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channel during and after construction. We can assist in determining the scope of the additional
exploration and modeling upon request. If the results of the additional exploration indicate that there is
a regional source of water rather than a perched condition, an open channel may not be feasible through
the saturated sands as they would likely always be in a buoyant condition.

Channel Stability

The results of our preliminary channel stability analysis indicate the channel/natural soil system will have
a factor of safety that is below the typical limit (factor of safety > 1.5) for this type of construction unless
the slopes are constructed between about 4:1 (H:V) and 5:1 (H:V). The range of side slopes is required
because the level of exploration and laboratory testing performed to date is not sufficient to warrant a
greater level of accuracy. It will be necessary to perform additional borings and laboratory testing prior
to proceeding with design and construction.

Considerations for an Underground Enclosed Channel

Based on conversations with Mr. Curry of the NDSWC, we understand that at this time consideration is
also being given to constructing an underground enclosed channel, such as a concrete pipe or box
culvert, rather than an open channel. The design and construction issues associated with an
underground enclosed channel would be less than those of the open channel. The size of the excavation
can be limited to that necessary to install the pipe (likely much less than a 50 foot wide excavation
bottom necessary for the open channel). The temporary nature of the excavation would also eliminate
the issue of disposal of the excavated soil associated with an open channel. Groundwater concerns of
the construction would need to be addressed through additional evaluations.

Further discussion is presented with the accompanying report.

Remarks

Thank you for making Braun Intertec your geotechnical consultant for this project. If you have questions
about this report, or if there are other services that we can provide in support of our work to date, please
contact Ezra Ballinger by phone at 701.232.8701 or by email at eballinger@braunintertec.com.

Sincerely,

BRAUN INTERTEC CORPORATION

Ezra Ballinger, PE
Project Engineer

Steven P. Nagle
Vice President/Principal Engineer
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A. Introduction

A.1. Project Description

This Geotechnical Evaluation Report addresses the proposed gravity transfer channel that will allow for
flood waters from Stump Lake to overflow into Tolna Coulee. The North Dakota State Water Commission
(NDSWC) had four exploratory borings performed along the proposed alignment in February 2012 and a
reported titled “Hydrogelogic Characterization of the Proposed Gravity Drain from West Stump Lake to
Tolna Coulee”, was prepared by Jon C. Patch, PE, and dated February 2012. The scope of our work was

to perform additional borings to supplement those performed earlier.

The project location extends southward from the south shore of Stump Lake, crossing through County
Road 4, and to Tolna Coulee; located about %-mile west of 100™ Avenue Southeast. The proposed
channel alignment is along the ¥:-section line. The legal description of the project alignment is Township
151N, Range 61W, Sections 27 and 34 of Leval Township, in Nelson County. The scope of the project is
illustrated in the Boring Location Sketch in the Appendix.

A.2. Purpose

The purpose of our geotechnical evaluation is to provide the NDSWC with additional stratigraphic detail
along the proposed channel alignment, as well as discussion regarding feasibility of the channel in terms

of construction and stability.

A.3. Background Information and Reference Documents

To facilitate our evaluation, we were provided with or reviewed the following information or documents:

= Adrawing (overlain on an aerial photograph of the site) titled “Gravity Transfer Channel
Geotechnical Investigation”, emailed to us from Mr. Erwin Curry of the NDSWC on March 15,
2012;

= Areport titled “Hydrogelogic Characterization of the Proposed Gravity Drain from West
Stump Lake to Tolna Coulee”, prepared by Jon C. Patch, PE, and dated February 2012;

= A geologic map titled “Geology of Nelson County, North Dakota”, Bulletin 57 of County
Ground Water Studies 17, Part 1, Plate 1, prepared by John P. Bluemle, undated; and

=  Aerial photographs of the site available on Google Earth™.
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A.4. Site Conditions

Our referenced documents and past project experience in the general area indicate that the site is
underlain with glacially deposited soils. Three of our borings were located within a few hundred feet of
County Road 4 along the half section line where the proposed channel will run. With the exception of
the alignment of the road, the entire location where the channel is proposed runs through existing
agricultural land. In general, the location of our borings near County Road 4 is the highest elevation

along the proposed alignment of the channel.

