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PREFACE
This Report of Investigation describes the hydrogeologic characterization and analysis for delineation of drinking water

source protection zones for 13 springs used as public water supplies in western Cache Valley, Cache County, Utah. The com-
munities of Clarkston, Newton, Trenton, and Mendon receive part or all of their public water supply from these springs. The
drinking water source protection zones delineated in this study allow for varying levels of contaminant source assessment and
management to secure the long-term viability of these drinking water sources.

The Utah Division of Drinking Water’s Drinking Water Source Protection (DWSP) program requires that public water sup-
pliers in Utah develop management plans to protect their water sources and the public’s health. Source protection zones are a
significant part of the DWSP program and may be delineated either by identifying all upgradient areas supplying ground water
within a 2-mile fixed radius of the source, or be based on consideration of local geology, hydrogeology, and ground-water time-
of-travel to the source. The fixed-radius approach is primarily used in remote areas or where there is little aquifer data, and
allows for a single level of protection. Time-related or time-of-travel source protection zones, as delineated in this study, require
more data and are more difficult to determine, but allow for varying levels of protection.

In 1998, the fixed-radius approach was used to delineate a single source protection zone for each of the 13 springs. Now,
Cache County may enact zoning that is based on a 250-day ground-water time-of-travel to the source, requiring redelineation of
the source protection zones. I used a multifaceted approach incorporating aquifer characteristics, catchment area estimations,
recharge area calculations, and simple analytical techniques to delineate multiple source protection zones for each spring. The
information in this report can be used in the development of effective management plans to protect these water sources and the
public’s health.

The 13 chapters in this Report of Investigation were originally unpublished reports resulting from individual studies con-
ducted for Cache County. Thad Erickson, Cache County Water Policy Coordinator, arranged for partial funding of the studies
by Cache County. The studies have been compiled in this Report of Investigation to make information on the springs in the
Clarkston Bench area of western Cache Valley available to the public. Hugh Hurlow, Mike Hylland, Lucy Jordan, Mike Lowe,
Robert Ressetar, and Janae Wallace of the Utah Geological Survey provided assistance and helpful reviews during the prepara-
tion of the individual reports and this Report of Investigation.
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for North Fork Spring, which is used by the
Clarkston Water System as a source of drinking water. A
spring protection zone was delineated for the spring in 1998,
but new spring protection zones are being redelineated now
so that additional zoning can be implemented in the area.
The spring is in the western Clarkston Bench area near the
foothills of Clarkston Mountain, Cache County, Utah.

The West Cache fault zone is the dominant geologic
structure in the area and forms the boundary between the
mountains and valley. Paleozoic sedimentary rocks near
North Fork Spring typically dip toward the east and north-
east, away from the high mountain areas; faults interrupt the
regional dip of the rocks. Tertiary strata of the Salt Lake For-
mation unconformably overlie lower Paleozoic strata and
underlie Quaternary alluvial-fan and lacustrine deposits. The
Salt Lake Formation is exposed throughout the foothills of
the valley, and Quaternary unconsolidated alluvial-fan and
lacustrine deposits are exposed around the spring.

North Fork Spring issues from
alluvial-fan deposits near the con-
tact between the alluvial-fan de-
posits and underlying semiconsoli-
dated to consolidated deposits of the
Salt Lake Formation. A number of
springs issue relatively small but
useful supplies of water at or near
the contact between the alluvial-fan
deposits and Salt Lake Formation,
and thus limit the areas contributing
ground water to North Fork Spring.
Ephemeral streams are a major
source of recharge to the aquifer as
they emerge from the mountains
onto the coarse-grained alluvial-fan
deposits. The average hydrologic
budget for the Clarkston Bench
watershed indicates that about 2.4
billion cubic feet of water enters and
leaves the area annually. I deter-
mined a recharge area of about 2.6
square miles is necessary to provide
345 gallons per minute to North
Fork Spring, based on average
annual precipitation and evapotran-
spiration rates in the area.

I incorporated tools and meth-
ods of geology and hydrogeology,
and aquifer volume discharge and
ground-water velocity calculations
in an integrated approach to deter-
mine the extent of the DWSP zones
(as defined by Utah Drinking Water
Source Protection Rules). Each

zone was delineated using the results of the method that
extended the zone boundary the most conservative (protec-
tive) distance topographically upgradient of the spring, rela-
tive to the defined criteria for the particular zone. Maximum
upgradient distances from the spring for the DWSP zone
boundaries, and the method results used are as follows: (1)
zone 2—700 feet, aquifer volume discharge method; (2) zone
3—1600 feet, ground-water velocity method; and (3) zone
4—11,600 feet, hydrogeologic method.

INTRODUCTION
This report describes the delineation of new drinking

water source protection (DWSP) zones for North Fork
Spring, a public-water-supply spring (Utah Division of Drink-
ing Water system number 03004, source number 01) in the
NE1⁄4NW1⁄4SE1⁄4 section 17, T. 14 N., R. 2 W., Salt Lake Base
Line and Meridian, western Cache County, Utah (figure 1).
The existing protection zone for North Fork Spring, delin-
eated in 1998, is a 2-mile radius upgradient from the spring.
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Cache County intends to enact zoning that utilizes the 250-
day time-of-travel zone (zone 2) around the spring, requiring
redelineation of the DWSP zones for North Fork Spring. The
scope of work included a literature search, review of water
records, interpretation of data, delineation of the DWSP
zones, and preparation of this report.

North Fork Spring is about 3 miles northwest of the town
of Clarkston, near the foothills of Clarkston Mountain. The
town of Clarkston is a rural farming community that obtains
part of its municipal drinking water from North Fork Spring.
The Clarkston Water System consists of five spring sources,
of which three are shared with Newton and/or Trenton, and a
well. North Fork Spring is one of the shared sources. The
Clarkston Water System uses one-third of the water from
North Fork Spring. Dry farming is the predominant land use
in the area surrounding the spring, in addition to grazing,
recreation, and some residential development. Agricultural
development has taken place since 1864 in the area (Peter-
son, 1946). Figure 2 shows the extent of the agricultural
land in the area of North Fork Spring.

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source. The delineation of DWSP
zones around public water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply. This strategy creates a limited area
to concentrate resources for inventory, control, and monitor-

ing with an overall goal of protecting the quality of the pub-
lic water supply. Local government entities can implement
land-use regulations to protect water supplies and reduce the
risk of future ground-water contamination and costly reme-
diation efforts in these areas. Utah's DWSP Rule (R309-600-
9[3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rule requires the delineation of zones 1, 2,
and 4. A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9[3]
[iii]).

North Fork
Spring

N

0 625 1250 feet

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of North Fork Spring.



One of two procedures may be used to delineate DWSP
zones: (1) a “Preferred Delineation Procedure” based on
ground-water times-of-travel and local geology and hydroge-
ology, or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source. I delineated the DWSP zones for North
Fork Spring using the “Preferred Delineation Procedure”
because this approach incorporates information about the
hydrogeologic system and is less arbitrary than the other pro-
cedure.

In this study, I delineated DWSP zones 2, 3, and 4. Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
North Fork Spring is located on Clarkston Bench, in

northwestern Cache Valley, at the eastern edge of the
Wasatch Range. This area includes parts of the Clarkston
Mountain and Cache Valley subdivisions of the Middle
Rocky Mountains physiographic province (Stokes, 1977).
Clarkston Bench constitutes the largest foothill bench in
Cache Valley, and is largely covered with alluvial-fan and
lacustrine sand and gravel deposited during the Bonneville
lake cycle, and recent alluvial-fan deposits (Biek and others,
2003) (figure 3). Clarkston Bench is situated between the
Newton and Bergeson Hills on the east and Clarkston Moun-
tain on the west, and terminates to the north near low hills
along the Idaho state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996). The West Cache fault zone,
which forms the boundary between Clarkston Mountain and
Cache Valley, shows evidence of recurrent Quaternary sur-
face faulting, including Holocene events (Black and others,
1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003). Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003). These strata consist of car-
bonate, shale, sandstone, conglomerate, quartzite, and phyl-
lite (Williams, 1958; Bjorklund and McGreevy, 1971; Biek
and others, 2003). Stratigraphic units that crop out near
North Fork Spring strike about N. 20° W. to N. 5° W. and dip
30° to 45° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations
are exposed throughout the foothills of the valley, and con-
sist primarily of conglomerate and tuffaceous siltstone, sand-
stone, limestone, and volcanic tuff (Williams, 1962; Evans
and Oaks, 1996). These strata unconformably overlie lower
Paleozoic strata and underlie Quaternary deposits in the val-
ley. Underlying Quaternary deposits in the area of the spring
is the Washboards subunit of the Salt Lake Formation, which
consists of thin- to medium-bedded, calcareous claystone

and siltstone, with lesser amounts of sandstone (Biek and
others, 2003). Coalescing aprons of alluvial fans shed off
Clarkston Mountain overlie the Washboards subunit of the
Salt Lake Formation and older alluvial-fan deposits along the
mountain front and in the valley. These alluvial-fan deposits
slope gently away from the mountain front. Surficial sedi-
ments in the area are coarse, poorly to moderately sorted
gravel, sand, silt, and clay deposited in stream channels on
the alluvial fans (Biek and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges. Temperatures in Cache Valley reach a nor-
mal maximum of 90.0° F and a normal minimum of 10.2ºF.
The normal annual mean temperature and precipitation range
from about 45 to 50°F and 16.6 to 19.5 inches, respectively;
normal annual mean evapotranspiration in Cache Valley
ranges from 40.9 to 45.3 inches (Ashcroft and others, 1992).
Because evapotranspiration rates are extremely high in the
valley, little water that falls on the valley surface recharges
the aquifer. Clarkston Bench is at the western edge of Cache
Valley and has a temperate, seasonal, and semiarid climate.
The seasons are well defined and are characterized by warm
and dry summers, cold and wet winters, warm and very wet
springs, and warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to North Fork Spring are at Trenton, about 7 miles
northeast of the spring, and Cutler Dam, about 8 miles south-
east of the spring. Monthly temperature, snowfall, and pre-
cipitation data from the Trenton and Cutler Dam weather sta-
tions are given in table 1. Neither Trenton nor Cutler Dam
weather stations are completely representative of climatic
conditions near North Fork Spring, nor are they representa-
tive of the mountains above the spring. The area around
North Fork Spring is probably colder than at either of the
weather stations, because of its higher elevation (5180 feet).

The climate of the mountainous watershed contrasts
sharply with that of Clarkston Bench, with precipitation
being greater and temperatures lower. Although no climato-
logical data are available for Clarkston Mountain, the moun-
tain likely receives two to three times more precipitation than
Clarkston Bench based on comparison with the Wasatch
Range to the south. Snowfall on Clarkston Mountain is con-
siderably greater than in the Clarkston Bench area, and local-
ly mountain precipitation may average 40 to 70 inches annu-
ally (Ashcroft and others, 1992). Snow accumulates from
October to mid-May and maximum runoff from snowmelt is
from April to June. The precipitation received as snow on
the higher elevations is an important source of ground-water
recharge, because the slow melting of winter snow leads to
the replenishment of soil moisture and ground-water
recharge. Runoff from snowmelt provides Clarkston Bench
with most of its surface and ground water. Based on the dis-
tribution of precipitation in the area, the average annual pre-
cipitation at North Fork Spring is probably about 18 inches
and the average over the mountains is about 24 inches.
Evapotranspiration in the areas above the spring probably
averages about 20 inches annually.

3Delineation of drinking water source protection zones for Cache County, Utah



4 Utah Geological Survey

N

2 1 0 2 Miles

 R 2 W112°07'30" 112°02'30"

41°57'30"

T
13
N

T
14
N

41°55'00"

112°02'30"112°07'30"

fi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfiSOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

SOSOfifiSOfiSOfi

WW
EESSTT

CC
AACCHHEE

FFAA
UU

LLTT
ZZOO

NN
EE

W
EST

C
ACHE

FA
U

LT
ZO

N
E

W
EST

C
ACHE

FA
U

LT
ZO

N
E

Myler SpringMyler Spring

Goodey SpringGoodey Spring

City Creek SpringCity Creek Spring

Loosle SpringLoosle Spring

Buttars SpringButtars Spring

Little Birch SpringLittle Birch Spring

Garner SpringGarner Spring

Sparks SpringSparks Spring Thompson 
Spring

Thompson
Spring

Big Birch SpringBig Birch Spring

North Fork
Spring

North Fork
Spring

Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003). Explanation on following page.
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EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed

30 30

B

Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).
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NORTH FORK SPRING
Springs are an important source of water in the Clarkston

Bench region and range from small seeps to continuously
flowing springs that discharge up to several hundred gallons
of water per minute. Commonly, springs emerge from flat-
lying, permeable Quaternary alluvial-fan and lacustrine
deposits where they overlie impermeable Salt Lake and
Wasatch Formations (Biek and others, 2003). Faults control
the location of a few small springs on Clarkston Bench as
indicated by their location near the surface trace of faults.
None of the fault-controlled springs are used as public water
supplies. Some springs are well developed and their waters
are utilized to the greatest possible extent; others are not
developed or used. Spring discharge areas can be overgrown
with a variety of phreatophytes. North Fork Spring water is
of good quality.

North Fork Spring is at a surface elevation of approxi-
mately 5180 feet. It is one of several springs on the west side
of Clarkston Bench having similar characteristics. North
Fork Spring is well developed, allowing only a minimal
amount of surface runoff. Existing information on spring
flow rates is minimal; spring discharge records available are
combined with the discharge from Big Birch Spring and

reported to the Utah Division of Water Rights. Historical
spring-flow records indicate that the combined North Fork
and Big Birch Springs maintain a consistent base flow
throughout the year. Discharge from the springs is variable,
with high flows occurring in the spring and early summer.
The maximum recorded discharge of North Fork and Big
Birch Springs combined is 345 gallons per minute.

Water is collected from North Fork Spring in perforated
pipes in the vicinity of the spring, placed in gravel-lined
ditches that were backfilled with native material. Water in
the collection pipes goes into the North Fork Spring collec-
tion box (figure 4). The collection box provides a settling
basin for sediment removal and facilitates maintenance of the
spring. Water from North Fork Spring is then piped to the
Big Birch Spring collection box, where the water from North
Fork Spring is combined with Big Birch Spring discharge.
The combined spring water then flows into a splitter box sev-
eral yards away from the Big Birch Spring collection box.
The splitter box is an enclosed 6-foot by 8-foot by 6-foot-
deep concrete structure containing a 36-inch-long, sharp-
crested steel weir. Water falling over the weir is divided
evenly into three smaller catchment basins, which empty into
separate water lines serving the communities of Clarkston,
Newton, and Trenton.

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The northern
and eastern boundaries of Clarkston Bench coincide with
hills composed of low-permeability materials that probably
contribute little water to the area (Bjorklund and McGreevy,
1971).  The western boundary coincides with Clarkston
Mountain, composed of rocks having unknown hydraulic
properties; the transmissivities of the rocks are probably
lower than those of the alluvium in the valley.  Discharge to
the main Cache Valley aquifer occurs along the southern
boundary of Clarkston Bench.  Limited water-level data in
the Clarkston Bench area indicate ground-water flow is away
from Clarkston Mountain and to the southeast under a
hydraulic gradient varying from 0.009 to 0.08 (Bjorklund
and McGreevy, 1971).

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the ground water in the
Clarkston Bench hydrologic province.  Precipitation on
Clarkston Mountain contributes to both recharge of the rock
aquifer and surface-water runoff in ephemeral streams that
flow from the mountain.  The permeabilities of rock and sur-
ficial units in the mountains are highly variable and the infil-
tration rates of water into the ground may be high in some
areas, and moderate or low in others.  Details of hydraulic
gradients and flow directions on Clarkston Mountain are
unknown, but some generalities can be made, assuming
hydraulic gradients are partly related to topography.  The
Clarkston Mountain front slopes moderately to steeply east-
ward, with northward and southward slopes adjacent to
stream channels.  Mountain-front ridges have topographic
gradients of about 0.3 to 0.5, and ephemeral stream channels
along the mountain front have gradients of about 0.1 to 0.3,
suggesting that ground-water gradients are also steep, proba-
bly in the range of about 0.01 to 0.1.  Ground and surface
waters flow eastward, away from the mountain crest toward
the mountain front, with local ground water flowing toward
stream channels.  Anisotropic permeable and impermeable
layers in some sedimentary rock intervals may modify local
flow directions in the mountains.

Ephemeral streams draining Clarkston Mountain en-
counter permeable, unconsolidated alluvial-fan deposits as
they cross the mountain front, and recharge the alluvial-fan
and lacustrine aquifer in the valley.  The streams coming out
of the mountains are flashy, and most of the year’s runoff
takes place in the spring.   Near the streams, the water table
probably rises in the spring in response to increased runoff,
and then declines until the end of the growing season.  Bjork-
lund and McGreevy (1971) considered the alluvium in the
Clarkston Bench area to consist of coarse sand and gravel
deposits that yield water.  Kariya and others (1994) estimat-
ed the transmissivity of unconsolidated deposits underlying
Clarkston Bench to be about 240 square feet per day based
on test data from the few wells in the area.  This value is con-
sistent with typical values for sand and gravel deposits
(Domenico and Schwartz, 1990), and is relatively high com-
pared to results from the surrounding area (Kariya and oth-
ers, 1994).

The West Cache fault zone trends roughly N. 20° to 40° W.,

and forms the boundary between higher permeability uncon-
solidated sediments and the lower permeability rocks of
Clarkston Mountain.  Although the permeability architecture
of the West Cache fault zone is poorly understood, fractures
along the fault zone may create a higher permeability zone
and allow ground-water flow along or across the fault.  Few
springs are present along the trace of the West Cache fault
zone, consistent with the fault not acting as a barrier.

A component of subsurface inflow from bedrock to allu-
vium along the mountain front is probable, but seepage of
surface water is likely the most important source of recharge
to the alluvial-fan aquifer.  The Salt Lake Formation may act
as a barrier to downward flow, below the unconsolidated sed-
iments, causing ground water to move horizontally until the
unconsolidated sediments thin and springs emanate at the
surface.  Perennial, but seasonally fluctuating, discharge of
water by North Fork Spring indicates that a relatively low-
elevation recharge area, with at least a moderately sized sub-
surface reservoir, feeds the spring.

Hydrologic Budget for the
Clarkston Bench  Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This requires the identification and
quantification of sources of recharge and discharge to the
watershed (table 2).  The Clarkston Bench watershed is a
semiarid to humid area of about 43 square miles.  The budg-
et assumes that all water entering the watershed either goes
into storage within its boundaries, is consumed therein, or
flows out either on the surface or underground.  I identified
precipitation as the sole source of water within the Clarkston
Bench watershed.  Water storage in the catchment area in-
cludes storage in ground water, soil moisture, vegetation, and
Clarkston Creek.  Evapotranspiration, surface-water outflow,
and ground-water outflow represent discharge from the wat-
ershed.

Precipitation in the watershed ranges from 16 to 30 inch-
es annually (Ashcroft and others, 1992) and probably aver-
ages about 24 inches, thus inflow to the catchment area is
about 2.4 billion cubic feet per year.  The annual, seasonal,
and monthly precipitation is not evenly distributed temporal-
ly or spatially within the watershed.  Greater precipitation is
associated with summer and fall convective storms or higher
elevations.  Evapotranspiration, the largest outflow from the
watershed, averages about 20 inches annually over the water-
shed (Ashcroft and others, 1992), resulting in the loss of

Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)
Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr
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about 2 billion cubic feet per year of water from the water-
shed.  Like precipitation, evapotranspiration is not evenly
distributed temporally or spatially within the watershed.
Bjorklund and McGreevy (1971) estimated discharge from
Clarkston Creek to be 174 million cubic feet per year during
the period 1960 to 1968.  I estimated that the remainder of
the water that leaves the Clarkston Bench watershed, about
226 million cubic feet per year, leaves as subsurface outflow.
The hydrologic budget for the Clarkston Bench watershed
indicates there is enough water in the watershed to account
for spring discharges.

Recharge-Area Calculation for North Fork Spring
I used a water-budget method to estimate the land-sur-

face area contributing recharge to North Fork Spring.  This is
a simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape, of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and recharge rates.  This can be expressed as:

where A is the area contributing recharge to the spring, Q is
the discharge rate of the spring, and R is the annual ground-
water recharge rate above the spring.

Discharge from North Fork and Big Birch Springs com-
bined, as reported to the Utah Division of Water Rights, is as
much as 345 gallons per minute.  Since distinguishing North
Fork Spring discharge from Big Birch Spring discharge is
not possible, I used 345 gallons per minute as a North Fork
Spring conservative (protective) discharge.  I assumed values
of maximum discharge for the spring to represent a maxi-
mum possible areal extent of the recharge area.  As indicated
above, average annual precipitation in the mountains is esti-
mated at 24 inches and evapotranspiration is estimated at 20
inches.  I assumed the amount of precipitation recharging the
ground-water system is the difference between precipitation
and evapotranspiration, or 4 inches of precipitation per year
recharges ground water in the catchment area.  This amount
represents about 17 percent of the total annual precipitation,
a reasonable value compared to other areas in Utah having
similar climate and topography.  Based on these values, the
recharge area of North Fork Spring must be about 2.6 square
miles to produce a discharge of 345 gallons per minute.  The
water-budget computation reasonably estimates the aquifer
surface area needed to provide ground water to the discharg-
ing spring.

Catchment-Area Estimate for North Fork Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).  I as-
sumed values of maximum discharge from the spring repre-
sent the maximum areal extent of the catchment area, and an
annual recharge of 4 inches.  Using the method of Todd

(1980) to plot catchment area as a function of estimated
recharge rate and discharge for springs, a catchment area of
about 2.5 square miles is required to supply 345 gallons per
minute to North Fork Spring.

DWSP ZONES
Introduction

To assure the quality of the water from North Fork
Spring, which is of particular concern to the Clarkston Water
System, the surface and subsurface areas that supply water to
the spring need protection.  The delineation of capture zones
or DWSP zones is a method of identifying areas surrounding
the spring for protection against infiltration and transport of
contaminants that may adversely affect human health.  I used
a preferred delineation procedure to determine the DWSP
zones, because it uses local hydrogeologic conditions.

I combined a hydrogeologic investigation, and aquifer
volume discharge and ground-water velocity calculations to
delineate the DWSP zones for North Fork Spring.  I qualita-
tively defined the physical and hydrologic controls on
ground-water flow to the spring by examining the hydroge-
ology of the area.  The hydrogeologic method uses the local
geology, topography, and surface features to provide insight
into the size and shape of a contributing area to the spring.
This represents an area that may contribute to the spring, but
it may take longer than 15 years for water in this area to reach
the spring.  The aquifer volume discharge method provides
time-related zones based on the spring discharge.  For a shal-
low water-table aquifer, such as the aquifer supplying North
Fork Spring, the time-of-travel is probably related to the dis-
charge of the spring.  By using a maximum spring discharge,
I obtained a conservative (protective) distance from the
aquifer volume discharge method.  Additionally, all zones are
conservative because the discharge used was a combined dis-
charge from North Fork and Big Birch Springs.  The ground-
water velocity method is based on the distance a particle
travels in the aquifer in a given amount of time.  Because the
alluvial-fan and lacustrine deposits supply water to the
spring, using a conservative estimate of hydraulic conductiv-
ity and applying Darcy’s law should give conservative values
of velocities in the aquifer.

Based on the geologic and hydrogeologic evaluations, I
made the following assumptions regarding aquifer character-
istics relevant to capture-zone delineation:

• Ground water to North Fork Spring flows through
unconsolidated deposits overlying the Wash-
boards subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by pre-
cipitation from the mountains onto the alluvial-
fan deposits.

• Topography is an important factor controlling the
supply of ground water to North Fork Spring.

• Ground-water movement to the spring along the
West Cache fault zone may supply some water
to the spring.

• North Fork Spring flow records indicate that flow

A = Q
R
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varies seasonally, but the spring maintains a
sustainable flow year-round.

• Water-budget and catchment-area analyses indicate
that the area needed to recharge the spring lies
within the topographic watershed.

• Hydraulic conductivity, and potentially ground-
water velocity, may be relatively high in some
parts of the system but relatively low in other
parts.

Hydrogeologic Method
For the shallow aquifer system feeding North Fork

Spring the zone of contribution is likely situated near the
spring, and the water-budget and catchment-area analyses
indicate the zone of contribution to the spring is likely with-
in local topographic drainages.  Recharge to the spring’s
aquifer occurs along the mountain front where ephemeral
streams that drain Clarkston Mountain encounter coarse allu-
vial-fan deposits, near where they cross the West Cache fault
zone.  Because recharge to the alluvial-fan aquifer includes
significant seepage of surface water, the drainages supplying
surface water should be integrated into the protection zones.
The protection zones should extend along the West Cache
fault zone, because of the likelihood of water flowing along
the fault zone.

I used 1:24,000-scale topographic maps to locate the sur-
face drainages and potential boundaries surrounding the
spring.  Topographic surface divides and ground-water
divides typically coincide, and lateral drainage divides sep-
arate areas contributing recharge to the spring from non-con-
tributing areas.  Springs and surface drainages on either side
of the topographic divide indicate the hydrologic divide is
influnced by the topographic divide.  Hydrogeologic infor-
mation indicates the potential zone of contribution to the
spring may extend as much as 2.2 miles west-southwest from
the spring.  I consider this to be the maximum plausible
extent of the catchment area.  Ground-water flow boundaries
closer to North Fork Spring could not be inferred from the
hydrogeologic evaluation.  No areas of North Fork Spring’s
aquifer are considered confined or isolated from the ground
surface, and the aquifer is therefore “unprotected” as defined
in Utah's Drinking Water Source Protection Rule (R309-600,
Utah Administrative Code; administered by the Utah Divi-
sion of Drinking Water).

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer properties.  Although this method is
less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitative
method for which sufficient data are available.  I delineated
DWSP zones for 250-day, 3-year, and 15-year ground-water
time-of-travel for a discharge of 345 gallons per minute
using an aquifer volume discharge method (appendix A).  In
using the aquifer volume discharge method, I assume the
aquifer provides an amount of water that balances the
amount of water being discharged from the spring with

ground-water flow focused at the spring.  The radius of this
volume can be projected to the surface to represent a surface
area contributing recharge to the spring.  An advantage of
this method is that fewer hydrologic parameters are required,
and those that are, can be estimated conservatively.  Prob-
lems with this method are (1) criteria for the selection of
hydrologic parameters are uncertain or arbitrary, (2) the
method assumes radial flow to the discharging point at the
spring, and (3) regional ground-water flow is not considered.

The delineation of capture zones for North Fork Spring
using the aquifer volume discharge method requires conser-
vative estimates of the average hydraulic head responsible
for ground-water flow to the spring, effective porosity of the
aquifer, and maximum discharge for the spring.  The aquifer
supplying the spring is recharged along the mountain front
and the hydraulic head driving ground-water flow is related
to this recharge.  I used a hydraulic-head value of 250 feet,
slightly less than the elevation difference between the moun-
tain front and the spring.   I estimated the effective porosity
of the aquifer as 20 percent, based on the materials found in
the area.  The aquifer volume discharge method results in a
zone of contribution or time-related capture zone with a max-
imum upgradient distance of 700 feet and maximum width of
about 900 feet for a 250-day time period, a maximum upgra-
dient distance of 1400 feet and width of 1900 feet for a 3-
year time period, and a maximum upgradient distance of
3000 feet and width of 4300 feet for a 15-year time period
(appendix A).  This analysis does not take into account other
springs or their effect on the ground-water flow system.

Ground-Water Velocity Method
Calculations of average velocity of ground water moving

horizontally in the aquifer, and distances along flow lines
that represent travel times, require information regarding
aquifer properties (appendix B).  Reasonable estimates for
aquifer parameters can be obtained from the semiquantitative
hydrogeologic investigation.  Transmissivity and hydraulic
conductivity, the primary hydrogeologic parameters control-
ling transport in the alluvial-fan deposits, may vary widely
over relatively short distances, but over greater distances an
average value of the hydrogeologic parameters should be
obtainable.  Bjorklund and McGreevy (1971) and Kariya and
others (1994) estimated the transmissivity of the Clarkston
Bench basin fill to be 240 square feet per day.   This value is
representative of sand and gravel deposits (Domenico and
Schwartz, 1990).  I estimated a hydraulic gradient above the
spring of 0.06 based on local topography.  

I calculated a velocity of about 1.5 feet per day in the
aquifer system using information from the hydrogeologic
investigation.  Calculated travel distances for the spring
using this particle velocity are 400 feet for a 250-day time
period, 1600 feet for a 3-year time period, and 8200 feet for
a 15-year time period (appendix B).

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 3.  For a 250-day travel time, the
aquifer volume discharge method yields a maximum upgra-
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dient distance of 700 feet, and the ground-water velocity
method yields 400 feet.  I used the more protective value cal-
culated by the aquifer volume discharge method to determine
the maximum upgradient distance from the spring for zone 2.
For a 3-year travel time, the aquifer volume discharge
method yields a maximum upgradient distance of 1400 feet
and the ground-water velocity method 1600 feet.  Again, I
used the more protective results, in this case from the
ground-water velocity method, to determine the maximum
upgradient distance from the spring for the zone 3 boundary,
and used the local topography to determine its maximum
width.  I used the hydrogeologic method to determine a max-
imum upgradient distance of 11,600 feet for the 15-year trav-
el-time boundary.  The downgradient boundary of the zone of
contribution to the spring relative to the direction of the
regional hydraulic gradient is at the spring.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.   The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary is within the bedrock of Clarkston
Mountain.  The maximum upgradient distance from the
spring to the DWSP-zone 4 boundary is about 11,600 feet.
The maximum upgradient distance to the zone 3 boundary is
about 1600 feet.  I determined the width of the zone bound-
ary by locating the maximum extend of the zone on a topo-
graphic map and extending the lateral boundaries toward the
spring so that they exceed the zone 2 boundary and match the
local topography.  The zone 2 boundary is placed at a dis-
tance of 700 feet upgradient from the spring.  Combining the

maximum distances from the different delineation methods
results in conservative DWSP zones for North Fork Spring,
as summarized in table 4 and shown in figure 5.

SUMMARY AND RECOMMENDATIONS
To delineate drinking water source protection (DWSP)

zones for North Fork Spring, I combined a geologic and
hydrogeologic evaluation of the area with aquifer volume
discharge and ground-water velocity calculations that esti-
mated a volume of aquifer needed to supply the spring dis-
charge, and the time it takes a particle in the ground water to
travel to the spring.  I used conservative values of aquifer
properties to determine time-related travel zones.  I delineat-
ed a substantial part of the surface-drainage basin as DWSP
zone 4, and smaller areas were delineated as protection zones
2 and 3.  Zones 2 and 3 provide land-use and water system
managers with better-defined but smaller-sized areas than the
1998 delineated area, while remaining protective of the
drinking-water source.  These areas are more manageable
than DWSP zones assigned to the entire drainage basin.
Maximum upgradient distances from the spring for the
DWSP zone boundaries are as follows: (1) zone 2, 700 feet,
(2) zone 3, 1600 feet, and (3) zone 4, 11,600 feet. Additional
subsurface investigation would be needed to refine the
boundaries delineated in this report.  If additional informa-
tion becomes available to better define travel times in the
aquifer, I recommend the DWSP zones be redelineated.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 11,600 7200 11,600 7200 11,600 7200

Aquifer Volume Discharge2 700 900 1400 1900 3000 4300

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method

Table 4. Methods and values used in the delineation of drinking water source protection zones for North Fork Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 700 1600 11,600
distance (ft)

Maximum width (ft) 900 2100 7200
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the North Fork Spring area was treated as a uniform aquifer for the ana-
lytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume of radius
r, height h, and porosity n, the total volume of water contained therein can be given as 1⁄4nhπr2.  I assumed this aquifer volume repre-
sents radial ground-water flow converging at the spring, providing a volume of spring discharge from an upgradient recharge area. 
Equating these two volumes of water and solving for r yields:

where ri is radial distance or length (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time-of-travel (t), h is hydraulic
head at the spring (l), and n is porosity  (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring represent conservative values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 345 gallons per minute or about 66,400 cubic feet per day; h is an average
hydraulic head in the aquifer above the spring, which is 250 feet to be conservative; n is effective porosity of the aquifer, which is
assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 650 feet
t3 = 3 years (1095 days) r3 = 1361 feet
t4 = 15 years (5477 days) r4 = 3043 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by an arc of radius r.  The
length of the chord is given by:

where wi is the length of the chord (l), ri is radial distance (length) for a zone (l), and θ is the angle at the spring from which radial
ground-water flow is assumed to converge.  I chose 90° as a reasonable assumption based on aquifer geometry. 
Solution:

t2  = 250 days r2 = 650 feet w2 = 919 feet   
t3  = 3 years (1095 days) r3 = 1361 feet  w3 = 1925 feet   
t4  = 15 years (5477 days) r4 = 3043 feet   w4 = 4303 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.  

(4)(66,400 ft3/day)(250 days)
(0.20)(250 ft)(3.1416)

r2 =

90°w2 = 2(650 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmissivity of the val-
ley fill in the Clarkston Bench area to be 240 ft2/day and I estimated the average thickness of the aquifer to be about 48 feet.  From this
I determined a hydraulic conductivity of the aquifer of 5 ft/day.  I estimated the average hydraulic gradient above the spring to be 0.06,
and the effective porosity of the sediments above the spring to be about 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where K is the hydraulic conductivity of the aquifer (l/t), ne is the effective porosity of the aquifer (dimensionless), and     is the
hydraulic gradient of the aquifer along the flow path (dimensionless).   
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow in the aquifer (l/t), and ti is time-of-travel (t).
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days (3 years) D3 = 1642 feet
t4 = 5477 days (15 years) D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.06) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Big Birch Spring, which is used by the
Clarkston, Newton, and Trenton Water Systems as a source
of drinking water.  Spring protection zones were delineated
for the spring in 1998, but are being redelineated now so that
additional zoning can be implemented in the area.  The
spring is in the western Clarkston Bench area near the
foothills of Clarkston Mountain, Cache County, Utah.

Quaternary alluvial-fan and lacustrine deposits are
exposed around Big Birch Spring. The West Cache fault zone
is the dominant structure in the area and forms the boundary
between the mountains and Cache Valley.  Paleozoic sedi-
mentary strata near Big Birch Spring typically dip toward the
east and northeast, away from the high mountainous areas;
faults interrupt the regional dip of the rocks.  Tertiary strata
of the Salt Lake Formation unconformably overlie lower
Paleozoic strata and underlie Quaternary alluvial-fan and
lacustrine deposits.  The Salt Lake Formation is exposed
throughout the foothills and valley.

Big Birch Spring issues from
alluvial-fan deposits that overlie
impervious sedimentary beds of the
Salt Lake Formation.  A large number
of springs issue relatively small but
useful supplies of water at or near the
contact between the alluvial-fan
deposits and Salt Lake Formation,
and thus limit the areas contributing
ground water to Big Birch Spring.
Ephemeral streams lose significant
flow to the alluvial-fan deposits
along the mountain front and re-
charge the aquifer in the valley.  The
springs derive water from the uncon-
solidated alluvial-fan deposits con-
sisting mostly of sand and gravel.
The average hydrologic budget for
the Clarkston Bench watershed indi-
cates that about 2.4 billion cubic feet
per year of water enters and leaves
the area annually.  A recharge-area
calculation and catchment-area esti-
mate indicate an area of about 2.6
square miles is necessary to provide
enough water to account for the flow
from Big Birch Spring, based on
average annual precipitation and
evapotranspiration rates in the area.

I used an integrated approach to
determine the extent of the DWSP
zones (as defined by Utah's Drinking
Water Source Protection Rule) that
incorporated tools and methods of

geology and hydrogeology.  Each DWSP zone was delineat-
ed using the results of the method that extended the zone
boundary a conservative (protective) distance topographical-
ly upgradient of the spring, relative to the defined criteria for
the particular zone.  Maximum upgradient distances from the
spring, and the method results used, for the DWSP zone
boundaries are as follows: (1) zone 2—600 feet, volumetric
method; (2) zone 3—1600 feet, ground-water velocity
method; and (3) zone 4—12,100 feet, hydrogeologic method.

INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for Big Birch Spring, a
public-water-supply spring (Utah Division of Drinking
Water system number 03004, source number 02) in the
SW1⁄4NW1⁄4SW1⁄4 section 16, T. 14 N., R. 2 W., Salt Lake Base
Line and Meridian, western Cache County, Utah (figure 1).
A protection zone for Big Birch Spring was delineated in
1998, using a 2-mile radius around the spring.  Cache County
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intends to enact zoning that uses the 250-day time-of-travel
zones (zones 2) around the spring, thus, the protection zones
have been redelineated.  The scope of work included a liter-
ature search, review of water records, interpretation of data,
delineation of the DWSP zones, and preparation of this
report.

Big Birch Spring is about 2.6 miles northwest of the
town of Clarkston, near the foothills of Clarkston Mountain.
Dry farming is the predominant land use surrounding the
spring, but grazing, recreation, and some residential devel-
opment are also practiced.  An aerial view shows the extent
of the agricultural development in the area, which has taken
place since 1864 (Peterson, 1946) (figure 2).  The town of
Clarkston is a rural farming community that obtains part of
its municipal drinking water from this spring.  The Clarkston
Water System consists of five spring sources, three of which
are shared with Newton and/or Trenton, and a well.  Big
Birch Spring is one of the shared sources.  The Clarkston
water system uses one-third of the water from Big Birch
Spring.

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply. This strategy creates a limited area to
concentrate resources for inventory, control, and monitoring

with an overall goal of assuring the quality of the public-
water supply.  Local government entities can implement
land-use regulations to protect water supplies and reduce the
risk of future ground-water contamination and costly reme-
diation efforts in these areas.  Utah's DWSP Rule (R309-600-
9 [3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water
time-of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring col-
lection area, the boundary of the aquifer(s) that
supplies water to the spring, or the ground-
water divide, whichever is closer to the spring;
and

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9[3]
[iii]).

Big Birch
   Spring

N

0 625 1250 feet

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Big Birch Spring.
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One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure” based on
ground-water times of travel and local geology and hydroge-
ology, or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Big
Birch Spring using the “Preferred Delineation Procedure”
because this approach incorporates information about the
hydrogeologic system and I believe it is more accurate than
the other procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Big Birch Spring is located on Clarkston Bench, in

northwest Cache Valley at the eastern edge of the Wasatch
Range.  This area includes parts of the Clarkston Mountain
and Cache Valley subdivisions of the Middle Rocky Moun-
tains physiographic province (Stokes, 1977).  Clarkston
Bench constitutes the largest foothill-bench in Cache Valley,
and is largely covered with alluvial-fan and lacustrine sand
and gravel deposited during the Bonneville lake cycle,
between about 12 and 26 ka, and recent alluvial-fan deposits
(Biek and others, 2003; Oviatt and others, 1992) (figure 3).
Clarkston Bench is situated between the Newton and Berge-
son Hills on the east and Clarkston Mountain on the west,
and terminates to the north near low hills along the Idaho
state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone,
which forms the boundary between Clarkston Mountain and
Cache Valley, has been subdivided into three segments and
shows evidence of recurrent Quaternary movement, includ-
ing Holocene events (Black and others, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite
(Williams, 1958; Bjorklund and McGreevy, 1971; Biek and
others, 2003).  Stratigraphic units that crop out on Clarkston
Mountain near Big Birch Spring strike about N. 20° W. and
dip 39° to 43° to the northeast and have a complex perme-
ability architecture.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996), and are composed of thin- to medium-bedded, cal-
careous claystone and siltstone, with lesser amounts of sand-
stone and volcanic tuff.  Alluvial-fan and gravel-bearing

lacustrine deposits locally overlie bedrock, and are found
along the mountain front and in the valley.  Coalescing
aprons of alluvial fans overlie the Washboards subunit of the
Salt Lake Formation and older alluvial-fan deposits in the
valley.  These alluvial-fan deposits slope gently away from
the mountain front.  Surficial sediments in the area are gen-
erally poorly to moderately sorted gravel, sand, silt, and clay
deposited in stream channels on the alluvial fans (Biek and
others, 2003).

CLIMATE
Cache Valley is a “back valley” of the Wasatch Range,

and is characterized by large daily and seasonal temperature
ranges.  Temperatures in Cache Valley reach a normal maxi-
mum of 90.0°F and a normal minimum of 10.2ºF.  The nor-
mal mean temperature and precipitation range from about 45
to 50°F and 16.6 to 19.5 inches, respectively; normal mean
evapotranspiration in Cache Valley ranges from 40.9 to 45.3
inches (Ashcroft and others, 1992).  Because evapotranspira-
tion rates are extremely high in the valley, very little water
that falls on the valley surface recharges the aquifer.  Clark-
ston Bench is at the western edge of Cache Valley and has a
temperate, seasonal, and semiarid climate.  The seasons are
well defined and are characterized by warm and dry sum-
mers, cold and wet winters, warm and very wet springs, and
warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Big Birch Spring are at Trenton, about 7 miles
northeast of the spring, and Cutler Dam, about 8 miles south-
east of the spring.  Monthly temperature and precipitation
data from the Trenton and Cutler Dam weather stations are
given in table 1.  Neither Trenton nor Cutler Dam weather
stations are completely representative of climatic conditions
near Big Birch Spring, nor are they representative of the
mountains above the spring.  The area around Big Birch
Spring is probably colder than at either of the weather sta-
tions.

The climate of the mountainous watershed contrasts
sharply with that of the valley, with precipitation being
greater and temperatures lower.  Although no climatological
data are available for Clarkston Mountain, the mountain like-
ly receives two to three times more precipitation than the val-
ley based on comparison with the Wasatch Range to the
south.  Snowfall on Clarkston Mountain is considerably
greater than in Cache Valley, and locally mountain precipita-
tion may average 40 to 70 inches annually (Ashcroft and oth-
ers, 1992).  Snow accumulates from October to mid-May and
maximum runoff from snowmelt is from April to June.  The
precipitation received as snow on the higher elevations is an
important factor in recharging ground water, because the
slow melting of winter snow leads to the replenishment of
soil moisture and ground-water recharge.  Runoff from
snowmelt provides Cache Valley with most of its surface and
ground water.  Based on precipitation patterns in the area the
average annual precipitation at Big Birch Spring is probably
about 19 inches, and the average over the mountainous
watershed above the spring is about 24 inches.
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Figure 3.  Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed

30 30
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BIG BIRCH SPRING
Springs are an important source of water in the Clarkston

Bench region and range from small seeps to good, continu-
ously flowing springs that yield up to several hundred gal-
lons of water per minute.  Springs emerge from relatively
flat-lying, highly permeable Quaternary alluvial-fan and
lacustrine deposits where they overlie impermeable Salt
Lake and Wasatch Formations (Biek and others, 2003).
Faults control the location of a few springs on Clarkston
Bench as indicated by their location near the surface trace of
faults.  None of the fault-controlled springs are used as pub-
lic-water supplies.  Some springs are well developed and are
utilized to the greatest possible extent; others are not devel-
oped or used.  Spring discharge is supplied by precipitation
in the mountains, and during the dry seasons their flows
diminish, with some springs drying up entirely.  Spring dis-
charge areas are generally overgrown with a variety of phrea-
tophytes.

This report addresses Big Birch Spring, which is at a sur-
face elevation of approximately 5160 feet.  It is one of sev-
eral springs on the west side of Clarkston Bench having sim-
ilar geologic settings and discharge characteristics.  Big
Birch Spring is well developed, allowing minimal surface

runoff.  Marsh-type brush covers much of the spring area and
stagnant water lies on top of the collection area.  Existing
information on spring flow rates is minimal.  Discharge from
the spring is variable, with high flows occurring in the spring
and early summer.  Water from Big Birch Spring is of good
quality.

To collect water from Big Birch Spring, perforated pipes
were placed in gravel-lined backfilled ditches near the
spring.  To develop more water from the spring area, Big
Birch Spring was renovated and redeveloped in 1995.  Pipes
were replaced and several additional lengths of pipe were
added to capture more water.  Water from Big Birch Spring
is now collected in five 10-inch collection tiles, which route
it into a 5-foot-diameter by 12-foot-deep spring box (figure
4).  The collection box provides a settling basin for sediment
removal and facilitates maintenance of the spring.  The tiles
are reportedly buried approximately 10 feet below the
ground.  Water from North Fork Spring, a small spring to the
north, is piped into the Big Birch Spring collection box and
combined with Big Birch Spring water.  The spring water
then flows to a splitter box several yards away.  The splitter
box is an enclosed 6-foot by 8-foot by 6-foot-deep concrete
structure containing a 36-inch-long, sharp-crested steel weir.
Water falling over the weir is divided evenly into three small-

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam Climatological Stations).
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er catchment basins, which empty into separate water lines
serving the communities of Clarkston, Newton, and Trenton.

HYDROGEOLOGY
Clarkston Bench is essentially a natural ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The northern
and eastern boundaries of Clarkston Bench coincide with
hills composed of low-permeability materials that probably

contribute little water to the area (Bjorklund and McGreevy,
1971).  The western boundary coincides with Clarkston
Mountain.  Hydraulic properties of the rocks underlying
Clarkston Mountain have not been determined, but transmis-
sivities are probably lower than the alluvium in the valley.
Clarkston Mountain is the source of most of the water in the
Clarkston Bench area.  Discharge to the main Cache Valley
aquifer occurs along the southern boundary of Clarkston
Bench.  Limited water-level data indicate regional ground-
water flow away from Clarkston Mountain and to the south-
east under a hydraulic gradient varying from 0.009 to 0.08
(Bjorklund and McGreevy, 1971).

2'- 0"~2'0"

10' 0"
Minimum
~8' 0"

1' 9"1' 9"

3"3"

1% Minimum

  Detail
     of
Collector

Ditch backfilled with relatively impervious
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collection pipe in gravel drain
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Native fill.
~11’0”

  5’0”

12"12"

Locked and gasketed
shoebox-type lid.

Concrete walled
box.

To 6’x8’ by 6’ deep
splitter box, containing a
36”long, sharp-crested
steel weir.

Five 10” collection lines,
and line from North
Fork Spring to the box.

Collection
    Box

Final ground
level.

  Sectional
     View
       of
    Spring
 Collection
      Box

6"6"

Compacted gravel.

Drain/overflow

Gate valve.

Figure 4.  Diagram of typical spring collection system used at Big Birch Spring.



Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the surface water in the
Clarkston Bench hydrologic province.  The permeabilities of
rock and surficial units in the mountains are highly variable
and the infiltration rates of water into the ground may be high
in some areas, and moderate or low in others.  Details of
hydraulic gradients and flow directions on Clarkston Moun-
tain are unknown, but some generalities can be made by
assuming topography affects hydraulic gradients.  The Clark-
ston Mountain front slopes moderately to steeply eastward,
with northward and southward slopes adjacent to stream
channels.  Mountain-front ridges have topographic gradients
of about 0.3 to 0.5, and ephemeral stream channels along the
mountain front have gradients of about 0.1 to 0.3, indicating
that ground-water gradients are also steep, probably in the
range of about 0.01 to 0.1.  Ground and surface water flow
eastward, away from the mountain crest toward the mountain
front, with local ground-water flow toward stream channels.
Hydrologic divides separating ground-water flow on Clark-
ston Mountain are related to the topographic divide, which is
indicated by the location of springs on the other side of the
topographic divide and forms a boundary for the spring
aquifer.  Anisotropic permeable and impermeable layers in
some sedimentary rock intervals may modify local flow
directions.

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between higher permeability
unconsolidated sediments and the lower permeability rocks
of Clarkston Mountain.  Although the permeability architec-
ture of the West Cache fault zone is poorly understood, the
fault likely allows ground-water flow.  The permeability
along the fault zone may allow it to effectively serve as a per-
meability zone for ground-water flow along (fault-parallel
ground-water flow) or across (fault-perpendicular ground-
water flow) the fault.  Few springs are present along the trace
of the West Cache fault zone, consistent with the fault allow-
ing ground-water flow.

Recharge in the mountains is through open fractures at
the surface and below shallow soil cover.  Precipitation on
Clarkston Mountain contributes to both recharge of the rock
aquifer and surface water runoff in ephemeral streams that
flow from the mountain.  Substantial amounts of water seep
from ephemeral streams through relatively permeable alluvi-
um along the mountain front.  The streams from the moun-
tains are flashy, and most of the year’s runoff takes place in
the spring.  Near the streams, the water table generally rises
in the spring in response to increased runoff and then
declines until the end of the growing season.  Bjorklund and
McGreevy (1971) considered the alluvium in the Clarkston
Bench area to consist of coarse sand and gravel that yielded
water.  Kariya and others (1994) estimated the transmissivi-
ty of unconsolidated deposits underlying Clarkston Bench to
be 240 square feet per day based on test data from the few
wells in the area.  This value is consistent with typical values
for sand and gravel (Domenico and Schwartz, 1990), and is
relatively high compared to results from the surrounding area
(Kariya and others, 1994).

Recharge to the alluvial-fan and lacustrine aquifer by
seepage of surface waters probably dominates over distrib-
uted inflow from rock along the mountain front.  Estimates
of inflow rates from the bedrock aquifers to the valley fill are
poorly constrained and inflow rates may vary substantially

with location, depending on the permeability architecture of
the West Cache fault zone.

The persistent but seasonal fluctuation in flows and the
discharge of water by Big Birch Spring during months or
years of drought indicate a relatively low-elevation recharge
area, having at least a moderately sized subsurface reservoir,
feeds the spring.

