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RAls and Responses - Public Enclosure 3 to E-55412 

SAR Chapter 2, "Site Characteristics" 

RAI NP-2.6-3: /) 

Provide justification for why soil boring to depths greater than 45 feet are Af oU 
WCS CISF SAR Section 2.6.4 states that the WCS CISF subsurface COtJ.<!JlionJI~e explored 
with eighteen soil borings. Among the eighteen borings, four borings e.r{9e.9nt~ed>~~ger refusal 
con_ditions at dept~s ranging from 37 to 45 feet b~low g~ound_ surfacei~~s), and~~~_ 
?onng_s w~re terminated at 25 feet bgs. Gener~I md_ustnal gu1da2_~e~or geotechrncal\_ "_ · 
mvest1gat1ons, such as US Army Corps of Engmeenng1 and F.!21~2,manual/standard, '\· . 
recommends the boring depth, for example, (1) be at least ~depth where the increased'\: 
stress due to the estimated footing load is less than 1 Oo/~p'ft~existing effective overburden 
stress, (2) be 1.5 times the minimum dimension of footitj{fbelow the base"of the footing, or (3) 
pen~trate a minimum of 3 meters into the bedrock, if<~~~ii_o_-~·- .is_ e ____ n_

7
co-_lJ.itetid before other 

required depths. - 'V_ _ '_." __ . --~:-·t" 
References: ~f. 

2001). \~-~ ~· 

2. FHWA "GEOTECHNICAL ENGINEER·INC\?~'A:R NO. 5" valuation of Soil and Rock 

Properties" (April 2002) _ - \.~v/. 
72.103(f)(2)(iv). ~"1 , ·• :· ] .. \ 

Response to R~{ · -2.6-3: · ',;·}\ 

Four of the e~~e ·, borings-4~..Q~m~cLJor the-CLS Uroject encountered auger refusal. The 
auger refusal del§t[!§'.""rang~1rffortr3rto:45~efow the ground surface (bgs). Borings can be 
extended to a greale_;,,,.. )~i6 order to obtain tne soil parameters or shear wave velocities can 
be ~<!1~1~nd th ._;,,_Jparameters necessary for settlement analysis. In this case, shear 
w~~~:sifra2~~~WEff perf6t.m~'€IJn conjunction with the geotechnical exploration and shear wave 

_ ,/~Jdcities are PJ;g)(l~id to deat~?f 100 feet bgs. Additionally, multiple previous geotechnical 
'f1·:jnvestigations have B!3en pertezm~ at the site as well as shear wave testing. The historical 

.. f,.~; -:~-data outlined belo~"'i.y_}._,_ ~-e utilizecktc5 extend the soil profile and engineering parameters to a 
· · :- depth of 600 feet. l'f:iis depth satisfies general industry guidance for settlement evaluation 

l~--1 
.t'<~tP~h. The depth ofj<JQ feet was selected as the termination depth due to encountering the 

Trupl~ Sandston/~r· 

The s~~2l1s bJJg;.yvJ~f~rence the previous ~tudies that were performed along with the 
methowlfta1mng the necessary SOIi parameters to perform the settlement analyses . 
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Methodology: 

The information from the eighteen borings and shear wave data included in the Report of 
Geotechnical Exploration (Attachment E to Chapter 2 of the SAR) was supplement with data 
obtained from References [2], [3], and [4]. These data were used to produce as · tigraphic 
column to 600 feet along with the necessary engineering parameters required • lement 
analysis. Figure NP-2.6-3-1 displays the locations of the historical borings p . 

Stratigraphy Development: 

• The upper stratigraphy (to a depth of 45 feet) was based s 
eighteen soil test borings 

• From a depth of 45 to 100 feet bgs, the stratigraphY, 
of the CISF Area (Figure 7-30 of the SAR). 

• From 100 feet to 600 feet bgs, the Geologic 
SAR), WCS (2007) Plate 2-2, and deeper hist 
stratigraphy. 

The resulting stratigraphy, as utilized for settlement analysis a 
NP-2.6-3-1 . 

Top (feet) 

Cover Sands 

a (Figure 7-30 of the 
tilized to generate the 

"th Sand Matrix - Moderately Hard 

Sand Matrix - Moderately Hard 

Caliche - Very Hard 

Ogallala - Sand with Gravel 

Ogallala - Sand with Gravel 

Ogallala - Sand with Gravel 

Dockum - Claystone and Siltstone 

230 Claystone and Siltstone 

275 Dockum - Claystone 

300 Dockum - Silty Sands 

360 Dockum - Claystone 

600 Dockum - Claystone 
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Soil Parameter Selection: 

The settlement analysis that was utilized required the development of constrained modulus 
(elastic modulus) values. The constrained modulus values were calculated as folio 

• To a depth of 20 feet bgs, the constrained modulus was calculated usi , 
penetration test (SPT) N-Values obtained in the borings. The SPT 
correlated to constrained modulus utilizing the method outlined in 
methodology was only used to a depth of 20 feet, as it is only a 
N-values up to 70 blows per foot. 

• From 20 feet to 100 feet bgs, constrained modulus valu 
the shear wave velocities provided in the Report of 
constrained modulus using the unit weight and Po· s, 

• From 100 feet to 600 feet bgs, constrained 
the shear wave velocities provided in Referen 
unit weight and Poisson's ratio. The unit weight 
obtained from Appendix A of Reference [2]. 

ained by converting 
modulus using the 

ratio values were also 

Constrained 
Top Modulus 

(feet) (ksf) 

0 890 

2 1,200 

1,200 

Caliche - Very Hard 35,815 

Caliche - Very Hard 55,232 

Ogallala - Sand with Gravel 80,233 

Ogallala - Sand with Gravel 53,870 

2,790 Ogallala - Sand with Gravel 123,857 

2,300 Dockum - Claystone and Siltstone 84,172 

2,755 Claystone and Siltstone 120,769 

2,755 Dockum - Claystone 120,769 

275 300 2,755 Dockum - Silty Sands 120,679 

300 360 2,755 Dockum - Claystone 120,679 

360 600 3,115 Dockum - Claystone 154,394 
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As shown in Table NP-2.6-3-2, the historical data available at the site, coupled with the eighteen 
borings and new shear wave study, has allowed the development of a stratigraphic column 
without additional new soil borings (to greater depths). 

The soil column and parameters shown above have been utilized in the additiona 
analyses, which resulted from comments within the RAI process. The results 
analyses are provided in the Revised Attachment E (Report of Geotechnical 
Consolidated Interim Storage Facility (CISF)) to Chapter 2 of the WCS Cl 

~-10 

Figure NP-2.6-3-1 
·storical Borings at WCS Site 

.M., Rojiani, K.B., and Barker, R.M., "Engineering Manual for Shallow 
ed for the National Cooperative Highway Research Program (NCHRP 

peration with Virginia Polytechnic Institute and State University. 
erican Association of State Highway and Transportation Officials and 

ay Administration, Washington, D.C., Blacksburg, VA, 1991, 171 pp. 

2. Waste ntrol Specialists LLC, "Site-Specific Seismic Hazard Evaluation and Development 
of Seismic Design Ground Motions," Attachment D to Chapter 2 of the SAR: AECOM, 
Centralized Interim Storage Facility Project, March 18, 2016 . 
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· 3. Cook-Joyce, Inc., "Geology Report," Revision 12c, Appendix 2.6.1, prepared for Waste 
Control Specialists, LLC, Austin, Texas, May 1, 2007. 

4. Waste Control Specialists LLC, "Application for License to Authorize Near Surfa e Land 
Disposal of Low-Level Radioactive Waste," WCS CISF SAR Chapter 2, Marc <!l) ?. 

Impact: 

SAR Attachment E to Chapter 2 has been revised as described in the r 
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GE~S 
GEOServices, UC, Geoteclmical anl! Materials Engineers 

February 18, 2020 

Waste Control Specialists, LLC 
17101 Preston Road, Suite 15 
Dallas, Texas 75248 

ATTENTION: Mr. Ben Mason, Director of Engineering 
bmason@wcstexas.com 

REPORT OF GEOTECHNICAL EXPLO~ 
Consolidated Interim Storage Fa!ttV/ 

Subject: 

Andrews, Texas 4:Y 
Dear Mr. Mason: 

GEOServices Project No. 31· ~ 

We are submitting the results of th~ ~~f.loratio/~;o~ for the proposed 

Consolidated Interim Storage Facility (~~n AnHrjrf ",f ~:.:~e~chnical exploration 

was performed in accord~nce with GEOlil/v'i!Po'.sal'N~1124Revl dated June 

23, 2015 and authori:i!e~Ol:l. :}: ·r·~ /~·\ -·~. L!'Y. )JU ·.~ 

::st:::~;;r;~;t. ;::~::::j::.o:~o:: ::: :::o::: 

questions regarcllflgtl;lis eport, or if we can be of any further assistance, please contact us 
'%"""' ; 

Vice President Principal 
TX 99027 

GEOServices, LLC I 5559 North Lee Highway, Cleveland, TN 37931 I Phone (423) 614·6471 Fax (423) 614-6479 I www.geoservicesllc.com 
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Submitted to: 

Waste Control Specialists; LLC' 
17101 Preston Road, Sui~e 15; 
Dallas, Texas 75248 
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Report of Geotechnica/ Exploration 
WCS Consolidated Interim Storage Facility -Andrews, Texas 

1.0 INTRODUCTION 

1.1 PURPOSE 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

The purpose of this geotechnical exploration was to chara~re subsurface con ~~ 
the design and construction of the Consolidated Interim St~~geFacility (CISF) in Andrews, T~ 

This report provides recommendations for general site(W~~ation, f~~¥ation design and slab-

on-grade construction. ~;, 
,. ' ,, ~:z:, 

1.2 PROJECrnESCRIPTION . . \~,:.\~,;.; ., . '·. . . 

The proJe~t site 1s located at.the existing W\~~' Con,~c~Z5S).Andr~ws fa~1hty located 

at 9998 Highway.176 W~ews, Tex\~pr.oposed construction will consist of a 200-

acre storage fac1h~_(~"""e0011t~ated lnterv~rage Fac1l1ty (CISF) will consist of eight 

consolidated Afr storage};5ilities'. tra~~t~facility. (Cask Handling Buildingt and 

~dm1.rnstrat1o~t~ng. TL!~~~~:!;j:t?lor~on w~s. hm1t.ed to ~n-e of the consolidated 

interim storage ffic1jJttes._J;~ertr,ansfer f,rt1l1~he admin1strat1on building. 

' ,j~~~~orage facilities (CISF) are planned to be 280,000 square feet 

)/i?o"o feet by 3~u siz~nderstand that each CISF will consist of. a gravel pad with a 

r)~ .. rrm. ber of smaller ca.;r.:!.r-place reinforced c~n~r~te mat foundatlO~S that WIii each hold ~4 (3x8 

~,~orage cask_~,.n full loaded. The md1v1dual matfoundat1ons measure approximately 

7,4~;~qvare fe~1!Yfeet by 135 feet). Based on the loading provided by Enercon, each of the 
I - -~::\i.~ -~;~::'/;f't 

casks ~T~o"alel ... ··.· y•~./ ~~meter of 11'-4" and a height of just under 19 feet. The casks will have a 

maximum '7>lcted weight of 360 kips. In addition to the weight of the casks, an operational and 
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Report of Geotechnical Exploration 
WCS Consolidated Interim Storage Facility -Andrews, Texas 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

occupancy live load of200 psf will be utilized. Based on the provided loading, the jtf?~ill impart 

a bearing pressure of 4,500 psf or le.ss to the underlying su bgrade. • $ . ., .', ~ 

The transfer facility (Cask Handling Building) is a two-bay lmportant~!~/egory B 

steel structure. The Cask Handling Building measures 175 fe,# feet in plan dime~nd 

has a height of 72 feet. The structure will have rail acce£~mtate cask unloading opera~ 

canis~~r tran~fe.r operations, and oth~~ maint~nance a~:i~es. Tw~z,ad br.idge cra~es WIii 

be utilized w1th1n the structure to fac1htate rail car u~~,,,,nformat,on provided by 

AECOM, we understand that the f~u~dat. i: .. ns f.or the prop~S:)h .. a a.1~dling bu~lding wi'.I bear at 

a depth of 10 to 11 feet below ex1stmg~~e~ on the loa~)~:mat1on provided, we 

understand that maximum service lev~\"~~s~(~ ~~~ss tha~kips per square foot 

(ksf) are expected, while maximum limit s~Jr:ea~~proach 5.5 ksf. 

The administratio~ tradit~~!tmmercial construction and will consist of a 

single-story steel}fame constru1jwith a sla~~(f rade. At the time this report was prepared, 

the administ~.: .. b::;,~~:~~sH:f~::e:~::s;: ::so:~de::~::nuc: ::~ 

lo;,0~;;.k1ps. pe~oot. 

'\ ,, ram one property t(~he adjacent property. Based on information obtained from internet 

tes rch, site eleva;,~ range from approximately 3,505 feet Mean Sea Level (MSL) along the 

eas· _ ::!10.,propert,¥~:rndary to approximately 3,490 feet MSL along the western property 

bou~~\.i ... 4·1.~se~9o/nthe provided grading plan, we anticipate average cuts and fills on the order 
~c:,y, 

of three feetvor less will be required for this project. 

2 
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WCS Consolidated Interim Storage Facility -Andrews, Texas 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

1.3 SCOPE OF SERVICES # 
This geotechnical exploration involved a site reconnaissance, field exploratj.9n;-1~~oratory testing, 

and engineering analysis. The following sections of this report pre\~~fthe field 

exploration, laboratory. testing programs, site conditions, and oio'hs and reco~)r:ions. 

Following the text oi_ih1s report, figures, boring logs, and IA.Ptest results are provide<!~. 

appendices. Appendix A provides figures and bonng logs .. Appendix B pr:ov1des laboratory teJt'~ 

performed and the results of these tests. Appendix ,~es a s~6.? table of the Site s:1 
Characteristics. Appendix D provides the static elastic modulUi,~j~on. Appendix E provides the 

results of the on-site shear wave velocity study. Appendi~rovisfes the seismic densification 

analysis calculations. Appendix G provid~~nalyseSJ~mentary. Appendix H 

provides the settlement analysis for the OSfpad:ari'~,C~-~Kt-r. ling Bui 'dJh. 

• The scope of services ~~tan en~~;:s:ment for determining the presence or 

absence of wetlan~ffr azardous;er, toxic mate "=::n the soil, bedrock, surface water, subsurface 

::e:~i:~ ::~1~'.0:~-;:.::~;;~se::~~:i::: ::::i:~:;o:~:f:::::i~::: 
purposes. .,;f?;./<:}Y 

~1tl:: 

3 • 
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Report of Geotechnical Exploration 
WCS Consolidated Interim Storage Facility -Andrews, Texas 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

2.0 EXPLORATION AND TESTING PROGRAMS 

2.1 FIELD EXPLORATION 

The site subsurface conditions were explored with eighteen sojf~ borings. 

breakdown of the boring layout: d 
Number of .. 

' ,'' " 

Proposed Transfer Facility 

CISF - Phase I 

Administration ~tli1~'!~g~ ,._ (! }}blel-BoN~lkdown 
The boring lo~:,nd ~ths it. sel<?c;te .,\~Services. The borings were surveyed in the 

field by WCS person,}D@J~ween July 13th and July 21th, 2015. The soil test 

• ~~.::r., ·~nnon skid rig (air rotary) and a CME:55 track rig. The drill crew 

.i{/orked m~\dance~~\YSTM D6151 (HSA Dnll,ng). Sampling of overburden smls was 

t\r~:~ccomplished using·~;¥\standard''penetration test procedure (ASTM D1586). The borings were 

,c~:11·,d with so:l ir prior to leaving the site. 

In spliglp~pp'ling, a standard 2-inch O.D. split-spoon sampler is driven into the bottom of 

the bo~~tli a 140 pound hammer falling a distance of 30 inches. The number of blows 

required to advance the samplerthe last 12 inches of the standard 18 inches of total penetration 

4 
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WCS Consolidated Interim Storage Facility-Andrews, Texas 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

A 
is recorded as the Standard Penetration Resistance (N-value). These N-values a?dicated on 

the boring logs at the testing depth, and provide an indication of the relativ~~r:tsity of granular 
"'""J":',," 

materials and strength of cohesive materials. 

2.2 LABORATORY TEST PROGRAM ,V 
Soil samples collected during drilling were transported to ou..-'1~B~rato ry for visual classification :.~a · 
laboratory testing. The following laboratory testing w~e}~~med on s~>samples to determine 

· -~-:~, ""',: ,)?:;;1f,'ch1'' 
"'i 

the various soil properties . 

• 

• 

5 
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• 

• 

• 

present. This test provides data useful in determining strength and deformatvperties of 

cohesive soils. A_ . 
::a~::::r::~ c:::::~D:~:i~a~::: (~::t:,:g::~vi::e ::l:~°\:~:g ::~ 

relationship between moisture content, compaction effort, ~~nsity. ~~ 
California Bearing Ratio (CBR) Tests (ASTM D1883): ~~l:st was performed on a co.;;r;~ 

soil sample. This test provides a CBR value, which~f pav~~sign to represent the 

support of the soil subgrade. L- -~':, ,v. .. 
Consolidation (ASTM D2435): Consolidation tests w~ '~~ iginally planned, however, 

The test results are 

The test results of the Summary enclosed in 

Appendix B. 

6 
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Report of Geotechnical Exploration 
WCS Consolidated Interim Storage Facility -Andrews, Texas 

3.0 SITE CONDITIONS 

3.1 GEOLOGIC CONDITIONS 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

The WC5 site is located over the north-central portion of
0

4o~inent subsurface~~ 

feature known as the Central Basin Platform. The geol,~ions of concern, beneath ~~ 
WCS facility comprise, from oldest to youngest, t~X~pssi.c Dock:~·~up, the Cretaceous 

Trinity Group Antlers _Formation, the late. Teii'~/Formatio~ the Late 

Tertiary/Quaternary Gatuna Formation or Cenozoic Alluv1um\Cmite that the Gatuna Formation 

and Cenozoic Alluvium are sometimes ~~~angeably), ~~~cene windblown sands 

of the Blackwater Draw Formation, Holo~ w,~~d p~deposits. A regional 

hard cahche ped1sol, termed the Caprock '\1'.l~te, ,r~J. peEl~re-Quaternary formations 

before the Blackwater Dra~al'l were depG~i;t~f ;. £t .. , 
L.~t7. 

3.2 SUB5URF27b1TIONS 

3.2.1 Encounterea'$oils Hi'" .• ' . c. ., l . ··.· 

:~~:::~gt~

1

:i:::i::v:; t:ae::s :.:~;a~::~:Ye::~:::e::: 

·./~~~\n ~~orings to auger refusal and/or boring termination depths 

ranging from 251,;;et bel;W~~e existing ground surface elevation. 

Wfi .. ands were Jntered in five of the eighteen soil test borings (AB-2, B-101, B-102, B-

10i:~}~7~Wo depths ranging from 2.5 to 6.5 feet. These sands were generally loose to 

very lo~ii,j~stency. We anticipate that the cover sands will be encountered in other area 

7 
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of the site as well. Clearing activities to access some of the boring locations likely,fnved some 

of the thinner layers of cover sands. A c,, 

Ben.eath the cover sands, caliche with silty sands (SM) were enco~nte~':~nd/or 

boring termrnatron depths ranging from 25 to 45 feet b~~e exrstrng groun~');f;,~e 

elevation. The N-values of the standard penetration r~ test (SPT) are used to :sir~ 
the relative consistency or density of the subsurface sqfls?fhe N-values,fb?t,he encountered soifs 

ranged from 13 bpf to 100 blows per 1 inch of p~\fiJ;!:~t~ a relative density of 

:h:d~::u~a~::i~::r:~::t~:~-of the sa~~\ent. Atterberg limi~ 

:~::u::::s:i~:r no)~e soil test borings either during or at the 
~,1':M~/ 

completion of drilling ij~tivit1es. Subsurface water levels may fluctuate due to seasonal changes 

:('.~~"")lmo~~e to construction activities in the area. The groundwater 

J~~atio~ .tn thi/~ is the information that was collected at the time ofour field 

~tres. ~-~ 

. i, :~:~;;,::::::countered in four of the eighteen soil test borings (B-101, B-111, 

TF-1, a~~...:~1t'depths ranging from 37 to 45 feet below the existing ground surface elevation. 

The remaining soil test borings were terminated at a depth of 25 feet prior to encountering 

8 
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refusal materials. Refusal is a designation applied to any material that cannot be~.~. •i•~~ted by the 

power auger. The following table presents the auger refusal depths. Auger r~f~~(could indicate 

a number of materials, however, we understand that in the CISF area .ttL·/Z'-::::.~.L."aJJtet't~ ...• : ••.. ·.o.rtion of the 
L:'r/ "? ~ 

Ogalla'.a Formatio~, or. the Capro~k Cal.iche, is horizontally ,Ae~across t~~t~ CISF 

footprint. The cal1che 1s present m various stages of de;~nt (Machette, 19~~ 

vertically and horizontally across the CISF site. The loca}~l the well~developed (stagy 

caliche at the. CISF is generally indicated by auge.r re~{~eotec~~rings. Based on t.h1s 

information, rt appears the auger refusal materials cons~~~.~e/3-5 calrche. Rock coring 

was beyond the _scope of this exploration, ~o the character a~f ty of the refusa I mate ria Is 

was not determined. The follow1;;;;f ~!~ev1ewed fo~~al depths: 

.,.,~ 
3.2.'11,·General~ 

·?;' -';r.~,1-r~ descrf~t~ of a generalized nature to highlight the major subsurface 

· , .. :f ".' stratification feat~l~d mat~haracteristics. The boring logs included in Appendix A should 
,,cc,, t:B 
,.,. '/J(~viewed for s~e;\lWnformation at individual boring loca~ions. The dept~ and thickness of the 

su~e strata/~J~ated on the test records were generalized from and interpolated between 

bo~~~iFiransition between materials will be more or less gradual than indicated and 

may be aE>'rwiormation on actual subsurface conditions exists only at the specific test locations 

and is relevant to the time the exploration was performed. Variations may occur and should be 

9 
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GEOServices Project No. 31-151247.R2 
February 18, 2020 

expected between boring locations. The stratification lines were used for our anal~ purposes 

and, unless specifically stated 
1
otherwise, should not be used as the basis for de,,d:onstruction 

cost estimates. 

3.2.5 Addltlonol Provided Resources ff. . ~-
As mentioned previously, of the eighteen borings perforn1~clC:fo~e CISF project only four o'(Jfile. 

borings encountered auger refusal. The auger refusal;J,.t~:.-.~ .. ,t.· ranged f..ro7. ~'i to 45 feet below J;; 
t •;;,,. L::_c_·. V. 

ground surface (bgs). Industry standards would typical!~ . .It in an~xtension of one or more of ~J,~·y 
the borings to a greater depth. The purpose of the extension w61;1ldtbe to obtain the soil parameters 

necessary for settlement analysis. In th\T~ve su~~rformed in conjunction 

with the geotechrncal exploration and sheat?e.:.vglp~!tf~; are provided·~? depths of 100 feet bgs. 

Additionally, multiple previous geotechn':i:!1 tve~i'.,~~1n%ormed on the Wr:5 

property as well as shear ~'1/f;~g. The ~,~,fu.outl~ilfw was utilized to extend the 

soil profile and ·e ... n• ..... g• •. · .. i£···n•·.·.· .. e· +-,ag,.-.. -.e .... ·.·.·.·.f.~ ....••. e ... ·. rs to a d~if·:··.;·t·t ... ·6·•··0• .. · 0 feet. This depth satisfies general industry 
guidance for settle\\,'.e;;(.'valuati~\tl~pth. The dii~:}t 600 feet was selected as the termination 

depth due to ~iering t~J~f" stone ~~i: 

~M:7··,· 
The.s.eJttien:-.below outl(Q~st·.·he previous studies which were utilized to extend the soil column to a /r '~···,,t~ "}~ 

... ' '.~tflc>t"6~~Addit~~mation regarding the soil column development and soil 

.··. ·~\'·······.···> { .. a··.rameters obtai~;fi···· .. ~ .. · •. ·.· ...•. •r .. ·• use in't~s ttlement analysis are provided in Appendices C, D and H. 
:\ Provided Additio'f.l'al1Documents: · · 

:( 

1

":. · 1. AECOM. (201Mt~ite-Specific Seismic Hazard Evaluation and Development of Seismic Design 

.,, ;~~f a:~

5c::~::1

:

2

::c:::i::~:~;;.r;:;::~::;:~e~:~::e: :::::~i:~ 

2

:::; 
Suff.~Land Disposal of Low-Level Radioactive Waste. Dated March 2007. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 SITE ASSESSMENT 

The results of the subsurface exploration indicate that the s~daptable for the ~~t s.ed 

construction. However, as is the case with most sites, s~£~iJtent challenges are associ~ 

with this development of this site. These challenges,:,1ae the prese'h2e of isolated zones of 

loose cover sands. - .x ~ 

As mentioned previously, very loose to o~:sera~ere encoun i;~~ve of the eighteen soil 

test borings (AB-2, B-101, B-102, B-103, 1~it.tt"<t"Fz!?~, ~=pths ra~from 2.5 to 6.5 feet. 

While we anticipate that. f·o·.···u···.n·· .. ·.·d·••a· .. ·t·. io· .. n excava~.,~.··.·.ss .. ·.·. vw .. ~ .••. o.· ... · u ... 11~1.~t' majority of the loose cover 
• sands, we anticipate tha:s;r~ercutti~~pands will 1,./?.quired were encountered 

m structural and r~\ire~here unde~~tmg is required, the depths of undercut and 

replacement :~jail; should Jf PJ'rovided ~ geotechnical. engineer of record .during 

construct,onii on th.'.;lfii~ft:(~~ds and bearing elevations, we ant1c1pate 

the undercuts ca ... R~tlilac~fH!eiftvlfnca·litheJ:_Q,Wpacted to the requirements outlined in Section 
••.. ,;ii .... ~.,:·•:!':' 

4.2.2. d'.f '; s,'• 

• .(.2.1 Subgrade _,. 

;_ ~e.tation, o'.:;c~oils, rock fragments greater than 6 inches, and other debris should be 

~foposed construction area. The actual depth of removal should be determined 

by a reprew1'1'e of the geotechrncal engineer at the time of construction. 

11 
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After completion of stripping operations and any required excavations to reach pl13~ subgrade 

elevation, we recommend that the subgrade be proofrolled with a fully-loadeglo~-axle dump 
/':..-~;···< 

truck or other pneumatic-tired construction equipment of similar_&~·. T~e, ,- eotechnical 

engineer or his repres~ntative should observe proo~rolling. Areas ~e,!Ye structur . ~Ji~h.o.uld 

also be proofrolled prior to the placement of any fill. Based onJne".r;esults of the dnll1ng,ait~~t1es, 

very loose to loose sands were encountered in five of the}~ borings (AB-2, B-101, ~ 
103,TF-2, and TF-5) to depths ranging from 2.5 to\'.;;'~· We a~~ate that these soils 

encountered wHI perform unsati.sfactorily durin.g proofrol~~il'(. project budget should 

include a contingency for required unde~utting of the up~IQ~fesmls w1th1n the proposed 

building footprints and roadway section~~l;"cemen: with pn,~mpacted fill. 

4.2.2 Structural Soil Fill ~ · ·... V 
Charact~ristic.s of recom=~-:;;.~~=~ fill so.ils a~t~~,~dl~m.paction criteria for .fill 

~re. provided in the ,t~i~twing :a~:Jfbe results of ~ur _1im1ted laboratory testing 

indicate that SOM .. :[o the on-st!~.materials BQ\.,'.·.· eet the criteria for reuse as structural 
.A:~l' JI!JJ \i}\ 

fill. Howevertf1~commen~~~!.~~~~arsurfa~lty sands NOT be reused as compacted 

fill. Therefo~,r.~rr·gt~nts, some fill materials may need to be 

im_i::~,.~~ng ld!iff;(egrading contractor should include provisions in their bid for 

1~~.~~9r ·tr.rg·~~Yi:.r.:s -1~l·m·. '.·.·t .. er,~· J~J,q~· . exporting excess materials. ,. . ,,/·· . 

. ,;;fi1· ·tlf, <I,;,. 

~he near s~rface ~~ttraterials· consist.s of sands th.at contain. ~ore than 15 perc.ent 

'-'Jt~\;~· Experience 1/~J:wtes these materials can be moisture sens1t1ve and degrade rapidly 

m\ (A : eavy rubb:c;z&.ed equipment. Therefore, the contractor shou Id be aware that if these 

mater ,Yv'il!.<~ased as fill or are present at the subgrade level, some repairs of subgrades 

that de~~tf~g the construction may be required prior to pavement construction. 

12 
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Prior to initiating grading.activities, samples _of proposed flu soils should b~~ed for 

Atterberg limits and mo1sture-dens1ty relat1onsh1p determination test111g~,{1;e., standard 

Proctor). This testing typically requires at I east 3 to 4 days to com plet~:l~~.f/s during 

grading, samples of proposed fill materials (both on-site and off-si~~ould Be5~fl~cted 
'"lit 

during site preparation activities. \' 

MATERIAL 
TYPE 

COARSE
GRAINED 
SOILS 
(CALICHE) 

CHARACTERISTICS COMPXqJIW>N . 4; )fuMPACTION CONTROL 
PROCEDRS,i1t~~ \iv 

~osdift • -~ 
,,'.,thickness~~~,.,,. Building and pavement 
· • A.·, >. : areas: 

\dZmpactiofr,,f~~fu~~t1£~' fi One test every 2,500 to 
. , \:'?\.-f,tu; ~ 5,~00 sq~a'.e feet per lift, 

~.~t. \ inch • l~.r.Jt·t· te:~~d !:king ::~~ ;:;r~mum of two 
• Ma, · gravel c0Rt~1;1~130 m~ltipfe passes with an 

p.:·%~en retained on .. a .. 
1 
... ~.;r'IS.f}nch app?~B~ ... ~ely sized Trench areas: 

4:fJ.e~ /f _ sheepi1,e;roller. • One test every 100 linear 
'~M'~imum allowaq1~\J(glm~ ~CompaW'1on should be at feet per lift 

'-c{.&~t,_- 5 peefen!U>~weig~ ,, ,~J~5 percent of the 
butl\!;l:1~f. g ..•.. ~.''.·.· .. r.,pots'should be ~taii'clard Proctor maximum Minimum requirement: 
allo~~ 'f, ' (ASTM D 698) • Two tests per lift 

~USCS Cla~$i ;'ation SP, SC, 

··---,·-··• C ~ ~;,~;~;;;;~;;;;2 (for preliminary planning 
only, our technician or 
engineer should determine the 
actual test frequency) 

percent of the optimum 
moisture content 

.-f11'i·tn~ be stable under the influence of the compaction equipment. After the soil fill is properly 
,,,.,:1,9~, it will be advisable to limit the amount of heavy construction traffic on the soil subgrade. 

Table 3 - Summary of Fill Criteria 
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The security and administration building will be traditional comme 
~·. 

consist of a single-story steel frame construction with a sl ' 

proposed construction will be supported on the under! 

compacted structural fill materials. The recommende 

design of the foundations is 3,000 pounds per square fo 

allowable bearing capacity for all load conditions that include 

short term loads) is permitted. The 33f 

applied to load combinations that consi 

increase in allowable stress cannot be appli 

foundations be a minimu 

capacity (stress) can be 

ith dead loads. This 

inches wide to reduc hing shear failure. All exterior footings should 

grade evaluated, remedial work performed, and 

ious manner. Exposure to weather often reduces foundation support 

edial measures prior to concrete placement. It is also important 

aintained both during construction (especially in terms of 

enches) and after construction. 

14 
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4.3.1.1 Administration Building Settlement 0 
As mentioned previously, at the time this report was prepared the Administra,t@rfB'l1ilding was still 

being designed. Therefore detailed loading and fou.ndations sizes werz'11~a~ed on the 

cond1t1ons encountered in our borings, and the ant1c1pated loading (ma<9mum colum~~s of 75 

kips or less) we anticipate that total settlements will be less _is)ches for the a~~istr'ation 

building. This is based on the assumption the foundation/~ the ca~iche and sand ~~ 
newly placed structural soil fill. Once the building desigff is:;.finalized thes€~ettlement calculations 

can be updated to include the aclual foundation loads~<!~~· . . 

<~{~,)~~t / \' 

4.3.1.2 Slabs-an-Grade (Ad~inistratian\uil~in~L:. . . .··: 

For slab-on-grade construction for the a~~;t:t::. the yould be prepared as 

previously described. If moisture mitigation,lugh~~cern, we recommend that the 

subgrade be topped with a rnioimum 6-inch l\~crus~ed s~lyethylene vapor barrier is 

not required if the de · ~tili ense gra "" · ~egate base. If a dense aggregate base is not 

utilized a vapor bc,1, _ should be p .. d beneath ,} lab. The vapor barrier material should be in 
/:· l'''' \ \ 

compliance wJ!!:tt~M E 17/:~ve-a.t~~t least 10 mils (0.3 mm), as recommended 

by ACI 302.lR~ !~G, e f:9.r_C:0ncrefe'rl00r...:.~lab Construction". The vapor barrier material 

shoul~<!c()f~cien ;~h and durability to resist puncture during reinforcing steel and f refepla.~n\ Place'<!!W~the vapor barrier should be in accordance with manufacturer's 

'-~ommendationo ." . ~ 

Ihg'-Subgrade shoulc;t:: ... b proofrolled and approved prior to the placement of the crushed stone. 

::~~!u:n:;~::e:::::st:::~:~i:~n:~c~p:i:e:i:::::::d:o:0s~:~:sb:a~ue:i:n:: 
small diameter loads (i.e., a 1 foot by 1 foot plate) and should be adjusted for wider loads such as 

large mat foundations. 

15 
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The transfer facility (Cask Handling Building) is a two-bay ITS - Categ, r,i~r~re. The 

Cask Handling Building measures 175 feet by 193 feet in plan dime .. ~iin:nd has ~b~ig.· b( .. o_f .. 72 

LY ~ ":-.. 
feet. Based on infor~ation. p~ovid~d by AECOM, we u. n·d. ,~~.:if'-7that th.e founda~io.ns~~t~ 

proposed cask handling building will bear at a depth 0fri to 11 feet below existing gra~ 

Foundations for the cask handling building will b~!1e Car~ Sand Matrix. The 

recommended allowable bearing capacity for the serv~~~v~/_gg,of the foundations IS 4,000 

pounds per square foot (psf) or Jess. A:~:l:w~ble bearing ~~or Jim.it state loadings of 

6,000 psi can be utilized. ThiS bearing ~base~ ~n a foun~n bearing depth of 10 feet 

below grade. Should the foundation elella~·~:\ be--o~_:;~ geotec I engineer should be 

contacted to evaluate th .. e bea.rmg capaX ~t. set~!JJY~n~at th~,, ew foundation elevation . 

Bearing capacity c.al.·c.·'.u·'.·.".•·.'.l.~ti~!!~e:~ .. ~:.• .. r.' .. :·~··.· .. v·ided i~, •.. e.:•.L····· . .n.·· •... d,(G of this report. /~~ \I< 
4.3.2.1 Transfer1faiil~;y (Cask Haqi//~ng Building"5~~/ement Analysis 

Settlement a,%,~r the ,~4.ib,]it\'"'W?SJiormed using the soil column outlined in 

Appen.d.ix. D. Th~~~.·; .. e~~ .. ~tf~~~J~ed utilizing Settle3 a finite difference software 
-\:,,' -~-,,,7 . 

pr ~jt~t~ience..~;t[ allows for the input of the foundation loads for the entire footprint 

., • .• 'Sg,that any st e~erlaps ~~~ adjacent foundation_, can be analyzed. For the Cask Handling 

•r:'(8u1ld1ng the serv1c el loads stllf'wn on AECOM drawing WCSOl-13-2001 dated December 24, 

•. · :~019 were utilized ,he analysis. Both a dead load sustained case and a seismic case were 

. }~~- The gross, , . ing pressures provided were used for the analysis. It should be noted that 

if ~~rr bearing depth changes, the geotechnical engineer should be contacted to 

update t~lculations. The results of the analysis are shown below. Detailed settlement 

calculations are provided in Appendix H. 
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, l:.q13itC9rn~inatipJi "· ·.M~'~iniumTotat~eJ:tl¢d{en( 
Dead (1.0D} Less Than 0.25 inches 

Seismic (1.0D + 0.7E} Less Than 0.50 inches 

Table 4 - Summary of Cask Handling Building Settlem~sults 

4.3.2.2 Slabs-on-Grade (Cask Handling Building) 0 ·•· 
For slab-on-grade construction for the administration builcliroJ~7the site should be prepa -(;L~9 > 
previously described. If moisture mitigation through th ~ concern!~~) recommend tha~e: 

subgrade be topped with a minimum 6-inch layer of crus. e~~{ihylene vapor barrier is 

not required if the designer utilizes a dense graded aggre~e,t~ dense aggregate base is not 

utilized a vapor barrier should be placed g_~n~ath the slab. The va ,arrie.r material should be in 

compliance with ASTM E 1745 and have~~J~tleast 10 mi'tf~}:Sm), as recommended 

by ACI 302.lR-04 "Guide for Concrete FIJQ~n~~ iar,i". Tlig'vapor barrier material 

• should be of sufficient ~~,",~'.~-and dura,~ punctuf~ring reinforcing steel and 

concrete placement. PJa~he vapor oarri Xhould be in accordance with manufacturer's 

recommendations. Jf'.'; ;t~r 

•• 

/ ,·:\ 

{~~· ·,: ~,'' 

The subgrade sR5~r.~~~~froi'i~
1
d~aA~<:J''prior to the placement of the crushed stone. 

Based on the con~lj~~~~·~tered on this site, we recommend that the floor slabs be designed 

}in ·neer in adjustin :.~~ subgrade modulus values to account for wider loads. The procedure 
,.1:1~::1... .Al!'.,'f! 
o~.1 of this report can be utilized. 
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Each of the consolidat~d i~terim storage facilities (CISF) are pla~ne~~~~ square .feet 

(800 feet by 350 feet) rn size. We understand that each CISF will cora_ys(of a grav.e~d with a 

number of smaller cast-in-place reinforced concrete ma. t f.ou•·7Qg~s that will each~\~·8··· 

array) storage casks when full loaded. The individual ma~dations measure appro~ 

7,425 square feet (55 feet by 135 feet). The concret~ndatRi]\-measure 36 inches .. in 

thickness and bear at a depth of 4 feet below grade. le concrete.,n:iav+?undation will be based -~·-;vr on a minimum of 12 inches of dense grad~daggregate. . ;~,,. i~~ 

• 
As mentioned previously in the site as~~over sanJ?;~evalent beneath the 

CISF site to depths of up to ~epths of up t&7~;~\eet. -~~~~?,ed, these soil~ will have to 

be undercut and replac~roperly co~}. e~che or cruslled stone to provide adequate 

support of the pro po · d Cl5·F,.:R~ ProvideJ{ ecommendations in the site assessment are 

• 

followed, an aH.-.~ .•• · .. ·.·•.·.·.. bearin.·g· .. · .... ;.·.E·;..,.~ .•. )£·s· u .. r····•e•·· .·· o·. f 5 16f?n be utilized for design. Bearing capacity 
calculations .,~ovided in All,,~~~ this re}J 

,':i::::1:\·; 
' ',,::\/'~\ 

4.3.3.Jrz.EISF....Mat Fo atiW2 Recommendations 

#i!Plld"' ....:.!~.'.'.s of complex loadings due to the number of casks on the pads 

.. ::~,yand the fact the"'Gf are loa~ndividually onto the pads. The use of a single modulus of 

~',~~-b•··g. r .. a~e reaction (.}···::··.;···:_(,·;.·.Jor a ~at wit.h ~ loading. of thi~ complexity will not .generate realistic 

~~ions. In or~j' o_btam realistic deflections with the complex loading, the subgrade 

moO~lue~!if>e adJusted to account for wider loads. To address th,s ,ssue, GEOServices 

has ~ked'wftt1A:re structural engineer (Enercon) to adjust the subgrade modulus through an 
~.l'Y 

iterative pro&ss. The process proceeded as follows: 
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1) The first iteration of the settlement analysis was performed using/:ij\~ pressures 

provided by Enercon. A( 
2) These pressures were used to develop a Settle3 model (fini~~!~e~~oftware) with 

the end goal of formulating values of subgrade modulus '7The progr,a~culates 

settlements beneath the mat based on the pre.s .. s·.····.u•.·.··L··~.~~~ded .... The modu~~.r .. e··.·· 
calculated at distinct points by dividing pressur~/:s~ttlement. ·~ 

3) The resulting new va I ues of subgrade mod"f.t .•..•.•. ·.-.·.·./····e·· .. ··• r .•• e···. · .. t ..... h· ..•. e •. · .. · .n·;;· •. !~./~1/rn;ted to Enercon to Ii~ 
integrated mto the GTSTRUDL analysis. ~~~ 

4) The next iteration combined the applied loads wil:ij'._,ftr1i:lch more accurate estimate of 

soil response (calculate k-valu\~."!.,'.efining the m~~):'lf_e distribution. . 

5) The results of the refined ~1Jllw,;;;~', we'.ethen ~~d and used to update 

the pressures in the Settle3 moaii~ ifhe resuL. ~tj_e,te~ of subgrade modulus 
'('.!•1·1. 1F1··· ~.;::;;~f"'? 

for the entire mat. · ~., ·· · ~ 

6) This iterativ~i~ continue·· model convergence (calculated soil modulus 

value~ . Elisplacem . . did not cha• ge more than 10 percent between consecutive 
k>.¥},fj? )/'Et •\ • 

ite{~i'i~~ was ac~ev~r . . . ',/; -:;:~t~:;f~,jf .'"l1•;1,J •. ·",,/.'"~f:'.'· ... · •. ;"; .· ' 

Th~'j~,~~~y~it{as.pe ~,~~the.four loading configurations shown on Figure 7-9 in Chapter 7 

~ ... ~:pe SAR~.{onf1gur~~i~~.s. m1clude fully loaded, quarter loaded, half loaded, and three 

· qu·a· .. ··.rt

1

er loaded. BJ, ..... ·. sho~~ converged models and the subsequent subgrade modulus 
lues are provided ' pendix H of this document . 

. 

\J~i 

:~~~:::;::':ads was performed using the soil column outlined in Appendix D. 

The settlement calculation was performed utilizing Settle3 a finite difference software produced by 

RocScience. Settle3 allows for the input of the foundation loads for the entire footprint so that any 
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stress overlaps between adjacent foundations can be analyzed. For the C~ the final 

pressures from the iterative process (designed to provide an accurate estim,9.te: :oKoils response 

beneath the mat) were utilized. For the CISF pads, a settlement distrib4t~S~~~~··.h. of the four 
L ,, . ~'" ., ... · ,::· '·:'· ?:··: ·, 

loading configurati~ns s~own _of Figure_ 7-9 in Chapter of SAR is pr~vid~7 A~dition'a,~~o the 

number of pads which will be installed in the CISF Area (18 tota,')~e spacing betwee~-~ 

feet edge to edge) an additional case including four pads :r~9zed. This:nalysis was perfo~ 

to take into account any stress overlap between adjace~as and pro~i~e impacts in terms of 

settlement. In each instance the maximum total s~i~~;~ than 0.75 inches. The 

comprehensive results of the analysis are provided in Appendi:§cument. 

