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INTRODUCTION

Traill Rural Water District (TRWD) currently obtains rural water from the
northeast portion of the Page/Galesburg aquifer. The well field is located in Section
29 and Section 32 in Township 146 North, Range 053 West in Traill County (Figure
1). TRWD currently holds two water permits which are approved to appropriate a
total of 644 acre-feet from ground water with a maximum withdrawal rate of 1,070
gallons per minute. TRWD is planning to expand their existing ground-water
supply which would include serving the cities of Mayville and Hillsboro. Mayville
currently has an allocation of 640 acre-feet from the Goose River and Hillsboro has
an allocation of 430 acre-feet from the Hillsboro aquifer. The projected water
requirements for the proposed expansion are an additional 1,016 acre-feet with an
additional pumping rate of 905 gallons per minute for a total appropriation of 1,660
acre-feet at a pumping rate of 1,975 gallons per minute.

In a February 3, 2004 meeting, TRWD requested the State Water
Commission provide a cost estimate and time table to complete a feasibility study
for the proposed ground-water supply expansion. TRWD identified potential point
of diversion areas where production wells could be installed. Based on the
locations of these potential points of diversion, a study area was defined which
covers approximately 138 square miles (Figure 1).

The water supply study was conducted in three phases. Phase I, consisted of
compiling and evaluating existing hydrogeologic data to describe the hydrogeologic

setting in the northern part of the Page/Galesburg aquifer system and determine
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the areas where the potential exists for development of the proposed ground-water
supply expansion.

The Phase I Investigation identified areas suitable for the proposed water-
supply expansion and recommended a Phase II Investigation. The Phase I
Investigation describes the local hydrogeologic settings with particular emphasis on
estimating maximum well yields and evaluating water quality. The Phase II
Investigation involved test drilling, observation well construction, water-chemistry
analysis and water-level monitoring.

It was determined that the estimated well yields and water quality were
suitable for the water supply expansion, and as a result, a Phase III Investigation
was recommended. The Phase III Investigation involved the construction of a test-
production well to conduct an aquifer test for the purpose of determining aquifer
hydraulic properties, estimating sustained well yields, and providing a basis for

well-field design.

Purpose and Objectives

The purpose of the Phase II and Phase III Investigations is to assess the
capability of the Page/Galesburg Aquifer to support the future water supply needs
for TRWD.

The objectives of the Phase II Investigation are to:

1) Further define the occurrence and movement of ground water in the

northern part of the Page/Galesburg Aquifer System

2) Better define the geometry (thickness and areal extent) of the aquifer(s)



3) Estimate aquifer hydraulic properties (transmissivity, hydraulic
conductivity and storativity) and potential well yields

4) Further evaluate the water quality of the aquifer system

The objectives of the Phase III Investigation are to:

1) Determine the local occurrence and movement of ground water in the
Page/Galesburg aquifer

2) Determine the local geometry of the Page/Galesburg aquifer

3) Evaluate local aquifer hydraulic properties (transmissivity, hydraulic
conductivity and storativity) by conducting an aquifer test

4) Estimate sustainable well yields

5) Provide a basis for well-field design

6) Further evaluate the water quality of the aquifer system
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Location-Numbering System

Wells and test holes referred to in this report are numbered according to
public land classification of the United States Bureau of Land Management. The

system is illustrated in Figure 2. The first numeral denotes the township north of a



145-053-15ADD

Figure 2. -- System of numbering wells, test holes, and other data points



base line, the second denotes the range west of the fifth principal meridian, and the
third numeral denotes the section in which the well or test hole is located. The
subsequent letters A, B, C, and D designate, the northeast, northwest, southwest,
and southeast quarter-section (160-acre tract), quarter-quarter-section (40-acre
tract), quarter-quarter-quarter section (10-acre tract). For example, well
14505315ADD is located in the SE1/4 of the SE1/4 of the NE1/4 of Section 15,
Township 145 North, Range 053 West. Consecutive terminal numerals are added if

more than one well or test hole is located within a 10-acre tract.

Previous Work

Simpson (1929) briefly describes the geology and ground-water resources of
Steele and Traill Counties. Abbott and Voedisch (1938) assembled water-quality
data from selected municipal wells throughout the state, including wells within
Steele and Traill counties. Dennis and Akin (1950) completed a progress report in
association with the county ground water studies in an area near the city of
Portland, ND. This report includes some water-quality information from wells
within the study area.

The geology and ground-water resources of Traill, Steele, and Cass Counties
are described in a three-part report for each county. Part I describes the geology of
the respective county (Bluemle, 1967 ; Bluemle, 1975; and Klausing,1968), Part II
presents the ground-water data (Jensen, 1967; Downey, 1973, and Klausing, 1966),
and Part III (Jensen and Klausing, 1971; Downey and Armstrong, 1977; and

Klausing, 1968) describes the ground-water resources.



The soils of Traill and Steele Counties, including the study area are described
in the county soil survey by Prochnow (1977) and Murphy and others (1997)
respectively. In 1973 and 1974, C. A. Simpson & Son Drilling completed several
wells and test holes in the Page/Galesburg aquifer near the TRWD well field. Two
pumping tests for which data are available, were completed in this area during the
winter of 1974. A compilation and evaluation of existing ground-water data to
determine the potential for expanding Traill Rural Water District's water supply in

the Page/Galesburg (Phase I Investigation) was completed by Honeyman (2005).

Methods

The Phase IT and Phase III investigations were accomplished by the following
tasks:

Phase II - Field Data Collection

Test drilling was accomplished using a hydraulic forward mud rotary drill
rig. Samples of the sediments were collected during drilling and described by the
onsite ground-water hydrologist. Field data was collected from the existing and
new observation wells which included water-level monitoring, water-chemistry
analysis, and horizontal and vertical global positioning surveying.

