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GEOTECHNICAL ENGINEERING REPORT

SAN ANTONIO STREET WATER REHABILITATION

AWWU PROJECT #WW.00022
ANCHORAGE, ALASKA

1.0 INTRODUCTION

This report presents the results of subsurface explorations, laboratory testing and geotechnical 
engineering studies conducted by Shannon & Wilson, Inc. for the San Antonio water main 
rehabilitation in Anchorage, Alaska.  The purpose of this geotechnical study was to gather 
subsurface geotechnical and environmental data and make geotechnical engineering 
recommendations for design and construction of the project.  To accomplish this, we advanced 
20 geotechnical borings.  Selected soil samples recovered from the borings were tested in our 
Anchorage laboratory. Presented in this report are descriptions of the site and project, subsurface 
exploration and laboratory test results, an interpretation of subsurface conditions, and our 
geotechnical engineering recommendations for design and construction of the water main 
rehabilitation project.

Authorization to proceed with this work was received in the form of two contract task orders
(CTO Nos. 4400000397-006 and -021) from Mr. John Rescober, P.E. of Anchorage Water & 
Wastewater Utility (AWWU) on January 8 and July 23, 2018. Our work was conducted in 
general accordance with our November 30, 2017 and July 23, 2018 proposals.

2.0 SITE AND PROJECT DESCRIPTION

The project is bounded by West Sixth Avenue to the north and Debarr Road to the south and 
generally extends from Hoyt to Pine Streets. The area is developed with residential housing, an 
elementary school, and a small park. In general, the topography across the project area is 
relatively flat with slightly higher elevations to the northwest. A vicinity map indicating the 
general project location is presented as Figure 1.  A site plan, included as Figure 2, shows 
prominent site features and the approximate boring locations.

We understand that AWWU wishes to replace or rehabilitate approximately 10,000 linear feet of
existing 8-inch diameter cast iron water main. We understand that traditional open trenching is 
the preferred construction method for this project.
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3.0 SUBSURFACE EXPLORATIONS

Subsurface explorations for this study consisted of drilling and sampling six borings, designated 
Borings B-1 through B-6, in the project area on March 7 and 8, 2018. Borings B-07 to B-20
were advanced in the northern portion of the project between August 20 and 22, 2018. The 
general boring locations were selected in the field by our representative to provide relatively 
even coverage for the project site and to avoid conflicts with buried utilities and traffic. The 
boring locations, shown on Figure 2, were recorded using a Global Positioning System (GPS).
The surface elevations shown on the boring logs were estimated from the Municipality of 
Anchorage (MOA) Geographical Information Systems (GIS) 1-foot contours.  Therefore, the 
boring locations shown on the site plan and the elevations reported on the boring logs should be 
considered approximate.

Drilling services for this project were provided by Discovery Drilling of Anchorage, Alaska, 
using a truck mounted CME-75 drill rig, and a Geoprobe 7822 DT. An experienced engineer
from our firm was present during drilling to locate the borings, observe drill action, collect 
samples, log subsurface conditions, and observe groundwater conditions.  

The borings were advanced with 31/4-inch inner diameter (ID), continuous flight, hollow-stem 
augers to depths ranging between approximately 15.9 and 16.5 feet below ground surface (bgs).  
As the borings were advanced, samples were typically recovered using standard penetration test 
(SPT) methods at 2.5-foot intervals to 15 feet bgs.  In the SPT method, samples are recovered by 
driving a 2-inch outer diameter (OD) split-spoon sampler into the bottom of the advancing hole 
with blows of a 140-pound hammer free falling 30 inches onto the drill rod.  For each sample, 
the number of blows required to drive the sampler the final 12 inches of an 18-inch penetration 
into undisturbed soil is recorded.  Blow counts are shown graphically on the boring log figures as 
“penetration resistance” and are displayed adjacent to sample depth.  The penetration resistance 
values give a measure of the relative density (compactness) or consistency (stiffness) of 
cohesionless or cohesive soils, respectively.  In addition to the split spoon samples, a grab 
sample of the near-surface soils was collected from the auger cuttings in the upper 1.5 feet of 
each boring. To collect samples for corrosivity testing, a sample was obtained at 10 or 12.5 feet 
bgs by driving a 3-inch OD split-spoon sampler; blow counts were not recorded for this sample.

The soils were visually classified in the field, and then these classifications were later verified 
selectively through laboratory analysis.  Samples selected for gradation testing were classified in 
general accordance with ASTM International (ASTM) D-2488 and the Unified Soils 
Classification System (USCS), presented in Appendix A, Figure A-1. Frost classifications were 
also estimated for samples based on laboratory testing (sieve analyses and P-200) and are shown 
on the boring logs. The frost classification system is presented in Appendix A, Figure A-2.
Summary logs of the borings are presented in Appendix A, Figures A-3 to A-22. Frost 
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classifications included on the logs in Appendix A are followed by “0.02 mm” or “P-200” to 
indicate whether frost classifications were based on hydrometer or sieve/P-200 data, 
respectively.

The soil samples were "screened" for volatile organic vapors using a the direct screening method 
and a photoionization detector (PID). The PID was calibrated before screening activities with 
100 parts per million (ppm) isobutylene standard gas. Field screening results are presented on 
the boring logs in Appendix A, Figures A-3 and A-22.

After drilling, select borings were completed by installing a 1-inch, polyvinyl chloride (PVC)
casing with slotted tip to facilitate observation of groundwater levels at a later date.  The annular 
space between the borehole wall and casing was backfilled with cuttings produced during 
drilling activity and a steel, flush mount monument was installed to protect the top of the casing.
The area around the monument was repaired with asphalt “cold patch”. Installation details for 
the observation wells are shown on the corresponding boring log.

4.0 DATA REVIEW

Data review of existing information was conducted prior to field work to evaluate the likely soil, 
groundwater, and environmental conditions that would be encountered along the project corridor.

4.1 Environmental Records Review

State database records were researched for pertinent information regarding the environmental
conditions within the project area. For the purposes of this search, the project area, designated 
the “Project” is defined as the existing water main within San Roberto Avenue between Pine and 
Lane Streets, within San Antonio Street between San Roberto and Camilla Court, and within
Camilla Court between San Antonio and DeLasala Place in Anchorage, Alaska.

4.1.1 Leaking Underground Storage Tank Database

The ADEC’s Leaking Underground Storage Tank (LUST) database was reviewed October 30,
2018. Four LUST sites were identified within 0.25-mile of the project area.  

The closest “active” contaminated site is the Ride N Shine USTs 5 & 6 located at 1341 Bragaw 
Street, located approximately 1,100 feet southwest of the Project.  The site was added to the 
database in 2015 when benzene-impacted soil was encountered during the removal of two 
10,000-gallon USTs. One analytical sample collected during 2015 groundwater monitoring 
activities contained diesel range organics concentrations less than the applicable ADEC clean up 
levels.  Site characterization activities for site closure are ongoing at the site but have not been 
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accessed since 2016.  Based on institutional knowledge of these ongoing activities, it is unlikely 
that this site has impacted the Property.

The remaining LUST sites are listed as “cleanup complete” or “cleanup complete with 
institutional controls” by the ADEC and located at least 1,000 feet from the Property.  Based on 
considerations of distance to the Property and typical release, fate, and transport mechanisms, it 
is our opinion these remaining sites are not likely to impact the Project.

4.1.2 Contaminated Sites Database  

The ADEC Contaminated Sites database was reviewed October 30, 2018. Three contaminated 
sites were identified within 0.25-mile of the project area.

