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EXECUTIVE SUMMARY 

This Safety Factor Assessment (Report) is prepared in accordance with the requirements 

of the United States Environmental Protection Agency (USEPA) Solid Waste 

Management System – Disposal of Coal Combustion Residual (CCR) from Electric 

Utilities (40 CFR Parts 257 and 261), also known as the CCR Rule.    

This Report assesses the safety factors of each CCR unit at Sutherland Generating Station 

in Marshalltown, Iowa in accordance with §257.73(b), §257.73(e), and §257.100(a) of the 

CCR Rule.    For purposes of this Report, “CCR unit” refers to existing and inactive CCR 

surface impoundments.   

Primarily, this Report is focused on assessing if each CCR surface impoundment achieves 

the minimum safety factors, which include:  

• Static factor of safety under long-term, maximum storage pool loading 
condition,  

• Static factor of safety under the maximum surcharge pool loading condition,  

• Seismic factor of safety; and,  

• Post-Liquefaction factor of safety for embankments constructed of soils that 
have susceptibility to liquefaction. 
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1 INTRODUCTION 

The owner or operator of the Coal Combustion Residual (CCR) unit must conduct an 

initial and periodic safety factor assessments to determine if each CCR surface 

impoundment achieves the minimum safety factors, which include:  

• Static factor of safety under long-term, maximum storage pool loading 
condition,  

• Static factor of safety under the maximum surcharge pool loading condition,  

• Seismic factor of safety; and,  

• Post-Liquefaction factor of safety for embankments constructed of soils that 
have susceptibility to liquefaction.  

This Report has been prepared in accordance with the requirements of §257.73(b), 

§257.73(e), and §257.100(a) of the CCR Rule.   

1.1 CCR Rule Applicability 

The CCR Rule requires a periodic safety factor assessment by a qualified professional 

engineer (PE) for existing and inactive CCR surface impoundments with a height of 5 feet 

or more and a storage volume of 20 acre-feet or more; or the CCR surface impoundment 

has a height of 20 feet or more. 

1.2 Safety Factor Assessment Applicability 

The Sutherland Generating Station (SGS) in Marshalltown, Iowa (Figure 1 & Figure 2) has 

four inactive CCR surface impoundments, of which only one meets the applicability 

within Section 1.1.  The CCR surface impoundments are identified as follows: 

• SGS North Primary Pond  

• SGS South Primary Pond  

• SGS Main Pond 

• SGS Polishing Pond  

Only the SGS Main Pond meets the requirements of §257.73(b)(1) and/or §257.73(b)(2) 

and is subject to the periodic safety factor assessment requirements of §257.73(e) and 
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§257.100(a) of the CCR Rule.  The SGS North Primary Pond, SGS South Primary Pond, 

and SGS Polishing Pond do not have an embankment height of 5 feet or more, and do not 

have a storage volume of 20 acre-feet or more.  Thus, these ponds are not subject to the 

periodic safety factor assessment requirements.  
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2 FACILITY DESCRIPTION  

SGS is located east of the City of Marshalltown and approximately one-half mile west of 

the Iowa River in Marshall County, at 3001 East Main Street, Marshalltown, Iowa.   

SGS was a fossil-fueled electric generating station consisting of three steam turbine 

electric generating units and three combustion turbine units.  SGS initiated operations in 

1954.  From 1954 to 2012 sub-bituminous coal was the primary fuel for producing steam.  

As of the end of 2012, SGS ceased using coal and modified facility operations to use 

natural gas as the primary fuel source.  SGS ceased natural gas generation as of June 22, 

2017 and retired.   The external combustion turbines, located west of the main generating 

station, continue operations and are now associated with the nearby Marshalltown 

Generating Station.    

When coal was the primary fuel for producing steam, a by-product of CCR was 

produced.  The CCR at SGS is categorized into two types, bottom ash and precipitator fly 

ash.   

