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To: Cadman Materials, Inc. 

Attn: Mr. Noel Barnett 
8705 N.E. 117th Avenue 
Vancouver, Washington 98662 

 
Subject: Aggregate Resource Evaluation and 

Goal 5 Significance Determination 
Cadman Expansion Properties – Canby Phase 4 
Tax Lots 500, 600, 1002, 1003, 1004,  
and portions of Tax Lots 700, 800, 801 
Map 4S-1E-7, Clackamas County, Oregon 

 
 

Dear Mr. Barnett: 
 
The accompanying report presents the results of our aggregate resource evaluation and 

Goal 5 significance determination related to the proposed sand and gravel mine on the Cadman 
Expansion Properties - Canby Phase 4 site in Clackamas County, Oregon.  The site meets the 
location, quality, and quantity criteria of the goal 5 significance test.  There is approximately 8.1 
million in place tons of ODOT base rock quality aggregate resource on the site. 

After you have reviewed our report, we would be pleased to discuss it and to answer any 
questions you might have. 

This opportunity to be of service is sincerely appreciated.  If we can be of any further 
assistance, please contact us. 

 
H.G. SCHLICKER & ASSOCIATES, INC. 

 
 
 
 

J. Douglas Gless, MSc, RG, CEG, LHG 
President/Principal Engineering Geologist 

 
JDG:aml 
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To: Cadman Materials, Inc. 
Attn: Mr. Noel Barnett 
8705 N.E. 117th Avenue 
Vancouver, Washington 98662 

 
Subject: Aggregate Resource Evaluation and 

Goal 5 Significance Determination 
Cadman Expansion Properties – Canby Phase 4 
Tax Lots 500, 600, 1002, 1003, 1004,  
and portions of Tax Lots 700, 800, 801 
Map 4S-1E-7, Clackamas County, Oregon 

 
Dear Mr. Barnett: 
 

1.0 Introduction 

At your request and authorization, H.G. Schlicker and Associates, Inc. (HGSA) has 
analyzed the location, quality, and quantity of aggregate resources related to the proposed mining 
of the Cadman Expansion Properties – Canby Phase 4 site (Figures 1 and 2; Appendix A).  We 
note that this project is an expansion of the currently active Cadman operation, under the 
ownership of Cadman Materials, Inc. a subsidiary of Lehigh Hanson Materials Limited, which is 
located north and east of the subject site. 

The purpose of this report is to provide an aggregate resource evaluation and Goal 5 
significance determination in accordance with the requirements of Oregon Administrative Rule 
(OAR) Chapter 660, Division 23, Subsection 180(3) to determine whether the properties are a 
significant aggregate resource site. 

1.1 OAR 660-23-180(3) Criteria 

This report addresses the criteria for location, quality, and quantity of aggregate resources 
in the Oregon Administrative Rule (OAR) Chapter 660, Division 23, Subsection 180(3). 

Under OAR 660-23-180(3), an aggregate resource site is considered significant if 
adequate information regarding location, quality, and quantity of the resource 



Project #Y184200  Page 2 
 
 

 

demonstrates that the site meets any one of the criteria in OAR 660-23-180(3)(a), (b), or 
(c), subject to the exception provided in OAR 660-23-180(3)(d). 

OAR 660-23-180(3) states: 

“(3) An aggregate resource site shall be considered significant if adequate 
information regarding the quantity, quality, and location of the resource 
demonstrates that the site meets any one of the criteria in subsections (a) through 
(c) of this section, except as provided in subsection (d) of this section:  

(a) A representative set of samples of aggregate material in the deposit 
on the site meets applicable Oregon Department of Transportation (ODOT) 
specifications for base rock for air degradation, abrasion, and soundness, and 
the estimated amount of material is more than 2,000,000 tons in the 
Willamette Valley, or more than 500,000 tons outside the Willamette Valley;  

(b) The material meets local government standards establishing a lower 
threshold for significance than subsection (a) of this section; or  

(c) The aggregate site was on an inventory of significant aggregate sites 
in an acknowledged plan on the applicable date of this rule.  

(d) Notwithstanding subsections (a) and (b)of this section, except for an 
expansion area of an existing site if the operator of the existing site on March 
1, 1996 had an enforceable property interest in the expansion area on that date, 
an aggregate site is not significant if the criteria in either paragraphs (A) or 
(B) of this subsection apply:  

(A) More than 35 percent of the proposed mining area 
consists of soil classified as Class I on Natural Resource and 
Conservation Service (NRCS) maps on June 1, 2004; or  

(B) More than 35 percent of the proposed mining area 
consists of soil classified as Class II, or of a combination of Class II 
and Class I or Unique soil on NRCS maps available on June 11, 
2004, unless the average thickness of the aggregate layer within the 
mining area exceeds:  

(i) 60 feet in Washington, Multnomah, Marion, 
Columbia, and Lane counties;  

(ii) 25 feet in Polk, Yamhill, and Clackamas counties; or  

(iii) 17 feet in Linn and Benton counties.”  
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1.2 Scope of Work 

This report discusses the location, quality, and quantity of aggregate resources at the 
subject site.  The scope of our work consisted of the following: 

 Review of aerial photography, topographic maps, lidar, and a limited review of 
geologic literature.  

 Review of HGSA’s report (#Y083236) for Cadman Material’s current mining 
operation at their Phase 3 (Paradis) site. 

 Supervision of exploration borings and sampling. 

 Review of available water well records from the Oregon Water Resources 
Department (OWRD). 

 Review of soil survey data  from Natural Resources Conservation Service (NRCS). 

 Consultation and recommendations for sampling and laboratory programs. 

 Compilation and analysis of information obtained during drilling and the laboratory 
test results, and preparation of geologic cross-sections for the site.   

 Review of laboratory test results for aggregate quality of a representative set of 
samples. 

 Estimation of resource/reserve quantities for the site based on field and laboratory 
data. 

 Evaluation of aggregate resource against the applicable criteria in the "Goal 5" 
Oregon Administrative Rule (OAR) Chapter 660 Division 23, Subsection 180(3).  

 Preparation of this Aggregate Resource Evaluation and Goal 5 Significance 
Determination Report. 