Water levels from existing and new observation wells within the study area
were monitored on a monthly basis. Water samples for chemical analysis were
collected from each observation well within the study area. The samples were
transported to the North Dakota Department of Health Laboratory where they were

analyzed for the major cations and anions and selected trace elements. Global



positioning surveys were completed on all existing and new wells within the study
area. Elevations were established to the third order of accuracy. Surveying was
accomplished by personnel of the State Water Commission and Advanced

Engineering and Environmental Services, Inc.

Phase III - Aquifer Test

An 8-inch diameter test-production well was installed in the south-central
portion of the study area by LTP Enterprises, Inc. A 100-hour aquifer test was
conducted on the test-production well to determine the hydraulic properties of
aquifer subunit Al. Real-time monitoring of water levels in the test-production
well, nearby observation wells, and a large diameter domestic well was
accomplished utilizing water-level dataloggers which were connected to wireless
transreceivers and directional antennas. The real-time data was gathered by a Dell
notebook computer and an Apple notebook computer in a portable field office.
Weather conditions were logged utilizing a La Crosse Technologies digital weather
station. The flow rate was measured utilizing a Panametrics Model PT868 sonic
flowmeter and was continuously monitored throughout the aquifer test. The
discharge water was conveyed by a pipeline into a natural surface water drain
approximately 1,000 feet northeast of the test-production well site. Water samples
for chemical analysis were collected each day during the aquifer test. The samples
were transported to the North Dakota Department of Health Laboratory where they
were analyzed for the major cations and anions and selected trace elements. Global

positioning surveys were completed on a large diameter domestic well, newly



installed observation wells, and the test-production well. Elevations were
established to the third order of accuracy. Surveying was accomplished by

personnel of Advanced Engineering and Environmental Services, Inc.

DESCRIPTION OF THE STUDY AREA

Physiography

The study area is located in the east-central part of North Dakota. The
eastern two-thirds of the study area are within the Lake Agassiz Plain district and
the western third of the study area is within the Drift Prairie district of the Central
Lowland physiographic province (Figure 3). The study area can be divided into five
landforms, which include a lake plain, beach ridges, a delta plain, a stream valley,
and a till plain. The eastern part of the study area consists of a broad, flat, and
fertile lake plain, associated with Glacial Lake Agassiz. The elevation of this plain
ranges from 970 feet (in the northeast of the study area) to 1,000 feet (in the
southeast of the study area) above sea level.

Beach ridges exist near the western boundary of the lake plain. These ridges
reach several feet to nearly 35 feet above the surrounding lake plain and are nearly
level to gently rolling. They generally trend north to south and represent the
former shorelines of Glacial Lake Agassiz.

The delta plain rises approximately 30 to 100 feet above the lake plain and
makes up approximately 60 percent of the study area. The delta plain is gently
undulating and consists mostly of the sands and silts that were deposited by rivers

entering Glacial Lake Agassiz.

10
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The South Branch of the Goose River dissects the delta plain from the
southwest to the north central portion of the study area. The South Branch of the
Goose River 1s an underfit stream located in a valley that was originally formed by
glacial melt-water.

The till plain in the southwest corner of the study area consists of a nearly
level to gently rolling ground moraine. The elevation of the till plain ranges from

approximately 1130 feet to 1155 feet above sea level.

Climate

The climate of the study area is subhumid. The mean annual precipitation at
Mayville from 1911-1987 was 19.11 inches and at Colgate from 1949-2001 was 18.07
inches (Hydrosphere, 2003). Annual precipitation and the five-year moving average
at Mayville for 1911-1987 and at Colgate from 1949-2001 are illustrated in Figures
4 and 5. The driest period of record occurred during the 1930s and the wettest
period of record occurred during the mid-1990s. Precipitation falls mainly during
the growing season and is normally heaviest in late spring and early summer
(Murphy et. al, 1997).

The mean annual temperature at Mayville from 1911-1987 was 40.5°F. Over
the period of record, temperatures at Mayville ranged from -41°F to 114°F

(Hydrosphere, 2003).

12
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Geology of the TRWD Study Area

The surface geology of the study area is characterized by the Pleistocene
Coleharbor Formation (Bluemle, 1975). The Coleharbor Formation is comprised of
a till facies, a sand and gravel facies, and a silt and clay facies.

The till facies is a non-stratified mixture of sand, gravel, and boulders in a
silty clay matrix. The coarser fraction of the till consists of shales, carbonates,
granitics and basal igneous rocks. The shale was derived from the local bedrock
formations. The carbonate was derived from a Paleozoic carbonate sequence from
southern Canada and the granitics and the basal igneous rocks from the Canadian
Shield (Bluemle, 1975).

The sand and gravel facies consist primarily of deltaic sediments which were
deposited by glaciofluvial processes during the Pleistocene. Rivers of glacial melt-
water entered Glacial Lake Agassiz from the west forming deltas along its
shoreline. These sediments consist of lenticular deposits of sand and gravel
interbedded with clay and silt (Downey and Armstrong, 1977). These deposits
form what is referred to as the Galesburg aquifer by Bluemle (1967) in Traill
County, and Downey and Armstrong (1977) in Steele County, and includes the
deposits assigned to the Page aquifer by Klausing (1968) in Cass County. To avoid
confusion, this report will refer to this aquifer complex as the Page/Galesburg
aquifer. The Page/Galesburg aquifer extends from northwestern Cass County to

southeastern Steele County and into southwest Traill County (Figure 6).
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Silty clay and clayey silt facies of the Coleharbor Formation occur throughout the
study area. These sediments were deposited by proglacial lakes. These lake
deposits are, for the most part associated with Glacial Lake Agassiz.

In the study area the Coleharbor Formation is unconformably underlain by
the Greenhorn Formation. The Greenhorn Formation consists of marine shale
deposited during the Cretaceous Period. The bedrock in eastern North Dakota
makes up the eastern edge of the Williston Basin and the northwest flank of the
Transcontinental arch. All the bedrock formations have a westerly dip and become

thicker westward (Bluemle, 1967).