Hydrologic Budget for the Clarkston
Bench Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This requires the identification and
quantification of sources of recharge and discharge to the
watershed (table 2).  The Clarkston Bench watershed is a
semiarid to humid area of about 43 square miles.  The budg-
et assumes all water entering the watershed is either stored
within its boundaries, is consumed therein, or flows out
either on the surface or underground.  I identified precipita-
tion as the sole source of water within the Clarkston Bench
watershed.  Water storage in the catchment area includes
storage in ground water, soil moisture, vegetation, and Clark-
ston Creek.  Evapotranspiration, surface water, and subsur-
face water represent discharge from the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually (Ashcroft and others, 1992) and probably
averages about 24 inches, thus inflow to the catchment area
is about 2.4 billion cubic feet per year.  The annual, season-
al, and monthly precipitation rates are not evenly distributed
temporally or spatially within the watershed.  Greater pre-
cipitation is associated with summer and fall convective
storms and higher elevations.  Evapotranspiration, the largest
outflow from the catchment area, averages about 20 inches
annually over the watershed (Ashcroft and others, 1992),
resulting in the loss of about 2 billion cubic feet per year of
water from the watershed.  Like precipitation, evapotranspi-
ration is not evenly distributed temporally or spatially within
the watershed.  Bjorklund and McGreevy (1971) estimated
discharge from Clarkston Creek to be 174 million cubic feet
per year during 1960 to 1968.  I estimated that the remainder
of the water that leaves the Clarkston Bench watershed,
about 226 million cubic feet per year, leaves as subsurface
outflow.
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Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr

Table 2. Hydrologic budget for the Clarkston Bench watershed.
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Recharge-Area Calculation for Big Birch Spring
I used a water-budget method to estimate the land-sur-

face area contributing recharge to Big Birch Spring.  This is
a simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape, of the area contributing recharge.
The area contributing recharge to a shallow water-table aqui-
fer, in most hydrogeologic settings, is related to the spring
discharge and recharge rates.  This can be expressed as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is ground-water recharge
rate above the spring.

Discharge from North Fork and Big Birch Springs com-
bined, as reported to the Utah Division of Water Rights, is as
much as 345 gallons per minute.  As indicated above, aver-
age annual precipitation in the mountains is estimated at 24
inches and evapotranspiration is estimated at 20 inches.  I
assume the amount of recharge is the difference between pre-
cipitation and evapotranspiration and is about 4 inches per
year.  This amount recharges ground water in the catchment
area, and represents about 17 percent of the total precipita-
tion, a reasonable value compared to other areas in Utah hav-
ing similar climate and topography.  I assume values of max-
imum discharge for the spring represent the maximum possi-
ble areal extent of the recharge area.  Big Birch Spring
requires an area of about 2.6 square miles to produce a dis-
charge of 345 gallons per minute.  The water-budget compu-
tation reasonably estimates the aquifer-surface area needed
to provide recharge to the discharging spring.

Catchment-Area Estimate for Big Birch Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).  I used the
maximum discharge for the spring, assumed to represent the
maximum areal extent of the catchment area, and an annual
recharge of 4 inches.  Using the method of Todd (1980) to
plot catchment area as a function of estimated recharge rate
and discharge for springs, a catchment area of about 2.5
square miles is necessary to supply enough water for Big
Birch Spring in the Clarkston Creek drainage area.

DWSP ZONES
Introduction

To assure the quality of the water from Big Birch Spring,
which is of particular concern to the Clarkston Water System,
the surface and subsurface areas that supply the water dis-
charging from the spring need protection.  The delineation of
capture zones or DWSP zones is a method of identifying
areas surrounding the spring for protection against infiltra-
tion and transport of contaminants that may adversely affect
human health.  I used a preferred delineation procedure be-

cause it uses local hydrogeologic conditions to determine the
DWSP zones.   

I combined hydrogeologic, aquifer volume discharge,
and ground-water velocity methods to delineate the DWSP
zones for Big Birch Spring.  I qualitatively defined the phys-
ical and hydrologic controls on ground-water flow to the
spring by examining the hydrogeology of the area.  The
hydrogeologic method uses the local geology, topography,
and surface features that provide insight into the size and
shape of a maximum contributing area to the spring.  This
represents an area that may contribute to the spring given
enough time.  The volumetric method provides time-related
zones based on the spring discharge.  For a shallow water-
table aquifer, such as the aquifer supplying Big Birch Spring,
the time of travel is probably related to the discharge of the
spring.  By using a maximum spring discharge, I obtained a
conservative (protective) distance from the volumetric
method.  Additionally, all zones are conservative because the
discharges were combined from Big Birch and North Fork
Springs.  The ground-water velocity method is based on the
distance a particle travels in the aquifer in a given time.
Because the alluvial-fan and lacustrine deposits supply water
to the spring, using a conservative estimate of hydraulic con-
ductivity and applying Darcy’s law should give conservative
values of velocities in the aquifer.

Based on the geologic and hydrogeologic evaluations pre-
sented above, I made the following assumptions regarding
aquifer characteristics relevant to capture-zone delineation:

• Ground water flows to Big Birch Spring through un-
consolidated deposits overlying the Washboards
subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front and
by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Big Birch Spring.

• Ground-water movement along the West Cache fault
may supply some water to the spring.

• Big Birch Spring flow records indicate that flow
varies seasonally, but the spring maintains a sus-
tainable flow year-round.

• Recharge- and catchment-area analyses indicate that
the area needed to recharge the spring lies within
the topographic watershed.

• Hydraulic conductivity and, potentially, ground-
water velocity may be relatively high in some
parts of the system, but relatively low in other
parts of the system.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs along the moun-

tain front when ephemeral streams encounter the coarse allu-
vial-fan deposits, near where they cross the West Cache fault
zone.  Because recharge to the alluvial aquifer includes sig-
nificant seepage of surface water, the drainages supplying
surface water are integrated into the protection zones.  The
water-budget and catchment-area analyses indicate the zone
of contribution to the spring is likely within local topograph-
ic drainages.

A = Q
R
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I used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Topo-
graphic surface divides and ground-water divides typically
coincide, and lateral drainage divides separate areas con-
tributing recharge to the spring from non-contributing areas.
Because of the likelihood of contribution of water flowing
along the West Cache fault zone, the protection zones extend
along the fault zone.

Based on the geology and hydrogeology, zones of con-
tribution to Big Birch Spring extend west-southwest from the
spring, north-south along the mountain front, and include
several drainages in the mountains.  Hydrogeologic informa-
tion indicates the potential zone of contribution to the spring
may extend as much as 2.3 miles west of the spring and
include several drainages in the mountains.  I consider this to
be the maximum plausible extent of the catchment area.
Ground-water flow boundaries closer to Big Birch Spring
could not be inferred from the hydrogeologic evaluation.  No
areas of the aquifer are considered confined or isolated from
the ground surface.  

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer parameters.  Although this method is
less de-fendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitative
method for which sufficient data are available.  I delineated
DWSP zones for 250-day, 3-year, and 15-year ground-water
time-of-travel for a discharge of 345 gallons per minute
using a volumetric method (appendix A).  The aquifer vol-
ume discharge method produces a fixed-radius time-of-
travel zone that represents a volume of aquifer supplying
water to the spring.  The idealized volume of the aquifer must
provide an amount of water that balances the amount of
water being discharged from the spring, and is assumed to be
a quarter cylinder with its focus at the spring.  The radius of
the quarter cylinder can be projected to the surface to repre-
sent a surface area contributing recharge to the spring.  An
advantage of this method is that fewer estimates of hydro-
logic parameters are required, and those that are can be esti-
mated conservatively.  Problems with this method are: (1)
criteria for the selection of hydrologic parameters are uncer-
tain or arbitrary, (2) the method assumes radial flow to the
discharging point at the spring, and (3) regional ground-
water flow is not considered.  

The delineation of capture zones for Big Birch Spring
using the aquifer volume discharge method requires conser-
vative estimates of hydraulic head at the spring, average
effective porosity of the aquifer, and maximum discharge
from the spring.  Application of the aquifer volume discharge
method results in a zone of contribution or time-related cap-
ture zone with a maximum upgradient distance of 600 feet
and maximum width of about 900 feet for a 250-day time
period, a maximum upgradient distance of 1400 feet and
width of 1900 feet for a 3-year time period, and a maximum
upgradient distance of 3000 feet and width of 4300 feet for a
15-year time period (appendix A).  This analysis does not
take into account other springs or their effect on the ground-
water flow system.

Ground-Water Velocity Method
Calculations of average velocity of ground water moving

horizontally in the alluvial-fan aquifer, and of distances
along flow lines that represent travel times, require informa-
tion regarding aquifer properties.  Reasonable estimates for
the parameters can be obtained from the semiquantitative
hydrogeologic investigation.  Transmissivity and hydraulic
conductivity, the primary hydrogeologic parameters control-
ling transport in the alluvial-fan deposits, may vary widely
over relatively short distances, but over greater distances an
average value of the hydrogeologic parameters should be
obtainable.  Bjorklund and McGreevy (1971) and Kariya and
others (1994) estimated the transmissivity in the valley fill
for Clarkston Bench, including alluvial-fan and lacustrine
deposits, to be 240 square feet per day.  This value is repre-
sentative of the sand and gravel that make up the main
aquifer (Domenico and Schwartz, 1990).

Using information from the hydrogeologic investigation,
I assumed a velocity of about 1.5 feet per day in the aquifer
system (appendix B).  Calculated travel distances for the
spring using this particle velocity are 400 feet for a 250-day
time period, 1600 feet for a 3-year time period, and 8200 feet
for a 15-year time period.

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 3.  For a 250-day travel time the
volumetric method yields a distance of 600 feet and the
ground-water velocity method 400 feet.  I used the results
from the volumetric method to determine the distance from
the spring for zone 2.  The volumetric method yields a dis-
tance of 1400 feet and the ground-water velocity method
1600 feet for the 3-year travel time.  I used the ground-water
velocity method to determine the distance from the spring to
the zone 3 boundary.  I used the hydrogeologic investigation
to determine the distance of zone 4, resulting in a maximum
upgradient distance of 12,100 feet.  The downgradient
boundary of the zone of contribution to the spring relative to
the direction of the regional hydraulic gradient is at the
spring.  DWSP zones 2, 3, and 4 for Big Birch Spring are
shown on figure 5, and dimensions are given in table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are in the unconsolidated valley-fill sediments,
which is the aquifer supplying the spring.  I determined the
width of the zone 3 boundary by locating the maximum
extent of the zone on a topographic map and extending the
lateral boundaries toward the spring so that they exceed the
zone 2 boundary and match the local topography.  The zone
4 boundary extends into the mountains, because the recharge
for the unconsolidated valley-fill sediments comes from the
mountains.  Because the alluvial-fan and lacustrine deposits
supply water to the spring, using a conservative estimate of
hydraulic conductivity and applying Darcy’s law should give
conservative velocities in the aquifer.  I used an averaged, but
conservative value for the hydraulic conductivity of the aqui-
fer.  Combining the maximum distances from the different
delineation methods results in conservative DWSP zones for
Big Birch Spring.
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SUMMARY AND RECOMMENDATIONS
I evaluated and combined the geology and hydrogeology

of the area with aquifer volume discharge and ground-water
velocity calculations to delineate the protection zones.  I used
conservative estimates of unknown aquifer properties to
determine time-related travel zones.  I delineated a substan-
tial part of the surface-drainage basin as Drinking Water
Source Protection Zone 4; smaller areas were delineated as

zones 2 and 3.  The zone 4 boundary is irregularly shaped
and extends from the spring to the mountain ridges, the zone
3 boundary is an ob-long circular-shaped zone that extends
from the spring upgradient, and zone 2 is a pie-shaped zone
extending from the spring upgradient.  Additional subsurface
investigation would be needed to refine the boundaries delin-
eated here.  If additional information becomes available to
better define travel times in the aquifer, I recommend the
DWSP zones be redelineated.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 12,100 7200 12,100 7200 12,100 7200

Aquifer Volume Discharge2 600 900 1400 1900 3000 4300

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods.

2Results from appendix A and B rounded to not more than two significant figures.
3Maximum width not calculated using the ground-water velocity method.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeology

Maximum upgradient 600 1600 12,100
distance (ft)

Maximum width (ft) 900 2100 7200

Table 4. Methods and values used in the delineation of drinking water source protection zones for Big Birch Spring.
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Big Birch Spring area was treated as a uniform aquifer for the ana-
lytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume of radius
r, height h, and porosity n, the total volume of water contained therein can be represented as 1⁄4nhπr2.  I assumed radial ground-water
flow in this aquifer converges at the spring, providing the volume of discharge water from the spring.
Equating these two volumes of water and solving for r yields:

where ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic head at the
spring (l), and n is porosity (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring represent conservative values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 345 gallons per minute or about  66,400 cubic feet per day; h is a hydraulic
head in the aquifer above the spring discharge point, which is 250 feet to be conservative; n is effective porosity of the aquifer, which
is assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 650 feet
t3 = 3 years (1095 days) r3 = 1361 feet
t4 = 15 years (5477 days) r4 = 3043 feet

The length of the chord subtended by an arc can approximate the maximum width of the aquifer volume.  The length of the chord is
given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to discharge.  I chose 90° for this angle as a reasonable assumption based on assumed aquifer geometry.
Solution:

t2  = 250 days, r2 = 650 feet w2 = 919 feet   
t3  = 3 years (1095 days) r3 = 1361 feet  w3 = 1925 feet   
t4  = 15 years (5477 days) r4 = 3044 feet w4 = 4305 feet   

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(66,400 ft3/day)(250 day)
(0.20)(250 ft)(3.1416)r2 =

90°w2 = 2(650 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through a homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmissivity of the val-
ley fill in the Clarkston Bench area to be 240 ft2/day, and the average thickness of the aquifer to be 48 feet.  From this I determined a
hydraulic conductivity of the aquifer of 5 ft/day and estimated a hydraulic gradient above the spring of 0.06, and the effective porosi-
ty of the sediments above the spring of 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t),
ne is the effective porosity of the aquifer (dimensionless), and      is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless).
The one-dimensional relationship between particle velocity and distance is:

D = vti
where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and  ti is time of travel (t).

Substituting the velocity of the particle into the one-dimensional distance relationship yields:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days D3 = 1642 feet
t4 = 5477 days D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.06) (250 days)0.20
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Little Birch Spring, which is used by the
Clarkston Water Systems as a source of drinking water.  A
spring protection zone was delineated for the spring in 1998,
but new zones are being redelineated now so that additional
zoning can be implemented in the area.  The spring is in the
western Clarkston Bench area near the foothills of Clarkston
Mountain, Cache County, Utah.  The spring derives water
from unconsolidated alluvial-fan and lacustrine deposits con-
sisting mostly of sand and gravel.

Quaternary alluvial-fan and lacustrine deposits are
exposed around Little Birch Spring. The West Cache fault
zone is the dominant structure in the area and forms the
boundary between the mountains and valley.  The Paleozoic
sedimentary rocks near Little Birch Spring typically dip
toward the east and northeast, away from the high mountain-
ous areas; faults interrupt the regional dip of the rocks.  Ter-
tiary strata of the Salt Lake Formation unconformably over-
lie lower Paleozoic strata and underlie Quaternary alluvial-
fan and lacustrine deposits.  The Salt Lake Formation is
exposed throughout the foothills and valley.

Little Birch Spring issues from
alluvial-fan and lacustrine deposits
along the mountain front.  The con-
tact between alluvial-fan and lacus-
trine deposits and underlying, im-
pervious sedimentary beds of the
Washboard subunit of the Salt Lake
Formation largely controls the loca-
tion of the spring.  A large number
of springs discharge relatively
small but useful supplies of water at
or near this contact, limiting the
area contributing ground water to
Little Birch Spring.  Ephemeral
streams are a major source of re-
charge to the aquifer as they emerge
from the mountains onto the allu-
vial-fan deposits.  The average
hydrologic budget for the Clarkston
Bench watershed, which contains
Little Birch Spring and other
springs, indicates that about 2.4 bil-
lion cubic feet of water enters and
leaves the area annually.  I deter-
mined that a recharge area of about
1 square mile is necessary to pro-
vide enough water to account for
the maximum flow (112.5 gallons
per minute) from Little Birch
Spring, based on average annual
precipitation and evapotranspira-
tion rates in the area.

I incorporated tools and meth-
ods of geology and hydrogeology

in an integrated approach to determine the extent of the
DWSP zones (as defined by Utah's Drinking Water Source
Protection Rule).  Each zone was delineated using the results
of the method that extended the zone boundary the most con-
servative (protective) distance topographically upgradient of
the spring, relative to the defined criteria for the particular
zone.  Maximum upgradient distances from the spring to the
DWSP zone boundaries, and the method used are as follows:
(1) zone 2—400 feet, ground-water velocity method; (2)
zone 3—1600 feet, ground-water velocity method; and (3)
zone 4—12,200 feet, hydrogeologic method.

INTRODUCTION
This report describes the delineation of new drinking

water source protection (DWSP) zones for Little Birch
Spring, a public-water-supply spring (Utah Division of
Drinking Water system number 03004, source number 03) in
the SW1⁄4SE1⁄4SW1⁄4 section 16, T. 14 N., R. 2 W., Salt Lake
Base Line and Meridian, western Cache County, Utah (figure
1).  The existing protection zone for Little Birch Spring,
delineated in 1998, is a 2-mile radius upgradient from the
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Figure 1. Location of Little Birch Spring, Cache County, Utah.
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spring.  Cache County intends to enact zoning that utilizes
the 250-day time-of-travel zone (zone 2) around the spring,
requiring redelineation of protection zones for Little Birch
Spring.  The scope of work included a literature search,
review of water records, interpretation of data, delineation of
the DWSP zones, and preparation of this report.

Little Birch Spring is about 1.75 miles northwest of the
town of Clarkston, near the foothills of Clarkston Mountain.
Little Birch Spring is a shared source between Clarkston and
Newton.  The Clarkston Water System consists of five spring
sources, three of which are shared with Newton and/or Tren-
ton, and a well. Clarkston is a rural farming community that
obtains part of its municipal drinking water from Little Birch
Spring.  The Clarkston water system uses three-quarters of
the water from Little Birch Spring.  Dry farming is the pre-
dominant land use in the area surrounding the spring, in addi-
tion to grazing, recreation, and some residential develop-
ment.  Figure 2 shows the extent of the agricultural land in
the area of Little Birch Spring.  Agricultural development has
taken place since 1864 in the area (Peterson, 1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply. This strategy creates a limited area to
concentrate resources for inventory, control, and monitoring

with an overall goal of protecting the quality of the public
water supply.  Local government entities can implement
land-use regulations to protect water supplies and reduce the
risk of future ground-water contamination and costly reme-
diation efforts in these areas.  Utah's DWSP Rule (R309-600-
9[3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a three-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9[3]
[a] [iii]).
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Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Little Birch Spring.



One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure” based on
ground-water times of travel and local geology and hydroge-
ology, or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Little
Birch Spring using the “Preferred Delineation Procedure”
because this approach incorporates information about the
hydrogeologic system and is more defendable than the other
procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Little Birch Spring is located on Clarkston Bench, north-

western Cache Valley, at the eastern edge of the Wasatch
Range.  This area includes parts of the Clarkston Mountain
and Cache Valley subdivisions of the Middle Rocky Moun-
tains physiographic province (Stokes, 1977).  Clarkston
Bench constitutes the largest foothill-bench in Cache Valley,
and is covered with alluvial-fan and lacustrine sand and grav-
el of the Bonneville lake cycle, and recent alluvial-fan
deposits (Biek and others, 2003) (figure 3).  Clarkston Bench
is situated between the Newton and Bergeson Hills on the
east and Clarkston Mountain on the west, and terminates to
the north near the Idaho state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone,
which forms the boundary between Clarkston Mountain and
Cache Valley, has been subdivided into three segments and
shows evidence of recurrent Quaternary surface faulting,
including Holocene (10,000 years to present) events (Black
and others, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite
(Williams, 1958; Bjorklund and McGreevy, 1971; Biek and
others, 2003).  Stratigraphic units exposed on Clarkston
Mountain near Little Birch Spring strike about N. 25° W. and
dip 35° to 50° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations,
which uncomformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996).  In the area of the spring, the Washboards subunit of
the Salt Lake Formation underlies Quaternary deposits (Biek
and others, 2003).  The Washboards subunit is generally a
thin- to medium-bedded, calcareous claystone and siltstone,
with lesser amounts of sandstone.  Coalescing aprons of allu-

vial-fan deposits overlie the Washboards subunit of the Salt
Lake Formation and older alluvial-fan deposits in the valley.
These alluvial-fan deposits slope gently away from the
mountain front.  Surficial sediments in the area are generally
coarse, poorly to moderately sorted sand, silt, and clay
deposited in stream channels on the alluvial fans (Biek and
others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges.  Temperatures in Cache Valley reach a nor-
mal maximum of 90.0°F and a normal minimum of 10.2ºF.
The normal annual mean temperature and precipitation range
from about 45 to 50°F and 16.6 to 19.5 inches, respectively,
depending on location in Cache Valley; normal annual mean
evapotranspiration in Cache Valley ranges from 40.9 to 45.3
inches (Ashcroft and others, 1992).  Because evapotranspira-
tion rates are extremely high in the valley, very little water
that falls on the valley surface recharges the aquifer.  Clark-
ston Bench is at the western edge of Cache Valley and has a
temperate, seasonal, and semiarid climate.  The seasons are
well defined and are characterized by hot and dry summers,
cold and wet winters, warm and very wet springs, and warm
and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Little Birch Spring are at Trenton, about 7 miles
northeast of the spring, and Cutler Dam, about 8 miles south-
east of the spring.  Monthly temperature and precipitation
data from the Trenton and Cutler Dam weather stations are
provided in table 1.  Neither Trenton nor Cutler Dam weath-
er stations are completely representative of climatic condi-
tions near Little Birch Spring, nor are they representative of
the mountains above the spring.  The area around Little Birch
Spring is probably colder than either of the weather stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley; precipitation in the mountains
is greater and temperatures are lower.  Although no climato-
logical data are available for Clarkston Mountain in the
spring vicinity, the area likely receives two to three times
more precipitation than the valley based on comparison with
the Wasatch Range to the south.  Snowfall on Clarkston
Mountain is considerably greater than in Cache Valley, and
locally mountain precipitation may average 40 to 70 inches
annually (Ashcroft and others, 1992).  Snow accumulates
from October to mid-May and maximum runoff from
snowmelt is from April to June.  The precipitation received
as snow on the higher elevations is an important source of
ground-water recharge, because the slow melting of winter
snow leads to the replenishment of soil moisture.  Runoff
from snowmelt provides Cache Valley with most of its sur-
face and ground water.  The average annual precipitation at
Little Birch Spring is probably about 19 inches and the aver-
age over the watershed is about 24 inches.  Evapotranspira-
tion in the areas above the spring, because of relatively high-
er elevation than the valley floor, probably averages about 20
inches annually (Ashcroft and others, 1992).
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed

30 30
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LITTLE BIRCH SPRING
Springs are an important source of water in the Clarkston

Bench region and range from small seeps to continuously
flowing springs that flow up to several hundred gallons of
water per minute.  Springs emerge from relatively flat-lying,
highly permeable Quaternary alluvial-fan and lacustrine
deposits where they overlie impermeable Salt Lake and
Wasatch Formations (Biek and others, 2003).  Faults control
the location of a few springs on Clarkston Bench as indicat-
ed by their location near the surface trace of faults.  None of
the fault-controlled springs are used as public water supplies.
Some springs are well developed and their waters are used to
the greatest possible extent; others are not developed or used.
Discharge at these springs is maintained by precipitation in
the mountains, and during the dry seasons their volume
diminishes; some springs stop flowing entirely. Spring dis-
charge areas can be overgrown by a variety of phreatophytes.

Little Birch Spring is at a surface elevation of approxi-
mately 5140 feet.  It is one of several springs on the west side
of Clarkston Bench having similar characteristics.  Little
Birch Spring is well developed, which allows minimal sur-
face runoff.  Existing information on spring flow rates is
minimal; spring discharge records available from the Utah
Division of Water Rights indicate that spring flow is variable,

with high flows occurring in the spring and early summer.
The maximum reported discharge for Little Birch Spring is
112.5 gallons per minute.  Water from Little Birch Spring is
of good quality.

To collect water from Little Birch Spring, perforated
pipes were placed in gravel-lined backfilled ditches near the
spring.  To develop more water from the spring area, Little
Birch Spring was renovated and redeveloped in 1995.  Pipes
were replaced and several additional lengths of pipe were
added to capture more water.  The collection pipes feed to a
collection box that provides a settling basin for sediment
removal and facilitates maintenance of the spring (figure 4).
Water from Little Birch Spring flows from the collection box
to a splitter box several yards away.  Water falling over the
weir in the splitter box is divided into a three-quarter share
for Clarkston and one-quarter for Newton; the water then
flows into separate water lines serving the respective com-
munities.

HYDROGEOLOGY
Clarkston Bench is an isolated natural ground-water

province that receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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McGreevy, 1971; Kariya and others, 1994).  The northern
and eastern boundaries of Clarkston Bench coincide with
hills composed of low-permeability materials that probably
contribute little water to the area (Bjorklund and McGreevy,
1971).  The western boundary coincides with Clarkston
Mountain, composed of rocks having unknown hydraulic
properties, but the transmissivities are probably lower than
those of the alluvium in the valley.  The location of springs
in the Clarkston Bench drainage area indicates ground-water
flow on Clarkston Mountain is from west to east.  Discharge

to the main Cache Valley aquifer occurs along the southern
boundary of Clarkston Bench.  Limited water-level data indi-
cate ground-water flow in the Clarkston Bench area is away
from Clarkston Mountain and to the southeast under a
hydraulic gradient varying from 0.009 to 0.08 (Bjorklund
and McGreevy, 1971).

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of the ground and surface water in the
Clarkston Bench hydrologic province.  The permeability of
rock and surficial units in the mountains is highly variable
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Figure 4. Diagram of typical spring collection system used at Little Birch Spring.



and the infiltration rates of water into the ground may be high
in some areas, and moderate or low in others.  Springs and
surface drainages on either side of the topographic divide
indicate the topographic divide influences the hydrologic
divide.  Details of hydraulic gradients and flow directions on
Clarkston Mountain are unknown, but some generalities can
be made, assuming hydraulic gradients are partly related to
topography.  The Clarkston Mountain front slopes moderate-
ly to steeply eastward, with northward and southward slopes
adjacent to stream channels.  Mountain-front ridges have
topographic gradients of about 0.3 to 0.5, and ephemeral
stream channels along the mountain front have gradients of
about 0.1 to 0.3, suggesting that ground-water gradients are
also steep, probably in the range of about 0.01 to 0.1.
Ground and surface waters flow eastward away from the
mountain crest toward the mountain front, with local ground-
water flows toward stream channels.  Anisotropic permeable
and impermeable layers in some sedimentary rock intervals
may modify local flow directions in the mountains.

The West Cache fault zone trends roughly N. 20° to 40°
W. and forms the boundary between permeable unconsoli-
dated sediments and the lower permeability rocks of Clark-
ston Mountain.  Although the permeability architecture of the
West Cache fault zone is poorly understood, the fault likely
allows ground-water flow.  The permeability along the fault
zone may allow it to effectively serve as a permeable zone
for ground-water flow along (fault-parallel ground-water
flow) or across (fault-perpendicular ground-water flow) the
fault.   Few springs are present along the trace of the West
Cache fault zone, consistent with the fault not acting as a bar-
rier.

Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface-water runoff in
ephemeral streams that flow from the mountain.  Ephemeral
streams draining Clarkston Mountain encounter relatively
permeable, unconsolidated alluvial and lacustrine deposits as
they cross the mountain front, and recharge the alluvial-fan
and lacustrine aquifer in the valley.  The streams coming out
of the mountains are flashy, and most of the year’s runoff
takes place in the spring.  Near the streams, the water table
probably rises in the spring in response to increased runoff,
and then declines until the end of the growing season.

Bjorklund and McGreevy (1971) considered the alluvi-
um in the Clarkston Bench area to consist of coarse sand and
gravel deposits that yield water.  Kariya and others (1994)
estimated the transmissivity of unconsolidated deposits
underlying Clarkston Bench to be 240 square feet per day
based on test data from the few wells in the area.  This value
is consistent with typical values for sand and gravel deposits
(Domenico and Schwartz, 1990), and is relatively high com-
pared to results from the surrounding area (Kariya and oth-
ers, 1994).

A component of subsurface inflow from bedrock to allu-
vium along the mountain front is probable, but seepage of
surface water is likely the most important source of recharge
to the alluvial-fan aquifer.  The Salt Lake Formation may act
as a barrier to downward flow below the unconsolidated sed-
iments, causing the ground water to move horizontally until
the unconsolidated sediments thin and springs emanate at the
surface.  Perennial, but fluctuating, flow from Little Birch
Spring indicates a relatively low-elevation recharge area, and
a moderately sized subsurface reservoir feeding the spring.

Estimates of inflow rates from the bedrock aquifers to the
valley fill are poorly constrained and inflow rates may vary
substantially with location, depending on the permeability
architecture of the West Cache fault zone.

Hydrologic Budget for the
Clarkston Bench  Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This requires the identification and
quantification of sources of recharge and discharge to the
watershed (table 2).  The Clarkston Bench watershed is a
semiarid to humid area of about 43 square miles.  The budg-
et assumes that all water entering the watershed either goes
into storage within its boundaries, is consumed therein, or
flows out, either on the surface or underground.  I identified
precipitation as the sole source of water within the Clarkston
Bench watershed.  Water storage in the catchment area
includes storage in ground water, soil moisture, vegetation,
and Clarkston Creek.  Evapotranspiration, surface-water out-
flow, and ground-water outflow represent discharge from the
watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually (Ashcroft and others, 1992) and probably
averages about 24 inches, thus inflow to the catchment area
is about 2.4 billion cubic feet per year.  The annual, season-
al, and monthly precipitation is not evenly distributed tem-
porally or spatially within the watershed.  Greater precipita-
tion is associated with summer and fall convective storms
and/or higher elevations.  Evapotranspiration, the largest out-
flow from the catchment area, averages about 20 inches
annually over the watershed (Ashcroft and others, 1992),
resulting in the loss of about 2 billion cubic feet per year of
water from the watershed.  Like precipitation, evapotranspi-
ration is not evenly distributed temporally or spatially within
the watershed.  Bjorklund and McGreevy (1971) estimated
discharge from Clarkston Creek to be 174 million cubic feet
per year during the period 1960 to 1968.  I estimated that the
remainder of the water that leaves the Clarkston Bench
watershed, about 226 million cubic feet per year, leaves as
subsurface outflow.

Recharge-Area Calculation for Little Birch Spring
I used a water-budget method to estimate the land-sur-

face area contributing recharge to Little Birch spring.  This is
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Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)
Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr
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a simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape, of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and recharge rates.  This can be expressed
as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is ground-water recharge
rate above the spring.

Discharge from Little Birch Spring, as reported to the
Utah Division of Water Rights, is as much as 112.5 gallons
per minute.  As indicated above, average annual precipitation
in the area is estimated at 24 inches and evapotranspiration is
estimated at 20 inches.  Assuming the amount of recharge is
the difference between precipitation and evapotranspiration,
about 4 inches of precipitation per year recharges ground
water in the catchment area; this represents about 17 percent
of the total precipitation, a reasonable value compared to
other areas in Utah having similar climate and topography.
Based on this volume of water, the recharge area of Little
Birch Spring must be about 0.86 square mile to produce a
discharge of 112.5 gallons per minute.  The water-budget
computation reasonably estimates aquifer surface area need-
ed to provide ground water to the discharging springs.

Catchment-Area Estimate for Little Birch Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).  I
assumed values of maximum discharge for the spring repre-
sent the maximum areal extent of the catchment area, and an
annual recharge of 4 inches.  Using the method of Todd
(1980) to plot catchment area as a function of estimated
recharge rate and discharge for springs, a catchment area of
about 0.67 square miles is necessary to supply 112.5 gallons
per minute to Little Birch Spring.

DWSP ZONES
Introduction

To assure the quality of the water from Little Birch
Spring, which is of particular concern to the Clarkston Water
System, the surface and subsurface areas that supply the
water discharging from the spring need protection.  The
delineation of capture zones or DWSP zones is a method of
identifying areas surrounding the spring for protection
against infiltration and transportation of contaminants that
may adversely affect human health.  I used a preferred delin-
eation procedure, because it uses local hydrogeologic condi-
tions to determine the DWSP zones and is easily defendable.

I combined hydrogeologic, aquifer volume discharge,
and ground-water velocity methods to delineate the DWSP
zones for Little Birch Spring.  I qualitatively defined the
physical and hydrologic controls on ground-water flow to the

spring by examining the hydrogeology of the area.  A hydro-
geologic method uses the local geology, topography, and sur-
face features that provide insight into the size and shape of a
maximum contributing area to the spring.  This represents an
area that may contribute to the spring given enough time.
The aquifer volume discharge method provides time-related
zones based on the spring discharge.  For a shallow water-
table aquifer, such as the aquifer supplying Little Birch
Spring, the time of travel is probably related to the discharge
of the spring.  By using a maximum spring discharge, a con-
servative (protective) distance is obtained from the aquifer
volume discharge method.  The ground-water velocity meth-
od is based on the distance a particle travels in the aquifer in
a given time.  Because the alluvial-fan and lacustrine de-
posits supply water to the spring, using a conservative esti-
mate of hydraulic conductivity and applying Darcy’s law
should give conservative values of velocities in the aquifer.

Based on the geologic and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water flows to Little Birch Spring through
unconsolidated deposits overlying the Wash-
boards subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by eph-
emeral stream flow from Clarkston Mountain
onto alluvial-fan deposits, and ground-water
inflow from the mountains.

• Topography is an important factor controlling the
supply of ground water to Little Birch Spring.

• Ground-water movement to the spring along the
West Cache fault may supply some water to the
spring.

• Water-budget and catchment-area analyses indicate
that the area needed to recharge the spring lies
within the topographic watershed.

• Little Birch Spring flow records indicate that the
flow varies seasonally, but the spring maintains
a sustainable flow year-round.

• Hydraulic conductivity, and potentially ground-water
velocity may be relatively high in some parts of
the system but relatively low in other parts.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs along the moun-

tain front when ephemeral streams encounter the coarse allu-
vial-fan deposits, near where they cross the West Cache fault
zone.  Because recharge to the unconsolidated alluvial
aquifer includes seepage of surface water, the drainages sup-
plying surface water should be integrated into the protection
zones.  Because of the likelihood of contribution of water
flowing along the West Cache fault zone, the protection
zones should extend along the fault zone.  However, the
water-budget and catchment-area analyses indicate that the
zone of contribution for the spring is smaller than the local
topographic drainage in which Little Birch Spring dis-
charges.  For a shallow water-table aquifer, the recharge area
is likely situated near the spring.

A = Q
R
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I used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Topo-
graphic surface divides and ground-water divides typically
coincide, and lateral drainage divides separate areas con-
tributing recharge to the spring from areas not contributing.
Hydrogeologic information indicates the potential zone of
contribution to the spring may extend as much as 2.3 miles
west-southwest from the spring, north-south along the moun-
tain front, and includes several drainages.  I consider this the
maximum plausible extent of the catchment area.  Ground-
water flow boundaries closer to Little Birch Spring could not
be inferred from the hydrogeologic evaluation.  No areas of
Little Birch Spring’s aquifer are considered confined or iso-
lated from the ground surface.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by simpli-
fying aquifer characteristics.  Although this method is less
defendable than the other methods used in this delineation, in
many spring settings it is the only quantitive method for
which sufficient data are available.  I delineated DWSP zones
for 250-day, 3-year, and 15-year ground-water time-of-
travel for a discharge of 112.5 gallons per minute using a
aquifer volume discharge method (appendix A).  The aquifer
volume discharge method produces a fixed-radius travel-
time zone that represents a volume of aquifer supplying
water to the spring.  The idealized volume of the aquifer must
provide an amount of water that balances the amount of
water being discharged from the spring, with its focus at the
spring.  The radius of this volume can be projected to the sur-
face to represent a surface area contributing recharge to the
spring.  An advantage of this method is that fewer hydrolog-
ic parameters are estimated, and those that are can be esti-
mated conservatively.  Problems with this method are (1) cri-
teria for the selection of hydrologic parameters are uncertain
or arbitrary, (2) the method assumes radial flow to the dis-
charging point at the spring, and (3) regional ground-water
flow is not considered.  The aquifer volume discharge meth-
od is a conservative approach, because it does not account for
vertical recharge.

The delineation of capture zones for Little Birch Spring
using the aquifer volume discharge method requires only
estimates of average hydraulic head above the spring, effec-
tive porosity of the aquifer, and maximum discharge for the
spring.  The mountains above the spring probably provide
some of the hydraulic head driving ground-water flow to the
spring, but most of the recharge of the aquifer occurs along
the mountain front.  I used a hydraulic-head value of 300
feet, slightly less than the elevation difference between the
mountain front and the spring.   I estimated an effective
porosity of 20 percent, based on the materials found in the
area.  Application of the aquifer volume discharge method
results in a zone of contribution or time-related capture zone
having a maximum upgradient distance of 300 feet and max-
imum width of about 500 feet for a 250-day time period, a
maximum upgradient distance of 700 feet and width of 1000
feet for a 3-year time period, and a maximum upgradient dis-
tance of 1600 feet and width of 2200 feet for a 15-year time
period (appendix A).  This analysis does not take into ac-
count other springs or their effect on the ground-water flow
system.

Ground-Water Velocity Method
Calculations of average velocity of ground water moving

horizontally in the alluvial-fan aquifer, and of distances
along flow lines that represent travel times, require informa-
tion regarding aquifer properties (appendix B).  Reasonable
estimates for aquifer parameters can be obtained from the
semiquantitative hydrogeologic investigation.  Transmissivi-
ty, the primary hydrogeologic parameter controlling trans-
port in the alluvial-fan deposits, is most likely highly vari-
able spatially and with depth.  Bjorklund and McGreevy
(1971) estimated the transmissivity of the Clarkston Bench
valley fill to be 240 square feet per day.  This value is repre-
sentative of the sand and gravel deposits (Domenico and
Schwartz, 1990).  I estimated the hydraulic gradient above
the spring to be 0.06, based on local topography. 

I calculated a velocity of about 1.5 feet per day in the
aquifer system using information from the hydrogeologic
investigation.  Calculated travel distances for the spring
using this particle velocity are 400 feet for a 250-day time
period, 1600 feet for a 3-year time period, and 8200 feet for
a 15-year time period (appendix B).

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 3.  For a 250-day travel time, the
aquifer volume discharge method yields a distance of 300
feet and the ground-water velocity method, 400 feet.  I used
the more protective value calculated by the ground-water
velocity method to determine the distance from the spring to
the zone 2 boundary, and determined the width of the zone
from the local topography.  For a 3-year travel time, the aqui-
fer volume discharge method yields a distance of 700 feet
and the ground-water velocity method 1600 feet.  Again, I
used the more protective ground-water velocity method to
determine the distance from the spring to the zone 3 bound-
ary, and determined the width of the zone from local topog-
raphy.  I used the hydrogeologic method to determine the dis-
tance and width of zone 4.  The downgradient boundary of
the zone of contribution to the spring relative to the direction
of the regional hydraulic gradient would be at the spring.
DWSP zones 2, 3, and 4 for Little Birch Spring are shown on
figure 5, and dimensions are given in table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring. The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary extends into the consolidated
bedrock of Clarkston Mountain.  The maximum upgradient
distance from the spring to the zone 4 boundary is about
12,200 feet.  The maximum upgradient distance of the zone
3 boundary is 1600 feet.  The zone 2 boundary is placed at a
distance of 400 feet upgradient from the spring.  I determined
the width of the zone 2 and 3 boundaries by locating the max-
imum extent of each zone on a topographic map and extend-
ing the lateral boundaries toward the spring so that they
matched the local topography.

Combining the maximum distances from the different
delineation methods results in conservative DWSP zones for
Little Birch Spring (figure 5).
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Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 12,200 5700 12,200 5700 12,200 5700

Aquifer Volume Discharge2 300 500 700 1000 1600 2200

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method

Table 4. Methods and values used in the delineation of drinking water source protection zones for Little Birch Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 400 1600 12,200
distance (ft)

Maximum width (ft) Not determined Not determined 5700
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SUMMARY AND RECOMMENDATIONS
I evaluated the geology and hydrogeology of the area

and used aquifer volume discharge and ground-water veloci-
ty methods to determine protection zones for Little Birch
Spring.  I used conservative estimates of unknown aquifer
properties to determine time-related travel zones.  I delineat-
ed a substantial part of the surface-drainage basin as drinking
water source protection zone 4, and smaller areas as zones 2
and 3.  Zones 2 and 3 provide land-use and water system
managers with better defined, smaller areas than the 1998

delineated area, while remaining protective of the drinking-
water source.  These are more manageable areas than assign-
ing DWSP zones to the entire drainage basin.  Maximum
upgradient distances from the spring for the DWSP zone
boundaries are as follows: (1) zone 2, 400 feet, (2) zone 3,
1600 feet, and (3) zone 4, 12,200 feet. Additional subsurface
investigation would be needed to refine the boundaries delin-
eated here.  If additional information becomes available to
better define travel times in the aquifer, I recommend the
DWSP zones be redelineated.
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APPENDICES
APPENDIX A

Aquifer Volume Discharge Method
The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Little Birch Spring area was treated as a uniform aquifer for the ana-
lytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume of radius
r, height h, and porosity n, the total volume of water contained therein is 1⁄4nhπr2. 
Equating these two volumes of water and solving for r yields:

where ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic head at the
spring (l), and n is porosity  (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring represent conservative values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 112.5 gallons per minute, or about 21,700 cubic feet per day; h is a hydraulic
head in the aquifer above the spring discharge point, which is 300 feet to be conservative; n is effective porosity of the aquifer, which
is assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 339 feet
t3 = 3 years (1095 days) r3 = 710 feet
t4 = 15 years (5477 days) r4 = 1588 feet

The length of the chord subtended by an arc can approximate the maximum width of the aquifer volume.  The length of the chord is
given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is 90° (dimensionless).

Solution:

t2  = 250 days r2 = 339 feet w2 = 479 feet   
t3  = 3 years (1095 days) r3 = 710 feet  w3 = 1004 feet   
t4  = 15 years (5477 days) r4 = 1588 feet   w4 = 2246 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(21,700 ft3/day)(250 days)
(0.20)(300 ft)(3.1416)

r2 =

90°w2 = 2(339 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Kariya and others (1994) estimated the average transmissivity of the valley fill in
the Clarkston Bench area to be 240 ft2/day and the average thickness of the aquifer to be 48 feet.  From these I calculated a hydraulic
conductivity of the aquifer of 5 ft/day.  I estimated an average hydraulic gradient above the spring of 0.06, and an effective porosity of
the sediments above the spring of 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t),
ne is the effective porosity of the aquifer (dimensionless), and      is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless).   
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time of travel (t).
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days (3 years) D3 = 1642 feet
t4 = 5477 days (15 years) D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.  

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.04) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Garner Spring, which is used by the Tren-
ton Water System as a source of drinking water.  A spring
protection zone was delineated for the spring in 1998, but
new zones are being redelineated now so that additional zon-
ing can be implemented in the area.  The spring is in the
western Clarkston Bench area near the foothills of Clarkston
Mountain, Cache County, Utah.  The spring derives water
from unconsolidated alluvial-fan and lacustrine deposits con-
sisting mostly of sand and gravel.

The West Cache fault zone is the dominant structure in
the area and forms the boundary between the lower Paleozoic
strata of the mountains and the Tertiary and Quaternary sed-
iments exposed in the valley.  The Paleozoic sedimentary
rocks near Garner Spring typically dip toward the east and
northeast, away from the high mountainous areas; faults
interrupt the regional dip of the rocks.  In the valley, Tertiary
strata of the Salt Lake Formation unconformably overlie
lower Paleozoic strata and underlie Quaternary alluvial-fan
and lacustrine deposits.  The Salt Lake Formation is exposed
throughout the foothills and valley.

Garner Spring issues near the
contact of lacustrine deposits and
underlying, less permeable, semi-
consolidated to consolidated depo-
sits of the Salt Lake Formation.  A
large number of springs discharge
relatively small but useful supplies
of water at or near this contact, lim-
iting the area contributing ground
water to Garner Spring.  A hydro-
logic budget for the Clarkston
Bench watershed, which contains
Garner and other springs, indicates
that about 2.4 billion cubic feet of
water enters and leaves the area
annually.  I determined a recharge
area of about 0.61 square miles is
necessary to provide enough water
to account for the flow from Garner
Spring, based on average annual
precipitation and evapotranspir-
ation rates in the area.

I developed a conceptual un-
derstanding of the spring by evalu-
ating the geology and hydrogeolo-
gy of the area to determine the
extent of DWSP zones (as defined
by Utah’s Drinking Water Source
Protection Rule).  Zones were de-
lineated using a method that ex-
tended the zone boundary the most
conservative (protective) distance
topographically upgradient of the

spring.  I used a ground-water velocity method for the bound-
aries of zones 2 and 3, and a hydrogeologic method for the
zone 4 boundary.  The zone 2 and 3 boundaries are placed at
a distance of 400 feet and 1600 feet upgradient from the
spring, respectively.  The maximum upgradient distance
from the spring for the DWSP-zone 4 boundary is about
14,200 feet.  These zones cover only a part of the potential
zone of contribution, but are more manageable than the pre-
viously delineated, 2-mile-radius protection zone.

INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for Garner Spring, a public-
water-supply spring (Utah Division of Drinking Water sys-
tem number 03021, source number 07) in the SW1⁄4NE1⁄4NE1⁄4
section 21, T. 14 N., R. 2 W., Salt Lake Base Line and Merid-
ian, western Cache County, Utah (figure 1).  The existing
protection zone for Garner Spring, delineated in 1998, is a 2-
mile radius upgradient from the spring.  Cache County
intends to enact zoning that utilizes the 250-day time-of-
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travel zone (zone 2) around the spring, requiring redelin-
eation of the DWSP zones for Garner Spring.  The scope of
work included a literature search, review of water records,
interpretation of data, delineation of the DWSP zones, and
preparation of this report.

Garner Spring is about 1.3 miles northwest of the town
of Clarkston, near the foothills of Clarkston Mountain.  The
town of Trenton is a rural farming community that obtains
part of its municipal drinking water from this spring.  The
Trenton Water System consists of six spring sources, two of
which are shared with Clarkston and/or Newton.  Garner
Spring is used solely as a source of drinking water by Tren-
ton.  Dry farming is the predominant land use surrounding
the spring, but grazing, recreation, and some residential
development are also practiced.  An aerial view shows the
agricultural land uses in the area, which have taken place
since 1864 (Peterson, 1946) (figure 2).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan.  The delineation of DWSP zones is part of a
preventive strategy to minimize potential degradation of
water quality by defining areas in which contamination or
withdrawal would significantly affect the water supply.  This
strategy creates a limited area to concentrate resources for
inventory, control, and monitoring with an overall goal of
protecting the quality of the public-water supply.  Local gov-
ernment municipalities can implement land-use regulations
to protect water supplies and reduce the risk of future
ground-water contamination and costly remediation efforts

in these areas.  Utah's DWSP Rule (R309- 600-9 [3]) defines
four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water
time-of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide,
whichever is closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the  spring col-
lection area, the boundary of the aquifer(s) that
supplies water to the spring, or the ground-
water divide, whichever is closer to the spring;
and 

Zone 4 - the area within a 15-year ground-water time
of travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide,
whichever is closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309- 600-9 [3]
[a] [iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure,” based on
ground-water times of travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure,”  based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-

Garner
Spring

N

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.
0 1000 2000 feet

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Garner Spring.
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ing-water source.  I delineated the DWSP zones for Garner
Spring using the “Preferred Delineation Procedure” because
this approach incorporates information about the hydrogeo-
logic system and I believe it is more accurate than the other
procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Garner Spring is located on Clarkston Bench, in north-

western Cache Valley, at the eastern edge of the Wasatch
Range.  This area includes parts of the Clarkston Mountain
and Cache Valley subdivisions of the Middle Rocky Moun-
tains physiographic province (Stokes, 1977).  Clarkston
Bench constitutes the largest foothill-bench in Cache Valley,
and is covered with lacustrine and alluvial-fan deposits of the
Bonneville lake cycle, and recent alluvial-fan deposits (Biek
and others, 2003) (figure 3).  Clarkston Bench is situated
between the Newton and Bergeson Hills on the east and
Clarkston Mountain on the west, and terminates to the north
near low hills along the Idaho state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone
forms the boundary between Clarkston Mountain and Cache
Valley.  The West Cache fault zone has been subdivided into
three segments and shows evidence of recurrent Quaternary
movement, including Holocene events (Black and others,
1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, phyllite, and vol-
canic tuff (Williams, 1958; Bjorklund and McGreevy, 1971;
Biek and others, 2003).  Stratigraphic units that crop out on
Clarkston Mountain near Garner Spring strike about N. 20°
W. and dip 39° to 43° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996).  The Washboards subunit of the Salt Lake Formation
underlies Quaternary deposits and is exposed in the spring
area (Biek and others, 2003).  The Washboards subunit con-
sists of thin- to medium-bedded calcareous claystone and
siltstone, with lesser amounts of sandstone (Biek and others,
2003).  Alluvial-fan and gravel-bearing lacustrine deposits
overlie the Washboards subunit of the Salt Lake Formation
and slope gently away from the mountain front.  These surfi-
cial sediments are generally coarse- to fine-grained, well-
sorted sand and silt, with minor clay (Biek and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges.  Temperatures in Cache Valley reach a nor-
mal maximum of 90.0°F and a normal minimum of 10.2ºF.
The normal mean temperature and annual precipitation range
from about 45 to 50°F and 16.6 to 19.5 inches, respectively,
depending on location in Cache Valley; normal mean annual
evapotranspiration in Cache Valley ranges from 40.9 to 45.3
inches (Ashcroft and others, 1992).   Because evapotranspi-
ration rates are high in the valley, very little water that falls
on the valley surface recharges the aquifer.  Clarkston Bench
is at the western edge of Cache Valley and has a temperate,
seasonal, and semiarid climate.  The seasons are well-defined
and are characterized by warm and dry summers, cold and
wet winters, warm and very wet springs, and warm and dry
autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Garner Spring are at Trenton, about 5 miles
northeast of the spring, and Cutler Dam, about 6 miles south-
east of the spring.  Monthly temperature and precipitation
data from the Trenton and Cutler Dam weather stations are
given in table 1.  Neither Trenton nor Cutler Dam weather
stations are completely representative of climatic conditions
near Garner Spring, nor are they representative of the moun-
tains above the spring.  The area around Garner Spring is
probably colder than at either of the weather stations,
because it lies at a higher elevation.

