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Dear Mr. Epstein: 

 

SAGE Engineers, Inc. (SAGE) is pleased to submit this draft report presenting the results of our geotechnical 

investigation for habitat enhancements for Dry Creek, a major tributary to the Russian River in Sonoma 

County, California. Specifically, this investigation was focused on Reach 8 of Mile 2 of the project. A 

supplemental letter will be prepared following the completion of both Reach 13 and 14 of Mile 2. SAGE 

previously performed a geotechnical investigation for the Demonstration Reach project station (STA) 

325+00 to 383+00), the results of which were presented in our October 13, 2011 geotechnical investigation 

report (SAGE, 2011). 

 

The report submitted herewith contains detailed recommendations regarding the site enhancements that 

should be reviewed in their entirety. These recommendations are based on limited subsurface exploration. 

Consequently, variations between expected and actual soil conditions may be found during construction. A 

geotechnical engineer of record should be retained to observe earthwork to assist in identifying such 

variations. These observations will allow us to evaluate whether our recommendations remain valid for the 

actual geotechnical conditions encountered during construction. 

 

Please call us should you have any questions. 

 

Sincerely yours, 

SAGE Engineers, Inc. 

 

 

 

 

Zack Washburn Ryan Abernathy 

Project Geologist Project Engineer 
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GEOTECHNICAL INVESTIGATION REPORT 

Dry Creek Habitat Enhancement Mile 2 – Reach 8 

Sonoma County, California 

 

1.0 INTRODUCTION 

This report presents the results of our geotechnical investigation for habitat enhancements along Mile 2 of 

Dry Creek, a major tributary to the Russian River in Sonoma County, California. SAGE previously performed 

a geotechnical investigation for the Demonstration Reach project station (STA) 325+00 to 383+00, the 

results of which were presented in our October 13, 2011 geotechnical investigation report (SAGE, 2011).  

Mile 2 is part of the second phase of habitat enhancements and is subdivided into Reaches 8 through 15. 

Habitat enhancements are currently planned for Reaches 8, 13, and 14, however, this investigation was 

focused on Reach 8 only. Reach 8 is located approximately six miles northwest of Healdsburg, CA and 

extends for approximately two thirds of a mile, from STA 435+00 to 470+00.1 Investigation of Reaches 13 

and 14 is planned for late summer 2015 and results will be presented in a supplemental letter. 

The purpose of the proposed habitat enhancements is to develop summer rearing and winter refugia 

habitat for coho salmon and steelhead trout. Based on our review of the 60% Dry Creek Habitat 

Enhancement Mile 2 plans (Inter-Fluve Inc., 2015), we understand this will be achieved using a combination 

of enhancement approaches, including backwater ponds and channels for the fish to inhabit. The backwater 

ponds and channels will require excavation in stream terraces adjacent to the active stream channel. Slope 

inclinations for channel regrading are expected to be on the order of 2H:1V or flatter, with cuts up to 15 

vertical feet high. In channel enhancement measures will include construction of new riffle areas and 

localized placement of large woody debris (LWD) features on the banks of Dry Creek. 

In addition, protection of the proposed off channel banks will locally be required to enhance the habitat 

characteristics. Proposed bank protection measures include: (1) placement of LWD features; (2) covering 

slopes with biodegradable fabrics; and (3) one area of bank construction using fabric encapsulated soil (FES) 

with live willow cuttings. The approximate project location is shown on the Site Location Map (Figure 1). 

The important project features are shown on the Subsurface Exploration Map (Figure 2).   

2.0 SCOPE OF WORK 

We performed this investigation in general accordance with the scope of services presented for Reach 8 in 

our Geotechnical Study Work Plan Revision 1 dated January 2, 2015. We have summarized the observations 

and results of our investigation in this geotechnical report, which provides recommendations and 

conclusions for developing the habitat enhancement design. Specifically, our investigation consisted of: 

 Conducting a site reconnaissance to review selected locations for subsurface exploration; 

 Coordinating our subsurface exploration program; 

                                                      
1  Project stations (STA) are based on the 60% Dry Creek Habitat Enhancement Mile 2 plans prepared by Inter-Fluve, dated July 

10, 2015. 
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 Retaining a private utility locator and performing a utility/buried object clearance survey; 

 Performing a subsurface exploration program including thirteen (13) test pits and four (4) constant 

rate pump tests; 

 Collecting representative samples of the soil encountered in the test pits; and 

 Preparing this geotechnical report. 

3.0 SITE CONDITIONS 

Dry Creek is an incised stream with flows regulated by the upstream Warm Springs Dam. Flow regulation 

has reduced the frequency and severity of major floods while providing a continuous baseflow during the 

summer months. The regular flow patterns have established growth of dense riparian vegetation and shrubs 

along the channel banks. Prior to dam construction in 1984, there had been active formation and movement 

of sandbars with changing flow regimes. Where the channel is visible through the dense vegetation, the 

banks are generally steep to very steep and locally subject to erosion. Alluvial terraces are locally preserved 

along Reach 8, and are positioned above the active stream channel. These terrace surfaces are relatively flat 

benches with areas of dense vegetation to open grassy meadows. 