::·::.:::;e;::.•s::s:::::::~::: of the·u~~~ .·::~smic site class per the 

criteria in Table 1613.5.2 of ~he lnternatio~,~/2012). The on-site shear 

wave velocity was dA,$ja'l~ite refra\f ._, .. 'fa-tremor (Re Mi) method. The testing used 

a Seismic Source~p~eR~ograph an~Hz vertical geophones. The geophones were 

deployed alon~proxim~-'.~ot long lirfeI1'array and spaced on approximately 26-foot 

centers. Onc~Ref~~td data,¥'!~s;c611ettecl ompu ?model was used to determine the subsurface 
~iefc~L,;~{/ '' 

shear wave velocitypc(J:tile:i'W~e test results are attached to this report. 

~~~".·· f.::~isplays the shear-wave velocity profiles for the upper 100 feet. 
'\,"'Z''..1 V 

The results of the mm:l]!s revealed the following shear wave velocities. 
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·:~un l. Run·2 Run:3 

bepth · 
.. She~r:. Shear Shec;1r, 

:(feet)' 
. '. Vv,aV,e Wave .. Wave 

.Velocity . . . VE:locity Velocity./ 
·• (fe~v~~~f ''. (feet/~ecJ . (fee:t/sec) 

0-5 820 1020 989 ,& .. v843 
5 -15 1107 985 978 /.· 1036 1027 
15- 25 1498 1302 154:f) 1432 /: \ 1445 
25-35 1498 2253 211Q 188~f .· ' r• ,,,/ 1940 
35- 55 2558 2731 2252 .~2,0q~/ 2400 
55- 75 2228 1231 )is3 1757 
75-100 2228 "332R 3035 

\ . . ·- ~·. ·.;),_ 

Table 5-5ummat;~S"'f :" Ve/:city Re~ 

The location of each of the s_~ear wave arra\1, ~ e~~,li individual run is provided 

in Appendix E of this rep4's,eft .• ;: .~f. . . .· · d·-o/;·"~· •v ; 

4.3.5 Liquefac'.i!/JfLJ • 
Liquefaction ~~en /P:fr'T'Jf".w:rura~7.cohesionless soils, undergo a loss in strength 

due to monotoni~.Jtansient or repeate atst1,.1rbance that commonly occurs during a seismic 

ev_g_r:I(~er: 1996~51:S:loss of strength occurs due to increased pore water pressures caused 

\' ~t~eo.f,t ~iti~~:m~ease in pore water pressure decreases the effective stress in 

~e soil, thus re~c\n!~he soil~lity to support any applied loads, For liquefaction to occur, 

~here must be an incmease in poor pressure meaning the soil must be saturated and be able to 

'/'.~ in an undra[l,ondition. According to the NH 12011 Reference Manual on LRFD Seismic 

A',;i~.~+f Transportation Geotechnical Features and Structural Foundations, if any 

of theicl!l~criteria are satisfied then a significant liquefaction hazard does not exist: 
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• The geologic materials underlying the site are either bedrock or have v~~uefaction 

susceptibility according to the relative susceptibility ra_tings sho~.Jl,~ Estimated 

Suscept1b1ilty of Sedimentary Deposits to L1quefact1on During sz~ Upi1', ot1on table 

presented by Youd and Perkins in 1978. <;/ 
D 

• The soils below the groundwater table at the site are onJ{§ftne following 

o Clayey soils which have a clay content g/~~ 15%, ~uid limit greatef-(it,
1
11 

35%, o~ natur~I ~ater content less tha'\~.'. .. ·······o·f·.· t. u.h·.·.~e .11l•i.·q·'1•~ u· .... /id:;~? 
o Sand with a min1~um corrected SPT (N1)5o~~fblows/foot. 

o The water table 1s deeper than 50 feet bel0'1Y tl:Jefcound surface or proposed 

finished grade at the site~/~. • . ···•. ~ 
Since groundwater was not encountered J.i f th: ei~~~~~~n~ and given that some 

of the borings penetratz:t~ 4S feet\m.:wA1round s~'Z. It can be concluded that a 

~::::~:;:7;:::21t~e.subje0Jpment. 

::;~:;!~l~~::s s:fb::: c~::.je:c:~:i~: :: :r:::~;:~gf:i: 

tJft!~l~ds ;;;'i!~then subjected to earthquake shaking is well documented and 

occurs very rapid! · , is de~¥~~n is usually completed by the end of the earthquake. 
o/ 

;i'\-.,~ ('p lJ:i>'.:: 
·.·· C~t~ions w~re)i;formed to determi~e the magnitudes of settlements~densification that 

coal~~ d~rrthquake event using the Pradel method. The calculations show that the 

seis.3a~rfi,i1on for the design earthquake will be negligible (on the order of 0.02 inches or 

less). Detail~ information regarding the calculation, results, and procedure can be found in 

Appendix F. 
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4.4 IATERAl EARTH PRESSURES £ 
At this time, we are not aware of planned retaining walls for the Clff'I>rol;;, ,~ever, we 

understand that some foundations may bear as deep as 10 to 11 fe~w J, :• ):~fore, 

we are providing soil parameters and earth pressure coeffi1j'l~ the materials .:e :,xp,e t to 

be encountered on site as well as the potential backgls. /;P 

~!!!!!!~!!!!!!~·ea!!!rt!!!h!!!. !!!. ·· ~ 

Earth Pres~ur~ Cdnciition ·· Backfill:Type Pre~~ure · 
· · Coefficient 

0.376 
Active (Ka) 

0.271 

0.546 

0.426 
'.\; ·~ 

Silty sa,od\ 95 27 2.663 

Calich~.~.\ 130 35 3.690 

"'·{~ / J!Lblt:ff.c!f:ff!f~f~sYire Summary 
roote,jJ{J'~iJJostance the eartlrpfessiire coefficients provided are unfactored. 

0 

, ~~~alls, a friction factor of 0.45 between foundation concrete and 

; '''l{ebearing s,;iist\be usO~n evaluating friction. If a stone leveling course is utilized 

~neath the foundiffi''., a friction factor of 0.55 between foundation concrete and the dense 

;{lgriaded aggregate ba ay be used when evaluating friction. 
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5.0 CONSTRUCTION CONSIDERATIONS 

5.1 EXCAVATIONS 

Auger refusal materials were encountered in four of the .1·8·· s.o .. "'.l.11~borin. gs (B-101, B~ dlrl.~·.• ~· ... -.1 .. , LY , .... . 
and TF-4) at depths ranging from 37 to 45 feet below t~~'existing ground surface elevatid:n. Lf::cy ·,;· 
Typically, soils pe~etrated. by augers _can be r~moved(i.fll!ton. ~~nti2r)hmoving equipmen . 

However, excavation equipment vanes, and field refusa·~~1t10 ' ay vary. Some of the very 

dense caliche may require difficult excavation techniques su~ ~,,!JApmg, prior to excavation. 

Excavations should be sloped or shore~-~t <l~~d federal regulations, 

including OSHA (29 crn Part 1926) excav'liii'rrre~[~~~ps¥. contractor is usually 

solely responsible for s~ty. Tors rnfor r,ded onlfas a service and under no 

circumstances shoE~elvi~- assumed ~~~esponsible for construction site safety. 

/1( ) -~ 
5.ZFOUNDAf@iftu~~ • • -

FQI;~- ~f\oi Id be opened, the subgrade evaluated, remedial work performed, and 
~•c'f''F'•"':'"t> "i< .· ~········~ 

:t.'~,:·'.!:~;:;:t:!J:~a~:e:::::su:::: :e:::::::~a::::::_ /:~:::~:::::: 
·111,,; ".?;; ~b:l 

i{ ~l~t proper surface Jrinage be maintained both during construction (especially in terms of 

~~}:ing dry ~1-1)renches) and_ after construction._ Soil backfill for footings should be placed 

m;;i, '-~tl/ lfu recommendations for structural /ill presented herein. 
'.:',' . •' 
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Foundation subgrade observations should be performed by a GEOServices geo£~ engineer, 

or his qualified representative, so that the recommendations provided in t~~~ are consistent 

with .the .site con~itions en~ountered. A dynamic cone pe~etro~eter (L;~~ril.ro?t utilized to 

provide 1nformat1on that 1s compared to the data obtained in the 'geotechnic~e~~- Where 

unacceptable materials are encountered, the material should b~a;ed to stiff, su~t~us or 

remediated at the geotechnical engineer's direction. ~medial measures co~~ 

undercutting, overexcavation, or combinations thereof.4'•· 
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PRECIPITATION AVERAGES 

January 

February 

March 

April 

.. J~onthly·Precipitation 

·Ayer~g~ (l.n~hes): 
" '', ' ' '><, <', 

0.7 

0.5 

0.3 

0.9 

.. 

Month. 

GEOServices Project No. 31-151247.R2 
February 18, 2020 

1.5 

1.5 

1.8 

Table 7-Ave#iito/$1~~\/~ 

~ .~,: ... ti,.·;;_'·· 

b' JV 't 
To redu.ce tlf~~al f:,C~jti~~r should not be allowed to collect in the 

f~undat1~~ excava~~f 9,Po~ slab areas;-01'-on prepared subgrades of the construction area 

~'.W~~r~er'co1t~1on. Undercu~ or excavated areas should be sloped toward .o.ne 

.. , j'QJ;ner to fac,h~o~~~llected rainwater, subs.urface water, or surface runoff. Positive 

{%e surface dra1nage_§hould 15~j5fov1ded to reduce 1nf1ltrat1on of surface water around the 

··,~{meter of the bJtl~s and beneath the floor slab. The grades should be sloped away from the 

~Hi~ and surfacJtjyainage should be collected and discharged such that water is not permitted 

toin~~(and floor slab areas of the buildings. 
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6.0 LIMITATIONS ll 
This report has been prepared in accordance with generally accepted ~ti engineering 

practice for specific application to this project. This report is for our;e~~~and no 

environmental assessment efforts have been performed. The co_o.cl~1ons and rec~J;l)cl~ons 

contained in this report are based upon applicable standa~{practice in this geog~i~~ 

T

aththe tim

1 

e this rdeport was prdepared. Nobotherdwharran~~b:~:s o~~ mahde.d b Vd 

e ana yses an recommen at1ons su m1tte erem are ~ upon t e ata o tame 

from the exploration. The nature and 1Jl~riations betwe-1;~1e borings will not become 

evident until construction. We recommenat\a1),'.!lEt%erv1ces be ~i~ observe the proJect 

construction in the field. GEOServices can~f~~~Jty{pr c~ftions which deviate from 

those described in this report if not retain~j:, pe ,;;f con~ircic~observation and testing. If 

variations appear evlt;t1lff/; "'1);/1 re-eval{f ,t}~ recommendations of th is report. In the event 

that any change~~ natu.re, dt£V~' or locat~,~"'P{ the struc.tures are .planned, the conclusions 

and recomme · \t'.'.ns conta1'.4~~~w~be considered valid unless the changes are 

reviewed and c ~--~~~>ans ~a1f1ed..:.0Q_~-~,l})mting. Also, 1f the scope of the proJect should 

change significantly '"'~ ;,f;t~escribed herein, these recommendations may have to be re-
.,.,.,"·"· 
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Notes: 

1) Site Source Provided by: WCS, (06/12/2015) 
2) Boring Locat ions are shown in general arrangement only 
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PARKING AREA 

• Notes: 

1) Site Source Provided by: WCS, {06/12/201S) 
2) Boring Locat ions are shown in general arrangement only 
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Notes: 

1) B.T. = Boring Termination 
2) A.R. = Auger Refusal 

3) Not To Scale 
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• Notes: 

1) B.T. = Boring Term ination 
2) A.R. = Auger Refu sa l 
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• Notes: 

1) B.T. = Boring Termination 
2) A.R. = Auger Refusal 
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1) B.T. = Boring Termination 3) NotTo Scale 
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GENERAL NOTES 

FINE AND COARSE GRAINED SOIL PROPERTIES 

PARTICLE SIZE 

BOULDERS: 
COBBLES: 
GRAVEL: 
COARSE SAND: 
MEDIUM SAND: 
FINE SAND: 
SILTS & CLAYS: 

GREATER THAN 300 mm 
75 mm to 300 mm 
4.74 mm to 75 mm 
2 mm to 4.74 mm 
0.425 mm to 2 mm 
0.075 mm to 0.425 mm 
LESS THAN 0.075 mm 

COARSE GRAINED SOILS 
(SANDS & GRAVELS) 

N-VALUE 

0-4 
5-10 
11 -30 
31-50 
OVER50 

RELATIVE DENSITY 

VERY LOOSE 
LOOSE 
MEDIUM DENSE 
DENSE 
VERY DENSE 

FINE GRAINED SOILS 
(SIL TS & CLAYS) 

Qu, PSF 

0-500 
500-1000 
1000 - 2000 
2000 -4000 
4000 -8000 
8000 + 

STANDARD PENETRATION TEST 

THE STANDARD PENETRATION TEST AS DEFINED BY ASTM D1586 IS A METHOD TO OBTAIN A DISTUR 
RELATIVE DENSITY AND CONSISTENCY INFORMATON. THE 1.4 INCH I.DJ2.0 INCH O.D. SAMPLER IS 

INCHES. THE BLOW COUNTS REQUIRED TO DRIVE THE SAMPLER THE FINAL 2 INCREMENTS 
SAMPLER CAN NOT BE DRIVEN THE FULL 18 INCHES. THE FOLLOWING REPRESENTS OUR INT 

ST: 
SS: 
CORE: 
AU: 

BLOWS/FOOT (N-VALUE) 

25 ..••...•.......•.......•...•.....•.....•....................•.. 
75/10" ..••................................................ 
50/PR ................................................ . 

N: 
M: 
LL: 
Pl: 
Qp: 
Qu: 
DUW: 

STANDARD PENETRATION, SPF 
MOISTURE CONTENT% 
LIQUID LIMIT% 
PLASTICITY INDEX% 
POCKET PENETROMETER VALUE, TSF 
UNCONFINED COMPRESSIVE STRENGTH, TSF 
DRY UNIT WEIGHT, PCF 

ROCK PROPERTIES 

GE(9S 
GE1Services, LLC-Ge1technical an~ Materials En1ineers 

ROCK HARDNESS 

VERY SOFT: 

SOFT: 

MODERATELY HARD: 

HARD: 

VERY HARD: 

ROCK DISINTEGRATES OR EASILY COMPRESSES 
TO TOUCH: CAN BE HARD TO VERY HARD SOIL. 

ROCK IS COHERANT BUT BREAKS EASILY TO THUMB PRESSURE 
AT SHARP EDGES AND CRUMBLES WITH FIRM HAND PRESSURE. 

SMALL PIECES CAN BE BROKEN OFF ALONG SHARP EDGES BY CONSIDERABLE 
HARD THUMB PRESSURE: CAN BE BROKEN BY LIGHT HAMMER BLOWS. 

ROCK CAN NOT BE BROKEN BY THUMB PRESSURE, BUT CAN 
BE BROKEN BY MODERATE HAMMER BLOWS. 

ROCK CAN BE BROKEN BY HEAVY HAMMER BLOWS. 



•GE(9S 
6~Sewlces, UC-Se11e_chlllcal ••• ~terials En1ineers 

• 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 21, 2015 

Yes DEPTH 45.0 FT. 

SAMPLED 

TOP OF ROCK 

45.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

13.7 M 

DEPTH 45.0 FT. 

DEPTH FT. 

FT. 

45.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.5 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-101 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

3-12-7 
N=19 

30-59-39 
N=98 

20-24-31 
N=55 

FT. 

FT. 

FT. 

FT. 

FT. 

7.8 

6.7 

5.7 

LOG OF BORING 8-1 Q 1 
SHEET 1 OF 3 

DRILLING CO Apex Geoscience Inc. -------------t 
D RILLER 

~FT. 

FT. 

NIA FT. 

Silty SAND (SM) with caliche - brown; fine 

rained; loose and medium dense; dry 

Silty SAND (SM) with caliche - orangish brown; 

fine grained; very dense; dry 



GEC9S 
611Semces, ~Geatec~nlcal ~M Materials fn!fneers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 21, 2015 

Yes DEPTH 45.0 FT. 

SAMPLED 45.0 FT. 

TOP OF ROCK 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

13.7 M 

DEPTH 45.0 FT. 

DEPTH FT. 

FT. 

45.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

22.5 -22.5 

23.0 24.5 

25.0 -25.0 

27.5 -27.5 

28.0 

30.0 -30.0 

37.5 -37.5 

38.0 38.3 

40.0 -40.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-101 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERI NG X 

SAMPLE FIELD 

OR SAMPLE 

RUN NO. TYPE N-Value 

7 

ss N=50/2" 

ss N=74/2" 

11 ss N=81/3" 

5.7 

7.7 

LOG OF BORING 8-101 
SHEET2 OF 3 

DRILLING co ___ A..:.p_e_x_G_eo_s_c_ie_nc_e_l_nc_. __ --1 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 



BORING NO./ LOCATION 

DATE 

REFUSAL: 

SAMPLED 

TOP OF ROCK 

BEGAN CORING 

July 21, 2015 

Yes DEPTH 45.0 FT. 

45.0 FT. 13.7 M 

DEPTH 45.0 FT. 

DEPTH FT. 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

FT. 

45.0 FT. 

BORING ADVANCED BY: 

STRATUM 

DEPTH 

FT. 

42.5 

45.0 

47.5 

50.0 

57.5 

ELEV. 

-42.5 

-45.0 

-47.5 

-50.0 

-57.5 

-60.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

43.0 43.2 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-101 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
POWER AUGERI NG X 

SAMPLE 

OR 

RUN NO. 

12 

SAMPLE 

TYPE 

FIELD 

----..---
N-Value 

LOG OF BORING 8-1 Q 1 
SHEET 3 OF 3 

DRILLING CO Apex Geoscience Inc. ------------t 
DRILLER 

-...-£2'...._ FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

- Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

AUGER REFUSAL AT 45 FEET 



•GE~S: 
~Serv!ces,UC.SeotecbJilcalw M_awillls_En1In~ril 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 3.8 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 18.8 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-102 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

7-6-4 
N=10 

34-37/3" 
N=37/3" 

43-20/3" 
N=20/3" 

FT. 

FT. 

FT. 

FT. 

FT. 

4.0 

6.0 -

5.8 

LOG OF BORING 8-102 
SHEET 1 OF 2 

DRILLING CO Apex Geoscience Inc. ------------DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 

grained; loose to very dense; dry 

Silty SAND (SM) with caliche - light brown; fine 

grained; dense to very dense; dry 

Silty SAND (SM) with caliche - orangish brown; 

fine grained; very dense; dry 



BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 

DEPTH 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

22.5 -22.5 

FT. 

7.6 M 

FT. 

FT. 

FT. 

25.0 FT. 

23.0 23.8 

25.0 -25.0 

27.5 - -27.5 

30.0 -30.0 

37.5 - -37.5 

40.0 -40.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-102 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

T Y PE 

----
FIELD 

t------,--
N-Value 

LOG OF BORING B-1 02 
SHEETZ OF 

DRILLING co ___ A!..pe_x_G_e_o_sc_ie_n_ce_ln_c. __ -1 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 17, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 

DEPTH 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

7.6 

25.0 

18.0 19.5 

20.0 -20.0 

REMARKS: 

FT. 

M 

FT. 

FT. 

FT. 

FT. 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-103 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

2-3-4 
N=7 

23-35-45/5" 
N=45/5" 

17-26-40 
N=66 

FT. 

FT. 

FT. 

FT. 

FT. 

7.1 

6.3 

6.1 

LOG OF BORING B-1 03 
SHEET 1 OF 2 

DRILLING co ___ A.;..pe_x_G_e_o_s_ci_en_c_e_ln_c_. ---ii 

DRILLER 

__E2'._ FT. 

FT. 

NIA FT. 

Silty SAND (SM) with caliche - brown; fine 

grained; loose; dry 

Silty SAND (SM) with caliche - light brown; fine 

grained; medium dense to very dense; dry 

Silty SAND (SM) with trace caliche - orangish 

brown; fine grained; very dense; dry 

-----------------------------------------------



GE<9.S 
G~Senices, llC-Ge~ruhnlcal a~ Ma.teria~ Eosinem 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 17, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

40.0 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 24.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-103 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
POWER AUGERI NG X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

1------.----,J 
N-Value 

LOG OF BORING B-1 03 
SHEETZ OF 2 

DRILLING co ___ A.:..p_ex_G_e_o_sc_ie_n_c_e_ln_c. __ -1 

DRILLER 

Sammy Joe Allison 

__E2'.__ FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



•GEC9S 

• 

~Services, UC.Ge~dmlcal ilnJ M_a_l!rlals £n9lnee~ 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.3 

2.5 -2.5 

3.0 3.8 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.5 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-104 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERING 

SAMPLE 

OR 

RUN NO. 

2 

6 

SAMPLE 

TYPE 

ss 

ss 

ss 

-----
X 

FIELD 

RESULTS 
i-----~""""'. 

N-Value 

2-32-37/3" 
N=37/3" 

18-33-43 
N=76 

23-28-50 
N=78 

6.9 

6.0 

4.6 

LOG OF BORING B-1 04 
SHEET 1 OF 2 

DRILLING CO Apex Geoscience Inc. ------------DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense; dry 

Silty SAND (SM) with caliche - light brown; fine 
grained; very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 



BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH FT. 

DEPTH 

BOTTOM OF HOLE DEPTH 

FT. 

FT. 

25.0 FT. 

BORING ADVANCED BY: 

STRATUM 

DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 24.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-104 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

RESULTS 
1----"T""---, 

N-Value 

LOG OF BORING 8-1 04 
SHEET 2 OF 2 

DRILLING CO Apex Geoscience Inc. 
------------t 

DRILLER 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 



•GE~S 
~!1Servlcei, U.C-Ge1tecknlcal m Mall!rials £a1iliotr; 

BORING NO./ LOCATION 

July 15, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

FT. 

FT. 

BOITOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

FT. 

STRATUM 

DEPTH 

ELEV. 

2.5 -2.5 

5.0 -5.0 

7.5 -7.5 

10.0 -10.0 

17.5 

20.0 -20.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

1.0 1.8 

5.0 6.5 

18.0 19.0 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-105 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

ss 

5 ss 

X 

FIELD 

N-Value 

6-50/4" 
N=S0/4" 

60+ 
N=>60 

30-40+ 
N=>40 

FT. 

FT. 

FT. 

FT. 

FT. 

8.1 

4.8 

4.1 

LOG OF BORING B-105 
SHEET 1 OF 2 

DRILLING CO Apex Geoscience Inc. ------------DRILLER 

Sammy Joe Allison 

_E.2'..._FT. 

FT. 

NIA FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense; dry 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; dense to very dense; dry 



BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 23.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-105 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. -----
ELEV. FT. 

ELEV. FT. -----
POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

6 

FIELD 

LOG OF BORING 8-1 05 
SHEET2 OF 2 

DRILLING co ___ A'-pe_x_G_e_o_sc_ie_n_ce_l_nc_. __ -t 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; dense to very dense; dry 

BORING TERMINATED AT 25 FEET 



•G-EC9S 
GUS•rvl••i. Uc.G~ll!chnlw m Materlab £n1lneers 

• 

BORING NO./ LOCATION 

July 16, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

FT. 

FT. 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

FT. 

2.5 

5.0 

7.5 

STRATUM 

DEPTH 

ELEV. 

-2.5 

-5.0 

-7.5 

10.0 -10.0 

17.5 

-20.0 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

1.0 2.5 

3.0 4.5 

5.0 6.5 

18.0 19.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-106 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

33-50/5" 
N=50/5" 

25-35-50/6" 
N=50/6" 

FT. 

FT. 

FT. 

FT. 

FT. 

5.3 

6.7 -

6.8 

LOG OF BORING 8-1 06 
SHEET 1 OF 2 

DRILLING co ___ A'-pe_x_G_e_o_sc_i_en_c_e_ln_c_. ---1 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense; dry 

Silty SAND (SM) with trace caliche - light brown; 
fine grained; medium dense to very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

REMARKS:-----------------------------------------



BORING NO./ LOCATION 

DATE 

REFUSAL: 

SAMPLED 

TOP OF ROCK 

BEGAN CORING 

July 16, 2015 

No DEPTH FT. 

25.0 FT. 7.6 M 

DEPTH FT. 

DEPTH 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

FT. 

FT. 

25.0 FT. 

BORING ADVANCED BY: 

STRATUM 

DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

40.0 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 24.4 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-106 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE FIELD 

OR SAMPLE 

RUN NO. TYPE N-Value 

7 

LOG OF BORING 8-1 06 
SHEET 2 OF 2 

DRILLING CO Apex Geoscience Inc. 
------------ti 

DRILLER 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

- Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



•GE~S 
611Servlcu, W:.Ceorechnl~rlals En9lneers 

• 

BORING NO./ LOCATION 

July 16, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 1.8 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.5 

• 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-107 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

7-50/4" 
N=50/4" 

31-50/6" 
N=50/6" 

16-32-50/6" 
N=50/6" 

FT. 

FT. 

FT. 

FT. 

FT. 

5.7 

7.2 -

6.3 

LOG OF BORING 8-1 07 
SHEET 1 OF 2 

DRILLING co ___ A_pe_x_G_e_o_s_ci_en_c_e_ln_c_. ---1 

DRILLER 

~FT. 

FT. 

NIA FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense; dry 

Silty SAND (SM) with trace caliche - light brown; 
fine grained; very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

-----------------------------------------------



BORING NO./ LOCATION 

July 16, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

40.0 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

FROM TO 

FT. FT. 

23.0 24.4 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-107 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

T Y PE 

----
FIELD 

RESULTS 1-------~-
N-Value 

LOG OF BORING B-1 07 
SHEET 2 OF 2 

DRILLING co ___ A ___ pe_x_G_e_o_sc_ie_n_ce_ln_c. __ --1 

DRILLER 

FT. 

FT. 

NIA FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



•GEC9S 
6!1Sen1lces, UC.6e1tecbnlcal •n~ Material, En1lneers 

BORING NO./ LOCATION 

July 15, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 18.8 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-108 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERING 

SAMPLE 

OR 

RUN NO. 

2 

6 

ss 

ss 

ss 

-----
X 

FIELD 

RESULTS 

N-Value 

1-5-10 
N=15 

22-30/4" 
N=30/4" 

38-39/3" 
N=39/3" 

6.3 

8.4 -

6.6 

LOG OF BORING B-108 
SHEET 1 OF 2 

DRILLING co ___ A_pe_x_G_e_o_s_ci_en_c_e_ln_c_. ---1 

DRILLER 

~FT. 

FT. 

NIA FT. 

Silty SAND (SM) with caliche - brown to light 
brown; fine grained; medium dense; dry 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; dense to very dense; dry 



GE~S 
GUSenlm, W:.Gutechn.lcal ... ~ateria~ En5ln~ers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 15, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. ELEV. 

22.5 -22.5 

25.0 -25.0 

27.5 - -27.5 

30.0 

37.5 

40.0 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 23.4 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-108 

SURFACE ELEV. FT. -----
ELEV. FT. 

ELEV. FT. -----
ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

RESULTS ----.....--
N-Value 

LOG OF BORING B-1 08 
SHEET 2 OF 2 

DRILLING co ___ A..;..pe_x_G_e_o_sc_ie_n_ce_ln_c. __ -1 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; dense to very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



•GE(9S 
GEIServlces, Uc-Gemcbnle1l an• M.aterlals Eii1lnm, 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 15, 2015 

No 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

e 

FT. 

2.5 

5.0 

7.5 

STRATUM 

DEPTH 

ELEV. 

-2.5 

-5.0 

-7.5 

10.0 -10.0 

17.5 

• 

20.0 -20.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

1.0 2.5 

3.0 4.5 

5.0 6.5 

18.0 18.7 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-109 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

3-31-23 
N=54 

47/3" 
N=47/3" 

42-40+ 
N=>40 

FT. 

FT. 

FT. 

FT. 

FT. 

3.2 -

8.5 -

6.3 

LOG OF BORING B-1 09 
SHEET 1 OF 2 

DRILLING co ___ A'-pe_x_G_e_o_s_ci_en_c_e_ln_c_. ---1 

DRILLER 

_E2'._ FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense; dry 

Silty SAND (SM) with caliche - light brown; fine 
grained; dense to very dense; dry 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

-----------------------------------------------



GEC9S 
GUSemces, UC-Geatechn_lcal •1111 Materials Enliocert 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 15, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 

DEPTH 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

22.5 - -22.5 

FT. 

7.6 M 

FT. 

FT. 

FT. 

25.0 FT. 

23.0 24.5 

25.0 -25.0 

27.5 - -27.5 

30.0 -30.0 

37.5 -37.5 

40.0 -40.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-109 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
POWER AUGERI NG X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

RESULTS ------N-Value 

LOG OF BORING B-1 09 
SHEET2 OF 2 

DRILLING co ___ A;..pe_x_G_e_o_sc_ie_n_ce_ln_c. __ -t 

DRILLER 

Sammy Joe Allison 

Dry FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



•GE~S 
GUServlm, UC-Ge1tecbnlcal ••• Material, En9lneer, 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOITOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

FT. 

2.5 

• 5.0 

7.5 

10.0 

17.5 

STRATUM 

DEPTH 

ELEV. 

-2.5 

-5.0 

-7.5 

-10.0 

•

. 20.0 -20.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

1.0 2.5 

3.0 4.5 

5.0 6.5 

18.0 19.0 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-110 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

4-27-16 
N=43 

23-50+ 
N=>50 

36-40+ 
N=>40 

FT. 

FT. 

FT. 

FT. 

FT. 

8.9 

7.1 -

5.1 

LOG OF BORING B-11 0 
SHEET 1 OF 2 

DRILLING CO ___ A'-pe_x_G_e_o_s_ci_en_c_e_ln_c_. ----1 

DRILLER 

___E2'.._ FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; dense; dry 

Silty SAND (SM) with caliche - light brown; fine 
grained; medium dense to very dense; dry 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

-----------------------------------------------



GE(9S 
GUSellices, UC-Geatechalcal aa• Materla~ En1lneers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED {LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. 

. 22.5 

25.0 

27.5 

30.0 

37.5 

40.0 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 24.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

8-110 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. 

POWER AUGERI NG X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

RESULTS ----...--
N-Value 

LOG OF BORING B-11 0 
SHEET2 OF 2 

DRILLING co ___ A:...pe_x_G_e_os_c_ie_n_ce_l_nc_. __ -1 

DRILLER 

Sammy Joe Allison 

__E2'..__ FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 20, 2015 

Yes DEPTH 37.0 FT. 

SAMPLED 

TOP OF ROCK 

37.0 FT. 11.3 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 37.0 FT. 

DEPTH FT. 

FT. 

37.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.0 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-111 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERI NG 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

5-24-65 
N=89 

35-60+ 
N=>60 

32-90+ 
N=>90 

FT. 

FT. 

FT. 

FT. 

FT. 

4.3 

6.6 -

5.8 

LOG OF BORING 8-111 
SHEET 1 OF 2 

DRILLING co ___ A __ pe_x_G_e_o_s_ci_en_c_e_In_c_. ---1 

DRILLER 

~FT. 

FT. 

NIA FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense; dry 

Silty SAND (SM) with trace caliche - light brown; 
fine grained; medium dense to very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 



---------------

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 20, 2015 

Yes DEPTH 37.0 FT. 

SAMPLED 

TOP OF ROCK 

37.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

11.3 M 

DEPTH 37.0 FT. 

DEPTH FT. 

FT. 

37.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FT. ELEV. 

22.5 -22.5 

-25.0 -25.0 

27.5 -27.5 

30.0 -30.0 

37.5 -37.5 

-40.0 

REMARKS: 

FROM TO 

FT. FT. 

23.0 24.0 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

B-111 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

7 

ss 

X 

FIELD 

N-Value 

24-31-48 
N=79 

FT. 

FT. 

FT. 

FT. 

FT. 

LOG OF BORING 8-111 
SHEETZ OF 2 

DRILLING co ___ A'-pe_x_G_e_o_sc_ie_n_ce_ln_c. __ --1 

DRILLER 

N/A FT. 

FT. 

CONTINUED 

4
_
3 

- Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

2.5 

AUGER REFUSAL AT 37 FEET 



•GE(9S 
GUServlm, UC.6e11echnlcal ••• Matorlal, En1lneers 

• 

BORING NO./ LOCATION 

July 15, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 18.8 

• 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

AB-1 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

N=48 

16-19-19/4" 
N=19/4" 

29-21/3" 
N=21/3" 

FT. 

FT. 

FT. 

FT. 

FT. 

6.2 

4.3 

4.9 

LOG OF BORING AB-1 
SHEET 1 OF 2 

DRILLING co ___ A __ p_ex_G_e_o_s_ci_en_c_e_ln_c_. ---11 

DRILLER 

Dry FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 
grained; dense; dry 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; dense to very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

-----------------------------------------------



BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 15, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. ELEV. 

22.5 - -22.5 

25.0 

27.5 

30.0 

37.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 23.B 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

AB-1 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

----~-
N-Value 

LOG OF BORING AB-1 
SHEET2 OF 2 

DRILLING co ___ A"'""pe_x_G_e_o_sc_ie_n_ce_ln_c. __ --1 

DRILLER 

Dry FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 



eGEC9S 
61JSemcos, llC-6e1teebnl~l ••~.Material, En1tneer1 

• 

BORING NO./ LOCATION 

July 13, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.5 

• 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

AB-2 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. -----
POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

2 

6 

-----
FIELD 

RESULTS SAMPLE 1-----~
TY PE 

ss 

ss 

ss 

N-Value 

4-4-5 
N=9 

7-25-30 
N=55 

16-22-30 
N=52 

3.7 

3.4 

3.1 

LOG OF BORING 

SHEET 1 OF 2 

AB-2 

DRILLING co ___ A"-pe_x_G_e_o_s_ci_en_c_e_In_c_. ---1 

DRILLER 

N/A FT. 

Silty SAND (SM) with caliche - brown; fine 

grained; loose; dry 

Silty SAND (SM) with caliche - light brown; fine 

grained; medium dense; dry 

Silty SAND (SM) with trace caliche - orangish 

brown; dense; dry 

Silty SAND (SM) with caliche - orangish brown; 

fine grained; very dense; dry 

-----------------------------------------------



GE(9S 
6E1Semces, UC.Gealel:bnlcal an~ Mattrials &1ineers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 13, 2015 

No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOITOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

FROM TO 

FT. FT. 

23.0 23.8 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

AB-2 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE FIELD 

OR SAMPLE 

RUN NO. TYPE N-Value 

7 

LOG OF BORING 

SHEET2 OF 2 

AB-2 

DRILLING CO Apex Geoscience Inc. 

DRILLER 
------------

Sammy Joe Allison 

DATA (IF APPLICABLE) 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with caliche - orangish brown; 
fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

------------------------------------------------



•GE~S 
G~~ervlcei,UC-llealed:nl~riab En1lneeri 

• 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

Yes DEPTH 40.0 FT. 

SAMPLED 

TOP OF ROCK 

40.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

12.2 M 

DEPTH 40.0 FT. 

DEPTH FT. 

FT. 

40.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.3 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-1 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. lYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

4-24-15 
N=39 

20-48-32/3" 
N=32/3" 

26-48-26/3" 
N=26/3" 

FT. 

FT. 

FT. 

FT. 

FT. 

2.8 

5.8 

5.4 

LOG OF BORING 

SHEET 1 OF 2 

TF-1 

DRILLING co ___ A __ p_ex_G_e_o_s_ci_e_nc_e_l_nc_. __ -1 

DRILLER 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - grayish brown 
and brown; fine grained; dense; dry 

Silty SAND (SM) with caliche -light brown to 
brown; fine grained; very dense to dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 



G.Erns 
GHSerrices, W:.6e1~n.l~rial.• Ea1lneera 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 21, 2015 

Yes DEPTH 40.0 FT. 

SAMPLED 

TOP OF ROCK 

40.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

12.2 M 

DEPTH 40.0 FT. 

DEPTH FT. 

FT. 

40.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FT. ELEV. 

22.5 -22.5 

25.0 -25.0 

27.5 -27.5 

30.0 -30.0 

37.5 -37.5 

-40.0 

REMARKS: 

FROM TO 

FT. FT. 

23.0 24.5 

38.0 38.3 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-1 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE FIELD 

OR SAMPLE 

RUN NO. TYPE N-Value 

7 

N=76/5" 

11 ss N=100/4" 

3.0 

3.7 

4.6 

LOG OF BORING TF-1 ------
SHEET 2 OF 

DRILLING co ___ A""'p_e_x_G_eo_s_c_ie_nc_e_l_nc_. __ -1 

DRILLER 

Sammy Joe Allison 

Dry FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

AUGER REFUSAL AT 40 FEET 



•GE.fiS 
6£1Servlces, llc-llulecb~l~mls £a9lneer, 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

• 

FT. 

2.5 

5.0 

7.5 

STRATUM 

DEPTH 

ELEV. 

-2.5 

-5.0 

-7.5 

10.0 -10.0 

17.5 

20.0 -20.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

1.0 2.5 

3.0 4.5 

5.0 6.5 

18.0 18.8 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-2 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

1-2-2 
N=4 

25-55-25/2" 
N=25/2" 

23-70+ 
N=>70 

FT. 

FT. 

FT. 

FT. 

FT. 

6.7 

5.9 -

5.9 

LOG OF BORING 

SHEET 1 OF 2 

TF-2 

DRILLING co ___ A __ pe_x_G_e_o_s_ci_en_c_e_ln_c_. ---1 

DRILLER 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with trace caliche - brown; fine 
grained; very loose; dry 

Silty SAND (SM) with trace caliche - light brown; 
fine grained; medium dense to very dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 



GE(9S 
6£1Semces, UC.Be~tedt•lcal ~u Mmria~ Eopneers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. 

22.5 

25.0 

27.5 

30.0 

37.5 

ELEV. 

-22.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 24.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-2 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

----~-
N-Value 

LOG OF BORING 

SHEET 2 OF 2 

TF-2 

DRILLING co ___ A"'""pe_x_G_e_o_sc_ie_n_ce_ln_c. __ -1 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



BORING NO./ LOCATION 

July 16, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 

DEPTH 

FT. 

FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.5 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-3 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

11-9-8 
N=17 

18-28-45 
N=73 

17-33-50 
N=83 

FT. 

FT. 

FT. 

FT. 

FT. 

5.5 

9.0 

4.5 

LOG OF BORING 

SHEET 1 OF 2 

TF-3 

DRILLING co ___ A_p_ex_G_e_o_s_ci_en_c_e_ln_c_. ---1 

DRILLER 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - grayish brown; 
fine grained; medium desne; dry 

Silty SAND (SM) with caliche - brown; fine 
grained; very dense to dense; dry 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 



GE(9S 
GUSfflices, UC-GHmbnlcal ant MaterialJ En9in~ers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH FT. 

DEPTH FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FT. ELEV. 

22.5 - -22.5 

25.0 

27.5 

30.0 

37.5 

-25.0 

-27.5 

-30.0 

-37.5 

-40.0 

REMARKS: 

FROM TO 

FT. FT. 

23.0 24.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-3 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

SAMPLE 

TYPE 

FIELD 

RESULTS 
1-----........ --. 

N-Value 

LOG OF BORING TF-3 
SHEET 2 OF 2 

DRILLING co ___ A.:...pe_x_G_e_o_sc_ie_n_ce_ln_c. __ --1 

DRILLER 

Sammy Joe Allison 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

----------------------------------------------



•GE(9S 
6UServlm,_UC-Ge1tecbnlcal au Materbll Eo9lneer, 

BORING NO./ LOCATION 

July 16, 2015 DATE 

REFUSAL: Yes DEPTH 40.0 

SAMPLED 

TOP OF ROCK 

40.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

12.2 

DEPTH 

DEPTH 

40.0 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.2 

20.0 -20.0 

REMARKS: 

FT. 

M 

FT. 

FT. 

FT. 

FT. 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-4 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

4-40-20 
N=60 

20-35-4 712" 
N=47/2" 

19-34-51 /2" 
N=51/2" 

FT. 

FT. 

FT. 

FT. 

FT. 

7.4 

LOG OF BORING 

SHEET 1 OF 2 

TF-4 

DRILLING co ___ A.;..p_ex_G_e_o_s_ci_en_c_e_ln_c_. ---4 

DRILLER 

Sammy Joe Allison 

Silty SAND (SM) with caliche - grayish brown; 
fine grained; very dense; dry 

Silty SAND (SM) with trace caliche - light brown; 
fine grained; dense to very dense; dry 

5.2 - Silty SAND (SM) with trace caliche - brown; fine 
grained; very dense; dry 

4.3 



GE(9S 
6£1Sel'lim, UC-6e11l!cbolcal ant Mall!rial~ &,5ineers 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 21, 2015 

Yes 

SAMPLED 

TOP OF ROCK 

40.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTTOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 40.0 FT. 

12.2 M 

DEPTH 40.0 FT. 

DEPTH FT. 

FT. 

40.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FT. ELEV. 

22.5 -22.5 

25.0 -25.0 

27.5 -27.5 

30.0 -30.0 

37.5 -37.5 

-40.0 

REMARKS: 

FROM TO 

FT. FT. 

23.0 24.5 

38.0 38.1 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-4 

SURFACE ELEV. FT. ----
ELEV. FT. 

ELEV. FT. ----
ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE 

OR 

RUN NO. 

7 

10 ss 

FIELD 

RESULTS 

N-Value 

N=100/4" 

N=100/1" 

6.5 

3.3 

3.5 

LOG OF BORING TF-4 
SHEET 2 OF 2 

DRILLING co ___ A~pe_x_G_e_o_sc_ie_n_ce_ln_c. __ -t 

DRILLER 

~FT. 

FT. 

N/A FT. 

FT. 

CONTINUED 

Silty SAND (SM) - orangish brown; fine grained; 
very dense; dry 

Silty SAND (SM) - orangish brown; fine grained; 
very dense; dry 

AUGER REFUSAL AT 40 FEET 



BORING NO./ LOCATION 

July 16, 2015 DATE 

REFUSAL: No DEPTH FT. 

SAMPLED 

TOP OF ROCK 

25.0 FT. 7.6 M 

BEGAN CORING 

FOOTAGE CORED (LF) 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

DEPTH 

DEPTH 

FT. 

FT. 

FT. 

25.0 FT. 

STRATUM 

DEPTH 

SAMPLE DEPTH 

FROM TO 

FT. ELEV. FT. FT. 

1.0 2.5 

2.5 -2.5 

3.0 4.5 

5.0 -5.0 

5.0 6.5 

7.5 -7.5 

10.0 -10.0 

17.5 

18.0 19.3 

20.0 -20.0 

REMARKS: 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-5 

SURFACE ELEV. 

ELEV. 

ELEV. 

ELEV. 

ELEV. 

POWER AUGERING 

SAMPLE 

OR SAMPLE 

RUN NO. TYPE 

ss 

2 

ss 

6 ss 

X 

FIELD 

N-Value 

N=22 

26-46-60 
N=106 

22-39-58 
N=97 

FT. 

FT. 

FT. 

FT. 

FT. 

8.1 

6.4 

5.0 

LOG OF BORING 

SHEET 1 OF 2 

TF-5 

DRILLING CO Apex Geoscience Inc. -------------11 
DRILLER 

~FT. 

FT. 

N/A FT. 

Silty SAND (SM) with caliche - grayish brown; 

fine grained; medium dense; dry 

Silty SAND (SM) with caliche - light brown; fine 

grained; medium dense to loose to very dense; 
dry 

Silty SAND (SM) with trace caliche - orangish 

brown; fine grained; very dense; dry 

-----------------------------------------------



•GE~S 
6£1Servlces,,Uc-Ge11ec•nl~rlab ED1lneeri 

BORING NO./ LOCATION 

DATE 

REFUSAL: 

July 16, 2015 

No 

SAMPLED 

TOP OF ROCK 

25.0 FT. 

BEGAN CORING 

FOOTAGE CORED (LF) 

DEPTH 

DEPTH 

DEPTH 

FT. 

7.6 M 

FT. 

FT. 

FT. 

BOTIOM OF HOLE DEPTH 

BORING ADVANCED BY: 

25.0 FT. 

STRATUM 

DEPTH 

FT. ELEV. 

22.5 -22.5 

25.0 -25.0 

27.5 -27.5 

30.0 -30.0 

37.5 

40.0 -40.0 

REMARKS: 

SAMPLE DEPTH 

FROM TO 

FT. FT. 

23.0 24.5 

Consolidated Interim Storage Facility 
Andrews, Texas 

GEOServices Project No.: 31-151247 

TF-5 

SURFACE ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

ELEV. FT. 

POWER AUGERING X 

SAMPLE FIELD 

OR SAMPLE 

RUN NO. TYPE N-Value 

7 

LOG OF BORING 

SHEET2 OF 2 

TF-5 

DRILLING co ___ A __ p_ex_G_eo_s_c·_1e_nc_e_l_nc_. __ -1 

DRILLER 

~FT. 

FT. 

NIA FT. 

CONTINUED 

Silty SAND (SM) with trace caliche - orangish 
brown; fine grained; very dense; dry 

BORING TERMINATED AT 25 FEET 

-----------------------------------------------
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Boring 
Number 

B-101 

B-102 

B-103 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
9 
10 

2 
3 
4 
5 
6 
7 

2 

SOIL DATA SUMMARY 
Consolidated Interim Storage Facility - Andrews, Texas 

GEOServices Project No. 31-151247 
August 5, 2015 

Natural 
Depth Moisture Atterberg Limits 
feet) Content LL PL 

1.0 - 2.5 3.6% 
3.0 - 4.5 3.9% 
5.0 - 6.5 6.5% 
8.0 - 9.5 7.8% 

13.0 - 14.5 6.7% 
18.0 - 19.5 5.7% 
23.0 - 24.5 5.7% 
31.0 - 31.2 5.7% 
33.0 - 33.2 7.7% 

1.0 - 2.5 3.4% 
3.0 - 3.8 
5.0 - 6.5 
8.0 - 9.5 

13.0 - 13.8 
18.0 - 18.8 
23.0 - 23.8 

1.0 - 2.5 

6.9% 
6.0% 
4.6% 
3.1% 

3.3% 
5.3% 

8.0 - 9.5 8.1% 
4.8% 

18.0 - 19.0 4.1% 

Page 1 of 4 

Soil 
Tye 



• SOIL DATA SUMMARY 
Consolidated Interim Storage Facility - Andrews, Texas 

GEOServices Project No. 31-151247 
August 5, 2015 

Natural 
Boring Sample Depth Moisture Atterberg Limits 

Number Number feet Content LL PL 
1 1.0 - 2.5 4.5% 
2 3.0 - 4.5 3.9% 
3 5.0 - 6.5 3.9% 

B-106 4 8.0 - 9.5 5.3% 
5 13.0 - 13.9 6.7% 
6 18.0 - 19.5 6.8% 
7 23.0 - 24.4 6.2% 

1.0 - 1.8 5.3% 
2 3.0 - 4.5 4.5% 
3 5.0 - 6.5 4.1% 

B-107 4 8.0 - 9.5 5.7% 
5 13.0 - 14.0 
6 18.0 - 19.5 
7 23.0 - 24.4 

1.0 - 2.5 
2 3.0 - 4.5 
3 ·5.0 - 6.5 

B-108 4 

B-109 

6.3% 
4.7% 

5.0% 29 N.P. 
4.7% 
6.0% 
8.9% 
7.1% 
5.1% 
4.4% 

• Page 2 of4 



• SOIL DATA SUMMARY 
Consolidated Interim Storage Facility - Andrews, Texas 

GEOServices Project No. 31-151247 
August 5, 2015 

Natural 
Boring Sample Depth Moisture Atterberg Limits 

Number Number (feet) Content LL PL 
I 1.0 - 2.5 6.7% 
2 3.0 - 4.5 4.5% 
3 5.0 - 6.5 5.2% 
4 8.0 - 9.5 4.3% 

B-111 5 13.0 - 14.0 6.6% 
6 18.0 - 19.0 5.8% 
7 23.0 - 24.0 6.0% 
8 28.0 - 29.5 4.3% 
9 33.0 - 34.5 2.5% 

1 1.0 - 2.5 3.3% 
2 3.0 - 4.5 3.9% 
3 5.0- 6.5 

AB-I 4 8.0 - 9.5 24 
5 13.0 - 14.3 
6 18.0 - 18.8 
7 23.0 - 23.8 

• 1.0 - 2.5 35 

AB-2 

45 

5.8% 
5.4% 
2.7% 
3.0% 
3.7% 
4.6% 

1.0 - 2.5 4.3% 28 N.P. 
3.0 - 4.5 4.8% 
5.0 - 6.5 3.9% 
8.0 - 9.5 6.7% 

13.0 - 14.2 5.9% 
18.0 - 18.8 5.9% 
23.0 -24.5 4.2% 

• Page 3 of4 
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• 

Boring 
Number 

TF-3 

TF-4 

TF-5 

Sample 
Number 

I 
2 
3 
4 
5 
6 
7 

2 
3 
4 
5 
6 
7 
8 
9 
10 

2 

SOIL DATA SUMMARY 
Consolidated Interim Storage Facility - Andrews, Texas 

GEOServices Project No. 31-151247 
August 5, 2015 

Natural 
Depth Moisture Atterberg Limits 

feet Content LL PL 
1.0 - 2.5 4.3% 
3.0 - 4.5 4.6% 
5.0 - 6.5 3.9% 
8.0 - 9.5 5.5% 

13.0 - 14.5 9.0% 
18.0 - 19.5 4.5% 
23.0 -24.5 3.8% 

1.0 - 2.5 3.7% 
3.0 - 4.5 3.9% 
5.0 - 6.5 6.6% 
8.0 - 9.5 7.4% 

13.0 - 14.2 
18.0 - 19.2 
23.0 - 24.5 
28.0 - 28.8 
33.0 - 33.3 
38.0 - 38.1 

Page 4 of4 

34 



-'":!Ees 
~LLC-Geatechnical an.d M.aterials Engineer,, 

LABORATORY COMPACTION OF SOILS 
ASTM D 698 Method C 

GEOS Project Name: WCS CISF - Andrews, TX 

GEOS Project Number: 31-151247 -------------
GEO S Log#: NA -------------

Sample Location: B-101 -------------
Sample Depth: O - 1 O' -------------

Sample Description: Brown Silty Sandy Clay with rock 

+:;' 
a 
a 

125.0 

120.0 

I LL 
·u 
j :C 115.0 

I 
I Vl 
; "C 
. § 110.0 
'0 
I o.. ·-I 
~ ·v; 
aj 105.0 

,0 
i~ 
lo 

100.0 

4~, :,2 
Report Date: Dece,rnJ:>eV-3 l, 2018 

Date Received: Qieq:iber 24, 2018 
/. tst· i~ 

16.5 

TNP 
Manual 

Dry 

l,_T-IP_=_T_e_s_t -ln_P_r_o_g-re_s_s------------------------------

GE0Services, LLC- 2561 Willow Point Way Knoxville. Tennessee, 37931 - Phone: (865) 573-6130 Fax: (865) 573-6132 



~.Ees 
~LLC-Geatechnical iJn.d M.alei'.illls Engineers 

LABORATORY COMPACTION OF SOILS 
ASTM D 698 Method B 

GEOS Project Name: WCS CISF - Andrews, TX 

GEOS Project Number: 31-151247 -------------
GEO S Log#: 

Sample Location: B-111 -------------
Sam p I e Depth: O - 10' -------------

Sample Description: Brown Silty Clay with rock 

: 
I~ 
' .... 
10 
10 
1 LL 
;u 

125.0 

120.0 

j :i:i 115.0 

;. 
• Vl 
! "Ci 

' § 110.0 
0 
a. 

Report Date: 

Date Received: 

TNP 
Manual 

Dry 

1 .... T-IP_=_T_e-st_l_n_P_r_o_g_re_s_s------------------------------

GE0Services, LLC - 2561 Willow Point Way Knoxville. Tennessee, 37931 - Phone: (865) 573-6130 Fax: (865) 573-6132 
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• 

• 

GEes CALIFORNIA BEARING RATIO 
ASTM D1883 

GEOSeruices,. LLC-Geotechnical and Materials Engineers· 

Project Name: WCS • CISF -------------
Project#: 31-151247 

Sample ID: B-101 ----------------
Sample Description: Brown Silty Sand with Rock (CBR on -3/4 m 

@ + 2% Optimum 
Moisture 

Wet Density 128.0 
Dry Density 108.5 

Water Content 17.9% 
Compaction 

Swell 
CBR@.1" 
CBR@.2" 

96.6% 
0.09% 
12.0 
11.4 

pcf 
pcf 

0.1 

@Optimum M 
Conten 

Wet Density 
Dry Density 

Water Content 
----"' 

C 

0.2 0.3 

Penetration, (in) 

0.4 

@ -2% Optimum 
Moisture 

et Density 120.4 
Dry Density 105.1 

Water Content 14.5% 
Compaction 

Swell 
BR@.1" 

R@.2" 

0.5 

93.6% 
-0.07% 

9.6 
9.0 

--e-+2% Optimum .....,._-2% Optimum -+-Optimum Moisture 

GEOServices, LLC 2561 Willow Point Way Knoxville, Tennessee 37931 (865) 573-6130 (865) 573-6132 

pcf 
pcf 
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• 

• 

GEes CALIFORNIA BEARING RATIO 
ASTM D1883 

GEOSeruices, LLC-Geotechnical and Maierials Engineers· 

Project Name: WCS CISF ----------------
Project#: 31-151247 

Sample ID: B-111 ----------------
Sam p I e Description: Brown Silty Sand with Rock (CBR on -3/8 m~.t~ -----=--------'-----~..,..,.,f,''-'--------7i ! : f 7 

@ + 2% Optimum 
Moisture 

Wet Density 126.8 
Dry Density 109.1 

Water Content 16.2% 
Compaction 

Swell 
CBR@.1" 
CBR@.2" 

96.3% 
0.31% 

8.5 
8.0 

pcf 
pcf 

0.1 0.2 0.3 

Penetration, (in) 

0.4 

@ -2% Optimum 
Moisture 

et Density 122.5 
Dry Density 109.3 

Water Content 12.1 % 
Compaction 

Swell 
.... CBR@.1" 
'

1CBR@ 2" "i:,&Ai,,. • 

0.5 

96.5% 
0.48% 

6.6 
6.5 

-+-+2% Optimum ......,_-2% Optimum -+-Optimum Moisture 

GEOServices, LLC 2561 Willow Point Way Knoxville, Tennessee 37931 (865) 573-6130 (865) 573-6132 

pcf 
pcf 



GE----e···s----. . . 

om"""°' '~''""'"'~I"' .... ;,"""~ 

GEOS Project Name: WCS CISF 

SOIL RESISTIVITY & pH 

ASTM G57 & D4972 

---------------
GEOS Project Number: 31-151247 ---------------

Sample ID Depth 

B-101 / Bulk 1.0- 2.5' 

B-111 / Bulk 3.5 - 5.0' 

• 

• 

7.9 

8.1 

GE0Services, LLC - 2561 Willow Point Way Knoxville. Tennessee, 37931 - Phone: (865) 573-6130 Fax: (865) 573-6132 
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GE®S 
C.t0'5mffl.llC.~lrdMitelW>~ 

Appendix C - Generalized Soil Column CISF Site 

ffi~gtffri{(i~.~hJ 
0 2 
2 10 

10 20 
20 25 
25 35 
35 so 
so 80 
80 100 
100 130 
130 230 
230 275 
275 300 
300 360 
360 600 

As can be seen above the soil column ' · e ~~'::eet Only four of the 

eighteen borings pe -f0x:_ the CISF :~e4fc:untered ~;~~r refusal. The auger refusal 

depths ranged 1~v O ;/elow the'';~:;d surface (b~) th~t existed at the time of,the 

exploratton~ear wave s~s were pe , ed tn conJunctton with the geotechrncal 

explorati~~ear wa~ii~pro:;,~lcJ to depths of 100 feet bgs. Additionally, 

multiple previt""s;; i~igati<1>:t1:Zve been performed at the site as well as shear 

· al data outlined below was utilized to extend the soil profile and 

i,fl gme ":,~i/mete ,~i:tt~epth of 600 feet. The depth of 600 feet was selected as the 

termination dti:?t~ue to enco""tTu1ering the Trujillo Sandstone Layer. .. V 

reference the previous studies which were performed along with the 

, aining the necessary soil parameters to perform the settlement analyses . 

1 
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Provided Additional Documents: 

1. Cook-Joyce, Inc. (2007). Geology Report. Dated May 1, 2007. 

2. AECOM. (2016). Site-Specific Seismic Hazard Evaluation and Developme 

Design Ground Motions, WCS Centralized Interim Storage Facility Project. t d March 18, 

2016. 

3. 

Methodology: 

documents. This data was used to produce a soil trati 

below displays the locations of the historical borings pro vi 

I 
I ~· 

I 
1- 12 

I-ti" .... ---. ..... __ 

,_. I 1-z-• 

·--, 
,--
' I ..... 

• I 

. 
• TP-,z I 

\..s .,,._,. 

. 1 ...... 1J 

.... J ..,._,2 .,.._,2 
....,_. ~OJ ...... ··-- , · ..-,_, . ...... 

,t/o-11 
•-y I -· .... ., ....... l _., 

..,._,. ~ • .. -21 tA-2 
# -24 -a 

Figure 1: Historical Borings at WCS Site 
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Stratigraphy Development: 

The upper stratigraphy (to a depth of 45 feet) was based solely on the results o e eighteen 

soil test borings 

From a depth of 45 to I 00 feet below ground surface (bgs) the stratigmphy 

Geologic Column of the CISF Area (Figure 7-30 of the SAR). 

From 100 feet to 600 feet bgs, the Geologic Column of the CI 

SAR), WCS (2007) Plate 2-2, and deeper historical b 

stratigraphy . 

3 
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Appendix D - Static Elastic Modulus Calculation 

As mentioned previously, it was determined that the settlement analysis would b , e · ended to a 

depth of 600 feet (the top of the Trujillo Sandstone Formation). Therefore, co strained modulus 

values needed to be calculated for each of the stratigraphic layers. 

available from the borings and shear wave profiles performed as 

available historical data. 

Methodology 1 : 

To a depth of 20 feet bgs the constrained modulus wa 

graphical representation is shown belo 

10 20 30 33 '° 50 54 60 70 

Average SPT resistance in depth B below footing, Neo(blowslft) 

The borings performed for the CISF site were only advanced to maximum depths of 45 feet. 

Additionally, the methodology outlined in Tan, C.K. , Duncan, J.M., Rojiani, K.B., and Barker, 

R.M. (1991) is only valid up to N-values of 70 blows per foot. Based on the N-values obtained 

1 
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this methodology could only be extended to a depth of 20 feet below ground surface. Therefore, 

a second methodology had to be utilized to generate the constrained modulus from depths of 20 

feet to 600 feet. 

To supplement the information obtained in preparation of the Report of Ge~"· .. ;I cal Exploration, 

GEOServices was provided with a Site-Specific Seismic Hazard Ev~l ..• ~.•.a..i.;t,t,1~9-~~~elopment of 
'""V. ~ Seismic Ground Motions prepared by AECOM (2016). This ocuffient provide. r wave 

velocity profiles at the site to depths of approximately 1200 e6_r 

The shear wave velocities were converted to . usmg the following 

relationship: 

Where, Vs = shear wave velocity 

et bgs, constrained modulus values were obtained from converting the 

· ded in this study to constrained modulus using the unit weight and 

600 feet bgs, constrained modulus values were obtained from converting 

locities provided in AECOM (2016) to constrained modulus using the unit 

2 
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Results 

The table below provides the constrained modulus values for each of the stratigraphic layers. 

These. values. w~re utilized to calculate the anticipated se.ttlements ~or th~ crsz~~s and Cas_k 

Handlmg Bmldmg. The results of the settlement analysis are provided m ~'BP~ £x H of this 

document. A}' 
LA~ 

2 10 54 1200 
10 20 54 1200 
20 25 1530 35815 
25 35 1900 55232 
35 50 2290 80233 
50 80 1840 53870 
80 100 123857 
100 130 84172 
130 230 120769 
230 275 120769 
275 300 120679 
300 360 · .. 120679 
360 600 " 154394 

.

... ; . . , 
. 

. 

:-ar,~IC .... ~n, ~~fjiani, K.B., and Barker, R.M. (1991). Engineering Manual for 

Shallow Fou?fl~t~ns, ~~ for the National Cooperative Highway Research Program 

(NCHRP Projec '.f14) in cooperation with Virginia Polytechnic Institute and State University. 

Sponsored by . an Association of State Highway and Transportation Officials and Federal 
'• ·,1 :!;\i\:y Artion, Washington, D.C., Blacksburg, VA, 171 pp. 

WCS. ~7). (Waste Control Specialists LLC). Application for License to Authorize Near 

Surface Land Disposal of Low-Level Radioactive Waste. Dated March 2007 . 

3 
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AECOM. (2016). Site-Specific Seismic Hazard Evaluation and Development of Seismic Design 

Ground Motions, WCS Centralized Interim Storage Facility Project. Dated March 18, 2016 . 

4 
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• 1} S = Start of Seismic Shear Wave Velocity Profile 
2) E = End of Seismic Shear Wave Velocity Profile 

Seismic Shear Wave Velocity Profile Location & Identifier Aerial Source Provided by: Google Earth Pro, (02/12/2014) 
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Remi 1: Supportive Illustration 
Dispersion Curve Showing Picks and Fit 
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Remi 2: Supportive Illustration 
Dispersion Curve Showing Picks and Fit 
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Remi 4: Supportive Illustration 
Dispersion Curve Showing Picks and Fit 
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TECHNICAL MEMORANDUM 

Seismic Densification 
CISF Site 
Andrews, TX 
DBA Project No.19-017 

To: Derek Kilday, P.E./GEOServices 

From: Timothy C. Siegel, P.E, G.E., , 
Tayler J. Day, P.E. 

Date: 18 February 2020 

1. Introduction 
Dan Brown and Associates, P.C. (DBA) 
our scope of services for the subject projec 
for the design earthquake will be negligible 
calculations is described · 
the Attaclunents. 

P.O. Box309 
Jasper, TN 37347 

(423)942-8681 
www.danbrownandassociates.com 

_, .... ,~,,, 
· -- OF r· ,, ,,,:- ...._"\ ~ ........ €_.,t,A \\ ,,,. -<..t:"•'* '•.:7.n I ,,- ~... ,.w· I· ,, * :' . . . ... * ,, 
I*: - ·~*, ,. .... ~ ........................... ~ 
I. TIMOTHY C. SIEGEL "I. ,. •. -.......... ····················"I. 
,, \ 117477 i f 
f "° ·. .. It;;., tto_;:· .. !fCE'NS~J.,·~<v ..;" \ ~s. ., .. ,; .. ~,<::>' -

,,, StONf>.\. ~~ .,,,, ........ -
sificati alculations as part of 

t the seismic densification 
es or less). The basis of our 

The calculations are provided in 

· de o and a peak ground acceleration of 0.25g. 
ent the design earthquake determined as part 

f@ ge Pad site consists of approximately 2 ft of cover sands 
sand x with normalized SPT N-values ranging 10 to 57 over the top 
s developed based on the boring information (B-101 thru B-110) and 