The climate of the mountainous watershed contrasts
sharply with that of the valley, with precipitation being
greater and temperatures lower.  Although no climatological
data are available for Clarkston Mountain, the area likely
receives two to three times more precipitation than the valley
based on comparison with the Wasatch Range to the south.
Snowfall on Clarkston Mountain is considerably greater than
in Cache Valley, and locally mountain snowfall may average
40 to 70 inches annually (Ashcroft and others, 1992).  Snow
accumulates from October to mid-May and most of the
runoff from snowmelt occurs between April and June.  The
precipitation received as snow on the higher elevations is an
important factor in recharging ground water, because the
slow melting of winter snow replenishes soil moisture and
ground-water recharge.  Runoff from snowmelt provides
Cache Valley with most of its surface and ground water.  The
average annual precipitation at Garner Spring is probably
about 19 inches and the average over the watershed is about
24 inches.

GARNER SPRING
Springs are an important source of water in the Clarkston

Bench region and range from small seeps to continuously
flowing springs that discharge up to several hundred gallons
of water per minute.  Springs in this area commonly emerge
where highly permeable Quaternary alluvial-fan and lacus-
trine deposits overlie the Washboards subunit of the Salt
Lake Formation, suggesting that the fine-grained sediments
of the Washboard subunit act as a barrier to downward
ground-water flow (Biek and others, 2003).  Some springs
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed
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are well-developed and their waters are used to the greatest
possible extent; others are not developed or used.  Springs
are maintained by precipitation in the mountains, and during
the dry seasons their flows diminish, with some springs fail-
ing to produce water.  Spring discharge areas are generally
overgrown with a variety of phreatophytes.

Garner Spring is at a surface elevation of approximately
5080 feet.  It is one of several springs on the west side of
Clarkston Bench having similar characteristics.  The collec-
tion area for Garner Spring is in lacustrine and alluvial
deposits, downslope from alluvial-fan deposits.  The spring
recharge area is mostly the hilly surface of the alluvial-fan
deposits near the mountain front.  Several surface drainages
may contribute recharge to the spring.  The persistent and
seasonally fluctuating flow of water by Garner Spring during
months or even years of drought indicates the spring is fed by
a relatively low-elevation recharge area, with a small subsur-
face reservoir.  Generally, discharge from the spring is vari-
able, with high flows occurring in the spring and early sum-
mer.  Garner Spring contributes a maximum of about 80 gal-
lons of water per minute to the Trenton Water System.  Gar-
ner Spring is well-developed, allowing minimal surface
runoff.  Marsh-type brush covers some of the spring area.
The spring water is of good quality.

To collect water from Garner Spring, perforated pipes
were placed in gravel-lined ditches in the vicinity of the
spring, and the ditches were backfilled.  Water from Garner
Spring is collected in 6-inch collection pipes, which route the
water into its spring box (figure 4).  The collection box pro-
vides a settling basin for sediment removal and facilitates
maintenance of the spring.  Spring flow from Garner Spring
is combined with the discharge from Sparks Spring at the
Garner Spring box.  The combined flow from Garner and
Sparks Springs is piped 1 mile southeast to the Goodey
Spring box, then into the Trenton Water System.

HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The east and
north boundaries of Clarkston Bench coincide with hills of
low permeability that probably contribute little water to the
area (Bjorklund and McGreevy, 1971).  The western bound-
ary coincides with Clarkston Mountain composed of rock
having unknown hydraulic properties, but the transmissivi-

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam Climatological Stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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ties of the rocks are probably lower than the alluvium in the
valley.  The southern boundary of Clarkston Bench allows
water to leave and recharge the basin-fill aquifer in the rest
of Cache Valley.  Limited water-level data indicate the
regional ground-water flow direction in the area is away
from the mountain and to the southeast under a hydraulic
gradient varying from 0.009 to 0.08 (Bjorklund and
McGreevy, 1971).

Clarkston Mountain is the source of most of the water
found in the Clarkston Bench area.  The permeability in the
mountains is highly variable and the infiltration of water into
the ground might be high in some areas, and moderate or low
in others.  Details of hydraulic gradients and flow directions
on Clarkston Mountain are unknown, but some generalities
can be made by assuming topography affects the hydraulic
gradient.  The Clarkston Mountain front has an overall slope
that is moderate to steep eastward, with local northward and
southward slopes along drainages.  Mountain-front ridges
have topographic gradients of about 0.3 to 0.5; ephemeral
stream channels along the mountain front have gradients of

about 0.1 to 0.3, suggesting that ground-water gradients are
also steep.  Ground and surface water flows eastward away
from the mountain crest toward the mountain front, with
local ground-water flow toward drainages.  The presence of
anisotropic, permeable and impermeable layers in some sed-
imentary rock intervals may modify the local flow directions.  

The West Cache fault zone is the boundary between
more permeable unconsolidated sediments and the less per-
meable rocks of Clarkston Mountain.  The fault systems
along Clarkston Mountain trend roughly N. 20° to 40° W.
Although some generalities can be interpreted, the detailed
permeability architecture of the West Cache fault zone is
poorly understood.  Estimates of inflow rates from the rock
aquifers to the valley fill are poorly constrained, and inflow
rates may vary substantially with location, depending on the
permeability architecture of the West Cache fault zone.
Higher permeability along the fault zone due to fracturing
may allow ground-water to flow across the fault zone.  Few
springs are located along the trace of the West Cache fault
zone, consistent with the fault not acting as a barrier.

2” water pipe from Sparks Spring.

Water line, approximately 1 mile to
Goodey Spring Collection Box.

Compacted gravel
base.

6" gate valve.

Poured-in-place or precast concrete
base.

6" drain/overflow.

6" staff
gage.

60" manhole with eccentric cone upper
section.

Min. 2% slope

2'- 6"2'- 6"

1'- 0"1'- 0"

3'- 0"3'- 0"

Min. 2% slope

Inlet
Outlet

3%

6"6"

1'- 0"1'- 0"

6”

10'-0" +10'-0" +

6” collection line.

Not to Scale

Figure 4. Diagram of typical spring collection system used at Garner Spring.



Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface water runoff in
streams that flow from the mountain.  Substantial amounts of
water from ephemeral streams infiltrate the relatively perme-
able alluvium along the mountain front, recharging the allu-
vial-fan and lacustrine aquifer in the Clarkston Bench area.
The streams coming out of the mountains are flashy, and
most of the year’s runoff takes place in the spring.  Near the
streams, the water table probably rises in the spring in
response to increased runoff, and then declines until the end
of the growing season.  Bjorklund and McGreevy (1971)
considered the alluvium in the Clarkston Bench area to con-
sist of coarse sand and gravel that yields water.  They esti-
mated the transmissivity in the Clarkston Bench area to be
about 240 square feet per day, based on the few wells in the
area.  This value corresponds to sand and gravel deposits and
would represent a high value for the materials of the area
(Domenico and Schwartz, 1990).

Springs in the Clarkston Bench drainage area indicate
ground-water flow on eastern Clarkston Mountain is from
the west to the east.  The hydrologic divide separating
ground-water flow on Clarkston Mountain is probably relat-
ed to the topographic divide, as indicated by the location of
springs on either side of the topographic divide.  A compo-
nent of subsurface inflow from bedrock to alluvium along the
mountain front is probable, but seepage of surface water
along the mountain front is likely the most important source
of recharge to the alluvial-fan aquifer.

Hydrologic Budget for the
Clarkston Bench Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, an area where all surface and ground water
within the area drains toward Clarkston Creek.  This required
the identification and quantification of sources of recharge
and discharge to the 43-square-mile watershed (table 2).  The
budget assumes all water entering the watershed is stored
within its boundaries, is consumed therein, or flows out
either on the surface or underground.  I identified precipita-
tion as the source of water within the Clarkston Bench water-
shed.  Water storage in the catchment area represents storage
in ground water, soil moisture, vegetation, and Clarkston
Creek.  Evapotranspiration, and surface-water and subsur-
face-water outflows leave the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually and probably averages about 24 inches
(Ashcroft and others, 1992), thus inflow to the catchment
area is about 2.4 billion cubic feet per year.  The temporal
and spatial variation of annual, seasonal, and monthly pre-
cipitation is not evenly distributed within the watershed.
Greater precipitation is associated with summer and fall con-
vective storms and/or higher elevations.  Evapotranspiration,
the largest outflow from the catchment area, averages about
20 inches annually over the watershed (Ashcroft and others,
1992), accounting for the loss of about 2 billion cubic feet
per year of water from the watershed.  Like precipitation, the
temporal and spatial variation of evapotranspiration is not
evenly distributed within the watershed.  Bjorklund and
McGreevy (1971) estimated Clarkston Creek discharge to be
174 million cubic feet per year from 1960 to 1968.  I estimate
that the remainder of water, about 226 million cubic feet per

year, is recharge to the valley-fill aquifer in Clarkston Bench
and leaves the watershed as subsurface outflow.  At about 6
million cubic feet of water per year, Garner Spring is a frac-
tion of the Clarkston Bench watershed.  The hydrologic
budget for the Clarkston Bench watershed indicates there is
enough water in the watershed to account for spring dis-
charges.

Recharge-Area Calculation for Garner Spring
I used a water-budget method to estimate a recharge area

contributing to Garner Spring.  This is a simple area calcula-
tion that requires little data and is based on assumptions that
do not incorporate the hydrogeologic complexities identified
in the area.  For springs and seeps that obtain water from
local precipitation and no other sources, the water budget is
a good method to estimate the size, but not the shape of the
area contributing recharge.  The area contributing recharge to
a shallow water-table aquifer in most hydrogeologic settings
is related to the spring discharge and recharge rates.  This can
be expressed as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is ground-water recharge
rate above the spring.

Discharge from Garner Spring, as reported to the Utah
Division of Water Rights, is as much as 80 gallons per min-
ute.  As indicated above, average annual precipitation in the
area is estimated at 24 inches and evapotranspiration is esti-
mated at 20 inches.  Assuming the amount of precipitation
recharging the ground water is the difference between pre-
cipitation and evapotranspiration, 4 inches of precipitation
per year recharges the ground water system in the catchment
area.  This represents about 17 percent of the total annual
precipitation and can be considered a reasonable recharge for
assumed precipitation.  I assume maximum discharge for the
spring represents the maximum possible areal extent of the
recharge area.  Based on this volume of water, the recharge
area of Garner Spring must be about 0.61 square mile to pro-
vide a discharge of 80 gallons per minute.  The water-budget
computation reasonably estimates the aquifer surface area
needed to provide recharge to the discharging springs.
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Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)

Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr

A = Q
R



Catchment-Area Estimate for Garner Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assuming this flow
represents the maximum aerial extent of the catchment area,
and an annual recharge of 4 inches.  Using the method of
Todd (1980) to plot catchment area as a function of estimat-
ed recharge rate and discharge for the spring, I determined a
catchment area of about 0.4 square mile is necessary to sup-
ply 80 gallons per minute of water to Garner Spring in the
Clarkston Creek drainage area.

DWSP ZONES
Introduction

To assure the quality of the water from Garner Spring,
which is of particular concern to the Trenton Water Compa-
ny, the surface and subsurface areas from which water is
drawn need protection.  The delineation of capture zones or
drinking water source protection (DWSP) zones is a method
of identifying areas surrounding the spring for protection
against infiltration and transportation of contaminants that
may adversely affect human health.  I used a preferred delin-
eation procedure to determine the DWSP zones, because it
uses local hydrogeologic conditions.

Based on the geologic and hydrogeologic evaluation, I
made the following assumptions regarding aquifer character-
istics relevant to capture-zone delineation:

• Ground water flows to Garner Spring through uncon-
solidated deposits overlying the Washboards sub-
unit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front and
by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Garner Spring.

• A potential for ground-water movement from the
south to the north exists along the West Cache
fault that may supply water to the spring.

• Garner Spring flow records indicate the flow varies
seasonally, but the spring does maintain flow year
round.

• Recharge and catchment area analyses indicate the
area needed to recharge the spring is within the
topographic watershed.

• Hydraulic conductivity and, potentially, ground-
water velocity may be relatively high in some
parts of the system, but relatively low in other
parts of the system.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs when ephemeral

streams lose water along the mountain front, near where they
cross the West Cache fault zone.  Because recharge to the
alluvial aquifer includes significant seepage of surface water,

the drainages supplying surface water are integrated into the
protection zones.  The water-budget and catchment-area
analyses suggest that the zone of contribution to the spring is
likely within local topographic drainages. For a shallow
water-table aquifer, the recharge area is likely situated near
the spring.

I assumed a spring capture zone can be approximated
from the distribution of recharge features visible in the area,
and used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Topo-
graphic surface divides and ground-water divides typically
coincide, and lateral drainage divides separate areas con-
tributing recharge to the spring from non-contributing areas.
The West Cache fault zone is topographically above the
spring and is likely an enhanced zone of permeability.
Because of the enhanced permeability along the West Cache
fault zone, I extended the protection zone along the fault
zone.  The potential zone of contribution to the spring, based
on the geology and hydrogeology, may extend as much as 2.7
miles (maximum distance to the topographic divide) west-
southwest from the spring, along the mountain front, and
includes several drainages in the mountains.  I consider this
to be the maximum plausible extent.  Ground-water flow
boundaries closer to Garner Spring could not be inferred
from the hydrogeologic evaluation.  Without detailed subsur-
face data, no areas of the aquifer can be considered confined
or isolated from the ground surface.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer characteristics.  Although this method
is less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantative
method for which sufficient data are available.  The aquifer
volume discharge method produces a fixed-radius time-of-
travel zone that represents a volume of aquifer supplying
water to the spring (appendix A).  The idealized volume of
the aquifer must provide an amount of water that balances
the amount of water being discharged from the spring, and is
assumed to have its focus at the spring. The radius of a time-
related volume of the aquifer can be projected to the ground
surface to represent a surface area contributing ground water
to the spring.  An advantage with this method is that fewer
hydrologic parameters are required, and those that are can be
conservatively estimated.  Problems with this method are (1)
criteria for the selection of hydrology parameters are uncer-
tain or arbitrary, (2) the method assumes radial flow to the
discharging point at the spring, and (3) regional ground-
water flow is not considered.

The delineation of capture zones for the spring using the
aquifer volume discharge method requires conservative esti-
mates of average hydraulic head, effective porosity of the
aquifer, and maximum discharge of the spring.  The
hydraulic head responsible for the spring discharge could be
related to recharge at higher elevations in the mountains;
however, I assume most of the hydraulic head is related to
the recharge of the alluvial materials near the mountain front,
and used 400 feet as the average hydraulic head.  I estimated
an effective porosity of 20 percent as a reasonable value for
the materials found in the area.   The aquifer volume dis-
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charge method results in a zone of contribution or time-relat-
ed capture zone with a maximum upgradient distance of
about 200 feet and maximum width of about 400 feet for a
250-day time period, a maximum upgradient distance of
about 500 feet and width of 700 feet for a 3-year time peri-
od, and a maximum upgradient distance of 1200 feet and
width of 1600 feet for a 15-year time period.  This analysis
does not take into account other springs or their effect on the
ground-water flow system.

Ground-Water Velocity Method
The ground-water velocity method involves the calcula-

tion of average velocity of ground water moving horizontal-
ly in the alluvial-fan and lacustrine aquifer.  Using this veloc-
ity, distances along flow lines that represent 250-day, 3-year,
and 15-year travel times are calculated (appendix B).  Rea-
sonable estimates for the aquifer properties were obtained
from the semiquantitative hydrogeologic investigation.
Hydraulic conductivity, the primary hydrogeologic parame-
ter controlling transport in the alluvial-fan and lacustrine
deposits, may vary widely across relatively short distances,
but as the scale increases, an average value of the hydrogeo-
logic parameters should be obtainable.  Bjorklund and
McGreevy (1971) estimated the transmissivity in the valley
fill for Clarkston Bench, including alluvial-fan and lacustrine
deposits, to be 240 square feet per day.  This value is repre-
sentative of the sand and gravel that make up the main
aquifer (Domenico and Schwartz, 1990).  This is a high
transmissivity for Cache Valley and should provide a ground-
water velocity that is protective of the spring.  The hydraulic
gradient above the spring was estimated at 0.06 based on
local topography.

I calculated a velocity of about 1.5 feet per day could be
expected in the aquifer system using information from the
hydrogeologic investigation (appendix B).  The calculated
travel distance for the spring using this particle velocity are
400 feet for a 250-day time period, 1600 feet for a 3-year
time period, and 8200 feet for a 15-year time period.

Results
The zones of contribution from the hydrogeologic inves-

tigation, aquifer volume discharge, and ground-water veloc-
ity methods are shown in table 3.  I used conservative esti-
mates of aquifer properties and selected the most conserva-
tive (protective) results from the various methods to define
the boundaries of the DWSP zones.  The aquifer volume dis-
charge method yields a distance of 200 feet and the ground-
water velocity method 400 feet for a 250-day travel time.
The aquifer volume discharge method yields a distance of
500 feet and the ground-water velocity method 1600 feet for
the 3-year travel time.  I used the more protective values cal-
culated by the ground-water velocity method to determine
the distances from the spring to the zone 2 and 3 boundaries
and determined the width of the zones from the local topog-
raphy.  I used the hydrogeology investigation to determine
the distance and width of zone 4.  The downgradient bound-
ary of the zone of contribution to the spring relative to the
direction of the regional hydraulic gradient would be at the
spring.  DWSP zones 2, 3, and 4 for Garner Spring are shown
on figure 5, and dimensions are given in table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3 boun-
daries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary extends into the consolidated
bedrock of Clarkston Mountain.  The zone 2 boundary is
placed at a distance of 400 feet upgradient from the spring,
and the maximum upgradient distance of the zone 3 bound-
ary is 1600 feet.  I determined the width of the zone 2 and 3
boundaries by locating the maximum extent of each zone on
a 1:24,000-scale topographic map and extending the lateral
boundaries toward the spring so that they matched the local
topography. The maximum upgradient distance from the
spring to the DWSP-zone 4 boundary is about 14,200 feet.
The hydrogeologic method uses the local geology, topog-
raphy, and surface features to provided insight into the size
and shape of a maximum contributing area to the spring.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 14,200 5400 14,200 5400 14,200 5400

Aquifer Volume Discharge2 200 400 500 700 1200 1600

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method
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SUMMARY AND RECOMMENDATIONS
Many factors affect the size and shape of the zones con-

tributing water to a spring.  To delineate drinking water
source protection zones for Garner Spring, I combined a geo-
logic and hydrogeologic evaluation of the area with aquifer
volume discharge and ground-water velocity calculations
that estimated a volume of aquifer needed to supply dis-
charge to the spring, and a distance a particle moves in the
aquifer.  I used conservative estimates of aquifer properties
to determine time-related travel zones.  I delineated an
extended surface-drainage basin as drinking water source
protection zone 4; smaller areas were delineated as protec-

tion zones 2 and 3.  Zones 2 and 3 provide land-use and
water-system managers with better defined, but smaller-sized
areas, than the 1998 delineated area while remaining protec-
tive of the drinking-water source.  Maximum upgradient dis-
tances from the spring to the DWSP zone boundaries, and the
method used to delineate each zone, are as follows: (1) zone
2, 400 feet, ground-water velocity method; (2) zone 3, 1600
feet, ground-water velocity method; and (3) zone 4, 14,200
feet, hydrogeologic method.  Additional subsurface investi-
gation would be needed to refine the boundaries delineated in
this report.  If additional information becomes available to
better define travel times in the aquifer, I recommend the
DWSP zones be redelineated.
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Table 4. Methods and values used in the delineation of drinking water source protection zones for Garner Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 400 1600 14,200
distance (ft)

Maximum width (ft) 400 1000 5400
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method produces a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Garner Spring area was treated as a uniform aquifer for the analyt-
ical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For a volume aquifer supplying
water to the spring of radius r, height h, and porosity n, the total volume of water contained therein can be represented as 1⁄4nhπr2.  I
assumed radial ground-water flow in this aquifer volume converges at the spring, providing the volume of discharge water from the
spring.  
Equating these two volumes of water and solving for r yields the expression:

where ri is radial distance (l), Q is spring discharge (l3/t), ≠ is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic head at the
spring (l), and n is porosity  (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to average values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 80 gallons per minute or abou 15,400 cubic feet per day; h is a hydraulic head
in the aquifer above the spring discharge point, which is 400 feet to be conservative; n is effective porosity of the aquifer, which is
assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 248 feet
t3 = 3 years (1095 days) r3 = 518 feet
t4 = 15 years (5477 days) r4 = 1159 feet

The maximum width of the aquifer volume can be approximate by the length of the chord subtended by the arc of radius ri.  The length
of the chord is given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to discharge.  I chose 90° for this angle as a reasonable assumption based on assumed aquifer geometry.
Solution:

t2  = 250 days r2 = 248 feet w2 = 351 feet   
t3  = 3 years (1095 days) r3 = 518 feet  w3 = 732 feet   
t4  = 15 years (5477 days) r4 = 1159 feet   w4 = 1639 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(15,400 ft3/day)(250 days)
(0.20)(400 ft)(3.1416)

r2 =

90°w2 = 2(248 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmissivity of the val-
ley fill in Clarkston Bench area to be 240 ft2/day and I estimated the average thickness of the aquifer to be 48 feet.  From these values
the hydraulic conductivity of the aquifer is calculated to be 5 ft/day.  The average hydraulic gradient above the spring was estimated
to be 0.06, and the effective porosity of the sediments to be about 20 percent.
The one-dimensional average velocity of a particle within the aquifer is expressed as:

where v is average velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the
aquifer (l/t), ne is the effective porosity of the aquifer (dimensionless), and       is the hydraulic gradient of the aquifer along the flow
path (dimensionless).

The one-dimensional relationship between particle velocity and distance is:

where Di is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time of travel (t).
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days (3 years) D3 = 1642 feet
t4 = 5477 days (15 years) D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =           ti
K
ne

dh
dl

D2 = (5 ft/day 0.06) (250 days)0.20

Di  = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Sparks Spring, which is used by the Tren-
ton Water System as a source of drinking water.  A spring
protection zone was delineated for the spring in 1998, but
new protection zones are being redelineated now so that
additional zoning can be implemented in the area.  The
spring is in the western Clarkston Bench area near the
foothills of Clarkston Mountain, Cache County, Utah.  The
spring derives water from unconsolidated alluvial-fan and
lacustrine deposits consisting mostly of sand and gravel.

The West Cache fault zone is the dominant structure in
the area and forms the boundary between the Lower Paleo-
zoic strata of Clarkston Mountain and Tertiary and Quater-
nary sediments in the valley.  The Paleozoic sedimentary
rocks near Sparks Spring typically dip toward the east and
northeast, away from the high mountainous areas; faults
interrupt the regional dip of the rocks.  Tertiary strata of the
Salt Lake Formation unconformably overlie lower Paleozoic
strata and underlie Quaternary alluvial-fan and lacustrine
deposits.  The Salt Lake Formation is exposed throughout the
foothills and valley.

Sparks Spring issues near the
contact between alluvial-fan and
lacustrine deposits, and underlying
semiconsolidated to consolidated
deposits of the Salt Lake Forma-
tion.  A large number of springs
issue relatively small but useful
supplies of water at or near this
contact, and thus limit the areas
contributing ground water to
Sparks Spring.  The average hydro-
logic budget for the Clarkston
Bench watershed, which contains
Sparks Spring and other springs,
indicates that about 2.4 billion
cubic feet of water enters and
leaves the area annually.  I deter-
mined a recharge area of about 0.1
square mile would be necessary to
provide enough water to account
for the flow from Sparks Spring,
based on average annual precipita-
tion and evapotranspiration rates in
the area.

I incorporated tools and meth-
ods of geology and hydrogeology
in an integrated approach to deter-
mine the extent of the DWSP zones
(as defined by Utah's Drinking
Water Source Protection Rule).
Each DWSP zone was delineated
using the results of the method that
extended the zone boundary a con-

servative (protective) distance topographically upgradient of
the spring, relative to the defined criteria for the particular
zone.  These protection zones cover only a part of the poten-
tial zone of contribution, but are more manageable than the
whole drainage basin.   Maximum upgradient distances from
the spring, and the method results used, for the DWSP zone
boundaries are as follows: (1) zone 2—400 feet, ground-
water velocity method; (2) zone 3—1600 feet, ground-water
velocity method; and (3) zone 4—12,600 feet, hydrogeo-
logic method.

INTRODUCTION
This report describes the delineation of new drinking

water source protection (DWSP) zones for Sparks Spring, a
public-water-supply spring (Utah Division of Drinking
Water system number 03021, source number 06) in the SW1⁄4
SW1⁄4NE1⁄4 section 21, T. 14 N., R. 2 W., Salt Lake Base Line
and Meridian, western Cache County, Utah (figure 1).  A pro-
tection zone for Sparks Spring, delineated in 1998, is
presently a 2-mile radius upgradient from the spring.  Cache
County intends to enact zoning that utilizes the 250-day
time-of-travel zone (zone 2) around the spring, requiring
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redelineation of the DWSP zones for Sparks Spring.  The
scope of work included a literature search, review of water
records, interpretation of data, delineation of the DWSP
zones, and preparation of this report.

Sparks Spring is about 1.25 miles northwest of the town
of Clarkston, near the foothills of Clarkston Mountain.  The
town of Trenton is a rural farming community that obtains
part of its municipal drinking water from this spring.  The
Trenton Water System consists of six spring sources, three of
which are shared with Clarkston and/or Newton.  Sparks
Spring is used solely by Trenton.  Dry farming is the pre-
dominant land use in the area surrounding the spring, in addi-
tion to some grazing, recreation, and residential develop-
ment.  Figure 2 shows the extent of agriculture land devel-
opment in the area, which has taken place since 1864 (Peter-
son, 1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply. This strategy creates a limited area to
concentrate resources for inventory, control, and monitoring
with an overall goal of assuring the quality of the public
water supply.  Local government municipalities can imple-
ment land-use regulations to protect water supplies and
reduce the risk of future ground-water contamination and
costly remediation efforts in these areas.  Utah's DWSP Rule
(R309- 600- 9 [3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a three-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309- 600- 9
[3] [iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure,” based on
ground-water times-of-travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure,” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Sparks
Spring using the “Preferred Delineation Procedure” because
this approach incorporates information about the hydrogeo-
logic system and is less arbitrary than the other procedure.

Sparks
Spring

N

0 1000 2000 feet

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Sparks Spring.



In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Sparks Spring is located on Clarkston Bench, in north-

western Cache Valley, at the eastern edge of the Wasatch
Range.  This area includes parts of the Clarkston Mountain
and Cache Valley subdivisions of the Middle Rocky Moun-
tains physiographic province (Stokes, 1977).  Clarkston
Bench constitutes the largest foothill bench in Cache Valley
and is largely covered with alluvial-fan and lacustrine
deposits of the Bonneville lake cycle, and recent alluvial-fan
deposits (Biek and others, 2003) (figure 3).  Clarkston Bench
is situated between the Newton and Bergeson Hills on the
east, and Clarkston Mountain on the west, and terminates to
the north near low hills along the Idaho state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone
forms the boundary between Clarkston Mountain and Cache
Valley.  The West Cache fault zone has been subdivided into
three segments and shows evidence of recurrent Quaternary
surface faulting, including Holocene (10,000 years to recent)
events (Black and others, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite
(Williams, 1958; Bjorklund and McGreevy, 1971; Biek and
others, 2003).  Stratigraphic units that crop out near Sparks
Spring strike about N. 25° W. to N. 5° W. and dip 30° to 55°
to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of Clarkston Bench (Williams, 1962; Evans and
Oaks, 1996) and consist primarily of conglomerate; and
tuffaceous siltstone, sandstone, and limestone; and volcanic
tuff.  Underlying Quaternary deposits, and exposed in the
area of the spring, is the Washboards subunit of the Salt Lake
Formation (Biek and others, 2003).  Alluvial-fan and gravel-
bearing lacustrine deposits overlie the Washboards subunit,
and slope gently away from the mountain front.  Surficial
sediments in the area are generally coarse- to fine-grained,
well-sorted sand and silt, with minor clay (Biek and others,
2003).

CLIMATE

Cache Valley is a “back valley” east of the Wasatch
Range characterized by large daily and seasonal temperature
ranges.  Temperatures in Cache Valley reach a normal maxi-

mum of 90.0°F and a normal minimum of 10.2ºF.  The nor-
mal annual mean temperature and precipitation range from
about 45 to 50°F and 16.6 to 19.5 inches respectively; nor-
mal annual mean evapotranspiration in Cache Valley ranges
from 40.9 to 45.3 inches (Ashcroft and others, 1992).
Because evapotranspiration rates are extremely high in the
valley, very little water that falls on the valley surface
recharges the aquifer.  Clarkston Bench is at the western edge
of Cache Valley and has a temperate, seasonal, and semiarid
climate.  The seasons are well-defined and are characterized
by warm and dry summers, cold and wet winters, warm and
very wet springs, and warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Sparks Spring are at Trenton, about 5 miles
northeast of the spring, and Cutler Dam, about 6 miles south-
east of the spring.  Monthly temperature and precipitation
data from the Trenton and Cutler Dam weather stations are
given in table 1.  Neither Trenton nor Cutler Dam weather
stations are completely representative of climatic conditions
near Sparks Spring, nor are they representative of the moun-
tains above the spring.  The area around Sparks Spring is
probably colder than at either of the weather stations, be-
cause it lies at a higher elevation then either of the weather
stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley, precipitation being greater and
temperatures lower.  Although no climatological data are
available for Clarkston Mountain, the area likely receives
two to three times more precipitation than the valley, based
on comparison with the Wasatch Range to the south.  Snow-
fall on Clarkston Mountain is considerably greater than in
Cache Valley, and locally mountain precipitation may aver-
age 40 to 70 inches annually (Ashcroft and others, 1992).
Snow accumulates from October to mid-May and most of the
runoff from snowmelt occurs between from April and June.
The precipitation received as snow on the higher elevations
is an important factor in recharging ground water, because
the slow melting of winter snow leads to the replenishment
of soil moisture and ground-water recharge.  Runoff from
snowmelt provides Clarkston Bench with most of its surface
and ground water.

The average annual precipitation at Sparks Spring is
probably about 19 inches and the average over the watershed
is about 24 inches.  Evaporation occurs from open water,
snow surfaces, and moist soil, and transpiration occurs from
plants; these are combined as evapotranspiration in water
budget estimates (see below).  Evapotranspiration probably
exceeds precipitation in the spring area, but average annual
evapotranspiration in the range of elevations found in the
recharge area of the spring is about 20 inches (Ashcroft and
others, 1992).

SPARKS SPRING
Springs are an important source of water in the Clarkston

Bench area.  They range from small seeps to continuously
discharging springs that discharge up to several hundred gal-
lons of water per minute.  Springs emerge from flat-lying,
permeable Quaternary alluvial-fan and lacustrine deposits
where they overlie impermeable Salt Lake and Wasatch For-
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge
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mation (Biek and others, 2003).  Faults control the location
of a few springs on Clarkston Bench as indicated by their
location near the surface trace of faults.  None of the fault-
controlled springs are used for public water supplies.  Some
springs are well-developed and their waters are utilized to the
greatest possible extent; others are not developed or used.
Springs are maintained by precipitation in the mountains,
and during the dry seasons their flow diminishes, and some
springs dry up entirely.  Spring discharge areas can be over-
grown with a variety of phreatophytes.

Sparks Spring is at a surface elevation of approximately
5160 feet.  It is one of several springs on the west side of
Clarkston Bench having similar geologic settings and dis-
charge characteristics.  The spring recharge area is the hilly
surface of the alluvial-fan deposits along the mountain front
above the spring.  Several surface drainages may contribute
recharge to the spring.  Sparks Spring contributes only about
10 gallons of water per minute to the Trenton Water System
and has a maximum perennial flow of only about 13.5 gal-
lons per minute.  Generally, discharge from the spring is vari-
able, with high flows occurring in the spring and early sum-
mer.  Sparks Spring is well-developed, allowing minimal sur-
face runoff.  Marsh-type brush covers some of the spring

area.  Sparks Spring discharge water is of good quality.   
To collect water from Sparks Spring, perforated pipes

were placed in gravel-lined backfilled ditches in the vicinity
of the spring.  To develop more water from the spring area,
Sparks Spring was renovated and redeveloped in 1974.
Pipes were replaced and several additional lengths of pipe
were added to capture more water.  Water from Sparks
Spring is now collected in collection tiles, which route it into
a four-by-four foot by eight-foot deep spring box (figure 4).
The collection box provides a settling basin for sediment
removal and facilitates maintenance of the spring.  Sparks
Spring water is routed through a 2-inch diameter water pipe
to the Garner Spring collection box, 1/4 of a mile northeast,
where it then goes into Trenton’s water system.

HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The northern

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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and eastern boundaries of Clarkston Bench coincide with
hills composed of low-permeability materials that probably
contribute little water to the area (Bjorklund and McGreevy,
1971).  The western boundary coincides with Clarkston
Mountain, composed of rocks having unknown hydraulic
properties; the transmissivities of rocks are probably lower
than those of the alluvium in the valley.  Discharge to the
main Cache Valley aquifer occurs along the southern bound-
ary of Clarkston Bench.  The Salt Lake Formation may pro-
vide a lower barrier to vertical flow, allowing the ground
water to move horizontally until the unconsolidated sedi-
ments thin and the spring emanates at the surface.  The per-
sistent, but seasonal fluctuation in flows from Sparks Spring
indicates that a relatively low-elevation recharge area, with a
small-sized subsurface reservoir, feeds the spring.  Limited
water-level data indicate that ground-water flow in the Clark-
ston Bench area is away from Clarkston Mountain and to the
southeast, under a hydraulic gradient varying from 0.009 to
0.08 (Bjorklund and McGreevy, 1971; Beer, 1967).

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of the ground water in the Clarkston

Bench hydrologic province.  The permeabilities of rock and
surficial units in the mountains are highly variable and the
infiltration rates of water into the ground may be high in
some areas, and moderate or low in others.  Details of hy-
draulic gradients and flow directions on Clarkston Mountain
are unknown, but some generalities can be made, assuming
hydraulic gradients are partly related to topography.  The
Clarkston Mountain front slopes moderately to steeply east-
ward, with northward and southward slopes adjacent to
stream channels.  Mountain-front ridges have topographic
gradients of about 0.3 to 0.5, and ephemeral stream channels
along the mountain front have gradients of about 0.1 to 0.3,
indicating that ground-water gradients are also steep, proba-
bly between 0.01 and 0.1.  Ground and surface water flows
eastward away from the mountain crest toward the mountain
front, with local ground water flowing toward stream chan-
nels.  Anisotropic permeable and impermeable layers in some
sedimentary rock intervals may modify local flow directions.

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between more permeable uncon-
solidated sediments and less permeable rocks of Clarkston
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Figure 4. Diagram of typical spring collection system used at Sparks Spring.



Mountain.  The permeability architecture of the West Cache
fault zone is poorly understood; however, the fault likely
allows ground-water flow.  The permeability along the fault
zone may allow it to effectively serve as a permeability zone
for ground-water flow along (fault-parallel ground-water
flow) or across (fault-perpendicular ground-water flow) the
fault.  Few springs are present along the trace of the West
Cache fault zone, consistent with the fault not acting as a bar-
rier.

Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface-water runoff in
ephemeral streams that flow from the mountain.  Water in
ephemeral streams encounters relatively permeable uncon-
solidated alluvial-fan deposits along the mountain front,
recharging the aquifer in the valley.  The streams coming out
of the mountains are flashy, and most of the year’s run-off
takes place in the spring.  Near the streams, the water table
probably rises in the spring in response to increased run-off
and then declines until the end of the growing season.  Bjork-
lund and McGreevy (1971) considered the alluvium in the
Clarkston Bench area to consist of coarse sand and gravel
deposits that yield water.

There is probably a component of subsurface inflow
from bedrock to alluvium along the mountain front, but seep-
age of surface water is likely the most important source of
recharge to the alluvial-fan aquifer.  Estimates of inflow rates
from the bedrock aquifers to the valley fill are poorly con-
strained and inflow rates may vary substantially with loca-
tion, depending critically on the permeability architecture of
the West Cache fault zone.  Ten gallons per minute of peren-
nial flow at Sparks Spring indicates a small-sized subsurface
reservoir feed the spring.  The seasonal fluctuations in flow
indicate the recharge area is probably the relatively low ele-
vation permeable alluvial and lacustrine sediments immedi-
ately upgradient of the spring, which capture and filter sea-
sonal recharge to the subsurface reservoir.

Hydrologic Budget for the Clarkston
Bench Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This requires the identification and
quantification of sources of recharge and discharge to the
watershed (table 2).  The Clarkston Bench watershed is a
semiarid to humid area of about 43 square miles.  The budg-
et assumes that all water entering the watershed either goes
into storage within its boundaries, is consumed therein, or
flows out either on the surface or underground.  I identified
precipitation as the sole source of water within the Clarkston
Bench watershed.  Water storage in the catchment area in-
cludes storage in ground water, soil moisture, vegetation, and
Clarkston Creek.  Evapotranspiration, surface water, and
ground water represent discharge from the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually (Ashcroft and others, 1992) and probably
averages about 24 inches, thus inflow to the catchment area
is about 2.4 billion cubic feet per year.  The annual, season-
al, and monthly precipitation amount is not evenly distrib-
uted temporally and spatially within the watershed.  Greater
precipitation is associated with summer and fall convective
storms or higher elevations.  Evapotranspiration, the largest

outflow from the catchment area, averages about 20 inches
annually over the watershed, resulting in the loss of about 2
billion cubic feet per year of water from the watershed.  Like
precipitation, evapotranspiration is not evenly distributed
temporally and spatially within the watershed.  Bjorklund
and McGreevy (1971) estimated discharge from Clarkston
Creek to be 174 million cubic feet per year during the period
1960 to 1968.  I estimate that about 226 million cubic feet per
year leaves the Clarkston Bench watershed as subsurface
outflow.  Since the annual discharge of Sparks Spring is
about 0.9 million cubic feet per year the hydrologic budget
for the Clarkston Bench watershed indicates there is enough
water in the watershed to account for the spring.

Recharge-Area Calculation for Sparks Spring
A water-budget method was used to estimate the land-

surface area contributing recharge to Sparks Spring.  This is
a simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and inversely to the recharge rates.  This can
be expressed as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is ground-water recharge
rate above the spring.

Discharge from Sparks Spring, as reported to the Utah
Division of Water Rights, is as much as 13.5 gallons per
minute.  As indicated above, average annual precipitation in
the mountains can be estimated at 24 inches and evapotran-
spiration can be estimated at 20 inches.  I assume recharge is
the difference between precipitation and evapotranspiration.
About 4 inches of precipitation per year recharges ground
water in the catchment area; this represents about 17 percent
of the total precipitation, a reasonable value compared to
other areas in Utah having a similar climate and topography.
I assumed the values of maximum discharge for the spring
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A = Q
R

Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)

Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr



represented the maximum possible areal extent of the
recharge area.  Based on this volume of water, the recharge
area of Sparks Spring must be about 0.1 square mile to pro-
duce a discharge of 13.5 gallons per minute.  The water-bud-
get computation provides a reasonable estimate of the
aquifer-surface area needed to provide recharge to the dis-
charging spring.

Catchment-Area Estimate for Sparks Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assumed to represent
the maximum areal extent of the catchment area, and an
annual recharge of 4 inches.  Using Todd’s (1980) plot of
catchment area as a function of estimated recharge rate and
discharge for the spring, I determined a catchment area of
about 0.1 square mile is necessary to supply water for Sparks
Spring in the Clarkston Creek drainage area.

DWSP ZONES
Introduction

To assure the quality of the water from Sparks Spring,
which is of particular concern to the Trenton Water Compa-
ny, the surface and subsurface areas that supply the water dis-
charging from the spring need protecting.  I used a preferred
delineation procedure here because it uses local hydrogeo-
logic conditions to determine the DWSP zones.  The delin-
eation of capture zones or DWSP zones is a method of iden-
tifying areas surrounding the spring for protection against
infiltration and transport of contaminants that may adversely
affect human health.  I used a preferred delineation proce-
dure, because it uses local geologic and hydrogeologic con-
ditions to determine the DWSP zones.

Based on the geologic and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water to Sparks Spring flows through
unconsolidated deposits overlying the Wash-
boards subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front
and by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Sparks Spring.

• Ground-water movement along the West Cache
fault may supply some water to the spring.

• Sparks Spring flow records indicate flow varies sea-
sonally, but the spring maintains flow year
round.

• Water-budget and catchment-area analyses indicate
the area needed to recharge the spring lies with-
in the topographic watershed.

• Hydraulic conductivity and, potentially, ground-
water velocity may be relatively high in some
parts of the system, but relatively low in other
parts of the system.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs along the moun-

tain front when ephemeral streams that drain Clarkston
Mountain encounter coarse alluvial-fan deposits, near where
they cross the West Cache fault zone.  Because recharge to
the aquifer includes significant seepage of surface water, the
drainages supplying surface water should be integrated into
the protection zones.  The protection zones should also
extend along the West Cache fault zone, because of the like-
lihood of water flowing along the fault zone.  The water-bud-
get and catchment-area analyses suggest the zone of contri-
bution to the spring is likely within local topographic drain-
ages.  For a shallow water-table aquifer, the recharge area is
likely situated near the spring.

I used local geology, topography, and surface features to
gain insight into the size and shape of a contributing area to
the spring.   I used 1:24,000-scale topographic maps to locate
surface drainages and potential boundaries surrounding the
spring.  Hydrologic divides separating ground-water and sur-
face-water flow on Clarkston Mountain are related to the
topographic divide, indicated by the location of streams, and
springs on either side of the topographic divide.  Lateral
drainage divides, which separate areas contributing recharge
to the spring from areas not contributing, were also located
on the topographic maps.  Hydrogeologic information indi-
cates the potential zone of contribution to the spring may
extend as much as 2.4 miles west-southwest from the spring
and 0.9 mile north-south along the mountain front, and may
include several drainages in the mountains.  I consider this to
be the maximum plausible extent of the catchment area.
Ground-water flow boundaries closer to Sparks Spring could
not be inferred from the hydrogeologic evaluation.  Without
detailed subsurface data no areas of the aquifer can be con-
sidered confined, or isolated from the ground surface, and
therefore this aquifer is classified as “unprotected” as defined
in the DWSP Rule.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer properties.  Although this method is
less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitive
method for which sufficient data are available.  The aquifer
volume discharge method provides time-related zones based
on spring discharge.  For a shallow water-table aquifer, time-
of-travel is probably related to spring discharge.  By using a
maximum spring discharge, a conservative (protective) dis-
tance is obtained from the aquifer volume discharge method.

I delineated DWSP zones for 250-day, 3-year, and 15-
year time-of-travel for a discharge of 13.5 gallons per minute
by use of the aquifer volume discharge method (appendix A).
The aquifer volume discharge method produces a fixed-
radius time-of-travel zone that represents a volume of aquifer
supplying water to the spring.  The volume of the aquifer
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must provide an amount of water that balances with the
amount of water being discharged from the spring.  The
radius of the volume can be projected to the surface to repre-
sent a surface area contributing recharge to the spring.  An
advantage of this method is that few hydrologic parameters
are estimated, and those that are can be conservatively esti-
mated.  Limitations with this method are:  (1) criteria for the
selection of hydrologic parameters are unclear or arbitrary,
(2) the method assumes radial flow to the discharging point
at the spring, and (3) regional ground-water flow is not con-
sidered.

The delineation of capture zones for Sparks Spring using
the aquifer volume discharge method requires estimates of
average hydraulic head at the spring, effective porosity of the
aquifer, and maximum discharge from the spring.  The hills
along the mountain front, where recharge of the aquifer
occurs, provide the hydraulic head driving ground-water
flow to the spring.  I used a hydraulic-head value of 400 feet,
slightly less than the elevation difference between the moun-
tain front and the spring.   I estimated an effective porosity of
20 percent, based on the materials found in the area.  Appli-
cation of the aquifer volume discharge method results in a
zone of contribution, or time-related capture zone having a
maximum upgradient distance of 100 feet and maximum
width of about 100 feet for a 250-day time period; a maxi-
mum upgradient distance of 200 feet and width of 300 feet
for a 3-year time period; and a maximum upgradient distance
of 500 feet and width of 700 feet for a 15-year time period
(appendix A).  This analysis does not take into account other
springs or their effect on the ground-water flow system.

Ground-Water Velocity Method
Calculation of average velocity of ground water moving

horizontally in the aquifer, and of distances along flow lines
that represent travel times require some knowledge of the
properties of the aquifer (appendix B).  Reasonable estimates
for aquifer parameters can be obtained from the semiquanti-
tative hydrogeologic investigation.  Transmissivity and
hydraulic conductivity, the primary hydrogeologic parame-
ters controlling transport in the alluvial-fan and lacustrine
deposits, are most likely highly variable spatially and with
depth.  Because the alluvial-fan and lacustrine deposits sup-
ply water to the spring, using a conservative estimate of
hydraulic conductivity and applying Darcy’s law should give
conservative velocities in the aquifer.  Bjorklund and Mc-
Greevy (1971), and Kariya and others (1994) estimated the
transmissivity of the Clarkston Bench valley fill to be 240
square feet per day.  This value of transmissivity is represen-
tative of the sand and gravel deposits that constitute the main
aquifer (Domenico and Schwartz, 1990), and is relatively
high compared to the surrounding area (Bjorklund and
McGreevy, 1971).  I estimated the hydraulic gradient above
the spring at 0.06, based on local topography.

I calculated a velocity of about 1.5 feet per day using
information from the hydrogeologic investigation (appendix
B).  Calculated travel distances for the spring using this par-
ticle velocity indicate a distance of 400 feet for a 250-day
time period, 1600 feet for a 3-year time period, and 8200 feet
for a 15-year time period (appendix B).

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 3.  For a 250-day travel time, the
aquifer volume discharge method yields a distance of 100
feet and the ground-water velocity method 400 feet.  I used
the more protective value calculated by the ground-water
velocity method to determine the distance from the spring to
the zone 2 boundary, and determined the width of the zone
from the local topography.  For a 3-year travel time, the
aquifer volume discharge method yields a distance of 200
feet and the ground-water velocity method 1600 feet.  Again,
I used the more protective ground-water velocity method to
determine the distance from the spring for the zone 3 bound-
ary, and determined the width of the zone from the local
topography.  I used the hydrogeologic investigation to deter-
mine the distance and width of the zone 4 boundary.  The
downgradient boundary of the zone of contribution to the
spring, relative to the direction of the regional hydraulic gra-
dient, is at the spring.  DWSP zones 2, 3, and 4 for Sparks
Spring are shown on figure 5, and dimensions are given in
table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary extends into the consolidated
bedrock of Clarkston Mountain.  I determined the width of
the zone 2 and 3 boundaries by locating the maximum extent
of each zone on a topographic map and extending the lateral
boundaries toward the spring so that they match local topog-
raphy.  Combining the maximum distances from the different
delineation methods should result in conservative DWSP
zones for Sparks Spring.

SUMMARY AND RECOMMENDATIONS
To delineate DWSP zones for Sparks Spring, I combined

a geologic and hydrogeologic evaluation of the area to quali-
tatively define physical and hydrologic controls on ground-
water flow to the spring, with aquifer volume discharge and
ground-water velocity calculations.  I used conservative esti-
mates of unknown aquifer properties to determine time-relat-
ed travel zones.  I delineated an extended surface-drainage
basin as DWSP zone 4; smaller areas were delineated as
zones 2 and 3.  The zone 4 surface area exceeds the land-sur-
face areas determined by the recharge-area calculation and
catchment-area estimation for the spring.  Zones 2 and 3 pro-
vide the Trenton Water System with better defined but small-
er sized areas than the 1998 delineated area, while remaining
protective of the drinking-water source.  These are more
manageable areas than using all of the potential drainage
basin.  Maximum upgradient distances from the spring to the
DWSP zone boundaries are as follows: (1) zone 2, 400 feet,
(2) zone 3, 1600 feet, and (3) zone 4, 12,600 feet.  Addition-
al subsurface investigation would be needed to refine the
boundaries delineated in this report.  If additional informa-
tion becomes available to better define travel times in the
aquifer, I recommend the DWSP zones be redelineated.
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Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 12,600 5300 12,600 5300 12,600 5300

Aquifer Volume Discharge2 100 100 200 300 500 700

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

Table 4. Methods and values used in the delineation of drinking water source protection zones for Sparks Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 400 1600 12,600
distance (ft)

Maximum width (ft) 400 800 5300

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for comparison
to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method
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Figure 5. Boundaries of drinking water source protection (DWSP) zones 2, 3, and 4 for Sparks Spring, Cache County, Utah.
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time. This method assumes the aquifer is dynamic, with the aquifer both filling
and discharging.  Analytical calculations require simplification of the ground-water flow system; consequently, the relatively complex
aquifer system in the Sparks Spring area was treated as a uniform aquifer for the analytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume supply-
ing water to the spring of radius r, height h, and porosity n, the total volume of water contained therein can be given as 1⁄4nhπr2.   This
aquifer volume has radial ground-water flow converging at the spring, providing a volume of spring discharge from an upgradient
recharge area.
Equating these two volumes of water and solving for r yields the expression:

where ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time-of-travel (t), h is hydraulic head at the
spring (l), and n is porosity (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to average values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 13.5 gallons per minute or about 2600 cubic feet per day; h is a hydraulic head
in the aquifer above the spring discharge point, which is 400 feet to be conservative; n is effective porosity of the aquifer, which is
assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 102 feet
t3 = 3 years (1095 days) r3 = 213 feet
t4 = 15 years (5477 days) r4 = 476 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by an arc of radius ri.  The
length of the chord is given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at which ground-water flow converges to
the spring.  I used 90° for this angle as a reasonable assumption based on the aquifer geometry.
Solution:

t2  = 250 days r2 = 102 feet w2 = 144 feet   
t3  = 3 years (1095 days) r3 = 213 feet  w3 = 301 feet   
t4  = 15 years (5477 days) r4 = 476 feet   w4 = 673 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(2600 ft3/day)(250 days)
(0.20)(400 ft)(3.1416)

r2 =

90°w2 = 2(102 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the more homogenous and isotropic valley-fill aquifer
can be determined using Darcy’s law.  The average velocity of a particle can be estimated using known, or assumed values of hydraulic
conductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmissivity of the
valley fill in the Clarkston Bench area to be 240 ft2/day,  I estimated the average thickness of the aquifer to be 48 feet, the hydraulic
conductivity to be 5 ft/day, the average hydraulic gradient above the spring to be 0.06, and the effective porosity of the sediments above
the spring to be 20 percent.
The one-dimensional velocity of a particle within the aquifer is expressed as:

where v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t),
ne is the effective porosity of the aquifer (dimensionless), and        is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless).
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time-of-travel (t). 
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days (3 years) D3 = 1642 feet
t4 = 5477 days (15 years) D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.  

