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December 9, 2016     
 
 
Reese & Associates 
134 Lystra Court, Suite C 
Santa Rosa, CA 95403 
 
 
Attention:   Mr. Jeffrey K. Reese 
  President 
   
Subject:     Soil Corrosivity Evaluation & Recommendations for Corrosion Control 
  Underground Water Piping Systems and Concrete Foundations 

Elnoka Village 
Santa Rosa, CA 
   

 
 
Dear Mr. Reese,   
 
Pursuant to your request, JDH Corrosion Consultants, Inc. has conducted a site 
corrosivity evaluation for the above referenced project site and we have provided herein 
recommendations for long-term corrosion control for the proposed materials of construction 
for the underground water lines and concrete foundations at this site.   
.   
 

 

 
 

Purpose 
 

 
The purpose for this evaluation is to determine the corrosion potential, resulting from the 
soils along the project site and to provide recommendations for long-term corrosion control 
for the buried metallic utilities and concrete foundations. 

 
 
 

Background 
 
 
This project involves the construction of up to 778 units of housing for seniors and 
employees in a series of one-, two- and three-story buildings in a gated community setting. 
The structures are assumed to be slab-on-grade and there will be buried utilities associated 
with this development.  
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 Soil Testing and Analysis    
 
 

Soil Testing Results 

 

Fourteen (14) soil samples were collected from the site by Reese Associates and they 
were transported to a state certified testing laboratory, CERCO Analytical, Inc. (certificate 
no. 2153) located in Concord, CA for chemical analysis. Each sample was analyzed for pH, 
chlorides, resistivity (@ 100% saturation), sulfates and Redox potential using ASTM test 
methods as detailed in the table below.  The preparation of the soil samples for chemical 
analysis was in accordance with the applicable specifications. 

                                                           Soil Analysis Test Methods 

Chemical 
Analysis 

ASTM Method 

Chlorides D4327 

pH D4972 

Resistivity  G57 

Sulfate D4327 

Redox Potential D1498 

 
 
The results of the chemical analysis are provided in the CERCO Analytical, Inc. reports 
dated November 4, 2016.  The results are summarized as follows: 
 

CERCO Analytical, Inc. 
Laboratory Analysis 

Chemical Analysis Range of Results Corrosion Classification* 

Chlorides N.D. – 17 (mg/kg) Non-corrosive* 

pH 6.03 – 7.65 Mildly Corrosive to Non-corrosive* 

Resistivity (100% saturation) 1,100 – 4,900 ohms-cm Corrosive to Moderately Corrosive* 

Sulfate N.D. (mg/kg) Non-corrosive**  

Redox Potential 410 - 480 mV Non-corrosive* 

 
* With respect to bare steel or ductile iron. 
** With respect to mortar coated steel 

 

Chemical Testing Analysis  

 
The chemical analysis provided by CERCO Analytical, Inc. indicates that the soils are 
generally classified as “corrosive to moderately corrosive”. The chloride levels indicate “non-
corrosive” conditions to steel and ductile iron and the sulfate levels indicate “non-corrosive” 
conditions for concrete structures placed into these soils with regard to sulfate attack.  The pH 
of the soils is alkaline which classifies them as “non-corrosive” to buried steel and concrete 
structures. 
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In-Situ Soil Resistivity Measurements 

 
The in-situ resistivity of the soil was measured at ten (10) locations along the project site by 
JDH Corrosion Consultants, Inc. field personnel at the locations shown on the attached 
map.  Resistance measurements were conducted with probe spacing of 2.5, 5, 7.5, 10, and 
15-feet at each location.  For analysis purposes we have calculated the resistivity of soil 
layers 0-2.5, 2.5-5, 5-7.5, 7.5-10, and 10-15’ using the Barnes Method as follows: 
 
  

b-a  = KR (b-a) 
    
 
 Where; 

  b-a = soil resistivity of layer depth b-a (ohm-cm) 

  a = soil depth to top layer (ft) 
  b = soil depth to bottom layer (ft) 
  Ra = soil resistance read at depth a (ohms) 

  Rb = soil resistance read at depth b (ohms) 

  Rb-a = resistance of soil layer from a to b (ft) 

  K = layer constant = 60.96(b-a) (cm) 
  
 and        1   =   1    _    1   
  Rb-a   Ra   Rb 
 
 

The visual diagrams below describe the Wenner 4-pin testing configuration. 
 