The closest contaminated site is the Totem Trailer Town listed as “cleanup complete –
institutional controls” (CC/IC) and located at 701 Klevin Street, approximately 700 feet 
northwest of the Project.  However, after review of the ADEC database, the identified 
contamination associated with this site has been delineated between 7th and 8th Avenue and 
Klevin Street and Hoyt Street.  The site was added to the database in 2000 when impacted soil 
and groundwater were encountered during the removal five heating oil USTs and associated 
piping at the trailer park. Approximately 2,000 cubic yards of contaminated soil was excavated 
and transported offsite for thermal remediation. Twenty-two monitoring wells were installed and 
sampled beginning in 2000 and through 2012 as part of site characterization activities.  
According to an ADEC letter dated July 11, 2016, the results of the long-term groundwater 
monitoring demonstrated that contaminating concentrations in groundwater at the site were 
stable, diminishing, or below ADEC cleanup levels.  It was determined by the ADEC that 
environmental actions at the site were sufficient to include only the standard conditions for 
CC/IC status.  According to a figure included in the ADEC letter, the soil and groundwater 
contamination is located within the parcel boundaries but is adjacent to the Hoyt Street right-of-
way.

The closest “active” contaminated site is the Jiffy Lube #2464 Injection Wells, located at 1221
Bragaw Street, approximately 925 feet west of the Project.  The site was added to the database in 
2017 when contaminated soil and groundwater were identified in four injection wells during at 
Phase II Environmental Site Assessment activities.  Several target analytes were detected at 
concentrations above DEC cleanup levels in soil beneath the building at the soil/water interface.
The four injection wells were decommissioned in April 2017, however removal of contaminated 
soil was not possible due to its location beneath the building. Site characterization activities are 
ongoing at the site.  
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The remaining contaminated site is listed as CC/IC and is located 1,000 feet of the Project.
Based on considerations of distance to the project area and typical release, fate, closure status, 
and transport mechanisms, it is our opinion these remaining sites are not likely to impact the 
Project.

4.2 Geotechnical Records Review

Site plans and boring logs provided by the Municipality of Anchorage were reviewed. In general 
the explorations were conducted in the 1970’s and 1980’s and used solid-flight auger.  Because 
of the drilling method and shallow depth of the borings the information was not utilized in this 
project.

5.0 LABORATORY TESTING

Laboratory tests were performed on selected samples recovered from the borings to confirm field 
classifications and to estimate the index properties of the typical materials encountered.  The 
laboratory testing was formulated with emphasis on estimating the material gradation and in-situ 
water content.  

Water content tests were performed in general accordance with ASTM D2216. The results of the 
water content measurements are presented graphically on the boring logs in Appendix A, Figures 
A-3 through A-22.

Grain size classification (gradation) testing was performed to estimate the particle size 
distribution of selected samples from the borings.  The gradation testing generally followed the 
procedures described in ASTM C117/C136 and D422.  The test results are presented in 
Appendix A, Figure A-23 (14 sheets) and summarized on the boring logs as percent gravel, 
percent sand, and percent fines.  Percent fines on the boring logs are equal to the sum of the silt 
and clay fractions indicated by the percent passing the No. 200 sieve.  Plasticity characteristics 
(Atterberg Limits results) are required to differentiate between silt and clay soils under USCS.

6.0 SUBSURFACE CONDITIONS

The subsurface conditions encountered are presented graphically on the boring logs included in 
Appendix A, Figures A-3 through A-22. In general, our borings encountered between 3 and 4
feet of granular soil, possibly fill, overlying native soils, consisting of generally unsorted, highly 
variable, glaciofluvial sands containing various amounts of silt and gravel.  The contact between 
fill and native soils was difficult to discern based on the frozen nature of the soil and the elevated 
fines content of the structural fill. Approximately 2 to 4 inches of asphalt was typically 
encountered at the ground surface.  
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The fill materials encountered by our borings generally consisted of well-graded sand with silt 
and gravel to silty sand with gravel fines contents of 9 to 26 percent. Samples of fill material 
subjected to laboratory testing contained moisture contents ranging from 3 to 6 percent. Based on 
observation of drill action and sampler penetration the unfrozen fill soils are medium dense to 
dense.

Below the fill we encountered native soils consisting of sand with varying amounts of silt and 
gravel, with the exception of Borings B-03, B-08, and B-16 which encountered sandy silt or silty 
clay beneath the fill.  Additionally a layer of organic silt with wood fragments was encountered
between 1.5 and 2.2 feet bgs in Boring B-16. Based on laboratory testing, the estimated fines 
contents of the predominantly granular, native soils ranged between 9 and 35 percent and 
moisture contents typically ranged between 4 and 13 percent. Based on penetration resistance 
values ranging between 43 and greater than 50 blows per foot (bpf), the native granular materials
encountered by our borings are typically dense to very dense.

Groundwater was not encountered in Borings B-03 and B-04 during drilling.  During drilling 
groundwater was observed in the other borings between 4.5 and 12.5 feet bgs.  Static water 
levels were observed to vary from 4.2 to 11 feet bgs; these levels appear to correlate to an 
approximate elevation of 150 feet. Note that water levels may fluctuate by several feet 
seasonally and may vary during periods of high precipitation and rapid snow melt.

The soil samples recovered during drilling were field screened for volatile organics using the 
PID.  Screening results typically registered between 0.0 and 1.9 parts per million (ppm).  The 
highest value was registered in Boring B-1 Sample S1, from a depth interval of approximately 0
to 2 feet bgs.  These values are within typical background levels for soils in the Anchorage area.

Select samples from the approximate waterline burial depth were submitted to Coffman 
Engineers for a corrosivity evaluation.  Consistent with Coffman Engineers corrosivity 
evaluation, the soils tested should be considered potentially corrosive.  Coffman Engineers soil 
corrosivity evaluation report is presented in Appendix B.

7.0 ENGINEERING CONCLUSIONS

Geotechnical considerations associated with this project consist of controlling excavation slopes,
developing pipe bedding, excavation backfill and compaction, repairing or replacing pavements, 
potential settlements, controlling construction drainage, and planning for possible dewatering 
needs for excavations below the groundwater table.  Based on the conditions encountered by our 
borings, the soils in the project area generally consist of several feet of sand and gravel fill 
(pavement structural sections) overlying dense glaciofluvial deposits of sand and gravel
containing various amounts of silt.  In our opinion, the native soils are relatively compact and 
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should be adequate to support the proposed waterline rehabilitation.  However, proper control of 
excavation (including construction dewatering) and backfilling activities will be paramount in 
achieving a well-constructed project.

7.1 Trench Excavation

Excavations will be required for open trenching for replacement of the existing main, fire 
hydrants and service connection. Buildings and other utilities may be in relatively close 
proximity to the existing water main. Structures encountered near an excavation will need to be 
adequately supported and braced during construction. In areas that are not in close proximity 
(within 10 feet) of existing structures, trenches should generally be constructed as presented in 
Figure 3.  If trenches are excavated within 10 feet of existing structures or paved surfaces, the 
open trench (including undercutting caused by wall caving) should not penetrate a plane line 
extending out and down from the outer edge of the building foundation element or edge of 
pavement at a slope of 1 horizontal (H) to 1 vertical (V) unless shoring is provided to support the 
trench side and building/pavement surcharge loads. Note that this guidance is for temporary
excavations that are open for less than about 1 week.  Excavations that will remain open for 
longer periods of time should be flattened to 1.5H:1V.

During excavation, pockets of relatively low fines soils above the water table may initially tend 
to stand relatively steeply due to the apparent cohesion associated with the soil moisture.  
However, as the soils dry, they will tend to ravel and slough to their natural angle of repose, 
which for planning purposes is estimated at about 1.5 H to 1 V. Deeper silty soils will likely 
stand relatively steeply as long as the excavation sides are protected from moisture and the 
excavation is not left open for longer than 24 hours.  The actual slope and excavation bottom 
conditions should be made the responsibility of the contractor, who will be present on a day to 
day basis and can adjust efforts to obtain the needed stability and meet the applicable Alaska and 
Federal (OSHA) safety regulations.

