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AA/EOE Providing engineering and environmental solutions since 1957

Braun Intertec Corporation
1341 South 20th Street, Suite 5
Bismarck, ND 58504

Phone: 701.255.7180
Fax:      701.255.7208
Web: braunintertec.com

August 3, 2012 Project BM-12-02634

Mr. Dick Frohlich
Plant Service Director
Department of Corrections and Rehabilitation
PO Box 5521
Bismarck, ND 58506-5521.

Re: Geotechnical Evaluation
Proposed Levee Around The Facility of
Missouri River Correction and Rehabilitation Center
North of 48th Ave SW and West of Tavis Road
Bismarck, North Dakota

Dear Mr. Frohlich:

We are pleased to present this Geotechnical Evaluation Report for proposed improvements of levee 
around the Missouri River Correction and Rehabilitation Center (MRCR), located North of 48th Ave SW 
and West of Tavis Road in Bismarck, North Dakota.  We understand that the project consists of the 
grade-raise of the roads/trails around the facility approximately by 3 to 5 feet which will act as the flood 
control levee. Our evaluation was completed in general accordance with US Department of Homeland 
Security-Federal Emergency Management Agency (DHS-FEMA) provisions for Riverine Structures.  DHS-
FEMA requires a demonstration of structure stability under end-of-construction, long-term steady-state, 
flood stage, post-flood drawdown, and earthquake conditions, as applicable.  The agency also requires 
an analysis of seepage, piping and uplift potential due to flooding, and an analysis of structure 
settlement.

The levee to be constructed is located approximately 1500 feet from the Missouri River and is separated
by low lying backwater area at the south and a wooded area at the west. The stability of the proposed 
road/levees associated with this project will likley not be influenced by seasonal or longer-term water 
levels or failure caused by erosion from the Missouri River.

Stability and Performance Summary

Factors of safety associated with levee stability under end-of-construction, long-term steady-state, flood 
stage, and post-flood drawdown conditions all exceeded their respective DHS-FEMA minimum factor of
safeties.  The stability analyses also demonstrated adequate bearing for the improved and new levees.

Levee settlement is not anticipated to exceed 2-inches.
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A. Introduction

A.1. Project Description

Houston Engineering, Inc., is preparing plans for Department of Corrections and Rehabilitation which will 
consist of proposed levee construction around the Missouri River Corrections and Rehabilitation (MRCR)
center located North of 48th Ave SW and West of Tavis Road in Bismarck, North Dakota. The proposed 
levee will be tied with the 48th Avenue SW in the southeastern side and Tavis Road-levee system in the 
northeastern side. As per current plan, the existing roads/trails will be raised by approximately 3 to 5 feet
which will act as flood control levee. The proposed levee is located approximately 1500 feet away from 
the Missouri River and is separated by low lying backwater area at the south and wooded area at the 
west. 

A.2. Purpose

Though located approximately 1500 feet north of the Missouri River, this MRCR facility is vulnerable to 
occasional flooding in the past few years.  In 2011 the flood water touched its highest level under record 
which correspond to a 500-year flood event and inundated a major portion of the urban areas 
surrounding the project site. In an effort to encounter a flood of this magnitude, Department of 
Corrections and Rehabilitation is planning to raise the grades of the roads/trails around its facility 
approximately by 3 to 5 feet from its existing elevation. These raised roads/trails will act as a flood 
control levee. The road acting as levee is proposed to be designed following the guidelines administered 
by the US Department of Homeland Security-Federal Emergency Management Agency (DHS-FEMA).  

DHS-FEMA requires a demonstration of structure stability under end-of-construction, long-term steady-
state, flood stage, post-flood drawdown, and earthquake conditions, as applicable.  DHS-FEMA minimum 
factors of safety for structure stability are 1.3 for end-of-construction, 1.4 for long-term steady-state, 1.4 
for flood stage, 1.0 to 1.2 for post-flood drawdown, and 1.0 for earthquake conditions.  The agency also 
requires an analysis of flood-induced seepage, piping and uplift, a demonstration of bearing capacity, and 
a settlement analysis. This report serves to assist in the certification effort that the proposed 
development meets the minimum factor of safeties required per DHS-FEMA guidelines of riverine 
structures.
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A.3. Background Information and Reference Documents

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

 A plan of the levee improvements with surface topography, dated 07/30/2012 (from 
Houston Engineering).

