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Lead Agency: Department of the Army 
  Corps of Engineers, Omaha District 

Jurisdictions in Colorado That Could be Directly Affected:  City and County of Denver, Adams County, Boulder 
County, Jefferson County, and Grand County 

Abstract:  This Draft Environmental Impact Statement (EIS) evaluates the effects of a water supply project called 
the Moffat Collection System Project (Moffat Project).  The Moffat Project would result in direct impacts to 
jurisdictional waters of the United States (U.S.), including wetlands.  The placement of fill material in these waters 
of the U.S. for the construction of water storage and distribution facilities associated with developing additional 
water supplies requires authorization from the U.S. Army Corps of Engineers (Corps) under Section 404 of the 
Clean Water Act.  The Applicant is the City and County of Denver, acting by and through its Board of Water 
Commissioners (Denver Water).   

Denver Water proposes to enlarge its existing 41,811-acre foot (AF) Gross Reservoir by 72,000 AF to a total storage 
capacity of 113,811 AF.  Gross Dam is located in Boulder County, Colorado, approximately 35 miles northwest of 
Denver and 6 miles southwest of the city of Boulder.  The enlargement would be accomplished by raising the 
existing concrete gravity arch dam by 125 feet, from 340 to 465 feet high.  The surface area of the reservoir would 
be expanded from approximately 418 acres to 818 acres.  Using existing collection infrastructure, water from the 
Fraser River, Williams Fork River, and South Boulder Creek would be diverted and delivered during average to wet 
years via the Moffat Tunnel and South Boulder Creek to Gross Reservoir.  There would be no additional diversions 
in dry years because Denver Water already diverts the maximum amount physically and legally available under their 
existing water rights without additional storage in their system.  In order to firm this water supply and provide 
18,000 AF per year of new firm yield, an additional 72,000 AF of storage capacity is necessary.    To meet future 
demands, in most years, Denver Water would continue to rely on supplies from its entire integrated collection 
system.  In a drought or emergency, Denver Water would rely on the additional water it would have previously 
stored in the Moffat Collection System to provide the additional 18,000 AF of yield. 

The purpose of the Moffat Project is to develop 18,000 AF per year of new, annual firm yield to the Moffat Water 
Treatment Plant (WTP) and raw water customers upstream of the Moffat WTP pursuant to the Board of Water 
Commissioners’ commitment to its customers.  Denver Water’s need for the proposed Moffat Project is to address 
two major issues: (1) the overall near-term water supply shortage, and (2) the imbalance in water storage and supply 
between the North and South systems. 

This EIS analyzes six alternatives for the Moffat Project:  (1) Proposed Action (Alternative 1a) – Gross Reservoir 
Expansion (Additional 72,000 AF), (2) Alternative 1c – Gross Reservoir Expansion (Additional 40,700 AF)/New 
Leyden Gulch Reservoir (31,300 AF), (3) Alternative 8a – Gross Reservoir Expansion (Additional 52,000 
AF)/Reusable Return Flows/Gravel Pit Storage (5,000 AF), (4) Alternative 10a – Gross Reservoir Expansion 
(Additional 52,000 AF)/Reusable Return Flows/Denver Basin Aquifer Storage (20,000 AF), (5) Alternative 13a – 
Gross Reservoir Expansion (Additional 60,000 AF)/Transfer of Agricultural Water Rights/Gravel Pit Storage 
(3,625 AF), and (6) No Action Alternative, which assumes that Denver Water would not receive approval from the 
Corps to implement the Moffat Project.  Denver Water would rely upon a combination of strategies including using 
a portion of its Strategic Water Reserve and imposing mandatory restrictions to reduce demand during droughts. 

EIS Contact for Comments and Additional Information: Scott Franklin, Moffat EIS Project Manager 
       U.S. Army Corps of Engineers, Omaha District  

Denver Regulatory Office 
       9307 South Wadsworth Boulevard 
       Littleton, CO  80128 
       moffat.eis@usace.army.mil 
 
Date Draft EIS Filed with EPA:  October 30, 2009 
Date of Public Hearings:  December 1, 2, and 3, 2009 
Date by Which Comments are Due:  January 28, 2010. Written comments should be received by close of business, 
5 p.m.  Please include your name and complete mailing address on all written comments. 
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acre-feet (AF).  The volume of water that 
covers 1 acre to a depth of 1 foot; 
approximately 325,851 gallons.   
adjudicate.  To be determined by a court of 
law or judges. 
advanced wastewater treatment (AWT).  A 
process added to normal wastewater 
treatment processes to further reduce 
concentrations in constituents of concern.   
alluvial groundwater.  Shallow groundwater 
aquifer associated with a stream channel.  In 
Colorado, alluvial groundwater is 
considered a tributary water source. 
appropriation doctrine.  The process of 
adjudicating water rights in Colorado.  
Rights are granted on a “first in time, first in 
right” basis. 
aquifer.  A geologic formation sufficiently 
permeable to yield water to wells and 
springs. 
augmentation plan.  A court-approved plan 
that sets forth methodologies to reuse water 
while keeping the stream system whole to 
protect other water rights. 
base load water.  Water use that is relatively 
consistent throughout the year.  Coincides 
with indoor water use and is not dependent 
on weather (temperature, precipitation, etc.). 
bedrock aquifer storage.  The method of 
delivering water into the aquifer through 
wells so that water can be stored 
underground with no evaporative losses. 
Best Management Practices (BMPs).  
Policies, practices, procedures, or structures 
implemented to mitigate the adverse 
environmental effects on surface water 
quality resulting from development BMPs 
are categorized as structural or non-
structural. 
big game.  Larger species of wildlife that are 
hunted, such as elk, deer, bighorn sheep, and 
pronghorn antelope. 

breccia.  zones of broken up rock formed in 
fault zones 
carry-over storage.  The storage that remains 
in the reservoir after satisfying the demands 
on the reservoir.  Carry-over storage is one of 
the primary functions of a reservoir to allow 
excess water to be captured in wet years, then 
stored for use in dry years. 
cfs.  CFS is an acronym for cubic feet per 
second.  A cubic foot per second is one cubic 
foot of water passing by a single point for one 
second.  It is the standard unit of measure for 
flowing water.  A flow rate of one cfs would 
mean that 7.48 gallons passed by a point of 
reference in one second or 448.8 gallons of 
water in one minute. 
colluvium.  Accumulation of weathered 
materials often including rock fragments and 
soil 
Colorado-Big Thompson Project.  The 
Colorado-Big Thompson Project (C-BT) 
diverts Colorado River through a 
transmountain diversion to northeastern 
Colorado.  The C-BT collects the headwaters 
of the Colorado River in Grand County and 
divert through the Alva B. Adams tunnel on 
the eastern end of Grand Lake to farms and 
cities in northeast Colorado.  The C-BT is a 
complex system of reservoirs, pumps, 
pipelines, canals and other water structures 
for collecting and distributing water and 
generating hydroelectric power.  The project 
was constructed in 1957. 
confined aquifer.  An aquifer that is confined 
under pressure greater than atmospheric by 
overlying relatively impermeable strata. 
conjunctive use.  The combined beneficial 
use of surface water and groundwater supplies 
by integrating the use of both systems, e.g., 
deep well injection of surface water supplies. 
consumptive use.  Consumptive use is the 
amount of water that does not return to its 
source after it has been diverted and put to 
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beneficial use.  Not all water is physically 
consumed when it is diverted.  Unconsumed 
water that returns to a water supply through 
a municipal or industrial wastewater system 
or an irrigation system’s tailwater is called 
return flow.  Return flows are then available 
for other downstream water users. 
cultural resources.  Those fragile and 
nonrenewable remains of human activity, 
occupation, or endeavor reflected in 
districts, sites, structures, buildings, objects, 
artifacts, ruins, works of art, architecture, 
and natural features that were of importance 
in human events. 
Cultural Resources Inventory Classes. 

Class I.  An existing data survey.  This is 
an inventory of a study area to (1) 
provide a narrative overview of cultural 
resources by using existing information, 
(2) compile existing cultural resources 
information, and (3) compile existing 
cultural resources site record data on 
which to base the development of the 
BLM’s site record system. 
Class II.  A sampling field inventory 
designed to locate, from surface and 
exposed profile indications, all cultural 
resource sites within a portion of an area 
so that an estimate can be made of the 
cultural resources for the entire area. 
Class III.  An intensive field inventory 
designed to locate, from surface and 
exposed profile indications, all cultural 
resource sites in an area.  Upon its 
completion, no further cultural resources 
inventory work is normally needed. 

cumulative effects.  The collective and 
incremental effects on the environment of 
the project when added to other past, 
present, and reasonably foreseeable future 
actions.  Cumulative effects are defined by 
the Council on Environmental Quality 
(CEQ) at 40 CFR 1508.7. 

dam axis.  The centerline of the dam. 
dead pool.  The dead pool in a reservoir 
represents the minimum volume at which a 
reservoir can function.  Typically when a 
reservoir is at or below the contents in the 
dead pool, water cannot be released because 
the base of the outlet exceeds the water 
surface elevation. 
decant.  To draw off the clear water above 
potentially more turbid water. 
decree.  An official document issued by the 
court defining the priority, amount, use, 
timing and location of a water right. 
dendrocalibrated.  Correlating tree ring dates 
with carbon dates to convert carbon dates to 
the Christian calendar, i.e., BC or AD. 
Denver Basin.  A group of geologic 
formations that underlie a 6,700 square-mile 
area along the Front Range of Colorado and is 
comprised of four principal aquifers: the 
Dawson, Denver, Arapahoe, and Laramie-Fox 
Hills.  This aquifer system provides municipal 
water supplies for many entities along the 
Front Range. 
depletion.  A depletion is the amount of water 
lost to a river system or aquifer when water is 
diverted from it. 
effluent.  The product water from the 
wastewater treatment process. 
effluent storage.  The storage of effluent in 
the reservoir. 
endangered species.  Any species which is in 
danger of extinction throughout all or a 
significant portion of its range. 
Environmental Impact Statement (EIS).  A 
formal public document prepared to analyze 
the impacts on the environment of a proposed 
project or action and released for comment 
and review.  An EIS must meet the 
requirements of NEPA, CEQ guidelines, and 
directives of the agency responsible for the 
proposed project or action. 
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ephemeral stream.  An ephemeral stream 
has flowing water only during, and for a 
short duration after, precipitation events in a 
typical year.  Ephemeral stream beds are 
located above the water table year-round.  
Groundwater is not a resource of water for 
the stream.  Runoff from rainfall is the 
primary source of water for stream flow. 
exchange.  An exchange is an agreement 
between parties where water can be diverted 
or stored at one point, in exchange for an 
equivalent amount of water being released 
or bypassed at another point on a river 
system.  In an exchange, the diversion or 
storage of water and the release or bypass of 
water from another point must occur 
simultaneously to prevent injury to other 
water users. 
firm yield.  The measure of a water 
collection system’s ability to reliably supply 
water to meet demand during drought 
periods. 
gaining reach.  The description of stream or 
river reaches that receive water from an 
underlying aquifer. 
impact.  The effect, influence, alteration, or 
imprint caused by an action. 
injury.  Injury is the act of depriving a 
senior water right owners of their full water 
right.  New water rights, changes of water 
rights, exchange and substitution agreements 
are only allowed if they do not injure other 
water users or uses. 
in-priority.  A legal term in the Colorado 
Appropriations System that denotes a time 
when water can legally be taken from a river 
by an existing water right.  Conversely, out-
of-priority is used to denote the time when 
water cannot legally be taken from a river by 
an existing water right (without 
augmentation). 
intermittent stream.  An intermittent stream 
has flowing water during certain times of the 

year, when groundwater provides water for 
stream flow.  During dry periods, intermittent 
streams may not have flowing water.  Runoff 
from rainfall is a supplemental source of 
water for stream flow. 
lawn irrigation return flow (LIRF).  The 
portion of water that is applied to residential 
lawns but is not consumed by the grass. 
losing reach.  The description of stream or 
river reaches that feeds water to an underlying 
aquifer. 
mitigation.  Alleviation or lessening of 
possible adverse effects on a resource by 
applying appropriate protective measures.  
Adverse effects can be rectified by either 
repairing, rehabilitating, or restoring affected 
environment and through compensation of the 
adverse effects by replacing or providing 
substitute resources or environments. 
National Environmental Policy Act of 1969 
(NEPA).  Public Law 91-190.  Establishes 
environmental policy for the nation.  Among 
other items, NEPA requires federal agencies 
to consider environmental values in decision-
making processes. 
National Register of Historic Places 
(National Register, NRHP).  A listing of 
architectural, historical, archaeological, and 
cultural sites of local, state, or national 
significance, established by the Historic 
Preservation Act of 1966 and maintained by 
the National Park Service. 
NRHP Eligibility Determinations per Section 
106 of the National Historic Preservation Act:   

No Determination.  An evaluation of 
NRHP eligibility has not been made by 
either the SHPO or the field recorder. 
Listed on NRHP.  Property has been 
formally nominated and listed on the 
NRHP. 
Officially Eligible.  Property has been 
determined eligible for listing on the 
NRHP by the SHPO. 
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Field Needs Data.  Property has been 
recommended to need additional data by 
the recorder, but SHPO concurrence has 
not been obtained. 
Field Not Eligible.  Property has been 
recommended to be not eligible for the 
NRHP by the recorder, but SHPO 
concurrence has not been obtained. 
Non-Contributing Segment/ Officially 
Eligible.  Portion of site documented has 
been determined to be a non-
contributing segment of a property that 
has otherwise been determined by the 
SHPO to eligible for the NRHP. 
Normal water surface elevation.  In 
hydrologic terms, the lowest crest level 
of overflow on a reservoir with a fixed 
overflow level (spillway crest elevation). 
For a reservoir whose outflow is 
controlled wholly or partly by movable 
gates, siphons, or other means, it is the 
maximum level to which water may rise 
under normal operating conditions, 
exclusive of any provision for flood 
surcharge 
Listed on the State Register.  Property 
has been formally nominated and listed 
on the State Register of Historic Places. 
Officially Eligible to the State Register.  
Property has been determined eligible 
for listing on the State Register of 
Historic Places by the SHPO. 
Centennial Farm.  An evaluation of 
NRHP eligibility has not been made by 
either the SHPO or the field recorder, 
but the property is commemorated as a 
farm that has been within the same 
family for at least 100 years. 

ogee-crested spillway.  A dam spillway that 
has an “S” curved shape in cross-section.  
Gross Dam has an ogee-crested spillway 
section. 

out-of-priority.  A legal term in the Colorado 
Appropriations System that denotes a time 
when water cannot legally be taken from a 
river by an existing water right (without 
augmentation).  Conversely, in-priority is 
used to denote the time when water can 
legally be taken from a river by an existing 
water right.  
paleontological resource.  A site containing 
non-human life of past geological periods, 
usually in the form of fossil remains. 
perennial stream.  A perennial stream has 
flowing water year-round during a typical 
year.  The water table is located above the 
stream bed for most of the year.  Groundwater 
is the primary source of water for stream 
flow.  Runoff from rainfall is a supplemental 
source of water for stream flow. 
potable water.  Water supplies that meet all 
applicable drinking water standards. 
potentiometric surface.  The water level 
elevation that coincides with the hydrostatic 
pressure level of the water in the aquifer. 
priority system.  The priority system was 
established when Colorado was still a 
territory to solve disputes over ownership and 
use of water.  The system prioritizes use of 
water based upon who used water first.  Those 
who put water to beneficial use first retain the 
senior right to continue using that water 
before newer users.  When there is not enough 
water to satisfy all of the water users, the 
junior, or most recent user, must curtail or 
forego use until senior rights are fulfilled. 
probable maximum flood (PMF).  The 
maximum runoff condition resulting from the 
most severe combination of hydrologic and 
meteorologic conditions that are considered 
reasonably possible for the drainage basin 
under study. 
raptor.  Bird of prey with sharp talons and 
strongly curved beaks, e.g., hawks, owls, 
vultures, eagles. 
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raw water.  Surface water or groundwater in 
its natural state, prior to treatment.  Finished 
water has been treated and is ready to be 
delivered to customers. 
reserve pool.  A volume of water that is 
maintained in a reservoir under normal 
circumstances and is available as an 
emergency water supply under extreme 
drought conditions. 
return flow.  Water that returns to streams 
and rivers after it has been put to use is 
called a return flow.  In most cases when 
water is used, not all of it is consumed and 
the remainder is returned to lakes, rivers or 
streams.  When irrigating fields, for 
example, some water will typically flow off 
the land, referred to as tail water, and return 
to a waterway.  Another portion will return 
after seeping into the ground, slowly 
percolating back to streams as groundwater. 
riparian.  Riparian areas are a form of 
wetland transition between permanently 
saturated wetlands and upland areas.  These 
areas exhibit vegetation or physical 
characteristics reflective of permanent 
surface or subsurface water influence.  
Normally describes plants of all types that 
grow rooted in the water table or 
subirrigation zone of streams, ponds, and 
springs. 
riparian/aquatic system.  Interacting system 
between aquatic and terrestrial situations.  
Identified by a stream channel and 
distinctive vegetation that requires or 
tolerates free or unbound water. 
scoping process.  An early and open public 
participation process for determining the 
scope of issues to be addressed and for 
identifying the significant issues related to a 
proposed action. 
shears.  Breaks in the rock that show 
evidence of movement, although the amount 
and direction of movement are not 
discernable. 

significant.  An action that is analyzed in the 
context of the proposed action and the 
severity of the effects either beneficial or 
adverse.  Significance exists when the effects 
on the quality of the environment are likely to 
be highly controversial. 
strategic water reserve.  A water supply 
reserve to help protect against uncertainties in 
planning and emergencies in operating water 
supply infrastructure.  It can also be termed 
“safety factor.” 
stream reach.  A defined, continuous segment 
of a stream. 
substitution.  Similar to an exchange, a 
substitution involves taking water from one 
point of diversion while releasing water from 
another source to satisfy downstream senior 
rights.  In a substitution, the diversion and the 
release do not happen at the same time.  
Substitutions occur mostly between 
reservoirs.  Instead of releases of water 
occurring at the same time as the diversion, 
releases will take place at specified times in 
the future or as calls come on the river and the 
demands necessitate releases.  
terminal storage.  A facility which provides 
final water storage prior to use. 
threatened species.  Any species or a 
significant population of that species likely to 
become endangered within the foreseeable 
future throughout all or a significant portion 
of its range. 
transbasin/transmountain diversion.  A 
transbasin diversion is the removal of water 
from one river basin to another river basin.  A 
transmountain diversion is the removal and 
transport of water across the Continental 
Divide.  These diversions of water are 100% 
consumptive since no water from the 
diversion will return to the basin of origin's 
waters as return flow. 
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tributary water.  In Colorado, considered to 
be waters of the state that are subject to the 
Colorado appropriation doctrine. 
unconfined aquifer.  An aquifer in which 
the water table varies depending on areas of 
recharge and discharge, pumpage from wells 
and permeability, and is at atmospheric 
pressure. 
vegetation type.  A plant community with 
immediately distinguishable characteristics 
based upon and named after the apparent 
dominant plant species. 
visual resources.  The visible physical 
features on a landscape (topography, water, 
vegetation, animals, structures, and other 
features) that comprise the scenery of the 
area. 
Water Court.  Water Court is the 
mechanism by which water rights are 
adjudicated and therefore officially 

recognized by the State of Colorado.  Water 
judges are district judges appointed by the 
Colorado Supreme Court and have 
jurisdiction in the determination of water 
rights, the use and administration of water, 
and all other water matters within the 
jurisdiction of the water divisions. 
Windy Gap Project.  The Windy Gap Project 
is located just west of the Town of Granby in 
Grand County, Colorado.  It consists of a 
diversion dam on the Colorado River that 
creates the 445-acre-foot Windy Gap 
Reservoir, a pumping plants, and a 6-mile 
pipeline to Lake Granby.  Water is pumped 
from the reservoir to Lake Granby, where it is 
stored for delivery to northeastern Colorado 
through the Colorado-Big Thompson (C-BT) 
Project facilities. 
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 Executive Summary 

 Executive Summary  ES-1 

INTRODUCTION 
The City and County of Denver, acting by and through its Board of Water Commissioners 
(Denver Water) notified the United States (U.S.) Army Corps of Engineers (Corps) of their intent 
to apply for a Department of the Army Permit (Section 404 permit), pursuant to Section 404 of 
the Clean Water Act, to place fill material in jurisdictional waters of the U.S., including 
wetlands.  The fill would be for the construction of a water storage facility associated with 
developing additional water supplies.  The Corps determined that an analysis of the significant 
natural and human environmental effects of the proposed Moffat Collection System Project 
(Moffat Project) and reasonable range of alternatives is necessary to provide for full public 
disclosure and to aid in decision-making. 

The Proposed Action and action alternatives would result in direct impacts to wetland and other 
waters of the U.S.  The Proposed Action would result in 1.95 acres of permanent and 0.12 acre of 
temporary impact to wetlands, in addition to 3.53 acres of permanent and 0.49 acre of temporary 
impact to other waters of the U.S.  This action requires authorization from the Corps under 
Section 404 of the Clean Water Act. 

This Environmental Impact Statement (EIS) was prepared in accordance with the National 
Environmental Policy Act (NEPA) of 1969, as amended, and the Corps’ regulations for 
implementing NEPA (33 Code of Federal Regulations [CFR] 325, Appendix B).  This EIS has 
also been formulated to address the information requirements of the Section 404(b)(1) 
Guidelines (40 CFR 230).  The Corps, Omaha District, Regulatory Branch, is the lead federal 
agency responsible for preparing the EIS.  The Corps is assisted by a team of third-party 
contractors led by URS Corporation, working under the direction of, and in cooperation with, the 
Corps in accordance with December 17, 1997 guidance from the Chief of Engineers regarding 
preparation of an EIS.  

Information contained in the EIS serves as the basis for a decision regarding issuance of a 
Section 404 permit.  It also provides information for local and state agencies having 
jurisdictional responsibility for affected resources. 

COOPERATING AGENCIES 
The Corps requested that three federal agencies, with statutory authority over the proposed 
Project, participate in the NEPA process as cooperating agencies (40 CFR 1501.6 and 1508.5), 
including the U.S. Environmental Protection Agency (EPA), Federal Energy Regulatory 
Commission (FERC), and the U.S. Forest Service (USFS).  The USFS declined the Corps’ 
request to be a cooperating agency.  Formal cooperating agency agreements were executed 
between the Corps and FERC and EPA.  Although the Corps denied a request by Grand County 
to be a cooperating agency, they did grant consulting agency status relative to effects on county 
resources.  

PUBLIC AND AGENCY PARTICIPATION 
As required by NEPA, the Corps has provided for an early and open process to determine the 
scope of significant issues to be addressed in this EIS.  An Agency Scoping Meeting was held 
on October 7, 2005 at the Corps’ Denver Regulatory Office in Littleton, Colorado, to review the 
Moffat Project purpose and need, preliminary alternatives, and key environmental issues and 
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agency concerns, and data availability and data/field study needs.  Representatives from the 
following agencies attended the meeting: Corps – Omaha District and Denver Regulatory Office; 
EPA; FERC; USFS; Colorado Department of Public Health and Environment (CDPHE), Water 
Quality Control Division; and Grand County.  Representatives from the U.S. Fish and Wildlife 
Service, (USFWS), Colorado Division of Wildlife (CDOW), Colorado State Historic 
Preservation Officer (SHPO), Advisory Council on Historic Preservation, Boulder County, and 
Jefferson County were unable to attend the meeting, but have participated as needed throughout 
the NEPA process.   

A Notice of Intent to prepare an EIS initiated the 45-day scoping period and was published in 
the Federal Register on September 17, 2003.  The comment period was extended until 
November 7, 2003.   

Three Public Scoping Meetings were held to present the Moffat Project to the public and solicit 
public and agency comments.  The meetings were held in Boulder, Colorado, on October 7, in 
Denver, Colorado, on October 8, and in Silver Creek, Colorado, on October 9, 2003.  A Scoping 
Summary was prepared by the Corps documenting the scoping process, and summarizing the 
issues and concerns raised to date.  The document was distributed to all interested agencies and 
public participants. 

Comments, concerns, and issues brought forth during the above mentioned public involvement 
process were incorporated into this EIS.  The Corps will provide for a 90-day comment period on 
this Draft EIS for public and agency review.  After the comment period has expired, the Corps 
will consider all of the information presented in the EIS as well as any comments received during 
the public comment period.  The Corps will then issue a Final EIS, and ultimately issue its 
Section 404 permit decision and the rationale for the decision in a Record of Decision (ROD). 

PURPOSE AND NEED 
Denver Water’s collection system is composed of two major systems:  the North System (also 
known as the Moffat Collection System) and the South System.  These two raw water systems 
are geographically distinct and are not physically connected. 

The Need 
Denver Water developed an Integrated Resources Plan (IRP) in 1997, with an update in 2002, to 
analyze existing and future water supplies and customer demands.  Based on the IRP and recent 
events such as the 2002 drought and forest fires in Denver Water’s watersheds, Denver Water 
identified four needs in the Moffat Collection System that have to be resolved.  These needs are 
as follows: 

• The Reliability Need – Existing water demands served by Denver Water’s Moffat 
Collection System exceed available supplies from the Moffat Collection System during a 
drought, causing a water supply reliability problem.  In a severe drought, even in a single, 
severe dry year, the Moffat Water Treatment Plant (WTP)—one of three treatment plants in 
Denver’s system—is at a significant level of risk of running out of water.  
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Denver Water’s Collection System 

 
• The Vulnerability Need – Denver Water’s collection system is vulnerable to man-made and 

natural disasters because 90% of available reservoir storage and 80% of available water 
supplies rely on the unimpeded operation of Strontia Springs Reservoir and other 
components of Denver Water’s South System.   

• The Flexibility Need – Denver Water’s treated water transmission, distribution, and water 
collection systems are subject to failures and outages caused by routine maintenance, pipe 
failures, treatment plant problems, and a host of other unpredictable occurrences that are 
inherent in operating and maintaining a large municipal water supply system.  These stresses 
to Denver Water’s ability to meet its customers’ water supply demands require a level of 
flexibility within system operations that is not presently available. 
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• The Firm Yield Need - Denver Water’s 
near-term (prior to 2030) water resource 
strategy and water service obligations, 
which have occurred since the IRP was 
developed, have resulted in a need for 
18,000 acre-feet per year (AF/yr) of new, 
near-term firm yield.  This need was 
identified after first assuming successful 
implementation of a conservation program, 
construction of a non-potable recycling 
project, and implementation of a system 
refinement program. 

Purpose and Need Statement 
The Corps, exercising its independent judgment while considering Denver Water, and other 
agency and public perspectives [33 CFR 325, Appendix B.9(b)(4)], evaluated and determined the 
following Purpose and Need statement as the basis for defining and evaluating alternatives: 

The purpose of the Moffat Collection System Project is to develop 18,000 acre-
feet per year of new, annual firm yield to the Moffat Treatment Plant and raw 
water customers upstream of the Moffat Treatment Plant pursuant to the Board of 
Water Commissioners’ commitment to its customers. 

Denver Water’s need for the proposed Moffat Project is based on two major issues: 

1.  Timeliness: Water Supply Shortage in the Near-Term Timeframe (Prior to 2030) - 
Beginning in 2016, and by 2030, Denver Water identifies an annual 34,000 AF/yr shortfall in 
water supplies available to meet the needs of its customers and near-term water 
commitments.  This shortfall was determined after analyzing existing supply, projected 
demand, savings from system refinements, non-potable reuse, natural replacement, and 
cooperative projects with other water providers.  Of this near-term 34,000 AF/yr shortfall, 
Denver Water is relying on 16,000 AF/yr forthcoming from the implementation of additional 
conservation efforts.  The development of new, firm yield is necessary to meet the remaining 
18,000 AF/yr shortfall. 

2.  Location: Need for Water to the Moffat Water Treatment Plant - Approximately 90% 
of the available reservoir storage and 80% of the available water supplies rely on the South 
System.  This imbalance in reservoir storage and water supplies between the North and South 
systems has created water supply challenges that have resulted in: 

• Unreliable water supply for the Moffat WTP and Moffat Collection System raw water 
customers 

• System-wide vulnerability issues 

• Limited operational flexibility of the treated water system 

To address the two major issues, Denver Water is pursuing the proposed Moffat Project to 
provide 18,000 AF/yr of new, firm yield.  Fifteen thousand AF of this firm yield would be for 
Denver Water and its customers, the remaining 3,000 AF would be for the City of Arvada.  The 
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proposed Project would address both the overall near-term water supply shortage, and the 
imbalance in water storage and supply between the North and South systems.   

ALTERNATIVES ANALYSIS 
The Council on Environmental Quality (CEQ) regulations for implementing NEPA require that 
an EIS “rigorously explore and objectively evaluate all reasonable alternatives,” including the 
No Action Alternative (40 CFR 1502.14[(a] and [d]).  Reasonable alternatives, as defined by the 
CEQ, are “those that are practical or feasible from the technical and economic standpoint and 
using common sense, rather than simply desirable from the standpoint of the applicant.”  In 
contrast to reasonable alternatives under NEPA, the Corps’ Section 404(b)(1) Guidelines define 
practicable alternatives as “available and capable of being done after taking into consideration 
cost, existing technology, and logistics in light of the overall project purposes” (40 CFR 
231.10[a]).  These guidelines are the substantive environmental standards by which all Section 
404 permit applications are evaluated.   

By integrating the alternatives analysis for actions subject to NEPA and the Section 404(b)(1) 
Guidelines early in the process, it helped ensure that the range of alternatives carried forward for 
detailed analysis in the EIS process met the Corps’ Purpose and Need, and were practicable and 
reasonable. 

Preliminary Screening 
The alternative screening process for the Moffat Project was conducted in accordance with both 
NEPA and the Section 404(b)(1) Guidelines.  The identification, verification, evaluation, and 
screening of all known alternatives were conducted by the Corps, with review and input from the 
cooperating and consulting agencies involved with the Project.  The overall screening approach 
was performed in two phases—Screen 1 and Screen 2 

Screen 1 progressed from a broad range of 303 potential water supplies and infrastructure 
components to 34 well-defined Project alternatives using numerous evaluation criteria related to 
Purpose and Need, existing technology, logistics, costs, and environmental consequences. 

Screen 2 involved a more in-depth analysis of the Project alternatives using criteria focused on 
environmental impacts to the aquatic environment and other natural ecosystems.  The results of 
Screen 2 are a set of five alternatives carried forward for further analysis in the EIS.  After the 
alternatives screening process was completed, components of the five alternatives were further 
refined and revised as Denver Water developed additional detail based on further investigations 
and engineering studies.  These five alternatives represent a reasonable range of practicable 
alternatives that encompass a variety of potential water supplies and storage sites.  Each action 
alternative is configured to increase the firm yield of Denver Water’s system by 18,000 AF/yr, 
consistent with the Project Purpose and Need Statement.   

The five action alternatives, plus the No Action Alternative, identified for further analysis in the 
EIS are: 

• Proposed Action (Alternative 1a) – Gross Reservoir Expansion (Additional 72,000 AF) 

• Alternative 1c – Gross Reservoir Expansion (Additional 40,700 AF)/New Leyden Gulch 
Reservoir (31,300 AF) 
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Gross Reservoir 

• Alternative 8a – Gross Reservoir Expansion (Additional 52,000 AF)/Reusable Return 
Flows/Gravel Pit Storage (5,000 AF) 

• Alternative 10a – Gross Reservoir Expansion (Additional 52,000 AF)/Reusable Return 
Flows/Denver Basin Aquifer Storage (20,000 AF) 

• Alternative 13a – Gross Reservoir Expansion (Additional 60,000 AF)/Transfer of  
Agricultural Water Rights/Gravel Pit Storage (3,625 AF) 

• No Action Alternative – The No Action Alternative assumes that Denver Water would not 
receive approval from the Corps to implement the Moffat Project.  The No Action 
Alternative would require Denver Water to use a combination of strategies to meet the need 
for additional water supply, including using a portion of its Strategic Water Reserve and 
imposing mandatory restrictions to help reduce demand during drought periods. 

Proposed Action (Alternative 1a) – Gross Reservoir Expansion (Additional 72,000 AF) 
Using existing collection 
infrastructure, average to wet-year 
Fraser River, Williams Fork 
River, and South Boulder Creek 
water would be diverted and 
delivered via the Moffat Tunnel 
and South Boulder Creek to the 
existing Gross Reservoir site.  
The existing Gross Dam would be 
raised 125 feet to provide 18,000 
AF of new yield.  The existing 
Gross Reservoir would be 
expanded from 41,811 to 113,811 
AF in order to provide an 
additional 72,000 AF of storage 
capacity.  Existing facilities 
would be used to deliver water from the 
Gross Reservoir Expansion to the 
Moffat WTP, including the South Boulder Diversion Canal, Ralston Reservoir, and Conduits 16 
and 22.  The following is a list of the major components of the Gross Dam and Reservoir 
Expansion (Proposed Action).   
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Proposed Action (Alternative 1a) – Primary Components 

Facility Component Description 
Additional 72,000 AF of storage capacity 
125-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material produced on site; 
up to 40% of fine aggregate obtained from off-site commercial sources 
Relocation of existing dam and spillway access roads 
Two stockpile and two spoil areas and associated haul roads 

Gross Reservoir 
Expansion and Dam Raise  

No modification to existing outlet works 
Notes: 
AF = acre-feet 
% = percent 

 

 
Gross Dam and Reservoir Expansion 
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Leyden Gulch 

Alternative 1c – Gross Reservoir Expansion (Additional 40,700 AF)/New Leyden Gulch 
Reservoir (31,300 AF) 
Alternative 1c would combine additional Moffat Collection System supplies and two reservoir 
storage facilities to provide 18,000 AF/year (yr) of new, firm yield.  The existing Gross Dam 
would be raised 85 feet to provide an additional 40,700 AF of new storage capacity at Gross 
Reservoir.  A new off-stream reservoir would be constructed in Leyden Gulch to provide 
31,300 AF of active storage capacity.  This combination of reservoir storage represents a balance 
of construction cost, relocation requirements, operational considerations, and potential 
environmental impacts based on existing information and analyses.  The exact combination of 
storage sizes may vary, based on more precise design data, but would still total 72,000 AF of 
new reservoir storage. 

Using existing Denver Water collection infrastructure, average to wet-year Fraser River, 
Williams Fork River, and South Boulder Creek water would be delivered via the Moffat 
Tunnel and South Boulder Creek to 
an enlarged Gross Reservoir and via 
the South Boulder Diversion Canal to 
a new Leyden Gulch Reservoir.  A 
combination of existing and new 
facilities would be used to deliver 
water from the enlarged Gross 
Reservoir and the new Leyden Gulch 
Reservoir to the Moffat WTP.  Water 
would be released from storage and 
delivered to Denver Water customers 
when needed.  The following is a list 
of the major components of the Gross 
Reservoir enlargement and the new 
Leyden Gulch Reservoir (Alternative 
1c). 
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Alternative 1c – Primary Components 

Facility Component Description 
Additional 40,700 AF of storage capacity 
85-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material:  approximately 60% of the total borrow material produced on site; up to 
40% of fine aggregate obtained from off-site commercial sources  
Relocation of existing dam and spillway access roads  
Three stockpile and spoil areas and associated haul roads 

Gross Reservoir 
Expansion and Dam 
Raise 

No modification to existing outlet works 
31,300 AF of new storage volume  
177-feet high new earthfill dam 
Relocation of approx. 4,000 feet of SH 93 
South Boulder Diversion Canal relocation (1-mile segment) 
All borrow material from reservoir pool area 

New Leyden Gulch 
Reservoir 

8-foot diameter outlet tunnel and buried pipelines connecting to Conduits 16 and 22 
Notes: 
AF   =   acre-feet  %   =   percent  SH   =   State Highway 

Alternative 8a – Gross Reservoir Expansion (Additional 52,000 AF)/Reusable Return 
Flows/Gravel Pit Storage (5,000 AF) 
This alternative would combine storage of Moffat Collection System supplies in an expansion of 
the existing Gross Reservoir with reusable return flows to provide 18,000 AF/yr of new, firm 
yield.  Approximately 13,000 AF/yr of new, firm yield would be provided by the expansion of 
Gross Reservoir, while 5,000 AF/yr of new, firm yield would be provided by reusable return 
flows stored in gravel pits along the South Platte River.   

The existing Gross Dam would be raised 101 feet to provide an additional 52,000 AF of new 
storage capacity in an expanded Gross Reservoir.  When available, additional water diverted 
from the Fraser River, Williams Fork River, and South Boulder Creek at existing Denver 
Water facilities under existing Denver Water water rights, would be stored in an expanded Gross 
Reservoir.   

A new diversion structure and gravel pit storage facilities would be constructed along the South 
Platte River.  Reusable return flows would be diverted from the South Platte River, when 
available, to fill the new gravel pit storage facilities.  When needed, water would be recovered 
from gravel pit storage, treated at a new advanced water treatment (AWT) plant, and conveyed 
via new pipelines to the Moffat Collection System.   

The gravel pit storage facilities (gravel pits, diversion structure, pipelines, and WTP) are 
considered representative of typical facilities of other existing facilities along the South Platte 
River.  The actual location and configuration of the gravel pits, the AWT plant, and associated 
facilities would be determined during the design phase should this alternative be permitted by the 
Corps.  The following table lists the major components of Alternative 8a.   
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Alternative 8a – Primary Components 

Facility Component Description 
Additional 52,000 AF of storage capacity 
101-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material 
produced on site; up to 40% of fine aggregate obtained from off-site 
commercial sources  
Relocation of existing dam and spillway access roads 
Three stockpile and spoil areas and associated haul roads 

Gross Reservoir Expansion and 
Dam Raise  

No modification to existing outlet works 
150-foot long concrete diversion in the South Platte River – representative 
design South Platte River Diversion 
750-foot, 54-inch pipeline from diversion to gravel pit storage 
Worthing, North Tower, and South Tower pits – representative sites 
Practical storage volume of approximately 5,000 AF (total of all pits) 
Perimeter slurry wall to prevent groundwater seepage Gravel Pit Storage 
1.4 miles of 36-inch pipeline and pump stations connecting three gravel 
pits 
Located near Worthing Pit – representative site 
Process train: sedimentation, low-pressure membrane pretreatment, reverse 
osmosis, advanced oxidation, disinfection, and zero-liquid discharge  
13.6 mgd capacity 

Advanced Water Treatment Plant 

4-acre plant site  
Dechlorination Facility 0.1 acre site – representative site 

25 miles long, 36-in diameter pipeline connecting the new AWT plant and 
the Moffat Collection System – representative alignment Pipeline (Conduit O) 
Three 2,000-horsepower pump stations 

Notes: 
AF = acre-feet   mgd  = million gallons per day 
AWT = advanced water treatment   %  = percent 

Alternative 10a – Gross Reservoir Expansion (Additional 52,000 AF) / Reusable Return 
Flows / Denver Basin Aquifer Storage (20,000 AF) 
Alternative 10a would combine storage of Moffat Collection System supplies in an expansion of 
the existing Gross Reservoir with deep aquifer storage of reusable return flows to provide 18,000 
AF/yr of new, firm yield.  Approximately 13,000 AF/yr of new, firm yield would be provided by 
the enlargement of Gross Reservoir, while 5,000 AF/yr of new, firm yield would be provided by 
reusable return flows and deep aquifer storage and recovery (ASR).  

The existing Gross Dam would be raised 101 feet to provide an additional 52,000 AF of new 
storage capacity.  When available, additional water diverted from the Fraser River, Williams 
Fork River, and South Boulder Creek at existing Denver Water facilities under existing 
Denver Water water rights, would be stored in an enlarged Gross Reservoir.   



 Executive Summary 

 Executive Summary  ES-11 

When available, reusable return flows at the Denver Water Recycling Plant would be treated at a 
new AWT plant and conveyed via a new pipeline distribution system to an injection/recovery 
well field in the city of Denver.  This water would be injected into the Denver Basin deep 
aquifers for storage.  The estimated storage capacity would be 20,000 AF.  When needed, 
previously stored water would be recovered from the groundwater basin and conveyed through 
new pipelines to the Moffat Collection System.  

The locations of the new AWT plant, well sites, and distribution pipeline system are considered 
representative to illustrate how this alternative would be configured for purposes of this EIS 
analysis.  The exact location of these components would be determined during the design phase 
should this alternative be permitted.  

Denver Water currently uses the bulk of their reusable supplies during the summer months 
primarily to meet non-potable demands and as an exchange supply.  As with Alternative 8a, 
reusable return flows for this Project would be available primarily during the winter months from 
November through March when Denver Water’s non-potable demands and exchange potential 
are lowest.  The following table lists the major components of the Gross Dam and Reservoir 
enlargement and deep aquifer storage recovery for Alternative 10a.  

Alternative 10a – Primary Components 

Facility Component Description 
Additional 52,000 AF of storage capacity 
101-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material produced on site; 
up to 40% of fine aggregate obtained from off-site commercial sources  
Relocation of existing dam and spillway access roads 
Three stockpile and spoil areas and associated haul roads 

Gross Reservoir 
Expansion and Dam Raise 
(same as Alternative 8a) 

No modification to existing outlet works 
Located near the Denver Water Recycling Plant – representative site 
Process train; sedimentation, low-pressure membrane pre-treatment, reverse 
osmosis, advanced oxidation, disinfection, and zero-liquid discharge  
13.6 mgd capacity 

Advanced Water 
Treatment Plant 

4-acre plant site  
Approximately 27 injection/recovery well sites (three-well cluster at each site) – 
representative sites 
Storage volume of approximately 20,000 AF 

Denver Basin Aquifer 
Storage and Recovery 
System  36 miles of 12- to 48-inch diameter distribution pipelines – representative 

alignment 
18 miles long, 36-inch diameter pipeline connecting the new AWT plant and the 
Moffat Collection System – representative alignment Pipeline (Conduit M)  
Three 2,000-horsepower pump stations 

Notes: 
AF = acre-feet       mgd = million gallons per day 
AWT = advanced water treatment      % = percent 
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Alternative 13a – Gross Reservoir Expansion (Additional 60,000 AF)/Transfer of Agricultural 
Water Rights/Gravel Pit Storage (3,625 AF) 
This alternative would combine storage of Moffat Collection System supplies in an expansion of 
the existing Gross Reservoir with a purchase and transfer of existing South Platte River 
agricultural water rights stored in gravel pit storage facilities to provide 18,000 AF/yr of new, 
firm yield.  Approximately 15,000 AF/yr of new, firm yield would be provided by Moffat 
Collection System supplies and the enlargement of Gross Reservoir, while 3,000 AF/yr of new, 
firm yield would be provided by gravel pit storage and transferred South Platte agricultural water 
rights. 

The existing Gross Dam would be raised 110 feet to provide an additional 60,000 AF of new 
storage capacity in an expanded Gross Reservoir.  When available, additional water diverted 
from the Fraser River, Williams Fork River, and South Boulder Creek at existing Denver 
Water facilities, under existing Denver Water water rights, would be stored in an expanded Gross 
Reservoir.   

Senior agricultural water rights, owned by ditch companies diverting from the South Platte 
River downstream of Denver, would be purchased and converted to municipal/industrial use.  
Water rights sufficient in quantity and priority would be purchased to produce approximately 
3,000 AF/yr of new, firm yield when combined with 3,625 AF of new gravel pit storage.  Gravel 
pit storage is needed to firm the agricultural water rights supply, provide operational storage, and 
meet winter return flow obligations associated with historical use of the agricultural water rights.  
A new diversion from the South Platte River, as described in Alternative 8a, would divert water 
to the gravel pit storage facility.   

The gravel pit storage facilities (gravel pits, diversion structure, and pipelines) are considered 
representative of typical existing facilities found along the South Platte River.  The actual 
location and configuration of the gravel pits, AWT plant, and associated facilities would be 
determined during the design phase should this alternative be permitted by the Corps.  The 
following table lists the major components of Alternative 13a.   

Alternative 13a – Primary Components 

Facility Component Description 
Additional 60,000 AF of storage capacity 
110-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material produced on 
site; up to 40% of fine aggregate obtained from off-site commercial sources  
Relocation of existing dam and spillway access roads 
Three stockpile and spoil areas and associated haul roads 

Gross Reservoir Expansion 
and Dam Raise 

No modification to existing outlet works 
150-foot long concrete diversion in the South Platte River – representative design 
750-foot, 54-inch pipeline from diversion to gravel pit storage South Platte River 

Diversion 
Diversion via the existing Brighton Ditch to the Challenger Pit   
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Alternative 13a – Primary Components (continued) 

Facility Component Description 
Worthing, South Tower, and Challenger pits – representative sites 
Practical storage volume of approximately 3,625 AF (total of all pits) 
Perimeter slurry wall to prevent groundwater seepage 
5 miles of 30-inch diameter pipeline and pump stations connecting the three 
gravel pits 

Gravel Pit Storage 

Controlled outlet on at least one pit to meet winter return flow obligation 
Located near Worthing Pit – representative site 
Process train; sedimentation, low-pressure membrane pretreatment, reverse 
osmosis, advanced oxidation, disinfection, and zero-liquid discharge  
10.8 mgd capacity 

Advanced Water Treatment 
Plant 

4-acre plant site  
Dechlorination Facility 0.1 acre site – representative site 

25 miles, 30-inch diameter pipeline connecting the new AWT plant and the 
Moffat Collection System – representative alignment Pipeline (Conduit O) 
Three 1,500-horsepower pump stations 

Notes: 
AF = acre-feet  mgd = million gallons per day 
AWT = advanced water treatment % = percent 

No Action Alternative 
NEPA requires that the EIS alternatives analysis include the alternative of “no action” [40 CFR 
1502.14(d)].  The CEQ explains that No Action means “the proposed activity would not take 
place and the resulting environmental effects from taking no action would be compared with the 
effects of permitting the proposed activity or an alternative activity to go forward.” 

For this EIS, the No Action Alternative considers what Denver Water would do to meet its water 
supply needs if it could not obtain a Section 404 permit for the Moffat Project (33 CFR 325 
Appendix B).  In the event that a Section 404 permit is not issued, Denver Water would continue 
to develop and implement its conservation, non-potable recycling, system refinements, and 
cooperative action projects as described in the 2002 IRP.  Assuming these projects and activities 
are fully implemented, demand on the Denver Water system is still projected to exceed supply 
beginning in 2016.  If additional supplies are not developed, Denver Water’s average demand 
would exceed its supply by 18,000 AF/yr in 2030, of which Arvada’s average demand would be 
3,000 AF/yr. 

Consistent with the action alternatives, the No Action Alternative is based on the following 
assumptions and conditions:  

• Hydrologic modeling of the No Action Alternative is based on the same future water 
demands as the action alternatives (363,000 AF/yr by the year 2030–the demand includes the 
3,000 AF of firm yield for the City of Arvada). 

• All planned water system improvements currently under development are accomplished.  
These are designed to provide additional sources of water supply to Denver Water’s 
customers through 2016.  Examples include the non-potable recycling project and 
downstream gravel pit storage.  
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• Demand projections assume 100% success in implementing Denver Water’s conservation 
goals identified in the 2002 IRP. 

• There is no Colorado River Compact Call. 

• The treated and raw water systems would always operate error-free. 

• The No Action Alternative has the same interpretation of water rights, agreements, and 
permit requirements as the action alternatives. 

• Hydrologic modeling of the No Action Alternative is based on the same water supply study 
period (1947 to 1991) as the action alternatives.   

As compared to past droughts when the Denver Board of Water Commissioners’ (Denver Water) 
estimated water supply exceeded demand, under the No Action Alternative there is no water 
supply surplus.  During the recent 2002 through 2005 drought period, the Denver Water’s 
average annual water supply was 315,000 AF, and the average unrestricted customer demand 
was 285,000 AF/yr.  Denver Water’s estimated average annual surplus was 30,000 AF (315,000 
AF minus 285,000 AF).  However, droughts occur with unpredictable intensity and duration.  
During drought events, it is unknown how long the drought will last or how severe it will be, and 
drought periods more severe than the 1947 to 1991 study period can be eventually expected.  
Even though Denver Water had an estimated surplus during the recent drought, they enacted 
severe and mandatory restrictions on their customers’ use of water.  Under the No Action 
Alternative, Denver Water’s average annual demand is 78,000 AF greater than the demand 
during the recent drought (363,000 AF minus 285,000 AF).  This represents a 27% increase in 
demand, however, supplies are only estimated to increase by 30,000 AF/yr on average by 2016.  
The demand under the No Action Alternative would be even higher except that conservation is 
expected to produce an additional 16,000 AF/yr of annual savings.  The 16,000 AF/yr of 
conservation savings is expected every year and is not available as an additional savings due to 
drought restrictions.  This “demand hardening” will make it more difficult for customers to save 
water during restrictions.  With 78,000 AF of additional demand and the expected demand 
hardening, the No Action Alternative would require more frequent and severe restrictions.  

The No Action Alternative would require Denver Water to use a combination of strategies to 
meet the need for additional water supply (i.e., Combination Strategy), including using a portion 
of its Strategic Water Reserve and imposing more frequent and severe mandatory restrictions 
than the action alternatives to help reduce demand during drought periods.  However, these 
strategies would not resolve the system vulnerabilities, flexibility, or reliability problems 
identified in the Purpose and Need. 

AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES  
Potential effects of each alternative were evaluated for the issues identified during the scoping 
process.  The following summarizes each issue. 

Surface Water 
Hydrology 
Denver Water’s Platte and Colorado Simulation Model (PACSM), which is a water allocation 
daily-time-step computer model, was used as the tool to generate hydrologic information for the 
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analysis of the EIS alternatives.  The model was used to generate hydrologic output, including 
stream flows and reservoir data.  The following scenarios were evaluated using PACSM: 

• Current Conditions (2006) 

• Full Use of the Existing System (2016) 

• Action Alternatives - Proposed Action (Alternative 1a) and Alternatives 1c, 8a, 10a, and 13a 

• No Action Alternative 

Hydrologic impacts directly or indirectly related to implementing an action alternative are based 
on a comparison of hydrologic data for Full Use of the Existing System (2016) and each of the 
action alternatives (2030).  To understand the hydrologic conditions under Full Use of the 
Existing System (2016), a description of hydrologic changes that would occur between 2006 and 
2016 is needed.  Thus, a comparison of the Current Conditions (2006) and Full Use of the 
Existing System (2016) scenarios was conducted to describe the hydrologic changes that would 
occur between 2006 and 2016.  Refer to Appendix H-1 for a discussion of this comparison. 

• Current Conditions (2006):  The Current Conditions scenario reflects existing conditions in 
2006, including demands, facilities, agreements, operations, and administration of the 
Colorado River and South Platte River basins.  Under the Current Conditions scenario, 
Denver Water’s existing average annual demand is 285,000 AF/yr.  The purpose of the 
Current Conditions scenario is to model Denver Water’s and other existing water rights and 
facilities under the hydrologic conditions that existed throughout the study period (1947 
through 1991).  In addition, the operations of all existing reservoirs and diversion facilities 
are simulated for the entire study period, regardless of when they came on-line.   

• Full Use of the Existing System (2016):  The Full Use of the Existing System scenario 
reflects the operation of Denver Water’s existing system in year 2016 at an average annual 
demand of 345,000 AF/yr.  The Full Use of the Existing System is without a Moffat Project 
on-line.  Denver Water’s projected demands are estimated to begin to exceed system supplies 
in year 2016.  Under this scenario, Denver Water would maximize the yield of their existing 
water supplies using their current facilities and infrastructure.  This scenario also includes 
other entities’ actions/projects that would occur between 2006 and 2016, such as changes due 
to the expiration of temporary operational agreements associated with Williams Fork and 
Wolford Mountain reservoirs to provide flows for downstream endangered fish needs 
(known as “10,825” water), and increasing demands for Grand and Summit counties.  The 
actions/projects that are anticipated to occur between 2006 and 2016 are summarized in 
Review of Modifications Made to PACSM to Reflect the Baseline Scenario and EIS 
Alternatives Technical Memorandum (Boyle 2006d). 

• Action Alternatives:  The action alternatives reflect the operation of Denver Water’s system 
in year 2030 with a Moffat Project implemented.  Denver Water’s average demand in year 
2030 is estimated to be 363,000 AF/yr (379,000 AF/yr average demand less 16,000 AF/yr 
demand, which is anticipated to be met by additional conservation measures).  Each action 
alternative provides 18,000 AF/yr of new, firm yield.  Model parameters and assumptions 
included in PACSM for each action alternative are summarized in Review of Modifications 
Made to PACSM to Reflect the Baseline Scenario and EIS Alternatives Technical 
Memorandum (Boyle 2006d). 
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• No Action Alternative:  The No Action Alternative scenario reflects the operation of 
Denver Water’s system in year 2030 at an average demand of 363,000 AF/yr without any 
modifications to their existing facilities or water rights.  Denver Water’s average annual total 
supply is 345,000 AF/yr because an action alternative was not implemented.  Denver Water’s 
average demand exceeds supply by 18,000 AF/yr (363,000 AF/yr demand versus 345,000 
AF/yr supply).  