Groundwater was encountered as shallow as approximately 6 feet bgs during drilling and 
measured in piezometers at depths ranging from about 3.3 to 11 feet bgs which corresponds to an 
approximate elevation of 150 feet. Most of the soils observed below the water table had 
relatively high silt contents and heaving conditions were not encountered.  Running ground and 
significant groundwater inflow is unlikely in the silty native materials at depth. However, 
depending on the season, groundwater may be perched on top of silty native soils in the existing 
road fill. As the perched groundwater drains after excavation, at the interface between the native 
and fill soils, a running ground condition may develop in the existing road fill. Running ground 
conditions may also be encountered in cleaner native soils below the water table, such as the fill 
soils placed above the existing water line.  Excavation side slopes may be difficult to control if 
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groundwater is not controlled.  Recommendations for construction drainage and dewatering are 
discussed in Section 7.5.

If wet conditions persist at the trench bottom, crushed aggregate may be used to stabilize the 
trench bottom (i.e. provide a firm unyielding surface on which to support the new pipe) and E-
Chips may be used as a substitute for pipe bedding material.  This should only be done if it is too 
wet to compact mineral soils as E-Chips may be placed in relatively wet conditions and can be 
compacted with hand equipment.  

We recommend that the contractor be required to submit an excavation plan once the utility 
layout and depths have been determined.  The excavation plan should describe the methods and 
sequencing for excavation, as well as additional information for dewatering and shoring as 
necessary.  The plan should highlight areas that may require dewatering and include details for 
the type or types of dewatering that will be undertaken (including, but not limited to, pump rates, 
discharge locations, treatment, etc.).  The excavation plan should also include the types and 
locations of shoring to be used, and engineered plans for the shoring if required.  We recommend 
that we be retained to review the excavation plan prior to authorizing work to proceed at the site 
to ensure that the plan contains the necessary information and is appropriate for the conditions at 
the site.

7.2 Trench Backfill

Below areas that are receiving pavement sections or concrete sidewalks, pipe bedding and trench 
backfill should be placed in maximum 12-inch loose lifts and compacted to at least 95 percent of 
the Modified Proctor maximum dry density, as discussed in Section 7.6 below. The bedding and 
fill material around the pipe should be compacted to at least 95 percent of the Modified Proctor 
maximum dry density or per manufacturer recommendations, to support and hold the pipe firmly 
in place.  In areas where no paving is planned, less compaction is required and material may be 
placed in thicker lifts (up to 18 inches) and moderately compacted to achieve at least 90 percent 
compaction.  

Utility trenches should be backfilled with existing inorganic native soils placed in original 
stratigraphic sequence, as much as practical, between the top of the pipe bedding and the bottom 
of the road subgrade as discussed in Section 7.3, or to original ground surface in areas where no 
pavement is needed.  This procedure limits the contrast between trench backfill and the 
surrounding soil conditions that can lead to adverse settlement or frost heave behavior.  Bulking 
of backfill into trenches should be discouraged, as this can cause variable subgrade support or 
voids and lead to differential movement and pavement distress. If existing inorganic soils 
become difficult to compact during construction due to the material properties, the contractor 
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may utilize Municipality of Anchorage Standard Specifications (MASS) Type IIA structural fill 
at the discretion of the Project Engineer.

7.3 Asphalt Pavement Repairs

Asphalt pavement will need to be repaired in areas where utility trenches or other excavations 
penetrate the existing roadways, parking areas, or driveways.  New asphalt pavements placed 
over trench excavations must be able to support the anticipated applied loads from vehicles.  In 
designing the pavement repairs, the strength and frost susceptibility of the existing adjacent 
prism and backfill soils must be considered.  We assume that the grade of the road and driveways
will remain consistent with current grades, and that these surfaces will continue to be primarily 
used for relatively lightly-loaded vehicle traffic with occasional truck traffic for maintenance and 
other services.  The relatively compact native subgrade soils (with typical frost classifications of 
F3) can provide suitable subgrade support for pavements if the section is designed to 
accommodate expected frost conditions. The recommendations below are intended for use in 
pavement repairs and not for full width road reconstruction.

The existing pavement appears to be showing signs of fatigue cracking, and a few potholes were 
noted.  However, given the apparent age of the pavement, it appears to be performing relatively 
well based on limited observation of the road surface in the area of our explorations.  Repair 
work should focus on creating new pavements that behave similarly to the existing surface.  To 
accomplish this, the thickness and materials used to repair the pavement structural section and 
asphalt should generally match the existing conditions. Based on our observations during 
drilling, we estimate that the existing pavement structural section on area roadways consists of 
approximately 2 inches of asphalt over 2.5 to 4 feet of sand and gravel fill. Frost classifications 
of the road base fills subjected to laboratory testing typically ranged from F1 to F2; however, the 
fills generally do not appear to meet the gradation requirements of typical non-frost susceptible 
materials such as Municipality of Anchorage Type II/IIA.

In our opinion, the existing F1 and F2 fills appear to be performing relatively well and may be 
reused for pavement repairs to within 18 inches of finished grade. However, the reuse of these
existing fill materials should be considered on a case by case basis during construction based on 
the gradation properties of the materials, and the contractors ability to compact with moisture 
and density control. Pockets of notably silty soil, containing greater than 20 percent fines,
should not be reused within 3.5 feet of finished grade within the pavement structural sections.
Based on our borings, a similar structural section should therefore consist of a minimum of 2
inches asphalt pavement, 4 inches MASS Leveling Course, 12 inches of compacted Type II/ IIA 
structural fill over reused existing fill.
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Excavations through pavements should be backfilled with native, inorganic soils, placed and 
compacted as outlined in Section 7.6, up to the bottom of the structural section.  If the existing 
conditions cannot be closely matched due to design or construction requirements, a transition 
should be designed with a 4H to 1V graduation in thickness, from new to existing pavement 
sections. Fill materials placed below asphalt pavement should be compacted to the standards 
presented in Section 7.6.  Gradation requirements for Type II/IIA structural fill and leveling 
course are provided in Figure 4. Quality control inspection is strongly recommended when 
placing pavement support soils.

7.4 Settlements

The magnitudes of the settlements that will develop around the new utilities are dependent upon 
the applied loads, the gradation properties of the bedding and fill material, and the care with
which the bedding and structural fills are placed and compacted.  Additionally, careful 
excavation and construction practices to minimize disturbance to support soils should be 
employed for this project.  With proper soil type, placement, and compaction it is estimated that 
total maximum settlements will be limited to elastic deflection of the bedding, or about ½-inch or 
less, all of with may be differential over a length of approximately 50 feet.

7.5 Construction Drainage and Dewatering

Based on measurements in PVC casings installed in several borings, the observed shallow water
table at 3.3 to 11 feet bgs in the project area is likely due to perched water on top of silty native 
soils.  These groundwater depths suggest that groundwater will likely be encountered during 
excavation work.  The perched groundwater in the relatively free draining fill material could be 
significant and may cause running ground and sloughing of the excavation sides. Running 
ground is not anticipated in the very dense silty native soils, but may be possible in the cleaner 
native soils and in deeper fill soils assumed to be present above the existing water line, but not 
encountered in our borings. Dewatering with sumps, pumping equipment and staged excavation
may be sufficient to control groundwater during excavations. These measures may also need to 
be used in tandem with temporary shoring or trench boxes to control trench walls.  Construction 
should also be staged so that a minimum length of trench is left open for as short a time as 
possible.  If sumps and pumps are not preferred or if they are proven to be insufficient for the 
project, local well points or other dewatering methods may be required. Based on the observed 
soil conditions, and a 10 foot wide, 50 foot long section of open trench requiring 5 feet of draw 
down, we estimate initial required pumping rates of up to 250 gallons per minute (gpm), with 
rates decreasing to approximately 100 gpm over 7 days.  This rate is likely an upper bound 
estimate, and lower pumping rates would be expected where fines contents are higher and where 
the required drawdown is less.
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Another critical water condition during construction will likely be surface runoff entering 
excavations.  Thus, the ground around open excavations should be contoured to direct surface 
water around the excavations.  Excavation and backfilling work should be closely coordinated 
such that seepage and surface runoff is not allowed to collect and stand in open trenches for long 
time periods.  Seepage from the trench walls may cause local running or sloughing of the soil, 
which may require the use of a trench box or shoring depending on the excavation slope angles 
and depth of the excavations. Exposed silty soils should be protected from additional moisture 
during construction as they are likely moisture sensitive and may lose significant strength if 
saturated.