 Two Cross sections showing proposed development, dated 06/06/2012 (Houston
Engineering).

 Maximum flood stage and drawdown information (Houston Engineering).
 A copy of Design and Construction of Levees, Engineer Manual EM 1110-2-1913 (Corps of 

Engineers, April 30, 2000).
 48th Ave Levee project (Braun Intertec Project No. BM-12-02222).

We also reviewed geologic maps and aerial photos of the project area. Geologically, the area is underlain 
by a thick sequence of river-deposited soils, consisting mainly of silty sands.

A.4. Organization of This Report

Two appendices are attached to the report. Appendix “A” contains a plan sheet showing site topography, 
proposed levee alignments, and exploration locations along with two general sections along the trails 
and roads around the facility provided by Houston Engineering.  The Appendix “A” also contains logs of 
our exploratory borings that characterizes the local geologic profile, and presents the results of 
penetration resistance tests, laboratory index (moisture content, Percent 200 and Atterberg limit) tests, 
and groundwater measurements.

The Appendix “B” contains a spreadsheet summarizing the strength, hydraulic and deformation 
parameters assigned to the materials and geologic formations represented in our analytical models, and 
qualifying the improved and new levees relative to structure stability and performance.

Appendix “B” also contains the results from the analytical models of the typical cross sections of “Trails” 
and “Roads” provided by Houston Engineering  Demonstrated are factors of safety for structure stability 
under end-of-construction, long-term steady-state, flood stage, and post-flood drawdown reflecting 
piezometric conditions associated with anticipated maximum 2011-year flood elevation (500-year flood 
events) for the site.  The results are supported by hydraulic graphics showing the configuration of the 
piezometric surface at intervals during flood-induced infiltration and drawdown-induced seepage where 
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the factors of safety were determined to be near minimum values.  Also presented are graphics 
contouring levee settlement.

A.5. Scope of Services

Our scope of services for this project was originally submitted as a Proposal to Mr. Dick Frohlich, Plant 
Service Director of Department of Corrections and Rehabilitation on May 14, 2012.  A signed 
authorization for the project was obtained from Mr. Frohlich on May 16, 2012. Tasks performed in 
accordance with the scope of services outlined in that document included:

 Drilling penetration test borings to depths of 20 to 40 feet below existing surface, within the 
limits of the area of slope instability.  

 Performing the following laboratory test program:
o Five moisture content, 
o Four percentage 200 (P 200%), and 
o Two Atterberg Limit tests.

 Analyzing stability of proposed road section at selected locations, and developing a design 
recommendation for stabilization of the slope.  

As per our contract, some of the laboratory and subsurface soil information obtained from the adjacent 
48th Ave Levee project (Braun Intertec Project No. BM-12-02222) was used in the analysis and design for 
this section of levee. However, to certify this levee meeting the requirements of DHS-FEMA criteria, more 
rigorous sub-surface investigation and laboratory testing would be required.

Information obtained from the field exploration, laboratory testing and analyses were used to write this
geotechnical evaluation report that included:

 A sketch showing boring locations and site features of interest along the flood control levee 
alignment.

 Logs of the borings describing the materials encountered and presenting the results of our 
groundwater measurements and laboratory tests.

 A summary of the subsurface profile and groundwater conditions encountered.

 A summary of the strength, stiffness and hydraulic properties generated or estimated from our 
laboratory tests for the materials comprising the subsurface profile.

 The results of our stability, settlement and seepage analyses.
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 Recommendations for design of new levee foundation subgrades, and for selecting, placing and 
compacting new levee fill.

Our scope of services was performed under the terms of our June 15, 2006, General Conditions.

A.5.a. Exploration Staking and Surveying
We staked the exploration locations and cleared them of existing underground utilities.  Houston 
Engineering later surveyed the exploration locations and provided the location elevations.