1.3 Site Description 

The proposed mine site is located southeast of Highway 99E and west of S. Barlow Road, 
approximately 0.75 miles south of Barlow, Oregon, and 1-mile northeast of Aurora, 
Oregon (Figure 1).  The site consists of eight adjacent tax lots (Tax Lots 500, 600, 1002, 
1003, 1004, and portions of 700, 800, 801, Map 4S-1E-7) of approximately 98.5 acres 
total, with approximately 93.6 acres proposed for mining; and measures up to 
approximately 3,250 feet east to west by approximately 1,570 feet north to south (Figure 
2).  The site is generally flat, with elevations of approximately 100 to 110 feet 
(NAVD88), and most of the existing surface is currently used for agriculture 

The site is bounded to its north by Phase 3 (Paradis) of the current Cadman mining 
operation, to the west by Highway 99E, to its east by S. Barlow Road, and to its south by 
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adjacent residential and agricultural sites.  The Molalla River is located approximately 
0.7 miles to the east of the easternmost part of the site, and the Pudding River is located 
approximately 0.6 miles to the west of the westernmost part of the site.  Based on the 
2008 Flood Insurance Rate Map (FIRM, Panel #s 41005C0505D) the site lies in an area 
rated as Zone X which is defined as an area determined to be outside the 0.2% annual 
chance floodplain. 

Native vegetation is largely absent from the site, existing only as sparse individual trees, 
shrubs and isolated strips along the property boundaries and on the southeastern part of 
the site.  The site is primarily covered with agricultural crops and grasses for use as 
pasture. 

A Bonneville Power Administration (BPA) transmission line (Pearl-Marion No. 1) 
corridor crosses the site, north to south, with a lattice tower (10/1) located in the 
southeastern portion of Tax Lot 1003.   

2.0 (OAR 660-23-180(3): Location, Quality, and Quantity of Aggregate Resource 

2.1 Location of Aggregate Resource  

The proposed mine site is located southeast of Highway 99E and west of S. Barlow 
Road, approximately 0.75 miles south of Barlow, Oregon, and 1-mile northeast of 
Aurora, Oregon (Figure 1).  Several active sand and gravel operations exist adjacent 
to and near the site.  The proximity of active, high quality, aggregate mines to the 
proposed site provides further information that substantiates the location of the 
resources at the Cadman Phase 4 site. 

2.1.2 Geology 

The site lies on a terrace formed by the Molalla, Pudding and Willamette Rivers.  
The site lies in an area mapped as Quaternary alluvium which consists of 
unconsolidated sand, gravel, and cobbles with interbedded silt and clay (Gannett and 
Caldwell, 1998; Schlicker and Finlayson, 1979; Hampton, 1963; Piper, 1942).  The 
Quaternary alluvium is underlain by Pliocene Troutdale formation which consists of 
indurated beds and lenses of well-sorted sandstone and conglomerate with siltstone 
and claystone interbeds.  Higher elevations to the south have been mapped as 
Pleistocene alluvium consisting of gravel, sand, and silt (Schlicker, unpublished; 
Piper, 1942). 

A review of the United States Department of Agriculture/Natural Resources 
Conservation Service (USDA/NRCS) Web Soil Survey 
(https://websoilsurvey.sc.egov.usda.gov) indicates that the properties contain three 
mapped soil units.  The current Web Soil Survey data is based on maps that were in 
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effect at the time of the adoption of the criteria discussed in Section 1.1 of this 
report. The mapped units consist of the Cove silty clay loam (25); Humaquepts, 
ponded (42); and Xerochrepts and Haploxerolls, very steep (92F) (Appendix B).  

Nearly the entire area proposed to be mined consists of Cove silty clay loam, a Class 
4 soil; with the remainder Humaquepts, ponded, a Class 3 soil. 

2.1.3 Subsurface Conditions 

Subsurface conditions were evaluated by reviewing groundwater well reports for 
nearby properties, the NRCS soil survey, exploratory borings, sampling, and 
laboratory testing (Figures 2 through 6; Appendices A through D).   

HGSA supervised 18 drilled borings using a Terra Sonic TSI 150 tracked drill rig at 
the site from October 16 to October 26, 2018.  Nineteen borings were planned; 
however, only 18 borings were completed.  The 18 borings were completed to 
maximum depths of 85 feet (borings CE-18-04 and CE-18-06/MW #4) in the eastern 
portion of the site, and approximately 45 to 50 feet (borings CE-18-10, CE-19-
11/MW #5, and CE-18-14/MW #1) in the western portion of the site using the sonic 
(high frequency vibratory) drilling method which provided continuous sampling.  
Logs of the borings are provided in Appendices C and D, and stratigraphic cross-
sections are shown on Figures 3 through 6.   

The site is generally underlain by organic topsoil from the surface to a depth of 
approximately 1 to 4 feet; underlain by brown to gray silty-clay/clayey-silt to 
approximately 5 to 10 feet; underlain by interbedded sand and gravel with silty 
matrix to approximately 70 feet in the eastern portion of the site and 40 to 45 feet in 
the western portion of the site; underlain by dense, brown to blue-gray, silty clay 
(Figures 3, 4, 5, and 6; Appendices C and D). 

Fluvial gravel and sand deposits have been located on this subject property.  
Therefore, based on the geological review and geological interpretation of the 
subsurface investigation by a certified engineering geologist, an aggregate resource 
has been identified and is located within the 98.5-acre property boundary, and within 
the 93.6-acres proposed for mining. 

Conclusion:  The aggregate at the Cadman Expansion Properties - Canby Phase 
4 site meets the location criteria for a significant aggregate site, as required by 
OAR 660-23-180(3). 
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2.2 Quality of Aggregate Resource  

“A representative set of samples of aggregate material in the deposit on the site meets 
applicable Oregon Department of Transportation (ODOT) specifications for base 
rock for air degradation, abrasion, and soundness” OAR 660-23-180(3)(a) 

Resource quality was determined by visual inspection of the boring materials, hammer 
testing, and laboratory testing (Appendix E).  Samples tested met specifications for 
aggregate for use as base rock, subbase, asphaltic concrete, cement concrete, and topping 
when properly processed.  The basaltic, rounded to subrounded gravels and cobbles were 
generally hard, durable and without substantial deleterious coatings although some 
cobbles were observed with a thin calcium carbonate coating.  These materials appeared 
to be of the same source and quality as the other materials currently being mined and sold 
from the existing Cadman Phase 3 Pit. 

2.2.1 Laboratory Testing 

Laboratory testing of representative (per Goal 5 criteria) samples was completed by 
the Oregon Department of Transportation Materials Laboratory.  The tests were 
those typically used to assess aggregate quality for state and federal highway 
construction aggregate, and as required by OAR 660-23-180 for Goal 5 compliance 
for aggregate materials (Oregon Air Aggregate Degradation (ODOT TM 208), Los 
Angeles Abrasion (ODOT TM 211, AASHTO T 96), and Sodium Sulfate Soundness 
(AASHTO T 104)) as well as those useful in evaluation of material quality for the 
mine owner.  Only Oregon Air Aggregate Degradation (ODOT TM 208) and Los 
Angeles Abrasion (ODOT TM 211, AASHTO T 96) for base rock aggregate are 
required to be met for identification of a Goal 5 aggregate resource site.  There is no 
Sodium Sulfate Soundness (AASHTO T 104) standard for base rock, so materials 
from the site were tested against the more restrictive standards for paving rock for 
Cadman’s use.   