Based on the expected dewatering volumes, a Temporary Water Use Authorization (TWUA) 
from the Department of Natural Resources will be required. Based on the proximity of 
contaminated sites, discharges from dewatering systems will either need an ADEC Excavation 
Dewatering Permit or an AWWU Industrial Discharge permit.  While the main expected 
contaminant is sediment, dewatering operations in Hoyt Street between approximately Seventh 
and Eighth Avenue could capture petroleum contamination.

7.6 Structural Fill and Compaction

Structural fill will be needed to support pavements and new utilities. Classified structural fill 
that is imported should be clean, granular soil free of organic material to provide drainage and 
frost protection.  These soils should contain less than about six percent passing the No. 200 
sieve.  Generally, Type II or Type IIA material as specified in the MASS works well for this
application as the subbase layer, since it can be placed under both wet and dry weather 
conditions.  Gradation properties for the classified materials mentioned above are included in 
Figure 4.

Based on laboratory test results from our borings in the project area, fill and native soils 
generally contain greater than 9 percent fines. Therefore the fill and native sand materials do not 
meet the gradation requirements for Type II/IIA classified fill as shown on Figure 4. However, 
existing fill material may be used in the structural section deeper than 18 inches below finished 
grade as long as notably silty sands are not used.  During construction, pockets of fill that are 
notably silty (fines contents above 20 percent) may be encountered and should not be reused in 
the structural section.  Sandy soils that do not meet the requirements for Type II/ IIA fill may be 
used for backfill in nonstructural areas and below the pavement structural section. Note that 
excavated sands may be difficult to compact without adding large amounts of water or using 
thinner lifts.

Structural fills below pavements should be placed in lifts not to exceed 10 to 12 inches loose 
thickness, and compacted to at least 95 percent of the maximum dry density as determined by the 
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Modified Proctor compaction procedure (ASTM D1557).  Non-structural fills, including fills 
outside of the road prism or beneath landscape areas that are not subject to building or traffic 
loads, should be compacted to at least 90 percent of the Modified Proctor optimum dry density.  
Bulking of backfill into the trench should be discouraged as this can cause voids and lead to 
large future surface settlements.  During fill placement, we recommend that large cobbles or 
boulders with dimensions in excess of 8 inches be removed from any structural fills. 

8.0 CLOSURE AND LIMITATIONS

The analyses, conclusions, and recommendations contained in this report are based on site 
conditions as they presently exist, and further assume that the explorations are representative of 
the subsurface conditions throughout the site; that is, the subsurface conditions everywhere are 
not significantly different from those disclosed by the explorations.  If subsurface conditions 
different from those encountered in the explorations are encountered or appear to be present 
during construction, we should be advised at once so that we can review these conditions and 
reconsider our recommendations, where necessary.  If there is a substantial lapse of time between 
the submission of this report and the start of construction at the site, or if conditions have 
changed because of natural forces or construction operations at or adjacent to the site, we 
recommend that we review our report to determine the applicability of the conclusions and 
recommendations.

Within the limitations of scope, schedule, and budget, the analyses, conclusions, and 
recommendations presented in this report were prepared in accordance with generally accepted 
professional geotechnical engineering principles and practice in this area at the time this report 
was prepared.  We make no other warranty, either express or implied.  These conclusions and 
recommendations were based on our understanding of the project as described in this report and 
the site conditions as observed at the time of our explorations.

Unanticipated soil conditions are commonly encountered and cannot be fully determined by 
merely taking soil samples from test borings.  Such unexpected conditions frequently require that 
additional expenditures be made to attain a properly constructed project.  Therefore, some 
contingency fund is recommended to accommodate such potential extra costs.

This report was prepared for the exclusive use of our client and their representatives for 
evaluating the site as it relates to the geotechnical aspects discussed herein.  The data and report 
should be provided to the contractors for their information, but our report, conclusions, and 
interpretations should not be construed as a warranty of subsurface conditions included in this 
report.
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If there is a substantial lapse of time between the submittal of this report and the start of work at 
the site, or if conditions have changed due to natural causes or construction operations at or 
adjacent to the site, it is recommended that this report be reviewed to determine the applicability 
of the conclusions considering the changed conditions and time lapse. Unanticipated soil 
conditions are commonly encountered and cannot fully be determined by merely taking soil 
samples or advancing borings.  Shannon & Wilson has prepared the attachments in Appendix C
Important Information About Your Geotechnical/Environmental Report to assist you and others 
in understanding the use and limitations of the reports.  

Copies of documents that may be relied upon by our client are limited to the printed copies (also 
known as hard copies) that are signed or sealed by Shannon & Wilson with a wet, blue ink 
signature.  Files provided in electronic media format are furnished solely for the convenience of 
the client.  Any conclusion or information obtained or derived from such electronic files shall be 
at the user’s sole risk.  If there is a discrepancy between the electronic files and the hard copies, 
or you question the authenticity of the report please contact the undersigned.

We appreciate this opportunity to be of service.  Please contact the undersigned at (907) 561-
2120 with questions or comments concerning the contents of this report.

SHANNON & WILSON, INC.

Stafford Glashan, P.E.
Senior Engineer III

SJG:KLB

11/09/18
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LEVELING COURSE
U.S. STANDARD SIEVE SIZE PERCENT PASSING

BY WEIGHT

25.0 mm
19.0 mm
9.5 mm
4.75 mm
2.36 mm
0.30 mm
0.075 mm

100
70 - 100
50 - 80
35 - 65
20 - 50
8 - 28
0 - 6*

TYPE II BACKFILL
PERCENT PASSING

BY WEIGHT

GRADATION REQUIREMENTS
(Adapted from Municipality of Anchorage Standard Specifications, 2015)

1 in.
3/4 in.
3/8 in.
No. 4
No. 8
No. 50
No. 200

MetricEnglish

U.S. STANDARD SIEVE SIZE

8 in.
3 in.
1-1/2 in.
3/4 in.
No. 4
No. 10
No. 40
No. 200

-
75 mm
37.5 mm
19.0 mm
4.75 mm
2.00 mm
0.425 mm
0.075 mm

100
70 - 100
55 - 100
45 - 85
20 - 60
12 - 50
4 - 30
2 - 6**

* The fraction passing the No. 200 sieve
shall not exceed 75 percent of the fraction
passing the No. 50 sieve.

** The fraction passing the No. 200 sieve
shall not exceed 15 percent of the fraction
passing the No. 4 sieve.

SHANNON & WILSON, INC.
Geotechnical & Environmental Consultants

CLASS E BEDDING
PERCENT PASSING

BY WEIGHTU.S. STANDARD SIEVE SIZE

1/2 in.
3/8 in.
No. 4
No. 10
No. 40
No. 200

12.5 mm
9.5 mm
4.75 mm
2.00 mm
0.425 mm
0.075 mm

100
100-80
20 - 75
12 - 60
2 - 30
0 - 6

TYPE IIA BACKFILL
PERCENT PASSING

BY WEIGHTU.S. STANDARD SIEVE SIZE

3 in.
3/4 in.
No. 4
No. 10
No. 40
No. 200

75 mm
19.0 mm
4.75 mm
2.00 mm
0.425 mm
0.075 mm

100
50 - 100
25 - 60
15 - 50
4 - 30

2 - 6***

E - CHIPS
PERCENT PASSING

BY WEIGHTU.S. STANDARD SIEVE SIZE

1/2 in.
3/8 in.
No. 4
No. 8
No. 200

12.5 mm
9.5 mm
4.75 mm
2.36 mm
0.075 mm

100
90 - 100
10 - 30

0 - 8
0 - 1

San Antonio Street Waterline Rehabilitation
Project WW.00022
Anchorage, Alaska



32-1-20095

APPENDIX A

BORING LOGS AND 
GEOTECHNICAL LABORATORY TEST RESULTS









SHANNON & WILSON, INC.