GROUND-WATER HYDROLOGY OF THE STUDY AREA

Description of Aquifer Units and Occurrence and Movement of Ground-Water

In the summer and fall of 2004, the State Water Commission completed a
total of 7,532 feet of test drilling at 27 sites within the study area and two sites
south of the study area (Figure 7). At 18 of the 29 sites, observation wells were
installed. Nineteen of the 29 sites were completed to bedrock.

In the Phase I report, the Page/Galesburg aquifer complex was divided into
three units referred to as aquifer unit A, B, and C within the study area (Figure 7).
The aquifer units were differentiated based on texture (grain size) of the aquifer
matrix, saturated thickness, stratigraphic position, and whether the aquifer is
confined or unconfined. Based on additional data collected during the Phase II

Investigation, modifications were made to the aquifer unit boundaries outlined in

17
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the Phase I report (Figure 8). Cross-sectional views of the aquifer units can be seen
in eight geohydrologic sections shown in Figures 9-16.

The Phase I report recommended test drilling to further define the occurrence
and movement of ground water, further define the geometry, and further evaluate
the water quality of aquifer unit A1 and aquifer unit C.

As indicated in the Phase I report, Aquifer unit A was separated into two
aquifer subunits. Aquifer subunit A1 was reduced from 23 square miles to 8 square
miles and is located in the south-central portion of the study area (Figures 7 and 8).
It is an unconfined aquifer and has a saturated thickness ranging from 44 to 77 feet
and the texture ranges from very fine to coarse grained sand consisting mostly of
fine to medium grained sand (Figure 17). Saturated thickness is based on the
lowest water level measured for the period of record or if there is not sufficient
water-level data for a given well, 20 feet was arbitrarily selected as the lowest
water-level. Given that aquifer subunit A1l is a surficial, unconfined aquifer it
follows that the water table will be a subdued replica of the land-surface
topography. Higher water-level elevations are associated with land-surface uplands
and lower water-level elevations are associated with land surface lowlands. The
valley of the South Branch of the Goose River represents the lowest land-surface
elevation in the study area. Over a large part of the study area, the direction of
ground-water flow in aquifer unit A is toward the South Branch of the Goose River
(Figure 18). The South Branch of the Goose River is an effluent (gaining) river, that

1s, the aquifer discharges ground water into the river.
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Elevation (feet above sea level)
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920
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Explanation
[] Sand
E Gravel
[ Lacustrine Silt
[ Lacustrine Clay
B Tin

Bedrock Shale

A
Well or Test Hole | 830
bottom of hole 82 o
Bl Screened Interval | : : g
A ; L A
W Water Level 6/14/78 | E ARy S R
7 Water Level 12/18/72 | AT PR 5 vaan R S TR : -} 800
0 05 1 2 Miles i AN ! "-?::E: % X : 790

780

Figure 9. -- Geohydrologic Section A-A' Showing Aquifer Subunit A2
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Elevation (feet above sea level)
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14605320DDD

14605321BCC
14605320AAA

14605316CCC
14605308CDD

830
820
810
800

Vertical scale greatly exaggerated

Figure 10. -- Geohydrologic Section B-B' Showing Aquifer Subunit

A2 and Aquifer Unit B
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Elevation (feet above sea level)

14605527AAA
: = 14605534AAA
14605534DDD

b -
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Explanation
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[
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-
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A
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790
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Vertical scale greatly exaggerated )

Figure 11. -- Geohydrologic Section C-C' Showing Aquifer Subunits
Al and A2, and Aquifer Unit B
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Elevation (feet above sea level)

SOUTH BRANCH
GOOSE RIVER

14505523CCC
14505420CCC
14505422CCC
14505427AAA
14505426AAA

14505421CCC

14505330BBB

14505329BBA

14505321CCC

14505328ABB

14505326BBA

9101 Explanation
900 Sand
[ Gravel
890 Lacustrine Silt

8801 [ Lacustrine Clay
B Tin

& [C] Bedrock Shale

860 l Well or Test Hole

bottom of hole

8501 Jll Screened Interval $%
840{ ¥ Water Level 10/19/04 S
W Water Level 10/08/81 |
8301 o os 1 2 Miles |

Vertical scale greatly exaggerated

Figure 12. -- Geohydrologic Section D-D' Showing Aquifer Subunits
Al and A2, and Aquifer Unit B
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Elevation (feet above sea level)

E & E
S 8
-
LN
1180 . & 5 I 5 o [Me0
1170 Se g 8 8 g R g o
1160 g3 a € & 8 = 3 < 1160
1150 T B 9 % 2 3 2 1 ¥ f1so
1140 38 g 2 § ¥ ¥ % 3 1140
[HRU]
130 2 g g % g 1130
120 9 2 I B 3 : 1120
110 3 B8 = % 1110
D 83 =
100 2 § v 1100
1000 € S 1090
1080
1070
1060
1050
1040
1030
1020
1010
1000
990
980
970
960
950
940
930
920
910 2
900 Explanation
890 [ Sand 890
EH Gravel
880 Lacustrine Silt 880
870 B Lacustrine Clay 870
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bottom of hole
840 1 o ~ |Elscreened Interval 840
8301 | '¥Water Level 11/2005 | 830
1S, - | WWater Level 11/10/91
820 820
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Vertical scale greatly exaggerated

Figure 13. -- Geohydrologic Section E-E' Showing Aquifer Subunits
Al and A2 and Aquifer Unit South of Study Area
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Elevation (feet above sea level)
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Vertical scale greatly exaggerated

Figure 14. -- Geohydrologic Section F-F' Showing Aquifer Unit B and
Aquifer Unit with Irrigation Development South of the
Study Area
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Elevation (feet above sea level)
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Figure 15. -- Geohydrologic Section G-G' Showing Aquifer Unit B and
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Vertical scale greatly exaggerated

Aquifer Unit with Irrigation Development South of the

Study Area
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Elevation (feet above sea level)

= 14505515DAD

Explanation
[7] Sand
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| [ Lacustrine Silt
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B Tin
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Well or Test Hole
bottom of hale
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W Water Level 12/14/05

0 05 1 2 Miles
T

14505420BBB

4505417DDD

%14505422AAA

4505414DDD

14505413DDD
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Vertical scale greatly exaggerated

Figure 16. -- Geohydrologic Section H-H' Showing Aquifer Subunit
A1l and Aquifer Unit B
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The Phase I Report defined aquifer unit C as a deeper confined aquifer
consisting of buried sands and gravels throughout the study area. The test drilling
determined that aquifer unit C is composed of discontinuous sand and gravel lenses
of limited areal extent. Therefore, these lenses are not considered an aquifer unit.

