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CERTIFICATION LETTER 

Mayur Kadakia 
Village Building Senrices 
731 1 Vine Street 
Cincinnati, Ohio 452 I6 

September 3,1997 

c 1268 

Description: 6” X IO” Dual Contained Cleanouts, 4” X 8” Auxiliary Connection Tee, 
and 10”/6” Horizontal Monitoring Well Tee and L a t d  

Ship Address: Village Building Services 
Trailer No. 502 
7400 Willey Road 
Frmald,Ohio 45030 

This letter is to ctttify that tbe cleanouts described above have been fibrimed by ISCO 
Industries, Inc. m amrdance with the following requirements: 

ASTM D1248, StmQrd Specifkahon for Polyethylene Plastics Molding and 
€&on Mttcrials 

ASTM D3350, Standard Specification for Polyethylene Plastics p;Pe and Firring 
Materials 

ASTM D3261, Standard Specifidon for Butt Heat Fusion Polyeibylene Plastic 
Fitting fbr Polyethylene Plastic Piping and Tnbig 



TO: ISCO I;ND~I'ST€uES 
Scott Hoff 
3566 Ashworth ti3 
Cincinnati, OH 45208 

PRODUCT 

09fOSf97 

ON 

3"KPS DR 26 1000 07/3W% 

This is to ca-tib thdt the product described above and shipped h m  the Stmot .  South 
Carolina Plant, has been sampled according to statistical sampling plans in compliance 
with '%commended In-Plant QuaIity Assurance Program fix Plasbc Pip!." 
Manufactured hrn rcsin that meets the Polyethyhe P1;Lstics Standard in ASTM 0-1248 
and was manufamed to the specifiwions of ASTM F-714 aud had a cell clsssification of 
345434C as speciikl m ASTM D-3350. This product was produced h m  resin lots 82-6- 
0719 Melt Index of0.10 61-6-0719 Melt Index of 0.10. The MI specification range 
fhm this resin is 0.07-0-14 0.10 MIN. nle melt index on the In-hcess Inspection and 
Testing wa9 also tested with thc test result of 0.08 avg. G:lO MIN. The specification for 
this test is a maximum of 0.18 GI10 MN. If you have any questions, please do not 
hesitate to give me a call. 

. .  

cc: Certification File 

000006 



Phillips Driscopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29385 

June 2 5 ,  1996 

JIiVd 12631-96 

FAX: 664-439-3918 

Daw Net tlcs 

This letter w i l l  certify that t h e  Karlexi 
a3 supplied by ?hillips Chemical  COT.^:^, 
mnnufactxrin5 specificatian. 

resin shown 
L.cI ,.,nfcrms to 

Type ; 
tot Number: 
P.O. Number: 
Date shipped: 
Rackaqe : 
Quantity: 
Melt Index, ASTM D1238: 
Tensile 6l y i e l d :  
Tensile @ break: 
Eiongqtioa; 
Density, ASTM DlSOS: 
ESCR, F/ZO: 

HHM TR-480X 
8250729 
RCL 1-73 
06/24 195 
PSPX 5 0 0 9  
175100 LBS. 
.11 G/10 MIN 
3 4 3 6 . 0 0 0  PSI 
4448 .  PSI 
7 0 0 .  e 
,943  G/CC 
> u a  X O L . S  * *  

J'. Ii. Vader, 
Quality a s u r a n c e  Manager 

f o r  CQA questions call 9hzron R o h n c t t e ,  713-435-3525 

Res. 3 , s .  Pat.. O f f .  
** Nomir.al Value (not t e s t e d  on rack l o t )  

cc ! QA-File - RC 

beiQw, 
OUT 



Phillips Driscopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

JuDe 2 8 ,  1996 

u W #  12971-96 

FAX: 864-439-7918  

, 

This l e t t o r  will c e r t i f y  that Lhe M a r i e x  resin shown below, .* 

as supplied by P h i l l i p s  Chemical Company, confonns to our 
manufacturing specification. 

?,ye : 
Lot Number: 
F.O. Numbst: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1233: 
Tensile @ yield: 
Tensile @ break: 
Elongation: 
Density, ASTM Dlf05: 
ESCR, F/20: 

HHM TR-480N 
6160719 
REL 136 
0 6 / 2 7 / 9 6  
FSPX 2574 
179050 LBS. 
.11 G/1.0 MIN 
3331.000 PST 
4 4 8 3 .  PSI 
7 0 0 .  'b 
,943  G/CC 
2192 HOURS ** 

3 .  n. Vaden 
Quality Assurance Manager 

Fsr COA q\;eGtforis call Sharon Robinette. 713-475-362s 

Reg. U.S. P a t .  O f f .  
* *  Nominal Value (not tested on each lot) 

CC: QA-File-Rc 



09/05/97 

To: fscoxNDus'I?uEs 
Scott HOE 
3766 Ashworth #3 
CinCitmati, OH 45208 

4"IPSDR17 1000 

mDU- 

01/22/97 

T h ~ s  is to certify that the product described above and shipped h m ' e  Startex, South 
Carolina PIant, has been sarnpled aEtordmg to statistical sampling pIaas in complianct 

Manuhrctured lbwn resin that meets the Polyethylene Plastics Strtndvd in AS'IU 33-1248 
and was manufactraed to the specifications of ASTA4 F-714 and had a cell chssil3cation of 
3454% as specified in ASTM D-3350. This product was prohced hxn rasin lots 7 1 4  
1773 Melt Index of 0.12. "'he MI specification range tjlom this nsin is 0.07-0.14 GI0 
MIN, The melt index on the bProcas and Testing was ?Is0 acsted with the 
test result of 0.10 Avg. G/10 MIN. The spc&ation fix this test is a maxjmm of 0.18 
a10 MIN. If you have any questions, please do not hesitate to give me a call. 

with ''ReComm~dtd In-Plant Quality Assurance Program- fin PWC Pipt." 

r . 



.. . .- 

JHVW 25605-96 

FAX: 864-439-7918 

Phillips briscogipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will cercify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

I 

rype 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Want i t y : 
Melt Index. ASTM D3238: 

trwM TR-4802 
7161773 
REL 285 
12/28/96 
PSPX 6336 
177000 US. 
. 1 3  G / l O  MIN 
.943 G/CC 
.192 HOURS * *  

J. H. Vaden 
Quality Assurance Manager 

For COA questions cal l  Sharon Robinetta, 713-435-3625 

Reg. U . S .  Pat. O f f .  ** Nominal Value (not tested on each lot1 

cc:  QA-Pile-RC -. 



TO: IscoINDmTRIEs 
Scott Hoff 
3766 Ashworth #3 
Cincimati, OH 45208 

r"lPSDR26 1000 06/11/97 

This is to certifj, that the @ct d c s c r i i  above aztd shipped h m  the Startex, sou& 
catotina Planc has been sampled according to rratistital sampling plans in oamplian# 
with "Rtcommmded In-Plant Quality Asaarmcc Rogram hr Plastic Pipe." 
Man- b m  resin that meets the Polyahyitae Plastics Sbndatd in ASIU a1248 
and was manuhctud to the spcc%cationS of ASTM F-714 and had a cdl Wcatim of 

0521 Melt Index of 0.10 . The MI specification mnge 6rom this rtSi0. is 0.074.14 G.10 
MIN. The melt index on the In-Process hspcction and Tcstiqwas atso tested with tho 
test rault of 0.10 Avg. a10  MIN. The sp&ation for this test is a maximum of 0.18 
G/10 MIN. Lfyou have any questions, please do not hesitate to give me a call. 

3454% a~ d d  in AsTM 0-3350- ptoduct produced 6rom rcSin lo6 71-7- 

. .  

cc: CatificationFde 

000022 



Phillips Driscopipe 
Startex P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

JHv# 9426-97 

FAX: 864-439-7918' 

This letter will Certify that the  Marlex* r e s i n  below, 
as supplied by Phillips Chemical Company, confoms to our 
manufacturing specification. 

Type ; 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package: 
Quantity: 
Melt Index, ASTM D1238: 
Density, ASTM Dlf05: 
ESCR, F/20: 

TR-4802 
7170S21 
REL 107 
0 5 / 0 9 / 9 7  
PSPX 3016 
194250 US. 
.11 G/10 
.944 G/CC 
>192 HOURS **  

3 

. .  

J. H. Vaden 
Quality Aesuranca Manager 

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U.S. Pat. Off. 
** Nominal Value (not tested on each lot) 

cc: QA-Filc-RCI 

000012 



T O  IscoINDusTRIlEs 
Scott Hoff 
3766 A s h 6  #3 
CinCinnati,OH 45208 

09/05/97 

6 T S D R 2 6  1000 ~~~7 

Ths is to certify that the yroduct described above and shipped hm the Startex, South 
Carolina Plant, has been sampled according to statistical sampling plans in compliance 

Manriltactared firom nSin that meets the Polyethyhe Plastics Standard in ASTM D-1248 
and was manu&ctud to the specifications of ASTM F-714 and had a cell classification of 
345434C as specs& In A S W  D-3350. This product was produced b m  resin lots 71-7- 

Tbe MI specidcation range 6wm this resin is 0.074.14 G.10 MIN. fhe melt index on the 
In-procesS Inspection and Testkg was also tested with the test d t  of 0.10 Avg. W10 
m. The specification hr this test is a maximum of 0.18 a10  MIN. If you have any 
questions, please do not hesitate to give me a calL 

with 'Xmmended Xn-Plat Qoality Ayurana Ro- fh Plastic P*." 

0367 Melt Index of 0.1 1 71-7-0359 Meh of 0.1 1 71-7-0346 MJt hdut Of 0..12. 

cc: CdcationFile 

- 000013 



- 1268 

I' 

: 864-439-7918 

Phillips Driscopige 
S t a r t a x  Plant 
2950  Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, 
manufacturing specification. 

conforms to our 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quat i t y : 
Melt Index, ASTM D1238: 
Density, ASRI DIS05: 
ESCR, F/20: 

HHM TR-4802 
7170367 
REL 63 
03/31/97 
PSPX 6364 
179700 US. 
.11 G/lO WIN 
- 9 4 3  G/CC 
>192 HOURS ** 

J. W. Vaden 
Quality Asstlrance Manager 

For COA questions c a l l  Sharon Rabinette, 713-47s-3625 

Reg. U . S .  Pat.  Off. 
** Nominal Value (not tested on each l o t )  

cc: QA-Pile-RC 

000014 



Phillips Driocopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will certify that the Marlex* r e s i n  shown below, 
as supplied by ? h i l l i p s  Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P . O .  Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM DlS05: 
ESCR, 5 / 2 0 :  

WHM TR-480Z 
7170359 
REL 63 
03 / 2 6 / 9 7  
PSPX 5977 
180200 LBS. 
.ll G/10 MIN 
.943 G/CC 
>I92 HOURS **  

J. H. Vaden 
Quality Assurance Manager . 

Fox COA questions call Sharon Robinette? 713-475-3625 

Reg. U.S. Pat. Off. 
+* Nominal Value (not tested on each lo t )  

C C :  QA-File-RC 

00001s 
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Phillips Driecopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29365 

Dave Nettles 

This le t ter  will c e r t i f y  that the Marlexf resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
L o t  Number : 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM 01238: 
Deasity, ASTM DlSOS: 
ESCR, F/20: 

IGDI TR-48OZ 
7170346 
REL 60 
0 3 / 2 1 / 9 7  
PSPX 6148 
179250 LBS. 
.12 G/10 MIN 
-943  G/CC 
>192 HOURS ** 

. .  

J. H. Vaden 
Quality Assurance Managar 

For COA questions c a l l  Sharon Robinette, 713-475-362s 

* Reg. U.S. Pat .  O f f .  
++ Nominal Value (not tested on each lot) 

.. cc: QA-File-RC. .- 



1268 

09/05/97 

TO: ISCO INDUS- 
Soon Hoff 
3766 Ashworth #3 
cinCinaati,OH 45208 

6”PSDR26 lo00 07/13/97 

This is to CertifL that the prvduct described above and shipped h m  the Startex, South 
Caroline Piant, bas becn sampled according to statistical sampling plans in mmplianct 

Mawfictured ffom resin that meets the Polyethylene Plastics Standard in ASTM PI248 
and was rmmfkmd to the specidcations of ASTM F-714 and had a cell clpssificatiOn of 

0527 Melt I n d a  of 0.10 81-1-0595 Melt l[ndcx of 0.09. The MI spactlticrtion range 6rom 
this rssinis 0.07-0.14 G.10 IWN. ?be melt index 011 the In-Rocess Inspection andTesting 
was also tested with the test result of 0.07 avg. GI10 MIN. The specSca!ion Eot this test is 
a maximum of 0.18 GI10 MXIU. If you have any questions, please do not hesitate to give 
me a call. 

wi&  dad In-Plant Quality Assraance Program fa Plastic Pip.’’ 

345434C aj +ed in ASTM D-3350. This product w g ~  produced h resin lots 71-7- 

cc: CextificaticmFile 

i !  
TOT& P. 86 

000017 



June 0 3 ,  1997 

JHvtc 10936-97 

FAX: 864-139-7910 

Phillips Driocopipc 
Startex Plant 

,2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will certify t h a t  the Marlexf resin shown below, 
as supplied by Phfllips Chemical Company, conforms to our 
manufacturing specification. 

Type : HWM TR-4802 
Lot mmtMr : 7170S27 

Date Shipped: 06/02/93 
Package : PSPX 3127 
Quantity: 193300 t 8 S .  
Melt Indsx, ASTM 01238: 
Deniity, ASRa OlSO5: .945 G/CC 
ESCR, F/20: ~ 1 9 2  HOURS ++ 

P.o. Nun\bc?t: REL 121 

.10 Q/lO MIM 

3. W .  Vaden 
Quality Assurance Manager 

For COA questions call Shuon Redinette. 7 

Rag. U.S. Pat. O f f .  ** Nominal Value (not tested on each lot) 

CC:  QA-File-RC , 

. 

3-475-362s 

000018 



June 19, 1997 

J)rJ# 11460-97 

FAX: 8 6 4 - 4 3 9 - 7 9 1 0  

Phillips Driscopipe 
Startex ?lant 
2950 Nazareth Road 
Wellford, SC 2 9 3 8 5  

Dave Nettles 

T h i s  l e t t e r  will certify t h a t  t h e  Marlex* resin shown below, 
as supplied by Phillips Chemical Company, confa- to our 
manufacturing specification. 

I 

T y p e  : 
Lot Number: 
P . O .  Numbex: 
Date shipped: 
Package : 
Quantitx: 
Melt In ex, ASTM D1238: 
Density, ASTM DlSOS: 
ESCR, €120:  

HID¶ i l l -4802 
8170595 
RIiL 126 
0 6 / 0 9 / 9 7  
PSPX 8149 
194100 u s .  
. 0 9  G/lO M M  
.943 G/CC 
r1?2 Horns ** 

3. ?I. vaden 
Quality Assurance Manager 

For COA questions cal l  Sharon Bobinetce, 713-475-3625 

Reg. U.S. Pat .  Off. 
* *  Nomtnal Value (not cested on each l o t i  

ct: QA-File-EC 
s 

TOT& P.02 

000019 



9 1268 

09/05/97 

To: ISCOINDUSTRIES 
Scott Hoff 
3766 Ashworth 443 
Cincinnati, OH 45208 

8”lPSDR26 lo00 06/22/96 

This is to certib that the product descn%ed above and shipped &om the Startex, South 

with “Rcxxnnmended In-Plant Qpalrty Assuzmc Program fiK Plastic Pipe.” 
Manufiicttxred fiom =in that meets tbe Polyethylene Piastics Standard in ASTM D-I248 
and was manufactured to the specifications of ASTM F-714 and had a cell clasdhtion of 
345434C as specified in ASTM 0-3350. product was produced 6rom resin lots 6 1 4  
0587 Meh Iudex of 0.1 1 61-6-0586 Melt Index of 0.10. The MI spec5c8tim range h m  
this resin is 0.07-0.14 G. 10 MIN. The melt index 011 the In-Process Jqectha and Testing 
was also tested with the test reSult of 0.08 avg. GI10 MIN. The specification fix this test is 
a maximurn of 0.18 G/10 MIN. If you have any questions. please do not hesitate to give 
me a call. 

cualina Plw has been sampled accotding to Statistical sampling plans in cmrnphw 

cc: Certification File 

000020 



Phillips Driscopipe 
Startax P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

UPDATQ COPY 

(Sue 2 0 ,  1996) 
------------ 

I 

A m :  Dave Nettles 

This letter w i l l  certify t h a t  the Marlex+ re8iza ehom below, 
as supplied by Phillips Chemical .Company, conforms to our 
manufacturing specification. 