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.06) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Thompson Spring, which is used by the
Trenton Water System as a source of drinking water.  A pro-
tection zone was delineated for the spring in 1998, but new
protection zones are being redelineated now so that addition-
al zoning can be implemented in the area.  The spring is in
the western Clarkston Bench area near the foothills of Clark-
ston Mountain, Cache County, Utah.  The spring derives
water from unconsolidated alluvial-fan and lacustrine
deposits consisting mostly of sand and gravel.

The West Cache Fault zone is the dominant structure in
the area and forms the boundary between the mountains and
valley.  The Paleozoic sedimentary rocks near Thompson
Spring typically dip toward the east and northeast, away
from the high mountainous areas; faults interrupt the region-
al dip of the rocks.  Tertiary strata of the Salt Lake Formation
unconformably overlie lower Paleozoic strata and underlie
Quaternary alluvial-fan and lacustrine deposits.  The Salt
Lake Formation is exposed throughout the foothills and val-
ley.

Thompson Spring issues near
the contact of lacustrine deposits
with semiconsolidated to consoli-
dated deposits of the Salt Lake For-
mation.  A number of springs issue
relatively small but useful supplies
of water at or near this contact, and
thus limit the areas contributing
ground water to Thompson Spring.
The average hydrologic budget for
the Clarkston Bench watershed,
which contains Thompson and other
springs, indicates about 2.4 billion
cubic feet of water enters and leaves
the area annually.  I determined a
recharge area of about 0.1 square
mile is needed to provide enough
water to account for the flow from
Thompson Spring, based on average
annual precipitation and evapotran-
spiration rates in the area.

I used geology and hydrogeolo-
gy to develop a conceptual under-
standing of the spring and then
applied several analytical methods
to determine the extent of the DWSP
zones (as defined by Utah’s Drink-
ing Water Source Protection Rule).
DWSP zones for the spring were
delineated using the method that
extended the zone boundary a con-
servative (protective) distance
upgradient of the spring.  The
boundaries of all DWSP zones

extend west, topographically upgradient of the spring.  Max-
imum upgradient distance from the spring to the DWSP zone
boundaries, and the method used to delineated each zone are
as follows: (1) zone 2—300 feet, ground-water velocity
method; (2) zone 3—1300 feet, ground-water velocity
method; and (3) zone 4—14,800 feet, hydrogeologic method.
These zones cover only a part of the potential zone of con-
tribution, but are more manageable than the whole drainage
basin.

INTRODUCTION
This report describes the delineation of new drinking

water source protection (DWSP) zones for Thompson
Spring, a public-water-supply spring (Utah Division of
Drinking Water system number 03021, source number 05) in
the SE1⁄4SE1⁄4NE1⁄4 section 21, T. 14 N., R. 2 W., Salt Lake
Base Line and Meridian, western Cache County, Utah (figure
1).  A protection zone for Thompson Spring, delineated in
1998, is presently a 2-mile radius upgradient from the spring.
Cache County intends to enact zoning that utilizes the 250-
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day time-of-travel zone (zone 2) around the spring, requiring
redelineation of the DWSP zones for Thompson Spring.  The
scope of work included a literature search, review of water
records, interpretation of data, delineation of the DWSP
zones, and preparation of this report. 

Thompson Spring is about one mile northwest of the
town of Clarkston, near the foothills of Clarkston Mountain.
Trenton is a rural farming community that obtains part of its
municipal drinking water from Thompson Spring.  The Tren-
ton Water System consists of six spring sources, three of
which are shared with Clarkston and/or Newton.  All of the
water from Thompson Spring is used by the Trenton Water
System.  Dry farming is the predominant land use surround-
ing the spring, but grazing, recreation, and some residential
development also occur in the area.  Figure 2 shows the
extent of agricultural land use in the area, which has taken
place since 1864 (Peterson, 1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
with a greater potential to influence the water supply.  This
strategy creates a limited area to concentrate resources for
inventory, control, and monitoring with an overall goal of
assuring the quality of the public water supply.  Local gov-
ernment municipalities can implement land-use regulations
to protect water supplies and reduce the risk of future

ground-water contamination and costly remediation efforts
in these areas.  Utah's DWSP Rule (R309- 600-9 [3]) defines
four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9 [3]
[iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure,” based on
ground-water times-of-travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-

Thompson
    Spring

N

0 1000 2000 feet

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Thompson Spring.



cedure,” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Thomp-
son Spring using the “Preferred Delineation Procedure” be-
cause this approach incorporates information about the hy-
drogeologic system and is less subjective than the other pro-
cedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Thompson Spring is located on Clarkston Bench, in

northwestern Cache Valley, at the eastern edge of the
Wasatch Range.  This area includes parts of the Clarkston
Mountain and Cache Valley subdivisions of the Middle
Rocky Mountains physiographic province (Stokes, 1977).
Clarkston Bench constitutes the largest foothill bench in
Cache Valley, and is largely covered with lacustrine and allu-
vial-fan deposits of the Bonneville lake cycle, and recent
alluvial-fan deposits (Biek and others, 2003) (figure 3).
Clarkston Bench is situated between the Newton and Berge-
son Hills on the east, and Clarkston Mountain on the west,
and terminates to the north near low hills along the Idaho
state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone
forms the boundary between Clarkston Mountain and Cache
Valley.  The West Cache fault zone has been subdivided into
three segments and shows evidence of recurrent Quaternary
surface faulting, including Holocene events (Black and oth-
ers, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite
(Williams, 1958; Bjorklund and McGreevy, 1971; Biek and
others, 2003).  Stratigraphic units that crop out on Clarkston
Mountain near Thompson Spring strike about N. 5° W. to N.
25° W. and dip 30° to 60° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996).  Underlying Quaternary deposits, and exposed in the
area of the spring are thin- to medium-bedded, calcareous
claystone and siltstone, with lesser amounts of sandstone of
the Tertiary Washboards subunit of the Salt Lake Formation
(Biek and others, 2003).  Alluvial-fan and lacustrine deposits
overlie the Washboards subunit of the Salt Lake Formation,
and slope gently away from the mountain front.  These surfi-
cial sediments in the area are generally coarse- to fine-

grained, well-sorted sand and silt, with minor clay (Biek and
others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range characterized by large daily and seasonal temperature
ranges.  Temperatures in Cache Valley reach a normal annu-
al maximum of 90.0°F and a normal minimum of 10.2ºF.
The normal annual mean temperature and precipitation range
from about 45 to 50°F and 16.6 to 19.5 inches, respectively,
depending on location in the valley; normal annual mean
evapotranspiration in Cache Valley ranges from 40.9 to 45.3
inches (Ashcroft and others, 1992).  Because evapotranspira-
tion rates are extremely high in the valley, very little water
that falls on the valley surface recharges the aquifer.  Evapo-
transpiration at elevations found above the spring probably
average about 20 inches.  Clarkston Bench is at the western
edge of Cache Valley and has a temperate, seasonal, and
semiarid climate.  The seasons are well-defined and are char-
acterized by warm and dry summers, cold and wet winters,
warm and very wet springs, and warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Thompson Spring are at Trenton, about 5 miles
northeast of the spring, and Cutler Dam, about 6 miles south-
east of the spring.  Monthly temperature and precipitation
data from the Trenton and Cutler Dam weather stations are
provided in table 1.  Neither Trenton nor Cutler Dam weath-
er stations are completely representative of climatic condi-
tions near Thompson Spring, nor are they representative of
the mountains above the spring. The area around Thompson
Spring is probably colder than either of the weather stations,
because the spring lies at a higher elevation than either of the
weather stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley; precipitation in the mountains
is greater and temperatures are lower.  Although no climato-
logical data are available for Clarkston Mountain, it likely
receives two to three times more precipitation than the valley
based on comparison with the Wasatch Range to the south.
Snowfall on Clarkston Mountain is considerably greater than
Cache Valley, and locally mountain precipitation may aver-
age 40 to 70 inches annually (Ashcroft and others, 1992).
Snow accumulates from October to mid-May and most of the
runoff from snowmelt occurs between April and June.  The
precipitation received as snow on the higher elevations is an
important factor in recharging ground water, because the
slow melting of winter snow leads to the replenishment of
soil moisture and ground-water recharge.  Runoff from
snowmelt provides Cache Valley with most of its surface and
ground water.

The average annual precipitation at Thompson Spring is
probably about 19 inches and the average over the watershed
is about 24 inches.  Evaporation occurs from open water,
snow surfaces, and moist soil, and transpiration occurs from
plants; these are combined as evapotranspiration in water
budget estimates (see below).  Evapotranspiration probably
exceeds precipitation in the spring area, but average annual
evapotranspiration in the range of elevations found in the
recharge area of the spring is about 20 inches.
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed

30 30
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THOMPSON SPRING
Thompson spring and other nearby springs are an impor-

tant source of water in the Clarkston Bench region and range
from small seeps to continuously flowing springs that dis-
charge up to several hundred gallons of water per minute.
Springs typically emerge from relatively flat-lying, highly
permeable Quaternary alluvial-fan and lacustrine deposits
where they overlie impermeable Salt Lake and Wasatch For-
mations (Biek and others, 2003).  Faults control the location
of a few springs on Clarkston Bench as indicated by their
location near the surface trace of faults.  None of the fault-
controlled springs are used as public water supplies.  Some
springs are well-developed and their waters are utilized to the
greatest possible extent; others are not developed or used.
The spring-discharge area can be overgrown with a variety of
phreatophytes.

Thompson Spring is at a surface elevation of approxi-
mately 5060 feet.  It is one of several springs on the west side
of the Clarkston Bench having similar geologic settings and
discharge characteristics.  Existing information on spring-
flow rates is minimal; Thompson Spring contributes less than
5 gallons of water per minute to the Trenton Water System

and has a maximum perennial flow of only about 10 gallons
per minute.  Discharge from the spring is variable, with high
flows occurring in the spring and early summer.  Thompson
Spring shares its recharge area with Sparks and Myler
Springs, which are both upgradient, probably accounting for
its smaller discharge.  The collection area for Thompson
Spring is in lacustrine and alluvial deposits, downslope from
alluvial-fan deposits.  Several surface drainages may con-
tribute recharge to the spring.  Thompson Spring is well-
developed, resulting in only a small amount of surface
runoff.  Marsh-type brush covers some of the spring area.
Water from Thompson Spring is of good quality.

To collect water from Thompson Spring, perforated
pipes were placed in gravel-lined and backfilled ditches in
the vicinity of the spring.  To develop more water from the
spring area, Thompson Spring was renovated and redevel-
oped in 1974.  Pipes were replaced and several additional
lengths of pipe were added.  Collection pipelines direct water
from Thompson Spring into a four-by-four foot by 11.5-foot-
deep spring box (figure 4).  The collection box provides a
settling basin for sediment removal and facilitates mainte-
nance of the spring.  The spring water then flows to the
Goodey Spring box, three-quarters of a mile southeast, then
into Trenton’s water system.

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province that receives and discharges ground water inde-
pendently from Cache Valley (Bjorklund and McGreevy,
1971; Kariya and others, 1994).  The northern and eastern
boundaries of Clarkston Bench coincide with hills composed
of low-permeability materials that probably contribute little
water to the area (Bjorklund and McGreevy, 1971).  The
western boundary coincides with Clarkston Mountain, com-
posed of rocks having unknown hydraulic properties; the
transmissivities of rocks are probably lower than that of the
alluvium in the valley.  Discharge to the main Cache Valley
aquifer occurs along the southern boundary of Clarkston

Bench.  The Salt Lake Formation may provide a lower barri-
er to vertical flow, allowing the ground water to move hori-
zontally until the unconsolidated sediments thin and the
spring emanates at the surface.  Ten gallons per minute of
perennial flow from Thompson Spring indicates a small-
sized subsurface reservoir feeding the spring.   The persist-
ent, but seasonal fluctuation in flows indicates the spring’s
recharge area is probably the relatively low-elevation perme-
able alluvial and lacustrine sediments immediately upgradi-
ent of the spring.  Limited water-level data indicate ground
water in the Clarkston Bench area flows away from Clark-
ston Mountain and to the southeast, under a hydraulic gradi-
ent varying from 0.009 to 0.08 (Beer, 1967; Bjorklund and
McGreevy, 1971).
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Figure 4. Diagram of typical spring collection system used at Thompson Spring.
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Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the ground water in the
Clarkston Bench hydrologic province.  The permeability of
rock and surficial units in the mountains is highly variable
and the infiltration rates of water into the ground may be high
in some areas, and moderate or low in others.  Details of
hydraulic gradients and flow directions on Clarkston Moun-
tain are unknown, but some generalities can be made, assum-
ing hydraulic gradients are partly related to topography.  The
Clarkston Mountain front slopes moderately to steeply east-
ward, with northward and southward slopes adjacent to
stream channels.  Mountain-front ridges have topographic
gradients of about 0.3 to 0.5, and ephemeral stream channels
along the mountain front have gradients of about 0.1 to 0.3,
suggesting that ground-water gradients are also steep, proba-
bly in the range of about 0.01 to 0.1.  Ground and surface
water flow eastward, away from the mountain crest toward
the mountain front, with local ground water flowing toward
stream channels.  Anisotropic permeable and impermeable
layers in some sedimentary rock intervals may modify local
flow directions in the mountains.

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between permeable unconsoli-
dated sediments and the less permeable rocks of Clarkston
Mountain.  The permeability architecture of the West Cache
fault zone is poorly understood; however, the fault likely
allows ground-water flow.  The permeability along the fault
zone may allow it to effectively serve as a permeability zone
for ground-water flow along (fault-parallel ground-water
flow) or across (fault-perpendicular ground-water flow) the
fault.  Few springs are present along the trace of the West
Cache fault zone, consistent with the fault not acting as a bar-
rier.

Precipitation on Clarkston Mountain contributes to both
recharge to the rock aquifer and surface-water runoff in
ephemeral streams that flow from the mountain.  The hydro-
logic divide separating ground-water and surface-water flow
on Clarkston Mountain is related to the topographic divide,
which is indicated by the location of springs on either side of
the topographic divide that forms a boundary for the spring’s
aquifer.  The ephemeral streams encounter relatively perme-
able, unconsolidated alluvial and lacustrine deposits as they
cross the mountain front, and recharge the alluvial-fan and
lacustrine aquifer in the valley.  The streams coming out of
the mountains are typically flashy, and most of the year’s
runoff takes place in the spring.  Near the streams, the water
table probably rises in the spring in response to increased
runoff and then declines until the end of the growing season.
Bjorklund and McGreevy (1971) considered the alluvium in
the Clarkston Bench area to consist of coarse sand and grav-
el deposits that yielded water.  They estimated the transmis-
sivity of unconsolidated deposits underlying Clarkston
Bench to be 240 square feet per day based on test data from
the few wells in the area.  This value is consistent with typi-
cal values for sand and gravel deposits (Domenico and
Schwartz, 1990), and is relatively high compared to results
from the surrounding area (Kariya and others, 1994).

There is probably a component of subsurface inflow
from bedrock to alluvium along the mountain front, but it is
recharge of the alluvial-fan aquifer by seepage of surface
water that dominates over distributed inflow from bedrock
along the mountain front.  Estimates of inflow rates from the

bedrock aquifers to the valley fill are poorly constrained and
inflow rates may vary substantially with location, depending
critically on the permeability architecture of the West Cache
fault zone.

Hydrologic Budget for the
Clarkston Bench  Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This required the identification and
quantification of sources of recharge and discharge to the
watershed (table 2).  The Clarkston Bench watershed is a
semiarid to humid area of about 43 square miles.  The budg-
et assumes that all water entering the watershed either goes
into storage within its boundaries, is consumed therein, or
flows out either on the surface or underground.  I identified
precipitation as the sole source of water within the Clarkston
Bench watershed.  Water storage in the catchment area in-
cludes storage in ground water, soil moisture, vegetation, and
Clarkston Creek.  Evapotranspiration, surface water, and
ground water represent discharge from the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually and probably averages about 24 inches, thus
inflow to the catchment area is about 2.4 billion cubic feet
per year.  The annual, seasonal, and monthly precipitation is
not evenly distributed temporally and spatially within the
watershed.  Greater precipitation is associated with summer
and fall convective storms or higher elevations.  Evapotran-
spiration, the largest outflow from the catchment area, aver-
ages about 20 inches annually over the watershed, resulting
in the loss of about 2 billion cubic feet per year of water from
the watershed.  Like precipitation, evapotranspiration is not
evenly distributed temporally and spatially within the water-
shed.  Bjorklund and McGreevy (1971) estimated discharge
from Clarkston Creek to be 174 million cubic feet per year
during the period 1960 to 1968.  I estimate the remaining
water, about 226 million cubic feet per year, leaves the Clark-
ston Bench watershed as ground-water outflow. Thompson
Spring produces, at the most, about 700,000 cubic feet of
water per year, and is only a fraction of the water in the
Clarkston Bench watershed.  The hydrologic budget for the
Clarkston Bench watershed indicated there is enough water
to account for spring discharges in the watershed.

Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr



Recharge-Area Calculation for Thompson Spring
A water-budget method was used to estimate the land-

surface area contributing recharge to Thompson Spring.  This
is a simple area calculation that requires little data and is
based on assumptions that do not incorporate the hydrogeo-
logic complexities identified in the area.  For springs and
seeps that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and recharge rates.  This can be expressed
as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is the ground-water re-
charge rate above the spring.

Discharge from Thompson Spring, as reported to the
Utah Division of Water Rights, is as much as 10 gallons per
minute.  As indicated above, average annual precipitation in
the mountains can be estimated at 24 inches and evapotran-
spiration can be estimated at 20 inches.  I assume recharge is
the difference between precipitation and evapotranspiration,
and about 4 inches of precipitation per year recharges ground
water in the catchment area.  This represents about 17 per-
cent of the total precipitation, a reasonable value compared
to other areas in Utah having a similar climate and topogra-
phy.  I assumed the values of maximum discharge for the
spring represented the maximum possible areal extent of the
recharge area.  Thompson Spring requires an area of about
0.08 square mile to produce a discharge of 10 gallons per
minute.  The water-budget computation reasonably estimates
the aquifer-surface area needed to provide recharge to the
discharging spring.

Catchment-Area Estimate for Thompson Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assumed to represent
the maximum areal extent of the catchment area, and an
annual recharge of 4 inches.  Using Todd’s (1980) plot of
catchment area as a function of estimated recharge rate and
discharge for the spring, the catchment area requires about
0.06 square mile to supply water to Thompson Spring in the
Clarkston Creek drainage area.

DWSP ZONES
Introduction

To assure the quality of the water from Thompson Spring,
which is of particular concern to the Trenton Water Company,
the surface and subsurface areas supplying water discharging
from the spring need protecting.  The delineation of capture
zones or DWSP zones is a method of identifying areas sur-
rounding the spring for protection against infiltration and
transport of contaminants that may adversely affect human
health.  I used a preferred delineation procedure because it

uses local hydrogeologic conditions to determine the DWSP
zones.

I combined hydrogelogic, aquifer volume discharge, and
ground-water velocity methods to delineate the DWSP zones
for Thompson Spring.  I qualitatively defined the physical
and hydrologic controls on ground-water flow to the spring
by examining the hydrogeology of the area.  The hydrogeo-
logic method uses the local geology, topography, and surface
features to provide insight into the size and shape of the area
contributing to the spring.  The aquifer volume discharge
method provides time-related zones based on the spring dis-
charge.  For a shallow water-table aquifer, such as the aquifer
supplying Thompson Spring, the time-of-travel is probably
related to the discharge of the spring.  By using a maximum
spring discharge, I obtained a conservative (protective) dis-
tance from the aquifer volume discharge method.  The
ground-water velocity method is based on the distance a par-
ticle travels in the aquifer for a given time.  Using a conser-
vative estimate of hydraulic conductivity for the alluvial-fan
and lacustrine deposits, and applying Darcy’s law should
provide conservative values of velocities in the aquifer.

Based on the geologic and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water to Thompson Spring flows through
unconsolidated deposits overlying the Wash-
boards subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front
and by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Thompson Spring.

• Ground-water movement along the West Cache
fault may supply some water to the spring.

• Thompson Spring flow records indicate that flow
varies seasonally, but the spring maintains a
minimal flow year round.

• Water-budget and catchment-area analyses indicate
that the area needed to recharge the spring lies
within the topographic watershed.

• Hydraulic conductivity and, potentially, ground-
water velocity may be relatively high in some
parts of the system, but relatively low in other
parts of the system. 

Hydrogeologic Method
Recharge to the spring’s aquifer occurs when ephemeral

streams that drain Clarkston Mountain emerge onto alluvial-
fan deposits along the mountain front, near where they cross
the West Cache fault zone.  Because recharge to the alluvial
aquifer includes significant seepage of surface water, the
drainages supplying surface water should be integrated into
the protection zones.  The water-budget and catchment-area
analyses suggest the zone of contribution to the spring is
likely within the local topographic drainages.

I used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Topogra-
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phic surface divides and ground-water divides typically coin-
cide, and lateral drainage divides separate areas contributing
recharge to the spring from areas not contributing.  Because
of the likelihood of contribution of water flowing along the
West Cache fault zone, the protection zones extend along the
fault zone.

Hydrogeologic information indicates the potential zone
of contribution to Thompson Spring may extend as much as
2.8 miles southwest from the spring, north-south along the
mountain front, and includes several drainages.  I consider
this to be the maximum plausible extent of the catchment
area.  Ground-water flow boundaries closer to Thompson
Spring could not be inferred from the hydrogeologic evalua-
tion.  Without detailed subsurface data, no areas of the
aquifer can be considered confined or isolated from the
ground surface, and therefore the aquifer should be classified
as “unprotected” as defined in the DWSP rules.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer properties.  Although this method is
less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitive
method for which sufficient data are available.  The method
produces fixed-radius time-of-travel zones that represent a
volume of aquifer supplying water to the spring.

I delineated the radius of DWSP zones for the 250-day,
3-year, and 15-year times-of-travel for a discharge of 10 gal-
lons per minute by use of the aquifer volume discharge
method (appendix A).  The aquifer must provide an amount
of water that balances with the amount of water being dis-
charged from the spring.  The radius of a time-related volume
can be projected to the ground surface to represent a surface
area contributing ground water to the spring.  An advantage
of this method is that few hydrologic parameters must be
estimated, and those that are can be conservatively estimat-
ed.  Problems with this method are:  (1) criteria for the selec-
tion of hydrologic parameters are uncertain or arbitrary, (2)
the method assumes radial flow to the discharging point at
the spring, and (3) regional ground-water flow is not consid-
ered.

The delineation of capture zones for Thompson Spring
using the aquifer volume discharge method requires esti-
mates of average hydraulic head responsible for the spring
discharge, effective porosity of the aquifer, and discharge for
the spring.  Application of the aquifer volume discharge
method results in a zone of contribution, or time-related cap-
ture zone having a maximum upgradient distance of 100 feet
and maximum width of about 100 feet for a 250-day time
period, a maximum upgradient distance of 200 feet and
width of 300 feet for a 3-year time period, and a maximum
upgradient distance of 400 feet and width of 600 feet for a
15-year time period (appendix A).  This analysis does not
take into account other springs or their effects on the ground-
water flow system.

Ground-Water Velocity Method
Calculation of average velocity of ground water moving

horizontally in the aquifer, and the calculation of distances

along flow lines that represent travel times require informa-
tion regarding aquifer properties.  Reasonable estimates for
the parameters can be obtained from a semiquantitative hy-
drogeologic investigation.  Transmissivity, the primary
hydrogeologic parameter controlling transport in the allu-
vial-fan and lacustrine deposits, is highly variable spatially
and with depth.  Bjorklund and McGreevy (1971) estimated
the transmissivity of the Clarkston Bench valley fill to be 240
square feet per day.  This value is representative of the sand
and gravel deposits (Domenico and Schwartz, 1990) that
constitute high-production zones in the main aquifer, and is
relatively high considering the materials found in the area.
This is a high transmissivity, and should provide a ground-
water velocity that is protective of the spring.   I estimated
the hydraulic gradient above the spring at 0.05, based on
local topography.

Using information from the hydrogeologic investigation,
I assumed a velocity of about 1.25 feet per day for the aquifer
system.  The calculated travel distances for the spring using
this particle velocity are 300 feet for a 250-day time period,
1300 feet for a 3-year time period, and 6800 feet for a 15-
year time period (appendix B).

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 3.  For a 250-day travel time, the
aquifer volume discharge method yields a distance of 100
feet and the ground-water velocity method 300 feet.  For the
3-year travel time the aquifer volume discharge method
yields a distance of 200 feet and the ground-water velocity
method 1300 feet.  I used the results from the ground-water
velocity method to determine the distance from the spring to
the zone 2 and 3 boundaries.  I used the hydrogeologic inves-
tigation to determine the distance and width of zone 4.  The
downgradient boundary of the zones of contribution to the
spring, relative to the direction of the regional hydraulic gra-
dient, is at the spring.  DWSP zones 2, 3, and 4 for Thomp-
son Spring are shown on figure 5, and dimensions are given
in table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits.
I determined the width of the zone 2 and 3 boundaries by
locating the maximum extent of each zone on a topographic
map and extending the lateral boundaries toward the spring
so that they match local topography.  Combining the maxi-
mum distances from the different delineation methods results
in conservative DWSP zones for Thompson Spring (table 4,
figure 5).  The maximum upgradient distance from the spring
to DWSP-zone 4 boundary is about 14,800 feet.  The maxi-
mum upgradient distance of the zone 3 boundary is 1300
feet.  The zone 2 boundary is placed at a distance of 300 feet
upgradient from the spring.

SUMMARY AND RECOMMENDATIONS
I evaluated the geology and hydrogeology of the area

and combined these with aquifer volume discharge and
ground-water velocity methods to determine protection
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Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 14,800 5200 14,800 5200 14,800 5200

Aquifer Volume Discharge2 100 100 200 300 400 600

Ground-water Velocity2 300 Not determined3 1300 Not determined3 6800 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

Table 4. Methods and values used in the delineation of source protection zones for Thompson Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 300 1300 14,800
distance (ft)

Maximum width (ft) 400 600 5200

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for comparison
to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method
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Base from U.S. Geological Survey 1964 Clarkston and 1964 Portage 7.5-minute quadrangles.
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zones for Thompson Spring.   I used conservative estimates
of unknown aquifer properties to determine time-related
travel zones.  I delineated a substantial part of the surface-
drainage basin as DWSP zone 4; smaller areas were delin-
eated as zones 2 and 3.  The zone 4 surface area exceeds the
land-surface recharge areas determined by the recharge-area
calculation and catchment-area estimation for the spring.
Zones 2 and 3 provide land-use and water-system managers
with better defined, smaller areas than the 1998 delineated
area, while remaining protective of the drinking-water
source.  This is a more manageable area than assigning a sin-

gle DWSP zone to the entire drainage basin.  The zone 4
boundary is irregularly shaped and extends from the spring a
maximum distance of 14,800 feet upgradient, to the moun-
tain ridge; zone 2 and 3 boundaries are oblong circular-
shaped zones that extend upgradient from the spring 300 and
1300 feet, respectively.  Additional subsurface investigation
would be needed to refine the boundaries delineated here.  If
additional information becomes available to better define
travel times in the aquifer, I recommend the DWSP zones be
redelineated.
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APPENDICES 

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  This equation assumes the aquifer is dynamic, with the aquifer both fill-
ing and discharging.  Analytical calculations require simplification of the ground-water flow system; consequently, the relatively com-
plex aquifer system in the Thompson Spring area was treated as a uniform aquifer for the analytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume, supply-
ing water to the spring, of radius r, height h, and porosity n, the total volume of water contained therein can be represented as 1⁄4nhπr2.
I assumed radial ground-water flow in this aquifer volume converges at the spring, providing a volume of spring discharge from an
upgradient recharge area
Equating these two volumes of water and solving for r yields: 

where ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time-of-travel (t), h is hydraulic head above
the spring (l), and n is porosity  (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to average values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 10 gallons per minute or about 1900 cubic feet per day; h is a hydraulic head
in the aquifer above the spring discharge point, which is estimated at 400 feet to be conservative; n is effective porosity of the aquifer,
which is assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 87 feet
t3 = 3 years (1095 days) r3 = 182 feet
t4 = 15 years (5477 days) r4 = 407 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended to the volume arc.  The length
of the chord is given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to discharge.  I chose 90° for this angle as a reasonable assumption based on assumed aquifer geometry.
Solution:

t2  = 250 days r2 = 87 feet w2 = 123 feet   
t3  = 3 years (1095 days) r3 = 182 feet  w3 = 257 feet   
t4  = 15 years (5477 days) r4 = 407 feet   w4 = 576 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.   

(4)(1900 ft3/day)(250 days)
(0.20)(400 ft)(3.1416)

r2 =

90°w2 = 2(87 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity   Bjorklund and McGreevy (1971) estimated the average transmissivity of the val-
ley fill in the Clarkston Bench area to be 240 ft2/day.  I estimated the average thickness of the aquifer to be 48 feet, the hydraulic con-
ductivity of the aquifer to be 5 ft/day, the average hydraulic gradient above the spring to be 0.05, and the effective porosity of the sed-
iments above the spring to be about 20 percent.
The one-dimensional velocity of a particle within the aquifer is expressed as:

where K is the hydraulic conductivity of the aquifer (l/t), ne is the effective porosity of the aquifer (dimensionless), and      is the
hydraulic gradient of the aquifer along the flow path (dimensionless).   
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time-of-travel (t). 
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 312 feet
t3 = 1095 days (3 years) D3 = 1344 feet
t4 = 5477 days (15 years) D4 = 6846 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.05) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Goodey Spring, which is used by the
Trenton Water System as a source of drinking water.  A
spring protection zone was delineated for the spring in 1998,
but new zones are being redelineated now so that additional
zoning can be implemented in the area.  The spring is in the
western Clarkston Bench area near the foothills of Clarkston
Mountain, Cache County, Utah.  The spring derives water
from unconsolidated alluvial-fan and lacustrine deposits con-
sisting mostly of sand and gravel.

The West Cache fault zone is the dominant structure in
the area and forms the boundary between the lower Paleozoic
strata of Clarkston Mountain, and Tertiary and Quaternary
deposits of the valley.  Paleozoic sedimentary strata near
Goodey Spring typically dip toward the east and northeast,
away from the high mountainous areas; faults interrupt the
regional dip of the rocks.  Tertiary strata of the Salt Lake For-
mation unconformably overlie lower Paleozoic strata and
underlie Quaternary alluvial-fan and lacustrine deposits.  The
Salt Lake Formation is exposed
throughout the foothills and the
valley.

Goodey Spring issues from
unconsolidated lacustrine de-
posits that overlie less pervious
semiconsolidated to consolidat-
ed deposits of the Salt Lake For-
mation.  A number of springs
obtain relatively small but use-
ful supplies of water at or near
the contact with the Salt Lake
Formation, and thus limit the
areas contributing ground water
to Goodey Spring.  Ephemeral
streams draining Clarkston
Mountain lose significant flow
to alluvial-fan deposits along
the mountain front and recharge
the valley aquifer.  The average
hydrologic budget for the Clark-
ston Bench watershed, which
contains Goodey and other
springs in the area, indicates that
about 2.4 billion cubic feet of
water enters and leaves the area
annually.  I estimate that a re-
charge-area of about 1.3 square
miles would be necessary to
provide enough water to ac-
count for the flow from Goodey
Spring, based on average annual
precipitation and evapotrans-
piration rates in the area.

I used an integrated approach that incorporated tools and
methods of geology and hydrogeology to determine the
extent of the DWSP zones (as defined by Utah's Drinking
Water Source Protection Rule).  I developed a conceptual
understanding of the spring and determined the extent of the
area, or potential zone, contributing to the spring.  I delineat-
ed drinking water source protection zones 2, 3, and 4 for the
spring based on the results of the hydrogeologic investiga-
tion, and aquifer volume discharge and ground-water veloci-
ty calculations.  Each DWSP zone was delineated using the
results that extended the zone boundary a conservative (pro-
tective) distance topographically upgradient of the spring,
relative to the defined criteria for the particular zone.  These
protection zones cover only a part of the potential zone of
contribution, but are more manageable than the whole
drainage basin.  Maximum upgradient distances from the
spring, and the method results used for the DWSP zone
boundaries are as follows: (1) zone 2—400 feet, aquifer vol-
ume discharge method; (2) zone 3—1100 feet, ground-water
velocity method; and (3) zone 4—11,000 feet, hydrogeo-
logic method.

CHAPTER 7
GOODEY SPRING
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INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for Goodey Spring, a pub-
lic-water-supply spring (Utah Division of Drinking Water
system number 03021, source number 04) in the NW1⁄4NE1⁄4
SE1⁄4 section 22, T. 14 N., R. 2 W., Salt Lake Base Line and
Meridian, western Cache County, Utah (figure 1).  A spring
protection zone for Goodey Spring was delineated in 1998.
Cache County intends to enact zoning that uses the 250-day
time-of-travel zone (zone 2) around the spring, thus the
DWSP zones have been redelineated for Goodey Spring.
The scope of work included a literature search, review of
water records, interpretation of data, delineation of the
DWSP zones, and preparation of this report.   

Goodey Spring is about 3/4 mile northwest of the town
of Clarkston, near the foothills of Clarkston Mountain.  The
town of Trenton is a rural farming community that obtains
part of its municipal drinking water from this spring.  The
Trenton Water System uses six spring sources, two of which
are shared with Clarkston and/or Newton.  Goodey Spring is
used solely by the Trenton Water System.  Dry farming is the
predominant land use surrounding the spring, but grazing,
recreation, and some residential development also occur.
Figure 2 shows the extent of agricultural land development in
the area, which has taken place since 1864 (Peterson, 1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP

zones around public-water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawals would significantly
affect the water supply.  This strategy creates a limited area
to concentrate resources for inventory, control, and monitor-
ing with an overall goal of assuring the quality of the public-
water supply.  Local government municipalities can imple-
ment land-use regulations to protect water supplies and
reduce the risk of future ground-water contamination and
costly remediation efforts in these areas.  Utah's DWSP Rule
(R309- 600- 9 [3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water
time-of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide,
whichever is closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year ground-
water time-of-travel to the spring collection
area, the boundary of the aquifer(s) that supplies
water to the spring, or the ground-water divide,
whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring.

Goodey
 SpringN

0 625 1250 feet

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Goodey Spring.
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The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9 [3]
[iii]).

One of two procedures may be used to delineate DWSP
zones: (1) a “Preferred Delineation Procedure,” based on
ground-water times-of-travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure,” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Goodey
Spring using the “Preferred Delineation Procedure” because
this approach incorporates information about the hydrogeo-
logic system and is more accurate than the other procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Goodey Spring is located on Clarkston Bench, northwest

Cache Valley, at the eastern edge of the Wasatch Range.  This
area includes parts of the Clarkston Mountain and Cache Val-
ley subdivisions of the Middle Rocky Mountains physio-
graphic province (Stokes, 1977).  Clarkston Bench consti-
tutes the largest foothill-bench in Cache Valley, and is large-
ly covered with lacustrine and alluvial-fan deposits (Biek and
others, 2003) (figure 3).  Clarkston Bench is situated between
the Newton and Bergeson Hills on the east, and Clarkston
Mountain on the west, and terminates to the north near low
hills along the Idaho state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone
forms the boundary between Clarkston Mountain and Cache
Valley.  The West Cache fault zone has been subdivided into
three segments and shows evidence of recurrent Quaternary
surface faulting, including Holocene events (Black and oth-
ers, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite (Wil-
liams, 1958; Bjorklund and McGreevy, 1971; Biek and oth-
ers, 2003).  Stratigraphic units exposed near Goodey Spring
strike northward and dip about 30° to 55° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations
are exposed throughout the foothills of Clarkston Bench, and
unconformably overlie lower Paleozoic strata and underlie
Quaternary deposits, (Williams, 1962; Evans and Oaks,
1996).  The Washboards subunit of the Salt Lake Formation
is exposed in the area of the spring, and is a thin- to medium-
bedded, calcareous claystone and siltstone, with lesser
amounts of sandstone (Biek and others, 2003).  Coalescing

alluvial fans coming off of Clarkston Mountain overlie the
Washboards subunit and older alluvial-fan deposits, and
merge with lacustrine deposits in the valley.  These uncon-
solidated alluvial-fan deposits slope gently away from the
mountain front, and are generally coarse, poorly to moder-
ately sorted gravel, sand, silt, and clay deposited in stream
channels on the alluvial fans (Biek and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range characterized by large daily and seasonal temperature
ranges.  Temperatures in Cache Valley reach a normal maxi-
mum of 90.0°F and a normal minimum of 10.2ºF.  The nor-
mal mean annual temperature and precipitation range from
about 45 to 50°F and 16.6 to 19.5 inches, respectively,
depending on location in Cache Valley; normal mean annual
evapotranspiration in Cache Valley ranges from 40.9 to 45.3
inches (Ashcroft and others, 1992).  Because evapotranspira-
tion rates are extremely high in the valley, very little water
that directly falls on the valley recharges the aquifer.  Clark-
ston Bench is at the western edge of Cache Valley and has a
temperate, seasonal, and semiarid climate.  The seasons are
well-defined and are characterized by warm and dry sum-
mers, cold and wet winters, warm and very wet springs, and
warm dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Goodey Spring are at Trenton, about 6 miles east
of the spring, and Cutler Dam, about 6 miles southeast of the
spring.  Monthly temperature and precipitation data from the
Trenton and Cutler Dam weather stations are given in table
1.  Neither Trenton nor Cutler Dam weather stations are com-
pletely representative of climatic conditions near Goodey
Spring, nor are they representative of the mountains above
the spring.  The area around Goodey Spring is probably cold-
er than at either of the weather stations, because its elevation
is higher than the weather observation stations.

The climate of the mountainous watershed contrasts
sharply with that of Clarkston Bench, with precipitation
being greater and temperatures lower.  Snowfall on Clarkston
Mountain is considerably greater than in the lower valleys,
and locally, snowfall may average 40 to 70 inches annually
(Ashcroft and others, 1992).  Snow accumulates from Octo-
ber to mid-May, with most of the runoff from snowmelt
occurring between April and June.  Because the slow melting
of winter snow leads to the replenishment of soil moisture
and ground-water recharge, the runoff from snowmelt pro-
vides Clarkston Bench its surface and ground water.  The
average annual precipitation at Goodey Spring is probably
about 19 inches, and the average over the watershed is about
24 inches.  Evapotranspiration probably exceeds precipita-
tion in the spring area, but in the areas above the spring aver-
age annual evapotranspiration probably averages about 20
inches, because of its relatively higher elevation.

GOODEY SPRING
Springs are an important source of water in the Clarkston

Bench region, and range from small seeps to excellent
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed

30 30
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springs that yield up to several hundred gallons of water per
minute.   Some springs are well-developed and their waters
are utilized to the greatest possible extent; others are not
developed or used.  Springs generally emerge from relative-
ly flat-lying, permeable Quaternary alluvial-fan and lacus-
trine deposits where they overlie impermeable strata of the
Salt Lake Formation (Biek and others, 2003).  Faults control
the location of a few springs near Clarkston Bench as indi-
cated by their location near the surface trace of faults.  None
of the fault-controlled springs are used for public-water sup-
plies.  Spring discharge is maintained by precipitation in the
mountains, during the dry seasons spring flows diminish, and
some springs dry up entirely.  The spring discharge area can
be overgrown with a variety of phreatophytes.

Goodey Spring is at a surface elevation of approximate-
ly 4900 feet.  It is one of several springs on the west side of
Clarkston Bench having similar geologic settings and dis-
charge characteristics.  Goodey Spring is well-developed,
allowing minimal surface runoff.  Goodey Spring is the low-
est spring in the Trenton Water System and its water is com-
bined with water from North Fork, Big Birch, Thompson,
Sparks, and Garner Springs at the Goodey Spring collection
box.  Generally, discharge from the spring is variable, with
high flows occurring in the spring and early summer.
Records from the Utah Division of Water Right indicate that

the typical flow from the collection box ranges from 200 to
600 gallons per minute.  However, this flow represents dis-
charge from all the springs that feed into the Goodey Spring
collection box.  A reported spring flow of 175 gallons per
minute was used as a maximum discharge from Goodey
Spring.  Water from Goodey Spring is of good quality.

To collect water from Goodey Spring, perforated pipes
were placed in gravel-lined backfilled ditches in the vicinity
of the spring (figure 4).  Water from Goodey Spring enters
one of four collection pipelines, which route water into a 6-
foot diameter by 11.5-foot deep spring collection box.
Pipelines are reportedly buried approximately 10 feet below
the ground.  The collection box provides a settling basin for
sediment removal and facilitates maintenance of the spring.
Water from the Goodey Spring box is conveyed to the Tren-
ton storage tanks through an 8-inch diameter pipeline.  The
area around the collection box has been elevated above the
natural land surface and graded with a diversion ditch sur-
rounding the spring box.

HYDROGEOLOGY
Clarkston Bench is a separate ground-water province

that receives and discharges ground water independently

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam Climatological Stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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from the rest of Cache Valley (Bjorklund and McGreevy,
1971; Kariya and others, 1994).  The northern and eastern
boundaries of Clarkston Bench coincide with hills composed
of low-permeability materials that probably contribute little
water to the area (Bjorklund and McGreevy, 1971).  The
western boundary coincides with Clarkston Mountain.
Hydraulic properties of the rocks underlying Clarkston
Mountain have not been determined, but the transmissivities
are probably lower than that of the alluvium in the valley.
Discharge to the main Cache Valley basin-fill aquifer occurs
along the southern boundary of Clarkston Bench.  A lower
barrier to ground-water flow is provided by the Salt Lake
Formation, which allows ground water to move horizontally
until the unconsolidated sediments thin and the spring
emanates at the surface.  Limited water-level data indicate
that ground-water flow in the Clarkston Bench area is away
from Clarkston Mountain and to the southeast under a
hydraulic gradient varying from 0.009 to 0.08 (Bjorklund
and McGreevy, 1971).

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the surface water in the
Clarkston Bench region.  The permeabilities of rock and sur-
ficial units in the mountains is highly variable and the infil-
tration rate of water into the ground might be high in some
areas, and moderate or low in others.  Details of hydraulic
gradients and flow directions on Clarkston Mountain are
unknown, but some generalities can be made by assuming
topography affects hydraulic gradients.  The Clarkston
Mountain front slopes moderately to steeply eastward, with
local northward and southward slopes adjacent to drainages.
Mountain-front ridges have topographic gradients of about
0.3 to 0.5, and drainages containing ephemeral stream chan-
nels along the mountain front have gradients of about 0.1 to
0.3, suggesting that ground-water gradients are also steep.
Ground and surface water flows eastward, away from the
mountain crest toward the mountain front, with local ground-
water flowing toward drainages.  Anisotropic permeable and

impermeable layers in some sedimentary rock intervals may
modify local flow directions.

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between permeable unconsoli-
dated sediments and the less permeable rocks of Clarkston
Mountain.  Detailed permeability architecture of the West
Cache fault zone is poorly understood. The permeability
along the fault zone may allow ground water to flow either
parallel, or perpendicular to the fault zone.  Few springs are
present along the trace of the West Cache fault zone, consis-
tent with the fault not acting as a barrier.

Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface-water runoff in
streams that flow from the mountain.  Recharge in the moun-
tains takes place through open fractures at the surface and
below shallow soil cover.  Ephemeral streams draining
Clarkston Mountain encounter relatively permeable, uncon-
solidated alluvial and lacustrine deposits as they cross the
mountain front, and recharge the alluvial-fan and lacustrine
aquifer in the Clarkston Bench area.  The streams coming out
of the mountains are typically flashy, and most of the year’s
runoff takes place in the spring.  Near the streams, the water
table probably rises in the spring in response to increased
runoff, and then declines until the end of the growing season.
Bjorklund and McGreevy (1971) considered the alluvium in
the Clarkston Bench area to consist of coarse sand and grav-
el deposits that yield water.  Kariya and others (1994) esti-
mated the transmissivity of unconsolidated deposits underly-
ing the Clarkston Bench area to be 240 square feet per day,
based on information from the few wells in the area.  This
value is consistent with typical values of sand and gravel de-
posits (Domenico and Schwartz, 1990), and is relatively high
compared to the rest of Cache Valley (Kariya and others,
1994).

The persistent discharge of water by Goodey Spring,
even during times of drought, indicates that a moderately
sized subsurface reservoir supplies the spring with water.

Concrete wall

Supply line from
box

Four
collection
lines to the
box.

Finished ground

Existing
ground

Locked and gasketed
shoebox-type lid.

11.5’

 6’ 2”

8”

12”

6”

Collection Box

Not to Scale

Figure 4. Diagram of typical spring collection
system used at Goodey Spring.



This subsurface reservoir probably consists of a substantial
part of the unconsolidated alluvial-fan and lacustrine de-
posits above the spring.  A component of subsurface inflow
from bedrock to alluvium along the mountain front is prob-
able, but seepage of surface water is likely the most impor-
tant source of recharge to the alluvial-fan aquifer.  Seasonal
fluctuations in flow from the spring suggest a relatively low-
elevation recharge area that is influenced by surface-water
seepage during spring and early summer.

Hydrologic Budget for the Clarkston
Bench  Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This required the identification and
quantification of sources of recharge and discharge to the 43-
square-mile watershed (table 2).  The budget assumes that all
water entering the watershed either goes into storage within
its boundaries, is consumed therein, or flows out, either on
the surface or underground.  I identified precipitation as the
sole source of water within the Clarkston Bench watershed.
Water storage in the catchment area includes storage in
ground water, soil moisture, vegetation, and Clarkston
Creek.  Evapotranspiration, surface water, and subsurface
water outflows represent discharge from the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually (Ashcroft and others, 1992) and probably
averages about 24 inches, thus inflow to the catchment area
is about 2.4 billion cubic feet per year.  The temporal and
spatial variation of annual, seasonal, and monthly precipita-
tion are not evenly distributed within the watershed.  Evapo-
transpiration, the largest outflow from the catchment area,
averages about 20 inches annually over the watershed
(Ashcroft and others, 1992), resulting in the loss of about 2
billion cubic feet per year of water from the watershed.  Like
precipitation, evapotranspiration is not evenly distributed
temporally and spatially within the watershed.  Bjorklund
and McGreevy (1971) estimated discharge from Clarkston
Creek to be 174 million cubic feet per year during the period
1960 to 1968.  I estimated that the remainder of the budget,
about 226 million cubic feet per year, leaves Clarkston
Bench watershed as subsurface outflow.  At about 12 million
cubic feet per year, Goodey Spring represents only a fraction
of the water in the Clarkston Bench watershed.   The hydro-
logic budget for the Clarkston Bench watershed indicates
there is enough water in the watershed to account for spring
discharges.

Recharge-Area Calculation for Goodey Spring 
A water-budget method was used to estimate a land-sur-

face area contributing recharge to Goodey spring.  This is a
simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and recharge rates. With estimates of
aquifer recharge rates and the spring discharge rates, the area
required to provide the spring’s discharge can be expressed
as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is the ground-water re-
charge rate above the spring.

Discharge from Goodey Spring, as reported to the Utah
Division of Water Rights, is as much as 175 gallons per
minute.  As indicated above, average annual precipitation in
the mountains can be estimated at 24 inches and evapotran-
spiration can be estimated at 20 inches.  If we assume the
amount of recharge is the difference between precipitation
and evapotranspiration, about 4 inches of precipitation per
year recharges the aquifer in the catchment area.  This repre-
sents about 17 percent of the total precipitation, and is a rea-
sonable value compared to other areas of Utah having simi-
lar climates and topography.  I assume maximum discharge
for the spring represents the maximum possible areal extent
of the recharge area.  Based on this volume of water, the
recharge-area of Goodey Spring must be about 1.3 square
miles to produce a discharge of 175 gallons per minute.  The
water-budget computation reasonably estimates the aquifer-
surface area needed to provide recharge to the discharging
spring.

Catchment-Area Estimate for Goodey Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assumed to represent
the maximum areal extent of the catchment area, and an
annual recharge of 4 inches.  Using Todd’s (1980) plot of
catchment area as a function of estimated recharge rate and
discharge for a spring, I calculated a catchment area of about
1.4 square miles as necessary to supply enough water for
Goodey Spring.

DWSP ZONES
Introduction

To assure the quality of the water from Goodey Spring,
which is of particular concern to the Trenton Water Compa-
ny, the surface and subsurface areas that supply the water dis-
charging from the spring need protecting.  I used a preferred
delineation procedure because it uses local hydrogeologic
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Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)
Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr

A = Q
R



conditions to determine the DWSP zones.  The delineation of
DWSP zones is a method of identifying areas surrounding
the spring for protection against infiltration and transporta-
tion of contaminants that may adversely affect human health.