Several drilling sites proposed in the Phase I Investigation were abandoned
when it was determined that aquifer subunit Al did not have sufficient areal extent
and aquifer unit C did not exist. The proposed drilling locations were moved to
aquifer unit B to evaluate aquifer geometry and its potential as a productive aquifer
unit. Initially, aquifer unit B was not considered for the TRWD water supply
expansion, because of perceived complex boundary conditions. However, when a till
boundary was discovered near the southern portion of aquifer unit B that would
restrict the hydraulic connection to the aquifer unit south of the study area,
additional drilling was warranted to better define this boundary. In October of
2004, the ND State Water Commission completed five additional test drilling
locations in aquifer unit B. These drilling locations were completed outside the
scope of this investigation to define the boundary between aquifers within the study
area and the aquifer units south of the study area where irrigation development
occurs.

Aquifer unit B is a confined aquifer unit located in the southwest portion of
the study area. It was reduced from 23 square miles to 10 square miles, based on
drilling completed during the Phase II Investigation (Figures 7 and 8). Aquifer unit
B is bound on the north and east by a large hydraulic head discontinuity and by till

on the south and west. Aquifer unit B is differentiated from aquifer unit A based on
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water-level data. There is a 14 foot water-level differential between observation
well 14505427AAA and 14505426AAA3 (Figure 12), a 20 foot water-level
differential between observation well 14505422AAA and 14505414DDD2 (Figure
11), and a 19 foot water-level differential between observation well 14505409CCC2
and 14505417DDD (Figure 11, 12, 16, and 18). Test drilling in and around aquifer
unit B established there is a till block separating Aquifer unit B from the aquifer
units to the south of study area. Aquifer unit B has an average saturated thickness
of 52 feet (Figure 17). The texture consists of very fine to coarse sand, primarily
medium sand.

Aquifer subunit A2 was expanded from 29 square miles, its original boundary
defined in the Phase I report, to 54 square miles (Figures 7 and 8). The expansion
of aquifer subunit A2 was based on the minimal saturated thickness and/or finer
textured sediments discovered within the aquifer unit A. Based on the very fine to
fine texture and relatively small saturated thickness of aquifer subunit A2,
estimated individual well yields are too small for the proposed TRWD water supply
expansion. Therefore, it was important to delineate aquifer subunit A2 to omit this
area from further investigation.

There are also some discontinuous buried units of sand of limited areal
extent just above the bedrock in observation wells 14505422AAA (Figure 11, 14, 15,
and 16) and 14505427CDC (Figure 14). Due to the limited areal extent, these
buried sand units have been omitted as aquifer units. Due to a lack of data, the
sand facies in the southwest portion of the study area have not been defined as an

aquifer unit. Other aquifer units may exist within the Page/Galesburg aquifer, but
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due to the limited data in parts of the study area, they have not been defined in this
Investigation.

After the completion of several geohydrologic cross-sections and lithofacies
maps, it was determined that there is limited hydraulic connection between the
aquifer units within the study area and the aquifer units to the south of the study
area (Figures 13, 14, and 15). During early development of the Page/Galesburg
Aquifer complex, glaciers which covered most the area were receding. Sediment
laden melt-water began flowing off the glaciers and into a large lake (possibly
Glacial Lake Agassiz). As it reached the lake, the melt water slowed and dumped
its sediment load near the shore of the lake to form a series of the deltas. These
deltas overlap with each other to form a somewhat continuous mass of sand
deposits which we now refer to as the Page/Galesburg Aquifer. In a location south
of the study area near the Traill/Steele County correction line, a deposit of till splits
most but not all of these sand deposits. It is believed during the early development
of the Page/Galesburg Aquifer a small lobe of ice advanced severing the fluvial
connection between the aquifer units within the study area and the aquifer units to
the south of the study area. The deposition of these aquifer units continued on
either side of the ice block. Due to the ice block that deposited till, there is a poor
hydraulic connection between the aquifer units in the study area and those to the
south.

Evidence of this ice block can be seen on the USGS topographic map and the
2003 aerial photograph south of the aquifer subunit A1 and aquifer unit B (Figures

19 and 20). The landscape created by this glacial feature is characterized by a

33



Nvv L

NSPLL

J20[q 991 ue £q 3391 S1sodap [e1oe[3 Jo UoTed0[ 8y} sSurmoys dew orydersodo) §HSN -- ‘6T N3y

MYSoH

MES0Y

g wun seynby [
2y hunans Jaynby [T
by Hungns saynby [
ealy Apmis u
wewdojersq uonebu ¥ /]
00ig |ILL

saurq Aunoy -——

18 uoneAIssqQ o

ooH1soL @

18p100aY - [[|BM UoHeAISSAO (1)
pabbn|d - [[oM uonealasqo  \/
pakoaisaq - [|9\ UOIIBAISSAO @
oM arend Y

SUMO] pUE SallIn «

uoneuejdxgy

144"

34

NSYLL



J90[q 991 ue £q 3J9[ s1sodap [BIoB[3 JOo U0TIBI0[ 8y} Summoys ydeisojoyd [eLI8R €00Z -- "0F 9IN3T

MESoY

ahun senby [

2v hunang Jepnby [T

4y Hunans Jeynby [

ealy Apms u

juswdojenaq uonebul| 7 /]
00|19

saur] Ajunoy -——

IIBM UoHBAIBSqO

8|0H 181

19pI003Y - [[9M UOHBAIBSAO
pabbnid - [|9 UoBAISSAO
pakonsaq - [[oM uoleAIssqO

lIoM ererud

SUMO] pue Sai) %

uoneuejdxgy

Bx& PIOJIID |

; iﬁﬁ »




pattern of elongated wetlands and landforms trending from the southwest to the
northeast. Deposits associated with the ice block consist predominantly of till and

are illustrated in geohydrologic sections E-E' and G-G' (Figures 13 and 15).

