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PERSIGO WASTEWATER TREATMENT PLANT
Geotechnical Investigation

2145 River Road
Grand Junction, Colorado 81505

PURPOSE AND SCOPE
At the request of the City of Grand Junction (CGJ), Wiss, Janney, Elstner Associates, Inc. (WJE) has 
completed a geotechnical investigation at the Persigo Wastewater Treatment Plant (herein referred to as 
PWWTP) located at 2145 River Road in Grand Junction, Colorado. The geotechnical investigation is part 
of the full scope of work for the PWWTP Structural Assessment as outlined in RFP-4653-19-DH, dated 
June 21, 2019. WJE has not been provided results of prior geotechnical investigations at the site, as it is our 
understanding that none exist. The objectives of our work are: characterize the subsurface conditions; 
including soils, bedrock, and groundwater levels for use in the engineering evaluation of the existing 
facilities; provide preliminary geotechnical recommendations for use in rehabilitation, modification, or 
improvement of existing facilities as needed; and provide preliminary recommendations for potential new 
construction at the PWWTP. The specific structures/facilities at the PWWTP to be assessed and evaluated 
by WJE for this current study include the Raw Sewage Pump Station, Primary Clarifiers, Aeration Basin, 
Aerobic Digesters, Sludge Processing Unit, and the Anaerobic Digesters. 

The scope of work for the geotechnical investigation included:
 Review of available geologic and background information at the PWWTP
 Drilling and sampling 7 boreholes at the PWWTP, near the existing structures that are being assessed 

and evaluated by WJE
 Installation of 2 piezometers for future monitoring of groundwater levels
 Laboratory testing of selected soil samples 
 Engineering evaluation of the results of the field investigation and laboratory testing programs
 Preparation of this report, summarizing our findings and providing preliminary geotechnical 

recommendations

Included with this report are Table 1: Summary of Laboratory Test Results; Table 2: Equivalent Fluid Unit 
Weights for “Active” and “At Rest” Conditions; Figure 1: Geologic Map; Figure 2: Borehole Location 
Map; Figure 3: Summarized Borehole Logs; and Figure 4: Borehole Log Legend. Detailed borehole and 
piezometer construction diagrams are provided in Appendix I; and laboratory test result sheets are included 
in Appendix II.

SITE CONDITIONS AND BACKGROUND 
The PWWTP site encompasses approximately 50 acres and is located roughly 1.5 miles west of the 
intersection of U.S Route 6 and Interstate I-70, and 0.8 miles north of the Colorado River. The site gently 
slopes down to the southwest toward the Colorado River. The preconstruction topographic relief at PWWTP 
was approximately 12 feet. The post construction topographic relief, including the built-up areas, is 
approximately 20 feet.  Groundwater conditions are expected to be relatively shallow due to the proximity 
of the site to the Colorado River and nearby gravel pits, where standing water is observed in the pits.  

Construction of the PWWTP was completed in 1984, after which the plant has been in service for 35 years. 
The design capacity of the plant is 25 million gallons per day. Construction drawings indicate that the 
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PWWTP was designed to allow for future expansion of selected plant facilities. The main facilities that 
comprise the existing PWWTP include:
 Operation Building 
 Headworks 
 Grit Removal Units 
 Raw Sewage Pump Station 
 Primary Clarifier 1 and 2 
 Primary Sludge Pump Station 
 Aeration Basin 
 Aeration Basin Control Unit 
 Final Clarifier 1, 2, and 3 
 Chlorine Unit 
 Chlorine Contact Basins 
 Plant Water Pump Station 
 Anaerobic Digester 1 and 2 
 Sludge Processing Unit 
 Aerobic Digester 
 Sludge Drying Beds
 Flow Equalization Basins

There are two existing piezometers that we understand have been used to monitor groundwater levels, one 
of which is located approximately 15 feet west of the Operations Building, and the other is located 
approximately 50 feet east of the Final Clarifiers. There are two additional piezometers located on the east 
side of the Flow Equalization Basin that could provide groundwater information; however, PWWTP site 
personnel were uncertain about the details regarding construction of these piezometers. 

