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FOREWORD

The Sonoran Institute helps "communities find a balance
between their built environments and the natural world
around them." The Institute helps local governments,
such as Jefferson County in Colorado, to guide growth
sustainably. It is no secret that the foothills area of the
Front Range is an attractive place to live. Close enough
to urban amenities yet far enough away to provide a quiet
alternative to the hustle and bustle of city life. The quest
for both space and services results in growing pressure to
develop the challenging landscape for low-density housing
combined with commercial centers. Development in this
landscape confronts limits imposed by the natural setting,
including wildland fire and limited water availability.
Water is essential but limited in the semi-arid foothills of
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Jefferson County. Planners and elected officials must bal-
ance the needs of a growing community with protecting
the primary groundwater source with every development
application. The Jefferson County Planning and Zoning
Department evaluates proposals using land use and zon-
ing regulations, plans, and policies designed to balance
the built and natural environments. To ensure that the
county's processes fairly and equitably meet these goals,
Jefferson County planners received a grant from the So-
noran Institute for an independent review of its water
policies, plans, and regulations for the foothills area.
This publication summarizes the results of that review.
Jefferson County received the Growing Water Smart
award from the Colorado Chapter of the American Plan-
ning Association for this project.
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EXEGCUTIVE SUMMARY

At the request of Jefferson County Planning and Zon-
ing, the Colorado Geological Survey (CGS) has reviewed
documents in the Land Development Regulation (LDR),
Comprehensive Master Plan (Comp Plan) and Commu-
nity Plans, and Zoning Resolution (ZR) overlay districts,
as they pertain to groundwater quality and quantity in
mountainous areas of Jefferson County. In addition, CGS
reviewed the Water Availability Analysis (WAA) process
used to determine the adequacy of physical water supplies
for individual proposed developments. For mountainous
areas, the county implements most water-related recom-
mendations through application of the Mountain Ground
Water Overlay District (MGWOD), ZR Section 41; the
related Water Supply section of the LDR Section 21; and
use of the WA A. Based on our review, we summarize our
comments by specific task as specified by Jefferson County:

TASK 1: COMPREHENSIVE MASTER AND

COMMUNITY PLANS
Jefferson County’s Comp Plan is a countywide document
designed to guide future actions in unincorporated areas.
It presents a vision for the future, with long-range goals
and objectives for land-use activities. Community Plans
serve the same purpose but reflect the unique qualities
of individual areas. This analysis compared the Comp
Plan with the Evergreen Area and Conifer/285 Com-
munity Plans. Comp and Community Plans all contain
recommendations for the protection of water resources,
including water quantity and quality in both surface and
groundwater. Recommendations are also geared toward
protecting public health, the environment, and existing
and future land use. However, there are instances where
this process may not be adequate to fully meet the intents
Comp and Community Plan recommendations in a con-
sistent manner.

« Wetlands- The Comp Plan recommends protecting
recharge of wetlands, while the Evergreen Area Com-
munity Plan states that riparian zones and wetlands
should be protected; impacts to wetlands and ripar-
ian areas are not addressed in the MGWOD, LDR
Section 21, or the WAA.

« Water Quantity- Community Plans recommend that
development only use groundwater that is physically
on the development site and that depletion should not
be allowed beyond the ability of a development area to
recharge itself. These recommendations are not in the
current process and the WA A looks at the water avail-
ability of a subbasin rather than the development area.

« Water Districts- Community Plans recommend that
recharge be to the groundwater source where central-
ized well-water systems are used. The WA A estimates
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recharge but does not evaluate whether recharge is to
the depth of the groundwater source. Recharge to the
original groundwater source is not addressed in the
MGWOD or LDR Section 21.

o Recharge Areas- The Comp Plan has general rec-
ommendations to encourage efforts to better define
and protect recharge areas and acknowledges that
recharge from wastewater treatment does not neces-
sarily reach depths and fractures from which well wa-
ter is withdrawn. It recommends that recharge from
sewage treatment systems occur in the same general
area from which water is withdrawn, but recharge to
the original groundwater source is not addressed in
the MGWOD, LDR Section 21, or the WAA.

o Compatibility- The Comp Plan, Evergreen Area
Community Plan, and Conifer/285 Area Community
Plan have recommendations that proposed land-use
activities be compatible with existing surrounding
uses in terms of water and sewer, and the Comp Plan
recommends the scale/density of a development be
consistent with groundwater that is physically found
on site. Compatibility of proposed land use activities
with existing water uses is not specifically listed as a
requirement in the MGWOD, LDR Section 21, or the
WAA. Compatibility may be addressed by planners
during rezoning or special use.

TASK 2: MOUNTAIN GROUND WATER

OVERLAY DisTRICT (MGWOD)
ZR Section 41.D specifies requirements for a four-hour
well-yield test for building permits, rezoning applications,
site development plans, special use, and platting applica-
tions. When the sustained yield of a well is less than 1 gal-
lon per minute, 300 gallons of storage is required. Since
a 1 gallon per minute rate produces 1,440 gallons in one
day, proof of 300 gallons of storage for yields less than
that provides a safety factor of storage above an expected
daily use of 200 gallons per day under normal conditions.
A vyield less than 0.14 gallons per minute would not be
sufficient for a daily use of 200 gallons, even with storage.
This lower threshold is not addressed in ZR Section 41.D.

Currently in Colorado, there are no requirements for
monitoring water quality of individual well-water sup-
plies. Adding a water quality requirement to the well-
yield test in ZR Section 41 would be an effective way to
bring monitoring of private water supply wells for quality
in line with public water supplies.

TASK 3: LDR WATER SUPPLY SECTION
Threshold values for water requirements of 0.28 and 0.10
acre-feet per year per acre are used to establish whether
an aquifer test is required for rezoning and special use,
or platting and site development applications, respectively.

El
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These threshold values are consistent with the ranges of
estimated water requirements for single-family dwellings
on l-acre lots. Changing the thresholds to the same vol-
umes (0.28 and 0.10 acre-feet per year) per 5 acres would
be more consistent with the overall intent of the local
Community Plans.

LDR Section 21.C.2 specifies a minimum aquifer test
duration of eight hours to establish stabilization of flow
and draw- down for the aquifer. For typical commercial,
municipal, and industrial wells, 24-hour pump tests are
considered minimum. Longer tests have a better probabil-
ity of indicating boundary conditions that can ultimately
limit long-term sustained well production from an aquifer.
We recommend increasing the minimum requirement to
24 hours, with a condition that the duration could be re-
duced if a shorter test demonstrates a positive boundary
condition

TASK 4: WAA
The WAA is intended to provide a rough approximation
of the availability of an area to meet anticipated water
demands for a proposed development. It has two compo-
nents:

o An estimate of water requirements by the types of
use for a proposed development.

« A basic water balance for a subbasin area where the
proposed development is.

The water-balance component takes an estimate of an-
ticipated consumptive use from the development and adds
that to the existing water balance of the aquifer in the hy-
drologic unit, or subbasin, in which the development is lo-
cated. That water balance takes into consideration inflow
of water to the aquifer as recharge from precipitation spe-
cific to the area of the subbasin, and outflow from uses by
existing development within the subbasin. In situations
where the balance is in deficit, i.e., outflow exceeds inflow,
the WAA calculates declines in storage as water declines,
and sustainability in terms of time to deplete groundwater
in storage.

Essentially, the WAA is comprehensive and includes
the necessary components to achieve its main objective.
However, there are several shortcomings. First, the two
components do not seem to link together. Second, the
main input parameters are estimated values not neces-
sarily directly tied to empirical data. Furthermore, the
results are shown in a numerical format that suggests
levels of accuracy that are not possible. Finally, the WAA
spreadsheet structure is hard to follow, and input param-
eters are not consistently documented:

RECOMMENDATIONS
« Provide for consistency where possible between the
Comp Plan and Community Plans.
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Add a water quality requirement to the well-yield test
in ZR Section 41.

Change the water requirement threshold values for
requiring an aquifer test on the site of a proposed
development from 0.28 for rezoning and special use
and acre-feet per [one] acre per year for plat or site
development plan to 0.28 and 0.10 acre-feet per five
acres per years.

Lengthen the duration of the aquifer test to be more con-
sistent with accepted standards for production wells.

For large properties, we recommend adding a condi-
tion that additional aquifer tests would be required if
production wells are proposed in areas underlain by
different rock types than what is at the location of the
test well.

Add specifics for content of the Well Water Supply
Report including a requirement for submitting a nu-
meric table of aquifer test data.

Integrate results of the aquifer test into the WAA so
that the results support the use of proposed supply
wells.

Provide a concise cover page for the WAA.

Results of calculations in the WA A should be rounded
to a numeric format in line with the level of accuracy
and quality of input parameters; alternatively, pro-
vide a qualitative flag for the summary result of a wa-
ter balance, such as “positive” when the calculations
indicate that there is enough water in a subbasin, or
“negative,” if there is not.

In the WAA provide detailed documentation of
sources of input parameters.

In the WAA use the same water requirement esti-
mates arrived at in the Water Requirement tab in the
WAA tab.

In the GIS model for the WAA reconfigure the sub-
basin areas to eliminate downstream subbasins that
straddle the main stream.

Develop a monitoring program to validate and cali-
brate the WAA.

Adapting hydrologic parameters to the distribution
of basic aquifer types within a subbasin is not justi-
fied with the availability of geologic mapping in digi-
tal format limited to a scale of 1:100,000.

The geology of the mountainous area of the county
should be mapped in digital format at a larger scale,
such as 1:24,000, to provide detail more consistent
with the subbasin areas.

Refine estimates of recharge rates to the crystalline
bedrock. This would involve future studies and is
contingent on more detailed geologic mapping.
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INTRODUCTION

Jefferson County regulates land development in unincor-
porated parts of the county through a set of land devel-
opment regulations and zoning resolutions. While the
regulations and zoning resolutions cover many aspects of
land development, certain parts deal with water supply. In
particular, Section 21 of the Land Development Regula-
tion (LDR) pertains to water supply in general, and Zon-
ing Resolution (ZR) Section 41 establishes the Mountain
Ground Water Overlay District (MGWOD) for the moun-
tainous part of the county. The latter recognizes that most
of the land development in the mountainous part of the
county is reliant entirely on groundwater from fractured,
crystalline bedrock. Fractured, crystalline bedrock forms
an aquifer that is complex and highly variable. It is often
referred to as the fractured, crystalline-rock aquifer, and
is very common throughout the mountainous region of
Colorado. Water availability for new development from
this aquifer is not assured.

In addition, Jefferson County has a Comprehensive
Master Plan (Comp Plan) that is a guidance document
for land development decisions. This Comp Plan includes
goals and policies related to water and water supply.
Local Community Plans developed as collaborative efforts
within individual communities reflect unique qualities
of each community and add specifics to the Comp Plan.
This analysis compares the Comp Plan with the Conifer/
US 285 Corridor Area and Evergreen Area Community
Plans. Both the Comp Plan and Community Plans include
guidance policy and goals that pertain to water supply
that seek to maintain sustainability of water supply as new
growth comes along.

Jefterson County asked the Colorado Geological Survey
(CGS) to review and comment on the various components
of the land development regulations, zoning resolutions,
Comp Plan, and Community Plans that relate to water
supply. The intent of the county was to have a third-party
review of how well the components tie together and how
well they help guide decision-making to account for sus-
tainability of water supply in the mountainous part of the
county.

SCOPE

The scope of the CGS review is divided into four primary
tasks. Each task calls for a review and preparation of gen-
eral comments. Task descriptions are directly from the
scope of work provided by the county to CGS.

Task 1: Research and provide general comments on the
Jefferson County Comprehensive Master Plan. This plan
is Jefferson County’s guidance document for land use rec-
ommendations.
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o Review the Goals and Policies related to Water in
the Jefferson County Comprehensive Master Plan
(pages 48-50 & 66-68).

o Review the water supply section in the
Evergreen Area Plan (pages 40-42).

« Review the Water Quantity, Quality & Sanitation sec-
tion of the Conifer/285 Corridor Area Plan (pages
31-33)

« Review the water usage values in the Appendix
C: Environmental Section of the Jefferson County
Comprehensive Master Plan (pages 99-100).

Task 2: Research and provide general comments on the
MGWOD Section in the Jefferson County Zoning Reso-
lution (Section 41). The Zoning Resolution is Jefferson
County’s regulatory document which specifies allowed
land uses and activities.

« Review overall language in ZR Section 41

 Review the requirements for a 4-hour well yield test
(Part 41.D)

» Review if a water quality component should be
added to the 4-hour well yield test as part of the
building permit application.

Task 3: Research and provide general comments on
the Water Supply Section in the Jefferson County Land
Development (Section 21). The Land Development Regu-
lation is Jefferson County’s regulatory document that in-
cludes specific submittal requirements including details
for water supply.

« Review overall language in LDR Section 21

» Review the threshold requirements for an 8-hour
aquifer test (Part 21.B.2.a.(4))

« Review if an eight-hour aquifer test is sufficient for
higher water requirement projects (Part 21.B.2.a.(4))

 Review the data provided by the WAA and the
eight-hour aquifer test (if required) and how the
data in both correlate (Part 21.C.2)

Task 4: Research and provide general comments on
the Water Availability Analysis (WAA), which is a GIS-
based tool Jefferson County uses to evaluate water avail-
ability for development proposals that plan to utilize a
water supply well in the fractured, crystalline-rock envi-
ronment. The WAA takes into account existing land uses,
existing and proposed water use requirements, expected
groundwater recharge from precipitation and potential
impact from proposed development on a subbasin level.

