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INTRODUCTION/OBJECTIVE AND PURPQOSE

Kumar and Associates, Inc. (K+A) has been refainsd by the Pawnee Ridge Homeowners
Association to provide hydrogeolegical evaluation and assessment ssrvices refated to shallow
ground water conditions in the subdlvigion. In addition K+A will provide mitigation alternatives {o
lower the ground water tabile in critical areas of the subdlvision,

SITE HISTORY AND DESCRIPTION

Location

The Pawnee Ridge Subdivision near Stetling, Colorado consists of 106 homes of which 2 are
not members of the Pawnse Ridge Homeowners Association. Pawnee Ridge is located
northwaest of the Sterling city limits in Logan County. The oldest homes in Pawnee Ridge were
constructed in the early 1970's. A location map of the subdivision is provided on Figure 1. The
site is sifuated in Section 19, Township 8 North, Range 52 West. The- elevation of the
subdivision ranges from approximately 3,875 feet above mean sea level in the ‘southeastern and
northeastern portions of the subdivision along Springdale Ditch to slightly over 4,000 feet In the
northwestern portion of the subdivision. Overall refief across the subdivision Is approximately

25 1o 30 fest,

Geoloay

Pawnee Ridge is located in the Colorado Piedmont Seetion of the Great Plains Physiagraphic
Province. The salient features of the Great Plains are large flat divides of rolling grassland that
fie between and adjacent to the valleys of the South Platte and the Arkansas Rivers. These two
major shallow rivers gradually rise from the eastern border of the state, at elevations around
3,500 feet, westward to the foothills of the Rocky Mountains,

In the vicinity of the Pawnee Ridge Subdivision Hotocene age alluvium is presant south and
east of the Springdale Ditch comprising the South Platte Alluvial Valley, Figure 2 shows the
topography and surficial geology of the Pawnee Ridge Subdivision. North and west of the
Springdale Ditch Hologene and Pleistocene age eolian sand consisting of pale-brown,
yailowish-brown, or dark yeliowish brown Jocally silty well sorted loose wind-blown sand which
contains catcareous brown soll in upper part underlies the Pawnee Ridge Subdivision. The
enlian sand overlies the older aliuvial deposits to a depth of approximately 30 to 60 feet in the
Pawnee Ridge area. These alluvial deposits consist of poorly sorted gravel, sand and clay with

caliche.

Underlying the alluvial deposits is the Upper Transition Member of the Pilerre Shale of Upper
Cretaceous Age. This unif consists of dark-gray marine calcareous silly shale or claystone,
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shaley sandstone, and sandy shale. This formation is typically of low permeability and forms a
hydrologic confining layer in most areas.

Hydrogeology

The hydrogeology or ground water occurrence in the vicinity of Pawnee Ridge is dominated by
the alluvial deposits underlying the subdivision and the hydraulic connection (tributary) to the
South Platte River. The alluvial aquifer underlying the subdivision is reportedly up to 60+ feet
thick. Eighteen domestic water supply wells are present within the subdivision ranging in depth
from approximately 40 to 70 feet. In addition, eight monitoring wells have been installed at the
locations shown on Figure 2 to monitor shallow ground water conditions. The direction of
ground water flow is generally from the west-northwest to the east-southeast. The depth to
ground water within the Pawnee Ridge subdivision ranges from less than 5 feet to over 20 feet

near the domestic wells,

Over the past several years water augmentation projects have changed the hydrogeoclogical
conditions in the vicinity of Pawnee Ridge. Colorado law provides for the adjudication of a "plan
for augmentation” which is defined as a program to increase the supply of water available for
beneficial use by the development of new or aiternate means or points of diversion, by a pooling
of water resources, by water exchange projects, by providing substitute supplies of water, by
development of new sources of water, or by any other appropriate means.

A plan for augmentation is most often used to allow the out-of-priority diversion of water from
the tributary stream system and the replacement of the depletion caused by that diversion from
some other source. Sources of replacement water include senior direct flow water rights, non-
tributary ground water, or water stored in priority and available for later release. The
replacement water must be of a quality and quantity so as to meet the requirements for which
the water of the senior appropriator has normally been used. Water court approval of a plan for
augmentation will permit the applicant to continue diversions of water when curtailment would
otherwise be required to meet a valid senior call for water.

The result of augmentation in the vicinity of Pawnee Ridge is the creation of augmentation
ponds up gradient or west of the subdivision and the nearly continuous flow of the irrigation
supply ditches both up gradient (North Sterling and Pawnes) and down gradient (Springdale
and Sterling #1). The increased ground water recharge up gradient of the subdivision has
resulted in increased water levels. The increase in water levels did not impact the Pawnee
Ridge Subdivision until the last few years (2008 to 2008).