The foundation for the Raw Sewage Pump Station is located approximately 20 feet below the ground 
surface. This foundation is the deepest of any of the structures at the site. The Primary Clarifiers, Aeration 
Basin, and sections of the Anaerobic Digesters are built on pads. Grade around these facilities was built up 
with fill.

The foundation types for the structures included in our structural assessment are mat foundations and spread 
footings, according to “as-built” drawings. During the course of the field work completed for this study, 
WJE personnel observed the structural foundation at only two core holes located within the Raw Sewage 
Pump Station, in which no cracking was observed. According to the “as-built” drawings, the mat 
foundations for the structures are up to 2 feet thick and typically have a 3 to 4 inch sub-slab with a 
waterproofing membrane, and/or a 3 inch topping slab. The dimensions of the spread footing foundations 
vary. Of the structures WJE evaluated for this study, the Sludge Processing Unit and the Aerobic Digester 
have spread footing foundations, while the Raw Sewage Pump Station, Primary Clarifiers, Aeration Basins, 
and the Anaerobic Digesters have mat foundations. 

SITE GEOLOGY
The project site is located in the Colorado Grand Valley near the Colorado River, and is situated between 
The Colorado National Monument approximately 2.5 miles to the south, and the Book Cliffs approximately 
10 miles to the northeast (Figure 1A). A series of regional faults, including the Redlands Fault, are located 
2.4 miles southwest of the PWWTP. Bedrock gently dips at approximately 3 to 11 degrees to the northeast 
at the project site. The site is underlain by the Mancos Shale, which is covered by contemporary overburden 
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soils containing gravels, sands, silts, and clays. Geological units that underlie the site range from Holocene 
to Upper Cretaceous in age.

Geologic mapping by Scott and Harding (2001) indicates the southern portion of the site, nearest to the 
Colorado River, consists of “chiefly gravel in a sand matrix (Qfp)” that is part of the Colorado River flood-
plain and stream channels. The northern portion of the site consists of a “light-gray sandy clay and silty 
clay (Qsw) deposited on very gentle slopes north of the Colorado River, derived from the Mancos Shale,” 
(Scott and Harding, 2001). The Mancos Shale outcrops approximately 5 miles northeast of the PWWTP 
site. Bedrock underlying overburden soils is the Mancos Shale, which is described as “chiefly medium-
dark-gray, dark-gray, brownish-gray, and brownish-black fissile shale that weathers to light gray”. Based 
on subsurface profiles provided with the geological mapping (Figure 1B), the Mancos Shale is expected to 
be 15 to 30 feet below the ground surface at the project site. The Mancos Shale was encountered at 
approximately 20 feet below the ground surface at one of the boreholes completed for the subsurface 
investigation. In general, descriptions provided with the geological mapping (Scott and Harding, 2001) are 
consistent with the materials encountered during the subsurface investigation. 

SITE INVESTIGATION
Drilling Program
The 2019 drilling program at the PWWTP was designed to generally define soil, bedrock, and groundwater 
conditions at and around the existing PWWTP structures. A total of 7 boreholes were drilled for the 
investigation at locations shown on Figure 2. Boreholes B-2 and B-5 were completed as piezometers, while 
the remaining boreholes were backfilled with soil cuttings. The summary borehole logs are provided in 
Figure 3, with the legend and notes provided on Figure 4. Detailed borehole logs and piezometer 
construction diagrams are provided in Appendix I.  

The boreholes were drilled by HRL Compliance Solutions between September 11 and 13, 2019, using a 
track mounted Diedrich D90 drill rig. The boreholes were advanced using two methods: 4-inch diameter 
solid stem auger, and 6-inch diameter ODEX casing. Borehole depths ranged from 14-1/2 to 27 feet below 
the existing ground surface. Each borehole was logged by a WJE geotechnical engineer.