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 Appendix A. 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 boundaries 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. The boring location plan with site topography is also 
presented in Appendix A.

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.
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B.2. Geologic Profile

We performed three penetration test borings, the locations of which are shown on the Boring Location 
Plan in Appendix A.  Borings ST-01 and ST-03 were drilled to 20 feet depth below existing grade. Boring 
ST-02 was terminated as planned at a depth of 40 feet.  

Penetration resistance testing was performed at 2 1/2-foot intervals to a depth of 20 feet, and at 5-foot 
vertical intervals at greater depths.  One thin-walled tube sample was also obtained from Boring ST-02.

The borings completed along the proposed levees encountered alluvium soils comprising of lean clay, 
silty clay, silty sand and poorly graded sand with silt to the boring completion depths of 20 to 40 feet 
below existing grade. Predominantly the site encountered alluvium deposit of loose granular silty sand
(NSPT= 2 to 5) at the top fifteen feet (approximately to an elevation of 1615 feet) followed by loose to 
medium dense-sands at the deeper depths (NSPT= 5 to 14).

B.2.a. Groundwater
Groundwater levels observed or measured while drilling are indicated on the boring logs. Groundwater 
was observed in the depth ranging from 6 1/2 to 11 feet with cave-in depth at 5 1/4 feet at Boring ST-01
during or immediate after completion of drilling.  Seasonal and annual fluctuations of groundwater 
should be anticipated.

B.3. Laboratory Testing

The following laboratory tests were performed on penetration test samples or thin-walled tube samples:  
five moisture content tests, two Atterberg limit tests and four percent passing the 200 sieve (P200) tests. 
As per our contract of agreement for this project in order to minimize the cost for this project, some of 
the test results (consolidated-undrained (CU) triaxial compression tests (with pore pressure 
measurements), and two consolidation tests with time-rate measurements etc.) performed for the 
adjacent “48th Avenue Levee Project (Braun Intertec Project No. BM-12-02222) were used in the slope 
stability analysis for this project.

The results of the moisture contents, P200 and Atterberg limit test results are presented on the boring 
logs.  



                                                                                                     MRCR Levee
Bismarck, ND
Project BM-12-02634
August 3, 2012
Page 6

B.4. Stability and Performance Analyses

We evaluated structure stability under end-of-construction, long-term steady-state, flood stage, and 
post-flood drawdown conditions with GeoStudio 2007, version 7.15, by Geo-Slope International.  We also 
used GeoStudio 2007 to evaluate seepage, piping and uplift potential, bearing capacity, and settlement.

Components of GeoStudio 2007 used in our analyses included Seep/W for seepage, Slope/W for slope 
stability, and Sigma/W for settlement.  Seep/W and Sigma/W are finite element programs that allow in-
situ hydraulic and stress/strain conditions to be contoured on a structured mesh, which can then be 
subjected to external hydraulic boundary conditions or material loads on a steady state (single time step) 
or transient (multiple time step) basis.  Mesh response and the timing of that response are governed by 
hydraulic and stress/strain properties assigned to the geologic materials present near each mesh node.

Seep/W was used to model the progression and regression of seepage “fronts” during flooding and post-
flood drawdown.  The models were “flooded,” and the opportunity for seepage maximized by assuming 
the flood stage was achieved instantaneously.  Profiles of the advancing seepage front, whose 
progression was governed by the hydraulic properties of the geologic materials subjected to inundation, 
were obtained for three time steps over the 500 year flood periods.

The influence of the advancing seepage front on the stability of the levees’ upstream and downstream 
slopes was then evaluated with Slope/W by determining factors of safety for each of the time steps 
based on force and moment equilibrium; to reflect changing pore pressure conditions due to flood-
induced infiltration, the Slope/W flood analyses were performed using drained effective stress post-peak 
shear strength parameters.  Seepage, uplift and piping potential were also evaluated at this time.