The precipitator fly ash at SGS was collected by electrostatic precipitators and conveyed 

dry to a temporary on-site storage area.  The precipitator fly ash was then transported 

off-site for beneficial reuse.  If the dry conveying system malfunctioned, an emergency 

by-pass system would utilize water to sluice the precipitator fly ash from the generating 

plant to the CCR surface impoundments. 

The bottom ash at SGS was sluiced from the generating plant to the CCR surface 

impoundments.  Other influent flows that previously discharged into the CCR surface 

impoundments consisted of cooling tower blow down water, air compressor cooling 

water, boiler blow down water, storm water runoff from the former coal pile storage area, 

and other low-volume waste water streams from the generating plant via a basement 

sump pump.   
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General Facility Information: 

State CCR Impoundment ID 64-UDP-02-15 

Date of Initial Facility Operations 1954 

NPDES Permit Number:  IA 6469103 

Facility Title V Operating Permit: 98-TV-010R2 

Latitude / Longitude:  42°2’51”N 92°51’35”W 

Site Coordinates:   Section 32, Township 84 North, Range 17 West 

 

2.1 SGS North Primary Pond and SGS South Primary Pond 

The SGS North Primary Pond and SGS South Primary Pond, Figure 2, are located east of 

the generating plant and west of the SGS Main Pond.  The two CCR surface 

impoundments are incised.  The two CCR surface impoundments historically received 

sluiced bottom ash from the generating plant prior to SGS ceasing coal burning activities.  

The majority of the CCR that was sluiced from the generating plant settled out in the two 

primary CCR surface impoundments. The two primary CCR surface impoundments 

were dredged on a weekly basis with a long-reach excavator.  The dredged CCR was 

stockpiled adjacent to the CCR surface impoundments for dewatering prior to 

transporting to a temporary stockpile area using a front-end loader.  The CCR was then 

transported off-site for beneficial reuse or to a permitted landfill.   

Process flows into the SGS North Primary Pond and SGS South Primary Pond ceased at 

the time of the facility retirement. The influent during rainfall events included surface 

water runoff from the former coal pile storage area that is pumped into the 

impoundments by the lift pumps, Figure 2.  The water in the SGS South Primary Pond, 

in addition to discharging through the corrugated metal pipe, can overflow into a high-

density polyethylene corrugated pipe, which discharges into the west end of the SGS 

Main Pond.   

The SGS North Primary Pond and SGS South Primary Pond both have a surface area of 

approximately 0.25 acres each.   
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2.2 SGS Main Pond 

The SGS Main Pond, Figure 2, is located east of the generating plant and east of the SGS 

North Primary Pond and SGS South Primary Pond.  The SGS Main Pond receives influent 

flows from the SGS North Primary Pond and SGS South Primary Pond, as well as storm 

water runoff from the surrounding area.  The SGS North Primary Pond discharges into 

the northwest corner of the SGS Main Pond, while the overflow pipe from the SGS South 

Primary Pond discharges into the west end of the SGS Main Pond.   

The water within the SGS Main Pond flows around a series of intermediate berms to 

improve suspended solids settlement prior to discharging into the southern end of the 

SGS Polishing Pond, which is located north of the SGS Main Pond.  The water in the SGS 

Main Pond discharges into the SGS Polishing Pond via a concrete mixing channel located 

in the northeast corner of the SGS Main Pond, Appendix B.  Since SGS ceased coal burning 

activities, the water within the SGS Main Pond has receded below the invert elevation of 

the concrete mixing channel at 861.9 feet.  Therefore, water no longer discharges into the 

SGS Polishing Pond during normal conditions.     

The SGS Main Pond has a surface area of approximately 4.8 acres and has an embankment 

height of approximately 8 feet from the crest to the toe of the downstream slope.  The top 

elevation of the embankment is elevation 865 feet.  From the July 14, 2017 Annual 

Inspection Report, the total volume of impounded CCR and water within the SGS Main 

Pond is approximately 34,000 cubic yards. 