A.5. Scope of Services

Our scope of services for this project was originally submitted as a Proposal to Mr. Erwin Curry of the
NDSWC on April 3, 2012. We received authorization to proceed from Todd Sando of the NDSWC on April
16, 2012.

Our scope of services was performed under the terms of a contract with the NDSWC for their Project No.
416-17, signed on April 16, 2012.

A.5.a. Staking and Surveying
Exploration locations and surface elevations were staked and surveyed by the NDSWC and we were

provided with State Plane coordinates and elevations of the locations.

A.5.b. Subsurface Exploration
We performed four (4) penetration test borings at the locations shown on the Boring Location Sketch in
the Appendix. The borings were extended to depths of 41 or 81 feet. Thin-walled tube samples were

taken at various depths as each of the borings was advanced.

Prior to commencing our subsurface exploration activities, we cleared the exploration locations of

underground utilities through North Dakota One Call.

A.5.c. Laboratory Testing
We performed 53 moisture content tests, nine (9) dry density tests, eight (8) sieve-hydrometer analyses

tests and nine (9) Atterberg limits tests on selected penetration test samples.

BRAUN
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A.5.d. Geotechnical Evaluation, Analysis and Reporting

Information obtained from the borings and laboratory testing was used to identify the geotechnical
issues influencing design and construction, qualify the nature of their impact, and outline alternatives for
their mitigation. Upon reviewing our results with Mr. Curry and agreeing on performance expectations

for the project, we developed baseline recommendations for:

= Subgrade preparation, including excavations and ground improvement.
= Excavation dewatering.

= Selecting, placing and compacting on-site or imported earth materials.
= Designing the channel for stability considerations.

=  Providing quality control and evaluating differing site conditions during construction.

B. Results

B.1. Exploration Logs

B.1.a. Log of Boring Sheets

Log of Boring sheets for our penetration test borings are included in the Appendix. The logs identify and
describe the geologic materials that were penetrated, and present the results of penetration resistance
tests performed within them, laboratory tests performed on penetration test samples retrieved from

them, and groundwater measurements.

Strata boundaries were inferred from changes in the penetration test samples and the auger cuttings.
Because sampling was not performed continuously, the strata boundary depths are only approximate.
The boundary depths likely vary away from the boring locations, and the boundaries themselves may

also occur as gradual rather than abrupt transitions.

B.1.b. Geologic Origins

Geologic origins assigned to the materials shown on the logs and referenced within this report were
based on: (1) a review of the background information and reference documents cited above, (2) visual
classification of the various geologic material samples retrieved during the course of our subsurface
exploration, (3) penetration resistance testing performed for the project, (4) laboratory test results, and
(5) available common knowledge of the geologic processes and environments that have impacted the

site and surrounding area in the past.

BRAUN
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B.2. Geologic Profile

B.2.a. Topsoail
Topsoil was encountered at the surface of all of our borings and extended to depths of %- to 4-feet. The
topsoil was lean clay with sand containing roots and organics. The soil was black in color and moist to

wet.

B.2.b. Glacial Till and Outwash

The topsoil was underlain by layers of glacial till and outwash deposits to the depths explored. The till
and outwash deposits consisted of fat clay (ASTM Classification “CH”), sandy lean clay (CL), clayey sand
(SC), silty sand (SM), silt (ML), poorly graded sand with silt (SP-SM) and poorly graded sand (SP).

Penetration resistance values recorded in the glacial till deposits ranged from 4 to 30 blows per foot
(BPF), indicating they were locally rather soft to very stiff. Penetration resistance values recorded in the

glacial outwash deposits ranged from 5 to 29 BPF, indicating they were locally loose to medium dense.

B.2.c. Groundwater
Groundwater was observed in Borings BH-3, BH-4, and BH-5 at depths of 24 to 39 feet during or
immediately after drilling, corresponding to elevations of 1457 % to 1473 feet. Seasonal and annual

fluctuations of groundwater should be anticipated.

B.3. Laboratory Test Results

B.3.a. Moisture Contents

Moisture content (MC) tests (per ASTM D2216) were performed on selected penetration test samples to
aid in our classifications and estimations of the materials’ engineering properties. The moisture contents
for the soils overall ranged from 6 to 34 percent, with an average moisture content of about 22 percent.

The results of the moisture content tests are listed in the “MC” column of the Log of Boring Sheets

attached in the Appendix.