esented in the GEOServices report2. We expect the cemented caliche 
w a depth of 20ft to exhibit significantly more resistance to seismic 

partially cemented and uncemented sands near the ground surface. 
· anally limited our calculations to the upper 20 ft where the sands and 

ix appear to exhibit less cementation. 

1 AECOM (2016) Site-Specific Seismic Hazard Evaluation and Development of Seismic Design Ground Motions, WCS Centralized 
Interim Storage Facility, Project No. 31787-001, Study No. WCS-12-05-100-001. 
2 GEOServices (2020) Report of Geotechnical Exploration, Consolidated Interim Storage Facility, Andrews, TX, GEOServices Project 
No. 31-151247.R1. 
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4. Methodology 
DBA used the methodology proposed by PradeI3 to compute the seismic densification. The 
Pradel method is applicable to sands and silty sands and we expect that it Id tend to 
overpredict the seismic densification of soils with partial to full cementation. 
earthquake and soil profile for this project, the computed seismic dens· · 
cemented layers is very small. 

5. Concluding Remarks 

DBA appreciates the opportunity be a part of this project. 
would like to discuss this document or this project. 

Timothy C. Siegel, P.E., G.E., D.GE 
CEO /Senior Principal Engineer 
Dan Brown and Associates PC 
6424 Baum Dr. 
Knoxville, TN 37919 
Mobile: 865-809-4883 
tim@dba. world 

3 Pradel, D. (1998) Procedure to Evaluate the Earthquake-Induced Settlements of Dry Sandy Soils, Journal of Geotech. and Geo
env. Engineering, 124(4), 364-368. 
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e 
Seismic Densification Calculation for Upper 20 ft 
CISF 
Andrews, TX 
18-Feb-20 

M= 
Ne= 

5.00 
1.0 

Depth (ft} 
2.00 
4.00 
6.00 
8.00 
14.00 
19.00 

M 
Ne 

(N1)60 
cr'v(tsf) 

CSR 
4 (deg) 
Go (ts!) 

K 
p (ts!) 

R 
a 
b 

y(%) 
(N1)60, cs 

le 
evol15 (%) 

evol(%) 
S (in) 

References: 

(N1)60 cr'v (ts!) CSR CSR • cr'v (ts!) 
21 0.12 0.13 
10 0.24 0.16 
13 0.36 0.16 
35 0.48 0.16 
57 0.84 0.15 
36 1.14 0.14 

Earthquake magnitude 
Number of equivalent cycles 
Normalized N-value 
Effective vertical stress 
Cyclic stress ratio 
Effective friction angle 
Small strain shear modulus 
At-rest horizontal pressure coefficient 
Mean stress 
Ave shear stress/G 
coefficient to determine shear strain 
coefficient to determine shear strain 
Shear strain 
Normalized N-value, clean sand 
Soil behavior type index 
Volumetric strain after 15 cycles 

0.015 
0.038 
0.057 
0.075 
0.124 
0.161 

olumetric strain adjusted for actual cycles 
Ground surface settlement from seismic compr 

Pradel, D. (1998) "Procedure to Evaluate Earth 
Robertson, P.K. and Shao, L. (2010) "Estimation 
Seed, H.B. and Idriss, I.M. (1970) "Soil moduli and 

• 
4 (deg) Go (ts!) K p (ts!) 

30 345.291 0.500 0.080 
30 382.268 0.500 0.160 
30 510.522 0.500 0.240 
30 817.382 0.500 0.320 
30 1270.107 0.500 0.560 
30 1271.435 0.500 0.760 

Computed from SPT boring data 
Computed from depth x soil unit weight 

R 
0.004% 
0.010% 

Computed from design earthquake acceleration (No reductio 
Typical value of sand 
Computed based on b 

E, 124(4), 364-368 

0.00% 

S(IN)= 

l~:IDA.1. 
~{~LWWN 
I · WITIASSOCIATES 

0.001 
0.006 
0.004 
0.001 
0.001 
0.003 

0.016 

ntemational Conf on Recent Advances in Earthquake Engineering and Soil Dynamics. 
RC 70-10, Earthquake Engineering Research Center, University of CA, Berkeley. 
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.fl.DAN 
r1LJmBROWN 
• EITJASSOCIATES 

Project _C ..... 1 ..... S ....... F __ 
Project No. 19-017 
Sheet _1_ of~ 
Date 2 / 17 / 2020 
Engineer TCS 
Checked by TJD 

The following calculations for liquefaction of soils with sand-like behavior are based on 
During Earthquakes - Monograph MN0-12 by I.M. Idriss and R W. Boulanger (200 
Earthquake Engineering Research Institute. 
Soil Stress Conditions -

average total unit weight of soil 

unit weight of water 1wa 

water table depth below ground surface .... very d 

sample depth B9f:ing:B-103' 
s !(;:No,T 

total vertical stress crto~ = 240 · psf 

static water pressure 

effective vertical stress 

normalized SPTN-value 
(based on overburden stress only) 

N60 := CECB"CRCs·Nm 

N60 = 7.1 

( 

p J0.5 

CN_a:= ere~ 

CN a= 2.969 

N1 60 := CN a·N6o 
- -

- 240-psf 

Hammer 
Doughnut 
Safety 
Automatic 
(Skempton, 1986) 

Borehole dia 
65-115mm 
150mm 
200mm 
(Skempton, 1986) 

Rod length 
<3m 
3-4m 
4-6m 
6-lOm 
10-30m 

N1 60 = 21 

CE 
0.5-1.0 
0.7-1.2 
0.8-1.3 

CB 
1.0 
1.05 
1.15 

CR 
0.75 
0.80 
0.85 
0.95 
1.00 



• 

• 

•n•oAN 
·frJ!: 1aenoWN 
P wi'IBJTIASSOCIATES 

overburden correction factor 
(based on overburden stress and 
relative density) 

overburden correction factor 
used in liquefaction analysis 
(max CN = 1.7) 

overburden correction factor 
used in liquefaction analysis 

variable ~ for stress reduction factor 

Project_C_I_S~F __ _ 
Project No. 19-017 
Sheet _2_ of_±__ 
Date 2 / 17 /202 

0.784-0. 

cN_b = ( cr:~ J 

~ l 63 9.7 15.7 
[ )

2 

• - 60 := exp . + FC + 0.01 - (Fe+ 0.01 

N1 60 cs= 24.324 

kl ... •.· :::f .. 0,25.-~~ t:::m~x .... 
1 

fil:w:;=:~51 

( 
z J . 3.28ft 

a:= -1.012 - 1.126-sm -- + 5.133 
11.73 

( 
z J . 3.28ft 

f3 := 0.106 + 0.118 sm -- + 5.142 
11.28 
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fflQflt\owN 
P FNBJASSOCIATES 

stress reduction factor 

Liquefaction Calculations -

cyclic stress ratio 

cyclic resistance ratio 

[
Nl 60 cs 

CRRM7.5_creffl := exp 14.1 + 

magnitude scaling factor 
(rnaximurnMSF = 1.8) 

Project_C=l=S..._F __ 
Project No. 19-017 
Sheet _3_ of...!.___ 
Date 2 / 17 /202 

MSF = 1.919 

= 1 - err 1{ ~~ J Ker= 1.277 

[~ti9f:= Ops~ . 

<l>eff := atan 60 

[ 

N J0.34 

cref~ 
12.2 + 20.3·-

P a 

<l>eff = 43.824-deg 

K0 = 0.308 

Grain type. Q 
quartz and feldspar 10 
limestone 8 
anthracite 7 
chalk 5.5 
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relative state parameter 
(-0.61<,;R<0.11) 

alpha factor 
(maximum a=0.35) 

Project _c_,s_F __ _ 
Project No. 19-017 
Sheet _4_ of ...1__ 
Date 2 / 17 /202 

· Engineer TCS 
Checked by T J 

( ·= I 
R · {100·(1 + 2K0 )cref 

Q-1 
3·Pa 

M _ creffv := CRRM7 .5 _ creffl. MSF. Ker· Ka 

CRRM creffv 
. liq:= CSR FS!iq = 4.151 
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Project _C_I_S_F __ 
Project No. 19-017 
Sheet _1_ of_±__ 
Date 2 / 17 /202 

The following calculations for liquefaction of soils with sand-like behavior are based on S 
During F.arthquakes - Monograph .MN0-12 by I.M. Idriss and R W. Boulanger (2008 
F.arthquake Engineering Research Institute. 

Soil Stress Conditions -

average total unit weight of soil 

unit weight of water 

water table depth below ground surface .... very d 

sample depth Boijng.B~Hn 
S · 1e~d'.) 

total vertical stress 

static water pressure 

effective vertical stress 

nonnalized SPTN-value 
(based on overburden stress only) 

N60 := CECB"CRCs·Nm 

N60 = 4.7 

( 

p J0.5 
CN _a:= cre;fv 

N1 60 := CN a·N6o - -

crtoiy = 480psf 

- 480psf 

Hammer 
Doughnut 
Safety 
Automatic 
(Skempton, 1986) 

Borehole dia 
65-115mm 
150mm 
200mm 
(Skempton, 1986) 

Rod length 
<3m 
3-4m 
4-6m 
6-lOm 
10-30m 

N1 60 = 9.9 

CE 
0.5-1.0 
0.7-1.2 
0.8-1.3 

CB 
1.0 
1.05 
1.15 

CR 
0.75 
0.80 
0.85 
0.95 
1.00 
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overburden coITection factor 
(based on overburden stress and 
relative density) 

overburden con-ection factor 
used in liquefaction analysis 
(max CN = 1.7) 

overburden coITection factor 
used in liquefaction analysis 

variable ~ for stress reduction factor 

Project _C ___ I ___ S ___ F __ _ 
Project No. 19-017 
Sheet _2_ of...!.__ 
Date 2 / 17 /20 
Engineer TCS 
Checked by T J 

0.784-0. 

CN_b " ( u:~J 

·= ex [1 63 + 9.7 - ( 15.7 )2 
_60. p . FC + 0.01 FC + O.Ql 

N1_60_cs := N1_60 + .6.N1_60 

N1 60 cs= 16.103 

( 
z J . 3.28ft 

a:= -1.012 - 1.126-sm -- + 5.133 
11.73 

( 
z J . 3.28ft 

(3 := 0.106 + 0.118 sm -- + 5.142 
11.28 
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ril~f:tll.qBROWN 
• 'IBRTIASSOCIATlS 

stress reduction factor 

Liquefaction Calculations -

cyclic stress ratio 

cyclic resistance ratio 

[
Nl 60 cs 

CRRM7.5_creffl := exp ~4.1- + 

magnitude scaling factor 
(maximum MSF = 1.8) 

Project _C ___ l=S ..... F __ 
Project No. 19-017 
Sheet _3_ of ...i.._ 
Date 2 / 17 /202 

MSF = 1.919 

ccr = 0.094 

( )
0.5 

18.9 - 2.55· N1_60 

<l>eff := atan 60 

[ 

N J0.34 

cref;,, 
12.2 + 20.3--

P a 

<l>eff = 36.898-deg 

Grain type. Q 
quartz and feldspar 10 
limestone 8 
anthracite 7 
chalk 5.5 
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relative state parameter 
(-0.61~<0.11) 

alpha factor 
(maximum a=0.35) 

Project _C;;;;;.l:.;::S;.:..F __ _ 
Project No. 19-017 
Sheet _4_ of_!__ 
Date 2 / 17 /2020 
Engineer TCS 
Checked by T J 

1 ( ·= -----,::-----,----,---= 
R · {100·(1 + 2K0 )cref 

Q-1 
3·Pa 

CRRM creffv 
liq:= CSR FS!iq = 2.261 
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Project_C ___ l=S ..... F __ 
Project No. 19-017 
Sheet _1_ of__!_ 
Date 2 / 17 /202 

The following calculations for liquefaction of soils with sand-like behavior are based on 
During Earthquakes - Monograph MN0-12 by l.M. Idriss and R. W. Boulanger (2008 
Earthquake Engineering Research Institute. 

Soil Stress Conditions -

average total unit weight of soil 

unit weight of water 

water table depth below ground surface .... very d 

sample depth Boring R:J.10 
Sam ieNb.3 

total vertical stress 

static water pressure 

ato!y = 720-psf 

effective vertical stress 

normaliz.ed SPTN-value 
(based on overburden stress only) 

Hammer 
Doughnut 
Safety 
Automatic 
(Skempton, 1986) 

Borehole dia 
65-115mm 
150mm 
200mm 
(Skempton, 1986) 

CE 
0.5-1.0 
0.7-1.2 
0.8-1.3 

CB 
1.0 
1.05 
1.15 

N60 := CE"CB-CR·Cs·Nm Rod length CR 
0.75 
0.80 
0.85 
0.95 
1.00 

N60 = 7.7 

( 

p J0.5 

CN_ a := cre;~ 
CN a= 1.714 

N1 60 := CN a·N6o - -

<3m 
3-4m 
4-6m 
6-lOm 
10-30m 

N1 60 = 13.2 
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C!LJDBROWN 
• fEFJASSOCIATES 

overburden correction factor 
(based on overburden stress and 
relative density) 

overburden correction factor 
used in liquefaction analysis 
(max CN = 1.7) 

overburden correction factor 
used in liquefaction analysis 

variable ~ for stress reduction factor 

Project _C_I-S~F __ _ 
Project No. 19-017 
Sheet _2_ of _.1_ 
Date 2 / 17 /20 
Engineer TCS 
Checked by TJ • 

0.784-0.0 , · 

cN_b = ( a:~J 

9.7 15.7 
[ )

2 

~ := ex 1.63 + -
_60 p FC + 0.01 (FC + 0.01 

N1_60_cs := N1_60 + ~N1_60 

N1 60 cs= 18.67 

1~rnx := o:25'.aj 

tfi\~:= 5J 

( 
z J . 3.28ft 

a:= -1.012 - 1.126-sm -- + 5.133 
11.73 

( 
z J . 3.28ft !3 := 0.106 + 0.118 sm -- + 5.142 

11.28 



• 

• 

• 

·o·DAN D! . IE51BROWN 
• fWTJASSOCIATES 

stress reduction factor 

Liquefaction Calculations -

cyclic stress ratio 

cyclic resistance ratio 

[
Nl 60 cs 

CRRM7.5_creffl := exp 14.1 + 

magnitude scaling factor 
(maximum MSF = 1.8) 

Project _C-1-S_F __ 
Project No. 19-017 
Sheet _3_ of _L 
Date 2 / 17 /202 

MSF = 1.919 

( )
0.5 

18.9 - 2.55· N1_60 

ccr = 0.104 

<l>eff := atan 60 

[ 

N J0.34 

ere~ 
12.2 + 20.3--

P a 

<l>eff = 41.31-deg 

K
0 

= 0.34 

Grain type. 
quartz and feldspar 10 
limestone 8 
anthracite 
chalk 

7 

Q 

5.5 



• 

• 

• 

·o·DAN [I ~BROWN 
• '?FiFJASSOCIATES 

relative state parameter 
(-0.61-<sR<O.ll) 

alpha factor 
(maximum a=0.35) 

Project_C-l=S~F __ _ 
Project No. 19-017 
Sheet _4_ of _L 
Date 2 / 17 /202 
Engineer TCS 
Checked by T J 

1 ( ·= ----------,-----,---= 
R · {100·(1 + 2K0 )rre 

Q-1 
3·Pa 

CRRM rreffv 
liq:= CSR FS!iq = 2.573 



• 

• 

• 

:•o•DAN fJ ~BROWN 
·- f!ffiJASSOCIATES 

Project_C_I_S~F __ 
Project No. 19-017 
Sheet _1 _ of ....1._ 
Date 2 / 17 / 2020 
Engineer TCS 
Checked by TJD 

The following calculations for liquefaction of soils with sand-like behavior are based on S 
During Earthquakes - Monograph MN0-12 by I.M. Idriss and R. W. Boulanger (200 
Earthquake Engineering Research Institute. 

Soil Stress Conditions -

average total unit weight of soil 

unit weight of water 

water table depth below ground surface .... very d 

sample depth !Boring B-110 
~leNo.4 

total vertical stress 

static water pressure 

crto~ = 960-psf 

effective vertical stress 

normalized SPTN-value 
(based on overburden stress only) 

Hammer 
Doughnut 
Safety 
Automatic 
(Skernpton, 1986) 

Borehole dia 
65-115mm 
150mm 
200mm 
(Skernpton, 1986) 

CE 
0.5-1.0 
0.7-1.2 
0.8-1.3 

CB 
1.0 
1.05 
1.15 

N6o := CE"CB-CR·Cs·Nm Rod length CR 
0.75 
0.80 
0.85 
0.95 
1.00 

N60 = 23.6 

( 

p J0.5 
CN _ a := cre;fv 

CN a= 1.485 

N1 60 := CN a·N6o 
- -

<3m 
3-4m 
4-6m 
6-lOm 
10-30m 

N1 60 = 35.1 



• 

• 

• 

•
10•0AN ffl .mJBROWN 

• WFIASSOCIATES 

overburden correction factor 
(based on overburden stress and 
relative density) 

overburden correction factor 
used in liquefaction analysis 
(max CN = 1.7) 

recalculated normalized SPT N-value 

overburden correction factor 
used in liquefaction analysis 

variable ~ for stress reduction factor 

Project _C~l=S~F __ _ 
Project No. 19-017 
Sheet _2_ of_!__ 
Date 2 / 17 /20 

0.784-0.0 · 

cN_b := ( rr:~ J 

~ := ex 1.63 + 9.7 _ 15.7 
[ ( )

2 

_60 p FC + 0.01 FC + 0.01 

N1 60 cs:= N1 60 + D..N1 60 
- - - -

N1 60 cs = 36.533 

famax :=, 0.25·~ 

lfi,vd 

( 
z J . 3.28ft 

0( := -1.012 - l.126·S!Il -- + 5.133 
11.73 

( 
z J . 3.28ft 

(3 := 0.106 + 0.118 sm -- + 5.142 
11.28 



• 

•n•oAN 
.laLJfflBROWN 
•. WITTASSOCIATES 

stress reduction factor 

Liquefaction Calculations -

cyclic stress ratio 

cyclic resistance ratio 

[
NI 60 cs 

CRRM7.5_creffl := exp 14.1 + 

magnitude scaling factor 
(maximum MSF = 1.8) 

Project -'C=l=S::...F __ 
Project No. 19-017 
Sheet _3_ of_!__ 
Date 2 / 17 / 2020 
Engineer TCS 
Checked by TJ0 

MSF = 1.919 

cl>eff := atan 60 

[ 
N ]034 

creffy 
12.2 + 20.3·-

P a 

cl>eff = 53.879-deg 

K
0 

= 0.192 

[Q:= 1q Grain type. 
quartz and feldspar IO 

Q 

limestone 8 
anthracite 7 
chalk 5.5 



• 

·u·DAN D ~1BROWN 
• WFJASSOCIATES 

relative state parameter 
(-0.61</;R<0.11) 

alpha factor 
(maximum a=0.35) 

Project_C=l=S"""F __ _ 
Project No. 19-017 
Sheet _4_ of~ 
Date 2 / 17 / 2020 
Engineer TCS 
Checked by T J 

I ( ·= ----:=-----:----:----::-. 
R · {100·(1 + 2K0 )cref 

Q-1 
3·Pa 

CSR 
FS!iq = 22.457 



• 

:•o•oAN 
t] ·~BROWN 
• 'IWF!ASSOCIATES 

Project _C ..... I ___ S __ F __ 
Project No. 19-017 

Sheet 1 of 4~ 
Date 2 I 17 / 2020 
Engineer TCS 
Checked by TJD 

The following calculations for liquefaction of soils with sand-like behavior are based on S Ligi e · ,tir,m 
During Earthquakes - Monograph MN0-12 by I.M. Idriss and R W. Boulanger (2008 , wIBr ed by · , 
Earthquake Engineering Research Institute. 
Soil Stress Conditions -

average total unit weight of soil 

unit weight of water 1 wa 

water table depth below ground surface .... very d 

sample depth oringB-104 
!sample No. 5 

total vertical stress crto1y = 1680-psf 

static water pressure 

effective vertical stress 

(based on overburden stress only) 

Hammer 
Doughnut 
Safety 
Automatic 
(Skempton, 1986) 

Borehole dia 
65-115mm 
150mm 
200mm 
(Skempton, 1986) 

CE 
0.5-1.0 
0.7-1.2 
0.8-1.3 

CB 
1.0 
1.05 
1.15 

N60 := CE"CB"CR·Cs·Nm Rod length CR 
0.75 
0.80 
0.85 
0.95 
1.00 

N60 = 50.9 

( 

p J0.5 

CN_ a:= cre;fv 

CN a= 1.122 

N1 60 := CN a·N6o 
- -

<3m 
3-4m 
4-6m 
6-lOm 
10-30m 

N1 60 = 57.1 



• 

• 

·o·DAN Cl lf:BlBROWN .f. 'IPFJASSOCIATES 

overburden correction factor 
(based on overburden stress and 
relative density) 

overburden correction factor 
used in liquefaction analysis 
(maxCN= 1.7) 

overburden correction factor 
used in liquefaction analysis 

variable ~ for stress reduction factor 

Project _C ........ IS ___ F __ _ 
Project No. 19-017 
Sheet _2_ of..±__ 
Date 2 / 17 /20 

~ [1 63 9.7 ( 15.7 )
2 

• - 60 :== exp . + FC + 0.01 - FC + 0.01 

N1 60 cs:== N1 60 + .D.Nl 60 - - - -

N1 60 cs== 59 

. lamax :"'.. 0:2:s.:~ 

l&wd 

( 
z J . 3.28ft 

a:== -1.012 - 1.126-sm -- + 5.133 
11.73 

( 
z J . 3.28ft 

13 :== 0.106 + 0.118 sm -- + 5.142 
11.28 



• 

• 

·ro····DAN 8!· ~BROWN 
P 'l'OOASSOCIATES 

stress reduction factor 

Liquefaction Calculations -

cyclic stress ratio 

cyclic resistance ratio 

[
NI 60 cs 

CRRM7.5_creffl := exp 14.1 + 

magnitude scaling factor 
(maximum MSF = 1.8) 

Project_C=l=S .... F __ 
Project No. 19-017 
Sheet _3_ of ...i_ 
Date 2 I 17 /202 

MSF = 1.919 

Ccr = 3.803 

= I -Crr·l{ rrt J Kcr= 1.877 

,T~~·:=."~psfi 

<l>eff := atan 60 

[ 

N J0.34 
cref~ 

12.2 + 20.3,-
P a 

<l>eff = 58.496-deg 

K0 = 0.147 

Grain type. 
quartz and feldspar 10 
limestone 8 
anthracite 
chalk 

7 

Q 

5.5 



• 

• 

• 

·o·DAN El EwJBROWN 
P '3FJASS0CIATES 

relative state parameter 
(-0.61 «;R.<0.11) 

alpha factor 
(maximum a=0.35) 

Project_c_1S~F __ _ 
Project No. 19-017 
Sheet _4_ of~ 
Date 2 / 17 /2020 
Engineer TCS 
Checked by T J 

1 
~ ·= --=--.,-------,-----=-
R · {100·(1 + 2K0 )cref 

Q-1 
3·Pa 

CRRM creffv 
liq:= CSR 

Ko.= 1.002 

7 
FS!iq = 8.725 x 10 



• 

• 

• 

:•,...,u•DAN 
fl. ~BROWN 
• . '¥ITJASS0CIATES 

Project _C-1-S_F __ 
Project No. 19-017 
Sheet _1_ of ....L_ 
Date 2 I 17 / 2020 

The following calculations for liquefaction of soils with sand-like behavior are based on 
During &lrthquakes - Monograph tvtN0-12 by I.M. Idriss and R W. Boulanger (2008 
&lrthquake Engineering Research Institute. 

Soil Stress Conditions -

average total unit weight of soil 

unit weight of water "lwa•"""~''"""''''-

water table depth below ground surface .... very dee 

sample depth oring 13-101 
~QleNo.6 

total vertical stress 

static water pressure 

crtoly = 2280-psf 

effective vertical stress 

nonnaliz.ed SPT N-value 
(based on overburden stress only) 

Hammer 
Doughnut 
Safety 
Automatic 
(Skempton, 1986) 

Borehole dia 
65-115mm 
150mm 
200mm 
(Skempton, 1986) 

CE 
0.5-1.0 
0.7-1.2 
0.8-1.3 

CB 
1.0 
1.05 
1.15 

N60 := CE"CB"CR·Cs·Nm Rod length CR 
0.75 
0.80 
0.85 
0.95 
1.00 

N60 = 36.8 

( 

p J0.5 

CN _ a := cre;fv 

CN a= 0.963 

N1 60 := CN a·N6o 
- -

<3m 
3-4m 
4-6m 
6-IOm 
I0-30m 

N1 60 = 35.5 
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• 

•·u· .DAN ·~ ~:;e::UBROWN .l 9[f]ASS0CIATES 

overburden correction factor 
(based on overburden stress and 
relative density) 

overburden correction factor 
used in liquefaction analysis 
(max CN = 1.7) 
recalculated normalized SPTN-value 

overburden correction factor 
used in liquefaction analysis 

variable ~ for stress reduction factor 

Project_C .... 1 ..... S ...... F __ _ 
Project No. 19-017 
Sheet _2_ of~ 
Date 2 I 17 /20 
Engineer TCS 
Checked by T J • 

0. 784-0.0 : · 

cN_b •~ ( rr:~ J 

6 
9.7 15.7 

[ ( )

2 

·= ex I 3 + -
_60. p . FC + O.Ql FC + 0.01 

N1_60_cs := N1_60 + ~N1_60 

NI 60 cs= 41.516 

~::= ~;25-~ 

tfiw~ 

( 
z J . 3.28ft 

a:= -1.012 - 1.126-sm -- + 5.133 
11.73 

( 
z J . 3.28ft 

f3 := 0.106 + 0.118 sm -- + 5.142 
11.28 
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• 

·n·DAN E:1 ElBROWN 
P '7FEJ ASSOCIATES 

stress reduction factor 

Liquefaction Calculations -

cyclic stress ratio 

cyclic resistance ratio 

[
Nl 60 cs 

CRRM7.5_creffl := exp 14.1 + 

magnitude scaling factor 
(maximum MSF = 1.8) 

Project _C=l=S.:..F __ 
Project No. 19-017 
Sheet _3_ of_!__ 
Date 2 / 17 /202 
Engineer TCS 
Checked by TJ0 

( )
0.5 

18.9 - 2.55· N 1_60 

MSF = 1.919 

Ccr = 0.277 

Ker= 0.979 

<l>eff := atan 60 

[ 

N J0.34 

cref~ 
12.2 + 20.3--

P a 

<l>eff = 53.647-deg 

K
0 

= 0.195 

Grain type. Q 
quartz and feldspar 10 
limestone 8 
anthracite 7 
chalk 5.5 



• 

• 

• 

relative state parameter 
(-0.61~<0.11) 

alpha factor 
(maximum a=0.35) 

Project _C=IS"'"F __ _ 
Project No. 19-017 
Sheet _4_ of_!_ 
Date 2 / 17 / 2020 
Engineer TCS 
Checked by T J 

1 
( ·= --=-----:-----:----=. 
R · {100·(1 + 2K0 )uef 

Q-1 
3·Pa · 

b := exp(-1.11 

CRRM ueffv 
liq:= cs"i FSliq = 93.321 
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Bearing Capacity Calculation 

CISF Storage Pad 



Date: 2/17/2020 
Project: CISF Cask Storage Pads 

Location: Andrews, Texas 

Project No: 31-151247.R2 

Vesic Bearing Capacity Formulas 

where, 

20 

c' 

cl>' 
cr'zo 

Y' 

D 

B 

L 

Sc, Sq, Sy := 

de, dq, dy 

ic, iq, iy 

be, bq, by 

go gq, gy 

• 
BEARINGC 

ultimate bearing capacity 

effective cohesion for soil beneath foundation 

effective unit weight oft 

depth of foundation belo 

width of foundation 

length of foundation 

26.0 
27.0 
28.0 
29.0 
30.0 

16.9 
18.0 

19.3 
20.7 
22.3 
23:9 
25.8 
27.9 
30.1 

7.8 7.1 
8.7 8.2 
9.6 9.4 

10.7 10.9 
11.9 12.5 

:\··13.2 14,5 

14.7 16.7 
16.4 19.3 
18.4 22.4 

• 
Page 1 of 3 

32.0 35.5 30.2 
33.0 38.6 26.1 35.2 

34.0 42.2 29.4 41.1 
35.0 46.1 33.3 48.0 
36.0 50.6 37.8 56.3 
37.0 55.6 42.9 66.2 
38.0 61.4 48.9 78.0 

39.0 67.9 56.0 92.2 
40.0 75.3 64.2 109.4 



• • 
Project Specific Information: 

The CISF Pads will bear at an elevation of 4 feet below ground surface. The pads will consist of a reinfor 
dimensions of the mat are 135 feet by 55 feet. The CISF Pads are anticipated to bear in the Caliche 

an effective unit weight of 95 pounds per cubic foot were utilized for the calculation. 

c' 

cp' 
a'w 

'Y' 

D 

B 

L 

Step 1: Calculate Shape Factors 

Sc= 1 + (B/L)(N/Nc) 

sq= 1 + (B/L)tancp' 

Sy= 1 - 0.4(8/L) 

Step 2: Calculate Depth Factors 

0 psf 

27 degrees 

380 psf 

95 pcf 

4 feet 

55 feet 

135 feet 

s = q 

Sy= 

1.225 

1.208 

0.837 

de= 1.029 

dq = 1.022 

dy= 1.000 

6 e of the footing, the I factors equal 1 and may be neglected. 

• 
Page 2 of 3 



e 
Step 4: Calculate the Base Inclination Factors 

Since the base of the footing is level, all of the b factors equal to 1 and may be neglected. 

Step 5: Calculate the Ground Inclination Factors 

Since the ground surfaceis level the g factors equal to 1 and may be neglected. 

Step 6: Calculate the Ultimate Bearing Capacity 

removing the values which were equal to 1 results in the following: 

37899 

Step 7: Calculate the Allowable Bearing Capacity 

q.11 = qu1tfFOS 

12633 

12633 > 

psf 

psf 

• 
Page 3 of 3 
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Bearing Capacity Calculation 

Cask Handling Building - Main Columns 



• 
Date: 2/17/2020 ----------------------Project: 

Location: Andrews, Texas 

CISF - Cask Handling Building (Main Columns) 
BEARINGC 

Project No: 31-151247.R2 

Vesic Bearing Capacity Formulas 

where, 

quit ultimate bearing capacity 

c' = effective cohesion for soil beneath foundation 

¢,' 

cr'zo 

Y' 

D 

B 

L 

Nc,Nq, Ny 

Sc, Sq, Sy 

de, dq, dy 

ic, iq, iy 

be, bq, by 

gc, gq, gy 

19 
20 

= vertical effective stress at 

width of foundation 

length of foundation 

27.0 
28.0 
29.0 

5.4 30.0 

16.9 7.8 7.1 
18.0 8.7 8.2 
19.3 9.6 9.4 
20.7 10.7 10.9 
22.3 11.9 12.5 
23.9 13.2 14.5 
25.8 14.7 16.7 
27.9 16.4 19.3 
30.1 18.4 22.4 

• 
Page 1 of 3 

32.0 35.5 30.2 

33.0 38.6 26.1 35.2 

34.0 42.2 29.4 41.1 
35.0' , 46:1 33~3 48.0 

36.0 50.6 37.8 56.3 

37.0 55.6 42.9 66.2 

38.0 61.4 48.9 78.0 

39.0 67.9 56.0 92.2 
40.0 75.3 64.2 109.4 



• • 
Project Specific Information: 

The foundations for the Cask Handling Building will bear at an elevation of 10 to 11 feet below ground s 

feet by 183 feet while the foundations for the wind columns measure 26 feet 3 inches by 40 feet. T fo 

to bear in the Caliche with Sand Matrix. An effective friction angle of 35 degrees and an effective 

calculation. 

c' 

cp' 

a'zo 

Y' 

D 

B 

L 

Step 1: Calculate Shape Factors 

sc = 1 + (B/L)(N/Nc) 

Sq = 1 + (B/L)tancp' 

Sy= 1 - 0.4(8/L) 

Step 2: Calculate Depth Factors 

0 psf 

35 degrees 

1300 psf 

130 pcf 

10 feet 

28 feet 

183 feet 

s = q 

Sy= 

1.111 

1.285 

0.837 

de= 1.143 

dq = 1.091 

dy = 1.000 

e of the footing, the I factors equal 1 and may be neglected. 

• 
Page 2 of 3 

or the main columns measure 28 

s~ !}a ling building are anticipated 



• 
Step 4: Calculate the Base Inclination Factors 

Since the base of the footing is level, all of the b factors equal to 1 and may be neglected. 

Step 5: Calculate the Ground Inclination Factors 

Since the ground surfaceis level the g factors equal to 1 and may be neglected. 

Step 6: Calculate the Ultimate Bearing Capacity 

removing the values which were equal to 1 results in the following: 

· 133823 

Step 7: Calculate the Allowable Bearing Capacity 

Qan = Qu1tf FOS 

Qan = 44608 

Based on the loading provided by AECOM the Cask 

psf to the subgrade 

44608 > 

psf 

Page 3 of 3 

d those provided in the text of the report. Typically, on structures which are supported on shallow 

e 



Bearing Capacity Calculation 

Cask Handling Building-Wind Columns 



• • 
Date: 2/17/2020 ----------------------CI SF - Cask Handling Building (Wind Columns) Project: 

Location: BEARINGC Andrews, Texas 

Project No: 31-151247.R2 

Vesic Bearing Capacity Formulas 

where, 

Quit = ultimate bearing capacity 
\ 

c' = effective cohesion for soil beneath foundation 

cp' 
a'w 

Y' 

D 

B 

L 

N0 Nq, Nr 

Sc, Sq, Sy 

de, dq, dy 

ic, iq, iy 

be, bq, by 

gc, gq, gy 

19 
20 

= effective unit weight of 

depth of foundation belo 

= width of foundation 

26.0 
27.0 
28.0 
29.0 

5.4 30.0 

7.1 
18.0 8.7 8.2 
19.3 9.6 9.4 
20.7 10.7 10.9 
22.3 11.9 12.5 
23.9 13.2 14.5 
25.8 14.7 16.7 
27.9 16.4 19.3 
30.1 18.4 22.4 

• 
Page 1 of 3 

35.5 30.2 
38.6 26.1 35.2 
42.2 29.4 41.1 

,,;;,\46.1' 33\3 ,48.0 '< 
50.6 37.8 56.3 

37.0 55.6 42.9 66.2 

38.0 61.4 48.9 78.0 

39.0 67.9 56.0 92.2 
40.0 75.3 64.2 109.4 



• 
to bear in the Caliche with Sand Matrix. An effective friction angle of 35 degrees and an effective 
calculation. 

c' 

cji' 

cr'zo 

Y' 

D 

B 

L 

Step 1: Calculate Shape Factors 

Sc= 1 + (B/L)(Nq/Nc) 

Sq = 1 + (B/L)tancjl' 

Sy= 1- 0.4(8/L) 

Step 2: Calculate Depth Factors 

0 psf 

35 degrees 

1300 psf 

130 pcf 

10 feet 

26.25 feet 

40 feet 

1.474 

Sq= 1.285 

Sy= 0.837 

de= 1.152 

dq = 1.097 

dy= 1.000 

e of the footing, the I factors equal 1 and may be neglected. 

• 
Page 2 of 3 

or the main columns measure 28 

a dling building are anticipated 

ot were utilized for the 



e • • 
Step 4: Calculate the Base Inclination Factors Page 3 of 3 

Since the base of the footing is level, all of the b factors equal to 1 and may be neglected. 

Step 5: Calculate the Ground Inclination Factors 

Since the ground surfaceis level the g factors equal to 1 and may be neglected. 

Step 6: Calculate the Ultimate Bearing Capacity 

removing the values which were equal to 1 results in the following: 

129590 psf 

Step 7: Calculate the Allowable Bearing Capacity 

43197 

Based on the loading provided by AECOM the Cask imum service level pressure of 1,860 
psf to the subgrade 

43197 > 

d those provided in the text of the report. Typically, on structures which are supported on shallow 
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lfl•DAN 
[J~CIJBROWN 
I.,. 'WJJ ASSOCIATES 
TECHNICAL MEMORANDUM 

Settlement Analyses 
CISF Storage Pad Site 
Andrews TX 
DBA Project No. 19-017 

P.O. Box309 
Jasper; TN 37347 

(423)942-8681 
www.danbrownandassociates.com 

To: Derek Kilday, P.E./GEOServices _ ......... ,,,,, 
From: 

· --~oFr~', ~ \'-:'\ .......... ~J-_,, \' 

Tayler J. Day, P.E. 
,,,. e-."-,·~· * '•;'l.n 11 ,,- ---J • •.w· '. ,, * ... ... * 11 

1*! ·~*~ 
Date: 17 February 2020 !..····~···············~···········~ 

'f. TIMOTHY C. SIEGEL "I 
,. II I 1,1111 I• I 111t1•1•111111II lt,11'1 

1. Introduction 

,, \ 117477 / J '-0 . ..,:;;_, t?o;, .. l/cENS~~ ... ~«,"" 
\ ~s.············~c;,'- ~ 
\\ S/ONAl ~":._..:"" · 

'''"'"'"-
This Technical Memorandum (TM) pre eH; 
interim storage pad system at the subject ·: 
described as a soil column as part of their revised 

· cal report. Loading and pad dimensions 
sections of this TM briefly describe the soil 

n soil properties and stresses applied to the 
cture. Geotechnica explorations were performed by AECOM1 and 
mation collected by GEOServices extends to auger refusal at 

e ground surface that existed at time of exploration. Typical 
th of influence of twice the least dimension of the loaded area. 

1 AECOM. (2016). Site-Specific Seismic Hazard Evaluation and Development of Seismic Design Ground Motions, WCS Centralized Interim 
Storage Facility Project. Dated March 18, 2016 . 

2 GEOServices (2018) Report of Geotechnical Exploration: Consolidated Interim Storage Facility (CISF) Andrews, Texas 
Geoservices,, LLC Project No. 31-151247.R1. Submitted to Waste Control Specialists, LLC. Dated 15 July 2016 
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Table 1- Soil column layer information provided in revised GE0Services Report of Geotechnical 
Exploration 
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· ensional program for the 
r foundations and surface loads. Settle3 is 

sion settlement and settlement due to 
a load is applied to materials that can be 

assumed to beh 
stiffness ( rep 
consistent hig 
mechanism. Con 

omposition of the soil column and relative 
ity profiles) coupled with the absence of a 

iate Settlement as the dominant deflection 
ere excess pore pressures gradually dissipate. 

As ermanent water table observed in the extensive geotechnical 
ess porewater pressures are unlikely to be generated so DBA 

ti.on will not significantly contribute to storage pad deflections 
tress computation method used in this analysis was the 
ti.on of multiple layers with Poisson's ratio inputs. 

be estimated in Settle3 using constrained modulus to represent the 
otechnical material. Constrained modulus was not directly provided in 
al explorations. The constrained modulus of soil was determined using 

rage standard penetration test (SPT) N-value that was proposed by Tan et 
N-values (excluding refusal) in the GEOServices borings were compared to 

oaded Sand or Sand and Gravel" relationship to estimate the constrained 
the highest resolution measurements available. The majority of the SPT N-values 

3 Tan, C.K., Duncan, J.M., Rojiani, K.B., and Barker, R.M.(1991) Engineering Manual for Shallow Foundations, prepared for the 
National Cooperative Highway Research Program (NCHRP Project 24-4) Sponsored by AASHTO and FHWA, 
Washington, D.C., 171 pp 
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measured in the remaining layers of the GEOServices borings were larger than 70 blows/ft and 
are therefore considered outside the range of the correlation. 

All data loc footir19 fouidations on daan :Rll'ld o, 
sanes ancs 9ravo1 

Ci:' 
~ 7501--~~~+-~~~+-~~~~~--

0 ____ ..._ ___ ...... __ ..,.. _ _._ __ .,.... ____ _,__ __ .__ ___ _._ ___ __, 

0 10 20 7C 

Average SPT resistance i 

or top 20feet of soil column using Tan et al. (1991). 

er Material from GEOS Soil Column 
Cover Sands 

Caliche with Sand Matrix - Moderately 
Hard 

Caliche with Sand Matrix - Moderately 
Hard 

Constrained Modulus 
(tsf) from Tan et al. (1991) 

correlation 
445 

600 

600 

Below dep of fee t, DBA relied upon the shear wave velocity profiles collected by GEOServices 
and the 5ite-S ecific Seismic Hazard Evaluation and Development of Seismic Ground Motions 
prepared by ~ECOM (2016). The GEOServices study targeted the top 100feet of the profile while 
the AECOM study collected shear wave velocity measurements in the area to depths of 600feet 
below ground surface. Each layer in the soil column between 20feet and 100feet below ground 
surface were assigned average shear wave velocities using the GEOServices shear wave velocity 
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measurements. Layers between 100feet and 600feet below ground surface were assigned average 
shear wave velocities using the AECOM measurements. A summary of the layers, their associated 
Settle3 model layer names, and the average shear wave velocities is provided in Table 3. 

Table 3 - Average shear wave velocities assigned to each soil column layer between 20 
below ground surface. 

25 1900 
35 50 2290 

50 80 1840 
80 100 2790 

100 130 2300 

130 230 2755 

230 275 
275 300 
300 360 
360 600 

Average shear wave ve o constrained modulus using the following 
relationship: 

2G(1-v) 

"-c_1-_2_v-+) M 

shear wave velocity and moduli are based on small-strain wave theory 
se in engineering analysis of settlement of these hard/ stiff layers which 

· ce large strains as a result of the pressures exerted by the storage pads. A 
and modulus values used in this Settle 3 soil column is presented in Table 
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2 

10 20 

20 25 
25 35 
35 50 

50 80 
80 100 

100 130 

130 230 
230 275 
275 300 
300 360 
360 600 

The first objective o 
and GTSTRUDL 

54 

Table 4 - Soil Layers and Parameters used in Settle3 

1530 

1900 
2290 

1840 
2790 

2300 

2755 
2755 
2755 
2755 

3115 

123857 

84172 
120769 

120769 
120679 
120679 
154394 

perform multiple iterations between Settle3 
a single storage pad (135ft by 55ft in plan 
es and structural loads for pad design. 
marized in Table 5. 

Sin le Pad - 12 Loaded Casks 
Sin le Pad - 18 Loaded Casks 

settlement analysis was performed using the dead loads of the casks 
lidated Interim Storage Facility System Safety Analysis Report (Revision 

estimated footing weight. The resulting bearing pressures were used to 
ttle3 model for each configuration using the soil column described previously 

al of estimating settlement and values of subgrade modulus k (psf/in). The 
calculated es of subgrade modulus were then submitted to Enercon to be integrated into the 
GTSTRUDL structural analysis of the storage pad. The resulting load distribution reported by 
Enercon was then a more accurate estimate of soil response thus refining the slab pressure 

1n1DAN 
Dl10BROWN 
I. C 'TTTJASSOOIATES Page 5 of9 

17 February 2020 
TECHNICAL MEMORANDUM 

CISF Andrews, TX Settlement Analysis 



• 

• 

distribution. The results of the refined slab analysis were provided to DBA and used to update 
the Settle3 model resulting in revised subgrade modulus values. 

4.1. Configurations 1-4 Loading Information and Iterati 

After initial modeling of the dead loads applied directly to the soil column, DB 
information provided by Enercon in the form of GTSTRUDL output of loa 
locations. DBA understands that Enercon grouped nodes into zones 
subgrade reaction as identified in the initial Settle3 model (20+ zo 
shown in the attachments). When revised loading was returned, DB 
in each zone to determine the revised zone bearing pressures. T 
mat stiffness on the distribution of stresses to the soil. The res 
updated in the Settle3 model and revised values of 
determined for each zone. This iterative process continu , 
in modulus of subgrade reaction values was less th 
values resulting from the previous iteration. Genera 
one of four groups: 

• Loaded Casks 

• MatEdges 

• Intermediate (between casks) Ar 

• 

4.2. 

marized in Table 6. Maximum estimated 
ce r of the cask nearest the center of the loaded 

1er loaded cask zones. This behavior matches 
ed mat. Settlem plots for each configuration and the inputs used 

TM. It is important to note that the results of geotechnical settlement 
ut dependent. Therefore, settlement recommendations should be 

· ons and experience that acknowledges the calculations are not 
s reported by the program. 

0.7 
0.6 
0.7 
0.7 

The Settle3 bearing pressure input files report a lower bearing pressure than the calculated zone 
bearing pressure in the attachments. To avoid loading edge effects caused by drastic changes in 
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bearing pressure over very small distance, the bearing pressure zones input into Settle3 are 
cumulative. An example of this concept is shown in Figure 2. 

Actual Pressures 

0.9bf 

1.Sksf 

5. Multiple Pad Analysis 
The second objective of the settlement tt1'llllllht of a configuration of 
four fully loaded pads in their final cons ic!fllilmL_'.['fta,,c,onverg Configuration 1 loads 
were applied in an orientation of four pads WCS CISF Safety Analysis 
Report. The maximum predicted settlemenf'lllliAth<>,AwJ1"' pad see is similar to the single pad 
Configuration 1 case (o.z· the center ad) . The main effect of the adjacent loaded 
pads is an increase corner of the pads (0.2inches compared to 
0.1inches), and th d differential settlement between the center 
of the footings behavior results from overlapping stress 
influence fr ent with predicted behavior. Inputs and 
results of the 

· ary structure will be utilized for handling the filling of the casks 
rage pads. According to Chapter 7 of the WCS CISF Safety 

sk Han Building (CHB) is a two-bay steel structure measuring 175ft 
f 72ft. Based on a preliminary foundation layout plan for the building, 
ain column footings and wind column footings will be constructed to 
urface. The soil column developed for storage pad analysis was used to 

~IVtheCHB. 

oading information, DBA understands the maximum service level bearing 
imately 3.5ksf or less with maximum limit state bearing pressures approaching 

ndard practice in geotechnical shallow foundation design to analyze settlements 
for sustained loading and service loading so two models were developed for the CHB. Two dead 
load only cases were analyzed: 1.0 DL (1.79ksf for main column footings and 1.67ksf for wind 
column footings); and a net bearing pressure from Dead loading case (0.66ksf for main column 
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footings and 0.55ksf for wind column footings. The resulting settlements for both dead load cases 
are 0.25inches or less at the center of the footings. Estimated settlement for the maximum service 
load (3.5ksf for all footings) case is 0.5inches or less at the center of the footings. 

7. Concluding Remarks 

Please contact the following if you would like to discuss this document or 

Timothy C. Siegel, P.E., G.E., D.GE 
CEO /Senior Principal Engineer 
Dan Brown and Associates PC 
6424 Baum Dr. 
Knoxville, 1N 37919 
Mobile: 865-809-4883 
tim@dba.world 
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Configuration 3 
Mo 

Attachments 

Summary of Analysis B 
GEOS Blow Count P 

GEOS Shear Wave Ve 
AECOM Shear Wave 

Inputs. 

nt Results, and 
n Models . 

Pressures, Settlement Results, and 
alues for Enercon Models. 
le3 Inputs. 
ressures, Settlement Results, and 

alues for Enercon Models 
Configuration 4 Settle3 Inputs. 

out From WCS CISF Safety Analysis Report 
ettle3 Analysis, Inputs and Results. 

ing Settle3 Analysis, Inputs, and Results . 
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CISF Site 
Andrews, TX 

Settlement Analysis 
Methodology 

Problem Statement 
• Nuclear waste storage pads 
• Settlement concerns so calculation of footing settlement 

DBAApproach 
• Utilize extensive shear wave velocity data and s 

create a constrained modulus profile 
• In general, the soil profile is caliche 

~ 100ft overlying rock 
• Convert SPT N-Values to constrained mo 

M., Rojiani, K. B., and Barker, R. M. (1991J , 
• Convert the shear wave veloci constrained 

f 

• Create the cons 
ft depth wit 

combining the SPT data from O to 20 

• Use West 
ta beyond 20 ft depth 

od and the constrained modulus 
by Rocscience 

tion provide by the structural 



CISF Site 
Andrews, TX 

Settlement Analysis 
Methodology 

Layers based on Borings Performed by GEOS 
• Interpreted from GEOS borings - data only to 45 ft depth 
• Layers below 20 ft will be determined using the shear wa e elocity data. 

SPT N-Values from 20 to 45 ft are beyond the range o h co elation 
shown below 

Top of Bottom of N-Value 
La er ft La er ft b 

• 

0 2 33 
2 
10 

• 

10 
20 

54 
54 600 

M=445 tsf .-+-illl:>,-....a~ ~ ..,....___,,.l.llil..l----+------+'=-""'..- NORMAU.Y LOA EOSANDORSAND 
ANOGMVEL .. 

C • ca "'O 

! .5 2$0 t---..-=......-----+---~~ --+-----+-- ~ -+-----t 
I! -Cl) 
C 
0 u 

• INOIANA (Number in paranl11Kis i t'he nl#nber 
al t.:>citirl;s "'8QIQed ID oblain da point) 

0 _______ ....... ___ ...._....__..._ ______ ,.._ ____ ..., 

0 10 20 30 33 40 50 54 60 70 

Average SPT resistance in depth B below footing, N60 (blows/ft) 
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CISF Site 
Andrews, TX 

Settlement Analysis 
Methodology 

Layers based on Average Shear Wave Velocity Measurements 
• Interpreted from all explorations and collaboration between E 

DBA. 
• Top 100ft contains 7 stratum in 5 materials identified b G 0 

Shear Wave Velocity ft 

0 1000 2000 3000 
0 -~--' · 

USE SPT Measuremen 

-20 

-40 

£ -60 a. 
(1) 

Cl 

-100 

4000 

-+-Remi 1 -+-Remi 2 -+-Remi 3 Remi 4 -+-Geomean - GeoServices Soil Column Strata 

-120 
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CISF Site 
Andrews, TX 

Settlement Analysis 
Methodology 

Soil Column Based on Avera e Shear Wave Velocit Measurem .nts 
• Interpreted from all explorations and collaboration between and 

DBA. 
• Top 100ft contains 7 stratum in 5 materials identified 
• 100ft-600ft (approx. location of incompressible lay i£ · 1th s 

velocity) contains 3 average velocity values for 
column provided by GEOS 

Top (ft) Bottom (ft) 
Avg. Layer Shear 

Model Layer Name 
Wave Velocity (ft/s) 

20 25 1530 Caliche Hard 1 
25 35 1900 Caliche Hard 2 
35 50 2290 Ogallala 1 
50 80 1840 Ogallala 2 
80 100 2790 Ogallala 3 
100 130 2300 Dockum Claystone/Siltston 
130 230 275 Claystone and Siltstone 
230 275 Dockum Clay/Claystonel 
275 300 Dockum Silty/Sands 
300 360 Dockum Clay/Claystone 2 
360 600 Dockum Cla /Cla stone 3 

Unit weight (pct) Poisson's Ratio Gmax (pst) 

125 0.33 9,087,345 
125 0.33 14,013,975 
125 0.33 20,357,531 
130 0.33 13,668,571 
130 0.33 31,426,491 

100 130 0.33 21,357,143 
130 2755 130 0.33 30,642,958 
230 2755 130 0.33 30,642,958 
275 300 2755 130 0.33 30,642,958 
300 360 2755 130 0.33 30,642,958 
360 600 3115 130 0.33 39,174,511 

• 
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CISF Site 
Andrews, TX 

Settlement Analysis 
Methodology 

• 

Total Constrained Modulus Profile 
• 0 to 20 ft depth 

• 

• Constrained modulus obtained from GEOS SPT da . 
N-Value with constrained modulus using Tan, C 
Rojiani, K. B., and Barker, R. M. (1991). 

20 to 600 ft depth 
• Constrained modulus obtained from co 

velocity to constrained modulus usi 
ratio 

Top (ft) Bottom (ft) 

0 2 Cover 
2 10 Caliche with Sand 
10 20 
20 25 
25 35 
35 50 
50 80 
80 100 
100 130 
130 230 
230 275 
275 300 
300 360 
360 

890 
1,200 
1,200 

35,815 
55,232 
80,233 
53,870 
123,857 
84,172 
120,769 
120,769 
120,769 
120,769 
154,394 
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PHASE II 

~ FENCE 

• D 

A' 

PARKING AREA 

• Notes: 

1) Site Source Provided by: WCS, (06/12/2015) o ·ng Locations for determinations of Distance or Quantities 
2) Boring Locations are shown in general arrangement only 

PHASE VI 

PHASE V 

CONTROL POINT 
NORTHING: 6876660.21 
EASTING: 563760.63 

RAIL SIDE TRACK 

)It: Boring Location & Identifier - Cross Section line (Start - End') 

UJI 
~ 
~ ... 
:ii .... = .. 

DATE: 
08/10/2015 
GEOS Project No. 

31-151247 

FIGURE: 

5 
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• Notes: 

1) B.T. = Boring Termination 3) Not To Scale 
2) A.R. = Auger Refusal 
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Notes: 

1) B.T. = Boring Termination 3) Not To Scale 
2) A.R. = Auger Refusal 
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Remi 1: Vs Model 
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CONFIGURATION 2 

CIS, Site 
Single Pad Analysis 
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Zone25 
x:5 to 50 
y=Oto5 
P=592klps 
A=225ft"2 

e 
I I DAN 
I BROWN 
I TTJASSOCIATES 

CIS, Site 
Single Pad Analysis 

Andrews, TX 

Configuration 1-Bearing Pressures {INPUT 5 Spread 

2.63ksf 

2.56ksf 

• 

Zone 27 
x=S to 55 
y:13Dto135 
P=627kips 
A=250ft"2 

J 
2-51ksf 

Middle Zone Between Cllsks 
4'*US'*2+21 *4*12=2008ftA2 
P=3639kips 

1.81ksf 
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CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 1-Settlement Estimate (I NPUT 5 Spreadsheet Loads) 

~ 0.58 

~ 

[i] 

2-

0.14 

' I I •• 

20 
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0.14 
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CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 1-k values {INPUT 5 Spreadsheet) 

46pci 

45pci 
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e 
Project Settings 

Document Name 
Date Created 
Stress Computation Method 

Settle3 Analysis Information 

19-017 CISF Storage Pad Config 1 200214 INPU 
1/16/2020, 3:00:31 PM 
Westergaard 

Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

sfyige#. .N~ine • · 
1 Stage 1 

Results 

• Time taken to compute: 0 seconds 

• 

Stage: Stage 1 

Loading Stress 

2(: CttLY [ftJ 
0 0 

55 0 
55 135 

0 135 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

: Page 1 of 15 

1/16/2020, 3:00:31 PM 
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2. Polygonal Load: "Zone 26" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

)([ft] y [ft] 
0 0 
5 0 
5 135 
0 135 

Zone 26 
Flexible 
675 ft2 

0.71 ksf 
0 ft 
Stage 1 

3. Polygonal Load: "Zone 27" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
55 130 
55 135 

5 135 
5 130 

Zone 27 
Flexible 
250 ft2 

0.7 ksf 
0 ft 
Stage 1 

• 5. Polygonal Load: "Zone 25" 

19-017 CISF Storage Pad Config 1 200214 INPLfT 5.s3z 

: Page 2 of 15 

1/16/2020, 3:00:31 PM 
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Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ft] · v thr 
5 0 

50 0 
50 5 

5 5 

Zone 25 
Flexible 
225 ft2 

0.82 ksf 
0 ft 
Stage 1 

6. Rectangular Load: "Zone 1" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
5.5 5.5 

17.5 5.5 
17.5 17.5 
5.5 17.5 

x.rttl ·vL 
37.5 5.5 
49.5 5.5 
49.5 17.5 
37.5 17.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.51 ksf 
0 ft 
Stage 1 

8. Rectangular Load: "Zone 24" 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

: Page 3 of 15 

1/16/2020, 3:00:31 PM 
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~ 
SETTlE3 s.001 . .. ~ ~-.·enc·!'ll ._ .. ,,11;;§ ~ 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
37.5 117.5 
49.5 117.5 
49.5 129.5 
37.5 129.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.51 ksf 
0 ft 
Stage 1 

9. Rectangular Load: "Zone 8" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
5.5 117.5 

17.5 117.5 
17.5 129.5 
5.5 129.5 

X [ft] Y [ft]: 
37.5 101.5 
49.5 101.5 
49.5 113.5 
37.5 113.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.51 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

: Page 4 of 15 

1/16/2020, 3:00:31 PM 
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11. Rectangular Load: "Zone 22" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft]' Y [f!] 
37.5 85.5 
49.5 85.5 
49.5 97.5 
37.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

12. Rectangular Load: "Zone 21" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.1 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
37.5 69.5 
49.5 69.5 
49.5 81.5 
37.5 81. 

Coordinates 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

: Page 5 of 15 
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X [ft] Y [ft] 
37.5 53.5 
49.5 53.5 
49.5 65.5 
37.5 65.5 

14. Rectangular Load: "Zone 19" 

Length 
. Width 

Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 37.5 
49.5 37.5 
49.5 49.5 
37.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

15. Rectangular Load: "Zone 18" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.04 ksf 
Depth Oft 
Installation Stage Stage 1 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

: Page 6 of 15 
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Coordinates 

X [ft] Y [ft] 
21.5 117.5 
33.5 117.5 
33.5 129.5 
21.5 129.5 

17. Rectangular Load: "Zone 7" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y-[ft] 
5.5 101.5 

17.5 101.5 
17.5 113.5 
5.5 113.5 

Length 
Width 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 

19. Rectangular Load: "Zone 5" 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 
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...... . SETTLE3 5.001 

L•l'! . · . .:t.=::,ence 
Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft]' Y [ft] 
5.5 69.5 

17.5 69.5 
17.5 81.5 
5.5 81.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

20. Rectangular Load: "Zone 4" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y tft] 
5.5 53.5 

17.5 53.5 
17.5 65.5 
5.5 65.5 

?< [ft] , v 1ft] 
5.5 37.5 

17.5 37.5 
17.5 49.5 
5.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 1 200214 INPLIT 5.s3z 
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22. Rectangular Load: "Zone 2" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

::>c [tif'Y [ft] 
5.5 21.5 

17.5 21.5 
17.5 33.5 
5.5 33.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 

23. Rectangular Load: "Zone 9" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

~. [~]. Y:'[ft:] 
21.5 5.5 
33.5 5.5 
33.5 17.5 
21.5 17.5 

Coordinates 

X tffCY(ttf 
21.5 21.5 
33.5 21.5 
33.5 33.5 
21.5 33.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.04 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 
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.... SETILEJ 5,001 , .. ~ 
· !l _~c;:ience 

25. Rectangular Load: "Zone 11" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

>( [fi:J .• y [ft]. 
21.5 37.5 
33.5 37.5 
33.5 49.5 
21.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 

26. Rectangular Load: "Zone 12" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X[ftJ Y.,[ftJ 
21.5 53.5 
33.5 53. 
33. 

Load 
Depth 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.63 ksf 
0 ft 
Stag 

Installation Stage Stage 1 

Coordinates 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 
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X[ft] )'.[f!1 
21.5 69.5 
33.5 69.5 
33.5 81.5 
21.5 81.5 

28. Rectangular Load: "Zone 14" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ftf;:Y [ft] 
21.5 85.5 
33.5 85.5 
33.5 97.5 
21.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 

29. Rectangular Load: "Zone 15" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

: Page 11 of 15 
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SETTl.El S.001 

: Page 12 of 15 

• Soil Layers 

Layer# Type Thickness [ft] Depth [ft] 
1 Cover Sands 2 0 
2 Caliche/Sand 1 8 2 
3 Caliche/Sand 2 10 10 
4 Caliche Hard 1 5 20 
5 Caliche Hard 2 10 25 
6 Ogallala 1 15 35 
7 Ogallala 2 30 50 
8 Ogallala 3 20 80 
9 Dockum Claystone/Siltsone 30 100 
10 Claystone and Siltstone 100 130 
11 Dockum Clay/Claystone 1 45 230 
12 Dockum Silty/Sands 25 275 
13 Dockum Clay/Claystone 2 60 300 
14 Dockum Clay/Claystone 3 240 360 

0 
35 
80 

130 

230 
275 

I 360 

D • 600 ft 

• 
19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 1/16/ 2020, 3:00:31 PM 
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sem.vs.001 

_ ... ""J.~ I 
: Page 13 of 15 

• Soil Properties 

Property Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

Color D D D D 
Unit Weight [kips/ft3] 0.12 0.12 0.12 0.12 
KO 1 1 1 1 

Immediate Settlement Enabled Enabled Enabled 
Es [ksf] 890 1200 1200 
Esur [ksf] 890 1200 1200 

Undrained Su A [kips/ft2] 0 0 
Undrained Su S 0.2 0.2 
Undrained Su m 0.8 0.8 

Property Caliche Hard 2 Ogallala 1 Ogallala 2 

Color D D • Unit Weight [kips/ft3] 0.12 0.12 
KO 1 1 

Immediate Settlement Enabled 
Es [ksf] 55232 
Esur [ksf] 55232 

Undrained Su A [kips/ft2] 0 
Undrained Su S 0.2 
Undrained Su m 0.8 

• Property Dockum Silty/ 
Sands 

Color • D 
Unit Weight [kips/ft3] 0.13 0.13 0.13 
KO 1 1 1 

Immediate Settlement Enabled Enabled Enabled 
Es [ksf] 120769 120769 120769 
Esur [ksf] 120769 120769 120769 

0 0 0 0 

0.2 0.2 0.2 
0.8 0.8 0.8 

Dockum Clay/Claystone 3 

D 
0.13 0.13 

1 1 

Enabled Enabled 
120769 154394 
120769 154394 

Undrained Su A [kips/ft2] 0 0 
Undrained Su S 0.2 0.2 

• Undrained Su m 0.8 0.8 

19-017 CISF Storage Pad Config 1 200214 INPUT S.s3z 1/ 16/2020, 3:00:31 PM 



• Query Points 

Point# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

• 
26 
27 
28 

• 

29 
30 
31 
32 
33 
34 

Query Point Name 
Cask Point 1 
Cask Point 2 
Cask Point 3 
Cask Point4 
Cask Point 5 
Cask Point6 
Cask Point 7 
Cask Point 8 
Cask Point 9 

Cask Point 10 
Cask Point 11 
Cask Point 12 
Cask Point 13 
Cask Point 14 
Cask Point 15 
Cask Point 16 
Cask Point 17 
Cask Point 18 
Cask Point 19 
Cask Point 20 
Cask Point 21 
Cask Point 22 
Cask Point 23 
Cask Point 24 

Footing Bottom Left 
Footing Bottom Right 

Footing Top Left 
Footing Top Right 

Footing Cente[ 
Query Poin 
Query P 
Query 
Query_"_.......,.,.. 

Query Po 

(X, Y) Location 
11 .5, 11.5 
11.5, 27.5 
11 .5, 43.5 
11.5, 59.5 
11 .5, 75.5 
11.5, 91.5 

11 .5, 107.5 
11 .5, 123.5 

27.5, 11.5 
27.5, 27.5 
27.5, 43.5 
27.5, 59.5 
27.5, 75.5 
27.5, 91.5 

27.5, 107.5 
27.5, 123.5 

43.5, 11 .5 
43.5, 27.5 
43.5, 43.5 
43.5, 59.5 
43.5, 75.5 
43.5, 91.5 

43.5, 107.5 
43.5, 123.5 

0, 0 
55, 0 

135 

19-017 CISF Storage Pad Config 1 200214 INPUT 5.s3z 

Number of Divisions 
Auto: 101 
Auto : 101 
Auto: 101 
Auto : 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto : 101 

: Page 14 of 15 
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e CIS, Site 
Single Pad Analysis 

Andrews, TX 

Configuration 2-Bearing Pressures (INPUT 5 Spread 

Zone16 

P--862kips 

1.56ksf 

2.31ksf 

Zone 12 
x=5oto 55 
y--48 to 135 
P=464kips r 
A=435ft"2 1.07ksf 



• 

• 

• 

CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 2-Settlement Estimate(INPUT 5 Spreadsheet Loads) 

' I ' eo 

19-017 CISF ~onige Pad Comg 2 200213.~ - Plan/3D View 

Re• 

..,. 

~-=1--1360 

._____., ·-'6 0 0 ft 

@-0 a Point Q.imes 
~-~ F~d Point Grid 
!-~ ~~ Conlnl.rs 
di-ffi Loads 
; SailCoum 
[~ Draw Materials on all Queril!s 
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• 

CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 2-k values {INPUT 5 Spreadsheet) 

' ' I 
20 

I~ 

' ' • • I ' 
4-0 

53.16 

I eo 

~ e 19-017 CISF Storage Plld Config 2 200213.slz.- Plan/3D ...,ew 
R~ 

ffi--0 tt Point Que'i6 
l--~ Field Pant Grid 
l--{~ Deformed Contours 

$·-ffil.oads 
:-- Soil Colunn 
L..[];i ~aw Man!rials on al Queries 

6pci {+8%) 
Between Casks 
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.... SETTtfl S.001 

t•l,. • : Page 1 of9 
.-=1~ 

• 
Project Settings 

Document Name 
Date Created 
Stress Computation Method 

Settle3 Analysis Information 

19-017 CISF Storage Pad Config 2 200214.s3z 
1/16/2020, 3:00:31 PM 
Westergaard 

Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Stage# Name 
1 Stage 1 

Results 

• Time taken to compute: O seconds 

Stage: Stage 1 

Loading Stress 

X [ft] Y [ft] 
0 0 

55 0 
55 135 
0 135 

19-017 CISF Storage Pad Config 2 200214.s3z 1/ 16/2020, 3:00:31 PM 
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• 
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2. Polygonal Load: "Zone 8, 10, and 12" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
55 48 
55 135 
50 135 
50 70 
5 70 
5 135 
0 135 
0 48 

Zone 8, 10, and 12 
Flexible 
1860 ft2 
0.14 ksf 
0 ft 
Stage 1 

3. Polygonal Load: "Zone 7" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
55 37 
55 48 
0 48 
0 37 

X [ft] 
0 
5 
5 
0 

y [ft] 
0 
0 

37 
37 

Zone 7 
Flexible 
605 ft2 

0.63 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 2 200214.s3z 

: Page 2 of9 

1/16/2020, 3:00:31 PM 



SfTTU!l 5.001 

C 

• 5. Polygonal Load: "Zone 13" 

• 

• 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
50 0 
55 0 
55 37 
50 37 

Zone 13 
Flexible 
185 ft2 

1.31 ksf 
0 ft 
Stage 1 

6. Polygonal Load: "Zone 14" 

Label Zone 14 
