

1 Irrigated acres decline relative to population growth in the study area

based on the fol lowing equation

Project Acreage 71 000
population growth x irrigated land ratio

population density

The fol lowing conditions are uti lized in the projections

o Population estimates are for the plains portion of the Study Area
see Table V 2

o Population densities are 8 6 and 4 persons per acre on land
converted to urban use for the high medium and low projections
respect i ve Iy

o The ratio of irrigated land to total land converted to urban use
is 0 35 0 55 and 0 75 for the high medium and low projections
respect i ve Iy

o High medium and low acreage projections are related to the
corresponding high medium and low population projections

B0353C
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Table V 5

St Vrain Basin Reconnaissance Study

POTENTIAL AGRICULTURAL WATER REQUIREMENTS FORECAST 1

ac ft per year x 1 000

Average Weather Conditions 1951 1980
1980 1990 2000 2010 2020

High 218 214 210 206 200
Medium 218 211 205 198 189

Low 218 209 197 185 170

Water Requirements for the One in Ten Drought Year

Irrigation Season Conditions 100 Consumptive Use
1980 1990 2000 2010 2020

High 253 249 245 239 232
Medium 253 246 238 230 219

Low 253 243 229 215 197

Water Requirements for the One in Ten Drought Year

Irrigation Season Conditions 85 Consumptive Use
1980 1990 2000 2010 2020

High
Medium
Low

215
215
215

212
209
207

208
202
195

203
196
183

197
186
167

1 Water Requirements refer to irrigation water diverted at the ditch

headgate

B0353C
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Table V 6
m

C St Vrai n Basin Reconnaissance Study

LONGMONT HISTORICAL OATA

Median
Mean Household

Household Water Oemand 4 Area Income

Yllr Poculation Dwellinos Si ze 1 ac ftl laal c3D davH2 ac re x 1000

1970 23 209 7 777 2 97 7 354 283 NA NA

1971 24 823 8 429 2 95 8 463 304 NA 10 345

1972 27 182 9 341 2 92 8 112 268 5 279 11 040

1973 29 986 10 430 2 88 11 482 340 5 336 11 782

1974 32 538 11 457 2 83 9 637 265 5 427 12 575

1975 33 070 11 790 2 81 8 986 242 5 819 13 420

1976 34 187 12 342 2 78 9 107 238 6 003 14 322

1977 36 460 13 331 2 74 10 941 268 6 169 15 285

1978 39 020 14 452 2 69 12 533 287 6 251 16 313

1979 41 270 15 486 2 66 10 341 224 6 390 17 410

1980 42 942 16 341 2 63 11 266 234 6 691 18 507

1981 43 500 16 560 2 62 11 300 232 6 994 19 637

1982 44 000 16 736 2 63 NA NA NA NA

1983 47 2150 NA NA 12 470 3 236 7 795 3 NA

1 Values calculated from population and dwelling units
2 Values calculated from water use ac ft and population
3 Value actually for water year November 1982 October 1983
4 Values include some industrial water use

Sources of Information City of Longmont 1982

City of Longmont Water Use Forms unpublished

B0353C
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Table V 7

St Vrain Basin Reconnaissance Study

RURAL AREA DATA

Average
1980 Water Demand

Area Popu tat ion gal cap day

Lyons 0 1 100 210

Rural Boulder County
I 11 600 140

Mead 400 210

Rural Weld County
l 4 000 110

Total 0 0 17 100 140 3

1 Served primari Iy by Left Hand Water Supply Company and Longs Peak Water
Associat ion

2 Served primari Iy by Little Thompson Water District
3 Value is weighted average

Source of Information DRCQG 1983a

B0353C
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Table V 8

5t Vrain Basin Reconnaissance Study

MONTHLY MUNICIPAL WATER USAGE
ac ft

Littl e Non Lon9mont 1
Lonamont Lvons Lefthandll1 Lonas Peak ll Thomoson 1 Total

1970 1980 1980 1983 1980 1983 1980 1983 1980 1983 1980 1983

Jan 503 5 1 21 7 2 100 5 8 36 6 6 126 5 7 283 5 9

Feb 452 4 6 20 6 9 101 5 8 29 5 3 125 5 7 275 5 8

March 485 4 9 19 6 5 101 5 8 30 5 5 126 5 7 276 5 8

Apri 1 582 5 9 23 7 9 135 7 8 37 6 7 163 7 4 358 7 5

May 886 9 0 22 7 6 134 7 7 38 6 9 171 7 8 365 7 6

June 1 338 13 6 28 9 6 205 118 49 8 9 250 114 532 11 1

July 1 463 14 9 38 13 1 231 13 3 74 13 5 297 13 5 640 13 4

Aug 1 276 13 0 35 12 0 209 12 0 67 12 2 281 12 8 592 12 4

Sept 990 10 1 24 8 2 174 10 0 70 12 8 224 10 2 492 10 3

Oct 774 7 9 23 7 9 132 7 6 45 8 2 168 7 6 368 7 7

Nov 540 5 5 20 6 9 104 6 0 39 7 1 133 6 1 296 6 2

Dec lll Dl 228

Total 9 838 100 0 291 100 0 1 737 100 0 549 100 0 2 198 100 0 4 775 100 0

l Water usage for these water supply companies and water districts are for
their total service area which includes areas outside of the Study Area

80353C
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Residential

Table V 9

St Vrain Basin Reconnaissance Study

WATER DEMAND PROJECTION EQUATIONS FOR LONGMONT

Type of Use Equation

Flat rate single family
Indoor
Outdoor

ClFSI HFS 22 3 y 4R 4

ClFSO HFS 214 y 4R 4

SI HMS 17 2 p 0 13 0 l2P y 4R 4

SO HMS 12 9 p 0 38 0 l2P y 4R 4

Metered single family
Indoor

Outdoor

Multi family
Indoor

Outdoor
QMMI HMM 52 8 y 4R 4

QMMO HMM 16 1 p 0 38 0 l2P y 4R 4

HMM 559 l l lG N

HSFN 11 851 1 0 74G N

Number of multi family

Number of single family

Number of single family
flat rate HFS 0 91N 11 851

Number of single family
metered

Commercial

HMS HSFN HFS

Qc 424 000 l G N p 0 13 0 l2P

Q
y

R

P
G

N

QFSI
QFSO

SI

llMso
QMMI
QMMo
QC

HFS
HMS
HMM
HSFN

B0353C

demand thousand 1 000 gal year
mean household size persons
median household income thousand 1 000 1980

water price 1980 thousand 1 000 gal
population growth rate l year
calendar of years since 1980
demand by flat rate single family residences for indoor use

demand by flat rate single family residences for outdoor use

demand by the metered single family residences for indoor use

demand by the metered single family residences for outdoor use

demand by the metered multi family residences for indoor use

demand by the metered multi family residences for outdoor use

demand for commercial use

number of flat rate single family residences

number of metered single family residences

number of metered multi family residences
number of single family residences

V 39

Equation
Number

1

2

3

4

5

6

7

8

9

10

11
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Table V I0

I

o

St Vrain Reconnaiasance Study

LONGHONT WATER DEKAND FORECAST

Growth 3 N lll FlIlDilv Sinale F il eIIland N Multi FeLly Connercial

Population 2 E Fht Rate Metered
S

Flat Rate Hetered
7 13 14 Multi F81IIilv 8 DlIIIand

9 13 l4
DeIIland

10 13
Tou1 Oetlland

x 1000 gal cap day
11

x 1000 yr l yr x 1000 gal cap day 1000 gal cap day gal cap day gal cap day ac ftlyd

Il J K L M

A C D tl F C N

11 85 15 l56I5 0 5615 11 5 15 21 0 15 16
224 15 l6 10 815 16

1980 43 15 D 0 D 0

1990 54 1D 023 4 61 9 42 56 1 14 1 0 72 12 8 26 7 196 11 8

1990 6D 1D 034 4 61 10 58 53 1 8Q 1 0 81 13 4 26 7 DD 13 4
1990 1D 039 4 61 11 14 51 5 84 3 0 85 13 9 26 7 D3 14 3

2000 D 024 1 80 15 05 17 3 96 1 0 94 13 1 26 7 176 13 6

2000 17 0 030 1 80 16 58 16 8 102 3 1 07 14 4 26 9 14 15 9

2000 D 035 1 80 17 96 16 5 109 0 1 19 15 7 26 5 193 18 4

2010 85 3D 023 0 70 18 96 5 5 98 4 1 18 13 3 26 7 5 15 7

2010 4 30 026 0 70 20 29 5 107 3 1 30 14 9 26 4 117 18 6
2010 1D 3D 031 0 70 22 70 5 4 116 4 1 53 19 1 26 4 19D 23 2

2020 1D3 40 022 0 27 22 33 1 95 5 1 46 13 6 26 6 158 18 2
2020 U5 4D 025 0 21 24 43 1 8 109 4 1 66 16 2 26 8 176 22 7
2020 139 4 030 0 27 28 25 1 8 122 6 2 05 19 4 26 9 19 30 5

1 Population projections for yur 1990 2020 are given in low di high order
2 Col1l1ln A 1980

3 2 72 xx In colullln B 43column C 1 0

4 11 85 x 0 91 xx colUllll C

5 11 85 x 1 0 0 74 x column D xx colu1lln C Column E

6 663 x 1 0 rul incOllle growth rate xx 0 4 x column C x column E colUl1n B

7 222 x indoor price etuticity 225 x outdoor price eludcity x 1 0 real incOllle growth rat xx

0 4 x colun e x column FJcolumn B

8 0 56 x 1 0 1 1 x colulln D xx colullln C

9 682 281 x outdoor price elasticity J 1 0 real inCOlR growth ute JX 04 x colu1lln C x

column I column B
10 1160 J indoor price e18l1ticity x 1 0 colUftln D xx column C colulltl B

11 1 15 x column C column 1I column 1 column Ir
I2 0 00112 x colWlln L x column B

3 Price 1 0Sgal x 1000

Indoor price eluticity 0 99
Outdoor price etutieity 0 98

14 Real incOllle growth rate O OO yr for low projection
Ileal income growth rau o Ol yl fol lIlediUlll projection
Real incoqe growth rate 0 02 yr for high projection

OS Actual value for 1980

16 Value exclude indu trial vater use
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Table V l1

St Vrain Basin Reconnaissance Study

RURAL AREA WATER DEMAND FORECAST 1 1

ac ft yr x 1 000

1980 1990 2000 2010 2020

High 2 7 3 6 4 8 64 8 6

Medium 2 7 3 5 4 5 5 9 7 6

Low 2 7 3 3 4 1 5 1 6 3

1 Values based on 140 gal Ions per capita per day average weather
conditions and population forecast in Table V 2

B0353C
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Table V 12

St Vrain Basin Reconnaissance Study

MUNICIPAL WATER DEMAND IN A DROUGHT YEAR
ac ft per year x 1 000

Longmont Water Increase in Total Longmont Rural Area Total Municipal
Demand Forecast Longmont Water Drought Domestic Drought

for Average Demand Forecast Water Demand Water Demand Water Demand
Yei Forecast Weather Year 1 for Dro1l9ht Year Forecast ForecastC2 forecast

1990 Hi9h 14 3 1 4 15 7 3 6 19 3
1990 Medium 13 4 1 3 14 7 3 5 18 2
1990 Low 118 1 3 12 8 3 3 16 1

2000 Hi9h 18 4 1 7 20 1 4 8 24 9
2000 Medium 15 9 1 4 17 3 4 5 21 8
2000 Low 13 6 1 3 14 9 4 1 19 0

2010 High 23 2 2 0 25 2 6 4 31 6
2010 Medium 18 6 1 6 20 2 5 9 26 6
2010 Low 15 7 1 4 17 1 5 1 22 2

2020 High 30 5 2 6 33 1 8 6 41 7
2020 Medium 22 7 2 0 24 7 7 6 32 3
2020 Low 18 2 1 5 19 7 6 3 26 0

1 Values from Table V 10
2 Values from Table V ll In this study rural areas are defined to include

such towns as Lyons and Mead and other areas in Boulder Weld and Larimer
counties

80353C
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Water Users

Technology Related

Storage Technology
Corporat ion

Mini Scribe
Others

Non Technology
Related

Martin Marietta

Longmont Food
Beech Ai rcraft

Energy

Public Service Co
of Colorado

Total

B0353C

Table V 13

St Vrain Basin Reconnaissance Study

1983 INDUSTRIAL WATER DEMAND
ac ft per year

City of
Longmont

100
30
70

320
300

820

Water Suppl iers
Left Hand Self Supplied

Water Supply Direct Water Rights

80

1 000

80 1 000

V 43

Total

100
30
70

200

320
300
80

700

1 000

1 900
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Table V 14

St Vrain Basin Reconnaissance Study

INDUSTRIAL WATER DEMAND FORECAST
ac ft per year

Technology Related I ndust r ia I Water Demand

1980 1990 2000 2010 2020

High 70 680 1370 2180 3230
Medium 70 590 1150 1760 2510
Low 70 430 910 1410 2030

Non Technology Related Industrial Water Demand

1980 1990 2000 2010 2020

High 700 1020 1540 2140 2930
Med i um 700 980 1390 1850 2420
Low 700 890 1250 1630 2090

Energy PSC Water Demand

1980 1990 2000 2010 2020

High 1000 1000 1000 1000 1000
Medium 1000 1000 1000 1000 1000
Low 1000 1000 1000 1000 1000

Total Industrial Water Demand

1980 1990 2000 2010 2020

High 1770 2700 3910 5320 7160
Medium 1770 2570 3540 4610 5930
Low 1770 2320 3160 4040 5120

PSC Public Service Company of Colorado
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Table V 15

St Vrain Basin Reconnaissance Study

TOTAL WATER DEMAND
DROUGHT CONDITIONS

1

ac ft per year x 1 000

Total Water Demand 100 Consumptive Use
Scenario 1980 1990 2000 2010 2020

High 268 271 274 276 281
Medium 268 266 263 261 257
Low 268 261 251 241 229

Total Water Demand 85 Consumptive Use
Scenar io 1980 1990 2000 2010 2020

High 230 234 237 240 246
Med i um 230 229 227 227 224
Low 230 225 217 209 199

1 Drought conditions are those occurring on a 1 in 10 year interval for the
agricultural sector and on a 1 in 30 year interval for the municipal
secto r
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Aaencv or Utilitv

Public Service Company of Colorado
Colorado Ute Electric Association
Tri State Generation Transmission
City of Colorado Springs
Platte River Power Authority
Arkansas River Power Authority

Total LoadsC

Public Service Company of Colorado
Colorado Ute Electric Association
Iri State Generation Transmission
City of Colorado Springs
Platte River Power Authority
Arkansas River Power Authority
WAPA Planned Additions

Total Resources 2

Estimated Colorado Future Ca acity
Surplus or Deficiency

Table V 16

St Vrain Basin Reconnaissance Study

PROJECTED LOADS AND RESOURCE5
COLORADO UTILITIES

Average Growth
Rate 1982 2020

1285 122L 1OOL 1QlIL I1iLLWL

3 230
691

1 167
406
231

5 793

3 317
743

1 417
456
248
89

6 270

477

3 519
892

1 318
459
269

ll

6 534

3 586
892

1 744
514
262
101
1lZ

7 211

677

4 062
1 201
1 505

599
386

25

7 848

4 089
1 201
1 871

658
373

78
122

8 439

591

4 621
1 541
1 640

759
542

1Zll

5 151
1 955
1 743

958
760

5 714
2 277
1 831
1 209
1 067
1ll

Lnad Opmnnd lMW

6 362
2 645
1 916
1 526
1 495
Z3Jl

7 069
2 760
2 012
1 927
2 099

7 854
2 875
2 106
2 432
2 944

9 223 10 715 12 282 14 174 16 153 18 569

Resources Caoacity lMW

4 250
1 191
1 923

914
528

60
122

9 035

3 931
1 191
1 946

914
745
56
122

8 952

3 965
1 191
1953

904
1 049

50
lQ2

9 281

3 928
1 191
1 956

893
1 134

50
lQ2

9 321

Capar itv Deficiencies lMW

188 1 763

1 Based on load projections as furnished by the utilities plus 15 reserves

2 Includes existing generation WAPA allocations planned and sited
additions and firm purchases and sales Unsited future capacity
additions are not included in resources

3 Estimated future capacity requirements not yet sited or specifically
identified representing base load intermediate and peaking requirements

80353C

3 001 4 853

3 963
1 191
1 968

893
1 134

50
lQ2

9 368

6 785

3 998
1 191
1 980

893
1 134

50
122

9 415

9 154

122
57
25
53
71

6

336

2 37
3 82
1 57
4 82
6 93
4 47

3 11

I
10
en

Annua 1
Load Factors
J2llL

66 2
57 8
45 6
64 5
59 6
54 4

66 8
60 3
49 3
66 1

61 9
50 2
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Table V 17

St Vrain Basin Reconnaissance Study

ESTIMATED ADDITIONAL PEAKING POWER CAPACITY REQUIREMENTS
COLORADO UTILITIES

Capaci ty MW
1995 2000 2010 2020

Public Service Company of Colorado
Co lorado UteE leetr i c Assoc i at ion
Tri State GT Association

City of Colorado Springs
Platte River Power

AuthorityArkansas River Power Authority

100
50
o
o

20
o

150

100
o

30
50
10

340

250
150

o
80

100
20

600

400
200

10
150
150
30

Total Colorado Uti I i ties 170 940

Notes
1 Based on loads and resource projections furnished by the uti lities and on

discussions with the uti lities as to their opinions as to the need for

peaking capacity Peaking capacity requirements estimated to be in the

range of 10 to 15 of annual peak load
2 Economic feasibi lity and compatibi lity with load pattern wi II determine

actual acquisition of peaking resources in comparison to capacity
estimates shown
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CHAPTER VI

OPERATION OF THE ST VRAIN BASIN WATER SUPPLY SYSTEM

A Introduction

This chapter describes the River Basin Simulation Model RIBSIM
used to simulate the operation of the water supply system in the St Vrain
Basin and the results of simulated operations First a discussion of the
model calibration and results of calibration are presented These are fol
lowed by evaluations of the water supply systems using existing water supplies
to meet present water demands and future water suppl ies to meet forecast
future demands

B Description and Calibration of RIBSIM

1 Model Description

RIBSIM is a general river basin simulation model designed for water

supply studies using a monthly time step on a water year basis RIBSIM oper
ates using quantities of water it does not model water quality A river
basin s water supply system can be modeled through the use of streamflow
diversions surface and subsurface agricultural return flows as wel I as point
municipal and industrial wastewater discharges reservoirs exports from
reservoirs and gaged streamflows Direct flow and storage water rights are

operated by RIBSIM in a strict priority manner RIBSIM has been successfully
used in the evaluation of water rights in the Colorado River and other
basins and has proven capable of modeling the complexities of the St Vrain
Basin

RIBSIM utilizes three basic data files in its operation 1 a

water rights and stream network fi Ie 2 a miscellaneous data fi Ie and 3 a

streamflow fi Ie Fol lowing is a brief description of each data fi Ie

a Network Fi Ie

The RIBSIM network defines the stream reaches also called stream
sectors the direction of streamflows and relative location of water rights
along with stream sectors and water rights information which does not change
monthly Streamflow sectors are defined as stream reaches with homogeneous
flows A flow sector begins and ends where there is a significant change in
the flow regime such as a tributary inflow Water rights information in the
network fi Ie includes water right priority type return flow locations and

linkage of storage reservoirs to direct flow rights Additional information
includes constant monthly demands return flow percentages and reference
numbers to the miscellaneous fi Ie for variable monthly demands return flow

percentage and other monthly data information



2 Avai lable flow at the headgate or at any node down
stream is zero In that case no diversion wi II take

place

I
I

I

I

I

I

I

I
I

I

I
I

I

I

I

I

I

I

I

VI 2

b Miscellaneous Data Fi Ie

The miscellaneous data fi Ie contains variable monthly data for
water demands consumptive uses and return flows Also included are reservoir

operating characteristics such as minimum and maximum monthly capacities
evaporation and seepage losses and area capacity data Data can be input as

constant i e the same 12 monthly values can be used for each year of the

study period or else a different value can be provided for each month of the

year resulting in a table with one value for each month of the study period
The miscellaneous data fi Ie is referenced by the network fi Ie during model

ope rat ion

c St reamf lows

The streamflow fi Ie is a table of monthly streamflows for each
sector for each water year of the study period The streamflows can be either

virgin flows or gaged flows depending on the purpose of the model run but
must be in units of ac ft Streamflows represent water initially available to

the water rights in the respective stream sectors

2 Model Operation

a Diversions

RIBSIM is designed to process four types of di rect flow diver
sions 1 normal diversions irrigation municipal industrial domestic
etc 2 irrigation diversions as a function of calculated consumptive use

3 non consumptive diversions and 4 streamflow monitors gages These
are defined below

A normal direct flow diversion can be an irrigation municipal
industrial domestic or any type of diversion right which diverts water from
the stream and returns a percentage of the diversion back to the stream A
normal diversion demand is compared to avai lable river flow at its headgate or

node in the stream network There are three conditions which may exist

1 Diversion demand is less than or equal to the avai lable
streamflows at the headgate and all nodes downstream
In th i sease the demand less retu rn flows is sub
tracted from the avai lable streamflows for that sector

and al I other sectors downstream

3 Diversion demand is greater than the avai lable flow at

the headgate or at any node downstream meaning the
demand wi II only be partially satisfied The diverted
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VI 3

amount is calculated as first being the smal lest avai 1
able amount at or downstream of the headgate The
diversion is processed and return flows are added to

a II downs t ream nodes I f wate r is still ava i I ab I eat
the headgate after return flows are added in a check
downstream for the smallest avai lable amount is evalu
ated and processed as above and so on unti I the
demand is either met or the smallest avai lable amount

is less than 0 5 ac ft

The second type of direct flow diversion is for irrigation rights
which have demands calculated as a function of their potential consumptive
use Th i s is ach i eved by spec i fy i ng an average demand wh i ch is def i ned by