B.3.b. Moisture Contents and Unit Weights

Unit weight tests were performed on selected penetration test samples to assist in our estimation of the
materials’ engineering properties and aid in our preliminary stability calculations. The results of the tests
indicate the materials tested have wet densities (WD) ranging from 120 to 135 pounds per cubic foot

(pcf); and dry densities (DD) ranging from 92 to 113 pcf. The results of the unit weight tests are listed in

BRAUN
INTERTEC
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B.3.c. Sieve-Hydrometer Analysis Tests

Mechanical sieve-hydrometer analyses (per ASTM D422) were performed on selected penetration test
samples to assist in classification. The tests indicate the samples tested were classified as either silty
sand (SM) or poorly graded sand with silt (SP-SM). The percent particles by weight passing the #200
sieve (P200) values are provided on the Log of Boring sheets and figures showing the results of the

mechanical sieve-hydrometer grain size analyses graphically are attached in the Appendix.

B.3.d. Atterberg Limits

Atterberg limits tests (per ASTM D4318) were performed on selected samples for classification,
evaluation of the soils’ plasticity, and estimation of engineering parameters related to preliminary
stability calculations. The results of the Atterberg limits tests indicated that the majority of the soils
tested had liquid limits (LL) ranging from 29 to 64 percent, plastic limits (PL) ranging from 15 to 28
percent, and plasticity indices (Pl) ranging from 6 to 49 percent, indicating the soils tested were lean and
fat clays and likely have a moderate potential for shrinking/swelling with changes in their moisture
content. Two of the samples tested were non-plastic, indicating the finer particles within them were silt
rather than clay. The results of the Atterberg Limits tests are listed in the “Tests or Notes” column on the

attached Log of Boring sheets.

C. Basis for Recommendations

C.1. Design Details

C.1.a. Channel Configuration and Operation

Based on the documents reviewed and conversations with Mr. Curry of the NDSWC, we understand that
the channel is intended to be 50 feet wide at the bottom with sides sloped upward to meet the native
grades at slopes necessary to achieve stability. The estimated bottom of the channel elevation is 1451 at
the north end (West Stump Lake) and elevation 1444 at the south end (Tolna Coulee).

Based on conversations with Mr. Curry, we understand the channel will be constructed with flood gates
at the north end where it ties into West Stump Lake. The gates will generally be closed and opened as
needed to control the level of the lake. When the gates are opened it’s our understanding that the

channel will run at about 5 to 10 feet deep for a period of days and then the gates will be closed again.

BRAUN
INTERTEC



North Dakota State Water Commission
Project FA-12-01715

June 5, 2012

Page 6

C.1.b. Anticipated Excavation Depths
Existing ground surface elevations along the channel length are variable, ranging from about 1452 to
1500 indicating that cuts on the order of 8 to 50 feet along the centerline of the channel are anticipated

with the construction.

C.1.c. Precautions Regarding Changed Information

We have attempted to describe our understanding of the proposed construction to the extent it was
reported to us by others. Depending on the extent of available information, assumptions may have been
made based on our experience with similar projects. If we have not correctly recorded or interpreted the
project details, we should be notified. New or changed information could require additional evaluation,

analyses and/or recommendations.
C.2. Design and Construction Considerations

C.2.a. Groundwater Concerns

Based on the results of our borings, the excavation for the channel will encounter groundwater below an
elevation of about 1470, meaning that as much as 20 feet or more of the excavation will be below
groundwater. The source of the groundwater is of critical importance in evaluating the scope of
dewatering during construction and the overall stability of the open channel after construction. The
report prepared by Mr. Patch of the NDSWC in February 2012 titled “Hydrogeologic Characterization of
the Proposed Gravity Drain from West Stump Lake to Tolna Coulee” speculates that the groundwater in
the sands and gravels is a perched water condition. We have performed several projects in the Devils
Lake and Tolna Coulee areas and our experience is that the geology of the region includes small to large
pockets of sands and gravels that contain water with significantly lower permeability clays surrounding
them. When the sands and gravels are penetrated, water often flows out rapidly at first and diminishes
to little to no flow after a period of days to months depending on the areal extent of the granular
materials and their permeability. We have not typically noted springs or continually recharged areas of

groundwater that would require continual dewatering.