The geologic conditions and seismicity presented in the following sections is largely taken from our 

geotechnical investigation report prepared for the Demonstration Reach (SAGE, 2011).  

4.0 GEOLOGIC CONDITIONS 

4.1 Regional Geologic Setting 

Reach 8 is located in the Dry Creek drainage valley within the Coast Ranges geomorphic province of 

California. The Coast Ranges province is generally characterized by northwest-trending mountain ranges 

and intervening valleys that are controlled by right-lateral strike-slip faulting along the San Andreas fault 

system.  

Review of available geologic mapping and literature sources indicate that the Dry Creek drainage valley is 

a structurally-controlled valley that generally lies on the boundary between sedimentary units of the Great 

Valley Complex to the east and various fault bounded lenses of the Coast Range ophiolite and metamorphic 

rock units of the Franciscan Complex to the west (Blake, Graymer, and Stamski, 2002). However, sandstone, 

siltstone, and shale units belonging to the Great Valley Complex are also mapped along the western margin 

of the valley approximately a half mile south of Reach 8. The valley is filled with stream channel and 

floodplain deposits associated with Dry Creek and include up to three terrace deposits, the oldest of which 

appears to be approximately 1,000 years old (Harvey and Schumm, 1985). 

4.2 Site Geology 

Geologic conditions at the site are generally similar to those depicted by Huffman and Armstrong (1980) 

and Blake, Graymer, and Stamski (2002). In general, Reach 8 is underlain by alluvial deposits of varying age. 

The deposits are comprised of clay, silt, sand, gravel, and cobble mixtures of varying rock types derived 

from tributaries extending into the adjacent Coast Range ophiolite, Great Valley Complex, and Franciscan 

Complex. The youngest alluvium is found within the active stream channel and low-lying gravel bars that 

are seasonally inundated.  

Alluvial terraces are preserved along the length of Reach 8, and are comprised of older alluvial deposits. 

The position of these terraces relative to the active stream channel varies along the reach. In general, 
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terraces positioned higher than the active stream channel are well vegetated. Shallow slope failures are 

locally present along the active channel and terrace banks in areas where the banks are actively being 

undercut as observed near test pit D5 (see Figure 2). 

Although bedrock is not exposed along Reach 8, rock outcrops are visible about two miles downstream 

within the creek channel immediately downstream of Lambert Bridge. The exposures are comprised of 

interbedded layers of weak siltstone and somewhat stronger, thicker beds of sandstone that appear to be 

consistent with descriptions of the  siltstone, sandstone, and shale units of the Great Valley Complex. In 

general, the siltstone and sandstone exposures can easily be broken with a rock hammer, and are expected 

to be excavatable using conventional grading equipment.  

5.0 SUBSURFACE CONDITIONS 

We explored the subsurface conditions at selected off-channel enhancement sites by excavating thirteen 

(13) test pits and conducting four (4) constant rate pump tests (Figure 2) between June 23 and 25, 2015. 

Table 1 summarizes the subsurface exploration performed and Table 2 summarizes the results of the 

constant rate pump tests. A description of our field exploration program, as well as the test pit logs, is 

presented in Appendix A. 

TABLE 1 

SUMMARY OF EXPLORATION LOCATIONS 

Enhancement Site2  Property 

Owner(s) 

Subsurface Exploration 

Off Channel Enhancement Area A 

(STA 439+50 – 445+70) 

Carlson Test pits (A1 thru A3) 

Off Channel Enhancement Area B 

(STA 439+50 – 442+00) 

Lone Star 

Vineyards  

Test pits (B1 & B2)  

Off Channel Enhancement Area C 

(STA 451+00 – 456+00) 

Meyer Test pits (C1 thru C3) 

Off Channel Enhancement Area D 

 (STA 458+00 – 467+00) 

H.D.D., LLC Test pits (D1 thru D5) 

 

Based on the results of our investigation, we conclude the site is generally blanketed to the maximum depth 

explored (12.5 feet) by alluvial deposits. The subsurface soil profile was generally uniform across the site 

and consisted of loose sands and gravels. Finer grained silty sand and sandy silt was encountered in the 

upper 5 feet at Enhancement Areas A, B, and C. Groundwater was encountered in all test pits completed 

and generally appears to be dropping in elevation from 142.1 to 137.2 feet3 as it travels downstream.  

                                                      
2 As shown on the 60% Dry Creek Habitat Enhancement Mile 2 plans prepared by Inter-Fluve, dated July 10, 2015. 
3 Per the North America Vertical Datum, 1988 US survey feet. 
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TABLE 2 

SUMMARY OF HYDRAULIC CONDUCTIVITY RESULTS 

Constant Rate Pump 

Test Location  

(Property owner) 

 Pit Dimensions 

at Top of GW 

(ft x ft) 

Groundwater 

Depth A (ft) 

Flow (Q, gpm) Draw Down (Δs, ft) 

A1 (Carlson) 4.3 x 4.7 1 > 70B 0.48 

B1 (Lone Star 

Vineyards) 

4.6 x 4.9 1.6 36 0.44 

C1 (Meyer) 5.0 x 5.0 1.3 15 0.20 

D2 (H.D.D., LLC) 6.2 x 6.5 1.9 19 0.10 
A. Distance from the bottom of the pit to the groundwater surface at the start of the test. 