Load Type Flexible 
Area of Load 225 ft2 
Load 1. 78 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
5 0 

50 0 
50 5 
5 5 

X [ft] Y [ 
5 5 

50 5 
50 37 
5 37 

8. Rectangular Load: "Zone 1" 

19-017 CISF Storage Pad Config 2 200214.s3z 

: Page 3 of 9 

1/16/2020, 3:00:31 PM 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
5.5 5.5 

17.5 5.5 
17.5 17.5 
5.5 17.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.91 ksf 
0 ft 
Stage 1 

9. Rectangular Load: "Zone 2" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.65 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
5.5 21.5 

17.5 21 .5 
17.5 33.5 
5.5 33.5 

X [ft] Y [ft] 
21.5 21 .5 
33.5 21 .5 
33.5 33.5 
21.5 33.5 

19-017 CISF Storage Pad Config 2 200214.s3z 

: Page 4 of 9 

1/16/2020, 3:00:31 PM 
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• 

11. Rectangular Load: "Zone 3" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
21 .5 5.5 
33.5 5.5 
33.5 17.5 
21 .5 17.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.24 ksf 
0 ft 
Stage 1 

12. Rectangular Load: "Zone 5" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.91 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
37.5 5.5 
49.5 5.5 
49.5 17.5 
37.5 17.5 

19-017 CISF Storage Pad Config 2 200214.s3z 

: Page 5 of9 

1/16/2020, 3:00 :31 PM 
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13. Rectangular Load: "Zone 6" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1. 65 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] y [ft] 
37.5 21.5 
49.5 21 .5 
49.5 33.5 
37.5 33.5 

Soil Layers 

Layer# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Type 
Cover Sands 

Caliche/Sand 1 
Caliche/Sand 2 
Caliche Hard 1 
Caliche Hard 2 

Ogallala 
Ogall 2 
Oaal-~ 

19-017 CISF Storage Pad Config 2 200214.s3z 

: Page 6 of 9 
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Soil Properties 

Property 
Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur (ksf] 

Immediate Se 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

D D D D 
0.12 

1 

Enabled 
890 
890 

0 
0.2 
0.8 

0.12 

Enabled 
1200 
1200 

0 
0.2 
0.8 

Caliche Hard 2 Ogallala 1 

D D 
0.12 0.1 2 

1 1 

Enabled 
55232 
55232 

0 
0.2 
0.8 

0 

0.12 
1 

Enabled 
1200 
1200 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

Dockum Clay/Claystone 3 

0.1 3 
1 

Enabled 
120769 
120769 

0 
0.2 
0.8 

D 
0.13 

Enabled 
154394 
154394 

0 
0.2 
0.8 

19-017 CISF Storage Pad Config 2 200214.s3z 

0.13 

Enabled 
120769 
120769 

0 

0.2 
0.8 

: Page 7 of 9 

Dockum Silty/ 
Sands 

D 
0.13 

1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

1/16/2020, 3:00:31 PM 
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SET1l£l 5.001 

ce 

Query Points 

Point# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Query Point Name 
Cask Point 1 
Cask Point 2 
Cask Point 3 
Cask Point4 
Cask Point 5 
Cask Point 6 
Cask Point 7 
Cask Point 8 
Cask Point 9 

Cask Point 10 
Cask Point 11 
Cask Point 12 
Cask Point 13 
Cask Point 14 
Cask Point 15 
Cask Point 16 
Cask Point 17 
Cask Point 18 
Cask Point 19 
Cask Point 20 
Cask Point 21 
Cask Point 22 
Cask Point 23 
Cask Point 24 

Footing Bottom Left 
Footing Bottom Right 

Footing Top Left 
Footing Top Right 

Footing Cente[ 
Query Poin 
Query P · 
Query 
Query--....a'"" 
Query Po 

(X, Y) Location 
11 .5, 11.5 
11 .5, 27.5 
11.5, 43.5 
11 .5, 59.5 
11 .5, 75.5 
11 .5, 91 .5 

11 .5, 107.5 
11 .5, 123.5 

27.5, 11 .5 
27.5, 27.5 
27.5, 43.5 
27.5, 59.5 
27.5, 75.5 
27.5, 91.5 

27.5, 107.5 
27.5, 123.5 

43.5, 11.5 
43.5, 27.5 
43.5, 43.5 
43.5, 59.5 
43.5, 75.5 
43.5, 91.5 

43.5, 107.5 
43.5, 123.5 

0, 0 
55, 0 

135 
5 

19-017 CISF Storage Pad Config 2 200214.s3z 

Number of Divisions 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 

: Page 8 of 9 
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• I I DAN 
BROWN 

r:rmassoc1ms 

CIS, Site 
Single Pad Analysis 

Andrews, TX 

Configuration 3-Bearing Pressures (INPUT 5 Spread 

Zonl! 2l 8etween Casks 
P=l826kips 
A=4*4'*50'+8*4'*12'=1 
184ft"2 

l .54psf 1---tt 
Zone19 
x=Sto SO 
y=OtoS 
P=601klps 
A=225ft"2 

2.67psf 

Zont!20 
x=O to 5 

35+psf 

+-+-<H-+-++~-++--+-l+-+-++<1-+•1--+-++;-+- ~-+-~++-+..--n'..,...-, Zone17 
x=SO to 55 
y::73 to 135 
P=354kips 
A=2S0ft"2 

l .42psf 

• 
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• 

CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 3-Settlement Estimate {INPUT 5 Spreadsheet Loads) 

0 ~-

C ~-

Ill-

8-

20 
I 

4-0 eo 

:.====;;: --l 2 3 0 

c:::::::i :::j 2 7 5 

D 
360 

600ft 

ffi-0 D Pcint Queries 

i--1:28 Field Poilt Grid 
!--[J;!,i Deformed Contcurs 
$-@:S Loads 
!·- Soil Colum 
! ... Cl!i Draw Materials on all Queries 
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CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 3 k values {INPUT 5 Spreadsheet) 

48pci 

.. 0 . ' ' ' ' ' ' . ':M. ' • , I , • • 

40 
, ' I • ' -
~ 

l==~-1 3 60 

600 ft 

3pci Between 
Casks 
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• 
Project Settings 

Document Name 
Date Created 
Stress Computation Method 

Settle3 Analysis Information 

19-017 CISF Storage Pad Config 3 200214 Input 
1/16/2020, 3:00:31 PM 
Westergaard 

Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Staife # Name 
1 Stage 1 

Results 

• Time taken to compute: 0 seconds 

• 

Stage: Stage 1 

Loading Stress 

X [ft] Y [ft] 
0 0 

55 0 
55 135 
0 135 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 

: Page 1 of 12 

1/16/2020, 3:00:31 PM 
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2. Rectangular Load: "Zone 1" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
5.5 5.5 

17.5 5.5 
17.5 17.5 
5.5 17.5 

12 ft 
12 fl 
0 degrees 
Flexible 
144 fl2 

1.75 ksf 
0 fl 
Stage 1 

3. Rectangular Load: "Zone 9" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 5.5 
49.5 5.5 
49.5 17.5 
37.5 17.5 

Coordinates 

12 fl 
12 fl 
0 degrees 
Flexible 
144 fl2 

1.75 ksf 
0 fl 
Stage 1 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 

: Page 2 of 12 
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x. [ft] y [ftj 
37.5 53.5 
49.5 53.5 
49.5 65.5 
37.5 65.5 

5. Rectangular Load: "Zone 11" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

· x· [ft] Y [ft] 
37.5 37.5 
49.5 37.5 
49.5 49.5 
37.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.46 ksf 
0 ft 
Stage 1 

6. Rectangular Load: "Zone 1 O" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

1.67 ksf 
Oft 
Stage 1 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 
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Coordinates 

X [ft] . Y [ft] 
5.5 53.5 

17.5 53.5 
17.5 65.5 
5.5 65.5 

8. Rectangular Load: "Zone 3" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.46 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

_X [ft] Y [ft] 
5.5 37.5 

17.5 37.5 
17.5 49.5 
5.5 49.5 

9. Rectangular Load: "Zone ' 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Dep 
I 

10. Rectangular Load: "Zone 5" 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 

: Page 4 of 12 
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Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.28 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
21.5 5.5 
33.5 5.5 
33.5 17.5 
21.5 17.5 

11. Rectangular Load: "Zone 6" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

}( [ft] y [ft] 
21.5 21.5 
33.5 21.5 
33.5 33.5 
21.5 33.5 

X [ft]Y [ft] 
21.5 37.5 
33.5 37.5 
33.5 49.5 
21.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

3.04 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 
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13. Rectangular Load: "Zone 8" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x lttf YJttJ, 
21.5 53.5 
33.5 53.5 
33.5 65.5 
21.5 65.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.03 ksf 
0 ft 
Stage 1 

14. Polygonal Load: "Zone 13" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

)(' [ft] ' y [ft] 
50 69 
50 85 
5 85 
5 69 

}([ft] 'Xl~ .· 
0 0 
5 0 
5 73 
0 73 

Zone 13 
Flexible 
720 ft2 

0.51 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 
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• SETTLE3S.001 

L•lir ·.:."-1.::ience 
16. Polygonal Load: "Zone 18" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

5( [ftj" • Y [ft] 
50 0 
55 0 
55 73 
50 73 

Zone 18 
Flexible 
365 ft2 

1.59 ksf 
0 ft 
Stage 1 

17. Polygonal Load: "Zone 19" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
5 0 

50 0 
50 5 

5 5 

Zone 19 
Flexible 
225 ft2 

1.77 ksf 
0 ft 
Stage 1 

• 19. Polygonal Load: "Zone 15" 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 
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Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

}u~rvtffi 
0 73 
5 73 
5 135 
0 135 

Zone 15 
Flexible 
310 ft2 

0.52 ksf 
0 ft 
Stage 1 

20. Polygonal Load: "Zone 21" 

Label 
Load Type 
Area of Load 

Zone 21 
Flexible 
2880 ft2 

Load 0.64 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
5 5 

50 5 
50 69 

5 69 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 
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- Soil Layers 

Layer# Type Thickness [ft] Depth [ft] 
1 Cover Sands 2 0 
2 Cal iche/Sand 1 8 2 
3 Caliche/Sand 2 10 10 
4 Caliche Hard 1 5 20 
5 Caliche Hard 2 10 25 
6 Ogallala 1 15 35 
7 Ogallala 2 30 50 
8 Ogallala 3 20 80 
9 Dockum Claystone/Siltsone 30 100 
10 Claystone and Siltstone 100 130 
11 Dockum Clay/Claystone 1 45 230 
12 Dockum Silty/Sands 25 275 
13 Dockum Clay/Claystone 2 60 300 
14 Dockum Clay/Claystone 3 240 360 

0 
3 5 

D 
8 0 

130 

230 

B 2 75 

360 

D • 
600 ft 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 1/16/2020, 3:00:31 PM 
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Soil Properties 

Property 
Color 
Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 
Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Immediate Se 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

D D D D 
0.12 

Enabled 
890 
890 

0 
0.2 
0.8 

0.12 

Enabled 
1200 
1200 

0 
0.2 
0.8 

Caliche Hard 2 Ogallala 1 Ogallala 2 

D D • 
0.12 0.12 

1 1 

Enabled 
55232 
55232 

0 
0.2 
0.8 

0 

0.12 
1 

Enabled 
1200 
1200 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

Dockum Clay/Claystone 3 

0.13 
1 

Enabled 
120769 
120769 

0 
0.2 
0.8 

D 
0.13 

1 

Enabled 
154394 
154394 

0 
0.2 
0.8 

0.12 
1 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 

0.1 3 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 
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Dockum Silty/ 
Sands 

D 
0.13 

1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

1/16/2020, 3:00:31 PM 
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t.1--~ SETil.EJS.001 

_ ... "'1.~ . 

Query Points 

Point# Query Point Name 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

X [ft] Y [ft] 
122 .5 202 .5 
122.5 -67.5 
-67.5 -67.5 
-67.5 202.5 

Cask Point 1 
Cask Point2 
Cask Point 3 
Cask Point4 
Cask Point 5 
Cask Point6 
Cask Point 7 
Cask Point 8 
Cask Point 9 

Cask Point 10 
Cask Point 11 
Cask Point 12 
Cask Point 13 
Cask Point 14 
Cask Point 15 
Cask Point 16 
Cask Point 17 
Cask Point 18 
Cask Point 19 
Cask Point 20 
Cask Point 21 
Cask Point 22 
Cask Point 23 
Cask Point 24 

(X, Y) Location 
11 .5, 11 .5 
11 .5, 27.5 
11 .5, 43.5 
11.5, 59.5 
11 .5, 75.5 
11.5, 91 .5 

11 .5, 107.5 
11 .5, 123.5 

27.5, 11.5 
27.5. 27.5 
27.5, 43.5 
27.5, 59.5 
27.5, 75.5 
27.5, 91 .5 

27.5, 107.5 
27.5, 123.5 

43.5, 11.5 
43.5, 27.5 
43.5, 43.5 
43.5, 59.5 
43.5, 75.5 
43.5, 91 .5 

43.5, 107.5 
43.5, 123.5 

o. 0 
55, 0 

135 

19-017 CISF Storage Pad Config 3 200214 Input 5.s3z 
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Number of Divisions 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 

Auto: 101 
Auto: 101 
Auto: 101 

1/16/2020, 3:00:31 PM 



• 

Configuration 
Final Bea · 

Settl 

11 



CIS, Site 
Single Pad Analysis 

Andrews, TX 

Configuration 4-Bearing Pressures (INPUT 4 Spread 

Zone 26 (Between Casks) 
P=26B9klps 
A=2*93*4+15*4*12+3*1*1 
2=1500ft112 

1.79ksf >---n::=.::::::.cl:l' 3.2ksf 

Zone 23 

x=S to 50 
y=Oto 5 
P=612kips 

A=225ft112 

• 

1.89ksf 
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CISF Site 
Single Pad Analysis 

Andrews, TX 

Configuration 4-Settlement Estimate - Loads from INPUT4Spreadsheets) 

0 
N 
~ 

0 ~-

i -

as-

I~ 

Read 

' 20 40 
I eo 

360 

s-0 a Point (p!rie5 

H:28 Field Paint Grid 
!·-~ ~ formed Contours 
(fl·ffi I.Dads 
l-- Soil Column 
L~ Draw MateMls on an Queries 
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CISF Site 
Andrews, TX 

Single Pad Analysis Results 

Configuration 4 k values - Loads from INPUT 4 Spreadsheets 

!;:_ 

-
~-

fil -

15-
-

a -

54.15 

' ' ti 20 

Re. 

47pci 
54.05 

I • I •• I. ' • • I 
4(J 1511 

360 

-0 tt Point Q.Jeries 
1--~ Field Poot Grid 
[··-~ De~ Contours 
! -ffi Loads 

!-··EZe Soil Column 
'----[J;i Draw Materials on an Q.Jeries 

4 pci Between 
Casks 
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• ,UffiuASSICIATES 

• 

• 
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.• SETTL.E35.001 

L•l~ • · .-=1~uence 

Project Settings 

Document Name 
Date Created 
Stress Computation Method 

Settle3 Analysis Information 

19-017 CISF Storage Pad Config 4 200215 INPU 
1/16/2020, 3:00:31 PM 
Westergaard 

Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Stage #. Name · . 
1 Stage 1 

Results 

• Time taken to compute: 0 seconds 

• 

Stage: Stage 1 

Loading Stress 

X [ft] Y [ft] 
0 0 

55 0 
55 135 
0 135 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 1 of 14 
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2. Rectangular Load: "Zone 1" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.41 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

:X [f!:] ' Y .[ft] 
5.5 5.5 

17.5 5.5 
17.5 17.5 
5.5 17.5 

3. Rectangular Load: "Zone 13" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

'.5([ttf V [f!:f 
37.5 5.5 
49.5 5.5 
49.5 17.5 
37.5 17 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.41 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 2 of 14 
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.. Sml.EJ 5.001 

L•li! . .-=1..::uence 
X_ [ft] Y [ft] 
37.5 53.5 
49.5 53.5 
49.5 65.5 
37.5 65.5 

5. Rectangular Load: "Zone 15" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

·x [ft] · Y [ft] 
37.5 37.5 
49.5 37.5 
49.5 49.5 
37.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

6. Rectangular Load: "Zone 14" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.14 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPLJT 4.s3z 

: Page 3 of 14 
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Coordinates 

x [ftJ;·vcttJ 
5.5 53.5 

17.5 53.5 
17.5 65.5 
5.5 65.5 

8. Rectangular Load: "Zone 3" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] · · Y [ft] 
5.5 37.5 

17.5 37.5 
17.5 49.5 
5.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

9. Rectangular Load: "Zone ' 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Dep 
I 

10. Rectangular Load: "Zone 7" 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 4 of 14 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
21.5 5.5 
33.5 5.5 
33.5 17.5 
21.5 17.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.94 ksf 
0 ft 
Stage 1 

11. Rectangular Load: "Zone 8" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
21.5 21.5 
33.5 21.5 
33.5 33.5 
21.5 33.5 

X [ft] Y [ft] 
21.5 37.5 
33.5 37.5 
33.5 49.5 
21.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.64 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 5 of 14 
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13. Rectangular Load: "Zone 10" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

}( [ft] y [ft] 
21.5 53.5 
33.5 53.5 
33.5 65.5 
21.5 65.5 

12 ft 
12 ft 
O degrees 
Flexible 
144 ft2 

2.67 ksf 
0 ft 
Stage 1 

14. Polygonal Load: "Zone 24" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X[ft] Y [ft] 
0 0 
5 0 
5 73 
0 73 

x [ft]° 
50 
55 
55 
50 

Zone 24 
Flexible 
365 ft2 

1.69 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 6 of 14 
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16. Polygonal Load: "Zone 23" 

Label Zone 23 
Load Type Flexible 
Area of Load 225 ft2 
Load 1. 82 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X 'cttl . V [ttJ 
5 0 

50 0 
50 5 
5 5 

17. Polygonal Load: "Zone 21" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ftj ' V'[ttf 
50 73 
55 73 
55 135 
50 135 

Zone 21 
Flexible 
310 ft2 

1 ksf 
0 ft 
Stage 1 

• 19. Rectangular Load: "Zone 5" 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 
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...... SETT1.E35.001 

L._!l•"" · -~,,,.:en"'t::I; -~.J:.~S ~W'tv 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.01 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] Y [ft] 
5.5 69.5 

17.5 69.5 
17.5 81.5 
5.5 81.5 

20. Rectangular Load: "Zone 6" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

-x [ft] y [ft] 
5.5 85.5 

17.5 85.5 
17.5 97.5 
5.5 97.5 

2C [ft] y [ft] 
21.5 69.5 
33.5 69.5 
33.5 81.5 
21.5 81.5 

12 ft 
12 ft 
O degrees 
Flexible 
144 ft2 

1.27 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 8 of 14 
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·• SETTIE3 5.001 L•l.;. • . .:t.:Jsence 

22. Rectangular Load: "Zone12" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

·x [ft] Y[ft] 
21.5 85.5 
33.5 85.5 
33.5 97.5 
21.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.7 ksf 
0 ft 
Stage 1 

23. Rectangular Load: "Zone 17" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x. [ftj ·''([ft] 
37.5 69.5 
49.5 69.5 
49.5 81.5 
37.5 81.5 

Coordinates 

x [ft] . Y [ft] 
37.5 85.5 
49.5 85.5 
49.5 97.5 
37.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

: Page 9 of 14 
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25. Polygonal Load: "Zone 19" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

)( [ft] : \i [ft] 
50 98 
50 115 
5 115 
5 98 

Zone 19 
Flexible 
765 ft2 

0.67 ksf 
0 ft 
Stage 1 

26. Polygonal Load: "Zone 26" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] 'f [ft] 
50 5 
50 98 
5 98 
5 5 

Zone 26 
Flexible 
4185 ft2 

0.89 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 
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Soil Layers 

Layer # Type 
1 Cover Sands 
2 Caliche/Sand 1 
3 Caliche/Sand 2 
4 Caliche Hard 1 
5 Caliche Hard 2 
6 Ogallala 1 
7 Ogallala 2 
8 Ogallala 3 
9 Dockum Claystone/Si ltsone 
10 Claystone and Siltstone 
11 Dockum Clay/Claystone 1 
12 Dockum Silty/Sands 
13 Dockum Clay/Claystone 2 
14 Dockum Clay/Claystone 3 

~::::::::::::::;3~5 

.. .-:::::i BO 
l===::j-l130 

360 

600 ft 

Thickness [ft] 
2 
8 

10 
5 

10 
15 
30 
20 
30 

100 
45 
25 
60 

240 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 
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Depth [ft] 
0 
2 

10 
20 
25 
35 
50 
80 

100 
130 
230 
275 
300 
360 

1/ 16/ 2020, 3:00:31 PM 



e Soil Properties 

Property 
Color 
Unit Weight (kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

D D D D 
0.12 

1 

Enabled 
890 
890 

0 
0.2 
0.8 

0.12 
1 

Enabled 
1200 
1200 

0 
0.2 
0.8 

Caliche Hard 2 Ogallala 1 Ogallala 2 

D D 
0.12 0.12 

1 1 

Enabled 
55232 
55232 

0 
0.2 
0.8 

0.12 
1 

Enabled 
1200 
1200 

• .------ -------llo 
Property 

e 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Immediate Se 
Es (ksf] 
Esur[ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

19-017 CISF Storage Pad Config 4 200215 INPUT 4.s3z 

0 

0.13 

Enabled 
120769 
120769 

0 
0.2 
0.8 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

Dockum Clay/Claystone 3 

D 
0.13 

Enabled 
154394 
154394 

0 
0.2 
0.8 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

: Page 12 of 14 

Dockum Silty/ 
Sands 

D 
0.1 3 

Enabled 
120769 
120769 

0 

0.2 
0.8 
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Query Points 

Point# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Query Point Name 
Cask Point 1 
Cask Point 2 
Cask Point 3 
Cask Point4 
Cask Point 5 
Cask Point6 
Cask Point 7 
Cask Point8 
Cask Point 9 

Cask Point 10 
Cask Point 11 
Cask Point 12 
Cask Point 13 
Cask Point 14 
Cask Point 15 
Cask Point 16 
Cask Point 17 
Cask Point 18 
Cask Point 19 
Cask Point 20 
Cask Point 21 
Cask Point 22 

X [ft) Y [ft] 
122.5 202.5 
122.5 -67.5 
-67.5 -67.5 
-67.5 202.5 

(X, Y) Location 
11 .5, 11 .5 
11 .5, 27.5 
11.5, 43.5 
11.5, 59.5 
11 .5, 75.5 
11 .5, 91 .5 

11.5, 107.5 
11.5, 123.5 

27.5, 11 .5 
27.5, 27.5 
27.5, 43.5 
27.5, 59.5 
27.5, 75.5 
27.5, 91 .5 

27.5, 107.5 
27.5, 123.5 

43.5, 11.5 
43.5, 27.5 
43.5, 43.5 
43.5, 59.5 
43.5, 75.5 
43.5, 91 .5 

43.5, 107.5 
43.5, 123.5 

0, 0 
55, 0 

135 
5 

19-017 CISF Storage Pad Config 4 200215 INPLJT 4.s3z 

Number of Divisions 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 

: Page 13 of 14 
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Figure 1-6 
WCS CISF Storage Pad Layout 
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1n10AN 
rl~~BROWN 
I. 'TTIJASSOCIATES 

CISF Site 
Four Storage Pads Analysis 

Andrews, TX 
15 February 2020 

Soil Column Based on Average Shear Wave Velocity Measurements 
• Interpreted from all explorations and collaboration between GEOS and DBA. 
• Top I 00ft contains 7 stratum in 5 materials identified by GEOS 
• 100ft-600ft (approx. location of incompressible layers with sharp contr 

3 average velocity values for 6 layers identified in the soil column p i~ 

Top (ft) Bottom (ft) 
Avg. Layer Shear Wave 

Velocity (ft/s) 

20 25 1530 

25 35 1900 

35 50 2290 

50 80 1840 

80 100 2790 

100 130 2300 

130 230 2755· 

230 275 2755 

275 300 2755 

300 

360 

Caliche Hard I 

Caliche Hard 2 

Ogallala I 
Ogallala2 

Ogallala3 

Dockum Claystone/Siltstone 

Claystone and Siltstone 

Dockum Clay/Claystonel 

Dockum Silty/Sands 

Dockum Clay/Claystone 2 

Dockum Clay/Claystone 3 

Top (ft) Poisson's Ratio Gmax (psf) 

20 

25 

35 

2790 

2300 

2755 

2755 

2755 

2755 

3115 

125 

125 

125 

130 

130 

130 

130 

130 

130 

130 

130 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

Use S mn from Pad Analysis with bearing pressures from 
Configuration 1 Iterations (INPUT 5 final iteration) . 

9,087,345 

14,013,975 

20,357,531 

13,668,571 

31,426,491 

21,357,143 

30,642,958 
30,642,958 

30,642,958 

30,642,958 

39,174,511 
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CISF Site 
Four Storage Pads Analysis 

Andrews, TX 
15 February 2020 
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n four pads are fully loaded simultaneously 
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CISF Site 
Four Storage Pads Analysis 

Andrews, TX 
15 February 2020 

I ' I ' 
50 100 

6 0 0 ft 

··E21 ll Point Queries 
;-f2S Field Point Grid 
!---~ Deformed Contours 

ih-ffi Loads 
!·-·E2i£1 Soil Column 
L.[iii Draw Ma~s on aH Queries 

Rei--------------------------------------..... .:.:.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~ 
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CISF Site 
Four Storage Pads Analysis 

Andrews, TX 
15 February 2020 

'f •'' • I 
~ a'o 1clo' · 

0 . 0 73 
0 . 146 

0.219 

0 . 292 

0 . 365 

·0t1 PointQul!ries 
1
-· E28 fil!ld Point Grid 
I- CMi Deformed Contours 

·1Loads ~ So1Coum 
•- Draw Mal!!rials on al Queries 

Stress overlap reduces differential settlement between 
center and corners of footings . 



• 
~ 

SETTlEJ 5.001 ·~ ~~.::fence 

Project Settings 

Document Name 
Date Created 
Stress Computation Method 

Settle3 Analysis Information 

19-017 CISF Storage Pads Four Pad 200215.s3z 
1/16/2020, 3:00:31 PM 
Westergaard 

Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Stage# Name 
1 Stage 1 

Results 

• Time taken to compute: 0 seconds 

• 

Stage: Stage 1 

Loading Stress 

X [ft] · Y [ft] 
0 0 

55 0 
55 135 
0 135 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 1 of 48 

1/16/2020, 3:00:31 PM 
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2. Polygonal Load: "Zone 26" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ftj Y [ft] 
0 0 
5 0 
5 135 
0 135 

Zone 26 
Flexible 
675 ft2 

0.71 ksf 
0 ft 
Stage 1 

3. Polygonal Load: "Zone 27" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
55 130 
55 135 
5 135 
5 130 

Zone 27 
Flexible 
250 ft2 

0.7 ksf 
0 ft 
Stage 1 

• 5. Polygonal Load: "Zone 25" 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 2 of48 

1/16/2020, 3:00:31 PM 
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,..._ SETT1..E35.001 

t•llf; • . .:t.::sence 
Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x· [ft] • v [ft] 
5 0 

50 0 
50 5 

5 5 

Zone 25 
Flexible 
225 ft2 

0.82 ksf 
0 ft 
Stage 1 

6. Rectangular Load: "Zone 1" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.51 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] y [ft] 
5.5 5.5 

17.5 5.5 
17.5 17.5 
5.5 17.5 

:x [f:tl y [ ~l 
37.5 5.5 
49.5 5.5 
49.5 17.5 
37.5 17.5 

8. Rectangular Load: "Zone 24" 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 3 of 48 

1/16/2020, 3:00:31 PM 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X[ft] y [ft] 
37.5 117.5 
49.5 117.5 
49.5 129.5 
37.5 129.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 
1.51 ksf 
0 ft 
Stage 1 

9. Rectangular Load: "Zone 8" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
5.5 117.5 

17.5 117.5 
17.5 129.5 
5.5 129.5 

x [ft] y [ft] 
37.5 101.5 
49.5 101.5 
49.5 113.5 
37.5 113.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.51 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 4 of48 

1/16/2020, 3:00:31 PM 
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11. Rectangular Load: "Zone 22" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 85.5 
49.5 85.5 
49.5 97.5 
37.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

12. Rectangular Load: "Zone 21" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 69.5 
49.5 69.5 
49.5 81.5 
37.5 81.5 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 5 of 48 
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x [ftj V [ft] 
37.5 53.5 
49.5 53.5 
49.5 65.5 
37.5 65.5 

14. Rectangular Load: "Zone 19" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 37.5 
49.5 37.5 
49.5 49.5 
37.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

15. Rectangular Load: "Zone 18" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.04 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 6 of 48 

1/16/2020, 3:00:31 PM 
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Coordinates 

X [ft] y [ft]' 
21.5 117.5 
33.5 117.5 
33.5 129.5 
21.5 129.5 

17. Rectangular Load: "Zone 7" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] · 
5.5 101.5 

17.5 101.5 
17.5 113.5 
5.5 113.5 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Dep 
I 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 

19. Rectangular Load: "Zone 5" 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 7 of 48 

1/16/2020, 3:00:31 PM 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X[ft] Y [ft] 
5.5 69.5 

17.5 69.5 
17.5 81.5 
5.5 81.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

20. Rectangular Load: "Zone 4" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ft] Y [ft] 
5.5 53.5 

17.5 53.5 
17.5 65.5 
5.5 65.5 

X [ft] Y [ft] 
5.5 37.5 

17.5 37.5 
17.5 49.5 
5.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 8 of48 

1/16/2020, 3:00:31 PM 
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~ . SE1TLE3 5.001 

L•l~ • · ... "1.;1ence 

22. Rectangular Load: "Zone 2" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.09 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

x [ft] Y [ft] 
5.5 21.5 

17.5 21.5 
17.5 33.5 
5.5 33.5 

23. Rectangular Load: "Zone 9" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] , · Y tttj 
21.5 5.5 
33.5 5.5 
33.5 17.5 
21.5 17.5 

Coordinates 

X [ftj Y [ft] 
21.5 21.5 
33.5 21.5 
33.5 33.5 
21.5 33.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.04 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 9 of48 

1/16/2020, 3:00:31 PM 
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L•l~ . . .:t.:Jsence 

25. Rectangular Load: "Zone 11" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
21.5 37.5 
33.5 37.5 
33.5 49.5 
21.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 

26. Rectangular Load: "Zone 12" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft]. Y [ft] 
21.5 53.5 
33.5 53.5 
33. ©!5.5 

Area of L 
Load 
Depth 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.63 ksf 
0 ft 
Stag 

Installation Stage Stage 1 

Coordinates 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 10 of 48 
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,x· [ft:J' ' v [ff] 
21.5 69.5 
33.5 69.5 
33.5 81.5 
21.5 81.5 

28. Rectangular Load: "Zone 14" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
21.5 85.5 
33.5 85.5 
33.5 97.5 
21.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 

29. Rectangular Load: "Zone 15" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

one 26 
Flexible 
675 ft2 

0.71 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 11 of 48 
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}{ [ft] y [ft] 
75 0 
80 0 
80 135 
75 135 

31. Polygonal Load: "Zone 27" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

)([ttj -y [fi:j' 
130 130 
130 135 

80 135 
80 130 

Zone 27 
Flexible 
250 ft2 

0.7 ksf 
0 ft 
Stage 1 

32. Polygonal Load: "Zone 28" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area of 
Load 
Depth 
Installation Stage 

Coordinates 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 12 of 48 
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)(£~1 v ttti 
80 0 

125 0 
125 5 

80 5 

34. Polygonal Load: "Zone 29" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X tttJ. ·v. tttJ 
75 0 

130 0 
130 135 

75 135 

Zone 29 
Flexible 
7425 ft2 

1.81 ksf 
0 ft 
Stage 1 

35. Polygonal Load: "Zone 29" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area o 
Load 
Depth 
Installation Sta 

Coordinates 

Zone 29 
Flexible 
7425 ft2 

1.81 ks 
0 ft 
s 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 13 of 48 
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. }( [ftf y [ft] 
75 155 

130 155 
130 290 

75 290 

37. Polygonal Load: "Zone 26" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

. }{ [ft] y [ft] 
75 155 
80 155 
80 290 
75 290 

Zone 26 
Flexible 
675 ft2 

0.71 ksf 
0 ft 
Stage 1 

38. Polygonal Load: "Zone 26" 

Label Zone 26 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area o 
Load 
Depth 
Installation Sta 

Coordinates 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 14 of 48 
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X, [ft]· ·y ttt] 
125 155 
130 155 
130 285 
125 285 

40. Polygonal Load: "Zone 27" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

~C-Crt] :v °[ft] 
130 285 
130 290 

80 290 
80 285 

Zone 27 
Flexible 
250 ft2 

0.7 ksf 
0 ft 
Stage 1 

41. Polygonal Load: "Zone 27" 

Label Zone 27 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area o 
Load 
Depth 
Installation Sta 

Coordinates 

19-017 CISF Storage Pads Four Pad 200215.s3z 

: Page 15 of 48 
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X [ft] . Y [ft] 
50 155 
55 155 
55 285 
50 285 

43. Polygonal Load: "Zone 25" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] . Y [ft] 
80 155 

125 155 
125 160 

80 160 

Zone 25 
Flexible 
225 ft2 

0.82 ksf 
0 ft 
Stage 1 

44. Polygonal Load: "Zone 25" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Rotatio 
Load Typ 
Area of Loa 
Load 
Depth 
Installation Stage 

Zone 25 
Flexible 
225 ft2 

0.82 ksf 
0 ft 
s 

es 
Ible 

44 ft2 

1.51 ksf 
0 ft 
Stage 1 

• Coordinates 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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X [ft] Y [ft] 
80.5 5.5 
92.5 5.5 
92.5 17.5 
80.5 17.5 

46. Rectangular Load: "Zone 1" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.51 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] y [ft] . 

80.5 159.5 
92.5 159.5 
92.5 171.5 
80.5 171.5 

47. Rectangular Load: "Zone 1" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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Coordinates 

X [ft] Y [ft] 
80.5 21.5 
92.5 21.5 
92.5 33.5 
80.5 33.5 

49. Rectangular Load: "Zone 2" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] . y [ft]" 
80.5 
92.5 
92.5 
80.5 

Length 
Width 

175.5 
175.5 
187.5 
i87.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 

51. Rectangular Load: "Zone 3" 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft]; 
5.5 191.5 

17.5 191.5 
17.5 203.5 
5.5 203.5 

12 fl 
12 fl 
0 degrees 
Flexible 
144 fl2 

2.16 ksf 
0 fl 
Stage 1 

52. Rectangular Load: "Zone 3" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

· x· [ft] y [ft] 
80.5 191.5 
92.5 191.5 
92.5 203.5 
80.5 203.5 

X [ft] Y [ft] 
80.5 37.5 
92.5 37.5 
92.5 49.5 
80.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 fl 
Stage 1 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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54. Rectangular Load: "Zone 4" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft]. 

5.5 207.5 
17.5 207.5 
17.5 219.5 
5.5 219.5 

12 fl 
12 fl 
0 degrees 
Flexible 
144 fl2 

2.1 ksf 
0 fl 
Stage 1 

55. Rectangular Load: "Zone 4" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X[ft] Y[ftf 
80.5 207.5 
92.5 207.5 
92.5 219.5 
80.5 219.5 

Coordinates 

X [ft] Y [ft] 
80.5 53.5 
92.5 53.5 
92.5 65.5 
80.5 65.5 

12 fl 
12 fl 
0 degrees 
Flexible 
144 fl2 

2.1 ksf 
0 fl 
Stage 1 
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57. Rectangular Load: "Zone 5" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] V ~[ft] 

5.5 223.5 
17.5 223.5 
17.5 235.5 
5.5 235.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

58. Rectangular Load: "Zone 5" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
80.5 223.5 
92.5 223.5 
92. ,35.fii 

Area of L 
Load 
Depth 
Installation Stage 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stag ~ 
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X [ft] Y [ft] ' 
5.5 239.5 

17.5 239.5 
17.5 251.5 
5.5 251.5 

60. Rectangular Load: "Zone 6" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ftj Y [ft]' 
80.5 239.5 
92.5 239.5 
92.5 251.5 
80.5 251.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

61. Rectangular Load: "Zone 7" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 
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Coordinates 

X tft] . Y [ft] ' 

80.5 255.5 
92.5 255.5 
92.5 267.5 
80.5 267.5 

63. Rectangular Load: "Zone 7" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.09 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] ·y [ft] : 

5.5 271.5 
17.5 271.5 
17.5 283.5 
5.5 283.5 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 

65. Rectangular Load: "Zone 9" 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
96.5 5.5 

108.5 5.5 
108.5 17.5 

96.5 17.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.04 ksf 
0 ft 
Stage 1 

66. Rectangular Load: "Zone 5" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X (ft] · y [ft] 
80.5 69.5 
92.5 69.5 
92.5 81.5 
80.5 81.5 

X [ft]'Y [ft] 
80.5 85.5 
92.5 85.5 
92.5 97.5 
80.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 
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, t SETT1E3 5.001 ·~ !l _~ .. ::ience 

68. Rectangular Load: "Zone 7" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X °[ft] y [ft] . 

80.5 101.5 
92.5 101.5 
92.5 113.5 
80.5 113.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
Oft 
Stage 1 

69. Rectangular Load: "Zone 7" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2. 09 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

x [ft] 
80.5 
92.5 
92.5 
80.5 

Coordinates 

X [ftj Y[ft] 
96.5 21.5 

108.5 21.5 
108.5 33.5 

96.5 33.5 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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71. Rectangular Load: "Zone 10" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] · y [ft] 
96.5 175.5 

108.5 175.5 
108.5 187.5 

96.5 187.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.58 ksf 
0 ft 
Stage 1 

72. Rectangular Load: "Zone 10" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area of L 
Load 
Depth 
Installation Stage 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.58 ksf 
0 ft 
Stag 

19-017 CISF Storage Pads Four Pad 200215.s3z 
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X [ft] Y [ft] j 
21.5 159.5 
33.5 159.5 
33.5 171.5 
21.5 171.5 

74. Rectangular Load: "Zone 9" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X-[ft] , Y [ft] 
96.5 159.5 

108.5 159.5 
108.5 171.5 

96.5 171.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.04 ksf 
0 ft 
Stage 1 

75. Rectangular Load: "Zone 11" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 
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Coordinates 

X [ft] . y [ft] 
96.5 191.5 

108.5 191.5 
108.5 203.5 

96.5 203.5 

77. Rectangular Load: "Zone 11" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
96.5 37.5 

108.5 37.5 
108.5 49.5 

96.5 49.5 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 

79. Rectangular Load: "Zone 12" 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
96.5 207.5 

108.5 207.5 
108.5 219.5 

96.5 219.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.63 ksf 
0 ft 
Stage 1 

80. Rectangular Load: "Zone 12" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
21.5 207.5 
33.5 207.5 
33.5 219.5 
21.5 219.5 

X [ft] Y [ft] 
96.5 69.5 

108.5 69.5 
108.5 81.5 

96.5 81.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.63 ksf 
0 ft 
Stage 1 
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82. Rectangular Load: "Zone 13" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
96.5 223.5 

108.5 223.5 
108.5 235.5 

96.5 235.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.63 ksf 
0 ft 
Stage 1 

83. Rectangular Load: "Zone 13" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

)< [ft] . : \i"[fi:j 
21.5 223.5 
33.5 223.5 
33.5 235.5 
21.5 235.5 

Coordinates 

X [ftj ·: Y [ft] 
96.5 85.5 

108.5 85.5 
108.5 97.5 

96.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.63 ksf 
0 ft 
Stage 1 
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85. Rectangular Load: "Zone 14" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [fff' v [tt] 
96.5 239.5 

108.5 239.5 
108.5 251.5 

96.5 251.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stage 1 

86. Rectangular Load: "Zone 14" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area of L 
Load 
Depth 
Installation Stage 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.68 ksf 
0 ft 
Stag 
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X [ft] Y [ft] 
21.5 255.5 
33.5 255.5 
33.5 267.5 
21.5 267.5 

88. Rectangular Load: "Zone 15" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
96.5 255.5 

108.5 255.5 
108.5 267.5 

96.5 267.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.57 ksf 
0 ft 
Stage 1 

89. Rectangular Load: "Zone 15" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.04 ksf 
Oft 
Stage 1 
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Coordinates 

X [ft]" Y [ft] 
21.5 271.5 
33.5 271.5 
33.5 283.5 
21.5 283.5 

91. Rectangular Load: "Zone 16" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.04 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

x [ft] Y [ft] 
96.5 271.5 

108.5 271.5 
108.5 283.5 

96.5 283.5 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 

93. Rectangular Load: "Zone 24" 
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Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.51 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] . YJft] 
112.5 271.5 
124.5 271.5 
124.5 283.5 
112.5 283.5 

94. Rectangular Load: "Zone 24" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 1.51 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ft] y [ft] 
112.5 117.5 
124.5 117.5 
124.5 129.5 
112.5 129.5 

X [ft] Y [ft] 
96.5 117.5 

108.5 117.5 
108.5 129.5 

96.5 129.5 
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96. Rectangular Load: "Zone 23" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
112.5 101.5 
124.5 101.5 
124.5 113.5 
112.5 113.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 

97. Rectangular Load: "Zone 23" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

. XJftf y [ftJ : 
112.5 255.5 
124.5 255.5 
124.5 267.5 
112.5 267.5 

Coordinates 

x [ft). ·y [ft] · 

37.5 255.5 
49.5 255.5 
49.5 267.5 
37.5 267.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 
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99. Rectangular Load: "Zone 22" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft]'. Y [ft] 
112.5 85.5 
124.5 85.5 
124.5 97.5 
112.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

100. Rectangular Load: "Zone 22" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Area of L 
Load 
Depth 
Installation Stage 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
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x_ [ftj ·v Cftl : 
37.5 239.5 
49.5 239.5 
49.5 251.5 
37.5 251.5 

102. Rectangular Load: "Zone 21" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

~ [ft] y [ft] 
112.5 69.5 
124.5 69.5 
124.5 81.5 
112.5 81.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 

103. Rectangular Load: "Zone 21" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

0 degrees 
Flexible 
144 ft2 

2.1 ksf 
0 ft 
Stage 1 
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Coordinates 

X [ftl Y [ftf 
37.5 223.5 
49.5 223.5 
49.5 235.5 
37.5 235.5 

105. Rectangular Load: "Zone 20" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

· X [ft] . Y [ft] 
112.5 53.5 
124.5 53.5 
124.5 65.5 
112.5 65.5 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Dep 
I 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
Oft 
Stage 1 

107. Rectangular Load: "Zone 20" 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] . 
37.5 207.5 
49.5 207.5 
49.5 219.5 
37.5 219.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.1 ksf 
Oft 
Stage 1 

108. Rectangular Load: "Zone 19" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
112.5 37.5 
124.5 37.5 
124.5 49.5 
112.5 49.5 

X [ft] Y [ft] . 
112.5 191.5 
124.5 191.5 
124.5 203.5 
112.5 203.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 
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110. Rectangular Load: "Zone 19" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X -[ft] Y [ft] 
37.5 191.5 
49.5 191.5 
49.5 203.5 
37.5 203.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.16 ksf 
0 ft 
Stage 1 

111. Rectangular Load: "Zone 18" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft]_ 
37.5 
49.5 
49.5 
37.5 

Coordinates 

Xlttl Y [ft] 
112.5 175.5 
124.5 175.5 
124.5 187.5 
112.5 187.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 
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113. Rectangular Load: "Zone 17" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

K tttJ y [ft] 
37.5 159.5 
49.5 159.5 
49.5 171.5 
37.5 171.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.51 ksf 
0 ft 
Stage 1 

114. Rectangular Load: "Zone 17" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

Load 
Depth 
Installation Stage 

Coordinates 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

1.51 ksf 
Oft 
Stag. 
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X [ft] .· Y [ftf 
112.5 5.5 
124.5 5.5 
124.5 17.5 
112.5 17.5 

116. Rectangular Load: "Zone 18" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
112.5 21.5 
124.5 21.5 
124.5 33.5 
112.5 33.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.09 ksf 
0 ft 
Stage 1 
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e Soil Layers 

Layer# Type Thickness [ft] Depth [ft] 
1 Cover Sands 2 0 
2 Caliche/Sand 1 8 2 
3 Caliche/Sand 2 10 10 
4 Caliche Hard 1 5 20 
5 Caliche Hard 2 10 25 
6 Ogallala 1 15 35 
7 Ogallala 2 30 50 
8 Ogallala 3 20 80 
9 Dockum Claystone/Siltsone 30 100 
10 Claystone and Siltstone 100 130 
11 Dockum Clay/Claystone 1 45 230 
12 Dockum Silty/Sands 25 275 
13 Dockum Clay/Claystone 2 60 300 
14 Dockum Clay/Claystone 3 240 360 

---: 0 

= 3S 
80 

130 

230 
27S 

c=J 360 

D • 
600 ft 

• 
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Soil Properties 

Property 
Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Immediate Se 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

D D D D 
0.12 

Enabled 
890 
890 

0 
0.2 
0.8 

0.12 

Enabled 
1200 
1200 

0 
0.2 
0.8 

Caliche Hard 2 Ogallala 1 

D D 
0.12 0.12 

Enabled 
55232 
55232 

0 
0.2 
0.8 

1 

0 

0.12 
1 

Enabled 
1200 
1200 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

Ill 

Dockum Clay/Claystone 3 

0.13 
1 

Enabled 
120769 
120769 

0 
0.2 
0.8 

D 
0.1 3 

Enabled 
154394 
154394 

0 
0.2 
0.8 
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Dockum Silty/ 
Sands 

D 
0.13 

1 

Enabled 
120769 
120769 

0 

0.2 
0.8 
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Query Points 

• Poi_nt# Qu~ry Point Name (X;Y) Location Number· of Divisi_oris 
1 Cask Point 1 11.5, 11.5 Auto: 101 
2 Cask Point 2 11.5, 27.5 Auto: 101 
3 Cask Point 3 11.5, 43.5 Auto: 101 
4 Cask Point4 11.5, 59.5 Auto: 101 
5 Cask Point 5 11.5, 75.5 Auto: 101 
6 Cask Point 6 11.5, 91.5 Auto: 101 
7 Cask Point 7 11.5, 107.5 Auto: 101 
8 Cask Point 8 11.5, 123.5 Auto: 101 
9 Cask Point 9 27.5, 11.5 Auto: 101 
10 Cask Point 10 27.5, 27.5 Auto: 101 
11 Cask Point 11 27.5, 43.5 
12 Cask Point 12 27.5, 59.5 
13 Cask Point 13 27.5, 75.5 
14 Cask Point 14 27.5, 91.5 
15 Cask Point 15 27.5, 107.5 
16 Cask Point 16 27.5, 123.5 
17 Cask Point 17 43.5, 11.5 
18 Cask Point 18 43.5, 27.5 
19 Cask Point 19 43.5, 43.5 
20 Cask Point 20 43.5, 59.5 
21 Cask Point 21 43.5, 75. 
22 Cask Point 22 43.5, 
23 Cask Point 23 43.5, 10 . 
24 Cask Point 24 43.5, 123. · 
25 Pad 1 Bottom Left 

• 26 Pad 1 Bottom Right 
27 Pad 1 Top Left 
28 Pad 1 Top Righ 
29 Pad 1 C 
30 
31 
32 
33 
34 
35 1 Auto: 101 
36 11.5, 181.5 Auto: 101 
37 11.5, 197.5 Auto: 101 
38 11.5, 213.5 Auto: 101 
39 1.5, 229.5 Auto: 101 
4 , 245.5 Auto: 101 

, 261.5 Auto: 101 
11.5, 277.5 Auto: 101 
27.5, 165.5 Auto: 101 

4 27.5, 181.5 Auto: 101 
45 27.5, 197.5 Auto: 101 
46 27.5, 213.5 Auto: 101 
47 27.5, 229.5 Auto: 101 
48 ask 14 27.5, 245.5 Auto: 101 
49 Cask 15 27.5, 261.5 Auto: 101 
50 d 2 Cask 16 27.5, 277.5 Auto: 101 
51 Pad 2 Cask 17 43.5, 165.5 Auto: 101 
52 Pad 2 Cask 18 43.5, 181.5 Auto: 101 
53 Pad 2 Cask 19 43.5, 197.5 Auto: 101 

• 54 Pad 2 Cask 20 43.5, 213.5 Auto: 101 
55 Query Point 55 43.5, 229.5 Auto: 101 
56 Pad 2 Cask 21 43.5, 229.5 Auto: 101 
57 Pad 2 Cask 22 43.5, 245.5 Auto: 101 
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58 Pad 2 Cask 23 Auto: 101 

e 59 Pad 2 Cask 24 Auto: 101 
60 Pad 4 Cask 1 Auto: 101 
61 Query Point 61 Auto: 101 
62 Pad 2 Cask 3 Auto: 101 
63 Pad 2 Cask 2 Auto: 101 
64 Pad 4 Cask 2 Auto: 101 
65 Pad 4 Cask 3 Auto: 101 
66 Pad 4 Cask 4 Auto: 101 
67 Pad 4 Cask 6 Auto: 101 
68 Pad 4 Cask 5 Auto: 101 
69 Pad 4 Cask 7 Auto: 101 
70 Pad 4 Cask 8 Auto: 101 
71 Pad 4 Cask 9 Auto: 101 
72 Pad 4 Cask 10 Auto: 101 
73 Pad 4 Cask 11 
74 Pad 4 Cask 12 
75 Pad 4 Cask 13 
76 Pad 4 Cask 14 
77 Pad 4 Cask 15 
78 Pad 4 Cask 16 
79 Pad 4 Cask 17 
80 Pad 4 Cask 18 
81 Pad 4 Cask 20 
82 Pad 4 Cask 19 
83 Pad 4 Cask 21 
84 Pad 4 Cask 22 
85 Pad 4 Cask 23 
86 Pad 4 Cask 24 

• 87 Pad 3 Cask 1 
88 Pad 3 Cask 2 
89 Pad 3 Cask 
90 
91 
92 
93 
94 
95 
96 86.5, 277. Auto: 101 
97 102.5, 165.5 Auto: 101 
98 102.5, 197.5 Auto: 101 
99 102.5, 181.5 Auto: 101 
100 .5, 213.5 Auto: 101 

, 229.5 Auto: 101 
. , 245.5 Auto: 101 

102.5, 261.5 Auto: 101 
102.5, 277.5 Auto: 101 

10 118.5, 165.5 Auto: 101 
106 118.5, 181.5 Auto: 101 
107 118.5, 197.5 Auto: 101 
108 118.5, 213.5 Auto: 101 
109 118.5, 229.5 Auto: 101 
110 118.5, 245.5 Auto: 101 
111 · ad 3 Cask 23 118.5, 261.5 Auto: 101 
112 Pad 3 Cask 24 118.5, 277.5 Auto: 101 
113 Pad 1 Left edge 2.5, 67.5 Auto: 101 
114 Query Point 114 27.5, 157.5 Auto: 101 

• 115 Query Point 115 2.5, 222.5 Auto: 101 
116 Query Point 116 52.5, 220 Auto: 101 
117 Query Point 117 30,287.5 Auto: 101 
118 Query Point 118 105,287.5 Auto: 101 
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119 Query Point 119 127.5, 220 Auto: 101 

e 120 Query Point 120 77.5, 222.5 Auto: 101 
121 Query Point 121 102.5, 157.5 Auto: 101 
122 Query Point 122 105, 132.5 Auto: 101 
123 Query Point 123 102.5, 2.5 Auto: 101 
124 Query Point 124 77.5, 67.5 Auto: 101 
125 Query Point 125 127.5, 65 Auto: 101 
126 Query Point 126 130, 135 Auto: 101 
127 Pad 4 Top Left 75,135 Auto: 101 
128 Pad 3 Bottom Left 75,155 Auto: 101 
129 Pad 3 Bottom Right 130, 155 Auto: 101 
130 Pad 3 Top Left 75,290 Auto: 101 
131 Pad 3 Top Right 130,290 Auto: 101 
132 Pad 2 Top Left 0, 290 
133 Pad 2 Top Right 55,290 
134 Pad 2 Bottom Left 0, 155 
135 Pad 2 Bottom Right 55,155 
136 Pad 4 Bottom Left 75, 0 
137 Pad 4 Bottom Right 130, 0 
138 Pad 4 Top Right 130, 135 
139 Center of Pads 65.278, 145.171 
140 Between Pad 1 and Pad 2 27.143, 145.171 
141 Between Pad 3 and Pad 4 102.269, 145.552 
142 Between Pad 1 and Pad 4 64. 134, 70. 808 
143 Between Pad 2 and Pad 3 64.897, 220.2 
144 Pad 2 Center 27.5, 2 
145 Pad 3 Center 102.5, 22 
146 Pad 4 Center 102.5, 67. 

• Field Point Grid 

Number of points 
Expansion Factor 

Grid Coordinates 

• 
19-017 CISF Storage Pads Four Pad 200215.s3z 1/16/2020, 3:00:31 PM 
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CISF Site 
Cask Handling Building 

Andrews, TX 

Cask Handling Building: Two-bay Category B steel struction measuri 
approximately 175feet by 193 feet in plan dimension with a heigh 

Load Combination Foundations for Main Columns 
Gross Bearing Pressure (ksf) Net Bearing Pressur, 

0.74 

Load Combination 
Foundations for Wind Columns 

essure (ksf) Bearing Pressure (ksf) Net Bearing Pressure (ksf) 

Tornado 1.2D + 1.ow1 2.51 5.44 4.32 
Seismic 1.2D + 1.0E 09 2.23 1.11 
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CISF Site 
Cask Handling Building 

Andrews, TX 

Use Soil Column from Pad Analysis with bottom of footing 10ft below GS. 

Soil Column Based on Average Shear Wave Velocity Measurements 
• Interpreted from all explorations and collaboration between GEOS and DBA. 
• Top 100ft contains 7 stratum in 5 materials identified by GEOS 
• 100ft-600ft ( approx. location of incompressible layers with sharp contr 

3 average velocity values for 6 layers identified in the soil column pr 

Top (ft) Bottom (ft) 
Avg. Layer Shear Wave 

Velocity (ft/s) 

20 25 1530 

25 35 1900 

35 50 2290 

50 80 1840 

80 100 2790 

100 130 2300 

130 230 2755 

230 275 2755 

275 300 2755 

300 360 

360 

Caliche Hard 1 

Caliche Hard 2 

Ogallala 1 

Ogallala2 

Ogallala3 

Dockum Claystone/Siltstone 

Claystone and Siltstone 

Dockum Clay/Claystonel 

Dockum Silty/Sands 

Dockum Clay/Claystone 2 

Dockum Clay/Claystone 3 

Top (ft) Poisson's Ratio Gmax (psf) 

20 

25 

35 

2790 

2300 

2755 

2755 

2755 

2755 

3115 

125 

125 

125 
130 

130 

130 

130 

130 

130 

130 

130 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

9,087,345 

14,013,975 

20,357,531 

13,668,571 

31,426,491 

21,357,143 

30,642,958 

30,642,958 

30,642,958 

30,642,958 

39,174,511 
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CISF Site 
Cask Handling Building 

Andrews, TX 

MAX DAV 

earing for DL Case per AECOM Request 
60ksf on Foundations 1-3 and O.SSOksf on 
Wind Column Footings). 0.10" or less 

reported at foundation centers. Likely outside 
of the reasonable bounds of the calculation. 

Recommend considering 0.25" or less 

"' 
0 

13 0 

600 ft 



Project Settings 

Document Name 
Date Created 

Settle3 Analysis Information 

19-017 CISF CHB 200214 Net DL Only.s3z 
1/16/2020, 3:00:31 PM 

Stress Computation Method Westergaard 
Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Stage# Name 
1 Stage 1 

Results 

e taken to compute: 17.0959 seconds 

Stage: Stage 1 

Data Type 
Total Settlement [in] 
Loading Stress ZZ [ks 

Coordinates 

X [ft] Y [ft] 
0 0 

28 0 
28 183.1 
0 183.1 



2. Polygonal Load: "Foundation 2" 

Label 
Load Type 

Area of Load 

Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
84 0 

117 0 
117 183.1 

84 183.1 

Foundation 2 
Flexible 

6042.3 tt2 

0.66 ksf 
10 ft 
Stage 1 

3. Polygonal Load: "Foundation 3" 

Label 
Load Type 

Area of Load 

Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
173.1 0 
201 .1 0 
201 .1 183.1 
173.1 183.1 

76 20.3 
36 20.3 
36 -6.3 

Foundation 3 
Flexible 

5126.8 ft2 

0.66 ksf 
10 ft 
Stage 1 

5. Polygonal Load: "WC1" 



Label WC1 
Load Type Flexible 
Area of Load 1052 ft2 

Load 0.55 ksf 
Depth 10 ft 
Installation Stage Stage 1 

Coordinates 

X [ft] y [ft] 
76 162.8 
76 189.1 
36 189.1 
36 162.8 

6. Polygonal Load: "WC4" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
165 -6.3 
165 20.3 
125 20.3 
125 -6.3 

125 189.1 
125 162.8 

WC4 
Flexible 

1064 ft2 

0.55 ksf 
10 ft 
Stage 1 



Soil Layers 

ayer# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Type 
Cover Sands 

Caliche/Sand 1 
Caliche/Sand 2 
Caliche Hard 1 
Caliche Hard 2 

Ogallala 1 
Ogallala 2 
Ogallala 3 

Dockum Claystone/Siltsone 
Claystone and Siltstone 

Dockum Clay/Claystone 1 
Dockum Silty/Sands 

Dockum Clay/Claystone 2 
Dockum Clay/Claystone 3 

0 
35 
80 

130 

230 
275 

360 

600 ft 

Thickness [ft] Depth [ft] 
2 0 
8 2 

10 10 
5 20 

10 25 
15 35 
30 50 
20 80 
30 100 

100 130 
45 230 
25 275 
60 300 

240 360 



Soil Properties 

Property 

Color 

Unit Weight [kipstft3] 

KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 

KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 

KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Immediate Settlement 
Es [ksf] 
Esur[ksf] 

ndrained Su A [kips/ft2] 
ndrained Su S 

Undrained Su m 

Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

D D D D 
0.12 0.12 0.12 0.12 

1 1 1 

Enabled Enabled Enabled Enabled 
890 1200 1200 35815 
890 1200 1200 

0 0 0 
0.2 0.2 0.2 
0.8 0.8 0.8 

Caliche Hard 2 Ogallala 1 Ogallala 2 

D D • 0.12 0.12 
1 

Enabled Enabled 
55232 80233 
55232 

0 
0.2 
0.8 

Iii 
0.13 

Enabled 
120769 
120769 

0 0 

0.2 
0.8 

Dockum Clay/Claystone 3 

D 
0.13 0.13 

1 1 

Enabled Enabled 
120769 154394 
120769 154394 

0 0 
0.2 0.2 
0.8 0.8 

0.13 

Enabled 
120769 
120769 

0 

0.2 
0.8 

Dockum Silty/ 
Sands 

D 
0.13 

1 

Enabled 
120769 
120769 

0 

0.2 
0.8 



Query Points 

oint # Query Point Name 
1 Query Point 1 
2 Query Point 2 
3 Query Point 3 
4 Query Point 4 
5 Query Point 5 
6 Query Point 6 
7 Query Point 7 
8 Query Point 8 
9 Query Point 9 
1 O Query Point 1 O 
11 Query Point 11 
12 Query Point 12 
13 Query Point 13 
14 Query Point 14 
15 Query Point 15 
16 Query Point 16 
17 Query Point 17 
18 Query Point 18 
19 Query Point 19 
20 Query Point 20 
21 Query Point 21 
22 Query Point 22 
23 Query Point 23 
24 Query Point 24 

Query Point 25 
Query Point 26 
Query Point 27 
Query Point 28 

29 Query Point 29 
30 Query Point 30 
31 Query Point 
32 Query Point 
33 Query Point 33 
34 Query Point 34 
35 Q . t 35 

36 
37 

Grid Coordinates 

X [ft] Y [ft] 
286.65 274.65 
286.65 -91.85 
-85.55 -91 .85 

5.55 274.65 

(X, Y) Location 
0, 0 

0, 183.1 
28, 183.1 

28, 0 
14, 91.55 

36, -6.3 
36, 20.3 
76, 20.3 
76, -6.3 

56, 7 
36, 162.8 
36, 189.1 
76, 189.1 
76, 162.8 

56, 175.95 
84, 0 

84, 183.1 
117, 183.1 

117, 0 
100.5, 91.55 

125, -6.3 
125, 20.3 
165, 20.3 
165, -6.3 

145, 7 
125, 162.8 
12 1 

Number of Divisions 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto: 101 
Auto : 101 
Auto : 101 
Auto : 101 
Auto : 101 
Auto : 101 
Auto : 101 
Auto : 101 
Auto: 101 
