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SUBJECT: Draft Geotechnical Feasibility Appendix for the Robe Lake Aquatic Ecosystem 
Restoration Feasibility Study, Valdez, Alaska. 
 
1. Enclosed is the Draft Geotechnical Feasibility Appendix for the Robe Lake Aquatic 

Ecosystem Restoration feasibility study located in Valdez, Alaska. Included with this 
appendix are discussions of the anticipated subsurface conditions, preliminary geotechnical 
evaluation, and historical geotechnical site investigation located near the proposed project 
site. 

 
2. Questions should be addressed to Twain Cacek at 907-753-2784 or Amy Steiner at 907-

753-2800. 
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1 Introduction  
This report summarizes the data gathered from research of geotechnical information available 
for Robe Lake area to support an aquatic ecosystem restoration study for Robe Lake. 
Geotechnical information and analyses of soils in the vicinity were inferred from a report 
authored by Alaska Petroleum Company (AlPetCo) in 1979. Information and assumptions were 
developed through site assessment intended for use by design engineers and planners to 
evaluate the feasibility of the alternatives for an aquatic ecosystem restoration project. This 
report is not intended for use in construction contract documents. 

2 Location and Project Description 
Robe Lake is located approximately eight (8) miles southeast of Valdez and approximately 300 
miles east of Anchorage. The project site can be accessed from the Richardson highway as 
shown in Figure 2-1. 

The goal of the Robe Lake Ecosystem Restoration project is to return tributary flows to the lake, 
reconfigure dikes and embankments to reintroduce glacial water to the lake in hopes that it will 
restore the old aquatic ecosystem by limiting and/or eliminating the current growth of vegetation. 
Valdez Fisheries Development Association (VFDA) have enhanced the salmonid habitat by 
removing Robe Lake vegetation on an annual basis. Robe Lake vegetation growth was caused 
by the loss of turbid, cold, glacial flow from the diversion of Corbin Creek. During construction of 
the Richardson Highway and associated diversion dike along Corbin Creek channel, now known 
as Old Corbin Creek, reduced flow into Robe Lake. 
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Figure 2-1. Project Location and Vicinity Map 

3 Previous Geotechnical Investigations 
The only geotechnical information identified within the Robe Lake is from a proposed refining 
and petrochemical facility located approximately 2.5 miles northwest of Robe Lake. Conditions 
encountered at this site may not be representative of conditions in the project area. 

Alaska Petroleum Company (AlPetCo) conducted a geotechnical and geophysical investigation 
15 June to 11 July 1979 to gain knowledge and understanding of the underlying soils. Sixteen 
test borings were drilled to depths ranging from 50 to 501 feet below ground surface (bgs). The 
geophysical survey used seismic refraction and theorized that the depth to bedrock was 700-
900ft bgs. This was determined using the seismic refraction study and reported depths to 
bedrock in Port Valdez. Soils generally consisted of coarse granular soils consisting of silt, 
sand, gravel and occasional cobbles. The soil classifications were generally GW, GP, and GM 
with instances of SW, SP, and SM. Silt lenses up to 3 feet thick were encountered, with 
organics noted in some silt lenses. No frozen soil was encountered during the historic 
geotechnical investigation, although seasonal frost can penetrate up to 10 feet bgs in areas 
without snow cover during a cold winter season. Relative density of the soils ranged from 
medium dense to dense with instances of loose and very dense soils. Consistency of the fine-
grained soil unit ranged from soft to hard. The groundwater table varied in depth from 3 feet bgs 
in the south and east to 60 feet bgs in the northern portion of the exploration area. The soil 
boring logs are included as Annex A. 

AlPetCo Site Investigation 
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AlPetCo also performed a seismic refraction geophysical survey in their project area, indicating 
700 to 900 feet of glacial outwash overlying sedimentary graywacke bedrock. 

4 Regional Geology 
Robe Lake is located on the eastern part of Prince William Sound region, approximately 8 miles 
southeast of the city of Valdez. Bedrock in the area consists of thickly inter-bedded slate and 
greywacke of the late-Cretaceous Valdez Group. The topography shows the area has been 
glaciated. Subsurface conditions of the area surrounding Robe Lake and vicinity have been 
geologically influenced by the Valdez Glacier Stream and Lowe River, creating an outwash delta 
composed of a thick section of silty sands and gravels. Bedrock was estimated to be between 
700 and 900 feet deep below ground surface. The 1979 geotechnical investigation encountered 
bedrock at depths ranging from 60 feet, 105 feet, and 327 feet bgs and may be evidence of a 
series of resistant bedrock ridges remain in the general area of Valdez. 