 Review data presentation in WAA (4 tabs)
 Review ArcGIS model including data sources

« Review hydrogeologic inputs utilized in WA A
(green boxes listed as parameters  in WAA tab)


https://www.jeffco.us/DocumentCenter/View/12324/Jefferson-County-Comprehensive-Master-Plan?bidId=
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 Review Table 5a (WAA tab) including
Water Budget (row 79 on WAA tab)

o Review if different Basin Aquifer Group
(Table 1 on WA A) should have different
hydrogeologic inputs

RESULTS AND GENERAL
COMMENTS

TASK 1: REVIEW OF COMPRE-

HENSIVE MASTER PLAN AND

COMMUNITY PLANS
Jefferson County’s Comp Plan is a countywide
document designed to guide future actions in
unincorporated areas. It presents a vision for
the future, with long-range goals and objec-
tives for land use activities. The subarea, or
Community Plans, serve the same purpose
but reflect the unique qualities of each area
and community. Together, the plans also al-
low the county to plan development in a way
that protects natural resources valued by the
community. It is clear that water is such a
resource. Comp and Community Plans all
contain recommendations for the protection
of water resources, including water quantity
and quality, and both surface and groundwa-
ter. Recommendations are also geared toward
protecting public health, the environment,
and existing and future land use.

Recommendations found in the Comp
Plan and two Community Plans reviewed
(summarized in Appendix A) generally fall
into the following categories: environmental
(wetlands and wildlife habitat), water quan-
tity, water districts, groundwater recharge,
combined water quality and quantity, water

Map of Jefferson County Community Plan
areas and Mountain Ground Water Overlay
District. Over half of Jefferson County extends
into the foothills of the Front Range west of
the Denver metropolitan area. In this rug-
ged area, where elevations range from 6,000
to more than 10,000 feet, water supplies are
limited primarily to groundwater from the
fractured, crystalline-rock aquifer. Jefferson
County has created a Mountain Groundwater
Overlay District, west of the purple dashed
line, to better manage growth through spe-
cial requirements for well and aquifer testing.
Individual Community Plans address locally
important issues regarding land development,
including water.
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conservation, and water quality. Some recommendations
do not distinguish between surface and groundwater. In
such cases, we reviewed items that can be reasonably ap-
plied to groundwater.

For mountainous areas, the county implements most
water-related recommendations through application of
the MGWOD, the related water supply section of the LDR,
and use of the WAA. This process allows the county to
evaluate groundwater resources through all stages of the
development process, from zoning to building permitting
and site planning.

However, there are instances where this process may
not be adequate to fully meet the intent of Comp and
Community Plan recommendations. Some key examples
are discussed below as are the water usage values in
Appendix C of the Comp Plan.

» Wetlands- The Comp Plan recommends protecting
recharge of wetlands while the Evergreen Plan states
that riparian zones and wetlands should be protected
from degradation. Evaluation of impacts to wetlands
and riparian areas is not required by or included in
the MGWOD, LDR Section 21, or the WAA.

« Water Quantity- The Evergreen and Conifer/US 285
Corridor Area Community Plans have recommenda-
tions on the scale and density of development. While
worded differently, both plans recommend that de-
velopment only use groundwater that is physically on
the development site. In addition, depletion, beyond
the ability of a development area to recharge itself,
should not be allowed. These recommendations are
not in the current process. In particular, the WAA
looks at the water availability of a subbasin rather
than the development area. This is an important dis-
tinction. Water availability on a development area is
likely less than that available in a larger subbasin.

« Water Districts- The Evergreen and Conifer Com-
munity Plans recommend that in areas where cen-
tralized well-water systems are used, recharge should
be to the groundwater source. The Conifer Plan
recommends 90% of well water should be returned
to the recharge area from which it is taken. While
the WAA estimates recharge, it does not evaluate
whether recharge is to the depth of the groundwater
source. Recharge to the original groundwater source
is not addressed in the MGWOD or LDR Section 21.

» Recharge Areas- The Comp Plan has general recom-
mendations to endorse efforts to better define and
protect recharge areas. It also acknowledges that
recharge from wastewater treatment systems, includ-
ing individual on-site systems, does not necessarily
reach depths and fractures from which well water is
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withdrawn. However, the Comp Plan differs from
the two Community Plans reviewed in that it recom-
mends the recharge from sewage treatment systems
occur in the same general area from which water is
withdrawn. As with similar recommendations for
water districts, recharge to the original groundwater
source is not addressed in the MGWOD, LDR Section
21, or the WAA.

Water Conservation- The Comp Plan recommends
that the county encourage development to conserve
water. It is our understanding that the county is work-
ing on water-conservation policies and guidelines.

Water Quality- The Comp Plan recommends that
development meet or exceed national and state stan-
dards for clean water. In addition, the plan also states
that water supply must meet applicable drinking wa-
ter standards. State water quality standards, as they
apply to individual wells and private water supplies,
and associated recommendations, are discussed in
greater detail below.

Compatibility- The Comp Plan and two Community
Plans reviewed have recommendations that proposed
land use activities be compatible with existing sur-
rounding uses in terms of water and sewer. Language
in the Comp Plan differs from that in the two Com-
munity Plans in that it recommends the scale/density
of a development be consistent with groundwater that
is physically found on site. While county planners
likely evaluate some aspect of capability with existing
water uses during a rezoning process, it is not spe-
cifically listed as a requirement in the MGWOD, LDR
Section 21, or the WAA.

Water Usage Values- The Comp Plan has a reference
table of water usage estimates by common types (Sec-
tion Lf. in Appendix C, pages 99 and 100). The table
does not cite references; however, the water require-
ment references tab in the WAA spreadsheet links
to a table from the Montana Department of Natural
Resources, Division of Water Resources that has the
same values suggesting that this may be the original
source. The values listed are within ranges generally
used in other applications of estimating water use.
Colorado also has a similar geographic and cultural
setting to Montana in many ways so using Montana
values may be representative of ranges in Jefferson
County. As discussed in the Task 4 comments, units
used in some of the example WAA calculations do
not match those in the water usage table in the Comp
Plan. In addition, water-use values are included in
the Comp Plan that are not always being used. We
recommend consistent use and documentation
throughout the planning process.
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TASK 2: REVIEW OF THE MGwOD

As stated in ZR Section 41, the MGWOD is “...intended
to promote the public health, safety and general welfare of
the citizens of Jefferson County by regulating land uses in
order to maintain ground water resources. This District
was established to address water resources in the fractured
rock environment.” Generally, the language and structure
clearly describe the district with its applicability and pro-
vides requirements to help meet the intents of the district.
Comments on specifics are discussed below.

» Requirements for a Four-Hour Well-Yield Test- ZR
Section 41.D specifies requirements for a four-hour
well-yield test for building permits. A four-hour well-
yield test simulates a high-demand cycle for a typical
household well. It provides data used in evaluating
physical characteristics of the well and the aquifer
immediately around the well. These characteristics
influence how long water can be pumped from the
well at given rates under normal operating condi-
tions for a typical household. These requirements
seem reasonable for typical household and domestic
wells. When the sustained yield of a well is less than 1
gallon per minute, 300 gallons of storage is required.
There are 1,440 minutes in a day and a sustained yield
of 1 gallon per minute would produce 1,440 gallons
of water. This volume is more than adequate for the
typical needs of a household (200 to 250 gallons per
day for a four-person household listed in the table in
the Comp Plan). This threshold provides a safety fac-
tor of storage above expected daily use under normal
conditions for requiring proof of storage. A daily use
of 200 gallons would require a minimum sustained
yield of 0.14 gallons per minute and this lower thresh-
old is not addressed. If the results of the yield test fall
below this threshold, the yield would not be enough
to replenish natural storage in the well and a supple-
mental source of water would be necessary.

« Water Quality Requirement for a Well-Yield Test- Cur-
rently in Colorado, there are no requirements for moni-
toring of water quality of individual well-water supplies.
There are limited requirements for potability at the time
of sale of a property, but these are limited to nitrate and
bacteria. Under the United States Safe Drinking Water
Act (SDWA), there are requirements for monitoring
public water supplies for a number of constituents, with
both primary and secondary standards. Colorado has
primacy under the SDWA for regulating public water
supplies but does not have the authority to regulate
private sources. Adding a water quality requirement
to the well-yield test in ZR Section 41 would be an
effective way to bring monitoring of private water sup-
ply wells for quality in line with public water supplies.
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TASK 3: REVIEW OF THE WATER SUFPPLY
SECTION, LDR

LDR Section 21 sets standards, requirements for
documentation, and guidelines for plans for develop-
ment proposals. Developments can be of two types:
1) developments that tie into existing approved public water
districts or companies, or 2) developments that use wells
not part of a public system for water supply. Requirements
for developments that use a well water supply system, as
described in part B of LDR Section 21, are more extensive
than for a development simply tying into an existing public
water system. Most development in the mountainous area
of the county fall into this second type. The requirements
include proof of legal water, or that the applicant can dem-
onstrate that it has adjudicated water rights for that water
to be used by the development. Requirements for platting
and site development plan applications also include sub-
mittal of a Well Water Supply Report. This report includes
a requirement for an Aquifer Test under defined circum-
stances. LDR Section 21 also specifies that Planning and
Zoning Staff will also provide a WA A of the proposed de-
velopment. Specific requirements are described below.

o Threshold Requirements for Aquifer Test- Under
LDR Section 21, an aquifer test is required for a pro-
posal for rezoning or special use if the water require-
ment for the proposal is greater than 0.28 acre-feet
per acre per year, as determined from the water re-
quirements analysis in the WAA discussed in a later

A wellhead rises about 1 foot above the ground and is
capped with a sanitary seal. There also may be a conduit
for wiring. Much more lies below the surface within a bore-
hole that could extend hundreds of feet into bedrock. That
borehole holds protective casing, a pump with wiring, and
piping to bring water from the pump to the house.
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section in this report. For a plat or site development
plan, that threshold drops to 0.10 acre-feet per acre
per year. These threshold values equate to 250 and 90
gallons per day per acre, respectively, which are con-
sistent with a range of water use values expected for
single-family dwellings on a one unit per acre density.
A lower density of one single-family dwelling unit
per 5 acres is called for in the Conifer/285 Corridor
Area Plan. Areas with constraints, like steep slopes
and critical wildlife habitat, may have lower densi-
ties, while areas in activity centers, with public water
and sewer, may have higher densities. The plan also
states: “The need for an aquifer test for a proposed
development will be determined on a case-by-case
basis through consultation with Jefferson County

Public Health if the proposal has a water requirement
greater than 0.28 acre-feet per year (the equivalent of
250 gallons per day per acre).” In the Evergreen Plan,
recommended densities vary according to use areas
and constraints.

The plan also specifies a threshold of 300 gallons per
day per 10 acres for recommended supply by public
centralized water systems for nonresidential develop-
ment. Changing the thresholds for an aquifer test to
250 and 90 gallons per day per 5 acres would be more
consistent with the overall intent of the Conifer/US
285 Corridor and Evergreen Area Community Plans

o Aquifer Test Requirements- Anaquifer testis required

Vented

Pressure
tank Power

disconnect
box

Casing at least 12
inches above grade

well cap

for development proposals with water requirements
above the thresholds discussed above. The objective of
the aquifer test is to demonstrate
the ability of the aquifer beneath
the property to sustain water
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Pitless
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Steel surface casin
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yields to meet the anticipated re-
quirements of the development.
The aquifer test standard in LDR

o

Electrical Section 21.C.2 specifies at least
cable . . . .
Pressure to pump one viable aquifer test where indi-

vidual wells are proposed and that
the test shall be of a duration of a
minimum of eight hours.

An aquifer test differs from a
well-yield test specified for in the

Clay : . e s
Blank well casing MGWOD in that it is conducted
. | e to assess a larger area of the
= s St - o — = aquifer away from the well and
Water level

[T

T T

Sand and gravel Lo |

|

Sand-gravel pack

to evaluate the ability of a well in
the aquifer to sustain yield over
an extended period of time. For
this purpose, the standards call
for a longer test duration of 8
hours instead of 4 for a well-yield
test and monitoring of water lev-

Well screen

Pump intake

Sump

(modified

els in the well being tested along
with any existing wells within
the proposed development prop-
erty. The standard also recom-
mends monitoring water levels
in off-site wells within 600 feet

from Driscoll. 1956) of the production well, if permis-

A typical domestic-type water system connects a submersible pump in a water
supply well to a pressure tank in the building where water is used. Aquifer types
can be quite different depending on location. This diagram shows a well in a po-
rous sand and gravel aquifer, typical for areas in the eastern plains or in large
valley areas. In the foothills, the main aquifer is fractured, crystalline bedrock
where water moves through and is stored in fractures in an otherwise nonporous
material. The height of the static water level above the pump represents storage
volume in the well and is a function of the wellbore diameter.

sion is obtained. ~Monitoring
of water levels in the well being
pumped and other observation
wells is to continue for at least 24
hours after pumping stops. Data
are to be included in the Well
Water Supply Report.
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Aquifer test data are shown as graphs of water-level
measurements plotted over time for the duration of
the test. The slope of the line connecting the points
represents the rate of drawdown. As specified in the
standard, yield of the well being tested is determined
as a stabilized pumping flow rate where neither the
pumping rate or the rate that drawdown increases
change by more than 10%.

