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October 31, 2006

Mr. Rick Rohan, P E
Snyder & Associates, Inc.
1800 West 22nd Street
Suite 200

Atlantic, IA 50022

RE: Groundwater Source Evaluation
Beaver Lake, Nebraska

Dear Mr. Rohan, P E :

Layne Chiistensen Company (Layne) was retained by Snyder and Associates (Snydet) to evaluate the
available groundwater sources of supply near Beaver Lake, Nebiaska (Site), located approximately five
(5) miles south of Plattsmouth, NE  The objective of the Groundwater Source Evaluation is to identify an
aquifer that can be used to supply approximately 2,000 gallons per minute (gpm) of groundwater to the

Beaver Lake community,
Several sources of geologic and hydrogeologic data were used to evaluate the suitability of the aquifers
near the Site as a groundwater source, including:
¢ Boring logs from test drilling activities performed by Layne in 1970/1971;
* Boring logs fiom test drilling activities peiformed by Layne in 2005;
* University of Nebraska Lincoln Conservation and Survey Division (UNLCSD) Water Survey
Publications;
* Nebraska Department of Natural Resources (NDNR) 2006 Annual Evaluation of Availability of
Hydrologically Connected Water Supplies — Lower Platte South NRD; and

e NDNR Registered Groundwater Wells Database

REGIONAL GROUNDWATER SOURCES

The UNLCSD has identified the study area as Groundwater Region 11, which includes all of Cass
County The description of the groundwater resources, as provided by UNLCSD, is included below:

“Groundwater Region 11 occupies the glacial diift area of southeastern Nebraska. The
base of the piincipal groundwater-bearing units in the northern and western parts of the
region is the Dakota Group. The Dakota Group consists of variable amounts of
interbedded sandstone and shale In the extreme westein part of the region, Cretaceous
shales and limestone of the Greenhoin-Graneros and Carlile formations form the base of
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the principal groundwater-bearing units In the southeastern part of the region, the base
of the primary groundwater system is the relatively impermeable Pennsylvanian and
Permian limestone and shale. Overlying these bedrock units are Pleistocene deposits
consisting of the debris from glacial ice sheets, streams, and wind deposition. Frosion
created numerous ancient valleys (paleovaileys) that wete usually filled with relatively
coarse Pleistocene sand and giavel In areas where valleys did not exist, they weze filled
with fine-grained materials, primarily glacial tills over which wind- blown silts or loess
‘was deposited

I'he primary units from which groundwater is obtained are sand and gravel deposits
associated with paleovalleys and along some modein stream valleys; these are usually of
limited extent Neatly all major water supplies in this region come from the paleovalleys
The Dakota Group seives as a secondary source of groundwater where the primary
Pleistocene sources are insufficient to meet water-supply needs Because of its geologic
variability, the Dakota Group's capacity to yield groundwater can differ over short
distances; consequently, well yiclds can be difficult to predict. The thickness of the
saturated groundwater-bearing units is geneially less than 300 feet. Depth to the 1egional
water table varies as a function of topographic location. In upland areas, depth to water
may be greater than 200 feet, while it may be less than 50 feet in the bottomiands of the
principal valleys. Depending on groundwater-bearing unit and its location, total dissolved
solids may differ fiom 200 to more than 1,000 milligrams per liter (ing/L). In some areas,
the Dakota Group may have total dissolved solids exceeding 5,000 mg/L.”

Based on the description provided by the UNLCSD, the available options for groundwater supplies near
the Site can be summarized as:
1. Unconsolidated aquifers
a. Paleovalleys —also known as buried glacial valleys. These aquifers are associated with
pre-glacial drainage systems that have been filled by clay, silt, sand, or gravel These
valleys have been buried by younger geologic materials and cannot be detected at the
ground surface without the use of test drilling or geophysics

b Alluvial valleys associated with present day streams
2 Bedrock aquifers
a. Dakota Group — Generally consists of the Dakota Sandstone

b Permian/Pennsylvanian Group — Consists of several limestone and shale formations

AVAILABLE LOCAL SOURCES
A detailed review of existing data was performed to evaluate the presence or absence of the identified
regional groundwater sources at the Site  The following conclusions were obtained:
* No paleovalieys are located near the Site. The paleovalley closest to the Site that Layne has
experience driliing in is located cast of Union, NE:

1be Dakota Aquifer is not located near the Site Figure 1, obtained fiom the NDNR, presents the
bedrock geology of the study arca As shown on this figure, the Dakota Group is absent in the
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study area, where the bedrock consists of relatively impermeable Pennsylyanian and Permian age
limestone and shale

* Several alluvial systems are located near the site  The primary alluvial systems are the flood
plains of Rock Creek/Squaw Creek and the Missouri River

Based on these findings, it was detetmined that the most reliable groundwater sources near the Site are the
alluvial aquifers. Due to the proximity of the Site to the Missouri River, it is recommended that any
future water supplies for the Site be obtained from the Missouri River alluvial aquifer .