B. Groundwater flow into the constant rate pump test exceeded the equipment capacities. 

 

Although the material tended to slough during testing, the percolating groundwater did not appear to be 

piping fine-grained material, and the groundwater remained relatively clear during testing. The results of 

the constant rate pump tests suggest that the subsurface materials have high to very high permeability 

(Freeze and Cheery, 1979). The results correlate well with published hydraulic conductivity values for the 

material classification identified in the test pits.  

6.0 SEISMICITY 

6.1 Regional Seismicity 

Seismicity is defined as the geographical and historical distribution of earthquakes, or more simply, 

earthquake activity. The potential for ground shaking at the site is related to earthquake activity that might 

occur along nearby or distant faults. Based on historical earthquake activity and fault hazard mapping, the 

Sonoma County region is considered to have a relatively high potential for seismic activity related primarily 

to the San Andreas fault system. 

The 2013 Working Group on California Earthquake Probabilities (WGCEP) suggests the overall probability 

of one or more MW≥6.7 earthquakes occurring in the San Francisco Bay region during the period from 2014 

to 2044 is 72 percent (WGCEP, 2015). The highest probability of 14 percent was assigned to the Hayward 

Creek fault zone. 

The closest active faults in this system are the Maacama and Rodgers Creek faults, which are mapped 

approximately 6 miles northeast and 8 miles southeast of the site, respectively. The San Andreas fault is 

mapped approximately 20 miles southwest of the site.  

Regional fault maps and databases (Jennings et al., 2010; USGS, 2006) and a fault evaluation report (Bryant, 

1982) show several strands of the Healdsburg fault within and adjacent to the Dry Creek drainage valley. 

No strands are mapped as crossing or projecting towards Reach 8. Seismically, the Healdsburg fault 

comprises an approximately one mile wide system of northwest trending, right-lateral strike-slip fault 

strands. These strands appear to be a northwest extension of the Rodgers Creek fault and define part of a 

complex seismic stepover with the Maacama fault to the north (McLaughlin and Sarna-Wojcicki, 2003). Both 
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the Rodgers Creek and Maacama fault systems are zoned as active4 under the State of California Alquist-

Priolo (AP) Earthquake Fault Zoning Act (Bryant and Hart, 2007).  

Although not currently zoned as active under the AP Act, workers mapping in the surrounding region 

considered some traces of the Healdsburg fault to be “recently active” (Huffman and Armstrong, 1980) or 

“Quaternary active” (Blake, Graymer, and Stamski, 2002). Based on available paleoseismic studies for the 

region and the structural relationship of the Healdsburg fault with the active Rodgers Creek and Maacama 

fault systems, the Healdsburg fault should be considered potentially active5. 

6.2 Seismic Hazards 

Based on the close proximity of the site to the Maacama, Rodgers Creek, and other major active faults in 

the area, there is a high potential for the site to experience moderate to very strong ground shaking during 

a major earthquake on one of these faults. The intensity of earthquake ground motion at the site will depend 

on the characteristics of the generating fault, the distance to the earthquake epicenter, the magnitude and 

duration of the earthquake, and specific site geologic conditions.  

In addition, given the sandy nature of the materials and high elevation of the groundwater table 

encountered during the subsurface exploration, liquefaction may occur. It is possible that liquefaction and 

strong ground shaking may damage the bank stabilization improvements, including the potential for lateral 

spreading. However, damage caused by lateral spreading should not cause a safety hazard for the local 

population since the improvements are for the remediation of an existing habitat and are not infrastructure 

related. Therefore, recommendations regarding liquefaction and liquefaction mitigation were not included 

in our scope of work.  

6.3 Fault Rupture 

Given the structural relationship of the Healdsburg fault with the active Rodgers Creek and Maacama faults, 

there is a reasonable chance of ground surface rupture along traces of the Healdsburg fault during a major 

earthquake on either of the active faults. Analysis of aerial photos and digital imagery suggests that one or 

more low sinuosity reaches of Dry Creek upstream/downstream of Reach 8 may be structurally controlled 

along unmapped traces of the Healdsburg fault or other lineaments that may be associated with the fault. 

However, with the exception of the northernmost portion, Reach 8 is a higher sinuosity reach that does not 

appear to be structurally controlled. In addition, given the nature of the proposed habitat enhancements, 

any potential fault offset would be unlikely to have any significant impacts to the long term performance. 

7.0 RECOMMENDATIONS 

We believe the proposed construction is feasible from a geotechnical standpoint provided our geotechnical 

recommendations are incorporated into project design and construction. The primary geotechnical 

considerations for the site are the excavatability of the native subsurface material and stability of temporary 

and permanent slopes. In accordance with our scope of services, the following subsections present our 

recommendations for site grading, temporary and permanent slopes, and excavations. 