4 

Type : 
tot Number: 
P.O. Number: 
Date Shipped: 
Package: 
Quantity: 
Melt Index, ASTM D1238: 
Tensile 6 yield: 
Tensile 0 break: 
Elongation: 
Dmeity, &STM 1505: 
ESCR, F/20: 

TR-480N 
6160587 
REL 107 
05/23/96 
PSPX 2197 
175600 US. 
.11 G/10 MIN 
3420.0 P91 
4995.0 PSI 
7 0 0 . 0  % 
.943 G/CC 
s192 HOURS ** 

J. H. Vaden 
Quality Aasurance Manager 

For COA questions cal l  Sharon Robinette, 713-475-3625 

Reg. U.S. Pat.  O f f .  
++ H ~ M L  Value (not tested on each l o t )  

cc:  M-File-RC 

000021 



P. 1048 

F A X :  864-439-7918 

Phillips Driscopipa 
Startex Plant 
2950 Nazareth Road 
wellford, SC 29385 

UPDATE0 COPY - - - - - - - - - - - -  
(June 20, 1996) 

A m :  Dav8 Nettles 

This f e t t e r  will certify that the Marlex* resin ehown below, 
a. supplied by Phillips Chemical Company, conforms t o  our 
manufacturing specification. - 

Type : 
Lot hmber: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, BTM Dl238: 
Tensile y i e l d :  
Tensile a break: 
Elongation: 
ESCR, FI20: 

WHM TR-46ON 
6160586 
REL 106 
05/22/36 
PSPX 6689 
175900 LBS. 
.10 C/10 HXN 
3 3 8 6 . 0  PSI 
5067.0  PSI 
7 0 0 . 0  li 
>192 HOURS '* 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-435-3625 

R e g .  U.S. Pat. Off. 
** Nominal V a l u e  (not tested on each l o t )  

-A 

cc : QA-Pile-RC 



1268 

TO: ISCO INDUSTRIES 
Scott Hoff 
3766 Ashworth #3 
cinCinna&OH 45208 

8"IPSDR26 lo00 08/19/96 

This is to c e  that the product descriied above and shipped h m  the Startex, South 
Carolina Plant, has been sampled according to statistical sampling plans in compliance 
with "Recommended In-Plant Quality Assurance Frogram for Plastic Rpe." 
M a d h m c i  b i n  resin that meets the Polyethyl- Plastics Standard in ASTM D-1248 
and was man- to the @cations of ASTM F-714 and had a all classifidon of 

0587 Melt Index of 0.10 61-60586 Melt Mex of 0.10. The MI specidcation rsppd 

&om this resin is 0.07-0.14 G.10 MIN. The melt index on the In-proctsS -on and 
Testing was also tested with the tcst result of 0.07 avg. (310 MIN. 'Ihe spec&dion hr 
this test is a maximum of 0.18 GI10 MIN. If you have any questi- please do not 
hesitate to give me a eall. 

345434C PS med in ASTM D-3350. fhis p e t  was produced nSin 106 61-6- 

cc: Certification File 

000023 



Phillips Drismpipe 
Startex P l a n t  
2950  Nazareth Road 
Wellford, SC 2 9 3 8 5  

- B 2 6 8 P.0918 

May 24 ,  1996 

JKv# 10301-96 

F M :  864-439-7918 

UPDATED COPY 
- - - - - - - & - - - *  

( J u e  2 0 ,  1996) 

ATTN: Dave Nettles 

This fetter will certify that the Yarlex+ resin fihown below, 
as supplied by Phillips Chemical Corr,pay, confoms to our 
manufacturing specification. 

q p 3  : 
Lot Number: 
F.O. Number: 
Date Shipped: 

Melt Index, ASTIYI D1233: 
Tensile Q yie ld:  
Tensile break: 
Elongation: . 
benoity, UTM 1505:  
zsca, P/20: 

TR-480N 
6160587 
Xlr 107 
v^5/23/96 
PSPX 2197 
i75600 US. 
-11 G/10 MiN 
3 4 2 0 . 0  PSI 
4 8 9 5 . 0  PSI 
75o:o  a 

s192 H C X S  * *  
. 9 4 3  GJCC 

J -  H. Vadan 
Quality Assurance Manager 

For COA questions Call Ckron Robinette, 713-47s-3625 

+ Reg. U . S .  ?at. Off. 
** Nominal ValuE (not t e s t e d  =A each lot) 

cc: QA-File-RC 

X T A L  P .  21 

(JOOOZ4 



JJ4-28-1996 15: 15 PHILLIPS 0 Q :.Re 

P h i l l i p s  Drlscopipe 
Startex Plant 
2950  Nazareth Road 
wellford, SC 29385 

FAX: 864-439-7918  

UPDATED COPY 
.- - - - - - - - - - - -  

(June 20 ,  19961 

ATTN: Dave Nettles 

This letter wili c e r t l f y  t h a t  the Marlex+ resin shown beiow, 
as aupplied by Phillips Chemical Cornpaiy, conforms t o  our 
manufacturing specificatron. 

Type : 
Lot Numbex : 
P.O. Number; 
Eate Ship2ed: 
Package : 
Quantity: 
Nelt Index, ASTM Di238: 
Tensile @ y i e l d ;  
Tensile (B break: 
Elongation; ' 

ESCR, f / Z O :  

TR-480N 
6160586 
RSL 106 
05/22/96 
CSPX 6689 
175900 US. 
.10 GI10 MiN 
3 3 8 6 . 0  PS; 
5 0 6 7 . 0  PSX 
7 0 0 . 0  0 
,192 xoms *+  

J. H. Vaden 
Quality Assurance Manager 

For CQA questions call Sharon Robinette, 713-435-3625 

* Reg. U.S. Pat. Off. 
+ +  Nominal Value (not tested on 3ach l o t )  

cc : QA-File-RC 



- c 1268 

TO: ISCO INDUSTRIES 
Scott Hoff 
3766 Ashworth #3 
Cincinnati,OH 45208 

8 T S D R 1 7  lo00 1w11/97 

This is to Certw that the product described above and shipped from the Start=, South 
Carolina Plant, has been sampled acmdmg to statistxd sampling plans in w m p k  
with "RRtcoarmended In-Plant Quality Assurance Program for Plastic Pip.'' 
Manufactured from resin that meets the Polyethylene Plastics Standard in ASTM D-1248 
and was manufaEtrmred to the specifications ofASTM F-714 and had a cell classification of 
345434C as s p e d &  in ASTM D-3350. This product was produad h m  resin lots 714- 
0817 Melt Index of 0.10 7149825 Melt Index of 0.09. The MI specSoalioa range fiKIpn 

was also tested with the test result of 0.09 Avg. a10 MIN. The specifidon for this test 
is a maximum of 0.1 8 G/lO MlN. If you have any questions, please do not hesitate to giw 
me a call. 

this nSin is 0.07-0.14 G. 10 MIN. The melt indc~ the In-proCes~ Inspection and Testing 

cc: CerrificationFile 



September 1 3 ,  1994 

m## 17757-97 

FAX: 864-439-7918 

Phillips Driscopipe 
Startax Plmt 
2950 Nazareth Road 
Wellford, SC 29385 

Quality Control 

This letter w i l l  certify t h a t  the Marlexf resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot; Number: 
P . O .  Number: 
Date Shipped: 
Package : 
Quantity: 
Malt Index, AS’IH D1238: 
Density, ASTM D l 5 O S :  
ESCR, F/20: 

¶ 

HEIM TR-4802 
7140817 
REL 169 
09 /I2 /94 
PSPX 2015 
178050 LBS. 
.ll G/lO M I N  
-943 G/CC 
>I92 HOURS *+ 

J. H. Vaden 
Quality Assurance Manager 

€or COA questions ca l l  Sharon Robinette, 713-475-3625 - Reg. U.S. P a t .  O f f .  
*+ Nominal Value (not tested on each l o t )  

cc: QA-Pile-RC 



- 1 2 6 8  
713 4% 3532 P.83/80 

September 2 6 ,  1994 

JHW 17758-97 

FAX: 864-439-7918 

Phillips Driscopage 
Startex P l a n t  
2950  Nazareth Road 
Wellford, SC 29385 

Quality Control 

This letter will certify that the Marie%+ resin s h m  below, 
as supplied by Phillips Chemical Company, conforms to our  
manufacturing specification. 

Trpe: HHM TR-4802 
Lot  Nufiber : 7140825 
P.O. Number: R6L 179 
Date Shipped: 09/23/94 
Package : PSPX 6089 
Quantity: 181450 LBS. 
Melt Index, ASTM 01238: .10 G/10 MIN 
Density, ASTM b150S: .943 G/CC 
ESCR, F/20: .192 HOURS ** 

J. H. Vadon 
Quality Assurance Manager 

For C ~ A  questions c a l l  Sharon Robinette. 713-475-3625 

Reg. U . S .  Pat. Off. 
++ Nominal Value (not tested on each lot) 

CC: QA-Pile-RC b 



09/05/97 

TO: rsco INDusm 
Scott Hoff 
3766 Ashworth #3 
cinciWSti,OH 45208 

8”IPSDR26 1000 10/19/96 

This is to certify that the pmduct described above and shipped h m  the Statex, South 
Carolina Plant, has been sampled accordrng to statistical ampling plprs in -fiance 
wth “Recommcadod In-Plant Quality Assurance Program for Plastic Pipe.’’ 
Manufkctwd from resin that mects the Polyethylene Plastics Standard in ASTM 0.1248 
and was manufixtad to the specifications of ASTM F-714 and had a cell cla&ic&m of 

1349 Melt Index of 0.1 1 71-6-1333 Melt Index of 0.12 7l4-1332 Melt Index ofD.11 
7141338 Melt Xnk of 0.11. tbe  MI specification range Brom this resin is 0.07-0.14 
G. 10 MIN. The melt index on the In-Process laspcctlon and Testbq was a h  tested with 
the test result of 0.09 avg. G/10 MIN. The spcdcstiOn fbr this test is a maximum of 0.18 
G/10 MIN. If you have any questions, please do not hesiae to give me a Cau 

345434C sped6ed in ASTM D-3350. This p d W  produced ;tiOm resin lots 71-6- 

0 

cc: Certification File 



- 
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- -- 
Phillips Driscopipe 
Startex Plant 
2950 Nazareth Road 
wellford, SC 29385 

Dave Nettles 

This let'icr w i l l  certify t-hat 
as supplied by Phillips Chemical Company, conforms to our  
manufacuring specification. 

Marlex- r e s h  skc-an below, 

Type : 
Lot  Number : 
P.O. Number; 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM D1238: 
Density, ASTM DiSOS; 
ESCR, F/20: 

WWM TR-4802 
.7 16134 9 
REL 213 
0 9 / 3 0 / 9 6  
PSPX 6707 
176250 LBS. 
.ll C/lO MIX 
.943 G/CC 
>I92 HOURS *+ 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 

+ Reg. U.S. Pat. Off. 
** Nominal Value (not tested on each IC:! 

713-475-362s 

C C :  QA-File-RC 

nnnnqn 



8Ox 713 4- 
PASOEM T E % S  TISOcOtgZ 

P n u L L R g m  fIEESIF0 
*buMr c*Omw C w r .  

Segtember 26, 1996 - 
JrivIt 19441-96 

' *  F' FAX: 864-439-7918 

Phillips Driocopipe 
Startex Plant 
2950 Mazareth Road 
Wellford, SC 29385 

Dave Nettles 

This le t ter  w i l l  certify that the Marlex+ resin shown below, 
as supplied by Phillips Chemical Company, csnfoms t o  our 
manufacturing specification. 

Type : 
Lot Number; 
P.0. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt fndex, ASTM D1238: 
Density, ASTM DISOS: 
ESCR, F/2O: 

TR-48CZ . 
'7161333 
REL 208 
0 9 / 2 5 / 9 6  
PSPX 5907 
177750 LBS. 
.12 G/10 MIN 
- 9 4 4  G/CC 
,192 HOURS ** 

J. W .  Vacien 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 72:-475-3625 

Reg. U . S .  Pat. Off. 
* *  Nominal Value (not tested on each lot) 

cc: QA-File-RC 



Fplx: 864-439-7918 

Fhillips Driscopipe 
Startex P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

Dave NetCles 

This letter will certify that the Marlex+ resin shown below, 
as supplied by Phillips Chemical Company, confonns to our 
manufacturing specification. 

'rrpc : 
L o t  Number: 
P . O .  W e r :  
Date Shipped: 
Package ; 
Quantity : 
Melt Index, ASTM D1238: 
Density, AS34 DUOS: 
ESCX, F/20: 

TR-4802 , 
7161337 
REL 207 
09/24/96 
PSPX 2396 
173700 LBS. 
.ll G/10 MIN 
.944 G/CC 
.192 HOURS ** 

J. H. Vaden 
Quality Assxante Manager 

For COA questions cal l  Sharon Robinette, 713-435-362s 

* Reg. V . S ,  Pat.  Off. 
* *  Nominal Value (not tested on each' lot) 

cc: QA-File-RC ! 



P h i l l i p s  briscopipe 
Starttx Plant 
29SO Nazareth Road 
WeIIfod, SC 2938s 

September 3 0 ,  1996 

JBv# 19637-96 

FAX: 864-439-3918 . 

Dave Nettles 

Thfs letter will cer t i fy  that the Marlex* r e s b  shown below, 
as supplied by P h i l l i p s  Chemical Company, confoms t o  our 
manufacturing specification. 

Type 

P . O .  Number: 
Dace Shipped: 
Package : 
Quari t i ty : 
Melt fzdex, ASTM 01238: 
Density, ASTPl DlSOS: 
ESCR, P/20: 

Lot  Number: 

J. W. Vaden 
Quality Assurance Manager 

TR-4802 
71613 3 8 
REL 310 
09/27/96 
PSPX 6945 
t77200 LBS. 
.I1 G/IO MXB 
-943 G/CC 
>192 HOURS ** 

Fcr COA questions cal l  Sharon Robinette, 713-475-3625 

+ Reg. U.S.  Pat. O f f .  
** Nominal Value (no: tested on each lot) 

cc: QA-Pile-RC ' 

000033 



September 3 ,  1997 

TO: ISCO Jnduetrics 
3766 A9huorth Drive No.) 
Cincinnati, OH 45208  
Attn: Scott Hoff 

PlPducyOn Date 

13 /OJ/96 ,  11/04/96 C 12/14 /96  

Thls l e  to cettAfy f h d t  Clrt product described above and 
shipped from the Brownwood. TX. Plant. has bean sampled 
according t o  statistical sampl Ing plans i n  compliance with 
lsRecommended In-Planr: Quality As3urance Program for Plastic  
Pipe: mnufactured trom resin that meets the Polyethylene 
Plastics Standard i n  ASTH D-1248 and was manufactured t o  the 
speciflcatlons of ASTM F - 7 1 4  and has a cell classifrcatron of 
345434C as specified in A S l M  D - 3 3 5 0 .  This product uas produced 
from resin lot 7161467 and 7161681 w i t h  che M e l t  Index of 0.11 
G/lO MIN. The MI specificataon range for this regin is 0 . 0 7 -  
0.14 G/10 WIN. The m e l t  index on the In-Process Xns@eccron and 
Testing was ale0 rested with the test result8 of 0.11 G/lO 
MIN. The specification for t h i s  teat 1s mx~rnwn of 0.18 G/10 
MIN. If you have any questions, please do not hesitate to give 
me a call. 

0.A.Supervisor 

LDK/ I dk 
cc : Cert i f icat ion File 



€AX: 9 1 5 - 6 4 3 - 4 1 0 2  

Phillipe Driecopipc 
P. 0 .  BOX 1060 
B r o ~ ~ o o d ,  TX 76901 

Leo Karnes 

F h i s ' l e t t e r  w i l l  certify t h a t  the Marlex. resin shown below, 
as supplied by P h i l l i p s  Chemical Compazy, conforms to our 
manufacturing specification. 

T y p e  : 
tot Number : 
P.O. Number: 
Date Shipped: 
Package : 
Quant icy: 
Melt Index, ASTM 01238: 
Density, ASTM DISOS: 
ESCR, P/20: 

HHM TR-4802 
7 1 6 1 4 6 7  
REL 251  
10/21/96 
PSPX 6 5 5 6  
176650 LBS. 
.ll G/10 M?N 
. 9 4 4  G/UC 
sly2 HOURS * *  

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Hobinetcc. 7 1 3 - 1 7 5 - 3 6 2 5  

Re5. U . S .  F a t .  Off 
* *  Nominal Value inor. cested on each lot) 

000035 



- 
December 0 9 ,  1 9 9 6  

JHVW 2 4 3 3 2 -  96 

FAX: 9 1 5 - 6 4 3 - 4 1 0 2  

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 

Thie l e t t e r  will cestify tnat t h e  Marlcx. zesln shown below, 
a8 supplied by Phillips Chemical Comcany, conforms LO our 
manufacturing specification. 