1 the average potential consumptive use of irrigation water for the ditch
and 2 a table in the miscellaneous data fi Ie with data for each month of the
Study period consisting of monthly ratios of actual potential consumptive use

to the average potential consumptive use When the irrigation water right is
evaluated the diversion demand is made equal to the average monthly demand
multiplied by the corresponding consumptive use ratio for the particular month
being processed Once the demand has been computed evaluation of the irriga
tion water right is the same as a normal direct flow diversion

The third type of diversion is a non consumptive diversion equiv
alent to an instream flow right The demand of the instream flow right is
compared only to the flow corresponding to its headgate node

The fourth type of diversion is a streamflow monitor equivalent to
a gaging station This type of direct flow diversion reports the physical
flow passing through the monitor node at the time the streamflow monitor is
processed

b Reservo i rs

RIBSIM can model on stream and off stream reservoi rs In accord
ance with its priority storage demand is determined based on the decreed
amount reservoir capacity to fill in one month and the type of reservoir
administration chosen Reservoir demands can be constant or calculated as a
function of avai lable capacity and administration or can be varied in accord
ance wi th a monthly demand schedule Once the demand has been determined
allocat ion of f low to the reservoi r is processed simi lar to a normal diver
sion as discussed above Next a reservoir protection option is operated if
the reservoir is protecting out of priority diversions of an upstream water

right This is an exchange where the calling water right is below the reser
voir and the protected right is above the reservoir The export and import
links are then operated as discussed later Evaporation of the reservoir is
then processed and the storage account is adjusted accordingly To determine
evaporation amounts the model uses area capaci ty data and monthly uni t
evaporation rates



1 The reservoir may impound the decreed amount each year

2 The reservoir may store and restore throughout the

year without regard to the decreed amount

3 The reservoi r may impound the di fference between the
decreed amount and the amount in storage at the beg i n

ning of the year This option is generally the

approach used by the State of Colorado in administering
storage reservoirs
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RIBSIM has three di fferent opt ions avai lable to model reservoi r
administration

For Options 1 and 3 the model keeps an account of the stored
amount in the reservoi r for each month of the year and compares the running
total to the amount the reservoi r is allowed to store The amount the reser

voi r can store is dependent on both decreed amount and the capaci ty of the
reservoir Once the allowable storage amount for any given month is deter
mined the model checks for water avai labi lity and goes through the same pro
cedure as described in the normal diversion section Operation of Option 2
is similar except the only constraint is the avai lable capacity of the reser

voi r

c Export Import Links

The purpose of an export I ink is to convey water diverted in

priority from the point of diversion of the exporting water right to an

importing water right Export link data include maximum capacity of the link
ditch or pipeline and the importing water right identification number

Examples of export I inks include del ivery of water from a reservoi r to supple
ment junior priority water rights or del ivery of water from a diversion to a

reservoir

There are two combinations of priorities of export import links
which can occur The first is when the exporting water right is senior to the

importing water right During operation of the senior exporting right the

export I ink amount is held in a reserve account unti I the junior right is

processed When the junior right is processed it looks to the river and

diverts avai lable flow up to its demand I f the junior right is shorted when
it first looks to the river the exporting senior right will deliver the
shorted amount to the junior right The junior right does not go through the
iterations of determining avai lable flow after its return flows are made but
instead looks to the export I ink for supplemental water I f the junior right
needs only a partial supply from the export I ink the unused portion is either
released to the river or stored depending on whether the exporting right is a

direct flow or storage right If the exporting right is a direct flow right
the unused exported water wi II be released as avai lable flow to the river If

the exporting right is a storage right the unused portion of the export link
wil I be left in storage
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The second case is when the exporting right is junior to the
imported water right When the senior importing right is processed it wi II

operate normally and go through return flow iterations and divert all avai 1
able flow up to its decree When the junior export right is processed an

export wi II occur in the amount that the demand of the senior right was not

satisfied An example would be a direct flow irrigation right receiving sup
plemental water from a junior upstream reservoir during the low flow season

d Return Flows

RIBSIM al locates return flows from consumptive water rights to

various locations downstream with variable monthly delayed return patterns
The source of these return flows is the recoverable portion of conveyance and
on site losses The amounts are computed as shown below

Conveyance Loss Return Flow Diversion Amount x Conveyance
Losses x Conveyance Losses Returning
to River

On Site Loss Return Flow Diversion Amount Diversion
Amount x Conveyance Losses x

On Site Losses x On Site Losses
Returning to River

Conveyance and site loss return flows can then be further divided
between surface and groundwater return flows Surface returns are made in the
same month of the diversion whi Ie the groundwater returns can be lagged into
later months up to 24 months The return flow locations can be anywhere
along the stream network either upstream downstream or on a tributary

3 Calibration to the St Vrain Basin

The purpose of the calibration step is to refine model parameters
such as return flow locations and efficiencies so that when the model is

operated using actual historical diversions and streamflows the modeled
diversions and resulting modeled gage flows closely represent the historical
diversions and actual USGS gaged flows A 10 year period of record 1971 1980
was used for calibration The goal of the calibration is to achieve a close

representation of the actual operation of the St Vrain Basin so that when
alternative plans are to be investigated their relative performance can be

quickly evaluated

a Inflows

Inflows used for model ing the St Vrain Basin

types 1 virgin flows from the mountainous regions
imported flows and 3 return flows from the South Platte

irrigated lands that drain into the St Vrain River

consist of three
2 C BT Project

and Boulder Creek
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Virgin flows defined as river flows which would have occurred
without man s influence were computed for St Vrain Creek at Lyons USGS
Gage 7240 and for Left Hand Creek near Boulder USGS Gage 7245 Vi rgin
flows for St Vrain Creek at Lyons were computed by adjusting the gaged flow

changes of storage in Button Rock Reservoi r and for diversions made by the

Supply Ditch South Ledge Ditch Longmont Municipal Pipel ines and for diver
sions from upper South St Vrain Creek made by the Left Hand Ditch Company
These monthly virgin flows were then used to derive virgin flows for North
St Vrain Creek and South St Vrain Creek The relative distribution of flows
between North and South St Vrain creeks is based on gaging records at USGS
Stations 7220 on the North St Vrain Creek and 7225 on the South St Vrain
Creek

Virgin flows for Left Hand Creek near Boulder were developed
using USGS records Gage 7245 and records of diversions for the Left Hand
Ditch Company Water imported by the Left Hand Ditch Company from South
St Vrain Creek was subtracted from the gaged f low and added into South
St Vrain Creek virgin flow as discussed above

Inflows to St Vrain Creek from Boulder Creek were gaged flows
based on USGS gaging data for Station 7305 Boulder Creek at mouth near

Longmont

C BT inflows to the St Vrain Basin were made avai lable to the
ditches which own C BT units The amount of C BT water made avai lable was

based on the actual quota declared by NCWCD and on estimates provided by
NCWCD

Return flows from Boulder Creek and South Platte ditches which
return to St Vrain Creek between the mouth of Dry Creek and Boulder Creek

and between the mouth of Idaho Creek and the mouth of St Vrain Creek were

added as inflow to the Basin These additional flows were estimated by deter

mining potential irrigable land under ditches with headgates on the South
Platte River or Boulder Creek and then computing return flows from those lands

using a 45 efficiency and the same cropping pattern used in the St Vrain
Basin

b Network

Figure VI 1 accompanied by Table VI 1 is a schematic display of
the water rights and stream network for the St Vrain Basin and includes flow
sectors stream gages and water rights Table VI 2 lists the water rights in
the downstream order in which they appear in the fi Ie

All major ditches along the main stem St Vrain Creek which are

administered by the Water Commissioner are included in this network Other

signi ficant water rights on the south and north St Vrain creeks are also
included Reservoirs diverting from the main stem St Vrain Creek are also
included as is Button Rock Reservoir on the north St Vrain
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C BT inflows are modeled as inflow to separate tributaries to the
St Vrain Creek These tributaries convey water upon demand to the St Vrain
Creek for further conveyance to the ditches requesting supplemental C BT water

The Left Hand Ditch Company LHDC irrigation ditches were modeled
as one ditch on Left Hand Creek LHDC reservo i rs were mode I ed as one reser

voi r

c Water Right Priorities

RIBSIM operates the modeled water rights in priority The prior
ities uti I ized for modeled water rights I isted in Table VI l are based upon
the State Engineer reported adjudication and appropriation dates In several
cases where ditch diversions have been combined into one location minor

adjustments of the water rights priorities and or diversion locations were

necessary These modi fications do not affect the overall operation of the
Basin Note that I isted priori ties are relative only i e the absolute
value of a priority number is unimportant A senior priority to use water is
shown with a lower RIBSIM priority number conversely a higher RIBSIM prior
ity number is a more junior water right

d Water Demands

To simplify input data requirements and sti II calibrate to histori
cal use each irrigation water right requests the lesser of the following
amounts each month

o Decreed amount

o Di tch capaci ty
o Average historical monthly diversion

The decreed amount taken from the State Engineer Tabulation of 1981 is

limiting when historical diversions were greater than their decree such as

free river conditions Ditch capacities are as reported by the Water Commis
sioner It was assumed that diversions could not be greater than the reported
ditch capacity Monthly diversion records for 1971 to 1980 were taken from
the State Engineer diversion records and analyzed to determine the average
monthly diversion Modeled ditch capacities are shown in Table VI 2

Municipal demands for the City of Longmont are based upon water use

data provided by the City These data include monthly deliveries from the
treatment plant monthly diversions by the North Longmont Pipel ine and monthly
releases from Button Rock Reservoir LHWSC demands are based on total annual
water usage provided by Left Hand Water Supply Company distributed in a

monthly pattern based on that observed in the Longmont data

Industrial water use for the cal ibration period is included in

Longmont s historical use C BT deliveries to Ideal Basic Industries are com

bined with Longmont s C BT water
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modeled during calibration are illustrated using
Figs VI 2 and VI 3
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Month Iy demands for reservo i rs are based on the i r decreed amount

Each reservoir requests its decreed storage amount every month but it cannot

divert more than its entire decreed amount in any year Each reservoir is
also I imited by its physical capacity shown in Table VI 2 as modeled

capac i ty

e Efficiencies

f Return Flows

RIBSIM models surface and subsurface return flows as returning to

the river in several locations and under several delayed return patterns
Surface water returns from agricultural use are based upon the topography of
the irrigated areas and areas surrounding the ditches themselves Recoverable
surface water returns are modeled to return to the river in the same month of
diversion The location of these return flows is site specific and is based
on discussions with the Water Commissioner

Subsurface return flows from agricultural use are influenced by the
soi Is and geology of the i rr igated area and soi Is and geology between the

irrigated parcel and St Vrain Creek The location of groundwater return

flows are based upon the topography and location of irrigated parcels under
the respective ditches

RIBSIM has the capabi lity to model delayed subsurface return flows

up to a 24 month delay Two delay tables are included in the RIBSIM data base
of the St Vrain Basin An analysis of return flows from certain ditches

using the Glover method had been performed by Rocky Mountain Consultants
Inc in thei r work for the Longmont water transfer Glover 1974 and Rocky
Mountain Consultants 1982 This information was verified and used to

develop one delay table for those di tches which irrigate lands over lying the
St Vrain alluvium Those ditches which irrigate lands farther away from the
river such as the Highland and Supply ditches have a much slower return flow

pattern The second delay table uti I ized by RIBSIM to model return flows for
these ditches has a constant 4 returning to the river in each month for a

24 month period

Municipal and industrial returns are based upon the locations of
diversions raw water treatment plants and wastewater treatment plants
Return flows are assumed to return as surface water in the month of diver
sion Conveyance losses were modeled as returning to the stream system with
no depletions Water del ivered to users was modeled as having 80 returning
during the winter months October March and 58 returning for the summer

months Apri I September from information provided by the City of Longmont
see Fig VI 2
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3 Cal ibration Results

This section presents results of the model cal ibration runs A

10 year average annual water balance of the Basin and comparisons of gaged
flows versus modeled flows for St Vrain Creek at Lyons and St Vrain Creek at
the mouth are presented

a Water Balance Check

To assure that the calibrated RIBSIM model accounts for al I
inflows depletions and outflows a water balance was computed for the entire
Basin using model results The water balance was computed using the 10 year

1971 80 average annual flows and is summarized in Table VI 3 The di ffer
ence between the computed outflow of 170 588 ac ft to the modeled outflow of
170 593 ac ft is attributed to rounding errors and is not significant

b Comparison of Gaged Flows

Figure VI 4 is a comparison of actual average monthly USGS gaged
flows at Station 7240 St Vrain Creek at Lyons versus modeled flows at the
same location The model on the average accounts for approximately 99 of
the actual total annual gaged flow On a monthly basis the variation ranges
between 71 of gaged flow in March and 105 in June

Figure VI 5 is a simi lar comparison of actual average gaged flows
versus modeled flows at USGS Station 7310 St Vrain Creek at the mouth On
the average the model accounts for 94 of the total annual gaged flow The

average monthly variation is between 82 in May and 108 in January

The model is cal ibrated to wi thin about 5 at the conf luence of
North and South St Vrain creeks and to wi thin about 15 at the mouth of
St Vrain Creek using USGS gaged flows as the basis for calibration This is
considered to be good accuracy for this reconnaissance level of study

C Description and Evaluation of the Existing Water Supply System

The existing St Vrain Basin water supply system is composed of

three independent components 1 individual agricultural ditches and reser

voirs developed to uti lize native St Vrain flows 2 municipal water supply
systems and 3 the Colorado Big Thompson Project Although there is cooper

ation among the three types of water suppl iers they can and do function

independently I rrigation ditches and reservoirs which are operated by both

organized ditch companies or by individual farmers have service areas ranging
from 20 000 acres to less than 100 acres Even on the large systems indi

vidual shareholders often operate in an independent fashion

Municipal suppliers deliver from a few hundred to 15 000 ac ft per

year relying in turn on a variety of supply options such as municipal direct

flow and storage rights converted agricultural direct flow rights and storage
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rights and imported C BT Project water Simi larly these municipal suppliers
function as distinct separate entities not as a regional municipal water

supp lie r

The Colorado Big Thompson Project is heavi Iy rei ied upon by both

agricultural and M I water users however there is considerable flexibi I ity
in the operation of the C BT system Although this flexibi I ity is being
physically constrained by the heavy demands now being placed on the C BT

system by the St Vrain and Boulder Creek users it is sti II possible for
del ivery schedules and locations to vary greatly from one year to the next

Deliveries via the St Vrain Supply Canal are made from Apri I through October

A I though the var i ous users can funct ion independent Iy they are

bound to operate under the water laws of the State of Colorado The operation
of the water supply system in the Basin is supervised by the District 5 Water
Commissioner The Commissioner manages the Basin to conserve water yet
sat isfy all water rights wi thout any unnecessary waste or lost opportuni ty to

use the ex i st i ng water supp Iy For examp Ie any time dur i ng the i rr igat ion
season when senior ditches no longer need irrigation water they promptly
notify the Commissioner who then notifies the next junior water right
owner s that they may divert

During the winter months the Commissioner has coordinated with the

storage right owners in the Basin to allow the upstream junior reservoi rs to

fill first and the lower downstream Basin reservoirs to fill later Ralph
Price Button Rock Reservoi r is an example of an upstream junior reservoi r

that benefits from this arrangement This reduces unnecessary loss of storage
water due to inadequate capacities of fi Iler ditches for downstream reser

vo i rs I n the case when downs t ream rese rvo i rs have not filled a fter spr i ng
runoff water stored out of priority by upstream reservoirs is then released
to senior lower basin reservoirs

D Comparison of Existing Supply to Demand

A central question to be resolved by a water resources management
study is a comparison of water supply to current and forecast water demands to

provide estimates of surplus or deficit that should be considered in plan
ning Such a comparison was made for the St Vrain Basin Study using the
RIBSIM model as an analytical tool With the model hydrologic and cl imato

logic conditions are simulated over a 30 year period so that variations in

both supply and demand can be and are quanti fied as are the di fferences

surpluses or deficits

The concept of water supply may have several definitions For

purposes of this Study the water supply avai lable under the existing system
is defined as headgate diversions suppl ied by the system which are a function
of Basin hydrology physical faci I ities and administration A comparison of

headgate diversions versus existing water demands was made by a 30 year
1951 80 run of the cal ibrated RIBSIM model herein termed the base run A
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second base run of RIBSIM was made using forecast demands for the year 2020
with incorporation into the supply side of certain changes that wi II occur

such as authorized projects and forecast land use changes Water supply
deficits indicated from this base run provide a basis for planning targets for

plans subsequently formulated In other words this run of RIBSIM is intended
to provide data for answering the question How much additional water supply
is like Iy to be needed by year 2020

Municipal and industrial M I water demands are presented in Chap
ter V Conveyance and treatment losses were added to define headgate demand

see Fig VI 2 Agricultural water requirements were calculated using the

Blaney Criddle method to estimate consumptive use as described in Chapter V
The water requirement for each ditch was then divided by an efficiency factor
to arrive at estimated headgate requirement for that ditch see Fig VI 3

It is important to note that RIBSIM does not optimize the alloca
tion of water nor does it actually al locate water Rather it uti I izes input
data regarding water use such as priorities and diversion schedules to

simulate the allocation of water Any comparison of supply to demand based on

a model run is therefore dependent on the assumptions made in the data base

1 Existing Conditions

Existing development in the Basin as of year 1980 was used as the
basis for the existing condition

a Municipal and Industrial

The total existing 14 1 headgate demand is estimated at 18 000 ac ftl

yr This demand was modeled as occurring every year of the modeling period
Total annual diversions made to satisfy these demands in the 1951 80 model run

average 16 000 ac ft resulting in an average annual deficit of about
2 000 ac ft Table VI 4 shows these demands and diversions

b Agricultural

Based on estimates of crop consumptive use of irrigation water

requirements of the existing 71 000 acres of irrigated cropland were esti
mated as described in Chapter V An overall efficiency of 45 was used for
all ditches in calculating the head9ate requirement The total calculated

headgate requ i rement for the 37 ditches represented in the mode I ranges from
165 000 ac ft in 1967 to 299 000 ac ft in 1977 One in 10 year drought
requirement is 253 000 ac ft based on 100 of the Blaney Criddle calculated

requirement Total agricultural diversions made in the existing condition
model base run shown in Table VI 5 average 147 000 ac ft per year

2 Future Conditions

Water demand forecasts using the medium growth scenario described
in Chapter V were used to develop estimates of future water demands
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The RIBSIM model network was modified to reflect changes which are

anticipated to occur between 1980 and 2020 These include del ivery of Windy
Gap Project water to Longmont at an average of 8 000 ac ft per year the
urbanization of an estimated 9 000 irrigated acres and the transfer of agri
cultural water rights to municipal use A 3D year simulation was made for the
future condition case with results as described below

a Municipal and Industrial

Future condition headgate demands for a l in 30 year drought are

forecast to increase to a tota I of about 44 000 ac ft by year 2020 The
RIBSIM model results indicate average year diversions would total 36 600 ac ft
and that the 1 in 3D year drought deficit in year 2020 wi II be about
17 400 ac ft assuming del ivery of Longmont s full allotment of Windy Gap
Project water wi thout reuse As discussed subsequent Iy in Chapter VII this
deficit was rounded to 18 000 ac ft and used as an initial target requirement
for plan formulation purposes For plans that do not contemplate use of Windy
Gap water within the Basin the M I drought year deficit for planning is
26 000 ac ft

Table VI 6 shows the annual diversions and calculated deficits for
11 1 use The deficits are more serious from November through March which
indicates a need for storage faci lities or for winter deliveries of Windy Gap
and C BT Project waters

Agricultural water requirements at the headgate for year 2020 were

calculated based on the medium projection of 62 000 acres of irrigated land
as described in Chapter V In addition irrigation efficiency is assumed to

increase to 50 as a result of improved operation and maintenance of ditches
in the next 35 years The calculated year 2020 headgate water requirement is
a function of climatological conditions and for a 30 year period of simulation

ranges from 145 000 to 234 000 ac ft with an average of 190 000 ac ft

According to RIBSIM results diversions made to satisfy these

requirements shown in Table VI 7 would average 120 000 ac ft annually
These diversions are I imited generally by avai lable suppl ies as simulated by
the model The annual defici t or di fference between water requi rements and
diversions ranges from 8 000 ac ft to 103 000 ac ft with an average of
42 000 ac ft Monthly deficits are generally greater during the latter part
of the irrigation season

Deficit for Planning Purposes A frequency analysis was performed
on the 30 year series of annual deficits indicating that a deficit of about
78 000 ac ft can be expected to occur on the average of once in 10 years
based on providing 85 of the Blaney Criddle requirement A discussion of the
rationale of providing 85 of the Blaney Criddle requirement in drought years
is presented in Chapter V As discussed subsequently in Chapter VII Plan
Formulation a 10 year frequency of deficit is considered reasonable as an

initial target for plan formulation for agricultural water supply
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E Storable Flow Analysis

A prel iminary analysis was made of f lows legally and physically
avai lable for storage in the Basin on North and South St Vrain creeks and on

Left Hand Creek for a junior water right More specific analyses were made

subsequently for use in plan evaluation The preliminary analysis utilized
two scenarios of senior water right diversions in order to bracket storable
flow quantities between conservative and more optimistic estimates The con

ditional Narrows decree was assumed to be perfected with an agreement to not

callout the new St Vrain storage right Because of downstream senior

rights storable flows on North and South St Vrain creeks are not additive
That is a right on one or the other branch could be developed but not both
of them

The estimates of storable flow were determined using the RIBSIM
model A junior water right was placed near the mouth of the North St Vrain
and South St Vrain creeks and on Left Hand Creek above any major diversions
in three separate 3D year model runs This new storage right was assumed to

be the most senior conditional right since a 1985 storage right could con

ceivably yield no storage water if all senior conditional rights were per
fected It is important to note 1 the model shows that the junior water

right would divert all the water physically and legally avai lable wi thout any
returns back to the system and 2 that storable flows at other locations on

the respective creeks may be more or less than estimated in this prel iminary
analysis