Auto : 101 
Auto: 101 
Auto: 101 

Auto: 89 
Auto: 89 
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CISF Site 
Cask Handling Building 

Andrews, TX 

140 

stained Dead Loading Pressure Only 
. 79ksf on Foundations 1-3 and l.67ksf on 
Wind Column Footings). 0.25" or less at 

foundation centers 

.. 

600 ft 

Draw Materials on al Q.,orift 
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Project Settings 

Document Name 
Date Created 

Settle3 Analysis Information 

19-017 CISF CHB 200214 DL Only.s3z 
1/16/2020, 3:00:31 PM 

Stress Computation Method Westergaard 
Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Stage# Name 
1 Stage 1 

Results 

• Time taken to compute: 0 seconds 

• 

Stage: Stage 1 

X [ft] 
0 

28 
28 
0 

y [ft] 
0 
0 

183.1 
183.1 

19-017 CISF CHB 200214 DL Only.s3z 

: Page 1 of7 

1/16/2020, 3:00:31 PM 
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2. Polygonal Load: "Foundation 2" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
84 0 

117 0 
117 183.1 

84 183.1 

Foundation 2 
Flexible 
6042.3 ft2 

3.5 ksf 
10 ft 
Stage 1 

3. Polygonal Load: "Foundation 3" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] 
173.1 
201.1 
201 .1 
173.1 

76 
36 
36 

y [ft] 
0 
0 

183.1 
183.1 

Foundation 3 
Flexible 
5126.8 ft2 
3.5 ksf 
10 ft 
Stage 1 

e 5. Polygonal Load: 'WC1" 

19-017 CISF CHB 200214 DL Only.s3z 

: Page 2 of7 

1/16/2020, 3:00:31 PM 
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Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
76 162.8 
76 189.1 
36 189.1 
36 162.8 

WC1 
Flexible 
1052 ft2 

3.5 ksf 
10 ft 
Stage 1 

6. Polygonal Load: 'WC4" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft] 
165 -6.3 
165 20.3 
125 20.3 
125 -6.3 

WC4 
Flexible 
1064 ft2 

3.5 ksf 
10 ft 
Stage 1 

19-017 CISF CHB 200214 DL Only.s3z 

------1 

: Page 3 of 7 

1/16/2020, 3:00:31 PM 
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e Soil Layers 

Layer# Type Thickness [ft] Depth [ft] 
1 Cover Sands 2 0 
2 Caliche/Sand 1 8 2 
3 Caliche/Sand 2 10 10 
4 Caliche Hard 1 5 20 
5 Caliche Hard 2 10 25 
6 Ogallala 1 15 35 
7 Ogallala 2 30 50 
8 Ogallala 3 20 80 
9 Dockum Claystone/Si ltsone 30 100 
10 Claystone and Siltstone 100 130 
11 Dockum Clay/Claystone 1 45 230 
12 Dockum Silty/Sands 25 275 
13 Dockum Clay/Claystone 2 60 300 
14 Dockum Clay/Claystone 3 240 360 

0 
35 
80 

130 

230 
275 

360 

• 
600 ft 

• 
19-017 CISF CHB 200214 DL Only.s3z 1/16/2020, 3:00:31 PM 
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Soil Properties 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur[ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2] 
Undrained Su S 
Undrained Su m 

Property 

Color 

Unit Weight [kips/ft3] 
KO 

Immediate Settlement 
Es [ksf] 
Esur[ksf] 

Immediate Se,fMIMllY: 
Es [ksf] 
Esur [ksf] 

Undrained Su A [kips/ft2) 
Undrained Su S 
Undrained Su m 

Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

D D D D 
0.12 

Enabled 
890 
890 

0 
0.2 
0.8 

0.12 
1 

Enabled 
1200 
1200 

0 
0.2 
0.8 

Caliche Hard 2 Ogallala 1 Ogallala 2 

D D Ill 
0.12 0.12 

Enabled 
55232 
55232 

0 
0.2 
0.8 

0 

0.12 
1 

Enabled 
1200 
1200 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

• 

Dockum Clay/Claystone 3 

0.13 
1 

Enabled 
120769 
120769 

0 
0.2 
0.8 

D 
0.13 

1 

Enabled 
154394 
154394 

0 
0.2 
0.8 

19-017 CISF CHB 200214 DL Only.s3z 

0.13 
1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

: Page S of 7 

Dockum Silty/ 
Sands 

D 
0.13 

1 

Enabled 
120769 
120769 

0 

0.2 
0.8 

1/16/2020, 3:00:31 PM 
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Query Points 

Point# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

X [ft] 
286.65 
286.65 
-85.55 
-85.55 

Query Point Name 
Query Point 1 
Query Point 2 
Query Point 3 
Query Point 4 
Query Point 5 
Query Point 6 
Query Point 7 
Query Point 8 
Query Point 9 

Query Point 10 
Query Point 11 
Query Point 12 
Query Point 13 
Query Point 14 
Query Point 15 
Query Point 16 
Query Point 17 
Query Point 18 
Query Point 19 
Query Point 20 
Query Point 21 
Query Point 22 
Query Point 23 
Query Point 24 
Query Point 25 
Query Point 26 
Query Point 27 
Query Point 28 
Query Point 29 
Query Point 
Query Poi 
Query R 
Query 
Query Poi 
Query Point 

Point 36 
. t 37 

19-017 CISF CHB 200214 DL Only.s3z 

: Page 6 of 7 

(X, Y) Location Number of Divisions 
0, 0 Auto: 101 

0, 183.1 Auto: 101 
28, 183.1 Auto: 101 

28, 0 Auto: 101 
14, 91 .55 Auto: 101 

36, -6.3 Auto: 101 
36, 20.3 Auto: 101 
76, 20.3 Auto: 101 
76, -6.3 Auto: 101 

56, 7 Auto: 101 
36, 162.8 Auto : 101 
36, 189.1 
76, 189.1 
76, 162.8 

56, 175.95 
84, 0 

84, 183.1 
11 7, 183.1 

117, 0 
100.5, 91 .55 

125, -6.3 
125, 20.3 
165, 20.3 
165, -6.3 

145, 7 
125, 162.8 
1 .1 

1/16/2020, 3:00:31 PM 
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CISF Site 
Cask Handling Building 

Andrews, TX 

-,~ . • . . 140 

Pressure 3.5 ksf on all footings. 0.5" or 
less at foundation centers 

MAl 

80 

130 

[ 
230 

27~ 

3 60 

6 00k 



• 
Project Settings 

Document Name 
Date Created 
Stress Computation Method 

Settle3 Analysis Information 

19-017 CISF CHB 200214.s3z 
1/16/2020, 3:00:31 PM 
Westergaard 

Minimum settlement ratio for subgrade modulus 0.9 

Use average properties to calculate layered stresses 

Improve consolidation accuracy 

Ignore negative effective stresses in settlement calculations 

Stage Settings 

Stag·e # Name 
1 Stage 1 

Results 

• Time taken to compute: 0 seconds 

• 

Stage: Stage 1 

Loading Stress 

X'[ft]'Y [ft] 
0 0 

55 0 
55 135 
0 135 

19-017 CISF CHB 200214.s3z 

: Page 1 of 15 

1/16/2020, 3:00:31 PM 
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2. Polygonal Load: "Zone 26" 

Label 
Load Type 
Area of Load 

Zone 26 
Flexible 
675 fl2 

Load 0.61 ksf 
Depth O fl 
Installation Stage Stage 1 

Coordinates 

)([ft] '([ftj 
0 0 
5 0 
5 135 
0 135 

3. Polygonal Load: "Zone 27" 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft) Y [ft] 
55 130 
55 135 

5 135 
5 130 

Zone 27 
Flexible 
250 fl2 

0.65 ksf 
0 fl 
Stage 1 

• 5. Polygonal Load: "Zone 25" 

19-017 CISF CHB 200214.s3z 

: Page 2 of 15 

1/16/2020, 3:00:31 PM 
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e 

Label 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

>.< [ftj y [ft] 
5 0 

50 0 
50 5 
5 5 

Zone 25 
Flexible 
225 ft2 

0.7 ksf 
0 ft 
Stage 1 

6. Rectangular Load: "Zone 1" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
5.5 5.5 

17.5 5.5 
17.5 17.5 
5.5 17.5 

X [ft] y L 
37.5 5.5 
49.5 5.5 
49.5 17.5 
37.5 17.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.01 ksf 
Oft 
Stage 1 

8. Rectangular Load: "Zone 24" 

19-017 CISF CHB 200214.s3z 

: Page 3 of 15 

1/16/2020, 3:00:31 PM 
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t. SETTLEJ 5,001 .~ ~ -~.::fence 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] y [ft]. 
37.5 117.5 
49.5 117.5 
49.5 129.5 
37.5 129.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.01 ksf 
0 ft 
Stage 1 

9. Rectangular Load: "Zone 8" 

Length 
Width 

12 ft 
12 ft 

Rotation angle O degrees 
Load Type Flexible 
Area of Load 144 ft2 
Load 2.01 ksf 
Depth Oft 
Installation Stage Stage 1 

Coordinates 

X [ftj y [ft] 
5.5 117.5 

17.5 117.5 
17.5 129.5 
5.5 129.5 

X [ft] Y [ft] 
37.5 101.5 
49.5 101.5 
49.5 113.5 
37.5 113.5 

19-017 CISF CHB 200214.s3z 

: Page 4 of 15 

1/16/2020, 3:00:31 PM 
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11. Rectangular Load: "Zone 22" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 85.5 
49.5 85.5 
49.5 97.5 
37.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.6 ksf 
0 ft 
Stage 1 

12. Rectangular Load: "Zone 21" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ft] Y [ft] 
37.5 69.5 
49.5 69.5 
49.5 81.5 
37.5 81. 

Coordinates 

19-017 CISF CHB 200214.s3z 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.55 ksf 
0 ft 
Stage 1 

: Page 5 of 15 

1/16/2020, 3:00:31 PM 
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}([ftj y [tti 
37.5 53.5 
49.5 53.5 
49.5 65.5 
37.5 65.5 

14. Rectangular Load: "Zone 19" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
37.5 37.5 
49.5 37.5 
49.5 49.5 
37.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.6 ksf 
0 ft 
Stage 1 

15. Rectangular Load: "Zone 18" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

19-017 CISF CHB 200214.s3z 

O degrees 
Flexible 
144 ft2 

2.48 ksf 
0 ft 
Stage 1 

: Page 6 of 15 

1/16/2020, 3:00:31 PM 
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Coordinates 

x [ftJ y [ft]. 
21.5 117.5 
33.5 117.5 
33.5 129.5 
21.5 129.5 

17. Rectangular Load: "Zone 7" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] 
5.5 

17.5 
17.5 
5.5 

Length 
Width 

y [ft] 
101.5 
101.5 
113.5 
113.5 

Rotation angle 
Load Type 
Area of Load 
Load 
Dep 
I 

12 fl 
12 fl 
0 degrees 
Flexible 
144 fl2 

2.51 ksf 
Oft 
Stage 1 

19. Rectangular Load: "Zone 5" 

19-017 CISF CHB 200214.s3z 

: Page 7 of 15 

1/16/2020, 3:00:31 PM 
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Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] Y [ft] 
5.5 69.5 

17.5 69.5 
17.5 81.5 
5.5 81.5 

12 fl 
12 fl 
0 degrees 
Flexible 
144 ft2 

2.55 ksf 
Oft 
Stage 1 

20. Rectangular Load: "Zone 4" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ft] Y [ft] 
5.5 53.5 

17.5 53.5 
17.5 65.5 
5.5 65.5 

X [ft] Y [ft] 
5.5 37.5 

17.5 37.5 
17.5 49.5 
5.5 49.5 

19-017 CISF CHB 200214.s3z 

12 ft 
12 ft 
0 degrees 
Flexible 
144 fl2 

2.55 ksf 
0 fl 
Stage 1 

: Page 8 of 15 

1/16/2020, 3:00:31 PM 
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22. Rectangular Load: "Zone 2" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ft]" Y [tti 
5.5 21.5 

17.5 21.5 
17.5 33.5 
5.5 33.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.51 ksf 
Oft 
Stage 1 

23. Rectangular Load: "Zone 9" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

x [ft] Y [ft] 
21.5 5.5 
33.5 5.5 
33.5 17.5 
21.5 17.5 

Coordinates 

X [ft] Y [ft] 
21.5 21.5 
33.5 21.5 
33.5 33.5 
21.5 33.5 

19-017 CISF CHB 200214.s3z 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.48 ksf 
0 ft 
Stage 1 

: Page 9 of 15 

1/16/2020, 3:00:31 PM 
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't SETTI.E3S,001 . .. · ~ -~~·fence 

25. Rectangular Load: "Zone 11" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

:x [ftJ v [ft] 
21.5 37.5 
33.5 37.5 
33.5 49.5 
21.5 49.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.94 ksf 
0 ft 
Stage 1 

26. Rectangular Load: "Zone 12" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [ft] . v· [ft] 
21.5 53.5 
33.5 53. 
33. 

Load 
Depth 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.91 ksf 
0 ft 

Installation Stage Stage 1 

Coordinates 

19-017 CISF CHB 200214.s3z 

: Page 10 of 15 

1/16/2020, 3:00:31 PM 
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;...... SETTl.E3 5.001 

L•l~ . .... 'J..-;sence 
x _[ftj Y [ftj 
21.5 69.5 
33.5 69.5 
33.5 81.5 
21.5 81.5 

28. Rectangular Load: "Zone 14" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

Coordinates 

X [tt1 v [tt1 
21.5 85.5 
33.5 85.5 
33.5 97.5 
21.5 97.5 

12 ft 
12 ft 
0 degrees 
Flexible 
144 ft2 

2.94 ksf 
0 ft 
Stage 1 

29. Rectangular Load: "Zone 15" 

Length 
Width 
Rotation angle 
Load Type 
Area of Load 
Load 
Depth 
Installation Stage 

19-017 CISF CHB 200214.s3z 

: Page 11 of 15 

1/16/2020, 3:00:31 PM 
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: Page 12 of 15 

e Soil Layers 

Layer# Type Thickness [ft] Depth [ft] 
1 Cover Sands 2 0 
2 Caliche/Sand 1 8 2 
3 Caliche/Sand 2 10 10 
4 Caliche Hard 1 5 20 
5 Caliche Hard 2 10 25 
6 Ogallala 1 15 35 
7 Ogallala 2 30 50 
8 Ogallala 3 20 80 
9 Dockum Claystone/Siltsone 30 100 
10 Claystone and Siltstone 100 130 
11 Dockum Clay/Claystone 1 45 230 
12 Dockum Silty/Sands 25 275 
13 Dockum Clay/Claystone 2 60 300 
14 Dockum Clay/Claystone 3 240 360 

--- 0 -. 
3:5 

D 
80 

130 

230 g 27:5 

I I 
360 

D • 600 ft 

• 
19-017 CISF CHB 200214.s3z 1/16/2020, 3:00:31 PM 
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: Page 13 of 15 

• Soil Properties 

Property Cover Sands Caliche/Sand 1 Caliche/Sand 2 Caliche Hard 1 

Color D D D D 
Unit Weight (kips/f13] 0.12 0.12 0.12 0.12 
KO 1 1 1 1 

Immediate Settlement Enabled Enabled Enabled 
Es [ksf] 890 1200 1200 
Esur [ksf] 890 1200 1200 

Undrained Su A [kips/ft2] 0 0 
Undrained Su S 0.2 0.2 
Undrained Su m 0.8 0.8 

Property Caliche Hard 2 Ogallala 1 Ogallala 2 

Color D D • Unit Weight [kips/f13] 0.12 0.12 
KO 1 

Immediate Settlement Enabled 
Es [ksf] 55232 
Esur [ksf] 55232 

Undrained Su A [kips/ft2] 0 
Undrained Su S 0.2 
Undrained Su m 0.8 

• Property 
Dockum Silty/ 

Sands 

Color • D 
Unit Weight [kips/f13] 0.13 0.13 0.13 
KO 1 1 1 

Immediate Settlement Enabled Enabled Enabled 
Es [ksf] 120769 120769 120769 
Esur [ksf] 120769 120769 120769 

0 0 0 0 

0.2 0.2 0.2 
0.8 0.8 0.8 

Dockum Clay/Claystone 3 

D 
0.13 0.13 

1 1 

Enabled Enabled 
120769 154394 
120769 154394 

Undrained Su A [kips/ft2] 0 0 
Undrained Su S 0.2 0.2 

• Undrained Su m 0.8 0.8 

19-017 CISF CHB 200214.s3z 1/16/2020, 3:00:31 PM 
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• Query Points 

Pqint #, Query Point Name JX,Y) _Location, Number_ofDivi~!~11f 
1 Cask Point 1 11.5, 11.5 Auto: 101 
2 Cask Point2 11.5, 27.5 Auto: 101 
3 Cask Point 3 11.5, 43.5 Auto: 101 
4 Cask Point4 11.5, 59.5 Auto: 101 
5 Cask Point 5 11.5, 75.5 Auto: 101 
6 Cask Point6 11.5, 91.5 Auto: 101 
7 Cask Point 7 11.5, 107.5 Auto: 101 
8 Cask Point 8 11.5, 123.5 Auto: 101 
9 Cask Point 9 27.5, 11.5 Auto: 101 
10 Cask Point 10 27.5, 27.5 Auto: 101 
11 Cask Point 11 27.5, 43.5 Auto: 101 
12 Cask Point 12 27.5, 59.5 Auto: 101 
13 Cask Point 13 27.5, 75.5 Auto: 101 
14 Cask Point 14 27.5, 91.5 
15 Cask Point 15 27.5, 107.5 
16 Cask Point 16 27.5, 123.5 
17 Cask Point 17 43.5, 11.5 
18 Cask Point 18 43.5, 27.5 
19 Cask Point 19 43.5, 43.5 
20 Cask Point 20 43.5, 59.5 
21 Cask Point 21 43.5, 75.5 
22 Cask Point 22 43.5, 91.5 
23 Cask Point 23 43.5, 107.5 
24 Cask Point 24 43.5, 123.5 
25 Footing Bottom Left 0, 0 • 26 Footing Bottom Right 55, 0 
27 Footing Top Left 35 
28 Footing Top Right 
29 Footing Center 
30 Query Pain 
31 Query P · 
32 Query 
33 Query 
34 Query P 

19-017 CISF CHB 200214.s3z 1/16/2020, 3:00:31 PM 
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TECHNICAL MEMORANDUM 

Software Verification: Settle3 vS.001 
CISF Site 
Andrews, TX 
DBA Project No.19-017 

P.O. Box 309 
Jasper, TN 37347 

(423)942-8681 
www.danbrownandassociates.com 

To: Derek Kilday, P.E./GEOServices __ ....... ,,,, 
· ..:=-;'\~,9f..lf~~\\ 
~ e-.~... * '•;'I,$' ,, r -..,.. ••• 'I 

From: Timothy C. Siegel, P.E, G.E., 
Tayler J. Day, P.E. ,,, *... "•* ' ;*: ·~*, , ..... :···························"'I. f. TIMOTHY C. SIEGEL "I. , ................................. ~ Date: 17 February 2020 

1. Introduction 

,, \ 117477 / 1 
' -0 ... -·~;,, t?o;, .. ftceNS~'?.··~<c;, 

'\fs.~ioN~\.~~rJ-/ 
\'""'''"-

rform s , , . ent analyses for the Dan Brown and Associates, P.C. (DBA) 
subject project. As part of our scope, DBA 
of the Settle3 vS.001 software used for the 

· e verification of the efficacy 
e basis of the verification 

propriate for the provided analyses. 

2. Selection 

foundation 
ction of our role as industry leaders in 

i our experience that Settle3 software by 
vers · • 11l is amt! @ ; e ve tool that uses sound geotechnical and 

ce settlement r ts that can be interpreted by technical and non-
ally, Settle3 vS.001 (and other Rocscience geotechnical softwares) 
geotechnical engineering practice. 

for the CISF site in Andrews, TX are ultimately concerned with the 
e footing and a group of footings which requires calculations that effectively 

ing critical characteristics: 

• Calculate stress with depth below the corner of a single rectangular loaded area 

• Calculates vertical stress beneath a point within a rectangularly loaded area using the 
principle of superposition of stresses 



• 

• 

• Considers multiple bearing pressure areas and calculates the vertical stress beneath a 
point outside of a rectangularly loaded area (i.e. between footings) using the principle of 
superposition. 

4. Verification Procedure and Acceptance 

DBA established the attached calculations to verify the critical characteris, @s · 
previous section using hand calculations based on the methods used 
acceptance criteria established by DBA for each critical characteristi 
error of 1 % or less to account for any differences in rounding of trig 

The hand calculations utilize a closed form solution of the 
Formula found in Taylor (1948) 1. The final result of the ev 
are summarized in Table 1. 

rectangularly loaded area 

Vertical stress beneath a point within 
rectangularly loaded area 

Vertical stress beneath a between multiple 
rectangular are 

+/-1% 

+/-1% 

0% 

0% 

0% 

of Settle3 v5.001 for the types of analyses 
s 1 s . DBA concludes the software is appropriate 

subject project. Please contact the following if you would like to 
project. 

Tayler J. Day, P.E. 
Project Engineer 
Dan Brown and Associates PC 
6424 Baum Dr. 
Knoxville, TN 37919 
Mobile: 217-371-2185 
tday@dba.world 

1 Taylor, D.W. (1948). Fundamentals of Soil Mechanics. John Wiley, New York. Pg 259. 

lnlDAN 
DLJDBRDWN 
I,; fflASSDDIATES Page 2 of2 

17 February 2020 
TECHNICAL MEMORANDUM 

Settle3 Verification 
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Project WCS Storage Facility 
Project No. 19-017 
Sheet _1_ of ...i._ 
Date 01 / 14 / 2020 

Settle3 by Rocscience Stress Calculation Verification 

Engineer WPS 
Checked by TJD 

This calculation set is for the verification of the Westergaard stress computation method in Settle3 Versi 
Rocscience. The Westergaard stress computation method is a common stress computation metho 
The raw form of the Westergaard stress computation method is developed to calculate the vertic 
load. This raw form of Westergaard's stress computation method is analytically integrated to c 
beneath the corner of a rectangularly loaded area, and using the principle of superposition, 
point within or beyond the loaded area can be calculated. So, the critical characterisitcs to 
Settle3 correctly calculates the vertical stress beneath the corner of a rectangularly lo 
calculates the vertical stress beneath a point within a rectangularly loaded area u · 
Settle3 correctly considers multiple bearing pressures and calculates the verti 
rectangularly loaded area using the principle of superposition. 

Westergaard Stress Computation Formula: 

Where: 
0 2 = Vertical Stress 

Q = Point Load 

z= Depth 

3 

The Westergaard Stress C 
calculate stress for a bea 
footing can be obtaine 

a point load, however, it is more common to 
rner of a given rectangular bearing pressure or 
g equation is shown below. 

CJ'z := (_g_)·acot[ (~)-(-
1 

+ ...!_J + (~)

2

·(-
1 

J~ 2·'IT 2 - 2'0 2 2 2 - 2·V 2 2 
m n m ·n 

of Footing or Bearing Pressure Considered 

W = Width of Footing or Bearing Pressure Considered 

Source: Taylor, D. W. (1948). Fundamentals of Soil Mechanics. (pg. 259). John Wiley. New York . 

The above equation is formulated to calculate the vertical stress beneath the corner of a rectangular bearing pressure or 
footing. So to calculate the stress at the center of a rectangular bearing pressure or footing, the rectangular area can be 
segmented into four equal areas and using the principle of superposition, the stress can be calculated at the center. The 
following two pages show calculations for stress beneath the corner and the center of a square footing. 
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Calculation of the Vertical Stress Beneath the Corner of a Square Footing: 

Project WCS Storage Facility 
Project No. 19-017 
Sheet i of .JL 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by TJD 

Point! 

am (Left - Plan View, Right - Cross Section) 

L1 :== 5ft 

w1 :== 5ft 

q1 :== 5ksf 

'll :== 0.33 
z1 :== 10ft 

L1 
m1 :== - == 0.5 

z1 

W1 
n 1 :== - == 0.5 

z1 

( ) 
[ 

2 ~ rrzl :== ~ ·acot ( 1 - 2·'ll)·(-1 + _1 J + ( 1 - 2·'ll) ·( 1 J == 413-psf 
2·'JT 2 - 2'll 2 2 2 - 2·'ll 2 2 

ml n1 ml ·n1 



Calculation of the Vertical Stress Beneath the Center of a Square Footing: 

Project WCS Storage Facility 
Project No. 19-017 
Sheet ..1.... of JL 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by T JD 

Point2 

Lz := 2.5ft 

Wz := 2.5ft 

q2 := 5ksf 

:.i;.;= 0.33 
22 := 10ft 

L2 
m2 := - = 0.25 

22 

W2 
n2 := - = 0.25 

Zz 

( ) [ ( ) ( J 
( )2 ( J~ qz 1 - 2-v 1 1 1 - 2-v 1 

<Y22 := 4 - ·acot · -- + - + . = 633-psf 
2·11' 2 - 2'U 2 2 2 - 2·'U 2 2 

~ ~ ~-~ 

Note: Using the principle of superposition, the equation for the stress beneath the comer of a rectangularly loaded 
area is multiplied by 4 in this case account for all 4, 2.5ft x 2.5ft loaded areas. 
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Calculation of the Vertical stress Beneath a Point Between Two Rectangular Footings: 

---5!1--+--I 

ton: 

In this case, the principle of 
then subtract out the str 

Project WCS Storage Facility 
Project No. 19-017 
Sheet ..!.. of ...i_ 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by TJD 
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5ft 

Figure 4 - Vertical Stress Ben 

To calculate the stress 
just like the footings. 
be equal to the vertical s 
of 5ksf. But the whole area 

" 

footing 

Project WCS Storage Facility 
Project No. 19-017 
Sheet _[_ofJL 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by TJD 

ootings Diagram. The Stress Computation Areas are 
ed (Plan View) 

entire cross-ti Ie:lii d area is loaded with a bearing pressure of 5ksf-
We · gaard's equation for the cross-hatched area will 

e en the two footings, is loaded with a bearing pressure 
e area between ootings has no load. So using the principle of 

n for the vertical stress beneath the comer of a rectangularly loaded area, four 
rea is subtracted from four times the vertical stress from the cross-hatched area 

L3a := 7ft 

w3a := 5ft 

q3 := 5ksf 

».;= 0.33 
23 := 10ft 

L3a 
Length-to-Depth Ratio: m3a := - = 0.7 

23 

W3a 
Width-to-Depth Ratio: n3a := -- = 0.5 

23 

( q3 J [ ( 1 - 2·'U) ( 1 1 ) ( 1 - 2·'U)
2 

( 1 J cr23a:= 4 - -acot · - + - + . = 1938-psf 
2-'IT 2 - 2'V 2 2 2 - 2-'V 2 2 

m3a n3a m3a ·n3a 
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Vertical Stress at Point 3: Hatched Area 

Segmented Footing Length: 

Segmented Footing Width: 

Bearing Pressure: 

Poisson's Ratio: 

Depth of Interest: 

Length-to-Depth Ratio: 

Width-to-Depth Ratio: 

Project WCS Storage Facility 
Project No. 19-017 
Sheet _§_ of JL 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by: TJD 

W3b 
n,.,b := -- = 0.5 

.J z 
3 

( 
q3 ) [ ( 1 - 2·'U) ( 1 CT23b := 4 - ·acot · --
2·TI 2 - 2'V -

Vertical Stress at Point 3: 

m3, 

ess beneath the comer of a 5ft x 5ft footing, the 
, here all footings are loaded with a 5ksf bearing 

00ft depth. illliii data is plotted in Figures 5, 6, and 7 and 
eelle · · Version 5.001 by Rocscience. As shown in 

e3 are identical, thus, the critical characteristics of 
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500 1000 1500 

10 

20 

30 

..c 

Vertical Stress [psij 
2000 2500 3000 

Project WCS Storage Facility 
Project No. 19-017 
Sheet J_ofJL 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by TJD 

5000 

0. 
a, 

0 

Figure 5 - Vertical stress Beneath the Comer of a 5ft x 5ft Footing with a Bearing Pressure of 5ksf 
Note: The results from hand calculations and Settle3 are compared and shown to be the same 
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.c 
15.. 
<IJ 
0 

0 
0 

10 

20 

500 1500 

Project WCS Storage Facility 
Project No. 19-017 
Sheet .JL of....!.. 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by TJD 

5000 

Figure 6 - Vertical Stress Beneath the Center of a 5ft x 5ft Footing with a Bearing Pressure of 5ksf 
Note: The results from hand calculations and Settle3 are compared and shown to be the same 
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.r:. 
a. 
(I.) 

0 

Vertical Stress [psfJ 
0 1500 2000 2500 3000 

Project WCS Storage Facility 
Project No. 19-017 
Sheet JL of JL 
Date 01 / 14 / 2020 
Engineer WPS 
Checked by TJD 

5000 
0 I(>' -==:::r---,----,----r---r---r---

10 

20 

30 

40 

--H~rid 

·----------+-E>---s4ttle3---·-+-·--------------------·-1 

I 

Figure 7 - Vertical Stress Beneath a Point Between Two, 1 Oft x 5ft Footings with a Bearing Pressure of 5ksf 
Note: The results from hand calculations and Settle3 are compared and shown to be the same 
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RAls and Responses - Public Enclosure 3 to E-55412 

RAI NP-2.6-4: 

Provide the following information with respect to the laboratory investigations: 

a. Justify how the soil strength and deformation properties of the cohesive soi 
determined and how the settlement potential of the clay stratum can be 
evaluated given the absence of consolidated undrained triaxial tests a 

b. Provide results from the California Bearing Ratio (CBR) testing. 

c. A description of the laboratory tests (including the test resul 
submittal of the Geotechnical Exploration Report (Attach 

WCS CISF SAR Section 2.6.4 states the following tests r this application: 
Atterberg Limits; Natural Moisture Content; Particle S', y of Soil; 
Consolidated Undrained Triaxial Test; Standard Proc ests; California 
Bearing Ratio; and Consolidation. However, Subsection test program" of the 
Geotechnical Exploration Report (Attachment E to SAR) s onsolidated undrained 
triaxial tests and consolidation tests were not conducted bee isturbed Shelby tube 
samples could not be obtained due to th he. These tests a ortant for determining the 
shear strength parameters and consoli teristics of soi . over, in the same 
subsection ISP indicated that one CBR . The sta ed ISP's soil data 
summary enclosed in Attachment E, App the C testing results were 
not reported. Additionally, Subsection 2.2, " f the Geotechnical 
Exploration Report (Attachment E to SAR) time t ort was prepared, some of 
the laboratory testing wa oing." In e NRC staff to perform a complete 
evaluation of the labo tions, IS Id provide a complete description of the 
laboratory tests, in ults. 

analyses . 

ith 10 CFR 72.103(f)(1) and 10 CFR 

elow reference the previous studies that were performed, along with the 
y for obtaining the necessary soil parameters to perform the settlement 

Page 6 of 68 
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RAls and Responses - Public Enclosure 3 to E-55412 

Methodology: 

The information from the eighteen borings and shear wave data included in the Report of 
Geotechnical Exploration (Attachment E to Chapter 2 of the SAR) was supplemente with data 
obtained from References [2], [3], and [4]. These data were used to produce as · tigraphic 
column to 600 feet along with the necessary engineering parameters required lement 
analysis. Figure NP-2.6-4-1 displays the locations of the historical borings p 

Stratigraphy Development: 

• The upper stratigraphy (to a depth of 45 feet) was based s 
eighteen soil test borings 

• From a depth of 45 to 100 feet bgs the stratigraph 
of the CISF Area (Figure 7-30 of the SAR). 

• From 100 feet to 600 feet bgs, the Geologic C 
SAR), WCS (2007) Plate 2-2, and deeper histori 

rea (Figure 7-30 of the 
e utilized to generate the 

stratigraphy. 

The resulting stratigraphy as utilized for 
NP-2.6-4-1 . 

Cover Sands 

Sand Matrix - Moderately Hard 

Sand Matrix - Moderately Hard 

Caliche - Very Hard 

Caliche - Very Hard 

Ogallala - Sand with Gravel 

Ogallala - Sand with Gravel 

Ogallala - Sand with Gravel 

Dockum - Claystone and Siltstone 

230 Claystone and Siltstone 

275 Dockum - Claystone 

300 Dockum - Silty Sands 

360 Dockum - Claystone 

600 Dockum - Claystone 

Page 7 of 68 



RAls and Responses - Public Enclosure 3 to E-55412 

• Soil Parameter Selection: 

• 

• 

The settlement analysis that was utilized required the development of constrained modulus 
(elastic modulus) values. The constrained modulus values were calculated as folio 

Constrained Modulus up to 20 Feet BGS: 

To a depth of 20 feet bgs, the constrained modulus was correlated to the 
test (SPT) N-values obtained in the borings. The SPT N-Values were 
modulus using the method outlined in Reference [1]. This methodol 
constrained modulus to N-value for N-values up to 70 blows per f t. 
representation is shown in Figure 2.6-4-2. 

Constrained Modulus over 20 Feet BGS: 

The borings performed for the WCS CISF site were o · 
feet. Additionally, the methodology outlined in Refer 
blows per foot. Based on the N-values obtained this m 
depth of 20 feet below ground surface. Therefore, a seco 
generate the constrained modulus from depths of 20 feet to 

The Site-Specific Seismic Hazard Eval 
Motions (Attachment D to Chapter 2 oft 
obtained in preparation of the Report of 
shear wave velocity profiles at the site to 

The shear wave velocitie 
relationship: 

Where, 

um depths of 45 
p to N-values of 70 

only be extended to a 
logy had to be utilized to 

·c Design Ground 
e information 

Thi cument provided 
O feet. 

bgs, constrained modulus values were obtained from converting the 
vided in the Report of Geotechnical Exploration to constrained 
eight and Poisson's ratio. 

to 600 feet bgs, constrained modulus values were obtained from 
e shear wave velocities provided in AECOM (2016) to constrained modulus 

unit weight and Poisson's ratio. The unit weight and Poisson's ratio values 
so obtained from Appendix A of the AECOM (2016) report . 
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RAls and Responses - Public Enclosure 3 to E-55412 

Results: 

The methodology described above resulted in Table NP-2.6-4-2 soil column. This column will 
replace Appendix D in the revised Report of Geotechnical Exploration. 

Top Bottom 
(feet) (feet) 

0 2 

2 10 

10 20 

20 25 

25 35 

35 50 

50 80 

80 100 

100 130 

130 

230 

275 

N-
Value 
(bpf) 

33 

54 

54 

Table NP-2.6-4-2 
WCS CISF Soil Column 

Average 
Shear 
Wave 

Velocity 
(ft/s) 

890 

1,200 

1,200 

1,530 35,815 

1,900 55,232 

2,290 80,233 

53,870 

123,857 

84,172 

120,769 

120,769 

120,679 

120,679 

Dockum - Claystone 154,394 

historical data available at the site coupled with the eighteen 
as allowed the development of a stratigraphic column 

to greater depths. 

Geotechnical Exploration Consolidated Interim Storage Facility (CISF)) 
CISF SAR has been updated to include the above information. 

analyses are provided in the Revised Attachment E (Report of 
xploration Consolidated Interim Storage Facility (CISF)) to Chapter 2 of the 

AR. 

c) Two Standard Proctor Tests (ASTM D698), Two California Bearing Ratio tests (ASTM 
D1883), and two soil resistivity tests (ASTM G187) were performed after the submittal of the 
geotechnical report. These test results are attached to this document and will be reflected in 
the revised Report of Geotechnical Exploration. 

Page 9 of 68 



• 

• 
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RAls and Responses - Public Enclosure 3 to E-55412 

The responses to RAls NP-2.6-3, NP-2.6-4, NP-2.6-5, P-2.6-3, P-2.6-5 and P-2.6-6 all address 
the Report of Geotechnical Exploration . All of the required changes to this report (SAR 
Attachment E to Chapter 2) from the RAls, are included as part of the response to RAI 
NP-2.6-3. 
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• 
RAls and Responses - Public 

Al data I« foc.li"9 '°"'1daliclns on dun -,d or 
1111d anct ora,..., 

t;:" 
~7Slt-----+-----+---""""'C:..-.. 

Enclosure 3 to E-55412 

0 ..._ __________ ..._....,. ...... .,,.._ __ ..,...._,.....__ ........ __ __. 

0 10 20 30 33 60 70 

Average SPT resistance in depth B 

• References: 

1. 

2. 

Cook-Joyce, I c., "Geology. Re ort," Revision 12c, Appendix 2.6.1, prepared for Waste 
Control Specia ists, LLC, Aust n, Texas, May 1, 2007. 

Waste Control SP.ec·alists LLC, "Application for License to Authorize Near Surface Land 
Elisposal of Low-Level Radioactive Waste," WCS CISF SAR Chapter 2, March 2007. 
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RAls and Responses - Public Enclosure 3 to E-55412 

RAI NP-2.6-5: 

Provide the basis for using 20% of the dynamic modulus for the static elastic modul 
values are considerably higher for similar soils. 

Appendix D of the Geotechnical Exploration Report (Attachment E to SAR) nrE!ftlll!l,e 

calculated static elastic moduli used for the design and analysis for a dep 
calculated static elastic moduli are based on derived dynamic moduli fr 
determined by the refraction micro-tremor (ReMi) method. Specifical , 
dynamic modulus as the static elastic modulus for design and an 
moduli exceed the typical range of values for similar soils repo 
literatures. 

This information is needed to determine compliance wit 
72.103(f)(2)(iv). 

Response to RAI NP-2.6-5: 

As mentioned above, · 
depth of 600 feet (t 
Appendix D nee 
stratigraphic I 
selected due 
the available hi::.wma1N 

Nm•-~eport of Geotechnical 
_ _."'tilized in the subsequent 

....., _ _ !1,,fhe other RAls 
rfffillllr~f600feetandthe 

lement analysis would be extended to a 
ormation). Therefore, the table provided in 

eeded to be selected for each of the 
7•-.AJo distinct methodologies that were 

e Report of Geotechnical Exploration and 

lliltamstrained modulus was correlated to the Standard Penetration 
_ .. , ..... ..,e borings. The SPT N-Values were correlated to constrained 

The 
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Al ~ta l0t looo119 b.tndalicn, on cr.-iirl sand or 
sand ~Cl llraYII 

60 70 

Methodology 2: 

The shear wave velocifes were converted to constrained modulus using the following 
elationship: 

Where, 

2G(l - v) 

c1-2v) M 

Vs = shear wave velocity 
G = shear modulus 
M = constrained modulus 
v = Poisson's ratio 
p = unit weight 
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RAls and Responses - Public Enclosure 3 to E-55412 

• From 20 feet to 100 feet bgs, constrained modulus values were obtained from converting 
the shear wave velocities provided in the Report of Geotechnical Exploration to 
constrained modulus using the unit weight and Poisson's ratio. 

• From 100 feet to 600 feet bgs, constrained modulus values were obtaine 
converting the shear wave velocities provided in Attachment D to ChaA 
CSIF SAR to constrained modulus using the unit weight and Poisso ' Ii fa. The unit 
weight and Poisson's ratio values were obtained from Appendix tf , ment D to 
Chapter 2 of the WCS CSIF SAR. 

Results: 

The methodology described above resulted in the following · 
replace Appendix D in the revised Report of Geotechnical 

Average 

Top Bottom 
N- Shear 

Value Wave 
(feet) (feet) 

(bpf) Velocity Constrained 

(ft/s) Modulus 
(ksf) 

0 2 890 

2 10 1200 

10 20 Sand Matrix - Moderately Hard 1,200 

20 liche - Very Hard 35,815 

25 55,232 

35 80,233 

Ogallala - Sand with Gravel 53,870 

Ogallala - Sand with Gravel 123,857 

Dockum - Claystone and Siltstone 84,172 

Claystone and Siltstone 120,769 

Dockum - Claystone 120,769 

2,755 Dockum - Silty Sands 120,679 

2,755 Dockum - Claystone 120,679 

3,115 Dockum - Claystone 154,394 

Attachmen Report of Geotechnical Exploration Consolidated Interim Storage Facility (CISF)) 
to Chapter 2 of the WCS CISF SAR has been updated to include the above information. 
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RAls and Responses - Public Enclosure 3 to E-55412 

The responses to RAls NP-2.6-3, NP-2.6-4, NP-2.6-5, P-2.6-3, P-2.6-5 and P-2.6-6 all address 
the Report of Geotechnical Exploration. All of the required changes to this report (SAR 
Attachment E to Chapter 2) from the RAls, are included as part of the response to RAls 
NP-2.6-3. 

References: 

1. Tan, C.K., Duncan, J.M., Rojiani, K.B., and Barker, R.M., "Engineerin 
Foundations," prepared for the National Cooperative Highway Res 
Project 24-4) in cooperation with Virginia Polytechnic Institute an 
Sponsored by American Association of State Highway and Tr 
Federal Highway Administration, Washington, D.C., Blacks 

Impact: 

No additional changes as a result of this RAI. 
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RAls and Responses - Public 

SAR Chapter 4, "Facility Design" 

RAI NP-4-4: 

Enclosure 3 to E-55412 

Describe the important-to-safety movement of a NAC fuel canister in its trans • 
a railcar to the canister transfer system (CTS) and provide drawings of the 
systems, and components intended for this function. 

The described movement of the NAC canisters from the railcar to th 
cask transporter (VCT) appears inconsistent with provided drawi 
building (CHB) and VCT. WCS CISF SAR Section 4.7.4, "NAC 
describes that the VCT is used to unload the NAC transpo 
following manner: 

... After the transportation cask has been receive 
the VCT is driven over, essentially straddling the r 
transportation cask upper trunnions. The VCT then ra 
cask to raise and lift the transportation cask from the ra1 
transportation cask to 3-6" off the gro d. The railcar is rem 
and the VCT moves the cask to th iii$. e VCT is shown 

the impact limiters, 
ned to engage the 

es towards the rear of the 
CT then lowers the 

n updated to show the VCT that has the full range of motion 
portatio sks from the railcar and upright them under the CTS. The 
need to address the following functional requirements: 

allows driving over a flat-bed railcar with deck heights up to a 42 

an flat-bed railcar bed widths of up to 1 O feet 

3. height can readily address the transport cask vertical height to clear rear rotation 
trunnions. 

4. Added dual towers to provide better control of the transition of the transport cask to the 
vertical position. 
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Impact: 

SAR Figure 4-4 has been revised as described in the response . 

• 

• 
Page 17 of 68 



WCS Consolidated Interim Storage Facility Safety Analysis Report Revision 3 Interim 

' 

• Proprietary Informat 
:Withheld Pur 

• 
Page 4-48 

All Indicated Changes are in response to RAI NP-4-4 



• 

• 

RAls and Responses - Public Enclosure 3 to E-55412 

SAR Chapter 7, "Installation Design and Structural Evaluation" 

RAI NP-7-3: 

Make appropriate adjustments to the SASSI model to account for concrete er 
consistency with the GTSTRUDL model. Report these findings in WCS Cl 
7.6.1.5 and/or other appropriate sections of the WCS CISF SAR. 

In the GTSTRUDL model used to evaluate all of the load combinatio 
flexural stiffness is reduced by 50% to accountfor concrete crac · . owever, in tli 
soil structure interaction (SSI) model the concrete pad is cons· to be uncracked a 
flexural stiffness is not reduced (ENERCON CALC NO. NA ALC-04, Rev. 1, "Soil 
Structure Interaction Analysis of ISFSI Concrete Pad at s, TX," Page 34). In the loa 
combinations, safe shutdown earthquake (SSE) occur ealload ( d Liveload (L). If t 
concrete pad is cracked under D and L, then it must ked und . The GTSTRUDL 
and SASSI models must be consistent in their assump rd· 
SSI analysis it is conservative to consider the concrete c 
considered cracked, it is estimated that the acceleration at t 
would be higher by approximately 10%. ference: G. Bjorkm 
Parameters on the Seismic Response age Casks," P 

This information is needed to determine 

Response to RAI NP-7-3: 

Revision 2 of Calcul 
consistent with th 
[1]. The flexura 
ASCE43-05 
ASCE 43-05 
04, the SSI anal 
analysis cases to o 
po 

n (SSI) analysis has been modified in 
elude cracked concrete properties 
Society of Civil Engineers (ASCE) 43-05 
educed to half per Table 3-1 of 

d to 7 percent for cracked concrete per 
vel 2 [1]. In revision 2 of NAC004-CALC

concrete properties for the governing 
aximum cask time history acceleration, maximum cask sliding 
overturning potential (as determined in Section 7 of Reference [2]. 

ttachment 4.1 of NAC004-CALC-04. SAR Sections 7.6.1 and 
ions; Tables 7-11 through 7-20; Figures 7-10 through 7-13 
pdated to be consistent with the revised analysis. In 
have been added to the SAR. 
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Based on the results of the SSI analysis using cracked concrete properties, the accelerations for 
the governing cases for design increased by up to 6.5 percent compared to the uncracked 
models. Consequently, the accelerations obtained from the previously completed full (36 cases) 
SSI analysis documented in Reference [2] have been increased by 1 O percent (mul · lied by a 
factor of 1.1) and used in a design re-evaluation of the pad as documented in Re e [4]. 
The revised accelerations have been used in the GTSTRUDL analysis for the , controlling 
cask configurations for design as presented in Reference [4]. For cask slidi verturning 
and pad sliding evaluations, the design parameters extracted from SSI re (Reference 
[3]) are directly used (Reference [4]). The design of the pad was not i changes in 
acceleration inputs. While the factor of safety against overturning d , imately 
6. 7 percent, it remained above the requirement of 1.1 and, while eased 
slightly, sliding distance has still been shown to be within acce 

The responses to RAI NP-7-3, NP-7-4 and NP-7-7 all add 
Pads for the NAC systems. All of the required change 
including subsections, are included as part this resp 

Similarly, SAR Attachment E to Chapter 2 updates are i 
NP-2.6-3. 

References: 

1. ASCE 43-05, "Seismic Design C 
Nuclear Facilities." 

Components in 

2. sion 1, · , · Structure Interaction 
stallation (ISFSI) Concrete Pad at WCS 

3. 

4. 

evision 2, "Soil Structure Interaction 
stallation (ISFSI) Concrete Pad at WCS 

.6.1, 7. nd 7.6.3, Tables 7-11 through 7-20,and Figures 7-9 through 
-27 been revised, and Figures 7-64 through 7-67 have been added as 
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3.2.3.3 Design Response Spectra Derivation 

The seismic analysis for the CISF swas performed to be consistent with 10 CPR 
72.103 [3-23], U.S. Nuclear Regulatory Commission's NUREG- 0800 "St~idard 
Review Plan (S~) for the Review of Safety Analyses Rep?rts for ~u~~~_;P?~er 
Plants: L WR Ed1t10n" [3-3] and NUREG/CR-6728 "Techmcal Bas1 ot:Rev1s1on of 
Regulatory Guidance on Design Ground Motions: Hazard- and Rii.' nsistent 
Ground Motion Spectra Guidelines" [3-25]. 

3

.

2

.3.4 :::~~:i:::~ requirements, horizontal and ~.:fui1 DRS for a 1 O,O~;t~1

~r .. , ... 
=·7 J~ • 

return period and ~ssociated strain-compatible .. p···.t··.·.~~ties ~ere ·d.eveloped and pr3\4~"'\ 
for the SSI analysis. Three three-componentJ!~tg.f t1me h1st0Je{ were developed V 
through spectral m~tching. A final report ~t~f duced tha}it~ji;ibes and summ~izes 
the above analyses m Chapter 2, Attachment~j,~.~1! calc~~:p~ns were performed m 
accorda?ce with AECOM's NQA_-1 Program. B~~t ]fulations are contained in 
calculat10n WCS-12-05-200-001 m Chapter 2 AtiliQb. t D. 

~' 

Design time histories ~re use~J~:i,{~"'~ll ~·equired corti . 

3.2.3.5 ::::::e~::l::::t::c~:::~j~~et~~?'.f'' '' . · 
Chapter 7 o~ils the I .. -.• ~-~sed in'"~f:eismic design~ an:sis 
~ho; :~~,~t.; !:~;181J~::ee:sa:!

0
thly~)~~ ~~::~i!'!~1!!fi:::r(:;!~i!J 

RAI N P-7-3 dynatffi~{il properti . . , therefore, )goiTu~rvative for use in an equivalent static 
anf,I;;rn:is, The soil %1l~~~f ~~mre.~Hn ~,;~G,~~e~ stati~ ~y~~lfor the '! erti~al 
Stora elllJ.t'.,f>;tJ}~e-rtacrs-',.)'ll _J[Q.ldfl? N!J[~p_tQt.f!g£3.plJ.4s,]are given m 

"c'""' •. ,<~~pen i .}~!(t83] and are listed m Table 7-38. 

'."':>", ·the1 ~ign crtletijl')Ised for the Canister Transfer System (CTS) is specified in ASME 
NO~:J;~.ectio~g~~J~]. All of the load combinations identified in paragraph 
4140 fl~~een evaltf;ij'd. Controlling load combi?ations have been used to determine 
co~pone~\t~resses a~hen are co~pared to appl~cable allowable.stresses. The sum 
of s1multaq~:~sly applied loads (static and dynamic) do not result m stress levels 
which wofil'J;:eause any permane12!_~~formation, and thus, the CTS fully meets the 
requirem{i,·t1of ASME NOG-1 [\i:zli]. 

r'\1/,11 

ii)if;,i'.~Ll'~~,.- . ctural steel components are analyzed and designed ~'JJE[s}efi~ analysis 
, '\ip~(liocls~for determining forces and moments on structural steel members as a result of 

affe.@'lied service loading conditions. Dynamic analysis methods are used for 
determining structural steel member forces and moments for factored loading 
conditions where structural components are subjected to seismic loads. 
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7.6.1 

7.6 Other Structures, Systems, and Components Subject to NRC Approval 

This section describes the structural design, design criteria and design analysis for the 
storage pads for the NUHOMS® and NAC Systems. 

Storage Pads for VCCs 

The WCS CISF storage pads are conventional cast-in-place re~<i~~d~, ncrete mat 
foundation structures. They provid~ a level and stable surf~~!~?P~~:;,t and 
storage ofVCCs. The pads are designed for normal operaflQJVIoads, s~eyfi~it 
environmental loads and extreme environmental loads,&.'s"r.eferenced by N01{1:K..J567 
[7-28]. The storage pads for the NAC VCCs are d~tf' as ITS structures a' 

::::::o:

1

:;~is_ evaluation is to structu~:~ the J~C!SF Storage P:'} 
designs for the vertical systems. The beens· ."'~s WC~p~F VCC configuration 1s 
a 3x8 array of MAGNASTOR casks, which en · """"'tlier NAC International 
casks to be stored at the WCS CISF. The qualifi 
with the NUREG-0800 [7-43], UREG-1536 [7-42 G-1567 [7-28]. A 
geotechnical liquefaction ~1(1 

-- • _ - . -~~lastic settlemen 'Y,Sis is performed as part ff !£[f~<!iJ1.i/i;Jj?!_{c:4l;Ji~1Jfo.r.gL · · zidJCalcu a~AC004-CALC-02 

7.6.1.1 Design Inputs 

.1z:lr1e.}~1t!flJ~W~~JPJJ~~~f :s;~,~~%~f~r~:t~Vi;~wani 
.gJmijd~l/ofthe':¢XJnctete~1Slffl:j)ad}iu~(he,;'.detaili:rega.rdfiigitb_~ 
ofthe ,iibdulus of subgi;ade ;r~aetio-i!.:belowJhe:'.'iitff.drerit-di:~as:qJ)h~7&ffsl 

. t/~dcUhii~t[J.:ih ~f2",i·4~_J;;~J{flffAp_p~~dzk~'.'jj 6/rR~]jifi,2l)ji{ijJ ~"-·-· 

Foundation friction coefficient (between concrete and bearing soils), 
µ = 0.35 (Ref. [7-32], Section 4.4) 
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Subsurface water was not observed at the WCS CISF. 

Design Loads 

Dead Load: 

The design dead loads are the weight of the concrete. 

Live Load: 

Live load includes the weight of loaded VCC 
equipment and occupancy loa 

Revision 3 Interim 

(Ref. [7-32], Section 3.2.2) 

w load is considered to be enveloped by the live load to simplify the load 
combinations. Per ASCE 7- 05 (Ref. [7-34], Figure 7-1) the ground snow load is 10 
psf at the WCS CISF, which is small relative to the live load. 
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Proprietary Information on This Page 
Withheld Pursuant to 10 CFR 2.390 

Page 7-64 

All Indicated Changes are in response to RAI NP-7-3 

Revision 3 Interim 



WCS Consolidated Interim Storage Facility Safety Analysis Report Revision 3 Interim 

Seismic Inertia Load 

b'd,earthquake response 
-·~·~~···- hazard evaluation in 

azard evaluation presents the safe
-year period earthquake. The site-specific 

as an input to the subsequent soil-structure 
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Proprietary Information on This Page 
Withheld Pursuant to 10 CPR 2.390 
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7.6.1.2 Design Basis 

The design of 
1536 [7-42] 
this desi 

-1567 [7-2 ] with reference to NUREG-
1dance from NUREG-1567 is utilized for 

guides referenced in NUREG-1567 are 
d regulatory guide years/revisions are 

45] (building code for Texas) and the 
e codes of record and regulatory guides 

e as follows: 

y Guide 1.61, Rev. 1 

ry Guide 1.76, Rev. 1 
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[7-34] 

[7-44] 

[7-38] 
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• 7 .6.1.3 Design Load Considerations 

Thermal Load 

• 

• 

Thermal loading of the storage pad is not considered in detail given th ''e'heat 
transferred to the storage pad is very small and is only in relatively ~.,;,:, ~i6calized 
areas. Furthermore, the local cask concrete elevated temperature2~1nllli occurs only 

near the cask.to~, is less than the ACI 349-06 (Ref. [7-31], S/~~;1~ ',ic·.c. c·•··.i•d· e ... ·nt ::::~~~ffi of 350 °F for the concrete surface'·.··/),. / (;/ ~~}······ 

fl./ . . ."Z}.,r, 
The cask drop accident has been considered wit~~~ect to the structural integrity£9~: 
the cask as part of the MAGNASTOR FSAR Ji?dt.O]. The cask drop impact to the 
storage pad is not considered here because~4"~.h .• ·~./.n acciden·t. w&i .. , ... ~;ulci result in localized 
damage to the stor~ge pad, but not result in~!~:~ stabi~~e storage pa.cl. In the 
case of such an accident, the storage pad woulcl ~~?~.<:6e.evaluated and repa1red as 

needed. ~- '· \~ '~ 

Tornado-Missile Impact Loa~~ ... ;0 .·.'> ., . 0 •.•. ·. •. • ·1'.}'.·,····.,.. . 
\i~]~ ''.'·. 

! orna?o-missi1e impact 1oad h'1f P·.'·,e·"·e·.n1:ooi@ .. ',.··.~.".t •. ~.ci.., .. ~. t .. ·.h. . :_r.·e._ ·. s·p· .. e~the structu~a1 . 
~ntegrity of the.cask as part oftfi~~ ,AGNASl(?'R~~~-:-[7-40]. Torna~o-missile 
imp~ct to the d1rectly to the stora e· d oytp}.~o~~ora~e pad i~ not 
considered he~~~~~ such an .e ~,{;;~nditi.o? woula result m localized damage 
to the stora~fl?~~'.11,~t result m a~. l~;;of stability of the storage pa~. In the case of 
such an accl~ent, the stqr~e pad woiikl,;_!1eed to be evaluated and repaired as needed. 
This 1/aJststent with Af ~G-15~6 tf~ [7-42~, Table 3-3), which states fo7 the 
tonJJi?,,Q)oa? case "~t]~~~ombm~ti0~($apa~ity/de~and > 1.00 ~~r all sect10ns) 
shS:Ii~~~,itisfied ~~~~!JH:~ .,_.,, · S:IMissile loadmgs are additive ( concurrent) 
to th6'Ioa,~S)x_aus~ctj:]?~-wmo·pr@s other loads; however, local damage may be 
~ermittcil~t¥'-fm.nt of impact if there is no loss of intended function of any structure 
rrnportant to,safett' 

j •• ,

0

,,• • ' '\:~ 

;e:~~ert~~~irro 
~ '~:\. "--: £ . '\: "' :\, '\;'·· ; 

The seIS~iQciload case: eludes various cask layouts, but not does not consider short-
term confi1gl:lt~tions ( e.g., VCT in operation). All three directions of seismic excitation 

~ .. 00J 
are conserfj:if";vely considered simultaneously. 

__ rqfl~nqf1;Vi1Jd'loqc(of}~:f?1 .. ~ip,; iLde:ternif71edin,p~cii<11Ft6}.-f:-·lJfcqu~~ ffl'( 
, . _ sporte;r. :;s noUnc{uded 'if/the .(jT,S'll'-:fDL.m9del, ,th~ loads,:we ·apJ!lie_c(dtte~tlyp~ 
rwdr;ilgoj71tjorces representing the, Sf:!/f-W¢igftt . .. :£he ·opt!°,;ationql wind load cfi/a(es,.a~ 
~vertu_rnitig moment on(he Tiet thdt is. resolved into a verticalferc_e c'oupld 
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· · 7Af[, , ,,, ~$ n';f~JJjd~4}JJ~r~,'f!(Jf}s){l~in,/{l{lfh~f1;so'ij'RH,fi¢{fL .. 
?~~.ig"li/ of iV:fJ'[. J1S,tka?f ,of q~e9cti1/i,/Jefdftio):,,ql. lockftf/ij}h;ingti/1n§ fq,~ 
. ;Zo_Cl_q OlJ.. the,_YC1}the ·wifzdlodcils~ac{d~d'f_o, v~rtieal lo.ad 'self-weigh~ 
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7 .6.1.4 Load Combinations 

PerNUREG-1567 (Ref. [7-28], Section 5.4.3.4), load combinations for reinforced 
concrete structures including Independent Spent Fuel Storage Installation ... ~.;.;~SFSis) 
are per NUREG-1536 (Ref. [7-42], Table 3-3) and ACI 349 [7-31]. Lo~c([;y 
combinations from the two sources are presented only with applica~f~litl cases. Note 
that ACI 318-08 [7-39] are enveloped by ACI 349 [7-31] load co ~~ions.Thermal, 
piping, pipe break, soil, snow and flooding load cases are not i~ _,_ o~larity. 
Vertical cask transporter loads are considered as live loadswjfosed\tQ:2,,:¥1~e loads. 

AC! 349-06 Load Combinations , , 't;::';;,
0 

, 

U = l.4D (Ref. [7-31], E ·~j 
U = l.2D + l.6L ef. [7-31], Eq. 9-2) 

U = l.2D + 0.8L [7-31], Eq. 9-3) 

(Ref. [7-31], Eq. 9-4) U = l.2D + l.6(L + Eo) 

U = l.2D + l.6(L + W) 

U = D + 0.8L + Ess 

U=D+ 

(Ref. [7-31], Eq. 9-7) 

(Ref. [7-31], Eq. 9-8) 

(Ref. [7-31], Eq. 9-9) 

i;~. 0.9 where dead load reduces the effects of 
· ~i considered zero where live load reduces the 

se'{Uemiinfs at tli~ d,iffetetzt sec:di/ni oj{hefs.tqrag~p?,iqhifvfb.!7fi 
.. t~e't~f{se{qear~ri;~"?c,~{r~'k!~,;~~f0n.~1f4tt}~)jX•···th~ ~.¥1vJii~~ 

settlementb.ased, on.;rhe.:se,ttlem(fi;l/s/i,pp,rted;in:Appenef~,!f; ofref~~pc/5 
et1lbulat:eric,to. be ·O. 7.0 (nche;: P~,: Tgb/eES .. 7 ojreferen'<: e~{Zr54Jf. th~ 

niended1rtcixi#zum;Z1mtifor thidiff~rentigls.e(tlemfnt~f!Jytlatrigs,wit/t.,!ci]fTiypj 
' . ·,, is: (~imilar io ih'¢,'ciYnr,:rei~ptld_u)JJlerconsidefa#on) on' JCZJ!i<fif<Jtlig~d<sand] 
'i,ilsYs '!35 n'lin LJ :'38' ih.1·: and i5 ·ni'm ·ro:.98 iiti ·ires "kctivef'. ~. . . . -- . · •.. ~ L · ____ ,,_ ---"'---.. -·-· · ·--1~-- , ·,._._j_, .. JP · ,,, __ y~ 
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rsin,ce,:'the'palcula(ecf,mp:fimuii1.differentidl s~ttleinentS:.a.re)ignific_anJty,fowe,r :ilfa,ith~ 
1ef,rdss'ibli li,bils d.s tiefined}ti Tao le, S'-?ojri!feterit:e [J:-'~"4}; zfif,cf)n~iqr/red 'th~tihi 
fqd}!i(iqfrqtili'hijs :piz,ff(lr 'tpiicrete/dpe:%tPzi lt/fietrdttid} s~tfle"-1.e~ti _oJ4uip~ci:wfuld Jl/l. 
!:,;r'ft ibie. whln coin ·:dr~i~Hh'-'The ·oilier:relati:verc::zat e desi ', :, loads,. i . ''Jin'. I p.,/?. .. ft.,.·.,:,, .,.,'".,,a. .. ':,.'{{.·,".,., ... ,.·:'' , ... , .. ,c:,·, '·· ', ::1::: · .•.. Y .... ,,,~ .. ,,gri._.,,, .. ,<,,·,.,, . ··-·g 
raflqgs:<j~acJ_anqJiye~lo'(Jcds: ;Cf n$.equ~,nf!J?,;th~. lp9:tls:due ,to ';!h~., dif(~r' 
~ettfoment~.~ave12ot_beenypns1'q.er1teftOg§ft@)WithLthe,dgpd.Jogd:1 
~tst.~"4 above;] 

NUREG-1536 Load Combinations 

PRr 4 :i 
U = 1.4D + 1.7L (Ref. [7-42]~~9rt~f) 

U = 1.05D + l.275L (Ref. [7-42], T~~-~~;> 

U = 1.05D + l.275(L + W) U = D + L + Es ( {Ref. [7-42], Table 3Y)' 

U = D + L + W1 ~:' , ; 4~ef. [7-42], Table 3-3) ,,, "V. \:' 
*Note: All dead loads shall be varied by 5% where, ·~iiJ~ ad reduces the effects of 
other loads. ,w 

'.,;;.·:t~,,,•;);;,, t:~t 
0/S 2:. A · .. I".i~,.gJ"f Ess) 

1

;,·l.i: ~~.::~;~':r . :(t?;!.;, 

::~~:.:~~i~"J---~i-.ks-~'/-,(} 

(Ref. [7-42], Table 3-3) 

(Ref. [7-42], Table 3-3) 

(Ref. [7-42], Table 3-3) 

' ;"· ~M~rning l , binations are compiled based on code load combinations, 
''''~6i&§1f!e£~tions · ",uced dead and live load effects, and directions of seismic 

excit~~~urthen:p~i .··. SSE seismic l_oad is shown t_o e~velope the t?rnado wind load 
(Sect10 · ''. " 1.6); ther~ e, tornado wmd load combmat1ons are not mcluded. Because 
the aper I wind load is applied to the transporter, but the seismic load is not 
considere the transporter, the operational wind load case is included. 

+ 1.6(L±Eo) 

U 2: 0.9D + 0.9 L ** + l .6(±Eo) 

U 2: 1.2D + 1.6(L ± W) 
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U:::: 0.9D + 0.9 L ** + 1.6(±W) 

U::::D+L±Ess 

U::::0.9D±Ess 

U:::: 1.4D+ 1.7L* 

Notes: 

L * includes the weight of the loaded vertical cask trans 
of the casks, but not occupancy live load. 

Stability 

S/1.5:::: D + L** 

Sil.I:::: D + L** ± Ess 

Notes: 

L ** includes the weight of th 

7 .6.1.5 Cask Layout Configurations 

During the life 
casks are p 
configur 
of the 

Revision 3 Interim 

odel utilizes a six-degree-of-freedom plate bending and 
stretchin ent (SB Q6) to represent the concrete pad. The slab stiffness is 
reduced to ae ount for cracking (Concrete Pad Stiffness Properties). The concrete pad 
is support nonlinear (compression only) soil springs[] 
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rr~~ 'sr~kft;are c;r1ode}efi with" ,;ig(difi:q111,~ "}emf fr !:d'figin&t{ngia}l~<{ 8\;onf q;C:t~iijn~~ 
1(l;"?nfe¢.n fop 'of.con¢r:tite;:qtf(:fb6ttem;'bfJ:qsk,' tJJqi:e.d tf.tll~'tieg1;~¢s.,c1rQ.tfrt'd the.;:cas!¢ 