Type ; 
Lot N\Jmber: 
P . O .  Number: 
Date Shipped: 
Package : 
Quantity : 
Melt  Index, ASTM Di238: 
Dtneity, ASTH D1505: 
ESCR, F/2C): 

HHM TR-4802 
7161681 
REL 296 
12/06/96 
PSPX 2231 
1'16750 LBS. 
- 3 1  G / 1 0  H I N  
. 3 4 3  G/CC 
,192 HOURS * *  

J. H.  Vaden 
Qualicy Ae~iurance Uanager . .  

For COA questions call Sliaron Robinette. 7 2 3 - 4 7 5 - 3 6 2 5  

!?e9 U.S. Pat .  Off. 
* 4  Nomina?. Value (not tested or! tech let) 

Cc: QA-File-RC 

000036 



QUALITY CERTIFICATION 

ATTENTION: Scat Hoff 

CUSfOMER ORDER NO: 
P m u i P s  ORDER NO: 
SHD!PING DAm. 
Q U A M :  F? 
D A W S )  EXTRmED: 02/02/97 

PRODUCE 4" IPS SDR-17 DRISCOPIPE Io00 PE3408 ASTM F714 
(40 JT JOINTS) 

I 



AHENTION: Scott Haff 

CUSfOMER ORDER NO: 
PHILLDS ORDER NO. 
SRtPPl?UG DATE: 

DATYS) EX7RUDED: 6/10tPf 
QUAKIITY: FT 

PRODUCF: 10" IPS SDR-I 1 DRISCOPPE loo0 PI3408 ASTM F714 
(4OJT JOIMS) . 

, SERVICES SUPERVISOR 



CUSTOMER ORD&R 2vo: 
P B i u i P S  ORDER NO: 
SHIPPING DATE. 
QUAN'7TlY: M 
DAWS) E)EFRUDED: 12/19@6 

P m m f c r :  12" IPS SDR-13.5 DRI!XOPIPE IO00 PE3408 ASTM F714 
(so Fr JOWrS) 

The polycthvlene mated dezign#wnr code is PE 340% CDD 

I 
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CERTIFICATION LE'ITER 

MaynrKadakia 
Village Building Services 
73 11  Vine Street 
Cincinnati, Ohio 45216 

This letter is to certlfy that the Fiaa resin used to make the Prime Plastics welding rod 
used in the extrasion gun and the Marlex resin used to make PbAhps Driscopipe are 
compatible and cam be used together. These products have been d together by Isco to 
manufacture HDPE fabrications for over 15 years Please feel Gree to call me if you have 
any questions or comments, thank you. 

Scott Hoff 
Regional Sales Manager 

INFORMATION 
p" - 4ULY 

000042 



CERTIFICATION LETTER 

Maynr Kadakia 
Village Building Sorvicos 
73 1 1 Vine Street 
Cincinnati, Ohio 45216 

This letter is to not@ yon that the 6 wyes m the 6310" cleanont fabrications will be sdr 
17 instead of sdr 26 sin- the delivery time on the sdr 26 wyes was mid to late 
September. After speaking with Dave Bonoet of Geosyntec, it was determined that this 
would be acceptable if we shave the inside of the ends of the wyes so that they match up 
with the wall tluckness of the sdr 26 pipe that they will be f a d  to. This will be done. 
Thank yon for your patience in this matter. Please call with any questions of comments. a 

Scott Hoff 
Regional Sales Manager 
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Cj'STOMi?i? : Irrigafinn S*Jpply Co. , 1r.c. 
P . O .  9ox 4545 
Lou i svi  1.1 e, KY 
Attn: Scott:  Hoff 

4 0 2 0 4 

P h i l l i p  Order No: 12705 

P&ct Produa-.Dat es 

10"-DR 26-1000 12, 13, 14, DCC. 1996-BW14 

This io to certify chat the  product described above and shipped on the 
above order from the Brownwood, TX. Plant, has been sampled according to 
atatistical sampling plans in compliance w i t h  "Recommended In-Plant 
Quality Assurance Program for P l a s c i c  Pipe. I' C¶aiiuractured from reein thaf 
meets the Polyethylene Plalrice Standard in ASTM D-1240 and vas 
manufactured to t.he specifications of ASIM F - 7 1 4  and has a cell 
classification of 345434C az specified in ASTM 0 - 3 3 5 0 .  This product was 
produced from resin lot8 7161674,7L61681, and 7361656 with che Melt h d e x  
of 0.11 G I 1 0  MTN. The MI specification range for  chi6 resin is 0.07-0.14 
G/MIN. The m e l t  index on the In-process Inspection and Testing was al'oo 
tesbed w i t h  t h e  L e s t  results of 0.10 G/10 NIP. The specification for t h i s  
teat i s  maximum of 0.1.8 G / l O  MIN. If you have any questions, please do 
not heoi.tsce to give me a call. 

LDK/CC 

4 d. k L 9  69 ~ ) M P & L C :  
-2 
Leo D. Karnes, 
0.A.Supervisor 

cc: C e r t i f i c a t i o n  File 
Shippi na 

!! M FQ R M AT I 0 M 
ONLY 

000044 



L . - _ -  - 

FAX: 915-643-4132 

Phillips Driscopipe 
P. 0. Box 1060 
Erownwood, Ti( 7ia01 

Leo Karnes 

This letEer will cer:ify that tne Xarlex* resin shcwn below, 
as supplied by Phillip3 C'ncnicsl Coz~ar;, conforms to O U ~  
zsnufacturing specification- 

I.IIlM TR- 4 8 02 T y p e  : 
Lot Number: 7161674 
P.S. Number: REL 292 
Date Shipped: 12/03/96 
Package : PSPX 6 2 0 5  
Quantity: 
Melt Index, ASTM D1239: 

ESCR, F/20: 

177800 LBS.  
.12 G/lO MTN 

>192 HOURS * *  
Deneity, ASTM DlSO5: . 9 4 3  G/CC 

J. H. Vaden 
Quality A z s u r a z ~ e  Manager 

For COA questions call Sharon R o b i n e t t s ,  7 1 3 - 4 7 5 - 3 6 2 5  

* Reg. U.S. Pat. Cff. 
* *  Nominal Valze ( n ~ t  t e s t e d  03 each 1.2:) 

C C :  QA-File-RC 

J". 

000045 



c c 

Pscember 09, i996 

JHX'# 24332-96 

FAY: 315-643-4102 

? h i l l i p s  Driscopipe 
P. 0. Box 1060 
Brcwcuood, TX 76801 

Leo Karnes 

This l e t t e r  will ccrrify t h a t  t h e  Marlex* resin shown below, 
as supplied hy Phi.l.1.in.s C k c r . i c 9 1  Ccmpany, confcrms to our 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM D1238: 
Density, ASTM D l S O S  : 
ESCR, F/20: 

HHM TR-4802 
7151681 

12/06/96 
PSPX 2231 
176750 LBS. 
.11 G/10 KIN 
, 9 4 3  G/CC 
>192 HOURS * &  

REI, 296 

2 .  H. Vaden 
Quality Assurance Manager 

Reg. U.S. O a t .  Oft'. 
* *  Nominal V a l u e  (not t e s t e d  on each lot) 

c c :  QA-Fils-RC , 



JHV# 23936-96 

FA’ : 91 5 - 6 4  3 - 4 102 

Phillips Driscopipe 
P. 0 .  E m  l O G O  
Erownwcod, TX 76301 

Leo Karnss 

This l e t t e r  will certify t h a t  t h e  Marlex* resin shown below, 
a6 supplied bv P h i l l i p s  Chemical Company, conforms to our 
m a n u f a c t u r i n g  specification . 

Type : 
L o t  Number: 
P . O .  Number: 
Date  Shipped : 
Package : 
Quanti t ).’ : 
Melt Index, ASTM 01230: 
Density, ASTM D1505: 
ESCR, F/20: 

HHM TR-403Z 
7161656 
REL 291 

PSPX 1024 
178800 LBS. 
.11 G/10 MIN 
. 9 4 2  G/CC 
>192 HOtlRS * *  

12/02/96 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 7 1 3 - 4 7 5 - 3 6 2 5  

Reg. U.S. P a t .  O t f .  
* *  Nominal Value (not tasted on each lot1 

cc: QA-File-R.C 

(100047 
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TO 

TO: ISCO INDUS'IRIES 
Scott Hoff 
3766 ASWORTH #3 
Cincinnnti, OH A5208 

PgoDucT - -  
6" IPS DR 26 04/13/97 .WI2/97 

This is to cerriiy that the pmd~~ct described above and shipped h tht Stamx, South 
Carolina Plant, has been sampled to statistid sampling ptsas in compliance 
with "Recommended In-Plant Quality Assumnee RQ- fir Plastic Rpe." 
Mamrfecturrd b m  mul tiat meets the Polyethyla# Plutics Standad in ASTM BS248 
urd was mmkturd to the specificorions ofAS'IM Fa714 aad bod a cdl ckificarion of 
345434C s specified in ASTM 0-3350. This pdw waf produced nsip lots 71 -7- 

The MI specification mgc h a  this resin is 0.07-0.IO G.10MIN. 'I&& ixkx on t& 

G/IO MIN. Tbe speciircation for this tcst io a m;aimum of 0.18 (210 MIN. lfyou have 
any questions, please do not hcsitate to give me a 4. 

0361 M e l t h d ~ o f  0.11 71-7-0359Meltinden0f0.11 71-74M6Mdt b O f O . 1 2 .  

h-promS -00 md Taw wtt rlto teshd with the M lcsolt Of 71-7-0367 Meh 
hdat Of 0.10 7107-0359 Melt ladex ofO.10 71-7-0346 Melt Ma of 0.10 G/lO MIN. 

f 

9NLY 

000049 



PHILLIPS CHEMl 
A DNlSlON O F  -11 1 IPS 

April 01, 1997 
00s 192 -NE '13 415 Xi66 
P W N A  TEXAS l'531.d-2 

WILLPS RAST'CS 
cb \nm-@mb*Ccr*CYm 

: 864-439-7918 

Phillips Driscoplpc 
Starttx Plant 
2950 Nazareth Road 
wellford, SC 2 9 3 8 5  

Dave Nettles 

ThLs l e t t e r  will certlfy that the Marlex* resin shown below, 
as supplied by Phxllipe Chemical Company, conform6 to our 
manufacturing specification. 

Type : 
Lot Number : 
P.O. Number: 
Date Shipped: 

Melt Index, ASTM D1238: 
Density, AS'ZM D1505: 
ESCR. F/20: 

J. H. Vaden 
Quality Anourance Manager 

TR-4802 
71 7 03 6 7 
R&L 67 
03 / 3  1/97 
PSPX 6364 
179700 LBS. 
.11 G/lO MIN 
.943 G/CC 
,192 HOURS ** 

For COA questions c a l l  Sharon Robinette. 713-475-3625 

Reg. U.S.  Pat.  O f f .  
+*  Nominal Value (not tested on each lot) 

cc: QA-File-RC 

g.3 _.. . 

I 
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March 27, 1997  
I3 4 7 s 3 6 6 5  
??,y)l.O7J2 

M t l  6 2 2 8 - 9 7  

FAX: 864-439-7918 

Phillipo Driocopipe 
Startcx Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter  will certify that t h e  Marlex. resin shown b e l o w ,  
as supplied by 3hiliipS Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number : 
P.O. Number: 
Date Shipped : 
Package : 
Quantity: 
Helt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, P/20: 

J. H. Vaden 
Quality Assurance Manager 

TR-4802 
7170359 
REL 63 
03/26/97 
PSPX 5977 
180200 LBS. 
-11 G/10 MIN 
-943 G/CC 
.192 WOURS * *  

For COA questions call Sharon Robinette. 713-475-3675 

Reg. U.S. Pat. O f f .  
**  Nominal Value (not tested OA each lot) 

c c ;  QA-File-RC 

b 
I 
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Dave Nettles 

This l e t t e r  will cert i fy  that t h e  Marlex. resin shown below, 
ao supplied by Phillips Chemical Company. 
manufacturing specification. 

conforms to our 

Type : 
Lot Number: 
P . O .  Number: 
Date Shipped: 
Rackage : 
Quantity: 
Melt Index, ASTM 01238: 
Density, ASM DZSOS: 
ESCR, F/20: 

wwpl TR-4802 
7170346 
REL 60 
03/21/97 
PSPX 6148 
179250 LBS. 
-12 G I 1 0  HIN 
. 943  G/CC 
a192 HOURS * *  

J. H.  Vaden 
Quality Assurance Manager 

Far COA questions call Sharon Robinettn. 713-475-3625 

Reg. U . S .  Pat. O f f .  
4 4  Nominal Value (not tested on cach lot) 

cc:  QA-Bile-RC 
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07/ 17/97 

To; lscoINDusTRDEs 
Sean Hoff 
3766 ASHWOR'TU #3 
cii-ti.0~ 45208 

PRODUCT 

6" Ips DR 26 OUlOt97 6 06/14/97 

I 

i 



TO 

. 
PHILUPS CHEMI 
A 

April 01, 1997 
~?92.-0@4€ 713uwbw 
puIoeNL TEXIS 7 l W l Q W  

-cMwa- 
WWSRrJTCS mrd 

: 864-439-7918 

Phillips D~iscopapc 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 2 9 3 8 5  

Daw Netrleo 

T h i s  letter will certify that  the Marlex. resin shown below, 
as  8Upplaed by Phillip8 Chemical Company, conforme to our 
manufacturing specification. 

m: 
h t  Numbar: 
P.O. Ihm\ber: 
Date Shippad: 
Package : 

Melt Index, ASTlrl D1238: 
Danmity, ASTM DlS05: 
BSCR, F D O :  

Quantity: 

J. H. Vaden 
Quality Aeeurance Manager 

a ‘IR-4802 
7170367 
R6L 67 
03/31/97 
PSPX 6364 
179700 LBE. 
.11 G/lO mle 
.943 G/CC 
a192 HOURS ** 

For COA questions call Sharon Robiaette. 713-475-1625 

Reg. U.S .  Pat. Off. 
** Nominal Value (not tceted on each lot) 

cc: QA-File-RC 

I 



Phillips Dri6COPfpe 
Startex Plant 
2950 Easarath Road 
Wellford, SC 29385  

Dave Nettles 

Jwvl 6228-97 

F a :  864-439-7918 

_. 

This letter will certify  that the Matle%* resin shown below, 
as eupplied by ? h i l i i ; p S  Chemical Company, confonns to our 
manufacturing specification. 

Type! 
Lot Number: 
P.0. Number: 
Date Shipped: 
Package ; 
Quantity1 
mlt Index, AsT)rl D1238: 
Density, ASM D1505: 

J. H. Vaden 
Quality Assurance nanager 

mu T R - ~ ~ O Z  
7170359 
REL 63 
03/26/97 
PSPX 5977 
180200 W. 
.I1 Q/lO !4XN 
-943 G/CC 
,192 POURS ** 

for COA questions c a l l  Sharon Rebinette. 713-47s-3625 

+ Reg. V.S. Pat. O f f .  
e* Nominal, Value (not tested on each l o t )  

cc: QA-File-RC - 
. I e .  6' $ 6  

/ 

- -  
- 4  



T O  

1.' * \,-v 
m a  saao-97 

- .  .. .. P b B u P s ~  ntw6 
muamchQwd- 

Phillips Driscopipe 
Startex Plant 
2950 Sazareth Road 
Wellford, SC 29385 

Dave .Nettles 

T h i s  l e t t e r  will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type: . 
Lot Number: 
9 . 0 .  Number: 
Date Shipped: 
Package : 
quantity : 
Melt Index, ASTM 01738: 
Deneity, ASM 01.50s: 
ESCR, m o r  

TR-4802 
7170346 
REL 60 
03/21/97 
PSPX 6148 
179250 L88. 
.12 G/lO ?SIN 
.943 G/CC 
21.92 WOflRs 

3. H. vaden 
Quality Aoourance Manager 

For COA queetionc call Sharon Robinette, 713-475-3675 

RUJ. W.S. Pat. 
** Nominal Value 

cc:  QA-Pile-RC 

4 p>.. . . .. 
:' : . .  

O f f .  
(not teeted on each lot) 

e. . .  

J 



0711 OB7 

rn 1sc0musnuEs 
Scon Hoff 
3766 Ashworth #3 
Cinch&OH 45208 

E€lQRuz - 
0 

6" IPS DR 26 WV97 04/11/97 

Tkis is to certi@ that the product described above and sbipd &om the Startcx, South 
Carolina Plant, has been sampled accordiq to statistical sunphg piam in compliance 
with "Rmommended in-Plant Quatity hauancc Ragrun k Piastic Pipe." 
M m W  from resin that meets the Polycthyleae  plastic^ Standard in A s l M  D-1248 
and was mawfacturcd to t& ~pccifications of AsfM F-714 md bad a tcll dusifidm of 

The MI spaci6catioa range from this min is 0.074.14 G.SO MIN. The melt ia6ex on tbe 

'Ibc specification for this test is a maximum of 0. I8 GI10 MIN. 11 you hovc my questions, 
please do not besirate to give me a &I. 