The following figure displays forecasted growth in Denver Water’s average annual water 
demands.  

Denver Water’s Average Annual Water Demand 

 
 

The Moffat Project would result in increased diversions by Denver Water from both the 
Colorado and South Platte River basins.  For all action alternatives, additional Denver Water 
diversions would occur in average and wet years and would be highly concentrated during the 
runoff months in May, June, and July.  Typically, additional diversions would be greatest in wet 
years following dry-year sequences.  On average, additional diversions would be greatest from 
the Fraser and Williams Fork river basins, then from the Blue River basin, and least from the 
South Platte River and South Boulder Creek.  Most of the additional diversions in the Fraser 
and Williams Fork river basins would occur along tributaries to those rivers.  Average annual 
diversions through the Moffat Tunnel would increase about 2,300 AF (3%) under the No Action 
Alternative, 10,300 AF (15%) under the Proposed Action, and between 9,200 AF and 10,100 AF 
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(14 to 15%) for the other alternatives.  Average annual diversions through the Roberts Tunnel 
would increase about 10,300 AF (11%) under the No Action Alternative, 4,800 AF (5%) under 
the Proposed Action, and between 4,300 AF and 5,300 AF (4 to 5%) for the other alternatives.  
There would be no additional diversions in dry-years for all action alternatives, because Denver 
Water already diverts the maximum amount physically and legally available under their existing 
water rights without additional storage in their system.  

Stream Flows 

For all action alternatives, changes in stream flow in affected river basins would be greatest 
in average and wet years during the runoff months, which coincide with the period that 
Denver Water’s additional diversions would be greatest.  On the West Slope, flows would 
decrease due primarily to Denver Water’s additional diversions.  On the East Slope, there would 
be both flow increases and decreases due primarily to the combined impacts of Denver Water’s 
additional diversions, a shift in seasonal operations between Denver Water’s North (Moffat) and 
South (Foothill and Marston) WTPs, additional effluent returns at Bi-City and Metro Wastewater 
Treatment Plants (WWTPs), and additional return flows accruing to the river due to Denver 
Water’s outdoor water usage.  Estimated flow changes in each affected river basin are generally 
described below and shown on the following table entitled “Comparison of Average Annual 
Flows, Reservoir Outflows, and Diversions at Key Locations (AF).” 

1. Flows in the Fraser River and Williams Fork river basins would decrease in average and 
wet years during the runoff months due to Denver Water’s additional diversions.  Most of the 
additional diversions would occur along tributaries to the Fraser and Williams Fork rivers, 
therefore, the percentage change in flows would typically be highest along these tributaries.  
Moving downstream, the volume of change rises in the downstream direction, but the 
reductions in flows would be smaller relative to the total stream, which is growing.  Average 
annual flows high in the Fraser River basin below Denver Water’s diversion from the Fraser 
River would decrease about 360 AF (7%) under the No Action Alternative, 1,440 AF (30%) 
under the Proposed Action, and between 1,350 AF and 1,420 AF (28 to 29%) for the other 
alternatives.  Average annual flows in the Fraser River at the Granby gage would decrease 
about 1,900 AF (2%) under the No Action Alternative, 8,400 AF (9%) under the Proposed 
Action, and between 7,500 AF and 8,300 AF (8 to 9%) for the other action alternatives.  
Average annual flows high in the Williams Fork River basin at the Williams Fork River 
below Steelman Creek gage would decrease about 420 AF (5%) under the No Action 
Alternative, 1,910 AF (22%) under the Proposed Action, and between 1,620 AF and 1,880 
AF (19 to 22%) for the other alternatives.  Average annual flows in the Williams Fork River 
below Williams Fork Reservoir would decrease about 200 AF (less than 1%) under the No 
Action Alternative, 1,700 AF (2%) under the Proposed Action, and between 1,400 AF and 
1,700 AF (1 to 2%) for the other action alternatives.  

2. Flows in the Blue River basin would decrease in average and wet years during summer 
months and increase slightly during winter months due to differences in Roberts Tunnel 
diversions and spills at Dillon Reservoir.  Flow changes in the Blue River basin would be 
driven primarily by the seasonal shift in WTP operations.  Under the No Action Alternative, 
Denver Water would rely heavily on their Blue River supplies to meet a higher demand, 
particularly during droughts without additional storage.  Average annual flows in the Blue 
River at the confluence with the Colorado River would decrease about 10,200 AF (4%) 
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under the No Action Alternative, 4,800 AF (2%) under the Proposed Action, and between 
4,300 AF and 5,200 AF (2%) for the other action alternatives.   

3. Flows along the Colorado River would decrease in average and wet years during the runoff 
months due to changes in surface water flows in the Fraser River, Williams Fork, and Blue 
River basins which would be translated downstream and into the Colorado River.  Average 
annual flows in the Colorado River near Kremmling gage would decrease about 12,100 AF 
(2%) under the No Action Alternative, 14,400 AF (2%) under the Proposed Action, and 
between 12,700 AF and 14,600 AF (2%) for the other action alternatives.   

4. Flows in South Boulder Creek upstream of Gross Reservoir would increase in average and 
wet years during the runoff months due to Denver Water’s additional diversions through the 
Moffat Tunnel.  Average annual flows in South Boulder Creek at the Pinecliffe gage (above 
Gross Reservoir) would increase about 2,300 AF (2%) under the No Action Alternative, 
10,400 AF (10%) under the Proposed Action, and between 9,300 AF and 10,300 AF (8 to 
9%) for the other action alternatives.   
From Gross Reservoir to the South Boulder Diversion Canal, changes in flow reflect Gross 
Reservoir operations.  In general, flows would be higher during winter months as water 
would be moved out of Gross Reservoir and into Ralston Reservoir in response to the WTP 
load shift.  Increases in outflow from Gross Reservoir would generally be greatest in dry 
years because Denver Water would typically draw more water from their north system 
storage as a drought begins.  Flows during the summer would be lower on average under the 
action alternatives than both Full Use of the Existing System and No Action because 
Foothills and Marston WTPs would meet a greater portion of the overall demand during 
these months and as a result, Gross Reservoir releases would decrease.  Average annual 
flows below Gross Reservoir would increase about 2,300 AF (2%) under the No Action 
Alternative, 9,700 AF (8%) under the Proposed Action, and between 8,700 AF and 9,700 AF 
(8 to 9%) for the other action alternatives.  Downstream of the South Boulder Diversion 
Canal, flows would generally decrease in wet years because Denver Water would divert more 
native South Boulder Creek water.  Average annual flows in South Boulder Creek near 
the Eldorado Springs gage would decrease about 200 AF (1%) under the No Action 
Alternative and 1,000 AF (2%) under the Proposed Action and other action alternatives.   

5. Flows in the North Fork South Platte River would decrease on average during winter 
months and increase during summer months.  While flows would increase on average during 
summer months, there would be no change in the maximum flows experienced.  Flow 
changes in the North Fork South Platte River would be driven primarily by the load shift in 
WTP operations.  Diversions through the Roberts Tunnel during winter months would be 
lower on average, which results in equivalent lower flows in the North Fork South Platte 
River in these months.  Summer diversions through Roberts Tunnel would generally be 
higher, and consequently flows in the North Fork South Platte River would be higher on 
average from May through September.  Average annual flows in the North Fork South 
Platte River below Geneva Creek gage would increase about 9,900 AF (7%) under the No 
Action Alternative, 4,700 AF (3%) under the Proposed Action, and between 4,200 AF and 
5,100 AF (3 to 4%) for the other action alternatives. 
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Comparison of Average Annual Flows, Reservoir Outflows, and Diversions at Key Locations (AF) 

    Full Use 
Existing 
System 

Alternative 1a Alternative 1c Alternative 8a Alternative 10a Alternative 13a No Action 

Location PACSM 
Node1 

Avg. 
Annual 

Flow 

Avg. 
Annual 

Flow 
Diff. Percent 

Diff. 

Avg. 
Annual 

Flow 
Diff. Percent 

Diff. 

Avg. 
Annual 

Flow 
Diff. Percent 

Diff. 

Avg. 
Annual 

Flow 
Diff. Percent 

Diff. 

Avg. 
Annual 

Flow 
Diff. Percent 

Diff. 

Avg. 
Annual 

Flow 
Diff. Percent 

Diff. 

Fraser River Basin                                  
Moffat Tunnel diversions N/A 66,512 76,797 10,284 15% 76,639 10,127 15% 75,674 9,162 14% 75,667 9,155 14% 76,328 9,816 15% 68,817 2,305 3%
Fraser River at Granby gage 2900 91,562 83,187 -8,375 -9% 83,312 -8,250 -9% 84,032 -7,530 -8% 84,025 -7,538 -8% 83,534 -8,028 -9% 89,674 -1,888 -2%

Williams Fork Basin                                  
Gumlick Tunnel diversions N/A 9,740 11,648 1,907 20% 11,615 1,875 19% 11,370 1,630 17% 11,357 1,616 17% 11,526 1,786 18% 10,155 415 4%
Williams Fork Reservoir outflow 3950 96,664 94,963 -1,701 -2% 95,008 -1,656 -2% 95,236 -1,428 -1% 95,258 -1,405 -1% 95,066 -1,598 -2% 96,453 -211 <1%

Colorado River Mainstem                                  
Colorado near Kremmling gage 5020 650,723 636,349 -14,373 -2% 636,113 -14,610 -2% 637,978 -12,745 -2% 637,944 -12,779 -2% 637,118 -13,605 -2% 638,639 -12,084 -2%

Muddy Creek Basin                                  
Wolford Mountain Reservoir outflow 1600 63,824 63,878 54 <1% 63,878 54 <1% 63,879 54 <1% 63,881 57 <1% 63,880 56 <1% 63,930 106 <1%

Blue River Basin                                  
Roberts Tunnel diversion  4240 96,939 101,775 4,836 5% 102,191 5,252 5% 101,281 4,342 4% 101,321 4,382 5% 101,461 4,522 5% 107,254 10,315 11%
Blue River at mouth 4800 278,089 273,279 -4,810 -2% 272,898 -5,191 -2% 273,775 -4,314 -2% 273,724 -4,365 -2% 273,588 -4,501 -2% 267,882 -10,207 -4%

South Boulder Creek Basin                                  
South Boulder Creek at Pinecliffe gage 57120 109,748 120,186 10,438 10% 120,026 10,278 9% 119,046 9,299 8% 119,040 9,292 8% 119,710 9,962 9% 112,087 2,339 2%
Gross Reservoir outflow 57140 114,079 123,757 9,678 8% 123,815 9,736 9% 122,776 8,697 8% 122,773 8,694 8% 123,363 9,284 8% 116,378 2,299 2%
South Boulder Creek near Eldorado 
Springs gage 57180 46,330 45,345 -985 -2% 45,310 -1,020 -2% 45,330 -1,000 -2% 45,332 -998 -2% 45,337 -993 -2% 46,091 -239 -1%

North Fork South Platte River Basin                                  
North Fork South Platte below Geneva 
Creek gage 50700 143,778 148,480 4,702 3% 148,878 5,100 4% 148,005 4,226 3% 148,043 4,265 3% 148,180 4,402 3% 153,685 9,907 7%

South Platte River Mainstem                                  
South Platte at Henderson gage 58440 279,342 283,614 4,272 2% 283,537 4,195 2% 282,036 2,693 1% 282,662 3,320 1% 285,029 5,686 2% 281,256 1,914 1%

Notes:  
A positive difference denotes an increase in flow, whereas a negative difference denotes a decrease in flow. 
1 Nodes in PACSM represent locations of stream flow gages, diversions, reservoirs, upstream and downstream extents of instream flow or bypass requirements, imports to a basin, baseflow gains, and return flows. 
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6. Flow changes along the South Platte River would be relatively minor and vary depending on 
the location.  In general, flows would change due to additional direct diversions and 
exchanges to Strontia Springs Reservoir and Conduit 20, changes in Moffat WTP operations, 
and the load shift between Denver Water’s Northern and Southern WTPs.  In addition, the 
demand that would be met with additional storage on-line is higher under the action 
alternatives; therefore, effluent returns at Bi-City and Metro WWTPs and return flows 
accruing to the river due to Denver Water’s outdoor water usage would increase.  Average 
annual flows in the South Platte River at Henderson gage would increase about 1,900 AF 
(1%) under the No Action Alternative, 4,300 AF (2%) under the Proposed Action, and 
between 2,700 AF and 5,700 AF (1 to 2%) for the other action alternatives. 

Reservoirs 

For all action alternatives, changes in Denver Water’s diversions, the load shift between Denver 
Water’s Northern and Southern WTPs and the higher overall demand that would be met with 
additional storage on-line would result in changes in reservoir contents and levels.  Estimated 
changes in each affected reservoir are generally described below: 

1. Williams Fork Reservoir contents would generally be lower under all alternatives, primarily 
due to additional diversions at Gumlick Tunnel and exchanges to reservoirs in the Denver 
Water system.  The maximum monthly average reservoir elevation change would be a 
decrease of 1 foot under all the alternatives.   

2. The load shift between Denver Water’s Northern and Southern WTPs and the higher overall 
demand that would be met with additional storage on-line would affect Dillon Reservoir 
contents.  The maximum monthly average reservoir elevation change would be a decrease of 
3 feet under all the action alternatives, and 7 feet under the No Action Alternative.  Under the 
No Action Alternative, Denver Water would rely heavily on their Blue River supplies to 
meet a higher demand, particularly during droughts without additional storage. 

3. Under the Proposed Action, Gross Reservoir’s volume would increase by 72,000 AF to 
113,811 AF, well over twice its current volume.  Under Alternatives 1c, 8a and 10a, and 13a, 
Gross Reservoir’s volume would increase by 40,700 AF, 52,000 AF, and 60,000 AF, 
respectively.  Operations under all the action alternatives would be similar.  Gross Reservoir 
would be at its lowest level at the end of April, reach its highest level in June or July, and 
would be drawn down through the fall and winter.  Under Full Use of the Existing System, 
the Moffat WTP does not operate in the winter months; therefore, contents increase on 
average from December through February.  However, under the action alternatives, Gross 
Reservoir contents would drop steadily through the winter because Moffat WTP would be 
operating at a minimum of 30 million gallons per day (mgd).  Differences in reservoir 
contents under the action alternatives are greatest in wet years following a drought, when the 
enlarged capacity of Gross Reservoir would be able to fill.  Under the No Action Alternative, 
Gross Reservoir average end-of-month contents would be consistently lower than Full Use of 
the Existing System in all months and would be drained to the minimum pool more 
frequently.  

4. Under Alternative 1c, a new 31,300 AF reservoir would be constructed at Leyden Gulch.  
Leyden Gulch Reservoir would be maintained more or less at capacity except in an extended 
drought when it would be drawn upon.  Monthly average, dry, and wet end-of-month 
contents are approximately 28,000 AF to 31,000 AF or up to 3,000 AF below capacity.   
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5. There would be very few and relatively small differences in operations at Wolford Mountain 
Reservoir in most months under the action alternatives.  The maximum monthly average 
reservoir elevation change would be a decrease of less than 1 foot under all the alternatives.   

6. There would be very few and relatively small differences in contents and levels at Antero and 
Eleven Mile Canyon reservoirs in most years under the action alternatives.  The maximum 
monthly average elevation change at Antero Reservoir would be a decrease of less than 
1 foot.  The maximum monthly average elevation change at Eleven Mile Canyon Reservoir 
would be an increase of less than 1 foot under the action alternatives and a decrease of less 
than 1 foot under the No Action Alternative. 

7. The shift in treatment plant operations during the winter and the higher demand level met 
under the action alternatives would affect Cheesman Reservoir contents.  In general, 
Cheesman Reservoir would be used more heavily through the summer and less during the 
winter.  The maximum monthly average reservoir elevation change would be a decrease of 
4 feet under all the alternatives.  

8. Alternatives 8a and 13a include approximately 5,000 AF and 3,625 AF of storage, 
respectively, in reclaimed gravel pits adjacent to the South Platte River.  The pits would 
typically fill with either Denver Water’s reusable effluent (Alternative 8a) or agricultural 
water supplies (Alternative 13a) when it is available.  The gravel pits would generally only 
be depleted in advanced stages of a drought. 

Stream Morphology and Sedimentation 

To assess the impacts of changes in sediment transport capacity on channel morphology, 
calculated bedload capacity was compared to anticipated sediment supply at representative 
sampling sites along the Fraser, Williams Fork, Colorado, North Fork South Platte rivers, 
and South Boulder Creek.  Given the minor flow changes predicted in the Blue and South 
Platte rivers, impacts to channel morphology under the alternatives along these rivers are 
predicted to be negligible.   

1. Under all alternatives, decreases in flow would result in a decrease in sediment transport 
capacity along the Fraser, Williams Fork, Blue, and Colorado rivers.  However, for the 
range of flows expected, sediment transport capacity exceeds available sediment supply and, 
for all but the smallest flows, sediment transport capacity is orders of magnitude greater than 
available sediment supply.  All alternatives would result in changes in flow during average 
and wet conditions and then primarily during the wettest months of the year; therefore, 
reductions in sediment transport capacity resulting from the alternatives are not expected to 
have notable impacts on channel morphology. 

2. Due to anticipated flow reductions resulting from the alternatives, only minor amounts of 
localized sediment deposition are anticipated.  Any deposition that occurs should be limited 
in extent and magnitude and should not pose significant changes to channel morphology. 

3. Under all alternatives, increases in flow would result in an increase in sediment transport 
capacity along South Boulder Creek and the North Fork South Platte River.  It is possible 
that the increase in sediment transport capacity in these basins could lead to localized bed 
and bank erosion.   
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Floodplains 
More water would be exported from the Fraser, Williams Fork and Blue river basins under the 
alternatives as compared to the Full Use of the Existing System scenario.  As a result, it is 
expected that flood flows and areas of inundation would decrease in the affected river basins on 
the West Slope under the alternatives.   

On the East Slope, more water would be imported to South Boulder Creek and the North Fork 
South Platte River.  However, Denver Water regulates Roberts Tunnel and Moffat Tunnel 
diversions such that there would be no change in the maximum flows experienced.  Because 
Denver Water limits their diversions into these basins, there would be no increase in flood flows 
and floodplain boundaries that could be attributed to the alternatives.  Also, because Gross 
Reservoir is currently not operated to provide flood control, there is not expected to be any 
increase in flood flows or the floodplain extent along South Boulder Creek below Gross 
Reservoir.  

Along the South Platte River mainstem above the confluence with the North Fork South 
Platte River, annual peak flows would generally be at the same level or smaller under the 
alternatives.  From this information, it can be inferred that the floodplain extent would not be 
significantly altered in the upper South Platte River.  At the South Platte River at Denver 
gage, annual flood flows under the alternatives are very similar to Full Use of the Existing 
System since changes in stream flows are expected to be relatively minor.  Peak flows associated 
with more frequent flood events would occasionally increase slightly; however, changes to the 
floodplain extent in this reach of the river are not considered significant. 

Water Quality 
Action Alternatives 
No changes to water quality in Williams Fork, Dillon, Wolford Mountain, Antero, Eleven Mile 
Canyon, Cheesman, Strontia Springs, and Chatfield reservoirs would occur under the action 
alternatives.  The expansion of Gross Reservoir, however, is likely to temporarily affect water 
quality by increasing organic matter and total organic carbon and may decrease dissolved 
oxygen.  These effects are anticipated to diminish over time, and the long-term impact of the 
change in water quality would be negligible.  

Changes to stream temperature range from negligible to moderate for different reaches of the 
Fraser River.  Changes near Ranch Creek would have a moderate potential for increasing the 
frequency of approaching or exceeding stream standards.  Areas near Fraser and Granby would 
have negligible to minor potential for increasing the frequency of approaching or exceeding the 
stream standard for temperature.  Stream temperature changes on the Colorado River would be 
negligible.  Changes in other water quality parameters would be negligible to minor in the 
Fraser, Blue, and North Fork South Platte rivers under the action alternatives.  Changes in 
water quality would be no impact to negligible in the Williams Fork and South Platte rivers 
under all action alternatives.  An increase in wastewater in the Blue River could occur in 
October of wet years under the action alternatives.  Depending on the water quality of the 
discharge, this may or may not impact water quality in the Blue River.  No change to permit 
limits in the Blue River is anticipated because the acute low flow is not expected to change 
under the action alternatives.  Changes in the concentrations of copper, iron, and nickel are 
anticipated to occur in the North Fork South Platte River under all action alternatives.  The 
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concentration of these parameters is anticipated to increase during periods of reduced deliveries 
from the Roberts Tunnel and decrease during periods of increased deliveries through the Roberts 
Tunnel.  Water quality changes in South Boulder Creek are not anticipated between the Moffat 
Tunnel discharge point and Gross Reservoir.  Water quality in South Boulder Creek, however, 
may be temporarily affected downstream of Gross Reservoir due to potential changes in water 
quality in the reservoir.  

No Action Alternative 
No water quality impacts would occur to Dillon, Williams Fork, Wolford Mountain, Antero, 
Eleven Mile Canyon, and Strontia Springs reservoirs under the No Action Alternative.  Chatfield 
Reservoir would have minor impacts due to increased phosphorus loadings from greater 
deliveries through the Roberts Tunnel.  Gross Reservoir water quality under the No Action 
Alternative, however, is anticipated to change as a result of the expected fluctuations in depth.  
Greater variations in depth would likely induce more mixing and increase turnover which could 
lead to lower levels of dissolved oxygen, increased nutrient and/or metal releases from sediment, 
and changes in temperature in Gross Reservoir.  Unlike the other alternatives, this is not a short-
term increase but would likely persist due to increased turnover of the reservoir; however, the 
impact to water quality in Gross Reservoir is minor. 

Changes to stream temperature range from negligible to minor for different reaches of the Fraser 
River.  Changes near Ranch Creek would have a minor potential for increasing the frequency of 
approaching or exceeding stream standards.  Areas near Fraser and Granby would have 
negligible potential for increasing the frequency of approaching or exceeding the stream standard 
for temperature.  Stream temperature changes on the Colorado River would be negligible.  No 
impacts to other water quality parameters are expected to occur in the Fraser, Williams Fork, 
North Fork South Platte, and Colorado rivers.  Water quality impacts in the Blue River and 
South Boulder Creek under the No Action Alternative are similar to those described under the 
Proposed Action.  An increase in wastewater in the Blue River could occur in October of wet 
years under the No Action Alternative.  Depending on the water quality of the discharge, this 
may or may not impact water quality in the Blue River.  No change to permit limits in the Blue 
River is anticipated.  Water quality impacts in the South Platte River at Chatfield Reservoir are 
anticipated to be negligible due to an increase in the annual water deliveries through the Roberts 
Tunnel that would result in an increased phosphorous loading into the Chatfield watershed. 

Groundwater 
Action Alternatives 

All of the action alternatives contain an enlarged Gross Reservoir component, which would 
increase groundwater levels in the area due to seepage.  Additionally, there would be a decrease 
in hydraulic gradients upstream of Gross Reservoir for all action alternatives.  Similar seepage 
and mounding effects as those described for Gross Reservoir would occur at the proposed 
Leyden Gulch Reservoir.  

Under Alternative 1c, unknown contaminants from Rocky Flats could, if present on site, be 
remobilized from soil to groundwater during construction of the Leyden Gulch Reservoir.  
However, seepage of good quality water out of the proposed reservoir would provide natural 
attenuation by dilution.  Alternative 10a would not degrade existing groundwater quality because 
the reusable water would be treated to meet all water quality standards prior to injection into the 
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Denver Basin aquifers.  The gravel pit components of Alternatives 8a and 13a would be designed 
and constructed with slurry walls to prevent groundwater quality impacts.  Similarly, Conduits M 
and O would be designed and constructed as closed pipelines to prevent impacts to groundwater 
quality. 

The net long-term effect on groundwater levels due to the Denver Water wells under Alternative 
10a would be insignificant to other groundwater users in the area.  Groundwater in wells within 
the vicinity of the Denver Water wells may fluctuate in response to injection and withdrawal 
pumping.  The conversion of agricultural water rights to municipal or other non-irrigation uses 
under Alternative 13a would result in less groundwater recharge in localized areas that are no 
longer irrigated. 

Decreases in flows during average years would occur in various portions of West Slope streams 
under all action alternatives, resulting in indirect, localized impacts to groundwater.  
Groundwater gradients near the streams would increase slightly as the hydrologic system works 
to balance the change in stream flow with additional groundwater input to the streams.  
Alternatives 8a, 10a, and 13a include reusable water components, which would lessen impacts to 
groundwater. 

No Action Alternative 
West Slope streams would be narrower and shallower primarily during runoff months (May 
through July) due to the withdrawal of water to meet higher demands.  The groundwater inflows 
to these streams would increase during low-flow periods, which would likely decrease 
groundwater levels.  In areas having an upward hydraulic gradient during these low-flow 
periods, groundwater flow into the streams would increase to compensate, in part, for the 
reduction in stream flow caused by the diversions.  On the East Slope, the Moffat Collection 
System components would remain the same under the No Action Alternative as those currently 
in use.  However, due to the higher future demands and without additional storage capacity, the 
water levels and volumes of water stored in the reservoirs would be lower than average more 
often.  More frequent low reservoir levels would decrease the seepage from the reservoirs and 
cause groundwater levels to decline, which could cause a long-term adverse impact to the local 
groundwater resource near the reservoirs.  

Geology 
Action Alternatives 

Geologic impacts resulting from the action alternatives are primarily associated with the 
reservoir components.  The expansion of Gross Reservoir and the construction of Leyden Gulch 
Reservoir may slightly increase the potential for reservoir-induced seismicity.  Potential issues 
related to geologic resources will be addressed through geotechnical and seismic studies in the 
design and construction phases.  Both reservoir sites may be susceptible to potentially unstable 
slopes and reservoir rim instability as a result of erosion, seepage, wave action, and water level 
fluctuations.  A hogback occurs east of the proposed Leyden Gulch Reservoir dam.  This 
geologic feature contains clay mine workings that would need to be stabilized during relocation 
of State Highway (SH) 93. 
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No Action Alternative 
No direct geologic impacts are anticipated to occur under the No Action Alternative since there 
will be no construction activities.  Operational activities at Gross Reservoir, however, may 
potentially create unstable slopes and reservoir rim instability as a result of erosion, seepage, 
wave action, and water level fluctuations. 

Soils 
Action Alternatives 
Soils would be permanently and temporarily disturbed from construction of proposed Project 
components and inundation at the reservoir sites.  Approximately 465 acres of soils would be 
permanently impacted (89 acres of temporary impacts) from the Proposed Action.  Smaller Gross 
Reservoir expansions associated with Alternatives 1c, 8a, 10a, and 13a would create less 
permanent and temporary soils impacts.  Approximately 389 acres of permanent soil loss 
(176 acres of temporary impacts) would result from the construction of Leyden Gulch Reservoir 
and associated facilities.  The South Platte River Facilities under Alternatives 8a and 13a would 
result in 6 acres of permanent soil loss (11 and 12 acres of temporary impacts, respectively) 
associated with construction of an AWT plant and ancillary facilities; direct impacts to soils 
resulting from the gravel pit storage lakes were not quantified since ground-disturbing activities 
are assumed to be previously completed prior to Denver Water acquisition.  Approximately 
19 acres of permanent soil loss (25 acres of temporary impacts) would result from construction 
of the Denver Basin Aquifer Facilities under Alternative 10a.  Minimal direct impacts to soils 
would result from Conduits M and O, the gravel pit pipelines, and the Denver Basin distribution 
pipelines since a majority of construction would occur within existing roadways.  

The reservoir sites would experience fluctuating water levels that could create stresses and erode 
shoreline slopes.  Additionally, the Leyden Gulch Reservoir site contains moderately to highly 
expansive soils that would be mitigated for in design and construction.  Areas that are 
temporarily disturbed would be reclaimed with vegetation.  Limitations at the reservoir sites for 
vegetation re-establishment include steep slopes, shallow depths to bedrock, and areas of 
erodible soils.  

No Action Alternative 
There are no ground disturbing activities associated with the No Action Alternative; thus no 
direct impacts to soils would occur.  Shoreline impacts associated with fluctuating water levels at 
the reservoir sites would be the same as described for the action alternatives.  Under the 
Combination Strategy, reservoir levels would fluctuate less, particularly in dry years, but would 
also create similar impacts as described from the action alternatives. 

Vegetation 
Action Alternatives 
Vegetation would be permanently and temporarily disturbed from construction of proposed 
Project components.  Approximately 456 acres of vegetation would be permanently impacted 
(52 acres of temporary impacts) by the Proposed Action.  Smaller Gross Reservoir expansions 
associated with Alternatives 1c, 8a, 10a, and 13a would create less permanent and temporary 
impacts to vegetation.  Most of the impacts at Gross Reservoir would occur in the ponderosa and 
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ponderosa pine/Douglas fir communities.  Approximately 383 acres of permanent vegetation loss 
(172 acres of temporary impacts) would result from the construction of Leyden Gulch Reservoir 
and associated facilities.  The vegetation types at the Leyden Gulch Reservoir site that would be 
affected are predominantly grass/forb rangeland with small inclusions of cottonwoods, 
herbaceous riparian, snowberry/shrub mix, disturbed rangeland, and disturbed soil areas.  The 
South Platte River Facilities under Alternatives 8a and 13a would result in approximately 6 acres 
of permanent vegetation loss (11 and 12 acres of temporary impacts, respectively).  Vegetation 
communities that would be affected by Alternatives 8a and 13a include disturbed areas colonized 
by weedy species, disturbed rangeland, forest riparian, shrub riparian, and herbaceous riparian.  
Approximately 18 acres of permanent vegetation loss (21 acres of temporary impacts) would 
result from construction of the Denver Basin Aquifer Facilities under Alternative 10a.  Affected 
vegetation within Denver Parks’ properties primarily consists of lawns, trees, and ornamental 
vegetation typical of parks and golf courses.  Minimal direct impacts to vegetation would result 
from Conduits M and O, the gravel pit pipelines, and the Denver Basin distribution pipelines 
since a majority of construction would occur within existing roadways.  Transfer of agricultural 
water rights under Alternative 13a (approximately 3,900 acres) would primarily affect irrigated 
croplands used for pasture, as well as growing alfalfa, corn, hay, sugar beets, and other crops.  
Construction and operation of the Project components may introduce or spread noxious weeds in 
disturbed areas.  

Operation of the reservoir sites and gravel pits may also affect vegetation.  For instance, the 
drawdown area at Gross Reservoir would continue to be relatively barren because of large annual 
fluctuations in water level.  The shoreline areas at the proposed Leyden Gulch Reservoir and the 
gravel pits, however, are likely to establish vegetation, including riparian and wetland plant 
species.   

No Action Alternative 
There would be no direct vegetation impacts as a result of the No Action Alternative.  However, 
indirect impacts to vegetation resources would occur at Gross Reservoir as a result of more 
frequent and prolonged drawdowns.  The area between the normal water elevation and the 
minimum drawdown level would remain barren of vegetation, but would be increasingly 
susceptible to noxious weed infestations.   

With the exception of mandatory restrictions imposed during drought periods, vegetation 
resources in the vicinity of Project components and throughout the greater service area would 
remain largely unchanged under the No Action Alternative.  Non-native lawn species, trees, and 
ornamental landscaping would be impacted by mandatory restrictions resulting in temporary 
stresses to irrigation-dependent vegetation.  Under mandatory drought restrictions, all outdoor 
watering is prohibited, including trees, shrubs, and high-use public turf areas.  Mortality, 
although impossible to quantify, is likely in some irrigation-dependent areas.   

Wetlands, Waters of the U.S., and Riparian Areas 
Action Alternatives 
Wetlands, other waters of the U.S., and riparian areas would be directly impacted by the Project.  
Permanent impacts would occur if these areas are destroyed or if their function were permanently 
altered as a result of the Project.  Direct permanent impacts would result from clearing, 
excavating, inundation, filling, and/or other grading that would modify existing functions.  



Executive Summary  

ES-28  Executive Summary  

Additionally, transfer of agricultural water rights under Alternative 13a would adversely affect 
wetlands and other water features in ditches and ponds and in wetlands sustained by leakage, 
overflows, and/or return water flows.  Riparian areas along streams are not likely to be affected 
by agricultural transfers.  The following table summarizes the potential direct permanent impacts 
to wetlands, other waters of the U.S., and riparian areas for each Project alternative. 

Total Permanent Impacts to Wetlands,  
Other Waters of the U.S., and Riparian Areas  

(acres) 

Resource Type 
Proposed 

Action 
Alternative 

1c 
Alternative 

8a 
Alternative 

10a 
Alternative 

13a 
Wetlands 1.95 6.15 1.77 1.75 83.87 
Other Waters of the U.S. 3.53 3.12 3.20 3.16 11.40 
Riparian Areas 4.08 3.45 3.62 3.62 3.88 

 

Indirect permanent impacts to wetlands and riparian zones include constriction of stream flow 
from open cut trenching, erosion resulting from sedimentation, hydrologic modifications as a 
result of earthwork in adjacent areas, off-highway vehicle use, or noxious weed invasion. 

Temporary impacts are primarily associated with construction activities and generally do not 
have long-term impacts on hydrology and/or function.  Construction impacts may include cutting 
vegetation and covering to facilitate construction activities, or temporarily placing fill into a 
wetland area.  The topography and hydrology of temporarily effected areas would be 
re-established after construction.  The following table summarizes the potential temporary 
impacts to wetlands, other waters of the U.S., and riparian areas for each Project alternative. 

Total Temporary Impacts to Wetlands,  
Other Waters of the U.S., and Riparian Areas 

(acres) 

Resource Type 
Proposed 

Action 
Alternative 

1c 
Alternative 

8a 
Alternative 

10a 
Alternative 

13a 
Wetlands 0.12 13.43 0.4 0.19 0.42 
Other Waters of the U.S. 0.49 2.04 1.18 2.19 1.72 
Riparian Areas 0.04 1.36 0.08 0.59 0.14 

 
Changes in stream flow associated with the action alternatives would have no measurable effects 
to wetlands, waters, and riparian areas along the Williams Fork, Colorado, or South Platte 
rivers.  Reductions in Fraser River and Blue River flows under all action alternatives would 
impact herbaceous plant composition and would change to species less dependent on frequent 
flooding, but there would be minimal effects on woody riparian species.  South Boulder Creek 
flows would both increase and decrease at different times of year within the normal range of 
variability, thus creating minimal impacts to riparian and wetland vegetation.  Decreased flows 
in winter on the North Fork South Platte River would not affect dormant riparian vegetation; 
increased flows in summer would be within normal range of variability and effects would be 
minimal. 
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No Action Alternative 
No direct permanent impacts to wetlands, other waters of the U.S., or riparian habitats would 
occur under the No Action Alternative because there would be no ground-disturbing activities. 

Depleting the Strategic Water Reserve Strategy would generally create minor impacts to streams 
in the Project area.  Changes in flow are unlikely to adversely affect riparian and wetland 
habitats along the South Platte River, because they would generally be small on both an annual 
average and monthly basis.  Similarly, there would be no impacts to riparian vegetation along 
South Boulder Creek.  Flows in the Fraser River would decrease between May and August, 
but would be much smaller than those associated with action alternatives.  These small scale 
changes would reduce inundation resulting in minor impacts to riparian and wetland areas.  The 
Williams Fork River would experience reduction in high flow months below the level of 
change associated with the action alternatives.  The amount of area affected by a reduction in 
stage associated with a 2-year event would therefore be very small and any impacts on riparian 
vegetation would be very minor.  The Colorado River would experience small stage changes 
(less than an inch for a 2-year event) and the amount of wetland and riparian areas affected 
would be correspondingly very small.  Wetland and riparian areas along the Blue River would 
experience a reduction in inundation that would be similar to that described for the action 
alternatives, approximately 0.2 acre/mile, and the types of vegetation changes that might occur 
would also be similar.  Under the No Action Alternative, an increase in flow would occur every 
month of the year in the North Fork of the South Platte River.  Over time, these increased flows 
would likely produce a minor shift in riparian and wetland vegetation within the narrow zone 
affected by an increased 2-year flow event.  

No additional impacts on wetland and riparian vegetation would result from implementing the 
Combination Strategy.  During a drought, stream flows could decrease in some streams because 
less water would be released from storage.  Changes in stream flow between the two No Action 
Alternative strategies are not expected to be significant.   

Wildlife 
Action Alternatives 
Wildlife present in the Gross Reservoir area include big game and other mammals, raptors, 
migratory birds, reptiles and amphibians, and fish.  In general, Gross Reservoir would experience 
loss of elk winter range and concentration areas, loss of non-crucial habitat for big game species 
(i.e., mule deer, black bear, and mountain lion), habitat fragmentation due to the inundation of 
South Boulder Creek and Winiger Gulch.  Small areas of wetland and riparian vegetation 
would also be affected.  Direct impacts to wildlife would result from loss or degradation of 
habitat and mortality from ground-disturbing activities.  Indirect impacts consist of permanent or 
temporary displacement of wildlife.  The following table compares direct permanent and 
temporary impacts to wildlife habitats by alternative at Gross Reservoir.  
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Direct Impacts to Wildlife Habitat in Gross Reservoir Study Area by Alternative 

Acres of Impact to Wildlife Habitat 
Proposed Action Alternative 1c Alternative 8a Alternative 10a Alternative 13a Wildlife Habitat 

Permanent Temporary Permanent Temporary Permanent Temporary Permanent Temporary Permanent Temporary

Ponderosa Pine 169.9 7.4 109.7 10.8 133.8 8.6 133.8 8.6 150.8 7.9 
Ponderosa Pine/ 
Douglas-fir mix 253.0 42.5 162.7 54.2 195.4 49.8 195.4 49.8 223.2 46.0 

Grassland/forb mix 32.9 2.1 20.1 2.1 24.6 2.1 24.6 2.1 29.5 2.1 
Disturbed/ 
Unvegetated 8.9 3.6 8.6 3.9 8.8 3.7 8.8 3.7 8.8 3.7 

Open Water 0.0 33.7 0.0 33.7 0.0 33.7 0.0 33.7 0.0 33.7 
Talus slope/ 
Rock outcrop 0.4 0.0 0.4 0.0 0.4 0.0 0.4 0.0 0.4 0.0 

Total 465.1 89.3 301.5 104.7 363.0 97.9 363.0 97.9 412.7 93.4 
Note: The area of temporary impacts goes up as the area of permanent impacts go down, because the smaller reservoir size means 

that smaller portions of the temporarily affected areas would be inundated after construction.  With a larger reservoir size, 
more of the areas of temporary impact are considered permanent because they are in the reservoir pool.  With a smaller 
reservoir size, more areas of impact would be left exposed and considered temporary.  Temporary impacts do not represent 
the entire area of impact, but the residual amount that would not be also affected permanently. 

 

Habitats affected by construction and operation of the proposed Leyden Gulch Reservoir include 
grassland/forb mix, foothills deciduous shrub, wetlands, rural residential (deciduous trees, 
ornamental plantings), open water (South Boulder Diversion Canal), and disturbed/unvegetated.  
In general, the Leyden Gulch Reservoir site would experience a loss of elk winter range and 
concentration areas and loss of non-crucial habitat for big game.  Specific wildlife impacts 
include the loss of 7.2 acres of black-tailed prairie dog colonies and temporary construction 
disturbance to nesting red-tailed hawks.  Construction and operation of the proposed Leyden 
Gulch Reservoir, however, would be beneficial to water birds.  The following table summarizes 
the acres of direct temporary and permanent impacts to wildlife habitats at the Leyden Gulch 
Reservoir site.  

Direct Impacts to Wildlife Habitat at the Leyden Gulch Reservoir Site 

Acres of Direct Impact Wildlife Community 
Permanent Temporary 

Cottonwood 0.0 8.7 
Foothills deciduous shrub 2.1 4.6 
Wetland 6.2 14.7 
Open Water  0.1 1.3 
Rural Residential 0.1 0.3 
Grass/Forb mix 374.8 143.5 
Disturbed/Unvegetated 5.7 3.3 

Total 389.0 176.4 
 
Construction of the South Platte River Facilities would result in relatively minor impacts.  The 
gravel pits would be excavated when Denver Water acquires them, so no additional ground 
disturbance or subsequent adverse impacts to wildlife would occur.  Filling and operation of the 
gravel pit reservoirs would provide a beneficial impact to wildlife because approximately 
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5,000 AF of open water habitat would be created for waterfowl, shorebirds, migratory birds, as 
well as for amphibians and reptiles.  Construction of the AWT plant adjacent to Worthing Pit 
would result in a permanent impact to 4 acres of habitat and temporary disturbance to 7 acres.  
However, the site of the AWT plant is not good quality wildlife habitat due to the lack of 
vegetation.  Temporary disturbance to nesting raptors in the area, however, may occur during 
construction activities.  Transfer of agricultural water rights under Alternative 13a would 
increase upland grassland habitats.  Therefore, prairie dog towns are likely to expand. 

Potential Conservation Areas (PCAs) identified by the Colorado Natural Heritage Program 
(CNHP) and Environmental Conservation Areas (ECAs) identified by Boulder County would be 
directly impacted by the action alternatives.  The largest expansion of Gross Reservoir would 
impact approximately 17% of the Winiger Gulch PCA, 10.5% of South Boulder Creek PCA, and 
7% of Winiger Ridge ECA.  Temporary disturbance of approximately 1% of Rocky Flats PCA 
for construction staging and spoil storage would occur at the Leyden Gulch Reservoir site.  
Alternatives 8a, 10a, and 13a would temporarily disturb portions of the South Platte River PCA 
and Greenway, but would not result in adverse effects to wildlife.  

Impacts to wildlife from changes in river flows would not have a noticeable impact on wildlife 
habitat or wildlife species, because changes in flow would have minimal impacts on wetland and 
riparian habitats.  

No Action Alternative 
The No Action Alternative would not result in any changes to wildlife habitat because no 
ground-disturbing activities would occur.  Changes in operation of the existing system would 
result in changes in stream flows in the Project area, which would result in only minor changes to 
wetland and riparian habitat.  Therefore, similar to the action alternatives, implementation of the 
No Action Alternative would not have a noticeable effect on wildlife habitat or species.   

Special Status Species 
Action Alternatives 

Federal and State Species 

Two federally listed species, bald eagle and slender moonwort, have the potential to occur at 
Gross Reservoir but would not be impacted under any of the action alternatives.  Construction 
activities associated with the proposed Leyden Gulch Reservoir, the South Platte River 
Facilities, and Conduits M and O may temporarily impact nesting burrowing owls.  The 
expansion of Gross Reservoir, and Alternatives 1c, 8a, and 13a would result in beneficial 
impacts to bald eagle by creation of more open water habitat.   

Flow changes in the Fraser, Williams Fork, Colorado, and Blue rivers would adversely affect 
Colorado River system endangered fish species (Colorado pikeminnow, bonytail chub, 
humpback chub, and razorback sucker) and have minimal effects to bald eagle, river otter, and 
boreal toad.  Flow changes in South Boulder Creek, North Fork South Platte River, and the 
South Platte River would contribute to adverse effects on Platte River system threatened and 
endangered species including whooping crane, piping plover, least tern, and pallid sturgeon.  
Minor flow changes in the Project area are unlikely to result in adverse changes to riparian 
habitat occupied by Preble’s meadow jumping mouse along the South Platte River between 
Waterton Canyon and Chatfield Reservoir or along South Boulder Creek.  Denver Water 
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currently participates in the South Platte River Recovery Program and the Upper Colorado River 
Recovery Program to aid in the recovery of several of these species.  

Other Special Status Species 

Expansion of Gross Reservoir would reduce dwarf shrew and northern leopard frog habitat and 
create minor indirect impacts to several bird and bat species.  Construction of the proposed 
Leyden Gulch Reservoir site would impact 7.2 acres of black-tailed prairie dog towns and reduce 
habitat for hawk, sensitive butterflies, and northern leopard frog.  The South Platte River 
Facilities would temporarily displace or disturb snowy egret and white-faced ibis.  Beneficial 
impacts to several species, however, would occur under all action alternatives from creation of new 
open water and shoreline habitat.  Construction of the gravel pit pipelines, the aquifer distribution 
pipelines, and Conduits M and O would temporarily disturb or displace common garter snake and 
northern leopard frog at stream and riparian crossings.  Transfer of agricultural water rights 
under Alternative 13a would reduce habitat for common garter snake and northern leopard frog, 
but likely expand black-tailed prairie dog towns, providing more habitat for burrowing owls and 
foraging ferruginous hawks. 

No Action Alternative 
Under the No Action Alternative, there would be no direct or indirect impacts to special status 
species from construction of new facilities, but changes in operation of the existing system 
would result in changes in stream flow in areas occupied by special status species.  Four 
federally listed endangered fish species (Colorado pikeminnow, bonytail chub, humpback chub, 
and razorback sucker) occur in the Colorado River.  Flow reductions in the Colorado River 
resulting from the No Action Alternative would be very similar to the impacts associated with 
the action alternatives.  Similarly, flow changes that would occur downstream in the Platte River 
in Nebraska would impact several federally listed species.  Similar to the action alternatives, 
minor flow changes in the Project area are unlikely to result in adverse changes to riparian 
habitat occupied by Preble’s meadow jumping mouse along the South Platte River and South 
Boulder Creek.  

Aquatic Biological Resources 
Action Alternatives 
Most of the impacts to aquatic resources in the Project area would be subsequent to changes in 
stream flow or reservoir operation, and generally related to the ability of the stream to support 
aquatic life.  Direct impacts would be very limited and temporary, and would include 
disturbances of reservoirs or short sections of streams during construction.  

Construction of Conduits M and O, the gravel pit pipelines, and the aquifer distribution pipelines 
would have temporary, direct adverse impacts on aquatic resources at stream crossings.  
Disruption of normal reservoir operations during construction at Gross Reservoir would also 
have temporary adverse impacts on fish and invertebrates.  The enlargement of Gross Reservoir 
and the creation of a new Leyden Gulch Reservoir and gravel pit lakes, however, would provide 
more habitat for fish and invertebrates and may provide opportunities for additional species of 
fish to become established.  

There would be no changes to water quality or channel geomorphology in the Fraser, Williams 
Fork, Colorado, Blue, South Platte rivers and South Boulder Creek that would affect fish 



 Executive Summary 

 Executive Summary  ES-33 

and other aquatic biological resources.  Habitat suitability for benthic invertebrates is usually 
more favorable at lower runoff flows.  The invertebrate communities may include more species 
and higher density than Full Use of the Existing System (2016) under the action alternatives.  
Increases in runoff flows would have adverse impacts to fish and invertebrates in South Boulder 
Creek upstream of Gross Reservoir.  Downstream of Gross Reservoir, the increases in winter 
flows and reductions in runoff flows would have a beneficial impact to fish and invertebrates in 
South Boulder Creek.  Similarly, more favorable winter flows would have a beneficial impact 
to fish and invertebrates in the South Platte River.  Increases in runoff flows would have an 
adverse impact to fish and invertebrates in the North Fork South Platte River.  

No Action Alternative 
Under the No Action Alternative, there would be an adverse impact to the fish and invertebrate 
communities of Gross Reservoir since the expansion would not occur and drawdown to the 
minimum pool would occur approximately 50% more often than under the action alternatives.  

There would be no impacts to fish and invertebrates in the Colorado, South Platte, North Fork 
South Platte, Fraser, and Blue rivers, and South Boulder Creek.  However, under certain 
conditions, bypass flows in the Fraser and Blue rivers may not be met which could further 
reduce flows compared to Full Use of the Existing System (2016) during periods of low habitat 
availability for fish and invertebrates.  If bypass flows are not met, there would be an adverse 
impact to aquatic resources in these affected river segments. 

The No Action Alternative would have no impact on the fish and invertebrate communities in the 
Williams Fork River.  The No Action Alternative, however, would divert more water from the 
Williams Fork tributaries in some months resulting in adverse impacts to fish and 
invertebrates.   

Transportation 
Action Alternatives 
The temporary indirect impacts to traffic operations at Gross Reservoir during construction 
activities would be passenger vehicle delays due to queuing behind slower-moving haul and 
supply vehicles on two-lane roads, and queuing at intersections where large vehicle turn 
movements are more difficult.  The frequency (times per day) and duration (total minutes) of 
traffic delays, and the numbers of people affected by them, pose no significant indirect impacts.  
Additional traffic associated with vegetation removal was not evaluated in the EIS because the 
amounts would vary depending on which disposal options would be selected.  No change from 
Current Conditions (2006) in maintenance and operation trips for the dam and reservoir are 
anticipated once construction activities are complete. 

Although some recreational areas would be inundated under the action alternatives, public access 
to Gross Reservoir would not be changed.  Vehicle access would remain unchanged via the 
existing north and south public access points.  During construction, recreational access in the 
area of the dam would be limited.  The north side of the reservoir would still be accessible by 
Flagstaff Road (County Road [CR] 77) from Boulder. 

Unlike the expansion of Gross Reservoir, transporting borrow material from off-site locations 
would not be required to construct a new Leyden Gulch Reservoir.  Construction-related traffic 
would primarily consist of workers commuting to and from the construction site.  Approximately 
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4,000 feet of SH 93 would be permanently relocated under Alternative 1c; the existing SH 93 
would remain in service while the realignment is constructed. 

Passenger vehicle delays and higher than average volumes of commuter traffic during peak 
construction would affect local roads in the Denver and Brighton area during construction of 
Alternatives 8a, 10a, and 13a. 

No Action Alternative 
Since no construction activities would occur under the No Action Alternative, no direct or 
indirect impacts to transportation resources are anticipated.  Traffic associated with operations 
and maintenance of existing facilities would remain unchanged.   

Air Quality 
Action Alternatives 
Short-term direct air quality impacts under the action alternatives are related to construction 
activities.  All action alternatives would result in emissions of dust and combustion products 
during construction activities.  Construction emissions include exhaust emissions from 
heavy-duty construction equipment, exhaust emissions from construction workers’ vehicles and 
delivery vehicles, and fugitive dust emissions.  Under the Proposed Action, average annual 
emissions of carbon monoxide (CO) and oxides of nitrogen (NOx) are greater than the 
conformity de minimis levels of 100 tons per year.  For Alternatives 1c, 8a, 10a, and 13a the 
combined average annual emissions of CO, NOx, and particulate matter less than 10 microns in 
diameter (PM10) are greater than the conformity de minimis levels of 100 tons per year.  All 
action alternatives would undergo a general conformity analysis to ensure that the region remains 
in compliance with the National Ambient Air Quality Standards (NAAQS).  

No Action Alternative 
There are no ground-disturbing activities associated with the No Action Alternative; thus no 
impacts to air quality are anticipated. 

Noise 
Action Alternatives 
Any Project related impacts from noise are anticipated to be temporary and direct.  Indirect 
impacts from noise are not anticipated.  

At the reservoir sites, off-site and on-site construction-related noise was evaluated.  The 
proposed activities associated with the enlargement of Gross Reservoir and the construction of 
Leyden Gulch Reservoir is not predicted to exceed relevant standards or guidelines.  On-site 
construction noise may periodically exceed the EPA noise threshold of 70 decibel rating A scale 
(dBA) for public exposure, but the public would not be exposed to these levels on a continuous 
basis.  Temporary off-site noise impacts would be related to construction traffic.  

Intermittent noise impacts associated with construction activity occurring within the urban 
portions of Conduits M and O would be negligible in the context of the Denver metropolitan 
area.  The rural portions of Conduits M and O are likely to be more affected by temporary 
construction noise than the more developed areas.  Similarly, short-term noise impacts during 
construction of the Denver Basin Aquifer Facilities would be negligible in the urban context of 
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Denver.  Minimal noise-related impacts would result from construction of the gravel pits.  The 
AWT plant component of Alternatives 8a, 10a, and 13a would be equipped with sound 
mitigation features to comply with applicable local noise ordinances. 

No Action Alternative 
There are no ground-disturbing activities associated with the No Action Alternative; thus, no 
noise impacts are anticipated. 

Recreation 
Action Alternatives 
All action alternatives would have direct and indirect impacts on both current and future 
recreation opportunities at Gross Reservoir.  Six of the nine developed recreation areas within 
the Project area would be inundated under the action alternatives and would need to be relocated 
to allow for the continuation of their current uses.  In addition to restrictions and closures of 
areas, impacts to the recreation experience may occur from visual and sound disturbances during 
construction of an enlarged reservoir.  During construction, access to some areas of shoreline, 
on-water access, and associated parking areas may be restricted.  Some of these areas would 
need to be relocated upon inundation.  Increased surface area and extended shoreline may result 
in the creation of additional recreation opportunities.  A larger reservoir available for boating and 
additional fishing access may be an attraction for recreationists in the area.   