~~~~~t~~~g;;rf i~!~Jif ~~~l~tf ~i~i!r·,w.·;~1!: 
:7fl{J,t,:4hU,s;•th~y.:do.not,trqnsJ~rbendwgmom,er,,t.s,bytslzd11:zg:an/ju .£Jfthe,cqs~ 

~Jntt~:j:~tIJ:~;;;~thtt~:~;:~~it,t~~z~:t:~~i~t1:fvi·J1,.·· ,::e~~~ttf 
~h?rt Yd Behd~ftlr 31 t'hltlilk. f;sirl&l'slt"atn".:i;c,ttzdftea1lci~ . . · · •: · f/ilcil 
rr~~i~titJ~:td!1h~"feg~··· f~1i'a}P,~q4q~:·i~i~~~i~~tty~.,'.tA·:, ··;~n~,. ·liJo/#/l;t1¥ .. . ,.,(·· ),-
teJeqse.d ,V,e_f(icallyfroJf!.Jts:ff o.ttndcitf ()nJ1,s;cc.zs k.,ov.er,.t ,is}u11likely, )J!Jze.. . . 
~V,~ftur71iug;~tab1lit;y ~va~u_'at(ori.)sfper/&rme,d 'CJ$p .... ~,8Si{,mplysi~ 1in Jj.~' 