345434C spccifkd ASTM 013350. lbit wu producsd & lo@ 71-7- 
0367 Melt Indtx Of 0.21 71-74359 Mdt Index of 0.1 1 71-7-0346 Nelt Index of 0.12. 

I n - M  laSpetti0~ Md T U  w b ~  rlso ksttd witb d~ test Of 71-74367 Mclt 
lad= ofO.10 71-79359 Mdt I& Of 0.10 71-7-0346 Mdt Indtx oFO.10 WlO MIN. 

cc: Certification File 
I 

I 

I 

I 

I, 

I 
I 

800058 



01, 1997 

6524.97 

/A:  864-439-7918 

Phillips Priscopipa 
Star tex  Plant 
2950 Nazareth Road 
wellford, SC 29385 

1 Dave Nettles 

This letter will certify that the Marlex' resin shown below, 
as supplied by Phillips Chemical Company, c o n f o m  t o  our 
manufacturing specification. 

TYPe: 
Lot Number: 
P - 0 .  Number: 
Date Shippad: 
Package : 
Wane it y : 
klt Index, AsTM D1238: 
Density, ASTM ~150s: 
ESCR, F/2O: 

J. H. Vaden 
Quality Assurance Manager 

HliM TR-4802 

REL 67 
Q3/3 1/97 
PSPX 6364 
179706 U S .  . 

.I1 G/10 MIN 

.913 o/cc 
a192 ROaRS ** 

71703 67 

For COA questions c a l l  Sharon Robinette, 713-475-3625 

Reg. U.S. Pat. Off. 
** Nominal Vahe,(not tasted on each lot) 

ec:  QA-File-RC 

I 
.. 

/ 



.- Dave Nettles 

This  letter wall c e r t i f y  that the Marla* resin shown below, 
ae supplied by 2hiliip6 Chemfcal Company, conforme t o  ot l l  
manufrcturing specification. 

spe: 
Lot Nuabri 
P.O. Nmber: 
Oat8 Shipped: 
Package : 
Quantity: 
Melt  Index, ASXTI D1238: 
Otneity, ASTM DISOS: 
ESCR, F/20: 

TR-4802 
7170359 
REL 63 
03/26/97 
PSPX 5977 
100300 US. 
.11 Q/lO MII 
.943 a/cc 
,192 HOURS ** 

J. 1. Vadmn 
Quality Asrurancc hnrger 

For COA questions call Sharon Robinette, 713-475-3625 

Reg. U.S. Rat. Off. 
** Nominal Value: (not tested on each lot) 

cc: QA-Fils-RC a 



This letter w i l l  certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Compmy, confonns t o  our 
manufacturing specification. 

Type: 
Lot Number: 
P . 0 .  Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASm msos: 
€ S a ,  F / t O :  

J. W. Vadea 
Quality Assurance Manager 

For COA questions call Sharon Robinetfe, 713-475-362s 

Reg. U.S. Rat. Off. 
* *  Nominal Value (not tested on each lot) 

cc: QA-File-RC .." 



dun U4 Y'? 0 4 : 3 5 p  ASCU inaustries, inc. 

July 9 ,  1997 

TO: ISCO Induetries 
3766 Ashworrh Drj.vt? No.3 
Cincinnati, Oli 452063 
A t t n :  Scott Hoff 

Produrt 
10" DR-26 1000 

Produccipo DaLe 
0 3 / 2 2 / 9 7  6t 03/23 /97  

This is t o  certify that the product dcecribed above and 
shipped from the Brownwoad, TX. Plant, has been sampled 
according to  scat iscical sampling plane In compliance with 
uRecommended In-Plant Quality Assurance Program for Plastic 
Pipe.. Manufactured from resin t h a t  meeta the Polyethylene 
Plastic6 Standard in AS"M D-I248 and uas manufactured t o  the 
specifications of ASTH P-114 and has a cell classlfication of 
345434C as epecifred i n  A S m  b-3350. This product was produced 
from resin lot 7170184 wrth the Melt Index of 0.11 G/lO MXN. 
The MI specification range for th io  resm 56 0 . 0 7 - 0 . 1 4  GI10 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the taut  result6 of 0.1.0 G/lO MIN. The 
epecification for th ie  test i6 maximum of 0.18 C/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

- Leo D. Kames, 
Q.A.  SUpefliSOX 

LDK/ldk 
cc: Certification F i l e  

000062 



WI) 3981-97 

FAX: 915-643-4102 

Phillipe Driscopipe 
P. 0 .  BOY 1060 
Brownwood, TX 7 6 6 0 1  

Leo Kame6 

Type: 
Iaf Number: 
P.O. Nucsbar. 
Date aU@: 
Packaqe I 
Quantity a 
Melt Indaw, ASTU 0 1 1 3 8 :  
D.nstty. AfH?4 DlSO5:  

TR-4802 
7170164.  
nL;L 31 
0 3 / 1 5 / 9 7  
OSPX OOGL 
180100 LBS. 
.la 9/10 MIN 
.943 o/cc 
>132 HOURS 

J ,  H. Vaden 
Quality Amururcr ~anager 

For COA questions call Sharon Robinotfe, 713-475-3625 

~ ~ 9 ,  0 , s .  Wac. urz .  
** Nominal Value (not tested on each lot)  .- 

.000063 



TO: W O  INDUSTRIES 
Swtt Hoff 
3766 Ashworth #3 
Cincinnrti,OH 45208 

paaDUCT 

10" IPS DR 26 Ov11v97 06/19/97 03/20/97 

'zhis is to certif)r that the product described above and shipped from the Starttx, South 
Carolina Plant, has been sampled acuxding to statistid sampling plrns in comglipncc 
with "'Rewnmcndcd In-Plat Quality Assumce Aoiyam for Plrstic Pipe." 
Man- frwn resin that meets the Polyetbylax Plastics Standard in ASTM Pi248 
and was m a n u f a d  to the spocificstions of ASTM F-714 and had a cell cIassification of 

0199 Melt index of 0.1 1 71-7-0326 Meh ladex of 0.10 81-7-0582 kIt lad# of 0.10. 
Thc MI rpecifi#tion range from this rexin is 0.07-0.14 G.10 MIN. "he meh iadex on the 
Za-proCess hspection arad Testing was also t d  with tk test result of 81-7-0199 Melt 
Index of 0.08 71.7-0526 Meh Index of 0.07 81-7-0382 Melt Index of 0.0PlO a10 MIN. 
The speciikatioa far this test is a maximum of 0.18 0/10 MM. If you hn uy, questions, 
p l e w  do not hesitate to give me a call. 

343434C b~ specified in ASTM D-3350. This product wtt p r o d u d  from & lots 81.7- 

I 
I 

I 

I 



QHkLIPS CHEMfCAL COMPANY 
A D ~ O N W P n l l L l P S ~  
BOxm2*onoNe tc34n.S666 /-e?- 
P A W O t M  ruIs VSt-Oto1 / : . *  W'" ' . , ':.', ' March 0 3 ,  1937 
pnrurgq*srIcswM - 
~ c w - c a c m w b  

FAX: 864-439-7916 

Phillips Wiscopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29385 

1 Dave Nettles 

This letter  will certify  that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type: 
Lot Number: 
P.O. Numbar: 
Oat8 Shipped: 
Package : 
Quantity: 
Melt Index, AsTM ~1236: 
hneity,  AS^ bisos: 
SSCR, F / t O :  

)tMuf TR-4802 
8170199 
RQI 4s 

ACFX 99740 
166900 US. 
.11 G/10 MIIV 
-943 W C C  
~ 1 9 2  HOURS *+ .  

0 2 / 2 a m  , 

. .  

J. H. Vadcn 
Quality Amirance b n a g e k  

For COA questions cal l  Sharon R bine 

Reg .  0.S. Pat. Off. 
** Nominal Value.(not tested on each lot) 

cc:  QA-File-RC I b ' '  s6 

e, 713-475-3625 

J 



Phillips Drircapipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will certify that the &ulex+ r a s h  shown below, 
as supplied by Phillips Chemical Company, confcrrms to our 
manufacturing specificatim. 

Type : 
L o t  #umber: 
P.0. Number: 
Date Shipped: 
Package : 

Melt Index, AslM D1238: 
Density, ,ASl?4 DlSOS: 

Quantity: 

ESCR, P/20: 

dl% 
fRe3 TR-4802 
7170526 
IuL 111 
05/19/97 
PSPX 3 Q t t  
193950 LBS. 
.If G/10 MIN 

a192 HOURS ** 
a944 G/CC 

J. 8 .  Va&n 
Quality Assurance -gar 

For CQA questions call Sharon Robinette, 713-415-3625 

R e g .  U.S. Pat. O f f .  
** Nominal Value (not tested on each lot) 

cc: QA-Pila-RC 

. - 
. 

c 



Phillip8 Driscopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 2 9 3 8 5  

Dave Nettles 

F A X :  864-439-7918 

This letter will certify that the Marlex* P res in  ~ h o m  below, 
as eupplird by Phillips Chemical Company, confonns to OUT 
manufacturing specification. 

m e  : 
Lot Number: 
P . O .  Number: 
Date Shipped: 
Package : 
Went i t y : 
Melt Index, ASTM D1238: 
De-itY, ASTM DlS05: 
ESCR, F/20 : 

tQtM TR-4802 
.8170582 
R6L 11s 
05/23/97 
PSPX 8156 
190400 US. 
.12 Q/10 M U  
.942 G/CC 
,192 HOURS ** 

'4 

.. 

J. W .  Vaden 
Quality Assurance Manager 

For CQA questions c a l l  Sharon Robinette, 713-475-362s 

* Reg. U.S. Pat. Off. 
* *  Nodnal Value (not tested on each lot) 

cc : OA-Pile-RC 

I '  .- . 

.- 

000067- 



To: ISCOX?4DUSTRIES 
Scoa Hofl 
3766 Ashwonh tr3 
Ciachat& OH 45208 

10" IPS bR 26 311 9/97 

I 

I 

I 
I 
I 

TOTR P.81 

I 

000068 



PHILLIPS CHEMICAL COMPANY 
A OMSlON Or MIUIB 

BOX 101 -E 7'3 474-3666 
?#wENA. rDus ~?5910m2 

Phillips Driscopipe 
Startex P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

/ 
J Dave Nettles 

This letter will c e r t i f y  that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms t o  our 
manufacturing specification. 

.. 
Type : IMM TR-480Z 
Lot Number: 8170199 

. I  

c e 

P.O. Number: REL 4s 
c >* Date Shipped: 02 /28 /97  . r- '. . 

Melt Index, ASTM 01238: .ll G/10 MIN - -  
Package : ACFX 99740 
Quantity: 166900 LBS. 

-8ity, A$m Dl505 : 
ESCR, F/20: ~ 1 9 2  HOURS 

. -  P 

.943 Q/CC 

**+d f 7  - .- 
-. 

.. 
r- . - 

k -  J. If. Vaden 
Quality Assurance Manage 

For COA questions call Sharon Robinettt, 713-475-3625 

* Reg. U.S. Pat. Off. 
** Nominal Value (not tested OA each l o t )  

cc : QA-File-RC. 

J 



- 
July 2 3 ,  1997 

TQ: ISCO Induetries 
3766 Atahworth Drive No.3 
Cincinnati, OH 45208 
Attn: Scott Uoff 

Prbdurt 
10" DR-26 6400 

-- 
Ex-- 

09/25/95 

Thie ie to certify t h a t  the product described and shipped on 
the above order from t h e  branwood plant, has been aampled 
according to statistical sangling plans in campliance with the 
mrecomnendcd in-plant qua3ity control program for plaetic 
pipa, tubing and fitti- intended for .use in natural gao 
distribution systems. a6 definded in appendix A.4 of ASM 

the applicable requirements t a t  pipe, tubing and/or fittings 
made from -3408 resin. This product was p r o d u d  fraa rosin 
l o t  6150855 w i t h  the Melt Index of 0.11 G/XO XIN. Iho MI 
specification range for thia rrrfn ir 0.07-0.14 0/10 WLN. The 
melt index on the In-Procasr Impection aad Taeting wa6 also 
tested with the teet  re6ult of 0.09 G/lO MIlU. The 
specifiaation for this teat ie maximum of 0.18 G/lO RIN. If 
you have any questions, please do not he8itate to  gave me a 

mifiCatiOn 02513 and/or 02683 OY D3261. The W C t  nr?ft6 

C ~ U .  

Q.A.Superva8or 

LDKL ldk 

cc: Certification File 



TO 

m o  1 3 3 9 3 - 9 5  

FAX: 91s-643-4102 

P h i l l i p 3  DrL8eopipe 
e.  0 .  BOX' 2060 
Brownwood, .TX 76801 6- - 
A l T N :   eo Xarne6 

This letter will certify that the MIrlcxb r e s i n  shown below, 
as supplied by Phillip6 Chemical Company. conforms to our 
manufacturing specificarion. 

HHM TR-leOz 
6150855 

TYPC : 
Int Number: 
P . O .  Number! REL 162 
DAto Shigpadc 09/12/95 
Package : PSPX 6407 
QuMt ity : 
Melt Index: .ll O/lO MIM 
Deruity ; .943 G/CC 
fSCR, F / 2 0 t  ,192 HOURS * *  

177400 LBS. 

Z. H. vadcn 
Quality Aaoutance Manager 

2HV : PSN : sr 

* Reg: U.S.. Pat. O f f .  
& *  m i n d  Value (not tested on each lot) 

M3s. Ruby Baker 
Phillips Drircopipc 

Richardson, TX 7 5 0 8 3  
P , O .   OX 83-3866 

000071 



sIPSDR26 

u; CnritiSrrianFi 

1 



./ . *'. . .  

Thie le tcor  u r i i  etrtrfy th.t the MarIex. resin a h  below, 
L. supplied by Phillip6 Chemical Company. conLonn. to  our 
muartacturing rprcification. 

J. W .  Va6.n 
Ourlity Amauranca l4aaag.r 

For COA qutrttons cml& Sharon RobinrtLe. 713-475-3633 

4 reg. v.g. pat. off. 
Nomhal Value (rmt tooted on each lot)  

C c :  Qh-Pi'lt-RC 

.. - .: . .  

I 1 
'1300073 



. .. 
4 

Phillip Orircopiw 
Itartox Plant 
2910 Nazareth Road 
Wellford, SC 29305 

Oavo Nottlar 

This Aottor vi11 certify  that the #.r1ex* rroin ehovn blow, 
as rupplled by Phillip8 Chemical Cnnpany, confomt; to bur 
muCecturing spocific&tion. 

Fer f O A  quortienr Call Sharon Roblnette. 713-475-362S 

1 



TO 

Dave Nettles 

thh letter will ccrtliy  that the W r l e x .  reria m h o m  hlou, 
a0 supplied by Philrtps Chemical Compray, C o n S o m  t o  our 
mnufactur$ng epecitrc6tion. 

J. H. V8dm 
Quality Aamuranca Manager 

For COL quastiona call Sharon Robinetta, 713-r7S-3623 

..#' 
. i 

J 



CERTIFIC.4TION LETTER 

h lay r  Kadakra 
Village Building Smices 
73 1 1 Vine Street 
Cincinnati Ohio 4S216 

This letter is to certify that the 4" x 8" dual contained fitrings which do not have letters of 
certification from Phillips have been fabricated by ISCO Industries, Inc. in accordance 
with the following requirements: 

ASTM D1248, Standard Specification for Polyethylene Plastics Molding and 
Extmsion Material 

ASTM D3350, Standard Specification far Polyethylene Plastics Pipe and Fitting 
Materials 

S T M  D326 1. Standard Specification for Butt Heat Fusion Polyethylene Plastic 
Fitting for Polyethylene Plastic plping and Tubing 

The pipe used to fabricate the dual contained fittings in question has been manufachved 
in accordance with all specifications; however, we are not able to provide run dates and 
resin certification due to the hgmented print line on these fmings. Phillips does not 
allow any pipe to leave their plants unless it meets all quality tests outlined in previous 
submittals. Thank you. 

I N FO R MATI 0 N 

Regional Sales halanager 





0 792 
0 3417 
Q rem 

0 1626 
0 740 
0648 
D 890 

0 1248 
D 3350 

214-700-2400 
fu: 214-lbo.2392 V Cy DL VoCrUrU C O r r M T  
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U 
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PHILLIPS CHEMICAL COMPANY 
A oIVl8m Om CwlLLlPS -elm -ANI. 

BOX 962 PHONE. 718 47- 
P A W N 4  TEXrO 7?(O4- January 0 6 ,  1997 
PMueR*sm mlNs 

u o r n ~ ~ ~ c o m g y *  JWVO 2S8-97 

FAX: 864-439-7918 

A - w I I m ~ m a w w L q e v o  
Phillips Driecopipe 
Startex Pl-t 
2950 Nazareth Road 
wollford, N! 29315 

Dave Nettles 

7'2116 letter  will certify that t h e  Marlex* msin shown below, 
bo supplied by Phillips Chemical Company, conforms to OLE 
manufacturing specification. 