In the conservative scenario model results indicate that South

St Vrain annual storable flows range from 39 000 ac ft to no storable flow

with a 3D year average of 7 000 ac ft The North St Vrain annual storable

flows range from 53 000 ac ft to no storable flows with a 30 year average of

8 000 ac ft In Left Hand Creek storable flows are estimated to be avai lable

in only 5 years out of the 30 years which for all practical purposes amounts

to no storable flow on the average

A second scenario of storable flow runs was made using the 10 year
diversion data base developed for cal ibrating the model In this scenario

the average historical senior diversions were modeled and storable flows were

determined for each of the previous analyzed creeks on this basis rather than

on maximum historical senior diversions as used in the first scenario The

second scenario implies that excellent cooperation would occur among diverters

in the Basin to the extent that water users would recognize that the yield
and performance of a new storage project is dependent on the frequency of

their own placement of cal Is on the creek Estimated storable flows for these
models runs range from none in 1977 to 52 000 ac ft on the South St Vrain

from none to 70 000 ac ft on the North St Vrain and none to 20 000 on Left

Hand Creek The 10 year averages of the estimated storable flows for this

scenario are 24 000 28 000 and 7 000 ac ft for South St Vrain North

St Vrain and Left Hand creeks respectively
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Table VI I Page 1

St Vrain Basin Reconnaissance Study

Listing of Water Rights Shown on Figure VI l

Reference Return Flow
l

Number Water Right Name Location s

1 Left Hand Ditch
Left Hand Ditch Enlargement

2 South Ledge Ditch 24 33
South Ledge Ditch Enlargement 24 33

3 Button Rock Reservoir
4 North Longmont Pipeline 7 33 65

5 Button Rock Supply for Longmont 7 33 65

6 Button Rock Supply for Irrigation 3

7 Lyons Pipeline 10

8 Supply Ditch C BT Reservoir
9 Longmont C BT Reservoir

10 Divide Reservoir
11 Supply Ditch 64 68

12 Supply C BT Ditch 64 68

13 Longmont Municipal C BT 33 65

14 Highland Ditch C BT Reservoir

15 Rough Ready C BT Reservoir

16 Swede Ditch C BT Reservoir

17 Oligarchy Ditch C BT Reservoir

18 Clover Basin C BT Reservoir

19 Peck Davis Downing James C BT Res

20 Public Service C BT Reservoir

21 Highland Reservoirs
22 Highland Ditch 64 65 68

23 Highland C BT Ditch 64 65 68

24 Pleasant Valley Reservoir

25 Rough Ready Ditch 57 64 65

26 Rough Ready C BT Ditch 57 64 65

27 Oligarchy Reservoir
28 Palmerton Ditch 37 48

29 Swede Ditch 46 64

30 Swede C BT Ditch 46 64

31 Smead Montgomery Private Ditch 33

32 Foothills Reservoir

33 Goss Private Ditches 1 2 34

34 Clough True Webster Clough Private 35

35 Webster McCaslin Ditch 46

36 Weese Baker Weese Ditch 37

37 Longmont Supply Ditch 41 52 64

38 Chapman McCaslin Ditch 39

39 Calkins Lake
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Export
2

Location s

60
60

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

5 6

12
13
11

23
26
30
42
45
47
66
22

25

41

4

67
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Reference
Number

40
41
42
43
44
45

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68

Notes
1

2

3

4

5

6

Table VI I Page 2

St Vrain Basin Reconnaissance Study

VI 15

Listing of Water Rights Shown on Figure VI l

Return Flow
l

Water Right Name Location s

McIntosh Lake
01 igarchy Ditch

Oligarchy C BT Ditch
Clover Basin Reservoir
Clover Basin Ditch
Clover Basin C BT Ditch
Peck James Davis Downing
Peck James D D C BT Ditch

Denio Taylor Ditch

Runyan Ditch
Zweck Turner Ditch
Pella Ditch
Niwot Ditch

Hagers Meadow Ditch
South Flat N W Mutual Ditch

Mason Meadow Ditch
Beckwith Cushman Ditch
Island Ditch
Dickens Private Ditch
Left Hand Ditch C BT Reservoir

Left Hand Reservoir
Left Hand Ditch Company
Left Hand C BT Ditch
Left Hand Water Supply
Bonus Ditch
Last Chance Ditch
Public Service C BT Ditch
GASP Augmentation Release Calkin5

Gage at mouth of St Vrain River 7310

Export
2

Location s

5

48 57 65
48 57 65

46
64
64

51 64
51 64

49 57 58
50
52
52
64
54

64
56

57 64
58
64

62
61 63

64
64
64
65
68

6
68

First downstream water right listed by reference number

which can benefit from return flows

Listed water rights by reference number which receive exported
water
Water is released to the river available for downstream irrigation
water rights
Replacement reservoir for out of priority diversions for Highland
Ditch

Replacement reservoir for out of priority diversion5 for Foothills

Reservoir
No return flows assumed 100 consumptive
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p V if age I I
ST VRAIN BASIN RECONNAISSANCE STUDY

VI 16 I
RIBSIM INPUT WATER RISHTS LISTING

I
NETWORK RIBSIM DECREE 0 ODELE

NUMBER STRUCTURE NAME PRIORiTY CAPAC lTY CAPACiTY

I1 1

20 LEfT HANn n ITCH SSVI 1000 40 8 els 4i cf

30 LEFT HAND DITCH ENL SSV 2BOO 685 2 els 14 6 cfs

70 SOUTH LEDSE DITCH 4500 3 7 ds 3 7 cis I80 SOUTH LEnGE DITCH ENL 4700 27 3 els 0 5 cis

110 BUTTON ROCK RESERVOIR 6700 l7982 ac It 15500 ac it

130 N LONGMONT PIPELINE 1500 32 8 ds 21 3 ctS

I13 LONGMONT BUTTON R SUPPLY 6703 NA 2 2 cis

137 BUTTON ROCK IRR SUPPLY 0704 NA 2 4 els

140 LYONS PIPELINE 4C0 4 04 ds 0 5 ds

150 DIVIDE RESERVOIR 4200 1800 It 900 ac it I
151 SUPPL Y DITCH 3800 922 ds 35 cfs

152 SUPPLY CBT OITCH 3801 NA 50 cis

153 LONSMONT MUNI C8T 3601 NA 40 cfs I200 1883 90 AnJ HILAND RES 4300 4B35 ac It 4035 ac It

210 1907 ADJ HIGHLAND RES 5100 779 at It 779 ac It

220 1951 ADJ HIGHLAND RES 6100 7544 ac It 1441 ac ft

I230 HISHLAND OITCH 3100 347 7 cis 148 4 ds

241 HISHLAND CBT DITCH 3901 NA ISO ds

250 PLEASANT VALLEY RES 4000 50 4 ac It 2532 ac ft

270 ROUGH READY DITCH 2 00 83 3 ds 38 8 cis I281 ROUGH READY CBT DITCH 3601 NA 20 cis

290 OLIGARCHY RES 1 1890 4400 1080 ac ft lOBO at ft

300 OLISARCHY RES 1 OTHERS 4800 1321 ac it 657 ac It

I320 PALMERTON DITCH 1700 162 7 cis 20 cis

340 SWEDE DITCH 3000 24 6 cfs 14 cfs

351 SWEDE C8T DITCH 3501 NA 15 cfs

I360 SMEAD DNTBOKERY PVT 700 20 2 cfs 8 8 cis

370 FOOTHILLS RES 5700 6745 It 4239 ac It

390 SDSS PRIVATE DITCH 1 2 1900 29 S cfs 3 ds

400 CLOUSH T W CL PVT 600 30 1 ds B ctS I410 WEBSTER MCCASLIN DITCH 2100 13 2 cfs 2 5 cfs

420 WEESE BAKER WEESE D 2000 6 B ds 2 2 cfs

430 LONSMONT sum Y DITCH 1000 50 7 cfs 20 1 cfs

I440 CHAPMAN MCCASLIN 400 98 1 cis 4 4 ds

450 CALK INS lAKE 5200 13219 a ft 12739 it

460 MCINTOSH LAKE 5400 4910 It 2460 ac ft

I470 OLIGARCHY mCH 2400 23 5 cfs 36 2 cfs

494 CLOVER 8ASIN RES 5BOO 596 ac it 596 a It

m CLOVER BASIN OITCH 3100 23 6 ds 5 cis

500 PECK JAMES DAVIS DOWNING 2500 63 S cis 27 S cfs I501 PECK JAMES D D CBT DITCH 2501 NA to cfs

510 DENIO TAYLOR DITCH 2200 45 2 cfs 3 1 cIs

520 RUNV AN D lICH 900 1 S cfs 3 7 cfs

I530 IWEC TURNER D TC 4 0 82 6 ds 9 4 cis

540 PELLA DITC 500 2 0 tfs 1 9 cfs

550 NINOT DITCH 1800 36 9 ds I L

j I
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TABLE V l page 2

ST VRAIN BASIN RECONNAISSANcE STUDY

VI 17

RIBSIM INPUT WATER RIGHTS LISTING

NETWORK RIBS M DECREED MODELED

NUMBER STRUCTURE NAME PRIORITY CAPACITY CAPAC ITY
l 1 1

570 HABERS MEADOW DITCH 200 2 7 cis 2 0 cis

580 S FLAT NW MUTUAL DITCH 1100 21 5 cfs 9 6 cfs

590 MASON AOOW DITCH m 5 5 cfs 10 cfs

00 BECKWITH CUSHMAN DITCHES m 27 7 cis 8 6 cis

610 ISLAND DITCH 300 4 5 ds 0 8 ds

20 DICKENS PRIVATE DiTCH 800 15 5 cis 2 8 cis

50 LEFT HAND RESERVOIRS 4100 13773 It 7514 acft

655 LEFT HAND DITCH CD IRR 2802 NA 86 3 cfs

656 LEFT HAND CBT DITCH 211Q3 NA 50 cfs

660 LEFT HAND WATER SUPPLY 2801 NA 2 5 cis

680 BONUS DITCH 300 23 2 cfs 12 5 cis

690 LAST CHANCE DITCH 3400 96 9 cfs 32 8 cfs

900 PUBLIC SERVICE CBT DIT 250 NA 10 cfs

1000 GASP AUG RELEASE UNIDWI 3050 NA 65 ds

1 1 1 i I
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Table VI 3

VI 18
ST VRAIN BASIN RECONNAISSANCE STUDY

AVERAGE TEN YEAR WATER BALANCE

MODEL RESULTS 1971 19GO

A INFLOWS

1 North St Vrain Creek

2 South St Vrain Creek

3 Left Hand Creek

4 C BT Imports
5 Dry Creek includes Boulder Creek eturn flows

6 Boulder Creek

7 Idaho Creek Boulder and South Platte return flows

TOTAL

B DIVERSIONS
1 Direct Flow includes diversion of reservoir exports
2 To Storage
3 C BT Diversions

4 Exports From Reservoirs included in B 1 above

TOTAL

C DEPLETIONS
1 Crop Municipal and Industrial Consumptive Use

2 Reservoir Evaporation
3 Change in Reservoir Storage

TOTAL

D RETURN FLOWS

1 Surface Returns

2 Subsurface Returns

TOTAL

E COMPUTED OUTFLOW

1 Inflows Diversions Return Flows

F MODELED OUTFLOW

B0353C

VALUES IN

ACRE FEET

I

I

I

I

I

I

I

I

I
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I

I

I

I

I

I

I
I

64271

49019

16857
31768

5885

56244

27848

251892

110547

18354

31768

15123

145546

78073

3559

328

81304

24516

39726

64242

170588

170593



I TABLE VH

ST VRAIN 8ASIN RECONNAISSANCE STUDY

I VI 19

CURRENT NUNICIPAL AND INDUSTRIAL DEFICIT

I ALL VALUES IN ACRE FEET II

I
CURRENT NUNICIPAL AND INDUSTRIAL DE NDS

DEMND OCT NOY DEC JAN FE8 NAR APR NAY JUN JUL AUG SEPT TOTAL

I
TDTAL 1408 1181 ll91 1155 1084 1129 1257 1534 2111 2258 1997 1679 17984

CURRENT NUNIClPAL AND INDUSTRIAL DIYERSIONS

I
WATER ANNUAL

YEAR OCT NDV DEC JAN FE8 NAR APR NAY JUN JUL AUG SEPT TOTAL DEFICIT

1951 652 452 532 526 485 543 1258 1537 2112 2261 2000 1680 14040 4000

I 1952 1411 611 622 m 566 602 1258 1537 2112 2261 2000 1680 15295 3000

1953 1411 1152 1163 1107 1001 10SO 1258 1537 2112 2261 2000 16BO 17734 0

1954 1411 1071 005 SOl 470 501 1258 1537 2112 2261 2000 1680 15410 3000

I
1955 1370 431 442 442 409 442 125B 1537 2112 2261 2000 16BO 14386 4000

1956 1411 431 442 442 428 022 1258 1537 2112 2261 1879 641 13467 5000

1957 034 611 022 559 506 582 125B 1537 2112 2261 2000 16BO 14364 4000

1958 1411 1152 1163 1107 1001 1050 125B 1537 2112 2261 2000 1680 17m 0

I 1959 1411 9B2 1060 1003 952 1020 125B 1537 2112 2261 2000 1680 17278 1000

1960 1411 972 1086 1059 990 996 1258 1537 2112 2261 2000 16BO 17364 1000

1901 792 491 560 524 502 53B 125B 1537 2112 2261 2000 1680 14257 4000

I
1962 1411 llB2 1194 113B 1029 1081 1258 1537 2112 2261 2000 1680 17BB4 0

1963 1411 1005 1068 1002 465 548 125B 1537 2112 2261 2000 16BO 16349 2000

1964 1411 431 442 497 484 571 125B 1537 2112 2261 2000 16BO 14686 3000

I
1965 1152 431 465 497 457 533 1258 1537 2112 2261 2000 llBO 138B6 4000

1966 636 011 653 633 566 602 125B 1537 2112 2261 2000 16BO 14550 3000

1907 1411 431 442 483 459 538 125B 1537 2112 2261 2000 16BO 14614 3000

1968 1411 1032 1103 1037 m 1031 125B 1537 2112 2261 2000 1634 17370 1000

I 1969 1340 431 553 512 457 556 125B 1537 2112 2261 2000 16BO 14699 3000

1970 1411 1182 1194 115B lOBO 1092 125B 1537 2112 2261 2000 16BO 17966 0

1971 1411 972 101B 1041 902 983 1258 1537 2112 2261 2000 1634 17131 1000

I
1972 1411 1152 1194 1138 1029 1081 1258 1537 2112 2261 2000 1680 17854 0

1m 1411 98B 577 575 507 5B2 125B 1537 2112 2261 2000 16BO 15490 2000

1974 1411 1152 1163 1127 1052 1061 1258 1537 2112 2261 2000 16BO 17BI6 0

I
1975 1411 1152 1163 1127 1002 622 1258 1537 2112 2261 2000 16BO 17327 1000

1976 670 611 622 622 589 622 1258 1537 2112 2261 2000 1680 14586 3000

1977 1411 611 622 622 5B9 622 125B 1537 2112 2261 2000 16BO 15327 3000

197B 1370 431 454 622 524 591 125B 1537 2112 2261 2000 1680 14842 3000

I 1979 1402 719 622 602 53B 571 125B 1537 2112 2261 2000 1680 15304 3000

1980 1411 1152 1163 1107 1001 1081 1258 1537 2112 2261 2000 1680 17765 0

I
AYERAGE 1275 801 BOO 781 700 744 1258 1537 2112 2261 1996 1626 15893 2000

CURRENT NUNICIPAL AND INDUSTRIAL DEFICIT

I DEFIen aCT NOV DEC JAN fEB R APR MAY JUN JUL AUG SEPT TOTAL

AVERAGE 100 400 400 400 400 400 0 0 0 0 0 100 2000

I
Monthly deficits have been rounded to the ne rest 100 ac ft a nu l deficits to tbe nearest 1000 ac ItNOTES 1
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TABLE Vl 5 I
5T VRAl BASIN REcONNAISSANCE STUDY

VI 20 I
CURRENT ABRICULTURAL DEFICIT

ALL VALUES IN ACRE FEET 11 I
CURRENT ABRICUlTURAL HEADGATE WATER REQUIREMENTS

DEM D OCT NOV DEC JAM FEG AR APR AY JUN JUL AUB SEPT TOTAL I
AVERAGE 4929 0 0 0 0 0 mB 2517B 57356 05353 53234 32462 242230

ICURRENT ABRICULTURAL DIVERSIONS

WATER ANNUAL

YEAR OCT NOV DEC JAN FEB MAR APR AY JUN JUL AUB SEPT TOTAL DEFICIT I
1951 4253 0 0 0 0 0 297 21143 41360 5B84B 2B77B 15353 170032 72000

1952 244 0 0 0 0 0 5315 21143 73711 51572 23Bll 141B7 IB99B3 52000

I1953 3030 0 0 0 0 0 m 9313 6l9 B 30022 207 14229 139bl2 103000

1954 2236 0 0 0 0 0 12406 29169 22BBB IB353 ll219 oBOl 103012 139000

1955 4B29 0 0 0 0 0 9190 27103 29245 2195B 13936 722B 1134B9 129000

1956 mB 0 0 0 0 0 3494 34234 50421 22345 14b12 9038 137512 105000 I
1957 3026 0 0 0 0 0 0 0 56B7l 6BB75 3B254 15568 IB2594 60000

195B 4465 0 0 0 0 0 2713 120B2 5B463 3601B IBI10 9134 140985 101000

1959 7B2 0 0 0 0 0 0 14095 67794 361B4 19075 6572 144502 9GOOO

I1960 635 0 0 0 0 0 62B2 13844 6251B 35915 1902B 822B 146450 96000

1961 2B81 0 0 0 0 0 IB59 BGIO 54618 46902 24317 7461 146B48 95000

1962 0 0 0 0 0 0 9113 35225 44693 30651 19B46 B024 147552 95000

I1963 3042 0 0 0 I 0 1l05B 35466 mOB IB695 17993 mBO 131742 110000

1964 5B40 0 0 0 0 0 3159 30364 34000 26970 12304 7527 120104 122000

1965 0 0 0 0 0 0 501B 23389 44B07 49415 37023 8487 loB139 74000

1966 0 0 0 0 0 0 3789 34263 32471 21950 11487 6918 11 08B4 131 000 I1967 782 0 0 0 0 0 440 20992 13787 39540 2B507 15217 119271 123000

1968 4910 0 0 0 0 0 0 20490 53066 30289 1512B 10794 134677 108000

1909 4101 0 0 0 0 0 9729 15101 24701 52396 237 4 11945 14208B 100000

I1970 0 0 0 0 0 0 2044 44822 37339 40043 22232 BI04 1545B4 BBOOO

1971 27B5 0 0 0 0 0 0 33516 71614 33214 24620 5B39 1715B8 71 000

1m 0 0 0 0 0 0 3308 30934 47915 24545 154bb 12953 141121 101000

I1973 4148 0 0 0 I 0 0 0544 m5b 43B52 264B5 9194 163579 79000

1m 3749 0 I 0 0 0 1890 430B5 44924 34448 20097 11339 159538 83000

1975 3376 0 0 0 0 0 0 9313 56750 55797 27290 13980 106506 76000

1970 34BO 0 0 0 0 0 4413 28m 420B3 mBl 21577 9152 137023 105000 I1977 4149 0 0 0 0 0 3457 32498 34071 16689 13831 9297 113m 12BOOO

197B 41lb 0 0 0 0 0 0441 I 00101 50071 25023 14269 160021 70000

1979 2BB3 0 0 0 0 0 2825 10320 44807 57208 2201 17888 157947 B4000

I1980 4153 0 0 0 0 929 1006B BI079 43820 21B22 12473 174344 68000

AVERAGE 2089 0 0 0 1 0 3647 22075 48452 m6b mBO 10m 146548 90000

ICURRENT AGRICULTURAL DEFICIT

omelT OCT NOV DEe JAN FES MAR APR MAY JUN JUL AIJG SEPT TOTAL I
AVERAGE 2200 0 0 0 0 0 100 3100 B900 27700 32000 21700 96000

NOTES 1 Monthly deficIts have bee rounded to the ne rest 100 ac ft nu l deficits to the ne rest 1000 c It
I
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I TABLE V16