                                                      
4  Active faults are defined as those exhibiting either surface ruptures, topographic features created by faulting, surface 

displacements of Holocene (younger than about 11,000 years old) deposits, tectonic creep along fault lines, and/or close 

proximity to linear concentrations or trends of earthquake epicenters. 
5  Potentially active faults displace geologic deposits of Pleistocene age (about 2 million to 11,000 years old). 
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7.1 Demolition and Clearing 

Site demolition is expected to be minimal, but could include the removal of existing below-grade 

improvements, abandoned structures, or buried rubbish that will interfere with the proposed construction. 

These could include utilities, culverts, and abandoned auto bodies that have historically been used for creek 

bank stabilization. 

Where utilities are to be abandoned and removed, they should be capped or plugged with grout at the 

Right-of-Way (ROW). Where it is feasible to abandon utilities in-place, utilities greater than three inches in 

diameter should be completely filled with flowable cement grout over their entire length.  Where 

abandoned utilities are perpendicular to an excavation, they should be filled with grout to the nearest 

manhole or valve. It may be necessary to pothole utilities in several locations to facilitate and/or verify 

grouting. Utilities less than or equal to three inches in diameter can be plugged with concrete at the sides 

of the excavation. Existing active utility lines, where encountered, should be addressed on a case-by-case 

basis.   

Any demolition requiring excavation should be properly backfilled with engineered fill according to the 

recommendations provided later in this section. 

7.2 Fill Material and Compaction Requirements 

The only proposed fill placement along Reach 8 is for FES cells along a new channel bank near STA 466+80. 

On-site soil will be acceptable for use as general site fill for the FES cells provided it contains no rocks or 

lumps larger than four inches in greatest dimension. Rock fragments larger than four inches can be reused 

in the fill provided they are broken down to less than four inches in diameter. Backfill of the FES cells should 

be compacted using light (hand-operated) compaction equipment, unless larger equipment is approved by 

the designer. 

Although conventional fills are not currently proposed, we provide the following general recommendations. 

Samples of all proposed fill material, including on-site fill, should be submitted to the Geotechnical Engineer 

for approval at least 72 hours before it is to be used on site. Where imported fill is required, the grading 

subcontractor should provide analytical test results or other suitable environmental documentation at least 

three days before use at the site indicating the proposed fill material is free of hazardous materials. 

Where fill is required, the existing subgrade should be scarified to a depth of eight inches, moisture-

conditioned to near optimum moisture content, and compacted to at least 90 percent relative compaction.  

Engineered fill should be placed in 8-inch thick loose lifts, moisture conditioned, and compacted as 

previously mentioned. However, 85 percent relative compaction is acceptable where vegetation or 

replanting is planned on non-sloping ground.  

Prior to compaction, each layer should be spread evenly and mixed to obtain uniformity of material in each 

layer. The fill should be brought to a water content that will permit proper compaction by either (a) aerating 

the material if it is too wet, or (b) spraying the material with water if it is too dry. Compaction should be 

performed by footed rollers or other types of approved compaction equipment and methods. Compaction 

equipment should be of such design that they will be able to compact the fill to the specified density. Rolling 

of each layer should be continuous over its entire area and the equipment should make sufficient passes to 

ensure that the required density has been obtained. Flooding or jetting is not permitted. 
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The standard test used to define maximum densities and optimum moisture content of all compaction work 

shall be the Laboratory Test procedure ASTM D 1557. Field tests shall be expressed as a relative compaction 

in terms of the maximum dry density and optimum moisture content obtained in the laboratory by the 

foregoing standard procedure. Field density and moisture tests should be made in each compacted layer 

by the Geotechnical Engineer in accordance with Laboratory Test Procedure ASTM D 6938. When footed 

rollers are used for compaction, the density and moisture tests shall be taken in the compacted material 

below the surface disturbed by the roller. When these tests indicate that the compaction requirements on 

any layer of fill, or portion thereof, have not been met, the particular layer, or portion thereof, shall be 

reworked until the compaction requirements have been met. 

Note that the recommendations above are not intended for structural fill. If the enhancements are revised 

to include retaining structures or other improvements, the Geotechnical Engineer should be consulted for 

additional recommendations. 

7.3 Aeration 

If wet subgrade conditions are encountered at the site, or the base of excavations or backfill areas become 

soft, unstable and/or disturbed by construction equipment, it may be necessary to stabilize the base of the 

excavation prior to fill placement. For granular soils, particularly gravels, installation of sumps to locally 

lower the water level will likely be sufficient to stabilize the material provided the pumps are large enough 

to keep up with infiltration. For clayey soils, the least costly stabilization measure typically consists of 

aeration (drying) of the wet soil to reduce its moisture content to a compactable level. However, depending 

on climatic conditions, several days to several weeks of relatively warm, dry weather may be required to dry 

the soil to an acceptable level. In addition, it is often necessary to turn the material several times a day to 

promote uniform drying. The soil will be deemed sufficiently aerated when the required degree of 

compaction can be achieved and/or the resulting subgrade surface is firm and unyielding. 