FROST CLASSIFICATION
(after Municipality of Anchorage, 2009 Rev. 3)

GROUP P-200* USC SYSTEM

NFS
Gravelly Soils 0 to 6 GW, GP, GW-GM, GP-GM

F1

Sandy Soils

Gravelly Soils 6 to 13

SW, SP, SW-SM, SP-SM

GM, GW-GM, GP-GM

F2
Sandy Soils

Gravelly Soils

6 to 19

13 to 25

SP-SM, SW-SM, SM

GM

F3

Sands, except very

Gravelly Soils

Over 19

Over 25

SM, SC

GM, GC

fine silty sands**

Clays, PI>12 CL, CH

All Silts

Very fine silty sands**

Clays, PI<12

Varved clays and
other

fined grained, banded
sediments

F4

Over 19

ML, MH

SM, SC

CL, CL-ML

CL and ML
CL, ML, and SM;
SL, SH, and ML;

CL, CH, ML, and SM

0.02 Mil.

3 to 15

10 to 20

Over 15

Over 20

Over 15

(based on P-200 results)

3 to 10

0 to 3

0 to 3 0 to 6

P-200 = Percent passing the number 200 sieve
0.02 Mil. = Percent material below 0.02 millimeter grain size

*Approximate P-200 value equivalent for frost classification.
  Value range based on typical, well-graded soil curves.

** Very fine sand : greater than 50% of sand
    fraction passing the number 100 sieve

SHANNON & WILSON, INC.
Geotechnical & Environmental Consultants

FROST CLASSIFICATION LEGEND

November 2018
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April 15, 2018 
 
Shannon & Wilson, Inc. 
5430 Fairbanks Street, Suite 3 
Anchorage, Alaska 99518 

Attention: Mr. Thomas Keatts 

Reference: AWWU SAN ANTONIO, CAMILA AND SAN ROBERTO SOIL CORROSIVITY REPORT  
S & W PROJECT #32-1-20095 

Dear Thomas: 

A soil corrosivity evaluation was performed on six samples obtained for testing.  The soil samples were tested and 
evaluated by Coffman Engineers.  Testing was performed in accordance with ASTM G57-06 (Reapproved 2012) 

esistivity Using the Wenner Four- and 
ASTM G51-95 (Reapproved 2012 for Use  

The correlation between soil corrosivity and the physical and chemical constituents that comprise the soil were 
evaluated.  Factors that affect the corrosivity of soils include soil resistivity, soluble salt content, pH, soil type 
(permeability), aeration, moisture content, Redox potential, amount of microbes in the soil and stray currents. No 
single factor or measurement should be used to determine the corrosivity of soil.  

The corrosion rate of metallic structures in soil depends on the nature of the soil and other environmental factors, 
such as the availability to moisture and oxygen. These factors can lead to extreme variations in the rate of the 
attack. For example, under extreme conditions a buried metallic structure may perforate and lose integrity in less 
than one year, conversely archeological digs in arid desert regions have uncovered iron tools that are hundreds of 
years old. The following general guidelines may be formulated: Soils with high moisture content, high electrical 
conductivity, high acidity, and high dissolved salts will typically be the most corrosive. 

Soil Resistivity & Uniformity 

One of the best criterions for estimating the corrosivity of a soil is to determine its resistivity, which depends 
largely upon the nature and amount of dissolved salts in the soil.  It is generally recognized that soluble salts, such 
as chloride and sulfate ions, increase the corrosivity of soil.  Temperature, moisture content, compaction and 
presence of inert materials also affect soil resistivity. 

Soil resistivity affects corrosion in several ways.  The lower the resistivity, the better the soil conducts current flow 
and the greater the soil corrosivity.  Low resistivity soils may contain high concentrations of soluble salts.  The salts 
attack the protective oxide films on the steel surface, accelerating the rate of the electrochemical reactions, 
therefore increasing the corrosivity of the soil.   

A general guideline for soil corrosivity as related to resistivity is listed below: 
 

Soil Resistivity (Ohm-cm) Soil Corrosivity 
Below 1,000 Very Corrosive 
1,000  2,000 Corrosive 
2,000  5,000 
5,000-10,000 

Moderately Corrosive
Mildly Corrosive 

Above 10,000 Progressively Less Corrosive 
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The preceding guideline may be used as a soil corrosivity indicator, but no single measurement or criterion should 
be used to determine the corrosivity of soil.  Corrosion of structures, where bacteria, oxygen concentration cells and 
other corrosion mechanisms exist, has been documented in soils in excess of 100,000 ohm-cm. 

Soil uniformity is important because of the possible development of localized corrosion cells caused by 
discontinuous soils.  Different soil types in contact with a metallic structure can cause anodic (where corrosion 
occurs) and cathodic areas within a structure.  The extent of corrosion is determined by soil resistivity, pH and other 
factors.   

Soil pH 

The chemical composition and the degree of acidity or alkalinity of the soil affect corrosion of metals in soils.  In 
general, decreasing pH increases soil corrosivity.  The pH of most soils falls within the range of 3 to 10.  Typically, 
a neutral soil pH range is considered to be 6.5 to 7.5.  Above 7.5 is considered alkaline and below 6.5 is considered 
acidic. 

Soil pH is often considered to be one of the controlling factors in underground corrosion.  Soil pH is a measure of 
-ion activity.  In low pH environments (acidic), the protective corrosion films on steel 

are de-stabilized, resulting in localized or accelerated corrosion.  In neutral pH environments, sulfate-reducing 
anaerobic bacteriological corrosion may occur.  In high pH environments (alkaline), steel develops protective 
passive films. 

Results & Conclusions 

The results of the testing follow: 

 Soil Resistivity Soil Resistivity   
Sample # & Depth (As-received) (Saturated) pH Comments 

B-1 S-5 10.0 -11.5  18,000 ohm-cm 9,600 ohm-cm 6.08 moist brown silty sand  

B-2 S-6 1 -14.0  15,000 ohm-cm 15,000 ohm-cm 6.16 wet grey silty sand with gravel 

B-3 S-6 -  29,000 ohm-cm 12,000 ohm-cm 6.03 moist grey sandy silt with gravel 

B-4 S-5 10.0 -  17,000 ohm-cm 12,000 ohm-cm 6.49 moist grey silty sand with gravel 

B-5 S-5 10.0 -  24,000 ohm-cm 10,300 ohm-cm 6.46 moist grey silty sand with gravel 

B-6 S-6 -  17,500 ohm-cm 10,100 ohm-cm 6.22 moist grey silty sand with gravel 

The soil characteristics, at the test location, should be considered potentially corrosive. 

Groundwater was observed at approximately 3.5 to 9 feet (see the geotechnical logs showing the sample collection 
locations). The soil at the time of testing was moist to wet and may vary seasonally. 

The soil resistivities varied, which could develop into a corrosion risk if sufficient moisture is present. The 
magnitude and variation in resistivity is often of greater significance than the absolute value of resistivity.  When a 
structure is in contact with soils which vary significantly in resistivity, corrosion concentration cells may develop 
between the high and low resistivity areas.  Sections in low resistivity areas become anodic to sections in high 
resistivity areas, and therefore corrode.  The resistivities may also vary with seasonal soil moisture content. 