Houston Engineering provided us the high flood elevation (1634.55 feet), low flood elevation (1630.18 
feet), and drawdown period (55 days) corresponding to 500-year flood event for this project. A steep 
drawdown function was generated based on the information obtained from Houston Engineering.  Flood 
recession was then modeled using this recession function.  Seep/W was again used to generate receding 
seepage fronts at six time steps over a 55-day drawdown period for structure stability determinations by 
Slope/W.  Drained effective stress post-peak shear strength parameters were again used in the Slope/W 
analyses.

The end-of-construction and long-term steady-state conditions were assumed to occur independent of 
flooding and drawdown; Slope/W alone was used to analyze these conditions.  The end-of-construction 
analyses were performed using undrained total stress shear strength parameters, the steady-state 
analyses using drained effective stress post-peak parameters.
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We omitted a demonstration of structure stability under earthquake conditions.  DHS-FEMA’s National 
Earthquake Hazards Reduction Program (NEHRP) maps indicate that the project is located in an area of 
limited seismicity, and not likely to experience unfavorable ground accelerations.

B.4.a. Recommendations and Reporting
Our results were used primarily to develop an opinion regarding the ability of the improved roads to 
function as a flood control levee meeting the requirements of DHS-FEMA criteria for flood control 
structure stability and performance.

We were asked to do minimum subsoil exploration for this levee and also were asked to use the test 
results from the adjacent 48th Avenue-levee project (Braun Intertec Project No. BM-12-02222). 
However, as we noted this evaluation does not meet the more rigorous sub-surface investigation and 
laboratory testing required to meet the requirements of DHS-FEMA criteria required for levee 
certificaiton.

C. Results

C.1. General Site Conditions

A flood control levee is proposed to be constructed by Department of Corrections and Rehabilitation 
around the MRCR center located North of 48th Ave SW and West of Tavis Road in Bismarck, North 
Dakota. The proposed levee will be tied with the 48th Avenue SW in the southeastern side and Tavis 
Road-levee system in the northeastern side. As per current plan, the existing roads/trails will be raised by 
approximately 3 to 5 feet which will act as flood control levee. The proposed levee is located 
approximately 1500 feet away from the Missouri River and is separated by low lying backwater area at 
the south and wooded area at the west. The area is predominantly underlain by alluvium sand and silt; 
and possesses moderately high hydraulic conductivities.

C.2. Subsurface Geologic Profile

C.2.a. Geologic Materials
The borings at the proposed site generally encountered alluvium deposits primarily comprising of lean 
clay, silty clay, silty sand and poorly graded sand with silt to the boring completion depths of 20 to 40 
feet below existing grade. Predominantly the site encountered alluvium deposit of loose granular silty 
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sand (NSPT= 2 to 5) at the top fifteen feet (approximately to an elevation of 1615 feet) followed by loose 
to medium dense-sands at the deeper depths (NSPT= 5 to 14). The stability of the levee will be mainly 
influenced by the higher permeability granular soils.

C.2.b. Groundwater
Groundwater levels observed or measured while drilling are indicated on the boring logs. Groundwater 
was observed in the depth ranging from 6 1/2 to 11 feet with cave-in depth at 5 1/4 feet at the boring ST-
01 during or immediate after completion of drilling.  Seasonal and annual fluctuations of groundwater 
should be anticipated.

C.3. Structure Stability

C.3.a. Selection and Development of Analytical Cross Sections
Two typical sections (one for trails and one for roads around the MRCR center) were provided by 
Houston Engineering. The top widths of the trail and road portions of the levees are proposed to be 10 
feet and 24 feet, respectively. Both the levee sections have side slopes of 4(H):1(V) with a top elevation 
of 1635.00 feet (with reference to NAVD 88 datum). The top of the proposed levee has 0.7 feet of free 
board relative to the 500-year flood event. 

Also a four feet deep inspection trench with side slopes of 1(H):1(V) and bottom width of 3 feet was 
proposed for both the levee sections. The sections are provided in Appendix A of this report. For 
analytical purposes, we analyzed both the sections for this project alignment. 