2.3 SGS Polishing Pond 

The SGS Polishing Pond, Figure 2, is located east of the generating plant and north of the 

SGS Main Pond.  The SGS Polishing Pond receives influent flows from the SGS Main 

Pond, as well as storm water runoff from the surrounding area.  The water in the SGS 

Main Pond discharges into the SGS Polishing Pond via a concrete mixing channel located 

in the northeast corner of the SGS Main Pond.  Since SGS ceased coal burning activities 

the SGS Polishing Pond no longer receives normal inflow from the SGS Main Pond and 
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the water elevation in the pond has receded well below the invert elevation of the influent 

concrete mixing channel.  The water that previously discharged into the SGS Polishing 

Pond discharged through the facility’s National Pollutant Discharge Elimination System 

(NPDES) Outfall 001, which consists of a Parshall flume and flow metering equipment, 

Figure 2.  The invert elevation of the Parshall flume is 861.3 feet.  The water that flows 

through NPDES Outfall 001 discharges into an outfall pond, which overflow drains 

towards the east into the Iowa River.  The overflow drain is a 2-foot diameter corrugated 

steel riser pipe with a rim elevation at elevation 860.5 feet. 

The SGS Polishing Pond has a surface area of approximately 1.2 acres.  The storage 

volume of the CCR surface impoundment is negligible.  The embankment on the east side 

of the CCR surface impoundment has a crest elevation of 865 feet and maximum height 

above outside grade of eight feet.  
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3 SAFETY FACTOR ASSESSMENT- §257.73(e) 

This Report documents if each CCR surface impoundment achieves the minimum safety 

factors, which are identified on the table below. 

Safety Factor Assessment Minimum Safety Factor 

Static Safety Factor Under 
Maximum Storage Pool Loading 

1.50 

Static Safety Factor Under 
Maximum Surcharge Pool Loading 

1.40 

Seismic Safety Factor 1.00 

Post-Liquefaction Safety Factor 1.20 
 

3.1 Safety Factor Assessment Methods 

The safety factor assessment is completed with the two-dimensional limit-equilibrium 

slope stability analyses program STABL5M (1996)1.  The program analyzes many 

potential failure circles or block slides by random generation of failure surfaces using the 

toe and crest search boundaries set for each analysis.  The solution occurs by balancing 

the resisting forces along the failure plane due to the Mohr-Columb failure strength 

parameters of friction angle and cohesion.  The gravity driving forces are divided by the 

resisting forces to produce a safety factor for the slope.  The minimum of hundreds of 

searches is presented as the applicable safety factor. 

There are both total stress and effective stress friction angle and cohesion values for clay.  

For the total stress case, clay has only cohesion.  For effective stress, clay has both 

cohesion and friction angle.  When clay receives a load that is applied only briefly (i.e., 

earthquake or high water), it responds as a total stress soil.  For long term loadings such 

as normal water elevation, the clay resistance to failure is based on effective stress 

parameters.  The total stress parameters for compacted and stiff clay yield a conservative 

answer for safety factor.  Since the clay at the toe of the embankments is soft clay, 

                                                      
 
1 STABL User Manual by Ronald A. Siegal, Purdue University, June 4, 1975 and STABL5 – The Spencer Method 

of Slices: Final Report by J. R. Carpenter, Purdue University, August 28, 1985 
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estimates of the effective stress strength for the clay at the toe is used for the normal 

operating water elevation in the SGS Main Pond and the total stress parameters for the 

clay components in the embankments and toe clay are used for the impacts from 

earthquake and high water which are short term loads. 

3.1.1 Soil Conditions in and under the impoundments 

The outer embankments of the CCR surface impoundment were constructed in 1955.  The 

embankments were constructed by excavating clay present in the CCR surface 

impoundment area and using the clay from the interior of the single CCR surface 

impoundment to build embankments with a top elevation of 865.  The bottom of the CCR 

surface impoundment is lower than the surrounding ground surface, Appendix A, and 

the embankments are constructed of black clay (Zook clay), Appendix B.   