The soil pH was acidic. In acidic pH environments, the protective corrosion films on metallic structures are de-
stabilized, which may result in localized or accelerated corrosion.  



Soil Corrosivity Evaluation
Page 3 
 
Adequate corrosion control mitigation measures should be implemented to attain the AWWU specified 70-year 
design life of the structures.  Corrosion resistant materials (i.e., non-metallic materials, stainless steel, etc.) should 
be used or metallic materials with a tightly bonded exterior coating and cathodic protection are recommended.   

From a corrosion control perspective, non-metallic materials would be the preferred pipeline material for this 
project due to the soil corrosivity characteristics.  If non-metallic pipeline materials are used, magnesium anodes 
should be installed on all below grade metallic features (flanges, valves, etc.).  The features should also have a 
tightly bonded coating applied to them. 

If ductile iron pipe is used, polyethylene encasements (baggies) should not be used unless it is used in combination 
with a tightly bonded coating such as Zinc coated ductile iron pipe as distributed by US Pipe.  If polyethylene 
encasements (baggies) are used, the polyethylene encasements should also have corrosion control and 
bacteriological prevention additives built into the encasements to mitigate the potential for corrosion (i.e., VBioTM 
polyethylene encasements as distributed by US Pipe). Additionally, the AWWU standard cathodic protection 
design and construction practices for buried pipelines should also be followed (install one 70-pound packaged 
weight high potential magnesium anode on each joint of pipe and install two #2 AWG CP bond cables across each 
pipe joint). 
 
If ductile iron pipe is used, without polyethylene encasements and Zinc coated pipe as described above, then a 
tightly bonded coating with cathodic protection should be used. The AWWU standard cathodic protection design 
and construction practices for buried pipelines should also be followed (install one 70-pound packaged weight high 
potential magnesium anode on each joint of pipe and install two #2 AWG CP bond cables across each pipe joint). 

Thank you for the opportunity to work with you on this project.  Please let me know if you need additional 
information or if I can be of further assistance. 

Sincerely, 

COFFMAN ENGINEERS, INC. 

 
C. Dan Stears, Vice President 
Coffman Corrosion Control Engineering 
NACE Cathodic Protection Specialist #3527 



September 18, 2018

Shannon & Wilson, Inc.
5430 Fairbanks Street, Suite 3
Anchorage, Alaska 99518

Attention: Mr. Stafford Glashan

Reference: AWWU SAN ANTONIO STREET EXPANDED PROJECT SOIL CORROSIVITY REPORT
S & W PROJECT #32-1-20095-002

Dear Stafford:

A soil corrosivity evaluation was performed on fourteen samples obtained for testing.  The soil samples were tested and 
evaluated by Coffman Engineers.  Testing was performed in accordance with ASTM G57-06 (Reapproved 2012) 
“Standard Test Method for Field Measurement of Soil Resistivity Using the Wenner Four-Electrode Method” and ASTM 
G51-95 (Reapproved 2012) “Standard Test Method for Measuring pH of Soil for Use in Corrosion Testing”.

The correlation between soil corrosivity and the physical and chemical constituents that comprise the soil were evaluated.  
Factors that affect the corrosivity of soils include soil resistivity, soluble salt content, pH, soil type (permeability), 
aeration, moisture content, Redox potential, amount of microbes in the soil and stray currents. No single factor or 
measurement should be used to determine the corrosivity of soil. 

The corrosion rate of metallic structures in soil depends on the nature of the soil and other environmental factors, such as 
the availability to moisture and oxygen. These factors can lead to extreme variations in the rate of the attack. For example, 
under extreme conditions a buried metallic structure may perforate and lose integrity in less than one year, conversely 
archeological digs in arid desert regions have uncovered iron tools that are hundreds of years old. The following general 
guidelines may be formulated: Soils with high moisture content, high electrical conductivity, high acidity, and high 
dissolved salts will typically be the most corrosive.

Soil Resistivity & Uniformity

One of the best criterions for estimating the corrosivity of a soil is to determine its resistivity, which depends largely upon
the nature and amount of dissolved salts in the soil.  It is generally recognized that soluble salts, such as chloride and 
sulfate ions, increase the corrosivity of soil.  Temperature, moisture content, compaction and presence of inert materials 
also affect soil resistivity.

Soil resistivity affects corrosion in several ways.  The lower the resistivity, the better the soil conducts current flow and 
the greater the soil corrosivity.  Low resistivity soils may contain high concentrations of soluble salts.  The salts attack the 
protective oxide films on the steel surface, accelerating the rate of the electrochemical reactions, therefore increasing the 
corrosivity of the soil.  

A general guideline for soil corrosivity as related to resistivity is listed below:

Soil Resistivity (Ohm-cm) Soil Corrosivity
Below 1,000 Very Corrosive
1,000 – 2,000 Corrosive
2,000 – 5,000 Moderately Corrosive
5,000-10,000 Mildly Corrosive
Above 10,000 Progressively Less Corrosive
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The preceding guideline may be used as a soil corrosivity indicator, but no single measurement or criterion should be used 
to determine the corrosivity of soil.  Corrosion of structures, where bacteria, oxygen concentration cells and other 
corrosion mechanisms exist, has been documented in soils in excess of 100,000 ohm-cm.

Soil uniformity is important because of the possible development of localized corrosion cells caused by discontinuous 
soils.  Different soil types in contact with a metallic structure can cause anodic (where corrosion occurs) and cathodic 
areas within a structure.  The extent of corrosion is determined by soil resistivity, pH and other factors.  

Soil pH

The chemical composition and the degree of acidity or alkalinity of the soil affect corrosion of metals in soils.  In general, 
decreasing pH increases soil corrosivity.  The pH of most soils falls within the range of 3 to 10.  Typically, a neutral soil
pH range is considered to be 6.5 to 7.5.  Above 7.5 is considered alkaline and below 6.5 is considered acidic.

Soil pH is often considered to be one of the controlling factors in underground corrosion.  Soil pH is a measure of the 
environment’s hydrogen-ion activity.  In low pH environments (acidic), the protective corrosion films on steel are de-
stabilized, resulting in localized or accelerated corrosion.  In neutral pH environments, sulfate-reducing anaerobic 
bacteriological corrosion may occur.  In high pH environments (alkaline), steel develops protective passive films.

Results & Conclusions

The results of the testing follow:

Soil Resistivity Soil Resistivity
Sample # & Depth (As-received) (Saturated) pH Comments

B-1 S5B 10.0’-12.0’ 18,000 ohm-cm 16,500 ohm-cm 6.45 moist brown silty sand and gravel

B-2 S5B 10.0’-12.0’ 15,500 ohm-cm 15,500 ohm-cm 6.34 wet grey silty sand and gravel

B-3 S5B 10.0’-12.0’ 19,000 ohm-cm 19,000 ohm-cm 6.62 wet grey silty sand and gravel

B-4 S5B 10.0’-12.0’ 10,500 ohm-cm 10,500 ohm-cm 6.52 wet grey silty sand and gravel

B-5 S5B 10.0’-12.0’ 17,000 ohm-cm 17,000 ohm-cm 6.46 wet grey silty sand and gravel

B-6 S5B 10.0’-12.0’ 10,000 ohm-cm 10,000 ohm-cm 6.93 wet grey sandy silt and gravel

B-7 S5B 10.0’-12.0’ 14,500 ohm-cm 14,500 ohm-cm 6.98 wet grey silty sand and gravel

B-8 S5B 10.0’-12.0’ 13,000 ohm-cm 13,000 ohm-cm 6.90 wet grey silty sand and gravel

B-9 S5B 10.0’-12.0’ 59,000 ohm-cm 19,000 ohm-cm 6.59 moist grey silty sand and gravel

B-10 S5B 10.0’-12.0’ 8,300 ohm-cm 7,000 ohm-cm 6.75 moist grey silty sand and gravel

B-11 S5B 10.0’-12.0’ 20,000 ohm-cm 20,000 ohm-cm 6.90 wet grey silty sand and gravel

B-12 S5B 10.0’-12.0’ 12,000 ohm-cm 12,000 ohm-cm 6.72 wet grey silty sand and gravel

B-13 S5B 10.0’-12.0’ 8,700 ohm-cm 8,700 ohm-cm 6.88 wet grey silty sand and gravel

B-14 S5B 10.0’-12.0’ 12,000 ohm-cm 12,000 ohm-cm 6.80 wet grey silty sand and gravel

The soil characteristics, at the test location, should be considered potentially corrosive.