The construction of a new reservoir at Leyden Gulch would have little impact on existing 
recreation since the site is currently undeveloped rangeland with no developed recreation 
opportunities or public access.  There would be a temporary impact to road bicyclists who utilize 
SH 93 due to its realignment and the reservoir construction; primarily a result of increased heavy 
traffic.  Denver Water has indicated that no recreation opportunities would be provided at 
Leyden Gulch Reservoir and public access to the site would be prohibited.  Therefore, there 
would be no change in the current recreational character at the Leyden Gulch Reservoir site. 

Construction of the South Platte River Facilities under Alternatives 8a and 13a would impact the 
existing recreation opportunities at the Worthing Pit.  As a result of the removal of the pit as a 
recreation resource, water skiing as well as the existing trailers used as seasonal residences, 
would no longer be permitted.  In addition, portions of the proposed South Platte Heritage 
Project Trail Corridor would need to be re-routed.  Construction of the South Platte River 
Facilities would also temporarily disturb bicyclists on Brighton Road. 

Construction of well sites as part of the Denver Basin Aquifer Facilities under Alternative 10a 
would result in the permanent removal of small acreages of land within existing City and County 
of Denver developed parks and golf courses.  This may impact the visitor experience due to 
presence of well houses. 

No long-term impacts to recreation are expected as a result of constructing Conduits O and M 
under Alternatives 8a, 10a, and 13a.  The delivery pipelines would be within existing road 
right-of-way (ROW) and would not significantly interfere with any potential future recreation 
activities.  Construction of these pipelines may create a temporary disturbance to bicyclists who 
use the same roadways where the pipelines would be buried.  Crossings of waterways would 
require construction via an open cut on the channel, temporarily precluding recreational use of 
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the river for activities such as kayaking while construction is ongoing.  It would also preclude 
recreational fishing in the immediate vicinity of the open cut during construction.   

Implementation of any of the action alternatives would result in negligible adverse long-term 
effects to boating on the Colorado, Blue, and South Platte rivers and Lower South Boulder 
Creek (Gross Reservoir through Eldorado Canyon).  Implementation of any of the action 
alternatives would result in major long-term effects to boating on the Fraser River as a result of 
the reduction in number of available use days.  Minor beneficial long-term effects on boating in 
the North Fork South Platte River and Upper South Boulder Creek (Pinecliffe to Gross 
Reservoir) would occur from an increase in flows in summer months.  

Generally, no negative impacts to fishing would occur, although possibly some improvements to 
the quality of fishing.  One exception would be with the North Fork Ranch Creek.  If there is 
an adverse impact on the fish community in this tributary, it is likely it will also have a direct, 
long-term moderate impact on the quality of the recreation fishing experience.  

Flow changes under the action alternatives on the Fraser River would result in adverse visual or 
aesthetic impacts in May, June, and July of average and wet years.  Although the stream flows 
would not drop to the level of dry year flows, the difference would be noticeable and adverse.  
This may have an indirect impact on the overall recreation experience that is somewhat 
dependent on scenery.   

No Action Alternative 
The implementation of using the Strategic Water Reserve in combination with mandatory 
restrictions would be less intense than if either strategy were implemented alone; however, use of 
the Strategic Water Reserve alone may still affect recreation. 

Reductions in reservoir contents in Antero, Eleven Mile Canyon, and Cheesman reservoirs under 
the No Action Alternative may have an impact on recreation at each facility due to lower water 
levels.  Lowered water levels would limit shoreline recreation activities, such as fishing, and may 
render boat ramps inoperable.  The lower water levels would also have a negative impact on the 
recreational experience for other activities, such as hiking, camping, and day use due to the 
potential unsightly nature of reduced water levels during peak use periods. 

Dillon Reservoir would be used more heavily and would have a negative impact on recreation by 
limiting shoreline recreation activities, such as fishing, and may render boat ramps inoperable.  
The lower water levels would also have a negative impact on the recreational experience for 
other activities, such as hiking, camping, and day use due to the potential unsightly nature of 
reduced water levels during peak use periods. 

Gross Reservoir would be drained to the minimum pool more frequently under the No Action 
Alternative.  Decreases of this magnitude would have an impact on recreation by limiting 
shoreline recreation activities, such as fishing, which are particularly popular at Gross Reservoir.  
Car top boating would likely also be impacted as it would make access to the waterline more 
difficult.  The lower water levels would also have a negative impact on the recreational 
experience for other activities, such as hiking, camping, and day use due to the potential 
unsightly nature of reduced water levels during peak use periods. 

There are no ground disturbing activities under the No Action Alternative and generally only 
minor changes in stream depletions.  Therefore, impacts on river segments and associated 
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recreational use associated with the No Action Alternative are similar to those previously 
described under the action alternatives above. 

As related to recreation at municipal parks, pools, golf courses, and other areas where water is 
required, Denver Water has described emergency water use restrictions that may be instituted as 
part of its drought response that would likely be part of the combination strategy.  However, 
because of emergency water use restrictions, only minor effects would result in fewer visitors to 
parks and recreation areas with fountains due to the reduced visual appeal and overall park 
experience.   

Land Use 
Action Alternatives 
Impacts to land use would occur if the Project conflicts with adopted planning goals or policies, 
terminates or has a major impact on existing land uses, or results in changes that would interfere 
with planned land uses in the area.   

Overall, impacts to existing land uses at or adjacent to Gross Reservoir are expected to be minor.  
Recreation is the primary non-water-storage use at Gross Reservoir.  Construction activities 
would have site-specific direct land use impacts, primarily relating to recreation access and use 
areas.  Construction-related activities would also temporarily impact adjacent land uses from 
increased noise levels, dust pollution, and possibly ground vibrations from quarrying activities.  
Expansion of Gross Reservoir would present minor conflicts with Boulder County zoning 
regulations stipulating that the Gross Reservoir area is zoned as “Forestry” to conserve forest 
resources, protect the natural environment, and preserve open areas.  There would be no impacts 
to Boulder County Open Space properties.  Management of USFS lands within and adjacent to 
Gross Reservoir are subject to Management Area 3.5 direction, Forested Flora and Fauna 
Habitats.  Management objectives in this area emphasize maintaining and improving wildlife 
and plant habitats and promoting recreational use in the Winiger Ridge area during summer and 
fall.  Conflicts with USFS management direction include minor, permanent impacts to wildlife 
and plant habitats and temporary impacts to recreational objectives for the duration of Project 
construction.  Generally, land use within the Gross Reservoir area is stable with only minor 
development or changes planned, such as individual residential building/improvement permits.  
There would be no impacts to planned land uses as a result of the action alternatives.  

Temporary land use impacts at the Leyden Gulch Reservoir site would occur during construction 
activities and may include increased noise, dust, and traffic.  The new reservoir would be 
constructed immediately south of the Union Pacific; there would be no impacts to the railroad 
under Alternative 1c.  The inundation of Leyden Gulch would also result in minor losses of 
livestock grazing opportunities.  Residential land uses in nearby developments would not be 
impacted by Project construction; however, these residences would be affected by altered views.  
Land use in the Leyden Gulch area is currently stable, but the potential for future development is 
moderate to high.  Additionally, portions of the Leyden Gulch Reservoir site are identified as a 
“potential open space preservation area” containing two trails.  Construction of a new reservoir 
in Leyden Gulch may impact the future alignment of these trails.   

The South Platte River Facilities would not conflict with existing or planned land uses.  Gravel 
pit storage under Alternatives 8a and 13a would be located at existing gravel extraction lakes in 
areas currently characterized by industrial and agricultural uses.  As such, there would be 
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minimal impacts to existing land uses.  Structure design criteria, such as sound mitigation and 
architectural styling would ensure that the AWT plant would have no adverse impact on existing 
or future land uses and would be consistent with current county zoning.  

In general, the Denver Basin Aquifer Facilities would result in minor, adverse, long-term impacts 
to City properties.  Short-term construction impacts may include noise, dust, and temporary 
street closures.  Long-term, permanent impacts to uses of these City parks are expected to be 
minor and primarily related to diminished recreational experiences or aesthetics.  

Construction of Conduits M and O would result in temporary adverse impacts.  Because the 
conduits would be constructed in existing streets and ROWs, lane closures and traffic detours 
would be necessary to accommodate construction activities.  Reduced or modified access may 
temporarily affect retail and commercial land uses along the conduit alignments.   

Under Alternative 13a, some of the lands that could no longer be irrigated due to the removal of 
water rights might remain in dryland cultivation or some other agricultural use.  However, these 
uses are less productive than irrigated farmland.  This fact, when combined with urban 
development pressures, would indicate that conversion of these lands to non-agricultural uses is 
the most likely outcome. 

No Action Alternative 
There would be no direct, measurable impacts to land use as a result of the No Action 
Alternative.   

Visual Resources 
Action Alternatives 
The extent to which the action alternatives would affect visual resources depends on the amount of 
visual contrast created between the proposed Project facilities and the existing landscape character.  
The resource would be impacted if visual change in the landscape had a negative impact on 
existing viewpoints, high quality scenery, or impacted the view from the setting of visually-
sensitive land uses.  Impacts would also occur if the predicted visual contrast created by each 
action alternative would be consistent with management guidelines for each affected area.  In 
general, all action alternatives would create direct, temporary effects to visual resources during 
construction activities. 

Post-construction impacts at Gross Reservoir include short-term effects in disturbed areas until 
reclamation efforts lessen visual contrasts.  Long-term direct impacts to visual resources at Gross 
Reservoir would include changes in scale to the shoreline, reservoir elevation, and dam profile; 
permanent inundation of scenic areas; relocation of existing facilities and roads; disturbed areas 
undergoing restoration; a permanently disturbed quarry site; and a new auxiliary spillway.  The 
new shoreline and recreational use areas would retain the existing, valued landscape character.  
The quarry and auxiliary spillway, and temporary dam staging and stockpile areas would not be 
compliant with management guidelines (i.e., Denver Water Article 414 Visual Resource 
Protection Plan and USFS Arapaho & Roosevelt National Forest Plan) and would be considered 
major impacts.   

The visual character and scenic attributes of Leyden Gulch would unavoidably change due to a 
new water storage feature.  The most visible primary components of the new reservoir would 
include the earthfill dam, dam spillway structure and outlet works, relocation of SH 93, an 
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increase in reinforced or impervious surfaces, new access roads, site fencing, service lighting, 
aboveground wood-post transmission line, and ongoing restoration of three staging areas.  
Construction of a new reservoir and dam at Leyden Gulch would result in a marked change in 
visual environment by obstructing views, converting a natural-appearing setting to a more 
developed condition, and potentially degrading scenic features.  Therefore, it would not be 
compliant with existing management and policy guidance, and would be considered a long-term 
impact.  The proposed reservoir, however, would appear compatible with and potentially be an 
improvement to the open, rangeland character of the region which already consists of scattered 
open water storage facilities. 

Utilizing available water storage capacity in previously constructed gravel pits would improve 
the scenic quality of the Alternatives 8a and 13a study area, which would result in minor 
beneficial long-term visual improvements.  Visual contrast resulting from the construction of a 
new AWT plant would be negligible since buildings of similar scale and architecture currently 
exist within the study area.  Construction of the AWT plant and associated facilities would create 
short-term contrasts to existing visual resources, but would not conflict with the scenic 
management guidelines for the area. 

Under Alternative 10a, adverse impacts from the visual contrast created by well clusters would 
vary based on their placement within each park as well as the size and type of park.  Generally, 
the smaller parks and special interest locations (such as sculpture parks or memory gardens) 
would experience adverse impacts to visual character.  Larger parks that offer a variety of built 
amenities or a diversity of topography and vegetation for screening would experience only minor 
impacts.  Building architecture for the AWT plant would be designed to be consistent with the 
surrounding area, which is dominated by heavy industrial and manufacturing uses.  No visual 
contrast would result from the new facilities as industrial buildings of similar scale and 
architecture currently exist within the area.  

Transfer of agricultural water rights under Alternative 13a would primarily affect irrigated 
croplands.  Generally, the types of visual impacts would be expected to include conversion of 
irrigated cropland to dryland cultivation and/or urban development.  Either scenario has the 
potential to affect scenic character in the area.  The conversion to dryland agricultural uses or 
pasture grasslands would likely result in an increase in noxious weed infestations and urban 
development would create contrasts with the otherwise rural or scenic qualities.  Some emergent 
wetlands would also convert to grassland when water sources are removed.  These changes are 
likely to be perceived by viewers as an adverse impact on visual resources.   

There would be no impacts to visual resources or aesthetics in the Colorado, Blue, or Williams 
Fork rivers under the action alternatives.  

Flow changes under the action alternatives on the Fraser River would result in adverse visual or 
aesthetic impacts in May, June, and July of average and wet years.  Although the stream flows 
would not drop to the level of dry year flows, the difference would be noticeable and adverse.  In 
the upper reaches, impacts would be adverse and moderate, however, flow changes would not 
fundamentally alter the character of the stream.   

Overall, visual impacts to South Boulder Creek above Gross Reservoir would be minor and 
beneficial.  Immediately below Gross Reservoir, reservoir outflow changes would be 
significantly higher under the action alternatives in winter months creating a major, adverse 
effect on stream appearance and characteristics.  Downstream (near Eldorado Springs gage), the 
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Proposed Action would result in no perceptible impacts to stream appearance or other visual 
resources and aesthetics. 

Moderate to major adverse visual impacts, including impacts to stream appearance and 
characteristics, are expected in all winter months of all years as a result of flow reductions on the 
North Fork South Platte River.  Flow changes on the South Platte River, with the exception 
of immediately below Chatfield Reservoir, would be imperceptible to the casual observer.   

No Action Alternative 
Since there would be no ground-disturbing activities under the No Action Alternative, there 
would be no direct impacts to visual resources.  Minor indirect impacts, however, to visual 
resources would occur at Gross Reservoir as a result of more frequent and prolonged drawdowns 
that would create unattractive visual contrasts for observers, particularly recreationists.  

With the exception of mandatory restrictions imposed during drought periods, visual resources 
would remain relatively unchanged under the No Action Alternative.  Under mandatory drought 
restrictions, lawn watering would be prohibited.  Subsequently, visual resources may be 
impacted due to the temporary die-back or browning of vegetation cover.   

Cultural Resources/Paleontology 
Action Alternatives 
Prehistoric and historic sites and traditional cultural properties are considered significant if they 
are listed in or eligible for listing in the National Register of Historic Places (NRHP).  All action 
alternatives would permanently affect the Gross Dam and Reservoir, and a portion of the 
Resumption Flume.  These impacts are considered to be an adverse effect and treatment of this 
effect would be required before construction begins.  Eighteen significant sites are located within 
the Leyden Gulch Reservoir site; Alternative 1c would have temporary impacts to three 
significant cultural resources and permanent impacts to six significant cultural resources.  
Construction of Conduit O would temporarily impact three significant cultural resources and 
permanently impact to two significant cultural resources.  Construction of Conduit M would 
temporarily impact one significant cultural resource and permanently impact three significant 
cultural resources.  No significant cultural resources are anticipated to be impacted by the South 
Platte River Facilities.   

It is not anticipated that the enlargement of Gross Reservoir or construction of the South Platte 
River Facilities, Denver Basin Aquifer Facilities, and Conduits M and O would impact 
paleontological resources.  Although no paleontological resources were identified at the Leyden 
Gulch Reservoir site, the area is underlain by the Pierre Shale, which is characterized as Class I 
(i.e., area has good potential for containing vertebrate, invertebrate, or plant fossils) for 
paleontological resources.   

No Action Alternative 
The operational changes associated with the No Action Alternative are not anticipated to impact 
cultural or paleontological resources. 
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Socioeconomics 
Action Alternatives 
Overall, the majority of socioeconomic impacts resulting from an enlargement of Gross 
Reservoir would be temporary and associated with the construction period.  Generally, 
temporary impacts as a result of a Gross Reservoir enlargement would be positive in nature, but 
relatively minor and include the addition of new jobs during the construction period (between 
187 to 222 full-time employees), resulting in an increase in annual employment-related income 
(ranging from approximately $11 to $13 million).  Denver Water would expend money on 
materials and supplies during construction, much of it in the Denver metropolitan area and 
surrounding counties.  Purchases made by Denver Water for labor and materials plus spending 
by persons employed as a result of constructing Gross Reservoir would amount to economic 
output ranging from approximately $52 to $63 million per year.   

Temporary impacts as a result of construction of a new Leyden Gulch Reservoir would be 
similar to those described for Gross Reservoir.  An additional 499 full-time employees would be 
required for construction, as well as an additional $29 million in annual employment-related 
income.  Denver Water would spend additional monies on non-labor costs, much of which would 
be for materials and supplies, during the construction period.  In addition to purchases made by 
Denver Water on labor and materials plus spending by persons employed, would amount to an 
economic output of $95 million per year during the construction period.  

Alternatives 8a, 10a, and 13a would result primarily in temporary impacts associated with 
construction of the South Platte River Facilities, Denver Basin Aquifer Facilities, and Conduits 
O and M.  An average of between 169 and 481 new jobs would be created as a result of each of 
these components during the construction period, resulting in approximately $9 to $27 million in 
annual employment-related income.  Denver Water would spend additional monies on non-labor 
costs, much of which would be for materials and supplies, during the construction period.  In 
addition to purchases made by Denver Water on labor and materials plus spending by persons 
employed would amount to an economic output ranging from $22 to $111 million per year 
during the construction period for each component. 

For all action alternatives, the positive impacts to revenues of public entities from increased sales 
tax collections would be negligible.  Impacts to expenditures of public entities would be related 
to road and bridge maintenance and would be negligible.  Several public service providers would 
experience negligible or minor increases in demands during the construction period.  Denver 
Water and its customers would experience a long-term positive impact from a more reliable 
water supply.  All action alternatives would result in minor to moderate rate and tap fee 
increases.  None of the action alternatives are expected to impact demographic or housing 
conditions within the Project Area.  

Capital costs for construction were developed from feasibility-level designs of the components 
for each action alternative.  These costs include materials, supplies, labor, contractor 
mobilization, and contractor overhead.  Contingency factors and engineering costs are also 
incorporated into capital costs.  Costs associated with ROW acquisitions or easements are not 
included in the construction costs.  Fixed annual operation and maintenance (O&M) costs are 
those associated with physically maintaining the project facilities, operational costs including the 
cost of power, and the routine replacement of mechanical equipment.  The estimated costs are 
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indexed to January 2006 conditions.  Capital and O&M costs associated with each alternative are 
summarized in the following table. 

Summary of Estimated Costs of Each Action Alternative (2006) 

Alternatives 
Costs Proposed 

Action 
1c 8a 10a 13a 

Total Capital 
Construction Costs 

$139,878,000 $293,748,000 $362,007,000 $393,198,000 $426,738,000 

Present Worth of 
Annual O&M (for an 
80-year period, 
discounted at 3%) 

$8,788,000 $18,483,000 $147,712,000 $181,476,000 $118,417,000 

Total Present Worth 
Cost 

$148,666,000 $312,231,000 $509,719,000 $574,674,000 $545,155,000 

 

No Action Alternative 
Long-term and permanent socioeconomic impacts would result from the No Action Alternative.  
Increased chances of a major system failure through the treated water or raw water systems may 
result in a loss of trust in Denver Water on the part of individual water customers and Denver 
metropolitan area institutions.  This could result in a change in Denver Water’s management 
structure and responsibilities.  Denver Water may also experience an increase in expenditures 
related to planning for and responding to system failures.  

In dry years, customers may experience periodic raw water and treated water shortages.  The 
cities of Arvada and Westminster and the North Table Mountain Water and Sanitation District 
would be especially vulnerable to raw water shortages.  Raw water customers would attempt to 
acquire temporary supplies when shortages are likely to occur.  However, these supplies may not 
be readily available or may be more expensive during dry periods.   

Severe and more frequent mandatory watering restrictions, including surcharges, may result in a 
reduced quality of life and place financial burdens on customers.  Though still infrequent, 
mandatory restrictions would reduce production, employment, and other business activity in the 
Denver metropolitan area.   

Minor water rate increases may result.  Even with these increased water rates, Denver Water 
would collect less in total revenue as a result of reduced sales during periods of watering 
restrictions.  

Reduced recreational economic benefits may result from Gross Reservoir due to more frequent 
drawdown, likely resulting in decreased visitation.  The reduced desirability of the Gross 
Reservoir Primary Impact Area (PIA) as a place to live or own a home would reduce property 
values in this area.  

The No Action Alternative would have no direct and clearly discernible costs to Denver Water 
since facility construction or purchases would not occur.  It is possible that additional operational 
costs for pumping or treatment might occur under the No Action Alternative, but such costs 
would be episodic and unpredictable.  By depleting the Strategic Water Reserve and instituting 
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water restrictions with greater frequency and severity, Denver Water and its customers would 
experience some indirect costs.   

Hazardous Materials 
Action Alternatives 
Direct impacts may result from construction-related activities in areas where contaminated soil 
or groundwater occur.  An example of an indirect impact from a hazardous material site would 
be reduced landfill capacity due to disposal of large volumes of contaminated soil.  Direct 
impacts as a result of use, storage, and disposal of hazardous materials would be managed in 
compliance with state and federal regulations, and would result in low potential for adverse 
impacts. 

For all action alternatives, no direct or indirect impacts associated with hazardous material sites 
were identified within the Gross Reservoir study area.  Seven hazardous material sites were 
identified adjacent to and within the Leyden Gulch Reservoir site.  The sites have a low or 
unknown potential for an environmental release. 

Related to the South Platte River Facilities associated with Alternatives 8a and 13a, eight sites 
with a high potential for an environmental release were identified within and adjacent to 
Worthing and South Tower gravel pits.  Under Alternative 8a, no impacts associated with 
hazardous material sites were identified near the North Tower Gravel Pit.  Under Alternative 
13a, one site with a moderate potential for impact to the Challenger Gravel Pit was identified, 
however, no report of any release or violations were documented.   

The Denver Basin Aquifer Facilities and Conduits O and M associated with Alternatives 8a, 10a, 
and 13a are expected to have a high number of hazardous waste sites associated with the urban 
location of many of the alternative components.  If Alternative 8a, 10a, or 13a is selected and 
permitted by the Corps, any hazardous waste sites would be dealt with in accordance with 
federal, state, and local regulations. 

No Action Alternative 

No ground-disturbing activities would result from the No Action Alternative.  Therefore, no 
hazardous material impacts are anticipated. 

CUMULATIVE IMPACTS 
The cumulative effects analysis for this Project evaluated past and present water and land-based 
actions that continue to influence existing environmental conditions.  The cumulative effects 
analysis also included reasonably foreseeable water-based or land-based actions that, when 
combined with one of the action alternatives, may result in a cumulative effect on the 
environment. 

Land- and Water-based Projects and Geographic Boundaries 
Cumulative effects analyses were conducted for past, present, and reasonably foreseeable future 
land-based and water-based actions.  Geographically, cumulative effects resulting from water-
based actions are likely to occur on both the East and West slopes, thus, cumulative effects were 
evaluated within the local operational and socio-political boundaries of these activities.  The 
effects of land-based actions are limited to the Front Range (East Slope) since no Project-related 
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ground-disturbing activities would occur on the West Slope.  Land-based actions were identified 
by reviewing various city and county comprehensive plans, recreation management plans, 
proposed transportation improvement project plans, regional population statistics, and land 
parcel database searches. 

Future Water-Based Actions 
Several water-based actions on the East and West slopes were considered in the evaluation of 
cumulative hydrologic effects: 

East Slope 

• Halligan-Seaman Water Management Project • Dry Creek Reservoir Project 
• Northern Integrated Supply Project • Chatfield Reservoir Reallocation 
• Denver Water Reuse Project • Augmentation of Lower South Platte 

Wells 
• Aurora Prairie Waters Project • East Cherry Creek Valley Project 
• Rueter-Hess Reservoir (Current and 

Enlargement) 
• Cache la Poudre Flood 

Reduction/Ecosystem Restoration  
 
West Slope 

• Windy Gap Firming Project 
• Urban Growth in Grand and Summit Counties 
• Reduction of Xcel Energy’s Shoshone Power Plant Call 
• Changes in Releases from Williams Fork and Wolford Mountain Reservoirs to Meet USFWS 

Flow Recommendations for Endangered Fish in the 15-Mile Reach 
• Wolford Mountain Reservoir Contract Demand 
• Expiration of Denver Water’s Contract with Big Lake Ditch in 2013 
• Colorado Springs Utilities’ Substitution and Power Interference Agreements at Green 

Mountain Reservoir 
• 10,825 Water Supply Alternatives 
 

Water-based actions refer to proposed water storage and diversion, water rights changes, and 
Section 404 activities on Colorado’s East and West slopes.  

Future Land-Based Actions 

Future land-based actions considered for the cumulative effects analysis included construction of 
residential, commercial, and industrial structures; construction and expansion of city, county, 
state, and federal roads and highways; and gravel mining.  The following descriptions of future 
land-based actions provide information on regional development trends that, in turn, provide 
context for Moffat Project impacts.   
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Cumulative Resource Effects 
The evaluation of cumulative effects includes an analysis of both water-based and land-based 
projects.  Generally, past and present projects were included in the analysis if they overlap in 
geographic boundary where the effects from the Moffat Project alternatives are expected to 
occur.  Future actions were included if they overlap geographically with the Moffat Project, 
could impact the same resources, and have a reasonable certainty of occurring.  Many of the 
identified future water-based actions were included in PACSM and were thereby included in the 
analysis for the Project alternatives, including the No Action Alternative. 

Cumulative effects were analyzed for all resources.  An important focus of the analysis, due to 
the nature of the Moffat Project and its potential effects, was on hydrology (both surface and 
groundwater).  Overall, cumulative effects to both surface and groundwater are considered 
minor, with the exception of several of the upper tributaries of both the Williams Fork and 
Fraser rivers where moderate effects to stream flow could be expected during average to wet 
years.  Cumulative effects to riparian and wetland areas are expected to be minor in all of the 
geographic areas affected by Moffat Project alternatives, except for the Front Range/Weld 
County area where past, present, and future agricultural water right transfers would cause 
moderate to major cumulative effects.  There would also be moderate cumulative effects to 
wildlife in the Front Range/Weld County area from the loss of aquatic and mesic habitats 
associated with the transfer of agricultural water rights.  Minor cumulative effects to wildlife 
may occur in other portions of the Project area.  

None to negligible cumulative impacts to fish, benthic invertebrates, and their habitats are 
anticipated to occur for most East Slope stream segments.  Exceptions include minor adverse 
impacts to fish and invertebrates in South Boulder Creek upstream of Gross Reservoir, and the 
North Fork South Platte River which could experience increased flows and increased 
concentrations of copper.  Cumulative impacts to aquatic resources in West Slope streams would 
be negligible, except for minor adverse impacts to fish and invertebrates in the North Fork Ranch 
Creek (tributary of the Fraser River), McQueary, Jones, Bobtail, and Steelman creeks (tributaries 
of the Williams Fork River).  The effects of the reduction in the Shoshone Call would tend to 
occur 1 out of every 6 or 7 years, usually in dry years, and usually in the spring.  The exact 
consequences to cumulative hydrology are difficult to predict.  However, slight, infrequent 
reductions in flows during the spring, when there is usually sufficient water to sustain fish and 
invertebrates, would likely have no additional cumulative effect on aquatic resources as a result 
of the Project. 

Construction of Moffat Project alternatives could result in minor to moderate, short-term impacts 
to air quality, and could overlap with other construction or ground-disturbing activities.  All 
other air cumulative impacts would be minor.  Stream flow changes in the Fraser River during 
average flow years could result in moderate impacts to the number of days with optimal stream 
flow for recreational boating use.  This is somewhat moderated by the fact that the Fraser River 
segment has no commercial rafting, and boating use is considered low compared to other rivers 
in Colorado that experience a substantial amount of boating use, such as the Colorado and 
Arkansas rivers.  Construction of Leyden Gulch Reservoir could result in moderate cumulative 
effects to land use and visual resources, due to the potential for other activities in the area such as 
transportation, residential, and commercial development that could result in changes in existing 
land use and visual quality. 
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Minor, beneficial, cumulative socioeconomic effects would be experienced during construction 
of Project facilities due to employment and other economic factors.  Another minor, beneficial 
effect would be associated with the Moffat Project by meeting the existing and future water 
demands of water users along the Front Range, supporting economic activity.  A moderate 
negative socioeconomic effect would be experienced in the Front Range/Weld County area from 
water right transfers, which would result in the conversion of irrigated farmland to dryland 
agricultural use, which generates less income.   

All other resources evaluated for cumulative effects, including geology, soils, vegetation, special 
status species, transportation, noise, cultural resources, and hazardous materials would 
experience negligible to minor cumulative effects. 

MITIGATION 
Denver Water has identified potential mitigation measures to reduce the impacts associated with 
implementation of the alternatives.  Depending on the alternative carried forward, mitigation 
activities may include, but will not be limited to, stormwater management, channel and bank 
erosion measures and stabilization, construction containment, revegetation, habitat restoration, 
raptor and migratory bird protection, watershed-based drainage and wetland functional 
replacement, visual and cultural resource management, gravel pit ecological management, 
protected species management, aquatic biological resource preservation, and air quality and 
noise control.   

Denver Water has prepared a proposed Mitigation Plan for the Proposed Action (see Appendix 
M).  Final mitigation measures will be included as conditions to any Section 404 permit issued to 
Denver Water by the Corps.  This Mitigation Plan is Denver Water’s proposal to provide 
compensatory mitigation for unavoidable adverse effects associated with the Proposed Action for 
the Moffat Project.  The Mitigation Plan is conceptual and intended to provide the agencies and 
public with information for review and comments as part of the NEPA process.  Based on 
comments received, additional coordination with the resource agencies and direction from the 
Corps, the proposed Mitigation Plan will be revised and possibly included in the Final EIS. 

A final detailed Mitigation Plan will be submitted to the Corps by Denver Water prior to 
issuance of a Section 404 permit.  The final detailed plan will include the following information 
for each compensatory mitigation measure in accordance with the 2008 compensatory mitigation 
rule established by the Corps and EPA (Federal Register, Vol. 73, No. 70, April 10, 2008, 
p. 19670). 

• Objectives – A description of the resources, the amount of affected resources, the amount of 
mitigation, and the method of compensation. 

• Site Selection – A description of the methods used to select a mitigation site and the 
proposed location of the mitigation site. 

• Baseline Information – A description and photograph of the existing conditions of the 
proposed mitigation site. 

• Mitigation Work Plan – Detailed specifications and work descriptions for the proposed 
mitigation, which will include as appropriate: geographic boundaries of the mitigation site, 
construction methods, grading plan, erosion control measures, revegetation and planting 
specifications, and schedule. 
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• Maintenance Plan – A description and schedule of maintenance needed to ensure the 
mitigation is properly functioning. 

• Performance Standards – Standards and criteria used to determine if the mitigation project 
has been successfully implemented and is achieving its objectives. 

• Monitoring Requirements – A description of what will be monitored to determine if the 
performance criteria are met, and a schedule for monitoring and reporting. 

• Long-term Management Plan – A description of how the mitigation project will be 
managed after the performance standards are met to ensure the long-term viability of the 
mitigation. 

• Adaptive Management – A description of how unforeseen changes in site conditions, the 
inability to fully implement the proposed mitigation, or the inability to fully meet 
performance standards will be addressed. 

• Financial Assurances – A description of sufficient financial assurances to ensure a high 
level of confidence that the compensatory mitigation will be successfully completed. 

All practicable steps have been taken to minimize potential adverse effects associated with 
construction and operation of the Proposed Action.  The proposed Mitigation Plan addresses the 
following unavoidable effects for the Proposed Action: 

• Riparian, Wetland and Stream Resources 
– Inundation of riparian areas by an expanded Gross Reservoir 

– Inundation of wetlands and waters of the U.S. by an expanded Gross Reservoir 

• Aquatic Habitat 
– Effects to aquatic habitat in the North Fork South Platte River downstream of the Roberts 

Tunnel outlet 

– Effects to aquatic habitat in South Boulder Creek upstream of Gross Reservoir and 
downstream of the East Portal of the Moffat Tunnel 

– Effects to flow and aquatic habitat in tributaries to the Fraser River 

• Threatened and Endangered Species 
– Depletions to the Colorado River and Platte River 

• Recreation 
– Inundation of recreation facilities by an expanded Gross Reservoir 

• Construction Traffic 
– Effects to local traffic from construction activities 

Potential mitigation options were developed based in part on discussions with the Colorado 
Division of Wildlife (CDOW), Trout Unlimited, Western Resource Advocates, Colorado 
Environmental Coalition, The Nature Conservancy, Boulder County, City of Boulder, Grand 
County, and the Northwest Council of Governments.  While these entities have not endorsed this 
proposed Mitigation Plan, the information and preferences they provided during discussions with 
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representatives from Denver Water were used in the design of the Plan.  Denver Water will 
continue to discuss mitigation with the agencies and interested parties as part of the EIS process. 

The following are examples of preliminary mitigation measures identified to mitigate Project 
impacts to aquatic resources:  

• Establish a viable Colorado River cutthroat trout fishery in a suitable location in Grand 
County 

• Colorado River and Fraser River water temperature monitoring 

• Aquatic habitat improvements in the North Fork South Platte River 

• Additional environmental storage in Gross Reservoir to store water for enhancement flows 
for South Boulder Creek downstream of Gross Reservoir 

In addition to the proposed mitigation measures, Denver Water is pursuing additional 
environmental enhancement opportunities separate from, but in some instances parallel to, the 
EIS process that will provide additional benefits to the environment and other West and East 
Slope interests.   
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1.0 PURPOSE AND NEED 

1.0 INTRODUCTION 
The United States (U.S.) Army Corps of Engineers (Corps) has prepared this Draft 
Environmental Impact Statement (EIS) to analyze the direct, indirect, and cumulative effects of a 
water supply project called the Moffat Collection System Project (Moffat Project).  The project 
proponent is the City and County of Denver, acting by and through its Board of Water 
Commissioners (Denver Water).  The mission of Denver Water is to provide high quality, 
dependable, and safe drinking water to over 1.1 million customers in the City and County of 
Denver, its distributor contractors, and to provide raw water to several contractors.   

Denver Water notified the Corps of their intent to apply for a Department of the Army Permit 
(Section 404 permit), pursuant to Section 404 of the Clean Water Act, to place fill material in 
jurisdictional waters of the U.S., including wetlands.  The fill would be for the construction of a 
water storage facility associated with developing additional water supplies.  The Corps 
determined that an analysis of the significant natural and human environmental effects of the 
proposed Moffat Project and reasonable range of alternatives is necessary to provide for full 
public disclosure and to aid in decision-making.  This EIS was prepared in accordance with the 
National Environmental Policy Act (NEPA) of 1969, as amended, and the Corps regulations for 
implementing NEPA (33 Code of Federal Regulations [CFR] 325, Appendix B).  This EIS has 
also been formulated to address the information requirements of the Section 404(b)(1) 
Guidelines (40 CFR 230).  The Corps, Omaha District, Regulatory Branch is the lead federal 
agency responsible for preparing the EIS.  The Corps is assisted by a team of third-party 
contractors led by URS Corporation, working under the direction of, and in cooperation with, the 
Corps in accordance with December 17, 1997 guidance from the Chief of Engineers regarding 
preparation of an EIS.  

The Corps also requested that three federal agencies, with statutory authority over the proposed 
project, participate in the NEPA process as cooperating agencies (40 CFR 1501.6 and 1508.5), 
including the U.S. Environmental Protection Agency (EPA), Federal Energy Regulatory 
Commission (FERC), and the U.S. Forest Service (USFS).  Formal cooperating agency 
agreements were executed between the Corps and FERC and EPA.  The USFS declined to be a 
cooperating agency.  Although the Corps denied a request by Grand County to be a cooperating 
agency, they did grant consulting agency status relative to effects on county resources.  

1.1 PROJECT PURPOSE AND NEED STATEMENT 
Denver Water’s collection system is composed of two major systems:  the North System (also 
known as the Moffat Collection System) and the South System.  These two raw water systems 
are geographically distinct and are not physically connected.  The two collection systems are 
shown in Figure 1-1 and described in detail in Section 1.3.  

Denver Water developed an Integrated Resources Plan (IRP) in 1997, with an update in 2002, to 
analyze existing and future water supplies and customer demands (Denver Water 1997 and 
2002).  Based on the IRP and recent events such as the 2002 drought and forest fires in Denver 
Water’s watersheds, Denver Water identified four needs in the Moffat Collection System that 
have to be solved.  These needs, presented to the public during the Moffat Project NEPA scoping 
in 2003, are as follows: 
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• The Reliability Need – Existing water demands served by Denver Water’s Moffat 
Collection System exceed available supplies from the Moffat Collection System during a 
drought, causing a water supply reliability problem.  In a severe drought, even in a single 
severe dry year, the Moffat Water Treatment Plant (WTP)—one of three treatment plants in 
Denver’s system—is at a significant level of risk of running out of water.  

• The Vulnerability Need – Denver Water’s collection system is vulnerable to manmade and 
natural disasters because 90 percent (%) of available reservoir storage and 80% of available 
water supplies rely on the unimpeded operation of Strontia Springs Reservoir and other 
components of Denver’s Water’s South System.   

• The Flexibility Need – Denver Water’s treated water transmission, distribution, and water 
collection systems are subject to failures and outages caused by routine maintenance, pipe 
failures, treatment plant problems, and a host of other unpredictable occurrences that are 
inherent in operating and maintaining a large municipal water supply system.  These stresses 
to Denver Water’s ability to meet its customers’ water supply demands require a level of 
flexibility within system operations that is not presently available. 

• The Firm Yield Need – Denver Water’s near-term (prior to 2030) water resource strategy 
and water service obligations, which have occurred since the IRP was developed, have 
resulted in a need for 18,000 acre-feet (AF) per year of new near-term firm yield.  This need 
was identified after first assuming successful implementation of a conservation program, 
construction of a non-potable recycling project, and implementation of a system refinement 
program. 

During the NEPA scoping process, Denver Water did not select a specific project to address 
these needs, but rather explored various alternatives through the NEPA alternatives screening 
process, which led to the selection of their preferred alternative.  Refer to Section 1.2 for further 
details on Denver Water’s preferred alternative. 

Based on comments received during NEPA scoping and guidance from the Corps, Denver Water 
developed their purpose and need statement, and prepared a document to substantiate the 
statement and provide background information on their water supply system.  The draft 
document was reviewed by the Corps, EPA, FERC and USFS.  The final document was 
published in 2004 as Purpose and Need Statement for the Moffat Collection System Project 
(Denver Water 2004a).   

The Corps, exercising its independent judgment while considering both Denver Water’s and the 
public’s perspectives [33 CFR 325, Appendix B.9(b)(4)], evaluated and accepted the purpose 
and need statement as the basis for defining and evaluating alternatives within the Corps’ 
decision-making process (Corps 2004). 

Purpose and Need Statement 
The purpose of the Moffat Collection System Project is to develop 18,000 acre-
feet per year of new, annual firm yield to the Moffat Treatment Plant and raw 
water customers upstream of the Moffat Treatment Plant pursuant to the Board of 
Water Commissioners’ commitment to its customers. 
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Denver Water’s need for the proposed Moffat Project is based on two major issues, one of 
timeliness and one of location: 

1.  Timeliness: Water Supply Shortage in the Near-Term Timeframe (Prior to 2030) – 
Beginning in 2016, and by 2030, Denver Water estimates an annual 34,000 AF per year 
shortfall in water supplies available to meet the needs of its customers and near-term water 
commitments.  This shortfall was determined after analyzing existing supply, projected 
demand, and savings from system refinements, non-potable reuse, natural replacement, and 
cooperative projects with other water providers.  Of this near-term 34,000 AF per year 
shortfall, Denver Water is relying on 16,000 AF per year forthcoming from the 
implementation of additional conservation efforts.  The development of new firm yield is 
necessary to meet the remaining 18,000 AF per year shortfall. 

2.  Location: Need for Water to the Moffat Water Treatment Plant – Approximately 
90% of the available reservoir storage and 80% of the available water supplies rely on the 
South System.  This imbalance in reservoir storage and water supplies between the North and 
South systems has created water supply challenges that have resulted in: 

• Unreliable water supply for the Moffat WTP and Moffat Collection System raw water 
customers 

• System-wide vulnerability issues 

• Limited operational flexibility of the treated water system 

Section 1.4.4 provides further discussion on the availability of water to the Moffat WTP, and 
system-wide vulnerability and flexibility issues. 

To address the two major issues, Denver Water is pursuing the proposed Moffat Project to 
provide 18,000 AF per year of new firm yield to the Moffat WTP.  The proposed project would 
address both the overall near-term water supply shortage, and the imbalance in water storage and 
supply between the North and South systems.   

1.2 DENVER WATER’S PREFERRED ALTERNATIVE 
Denver Water’s preferred alternative is to enlarge its existing 41,811-AF Gross Dam and 
Reservoir, which is located in Boulder County, Colorado approximately 35 miles northwest of 
Denver and 6 miles southwest of the city of Boulder.  The proposed Moffat Project is to expand 
the existing reservoir by 72,000 AF to a total storage capacity of 113,811 AF.  This would be 
accomplished by raising the existing concrete gravity arch dam by 125 feet, from 340 to 465 feet 
high.  The surface area of the reservoir would be expanded from approximately 418 acres to 
818 acres, which would inundate approximately 400 acres of surrounding shoreline.  Using 
existing collection infrastructure, water from the Fraser River, Williams Fork River and South 
Boulder Creek would be diverted and delivered during average to wet years via the Moffat 
Tunnel and South Boulder Creek to Gross Reservoir.  In order to firm this water supply and 
provide 18,000 AF per year of new firm yield, an additional 72,000 AF of storage capacity is 
necessary.  Existing facilities, including the South Boulder Diversion Canal, Ralston Reservoir 
and Conduits 16 and 22, would be used to deliver water from the enlarged Gross Reservoir to the 
Moffat WTP and raw water customers.  To meet future demands, in most years, Denver Water 
would continue to rely on supplies from the North and South Collection systems.  In a drought or 
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emergency, Denver Water would rely on the additional water it would have previously stored in 
the Moffat Collection System to provide the additional 18,000 AF of yield.  Chapter 2 (Section 
2.3 Proposed Action – Gross Reservoir Expansion [72,000 AF]) provides a detailed description 
of the Proposed Action (Denver Water’s preferred alternative). 

1.3 DENVER WATER’S EXISTING SYSTEM 
Denver Water’s system is comprised of a water collection system, which stores and distributes 
raw water prior to treatment, and a treated water system, which delivers treated water to the 
customers.  The following is a general description of Denver Water’s system, which is based 
upon documents provided by Denver Water (Denver Water 2002a, 2003a, and 2004a). 

1.3.1 Raw Water Collection System 
The water collection system is defined as all facilities that divert, collect, store and distribute 
water prior to treatment.  Denver Water’s raw water collection system is comprised of two major 
delivery systems, which are not physically connected.  Refer to Figure 1-1. 

• The North System (the Moffat Collection System) is comprised of the Moffat Tunnel 
Collection System and delivers water to the Moffat WTP. 

• The South System, which is comprised of the Roberts Tunnel Collection System (including 
Dillon Reservoir) and the South Platte Collection System, delivers water to Foothills and 
Marston WTPs. 

Other components of Denver Water’s collection system that are relevant to this EIS include 
replacement facilities, exchange source, the non-potable recycling facility, and hydropower 
generation at Gross Reservoir. 

1.3.1.1 North System Overview 
The Moffat Tunnel Collection System captures water from the Williams Fork River, Fraser 
River, South Boulder Creek, and Ralston Creek, and subsequently delivers this water to the 
Moffat WTP and several raw water customers upstream of the plant.  The major facilities in this 
system include the Williams Fork River Collection System, Gumlick Tunnel, Vasquez Tunnel, 
the Fraser River Collection System, the Cabin-Meadow Creek Collection System, Moffat 
Tunnel, Gross Reservoir, South Boulder Diversion Canal, and Ralston Reservoir.  Figure 1-2 
displays these major facilities in the North System.  It is important to understand the flow of 
water within the Moffat Collection System to be able to understand and evaluate the alternatives’ 
potential effects, discussed subsequently in the EIS.  The following text provides general 
information on the facilities and traces water as it is collected in the upper reaches of the 
collection system down to the Moffat WTP. 

The Williams Fork Collection System collects and conveys water from high elevation tributaries 
of the Williams Fork River to the Gumlick Tunnel.  The Gumlick Tunnel is 2.9-miles long and 
carries water under the Continental Divide (Jones Pass) to the Vasquez Tunnel, which is a 
3.4-mile tunnel that passes back through the Continental Divide and conveys water to Vasquez 
Creek.  Water in Vasquez Creek, as well as water diverted from the Fraser River and tributaries, 
and the Cabin-Meadow Creek Diversion System, are collected and conveyed in a series of pipes, 
tunnels, siphons and canals as part of the Fraser River Diversion System.  The water is diverted 
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into the 6.1-mile long Moffat Tunnel, which conveys water from the Fraser River Collection 
System and the Williams Fork River Collection System under the Continental Divide into South 
Boulder Creek, and eventually to Gross Reservoir.  Gross Reservoir is located on South Boulder 
Creek with a gravity arch-concrete dam approximately 340 feet high and a storage capacity of 
41,811 AF.  Water from the reservoir is released into South Boulder Creek and is diverted 
through the South Boulder Diversion Structure to Ralston Reservoir.  The South Boulder 
Diversion Structure is a gravity concrete dam 22 feet high and conduit approximately 10 miles in 
length.  Ralston Reservoir is located on Ralston Creek with an earth-fill dam 180 feet high and a 
storage capacity of 10,749 AF.  Water is delivered from this reservoir to the Moffat WTP via 
Conduits 16 and 22.   

1.3.1.2 South System Overview  
The South System is comprised of two collection systems; the Roberts Tunnel and the South 
Platte Collection Systems (Figure 1-1).  The Roberts Tunnel Collection System is comprised of 
Dillon Reservoir and the Roberts Tunnel.  Major facilities in the South Platte Collection System 
include Antero, Eleven Mile Canyon, Cheesman and Strontia Springs reservoirs, Conduit 
No. 26, Platte Canyon Intake Dam and Conduit No. 20, Marston and Platte Canyon reservoirs, 
and the Foothills and Marston WTPs.  Denver Water also owns and operates several other 
facilities that are considered part of the South System, including Harriman Ditch and Conduit 
No. 15, Cherry Creek Wells, and other ditch systems, which are not related to the system’s 
function as it relates to the proposed project.  The following discussion below provides a brief 
explanation of these facilities, and traces the general flow of water in the collection system.  The 
Roberts Tunnel Collection System includes Dillon Reservoir, which is located near the town of 
Dillon, Colorado at the confluence of the Blue and Snake rivers and Ten Mile Creek.  The 
reservoir has a storage capacity of 254,036 AF with an earth-fill dam 231 feet high.  The 
reservoir stores water from the Blue River and diverts into the Roberts Tunnel.  The tunnel is 
23.3 miles long and conveys water under the Continental Divide into the North Fork South Platte 
River, which is eventually captured by Denver Water’s South Platte Collection System.   

The South Platte Collection System captures water from the mainstem of the South Platte River 
and Bear Creek.  The major facilities in the system include three storage reservoirs along the 
South Platte River: Antero Reservoir (20,015 AF), Eleven Mile Canyon Reservoir (97,779 AF), 
and Cheesman Reservoir (79,064 AF), which supply water to Strontia Springs Reservoir 
(7,863 AF).  Water released from Strontia Springs Reservoir to the South Platte River can be 
diverted by Denver Water at the following locations before reaching Chatfield Reservoir 
(27,428 AF): Conduit 20, High Line Canal, or the Last Chance Ditch.  Conduit 20 is used to 
deliver water from the South Platte River to Marston Reservoir (19,796 AF), which serves as a 
storage reservoir for the Marston WTP.  The High Line Canal is operated by Denver Water and 
delivers water to Platte Canyon Reservoir (905 AF), as well as several customers in the Metro 
Denver area.  Water diverted at the Last Chance Ditch can be delivered to Conduit 20 for 
delivery to Marston Reservoir or Platte Canyon Reservoir.  Water stored in Platte Canyon 
Reservoir can be released to the South Platte River for exchanges, or to Conduit 20 for delivery 
to Marston Reservoir.  Water diverted from Bear Creek is transferred to Marston Reservoir by 
Conduit 15.  Denver Water also has storage rights in Chatfield Reservoir primarily to manage 
exchanges to Cheesman Reservoir.  Chatfield Reservoir is located in Littleton and is owned and 
operated by the Corps primarily for flood control purposes. 



Chapter 1 – Purpose and Need  

1-6  Denver Water’s Existing System 

1.3.1.3 Replacement Facilities 
The Williams Fork Reservoir is owned and operated by Denver Water as a replacement facility 
for Denver Water’s transmountain diversion projects.  It is located on the Williams Fork River 
near its confluence with the Colorado River in Parshall, Colorado.  The reservoir has a storage 
capacity of 96,822 AF with a thin arch-concrete dam 217 feet high.  The reservoir provides 
exchange water to meet downstream senior water rights requirements, replacing water diverted 
from the Fraser and Williams Fork Collection systems and the Roberts Tunnel Collection 
System.  This is an example of an exchange commonly performed within the collection system, 
whereby out-of-priority diversions can be made in exchange for water released from Williams 
Fork Reservoir.  Releases from Williams Fork Reservoir can also be made in substitution for 
releases from Green Mountain Reservoir.  (In a substitution, water is released from one location 
in exchange for release of water at another location.)  This operation allows Denver Water to fill 
Dillon Reservoir, which is located upstream of Green Mountain Reservoir and has junior water 
rights to Green Mountain, with water that Green Mountain was entitled to store.  If Green 
Mountain Reservoir fails to fill, water supplies from the Williams Fork Reservoir are released 
(substituted) to downstream water demands in place of releases from Green Mountain Reservoir.   

The Wolford Mountain Reservoir, located on Muddy Creek near Kremmling, Colorado, is owned 
and operated by the Colorado River Water Conservation District.  The reservoir has a total 
storage capacity of 65,985 AF of which Denver Water uses 25,610 AF as a storage pool.  Like 
Williams Fork Reservoir, Denver Water uses water stored in the Wolford Mountain Reservoir as 
a substitution source for Denver Water’s obligation to Green Mountain Reservoir. 

1.3.1.4 Non-Potable Recycling Facility 
In 2000, Denver Water constructed a non-potable water recycling plant near the Metro 
Wastewater Reclamation District plant in Denver.  The ultimate plant capacity is 45 million 
gallons per day (mgd), capable of delivering up to 17,000 AF of water per year to non-potable 
uses in the future.  The existing plant capacity is 30 mgd, with about 7,000 AF per year to non-
potable uses.  Existing customers of the plant are the Cherokee Power Plant, Washington Park, 
City Park and Golf Course, Denver Country Club, Park Hill Golf Course, and redevelopment at 
Stapleton and Lowry.  Potential future customers include the Rocky Mountain Arsenal, Denver 
International Airport, and various parks and industrial users along the distribution system route. 

The non-potable recycling facility is supplied in large part by Denver Water’s reusable water 
from the Metro Wastewater Treatment Plant.  A portion of the water delivered to Denver Water’s 
customers is not fully consumed and returns to a stream as effluent from a wastewater treatment 
plant or by groundwater return flow as a result of lawn irrigation.  Return flows of non-reusable 
water belong to downstream water right holders and cannot be used a second time by Denver 
Water.  However, return flows of reusable water can be used over and over to extinction, i.e., 
until it is used up.  The main sources of reusable water in Denver Water’s collection system are: 
• Blue River water delivered through the Roberts Tunnel 

• Fraser River water diverted by the Cabin-Meadow Creek system (the only reusable water 
associated with the Moffat Collection System) 

• Transferred agricultural water rights on the East Slope 

The Metro Wastewater Reclamation District Plant and the Littleton-Englewood Wastewater 
Plant are the primary return flow points of Denver Water’s reusable water.  Denver Water keeps 
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track of reusable return flows and currently reuses portions of these supplies as the source of 
water for the non-potable recycling plant and for exchanges to upstream facilities.   

1.3.1.5 Hydropower Generation 
There are currently six hydroelectric generating power plants associated with the raw water 
collection system.  These include the Williams Fork Dam, Dillon Dam, East Portal Roberts 
Tunnel, Strontia Springs Dam, Gross Dam, and headworks of the Foothills WTP.   

1.3.1.6 Implications of Denver Water’s Raw Water Collection System and Operations to Project 
Purpose and Need 

As discussed above, Denver Water’s raw water collection system has two major delivery 
systems: the North System (Moffat Collection System), which provides raw water to the Moffat 
WTP, and the South System, which provides raw water to the Foothills and Marston WTPs.  
Approximately 90% of the available water storage and 80% of available water supply are 
dependant upon trouble-free operation of the South System, as shown in Figure 1-3.  There are 
no raw water conveyance facilities connecting the two systems.   