7.4 Excavatability 

Based on the results of our test pits, we believe standard construction equipment, such as a hydraulic 

excavator, should be able to complete the excavations required for the proposed habitat improvements. 

The encountered materials were generally loose to medium dense and were easily excavated. No cemented 

soils, boulders, or bedrock were encountered in our test pits.  

7.5 Temporary Slopes 

Although not anticipated as part of the proposed improvements, if used, temporary cut slopes should be 

excavated in accordance with the latest edition of the CAL-OSHA excavation and trench safety standards as 

a minimum (CCR, 2015).  

In general, the test pits exposed materials consisting of loose to medium dense sand, silty sand, and silty 

sandy gravel. Because this is a layered system, the maximum slope inclination is controlled by the least 

stable layer, in this case, the sand. It is our opinion that the soil should be preliminarily classified as Type C 

according to the CAL-OSHA classification system. The maximum allowable slope for Type C soil is 1.5H:1V. 

Vertical benches should not be cut into the base of temporary excavations.  

The contractor should be responsible for all temporary slopes excavated at the site, and should designate 

one of their on-site employees as a “competent person” who is responsible for all trench and excavation 

safety. The competent person should be responsible for determination of the correct CAL-OSHA soil type 

and should direct the excavation crews to use shallower slopes than presented above if appropriate. The 
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competent person should also be prepared to flatten slopes if seepage or other slope instability is observed 

within the excavation.  

7.6 Permanent Slopes 

Permanent slopes are expected to be cut for channel regrading and also filled as part of FES bank 

stabilization construction. Cut slopes will generally be excavated in gravelly sands and sandy gravels with 

no appreciable cohesion. Therefore, all permanent slopes should have a maximum finished slope of 

2½H:1V. Permanent slopes should be revegetated and/or be covered in biodegradable fabrics as shown in 

the final construction plan set. 

7.7 Dewatering 

Many of the proposed improvements will be constructed below the water table and/or within the active 

creek channel. While construction of improvements outside of and above the water line of the active creek 

is feasible with flow in the channel, many of the proposed improvements will require work below the water 

line. Working within areas of active creek flow has several limitations which include, but are not limited to: 

 the presence of soft/saturated soils and an unstable working base; 

 difficulty in obtaining proper compaction;  

 increased turbidity in the water due to disturbance of saturated soils, especially silty sand; and  

 the potential for introduction of hydrocarbons into the water from construction equipment. 

Therefore, where fill is to be placed and/or where improvements are to be constructed below the water 

line, the work areas must be dewatered. The water level must be lowered to at least 2 feet below the bottom 

of the proposed excavations. Due to the extent of the proposed improvements, it is suggested to consider 

diversion of water around the entire construction zone. 

Where new side channels are to be excavated, it may be feasible to excavate the channels without 

dewatering provided it is not necessary to place new fill soils.  However, if dewatering is not performed, it 

should be expected that disturbed granular soils may slump at the water line and flattening of slopes may 

be necessary. This behavior was observed in our test pit excavations where flowing sands were encountered 

at the water table. As a result, we recommend that dewatering be performed for all grading (cut or fill) 

performed below the water table.  

7.8 Transmissivity 

Many of the off-channel enhancements depend on channel water permeating through the channel banks 

to prevent stagnation of the habitat enhancements. Based on the observed materials and the results of the 

constant rate pump testing, we recommend designing the improvements considering a range of hydraulic 

conductivity values. Table 3 summarizes the recommended hydraulic conductivity data by material type and 

site location. 
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TABLE 3 

SUMMARY OF TRANSMISSIVITY RECOMMENDATIONS 

Constant 

Rate Pump 

Test Location 

Material Type, 

Description 

Transmissivity  (T, ft2/sec) Saturated Horizontal Hydraulic 

Conductivity (Kh, cm/sec) 

Maximum Minimum Maximum Minimum 

B1, C1, D2 GW, GP, SM – 

gravel & sand 

mixes some 

fines 

0.04 0.002 1.25 0.09 

A1 GP – poorly 

graded gravels, 

little to no fines 

0.06 0.01 1.80 0.35 

 

8.0 SERVICES DURING CONSTRUCTION 

The recommendations provided in this report are based on the assumption that SAGE will be retained to 

provide plan review and observation and testing services during construction in order to evaluate 

compliance with our recommendations. Prior to construction, we should review the excavation and/or 

shoring plans prepared by the contractor. During construction, we should periodically check the materials 

exposed due to excavation of temporary and permanent slopes.  These observations will allow us compare 

the subsurface conditions observed during construction with those encountered during our investigation 

and allow us to assess the contractor’s work with respect to the project plans and specifications and the 

recommendations presented herein. If SAGE is not retained for these services, we cannot assume 

responsibility for any and all potential claims that may arise during or after construction as a result of misuse 

or misinterpretation of SAGE’s report by others. 