The abrasion test indicates how aggregate will withstand grinding actions (e.g., 
generated from heavy traffic).  The aggregate is weighed, subjected to tumbling for a 
set time, screened, and reweighed.  The statistic listed is the percentage lost during 
the testing.   

The air degradation test measures the quantity and quality of the material produced 
by attrition (e.g., repeated traffic loading and unloading).  The quantity is indicated 
by a weight percentage of fine material produced; the quantity is measured by a 
modified sand equivalent test.  The fine material is made by using air jets to rub one 
particle against another in water.  The test results are listed as a percentage of 
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original weight lost during testing and the height of the fine particles (“sediment”) 
produced by degradation. 

The “soundness” (sodium sulfate) test measures the quantity of material produced by 
repeated immersion in a corrosive solution of sodium sulfate.  The results of this test 
are listed as a percentage loss by weight and a sediment column height.  While 
ODOT has specific soundness criteria for asphaltic concrete aggregate, ODOT does 
not have soundness criteria for base aggregate.  Therefore, this test cannot apply to 
base rock quality evaluations within Goal 5, because there is no applicable standard 
for the base rock to meet.  This test is for paving rock and paving rock standards are 
more stringent than that of base rock. 

The tested samples had Oregon Air Aggregate Degradation values of 9.8 to 20.0% 
passing the No. 20 sieve and 0.7 to 2.4-inches of sediment height, and Los Angeles 
Abrasion values of 16.0 to 19.8% loss, which is well within the acceptable limits set 
forth by ODOT for base rock aggregate.  ODOT allows 30% maximum passing the 
No. 20 sieve, and a maximum sediment height of 3 inches for the Oregon Air 
Aggregate Degradation test (ODOT TM 208), and 35% maximum loss for the Los 
Angeles Abrasion test (ODOT TM 211, AASHTO T 96).  The tested samples had 
Sodium Sulfate Soundness values of 5% to 14% loss.  ODOT allows a maximum 
loss for the Sodium Sulfate soundness test (AASHTO T 104) of 12%; 3 of 17 
samples were greater than this threshold.  Again, this standard is for paving rock (as 
there is no applicable ODOT standard for base rock for Sodium Sulfate Soundness 
test), and paving rock standards are generally more restrictive than the standards for 
base rock.  Laboratory test data and a summary table are provided in Appendix E. 

The test results from samples collected at the proposed Phase 4 site are generally 
similar to the test results from samples collected and tested for our 2011 resource 
evaluation report (HGSA #Y083236) for the adjacent Phase 3 (Paradis) site.  
Aggregate resources located at the proposed Phase 4 site are contiguous with the 
aggregate resources at the adjacent Phase 3 site, and the proposed Phase 4 aggregate 
mine is an expansion of the Phase 3 mining operation in the same sand and gravel 
deposit. 

The tested samples from the Phase 3 (Paradis) site had Oregon Air Degradation 
values of 6.6 to 24.1% passing the No. 20 sieve and 0.5 to 1.6-inches of sediment 
heights, Los Angeles Abrasion values of 15.9 to 21.1% loss, and Sodium Sulfate 
Soundness values of 1.1% to 7.4% loss.  The summary table of test results from the 
adjacent Phase 3 (Paradis) site is provided in Appendix F. 
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Conclusion: Based on the information referenced above, the aggregate at the 
Cadman Expansion Properties - Canby Phase 4 site meets the quality criteria 
for a significant aggregate site, as required by OAR 660-23-180(3)(a). 

2.3 Quantity of Aggregate Resource (OAR 660-23-180(3)(a)) 

“A representative set of samples of aggregate material in the deposit on the site meets 
applicable Oregon Department of Transportation (ODOT) specifications for base 
rock…and the estimated amount of material is more than 2,000,000 tons in the 
Willamette Valley, or more than 500,000 tons outside the Willamette Valley.” OAR 
660-23-180(3)(a) 

The estimates for resource volume (Appendix G) were based on:  

1) 98.5-acre total permit area; 

2) An average resource thickness of a minimum of 33 feet, with an average 
overburden thickness of approximately 10 feet;  

3) Slopes of 1½H to 1V down to the water table (approximately 10 feet below 
ground surface average), 3H to 1V to 6 feet below the water table and 1½ H to 1V 
to an average depth of 43 feet with 33 feet of resource thickness (Figure 7); 
except adjacent to the BPA tower at the southwest corner of the site where 
setbacks will be 100 feet from the tower (120 feet radius), and slopes will be 2H 
to 1V.   

Total aggregate resource volume was calculated to be 5,244,140cubic yards (8,075977 
tons) in place based on a minimum average 33 feet thick aggregate resource layer with 
vertical slopes at the permit boundary lines.  The overburden layer averages 
approximately 10 feet thick.  Sand and gravel resource available to mine is estimated at 
4,474,480 cubic yards (6,890,699 tons) using a conversion factor of 1.54 tons/yd3 (Hunt, 
1984)) in place, based upon the proposed property boundary and LNG easement setbacks 
of 30 feet, 100 feet setback for the BPA tower and the Mine Slopes Configuration as 
shown on Figure 7.  Aggregate resource volume calculations are provided in Appendix 
G. 

Conclusion: There is approximately 8.1 million tons of aggregate resource estimated 
to occur on the Cadman Expansion Properties – Canby Phase 4 site with an 
extractable resource of approximately 6.9 million tons.  Therefore, the property 
exceeds the quantity criteria of 2 million tons required in OAR 660-23-180(a) for 
sites in the Willamette Valley. 
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3.0 OAR 660-23-180(3)(b): Lower Threshold of Significance Criteria 

“The material meets local government standards establishing a lower threshold for 
significance than subsection (a) of this section;” OAR 660-23-180(3)(b) 

OAR 660-23-180(3)(b) does not apply to the Cadman Phase 4 site since Clackamas 
County has not established a lower threshold for significance. 

4.0 OAR 660-23-180(3)(c): Inventory of Significant Sites Criteria 

“The aggregate site was on an inventory of significant aggregate sites in an acknowledged 
plan on the applicable date of this rule.” OAR 660-23-180(3)(b) 

OAR 660-23-180(3)(c) does not apply to the Cadman Phase 4 site because the site is not 
currently listed on an inventory of significant aggregate sites.  However, this report provides the 
necessary information to justify the addition of the site to the Clackamas County inventory of 
significant aggregate sites. 