For large production wells, it is important to deter-
mine if there are limiting boundary conditions in the
vicinity of a well. Boundary conditions can consist
of changes in the geometry or geology of the aquifer
that affect how the aquifer performs. These changes
can work in two ways. First, a boundary condition
may be the physical edge of the aquifer or a reduc-
tion in permeability caused by changes in geology
that decrease the ability of the aquifer to continue to
produce water to the well. In a fractured, crystalline-
rock aquifer, this could be a closing-up or decrease in
density of fractures. Such a boundary would be seen
as an increase in the rate of drawdown or steepening
of the drawdown curve. That change in drawdown
rate could increase the rate of drawdown beyond the
10% stabilization specified in the standard during
the final hour of the test. The conclusion from this

Fractured, crystalline bedrock, which is mostly massive gra-
nitic rock or banded gneiss, makes up the primary aquifer
in the foothills. The rock itself has no significant pore space
between crystal grains to hold water; instead, water moves
through open fractures. In this photo, a borehole drilled
for blasting to widen a roadway cuts through granitic rock,
illustrating what a well would look like viewed from under-
ground. In this example, the borehole hole intersects several
fractures that could carry water.
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would be that the rate has not stabilized as required.
Alternatively, a boundary may be an increase in the
ability of the aquifer to yield water. Such a bound-
ary may be a nearby surface body of water in direct
connection with the aquifer. This type of boundary
would be seen as a decrease in the rate of drawdown
or leveling off of the drawdown curve. In this case,
the drawdown has stabilized. It is important to keep
in mind that both the drawdown and flow rate need
to stabilize within 10%. Drawdown can be forced to
stabilize by purposefully decreasing the rate during
an aquifer test, but this is contrary to the requirement
that both drawdown rate and pumping rate cannot
change by more than 10%.

In a granular aquifer, the influence of well pumping
expands radially over time from the well. The math-
ematics behind this geometry of flow means that the
effect of the well moves outward from the well at an ev-
er-slowing rate. A short-term test provides information
about the area close to the well, while a longer-term test
provides more information for a larger area. It may be
argued that the radius of influence of an aquifer test in
a fractured, crystalline-rock aquifer setting will not ex-
pand as one would in a granular aquifer. For example,
when a well produces from a single open fracture, the
influence of pumping may expand away from the well in
a more linear and rapid fashion so that boundary con-
ditions may be seen in a shorter time. This hypothetical
condition is dependent on the geometry and density of
fractures, information that simply may not be available
for specific wells. It is conservative to assume that in a
typical fractured, crystalline-rock aquifer the well will
respond in a similar fashion to a granular aquifer.

For production wells designed to serve municipal,
commercial, or industrial needs, well tests performed
to assess an aquifer are typically run for a minimum of
24 hours. An eight-hour test as specified in LDR Sec-
tion 21 is really not of sufficient duration to test an aqui-
fer for a production well. We recommend lengthening
the duration of the aquifer test to be more consistent
with accepted standards for production wells. Because
of the exponential nature of expansion of the area of
influence, the time period for demonstrating stabiliza-
tion should be increased from one hour to three at the
end of the test. Under special circumstances, a recharge
boundary might be identified in a shorter time period
and there could be language to account for this possible
scenario.

A single aquifer test seems adequate for small devel-
opment sites where there may not be changes in rock
type beneath the proposed development site. For devel-
opments on large parcels, particularly on parcels where
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there are changes in rock type and where wells are pro-
posed in areas of differing rock types, a single aquifer
test may not be sufficient. The Turkey Creek Watershed
study by Bossong and others (2003) grouped rock types
into four major classifications because of possible difter-
ences in hydrologic properties: intrusive, metamorphic,
fault zone, and Pikes Peak granite. For large properties,
we recommend considering adding a condition that ad-
ditional aquifer tests would be required if production
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Drawdown plots from a well in western Kansas tested at
a rate of 449 gallons per minute illustrate the concept of
stabilization of drawdown during a test. Points on the
graph mark depth to the water in the well as time elapses
since the start of pumping. The upper plot is a standard
plot that shows the parabolic shape of the curve becom-
ing nearly flat later in the test. A parabolic shape reflects
the radial nature of the flow of water toward the pumped
well. The lower plot is the same data but with the time
scale in a logarithmic format that shows a straight line con-
tinuing at about the same slope. The test is considered
stabilized when the amount of increased drawdown does
not exceed a prescribed amount in a specified increment
of time. The current aquifer test requirements call for 10%
change in drawdown during the last hour of an eight-hour
test, where flow rate does not change by more than 10%.
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wells are proposed in areas underlain by different rock
types based on this classification.

The standard for the aquifer test, LDR Section 21.C.2.,
calls for documentation of aquifer hydraulic properties
with a narrative describing the adequacy of the water
supply in the Well Water Supply Report. This require-
ment seems too general for what is expected from this
type of test. There should be minimum requirements
for the content of this documentation and narrative.
Furthermore, this standard should require that the
water-level and flow-rate data over time from the test
be included as a numeric table.

o Integration of Aquifer Test Results with WAA-
Results of the aquifer test should be integrated in
the WAA in a manner that the aquifer test demon-
strates that the aquifer, and proposed wells, are suf-
ficient to the anticipated water requirements. The
WAA further seeks to demonstrate that the water
is physically available within the sub-basin that the
proposed development is in from a water balance
perspective. As discussed below, the WAA does
include a place to list results of the aquifer test to
facilitate that integration. It is unclear how an analy-
sis of the data is presented for easy comprehension in
the context of the WAA.

TASK 4: REVIEW OF THE WAA

General Comments

The WAA generalizes conditions in a complex and highly
heterogeneous hydrologic system to identify whether there
is sufficient physical water available to meet the demands
of a proposed development. A WAA is completed for each
development during the rezoning application process.
Jefferson County Planning and Zone staff perform the
WA As, but applicants can also prepare their own for con-
sideration as part of the negotiation process. The WAA
process has a two-fold approach for a hydrologic unit, or
geographic subbasin area, where a proposed development
is located. In this process a WAA calculates:

(1) A water balance of water inflow and outflow to the sub
basin, and

(2) Available water in storage in the aquifer beneath the
subbasin.

The WAA formulates the water balance from existing
uses, adds the impact of the proposed development, and
evaluates sustainability over time by factoring an estimate
of the available water in storage in the aquifer. While the
WAA incorporates many parameters in its analysis, it es-
sentially relies on only three components:

(1) Inflow from recharge,
(2) Outflow by wells, and
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(3) volume of storage in open fractures in the crystal
line-rock aquifer.

Reliable empirical data are not available for these three
components and each estimate in the analysis is made us-
ing indirect methods. It is important to keep expectations
of what the WAA can do in line with these limitations.
It should also be emphasized that the WAA process ad-
dresses the physical availability of water for the proposal
but does not address water quality.

Parameters and Hydrologic Inputs

Appendix B provides a detailed discussion of the WAA
structure and the many parameters used in the process.
Thirty-nine parameters enter into the analysis: Many are
inputs of physical characteristics of the subbasin; many
are details from the proposed development; and many are
results from previous calculations in the WAA. As already
pointed out, the essential components in the WAA are
estimates, rather than empirical

data. These are:

« Water inflow from recharge-
natural recharge from precipi-
tation over the footprint of the -
subbasin or recharge of water
pumped from wells. Both es-
timates in the water balance
are arrived at indirectly using
estimated percentages from the
literature. The estimate for re-
charge from precipitation takes
into consideration the portions
lost to direct evaporation and
transpiration by vegetation, or
evapotranspiration, and run-
off. The estimate for recharge
from wells is that water that
is not consumed by use and is
therefore assumed to return
to the aquifer after treatment,
typically through leachfields.
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o Water outflow from well use-
the total of well production
from existing wells plus new
wells for the proposed develop-
ment. For most wells within the
subbasins, production is esti-

also have maximum production and/or flow rates
specifiedin their water rights decrees. These values can
also be used; however, these values are not as reliable as
actual meter data.

Available water in storage in the sub-basin aquifer-
an estimate using saturated thickness of the aquifer.
This estimate is based on an average depth of all ex-
isting wells in the subbasin, porosity of the fractured,
crystalline-rock aquifer, and an estimate of the abil-
ity of fractures to yield water to wells. The porosity
estimates are of a physical property that may be quite
variable, and values used are from the literature.
While using the average depth of existing wells in the
basin defines the saturated thickness by existing us-
age, the actual depth of the fracture network could go
much deeper.

7
°!101!dsupll-
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mated by well type usingavalue A water balance is integral to the greater hydrologic cycle. Water moves continuously,
less than the maximum annual with evaporation sourcing water in the atmosphere. Atmospheric water eventually
volume allowed by the permit. falls as precipitation, which in turn provides a source of surface flow and groundwater
Commercial and municipal flow that take the water back to the source for evaporation. Some water is held in stor-
wells may have meter data, but 28¢ either in surface water bodies or in the ground as groundwater. Volumes of water,
evaporating, falling as precipitation, and moving as surface flow or groundwater flow

these are the exception. Com- _
must always be accounted for in a water balance.

mercial and municipal wells
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ArcGIS Model
The WAA pulls in hydrologic data by subbasin in Arc-
GIS. Delineation of the subbasins used in this process is
detailed in the discussion of WAA input parameters in
Appendix B as Parameter A - Basin Area. The use of sub-
basin areas to gather inflow and outflow parameters by
discrete hydrologic areas is an efficient way to compile
data from multiple sources. However, water availability
is dependent on the size and extents of the subbasin. And
as discussed previously, Community Plans recommend
considering water availability limited to the specific de-
velopment footprint area rather than the subbasin it is in.

The concept of subbasin used in the WAA process is
consistent with delineating hydrologic units of watersheds
as done in typical hydrologic studies. Subbasins can in-
clude both headwater subbasins at the top of a watershed
and downstream subbasins. The WAA analysis does not
require an estimate of inflow from upstream subbasins
since the water balance simply looks at inflow and outflow
from the footprint of the subbasin where the proposed de-
velopment is located. It is important to note, however, that
inflow from upstream subbasins can affect the water bal-
ance and ultimately impact the sustainability of a subbasin.

WAA Structure
Each WA A has two sections:

(1) a Water Requirements tab, and
(2) a WAA tab.

Cells in the Water Requirements tab calculate the an-
ticipated water use by the proposed development and
determines if an aquifer test is required under LDR Sec-
tion 21.B.2. This analysis further computes consumptive
use from that total water usage. It also provides a place to
document the results of any aquifer tests performed.

Cells in the WAA tab calculate the water balance of the
subbasin and estimate the water in storage in the aquifer
beneath the subbasin where the proposed development is
located. Additional functions estimate how quickly storage
will be depleted and predict how quickly water levels will
fall if the water balance shows a deficit. There is a complex
progression of calculations with many elements that tie to-
gether to lead to indications of water sustainability.

Table 5a of the WAA tab provides a critical summary
for the subbasin where a proposed development is located.
It estimates the balance of inflow from recharge and out-
flow from consumptive use. The consumptive use includes
existing uses in the subbasin and the addition of those
from the proposed development. It is a simple mathemati-
cal subtraction of consumptive use from groundwater
recharge. If the result is positive, there should be enough
water in the balance of the subbasin to sustain existing uses
and the proposed new use. A negative value suggests that
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the groundwater resource is not sustainable even without
adding the proposed new use. This is a very simple and
clean analysis of the water balance for a subbasin that is
based entirely on the footprint of the subbasin.

Even though the WA A process may address the intended
purpose of estimating physical water availability, the spread-
sheet layout and documentation fall short of presenting the
progression in a clear and concise manner. As structured,
the WA A spreadsheets are hard to follow and understand.
It would be helpful for there to be better introductory dis-
cussions of the intent and progression of each component.
Documentation of data sources should also be detailed.

A clearly labeled cover summary tab that brings the
main output parameters together would facilitate com-
prehension of the results of the WAA and thereby allow
comparison of elements against each other and standards
in the land development regulations. Integration of the
Water Requirements tab with the WAA tab seems to be
lacking, with the two appearing to serve separate pur-
poses when they could, and should, link. In particular,
the Water Requirements tab calculates consumptive use by
anticipated development use-type while the WAA tab ap-
plies a value for consumptive use for the proposed devel-
opment estimated based on well type for the development
in its estimation of recharge. The first estimate should be
considered more representative of the development’s po-
tential impact. The second estimate should show that the
proposed well supply meets the anticipated demand.

Basin Aquifer Groups

Although the current WAA lists different rock types for
the basin aquifer groups, the distribution by type is not
used in the analysis. The relative distribution of rock
types across a sub-basin could affect the porosity value in
estimating available water in storage. Infiltration rate and
groundwater recharge may also differ by major rock type,
but these differences are not well characterized.

Existing geologic mapping across the mountain area
is not consistent in style, detail and scope. Our under-
standing is that the GIS digital geologic map data used for
the WAA is from the 1:100,000 scale mapping available
from the United States Geological Survey (USGS). These
maps include the Denver West 30" X 60" quadrangle map
by Kellogg and others (2008) and the Bailey 1 30" X 60'
quadrangle map by Ruleman and others (2011). Both of
these maps are compilations of other geologic maps,
many of which are 1:24,000 scale quadrangle maps. Of
these maps, many were provisional maps never published
as final map products. These source maps also represent
mapping efforts over several decades of time by many
different authors. With such diversity these maps were
often generated with different geologic mapping styles
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and objectives. By necessity preparing a smaller scale
compilation such as the two GIS source maps used in the
WAA requires some generalization and a loss of detail.

