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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
Chlorides
pH
Resistivity
Sulfate
Redox Potential

ASTM Method
D4327
D4972
G57
D4327
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 “noncorrosive” 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
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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)
0 – 500
501 – 2,000
2,001 – 8,000
8,001 – 32,000
> 32,000

Corrosivity Classification
Very Corrosive
Corrosive
Moderately Corrosive
Mildly Corrosive
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”.

In Situ Resistivity Data 0 ft. - 15 ft
2% 2% 2%

40%

54%

Severely Corrosive
Corrosive
Moderately Corrosive
Mildly Corrosive
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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Client:
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Location:
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Subject:
*Test Location
# Description

Reese & Associates
Elnoka Village
Santa Rosa, CA
11/22/2016
In-Situ Soil Resistivity Data
2.5

Resistance Data From AEMC Meter
5
7.5
10

15

2.5

Severely Corrosive

Mildly Corrosive

Corrosive
Moderately Corrosive

Progressively Less Corrosive

Soil Resistivities (ohm-cm)
5
7.5
10

15

0-2.5'

Barnes Layer Analysis (ohm-cm)
2.5-5'
5-7.5'
7.5-10'
10-15'

1
2
3
4
5
6
7

Position 1
Position 2
Position 3
Position 4
Position 5
Position 6
Position 7

3.24
6.84
6.18
6.05
6.78
12.40
17.30

1.22
1.84
2.36
2.32
2.34
3.97
5.28

0.61
0.95
0.93
1.12
0.91
1.92
2.61

0.45
0.69
0.69
0.47
0.62
1.64
2.04

0.36
0.68
0.63
0.74
0.66
1.64
3.37

1551
3275
2959
2896
3246
5937
8282

1168
1762
2260
2221
2241
3801
5056

876
1364
1336
1609
1307
2758
3749

862
1321
1321
900
1187
3141
3907

1034
1953
1810
2126
1896
4711
9680

1551
3275
2959
2896
3246
5937
8282

937
1205
1828
1802
1711
2796
3638

584
940
735
1037
713
1780
2471

821
1207
1280
388
931
5384
4472

1724
44926
6937
NA
NA
NA
NA

8
9
10

Position 8
Position 9
Position 10

4.89
5.58
8.62

2.43
2.52
2.72

1.21
1.18
1.53

0.84
0.85
1.12

0.73
1.14
0.82

2341
2671
4127

2327
2413
2604

1738
1695
2197

1609
1628
2145

2097
3275
2355

2341
2671
4127

2313
2200
1903

1154
1062
1674

1315
1455
1455

5338
NA
2931
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