5.0 OAR 660-23-180(3)(d): Soils and Width of Aggregate Layers Criteria 

“Notwithstanding subsections (a) and (b) of this section, except for an expansion 
area of an existing site if the operator of the existing site on March 1, 1996 had an 
enforceable property interest in the expansion area on that date, an aggregate site 
is not significant if the criteria in either paragraphs (A) or (B) of this subsection 
apply:  

(A) More than 35 percent of the proposed mining area consists 
of soil classified as Class I on Natural Resource and Conservation 
Service (NRCS) maps on June 1, 2004; or  

(B) More than 35 percent of the proposed mining area consists 
of soil classified as Class II, or of a combination of Class II and Class 
I or Unique soil on NRCS maps available on June 11, 2004, unless the 
average thickness of the aggregate layer within the mining area 
exceeds:  

(i) 60 feet in Washington, Multnomah, Marion, Columbia, 
and Lane counties;  

(ii) 25 feet in Polk, Yamhill, and Clackamas counties; or  
(iii) 17 feet in Linn and Benton counties.” OAR 660-23-

180(3)(d) 
 

NRCS mapping of the area (https://websoilsurvey.sc.egov.usda.gov) has no Class I or 
Class II soils within the proposed mining area.  Since none of the proposed mining area is 
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mapped as Class I or Class II soils, OAR 660-23-180(3)(d)(A and B) do not apply to the Cadman 
Phase 4 site (Appendix B). 

Conclusion: The Cadman Expansion Properties – Canby Phase 4 site to be mined 
does not contain Class I or Class II soils and therefore OAR 660-23-180(3)(d)(A and B) 
does not apply to the Phase 4 site.  Furthermore, even if OAR 66-23-180(3)(d)(A and B) did 
apply, the criteria would be satisfied because the deposit averages 33 feet thick, which is 
more than the required 25 feet thickness. 

6.0 Conclusions  

The proposed mine site meets the Goal 5 criteria for Significance.  The site appears to 
have a minimum average 33 feet thick aggregate resource providing approximately 8.1 million 
tons of aggregate on the site.  There is approximately 6.9 million tons of sand and gravel in place 
to depths of approximately 30 to 70 feet below the ground surface which is available for mining, 
based on the required setbacks from the property lines, LNG easement and the BPA tower, and 
the mine slope configuration shown on Figure 7.  As much as 5 to 10% of this may be unsuitable 
clayey and silty interbeds.  The quality of the material meets Goal 5 requirements, site proximity 
to the expanding Portland market is excellent, and the material is easily mined.  The aggregate 
resource meets the Goal 5 criteria based on the subsurface exploration and laboratory test results 
for material from this site and its similarity to adjacent mine sites; and the long history of 
successful aggregate mining and the sale of sand, gravel, and crushed rock from this alluvial 
deposit. 

7.0 Limitations 

Our investigation was based on geological and hydrogeologic reconnaissance, available 
published information and our subsurface exploration, testing, and analyses.  The information 
presented in this report is believed to be representative of the site.  This report pertains to the 
subject site only, and is not applicable to adjacent sites nor is it valid for types of development 
other than that to which it refers.  Geologic conditions including materials, processes, and rates 
can change with time and therefore, a review of the site and/or this report may be necessary as 
time passes to assure its accuracy and adequacy. 

The conclusions herein are professional opinions derived in accordance with current 
standards of professional practice, and no warranty is expressed or implied.  This report is for the 
sole and exclusive use of the client.  Any reuse or third-party use of this information requires the 
written authorization of H.G. Schlicker and Associates, Inc.  This report may only be copied in 
its entirety. 
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8.0 Disclosure 

H.G. Schlicker & Associates, Inc. and the undersigned Certified Engineering Geologist 
have no financial interest in the subject site, the project or the Client’s organization. 
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It has been our pleasure to serve you.  If you have any questions concerning this report or 
the site, please contact us. 

 
Respectfully submitted, 
 
H.G. SCHLICKER AND ASSOCIATES, INC. 
 
 
 
 
 
 
 
 
  EXPIRES: 10/31/2019 
J. Douglas Gless, MSc, RG, CEG, LHG  
President/Principal Engineering Geologist  
 
JDG:aml
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Refer to Figure 2 for plan view of site, cross section trend lines, and boring locations.
All locations and dimensions are approximate.
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Figure 4

Project #Y184200
Stratigraphic Cross Section B-B'
Cadman Expansion Properties - Canby Phase 4

Clackamas County, Oregon
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Scale: As Shown

Based on drilled boring data.
Refer to Figure 2 for plan view of site, cross section trend lines, and boring locations.
All locations and dimensions are approximate.
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Figure 5

Project #Y184200
Stratigraphic Cross Sections C-C' and D-D'

Cadman Expansion Properties - Canby Phase 4
Clackamas County, Oregon
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Scale: As Shown

Based on drilled boring data.
Refer to Figure 2 for plan view of site, cross section trend lines, and boring locations.
All locations and dimensions are approximate.
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Project #Y184200
Stratigraphic Cross Sections E-E'
Cadman Expansion Properties - Canby Phase 4

Clackamas County, Oregon

Prepared by: AML

Approved by: JDG

Date: 08/12/2019

Scale: As Shown

Based on drilled boring data.
Refer to Figure 2 for plan view of site, cross section trend lines, and boring locations.
All locations and dimensions are approximate.
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Appendix A 
– Site Photographs – 
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Appendix B 
– NRCS Custom Soil Resource Report – 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 

Custom Soil Resource Report
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

25 Cove silty clay loam 89.2 89.4%

42 Humaquepts, ponded 9.0 9.0%

92F Xerochrepts and Haploxerolls, 
very steep

1.6 1.6%

Totals for Area of Interest 99.8 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 

Custom Soil Resource Report
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development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Clackamas County Area, Oregon

25—Cove silty clay loam

Map Unit Setting
National map unit symbol: 223y
Elevation: 100 to 1,500 feet
Mean annual precipitation: 40 to 60 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Cove and similar soils: 85 percent
Minor components: 12 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Cove

Setting
Landform: Flood plains
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey alluvium

Typical profile
H1 - 0 to 7 inches: silty clay loam
H2 - 7 to 60 inches: silty clay

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately 

low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 24 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Available water storage in profile: High (about 9.9 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Hydric soil rating: Yes

Minor Components

Wapato
Percent of map unit: 5 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Custom Soil Resource Report
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Conser
Percent of map unit: 4 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Concord
Percent of map unit: 2 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Dayton
Percent of map unit: 1 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