5 Geotechnical Design Considerations 
The alternatives described in Section 6 are considered constructible with the assumed 
geotechnical conditions. It’s important that consideration be given to subsurface conditions and 
construction aspects, including but not limited to deleterious foundation soils, stability, seismic 
concerns, and settlement. The preliminary engineering analysis in this report are based on 
historical geotechnical information and a geophysical survey performed by AlPetCo at a site 2.5 
miles away from the project area.  

The following sections are based on anticipated conditions and must be reevaluated following a 
formal subsurface site investigation. 

5.1 Anticipated Soil Profile 
The soil profile in the project area is assumed to consist of medium dense to dense Well to 
Poorly-Graded Gravels and Silty Gravels overlying sedimentary graywacke bedrock. Bedrock 
was encountered between 50 and 327 feet bgs according to the AlPetCo geotechnical and 
geophysical report. 

5.2 Anticipated In-Situ Soil Properties 
Soil properties used to design the revetment profile are summarized in Table 5-1. Typical unit 
weights from Table 5-2 (Coduto, 2001) and effective internal friction angles were estimated in 
accordance with Table 3-1 of EM 1110-1-1905, Bearing Capacity of Soils (1992). Table 5-1 soil 
properties are assumed and will require re-evaluation following a geotechnical site investigation. 
Due to its depth, the bedrock mechanical properties were not considered. The range of typical 
values are provided, with the recommended design value shown in parenthesis. 
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Table 5-1. Anticipated Design Foundation Soil Properties 

Interpreted 
Geology 

1Physical Properties 
Unified Soil 

Classification 
Symbol 

2Dry Unit 
Weight (pcf) 

2Internal 
Friction Angle 

(degrees) 

Glacial Outwash  Medium Dense to 
Dense GW, GP, GM 100 – 130  

(120) 
30 - 40 

(36) 
1 Physical properties are assumed and should be considered approximate. 
2 Range of applicable values, recommended value is shown in parentheses 

5.3 Design Factors of Safety 
Appropriate factors of safety must be determined to ensure adequate performance of the project 
throughout its design life. Three important considerations in determining appropriate factors of 
safety include: uncertainties in the conditions being analyzed, the consequences of failure, and 
the acceptable performance. Table 5-2 provides applicable factors of safety and source 
documents, which include procedures for performing analyses. 
 

Table 5-2. Applicable Factors of Safety 
Reference Analysis Condition Minimum Factor of Safety 

EM 1110-1-1905 Bearing Capacity 2.5 
EM-1110-2-1902 Slope Stability, End of Construction 1.3 
EM-1110-2-1902 Slope Stability, Long Term 1.5 
EM-1110-2-1902 Slope Stability, Earthquake Loading >1.0 
 

5.4 Training Dike Engineering Properties 
It is anticipated that the proposed training dikes will be constructed using three different rock 
materials: armor rock (A Rock), intermediate rock (B Rock), and core rock. Assumed 
engineering properties of the training dike materials are shown in Table 5-3. The range of typical 
values are provided, with the recommended design value shown in parenthesis. 

Table 5-3. Assumed Training Dike Fill Properties 
Breakwater 

Unit 
1Dry Unit Weight 

(pcf) 
1Internal Friction Angle 

(degrees) Median Rock Size (lbs) 
A-Rock 95 – 115 (107) 40 - 55 (45) 1200 
B-Rock 95 – 115 (107) 40 – 55 (45) 120 

Core Rock 95 – 115 (107) 40 - 55 (45) < 120 
1 Range of applicable values, recommended design value is shown in parentheses 

5.5 Earthquake Ground Motions  
Robe Lake falls within a region of high seismicity. Governing documents for seismic site 
classifications are the Unified Facilities Criteria (UFC) 3-220-01 Geotechnical Engineering 
Section 2-2.1 Section 1613 Earthquake Loads and the American Society of Civil Engineers 
(ASCE) 7 Hazard Tool. The Robe Lake project area categorized as Site Class D due to 
underlying stiff soils and Risk Category I due to the low hazard to human life in the event of a 
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failure, per the UFC. Table 5-4 provides site-adjusted seismic parameters per ASCE 7 Hazard 
Tool for a seismic event with 2% probability of exceedance within a 50-year period. 

Table 5-4. Probabilistic Ground Motions (g) for Robe Lake 
Parameter Value 

Probability of 
Exceedance 

2% in 50 
years 

PGAM 0.53 
SMS 1.64 
SM1 1.99 
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6 Alternatives  
The study team evaluated four ecosystem improvement alternatives (Alternatives A through D) 
and a “no action” alternative in the process of recommending a tentatively selected plan (TSP). 
The five alternatives considered are shown in the list below and described is the following 
sections. Alternatives A and B have sub-alternatives that capture different culvert configurations. 
Figure 6-1 shows the proposed alternative locations for the project. 