Type : 
Lot Number: 

HiDl TR-4802 
6161550 
RtL 2 

PSPX 2 3 1 1  

.12 G/10 MXN 

0 1 / 0 3 / 9 7  1 N FO h MATI 0 : 
P . O .  Numbar: 
Date Bhipped: 

want ty  : 171250 U S .  
Melt Index, ASTM Dl238: ONLY Package 
Dsn6fty, ASTM 01SOS:  -944 b/cc 
BSCR, F/20: ~ 1 9 2  HOURS ** 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-415-3625 

* Reg. U.S. Pat. Off. 
** Nominal Value (not tested on each lot) 
C C :  QA-Fila-RC ! 

J 



June le, 3 9 9 7  

TO: Scott Woff 
3166 Aphworth Drive Na.3 
Cincinnati, OW 45208 

Praduct 
8" DR-26 1000 

I 1 2 6 8  

Thie ib to  certify that the product dewribed above and 
ohipped from the Brownwood, TX. Plant, has been rampled 
according to statistical sampling plans in compliance with 
wRacommcndcd ln-Plant O u a l i t y  Assurance Program for P1ast.i c 
Pipe.  Manufactured from r e a h  that. meets the Polyethylerlc 
Plartice Standard i n  AS113 b-1248 and was manufactured t o  the 
epacifications of ASTM F-334 and has a c e l l  classification of 
345434C as specified in UT# D-3350. This product was producud 
from resin lots 6151379 end 7161455 with the Melt Index of 
0.11 O / l O  MXN. The M t  specification rang8 for thir resin i s  
0 . 0 7 - 0 . 1 4  0/10 MIN. The melt. index on the ln-Process 
Intptction and Teatlng w a s  a l m  tested with the t 0 6 t  resulti: 
of 0 . 0 9  G/10 MIN. The specification for t h i 8  test iu moximum 
of 0.18 G/10 MIN. If you have any qucretions, please do not 
hesitate to give me a call. 

Q .  a.  Supervj sor 

LnK/ldk 

cc : Certification Fi I e 



€AX: 915-643 -4 )  0 1  

Phillips Drircopipe 
P. 0 .  Box 1060 
Brawnwood, TX 76801 

A m i  Leo Kaxnsr 
Thio letter will certify t h a t  the Marlex* resin shown below, 
ab  supplied by Phillips Chemical Company, canforms t o  m r  
manufacturing specification. 

TYP@ J 

Lot Number : 
P . O .  Numb-: 
Da t o CChigprd : 
Package : 
Want i ty : 
Melt Index, ASTM 0 1 2 3 8 :  
Denrity, urn 1505: 
BSCR, F/20: 

HHM TR-4802 
6151379 
REL 3 
01/15/96 
PSPX 6789 
174300 LBS. 
.ll G/10 M I $  
.943 G/CC 
>192 HOURS +* 

J. H. Vadeir 
Quality Aasuran<ta Manager 

Rag, t1.S. Pat. Off. 
* *  Nominal Valua (not tcstod OA each l o t )  

CC : QA-File-RC 

Shanta Ludwick 
Phillips brieoopipe 

Ri chardeon, TX 7 5 0 8 3  
P.O. BOX 83-3866 



m 

.:. ! -. . 

JW# 21059-96 

FAX: 915-643-4102 

Phillips Driscopipc 
P. 0. Box 1060 
Brownwggd, TX 76801 

Leo Karrics 

This l a t t e r  will certify that the flarltx* resin rhawn below, 
a8 supplied by Phillips Chemical Company, conforms to out: 
manufacturing s p e c i f i c a ~ . i o n .  

m e  1 
f.ot. Number : 
P . O .  Number: 
Date Shipped: 
Package : 
Quant 1 t y  : 
M e l t  fndax, ASTM 01238: 
Den8ity, ASTM 01505:  
ESCR, F/20: 

WIIM TR-4RbZ 
7161455 
REL 248  
1 0 / l f / 9 6  
PSPX 5987 
177000 LBS. 
.ll G/lO MIN 
. 9 4 3  Q/CC 
>192 WOITRS ** 

J. H. Vaden 
Qualfty Assurance Manager 

€or COA questions cal l  Sharon Robinette, 713-475-3625 

6 Rag. V . S .  Pot.  Off. 
* *  Nominal V a l v a  (not ceated on each lot) 

J 



e- 

@ '  
June 18,1997 

Mayur P. Kadakia 
W8Qe B u r n  services k. 
731 1 Wne street 
Cinciinnati.Otno 45216 

this Mer is to idom you that the 4' camer tee m the transim tee vvelded by MMll is I PHyps 
Dnscopipe mdded 4'tee a M SDR rating d 17. SDR 17 Is the thinnest vmU that the 4' moldedtee 

thk projed. Phase amtad me at (513)871-8512 wi!h m y  Iddrtioncll ~uestions. thank you. 
is menuleduredwiLh, therefore, you urn be sum Wthii Wng m w l ~  or exceeds SI specificstions for 

Sam Hoff 
Re~ional Sales Manager 

I 

000084 



I 

..- 

CENTRAL PlASllCS COMPANY 
RO. BOX3129 SHAWNEE, OK USA 74802.3129 

June 19,1997 

Scott Hoff 
Irrigation Supply Co. 

Dear Mt. Hoff 

I am responding to your questions regarding Central's PE 3408 (IiiBh density 
plyethylene) & c t x O f u ~ i O ~  couplings. In parttcular your questions were for. die 
4"IPS and 8"IPS electrofusion couplings. 

The 4"TpS and 8"IPS clectrofusisn couplings ham becn fully tested in accor- 
dance with ASTM FlOS5 "Standard Spdicatian for Electrofusion Type Polyethyl- 
ene Fittings for Outside Diameter Controlled Polyethylene plpe ud Tubing." Siircc 
these fittings have been tested and successhrlly passed the crituia under ASTM 
FIOSS, tbey should meet or cxcted your specifications for olcctrsfusion fittmgs. 

If I can be of further msistance, please feel fiee to contact me. 

Best Regards, 

Clay Hamilton 
Engineering Manager 

T e c h i d  Sewices 



- . .  . _ - . . _  
. . .. 

.. 
W 
t a 
0 

2 a 

a 5 

k e 
z 
(3 
v, 

.. > m 

.. 
W 
t 
U n 

0 

a 
0 
I- < z a 
0 
0 
0 

% a 

8 z 
0 
W a 

0 z 

'800086 



I 

TO: 

. .  - 
. .  

h ll1997 

ONLY 



- ,. . .. . . _. * . . .. . .  . -  1268. 

P h i l l i p s  m8COpipt 
Startem P l a t  
29SO Natar8tb Road 
Wellford, SC 29385 

Dave Rattles 

This letter w i l l  certify that the #ulut+ resin shown below, 
a8 a p p l i e d  by Phil l ipe  Chamiul C a o n p w ,  d o r m s  to our 
manufacturing specification. 

- 
e 2 -  

TR-4802 
t i61338 
R E I  2 l b  
09/27/96 

, me: 
Let Number: 

D8te shlppdl: 
Package : PSPX 6543 
P.O.  Numberr . .  

Quaxitity : i m o o  ras. 
Melt fadex, AscM 01238: 
Derrsfty, ASTH DlSOS: -943 G/CC 

.ll O/lO nrrt 
ESCR, F/20: ,132 l%Ol&W ** 

0 # 

For COA questions call Sharon Robinette, 713-475-3625 

Reg. U.S. Pat. O f f .  
** Nominal Value h o t  tested on each lot) 

cc: QA-FSle-RC 



* September 25, 2996 

'JXW 19306-96 

FAX: 864-439-7918 

P h i l l i p s  D r i S C O p i p  
S t a r t -  Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Mettles 

This letter will certify that the M a r l a *  resin shown below, 
as supplied by Phillips Chemical Company8 conforms to our 
manufacturing specffication. 

Type : fplM TR-4802 
Lot Ruxaber: '7161332 
P.O.  Number: REL 207 

Package: PSPX 2396 
Quurt ity : 173700 Lss. 

Density, ASTM 01505: .944 G/CC 
ESCR, P/20: ~192 fMuRs ** 

. Data Shipped: 09/24/96 

Melt Index8 ASTM 01238: .ll 0/10 HrN 

J. H. Vadea 
Quality Asourance Manager 

For c6A questions cal l  Sharon Robincttc, 713-475-362s 

Reg. U.S. Pat. Off. 
++ rJonrinal Value (not tested on each l o t )  

cc: QA-Fils-RC 



PHILLIPS CHEMICAL COMPANY . 

r-. 7mcM rnlQnt 26, 1996 

A otVtSIo(u o@ m m  C d M P w  
@ox moM: 7 0  4- 

p c a u p s ~  REEM 
waapcoanoltornbwr 

' '  " .  FAX: 864-439-7918 
c 

e 

Phillip8 Dtimcopipe 
Startex P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will certify t h a t  the Marla*  resin shown below, 
a8  upp plied by Phillip8 Chemical Company, ccnforms to our 
manufacturing specification. 

Type: 
. Lot  Number: 

P . O .  Number: 
Date Shipped: 
Package : 
Quantity: 
Melt fndex, ASR9 D1238: 
Density, ASTM DlSOS: 
ESCR, F/20: 

EPIM TR-4802 . '  
.7161333 
REL 208 
0 9 / 2 5 / 9 6  
PSPX 5907 
177750 LBS. 
.12 Q/10 MlN 
.944 G/CC 
>192 HOURS ** 

J. H. Vaden 
Quality Assurance Manager 

For COA questions c a l l  Sharon Robinetta, 713-475-3625 

* Reg. O.S. Pat. Off. 
* *  Nominal Value (not tested on each lot) 

cc : QA-File-RC' 

000090 
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October \ 01, 1996 

JRV# 19784-96 

PAX: 864-439-7918 

Phillip. Driacopipe 
S t a r t e x  P l a n t  
2950 Nazareth Road 
Wellfozd, SC 39385 

Dave Nettles 
This letter will certify that  -&e Marlex+ resin shewn below, 
as supplied by Phillip8 ChemLcal Company, conform8 t o  our 
manufacturing epacification, 

. 
gEIM TR-4802 
716134 9 

P.O. Number: REL 213 
m: 
Lot Number: 
Date Shipped: 09/30 /96  . ,. 

PSPX. 6707 # 

-11 G/10 I Qumt ty: 176250 'w. 
Melt Index, ASTlrt 01238: 
Dmnsity, ASTM 01505: . .943 G/CC 
ESCR, F/20: r192 HOWRS *, 

4 .. ' -  
Packaqc: 

J. B. Vadm 
Quality Assurance Manager 

For COA questions c a l l  Sharon Robincttc, 113-475-3625 

+ Reg. U.S. Pat. Off. 
++ Nominal Value (not tested on each lot) 

000092 
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To: IscomusTRLEs 
ChrirGihnOn 
3110 Lindwood Am 
Ch&mti, OH 45208 

8" DR 26 lo00 10/19/96 

This i s  to artifj.tbat tbe prodw dcsai i i i  shove and s a i p p e d h  the strrtor, sc Plant# 
bas 'baa rsmpled accord& to dlficr;.918ampliq * in o o q b  with 
" R e c o w e d  rn-P&Jlt Quaiity Assrpena prasram fix piestic Pipa" I b h d w u d  
h m  resin that meets the Potyah9lcme pbstics Standard m ASTM D-1248 and was 

1349 Melt Index of 0.11 @IO MIN., 7141333Mdt Mex of 0.12 a10  MIN 
714-1332 Mekt Index of 0.11 GI10 Ml[pJ. md 31-6-1338 with the Melt Index of 0.11 
a10 MIN. The MI spedficotion fbr this resin is 0.079.14 GslO MIN. The mth 

GI10 MIN. Thc spcihtion fix this #st is maximum ofO.18 WO MXN. If you have my 
questioq pleased0 not hetitate to@veme a d .  

to thc d' ASIM F-714 rad bd I d Of 
345434C @ h d  tn ASWD-3350. Tbitproductw plodwed M& k 714- 

index on the b ~ r a s p e c t i o n  and 1- wu 3so tcStedwidrtbtm result of 0.09 

A A Q. A S 

000092 



JEN# 24039-96 

PAX: 864-439-3918 

Phillip8 mi8COpip 
S t u t c x  Plant 
2950 N a t m t h  Road 
wallford, SC 29385 

Dave Settles 

This lotter wi l l  certify that the -lex?, resin ahom below, 
as supplied by P u l l i p a  Chemical Company, conforms t o  our 
manufacturing specification. 

'rree: 
Lot Number : 
P . Q .  Elumber: 
bate Shipped: 
Packaga : 
Quantityr 
Melt Index, ASTM D1238: 
Density, MZ?! DlSOSa 
ESCR, P/ lO* 

J. P. Vadcn 
Quality Assurance Manager 

TR-4802 
7161661 
REL 264 
12/03/96 
PSPX 5865 

.10 a/1o rn 178100 US- 

.SO3 G/CC 
,192 HdoRs ** 

For COA quastiono call Sharon Robinette, 713-475-3625 

Reg. U.S. Pat. O f f .  
** lQomirral Value (not tested OA each lot) 

C C :  QA-File-RC 

'TOT& P.W 
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JENS) 24135-96 

Phillips Oriscopipe 
Startex Plant 
2950 Nazareth Road 
Wellford, SC 2938s I' 

Dave Nettles 

This l a t t e r  will certify that the Marlex* resin 8hown below, 
ae supplied by Phillip6 Chemical Conpay, confonas to our 
manufacturing specification. 

Type : 
tot Number: 
P.O. Number: 
Date Shipped: . .  
Package t 
Quantity: 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20; 

BBM TR-4802 
'7161662 
REL 265 
12/04/96 
PSPX. 3456 p- 

43 G CC 
,192 HOURS ** 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-475-3625 

Reg. U.S. Pat. Off. 
** Nominal Value (not tested on each lot)  

cc : QA-File-RC ! 

. .  

U.. 
. .. .. _.- - , . . . , . . . 
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Phillip# Driscapipe 
startex P l a t  
3950 Nazareth Road 
Wellford, SC 39385 

Dave Nettles 

23486-96 

864-439-7918 

This letter dll certify that the Marlax* r e a h  8 h m  below, 
as mpplicd by Phillips Chemical company, coafonne t o  our 
manufacturing specification. 

Type : fpQ3 TR-1802 
Lot Number: .7161636 
P.O. Number: Date Shipped: . .  
Package : 
Quantity: 
Melt madex, ASRI D1238: 
Density, ASTM D1505: 
ESCR, F/20: >192 FIOIIRS ** 

REL 255 . 
11/21/96 

* .  c 

J. X. Vaden 
Quality Assurance Managex 

For COA questions call Sharon Robinettt, 713-475-3625 

Reg. U.S. Pat. Off. 
** Nominal Value (not tested on each lot )  

cc : QA-Fila-RC 
3 

. . -\, 
. & l  



JHV# 24335-96 

Phillip8 Oriscopipe 
Startex P l a n t  
2950 Narueth Road 
Wellford, SC 29385 

Dave Nettles 

This latter will cerkffy that the Marlex* resirr shown below, 
a8 supplied by Phillip8 QIemical Company, confonns to our 
manufacturing apacification. 

.= TR-4802 
’ 7161672 
RBL 267 
12/06 /96  

Typs: 
tot Number: 
P.O.  Number: 
Date Shipped: 
Package : PSPX 5708 
Quantity: 
Melt b d a ,  ASTM 01238: 
Density, ASTM blSO5: 
ES-8 F/20: ~ 1 9 2  R O W  ** 

. . .  

.. 
c . .  I 

. .* 

J. H. Vaden 
Quality Assurance Manager 

For COA questions c a l l  Sharon Robinette, 713-475-3625 

* Reg. 0,s.  Pat. Off. 
** Nominal Value (not tested on each lot)  

cc: QA-File-RC 

._- -i .. . . . ... - . . 
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JHV# 24336-96 

Phillige Drircapipe 
Startex Rlant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

T h i ~  l a t t e r  will certify that the milex+ rasic shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : .W TR-4802 
tot Nuahr: ' 7161669 
P . O .  M r :  R6L 268 
Date Shipped: 12/06/96 
Package : PSPX 5983 
Quantity: 
Melt Index, ASTM 01238: 
Density, ASTM D1SOS: 
ESCR, F/20: a192 HOURS ** 

176800 

sf+&?- 

J. 8. Vaden 
Quality Assurance Manager 

For CQA questions call Sharon Robinette, 713-475-3635 

~ e g .  0.3. Pat. Off. 
*+ Nominal Value (not tested on each lot) 

cc : QA-File-RC ' 



JEIW 24454.96 

FAIS: 864-439-7918 

Phillips Driecopips 
Startex P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

This letter will certify that the -lex+ resin shown below, 
as supplied by Phillips Chemical Company, conforms to ou 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
D8te Shipped: 
Package : 

Melt Xndex, ASRi 01238: 
Density, ASTM 01505: 
ESCR, F/20: 

. Want i t y  : 

fpIM TR-4902 
'7161673 
REL 270 
12/09/96 
PSPX 2 5 1 1  

~ 1 9 2  HOURS ** 

J. W .  Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-435-3625 

Reg. U.S. Pat. Off. 
** nominal Value (not tested on each l o t )  

cc: QA-File-RC 

, ' \  
- I  ' . *  

c - 
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Monday, April 28,1997 

Mayur P. Kadakia 
Villa e Building Services Inc. 