42—Humaquepts, ponded

Map Unit Setting
National map unit symbol: 224t
Elevation: 100 to 1,500 feet
Mean annual precipitation: 40 to 60 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Farmland of unique importance

Map Unit Composition
Humaquepts, ponded, and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Humaquepts, Ponded

Setting
Landform: Flood plains, lakebeds (relict)
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Lacustrine deposits over peat organic material

Typical profile
H1 - 0 to 24 inches: mucky clay

Custom Soil Resource Report
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H2 - 24 to 50 inches: peat
H3 - 50 to 60 inches: silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: Frequent
Frequency of ponding: Frequent
Available water storage in profile: Very high (about 18.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Minor Components

Wapato
Percent of map unit: 10 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Cove
Percent of map unit: 5 percent
Landform: Flood plains
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

92F—Xerochrepts and Haploxerolls, very steep

Map Unit Setting
National map unit symbol: 2281
Elevation: 50 to 1,000 feet
Mean annual precipitation: 40 to 60 inches
Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Not prime farmland

Map Unit Composition
Xerochrepts and similar soils: 50 percent
Haploxerolls and similar soils: 35 percent

Custom Soil Resource Report
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Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Xerochrepts

Setting
Landform: Terraces
Landform position (three-dimensional): Riser
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Colluvium derived from igneous rock

Typical profile
H1 - 0 to 8 inches: silt loam
H2 - 8 to 48 inches: gravelly clay loam
H3 - 48 to 60 inches: very cobbly clay loam

Properties and qualities
Slope: 20 to 60 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: About 36 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 8.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Haploxerolls

Setting
Landform: Terraces
Landform position (three-dimensional): Riser
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Colluvium derived from igneous rock

Typical profile
H1 - 0 to 12 inches: silt loam
H2 - 12 to 60 inches: very gravelly loam

Properties and qualities
Slope: 20 to 60 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

high (0.20 to 1.98 in/hr)
Depth to water table: About 36 to 48 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: High (about 12.0 inches)

Custom Soil Resource Report
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Hydric soil rating: No

Custom Soil Resource Report
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Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and 
qualities displayed as thematic maps with a summary table for the soil map units in 
the selected area of interest. A single value or rating for each map unit is generated 
by aggregating the interpretive ratings of individual map unit components. This 
aggregation process is defined for each property or quality.

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly 
measured, but are inferred from observations of dynamic conditions and from soil 
properties. Example soil qualities include natural drainage, and frost action. Soil 
features are attributes that are not directly part of the soil. Example soil features 
include slope and depth to restrictive layer. These features can greatly impact the 
use and management of the soil.

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation 
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

18



Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in their 
natural condition are in group D are assigned to dual classes.

Custom Soil Resource Report
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Table—Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

25 Cove silty clay loam D 89.2 89.4%

42 Humaquepts, ponded C/D 9.0 9.0%

92F Xerochrepts and 
Haploxerolls, very 
steep

B 1.6 1.6%

Totals for Area of Interest 99.8 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Custom Soil Resource Report
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Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Land Classifications

This folder contains a collection of tabular reports that present a variety of soil 
groupings. The reports (tables) include all selected map units and components for 
each map unit. Land classifications are specified land use and management 
groupings that are assigned to soil areas because combinations of soil have similar 
behavior for specified practices. Most are based on soil properties and other factors 
that directly influence the specific use of the soil. Example classifications include 
ecological site classification, farmland classification, irrigated and nonirrigated land 
capability classification, and hydric rating.

Land Capability Classification

The land capability classification of map units in the survey area is shown in this 
table. This classification shows, in a general way, the suitability of soils for most 
kinds of field crops (United States Department of Agriculture, Soil Conservation 
Service, 1961). Crops that require special management are excluded. The soils are 
grouped according to their limitations for field crops, the risk of damage if they are 
used for crops, and the way they respond to management. The criteria used in 
grouping the soils do not include major and generally expensive landforming that 
would change slope, depth, or other characteristics of the soils, nor do they include 
possible but unlikely major reclamation projects. Capability classification is not a 
substitute for interpretations designed to show suitability and limitations of groups of 
soils for rangeland, for forestland, or for engineering purposes.

In the capability system, soils are generally grouped at three levels: capability class, 
subclass, and unit.

Capability classes, the broadest groups, are designated by the numbers 1 through 
8. The numbers indicate progressively greater limitations and narrower choices for 
practical use. The classes are defined as follows:

- Class 1 soils have slight limitations that restrict their use.
- Class 2 soils have moderate limitations that restrict the choice of plants or that 

require moderate conservation practices.
- Class 3 soils have severe limitations that restrict the choice of plants or that 

require special conservation practices, or both.
- Class 4 soils have very severe limitations that restrict the choice of plants or 

that require very careful management, or both.

Custom Soil Resource Report
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- Class 5 soils are subject to little or no erosion but have other limitations, 
impractical to remove, that restrict their use mainly to pasture, rangeland, 
forestland, or wildlife habitat.

- Class 6 soils have severe limitations that make them generally unsuitable for 
cultivation and that restrict their use mainly to pasture, rangeland, forestland, or 
wildlife habitat.

- Class 7 soils have very severe limitations that make them unsuitable for 
cultivation and that restrict their use mainly to grazing, forestland, or wildlife 
habitat.

- Class 8 soils and miscellaneous areas have limitations that preclude 
commercial plant production and that restrict their use to recreational purposes, 
wildlife habitat, watershed, or esthetic purposes.

Capability subclasses are soil groups within one class. They are designated by 
adding a small letter, e, w, s, or c, to the class numeral, for example, 2e. The letter e 
shows that the main hazard is the risk of erosion unless close-growing plant cover is 
maintained; w shows that water in or on the soil interferes with plant growth or 
cultivation (in some soils the wetness can be partly corrected by artificial drainage); 
s shows that the soil is limited mainly because it is shallow, droughty, or stony; and 
c, used in only some parts of the United States, shows that the chief limitation is 
climate that is very cold or very dry.

In class 1 there are no subclasses because the soils of this class have few 
limitations. Class 5 contains only the subclasses indicated by w, s, or c because the 
soils in class 5 are subject to little or no erosion.