SGS is located in the alluvial outwash formations of the Iowa River.  Deep soil borings by 

TEAM Services west of the CCR surface impoundments and by Black & Veatch south of 

the CCR surface impoundments indicate that sand is present below elevation 850.   The 

TEAM Services and Black & Veatch boring logs and locations are provided in Appendix 

C.  The top elevation of the sand in each boring, Figure 2, is tabularized below (Boring 

BV-7 is approximately 900 feet down the valley).  The density of the sand immediately 

below the Zook clay is loose to medium dense. 

Soil 
Boring 

Boring 
Depth (Ft.) 

Sand 
Depth 
(Ft.) 

Surface 
Elevation (Ft.) 

Sand Top 
Elevation 
(Ft.) 

B-1 48 8.0 859.3 851 

B-2 80 8.0 859.7 852 

B-3 40.5 8.5 859.9 851 

BV-6 80.5 7.0 856.6 850 

BV-7 80.5 8.0 855.9 848 

  
The general soil stratigraphy in Iowa is windblown Loess on the surface with glacial till 

below the loess.  In some locations the loess is eroded away and in river valleys the till is 

also totally or partially eroded and overlain by alluvial soils.  The Marshall County Soil 
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Survey, Appendix B, indicates that Zook clay is some of the finest textured soils derived 

from alluvial deposition and is found in the lower parts of bottom lands below alluvial 

benches that divide the bottomland of river valleys from the loess deposits.  The USGS 

topographic quadrangle “Marshalltown Southeast” indicates that the natural ground 

surface adjacent to the CCR surface impoundments is between elevations 855-860.  The 

USGS elevation range is consistent with the June 2012 critical cross-section survey results 

shown in Appendix D.   

The generalized soil conditions at the embankments is compacted Zook clay from the top 

elevation at 865 (feet) to elevation 857-855 (assuming some topsoil was stripped prior to 

compacting the embankment), undisturbed Zook clay to elevation 850 and loose to 

medium dense alluvial sand below that elevation.  The Zook clay prior to construction of 

the embankments was approximately 8-feet thick and was exposed to desiccation and 

bottom drainage after deposition.  In addition to the natural drainage and desiccation, 

the undisturbed Zook clay below the embankments has been surcharge loaded by as 

much as 8-feet of compacted embankment for over 50 years further consolidating the clay 

under the embankment.  The pocket penetrometer results from the borings shown in 

Appendix A indicate that the underlying Zook clay is over consolidated.  Zook clay at 

the toe of the embankment slopes is assumed to be normally consolidated since the area 

is normally saturated and is not expected to show significant dessication.  

The strength properties of the embankment for compacted or over consolidated Zook 

clay, normally consolidated Zook clay and the underlying sand are tabularized below.  

The underlying sand immediately below the clay is assigned a friction angle of 28˚ which 

represents a loose sand.  The normally consolidated clay is assigned an effective stress 

friction angle of 24˚ with no cohesion based on the relationship of friction angle to 
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plasticity index2 reported in Appendix B for Zook clay.  For the embankment clay, the 

effective stress friction angle and cohesion are the average values reported for compacted 

high plasticity (CH) clay by the United States Bureau of Reclamation3.  The total stress 

cohesion values for the embankment clay are based on the minimum values measured 

from the borings taken in the embankments and summarized in Appendix E.  The total 

stress cohesion for the normally consolidated clay was selected to represent a soft clay 

formation. 

Soil Type 
Effective Stress Total Stress 

Friction Angle Cohesion (psf) Friction Angle Cohesion (psf) 

Embankment 
Clay 

25 400 0 1000 

Soft Clay 24 0 0 250 

Sand 28 N/A 28 N/A 

 

3.1.2 Design Water Surface in Impoundments Maximum Normal Pool and Maximum 

Pool Under Design Inflow Storm 

The SGS Main Pond receives storm water from the former coal pile storage area.  For 

normal pool elevation and for pool elevation during the seismic safety factor analysis, the 

normal water elevation is assumed to be 859 feet as shown on the May of 2016 

topographic map, Figure 2. 