Detail of the 1:100,000 geologic compilations may be
oversimplified for the scale of the subbasin hydrologic
units used in the WAA. A quick review of aerial photog-
raphy of the area around one proposal from the Marshdale
area indicates that the extent of the Quaternary surficial
deposits may be greater than the generalized map indi-
cates. Thick Quaternary cover can include alluvium, collu-
vium, or sheetwash deposits, all of which may have much
higher porosity and permeability than the underlying
bedrock units. Furthermore, very linear trends of drain-
age patterns are apparent that may indicate the presence
of faults that are not shown on the map. They may also
be areas where the bedrock is highly fractured. Because

of poor exposure, areas where bedrock is more fractured
are often not shown on geologic maps. The possibility of
both greater extent of Quaternary deposits and undocu-
mented faulted and fractured areas can change how to
consider infiltration rates and storage in a water balance.

The WAA wuses an estimated 2% value for porosity
universally in the estimation of available water in stor-
age. This value is within the range expected for frac-
tured, crystalline rocks typical of the mountain area
of Jefferson County (Lane and others, 1995; Schild and
others, 2001). At a subbasin scale, existing detailed and
consistent geologic data in GIS format for the entire
county’s mountainous areas are currently not avail-
able. Given the intent of the WAA and the complex-
ity of the area, this estimated value seems reasonable.

The WAA computes a water balance over a subbasin area. Subbasin outlines, shown as thicker purple lines, are gen-
erated by a GIS tool using a digital elevation model (DEM) of the area’s topography. Subbasins in the WAA resemble
larger formal hydrologic units, such as the USGS National Hydrologic Dataset WBDHU12 unit for the Turkey Creek

watershed, shown with the thinner blue outline.
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RECOMMENDATIONS

Based on our review of the Comp Plan and land develop-
ment regulations that pertain to water supply, we make the
following recommendations:

CoMP PLAN AND COMMUNITY PLANS
» We recommend that there be consistency where pos-
sible between the Comp Plan and Community Plans.
MGwWOD
o We recommend adding a water quality requirement
to the well-yield test in ZR Section 41.
WATER SUPPLY SECTION OF THE LDR
» We recommend changing the water requirement
threshold values for requiring an aquifer test on the
site of a proposed development from 0.28 for rezoning
and special use and acre-feet per [one] acre per year for
plat or site development plan to 0.28 and 0.10 acre-feet
per five acres per years.
» We recommend lengthening the duration of the
aquifer test to be more consistent with accepted stan-
dards for production wells
« For large properties, we recommend adding a condi-
tion that additional aquifer tests would be required if
production wells are proposed in areas underlain by
different rock types than what is at the location of the
test well.
o We recommend adding specifics for content of the
Well Water Supply Report including a requirement for
submitting a numeric table of aquifer test data.
» We recommend integration of results of the aquifer
test into the WA A so that the results support the use of
proposed supply wells.
WAA PROCESS

o We recommend a restructured WAA worksheet
designed to better explain the review process. This
should include a cover sheet that brings forward the
results vital to decision-making and clearly explains
in a logical order the input and calculation process.
For example, results from the Water Requirements
tab calculations of total demand could be shown next
to total estimated capacity of proposed wells based
on the aquifer tests. This would allow a reviewer to
quickly see if the proposed supply is adequate to meet
the anticipated demand.

« We recommend rounding the numeric results of cal-
culations. Since the WAA is a very simple analytical
tool that uses general estimates as the primary inputs,
it is important to clearly portray the level of accuracy
that the inputs allow. In the summary sheet, it would
be best to round values to a significant digit that more
closely reflects the type of input data. The examples
provided listed the results to two or three significant
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digits, which suggests some level of confidence than is
greater that the confidence in the input data. A sum-
mary sheet could simply show the balance as either
positive or negative.

» We recommend more thorough documentation of
sources of input parameters.

+ We recommend using the consumptive use result
value from the Water Requirements tab for the con-
sumptive use input for impact of the proposed devel-
opment on the subbasin water balance in the WAA
tab; it does not make sense to work with two different
values for consumptive use arrived at by different
methods.

» We recommend delineating subbasins in a manner
that avoids downstream subbasins that straddle the
watershed axis. This would facilitate validation of the
WAA water-balance results using water level moni-
toring data. A negative result in Table 5a of the WAA
indicates that water would be removed from storage
over time. This should result in water levels dropping
in the subbasin as estimated in Table 5b. However,
in downstream subbasins as delineated, inflow from
upstream would replace water lost and water levels
might not drop as anticipated.

» We recommend systematic monitoring of water lev-
els in the mountainous area. Model results from the
WAA could be improved via validation and calibra-
tion with transient water-level data across Jefferson
County. Developing an effective monitoring program
would ensure that model outputs from the WAA
reflect real world conditions, and a monitoring pro-
gram could also delineate areas in Jefferson County
with highly impacted groundwater resources (i.e.,
“hot spots”) that are susceptible with further develop-
ment. Groundwater monitoring can be conducted via
automated, noninvasive methods, and developing a
groundwater monitoring network in Jefferson County
would greatly improve the accuracy of the WAA to
ensure that groundwater resources are being used sus-
tainably. Monitoring in watershed subbasins instead
of downstream subbasins would provide better vali-
dation of the WA A process because there should not
be an inflow component from upstream areas.

» We recommend further refinement of recharge es-
timates by rock type, elevation, slope, and aspect.
Recharge rates from precipitation are one of the
driving factors of the WAA and are currently esti-
mated from a water balance completed by Bossong
and others (2003). Those rates were further used to
develop regression equations for recharge rates in
the major aquifer types found in Jefferson County
(CDM, 2011). Results of these regression analyses
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were not always consistent with expected behavior
by rock type. In particular, in the regression anal-
yses recharge rates in fault zones were predicted to
be lower than those in areas underlain by meta-
morphic and igneous rocks. We would expect the
opposite since fault zones can be more fractured.
This suggests that there are assumptions that are
not correct in how the data are being applied in the
water balance and regression analyses, particularly
for recharge by different rock types. It may also
reflect the lack of detail in geologic mapping at a
scale that fits the application of the models. It may
also indicate that other factors such as elevation,
slope and aspect may contribute to recharge rates.
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o We recommend refined geologic mapping at a scale

larger than 1:100,000 to better characterize distri-
bution of aquifer types. New technologies are also
available that could increase geospatial character-
ization of geologic features important to hydrologic
conditions. Fracture density is a critical factor in de-
termining and permeability in fractured, crystalline
rock. Distribution of unconsolidated surficial depos-
its can impact near surface groundwater storage and
potentially recharge rates. Lidar is a new technology
that can be used to analyze surface conditions even in
heavily vegetated areas.
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Comprehensive Plan Water Recommendations Summary

Plan recommendations that may not be fully implemented are highlighted in yellow.

Issue

Water Quality
and Quantity

Water Quantity

Mining related
Water Quality
and Quantity

Wetlands

Quality

Quantity

Recharge

Quantity

County-wide Plan

Meet or exceed national and state standards for clean air,
water, and land. pg 16

New non-agricultural Development in the mountains
should avoid uses generally associated with high-water
consumption rates. pg 20

Proposals for extraction should be reviewed to evaluate for
impacts on nearby wells and local Ground Water resources.
Existing wells and Ground Water resources should be
protected from contam-ination and decreased yields or
lowered static water levels caused by extraction. pg 28

New Development should not adversely affect the
Recharge of nearby Wetlands. pg 35

Ensure New Development protects existing wells and
Ground Water resources from contamination. pg 49

1. Applications for New Development should demonstrate
that water is adequate and available for the use proposed,
including any watering for outside uses such as landscaping
or livestock. pg 49

Adequate Water Supplies

A water supply that meets applicable drinking water stan-
dards, meets minimum supply quantity, and is sustainable
both physically and legally. pg 107

3. Ground Water Recharge from sewage treatment systems
should occur in the same general area from where water is
withdrawn.

1. Ensure that development is at a scale/density consistent
with Locally Available Water Resources. Pg 50 Locally
Available Water Resources

The surface or ground water that is physically on the site of
the development, not including water brought in from an
outside source, such as truck, pipeline, or other means pg 118

Evergreen Plan

Ensure that new retail, office, industrial and community use activities
are compatible with existing surrounding uses in terms of traffic, water
and sewer, noise, visual amenities, and air quality, and comply with all
sections of this Plan. pg 10. Does LDR and WAA look at compatibility
with existing uses. How is capability defined? Is it similar uses, density
and impacts? Similar water uses?

1. Development or expansion of development should not be allowed to
deplete any existing ground water supply beyond the ability of the
development area to recharge itself. pg 41

3. To protect water quality and quantity, riparian zones and wetland
areas should be protected from degradation. pg 41

There is concern about health-endangering amounts of radiation in
ground water and soil resulting from natural radioactive deposits and
other sources, e.g., mine tailings.

1. If an air test shows presence of radon, mitigation measures should be
taken by the property owner. Furthermore, well tests for measurement
of radioactive isotopes should be conducted to determine if mitigation
is required. pg 29

Automobile-dependent development has increased impervious area in
the ground water recharge zone. Traditionally, runoff from roads has
been collected and conveyed very much like sanitary sewage. This
method of stormwater management increases runoff and decreases
ground water recharge, and should be discouraged.

1. Infiltration plans that naturally filter and recharge ground water
should be used, rather than plans that collect and convey stormwater
down stream. pg 38

Conifer Plan

3. Ensure that new retail, office, industrial and community use activities
are compatible with existing surrounding uses in terms of traffic, water

and sewer, noise, visual amenities, and air quality, and comply with this
Plan, Design Guidelines and Architectural Standards. pg7

Slopes are a constraint on development because as slope increases,
impacts increase, such as: Water: Generally there is less water available at
the top of drainage basins. pg 5

1. Water used for human consumption should not exceed safe levels of
radioactive isotopes. Owners of private wells are encouraged to conduct
tests and apply remediation measures to achieve the same standards as
public water supplies. pg 17

Housing Densities Inside Activity Centers Where a centralized water
and/or sewer system is not available, 1 dwelling unit per 5 acres should
be the maximum density allowed. pg9

8. The need for an aquifer test for a proposed development will be deter-
mined on a case-by-case basis through consultation with Jefferson County
Public Health if the proposal has a water requirement greater than 0.28
acre feet per year (the equivalent of 250 gallons per day per acre). pg 32

A-1



Comprehensive Plan Water Recommendations Summary con't

Issue

Quality

Water Districts

Water Districts

Water Districts

Density

Conservation

Wildlife

County-wide Plan

3. Require advance treatment OWTS in areas of known
Ground Water quality problems. pg 50

5. Surface water is the preferred water source for Central-
ized Water Systems. Centralized Water Systems utilizing
Ground Water as the primary water source should demon-
strate hydrologic evidence that an adequate and dependable
water supply exists. pg 52

2. New water and/or sanitation districts should not be
formed for the sole purpose of developing existing Platted
lots that do not qualify for a well and septic system based
upon the size of the lot(s). pg 52

1. The formation of water and sanitation districts in the
Mountain Ground Water Overlay District (M-G) should
either facilitate Activity Center recommendations or address
existing water quality or quantity concerns. pg 52

1. Plan for higher Intensity development where public
water, sanitation, Pre protection, law enforcement pg 55

12. Encourage development to conserve water resources. pg 55

1. Protect Wildlife’s access to forage areas, water, and cover. pg 65

Evergreen Plan

2. To protect water quality, the Jefferson County Public Health should
continue to carefully review each application for an exemption from the
required 200-foot map distance separation between a well and an
OWTS, including wells and OWTS on adjacent lots, to ensure the
systems meet the appropriate standards. pg 42

1. Public centralized water and sanitation districts or systems, approved
by the appropriate authorities, should be provided for all new non-resi-
dential development that requires water in excess of the equivalent of 1
dwelling unit per 10 acres or 300 gallons/day/10 acres. (Note: this
means 300 gallons pumped per day, not consumptive use.) pg 41

a. The ability of the district to provide adequate legal and physical
water quality and quantity to meet all health and safety standards in
the areas to be served.

c. When ground water is the primary source of water, there should be
hydrogeologic evidence that neighboring water wells will not be
adversely affected, and hydrogeologic evidence of adequate recharge to
the source ground water. This hydrogeologic study should be done by a
professional geologist, hydrologist, hydrogeologist, or a professional
engineer specializing in hydrogeology and water resources in a granitic
fractured-rock environment.

This study should be reviewed by an independent panel of specialists
appointed by the county and paid by the county from fees collected
from the applicant.

Any property served by public sewer should also be provided with
public water so that water is not depleted from the ground water and
then recharged to another area or stream. The only exception should
be if required by the county to mitigate a threat to public health. pg 42

1. Uses designated within each Activity Center should be allowed only
when water and sanitation from a public district is available to the property.
(This Policy does not apply to the Marshdale Neighborhood Center where
1. New rezonings should allow only those uses that require little water,
because the water supply is limited to wells and sewage disposal is inade-
quate. pg 23) pg 13.