The continuous flow in the down gradient irrigation supply ditches, particularly the Springdale
Ditch, has created a ground water barrier down gradient of the subdivision restricting the
release of shallow ground water to the east and southeast from the subdivision.

Kumar & Associates, Inc.



CONCEPTUAL HYDROGEOLOGIC MODEL

A concepiual hydrogeologic modet of Pawnge Ridge is shown an Figurs 3. As shown an the
Figure recharge io the alluvial aquifer ocours up gradient from ditch seepage and augmentation
ponds. Additional recharge occurs from norma precipiation and irigation of lawns/gardens
within Pawnee Ridge. Ground water discharge occurs in the form of evapotranspiration and
domesiic well pumping within the subdivision. Recharge to the afiuvial aquifer coours
immediately down gradient of the subdivision in the form of sespage from the Springdale Ditch.

Sump pump discharge from Pawnee Ridge homes with basement drains is discharged fo the
ground surface and re-inifiltrates inte the shailow aquifer, re-circulating the pumped water.

SUMMARY OF HOMEOWNER QUESTIONNAIRE RESPONSES

A questionnaire was sent ta all 108 homes within the Pawnee Ridge Subdivision. At the time of
this report 78 responses were recejved. Table 1 summarizes the responses from the
homeowners. Fifty-six of the 78 responses (72%) reported having basements, Of the 78
owners responding, 12 or 15% reported wét or flocded basemeants and 3 (4%) reported wet
crawl spaces. The responses also indicated that majar basement water issues began in 2009

with some sumps initiating pumping in 2006.

Figures 4 and 5 present the distribution of homeowner respenses, the distribution of basements
and the distribution of impacted (wet) basements and craw] spaces. As shown on Figures 4 and
5 the shallow ground water problems are locallzed in the area of Dakota Road and o a lesser
extent at the southeastern or down gradient area of the subdivision along Westwood Drive and

Shawnes Place.

WELL DATA

Domestic Wellg

According to the Sate Engineer's Office of the Golorado Division of Water Resources there are
gighteen registered domestic wells within the Pawnee Ridge Subdivision. There are also five
monitoring wells with “Notices of Intant’ on file at the State Engineet's Office. 1n addition one
permit application for a dewatering well is on file however a permmit has ot been issted for a
dewatering the well located at 14327 Dakota Road. A summary of the registered well
information is provided on Table 2. The domestic wells were installed from 1968 through 1977
and range in depth from 41 to 68 feet. The well yields are reported to range from 15 to 30 gpm.

The well logs were reviewed to evaluate the stratigraphy at Pawnwe Ridge. Copies of the well
permits and logs are provided in Appendix A. The logs indicate that the thickhess of afluvium
ranges from approximately 28 to 82 feet in depth. Underlying the aliuvial deposits is shale of
the Pierre Shals Formation. The alluvial deposits typically consist of fine to coarse sand and
gravel with occasional boulders reported in the lower portion. Several of the well logs indicate
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the presence of clay or clay lenses of up to 15 feet in thickness {Well Permit # 41428). The clay
lenses likely act as local confining layers.

Static {non-pumping) water levels in these wells ranged from 11.5 to 25 feet in depth. These
measurements refiect ground water levels in the late 1980s through the mid 1870s.

Wenitoring Wells

In the fali of 2009 seven monitoring wells wers installed at Pawnee Ridge fo gvaluaie and
monitor over fime the shallow ground water conditions. The well locations a re shown on Figure
2 and a summary of the well readings is provided on Table 3. Hydrographs of the monitoring
wells prepared by the Pawnee Ridge Homeowners Association are included in Appendix B.
The data indicate that five of the seven wells (8t John, Meier, Milyard/Samber, Fast SE, and
Fast SW) had ground water levels which rariged from approximately 5 fo less than 7 fest in
depth consistently from November 2009 through August 2010. In September 2010 three of
these wells (St John, Meier, and Milyard/Samber) decreased approximately 5 feet rather
dramatically to depths of approximately 10 feet. The Fast SE and SW wells only showed a

sfight decrease of less than 1 fool.

The Boren and Libeig monitoring wells show ground water depths at approximately 10 and 15
foet, respectively. The Boren wall did not exhibit a significant decrease in September 2010
while the Libaig well exhibited a decrease of approximalely of over 2 fast to a depth heiow
ground of 17.6 feet.

The shallow ground water levels at Pawnes Ridge appeer to be responhsive to precipitation and
augmentation amounts as wall as well pumping and ditch seepage from irrigation in the nearby
area. For exampie, well pumplng increased during the late summer 2010 dry period and the
North Sterling inlet diteh did not run from July 13" thru September 18" The nearby
augmentation or recharge ponds also did not have much water in them since mid July, ft
appears that the aquifer in the area was axtremaly full due to precipitation and augmentation
and whan precipitation and at the same time augmentation decreased the aguifer dropped
substantially as pressure was relleved.