Subsurface materials were typically sampled at 5 foot intervals using a 2-inch inner diameter California 
split-barrel sampler. The sampler was driven with a 140-pound hammer falling a vertical distance of 30 
inches. The hammer blows were provided by an automatic hammer. The number of blows required to 
advance the sampler 12 inches was recorded as the penetration resistance or N value. The N values provided 
in this report were not corrected to account for the diameter of the California sampler. Penetration resistance 
values provide an indication of the consistency or relative density of the subsurface materials encountered. 
Sampling was done in general accordance with the Standard Penetration Test (SPT) as described in ASTM 
D1586, Standard Test Method for Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils. 
When using the ODEX drilling method, grab samples were collected at selected depths. The groundwater 
levels were recorded during drilling for all boreholes, and Borehole B-1 was checked 24 hours after drilling 
before the hole was backfilled. Water level in Borehole B-5 was measured again approximately 24 hours 
after the piezometer was installed. Water level in Borehole B-2 was measured after the piezometer was 
installed.

Piezometers were installed in Boreholes B-2 and B-5 to permit monitoring of groundwater levels. The 
bottoms of Piezometers B-2 and B-5 are 17 and 20 feet 7 inches below the ground surface, respectively. 
The piezometers were constructed with 2-inch inner diameter schedule 40 PVC pipe. The lower 10 feet of 
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the piezometer pipe is machine slotted (10 slot), which is connected to the solid PVC pipe which extends 3 
feet above ground surface. A clean 10-20 silica sand was placed in the annulus around the entire slotted 
PVC pipe section and extending approximately 2 feet above the slotted section. Bentonite chips were placed 
above the 10-20 silica sand to seal off the screened interval, and were placed up to about 2 feet below the 
ground surface. Concrete was placed from the top of the bentonite seal to the ground surface, and a circular 
lockable steel protective cover which extends approximately 3 feet above ground surface was placed in the 
concrete. As-built construction diagrams of Piezometers B-2 and B-5 are included in Appendix I with the 
detailed borehole logs. 

Laboratory Testing
Laboratory testing was performed on selected samples obtained from the boreholes to characterize the 
physical and engineering properties of soil and bedrock materials at the PWWTP. Laboratory tests were 
conducted by Advanced Terra Testing, Inc. (ATT), of Lakewood, Colorado, in general accordance with 
ASTM procedures. Laboratory testing included:
 Water Content (ASTM D2216)
 Density (ASTM D7263)
 Atterberg Limits (ASTM D4318)
 Grain Size Distribution (ASTM D6913)
 Swell/Consolidation (Denver Swell)
 Unconfined Compressive Strength (ASTM D2166)

Laboratory test results are summarized on Table 1 on the following page, and are shown on the summary 
logs on Figure 3 and the detailed logs in Appendix I. Test result sheets are provided in Appendix II.
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Table 1 - Summary of Laboratory Test Results

Gravel 
(%)

Sand 
(%)

Fines 
(%)

Liquid 
Limit (%)

Plasticity 
Index          
(%)

Inundation 
Pressure        

(psf)
Swell/Cons. (%)

Swell 
Pressure 

(psf)
Axial Strain at Peak Stress(%) Peak Stress (psf)