I
ST VRAIN BASIN RECONNAISSANCE STUDY

VI 21

2020 UNICIPAL AND INDUSTRIAL DEFICIT

I ALL VALUES IN ACRE FEET III

2020 UNICIPAL AND INDUSTRIAL MATER DE ANDS

I DE AND OCT NOV DEC JAN FEB AR APR AY JUN JUL AU6 SEPT TOTAL

I
TOTAL 3445 2989 3015 2933 270 2873 3047 377 5091 5440 4871 4105 44351

CURRENT NICIPAL AND INDUSTRIAL DIVERSIONS

MATER ANNUAL

I YEAR OCT NOY DEC JAN FEB AR APR AY JUN JUL AU6 SEPT TOTAL DEFICIT

1951 3302 1982 2026 2026 1893 1744 3036 3776 5080 5358 4728 3951 38902 500Q

I
1952 3302 2012 2057 2435 2090 2637 303 3776 5080 5358 4128 3951 4Q461 4000

1953 3302 1982 2026 2026 1893 202 3036 3776 5080 5440 4728 3951 39266 5000

1954 3302 1982 2026 742 494 565 3036 3776 5080 5440 4761 2475 33679 11000

I
1955 1672 455 466 466 433 4 6 3036 3776 5080 5440 4871 3423 29585 15000

1956 1709 455 466 466 452 648 3036 3776 5080 5440 3622 1840 26992 17000

1957 1621 717 649 563 530 653 3036 3776 5080 5358 4728 3951 30662 14000

1958 3302 1982 2026 2026 1921 2057 3036 3776 5080 5440 4871 4053 39570 5000

I 1959 3302 1982 2026 2026 1893 1614 3036 3776 5080 5440 4810 3951 38936 5000

1960 3302 1982 2026 2026 1893 2057 3036 3776 5080 5440 4128 3951 39297 5000

1961 3302 1982 1614 1575 1453 1629 3036 3776 5080 5358 4728 3951 37484 7000

I
1962 3302 2847 2784 2509 2531 2707 3036 r176 5080 5440 4169 3951 42732 2000

1963 3302 1982 2026 17 7 966 999 3036 3776 5080 5440 4871 3757 37002 7000

1964 1 98 ASS 533 539 508 595 3036 3776 5080 5440 4871 2315 28846 1 000

1965 1672 489 539 521 4Bl 557 3036 3776 5080 5358 4728 3951 30189 14000

I 1966 3302 2012 2057 2057 2108 2377 3036 3776 5080 5440 4871 4053 40168 4000

1967 2757 1458 1570 1551 1076 562 303b 3776 5080 5440 472B 3745 34781 10000

19 8 2769 1509 1613 1 14 1467 1674 3036 3776 5080 5358 4728 3418 3b041 BOOO

I
1969 27 9 1587 1641 695 532 631 3036 3776 5080 5440 472B 3951 33866 10000

1970 3302 2012 2057 2057 1921 2057 303b 3776 5080 5358 4728 3951 39334 5000

1971 3232 19B2 2057 2057 1921 2057 303b 3776 5080 535B 472B 3951 39234 5000

I
1972 3302 1982 2057 2385 22b9 2670 3036 377 5080 5440 4810 3951 40758 4000

1m 3302 192B 1m 1626 1458 1017 3036 3776 5080 5440 4728 3951 3 966 7000

1974 3302 1982 202 2026 1893 2057 303 3776 5080 5440 4871 4053 39542 5000

1975 3302 1982 2026 2026 1027 999 303 3776 5080 5440 4810 3951 37455 7000

I 1976 3302 1982 202 2026 1893 2026 3036 3776 5080 5440 4871 4053 39511 5000

1977 3302 1982 2026 2026 16 3 999 303 3776 5080 5440 4871 3104 31306 7000

1978 1643 509 641 668 526 15 3036 3776 5080 5358 4728 3951 30531 14000

I
1979 3302 1982 2026 2026 1893 2026 3036 3776 5080 5358 4728 3951 39184 5000

1980 3302 1982 2026 2057 1921 2057 3036 3776 5080 5440 4728 3951 39356 5000

I
AYERAGE 2920 1672 1692 1621 1433 1493 3036 3776 5080 5413 4740 3713 36588 8000

ONTHLY UNICJPAL ANO INDUSTRIAL DEFICIT

I DEFICIT DCT NOV DEC JAN FEB AR APR IlAV JUN JUL AU6 SEPT TOTAL

AVERAGE 500 1300 1300 1300 1300 1400 0 0 0 0 100 400 8000

I
NOTES j Kontnly deficits have been rounded to the nearest 100 ic ft innual deficits to the nearest 1000 ac ft
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TABLE YH I
ST YRAIN BASIN RECONNAISSANCE STUDY

VI 22 2020 AGRICULTURAL DEFICIT I
All VALUES IN ACRE FEET II

2020 AGRICUlTURAL REQUIRE ENTS 21 I
DE AND DCT NDV DEC JAN FE8 lIAR APR AY JUN JUl AUG SEPT TOTAL

I
TDTAL 3291 0 0 0 0 0 2485 16804 38285 43623 35532 21667 161687

2020 ABRICUlTURAl DIVERSIDNS IWATER ANNUAL

YEAR DCT NBY DEC JAM FE8 AR APR IlAY JUN JUl AUG SEPT TOTAL DEFICIT

I1951 3398 0 0 0 0 0 199 14111 26011 40648 24316 18365 127048 13000

1952 165 0 0 0 0 0 3553 14111 46658 42350 21139 9996 137971 43000

1953 2541 0 0 0 0 0 149 6215 46522 31858 19810 11694 limo 45000

I1954 1827 0 0 0 0 0 8773 25708 25727 17221 10615 5423 95213 103000

1955 3910 Q 0 0 0 0 6309 23084 28172 20655 13463 7309 102962 75000

1956 2007 0 0 0 0 0 2335 22551 48618 22542 16115 9852 124021 53000

1957 2532 0 0 0 0 0 0 0 35731 43033 30076 14m 125950 19000 I1958 3258 0 0 0 0 0 1814 8063 37465 32611 26269 9184 lI1663 38000

1959 521 0 0 0 0 0 0 9407 46519 37207 17608 5672 116934 43000

1960 424 0 0 0 0 0 4199 9239 41499 39977 17640 9221 122198 51000

I1961 2546 0 0 0 0 0 1242 5879 34701 38428 20233 4180 1011009 22000

1962 0 0 0 0 0 0 6162 23904 30452 33163 25194 9236 128911 30000

1963 2232 0 0 0 0 0 7738 32011 20814 28214 16317 12899 120226 58000

1964 5520 0 0 0 0 0 2112 21107 32209 30351 11562 6563 109423 78000 I1965 0 0 0 0 0 0 3354 15801 27866 30955 30852 5994 114821 8000

1966 0 0 0 0 0 0 2534 26577 31202 24944 12503 6506 104267 74000

1967 521 0 0 0 0 0 298 14104 9198 25544 28630 11870 98166 12000

I1968 4946 0 0 0 0 0 0 13845 40610 35380 16022 8688 119492 43000

1969 3291 0 0 0 0 0 6731 10079 16124 43670 22726 13215 115836 40000

1970 0 0 0 0 0 0 1367 28952 23220 37340 25705 8800 125383 27000

I1971 1857 0 0 0 0 0 0 22320 48096 36285 21432 3898 133887 33000

1972 0 0 0 0 0 0 2211 26707 30791 33860 15660 9781 119010 31000

1m 3667 0 0 0 0 0 0 4368 47476 m05 30192 9102 133910 27000

1974 3287 0 0 0 0 0 1267 34093 28759 38679 22006 10156 138246 31000 I1975 2732 0 0 0 0 0 0 6215 36428 40689 30958 13763 130787 17000

1976 3139 0 0 0 0 0 2957 19470 34867 34162 18590 6872 120056 32000

1977 3471 0 0 0 0 0 2311 29589 29169 17251 14089 9411 105810 93000

I1978 3556 0 0 0 0 0 4342 0 3B053 45059 25823 12620 129454 32000

1979 1922 0 0 0 0 0 18B8 6887 28568 44373 17411 22616 123666 15000

1980 5069 0 0 0 0 0 621 6719 51181 43614 17088 10305 134597 52000

IAVERAGE 2278 0 0 0 0 0 2482 16037 34110 34332 20668 10221 120129 42000

DNTHLY AGRICULTURAL DEFICIT I
DEFICIT OCT NOV DEe JAN FEB lIAR APR AY JUN JUl AIlG SEPT TOTAL

IAVERAGE 1000 0 0 0 0 0 0 BOO 4200 9300 14900 11400 42000

NOTES 1 onthly deficits have been rounded to the nearest 100 ac ft annual deficits to the nearest 1000 ac ft I2 This base run uses 85 percent of 8laney Criddle calculated de ands at 50 percent overall efficiency to

calculate agricultural headgate diversion requir Rts

B0353C I
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CHAPTER V I I

PLAN FORMULATION

A Introduction

Previous chapters collectively identify the water related needs and
describe the water supply system and other characteristics of the St Vrain

Basin all of which form the basis for formulating water resource management
plans This chapter contains a discussion of the process used in formulating
alternative water resource management plans and presents the resulting
plans It describes the four major tasks that comprise the CWRPDA process
namely the identification of water resource management plan purposes identi
fication of plan elements evaluation of plan elements and formulation of

preliminary alternative plans

B Water Resource Management Plan Purposes

1 General

Water resource management plans for the Basin were formulated to

address one or several of the purposes described in this chapter Input and

values of the Study Advisory Committee and from the public were instrumental
in establishing these water resource management purposes The processes uti 1
ized to obtain this input are described in Chapter I Information compi led on

Basin characteristics and water resources needs provided the factual base for
selection of plan purposes Ideally a plan would meet as many purposes as

possible whi Ie maximizing benefits and minimizing adverse impacts In prac
tice there are I imitations on the extent to which any plan can be developed
and tradeoffs among the various plan purposes are inevitable

Identified below are the primary and secondary purposes to be
served by a St Vrain Basin water resource management plan In general each

plan includes at least one primary purpose and may include one or more of the

secondary purposes

Primary Purposes

o Augmenting and making better use of water supply for agricul
tural use

o Augmenting and or reasonably redistributing seasonal munici

pal and industrial water supplies to provide for the forecast
water demand in year 2020

Secondary Purposes

o Protecting water quality

o Enhancing fish and wi Idlife resources
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o Developing reservoir based stream based and stream corridor
recreation

o Reducing flood damages

o Generating hydroelectric power

2 Primary Purposes

a Agricultural Water Supply

In Chapter VI the future supply and headgate requirement for

irrigation water is discussed Based on the medium growth scenario the

average agricultural headgate deficit in the year 2020 is forecast to be
42 000 ac ftlyr For a more severe condition such as a drought with a 1 in
10 year frequency of occurrence the year 2020 deficit is forecast to be
78 000 ac ft yr This latter quantity is selected as a planning target
Measures considered to satisfy the target deficit may include developing new

supplies and making better use of current supplies

b Municipal and Industrial Water Supply

Based on RIBSIM results presented in Chapter VI the municipal and
industrial drought year water supply deficit is forecast to be 26 000 ac ft yr
in yea r 2020 Th i s defie i tis for a one in 30 yea r d rought and assumes no

deliveries of Windy Gap Project water for use in the St Vrain Basin

A primary plan purpose is to satisfy all or a portion of the fore
cast deficit amount by developing new supply or seasonally redistributing
current supplies or both and by use of measures to reduce water demand

3 Secondary Purposes

As described above the primary plan purposes focus on Basin water

supply needs of the agricultural municipal and industrial sectors Also
considered in the plan formulation process were certain secondary water

resource related purposes as described in Chapter V and I isted above These

secondary purposes include enhancing fish and wi Idl ife resources developing
water oriented recreation protecting the qual ity of water reducing flood

damages and generating hydroelectric power Plan formulation was focused on

serving the primary purposes with consideration given for also serving any
or all of the secondary purposes as reasonable opportunities arise

C Identification of Plan Elements

1 General

In conformance with the CWRPDA process for formulating water

resource management plans a set of plan elements was identified and compi led
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VII 3

from which overal I plans were developed The plan elements include structural

and non structural measures designed to meet one or several aspects of plan
purposes previously identified Structural plan elements are site specific
physical structures that have the capabi I i ty to store divert convey water

or generate electric power as part of a water resources management plan and

include both new and existing structures Non structural elements are ele

ments that primari Iy involve non physical means of serving the water manage
ment purposes of the St Vrain Basin but some of these are physical such as

installation of water meters In the previous section it was forecast that by
the year 2020 combined water demand in the agricultural municipal and indus

trial sectors in a drought year condi tion wi II exceed the forecast supply by
about 104 000 ac ft If this gap is to be closed supply must be increased or

demand must be reduced or both Structural elements are effective in

increasing the supply component whereas non structural elements are effective

primari Iy in reducing demand and increasing efficiencies of water use

The compi lation of plan elements is a result of information that

has been collected from a number of sources and from original work These

sources include a map reconnaissance using USGS 7 5 minute quadrangles sup

ported by field reconnaissance and input received from the Study Advisors

the Northern Colorado Water Conservancy District the CWRPDA and its consult

ants USBR reports through newspaper articles and from the public at Iarge

2 Structural Plan Elements

Ninety eight structural plan elements were identified For ease in

comparing like elements structural elements were divided into two categories
potential elements and existing elements These elements are I isted alpha
betically by category in Table VII 1 The listing includes a map designa
tion number which is used to identify an element s location within the Basin

in Fig VII l A numerical listing of elements is provided in Table VI 1 2

a Potential Elements

Potential structural plan elements consist of potential not yet
constructed physical structures that appear to have the capabi lity of meeting
to some degree one or more of the water management purposes of the St Vrain

Bas in These elements i nc I ude storage dive rsion and conveyance fac i I it i es

and each element is site specific

Table VII l includes a I isting of the potential structural plan
elements considered in the Study The list includes 65 storage faci lities

14 diversion faci lities and one conveyance faci lity

b Existing Elements

Existing elements are those storage diversion and conveyance
faci lities currently in place which may be uti lized by enlargement or modifi

cation of thei r operation to improve water resources management and increase

supplies of water avai lable to meet project purposes
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Existing faci lities in the St Vrain Basin wi I I continue to provide
the basic infrastructure for provision of water supply for the various in
tended purposes Alternative plans developed by this Study generally inte

grate potential elements wi th existing works I f ignored as elements in an

overall plan existing faci I ities would continue to satisfy thei r intended
functions within their physical limitations but would not add to the cumula
tive benefit of a water resource management plan If however existing
faci I i ties can be rehabi I i tated to increase functional efficiency or thei r
current method of operation be changed to more effectively serve users as a

whole or can be structurally modified to increase storage or conveyance
capacity such actions can be of benefit to a Basin wide plan

Table VII 1 includes an alphabetical I isting of the 18 existing
structural plan elements that were identi fied for consideration and possible
inclusion in a water resource management plan Many other water faci I ities
exist but are not included in Table VI 1 1 because their potential for enlarge
ment change in use or rehabi I itation is considered minimal The table lists
15 existing storage faci lities two diversion and one conveyance faci lity

For the purpose of this Study only those reservoi rs greater than
3 000 ac ft decreed capacity and diversion works greater than 20 cfs capacity
are listed the rationale for this limitation is that elements with capa
bi lities less than these values would not significantly contribute to an over

all water resources management plan A few exceptions exist where a plan
element had been investigated by others prior to this study and is considered
to have potential for contributing to a management plan The largest existing
storage facility on the basis of decreed capacity is Carter Lake Reservoir

112 200 ac ft

3 Non Structural Plan Elements

The existing and potential structural plan elements that were

considered in formulating water resource management plans would assist in

increasing firm water supplies A second category of plan elements considered
is that of non structural plan elements If implemented these elements would
reduce water demand or increase efficiency of water use Non structural
elements include actions that can be taken to more efficiently uti I ize the

Basin s water resources without constructing major physical structures Minor
structural facilities may be incorporated in such elements however in addi
tion to water supply and water demand management measures non structural
elements include institutional changes such as changes in law regulations
policies and the organization and authority of water management entities

Three general types of non structural elements were identi fied
these include 1 water supply management measures 2 water demand manage
ment measures and 3 institutional measures A listing of non structural
plan elements grouped by type is shown in Table VI 1 3
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D Evaluation of Plan Elements

1 General

Following identification of plan elements to be considered in plan
formulation a prel iminary technical evaluation of the structural plan ele

ments was performed as a selection basis of those elements which appear to be
most sui table for water resources management plan formulation Each element
was evaluated based on consideration of its technical environmental and

social characteristics Characteristics considered generally include the
element s locat ion capaci ty st ructura I d imens ions est imated average annual
flow at the site accessibility potential interference with existing struc

tures relationship to the natural environment and potential social impact if

developed

Each non structural plan element was evaluated in terms of its

effectiveness in meeting the defined plan purposes its relationship to the

existing environment potential acceptance by the general public and key
decision makers and ease or difficulty of implementation

2 Selection of Structural Elements

a Approach to Storage Element Selection

Plan elements are the bui Iding blocks for forming water resources

management plans Because of the relatively large array of storage elements
98 in total it was necessary to reduce the number of elements to a more

manageable quantity prior to formulating plans This was accompl ished by
first classifying and sorting the characteristics of each element according to

several factors For storage reservoirs the factors include gross reservoir

storage capacity general location by sub basin and average annual flow at

the site As an approximate measure of potential project cost or efficiency
of the site potential as a storage reservoir the ratio of reservoir capacity
to dam embankment volume was also determined for comparative purposes Char
acteristics of diversion and conveyance type elements were also tabulated for

compa r i son

In selecting plan elements it is important to select an array of

storage elements that can be combined into a broad range of formulated plans
covering the water supply targets To accompl ish this objective selected
elements were distributed over the geographic sub basins of the Siting and

Study areas since it was considered desirable to have at least one and prefer
ably two elements located in each of the major sub basins The major
sub basins are the Little Thompson River North St Vrain Creek South
St Vrain Creek Left Hand Creek and the Boulder Creek drainage In addi
tion for operational flexibi I ity and short term regulation storage sites
within the plains zone are also desirable

The other major factor in the selection of storage elements was to

provide a sizable range in reservoir capacities This factor is important for
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two reasons First plans were to be formulated to cover a range of water

supply objectives and other management purposes and second the potential to

stage development of a plan over time indicates generally the need to include
reservoirs of a range of capacities In applying the factor to sites located
within the mountain and foothi I I zones reservoirs under 10 000 ac ft in

capacity are considered too small to effectively regulate water resources of
the Basin In the plains capacities as low as 3 000 ac ft are considered
because plains reservoirs generally function more for re regulation or to

serve smaller user groups In this study potential reservoirs of capacity up
to 305 000 ac ft have been identified

Envi ronmental and social attributes were campi led for each storage
element and reviewed as to their due influence in element selection Except
to exclude sites located within Rocky Mountain National Park and Indian Peaks
Wi Iderness envi ronmental and social factors were considered not to be over

riding or exclusionary in the element selection process

Having sorted storage elements by sub basin and reservoir capacity
other attributes were then considered These include a rough measure of site

efficiency to provide storage space as indicated by the ratio of reservoir

storage capacity to dam embankment volume This ratio has been named herein
the Dam Ratio A measure of potential reservoir effectiveness in regulating
the inflow to it is given by the ratio of storage capacity to estimated reser

voi r inflow termed herein the Inflow Ratio Inflow was considered wi thout

regard to water rights because of the general potential for water exchanges
and transfers of storage decrees Although accurate data on average annual
flow are not avai lable at most storage sites estimates were made based on

tributary drainage area and unit runoff factors The Inflow Ratio is a gen
eral indicator only of the suitabi lity of potential reservoirs and since it is
not an absolute factor is useful only in conjunction with considerable judg
ment Total inflow as represented by streamflow at a site is also a factor
that is considered as a general guide in selection of storage elements To

regulate the water resources of the Basin as would be requi red for maximum

development reservoirs must be large enough cumulatively and appropriately
situated within the Basin or Siting Area to impound most of the avai lable or

storable streamflow

Constructibi I ity was considered based on avai lable geotechnical
and construction materials information and potential access difficulty

Another factor that was considered is the relative amount of relo
cation of bui Idings highways and other structures that would be requi red
Relocations reflect a potential major cost factor as well as social disrup
tion However this factor by itself minimum relocations did not result in
selection of any of the elements

b Selected Storage Elements

A

based on the

age elements

total of 18 potential and existing storage elements were selected
criteria set forth above Characteristics of the selected stor

are presented in Table VI 1 4 The fol lowing paragraphs provide a
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VII 7

brief description of each selected storage element grouped according to

sub basin in which they are located

1 Little Thompson NO 2 Reservoir
Little Thompson River Basin

The dam site is located about 4 mi les south of Carter Lake on the
Li tt Ie Thompson River An embankment type or roller compacted concrete type
dam is considered suitable for this site The site map designation 32 was

identified by the USBR in past studies and by others

This element could operate in conjunction with the C BT and Windy
Gap projects as well as regulate runoff of the Little Thompson River Addi
tional water could also be diverted from North St Vrain Creek into the Little

Thompson River above the reservoir to provide flexibi I ity in developing
St Vrain Basin waters

This element was selected for plan formulation for the following
reasons

o It is located in relatively close proximity to Carter Lake
Therefore it has the abi lity to readi Iy receive and regulate
water that may be conveyed via the C BT faci lit ies system
such as Windy Gap Project water

o Releases could be made to the Little Thompson River for sub

sequent diversion downstream or to the existing supply canal

o To provide winter flow of water for M I purposes an intake
and buried pipel ine with pumping plant could be constructed
from this reservoi r to convey water to the main stem of
St Vrain Creek

o The si te can accommodate a reservoi r of substant ially large
capac i ty

o Based on very limited site reconnaissance there appear to be
no technical factors that would preclude development

2 Smithy Mountain Reservoir
North St Vrain Creek Basin

The Smithy Mountain site is located on North St Vrain Creek

approximately 0 3 mi Ie downstream from the existing Button Rock Dam An

embankment type dam was considered at this site This site which carries map
designation 59 if developed would inundate Button Rock Dam and Ralph Price
Reservoir

This element is selected for plan formulation for the following
reasons
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o I t wou I d p rov i de a re I at i ve I y I a rge capac i ty rese rvo iron
North St Vrain Creek which is the largest producer of water

of the sub basins within the Study Area

o Rai sing of Button Rock Dam by more than about 50 feet pre
sents a complexi ty of problems from the engineering and con

structibility viewpoints so if greater capacity is needed

Smithy Mountain would represent an alternative

3 North Sheep Mountain Reservoir
North St Vrain Creek Basin

This si te map designation 94 is located on North St Vrain Creek
about 3 mi les westerly from Ralph Price Reservoir Button Rock Dam An arch
concrete gravity rockfill or earthfill embankment dam could be suitable to

the site depending on height of the proposed structure and avai labi I ity of
materials

This storage element is selected for the fol lowing reasons

o It would provide large storage capacity

o The site controls runoff from a substantial portion of North
St Vrain Creek

o Only minimal relocations of faci I ities apparently would be

requ ired

4 Ralph Price Reservoir
North St Vrain Creek Basin

This existing earthfi II dam is located on North St Vrain Creek
about 5 air mi les west of Lyons The map designation is 6

The Ci ty of Longmont the project owner has long range plans to

increase storage in Ralph Price Reservoir by raising the existing dam In the

City s plan the enlarged reservoir would primari Iy function to supply City of

Longmont winter water requirements Very preliminary investigations by the

Study Team indicate that a maximum raise of about 50 feet is practical due to

design aspects of the existing structure and site topography Major problems
involve the difficulties of raising a central core dam on the downstream side
since it is des i red to keep the dam in serv i ce dur i ng construct ion and the
ravine on the left abutment downstream of the present dam It appears fea
sible to raise the storage level about 50 feet without a major change in
location of the dam For a reservoir enlargement of more that 50 feet in

height the axis would have to be shifted downstream A raise of 50 feet
would increase storage capacity by about 12 500 ac ft to a total of about
28 600 ac ft at a water surface elevation of 6450 Enlarging Ralph Price
Reservoir was selected for inclusion in plan formulation because it is con

sidered to be a reasonable project and is already planned by the owner of the
dam