Report—Land Capability Classification

Land Capability Classification–Clackamas County Area, Oregon

Map unit symbol and name Pct. of 
map unit

Component name Land Capability 
Subclass

Nonirrigat
ed

Irrigated

25—Cove silty clay loam

85 Cove 4w 4w

42—Humaquepts, ponded

85 Humaquepts, ponded 3w —

92F—Xerochrepts and Haploxerolls, very steep

50 Xerochrepts 6e —

35 Haploxerolls 6e —

Custom Soil Resource Report
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Appendix C 
– Geotechnical Hole and Monitoring Well Reports – Holt Services – 
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Appendix D 
– Boring Logs – 
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Appendix E 
– Laboratory Test Data and Summary Table – 

  





Boring
Depth 
Interval

% Passing No. 
20 Sieve

Sediment 
Height (in.) Pass / Fail % Loss Pass / Fail % Loss Pass / Fail

CE-18-01 10'-67' 9.8 0.9 Pass 18.4 Pass 10 Pass

CE-18-06 9'-46' 11.7 1.1 Pass 18.9 Pass 13 Fail

CE-18-10 12.5'-44' 10.4 0.8 Pass 17.9 Pass 7 Pass

CE-18-13 9.5'-26' 11.3 0.7 Pass 19.4 Pass 12 Pass

CE-18-14 13'-34' 14.4 1 Pass 19.4 Pass 9 Pass

CE-18-17 7'-31' 11.9 0.8 Pass 18.8 Pass 9 Pass

CE-18-19 10'-47' 12.2 1 Pass 18 Pass 5 Pass

CE-18-04 20'-30' 16.4 0.7 Pass 19.8 Pass 10 Pass

CE-18-04 30'-40' 15.5 1.5 Pass 17.2 Pass 9 Pass

CE-18-04 40'-50' 16.7 1.7 Pass 16 Pass 14 Fail

CE-18-05 12'-20' 20 2.4 Pass 19.4 Pass 12 Pass

CE-18-05 20'-30' 16 1.1 Pass 16.3 Pass 6 Pass

CE-18-05 30'-40' 16.7 1.8 Pass 16.5 Pass 7 Pass

CE-18-07 17'-30' 19.1 1.3 Pass 17.5 Pass 12 Pass

CE-18-07 30'-42' 16.4 1.6 Pass 17 Pass 11 Pass

CE-18-18 20'-30 17.3 1.4 Pass 18.8 Pass 13 Fail

CE-18-18 30'-45' 16.6 1.2 Pass 16.5 Pass 10 Pass

Note: 1) Sodium Sulfate Soundness in not required for base rock, it is used 
for aggregates for paving rock and Portland Concrete.

Appendix E - Laboratory Test Results Summary, 2018 Exploration Program
Cadman Materials - Canby Phase 4

Oregon Air Aggregate Degradation           
(ODOT TM 208)

(ODOT Requirement: 30% maximum passing 
No. 20 Sieve; maximum sediment height 3")

Los Angeles Abrasion (ODOT TM 211, 
AASHTO T 96)

(ODOT Requirement: 35% maximum loss at 
500 revolutions)

Sodium Sulfate Soundness                  

(AASHTO T 104)1

(ODOT Requirement for EAC and PCC Coarse 
Aggregate: 12% maximum loss at 5 cycles)



















































































OREGON DEPARTMENT OF TRANSPORTATION             Page 1 of 1
MATERIALS LABORATORY                        (503)986-3000

                             800 AIRPORT RD. SE  SALEM, OR  97301-4792        FAX(503)986-3096

Contract No.: PRIVATE           EA No.: PRIVATE TESTING_ Lab No.: 18-003521
Project: PRIVATE AGGREGATE TESTING - CADMAN-CANBY                 
Highway:                              County:                 Data Sheet No.:
Contractor: CADMAN-CANBY                                      FA No.:
Project Manager:                      Org Unit:               Bid Item No.:
Submitted By: KURT SEIGFRIED          Org Unit: CC            Sample No.:
Material Source:  CANBY LOCATION               Qty Represented:
Sampled At: CANBY LOCATION            Sampled By:                  Witnessed By:
DATE-Sampled:            Received: 18/10/25   Tested: 18/10/29       Date Reported: 18/10/30
Class/Type: QUALITY CONTROL                          Use: CE18-19 20-30'  FINE AC AGGR

Q or G:                    AGGREGATE LABORATORY REPORT - FACAG         Size:
 Test  Field  Lab    T 84 F. Grav.  T 85 C. Grav. 

  T 176  S.E.                                      Bulk:                 Bulk:           
  T 89   L.L.                                    S.S.D.:               S.S.D.:           
  T 90   P.I.                                    Appar.:               Appar.:           
  T 335  Ttl Frac.                              Absorp.:              Absorp.:           
  TM 226 Dust/Clay                              T 104 Soundness  TM 208 Degrade 
  TM 227 Cleanness                              C A:        F A:                         
  TM 229 Elong pcs                                  1.5-3/4:                             
  T 308  Incin A/C                                  3/4-3/8:                             
         Total A/C                                  3/8- #4:          Crse Ht:           
         Retention                                   #4- #8:              P20:           
  T 329  Moisture                                    #8-#16:          Fine Ht:           
  T 27/11        #16-#30:              P20:           
       Sieve          Passing      Passing          #30-#50:                             
        2.5"                                    T 96 Abrasion  T 21 Impurity 
        2                          100 %                              Plate #:           
        1.5                         90 %                                                 
        1                           77 %        T 335 Fracture   T 112 Friables 
        3/4                         69 %        DF:       1.0:          Wt'd Avg :       
        1/2                         60 %                  3/4:            1.5-3/4:       
        3/8                         56 %                  1/2:            3/4-3/8:       
        1/4                         50 %                   #4:            3/8- #4:       
       #  4                         47 %        SF:        #8:             #4-#16:       
       #  8                         41 %        T 113 Lightweight  TM 225 Woodwaste 
       # 10                                      Coarse:                   Lab:          
       # 16                         35 %           Fine:                 Field:          
       # 30            30 %       
       # 40                                  
       # 50                         25 %        T 327 Micro Deval 
       #100                         19 %         Grading:          Loss:  %               
       #200                         14.2 %     
 

 2 @ t27     =$ 47.00      NSM = Not Sufficient Material         TOTAL CHARGES: $     140.00  
 2 @ t11     =  23.00  REMARKS:                                 
                       INFORMATION ONLY
                     
                     
                     
                     
                        KEVIN BROPHY - LABORATORY SERVICES MANAGER
                              REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT WRITTEN APPROVAL OF THIS LABORATORY.