C.3.b. Hydrographs
Houston Engineering provided us the high flood elevation (1634.55 feet), low pool elevation (1630.18 
feet), and drawdown period (55 days) corresponding to 2011 year flood (500-year flood event) for this 
project, which are similar to the adjacent 48th Avenue levee project. A steep drawdown function was 
generated based on the information obtained from Houston Engineering.  Flood recession was then 
modeled using this recession function.  Seep/W was again used to generate receding seepage fronts at 
six time steps over a 55-day drawdown period for structure stability determinations by Slope/W.  

We projected the recession portions of the hydrographs out 80 days to highlight the probable disparity 
between the rates at which flood water recedes from the surface and dissipates from within the levees.
The hydrographs show the flood stage developing rather quickly and dissipating more slowly.  We 
assumed that the 500 year flood elevations would be attained instantaneously, held for 8 days, and then 
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drawn down at varying rates over the next 80 or so days.  These are the time-dependent elevations or 
functions applied to our analytical models as hydraulic boundary conditions.

C.3.c. Geologic Profiles
The seepage, stability and deformation graphics in the Analyses appendices identify:  (1) material types 
and stratum boundaries, (2) structure location and geometry, (3) in-situ, transient and/or steady-state 
piezometric conditions, (4) the location and configuration of the failure surface having generated the 
lowest factors of safety for each particular analytical condition, and/or (5) in-situ and post-construction 
stress/strain conditions.

Excluding localized differences in the existing ground surface geometry, each cross section contains 
proposed levee fill extending to 1635 feet.  For the purpose of the analysis we have simplified the on-site 
soils into two major categories; (1) loose deposit of sand at the surface up to an elevation of 1615 feet; 
(2) Medium dense sand layer below the elevation of 1615 feet to the bottom depth of the model at 1570 
feet. The in-situ or initial groundwater surface is assumed conservatively at elevation 1630 feet.

C.3.d. Material Parameters
Drained post-peak shear strength, undrained cohesion, hydraulic conductivity and modulus parameters 
assigned to the various materials/formations incorporated into our analytical models are summarized in 
the in the Appendix B.  The colors assigned to the materials in the spreadsheet match those applied to 
the analytical graphics in the Analyses appendices.

C.3.e. Computed Factors of Safety
Levee stability under end-of-construction, steady state, flood stage, and post-flood drawdown conditions 
proved favorable.  The detail factors of safety of both the sections are provided on the spreadsheet in the 
Analytical Summary of Appendix B. As indicated in the Analytical Summary- spreadsheet, factors of safety 
for all conditions met or exceeded FEMA minimums for the 500 year flood events:  Factors of safety for 
the end-of-construction condition exceeded 3.2 (1.3 being the FEMA minimum); factors  of safety for the 
steady state condition exceeded 2.5 (1.4 being the FEMA minimum); factors of safety for the flood stage 
exceeded 1.9 (1.4 being the minimum); and factors of safety under post-flood drawdown conditions 
exceeded 1.7 at one to 23 days post-flood (1.0-1.2 being the range of FEMA minimums).
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C.4. Structure Performance

C.4.a. Foundation Bearing Capacity
The stability analyses performed for this project have demonstrated adequate bearing for the proposed 
levee.

C.4.b. Levee Settlement
Our deformation analyses indicate that levee settlement is not likely to exceed 1-to-2 inches.

For typical levees, the settlement is rounded up to the nearest half foot to maintain the required 
freeboard for a “certified” levee.  It should be noted that the settlement at this site will occur gradually 
across the site and we do not anticipate differential settlement causing issues on the road surface.

C.4.c. Seepage, Uplift and Piping Commentary
Flood-induced seepage, piping or uplift is not likely to impact the downstream (land) sides of the 
improved road/ levees.  Our seepage analyses indicate that flood water is not likely to penetrate through 
the levees, instead likely seeping only from the upstream (flood) sides of the levees, and from grades 
below the upstream toes of the levees, during post-flood drawdown; this seepage is not considered 
problematic.

D. Recommendations

D.1. Removals and Initial Subgrade Preparation

D.1.a. Vegetation and Topsoil Stripping
We recommend stripping vegetation and/or topsoil/ from beneath the emergency fills, along with 
vegetation and topsoil beyond the limits of the emergency fill but still within the road/levee footprint.  