Multifamily housing, including apartments, condominiums, and town-
homes should be allowed only within Activity Centers or Neighborhood
Centers. and only served by public water and sewer. pg 14

Conifer Plan

Related to reservoirs: Sewage treatment for commercial, residential, and
recreational development attracted to the area will be required. The proliferation
of package treatment plants for sewage disposal should be avoided to reduce
surface and ground water contamination. An activity center approach should be
taken to serve commercial development to achieve a common solution to sewage
treatment and disposal, and to provide controls for later development. pg 26

If a centralized water system and/or centralized sewer system is available or
proposed to serve the development, housing density greater than 1 dwelling unit per
5 acres, not to exceed 1 dwelling unit per 1 acre, may be considered. The following

criteria should be used to determine the appropriateness of the density.
a. The source of the renewable water supply is designated at the time of zoning.
The water source is a renewable water source, i.e., there should be a balance between
water consumption and its natural replenishment to the area from which it is withdrawn.
The preferred water source for centralized water systems is a free-owing stream
or spring that is both physically and legally available.
Well water use may supplement the preferred renewable water source. If well
water is to be used, it should be in-house use only, not to exceed the 298 gallons of

water per day that is allowed for 1 single family home based on the average gross

density of the parcel. Wells should not be allowed as the sole or primary source of
water for centralized water and/or sewer systems unless hydrologic evidence is
presented that shows an adequate and dependable water supply can be provided.

If wells are the primary source, 90% of the water should be returned to the
recharge area from which it was taken. pg 4
b. If wells are the primary source of water for a new centralized water and/or sewer
district, the Ground Water Recharge from sewage treatment systems, including
OWTS, should occur in the same general area from where the water is withdrawn.
d. Hydrologic evidence should be presented that neighboring water users will not be
adversely affected and that there is evidence of recharge to the source ground water
(a professional geologist, hydrologist or hydrogeologist specializing in hydrogeology,
or a professional engineer specializing in water resources or other related specialty,
should provide this report); pg 32
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Issue

County-wide Plan

Evergreen Plan

Conifer Plan

Quality

1. When an area has been identified by the County or Colo-
rado Department of Public Health and Environment as
having a Ground Water quality problem, proper Mitigation
of the problem should be implemented before zoning,
health variances or changes are approved that would aggra-
vate the problem. pg 67

Recharge

1. Endorse efforts to better define and protect Ground Water
Recharge areas. pg 67 Recharge

The replenishing of ground water occurs by infiltration of
precipitation, in the form of rain or snow. Return flow from
On-Site Wastewater Treatment Systems may provide small
amounts of infiltration.

Note: Recharge area is not necessarily at the site where water is
being withdrawn from the fractured rock aquifer system.

Precipitation and return flow from an On-Site Wastewater
Treatment System on a site does not necessarily reach those
fractures that provide water to the producing interval in the well.
Also, the ability to recharge an aquifer in a specific area can vary
over time, and will be affected by local weather patterns, by
disruption of infiltration areas, and other factors. pg 122

Water Quality
and Quantity

2. Encourage collection and analysis of data to evaluate the
extent, availability, and quality of Ground Water resources
in the Mountain Ground Water Overlay District. pg 67

1. The Colorado Division of Water Resources, Jefferson County Public
Health, R-1 School District, property owners, and others, should
conduct a needs assessment that identifies water quality and quantity
problems in the Marshdale Neighborhood Center and recommends

possible solutions. pg 24

Overall Goal: There should be a balance between the availability of water
and its uses to insure that water resources are not depleted. Water quantity,
quality and sanitation are critical elements that should be considered

when development is proposed for the area. pg 31

Quality

1. Identify existing water contamination sources and
mitigate or eliminate them. pg 67

Conservation

5. Support gray-water reuse, when not in conflict with
local, state and district rules. pg 68

Recharge

Open Space Aquisition: Consider the preservation of property
with the following attributes: surface waters 72 Prudent to add
recharge areas to criteria for acquisition of open space

Quality

4. All Centralized Water Systems should be overseen by an
Operational Agency, inspected annually and have their water
quality checked for Potability, regardless of the number of
structures served. pg 75. Not required in LDR for water well
system. Definition of Centralized Water System:

A system for collection, treatment, and distribution of pota-
ble water to at least 15 service connections, or that regularly
services at least 25 individuals daily at least 60 days of the year.
The system must be designed as a public water system and
subject to regulation by the Colorado Department of Public
Health and Environment. Depending on its classification, this
system may also be subject to routine inspections by Jefferson
County Public Health. pg 109

Quality

5. Encourage homeowners to regularly test their well water
for Potability. pg 80
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Issue

County-wide Plan

Evergreen Plan

Conifer Plan

Quantity

6. Encourage well owners to regularly measure the static
water level in their well to establish a baseline level. pg 80

Balance

Balance the availability of ground and surface water, water use, and ground
waterrecharge with current and future development, to ensure that water
resources are not over-allocated. 2. New or existing development should
not be allowed to deplete the existing ground water supply beyond the
ability of the local area to recharge itself. pg 31 Is local area defined as
sub-basin?

Geologic Hazard

2. Water-intensive landscaping and septic systems should not be
permitted in high geologic hazard areas. pg 27

Water Quality
and Quantity

Balance water use with the physical supply of surface and ground water,
water use, and ground water recharge, so that water resources are
protected from long term depletion pg 40 How is long-term depletion
defined?

Water Quality
and Quantity

Site Design Guidelines: Maintain hydrologic features in a way that does
not adversely affect water quality or quantity. pg 45

Quantity

7. New lots under the 1 dwelling unit per 5 acres density should be served
by a centralized water and/or sewer system. If a lot already containing a
home or business needs to rezone or request a special use, these uses could
continue on lots smaller than 5 acres, without being served by a centralized
water and/or sewer system, as long as water use is not increased beyond
what is permitted by the existing well. pg 32

Quantity

16. The County should encourage, and as resources allow, coordinate with
the State Division of Water Resources to collect well and water data for
individual properties. This information should include well depths, static
water levels, reported flow rates (with a clear caveat about the unreliability
of these rates), the number of wells drilled on a property, and documenta-
tion of any replacement, deepening or hydrofracturing of existing wells.
The county should maintain the data in a computerized data-base for staff
referral when evaluating claims of adequate physical water supply. This
data-base should be accessible to the public. pg 33

Quantity

Livestock Watering: Livestock watering on farm, ranch, range or pasture
on parcels of 35 acres or more. The daily use is about 1190 gallons of water
per day.

Is this the number used in WAA ? pg 55
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APPENDIX B

WAA DESCRIPTION

As stated in Land Development Regulation (LDR) Section
21.C.3: “The Water Availability Analysis [WAA] will be
completed by Planning and Zoning and used to determine
if there is a sufficient water supply in terms of quantity
and dependability for the proposed uses.” A WAA is com-
pleted for each zoning application specific to the proposed
development in the application. It consists of two parts in
an Excel spreadsheet that uses pre-set formulas to perform
calculations: one estimates the water requirements for a
proposed development and the second calculates a water
balance of water inflow and water outflow for the hydro-
logic unit within which the proposed development lies.

Water requirements by a proposed development is an
estimate of water use by volume within the development
once built up. A water balance is a mathematical equa-
tion of inflow and outflow that starts with natural inflow
from precipitation over the footprint of the hydrologic
unit. That inflow is offset by outflow through evaporation
and transpiration by vegetation (“evapotranspiration”),
surface runoft, and recharge to the aquifer beneath the
hydrologic unit footprint. The balance also considers
consumptive use by existing land development within the
hydrologic unit before adding impact from proposed de-
velopment. It includes a term for storage of water within
the aquifer beneath the hydrologic unit.

A hydrologic unit is a geographic subdivision of a
watershed delineated for managing hydrologic data. The
hydrologic units used in the WAA are called subbasins.
In the WAA, subbasins can be at the headwaters of wa-
tersheds, where the only inflow is direct precipitation
from above, or they can be downstream in a watershed
where they can also receive flow-through from subbasins
upstream. Flow-through is not considered in the water
balance of the WAA.

APPROACH

Water Balance in Fractured Crystalline Bedrock

Estimating water availability in fractured, crystalline
bedrock, otherwise known as a fractured, crystalline-rock
aquifer, broadly depends on five major factors: precipita-
tion (P), surface runoff (R), groundwater pumping (Q),
evapotranspiration (ET), and storage (S), where changes
in storage (AS) generally drive water availability as shown
below:

AS=P-R-Q-ET
These processes combine to form a water balance,
where incoming precipitation partitions into outgoing

runoff, evapotranspiration, or groundwater pumping, and
any residual water influences bedrock storage. Figure Bl
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shows a conceptual aquifer system in fractured, crystalline
bedrock where groundwater is stored in fractures below
the water table and well yields are controlled by fracture
intensity and connectivity.

Quantifying groundwater storage is critical to ensuring
that groundwater resources are being used sustainably in
areas that rely on aquifers for domestic and commercial
uses. However, geologic heterogeneity; fracture perme-
ability; climate variability; and slope and aspect all impact
water balance calculations in fractured, crystalline bed-
rock, making storage a difficult parameter to estimate.
Water balance terms and components for the mountain-
ous areas of Jefferson County, described by Bossong and
others (2003) and CDM (2011), are summarized below:

Major Water Balance Terms

Precipitation is the movement of water from the atmo-
sphere to the land surface, typically falling as rain, snow,
or sleet. It is the major incoming water source in a water
balance, making it a critical parameter in water balance
applications. Quantifying precipitation is generally done
through monitoring of weather stations or using remote
sensing. The National Weather Service has an extensive
network of weather stations, so precipitation measure-
ments generally have a high degree of confidence. Precipi-
tation is a parameter entered into the WA A calculation.

Runoffis the drainage from precipitation that flows into
surface water bodies either via surface runoff, baseflow, or
shallow infiltration that percolates into streams, reservoirs,
and lakes. This term generally depends on slope, rainfall
intensity, soil properties, and vegetative cover. Runoft is
generally measured at the basin scale through the use
of several empirical relationships or detailed analysis of
stream hydrographs, making it fairly well constrained in
water balance applications. Measurement of runoft is not
used as a direct parameter in the WAA.

Groundwater Pumping is the withdrawal of water
from aquifer storage, typically to support domestic needs
and commercial development. Groundwater withdrawal
estimates are commonly derived from well permit ap-
plications, which may not reflect actual groundwater
usage. Groundwater pumping is a parameter used in the
WAA with values from multiple sources. In most cases,
groundwater pumping values are assumed based on well
type since metered values are uncommon. Verification of
groundwater pumping and usage rates should be complet-
ed when possible by comparing permitted (i.e., assumed)
water withdrawals to metered (i.e., actual) water usage to
ensure there are no major discrepancies.

Evapotranspiration is the collective term for water that
moves from the land surface to the atmosphere as a result
of evaporation and transpiration from plants. This flux

Bl
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Figure B1: The water cycle in the mountain foothills is complex. Water in the atmosphere is sourced from local or distant
evaporation. Under the right conditions, it falls as precipitation, either snow or rain. Precipitation either runs off through
streams or soaks into the ground. Some is lost to direct evaporation and transpiration through vegetation root systems in
near-surface soils, collectively called evapotranspiration. That which is not lost to evapotranspiration flows deeper through
porous weathered bedrock, where a portion may flow downslope as shallow subsurface flow. The remainder continues into
the deeper bedrock aquifer, where it passes through and is stored within open fractures. Eventually, most of the groundwa-
ter flows though the fractures toward streams, where it is carried off. This deeper groundwater is available to wells. Wells
completed in the fractured rock capture some of the groundwater for use within homes or businesses. What is not com-
pletely consumed is treated and then released back to groundwater through a leach field.

removes water from the subsurface, and is generally con-
trolled by temperature, soil properties, vegetative cover,
and water availability. Evapotranspiration is highly tran-
sient depending on annual climate (i.e., wet year vs. dry
year) or land cover (e.g., forested, meadowland, developed
land, etc.). Direct measurements of evapotranspiration are
difficult, making this parameter relatively uncertain in
water balance calculations. As with runoff, evapotranspi-
ration is not a direct parameter in the WA A since recharge
is based on a percent of precipitation.

Groundwater Recharge occurs when deep infiltration
reaches the regolith-bedrock boundary and continues
percolating into bedrock storage reservoirs. Regolith
is a layer of unconsolidated rocky material at the top of
bedrock that is made up mostly of fragments of weathered
bedrock. Recharge is the major mechanism that replen-
ishes groundwater storage and can occur naturally by
infiltration of precipitation, as well as artificially by pump-
ing water into an aquifer (i.e., aquifer storage) or through
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human-made infiltration systems. In natural systems,
recharge is typically the residual of precipitation that is
not captured by runoft or evapotranspiration in a water
budget. In crystalline bedrock, other factors controlling
recharge are hydraulic conductivity of fractures; regolith
weathering; slope and aspect; and vegetative cover. Given
that recharge is a residual factor of other processes, it is
often difficult to constrain in water budgets. Recharge isa
critical input in the WA A that is estimated from precipita-
tion values and return flows of water from well pumping,
adjusted for consumptive use.