C:  FILES   ; CADMAN-CANBY    ; J CIESLAK - AGGREGATE 181023



OREGON DEPARTMENT OF TRANSPORTATION             Page 1 of 1
MATERIALS LABORATORY                        (503)986-3000

                             800 AIRPORT RD. SE  SALEM, OR  97301-4792        FAX(503)986-3096

Contract No.: PRIVATE           EA No.: PRIVATE TESTING_ Lab No.: 18-003522
Project: PRIVATE AGGREGATE TESTING - CADMAN-CANBY                 
Highway:                              County:                 Data Sheet No.:
Contractor: CADMAN-CANBY                                      FA No.:
Project Manager:                      Org Unit:               Bid Item No.:
Submitted By: KURT SEIGFRIED          Org Unit: CC            Sample No.:
Material Source:  CANBY LOCATION               Qty Represented:
Sampled At: CANBY LOCATION            Sampled By:                  Witnessed By:
DATE-Sampled:            Received: 18/10/25   Tested: 18/10/29       Date Reported: 18/10/30
Class/Type: QUALITY CONTROL                          Use: CE18-19 30-40'  FINE AC AGGR

Q or G:                    AGGREGATE LABORATORY REPORT - FACAG         Size:
 Test  Field  Lab    T 84 F. Grav.  T 85 C. Grav. 

  T 176  S.E.                                      Bulk:                 Bulk:           
  T 89   L.L.                                    S.S.D.:               S.S.D.:           
  T 90   P.I.                                    Appar.:               Appar.:           
  T 335  Ttl Frac.                              Absorp.:              Absorp.:           
  TM 226 Dust/Clay                              T 104 Soundness  TM 208 Degrade 
  TM 227 Cleanness                              C A:        F A:                         
  TM 229 Elong pcs                                  1.5-3/4:                             
  T 308  Incin A/C                                  3/4-3/8:                             
         Total A/C                                  3/8- #4:          Crse Ht:           
         Retention                                   #4- #8:              P20:           
  T 329  Moisture                                    #8-#16:          Fine Ht:           
  T 27/11        #16-#30:              P20:           
       Sieve          Passing      Passing          #30-#50:                             
        2.5"                                    T 96 Abrasion  T 21 Impurity 
        2                          100 %                              Plate #:           
        1.5                         97 %                                                 
        1                           85 %        T 335 Fracture   T 112 Friables 
        3/4                         76 %        DF:       1.0:          Wt'd Avg :       
        1/2                         66 %                  3/4:            1.5-3/4:       
        3/8                         60 %                  1/2:            3/4-3/8:       
        1/4                         52 %                   #4:            3/8- #4:       
       #  4                         48 %        SF:        #8:             #4-#16:       
       #  8                         42 %        T 113 Lightweight  TM 225 Woodwaste 
       # 10                                      Coarse:                   Lab:          
       # 16                         37 %           Fine:                 Field:          
       # 30            31 %       
       # 40                                  
       # 50                         22 %        T 327 Micro Deval 
       #100                         16 %         Grading:          Loss:  %               
       #200                         12.2 %     
 

 2 @ t27     =$ 47.00      NSM = Not Sufficient Material         TOTAL CHARGES: $     140.00  
 2 @ t11     =  23.00  REMARKS:                                 
                       INFORMATION ONLY
                     
                     
                     
                     
                        KEVIN BROPHY - LABORATORY SERVICES MANAGER
                              REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT WRITTEN APPROVAL OF THIS LABORATORY.

C:  FILES   ; CADMAN-CANBY    ; J CIESLAK - AGGREGATE 181023



OREGON DEPARTMENT OF TRANSPORTATION             Page 1 of 1
MATERIALS LABORATORY                        (503)986-3000

                             800 AIRPORT RD. SE  SALEM, OR  97301-4792        FAX(503)986-3096

Contract No.: PRIVATE           EA No.: PRIVATE TESTING_ Lab No.: 18-003523
Project: PRIVATE AGGREGATE TESTING - CADMAN-CANBY                 
Highway:                              County:                 Data Sheet No.:
Contractor: CADMAN-CANBY                                      FA No.:
Project Manager:                      Org Unit:               Bid Item No.:
Submitted By: KURT SEIGFRIED          Org Unit: CC            Sample No.:
Material Source:  CANBY LOCATION               Qty Represented:
Sampled At: CANBY LOCATION            Sampled By:                  Witnessed By:
DATE-Sampled:            Received: 18/10/25   Tested: 18/10/29       Date Reported: 18/10/30
Class/Type: QUALITY CONTROL                          Use: CE18-19 40-47'  FINE AC AGGR

Q or G:                    AGGREGATE LABORATORY REPORT - FACAG         Size:
 Test  Field  Lab    T 84 F. Grav.  T 85 C. Grav. 

  T 176  S.E.                                      Bulk:                 Bulk:           
  T 89   L.L.                                    S.S.D.:               S.S.D.:           
  T 90   P.I.                                    Appar.:               Appar.:           
  T 335  Ttl Frac.                              Absorp.:              Absorp.:           
  TM 226 Dust/Clay                              T 104 Soundness  TM 208 Degrade 
  TM 227 Cleanness                              C A:        F A:                         
  TM 229 Elong pcs                                  1.5-3/4:                             
  T 308  Incin A/C                                  3/4-3/8:                             
         Total A/C                                  3/8- #4:          Crse Ht:           
         Retention                                   #4- #8:              P20:           
  T 329  Moisture                                    #8-#16:          Fine Ht:           
  T 27/11        #16-#30:              P20:           
       Sieve          Passing      Passing          #30-#50:                             
        2.5"                                    T 96 Abrasion  T 21 Impurity 
        2                          100 %                              Plate #:           
        1.5                         98 %                                                 
        1                           90 %        T 335 Fracture   T 112 Friables 
        3/4                         81 %        DF:       1.0:          Wt'd Avg :       
        1/2                         72 %                  3/4:            1.5-3/4:       
        3/8                         67 %                  1/2:            3/4-3/8:       
        1/4                         62 %                   #4:            3/8- #4:       
       #  4                         60 %        SF:        #8:             #4-#16:       
       #  8                         54 %        T 113 Lightweight  TM 225 Woodwaste 
       # 10                                      Coarse:                   Lab:          
       # 16                         49 %           Fine:                 Field:          
       # 30            39 %       
       # 40                                  
       # 50                         29 %        T 327 Micro Deval 
       #100                         22 %         Grading:          Loss:  %               
       #200                         17.8 %     
 

 2 @ t27     =$ 47.00      NSM = Not Sufficient Material         TOTAL CHARGES: $     140.00  
 2 @ t11     =  23.00  REMARKS:                                 
                       INFORMATION ONLY
                     
                     
                     
                     
                        KEVIN BROPHY - LABORATORY SERVICES MANAGER
                              REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT WRITTEN APPROVAL OF THIS LABORATORY.