 
                                  Fig 1:  Wenner 4-Pin Resistivity Schematic No.1 
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                     Fig 2:  Illustration of Barnes Layer Calculations 

 
 

In-Situ Soil Resistivity Analysis 
  
Corrosion of a metal is an electro-chemical process and is accompanied by the flow of 
electric current.  Resistivity is a measure of the ability of a soil to conduct an electric current 
and is, therefore, an important parameter in consideration of corrosion data.  Soil resistivity 
is primarily dependent upon the chemical content and moisture content of the soil mass.   
 
The greater the amount of chemical constituents present in the soil, the lower the resistivity 
will be. As moisture content increases, resistivity decreases until maximum solubility of 
dissolved chemicals is attained.  Beyond this point, an increase in moisture content results 
in dilution of the chemical concentration and resistivity increases. The corrosion rate of steel 
in soil normally increases as resistivity decreases.  Therefore, in any particular group of 
soils, maximum corrosion will generally occur in the lowest resistivity areas.  The following 
classification of soil corrosivity, developed by William J. Ellis1, is used for the analysis of the 
soil data for the project site. 
 
 
         Resistivity (Ohm-cm)  Corrosivity Classification 
   0 – 500    Very Corrosive 
   501 – 2,000    Corrosive 
   2,001 – 8,000    Moderately Corrosive 
   8,001 – 32,000   Mildly Corrosive 
   > 32,000    Progressively Less Corrosive 
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The above classifications are appropriate for the project site and the results are presented in 
the graphs below.  In general, the soils are classified as “corrosive to mildly corrosive” with 
respect to corrosion of buried steel structures throughout the top 0 to 15 feet of the site.  
 
The chart of the in-situ soil resistivity data for the soil layers 0 to 15 feet indicate that 2% of 
the soils are classified as “severely corrosive”, 54% of the soils are classified as “corrosive”, 
40% of the soils are classified as “moderately corrosive”, 2% of the soils are classified as 
“mildly corrosive” and 2% of the soils are classified as “progressively less corrosive”. 
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Discussion 

 
 

 
 
 

Reinforced Concrete Foundations 
 

Due to the low levels of water-soluble sulfates found in these soils, there is no special 
requirement for sulfate resistant concrete to be used at this site.  The type of cement used 
should be in accordance with California Building Code (CBC) for soils which have less than 
0.10 percent by weight of water soluble sulfate (SO4) in soil and the minimum depth of cover 
for the reinforcing steel should be as specified in CBC as well. 

 
Underground Metallic Pipelines 
 

The soils at the project site are generally considered to be “corrosive” to ductile/cast iron, steel 
and dielectric coated steel based on the saturated resistivity measurements.  Therefore, 
special requirements for corrosion control are required for buried metallic utilities at this site 
depending upon the critical nature of the piping.  Pressure piping systems such as fire water 
should be provided with appropriate coating systems and cathodic protection, where 
warranted. In addition, all underground pipelines should be electrically isolated from above 
grade structures, reinforced concrete structures and copper lines in order to avoid potential 
galvanic corrosion problems. 
 

 
 
 

Recommendations 
 

 
Reinforced Concrete Slab Foundations  
 

1. We recommend using a Type II concrete mix with a water-to-cement ratio as specified in 
the California Building Code (CBC) for soils containing less than 0.10% water soluble 
sulfate by weight.  Adhering to the minimum depth of cover for the reinforcing steel in the 
foundations as specified in the CBC is recommended for the subject structures as well. 

 
Ductile Iron Pipe (Pressure Piping such as Domestic Water and Fire) 
 

1. Direct buried ductile iron pipe should be encased in 8-mil polyethylene as specified in 
AWWA specification C-105.  Epoxy coatings are also an acceptable alternative type of 
coating system for the pipe and/or fittings such as valves.   

 

2. All rubber gasket joints, fusion-bonded epoxy coated flanges and flexible couplings on 
ductile iron pipelines should be bonded with insulated copper cable to insure electrical 
continuity of the pipeline and fittings.    
 

3. Insulating flanges and/or couplings should be installed to electrically isolate the buried 
portion of pipeline from other metallic pipelines, reinforced concrete structures and 
above grade buildings or structures. 
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4. Test stations shall be installed on all ductile iron pipelines at a spacing of 800 to 1,000 

feet.  Bonding and test stations shall comply with NACE Standards.   
 