ff f JjJf f i}{fi}~lf t········ ·:rlf ltf/!:flJf f iJf {~ 
f ~![tgr{lfl(!~Oj;:t~"{! 'f lCJ_t~ ·anlf 10,~{~(?t ~ec51(S .· , •/f Oiye~~l:,< f~~/[c£!l!!] 
m.eml?ers '<io::acfd;ye.,;tn;a.lstifffie_s._s. to;th?. mat:·, ft· , atth1s, mcre..a.s~a 

~;·f.:tti.r.r.}.1.
1

.f ;.:11.1~.;.;;•fti~diriit~ff 1it~tq .. ,:·:i.;:~.:~.:l\f iJii.1 
prqdtiJ:,e, crcrf1.:1ev11qtiye:m1(J7J1e.rilf ,fmf4.n .... qdyfqrs:esfqr~,:µ~{if:. 

~;;;:;;~:rw~»l~.,_ _y~iiis~ o _hj~~~:;;";:~~1 
Concrete Ba'.a~fr~'..Rr@perties 

£'JV "''" 
Fro~.,9I7349-06 (Re 31], Sectiori\~i) ~nd ACI 318-08 ~ef. [7-39], Sect~on 
8.~j:X u]se of any _""."' ~. sonable ass~pt10ns shall be penmtted for computmg 
relati\r ,.. ural '·.'flfrsioli ~/'To approximate the effective stiffness of the 
storage . ,c, , ~tiffness o "&ififorced concrete members provided in ASCE 43-

~·"···R~Ref. [ · }{;\:able 3-1) are used conservatively considering "[w]alls and 
I J(~·Jdi,~Bm:~gms~&r4l~ed" because slabs- on-grade are not addressed. The effective 

sti~~re a~,):~ 

Effectl,i~ural ri~~~f: 0.5Eclg 
,;.1:'i'-

(Ref. [7-44], Table 3-1) 

Effective . rigidity: 0.5GcAw 

j,.~:l s, Ge= 0.4Ec = 0.4 · 3,605 ksi = 1,442 ksi 

(Ref. [7-44], Table 3-1) 

(Ref. [7-44], Table 3-1) 

sent the effective flexural rigidity and shear rigidity, 50 percent of the elastic 
· us and shear modulus are used in the GTSTRUDL model and the actual 36-in 

illi{kness is used. 

Effective elastic modulus, Ee,eff = 1,803 ksi 

Effective shear modulus, Ge,eff = 721 ksi 
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Nonlinear Soil Springs 

Nonlinear (compression only) springs are included at each storage pad node using the 
GTSTRUDL function "CALCULATE SOIL SPRING VALUES COMP SION 
ONLY DIR Y .... 

• 

• 
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7 .6.1.6 Analysis 

• [ 

] 

• 
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Sliding Cask Stability: 

• 

• 
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Overturning Cask Stability: 

7 .6.1. 7 Design Forces from Analysis 

Cask Configuration 1 • 

• 
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• Cask Configuration 2 

• 

• 
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Cask Configuration 4 

• 

• 
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Assessment ofVCT Loading: 

Multiple VCT locations were considered in the analyses. [ 

7.6.1.8 Concrete Pad Capacity 

Minimum Shrinkage and Temperature Rei 

[ 

• 
. ] 

m mo r both directions (across length and width) are evaluated. 
op and o ttom reinforcement ( each face) are equal; therefore, the 
·gn moment is taken as the maximum of the positive and negative 

• ] 
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One-Way Shear Capacity: 

• 

• 
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e [ J 
Punching (Two-Way) Shear Capacity: 

• 

• 
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• 

Stability of Storage Pad: 

• 

• 
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• 

• 
Page 7-87 

All Indicated Changes are in response to RAI NP-7-3 



WCS Consolidated Interim Storage Facility Safety Analysis Report Revision 3 Interim 

• 

7 .6.1.9 Construction and Detailing Evaluations 

Durability Considerations: 

• 

• 
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7.6.1.10 

tions performed, 1t is concluded that the licensing design of the 
r Andrews, TX meets all of the applicable structural requirements 

8] with reference to NUREG-1536 [7-42] and NUREG-0800 [7-

F licens1 g design includes consideration of four cask configurations on 
n systematically loading the pad with casks from one short side 
to the other. Seismic, operational wind, and tornado wind were all 

, act on the casks. In the case of an SSE event, the VCCs do not overturn; 
e casks could slide up to ~E;?Q in (considering a safety factor of two). 

, ore, the concrete pad could slide up to ![] in ( considering a safety factor of 
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7.6.2 

7.6.2.1 

Impact from cask drop or tornado-generated missiles was not considered with respect 
to the storage pad. The casks are already qualified for impact conditions and impact to 
the storage pad is an accident condition where damage is acceptable as long as there is 
no loss of function. The VCT was considered at several locations while fi 
supporting a cask. Operational wind load was applied to the VCT; ho 
and tornado wind were not considered given that cask movements 
evolutions. 

Soil Liquefaction and VCC Storage Pad Settlement 

The purpose of this evaluation is to determine the liq · ion potential an 
settlement of the VCC storage pad located at the~ SF in Andrews, Tex 

The scope of work included: 

• Review of Drawing NAC004-C-OO 1, ensions and general 
arrangement of the storage pad [7-30], an ing NAC004-C-002, 
Rev. 0 showing the structural concrete plan, d details [7-37]. 

• Review of "Report of Geo 
LLC [7-32]. 

• Liquefaction potential eva e [7-32] . 

• Elastic settlement evaluatio 
reference [7-32]. 
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7 .6.2.2 Design Inputs 

Soil Properties[J 

Relevant Concrete Pad Properties 

7.6.2.3 Analysis 

Liquefaction Potential Evaluation 

Liquefaction potential evaluation was based on N 
and widely accepted empirical odology using St 
and laboratory test data [7-53; 

7.6.2.4 
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.• 7.6.2.5 Calculations 

• 
Page 7-93 

All Indicated Changes are in response to RAI NP-7-3 



• 

• 

• 

WCS Consolidated Interim Storage Facility Safety Analysis Report Revision 3 Interim 

7.6.2.6 Results and Conclusions 

7.6.3 

d design with the MAGNASTOR VCC, 
C VCCs to be stored at the WCS CISF, 

and 3 time histories, totaling 36 analysis 
lerations at the VCC center of gravities, the 

of gravity, an evaluation for sliding and overturning of the 
ysis supports structural design of the VCC storage pad system. 

] 
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• 

• 

• 
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• 7.6.3.2 Design Inputs 

The inputs used to prepare and execute the SSI analysis are as follows: 

Finite Element Model Inputs: 

• 

J 

• 
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• [ J 
7.6.3.3 Calculations 

The following sections detail the calculations of the inputs for the S 

SSI Soil Model 

• 

• 
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7.6.3.4 

irection for Case 30, Coyote Lake earthquake on UB at cask 
, . 1guration 4 

e ZNertical Direction for Case 22, Norcia earthquake on LB soil at 
3 for cask configuration 3 

ASTOR cask envelopes all other vertical VCC types to be stored at the 
F. Through examining the instantaneous coefficient of friction demand, it is 

a that cask sliding is likely to occur for at least I cask due to a maximum 
ficient of friction demand of 0.46, which is greater than the coefficient of friction 

of 0.35 for cask steel-to-concrete contact for a light broom finish on the concrete pad . 
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7-20 Calculation 630075-2016, rev 3, Structural Evaluation of Gantry Base, NAC 
International. 

7-21 NAC International Report 630075-R-06, Rev. 3, Appendix A, Independent 
As_ses~ment of Lift Systems Hydraulic ~a?try ~rane S~stem for Comp~~~, with the 
Cntena ofNUREG-0612 &-0554 Prov1dmg Smgle-Failure-ProofHa,µgl .. f of Spent 

7-22 

7-23 

7-24 

7-25 

7-26 

7-27 

7-28 

7-29 

7-30 

Fuel Casks. 

NAC International Report 630075-R-06, Rev. 3, Appendix 
Effects Analysis . 

. NAC International Report 630075-R-06, Rev. 3, Ap~·ix C, Crane Ope;~ti&>J1. 

~:~'!:~:~ional Report 630075-R-06, Rev. 3A~ D, Kuosheng Hy~~ 

~:c%~::.~:~:::;5

6::;::~~ .•. ;,:·1·~•-'·p·::n•.d•·.·c·.i····:,,ba.~sheng Chain Hoist 
ASME NUM I Compliance Matnx. ., ~, •• , ;{V 
Calculation NAC004-CALC-04, Rev. ~' "Soil Str'. ?tteraction Analysis of 
Independent Spent Fuel Storag-·"'·nstallation (ISFSI) "' te Pad at Andrews, TX." 

6~{,~~~::;,µ : - t,{-~: 

Jacks, Industrial Rollers, Air 'C,~~reisf~J~~1~d.· ... r. au ... li.c Gan ·~~~ME B30. l-2009). 

NUREG-1567, "Standard Rev1'~ ~Br.;:S.-%f:¥f.! Dry &t~ge Facilities," 
Revision 0, U.S. Nuclear Regul Comm· Wf ~ffg}~~IfNuclear Material Safety 
and Safeguards, March 2000. · ~ 

dated Final Safety Analysis Report for the 
ular Storage System for Irradiated Nuclear 

d Licensing Design General Arrangement 

uclear Safety-Related Concrete Structures and 

.~~i;..oject No. 31_-~51247.fR], "Report of GeoteEhnJ~al ~~p_loration: 
~~lf?rage Facility (CISF) Andrews, Texas," :@p]!E_nd1x ;J£:gj 

:l:;~;1\V 
•J 

WCS-12- lil~:,:,00-001, Rev 0, "Site-Specific Seismic Hazard Evaluation and 
Developmv-:r f Seismic Design Ground Motions." 

'i;i~j\;, , Minimum Design Loads for Buildings and Other Structures." 
~•••.•''c ,,,., ... ,. 

7-3~;;~~ .. ~.·., ...• e.g¥ .. ,~~ Guide I: 7_6, "Design-Basis Tornado And Tornado Missiles Fo.r N. u.cl. e. ar 
. ~}l~}'Plants," Rev1s1on 1, March 2007. . 

7-36 pf~!RUDL Computer Program User Manual, Intergraph, Version 32.0[@dlTetsi~'ii 
~(lJ.£. 

7-37 Drawing NAC004-C-002, Rev. 0, "ISFSI Pad Licensing Design Structural Concrete 
Plan, Sections, and Details." 
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7-38 

7-43 

7-44 

7-45 

7-46 

7-47 

7-48 

7-49 

Regulatory Guide 1.61, Rev. 1, "Damping Values for Seismic Design of Nuclear 
Power Plants." 

7-55 Mathcad Computer Program, PTC Inc., Version 15. 

7-56 Excel Computer Program, Microsoft Inc., Version 15.0.4771.1004. 
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7-57 SC-SASSI Manual, Version 2.1.7, SC Solutions, Inc., November 6, 2015. 

7-58 

7-59 

7-60 

7-61 

7-62 

7-63 

7-64 

7-65 

7-66 

Nuclear Energy Institute (NEI), "Consistent Site-Response/Soil-Structure Interaction 
Analysis and Evaluation," June 2009. 

Deleted. 

Deleted. 

ANSI/AISC N690-06, "Specification for the Design, Fabrica~\,t, 
Steel Safety-Related Structures in Nuclear Facilities." ~:rt:\' 
ANSI/AISC ~60-05, "Specification for Structu.ral Stei_e.· ,f\~,{;:uiltlings." 

APA Consultmg Computer Code SASSI, Version I ·~~ 

ASCE 7-10, "Minimum Design Loads for Buil : 'and Other Structures." 

7-67 Calculation AREVATNOOl
Andrews, Texas." 

!zi.tfS ,:;: .. ;; ::¢, GJJp~9il~; 1::~@oqP-J~eq~t~e~n -~ 
k731 evmmenttii~!.,1:1 
~--·--·-· . ·---~-:1'~.:..J 

~9<" ,3· :ASCEXf.::f6; ~'. .. ' ··.· DesigmL 

iu70,is~·rcASMENO '-=---~"""-YJ?.·unn .. . ..... 
w.·,.,, ',~. 
go1 

·--·-. -----:---· . . . . .,., 
1J •of Ov?'n,h:ead, (J-antiy'(J-r,qn/s: (I' OJ); 

·-~rtcan. S.tk#d2..!lIY~tfiahi'.t:?Jt:£'tigtilii~,:s~ 
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Table~] 
Enveloping Element Forces (kip/in) and Moments (kip-in/in) for Cask 

Configuration 1 

,;:,;:,;:* MAXIMUM AND MINIMUM SUMMARY OF ABOVE flllVELOPE RESULTS**** 

*RESULT* MAXIMUM LOAD JOHIT * 
,;: * * 
* NXX * 0.973309E+02 133 5668 * --0.971~2 
* ~JYY * 0.175945E+03 131 1389 * -0 .1~(it~9 +03 
* NXY * 0.710638E+02 131 126 * -0 .. t '638E+02 

* MXX * 0.496207E+02 131 403 ···8170E+03 
,;: MYY ,;: 0.651214E+02 132 323 
,;: MXY * 0.221102E+02 104 3355 
,;: vxx * 0. 571444E+01 109 4966 
'"' VYY * 0.621464E+01 104 2997 
,;: * 
======================== 
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Table~ii 
Enveloping Element Forces (kip/in) and Moments (kip-in/in) for Cask 

Configuration 2 

**** MAXIMUM AND MINIMUM SUMMARY OF ABOVE ENVELOPE RESULTS**** 

============================================================== 
* RESULT* MAXIMUM LOAD JOHIT Mrrmt'iuM 
*========*==================================*=========== 
* "' 
* NXX * 0.569772E+02 132 522.5 
* NYY * 0.885718E+02 130 1398 128 
* NXY * 0.371079E+02 128 126 132 
* MXX * 0.556533E+02 108 323 869 
* rm * 0.800629E+02 108 323 617 

* MXY * 0.351331E+02 105 2635 8485 
* vxx * 0.462325E+01 104 8899 2149 

* VYY * 0.445764E+01 104 2997 3078 
l!l< * 
================-
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Tablel'fii] 
Enveloping Element Forces (kip/in) and Moments (kip-in/in) for Cask 

Configuration 3 

**"'* MAXIMUM AND MINIMUM SUMMARY OF ABOVE ENVELOPE RESULTS "'*** 

*RESULT* MAXIMUM LOAD JOHil MIMIMU/ol 
*========*==================================*==========•===•==• 
* * * 
* NXX * 0.765872E+02 128 5675 
* NYY * 0.125460E+03 130 1398 
* NXY * 0.519504E+02 128 126 
* MXX * 0.659693E+02 131 991 
;;: l•WY * 0.930660E+02 104 943 
;;: MXV * 0.413002E+02 104 2743 
:8: vxx * 0.602652E+01 108 9007 
;;: VYY * 0.573442E+01 108 7497 
* * 
=======================================--========== 
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TableiziM 
Enveloping Element Forces (kip/in) and Moments (kip-in/in) for Cask 

Configuration 4 

**** MAXIMUM AND MIMIMUM SUMMARY OF ABOVE HNELOPE RESULTS **** 

*RESULT* MAXIMUM LOAD JOUIT * MINIMUM 
*========*==================================*================-
* * * 
* N>OC * 0.907013E+02 128 5675 * -0.905094E+02 
* NYY * 0.153049E+03 130 1398 * -0.1532~~),,> 
* NXY * 0.619094E+02 126 1146 * -0. 619\,~mt~2 
* MXX * 0.654932E+02 132 1003 * -0 -11,illl,l:'+03 
* l•'NY * 0.972217E+02 108 905 * -0 9E+03 1001 

* MXV * 0.436717E+02 105 2851 850E+02 8701 ,. vxx * 0.678284E+01 108 9115 2365 

* VYY * 0.608036E+01 108 7497 7794 

* * 
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Table filfS 
Load Combination ~:01 Resultant Force-F~r Width Cut, Cask Configuration 

~ (kip & kip-in) 

LOADING - 104 
~============•==•======•==•======•==,===,==c,ccc,cc,===,======,==•=====c,ccc 

LOCATiorJ OF CEPITROID (REFER TO NOTE ABOVE) = 

IU-PLAPJE NORMAL FORCE, P = 

IN-PLANE SHEAR FORCE 
(PARALLEL TO CUT), 

OUT-OF-PLANE (TIWISVERSE) 
SHEAR FORCE, FZ = 

ThllSTI[l!G MOMENT ( 
VECTOR NORMAL TO • 
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Table ~~~16. 
Load Combination 105 Resultant Force For Length Cut Cask Confi~uration 

~ (kip & kip-in) 

==========~==~======~==============================,===•==••==•======•=== 
LOADING - 105 

==---=--------====------===-===---==~====---=-=-=-==-===,======•==·~· 

LOCATiml OF CENTROID (REFER TO NOTE ABOVE) = 

HI-PLANE r.JORMAL FORCE, P = 

IN-Pl.AME SHEAR FORCE 
(PARALLEL TO CUT), V = 

OUT-OF-PLANE (TRANSVERSE) 
SHEAR FORCE, FZ = 

BENDn!G J.IOMENT (MOfJlEMT 
VECTOR PARALLEL TO 

• 

• 
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Table ":i7; 
Load Combination 301 Enveloping Reactions Cask Configuration ~ (kip & 

kip-in) 

Summary of Global Reaction Envelopes**** 

============================================ 
Type Value Load 

======================================== 

Force X Min 
Max 

Force Y Min 
Max 

Force Z loan 
r·~ax 

Moment X Min 
Max 

Moment Y Min 
Max 

Moment Z l•lin 
Max 

-0.774047E-01 
0.774047E-01 
0.000000E+00 
0.000000E+00 

-0.189993E+00 
0.189993E+'00 
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Table[~1.§ 
Load Combination 302 To 309 Enveloping Reactions Cask Configuration 1 

(kip & kip-in) 

*~** Summary of Global Reaction Envelopes**** 

Type 

force X Min 
Max 

Force Y Min 
Max 

Force Z Min 
Max 

Moment X Min 
Max 

Moment Y Min 
Max 

Moment Z Min 
Max 

Value Load 

-0.278213E+0'4 303 
0.278213E+04 
0.000HB0E+00 
0.000000E+00 

-0.278292E+04 
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Table ~j:9, 
Load Combination 301 Maximum Displacements Cask Configuration ~ (in) 

****SUMMARY OF MAXIMU1'.t GLOBAL OISPLACEMEt.JTS**** 
INDEPENDENT IN EACH COORDINATE 

-====--=·---·.:... __ :...::--=--=-....'...--~-=---==--====----
*··RESULT* MAXIMUM LOAD 
*=-====--lJC_"':"'"."""':-..:.---=--=..:.._. ____ -:-_=-7-:_i::i~ 

*)(.;£>ISP·;;, -0.233258E-02 301 
* Y-OISP * '-'0.393650E+00 301 
• Z-'DISP * 0.8~1354E~03 301 

. . ' . ' _. :==.?-===---=--:--.=---".""-----=""'.'-=--
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Tablefl~!Q 
Load Combination 302 to 309 Maximum Dis lacements Cask Confi oration 

****SU1'V•W.RY OF MAXIMUM GLOBAL DISPLACEMENTS***"' 
_ INDEPENDENT IN EACH CQORI)I~IATE - -

=.=:;:========?======.======'======i;::=i=;:=======:::= 
*RESULT* MAXIMUM' LOAD 
*====?="===*=~=======~=~=~=-:;i============ 
* X~DISP * .-0.3683SSE+00 308 
*Y-OISP * -0~534379E+00· 309 
* Z-DISP * -0~263145E+00 308 

. =========?=========~==~==== 
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RAI NP-7-4: 

Ensure the soil springs in the GTSTRUDL model reflect the behavior of the storage ad under 
applied loads. Make any changes to WCS CISF SAR Section 7 .6.1.5 and/or othe ·12, opriate 
sections of the WCS CISF SAR. 

In WCS CISF SAR Section 7.6.1.5, subheading "Nonlinear Soil Springs" i 

Nonlinear (compression only) springs are included at each stora 
GTSTRUDL function .... The GTSTRUDL command uses the 
combined with the tributary area from each node's connecti 
spring stiffness in force per unit length. 

The resulting soil springs are uncoupled and are comm 
(M. Hetenyi, "Beams on Elastic Foundation," Univers·_ 
"Foundation Analysis and Design," McGraw-Hill, Fou 
soil spring stiffness is calculated, a uniformly distribute 
produce a uniform downward displacement everywhere. 
placed on an elastic half-space and a uniform load were app 
uniform but concave downward, which i eement with me 
1988). One way to account for this usi undation is t 
soil springs at and near the edges of the ) . 

Background 

ar Soil Springs" states: "Nonlinear 
ge pad node using the GTSTRUDL 

ser input soil stiffness .... combined with the 
ent(s) to compute a spring stiffness force per 

s are uncoupled and are commonly referred to as a "Winkler" 
, r which first proposed the concept of subgrade reaction. In 

od makes the assumption that each "spring" is linear and 
one ano her. It also assumes that all springs have the same value of 
reaction). The Winkler method is an improvement over rigid analyses; 

t of as only a coarse representation of the actual interaction between 
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The RAI references a mechanism for generating more accurate estimates of actual settlements, 
"One way to account for this is to double the stiffness of the soil springs at and near the edges 
of the pad (Bowles, 1988)." Bowles outlines multiple methods for coupling the springs from the 
Winkler method. One method is to double the stiffness of the soil at and near the e es of the 
pad or to double the quantity of springs at or near the edges of the pad and leav 
constant. These methods will result in a more accurate estimate of settlement 
that is uniformly loaded. However, Bowles goes on to state that this method · 
plate or mat is uniformly loaded. 

Unfortunately, the mat foundations for the CISF area will be loaded i 
casks are fully loaded, will not be uniformly loaded. As such, the et 
Bowles for coupling will not achieve the desired effect. 

Methodology 

As mentioned previously and referenced in other RA ' 
utilizes a single modulus of subgrade reaction (Ks) of 

· Section 7.6.1.5 
c inch for the entirety 

of the area beneath the mat foundation. 

n soil pressure and 
tionship of 

ad distribution on the 
l!IS of subgrade 
STM D1196). As 

twas an uncoupled 

ading, the subgrade modulus determined 
adjusted for loads applied over a much 
present at the WCS CISF. To address 

the structural engineer to adjust the 
iterative proce . Since the loading (pressure) on the mat can be 

I model, that pressure can be utilized to generate the associated 
termine more realistic modulus of subgrade reaction (Ks) values at 

• ect consisted of multiple iterations and proceeded as follows: 

2. were used to develop a Settle3 model (finite difference software) with the 
rmulating values of subgrade modulus (k) that would align with the calculated 

settle . The program calculates settlements at multiple points beneath the mat based 
on the pressures provided. The modulus values are calculated at distinct points by 
determining the pressure/settlement ratios. 
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3. The resulting new values of subgrade modulus were then submitted to the structural 
engineer to be integrated into the GTSTRUDL analysis. 

4. The next iteration combined the applied loads with a much more accurate estim 
response (calculated k values) thus refining the mat pressure distribution. 

5. The results of the refined GTSTRUDL analysis were then provided and 
Settle3 model. The result was an updated set of subgrade modulus v 
mat for input back into the GTSTRUDL analysis. 

6. This iterative process was continued until the models converg 
values and displacements did not change more than 1 O per 
iterations). 

The analysis was performed on a single pad in four diff 
quarter loaded, half loaded, and three quarters loade 
and subsequent subgrade modulus values and antici 
Appendix H of the Report of Geotechnical Exploration, 
Attachment E to Chapter 2 of the WCS CISF SAR. 

The pad design calculation was revised , 
NAC004-CALC-01. The design of the 
modulus . 

urations: fully loa 
• nverged models 
included as 

is included in updated 

odulus in Revision 2 of 
es in subgrade 

re included as part of the response to 

Impact: 
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RAI NP-7-7: 

In WCS CISF SAR Sections 7.6.4.2 and 7.6.5.1, explain whether the concrete pad i 
to be cracked or uncracked in the structural and SSI analyses. 

Based on the value of Young's modulus used in the structural analysis and t 
appears that the concrete pad is considered to be uncracked. If this is cor 
the basis for this assumption. 

This information is needed to determine compliance with and 72.24 ( 

Response to RAI NP-7-7: 

In the original SSI analysis of the pad (Reference [2]), t 
uncracked. In response to NRG RAI NP-7-3, the SSI 
(Reference [3]) and the SASSI model has been modi 
per ASCE 43-05 (Reference [1 ]). The results of this rev1 
into the evaluation of the concrete pad as shown in Refere 
not impacted by the revised results and the sliding and overt 
acceptable limits. See the response to ~ -7-3 for addition 

References: 

1 ASCE 43-05, "Seismic Design Criteria 
Nuclear Facilities." 

2 Enercon Calculatio 
Analysis of lndeP, 
in Andrews, T 

3 

4 

"sion 1, "Soil Structure Interaction 
allation (ISFSI) Concrete Pad at WCS Site 
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RAI NP-7-8: 

With respect to WCS CISF SAR Section 7.6.5.4, provide the proprietary settlement 
for the NU HOMS storage pad for staff review. 

Without reviewing the storage pad settlement calculations, the staff is unabl 
finding. 

This information is needed to determine compliance with 10 CFR 72 

Response to RAI NP-7-8: 

The responses to RAls NP-7-3, NP-7-4, and NP-7-7 all ad 
Pads for the NAC systems. All of the required changes , 
including subsections, have been included as part th 

Similarly, SAR Attachment E to Chapter 2 updates hav 
to RAI NP-2.6-3. 

The proprietary settlement calculations f 
calculation AREVATN001-CALC-001, 
include the revised to reflect the change 
In addition, calculation AREVATN001-Cfti 
SAR Sections 7.6.4 and 7.6.5 to be consis, 
response to RAI NP-7-3. 

Finally, SAR Section 7 
included in SAR A 
RAI NP-2.6-3. 

Impact: 

t the revised soil bearing properties 
s been updated as part of the response to 
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SAR Chapter 15, "Materials Evaluation" 

RAI NP-15-10-5: 

Clarify bolting material listed on WCS SAR page 15-8. 

Enclosure 3 to E-55412 

SAR page 15-8 has a listing for ASTM A574 Grade 70, but the referenc 
Thermal Material Properties - MAGNASTOR/MAGNATRAN Cask Sy 
71160-2101 Rev. 9, NAC International, Atlanta, Georgia (Reference 
information for ASTM A57 4 material. 

There are two issues that need clarification: 

1. ASTM A57 4 is not in Reference 15-3 but yield stre 
SAR Page 15-8 are correct according to ASTM 

2. ASTM A574 has multiple grades including: 4137, 41 
51 B37M, but no Grade 70. The Grades of ASTM A574 
Cr-Mo steel) rather than strength (e.g. A516 Grade 70). 
strength of all grades of ASTM A57 si (minimum) a 
respectively which is much strange "Grade 70" s 
an alloy with a tensile strength of 70 

, 8740, 5137M, and 
oy designations (i.e., 4340 
strength and tensile 

si (minimum) 
ich usually refers to 

1. Section 15.3.2 
Material Pro 
(ASME) 

ble 15-3, which includes the applicable 
merican Society of Mechanical Engineers 
Is Section, Part D - Properties, which is 

now cited 

2. 

ised and Table 15-3 has been added as described in the 
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Yield Strength (ksi): 

Modulus of Elasticity, E (x 106 psi): 

Coefficient of Thermal Expansion, a (x 1 o-6 in/in/°F) 

Density (lbm/in3
) 

15.3.2.2 ASTMA514 - CTS Header Plate [15-4] 

Ultimate Strength (ksi): 

Yield Strength (ksi): 

15.3.2.3 ASTM A693/564, Type 630 - Lift Pin f 15-3] 

Ultimate Strength (ksi): 

Yield Strength (ksi): 

Modulus of Elasticity, E (x 106 psi) 

Coefficient of Thermal Expansion, a (x 1 o-6 in/in 

Density (lbm/in3
) 

15.3.2.4 

15.3.2.5 

15-2 

Ultimate Strength (ksi): 

Yield Strength (ksi): 
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RAI NP-15-13-5 

Provide the following: 

1. The location of the referenced tables in the RAI response: The response to R 
refers to (1) SAR Table 15.3-1 comparing the FO, FC and FF DSCs to the 
subcomponents evaluated in the 1004 renewal, (2) SAR Table 15.3-2 co 
DSCs to the DSC subcomponents evaluated in the 1004 renewal, (3) 
comparing the 24PT1 DSC to the to the DSC subcomponents eval 
and, (4) SAR Table 15.3-4 comparing the AHSM to the HSM su 
the 1004 renewal. SAR tables corresponding to Tables RAI 1 13 through R 
were not included with the SAR change pages provided wit Al response. 

2. The a licabilit of the Coe No. 1004 AMPs to the 24 
response to RAI NP-15-13: In their RAI response, t 

3. 

in Appendix C, 
® System (i.e., the 

w the subcomponents of 
CandHSM 

e that no AMA is 
AMPs in Appendix C 

oposed for storage 

e ta zed Advanced NUHOMS® 
in the RAI 15-13 response addresses 

I ses TLAAs if an which will be used 
o eration: Table RAI 15.13-1 through RAI 
g Management Activity. The entries in 

ams (AMPs). No TLAAs are listed in these 
e CoC No. 1 enewal that were incorporated into Rev. 17 of 
ection 12.2 would appear to be applicable including: 

ister Poison Plates Boron Depletion Evaluation 

utron Fluence and Gamma Radiation on Storage System Structural 

t Evaluation of 24P and 528 Non-Leaktight DSCsD 

Performance of Horizontal Storage Modules for the Period of Extended 
Operation 

• Evaluation of Additional Cladding Oxidation and Additional Hydride Formation Assuming 
Breach of Dry Shielded Canister Confinement Boundary 
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• Evaluation of Cladding Gross Rupture during Period of Extended Operation 

4. Revisions to any TLAAs approved in the Coe No. 1004 renewal and incorporated into Coe 
No. 1004 UFSAR Revision 17 that do not consider the proposed actions and loagings 
associated with the trans ortation of the existin DSCs current! in service at •. ;m·e 
specifically licensed and generally licensed ISFSls: The movement of DSC e proposed 
ISP/WCS CISF facility should consider additional parameters associate e transfer 
and transportation operations as necessary. For example, it appears tigue 
Evaluation of the Dry Shielded Canisters included in Section 12.2 1004 
UFSAR Revision 17 does not address loading cycles associated e mo t of DSC 
to the proposed ISP/WCS CISF facility including: (1) DSC loa · g · ring remov the 
existing HSM, (2) DSC loading and temperature cycles dur" nsportation pack k 
testing prior to transportation, (3) loads during transport · Ll-) temperature during 
transportation, (5) DSC loading and temperature cycl ng transportation package 
testing upon receipt at the ISP/WCS CISF facility, DSC loadi , during placement 
into the HSM at the ISP/WCS CISF facility. 

5. Additional information on the assessment of ITS com. h 

6. 

7. 

RAI 15.13-4 where the com arison com anent for the 
Entries in the columns of Table RAI 15.13-1 (page 38 of 
Stop Plate (2nd row) and the Bottom ,,. lug (61h row) are 
and FF DSCs currently located at tti o ISFSI but a 
1004 system. The assessment of the 
range of possible aging mechanisms 
also review Tables 15.13-2 thru 15.13-

r the FO FC FF in Table RAI 15.13-1 the 
anent of Table RAI 15.13-3 and the 

·cally, provide additional information on the 
hether these components might be 
e guidance in NUREG-1927 Revision 1 

on for the GTC SC and the DSCs from the CoC No. 1004 in 
formation provided in this Table RAI 15.13-2 appears to contain 
· Is used for the DSC components. For example, the Outer Bottom 

3-2 is listed as SA-240 Type 304 for the GTCC Material and 
1004 Material. These appear to be reversed. The DSCs 

uel star · under the CoC No. 1004 system used SA-240 Type 304. 
used A240 Type 304. 

eviews for the FO FC FF GTCC and 24PT1 DSCs and the AHSM: 
, through RAI 15.13-4 provide a crosswalk to justify the application of the 

. 1004 AMPs to the FO, FC, FF, GTCC and 24PT1 DSCs and the AHSM. 
I 15.13-1 through RAI 15.13-4 identify the safety classification of the 

0 nt parts, the safety function(s) of the subcomponent parts are not identified. 
The Co o. 1004 renewal (along with other Coe and specific license renewals) have 
included an aging management review with the safety functions of the ITS SSCs identified. 
The staff has used the information in the aging management review to evaluate the 
adequacy of the proposed aging management activity. The information provided in previous 
renewals has been consistent with the guidance in NUREG-1927 Revision 1 Section 3.2. 
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Without information on the safety functions of the ITS SSCs, the staff cannot determine 
whether the proposed aging management activities are sufficient to maintain the safety 
function of the ITS SSCs throughout the period of extended operation. 

9. The use of surro ate ins ections identified in SAR Sections C.13.3.1 and C.1 
revised SAR pages in Appendix C state the following: 

Interim Storage Partners (ISP) may use inspections results from other. 
licensee inspections if it can be demonstrated that the other licens 
bounding. Parameters to be considered in making a bounding d . u ation 
or more benign environmental conditions, similar storage syst a.· sign comp 
similar stored fuel parameters, heat load, and operational h · 

The staff notes that Sections C.13.3.4 and C.13.4.4 st 

A minimum of one DSC from each originating /SF, 
selected for inspection is based on the following 

ction. The DSC(s) 
which provide the 

ial heat load, (3) DSC 
ration relative to 

basis for selection of a bounding DSC(s): (1) Time i 
Fabrication and Design Considerations and (4) HSM a 
climatological and geographical features. 

Sections C.13.3.4 and C.13.4.4 do 

In addition, int 
14-03, "Form 
Based Agi 
informati 

.Q16, Nuclear Energy Institute Submittal: NEI 
dance for Dry Cask Storage Operations-

207) the NRC clarified the additional 
r AMP inspections: 

the use o s ates for AMPs to date. There is not yet 
rience for canister examinations for the various susceptibility 

the susceptibility assessments may be applied, and surrogates 
t Spent Fuel Storage Installation fleet. There is not yet a 

rrogate inspections for canisters until the Code Case is 
, , ating e nee exists for canister examination results for the various 

s. For other structures, systems, and components (SSCs) within the 
re are limited AMP inspection results and no industry guidance for 
Cs may be appropriate for the use of surrogate inspections. Both a 

that considers the effects of environmental and operational parameters 
d operational experience gained from conducting AMP inspections are 

ntifying potential surrogates for SSCs other than storage canisters. 

~ n is needed to determine compliance with 1 O CFR 72.42(a) and 72.120(a) . 

Page 28 of 68 



• 

• 

RAls and Responses - Public Enclosure 3 to E-55412 

Response to RAI NP-15-13-S: 

1. Tables NP-15-13-1 through NP-15-13-4 summarize the results of the aging management 
reviews (AMRs) performed for the various subcomponents and provides an expl nation why 
the certificate of compliance (CoC) No. 1004 AMPs are applicable to the FO, F, 
Greater than Class C (GTCC), and 24PT1 dry shielded canisters (DSCs) a advanced 
horizontal storage module (AHSM). A review of the renewed Coe 1004 and the 
renewal submittals for CoC No. 1029 (NP-15-13-S Item 2) determine 
submittals did not include detailed aging management review (AM 
consistent with previous renewal submittals, ISP did not intend t 
15-13-1 through NP-15-13-4 in the safety analysis report (SA 
Sections A.13, 8.13, C.13, and D.13 to clearly reference th 
AMRs performed for each structure, system, and compo 

2. The initial response to RAI NP-15-13 erroneously r 
rest of the paragraph was discussing the Standa 
sentence has been corrected to reference the Sta 
proposed for storage at the WCS CISF. 

7 System when th 
MS® System. The 

NUHOMS® System 

3. 

4. 

ntify when an aging effect 
1 DSCs. These TLAAs 

Advanced NUHOMS® 
ded to Chapters 

ese terns. A statement 
in the Coe No. 1004 

.13, 8.13, C.13, and D.13 of the SAR to 
renewal submittals for the various DSCs 

nces [1], [2], and [3]) to manage selected 
luations required revising to account for 
the transportation of the existing DSCs 

evaluation was performed that bounds all the 
CS CISF. This revised fatigue evaluation is 

able NP-15-13-4 have been revised (see below) to include the 
t review (AMR) that had been performed for the 

the pr us renewal submittals. The tables originally listed the results 
oC 1004 subcomponents. Revised Table NP-15-13-1 (for the FO, FC, 
NP-15-13-2 (for the GTCC DSC) include AMR results from the 

al Utility District (SMUD) Rancho SEGO Independent Spent Fuel 
(ISFSI) License (SNM 2510) Renewal Application [1]. Revised Table 

e 24PT1 DSC) and Table NP-15-13-4 (for the AHSM) included the AMR 
CoC No. 1029 renewal submittal [2]. These revised tables include the 

tions, operating environments and aging effects that require management for 
the FO, , FF, GTCC, and 24PT1 DSCs and the AHSM ITS subcomponents where the 
corresponding CoC 1004 subcomponents are classified as NITS. The last column in the 
tables has also been revised to use the identified aging effects as the basis for determining 
applicability of the CoC 1004 AMP to the FO, FC, FF, GTCC, and 24PT1 DSCs and the 
AHSM. 
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6. Tables NP-15-13-1 through NP-15-13-4 have been revised to include footnotes explaining 
why the not important-to-safety (NITS) items for FO, FC, FF, GTCC, and 24PT1 DSCs and 
the AHSM do not screen in under Scoping Criterion #2. These explanations come directly 
from scoping evaluations performed in References [1] and [2]. 

7. Tables NP-15-13-1 through NP- 15-13-4 have been revised to correct the 
the various subcomponents. Note that the Coe 1004 material for the ou 
plate for the 24PT2S and 24PT2L DSCs in Table NP-15-13-2 was cor 
Type 304. 

8. 

9. After reconsidering the level of operating experie basis for the use 
ot be available in the 

use the inspection 
of a surrogate inspection, and the likelihood thats 
immediate future, ISP has revised the AMPs to rem 
results from other general or specific licensee inspectio ge the DSC aging effects. 