I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

I

I

I
I

VII 9

5 Tahosa Reservoir
North St Vrain Creek Basin

This site map designation 65 is located on Cow Creek also known
as Cabin Creek a tributary of North St Vrain Creek in its upper reaches
The site is about 3 air mi les northeast of the Town of Allenspark An
embankment type dam was considered at this site The reservoir is smal I com

pared to the flow avai lable at the site and would probably be operated to

assist in providing regulation for long term cyclical drought periods

This site was selected for plan formulation because it appears to

be a physically excellent site with adequate flow of water It is an interme
diate sized reservoir which could fit wel I into plans for an integrated system
of water resources development in the St Vrain Basin

6 Coffintop Reservoir
South St Vrain Creek Basin

This site map designation 14 is located on South St Vrain Creek
1 mi Ie upstream southwest from Lyons A rockfi II embankment or roller

compacted concrete type dam was considered at this site

Others have completed extensive study of this element indicating a

dam at this site would produce a large reservoir of 116 000 ac ft capacity
wi th normal water surface elevat ion 5744 The reservoi r would provide major
regulation of South St Vrain Creek and a diversion from North St Vrain
Creek would be possible to increase the runoff that could be regulated

This site was selected for consideration as a storage element in

plan formulation because of its large capacity and location where with addi
tional diversion flows from North St Vrain Creek it could control runoff
from a substantial portion of the St Vrain Basin

7 Little South St Vrain Reservoir
South St Vrain Creek Basin

This site map designation 75 is located on South St Vrain Creek
about 1 5 mi les south of Riverside An embankment type dam was considered at

this site

the si te

this site

This reservoir could provide a good degree of regulation of flow at
An embankment type or concrete gravity dam could be considered at

This site was selected for plan formulation because it appears to

have reasonable physical characteristics and provides an alternative site on

South St Vrain Creek Its capacity is moderate and the location seems suit
able for further consideration
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8 Geer Canyon Reservoir
Left Hand Creek Basin

This si te map designation 22 is located on Left Hand Creek about
5 miles north of the City of Boulder A rockfill type dam was considered at

this site

This site is located so that it can regulate most of the runoff in
Left Hand Creek including existing and potential diversions to it from South
St Vrain Creek The potential diversion point is located about 5 mi les down
stream from Riverside A rockfi II embankment type dam has been planned for
this site by others Substantial highway relocations would be required and
possibly some residences

This site was selected for plan formulation because of its location
and size where it can effectively control runoff originating in the Left Hand
Creek Basin as well as diversions that may be suppl ied to it

9 Lykins Gulch Reservoir
Left Hand Creek Basin

This si te map designat ion 37 is located in a gulch about 2 mi les
north of the Geer Canyon site and about 5 mi les south of Lyons An embankment

type dam was considered at this site Natural runoff at the site is minimal
and therefore it would be fi lied by diversions from South St Vrain or Left
Hand Creek or by pumping from Lake Ditch

This site was selected for plan formulation primari Iy because of
its location together with a fairly substantial capacity It does appear to

be a marginal site however because it wi II be costly to supply water to it

10 Buckingham Reservoir
Left Hand Creek Basin

This site map designation 95 is located on Left Hand Creek about
0 5 mi Ie downstream of its confluence with James Creek An embankment or

concrete gravity type dam is considered suitable at this site This reservoir
would provide regulation of flows in the Left Hand Creek Basin including some

carry over storage for extended drought periods

This site was selected for plan formulation because it provides an

opportunity to regulate flows in the Left Hand Creek Basin as an alternative
to the Geer Canyon site As with Geer Canyon relocations would be a problem
involving substantial cost and other potential difficulty

11 Sherwood Reservoir
Boulder Creek Basin

This site located on North Boulder Creek map designation 56 and
is situated about 2 5 road mi les north of Nederland An embankment type dam
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was considered at this site This site would provide regulation of North
Boulder Creek runoff but appears to be rather costly to develop due to topog
raphy

This si te

because it appears to

drainage basin

was selected for consideration in plan formulation
be the best al ternat ive avai lable in the Boulder Creek

12 Pleasant Val ley Terry Lake
Reservoir Plains

This existing embankment dam and reservoir map designation 49 has
a present actual capacity of about 3 200 ac ft This reservoir is included as

a candidate for enlargement by increasing the normal water surface and dam
elevation by 10 feet to a normal water surface elevation of 5103 which would

provide an additional estimated capacity of about 4 000 ac ft

The reservoir is presently supplied by diversions through Rough and

Ready Ditch but an extension of Highland Ditch from the north could be made
and additional water supplied to Pleasant Valley via that route That would
be feasible only if a new diversion canal were constructed from Little

Thompson River as part of a storage project in that basin

This storage element was selected for plan formulation because it

appears reasonab I y poss i b I e to i nc rease its capac i ty and because it is s i tu

ated where it could receive water from a project on Little Thompson and sub

sequently del iver water to areas lying downstream from it

13 Foothi I Is Reservoir Plains

This exist ing embankment dam and reservoi r map designat ion 21 is
located in the plains zone about 3 mi les southeast of Lyons The existing
reservoir has an estimated actual capacity of 3 345 ac ft at its normal oper
ating level of EI 5199 The reservoir is presently suppl ied by diversion from
the Boulder Feeder Canal and releases water to St Vrain Creek for subsequent
diversion downstream

A raise of about 20 feet appears practical which would increase the
reservoir capacity by about 3 500 ac ft Bui Idings in the vicinity of the

dam however would have to be removed to make way for the additional embank
ment

This reservoir was selected for plan formulation because its loca
tion is favorable for supplying water and releasing it to provide short term

regu lat ion

14 Highland No 2 Reservoir Plains

This existing embankment dam and

upper plains area at EI 5170 and has an

3 400 ac ft Its map designation is 24

reservoir are situated in the

estimated actual capacity of
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Enlarging this reservoir by 3 300 ac ft of additional capacity
could be accompl ished by raising the embankment elevation 20 feet However

existing bui Idings on the south side of the reservoi r would probably be

affected and have to be purchased and removed

This reservoir was selected for plan formulation because it is

situated at a relatively high plains elevation and is close enough to the

Li tt Ie Thompson River to be suppl ied water from a new diversion canal In

this way it would function simi larly to that described for Pleasant Valley
Reservoi r

15 Left Hand Valley Reservoir Plains

This existing embankment dam and reservoir map designation
located in the upper plains zone with normal water surface at EI 5345

supplied water from Left Hand Creek via Crocker Ditch

Additional capacity in this reservoir would provide improved
in season regulation of irrigation water A raise of 20 feet would provide an

additional 3 000 ac ft capacity Present actual capacity is estimated to be

3 400 ac ft A higher reservoir operating surface would require modifications
to the di tch supplying the reservoi r or a new diversion di tch from Left Hand
Creek Seepage potential from this reservoir is not known but could be higher
than other elements because it is closer to the Hogback Ridge The enlarge
ment would affect at least two existing houses and several thousand feet of
roads both improved and unimproved

30 is
I t is

This storage element was selected for plan formulation because
increased storage here could be beneficially utilized to regulate irrigation
supp lies

16 Southwestern Portland Cement Co Pits

formerly Martin Marietta Pits

This storage site map designation 38 is located approximately
2 mi les east of Lyons and 1 mile south of St Vrain Creek The Boulder Feeder
Canal of the C BT Project skirts the site to within a few hundred feet of

Pi t A This pi t is planned by the owner as a permanent water storage reser

voi r of capaci ty approximately 4 000 ac ft based on an area of 70 acres and

average depth of 55 feet The pit is excavated in Pierre shale which is con

sidered to be relatively impervious

This element was selected because of its proximity to the Boulder
Feeder Canal and the owner s apparent intent to make it avai lable for water

regulation purposes

A simi lar method of storage using mined out gravel pi ts in the
area is currently being studied by others These gravel pits are generally
located in pervious alluvium as contrasted to the limestone pits which are

reported by others to be generally impervious and suitable for water storage
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without placement of linings or other measures to make them watertight A

prel iminary report Rocky Mountain Consultants Inc June 1985 identi fies

the potent ial for approximately 10 000 ac ft of gravel pi t water storage along
St Vrain Creek from Lyons to Longmont

17 Dowe Flats Reservoir Plains

This storage site map designation 18 is located between ridges of

the hogback and is about 2 mi les east of Lyons on a very small tributary
drainage area An embankment type dam was considered at this si te The

location is strategic because the existing St Vrain Supply Canal skirts

around the upper portion of the site and water stored in this location would

command by gravity most of the plains zone of the study area including the

City of Longmont water treatment facilities However it is not situated so

as to regulate flow of St Vrain Creek unless a diversion system were con

structed which might require pumping Almost any capacity reservoir could be

constructed here up to a maximum of about 119 000 ac ft Natural runoff at

the site is very small due to the sma I I tributary drainage area

A significant concern is the presence of a hazardous waste disposal
site located at the upper end of the reservoir at an elevation somewhat above

the planned normal maximum water surface for the high dam The potential
threat posed by the existence of this toxic material to safe water storage has

yet to be thoroughly investigated by others however potential detoxification

measures are being studied

This site was selected for plan formulation because of its strate

gic location and its potential large capacity as well as the landowner s

expressed interest in cooperating wi th development of a reservoi r at the

site However it is considered that development of the reservoir must be

conditioned on gathering sufficient information to fully understand the poten
tial effects posed by the toxic material

18 Carter Lake Reservoir

Carter Lake Reservoir map designation 11 is an integral feature

of the Colorado Big Thompson C BT system and supplies western slope water to

the St Vrain and Boulder Creek areas This reservoir was included for plan
formulation because of its relationship to potential water resources develop
ments that may be formulated as part of the St Vrain Basin Study Potential

reservoirs on the Little Thompson River would operate in close coordination

with Carter Lake New outlet works could be incorporated as part of a Little

Thompson storage reservoi r project to expedi te transfer of water from Carter

Lake

Enlargement of Carter Lake Reservoi r by as much as approximately
23 000 ac ft may be physically possible To accomplish this the three

embankment type dams forming the reservoir would have to be raised 20 feet

and outlet works drain zones and other features extended accordingly Costs

of necessary relocations have not been investigated but could be substantial
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Windy Gap Project waters wi I I also be delivered through C BT Proj
ect facilities and the City of Longmont as a Windy Gap participant will

probably take such suppl ies at Carter Lake or at the Pole Hi II power plant
Because of the potent ial importance of Carter Lake to an overall water manage
ment plan in the St Vrain Basin the element was included in the selected
list of elements

c Selected Diversion and Conveyance Elements

A total of eight diversion and conveyance elements were selected
for consideration in plan formulation In all cases potential diversions
were selected to enhance management of water resources by diverting flows from
an unregulated sub basin to a location where a major or intermediate sized
reservoir would be located Two existing diversion systems were also included
as they would generally be incorporated into the operation of a future water

resources management system The selected diversion and conveyance elements
are listed in Table VI 1 5 and are more fully described below

1 Little Thompson River Diversion
to Highland Reservoir No 2

This diversion element map designation 98 would divert water from
the little Thompson River to Highland Reservoir No 2 for reregulation to

feeder canals

This element can be used in conjunction with an upstream reservoir

on the Little Thompson to store water for controlled regulation The element
would consist of a diversion dam and a canal approximately 12 000 feet long

2 North St Vrain Diversion
to Little Thompson River

This diverSion element map designation 8 would divert North
St Vrain water for storage in the Little Thompson River watershed The ele
ment would include about 14 500 feet of tunnel and 7 500 feet of open canal

together with a diversion and intake structure

This element was selected for consideration in plan formulation

because such a diversion could enhance the attractiveness of a storage reser

voir located on the Little Thompson River by increasing the flow that could be

regulated there

3 Button Rock Diversion
to South St Vrain Creek

A tunnel of about 12 500 feet in length would be required to convey
North St Vrain water from Button Rock Ralph Price Reservoir to South
St Vrain Creek at a location upstream of storage element map designation
14 the Coffintop Reservoir site Adequate head is avai lable for gravity
diversion
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The purpose of this diversion element is to also regulate flows

from North St Vrain Creek if a major reservoi r were constructed on Lower
South St Vrain Creek

4 North St Vrain Diversion
to South St Vrain Creek

This diversion element map designation 96 would include a diver
sion dam on North St Vrain Creek at the Chimney Rock site map designation
12 and a tunnel of about 8 300 feet in length Estimated average annual flow
at the diversion point is 62 000 ac ftyr Gravity flow to a major storage
reservoir site on lower South St Vrain Creek would be provided by this
element

5 South St Vrain Diversion to Button Rock

This diversion element map designation 60 would divert water by
gravity from a point about 3 mi les downstream from Riverside to Button Rock
Reservoir via a tunnel of about 13 700 feet in length This diversion point
is below the confluence of Middle St Vrain Creek with South St Vrain Creek

and the estimated average annual flow at that point is 30 000 ac ft yr

This diversion element was selected to provide flexibi I ity in water

resources management by enhancing the uti lity of a major storage reservoir on

North St Vrain Creek or with an additional diversion faci lity to storage in

the Little Thompson River drainage

6 South St Vrain Diversion to Geer Canyon

This diversion element map designation 81 would divert flow from

South St Vrain Creek into Geer Canyon in the Left Hand Creek drainage basin

for regulation and subsequent use

The diversion point would be located about 5 mi les upstream from

Lyons and would provide gravity flow via a tunnel 15 200 feet long to Geer

Canyon at an elevation high enough to be stored in Geer Canyon Reservoir

storage element map designation 22 Estimated average annual flow in South

St Vrain Creek at the diversion point is 34 000 ac ft yr

This diversion element was selected because of the flexibi I ity it

could provide in managing water resources of the Basin by providing for stor

age of South St Vrain waters if a large reservoi r were constructed in the

lower portion of Left Hand Creek drainage

7 Brainard Diversion

The existing Brainard Diversion map designation 72 currently
conveys water from South St Vrain Creek easterly to James Creek in the Left

Hand Creek watershed This is an old faci lity but is apparently in good con

dition and has a headgate hydraulic capacity of approximately 150 cfs The
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estimated average annual flow in South St Vrain Creek at the diversion point
is 19 000 ac ft yr of which approximately 10 000 ac ft yr is presently
diverted to the Left Hand Creek Basin

The faci I ity consists of a concrete diversion structure and head

gate and unl ined di tch about 2 000 feet long This element was selected for
i nc Ius ion in plan formu lat i on because it wi II cont i nue to perform a usefu I

function and has a potential for increased capacity

8 St Vrain Supply Canal

This canal is a feature of the C BT Project and conveys water from
Carter Lake to St Vrain Creek It was included as a selected element because
several of the storage elements being considered would or could uti I ize the
supply canal In addition winterization of the supply canal to enable it to

convey the City of Longmont s Windy Gap supply during winter months is an

option to be considered The supply canal could be used in conjunction with a

storage reservoir on the Little Thompson River although water from the supply
canal would requi re pumping to such a reservoi r Gravi ty releases from the
reservoir could be made back to the supply canal for conveyance to meet water
demands in the area served by the canal

3 Structural Elements Not Selected

The approach to selecting structural plan elements for subsequent
consideration in plan formulation is described above The approach results in
selection of a I ist of 26 elements from the array of 98 elements considered
In this section elements not selected are listed along with factors that
influenced these choices Seven such factors were taken into account It may
be noted that some of these additional factors apply also to several of the
selected elements However the overall effectiveness of each selected ele
ment in serving its intended purpose s is considered better than a compara
tive element that was not selected

The seven factors are as follows

a The storage capacity of the reservoir is relatively sma I lor
in some instances restricted by upstream development

b The average annual inflow even with potential diversions is
relatively small

c Excessive relocat ions would be requi red relat ive to the mag
nitude of the project This factor relates to the presence
of structures such as roads rai Iroads bui Idings power
I ines and other establ ished features which would be inun
dated or otherwise affected by the element and the resulting
social impacts and relocation costs
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d Location of the element in the National Park or Wi Iderness
Area Carrying out development in such areas is generally
precluded

e Location of the element is at too Iowan elevation or other
wise situated in a remote location thereby presenting
physical difficulties to readily serving the needs of the
St Vrain Basin

f Apparent adverse technical or geologic conditions exist
which may equate to excessive cost

g The faci lities to impound or divert water appear relatively
too costly for their intended purpose as compared to an

alternative reservoi r That is a signi ficantly better ele
ment exists in the same sub basin that would serve the same

general purpose but perform better and or at a lower cost

Table VII 6 I ists all 98 elements and indicates the factors which

apply to each of the elements that were not selected In addition the table

indicates those elements which are selected for plan formulation

4 Social and Environmental
Assessment of Structural Elements

a Assessment Approach

The objective of the environmental and social assessment is to gen

erally evaluate individually the 98 structural plan elements This assessment

indicates the relative sensitivity of plan elements existing and potential
structural elements in regard to certain envi ronmental and social param
eters The sources of information uti lized for this assessment are

1 Information presented in Chapter I I

2 The Boulder County Comprehensive Plan

3 Comments received from the Advisors during the Advisory
Committee Meeting of January 7 1985

Data from the above sources were uti I ized to 1 provide a gen

eral regional characterization of the structural elements located throughout
the siting area and 2 identify certain specific concerns associated with

each structural element with respect to whether they el iminate or severely
restrict the development of certain elements The results of the above

assessments are presented in tabular form in Tables VI 1 7 and VI 1 8

It should be noted that the environmental and social characteris

tics of the elements were not used in an exclusionary manner to eliminate

elements from further consideration other than elements located within Rocky
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Mountain Nat ional Park and Indian Peaks Wi Iderness Area Tables VII 7 and
VII 8 identi fy certain considerations indicated as Envi ronmental Resources

Open Space and Trai Is and Social The Environmental Resources and Open Space
and Trai Is considerations identify potential conflicts that may exist with the
Boulder County Comprehensive Plan if development of the elements were to
occur Social considerations generally estimate the I ikel ihood for publ ic
opposition associated with the development of the elements The likelihood of
opposition is based on the type and size of reservoir and its relationship to

population concentrations

b Resu Its

The environmental and social assessment indicates the relative sen

sitivity of plan elements in regard to certain environmental and social param
eters The assessment was done on both a regional and site specific basis

The environmental and open space considerations were identified
primarily from maps in the Boulder County Comprehensive Plan It is probable
that the greater the number of potential concerns identified the higher the
environmental sensitivity of the specific plan element The concerns identi
fied in Table VII 7 are not intended to be exclusionary in nature but rather
used to provide guidance as to what might be important concerns to be further
evaluated later

The major conclusions from the environmental and social assessment

are as fo I lows

o Three plan elements Upper North St Vrain Diversion element
number 68 North St Vrain Diversion to Buck Gulch element
number 35 and Parks Alternative No 2 element number 46
may be precluded from development due to their location in
the protected areas of Rocky Mountain Nat ional Park and the
Indian Peaks Wi Iderness Area and hence wi I I not be considered
further in this Study

o Low potential for social concern is associated with elements
which are existing have relatively small capacity or are

located in remote areas of the mountains or in the plains
zone High potential for social concern is associated wi th
plan elements which have large capacity and are located above
population centers or are located in protected areas

o Plan elements located in the Little Thompson watershed have
the best potential for development into a major storage proj
ect from a social viewpoint Plan elements in the Boulder
Creek watershed are considered likely to have the lowest

potential for development into a major storage project from a

social viewpoint Plan elements located near and to the west

of Lyons also have the potential for high public opposition
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o Development of plan elements would have the least effects on

terrestrial biology in the plains and the greatest effects
in the mountain zones

o Development of plan elements in general would have the
least effects on water quality in the mountain zone and the

most in the plains zone Reservoi rs in the plains zone are

more shal low and would therefore be more susceptible to in
creased water temperature during summer and to eutrophication

o Development of plan elements in the lower mountain and foot
hi I I zones located on St Vrain or Boulder creeks could have
the greatest effect on the sport fishery and species of spe
cial concern Development of plan elements in the remainder
of the study area are expected to have less effect on aquatic
biology

o Development of plan elements would have the least effect on

recreation and aesthetics in the plains and the greatest
effect in the mountain zones

5 Non Structural Elements

Non structural plan elements as previously presented in Table VI 1 3

are grouped into three general types 1 Water Supply Management Measures
2 Water Demand Management Measures and 3 Institutional Measures The

following are the evaluations of each non structural plan element considered

for plan formulation

a Water Supply Management Measures

1 Potential Transfers of Highland
Ditch Company Storage Decrees

Several storage decrees held by the Highland Ditch Company are con

sidered potentially transferable to a storage reservoir located on either

North or South St Vrain Creek These reservoirs include Foothi I Is Mcintosh
and several Highland senior decrees The total amount of capaci ty estimated

to be transferable for these decrees held by Highland Ditch Company is

5 000 ac ft

2 Potential Transfers of Calkins
and City of Longmont Decrees

The Calkins Union Reservoir decree is potentially transferable to

a reservoir on either North or South St Vrain Creek in amount of 2 500 ac ft

In addition several very smal I reservoirs owned by Longmont with a total vol

ume of about 500 ac ft estimated transferable include the McCal I Clover

Basin Independent Burch and Pleasant Val ley decrees
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By transferring storage from the above named reservoi rs to a new

facility the existing capacity in these reservoirs would be available for use

by an ent i ty such as Longmont The City poss i b Iy cou Id benef i t by us i ng one

or more of these reservoirs to store Windy Gap Project water either raw water

or perhaps more likely to store wastewater effluent in such reservoirs

3 Transfer of Points of Diversion of Senior Ditches

The objective of this non structural element is to minimize diver
sion losses and hence minimize headgate diversion requirements of senior
ditches by transferring their point of diversion to a wel I or wel I field By
implementing this measure all water presently lost in conveyance due to seep
age would be saved and kept in the river for diversion by more junior ditches
downstream

A detai led site specific analysis beyond the scope of this study is

necessary to determine how many ditches and exactly which senior rights could
be beneficially involved in this concept Also the amount of water that
might be kept in the stream for use by more junior di tches would need to be
est imated

4 Transfer of Historical Agricultural
Consumptive Use to a New Storage Faci lity

For areas which are urbanizing the use of these transfers would
provide a higher priority storage right than could be obtained by a new water

right fi I ing This concept has also been implemented in several instances by
Longmont and this practice wi II probably continue in the future as urbaniza
tion of irrigated lands continues For example by 1979 Longmont had con

sidered that direct flow rights from seven ditches which it had acquired
totaling approximately 1 700 ac ft could be transferred to a new storage
fac i I i ty