9.0 LIMITATIONS 

This report has been prepared for the sole use of Sonoma County Water Agency and their agents specifically 

for the design of the Dry Creek Habitat Enhancement Mile 2 project described herein. The opinions, 

conclusions, and recommendations contained in this report are based upon the information obtained from 

our site subsurface exploration, our engineering studies, experience, and engineering judgment, and have 

been formulated in accordance with generally accepted geotechnical engineering practices that exist at the 

time this report was prepared. No other warranty, expressed or implied, is made or should be inferred. In 

addition, the recommendations presented in this report are based on the subsurface conditions 

encountered in a limited number of test pits. Actual conditions may vary. If subsurface conditions 

encountered in the field differ from those described in this report, we should be consulted to determine if 

changes to our conclusions or supplemental recommendations are required.  

The opinions presented in this report are valid as of the date of this report for the property being evaluated. 

Changes in the condition of a property can occur with the passage of time, whether due to natural processes 

or the works of man. If site conditions vary from those described herein, we should be consulted to evaluate 

the impact of the changes, if any. In addition, changes in applicable standard of practice can occur, whether 

from legislation or the broadening of knowledge. Accordingly, the opinions presented in this report may 

be invalidated, wholly or partially, by changes outside of SAGE’s control. In any case, this report should not 

be relied upon after a period of three years without prior review and approval by SAGE. 
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A.1 Field Exploration Program 

Our field exploration program consisted of excavating thirteen (13) test pits and conducting four (4) 

constant rate pump tests (CRP). The approximate test pit and pump test locations, designated A1 through 

D5 and A1-CRP through D2-CRP, respectively, are presented on Figure 2.   

Prior to the start of excavation, SAGE notified Underground Service Alert (USA) at least 48 hours prior to 

the start of work. Furthermore, all test pits were cleared by a private utility locator. 

The test pits and pump tests were performed by D.A. Lampe Construction of Durham, California. The 

exploration occurred between June 23rd and June 25th using a CAT 310 track-mounted excavator equipped 

with a 36-inch bucket. Test pits were excavated on four properties, designated A through D within Reach 8 

(Table 1), with one constant rate test performed per property (4 total). The test pit depths were limited to 

12.5 feet or less due to caving conditions below groundwater. 

During excavation for the test pits and CRPs, our geologist logged the materials encountered and obtained 

representative samples for visual classification. The materials encountered were classified in general 

accordance with the Unified Soil Classification System (USCS) as summarized on Figure A-1. Logs of the test 

pits are presented as Figure A-2. 

The pump tests were performed using the following procedure: 

 Excavate test pit approximately 18 inches below water table and wait 15 minutes for water level to 

stabilize; 

 Record the pit dimensions at the water table; 

 Place survey rod in excavation and record water level; 

 Set hose with screened intake in center of excavation; 

 Use either 1- or 2-inch pump (Honda Models WX15 and WB20XT),  

 Use Badger Model 55 impeller-type flow meter to measure flow rate; 

 Begin pumping starting at 5 to 7 gallons per minute (gpm); 

 Spray discharge water onto gravelly portions of the ground surface to minimize erosion; 

 Incrementally increase and record pump rate until drawdown of water level observed and maintain 

pump rate for up to 10 minutes; and 

 Increase pump rate and monitor further change. 

 

At the completion of the exploration, the test pits/CRPs were backfilled with cuttings and certified weed-

free straw was spread evenly over the disturbed areas.  

The CRP data was processed using two methods. The first was to use the Cooper-Jacob Method (Mays, 

2005). However due to wall sloughing, irregular shaped pits, and overestimate in transmissivity that can be 

found using the Cooper-Jacob Method, SAGE used a more direct method. By assuming the groundwater is 

level and continuous given the proximity to the creek and a 25% reduction in average pit perimeter from 

the groundwater elevation to the bottom of the pit, SAGE directly calculated the transmissivity by dividing 

the flow by the pit perimeter. This resulted in lower transmissivity values that still correlate well with 

published values (Freeze and Cherry 1979). These methods were used to provide the ranges presented in 

the report recommendations.  
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SPT

Standard Penetration Test (SPT)

split-barrel sampler with a 2.0-inch
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California split-barrel sampler

with 2.5-inch outside diameter

and 1.93-inch inside diameter

Modified California split-barrel
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diameter
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Pitcher tube sampler using
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PT

ST
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diameter, thin-walled tube)

advanced with hydraulic pressure
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Osterberg piston sampler using
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thin-walled Shelby tube

C Core barrel
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Gravels

(More than half of

coarse fraction >

No. 4 sieve size)

GW Well-graded gravels or gravel-sand mixtures, little or no fines

GP Poorly-graded gravels or gravel-sand mixtures, little or no fines

GM Silty gravels, gravel-sand-silt mixtures

GC Clayey gravels, gravel-sand-clay mixtures

Sands

(More than half of

coarse fraction >

No. 4 sieve size)