Groundwater Storage capacity in crystalline bedrock
is the result of secondary porosity generated by fractur-
ing and weathering processes, as the matrix of crystalline
rocks is generally impermeable and provides little to no
primary porosity. Higher infiltration and recharge rates
increase bedrock storage, while increased evapotranspi-
ration, runoff, and groundwater pumping rates decrease
water storage. Thus, groundwater storage in a given area
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is dependent on hydraulic properties of underlying bed-
rock; slope and aspect; vegetation; and climate, with many
of these factors being interrelated. Deriving accurate
groundwater storage estimates in fractured, crystalline
bedrock requires detailed geologic mapping, evaluation
of bedrock hydrogeologic characteristics such as porosity
and water levels, and long-term climate monitoring.

Groundwater storage in crystalline bedrock can be
described in three distinct areas in watershed modeling
(Bossong and others, 2003; CDM, 2011). A portion of wa-
ter in the near-surface regolith may discharge relatively
rapidly to surface water in what is called the interflow
reservoir. Water that continues deeper into bedrock en-
ters what is called the base flow reservoir, which eventually
flows to streams to support baseflow. A deeper reservoir
exists below the stream base level that is termed the deep
groundwater reservoir, which ultimately discharges to
regional streams. The base flow and deep groundwater
reservoirs are considered the reservoirs that support de-
velopment. In the WAA, groundwater storage is used to
evaluate sustainability of water use in an area when the
balance is negative, with outflow exceeding inflow. The
WAA only looks at a single value of groundwater storage
without any distinction of reservoirs.

WAA EXAMPLES

Jefferson County provided CGS four completed WAA
spreadsheets as examples for this review. These examples
are from previous cases that have been through stages
of the review process and represent diverse settings and
development types. They are listed below by zoning case
number and name:

» 16-103864RZ 27826 Alabraska Lane: A proposal
for residential, conference center, office and preschool
uses on an 11.38-acre parcel near Marshdale in a head-
waters subbasin. The proposal called for water supply
from one commercial well. In the WA A, the balance
showed the subbasin to already be in deficit without
adding impact from the proposed development.

« 18-107113RZ Conifer Heights: A proposal for high-
density multiple-housing units on 25 acres at a loca-
tion straddling two subbasins in the Conifer-Aspen
Park activity center, one a headwaters subbasin and
the second a downstream subbasin. This proposal
calls for a water supply from eight commercial wells
with wastewater treatment through an adjacent mu-
nicipal system.

+ 19-106332RZ Eudaimonia: A proposal for a church,
wellness center, three single-family dwellings, a cabin,
and a bathhouse on 11.35 acres in Parmalee Gulch and
a headwaters subbasin. It calls for a water supply from
one commercial well.
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» 19-102754RZ Red Wing Park: A proposal for mixed
commercial uses on a 1.14-acre parcel in the Conifer-
Aspen Park activity center and a headwater subbasin.
It calls for water supply from six commercial wells
and water treatment through an adjoining municipal
system.

WAA STRUCTURE

Each WAA consists of a Microsoft Excel spread-
sheet with four tabs. Each tab serves a spe-
cific purpose for either analysis or reference and
documentation. Table B-I lists the tabs and their functions.

Water Requirements V3 tab

This tab contains information about the proposed
development in addition to five elements that either
provide analysis or documentation. Basic information
includes case number, property address, official devel-
opment plan or subdivision name, status of location
within the Mountain Groundwater Overlay District
(MGWOD), and compliance with the MGWOD. There
may be a map insert. It includes tables with pre-
set cell calculations and rows with documentation:

1) “Calculate Water Withdrawal and Consumptive
Water Use of Proposed Development - Table 1:
Proposed Uses” calculates anticipated consumptive
water use for a development based on proposed uses
of the developed space specified in the application.
Use-type entries are specific to the proposal, and
there can be many types depending on the applica-
tion. For each use, there is the type, a per-unit total
water use, and a proposed number of units. Units
can include surface area of use, such as square feet
of retail or office use, or numbers, such as housing
units. Total use by type is the product of per-use
need and number of units. This total use is further
adjusted to consumptive use by type. Values for
daily withdrawal are determined from references
and may be accepted typical values or values based
on documented and relevant similar-known uses.
Percent consumptive use is a subjective value and
can vary by use and type of wastewater disposal. For
example, residential consumptive use has a lower
value than irrigation. Values applied are determined
from references.

This calculation is tied directly to the proposed
uses of the development, and values for the param-
eters can come from documented sources. It can be
considered the best estimation for the given pro-
posal.

2) “Calculate water requirement in terms of acre-feet
per acre per year. (based on table 1 above)” is a simple
conversion of the average daily water withdrawal for
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Table B-I

WAA Spreadsheet Tab Structure

Tab Name

Functions

Water Requirements V3

1)

2)

Calculate water requirements specific to proposed
development by uses included in the application
Determine in an aquifer test is required.

Water Requirements References

Background information for input parameters for the water
requirements tab calculations. Can include specific data from
outside sources, such as meter data for facilities similar to
what is proposed.

WAA

1)

2)

3)

Calculate the existing water balance for a specified
watershed basin that the proposed development is in
and estimate the impact the development would have
on the water balance.

Estimate sustainability of the basin watershed under
different scenarios.

Estimate the lifetime of the water resource if the water
balance indicates unsustainable depletion.

WAA References

Reference material for input parameters to the calculations

in the WAA tab.

the whole proposed development in gallons per day
to acre-feet per acre per year using the footprint of
the proposed development in acres.

3) “Based on water requirements and Section 21 of the
LDR, is an Aquifer Test required?” This row uses
results of the previous calculations to determine
the need for an aquifer test based on LDR Section
21.B.2.4. Per LDR Section 21.B.2.4, an aquifer test is
required for a rezoning application when the value
of 2) above for the proposed development site ex-
ceeds 0.28 acre-feet per acre per year and 0.10 acre-
feet per year for a plat or site development plan.

4) “Aquifer Test Data” documents aquifer test results
when an aquifer test is required per 3) above.

5) “Comments” serves as a space to include documen-
tation of specifics about an application and different
variables or scenarios used in the calculations.

Water Requirement References tab

This tab is simply a place to list references or show addi-
tional data used to customize the inputs to the Water Re-
quirements tab. It includes links to outside sources of data.

WAA TAB

This tab places the development and its anticipated water
consumption in the context of its hydrologic subbasin. The
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purpose is to analyze a water balance based on existing in-
flow and outflow and then add the estimated consumption
for the proposed development to determine impacts from
the added development. As such, it considers sustainabil-
ity of the subbasin purely on physical water available from
inflow minus outflow. Inflow and outflow are limited to
the footprint of the hydrologic subbasin without factoring
in inflow from upstream sources or outflow downstream.
The tab includes a map showing the location of the pro-
posed development within the subbasin and six analytical
tables; two of the analytical tables have subtables:

Table 1: "Estimate of Available Groundwater Re-
sources in the Basin," calculates groundwater in
storage within the sub-basin that the proposed de-
velopment is located in. It is a simple volumetric cal-
culation using the sub-basin surface area; saturated
thickness of the aquifer, based on existing well depths;
and an estimated porosity for the rock type. The result
is reported as total acre feet and acre feet per foot for
the basin.

Table 2: , “Analysis of Groundwater Withdrawal, Re-
charge, and Consumptive Use from Existing Wells in
Basin,” estimates total current water consumption by
existing wells in the basin. Numbers and types of wells
are based on Colorado Division of Water Resources
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(DWR) permitted well data. Withdrawal volumes are
based on permit type that are multiplied by total num-
ber of well by type. Consumptive use is estimated by
adjusting the total withdrawn by a value for recharge
returned to the aquifer, which is also a value assigned
by well type. The estimate of water returned as recharge
varies by well-use-type and the values are taken from
references.

Table 3: “Estimate of Annual Groundwater Recharge
to the Basin from Precipitation,” calculates the inflow
of water to the subbasin aquifer from natural recharge.
It is a simple volumetric calculation using the surface
area of the subbasin, average annual precipitation from
existing records for the region, and an estimate of the
percent of precipitation that is available to recharge the
aquifer. The value for percent of precipitation available
to recharge the aquifer is a value obtained from refer-
ences.

Table 4: "Ground Water Resource Impact of Proposed
Development,” calculates the anticipated additional
consumptive use of groundwater by the development
using proposed wells and type of use by those pro-
posed wells. This calculation is consistent with the es-
timate of existing groundwater depletions by existing
well types in the basin. However, it differs in approach
to the calculation of water requirements in the Water
Requirements tab, which estimates consumptive use
based on proposed use of space in the development.

Table 5 is a set of three subtables that addresses sus-
tainability of the groundwater resource in the subbasin
by estimating a total water balance with the proposed
development added to existing uses.

Table 5a: "Water Availability Analysis on the Basin
Based on Existing and Proposed Development,” is
the water-balance calculation using water inflow to
the aquifer from natural recharge adjusted by water
outflow from consumptive use by existing uses plus
consumptive use by the proposed development. If the
adjusted value is positive, the water supply should be
adequate for the new development; if negative, there is

portrays that loss in storage as a decline in basinwide
water level in feet per year. It also estimates the time to
deplete the groundwater in storage in years from the
estimated saturated thickness from combined deple-
tions by existing uses plus the proposed development.

Table 5c: "Impact on the Basin Based on Existing
and Proposed Development Including Estimated
Recharge From Precipitation,” is the same calculation
as the second part of Table 5b, but adds in recharge
from precipitation. It provides an estimate of longevity
of the resource in the basin based on consumption by
existing and the proposed development but factors in
natural recharge.

Table 6: is a set of three subtables that mimic the Table
5 subtables while acknowledging that platted lots with-
in the basin eventually may be built on. These already-
platted lots are treated as additional depletions to the
groundwater resource.

Table 6a: "Water Availability Analysis on the Basin
Based Existing, on Build out of Platted Lots and
Proposed Development,” mimics Table 5a but adds in
depletions from other lots already platted for develop-
ment that have not been built on. The number of plat-
ted lots is taken from county plat records and a value
for depletion is based on the type of use for which the
lots are platted using well values by use (see Table 4).

Table 6b: "Impact on the Basin Based on Build out
of Platted Lots and Proposed Development Includ-
ing No Recharge From Precipitation,” mimics Table
5b and addresses longevity of the aquifer in the basin
without the inflow of water from recharge, including
already-platted lots.

Table 6c: "Impact on the Basin Based on Build out
of Platted Lots and Proposed Development Includ-
ing Estimated Recharge From Precipitation,” mimics
Table 5¢ and addresses longevity of the aquifer in the
basin but adds in the inflow of water from recharge,
including already-platted lots.

WAA References tab

This tab is simply a place to list references or show ad-
ditional data used to customize the inputs to the WA A tab
and links to outside sources. It is pre-populated with sourc-
es of template data that are already built in to the WAA.

not sufficient water available. This analysis specifically
limits water inflow to that from precipitation directly
to the subbasin alone and does not account for inflow
of surface or groundwater from upstream subbasins.
It does not draw from water in storage calculated in
Table 1.

Table 5b: "Impact on the Basin Based on Existing
and Proposed Development With No Recharge From
Precipitation," addresses longevity of water in stor-
age calculated in Table 1. It calculates the loss in stor-
age from the proposed development alone in Table 4
without inflow from recharge from precipitation and

WAA INPUT PARAMETERS

Many parameters go into the spreadsheet analyses in the
WAA. Table B-IIa lists the parameters in the Water Re-
quirements tab and Table B-IIb lists the parameters in the
WAA tab. These parameters fall into five basic classifica-
tions based on source.

1) Reference parameters (Rf in Tables ITa and IIb) are
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those where values are taken from published sources,
or other empirical data sets.

2) Calculated parameters (Clc in Tables B-IIa and B-
IIb) ) are calculated elsewhere in the spreadsheet
from other input parameters to the analysis. Many
of these calculated parameters become inputs to
other calculations in the tables. Others are the final
outputs.

3) Application-specific parameters (Ap in Table B-IIa)
are those parameters specified in the development
application. These are variables such as numbers of
housing units, types of use within the development,
etc.

4) GIS parameters (GIS in Table B-IIb) are public-
domain geospatial data or generated from public-
domain geospatial data.

5) Division of Water Resources data (DWR in Table
B-IIb) are public-domain data maintained by the
Colorado Division of Water Resources in their
permitted water well database, or defined limits for
wells by type.

Discussion of WAA Input Parameters
The analyses in the WA A spreadsheet use a number of in-
put parameters. Many are estimated from previous work
in the Front Range mountain area by Bossong and others
(2003) and CDM (2011). Input parameters in the WAA can
be classified by subjectivity. Many input parameters are
based on fixed values or simple and indisputable calcula-
tions. Other input parameters can be very subjective for
a number of reasons, which will be discussed in the fol-
lowing section. Values for some parameters have consider-
able variability in the reference materials which leads to

uncertainty in how the result applies to the specific setting
of a proposed development. In addition, some calcula-
tions are subjective in how they use different inputs. These
subjective parameters are listed in Table B-III in the order
of the parameters in Tables B-IIa and B-IIb.

All parameters are assigned a degree of confidence as
either Low, Moderate, or High for our view of accuracy
or adequacy of use in the analyses. They are also assigned
a degree of variability, also Low, Moderate, or High. Low
variability indicates that values used are likely to vary by
less than a factor of two times. Moderate variability indi-
cates that the value could vary by up to one order of mag-
nitude. High variability indicates that the values could
vary by several orders of magnitude.