5 Transfer of High Mountain Storage Decrees

This measure refers to three smal I reservoirs Bluebird Lake Pear
Reservoi r and Sandbeach Lake owned by Longmont which are located wi thin

Rocky Mountain National Park It is understood that the City has been negoti
ating with the National Park Service for compensation in consideration of its
abandonment of these reservo i rs I n conjunct i on wi th such abandonment the

storage decrees could be transferred to a new reservoi r located outside the
National Park

6 Ditch Lining and Phreatophyte Control

The objective of these measures is to reduce conveyance losses
which would increase flow remaining in the stream due to reduction in headgate
diversion requi rements It it considered that canal I ining of the relatively
senior ditches whose diversion points are relatively far downstream within the
Basin may be beneficial to the overall Basin operation In these cases water
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saved due to any reduction in losses would then be avai lable farther upstream
where it potentially could serve more junior ditches

Only little potential water saving could be obtained by eliminating
phreatophytes In the di tches in the study area most phreatophytes actually
are cottonwood trees and they are generally considered to have significant
aesthetic value Furthermore the amount of water they uti I ize may be rela
t i ve I y littI e

7 Satellite Linked Hydrologic Instrumentation

Due to advancements in communications basic hydrologic data can be

gathered on a real time basis These include streamflow snowpack and weather
data The data obtained from such a system could be coupled with soi I mois
ture and water demand data to assist in schedul ing of irrigation appl ications
to optimize water uti lization

The Northern Colorado Water Conservancy District has made a prelim
inary analysis of instrumentation requi red to provide the capabi Ii ty to make
short term runoff forecasts The proposed system would uti lize five stream

gages fou r new and one ex i s t i ng and seven snowpack mon i toring s tations
Four of these would be new whereas two exist ing SNOTEL and one SCS snow

course would be incorporated into the system

The Colorado satellite linked water resources monitoring program
that was funded by the CWRPDA would have a major role in implementing this

concept for the St Vrain Basin There are two stations presently installed
in the Basin one at St Vrain Creek at Lyons and one at the mouth near

Plattevi lie

The combination of these measures runoff forecasting and irriga
tion schedul ing is considered to be potentially beneficial to the improved
management of water resources and should reduce call severity It should be

investigated in greater detai I and implemented if proven feasible However

provision of a reservoi r to store and regulate water saved by such measures

for use later in the irrigation season is probably necessary to fully realize
the potential benefits of the instrumentation system and hydrologic model

8 Aquifer Recharge and Storage for
Subsequent Streamflow Augmentation

It is cons i dered that
to benefit the St Vrain Basin
bas i ns that cou I d be filled and
exist in the Study Area

9 Improvement of Irrigation Efficiency

th i s potent i a I measure has Ii tt I e potent i a I
Su i tab I e geo I og i ca I cond i t ions 0f aqu i fe r

drained under controlled conditions do not

Improvement measures include improved irrigation scheduling reduc
tion or elimination of over irrigation conversion to sprinkler irrigation
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systems use of on farm soi I moisture instrumentation to provide guidance for

timing of irrigations and more precise leveling of irrigated fields to

improve the uniformity of distribution of irrigation water

Most of the measures indicated for improving farm irrigation effi

ciency would be significantly beneficial only if a new storage reservoir were

provided so that water saved could be stored and regulated for release at such
times later in the irrigation season when crop demand is high and water supply
generally is low The econom i cs of imp I ement i ng such i rr i gat ion eff i c i ency
improvements is not analyzed in this Study However it appears that some

potential measures including more precise level ing of irrigated fields would
have costs likely to substantially exceed their benefits in the St Vrain
Basin

10 Reduction of Water Quantity
Provided to Irrigated Crops

Provision of less than the theoretical optimum water supply for

crop consumpt i ve use wou I d resu It in some reduct i on in crop y i e I d but pos
sibly relatively minor reduction compared to water savings Consideration of

supplying 85 of the irrigation water requi rement calculated by the Blaney
Criddle procedure is discussed in Chapter IV Future investigation of this
measure is needed to establish functions of crop yield versus consumptive use

and the economics associated with the concept

11 Weather Modification to

Increase Watershed Yields

Weather modification by cloud seeding has been the subject of

experimentation and evaluation for more than 30 years and whi Ie benefits of
increased snowpack probably occur in certain locations a final evaluation of
this general technique has not yet been made The USBR developed a proposal
in 1983 to undertake an extensive demonstration project involving cloud seed

ing in selected western slope areas of Colorado If this demonstration is
funded and undertaken it may provide some more specific answers to the poten
tial feasibi I ity of such measures on a continuing long term basis However
the USBR s proposal would requi re 8 or 10 years to reach wi th final conclu
sions on the effectiveness of the cloud seeding Therefore no firm evalu
ation can be given at the present time However it must be realized that

some regions are situated more favorably than others with respect to moisture

bearing winds and eastern slope areas such as the front range in the
St Vrain Basin mayor may not be well si tuated for cloud seeding to be sig
nificantly beneficial

12 Provision of Municipal Drought Year
Water Rights by Leasing Arrangements
with Agricultural Interests

Measures involving leasing of agricultural rights by municipalities
and uti I izing such rights in drought years have considerable meri t for the
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St Vrain Basin However the inverse of this concept is actually in practice
in the St Vrain Basin at the present time In such cases Longmont has
obtained agricultural water rights which it leases back to agricultural inter
ests for agricultural use in average and wet years In dry or drought years
however the City would uti lize such water and agricultural interests would
have to leave all or most land dependent on such rights uncropped for those

years This idea relates to direct flow water rights and not to storage
rights

The concept of a municipality leasing water from a major ditch com

pany to p rov i de a re I i ab led rought yea r supp I y P rov ides for pay i ng an annua I
fee for the right to divert senior agricultural water to satisfy municipal and
industrial demands The fee would be used to compensate the irrigators for
the lost profit from the crop not produced This concept would augment the

traditional conservative and costly approach of providing large volumes of
reservoir carry over storage to provide sufficient capacity for critical

drought conditions It must be stressed that this approach would require
storage for regulation carry over but it would not require four to ten times

carry over storage capacity which is probably typical for development of firm

supplies from native flows in the St Vrain Basin The same concept could be
uti lized with a different payment arrangement by which the municipality would
accumulate a sinking fund from which payments would be made to agricultural
water right holders only in those years when the municipality takes water

The concept of leasing water during extreme drought periods is not

new since it has been practiced to a limited extent in Colorado By means of
basin instrumentation irrigators in the Basin who have agreed to lease thei r
water would know whether adequate water would be avai lable to meet their irri

gation requirements A shortage formula could be developed that would then

permit the irrigators to al locate their anticipated irrigation water A

likely result would be that some of the annual crops would not be planted but

the perennial crops like alfalfa would continue to receive irrigation water

during droughts so their root systems would not be damaged

The potential advantage of leasing arrangements is that consider

able savings may result to the M I user by deferring reservoir construction
and the irrigator would receive guaranteed cash payments each year regardless
of whether he produces a crop or not Thus monetary resources would be

recycled in the community rather than being tied up in financing a storage
facility This cooperation between the M I water user and irrigator would

provide for a more efficient use of capital with both parties gaining consid

erable benefit

13 Modification of Reservoir Fi I ling Sequences

This measure involves modification of the refi Iling sequence of

larger reservoirs with headgates that have high hydraulic capacity and senior

decrees This modi fication would permi t the smaller diverters to fi II for a

longer period of time since these headgates often have a lower hydraul ic

capacity and hence need a longer duration filling period Earlier filling
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would avoid situations in which the high flow period is passed before smaller
diverters are able to fi I I

It is considered that little potential benefit in improved water

management would result from this measure in the St Vrain Basin The reason

is that this concept is al ready practiced to a considerable extent by the
Water Commissioner and therefore little additional potential remains

14 Reuse of Municipal Wastewater

Two categories of water need consideration under this item as fol
lows

i Windy Gap Project water owned by Longmont and the
consumable portion of water from transferred
agricultural rights To realize maximum benefit
to the City by reuse and sale of wastewater from
this source wi II requi re a storage reservoi r to
which the wastewater can be pumped or conveyed by
gravity From such a reservoir the City could
make this wastewater avai lable for reuse to pur
chasers at such times as they would prefer to

have it If the purchaser s diversion point lies
upstream of the wastewater storage reservoi r an

arrangement to exchange waters would be neces

sary If Longmont did not const ruct a reservo i r
in which to impound and regulate the reuse of
this effluent the water would probably be less
sa I eab Ie since it wou I d be discharged direct I y
to the receiving stream

i i All other municipal wastewater that is except
Windy Gap Project water and consumable portion of
transferred agricultural rights becomes river
water as soon as it is discharged back to the
stream This water is subsequently avai lable for
diversion and reuse by all legi timate diverters
downstream

15 Dredging of Existing Reservoirs

Dredging is a potential way to increase usable capacity of existing
reservoi rs or to restore them to thei r original capaci ty prior to sediment

deposition However the cost of dredging and disposal of dredged material is
I ikely to make this technique unattractive to reservoi r owners Prel iminary
indications are that current 1985 dredging costs for low density material
would be in the range of about 2 500 to 3 5oo ac ft or higher not including
costs of material disposal If the dredged material were to have economic
value however perhaps its disposal cost would be minimal
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b Water Demand Management Measures

Water demand management measures are grouped into six plan elements
for use in the formulation process Elements 1 through 3 as described below
consist of combinations of short term measures which could be used to reduce

municipal demands in a drought Elements 4 through 6 represent long term

measures which could be used individually or in combination to permanently
reduce municipal demands

1 Distribute Water Conservation
Kits and Literature
Urge Voluntary Water Use Reduction

This short term drought accommodation pol icy has been widely used
and its effects are reported in the I iterature It is inexpensive only
moderately effective and short lived Nevertheless it may be all that is

required in many situations If implemented in Longmont it might be expected
to reduce water use by 9 or about 2 000 ac ft yr

a Economic Effects

Approximately 50 000 in increased administrative costs and costs

of conservation kits could be expected each year in which this policy was in
ef feet

b Environmental Effects

No environmental effects are expected The 9 reduction in water

use attributable to this element is well within the margin of water quantity
presently wasted due to excessive lawn watering in Longmont thus no detri
mental effects upon lawn appearance are anticipated

c Social Effects

Negl igible social effects are expected The pol icy is enti rely
voluntary is invoked only under drought conditions when community attitudes
are favorable to water conservation and is broadly acceptable for these
reasons

2 Distribute Water Conservation Kits and
Literature Adopt Third Day Lawn Watering
Restrictions Adopt 25 Surcharge on

Summer Water Use

This more stringent and more effective short term drought accom

modation policy is made up of components which have been implemented widely in
the area including Longmontl or which are reasonably predictable It would

produce a reduction in water use of about 3 000 ac ft annually However most

of this reduction would be achieved in the summer months and would not

address the anticipated winter shortage
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a Economic Effects

Administrative and other cost increases of 50 000 might be ex

pected

b Environmental Effects

The reduction in lawn watering attributable to implementation of
this element is at the threshhold beyond which some decrease in attractiveness
of urban lawns might be expected To the value of this adverse environmental
effect to lawn owners themselves must be added the external cost to others in
addition to lawn owners

c Social Effects

Both lawn watering restrictions and surcharges are disliked by the

public although restrictions are relatively acceptable during drought periods

3 Distribute Water Conservation Kits
and Literature Ration Water Use
to 75 of Prior Year Use

This short term drought accommodat ion pol icy has been widely used

particularly during the 1977 California drought and its effects are largely
predictable A 25 reduction in water use would reduce 2020 annual demand by
up to 5 000 ac ft

a Economic Effects

100 000
Administrative and enforcement costs might be expected to be about

b Environmental Effects

Significant environmental costs are likely to be associated with
this element because the reduction in water use approaches the amount present
ly attributable to overwatering Therefore the appearance of urban lawns
could be expected to suffer somewhat in drought years only but insignifi
cant long term losses would be anticipated

c Social Effects

Rationing is a highly unpopular pol icy although less so in drought
years Therefore this plan element involves more substantial negative social
effects than do the other two drought accommodation elements

4 Implement Universal Metering

Longmont is presently converting its single fami Iy flat rate cus

tomer base to metering However it is doing so gradually through a policy

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

VII 27

of requiring meter retrofits to existing flat rate residences as those resi
dences are sold All new construction is metered when bui It The turnover

rate for single fami Iy houses in Longmont now ranges from 7 to 9 annually
The long run average has been assumed to be 9 for purposes of this Study At

this rate it wi II be many years before universal metering is accompl ished
Immediate conversion could be required for al I remaining flat rate residences
AI though it wou Id produce demand reduct ions of up to 7 000 ac ft annually in
the early years its incremental effects would be imperceptible by 2020 when

virtually all residences will have been converted under the existing policy

a Economic Effects

No additional administrative costs would be incurred if this plan
element were to be implemented Capital costs of meter installation would be

approximately 3 mi Ilion

b Environmental Effects

No environmental costs would be produced by this element

c Social Effects

Survey research in Longmont has shown that substantial opposition
to metering exists among flat rate customers However the same research has
shown that metering is widely accepted once it is in place Thus the nega
tive social effect of this element although appreciable can be expected to

be quite temporary Furthermore the extent of the opposition wi II depend
upon the rate structure in place at the time metering can result in lower
water bi I Is under some rate structures the extent to which a public informa

tion program convinces water users that their bi I Is wi I I not rise with meter

ing and the method chosen to pay for the conversion costs opposi tion is

strongest when flat rate customers themselves must pay the conversion costs

5 Adopt Increasing Block Pricing

Some cities have adopted increasing block pricing to discourage
excessive water use The effects of such a pol icy depend heavi Iy upon the
features of the pol icy adopted In this case the assumed rate structure

begins at the current 1985 rate for the fi rst 5 000 gallons per month and

increases by the fol lowing increments for single fami Iy residences

Up to 5 000 gallons per month 0
5 000 to 10 000 gpm 10
10 000 to 15 000 gpm 20
15 000 to 20 000 gpm 30
Over 20 000 gpm 40

A simi lar rate structure was assumed for other categories of water users

except that the block limits were increased in proportion to their mean water

usage
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The only signi ficant costs associated wi th this element would be
increased public information costs of 50 000 The effect on total revenue

that would be realized by a water uti lity has not been estimated

b Environmental Effects

This element would almost certainly produce a degradation in the
appearance of urban lawns although few lawns would be lost altogether

c Social Effects

Rate increases are generally opposed by the public However those
increases which penalize heavy consumers more than the average and particu
larly those which do not penal ize or even reward I ight consumers are less
strongly opposed

6 Bui Iding Code Requirements for
Plumbing and Landscaping

New Construction

spread
growing
much as

2020

Bui Iding code requirements for low water use plumbing are now wide
Inclusion of low water use landscape requirements is less common but
Depending upon the extent of low water use landscaping required as

5 000 ac ft of annual water demand could be el iminated by the year

a Economic Effects

Administrative costs of about 50 000 would be incurred

b Environmental Effects

The current high proportion of grass lawn area would be reduced

through conversion to non water demanding landscaping if this element were to

be implemented Whether this represents a reduction an increase or no

change in environmental amenities is a subjective judgment which would require
further research to reveal

c Social Effects

Bui Iding code requirements enjoy substantial publ ic acceptabi lity

c Institutional Measures

1 Improved Water Management
Through Market Processes

A private corporation could be formed to buy existing agricultural
water rights and to lease water to agricultural municipal and industrial
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users on a firm or interruptible drought years excluded basis This could

achieve more efficient water use within and between sectors and between time

periods The economic gains from more efficient water use would accrue in

part to the se II ers of water rights and in part to the investors Such a

proposal is presently under consideration by a major investor

In the absence of such a corporation municipal and industrial

water users could individually purchase water from existing agricultural
users including ditch companies Such water can then be leased back to irri

gators during normal years when it is not needed for municipal and industrial

use

2 Basin Wide Cooperative Water

Management Organization

Essentially the same idea could be pursued by an organization
established somewhat along the lines of a mutual ditch company In this case

the shares in the company would be awarded in proportion to the water rights
conveyed to it by current water users giving weight to both the magnitude or

the rights involved and thei r seniority However in order to achieve effi

ciency gains water would be leased on a cash basis to the highest bidders and

not al located in proportion to shares owned as is the case with mutual ditch

companies This provision would ensure the flexibi I ity necessary to achieve

efficient water use The economic gains from increased efficiency would be

distributed in proportion to shares owned in the form of cash dividends In

this way owners of vested water rights would be assured of economic returns

at least as great and often considerably greater than those which they
receive under current institutional arrangements

3 Restructured Water Rights
to Improve Efficiency of Use

Objectives simi lar to those which would be achieved by organiza
tions in the preceding two options could also be achieved through legislative
restructuring of water rights State water laws could be amended to a

vest the right to use or sale of salvaged water in the salvager s of that

water and b provide for temporary condemnation of agricultural water rights
by municipal ities given adequate notice and appropriate compensation Agri
cultural water rights can now be condemned by municipal ities but only on a

permanent basis Water rights exchanges which would increase efficiency of

use could be expected to occur as a consequence of such statutory changes

4 River Basin Authority with Regulatory Power

Colorado statutes presently permit the establ ishment of river basin

authorities which are empowered to set and enforce standards for achieving
efficient water use as wel I as to tax and to construct and operate water man

agement facilities No river basin authorities have yet been established

under this statute but it is clearly a device which could achieve the same
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water use efficiency increased by regulatory means as could be accomplished by
voluntary means under any of the three preceding options

5 Water Court Enforcement of Water
Use Efficiency Goals

The existing water court system could also be used to achieve more

efficient water use Legislative action would be required to direct that
beneficial use be more stringently interpreted to exclude waste Existing
statutes can be interpreted to do so but the loose interpretation presently
given to those statutes suggests that addi tional legislation may be requi red
to effect change

E Formu lat i on of Pre I imi nary AI ternat ive Plans

1 Plan Formulation Work Sessions

Fol lowing evaluation of the individual structural and non structural

plan elements the Study Team and Management Committee representatives met in
a series of work sessions to formulate preliminary alternative plans Guide

I ines for preparing the plans were set up prior to the work sessions to out

line the procedures and objectives of the sessions

The work sessions were held on four consecutive days from February 5

through February 8 1985 Participants representing the three engineering
firms comprising the Study Team and a representative of each agency included
in the Management Committee participated in the work sessions In addition
an independent economist institutional analyst working on behalf of the CWRPDA
participated in the sessions The following paragraphs describe the water

supply target objectives established prior to plan formulation and the result

ing plans formulated during the work sessions

2 Target Objectives and Plan Descriptions

Recognizing limitations in water supply quantities that can be

developed and the general economic value of water supply for di fferent pur
poses a range of quantified targets was established for use in plan formula
tion Three target objectives were established based on the primary water

resource management plan purposes identified previously in this chapter

o Target l To supply all municipal and industrial M I water

supply demands to year 2020

o Target 2 ln addition to providing M I water demands provide
storage capacity for in season regulation of irrigation water

supp lies

o Target 3 Development of the water resources of the St Vrain
Basin to a reasonable maximum level
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Each target defines a di fferent level of water resource development
with the intent of satisfying different specific needs of the water demand
sectors and plan purposes The actual formulation of alternative plans to meet

each target was accompl ished by selecting plan elements and combining them to

meet the target objectives In order to do this it was necessary first to

enumerate the projected water supply deficiency for each target and to select
elements that could provide the indicated water supply deficiencies

Whi Ie the approach used in plan formulation is as described abQve
the selection of plan elements for use in various plans illustrates the use of
several concepts for achieving the Study s primary water supply purpose
These concepts include the fol lowing

o The use of non structural measures in conjunction with struc

tural measures

o Off stream reservoir storage

o Main stem reservoir storage

o Seasonal storage of irrigation supplies no carryover storage

o Regulation of trans basin diversions for M I use

o Reuse of reclaimed municipal wastewater for irrigation

o Development of irrigation supply by storage in major reservoir

o Development of irrigation supply by pumping streamflow from

the lower end of the Basin to irrigation ditches or a storage
reservoir located upstream

The three target objectives and the alternative plans formulated

for each target are described below A total of nine plans were formulated

on a preliminary basis of which five were selected for evaluation

a Target 1

The objective of Target 1 is to supply all municipal and industrial
water supply demands in the Study Area to year 2020 Regulation or augmenta
tion of supplies for agriculture are not included in these plans Five plans
were formulated to meet this objective For al I Target 1 plans non structural

elements were fi rst selected to reduce water demands to the maximum extent

practical and to improve operational efficiency of the Basin s water resource

system Different levels of such non structural elements however were

selected for various plans formulated to meet Target 1 Delivery and regula
tion of Windy Gap Project water was included in all plans except for Plan 1B

Any remaining deficits that could not be met by non structural elements were

then provided by structural elements or in some plans by purchase of C BT

shares or by conversion of agricultural water rights to M I use



VII 32

All of the five plans considered include a pipeline system to con

vey water from Carter Lake Reservoir or from a reservoir on Little Thompson
River to the Longmont water treatment plant Such water may be that suppl ied
either by the Windy Gap Project or the C BT Project depending on the partic
ular plan The pipel ine system would be operable on a year round basis and
therefore would el iminate the need for winterization of the St Vrain Supply
Canal

Regulation of wastewater effluent from Longmont to allow specific
reuse of Windy Gap Project water is a feature of two of the Target 1 plans
The storage location selected for this regulation includes pits resulting from
mining on the Southwestern Portland Cement Company property and if needed
enlargement of Foothi lis Reservoi r For these plans a pipel ine system is
also necessary to convey wastewater from the treatment plant to the storage
fac i I i ty

Enlargement of Ralph Price Reservoir Button Rock is included in
four of the five formulated plans The reservoi r appears to be a sui table
si te for regulation of agricultural rights that are converted to municipal
use A reservoir on Little Thompson River excluding imports from other
basins was also considered for this purpose but is judged to be somewhat
less efficient in regulating converted agricultural rights since it would
have to rely upon exchange arrangements with C BT Project shareholders