SW Well-graded sands or gravelly sands, little or no fines

SP Poorly-graded sands or gravelly sands, little or no fines

SM Silty sands, sand-silt mixtures

SC Clayey sands, sand-clay mixtures
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Silts and Clays

LL = < 50

ML Inorganic silts and clayey silts of low plasticity, sandy silts, gravelly silts

CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, lean clays

OL Organic silts and organic silt-clays of low plasticity

Silts and Clays

LL = > 50

MH Inorganic silts of high plasticity

CH Inorganic clays of high plasticity, fat clays

OH Organic silts and clays of high plasticity

Highly Organic Soils PT Peat and other highly organic soils

GRAIN SIZE CHART

Classification

Range of Grain Sizes

U.S. Standard Sieve Size Grain Size in Millimeters

Boulders Above 12" Above 305

Cobbles 12" to 3" 305 to 76.2

Gravel 3" to No. 4 76.2 to 4.76

   coarse

3" to 

3

4

"

76.2 to 19.1

   fine

3

4

" to No. 4

19.1 to 4.76

Sand No. 4 to No. 200 4.76 to 0.074

   coarse No. 4 to No. 10 4.76 to 2.00

   medium No. 10 to No. 40 2.00 to 0.420

   fine No. 40 to No. 200 0.420 to 0.074

Silt and Clay Below No. 200 Below 0.074

TYPES OF STRENGTH TESTS

Symbols

Test Names

PP Pocket Penetrometer

TV Field Torvane

LVS Laboratory Vane Shear

UC Unconfined Compression

TXUU Triaxial, Unconsolidated, Undrained

DS Direct Shear
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FIGURE A-2 - LOGS OF TEST PITS A1 THROUGH A3 
Test Pit 
Number 

and 
Elevation1 

 

Depth 
(feet) 

Soil 
Classification2 

 Soil Description 

A1 
(El. 143.3’) 

0’ – 1.1’  
SANDY SILT 

(ML) 
7.5YR (4/4) brown, loose, dry, sandy silt with gravel and 

fine roots 

1.1’ – 2.9’ 
GRAVEL WITH 

SAND (GP) 

10YR (4/2) dark grayish brown, loose, dry to 1.8’, moist to 
2.9’, sandy gravel with trace cobble, estimate 75% gravel, 

23% sand, and a 2% cobble for overall unit gradation 

2.9’ – 8.0’ 
SANDY GRAVEL 

(GP) 

10YR (4/2) dark grayish brown, loose, dry to 1.8’, moist to 
4.7’, wet below, sandy gravel, estimate 60% gravel and 

40% sand for overall unit gradation 
Groundwater encountered at El. 138.6’ 

 

A2 
 (El. 146.1’) 

 0’ – 2.6’  
SILTY SAND 

(SM) 
10YR (4/4) dark yellowish brown, loose, dry, silty fine sand 

2.6’ – 10.6’ 
GRAVEL WITH 

SAND (GP) 

7.5YR (4/1) dark gray, loose, dry, unit consist of layers of 
fine clean gravel (<1”) and fine to coarse gravel with sand, 

clasts typically subrounded to rounded 
Groundwater encountered at El. 138.5’ 

 

A3 
 (El. 146.4’) 

0’ - 9.1’ 
GRAVEL WITH 

SAND (GP) 

10YR (5/3 to 4/3) brown, loose to medium dense, dry to 
1.5’, moist to 6.6’, wet below, gravel with sand, unit consist 

of layers of fine clean gravel (<1”) and fine to coarse 
gravel with sand, clasts typically subrounded to rounded 

Groundwater encountered at El. 138.4’ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
1 Per the North American Vertical Datum, 1988 US survey feet. 
2 Per the Visual-Manual Procedure for description and identification of soils, ASTM D2488. 



FIGURE A-2 - LOGS OF TEST PITS B1 AND B2 
Test Pit 
Number 

Depth 
(feet) 

Soil 
Classification 

Soil Description 

B1 
(El. 145.2’) 

0’ – 4.9’  
SILTY SAND 

(SM) 
10YR (4/4) dark yellowish brown, loose, dry, silty fine with  

1/8” to 1”roots 

4.9’ – 10.5’ 
GRAVEL WITH 

SAND (GP) 

7.5YR (4/4) brown, loose, moist to 8.0’, wet below, gravel 
with sand, unit consist of layers of fine clean gravel (1/4” 

to 1”) and gravel with sand, 
Groundwater encountered at El. 137.2’ 

 

B2 
 (El. 146.3’) 

0’ – 5.2’  
SILTY SAND 

(SM) 
10YR (4/4) dark yellowish brown, loose, dry, silty fine with  

abundant 1/4” to 3/4”roots 

5.2’ – 11.0’ 
GRAVEL WITH 

SAND (GP) 

7.5YR (4/4) brown, loose, moist to 8.0’, wet below, gravel 
with sand, unit consist of layers of fine clean gravel (1/4” 

to 1”) and gravel with sand, 
Groundwater encountered at El. 138.3’ 