0 14.2 -

4 14.5 113 4 41 55 28 14 CL - Sandy lean CLAY, trace gravel

7 12.8 121

15.5 9.4 116

20 7 89 4 SP - poorly graded SAND, trace gravel

26 20 76 4 SP - poorly graded SAND with gravel 

0 7.1 105

3 11.5 113 0 1 99 41 23 CL - Lean CLAY, trace sand

7 29.6 92 0 17 83 *CL - Lean CLAY with sand

12 8.1 121

0 9.9 126

4 19.8 108 0 1 99 38 20 CL - Lean CLAY, trace sand

9 28.7 94 0 2 98 34 17 1080 -1.5 N/A 13 410 CL - Lean CLAY, trace sand

0 6.8 117

4 20.5 102 0 1 99 45 27 CL - Lean CLAY, trace sand

9 21.8 103 0 51 49 *SC - Clayey SAND

0 14.8 112 0 9 91 38 21 CL - Lean CLAY, trace sand

6 18.4 92 0 82 18 *SC - Clayey SAND

20 9.2 122 2400 0.4 4680

0 11.7 100

4 16.1 112 2 18 80 36 20 CL - Lean CLAY with sand

9 16.6 115 0 1 99 36 19 1080 0.1 1830 12 4350 CL- Lean CLAY, trace sand 

14 28.3 95 0 0 100 34 18 CL- Lean CLAY

19 8.2 125 37 52 11 SW-SC - Well graded SAND with clay and gravel

0 6.5 115

4 15.3 113 0 22 78 30 14 CL - Lean CLAY with sand

9 28.3 92

Material TypeBorehole 
Sample 
Depth          

(ft)

In situ Moisture 
Content         

(%)

In situ Dry 
Density         

(pcf)

Gradation Atterberg Limits Swell/Consolidation Unconfined Compression Strength Test

Notes: 
(1) Laboratory testing completed by Advanced Terra Testing, Inc. Lakewood, Colorado.
(2) (*) denotes estimated soil classification.

B-1

B-2

B-3

B-4

B-5

B-6

B-7
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SUBSURFACE CONDITIONS
Following are descriptions of the different materials encountered during the September 2019 geotechnical 
investigation as presented in this report. The borehole logs (Figures 3 and 4 and Appendix I) and laboratory 
test result sheets (Appendix II) should be referred to for detailed information.

Topsoil
Topsoil material was encountered in all boreholes ranging from the ground surface to about 1-1/2 feet below 
the ground surface. The topsoil was a clay soil with trace amounts of sand and gravel, with organic material 
including grass roots. The moisture of the topsoil ranged from dry to moist, and the color was dark brown. 

Lean Clay
The predominant near-surface material encountered at the site is a lean clay with varying amounts of sand 
and gravel. Lean clay was encountered in all of the boreholes extending from just below the topsoil to 
depths ranging from 0.5 to 20 feet. Dry unit weights (dry densities) ranged from 92 to 126 pounds per cubic 
foot (pcf). Moisture contents ranged from 6.5 to 29.6 percent (%). N values ranged from 2 to 44, indicating 
the material consistency ranges from soft to hard. The lower blow counts were typically obtained in the 
lean clays below the groundwater level. Plasticity index values range from 14 to 27. Unconfined 
compressive strength tests on two samples provided strengths of 410 and 4,350 pounds per square foot 
(psf), respectively. Volumetric changes measured when test specimens were wetted at an applied stress 
corresponding to overburden stress ranged from 1.5% compression to 0.1% swell. The material color ranged 
from tan to light and dark brown.

Poorly Graded Sand
Sand with varying amounts of gravel underlies the lean clay, extending to the bottom of the boreholes at 
depths 27 and 17 feet in Boreholes B-1 and B-2, respectively. Due to difficulties drilling and sampling this 
material, just one drive sample was obtained using the California split-sampler, and several grab samples 
were obtained. The drive sample was found to have a moisture content of 8.1 %, and a dry unit weight of 
121 pcf. The N value recorded for the one drive sample was 48, indicating the material relative density is 
dense. The material color was gray to brown.

Clayey Sand
Clayey sand underlies the lean clay in Boreholes B-4, B-5, and B-7, extending to depths of 14, 8-1/2, and 
15-1/2 feet, respectively. Dry unit weights ranged from 92 to 103 pcf, and moisture contents ranged from 
18.4 to 21.8 %. N values ranged from 15 to 24, indicating the material consistency is medium dense. The 
material color was light to dark brown.