Target 1 provides al I M I demand as forecast for year 2020 for the
medium growth scenario as affected by 1 in 30 drought year conditions This
forecast amount of water is 44 000 ac ftyear The est imated present supply
deficiency for this target is 18 000 ac ftyear accounting for full use of
Windy Gap Water by Longmont The supply deficiency would be 26 000 ac ft year
for plans not accounting for the use of Windy Gap Water by Longmont No regu
lation of agricultural suppl ies is provided in Target 1

Whi Ie the study focuses on certain faci lities associated wi th the
City of Longmont it is inherent in plan formulation that additional municipal
and industrial water suppl ies developed in Target 1 plans would be avai lable
to meet all the municipal demands in the Basin

The five plans formulated to meet this target are characterized as
follows

o Plan lA

This plan employs a minimal level of non structural elements
to reduce water demand along wi th reuse of Windy Gap Water
and the purchase of C BT Project water The remaining defi
ciency would be suppl ied by conversion of agricultural rights
to M I use
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o Plan 1B

In contrast to Target Plan 1A this plan employs a maximum

level of non structural elements to reduce demand along with

purchase of C BT Project water and conversion of agricultural
rights to M I use This plan minimizes storage capacity
required to meet Target 1 because it assumes Windy Gap Water
wi II not be uti I ized by the City of Longmont

o Plan 1C

This plan employs a maximum level of non structural measures

to reduce demand along wi th purchase of C BT Project water

and conversion of agricultural rights to M I use

o Plan lD

This plan employs a moderate level of non structural elements
to reduce demand along with reuse of Windy Gap Water and con

version of agricultural rights to M I use

o Plan lE

This plan employs a moderate level of non structural elements
to reduce demand along with the purchase of C BT Project
water and conversion of agricultural rights to M I use

Following consideration of all five plans Plans lA and 1B were

selected for further evaluation Plans lC 1D and lE were not considered to

be as effective or as economical in meeting the target demands and are not

described in detai I in this report

1 Plan 1A Description

Plan 1A is designed to provide for forecast municipal and indus

trial water demand for year 2020 for the medium growth scenario and for

drought condi tions expected to occur on an average of one year in 30 The

estimated total amount of M I demand forecast for year 2020 under these condi

tions is 44 000 ac ftlyr Present firm annual supply to meet the M I demand

is estimated to be 18 000 ac ft not including Windy Gap Project water The

structural and non structural elements proposed in Plan lA are designed to

meet the 26 000 ac ft of firm yield deficit forecast for year 2020 The ele

ments of Plan 1A and the amount of the total drought year defici t each is

designed to meet are summarized as fol lows
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Structural Elements

Pole Hi II Diversion
Little Thompson Dam and Reservoir

Pipeline from Little Thompson River to

Burch Lake Water Treatment Plant

Longmont Wastewater Pumping Plant

Pipeline from Wastewater Pumping Plant
to Southwestern Portland Cement Co
Pits and Foothi I Is Reservoir

SWPC Pits and Distribution Canal
Raised Foothi lis Dam and Reservoir

Enlarged Ralph Price Reservoir

Non Structural Elements

Purchase of C BT Project water

Distribution of water conservation kits
and literature and urge voluntary
water use reductions

Rate adjustment to pay for Windy Gap
Project water

Hydrologic instrumentation of Basin

Purpose

Divert regulate and deliver Long
mont s entitlement to Windy Gap
Project water These elements would
deliver an estimated 8 000 ac ft yr
of new firm supply

Reuse of wastewater generated from
the Windy Gap Project supply and the
consumable portion of converted
agricultural water rights These
elements would develop an estimated
6 600 ac ft yr of new firm supply

Regulate agricultural water rights
converted to 14 1 use This ele
ment would develop an estimated
5 400 ac ft yr of new firm supply

Purpose

Provide 2 300 ac ft yr of new firm

supply

Reduce demand by 2 000 ac ft yr

Reduce demand by 1 700 ac ft yr

Improve system effectiveness of water

resources faci I ities not quanti
f i ed

Structural features of Plan lA are illustrated in Fig VII 2 and
associated principal statistics are presented in Table VI 1 9

Plan 1A includes a storage reservoir on the LiHle Thompson River
for regulation of Longmont s 8 000 ac ftyr entitlement to Windy Gap Project
water To provide this amount on a firm basis the reservoir of estimated
16 000 ac ft of active storage capacity wi II be requi red A pipel ine from
this reservoir wi I I deliver the Windy Gap Project water to the Longmont Water
Treatment Plant located adjacent to Burch Lake hereinafter referred to as

Burch Lake WTP Windy Gap Project water wi I I be diverted from the C BT proj
ect from the afterbay of the existing Pole Hi II Power Plant It was assumed
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for this Study that water would be pumped from the Pole Hi II afterbay how
ever a gravity diversion may also be possible by piercing the existing dike
forming the afterbay Diverted water would then flow by gravi ty down the
North Fork of the Little Thompson River for approximately 11 mi les to the

upper end of the proposed Little Thompson Reservoir Diversion of Windy Gap
Project water at Pole Hi II avoids the more costly alternative of constructing
an intake and outlet works from Carter Lake and a pumped conveyance system to

the Little Thompson Reservoir However a power interference charge of about
l30 OOO yr payable to the Western Area Power Administration WAPA would be

required if water is diverted at Pole Hi I I This is a charge related to lost

power revenue by WAPA

Another feature of Plan lA is a system for reuse of wastewater sup
plied by the Windy Gap Project and the consumable portion of converted agri
cultural water rights The wastewater reuse system includes a pumping plant
located adjacent to the Longmont Wastewater Treatment Plant and a pipel ine
from that point westerly to a mined out limestone pit presently owned by the
Southwestern Portland Cement Company Additional storage capacity for reuse

purposes up to a combined total of 8 000 ac ft wi I I be provided by an enlarge
ment of the adjacent Foothi lis Reservoi r Based on RIBSIM model resul ts the
reuse system wi II del iver an average annual volume of 5 900 ac ftyr which
would be exchanged for creek water normally diverted for agricultural use The

average annual volume is less than the system s firm yield of 6 600 ac ft yr
indicating water from this system wi I I be of low priority under average condi
tions That is during the average year demand wi II be satisfied from other
supplies even through water would be avai lable from the reuse system

Wastewater effluent is used in many areas of the country for agri
cultural purposes Water quality requirements vary with the type of soil

crop and climate of the area For example effluent is being used in areas

of Arizona California Texas and Washington for irrigation of crops such as

corn hay grain alfalfa sorghum barley wheat pastures cotton citrus
maize and cattle Texas Water Uti lities Association 1971

Plan lA also includes enlargement of Ralph Price Reservoir by
approximately 12 500 ac ft which would require raising the present normal
maximum water surface elevation by 50 feet This additional storage capacity
is primari Iy for the purpose of regulating converted agricultural water rights
obtained by the City of Longmont but could also provide some capacity for

other Study purposes such as flood control water quality and fishery enhance
ment

Non structural elements in Plan 1A include the distribution of
water conservation kits and literature to residential and corrmercial users

the urging through publicity of voluntary water use reductions implementing
a water rate adjustment to Windy Gap Project water and hydrologic instrumen
tation of the Basin to monitor streamflows snowpack and weather data The

remaining defici t of 2 300 ac ftyr would be met by purchase of C BT Project
shares
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Regarding hydrologic instrumentation of the Basin costs to provide
instruments in the Basin for short term runoff forecasting were prepared by
the Northern Colorado Water Conservancy District in its letter to the CWRPDA
dated November 5 1984 The total estimated cost to provide five stream gage
and seven snowpack instruments is 121 200 The effectiveness of the proposed
instrumentation was not described in the subject letter

2 Plan lB Description

Plan 1B I ike Plan lA is designed to meet all M I demand as fore
cast for year 2020 for the medium growth scenario and for drought conditions
expected to occur on the average of once in 30 years The amount of deficit
in year 2020 assuming present sources wi II remain avai lable is forecast to

be 26 000 ac ft Therefore Plan 1B is formulated to provide an additional
26 000 ac ftyr of fi rm supply A major di fference from Plan lA is that
Plan 1B assumes Longmont s Windy Gap Project entitlement of 8 000 ac ft would
neither be uti lized by the City nor by other entities within the Basin It is
assumed that this entitlement would be sold for use outside the St Vrain

Study Area As with Plan 1A Plan 1B does not provide any new irrigation
water or improved regulation of present irrigation supplies

The features of Plan lB and the amount of the total drought year
deficit each is designed to meet are summarized as follows

Structural Elements Purpose

Pipeline from Carter Lake to Burch
Lake Water Treatment Plant

Convey an additional 11 100 ac ft yr
of new purchase C BT water to the
Study Area

Enlarged Ralph Price Reservoir Regulate converted agricultural
water rights This element would
develop 5 400 ac ft yr of new firm

supply

Non Structural Elements Purpose

Increasing block pricing and low water

demand landscaping on new construc

t ion

Reduce demand by 4 500 ac ft yr

Distribution of water conservation kits
and literature and rationing of
water use to 75 of prior year use

during drought conditions

Hydrologic instrumentation of Basin

Reduce demand by 5 000 ac ft yr

Improve system effectiveness of water
resources faci lities not quanti
f ied

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I
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The major source of new water in Plan 1B is through purchase of
additional C BT Project shares for M I purposes Such water would be conveyed
to Longmont from Carter Lake via a pipel ine as described below This supply
component would del iver about 11 000 ac ft yr in the drought year To satisfy
the remaining deficit present agricultural rights would be converted to 14 1

usage in this plan

Structural features of Plan lB are illustrated in Fig VII 3 and

associated principal statistics are presented in Table VII 10 Structural

features include a 36 inch diameter gravity flow pipel ine 9 5 mi les long
from Carter Lake to the Burch Lake WTP and enlargement of Ralph Price Reser
voir by 12 500 ac ft The pipeline is sized to deliver the additional pur
chase of C BT Project water including wintertime del iveries and would be

capable of del iverin9 water at a rate approximately 50 greater than the

expected average monthly December flow rate to accommodate dai Iy peaks
caused by irregular demand Enlargement of Ralph Price Reservoi r would pro
vide for regulation of converted agricultural water rights and additional

capacity that may be used to provide for other project purposes such as flood

control water quality maintenance and fishery improvements

Plan lB incorporates maximum use of non structural measures

designed to reduce 14 1 water demand including increasing block pricing and

requiring low water demand landscaping on new construction Also water use

would be rationed in dry years and conservation kits and public media would be

used to encourage reduced water consumption As included in the four other
selected plans hydrologic instrumentation of the Basin is included as a non

structural measure in Plan lB

b Target 2

The objective of Target 2 is to provide storage capacity for in

season regulation of irrigation water supplies in addition to providing the
M I water requirements specified in Target 1 Only one plan was formulated to

meet this objective and it is designated Plan 2A

The structural and non structural elements proposed in Plan 2A are

designed to meet the 26 000 ac ftlyr of 14 1 firm yield deficit forecast for

year 2020 and to provide 23 500 ac ft of storage capacity for in season regu
lation of agricultural water The elements and the amount of the total

deficit or plan purpose each is designed to meet are summarized as follows

Structural Elements Purpose

Pole Hi II Diversion
Little Thompson Dam and Reservoir

Pipeline from Little Thompson to

Burch Lake Water Treatment Plant

Divert regulate and del iver Long
mont s entitlement to Windy Gap
Project water These elements would
del iver 8 000 ac ftlyr of new fi rm

supply
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Structural Elements

Longmont Wastewater Pumping Plant

Pipeline from Wastewater Pumping Plant
to SWPC Pits and Foothi lis Reservoir

SWPC Pits and Distribution Canal
Raised Foothi I Is Dam and Reservoir

North Sheep Mountain Dam and Reservoir

Non Structural Elements

Purchase C BT Project water

Distribution of water conservation kits
and literature and urge voluntary
water use reductions

Windy Gap Project water rate adjustment

Hydrologic instrumentation of Basin

Purpose

Reuse of wastewater generated from
the Windy Gap Project supply and the
consumable portion of converted agri
cultural water rights These ele
ments would develop 6 600 ac ft yr of
new firm supp I y

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I

Dual purpose Would provide 23 500
ac ft of storage for in season regu
lation of agricultural water and
regulate converted agricultural water

rights to develop a firm M I supply
of 5 400 ac ft yr

Purpose

Provide 2 300 ac ft yr of new firm
supply

Reduce demand by 2 000 ac ft yr

Reduce demand by 1 700 ac ft yr

Improve system effectiveness of water

resources faci lities not quanti
f i ed

Structural features of Plan 2A are illustrated in Fig VII 4 and
associated principal statistics are presented in Table VI 1 11 Non structural
measures are the same as those proposed in Plan 1A which include distribution
of water conservation kits and literature urging voluntary water use reduc
tions implementing a water rate adjustment to Windy Gap Project water and
hydrologic instrumentation of the Basin

Only one element is included in Plan 2A that is not in Plan 1A
this is a reservoir of 30 000 ac ft storage capacity at the North Sheep Moun
tain site upstream of Button Rock Dam on North St Vrain Creek North Sheep
Mountain Reservoi r would provide 23 500 ac ft storage capaci ty for the in
season regulation function as well as 6 500 ac ft storage for regulation of
converted agricultural water rights to develop a firm yield of 5 400 ac ft yr
In Plan 1A enlargement of Ralph Price Reservoir would serve the latter func
tion Little Narrows Reservoir located on South St Vrain Creek was consid
ered as an alternative storage si te to the North Sheep Mountain si te but was
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rejected A preliminary construction cost estimate of the Little Narrows site
indicates its cost would be substantially greater than the selected site

The concept of in season regulation as developed in Plan 2A is to

provide a uniform percentage of the irrigation water requirement as computed
by the Blaney Criddle method for each month of each irrigation season but
not to provide any carryover storage From year to year the percentage of
the Blaney Criddle requirement del ivered would vary depending on the
avai lable water supply in each year Reservoi r capaci ty for this purpose
23 500 ac ft was selected based on an analysis of historical seasonal distri
bution of irrigation supplies With regulation large amounts of water that

are normally avai lable early in the season would be stored and released for
use later primari Iy during August September and early October All stored
water for this purpose would be emptied from the reservoi r at the end of the
irrigation season

c Target 3

The objective of Target 3 is to develop the water resources of the
Basin to a reasonable maximum level to provide capacity to meet all forecast
M I demand in year 2020 and a substantial additional supply for agricultural
use Three preliminary alternative plans were formulated to meet Target 3
objectives A fourth alternative plan designated Plan 3C was added during
the reformulation stage of the study and is described in Chapter IX

Since Target 3 plans aim toward reasonable maximum development of
the water resources of the Basin they include development of more structural
elements than do Target 1 and Target 2 plans A substantial influence from
non structural elements to be implemented is included in these plans also
This target includes meeting al I M I demand as forecast for year 2020 for the
medium growth scenario as affected by the 1 in 30 drought year conditions
which is forecast to be 44 000 ac ftyr The estimated 1 in 30 year M I

deficiency for this target is 18 000 ac ftyear accounting for full use of

Windy Gap water by Longmont In addition to providing for M I needs this

target calls for reasonable maximum development of remaining nat ive water of
the Basin for agricultural use and in the case of Plans 3A and 3C may also
include in season regulation of agricultural water

The four plans formulated defined to meet Target 3 are character
i zed as fo II ows

o Plan 3A

This plan meets the M I demand by employing Plan lA In

addition non structural elements in the agricultural sector

are implemented along with uti lization of a pipeline to

convey water by pumping from the lower reach of St Vrain
Creek below the Boulder Creek confluence to an upstream
reservoi r for short term regulation Water would be del iv
ered directly to ditches from the pipeline when pumping and
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releases made from the reservoir to ditches during non pumping
periods Pumping from St Vrain Creek to a reservoir at Dowe
Flats is included for in season regulation of presently
developed agricultural supplies

o Plan 3B

This plan meets the M I demand by employing the Target
Plan 1A approach In addition non structural elements In

the agricultural sector are implemented together with devel

opment of storage capacity for reasonable maximum development
of native water This plan differs from plans 3A and 3C in

that it does not include a pipeline to convey water from the
lower part of the Basin to upstream locations

o Plan 3C

This plan provides storage for meeting the forecast year 2020
M I demand and in the same reservoir provides storage
capacity for in season regulation of agricultural water

Storage is accommodated by one main stem reservoir located at

the North Sheep Mountain site A pumped storage project is
also provided uti I izing North Sheep Mountain and Ralph Price
reservoi rs Plan 3C was not formulated during the original
formulation process rather it was added by the Management
Committee following publ ic comment on the five alternative

plans Plan 3C is described and evaluated in Chapter IX

o Plan 3D

This plan also meets the M I demand by employing Plan lA In

addition non structural elements in the agriculture sector

are implemented along wi th operat ion of a pipel ine to convey
water by pumping from the lower reach of St Vrain Creek

below the Boulder Creek confluence to upstream locations
for direct use No reservoir would be provided for in season

regulation Deliveries would be made from the pipeline
directly to various ditches along the route

The plans initially selected for evaluation Plans 3A and 3B are

described in greater detai I below

1 Plan 3A Description

Plan 3A is designed to meet all M I demand as forecast for year
2020 for the medium growth scenario including drought conditions expected to

occur on the average of once in 30 years As previously discussed the defi

cit forecast in year 2020 for M I supply as compared to present capacity is
26 000 ac ftyr Plan 3A is also intended to provide a reasonable maximum
level of development of the water resources for the Basin for agricultural
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purposes However the estimated deficit in agricultural water supplies on a

one in 10 year basis assuming demand corresponding to 85 of the Blaney
Criddle requirement is about 78 000 ac ftlyr This deficit is substantially
greater than can be developed from native St Vrain Basin resources

The e I emen ts comp r i sing P I an 3A and the amoun t 0 f the es t i mated
total deficit each is designed to meet are summarized as fol lows

Structural Elements

Pole Hi I I Diversion
Little Thompson Dam and Reservoir

Pipeline from Little Thompson to

Burch Lake Water Treatment Plant

Longmont Wastewater Pumping Plant

Pipeline from Wastewater Pumping Plant
to SWPC Pits and Foothi I Is Reservoir

SWPC Pits and Distribution Canal
Raised Foothi I Is Dam and Reservoir

Enlarged Ralph Price Reservoir

Barbour Ponds Pumping Plant
Booster Pumping Plant to Dowe Flats

Pipeline from Barbour Ponds to

Dowe Flats

Pipeline from St Vrain Creek to

Dowe Flats
Dowe Flats Pumping Power Plant

Dowe Flats Reservoir

Purpose

Divert regulate and del iver Long
mont s entitlement to Windy Gap
Project water These elements would

develop 8 000 ac ft yr of new firm

supply

Reuse of wastewater generated from
the Windy Gap Project supply and the
consumable portion of converted

agricultural water rights These
elements would develop 6 600 ac ft yr
of new firm supply

Regulate agricultural water rights
converted to M I use This element
would develop 5 400 ac ft yr of new

firm supply

Pump back system Pump from St
Vrain Creek and deliver an average of
19 300 ac ft yr for irrigation use

Pump and deliver 25 000 ac ft of
water to Dowe Flats Reservoir for
in season regulation of presently
developed agricultural water

supp lies

Dual purpose Store and regulate
30 000 ac ft for the pump back

system and 25 000 ac ft for in
season regulation



Structural elements of Plan 3A are illustrated in Fig VII 5 and
associated principal statistics are presented in Table VI 1 12

Plan 3A includes al I structural and non structural elements of
Plan lA and in addition provides a major faci I ity to reci rculate water pumped
from the lower reach of St Vrain Creek to a reservoir for distribution to

certain irrigation ditches and includes implementing additional non structural
elements The intake and pumping plant si te for the pump back system is
located about 0 5 mi Ie below the confluence of Boulder and St Vrain creeks

and a booster pumping plant would be included at approximately the midpoint of
the pipel ine system located about 1 mi Ie south of Terry Lake The pipel ine

tentatively selected for 80 cfs capacity and 48 inches in diameter would be

approximately 15 mi les in length terminating at a new reservoir to be located
at Dowe Flats

The capacity of Dowe Flats Reservoir is preliminari Iy selected as

55 000 ac ft which includes 30 000 ac ft for the pump back system and
25 000 ac ft for in season regulation of presently developed agricultural
water supplies Water for the latter purpose would be pumped directly from
the Dowe Flats Pumping Power Plant located on St Vrain Creek to Dowe Flats
Reservoir via a pipeline 54 inches in diameter and about 1 mi Ie in length
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Non Structural Elements

Purchase of C BT Project water

Distribution of water conservation kits
and literature and urge voluntary
water use reductions

Windy Gap Project water rate adjustment

Establishment of a Basin wide cooper
ative management organization to

improve efficiency of water use

Statutory change to provide for water

sa I vage

Reduction of conveyance losses and
elimination of over irrigation

Hydrologic instrumentation of Basin

Purpose

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I

I
I

Provide 2 300 ac ft yr of new firm

supply

Reduce demand by 2 000 ac ft yr

Reduce demand by 1 700 ac ft yr

Improve system effectiveness of
water resources faci lities not

quant i fied

Improve system effectiveness of
water resources faci lities not

quant i fied

Improve system effectiveness of
water resources faci lities not

quant i f i ed

Improve system effectiveness of
water resources faci lities not

quanti f i ed
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As an alternative to this pumping plant a gravity diversion struc
ture and pipeline could be constructed However to gain sufficient elevation
for gravity operation the required pipeline length probably would make this
system more cost Iy than the pumping arrangement The pump back system from
Barbour Ponds Pumping Plant to Dowe Flats Reservoir is planned to provide
agricultural water to three ditch companies whose suppl ies at present consist
of relatively junior rights and hence these companies experience water short

ages almost perennially These ditches are the Highland Last Chance and
Rough and Ready Deliveries to these ditches could be made when the system is
in the pumping mode or when not pumping water from Dowe Flats Reservoir
would be released back through the I ine by gravi ty for del ivery di rect Iy to
the ditches or to the Dowe Flats Pumping Power Plant for power generating
purposes and release to St Vrain Creek