Figure 1-3 
Collection System Imbalance 

 

The imbalance in water supply between the North and South systems results in a substantial 
vulnerability for Denver Water’s raw water customers and diminishes the operational flexibility 
needed to meet customer demand under a variety of conditions.  This vulnerability was 
demonstrated during the drought year of 2002 when Denver Water would have run out of water 
to supply the Moffat WTP and its raw water customers had it not implemented emergency 
measures.  These measures included imposing mandatory restrictions, reducing minimum bypass 
flows on West Slope streams in the Moffat Collection System, shutting off the Moffat WTP 
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during portions of the drought, and pumping treated water from Foothills or Marston WTPs into 
ditches for delivery and re-treatment by raw water customers.  Refer to Section 1.4.4 for details.  
Improving the imbalance in available water supplies and storage facilities in the North and South 
systems is a major factor underlying the need for the Moffat Project. 

1.3.2 Treated Water System  
Denver Water serves treated water to the City and County of Denver and 69 suburban 
distributors within its Combined Service Area (CSA), which includes about 280,000 accounts 
and approximately 1.1 million people.  Figure 1-4 shows the CSA and major treated water 
distribution features.  Section 1.3.3 provides more information on Denver Water’s customers. 

Denver Water’s treatment system uses conventional process design consisting of 
coagulation/sedimentation, filtration, and disinfection processes.  The treated water meets or 
exceeds all the standards set by the state of Colorado and the federal Safe Drinking Water Act.  

Denver Water’s treated water facilities include: 

• The Foothills, Marston and Moffat WTPs with a combined capacity of 715 mgd 

• 17 pump stations with a pumping capacity of 1,053 mgd 

• 30 treated water storage reservoirs in 16 locations totaling 344 million gallons 

• 2,700 miles of pipe; 45,000 valves; and about 16,000 hydrants 

• The recycled water system consisting of 37 miles and 313 valves 

The Foothills and Marston WTPs treat water from the South Platte Collection System and 
Roberts Tunnel Collection System, while the Moffat WTP treats water from the Moffat 
Collection System.  Unlike the raw water collection systems, the treated water system is 
connected.  During periods of low demand, it is possible for any of the three treatment plants to 
serve most areas within the CSA.  In general, the Foothills WTP is the primary treatment plant 
used to meet treated water demands, because of its lower cost of operation and ability to provide 
water to most of the areas Denver Water serves by gravity.  The Marston and Moffat WTPs are 
primarily peaking plants, with greatest use generally during high demand.  From the treatment 
plants, main conduits deliver water either directly into the distribution system or to pump stations 
and clear water storage reservoirs.  The system is designed for dual feed to any area to minimize 
service interruption and to maintain fire protection capability.  

1.3.3 Denver Water Customers 
Denver Water provides water to its customers within its CSA and to fixed-amount contracts 
outside its service area.  Denver Water’s CSA includes the City and County of Denver, plus the 
total geographic service areas of all its distributors, defined as those entities that rely solely on 
Denver Water’s potable water for their water supply (Figure 1-4).  Within the CSA, Denver 
Water acts as a public utility, regardless of whether the customers served are located inside or 
outside of Denver.  Total treated water demand within Denver Water’s CSA averaged 215,742 
AF in 2002 and 2003 (Denver Water 2003b).  This represents a decrease of 16% since 2000 and 
reflects the impact of drought restrictions and conservation programs imposed during 2002 and 
2003. 
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Approximately 1.1 million people in the Colorado Front Range metropolitan area depend 
entirely upon Denver Water for their treated municipal, industrial, and commercial water.  In 
addition to treated water customers, approximately 100,000 people depend on Denver Water for 
substantial amounts of water through fixed-amount raw water contracts.  The IRP (Denver Water 
2002a) provides more detail on Denver Water’s customer obligations.  Customers fall within 
three major categories: 

• City and County of Denver – By charter, Denver Water is required  to provide an adequate 
supply of water to the people of the City and County of Denver “for all uses and purposes,” 
through its ultimate buildout.  About 52% of the public utility’s customer accounts are within 
the City and County of Denver. 

• Suburban Distributors – By the Colorado Constitution, Colorado State Statute, and the 
Denver Charter, Denver Water is obligated to provide water service to certain suburban users 
outside of the City and County of Denver, but within its CSA.  For many of these users, the 
majority of which are cities or quasi-municipal water districts, Denver Water is the sole 
source of water.  Denver Water’s obligation under the distributor contracts is perpetual. 

• Fixed-Amount Contracts – Denver Water is obligated to provide specified amounts of 
either potable or non-potable water under approximately 20 fixed-amount contracts.  Most of 
these contracts are with municipal or quasi-municipal entities located outside the CSA.  
Several of the larger contracts specify delivery locations within the Moffat Collection 
System.  Denver Water’s obligation under these fixed-amount contracts is perpetual. 

1.4 BASIS FOR PURPOSE AND NEED 
The purpose of the Moffat Project, as stated in Section 1.1, is to address two issues:  (1) water 
supply shortage in the near-term timeframe (timeliness issue), and (2) the need to supply for 
water to the Moffat WTP (location issue). 

Sections 1.4.1 through 1.4.3 present Denver Water’s demand and supply issues and the 
quantification of its water supply shortage in the near-term timeframe, while Section 1.4.4 
describes the location and timeliness issues in more detail. 

1.4.1 Existing and Future Demand 
In its IRP, Denver Water analyzed existing and future water supplies and customer demands, 
together with treated water infrastructure and conservation measures (Denver Water 1997 and 
2002).  Based on the IRP, Denver Water segmented its planning horizon into the near-term 
timeframe (1997 to 2030) and the long-term timeframe (2030 to system build-out, which is 
expected around 2050).  Table 1-1 is a brief summary of Denver Water’s existing (2002) and 
future near-term (2030) demands and supplies.  Figure 1-5 is a graphical depiction of the demand 
and supply information provided in Table 1-1. 
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Table 1-1 
Summary of Denver Water’s Planning Estimates 

2002 IRP 2030 Category 
(AF/year) 

Demanda    
Unrestricted Demand  312,500  427,500  

Less:   
Conservation Savings since 1980  (27,500) (27,500) 
Future Natural Replacement Savings N/A (24,000) 

Plus:   
1999 Arvada Contract N/A 3,000  

Total System Demand 285,000  379,000  
Supply b   

System Supply 315,000  315,000  
Plus:   

Cooperative Actions N/A 440  
System Refinements N/A 13,000  
Non-Potable Reuse N/A 17,000  

Total System Supply (Nearest 1,000) 315,000  345,000  
Surplus/(Shortfall) c 30,000  (34,000) 
Plans to Meet Shortfall   

Additional Conservation N/A 16,000  
New Water Supply N/A 18,000  

Source: Modified from Denver Water 2004a 
Notes: 
a Demand terms: 
Unrestricted Demand – Customer demand that does not include reductions due to drought restrictions. 
Natural Replacement – Customers replacing outdated, inefficient plumbing fixtures with water-efficient fixtures such as low-flow toilets.  

Reductions in water use are independent of Denver Water’s conservation programs. 
Arvada Contract:  This is a contingent obligation dependent upon the extent to which Denver Water is able to solve its Moffat Collection 

System shortage problem.  Thus, the 1999 Arvada Contract was not included in the demand calculations during the 2002 IRP update.  
For more details, refer to the description of Northwest Cooperative Action in section 5.3.4 of Denver Water's Purpose and Need 
Document (Denver Water 2004a). 

b Supply-enhancement measures to be implemented by 2016.  These actions are described in more detail in Section 1.4.3.  A break-down 
of the yield provided from the major components of Denver Water’s system is provided in Table 1-3.  

c Denver Water’s 30,000-AF safety factor is not included in the calculation of the shortfall because it is not considered available for 
meeting the total system demand each and every year.  Rather it is intended to address uncertainties and/or unforeseen events.  Refer to 
Section 1.4.1.5 for details. 
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Figure 1-5 
Total System Demand Versus Supply 

 

Denver Water calculated its total system demand using the following steps: 

1. An existing use and demand forecast was completed for the CSA using a demand-forecast 
model that predicted demand by customer class for single-family, 
commercial/industrial/multi-family and governmental/institutional customer classes.   

2. The demand forecast reflects the conservation savings that have been achieved since 1980.  
Without this conservation, the forecasted demand would have been 27,500 AF higher. 

3. That demand forecast was reduced by the amount of demand savings that are expected to 
occur by means of future natural replacement of inefficient plumbing fixtures. 

4. Denver Water’s existing commitments to deliver treated and raw water outside the CSA and 
raw water customers within the CSA were added to the demand forecast.  Under an 
intergovernmental agreement with the City of Arvada, Denver Water agreed to allow Arvada 
to purchase a portion of increased firm yield that Denver Water is able to achieve with the 
Moffat Project. 

Each of these steps is described in more detail in the following sections. 

  

275,000   
300,000   
325,000   
350,000   
375,000   
400,000   
425,000   
450,000   
475,000   

2000  2005   2010   2015 2020 2025 2030     
Year

A
cr

e 
– 

Fe
et

 (A
F)

 

  

Near Term

2016

Demand

Supply  

 

  

2035

Shortfall: 34,000 AF 
 18,000 AF: Moffat Project 

 16,000 AF: Additional Conservation 



Chapter 1 – Purpose and Need  

1-12  Basis for Purpose and Need 

1.4.1.1 Existing Use and Demand Forecast 
Denver Water’s demand forecast—developed in both the 1997 and 2002 IRPs—defines how much 
additional water is needed for build-out of its CSA and when that water will be needed (Denver 
Water 1997 and 2002a).  The demand forecast was completed for the CSA using a demand-
forecast model that predicted demand by customer class for single-family, commercial/industrial/ 
multi-family and governmental/institutional customer classes.  Refer to the Demand Forecast 
Appendix to the 2002 IRP (Denver Water 2002a) for a detailed discussion of the demand forecast 
model.  An independent review of Denver Water’s demand forecast model was completed for this 
EIS and concluded that the water demand projections produced from the 2002 IRP offer an 
acceptable basis for water supply planning purposes (Harvey Economics 2004a).  A copy of the 
Memorandum prepared by Harvey Economics can be found in Appendix A. 

Forecasting water demand is primarily a function of two variables:  future demographic growth 
(population, households, income) within the CSA and the varying rates of water usage for those 
demographic groupings.  The usage relationships emerge from detailed analysis of historical 
water usage patterns. 

The demographic projections utilized in the study largely originated from the Denver Regional 
Council of Governments (DRCOG), an agency made up of local governments in the Denver 
metropolitan area.  A complete description of DRCOG’s approach and the assumptions made 
surrounding these projections are provided in the Memorandum of Review of Denver Water’s 
IRP (Harvey Economics 2004a).  Refer to Appendix A.   

To develop the water demand forecasting model, Denver Water acquired and evaluated historic 
demographic and socio-economic geospatial data from 1973 to 1999, including the 1999 
metro-wide demographic forecast of DRCOG.  Statistical analyses were conducted on the data to 
develop the most representative relationships between customer usage and socioeconomic 
factors.  Various regression analyses, analysis of variance, and other statistical methods were 
utilized to determine predictors of demand.  An example of one of these predictors is the 
household density per acre, which accounts for the coincidence of higher income households 
situated on larger lots.  

The analyses resulted in demand forecasts for single-family, commercial/multifamily/industrial, 
and governmental/institutional customer classes.  For each class, the model calculates future 
demand based on the future values of independent variables (such as household income) and 
their relationship to customer usage.  A detailed discussion of the demand forecast model is 
provided in the Demand Forecast Appendix to the 2002 IRP (Denver Water 2002a). 

As shown in Table 1-1, Denver Water’s unrestricted demand is forecasted to increase from 
312,500 AF in 2002 to 427,500 AF in 2030.  Unrestricted demand refers to customer demand not 
including reductions due to drought-restrictions, conservation savings, or future replacement of 
inefficient plumbing fixtures (termed natural replacement).   

1.4.1.2 Conservation 
Table 1-2 shows conservation measures implemented between 1980 and 2006 to reduce the 
demand in Denver Water’s CSA.  Denver Water’s customers achieved approximately 27,500 AF 
per year of conservation between 1980 and 1997, which is reflected in the total system demand in 
Table 1-1 and the demand line shown in Figure 1-5.  For a detailed description and assessment of 
the conservation programs, refer to the Conservation Appendix to the 2002 IRP (Denver Water 
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2002a) and Harvey Economics (2004b).  Refer also to Appendix A of this EIS for a copy of the 
Harvey Economics Memorandum and Denver Water’s current conservation plan (Denver Water 
2009c).  

Table 1-2 
Summary of Conservation Measures (1980-2006) 

Public Outreach and Education Financial 
• Conservation rate structure and a fully metered 

service area 
• Rebates for high efficiency and low-flow water 

fixtures, such as toilets and clothes washing 
machines 

• Rebates for installation of rain sensors and 
evapotranspiration irrigation controllers on 
automatic sprinkler systems 

• Cooling tower retrofit rebates 
• Public housing toilet retrofits 

Mandates and Ordinances 

• Conservation information provided on the 
Denver Water website 

• Conservation Hotline 
• Foundation of the National Xeriscape and 

Council, Inc. in response to the growing national 
interest in water conservation 

• Distribution of a 12-month water conservation 
calendar 

• Xeriscape clinics, seminars, and garden tours 
• School programs 
• Bus board advertising 
• Customer bill inserts on water conservation tips 

and information on xeriscape plants 
• Radio and TV campaigns 
• Educational films 
• Public access to weather station information 

(e.g., allows large irrigators to adjust water use 
based on actual evapotranspiration rates) 

Monitoring and Audits 
• Personal Water Consultant Measure for the top 

1,000 water-using commercial and industrial 
customers 

• Sonic leak detection for mains in water systems 
• Residential audits and retrofit programs 
• City and state audit programs 
• Audit/retrofit program for low income customers 

• “Water Waste” 
o Operates under Chapter 12: Water 

Conservation rules  
o Rules implemented to prohibit watering 

between 10:00 a.m. and 6:00 p.m. 
o 5-acre review sets a water use budget for 

irrigated areas 5 acres or more 
• City ordinance mandates sub-metering for new 

multifamily buildings 
• City ordinance requiring rain sensors for new 

irrigation systems 

Source: Denver Water 2006a; Denver Water 2008a 
 

The effectiveness of Denver Water’s demand management and drought restriction efforts at least 
partially explain the marked decline in average daily consumption per capita expressed as gallon 
per capita per day (GPCD).  By comparison, consumption averaged 211 GPCD between 1994 
and 2001, and then, with demand management and restriction, dropped 21% to 166 GPCD in 
2003.   

1.4.1.3 Natural Replacement 
Between 2002 and 2030, an additional annual savings was factored into the demand forecast for 
the replacement of inefficient plumbing fixtures by customers.  This natural replacement savings 
is expected to reach 24,000 AF per year by 2030 as older plumbing fixtures are replaced.  As part 
of the independent review of Denver Water’s demand projections, it was determined that this 
estimate of natural replacement savings could be overly aggressive (Harvey Economics 2004b).  
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Refer to Appendix A for a copy of the Memorandum.  On the basis of its evaluations, it was 
recommended a projected savings of approximately 23,000 AF by 2030 or 1,000 AF less than 
Denver Water.  Therefore Denver Water’s 2030 demand projections, which assume 24,000 AF 
of additional savings by 2030, may underestimate actual demands. 

1.4.1.4 Intergovernmental Agreement with Arvada  
Denver Water has been supplying a portion of the City of Arvada’s water since 1965.  In 1999, 
Denver Water entered into an intergovernmental agreement (IGA) with the City of Arvada.  
Under the IGA, Arvada assisted in the purchase of property for a future reservoir that was 
located within Arvada’s jurisdiction.  Arvada also agreed that the proper land use for the 
property was as a reservoir site.  In exchange for the land for a potential reservoir site (Leyden 
Gulch), Denver Water’s existing commitment to provide water to Arvada may be increased, 
contingent upon the construction of new facilities or the enlargement of exiting facilities in its 
Moffat Collection System.  Denver Water agreed to allow Arvada to purchase a percentage of 
increased firm yield that Denver Water was able to achieve in the Moffat Collection System, up 
to a maximum to Arvada of 3,000 AF/yr.  Therefore, if Denver Water does not build Leyden 
Gulch Reservoir they are still obligated to allow Arvada to purchase a percentage of increased 
firm yield in the Moffat Collection System up to a maximum of 3,000 AF/yr.  This additional 
3,000 AF/yr is reflected in Denver Water’s demand forecasts through 2030 and is reflected in the 
total system demand in Table 1-1 and the demand curve shown in Figure 1-5. 

1.4.1.5 Strategic Water Reserve 
Denver Water maintains a Strategic Water Reserve of 30,000 AF per year of firm yield to 
account for uncertainties in planning and forecasting and in operation of water supply 
infrastructure (Strategic Water Reserve was previously termed “safety factor”).  This 30,000 AF 
is not included in the total system supply because it is not considered available for meeting the 
total system demand under normal operating conditions; rather it is intended to be reserved for 
uncertainties and/or unforeseen events including, but not limited to: 

• Reduction of Denver Water’s existing supplies through additional minimum stream flow 
requirements for endangered species, future changes in water rights, agreements, etc. 

• Future changes in hydrology/global warming 

• A drought that would be longer or more severe than that contemplated in Denver Water’s 
supply modeling 

• Catastrophic losses of system facilities 

• Delays in the permitting or construction of future additions to the system 

• Faster or larger future demand increases than forecasted in the 2002 IRP 

A Strategic Water Reserve provides a level of insulation from demand exceeding supply, if 
unforeseen events rapidly diminish supplies or inflate demand.  Reviews of other water utilities 
in the nation show that it is a reasonable and prudent practice for a utility the size of Denver 
Water to maintain a water supply reserve of 8 to 12% of installed supply.  A Strategic Water 
Reserve of 30,000 AF/yr of firm yield, amounting to less than 10% of current supply, was 
independently reviewed and considered reasonable, especially considering the geographic 
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diversity of Denver Water’s system and its size and importance to the Metropolitan area (Harvey 
Economics 2004b).   

1.4.1.6 Demand Summary 
Denver Water quantified demands using demand-forecast modeling.  Adjustments were made to 
account for conservation, natural replacement and the 1999 IGA with Arvada.  As shown in 
Table 1-1 and Figure 1-5, Denver Water’s total average annual system demand is forecasted to 
increase from 285,000 AF in 2002 to 379,000 AF per year in 2030 - an increase of 94,000 AF 
per year.  As Figure 1-5 demonstrates, absent any additions to Denver Water’s water supply 
system, demand is predicted to exceed available supply in 2016, and by 2030 there will be an 
anticipated annual shortfall of 34,000 AF per year of water supply.  PACSM modeling of Denver 
Water’s system and the associated timing and amount of shortfall is based on meeting an 
unrestricted demand. 

1.4.2 Yield of Denver Water’s System 
The capability of Denver Water’s supply system is expressed as the “firm yield” of water that the 
system can produce.  Firm yield is a measure of a system’s ability to reliably supply water to 
meet demand during drought periods, it is expressed as the estimated amount of water available 
to meet average annual demand during a representative hydrologic study period (which includes 
average, wet and dry years).  The firm yield of Denver Water’s system is determined by 
calculating the maximum amount of water Denver Water’s system could provide to meet 
demand without shortages through the study period. 

To estimate firm yield, Denver Water used the Platte and Colorado Simulation Model (PACSM) 
to simulate the operation of water systems facilities over the historical period from 1947 to 1991.  
PACSM is a system of integrated computer programs and data used to simulate stream flows, 
reservoir operations and water supply in the South Platte and Colorado river basins.  An 
independent review of PACSM was conducted for this EIS, which concluded that PACSM is 
adequate for the modeling purposes of this EIS and can be relied on to provide appropriate 
hydrologic information (Boyle 2003b and 2004).  As a component of the Upper Colorado River 
Study (UPCO), an additional independent review of PACSM was conducted.  That review 
concluded that the model adequately simulates the hydrology, operation of major water rights 
and the operations of major water storage and diversion projects within the Colorado River 
Basin, to address long-range water supply planning for numerous west slope entities in Grand 
and Summit Counties (UPCO PACSM Review Committee 1999).  The review of PACSM that 
was conducted for UPCO was also evaluated during the review of PACSM for this EIS.   

The following discussion outlines the evaluation used during the 1996 IRP to quantify Denver 
Water’s available supply of 315,000 AF per year of firm yield.  The discussion also addresses the 
evaluation conducted as part of the 2002 IRP update which estimates a firm yield of 345,000 AF 
per year by 2016 with continued implementation of the components of Denver Water’s 
Near-Term Strategy.  Refer to Section 1.4.3 for details on the Near-Term Strategy.  A 
break-down of the yield from the major components of Denver Water’s system is provided in 
Table 1-3. 
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Table 1-3 
Yield of Denver Water’s System 

Source Supply 
(AF per year) Percentage 

Roberts Tunnel Collection Systema  93,000 27% 
Moffat Tunnel Collection Systemb 64,000 19% 
South Platte Collection Systemc 141,000 41% 
Exchange and Reused 47,000 14% 
TOTAL 345,000 100% 

Source:  Denver Water 2009 
Notes: 
a Net of 5% transit loss imposed on diversions to Strontia Springs Reservoir. 
b Amount sent directly to demand, not total importation.  Net of evaporation and transit losses. 
c From South Platte River direct and storage rights.  Includes South Boulder Creek rights, Bear Creek rights, and South Park 

rights. 
d Calculated as the portion of demand not met by Roberts Tunnel, Moffat Tunnel or South Platte Collection System rights.  

Net of evaporation and transit losses.  Includes reusable water exchanged from Metro WWTP, BiCity WWTP, and Denver 
Water exchange gravel pits.  Includes reusable supply used to augment miscellaneous raw water demands.  Includes 
reusable supply used to augment non-potable recycling project demands.  Includes junior consumptive use rights for 
downstream reuse gravel pits.  
 

1.4.2.1 PACSM Modeling Overview 
The study period used in PACSM extends 45 years from 1947 through 1991 and includes a 
variety of hydrologic conditions with dry years, wet years, and average precipitation years.  The 
period is representative of the long-term conditions for the river basins of concern (Colorado and 
South Platte river basins) and includes Denver Water’s critical drought period of 1953 through 
1957.  The critical drought period is the time span from the last time the storage reservoirs are 
full to the time all reservoir water is completely depleted and the reservoirs begin to refill.   

Determination of firm yield was simulated using PACSM.  Denver Water’s firm yield was 
determined to be 315,000 AF per year as of 1996 (not including the 30,000-AF Strategic Water 
Reserve).  At this level of demand, PACSM shows that Denver Water’s reservoirs were 
essentially empty sometime in April 1957 and then began to refill, all without causing any 
shortfall in meeting demand.  As part of the 2002 IRP, Denver Water used PACSM to show that 
its enhanced existing system could produce 345,000 AF per year of firm yield—30,000 AF per 
year more than the collection system could produce in 1996 based on implementation of the 
non-potable recycling project, system refinements, and cooperative projects that Denver Water 
assumes will be fully implemented before 2016, as described in Section 1.4.3.  Modeling 
conducted using PACSM assumes Denver Water’s demand is unrestricted as discussed in 
Section 1.4.1.5. 

1.4.3 Denver Water’s Near-Term Strategy (Present to 2030) 
As shown in Figure 1-5, based on the PACSM results, Denver Water predicts that in 2016 its 
unrestricted demand will exceed current supply and without the addition of new firm yield an 
annual water supply shortage will occur.  To resolve this shortfall, five near-term strategy are in 
the process of being implemented for potentially producing new firm yield and reducing 
demand: (1) conservation, (2) non-potable recycling, (3) system refinements, (4) cooperative 
projects, and (5) new supply projects.  These strategies are in various stages of implementation.  
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With this multiple project approach, Denver Water is projecting to have sufficient supplies until 
2030.  

The Corps independently reviewed Denver Water’s Near-Term Strategy and concluded that the 
development of 18,000 AF/yr of new firm yield is the only action to be analyzed in the EIS.  
Implementation of the near-term strategies described in the IRP is beyond the scope of this EIS 
because there is no Federal nexus with the components that would require a Corps action, 
decision, or permit.  The following information about Denver Water’s strategy to provide an 
adequate, near-term supply is summarized to provide background and context to understanding 
the purpose and need for the Moffat Project. 

Each of the components of the Denver Water’s Near-Term Strategy is discussed below. 

1.4.3.1 Conservation 
The 2002 IRP discusses both the various water conservation programs currently in place as well 
as strategies that may be employed in the future.  As stated in the 2002 IRP, Denver Water plans 
to reduce its demand by 16,000 AF per year by 2030 with conservation measures.  These 
forecasted savings for implementing conservation measures do not include savings associated 
with mandatory water restrictions imposed during droughts since these are meant as temporary 
measures to save water only during a drought.  Conservation measures are designed to achieve 
long-term sustainable reductions in water use. 

A considerable degree of uncertainty was assumed for these projections.  Although the new 
programs and adjustments are more aggressive than previous conservation programs, there is no 
compelling analyses or basis to be confident that these savings will occur.  Only monitoring and 
program adjustment can help assure such savings will be achieved (Harvey Economics 2004a). 

1.4.3.2 Non-Potable Recycling 
Denver Water has implemented a non-potable water recycling project that, when complete, will 
produce 17,000 AF per year of water to meet projected irrigation and process water demands.  
The project, which came on-line in 2004 and supplied approximately 7,000 AF that year, should 
assume full use in 2013.   

1.4.3.3 System Refinements 
Examples of system refinements are lining of ditches, transferring Denver Water’s existing 
agricultural water rights to municipal use, and capturing required bypass flows at downstream 
facilities.  In the 2002 IRP, Denver Water increased the potential yield from system refinements 
to 13,000 AF per year.  Table 1-4 summarizes types of system refinement projects that are 
completed or are near completion by Denver Water.  The High Line Canal Efficiency project 
provides 3,000 AF of yield to Denver Water’s system as a result of reducing deliveries along the 
lower third of the canal.  By providing water to users from the lower third of the canal in another 
manner, Denver Water is able to reduce conveyance losses along the Canal by an estimated 
3,000 AF/yr.  With less water diverted by the High Line Canal, Denver Water and others can at 
times divert more water under other existing water rights including exchange rights.  

The Strontia Fish Flow Recovery project provides approximately 3,000 AF of yield to Denver 
Water by recovering water that is released from Strontia Springs Reservoir to maintain fish flows 
in Waterton Canyon.  In 2006, Denver Water completed a permanent pump facility above 
Chatfield Reservoir at the diversion site of the Old Last Chance Ditch to recover fish flow 
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releases from Strontia Springs Reservoir.  The new diversion facility is sometimes referred to as 
the Kassler Pump Station Diversion.  Water released at Strontia Springs Reservoir can be 
diverted at the Kassler Pump Station Diversion and then pumped to Conduit 20 for delivery to 
Marston Reservoir and the Marston Water Treatment Plant.  This facility could potentially 
provide most of the 3,000 AF of yield.  Denver Water plans on building an additional pump 
station at the outlet works of Chatfield Reservoir, which would enable Denver Water to recover 
fish flow releases that are not diverted at the Kassler Pump Station. 

The full 13,000 AF per year will be available within the next 7 to 10 years and, as shown in 
Table 1-1, has been accounted for in calculating the total system supply in 2030 of 345,000 AF.  
The 1997 IRP identified 10,000 AF per year of system refinements. 

Table 1-4 
Representative System Refinement Projects 

Project Firm Annual Yield 
(AF per year) 

Gravel Pit Storage 5,000 
High Line Canal Efficiency 3,000 
Strontia Fish Flow Recovery 3,000 
Lawn Irrigation Return Flows    500 
Others 1,500 
TOTAL 13,000 
Source:  Denver Water 2004a 

1.4.3.4 Cooperative Projects 
Denver Water’s Near-Term Strategy to reduce its shortfall includes a goal of 10,000 AF per year 
realized through cooperative projects with local water providers.  To facilitate this cooperation, 
Denver Water established four regional water provider groups outside the CSA, which include 
Northeast, Northwest, South Metro, and the City of Aurora.  In each group, an evaluation was 
conducted of supply, demand, operations and potential system integration that might result in 
new firm yield for Denver Water and the cooperating entities.  Denver Water completed 
evaluations of cooperative actions in three of the four areas (Northeast, Northwest and South 
Metro) to share its existing and future resources.  The 1999 IGA with the City of Arvada is one 
example.   

However, Denver Water determined from these studies that only one cooperative action – the 
440-AF Consolidated Mutual project consisting of the construction of Welton Reservoir– would 
develop new firm yield for Denver Water and its customers.  Denver Water concluded that the 
remaining cooperative actions would not increase Denver’s yield, despite other merits they might 
have to others.  

Denver Water continues to explore cooperative actions with the City of Aurora as a part of the 
Board’s Long-Term Strategy (post 2030).  Only the 440 AF per year of the 10,000 AF per year 
of new firm yield identified in the IRP as a goal from Cooperative Actions has proven possible in 
the near term.  A summary of the evaluation of cooperative actions with each regional group is 
provided in the 2002 IRP and Denver Water’s Purpose and Need Statement (Denver Water 
2002a and 2004a).  
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1.4.3.5 Summary of Near-Term Strategy  
As part of the 2002 IRP, Denver Water used PACSM to project that its existing system could 
produce 345,000 AF per year of firm yield with the adoption of the near-term strategies 
described above.  This firm yield includes the potential new firm yield from implementation of 
the non-potable recycling project, system refinements, and cooperative projects, which are 
expected to be fully implemented before 2016 as part of Denver’s Near-Term Strategy.  Denver 
Water’s total unrestricted system demand is expected to be 379,000 AF by 2030.  As shown in 
Figure 1-5, Denver Water estimates that it will have an annual water supply shortage of 
34,000 AF based on meeting their unrestricted demand (379,000 AF minus 345,000 AF) by 
2030.  Denver Water’s strategy for addressing this shortfall is to provide 16,000 AF per year 
from conservation savings.  The remainder of the shortfall will be addressed through the 
Proposed Action to develop 18,000 AF per year of new firm yield for delivery to the Moffat 
WTP and to Denver Water’s raw water customers that rely on the Moffat Collection System.   

1.4.4 Timeliness and Location of New Yield 
The timing for new firm yield and the requirement that it be located in the Moffat Collection 
System are driven by the following issues: 

• Unreliable water supply for the Moffat WTP and Moffat Collection System raw water 
customers 

• System-wide vulnerability issues 

• Limited operational flexibility of the treated water system 

While model results indicate the water supply shortfall is expected to begin in 2016, and increase 
to 34,000 AF by 2030, there is a current need for new firm yield.  This need for the new water 
supply and requirement that the new water supply be available to the Moffat WTP are driven by 
an imbalance in supplies in Denver Water’s raw water collection systems, which in turn creates a 
system-wide vulnerability issue, and limits the operational flexibility of the treated water system.  
Each of these issues is discussed in relation to the current need for new water supply and the 
requirement that it be provided to the Moffat WTP. 

1.4.4.1 Raw Water Availability to the Moffat Treatment Plant (System Reliability) 
Because of an inadequate supply in the Moffat Collection System demonstrated through 
modeling and during actual operations in 2002, Denver Water’s raw water customers and its 
Moffat WTP have the potential to run out of water in a single dry year.  Based upon PACSM 
modeling with today’s demand on Denver Water’s collection system, there were four single dry 
years in the 45-year study period when the Moffat Collection System would have run out of 
water.  Additionally, there are other years when the Moffat Collection System would have been 
close to running out of water.   

Actual Moffat Collection System operations in 2002 demonstrate the lack of a reliable water 
supply.  Denver Water would have run out of water if it had not implemented emergency measures 
to preserve and increase water in the Moffat Collection System, including: 

• Mandatory restrictions 

• Strict surcharges for water use 
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• Reducing minimum bypass flows on western slope streams 

• Shutting off the Moffat WTP during portions of the drought 

• Constructing infrastructure and pumping treated water from the South System into inefficient 
ditches for delivery and re-treatment by raw water customers 

These types of emergency operations and inefficient, expensive tactics do not provide an 
adequate permanent solution for the lack of water supply available to the Moffat WTP.  Further, 
one of three treatment plants was unavailable during peak demand season when a minimum of 
two plants were needed to meet demands.  If an unplanned outage had occurred at one of the 
remaining operational plants, service to customers would have been interrupted.  The need to 
provide additional supply to the Moffat WTP is also driven by the following criteria.  

• In order to ensure that customer demand can be met at a time when the Foothills and/or 
Marston WTPs are shut down for regular maintenance or emergency conditions, the Moffat 
WTP needs to be operated at a minimum “idle” rate of 30 mgd between mid-October and 
April.  The reason for this rate is based on several factors.  If the plant is completely shut 
down, it takes too long to prime the chemical feeds and prepare the filters before the plant 
could operate and meet customer demand.  A minimum idle is also important for winter 
months during low customer demand.  In addition, if the idle rate is too low, upsets in water 
quality could occur if the plant rate is increased too rapidly.   

• The Moffat WTP needs to be capable of meeting full indoor demand in the CSA for several 
weeks in the winter of a dry year to account for routine and unexpected outages.  This plant 
must be capable of operating at full capacity during this period.  

• To ensure efficient use of water system infrastructure and proper system flexibility, supply 
needs to be more evenly positioned and accessible to each treatment plant.  In the spring of 
2003, the amount of usable water remaining in Denver Water’s major reservoirs totaled about 
227,000 AF of which only 12,000 AF (about 5%) were available to the Moffat WTP 
(whereas the Moffat Water WTP accounts for about 25% of Denver Water total treatment 
capacity).  

The lack of a reliable water supply accessible to the Moffat WTP in a single dry year illustrates 
both the need for new firm yield and a way to deliver it to the Moffat WTP.  Adding 18,000 
AF/yr of new firm yield to the Moffat WTP will improve the reliability of the Moffat Collection 
System, as well as the entire collection system.   

1.4.4.2 System Vulnerability 
Denver Water’s entire collection system is vulnerable to natural and manmade disasters and 
system failures.  Approximately 90% of overall available reservoir storage and 80% of available 
water supplies rely on the unimpeded operation of Denver’s South System, particularly Strontia 
Springs Reservoir.  Loss of operation of any portion of the South System could require more 
water from the Moffat Collection System to meet customer’s water demands.  This would 
exacerbate the water supply reliability problem discussed above and could cause an interruption 
of service to customers. 
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The critical components in the South Collection System are: 

• Roberts Tunnel, Dillon Reservoir, Eleven Mile Reservoir, Cheesman Reservoir, Antero 
Reservoir and Strontia Springs Reservoir 

• Foothills and Marston WTPs 

• Conduits 26 and 20, the raw water conduits transporting water to Foothills and Marston 
WTPs, respectively. 

Examples of natural disasters that could jeopardize South System water supply are forest fires, 
landslides, earthquakes and floods.  Manmade disasters include terrorism and chemical spills.  
Potential impacts on Denver Water’s ability to meet customer demands as a result of natural and 
manmade disasters are described in more detail in the 2002 IRP and Denver Water’s Purpose and 
Need Statement (Denver Water 2002a and 2004a).  New water supply to the Moffat WTP would 
reduce system vulnerability to disasters and failures and allow Denver Water to adjust to South 
System outages by shifting more customer water demand to the Moffat WTP.  

1.4.4.3 Operational Flexibility 
In addition to scheduled maintenance outages, Denver Water’s collection system also 
experiences unplanned outages due to mechanical failures and power failures.  Reasonably, it is 
anticipated that outages will occur more frequently as Denver Water’s infrastructure continues to 
age.  An outage in the South System generally requires Denver Water to shift more of the water 
supply function to the Moffat Collection System, which compromises the supply available to the 
Moffat WTP.  Although Denver Water has three treatment plants and two main collection 
systems, the Moffat WTP does not currently have access to sufficient supplies to provide the 
range of operational flexibility needed to meet customer demand.  Providing additional supplies 
to the Moffat WTP would provide more operational flexibility and allow for the necessary 
distribution of water throughout the system.  Additional information about planned and 
unplanned collection system outages is provided in the 2002 IRP and Purpose and Need 
Statement (Denver Water 2002a and 2004a). 

1.4.4.4 Summary 
Denver Water’s purpose is to resolve its need for new firm yield, lack of a reliable water supply to 
the Moffat WTP, vulnerability in the system, and lack of the flexibility in its treated water system.  
It is Denver Water’s opinion that additional water supply and the associated distribution facilities 
would help meet these needs.   

1.5 REQUIRED PERMITS AND APPROVALS 
Construction and operation of any of the proposed alternatives under consideration for the 
Moffat Project, including the preferred alternative to enlarge Gross Reservoir by 72,000 AF, 
would require a Section 404 permit from the Corps.  As part of the permit process, and because 
the Corps is neither an opponent nor a proponent of Denver Water’s proposal, a systematic and 
unbiased evaluation of the practicable alternatives is required under the Corps’ Section 404(b)(1) 
Guidelines (40 CFR 230).   

After issuance of the Final EIS, the Corps must wait at least 30 days before issuing a Record of 
Decision (ROD) as specified in 40 CFR 1506.10 and 33 CFR 325 Appendix B Section 18.  The 
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Corps’ ROD will include information prescribed at 40 CFR 1505.2 as well as a determination 
relative to its public interest review (33 CFR 320) and Section 404(b)(1) Guidelines compliance 
determination (40 CFR 230).  The Corps may decide to (1) issue the permit for the Applicant’s 
preferred alternative, (2) issue the permit for the Applicant’s preferred alternative with 
modifications or conditions, or (3) deny the permit (33 CFR 325 Appendix B Section [9]b[5] and 
40 CFR 230).  The Corps may add special conditions to the permit to satisfy public interest 
requirements provided those conditions are directly related to the impacts, are appropriate to the 
scope and degree of those impacts, and are reasonably enforceable (33 CFR 325.4[a]).  
Conditions may also be added to address the requirements of the Section 404(b)(1) Guidelines 
(40 CFR 230.12[a][2]). 

In addition, other federal, state, and local permits and approvals will be required to implement 
the Moffat Project.  This EIS provides information for the other regulatory agencies having 
jurisdictional responsibility for lands and resources affected by the Moffat Project.  Table 1-5 
lists the permits and approvals considered necessary for initiation and completion of the 
Proposed Action. 

Table 1-5 
Environmental Permits and Approvals Likely Required to Construct 

and Operate the Moffat Collection System Project 

Permit/Approval Purpose Applicable Project Component 
FEDERAL 
U.S. Army Corps of Engineers 
Permit to Discharge Dredged or Fill 
Material (Section 404 permit) 

 
Authorizes placement of fill or 
dredged material in waters of the 
U.S. including adjacent wetlands. 

 
All surface-disturbing activities 
affecting waters of the U.S., including 
wetlands, such as construction of a 
dam, reservoir, diversion structure, 
roads and pipeline crossings. 

U.S. Forest Service  
Federal Land Policy and 
Management Act of 1976   

 
Authorizes occupancy, use, rights, 
or privileges of USFS land.  The 
authorization is granted for a 
specific use of the land for a 
specific period of time. 

 
Additional USFS lands needed for 
project facilities at Gross Reservoir. 
 

Federal Power Act (Section 4e) 
Authority 

Authorizes the USFS to impose 
conditions within a FERC license. 

Conditions may be imposed by the 
USFS to address new project 
modifications within the FERC 
project boundary at Gross Reservoir. 

U.S. Fish and Wildlife Service 
Endangered Species Act (Section 7) 
Compliance 

 
Protects threatened and endangered 
species. 

 
Any activity potentially affecting 
listed or proposed threatened or 
endangered species, such as the 
Preble’s meadow jumping mouse. 

Migratory Bird Treaty Act Protects migratory birds. All ground-disturbing activities 
affecting migratory birds, such as 
burrowing owls and raptors. 
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Table 1-5 (continued) 
Environmental Permits and Approvals Likely Required to Construct 

and Operate the Moffat Collection System Project 

Permit/Approval Purpose Applicable Project Component 
U.S. Department of the Interior – 
Advisory Council on Historic 
Preservation  
Cultural Resource Compliance 
(Section 106 of the National 
Historic Preservation Act [NHPA]) 

 
 
Protects cultural and historic 
resources; coordinated with the 
Colorado State Historic 
Preservation Officer (SHPO). 

 
 
All ground disturbing activities. 

Federal Energy Regulatory 
Commission (FERC) 
Hydropower License Amendment 

 
Authorizes hydroelectric 
generating power facilities such as 
Gross Dam. 

 
All properties or facilities related to 
the FERC hydropower license. 

STATE OF COLORADO 
Colorado State Engineer’s Office, 
Division of Water Resources  
Permit to Construct Facility (Dam) 
Reservoir Storage Permit 
Dam Safety Permit 

 
Authorizes dam and reservoir 
construction and reviews dam 
safety. 

 
Dam and reservoir construction and 
operation. 

Department of Public Health and 
Environment,  
Air Pollution Control Division  
Land Development Permit (Fugitive 
Dust Control Plan) 

 
 
Protects air quality from dust and 
airborne particulates resulting from 
construction activities over 25 
acres in size or 6 months in 
duration. 

 
 
All ground-disturbing construction 
activities. 

Department of Public Health and 
Environment,  
Water Quality Control Division  
General Permit for Stormwater 
Discharges Associated with 
Construction Activity  

 
 
Controls the discharge of 
stormwater pollutants associated 
with construction activities. 

 
 
All ground-disturbing construction 
activities disturbing more than 1 acre. 

Section 401 Water Quality 
Certification 

Ensures that activities authorized 
under Section 404 meet state water 
quality standards and do not 
degrade water quality. 

All activities subject to the Section 
404 permit from the Corps. 

Construction Dewatering Permit  Ensures that dewatering of 
groundwater from a construction 
site does not impair the receiving 
waters. 

Dewatering during excavation and 
placement of fill for the dam. 

Office of Archaeology and 
Historic Preservation, Colorado 
State Historic Preservation 
Officer (SHPO) 

 
Determines significance of cultural 
resources potentially affected by 
ground disturbing activities. 

 
All ground-disturbing activities. 

Colorado Water Court System  
Water Rights 

 
Legal appropriation of water in the 
state of Colorado. 

 
Surface water and/or groundwater 
used by the project. 
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Table 1-5 (continued) 
Environmental Permits and Approvals Likely Required to Construct 

and Operate the Moffat Collection System Project 

Permit/Approval Purpose Applicable Project Component 
COUNTY PERMITS 
Engineering Department 
Grading Permit 

 
Authorizes construction activities. 

 
All ground-disturbing facilities. 

Floodplain Development Permit Authorizes construction within a 
floodplain. 

Diversion structure. 

Right-of-Way (ROW) Use Permit Authorizes construction within 
ROWs. 

Pipelines within ROWs. 

Planning Department 
Use by Special Review 

 
Addresses probable effects on 
county services and resources. 

 
All project facilities proposed to be 
modified. 

Building Department 
Building Cut Permit 

 
Authorizes construction of all 
project facilities. 

 
All project facilities. 

 

1.6 PUBLIC SCOPING AND ISSUES 
In accordance with the NEPA (40 CFR 1501.7), the Corps initiated the scoping process to 
provide for an early and open process to gather information from the public and interested 
agencies on the issues and alternatives to be evaluated in the EIS.  During the public scoping 
period, the Corps held an agency scoping meeting on October 7, 2003, and three public scoping 
meetings – in Boulder on October 7, 2004, in Denver on October 8, 2004, and in Silver Creek on 
October 9, 2004.  The NEPA scoping process, original scoping letters, and specific comments 
gathered by the Corps during the process are detailed in the Scoping Summary, Moffat Collection 
System Project (Corps 2003). 

The most frequent issues and concerns raised by the commentors related to potential effects to 
surface water resources, water supplies, and water rights.  Forty-six percent of comments 
received were provided by entities and individuals on the West Slope.  The most frequent issues 
and concerns found to be repeated during the scoping process included: 

• Effects of proposed diversions by Denver Water from the Fraser River on water supply needs 
in that basin for municipal water demands and environmental requirements 

• Effects of the proposed diversion on the economy of the Fraser River Basin, in particular the 
water-related, recreation-based economy of Grand County, and the potential lost 
opportunities for future growth in Grand County 

• Effects of Denver Water reducing or eliminating bypass flows in the Fraser River Basin 
pursuant to its USFS agreements 
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Other issues/concerns that generated the most comments were related to the following topics: 

• Additional alternatives to be considered, in particular conservation, reuse, and other 
non-structural alternatives 

• Effects of additional diversions and water storage on stream flow, fish, wildlife, and 
vegetation on both sides of the Continental Divide 

The following list includes topics raised by commentors and specific issues raised during the 
NEPA scoping process.  

• Project Purpose and Need – Including discussion of definition of firm yield and reliability, 
flexibility, and vulnerability problems. 

• Potential Alternatives – Including discussion of Gross Reservoir expansion, a new reservoir 
at Leyden Gulch, potable recycling facility, West Slope alternatives, East Slope alternatives, 
conservation/non-structural alternatives, groundwater alternatives, and combinations of 
alternatives and alternatives proposed in other projects. 

• Surface Water Resources – Including discussion of: Fraser River/West Slope and South 
Boulder Creek issues, hydrologic effects on other streams, sedimentation, water quality 
(chemical, physical, and biological) and mitigation measures. 

• Groundwater Resources – Including discussion of effects of depletions to the Fraser River, 
Elk Creek, and St. Louis Creek on groundwater recharge. 

• Water Rights and Water Use – Including discussion of effects on water users on the west 
slope and in other regions. 

• Air Quality and Meteorology – Including discussion of alternative implementation and 
contribution to air pollution.   

• Soils – Including discussion of erosion and sedimentation, and potential historic 
contamination. 

• Geology – Including discussion of effects of earthquake activity on proposed reservoir sites, 
and impacts to unique geologic features. 

• Vegetation – Including discussion of effects of depletions to waterways on riparian and 
aquatic habitat and effect of inundating previously upland areas. 

• Wetlands – Including discussion of effects of depletions to water quality functions of 
wetlands, effects of filling existing wetlands, and mitigation measures. 

• Wildlife and Fisheries – Including discussion of effects of depletions and water quality 
changes to fisheries, other wildlife, and their habitat, the future effects on fisheries and 
threatened and endangered species; effects on whirling disease, effects on potable recycling, 
and mitigation measures.  

• Cultural and Paleontological Resources – Including discussion of inundation of 
archaeological and cultural resources, and effects on existing cultural and paleontological 
resources. 

• Land Use – Including discussion of effects of land development, potential for induced 
growth, and land use compatibility.   
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• Recreation – Including discussion of effects on existing and planned water-related 
recreation; effects on open space, hiking trails and other upland recreational opportunities; 
effects on the ski industry, and effects on existing recreation planning documents. 

• Visual Resources/Aesthetics – Including discussion of effects on scenic characteristics, 
landscape, and attractions in the alternative project areas.  

• Socioeconomics – Including discussion of effects on the local economy, tourist-based, and 
recreational economy; effects on property values; effects on the cost of water, and effects of 
induced growth.  

• Environmental Justice – Including discussion of conducting a complete and impartial 
evaluation of all populations. 

• Transportation – Including discussion of effects of construction and maintenance truck 
traffic; effects on local traffic patterns and other construction projects; changes to access, and 
consideration of transportation planning. 

• Hazardous Materials – Including discussion of potential for spills and contaminated soils 
and/or water sources.  

• Noise – Including discussion of effects of alternatives development related to increased noise 
pollution.  

• Cumulative Impacts – Including discussion of consideration of other ongoing projects in the 
region; consistency in analysis with these other projects including evaluation of impacts to 
physical, biological, and human resources.   
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Figure 1-1
Denver Water’s Collection System
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Figure 1-2
Collection System Components
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Figure 1-4
Combined Service Area and 
Major Distribution Facilities
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2.0 SPROPOSED ACTION AND ALTERNATIVES 

2.0 INTRODUCTION 
The Council on Environmental Quality (CEQ) characterizes the alternatives as the “heart of the 
environmental impact statement” (40 CFR 1502.14).  Defining a reasonable range of alternatives 
is key to all subsequent analyses.  Both CEQ’s regulations for implementing National 
Environmental Policy Act (NEPA) and the Corps’ NEPA Implementation Procedures (33 CFR 
325, Appendix B) require consideration of a reasonable range of alternatives.  However, there 
are differences in approach to defining the alternatives.  

NEPA requirements for reasonable alternatives:  The CEQ NEPA regulations require that an 
Environmental Impact Statement (EIS) “rigorously explore and objectively evaluate all 
reasonable alternatives” (40 CFR 1502.14[a]).  In determining the range of reasonable 
alternatives to be considered, the CEQ states:  “the emphasis is on what is reasonable rather than 
on whether the proponent or applicant likes or is itself capable of carrying out a particular 
alternative.  Reasonable alternatives include those that are practical or feasible from the technical 
and economic standpoint using common sense, rather than simply desirable from the standpoint 
of the applicant” (“Forty Most Asked Questions Concerning NEPA,” Question 2a).  Under 
NEPA, the comparison of a full spectrum of alternatives should provide “a clear basis for choice 
among options for the decision maker and the public” (40 CFR 1502.14).  

Corps requirements for practicable alternatives:  For Corps permit actions, the alternatives 
analysis should comply with the Corps’ Section 404(b)(1) Guidelines (40 CFR 230).  The 
Guidelines specifically require that “no discharge of dredged or fill material shall be permitted if 
there is a practicable alternative to the proposed discharge which would have less adverse impact 
on the aquatic ecosystem, so long as the alternative does not have other significant 
environmental consequences” (40 CFR 230.10[a]).  In accordance with these Guidelines, the 
focus is on the least environmentally damaging practicable alternative (LEDPA).  An alternative 
is considered practicable if it is “available and capable of being done after taking into 
consideration cost, existing technology, and logistics in light of overall project purposes” 
(40 CFR 230 Subpart B).  The least environmentally damaging alternative is defined as the 
alternative with the least amount of impacts to the aquatic ecosystem.   

It should be noted that, since the Guidelines define the aquatic ecosystem as waters of the U.S., 
jurisdictional issues apply in the application of the Guidelines.  However, due to the large 
number of initial alternatives and subsequent considerable effort required to determine 
jurisdiction, all waters were evaluated irrespective of jurisdiction during the early screenings.  
For the five final alternatives carried forward in the EIS, jurisdictional determinations will be 
made on all related waters, and the Guidelines will be applied only to those determined to be 
waters of the U.S. 

The alternatives must satisfy the Guidelines as well as the public interest review (33 CFR 
320.4[a]).  Therefore, for Corps permit actions, the range of practicable alternatives is typically a 
subset of reasonable alternatives under NEPA.  According to the Corps’ NEPA guidance, the 
alternatives analysis for actions subject to NEPA and the Guidelines can be integrated 
simultaneously to ensure alternatives carried forward for analysis are practicable and that the 
LEDPA has not been eliminated from further consideration.  The comparison of alternatives 
should “allow a complete and objective evaluation of the public interest and a fully informed 
decision regarding the permit application” (33 CFR 325 Appendix B 9 [b][5]). 
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2.1 PRELIMINARY ALTERNATIVES SCREENING PROCESS 
The alternative screening process is described in detail in the Moffat Collection System Project 
EIS Alternatives Screening Report (Corps 2007a).  As described in this Section 2.1, the 
alternatives screening process for the Moffat Collection System Project was conducted in 
accordance with both NEPA and the Section 404(b)(1) Guidelines.  The identification, 
verification, evaluation, and screening of all known alternatives were conducted by the Corps, 
with review and input from the following cooperating and consulting agencies: U.S. 
Environmental Protection Agency (EPA), Federal Energy Regulatory Commission (FERC), and 
Grand County.  

The overall screening approach was performed in two phases—Screen 1 and Screen 2. 

• Screen 1 progressed from a wide spectrum of potential water supplies and infrastructure 
components to a well-defined set of project alternatives using numerous evaluation criteria 
related to Purpose and Need, existing technology, logistics, costs, and environmental 
consequences. 

− Screen 1A – A broad range of 303 potential water supply sources and infrastructure 
components were identified, which could be part of a project alternative to supply water 
to the Moffat Water Treatment Plant (WTP).  A set of exclusionary criteria were used to 
eliminate those sources or components not capable of meeting the basic Project Purpose 
and Need, or that have fatal flaws.  A total of 261 sources or components were screened 
out, leaving 42 to be carried forward to Screen 1B, including 29 storage components. 

− Screen 1B – The remaining 42 water supply sources and infrastructure components were 
used to formulate possible project alternatives by matching a potential water source with 
water storage and conveyance components that would meet the Project Purpose and 
Need.  A preliminary environmental screen was conducted on the remaining 29 potential 
storage sites to help configure the potentially least environmentally damaging 
alternatives.  A total of 21 storage sites were eliminated, leaving eight sites, plus deep 
aquifer storage and gravel pit storage.  The storage components and water sources were 
combined to formulate 34 alternatives carried forward to Screen 1C.  

− Screen 1C – The 34 project alternatives were next screened on the basis of relative major 
capital costs.  The rough order-of-magnitude estimates were converted to a relative cost 
index based on the least cost alternative.  Those alternatives not considered practicable 
from a cost perspective were eliminated.  The remaining 14 alternatives were carried 
forward for further evaluation in Screen 2. 