Gravel and Cobble
Gravel and cobble materials were encountered in Boreholes B-4 and B-5 beneath lean clay and clayey sand, 
extending to depths of 17-1/2 and 20 feet, respectively. Gravel and cobble sizes and percentages by weight 
could not be determined accurately due to difficulty drilling and sampling these materials. Nearby fill 
materials containing native gravel and cobbles indicate that the maximum cobble size is likely 
approximately 3 to 4 inches. Gravel and cobble cuttings were collected during drilling, but no laboratory 
testing was performed on these samples due to crushing of the material that resulted from drilling with the 
ODEX system. 
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Well Graded Sand with Clay and Gravel
Well graded sand with clay and gravel underlies the lean clay in Borehole B-6, and extends to the bottom 
of the borehole at 23 feet depth. One sample of this material was obtained using the California split-sampler. 
The moisture content was determined to be 8.2 %, and the dry unit weight 125 pcf. The N value recorded 
for the one sample is 45, indicating the material relative density is medium dense. The material color was 
gray and brown.

Mancos Shale
A dark olive gray shale bedrock was encountered during drilling in Borehole B-5 at an approximate depth 
of 20 feet bgs. The N value was 50 blows to achieve 1 inch of sampler penetration, indicating the material 
consistency is very hard. Laboratory test results for dry unit weight and moisture content were 122 pcf and 
9.2 %, respectively. The volumetric change measured when the test specimen was wetted at an applied 
stress corresponding to overburden was 0.4% swell. 

Groundwater 
Groundwater was encountered in Boreholes B-1, B-2, B-3, B-4, and B-5 at 5-1/2 to 8 feet depth below 
ground surface (bgs). At Boreholes B-6 and B-7, which were drilled in areas that had been built up by 
placement of fill, groundwater was encountered at 15 and 9 feet bgs, respectively. These groundwater levels 
were measured during drilling and shortly after drilling was completed. Groundwater levels may fluctuate 
significantly in response to numerous factors such as seasonal irrigation and climatic variations. 

Groundwater readings were measured on September 13, 2019, at the four existing piezometers and the two 
new piezometers installed at Boreholes B-2 and B-5. Groundwater levels measured at existing and new 
piezometers on September 13, 2019 are consistent with one another and ranged from 7 to 9 feet bgs. The 
groundwater level measured at the existing piezometer west of the operations building was 7-1/2 feet bgs. 
The groundwater level for the existing piezometer east of the final clarifier was measured at 7 feet bgs. 
Groundwater levels measured at the existing piezometers east of the flow equalization basin were 7-1/2 and 
9 feet bgs. Groundwater levels measured at the new piezometers, Piezometer B-2 (Borehole B-2) and 
Piezometer B-5 (Borehole B-5), were 8 and 7 feet bgs, respectively. 

GEOTECHNICAL ENGINEERING DISCUSSION AND RECOMMENDATIONS
Lateral Earth Pressures
The majority of the facilities at the PWWTP extend below the ground surface and thereby have lateral earth 
pressures acting against them. The lateral earth pressures will depend on the type of subsurface material 
present, as well as drainage and groundwater conditions. Where foundations extend below the groundwater 
level, the lateral pressures acting on the wall increase as a result of the water pressure. In addition, the lateral 
earth pressure acting on a foundation wall will vary depending on whether or not the wall is restrained from 
moving. Where a foundation or retaining wall deflects in response to lateral earth pressures, this is referred 
to as active conditions. Where a foundation wall is restrained and does not deflect due to the lateral earth 
pressures, this is referred to as the at-rest conditions. At rest earth pressures will be greater than active earth 
pressures. 

Lateral earth pressures are typically estimated using an “equivalent fluid pressure.” The lateral earth 
pressure acting on a wall at a particular depth is calculated as the depth below the ground surface times the 
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equivalent fluid unit weight. Where the wall extends below the groundwater level, the lateral earth pressure 
is calculated as the lateral pressure at the groundwater level, calculated as described above, plus the depth 
below the groundwater level times the equivalent fluid unit weight corresponding to conditions below the 
groundwater level. 

Table 2, below, provides equivalent unit weights for active and at rest conditions and for conditions above 
and below the groundwater level. These values apply to the case where lean clay soils as described in this 
report bear against the foundation walls. For the existing PWWTP facilities, the boreholes completed for 
this study indicate that lean clay materials extend to depths below the bottom or to very near the bottom of 
all of the foundation walls. 