5. A sacrificial type of cathodic protection utilizing magnesium anodes should be installed 

to protect the entire length of buried metallic pipeline.  Cathodic protection should be 
designed in accordance with NACE Standard SP0169-13 and applicable local standards 
and included with the contract documents to permit installation along with the pipeline.   

 
6. As an alternate, non-metallic piping may be used in lieu of ductile iron piping as allowed 

by State and local codes.  Non-metallic piping does not require the implementation of 
any special type of corrosion prevention measures.  However, all metallic valves, fittings 
and appurtenances on non-metallic piping will require protection as specified below.   

 

 
Ductile Iron Fittings & Metallic Valves (On Plastic Pressure Piping) 
 

1. All direct buried ductile iron fittings installed on non-metallic piping shall be provided with 
a bituminous coating from the factory and encased in an 8-mil polyethylene bag in the 
field in accordance with AWWA Specification C-105. All bolts, restraining rods, etc. shall 
be coated with bitumastic prior to encasement in the polyethylene bag.   

 
2. All metallic valves shall be coated from the factory (i.e. using powdered epoxy or 

equivalent type of coating system) and all bolts shall be coated with bitumastic in the 
field and the entire valve shall be encased in an 8-mil polyethylene bag in accordance 
with AWWA Specification C-105. 

 

3.  A sacrificial type of cathodic protection utilizing magnesium anodes should be installed 
to protect the valves and fittings.  Cathodic protection should be designed in accordance 
with NACE Standard SP0169-13 and applicable local standards and included with the 
contract documents to permit installation along with the pipeline.   

 

 
Cast Iron (Gravity Sewer and Storm Drain Lines) 
 

1. No special corrosion considerations are required for the gravity sewer and storm drain 
lines. 

 
 
Steel Pipelines (Natural Gas Pipelines & Risers) 
 

1. A fusion-bonded epoxy coating system or a suitable tape coating should be applied to all 
buried steel pipelines in accordance with ANSI/AWWA C214-95, “AWWA Standard for 
Tape Coating Systems for the Exterior of Steel Water Pipelines.” Also, a tape coating 
per AWWA Standard C209-95 is recommended for special sections, connections and 
fittings. 
 

2. Insulating flanges and/or couplings should be installed to electrically isolate the buried 
portions of steel pipelines from other metallic pipelines, reinforced concrete structures 
and above grade structures. 
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3. All rubber gasket joints, fusion epoxy coated flanges and flexible couplings should be 
bonded with insulated copper cable to insure electrical continuity of the pipeline and 
fittings.    
 

4. A sacrificial type of cathodic protection using magnesium anodes should be installed to 
protect the buried portions of steel pipelines used for the natural gas piping systems.  
Cathodic protection should be designed in accordance with NACE Standard SP0169-13 
and applicable local standards and included with the contract documents to permit 
installation along with the subject pipeline.   

 
5. As an alternate, non-metallic piping may be used in lieu of steel piping as allowed by 

State and local codes. Non-metallic piping does not require the implementation of any 
special type of corrosion prevention measures. 
 

Copper Water Pipelines (Service Lines) 
 
1. All copper water laterals shall be provided with a polyethylene sleeve to effectively 

isolate the copper piping from the earth. 
 
2. All copper water laterals shall be electrically isolated from metallic water mains via the 

use of insulating type corporation stops installed at the water main. 
 

LIMITATIONS 
 

The conclusions and recommendations contained in this report reflect the opinion of the author of this 
report and are based on the information and assumptions referenced herein.  All services provided 
herein were performed by persons who are experienced and skilled in providing these types of 
services and in accordance with the standards of workmanship in this profession.  No other 
warrantees or guarantees either expressed or implied are provided. 

 
 
We thank you for the opportunity to be of assistance on this important project.  If you have 
any questions concerning this report or the recommendations provided herein, please feel 
free to contact us at (925) 927-6630. 
 