Groundwater was observed, at the time of drilling, between approximately 4.5 to 13 feet (see the geotechnical logs and 
site plan showing the sample collection locations). The soil at the time of testing was moist to wet and may vary 
seasonally.
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The soil resistivities were relatively consistent and were within a range that could present a corrosion risk.  The 
resistivities may also vary with seasonal soil moisture content.

The soil pH was neutral to acidic. In acidic pH environments, the protective corrosion films on metallic structures are de-
stabilized, which may result in localized or accelerated corrosion. Dense neutral soil (silts and clays) and/or soils that 
contain organics are favorable to sulfate-reducing anaerobic bacteriological corrosion. This aggressive corrosion 
mechanism can substantially reduce the design life of the structures. Some of the soils at the project location are 
conducive sulfate-reducing anaerobic bacteriological corrosion.

Adequate corrosion control mitigation measures should be implemented to attain the AWWU specified 70-year design life 
of the structures.  Corrosion resistant materials (i.e., non-metallic materials, stainless steel, etc.) should be used or metallic 
materials with a tightly bonded exterior coating and cathodic protection are recommended.  

From a corrosion control perspective, non-metallic materials would be the preferred and recommended pipeline material 
for this project due to the soil corrosivity characteristics.  If non-metallic pipeline materials are used, magnesium anodes 
should be installed on all below grade metallic features (flanges, valves, etc.).  The features should also have a tightly 
bonded coating applied to them. 

If ductile iron pipe is used, polyethylene encasements (baggies) should not be used unless it is used in combination with a 
tightly bonded coating such as Zinc coated ductile iron pipe as distributed by US Pipe.  If polyethylene encasements 
(baggies) are used, the polyethylene encasements should also have corrosion control and bacteriological prevention 
additives built into the encasements to mitigate the potential for corrosion (i.e., VBioTM polyethylene encasements as 
distributed by US Pipe). Additionally, the AWWU standard cathodic protection design and construction practices for 
buried pipelines should also be followed (install one 70-pound packaged weight high potential magnesium anode on each 
joint of pipe and install two #2 AWG CP bond cables across each pipe joint).

If ductile iron pipe is used, without polyethylene encasements and Zinc coated pipe as described above, then a tightly 
bonded coating with cathodic protection should be used. The AWWU standard cathodic protection design and 
construction practices for buried pipelines should also be followed (install one 70-pound packaged weight high potential 
magnesium anode on each joint of pipe and install two #2 AWG CP bond cables across each pipe joint).

Thank you for the opportunity to work with you on this project.  Please let me know if you need additional information or 
if I can be of further assistance.

Sincerely,

COFFMAN ENGINEERS, INC.

C. Dan Stears, Vice President
Coffman Corrosion Control Engineering
NACE Cathodic Protection Specialist #3527
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SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants 

Attachment to and part of Report  32-1-20095-002

Date: November 2018
To: AWWU

IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL 

REPORT

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals.  A report prepared for a civil engineer may not be 
adequate for a construction contractor or even another civil engineer.  Unless indicated otherwise, your consultant prepared your report 
expressly for you and expressly for the purposes you indicated.  No one other than you should apply this report for its intended 
purpose without first conferring with the consultant.  No party should apply this report for any purpose other than that originally 
contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific 
factors.  Depending on the project, these may include:  the general nature of the structure and property involved; its size and 
configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements such as 
access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations imposed by the 
client.  To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report 
may affect the recommendations.  Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of 
the proposed project is changed (for example, if an office building will be erected instead of a parking garage, or if a refrigerated 
warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, 
or configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified; (4) when 
there is a change of ownership; or (5) for application to an adjacent site.  Consultants cannot accept responsibility for problems that 
may occur if they are not consulted after factors which were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurface conditions may be affected as a result of natural processes or human activity.  Because a geotechnical/environmental report 
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose 
adequacy may have been affected by time.  Ask the consultant to advise if additional tests are desirable before construction starts; for 
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also 
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report.  The consultant should be kept 
apprised of any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken.  The data 
were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions.  The actual 
interface between materials may be far more gradual or abrupt than your report indicates.  Actual conditions in areas not sampled may 
differ from those predicted in your report.  While nothing can be done to prevent such situations, you and your consultant can work 
together to help reduce their impacts.  Retaining your consultant to observe subsurface construction operations can be particularly 
beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions 
revealed through selective exploratory sampling are indicative of actual conditions throughout a site.  Actual subsurface conditions can 
be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide 
conclusions.  Only the consultant who prepared the report is fully familiar with the background information needed to determine 
whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by 
applicable recommendations.  The consultant who developed your report cannot assume responsibility or liability for the adequacy of 
the report's recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a 
geotechnical/environmental report.  To help avoid these problems, the consultant should be retained to work with other project design 
professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of 
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test 
results, and laboratory and/or office evaluation of field samples and data.  Only final boring logs and data are customarily included in 
geotechnical/environmental reports.  These final logs should not, under any circumstances, be redrawn for inclusion in architectural or 
other design drawings, because drafters may commit errors or omissions in the transfer process.  

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete 
geotechnical engineering/environmental report prepared or authorized for their use.  If access is provided only to the report prepared 
for you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for 
whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was 
prepared.  While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss 
the report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifically 
appropriate for construction cost estimating purposes.  Some clients hold the mistaken impression that simply disclaiming 
responsibility for the accuracy of subsurface information always insulates them from attendant liability.  Providing the best available 
information to contractors helps prevent costly construction problems and the adversarial attitudes that aggravate them to a 
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY. 

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design 
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants.  To help prevent this problem, 
consultants have developed a number of clauses for use in their contracts, reports, and other documents.  These responsibility clauses 
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that 
identify where the consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual 
responsibilities and take appropriate action.  Some of these definitive clauses are likely to appear in your report, and you are 
encouraged to read them closely.  Your consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland



September 18, 2018

Shannon & Wilson, Inc.
5430 Fairbanks Street, Suite 3
Anchorage, Alaska 99518

Attention: Mr. Stafford Glashan

Reference: AWWU SAN ANTONIO STREET EXPANDED PROJECT SOIL CORROSIVITY REPORT
S & W PROJECT #32-1-20095-002

Dear Stafford:

A soil corrosivity evaluation was performed on fourteen samples obtained for testing.  The soil samples were tested and 
evaluated by Coffman Engineers.  Testing was performed in accordance with ASTM G57-06 (Reapproved 2012) 
“Standard Test Method for Field Measurement of Soil Resistivity Using the Wenner Four-Electrode Method” and ASTM 
G51-95 (Reapproved 2012) “Standard Test Method for Measuring pH of Soil for Use in Corrosion Testing”.

The correlation between soil corrosivity and the physical and chemical constituents that comprise the soil were evaluated.  
Factors that affect the corrosivity of soils include soil resistivity, soluble salt content, pH, soil type (permeability), 
aeration, moisture content, Redox potential, amount of microbes in the soil and stray currents. No single factor or 
measurement should be used to determine the corrosivity of soil. 