The physical and hydrologic controls on ground-water
flow to the spring were qualitatively defined by examining
the hydrogeology of the area.  The hydrogeologic method
uses the local geology, topography, and surface features to
provide insight into the size and shape of a maximum con-
tributing area to the spring.  The aquifer volume discharge
method provides time-related zones based on the spring dis-
charge.  For a shallow water-table aquifer, such as the Good-
ey Spring aquifer, time of travel is probably related to the
discharge of the spring.  By using a maximum spring dis-
charge, a conservative (protective) distance is obtained from
the aquifer volume discharge method.  The ground-water
velocity method is based on the distance a particle travels in
the aquifer in a given time.  Because the alluvial-fan and
lacustrine deposits supply water to the spring, using a con-
servative estimate of hydraulic conductivity and applying
Darcy’s law should give conservative values for velocities in
the aquifer.

Based on the geological and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water flows to Goodey Spring through
unconsolidated deposits overlying the Wash-
boards subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front and
by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Goodey Spring.

• Ground-water movement along the West Cache fault
may supply some water to the spring.

• Goodey Spring flow records indicate that flow varies
seasonally, but the spring maintains a sustainable
flow year round.

• The hydrologic budget for Clarkston Bench indicates
there is enough water in the area to supply springs.

• Recharge- and catchment-area analyses indicate that
the area needed to recharge the spring lies within
the topographic watershed.

• Hydraulic conductivity and, potentially, ground-
water velocity may be relatively high in some
parts of the system, but relatively low in other
parts of the system.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs when ephemeral

streams lose water along the mountain front, near where they
cross the West Cache fault zone.  Since recharge to this
aquifer includes significant seepage of surface water near the
mountain front, and a poorly constrained component of sub-
surface inflow from rocks, the mountain front area should be
included in the spring’s recharge area.  Springs with their

own flow systems, and surface-water drainages topographi-
cally upgradient probably form hydrologic divides that limit
the recharge area for Goodey Spring.  Because recharge to
the alluvial aquifer includes significant seepage of surface
water, part of the upgradient drainages supplying surface
water should be integrated into the protection zones.  The
water-budget and catchment-area analyses suggest that the
zone of contribution to the spring is likely within local topo-
graphic drainages, and for a shallow water-table aquifer the
zone of contribution is likely situated near the spring.

I used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Lateral
drainage divides separate areas contributing recharge to the
spring from areas not contributing.  Hydrogeologic informa-
tion indicates the zone of contribution to the spring may
extend as much as 2.1 miles west-southwest from the spring,
and includes several drainages.  I consider this the maximum
plausible extent of the catchment area.  Ground-water flow
boundaries closer to Goodey Spring could not be inferred
from the information available.  Without detailed subsurface
data, no areas of the aquifer can be considered confined or
isolated from the ground surface, and therefore the aquifer
should be classified as “unprotected” as defined in the DWSP
rules.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer characteristics.  Although this method
is less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitive
method for which sufficient data are available.  The aquifer
volume discharge method establishes fixed-radius time-of-
travel zones that represent a volume of aquifer supplying
water to the spring.  The volume of the aquifer must provide
an amount of water that balances the amount of water being
discharged from the spring.

I delineated approximate radii of the 250-day, 3-year,
and 15-year times-of-travel for the spring with a discharge of
175 gallons per minute by use of the aquifer volume dis-
charge method (appendix A).  The radius of the volume can
be projected to the surface to represent a surface area con-
tributing recharge to the spring.  An advantage of this method
is estimating fewer hydrologic parameters, and those that are
can be done conservatively.  Problems with this method are:
(1) criteria for the selection of hydrologic parameters are
uncertain or arbitrary, (2) the method assumes radial flow to
the discharging point at the spring, and (3) regional ground-
water flow is not considered.

The delineation of capture zones for Goodey Spring
using the aquifer volume discharge method requires esti-
mates of hydraulic head at the spring, average effective
porosity of the aquifer, and maximum discharge from the
spring.  The hills along the mountain front, where recharge of
the aquifer occurs, provide the hydraulic head driving
ground-water flow to the spring.  I used a hydraulic-head
value of 350 feet, slightly less than the elevation difference
between the mountain front and the spring.   I estimated an
effective porosity of 20 percent, based on the materials found
in the area.  Application of the aquifer volume discharge
method results in a zone of contribution or time-related cap-

98 Utah Geological Survey



99Delineation of drinking water source protection zones for Cache County, Utah

ture zone having a maximum upgradient distance of 400 feet
and maximum width of about 600 feet for a 250-day time
period, a maximum upgradient distance of 800 feet and
width of 1200 feet for a 3-year time period, and a maximum
upgradient distance of 1800 feet and width of 2600 feet for a
15-year time period (appendix A).  This analysis does not
take into account other springs or their effects on the ground-
water flow system.

Ground-Water Velocity Method
The calculation of average velocity of ground water

moving horizontally in the aquifer, and the calculation of dis-
tances along flow lines that represent travel times requires
information regarding aquifer properties (appendix B).  Rea-
sonable estimates for aquifer parameters can be obtained
from the semiquantitative hydrogeologic investigation.
Transmissivity, the primary hydrogeologic parameter con-
trolling transport in the alluvial-fan and lacustrine deposits,
may vary widely across relatively short distances, but as the
scale increases, an average value of the hydrogeologic
parameters should be obtainable.  Bjorklund and McGreevy
(1971) estimated the transmissivity of the Clarkston Bench
valley fill to be 240 square feet per day.  This is a high trans-
missivity for Cache Valley and should provide a ground-
water velocity estimate that is protective of the spring.  I esti-
mated the hydraulic gradients above the spring to be about
0.04, based on local topography.

I calculated a velocity of about 1 foot per day in the
aquifer system using information from the hydrogeologic
investigation.  The calculated travel distances for the spring
using this particle velocity are 250 feet for a 250-day time
period, 1100 feet for a 3-year time period, and 5500 feet for
a 15-year time period (appendix B).

Results
The dimensions of the zones of contribution estimated

from the hydrogeologic, aquifer volume discharge, and
ground-water velocity methods are given in table 3.  For a
250-day travel time, the aquifer volume discharge method
yields a distance of 400 feet, and the ground-water velocity
method, 250 feet.  I used the more protective value calculat-

ed by the aquifer volume discharge method to determine the
distance from the spring to the zone 2 boundary.  For the 3-
year travel time the aquifer volume discharge method yields
a distance of 800 feet, and the ground-water velocity method
1100 feet.  Again, I used the more protective method, the
ground-water velocity method, to determine the distance
from the spring to the zone 3 boundary, and determined the
width of the zone from local topography.  I used the hydro-
geologic investigation to determine the distance and width of
zone 4.  The downgradient boundary of the zone of contribu-
tion to the spring relative to the direction of the regional
hydraulic gradient is at the spring.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary may contain consolidated bedrock
of Clarkston Mountain.  Combining the maximum distances
from the different delineation methods results in conserva-
tive DWSP zones for Goodey Spring.  DWSP zones 2, 3, and
4 for Goodey Spring are shown on figure 5, and dimensions
are given in table 4.

SUMMARY AND RECOMMENDATIONS
I evaluated the geology and hydrogeology of the area

and used aquifer volume discharge and ground-water veloci-
ty calculations to determine protection zones for Goodey
Spring.  I used conservative values of unknown aquifer prop-
erties to determine time-related travel zones.  I delineated a
substantial part of the surface-drainage basin as drinking
water source protection zone 4, and smaller areas as zones 2
and 3.  Zones 2 and 3 provide land-use and water-system
managers with better defined, smaller areas than the 1998
delineated area, while remaining protective of the drinking-
water source.  These are more manageable areas than assign-
ing DWSP zones to the entire drainage basin.  Maximum
upgradient distances from the spring for the DWSP zone
boundaries are as follows: (1) zone 2—400 feet, (2) zone 3—
1100 feet, and (3) zone 4—11,000 feet.  Additional subsur-
face investigation would be needed to refine the boundaries
delineated here.  If additional information becomes available
to better define travel times in the aquifer, I recommend the
DWSP zones be redelineated.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 11,000 2900 11,000 2900 11,000 2900
Aquifer Volume Discharge2 400 600 800 1200 1800 2600
Ground-water Velocity2 250 Not determined3 1100 Not determined3 5500 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method
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Figure 5. Boundaries of drinking water source protection (DWSP) zones 2, 3, and 4 for Goodey Spring, Cache County, Utah.
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Table 4. Methods and values used in the delineation of drinking water source protection zones for Goodey Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 400 1100 11,000
distance (ft)

Maximum width (ft) 600 1000 2900

REFERENCES 
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.   Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Goodey Spring area was treated as a uniform aquifer for the ana-
lytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume supply-
ing water to the spring of radius r, height h, and porosity n, the total volume of water contained therein can be represented as  1⁄4nhπr2.
I assumed this aquifer volume represents radial ground-water flow converging at the spring, providing a volume of spring discharge
from an upgradient recharge area.
Equating these two volumes of water and solving for r yields the expression:

where ri is radial distance (l), Q is spring discharge (l3/t), ≠ is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic head at the
spring (l), and n is porosity (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to average values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 175 gallons per minute or about 33,700 cubic feet per day; h is a hydraulic
head in the aquifer above the spring discharge point, which is 350 feet to be conservative; n is effective porosity of the aquifer, which
is assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 391 feet
t3 = 3 years (1095 days) r3 = 819 feet
t4 = 15 years (5477 days) r4 = 1832 feet

The length of the chord subtended by the arc can approximate the maximum width of the aquifer volume.  The length of the chord is
given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to discharge.  I chose 90° for this angle as a reasonable assumption based on assumed aquifer geometry.
Solution: 

t2  = 250 days r2 = 391 feet w2 = 553 feet   
t3  = 3 years (1095 days) r3 = 819 feet  w3 = 1158 feet   
t4  = 15 years (5477 days) r4 = 1832 feet   w4 = 2591 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(33,700 ft3/day)(250 days)
(0.20)(350 ft)(3.1416)

r2 =

90°w2 = 2(248 ft)sin
2

wi = 2ri sin

r i = (4Qti)nhπ

1⁄2)(

1⁄2

θ
2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method produces a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through homogenous and isotropic valley-fill aquifer can be
determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmissivity of the val-
ley fill in the Clarkston Bench area to be 240 ft2/day. I estimated the average thickness of the aquifer to be 48 feet, the hydraulic con-
ductivity of the aquifer to be 5 ft/day, the average hydraulic gradient above the spring to be 0.04, and the effective porosity of the sed-
iments above the spring to be about 20 percent.
The one-dimensional velocity of a particle within the aquifer is expressed as:

where v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t),
ne is the effective porosity of the aquifer (dimensionless), and       is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless).
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time of travel (t). 
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 250 feet
t3 = 1095 days (3 years) D3 = 1095 feet
t4 = 5477 days (15 years) D4 = 5477 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =           ti
K
ne

dh
dl

D2 = (5 ft /day 0.04) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Myler Spring, which is used by customers
of the Clarkston Water System as a source of drinking water.
A spring protection zone was delineated for the spring in
1998, but new zones are being redelineated now so that addi-
tional zoning can be implemented in the area.  The spring is
in the western Clarkston Bench area near the foothills of
Clarkston Mountain, Cache County, Utah.  The spring
derives water from unconsolidated alluvial-fan deposits con-
sisting of sand and gravel.

The West Cache fault zone is the dominant structure in
the area and forms the boundary between the lower Paleozoic
strata of the mountains and valley.  The Paleozoic sedimen-
tary rocks near Myler Spring typically dip toward the east
and northeast, away from the high mountainous areas; faults
interrupt the regional dip of the rocks.  Tertiary strata of the
Salt Lake Formation beneath the valley unconformably over-
lie lower Paleozoic strata and underlie Quaternary alluvial-
fan and lacustrine deposits.  The Salt Lake Formation is
exposed throughout the foothills of the valley.

Myler Spring issues near the contact between alluvial-
fan and lacustrine deposits, and underlying semiconsolidated
to consolidated deposits of the Salt
Lake Formation.  The contact of
alluvial-fan deposits with the under-
lying impervious sedimentary beds
of the Salt Lake Formation is an
important spring horizon.  A number
of springs issue relatively small but
useful supplies of water at or near
this contact, and thus limit the areas
contributing ground water to Myler
Spring.  I determined a recharge
area of about 2.6 square miles is
necessary to provide enough water
to account for the possible flow
from Myler Spring, based on aver-
age annual precipitation and evapo-
transpiration rates in the area.

I developed a conceptual under-
standing of ground-water flow in the
spring area.  Then, using estimates
of hydreogeologic parameters and
three different methods of calculat-
ing recharge area for the spring, I
determined the maximum extent of
DWSP zones.  Each DWSP zone
was delineated using the results that
extended the zone boundary a con-
servative (protective) distance topo-
graphically upgradient of the spring.
Maximum upgradient distances
from the spring to the DWSP zone
boundaries, and the method used to

delineate each zone are as follows: (1) zone 2—700 feet,
aquifer volume discharge method; (2) zone 3—1600 feet,
ground-water velocity method; and (3) zone 4—13,200 feet,
hydrogeologic method.  Protection zones 2 and 3 cover only
a part of the potential total zone of contribution to the spring,
but are more manageable than assigning DWSP zones to the
whole drainage basin.

INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for Myler Spring, a public-
water-supply spring (Utah Division of Drinking Water sys-
tem number 03004, source number 04) in the NE1⁄4SW1⁄4SE1⁄4
section 21, T. 14 N., R. 2 W., Salt Lake Base Line and Merid-
ian, western Cache County, Utah (figure 1).  The existing
protection zone for Myler Spring, delineated in 1998, is a 2-
mile radius upgradient from the spring.  Cache County
intends to enact zoning that utilizes the 250-day time-of-
travel zone (zone 2) around the spring, requiring redelin-
eation of the DWSP zones for Myler Spring.  The scope of
work included a literature search, review of water records,
interpretation of data, delineation of the DWSP zones, and
preparation of this report.

CHAPTER 8
MYLER SPRING
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Figure 1. Location of Myler Spring, Cache County, Utah.



105Delineation of drinking water source protection zones for Cache County, Utah

Myler Spring is about 1.5 miles northwest of the town of
Clarkston, near the foothills of Clarkston Mountain.  The
town of Clarkston is a rural farming community that uses
Myler Spring as part of its municipal drinking water system.
The land surrounding the spring area is privately owned, but
National Forest land lies west of the spring.  Dry farming is
the predominant land use surrounding the spring, but there is
also grazing land and some residential development in the
area.  Figure 2 shows the extent of the agricultural land uses
in the area, which have taken place since 1864 (Peterson,
1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply.  This strategy creates a limited area
to concentrate resources for inventory, control, and monitor-
ing with an overall goal of assuring the quality of the public-
water supply.  Local government entities can implement
land-use regulations to protect water supplies and reduce the
risk of future ground-water contamination and costly reme-
diation efforts in these areas.  Utah's DWSP Rule (R309-600-
9 [3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-

of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9
[3][iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure,” based on
ground-water times-of-travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure,”  based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Myler
Spring using the “Preferred Delineation Procedure” because
this approach incorporates information about the hydrogeo-
logic system and is less arbitrary.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

Myler
Spring

N

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

0 1000 2000 feet

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Myler Spring.



GEOLOGY
Myler Spring is located on Clarkston Bench, in north-

west Cache Valley, at the eastern edge of the Wasatch Range.
This area includes parts of the Clarkston Mountain and
Cache Valley subdivisions of the Middle Rocky Mountains
physiographic province (Stokes, 1977).  Clarkston Bench
constitutes the largest foothill-bench in Cache Valley, and is
covered with alluvial-fan and offshore lacustrine sand and
gravel deposits of the Bonneville lake cycle, and recent allu-
vial-fan deposits (Biek and others, 2003) (figure 3).  Clark-
ston Bench is situated between the Newton and Bergeson
Hills on the east and Clarkston Mountain on the west, and
terminates to the north near low hills along the Idaho state
line.

Cache Valley is bounded by north-striking, high-angle
normal faults (the East Cache and West Cache fault zones)
and forms the southern end of a series of half-grabens
between the Wasatch and Teton normal-fault systems (Evans
and Oaks, 1996).  The West Cache fault zone forms the
boundary between Clarkston Mountain and Cache Valley.
The West Cache fault zone has been subdivided into three
segments and shows evidence of recurrent Quaternary sur-
face faulting, including Holocene events (Black and others,
1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite
(Williams, 1958; Bjorklund and McGreevy, 1971; Biek and
others, 2003).  Stratigraphic units exposed on Clarkston
Mountain near Myler Spring strike about N. 5° W. to N. 25°
W and dip 35° to 60° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996).  In the area of the spring, Quaternary deposits are
underlain by the Washboards subunit of the Salt Lake For-
mation (Biek and others, 2003), consisting of generally thin-
to medium-bedded, calcareous claystone and siltstone, with
lesser amounts of sandstone, and volcanic tuff.  Quaternary
deposits on Clarkston Bench consist of alluvial-fan and
lacustrine deposits.  Coalescing alluvial-fan deposits overlie
the Washboards subunit and older alluvial-fan deposits on
the west side of Clarkston Bench, and slope gently away
from the mountain front.  Surficial sediments in the area are
generally coarse, poorly to moderately sorted sand, silt, and
clay deposited in stream channels on the alluvial fans (Biek
and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges.  Temperatures in Cache Valley reach a nor-

mal maximum of 90.0°F and a normal minimum of 10.2ºF.
The normal annual mean temperature and precipitation range
from about 45 to 50°F and 16.6 to 19.5 inches, respectively;
normal annual mean evapotranspiration in Cache Valley
ranges from 40.9 to 45.3 inches (Ashcroft and others, 1992).
Because evapotranspiration rates are extremely high in the
valley, very little water that falls on the valley surface
recharges the aquifer.  Clarkston Bench is at the western edge
of Cache Valley and has a temperate, seasonal, and semiarid
climate.  The seasons are well defined and are characterized
by warm and dry summers, cold and wet winters, warm and
very wet springs, and warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Myler Spring are at Trenton, about 7 miles north-
east of the spring, and Cutler Dam, about 8 miles southeast
of the spring.  Monthly temperature and precipitation data
from the Trenton and Cutler Dam weather stations are given
in table 1.  The mean annual temperatures at Trenton and
Cutler Dam are 45.5°F and 50.0°F, respectively, with average
annual precipitation of about 19 and 18 inches, respectively.
The coldest month is January, with average temperatures
ranging from 22°F at Trenton to 25°F at Cutler Dam.  Nei-
ther Trenton nor Cutler Dam weather stations, both located at
lower elevations and farther out in the valley than Myler
Spring, are completely representative of climatic conditions
near Myler Spring, nor are they representative of the moun-
tains above the spring.  The area around Myler Spring, ele-
vation 5165 feet, is probably colder and wetter than at either
of the weather stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley; precipitation in the mountains
is greater and temperatures are lower.  Although no climato-
logical data are available for Clarkston Mountain, it likely
receives two to three times more precipitation than the valley
based on comparison to the Wasatch Range to the south.
Snowfall on Clarkston Mountain is considerably greater than
in Cache Valley, and locally mountain precipitation may
average 40 to 70 inches annually (Ashcroft and others,
1992).  Snow accumulates from October to mid-May and
maximum runoff from snowmelt is from April to June.  The
precipitation received as snow on the higher elevations is an
important source of ground-water recharge, because the slow
melting of winter snow leads to the replenishment of soil
moisture and ground-water recharge.  Runoff from snowmelt
provides Cache Valley with most of its surface and ground
water. The average annual precipitation at Myler Spring is
probably about 19 inches and the average over the watershed
is about 24 inches.

MYLER SPRING
Springs are an important source of water in the Clarkston

Bench region and range from small seeps to good, continu-
ously flowing springs that flow up to several hundred gallons
of water per minute.  Many of the springs emerge near the toe
of relatively flat-lying Quaternary alluvial-fan deposits.
Where the contact of permeable alluvial-fan deposits overly-
ing impermeable strata is exposed at the surface, a spring is
likely to result, under favorable conditions.  The alluvial-fan
deposits overlie the Washboards subunit of the Salt Lake For-
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge
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Lake Bonneville shorelines, B=Bonneville, X=unnamed
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mation, suggesting that the fine-grained nature of the Wash-
board deposits causes them to act as a barrier to downward
ground-water flow (Biek and others, 2003).  Some springs
are well developed and their waters are used to the greatest
possible extent; others are not developed or used.  Spring dis-
charge is supplied by precipitation in the mountains, and dur-
ing the dry seasons spring flows diminish, with some drying
up entirely.  Spring discharge areas are generally overgrown
with a variety of phreatophytes.

Myler Spring is at a surface elevation of approximately
5165 feet.  It is one of several springs on the west side of
Clarkston Bench having similar geologic setting and dis-
charge characteristics.  Myler Spring is well developed,
allowing only a small amount of surface runoff.  Marsh-type
brush covers some of the spring area.  Quantitative informa-
tion on Myler Spring flow rates does not exist.  Discharge
from the spring is variable but moderate compared to other
springs in the area, with high flows occurring in the spring
and early summer.  I used the maximum discharge from a
nearby and similar spring (Big Birch Spring) to estimate the
discharge from Myler Spring.  The spring water is of good
quality.

To collect water from Myler Spring, perforated pipes
were placed in gravel-lined ditches in the vicinity of the

spring, and backfilled with native fill.  Water from Myler
Spring enters the collection pipes, which route the water into
a collection box before going into the Clarkston water line
(figure 4).  The spring box provides a settling basin for sedi-
ment removal and facilitates maintenance of the spring.  The
spring was renovated and redeveloped in 1995 by the town
of Clarkston.

The persistent, seasonal fluctuation in flows, and the
continuous discharge of water by Myler Spring indicate that
a relatively low-elevation recharge area, with a moderate-
sized subsurface reservoir, feeds the spring.

HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province that receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The northern
and eastern boundaries of Clarkston Bench coincide with
hills composed of low-permeability materials that probably
contribute little water to the area (Bjorklund and McGreevy,
1971).  The western boundary coincides with Clarkston
Mountain, composed of consolidated rocks having unknown

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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hydraulic properties; the transmissivities of the rocks are
probably lower than those of the alluvium in the valley.  Dis-
charge to the main Cache Valley aquifer occurs along the
southern extension of Clarkston Bench and from Clarkston
Creek.  The Salt Lake Formation may provide a lower barri-
er to vertical flow, allowing ground water to move horizon-
tally until the unconsolidated sediments thin and the spring
emanates at the surface.

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the ground water in the
Clarkston Bench hydrologic province.  The location of
springs in the Clarkston Bench drainage area indicates
ground-water flow on eastern Clarkston Mountain is from
west to east.  The permeabilities of rock and surficial units in
the mountains are highly variable and the infiltration rates of
water into the ground may be high in some areas, and mod-
erate or low in others.  Details of hydraulic gradients and
flow directions on Clarkston Mountain are unknown, but
some generalities can be made, assuming hydraulic gradients
are partly related to topography.  The Clarkston Mountain
front slopes moderately to steeply eastward, with northward
and southward slopes adjacent to stream channels.  Moun-
tain-front ridges have topographic gradients of about 0.3 to
0.5, and ephemeral stream channels along the mountain front
have gradients of about 0.1 to 0.3, indicating that ground-
water gradients are relatively steep, probably in the range of
about 0.01 to 0.1.  Ground and surface water flow eastward,
away from the mountain crest toward the mountain front,
with local ground water flowing toward stream channels.
Anisotropic permeable and impermeable layers in some sed-
imentary rock intervals may modify local flow directions.
Limited water-level data indicate ground-water flow in the
Clarkston Bench area is away from Clarkston Mountain and
to the southeast under a hydraulic gradient varying from
0.009 to 0.08 (Beer, 1967; Bjorklund and McGreevy, 1971).

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between higher permeability
unconsolidated sediments and the lower permeability rocks
of Clarkston Mountain.  The permeability architecture of the
West Cache fault zone is poorly understood; however, the
fracture permeability along the fault zone may allow it to
effectively serve as a higher-permeability zone for ground-
water flow along (fault-parallel ground-water flow) or across
(fault-perpendicular ground-water flow) the fault.  Few
springs are present along the trace of the West Cache fault
zone, consistent with the fault not acting as a barrier.

Precipitation on Clarkston Mountain contributes to both
recharge to the rock aquifer and surface-water runoff in
ephemeral streams that flow from the mountain.  The hydro-
logic divide, separating ground-water and surface-water flow
on Clarkston Mountain, is related to the topographic divide.
This is indicated by the location of springs on either side of
the topographic divide.  Ephemeral streams encounter rela-
tively permeable, unconsolidated alluvial and lacustrine
deposits as they cross the mountain front, and recharge the
alluvial-fan and lacustrine aquifer in the valley.  The streams
coming out of the mountains are flashy, and most of the
year’s run-off takes place in the spring.  Near the streams, the
water table probably rises in the spring in response to
increased run-off, and then declines until the end of the
growing season.  Bjorklund and McGreevy (1971) consid-
ered the alluvium in the Clarkston Bench area to consist of

coarse sand and gravel deposits that yield water.  Kariya and
others (1994) estimated the transmissivity of unconsolidated
deposits underlying Clarkston Bench to be 240 square feet
per day based on test data from the few wells in the area.
This value is consistent with typical values for sand and
gravel deposits (Domenico and Schwartz, 1990), and is rela-
tively high compared to results from the surrounding area
(Kariya and others, 1994).

A component of subsurface inflow from bedrock to allu-
vium along the mountain front is variable, but recharge of the
alluvial-fan aquifer by seepage of surface water likely domi-
nates over distributed inflow from bedrock along the moun-
tain front.  Estimates of inflow rates from the bedrock aqui-
fers to the valley fill are poorly constrained and inflow rates
may vary substantially with location, depending critically on
the permeability architecture of the West Cache fault zone.

Hydrologic Budget for the
Clarkston Bench Watershed

I developed a simple hydrologic budget for the 43-
square-mile Clarkston Bench watershed, defined as the land-
surface area that drains toward Clarkston Creek.  This
requires the identification and quantification of sources of
recharge and discharge to the watershed (table 2).  The budg-
et assumes that all water entering the watershed either goes
into storage within its boundaries, is consumed therein, or
flows out, either on the surface or underground.  I identified
precipitation as the sole source of water within the Clarkston
Bench watershed.  Water storage in the catchment area
includes storage in ground water, soil moisture, vegetation,
and Clarkston Creek.  Evapotranspiration, surface-water out-
flow, and ground-water outflow represent discharge from the
watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually and probably averages about 24 inches, thus
inflow to the catchment area is about 2.4 billion cubic feet
per year.  The annual, seasonal, and monthly precipitation is
not evenly distributed temporally or spatially within the
watershed.  Greater precipitation is associated with summer
and fall convective storms and winter snowfall at higher ele-
vations.  Evapotranspiration, the largest outflow from the
catchment area, averages about 20 inches annually over the
watershed (Ashcroft and others, 1992), resulting in the loss
of about 2 billion cubic feet per year of water from the water-
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Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr
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shed.  Like precipitation, evapotranspiration is not evenly
distributed temporally and spatially within the watershed.
Bjorklund and McGreevy (1971) estimated discharge from
Clarkston Creek to be 174 million cubic feet per year during
the period 1960 to 1968.  I estimated that about 226 million
cubic feet per year leaves the Clarkston Bench watershed as
subsurface outflow, or is consumed within the watershed.
The hydrologic budget for the Clarkston Bench watershed
indicates there is enough water in the watershed to account
for spring discharges.

Recharge-Area Calculation for Myler Spring
A water-budget method was used to calculate an area

contributing recharge to Myler Spring.  This is a simple area
calculation that requires little data and is based on assump-
tions that do not incorporate the hydrogeologic complexities
identified in the area.  For springs and seeps that obtain water
from local precipitation and no other sources, the water-bud-
get method is appropriate to estimate the size, but not the
shape of the area contributing recharge.  The area contribut-
ing recharge to a shallow water-table aquifer, in most hydro-
geologic settings, is related to the spring discharge and
recharge rates.  This can be expressed as:

where A is the area contributing recharge to the spring, Q is
discharge rate, and R is ground-water recharge rate.

No data exist for determining a maximum discharge
from Myler Spring, but I estimated discharge to be as high as
345 gallons per minute based on a comparison with Big
Birch Spring, which is at a similar elevation and has the
largest spring discharge in the area.  As indicated above,
average annual precipitation in the area can be estimated at
24 inches and evapotranspiration can be estimated at 20 inch-
es.  Assuming the amount of recharge is the difference
between precipitation and evapotranspiration, about 4 inches
of precipitation per year recharges ground water in the catch-
ment area; this represents about 17 percent of the total pre-
cipitation, a reasonable value compared to other areas in
Utah with similar climate and topography.  I assumed a value
of maximum discharge for the spring to represent the maxi-
mum possible areal extent of the recharge area.  Based on
this volume of water, the recharge area of Myler Spring must
be about 2.6 square miles to produce a discharge of 345 gal-
lons per minute.  The water-budget computation reasonably
estimates the aquifer surface area needed to provide recharge
to the discharging spring.

Catchment-Area Estimate for Myler Spring 
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assumed to represent
the maximum areal extent of the catchment area, and an
annual recharge of 4 inches.  Using Todd’s (1980) plot of
catchment area as a function of estimated recharge rate and
discharge from a spring, a catchment area of about 2.5 square
miles is necessary to supply enough water for Myler Spring
discharge.

DWSP ZONES
Introduction

To assure the quality of the water from Myler Spring,
which is of particular concern to the Clarkston Water Com-
pany, the surface and subsurface areas supplying the water
discharging from the spring need protecting.  The delineation
of capture zones or drinking water source protection (DWSP)
zones is a method of identifying areas surrounding the spring
for protection against infiltration and transport of contami-
nants that may adversely affect human health.  I applied a
preferred delineation procedure, because it uses local hydro-
geologic conditions to determine the DWSP zones and is eas-
ily defendable.

I combined hydrogeologic, aquifer volume discharge,
and ground-water velocity methods to delineate the DWSP
zones for Myler Spring.  The physical and hydrologic con-
trols on ground-water flow to the spring were qualitatively
defined by examining the hydrogeology of the area.  The
hydrogeologic method uses the local geology, topography,
and surface features that provide insight into the size and
shape of a maximum contributing area to the spring.  This
represents an area that may contribute to the spring given
enough time.  The aquifer volume discharge method provides
time-related zones based on the spring discharge.  For a shal-
low water-table aquifer, such as the aquifer supplying Myler
Spring, the time-of-travel is probably related to the discharge
of the spring.  By using a maximum spring discharge, a con-
servative (protective) distance is obtained from the aquifer
volume discharge method.  The ground-water velocity meth-
od is based on the distance a particle travels in the aquifer in
a given time.  Because the alluvial-fan and lacustrine de-
posits supply water to the spring, using a conservative esti-
mate of hydraulic conductivity and applying Darcy’s law
should give conservative values of velocities in the aquifer.

Based on the geology and hydrogeology of the area, I
made the following assumptions regarding aquifer character-
istics relevant to capture-zone delineation:

• Ground water flows to Myler Spring through un-
consolidated alluvial-fan deposits overlying the
Washboards subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front,
and by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of ground water to Myler Spring.

• Ground-water movement along the West Cache
fault zone may supply some water to the spring.

• Water-budget estimates and catchment-area analy-
ses indicate that the area needed to recharge the
spring lies within the topographic watershed.

• Hydraulic conductivity, and potentially ground-
water velocity, may be relatively high in some
parts of the system, but relatively low in other
parts of the system.

A = Q
R
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Hydrogeologic Method
Recharge to the spring’s aquifer occurs along the moun-

tain front when ephemeral streams that drain Clarkston
Mountain lose their water, near where they cross the West
Cache fault zone.  Because recharge to the alluvial aquifer
includes significant seepage of surface water, the drainages
supplying surface water should be integrated into the protec-
tion zones.  The drainages can be approximated from the dis-
tribution of topographic features visible in the area.  The
water-budget and catchment-area analyses suggest the zone
of contribution to the spring is likely within local topograph-
ic drainages, and for a shallow water table aquifer, the re-
charge area is likely situated near the spring.

I used 1:24,000-scale topographic maps to locate the sur-
face drainages and potential boundaries surrounding the
spring.  Topographic surface divides and ground-water div-
ides typically coincide, and lateral drainage divides separate
areas contributing recharge to the spring from non-contribut-
ing areas.  I extended the boundary along the West Cache
fault zone, because of the likelihood of water flowing along
the fault zone.  Hydrogeologic information indicates the
potential zone of contribution to the spring may extend as
much as 2.5 miles west-southwest from the spring, along the
mountain front, and include several drainages.  I consider
this to be the maximum plausible extent of the catchment
area.  Ground-water flow boundaries closer to Myler Spring
could not be inferred from the hydrogeologic evaluation.  No
areas of the aquifer are considered confined or isolated from
the ground surface, and is therefore “unprotected” as defined
in Utah's Drinking Water Source Protection Rule (R309-600,
Utah Administrative Code; administered by the Utah Divi-
sion of Drinking Water).

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer properties.  Although this method is
less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitive method
for which sufficient data are available.  I delineated DWSP
zones for 250-day, 3-year, and 15-year time-of-travel for a
discharge of 345 gallons per minute by use of an aquifer vol-
ume discharge method (appendix A).  The aquifer volume
discharge method produces a fixed-radius travel-time zone
that represents a volume of aquifer supplying water to the
spring.  The idealized volume of the aquifer must provide an
amount of water that balances the amount of water being dis-
charged from the spring.  The radius of the volume can be
projected to the surface to represent a surface area contribut-
ing recharge to the spring.  An advantage with this method is
that fewer hydrologic parameters are required, and those that
are can be conservatively estimated.  While the method does
take some hydrologic parameters of the aquifer into account,
its tendency to oversimplify leads to errors, especially where
the subsurface geology is heterogeneous.  Problems with this
method are:  (1) criteria for the selection of hydrologic par-
ameters are uncertain or arbitrary, (2) the method assumes
radial flow to the discharging point at the spring, and (3)
regional ground-water flow is not considered.

The delineation of capture zones for Myler Spring using

an aquifer volume discharge method requires only estimates
of an average hydraulic head above the spring, an average
effective porosity of the aquifer, and a maximum discharge
from the spring.  The mountains above the spring probably
provide some of the hydraulic head driving ground-water
flow to the spring, but most of the head driving ground-water
flow to the spring is associated with the alluvial-fan deposits.
I used an average hydraulic-head value of 250 feet to repre-
sent the head driving ground-water flow to the spring.  I esti-
mated an effective porosity of 20 percent, based on the mate-
rials found in the area.  The aquifer volume discharge method
results in a zone of contribution or time-related capture zone
with a maximum upgradient distance of 700 feet and maxi-
mum width of about 900 feet for a 250-day time period, a
maximum upgradient distance of 1400 feet and width of
1900 feet for a 3-year time period, and a maximum upgradi-
ent distance of 3000 feet and width of 4300 feet for a 15-year
time period (appendix A).   This analysis does not take into
account other springs or their affect on the ground-water
flow system.

Ground-Water Velocity Method
Calculations of an average velocity of ground water

moving horizontally in the alluvial-fan aquifer, and the dis-
tances along flow lines that represent travel times, requires
information regarding aquifer properties (appendix B).  Rea-
sonable estimates for aquifer parameters can be obtained
from the semiquantitative hydrogeologic investigation.
Transmissivity, the primary hydrogeologic parameter con-
trolling ground-water flow in the unconsolidated deposits, is
most likely highly variable spatially, but an average value
should be obtainable by considering a large enough area.
Bjorklund and McGreevy (1971), and Kariya and others
(1994) estimated the transmissivity of the Clarkston Bench
valley fill to be 240 square feet per day, and I estimated the
hydraulic gradient above the spring at 0.06 based on local
topography.  This value of transmissivity is representative of
the sand and gravel deposits that comprise the main aquifer
(Domenico and Schwartz, 1990).

I calculated a velocity of about 1.5 feet per day in the
aquifer system using information from the hydrogeologic
investigation (appendix B).  Calculated travel distances for
water to the spring using this particle velocity are 400 feet for
a 250-day time period, 1600 feet for a 3-year time period,
and 8200 feet for a 15-year time period.

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 3.  For a 250-day travel time the
aquifer volume discharge method yields a distance of 700
feet and the ground-water velocity method 400 feet.  I used
the more protective value calculated by the aquifer volume
discharge method to determine the distance from the spring
to the zone 2 boundary.  For a 3-year travel time the aquifer
volume discharge method yields a distance of 1400 feet and
the ground-water velocity method 1600 feet.  In this case, I
used the more-protective ground-water velocity method to
determine the distance from the spring to the zone 3 bound-
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ary.  I determined the width of the zone 3 boundary by locat-
ing the maximum extent of the zone on a topographic map,
and extending the lateral boundaries toward the spring so that
they matched the local topography.   I used the hydrogeolog-
ic method to determine the maximum upgradient distance
and width of zone 4.  The maximum upgradient distance
from the spring to the DWSP-zone 4 boundary is about
13,200 feet.  The downgradient boundary of the zone of con-
tribution to the spring relative to the direction of the region-
al hydraulic gradient is at the spring.  DWSP zones 2, 3, and
4 for Myler Spring are shown on figure 5, and dimensions are
given in table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary extends into the consolidated
bedrock of Clarkston Mountain.  The zone 2 boundary is
placed at a distance of 700 feet upgradient from the spring.
The maximum upgradient distance of the zone 3 boundary is
1600 feet.  The maximum upgradient distance from the
spring to the zone 4 boundary is about 13,200 feet.  Combin-
ing the maximum distances from the different delineation
methods results in conservative DWSP zones for Myler
Spring (figure 5).

SUMMARY AND RECOMMENDATIONS
I evaluated the geology and hydrogeology of the area,

and combined aquifer volume discharge,  ground-water
velocity, and hydrogeologic methods to delineate the protec-
tion zones for Myler Spring.  I used conservative values for
unknown aquifer properties to determine time-related travel
zones.  I delineated a substantial part of the surface-drainage
basin as drinking water source protection zone 4, and small-
er areas for zones 2 and 3.  Zones 2 and 3 provide land-use
and water system managers with better defined, smaller areas
than the 1998 delineated area, while remaining protective of
the drinking-water source.  Maximum upgradient distances
from the spring for DWSP zone boundaries are as follows:
(1) zone 2—700 feet, (2) zone 3—1600 feet, and (4) zone
4,—13,200 feet.   Additional subsurface investigation would
be needed to refine the boundaries delineated here.  If addi-
tional information becomes available to better define travel
times in the aquifer, I recommend the Drinking Water Source
Protection Zones be redelineated.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 13,200 7200 13,200 7200 13,200 7200

Aquifer Volume Discharge2 700 900 1400 1900 3000 4300

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method

Table 4. Drinking water source protection zone methods and values used in the delineation of Myler Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 700 1600 13,200
distance (ft)

Maximum width (ft) 900 2200 7200
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Figure 5. Boundaries of drinking water source protection (DWSP) zones 2, 3, and 4 for Myler Spring, Cache County, Utah.
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Myler Spring area was treated as a uniform aquifer for the analy-
tical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume of radius
r, height h, and porosity n, the total volume of water contained therein can be given as 1⁄4nhπr2. 
Equating these two volumes of water and solving for r yields:

where ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time of travel (t), h is average hydraulic head
at the spring (l), and n is effective porosity  (dimensionless)
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to average values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 345 gallons per minute or about 66,400 cubic feet per day; h is a average
hydraulic head in the aquifer above the spring discharge point, which is 250 feet to be conservative; n is effective porosity of the aquifer,
which is assumed to be 20 percent (0.20).
Solution:

t2 = 250 days   r2 = 650 feet
t3 = 3 years (1095 days) r3 = 1361 feet
t4 = 15 years (5477 days) r4 = 3043 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by an arc of radius ri.  The
length of the chord is given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to converge at the spring.  I chose 90° (dimensionless) for the angle as a reasonable assumption based on aquifer
geometry.
Solution:

t2  = 250 days r2 = 650 feet w2 = 919 feet   
t3  = 3 years (1095 days) r3 = 1361 feet  w3 = 1925 feet   
t4  = 15 years (5477 days) r4 = 3043 feet   w4 = 4303 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.  

(4)(66,400 ft3/day)(250 days)
(0.20)(250 ft)(3.1416)

r2 =

90°w2 = 2(650 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Kariya and others (1994) estimated the average transmissivity of the valley fill in
the Clarkston Bench area to be 240 ft2/day and the average thickness of the aquifer to be 48 feet.  From these I calculated a hydraulic
conductivity of the aquifer of 5 ft/day.  The average hydraulic gradient above the spring is 0.06, and the effective porosity of the sed-
iments above the spring was estimated to be 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t),
ne is the effective porosity of the aquifer (dimensionless), and       is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless)  
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time of travel (t).
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days (3 years) D3 = 1642 feet
t4 = 5477 days (15 years) D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.06) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for City Creek Spring, which is used by the
Clarkston Water System as a source of drinking water for the
town of Clarkston.  A spring protection zone was delineated
for the spring in 1998, but new protection zones are being
redelineated now so that additional zoning can be imple-
mented in the area.  The spring is in the western Clarkston
Bench area near the foothills of Clarkston Mountain, Cache
County, Utah.  The spring derives water from unconsolidat-
ed alluvial-fan deposits consisting mostly of sand and gravel
on the southern side of City Creek Canyon.

Quaternary alluvial-fan and lacustrine deposits are
exposed around City Creek Spring.  The West Cache fault
zone is the dominant structure in the area and forms the
boundary between the lower Paleozoic strata of the moun-
tains and the Tertiary and Quaternary sediments of the valley.
Paleozoic sedimentary rocks near City Creek Spring typical-
ly dip toward the east and northeast, away from the high
mountainous areas; faults interrupt the regional dip of the
rocks.  Tertiary strata of the Salt Lake Formation uncon-
formably overlie lower Paleozoic strata and underlie Quater-
nary alluvial-fan and lacustrine
deposits.  The Salt Lake Formation
is exposed throughout the foothills
and valley.

City Creek Spring issues near
the contact between alluvial-fan
deposits and semiconsolidated to
consolidated deposits of the Salt
Lake Formation.  A large number of
springs discharge relatively small
but useful supplies of water at or
near this contact, and thus limit the
area contributing ground water to
City Creek Spring.  A hydrologic
budget for the Clarkston Bench
watershed, which contains City
Creek Spring and other springs,
indicates that about 2.4 billion cubic
feet of water enters and leaves the
area annually.  I determined a
recharge area of about 2 square
miles is necessary to provide
enough water to account for the
flow from City Creek Spring, based
on average annual precipitation and
evapotranspiration rates in the area.

I incorporated tools and meth-
ods of geology and hydrogeology in
an integrated approach to determine
the extent of the DWSP zones (as
defined by Utah's Drinking Water
Source Protection Rule).  Zones
were delineated using the results

that extended the zone boundary the most conservative (pro-
tective) distance topographically upgradient of the spring,
relative to the defined criteria for the particular zone.  Maxi-
mum upgradient distances from the spring to the DWSP zone
boundaries, and the method results used are as follows: (1)
zone 2—500 feet, aquifer volume discharge method; (2) zone
3—1600 feet, ground-water velocity method; and (3) zone
4—10,200 feet, hydrogeologic method.

INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for City Creek Spring, a
public-water-supply spring (Utah Division of Drinking
Water system number 03004, source number 05) in the
SW1⁄4NE1⁄4 SE1⁄4 section 28, T. 14 N., R. 2 W., Salt Lake Base
Line and Meridian, western Cache County, Utah (figure 1).
The protection zone for City Creek Spring, delineated in
1998, is a 2-mile radius upgradient from the spring.  Cache
County intends to enact zoning that uses the 250-day time-
of-travel zone (zone 2) around the spring, requiring redelin-
eation of the protection zones.  The scope of work included
a literature search, review of water records, interpretation of
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data, delineation of the DWSP zones, and preparation of this
report.

City Creek Spring is about 0.75 miles west of the town
of Clarkston, near the foothills of  Clarkston Mountain.  The
town of Clarkston is a rural farming community that obtains
part of its municipal drinking water from City Creek Spring.
City Creek Spring is used solely as a drinking water source
by the town of Clarkston.  Land surrounding the spring area
is privately owned, but U. S. Forest Service land is present to
the west.  Dry farming and grazing are the predominant land
uses surrounding the spring.  An aerial view shows the agri-
cultural land uses in the area, which have remained much the
same since 1864 (Peterson, 1946) (figure 2).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply. This strategy creates a limited area to
concentrate resources for inventory, control, and monitoring
with an overall goal of assuring the quality of the public-
water supply.  Local government entities can implement
land-use regulations to protect water supplies and reduce the
risk of future ground-water contamination and costly reme-
diation efforts in these areas.  Utah's DWSP Rule (R309-600-
9 [3]) defines four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water
time-of-travel to the spring collection area, the

boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the  spring col-
lection area, the boundary of the aquifer(s) that
supplies water to the spring, or the ground-
water divide, whichever is closer to the spring;
and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9[3]
[iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure” based on
ground-water times-of-travel and local geology and hydro-
geology, or (2) an “Optional Two-Mile Radius Delineation
Procedure”  based on identifying all upgradient areas sup-
plying water to a well or spring within a 2-mile radius of the
drinking-water source.  I delineated the DWSP zones for City
Creek Spring using the “Preferred Delineation Procedure”
because this approach incorporates information about the
hydrogeologic system, and I believe it is more defendable
than the other procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

City Creek
    Spring

N

0 600 1200 feet

0 200 400 meters

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of City Creek Spring.
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GEOLOGY
City Creek Spring is located on Clarkston Bench, in

northwestern Cache Valley, at the eastern edge of the
Wasatch Range.  This area includes parts of the Clarkston
Mountain and Cache Valley subdivisions of the Middle
Rocky Mountains physiographic province (Stokes, 1977).
Clarkston Bench constitutes the largest foothill-bench in
Cache Valley, and is covered with alluvial-fan and lacustrine
sand and gravel of the Bonneville lake cycle, and recent allu-
vial-fan deposits (Biek and others, 2003) (figure 3). Clark-
ston Bench is situated between the Newton and Bergeson
Hills on the east and Clarkston Mountain on the west, and
terminates to the north near low hills along the Idaho state
line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone,
which forms the boundary between Clarkston Mountain and
Cache Valley, has been subdivided into three segments and
shows evidence of recurrent Quaternary movement, includ-
ing Holocene events (Black and others, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These consist of carbonate,
shale, sandstone, conglomerate, quartzite, and phyllite
(Williams, 1958; Bjorklund and McGreevy, 1971, Biek and
others, 2003).  Stratigraphic units that crop out on Clarkston
Mountain near City Creek Spring strike about N. 5° W. to N.
25° W. and dip 35° to 60° to the northeast.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996).  In the area of the spring, the Washboards subunit of
the Salt Lake Formation underlies Quaternary deposits and is
exposed in the spring area (Biek and others, 2003).  The
Washboards subunit consists of thin- to medium-bedded cal-
careous claystone and siltstone, with lesser amounts of sand-
stone and volcanic tuff.  Alluvial-fan and lacustrine deposits
locally overlie bedrock on Clarkston Mountain (Biek and
others, 2003).  Alluvial-fan deposits overlie the Washboards
subunit of the Salt Lake Formation, and slope gently away
from the mountain front.  Surficial sediments in the area are
generally coarse, poorly to moderately sorted sand, silt, and
clay deposited in stream channels on the alluvial fans (Biek
and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges.  Temperatures in Cache Valley reach a nor-
mal maximum of 90.0°F and a normal minimum of 10.2ºF.

The normal mean temperature and precipitation range from
about 45 to 50°F and 16.6 to 19.5 inches, respectively; nor-
mal mean evapotranspiration in Cache Valley ranges from
40.9 to 45.3 inches (Ashcroft and others, 1992).  Because
evapotranspiration rates are high in the valley, very little
water that falls on the valley surface recharges the aquifer.
Clarkston Bench is at the western edge of Cache Valley and
has a temperate, seasonal, and semiarid climate.  The seasons
are well defined and are characterized by warm and dry sum-
mers, cold and wet winters, warm and very wet springs, and
warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to City Creek Spring are at Trenton, 6 miles east of
the spring, and Cutler Dam, 5 miles southeast of the spring.
Monthly temperature and precipitation data from the Trenton
and Cutler Dam weather stations are provided in table 1.  The
elevation of the Trenton weather station is about 4470 feet
and the Cutler Dam weather station is at about 4290 feet.
City Creek Spring is at the base of the Wasatch Range at an
elevation of 5200 feet and much of its recharge area is above
5900 feet.  Neither Trenton nor Cutler Dam weather stations
are completely representative of climatic conditions near
City Creek Spring, nor are they representative of the moun-
tains above the spring.  The area around City Creek Spring is
probably colder than either of the weather stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley, with precipitation being
greater and temperatures lower.  Although no climatological
data are available for Clarkston Mountain, the mountain like-
ly receives two to three times more precipitation than the val-
ley, based on comparison with the Wasatch Range to the
south.  Snowfall on Clarkston Mountain is considerably
greater than in Cache Valley, and locally mountain precipita-
tion may average 40 to 70 inches annually (Ashcroft and oth-
ers, 1992).  Snow accumulates from October to mid-May and
maximum runoff from snowmelt is from April to June.  The
precipitation received as snow on the higher elevations is an
important factor in recharging ground water, because the
slow melting of winter snow leads to the replenishment of
soil moisture and ground-water recharge.  Runoff from
snowmelt provides Cache Valley with most of its surface and
ground water.  The average annual precipitation at City
Creek Spring is probably about 19 inches and the average
over the mountainous watershed is about 24 inches.

CITY CREEK SPRING
Springs are an important source of water in the Clarkston

Bench area.  They range from small seeps to continuously
flowing springs that discharge up to several hundred gallons
of water per minute.   Springs in the area commonly emerge
near the toe of highly permeable, relatively flat-lying Qua-
ternary alluvial-fan deposits, where they overlie the Wash-
boards subunit of the Salt Lake Formation, suggesting the
fine-grained Washboard deposits act as a barrier to down-
ward ground-water flow (Biek and others, 2003).  Some
springs are well developed and their waters are used to the
greatest possible extent; others are not developed or used.
Spring discharge areas are generally associated with a vari-
ety of phreatophytes.
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge
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City Creek Spring is at a surface elevation of approxi-
mately 5200 feet.  It is one of several springs on the east side
of Clarkston Mountain having similar characteristics.  City
Creek Spring is well developed, with only a small amount of
surface runoff.  Marsh-type brush covers some of the spring
area.  Existing information on spring-flow rates is minimal.
According to Utah Division of Water Rights records, the
maximum reported spring discharge is 224 gallons per
minute.  Generally, discharge from the springs is variable,
with high flows occurring in the spring and early summer.
Water from City Creek Spring is of good quality.