The maximum pool under the design inflow storm is based on the results of the Inflow 

Design Flood Control Plan.  The inflow flood is routed through the SGS Main Pond with 

the CCR surface impoundment full to the overflow invert elevation of 861.9 feet.  The 

assumption is based on site observations of back flooding caused by the flood stage of 

the adjacent Iowa River and provides a true test of the CCR surface impoundment 

                                                      
 
2 Kenney, T.C., 1959, Discussion, Journal of Soil Mechanics and Foundations Division, ASCE, Vol 85, No. SM3. 

Pp. 66-79 
3 USBM, “Design of Small Dams”, 1977 



 

Interstate Power and Light Company – Sutherland Generating Station 
Safety Factor Assessment 
March 05, 2018  11 
 

 

outflow hydraulics.  The maximum elevation in the CCR surface impoundment under 

the flood conditions with the 100-year design storm is water elevation 863.5 feet. 

3.1.3 Selection of Seismic Design Parameters and Description of Method 

The design earthquake ground acceleration is selected from the United States Geologic 

Survey (USGS) detailed seismic design maps based on the latitude and longitude of the 

SGS.  The peak ground acceleration (PGA) value is selected for a 2% probability of 

exceedance in 50 years (2,500 year return period) as required by §257.53 and §257.100(a).  

The site soils are clay with cohesion greater than 1,000 psf, or predominantly medium 

dense sand to bedrock at elevation 615 feet, Appendix C.  The site class as defined in the 

2009 International Building Code 1613.5.5 is Site Class D for the soil profile above the 

bedrock.  For Site Class D the ground surface PGA for slope stability and liquefaction 

assessment is 0.048g, Appendix F. 

3.1.4 Liquefaction Assessment Method and Parameters 

Certain soils may have zero effective stress (liquefaction) during an earthquake or from 

static shear of a saturated embankment slope.  Soils that will liquefy include loose or very 

loose uniform fine sand or silt, and low plasticity clay (plastic index (PI) of less than 12).  

The native clay and embankment both have PI higher than 12 and are stiff and medium 

stiff in consistency.  The river valley sand is predominantly medium dense and located 

at least 10 feet below the toe of the embankments. 

None of the soil types at SGS is susceptible to liquefaction and no analysis of liquefaction 

potential is required for the embankments. 

3.2 SGS Main Pond 

Various locations were surveyed in June 2012 to determine the critical cross-section as 

shown on Figure 2.  The overall height of the embankments is similar, and the steepest 

slope is at the westernmost of the three sections.   At this location, top of the embankment 

is at elevation 865 feet and outside face of the embankment is at a 1.8 horizontal to 1 

vertical slope.  The toe of the embankment is at elevation 857 feet for a total embankment 
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height of 8 feet.  The inside slope of the embankment has a benched cut likely produced 

during removal of CCR and exposed by the reduced water elevation in the CCR surface 

impoundment.  Safety factor analysis was completed for a range of failure surfaces that 

start on the embankment crest and exit to the south of the embankment toe. 

3.2.1 Static Safety Factor Assessment Under Maximum Storage Pool Loading - 

§257.73(e)(1)(i) and §257.100(a) 

Analysis of both circular and block sliding surfaces, Appendix F, shows a minimum 

factor of safety of 2.2.  The minimum safety factor is a block failure surface passing along 

the sand and embankment clay interface. 

3.2.2 Static Safety Factor Assessment Under Maximum Surcharge Pool Loading - 

§257.73(e)(1)(ii) and §257.100(a) 

The SGS Main Pond will contain the 100 year return period design storm through a 

combination of storage in the CCR surface impoundment above overflow invert of 861.9 

feet and discharge to the SGS Polishing Pond.  The maximum surcharge pool elevation is 

863.5 feet at the peak of the storm.  Analysis for both circular and block sliding surface, 

Appendix F, shows a minimum factor of safety of 3.4.  The minimum safety factor is a 

circular surface passing through the sand under the embankment with an exit 25-feet 

south of the embankment toe. 