FUTURE EXPLORATION

Layne completed test drilling activities in 2005 which identitied a suitable location for a full scale water
supply well in the Missouri River alluvial aquifer. The test location was completed (RRERN_————"

h I'his location appears to be an acceptable development site for a full scale water

supply well
The Missouti River alluvium is the groundwater source in the study area that is most likely to deliver a

sustainable water supply at the flow rate required by the project. However, additional investigation of the
. may vicld alteinative

locations for a water supply well If an acceptable location is found in this area, it could save
approximately one half (4) to one (1) mile of ttansmission pipeline. It is recommended that any future

investigations focus on the alluvial aquifer near the
Missouri River alluvial aquifer (il as shown on Figure 2

DESIGN CONSIDERATIONS/SUSTAINABLE YIELD

Well Design Considerations
A water supply well focated near a sutface water source could be classified as a groundwater undet direct
influence of surface water (GWUDI), which requires treatment for viruses and bacteria Nebraska Health
and Human Services (NHHS) regulations state that if a well is screened below 50 feet from the top of
ground surface, the well will not be consideted a GWUDI It is recommended that any wells constructed
in the afluvial systems be designed with a scteen interval that is deeper than 50 feet below ground suiface

NHHS regulations also state that new water supply wells should be spaced a minimum of 1,000 feet from
existing water wells. A search of the NDNR Registered Groundwater Wells Database shows that several
domestic supply wells are located in Sections 16 and 17, near the potential investigation areas for fuiure
wells The results of the NDNR database query have been included as Attachment A. Groundwater
cxploration in areas located within 1,000 feet of domestic supply wells should be avoided Prior to
constiuction of any permanent water supply wells, the location of the new well relative to existing
domestic supply wells should be field verified To minimize the potential for groundwater recirculation
(pumping lake watet), any new water supply welis should be located a minimum of 1,320 feet from

Beaver Lake
Estimated Well Yield

Based on preliminary design parameters, a sustainable yield of 1,700 gpm was estimated for a pumping
well completed in the Missouri River alluvial aquifer The calculations presented aic only an estimate
developed using regional aquifer parameter values and should only be regarded as an estimated well
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yield. Site specific well yields could be caleulated if an aquifer test is performed at the desired well
location Calculations are presented in Attachment B

SUMMARY
The fellowing summarizes the conclusions of the Groundwater Source Evaluation for Beaver Lake:
e The Missoui River alluvial aquifer is the groundwater resource most likely to meet the long term
water supply needs for the project;
* Anacceptable water supply well location has been identified through previous investigations 4

*  lhe overlapping flood plains of Rock Creek and Squaw Creek could provide a groundwater
source alternative to the Missoui River alluvial aquifer. This could reduce the amount of
tiansmission piping required  Additional test drilling/explotation is required to evaluate the

potential viability of this source;

* Any new water supply welis should be constiucted with a screen interval starting below 50 feet
bgs to avoid water treatment issues associated with the GWUDI rule:

»  New water supply wells should be located a minimum of 1,000 feet from other existing water
supply wells; and

» The design yield of a new well constructed in the Missouri River alluvial aquifer is approximately
1,700 gpm

Layne appreciates this opportumity to work with Snyder and Associates on this im portant water supply
projects If you have any questions o1 concerns associated with this study, please contact the undersi gned

at (913) 321-5000
Sincerely, 7

]

Luca DeAngelis, PE, R G
Layne Western
a division of Layne Christensen Company
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ATTACHMENT A
NDNR REGISTERED WELLS

Not available on this website
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ATTACHMENT B
CALCULATIONS
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Calulaten inpet Paramessr VALUE

Byys = Borehole dismeter [inches) 42
Sp= Screen diameter (irchesy 20
5, = Sereen length fees 38
8. Sereen merval = 75— 110 bgs .
SLOT = Screen siot size (inches) aoe
OPFEN AREA = Joknson screen cpening (-n}-'r"t} 2065
BF = Blecksge factor a3
K = Hydraulic conductivity (fUdsy) 200
Oy = Optimal enirance vel ooty (f/sec) 0.3
Frem Transaisanity of Aquifer
CALCULATION 1
Entrance velgeity yleAd colcalsion: fMecimmy thearetical pumping rat)
Forrula:
G =8, YOFPEN AREL Y 8BF "0,
o (o = 653 Includes conmesian fram (8 InZésec) 10 gpem
CALCULATION 2
insar {2 [ ' i rae,
Formula:
R -% " Ba *5, "X
S fgpm) = 400 Includes canveessian fram Gn*t2day) lo gom
QW) t2.as = EEH
CALGCULATION 4 CALCULATION 1 - use noar mmcharge source
Lhrene dowr i Pamsprivge Woll ccievilasion (Afzspmnm coonmiig rais) Tinse 4 reach equilibricm eear reclsirge soures
’ ‘- a*s i
O~ Sy * . IIZTa‘h‘.glz—“J
R g 931 vetoe L
264 log s t, = s required 1o resch approximate eqalinom (yeas),
' 2640 a= dimanes firm pumped well fo line source of rechacpe {feet)
Where: VALUC 100 r= distance from pumped well 1o abservaton point (feet),
5y = Srawdown in the purmped weil ifeet) - 1000 Efficiant Prasented below 02 S=cozfMicient of sworage (dimemsionless),
T = aquifer Trangmissivity (gal'day/foce} 100,000 130,030 T = coelBeimt of mmsmissinty (gpdiity;
3 = well pumping rate {gal/imin) M BOE ¢ = daiabon from absel e cqualiboum {zenerally aesumed to be D5}
t = catimated time fo reach steady state (days) 2837
§ = sguifer stocage (dimensianless) 02 Caleubate tize
r = radius of pumping well borehals (feet) 2 G.75I4E2 years
263 7 saye
Cal¢luate allowable *real world® drzwdown
Szt ™ Top of Scraen - Dapth ra Warer - 11 foet (3afety factor)
Top af Scrzas il
Drapth o Waler o
sreal = 5
Caicale CoMasponsrg drswdawn ma 100% otfoent well
B0 = e * 07
Sy N6

Calcwate Max aporating Raie
R 1706
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