• Screen 2 involved a more in-depth analysis of the project alternatives using criteria focused 
on environmental impacts to the aquatic environment and other natural ecosystems.  The 
results of Screen 2 are a set of five alternatives to be carried forward for further analysis in 
the EIS.  These five alternatives represent a reasonable range of practicable alternatives that 
encompass a variety of potential water supplies and storage sites. 

The following section provides more detail on each of these screening steps.  Refer to the 
complete alternative screening report (Corps 2007a) for more information on the screening 
process that was conducted for this EIS.   
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2.1.1 Screen 1A 
Screen 1A progressed from a wide spectrum of potential water supplies and infrastructure 
components to a set of project alternatives using evaluation criteria related to Purpose and Need 
(PN), existing technology (ET), logistics (LG), and environmental consequences (EC).  Each 
category contained several pass-fail criteria to screen water supply sources and infrastructure 
components.  Failure to satisfy any one criterion was justification for elimination.  Table 2-1 
presents the list of criteria used in Screen 1A.  

Table 2-1 
Screen 1A Criteria 

Screening 
Category Criterion Description Rationale/Basis for Screening Criterion 

Purpose and Need  

PN1 Must provide new firm yield 
To advance, a contribution toward meeting the Project 
Purpose and Need of 18,000 acre-feet per year (AF/yr) of 
additional firm yield must be achieved. 

PN2 Must supply water to Moffat 
Collection System 

To advance, the supply must be delivered to the Moffat 
Collection System to satisfy the Project Purpose and Need for 
additional supply to support the Moffat Water Treatment 
Plant and raw-water customers upstream of the Moffat Water 
Treatment Plant pursuant to the Board of Water 
Commissioners’ (Denver Water) commitment to its 
customers. 

 

PN3 Must produce a solution 
within the necessary near-
term timeframe (by 2016) 

To advance, a water source, component (water storage and 
conveyance infrastructure), or alternative must produce 
additional firm yield within the near-term timeframe of 2016. 

Existing Technology 

ET1 Must use proven technology 
and management practices 

To advance, technological methods or management practices 
must be tested and proven to minimize risks of failure to 
provide firm yield. 

 ET2 Must not require extreme or 
extraordinary technical effort 
to overcome conditions at a 
site 

To advance, known site conditions must not compromise the 
technical feasibility or long-term reliability of a component or 
alternative.  Physical conditions resulting in high risk or 
unusual engineering solutions that may not adequately 
accommodate long-term performance should not be present.  
These include potential landslides, fault lines, hazardous 
drainage from mines or mine tailing, or abandoned mine 
tunnels. 

 



 Chapter 2 – Proposed Action and Alternatives 

 Screen 1A  2-5 

Table 2-1 (continued) 
Screen 1A Criteria 

Screening 
Category Criterion Description Rationale/Basis for Screening Criterion 

Logistics 

LG1 Must be within the state of 
Colorado and in the South 
Platte and mainstem Colorado 
River basins 

To advance, water sources, components, or alternatives must 
be in Colorado and in the South Platte or mainstem Colorado 
river basins.  Exploring options located outside of Colorado 
would add significant logistical and schedule challenges by 
requiring interstate cooperation, coordination, and operation.  
Exploring options outside the South Platte and mainstem 
Colorado river basins would necessitate acquiring water rights 
from new filings, purchasing and transferring existing water 
rights, and developing extensive new infrastructure to import 
the water.  Obtaining water from the Gunnison, Yampa, 
White, North Platte, Rio Grande, San Juan/Dolores, or 
Arkansas river basins would be extremely difficult, if not 
impossible, in a timeframe consistent with the Purpose and 
Need. 

Geographic 
Location 

LG2 Must be outside national and 
state parks, designated wild 
and scenic or wilderness 
areas, and Superfund sites 

To advance, water sources, components, or alternatives must 
not lie within areas that clearly create a significant 
disadvantage in the evaluation process.  In the case of national 
and state parks and designated wild and scenic or wilderness 
areas, these reserves were established to create or preserve, in 
varying degrees, areas of common usage, aesthetics, 
environmental values and ecosystems.  Development of water 
supply features in these areas would either be explicitly 
forbidden by statute or regulation or very difficult to 
accomplish.  The implications of providing water for 
municipal use involving a contaminated site is not considered 
a reasonable or practicable option. 

 

LG3 Must be outside lands or sites 
known to be integral to 
development plans of other 
entities 

To advance, water sources, components, or alternatives must 
not lie within areas known to be integral to the development 
plans of other entities.  The conflicts and costs associated with 
pre-empting or displacing an already planned development 
should be avoided.  The further along in the planning and 
development process, by others, that a particular area or site 
is, the greater the associated cost and conflict.  Sites or areas 
that are currently and publicly part of an active permitting 
process or in any way part of a known, active development 
plan by an entity with credible standing and capability to 
advance the plan were eliminated.  This criterion does not 
necessarily preclude alternatives that could be developed 
jointly under a cooperative effort. 
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Table 2-1 (continued) 
Screen 1A Criteria 

Screening 
Category Criterion Description Rationale/Basis for Screening Criterion 

LI1 Must not require 
Congressional action 

To advance, water sources, components, or alternatives must 
not involve federal facilities or property that would require 
Congressional action to authorize its use.  Obtaining 
Congressional approvals could add significant time to the 
process and jeopardize completion in a timeframe consistent 
with the Purpose and Need statement. 

LI2 Must conform to federal, 
state, and local laws, rules and 
ordinances 

To advance, a component or alternative must not have any 
known or blatantly unacceptable legal or institutional issues.  
Examples of options that would involve such issues would 
include actions contrary to Colorado water rights or water 
quality laws and regulations, the clear violation of any state or 
federal statutes, and the violation of an interstate compact. 

Institutional 
Issues 

LI3 Must not require relocation of 
an interstate highway 

To advance, a component or alternative must not involve 
relocation of interstate highways, which are critical 
infrastructure and would involve significant effort and cost to 
relocate.  Numerous options would meet the Project Purpose 
and Need that do not involve relocation of interstate 
highways.   

Practicality 
Issues 

LP1 Must be capable of storing at 
least 15,000 AF in a surface 
impoundment 

To advance, alternatives must consist of a manageable level 
of additional storage and conveyance components.  Providing 
a firm yield of 18,000 AF/yr will likely require approximately 
72,000 AF of new surface water storage based on a storage-
to-firm yield ratio of 4:1.  A minimum storage volume for any 
one component is needed to reduce the number of possible 
storage elements to a manageable and practical combination.  
A minimum storage of 15,000 AF per site could require as 
many as five new surface storage sites.  Incorporating that 
many surface storage sites into an alternative is probably too 
complex to reasonably implement and manage.  However, 
with this minimum storage volume, sufficient flexibility 
remains to consider components that might possibly be 
combined into a reasonable alternative in a subsequent phase 
of screening.   

 

LP2 Water must be available 
(physically and legally) from 
a sustainable source in 
amounts sufficient to be 
practically developed 

To advance, a water supply must be physically available and 
legally obtainable from a sustainable source in sufficient 
amounts and with sufficient frequency to satisfy the need for 
additional firm yield in a practical manner.  Firm yields are 
considered insufficient to be practically developed if they 
supply less than approximately 20% of the additional firm 
yield required.  Yields are considered insufficient to practically 
provide additional firm yield if there is less than 15,000 AF 
available with a frequency of less than 1 year out of 4.  These 
limits are intended to provide flexibility in formulating 
alternatives, yet prevent the incorporation of extraordinary 
levels of complexity in the implementation and operation of an 
alternative.   
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Table 2-1 (continued) 
Screen 1A Criteria 

Screening 
Category Criterion Description Rationale/Basis for Screening Criterion 

Environmental Consequences 

EC1 Must not involve new 
impoundments on major 
waterways 

To advance, a new impoundment must not be located on a 
major waterway.  Construction of a new storage 
impoundment on a major waterway would be at a 
considerable disadvantage compared to off-channel and 
enlargement options due to environmental impacts and the 
likelihood of opposition.  Major waterways are considered to 
be the main stems of the South Platte and North Fork South 
Platte rivers; Tarryall Creek; North and West Clear creeks and 
Clear Creek; North, South, and Middle Boulder creeks and 
Boulder Creek; St. Vrain Creek and North, Middle, and South 
Forks of St. Vrain Creek; Big Thompson River; Little 
Thompson River; Colorado River; Eagle River; Blue River; 
Williams Fork River and Fraser River.  However, new storage 
components located off-channel, on an intermittent stream, or 
on an intermittent tributary will be considered, as well as the 
enlargement or rehabilitation of an existing facility on a major 
waterway.   

EC2 Must use highest quality 
water available among similar 
components within a water 
sources category 

To advance, a component or alternative must use the highest 
quality water source available when compared to similar 
components or alternatives within the same water source 
group.  This is a matter of basic public health, is consistent 
with industry planning guidelines, and is fundamental to 
Denver Water's mission of providing high quality water to its 
customers.  This criterion provides a basis for selection 
among components similar in strategy and function, but 
cannot be applied to eliminate entire water source groups.   

 

EC3 Must not have any known 
environmental or permitting 
fatal flaws 

To advance, a water source, component, or alternative must 
not have any known unmitigatable or unacceptable 
environmental or socioeconomic issues.  Examples of options 
that would involve such negative consequences include 
destruction of fens or clear violation of state or federal 
environmental statutes. 

Notes: 
AF/yr = acre-feet per year 
EC = Environmental Consequences 
ET = Existing Technology 
LG = Logistics – Geographic Location 
LI = Logistics – Institutional Issues 
LP = Logistics – Practicality Issues 
PN = Purpose and Need 
 

2.1.1.1 Long List of Water Supply Sources and Components  
A wide array of water sources and infrastructure components (e.g., storage sites, conveyance 
routes, water management practices, etc.) was developed based on past studies, extensive 
literature review, comments received during the NEPA scoping period, and input from Denver 
Water, the Corps, and third-party consulting team.  Table 2-2 summarizes the types of sources 
and components evaluated.  Table B-1 in Appendix B provides the complete list of these sources 
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and components.  Exclusionary criteria described in Table 2-1 were used to eliminate those water 
supplies or infrastructure components not capable of meeting the Project Purpose and Need, or 
that have fatal flaws, leaving 42 water supply sources and infrastructure components that were 
carried through to Screen 1B.   

Table 2-2 
Description of Water Supply Sources and Infrastructure 

Components in the “Long List” 

Category General Description of the Entries 
West Slope Reservoirs  Expansion of existing reservoir sites and new dam sites. 

New Reservoirs - Front Range Potential storage sites in the South Platte, Cache la Poudre, St. Vrain, Big 
Thompson, Clear Creek, and Boulder Creek drainage basins. 

Existing Reservoirs - Front Range Existing storage sites within the same drainage basins as new reservoir 
sites. 

Institutional/non-structural Water 
Management Concepts 

Non-structural concepts such as cooperative agreements and 
reallocation/exchange of water supplies . 

Reuse and Treatment Concepts Options involving reuse of Denver Water’s reusable effluent. 

Demand Reduction 

Options that reduce demands on Moffat Collection System supplies.  
Conservation or demand reduction is intrinsic to Denver Water’s Purpose 
and Need, and would be included in all alternatives carried forward to 
the EIS.  Refer to Denver Water’s Integrated Resource Plan (IRP) for 
details on conservation measures (Denver Water 2002a). 

Agricultural Conversion and Other 
Water Purchases 

Water purchase arrangements (3 in the South Platte River basin and 2 in 
the Blue River basin). 

Surface Water (South Platte and 
Colorado River basins) Supplies 

Water rights acquisition in the Colorado and South Platte River basins. 

Groundwater 
Aquifer Storage and Recovery (ASR) options, which involve placing 
surplus water underground in either bedrock aquifers or shallow alluvial 
aquifers, for recovery at a later time when supplies are needed. 

Conveyance Facilities Conveyance structures such as pipelines, tunnels, and diversions to 
convey water from its source to the Moffat Water Treatment Plant. 

Diverse and Distant Sources of Supply Other sources of water supply – Colorado River Return Project and other 
out-of-basin purchases. 

Notes: 
ASR = aquifer storage and recovery 
IRP =  Integrated Resource Plan 
 

Table 2-3 summarizes the number of water sources and components eliminated by each criterion.  
As shown in Table 2-3, the most significant criteria used to eliminate water supply sources and 
infrastructure components were:  

• PN2 – Must supply water to the Moffat Collection System 

• LP1 – Must be capable of storing at least 15,000 AF in a surface impoundment 

• LP2 – Water must be available (physically and legally) from a sustainable source in amounts 
 sufficient to be practicably developed 

• EC1 – Must not involve new impoundments on major waterways 
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Table 2-3 
Screen 1A Summary 

Designation Description 

Number of 
Components/ 

Water Sources 
Eliminated 

Purpose and Need 
PN1 Must provide new firm yield. 3 
PN2 Must supply water to Moffat Collection System. 19 
PN3 Must produce a solution within the necessary near-term timeframe (by 2016). 15 

Existing Technology 
ET1 Must use proven technology and management practices. 1 

ET2 Must not require extreme or extraordinary technical effort to overcome 
conditions at a site. 7 

Logistics – Geographic 

LG1 Must be within the state of Colorado and in the South Platte and mainstem 
Colorado river basins. 4 

LG2 Must be outside national and state parks, designated wild and scenic or 
wilderness areas, and Superfund sites. 9 

LG3 Must be outside lands or sites known to be integral to development plans of 
other entities. 15 

Logistics – Institutional 
LI1 Must not require Congressional action. 12 
LI2 Must conform to federal, state, and local laws, rules and ordinances. 0 
LI3 Must not require relocation of an interstate highway. 2 

Logistics – Practicality 
LP1 Must be capable of storing at least 15,000 AF in a surface impoundment. 94 

LP2 Water must be available (physically and legally) from a sustainable source in 
amounts sufficient to be practicably developed. 37 

Environmental Consequences 
EC1 Must not involve new impoundments on major waterways. 58 

EC2 Must use highest quality water available among similar components within a 
water sources category. 0 

EC3 Must not have any known environmental or permitting fatal flaws. 1 
Notes: 
AF = acre-feet 
EC = Environmental Consequences 
ET = Existing Technology 
LG = Logistics – Geographic Location 
LI = Logistics – Institutional Issues 
LP = Logistics – Practicality Issues 

 

Table B-2 in Appendix B lists the water supply sources and components that were remaining at 
the conclusion of Screen 1A.  These elements were used to formulate project alternatives in 
Screen 1B. 
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2.1.2 Screen 1B  
The objective of Screen 1B was to match a potential water supply source with water storage and 
conveyance components to formulate possible project alternatives that would meet the Project 
Purpose and Need.  Screen 1B was conducted in 4 steps:  (1) assessment of available water 
supplies, (2) assessment of available storage and conveyance components, (3) preliminary 
environmental screen of storage sites, and (4) configuration of possible alternatives.   

Potential water supply sources remaining after Screen 1A were assessed based on the acceptable 
quality and delivery point.  The water supply sources that were identified that could reasonably 
be expected to meet the supply needs of the Moffat Collection System Project included: 

• Denver Water’s existing water rights in the following basins: 

– South Platte River 
– Williams Fork River 
– Fraser River 
– Blue River 
– South Boulder Creek 

• Unappropriated water from the Upper South Platte and Blue river basins 

• Reusable water from the South Platte River (trans-basin and/or fully consumable South Platte 
water not used to extinction) 

• Acquisition of existing agricultural water rights from other entities (purchasing senior 
agricultural water rights and dry year leasing arrangements) 

A total of 29 storage components passed through Screen 1A and were considered available for 
storage development or enlargement as part of a potential project alternative.  Similar storage 
components were grouped by geographic proximity to allow for a relative comparative analysis 
of sites.   

A preliminary environmental screen was conducted on the potential storage sites remaining after 
Screen 1A to help configure the potentially least environmentally damaging alternatives.  The 
objective of the preliminary environmental screen was to screen storage components with the 
greatest adverse impact to the aquatic environment and other natural habitats without limiting the 
range of alternatives to be further evaluated.  Based on a relative comparison of storage 
components within each geographic grouping, the storage component with the least adverse 
impacts to the environment was selected for project alternative formulation.  A total of 24 
surface reservoir sites, and five shallow aquifer storage sites were evaluated in the environmental 
screen.  The results of the preliminary environmental screen were eight remaining reservoir sites, 
plus deep aquifer storage and gravel pit storage. 

These remaining storage sites were combined with the remaining water supply sources and 
infrastructure components from Screen 1A to formulate possible project alternatives that meet 
the Project Purpose and Need.  Thirty-four (34) alternatives were formulated by matching a 
potential water source with water storage and conveyance components (Table 2-4).  Conceptual 
figures of each alternative are provided in Appendix B (Figures B-1 through B-32). 
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Table 2-4 
Project Alternatives Evaluated in Screen 1B  

Alternative Name Description 

1 
Moffat Collection System/Existing Infrastructure Project 
Predominately wet-year Fraser River, Williams Fork River, and South Boulder Creek would be the water source using the 
existing Moffat Collection System infrastructure. 

a South Boulder Creek Storage Storage to firm up the yield is provided by an enlarged Gross Reservoir (72,000 AF 
additional).   

b Ralston North Storage Storage to firm up the yield is provided by a new Leyden Gulch Reservoir (72,000 AF).   

c Large South Boulder Creek and 
Small Ralston North Storage 

Storage to firm up the yield is provided by an enlarged Gross Reservoir (52,000 AF 
additional) and a new Leyden Gulch Reservoir (20,000 AF). 

c.1 
Large Storage North of South 
Boulder Creek and Small Ralston 
North Storage 

Storage to firm up the yield is provided by a new Sixmile Canyon Reservoir (35,000 AF) 
and a new Leyden Gulch Reservoir (37,000 AF).  A new bi-directional transmission line 
and pumping system supplies water to and from the new Sixmile Canyon Reservoir.   

d Small South Boulder Creek and 
Large Ralston North Storage 

Storage to firm up the yield is provided by an enlarged Gross Reservoir (20,000 AF 
additional) and a new Leyden Gulch Reservoir (52,000 AF). 

d.1 
Small Storage North of South 
Boulder Creek and Large Ralston 
North Storage 

Storage to firm up the yield is provided by a new Sixmile Canyon Reservoir (20,000 AF) 
and a new Leyden Gulch Reservoir (52,000 AF).  A new bi-directional transmission line 
and pumping system supplies water to and from the new Sixmile Canyon Reservoir.   

2 

Moffat Collection System/Williams Fork Extension Project 
The same water as described for Alternative 1, plus predominately wet-year water that can be obtained by constructing gravity-
flow extensions to the existing Williams Fork Collection System.  Water conveyed via the Gumlick Tunnel is released into Clear 
Creek (instead of continuing on to the Moffat Tunnel).  Water conveyed in Clear Creek basin is collected at a new diversion 
downstream of Golden and delivered via a shortened version of Conduit X to the Moffat Collection System delivery point near 
State Highway (SH) 72. 

a Clear Creek-South Boulder Creek 
Storage 

Storage to firm up the yield is obtained by adding storage in a new Soda Creek Reservoir 
(32,000 AF) and in an enlarged Gross Reservoir (40,000 AF additional).   

a.1 Clear Creek Storage – Storage North 
of South Boulder Creek 

Storage to firm up the yield is obtained by adding storage in a new Soda Creek Reservoir 
(37,000 AF), a new Sixmile Canyon Reservoir (35,000 AF), and expanding Gross 
Reservoir by 5,000 AF.  A new bi-directional transmission line and pumping system 
supplies water to and from the new Sixmile Canyon Reservoir. 

b Clear Creek-Ralston North 
Storage 

Storage to firm up the yield is obtained by adding storage in a new Soda Creek Reservoir 
(32,000 AF) and in a new Leyden Gulch Reservoir (40,000 AF).   

c Ralston South Storage 

Storage to firm up the yield is obtained by adding new storage in an enlarged Ralston 
Reservoir (72,000 AF additional).  Water conveyed via Clear Creek is collected at a new 
diversion near Golden and conveyed via a shortened version of Conduit X to the enlarged 
Ralston Reservoir.   

3 

Moffat Collection System/Williams Fork - South Fork Extension Project 
The same water as described for Alternative 2, plus predominately wet-year water that can be obtained by constructing a new 
storage reservoir on the South Fork of the Williams Fork River and pumping back up to a gravity-flow extension of the existing 
Williams Fork Collection System.  Water conveyed via the Gumlick Tunnel is released into Clear Creek (instead of continuing on 
to the Moffat Tunnel).  Water conveyed in Clear Creek basin is collected at a new diversion downstream of Golden and delivered 
via a shortened version of Conduit X to the Moffat Collection System delivery point near SH 72. 

a Clear Creek-South Boulder Creek 
Storage  

Storage to firm up the yield is obtained by adding storage in a new reservoir on the South 
Fork of the Williams Fork River (12,000 AF), a new Soda Creek Reservoir (32,000 AF), 
and in an enlarged Gross Reservoir (28,000 AF additional). 

a.1 Clear Creek Storage-Storage 
North of South Boulder Creek 

Storage to firm up the yield is obtained by adding storage in a new reservoir on the South 
Fork of the Williams Fork River (12,000 AF), a new Soda Creek Reservoir (32,000 AF), 
and in a new Sixmile Canyon Reservoir (28,000 AF).  A new bi-directional transmission 
line and pumping system supplies water to and from the new Sixmile Canyon Reservoir. 

b Clear Creek-Ralston North 
Storage 

Storage to firm up the yield is obtained by adding storage in a new reservoir on the South 
Fork of the Williams Fork River (12,000 AF), a new Soda Creek Reservoir (32,000 AF), 
and in a new Leyden Gulch Reservoir (28,000 AF).   
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Table 2-4 (continued) 
Project Alternatives Evaluated in Screen 1B  

Alternative Name Description 

4 

Blue River/South System Interconnect Project 
Predominately wet-year Blue River water is conveyed via the Roberts Tunnel to a new tunnel constructed from the Roberts 
Tunnel to the Bear Creek drainage.  Water conveyed in Bear Creek would be collected at a diversion in the vicinity of 
Morrison/Bear Creek Reservoir and conveyed via a shortened version of Conduit X to the Moffat Collection System delivery 
point near SH 72. 

a Bear Creek Delivery/Ralston 
South Storage 

Storage to firm up the yield is obtained by adding storage in an enlarged Ralston Reservoir 
(72,000 AF additional). 

5 

Blue River/North System Delivery Project 
Predominately wet-year Blue River water (the same water in Alternative 4) is conveyed via a new tunnel from Dillon Reservoir 
to the Clear Creek drainage (downstream of Georgetown).  Water stored in Clear Creek basin is collected at a new diversion 
downstream of Golden and delivered via a shortened version of Conduit X to the Moffat Collection System delivery point near 
SH 72. 

a Clear Creek Storage Storage to firm up the yield is obtained by adding storage in a new Soda Creek Reservoir 
(72,000 AF).   

b Ralston South Storage Storage to firm up the yield is obtained by adding new storage in an enlarged Ralston 
Reservoir (72,000 AF additional).   

6 Indirect Potable Reuse Project 
Denver Water Recycling Plant effluent is treated in an advanced water treatment (AWT) plant. 

a Ralston South Storage 

Storage to firm up the yield is obtained by adding storage in an enlarged Ralston Reservoir 
(72,000 AF additional).  At the reservoir, the advanced wastewater treatment reuse water 
would be blended with fresh water, retained for 12 months, then delivered to the Moffat 
Collection System delivery point near SH 72. 

b Ralston North Storage 

Storage to firm up the yield is obtained by adding storage in a new Leyden Gulch 
Reservoir (72,000 AF).  At the reservoir, the advanced wastewater treatment reuse water 
would be blended with fresh water, retained for 12 months, then delivered to the Moffat 
Collection System delivery point near SH 72. 

7 Reusable Water 
Reusable water in the South Platte River is collected at a gravel pit forebay and treated in a new AWT plant. 

a Ralston South Storage Storage to firm up the yield is obtained in an enlarged Ralston Reservoir (72,000 AF 
additional).   

b Ralston North Storage Storage to firm up the yield is obtained in a new Leyden Gulch Reservoir (72,000 AF). 

8 

Shallow Aquifer Storage Project 
Using the same water as described for Alternative 1, plus reusable water in the South Platte River as described in Alternative 7.  
Reusable water is collected at a gravel pit forebay and pumped to the Box Elder Creek basin via a bi-directional pipeline.  
Surface-spreading basins are used to charge the aquifer, and water is collected with recovery wells and returned to the Moffat 
Collection System delivery point via Conduits M and Z near SH 72.  
The shallow aquifer storage required for Alternatives 8a and 8b is primarily a function of the amount of reusable effluent 
available.  As configured, these alternatives assume that 5,000 AF of new firm yield would be generated through the storage and 
recovery of reusable effluent.  Therefore, at a storage-to-firm yield ratio of 4:1, 20,000 AF of storage capacity would be needed.  
Further alternative development and refinement in subsequent phases will be required to determine the amount of firm yield that 
could potentially be generated with reusable effluent and the amount of shallow aquifer storage required. 

a South Boulder Creek Storage 
Storage to firm up the yield is obtained in a new Box Elder Creek shallow aquifer 
recharge/recovery facility (20,000 AF) and an enlarged Gross Reservoir (52,000 AF 
additional).   

b Ralston North Storage Storage to firm up the yield is obtained in a new Box Elder Creek shallow aquifer 
recharge/recovery facility (20,000 AF) and a new Leyden Gulch Reservoir (52,000 AF).  

9 

Agricultural Water Conversion Project 
Agricultural water rights, located downstream of the Metro Reclamation Plant, are purchased and converted to 
municipal/industrial use.  A new diversion on the South Platte River in the vicinity of Greeley collects water and conveys it to a 
proposed storage facility.  Treatment process upgrades are made at Moffat WTP. 

a Metro Northeast Storage 
Storage to firm up the yield is obtained in an enlarged Spring Creek Reservoir (up to 
36,000 AF) from where water is delivered to the Moffat Collection System delivery point 
near SH 72.   
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Table 2-4 (continued) 
Project Alternatives Evaluated in Screen 1B  

Alternative Name Description 

b Ralston North Storage Storage to firm up the yield is obtained in a new Leyden Gulch Reservoir (up to 72,000 
AF).   

10 

Deep Aquifer Storage Project 
Using the same water as described for Alternative 1, plus Denver Water Recycling Plant effluent that is treated in an AWT plant.  
Treated water is pumped to dedicated injection wells to recharge the Denver Basin aquifer located within the City and County of 
Denver.  Recovered water is collected from the wells, chlorinated at the wellhead, manifolded into new conveyance pipes, and 
pumped to existing treated water storage in the Moffat Service Area. 
The deep aquifer storage required for Alternatives 10a and 10b is primarily a function of the amount of reusable effluent 
available.  As configured, these alternatives assume that 5,000 AF of new firm yield would be generated through the storage and 
recovery of reusable effluent.  Therefore, at a storage-to-firm yield ratio of 4:1, 20,000 AF of storage capacity would be needed.  
Further alternative development and refinement in subsequent phases will be required to determine the amount of firm yield that 
could potentially be generated with reusable effluent and the amount of deep aquifer storage required. 

a Deep Aquifer and  
South Boulder Creek Storage 

Storage to firm up the yield is obtained in the Denver Basin aquifer (20,000 AF) and in an 
enlarged Gross Reservoir (52,000 AF additional).   

b Deep Aquifer and  
Ralston North Storage 

Storage to firm up the yield is obtained in the Denver Basin aquifer (20,000 AF) and in a 
new Leyden Gulch Reservoir (52,000 AF). 

c Deep Aquifer and  
Ralston South Storage 

Storage to firm up the yield is obtained in the Denver Basin aquifer (20,000 AF) and an 
enlarged Ralston Reservoir (52,000 AF additional).  Predominately wet-year Blue River 
water (same as in Alternative 4) is conveyed via the Roberts Tunnel to a new tunnel 
constructed from the Roberts Tunnel to the Bear Creek drainage.  Water conveyed in Bear 
Creek would be collected at a diversion in the vicinity of Morrison/Bear Creek Reservoir and 
conveyed via a shortened version of Conduit X to storage in an enlarged Ralston Reservoir. 

d Deep Aquifer and  
Clear Creek Storage 

Storage to firm up the yield is obtained in the Denver Basin aquifer (20,000 AF) and a new 
Soda Creek Reservoir (52,000 AF).  Predominately wet-year Blue River water (the same as 
in Alternative 5) is conveyed via a new tunnel from Dillon Reservoir to the Clear Creek 
drainage (downstream of Georgetown).  Storage to firm up the yield is obtained by adding 
storage in a new Soda Creek Reservoir.  Water conveyed via Clear Creek is then collected at 
a diversion downstream of Golden and delivered via a shortened version of Conduit X to the 
Moffat Collection System delivery point near SH 72. 

e Ralston South Storage 

Storage to firm up the yield is obtained in the Denver Basin aquifer (20,000 AF) and an 
enlarged Ralston Reservoir (52,000 AF additional).  Predominately wet-year Blue River 
water (the same as in Alternative 5) is conveyed via a new tunnel from Dillon Reservoir to 
the Clear Creek drainage (downstream of Georgetown).  Storage to firm up the yield is 
obtained by adding storage in an enlarged Ralston Reservoir.  Water conveyed via Clear 
Creek is then collected at a diversion downstream of Golden and conveyed via a shortened 
version of Conduit X to the enlarged Ralston Reservoir. 

11 

Deep Aquifer plus Shallow Aquifer Storage Project  
Denver Water’s reusable water in the South Platte River would be collected at a gravel pit forebay.  New storage would be 
provided in both shallow and deep aquifers. 
The shallow and deep aquifer storage required for Alternative 11 is primarily a function of the amount of Denver Water’s 
reusable effluent available.  As configured, this alternative assumes that 18,000 AF of new firm yield would be generated through 
the storage and recovery of reusable effluent.  Therefore, at a storage-to-firm yield ratio of 4:1, 72,000 AF of storage capacity 
would be needed.  Further alternative development and refinement in subsequent phases will be required to determine the amount 
of firm yield that could potentially be generated with reusable effluent and the amount of shallow and deep aquifer storage 
required.   

a Deep Aquifer Storage and 
Shallow Aquifer Storage 

Advanced water treatment of the reusable water would be provided before pumping to 
dedicated injection wells to recharge the Denver Basin aquifer (20,000 AF) located within 
the City and County of Denver.  Recovered water is collected from the wells, chlorinated at 
the wellhead, manifolded into new conveyance pipes, and pumped to existing treated water 
storage in the Moffat Service Area.  Other reusable water is pumped to the Box Elder Creek 
basin (52,000 AF) via a bi-directional pipeline.  Surface-spreading basins are used to charge 
the aquifer, and water is collected with recovery wells and returned to the Moffat Collection 
System delivery point near SH 72. 



Chapter 2 – Proposed Action and Alternatives  

2-14  Screen 1B 

Table 2-4 (continued) 
Project Alternatives Evaluated in Screen 1B  

Alternative Name Description 

12 

Deep Aquifer Storage, South System Project 
Wet-year South Collection System water, diverted from the South Platte River or Blue River, is conveyed to the Marston and 
Foothills WTPs using existing infrastructure.  Wet-year water is conveyed when available to the WTPs, where it is treated using 
existing unused capacity.  Excess water is considered to be regularly available 1 year out of 3 years over a 4-month runoff period 
of April through July.  Water availability and availability of unused treatment capacity were assumed to coincide.   

a South System ASR 

Storage to firm up the yield is provided by pumping to injection and recovery wells within 
the Denver Basin aquifer (54,000 AF) distributed throughout the City and County of 
Denver.  This approach makes use of Denver Water’s existing treated water distribution 
system to convey the water to the injection/recovery wells.  Recovered water is collected 
from the wells, chlorinated at the wellhead, manifolded into new conveyance pipes, and 
pumped to existing treated water storage in the Moffat Service Area.   

13 

Agricultural Water Rights Purchase, Moffat Collection System Project 
Using the same water as described for Alternative 1, plus agricultural water rights.  These new rights, located downstream of the 
Metro Reclamation Plant, are purchased, and converted to municipal/industrial use to generate 3,000 AF/yr of new firm yield.  A 
new diversion on the South Platte River in the vicinity between Brighton and Fort Lupton collects water in a gravel pit forebay.  
An AWT plant would be located near the forebay to provide treatment prior to gravel pit storage or delivery to the Moffat 
Collection System.  Water is delivered from the gravel pit via Conduits Z and M to the Moffat Collection System delivery point 
near SH 72. 

a 
Agricultural Water Rights 
Purchase and South Boulder 
Creek Storage 

Storage to firm up the yield is obtained in a new gravel pit forebay (3,625 AF) and an 
enlarged Gross Reservoir (60,000 AF additional). 

b 
Agricultural Water Rights 
Purchase and Ralston North  
Storage 

Storage to firm up the yield is obtained in a gravel pit forebay (3,625 AF of storage) and 
in a new Leyden Gulch Reservoir (60,000 AF). 

14 Reusable Water, Agricultural Water Rights Purchase, and Moffat Collection System Project 
Using the same water as described for Alternative 1, plus reusable water in the South Platte River as described in Alternative 8, 
and agricultural water rights as described in Alternative 13.   

 Gravel Pit Storage and South 
Boulder Creek Storage 

Reusable return flows in the South Platte River, generating 5,000 AF/yr firm yield, would be 
diverted to new gravel pit storage facilities near Brighton, Colorado, similar to Alternative 
8a.  Agricultural water rights would be purchased and converted to municipal/industrial use 
to generate 3,000 AF/yr firm yield, similar to Alternative 13a.  A total of approximately 
8,625 AF gravel pit storage would be needed.  An AWT plant would be located near the 
gravel pits to provide treatment prior to delivery to the Moffat Collection System.  Water 
would be delivered via Conduit O to the Moffat Collection System delivery point near SH 
72.  Using existing collection infrastructure, Moffat Collection System water is delivered via 
the Moffat Tunnel and South Boulder Creek and stored in an enlarged Gross Reservoir 
(40,000 AF additional). 

Notes: 
AF = acre-feet 
AF/yr = acre-feet per year 
SH = State Highway 
WTP = water treatment plant

2.1.3 Screen 1C  
The 34 project alternatives developed in Screen 1B were screened on the basis of relative major 
capital costs in Screen 1C.  Rough order-of-magnitude (ROM) and Relative Development Cost 
(RDC) estimates were developed and used to eliminate alternatives with excessive costs.  The 
surviving alternatives were carried forward for further evaluation in Screen 2.  

ROM project costs were developed based on the estimated quantity/capacity of the principal 
elements of each potential alternative (e.g., length of tunnel, pipeline length/diameter, volume of 
dam, pump station capacity, and water treatment facility capacity) as follows: 
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• Estimates for surface storage components were determined by embankment volumes and 
construction type (earthen, concrete, or roller-compacted concrete).  

• Conveyance elements were estimated with cost curves for pipelines, pump stations, and 
tunnels.  

• Advanced water treatment facilities and well fields were estimated based on unit costs, 
including cost per gallon of treatment capacity, and cost per well, respectively.  

While the ROM cost reflects the total capital cost of major infrastructure features of an 
alternative, it does not represent the expected total project cost.  To develop a more 
representative cost estimate that is suitable for use in comparing alternatives, an RDC was 
developed for Screen 1C.  The ROM cost for each alternative was converted to an RDC or total 
potential project development cost, by applying a 50 percent (%) factor to account for unknowns, 
contingencies, and total development cost escalation.  Operation and maintenance (O&M) costs 
were not included at this level of cost estimating.   

The resulting RDC estimates were converted to a dimensionless, relative-cost screen by 
expressing each estimate in terms of the estimated least cost alternative (a ratio).  The 
alternatives were then ranked according to their associated relative cost index for screening.  The 
Corps decided upon a cost threshold of 5.0 to be conservative and more inclusive in the cost 
screen, while ensuring that a reasonable range of alternatives are maintained in the EIS that 
would meet the Project Purpose and Need, as well as complying with the requirements of the 
Section 404(b)(1) Guidelines.  The selection of the 5.0 ratio for the cost index also considered 
information available from other major Colorado water supply projects at the time the screening 
was completed for this project.  Table 2-5 shows the results of the cost screen.  Alternatives with 
relative cost indices greater than 5.0 were eliminated from further evaluation.  Alternatives 6 and 
7 were screened out in the cost screen because they included only reuse to meet the entire18,000 
acre-feet per year (AF/yr) of the firm yield requirement and had high relative cost indices due to 
the cost of treating such a large volume at an AWT plant, whereas, Alternatives 8a and 10a 
included indirect potable reuse to meet 5,000 AF/yr of the firm yield requirement.  The treatment 
costs were considerably lower for these alternatives because only a portion of the firm yield 
requirement would be met with indirect potable reuse.  Therefore, they passed the cost screen. 

A total of 15 alternatives with relative cost indices less than 5.0 passed Screen 1 for further 
evaluation in Screen 2.  One of the alternatives, however, was eliminated prior to conducting 
Screen 2 based upon further assessment of the yield criteria of the Project Purpose and Need 
Statement.  Alternative 11a, Deep and Shallow Aquifer Storage of Reusable Supplies, was 
eliminated because it was determined upon further assessment that this alternative could not 
supply 18,000 AF/yr of new firm yield.  The source of water is unused reusable effluent and 
lawn irrigation return flows to recharge both shallow and deep aquifers for subsequent 
withdrawal.     

The results of Screen 1C are a set of 14 alternatives carried forward for further analysis in 
Screen 2.  Table 2-6 lists these alternatives. 
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Table 2-5
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Table 2-6 
List of Alternatives Evaluated in Screen 2 

Alternative Name Description 

1 
Moffat Collection System  
Predominantly wet-year Fraser River, Williams Fork River, and South Boulder Creek water would be the water source using 
existing Moffat Collection System infrastructure. 

a Gross Reservoir Storage Storage is provided by an enlarged Gross Reservoir (72,000 AF additional).   

b Leyden Gulch Reservoir 
Storage Storage is provided by a new Leyden Gulch Reservoir (72,000 AF).   

c Large Gross Reservoir and 
Small Leyden Gulch Storage 

Storage is provided in an enlarged Gross Reservoir (52,000 AF additional) and a new 
Leyden Gulch Reservoir (20,000 AF). 

c.1 Sixmile Canyon Reservoir and 
Leyden Gulch Reservoir 

Storage is provided in a new Sixmile Canyon Reservoir (35,000 AF) and a new Leyden 
Gulch Reservoir (37,000 AF).  A new bi-directional transmission line and pumping system 
supplies water to and from the new Sixmile Canyon Reservoir.   

d Small Gross Reservoir and 
Large Leyden Gulch Reservoir 

Storage is provided in an enlarged Gross Reservoir (20,000 AF additional) and a new 
Leyden Gulch Reservoir (52,000 AF). 

d.1 
Small Sixmile Canyon 
Reservoir and Large Leyden 
Gulch Reservoir 

Storage in a new Sixmile Canyon Reservoir (20,000 AF) and a new Leyden Gulch Reservoir 
(52,000 AF).  A new bi-directional transmission line and pumping system supplies water to and 
from the new Sixmile Canyon Reservoir. 

2 

Moffat Collection System/Williams Fork Extension 
Using the same water as described for Alternative 1, plus predominately wet-year water that can be obtained by constructing 
gravity-flow extensions to the existing Williams Fork Collection System.  Water conveyed via the Gumlick Tunnel is released 
into Clear Creek (instead of continuing to the Moffat Tunnel).  Water conveyed via Clear Creek is collected at a new diversion 
downstream of Golden and delivered via a shortened version of Conduit X to the Moffat Collection System delivery point near SH 
72. 

a Soda Creek Reservoir and 
Gross Reservoir 

Storage is provided in a new Soda Creek Reservoir (32,000 AF) and in an enlarged Gross 
Reservoir (40,000 AF additional).  Water conveyed via Clear Creek is collected at a new 
diversion downstream of Golden and delivered via a shortened version of Conduit X to the 
Moffat Collection System delivery point near SH 72. 

c Ralston Reservoir 
Storage is provided in an enlarged Ralston Reservoir (72,000 AF additional).  Water 
conveyed via Clear Creek is collected at a new diversion near Golden and conveyed via a 
shortened version of Conduit X to the enlarged Ralston Reservoir.   

3 

Moffat Collection System/Williams Fork – South Fork Extension Project 
Using the same water as described for Alternative 1, plus predominately wet-year water that can be obtained from the upper 
Williams Fork Collection System (similar to Alternative 2).  Water conveyed via the Gumlick Tunnel is released into Clear Creek 
(instead of continuing to the Moffat Tunnel).  Water conveyed via Clear Creek is collected at a new diversion downstream of 
Golden and delivered via a shortened version of Conduit X to the Moffat Collection System delivery point near SH 72. 

a 
South Fork Reservoir, Soda 
Creek Reservoir, and Gross 
Reservoir 

Storage is provided in a new reservoir constructed on the South Fork of the Williams Fork 
River (12,000 AF) and pumped back up to a gravity-flow extension of the existing Williams 
Fork Collection System.  Storage is also provided in a new Soda Creek Reservoir (32,000 AF) 
and in an enlarged Gross Reservoir (28,000 AF additional).   

8 

Moffat Collection System/Shallow Aquifer Storage   
Using the same water as described for Alternative 1, plus reusable water in the South Platte River is collected at a gravel pit 
forebay and pumped to the Box Elder Creek basin via a bi-directional pipeline.  Surface-spreading basins are used to charge the 
aquifer, and water is collected with recovery wells and returned to the Moffat Collection System delivery point via Conduits M 
and Z near SH 72. 

a Box Elder Creek Shallow 
Aquifer and Gross Reservoir 

Storage is provided in a new Box Elder Creek shallow aquifer recharge/recovery facility 
(20,000 AF) and an enlarged Gross Reservoir (52,000 AF additional). 

b 
Box Elder Creek Shallow 
Aquifer and Leyden Gulch 
Reservoir 

Storage is provided in a new Box Elder Creek shallow aquifer recharge/recovery facility 
(20,000 AF) and a new Leyden Gulch Reservoir (52,000 AF).   
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Table 2-6 (continued) 
List of Alternatives Evaluated in Screen 2 

Alternative Name Description 

10 

Moffat Collection System/Deep Aquifer Storage Project  
Using the same water as described for Alternative 1, plus Denver Water Recycling Plant effluent that is treated in an AWT plant.  
Treated water is pumped to dedicated injection wells to recharge the Denver Basin aquifer located within the City and County of 
Denver.  Recovered water is collected from the wells, chlorinated at the wellhead, and conveyed via new conduits to the Moffat 
Collection System delivery point.   

a Deep Aquifer and  
Gross Reservoir 

Storage is provided in the Denver Basin aquifer (20,000 AF) and an enlarged Gross 
Reservoir (52,000 AF additional). 

b Deep Aquifer and Leyden Gulch 
Reservoir 

Storage is provided in the Denver Basin aquifer (20,000 AF) and a new Leyden Gulch 
Reservoir (52,000 AF). 

13 

Moffat Collection System/Agricultural Water Conversion 
Using the same water as described for Alternative 1, plus agricultural water rights.  These rights, located downstream of the Metro 
Reclamation Plant are purchased, and converted to municipal/industrial use to generate 3,000 AF/yr of new firm yield.  A new 
diversion on the South Platte River in the vicinity between Brighton and Fort Lupton collects water in a gravel pit forebay.  An 
AWT plant would be located near the forebay to provide treatment prior to gravel pit storage or delivery to the Moffat Collection 
System.  Water is delivered from the gravel pit via Conduits Z and M to the Moffat Collection System delivery point near SH 72.  

a 
Agricultural Water Rights 
Purchase, Gravel Pit Storage, 
and Gross Reservoir 

Storage is provided in a gravel pit forebay (3,625 AF) and an enlarged Gross Reservoir 
(60,000 AF additional). 

Notes: 
AF = acre-feet 
AWT = advanced water treatment 
SH = State Highway 
 

2.1.4 Screen 2 
Screen 2 focused on environmental consequences to the aquatic environment, other ecosystems, 
and other natural environmental values since these areas would be permanently affected by 
implementation of the alternatives, such as reservoir inundation, and construction of dams, roads, 
and diversion structures.  In addition, the technological feasibility of deep aquifer storage and 
advanced water treatment of reuse water was considered.   

The five categories of evaluation criteria used in Screen 2 include: 

• Wetlands 

• Aquatic Habitat (inundation) 

• Aquatic Habitat (depletions) 

• Threatened and Endangered Species 

• Other Habitat Values (designated wildlife habitat areas, significant habitat features, and 
Colorado Natural Heritage Program [CNHP] potential conservation areas) 

The evaluation criteria were applied to each alternative using a combination of reconnaissance-
level field observations, and review of existing data, maps, and aerial photography.  Site visits 
were conducted to check existing data and collect additional information on existing conditions.  
The reservoir sites visited include existing sites (Gross and Ralston reservoirs) and potential 
reservoir sites (Leyden Gulch, Sixmile Canyon, and Soda Creek).  Refer to the conceptual 
figures of project alternatives in Appendix B of the Moffat Collection System Project EIS 
Alternatives Screening Report for a location of the existing and potential reservoir sites 
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(Corps 2007a).  For each category of evaluation criteria, an overall score and a relative ranking 
were developed in order to compare alternatives.  Weighted scores were developed by 
multiplying the assigned resource value for each resource feature (e.g., an individual wetland or 
stream segment that would be affected) by a measurement of the amount of effect.  Effect was 
evaluated by change in distance, area, or volume, depending on the resource, and was measured 
with a Geographic Information System (GIS) device.  This was repeated for all affected 
resources and a total score was derived for each category of evaluation criteria.  

Relative rank orders for each alternative were developed within each evaluation category, with 1 
having the least environmental effect and 5 representing the greatest environmental effect.  The 
results of applying Screen 2 evaluation criteria are shown in Table 2-7, which displays the 
weighted scores and rank orders for all alternatives.  Each evaluation category was treated as 
having equal weight, i.e., wetlands are not considered as being more or less important than 
aquatic habitat. 

Nine alternatives were eliminated from further consideration due to environmental conflicts and 
lower comparative rankings, i.e., one or more rank orders of 4 and/or 5.  The alternatives 
eliminated include Alternatives 1b, 1c.1, 1d, 1d.1, 2a, 2c, 3a, 8b, and 10b. 

Five alternatives have low to moderate impacts in all categories; i.e., they have a rank order of 1, 
2 or 3.  Based on these ratings, the following five alternatives are carried forward for further 
analysis in the EIS.     

Alternative 1a:  72,000 AF enlargement of Gross Reservoir 

Alternative 1c:  52,000 AF enlargement of Gross Reservoir combined with a 20,000 AF 
reservoir at Leyden Gulch 

Alternative 8a:  52,000 AF enlargement of Gross Reservoir combined with 20,000 AF of 
shallow aquifer storage at the Box Elder Creek site 

Alternative 10a:  52,000 AF enlargement of Gross Reservoir combined with 20,000 AF of deep 
aquifer storage 

Alternative 13a:  60,000 AF enlargement of Gross Reservoir combined with purchase of 
agricultural water rights 

The five alternatives to be carried forward for EIS analysis represent a reasonable cross-section 
of practical alternatives, which encompass a broad range of potential water supplies and storage 
sites.  These alternatives all utilize Denver Water’s supplies from the Fraser River, Williams 
Fork River, and South Boulder Creek to varying degrees.  Alternatives 8a, 10a, and 13a utilize 
Denver Water’s reusable water or transferred agricultural water rights to reduce the portion of 
supply derived from additional trans-mountain diversions.  The five alternatives include various 
combinations and sizes of a Gross Reservoir enlargement and a new Leyden Gulch Reservoir.  In 
addition, Alternatives 8a and 10a rely on shallow and deep aquifer storage to some degree 
instead of surface storage.  
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Table 2-7 
Screen 2 Comparative Ranking Summary 

Alternative Wetlands 
Aquatic 
Habitat 

(inundation) 

Aquatic 
Habitat 

(depletions) 

Threatened 
and 

Endangered 
Species 

Other Habitat 
Values 

1 2 3 1 2 
1a 

2.59 5.47 3.00 1.00 1562.84

4 1 3 1 1 
1b 

24.88 1.33 3.00 3.00 31.05

3 1 3 2 2 
1c 

16.35 4.33 3.00 4.00 1159.03

5 1 3 3 1 
1c.1 

26.77 3.51 3.00 6.00 928.78

5 1 3 2 1 
1d 

25.50 3.08 3.00 4.00 360.39

5 1 3 3 1 
1d.1 

30.28 3.21 3.00 6.00 598.48

3 4 3 4 4 
2a 

16.37 13.26 3.00 9.00 3037.71

5 2 3 4 4 
2c 

30.99 7.29 3.00 9.00 3052.23

3 5 3 5 5 
3a 

15.68 18.78 3.00 13.00 4537.30

1 1 3 1 2 
8a 

2.20 3.94 3.00 1.00 1131.61

4 1 3 1 1 
8b 

24.18 1.24 3.00 3.00 30.06

1 1 3 1 2 
10a 

2.20 3.94 3.00 1.00 1131.61

4 1 3 1 1 
10b 

24.18 1.24 3.00 3.00 30.06

1 1 3 1 2 
13a 

2.16 4.17 3.00 1.00 1179.50
Notes:  Numbers in the center of the cells are the rank where 1 = least environmental effect and 5 = the greatest environmental effect.  
Numbers in the lower right of each cell is the total score.   
Ranking denotes the relative ranking of scores within each category.  Shading denotes alternatives eliminated from further evaluation based 
on rank orders of 4 and/or 5. 
Other Habitat Values refers to designated wildlife habitat areas, significant habitat features, and Colorado Natural Heritage Program 
potential conservation areas. 
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2.1.5 Refinement of EIS Alternatives 
After the alternatives screening process was completed, components of the five alternatives were 
further refined and revised as Denver Water developed additional detail based on further 
investigations and engineering studies.  The major refinements include the following:  

• Alternative 1c was re-configured with different reservoir sizes based on feasibility level 
engineering analysis and an assessment of environmental constraints, primarily wetland 
habitat.  Alternative 1c was finalized with an enlarged Gross Reservoir (additional 40,700 
AF) and new Leyden Gulch Reservoir (31,300 AF). 

• Alternative 8a was originally configured with a shallow aquifer recharge/recovery facility to 
firm the reusable supplies.  Conceptually, reusable return flows would be used when 
available to recharge the Box Elder Creek groundwater basin located in Adams County near 
Brighton.  Subsequent analyses conducted by Denver Water, and reviewed by the Corps’ 
third-party consulting team, suggest that the shallow aquifer storage component has serious 
limitations in comparison to surface storage in gravel pits located along the South Platte 
River.  Thus, Alternative 8a was re-configured with gravel pit storage facilities located along 
the South Platte River.  The gravel pit storage was sized to provide 5,000 AF/yr of firm yield 
to Denver Water’s system.   

The Corps will analyze a total of five alternatives in the EIS, in addition to the No Action 
Alternative.  Table 2-8 presents the list of EIS alternatives for the Moffat Collection System 
Project EIS.   
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Table 2-8 
List of EIS Alternatives  

Alternative Name Description 

1 
Moffat Collection System  
Predominantly wet-year Fraser River, Williams Fork River, and South Boulder Creek water would be 
the water source using the existing Moffat Collection System infrastructure. 

a Gross Reservoir Expansion Storage is provided in an enlarged Gross Reservoir (72,000 AF additional). 

c 
Gross Reservoir Expansion 
and New Leyden Gulch 
Reservoir  

Storage is provided in an enlarged Gross Reservoir (40,700 AF additional) 
and a new Leyden Gulch Reservoir (31,300 AF). 

8 Gravel Pit Storage/Moffat Collection System 

a Gravel Pit Storage and Gross 
Reservoir Expansion 

Unused reusable water in the South Platte River is diverted to a series of new 
gravel pit storage facilities near Brighton, Colorado.  Water is recovered from 
the gravel pit storage, treated at a new AWT plant, and then conveyed to the 
Moffat Collection System delivery point via Conduit O.  Storage is provided 
in gravel pits along the South Platte River (approximately 5,000 AF).   
Using existing collection infrastructure, Moffat Collection System water is 
delivered via the Moffat Tunnel and stored in an enlarged Gross Reservoir 
(52,000 AF additional). 

10 Deep Aquifer Storage Project/Moffat Collection System 

a Deep Aquifer Storage and  
Gross Reservoir Expansion 

Unused reusable water in the South Platte River is diverted to the Denver 
Water Recycling Plant, treated and transferred to a new AWT plant.  AWT 
water is pumped to injection wells to recharge the Denver Basin aquifer 
(20,000 AF) located within the City and County of Denver.  Recovered water 
is collected from the wells, manifolded into new conveyance pipes, and 
pumped to the Moffat Collection System delivery point via Conduit M.  
Using existing collection infrastructure, Moffat Collection System water is 
delivered via the Moffat Tunnel and South Boulder Creek and stored in an 
enlarged Gross Reservoir (52,000 AF additional). 