The corrosion rate of metallic structures in soil depends on the nature of the soil and other environmental factors, such as 
the availability to moisture and oxygen. These factors can lead to extreme variations in the rate of the attack. For example, 
under extreme conditions a buried metallic structure may perforate and lose integrity in less than one year, conversely 
archeological digs in arid desert regions have uncovered iron tools that are hundreds of years old. The following general 
guidelines may be formulated: Soils with high moisture content, high electrical conductivity, high acidity, and high 
dissolved salts will typically be the most corrosive.

Soil Resistivity & Uniformity

One of the best criterions for estimating the corrosivity of a soil is to determine its resistivity, which depends largely upon
the nature and amount of dissolved salts in the soil.  It is generally recognized that soluble salts, such as chloride and 
sulfate ions, increase the corrosivity of soil.  Temperature, moisture content, compaction and presence of inert materials 
also affect soil resistivity.

Soil resistivity affects corrosion in several ways.  The lower the resistivity, the better the soil conducts current flow and 
the greater the soil corrosivity.  Low resistivity soils may contain high concentrations of soluble salts.  The salts attack the 
protective oxide films on the steel surface, accelerating the rate of the electrochemical reactions, therefore increasing the 
corrosivity of the soil.  

A general guideline for soil corrosivity as related to resistivity is listed below:

Soil Resistivity (Ohm-cm) Soil Corrosivity
Below 1,000 Very Corrosive
1,000 – 2,000 Corrosive
2,000 – 5,000 Moderately Corrosive
5,000-10,000 Mildly Corrosive
Above 10,000 Progressively Less Corrosive
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The preceding guideline may be used as a soil corrosivity indicator, but no single measurement or criterion should be used 
to determine the corrosivity of soil.  Corrosion of structures, where bacteria, oxygen concentration cells and other 
corrosion mechanisms exist, has been documented in soils in excess of 100,000 ohm-cm.

Soil uniformity is important because of the possible development of localized corrosion cells caused by discontinuous 
soils.  Different soil types in contact with a metallic structure can cause anodic (where corrosion occurs) and cathodic 
areas within a structure.  The extent of corrosion is determined by soil resistivity, pH and other factors.  

Soil pH

The chemical composition and the degree of acidity or alkalinity of the soil affect corrosion of metals in soils.  In general, 
decreasing pH increases soil corrosivity.  The pH of most soils falls within the range of 3 to 10.  Typically, a neutral soil
pH range is considered to be 6.5 to 7.5.  Above 7.5 is considered alkaline and below 6.5 is considered acidic.

Soil pH is often considered to be one of the controlling factors in underground corrosion.  Soil pH is a measure of the 
environment’s hydrogen-ion activity.  In low pH environments (acidic), the protective corrosion films on steel are de-
stabilized, resulting in localized or accelerated corrosion.  In neutral pH environments, sulfate-reducing anaerobic 
bacteriological corrosion may occur.  In high pH environments (alkaline), steel develops protective passive films.

Results & Conclusions

The results of the testing follow:

Soil Resistivity Soil Resistivity
Sample # & Depth (As-received) (Saturated) pH Comments

B-1 S5B 10.0’-12.0’ 18,000 ohm-cm 16,500 ohm-cm 6.45 moist brown silty sand and gravel

B-2 S5B 10.0’-12.0’ 15,500 ohm-cm 15,500 ohm-cm 6.34 wet grey silty sand and gravel

B-3 S5B 10.0’-12.0’ 19,000 ohm-cm 19,000 ohm-cm 6.62 wet grey silty sand and gravel

B-4 S5B 10.0’-12.0’ 10,500 ohm-cm 10,500 ohm-cm 6.52 wet grey silty sand and gravel

B-5 S5B 10.0’-12.0’ 17,000 ohm-cm 17,000 ohm-cm 6.46 wet grey silty sand and gravel

B-6 S5B 10.0’-12.0’ 10,000 ohm-cm 10,000 ohm-cm 6.93 wet grey sandy silt and gravel

B-7 S5B 10.0’-12.0’ 14,500 ohm-cm 14,500 ohm-cm 6.98 wet grey silty sand and gravel

B-8 S5B 10.0’-12.0’ 13,000 ohm-cm 13,000 ohm-cm 6.90 wet grey silty sand and gravel

B-9 S5B 10.0’-12.0’ 59,000 ohm-cm 19,000 ohm-cm 6.59 moist grey silty sand and gravel

B-10 S5B 10.0’-12.0’ 8,300 ohm-cm 7,000 ohm-cm 6.75 moist grey silty sand and gravel

B-11 S5B 10.0’-12.0’ 20,000 ohm-cm 20,000 ohm-cm 6.90 wet grey silty sand and gravel

B-12 S5B 10.0’-12.0’ 12,000 ohm-cm 12,000 ohm-cm 6.72 wet grey silty sand and gravel

B-13 S5B 10.0’-12.0’ 8,700 ohm-cm 8,700 ohm-cm 6.88 wet grey silty sand and gravel

B-14 S5B 10.0’-12.0’ 12,000 ohm-cm 12,000 ohm-cm 6.80 wet grey silty sand and gravel

The soil characteristics, at the test location, should be considered potentially corrosive.

Groundwater was observed, at the time of drilling, between approximately 4.5 to 13 feet (see the geotechnical logs and 
site plan showing the sample collection locations). The soil at the time of testing was moist to wet and may vary 
seasonally.
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The soil resistivities were relatively consistent and were within a range that could present a corrosion risk.  The 
resistivities may also vary with seasonal soil moisture content.

The soil pH was neutral to acidic. In acidic pH environments, the protective corrosion films on metallic structures are de-
stabilized, which may result in localized or accelerated corrosion. Dense neutral soil (silts and clays) and/or soils that 
contain organics are favorable to sulfate-reducing anaerobic bacteriological corrosion. This aggressive corrosion 
mechanism can substantially reduce the design life of the structures. Some of the soils at the project location are 
conducive sulfate-reducing anaerobic bacteriological corrosion.

Adequate corrosion control mitigation measures should be implemented to attain the AWWU specified 70-year design life 
of the structures.  Corrosion resistant materials (i.e., non-metallic materials, stainless steel, etc.) should be used or metallic 
materials with a tightly bonded exterior coating and cathodic protection are recommended.  

From a corrosion control perspective, non-metallic materials would be the preferred and recommended pipeline material 
for this project due to the soil corrosivity characteristics.  If non-metallic pipeline materials are used, magnesium anodes 
should be installed on all below grade metallic features (flanges, valves, etc.).  The features should also have a tightly 
bonded coating applied to them. 

If ductile iron pipe is used, polyethylene encasements (baggies) should not be used unless it is used in combination with a 
tightly bonded coating such as Zinc coated ductile iron pipe as distributed by US Pipe.  If polyethylene encasements 
(baggies) are used, the polyethylene encasements should also have corrosion control and bacteriological prevention 
additives built into the encasements to mitigate the potential for corrosion (i.e., VBioTM polyethylene encasements as 
distributed by US Pipe). Additionally, the AWWU standard cathodic protection design and construction practices for 
buried pipelines should also be followed (install one 70-pound packaged weight high potential magnesium anode on each 
joint of pipe and install two #2 AWG CP bond cables across each pipe joint).

If ductile iron pipe is used, without polyethylene encasements and Zinc coated pipe as described above, then a tightly 
bonded coating with cathodic protection should be used. The AWWU standard cathodic protection design and 
construction practices for buried pipelines should also be followed (install one 70-pound packaged weight high potential 
magnesium anode on each joint of pipe and install two #2 AWG CP bond cables across each pipe joint).

Thank you for the opportunity to work with you on this project.  Please let me know if you need additional information or 
if I can be of further assistance.

Sincerely,

COFFMAN ENGINEERS, INC.

C. Dan Stears, Vice President
Coffman Corrosion Control Engineering
NACE Cathodic Protection Specialist #3527