Table 2 - Equivalent Fluid Unit Weights for “Active” and “At Rest” Conditions

Condition Equivalent Fluid Unit Weight, pcf
Active - Above Groundwater Level 37
Active - Below Groundwater Level 80
At Rest - Above Groundwater Level 57
At Rest - Below Groundwater Level 91

Groundwater Conditions
The depth to groundwater ranged from 7 to 9 feet below the ground surface, except in areas that have been 
built up with fill. This groundwater range is based on depths measured during drilling, and readings 
obtained in the existing and new piezometers measured on September 11 to 13, 2019. Groundwater levels 
measured in the existing four piezometers agree with groundwater levels measured during the drilling 
program and with measurements in Piezometers B-2 and B-5. It is likely that groundwater levels have 
varied due to seasonal irrigation and changes in climatic conditions. In order to develop an understanding 
of how the groundwater level varies, WJE recommends that PWWTP site personnel obtain and record 
readings at the existing and new piezometers on a monthly basis for a period of 1 to 2 years. 

Subgrade Foundation Performance
Considering that it has been approximately 35 years since construction of the PWWTP, and given the 
subsurface conditions as described in this report, we expect there will be minimal new distress due to 
foundation or slab-on-ground movement at the facility. Minor structure movement may have occurred 
during initial loading and soon thereafter. It is also possible that very minor structure movement has 
occurred due to changing loading conditions and large fluctuations in the groundwater level. 
Swell/consolidation testing indicates that subsurface materials at the site exhibit minimal volume change 
when wetted. 

Details regarding the performance of the structures WJE evaluated for this study are provided in the WJE 
Structural Assessment Report.

Preliminary Recommendations for Additional Facilities
We understand that enlargement of the PWWTP could be undertaken in the future and could involve 
construction of new facilities including Anaerobic Digesters, Primary Clarifiers, Aeration Basins, and Final 
Clarifiers. Locations for the new facilities are shown on the “Overall Site Plan” drawing. Subsurface 
investigations completed for this study included boreholes located in the vicinity of these proposed 
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facilities. In the following sections we provide preliminary recommendations for foundation design and 
construction of these facilities based the findings of the geotechnical investigation as described in this 
report. Final geotechnical investigations should be completed for these facilities once the new facility 
locations have been selected and details of the proposed structures are known. We also provide preliminary 
geotechnical recommendations for these facilities based on where the future structures are shown on the 
drawings, and the results of this study.

Primary Clarifiers 
The existing Primary Clarifiers are located in the central portion of the plant site. The existing structures 
measure approximately 118 feet at their outer diameter. The structures consist of a conventionally 
reinforced 8-inch thick concrete mat foundation, with a 2-inch thick grout layer, both of which have a 1:12 
slope downwards towards the center of the clarifier. The perimeter walls consist of conventionally 
reinforced 10-inch thick concrete with two mats of reinforcing. The concrete structure extends 
approximately 2 feet above grade, and approximately 9 feet below grade. Borehole B-3 was drilled near 
where it appears that the additional Primary Clarifiers may be constructed. Based on the condition 
encountered in Borehole B-3, we offer the following preliminary comments and recommendations:

 Foundations similar to those constructed for the existing Primary Clarifiers appear to be a reasonable 
alternative for new Primary Clarifiers should they be constructed in this area. Design criteria for the 
foundation should be developed as part of the final geotechnical investigation work. Lateral earth 
pressures for preliminary design can be estimated using the equivalent fluid unit weights provided in 
this report. A relatively low N value (2/12) was obtained at 9 feet depth in Borehole B-3. Final 
geotechnical investigations should further investigate this depth interval to evaluate the potential affect 
soft lean clays could have on foundation design and construction. It may be prudent to “over-excavate” 
and replace soft clay if present at or near the mat bearing elevation.

 Excavations for the foundations may extend below the groundwater table. This should be confirmed 
based on monitoring of piezometer water levels as recommended in this report. Should it be determined 
that construction dewatering will be required, final geotechnical investigations should include slug 
testing to evaluate permeability characteristics of the lean clay soils for estimation of dewatering 
quantities, and for evaluation and design of dewatering alternatives if needed. In addition, final 
geotechnical investigation work should include development of design and construction 
recommendations for excavation support alternatives. 