Recharge and Discharge

Recharge to the Page/Galesburg aquifer occurs primarily by relatively direct
infiltration of precipitation and snowmelt. The land surface in the study area is
characterized by numerous subtle depressions. To a great extent recharge to the
Page/Galesburg aquifer is depression focused (Lissey, 1968). During the winter, a
frost zone develops at or near the water table. Snow accumulates in depressions
and on adjacent topographic-high areas. In the spring, snow melts before the frost
zone dissipates. Snowmelt originating in the upland areas is redistributed to the
depressions as surface runoff because of the inability to infiltrate through the frost
zone. Ponded water in depressions infiltrates downward to the saturated zone after
the frost zone dissipates.

Recharge to the Page/Galesburg aquifer occurs primarily during the spring.
Although soil-moisture-holding capacities are relatively small and permeabilities
are relatively large, recharge, for the most part, is significantly less during the
summer months because potential evapotranspiration exceeds precipitation. At
times, summer precipitation events are of sufficient intensity and duration to
overcome soil-moisture deficits and generate recharge, particularly in local
depression areas. During the fall, potential evapotranspiration decreases

significantly and precipitation events can be large enough to generate recharge.

36



Even when recharge does not occur during the fall, soil-moisture deficits can be
reduced significantly, affecting an increase in the magnitude of the following spring
recharge event(s).

Discharge in the aquifer within the study area occurs as outflow to the South
Branch of the Goose River, evapotranspiration, springs, pumping from the TRWD

well field, and small capacity domestic/stock wells.

Water Quality

The groundwater in the Page/Galesburg aquifer is predominantly a calcium-
bicarbonate to calcium-sulfate type (Figure 21). This was determined based on the
chemical analysis of 125 ground-water samples collected from 59 wells in the
Page/Galesburg aquifer within the study area (Appendix I). The samples were
collected and analyzed over the period from 1970 through 2004. Of the 125 ground-
water samples, 39 of them were gathered during the 2004 field season. Prior to
2004, no ground-water samples from the study area were analyzed for trace
elements. Trace element analysis was completed on 32 of the 39 samples collected
in 2004. The trace element of most concern is arsenic. Arsenic is a naturally
occurring element and it is commonly found in glacial drift aquifers of North
Dakota. Elevated levels of arsenic can cause skin damage or problems with
circulatory systems, and has been linked to numerous types of cancer. The new
USEPA maximum contaminant level (MCL) standard for arsenic became effective
on January 23, 2006. The arsenic MCL standard was lowered from 50 pg/L to 10

ug/L. Water suppliers are required to provide water that meets the MCL standards
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Figure 21-- Relative Distribution of major ions in Aquifer Subunits A1 and A2
and Aquifer Unit B
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(Table 1). The mean concentration of arsenic from the aquifer units within the

study area exceeds the MCL by 3 to 4 times. Regardless of the location of the water

supply expansion within the study area, water treatment for arsenic will be a

necessity.

Table 1 -- Relationship of mean concentrations of TDS, major ions, hardness, and
arsenic between the aquifer units

Hardness
Arsenic TDS as CaCos Sulfate Chloride Iron Manganese | Fluoride

(mean | (mean (mean (mean (mean (mean (mean (mean

ng/L) mg/L) mg/L) mg/L) mg/L) mg/L) mg/L) mg/L)

Aquifer Subunit Al 45.7 627 441 211 4.4 0.31 1.0 0.15
Aquifer Subunit A2 | 30.5 | 688 434 232 3.3 1.9 0.8 0.1
Aquifer Unit B 51.0 653 494 245 3.1 1.3 1.0 0.2
MCL 10.0 N/A N/A N/A N/A N/A N/A N/A
SMCL N/A 500 N/A 250 250 0.3 0.05 2.0

The mean values of selected 1ons, dissolved solids, hardness, arsenic, USEPA
MCL, and USEPA secondary maximum contaminant levels (SMCL) for each aquifer
unit are shown in Table 1. The SCMLs are non-enforceable recommended
standards. Values exceeding SMCL are not considered a health hazard. Ground
water in the Page/Galesburg aquifer commonly exceeds SMCL for iron and
manganese and dissolved solids. Although there is no federal limit for the SMCL
for hardness, ground water in the Page/Galesburg aquifer would be considered very
hard (Table 1).

As shown in the Piper diagram, there are many similarities in the relative
distribution of ions within the three aquifer units (Figure 21). However, aquifer

subunit Al can be differentiated from aquifer unit B, based on the plotted points on
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the Piper diagram. On the left side of the diagram, all the points from aquifer
subunit A1 plot to the lower right of the points from aquifer unit B, with exception
to points from observation wells 14505414DDD and 14505426AAA that are within
the cluster of points from aquifer unit B. These two wells are located near the
boundary of the two aquifer units and the similar water chemistries may reflect a
local hydraulic connection.

The distribution of total dissolved solids (TDS), sulfate (SO4), hardness, and
arsenic concentrations determined from the most recent sampling period are shown
in Figures 22, 23, 24, and 25, respectively. The mean total dissolved solids for
aquifer subunit A1, aquifer subunit A2, and aquifer unit B are 627 mg/L, 688 mg/L,

and 653 mg/L, respectively.

Options for TRWD Expansion

Aquifer subunit Al has sufficient saturated thickness and is comprised of
predominately fine to medium grained sand which should provide sufficient
individual well yields. Individual well yields from aquifer subunit A1, are
estimated to range from 75 to 200 gallons per minute.