• Alternative A: Training Dike with Richardson Culverts/AlPetCo Trail Bridge 
• Alternative B: Training Dike with Trail Bridge and Extended Channel Excavation 
• Alternative C: Sheet Pile Broad Crested Weir with Trail Bridge 
• Alternative D: Training Dike with Excavated Channel to Brownie Creek 
• Alternative E: No Action 

 

 
Figure 6-1. Layout of Alternatives 

 
6.1 Alternative A  
Alternative A consists of rerouting Corbin Creek into the relic channel of Old Corbin Creek by 
constructing an approximately 250-foot-long training dike across Corbin Creek. The dike would 
have an approximate crest elevation of 84 feet NAVD88 with 3H:1V side slopes, an armored 
toe, and 10-foot-wide crest as shown in Figure 6-3. The armor rock (A rock) will have median 
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rock size of 1200 pounds, B rock has a median rock size of 120 pounds, and the C rock (core 
rock) will have rock less than 120 lbs (Table 5-3). All three sub-alternatives for Alternative A 
include construction an approximately 275-foot long channel to connect Corbin Creek and Old 
Corbin Creek and an approximately 450-foot-long berm (Figure 6-4) in the low-lying area 
between the two bluffs near the Old Corbin Creek culverts (shown in Figure 6-2). The proposed 
dredge extents are shown in Figure 6-1. 

6.1.1 Alternative A-1 
Alternative A-1 consists of rerouting the flow of Corbin Creek into Old Corbin and excavating a 
channel to connect Old Corbin Creek and Corbin Creek. The culverts under the existing 
AlPetCo trail on Old Corbin Creek would be replaced with a 20-foot-wide trail bridge. An 
approximately 450-foot-long would be constructed in the low-lying area between the two bluffs 
near the Old Corbin Creek culverts. 

6.1.2 Alternative A-2 
Alternative A-2 consists of rerouting the flow of Corbin Creek into Old Corbin and excavating a 
channel to connect Old Corbin Creek and Corbin Creek. The two existing 12.75-foot diameter 
culverts would be replaced with three 12.75-foot diameter culverts. 

6.1.3 Alternative A-3 
Alternative A-3 consists of rerouting the flow of Corbin Creek into Old Corbin and excavating a 
channel to connect Old Corbin Creek and Corbin Creek. The culvers under the AlPetCo trail 
system on Old Corbin Creek would be replaced with a 20-foot-wide trail bridge. The two existing 
12.75-foot diameter culverts would be replaced with three 12.75-foot diameter culverts.  



Robe Lake Ecosystem Restoration, Valdez, Alaska  8 

Geotechnical Feasibility Appendix August 2023 
U.S. Army Corps of Engineers 

 
Figure 6-2. Existing Robe River Crossing Culvert Location 

 
Figure 6-3. Alternatives A, B, and C: Typical Dike Cross Section 
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Figure 6-4. Typical Berm Cross Section 

 

6.2 Alternative B  
Alternative B consists of constructing a diversion dike parallel to Corbin Creek and 
perpendicular to Old Corbin Creek to divert all the flow into Old Corbin Creek. The dike would 
have an approximate crest elevation of 84 feet NAVD88 and be approximately 250 feet long 
with 3H:1V side slopes, an armored toe, and 10-foot crest width as shown in Figure 6-3. The 
armor rock (A rock) will have median rock size of 1200 pounds, B rock has a median rock size 
of 120 pounds, and the C rock (core rock) will have rock less than 120 lbs.  

A 30-foot wide, 3 foot deep, approximately 275-foot-long channel will be excavated to connect 
the relic Old Corbin Creek to Corbin Creek (Figure 6-5). The channel would have 3H:1V side 
slopes. Additionally, roughly 1.5 miles of the relic Old Corbin Creek channel will be deepened 
approximately 3 feet, with a channel width of 12 feet and 2H:1V side slopes. The existing 
culverts under AlPetCo Trail on Old Corbin Creek will be replaced with a 20-foot-wide trail 
bridge. An approximately 450-foot-long berm (Figure 6-4) will be placed in the low-lying area 
between the two bluffs near the Old Corbin Creek culverts to prevent overland flow from 
entering old relic channels that flow towards the Valdez subdivision.  

Alternative B has 3 sub-alternatives that pertain to the culverts and drainage. All the sub-
alternatives include the diversion dike and channel excavation described above. 
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Figure 6-5. Alternative B: Excavated Channel Extents 

 

6.2.1 Alternative B-1 
Alternative B-1 consists of replacing the existing culverts under the AlPetCo trail system with a 
20-foot-wide trail bridge. The two 12.75-foot diameter culverts at the Robe River crossing will be 
replaced with an approximately 50-foot span Alaska Department of Transportation bridge to 
increase flow capacity and improve fish passage. 