Cincinnati. OH 45216 

Dear Mayur: 

731 ? VlneStreet 

V 

This letter is in response to two particular situations regarding the HOPE 
Dual Containment pipe that we have supplied for the Leachate Conveyance 
System at FernaM, OH. 

The first area of change was in regards to the spacer intervals. The spacers 
were provided at 4' 6" intenrals which were in accordance with the 
Manufacturers recommended spacing for sup orted ipe lines (see chart on 
page 32 of the Phillips Driscopipe's Systems gesign hanuall. 

The second area of change is in regards to the 6 stub of the camer pipe 
from the containment pipe. This was omitted due to the fact during 
installation the camer pipe slides in the containment, therefore i f  they were 
not the same length there would be a pipe length discrepancy between the 
carrier and containment 

I ask that these changes be review and accepted. Should ou have any 
further questions or concerns please contact me at (502) Y 836591. 

tihris Gilmore 
Regional Sales Manager 

CC: Scott Hoff 

CULVERT LINERS 
P 502.583.6591 
I 502.584.9713 

m //rrr.i-p.- GOLF COURSE IRRIGAT~ON supptiis 



Oriscopipe has been installed in many applications 
above and below ground crossing land lakes. 
deserts. bogs and arctic tundra Each installation 
requires lhOrOugh consideration of the eHeCt of the 
environment on the pipe Previous &Sign Steps 
analyzed pipeline Stresses developed by internal flow 
and pressure This design section discusses the 
stresses imposed on a pipeline by external forces 
Most typical pipe installations can be categorized as 
one of seven types The following pages discuss 
design details for each type of installation 
TYPE 1 Supported Pipelines 
TYPE 2 Overland Pipelines 
TYPE 3 Buried Pipelines 
TYPE 4 Marine Pipelines 
TYPE 5 Water Surface Pipelines 
TYPE 6 Marsh Pipelines 
TYPE 7 Slipline Pipelines 
Driscopipe recommends reading the Sysrems 
/ns!a//aLon brochure for additional information 
regarding installation practices for each type 
of pipeline 

Type 1 : Supported Pipelines 
ln!rOduC00n The forces which affect the inStallatiOn 
of a horizontally supponed pipeline are those 
developed by the weight of the pipe and its Contents 
between supports An examination of this type of 
trlstallation snows that i f  the sag or deflection between 
s~ppons IS minimized then the aegree of sVesS and 
sira,n within the pipe wall is controlled wthir! Safe 
i m t s  The design basis for supponed or suspended 
horizontat pipetines is based upon SuppOR-Spacing 
whlch minimizes the mid-span deflection to ;a" using 

the relevant support Spacing allows the user to 
control thermal expansion and contraction It is 
important that the suspended pipeline be installed ar 
gr near Its operation temperature (or in the honest 
weather) such that the pipeline is thermally 
expanded At that point. the clamps and suppons 
can be balled into position restraining the ppe from 
further movement The tendency of Driscopipe to 
stress-relieve itself will counteract any stresses 
developed within the pipe as seasonal temperatures 
become cooler As a seasonally cool pipe begins to 
warm. it merely expands lo near its original length at 
installation. In this way, thermal expansion 6 
controlled, sag is minimized and adequate support IS 
provided 
hpe &ppn Spacrng Charts 19 through 23 give the 
design support spacing for various SDRs and pipe 
diameters The distance between supports is based 
upon a continuous beam analysis and a mid-span 
deflection of %" when Ihe pipe is totally full of water 

chaa 20 

. -  

a SinDle. Continuous Seam analysis A side benefit of 
uslng maximum deflection as a design criteria is tnat 

Chart 19 

32 



. _ .  - 
April 28, 1993 

f i r  loo0 
carry the 
classification of PF345434C (defined by A S T M  D3350 ) O t h e r  similnrities incltidc. 

urd 6400 scrim p d u c t s  are rnanufhctud f h m  the same feedstock ~ n d  
PPI and A S T M  materid dmignation of PE 3408 They hnve the -me wll 

ASTM D-ISOS 
Meh Index ASTM D-1238 
FIex Modus ASTM a790 
Tensile Strength ASTM 0 6 3 8  
ECCR ASTMD-1693 
HDB @ 73 dtg F ASTM D-2837 
HWdTKM4 ASTM D-2240 
Modulus ofElbsticity AS’TM D438 

The only difkrence betwem lo00 Seties and 6400 d e s  is the test method I J S C ~  to ctnifir 
the pipe. loo0 d e s  is made in accordance with ASTM F714 which allows for A 

+/- 0.057’ 0.D Miiance. 6400 clcrim is  made in accordance with ASTM D-25 1.3 which 
dlows for a +/- 0.050“ 0 . D  vsriwce. 

lf you have any ftrtha questions p k s e  do not hesitate to call me at (3 17) 843-6949 
Thank you t;w specifjring Phillip Driscopipe. 
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1. 

2. 

3. 

4. 

5 .  

ument Contro 
Changes t l  t h ~ s  document are authorized by the Division Quality Manager. 

1 .21 .  Brownwood Plant 

1.2.5. H'atsonville Plant 
1 .'.ti. \.\'illianistown Plant OXLY 

&ODt y L /  
2.1 Drlscopipe blt :wj  is used pnmarilg in gas gathering pressure rated system The pipe IS produced IO 

meet the requirements of .Gni D 3 1 3  and MI 15LE. T ~ I S  section CO\WS the materials and 
inspection procedures to be followed when producing Dnscopipe &W. 

Rtfercnct Documents 
3.1. ASTM DZ513 Standard specification for Thermoplastic Gas Prcssure Piping Sjxtems. 

3.2. .*I 15LE Amencan Petroleum institute Specification for Polyethylene Line plpc (PE). 

Materials 
4.1. The resins to k used for the extrusion of Dnscopipe 63W shall be as follows: 

TR - 480 CompOUnd 
TR - 480 natural with M5252a concentrate 
TR - 480 natural (H4Sf.Z H.130) uith M362 concentrate 
H-ht or Fina Ghl5OlOTZ 
Novacor HD 3Orj7H natural with DS1637 concentrate 

1.2. Clem uncontaminated r q p d  of llke materials produced in a Phillips Driscopipe mandm 
plant may bc k d .  The mixing of regnnd types is not permissible. 

1.3. No regrind shall k used In rius smaller than 2" IPS 

4.4. Other resins or blends may bc used with documented authorization of Corporate Quality. 

In-Process Inswction and Testing 
AI tests are performed m accordance with the Driscopipc Test Ilethcds 3~fanual unless otherwise noted 
5.1 Skit Flow 

5 1 1 Freauencv 
hielr Flow is run on all sizes of pipe Test the samples for ever). production run at startup 
and on every resin lot change \chcre r w n d  is w d  the melt flow shall k run on the 
rtgind feed o m  ever). 24 hours 

. . . . . . .._I , 

c0,MPArw coNFlDEh=L 
000203 



Page 2 of 8 Re~~s ion  Date January 02. 1997 I Manual I 
5.1.2. SDccifications 

The melt flow must not exceed a melt index of .IS. The melt flow of the frnished product 
also must not vary by more than 1W.o h m  the base min melt flow 

5.2. 

5.3. 

5.4. 

5.5.  

5.1.3. Failure Reauirmmts 
If a failure is encountered all product back to the last p i n g  test is rejected to junk. 

Conditioned Dimensions . 

Conditioned Dimensions include Outside hameter. Aitni~num \\:all Thickness. Mavimum Wall 
Thickness, Eccentricity. Out-of-Round Ovalit)., and Toe-In. 

Freaucny 
Conditioned Dimensions are nm on all pipe sizes. Test for outside diameter, udl thichess and 
eccentricity once per hour or once every coil.'joint whichever 1s less frequent. Test for out of 
round toe-in and okality three times per 24 hours. 

Conditioned Outside Diameter Specifications 
5.4.1. Conditioned Outsf-Round Spccifications 

5.4. I. 1. Piw Units CIpS sizes) . The specifications for IPS sizes are shown in ASTM DZ513 Tables 1 and 2. For 
sizes not shom in the .UTM standards the tolerance *ill be the same as the 
next smaller listed size. 

5.4.1.2 IS0 Units (mm sizcs) 
T'he spccificatims for IS0 sizes 90 mm and larger are shom in .4S'M F714 
Table 5. 

i 4 I 3 For sizes not shown in the table. the minimum dlametcr sill be the nommal 
diameter requested by the customer The manmum dlameter will be 100.9% of 
the mmunum lameter. 

Conditioned *all Thickness Spccifications 
55.1.  Piuc Units (IPS sizes) 

The minimum and mavimum wall th~ckness are shown in .GTM D Y l 3  Tables 2 and 3.1. 

5.5.2. IS0 Units (mm sites) 
The minimum wall th~ckness specifications for IS0 sizes W mm and larger are shown in 
AsThi F71J Table 7. The mawmum wall hckncss shall be ll:o.o of the minimum wall 
thlChCSS. 

5.5.3. SDeciaI Size 
For sizes not shown in the tables, the minimum wall thicknest is calculated by the 
following equation: 

. t-OD/DR o o o i o ~  



where: 
t = minimum wall thickness 
OD = nominal outside &meter 
DR - des ip  ration (may also k called SDR) 

Tt~e maximum wall thickness shall be set as 112'0 of the minimum wall thrckntu. 

5.6. 

5.7. 

5,s. 

5.9. 

Conditioned Eccentricity Swcifica- 
Eccentricity must not esceed 1 2 O  o (ASTM D 3 1 3  section 5.3.1.4). 

Conditioned Ovalits Specification 
&]jty must not exceed 50'0. Best Practices recommend hat  the ovality b limited to 3%. 

Condit ioned f ~ - h  S mci fiat ions 
Toe-inmust not esceed 1.500 (ASniD3.213 section 5.3.1.2) 

Failure Rauiremrnts 
5.9.1. Joints 

Check preccdvlg and following joints until all failures are isolated. Direct all failure to 
rtgnnd. 

59.2. coils 
Jsolate the following coil and all preceding coils to the last sample that met specifications. 
Direct all failures to rcgnnd. 

6. Joint Lcntzth 

e. I ,  1 .  
6.1.2. 

6.1. Frequency 
Joint length is measured once pcr day on each estrusion outlet. 
Test findings should bc referenced in the remarks column. 

6 2. Spzcifications 
Joint length must be no less than the specified j o m  length 

6.3. Failure Requirements 
If a joint length test fails. all affected production should bt isolated. The affected productmn can 
be reworked if possible. 
authorization has k e n  received from the customer. end w r ,  or market manager. If it is not 
possible to rework or to sell the product, the affected production shall be directed to r p d .  

The affected production can bc sold to the customer if 

7. HOOD Strength Tests: Ouick Burst and Riiin Tensile 
Both the Quick Burst and the Rmg Tensile tests measure the hoop strength of the pip .  For pipe sir# 4" 
IPS (1 15 mm) and smaller. the Quick Burst test method must be uscd. For all sizes, the nng m i l e  
must be performed. 

7 1. Frcauency 
The hoop strength shall be tested on staRup and after a major process inttrmption. 
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7.2. After the product has passed the startup or majar process interruption tat, the samplmg frequency 
is  one specimen every eight hours. or once ever). joint'coil. w)llcheva is leu frequent. 

ASTh4 D313 section A 4 2 3  desmks M a~temate testing fnquency that may be wd in place of 
the once per 2lhour test* frtq-. If this test frquency is used, the QC record must 
document justification for the multilevel samplurg. 

7.3. 

7.4. W c k  Bust Testinn Specifications 
The specimens must burst at a minimum of 2901 psi hoop stress. The specimen burst also must be 
ductile or semi-ductile. Ressue is calculated from the hoop stress by the follouvlg formula 

P=(ZXS):(DR- 1)  
where: 

P = pressure in psi 
S - hoop stress in psi 

DR = dimension ratio (also called SDR) 

hlinimunl Burst Pressures for Stlectcd DRs @si) 

Dimension Ratio Rcpuired Bunt Pressure 
32.5 184 
26 232 
21 290 
19 320 
17 363 
15.5 -100 
13 S 465 
1 1  381) 
9.3 6!39 
9 725 
8.3 Si6 
7.3 921 

7.2. lZlxTensile Tcstina Swifications 
7.5.1, The nng tensile test specimens must cxcced a ring sues of 2520 psi. 

7.5.3. Best Practices note that the nng stress failure level is reduced if the specimen preparation 
is poor. Therefore. Best Practices recommend that care be taken to have a very smooth 
surface at the reduced test sites on the specimen. 

7.6. Failure Reuuiremcnts 
7.6.1. At start up and after a major proccss htemption the product that is produced prior to a 

pass% skcimen shall bcdmcted to rcgnnd. 

7.62. If a failure occurs on the once per eight hour test, a second tcst can k made on a pipe 
spccimrn produced immediately adjacent to the failed test specimen If a sccond 
spccimm is not atailable, or if the stcond specimm also fails the test, thm all produarm 
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back to the last succeuful test shall k isolated. The isolated production and the joint 
coil immediately followvrg the t a t  specimen hal l  k directed to rcgnnd. If the second 
specimen passes the t tn.  the prodm h& 
results of the sccond ~pccunen shall k recorded. 

the hoop me@ test rquimnents. 

8. Jtcvcnc Bend Tell 
8.1. Freauency 

The reverse k n d  test shall be run on all prcduct 8- IPS (ZOO mm) and larger. The test shall k nrn 
on every production run on startup and once evay 24 hours thereafter. 

8.2. Reverse Bend Specifications 
The tested specimen must show no signs of surface separation, crackmg panid or complete 
fracture escept those originating from a rough edge of the specimen. 

8.3. Failure Reauirerncnts 
AI product back to the last passing test specimen shall be isolated. The isolated product and the 
joint immediately follo\ving the failed test specimen shall be directed to regrind. 

9. Workmanshir, and .4r,tuamncc 
9.1. Frequency 

The workmanship and appearance shall be inspected once every 24 hours 

9.2. Swcifications 
9.2.1. \here present. the depth of die lints must nct c a w  the minimum wall thickness of pipe 

to k violated. The depth of the line also must not exceed .fJ1 inch if it is on the inside 
diameter surface or .m:C inch if it is on the outside diameter surface. 

9.2.2 There shall be no blisters or gels. 

9.2 3 If present. dents must k no l q e r  m diameter the wall th~ckness of the pipe The dents 
also must not be deeper than i 0 o  of the wall th~ckness and not result m nolation of the 
pipe minimum wall thtckntss 

9.2.4. 

9 . 3 .  

There shall be no voids visible to the unaided eye. 

Best Practices note that appearance and tvohanship are the most tisible representations 
of the quality of OUT products. Best Practices recommend that any unusual appearance k 
corrected or rejected. 

< 

9.3. Failure Reauiremrnts 
All product that is rejected shall be dmcted to regnnd. 

10. Print Rcauinmcnts 
10.1. Freaumq a The print string shall be visually inspected at startup and once cvay 12 hours thereafter. 

' 000107 



c 

Quality 
Assurance D*op'pe pLpe 

Manual Page 6 of 8 

10.2. Specifications 

Phillips Driscopipe 
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Issue Date June 1,1995 

Rewion Date Janu~n. 02,1997 

10.2.1. 

10.2.2. 

102.3. 

11:1.2.4. 

rypz 
pNlt shall be either offset print or hot foil gpc. Ifhot foil pnnt is used, indicate depth of 
pnnt wlth wall thickness at pnntline m the remarks column at above stated frequencies. 

Color 
The pnnt s t r q  for Dnscopipc 6 4 ~  shall k wh~tc. Where offset print is used, Best 
Practices recommend hiatthews t p  615 Wute 1-0032-92065. 

- Size 
.4l pipe sizes 1 - 1,'4" IPS (40 nun) and larger shall be a minimum of 5/32' hgh Best 
practices recommend that the print bc 5'16" high. The pnnt size for product smaller than 
1-1 14" ps (40 mm) shall k L'S" Best Practices recommend Xlatthews style 4s print. 