There are no water-quality limitations associated with major ion chemistry of
the ground water in aquifer subunit A1. However, the trace element analysis
completed during the Phase II Investigation determined that much of the ground
water within the study area has elevated levels of arsenic. The maximum
contaminant level (MCL) for arsenic defined by the USEPA is 10 pg/l. The mean

concentration of arsenic within aquifer subunit Al is 45.7 pg/l.
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Aquifer unit B has an average saturated thickness of 50 feet (Figure 17). The
texture consists of very fine to coarse sand, primarily medium sand. Individual well
yields from aquifer unit B are estimated to range from 125 to 250 gallons per
minute. Initially, aquifer unit B was not considered for the TRWD water supply
expansion, because of a perceived hydraulic connection to aquifer units to the south
where irrigation development occurs. However, when a till boundary was
discovered near the southern portion of aquifer unit B, additional drilling was
warranted to better define this boundary. Test drilling in and around aquifer unit
B established the existence of a till block separating aquifer unit B from the aquifer
units to the south of study area. Aquifer unit B is bound on the north and east by a
large hydraulic head discontinuity and by till on the south and west. There are no
water-quality limitations associated with major ion chemistry. However, the mean
concentration for arsenic is 51 pg/l.

After compilation and evaluation of the test drilling, water-level, and water
quality data completed in the summer and fall of 2004, the ND State Water
Commission presented TRWD three options to choose from to further investigate for
their water supply expansion. The options are numbered from largest well-yield
potential to the smallest. Option 1 has the highest yielding capacity, but the worst
water quality in relation to major ion chemistry and Option 3 has the lowest
yielding capacity, but the best water quality in relation to major ion chemistry.
Option 1 included conducting an aquifer test in the east-central part of aquifer unit
B. If feasible, a well field would be completed that would extend from the northeast

part to the east-central part of aquifer unit B (Figure 26). Option 2 included
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conducting an aquifer test in the east-central part of aquifer unit B and conducting
a second aquifer test in the west-central part of aquifer subunit Al. If feasible one
well would be constructed in the east-central part of aquifer unit B, and the rest of
the wells would extend into the central part of aquifer subunit Al (Figure 26).
Option 3 included conducting an aquifer test in the northwest part of subunit Al.
If feasible a well field would be constructed that would extend from the northwest
part to the west-central part of aquifer subunit Al (Figure 26).

TRWD chose Option 3, because it is the option furthest from the irrigation
development to the south and is less likely to adversely impact prior appropriators.
In addition, the water quality in relation to major ion chemistry is better in Option
3 than the other options. Finally, the location of Option 3 is the most cost effective

in relation to construction of conveyance facilities.

AQUIFER TEST

Site Description

A 100-hour aquifer test was conducted July 11-15, 2005. Seven observation
wells were installed in the S1/2 Section 13 and the W1/2 of Section 24 all in
Township 145N, Range 054W to determine the best location for the test-production
well (Figure 27). It was determined 14505413CDC was the best location for the
test-production well. The test-production well was installed in a field northeast of

the quonset on the Daniel Motter Farmstead (Figure 28).
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Test-Production Well

LTP Enterprises, Inc. completed an 8-inch diameter test-production well at
location 14505413CDC in aquifer subunit Al. The well was screened from 59 to 79
feet. Lacustrine clay was encountered from 1 to 11 feet, oxidized very fine to fine
sand from 11 to 15 feet, unoxidized fine sand from 15 to 79 feet, and lacustrine clay
from 79 to 85 feet. Lithologic logs for this well and all other wells and test holes can

be found in Appendix B.

Observation Wells

Five close-in wells were installed specifically for the aquifer test. These wells
were located at 14505413CDC2 (r=50"), 14505413CDC3 (r=100", 14505424BAB
(r=200"), 14505424BAB2 (r=300", 14505424BAB3 (r=500"). Several other
observation wells within 2 miles of the test-production well were monitored daily
during the test. Figures 27 and 28 illustrate the location of these observation wells.

Observation well completion information can be found in Table 2.

Operation of Test

The aquifer test commenced on July 11, 2005 at 11:08 am and the well was
pumped continuously for 100 hours at an average rate of 194 gallons per minute.
The pump was shut down at 3:08 pm on July 15, 2005 and recovery of the aquifer
was completed for the next 100 hours. During the aquifer test, real-time monitoring
was completed on the test-production well, 6 observation wells and on an old 36"

diameter domestic well (r=283"). This was accomplished utilizing water-level
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dataloggers which were connected to wireless transceivers and directional
antennas. All real-time data was gathered by a Dell notebook computer and an
Apple notebook computer in a portable field office. Weather conditions were logged

utilizing a La Crosse Technologies digital weather station. The flow rate was

Table 2 -- Completion information for wells monitored during the aquifer test.

Screened

Location Casing Type Type Interval (ft) | Distance | Direction Data Collection Method

14505330BBB2 2" PVC Obs. Well 55-60 6640' 148° Steel Tape (measurement daily)
14505410DDD2 2" PVC Obs. Well 15-20 9005' 306° Steel Tape (measurement daily)
14505413AAA 2" PVC Obs. Well 27-32 6075' 347 Steel Tape (measurement daily)
14505413BBB 2" PVC Obs. Well 75-80 5404' 341° Steel Tape (measurement daily)
14505413BBB2 2" PVC Obs. Well 35-40 5406' 341° Steel Tape (measurement daily)
14505413CDC (r=20') 2" PVC Obs. Well 73-78 20' 217° Datalogger (continious readings)
14505413CDC2 (r=50") 2" PVC Obs. Well 63-68 50' 184° Datalogger (continious readings)
14505413CDC3 (=100 2" PVC Obs. Well 63-68 100’ 184° Datalogger (continious readings)