13 Agricultural Water Conversion/Moffat Collection System 

a 

Agricultural Water Rights 
Purchase, Gravel Pit Storage, 
and Gross Reservoir 
Expansion 

Agricultural water rights, located downstream of the Metro Reclamation Plant 
are purchased, and converted to municipal/industrial use to generate 3,000 
AF/yr of new firm yield.  A new diversion on the South Platte River diverts 
water to a series of gravel pit storage facilities (approximately 3,625 AF of 
storage) near Brighton, Colorado.  Water is recovered from the gravel pit 
storage, treated at a new AWT plant, and then conveyed via Conduit O to the 
Moffat Collection System delivery point near SH 72.   
Using existing collection infrastructure, Moffat Collection System water is 
delivered via the Moffat Tunnel and South Boulder Creek and stored in an 
enlarged Gross Reservoir (60,000 AF additional). 

Notes:   
Individual surface storage reservoir sizes are for purposes of evaluating a practical range of Project alternatives and do not represent the final 
planned size.  Further alternative development and refinement in subsequent Project phases will be required. 
AF = acre-feet 
AWT = advanced water treatment 
SH = State Highway 
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2.2 OVERVIEW OF ALTERNATIVES  
This section describes the following five action alternatives, plus the No Action Alternative, to 
be evaluated in this EIS: 

• Proposed Action (Alternative 1a) – Gross Reservoir Expansion (Additional 72,000 AF) 

• Alternative 1c – Gross Reservoir Expansion (Additional 40,700 AF)/New Leyden Gulch 
Reservoir (31,300 AF) 

• Alternative 8a – Gross Reservoir Expansion (Additional 52,000 AF)/Reusable Return 
Flows/Gravel Pit Storage (5,000 AF) 

• Alternative 10a – Gross Reservoir Expansion (Additional 52,000 AF)/Reusable Return 
Flows/Denver Basin Aquifer Storage (20,000 AF) 

• Alternative 13a – Gross Reservoir Expansion (Additional 60,000 AF)/Transfer of 
Agricultural Water Rights/Gravel Pit Storage (3,625 AF) 

• No Action Alternative – The No Action Alternative assumes that Denver Water would not 
receive approval from the Corps to implement the Moffat Project.  The No Action 
Alternative would require Denver Water to use a combination of strategies to meet the need 
for additional water supply, including using a portion of its Strategic Water Reserve and 
imposing mandatory restrictions to help reduce demand during drought periods. 

Each action alternative is configured to increase the firm yield of Denver Water’s system by 
18,000 AF/yr, consistent with the Project Purpose and Need statement (refer to Section 1.2 
Denver Water’s Preferred Alternative).  Table 2-8 provides a summary of the alternatives.  
Figure 2-1 provides an overview of all project components and their relative locations.   

Potential Water Sources 
Three potential sources for increased water supply are considered in the five alternative 
combinations:  (1) additional Moffat Collection System supplies (West and East Slope water), 
(2) reusable return flows on the South Platte River, and (3) South Platte River water rights 
transfers.  

1)  Additional Moffat Collection System Supplies  
All of the action alternatives would use water supplies derived from the Moffat Collection 
System (North System).  (Refer to Section 1.3.1 and Figure 1-2 for more details on Denver 
Water’s raw water collection system.)  Additional water is available for diversion under existing 
Denver Water water rights from the Fraser River, Williams Fork River and South Boulder Creek.   

Each of the action alternatives would provide additional storage in the Moffat Collection System.  
Denver Water would divert additional water from the Fraser River, Williams Fork River, and 
South Boulder Creek basins in average and wet years.  Additional diversions would be greatest 
in wet years, including wet years following dry year sequences.  Without additional storage, 
Denver Water’s diversions are physically constrained in average and wet years from these basins 
because of limitations of available storage capacity.  Denver Water’s diversions are legally 
constrained because of water rights and existing agreements.  In dry years, Denver Water’s 
diversions from the Moffat Collection System are not limited to the amount of water available at 
their diversion points; the physical constraint is not because of available storage capacity on the 
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East Slope.  Additional supplies would be used to meet an overall higher level of demand and 
would be critical during dry periods or to accommodate system disruptions. 

Existing diversion and conveyance facilities, including the Moffat Tunnel and South Boulder 
Diversion Canal, have adequate capacity to divert and convey the additional flow to the 
potentially enlarged and/or new storage facilities.   

2) Reusable Water  
All water delivered by Denver Water to its customers is classified under Colorado Water Law as 
reusable or non-reusable.  Reusable water can be used and reused to extinction.  The main 
sources of reusable water in Denver Water’s collection system are the Blue River water delivered 
through the Roberts Tunnel, Fraser River water diverted by the Meadow Creek system (the only 
reusable water associated with the Moffat Collection System), and transferred agricultural water 
rights on the East Slope.  The Metro Wastewater Reclamation District Plant and the Littleton–
Englewood (Bi-City) Wastewater Plant are the primary return points of Denver Water’s reusable 
water.  Denver Water keeps track of reusable return flows and currently uses, or is planning to 
use, most of its reusable supplies through river exchanges, transfers to gravel pits, and to supply 
water for the non-potable recycling project (refer to Section 1.3.1 Non-Potable Recycling 
Facility).  Use of reusable water increases Denver Water’s system supply and reduces the 
amount of water diverted from other components of the system.  

For purposes of configuring alternatives in the EIS, the amount of unused reusable water was 
estimated based on Platte and Colorado Simulation Model (PACSM) results for the Full Use 
Existing System scenario, which is described in Section 4.1 Surface Water.  Denver Water’s 
average annual demand under the Full Use Existing System scenario would be 345,000 AF/yr.  
As Denver Water’s demand increases, their unused reusable supplies increase because additional 
Blue River water is delivered to meet demand, for example.  As shown in Table 2-9, 
approximately 7,600 AF/yr on average of unused return flows would be available primarily in 
the winter months, when Denver Water’s customer demands, non-potable demands, and 
exchange potential are relatively low.  The amount of unused reusable supplies available would 
vary considerably from year to year, ranging from 0 AF/yr to as much as 37,555 AF/yr.  New 
storage and conveyance facilities would be needed to make this reusable supply source available 
when needed by Denver Water.  The reusable flows could be combined with other water sources 
to meet the entire 18,000 AF/yr of new firm yield needed.  
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Table 2-9 
Denver Water's Estimated Unused Reusable Water 

(acre-feet) 
Water 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total 

1947 0  0  195  701 103 1,331 380 99 347 159  0  0 3,315 
1948 0  0  0  0 0 143 0 198 218 0  0  0 559 
1949 172  539  574  1,199 2,998 1,513 4,106 0 0 86  0  0 11,186 
1950 3  105  558  555 1,475 3,185 2,857 79 0 0  0  86 8,904 
1951 358  781  5,116  5,224 4,657 3,135 1,948 0 0 0  0  0 21,219 
1952 121  507  600  5,203 3,368 3,173 1,879 0 42 0  0  0 14,892 
1953 45  470  503  1,359 2,657 3,522 4,837 0 0 0  0  0 13,392 
1954 0  41  496  499 1,624 3,189 5,923 59 0 19  49  268 12,166 
1955 3,785  6,524  6,686  6,877 5,480 4,744 3,346 114 0 0  0  0 37,555 
1956 0  0  0  0 851 1,098 1,103 0 0 0  0  0 3,053 
1957 228  523  5,073  7,501 5,911 4,861 1,598 0 144 31  0  0 25,869 
1958 0  0  0  0 169 0 0 130 72 0  0  173 544 
1959 2,130  3,591  4,211  3,063 2,200 2,194 296 0 0 0  0  0 17,685 
1960 29  241  424  480 3,295 1,540 34 6 15 0  0  49 6,113 
1961 206  224  406  2,951 3,138 2,496 3,149 0 0 0  0  0 12,571 
1962 0  0  0  0 0 0 0 0 0 0  0  0 0 
1963 0  289  361  366 2,263 2,685 4,469 172 56 1,851  578  3 13,093 
1964 2,531  2,905  3,314  3,188 2,747 1,312 2,360 0 0 0  0  0 18,357 
1965 0  0  200  417 1,621 4,607 1,239 0 0 0  0  0 8,084 
1966 0  0  0  0 222 239 0 0 0 0  0  0 461 
1967 0  0  120  378 613 2,977 5,123 48 0 0  0  0 9,258 
1968 0  0  0  221 149 338 206 0 0 0  0  0 914 
1969 0  0  0  352 175 417 3,266 31 32 0  0  0 4,273 
1970 0  0  0  0 247 160 0 0 0 0  0  0 407 
1971 0  0  0  0 34 35 0 0 0 0  0  0 69 
1972 0  0  0  0 214 126 0 0 0 0  0  0 340 
1973 0  0  0  309 336 1,974 591 136 39 0  0  0 3,384 
1974 31  321  364  382 46 0 47 7 0 0  0  0 1,197 
1975 0  121  375  660 2,266 1,820 845 0 0 0  0  0 6,087 
1976 0  0  0  0 0 0 0 0 0 0  0  0 0 
1977 0  0  0  0 55 227 53 0 0 0  0  0 335 
1978 137  335  579  4,552 4,246 3,088 4,521 191 0 0  0  59 17,707 
1979 652  4,489  6,321  7,060 4,605 2,742 179 0 0 0  0  0 26,047 
1980 0  0  471  353 336 430 169 229 126 0  0  0 2,114 
1981 0  231  443  1,141 3,616 1,409 1,974 86 0 0  0  0 8,900 
1982 0  358  454  462 32 373 779 0 0 0  0  0 2,458 
1983 0  0  0  0 70 0 86 200 113 59  62  89 678 
1984 202  376  406  403 2,141 1,164 191 140 53 1  0  0 5,076 
1985 0  0  0  77 241 175 18 94 10 0  0  0 615 
1986 0  0  0  0 76 154 0 0 0 0  0  0 230 
1987 0  10  325  328 761 0 36 96 12 0  0  0 1,568 
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Table 2-9 (continued) 
Denver Water's Estimated Unused Reusable Water  

(acre-feet) 
Water 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total 

1988 0  99  335  288 137 306 27 3 1 0  0  0 1,196 
1989 0  32  342  347 1,974 699 2,938 4 0 0  0  0 6,336 
1990 0  0  317  393 3,333 4,518 1,082 28 0 0  0  0 9,671 
1991 0  0  0  307 51 1,021 2,814 9 0 0  0  0 4,202 

Average 236  514  879  1,280 1,567 1,536 1,433 48 28 49  15  16 7,602 
Minimum 0  0  0  0 0 0 0 0 0 0  0  0 0 
Maximum 3,785  6,524  6,686  7,501 5,911 4,861 5,923 229 347 1,851  578  268 37,555 

Note:  Estimated unused reusable water based on PACSM results for Full Use Existing System scenario. 

 

Alternative 8a would use unused reusable return flows diverted from the South Platte River as a 
water source.  Alternative 10a would use unused reusable return flows (effluent) from the 
Denver Water Recycling Plant as a water source.  For these alternatives, 13,000 AF/yr of firm 
yield comes from additional storage in Gross Reservoir, which in turn comes from additional 
diversions from the Williams Fork and Fraser river basins, and South Boulder Creek.  An 
additional 5,000 AF/yr of firm yield comes from reusable water supplies.  The reusable supplies 
are only used during drought conditions; therefore, these supplies would be used infrequently 
and only when needed to supplement Moffat Collection System supplies.  The reusable supplies 
would be used to supplement Denver Water’s South Platte River, the Blue River, and Moffat 
Collection System supplies primarily because of the additional costs associated with treatment 
and conveyance and potential water quality issues associated with blending that water with 
Moffat Collection System water.   

3) South Platte River Water Transfers 
Agricultural water rights owned by ditch companies would be purchased and converted to 
municipal/industrial use.  Water would be diverted from the South Platte River upstream of 
Brighton.  The firm yield available from this source would depend on the specific rights to be 
acquired.  New storage and conveyance facilities would be needed to make this reusable supply 
source available when needed by Denver Water.  Alternative 13a would use approximately 
3,000 AF/yr of new South Platte River water transfers as a water source combined with 
additional Moffat Collection System supplies to meet the needed 18,000 AF/yr of new firm 
yield. 

There are many factors, in addition to cost, which affect the amount of water that could be 
provided by agricultural water rights transfers.  The ability to purchase a significant portion of 
the shares under certain ditches is uncertain because of the competitive market for agricultural 
water rights and there is no guarantee there will be an adequate number of willing sellers.  Three 
thousand AF was considered reasonable considering the uncertainties regarding the availability 
and location of agricultural water rights, the availability of willing sellers, and the competitive 
market for this water.   
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Potential Storage Components 
Four potential storage components are considered in the five alternatives:  (1) Gross Reservoir 
(existing), (2) Leyden Gulch Reservoir (proposed), (3) gravel pit storage along the South Platte 
River, and (4) the Denver Basin aquifers. 

1) Gross Reservoir 
Four expansion scenarios are considered for Denver Water’s existing Gross Reservoir: 72,000 
AF, 60,000 AF, 52,000 AF, and 40,700 AF of additional storage capacity. 

2) Leyden Gulch Reservoir 
A new 31,300 AF reservoir would be constructed in Jefferson County. 

3) Gravel Pit Storage 
A series of gravel pits along the South Platte River would be developed into storage facilities.  
Two storage scenarios are considered: approximately 5,000 and 3,625 AF.  Storage volumes 
were determined by modeling daily operations of two alternatives that included gravel pits.  At 
these sizes, the gravel pits are adequate to firm the variable water supply and regulate to meet 
return flow requirements (Alternative 13a).  The amount of gravel pit storage is a function of the 
timing and amount of available water supplies, which include unused reusable supplies and water 
provided by agricultural water rights transfers.  

4) Denver Basin Aquifers 
An injection/recovery well field would be developed within the City and County of Denver to 
provide approximately 20,000 AF of storage in the Denver Basin deep aquifers.  Water would be 
injected into the Upper Arapahoe, Lower Arapahoe, and Laramie-Fox Hills aquifers of the 
Denver Basin and recovered as needed. 

Advanced Water Treatment Technologies 
The original Moffat WTP was built in 1937 with a capacity of 50 million gallons per day (mgd), 
and has since undergone several expansions and further improvement.  The current capacity of 
the Moffat WTP is 185 mgd (MWH 2007).  Summer production (from May to September) 
averages approximately 100 mgd or more, and winter production averages approximately 
30 mgd.  Raw water is delivered to the Moffat WTP from Ralston Reservoir, which is filled with 
water from the Moffat Collection System via the South Boulder Diversion Canal.  The raw water 
is considered high quality and the Moffat WTP was designed to treat this level of water quality. 

The proposed water sources for Alternatives 8a, 10a, and 13a are unused reusable water or 
agricultural water from the South Platte River, in addition to Moffat Collection System water.  
The general water quality of the South Platte River below Denver is considerably different than 
the Moffat Collection System raw water.  Constituents in the South Platte River that could pose 
problems for the Moffat WTP include elevated levels of total dissolved solids (TDS), hardness, 
bacteria, nutrients, emerging contaminants of concern (ECCs), which can include personal care 
and pharmaceutical products and endocrine disrupting compounds.  The Moffat WTP is not 
capable of removing high or problematic concentrations of these constituents found in the source 
water associated with Alternatives 8a, 10a, and 13a.  The Moffat WTP would have potential 
problems complying with regulatory drinking water requirements for the finished water quality 
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under these alternatives.  Consequently, an AWT plant would be needed as a component of these 
alternatives. 

Two technologies were considered for the AWT requirements of Alternatives 8a, 10a, and 13a.  

1) Membrane Treatment with Zero Liquid Discharge (ZLD) for Concentrate Disposal.   
The membrane treatment process includes the following primary processes: sedimentation, low-
pressure membrane pre-treatment, reverse osmosis, advanced oxidation (process with ultraviolet 
and hydrogen peroxide), disinfection, and followed by ZLD components for residual disposal.  
(Refer to the discussion below under Membrane AWT Facility for further details.)  

2) Non-membrane Treatment with Solids Drying Bed Waste Disposal.   

The non-membrane treatment process includes bank filtration, softening, filtration, advanced 
oxidation process with ultraviolet and hydrogen peroxide, and disinfection.  Residuals would be 
concentrated using solids drying beds.  This treatment would be similar to the concept planned 
by the City of Aurora for its Prairie Waters Project, but modified to address different source 
water characteristics and water uses for the Moffat Collection System.   

Both types of plants would be configured to remove or reduce target adverse water quality 
constituents listed above by treatment process or by blending of water from the South Boulder 
Diversion Canal.  

These two technological approaches bring advantages and disadvantages related to their 
integration in the Moffat Collection System.  The membrane system offers reliable treatment of 
the targeted contaminants and reduces TDS effectively, but preservation of the membranes may 
be an issue for prolonged plant shutdowns.  ZLD has not been widely used in the municipal 
water sector and its operation is complex and expensive.  The non-membrane technology 
provides relatively reliable treatment of the targeted contaminants, except for TDS (which would 
require blending to meet EPA secondary TDS limits), but also requires a large footprint (plant 
and other associated facilities including bank filtration).  This type of plant is also difficult to 
start up after shutdowns due to the biological processes that are involved.  Figures C-1 through 
C-4 in Appendix C present the process schematics for both the membrane and non-membrane 
systems. 

Based on an EIS-level independent review of the treatment technologies, the membrane system 
was selected for analysis in tandem with Alternatives 8a, 10a, and 13a, since the membrane 
AWT technology would produce higher water quality for the Moffat WTP, with fewer risks and 
reliability concerns, and would require considerably less land for the facility (approximately 
80 acres versus 200 acres) (Boyle 2008a). 

Membrane AWT Facility – A preliminary site plan for the membrane system is shown on 
Figure C-5 in Appendix C (Boyle 2008b).  Raw water from the South Platte River would be 
treated at the AWT plant and delivered to the Moffat Collection System delivery point.  The 
waste stream from the AWT process would be disposed of through the ZLD process, in which all 
water is removed from the brine and the solids properly disposed of.  The water is removed using 
solar evaporation ponds and solids drying beds, and the dried solids disposed of through a private 
disposal company or at a monofill (a specialized landfill with segregated cells for only these 
materials).  (Refer to the discussion under Alternative 8a ([Section 2.5.2]) and Alternative 13a 
([Section 2.7.2]) for a specific description of the proposed AWT facilities.) 
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2.3 PROPOSED ACTION – GROSS RESERVOIR EXPANSION (72,000 AF) 

2.3.1 Introduction/Abstract 
Using existing collection infrastructure, average to wet-year Fraser River basin, Williams Fork 
River basin, and South Boulder Creek water would be diverted and delivered to an enlarged 
Gross Reservoir.  In order to firm this water supply and provide 18,000 AF of new yield, the 
existing Gross Reservoir would be expanded from 41,811 to 113,811 AF to provide an additional 
72,000 AF of storage capacity.  Existing facilities would be used to deliver water from the Gross 
Reservoir Expansion to the Moffat WTP, including the South Boulder Diversion Canal and 
Conduits 16 and 22.  Figure 2-2 displays the Proposed Action components from the East Portal 
of the Moffat Tunnel east to the Moffat WTP.   

The following table lists the major components of the Gross Dam and Reservoir Expansion.   

Table 2-10 
Proposed Action (Alternative 1a) – Primary Components 

Facility Component Description 
Additional 72,000 AF of storage capacity 
125-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material produced on site; 
up to 40% of fine aggregate obtained from off-site commercial sources 
Relocation of existing dam and spillway access roads 
Two stockpile and two spoil areas and associated haul roads 

Gross Reservoir 
Expansion and Dam Raise  

No modification to existing outlet works 
Notes: 
% = percent 
AF = acre-feet 
 

2.3.2 Project Components 

2.3.2.1 Gross Reservoir 
Gross Reservoir is located in Boulder County, Colorado, approximately 35 miles northwest of 
Denver and 6 miles southwest of the city of Boulder.  The Gross Reservoir study area is shown 
in Figure 2-3.  Figure 3.14-1 in Chapter 3 shows land ownership boundaries in the vicinity of 
Gross Reservoir.  Approximately 15 acres of private land would have to be acquired by Denver 
Water to enlarge Gross Reservoir.  Denver Water owns and operates Gross Reservoir as part of 
its overall municipal water supply system.  

Gross Reservoir serves as a water storage and regulating facility by collecting snowmelt runoff 
in the late spring and early summer for domestic use during the remainder of the year.  The 
reservoir is an impoundment of South Boulder Creek.  The existing Gross Reservoir stores 
41,811 AF, and has a surface area of 418 acres and a shoreline of approximately 11 miles at 
elevation 7,282 feet (spillway elevation).  Under the Proposed Action, Gross Reservoir would be 
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expanded to 113,811 AF in order to provide an additional 72,000 AF of storage.  The proposed 
reservoir surface area at normal water level (elevation 7,400 feet) would expand to 
approximately 818 acres inundating approximately 400 acres of surrounding shoreline.   

Currently, there is negligible seepage at Gross Dam and this is not expected to change 
significantly under the Proposed Action.  Figure 2-3 shows the extent of the proposed Gross 
Reservoir Expansion to 72,000 AF.   Gross Dam and Gross Reservoir are features of the Gross 
Reservoir Hydroelectric Project, FERC Project No. 2035.  An expansion of Gross Reservoir 
would require Denver Water to receive approval for an amendment to the March 16, 2001 
license for the Gross Reservoir Hydroelectric Project (Denver Water 2001a).  Denver Water 
would also need to receive approval from FERC’s Division of Dam Safety and Inspections for 
any modifications to the dam structure or other licensed project features.  These issues are 
discussed further under the Gross Reservoir Hydroelectric Project License subsection. 

Water Source  
Long-term historic data suggest that approximately 45% of the inflow to Gross Reservoir comes 
from the South Boulder Creek basin, and about 55% is diverted from the Colorado River basin.  
Denver Water has water rights to both the imported West Slope water and some native South 
Boulder Creek water.  However, Denver Water’s South Boulder Creek rights are relatively junior 
in priority, so flows from South Boulder Creek are generally not available to Denver Water 
during dry years and are bypassed to downstream users.  Water stored in Gross Reservoir is 
released and diverted to Ralston Reservoir.  

Under the Proposed Action, average and wet-year water would be supplied from the existing 
Moffat Collection System in the Fraser River and Williams Fork River basins and to a lesser 
degree from South Boulder Creek.  This additional supply would be collected and delivered 
using existing facilities.  Water would be released from storage and delivered to Denver Water 
customers as needed.   

Existing Denver Water water rights would be used.  No new water rights would be required 
under the Proposed Action.  

Dam Features 
Gross Dam is a 340-feet high, concrete gravity-arch dam with a crest length of 1,050 feet 
including a 160-foot long spillway section at elevation 7,282 feet mean sea level (msl) with the 
2-foot high flashboards.  The low-level outlet works consists of an intake trash-rack structure and 
an 8-foot diameter concrete-lined tunnel leading to an outlet works building located on the east 
bank of South Boulder Creek, about 250 feet downstream from the toe of the dam. 

The existing dam was completed in 1954 as a concrete gravity-arch dam rising 340 feet above 
the streambed.  The alignment of the existing dam in a narrow gorge was sited to facilitate a 
raised dam to an ultimate height of 465 feet.  A 125-foot concrete dam raise would accomplish 
the enlargement.  This dam enlargement would raise the dam crest to the ultimate height of 
465 feet at elevation 7,415 feet.  The dam crest would be approximately 1,799-foot long and 
25-feet wide.  The raised dam would have the same dam axis, arch radius, crest width, and 
downstream slope as the existing dam section.  Figure 2-4 shows the plan, profile, and sections 
of the enlarged dam.  The upstream slope of the raised dam portion would be a vertical face.  
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Table 2-11 provides a comparison of the proposed Gross Dam and Reservoir features with the 
existing facility. 

Table 2-11 
Comparison of Gross Dam and Reservoir Features by Alternative 

Gross Dam and  
Reservoir Features Existing Alternative 

1a 
Alternative 

1c 
Alternatives 
8a and 10a 

Alternative
13a 

Gross Reservoir      
Additional storage volume (AF) -- 72,000 40,700 52,000 60,000 
Total storage volume (AF) 41,811 113,811 82,511 93,811 101,811 
Normal water elevation (feet) 7,282 7,400 7,357 7,374 7,385 
Surface area (acres) 418 818 651 712 755 
Gross Dam      
Dam raise (feet) -- 125 85 101 110 
Dam height (feet) 340 465 425 441 450 
Crest length (feet) 1,050 1,799 1,640 1,708 1,753 
Dam raise volume (cy) (including spillway) -- 860,000 518,000 636,000 724,000 
Spillway elevation (feet) 7,282 7,400 7,357 7,374 7,385 
Auxiliary spillway -- Added Same as 1a Same as 1a Same as 1a 
Outlet works Existing No change Same as 1a Same as 1a Same as 1a 

Source:  Denver Water  
Notes: 
AF = acre-feet 
cy = cubic yard 

 

Foundation Excavation and Preparation 
Foundation preparation for the raised dam would include excavation of bedrock to shallow 
depths similar to the existing dam.  An average of 30 feet of excavation would be required in the 
foundation area of the raised dam.  Blanket grouting would be performed in the valley bottom to 
consolidate joints in the foundation, and the depth of the grout curtain would be increased by up 
to approximately 125 feet.   

Spillways 
The existing spillway is an uncontrolled, ogee-crested section located in the center of the dam.  It 
passes flows down the recessed downstream face of the dam into South Boulder Creek.  The 
existing spillway is at elevation 7,282 feet, including 2 feet of flashboards and has a length of 
160 feet.  The spillway terminates in a horizontal apron at the downstream toe of the dam.  

In order to satisfy current dam safety criteria, the dam raise would necessitate an increased 
spillway capacity, improved dam safety condition, and would require the construction of a 
service spillway.  The spillway could be located in the dam crest, a topographic saddle south of 
the dam or along the right abutment of the dam or some combination (Figure 2-3).   

The proposed service spillway, similar to the existing spillway, would be incorporated into the 
raised section of the dam and would be designed to operate for the more frequent flood events.  
The proposed service spillway would have the same width but a higher crest elevation (7,400 
feet) than the existing service spillway.   

An auxiliary spillway would be constructed to convey flood flows in excess of the service 
spillway capacity, up to the probable maximum flood.  The exact configuration and location of 
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the auxiliary spillway would be developed during detailed design.  The auxiliary spillway could 
consist of a concrete weir structure constructed in the saddle approximately 1 mile south of the 
Gross Dam as shown in Figure 2-3.  A rough channel would be graded southeasterly from the 
auxiliary spillway to direct spillway discharge away from the weir structure.  The channel would 
be covered with riprap.   The final location of the auxiliary spillway would be determined during 
final design, and would also probably be constructed on the right abutment of the dam.   

Inlet and Outlet Works 
Because Gross Reservoir is an on-channel reservoir, an impoundment of South Boulder Creek, it 
has no special inlet works.  No new inlet works would be required with the implementation of 
the Proposed Action.   

Water is released from the reservoir through submerged lower level outlet works consisting of an 
intake, tunnel, conduits, and a valve house located downstream of the spillway apron.  Water is 
released onto a reinforced concrete splash pad.  The discharge valves have a combined discharge 
capacity that range from 0 to 3,000 cubic feet per second (cfs).  Denver Water tries to maintain a 
minimum discharge of 5 cfs from May through October and 7 cfs from November through April 
throughout its operation of the outlet works (Denver Water 1998b).  The existing outlet works 
were designed for the hydrostatic conditions associated with a 125-foot dam raise.  If the Proposed 
Action is implemented, the existing outlet works are capable of providing releases to satisfy all 
downstream water rights, meeting existing and proposed water supply requirements of Denver 
Water, and meeting reservoir storage evacuation requirements as required by the Colorado State 
Engineers’ Office (the ability to evacuate the top 5 feet of the reservoir storage in 5 days).  Prior to 
construction activities, Denver Water would verify if the existing discharge valves are sufficient 
for the new hydrostatic conditions.  

Additionally, the low level outlet works and tunnel, mentioned above, is bifurcated and water can 
be released either from the discharge valves or a hydroelectric facility (powerhouse).  The 
powerhouse consists of two horizontal Francis turbines, two synchronous generators, and 
associated mechanical and electrical equipment. 

The new service spillway outlet chute would extend to the vicinity of the existing outlet 
structure; therefore, no modifications to the existing outlet works would be required.  No 
modifications to the powerhouse would be required with the proposed 125-foot dam raise.  
However, a pressure reducing valve (PRV) would need to be installed in an existing valve vault 
upstream of the powerhouse in order for the existing Francis turbines and generators to be used 
when the enlarged reservoir is full. 

Borrow/Embankment Materials 
The majority of the aggregate required to construct the raised dam would be produced on site.  
Fine aggregate (sand-sized fraction) may be difficult to produce on site; therefore, supplemental 
material may be needed from alternate off-site sources.   

Suitable borrow material for the majority of the required construction is available on site in the 
reservoir area upstream of the dam.  The rock knob north of the existing boat ramp has been 
identified as the primary aggregate borrow site.  Alternative quarry sites may be considered, if 
needed, based on core drilling and laboratory testing, which would be conducted during the 
design phase.  The primary quarry site would be located on the southeast shore of the reservoir, 
north of the proposed auxiliary spillway (Figure 2-3).  This site is sized to produce at least twice 
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the volume of aggregate required for construction.  The east half of the quarry would be mined 
using benched slope construction; the west half would be an un-benched quarry excavation.  A 
portion of the quarry would be situated below the existing normal water line of the reservoir.  
Quarry excavation below the normal water line would occur as the reservoir is lowered during 
normal operation.  The reservoir would not be lowered to accommodate construction activities.  
Post-construction, a portion of the quarry site would remain visible above the enlarged 
reservoir’s water surface.  This portion of the quarry would be exposed bedrock in a benched 
slope formation.  This would consist of a cut slope approximately 200 feet high at 20% grade.  A 
series of seven horizontal benches, approximately 20 feet wide, would cross the face of the slope.   

The majority of material would be produced prior to the start of construction; therefore, a 
relatively large stockpile area would be necessary for processing and temporary storage.  Two 
tentative stockpile areas have been identified on site: one is adjacent to the quarry site and the 
other is located immediately west of the dam.  Material from the quarry would be transported to 
the dam construction site via a proposed temporary haul road or along the haul road via a 
conveyer system.  This road would be a gravel road approximately 30 feet wide.  The haul road 
and stockpile areas would be restored to their approximate original condition post-construction.   

Processing the borrow material would require rock crushing and size sorting at a rock-processing 
operation to be located at the large stockpile area.  The rock-processing facilities would be 
powered by a series of six or seven 125 to 150 horsepower diesel engines and engine-generator 
sets.  Aggregate production would likely precede concrete production with aggregate stockpiled 
for several months before use.  This would allow aggregate production to occur primarily during 
the day; however, extended operations, up to 24 hours per day, could possibly be required at 
times.  The cost of producing sand-sized material on site is very high.  Therefore, up to 40% of 
the preliminary volume of the dam is assumed to be imported to the site.  Imported material 
would be obtained from one or more commercial Front Range suppliers.  For purposes of EIS 
analysis, it is assumed that the commercial suppliers would be in the Longmont area, such as 
LaFarge or Aggregate Industries (Figure 2-5).  Round trip haul distances from the potential 
commercial borrow sources are approximately 96 miles.   

A temporary concrete production plant would be located at Gross Dam and would include 
equipment to handle, store, and mix aggregate, cement, water, and fly ash to produce concrete.  
The plant would include up to four standard 12 cubic yard (cy) concrete mixers and 
approximately six 100 horsepower diesel engines and engine-generator sets to power the 
equipment.  The plant would likely be operated up to 24 hours per day during the approximately 
April through November concrete placement period. 

Two potential spoil areas would be located due north and south of the dam site (4.8 acres).  
During construction, access to the spoil areas would be from existing roads.  Post-construction, 
both spoil areas would be situated entirely below the proposed high water level.  Spoil areas 
would potentially contain excavation material and material not used for dam construction.     

Support Facilities/Staging Areas 
Several temporary staging areas have been identified at the reservoir site.  For example, two 
staging areas are downstream of the dam site on South Boulder Creek.  Two additional staging 
areas are located at the southwestern end of the dam.  The staging areas adjacent to the dam and 
those that would be located near the hydropower plant are associated with the proposed dam 
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construction footprint (see Table D-1 in Appendix D).  The concrete plant, job trailers, and 
equipment yard would be located here.  Existing slopes would be terraced to accommodate this.  
All staging areas are temporary disturbances and would be restored to their approximate existing 
conditions following construction.   

Tree Removal Options 
In order to minimize problems with floating debris, decaying vegetation and water quality 
concerns, all trees would be removed between the normal pool elevation (7,282 feet) and 
7,410 feet, which is 10 feet above the 72,000 AF expansion elevation.  Vegetation along the 
shoreline is primarily forest cover containing ponderosa pine and Douglas-fir, the density of 
which ranges from approximately 150 to 1,800 trees per acre (Land Stewardship Assoc. 2008).  
Limited access to the shoreline, steep slopes (20% to greater than 60%), and large rock outcrops 
complicate tree removal at Gross Reservoir.  Tree removal would likely require a combination of 
the following three standardized operations (Land Stewardship Assoc. 2008): 

1) Ground-based systems (e.g., hand-felling with rubber-tired grapple skidder and cable 
yarding).  These systems would be used in areas where existing roads are in place or where 
temporary road construction is feasible along the shoreline. 

2) Helicopter yarding of cut trees.  This would be conducted in areas where road access is not 
currently available or possible to construct. 

3) Hydro-ax feller/buncher (rubber-tired tractor).  Hydro-axing would be used in areas with 
poor access, small trees, steep slopes, and heavy rock such as the upper reaches of Forsythe 
Canyon.  The hydro-ax would maneuver around rocky areas and reduce the trees to small 
pieces that would readily decay.  

Denver Water would consult with the U.S. Forest Service (USFS) before removing any timber 
from the National Forest System land. 

The limited access to the Gross Reservoir shoreline would require the construction of several 
temporary access roads within the area to be cleared.  Additionally, improvements to some 
existing roads at the reservoir are needed to accommodate the heavy equipment required for tree 
removal.  The main access points would include Flagstaff Road, Gross Dam Road, and across 
Winiger Ridge using Forest Road (FR) 359 and County Road (CR) 68.   

Residue Disposal 
Approximately 50,000 tons of forest residue would be generated from clearing at Gross 
Reservoir.  Since a traditional slash pile and burn approach to disposing the residue is not viable 
at Gross Reservoir due to air quality concerns and regulations, three possible alternative forest 
residue disposal options would be implemented: 

1) Burning in an air curtain destructor. 

2) Grinding whole trees and hauling to a landfill. 

3) Loading forest residue into trucks and hauling to a landfill. 

Some of the forest residue could also be turned into products (e.g., sawtimber, firewood, etc.) 
and the remaining unmerchantable material would be disposed of by a combination of the three 
options.  All opportunities to utilize some of the material to reduce the residue volume would be 
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explored by Denver Water.  Tree removal and disposal would take approximately 6 to 8 months 
to complete (Land Stewardship Assoc. 2008).   

Roads and Access  
Gross Reservoir can be accessed from Boulder via Flagstaff Road (CR 77), as well as via CR 68 
and CR 97E, which turns into FR 359 (Figure 3.10-1).  Numerous road segments would need to 
be abandoned and relocated or newly constructed in order to facilitate construction operations at 
Gross Reservoir.  Road segments would need to be relocated out of the proposed reservoir 
inundation boundary and out of the proposed footprints for the dam enlargement and spillway 
facilities.  

Access to the dam would be available using the existing access road.  However, minor road 
relocations at the north and south dam abutments would be necessary.  

Permanent Roadway Relocations 
Auxiliary Spillway – A portion of the existing project access road would be relocated in two 
locations around the proposed auxiliary spillway (Spillway Relocated Access Roads) (refer to 
Figure 2-3).  The relocated road characteristics would be similar to the existing road with gravel 
surface and a disturbance area of approximately 30 feet wide and 2,300 feet long.  Abandoned 
road segments above the new high water line would be reclaimed.  

Gross Dam – North and south of the dam, two road segments would be abandoned due to 
inundation.  Both of these segments, which provide access to the dam, would be relocated.  
Approximately 1,500 feet of the north abutment access road (Dam Relocated Access Road) 
would be relocated to the east at an elevation 100 feet higher than the existing access road.  
Approximately 1,500 feet of the south abutment access road (Dam Relocated Access Road) 
would be relocated south of the existing access road.  Both relocated road segments would be 
gravel surfaced and approximately 30 feet wide.   

Abandoned road segments above the new high water line would be restored using techniques 
such as re-grading and seeding.  No other roads in the project area would need permanent 
improvements.   

Temporary Construction Roadways 
Construction access would be obtained using existing roads.  In addition, two temporary access 
roads would be constructed to provide hauling access between the quarry areas, stockpile areas, 
and the dam raise site.  These roads include (1) a haul road (Quarry Access Road) between the 
quarry site and stockpile area (approximately 3,000 feet long), and (2) an access road (Spillway 
Construction Access Road) by the auxiliary spillway (approximately 300 feet long).  The 
disturbance width would be 30 feet and the roads would be gravel surface.  Post-construction, the 
portion of the temporary roads remaining exposed above the normal reservoir water elevation 
would be restored and seeded. 

Recreational Facilities and Public Access 
Gross Reservoir currently has a water surface area of 418 acres and a shoreline of approximately 
11 miles.  The reservoir offers a number of recreation opportunities, including non-motorized 
boating, fishing, hiking, picnicking, wildlife viewing, bicycling, camping, ice fishing, horseback 
riding, off-highway vehicle riding, 4-wheel driving, and nature viewing.  Swimming and 
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discharging firearms are illegal on site.  Non-motorized car-top boating was allowed beginning 
in the summer of 2005.  Additionally, the Gross Reservoir Recreation Management Plan 
(Denver Water 2001b) is being implemented throughout the study area. 

Nine recreation sites exist in the Gross Reservoir vicinity:  

• North Shore Recreation Area 

• Peninsula Recreation Area 

• Dam Recreation Area 

• South Boulder Creek Outlet 

• Haul Road Recreation Area 

• South Boulder Creek Inlet 

• Winiger Gulch Inlet 

• Winiger Ridge Access & Recreation Area 

• Rocky Point/Jumping Rock 

Refer to Section 3.13 Recreation, for more details about the facilities.  With the exception of the 
Winiger Ridge Access and Recreation Area, all recreation sites and facilities would be inundated 
with this alternative.  Recreation facilities would need to be relocated to sites above the proposed 
high waterline.   

Public Access  
Public access to Gross Reservoir would not be changed under this alternative.  Vehicle access 
would remain unchanged via the existing north and south access points.  During construction, 
recreation access in the area of the dam would be limited.  The north side of the reservoir would 
still be accessible by Flagstaff Road from Boulder. 

The parking lot located east of the existing spillway would be covered by the dam raise buttress 
and would need to be relocated.  The existing access road would be widened adjacent to the dam 
to provide site parking and vehicle turnarounds.   

Reservoir Delivery Infrastructure  
There would be no change to existing pipelines or other delivery infrastructure as a result of this 
alternative.   

To the Reservoir 
Water supplies would be delivered from the West Slope through the existing Moffat Tunnel and 
discharged to South Boulder Creek.  From the Moffat Tunnel outlet portal, water would flow 
down South Boulder Creek to be stored in an enlarged Gross Reservoir.  Native South Boulder 
Creek supplies would also be stored in Gross Reservoir or diverted directly at the South Boulder 
Diversion Canal.  There are no proposed modifications to this collection system.  

From the Reservoir 
Water is released from Gross Reservoir via South Boulder Creek and is diverted at the existing 
South Boulder Diversion Canal diversion structure.  Pursuant to an agreement between Denver 
Water and the city of Boulder, Denver Water has agreed to not divert South Boulder Creek 
native water during the months of November through March if those diversions would cause the 
flow to drop below 7 cfs downstream of the South Boulder Diversion Canal diversion point.  
Water diverted from South Boulder Creek is conveyed via the existing South Boulder Diversion 
Canal to Ralston Reservoir.  Water is released from Ralston Reservoir to Conduits 16 and 22 and 
conveyed to the Moffat WTP. 
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Utilities, Lighting and Fencing  
There would be no change to the existing utilities or transmission lines.  The raised dam would 
have the same lighting as existing conditions.  The raised dam would be fenced and gated, like 
the existing dam, to prevent unauthorized access to the dam crest and outlet works. 

Gross Reservoir Hydroelectric Project License  
In 1950, FERC issued Denver Water a 50-year license for the Gross Reservoir Hydroelectric 
Project, Project No. 2035.  Licensed project features included Gross Dam and Gross Reservoir.  
However, power generation facilities were not installed, because of a lack of economic 
feasibility.  On March 16, 2001, FERC issued Denver Water a new license for the Gross 
Reservoir Hydroelectric Project, which included approval for construction of generating 
facilities.  A powerhouse with 8-megawatt generating capacity was installed immediately 
downstream of the dam in 2007 to utilize flows released from Gross Reservoir (Figure 2-3).  In 
compliance with the requirements of articles in the 2001 FERC license, Denver Water is in the 
process of implementing the following environmental protection, mitigation, and enhancement 
measures at Gross Reservoir: 

• Recreation management plan for the reservoir 

• Erosion and sediment control plan for trails and roads 

• Weed management plan 

• Dissolved oxygen and temperature monitoring plan 

• Ramping rate plan to control the allowable rate of flow changes to minimize impact to the 
fisheries 

• Visual resource protection plan 

• Power-line raptor protection plan 

• Sensitive species surveys and protection plan 

Denver Water’s existing and proposed water supply operation at Gross Reservoir will not change 
to accommodate power generation.  Power generation is considered incidental to the continued 
operation of Gross Reservoir for its primary purpose of water supply.   

For the Proposed Action to be implemented, Denver Water would need to receive approval from 
FERC for an amendment of the Gross Reservoir Project license to expand the project boundary, 
and to modify other affected project features and license article requirements, as necessary.  
Denver Water would also need to receive approval from FERC’s Division of Dam Safety and 
Inspections prior to any modifications to Gross Dam.  Obtaining approvals from FERC is a 
separate regulatory process from the Corps’ Section 404 review, and is not specifically examined 
in the Moffat Project EIS.  However, Denver Water’s application to FERC to amend the Gross 
Reservoir Project license would use the Moffat Project EIS as an Exhibit to supply required 
environmental information.    
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2.3.3 Proposed Changes to Denver Water’s System Operations  

Reservoir Operation Plan 
The current general operating plan for Gross Reservoir is to store and regulate water imported 
through the Moffat Tunnel and native flows from South Boulder Creek for water supply use by 
the Denver Water service area.   

When Gross Reservoir storage is less than 12,000 AF, there is a dam safety problem of rocks and 
sediment being transported to the outlet works and resulting damage.  In addition, the transported 
sediment could impact aquatic life in South Boulder Creek below the dam.  For these reasons, 
the bottom 12,000 AF is a minimum pool that is not relied on for water supply purposes. 

To avoid spilling, Denver Water reduces West Slope importations as Gross Reservoir is about to 
fill.  Gross Reservoir typically stores the most water in June during spring runoff.   

Proposed Changes to Denver Water’s System Operations 
The Proposed Action affects operations, diversions, and stream flow regime throughout Denver 
Water’s system because of the relationship between the North and South system operations.  
Additional storage at Gross Reservoir, an increase in demand of 18,000 AF/yr, and changes in 
the Moffat WTP operations would affect the amount of water in storage throughout Denver 
Water’s system at certain times of the year, the timing and amount of reusable effluent, and the 
potential for Denver Water to exchange water up the South Platte River.  The primary changes in 
Denver Water’s North and South system operations under the Proposed Action are described 
below.  (Refer to Section 1.3.1 for details on Denver Water’s raw water collection system and 
Section 4.1 for details on the proposed hydrologic changes.) 

North System 

Moffat Collection System – The following changes in Denver Water’s Moffat Collection 
System operations would occur under the Proposed Action.  

• Denver Water would divert more water from the Williams Fork and Fraser rivers with 
increased storage at Gross Reservoir.  Denver Water’s diversions via the Moffat Collection 
System would primarily be higher during average and above-average years following a 
drought in order to fill additional storage at Gross Reservoir.  During the winter months and 
dry years, there would be few differences in diversions and operations in this system.  

• Denver Water’s operations during the course of a drought would change with additional 
storage at Gross Reservoir.  Denver Water would draw more water to meet demand from 
Gross Reservoir in the first year of a drought, which would reduce the demand on Denver 
Water’s South Platte storage and Blue River supplies.  In advanced stages of the drought, 
Denver Water’s South Platte reservoirs and Dillon Reservoir would get drawn on more 
intensely as Gross Reservoir storage is depleted. 

• Denver Water would also divert more native South Boulder Creek water, either to storage at 
Gross Reservoir or at South Boulder Diversion Canal.  More water would be released from 
Gross Reservoir for delivery to Moffat WTP particularly in the winter months because 
Moffat WTP would operate at a minimum level during those months.  Denver Water would 
also release more water from Gross Reservoir to meet demand in the first year of a drought. 
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• Williams Fork Reservoir operations (storage and releases) would change.  Less water would 
be available for storage due to increased diversions from the upper Williams Fork River 
tributaries.  As a result, Williams Fork Reservoir would generally achieve fills later in the 
year and spill less.  In addition, pre-emptive releases for power early in the year would be 
less because the reservoir would not be forecasted to spill as often.  Discretionary power 
releases later in the year would also be less because reservoir contents would generally be 
lower.    

Moffat Water Treatment Plant – The Moffat WTP treats water supplied from Denver Water’s 
North System while the Foothills and Marston WTPs treat water supplied from Denver Water’s 
South System.  Moffat, Foothills, and Marston WTP operations are coordinated to meet Denver 
Water’s total treated water demand.  The Moffat WTP currently operates from April or May 
through October 15 at a minimum of 30 mgd, and is typically shut down the remainder of the 
year.  Under the Proposed Action, the Moffat WTP would typically operate throughout the year, 
maintaining a minimum operation of 30 mgd.  This change in Moffat WTP operations would 
result in a load shift between Denver Water’s North and South systems WTPs.   

South System 

Roberts Tunnel Collection System – Under the Proposed Action, the Moffat WTP would 
typically meet a portion of the demand that would otherwise be met by Foothills and Marston 
WTPs during the winter months.  Consequently, there would be a reduction in winter operations 
of Foothills and Marston WTPs and therefore, a reduction in diversions through Roberts Tunnel 
in those months.  More water would remain in Dillon Reservoir and less water would generally 
be delivered through the Roberts Tunnel to the North Fork South Platte River during the winter 
months.  As a result, Dillon Reservoir would generally be at slightly higher levels at the 
beginning of the runoff season.  Deliveries through Roberts Tunnel to the North Fork South 
Platte River would generally be higher during the summer months because the overall system 
demand would be higher and the seasonal shift in WTP operations described above.  These 
seasonal shifts transfer some of the system demand from the South System to the North System 
during the winter and vice versa during the summer. 

South Platte Collection System – In general, the following changes in Denver Water’s South 
Platte Collection System operations would occur under the Proposed Action.  

• Denver Water’s operations during the course of a drought would change with additional 
storage at Gross Reservoir.  Denver Water would draw more water to meet demand from 
Gross Reservoir entering a drought, which would reduce the demand on Antero, Eleven Mile 
Canyon, and Cheesman reservoirs and Denver Water’s Blue River supplies.  Consequently, 
less water would be released from Denver Water’s South Platte reservoirs in the beginning 
stages of a drought.  In advanced stages of the drought, Denver Water South Platte reservoirs 
and Dillon Reservoir would get drawn on more intensely as Gross Reservoir storage is 
depleted.  

• The seasonal shift in WTP operations would affect releases from Denver Water’s South 
Platte reservoirs.  Less water would be released from Denver Water’s South Platte storage 
during the winter months, because the Moffat WTP is meeting demand that would otherwise 
be met by Foothills and Marston WTPs during those months.  Releases from storage would 
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generally be higher in the summer months because the overall demand level would be higher 
and load shifting described above. 

• The amount and timing of reusable effluent available at Metro and Bi-City wastewater 
treatment plants would change under the Proposed Action.  There would be less reusable 
water available during the winter months and more reusable water available during the 
summer months due primarily to changes in the amount of Blue River water that would be 
used.  Exchanges of reusable water to Strontia Springs Reservoir (Foothills WTP) and 
Conduit 20 (Marston Reservoir and Marston WTPs) would generally increase under the 
Proposed Action for the following reasons: (1) The available reusable effluent would 
increase during summer months because more water would be diverted through Roberts 
Tunnel from the Blue River basin, and (2) Foothills and Marston WTPs would operate at 
higher rates under the Proposed Action because the overall level of demand would be higher.  

• The timing and quantity of Denver Water’s direct diversions at Strontia Springs Reservoir 
would change in response to the treatment plant load shift and the higher level of demand 
that would be met.  Denver Water would shift some of its water treatment operations from 
Foothills and Marston WTPs to the Moffat WTP during the winter.  

• Water would be moved between Strontia Springs, Chatfield, and Marston reservoirs 
differently under the Proposed Action due to the treatment load shift.  The amount moved 
would be comparable but the timing would change.   

Foothill and Marston Water Treatment Plants – Moffat, Foothills, and Marston WTP 
operations are coordinated to meet Denver Water’s total treated water demand.  Under the 
Proposed Action, the Moffat WTP would operate throughout the year, maintaining a minimum 
operation of 30 mgd.  Because the Moffat WTP would operate at a minimum rate during the 
winter months, Denver Water’s southern WTPs, which include Foothills and Marston, would 
operate less during these months.  In the summer, Foothills and Marston WTPs would operate at 
higher rates under the Proposed Action because of the overall higher level of demand that would 
be met and load shifting as previously described.  
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2.4 ALTERNATIVE 1C – GROSS RESERVOIR EXPANSION (40,700 AF)/NEW LEYDEN 
GULCH RESERVOIR (31,300 AF) 

2.4.1 Introduction/Abstract 
Alternative 1c would combine additional Moffat Collection System supplies and two reservoir 
storage facilities to provide 18,000 AF/yr of new firm yield.  The existing Gross Dam would be 
raised 85 feet to provide an additional 40,700 AF of new storage capacity at Gross Reservoir.  A 
new off-stream reservoir would be constructed in Leyden Gulch to provide 31,300 AF of active 
storage capacity.  This combination of reservoir storage represents a balance of construction cost, 
relocation requirements, operational considerations, and potential environmental impacts based 
on existing information and analyses.  If Alternative 1c were selected for implementation, the 
exact combination of storage sizes may vary, based on more precise design data, but would still 
total 72,000 AF of new reservoir storage.   

Using existing Denver Water collection infrastructure, average to wet-year Fraser River basin, 
and Williams Fork River basin, and South Boulder Creek water would be delivered to an 
enlarged Gross Reservoir and via the South Boulder Diversion Canal to a new Leyden Gulch 
Reservoir.  A combination of existing and new facilities would be used to deliver water from the 
enlarged Gross Reservoir and the new Leyden Gulch Reservoir to the Moffat WTP.  Water 
would be released from storage and delivered to Denver Water customers when needed.  
Figure 2-6 displays Alternative 1c components from the East Portal of the Moffat Tunnel east to 
the Moffat WTP. 

Table 2-12 lists the major components of the Gross Reservoir enlargement and the new Leyden 
Gulch Reservoir.  Details are presented in the Project Components discussion below.   

Table 2-12 
Alternative 1c – Primary Components 

Facility Component Description 
Additional 40,700 AF of storage capacity 
85-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material:  approximately 60% of the total borrow material produced on 
site; up to 40% of fine aggregate obtained from off-site commercial sources  
Relocation of existing dam and spillway access roads  
Two stockpile and two spoil areas and associated haul roads 

Gross Reservoir Expansion and 
Dam Raise 

No modification to existing outlet works 
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Table 2-12 (continued) 
Alternative 1c – Primary Components 

Facility Component Description 
31,300 AF of new storage volume  
177-foot high new earthfill dam 
Relocation of approx. 4,000 feet of SH 93 
South Boulder Diversion Canal relocation (1-mile segment) 
All borrow material from reservoir pool area 

New Leyden Gulch Reservoir 

8-foot diameter outlet tunnel and buried pipelines connecting to Conduits 16 and 
22 

Notes:  
% = percent 
AF = acre-feet 
SH = State Highway 
 

2.4.2 Project Components 

2.4.2.1 Gross Reservoir 
The existing Gross Reservoir stores 41,811 AF and has a surface area of 418 acres at elevation 
7,282 feet (spillway elevation).  Under Alternative 1c, Gross Reservoir would be expanded to 
approximately 82,511 AF in order to provide an additional 40,700 AF of storage.  The proposed 
reservoir surface area at normal water level (elevation 7,357 feet) would expand to 
approximately 651 acres inundating approximately 233 acres of surrounding shoreline.  
Currently, there is negligible seepage at Gross Dam and this is not anticipated to change under 
Alternative 1c.  Figure 2-3 shows the extent of the enlarged Gross Reservoir.  This enlargement 
would require Denver Water to seek a FERC hydropower license amendment. 