C:  FILES   ; CADMAN-CANBY    ; J CIESLAK - AGGREGATE 181023
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Appendix F 
– Laboratory Test Summary Table – Phase 3 (Paradis) (From HGSA #Y083236)– 

  





Appendix F - Laboratory Test Results Summary, 2010 Exploration Program (HGSA #Y083236)
Pacific Rock Products–Paradis, Hatch and Gardner Properties

Boring Depth Combine Soil Classification
(PDH) Interval Sample Bag(s) ID USCS

or
Test Pit

(TP) % passing
No. 20 Sediment

% Loss Pass / Fail Sieve Height (in.) Pass / Fail % Loss Pass / Fail
PDH 1 7'-20' A1 + A2 19.0 Pass 23.2 1.1 Pass 5.4 Pass GW-GM
PDH 1 20'-25' A3 + A4 16.8 Pass 17.3 0.9 Pass 2.5 Pass GW-GM
PDH 1 25'-30' A5 + A6 16.0 Pass 10.0 0.9 Pass 1.1 Pass SW-SM

PDH 2 5'-20' B1 + B2 17.7 Pass 21.8 0.7 Pass 1.3 Pass GW-GM
PDH 2 25'-30' B5 + B6 21.1 Pass 18.1 0.9 Pass 7.4 Pass GW-GM
PDH 2 30'-40' B7 + B8 19.4 Pass 21.5 1.0 Pass 5.1 Pass GW-GM

PDH 3 10'-20' C3 + C4 19.9 Pass 13.6 0.8 Pass 3.6 Pass GW
PDH 3 22'-30' C6 + C7 20.5 Pass 20.2 0.8 Pass 6.4 Pass GW-GM
PDH 3 30'-39' C8 + C9 18.0 Pass 19.8 0.7 Pass 6.1 Pass GW-GM

PDH 4 5'-20' D1 + D2 20.3 Pass 17.7 0.6 Pass 4.5 Pass GW-GM
PDH 4 27'-40' D5 + D6 16.7 Pass 20.6 0.6 Pass 3.6 Pass GW-GM
PDH 4 40'-45' D7 + D8 19.0 Pass 6.6 0.6 Pass 1.1 Pass GW-GM

PDH 5 5'-20' E1 + E2 19.6 Pass 19.6 0.7 Pass 3.4 Pass GW-GM
PDH 5 26'-40' E4 + E5 18.2 Pass 15.6 0.6 Pass 4.2 Pass GW-GM

PDH 6 15'-30' F4 + F5 19.3 Pass 18.1 0.5 Pass 3.8 Pass GW-GM
PDH 6 30'-40' F6 + F7 16.7 Pass 15.9 0.6 Pass 1.8 Pass GW-GM
PDH 6 50'-60' F10 + F11 15.9 Pass 16.0 0.5 Pass 5.0 Pass GW-GM

TP 1 20'-22' G3 + G4 17.7 Pass 20.4 1.6 Pass 3.0 Pass GW-GM

TP 2 13'-15' H1 + H2 19.0 Pass 21.4 0.9 Pass 2.4 Pass GW

TP 3 10'-12' I1 + I2 17.7 Pass 24.1 1.2 Pass 2.0 Pass GW

TP 4 21'-23' J3 + J4 18.9 Pass 22.2 1.1 Pass 1.5 Pass GW-GM

TP 5 8'-10' K1 + K2 20.5 Pass 11.5 1.2 Pass 1.9 Pass GW-SW
TP 5 20'-22' K3 + K4 17.8 Pass 19.6 0.8 Pass 2.9 Pass GW

                  Note: 1)  Sodium Sulfate Soundness Test not required for base rock, it is used
     for aggregates for paving rock and Portland Concrete.

Sodium Sulfate Soundness
ASTM C 88

(ODOT Requirement for EAC and PCC Coarse
Aggregate:  12% maximum loss at 5 cycles)

Los Angeles Abrasion
ASTM C 131

(ODOT Requirement:  35% maximum loss
at 500 revolutions)

Oregon Air Degradation
OSHD TM 208

(ODOT Requirement:  30% maximum passing
No. 20 sieve; maximum sediment height 3")
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Appendix G 
– Resource Volume Calculations –  

 





Total volume of 98.5 acres:

Average 33 feet thick resource

4,290,660 ft2 area    X 33 ft resource thickness = 141,591,780 ft3

= 5,244,140 yd3

Resource to remain in setback area:

1) 30 ft width along Highway 99E:

30 ft width X 33ft resource thickness X 1700 feet length = 1,683,000 ft3

= 62,333 yd3

2) 30 ft width plus 35 ft width LNG easement along Barlow Road:

30 ft width X 33 ft resource thickness X 1300 feet length = 2,211,000 ft3

 + 35 ft width X 33 ft resource thickness X 800 feet length .
= 81,889 yd3

3) 30 ft width along southern property boundary:

30 ft width X 33 ft resource thickness X 3500 feet length = 3,465,000 ft3

.
= 128,333 yd3

Appendix G - Resource Volume Calculations
Cadman Materials - Canby Phase 4

(assuming vertical sidewall at property lines)



Resource to remain in slopes:

1)  along Highway 99E:

1581.75 ft2 resource X 1700 feet length = 2,688,975 ft3

= 99,592 yd3

2)  along Barlow Road:

1581.75 ft2 resource X 1300 feet length = 2,056,275 ft3

.
= 76,158 yd3

3) along southern property boundary:

1581.75 ft2 resource X 3500 feet length = 5,536,125 ft3

.
= 205,042 yd3

Resource lost in Setbacks and Slopes

Loss in setback along Highway 99E = 62,333 yd3

Loss in setback along Barlow Road = 81,889 yd3

Loss in setback along southern property boundary = 128,333 yd3

Loss in slopes along Highway 99E = 99,592 yd3

Loss in slopes along Barlow Road = 76,158 yd3

Loss in slopes along southern property boundary = 205,042 yd3

Total Resource Loss due to Setbacks and Slopes = 653,347 yd3

(exlusive of BPA tower requirements)



Resource to remain in BPA setback = 1,492,885 ft3

= 55,292 yd3

Resource to remain in 2H:1V slope around BPA setback = 1,647,564 ft3

61,021 yd3

Total Resource Loss due to BPA Setbacks and Slopes = 116,313 yd3

= 769,660 yd3

= 5,244,140 yd3

- 769,660 yd3

= 4,474,480 yd3

6,890,699 tons

Resource lost to setbacks and slopes

Remaining resource available

Using a conversion factor for cubic yards to tons of 1.54 
tons/yd3, give a tonnage of:

Additional loss due to 2H:1V slope around BPA tower 
located in eastern portion of Tax Lot 1003. BPA required 
100' setback from tower legs, which are 40 ft wide at base.

Total resource loss from setbacks, slopes and BPA setback 
and slope requirements

Total resource on site