Test
Production
14505413CDC4 (TPW) 8" PVC Well 59-79 0 0° Datalogger (continious readings)
14505413DCC 2" PVC Obs. Well 55-60 1177 92° Steel Tape (measurement daily)
14505413DCD 2" PVC Obs. Well 45-50 1847 89° Steel Tape (measurement daily)
14505413DDD3 2" PVC Obs. Well 62-68 3240' 93° Steel Tape (measurement daily)
14505414DDD2 2" PVC Obs. Well 55-60 1883 267° Steel Tape (measurement daily)
14505418DDD2 2" PVC Obs. Well 78-83 8631' 91° Steel Tape (measurement daily)
14505422AAA 1.25" ABS Obs. Well 78-81 7181' 269° Steel Tape (measurement daily)
14505424BAB (r=200") 2" PVC Obs. Well 63-68 197 184° Steel Tape (measurement daily)
14505424BAB2 (r=350") 2" PVC Obs. Well 63-68 338' 185° Steel Tape (measurement daily)
14505424BAB3 (r=500" 2" PVC Obs. Well 63-68 494' 188° Steel Tape (measurement daily)
Old
Domestic

14505424BAB4 (r=283') 36" Cement Well NA 283 216° Datalogger (continious readings)
14505424BAC 2" PVC Obs. Well 47-53 1376' 184° Steel Tape (measurement daily)
14505424BDC 2" PVC Obs. Well 48-53 2669' 183° Steel Tape (measurement daily)
14505424CAC 2" PVC Obs. Well 53-58 4048' 183° Steel Tape (measurement daily)
14505424CDC 2" PVC Obs. Well 55-60 5335' 181° Steel Tape (measurement daily)
14505426AAA3 2" PVC Obs. Well 58-63 5820' 200° Steel Tape (measurement daily)
14505427AAA 2" PVC Obs. Well 87-91 9055' 233° Steel Tape (measurement daily)

measured utilizing a Panametrics Model PT868 sonic flowmeter and was
continuously logged throughout the aquifer test. Discharge water was piped

approximately 1,000 feet into a natural drainage northeast of the test-production
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well site. Water samples were collected once daily during the aquifer test.
Chemical analysis consisted of major ions, and trace elements.

Barometric conditions at the test site were monitored utilizing a mechanical
Belfort micro barograph and a La Crosse Technologies digital weather station
before, during, and after the aquifer test. The barometric fluctuations of an
unconfined aquifer cannot be explained using a simple barometric efficiency
correction as in confined aquifers. In an unconfined aquifer, the barometrically
induced water level fluctuations result from the resistance to soil gas flow imposed
by the materials comprising the unsaturated zone and to the compressibility of the
soil gas within the air-filled pores (Weeks, 1979). There is a lag in the pressure in
the aquifer, however, because of the time required for the barometric pressure wave
to propagate down through the open pores in the unsaturated zone (Weeks, 1979).
The water level in a well will respond instantaneously to the increase in barometric
pressure by first falling and then gradually rising back to the initial water level and
vise versa with a decrease in barometric pressure (Weeks, 1979) . Frequent
precipitation events and associated aquifer recharge prevented the determination of
water-level fluctuations due to changes in barometric pressure (Figure 29).

Therefore, a barometric correction was not applied to the water-level data.

Analysis of Aquifer-Test Data

Total drawdown in the test-production well was 22.38 feet after the 100 hours
of pumping. Based on an average discharge rate of 194 gallons per minute, the

specific capacity after 100 hours of pumping was 8.7 gallons per minute per foot.
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Prior to any pumping, a water-level logger was installed in observation well
14505424BAB3 (r=500') on June 6th to measure natural water-level trends, if any,
and effects on water levels due to changes in barometric pressure and precipitation.
Substantial precipitation occurred in the area in the weeks preceding the aquifer
test. From June 1st to July 11th (beginning of aquifer test) a rain gage at
Galesburg, ND recorded over seven inches of precipitation (NDAWN, 2005). Rapid
water-level response in observation well 14505424BAB3 during these precipitation
events, indicates the aquifer has a direct connection to the surface (Figure 29).
From June 6th through June 12th the water levels rose 1.3 feet during the wettest
portion of the background monitoring. From June 14th through June 29th the
water levels in observation well 14505424BAB3 declined 1.5 feet during the driest
portion of the background monitoring. It is believed that the seasonably wet
conditions leading up to the aquifer test increased aquifer storage to near full
capacity. This is suggested based on the rapid water-level decline in the aquifer
following the precipitation events (Figure 30). The removal of water from the
aquifer was predominately discharged by surface runoff as indicated by increased
flow in the natural drainage 600 feet east of the aquifer test site. During the dryer
period of the background monitoring, the aquifer continued to discharge into the

drain at a significant rate.

The plots of time versus drawdown display the effects of delayed yield by
gravity drainage, typical of unconfined aquifers. Delayed yield is caused by slow

drainage of soil water from pores above the water table. The analysis of early
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time versus drawdown data resulted in the calculation of an erroneously large
transmissivity because the effects of delayed yield had not fully dissipated. The

effects of delayed yield began to dissipate after 1,600 minutes of pumping.

Various analytical methods were used to evaluate the aquifer-test data and
determine aquifer hydraulic properties. Due to the effects of delayed yield observed
during the aquifer test, the methods for calculating transmissivity were limited.
The composite t/r2 plot for calculating transmissivity is generally the most
dependable method for calculating transmissivity and storativity. Using the
composite t/r2 plot, later time data is used to calculate the transmissivity after the
effects of delayed yield have dissipated. A transmissivity of 4,503 ft2/day was
calculated using the composite t/r2 plot (Figure 31). Transmissivity was also
calculated utilizing distance versus drawdown plots for selected times after
pumping was initiated (Figure 32). A transmissivity of 3,671 ft?/day was calculated
using the 6,000 minute distance versus drawdown plot where two points were valid
for an acceptance criteria of u<0.02. Based on the two calculated values above, the

average transmissivity is 4,087 ft2/day.

Analysis of the distance versus drawdown plots indicates the effects of
delayed yield had not fully dissipated by the end of the 6,000 minute pumping
period (Figure 32). As a result, calculated storativities will be smaller than the
actual using distance versus drawdown analysis. Note that the values of storativity
increase with increased time in Figure 32 as the effects of delayed yield dissipate. A

typical storativity for an unconfined aquifer composed of unconsolidated fine to
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Figure 32. -- Plot log of distance versus arithmetic drawdown in the six
close-in wells

58



medium sand would be in the range of 0.1 to 0.2. For planning purposes a
storativity of 0.2 is recommended.