Print String 
Except where it IS shom to k optional, the following information shall bc printed on the 
p i p  U-I the sequence listed The p i p  must k pmted at each end and at m t e d  of no 
more than five feet. Best Practlccs recommend a pnnt svvlg intend of two feet. A 
pnntline e?cample for Dnscopipc 6400 is shown on page 7A 

Size - €unplc: 4" IPS or 630 mm 
Dimension Ratio - E . . p l e :  SDR 11 or DR 17 
Product - Example: Dnscopipc 6400 
Material Class -For Dnscopipe WM it is PE3-108 CDC 

Special Logos - 
XSTM Bassis - ASTM D 3  13 

For Dnscopipe 6452, the print line should include the .4PI monogram 
followed by "1 SLE" and the plant MI license number. 

The .GI license number is 
ouc>S for Browwood 

OOcl5.2 for Stanex 
0005.3 for Watsoniillc 01- renewal dscontinued in 1995) 
0005.4 for \J'illiamstown (licenx renewal discontinued in 1995) 

OXJ5.1 formor  

I 

Plant Identification - 
BW for Brownwood 
P for Pryor 
ST for Startex 
W.4 for Watsonville 
bT for Willlamstown 

Extruder Number 
Date - Example: 02 Apr 93 
OperatorNumbcr 
Shft Letter - Thls is optional. 
Rein Supplier Codc - H for Hocscht or Fina 

. C O M P W  CONFIDENnAL 3 
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h' for Novacor 
P for Phdlips Singapre 
S for Solvay 

10.3. Failure Rerauirements 
Product that fails the print specifications must be conccted pnor to shipment. 

1 I. Carbon Black Content 
I 1.1. Freuuency 

1 I .  1.1. Ths test is required for all blended production ofmtural resin and concentrate. 

1 1.1.2. The blend percentage for each esitrusion line shall be tested two times dunng a 24-hour 
period unlcss that blend percentage has been shown to be in statistical process control. 
ne test frequency for extmion lines documented to be in statistical process cont,ml is 
Once per 24 hours per esuusion line. 

11.2 Swcifications 
The requirement for carbon black percentage is :.oO,o to 3 . 9 0  

11.3. Failure Requirements 
If a test fails the specifications, a second test shall be conducted from the same piece of pipe. If &e 
second test also fails, the pipe shall be sent to regnnd. 

COhLPAi  CONFlDENnAL 



Pilie Printline Enample 

6400 series Pipe DR 

Exnmplc: 6" DR-11 DriscopipcQ 6400 series Pipe made at Brownwood, TX. 



Mays, 1997 

The copy oftbe rain oertificrticm, which rccamplnies the pipe certification later doc3 not 
have I siguture )Irculrr! it is primuily for i n t d  usage. The resin ccrtifimrian 
accompanies e#h nil cu of resin hipped by our resin supplier at HCC (Houston 
chanid Complex). 

HCC, &e Drbqip, ir 8 division o f p h i s  Peholcurn Company. Therefore this internal 
bas not rspUirt 8 Signature. Driscop@c keeps these &fiations on file and 

m a L U t h e m M i h b k t O c u n a r r a , U ~  

CC: S.Hoff 

ONLY - __ 
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Vbs- OtzJ 

January 

JHV# 927-96 

FAX: 915-643-4102 

Phialips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

ATTN: Leo Karnes - 

as supplied by Phillips Chemical Comp 
This l e t te r  will certify that the 

manufacturing specification. 

in showri below, 
to our 

Type : 
Lot Number : 
P . O .  Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: . 
Density, ASTM 1505: 
ESCR, F/20: 

HHM TR-4802 
6151379 
REL 7 
01/15/96 
PSPX 6789 
1?4300 LBS. 
.11 G/10 MIN 
. 9 4 3  G/CC 
>192 HOURS * *  

J. €3. Vsden 
Quality Assurance Manager 

* Reg. U.S. f a t .  Off. 
* *  Nominal Value (not tested on each lot) 

C C :  QA-File-RC 

Shanta Ludwick 
Phillips Driscopipe 
P.O. BOX 83-3866 
Richardson, TX ;75083 
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Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

February 27, 1996 

jwV# 3868-96 

FAX: 915-643-4102 

ATTN: Leo Karnes 

Thi s  le t ter  will certify that the Marlex* resin shorn below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : HHM TR-4802 
Lot Number: 7160189 
P.O. Number: REL 44 
Date Shipped: 02/26/96 
Package : PSPX 6322 
Quantity : '179850 LBS. 
Melt Index, ASTM D1238: .10 G/10 MIN 
Deneity, ASTM 1505: . 9 4 3  Q/CC 
ESCR, F/20: >192 HOURS ** 

J. H .  Vaden 
Quality Assurance Manager 

JHV:PSN:sr 

* Reg. U.S. Pat. 
**  Nornifial Value 

CC: QA-File-RC 

O f f .  
(not tested on each lot) 

I 

. .  

. .  

. .  . 
. . .  .. , . .  . . .  

. . ):I 
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PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHIUIPS PETROLEUM COMPANY 
BOX 792 PHONE: 713 475-3666 

! 
1 

. ' *  

OC7 2 2 

. - .  L. 

October 18, 1996 

JHV# 21059-96 

.-- 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 768.01 

FAX: 915-643-4102 

Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P . O .  Number: 
Date Shipped: 
Package : 
Quant it y : 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20:. 

HHM TR-4802 
7161455 
REL 248 
10/17/96 
PSPX 5987 
177000 LBS. 
.11 G/10 MIN 
.943 G/CC 
>192 HOURS * *  

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-475-3625 

Reg. U . S .  Pat. Off. 
* *  Nominal Value (not tested on each lot) 

- 

cc: QA-File-RC , 

..... 
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Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM DlSO5: 
ESCR, F/20: 

HHM TR-4802 
7161463 
REL 252 
10/21/96 
PSPX 2053 
176450 LBS. 
.12 G/10 MIN 
. 9 4 4  G/CC 
>192 HOURS * *  

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U.S. Pat. Off. 
* *  Nominal Value (not tested on each lot) 

cc: QA-File-RC 

. .  
.. 

.. . .. . 



PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PtllLLlPS P-OEUM COMPANY 
gOx 792 PHONE: 113 475-3666 
PASADENA. fuus 71~OlQtOl October 29, 1996 

JHV# 21659-96 

FAX: 915-643-4102 

Phillips Driecopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnee 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our ; 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM D1238: 
Density; ASTM D1505: 
ESCR, F/20: 

HHM TR-4802 
7161476 
REL 258 
10/28/96 
PSPX 1142 
177100 LBS. 
.10 G/10 MIN 
.943 G/CC 
>192 HOURS **  

J. H. Vaden 
Quality Assurance Manager 

i; . .  
I. 

For COA questions call Sharon Robinette, 713-475-3625 
? 

cc: QA-File-RC 

. .  . .  . 

. .  .. . 

_... , .  
-, - .  . 

* Reg. 0.S. Pat. Off. 
**  Nominal Value (not tested on each lot) 



PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PETROLEUM COMPANY 
0OX to2 PHONE. 113 41- 
PASAD€NA. rouS 175014792 October 29, 1996 

JHV# 21660-96 

FAX: 915-643-4102 

Phil1 ips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 

This letter will certify that the Marlex*. resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 

P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20: 

-Lot Number: 

J. H .  Vaden 
Quality Assurance Manager 

HHM TR-4802 
7161480 
REL 259 
10/28/96 
ACFX 99550 
175000 LBS. 
.ll G/10 MIN 
.943 G/CC 
>192 HOURS * *  

For COA questions call Sharon Robinette, 713-475-3625 

Reg. U.S. Pat. Cff. 
* *  Nominal Value (not tested on each lot) 

cc: QA-File-RC 

.J  . . *  

Ij 
I , '  . . 

, .. .. ..- , .. ... .. , .: . 



FAX: 0 1 5 - 6 4 3 - 4 1 q 2  

Phillip Drimeoptpc 
P. 0. Eox 1060 
Brownwood, TX 76801 

Leo Kaxnes 

This lattex will Certify t b & t  t h e  Marlex’ reoin shown below, 
as w p p l i e d  by Phillips Chemicai Company, conforms to our 
manufacturfng specification. 

Type : 
Lot Number: 
P . O .  Number: 
Date Shipped : 
PAtkaga : 
Quam i L y : 
M e l t  !r idex, ASTM c)1%38: 
Dcneity, MTM b1505: 
ESCR, t’/2(1: 

J. 11. Vadsn 
Quality Aecurance Manager 

HHM 1‘H-4802 
8 16094 1 
REL 1P4 
08/08/96 
PSPX 9009  
176400 LBS. 
.12 G/10 MIN 
. 8 0 4  G/CC 
,192 HOURS * *  

For =A questions call Sharon Robjnette. 713-475-3625  

+* Nominal Value (not  t e 8 t a d . m  eech l o t )  
4 Rag. U.S .  e a t .  Ztf. 

cc:  QA-File-RC 

. J 
000118 
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P H I L L I P S D R I S c-0 PI P E 
A DIVISION OC PHILLIPS PETROLEUM COMPANV 

BOX 1080. CAMP BOWlE INDUSTRIAL PmK 
BROWNW000. T U U S  ?a804 
(915) -1 

April 23, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
4" DR-17 1000 

This is to certify that the product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
"Recommended In-Plant Quality Assurance Program for Plastic 
Pipe." Manufactured from resin that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 
345434C as specified in ASTM D-3350. This product was produced 
from resin lot 8160941 with the Melt Index of 0.12 G/10 MIN. 
The MI specification range for this resin is 0.07-0.14 G/10 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the test result of 0.11 G/10 MIN. The 
specification for this test is maximum of 0.18 G/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

' 

. .  

LDK/ldk . . . .. _, . 

I 
. . .  . . '..A .. . . . I .  

. .  . .. . .  

cc:'. : Certification:. ~ i l e .  
. .  . . .  . _ . .  

Leo D. Karnes, 
Q . A. Supervisor 

ONLY ... ... . , , ... . 
. .  



April 23, 1997 

To: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
8 "  DR-26 1000 
8" DR-26 1000 

. . . . . . . -__.. .. - 

- 01/28/96 

10/31/96 

This is to certify that the product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
I'Recommended In-Plant Quality Assurance Program for Plastic 
pipe." Manufactured from resin that meets the Polyethylene 
plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 
345434~ as specified in ASTM D-3350. This product was produced 
from resin lots 7161455 and 6151379 with the Melt Index of 
0.11 G/10 MIN. The MI specification range for this resin is 
0.07-0.14 .G/10 MIN. The melt index on the In-Process 
Inspection and Testing was also tested with the teat result of 
0.09 G/10 MIN. The specification for this test is maximum of 
0.18 G/10 MIN. If you have any questions, please do not 
hesitate to give me a call. 

. .  

LDK/ldk 

ec: Certification. File.'- 
. . .  . .  .. ....'. 

. . . . . . . . . . .  :_. 
. .  . .  

Q . A. Supe-misoi 
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P H I L L I P S  DRISCOPIPE 
A DIVISION OC PHILLIPS PETROLEUM COMPANY 

BOX 1060. CAMP BOHnE INDUSTRIAL PAR)( 
B A O W 0 0 0 ,  Tu(As 70604 
(815) w84s61 

April 25, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Praduct 
8" DR-26 6400 11/09/96 & 11/10/96 

This is to certify that the product described and shipped on 
the above order from the brownwood plant, has been sampled 
according to statistical sampling plans in compliance with the 
"recommended in-plant quality control program for plastic 
pipe, tubing and fittings intended for use in natural gas 
distribution systemsc1 as definded in appendix A.4 of Asm 
Specification D2513 and/or D2683 or 03261. The product meets 
the applicable requirements for pipe, tubing and/or fittings 
made from pe3408 resin. This product was produced from resin 
lots 7161463,7161480 and 7161476 with the Melt Index of 0.12 
G/10 MIN., 0.11 G/10 MIN. and 0.10 G/10 MIN. The MI 
specification range for this resin is 0.07-0.14 G/10 MIN. The 
melt index on the In-Process Inspection and Testing was also 
tested with the test result of 0.09 G/10 MIN., 0.09 G/10 MIN. 
and 0.11 G/10 MIN. The specification for this test is maximum 
of 0.18 G/10 MIN. If you have any questions, please do not 
hesitate to give me a call. 

Q.A.Supervisor 

LDK/ldk 

cc: Certification File 

.. 



April 25, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

.Product 
8" DR-26 1000 03/26/96 

This is to certify that -he product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
lfRecommended In-Plant Quality Assurance Program for Plastic 
Pipe." Manufactured from resin that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 
345434C as specified in ASTM D-3350. This product was produced 
from resin lot 7160189 with the Melt Index of 0.10 G/10 MIN. 
The MI specification range for this resin is 0.07-0.14 G/10 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the test result of 0.10 C/10 MIN. The 
specification for this test is maximum of 0.18 G/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

a 

* 
eo D. Karnes, 

Q.A. Supervisor 

LDK/ldk 

cc: Certification File 
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Monday, ApiI14,1007 

Howard Milliron 
Villa BuiMing S o r v i c ~ ~  Inc. 

Cinannoti OH 46218 
731 P VlneStfeet 

&is Gilmore 
Regional Sales Manager 

b a r  Howard: 

This letter h In regards bo several quostkns you have wording tho LCS 
Projoct at Femald. 

Flrst, the Phlllips duality Assurance Plan end the resln quality assurance 
letter that was 8ubrnitt.d was for tho 4100 S e h r  which should havo been 
for the 1000 Serfor. Tho 6100 Sed$  
1000 Series (PE 346434C according to ASTM 
Quality Assurance Plan and resin quality 
soon as I receive It 

Second, Phillips Orkenpip plants am IS0 9000 mrlifinrl and that is why the 
Quality Assurance Plan has an expiration date of when it is printed. This is a 
wntrd document that must be updated as changes are made to it. 

La$Uy, In re ards to the pi that is shl lng, we cedfy that it wa8 made to 

- 1.04 81,824 B3 and C2 of. tho LCS projod. 

It is worth noting that Phillips Driscopipe manufactures the losin it uses in the 
praductlon of the pipe. 

\ 

all specInca a bns rnqtrlM r y the spcsci & tbn iderrtifled under Sectlon 02806 



Merch30.1997 

&a Giimre 
ISCO Industha 
3 1 10 Unwood Aw. 
&-OH 45208 

PAL31 

'\ 
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I. nos- 
1.1. 

13. 

Chrogor to thcl document arc r u r h d t d  by the Division QurliW m u .  

This dacumont is also available on thr LAN W~lll mdef O:h@'&&C for viewin; 
Ulrl ytL1(lul(. 

1.2.1. BcOwawoOd Plant. - 
1.2.2. Wagontowa Plant 
1.2.3. Pryor Plant 
L2.4 Startox Plant 
1.2.9. Wa~onvlLlk Plant 
1.2.6. Wllllamrtown Plant 

2. sms 
2 1. Drircoplpe 1000 Is a genernl pivpors p l p ~  Mrler u9ed either In gr8vi'y flow or pressfhcd 

appllcationr. ihe piping systems vc mmufacnued to the nqulsmcn~ of ASTM F71 for r b  
lugor rhaa 3" IPS (96 mm). Smaller d m  a~ mmuhcnucd to the requkmcnn of ASTM D303S. 
lhlr  Jcctioa eovtn  the rnrtcrhls to be u t d  md tho quality U ~ u t l d W  ptsctdures to k followcd 
when producing Drtrcoplpr 1000 plpo. 

3.2. A 3 W  DfOJJ, Standard Speotfleatlen for Polyethylene 0 Plr#ic tip (SDR-PR) D a d  on 
Conbollad Outride Dlmetcr 

4. Mptndak 
4.1.1. The mia to br wed for tho ex(nulon of DdeoplpO 1000 b : 

4.1.1.1. 7R-480 compoond 
4. I .  t 2. TRAP0 natural (TR680w with MS252. can~mQ8W 

4.1.1.3. TR-480 lratUral (TR4802) with M362 cooc+nmN 
4.1.1.4. Waweht or Fin8 OMJ01Ol2 
4.1.1.3. Navieot WD-2007l.1 wlth DXl637 cobcmtrata. 



6.3. $@damth 
4.2.1, ?bo molt flow must nd exceed the folbwhg WttJOS: 

6.2.1.1. briccopfpe loa(, Melt T n k  madmum f ,I8 /, 15 Q 
4.2.2. Additbrlly, the melt claw of the h i t h e d  prodW must not Wy by more than 100% 

h m  tho bare nda melt h w ,  

6.3. 
1Ce iirllun i c  eneounttnA, all praduct back to LIIO Iut pwing test is :ejected ro iu& - 

7. chlwo- 
Conditiond Dhonnslonr Include Outside Dlunetet, Minimum Wall ?bickncrl, Maximum Wall Thickness, 
Eccmb+.ity, Ovrllty, and to&. 

1SO Unit, (mm rlur) 
Tbe rpeciflcotionr for IS0 dm 9cI mm and larger art diown in ASTM F714 Tabk 5. 