To collect water from City Creek Spring, perforated
pipes were placed in gravel-lined backfilled ditches in the
vicinity of the spring.  Water from City Creek Spring is col-
lected in collection pipes that feed to a collection box, then
into the city water-supply system (figure 4).  These pipes are
covered by approximately 10 feet of native fill.  The spring
box provides a settling basin for sediment removal and facil-
itates maintenance of the spring.  City Creek Spring was ren-
ovated and redeveloped in 1995 by the town of Clarkston.
The purpose of the renovation was to develop more water
from the spring area.  Several lengths of additional pipe were
placed and replaced to capture more water.

HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The north and
east boundaries of Clarkston Bench coincide with hills of
low-permeability materials that probably contribute little
water to the area (Bjorklund and McGreevy, 1971).  The
western boundary coincides with Clarkston Mountain, com-
posed of rocks having unknown hydraulic properties, but the
transmissivities of the rocks are probably lower than the allu-
vium in the valley.  The southern boundary of Clarkston
Bench allows discharge to the main Cache Valley basin-fill
aquifer.  The Salt Lake Formation may provide a lower bar-
rier to vertical ground-water flow and allow ground water to
move horizontally.  Limited water-level data indicate that
ground water in the Clarkston Bench area flows away from
Clarkston Mountain to the southeast under a hydraulic gradi-
ent varying from 0.009 to 0.08 (Beer, 1967; Bjorklund and
McGreevy, 1971). 

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the water in the Clarkston
Bench area.  The permeabilities of rock and surficial units in

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam Climatological Stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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the mountains are highly variable and the infiltration rates of
water into the ground may be high in some areas, and mod-
erate or low in others.  Details of hydraulic gradients and
flow directions on Clarkston Mountain are unknown, but
some generalities can be made, assuming hydraulic gradients
are partly related to topography.  The Clarkston Mountain
front has an overall slope that is moderately to steeply east-
ward, with northward and southward slopes adjacent to
drainages.  Mountain-front ridges have topographic gradients
of about 0.3 to 0.5, and ephemeral stream channels along the
mountain front have gradients of about 0.1 to 0.3, indicating
that ground-water gradients are also steep, probably in the
range of about 0.01 to 0.1.  Ground and surface water flows
eastward away from the mountain crest toward the mountain
front, with local ground-water flow toward stream channels.
Anisotropic permeable and impermeable layers in some sed-
imentary rock intervals may modify local flow directions.

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between higher permeability
unconsolidated sediments and the lower permeability rocks
of Clarkston Mountain.  Although the permeability architec-
ture of the West Cache fault zone is poorly understood, the
fault likely allows ground-water flow.  The permeability
along the fault zone may allow it to effectively serve as a per-
meability zone for ground-water flow along (fault-parallel
ground-water flow) or across (fault-perpendicular ground-
water flow) the fault.   Few springs are present along the
trace of the West Cache fault zone, consistent with the fault
not acting as a barrier.

Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface-water runoff in
streams that flow from the mountain.  The ephemeral streams
draining Clarkston Mountain encounter relatively permeable,
unconsolidated alluvial and lacustrine deposits as they cross
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the mountain front, and recharge the alluvial-fan and lacus-
trine aquifer in the valley.  The streams from the mountains
are flashy; most of the year’s runoff occurs in the spring.
Near the streams, the water table probably rises in the spring
in response to increased runoff, and then declines until the
end of the growing season.

Bjorklund and McGreevy (1971) considered the alluvi-
um in the Clarkston Bench area to consist of coarse sand and
gravel that yields water.  Kariya and others (1994) estimated
the transmissivity of unconsolidated deposits underlying
Clarkston Bench to be 240 square feet per day, based on the
few wells in the area.  This value is consistent with typical
values for sand and gravel deposits (Domenico and
Schwartz, 1990), and is relatively high compared to results
from the surrounding area (Kariya and others, 1994).

The hydrologic divide separating ground-water and sur-
face-water flow on Clarkston Mountain is influenced by the
topographic divide indicated by the location of springs on
either side of the topographic divide.  The location of springs
in the Clarkston Mountain and Clarkston Bench area indi-
cates ground-water flow on the eastern Clarkston Mountain
front is toward the east.  There is probably a component of
subsurface inflow from rock to alluvium along the eastern
mountain front, but it is recharge of the alluvial-fan aquifer
by seepage of surface water that dominates along the moun-
tain front.  Estimates of inflow rates from the rock aquifers
to the valley fill are poorly constrained, and inflow rates may
vary substantially with location, depending on the perme-
ability architecture of the West Cache fault zone.

Hydrologic Budget for the Clarkston
Bench  Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area that drains
toward Clarkston Creek.  This requires the identification and
quantification of sources of recharge and discharge to the 43-
square-mile watershed (table 2).  The budget assumes that all
water entering the watershed is stored within its boundaries,
is consumed therein, or flows out either on the surface or
underground.  I identified precipitation as the sole source of
water within the Clarkston Bench watershed.  Water storage
in the catchment area includes storage in ground water, soil
moisture, vegetation, and Clarkston Creek.  Evapotranspira-
tion, surface-water, and ground-water outflow represent dis-
charge from the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually and probably averages about 24 inches
(Ashcroft and others, 1992), thus inflow to the catchment
area is about 2.4 billion cubic feet per year.  Precipitation is
not evenly distributed temporally or spatially within the
watershed.  Greater precipitation is associated with summer
and fall convective storms and/or higher elevations.  Evapo-
transpiration, the largest outflow from the catchment area,
averages about 20 inches annually over the watershed
(Ashcroft and others, 1992), resulting in the loss of about 2
billion cubic feet of water per year  from the watershed.  Like
precipitation, evapotranspiration is not evenly distributed
temporally or spatially within the watershed.  Bjorklund and
McGreevy (1971) estimated discharge from Clarkston Creek
to be 174 million cubic feet per year during 1960 to 1968.  I
estimated that the remainder of the water that leaves the
Clarkston Bench watershed, about 226 million cubic feet per
year, leaves as subsurface outflow.  The hydrologic budget
for the Clarkston Bench watershed indicates there is enough
water in the watershed to account for spring discharges.

Recharge-Area Calculation for City Creek Spring
I used a water-budget method to estimate the land-sur-

face area contributing recharge to City Creek Spring.  This is
a simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape, of the area contributing recharge.
The area contributing recharge to a shallow water-table

aquifer in most hydrogeologic settings, is related to the
spring discharge and recharge rates.  This can be expressed
as:

where A is the area contributing recharge to the spring, Q is
the discharge rate, and R is the annual ground-water recharge
rate.

Discharge from City Creek Spring is estimated to be as
high as 224 gallons per minute to calculate the maximum
possible areal extent of the recharge area.  As indicated
above, average annual precipitation in the catchment area is
estimated at 24 inches and evapotranspiration is estimated at
20 inches (Ashcroft and others, 1992).  I assumed the amount
of precipitation recharging the ground-water system is the
difference between precipitation and evapotranspiration, or 4
inches.  This represents about 17 percent of the total annual
precipitation, a reasonable value compared to other areas in
Utah having similar climate and topography.  Using the max-
imum discharge for the spring to represent the maximum
possible areal extent of the recharge area, City Creek Spring
requires an area of about 1.7 square miles to produce a dis-
charge of 224 gallons per minute.  The water-budget compu-
tation provides a reasonable estimate of the aquifer-surface
area needed to provide recharge to the discharging spring.

Catchment-Area Estimate for City Creek Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).  I as-
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Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)
Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr

A = Q
R
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sumed values for maximum spring discharge to represent the
maximum areal extent of the catchment area, and used an
annual recharge of 4 inches.  Using the method of Todd
(1980) to plot catchment area as a function of estimated
recharge rate and discharge from a spring, a catchment area
of about 1.9 square miles is necessary to supply 224 gallons
per minute from City Creek Spring.

DWSP ZONES
Introduction

To assure the quality of the water from City Creek
Spring, which is of particular concern to the Clarkston Water
Company, the surface and subsurface areas that supply the
water discharging to the spring need protection.   The delin-
eation of capture zones or DWSP zones is a method of iden-
tifying areas surrounding the spring for protection against
infiltration and transport of contaminants that may adversely
affect human health.  I used a preferred delineation procedure
to determine the DWSP zones because it uses local hydroge-
ology conditions.

Based on the geologic and hydrogeologic evaluation, I
made the following assumptions regarding aquifer character-
istics relevant to capture-zone delineation:

• Ground water flows to City Creek Spring through
unconsolidated alluvial-fan deposits overlying
the Washboards subunit of the Salt Lake Form-
ation.

• The unconsolidated deposits are recharged by precip-
itation coming from the mountains onto alluvial-
fan deposits.

• Topography is an important factor controlling the
supply of ground water to City Creek Spring.

•  Ground-water movement along the West Cache fault
zone may supply some water to the spring.

• The hydrologic budget indicates there is enough
water in the watershed to supply the spring.

• Water-budget estimates and catchment-area analyses
indicate that the aquifer area needed to recharge
the spring is within the topographic watershed.

• Hydraulic conductivity, and potentially, ground-water
velocity may be relatively high in some parts of
the system, but relatively low in other parts of the
system.

• Other springs associated with the aquifer influence
the area contributing ground water to City Creek
Spring.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs when ephemeral

streams that drain Clarkston Mountain lose water to the
coarse alluvial-fan deposits along the mountain front, near
where they cross the West Cache fault zone.  Because
recharge to the alluvial aquifer includes significant seepage
of surface water, the drainages supplying surface water are

integrated into the protection zones.  The water-budget and
catchment-area analyses indicate that the zone of contribu-
tion to the spring is likely within local topographic drainages,
and for a shallow-water-table aquifer, the recharge area is
likely situated around the spring.  Perennial flow with sea-
sonal fluctuation in flows indicate the spring is fed by at least
a moderately sized subsurface reservoir and a relatively low-
elevation recharge area.

I used 1:24,000-scale topographic maps to locate the sur-
face drainages and potential boundaries surrounding the
spring.  Surface drainage divides and ground-water divides
typically coincide, and lateral drainage divides separate areas
contributing recharge to the spring from non-contributing
areas.  I extended the protection zone boundary along the
West Cache fault zone because of the likelihood of contribu-
tion of water flowing along the fault zone.

Hydrogeologic information indicates that the potential
zone of contribution to the spring may extend as much as
10,200 feet west from the spring.  I consider this to be the
maximum plausible extent of the catchment area.  Ground-
water flow boundaries closer to City Creek Spring could not
be inferred from the hydrogeologic evaluation.  No areas of
the aquifer are considered confined or isolated from the
ground surface, and the aquifer is therefore “unprotected” as
defined in Utah's Drinking Water Source Protection Rule
(R309-600, Utah Administrative Code; administered by the
Utah Division of Drinking Water).

Aquifer Volume Discharge Method
An aquifer volume discharge method for estimating a

zone of contribution to the spring can be solved readily by
assuming simplified aquifer parameters.  Although this
method is less defendable than the other methods used in this
delineation, in many spring settings it is the only quantitive
method for which sufficient data are available.  I delineated
DWSP zones for the 250-day, 3-year, and 15-year ground-
water times-of-travel for a discharge of 224 gallons per
minute using a volumetric method (appendix A).  The ideal-
ized volume of the aquifer must provide an amount of water
that balances the amount of water discharged from the
spring, and is assumed to have its focus at the spring.  The
radius of a time-related aquifer volume can be projected to
the surface to represent a surface area contributing recharge
to the spring.  An advantage of this method is that fewer
hydrologic parameters are needed, and those that are can be
estimated conservatively.  Problems with this method are (1)
criteria for the selection of hydrologic parameters are uncer-
tain or arbitrary, (2) the method assumes radial flow to the
discharging point at the spring, and (3) regional ground-
water flow is not considered.

The delineation of capture zones for City Creek Spring
using the aquifer volume discharge method requires conser-
vative estimates of an average hydraulic head responsible for
the spring discharge, average effective porosity of the
aquifer, and maximum discharge from the spring (appendix
A).  Recharge at higher elevations in the mountains could be
responsible for some of the hydraulic head causing the spring
discharge; however, I assumed most of the hydraulic head
was related to the recharge of the alluvial materials near the
mountain front, which is about 250 feet higher than the
spring discharge point.  I estimated an effective porosity of
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20 percent, based on the materials found in the area.  The
aquifer volume dishcharge method results in a zone of con-
tribution or time-related capture zone with a maximum
upgradient distance of 500 feet and maximum width of about
700 feet for a 250-day time period, a maximum upgradient
distance of 1100 feet and width of 1600 feet for a 3-year time
period, and a maximum upgradient distance of 2500 feet and
width of 3500 feet for a 15-year time period (appendix A).
This analysis does not take into account other springs or their
effect on the ground-water flow system.

Ground-Water Velocity Method
Calculations of average velocity of ground water moving

horizontally in the valley-fill aquifer, and of distances along
flow lines that represent travel times, require some informa-
tion regarding aquifer properties (appendix B).  Reasonable
estimates for the parameters can be obtained from the semi-
quantitative hydrogeologic investigation.  Transmissivity, the
primary hydrogeologic parameter controlling transport in the
unconsolidated deposits, is highly variable spatially and with
depth.  Bjorklund and McGreevy (1971) and Kariya and oth-
ers (1994) estimated the transmissivity of the Clarkston
Bench valley fill to be 240 square feet per day.  This value of
transmissivity is representative of sand and gravel deposits
(Domenico and Schwartz, 1990).  I estimated the hydraulic
gradient above the spring to be about 0.04, based on local
topography.

I calculated a velocity of about 1.5 feet per day in the
aquifer system using information from the hydrogeologic
investigation (appendix B).  Calculated travel distances for
the spring using this particle velocity are 400 feet for a 250-
day time period, 1600 feet for a 3-year time period, and 8200
feet for a 15-year time period.

Results
The zones of contribution from the hydrogeologic inves-

tigation, volumetric, and ground-water velocity methods are
given in table 3.  For a 250-day travel time, the volumetric
method yields a distance of 500 feet and the ground-water
velocity method 400 feet.  For a three-year travel time, the

volumetric method yields a distance of 1100 feet and the
ground-water velocity method 1600 feet.  I determined the
width of the zone 3 boundary with the ground-water veloci-
ty method by locating the maximum extent of the zone on a
topographic map, and extending the lateral boundaries
toward the spring so that they matched the local topography.

The maximum upgradient distance from the spring to the
DWSP-zone 4 boundary is about 10,200 feet.  I selected the
most conservative (protective) results from the various meth-
ods, relative to the defined criteria for the particular zone, for
presentation in table 4 and figure 5.  The downgradient
boundary of the zone of contribution to the spring relative to
the direction of the regional hydraulic gradient is at the
spring.  The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits.
Combining the maximum distances from the different delin-
eation methods results in conservative DWSP zones for City
Creek Spring.

SUMMARY AND RECOMMENDATIONS
I evaluated and combined the geology and hydrogeology

of the area with aquifer volume discharge and ground-water
velocity calculations that estimated a volume of aquifer
needed to supply the discharge to the spring, and the distance
a particle travels in the aquifer in a given time.  I used esti-
mates of aquifer properties to determine time-related travel
zones.  I delineated a substantial part of the surface-drainage
basin as DWSP zone 4; smaller areas were delineated for
zones 2 and 3.  Zones 2 and 3 provide the Clarkston water
system with better-defined but smaller sized areas than the
1998 delineated areas while remaining protective of the
drinking water source.   Maximum upgradient distances from
the spring to the DWSP zone boundaries are as follows: (1)
zone 2—500 feet, (2) zone 3—1600 feet, and (3) zone 4—
10,200 feet.  Additional subsurface investigation would be
needed to further define the boundaries delineated in this
report.  If additional information becomes available to better
define travel times in the aquifer, I recommend the drinking
water source protection zones be redelineated.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 10,200 7800 10,200 7800 10,200 7800

Aquifer Volume Discharge2 500 700 1100 1600 2500 3500

Ground-water Velocity2 400 Not determined3 1600 Not determined3 8200 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method



129Delineation of drinking water source protection zones for Cache County, Utah

Base from U.S. Geological Survey 1964 Clarkston and 1964 Portage 7.5-minute quadrangles.
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Table 4. Methods and values used in the delineation of drinking water source protection zones for City Creek Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 500 1600 10,200
distance (ft)

Maximum width (ft) 700 1200 7800
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APPENDICES
APPENDIX A

Aquifer Volume Discharge Method
The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the City Creek Spring area was treated as a uniform aquifer for the ana-
lytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume supply-
ing the spring with a radius r, aquifer hydraulic head of h, and porosity n, the volume of water contained therein can be represented by
1⁄4nhπr2. 
Equating these two volumes of water and solving for r yields:

where ri is radial distance (l), Q is spring discharge (l3/t), ≠ is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic head at the
spring (l), and n is porosity (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring represent conservative values for the entire aquifer.
Q is average spring discharge, which is 224 gal/min or about 43,200 ft3/day; h is hydraulic head in the aquifer, which is 250 ft to be
conservative; n is porosity of the aquifer, which is 20 percent.

Solution:

t2 = 250 days   r2 = 524 feet
t3 = 3 years (1095 days) r3 = 1097 feet
t4 = 15 years (5477 days) r4 = 2455 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by the arc of radius ri.  The
length of the chord is given by:

where wi is the length of the chord (l) , ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to converge at the spring.  I chose 90° (dimensionless) for the angle as a reasonable assumption based on aquifer
geometry.
Solution:

t2  = 250 days r2 = 524 feet w2 = 741 feet   
t3  = 3 years (1095 days) r3 = 1097 feet  w3 = 1551 feet   
t4  = 15 years (5477 days) r4 = 2455 feet   w4 = 3472 feet 

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(43,200 ft3/day)(250 days)
(0.20)(250 ft)(3.1416)

r2 =

90°w2 = 2(524 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the more homogenous and isotropic valley-fill aquifer
can be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic
conductivity, hydraulic gradient, and effective porosity.   Kariya and others (1994) estimated the average transmissivity of the valley
fill in the Clarkston Bench area to be 240 ft2/day and the average thickness of the aquifer to be about 48 feet.  Using these values I esti-
mated the hydraulic conductivity of the aquifer to be approximately 5 ft/day.  I estimated the average hydraulic gradient above the
spring to be 0.06, and the effective porosity of the sediments above the spring to be 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t),
ne is the effective porosity of the aquifer (dimensionless), and      is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless).
The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), and ti is time of travel (t).
Substituting the velocity of the particle into the one-dimensional distance relationship yields:

Solution:

t2 = 250 days D2 = 375 feet
t3 = 1095 days (3 years) D3 = 1642 feet
t4 = 5477 days (15 years) D4 = 8215 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.06) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Buttars Spring, which is used by the New-
ton Water System as a source of drinking water.  A spring
protection zone was delineated for the spring in 1998, but
new zones are being redelineated now so that additional zon-
ing can be implemented in the area.  The spring is in the
western Clarkston Bench area near the foothills of Clarkston
Mountain, Cache County, Utah.

The West Cache fault zone is the dominant geologic
structure in the area and forms the boundary between the
lower Paleozoic strata of the mountains and the Tertiary and
Quaternary sediments exposed in the valley.  The Paleozoic
sedimentary rocks near Buttars Spring typically dip toward
the east and northeast, away from the high mountainous
areas; faults interrupt the regional dip of the rocks.  Tertiary
strata of the Salt Lake Formation, at the valley margin and
beneath the valley, unconformably overlie lower Paleozoic
strata and underlie Quaternary alluvial-fan and lacustrine
deposits.  The Salt Lake Formation is exposed throughout the
foothills and valley, and unconsolidated alluvial-fan and
lacustrine deposits, consisting
mostly of sand and gravel, are
exposed around the spring.

Buttars Spring is near the
contact between unconsolidat-
ed alluvial-fan and lacustrine
deposits and underlying semi-
consolidated to consolidated
deposits of the Salt Lake For-
mation.  A number of springs
obtain relatively small but
useful supplies of water at or
near this contact, limiting the
areas contributing ground
water to Buttars Spring.  A
hydrologic budget for the
Clarkston Bench watershed,
which contains Buttars Spring
and other springs, indicates
about 2.4 billion cubic feet of
water enters and leaves the
area annually.  I determined a
recharge area of about 1.1
square miles is necessary to
provide enough water to
account for the flow from But-
tars Spring, based on average
annual precipitation and evap-
otranspiration rates in the
area.

I developed a conceptual
understanding of the spring
area by evaluating the geology
and hydrogeology of the area

to determine the extent of DWSP zones (as defined by Utah’s
Drinking Water Source Protection Rule).  Each zone was
delineated using a method that extended the zone boundary
the most conservative (protective) distance topographically
upgradient of the spring, relative to the defined criteria for
the particular zone.  I used the aquifer volume discharge
method to delineate the boundaries of zones 2 and 3, and the
hydrogeologic method for zone 4.  The zone 2 and 3 bound-
aries are placed at distances of 500 feet and 1100 feet upgrad-
ient from the spring, respectively.  The maximum upgradient
distance from the spring for the DWSP zone 4 boundary is
about 11,000 feet.  These protection zones cover a smaller
area than the previously delineated zone, but provide areas
that are more manageable than the earlier protection zone.

INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for Buttars Spring, a pub-
lic-water-supply spring (Utah Division of Drinking Water
system number 03013, source number 04) in the
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SW1⁄4NE1⁄4SE1⁄4 section 34, T. 14 N., R. 2 W., Salt Lake Base
Line and Meridian, western Cache County, Utah (figure 1).
A protection zone for Buttars Spring, delineated in 1998, is a
2-mile radius upgradient of the spring.  Cache County in-
tends to enact zoning that utilizes the 250-day time-of-
travel zone (zone 2) around the spring, requiring redelin-
eation of the DWSP zones for Buttars Spring.  The scope of
work included a literature search, review of water records,
interpretation of data, delineation of the DWSP zones, and
preparation of this report.

Buttars Spring is about 0.5 mile south of the town of
Clarkston, near the foothills of Clarkston Mountain.  Buttars
Spring is used solely by the town of Newton, a rural farming
community that obtains part of its municipal drinking water
from this spring.  The Newton Water System consists of five
spring sources, three of which are shared with Clarkston and
Trenton.  Dry farming is the predominant land use surround-
ing the spring, but grazing land and residential development
are also in the area.  Figure 2 shows the extent of agricultur-
al development in the area, which has remained much the
same since 1864 (Peterson, 1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan.  The delineation of DWSP zones is part of a
preventive strategy to minimize potential degradation of
water quality by defining areas in which contamination or

withdrawal would significantly affect the water supply.  This
strategy creates a limited area to concentrate resources for
inventory, control, and monitoring with an overall goal of
assuring the quality of the public-water supply.  Local gov-
ernment entities can implement land-use regulations to pro-
tect water supplies and reduce the risk of future ground-water
contamination and costly remediation efforts in these areas.
Utah's DWSP Rule (R309-600-9[3]) defines four DWSP
zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water
time-of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the  spring col-
lection area, the boundary of the aquifer(s) that
supplies water to the spring, or the ground-
water divide, whichever is closer to the spring;
and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the
boundary of the aquifer(s) that supplies water to
the spring, or the ground-water divide, which-
ever is closer to the spring.

Buttars
Spring

N

0 625 1250 feet

0 200 400 meters

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Buttars Spring.



The DWSP Rule requires the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9[3]
[iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure,” based on
ground-water times-of-travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure,”  based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Buttars
Spring using the “Preferred Delineation Procedure” because
this approach incorporates information about the hydrogeo-
logic system and is more defendable than the other proce-
dure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Buttars Spring is located on Clarkston Bench, in north-

western Cache Valley, at the eastern edge of the Wasatch
Range.  This area includes parts of the Clarkston Mountain
and Cache Valley subdivisions of the Middle Rocky Moun-
tains physiographic province (Stokes, 1977).  Clarkston
Bench constitutes the largest foothill bench in Cache Valley,
and is largely covered with alluvial-fan and offshore lacus-
trine sand and gravel deposited during the Bonneville lake
cycle, and recent alluvial-fan deposits (Biek and others,
2003) (figure 3).  Clarkston Bench is situated between the
Newton and Bergeson Hills on the east and Clarkston Moun-
tain on the west, and terminates to the north near low hills
along the Idaho state line.

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  The West Cache fault zone
forms the boundary between Clarkston Mountain and Cache
Valley.  The West Cache fault zone has been subdivided into
three segments and shows evidence of recurrent Quaternary
surface faulting, including Holocene events (Black and oth-
ers, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These strata consist of car-
bonate rock, shale, sandstone, conglomerate, quartzite, and
phyllite (Williams, 1958; Bjorklund and McGreevy, 1971,
Biek and others, 2003).  Stratigraphic units that crop out on
Clarkston Mountain near Buttars Spring strike about N. 20°
W. to N. 45° E. and dip 39° to 43° to the northwest and north-
east.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and un-
derlie Quaternary deposits, are exposed throughout the foot-

hills of the valley (Williams, 1962; Evans and Oaks, 1996).
The strata consist primarily of conglomerate and tuffaceous
siltstone, sandstone, and limestone.  The Junction Hills
tephra subunit of the Salt Lake Formation, consisting of
interbedded, generally thin- to medium-bedded, tuffaceous
siltstone, limestone, porcellanite, and marl, underlies Quater-
nary deposits and is exposed in the spring area (Biek and oth-
ers, 2003).  Alluvial-fan, and gravel-bearing lacustrine de-
posits overlie the Junction Hills tephra subunit of the Salt
Lake Formation and slope gently away from the mountain
front.  These surficial sediments in the area are generally
coarse- to fine-grained, well-sorted sand and silt, with minor
clay (Biek and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges.  Temperatures in Cache Valley reach a nor-
mal maximum of 90.0°F and a normal minimum of 10.2ºF
(Ashcroft and others, 1992).  The normal mean annual tem-
perature and precipitation range from 44.8 to 48.5°F and 16.6
to 19.5 inches, respectively depending on location in Cache
Valley; normal mean annual evapotranspiration in Cache
Valley ranges from 40.9 to 45.3 inches (Ashcroft and others,
1992).  Because evapotranspiration rates are extremely high
in the valley, very little water that falls on the valley surface
recharges the aquifer.  Clarkston Bench is at the western edge
of Cache Valley and has a temperate, seasonal, and semiarid
climate.   The seasons are well defined and are characterized
by warm and dry summers, cold and wet winters, warm and
very wet springs, and warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Buttars Spring are at Trenton, about 4 miles east
of the spring, and Cutler Dam, about 6 miles southeast of the
spring.  Monthly temperature, snowfall, and precipitation
data from the Trenton and Cutler Dam weather stations are
given in table 1.  Neither Trenton nor Cutler Dam weather
stations are completely representative of climatic conditions
near Buttars Spring, nor are they representative of the moun-
tains above the spring.  The area around Buttars Spring is
probably colder than at either of the weather stations,
because of its higher elevation.

The climate of the mountainous watershed contrasts
sharply with that of the valley, with precipitation being
greater and temperatures lower, but no accurate information
is available to compare.   Although no climatological data are
available for Clarkston Mountain, the area likely receives
two to three times more precipitation than the valley, based
on comparison with the Wasatch Range to the south.  Snow-
fall on Clarkston Mountain is considerably greater than in
Cache Valley, and locally mountain precipitation may aver-
age 40 to 70 inches annually (Ashcroft and others, 1992).
Snow accumulates from October to mid-May and maximum
runoff from snowmelt is from April to June.  The precipita-
tion received as snow on the higher elevations is an impor-
tant factor in recharging ground water, because the slow
melting of winter snow replenishes soil moisture and ground-
water recharge.  Runoff from snowmelt provides Cache Val-
ley with most of its surface and ground water.  Based on the
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed

30 30
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distribution of precipitation in the area, the average annual
precipitation at Buttars Spring is probably about 19 inches
and the average over the watershed is about 24 inches.  Evap-
otranspiration probably exceeds precipitation in the spring
area, but average annual evapotranspiration in the area above
the spring, because of a relatively higher elevation than the
valley floor, probably averages about 20 inches annually
(Ashcroft and others, 1992).

BUTTARS SPRING
Springs are an important source of water in the Clarkston

Bench region and range from small seeps to good, continu-
ously flowing springs that flow up to several hundred gallons
of water per minute.  Springs in the area commonly emerge
where relatively flat-lying, permeable Quaternary alluvial-
fan and lacustrine deposits overlie impermeable Salt Lake
and Wasatch Formations (Biek and others, 2003).  Some
springs are well developed and their waters are used to the
greatest possible extent; others are not developed or used.
Spring discharge is maintained by precipitation in the moun-

tains, and during the dry seasons flows diminish, with some
springs drying up entirely.  Spring discharge areas are gener-
ally overgrown with a variety of phreatophytes.

Buttars Spring is at a surface elevation of approximately
4860 feet.  It is one of several springs on the west side of
Clarkston Bench having similar geologic characteristics.
Buttars Spring is well developed, allowing minimal surface
runoff.  Generally, discharge from the spring is variable, with
high flows occurring in the spring and early summer.  Exist-
ing information on spring flow rates is minimal.  Historical
spring flow records indicate combined springs, Buttars and
Loosle Springs, maintain a consistent annual base flow of at
least 118 gallons per minute, and may flow up to 136 gallons
per minute.  Buttars Spring discharge water is of good qual-
ity.

Water is collected from Buttars Spring in perforated
pipes placed near the spring in gravel-lined ditches backfilled
with native fill.  Water from Buttars Spring enters the collec-
tion pipes, which route the water into the water line that goes
to Newton (figure 4). Water from Buttars Spring is combined
with water from Loosle Spring before it reaches the Newton
water tanks.

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam Climatological Stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The north and
east boundaries of Clarkston Bench coincide with hills of
low-permeability that probably contribute little water to the
area (Bjorklund and McGreevy, 1971).  The western bound-
ary coincides with Clarkston Mountain, composed of rocks
having unknown hydraulic properties, but the transmissivi-
ties of the rocks are probably lower than those of the alluvi-
um in the valley.  The southern boundary of Clarkston Bench
allows discharge to the main Cache Valley aquifer.  Limited
water-level data in the Clarkston Bench area indicate the
ground-water flow direction is away from Clarkston Moun-
tain and to the southeast, under a hydraulic gradient varying
from 0.009 to 0.08 (Bjorklund and McGreevy, 1971).

Clarkston Mountain is the source of most of the surface
and ground water in the Clarkston Bench area.  The perme-
ability in the mountains is highly variable and the infiltration
of water into the ground might be high in some areas, and
moderate or low in others.  Details of hydraulic gradients and
flow directions on Clarkston Mountain are unknown, but
some generalities can be made by assuming topography
affects the hydraulic gradient.  The Clarkston Mountain front
has an overall slope that is moderate to steep eastward, with
local northward and southward slopes adjacent to stream
channels.  Mountain front ridges have topographic gradients
of about 0.3 to 0.5; ephemeral stream channels along the
mountain front have gradients of about 0.1 to 0.3, suggesting
that ground-water gradients are also steep.  Ground and sur-
face water flows eastward away from the mountain crest
toward the mountain front, with local ground-water flow
toward stream channels.  The presence of anisotropic, per-
meable and impermeable layers in some sedimentary rock
intervals may modify local flow directions.

2'- 0"~2'0"

1' 9"1' 9"

3"3"

2 Min.2 Min.
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1% Minimuma aa aaaaaaaa aaaTo Tank.
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to prevent air lock.
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     View
       of
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     of
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Disturbed area reseeded with native
grass mix.

Impervious liner.

Impervious liner.

Perforated collection pipe.

Gravel drain material 1/2" to 2" in
diameter, uniformly graded.

Relatively impervious native fill.

concrete pipe with sealed joints.

Collector consisting of perforated
collection pipe in gravel drain
material 1/2” to 2” in diameter,
uniformly graded.

Ditch backfilled with relatively
impervious native fill.

Figure 4. Diagram of typical spring collection system used at Buttars Spring.



The West Cache fault zone is the boundary between
higher permeability unconsolidated sediments and the lower
permeability rocks of Clarkston Mountain. The fault system
along Clarkston Mountain trends roughly N. 20° to 40° W.
The permeability architecture of the West Cache fault zone is
poorly understood; the fault likely allows ground-water flow.
The permeability along the fault zone may allow it to effec-
tively serve as a permeable zone for ground-water flow along
(fault-parallel ground-water flow) or across (fault-perpendic-
ular ground-water flow) the fault.  Few springs are present
along the trace of the West Cache fault zone, consistent with
the fault not acting as a barrier.

Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface-water runoff in
streams that flow from the mountain.  Streams encounter rel-
atively permeable unconsolidated alluvium along the moun-
tain front, recharging the alluvial-fan and lacustrine aquifer
in the Clarkston Bench area.  The streams coming out of the
mountains are flashy, and most of the year’s runoff takes
place in the spring.  Near the streams, the water table proba-
bly rises in the spring in response to increased runoff, and
then declines until the end of the growing season.  Bjorklund
and McGreevy (1971) considered the alluvium in the Clark-
ston Bench area to consist of coarse sand and gravel that
yields water.  Kariya and others (1994) estimated the trans-
missivity of unconsolidated deposits in the Clarkston Bench
area to be 240 square feet per day, based on the few wells in
the area.  This value is consistent with typical values for sand
and gravel (Domenico and Schwartz, 1990), and is relatively
high compared to results from the surrounding area (Kariya
and others, 1994).

The persistent, but seasonally fluctuating in flow from
Buttars Spring indicates at least a moderately-sized subsur-
face reservoir, and a relatively low-elevation recharge area.
This subsurface reservoir probably consists of much of the
unconsolidated alluvial-fan and lacustrine deposits above the
spring.  Springs in the Clarkston Bench drainage area indi-
cate ground-water flow on eastern Clarkston Mountain is
from the west to the east.  The hydrologic divide separating
ground-water flow on Clarkston Mountain is probably relat-
ed to the topographic divide, as indicated by the location of
springs and surface-water drainages on either side of the
topographic divide.

Hydrologic Budget for the
Clarkston Bench  Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area where sur-
face and ground water drain toward Clarkston Creek.  This
required the identification and quantification of sources of
recharge and discharge in the 43-square-mile watershed
(table 2).  The budget assumes all water entering the water-
shed is stored within its boundaries, is consumed therein, or
flows out either on the surface or underground.  I identified
precipitation as the sole source of water within the Clarkston
Bench watershed from the hydrogeologic investigation.
Water storage in the catchment area includes storage in
ground water, soil moisture, vegetation, and Clarkston
Creek.  Evapotranspiration, surface-water outflow, and
ground-water outflow represent discharge from the watershed.

Precipitation in the catchment area ranges from 16 to 30

inches annually (Ashcroft and others, 1992) and probably
averages about 24 inches, thus inflow to the catchment area
is about 2.4 billion cubic feet per year.  The annual, season-
al, and monthly precipitation is not evenly distributed tem-
porally or spatially within the watershed.  Greater precipita-
tion is associated with summer and fall convective storms
and higher elevations.  Evapotranspiration, the largest out-
flow from the catchment area, averages about 20 inches
annually over the watershed (Ashcroft and others, 1992),
resulting in the loss of about 2 billion cubic feet of water per
year from the watershed.  Like precipitation, evapotranspira-
tion is not evenly distributed temporally or spatially within
the watershed.  Bjorklund and McGreevy (1971) estimated
discharge from Clarkston Creek to be 174 million cubic feet
per year during 1960 to 1968.  I estimated that the remaining
discharge, about 226 million cubic feet per year, of water
leaves the Clarkston Bench watershed as subsurface outflow.
Since the annual discharge of Buttars and Loosle Springs is
about 8 to 9 million cubic feet per year the hydrologic budg-
et for the Clarkston Bench watershed indicates there is
enough water in the watershed to account from the springs.

Recharge-Area Calculation for Buttars Spring
I used a water-budget method to estimate a contributing

recharge area to Buttars Spring.  This is a simple area calcu-
lation that requires little data and is based on assumptions
that do not incorporate the hydrogeologic complexities iden-
tified in the area.  For springs and seeps that obtain water
from local precipitation and no other sources, the water
budget method is a good method to estimate the size, but not
the shape of the area contributing recharge.  The area con-
tributing recharge to a shallow water-table aquifer in most
hydrogeologic settings is related to spring discharge and
recharge rates.  This can be expressed as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is ground-water recharge
rate above the spring.

Discharge from Buttars and Loosle Springs combined,
as reported to the Utah Division of Water Rights, is as much
as 136 gallons per minute.  As indicated above, average an-
nual precipitation in the mountains can be estimated at 24
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A = Q
R

Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)

Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr



inches and evapotranspiration can be estimated at 20 inches.
I assumed the amount of recharge is the difference between
precipitation and evapotranspiration, and is about 4 inches
per year.  This represents about 17 percent of the total pre-
cipitation, a reasonable amount compared to other areas in
Utah with similar climate and topography.  I assume maxi-
mum discharge for the spring represents the maximum pos-
sible areal extent of the recharge area.  Based on this volume
of water, the recharge area of Buttars Spring must be about
1.04 square miles to produce a discharge of 136 gallons per
minute.  The water-budget computation reasonably estimates
the aquifer-surface area needed to provide recharge to the
discharging springs.

Catchment-Area Estimate for Buttars Spring
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assuming this flow
represents the maximum aerial extent of the catchment area,
and an annual recharge of 4 inches.  Using the method of
Todd (1980) to plot catchment area as a function of estimat-
ed recharge and discharge for the spring, I determined a
catchment area of about 1.1 square miles is necessary to sup-
ply 136 gallons per minute to Buttars Spring.

DWSP ZONES
Introduction

To assure the quality of the water from Buttars Spring,
which is of particular concern to the Newton Water System,
the surface and subsurface areas from which water is drawn
need protection.  The delineation of capture or DWSP zones
is a method of identifying areas surrounding the spring for
protection against infiltration and transportation of contami-
nants that may adversely affect human health.  I used a pre-
ferred delineation procedure, because it uses local geologic
and hydrogeologic conditions to determine the DWSP zones.  

Based on the geologic and hydrogeologic evaluations, I
made the following assumptions regarding aquifer character-
istics relevant to capture-zone delineation:

• Ground water flows to Buttars Spring through uncon-
solidated deposits overlying the Junction Hills
tephra subunit of the Salt Lake Formation.

• The unconsolidated deposits are recharged by infil-
tration of surface water along the mountain front,
and possibly by some subsurface flow from the
mountains.

• Topography is an important factor controlling the
supply of water to Buttars Spring.

• Ground-water movement along the West Cache fault
zone may supply some water to the spring.

• Buttars Spring flow records indicate flow varies sea-
sonally, but the spring maintains a sustainable
flow year round.

• The hydrologic budget indicates enough water exists
in the watershed to supply all springs.

• Water-budget and catchment-area analyses indicate
the area needed to recharge the spring lies within
the topographic watershed.

• Hydraulic conductivity, and potentially ground-water
velocity may be relatively high in some parts of
the system, but relatively low in other parts of the
system.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs where ephemer-

al streams that drain Clarkston Mountain lose water along the
mountain front, near where they cross the West Cache fault
zone.  Because recharge to the alluvial aquifer includes sig-
nificant seepage of surface water, the drainages supplying
surface water are integrated into the protection zones.  The
recharge area is likely situated near the spring for a shallow-
water-table aquifer, like the aquifer supplying Buttars Spring.
The water-budget and catchment-area analyses suggest the
zone of contribution to the spring is likely within local topo-
graphic drainages.

I used 1:24,000-scale topographic maps to locate surface
drainages and potential boundaries surrounding the spring.
Surface drainage divides and ground-water divides typically
coincide, and lateral drainage divides separate areas con-
tributing recharge to the spring from non-contributing areas.
The West Cache fault zone is topographically upgradient of
the spring and is likely an enhanced zone of permeability.
Because of the likelihood of ground-water flowing along the
West Cache fault zone, the protection zone is extended along
the fault zone.  Hydrogeologic information indicates the
potential zone of contribution to the spring includes several
drainages, and may extend as much as 2 miles west-south-
west from the spring and north-south along the mountain
front.  I consider this to be the maximum plausible extent of
the catchment area.  Ground-water flow boundaries closer to
Buttars Spring could not be inferred from the hydrogeologic
evaluation.  Without detailed subsurface data no area of the
Buttars Spring’s aquifer can be considered confined, or iso-
lated from the ground surface, and therefore this aquifer is
classified as “unprotected” as defined in the DWSP Rule.

Aquifer Volume Discharge Method
An aquifer volume discharge method for estimating a

zone of contribution to the spring can be solved readily, by
applying simplified aquifer parameters.  Although this
method is less defendable than the other methods used in this
delineation, in many spring settings it is the only quantitive
method for which sufficient data are available.  The aquifer
volume discharge method establishes fixed-radius time-of-
travel zones related to the rate of ground-water flow, and a
volume of aquifer supplying water to the spring.  The ideal-
ized volume of the aquifer must provide an amount of water
that balances the amount of water being discharged from the
spring, and is assumed to have its focus at the spring.  The
radius of a time-related volume can be projected to the
ground surface to represent a surface area contributing
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ground water to the spring.  An advantage with this method
is that fewer hydrologic parameters are required, and those
that are can be conservatively estimated.  Problems with this
method are:  (1) criteria for the selection of hydrologic
parameters are uncertain or arbitrary, (2) the method assumes
radial flow to the discharging point at the spring, and (3)
regional ground-water flow is not considered.

The delineation of capture zones for Buttars Spring
using the aquifer volume discharge method requires esti-
mates of average hydraulic head driving flow to the spring,
average effective porosity of the aquifer, maximum dis-
charge from the spring, and selected times-of-travel.  I delin-
eated approximate radii of the 250-day, 3- and 15-year times-
of-travel for a discharge of 136 gallons per minute by use of
an aquifer volume discharge method (appendix A).  Applica-
tion of the aquifer volume discharge method results in a zone
of contribution or time-related capture zone with a maximum
upgradient distance of 500 feet and maximum width of about
700 feet for a 250-day time period, a maximum upgradient
distance of 1100 feet and width of 1600 feet for a 3-year time
period, and a maximum upgradient distance of 2500 feet and
width of 3500 feet for a 15-year time period.  This analysis
does not take into account other springs or their effect on the
ground-water flow system.

Ground-Water Velocity Method
The ground-water velocity method involves the calcula-

tion of average velocity of ground water moving horizontal-
ly in the valley-fill aquifer.  Using this velocity, distances
along flow lines that represent 250-day, 3-year, and 15-year
travel times are calculated (appendix B).  Reasonable esti-
mates for the aquifer properties were obtained from the semi-
quantitative hydrogeologic investigation.  Transmissivity, the
primary hydrogeologic parameter controlling transport in the
unconsolidated deposits, is highly variable.  Bjorklund and
McGreevy (1971) and Kariya and others (1994) estimated
transmissivity of the Clarkston Bench valley fill to be 240
square feet per day.  I estimated the hydraulic gradient above
the spring at 0.04, based on local topography.

I calculated a velocity of about 1 foot per day in the
aquifer system using information from the hydrogeologic
investigation (appendix B).  Calculated travel distances for
the spring using this particle velocity are 300 feet for a 250-
day time period, 1100 feet for a 3-year time period, and 5500
feet for a 15-year time period.

Results
The zones of contribution from the hydrogeologic inves-

tigation, and aquifer volume discharge and ground-water
velocity calculations are given in table 3.  I used conservative
estimates of aquifer properties and selected the most conser-
vative (protective) results from the various methods to define
the boundaries of the DWSP zones.  For a 250-day travel
time, the aquifer volume discharge method yields a distance
of 500 feet and the ground-water velocity method 300 feet.  I
used the aquifer volume discharge method to determine the
distance from the spring for zone 2.  For a three-year travel
time, the aquifer volume discharge method yields a distance
of 1100 feet and the ground-water velocity method a distance
of 1100 feet.  I used the aquifer volume discharge method to
determine the distance from the spring for zone 3, because it
also provided a calculated maximum width.  The hydrogeol-
ogy method yields a maximum distance of 11,000 feet for
any area contributing to the spring and I used that as the 15-
year travel time boundary.  The downgradient boundary of
the zone of contribution to the spring relative to the direction
of the regional hydraulic gradient is at the spring.  DWSP
zones 2, 3, and 4 for Buttars Spring are shown on figure 5,
and dimensions are given in table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary extends into the mountains above
the spring.  Combining the maximum distances from the dif-
ferent delineation methods results in conservative DWSP
zones for Buttars Spring.  The maximum upgradient distance
from the spring to the zone 4 boundary, orientated west, is
about 11,000 feet.  The maximum upgradient distance of the

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 11,000 5800 11,000 5800 11,000 5800

Aquifer Volume Discharge2 500 700 1100 1600 2500 3500

Ground-water Velocity2 300 Not determined3 1100 Not determined3 5500 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method
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zone 3 boundary is 1100 feet.  The zone 2 boundary is placed
at a distance of 500 feet upgradient from the spring.  Addi-
tionally, all zones should be conservative because of the high
spring discharge, a combined discharge from both Buttars
and Loosle Springs.

SUMMARY AND RECOMMENDATIONS
Many factors affect the size and shape of the zones con-

tributing water to a spring.  To delineate DWSP zones for
Buttars Spring, I combined a geologic and hydrogeologic
evaluation of the area with aquifer volume discharge and
ground-water velocity calculations.  This allowed the use of
local geology, topography, and surface features, which pro-
vided insight into the size and shape of contributing areas
and calculated time-related zones, based on the spring dis-
charge and other aquifer parameters.  I used conservative val-
ues of unknown aquifer properties to determine time-of-

travel zones, and combined the maximum spring discharge
from Buttars and Loosle Springs for the calculations.  By
using a maximum spring discharge and conservative values
for unknown aquifer properties, conservative (protective)
distances are obtained from the calculations.

I delineated a substantial part of the surface-drainage
basin as DWSP zone 4; more reasonable, but smaller areas
were delineated for zones 2 and 3.  Zones 2 and 3 provide
land-use and water system managers with better defined but
smaller-sized areas than the 1998 delineated area, while
remaining protective of the drinking-water source.  These
areas are more manageable than DWSP zones assigned to the
entire drainage basin.  Maximum upgradient distances from
the spring for DWSP zone boundaries are as follows: (1)
zone 2—500 feet, (2) zone 3—1100 feet, and (3) zone 4—
11,000 feet.  Additional subsurface investigation would be
needed to further define the boundaries delineated here.  If
additional information becomes available to better define
travel times in the aquifer, I recommend the drinking water
source protection zones be redelineated.

Table 4. Drinking water source protection zone methods and values used in the delineation of Buttars Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Aquifer Volume Discharge Hydrogeologic

Maximum upgradient 500 1100 11,000
distance (ft)

Maximum width (ft) 700 1600 5800
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Buttars Spring area was treated as a uniform aquifer for the analyt-
ical calculations.
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume, supply-
ing water to the spring, of radius r, height h, and porosity n, the total volume of water contained therein is 1⁄4nhπr2. 
Equating these two volumes of water and solving for r yields:

where ri is radial distance or length (l), Q is spring dicharge (l3/t), ≠ is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic head
at the spring (l), and n is porosity (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to conservative values for the entire aquifer.
Q is the estimated maximum spring discharge, which is 136 gallons per minute or about 26,200 cubic feet per day; h is hydraulic head
in the aquifer above the spring discharge point, which is 150 feet to be conservative; n is effective porosity of the aquifer, which is
assumed to be 20 percent (0.20).

Solution:

t2 = 250 days   r2 = 527 feet
t3 = 3 years (1095 days) r3 = 1103 feet
t4 = 15 years (5477 days) r4 = 2468 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by an arc of radius ri.  The
length of the chord is given by: 

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to discharge at the spring.  I chose 90° (dimensionless) for the angle as a reasonable assumption based on aquifer
geometry.
Solution:

t2  = 250 days, r2 = 527 feet w2 = 745 feet   
t3  = 3 years (1095 days) r3 = 1103 feet   w3 = 1560 feet   
t4  = 15 years (5477 days) r4 = 2468 feet    w4 = 3490 feet 

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(26,200 ft3/day)(250 day)
(0.20)(150 ft)(3.1416)r2 =

r i = (4Qti)nhπ

1⁄2)(

1⁄2

90°w2 = 2(527 ft)sin
2

θwi = 2ri sin 2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmissivity of the val-
ley fill in the Clarkston Bench area to be 240 ft2/day.  I estimated the average thickness of the aquifer to be about 48 feet.  From these
I calculated a hydraulic conductivity of the aquifer of 5 ft/day.  I estimated an average hydraulic gradient above the spring of 0.04, and
an effective porosity of the sediments above the spring of 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where v is average velocity of a particle moving with the ground water of the aquifer, K is the hydraulic conductivity of the aquifer
(l/t), ne is the effective porosity of the aquifer (dimensionless), and    is the hydraulic gradient of the aquifer along the flow path (dimen-
sionless).
The one-dimensional relationship between particle velocity and distance is:

where Di is distance (l), v is velocity of a particle moving in the ground-water flow in the aquifer (l/t), and ti is time of travel (t) 
Combining the two equations results in:

Solution:

t2 = 250 days D2 = 250 feet
t3 = 1095 days (3 years) D3 = 1095 feet
t4 = 5477 days (15 years) D4 = 5477 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.04) (250 days)0.20

Di = vti
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Loosle Spring, which is used by the New-
ton Water System as a source of drinking water.  A spring
protection zone was delineated for the spring in 1998, but
new protection zones are being redelineated now so that
additional zoning can be implemented in the area.  The
spring is in the western Clarkston Bench area near the
foothills of Clarkston Mountain, Cache County, Utah.