References: 

1 

2 Letter from Prak . 

3 

E-55203, "Re 
the Applica · 
Nos. 001 

7, "Response to 

LC) to NRC Document Control Desk, 
I Information for the Technical Review of 
029 (Docket No. 72-1029, CAC/EPID 
r 4, 2019. 

c.) to Document Control Desk (NRC), 
ssue of Secon quest for Additional Information -AREVA 
r Standardized NUHOMS® System - Coe 1004 (Docket No. 72-
eptember 29, 2016, (ADAMS Accession Number 

, C.13, and D.13 have been revised as described in the response . 
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Yl:IS:-J'~~ :gA.ging Management Programs 

The aging management programs (AMPs) described in Appendix C, Section ~ J 3] 
are applicable to the SSCs of the MP187 Cask system . 
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!l:f·JJ~ ---]Aging Management Programs 

The aging management programs (AMPs) described in Appendix C, Section ~-1M 
are applicable to the SSCs of the Standardized Advanced NUHOMS® sys. . . 
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tefnp~,:'dtu(€{Cfh_a~~es'. TrqfJsfet7transp0,nati{:(nloq,1~ 'iio/i;kJt>pauM a.4;di(i ·· .. · .l_<J.g§,Q!JlJJ 
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~JJT~]Aging Management Programs 

C.13.3.1 Purpose 

C.13.3.2 

This chapter describes the aging management programs (AMPs) credit~~~ 
managing each of the identified aging effects for the in-scope struc rfsisystems, and 
components (SSCs) of the NUHOMS® related dry storage system ·e Waste 
Control Specialists (WCS) Consolidated Interim Storage Faci_!( i,

7 
·~ 

1
,),The purpose 

of the AMPs is to ensure that aging effects do not result i~ ~~§Sliof irlf~i\f'.tlnction 
of the SSCs. The AMPs are based on the results of the ag1ffg~nagement rey1~ws 
(AMR) for the dry shielded canisters (DSCs), horizon}!!'.1\. orage modules (' " s,) and 

::c=~~:::::::t:a~::~:;:::~ect4~ ' .. -
• DSC External Surfaces Aging Manage '' .. ,l~gram J,.~ble to DSC) 
• DSC Agmg Management Program fort~~:~, londe-Induced Stress 

Corrosion Cracking (applicable to DSC) ~!(':' 
• Horizontal Storage Module)\·gjQg Management Pr... ..a ... for External and Internal Surfaces (applicable to ~su~port struc!llte?l ,. 
In this chapter, the terms, DSC ';i ·· sMa;~<f,jl): 'llfn]\nse, and are intended 
to apply to the various types ofD , and}jf',~Jezj~e NUHOMS® related dry 
storage systems. .. A,:~, ~ 

",.4-? ,:·~ 

/;~x+.:·> 
'rc:··l1i 

AMPs app~t~.~ for !he rene_wal of CoC 1004 [C.13-29 
;~~1i~AMPsw.cons1stent with the 10 program elements 
~allows: 

___,,..,.._I_. Seo ezo .. o ram: The scope of the program includes the specific SSCs and 
::~'"'••i•,,~:r?~·~!,!bcompi'.5j{~ subject to the AMP and the intended safety functions to be 
~1~a_ined~~1f tion, the element states the specific materials, environments, 

m1qr~~: :g mec~s and effects to be managed. 

2. Prev e actions: Preventive actions used to prevent aging or mitigate the rates 
of ag· r SSCs. 

Par ths monitored or inspected: This element identifies the specific 
,,r.~'tters that will be monitored or inspected and describes how those 

eters will be capable of identifying degradation or potential degradation 
',K,,,..-,..,.,, there is a loss of intended safety function . 
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• Environments 

DSC shell assembly components subject to AMR are exposed to the following 
environments: 

• Sheltered 

Aging Effects Requiring Management 

The following aging effects associated with the DSC shell~~~trt'bly Cv,-~,
1
~yp 

require management: ~ V 
• Loss of material due to crevice and pitting con;.~~i~jf or stainless steel 

components ~:,·· 

• Loss of material due to galvanic corrosi, "''"t'aJ¥~the DSC s 
lubricant at the sliding rail surface 

• 

• Cracking due to SCC for s -~· 
and aggressive chemical 

Preventive Actions 

• 
,[ visual inspections to monitor for material 

ed or Inspected for Identified Aging Effects 

Aging Mechanism Parameter(s) Monitored 

Crevice Corrosion Surface Condition 

Pitting Corrosion Surface Condition 

Galvanic Corrosion Surface Condition 

Stress Corrosion Cracking Surface Condition, Cracks 
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• Cracking due to CISCC for stainless steel components when exposed to moisture 
and aggressive chemicals in a coastal location, near salted roads, or in the path of 
effluent downwind from the cooling tower(s), 

• Loss of material due to radiation-i~duced crevice corrosion, pittin~g,c~sion, and 
sec for stainless steel DSC shelLU ",.~. 

Preventive Actions ... :: '. 21¥ 
1 .. """"'p:1, '\,"';;-

The program is a condition-monitoring program that does · elude p~{~n(ve 
actions. N ,:,· ·· 
Parameters Monitored or Inspected &:_ __ ' , '"' 
The surface monitoring portion of the AMP eqnjls~ of collecti6'n and measurement~·,.;. 
of chloride salts on the surfaces of selected~L.,.,..~ h~ll(s) oni~lent positio?s of the 
DSC shell surface to get a representation oft 1 · ton of the chlonde 
concentration, if any. The surface chloride cone ta are monitored, 
correlated, and trended, and compared to NDE resu. onitor for CISCC initiation 
threshold. 

,.. • .ctions to monitor for 
V 

Parameter(s) Monitored 

Surface Condition 

Surface Condition 

Surface Condition 

Surface Condition, Cracks 

,/)'.7:-.1Jl~ 
.· )?f;ime in service: Storage duration (time in service at originating ISFSI and WCS 
~~( CISF) is related to surface temperature and deposition of contaminants. The 

DSC(s) selected for inspection is from the pool of DSCs with longest time in 
service. 
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C.13-29 Letter E-46190 from Jayant Bondre (AREVA Inc.) to Document Control Desk (NRC), 
"Response to Re-Issue of Second Request for Additional Information -AREVA Inc. 
Renewal application for Standardized NUHOMS® System - CoC I 004 (Docket No. 
72-1004, CAC No. L24964)," September 29, 2016, (ADAMS Accession ,µmber 
ML16279A367). .,-; 

C.13-30 Letter from Meraj Rahimi (NRC) to Jayant Bondre (TN Americas 
Initial Certificate and Amendments Nos. 1 through l land 13 R · 
Amendment No. 14 of Certificate of Compliance No. 1004 fi 
NUHOMS® Horizontal Modular Storage System," Decem 
Accession Number MLI 7338A092). 

f·; /.,,.-~~i!"I'.'-'''.· .. '"'·~«,r.,?"",;·"\''''' ,,,"'"' .. \•·'",,·,v r: 11~~1:_ 4NS!NJ4, '2},\7Jlfsign f:!asis for R<Jsi,J(p}j_ce{p $_ho 
li:fat~ridJ Pqck)1g'¢}rQre'!iter'thdn ()fie ·'[j)n· in'([r 

C.l $~32\r NUREG7665iQ, ['Shockancf Vib?atioh.EnV: '--·--- l .. ·. ., ... '· .,, ... ·:· . .·, ,, . . ... . ;. "• ·-·- . ·-+-...... ·-· on Rail Cars ditdTrucks.'.'1 
,.,~_,,..,..,-,""'-'>~-"""-'=·-- < ~-·~-~, .... ...._--i,._J 
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,~'Jiei4gz~g,'N{qppgefi7iuJi:~i?:R,Yff~,(AJ;f,R)of~hf6N}'l;,i{'Ji1~~nt~t21J(<!KjJ.eit;f11:tbe:.__ __ _ 
qppl!qd{i01;}f o~l~lffni~1q}olth,{'9~s 1 go1:rrp~)3dEfir6'JJ~d~s. qn '4~{ ; . ; 'I ,; 1kolti ,fugj 
t1/etis that'.1coiJtii'tidi>~i:s&l ')ljfif:t fne 'a13,ii 'Vj]fnJHO '"litriti!ht,~s, /' s citl~ 
b1m~oii~nt~ysstJ to}erfli+n :iie,iz~i~ni;J:alf;1iz/d~~~'be}~nll~ttlJ; i ·~ . q: JMaL 
~torµgeiper;rodt J,fgiiig/eJfec{s;edn'il,::th'e}mei::hanjsfns'gthat,,cqus~;t .. ~:Ydl'i;tdted 
[if1:,th~;'.~oi}Ji~~t(~n.:rof:rfjt1t(/ri~Zs,~11dffh.EfrQrj,1r1~rli's}d~titifie . ~mfib,ri~flt!iil 
~~i; ~~?f pP~ ;~fl!~i~q1ed,i~n;ra ~~VieM( ofr~p~~(Jf1t;ft~hn1:~a,,Z{<l '.te '(l {fei/ 
ffli1,~1?p{~Hlf$!}f,{zn~, e;Jp.fr;f ~l;f ~ €91£!'1 ,qp441ff~41tzrf:. /R~1~; · ,fJ/1~,ef/J~." . 
-advp:sel,:, ajfe.cttne dbilitji(iJthe in;.s9ope,1SSC:·top,'(Jr · hefrsr;ifezyftmc 
~~'gt[i{fd~il~~;fit'tigfii'lJfa~)/agf,f;.e~(di1:l~fJ:tl/ ··: . po,(ept~~r{Jef)fJ41/ ... 
IJ/:by.~Ec~l1iur1hgtHepeftotl oj ex.tended;lJf/ilifqF", n. 'h~ 'tL)F;,4,s:"!JndA$fP1:lf{at . • 
~~e'4(tfil}wi1h:'rf:~ll~ging''~'gin~0ef/~9J.sftu,Nr1g . . , clo]J~xf~: :ed'bp"J'iattoti:1aN[ 
'ilisc'f,ss€.tNif,S<.t:1ionS,D'B,4, a,,dJilcl!M,#i ·, , .:'~ 

-! ' 
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IQ. :B,:~y: ,~•:Time,fbin'#ted_Agitzgytnal£sd 

[h'e,·t ... $':':':e''}tri,I1u.:{b1J1.·:.,,.!'"!~(lJlo,·.,·r·,"· qo.,q ..... z.°'P .. {£·,7·D···".~X.;f{/,,,d .. e·,s.]rtq,~ft'p·+,,'t~~!1J.'Rr.~]l<f:1J,;f.~~~:1:~r1~N 
R~r.fortffeq(o i'tjer(tifxtl:ie. 'T!fiA),Y f<lr ~h,¢.:in-sepp(SS,f:)rof the~Q:llf[.l};"St~t ' t~ 
YJii~1hiitie :i:he ·t»~t;ish tJJ.a~tco'a1dfb~ /ctfdt~erJFw1JR?:nMiag'lJ1g'tigtt(gi.ffl ~ , · h·· th¢ 
le~tit{ada· ~tofag~'fJeno'd~· 'Jf,ne:irtirAs a~sb·i~'ed~~iz ;J.pp_en:Oi;x::ce,·s~ 'JJi!m:l 
~1?12iioiib'le1lto.·~li.e:6111PNL'sJJtemJ 
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W:'i3,3rJ:l!Aging Management Programs 

The aging management programs (AMPs) described in Appendix C, Section ~--J~.Ji 
are applicable to the SSCs of the 61BTH system . 

• 
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RAls and Responses - Public 

SAR Appendix E, "NAC-MPC" 

RAI NP-E-1: 

Enclosure 3 to E-55412 

Revise the discussion in WCS CISF SAR Section E.3.1.1.3, "Seismic Design " 
response of the NAC-MPC to recognize that the storage pad peak earthqu 
based on the WCS CISF SAR Section 7.6.3 SSI analysis. On the basis 
results, which show markedly higher accelerations at cask center of g 
motions used in the quasi-static analysis to demonstrate cask seism·. s · ility, re 
Section E.3.1.1.3 discussion on the seismic response of the NA P at the propo 
CISF site. 

SAR Section E.3.1.1.3 notes that Section 11.2.2 of the N 
seismic stability for the peak pad seismic motion of 0. 
quasi-static analysis. These seismic motions are se 
the cask center of gravity in the site-specific SSI analy 
notes that cask sliding is likely to occur. Thus, the cask s 
be based on the storage pad seismic motions evaluated in 
site. [Note: This request applies also to S ction E.3.2.1.3 for rn 
system.] 

This information is needed to determine 
and 72.122(b)(2)(i) . 

2.24(d)(1) and (2), 

seismic evaluatio , 
demonstrates t systems are bounded by the 
MAGNASTO GNASTOR system does not tip-over in 

,.,,"'~--' .. '""··te and experiences minimal sliding 

. .1.3 have been revised as described in the response . 
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• E.3.1.1.2 Water Level (Flood) Design 

• 

• 

E.3.1.1.3 

The NAC-MPC may be exposed to a flood during storage on an unsheltered concrete 
storage pad at an ISFSI site. The source and magnitude of the probably l};l;r~~imum 
flood depend on several variables. The NAC-MPC is evaluated for a i~ifx~\m ~o~d 
water depth of 50 feet above the base of the storage cask. The floo~er velocity 1s 
considered to be 15 feet per section. ~~1:l 
:'-s documented in Section~ 2.4.2.2 and 3.2.2, _the WCS CIWl§jiS~ ""'~:,·dpla~n and 
is above the Probable Maximum Flood elevation and, therefQ,re, will rema!fi~ m the 
event of a flood. L_'·,~ ·. · · , ... ,,~ , 

, },1:F' 

S 
.. D . ,,i,.· .. , I eismic es1gn .. g~L , • 

!he }:IA~-MPC may be exposed to a seisnJj;,~l~~-( earthqu~"µ!uring storage on r/!<i 
~,,tm;ggf.~ The only s1gmficant effect ofa-~~i~~~c eve2it'.§pc:an NAC-MPC would be 
a possible tip-over; however, tip-over does not~·~~~~~~reraluated design basis 
earthquake. \ : ±\' 

~~pf£~n)0. 6,l c{ef1i~rist,;,atgs.; · · · 
~c:;sy~tflf,:' ~f P{r:~~~~.e~ 1~1., 
vrertm,;lhe d?Sl rb.Qs1s earth .. 

E.3 .1.1.4 Snow and Ice Loadings , ., 
~ iff\.,,, 

The criteria (~n~.,, ·ng design 'sij,~~,: o~ds is b~sed on_ANSI/A~~E 7-93, Section 
7.0. The med to h~f.!, site location typical for sitmg Category C, 

tions in w~p!isnow removal by wind cannot be relied on 
to reducWroofloads b§ se of terrain, ., er structures, or several trees near by." 
Grb~ka'8~ow load~ ~ 1tip~~;~:;.0 ... .. ed States are given in Figures, 5, 6 and 7 of 

r©,¥, 7-~~ ' ,.. ·,v~l~f 100 pounds per square foot was assumed. 
Section '-~~::, erence E.3-l&rrronstra~es the sno~ load i_s bounded by th~ we.ight 

:')''o~~ loa~eld:~tf:!~er cask. The snow load 1s also considered m the load ~ombma:1ons 
"' ~~IRf~ m Se\~..P)l4.4.2.2 of Reference E.3-1. Therefore, no further site-specific 

evah,rat10n are reqmred. 
~':,,, ~'") 

CombindfrJt ad Criteria 

Each noJtff-normal and accident condition has a combination of load cases that 
defines t 1'r' 'tal combined loading for that condition. The individual load cases 

, '""' :: .. consi nclude thermal, seismic, external and internal pressure, missile impacts, 
0 .'i.;\ll"O,P-,,, wand ice loads, and/or flood water forces. The load conditions to be 

···'Y•™:'c:''''''· ··' .e'y~Ji1med for storage casks are identified in 10 CFR 72 and in the "Design Criteria for 
iinJihdependent Spent Fuel Storage Installation (Dry Storage Type)" (ANSI/ANS 57.9 
-1992) . 
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E.3.2.1 Design Criteria for Environmental Conditions and Natural Phenomena 

The design criteria defined in this section identifies the site environmental conditions 
and natural phenomena to which the storage system could reasonably be ex-Rosed 
during the period of storage. Analyses to demonstrate that the NAC-~if~sign 
meets these design criteria are presented in the relevant chapters of ~:fuiitnce E.3-1. 

E.3.Z. l.l ::~:::: ::

0

:i~:~:~:gs design crireria iliat are d~fiA~ 
Reference E.3-1 for the NAC-MPC apply to the MPC~BWR system m,~11'\.. 
entirety. These design criteria ar~ descri~ed in W~~F SAR ~ppendix E~~gll'0~ 
E.3. l . l. l . Therefore, no forth er s1te--spec1fic e::hM 0ns are re~urred. ~ 

E.3.2.l.2 Water Level (Flood) Design ~ .ff_ 
The water level (flood) design criteria that ~rei1.B ~:~Sie:;:n 2.2 of Reference E.3-
1 for the NAC-MPC apply to the MPC-LACBW~f¥in their entirety. These 
design criteria are described in WCS CISF SAR App~nclb(_E, Section E.3.1.1.2. As 

~ ~~~ 

documented in Sections 2.4.,~~~cl~~--2, the WCS CIS'f..:imt in a floodplain and is 
above the Probable Maximu'}~d e.l~'ID.rti and, therefur:~.,;:!ill remain dry in the 
event of a flood. i,, . " ~,:if, :, . V 

"'I -, ..,1 . . . 
E.3.2.1.3 Seismic Design ,. t: ' 

,.... ~'£.· be e~p~s~[/seismic ev~nt ~earthquake) during storage 
on He. · ad£]1' ly s1gmfi6t!,Ut}effect of a se1sm1c event on an MPC-
LACBA~} ould be a '"". ible tip-ove1~ftt.owever, tip-over does not occur in the 

eva~eif design basis/ea, hquake. ~-- . , . . . . _ . . .. . . . . , . . . 

? ~ .• 'NJtSTfJK · stim·•:W,hic'h'1Sffunds the N:ACJ 
f4;¢g .... · . . ;p.'. ertlrzc~{i:;;n .. i.niiilfil. rid)~g"@JI,;,.;;. :faoi,nt:Jfaj'ifn,d.t/oas ;~1 

~{;i&,ov~r ih. i e ~e 'ik!2 bci~is iarthquake. 
~~J~e~~---~- ···-u-

,v~f~ ~'~ 
The sno ·· · ·· · ice loaarngs design criteria that are defined in Section 2.2 of Reference 
E.3-1 for AC-MPC apply to the MPC-LACBWR system in their entirety. These 

:.··· ' -

are described in W CS CISF SAR Appendix E, Section E.3 .1.1.4. 
further site-specific evaluations are required. 

,r~:".,, ;.,~;c t .. ·;Ja 

E.3.2;~~S)~~11e·, Load Criteria . 

~,t'~mbined load design criteria that are defined in Section 2.2 of Reference E.3-1 
for the NAC-MPC apply to the MPC-LACBWR system in their entirety. These 
design criteria are described in WCS CISF SAR Appendix E, Section E.3.1.1.5. 
Therefore, no further site-specific evaluations are required . 
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RAls and Responses - Public 

SAR Appendix F, "NAC-UMS" 

RAI NP-F-1: 

Enclosure 3 to E-55412 

Revise the NAC-UMS Seismic Ground Motion Design Criteria listed in WCS 
F.3.1,"Summary of WCS CISF Principal Design Criteria, which states, "[T]h 
allowable ground acceleration for the NAC-UMS system is 0.26 g horizo 

The staff notes that Section 11.2.8 of the NAC-UMS FSAR defines t 
seismic motions at 0.26 g and 0.29 g for two orthogonal horizon 
horizontal resultant for the vertical. 

This information is-needed to determine compliance with 
and 72.122(b)(1). 

Response to RAI NP-F-1: 

Impact: 
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Design 
Parameter 

Seismic 
(Ground Motion) 

Vent Blockage 

Fire/Explosion 

Cask Drop 

WCS CISF Design Criteria 

Site-specific ground-surface unifonn hazard 
response spectra (UHRS) with lE-4 annual 
frequency of exceedance (AFB) having 
peak ground acceleration (PGA) of 0.250 g 
horizontal and 0.175 gvertical. (Table 1-5 
and Figure 1-5) 

For MPC Systems: 
Inlet and outlet vents blocked 24 hrs 

Condition 

'.'~'1:~i~ent Yanke~~, ~;:b~"-NAC-MPC FSAR Section 11.2.8.4 
~~aq'l'tj~ CY-MPC, "AC~~c FSAR Section 11.2.8.4 
~. ~ .· i ;, .. ; ~~.'.f." ~LA. C. B. ~' NAC-MPC FSAR Section 11.2.8.4 
'"\ .· . '' n.!_ef~:,-0uti_et vents blocked: 24 hrs 

For MPC Systems: f;A'ccideht/' NAC~, FSAR Section 11.2.5 
Equivalent fire 50 gallo~r6f\~~e1Juel '}(Saiµ~r Equivalent fire 50 gallons of diesel fuel 

Ambient Yearly average.f(m_perature 6 ... J11· .. i}r:i'. )';( :'~.. 1::o;taf NAC-MPC FSAR Section 2.2.6 
Temperatures · .1 , ~ A)ii~i:t{fr~i~girr~ed) Average Annual Ambient Temperature 75°F 

Extreme ,4f: )N1aximum tci¥l~~f.~re. 1136~'/' Accident NAC-MPC FSAR Section 2.2.6 
Temperasq/e/1,/ ~;:i~ ~.;, 7 (Bounded) Maximum temperature 125°F 

Solar V'.'~q,.0~ Horizontal flat surfaee,,1·· v Normal Yankee-MPC, NAC-MPC FSAR Section 4.4.1.1.2 
(Insolation)~..,/~ ... '.· .... i1n···.j so. lation 2949.4 B'J\.U .. :J.,ay-fr (Same) CY-MPC, NAC-MPC FSAR Section 4.5.1.1 

"('I:~1i{ve~ surface solarf f 
2 

MPC-LACBWR, NAC-MPC FSAR Section 4.A.3.1.1 

~:t10n 1474/~/ ay-ft ~~~~~r~:~~~~~~~~~~::t~~~ ~~;~1~~~~?4~~~~~ period. 
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TableF.3-1 4t 
Summary of WCS CISF Principal Design Cij!~\. 

(4 pages) AV ~-~:; 
Design WCS CISF Design Criteria Condition N~${U·MS Design Criterii~!0 

t-P_a_ra_m_e_te_r __ -1------------------+-------,tA,~,~w ~}~ 
Seismic Site-specific ground-surface uniform hazard Accidel~ ' :C.iWM. ~· 7Ft'imffiJJitiinhtdi$~"'!'fi/rMfiGNA'S:'JJO]j, (Ground Motion) :::=~~;~~c:=\:~~;::a~:;;! (Bound~ · · ,;,I;;,,J,M,t;MS;i,j,Set,i;p,t,7,6]) 

Vent Blockage 

Fire/Explosion 

Cask Drop 

Ambient 
Temperatures 

Off-Normal 
Temperature 

ground acceleration (PGA) of 0.250 g 
horizontal and 0.175 g vertical. (Table 1-5 and 
Figure 1-5) 

For UMS Systems: 
Inlet and outlet vents blocked 24 hrs 

Normal 
(Bounded) 

NAC-UMS FSAR Section 11.2.4 
VCCs for UMS Systems: 
Drop height 24 inches 

NAC-UMS FSAR Section 2.2.6 
Average Annual Ambient Temperature 76°F 

NAC-UMS FSAR Section 2.2.6 
Minimum 3 day avg. temperature -40°F 
Maximum 3 day avg. temperature 106°F 

Accident NAC-UMS FSAR Section 2.2.6 
(Bounded) Maximum temperature 133°F 
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Table G.3-1 
Summary of WCS CISF Principal Design 

(3 pages) 

Design WCS CISF Design Criteria 
Parameter 
Type of fuel Commercial, light water reactor spent fuel 

Storage Systems Transportable canisters and storage overpacks 
docketed by the NRC 

Fuel 
Characteristics 

Tornado 
(Wind Load) 

Tornado 
(Missile) 

Floods 

Criteria as specified in previously approved 
licenses for included systems 

Max translational speed: 40 mph 
Max rotational speed: 160 mph 
Max tornado wind speed: 200 mph 
Radius of max rotational speed: 150 ft 
Tornado pressure drop: 0.9 psi 
Rate of pressure drop: 0.4 ·. 

Accident 
(Bounded) 

Page G.3-10 

MAGN._A~]~R FSAR Section 2.3.1.1 
Max tra~lati9nal speed: 70 mph 

· rotaticiiil,Vspeed: 290 mph 
:.:· . ,. ·.~do wind speed: 360 mph 
Raclirrt_'cifmax rotational speed: 150 ft 
Tornado pressure drop: 3.0 psi 
Rate of pressure drop: 2.0 psi/sec 

MAGNASTOR FSAR Section 2.3.1.3 
Massive Missile: 4000 lb, 126 mph 
Rigid hardened steel: 280 lb, 126 mph 
Solid Steel Sphere: 0.15 lb, 126 mph 

MAGNASTOR FSAR Section 2.3.2.1 
Flood height: 50 ft 
Water velocity: 15 ft/s 

All Indicated Changes are in response to RAI NP-F-1 

• Revision 3 Interim 
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RAI NP-F-2: 

Revise the discussion in WCS CISF SAR Section F.3.1.1.3, "Seismic Design," on th 
stability of the NAC-UMS to recognize that the storage pad peak earthquake moti 
on the WCS CISF SAR Section 7.6.3 SSI analysis. On the basis of the SSI an 
which show markedly higher accelerations at cask center of gravity than tho~~i'.<:: 
used in the quasi-static analysis to demonstrate cask seismic stability, rev.· 
sentences of Section F.3.1.1.3, which state: 

"The existing analysis bounds the WCS CISF site pad design 
top pad surface. Therefore, no further evaluations are requi 

SAR Section F.3.1.1.3 notes that Section 11.2.8 of the N 
seismic stability for the peak pad seismic motions of 0. 
and 2/3 of the horizontal resultant for the vertical in a • 
storage pad motions are less severe than the ones re 
Section 7.6.3 for the WCS CISF site. Section 7.6.3 also 
Thus, the cask seismic performance discussion needs to 
seismic motions evaluated in SAR Section 7.6.3 for the WC 

This information is needed to determin 
and 72.122(b)(1). 

Response to RAI NP-F-2: 

, 72.24(d)(1) and (2), 

, o point to the site-specific seismic 

Impact: 

F SAR. Section 7.6.3 demonstrates that 
OR system for sliding and tip-over. The 

basis seismic event for the WCS CSIF 
ches). 
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F .3.1.1.2 Water Level (Flood) Design 

F .3.1.1.3 

F.3.1.1.4 

The NAC-UMS may be exposed to a flood during storage on an unsheltered concrete 
storage pad at an ISFSI site. The source and magnitude of the probabl~rymum 
flood depend on several variables. The NAC-UMS is evaluated for a~i1Y1mum flood 
water depth of 50 feet above the base of the storage cask. The flo2.(w,·1er velocity is 
considered to be 15 feet per second. ;{:;r t:\ 
As documented in Sections 2.4.2.2 and 3.2.2, _the WCS .:rsf~t in a,~, /~n and 
rs above the Probable Maximum Flood elevatron and tli~fore will remain1:lr ;. 111,\the 

'Z~~, ~ T , ~ :,"i<t+,--:,Cb - , 

event of a flood. 

Seismic Design ~ ·:·t·~·. .
1

P 
.• , • .=. A·;1itY ~ 

The NAC-UMS may be subject to a seismic V'£ill;4'~rtlJ,£}!lftJ<:e) during storage on tlJjj 
!slt)rqg:e;padf]The only significant effect of a seNi~~~~riYon a NAC-UMS would be 
a possible tip-over of the cask or a collision of two Nf ·· gue to sliding; however, 
neither tip-over nor sliding oo.~the evaluated des1 sis earthquake. 

\~~~l,i~~:c.~ 
[SJ=.~~f-ti""o,_ri-:z·.-_:9,-.-,,-:'d-c-€!_-m~<J-n-s"'"ir-a-.te-s~. ~·- -.- --. - . 

fJM&iyifim,., exl!fEiknc~s min 
b~e,-;in ih~ :J~si .'±

1 .6ifsis~~ciPth 

"; \;;:~;., 
The c1f''. for deternu:L g design sno\Y]oads is based on ANSI/ASCE 7-93, Section 

7.0~~
1
~.~AC-UM;'~r

1 

· .::1i~V}te location typical for siting Category C, 
whic~isfd fined.to . · OUSTm,wJU""cn snow removal by wind cannot be relied On 

.. to redu~~),1t:; because of~ hi~her structures, ~r se~era~ trees nearby." 
~(i)~ sn~~~1~f{or the contiguous Umted States are given m Figures, 5, 6 and 7 of 

' J\~J,£!,"SCE 7- · · ~~rst case value of 100 pounds per square foot was assumed. 

Sect~}@~,4 ofRe~~~p;,e F.3-1 demonstrates that the snow load is bounded by the 
weight o ,;~;: loaded transfer cask. 

"i·n21:~;· 

The snow J.:Jrtlitl is also considered in the load combinations described in Section 
3.4.4.2.2£{1} eference F.3-1. Therefore, no further site-specific evaluations are 

'\,;{J.1~
1 

requi¥L1~i 
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SAR Appendix G, "NAC-MAGNASTOR" 

RAI NP-G-1: 

Enclosure 3 to E-55412 

Revise the discussion in WCS CISF SAR Section G.3.1.1.3, "Seismic Design " 
stability of the MAGNASTOR to recognize that the storage pad peak earth 
based on the SSI analysis of SAR Section 7.6.3. On the basis of the SSI 
show markedly higher accelerations at cask center of gravity than tho 
in the quasi-static analysis to demonstrate cask seismic stability, rev 
of Section G.3.1.1.3, which state: 

"The existing analysis bounds the WCS CISF site pad 
top pad surface. Therefore, no further evaluations ar 

SAR Section G.3.1.1.3 notes that Section 11.2.8 oft 
the cask is stable during a 0.37 g horizontal storage p 
this evaluation is defined as 2/3 of the horizontal motion. 
less severe than the ones resulting from the SSI analysis in 
CISF site. Section 7.6.3 also notes that c k sliding is likely to 
performance discussion needs to be r d on the storag 
evaluated in SAR Section 7.6.3 for the 

This information is needed to determine c 
and 72.122(b)(1) . 

Section G.3.1.1.3, ' 
evaluation prov· 
the MAGNA 

d to point to the site-specific seismic 
SAR. Section 7.6.3 demonstrates that 
·gn basis seismic event for the WCS CSIF 

inches) . 
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G.3.1.1.1 Tornado Missiles and Wind Loadings 

The concrete casks are typically placed outdoors on an unsheltered reinforced concrete 
storage pad at an ISFSI site. This storage condition exposes the casks to ~.mado and 
wind loading. The design basis tornado and wind loading is defined basf~b 
Regulatory Guide 1.76 Region 1 and NUREG-0800. The design b2}~rnado missile 
impacts are defined in Paragraph 4, Subsection III, Section 3.5.1.. i~G 0800. 
Analyses p~esented in Reference G.3-1, Section 3.7.3.2 and 1\;=.i/ . ,ii~ference 
G.3-1, Section 12.2.11 demonstrates that the MAGNASTO~~gn 'aie~!t't:hese 

criteria. Therefore, no further site-specific evalu. a·t·i··lo•·•.n·s~.•.z:.e re'.q_uired. ~~.·.'l'···. 

G.3.1.1.2 Water Level (Flood) Design A .~· 
The loaded concrete cask may be exposed t".,~~ing sto~e on an unshel:!: 
conc_rete storage pad at an ISFSI_ site .. The \?2{~. ~d ma~~~e of the probable 
maximu?1 floo~ d~pend o~ specific site chara~n tics. J:,~f{iJ]lGNASTOR concrete 
cask design basis is a maximum floodwater dep .~Q;leeJVabci~e the base of the cask 
and a floodwater velocity of 15 ft per second. >\,1~1;. ( .. 

As documented in Sections ~!!.).2.2, ihe WC ''~~s not in a floodplain and 
is above the Probable Maxim~f.: .•. i:;~~rti.~.~ .. a .. n•d·.' the~QJ~Will remain dry in the 

event .of a. flood .. ·.· ... ·.· .. · . \~\.· ..•.•.. ·.·••· .. ·· ... ··••·· ··.••. ·',"\·. ·· ·::: . .. Y G.3.1.1.3 Seismic Design . -~· . ,/'?!' '·';' 

~!~~P,~!:~f as! .:~::::,~~":!q:::f/e:!::f 1! ~~et!1rete 
cask J?!ro"' _a ti~-ovft}owever, th •;~:d~d concrete cas~ d?es not tip over during 
the~4~

0
igli-basis s~is,5,!;l~eve~t. Altha ~s _a nonmechamstic event, the loaded 

conc~If··.ftsk d~s!.~,i~.~fif1M~~ .. fS.:~R~."i~rderation of the consequences of a 
hypothetlc;~l casJ.Rti '!;over event~ ll>i;\~M;i:;:: · . 

. .,..-.,.,-.,:;;;.,,_......,.,.-:::--,,,., nstrqtes tha(the ·MA/J:N;J'§J:@R:syste1n,,expimierJqe~;miijim.al::slidin'g 
. '· · 4nd <iQ{}~ Poht,i~o.yer:·ut t:he.de;~ip(~ast~ ~¢rtlfauNRe. J . 
""[', 

Addititi.fi!!.r\ to evi:l@j!,concrete cask stress the evaluation in Section 3.7.3.4 of 
Referen~f?,.;~-1 cons~rvatively applies seismic loads of 0.5g in the horizontal 
direction a119··;0.5g in the vertical direction. These accelerations reflect a more rigorous 
seismic lof4lilg and, therefore, bound the design basis earthquake event. These 
compresp,iy.~tresses are used in the load combinations for the concrete cask discussed 

····:t. in Se2,~6.3.l.l.5, and the combined stress results meet stress criteria for the 
/,: ac~defi~events. 
<t{{i::;;~~:f1ri;t ~:i? 
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SAR Chapter 2, "Site Characteristics" 

RAI P-2.6-3: 

Provide the following information regarding the WCS CISF settlement evaluaf 
material properties: 

a. Consistent with proprietary RAI 2.6-1 and non-proprietary RAI 2.6-
stratigraphic information by depth and associated material prope 
elastic modulus values, for the stratum depth causing settle 
material properties assigned. 

b. Provide a settlement evaluation for consolidation and 

The material composition and thicknesses of the sub 
WCS CISF SAR as described in proprietary RAI 2.6-1. 
proprietary RAI 2.6-5, the values calculated for the static 
Appendix D of the Geotechnical Exploration Report (Attach 
range of values for similar soils reported 
Bowles (1996) Table 2-8 presents that 
2,900psi, for a dense sand 7,251 psi to 
29,007 psi and for hard clay 7,251 psi to 
SAR the applicant provided static elastic 
stability of a site is safety significant and th 
subsurface material prope · SAR Figure 
estimated the depth to (clay) of 
settlement evaluatio tability of 

of consoli 
·or for clay 

Reference: 

rmine compliance with 10 CFR 72.103(f)(1) and 10 CFR 
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Response to RAI P-2.6-3: 

Response to Part a: 

Four of the eighteen borings performed for the CISF project encountered auger re: 
auger refusal depths ranged from 37 to 45 feet below the ground surface (bgs 
the borings would be extended to a greater depth in order to obtain the soil 
necessary for settlement analysis. In this case, shear wave surveys were 
conjunction with the geotechnical exploration and shear wave velociti 
of 100 feet bgs. Additionally, multiple previous geotechnical investig , , , as 
wave testing, have been performed at the site. The historical dat outlliied below 
to extend the soil profile and engineering parameters to a dept O feet. This dep , 
general industry guidance for settlement evaluation depth. T pth of 600 feet was s 
as the termination depth due to encountering the Trujillo one Layer. 

The sections below reference the previous studies t 
methodology for obtaining the necessary soil parame 

Methodology: 

The information from the eighteen borin 
Geotechnical Exploration (Attachment 
obtained from References [2], [3], and [ ' 
column to 600 feet along with the necess 
analysis. Figure NP-2.6-3-1 displays the lo~ , 

• 

• 

g with the 
.;i;r.u:;,,a<,c·ttlement analyses. 

aphy was based on the Geologic Column 

eet bgs, the Geologic Column of the CISF Area (Figure 7-30 of the 
te 2-2, and deeper historical borings were utilized to generate the 

cl for settlement analysis at the site is provided in Table 
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Top (feet) 

0 

2 

10 

20 

25 

35 

50 

80 

100 

130 

230 

275 

300 

360 

The settlement anal 
(elastic modulus) 

Table P-2.6-3-1 
Stratigraphy for Settlement Analysis 

Bottom (feet) Layer Description 

2 

10 

20 

25 

35 

50 

80 

100 

130 

230 

275 

300 

360 

600 

Cover Sands 

e development of constrained modulus 
values were calculated as follows: 

nstraine , ml s was correlated to the Standard Penetration 
in the borings. The SPT N-Values were correlated to constrained 
lined in Reference [1]. This methodology allows correlation of 

for N-values up to 70 blows per foot. The graphical 
P-2.6-3-1 (Figure 5.4 of Reference [1]) . 
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Al data !Of ~ tirl9 low1daliais on dun said ot 
"'1d and gravel 

Enclosure 3 to E-55412 

0 ..._ __ ...._ __ __,, ___ ..__....,._..,._ __ ..,.... _______ ...... 

Where, 

0 

20 (1- v) 

(1-2v) M 

Vs = shear wave velocity 
G = shear modulus 
M = constrained modulus 
v = Poisson's ratio 
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p = unit weight 

• From 20 feet to 100 feet bgs, constrained modulus values were obtained from converting 
the shear wave velocities provided in the Report of Geotechnical Exploratio 
constrained modulus using the unit weight and Poisson's ratio. 

• From 100 feet to 600 feet bgs, constrained modulus values were ob,t <:>Oli- r 
converting the shear wave velocities provided in AECOM (2016) t 
using the unit weight and Poisson's ratio. The unit weight and 
were also obtained from Appendix A of the AECOM (2016) r 

Results: 

The methodology described above resulted in the Table P 
replace Appendix D in the revised Report of Geotechni 

Table P-2.6-3-
WCS CISF Soil Colu 

Average 

Top Bottom 
N- Shear 

Value Wave (feet) (feet) 
(bpf) Velocity 

(ft/s) 

0 2 

2 10 

10 nd Matrix - Moderately Hard 

20 e -Very Hard 

25 

Ogallala - Sand with Gravel 

Dockum - Claystone and Siltstone 

Claystone and Siltstone 

Dockum - Claystone 

2,755 Dockum - Silty Sands 

2,755 Dockum - Claystone 

3,115 Dockum - Claystone 

Constrained 
Modulus (ksf) 

890 

1,200 

1,200 

3,5815 

55,232 

80,233 

5,3870 

12,3857 

84,172 

120,769 

120,769 

120,679 

120,679 

154,394 

As shown above, the historical data available at the site coupled with the eighteen borings and 
new shear wave study has allowed the development of a stratigraphic column without additional 
new soil borings to greater depths . 
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Attachment E (Report of Geotechnical Exploration Consolidated Interim Storage Facility (CISF)) 
to Chapter 2 of the WCS CISF SAR has been updated to include the above information. 

Response to Part b: 

The soil column and subsequent constrained modulus values shown above we 
settlement analysis for the foundations. 

The settlement analysis (consolidation) is provided in Appendix H of tho..ci1M1r2oa• 
Geotechnical Exploration dated February 21, 2020 (Attachment E to -•-"'t11 

CISF SAR). The settlement analysis includes a series of four pad 
explores the effects of adjacent pads on total and differential sellM.e 

Please note that clay was not encountered in the borings <rl'tliallll"II 

clay/claystone was referenced as part of the Dockum G 
feet and 300 to 600 feet. Based on the constrained 
wave velocities, these layers exhibited constrained m 
154,394 ksf (5,778 to 7,392 MPa). The modulus values ...,...,... ........ 
significantly higher than the published values in Bowles for 
of very hard rock. As such secondary compression was not ~, 111111'1,., 

The responses to RAls NP-2.6-3, NP
the Report of Geotechnical Exploration. 
Attachment E to Chapter 2) from the RAI 

d P-2.6-6 all address 
r~RIN'eport (SAR 

NP-2.6-3 . 

:--• 

·-, 
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References: 

Figure P-2.6-3-1 
Historical Borings at WCS Site 

Enclosure 3 to E-55412 

1. Tan, C.K., Duncan, J.M., Rojiani, K.B., and Barker, RM., "Engineering Ma 
Foundations," prepared for the National Cooperative Highway Research 
Project 24-4) in cooperation with Virginia Polytechnic Institute and St 
Sponsored by American Association of State Highway and Transp 
Federal Highway Administration, Washington, D.C., Blacksburg, 

2. Waste Control Specialists LLC, "Site-Specific Seismic Haz 
of Seismic Design Ground Motions," Attachment D to Ch 
Centralized Interim Storage Facility Project, March 18 

3. Cook-Joyce, Inc., "Geology Report," Revision 12 
Control Specialists, LLC, Austin, Texas, May 1, 2 

4. Waste Control Specialists LLC, "Application for Licens 
Disposal of Low-Level Radioactive Waste," WCS CISF S 

5. Bowles, Joseph E., "Foundation An 
Peoria, Illinois, 1997. 

Impact: 
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RAI P-2.6-5: 

Justify why the selected depth of 37 ft is adequate for evaluating settlement at the 
site. 

In the settlement calculation, it is necessary to consider additional stresses d 
foundation load up to the influence depth of the settlement. Subsection 7. 
presents a calculation of elastic settlements based on the theory of ela 
that the stratum depth causing settlement was assumed to be 37 fe 
the calculation. The SAR referenced Bowles (1996) for using aw · h average 
modulus for elastic settlement evaluation. In the same referenc les also recom 
the depth used for evaluation should be either five times the of the foundation or t 
where a hard stratum is encountered. A hard layer is defi ten times the static elastic 
modulus of the adjacent upper layer. The influence de ery importa t to the settlement 
evaluation as it relates to the stability of subsurface Is which is significant. 

Reference: 

Bowles, Joseph E. (1996), Foundation Analysis and Design, 
York. 

This information is needed to determine 
72.103(f)(2)(iv). 

• Response to RAI P-2.6-5: 

• 

The original calculatio 
encountered in the 
compressible laY.. 
could not be a 

utilized the average auger refusal depth 
sed mat thickness to obtain the 
ial analysis was that any materials that 

ere utilized to extend the soil profile and engineering 
his depth satisfies general industry guidance for settlement 

, epth of 6 O feet was selected as the termination depth due to 
. 0 Sandstone Layer. 

rence the previous studies which were performed along with the 
ing the necessary soil parameters to perform the settlement analyses . 
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Methodology: 

The information from the eighteen borings and shear wave data included in the Report of 
Geotechnical Exploration (Attachment E to Chapter 2 of the SAR) was supplement with data 
obtained from References [2], [3], and [4]. This data was used to produce a soil raphic 
column to 600 feet along with the necessary engineering parameters required lement 
analysis. Figure P-2.6-5-1 displays the locations of the historical borings pro 

Stratigraphy Development: 

• The upper stratigraphy (to a depth of 45 feet) was based s 
eighteen soil test borings 

• From a depth of 45 to 100 feet below ground surf 
on the Geologic Column of the CISF Area (Figu 

• From 100 feet to 600 feet bgs, the Geologic C 
SAR), WCS (2007) Plate 2-2, and deeper histori 

rea (Figure 7-30 of the 
e utilized to generate the 

stratigraphy. 

The resulting stratigraphy as utilized for 
P-2.6-5-1 . 

Cover Sands 

Sand Matrix - Moderately Hard 

Sand Matrix - Moderately Hard 

Caliche - Very Hard 

Ogallala - Sand with Gravel 

Ogallala - Sand with Gravel 

Ogallala - Sand with Gravel 

Dockum - Claystone and Siltstone 

230 Claystone and Siltstone 

275 Dockum - Claystone 

300 Dockum - Silty Sands 

360 Dockum - Claystone 

600 Dockum - Claystone 
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Soil Parameter Selection: 

The settlement analysis which was utilized required the development of constrained modulus 
(elastic modulus) values. The constrained modulus values were calculated as folio 

• To a depth of 20 feet bgs, the constrained modulus was calculated usi 
Penetration Test (SPT) N-Values obtained in the borings. The SPT 
correlated to constrained modulus utilizing the method outlined in , 
methodology was only used to a depth of 20 feet as it is only a 
N-values up to 70 blows per foot. 

• From 20 feet to 100 feet bgs, constrained modulus valu re obtained from 
the shear wave velocities provided in the Report of G nical Exploration to 
constrained modulus using the unit weight and Po·ss<ir 's ratio. 

ID, ained from • From 100 feet to 600 feet bgs, constrained m 
converting the shear wave velocities provided 
using the unit weight and Poisson's ratio. The um 
were also obtained from Appendix A of Reference 

, onstrained modulus 

The resulting soil column is provided in 

Top 
(feet) Constrained 

Modulus 
(ksf) 

0 890 

2 1,200 

1,200 

Caliche - Very Hard 35,815 

Caliche - Very Hard 55,232 

Ogallala - Sand with Gravel 80,233 

Ogallala - Sand with Gravel 53,870 

2,790 Ogallala - Sand with Gravel 123,857 

2,300 Dockum - Claystone and Siltstone 84,172 

2,755 Claystone and Siltstone 120,769 

230 2,755 Dockum - Claystone 120,769 

275 300 2,755 Dockum - Silty Sands 120,679 

300 360 2,755 Dockum - Claystone 120,679 

360 600 3,115 Dockum - Claystone 154,394 
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As can be seen above, the historical data available at the site, coupled with the eighteen 
borings and new shear wave study, has allowed the development of a stratigraphic column 
without additional new soil borings (to greater depths). 

The soil column and parameters shown above have been utilized in the additionaJ".,-,rc 
analyses that resulted from comments within the RAI process. The results oft 
analyses are provided in Appendix Hof the Revised Attachment E (Report nfll!~ai 

Exploration Consolidated Interim Storage Facility (CISF)) to Chapter 2 of 

The responses to RAls NP-2.6-3, NP-2.6-4, NP-2.6-5, P-2.6-3, P-2. 
the Report of Geotechnical Exploration. All of the required chang s t is report ( 
Attachment E to Chapter 2) from the RAls, are included as pa response to R.A: 
3. 
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Figure NP-2.6-3-1 
Historical Borings at WCS Site 
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RAI P-2.6-6: 

Provide the following information related to the settlement evaluation of the WCS Cl 
justify the selection and determination of the parameters and properties used. 

a. The geotechnical engineering basis for how a subgrade modulus of 150 
inch (pci) was determined. 

b. The WCS CISF Phase 1 storage pad layout is presented in SAR 

Figure 1-6. The proposed storage facility area is about 350 ft x 
differential settlement evaluation influenced by the layout an 

In Subsection 4.3.2 "Mat Foundations (Storage Building 
recommended a subgrade modulus of 150 pounds p 
assigned to the GTSTRUDL model used for the stru 
elastic vertical foundation displacement of 0.125408 inc 

to the SAR, ISP 
modulus is 

culated a maximum 

ted by the Federal 
Penetration test (SPT) N

e of caliche (in other 
, . conservative side 

tionship of stress/deflection. Since the modulus value is a 
d distn on the mat (which is unknown until a preliminary modulus 

of subgrade reaction that is traditionally selected to begin with is 
t. In the Report of Geotechnical Exploration, a preliminary modulus of 
pci was given based on our experience with similar soils (value 

based on a 1 foot by 1 foot plate load test). The report goes on to state 
ethod solutions, the process is iterative and requires the close 

n the geotechnical engineer and the structural engineer during design. 
clistribution is determined, we can utilize finite element methods to more 

ict the settlement and provide detailed modulus calculations." 
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The 150 pci modulus was utilized in a GTSTRUDL model in absence of the specified iterative 
process described in the Report of Geotechnical Exploration. The use of a single modulus of 
subgrade reaction (Ks) for a mat with a loading of this complexity will not (and did not) generate 
realistic deflections. 

In order to obtain realistic deflections with complex loading, the subgrade can 
account for wider loads such as the mat foundations present at the WCS Cl 
this issue, the geotechnical engineer has worked with the structural engin 
subgrade modulus through the iterative process. 

1. The first iteration of the settlement analysis was performed us· 
Enercon. · 

2. These pressures were used to develop a Settle3D mo 
end goal of formulating values of subgrade modulu 
beneath the mat based on the pressures provide 
distinct points by dividing the pressure/settlement. 

3. Values of subgrade modulus were then submitted to E 
GTSTRUDL analysis. 

4. The next iteration combined the ap 
values) thus refining the mat pressu 

5. The results of the refined GTSTRUDL 
Settle3D model. 
mat. 

6. 

and used to update the 
, ulus values for the entire 

erent loading configurations: fully loaded, 
s loa . Plots showing the converged models 

cipated settlements are included in Appendix 
tion Revision 2, which is WCS CSIF SAR 

bove was completed, the resulting stress distributions were 
igure 1-6 to perform additional settlement models. By utilizing 

ent models encompass stress overlap between pads and the resulting 
ettlement depending on the construction/loading sequence of the pads. 

suiting Settl t Analysis is included in Appendix H of the Revised Report of 
! ical Ex .. Ji.Hi t1on Revision 2, which is WCS CSIF SAR Attachment E to Chapter 2. 

The res 
the Repo 
Attachment 
NP-2.6-3 . 

RAls NP-2.6-3, NP-2.6-4, NP-2.6-5, P-2.6-3, P-2.6-5 and P-2.6-6 all address 
eotechnical Exploration. All of the required changes to this report (SAR 

to Chapter 2) from the RAls, are included as part of the response to RAls 
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• Impact: 

No additional changes as a result of this RAI. 

• 

• 
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