Water Source   
The source of water for this alternative would be the same as that described for the Proposed 
Action.  Average and wet-year water would be supplied from the existing Moffat Collection 
System in the Fraser and Williams Fork river basins and to a less degree from South Boulder 
Creek.  Existing Denver Water water rights would be used.  No new water rights would be 
required, but it would require changing existing storage rights from Gross Reservoir to Leyden 
Gulch Reservoir. 

Dam Features 
Under Alternative 1c, Gross Dam would be raised by 85 feet.  This mass concrete dam 
enlargement would raise the dam crest to the ultimate height of 425 feet, at elevation 7,391 feet.  
The crest length of the enlarged dam would be 1,640 feet and would have a width of 25 feet.  
The raised dam would have the same dam axis, arch radius, crest width, and downstream slope 
as the existing dam section.  The upstream and downstream slopes of the raised dam portion 
would be similar to the Proposed Action.  Figure 2-4 shows the profile and sections of the Gross 
Dam.  Table 2-11 under the Proposed Action provides a comparison of the proposed Gross Dam 
and Reservoir features with the existing facility. 
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Foundation Excavation and Preparation 
Foundation preparation and excavation needed for this alternative would be the same as that 
described for the Proposed Action, except that the approximate depth of excavation and the 
depth of the grout curtain would be less.  

Spillways 
Spillways needed for this alternative would be the same as that described for the Proposed 
Action, except the spillway crest elevation would be lower (elevation 7,357 feet) and the crest of 
the auxiliary spillway would also be lower.   

Tree Removal 
Tree removal for Alternative 1c would be the same as for the Proposed Action, except a smaller 
area would need to be cleared between elevation 7,282 and 7,367 feet (10 feet above the 
elevation for the 40,700-AF enlargement). 

Other Features 
Other features of Alternative 1c that are similar to those described under the Proposed Action 
(see Section 2.3.2 for details) include the following:   

• Inlet and Outlet Works 

• Borrow/Embankment Materials 

• Support Facilities/Staging Areas 

• Roads and Access 

• Recreational Facilities and Public Access 

• Reservoir Delivery Infrastructure 

• Utilities, Lighting, and Fencing  

• Hydroelectric Facility 

2.4.2.2 Proposed Leyden Gulch Reservoir 
A new 31,300-AF reservoir would be constructed at Leyden Gulch in Jefferson County in order 
to complement the enlarged Gross Reservoir (Figure 2-7).  The proposed reservoir would be 
built approximately 1 mile southwest of the intersection of SHs 72 and 93, immediately south of 
the Union Pacific rail line.  The new reservoir would have a water surface area of approximately 
332 acres at a normal water level elevation of 6,124 feet.   

Water Source 
The source of water for this alternative would be the same as that described for the Proposed 
Action.  Average and wet-year water would be supplied from the existing Moffat Collection 
System in the Fraser River basin, Williams Fork River basin and to a lesser degree from South 
Boulder Creek.  The Leyden Gulch Reservoir would be filled from water stored in Gross 
Reservoir, which would be released and delivered via the South Boulder Diversion Canal.  No 
new water rights would be acquired, but it would require changing existing storage rights from 
Gross Reservoir to Leyden Gulch Reservoir. 
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Dam Features 
The proposed Leyden Gulch Dam would be 177 feet high and constructed as an earthfill dam 
with a dam crest located at elevation 6,135 feet.  The dam crest would be approximately 5,400 
feet long and 40 feet wide.  The up- and downstream slopes of the dam would be variable.  Near 
the up- and downstream toes of the dam, the slope would be approximately 8H:/V, whereas near 
the crest, the slope would increase to approximately 2.5 H:/V.  Figure 2-8 shows the section view 
of the Leyden Gulch Dam.  Denver Water would place topsoil on the downstream face of 
Leyden Gulch Dam then revegetate the downstream face with a native grass seed mix.  The final 
appearance of the dam face would be very similar to those found at Chatfield or Bear Creek 
dams in the southwest Denver metropolitan area. 

Foundation Excavation and Preparation 
Foundation preparation would consist of over-excavation due to the weak foundation material 
and depth of weathering anticipated at the proposed Leyden Gulch Reservoir site.  Foundation 
excavation would be up to 50 feet deep in the valley bottom, 30 feet deep on the left abutment 
slope, 60 feet deep on the eastern portion of the right abutment, and 25 feet deep on the western 
portion of the right abutment.  The width of the excavation would be two times the embankment 
height.  Foundation preparation outside of the central excavation would be 5 feet deep in the left 
abutment, 10 feet deep in the valley bottom, and an average of 5 feet deep in the right abutment. 

Spillway 
The Leyden Gulch Dam spillway structure and outlet works would be combined on the 
southwestern abutment of the dam.  The spillway would discharge through a dry well into a 
series of tunnels and buried pipelines connecting to the existing Conduits 16 and 22.  (Refer to 
Inlet and Outlet Works for more details.)   

Inlet and Outlet Works 
The inlet to the Leyden Gulch Reservoir would consist of a new concrete diversion box structure 
constructed in the South Boulder Diversion Canal approximately 300 feet upstream of the 
Siphon Number 6 inlet (Figure 2-7).  The diversion structure would divert flow in the canal to 
Siphon Number 6.  Approximately 400 feet of the existing siphon would remain in place to 
deliver flow into the reservoir.  The remainder of the siphon would be removed or abandoned in 
place. 

Water stored in Leyden Gulch Reservoir would discharge through a low level inlet to a dry well 
then into a 2,500-foot long, 8-foot diameter outlet tunnel sized to allow gravity outflow.  The 
outlet tunnel would connect to a 750-foot long, buried 8-foot diameter pipeline under Leyden 
Gulch.  The pipeline would connect to a second tunnel segment approximately 4,000 feet in 
length.  This tunnel would connect to another 8-foot diameter pipeline (2,500-feet long), which 
would connect to the existing Conduits 16 and 22.  Refer to Figure 2-7 for an illustration of the 
outlet works.  The pipelines would be constructed in the following sequence:  

1) A trench would be excavated to a depth of about 15 feet.  The trench sides would be sloped 
to prevent cave-ins during construction.  The top width of the trench would be about 30 feet.  
Excavated material would be stockpiled adjacent to one side of the trench.  

2) Pipe segments would be transported to and installed in the trench.  
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3) As pipe is installed, the trench would be backfilled with the previously excavated material.  
Up to about 100 feet of trench would be opened at any one time.   

4) The surface would be graded to match the pre-existing grade on either side of the trench.  

Tunnels would be constructed using a tunnel-boring machine that excavates material at the 
tunnel face and transports it, by means of a conveyor belt system, to the tunnel portal where it is 
than hauled away by trucks.  As tunnel-boring machines advance into the tunnel, steel liner plate 
segments would be installed to support the tunnel.  When the lined tunnel is complete, a carrier 
pipe would be installed in the tunnel and grouted in place. 

The reason for the combination of tunnels and buried pipelines is due to elevation constraints.  
Tunnel construction cannot support sharp bends.  Pipeline construction is anticipated under 
Leyden Gulch and Ralston Creek where sharp vertical bends are needed to remain underground.  
Three underground tunnel/pipeline connections would be constructed at the outlet of the first 
tunnel segment and the inlet and outlet of the second tunnel segment.  An emergency outlet 
would be constructed at the outlet of the first (northern) tunnel to allow for draining of the 
reservoir, if needed.   

Borrow/Embankment Materials  
Borrow material for the Leyden Gulch Dam would be extracted entirely from the reservoir pool 
area.  No off-site borrow source would be used to provide material for the project.  It is assumed 
that the entire reservoir basin would be cleared and grubbed prior to filling. 

Support Facilities/Staging Areas 
The Leyden Gulch Reservoir would include three staging areas.  The largest staging area, located 
due north of the proposed reservoir pool area, would encompass approximately 41 acres and 
would also serve as a spoil area.  This area would store the excavated material from the reservoir 
pool area prior to the dam construction.  Rock processing activities would not occur in the 
staging and spoil area; earthmoving equipment, however, would be entering and exiting this area.  
This area would be restored to its approximate existing condition following the completion of the 
reservoir.  If needed for disposal of spoil material, the spoil material would be buried evenly 
across the area; overburden would be replaced, graded, and seeded.   

The smallest staging area, located at the north end of Ralston Reservoir (east of the reservoir), 
would encompass 3.5 acres and would support delivery pipeline and tunnel construction 
activities.  The remaining staging area, located at the west abutment of the dam, would 
encompass 13.7 acres.   

Roads and Access  

Access to the Leyden Gulch Dam would be available via a north crest access road adjacent to 
SH 93, north of the dam, and via the south crest access road, located west of the tunnel portal 
infrastructure.  

Permanent Roadway Relocations 
The proposed Leyden Gulch Dam footprint overlaps a portion of SH 93.  Approximately 
4,000 feet of SH 93 would be permanently relocated.  The SH 93 realignment would be 
constructed before the dam embankment.  The existing SH 93 would remain in service while the 
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realignment is constructed.  The realignment would be tied in to SH 93 and traffic would be 
routed onto the realignment.  The existing portion of SH 93 would be removed after the 
completion of the realignment.  The permanent road would be the same width as the existing 
two-lane highway.  It is assumed that all material for the highway foundation would be available 
on site.  Asphalt paving would be acquired from a commercial supplier in the area.  The highway 
realignment would be located between the toe of the proposed dam and the hogback feature east 
of the dam footprint.   

Five permanent access roads would be constructed at Leyden Gulch Reservoir with this 
alternative.  These roads would also be used during construction for access.  Each road would be 
approximately 30 feet wide with a gravel surface (approximate length in parentheses):   

• Diversion Structure Access Road (725 feet)  

• North Crest Access Road (755 feet)  

• Crest Access Road (1,900 feet)  

• Access Road to the North Tunnel Portal (3,200 feet) with a 200-foot long spur to access the 
emergency outlet  

• Access Road to the South Tunnel Portal (1,600 feet) 

Recreational Facilities and Public Access 
No recreational facilities or public access would be provided at a new Leyden Gulch Reservoir.  

Reservoir Delivery Infrastructure 

To the Reservoir(s) 
There would be no changes to the delivery of water supplies from the West Slope with this 
alternative.  (Refer to the Proposed Action for a description of the West Slope collection system 
including the Moffat Tunnel and South Boulder Creek above Gross Reservoir.)  

Water discharged from Gross Reservoir and diverted to the South Boulder Diversion Canal 
would be delivered to raw water customers or conveyed in the existing canal to the new Leyden 
Gulch Reservoir.  A new diversion structure in the South Boulder Diversion Canal would be 
required to supply water to Leyden Gulch and Ralston reservoirs.   

A new concrete diversion box structure would be constructed in the South Boulder Diversion 
Canal approximately 300 feet upstream of the Siphon Number 6 inlet (Figure 2-7).  The 
diversion box would contain gates to direct flow from the South Boulder Diversion Canal in 
either of two directions:   

1) Flow would bypass Leyden Gulch Reservoir through the proposed “SBDC Pipeline,” routed 
along the crest of the proposed Leyden Gulch Dam, to a second new concrete transition 
structure tying back in to the existing South Boulder Diversion Canal about 800 feet 
downstream of the existing Siphon Number 6 outlet.  Approximately 1 mile of the existing 
South Boulder Diversion Canal would be relocated out of the new Leyden Gulch Reservoir 
pool area, around the crest of the dam.  
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2) Flow would enter Leyden Gulch Reservoir through the existing Siphon Number 6.  Most of 
Siphon Number 6 would be removed or abandoned in place with one exception: the most-
upstream 400 feet of the siphon would be retained as the connection between the new 
diversion box and the reservoir.  A short section of the South Boulder Diversion Canal 
between Siphon Number 6 and the new SBDC pipeline outlet would be abandoned in place.   

From the Reservoir 
Water would be released from Leyden Gulch Reservoir through a new low-level outlet pipe to a 
network of tunnels and pipelines, which connect to the existing Conduits 16 and 22.  (Refer to 
Inlet and Outlet Works above for more details.)  Leyden Gulch Reservoir would be situated such 
that there would be sufficient head (elevation) to deliver water by gravity to a connection with 
Conduits 16 and 22 and back to Ralston Reservoir.  Conduits 16 and 22 would also be used to 
deliver water by gravity to the Moffat WTP.   

Ralston Reservoir could continue to be supplied with water flowing in the South Boulder 
Diversion Canal or with water released from the proposed Leyden Gulch Reservoir via Conduits 
16 and 22.  

Utilities, Lighting, and Fencing 
An aboveground wood post, 12-kilovolt transmission line would be constructed from the vicinity 
of SH 93 to the new Leyden Gulch Dam to provide electrical power for outlet valves, telemetry 
equipment, and service lighting.  The precise alignment of this power line has not been 
determined at this stage of the project development. 

Operations and maintenance roads would be gated to prevent non-authorized vehicle access and 
posted to prevent non-vehicular access.  Steel or wood post, barbed wire stock fence would be 
constructed to enclose lands owned by Denver Water. 

2.4.3 Proposed Changes to Denver Water’s System Operations 
The proposed changes to Denver Water’s system operations would be the same as those 
described for the Proposed Action, except that Moffat Collection System supplies would also be 
stored in a new Leyden Gulch Reservoir.  (Refer to Section 4.1 Surface Water for details on the 
proposed hydrologic changes.)  Water stored in Gross Reservoir would be released and delivered 
via the South Boulder Diversion Canal to Leyden Gulch Reservoir.  Water would be released 
from Gross Reservoir for storage in Leyden Gulch Reservoir in an effort to maintain Leyden 
Gulch Reservoir full.  This would stage water closer to the Moffat WTP and maximize the space 
that would be available in Gross Reservoir for collection of Moffat Collection System supplies.  
As a result, reservoir contents at Gross Reservoir would fluctuate more in comparison with 
Leyden Gulch and Ralston reservoirs.  

Water would be released from Leyden Gulch and Ralston reservoirs as needed to meet demands 
at Moffat WTP.  Releases from Leyden Gulch Reservoir would be conveyed via Conduits 16 and 
22 to either Ralston Reservoir or directly to the Moffat WTP. 
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2.5 ALTERNATIVE 8A – GROSS RESERVOIR EXPANSION (52,000 AF)/REUSABLE 
RETURN FLOWS/GRAVEL PIT STORAGE (5,000 AF) 

2.5.1 Introduction/Abstract 
Alternative 8a would combine storage of Moffat Collection System supplies in an expansion of 
the existing Gross Reservoir with reusable return flows to provide 18,000 AF/yr of new firm 
yield.  Approximately 13,000 AF/yr of new firm yield would be provided by the expansion of 
Gross Reservoir, while 5,000 AF/yr of new firm yield would be provided by reusable return 
flows stored in gravel pits along the South Platte River.  Figure 2-9 displays the Alternative 8a 
components. 

The existing Gross Dam would be raised 101 feet to provide an additional 52,000 AF of new 
storage capacity in an expanded Gross Reservoir.  When available, additional water diverted 
from the Fraser River, Williams Fork River, and South Boulder Creek at existing Denver Water 
facilities under existing Denver Water water rights, would be stored in an expanded Gross 
Reservoir.   

A new diversion structure and gravel pit storage facilities would be constructed along the South 
Platte River.  Reusable return flows would be diverted from the South Platte River, when 
available, to fill the new gravel pit storage facilities.  When needed, water would be recovered 
from gravel pit storage, treated at a new AWT plant, and conveyed via new pipelines to the 
Moffat Collection System.   

The gravel pit storage facilities (gravel pits, diversion structure, pipelines, and water treatment 
plant) are considered representative of typical facilities of other existing facilities along the 
South Platte River.  The actual location and configuration of the gravel pits, the AWT plant, and 
associated facilities would be determined during the design phase should this alternative be 
permitted by the Corps. 

Table 2-13 lists the major components of this alternative.  Details are presented in the Project 
Components discussion below.   
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Table 2-13 
Alternative 8a – Primary Components 

Facility Component Description 
Additional 52,000 AF of storage capacity 
101-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material 
produced on site; up to 40% of fine aggregate obtained from off-site 
commercial sources  
Relocation of existing dam and spillway access roads 
Two stockpile and two spoil areas and associated haul roads 

Gross Reservoir Expansion and 
Dam Raise  

No modification to existing outlet works 
150-foot long concrete diversion in the South Platte River – representative 
design South Platte River Diversion 
750-feet, 54-inch pipeline from diversion to gravel pit storage 
Worthing, North Tower, and South Tower pits – representative sites 
Practical storage volume of approximately 5,000 AF (total of all pits) 
Perimeter slurry wall to prevent groundwater seepage Gravel Pit Storage 
1.4 miles of 36-inch pipeline and pump stations connecting three gravel 
pits 
Located near Worthing Pit – representative site 
Process train: sedimentation, low-pressure membrane pretreatment, reverse 
osmosis, advanced oxidation, disinfection, and zero-liquid discharge  
13.6 mgd capacity 

Advanced Water Treatment Plant 

4-acre plant site 
Dechlorination Facility 0.1 acre site – representative site 

25 miles long, 36-in diameter pipeline connecting the new AWT plant and 
the Moffat Collection System – representative alignment Pipeline (Conduit O) 
Three 2,000-horsepower pump stations 

Notes: 
% = percent 
AF = acre-feet 
AWT = advanced water treatment 
mgd = million gallons per day 
 

2.5.2 Project Components 

2.5.2.1 Gross Reservoir 
The existing Gross Reservoir stores 41,811 AF and has a surface area of 418 acres at elevation 
7,282 feet (spillway elevation).  Under Alternative 8a, Gross Reservoir would be expanded to 
approximately 93,811 AF in order to provide an additional 52,000 AF of storage.  The proposed 
reservoir surface area at normal water level would expand to approximately 712 acres inundating 
approximately 294 acres of surrounding shoreline at elevation 7,374 feet.  The enlargement 
would require Denver Water to seek a FERC hydropower license amendment. 
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Water Source 
The water source would be the same as the Proposed Action.  Average and wet-year water would 
be supplied from the existing Moffat Collection System in the Fraser River basin, Williams Fork 
River basin, and South Boulder Creek.  Existing Denver Water water rights would be used.  No 
new water rights would be required.  

Dam Features 
Under Alternative 8a, the Gross Dam would be raised by 101 feet.  This mass concrete dam 
enlargement would raise the dam crest to a height of 441 feet, at elevation 7,374 feet.  The crest 
length of the enlarged dam would be 1,708 feet and would have a width of 25 feet.  The raised 
dam would have the same dam axis, arch radius, crest width, and downstream slope as the 
existing dam section.  The upstream and downstream slopes of the raised dam portion would be 
similar to the Proposed Action.  Figure 2-4 shows the profile and sections of the Gross Dam.  
Table 2-11 provides a comparison of the proposed Gross Dam and Reservoir features with the 
existing facility. 

Foundation Excavation and Preparation 
Foundation excavation and preparation would be the same as the Proposed Action, except that 
the approximate depth of excavation and the depth of the grout curtain would be less.  

Spillways 
The spillways would be the same as the Proposed Action, except that the crest elevations of the 
spillway (elevation 7,374 feet) and auxiliary spillway would be lower. 

Tree Removal 
Tree removal for Alternative 8a would be the same as for the Proposed Action, except a smaller 
area would need to be cleared between elevation 7,282 and 7,384 feet (10 feet above the 
elevation for the 52,000-AF enlargement). 

Other Components 
Other components of Alternative 8a that are similar to those described under the Proposed 
Action include the following (refer to the Proposed Action, Section 2.3.2 for details): 

• Inlet and Outlet Works 

• Borrow/Embankment Materials 

• Support Facilities/Staging Areas 

• Roads and Access 

• Recreational Facilities and Public Access 

• Reservoir Delivery Infrastructure 

• Utilities, Lighting, and Fencing  

• Hydroelectric Facility 
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2.5.2.2 Proposed Gravel Pit Storage Facilities 
Reusable return flows would be diverted from the South Platte River and stored in gravel pit 
reservoirs.  The gravel pits provide both regulating and firming storage prior to delivery to the 
Moffat Collection System.  Modeling of this alternative with PACSM indicates that 
approximately 5,000 AF of storage would be required to create the firm yield contemplated for 
the reusable effluent portion of this alternative.  Given the typical size of gravel pits along this 
reach of the South Platte, several gravel pit storage sites would be required to develop this 
volume.  For purposes of this EIS analysis, three existing gravel pits, the Worthing, South 
Tower, and North Tower pits, were identified as representative pits that could be converted into 
gravel pit storage facilities for this alternative (Figure 2-10).  The combined storage volume is 
assumed to be approximately 5,000 AF (Boyle 2006b). 

For the purposes of this EIS analysis, these gravel pits were considered representative of gravel 
pit storage along the South Platte River, since they appear typical of gravel pits in the area in 
size, form, function, and location.  The final combination of gravel pits would be determined 
during the design phase should this alternative be permitted.  The gravel pit storage sites would 
be connected hydraulically using a system of minor pump stations and pipelines and described 
below in further detail.   

State regulations require an impermeable barrier to prevent infiltration of groundwater into the 
reservoir.  This barrier would be provided by slurry walls.  Slurry walls are narrow trenches 
backfilled with a low permeability material to form a barrier to groundwater movement.  The 
slurry consists of a mixture of powdered bentonite and water.  In addition, the side slopes of the 
mined pit are backfilled with soil to create a stable slope.  Refer to Figure 2-11 for a schematic 
drawing of a typical gravel pit storage facility.  It is common practice for the aggregate operator 
to complete the required barrier as part of its operating or reclamation plan.  For purposes of this 
EIS analysis, it is assumed that when Denver Water acquires the gravel pits they would be 
completely mined and reclaimed for use as an empty water storage facility.   

Figure 2-11 
Typical Slurry Wall Lined Gravel Pit  

 Source: MWH 2006 



 Chapter 2 – Proposed Action and Alternatives 

 Alternative 8a  2-53 

Water Source 
Reusable return flows would be diverted from the South Platte River, when available, to fill the 
new gravel pit storage facilities.  Reusable return flow includes water imported from the Blue 
River and the Meadow-Cabin Creek basin in the Fraser River basin, and fully consumable 
agricultural water.  They include water applied to indoor use and delivered to the river via the 
wastewater treatment plants, and lawn irrigation return flows (LIRFs).  The amount of water 
from each of these sources varies from year to year depending on Denver Water’s operations, 
which are responsive to hydrologic conditions.  The amount of available reusable effluent 
depends not only on the amount of reusable source water consumed, but also on use of reusable 
return flow credits to run exchanges.  PACSM modeling showed that the amount of reusable 
return flow available each year could range from 0 AF to 37,555 AF (refer to Table 2-9).  The 
amount of unused reusable supplies available would vary considerably from year to year.  In 
Alternative 8a, approximately 5,000 AF/yr of new firm yield would be provided by reusable 
return flows stored in gravel pits along the South Platte River.  For the purposes of this EIS 
analysis, the amount of reusable supplies included in Alternative 8a was based on a review of the 
amount of reusable water available, available gravel pit storage along the South Platte River, and 
potential water quality issues associated with blending reusable supplies with Moffat Collection 
System supplies.  The final configuration of this alternative would be determined during the 
design phase should this alternative be permitted. 

Diversion Structure 
To capture the reusable return flow, a new diversion would be constructed in the South Platte 
River near the Worthing Pit storage facility.  Figure 2-12 shows a typical design for a river 
diversion.  The diversion would extend across the active South Platte River channel (low flow 
channel plus first terrace).  The diversion and associated construction disturbance area are shown 
schematically in Figure 2-12.   
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Figure 2-12 
Typical River Diversion Structure 

 

 

The diversion headgate would discharge to a 750-feet long buried 54-inch pipeline connected to 
the southern gravel pit storage area.  The pipeline would follow an existing gravel road.  The 
potential temporary construction disturbance area for the conduit would include the existing 
gravel road, plus a 40-foot wide area immediately west of the road.  Construction access for the 
new diversion structure and conduit would occur from existing paved and unpaved roads in the 
area.   

Gravel Pit Pipeline  
In order to provide sufficient storage, the gravel pit storage facilities would be connected 
hydraulically via a 36-inch buried, bi-directional pipeline and associated pump stations.  
Approximately 1.4 miles of pipeline would be installed to the east of the gravel pits along 
existing roadways from the Worthing Pit north to the North Tower Pit (Figure 2-10).  The 
pipeline would be constructed in the existing roadways (curb-to-curb).  Bi-directional, lateral 
pipelines would be installed connecting each gravel pit to the 36-inch pipeline.  The lateral 
pipelines would be constructed in existing access roads.  To fill the gravel pits, water would be 
diverted from the South Platte River and discharged to each gravel pit’s lake from the lateral 
pipelines, based on the storage capacities.  When needed, water stored in the gravel pits would be 
pumped and delivered via the 36-inch bi-directional pipeline to the new AWT plant.  Three 
pump stations (one at each gravel pit storage facility), with a capacity of 2,000-horsepower each, 
would be required to deliver water from the gravel pits to the new AWT plant.  Each pump 
station would be located adjacent to the gravel pit and would consist of a concrete box structure 
with three vertical turbine pumps installed inside the pumphouse. 

Source: MWH 2006 
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Advanced Water Treatment Plant  
Water withdrawn from gravel pit storage would be treated at the new AWT plant, then conveyed 
via Conduit O to the South Boulder Diversion Canal to Ralston Reservoir, and then to the 
existing Moffat WTP.  When water originating in the Fraser River, Williams Fork River, and 
South Boulder Creek basins is also being delivered to the Moffat WTP, the two water sources 
would mix in the canal prior to discharge into Ralston Reservoir.  South Platte River return flow 
water quality is substantially different and of lesser quality than existing Moffat Collection 
System supplies.  Since the existing Moffat WTP would be incapable of treating the resulting 
blended supply to meet drinking water standards, a new 13.6 mgd AWT plant would be required 
to treat the South Platte River return flows prior to their introduction to the Moffat Collection 
System.  The treatment process would involve sedimentation, low-pressure membrane pre-
treatment, reverse osmosis, advanced oxidation, disinfection, and ZLD for the residual disposal.   

For purposes of analysis in the EIS, it is assumed that the new AWT plant would occupy 
approximately 4 acres adjacent to the Worthing Pit (Figure 2-10) and would consist of several 
buildings and structures no more than two stories in height (about 25 to 30 feet).  Building 
architecture would be designed to be consistent with the surrounding area.  Low wattage light 
fixtures would be included to provide security lighting, and structures would be equipped with 
sound mitigation features to comply with applicable local noise ordinances.  The AWT plant site 
would be fenced to limit access to authorized personnel.  A buried pipeline would deliver the 
waste stream or brine from the AWT plant to the disposal site.  The 13.6 mgd plant would 
require approximately 70 acres of evaporation pond and drying beds, located near the plant.   

If Alternative 8a is chosen, Denver Water would locate the disposal facility on an upland site in a 
commercial, industrial, or other area compatible with surrounding land uses, in close proximity 
to the AWT plant.  The location would be evaluated to avoid or minimize interferences with 
sensitive environmental areas, including wetlands, threatened and endangered species habitat, 
and cultural resources.  Denver Water would conduct the appropriate level of analyses and obtain 
all necessary permits prior to constructing and operating the AWT plant.   

The AWT plant would operate only as needed.  Based on the hydrologic modeling for 
Alternative 8a (refer to Section 4.1 Surface Water), the AWT plant would operate for 
approximately 2 to 3 years and then either shut down or be placed in a low flow (idle) status for 
6 to 7 years.   

Conduit O  
A new pipeline would be required to deliver water from the new AWT plant to Moffat Collection 
System.  A 36-inch diameter, 25-mile pipeline (Conduit O) would be constructed from the new 
AWT plant to the Moffat Collection System.  Figure 2-9 shows a representative alignment for 
purposes of this EIS.  The pipeline would cross railroad tracks, highways, and several roads 
using Denver Water’s standard bore and jack method.  Crossing the South Platte River and other 
drainages would be open cut per Denver Water’s standard method.  Refer to Section 2.8.3 for 
details.  It is assumed that the conduit would be constructed within existing roadways (curb-to-
curb).  The exact alignment would be selected to minimize interferences with environmentally 
sensitive areas, railroads, highways, watercourses, and property boundaries.   

Design features associated with Conduit O, such as locations of flow control valves, PRVs, 
blow-offs, air release/air vacuum valves and thrust restraints, would be located within the 
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identified pipeline corridor and would result in no additional temporary construction disturbance 
and minimal or no permanent surface disturbance.   

Conduit O would terminate at the Moffat Collection System delivery point, which is at the South 
Boulder Diversion Canal.  A small concrete box would be constructed in the bank of the canal to 
support the pipeline.   

Three pump stations, with a capacity of 2,000-horsepower each, would be required to deliver 
water along Conduit O.  Pumps would be driven by electric motors.  One pump station would be 
located at the AWT plant site near the Worthing Pit, and two pump stations would be located 
along the pipeline route to the Moffat Collection System.  The pump stations would be located 
within the pipeline corridor.  The maximum construction disturbance areas would be 
approximately 200 feet by 200 feet for each pump station.  Permanent fenced areas for each 
pump station would be a maximum of approximately 150 feet by 150 feet.  A typical pump 
station layout is shown in Figure 2-13.  Each pump station would be enclosed in a building 
approximately 70 feet by 50 feet and would be no more than two stories in height (about 25 to 
30 feet).  Building architecture would be designed to be consistent with the surrounding area.  
Low wattage light fixtures would be included to provide security lighting.  Pump stations would 
be equipped with sound mitigation features to comply with applicable local noise ordinances.  
Each pump station site would be fenced to limit access to authorized personnel.   

Figure 2-13 
Typical Pump Station Layout 

Source: MWH 2006 

Dechlorination Facility 
A small dechlorination facility would be required at a location near the Moffat Collection System 
delivery point.  This would be a 2,000 square-foot structure located on less than 1 acre.  The 
proposed facility would be fenced, but would not have exterior lighting.  The dechlorination 
facility would inject liquid sodium bisulfite into the pipeline, neutralizing the chlorine residual.  
Figure 2-14 represents a typical dechlorination facility.   
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Figure 2-14 
Denver Water Dechlorination Facility 

 
Source: URS 2007 

 

Roads and Access  
Brighton Road would provide access to the gravel pit storage sites, new diversion structure, and 
AWT plant.  Construction access for the new diversion structure and intake channel conduit on 
the South Platte River would occur from existing paved and unpaved roads in the area.   

Recreational Facilities and Public Access 
There would be no public access or recreational use of the gravel pit lakes.   

Support Facilities/Staging Areas 
Temporary pipeline construction staging areas for stockpiling materials and equipment, worker 
parking, and field office trailers would be established at several locations along the pipeline route 
on existing vacant lots.  

Utilities, Lighting, and Fencing 

Additional power facilities such as transmission lines and substations would be required to 
support the pump stations for Conduit O and various pipelines, gravel pit storage facilities, AWT 
plant, etc.  Power would be brought to the facilities using buried cables. 

Both the water treatment plant and the pump stations would be equipped with low wattage 
lighting and perimeter fencing for security.   

2.5.3 Proposed Changes to Denver Water’s System Operations 
The primary changes in Denver Water’s North and South system operations are described under 
the Proposed Action (Section 2.3.3), with the following exceptions pertinent to Alternative 8a.  
Refer to Section 4.1 Surface Water for details on the proposed hydrologic changes.   
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Proposed Gravel Pit Storage  
Water stored in the gravel pits would generally be used for supply in dry years.  Based on runoff 
forecasts and other Denver Water reservoir contents, Denver Water would decide in the spring 
whether or not to draw water from the gravel pits for delivery to the Moffat Collection System.  
If needed, the water would be delivered to the Moffat System as limited by treatment and 
conveyance capacity.  Diversions would be made from the river to the gravel pits to the extent 
that reusable effluent is available and storage space exists in the gravel pits.  In years when the 
stored water is not used, water would be diverted into the pits only to replace evaporative losses.  
The water treatment plant would operate only when deliveries are being made to the South 
Boulder Diversion Canal. 
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2.6 ALTERNATIVE 10A – GROSS RESERVOIR EXPANSION (52,000 AF)/REUSABLE 
RETURN FLOWS/DENVER BASIN AQUIFER STORAGE (20,000 AF)  

2.6.1 Introduction/Abstract 
Alternative 10a would combine storage of Moffat Collection System supplies in an expansion of 
the existing Gross Reservoir with deep aquifer storage of reusable return flows to provide 18,000 
AF/yr of new firm yield.  Approximately 13,000 AF/yr of new firm yield would be provided by 
the enlargement of Gross Reservoir, while 5,000 AF/yr of new firm yield would be provided by 
reusable return flows and deep aquifer storage and recovery (ASR).  

The existing Gross Dam would be raised 101 feet to provide an additional 52,000 AF of new 
storage capacity.  When available, additional water diverted from the Fraser River, Williams 
Fork River, and South Boulder Creek at existing Denver Water facilities under existing Denver 
Water water rights, would be stored in an enlarged Gross Reservoir.   

When available, reusable return flows at the Denver Water Recycling Plant would be treated at a 
new AWT plant and conveyed via a new pipeline distribution system to an injection/recovery 
well field in the city of Denver.  This water would be injected into the Denver Basin deep 
aquifers for storage.  When needed, previously stored water would be recovered from the 
groundwater basin and conveyed through new pipelines to the Moffat Collection System.  

The locations of the new AWT plant, well sites, and distribution pipeline system are considered 
representative to illustrate how this alternative would be configured for purposes of this EIS 
analysis.  The exact location of these components would be determined during the design phase 
should this alternative be permitted.  

Denver Water currently uses the bulk of their reusable supplies during the summer months 
primarily to meet non-potable demands and as an exchange supply.  As with Alternative 8a, 
reusable return flows for this project would be available primarily during the winter months from 
November through March when Denver Water’s non-potable demands and exchange potential 
are lowest.   

Figure 2-15 displays the Alternative 10a components.  Table 2-14 lists the major components of 
the Gross Dam and Reservoir enlargement and deep aquifer storage recovery.  Details are 
presented in the Project Components discussion below.   
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Table 2-14 
Alternative 10a – Primary Components 

Facility Component Description 
Additional 52,000 AF of storage capacity 
101-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material produced on site; 
up to 40% of fine aggregate obtained from off-site commercial sources  
Relocation of existing dam and spillway access roads 
Two stockpile and two spoil areas and associated haul roads 

Gross Reservoir 
Expansion and Dam Raise 
(same as Alternative 8A) 

No modification to existing outlet works 
Located near the Denver Water Recycling Plant – representative site 
Process train; sedimentation, low-pressure membrane pre-treatment, reverse 
osmosis, advanced oxidation, disinfection, and zero-liquid discharge  
13.6 mgd capacity 

Advanced Water 
Treatment Plant 

4-acre plant site  
Approximately 27 injection/recovery well sites (three-well cluster at each site) – 
representative sites 
Storage volume of approximately 5,000 AF 

Denver Basin Aquifer 
Storage and Recovery 
(ASR) System  36 miles of 12- to 48-inch diameter distribution pipelines – representative 

alignment 
18 miles long, 36-inch diameter pipeline connecting the new AWT plant and the 
Moffat Collection System – representative alignment Pipeline (Conduit M)  
Three 2,000-horsepower pump stations 

Notes: 
% = percent 
AF = acre-feet 
AWT = advanced water treatment 
mgd = million gallons per day 
 

2.6.2 Project Components 

2.6.2.1 Gross Reservoir  
The existing Gross Reservoir stores 41,811 AF and has a surface area of 418 acres at elevation 
7,282 feet (spillway elevation).  Under Alternative 10a, Gross Reservoir would be expanded to 
approximately 93,811 AF in order to provide an additional 52,000 AF of storage.   

Refer to Section 2.5.2.1 Alternative 8a, for a discussion of a 52,000 AF enlargement of Gross 
Reservoir.  Table 2-11 provides a comparison of the proposed Gross Dam and Reservoir features 
with the existing facility.  This enlargement would require Denver Water to seek a FERC 
hydropower license amendment. 
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2.6.2.2 Proposed Aquifer Storage and Recovery System 
Water Source 
When available, reusable return flows would be collected at the Denver Water Recycling Plant, 
treated at a new AWT plant and conveyed via a new pipeline distribution system to an 
injection/recovery well field in the city of Denver.  The water would be injected into the Denver 
Basin deep aquifers for storage.  When needed, previously stored water would be recovered from 
the groundwater basin and conveyed through new pipelines to the Moffat Collection System.  
For purposes of this EIS analysis, Denver Water developed a representative layout of the 
potential well field, pipeline system, and AWT plant, as shown in Figure 2-15.  Approximately 
5,000 AF/yr of new firm yield would be provided by reusable return flows.  For the purposes of 
this EIS analysis, the amount of reusable supplies included in Alternative 10a was based on a 
review of the amount of reusable water available, treatment and conveyance costs associated 
with the reusable supplies, and potential water quality issues associated with blending reusable 
supplies with Moffat Collection System supplies.  The final configuration of this alternative 
would be determined during the design phase should this alternative be permitted. 

Advanced Water Treatment Plant  
Under Alternative 10a, water would be injected into the Denver Basin aquifer.  Because the 
Denver Basin aquifers are a source of public water supply, water added to the basin must be 
treated to at least minimum drinking water standards.  Reusable return flows from the Denver 
Water Recycling Plant would be treated at a new 13.6 mgd AWT plant to meet or exceed 
drinking water standards prior to injection into the aquifer, and would be the same as described 
for Alternative 8a.  In general, the treatment process would involve sedimentation, low-pressure 
membrane pre-treatment, reverse osmosis, advanced oxidation, disinfection, and ZLD for the 
residual disposal.   

For purposes of this EIS evaluation, it is assumed that approximately 4 acres in the vicinity of the 
existing Denver Water Recycling Plant would be required in order to construct the new AWT 
plant.  General features of the AWT plant and associated off-site disposal facility would be the 
same as described for Alternative 8a, in Section 2.5.2.1. 

Well Sites  
Water from the new AWT plant would be conveyed to the injection/recovery well field, injected 
into the Upper Arapahoe, Lower Arapahoe, and Laramie-Fox Hills aquifers of the Denver Basin, 
and recovered as needed.  At each well site, one well would be drilled into each aquifer creating 
a three-well cluster at each site.  Individual wells in a cluster would be separated by about 50 feet 
to accommodate drilling and construction activities.  A total of 27 well facilities (81 individual 
wells) would be necessary for the project located on 23 sites within the City and County of 
Denver.  Four of the proposed locations would contain two well facilities. 

All representative well facilities are located on property owned by the City and County of 
Denver in parks, golf courses, or at the Denver International Airport (DIA) nursery.  Well 
locations that interfere with park uses or create other conflicts would be avoided.  Actual siting 
of the facilities would occur during pre-construction design and planning, and would include 
coordination with park or facility managers.  The 23 representative well sites and distribution 
pipeline system layout are shown in Figure 2-15. 
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The well facility would consist of a well house that contains piping, valves, metering, and motor 
controls.  Figure 2-16 illustrates a general well layout.  Figure 2-17 is a photograph of a typical 
well house.  The well house would be approximately 21 by 30 feet.  The building would be 
approximately 16 feet from the ground to the top of the roofline.  Two 3 by 3 by 4-foot tall 
transformers would be located adjacent to the building.  Wells/well houses would be located at 
the perimeter of the park or golf course, minimizing the disruption to the primary use areas 
within the park or golf course.  Individual wells would be equipped with variable frequency drive 
electric motor driven submersible pumps installed in the well casing, with a pitless adapter to 
allow connection of the well to power and to the well discharge pipe.  Well houses would be 
used to consolidate the piping from the three wells at each site and to house the required valving 
and metering needed to combine the three well lines into a single discharge pipe from the site.  
The well house would also provide a location for motor controls and control panels for all three 
wells.  Architectural treatment would be used to blend the well house into the surrounding setting 
to soften the visual impact. 

Figure 2-16 
Typical Well Layout for Proposed Deep Aquifer Storage and Recovery System 

 
Source: MWH 2006 
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Figure 2-17 
Typical Well House for Proposed Deep Aquifer Storage and Recovery System 

 
Source: MWH 2006 

At well locations where there could be potential constraints due to the size, location, and 
character of the park and surrounding area, a well vault would be installed instead of a well 
house.  The advantage of a well vault is that the structure would be primarily buried, and 
therefore, not visible to the public.  The motor control center and control panel would be located 
above grade to provide easier access and protect the electrical equipment from water damage.  
Access to the well vault would be provided through an exposed access hatch.  It is assumed that 
six of the 23 well sites would have well vaults. 

The number of wells planned is a function of anticipated recharge and recovery rates.  Permanent 
aboveground well structures would include a 12-inch diameter casing protruding approximately 
2 feet above ground level.  The top of the casing would have a cover and a vented cap, along 
with two small junction boxes for power and control equipment.  Deep wells require submersible 
pumps; therefore, pump noise generation during pump operation would be negligible.  

Denver Basin Distribution Pipeline 
Water would be conveyed to and from the 27 well facilities by a network of pipelines as shown 
in Figure 2-15.  The representative layout includes a total of approximately 36 miles of 12 to 
48 inch pipeline, which would be buried in city streets and urban utility corridors within existing 
road rights-of-way/easements.   

Conduit M   
Water extracted from the Denver Basin aquifers would be delivered back to the new AWT plant.  
A new pipeline (Conduit M) would be required to deliver water from the new AWT plant (where 
water extracted from the Denver Basin would be collected) to the Moffat Collection System 
delivery point, which is at the South Boulder Diversion Canal.  The conduit would be 36 inches 
in diameter, approximately 18.5 miles long, and would be constructed within existing roads 
(curb-to-curb).  Conduit M would terminate at the South Boulder Diversion Canal, similar to 
Conduit O (refer to Alternative 8a).  Figure 2-15 shows the preliminary route of Conduit M. 
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The pipeline would cross railroad tracks and roads using Denver Water’s standard bore and jack 
method.  Crossing the South Platte River and other drainages would be in open cuts per Denver 
Water’s standard practice (refer to Section 2.8.3 for details).  

Three pump stations with a capacity of approximately 2,000-horsepower each would be required 
to deliver recovered groundwater to the Moffat Collection System.  One pump station would be 
located at the AWT plant to deliver water to the injection/recovery well field.  Pump stations 
along the pipeline would be located within the pipeline corridor.  Typical pump station 
characteristics would be the same as described for Alternative 8a.   

Support Facilities/Staging Areas 
Temporary pipeline construction staging areas for stockpiling materials and equipment, worker 
parking, and field office trailers would be established at several locations along the pipeline route 
in vacant lots.  Staging areas for the AWT plant and ASR wells would be on site.  

Roads and Access 
Existing roads would be used during construction and operation of the ASR well facilities. 

Recreational Facilities and Public Access 
There are no proposed recreational facilities and no public access to the ASR well facilities. 

Utilities, Lighting, and Fencing 
Additional power facilities such as transmission lines and substations would be required to 
support the pumping facilities for Conduit M and the various pipelines.  Power would be brought 
to the wells and well houses/vaults using buried cables. 

There would be no perimeter fencing at the well sites.  Security lighting would include two 
low-voltage lamps: one at the well house building entrance and one at the transformers.   

2.6.3 Proposed Changes to Denver Water’s System Operations 
The primary changes in Denver Water’s North and South system operations are described under 
the Proposed Action (Section 2.3.3), with the following exceptions pertinent to Alternative 10a.  
Refer to Section 4.1 Surface Water for details on the proposed hydrologic changes.   

Aquifer Storage and Recovery System Operations Plan 

Water stored in the Denver Basin aquifers would generally be used for supply in dry years.  
Based on runoff forecasts and Denver Water reservoir contents, Denver Water would decide in 
the spring whether or not to recover water from the Denver Basin aquifers for delivery to the 
Moffat Collection System.  When needed, water would be collected and pumped to the Moffat 
Collection System delivery point via Conduit M.   

Deliveries would be made from the Denver Water Recycling Plant to the new treatment plant 
and then injected into the Denver Basin aquifers to the extent that reusable effluent is available 
and storage of reusable water in the Denver Basin aquifers is less than 5,000 AF.  In years when 
the stored water is not used, no water would be injected into the Denver Basin aquifers unless 
needed to recharge the aquifer.  
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2.7 ALTERNATIVE 13A – GROSS RESERVOIR EXPANSION (60,000 AF)/TRANSFER OF 
AGRICULTURAL WATER RIGHTS/GRAVEL PIT STORAGE (3,625 AF) 

2.7.1 Introduction/Abstract 
Alternative 13a would combine storage of Moffat Collection System supplies in an expansion of 
the existing Gross Reservoir with a purchase and transfer of existing South Platte River 
agricultural water rights stored in gravel pit storage facilities to provide 18,000 AF/yr of new 
firm yield.  Approximately 15,000 AF/yr of new firm yield would be provided by Moffat 
Collection System supplies and the enlargement of Gross Reservoir, while 3,000 AF/yr of new 
firm yield would be provided by gravel pit storage and transferred South Platte agricultural water 
rights. 

The existing Gross Dam would be raised 110 feet to provide an additional 60,000 AF of new 
storage capacity in an expanded Gross Reservoir.  When available, additional water diverted 
from the Fraser River, Williams Fork River, and South Boulder Creek at existing Denver Water 
facilities, under existing Denver Water water rights, would be stored in an expanded Gross 
Reservoir.   

Senior agricultural water rights, owned by ditch companies diverting from the South Platte River 
downstream of Denver, would be purchased and converted to municipal/industrial use.  Water 
rights sufficient in quantity and priority would be purchased to produce approximately 3,000 
AF/yr of firm yield when combined with 3,625 AF of new gravel pit storage.  Gravel pit storage 
is needed to firm the agricultural water rights supply, provide operational storage, and meet 
winter return flow obligations associated with historical use of the agricultural water rights.  A 
new diversion from the South Platte River, as described in Alternative 8a, would divert water to 
the gravel pit storage facility.   

The gravel pit storage facilities (gravel pits, diversion structure, and pipelines) are considered 
representative of typical existing facilities found along the South Platte River.  The actual 
location and configuration of the gravel pits, AWT plant, and associated facilities would be 
determined during the design phase should this alternative be permitted by the Corps. 

Figure 2-18 displays the Alternative 13a components.  Table 2-15 lists the major components of 
this alternative.  Details are presented in the Project Components discussion below.   
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Table 2-15 
Alternative 13a – Primary Components 

Facility Component Description 
Additional 60,000 AF of storage capacity 
110-foot dam raise 
New concrete spillway over dam raise 
New auxiliary spillway south of dam 
Four construction staging areas 
Relocation of existing recreation and visitation facilities 
Borrow material: approximately 60% of the total borrow material produced 
on site; up to 40% of fine aggregate obtained from off-site commercial 
sources  
Relocation of existing dam and spillway access roads 
Two stockpile and spoil areas and associated haul roads 

Gross Reservoir Expansion and 
Dam Raise 

No modification to existing outlet works 
150-foot long concrete diversion in the South Platte River – representative 
design 
750-foot, 54-inch pipeline from diversion to gravel pit storage South Platte River Diversion 

Diversion via the existing Brighton Ditch to the Challenger Pit   
Worthing, South Tower, and Challenger pits – representative sites 
Practical storage volume of approximately 3,625 AF (total of all pits) 
Perimeter slurry wall to prevent groundwater seepage 
5 miles of 30-inch diameter pipeline and pump stations connecting the three 
gravel pits 

Gravel Pit Storage 

Controlled outlet on at least one pit to meet winter return flow obligation 
Located near Worthing Pit – representative site 
Process train; sedimentation, low-pressure membrane pretreatment, reverse 
osmosis, advanced oxidation, disinfection, and zero-liquid discharge  
10.8 mgd capacity 

Advanced Water Treatment 
Plant 

4-acre plant site 
Dechlorination Facility 0.1 acre site – representative site 

25 miles, 30-inch diameter pipeline connecting the new AWT plant and the 
Moffat Collection System – representative alignment Pipeline (Conduit O) 
Three 1,500-horsepower pump stations 

Notes: 
% = percent 
AF = acre-feet 
mgd = million gallons per day 

2.7.2 Project Components 

2.7.2.1 Gross Reservoir 
The existing Gross Reservoir stores 41,811 AF and has a surface area of 418 acres at elevation 
7,282 feet (spillway elevation).  Under Alternative 13a, Gross Reservoir would be expanded to 
approximately 101,811 AF in order to provide an additional 60,000 AF of storage.  The proposed 
reservoir surface area at normal water level would expand to approximately 755 acres inundating 
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approximately 337 acres of surrounding shoreline at elevation 7,385 feet.  This enlargement 
would require Denver Water to seek a FERC hydropower license amendment.   

Water Source 
The water source would be the same as for the Proposed Action.  Average and wet-year water 
would be supplied from the existing Moffat Collection System in the Fraser River basin, 
Williams Fork River basin, and South Boulder Creek.  Existing Denver Water water rights would 
be used.  No new water rights would be required.  

Dam Features 
Under Alternative 13a, the Gross Dam would be raised by 110 feet.  This mass concrete dam 
enlargement would raise the dam crest to a height of 450 feet, at elevation 7,385 feet.  The crest 
length of the enlarged dam would be 1,753 feet and would have a width of 25 feet.  The raised 
dam would have the same dam axis, arch radius, crest width, and downstream slope as the 
existing dam section.  The upstream and downstream slopes of the raised dam portion would be 
similar to the Proposed Action.  Figure 2-4 shows the profile and sections of the Gross Dam.  
Table 2-11 provides a comparison of the proposed Gross Dam and Reservoir features with the 
existing facility. 

Foundation Excavation and Preparation 
Foundation excavation and preparation would be the same as the Proposed Action, except that 
the approximate depth of excavation and the depth of the grout curtain would be less.   

Spillways 
Spillways would be the same as the Proposed Action, except that the crest elevations of the 
spillway (elevation 7,385 feet) and auxiliary spillway would be lower.   

Tree Removal 
Tree removal for Alternative 13a would be the same as for the Proposed Action, except a smaller 
area would need to be cleared between elevation 7,282 and 7,395 feet (10 feet above the 
elevation for the 60,000-AF enlargement). 

Other Components 
Other components of Alternative 13a that are similar to those described under the Proposed 
Action include the following (refer to the Proposed Action, Section 2.3.2 for details): 

• Inlet and Outlet Works 

• Borrow/Embankment Materials 

• Support Facilities/Staging Areas 

• Roads and Access 

• Public Access and Recreational Facilities 

• Reservoir Delivery Infrastructure 

• Utilities, Lighting, and Fencing 

• Hydroelectric Facility 



Chapter 2 – Proposed Action and Alternatives  

2-68  Alternative 13a  

2.7.2.2 Proposed Gravel Pit Storage Facilities 
Agricultural water supply would be diverted from the South Platte River and stored in gravel pit 
reservoirs, similar to Alternative 8a.  Given the typical size of gravel pits along this reach of the 
South Platte, several gravel pit storage sites would be required to develop the volume of storage 
necessary to generate additional firm yield for Denver Water.  Storage is required to firm the 
agricultural water supply in order to meet Denver Water’s demand schedule through the critical 
period, as well as to provide operational storage and meet winter return flow obligations incurred 
through the water right transfer process.  For purposes of this EIS analysis, three existing gravel 
pits, the Worthing, South Tower, and Challenger, were identified as representing one 
combination of pits that would provide the approximately 3,625 AF of new gravel lake storage 
required for this alternative (Figure 2-19) (Boyle 2006a). 

Similar to Alternative 8a, for the purposes of this EIS analysis, these gravel pits were considered 
representative of gravel pit storage along the South Platte River.  The final combination of gravel 
pits would be determined during the design phase should this alternative be permitted.  It is also 
assumed that when Denver Water acquires the gravel pits they would be completely mined and 
reclaimed for use as a water storage facility (refer to Figure 2-11 under Alternative 8a).  The 
gravel pits would be connected hydraulically using a system of pump stations and pipelines; this 
system is described in further detail below.   

Water Source 
Four ditches have their head gates on the South Platte River between Denver and the City of 
Brighton: the Fulton Ditch, Brantner Ditch, Brighton Ditch, and Lupton Bottom Ditch.  This 
reach of the river is a preferable source of historical agricultural water because of its proximity to 
Denver.  Because this alternative requires availability of willing sellers, the actual location of 
acquired water rights could include ditches located further downstream.  Each of these ditches 
are operated by individual mutual ditch companies, whereby shareholders receive their pro-rated 
share of the waters diverted by the ditch based on the number of shares they own in the ditch 
company.  These ditch systems all have water rights that were originally decreed to provide 
agricultural irrigation water.  With growing pressures for water supplies for the Front Range 
urban area, an increasing number of shares in these systems have been purchased and changed, 
through a Water Court procedure, from irrigation to municipal use.  Approximately 3,000 AF/yr 
of new firm yield would be provided by transferred agricultural water rights.  For the purposes of 
this EIS analysis, these ditches and the associated water rights were considered representative of 
agricultural ditches along the South Platte River.  The amount of transferred agricultural water 
included in Alternative 13a was based on a review of water rights, costs associated with 
purchasing agricultural water rights, treatment and conveyance costs associated with South Platte 
River water, and potential water quality issues associated with blending those supplies with 
Moffat Collection System supplies.  The final configuration of this alternative would be 
determined during the design phase should this alternative be permitted. 