6.2.2 Alternative B-2  
Alternative B-2 consists of replacing the existing culverts under the AlPetCo trail system with an 
approximately 20-foot-wide trail bridge. The two existing 12.75-foot diameter culverts at the 
Robe River crossing will be replaced with three 12.75-foot diameter culverts. 

6.2.3 Alternative B-3 (Tentatively Selected Plan) 
Alternative B-3 consists of replacing the culverts under the AlPetCo trail system with a 20-foot-
wide trail bridge. The two 12.75-foot diameter culverts at the Robe River crossing will be 
replaced with three 14-foot diameter culverts. 

6.3 Alternative C 
Construction of Alternative C consists of constructing a broad crested weir to divert flow into Old 
Corbin Creek from Corbin Creek. The weir will be constructed from sheet pile with an 
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approximate crest elevation of 78.9 feet NAVD88 and rock placed on both sides to provide 
scour protection. The weir will span approximately 65-foot. During a 25-year flow event excess 
water will spill into Corbin Creek over the weir. 

An approximately 275-foot-long channel will be excavated to connect the relic Old Corbin Creek 
to Corbin Creek. The channel will be 30 feet wide, 3 feet deep, and have 3H:1V side slopes. 
The culverts under AlPetCo Trail on Old Corbin Creek will be replaced with an approximately 
20-foot trail bridge. An approximately 450-foot-long berm (Figure 6-4) would be placed in the 
low-lying area between the two bluffs near the Old Corbin Creek culverts to prevent overland 
flow from entering old relic channels that flow towards the Valdez subdivision. See Figure 6-1 
for locations.   

6.4 Alternative D 
Alternative D consists of diverting a portion of Corbin Creek into Brownie Creek using a 
diversion dike constructed across Corbin Creek. The creeks would be connected via an 
approximately 3,115-foot-long channel. The dike would have an approximate crest elevation of 
112 feet NAVD88 and extend approximately 300 feet with 3H:1V side slopes, an armored toe, 
and a 10-foot crest width as shown in Figure 6-3.  Rock properties would conform to Table 5-3.  

6.5 Alternative E 
Alternative E is a no action alternative and Robe Lake will continue in the present condition. 
Human intervention and mechanical harvesting of aquatic vegetation would continue. The 
salmonid habitat within the Robe Lake watershed will continue to degrade. Study objectives 
would not be met, and no project benefits or opportunities would be realized. 

7 Preliminary Geotechnical Analysis of Alternatives  
The following analyses are based on information gathered during site visits, review of the 
historical geophysical survey and geotechnical reports, and assumptions concerning subsurface 
conditions. These analyses are to evaluate the feasibility of alternatives and are not sufficient for 
design. A geotechnical investigation is required to evaluate and validate assumptions. A 
geotechnical investigation should be performed during the preconstruction engineering and 
design (PED) phase of the project.  

7.1 Bearing Capacity Analysis 
Trail bridge abutments, diversion dike, berm construction, and culvert bedding require bearing 
capacity calculations. A geotechnical investigation is required to determine site-specific soil 
properties to perform bearing capacity analysis. 

7.2 Slope Stability Analysis 
A slope stability analysis will be required for alternatives involving channel excavation or 
construction of dikes. Preliminary material parameters presented in Table 5-1 may not be 
representative of the soils within the project area. A geotechnical site investigation is required to 
perform slope stability analysis. 

7.3 Settlement Analysis 
The magnitude of settlement that can be expected within the dike and fill areas is dependent on 
the applied loads, the density of the foundation soils, and the care with which the fill materials 
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are placed. Settlement can be immediate (cohesionless soils), time-dependent (cohesive soils), 
or a combination of both for soils exhibiting intermediate cohesionless/cohesive characteristics. 
Immediate settlement is expected as load is applied to the suspected cohesionless soils 
underlying the project site. Time dependent settlement may also occur. A geotechnical site 
investigation is required to perform settlement analysis. 

8 Future Geotechnical Site Investigation Recommendations 
A geotechnical site investigation consisting of drilling between 15 and 20 test borings is 
recommended along the line of the Old Corbin Creek channel or selected channel excavation 
limits. Test borings should be performed within the footprint of any proposed berms, dikes, 
weirs, and structural features. The preferred drilling method would be able to drill and sample 
medium dense to loose to dense deposits of sands and gravels with cobbles. A geotechnical 
site investigation is vital to understanding the physical qualities of the project site, evaluating the 
soil properties for the proposed alternatives, and to provide design criteria and 
recommendations for construction. A geotechnical site investigation is typically performed 
during the preconstruction engineering and design (PED) phase of the project. 
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