Chemical analyses were performed on six water samples collected during and
after the aquifer test. There were no significant changes in water chemistry
throughout the aquifer test. Five of the six samples were collected from the
discharge line while pumping the test-production well and indicated arsenic, total
dissolved solids, and sulfate decreased from 12.3 to 11.9 ng/L, 447 to 434 mg/L, and
114 to 106 mg/L, respectively (Table 3). Hardness as CaCO3 concentrations
increased from 367 to 372 mg/L (Table 3). Proper sampling protocol was followed
for all constituents with exception to the trace element sampling, most importantly
arsenic. It is not possible to meet the proper sampling protocol for trace elements
when a well is being pumped. However, relationships can be made between arsenic
levels throughout the 100-hour test that are useful, especially since there was
minimal change in arsenic concentrations through the duration of the test. Five
days after the aquifer test an additional sample was taken utilizing proper
sampling procedures for trace element analysis. A suction lift pump was used to
evacuate the casing storage, and then a bailer was used to collect a sample below
the potentially oxygenated zone. Aeration of the water can cause dissolved arsenic
and other trace elements to oxidize, allowing them to precipitate from solution.
This analysis showed a decrease in arsenic to 8.44 pg/L (Table 3). Concentrations of
arsenic in the test-production well are significantly less than the concentrations
found in the rest of the aquifer unit. However, five of the six samples were still

above the maximum contaminant level (MCL) of 10 pg/L allowed by the USEPA for
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drinking water (Table 1). The average concentration of arsenic in subunit A1l

outside the test-production well site is 48 ug/L.

Table 3 -- Chemical analysis from the test-production well during and after the aquifer
test.

| milligrams per liter | micrograms per lilerl

Date Hrdnss Alk Lab

Spec.

Sampled SiO, Ca Mg K Na F HCO3; CO; SO, CI NO; B Fe Mn TDS CaCo; CaCo; NCH Se Pb As SAR % Na pH Cond.

7/11/2005 27.9 107 24.2 5 11.7 0.162 366 <1 114 2.82 0.09 135 0.215 0.893 447 367 300 66 1.81 <1 123 0.27 6.4 7.56
7/12/2005 28.7 106 24.6 4.8 10.5 0.185 354 <1 106 3.08 <0.09 123 0.177 0.937 431 366 290 75 166 <1 129 0.24 58 7.57
7/13/2005 28.3 104 24.7 4.7 10.1 0.173 353 <1 105 3.9 <0.09 92 0.156 0.887 428 362 289 71 165 <1 122 0.23 5.6 7.6
7/14/2005 28.6 105 25.2 4.9 10.5 0.19 354 <1 105 4.21 <0.09 106 0.162 0.909 431 366 290 75 13 <1 11.8 0.24 58 7.62
7/15/2005 28.7 106 25.9 4.7 10.1 0.19 355 <1 106 4.83 <0.09 127 0.147 0.917 434 372 291 79 <1 <1 119 023 5.5 7.6
7/20/2005 27.3 104 25.7 4.7 104 0.086 346 <1 105 5.3 <0.09 124 1.41 0.952 428 366 283 81 <l <1 844 024 57 1734

SUMMARY AND CONCLUSIONS

The purpose of the investigation is to assess the capability of the
Page/Galesburg Aquifer to support the future water supply needs for Traill Rural
Water District (TRWD). The investigation was conducted in three phases. Phase I
was primarily a compilation and evaluation of existing data, Phase II consisted of
7,532 feet of test drilling and monitoring well installation, water-level data
collection, and water-quality analysis and Phase III consisted of designing,
conducting, and evaluating a 100-hour aquifer test to estimate the hydraulic
properties of the aquifer.

The Phase I Investigation divided the Page/Galesburg aquifer within the
study area into three aquifer units (A, B, and C). Further exploration of aquifer
subunit A1 and C was recommended. Aquifer subunit A1 was reduced from 23 to 8
square miles, because of the limited saturated thickness and finer grained material

discovered within aquifer unit A. There are minimal water quality limitations
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associated with the major ion chemistry of the ground water in aquifer subunit Al.
However, the trace element analysis completed during the Phase II Investigation
determined most of the ground water within the study area has elevated levels of
arsenic. The maximum contaminant level (MCL) for arsenic defined by the
Environmental Protection Agency (EPA) is 10 pg/l. The mean concentration of
arsenic within the aquifer subunit A1 is 48 pg/l. Based on the saturated thickness
and texture, aquifer subunit Al should provide individual well yields in the range of
75 to 200 gallons per minute.

It was determined that aquifer unit C consisted of isolated lenses of sand and
gravel with no areal extent and should not be considered an aquifer unit. Many
sites to be drilled were abandoned, because aquifer unit C did not exist and aquifer
subunit A1 was smaller than initially estimated.

The drilling sites were moved to the southern portion of the study area to
better define aquifer unit B. After some additional drilling it was determined that a
till block separates aquifer unit B from the aquifer units to the south where
irrigation development occurs. It was determined that aquifer unit B could be
reconsidered as a potential source for the water supply expansion, because the
potential of impacting prior appropriators (irrigators to the south) was minimal.
Also, there are minimal limitations associated with the major ion chemistry of the
water in aquifer unit B. However, the mean concentration for arsenic is 46.5 ug/l,
nearly 5 times the MCL. Aquifer unit B is bound on the north and east by a large

hydraulic-head discontinuity and by till on the south and west. Based on the
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saturated thickness and texture, aquifer unit B could provide individual well yields
in the range of 125 to 250 gallons per minute.

TRWD was presented three viable options to further investigate for their
water supply expansion. Option 1 consisted of developing a water supply from
aquifer unit B, Option 2 consisted of developing a water supply from both aquifer
unit B and aquifer subunit A1, and Option 3 consiste