 If settlement of these structures is critical, final geotechnical investigations should include Shelby-tube 
sampling of the lean clay materials and consolidation testing, including time rate measurements for 
each load increment. However, it is possible, depending on the geometry and other details of the new 
clarifiers, that these structures could be considered to have what is sometimes called a “compensated 
foundation.” This means that the Clarifier, even when full of effluent, weighs the same or less than any 
soil excavated to allow its construction. If so, settlement concerns may be less crucial. Nevertheless, 
soft conditions at bearing elevations may introduce constructability issues, which must be considered 
in design and construction.

Anaerobic Digesters 
The existing Anaerobic Digesters are located on the west side of the plant, west of the Primary Clarifiers. 
The existing circular structures measure approximately 70 feet at their outer diameter. The structures extend 
approximately 20 feet above grade, and approximately 10 feet below grade. The structures consist of a 
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conventionally reinforced 12-inch thick concrete mat foundation within the digesters, with a conventionally 
reinforced 14-inch thick concrete slab and 3-inch thick topping within the pump room located between the 
two tanks. Borehole B-4 was drilled near where it appears that additional Anaerobic Digesters may be 
constructed. Based on the condition encountered in Borehole B-4, we offer the following preliminary 
comments and recommendations:

 Mat foundations, similar to the foundations constructed for the existing facilities are a reasonable 
alternative for new Anaerobic Digesters should they be constructed in this area. Design criteria for the 
new mat foundation should be developed as part of the final geotechnical investigation work. Lateral 
earth pressures for preliminary design can be estimated using the equivalent fluid unit weights provided 
in this report. 

 Excavations for the foundations for new Anaerobic Digesters are expected to extend slightly below the 
groundwater table. This should be confirmed based on monitoring of piezometer water levels as 
recommended in this report. Should it be determined that construction dewatering will be required, 
final geotechnical investigations should include slug testing to evaluate permeability characteristics of 
the lean clay soils for estimation of dewatering quantities, and for evaluation and design of dewatering 
alternatives if appropriate. In addition, final geotechnical investigation work should include 
development of design and construction recommendations for excavation support alternatives. 

 If total or differential settlement of these structures is critical, final geotechnical investigations should 
include Shelby-tube sampling of the lean clay materials and consolidation testing including time rate 
measurements for each load increment. Since the Anaerobic Digesters extend significantly above grade, 
it is unlikely that these foundations can be considered to be “compensated.”

Aeration Basins 
The existing Aeration Basins are located in the south central portion of the plant site. The existing aeration 
basins measure approximately 123 feet in the north-south direction, and 275 feet in the east-west direction. 
The aeration basin blower room is situated at the center of the structure (oriented in the north-south 
direction), and is approximately 30 feet in width. The basin walls extend approximately 2 feet above grade, 
and approximately 19 feet below grade. To the east and west of the basin blower room, the structure is split 
equally in the east-west direction by interior basin baffle walls, such that four individual open-air basins 
are present. The structure of the aeration basin consists of a conventionally reinforced 16-inch thick 
concrete slab foundation, with a 3-inch thick topping slab. The slab is thickened to 24-inches over an area 
that is six feet square below the 12-inch square interior columns. The exterior face of the foundation slab is 
waterproofed with continuous waterproofing that extends up the full height of the perimeter walls. The 
perimeter walls primarily consist of conventionally reinforced 12-inch thick concrete. Borehole B-6 was 
drilled near where it appears that the additional Aeration Basins may be constructed. Based on the condition 
encountered in Borehole B-6, we offer the following preliminary comments and recommendations:

 Mat foundations, similar to the foundations constructed for the existing basins, are likely a reasonable 
alternative for new Aeration Basins should they be constructed in this area to a similar bearing 
elevation. Allowable bearing pressures should be developed as part of the final geotechnical 
investigation work. Lateral earth pressures for preliminary design can be estimated using the equivalent 
fluid unit weights provided in this report. 
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 Excavations for foundations for new Aeration Basins, if similar to the existing basins, will extend below 
the groundwater table, and will likely bottom in lean clay. Final geotechnical investigations should 
include slug testing in this area to evaluate permeability characteristics of the lean clay soils for 
estimation of dewatering quantities that will be required, and for evaluation and design of dewatering 
alternatives. In addition, final geotechnical investigations should include development of design and 
construction recommendations for excavation support alternatives. 