3.2.3 Seismic Safety Factor Assessment - §257.73(e)(1)(iii) and §257.100(a) 

The SGS Main Pond was assigned a pseudo-static earthquake coefficient equal to 0.048 g 

acceleration and a vertical downward component equal to 2/3 of the horizontal 

component (0.032 g) as recommended by Newmark4.  Analysis for both a circular and 

block sliding surface, Appendix F, shows a minimum factor of safety of 2.7.  The 

minimum is for the circular sliding surface through the sand under the embankment. 

                                                      
 
4 Newmark, N. M. and W. J. Hall, “Earthquake Spectra and Design”, EERI Monograph, Earthquake Engineering 

Research Institute, Berkeley, California, 1982 
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3.2.4 Liquefaction Safety Factor Assessment - §257.73(e)(1)(iv) and §257.100(a) 

The SGS Main Pond foundation and embankment soils are not susceptible to liquefaction, 

see Section 3.1.4. 
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4 RESULTS SUMMARY 

The results of the safety factor assessment indicate that the SGS Main Pond embankments 

meet the requirements of §257.73(e) and §257.100(a).  The results are: 

      
 

Static 
Stability 
Normal 
Water 

Elevation 

Static 
Stability 

Flood 
Water 

Elevation 

Pseudo Static 
Earthquake 
with Normal 

Water 
Elevation 

Liquefaction 
Potential 

Post-
Earthquake 

Static Stability 
Normal Water 

Elevation 

Required Safety Factor 1.5 1.4 1.0  1.2 

SGS Main Pond 2.2 3.4 2.7 no  
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12/4/2017 Design Maps Summary Report 

EUSGS Design Maps Summary Report 
User-Specified Input 

Report Title Sutherland Generating Station 
Mon December 4, 2017 14 :59:29 UTC 

Building Code Reference Document ASCE 7- 10 Standard 
(which utilizes USGS hazard data available ,n 2008) 

Site Coordinates 42.0475°N, 92 .8597°W 

Site Soil Classification Site Class D - "Stiff Soil" 

Risk Category I/II/ III 

USGS-Provided Output 

5 5 = 0.063 g 

5 1 = 0.045 g 

S MS = 0.101 g 

SM1 = 0.109g 

S05 = 0.067 g 

S01 = 0.073 g 

For information on how the SS and S1 values above have been calculated from probabilistic (risk-targeted) and 
deterministic ground motions in the direction of maximum horizontal response, please return to the application and 
select the "2009 NEHRP" building code reference document. 

MC& Respa,se Spectrum Desig,n Respoose Spectrum 
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a.oo 
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,..., a.-:>:i 
0, ...,. 
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'oi .._. o.~ 
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(fl C!.OI! V1 
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tlG<-

u.a;,: 

(1.')0 O.Ol 
<.IOJ 0...0 CI.A>l QOl 0.HJ 1.00 1.ZO l.AO 1.GO l.a:J 200 Qf.l] •l...!'.I O.JO (Jf.)J U-,:J lXfJ I.~ 1.40 I.OJ u ,a UIJ 

Per,«t T (:se-e) 

For PGAM, Tu CRs, and CR1 values, please view the detailed report. 

Although this Information Is a product of the U.S. Geological Survey, we provide no warranty, expressed or Implied, as to t he 
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge. 

https://earthquake.usgs.gov/cn2/designmaps/us/summary. php ?template=m in imal&latitude=42. 04 ?S&longitude=-92.8597 &siteclass=3&riskcategory=0&.. . 1 /1 
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Section 11.8.3 - Additional Geotechnical Investigation Report Requirements for Seismic Design 

Categories D through F 

From Figure 22-7 C4 l PGA = 0.030 

Equation (11.8-1): PGAM = FPGAPGA = 1.600 x 0.030 = 0.048 g 

Table 11.8- 1: Site Coefficient F PGA 

Site Mapped MCE Geometric Mean Peak Ground Acceleration , PGA 

Class 
PGA s PGA = PGA = PGA = PGA 2! 