Provided the groundwater encountered in our borings as well as those performed by the NDSWCiis a
perched condition, it is likely that dewatering of the channel area could be performed as construction
progresses. Construction of the channel would likely proceed from the south end of the channel and
work northward. We did not encounter groundwater in Boring BH-8, performed near the south outlet of

the proposed channel. As construction proceeds northward we estimate the channel construction would

BRAUN
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encounter groundwater as soon as the waterbearing sands were penetrated somewhere between BH-7
(performed by others) and BH-8. The constructed channel to the south would then provide a natural

drain to dewater the sands and allow construction to proceed northward.

As discussed in the February 2012 NDSWC report, further exploration is warranted and necessary to
evaluate the areal extent of the regional groundwater and determine the appropriate scope of
dewatering and the effect of groundwater on the stability of the channel during and after construction.
The additional exploration should include several small monitoring wells and larger diameter holes from
which to perform pumping tests. The results of the exploration and in-situ tests will allow an evaluation
or model of the regional groundwater to be constructed, from which to further address constructability
of the channel. We can assist in determining the scope of the additional exploration and modeling upon

request.

If the results of the additional exploration indicate that there is a regional source of water rather than a
perched condition, an open channel may not be feasible through the saturated sands as they would likely

always be in a buoyant condition.

C.2.b. Channel Stability

We performed a preliminary channel stability analysis to evaluate the range of anticipated channel side
slopes required for stability. Our stability analysis was conducted using the finite element computer
modeling program SLOPE/W 2007° by GEO-Studio International, Ltd. As a basis for the analysis we
utilized a generalized soil profile from Borings BH-3, BH-4, and BH-5 (as indicated in the slope stability
figure in the Appendix), and assigned soil parameters based upon correlations from the soils’ penetration

resistances and other laboratory tests.

The results of our analyses indicate the channel/natural soil system will have a factor of safety that is
below the typical limit (factor of safety > 1.5) for this type of construction unless the slopes are
constructed between about 4:1 (H:V) and 5:1 (H:V). The range of side slopes is required because the
level of exploration and laboratory testing performed to date is not sufficient to warrant a greater level

of accuracy.

This is a preliminary analysis and these values should not be used for design of the channel. It will be
necessary to perform additional borings and laboratory testing prior to proceeding with design and
construction. We anticipate that several cross sections along the length of the proposed channel would
need to be evaluated prior to proceeding with construction. We anticipate that three borings would be

needed perpendicular to the channel at each cross section to be evaluated. Laboratory testing would

BRAUN
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include classification tests, strength tests, and shear tests on remolded samples of the soils. Based on
sensitivity analyses relative to our assumed material parameters, the most critical material property in
the design is the friction angle of the sands and obtaining a value for this parameter should be a focus of
further investigations (the friction angle of the sand could be the difference between a 4:1 and 4.5:1
slope which would result in significantly different excavation volumes). Based on the results of the
additional borings and laboratory testing we would be able to provide design slopes that are

appropriately, but not overly, conservative at each critical location.

We would like to note that without a better understanding of the hydrologic conditions that will be
encountered by the channel construction, it would not be beneficial to perform additional exploration
specifically to better qualify the material properties of the soils. If it is found out through additional
groundwater evaluations that the channel is to be constructed through an area with a permanent water
source, the construction may not be feasible at all, regardless of the material parameters, because slopes

cannot generally be cut into buoyant sands.

C.2.c. Erosion Protection

It is our understanding that at this time the surface of the gravity channel has not been determined,
though we understand that large scale rip rap facing is not preferred. The sands at the site are
susceptible to erosion depending on the design flow volume, duration, and velocities within the channel.
The erosion protection system design will also need to consider the groundwater characteristics at the
stie. If the groundwater table is high in an area and there is seepage out of the slopes of the channel,
then the erosion protection system will need to account for this flow of water. In those areas the erosion
protection system would likely require the use of a bedding/filter stone and a rip rap section. A couple of
other erosion prevention measures that can be considered are 1) vegetating the channel by either
overexcavating the channel and backfilling with topsoil or using a geosynthetic turf reinforcement mat or
2) surfacing the portion of the channel that will see flows with gravel or larger rock sized to resist the
erosional forces. We can provide additional assistance once design flow characteristics have been

determined and an erosion prevention system has been selected.