D.1.b. Inspection Trench
We recommend completing an inspection trench parallel to and along the river side edge of the new
levees that will be improved or constructed.  We recommend that the inspection trench extend to a 
depth below the stripped ground surface equal to the height of the overlying levee, with a minimum 
depth of 3 feet and a maximum depth of 4 feet below the stripped ground surface.  The bottom of the 
inspection trench should be at least 3 feet wide, or wide enough to accommodate compaction 
equipment.  We recommend to lay the side slopes of the trench at gradients no steeper than 1(H):1(V).
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D.2. Levee Construction

D.2.a. Selection, Placement and Compaction of Levee Fill
In our opinion, imported fill soil should be used for inspection trench and levee fills. The specification of 
the imported fill soil should conform the following characteristics: 

 Liquid limit greater than 30 percent;

 Plasticity index greater than 15;

 And less than 50 percent passing a 200 sieve.

A soil meeting the above specifications should have a coefficient of permeability less than 3x10-8 cm/sec, 
which is what we assumed in our computer model.

Prior to compaction, we recommend moisture conditioning the levee fill to moisture contents within one 
percentage point below to three percentage points above their optimum moisture contents.

We recommend spreading levee fill in loose lifts 6 to 12 inches thick.  Levee fill placed on slopes steeper 
than 4:1 (horizontal: vertical) should be benched into the slopes so that the fill is compacted in horizontal 
lifts and structurally integrated into, as opposed to simply bearing on, the slopes.

We recommend compacting excavation backfill and general levee fill to at least 95 percent of their 
maximum standard Proctor dry densities with moisture content between -1% to +3% of their optimum 
moisture content.

D.2.b. Levee Slope Finishing and Protection
We recommend compacting levee slopes to at least 95 percent of the exposed soils’ maximum standard 
Proctor dry densities.  We assume that others will evaluate the ability of or need for conventional 
embankment vegetation to limit surface erosion, localized scour and sloughing, and develop 
specifications for vegetation or other forms of surface protection (erosion control mats or armor).

D.2.c. Post-Construction Grade Adjustments
We currently do not anticipate that the levee will settle more than approximately 2 inches.  Overbuilding 
the levee by at least this amount should therefore preclude needing to adjust grades in the future.
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D.3. Construction Quality Control  

D.3.a. Excavation Observations
We recommend having a geotechnical engineer observe all excavations related to levee construction. 
The purpose of the observations is to evaluate the competence of the geologic materials exposed in the 
excavations, and the adequacy of required excavation oversizing.

D.3.b. Materials Testing
We recommend density tests be taken in levee fill.

D.3.c. Cold Weather Precautions
If site grading and construction is anticipated during cold weather, all snow and ice should be removed 
from structure subgrades prior to placing excavation backfill or additional required fill. No backfill or fill 
should be placed on frozen subgrades. No frozen soils should be used as backfill or fill.

E. Procedures

E.1. Penetration Test Borings

E.1.a. Drilling Methods and Procedures
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. Sample intervals and 
type are shown on the boring logs.

E.1.b. Boring Log Preparation
Strata boundaries shown on the Log of Boring sheets 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.

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 and other in-situ testing performed for the project, (4) laboratory 
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test results, and (5) available common knowledge of the geologic processes and environments that have 
impacted the site and surrounding area in the past.

E.2. Material Classification and Testing

The geologic materials encountered were visually and manually classified in accordance with ASTM Test 
Method D 2488. A chart explaining the classification system is attached. Samples were sealed in jars or
bags and returned to our facility for review and storage.  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 general accordance with ASTM procedures.

E.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 with auger cuttings or grouted.

F. Qualifications

F.1. Variations in Subsurface Conditions

F.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.

F.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. The observation period was short, and 
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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.

F.2. Continuity of Professional Responsibility

F.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 
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.

F.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.

F.3. Use of Report

This report is for the exclusive use of the parties to which it has been addressed. 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.