Parameter a, “Daily Withdrawal Per Unit” is used to
estimate the total water consumed by the proposed de-
velopment in the Water Requirements tab and is based on
the description of proposed use types in the application.
This input is per unit and is subsequently adjusted by the
proposed number of units for the specific type (parameter
d in Table BlIa) to arrive at the total for the development.
The Jefferson County Comprehensive Master Plan (Comp
Plan) lists water use by type (Appendix C, p. 99), which
should be consistent with those used in this analysis un-
less there are adjustments based on circumstances spe-
cific to the development. Any adjustments should be well
documented in the Water Requirement References tab. In
each example there are links to a guideline published by
the Montana Department of Natural Resources.(http://
dnrc.mt.gov/divisions/water/water-rights/docs/forms/615.
pdf) and the Jefferson County Comprehensive Master Plan
of November 2017 (https://www.jeffco.us/DocumentCen-
ter/View/12324). Values and units used in the four WAA

Table B-lla: Input and output parameters in WAA spreadsheet, Water Require-

ments V3 tab
Parameter! | Description Unit2 | Source?

a Daily withdrawal per unit (in proposed develoment by gpd Rf
developed space type)

b Annual withdrawal per unit (in proposed development af/y Clc
by developed space type)
Percent consumptive use % Rf
Number of units (in proposed development by devel- Ap
oped space type)

e Total annual withdrawal (for proposed development) af/y Clc

g Average water withdrawal (for proposed development) gpd Clc

1 Letter identification is not used in WAA spreadsheet, but is added here for reference, bold indicates final output
2 gpd = gallons per day, af/y = acre-feet per year, % = percent, # = number
3 Rf = value taken from reference, Clc = calculated, Ap = from rezoning application
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Table B-llb
Parameters in Water Availability Spreadsheets, WAA Tab
Para- | Description? Unit3 | Table Source*
meter?
A Basin area ac 1,3 GIS
B Average depth to GW in the basin ft 1 DWR
C Average depth of wells in the basin ft 1 DWR
D Saturated thickness of the aquifer exposed to wells ft 1,5b,5¢,6b,6¢ | Clc
E Estimated average porosity of aquifer % 1 Rf
F Estimated amount of GW in storage af 1 Clc
G Effective yield of groundwater to wells % 1 Rf
H Estimate of GW in storage available to wells af 1,5b Clc
I Estimated GW stored per saturated foot af/f 1,5b,5¢,6b,6¢ | Clc
J Number of wells by type # 2,4,6a DWR or Ap
K Estimated amount of GW withdrawal per well affy 2,4,6a DWR
L Total estimated amount of GW withdrawn affy 2,4 Clc
M Estimated percent returned to recharge GW % 2,4,6a Rf
N Estimated amount of GW recharged by well type affy 2,4 Clc
Oe Estimated CU of GW from existing wells affy 2,5a Clc
Op Estimated CU of GW for the proposed development affy 4,5a Clc
O: Total estimated CU of GW for the PrD and existing combined affy 2,5b,6b Clc
P Mean annual precipitation in 3 GIS
Q Average annual precipitation over basin af 3 Clc
R Estimated percentage of precipitation that is recharge % 3 Rf
S Estimate of annual recharge from precipitation af 3,5a Clc
T GW budget: recharge minus total consumptive use af/y 5a,5¢,6¢ Clc
U Estimated percent of aquifer depletion based on CU of PrD % 5b Clc
Annual average basin wide drop in water level due to CU of 5b
v PrD with O recharge from precipitation af/y Clc
Time to drain saturated aquifer by the CU of existing and 5b
w PrD with 0 recharge from precipitation yrs Clc
Time to drain saturated aquifer by the CU of existing and 5c
X PrD with recharge from precipitation yrs Clc
Y Number of lots in basin H 6a GIS
Z Number of vacant lots in basin H 6a GIS
AA CU impact of build out of vacant lots affy 6a,6b Clc
Annual average basin wide drop in water level due to CU at full 6b
build out based on platted lots and PrD with 0 recharge from
AB precipitation ft/y Clc
Time it would take to drain the saturated thickness of the basin 6b
by the CU at full build out based on platted lots, existing, and PrD
AC with 0 recharge from precipitation yrs Clc
Time it would take to drain the saturated thickness of the basin 6¢C
by the CU at full build out based on platted lots, existing, and PrD
AD with estimated precipitation recharge yrs Clc

1) Letter identification as used in WAA spreadsheet, bold indicates final output
2) GW= groundwater, PrD= proposed development, CU=consumptive use

examples reviewed do not seem to be from the cited refer-
ences and it is unclear where the values for per-unit use
have been derived. However, the values are reasonable. In
two of the example WAAs (Eudaimonia and Red Wing)
the reference tabs are not populated and the source of the
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3) gpd = gallons per day, af/y = acre—feet per year, % = percent, # = number
4) GIS = from geospatial data, DWR = Division of Water Resources permit files or well type ......

definitions, Rf = value taken from reference, Clc = calculated, Ap = from rezoning application

values are not documented. The Conifer Heights example
(18-107113RZ) does provide comparable data from the
Evergreen Metro District with analyses of metered data.
Generally, values used for each use type are not likely to
vary significantly from what is in the examples. We assign

B7



Review of Jefferson County Water Supply Policies and Analyses for Land Developement in Mountain Areas

Table B-lll
Parameters in the WAA Process Considered Subjective
Para- | Description? Unit® | Table | Confidence | Variability
meter!?
Daily GW withdrawal per unit in PrD (by developed Moderate Low
a space type) gpd 4
o Percent CU % 4 Moderate Low
A Basin area ac 1,3 Moderate Low
1,5b,5¢ | Moderate Low
D Saturated thickness of the aquifer exposed to wells | ft ,6b,6¢
E Estimated average porosity of aquifer % 1 Low High
G Effective yield of groundwater to wells % 1 Moderate Moderate
I Estimated GW stored per saturated foot af/f 1 Low Moderate
K Estimated amount of GW withdrawal per well af/y 2,4,6a High Low
M Estimated percent returned to recharge GW % 2,4,6a Moderate Low
Estimated CU of GW for the proposed 4,5a Low Low
O, development af/y
P Mean annual precipitation in 3 High Moderate
Estimated percentage of precipitation that is 3 Low Moderate
R recharge %

1) Letters in Tables ITa and IIb

2) GW= groundwater, PrD= proposed development, CU=consumptive use

Moderate Confidence and Low Variability for values
used for this input.

Parameter ¢, “Percent consumptive use” is used in the
Water Requirements tab to adjust total water withdrawal
to total consumptive use to account for the portion of
water returning to the aquifer as recharge after use. In
this tab, the percent is applied in the context of type of
use as proposed in the development application, with an
assumption on how the wastewater is treated and returned
to the aquifer. Uses proposed by the development can be
quite variable and include such things as retail space, of-
fice space, housing units, and so forth.

For the four examples reviewed, only four values of con-
sumptive use were listed: 10%, 16%, 90%, and 95%. The
source of these values is not documented in the examples.
The 10% has been applied to most office and commercial
uses, many of which use municipal wastewater-treatment
facilities. The 16% is applied to residential and some com-
mercial uses and seems to reflect the use of on-site waste-
water-treatment systems (OWTS), 90% has been used for
irrigation, and 95% is used for special circumstances such
as small cabins. Consumptive use of water in homes is an
important consideration in water-balance calculations, as
many rural homes utilize leach fields for wastewater treat-
ment, which returns much of the groundwater pumped
for domestic needs back to the subsurface. Several studies
have investigated consumptive use of water in homes in
rural settings within Jefferson County, and a study at a
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3) gpd = gallons per day, af/y = acre—feet per year, % = percent, # = number
4) Water Requirements table 1

residence in the Turkey Creek watershed by Paul and others
(2007) indicated that approximately 84% of groundwater
pumped for domestic needs returns to bedrock aquifers as
recharge based on. More recent and comprehensive work
at the same residence suggests that about 80% of pumped
domestic water is returned as recharge, with 19% directly
lost by consumptive use (Stannard and others, 2010). We
assign a Moderate Confidence with Low Variability to
this parameter. Incorporating results from the more re-
cent work into the WAA would improve model accuracy
and would raise this to a High Confidence with Low Vari-
ability.

Parameter A, “basin area” in the WA A tab is delineated
in ArcGIS using a USGS Digital Elevation Model (DEM)
with ten meter resolution, and produces sub-basins with
a minimum area of five acres. These sub-basins are cur-
rently delineated to ensure the WAA is sensitive to local-
ized groundwater usage, as well as impacts from proposed
development. These subbasins are currently delineated to
ensure the WAA is sensitive to localized groundwater us-
age as well as impacts from proposed development. These
subbasins are hydrologic units consistent with standard
use for watershed analyses. The USGS releases standard-
ized, citable hydrologic unit boundaries at various scales
known as Hydrologic Unit Codes (HUCs). Application of
the WAA to a geographic site is at a smaller scale than
any of the readily available USGS data products, which
currently offer a 12-digit HUC as their smallest-scale wa-
tershed division. ESRI’s ArcGIS software contains tools
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for creating hydrologic units from digital elevation mod-
els, which is how Jefferson County created the subbasins
that are smaller than the published HUCs. If 14-digit or
16-digit HUCs ever become digitally available, the WAA
process should consider utilizing these similar-scale data
products from the USGS to define watershed boundaries
using a citable methodology.

Hydrologic units can be either at the headwaters of
watersheds or they can be downstream where they may
straddle both sides of the watershed valley. This is the case
with both hydrologic units provided by the USGS and the
subbasins generated in ArcGIS by Jefferson County for
the WAA process. Using hydrologic units with this du-
ality of configuration may be useful for many watershed
hydrologic analyses. However, it is difficult to account for
inflow to a downstream subbasin from upstream sources.
The WAA structure does not need to account for a flow-
through component, so this condition does not impact the
analysis as set up. It does, however, limit the ability to
check if the WAA is accurate by monitoring water levels
in a subbasin. In a watershed subbasin, a deficit in the
water balance should result in a general decline in water
levels. This may not be the case in a downstream subbasin
where an inflow from upstream would offset the deficit in
the subbasin.

The concept of using subbasins is sound and reflects
standard hydrologic analytical methods for surface water.
However, it does assume that groundwater mimics surface
water and that flow systems stay within surface watershed
boundaries. In a fractured, crystalline-rock aquifer set-
ting, this may not always be true, particularly if the aqui-
fer is under stress by pumping.

There is the potential for some subbasins to have
groundwater wells near basin boundaries. Groundwater
pumping in these wells would influence the underlying
aquifer beyond the basin boundaries defined in the WAA
process. A buffer could be added to a subbasin that extends
the area of influence to account for groundwater pumping
in wells proximal to a subbasin boundary. A sufficient es-
timate for this buffer could be arrived at by calculating the
radius of influence around a pumping groundwater well.
That radius of influence is highly dependent on fracture
connectivity in fractured, crystalline bedrock and can be
quite variable in size and orientation. The radius of influ-
ence can be easily calculated from values obtained during
aquifer tests (http://www.aqtesolv.com/forum/roil.asp),
and results from aquifer testing in fractured, crystalline
bedrock indicate that a radius of influence of 100 feet may
be a reasonable assumed value (Jeffers and Wittig, 2004).
Adding a buffer zone may improve model accuracy, par-
ticularly in areas with high well density near basin bound-
aries.
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Subbasin size is also a consideration. In a WAA chang-
ing subbasin area and extent impacts both inflow and
outflow factors in a water-balance analysis. A larger basin
brings in more inflow from precipitation over a larger area,
but also may bring in more outflow from existing uses. The
ratio of increase in inflow over outflow is specific to each
basin. Enlargement of one basin may bring in many more
existing wells at the lower edge than an adjoining basin.

An alternate approach is to limit the hydrologic unit
of the analysis to the property under consideration. The
Evergreen Plan includes a clause (page 41) that states:
“Development or expansion of development should not
be allowed to deplete any existing groundwater supply
beyond the ability of the development area to recharge
itself.” This approach may make the most sense from a
perspective of basic sustainability. However, this would
likely preclude allowing almost all density development
and we consider this a policy decision.

Lastly, the GIS polygon shapefile of subbasins used
in the WAA process provided to CGS is not a “clean”
polygon file. There are many small polyline “fragments”
throughout the coverage. These may be small isolated and
irregular polygons within subbasins, or they may be small
appendages off of the main subbasin boundaries. These
irregularities are likely artifacts of the process that the tool
in the program uses. Typically, shapefiles like this should
go through a quality check after the process is performed
and any irregularities are removed. The irregularities may
also indictate that a parameter in the process should be
adjusted.

Overall, we consider the basin area approach in the
WAA as applied sufficient to quantify localized ground-
water impacts, and it has a Moderate Confidence with
Low Variability.