Non structural elements included in Plan 3A in addition to those
described in Plan lA are 1 establ ishing a Basin wide cooperative water

management organization for the purpose of discussing and implementing ways
and means to improve efficiency of water use 2 implementing a statutory
change to provide for water salvage and 3 reducing conveyance losses and
eliminating over irrigation

2 Plan 3B Description

Plan 3B also provides for al I 14 1 water demand as forecast for year
2020 for the medium growth scenario including capabi I ity to supply full
demand dur ing the one in 30 year drought In addi t ion to providing 14 1

requirements Plan 3B is intended to develop a reasonable maximum level of the
water resources of the Basin This level of development however wi I I supply
only a relatively smal I fraction of the forecast deficit in agricultural water

To accompl ish the assigned purposes Plan 3B includes all struc

tural features of Plan lA except that the 16 000 ac ft capacity reservoir on

li tt Ie Thompson River is replaced wi th a major storage faci I i ty of about
86 000 ac ft of active capacity The additional 70 000 ac ft of capacity is
used to regulate storable flows under junior water rights in the St Vrain

system and Little Thompson River In the evaluation of Plan 3B major storage
sites at North Sheep Mountain Smithy Mountain and Coffintop were also
considered for inclusion in the final plan However as discussed in Chap
ter VI I I the Little Thompson site was estimated to be the least costly alter
native and was therefore selected as the major storage site for Plan 3B
Non structural elements included in this plan are the same as those cited
above for Plan 3A

The elements of Plan 3B and the amount of the estimated total
annual deficit each is designed to meet are summarized as fol lows
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Structural Elements

Pole Hi II Diversion
Little Thompson Dam and Reservoir

Pipeline from Little Thompson
Reservoir to Canal 3B

North St Vrain to Little Thompson
Diversion Tunnel Canal and
Diversion Works

Canal 3B

Pipeline from Canal 3B to Burch
Lake Water Treatment Plant

Longmont Wastewater Pumping Plant

Pipeline from Wastewater Pumping Plant
to SWPC Pits and Foothi I Is Reservoir

SWPC Pits and Distribution Canal
Raised Foothil Is Dam and Reservoir

Enlarged Ralph Price Reservoir

Non Structural Elements

Purchase of C BT Project water

Distribution of water conservation kits
and literature and urge voluntary
water use reductions

Windy Gap Project water rate

adjustment

Establishment of a Basin wide cooper
ative management organization to

improve efficiency of water use

Statutory change to provide for water

salvage

Purpose

Dual purposes Divert regulate and

convey 8 000 ac ft yr of firm yield
for M I use and regulate and convey
a firm yield of 13 900 ac ft yr for

irrigation purposes

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

Divert an average of 16 300 ac ft yr
from North St Vrain Creek to Little

Thompson Reservoir

Deliver 13 900 ac ft yr of firm yield
irrigation water to Highland Reser
voir No 2

Deliver 8 000 ac ft yr of firm yield
M I water

Regulate for reuse wastewater gener
ated from the Windy Gap Project sup
ply and the consumable portion of
converted agricultural water rights
These elements would develop 6 600
ac ft yr of new firm supply

Regulate agricultural water rights
converted to M I use This element
would develop 5 400 ac ft yr of new

firm supply

Purpose

Provide 2 300 ac ft yr of new firm

supply

Reduce demand by 2 000 ac ft yr

Reduce demand by 1 700 ac ft yr

Improve system effectiveness of
water resources faci lities not

quantified

Improve system effectiveness of
water resources faci lities not

quantified
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Non Structural Elements Purpose

Reduce conveyance losses and elimi

nating over irrigation
Improve system effectiveness of
water resources facil ities not

quant i f i ed

Hydrologic instrumentation of Basin Improve system effectiveness of
water resources faci lities not

quantified

Transfer of diversion points of
selected senior ditches to wel Ifields

Improve system effectiveness of
water resources faci lities not

quant if i ed

In Plan 38 water would be diverted from North St Vrain Creek via
a tunnel and canal system to the Little Thompson Reservoir Releases of irri

gation water from the reservoir would flow in a pipeline and be diverted at a

point approximately 1 mi Ie downstream from the dam into a new irrigation
canal named Canal 3B which wi I I convey this water to existing Highland Res
ervoir No 2 where it wi II be uti I ized by existing ditch systems The same

ditches that benefit from Plan 3A would uti lize the water developed in
P I an 3B name I y High I and Last Chance and Rough and Ready ditches St ruc

tural elements of Plan 3B are illustrated in Fig VII 6 and associated prin
cipal statistics are presented in Table VII 13

The diversion tunnel from North St Vrain Creek to the Little

Thompson River would be 9 feet in diameter and capable of conveying 600 cfs
Based on RIBSIM model results of 30 years of simulated monthly operation this
tunnel capacity would be sufficient to convey all monthly divertable flows
from North St Vrain Creek to the little Thompson River except for 1 month
when historical flows were extremely high 38 600 ac ft this condition would
result in only a slight loss of the potentially divertable flow

The irrigation canal to existing Highland Reservoir No 2

Canal 3B would be concrete lined and have a capacity of 110 cfs

One of the non structural elements considered in Plan 3B for

increasing irrigation efficiency is transfer of points of diversion for a num

ber of senior ditches in the St Vrain system Under this plan diversion

points would be transferred to wells or well fields located in or adjacent to

the irrigated areas which would allow present use of the existing diversion
ditches to be d i scont i nued I n many cases these dive rs i on ditches are con

sidered to be quite inefficient due to the pervious nature of the soi Is they
pass through

B0351C



VI 1 46

B0353C

Table VII l
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St Vrain Basin Reconnaissance Study

ALPHABETICAL LISTING OF STRUCTURAL PLAN ELEMENTS

Map
Des ignat ion

1 Potential Elements

a Storage

Antelope Park Reservoir 1

Berts Corner Reservoir 82
Big Hollow Reservoir 83
Big John Rese rvo i r 3
Bradley Ranch Reservoir 4

Buck Gulch Reservoir 5

Buckingham Reservoir 95
Chimney Rock Reservoir 12
Coal Creek Reservoir 13

Coffintop Reservoi r 14
Cook Mountain Reservoir 15
Coulson Gulch Reservoir 17
Davidson Reservoi r 91
Dowe Flats Reservoir 18
Dry Creek Reservoir 19
E r i e Rese rvo i r 20
Frederick Reservoi r 90
Geer Canyon Reservoir 22
Harney Reservo i r 87
How I ett Rese rvo i r 27
Hyd rau lie Lab Rese rvo i r 28
Last Chance Reservoir 29
L ttle Dry Creek Reservoi r 88
L ttle Narrows Reservoir 93
L ttle South St Vrain Reservoi r 75
L ttle Thompson No 1 Reservoi r 31
L ttle Thompson NO 2 Reservoir 32
L ttle Thompson No 3 Reservoir 33
L ttle Thompson No 4 Reservoir 80

Longmon t Suga r P I an t Rese rvo i r 76
Lookou t Dam and Rese rvo i r 34
Lower South St Vrain Reservoir 36
Lykins Gulch Reservoir 37

Lykins Gulch Reservoir Alternative No 1 79
Nede r I and Rese rvo i r 41

Nederland Reservoir Alternative No 1 42
Niwot Reservoi r 89
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Table VII l

continued

1 Potential Elements continued

a Storage continued

North Sheep Mountain Reservoi r

Oligarchy Reservoir
Orodell Reservoi r

Parks Reservoir Alternative No 1

Parks Reservoir Alternative No 2

Pearl Reservoi r
Pearl Howlett Reservoir
Potato Hill Reservoir
Red Gu I ch Rese rvo i r

Red Hill Gulch Reservoir
R i nn Va II ey Rese rvo i r

Rock Creek Rese rvo i r

Rowell Hi II Reservoi r

Rowell Hill Reservoir Alternative No
1

Sheep Mountain Reservoir
Sherwood Reservoir
S i xmi I e Canyon Rese rvo i r

Smithy Mountain Reservoir
Southwestern Portland Cement Co Pits

Formerly Martin Marietta Pits

Spring Gulch Reservoir
Steamboat Mountain Reservoir
Stone Canyon Reservo i r

Table Mountain Reservoir
Tahosa Reservoir
Thorod i n Reservo i r

Tungsten Reservo i r

Upper South St Vrain Reservoir
Wonde rvu Rese rvo i r

b Diversion and Conveyance Elements

Button Rock Reservoir to South
St Vrain Creek

Cabin Creek Diversion to Buck Gulch

Di tch or Canal
liningHorse Creek Diversion to Buck Gulch

Little Thompson River Diversion to

Highland Reservoir No
2

Middle St Vrain Diversion to Buck Gulch

North St Vrain Diversion to Buck Gulch

North St Vrain Diversion to Little

Thompson Rive r
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Map
Designation

94
43
44

45
46
47

48
50
51
85
86
92
53

54
77

56
71
59

38
62
63
84
64
65
66
67
69
70

7

9
73
26

98
40
35

8
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Table VII l

cont i nued

1 Potential Elements continued

b Diversion and Conveyance Elements continued

North St Vrain Diversion to South
St Vrain

Creek
Roaring Fork Diversion to Buck Gulch

Smithy Diversion to South St Vrain Creek
South St Vrain Diversion to Buck Gulch
South St Vrain Diversion to Button Rock
South St Vrain Diversion to Geer Canyon
Upper North St Vrain Diversion to Tahosa

2 Existing Elements

a Storage

Beaver Reservo i r
Boulder Reservoi r

Button Rock Dam and Ralph Price Reservoir
Ca Ik i ns Lake Un ion Rese rvo i r

Carter Lake Reservoi r

Cope I and Lake
Footh i II s Reservo i r
Go I d Lake
Gross Reservo i r

High I and No 2

Highland No 3 Foster Reservoir
Left Hand Valley Reservoi r

Mc I ntosh
Pleasant Valley Terry Lake
S i I ver Lake

b Diversion and Conveyance Elements

Brainard Diversion
Golden Age Mine

DiversionSt Vrain Supply Canal

Map
Designation

I

I

I

I

Il

I

I

II
I

I

E

I

I

I

I

I

I

I

I

96
52
58
61
60
81
68

2

78
6

10
11

16
21

23
74

24
25
30
39
49
57

72

97
55
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Table VII 2

St Vrain Basin Reconnaissance Study

NUMERICAL LISTING OF STRUCTURAL PLAN ELEMENTS

Map
Designation

Antelope Park Reservoir 1
Beaver Reservoi r 2

Big John Rese rvo i r 3

Bradley Ranch Reservoi r 4
Buck Gu I ch Rese rvo i r 5
Button Rock Dam and Ralph Price Reservoir 6
Button Rock Reservoir Diversion to South

St Vrain
Creek

7

North St Vrain Diversion to Little

Thompson Rive r 8
Cabin Creek Diversion to Buck Gulch 9
Calkins Lake Union Reservoi r 10
Carter Lake Reservoir 11

Chimney Rock Reservoir 12
Coal Creek Reservoir 13

Coffintop Reservoi r 14

Cook Mountain Reservoir 15

Cope I and Lake 16
Coulson Gulch Reservoir 17

Dowe Flats Reservoir 18

Dry Creek Reservoir 19
E r i e Rese rvo i r 20
Foothi lis Reservoi r 21

Gee r Canyon Rese rvo i r 22
Go I d Lake 23

High I and No 2 24

Highland No 3 Foster Reservoir 25
Horse Creek Diversion to Buck Gulch 26
Howlett Reservoi r 27

Hyd rau I i c Lab Rese rvo i r 28
Last Chance Reservoir 29

Le ft Hand Va II ey Rese rvo i r 30
L i tt I e Thompson No 1 Rese rvo i r 31
Li ttie Thompson No 2 Rese rvo i r 32
Little Thompson No 3 Reservoir 33
Lookout Dam and Reservo i r 34

North St Vrain Diversion to Buck Gulch 35
Lower South St Vrain Reservoir 36

Lyk i ns Gu I ch Rese rvo i r 37
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Table VII 2

cont inued

Southwestern Portland Cement Co Pits

Formerly Martin Marietta Pits
Mc I ntosh
Middle St Vrain Diversion to Buck Gulch
Neder land Reservoi r
Nederland Reservoir Alternative No 1

01 igarchy Reservoi r

Orode II Rese rvo i r
Parks Reservoir Alternative No 1

Parks Reservoir Alternative NO 2

Pear I Reservoi r
Pearl Howlett Reservoir
Pleasant Valley Terry Lake
Potato Hill Rese rvo i r

Red Gu I ch Rese rvo i r

Roaring Fork Diversion to Buck Gulch
Rowe II Hill Rese rvo i r
Rowell Hi II Reservoi r AI ternat ive No 1

St Vrain Supply Canal
Sherwood Reservo i r

Si Iver Lake

Smithy Diversion to South St Vrain Creek
Smi thy Mountain Reservoi r

South St Vrain Diversion to Button Rock
South St Vrain Diversion to Buck Gulch

Sp ring Gu I ch Rese rvo i r

Steamboat Mountain Reservoi r

Table Mountain Reservoir
Tahosa Reservoir
Thorodin Reservoi r

Tungsten Reservoi r

Upper North St Vrain Diversion to Tahosa

Upper South St Vrain Reservoir
Wonde rvu Rese rvo i r
Sixmi Ie Canyon Reservoir
Brainard Diversion
Ditch or Canal

LiningGross Rese rvo i r
li tt Ie South St Vrain Reservoi r

Longmont Sugar Plant Reservoir

Sheep Mountain Reservoi r

Bou I de r Rese rvo i r

Lykins Gulch Reservoir Alternative No 1

Map
Designation

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

38
39

40
41
42
43
44

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
70
71
72

73
74

75
76
77

78
79
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I

I

I

I

I

I

I

I

I

I

I

I

I
I

I
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Table VII 2
continued

Li ttie Thompson No 4 Rese rvo i r

South St Vrain Diversion to Geer Canyon
Berts Corner Reservoir

Big Hollow Reservoir
Stone Canyon Reservoir
Red Hi II Gulch Reservoir
R i nn Va II ey Rese rvo i r

Harney Reservoi r
Little Dry Creek Reservoir
Niwot Reservoir
Frederick Reservoi r
Dav i dson Rese rvo i r
Rock Creek Reservoir
Little Narrows Reservoir
North Sheep Mountain Reservoi r

Buckingham Reservoir
North St Vrain Diversion to South

St Vrai n Creek
Golden Age Mine Diversion
Little Thompson River Diversion to

Highland Reservoir No 2

Map
Desi lnat ion

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

96
97

98

VII 51



Table VII 3

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

VI I 52

St Vrain Basin Reconnaissance Study

LISTING OF NON STRUCTURAL PLAN ELEMENTS

Water Supply ManaQement Measures

1 Potential transfers of Highland Ditch Company Storage Decrees

2 Potential transfers of Calkins and City of Longmont Decrees

3 Transfer of Points of Diversion of Senior Ditches

4 Transfer of Historical A9ricultural Consumptive Use to a new

storage faci lity

5 Transfer of hi9h mountain storage decrees

6 Ditch I ining and phreatophyte control

7 Satellite linked hydrologic instrumentation

8 Aquifer recharge and storage for subsequent streamflow augmentation

9 Improvement of irrigation efficiency

10 Reduction of water provided to irrigated crops

11 Weather modification to increase watershed yields

12 Provision of municipal drought year water supplies by leasing
arrangements with agricultural interests

13 Modification of reservoir fi I ling sequences

14 Reuse of municipal wastewater

15 Dredging of existing reservoirs

Water Demand ManaQement Measures

1 Distribute water conservation kits and literature

2 Urge voluntary water use reduction

3 Adopt third day lawn watering restrictions

B0353C



I

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

VI I 53

Table VII 3
continued

Water Demand ManaQement Measures continued

4 Adopt 25 surcharge on summer water use

5 Ration water use to 75 of prior year use

6 Implement universal metering

7 Adopt increasing block pricing

8 Bui Iding code requirements for plumbing and landscaping new

construction

Institutional Measures

1 Improve water management through market processes

2 Establish a Basin wide cooperative water management organization

3 Restructure water rights to improve efficiency of use

4 Establish a river basin authority with regulatory power

5 Water Court enforcement of water use efficiency goals

B0353C
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Stnrnge Element Name

Buck ngham
Carter lake

Cofflntop
Dowe Flats
Foothills
Geer Canyon
Highland No 2
Left Hand Valley
Little South St Vraln
Little Thompson No 2
Lykins Gulch
North Sheep Mountain
Pleasant Valley

Terry Lake

Ralph Price
Sherwood

Smithy Mountain
Southwestern Portland

Cement Co Pits
Tahosa

St Vrain Basin Reconnaissance Study

Table VII 4

SELECTED STORAGE ELEMENT CHARACTERISTICS

Map
Oesianation

95
11
14
18
21
22
24
30
75
32
37
94

49
6

56
59

38
65

80353C

1 Total capacity with enlargement

Maximum
Capacity
l ac ft

35 000
135 200
116 000
119 000

6 845
25 000

6 700 1

6 400
37 000

305 000
20 000

150 000

7 200
31 000
35 000

126 000

4 000
15 000

Subban

Left Hand Creek
C BT Project Feature

South St Vrain Creek
Main Stem St Vrain Creek
Plains
Left Hand Creek
Plains
Plains
South St Vrain Creek
Little Thompson River
Lef t Hand Creek
North St Vrain Creek

Plains
North St Vrain Creek
North Boulder Creek
North St Vrain Creek

Plains
North St Vraln Creek

Inflow
lliltilL

1 5

3 3

1 0

1 7
15 2
33 3

3 0

10
2 0

0 6

Dam
8llill

4 7

116
7 3

4 1

3 8
14 1

6 4
6 7

7 0
4 9

10 7

Flow
ar ft vr

23 000

35 000

25 000

22 100
20 000

600
50 000

61 800
35 000
61 800

24 000

I

CJl
lo
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Table VII 5

St Vrain Basin Reconnaissance Study

SELECTED DIVERSION AND CONVEYANCE ELEMENTS

Name

Est imated

Map Average Annual

DesiQnation Flow ac ftlyr

98 20 400

8 59 000

7 61 800

96 62 000

60 30 000

81 34 000

72 19 000

55

Little Thompson River Diversion
to Highland Reservoir No 2

North St Vrain Diversion
to Little Thompson River

Button Rock Diversion
to South St Vrain Creek

North St Vrain Diversion
to South St Vrain Creek

South St Vrain Diversion
to Button Rock

South St Vrain Diversion
to Gee r Canyon

Brainard Diversion

St Vrai n Supp Iy Cana I

B0353C
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Table VII 6

St Vrain Basin Reconnaissance Study

SELECTED AND NON SELECTED STRUCTURAL ELEMENTS

1 Potential StoraQe Elements

Antelope Park Reservoir
Berts Corner Reservoir

Big Hollow Reservoir
Big John Rese rvo i r
Brad ley Ranch Reservoi r

Buck Gu I ch Rese rvo i r

Buckingham Reservoir

Chimney Rock Reservoir
Coa I Creek Rese rvo i r

Coff i ntop Reservo i r

Cook Mountain Reservoir
Coulson Gulch Reservoir
Dav i dson Rese rvo i r
Dowe Flats Reservoir

Dry Creek Reservoi r
Erie Reservoi r

Freder ick Reservoi r

Geer Canyon Reservoi r

Harney Reservo i r
Howlett Reservoi r

Hydraulic Lab Reservoir
Last Chance Reservoir
Little Dry Creek Reservoir
Little Narrows Reservoir

Map
DesiQnation

Factors

Influencing
Non Se I ect i on 1

1 a g
82 e

83 a e

3 b g
4 c

5 a g
95 Selected
12 a

13 g
14 Selected
15 a g
17 a g
91 c g
18 Selected
19 g
20 e

90 e
22 Selected
87 a e
27 a e

28 g
29 c e

88 a

93 g

1 Key to factors
a Sma I I storage capacity
b Small inflow
c Excessive relocations
d National Park or wi Iderness
e Low elevation or remote location
f Adverse technical or geologic conditions

g Faci lities appear costly compared to an alternative
within the same sub basin

Factors are more fully explained in Section F

B0353C
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Table VII 6
cont i nued

1 Potential StoraQe Elements continued

Little South St Vrain Reservoir
Li tt I e Thompson No 1 Rese rvo i r

Li ttie Thompson No 2 Rese rvo i r
Li tt I e Thompson No 3 Rese rvo i r

Little Thompson No 4 Reservoir

Longmont Sugar Plant Reservoir
Lookout Dam and Reservoi r

Lower South St Vrain Reservoi r

Lykins Gulch Reservoir

Lykins Gulch Reservoir Alternative No 1

Nederland Reservoir
Nederland Reservoir Alternative No 1

Niwot Reservoi r

North Sheep Mountain Reservoir
01 i garchy Reservo i r

Orode II Rese rvo i r
Parks Reservoir Alternative No 1
Parks Reservoir Alternative No 2

Pear I Reservoi r

Pearl Howlett Reservoi r
Potato Hill Reservoir
Red Gulch Reservoi r

Red Hi I I Gulch Reservoir
Rinn Valley Reservoi r
Rock Creek Reservoir
Rowe II Hill Rese rvo i r

Rowell Hi II Reservoir Alternative No
1

Sheep Mountain Reservoir
Sherwood Reservo i r

S i xm i I e Canyon Rese rvoi r

Smithy Mountain Reservoir
Southwestern Portland Cement Co Pits

formerly Martin Marietta Pits

Spring Gulch Reservoir
Streamboat Mountain Reservoir
Stone Canyon Reservo i r

Table Mountain Reservoir
Tahosa Reservoir
Tho rod i n Rese rvo i r

Tungsten Reservo i r

Upper South St Vrain Reservoir
Wonde rvu Rese rvo i r

B0353C
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Map
Des iQnat ion

Factors
Inf luencing

Non Selection 1

75 Selected
31 g
32 Selected
33 g
80 c g
76 c

34 c

36 g
37 Selected
79 a g
41 c f
42 c f
89 a c

94 Selected
43 a e

44 a c

45 c

46 b d
47 a e

48 e

50 g
51 c

85 a g
86 e

92 c

53 c g
54 c g
77 g
56 Selected
71 g
59 Selected

38 Selected
62 c g
63 c g
84 g
64 g
65 Selected
66 c

67 c

69 a

70 g