F.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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Formation Unit Weight Ø, Post-Peak C Ø, Post-Peak C

Fill 118 28 deg 0 psf 0 deg 500 psf

Surface Sand 110 24 deg 0 psf 24 deg 0 psf

Sandy Soil 120 30 deg 0 psf 30 deg 0 psf

Formation kv kh kv/kh E

Fill .01 ft/day .01 ft/day 1.0 100000 psf

Surface Sand 10 ft/day 10 ft/day 1.0 100000 psf

Sandy Soil 10 ft/day 10 ft/day 1.0 200000 psf

BM-12-02634:  Missouri River Correction and Rehabilitation Center Levee

Shear Strength Parameters

Effective Stress Analyses Total Stress Analyses

Hydraulic and Deformation Parameters



Section End-of Construction Long-Term Steady-State Flood Stage Post-Flood Drawdown Seepage/Uplift/Piping
B Levee Settlement (Feet)

Trail Section 4.2 3.12 1.91 1.77 No Issues 0.14

Road Section 3.19 2.57 1.97 1.71 No Issues 0.12

A
  DHS-FEMA and USACE Minimums:

      End-of-Construction = 1.3

      Long-Term Steady-State = 1.4 for undisturbed section or 1.2 for failed section

      Flood Stage = 1.4

      Post-Flood Drawdown = 1.0-1.2
B
  Indicates whether flooding is likely to cause seepage, piping or uplift on the downstream side of the structure

BM-12-02634:  Missouri River Correction and Rehabilitation Center Levee

Structure Stability and Performance

Factors of Safety
A



4.20

BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

End-of-Construction Stability
Total Stress Analysis

Sandy Soil

Fill

Surface Sand

U/S D/S

Factor of Safety: 4.20

10 Feet Core Trench

Distance
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BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Flood Infiltration Limits

U/S D/S10 Feet Core Trench
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BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Flood Stage Stability
Effective Stress Analysis

U/S D/S

Factor of Safety: 1.91

10 Feet Core Trench
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BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Drawdown Stage Infiltration Limits

U/S D/S10 Feet Core Trench

Distance
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BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Drawdown Stage Stability
Effective Stress Analysis

U/S D/S

Factor of Safety: 1.77

10 Feet Core Trench

Distance
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BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Long Term Stability
Effective Stress Analysis

U/S D/S

Factor of Safety: 3.12
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1.65



  0.14  

BM-12-02634: MRCC Levee-Trail Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Settlement

U/S D/S10 Feet Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le
v
a
ti
o
n
 (
x
  
1
0
0
0
)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



3.19

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

End-of-Construction Stability
Total Stress Analysis

Sandy Soil

Fill

Surface Sand

D/S U/S

Factor of Safety: 3.19

24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le

v
a

ti
o

n
 (

x
  

1
0

0
0

)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



  0  

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Flood Infiltration Limits

D/S U/S24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le
v
a
ti
o
n
 (
x
  
1
0
0
0
)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



1.97

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Flood Stage Stability
Effective Stress Analysis

D/S U/S

Factor of Safety: 1.97

24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le
v
a
ti
o
n
 (
x
  
1
0
0
0
)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



  0.02  

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Drawdown Stage Infiltration Limits

D/S U/S24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le
v
a
ti
o
n
 (
x
  
1
0
0
0
)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



1.71

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Drawdown Stage Stability
Effective Stress Analysis

D/S U/S

Factor of Safety: 1.71

24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le

v
a

ti
o

n
 (

x
  

1
0

0
0

)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



2.57

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Long Term Stability
Effective Stress Analysis

D/S U/S

Factor of Safety: 2.57

24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le
v
a
ti
o
n
 (
x
  
1
0
0
0
)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65



  0.12
  

BM-12-02634: MRCC Levee-Road Section
Missouri River Correction and Rehabilitation Center
Bismarck, ND
Side Slopes 4(H):1(V)

Sandy Soil

Fill

Surface Sand

Settlement

D/S U/S24 Feet
Core Trench

Distance

-100 -80 -60 -40 -20 0 20 40 60 80 100

E
le
v
a
ti
o
n
 (
x
  
1
0
0
0
)

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65