 
 
 

FIGURE A-2 - LOGS OF TEST PITS C1 THROUGH C3 
Test Pit 
Number 

Depth 
(feet) 

Soil 
Classification 

Soil Description 

C1 
(El. 146.7’) 

0’ – 9.1’  
SANDY GRAVEL 

(GP) 

7.5YR (5/3) brown, loose, dry to wet below 6.6’, sandy  
gravel with cobble to 6” max dimension, unit contains 
deposits of clast and matrix supported gravel, clasts 

typically subrounded 
Groundwater encountered at El. 140.1’ 

 

C2 
 (El. 148.3’) 

 0’ – 2.7’  SAND (SP-SM) 7.5YR (3/3) dark brown, loose, dry, fine sand with silt  

2.7’ – 3.2’ 
CLEAN GRAVEL 

(GP) 
7.5YR (4/1) dark gray, loose, dry, clean fine gravel 

3.2’ – 10.6’  
GRAVEL WITH 

SAND (GP) 

7.5YR (4/3) brown, loose, dry to wet below 8.0’, gravel with 
sand, unit contains deposits of clast and matrix supported 

gravel 
 Groundwater encountered at El. 140.3’ 

 

C3 
 (El. 146.4’) 

 0’ – 6.0’  
SANDY GRAVEL  

(GW) 
7.5YR (4/3) brown, loose, dry to 2’, moist to 6.4’, wet 

below, fine sand with abundant roots (1/8” to 2” diameter) 

6.0’ – 10.6’ 
GRAVEL WITH 

SAND (GP) 

10YR (4/2) dark grayish brown, loose, wet gravel with sand 
and cobble up to 7” max dimension 

Groundwater encountered at El. 140.0’ 
 

 
  



FIGURE A-2 - LOGS OF TEST PITS D1 THROUGH D5 
Test Pit 
Number 

Depth 
(feet) 

Soil 
Classification 

Soil Description 

D1 
(El. 147.8’) 

0’ – 5.8’  
SANDY GRAVEL 

(GP) 

7.5YR (5/3) brown, medium dense to loose, dry to 1.1’, 
moist to 5.7’, wet below, sandy coarse gravel (1-3”), 
estimate 65% gravel and 35% sand for overall unit 

gradation 

5.8’ – 6.7’ 
SANDY GRAVEL 

(GP) 

7.5YR (5/3) brown, loose, wet , gravel with sand and 
cobble up to 6” in max dimension 

 Groundwater encountered at El. 142.1’ 
 

6.7’ – 10.1’ 
SANDY GRAVEL 

(GP) 

7.5YR (5/3) brown, loose, wet, sandy gravel 
Gravel and cobble clasts in the test pit are primarily 

subrounded to rounded 

D2 
(El. 145.6’) 

0’ – 9.3’  
GRAVEL WITH 

SAND (GP) 

7.5YR (4/3) brown, medium dense to loose, dry to 1.2’, 
moist to 4.3’, wet below, fine to coarse gravel with sand 

and trace cobble 
Groundwater encountered at El. 141.3’ 

 

D3 
(El. 151.3’) 

 0’ – 6.0’  
SANDY GRAVEL  

(GW) 

7.5YR (4/3) brown, medium dense to loose, dry to 3.5’, 
moist to 6.0’, sandy fine to coarse gravel, unit primarily 
clast supported with subangular to subrounded gravel, 

estimate 70% gravel and 30% sand for overall unit 
gradation 

6.0’ – 12.5’ 
SAND WITH 
GRAVEL (SW) 

10YR (4/2) dark grayish brown, loose to medium dense, 
damp to 11.0’, wet below, sand with gravel, estimate 80% 
sand and 20% gravel for overall unit gradation, increase in 

gravel content to ~30% below 11.0’ 
Groundwater encountered at El. 140.3’ 

 

D4 
(El. sloping 
from 148.8’ 
to 150.3’) 

0’ –10.0’  
GRAVEL WITH 

SAND (GP) 

7.5YR (4/3) brown, medium dense to loose, dry to ~5’, 
moist to 9.5’, wet below, fine to coarse gravel with sand 
and trace cobble up to 8” in max dimension, increase in 
cobble content below 8.5’, unit primarily clast supported 

Groundwater encountered at El. 141.7’ 
 

D5 
(El. 147. 0’) 

 0’ – 2.5’  
GRAVEL WITH 

SAND (GP) 

7.5YR (3/3) dark brown, medium dense to loose, dry to 
1.5’, moist to 2.5’, fine to coarse gravel with sand, unit 

primarily clast supported  

2.5’ – 6.3’ 
SAND WITH 
GRAVEL (SP) 

7.5YR (3/3) dark brown, loose to medium dense, damp to 
6.1’, wet below, sand with gravel and pockets of dark gray 

sandy silt 

6.3’ - 7.3’ 
GRAVEL WITH 

SAND (GP) 

7.5YR (3/3) dark brown, loose, wet, gravel with sand  
Groundwater encountered at El. 140.9’ 

 
 