Respectfully submitted, 
 

Brendon Hurley 

 
Brendon Hurley 

JDH Corrosion Consultants, Inc. 
Field Technician  
 

Mohammed Ali 

 
Mohammed Ali, P.E. 
JDH Corrosion Consultants, Inc. 
Principal 
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CC:  File 162i8 
 
REFERENCES 
 
1. Ellis, William J., Corrosion of Concrete Pipelines, Western States Corrosion Seminar, 

1978   
 
2.  AWWA Manual of Water Supply Practices - M27, First Edition, External Corrosion - 

Introduction to Chemistry and Control (Denver, CO: 1987) 
 
3.  National Association of Corrosion Engineers, Standard Recommended Practice, SP 01-

69-13, Control of External Corrosion on Underground or Submerged Pipeline 
 







Client: Reese & Associates
Project: Elnoka Village Severely Corrosive Mildly Corrosive

Location: Santa Rosa, CA Corrosive Progressively Less Corrosive  

Date: Moderately Corrosive

Subject: In-Situ Soil Resistivity Data

*Test Location Resistance Data From AEMC Meter Soil Resistivities (ohm-cm) Barnes Layer Analysis (ohm-cm)

# Description 2.5 5 7.5 10 15 2.5 5 7.5 10 15 0-2.5' 2.5-5' 5-7.5' 7.5-10' 10-15'

1 Position 1 3.24 1.22 0.61 0.45 0.36 1551 1168 876 862 1034 1551 937 584 821 1724

2 Position 2 6.84 1.84 0.95 0.69 0.68 3275 1762 1364 1321 1953 3275 1205 940 1207 44926

3 Position 3 6.18 2.36 0.93 0.69 0.63 2959 2260 1336 1321 1810 2959 1828 735 1280 6937

4 Position 4 6.05 2.32 1.12 0.47 0.74 2896 2221 1609 900 2126 2896 1802 1037 388 NA

5 Position 5 6.78 2.34 0.91 0.62 0.66 3246 2241 1307 1187 1896 3246 1711 713 931 NA

6 Position 6 12.40 3.97 1.92 1.64 1.64 5937 3801 2758 3141 4711 5937 2796 1780 5384 NA

7 Position 7 17.30 5.28 2.61 2.04 3.37 8282 5056 3749 3907 9680 8282 3638 2471 4472 NA

8 Position 8 4.89 2.43 1.21 0.84 0.73 2341 2327 1738 1609 2097 2341 2313 1154 1315 5338

9 Position 9 5.58 2.52 1.18 0.85 1.14 2671 2413 1695 1628 3275 2671 2200 1062 1455 NA

10 Position 10 8.62 2.72 1.53 1.12 0.82 4127 2604 2197 2145 2355 4127 1903 1674 1455 2931

11/22/2016

JDH Corrosion Consultants, Inc.
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Kenneth L. Finger, Ph.D. 
Consulting Paleontologist 

 

18208 Judy St., Castro Valley, CA 94546-2306           510.305.1080          klfpaleo@comcast.net 
 
June 26, 2017 
 
Liza Baskir 
FirstCarbon Solutions 
1350 Treat Boulevard, Suite 380 
Walnut Creek, CA 94597 
 
Re: Paleontological Records Search for the Einoka CCRC Project (2498.0008),  

Sonoma County 
 
Dear Ms. Bazkir: 
 
As per your request, I have performed a records search on the University of California Museum 
of Paleontology (UCMP) database for the Einoka CCRC Project that is to the southeast of Melita 
and bordered by Annabel State Park to the southwest and the Sonoma Hwy 12 to the northeast. 
The project site location is in the Santa Rosa and Kenwood quadrangles (1980 USGS 7.5-series 
topographic maps). Google Earth imagery suggests that the surface of the site probably has been 
disturbed by agricultural use; in addition, there are a few structures with adjacent landscaping. 
 
Geologic Units 
 

Key to Mapped Units 
Qha Holocene alluvium 
Qhc Holocene colluvium 
Qhpf Holocene alluvial fan deposits 
Qf Holocene fan deposits 
QTge Glen Ellen Fm (Pliocene to Pleistocene) 
QTu Unnamed fluvial deposits (Pliocene to 