The West Cache fault zone is the dominant geologic
structure in the area and forms the boundary between the
lower Paleozoic rocks of the mountains, and Tertiary and
Quaternary sediments of the valley.  Paleozoic sedimentary
rocks near Loosle Spring typically dip toward the east and
northeast, away from the high mountainous areas; faults
interrupt the regional dip of the rocks.  Tertiary strata of the
Salt Lake Formation unconformably overlie lower Paleozoic
strata and underlie Quaternary alluvial-fan and lacustrine
deposits.  The Salt Lake Formation is exposed throughout the
foothills and valley, and unconsolidated alluvial-fan and
lacustrine deposits, consisting mostly of sand and gravel, are
exposed around the spring.

Loosle Spring issues near the
contact between alluvial-fan and
lacustrine deposits and the underly-
ing, less permeable, semiconsoli-
dated to consolidated deposits of
the Salt Lake Formation.  A number
of springs issue relatively small but
useful supplies of water at or near
this contact, limiting the area con-
tributing ground water to Loosle
Spring.  A hydrologic budget for the
Clarkston Bench watershed, which
contains Loosle Spring and other
springs, indicates that about 2.4 bil-
lion cubic feet of water enters and
leaves the area annually.  I deter-
mined a recharge area of about 1
square mile is necessary to provide
enough water to account for the
flow from Loosle Spring, based on
average annual precipitation and
evapotranspiration rates in the area.

I developed a conceptual un-
derstanding of the spring area by
evaluating the geology and hydro-
geology of the area, and incorporat-
ed other methods to determine the
extent of the DWSP zones (as
defined by Utah's Drinking Water
Source Protection Rule).  Each
zone was delineated using the
method that extended the zone
boundary the most conservative

(protective) distance topographically upgradient of the
spring, relative to the defined criteria for the particular zone.
I used the aquifer volume discharge method to delineate
boundaries of zones 2 and 3, and the hydrogeologic method
for the zone 4 boundary.  Maximum upgradient distances
from the spring to the DWSP zone boundaries are as follows:
(1) zone 2—500 feet, (2) zone 3—1100 feet, and (3) zone
4—11,000 feet.  These protection zones cover a smaller area
than the previously delineated zone, but provide areas that
are more manageable than the earlier protection zone.

INTRODUCTION
This report describes the delineation of drinking water

source protection (DWSP) zones for Loosle Spring, a public-
water-supply spring (Utah Division of Drinking Water sys-
tem number 03013, source number 05) in the SW1⁄4NE1⁄4SE1⁄4
section 34, T. 14 N., R. 2 W., Salt Lake Base Line and Merid-
ian, western Cache County, Utah (figure 1).  The protection
zone for Loosle Spring, delineated in 1998, is a 2-mile radius
upgradient from the spring.  Cache County intends to enact
zoning that utilizes the 250-day time-of-travel zone (zone 2)
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around the spring, requiring redelineation of the DWSP
zones for Loosle Spring.  The scope of work included a liter-
ature search, review of water records, interpretation of data,
delineation of the DWSP zones, and preparation of this re-
port.

Loosle Spring is about 0.5 mile south of the town of
Clarkston, near the foothills of Clarkston Mountain.  Loosle
Spring is used solely by the town of  Newton, a rural farm-
ing community that obtains part of its municipal drinking
water from this spring.  The Newton Water System consists
of five spring sources, three of which are shared with Clark-
ston and Trenton.  Dry farming is the predominant land use
surrounding the spring, but grazing land and residential
development are also found in the area.  Figure 2 shows the
extent of the agricultural development in the area, which has
remained much the same since 1864 (Peterson, 1946).

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public-water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public-water supplies is a major component of
the DWSP plan and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
in which contamination or withdrawal would significantly
affect the water supply.  This strategy creates a limited area
to concentrate resources for inventory, control, and monitor-
ing with an overall goal of assuring the quality of the public-

water supply.  Local government entities can implement
land-use regulations to protect water supplies and reduce the
risk of future ground-water contamination and costly remed-
iation efforts in these areas.  Utah's DWSP Rule (R309-600-
9 [3]) defines four DWSP zones:  

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rule requires the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9 [3]
[iii]).

 Loosle
 Spring

Source: U.S. Geological Survey 1976 Clarkston 7.5-minute orthophoto quad.

N

0 625 1250 feet

Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Loosle Spring.
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One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure,” based on
ground-water times-of-travel and local geology and hydroge-
ology; or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure,” based on identifying all upgradient areas supplying
water to a well or spring within a 2-mile radius of the drink-
ing-water source.  I delineated the DWSP zones for Loosle
Spring using the “Preferred Delineation Procedure” because
this approach incorporates information about the hydrogeo-
logic system and is more defendable than the other proce-
dure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Loosle Spring is located on Clarkston Bench, northwest

Cache Valley, at the eastern edge of the Wasatch Range.  This
area includes parts of the Clarkston Mountain and Cache Val-
ley subdivisions of the Middle Rocky Mountains physio-
graphic province (Stokes, 1977).  Clarkston Bench consti-
tutes the largest foothill bench in Cache Valley, and is cov-
ered with alluvial-fan and lacustrine sand and gravel deposit-
ed during the Bonneville lake cycle, and recent alluvial-fan
deposits (Biek and others, 2003) (figure 3).  Clarkston Bench
is situated between the Newton and Bergeson Hills on the
east and Clarkston Mountain on the west, and terminates to
the north near low hills along the Idaho state line.

Cache Valley is bounded by north-striking, high-angle
normal faults (the East Cache and West Cache fault zones)
and forms the southern end of a series of half-grabens
between the Wasatch and Teton normal-fault systems (Evans
and Oaks, 1996).  The West Cache fault zone forms the
boundary between Clarkston Mountain and Cache Valley,
and has been subdivided into three segments showing evi-
dence of recurrent Quaternary surface faulting, including
Holocene events (Black and others, 1999).

Lower Paleozoic strata of Clarkston Mountain were
folded and faulted in the upper plate of the Paris-Willard
thrust fault during eastward transport in Jurassic and Creta-
ceous time (Biek and others, 2003).  Clarkston Mountain
consists of nearly 8000 feet of complexly faulted and frac-
tured, mainly east-dipping Middle Cambrian to Silurian stra-
ta, which are generally poorly exposed along its eastern dip
slope (Biek and others, 2003).  These strata consist of car-
bonate rock, shale, sandstone, conglomerate, quartzite, and
phyllite (Williams, 1958; Bjorklund and McGreevy, 1971;
Biek and others, 2003).  Stratigraphic units exposed on
Clarkston Mountain near Loosle Spring strike about N. 20°
W. to N. 45° E. and dip 39° to 69° to the northwest and north-
east.

Tertiary strata of the Wasatch and Salt Lake Formations,
which unconformably overlie lower Paleozoic strata and
underlie Quaternary deposits, are exposed throughout the
foothills of the valley (Williams, 1962; Evans and Oaks,
1996).  The strata consist primarily of conglomerate, tuffac-
eous siltstone, sandstone, limestone, and volcanic tuff.  The
Junction Hills tephra subunit of the Salt Lake Formation
underlies Quaternary deposits and is exposed in the spring
area (Biek and others, 2003).  This is a volcanic ash with
interbedded tuffaceous, generally thin- to medium-bedded,

siltstone, limestone, porcellanite, and marl (Biek and others,
2003).  Alluvial-fan and gravel-bearing lacustrine deposits
overlie the Junction Hills tephra subunit of the Salt Lake For-
mation and slope gently away from the mountain front.
These surficial sediments in the area are generally coarse- to
fine-grained, well-sorted sand and silt, with minor clay (Biek
and others, 2003).

CLIMATE
Cache Valley is a “back valley” east of the Wasatch

Range, and is characterized by large daily and seasonal tem-
perature ranges.  Temperatures in Cache Valley reach a nor-
mal maximum of 90.0°F and a normal minimum of 10.2ºF.
The normal annual mean temperature and  precipitation
range from about 45 to 50°F and 16.6 to 19.5 inches, respec-
tively; normal annual mean evapotranspiration in Cache Val-
ley ranges from 40.9 to 45.3 inches (Ashcroft and others,
1992).  Because evapotranspiration rates are extremely high
in the valley, very little water that falls on the valley surface
recharges the aquifer.  Clarkston Bench is at the western edge
of Cache Valley and has a temperate, seasonal, and semiarid
climate.  The seasons are well defined and are characterized
by warm and dry summers, cold and wet winters, warm and
very wet springs, and warm and dry autumns.

The nearest weather observation stations (data are col-
lected at Western Regional Climate Center climatological
stations) to Loosle Spring are at Trenton, about 4 miles east
of the spring, and Cutler Dam, about 6 miles southeast of the
spring.  Monthly temperature, snowfall, and precipitation
data from the Trenton and Cutler Dam weather stations are
given in table 1.  Neither Trenton nor Cutler Dam weather
stations are completely representative of climatic conditions
near Loosle Spring, nor are they representative of the moun-
tains above the spring.  The area around Loosle Spring is
probably colder than at either of the weather stations, be-
cause of its higher elevation.

The climate of the mountainous watershed contrasts
sharply with that of the valley, with precipitation being
greater and temperatures lower.  Although no climatological
data are available for Clarkston Mountain, it likely receives
two to three times more precipitation than the valley, based
on comparison to the Wasatch Range to the south.  Snowfall
on Clarkston Mountain is considerably greater than in Cache
Valley, and locally mountain precipitation may average 40 to
70 inches annually (Ashcroft and others, 1992).  Snow accu-
mulates from October to mid-May and most of the runoff
from snowmelt occurs between April and June.  The precip-
itation received as snow on the higher elevations is an impor-
tant source of ground-water recharge, because the slow melt-
ing of winter snow replenishes soil moisture and recharges
ground water.  Runoff from snowmelt provides Cache Valley
with most of its surface and ground water.  The average an-
nual precipitation at Loosle Spring is probably about 19 inch-
es and the average over the watershed is about 24 inches.

LOOSLE SPRING
Springs are an important source of water in the Clarkston

Bench region, and range from small seeps to continuously
flowing springs that flow up to several hundred gallons of
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Figure 3. Geologic map of the western Clarkston Bench area (after Biek and others, 2003).  Explanation on following page.
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Figure 3 (continued). Explanation for geologic map of the western Clarkston Bench area (after Biek and others, 2003).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qao Older alluvial deposits
Qag Older gravel deposits
Qaf1 Modern alluvial-fan deposits
Qafy Younger undifferentiated alluvial-fan deposits
Qafo Older alluvial-fan deposits
Qap Lower pediment-mantle deposits
Qap2 Higher pediment-mantle deposits
Qc Colluvial deposits
Qmf Debris-flow deposits
Qac Alluvial and colluvial deposits
Qla Lacustrine and alluvial deposits
Qlgb Lacustrine sand and gravel
Qlsb Lacustrine sand and silt deposits
Qlmb Lacustrine silt and clay deposits
Qmsy Lacustrine deposits over landslide deposits

Tertiary
Tsl Salt Lake Formation, undifferentiated

Tsw Washboards subunit
Tso Plymouth oolite subunit
Tst Junction Hills tephra subunit

Tw? Wasatch (?) Formation

Paleozoic
Pzu Paleozoic, undifferentiated
Permian-Pennsylvanian

PIP o Oquirrh Formation
Silurian-Ordovician

SOfl Fish Haven Dolomite and Laketown Dolomite, undifferentiated
Ordovician

Osp Swan Peak Formation
Ogc Garden City Formation

Cambrian
Csc St. Charles Formation
Cn Nounan Formation, undifferentiated

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Axial trace of anticline, arrow shows direction of plunge

Axial trace of syncline, arrow shows direction of plunge

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, X=unnamed
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water per minute.  Springs in the area emerge where rela-
tively flat-lying, permeable Quaternary alluvial-fan and
lacustrine deposits overlie impermeable Salt Lake and
Wasatch Formations (Biek and others, 2003).  Some springs
are well-developed and their waters are used to the greatest
possible extent; others are not developed or used.  Spring dis-
charge is maintained by precipitation in the mountains, and
during the dry seasons flows diminish, with some springs
drying up entirely. Spring discharge areas can be overgrown
by a variety of phreatophytes.

Loosle Spring is at a surface elevation of approximately
4860 feet.  It is one of several springs on the west side of
Clarkston Bench having similar geologic and discharge char-
acteristics.  Loosle Spring is well-developed, allowing mini-
mal surface runoff.  Existing information on spring-flow
rates is minimal; the typical flow for Buttars and Loosle
Springs, combined, ranges from 118 to 136 gallons per
minute as reported to the Utah Division of Water Rights.  The
combined springs maintain a consistent base flow of at least
118 gallons per minute throughout the year and discharge is
variable, with high flows occurring in the spring and early
summer.  The persistent, but seasonally fluctuating spring
flow from Loosle Spring indicates at least a moderately sized
subsurface reservoir and a relatively low elevation recharge
area.  Loosle Spring discharge water is of good quality.

Water is collected from Loosle Spring in perforated
pipes placed in gravel-lined ditches and backfilled with
native material in the vicinity of the spring (figure 4).  These
can be covered by as much as 30 feet of native fill.  Water
from Loosle Spring enters the collection pipes, which route
the water into the water line that goes to Newton.  Water from
Loosle Spring is combined with water from Buttars Spring
before it reaches the Newton water tanks.

HYDROGEOLOGY
Clarkston Bench is essentially a separate ground-water

province, which receives and discharges ground water inde-
pendently from the rest of Cache Valley (Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  The northern
and eastern boundaries of Clarkston Bench coincide with
hills of low permeability that probably contribute little water
to the area (Bjorklund and McGreevy, 1971).  The western
boundary coincides with Clarkston Mountain.  Hydraulic
properties of the rocks underlying Clarkston Mountain have
not been determined, but the transmissivities of the rocks are
probably lower than those of the alluvium in the valley.  Dis-
charge to the main Cache Valley aquifer occurs along the

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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southern boundary of Clarkston Bench.  The Salt Lake For-
mation may act as a vertical flow barrier to downward flow,
causing ground water to move horizontally until the uncon-
solidated sediments thin and the spring emanates at the sur-
face.  Limited water-level data in the Clarkston Bench area
indicate the ground-water flow direction is away from Clark-
ston Mountain and to the southeast under a hydraulic gradi-
ent varying from 0.009 to 0.08 (Bjorklund and McGreevy,
1971).

Runoff from precipitation and snowmelt on Clarkston
Mountain is the source of most of the surface and ground
water in the Clarkston Bench hydrologic province.  The per-
meability in the mountains is highly variable and the infiltra-
tion rates of water into the ground may be high in some areas,
and moderate or low in others.  Details of hydraulic gradients
and flow directions on Clarkston Mountain are unknown, but
some generalities can be made, assuming hydraulic gradients
are partly related to topography.  The Clarkston Mountain
front has an overall slope that is moderate to steep eastward,
with local northward and southward slopes adjacent to
stream channels.  Mountain-front ridges have topographic
gradients of about 0.3 to 0.5; ephemeral stream channels
along the mountain front have gradients of about 0.1 to 0.3,
suggesting that ground-water gradients are also steep, proba-
bly in the range of about 0.01 to 0.1.  The hydrologic divide
separating ground-water and surface-water flow on Clark-
ston Mountain is probably related to the topographic divide,
as indicated by the location of springs and streams on either
side of the topographic divide.   Ground and surface water
flow eastward away from the mountain crest toward the
mountain front, with local ground water flowing toward
stream channels.  Anisotropic permeable and impermeable
layers in some sedimentary rock intervals may modify local
flow directions.  

The West Cache fault zone trends roughly N. 20° to 40°
W., and forms the boundary between higher permeability
unconsolidated sediments and the lower permeability rocks
of Clarkston Mountain.  The permeability architecture of the
West Cache fault zone is poorly understood; however, high-
er permeability along the fault zone, due to fracturing, may
allow it to effectively serve as a permeable zone for ground-
water flow along or across the fault.  Few springs are locat-
ed along the trace of the West Cache fault zone, consistent
with the fault not acting as a barrier.

Precipitation on Clarkston Mountain contributes to both
recharge of the rock aquifer and surface-water runoff in
ephemeral streams that flow from the mountain.  Ephemeral
streams encounter relatively permeable unconsolidated allu-
vial deposits along the mountain front, recharging the allu-
vial-fan and lacustrine aquifer in the valley.  Recharge of the
alluvial-fan deposits above the spring by seepage of surface
water likely dominates over distributed inflow from bedrock
along the mountain front.  Estimates of inflow rates from the
bedrock aquifers to the valley fill are poorly constrained, and
inflow rates may vary substantially with location, depending
critically on the permeability architecture of the West Cache
fault zone. The streams coming out of the mountains are
flashy, and most of the year’s runoff takes place in the spring.
Near the streams, the water table probably rises in the spring
in response to increased runoff, and then declines until the
end of the late summer or early fall.  Bjorklund and
McGreevy (1971) considered the alluvium in the Clarkston

Bench area to consist of coarse sand and gravel deposits that
yield water.  Kariya and others (1994) estimated the trans-
missivity of unconsolidated deposits underlying Clarkston
Bench to be 240 square feet per day based on test data from
the few wells in the area.  This value is consistent with typi-
cal values for sand and gravel deposits (Domenico and
Schwartz, 1990), and is relatively high compared to results
from the surrounding area (Kariya and others, 1994).

Hydrologic Budget for the Clarkston Bench
Watershed

I developed a simple hydrologic budget for the Clarkston
Bench watershed, defined as the land-surface area where sur-
face and ground water drains toward Clarkston Creek.  This
requires the identification and quantification of sources of
recharge and discharge to the 43-square-mile watershed
(table 2).  The budget assumes that all water entering the
watershed either goes into storage within its boundaries, is
consumed therein, or flows out, either on the surface or
underground.  I identified precipitation as the sole source of
water within the Clarkston Bench watershed.  Water storage
in the catchment area includes storage in ground water, soil
moisture, vegetation, and Clarkston Creek.  Evapotranspira-
tion, surface-water outflow, and ground-water outflow repre-
sent discharge from the watershed.

Precipitation in the catchment area ranges from 16 to 30
inches annually (Ashcroft and others, 1992) and probably
averages about 24 inches, thus inflow to the catchment area
is about 2.4 billion cubic feet per year.  The annual, season-
al, and monthly precipitation rates are not evenly distributed
temporally or spatially within the watershed.  Greater pre-
cipitation is associated with summer and fall convective
storms and/or higher elevations.  Evapotranspiration, the
largest outflow from the catchment area, averages about 20
inches annually over the watershed (Ashcroft and others,
1992), resulting in the loss of about 2 billion cubic feet of
water per year from the watershed.  Like precipitation, evap-
otranspiration is not evenly distributed temporally and spa-
tially within the watershed.  Bjorklund and McGreevy (1971)
estimated discharge from Clarkston Creek to be 174 million
cubic feet per year during the period 1960 to 1968.  I estimate
that the remainder of the discharge water, about 226 million
cubic feet per year, leaves the Clarkston Bench watershed as
subsurface outflow.  Since the annual discharge of Loosle

Table 2. Hydrologic budget for the Clarkston Bench watershed.

Inflow (recharge)

Precipitation 2400 million ft3/yr

Total inflow 2400 million ft3/yr

Outflow (discharge)

Evapotranspiration 2000 million ft3/yr
Surface outflow 174 million ft3/yr
Subsurface outflow 226 million ft3/yr

Total outflow 2400 million ft3/yr



and Buttars springs is in the range of 8 to 9 million cubic feet
per year, the hydrologic budget for the Clarkston Bench
watershed indicates there is enough water in the watershed to
account for spring discharges.

Recharge-Area Calculation for Loosle Spring
I used a water-budget method to estimate a contributing

land-surface area recharging Loosle Spring.  This is a simple
area calculation that requires little data and is based on
assumptions that do not incorporate the hydrogeologic com-
plexities identified in the area.  For springs and seeps that
obtain water from local precipitation and no other sources,
the water-budget method is appropriate to estimate the size,
but not the shape of the area contributing recharge.  The area
contributing recharge to a shallow-water-table aquifer, in
most hydrogeologic settings is related to the spring discharge
and recharge rates.  This can be expressed as:

where A is the area contributing recharge to the spring, Q is
discharge rate of the spring, and R is ground-water recharge
rate above the spring.

Discharge from Loosle and Buttars springs combined, as
reported to the Utah Division of Water Rights, is as much as
136 gallons per minute.  As indicated above, average annual
precipitation in the mountains can be estimated at 24 inches
and evapotranspiration can be estimated at 20 inches (Ash-
croft and others, 1992).  Assuming the amount of recharge is
the difference between precipitation and evapotranspiration,
about 4 inches of precipitation per year recharges ground
water in the catchment area; this represents about 17 percent
of the total precipitation, a reasonable value compared to
other areas in Utah with similar climate and topography.
Using the maximum discharge for the spring, assumed to
represent the maximum possible areal extent of the recharge
area, the recharge area of Loosle Spring must be about 1.04
square miles to produce a discharge of 136 gallons per
minute.  The water-budget computation reasonably estimates
aquifer surface area needed to provide recharge to the dis-
charging springs.

Catchment-Area Estimate for Loosle Spring
Catchment areas can be estimated using analytical

methods based on recharge and discharge (Todd, 1980).   I
used the maximum discharge for the spring, assumed to rep-
resent the maximum areal extent of the catchment area, and
an annual recharge of 4 inches.  Using Todd’s (1980) plot of
catchment area as a function of estimated recharge rate and
discharge for the spring, a catchment area of about 1.1 square
miles is necessary to supply 136 gallons per minute to Loosle
Spring.

DWSP ZONES
Introduction

To assure the quality of the water from Loosle Spring,
which is of particular concern to the Newton Water System,

the surface and subsurface areas that supply the water dis-
charging from the spring need protecting.  The delineation of
capture zones or drinking water source protection (DWSP)
zones is a method of identifying areas surrounding the spring
for protection against infiltration and transport of contami-
nants that may adversely affect human health.  I used a pre-
ferred delineation procedure, because it uses local hydrogeo-
logic conditions to determine the DWSP zones.

Based on the geologic and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water flows to Loosle Spring through
unconsolidated deposits overlying the Junction
Hills tephra subunit of the Salt Lake Formation. 

• The unconsolidated deposits are recharged by infil-
tration of surface water along the mountain
front, and possibly by some subsurface flow
from the mountains.

• Topography is an important factor controlling the
supply of water to Loosle Spring.

• Ground-water movement along the West Cache
fault zone may supply some water to the spring.

• Loosle Spring flow records indicate that flow varies
seasonally, but the spring maintains a sustain-
able flow year round.

• Water-budget and catchment-area analyses indicate
that the area needed to recharge the spring lies
within the topographic watershed.

• Hydraulic conductivity and, potentially, ground-
water velocity may be relatively high in some
parts of the system, but relatively low in other
parts of the system.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs where ephemer-

al streams that drain Clarkston Mountain lose their water at
the mountain front, near where they cross the West Cache
fault zone.  Because recharge to the alluvial aquifer includes
significant seepage of surface water, the drainages supplying
surface water are integrated into the protection zones.  The
water-budget and catchment-area analyses suggest the zone
of contribution to the spring is likely within local topograph-
ic drainages.

I used 1:24,000 scale topographic maps to locate the sur-
face drainages and potential boundaries surrounding the
spring.  Surface-drainage divides and ground-water divides
typically coincide, and lateral drainage divides separate areas
contributing recharge to the spring from areas not contribut-
ing.  I extended the protection zone boundary along the West
Cache fault zone, because of the likelihood of contribution of
water flowing along the fault zone.

Hydrogeologic information indicates that the potential
zone of contribution to Loosle Spring includes several
drainages, and may extend as much as 2 miles west-south-
west from the spring, along the mountain front.  I consider
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this to be the maximum plausible extent of the catchment
area.  Ground-water flow boundaries closer to Loosle Spring
could not be inferred from the hydrogeologic evaluation.
Without detailed subsurface data, no area of the aquifer can
be considered confined or isolated from the ground surface,
and therefore the aquifer should be classified as “unprotect-
ed” as defined in the DWSP rules.

Aquifer Volume Discharge Method
An aquifer volume discharge method for estimating a

zone of contribution to the spring can be solved readily by
assuming simplified aquifer characteristics.  Although this
method is less defendable than the other methods used in this
delineation, in many spring settings it is the only quantitive
method for which sufficient data are available.  The aquifer
volume discharge method establishes fixed-radius time-of-
travel zones related to the rate of ground-water flow from the
spring.  The idealized volume of the aquifer must provide an
amount of water that balances the amount of water being dis-
charged from the spring, and is assumed to have its focus at
the spring.  The radius of the time-related volume can be pro-
jected to the ground surface to represent a surface area con-
tributing recharge to the spring.  An advantage of this method
is estimating fewer hydrologic parameters, and those that are
can be estimated conservatively.  Problems with this method

are:  (1) criteria for the selection of hydrologic parameters
are uncertain or arbitrary, (2) the method assumes radial flow
to the discharging point at the spring, and (3) regional
ground-water flow is not considered.

The delineation of capture zones for Loosle Spring using
the aquifer volume discharge method requires only estimates
of average hydraulic head at the spring, average effective
porosity of the aquifer, maximum discharge for the spring,
and selected times-of-travel.  Again, I used the combined
maximum discharge from Loosle and Buttars Springs.  I had
no data or other information to allow separating the two dis-
charges, and using the combined discharge form the springs
in the aquifer volume discharge method provided a more pro-
tective approach.   I delineated approximate radii of 250-day,
3-year and 15-year times-of-travel for a discharge of 136 gal-
lons per minute by use of this method (appendix A).  Appli-
cation of the aquifer volume discharge method results in a
zone of contribution or time-related capture zone with a max-
imum upgradient distance of 500 feet and maximum width of
about 700 feet for a 250-day time period, a maximum upgra-
dient distance of 1100 feet and width of 1600 feet for a 3-
year time period, and a maximum upgradient distance of
2500 feet and width of 3500 feet for a 15-year time period
(table 3, appendix A).  This analysis does not take into
account other springs or their effect on the ground-water
flow system.

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 11,000 5800 11,000 5800 11,000 5800

Aquifer Volume Discharge2 500 700 1100 1600 2500 3500

Ground-water Velocity2 300 Not determined3 1100 Not determined3 5500 Not determined3

Table 3. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

Table 4. Drinking water source protection zone methods and values used in the delineation of Loosle Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum upgradient 500 1100 11,000
distance (ft)

Maximum width (ft) 700 1600 5800

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for
comparison to the other methods

2Results from appendix A and B rounded to not more than two significant figures
3Maximum width not calculated using the ground-water velocity method
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Ground-Water Velocity Method
The ground-water velocity method involves the calcula-

tion of average velocity of ground water moving horizontal-
ly in the valley-fill aquifer.  Using this velocity, distances
along flow lines that represent the 250-day, 3-year, and 15-
year travel times are calculated (appendix B).  Reasonable
estimates for aquifer properties were obtained from the semi-
quantitative hydrogeologic investigation.  Transmissivity, the
primary hydrogeologic parameter controlling transport in the
unconsolidated deposits, is highly variable spatially and with
depth.  Bjorklund and McGreevy (1971), and Kariya and oth-
ers (1994) estimated the transmissivity of the Clarkston
Bench valley fill to be 240 square feet per day, and the hy-
draulic gradient above the spring to be 0.04 based on local
topography.

I calculated a velocity of about 1 foot per day in the
aquifer system using information from the hydrogeologic
investigation (appendix B).  Calculated travel distances for
the spring using this particle velocity are 300 feet for a 250-
day time period, 1100 feet for a 3-year time period, and 5500
feet for a 15-year time period (table 3,v appendix B).

Results
The zones of contributions estimated from the hydroge-

ologic evaluation, and aquifer volume discharge and ground-
water velocity calculations are given in table 3.  I used con-
servative estimates of aquifer properties and selected the
most conservative (protective) results from the various meth-
ods, relative to the defined criteria for a particular zone, to
define the boundaries of the DWSP zones.  For a 250-day
travel time, the aquifer volume discharge method yields a
distance of 500 feet and the ground-water velocity method
300 feet.  I used the results from the aquifer volume dis-
charge method to determine the upgradient distance from the
spring to the zone 2 boundary.  For a 3-year travel time
boundary, the aquifer volume discharge method yields a dis-
tance of 1100 feet and the ground-water velocity method
1100 feet.  I used the results from the aquifer volume dis-
charge method to determine the upgradient distance from the
spring to the zone 3 boundary, because it provided a maxi-
mum width.  For the 15-year travel time boundary, the hydro-
geology method yields a distance of 11,000 feet and I used
this distance from the spring to the upgradient boundary.  The
downgradient boundary of the zone of contribution to the

spring relative to the direction of the regional hydraulic gra-
dient is at the spring.  DWSP zones 2, 3, and 4 for Loosle
Spring are shown on figure 5, and dimensions are given in
table 4.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits,
while the zone 4 boundary extends into the consolidated
bedrock of Clarkston Mountain.  The zone 2 boundary is
placed at a distance of about 500 feet upgradient from the
spring.   The maximum upgradient distance of the zone 3
boundary is 1100 feet.  The maximum upgradient distance
from the spring to the DWSP-zone 4 boundary is about
11,000 feet.

SUMMARY AND RECOMMENDATIONS
To delineate DWSP zones for Loosle Spring, I combined

a geologic and hydrogeologic evaluation of the area with
aquifer volume discharge and ground-water velocity calcula-
tions.  This allowed the use of local geology, topography, and
surface features, that provided insight into the size and shape
of contributing area, and calculated time-related zones, based
on the spring discharge and other aquifer parameters, to esti-
mate the DWSP zones for the spring.  For a shallow-water-
table aquifer, such as the aquifer supplying Loosle Spring,
the time-related zones are probably related to spring dis-
charge.  I used a combined maximum discharge from Loosle
and Buttars Springs in the calculations, because their spring
discharges are reported together and could not be separated.
By using a maximum spring discharge and conservative val-
ues for unknown aquifer properties, conservative (protective)
distances are obtained from the calculations.

I delineated a substantial part of the surface-drainage
basin as DWSP zone 4, and smaller areas as zones 2 and 3.
Zones 2 and 3 provide land-use and water system managers
with better-defined and smaller areas than the 1998 delineat-
ed area, while remaining protective of the drinking-water
source.  These areas are more manageable than DWSP zones
assigned to the entire drainage basin.  Maximum upgradient
distance from the spring to the DWSP zone boundaries are as
follows: (1) zone 2—500 feet. (2) zone 3—1100 feet, and  (3)
zone 4—11,000 feet.  Additional subsurface investigation is
recommended to refine the boundaries delineated here.  If
additional information becomes available to better define
travel times in the aquifer, I recommend the drinking water
source protection zones be redelineated.
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APPENDICES 

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Loosle Spring area was treated as a uniform aquifer for the analyt-
ical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume, supply-
ing water to the spring, of radius r, height h, and porosity n, the total volume of water contained therein can be represented as 1⁄4nhπr2.
Radial ground-water flow in this aquifer volume converges at the spring, providing the discharge from the spring. 
Equating these two volumes of water and solving for ri yields:

where ri is radial distance or length (l), Q is spring discharge (l3/t), ≠ is 3.1416 (dimensionless), ti is time of travel (t), h is hydraulic
head at the spring (l), and n is porosity  (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring refer to average values for the entire aquifer.
Q is the estimated maximum spring discharge, which is 136 gallons per minute or about 26,200 cubic feet per day; h is hydraulic head
in the aquifer above the spring discharge point, which is 150 feet to be conservative; n is effective porosity of the aquifer, which is
assumed to be 20 percent.
Solution:

t2 = 250 days   r2 = 527 feet
t3 = 3 years (1095 days) r3 = 1103 feet
t4 = 15 years (5477 days) r4 = 2468 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by an arc of radius ri.  The
length of the chord is given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), and θ is the angle at the spring from which radial ground-
water flow is assumed to discharge.  I chose 90° (dimensionless) for this angle as a reasonable assumption based on assumed aquifer
geometry.
Solution: 

t2  = 250 days r2 = 527 feet w2 = 745 feet   
t3  = 3 years (1095 days) r3 = 1103 feet  w3 = 1560 feet   
t4  = 15 years (5477 days) r4 = 2468 feet   w4 = 3490 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(26,200 ft3/day)(250 days)
(0.20)(150 ft)(3.1416)

r2 =

90°w2 = 2(527 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the more homogenous and isotropic valley-fill aquifer
can be determined using Darcy’s law.  The average velocity of a particle can be estimated using values of known or assumed values of
hydraulic conductivity, hydraulic gradient, and effective porosity.  Bjorklund and McGreevy (1971) estimated the average transmis-
sivity of the valley fill in the Clarkston Bench area to be 240 ft2/day and the average thickness of the aquifer to be 48 feet.  Using these
values I estimated the hydraulic conductivity of the aquifer to be approximately 5 ft/day.  I estimated the  average hydraulic gradient
above the spring  to be 0.04, and the average effective porosity of the sediments above the spring to be 20 percent.
The one-dimensional velocity of a particle within the aquifer is given by:

where K is the hydraulic conductivity of the aquifer (l/t), ne is the effective porosity of the aquifer (dimensionless), and     is the
hydraulic gradient of the aquifer along the flow path (dimensionless).   

The one-dimensional relationship between particle velocity and distance is

where D is distance (l), v is velocity of a particle moving in the ground-water flow in the aquifer (l/t), and  ti is time of travel (t).

Combining the two equations results in:

Solution:

t2 = 250 days D2 = 250 feet
t3 = 1095 days (3 years) D3 = 1095 feet
t4 = 5477 days (15 years) D4 = 5477 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text. 

Kv = ne

dh
dl

Di =           ti
K
ne

dh
dl

D2 = (5 ft/day 0.04) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Lower Spring in Deep Canyon, which is
used by the Mendon Municipal Water System as a source of
drinking water.  A protection zone was delineated for the
spring in 1998, but new zones are being redelineated now so
that additional zoning can be implemented in the area.  The
spring is in western Cache Valley near the foothills of the
Wellsville Mountains, Cache County, Utah.  The spring de-
rives water from unconsolidated alluvial-fan and lacustrine
deposits consisting mostly of sand and gravel.

Quaternary alluvial-fan and lacustrine deposits are
exposed around Lower Spring in Deep Canyon.  The West
Cache fault zone is the dominant structure in the area and
forms the boundary between the mountains and valley.  The
Paleozoic sedimentary rocks near Lower Spring typically dip
toward the northeast, away from the high mountainous areas;
faults interrupt the regional dip of the rocks.  Tertiary strata
consisting of consolidated to semiconsolidated gravels
beneath the valley unconformably overlie Paleozoic strata
and underlie Quaternary alluvial-fan and lacustrine deposits.

Lower Spring in Deep Canyon issues
from alluvial deposits where Deep Canyon
has incised through alluvial-fan deposits
into lacustrine deposits overlying semi-
consolidated to consolidated Tertiary
deposits.  A number of springs discharge
relatively small but useful supplies of
water from unconsolidated materials along
the mountain front, and thus limit the areas
contributing ground water to Lower
Spring.  I estimate a recharge/catchment
area of about 3.2 square miles is necessary
to provide enough water to account for the
maximum possible flow from Lower
Spring, based on average annual precipita-
tion and evapotranspiration rates in the
area.

I used an integrated approach to deter-
mine the extent of the DWSP zones, which
incorporated tools and methods of geology
and hydrogeology.  Each DWSP zone was
delineated using the results of the method
that extended the zone boundary the most
conservative (protective) distance topo-
graphically upgradient of the spring, rela-
tive to the defined criteria for the particu-
lar zone.  Maximum upgradient distances
from the spring to the DWSP zone bound-
aries, and the method used to delineate
each zone, are as follows: (1) zone 2—600
feet, aquifer volume discharge method; (2)
zone 3—2400 feet, ground-water velocity
method; and (3) zone 4—15,000 feet
hydrogeologic method.

INTRODUCTION
This report describes the delineation of new drinking

water source protection (DWSP) zones for Lower Spring in
Deep Canyon, a public-water-supply spring (Utah Division
of Drinking Water system number 03011, source number 02)
in the SW1⁄4NE1⁄4NW1⁄4 section 7, T. 11 N., R. 1 W., Salt Lake
Base Line and Meridian, western Cache County, Utah (figure
1).  The existing protection zone for Lower Spring, delineat-
ed in 1998, is a 2-mile radius upgradient from the spring.
Cache County intends to enact zoning that utilizes the 250-
day time-of-travel zone (zone 2) around the spring, requiring
redelineation of the DWSP zones.  The scope of work includ-
ed a literature search, review of water records, interpretation
of data, delineation of the DWSP zones, and preparation of
this report.

Lower Spring is about 1 mile west of the town of Men-
don, in the foothills of the Wellsville Mountains.  The land
surrounding the spring area is privately owned, but National
Forest land also lies west of the spring area.  Dry farming and
grazing are the predominant land uses in the area surround-
ing the spring, in addition to recreation and some residential

CHAPTER 12
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development.  Figure 2 shows the extent of agricultural land
around the spring.  The town of Mendon is a rural farming
community that obtains part of its municipal drinking water
from this spring.  The Mendon Public Water System consists
of two springs, one well, 700,000 gallons of storage capaci-
ty, and a distribution system in the towns of Mendon and
Cobblestone.

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
that have a more significant effect on the water supply.  This
strategy creates a limited area to concentrate resources for
inventory, control, and monitoring with an overall goal of
assuring the quality of the public water supply.  Local gov-
ernment municipalities can implement land-use regulations
to protect water supplies and reduce the risk of future
ground-water contamination and costly remediation efforts
in these areas.  Utah's DWSP Rule (R309-600-9 [3]) defines
four DWSP zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9 [3]
[iii]).

One of two procedures may be used to delineate DWSP
zones:  (1) a”Preferred Delineation Procedure” based on
ground-water times-of-travel and local geology and hydroge-
ology, or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure”  based on identifying all upgradient areas supplying
water to a well or spring within a fixed 2-mile radius of the
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Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Lower Spring in Deep Canyon.
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drinking-water source.  I delineated the DWSP zones for
Lower Spring in Deep Canyon using the “Preferred Delin-
eation Procedure” because this approach incorporates infor-
mation about the hydrogeologic system and is more defend-
able than the other procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Lower Spring in Deep Canyon is located at the western

edge of Cache Valley, near the eastern edge of the northern
Wellsville Mountains.  This area is part of the Cache Valley
subdivision of the Middle Rocky Mountains physiographic
province (Stokes, 1977).  The foothills of western Cache Val-
ley are covered with alluvial-fan and lacustrine sand and
gravel of the Bonneville lake cycle, and recent alluvial-fan
deposits (Oviatt, 1986; Oviatt and others, 1992) (figure 3).
The Wellsville Mountains comprise the northern end of the
Wasatch Range (Oviatt, 1986).

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens between the Wasatch and Teton normal-fault sys-
tems (Evans and Oaks, 1996).  In most of western Cache Val-
ley, the West Cache fault marks a sharp boundary between
the rocks of the mountains and Tertiary and Quaternary
deposits (Oviatt, 1986).  The West Cache fault zone has been
subdivided into three segments and shows evidence of recur-
rent Quaternary movement, including Holocene (10,000
years before present to recent) events (Black and others,
1999).  The fault systems along the Wellsville Mountains
trend roughly N. 30° to 40° W.; the West Cache fault diverges
from the mountain front south of Deep Canyon.  North of
Deep Canyon the West Cache fault merges into Tertiary grav-
el deposits (mostly a zone of landslides) and cannot be
mapped as a single fault trace (figure 3).

The Wellsville Mountains consist of over 14,000 feet of
complexly faulted and fractured, generally northeast-dipping
Middle Cambrian to Pennsylvanian sedimentary rocks.
These are predominantly limestone and dolomite with some
shale and quartzite that are poorly exposed along the eastern
dip slope of the mountains (Oviatt, 1986).  Paleozoic rocks
generally strike about N. 25° W. and dip 27° to 42° northeast
in the Wellsville Mountains near the spring (Oviatt, 1986).

Oviatt (1986) mapped the semiconsolidated to consoli-
dated Tertiary deposits near Lower Spring as Tertiary gravel
and lacustrine units (figure 3).  The Tertiary gravels, prima-
rily semiconsolidated to consolidated conglomerate, uncon-
formably overlie lower Paleozoic strata, and are overlain by
Tertiary lacustrine limestone, marl, claystone, and volcanic
ash. The Tertiary lacustrine deposits are poorly exposed and
underlie the Quaternary basin-fill deposits.

The basin fill along the margins of the valley consists of
fluvial and lacustrine deposits that interfinger with alluvial-
fan and, to a lesser extent, deltaic and landslide deposits
(Lowe, 1987; Lowe and Galloway, 1993; Evans and Oaks,
1996).  The unconsolidated basin fill consists of multiple,
discontinuous layers of gravel and sand/gravel, separated by
layers of silt and clay (Bjorklund and McGreevy, 1971;

Lowe, 1987; Lowe and Galloway, 1993).  Alluvial-fan and
gravel-bearing lacustrine deposits contact and locally overlie
semiconsolidated to consolidated rocks in the Wellsville
Mountains and along the mountain front.  Surficial sediments
are generally coarse, poorly to moderately sorted sand, silt,
and clay deposited in stream channels on alluvial fans.  These
alluvial-fan deposits slope gently away from the mountain
front.

CLIMATE
As is typical of the “back valleys” east of the Wasatch

Range, Cache Valley is characterized by large daily and sea-
sonal temperature ranges.  Temperatures in Cache Valley
reach a normal annual maximum of 90.0°F and a normal
annual minimum of 10.2ºF.  The normal annual mean tem-
perature and precipitation range from 44.8 to 48.5°F and 16.6
to 19.5 inches, respectively; normal annual mean evapotran-
spiration in Cache Valley ranges from 40.9 to 45.3 inches
(Ashcroft and others, 1992).  Because evapotranspiration
rates are extremely high in the valley, very little water that
falls on the valley surface recharges the aquifer.  Evapotran-
spiration in the area above the spring is estimated at about 20
inches.  The seasons are well defined and are characterized
by hot and dry summers, cold and wet winters, warm and
very wet springs, and warm and dry autumns.

Weather-observation stations (data are collected at West-
ern Regional Climate Center climatological stations) near
Lower Spring are at Trenton, about 14 miles north, and Cut-
ler Dam, about 9 miles north of the spring.  Monthly temper-
ature and precipitation data from the Trenton and Cutler Dam
weather stations are provided in table 1.  The mean annual
temperatures at Trenton and Cutler Dam are 45.5°F and
50.0°F, respectively, with average annual precipitation of
about 19 and 18 inches, respectively.  Neither Trenton nor
Cutler Dam weather station is completely representative of
climatic conditions near Lower Spring, nor are they repre-
sentative of the mountains above the spring.  The area around
Lower Spring is probably colder than at either of the weath-
er stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley: precipitation in the mountains
is greater and temperatures are lower.  Although no climato-
logical data are available for the mountain in the spring
vicinity, the mountain likely receives two to three times more
precipitation than the valley based on comparison with the
Wasatch Range to the south.  Snowfall in the mountains is
considerably greater than in the lower valleys and total annu-
al precipitation along the eastern Wellsville Mountains prob-
ably exceeds 35 inches.  Locally, mountain precipitation may
average 40 to 70 inches annually (Ashcroft and others,
1992).  Snow accumulates from October to mid-May and
maximum runoff from snowmelt is from April to June.  The
precipitation received as snow in the higher elevations is an
important factor in recharging ground water, because the
slow melting of winter snow leads to the replenishment of
soil moisture and ground-water recharge.  Runoff from
snowmelt provides Cache Valley with most of its surface and
ground water.  The average annual precipitation at Lower
Spring is probably about 19 inches and the average over the
watershed is about 24 inches (Ashcroft and others, 1992).
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EXPLANATION

Quaternary
Qal Alluvial deposits
Qat Stream-terrace deposits
Qaf Alluvial-fan deposits
Qlu Undifferentiated lacustrine deposits
Qms Landslide deposits
Qcu Colluvial deposits

Tl Lacustrine deposits
Tg Gravel deposits

Paleozoic
Pennsylvanian-Permian

PIP o    Oquirrh Formation
PIP ow    West Canyon Limestone

Contact

Normal fault, dashed where approximately located;
bar and ball on down-dropped side

Strike and dip direction of bedding

Lake Bonneville shorelines, B=Bonneville, and P=Provo B

Tertiary

Figure 3 (continued). Explanation for geologic map of part of the eastern Wellsville Mountains and western Cache Valley (modified from Oviatt,
1986; Barker and Barker, 1993).
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LOWER SPRING
Springs are an important source of water in the Mendon

area, and range from small seeps to continuously flowing
springs that flow up to several hundred gallons of water per
minute.  Springs emerge from highly permeable, flat-lying
Quaternary alluvial-fan and lacustrine deposits, whereas
bedrock of the area is relatively impermeable.  The Quater-
nary alluvial-fan and lacustrine deposits overlie Tertiary
lacustrine deposits, and the fine-grained, consolidated nature
of Tertiary deposits may act as a barrier to downward
ground-water flow.  Springs are maintained by precipitation
in the mountains, and, during dry seasons, their flows dimin-
ish with some springs drying up completely.  Spring dis-
charge areas are generally overgrown with a variety of
phreatophytes.

Lower Spring is at a surface elevation of approximately
4960 feet.  It is one of several springs on the east side of the
Wellsville Mountains having similar geologic settings and
discharge characteristics.  Lower Spring is about 1800 feet
downgradient from Upper Spring (figure 1), the other spring
in the Mendon water system.  The two springs share the same
watershed.  Discharge from the springs is variable, with high

flows in spring and early summer.  Existing information on
spring-flow rates is minimal; the typical flow for Lower and
Upper Springs, combined, ranges from 154 to 420 gallons
per minute.  The persistent, but seasonal, fluctuation in flow
indicates the springs are fed by a relatively low-elevation
recharge area with a moderate-sized subsurface reservoir.
Lower Spring is well developed, which allows only a small
amount of surface runoff.  The area is marshy, having marsh-
type brush and stagnant water near the collection area.  Water
from Lower Spring is of good quality.

To collect water from Lower Spring, at least three 6- to
8-inch perforated pipes were placed in gravel-lined and back-
filled ditches.  The Lower Spring system collects the flows
issuing from several springs and seeps in an approximately
50-foot by 30-foot area in Deep Canyon.  The collection
pipes are buried approximately 10 feet below the ground sur-
face and covered by native fill.  Water from Lower Spring
enters the collection pipes and flows through a concrete
headwall in an 8-inch water line linked to the main line of the
Mendon storage tank (figure 4).  The main line to the Men-
don storage tank begins below Lower Spring, where water
from Upper Spring is combined with that from Lower Spring.

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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HYDROGEOLOGY
Ground water in the Cache Valley area occurs in frac-

tured consolidated to semiconsolidated rocks and unconsoli-
dated deposits (Bjorklund and McGreevy, 1971).  Ground
water in rock aquifers flows primarily through fractures and
solution channels in carbonates, and is recharged primarily
from infiltration of precipitation and stream flow (Kariya and
others, 1994).  Ground water in the unconsolidated aquifer is
under unconfined or perched conditions along the margins,
and leaky confined conditions in many areas in the center of
Cache Valley (Bjorklund and McGreevy, 1971; Kariya and
others, 1994).  The Tertiary lacustrine sediments below the

unconsolidated sediments may provide a barrier to vertical
flow, allowing ground water to move horizontally and
emanate at the surface where unconsolidated sediments thin.

Ground water at the margins of Cache Valley typically
flows from adjacent topographic highlands toward the valley
center and perpendicular to the Bear River (Bjorklund and
McGreevy, 1971).  The water levels in the principal, uncon-
solidated aquifer in Cache Valley range from at or near the
ground surface in the central portion of the valley to more
than 300 feet below the land surface along the valley margins
(Bjorklund and McGreevy, 1971).  The aquifer supplying
Lower Spring is a shallow perched aquifer above the princi-
pal aquifer at the margin of the valley.  Horizontal hydraulic
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gradients range from as high as 0.08 near the valley margins,
to less than 0.0008 near Logan (Beer, 1967; Bjorklund and
McGreevy, 1971; Kariya and others, 1994).  Water-level data
indicate the ground-water flow direction in the area of the
spring is away from the mountains to the east-northeast
under a hydraulic gradient varying from 0.003 to 0.05
(Bjorklund and McGreevy, 1971).

The east slope of the northern Wellsville Mountains pro-
vides water to the area of the spring.  Springs and surface
drainages on either side of the topographic divide indicate
the hydrologic divide is related to the topographic divide.
Details of hydraulic gradients and flow directions in the east-
ern Wellsville Mountains are unknown, but some generalities
can be made by assuming topography affects hydraulic gra-
dients.  The eastern Wellsville Mountains has an overall east
to northeastward, moderate to steep slope, with local north-
westward and southeastward slopes along drainages.  Moun-
tain front ridges have topographic gradients of about 0.3 to
0.5, and ephemeral stream channels along the mountain front
have gradients of about 0.1 to 0.3, suggesting that ground
water gradients are also steep.  Ground and surface water
flows east-northeast, away from the mountain crest toward
the mountain front, with local ground-water flow toward
drainages.  The permeability of bedrock and surficial sedi-
ments in the mountains is highly variable; infiltration of
water may be high in some areas and moderate or low in oth-
ers.  The presence of anisotropic, permeable, and imperme-
able layers in some sedimentary rock intervals may modify
the local flow directions in the mountains.

The West Cache fault zone trends roughly N. 30° to 40°
W. and forms the boundary between permeable unconsoli-
dated sediments and the lower permeability rocks of the east-
ern Wellsville Mountains.  Although the detailed permeabil-
ity architecture of the West Cache fault zone is poorly under-
stood, the fault likely acts as a conduit.  The permeability
along the fault zone may allow it to effectively serve as a per-
meability zone for ground-water flow along (fault-parallel
ground-water flow) or across (fault-perpendicular ground-
water flow) the fault.  Few springs are present along the trace
of the West Cache fault zone, consistent with the fault acting
as a conduit.