MITIGATION ALTERNATIVES

There are three basic alternatives to mitigate the shallaw ground water conditions at Pawnee
Ridge and the resuftant impacts on homeowners. They can be grouped into two categofies;
drains-and wells.

Draing

Ground weater drains designed to decrease or drain the ground water table can be either
regional affacting 2 large area or iocal, for example, a foundation drain which would only affact
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the immediate area of a structure. An example of a large regional drain is the Pioneer Drain
located down gradient or east of Pawnee Ridge subdivision.

Large regional drains require land space and a depth that would regionally lower the water
table. In addition, there has to be a cost effective way to discharge the drained water. At
Pawnee Ridge, the area to install a large regional drain is not readily available and discharge
from the drain would likely have to be pumped through a conveyance across the Springdale
ditch to wetlands east of the subdivision. Capital costs to install a regional drain, pumps and
conveyance would be the highest of all altematives at several hundred thousand dollars not

including operational and maintenance costs.

Local drains are those that drain the water at the source of impact. These would include
perimeter foundation and/or subslab drains. Depending on the number of impacted residences
local drains are typically the least expensive alternative. Carefull design of drains and discharge
conveyance need to be considered for the local drains to be effective and minimize operational
costs. Discharge of local drains in the vicinity of the residence results in local recharge of the
shallow aquifer cycling water back to the drain resulting in nearly continuous operation of drain
pumps. Local drain discharge water should be conveyed to a lacation that does not recharge
the shallow aquifer in the vicinity of the drains. Typical local drains are estimated to cost
approximately $8,000 to $10,000 for an effective system.

Wells

Large capacity wells designed to regionally lower the ground water ievels could be effective
when properly located and designed. Pump testing of the wells would be required to determine
the appropriate pumping rate, drawdown, and radius of influence.

Again, the well discharge would have to be conveyed beyond the area of impact similar to the
regional drain system. Based on the distribution of impacts previously described at Pawnee
Ridge three to four wells may be required to effectively lower the water table.

These wells may not be able to be permitted as they likely will impact the existing domestic
wells in the subdivision. Large capacity wells are estimated to cast from $25,000 to $30,000
each including drilling, pump, pump testing, and permitting. These costs do not include the
conveyance for discharge or operational and maintenance costs, which would be higher than a

regional or local drain(s).

CONCLUSIONS AND RECOMMENDATIONS

Shallow ground water conditions within the Pawnee Ridge Subdivision have resulted from
increased water augmentation, increased periods of irrigation ditch flow, and are affected over
the short term by precipitation events. The high permeability alluvial aquifer underlying Pawnee
Ridge is confined by the low permeability Pierre Shale and by the down gradient Springdale
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Ditch limiting natural discharge of the aquifer. This condition is anticipated to persist unless
changes in augmentation rates and irrigation ditch flows are significantly reduced. This is not
likely to occur in the foreseeable future.

Given the number and distribution of impacted residences within Pawnee Ridge the most cost
effective mitigation alternative is properly designed local or individual perimeter and/or subslab
drain systems. Two residences with basements located in the impacted area of Dakota Road
have effective drain systems according to the homeowner questionnaires. We recommend,
however, that the discharge from the individual drainage systems by conveyed away from the
area of impact. This may require the installation of a pipe or some other conveyance that would
discharge the pumped water across Springdale Ditch to the wetlands east of the subdivision.

Large capacity wells would likely be effective but their high capital and operation/maintenance
costs as well as the likely impact on domestic wells within Pawnee Ridge.

It is also recommended that surface storm drainage within Pawnee Ridge be improved to
facilitate runoff minimizing ground water recharge. Existing drainage within the subdivision is
very poor with resulting high aquifer recharge rates. -

LIMITATIONS

This study has been conducted in accordance with generally accepted hydrogeological
practices in this area for exclusive use by the client. The conclusions and recommendations
submitted in this report are based upon the data obtained from the referenced sources. This
report may not reflect subsurface variations at the site. Kumar & Associates, Inc. is not
responsible for liability associated with interpretation of subsurface data by others.

REFERENCES

Scott, Glenn R., Map Showing Geology, Structure, and Oil and Gas Fields in the Sterling P2
Quadrangle, Colorado, Nebraska, and Kansas, Map |-1092, Miscellaneous Investigation Series,
U.S. Geological Survey, 1978

Topper, Ralf, etal, Ground Water Atlas of Colorado, Special Publication 53, Colorado
Geological Survey, 2003

Pawnee Rid_ge Homeowners Association, Monitoring Well Data, September 2010

Colorado Division of Water Resources, Permitted Well Database, September, 2010
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