0. 10 0 .20 0 .30 0 .40 0.50 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.2 1.2 1.1 1.0 1. 0 

D 1.6 1.4 1. 2 1.1 1.0 

E 2.5 1.7 1.2 0.9 0.9 

F See Section 11.4. 7 of ASCE 7 

Note : Use stra ight- line interpolation for intermediate values of PGA 

For Site Class = D and PGA = 0.030 g, Fpc,. = 1.600 

Section 21.2.1. 1 - Method 1 (from Chapter 21 - Site-Specific Ground Motion Procedures for 
Seismic Design) 

From Figure 22-17 cs1 C RS == 0.910 

From Figure 22-18 c51 C Rl = 0.851 

https://earthquake.usgs.gov/cn2/desig nmaps/us/report. php?template=minimal&latitude=42.04 75&Iongitude=-92. 8597 &sitedass=3&riskcategory=0&edi. . . 5/6 



12/4/2017 Design Maps Detailed Report 

Section 11.6 - Seismic Design Category 

Table 11.6-1 Seismic Design Category Based on Short Period Response Acceleration Parameter 

RISK CATEGORY 
VALUE OF Sos 

I or II III IV 

S05 < 0,167g A A A 

0.167g S S0s < 0.33g B B C 

0 ,33g S Sos < 0.50g C C D 

O.SOg S S 05 D D D 

For Risk Category = I and S05 = 0.067 g, Seismic Design Category = A 

Table 11.6-2 Seismic Design Category Based on 1-S Period Response Acceleration Parameter 

RISK CATEGORY 
VALUE OF S01 

I or II III IV 

Sol< 0.0679 A A A 

0.067g S S01 < 0.133g B B C 

0, 133g S S 01 < 0,209 C C D 

0.20g S S01 D D D 

For Risk Category = I and S01 = 0.073 g, Seismic Design Category = B 

Note: When S1 is greater than or equal to 0.75g, t he Seismic Design Category is E fo r 

buildings in Risk Categories I, II , and III, and F for those in Risk Category IV, irrespective 
of the above. 

Seismic Design Category = "the more severe design category in accordance with 
Table 11.6-1 or 11.6-2" = B 

Note: See Section 11.6 for alternative approaches to calcu lating Seismic Design Category. 
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1. Figure 22-1: https:/ /earthquake.usgs.gov/ hazards/designmaps/ downloads/pdfs/2010_ASCE-7 _Figure_22-l .pdf 

2. Figure 22-2: https :/ /earthquake. usgs. gov/hazards/design maps/down loads/pdfs/20 lO_ASCE-7 _ Figu re_22-2. pdf 

3. Figure 22-12: https:/ /earthquake. usgs.gov/ hazards/ designmaps/downloads/pdfs/ 2010_ASCE-7 _ Figure_22-12.pdf 
4. Figure 22- 7: https :/ / earthquake. usgs. gov / hazards/design maps/down loads/pdfs/ 20 lO_ASCE-7 _ Figure_22-7. pdf 

5. Figure 22-17: https://earthquake.usgs.gov/ hazards/ designmaps/downloads/pdfs/ 2010_ASCE-7_ Figure_22-17.pdf 
6. Figure 22-18: https:/ /earthquake. usgs.gov/ hazards/ designmaps/downloads/pdfs/ 2010_ASCE- 7 _ Figure_22-18. pdf 

https://earthquake.usgs.gov/cn2/designmaps/us/report.php?template=minimal&latitude=42.0475&Iongitude=-92.8597&sitedass=3&riskcategory=0&edi... 6/6 
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