Pleistocene)  
Tgp? Fluvial & lacustrine deposits of Humbug 

Creek (Pliocene) 
Tsb Andesite, basaltic andesite & basalt 
Tsbb Basaltic andesite flows & flow breccias 

distinguished by phenocrysts of olivine & 
augite 

Tsrb Rhyolite of Bennett Mountain 
Tsbt Andesitic to dacitic tuff, breccia, & minor 

flows 
Tsvt Pumiceous ash-flow & minor air-fall tuff 
Tsvm Mafic flows, undivided 
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According to the conjoined parts of the geologic maps for the Santa Rosa quadrangle (McLaugh-
lin et al., 2008) and the Kenwood quadrangle (Delattre et al. 2007) shown here, four geologic 
units are within the project site (outlined in red): Holocene alluvium (Qf), Holocene alluvial fan 
deposits (Qhpf), undifferentiated Pliocene to Pleistocene fluvial deposits (QTu), and questiona-
bly Pliocene fluvial & lacustrine deposits (Tgp?). Eight of the other nine units shown on this map 
are within the surrounding half-mile search area (dashed line) and six of them are volcanic. Only 
the two onsite pre-Holocene sedimentary units (QTu and Tgp?) are of paleontological concern; 
the Glen Ellen Formation, which is mapped nearly a half-mile from the site, is the only other an-
other unit with paleontological potential here, and it may occur in the subsurface of the site. 
 

 

UCMP Records Search 
The UCMP database lists 6 vertebrate and 2 plant fossil localities in the Santa Rosa quadrangle, 
and 1 vertebrate and 0 plant fossil localities in the Kenwood quadrangle. Three of the vertebrate 
localities are recorded as being in the Petaluma Formation, one locality is questionably ascribed 
to the Glen Ellen Formation, and the other three are unassigned, but all are in the Pliocene–
Pleistocene interval. In the Santa Rosa and Kenwood quadrangles, the Pleistocene is represented 
by 3 vertebrate specimens in the UCMP collection: Glossotherium cf. G. robustus (robust ground 
sloth), Bison antiquus (ancient bison), and Bison sp. that indicate a terrestrial environment of 
deposition. Other Pleistocene localities in Sonoma County have also yielded Clemmys (western 
pond turtle), Glossotherium harlani (Harlan’s ground sloth), and Mammut americanum (Ameri-
can mastodon). The only Pleistocene plant locality recorded from Sonoma County is in a marine 
terrace along the Pacific coast. 

Five Pliocene vertebrate localities are also recorded in the two quadrangles. Two localities in the 
Petaluma Formation yielded Equus (horse). The other three localities are in the Merced For-
mation and are represented by 49 specimens including eagle ray (Myliobatus), dolphins (Delphi-
nus, cf. Stenella, and cf. Stenodelphis sternbergi), porpoise (Pontoporia sternbergi), baleen 
whale (Balaemula), northern fur seal (Caliorhinus ursinus), and extinct fur seal (cf. Thalassoleon 
mexicanus). There also are 13 Pliocene plant localities in the county, but 9 are in the Sonoma 
Volcanics and 2 are in the Merced Formation. Neither of these units are mapped in the vicinity of 
the Einoka CCRC project site, but there are two localities east of Petaluma (no specimens en-
tered into database) that are in an unnamed unit that could be equivalent to those at the project 
site. 

In summary, the recovery of 12 Pleistocene vertebrates from 10 localities in unnamed units in 
Sonoma County indicates that Einoka CCRC project excavations could impact significant pale-
ontological resources, but the potential is low.  
 

Remarks and Recommendations 
About 60% of the project site is mapped as unnamed Pliocene–Pleistocene deposits of low pale-
ontological potential, and these or adjacent deposits of similar age probably underlie the Holo-
cene deposits mapped on the other 40% of the surface. Occurrences of terrestrial fossils tend to 
be unpredictable and spottily distributed, so most Pleistocene alluvial and lacustrine sediments 
are have a low potential but high sensitivity for significant paleontological resources. A precon-
struction paleontological survey of the Einoka CCRC project site is not recommended because 
the site’s entire surface appears to be disturbed. It would be prudent to have paleontological 
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monitoring of construction-related excavations because paleontologically sensitive units are on 
the surface and in the subsurface of the site. At the very least, a professional paleontologist 
should periodically inspect the excavations. Although unlikely, should any vertebrate elements 
(e.g., teeth, bones) or plants (e.g., leaves, tree trunks) be found, all construction activities are to 
be diverted away from the find until the monitor has assessed the find and, if deemed appropri-
ate, salvaged it in a timely manner. Salvaged fossils should be deposited in an appropriate reposi-
tory, such as the UCMP, where they will be properly curated and made available for future re-
search. 

 
If I can be of further assistance on this project, please don’t hesitate to contact me. 

 
Sincerely, 

 
 
References Cited 
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