The yield of shares in these ditches varies depending on the historical practices of the specific 
farmers whose shares are purchased (Boyle 2006a).  However, analysis shows that 
approximately 3,000 AF of firm yield (i.e., during dry years) could be acquired if Denver Water 
purchases approximately 24% of the shares of each ditch that currently remain in agriculture.  
Denver Water would have to obtain a “change decree” from Division 1 Water Court for the 
acquired portions of the water rights owned by the ditches.  The decree process involves 
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quantifying the historical use of the water right, identifying the new location and pattern of use, 
demonstrating that the change will result in no greater depletion of the river than that caused by 
the historical irrigation use, and incorporating limits and conditions on the new use that will 
protect others from injury.   

The change in water rights would carry with it an obligation to replicate the lagged return flows 
that occurred when the water was historically used for irrigation.  These contributions to the river 
occur during the non-diversion season.  Thus, one function of the gravel pits would be to store 
water during the diversion season for release during fall and winter months to meet return flow 
obligations in accordance with the change decree.  

Another outcome of the change in water rights would be the dry-up of lands irrigated historically 
by the changed water rights.  The land to which the water was once applied would be required by 
the Water Court to be formally taken out of production.  It is estimated that approximately 3,900 
acres of agricultural land would be taken out of irrigation.  However, the actual amount would 
depend on what agricultural shares would be purchased and the historical practice on those lands.   

Outlet Works 
A controlled outlet to the river to meet winter return flow obligations would be included in the 
design.  Note that this feature is an additional requirement relative to the gravel pits described in 
Alternative 8a, for which there is no requirement to release water to the river.   

A single pump would be housed in a 10 by 10 by 8-foot tall building between the Worthing Pit 
and the South Platte River with an 8-inch inlet pipe and an 8-inch discharge pipe.  A flow meter 
would be housed in an approximately 5 by 5 by 6.5-foot deep vault downstream of the pump 
building.  Flows would discharge through a flap gate onto a 5 by 5 foot area of riprap.  The outlet 
invert elevation would be located above the South Platte River’s normal winter flow level.  A 
plan view of a typical outlet structure is shown in Figure 2-20. 

Figure 2-20 
Typical Outlet Structure 

 
Source: Boyle 2006b 
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Diversion Structure 
The proposed diversion structure would be the same as described in Alternative 8a (Figure 2-12).  
Water diverted from the South Platte River would fill the Worthing Pit, from which the South 
Tower Pit would be filled.  Because of the interconnections among the gravel pits, the 
Challenger Pit could be filled from the South Tower Pit, but the more typical operation would be 
to deliver water to the Challenger Pit by way of the existing Brighton Ditch.  It is expected that 
improvements to the Brighton Ditch would not be required because the water being carried to the 
Challenger Pit replaces water transferred from the Brighton Ditch by virtue of the purchase and 
change of Brighton Ditch shares. 

Gravel Pit Pipeline 
The gravel pits would be connected by a 5-mile long, 30-inch diameter bi-directional pipeline 
and associated pump stations.  The buried pipeline would run south from the southeast corner of 
the Challenger Pit along existing roads to the Worthing Pit and the new AWT plant (Figure 
2-18).  Lateral pipelines would be installed connecting each gravel pit to the 30-inch pipeline.  
The interconnecting pipeline would be used to fill the gravel pits with water diverted from the 
South Platte.  When needed, water would be pumped from each pit into the interconnecting 
pipeline and conveyed to the new AWT plant.  

Similar to Alternative 8a, three pump stations (one at each gravel pit storage facility), with a 
capacity of 2,000-horsepower each, would be required to deliver water from the gravel pit 
storage facilities to the new AWT plant.   

Advanced Water Treatment Plant  
Under Alternative 13a the AWT plant would be the same as described for Alternative 8a, except 
that the capacity would be less—10.8 mgd versus 13.6 mgd in Alternative 8a.  The off-site 
disposal facility would be slightly smaller due to the smaller plant capacity.  The 10.8 mgd plant 
would require approximately 60 acres (versus 70 acres) of evaporation ponds and drying beds. 

Conduit O  
Same as Alternative 8a, except the pipelines would be smaller (30-inch diameter versus 
36 inches). 

Other Features 
Other features of Alternative 13a that would be the same as under Alternative 8a include the 
following (refer to Section 2.5.2.2 for details). 

• Dechlorination Facility 

• Support Facilities/Staging Areas 

• Roads and Access 

• Recreation and Public Access 

• Utilities, Lighting, and Fencing 
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2.7.3 Proposed Changes to Denver Water’s System Operations 
The primary changes in Denver Water’s North and South system operations are described under 
the Proposed Action (Section 2.3.8), with the following exceptions pertinent to Alternative 13a.  
Refer to Section 4.1 Surface Water for details on the proposed hydrologic changes.   

Proposed Gravel Pit Storage 
Water stored in the gravel pits would generally be used for supply in dry years and delayed 
return flows.  Based on runoff forecasts and Denver Water reservoir contents, Denver Water 
would decide in the spring whether or not to draw from the gravel pits for delivery to the Moffat 
Collection System.  If needed, the water would be delivered to the Moffat System as limited by 
treatment and conveyance capacity.  Diversions would be made from the river to the pits to the 
extent that water is physically and legally available under the purchased water rights.  In years 
when the stored water is not used, water would be taken under the purchased rights only to 
replace evaporative losses and return flow obligations.  In every year, the gravel pits would 
release to the river from October through March, to fulfill winter return flow obligations in 
accordance with the change decree.  Typically, the release requirement would be based on the 
total volume diverted during the previous diversion season.  
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2.8 CONSTRUCTION ACTIVITIES FOR ALL ACTION ALTERNATIVES 

2.8.1 Schedule and Sequencing 
Construction of all project facilities would occur year-round.  The estimated construction period 
varies for each of the action alternatives from approximately 3 years for Alternatives 8a and 10a 
to approximately 4 years for the Proposed Action.  Refer to Table 2-16 for the estimated 
construction schedule for each action alternative.  Detailed construction schedules are provided 
in Appendix D-1.  Most construction would likely occur during the day, however, double or 
triple shifts up to 24 hours per day operation are possible.  Work hours for all construction would 
be limited in conformance with applicable local ordinances.  Due to the short construction 
schedule and the substantial scope of the project, construction activities would be performed 
concurrently where possible. 

The schedule would vary for certain activities such as the following: 

• Concrete placement at Gross Dam and other facilities would likely take place primarily 
within the April through November period, when temperatures are generally above freezing.   

• Major conduit construction would occur at production rates ranging from about 500 to 
1,200 feet per day depending on localized conditions, so that a particular stretch of roadway 
would typically be impacted by pipeline construction for less than 1 week.    

• Construction of the distribution pipeline associated with the Denver Basin deep aquifer 
storage (Alternative 10a) would vary by location and by the diameter of pipe, but would 
average approximately 25 to 35 days per mile for in-street construction.   

• Well drilling (Alternative 10a) would average 2 weeks per well.  The three injection/recovery 
wells at each site would be drilled consecutively.  The construction time of each well house 
would range between 30 to 60 days and would initially coincide with the well drilling 
activities.   

Denver Water anticipates that final design and permitting would begin upon receipt of the 
Section 404 permit.  Operation of the facility would not begin until 2016.  

The general construction sequence for the various components of the EIS action alternatives is 
assumed to include the typical activities listed in Table 2-17.   
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Table 2-16 
Estimated Construction Schedules by Alternative 
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Table 2-17 
Typical Construction Sequences 

Gross Reservoir Dam Raise 
• Mobilization 
• Clearing and grubbing 
• Excavation 
• Foundation treatment 
• Aggregate processing 
• Concrete placement 
• Auxiliary spillway 
• Slope protection 
• Demobilization 

Leyden Gulch Dam and Reservoir 
• Mobilization 
• Clearing and grubbing 
• SH 93 relocation 
• Outlet works 
• Excavation 
• Foundation treatment 
• Embankment construction 
• South Boulder Diversion Canal reroute 
• Slope protection 
• Demobilization 

AWT Plant and Pump Stations 
• Mobilization 
• Clearing and grubbing 
• Excavation 
• Concrete placement 
• Piping and below-grade utilities installation 
• Above-grade structure construction 
• Mechanical and electrical equipment 

installation 
• Controls system installation 
• Testing and commissioning 
• Landscaping 
• Demobilization 

Pipelines 
• Mobilization 
• Rights-of-way clearing and preparation 
• Pipe stringing 
• Trenching 
• Pipe installation 
• Inspection and protective wrapping 
• Backfill, repave, or regrade, and revegetate as 

applicable 
• Hydrotest and commission 
• Demobilization 

Denver Basin Aquifer Wells 
• Mobilization 
• Well drilling 
• Well house construction 
• Pump and motor installation 
• Electrical equipment installation 
• Controls system installation 
• Testing and commissioning 
• Landscaping 
• Demobilization 

 

2.8.2 Temporary Sediment and Erosion Control 
Prior to construction, Denver Water, or its contractor, would obtain a Stormwater Discharge 
Permit for Construction Activities from the Colorado Department of Public Health and 
Environment.  The permit would require development of a specific stormwater management plan 
to prevent and control erosion from stormwater runoff and subsequent downstream water quality 
degradation.  The permit and plan would remain in effect until the exposed areas have been 
revegetated and stabilized.  This proposed approach for sediment and erosion control is the same 
for all EIS alternatives. 
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2.8.3 Pipeline Construction Methods 
The proposed pipelines associated with the alternatives include Conduit O (36- and 30-inch 
diameter), Conduit M (36-inch), gravel pit pipelines (36-inch), and ASR distribution pipelines 
(18- to 48-inch).  The various pipelines would cross highways, railroads, and streams.  Crossings 
of railroads and major state and interstate highways would be bored and jacked per Denver 
Water’s standard practice.  All pipeline crossings of streams and ditches would be open cut per 
Denver Water's standard practice.  Figure 2-21 shows a typical stream crossing.  The assumed 
construction corridor would be 160 feet wide at stream crossings.  Typically, a semicircular 
earthen dike would be constructed to confine the river flow to half of the natural channel.  The 
dry half of the channel would be trenched, the pipeline would be installed and the trench would 
be backfilled.  The dike would then be removed and a new dike would be constructed to confine 
the river flow to the other half of the channel.  The remaining trench would be excavated, the 
pipeline installed, and the trench backfilled, as before.  The second dike would be removed and 
the site would be restored to its approximate original condition.  Each crossing would be 
completed within approximately 20 working days depending on weather and flow conditions.   

Figure 2-21 
Typical Stream Crossing 

 
Source: MWH 2006 

2.8.4 Construction Equipment 
A wide variety of machinery would be used in the performance of the construction work for each 
alternative, such as scrapers, loaders, dozers, compactors, rollers, track hoes, and back hoes.  
Table 2-18 lists the primary on-site construction equipment necessary to support each of the EIS 
alternatives.  The construction equipment would travel little or no mileage off site on public 
roads, but they would be running full time during construction activities. 
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Table 2-18 

Estimated On-Site Construction Equipment  

Proposed 
Action  Alternative 1c Alternative 8a Alternative 10a Alternative 13a 

Type of 
Equipment Gross 

Reservoir 
Gross 

Reservoir 

Leyden 
Gulch 

Reservoir 

Gross 
Reservoir Conduits 

S. Platte 
River 

Facilities 

Gross 
Reservoir Conduits 

Denver 
Basin 

Aquifer 
Facilities 

Gross 
Reservoir Conduits 

S. Platte 
River 

Facilities 

Air compressor 1 1 1 1 1 1 1 1 1 1 1 1 

Backhoe 2 2 2 2 1 1 2 1 1 2 1 1 

Compactor 2 2 2 2 1 1 2 1 1 2 1 1 

Crane - - - - 1 1 - 1 1 - 1 1 

Dozer 2 2 2 2 - - 2 - - 2 - - 

Dump truck 8 8 4 8 -  8 - 1 8 - - 

Front end loader - - 4 - - - - - 1 - - - 

Fuel truck 1 1 1 1 1 1 1 1 1 1 1 1 

Generator, 
diesel 2 2 2 2 1 1 2 1 1 2 1 1 

Motor grader 1 1 4 1 - - 1 - - 1 - - 

Pickup truck 10 10 10 10 4 4 10 4 6 10 4 4 

Pile driver - - - - - - - - - - - - 

Scraper 8 8 8 8 - - 8 - - 8 - - 

Water truck 1 1 4 1 1 1 1 1 1 1 1 1 

Welder 1 1 1 1 1 1 1 1 1 1 1 1 

Tunnel boring 
machine - - 1 - - - - - - - - - 

Well drilling rig - - - - - - - - 1 - - - 

Total 39 39 46 39 12 12 39 12 17 39 12 12 
Source:  Denver Water 2006b
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2.8.5 Construction Traffic 
It is estimated that construction-related traffic would consist of two general categories of traffic:   

1) Gross Reservoir Expansion: Haul trucks (15 cy capacity) would import borrow material on 
public roads from off-site locations 260 days per year.  It is assumed that for the Gross 
Reservoir enlargement component of each alternative, 60% of all aggregate and sand would 
be found on site, and 40% would be hauled from an off-site location.  Commercial suppliers 
in the Longmont area are assumed for purposes of the EIS analysis (48 miles one-way 
between Gross Reservoir and Longmont).  In addition, flyash and cement would be hauled to 
Gross Reservoir.  Transporting borrow material from off-site locations would not be required 
to construct Leyden Gulch Reservoir or the other facilities proposed in the other alternatives. 

2) Commuting Workers for all Alternatives:  Workers commuting to the various construction 
sites were estimated based on manpower estimates (refer to Section 2.8.6) and an average 
carpooling of 1.5 workers per vehicle.  In addition, various supply trucks would make daily 
trips to the construction sites to deliver materials.   

Table 2-19 shows the estimated vehicle trips by alternative.  Truck traffic for alternative 
components other than Gross Reservoir are likely to be sporadic and dispersed.  For example, the 
alternatives with AWT will require less than a truck per day on average. 

Table 2-19 
Estimated One Way Vehicle Trips  

One Way Vehicle Trips by Alternative 
Types of Vehicles 

1a 1c 8a 10a 13a 

Gross Reservoir Haul Trucks – 
daily average (peak day) 

22 
(37) 

17 
(28) 

21 
(35) 

21 
(35) 

21 
(34) 

Commuting Worker Vehicles – 
daily average (peak day) 

60 
(101) 

193 
(319) 

175 
(301) 

228 
(382) 

159 
(247) 

Source:  Denver Water 2006c, as adjusted by Harvey Economics 2007; Harvey Economics 2008a and 2008b 

2.8.6 Construction Manpower Estimate 
Construction activities associated with each of the alternatives would provide temporary 
employment for full-time workers.  Employment would occur over different periods of time for 
each alternative.  In general, the labor force would consist of heavy equipment operators, general 
laborers, carpenters, ironworkers, surveyors, and electricians.  It is assumed that the majority of 
the labor force would be hired locally (within a 60-mile radius of the various construction sites).  
Non-local workers would seek housing in the Denver metropolitan area.  The work force at the 
various construction sites would vary depending on the phase of construction.  Most work would 
be performed during the day; however, double or triple shifts up to 24 hours per day operation 
would be possible.  Table 2-20 shows the estimated number of workers by component for each 
action alternative, including a 20% contingency.  
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Table 2-20 
Construction Manpower Estimate  
(Full-time Equivalent Workers) 

Alternatives 
Construction Schedule 

1a 1c 8a 10a 13a 

Year 1 
1st Qtr 16 50 65 70 48 
2nd Qtr 32 113 118 150 90 
3rd Qtr 47 163 169 213 125 
4th Qtr 60 214 268 303 160 

Year 2 
1st Qtr 91 325 371 442 239 
2nd Qtr 121 438 413 521 319 
3rd Qtr 132 475 451 573 345 
4th Qtr 142 478 451 572 371 

Year 3      
1st Qtr 151 478 397 558 371 
2nd Qtr 151 445 306 384 371 
3rd Qtr 146 364 235 349 305 
4th Qtr 121 282 166 267 239 

Year 4      
1st Qtr 95 251 118 187 187 
2nd Qtr 73 134 109 130 134 
3rd Qtr 53 104 NA NA 112 
4th Qtr 44 NA NA NA 90 

Year 5      
1st Qtr 43 NA NA NA NA 

Daily Average 90 290 263 342 239 
Quarterly Peak 151 478 451 573 371 
Total Wages (millions) $25.0 $69.6 $61.7 $77.5 $58.0 

Source: Denver Water 2006c; Harvey Economics 2007; Harvey Economics 2008a and 2008b 

2.8.7 Post-Construction Activities for All Action Alternatives 
Post-construction, the daily workforce required to operate and maintain the proposed project 
facilities would not change from existing conditions.  It is assumed that the current staff at the 
Gross Reservoir facility would be adequate to maintain the enlarged facility.  The current staff at 
the Ralston Reservoir facility would maintain a Leyden Gulch Reservoir facility.  The other 
facilities (ASR wells, gravel pit storage facilities, water treatment plant, pump stations, and 
dechlorination facility) would operate only during dry years or emergencies.  The staff needed to 
operate these facilities would come from within the existing Denver Water facilities when 
needed.   
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2.9 ESTIMATED COST OF ALTERNATIVES 

2.9.1 Action Alternatives 
Capital costs for construction were developed from feasibility-level designs of the components 
for each alternative.  These costs include materials, supplies, labor, contractor mobilization, and 
contractor overhead.  Contingency factors and engineering costs are also incorporated into 
capital costs.  Costs associated with right-of-way acquisitions or easements are not included in 
the construction costs.  Fixed annual O&M costs are those associated with physically 
maintaining the project facilities, operational costs including the cost of power, and the routine 
replacement of mechanical equipment.  The estimated costs are indexed to January 2006 
conditions.  Capital and O&M costs associated with each alternative are summarized in 
Table 2-21 and discussed in Section 4.17 Socioeconomics.   

Table 2-21 
Summary of Estimated Costs of Each Action Alternative 

Alternatives Costs 
1a 1c 8a 10a 13a 

Total Capital 
Construction Costs 

$139.9 million $293.7 million $362.0 million $393.2 million $426.7 million 

Annual O&M Costs $291,000 $612,000 $4.9 million $6.0 million $3.9 million 
Present Worth of 
Annual O&M (for an 
80-year period, 
discounted at 3%) 

$8.8 million $18.5 million $147.7 million $181.5 million $118.4 million 

Total Present Worth 
Cost 

$148.7 million $312.2million $509.7 million $574.7 million $545.1 million

Source: Denver Water 2006d; Harvey Economics 2007; Harvey Economics 2008a and 2008b 
Note: 
O&M = operation and maintenance 
 
Present worth calculations of total O&M costs represent the value at 80 years of annual O&M 
costs in 2006 dollars.  Total present worth costs allow for a simplified comparison of total costs 
among alternatives accounting for annual as well as upfront costs.  Components of total capital 
construction costs are used to estimate economic output for each alternative, as discussed in 
Section 4.17.  Annual O&M costs are incorporated into the water rates analysis for each 
alternative.  Impacts to water rates are also discussed in Section 4.17. 

2.9.2 No Action Alternative 
The No Action Alternative would have no direct and clearly discernible costs to Denver Water 
since facility construction or purchases are not contemplated.  In attempting to meet future 
demands with existing facilities, it is possible that additional operational costs for pumping or 
treatment might occur, but such costs would be episodic and not given to prediction. 

By depleting the Strategic Water Reserve and instituting water restrictions with greater 
frequency and severity, Denver Water and its customers would experience a host of indirect 
costs.  These are addressed in Chapter 4, Environmental Consequences. 
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2.10 NO ACTION ALTERNATIVE 

2.10.1 Introduction/Abstract 
NEPA requires that the EIS alternatives analysis include the alternative of “no action” (40 CFR 
1502.14[d]).  The CEQ explains that “No Action” means “the proposed activity would not take 
place and the resulting environmental effects from taking no action would be compared with the 
effects of permitting the proposed activity or an alternative activity to go forward” (CEQ 1981). 

For this EIS, the No Action Alternative considers what Denver Water would do to meet its water 
supply needs if it does not obtain a Section 404 permit for the Moffat Project.  The No Action 
Alternative is one that “results in no construction requiring a Corps permit” (33 CFR 325 
Appendix B).  In the event that a Section 404 permit is not issued, Denver Water would continue 
to develop and implement its conservation, non-potable recycling, system refinements and 
cooperative action projects as described in the 2002 IRP (Denver Water 2002a).  Refer to 
Section 1.4 Basis for Purpose and Need for details of this plan.  Assuming these projects and 
activities are fully implemented, demand on the Denver Water system is still projected to exceed 
supply beginning in 2016, as shown in Figure 1-5 in Chapter 1.   

Consistent with the action alternatives, the No Action Alternative is based on the following 
assumptions and conditions (refer to Section 4.1 Surface Water for further details):  

• Hydrologic modeling of the No Action Alternative is based on the same future water 
demands as the action alternatives (363,000 AF/year by the year 2030).  The demand 
includes the 3,000 AF of firm yield for the City of Arvada. 

• All planned water system improvements currently under development are accomplished.  
These are designed to provide additional sources of water supply to Denver Water’s 
customers through 2016.  Examples include the non-potable recycling project and 
downstream gravel pit storage (refer to Section 1.4.3 Denver Water’s Near-Term Strategy). 

• Demand projections assume 100% success in implementing Denver Water’s conservation 
goals identified in the 2002 IRP. 

• There is no Colorado River Compact Call. 

• The treated and raw water systems would always operate error-free. 

• The No Action Alternative has the same interpretation of water rights, agreements, and 
permit requirements as the action alternatives. 

• Hydrologic modeling of the No Action Alternative is based on the same water supply study 
period (1947 to 1991) as the action alternatives.  The modeling does not include the severe 
droughts evidenced by tree-ring-based hydrology studies, nor does it include potential 
adverse changes due to climate change. 

As compared to past droughts when Denver Water’s estimated water supply exceeded demand, 
under the No Action Alternative there is no water supply surplus.  During the recent 2002 to 
2005 drought period, Denver Water’s average annual water supply was 315,000 AF, and the 
average unrestricted customer demand was 285,000 AF/yr.  Denver Water’s estimated average 
annual surplus was 30,000 AF (315,000 AF minus 285,000 AF).  However, droughts occur with 
unpredictable intensity and duration.  During drought events, it is unknown how long the drought 
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will last or how severe it will be, and drought periods more severe than the 1947 to 1991 study 
period can be expected.  Even though Denver Water had an estimated surplus during the recent 
drought, they enacted mandatory restrictions on their customers’ use of water.  Under the No 
Action Alternative, Denver Water’s average annual demand is 75,000 AF greater than the 
demand during the recent drought (360,000 AF minus 285,000 AF).  The 360,000 AF of demand 
does not include Arvada’s additional demand of 3,000 AF.  This represents a 26% increase in 
demand, however, supplies are only estimated to increase by 30,000 AF/yr on average by 2016.  
The demand under the No Action Alternative would be even higher except that conservation is 
expected to produce an additional 16,000 AF/yr of annual savings.  The 16,000 AF/yr of 
conservation savings is expected every year and is not available as an additional savings due to 
drought restrictions.  This “demand hardening” will make it more difficult for customers to save 
water during restrictions.  With 75,000 AF of additional demand and the expected demand 
hardening, the No Action Alternative would require more frequent and severe restrictions.  

The No Action Alternative would require Denver Water to use a combination of strategies to 
meet the need for additional water supply, including using a portion of its Strategic Water 
Reserve (described in Section 1.4.1.5 Strategic Water Reserve) and imposing more frequent and 
severe mandatory restrictions than the action alternatives to help reduce demand during drought 
periods.  However, these strategies would not resolve the system vulnerabilities, flexibility, or 
reliability problems identified in the Purpose and Need. 

2.10.2 Project Components  
Only those potential strategies that did not require a Corps permit were considered as possible 
components of the No Action Alternative.  Numerous non-structural or institutional water 
management concepts were considered in the preliminary alternatives screening process, 
including buying back contract commitments, integrating operations with other water supply 
providers, expanding reuse, etc., (refer to Appendix B for the list of concepts considered).  These 
non-structural concepts were evaluated and eliminated from further consideration for the No 
Action Alternative because they did not meet the Purpose and Need.  In addition, certain 
components of Alternatives 8a, 10a, and 13a, such as agricultural transfers and reusable supplies, 
were considered in formulating the No Action Alternative.  However, the implementation of 
these elements with respect to storage and conveyance would likely require a Corps permit.  
Because all these non-structural and other components either did not meet the Purpose and Need 
or would require a Corps permit, Denver Water identified two alternative potential No Action 
strategies. 

Denver Water’s existing water rights and facilities can meet an average unrestricted demand up 
to 345,000 AF/year, while maintaining the 30,000 AF/year of yield in the Strategic Water 
Reserve.  Beginning in 2016, in the absence of a Moffat Project, and as more customers are 
added to the limited water supply, Denver Water would have to implement some combination of 
the following two strategies to manage supply and demand within the combined service area: 

1) Deplete the Strategic Water Reserve, and/or 

2) Rely on more frequent and severe Mandatory Water Use Restrictions 

It is impossible to accurately predict when or to what degree Denver Water would balance 
depletion of the Strategic Water Reserve and imposition of more frequent and severe mandatory 
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restrictions.  The balance would depend on numerous factors including storage conditions in 
Denver Water’s North and South collection systems and hydrologic conditions.  For example, 
Denver Water’s strategy in response to a drought would depend on whether they are in the 
beginning or advanced stages of a drought.  Each of these strategies is discussed individually 
below and then in combination.  

Analysis of using the Strategic Water Reserve was accomplished quantitatively using the 
PACSM model.  In contrast, analysis of using mandatory restrictions was accomplished 
qualitatively. 

2.10.2.1 Strategic Water Reserve Strategy 
Description of Strategy  
Under the No Action Alternative, it is assumed that the additional 18,000 AF/yr of new water 
supply needed to meet Denver Water’s anticipated demands would not be developed.  Instead, 
the Strategic Water Reserve would be reduced to help meet the need for up to an additional 
15,000 AF/yr of water supply for Denver Water customers (does not include 3,000 AF of 
additional demand from Arvada).  Because of the imbalance between the North and South raw 
water collection systems and because there is no Strategic Water Reserve in the North System, 
there would still be shortages in the North System.  This would result in periodic raw and treated 
water shortages to Denver Water customers.  

The Strategic Water Reserve of 30,000 AF/yr of firm yield is maintained within Denver Water’s 
existing South System.  Based on a storage-to-firm yield ratio of approximately 4:1, the Strategic 
Water Reserve equates to approximately 120,000 AF of water stored in Denver Water’s 
reservoirs.  The amount of Strategic Water Reserve in each reservoir varies depending on 
hydrologic conditions and the severity of the drought.  The Strategic Water Reserve is located 
entirely in Denver Water’s South System reservoirs, due to the imbalance in storage and raw 
water supplies between their North and South systems.  

PACSM Simulation of Depletion of the Strategic Water Reserve 
PACSM was used to simulate and quantitatively compare hydrologic changes to stream flow and 
reservoir operations of the Strategic Water Reserve Strategy. 

The No Action Alternative would require using part of the Strategic Water Reserve during 
drought periods.  Over the 45-year study period, the Strategic Water Reserve would be drawn 
down in 4 years due to lack of water supply to meet customer demand (1955, 1956, 1957, and 
1965).  During the 1950s drought, approximately half of the 30,000 AF reserve would be used.  
This result assumes that (1) the raw and treated water systems have operated error-free during 
the entire study period, which is unlikely; (2) the Strategic Water Reserve has not already been 
needed to meet man-made and natural uncertainties and emergencies; and (3) future droughts 
would not be more severe than those experienced during the 1947 to 1991 study period.  

The Strategic Water Reserve is only available in the South System, with none available in the 
North System.  Due to the lack of storage in the North System, none of the Strategic Water 
Reserve would be available for use in Gross or Ralston reservoirs under the No Action 
Alternative, in which case the Moffat Collection System would run out of water in droughts.  For 
example, model results show that the Strategic Water Reserve would not have been exhausted in 
1955; however, these reserves would all be in storage in the south end of the system.  Gross 
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Reservoir and Ralston Reservoir would be down to their minimum operating storage creating a 
condition where a shortage to customers may occur.  Raw water shortage would occur because 
Gross and Ralston reservoirs would be out of water.  Additionally, treated water shortages may 
occur because Foothills and Marston WTPs would be operating at capacity, but the Moffat WTP, 
which is needed to help meet demand, would not have any water to treat.  If one of the two 
remaining WTPs has an operation problem, Denver Water would not be able to meet customer 
water needs throughout its Combined Service Area from one WTP.  During the summer, all three 
WTPs are required to meet customer demand. 

Because the Moffat Collection System runs out of water in droughts, there would be shortages of 
water needed to supply the Moffat WTP and the Moffat Collection System raw water customers.  
The No Action Alternative results in shortages in meeting customer demands for treated and raw 
water deliveries due to lack of supply in 3 years of the 45-year study period (1955, 1957, and 
1978).  Based on the 1947 to 1991 study period, total raw water shortages of about 11,000 AF 
would have occurred in 1955, 1957, and 1978.  Raw water shortages during the critical period 
would have been approximately 9,600 AF.  Treated water shortages of approximately 550 AF 
would have occurred in 1955 due to lack of supply.  The total treated water and raw water 
shortages would be approximately 10,000 AF during the mid-1950s drought period.  While the 
Strategic Reserve is used to meet demands during the critical period, storage reserves in the 
North System are not sufficient, and would not result in shortages.  When shortages occur during 
the critical period there is no Strategic Reserve in the North System.  The 10,000 AF of shortage 
during the critical period equates to approximately 2,600 AF of firm yield.  The need for new 
firm yield is 18,000 AF/yr even though the shortages under the No Action Alternative are less, in 
order to meet future demands and maintain and better balance the Strategic Reserve between 
Denver Water’s North and South systems.  The Strategic Reserve is not sufficient to meet an 
additional demand of 15,000 AF/yr due to the imbalance in storage and supplies in Denver 
Water’s system (does not include 3,000 AF of additional demand from Arvada). 

2.10.2.2 Mandatory Restrictions Strategy 
Description of Strategy  
The second of the two potential strategies for Denver Water would be to impose more frequent 
and severe mandatory water use restrictions on its customers sufficient to reduce water demands 
to equal available supplies during the critical drought periods while maintaining the Strategic 
Water Reserve.  Presumably, this strategy would be formulated under Denver Water’s operating 
rules as promulgated January 1, 2008. 

Denver Water has adopted a Drought Response Plan that provides a framework for 
addressing droughts.  Three levels of drought severity have been defined, based on the 
predicted percentage of storage in Denver Water’s reservoirs at the end of the run-off 
season on July 1.  The basic response to a Stage 1 drought is voluntary measures; to a 
Stage 2 drought, mandatory restrictions; and to a Stage 3 drought, prohibitions on lawn 
watering.  To adopt a particular drought response, the Board of Water Commissioners 
declares a drought level and adopts an effective date for applicable restrictions.  Because 
Stage 2 and Stage 3 drought restrictions are mandatory, they are incorporated into the 
Operating Rules where they become enforceable upon a drought declaration pursuant to 
the Denver Charter, the Denver Revised Municipal Code and provisions in Denver 
Water’s water service agreements and water leases.   
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In addition to the three stages described above, Denver Water also has a Stage 4 response.  Each 
of these drought stages is triggered by the expected or actual reservoir storage levels on July 1 in 
any given year (Denver Water 2004b).  July 1 is used as the trigger date because storage in 
Denver Water’s reservoirs usually reaches annual maximum around this time.  The four stages of 
drought are:  

Drought Stage 
Stage 1 

Stage 2 

Stage 3 

Stage 4 

Reservoir Storage Level Trigger 
Less than 80% full 

Less than 65% full 

Less than 40% full 

Less than 25% full 

 
Based on Denver Water’s 2002 through 2005 drought operations, mandatory restrictions may 
represent a strategy that Denver Water might adopt to meet its water supply needs if it does not 
obtain a Section 404 permit for the Project.  Since droughts are natural events that occur with 
unpredictable frequency and variable intensity and duration it is unknown how long the drought 
would last or how severe it would be.  Given these facts, it is reasonable to assume that Denver 
Water would impose mandatory restrictions to preserve its ability to provide essential water 
supplies in the face of these uncertainties.  The mandatory restrictions used by Denver Water in 
the 2002 through 2005 drought incorporated measures from the Drought Response Plan (Denver 
Water 2004d) and represent a strategy that Denver Water may also adopt in future droughts.  As 
previously described, with the increased demand and demand hardening expected under the No 
Action Alternative, more severe restrictions would be expected than those adopted in the recent 
drought.  Table 2-22 summarizes Denver Water’s drought stage declarations from 2002 through 
2005. 

Table 2-22 
Summary of Monthly Drought Restrictions  

(2002 through 2005) 

Month 2002 2003 2004 2005 
January  Stage 2a Stage 1 Stage 1 
February  Stage 2a Stage 1 Stage 1 
March  Stage 2a Stage 1 Stage 1 
April  Stage 2a Stage 1 Stage 1 
May Stage 1 Stage 2 Stage 2  
June Stage 1 Stage 2 Stage 2  
July Stage 2 Stage 2 Stage 2  
August Stage 2 Stage 2 Stage 2  
September Stage 2 Stage 1 Stage 1  
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Table 2-22 (continued) 
Summary of Monthly Drought Restrictions  

(2002 through 2005) 

Month 2002 2003 2004 2005 
October Stage 2a Stage 1 Stage 1  
November Stage 2a Stage 1 Stage 1  
December Stage 2a Stage 1 Stage 1  
Source:  Denver Water  
Note:  
aOutdoor watering prohibited. 

 
Denver Water uses the following set of principals to guide the development of drought 
restrictions (Denver Water 2004d): 

• Avoid irretrievable loss of natural resources  

• Restrict less essential uses before essential uses 

• Affect individuals or small groups before affecting large groups 

• Minimize adverse financial effects on the community 

• Eliminate water waste 

The possible drought restrictions that could be imposed by Denver Water vary by the drought 
stage.  Denver Water selects from among these measures, depending in part on conditions at the 
time.  Since present and additional future conservation is also assumed under the No Action 
Alternative, further demand reductions would be more challenging, and the more stringent 
measures at each stage are likely to be adopted.  

Stage 1 – The goal of these drought response measures is to reduce water use by 10% beyond 
savings anticipated from present and future water conservation programs.  The recommended 
responses are voluntary requests to customers; public awareness, enacting Stage 1 restriction 
clause in contracts; preparing for a Stage 2 drought; and other measures. 

Stage 2 – The goal of these drought response measures is to reduce water use by 30% beyond the 
savings anticipated from present and future water conservation programs.  In addition to Stage 1 
responses, the recommended responses are mandatory and allow outdoor watering only 2 days 
per week, implementing industry-specific restrictions, restricting or eliminating non-essential 
uses, designing a surcharge, and other measures. 

Stage 3 – The goal of these drought response measures is to reduce water use by 50%.  
Recommended responses include prohibiting lawn watering, watering only trees and shrubs and 
high public use turf areas once a week, and other measures. 

Stage 4 – Denver Water does not have a formal protocol for Stage 4 drought response.  Denver 
Water’s Drought Response Plan (2004d) states, “No outdoor watering will be allowed, and 
indoor water use will be restricted.”  At this stage of drought, no specific types of customers are 
targeted for restrictions; instead restrictions would occur throughout the system.  Response to 
this stage of drought is largely undefined because of its extraordinary nature; therefore, Denver 
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Water retains a great deal of flexibility in reacting to the unique situation of Stage 4 drought 
conditions.  

The savings shown in Table 2-23 are the result of implementing restrictions during the 2002 
through 2005 drought.  These savings may not be indicative of future savings because drought 
conditions (i.e., frequency and duration) are highly variable.  Additionally, Denver Water has 
adopted a water conservation plan (Denver Water 2008a) which is designed to make these 
savings permanent.  The “Use Only What You Need” advertising campaign and Denver Water’s 
goal to reduce per capita use are examples of the Denver Water’s desire to achieve permanent 
savings (refer to Section 1.4.1.2 for additional conservation measures).  If Denver Water is 
successful with its conservation plan, demand reductions under the same set of restrictions in the 
next drought would likely be less than the savings realized in the 2002 through 2005 drought.  

Table 2-23 
Summary of Monthly Water Demand Reductions  

(2002 through 2005) 

Month 2002 2003 2004 2005 
January  -8% -13% -19% 
February  -9% -12% -20% 
March  -17% -14% -17% 
April  -31% -21% -27% 
May 13% -37% -26%  
June -3% -42% -39%  
July -19% -27% -42%  
August -13% -16% -33%  
September -30% -21% -25%  
October -36% 4% -27%  
November -19% -16% -19%  
December -8% -8% -16%  
Source:  Denver Water 

Implementation of Strategy 
Under the mandatory restrictions strategy, restrictions imposed on Denver Water customers 
would be more severe than those imposed by Denver Water in response to the 2002 drought.  In 
2002, the water demand was approximately 285,000 AF/yr, whereas under the No Action 
Alternative (2030), Denver Water’s demand is estimated to be 360,000 AF/yr (379,000 AF/yr 
less 16,000 AF/yr of forecasted savings anticipated for implementing additional conservation 
measures less 3,000 AF/yr associated with the City of Arvada).  As compared to 2002, there 
would be an additional 75,000 AF/yr of customer demand under the No Action Alternative, but 
no additional supplies (78,000 AF if Arvada’s additional demand is included).  In addition, the 
16,000 AF of expected conservation would result in demand hardening.  Denver Water’s 
measures would include mandatory restrictions or water rationing, surcharges for water use, and 
the other measures outlined above for Stage 2 and Stage 3 droughts.  Given the increased 
demands and normal conservation expectations, Stage 2 measures are likely to be more severe 
and prolonged compared with the 2002 through 2005 experience.  At the most critical times, a 
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Stage 3 drought response might be enacted.  Furthermore, Denver Water can be expected to 
reduce or eliminate minimum bypass flows on eastern and western slope streams.  Denver Water 
can reduce bypass flows in the Fraser River basin, below Dillon, Eleven Mile Canyon, and 
Cheesman reservoirs, and in Waterton Canyon under certain emergency or drought-related 
conditions.  In general, the degree to which minimum bypass flows are reduced is contingent on 
the level of restrictions imposed and the amount of storage in Denver Water’s reservoirs.  
Reductions in minimum bypass flows on the East Slope have not been exercised to date, whereas 
bypass flows in the Fraser River basin have been reduced.  

Under the mandatory restrictions strategy, Denver Water would need to impose drought 
restrictions more frequently than they have in the past.  However, the actual Denver Water 
actions cannot be predicted, as Denver Water needs maximum flexibility to address each unique 
circumstance of shortage as it arises.  

2.10.3 Definition of No Action Alternative  

Description of Alternative  
The most likely No Action Alternative is a combination of both depletion of the Strategic Water 
Reserve and implementation of more frequent and severe mandatory water use restrictions.  Each 
of these components is described in the following discussion. 

Implementation of Alternative 
Depletion of the Strategic Water Reserve and implementation of more frequent and severe 
mandatory restrictions would generally occur in the same manner as described above under the 
individual strategies.  The No Action Alternative implementation would be less intense than if 
either strategy were implemented independently, but the degree of intensity or the exact 
prescription is unknown because Denver Water has never faced this eventuality.  This EIS 
qualitatively examines the diminished effects of both strategies in combination. 

The environmental effects of the No Action Alternative, consistent with the PACSM modeling 
for the action alternatives, are analyzed at the total system’s average demand of 363,000 AF/yr at 
2030.  This is the level of demand expected in 2016 (345,000 AF/yr of demand), plus the 
increased annual demand beyond 2016 through 2030 (18,000 AF/yr).  Of the 18,000 AF/yr, 
3,000 AF/yr would be from raw water demand stemming from a contractual commitment with 
the City of Arvada.  Table 2-24 is a summary of Denver Water’s supply and demand at Full Use 
of Existing System (2016), with an action alternative implemented (2030), and under the No 
Action Alternative (2030). 
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Table 2-24 
Summary of Denver Water’s Supply and Demand 

Condition Supply 
(AF/year) 

Demand 
(AF/year) 

Full Use of Existing System (2016, without a Moffat Project 
alternative) 345,000 345,000 

Action Alternatives (2030, Existing System plus new Moffat 
Project supply and an additional 18,000 AF of demand)a 363,000  363,000a 

No Action Alternative (2030, Existing System without new 
Moffat System Project and an additional 18,000 AF of 
demand)a 

345,000 363,000a 

Note: 
aThe demand includes 3,000 AF of firm yield of additional demand for the City of Arvada. 
 

2.10.4 Implications of the No Action Alternative 
The implementation of the No Action Alternative would have certain unavoidable implications 
or effects that would lead to impacts upon hydrologic, environmental, and socioeconomic 
resources, as identified below and described for each resource in Chapter 4. 

2.10.4.1 Susceptibility to Unforeseen Challenges to the Water Supply System 
The No Action Alternative would result in depletions of storage compared to the action 
alternatives, which would lead to hydrologic effects that differ from the action alternatives (refer 
to Section 4.1 Surface Water).  The depletion of the Strategic Water Reserve would also subject 
Denver Water and its customers to higher risks because it would not be available for 
emergencies in drought years.  The system would be more vulnerable to unforeseen 
circumstances, reducing its reliability.  Flexibility to respond to various operational requirements 
would be reduced.  This all assumes that the remaining system operates completely error-free 
throughout this crisis; an unlikely condition.    

2.10.4.2 Raw Water Shortages  
Raw water shortages would occur during drought periods because Gross Reservoir and Ralston 
Reservoir would be drawn down to their minimum storage capacities.  During this time, Denver 
Water would be unable to meet its contractual commitments to the raw water customers served 
by the North System, including North Table Mountain, Arvada, Westminster, Consolidated 
Mutual Water Company, Arvada Long Lakes Ranch (Parks Department), and Department of 
Energy (Rocky Flats/Department of Energy).  There would be no shortages to raw water delivery 
contracts on the South System.  However, during the recent drought, Denver Water chose to 
uniformly apply restrictions to all the customers regardless of water source.  For example, at 
times, excess reusable effluent was available, but Denver Water required raw water customers 
that use reuseable water as a source, to curtail their water use in order to treat all customers 
equally. 

Raw water contract terms and conditions vary between entities.  In the event that deliveries 
cannot be made, a legal review of obligations would be needed and Denver Water would need to 
determine how to respond based on the conditions.  Based on past Denver Water responses and 
some limited modeling results, the following scenarios describe one possible outcome of limited 
supplies in the North System. 
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The majority of raw water delivery contracts and leases provide for reduced deliveries during 
times of shortages, but are limited to either putting customers on the same restrictions or a 
reduction in deliveries similar to the savings that are expected in Denver Water’s Combined 
Service Area (refer to Figure 1-4).  Restrictions would likely be applied both in the Combined 
Service Area and raw water deliveries should North System shortages occur.  Regardless, 
Arvada, Westminster, and North Table Mountain would be especially vulnerable to drought 
under the No Action Alternative as they can not take delivery of water from Denver Water’s 
other raw water sources. 

Arvada would experience both a reduction in raw water deliveries it currently receives and the 
loss of 3,000 AF/yr of Denver Water’s future obligatory water that is contingent upon Denver 
Water developing additional firm yield from the Moffat Collection System.  Denver Water 
would not be obligated to deliver this 3,000 AF/yr, therefore, this would represent a loss of 
future supply to Arvada.   

2.10.4.3 Unmet Treated Water Demands 
Based upon a PACSM simulation in which the Strategic Water Reserve is depleted, treated water 
customers would face a shortage of approximately 550 AF due to a lack of supply during the 
critical period.  This prospect, along with the prospect of raw water customer shortages and a 
depletion in the Strategic Water Reserve, would likely encourage Denver Water to impose a 
drought response, including more frequent and severe mandatory water restrictions and other 
Stage 2 or Stage 3 drought response measures.  These would occur with greater frequency for 
longer periods and with more severity than they would under the action alternatives.  These 
water restrictions would likely be applied to all Denver customers, regardless of type and 
location, and certain normally-satisfied demands would go unmet.  Under the No Action 
Alternative, the unmet demands would be more pronounced and more frequent than would be 
experienced under the action alternatives.   

2.10.4.4 Increased Treatment Plant Vulnerability  
Under the No Action Alternative, the Moffat WTP would be intermittently shut down during 
mid-October through March or April every year to preserve the limited Moffat Collection 
System water supplies.  Shutting down the Moffat WTP from mid-October through April is 
consistent with historical and current operations.  These shutdowns would be needed in 
anticipation of future drought conditions, to avoid completely depleting the North System of 
water—a logistically catastrophic scenario.  With the Moffat WTP shut down, whether 
intermittently or continuously for an average of 6 months per year, only two of Denver Water’s 
three WTPs are available for meeting customer water demands or for reacting to planned and 
unplanned outages at either of the two operating WTPs.  During this time, Denver Water’s 
1.2 million customers will be dependent upon only one WTP at any time.  Foothills or Marston 
WTP will have to be shut down for routine maintenance during the winter. 

Generally, each WTP needs to be taken out of service at least once each winter season for 
maintenance.  There are portions of each plant that cannot be inspected or repaired during 
operation because they are submerged.  There have been circumstances, such as major capital 
improvements at a facility, which require it to be out of service for an extended period of time.  
During these times, the other two WTPs are intentionally not taken out of service, and the 
planned annual outage may not occur, may be postponed, or the outage period and repairs may 
be significantly lessened. 
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Denver Water’s objective is that at least two WTPs should be running at any given time, because 
one may have to be shut off due to operational issues, water quality problems, or any other 
unexpected challenges.  If one plant needs to be shut down, the other operating plant can increase 
production fairly quickly, but re-starting a WTP after it has been completely shut down takes 
considerably longer and has an increased likelihood of encountering problems.  When either 
Marston or Foothills WTP is down, it is a priority for Denver Water to have the Moffat WTP 
running.   

Having only one WTP operational represents a single point of failure because the treated water 
system has only one to two days of available supply.  Any unforeseen circumstance, such as an 
electrical fire, major equipment failure, contamination of the source water, or natural disaster, 
could leave Denver Water’s Combined Service Area without any water or fire protection.  To 
bring a WTP that is off-line to operational status can take several days.  There is not enough 
storage in the distribution system to supply the Denver Water’s Combined Service Area during 
an extended period with no treatment plant running (or while waiting for a plant to come 
on-line).  Some portions of the Combined Service Area would likely run dry within a half-day.  
Running the system dry (or even portions of it) has health consequences and would also result in 
a complete, but temporary, loss of fire protection.  As such, system redundancy is critical.   

2.10.4.5 Drawdown of Gross Reservoir 
As a result of the level of imbalance in the raw water collection system under the No Action 
Alternative, Denver Water would also frequently draw Gross Reservoir down to the minimum 
operating level in order to meet the increased demand.  Based upon a PACSM simulation in 
which the Strategic Water Reserve is used to help meet Denver Water’s additional demand, 
Gross Reservoir would be at the minimum operating level approximately once every 5 years 
compared to approximately once every 25 to 30 years under the action alternatives.   

Additionally, under the No Action Alternative, Gross Reservoir would continue to stay at the 
minimum operating level for at least 6 months in many of the years, and therefore be unable to 
supply water.   
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2.11 COMPARISON OF ALTERNATIVES  

2.11.1 Comparison of Alternative Elements 
The Proposed Action and four action alternatives vary in engineering complexities and cost.  
Table 2-25 provides a summary of the major characteristics and impacts for each alternative.   

Ground Disturbance – The estimated temporary and permanent ground disturbance associated 
with each action alternative is also summarized in Table 2-25.  There would be no ground-
disturbing activities associated with the No Action Alternative.  Temporary disturbance is the 
land area disturbed by construction activities (e.g., staging, spoil and stockpile area, pipelines, 
etc.).  A portion of these areas would be restored to their approximate original condition after 
construction.  Permanent disturbance is the land area to be physically altered for the life of the 
project (e.g., dam footprint, reservoir inundation area, AWT, pump stations, etc.).  Refer to 
Appendix D-2 for the estimated disturbance areas by component. 

2.11.2 Comparison of Impacts 
Detailed discussion of the environmental consequences is presented in Chapter 4 of the EIS.  A 
comparative summary of the potential impacts by resource discipline for each action alternative 
and the No Action Alternative is presented in Chapter 4, Table 4.20-1 (by alternative) and 
Table 4.20-2 (river segments).  The tables allow the reader and decision-maker to compare 
potential effects by discipline and alternative. 
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Table 2-25 
Summary of Major Characteristics and Impacts of Alternatives 

Characteristic Proposed 
Action 

Alternative 
1c Alternative 8a Alternative 10a Alternative 13a No Action 

Water Source(s) • Moffat 
Collection 
Systema 

• Moffat 
Collection 
System 

• Moffat 
Collection 
System 

• Unused 
reusable water 
in the South 
Platte River 

• Moffat 
Collection 
System 

• Unused reusable 
return flows 
from the Denver 
Water 
Recycling Plant 

• Moffat Collection 
System 

• New agricultural 
water rights 
converted to 
municipal/ 
industrial use 

• Moffat 
Collection 
System 

• Strategic 
Water 
Reserve 

• Blue 
River and 
South 
Platte 
River C  

Gross Reservoir 
Expansion 
(Additional 
Storage 
Capacity) 

72,000 AF 40,700 AF 52,000 AF 52,000 AF 60,000 AF ___ 

Other Storage 
Component ___ 

New Leyden 
Gulch 
Reservoir 
(31,300 AF) 

Gravel Pit 
Storage 
(5,000 AF) 

Denver Basin 
Aquifer Injection/ 
Extraction Wells 

Gravel Pit Storage 
(3,625 AF) ___ 

Treatment 
Facilities 

___ ___ 

• AWT  
(13.6 mgd) 

• Dechlorination 
Facility 

• AWT  
(13.6 mgd) 

 

• AWT (10.8 mgd) 
• Dechlorination 

Facility 
___ 

Pipelines 

___ 

• Minor 
relocation 
of South 
Boulder 
Diversion 
Canal 

• Conduit O 
• Gravel Pit 

Pipelines 

• Conduit M 
• Aquifer 

Distribution 
Pipelines 

• Conduit O 
• Gravel Pit 

Pipelines ___ 

Disturbance 
Areasb 
• Permanent 

(acres) • 465.6 • 690.7 • 370.7 • 382.4 • 420.0 

___ 

• Temporary 
(acres) • 89.3 • 281.1 • 117.8 • 123.2 • 114.4 ___ 

• Temporary 
Conduit 
Disturbance 
(miles) 

- - • 27.3 • 54.5 • 30.7 ___ 
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Table 2-25 (continued) 
Summary of Major Characteristics and Impacts of Alternatives  

Characteristic Proposed 
Action 

Alternative 
1c Alternative 8a Alternative 10a Alternative 13a No Action 

Costs 
Total 
Construction 
Cost 

$139.9 
million 

$293.7 
million $362.0 million $393.2 million $426.7 million ___ 

Annual O&M 
Costs 

$291,000 $612,000 $4.9 million $6.0 million $3.9 million ___ 

Present Worth of 
Annual O&M 
(80 years) 

$8.8 million $18.5 
million $147.7million $181.5 million $118.4 million ___ 

Total Present 
Worth Cost 

$148.7 
million 

$312.2 
million $509.7 million $574.7 million $545.1 million ___ 

Sources:  Denver Water 2006d; Harvey Economics 2007; Harvey Economics 2008a and 2008b 
Notes: 
a Moffat Collection System – average and wet-year water in the Fraser and Williams Fork river basins and South Boulder Creek 
b Permanent disturbance is the total land area that remains after reclamation to be physically altered for the life of the project.  Temporary 

disturbance is the total land area disturbed by construction activities, a portion of which will be reclaimed upon completion of construction 
activities.  Temporary conduit disturbance assumes that the proposed pipelines would be installed within existing roads, curb-to-curb.  Only a 
temporary linear disturbance was calculated. 

C All action alternatives collect water from the Blue River, South Platte River, and South Boulder Creek. 
AF  = acre-feet  
AWT  = advanced water treatment   
mgd  = million gallons per day  
N/A  = not applicable 
O&M  = operations and maintenance 
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Inset of Upper Reach of South Boulder Creek
(same scale)
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