Recharge to the basin-fill aquifer system in the area of
the spring is mostly from infiltration of streams, and subsur-
face inflow from consolidated rock along the valley margins
(Kariya and others, 1994).  Water from ephemeral streams in-
filtrates the relatively permeable alluvial-fan and lacustrine
deposits along the valley margins (Bjorklund and McGreevy,
1971).  The streams from the mountains are flashy, and most
of the year’s runoff is during springtime.  Near the streams,
the water table generally rises in the spring in response to
increased runoff, then declines until the end of the growing
season.  Discharge from the basin-fill aquifer includes evap-
otranspiration, well-water withdrawal, and seepage to
springs (Kariya and others, 1994).

Bjorklund and McGreevy (1971) and Kariya and others
(1994) estimated the transmissivity in the area to be about
2300 square feet per day or less, based on local wells.  I used
specific-capacity data from the Cobblestone well, near Men-
don, to calculate a transmissivity of 2500 square feet per day.
These values correspond to gravel, or clean sand and gravel
(Domenico and Schwartz, 1990), and represent a high value
for the materials of the area.

Recharge-Area Calculation
I used a water-budget method to estimate the land-sur-

face area contributing recharge to Lower Spring.  This is a
simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape, of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and recharge rates.  With estimates of
aquifer recharge rates and the spring discharge rates, the area
required to provide the spring’s discharge can be expressed
as:

where A is the area contributing recharge to the spring, Q is
the discharge rate of the spring, and R is the annual ground-
water recharge rate above the spring.

Maximum discharge from Upper and Lower Springs
combined, as reported to the Utah Division of Water Rights,
is as much as 420 gallons per minute.  Since distinguishing
Lower Spring discharge from Upper Spring discharge is not
possible, I used 420 gallons per minute as a Lower Spring
conservative (protective) discharge.  Average annual precip-
itation in the area is estimated at 24 inches, and evapotran-
spiration is estimated at 20 inches (Ashcroft and others,
1992).  I assumed the amount of precipitation recharging the
ground water is the difference between precipitation and
evapotranspiration, or 4 inches.  This amount represents
about 17 percent of the total annual precipitation, a reason-
able value compared to other areas in Utah having a similar
climate.  I assumed values of maximum discharge for the
spring to represent the maximum possible areal extent of the
recharge area.  Lower Spring requires an area of about 3.2
square miles to produce a discharge of 420 gallons per
minute.  The water-budget computation reasonably estimates
the aquifer surface area needed to provide ground water to
the discharging springs.

Catchment-Area Estimate 
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assuming this flow is
fed by the maximum areal extent of the catchment area, and
an annual recharge of 4 inches.  Using the method of Todd
(1980) to plot catchment area as a function of estimated
recharge and discharge for the spring, a catchment area of
about 3.1 square miles is necessary to supply 420 gallons per
minute to Lower Spring.

DWSP ZONES
Introduction

To assure the quality of the water from Lower Spring,
which is of particular concern to the Mendon Municipal
Water Company, the surface and subsurface areas that supply
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water discharging from the spring need protection.  The
delineation of capture zones or drinking water source protec-
tion (DWSP) zones is a method of identifying areas sur-
rounding the spring for protection against infiltration and
transport of contaminants that may adversely affect human
health.  I used a preferred delineation procedure because it
uses local hydrogeologic conditions to determine the DWSP
zones and is easily defendable.

I combined hydrogeologic, aquifer volume discharge,
and ground-water velocity methods to delineate the DWSP
zones for Lower Spring.  I qualitatively defined the physical
and hydrologic controls on ground-water flow to the spring
by examining the hydrogeology of the area.  The hydrogeo-
logic method uses the local geology, topography, and surface
features that provide insight into the size and shape of a max-
imum contributing area to the spring.  The aquifer volume
discharge method provides time-related zones based on the
spring discharge.  For a shallow water-table aquifer, such as
the aquifer supplying Lower Spring, the time-of-travel is
probably related to the discharge of the spring.  By using a
maximum spring discharge, I obtained a conservative (pro-
tective) distance by the aquifer volume discharge method.
Additionally, all zones are conservative because the dis-
charge was a combined Upper and Lower Springs volume.
The ground-water velocity method is based on the distance a
particle travels in the aquifer in a given amount of time.
Because the alluvial-fan and lacustrine deposits supply water
to the spring, using a conservative estimate of hydraulic con-
ductivity and applying Darcy’s law should give conservative
values of velocities in the aquifer.

Based on the geologic and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water flows to Lower Spring through uncon-
solidated deposits overlying Tertiary deposits.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front and
by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Lower Spring.

• Ground-water movement along the West Cache fault
may supply some water to the spring.

• Lower Spring flow records indicate flow varies sea-
sonally, but the spring maintains flow year-round.

• Water-budget and catchment-area analyses indicate
that the area needed to recharge the spring lies
within the topographic watershed.

• Hydraulic conductivity, and potentially ground-water
velocity, may be relatively high in some parts of
the system but relatively low in other parts.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs when ephemeral

streams that drain the Wellsville Mountains emerge onto the
coarse alluvial-fan deposits along the mountain front, near

where they cross the West Cache fault zone.  Because
recharge to the alluvial aquifer includes significant seepage
of surface water, the drainages supplying surface water are
integrated into the protection zones.  The water-budget and
catchment-area analyses indicate the zone of contribution to
the spring is likely within local topographic drainages.

I used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Topogra-
phic surface divides and ground-water divides typically coin-
cide, and lateral drainage divides separate areas contributing
recharge to the spring from non-contributing areas.  Because
of the likelihood of a contribution of water flowing along the
West Cache fault zone, the protection should include part of
the fault zone.

Hydrogeologic information indicates the potential zone
of contribution to Lower Spring may extend as much as 2.8
miles west-southwest from the spring, 2 miles north-south
along the mountain front, and include several drainages.  I
consider this to be the maximum plausible extent of the
catchment area.  Ground-water flow boundaries closer to
Lower Spring could not be inferred from the hydrogeologic
evaluation.  No areas of the Lower Spring’s alluvial aquifer
are considered confined or isolated from the ground surface.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer properties.  Although this method is
less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitative
method for which sufficient data are available.  I delineated
DWSP zones for 250-day, 3-year, and 15-year ground-water
times-of-travel for a discharge of 420 gallons per minute
using an aquifer volume discharge method (appendix A).
The idealized volume of the aquifer must provide an amount
of water that balances the amount of water discharged from
the spring, and is assumed to be a quarter cylinder with its
focus at the spring.  The radius of the volume can be project-
ed to the ground surface to represent a surface area con-
tributing to the spring.  An advantage of this method is that
fewer hydrologic parameters are required, and those that are
can be conservatively estimated.  Problems with this method
are (1) criteria for the selection of hydrologic parameters are
uncertain or arbitrary, (2) the method assumes radial flow to
the discharging point at the spring, and (3) regional ground-
water flow is not considered.

The delineation of capture zones for Lower Spring using
the aquifer volume discharge method requires only estimates
of average hydraulic head at the spring, effective porosity of
the aquifer, and maximum discharge for the spring.  Applica-
tion of the aquifer volume discharge method results in a zone
of contribution or time-related capture zone with a maximum
upgradient distance of 600 feet and maximum width of about
800 feet for a 250-day time period, a maximum upgradient
distance of 1200 feet and width of 1700 feet for a 3-year time
period, and a maximum upgradient distance of 2700 feet and
width of 3900 feet for a 15-year time period (appendix A).
This analysis does not take into account other springs or their
effect on the ground-water flow system.
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Ground-Water Velocity Method
Calculations of average velocity of ground water moving

horizontally in the valley-fill aquifer, and distances along
flow lines that represent travel times, require information
regarding aquifer properties (appendix B).  Reasonable esti-
mates for the parameters can be obtained from the semi-
quantitative hydrogeologic investigation.  Transmissivity, the
primary hydrogeologic parameter controlling transport in the
alluvial-fan and lacustrine deposits, is highly variable spa-
tially and with depth, but over greater distances an average
value for this hydrogeologic parameter should be obtainable.
The Cobblestone well near Mendon has a transmissivity that
may be as high as 2500 square feet per day.  This value is rep-
resentative of gravel, or clean sand and gravel (Domenico
and Schwartz, 1990), and I used this value to estimate an
average transmissivity of the aquifer in the area.  The hy-
draulic gradient above the spring was estimated at 0.01 based
on local topography.

Using information from the hydrogeologic investiga-
tion, I calculated a velocity of about 2.2 feet per day in the
aquifer system.  Calculated travel distances for the spring
using this particle velocity are 500 feet for a 250-day time
period, 2400 feet for a 3-year time period, and 11,900 feet for
a 15-year time period (appendix B).

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 2.  I used the most conservative
(protective) of these values (table 3) to delineate the DWSP
zones (figure 5).  For a 250-day travel time, the aquifer vol-
ume discharge method yields a maximum upgradient dis-
tance of 600 feet and the ground-water velocity method a dis-
tance of 500 feet.  For a 3-year travel time the aquifer volume
discharge method yields a maximum upgradient distance of
1200 feet and the ground-water velocity method a distance of
2400 feet.  I used the results of the hydrogeology investiga-
tion to determine a maximum upgradient distance of 15,000
feet for zone 4.  The downgradient boundary of the zone of
contribution to the spring relative to the direction of the re-
gional hydraulic gradient is at the spring.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits.
The maximum upgradient distance from the spring to the
DWSP zone 4 boundary is about 15,000 feet.  The maximum
upgradient distance of the zone 3 boundary is 2400 feet.  I
determined the width of the zone 3 boundary by locating the
maximum extent of the zone on a topographic map and

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 15,000 9700 15,000 9700 15,000 9700

Aquifer Volume Discharge2 600 800 1200 1700 2700 3900

Ground-water Velocity2 500 Not determined 2400 Not determined 11,900 Not determined

Table 2. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

Table 3. Methods and values used in the delineation of source protection zones for Lower Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum 600 2400 15,000
distance (ft)

Maximum width (ft) 800 1300 9700

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for comparison
to the other methods

2Results from appendix A and B rounded to not more than two significant figures
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method estimates a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Lower Spring in Deep Canyon area was treated as a uniform aquifer
for the analytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For an aquifer volume of radius
r, average height h, and porosity n, the total volume of water contained therein is 1⁄4nhπr2. 
Equating these two volumes of water and solving for r yields

where:
ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time-of-travel (t), h is hydraulic head at

the spring (l), n is porosity (dimensionless)
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring represent conservative values for the entire aquifer:
Q is the estimated maximum spring discharge, which is 420 gallons per minute or about 80,900 cubic feet per day; h is an average
hydraulic head in the aquifer above the spring, which is estimated at 250 feet to be conservative; n is effective porosity of the aquifer,
which is assumed to be 30 percent (0.30).
Solution:

t2 = 250 days   r2 = 586 feet
t3 = 3 years (1095 days) r3 = 1226 feet
t4 = 15 years (5477 days) r4 = 2743 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by an arc of radius ri.  The
length of the chord is given by:

where wi is the chord length of the arc (l), ri is radial distance for a zone (l), θ is 90° (dimensionless).

Solution:

t2  = 250 days r2 = 586 feet w2 = 828 feet   
t3  = 3 years (1095 days) r3 = 1226 feet  w3 = 1734 feet   
t4  = 15 years (5477 days) r4 = 2743 feet   w4 = 3879 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(1900 ft3/day)(250 days)
(0.20)(400 ft)(3.1416)

r2 =

90°w2 = 2(87 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.
Ground-water velocity of a particle moving through the homogenous and isotropic valley-fill aquifer can be determined using Darcy’s
law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic conductivity, hydraulic gradient,
and effective porosity.  Using the specific capacity from the Mendon well, an estimated transmissivity of the basin fill in the Mendon
area was 2500 ft2/day.  I estimated an average thickness of the aquifer at 39 feet, and the hydraulic conductivity of the aquifer to be
approximately 65 ft/day.  The average hydraulic gradient above the spring was estimated to be 0.01, and the effective porosity of the
sediments was estimated to be 30 percent.
The one-dimensional velocity of a particle within the aquifer is given by

where v is velocity of a particle moving in the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t), ne is the effective poros-
ity of the aquifer (dimensionless)      is the hydraulic gradient of the aquifer along the flow path (dimensionless).

The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is velocity of a particle moving in the ground-water flow of the aquifer (l/t), ti is time-of-travel (t) and

Solution:

t2 = 250 days D2 = 542 feet
t3 = 1095 days (3 years) D3 = 2373 feet
t4 = 5477 days (15 years) D4 = 11,867 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

Kv = ne

dh
dl

Di =             ti
K
ne

dh
dl

D2 = (5 ft/day 0.05) (250 days)0.20

D = vti

dh
dl
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ABSTRACT
This study delineates drinking water source protection

(DWSP) zones for Upper Spring in Deep Canyon, which is
used by the Mendon Municipal Water System as a source of
drinking water.  A protection zone was delineated for the
spring in 1998, but new zones are being redelineated now so
that additional zoning can be implemented in the area.  The
spring is in western Cache Valley near the foothills of the
Wellsville Mountains, Cache County, Utah.  The spring
derives water from unconsolidated alluvial-fan and lacus-
trine deposits consisting mostly of sand and gravel.

Quaternary alluvial-fan and lacustrine deposits are
exposed around Upper Spring in Deep Canyon.  The West
Cache fault zone is the dominant structure in the area and
forms the boundary between the mountains and valley.  Pale-
ozoic sedimentary rocks near Upper Spring typically dip
toward the northeast, away from the high mountainous areas;
faults interrupt the regional dip of the rocks.  Tertiary strata
consisting of consolidated to semiconsolidated gravels
unconformably overlie Paleozoic strata and underlie Quater-
nary alluvial-fan and lacustrine deposits.

Deep Canyon is incised through
alluvial-fan deposits into lacustrine
deposits that overlie semiconsolidated
to consolidated Tertiary deposits along
the mountain front. Upper Spring
issues from the more transmissive allu-
vial deposits along the contact with the
underlying, less-permeable Tertiary
deposits.  A number of other springs
issue relatively small but useful sup-
plies of water from unconsolidated
materials along the mountain front, and
thus limit the areas contributing ground
water to Upper Spring.  I determined
that a recharge area of about 3.2 square
miles is necessary to provide enough
water to account for the maximum pos-
sible flow from Upper Spring, based on
average annual precipitation and evap-
otranspiration rates in the area.

I incorporated tools and methods
of geology and hydrogeology in an
integrated approach to determine the
extent of the DWSP zones.  Each DWSP
zone was delineated using the results of
the method that extended the zone
boundary the most conservative (pro-
tective) distance topographically up-
gradient of the spring, relative to the
defined criteria for the particular zone.
Maximum upgradient distances from
the spring to the DWSP zone bound-
aries, and the method used to delineate
each zone, are as follows: (1) zone 2—

600 feet, aquifer volume discharge method; (2) zone 3—
2400 feet, ground-water velocity method; and (3) zone 4—
14,000 feet, hydrogeologic method.

INTRODUCTION
This report describes the delineation of new drinking

water source protection (DWSP) zones for Upper Spring in
Deep Canyon, a public-water-supply spring (Utah Division
of Drinking Water system number 03011, source number 01)
in the NW1⁄4NW1⁄4NW1⁄4 section 7, T. 11 N., R. 1 W., Salt Lake
Base Line and Meridian, western Cache County, Utah (figure
1).  The existing protection zone for Upper Spring, delineat-
ed in 1998, is a 2-mile radius upgradient from the spring.
Cache County intends to enact zoning that uses the 250-day
time-of-travel zone (zone 2) around the spring, requiring
redelineation of the DWSP zones.  The scope of work includ-
ed a literature search, review of water records, interpretation
of data, delineation of the DWSP zones, and preparation of
this report.

CHAPTER 13
UPPER SPRING IN DEEP CANYON
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Figure 1. Location of Upper Spring, Cache County, Utah.
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Upper Spring is about 1.5 miles west of the town of
Mendon, in the foothills of the Wellsville Mountains.  Men-
don is a rural farming community that obtains part of its
municipal drinking water from Upper Spring.  The Mendon
Public Water System consists of two springs, one well,
700,000 gallons of storage capacity, and a distribution sys-
tem in the towns of Mendon and Cobblestone.  The land sur-
rounding the spring area is privately owned, but National
Forest land also lies west of the spring.  Dry farming and
grazing are the predominant land uses in the area surround-
ing the spring, in addition to recreation and some residential
development.  Figure 2 shows the extent of agricultural land
around the spring.

Utah's Drinking Water Source Protection Rule (R309-
600, Utah Administrative Code; administered by the Utah
Division of Drinking Water) requires public water suppliers
in Utah to develop a DWSP plan for each well or spring used
as a public drinking-water source.  The delineation of DWSP
zones around public water supplies is a major component of
the DWSP plan, and is part of a preventive strategy to mini-
mize potential degradation of water quality by defining areas
that have a significant impact on the water supply.  This strat-
egy creates a limited area to concentrate resources for inven-
tory, control, and monitoring with an overall goal of protect-
ing the quality of the public water supply.  Local government
municipalities can implement land-use regulations to protect
water supplies and reduce the risk of future ground-water

contamination and costly remediation efforts in these areas.
Utah's DWSP Rule (R309-600-9 [3]) defines four DWSP
zones:

Zone 1 - the area within a 100-foot radius from the
spring collection area;

Zone 2 - the area within a 250-day ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring;

Zone 3 - (waiver zone) - the area within a 3-year
ground-water time-of-travel to the spring collec-
tion area, the boundary of the aquifer(s) that sup-
plies water to the spring, or the ground-water
divide, whichever is closer to the spring; and 

Zone 4 - the area within a 15-year ground-water time-
of-travel to the spring collection area, the bound-
ary of the aquifer(s) that supplies water to the
spring, or the ground-water divide, whichever is
closer to the spring.

The DWSP Rules require the delineation of zones 1, 2,
and 4.  A waiver zone, zone 3, is included to help the water
supplier with future monitoring waivers (see R309-600-9 [3]
[iii]).
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Figure 2. Aerial view showing typical land-use patterns and local drainages in the area of Upper Spring of Deep Canyon.
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One of two procedures may be used to delineate DWSP
zones:  (1) a “Preferred Delineation Procedure” based on
ground-water times-of-travel and local geology and hydroge-
ology, or (2) an “Optional Two-Mile Radius Delineation Pro-
cedure”  based on identifying all upgradient areas supplying
water to a well or spring within a fixed 2-mile  radius of the
drinking-water source.  I delineated the DWSP zones for
Upper Spring in Deep Canyon using the “Preferred Delin-
eation Procedure” because this approach incorporates infor-
mation about the hydrogeologic system and is less arbitrary
than the other procedure.

In this study, I delineated DWSP zones 2, 3, and 4.  Zone
1, a 100-foot fixed radius around the spring, is not shown on
the map or discussed further in this report.

GEOLOGY
Upper Spring in Deep Canyon is located at the western

edge of Cache Valley, near the eastern edge of the northern
Wellsville Mountains.  This area is part of the Cache Valley
subdivision of the Middle Rocky Mountains physiographic
province (Stokes, 1977).  The foothills of western Cache Val-
ley are covered with alluvial-fan and  lacustrine sand and
gravel of the Bonneville lake cycle, and recent alluvial-fan
deposits (Oviatt, 1986; Oviatt and others, 1992) (figure 3).
The Wellsville Mountains comprise the northern end of the
Wasatch Range (Oviatt, 1986).

Cache Valley is bounded by north-striking, high-angle
normal faults (the East Cache and West Cache fault zones)
and forms the southern end of a series of half-grabens
between the Wasatch and Teton normal-fault systems (Evans
and Oaks, 1996).  In most of western Cache Valley, the West
Cache fault marks a sharp boundary between the rocks of the
mountains and Tertiary and Quaternary deposits of the valley
(Oviatt, 1986; Solomon, 1999).  The West Cache fault zone
has been subdivided into three segments and shows evidence
of recurrent Quaternary movement, including Holocene
events (Black and others, 1999).  The fault systems along the
Wellsville Mountains trend roughly N. 30° to 40° W.  The
West Cache fault diverges from the mountain front south of
Deep Canyon.  North of Deep Canyon the West Cache fault
merges with a zone of Tertiary gravel deposits, consisting
mostly of landslides, and cannot be mapped as a single fault
trace (figure 3).

The Wellsville Mountains consist of over 14,000 feet of
complexly faulted and fractured, generally northeast-dipping
Middle Cambrian to Pennsylvanian sedimentary rocks.
These are predominantly limestone and dolomite with some
shale and quartzite that are poorly exposed along the eastern
dip slope of the mountains (Oviatt, 1986).  Paleozoic rocks
generally strike about N. 25° W. and dip 27° to 42° northeast
in the Wellsville Mountains near the spring (Oviatt, 1986).

Oviatt (1986) mapped the semiconsolidated to consoli-
dated Tertiary deposits near Upper Spring as Tertiary gravel
and lacustrine units (figure 3).  The Tertiary gravels, prima-
rily semiconsolidated to consolidated conglomerate, uncon-
formably overlie lower Paleozoic strata, and are overlain by
Tertiary lacustrine limestone, marl, claystone, and volcanic
ash.  The Tertiary lacustrine deposits are poorly exposed and
underlie the Quaternary basin-fill deposits.

The basin fill along the margins of the valley consists of

fluvial and lacustrine deposits that interfinger with alluvial-
fan and, to a lesser extent, deltaic and landslide deposits
(Lowe, 1987; Lowe and Galloway, 1993; Evans and Oaks,
1996).  The unconsolidated basin fill consists of multiple,
discontinuous layers of gravel and sand/ gravel, separated by
layers of silt and clay (Bjorklund and McGreevy, 1971;
Lowe, 1987; Lowe and Galloway, 1993).  Alluvial-fan and
gravel-bearing lacustrine deposits locally overlie semicon-
solidated to consolidated rocks in the Wellsville Mountains
and along the mountain front.  Surficial sediments are gener-
ally coarse, poorly to moderately sorted sand, silt, and clay
deposited in stream channels on alluvial fans.  These alluvial-
fan deposits slope gently away from the mountain front.

CLIMATE
As is typical of the “back valleys” east of the Wasatch

Range, Cache Valley is characterized by large daily and sea-
sonal temperature ranges.  Temperatures in Cache Valley
reach a normal annual maximum of 90.0°F and a normal
annual minimum of 10.2ºF.  The normal annual mean tem-
perature and precipitation range from 44.8 to 48.5°F and 16.6
to 19.5 inches, respectively; normal annual mean evapotran-
spiration in Cache Valley ranges from 40.9 to 45.3 inches
(Ashcroft and others, 1992).  Because evapotranspiration
rates are extremely high in the valley, very little water that
falls on the valley surface recharges the aquifer.  The seasons
are well defined and are characterized by warm and dry sum-
mers, cold and wet winters, warm and very wet springs, and
warm and dry autumns.

Weather-observation stations (data are collected at West-
ern Regional Climate Center climatological stations) near
Upper Spring are at Trenton, about 14 miles north, and Cut-
ler Dam, about 9 miles north of the spring.  Monthly temper-
ature and precipitation data from the Trenton and Cutler Dam
weather stations are given in table 1.  The mean annual tem-
peratures at Trenton and Cutler Dam are 45.5°F and 50.0°F,
respectively, with average annual precipitation of about 19
and 18 inches, respectively.  Neither Trenton nor Cutler Dam
weather station is completely representative of climatic con-
ditions near Upper Spring, nor are they representative of the
mountains above the spring.  The area around Upper Spring
is probably colder than at either of the weather stations.

The climate of the mountainous watershed contrasts
sharply with that of the valley: precipitation in the mountains
is greater and temperatures are lower.  Although no climato-
logical data are available for the mountains, they likely
receive two to three times more precipitation than the valley,
based on comparison with the Wasatch Range to the south.
Snowfall in the mountains is considerably greater than in the
lower valleys and total annual precipitation along the eastern
Wellsville Mountains probably exceeds 35 inches.  Locally,
mountain precipitation may average 40 to 70 inches annual-
ly (Ashcroft and others, 1992).  Snow accumulates from
October to mid-May, and maximum runoff from snowmelt is
from April to June.  The precipitation received as snow in the
higher elevations is an important factor in recharging ground
water, because the slow melting of winter snow leads to the
replenishment of soil moisture and ground-water recharge.
Runoff from snowmelt provides Cache Valley with most of
its surface and ground water.  The average annual precipita-
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Figure 3 (continued). Explanation for geologic map of part of the eastern Wellsville Mountains and western Cache Valley (modified from Oviatt,
1986; Barker and Barker, 1993).

EXPLANATION

Quaternary
Qal Alluvial deposits
Qat Stream-terrace deposits
Qaf Alluvial-fan deposits
Qlu Undifferentiated lacustrine deposits
Qms Landslide deposits
Qcu Colluvial deposits

Tertiary
Tl        Lacustrine deposits
Tg Gravel deposits

Paleozoic
Permian-Pennsylvanian

PIP o    Oquirrh Formation
PIP ow     West Canyon Limestone

Contact

Normal fault, dashed where approximately located, dotted where concealed;
bar and ball on down-dropped side

Strike and dip of bedding and overturned bedding

Lake Bonneville shorelines, B=Bonneville, and P=Provo

30 30

B
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tion at Upper Spring is probably about 19 inches and the
average over the watershed is about 24 inches (Ashcroft and
others, 1992).

UPPER SPRING
Springs are an important source of water in the Mendon

area and range from small seeps to continuously flowing
springs with discharges of several hundred gallons of water
per minute.  Springs emerge from highly permeable, flat-
lying Quaternary alluvial-fan and lacustrine deposits, where-
as consolidated deposits of the area are relatively imperme-
able.  The Quaternary deposits overlie fine-grained, consoli-
dated Tertiary lacustrine deposits, and these Tertiary deposits
may act as a barrier to downward ground-water flow.
Springs are maintained by precipitation in the mountains,
and during dry seasons, their flows diminish, with some
springs drying up completely.  Spring discharge areas can be
generally overgrown with a variety of phreatophytes.

Upper Spring is at a surface elevation of approximately
5120 feet.  It is one of several springs on the east side of the
Wellsville Mountains having similar geologic settings and
discharge characteristics.  Upper Spring is about 1800 feet
upgradient from Lower Spring, the other spring in the Men-

don water system, and the two springs share the same water-
shed.  Discharge from the springs is variable, with high flows
occurring in the spring and early summer.  Existing informa-
tion on spring-flow rates is minimal; the typical flow for
Upper and Lower springs, combined, ranges from 154 to 420
gallons per minute.  Perennial flow with seasonal fluctua-
tions indicates the springs are fed by a relatively low-eleva-
tion recharge area, with a moderate-sized subsurface reser-
voir.  Upper Spring is well developed, resulting in only a
small amount of surface runoff.  The area is marshy, marsh-
type brush covers some of the spring area, and stagnant water
can lie near the collection area.  Water from Upper Spring is
of good quality.

To collect water from Upper Spring, 6- to 8-inch perfo-
rated pipe was placed in gravel-lined and backfilled ditches.
The Upper Spring system collects the flows issuing from
several springs and seeps in a 50-foot by 30-foot area in
Deep Canyon.  The collection pipes are buried approximate-
ly 10 feet below the ground surface and covered by native
fill.  Water from Upper Spring enters the collection pipes and
flows through a concrete headwall in an 8-inch water line
linked to the Mendon storage tank (figure 4).  Water from
Upper Spring is combined with water from Lower Spring
near Lower Spring before it reaches the Mendon storage tank.

Table 1. Summary of available temperature, snowfall, and precipitation records (data from Western Regional Climate Center’s Trenton and Cutler
Dam climatological stations).

Trenton Cutler Dam

Period of Record 1948-2001 Period of Record 1980-2001

Elevation of Weather Station 4470 feet Elevation of Weather Station 4290 feet

Maximum Minimum Average Snowfall Precip Maximum Minimum Average Snowfall Precip
Temp. °F Temp. °F Temp. °F (inches) (inches) Temp. °F Temp. °F Temp. °F (inches) (inches)

Jan 32.0 12.3 22.2 12.8 1.72 32.7 18.0 25.3 12.8 1.60 Jan

Feb 38.0 15.8 26.9 11.0 1.75 38.5 22.5 30.5 8.6 1.59 Feb

Mar 49.6 25.3 37.4 7.0 2.00 51.3 31.8 41.5 2.9 1.78 Mar

Apr 60.1 31.1 45.6 2.3 1.91 61.3 38.7 50.0 0.2 1.54 Apr

May 68.5 38.3 53.4 0.3 2.68 70.0 46.1 58.1 0.0 2.61 May

June 79.2 44.5 61.8 0.0 1.17 80.2 53.7 66.9 0.0 1.24 June

July 87.5 49.3 68.4 0.0 0.89 89.2 60.5 74.9 0.0 1.01 July

Aug 87.1 48.1 67.6 0.0 0.89 88.2 60.1 74.2 0.0 0.82 Aug

Sept 76.7 39.9 58.3 0.0 1.33 77.1 49.8 63.4 0.0 1.47 Sept

Oct 63.7 30.1 46.9 0.8 1.59 63.2 39.0 51.1 0.1 1.73 Oct

Nov 45.8 21.6 33.7 7.2 1.39 46.5 29.3 37.9 3.9 1.56 Nov

Dec 34.0 13.5 23.7 13.1 1.55 33.4 18.9 26.1 10.1 1.36 Dec

Average Temperature — 45.5 Average Temperature — 50.0
Average annual precipitation — 18.88 Average annual precipitation — 18.30
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HYDROGEOLOGY
Ground water in the Cache Valley area occurs in frac-

tured consolidated to semiconsolidated rocks and unconsoli-
dated deposits (Bjorklund and McGreevy, 1971).  Ground
water in rock aquifers flows primarily through fractures and
solution channels in carbonates, and is recharged primarily
from infiltration of precipitation and stream flow (Kariya and
others, 1994).  Ground water in the unconsolidated aquifer is
under unconfined or perched conditions along the margins,
and leaky confined conditions in many areas in the center of
Cache Valley (Bjorklund and McGreevy, 1971; Kariya and
others, 1994).  The Tertiary lacustrine sediments below the
unconsolidated sediments may provide a barrier to vertical
flow, allowing ground water to move horizontally and
emanate at the spring where the unconsolidated sediments
thin or pinch out.

Ground-water flow at the margins of Cache Valley is
typically from adjacent topographic highlands toward the
valley center, and perpendicular to the Bear River (Bjorklund
and McGreevy, 1971).  The water levels in the principal,
unconsolidated aquifer in Cache Valley range from at or near
the ground surface in the central portion of the valley to more
than 300 feet below the surface along the valley margins
(Bjorklund and McGreevy, 1971).  The aquifer supplying
Upper Spring is a shallow perched aquifer above the princi-

pal aquifer along the margin of the valley.  Horizontal
hydraulic gradients range from as high as 0.08 near the val-
ley margins, to less than 0.0008 near Logan (Beer, 1967;
Bjorklund and McGreevy, 1971;  Kariya and others, 1994).
Water-level data indicate the regional ground-water flow
direction is away from the mountains to the east-northeast
under a hydraulic gradient varying from 0.003 to 0.05
(Bjorklund and McGreevy, 1971).

The east slope of the northern Wellsville Mountains pro-
vides water to the area of the spring.  Springs and surface
drainages on either side of the topographic divide indicate
the hydrologic divide is influenced by the topographic
divide.  Details of hydraulic gradients and flow directions in
the northern Wellsville Mountains are unknown, but some
generalities can be made by assuming topography affects
hydraulic gradients.  The mountain front in the vicinity of the
spring has an overall east to northeastward, moderate to steep
slope, with local northwestward and southeastward slopes
along drainages.  Mountain-front ridges have topographic
gradients of about 0.3 to 0.5, and ephemeral stream channels
along the mountain front have gradients of about 0.1 to 0.3,
indicating that ground water gradients are also steep.
Ground and surface water flow east-northeastward, away
from the mountain crest toward the mountain front, with
local ground-water flow toward drainages.  The permeability
of bedrock and surfical sediments in the mountains is highly
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variable; infiltration of water may be high in some areas and
moderate or low in others.  The presence of anisotropic, per-
meable, and impermeable layers in some sedimentary rock
intervals may modify the local flow directions in the moun-
tains.

The West Cache fault zone trends roughly N. 30° to 40°
W. and forms the boundary between permeable unconsoli-
dated sediments and the lower permeability rocks of the
northern Wellsville Mountains.  Although the permeability
architecture of the West Cache fault zone is poorly under-
stood, the fault likely allows ground-water flow across the
fault zone.  Few springs are present along the trace of the
West Cache fault zone, consistent with the fault not acting
like a barrier.

Most of the recharge to the basin-fill aquifer system in
the area of the spring is from infiltration of streams, and
some subsurface inflow from consolidated rock along the
valley margin (Kariya and others, 1994).  Water from
ephemeral streams infiltrates the relatively permeable allu-
vial-fan and lacustrine deposits along the valley margin,
recharging the basin-fill aquifer (Bjorklund and McGreevy,
1971).  The streams from the mountains are flashy, and most
of the year’s runoff is in the springtime.  Near the streams,
the water table generally rises in the springtime in response
to increased runoff, then declines until the end of the grow-
ing season.  Discharge from the basin-fill aquifer includes
evapotranspiration, well-water withdrawal, and seepage to
springs (Kariya and others, 1994).

Bjorklund and McGreevy (1971), and Kariya and others
(1994) estimated the transmissivity in the area to be about
2300 square feet per day or less, based on transmissivities
from wells.  Using specific-capacity data from the Cobble-
stone well near Mendon, I determined a transmissivity of
2500 square feet per day.  These values correspond to grav-
el, or clean sand and gravel, and represent a high value for
the materials of the area (Domenico and Schwartz, 1990).

Recharge-Area Calculation
I used a water-budget method to estimate the land-sur-

face area contributing recharge to Upper Spring.  This is a
simple area calculation that requires little data and is based
on assumptions that do not incorporate the hydrogeologic
complexities identified in the area.  For springs and seeps
that obtain water from local precipitation and no other
sources, the water-budget method is appropriate to estimate
the size, but not the shape, of the area contributing recharge.
The area contributing recharge to a shallow water-table
aquifer, in most hydrogeologic settings, is related to the
spring discharge and recharge rates.  With estimates of
aquifer recharge rates and the spring discharge rates, the area
required to provide the spring’s discharge can be expressed
as:

where A is the area contributing recharge to the spring, Q is
the discharge rate of the spring, and R is the annual ground-
water recharge rate above the spring.

Maximum discharge from Upper and Lower Springs
combined, as reported to the Utah Division of Water Rights,
is as much as 420 gallons per minute.  Since distinguishing

Upper Spring discharge from Lower Spring discharge is not
possible, I used 420 gallons per minute as an Upper Spring
conservative (protective) discharge to calculate the maxi-
mum possible areal extent of the recharge area.  Average
annual precipitation in the area is estimated at 24 inches, and
evapotranspiration in areas above the spring is estimated to
average 20 inches.  I assumed the amount of precipitation
recharging the ground-water system is the difference
between precipitation and evapotranspiration, or 4 inches.
This estimate represents about 17 percent of the total annual
precipitation, a reasonable value compared to other areas in
Utah having a similar climate.  Upper Spring requires an area
of about 3.2 square miles to produce a discharge of 420 gal-
lons per minute.  The water-budget computation reasonably
estimates the aquifer surface area needed to provide ground
water to the discharging springs.

Catchment-Area Estimate
Catchment areas can be estimated using analytical meth-

ods based on recharge and discharge (Todd, 1980).   I used
the maximum discharge for the spring, assuming this flow is
fed by the maximum areal extent of the catchment area, and
an annual recharge of 4 inches.  Using the method of Todd
(1980) to plot catchment area as a function of estimated
recharge and discharge for the spring, a catchment area of
about 3.1 square miles is necessary to supply 420 gallons per
minute to Upper Spring.

DWSP ZONES
Introduction

To assure the quality of the water from Upper Spring,
which is of particular concern to the Mendon Municipal
Water Company, the surface and subsurface areas supplying
water discharging to the spring need protection.  The delin-
eation of capture zones or drinking water source protection
(DWSP) zones is a method of identifying areas surrounding
the spring for protection against infiltration and transport of
contaminants that may adversely affect human health.  I used
a preferred delineation procedure because it uses local hydro-
geologic conditions.

I combined hydrogeologic, aquifer volume discharge,
and ground-water velocity methods to delineate the DWSP
zones for Upper Spring.  I qualitatively defined the physical
and hydrologic controls on ground-water flow to the spring
by examining the hydrogeology of the area.  The hydrogeo-
logic method uses the local geology, topography, and surface
features that provide insight into the size and shape of a max-
imum contributing area to the spring.  The aquifer volume
discharge method provides time-related zones based on the
spring discharge.  For a shallow-water-table aquifer, such as
the aquifer supplying Upper Spring, the time-of-travel is
probably related to the discharge of the spring.  By using a
maximum spring discharge, I obtained a conservative (pro-
tective) distance from the aquifer volume discharge method.
Additionally, all zones are conservative because the dis-
charge was a combined Upper and Lower Springs discharge
volume.  The ground-water velocity method is based on the
distance a particle travels in the aquifer in a given amount of
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time.  Using a conservative estimate of hydraulic conductiv-
ity for the alluvial-fan and lacustrine deposits, and applying
Darcy’s law should give conservative values of velocities in
the aquifer.

Based on the geologic and hydrogeologic evaluations
presented above, I made the following assumptions regard-
ing aquifer characteristics relevant to capture-zone delin-
eation:

• Ground water flows to Upper Spring through uncon-
solidated deposits overlying Tertiary deposits.

• The unconsolidated deposits are recharged by infil-
tration of surface water at the mountain front and
by subsurface flow from the mountains.

• Topography is an important factor controlling the
supply of water to Upper Spring.

• Ground-water movement along the West Cache fault
may supply some water to the spring.

• Upper Spring flow records indicate flow varies sea-
sonally, but the spring maintains flow year-round.

• Water-budget and catchment-area analyses indicate
that the area needed to recharge the spring lies
within the topographic watershed.

• Hydraulic conductivity, and potentially ground-water
velocity, may be relatively high in some parts of
the system but relatively low in other parts.

Hydrogeologic Method
Recharge to the spring’s aquifer occurs when ephemeral

streams that drain the Wellsville Mountains emerge onto the
coarse alluvial-fan deposits along the mountain front, near
where they cross the West Cache fault zone.  Because
recharge to the alluvial aquifer includes significant seepage
of surface water, the drainages supplying surface water are
integrated into the protection zones.  The water-budget and
catchment-area analyses indicate the zone of contribution to
the spring is likely within local topographic drainages.

I used topographic maps to locate the surface drainages
and potential boundaries surrounding the spring.  Topo-
graphic surface divides and ground-water divides typically
coincide, and lateral drainage divides separate areas con-
tributing recharge to the spring from non-contributing areas.
Because of the likelihood of a contribution of water flowing
along the West Cache fault zone, the protection zones should
extend along the fault zone.

Hydrogeologic information indicates the potential zone
of contribution to the Upper Spring may extend as much as
2.6 miles west-southwest from the spring, 2 miles north-
south along the mountain front, and include several
drainages.  I consider this to be the maximum plausible
extent of the catchment area.  Ground-water flow boundaries
closer to Upper Spring could not be inferred from the hydro-
geologic evaluation.  No areas of the aquifer are considered
confined or isolated from the ground surface.

Aquifer Volume Discharge Method
Aquifer volume discharge methods for estimating a zone

of contribution to the spring can be solved readily by apply-
ing simplified aquifer parameters.  Although this method is
less defendable than the other methods used in this delin-
eation, in many spring settings it is the only quantitive
method for which sufficient data are available.  I delineated
DWSP zones for 250-day, 3-year, and 15-year ground-water
times-of-travel for a discharge of 420 gallons per minute
using a aquifer volume discharge method (appendix A).  The
idealized aquifer must provide an amount of water that bal-
ances the amount of water being discharged from the spring,
and is assumed to have its focus at the spring.  The radius of
a time-related volume of the aquifer can be projected to the
ground surface to represent a surface area contributing
ground water to the spring.  An advantage of this method is
that fewer hydrologic parameters are required, and those that
are can be conservatively estimated.  Problems with this
method are (1) criteria for the selection of hydrologic param-
eters are uncertain or arbitrary, (2) the method assumes radi-
al flow to the discharging point at the spring, and (3) region-
al ground-water flow is not considered.

The delineation of capture zones for Upper Spring using
the aquifer volume discharge method requires conservative
estimates of an average hydraulic head responsible for the
spring discharge, effective porosity of the aquifer, and maxi-
mum discharge for the spring.  The hydraulic head responsi-
ble for the spring discharge could be related to recharge at
higher elevations in the mountains; however, I assume most
of the hydraulic head is related to the recharge of the alluvial
materials near the mountain front, and used 250 feet as the
average hydraulic head.  I estimated an effective porosity of
30 percent as a reasonable value for the materials found in
the area.  Application of the aquifer volume discharge
method results in a zone of contribution or time-related cap-
ture zone having a maximum upgradient distance of 600 feet
and maximum width of about 800 feet for a 250-day time
period, a maximum upgradient distance of 1200 feet and
width of 1700 feet for a 3-year time period, and a maximum
upgradient distance of 2700 feet and width of 3900 feet for a
15-year time period (appendix A).  This analysis does not
take into account other springs or their effect on the ground-
water flow system.

Ground-Water Velocity Method
Calculations of average velocity of ground water moving

horizontally in the valley-fill aquifer, and distances along
flow lines that represent travel times, require information
regarding aquifer properties (appendix B).  Reasonable esti-
mates for the parameters can be obtained from the semi-
quantitative hydrogeologic investigation.  Transmissivity and
hydraulic conductivity, the primary hydrogeologic parame-
ters controlling transport in the alluvial-fan and lacustrine
deposits, are highly variable spatially and with depth, but
over greater distances an average value of the hydrogeologic
parameters should be obtainable.  The Cobblestone well near
Mendon has a  transmissivity that may be as high as 2500
square feet per day.  This value is representative of gravel, or
clean sand and gravel (Domenico and Schwartz, 1990), and I
used this value to estimate an average transmissivity of the
aquifer in the area.  The hydraulic gradient above the spring
was estimated at 0.01 based on local topography.

Using information from the hydrogeologic investigation,
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I calculated a velocity of about 2.2 feet per day in the aquifer
system.  Calculated travel distances for the spring using this
particle velocity are 500 feet for a 250-day time period, 2400
feet for a 3-year time period, and 11,900 feet for a 15-year
time period (appendix B).

Results
The zones of contribution estimated from the hydrogeo-

logic, aquifer volume discharge, and ground-water velocity
methods are given in table 2.  I used the most conservative
(protective) of these values (table 3) to delineate the DWSP
zones, relative to the defined criteria for the particular zone
(figure 5).  For a 250-day travel time, the aquifer volume dis-
charge method yields a maximum upgradient distance of 600
feet and the ground-water velocity method a distance of 500
feet.  For a 3-year travel time, the aquifer volume discharge
method yields a maximum upgradient distance of 1200 feet
and the ground-water velocity method a distance of 2400
feet.  I used the results of the hydrogeology investigation to
determine the maximum upgradient distance of 14,000 feet
for zone 4.  The downgradient boundary of the zone of con-
tribution to the spring relative to the direction of the region-
al hydraulic gradient is at the spring.

The boundaries of all protection zones extend topo-
graphically upgradient of the spring.  The zone 2 and 3
boundaries are within the unconsolidated valley-fill deposits.
The maximum upgradient distance from the spring to the
DWSP-zone 4 boundary is about 14,000 feet.  The maximum

upgradient distance of the zone 3 boundary is 2400 feet.  I
determined the width of the zone 3 boundary by locating the
maximum extent of the zone on a topographic map and
extending the lateral boundaries toward the spring so that
they exceed the zone 2 boundary and match the local topog-
raphy.  The zone 2 boundary is placed at a distance of 600
feet upgradient from the spring.

SUMMARY AND RECOMMENDATIONS
To delineate drinking water source protection zones for

Upper Spring, I combined a geologic and hydrogeologic
evaluation of the area with aquifer volume discharge and
ground-water velocity calculations.  I used conservative esti-
mates of unknown aquifer properties to determine time-relat-
ed travel zones.  I delineated an extended surface-drainage
basin as Drinking Water Source Protection Zone 4; smaller
areas were delineated as zones 2 and 3.  Zones 2 and 3 pro-
vide the Mendon water system with better defined but small-
er sized areas than the 1998 delineated areas while remaining
protective of the drinking-water source.  Maximum upgradi-
ent distances from the spring to the DWSP zone boundaries
are as follows: (1) zone 2—600 feet, (2) zone 3—2400 feet,
and (3) zone 4—14,000 feet.  Additional subsurface investi-
gation would be needed to refine the boundaries delineated in
this report.  If additional information becomes available to
better define travel times in the aquifer, I recommend the
DWSP zones be redelineated.

Table 3. Methods and values used in the delineation of source protection zones for Upper Spring.

DWSP Zones

2 3 4

Method Aquifer Volume Discharge Ground-water Velocity Hydrogeologic

Maximum distance (ft) 600 2400 14,000

Maximum width (ft) 800 1300 9700

Time-of-travel
250 days 3 years 15 years

Method Maximum Maximum Maximum Maximum Maximum Maximum
upgradient width upgradient width upgradient width
distance (ft) distance (ft) distance (ft)
(ft) (ft) (ft)

Hydrogeologic1 14,000 9700 14,000 9700 14,000 9700

Aquifer Volume Discharge2 600 800 1200 1700 2700 3900

Ground-water Velocity2 500 Not determined 2400 Not determined 11,900 Not determined

Table 2. Maximum upgradient distance and width for the various methods used to determine the drinking water source protection zones.

1Time of travel is not calculated using the hydrogeologic method, but rather, the entire area contributing water to the spring is listed for comparison
to the other methods

2Results from appendix A and B rounded to not more than two significant figures



186 Utah Geological Survey

0 

 

0.5 0.5 1 Mile 

Base from U.S. Geological Survey 1964 Honeyville and 1964 Wellsville 7.5-minute quadrangles. 

R.2 W. R.1 W.

 T.
12
 N.

 T.
11
  N.

Upper Spring

Zone 2Zone 2

Zone 3Zone 3

Figure 5. Boundaries of drinking water source protection (DWSP) zones 2, 3, and 4 for Upper Spring, Cache County, Utah.
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APPENDICES

APPENDIX A
Aquifer Volume Discharge Method

The aquifer volume discharge method produces a fixed radius of transport around a spring, based on the volume of aquifer supplying
water to a spring flowing at a specific rate for a given time.  Analytical calculations require simplification of the ground-water flow
system; consequently, the relatively complex aquifer system in the Upper Spring in Deep Canyon area was treated as a uniform aquifer
for the analytical calculations.  
For a spring flowing at a rate of Q over a period of time ti the total volume of discharge water is Qti.  For a volume of aquifer, with a
radius r, average aquifer hydraulic head above the spring of h, and porosity of n supplying the spring, the volume of water contained
therein can be represented by 1⁄4nhπr2. 
Equating these two volumes of water and solving for r yields

where ri is radial distance (l), Q is spring discharge (l3/t), π is 3.1416 (dimensionless), ti is time-of-travel (t), h is hydraulic head at
the spring (l), n is porosity (dimensionless).
Estimated hydrologic values used in the calculation were based on the geologic and hydrogeologic evaluation of the spring.  Proper-
ties used in calculations for the spring represent conservative values for the entire aquifer.
Q is the estimated maximum spring discharge, which is 420 gallons per minute or about 80,900 cubic feet per day; h is an average
hydraulic head in the aquifer, which is estimated at 250 feet to be conservative; n is effective porosity of the aquifer, which is assumed
to be 30 percent (0.30).
Solution:

t2 = 250 days   r2 = 586 feet
t3 = 3 years (1095 days) r3 = 1226 feet
t4 = 15 years (5477 days) r4 = 2743 feet

The maximum width wi of the aquifer volume can be approximated by the length of the chord subtended by the arc of radius ri.  The
length of the chord is given by:

where wi is the length of the chord (l), ri is radial distance for a zone (l), θ is 90° (dimensionless).

Solution:

t2  = 250 days r2 = 585 feet w2 = 828 feet   
t3  = 3 years (1095 days) r3 = 1226 feet  w3 = 1734 feet   
t4  = 15 years (5477 days) r4 = 2743 feet   w4 = 3879 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.

(4)(80,900 ft3/day)(250 days)
(0.30)(250 ft)(3.1416)

ri =

90°w2 = 2(586 ft)sin
2

θwi = 2ri sin 2

r i = (4Qti)nhπ

1⁄2)(

1⁄2
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APPENDIX B
Ground-Water Velocity Method

The ground-water velocity method estimates a distance from the spring, based on an average particle velocity in ground water within
the aquifer for a given time.  Ground-water velocity of a particle moving through the homogenous and isotropic basin-fill aquifer can
be determined using Darcy’s law.  The average velocity of a particle can be estimated using known or assumed values of hydraulic con-
ductivity, hydraulic gradient, and effective porosity.  Using the specific capacity from the Mendon well, an estimated transmissivity of
the basin fill in the Mendon area is 2500 ft2/day.  I estimated an average thickness of the aquifer of 39 feet, and the hydraulic conduc-
tivity of the aquifer to be approximately 65 ft/day.  The average hydraulic gradient above the spring was estimated to be 0.01, and the
effective porosity of the sediments was estimated to be 30 percent.
The one-dimensional average velocity of a particle within the aquifer is given by

where v is average velocity of a particle moving in the aquifer (l/t), K is the hydraulic conductivity of the aquifer (l/t), ne is the effec-
tive porosity of the aquifer (dimensionless)        is the hydraulic gradient of the aquifer along the flow path (dimensionless).

The one-dimensional relationship between particle velocity and distance is:

where D is distance (l), v is average velocity of a particle in the aquifer (l/t), ti is time-of-travel (t).

Combining the two equations results in 

Solution:

t2 = 250 days D2 = 542 feet
t3 = 1095 days (3 years) D3 = 2373 feet
t4 = 5477 days (15 years) D4 = 11,867 feet

Because of the uncertainty associated with some of the values used in these calculations, these numbers are rounded to two significant
figures in the text.  
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D2 = (65 ft/day 0.01) (250 days)0.30