Parameter D, “Saturated thickness of aquifer exposed
to wells,” in the WAA tab is estimated by taking the differ-
ence between the mean depth of wells and the mean depth
to groundwater in a given basin. Depth to groundwater
and total well depth were averaged in each basin from the
Colorado Division of Water Resources well dataset. This
calculation is used to estimate the total water in storage
available to wells within a basin in Table 1. This param-
eter is also applied in conjunction with parameter G, “Ef-
fective yield of groundwater to wells,” in estimating how
much water is available in storage in a subbasin for use.
The “effective yield” term acts as a factor of safety that en-
hances sustainability by protecting existing well users and
acknowledges that not all fractures in crystalline bedrock
are water-bearing. While these estimates of saturated
thickness and effective yield may not be citable, they are
beneficial for existing users who have shallow wells and
promote conservative and sustainable use of groundwater
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resources in Jefferson County. Research from groundwa-
ter wells in fractured, crystalline bedrock in New Eng-
land found that 2.5% of fractures encountered in 17 well
boreholes were water-bearing (Boutt and others, 2010).
Their findings also suggest that fracture intensity sharply
decreases at 550 feet below the surface, and fractures were
not present below 1,000 feet (Boutt and others, 2010). Val-
ues based on average depths may be less than 550 to 1,000
feet, suggesting that, in reality, saturated thickness could
be greater than current estimates in the WAA examples.
However, it is important to keep in mind that the WAA
process considers existing users within the subbasin,
many of which have shallow wells. Overall, the existing
WAA estimates for saturated thickness have Moderate
Confidence with Low Variability.

Parameter E, “Estimated average porosity of aquifer,”
in WAA tab is used to calculate the volume of water in
storage in Table 1. Porosity is a significant driver in water-
budget calculations, as it largely controls groundwater
storage in the sustainability evaluation. A value of 2.0% is
used for porosity in the four example WA As reviewed but
the source of that value is not cited.

Porosity can vary by aquifer type and Table 1 of the
WAA tab lists relative abundances of aquifer rock type as
percentages. In the four examples reviewed, the relative
percentage of rock types within the basin were not used
to adjust the average porosity within the basins. Porosity
estimates could be improved by using the aquifer type
distribution listed in Table 1 of the WAA tab if site-spe-
cific data are available. Porosity estimates for the major
bedrock types commonly found in Jefferson County were
estimated by modeling fracture opening size, or aperture,
and density (Bossong and others, 2003). The estimates
showed that values could range over several orders of
magnitude for each rock type. Table B-IV compares the
current 2% value applied in the WA A examples with other

values from the literature and includes recommended rep-
resentative values that could be used in the WA A process.
However, adjusting the porosity values by distribution
of aquifer type requires detailed geologic mapping data
for the sub basin. Currently the only GIS-based geologic
mapping available for the county is at a scale of 1:100,000,
which is a small scale with respect to the subbasin sizes.
In most cases the geologic mapping of rock type, and hence
aquifer type, is not adequate to refine the porosity value
for a given subbasin. We assign Low Confidence with the
potential for High Variability for porosity values.

Parameter G, “Estimated average porosity of aquifer,” in
the WAA tab is used to adjust the total water estimated
in storage based on the porosity and saturated thickness
in Table 1. It is not a variable easily measured, nor are
there values in the literature. It is similar in concept to
specific yield of an aquifer, which represents the percent-
age of water that will drain by gravity from an aquifer. In
most materials, the specific yield is lower than the poros-
ity because not all water will drain by gravity. Capillary
forces retain a small portion of water on the surfaces of
grains where pore space is small. Capillary forces may
indeed retain water within the fractures of the crystalline
bedrock aquifer, but the relative amount can vary consid-
erably, depending on fracture aperture. A value of 50% is
used in the WAA process and it enters the calculations
after the volume is adjusted for porosity, so it effectively
cuts the porosity in half. A value of 50% serves as a factor
of safety that enhances sustainability by protecting exist-
ing well users and acknowledges that not all fractures in
crystalline bedrock are water-bearing. This parameter has
a Moderate Confidence with Moderate Variability.

Parameter I, “Estimate of groundwater stored in the
basin aquifer per foot of saturated thickness,” in the WAA
tab is a value used later on in assessing the sustainabil-
ity of the aquifer (Tables 5b, 5¢c, 6b, and 6¢). The value

Table B-1V
Porosity ranges and representative values for the major bedrock units that make up aquifers in
Jefferson County
Aquifer Current Model | Porosity Range? Recommended Representative
Composition Porosity
Basin Wide 2% N/A N/A
Metamorphic N/A 0-10% 2.5%?
Intrusive N/A 0-5% 0.5%°
Fault Zone N/A 0-10% 5%?
Pike's Peak Granite | N/A 0-5% 0.5%3
Alluvium N/A 20 -35% 25%

1 Freeze and Cherry (1979) 2 Lane and others (1995) 3 Schild and others (2001)
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is calculated by multiplying the basin area by the average
porosity of the aquifer. This is not an intuitive calculation
and does not reflect the title of the parameter. A better
calculation, which reflects the parameter title and intent
of the use in later calculations, is to divide the volume in
the saturated thickness by the saturated thickness. This
change in calculation increases the estimated drop in wa-
ter level (parameter V in Table 5b) and decreases the time
to deplete the aquifer (parameter W in Table 5b). As cur-
rently calculated, we assign Low Confidence with Moder-
ate Variability.

Parameter K, “Estimated amount of groundwater
withdrawal,” in the WA A tab is used to calculate the total
withdrawal by existing wells in the basin in Table 2 and
then again in Table 4. Table 4 estimates the total with-
drawal by wells in the proposed development. For exempt
wells, primarily household and domestic, the values are
0.3 and 1 acre-feet per year, respectively. Since these wells
are not metered, this value is reasonable to use and is what
is typically applied when estimating water use by these
types of wells. The Upper Mountain Communities study
(CDM, 2011) uses 0.6 acre-feet per year for domestic, 0.25
for household, and 0.33 acre-feet per year for all other
types. A domestic permit allows up to about 3 acre-feet
per year. In many cases, the values may be high; in others,
they may underrepresent actual usage. For administered
wells, such as municipal and commercial, reported use
data are available from the Colorado Department of Water
Resources. We assign this value High Confidence with
Low Variability.

Parameter M, “Estimated returned to recharge ground-
water,” in the WA A tab is an estimate of direct recharge to
the aquifer after a portion of the pumped water is con-
sumed. Conceptually it is essentially the same as param-
eter ¢ in the Water Requirements tab. Both parameter ¢
and M are based on estimates of total consumptive use.
Parameter M in the WA A tab is reported as the percent re-
turned to the aquifer in contrast to percent consumed for ¢
in the Water Requirements tab; hence c=1-M. Parameters
cand M also differ in how the values are derived; and this
is a significant distinction. Parameter M in the WAA tab
is based on the source-well type, whereas parameter c in
the Water Requirements tab is based on the use of devel-
oped space and how the water is treated and returned to
the aquifer proposed for the development. Uses proposed
by the development vary and include such things as retail
space, office space, housing units, and so forth. Estimat-
ing consumptive use, and hence recharge to the aquifer, by
proposed use of space and use of the water should be con-
sidered a more realistic estimate. In the four examples,
there is consistency in values used. We assign this param-
eter Moderate Confidence with Low Variability.

OF 20-09 CoLORADO GEOLOGICAL SURVEY

Parameter Op, “Estimated returned to recharge
groundwater,” in the WAA tab is used to assess the im-
pact of the proposed development in Table 5a. This value
should be similar to the estimated total consumptive use,
parameter f, in the Water Requirements tab. Any differ-
ence between the two would reflect that a variable is not
correct in one of the analyses. If parameter Op is higher
than parameter f, either the estimated use by developed
space is underestimated or the amount of water available
to be consumed by the proposed wells is too high. Con-
versely, if parameter Op is lower than parameter f, either
the estimated use by developed space is overestimated or
the amount of water available from the proposed wells is
too low. The latter condition would be a flag that the pro-
posed wells may not be physically or legally adequate to
meet the anticipated demands. As currently calculated,
we assign Low Confidence with Low Variability.

Parameter P, “Mean annual precipitation based on
NWS RES data,” is used in Table 3 to estimate water avail-
able from the water balance. The value is calculated based
on National Weather Service River Forecast Centers,
which utilize both raingage and radar data on a 4-kilo-
meter by 4-kilometer grid system. Annual precipitation
measurements from 2005-2013 were collated from 145
stations across Jefferson County and were interpolated to
provide precipitation estimates across the county. These
stations are well distributed across Jefferson County with
a sufficiently high spatial resolution to provide an accurate
estimation of precipitation inflows across the county. The
current time range investigated (2005-2013) should be
sufficient to capture climate variability, but periodically
updating the precipitation dataset will ensure that pre-
cipitation inflows remain accurate in the model. The value
does not take into consideration possible climate change.
Overall, precipitation is characterized well by the existing
WAA with a High Confidence and Moderate Variability
in the current model.

Parameter R, “Mean annual precipitation based on
NWS RES data,” is used in Table 3 to arrive at a value of
direct inflow of water to the aquifer from natural recharge.
It represents the natural inflow of water to the subbasin
area of the proposed development. Other sources of
water inflow may exist, including recharge from human
activities, such as infiltration from on-site leach fields and
ponding of water in disturbed areas. For downstream
subbasins there can be an inflow from groundwater un-
derflow or seepage from the stream into the aquifer under
favorable conditions. Recharge from precipitation is a ma-
jor driver of incoming water in the current WA A process,
and recharge from precipitation is listed at 3.5% for all of
the basins in Jefferson County. Recharge is an important
consideration in water-balance applications because it is
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the major source to replenish groundwater in storage.

A complete water balance was modeled for Turkey
Creek in Jefferson County (Bossong and others, 2003;
CDM, 2011), which estimated that evapotranspiration is a
sink for 86.5% of incoming precipitation; 5.1% of incom-
ing precipitation is lost to surface runoff; 6.1% of incoming
precipitation runs off into surface water via the shallow
interflow reservoir; and 2% of incoming precipitation
partitions into deep bedrock reservoir recharge. CDM
(2011) performed regression analyses of baseflow against
precipitation by major rock type and the results are listed
Table B-V. There were not sufficient data available from
alluvium to develop a regression equation, so CDM as-
sumed recharge in alluvium is comparable to that in Pikes
Peak granite, which has the highest recharge rates out of
all of the geologic classes.

Recharge rates derived from the regression analysis did
not match expected relationships, with recharge rates in
Pike’s Peak Granite and other intrusive rocks being higher
than fault zone areas and metamorphic bedrock, which
should have a higher intensity of fracturing. This may
reflect weathering processes in the Pike’s Peak Granite,
which has a thick regolith layer that could support greater
recharge rates than non-weathered intrusive rocks. The
unexpected results for the fault zone may be an artifact of
application of the regression analysis against a watershed
model simulation where fault zones represent discrete and
limited features. It may also reflect the scale of geologic
mapping available in digital GIS format. Geometry and
extents of various geologic units in the watersheds may
be much more complex than the 1:100,000 digital maps
indicate and the regression analysis may not account for
actual geologic conditions. Further work should be done
to collect field measurements of infiltration rates in major
bedrock classes present in Jefferson County, which would
better quantify hydraulic conductivity of these major
classes and generate physical estimates of recharge pro-
cesses. We assign Low Confidence with Moderate Vari-
ability for this parameter.

Recommended Parameter Revisions

Based on our evaluation we recommend considering
revisions to the values of parameters listed in Table B-VI.
These values are based on a review of current available
literature relevant to the foothills area of Jefferson County.

OTHER CONSIDERATIONS

Slope and aspect: Slope and aspect could also be impor-
tant factors to consider for water balance calculations
in the WAA. Weathering processes are significantly dif-
ferent on north facing slopes compared to south facing
slopes. Steepness also affects weathering and regolith
characteristics, as well as runoff of precipitation. Recent
studies completed by the Colorado School of Mines sug-
gests that slope weathering profiles are significantly more
intense on north facing slopes (Bandler, 2016). These
effects could greatly impact hydrogeologic properties of
north facing slopes, as intensely weathered regolith could
significantly enhance both recharge rates and storage
from porosity. Results from this study suggest that on
north facing slopes, groundwater flow can approximate
matrix dominated conditions in fractured bedrock, while
on south facing slopes groundwater flow is controlled
by fractures (Bandler, 2016). Thus, recharge rates are
likely to be significantly greater on north facing slopes,
which could greatly impact water balance calculations.

Changes in land cover from development: In some
development sites large areas of land can be modified.
Once forested areas may be cleared, large areas may be
graded exposing deeper parts of the regolith or unweath-
ered bedrock. Other areas may be covered with impervi-
ous surfaces. All of these modifications may change runoft
patterns, evapotranspiration rates, and ultimately recharge
rates that can impact the water balance. There may not be
a practical way to factor this into a WA A at the sub-basin
level, but these changes may be an important factor in
the overall water balance in areas of heavy development.

Table B-V
Percent of precipitation that recharges groundwater storage.

Geologic Bedrock Class % Recharge from Precipitation®
Metamorphic 7.5%

Intrusive 10.0%

Fault Zone 5.40%

Pike's Peak Granite 19.2%

Alluvium 19.2%

1 CDM (2011)
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Table B-VI
Summary table for JeffCo WAA parameters that could be updated to improve model accuracy
Parameters Porosity Recharge from Precipitation
Dependent on
Bedrock Type:
Aquifer Current Model Recommended | Current Model Recommended
Composition Representative Representative
Porosity Recharge
Basin Wide 2% N/A 3.5% N/A
Metamorphic N/A 2.5% N/A 1.88%
Intrusive N/A 0.5% N/A 2.5%
Fault Zone N/A 5% N/A 1.35%
Pike's Peak Granite | N/A 0.5% N/A 4.8%
Alluvium N/A 25% N/A 4.8%
Other Parameters: | Current Model Value Recommended Value
Percent 84.4% 80.4%
Consumptive Use
of Domestic Wells
Water Demands Table 4 WAA Tab Table 1 Water Requirements Tab
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