C.2.d. Considerations for an Underground Enclosed Channel

Based on conversations with Mr. Curry of the NDSWC, we understand that at this time consideration is
also being given to constructing an underground enclosed channel, such as a concrete pipe or box
culvert, rather than an open channel. We estimate that if this option is ultimately chosen, the pipe

would be installed through an open excavation rather than via directional drilling.
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The design and construction issues associated with an underground enclosed channel would be less than
those of the open channel. The size of the excavation can be limited to that necessary to install the pipe
(likely much less than a 50 foot wide excavation bottom planned for the open channel). The temporary
nature of the excavation would also eliminate the issue of disposal of the excavated soil associated with

an open channel.

The waterbearing sands would most likely need to be dewatered, however, and thus the additional
groundwater evaluation discussed in Section C.2.a is still recommended to evaluate anticipated
construction conditions and feasibility. If a permanent water source is found in the area we anticipate
that dewatering during construction of the enclosed channel could be performed using dewatering wells
or sheet pile cutoff walls and the groundwater flow could return to normal after construction and backfill
of the enclosed channel. If utilized, we anticipate the sheet piles would need to be driven into the clays

underlying the waterbearing sands at the site.

D. Procedures

D.1. Penetration Test Borings

The penetration test borings were drilled with a truck-mounted core and auger drill equipped with
hollow-stem auger. The borings were performed in accordance with ASTM D 1586. Penetration test
samples were taken at 2 1/2- or 5-foot intervals. Actual sample intervals and corresponding depths are

shown on the boring logs.
D.2. Material Classification and Testing

D.2.a. Visual and Manual Classification
The geologic materials encountered were visually and manually classified in accordance with ASTM
Standard Practice D 2488. A chart explaining the classification system is attached. Samples were placed

in jars or bags and returned to our facility for review and storage.

D.2.b. Laboratory Testing
The results of the laboratory tests performed on geologic material samples are noted on or follow the
appropriate attached exploration logs. The tests were performed in accordance with ASTM or AASHTO

procedures.
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D.3. Groundwater Measurements

The drillers checked for groundwater as the penetration test borings were advanced, and again after
auger withdrawal. The boreholes were then backfilled or allowed to remain open for an extended period

of observation as noted on the boring logs.

E. Qualifications

E.1. Variations in Subsurface Conditions

E.1.a. Material Strata

Our evaluation, analyses and recommendations were developed from a limited amount of site and
subsurface information. It is not standard engineering practice to retrieve material samples from
exploration locations continuously with depth, and therefore strata boundaries and thicknesses must be
inferred to some extent. Strata boundaries may also be gradual transitions, and can be expected to vary

in depth, elevation and thickness away from the exploration locations.

Variations in subsurface conditions present between exploration locations may not be revealed until
additional exploration work is completed, or construction commences. If any such variations are
revealed, our recommendations should be re-evaluated. Such variations could increase construction

costs, and a contingency should be provided to accommodate them.

E.1.b. Groundwater Levels

Groundwater measurements were made under the conditions reported herein and shown on the
exploration logs, and interpreted in the text of this report. It should be noted that the observation
periods were relatively short, and groundwater can be expected to fluctuate in response to rainfall,
flooding, irrigation, seasonal freezing and thawing, surface drainage modifications and other seasonal

and annual factors.
E.2. Continuity of Professional Responsibility

E.2.a. Plan Review
This report is based on a limited amount of information, and a number of assumptions were necessary to

help us develop our recommendations. It is recommended that our firm review the geotechnical aspects
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of the designs and specifications, and evaluate whether the design is as expected, if any design changes
have affected the validity of our recommendations, and if our recommendations have been correctly

interpreted and implemented in the designs and specifications.

E.2.b. Construction Observations and Testing
It is recommended that we be retained to perform observations and tests during construction. This will
allow correlation of the subsurface conditions encountered during construction with those encountered

by the borings, and provide continuity of professional responsibility.
E.3. Use of Report

This report is for the exclusive use of the North Dakota State Water Commission and their design
consultants. Without written approval, we assume no responsibility to other parties regarding this
report. Our evaluation, analyses and recommendations may not be appropriate for other parties or

projects.

E.4. Standard of Care

In performing its services, Braun Intertec used that degree of care and skill ordinarily exercised under
similar circumstances by reputable members of its profession currently practicing in the same locality.
No warranty, express or implied, is made.
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