 If settlement of these structures is critical, final geotechnical investigations should include assessment 
of the compressibility of the deep clayey sand materials including time rate measurements for each load 
increment. As with the Clarifiers, it is possible that the Aeration Basins may be considered to have 
“compensated foundations.” This should be evaluated when final layout and details are determined.

Final Clarifiers 
The existing Final Clarifiers are located at the south end of the plant site. The existing structures are 
approximately 118 feet at their outer diameter. The structures consist of a conventionally reinforced 12-
inch thick concrete mat foundation, which has a 1:12 slope downwards towards the center of the clarifier. 
The concrete structure extends approximately 2 feet above grade, and approximately 15 feet below grade. 
Borehole B-7 was drilled near where it appears that the additional Final Clarifiers may be constructed. 
Based on the condition encountered in Borehole B-7, we offer the following preliminary comments and 
recommendations:

 Foundations similar to the foundations constructed for the existing clarifiers are likely a reasonable 
alternative for new Final Clarifiers should they be constructed in this area. Design criteria for the 
foundation should be developed as part of the final geotechnical investigation work. Lateral earth 
pressures for preliminary design can be estimated using the equivalent fluid unit weights provided in 
this report. 

 Excavations for new Final Clarifiers, if similar to the existing clarifiers, will extend well below the 
groundwater table, and will extend into clayey sand that underlies the lean clay encountered at Borehole 
B-7. Furthermore, it appears that Borehole B-7 did not extend to the bottom of the existing Final 
Clarifiers. Final geotechnical investigations should extend below the bottom of the new clarifiers and 
should include slug testing to evaluate permeability characteristics for estimation of dewatering 
quantities that will be required, and for evaluation and design of dewatering alternatives. In addition, 
final geotechnical investigations should include development of design and construction 
recommendations for excavation support alternatives. 

 If settlement of these structures is critical, final geotechnical investigations should include assessment 
of the compressibility of the lean clay and deep clayey sand materials including time rate measurements 
for each load increment. As with the Clarifiers and Aeration Basins, it is possible that the Final 
Clarifiers may be considered to have “compensated foundations.” This should be evaluated when final 
layout and details are determined.

Additional Recommendations for Final Geotechnical Investigation
Final geotechnical investigations for new facilities at the PWWTP should be planned when the layout and 
details of the proposed new facilities have been reasonably defined. As noted above, some of the existing, 
as well as some of the new facilities, may be considered to have “compensated foundations.” However, 
facilities that cannot be considered to have compensated foundations should be investigated and designed 
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to address potential deep seated settlement. The fact that the existing facilities have generally performed 
adequately suggests that settlement has not been a significant problem. Nevertheless, we recommend that 
final investigations for new facilities that cannot reasonably be considered to have a “compensated 
foundation” include at least one boring to Mancos Shale bedrock for each structure.

GENERAL INFORMATION
Information in this report is intended to provide a geotechnical assessment of the site subsurface conditions, 
and to provide preliminary recommendations for geotechnical design and construction criteria based on 
these conditions; no other use is intended or authorized. Additional final geotechnical investigations will 
be required to support the design and construction of additions to existing facilities or for construction of 
new structures at the site. The report is based on the subsurface investigation, laboratory test results, site 
observations, analyses as described herein, and past experience with similar conditions. Variations can and 
do occur in geological materials, and departures from conditions portrayed in this report are possible. The 
conclusions and recommendations presented in this report are subject to the limitations and explanations 
contained herein. 
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APPENDIX II - LAB TEST RESULTS
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