F o r t h  nor rhovn ;e the table, &e mldmum dlamttcr wlll be the nominal dlamcttr requested by 
the cuttomar. Tho maximum dimcru will be 100.Ph of the minimum diameter. 

* .  7.3. -mu-- 
7.3. I. Pip0 Units (fPS r h )  

Si* 3" IPS urd U n 8 k  
Tho mlnlmim a d  mrukum wall thlcknes* am shown In A S l M  03035 Table 2. 

Sluc lugs than 3" IPS 
Tha mlnlmm urd1 thkheu am shown In ASTM 1114 Table 8.  



.. 

7.4 

7.3. 

7.6. 

7.7. 

7.a. 

t aODfDR 

t - mlnhum wall thickr\.rr 
OD - nominal outaidr diuineter 
OR - datifin ntio (may also b4 crlled SDR) 

wkre: 

7.4.1. 

7.4.2. 

S i u t  3" IPS and smaller 
Ihe mrdmurn wall thicknot are shown m ASTM D303J Table 3.. 

IS0 Unit, (mm s i t e )  
Sires through I372 mm 
"he maxhum wall thiaknest are 130% of the minimum wall thickness. 

s 
J .. 

coils 
Isolate the foll&ng coil and all preceding coils 10 the lut amplo lhat met tpeifications. bird 
all Allures to regrind. 



hoop sums. The spcelmcn bunt also must 
ole bop strtu by the bllowlng fomrub. 

9.2. buickT- ' QW 
The spccimtzu mutt bum at 1 mlolmum 
be ductilr or tunl=ductile. Prossun 1% 

P - 0  x S)/(DR- 1) 
where: 

P e prruun In pd 
S -heap w t x s  In pl 
DR - dimentkn ntio (also celled SDR) 

t rb le  I 

Dimasion R i r t i ~  
32.S 
26 

! 21 
19 
17 
15.5 
13.5 
11 
9.3 
9 
8.3 
73 

Baquirrb&urtw 
I84 
232 
290 
320 
363 
400 
465 
580 
699 
72s 
806 
921 



IO. 

I I. 

10.3. E- 
All product back to the lm prating W t  specimen shall be isolated. The Isolated product M d  &@ 
joint immediately following tho hlkb teat qpecimen shall k d k t o d  to regrind. 

112. 
Where die l ina  are pn.tenl. the depcb of the line must not cause the minimum will thkknest of 
pipe to be violated. "he dtpth of fhe llnr also muit not exceed .01 iach if it is on the imide 
dlunow 01.002 Inch if it is on the m m i t b  diameter surhcc. product exxoeedltq this nquitament 
may be accepted with prior approval of tho customer. 

The inrldc and outsfdr dlamettr surfaca mu* be fire of blisters and &Ob. 

Wbtn benu arc present they must be no IAtpz in dim- tban 5.A Of tho pipe mlnimwn wall 
thicknesr. They alto must not be deeper than S% of the wdl thi6hes and must not violate the 
pipe m h h u m  urll thkkntu. 

There must be no voids vjslble 10 th8 unaided eye. 

nhue must be no chaUcr marks on the outside diarnetet of tb pipe. Char m u b  on the ins;& 
dlamrtsr of the p1pc must bc no more dun 114" 01 m e a  haw. a wrvcleagth no less than 6 .  



11.3. -nu 
All product that is rejected thrll h diretcd to regrind, 

12. &la- 

122. sacr;lkndops 
12.2.1. Type 

Rbt may be tithor offs,ct or hot (bll type. 

12.2.3. Size 
All pipe rltcr l-l/4" IPS (a0 mar) rad larger thdl be 8 minimum of 1/31' blgh. Tho 
prlnt ciu for product miller thrn 1-1/4" IPS (U, mm) qhnl! b 1/8 

S h  Exunple: 4" IPS or 630 mm 
Dimonrion R8tio - Example: OR I I or DR I7 

A$TM &lo For r l r ~  1-a 1" B(9O M) It It ASTM 
$714. For Ips tlur 3" and smaller. h IJ 
ASTM n3033. Fw n ~ b k  des smrlkr thrrn 
90 mm. it should k omltted. 

Pipe tort Category - For blxapipe 1000 It IS C3 
P h t  Idendficrtlon 
lixmhr Number 
Date - Example: 02 Apr 93 

Shift Latter - zhlc  ic optimal. 
Rush Supplia C& P for Phillip,. 

operator Numbtr 

000130 
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13. -- 
13.1. . Thlr t t u  Is mqulrcd for all bknM praduetlon of natural resin and cbnccnmte. 

U n h  orherwise dhmd by ?JK coqwrarc qurllty mma$u, the blend percentage fbr each 
oxtmslm line shall k wed thm times duting I 24 hsut paled u8lsts tbU blmd pcrcurtaga has 
been shown to be In rhtbdcrl process control The test hoq~emy fbr o?tausion l inu documented 
to be statistld ptacas corrtrol Is m e  p r  24 hours pu wtrurlon M e .  IW eomrtc  qudw 
m m r p  may wt a dlffbrmt test fir;qncncy by irsuinft a IORU StatIny the ntw FNqucncy and tha 
efMlvc time perlod. 

13.2. 

1 3 3 .  

= n e  rqulrcmenr for carbon black percea 

. If a test hi11 r b  specifications, a second rest shall bo conducted from the 
same pkce of p i p .  If the w a n d  test also fils. the p i p  shall be wnl to rcgrlnd. 

Pipe Printline e Example 

1 OQCI wries Induotrial & Mualcipal Piye larger than 3" IPS 
-. - . . .---. . . 

Exmplw laM DR.21 Drlrcoplpe@ 1600 scrlcr PiPC made In Starcex, SC. 

E.ig.ur.0.2 
Pipe YriatlJne 0 Example 
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Monday, April 28,1997 

Mayur P. Kadakia 
Villa e Building Services Inc. 
731qVine Street 
Cincinnati, OH 45216 

Dear Mayur: 

This letter is in response to two particular situations regarding the HDPE 
Dual Containment pipe that we have supplied for the Leachate Conveyance 
System at Femald, OH. 

The first area of change was in regards to the spacer intervals. The spacers 
were provided at 4' 6 intervals which were in accordance with the 
Manufacturers recommended spacing for sup orted ipe lines (see chart on 

The second area of change is in regards to the 6" stub of the carrier pipe 
from the containment pipe. This was omitted due to the fact during 
installation the carrier pipe slides in the containment, therefore if they were 
not the same length there would be a pipe length discrepancy between the 
carrier and containment. 

I ask that these changes be review and accepted. Should ou have any 
further questions or concerns please contact me at (502) $834591. 

page 32 of the Phillips Driscopipe's Systems B R l  esign anual). 

hris Gilmore 
Regional Sales Manager 

CC: Scott Hoff 

1x0 INDUSTRIES, Inc. 
926 kxhr A v o n ~  

Louiivillo, KY 40204 

P 502.583.4591 
I 502.584.9713 

HTTp //rww.iscogipe.com 

POLYETHYLENE PIPE AND FITTING 

k 4545 HDPE FABRICATION 

CULVERT LINERS 

GOLF COURSE IRRIGATION SUPPLIES 
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Driscopipe has been installed in many applications 
above and below ground crossing land; lakes. 
deserts, bogs and arctic tundra. Each installation 
requires thorough consideration of the effect of the 
environment on the pipe. Previous Design Steps 
analyzed pipeline stresses developed by internal flow 
and pressure. This design section discusses the 
Stresses imposed on a pipeline by external forces. 
Most typical pipe installations can be categorized as 
one of seven types. The following pages discuss 
design details for each type of installation. 
TYPE 1 : Supported Pipelines 
TYPE 2: Overland Pipelines 
TYPE 3: Buried Pipelines 
TYPE 4: Marine Pipelines 
TYPE 5: Water Surface Pipelines 
TYPE 6: Marsh Pipelines 
TYPE 7: Slipline Pipelines 
Driscopipe recommends reading the Systems 
lnsrallation brochure for additional information 
regarding installation practices for each type 
of pipeline. 

Type 1 : Supported Pipelines 
lnlroducfion: The forces which affect the installation 
of a horizontally supported pipeline are those 
developed by the weight of the pipe and its contents 
between supports. An examination of this type of 
tnstallation shows that if the sag or deflection between 
supports is minimized, then the degree of stress and 
sirain within the pipe wall is controlled within safe 
limits. The design basis for supported or suspended 
horizontal pipelines is based upon support-spacing 
ahich minimizes the mid-span deflection to ’13’‘ using 

the relevant support spacing allows the user to t 
control thermal expansion and contraction. It is 
important that the suspended pipeline be installed at 
or near its operation temperature (or in the hottest 
weather) such that the pipeline is thermally 
expanded. At that point. the clamps and supports 
can be bolted into position restraining the pipe from 
further movement. The tendency of Driscopipe to 
stress-relieve itself will counteract any stresses 
developed within the pipe as seasonal temperatures 
become cooler. As a seasonally cool pipe begins to 
warm. it merely expands to near its original length at 
installation. In this way, thermal expansion is 
controlled. sag is minimized and adequate support is 
provided. 
Pipe Support Spacing: Charts 19 through 23 give the 
design support spacing for various SDRs and pipe 
diameters. The distance between supports is based 
upon a continuous beam analysis and a mid-span 
deflection of Yi” when the pipe is totally full of water. 

Chart 20 

6 

A A A A A A A A A A A A A A A ~ -  
0 10 20 30 40 50 60 70 80 90 100110120130140150 

a simple. continuous beam analysis A side benefit of suppoll spacing. inchos 

using maximum deflection as a design criteria is that 

Chart 19 t 

.PIBDm$ImBs 
A A A A A A A A A A A A A A A A A  
0 10 20 x) 40 50 60 10 eo 90 loollol20lw,l40lu,lbO 

Suppoll SpKlna inches 

A A A A A A A A A A A A A A A A A  
0 10 20 30 40 50 60 To eo 90100110120130140150160 

suppoll spacing. Inch.. 

32 000135 



Village Building Services 

Subject: 64OOserieaw. I0CK)scries 

Dear MayurKadbkja: 

C)ut loo0 &es and 6400 Series p d u a  are mernifkctuted from the same feedmck And 
carry the same PPI and ASTM materid designation of  PE 3408 
classification of PE343434C (defined by A S T M  D3350 ) Other 4rnilaritits inchide. 

They h w e  the came cell 

h s i t y  ASTM B 1 SO5 
Msk Index ASTM 0-1238 
Flex Modus ASTM 0-790 
Tensile Strength ASTM D-638 
ESCR ASTM I)- 1693 
HDB @ 73 dtg F ASTM D-2837 
Hadmss Asm D-2240 
Modulus of Elasticity ASTM D-638 

0.95.5 
0.11 
1 3 s . m  
3200 
>so00 
1 600 
65 
130,000 

.. 
The only diff'crence betweerr lo00 .AH and 6400 wries is the test method I J S C ~  to certie 
the pipe. lo00 d e s  is d e  in a m d a n c e  with A S T M  F714 which allows for a 
+/- 0.057' 0.D d a n c e .  6400 
allows fot a +/- 0.050" 0.D vatiwce. 

i s  made in accordance with ASTM D-2.5 13 which 
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1. Documtnt Control 
1.1. Changes to h s  document are authorized by the Division Quality Manager 

1.2. This document is also available on the LkV system under 0: Imnrtrrallvrodsvec for \Ieu?ng and 
printing. 

1.2.1. Brownwood Plant 
1.2.1. Hagerstown Plant 
1.1.3. Pryor Plant 
1.2.4. Stnrtex Plant 
1.9.5. Watsonville Plant 

. 1.3.6. \.\'illiamstown Plant 

I I D - U r a r I I W I W : .  

7 F  2. S C O ~ t  

2.1. Driscopipe 6 N O  is used primarily in gas gathering pressure rated systems. The pipe is produced to 
meet the requirements of .GTM D 3 1 3  and ;\PI l5L.E. This section covers the materials and 
inspection procedures to be followd when producing Dnscopipe 6100. 

3. Reference Documents 
3.1. ASTI1 D1513 Standard specification for Thermoplastic Gas Pressure Piping Systems. 

3.3. MI lSLE American Petroleum Institute Specification for Polyethylene Line Pipe (PE). 

4. Materiuis 
4.1. The resins to he used for the extrusion of Dnscopipe 64WI shall be as follows: 

TR - 480 compound 
TR - 3S0 n a n ~ a l  with M5252a concentrate 
TR - 480 natural (H4SOZ H430) with M362 concentrate 
Hocscht or Fina GM 5OlOT2 
Novacor HD 2r3i,7H n a n ~ a l  with DS1637 concentrate 

1.2. Clean uncontaminated regrind of like materials produced in a Phillips Driscopipe manufacturing 
plant may be used. The mising of regnnd types is not permissible. 

3.3. No regrind shall k used in sizes smaller than 2" IPS 

4.4. Other resins or blends may be used with documented authorization of Corporate Quality. 

5. In-Process Inspection and Testing 
A1 tests are performed in accordance with the Driscopipe Test Methods Manual unless othencix noted. 
5.1. Melt Flow 

5.1.1. Freauencv 
hklt Flow is run on all sizes of pipe Test the samples for every production run at startup 
and on every resin lot change. Mere rcgnnd is used the melt flow shall be run on the 
regrind feed once ever). 24 hours 

000137 
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5.1.2. Specifications 
The melt flow must not esceed a melt indes of .18. The melt flow of the finished product 
also must not vary by more than 1W;o f b m  the base resin melt flow 

Phillips Driscopipe 
A Dlvlskn d Phllllps 66 Cornpan! 

Issue Date: June 1. 1994 

Revision Date: J a n q  02. 1997 

5.1.3. Failure Reouirements 
If a failure is encountered. all product back to the last passing test is rejected to junk. 

5.2. Conditioned Dimensions 
Conditioned Dimensions include Outside Diameter, Mmimum Wall Thtckness. Maximum Wall 
Thickness, Eccentncity, Out-of-Round, Ovalit)., and Toe-In. 

5.3. Frepumcy 
Conditioned Dimensions are run on all pipe sizes. Test for outside diameter, wall tfuckness and 
eccentricity once per hour or once every coiltjoint, whichever is less frequent. Test for out of 
round, toe-in and ovality three times per 34 hours. 

5.4. Conditioned Outside Diameter S$ecifications 
5.4.1. Conditioned Out-of-Round Specifications 

5.4.1.1. Pipe Units lIpS sizes) 
The specifications for IPS sizes are shown in ASTM D25 13 Tables 1 and 2. For 
sizes not shorn in the .GTM standards, the tolerance will be the same as the 
nest smaller listed size. 

5.4.1.2. IS0 LTnits (mm sizes) 
The specifications for IS0 sizes 90 mm and larger are shown in .4sM F714 
Table 5. 

5.4.1.3. For sizes not shown in the table, the minimum diameter will be the nominal 
diameter requested by the customer. The mavimum diameter will be 100.9% of 
the minimum diameter. 

5.5.  Conditioned U:all Thickness Specifications 
5.5. I. Pipe Units (IPS sizes) 

'The minimum and mavimum wall thickness are shown in .GTM D35 13 Tables 2 and 3.1. 

5 . 5 2 .  IS0  Units (mm sizes) 
The minimum wall thickness specifications for IS0 sizes 90 mm and larger are shown in 
ASThi F714 Table 7. The masimum wall thickness shall be 1120.0 of the minimum wall 
thickness. 

5.5.3. SDecial Sizes 
For si= not shown in the tables, the minimum wall thickness is calculated by the 
following equation: 

t P O D / D R  000138, 
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where: 
t = minimum wall thickness 
OD = nominal outside diameter 
DR = design ration (may also be called SDR) 

The maximum wall thickness shall be set as 1 12O.o of the minimum wall thrckncss. 

5.6. Conditioned Eccentricity Srxcifica- 
Eccentricity must not esceed 120-0 ( S T M  D25 13 section 5.3.1.4). 

5.7. Conditioned Ovalits Specification 
Ovality must not esceed 5?%. Best Practices recommend that the ovality be limited to 390. 

5 ,s .  Conditioned Toe-In Specifications 
Toe-in must not esceed 1 .Y.O (ASTM D3513 section 5.3.1.2). 

5.9. Failure Requirements 
5.9.1. Joints 

Check preceding and following joints until all failures are isolated. Direct all failures to 
regrind: 

59.2.  coils 
Isolate the following coil and all precedmg coils to the last sample that met specifications. 
Direct all failures to regnnd. 

6. Joint Length 

6.1.1, 
6.1 2. 

6.1. Frequency 
Joint length is measwed once per day on each estrusion outlet. 
Test findings should be referenced in the remarks column. 

6.3. Specifications 
Joint length must be no less than the specified joint length 

6.3. Failure Requirements 
If a joint length test fails. all affected production should be isolated. The affected production can 
be reworked if possible. The affected production can be sold to the customer if written 
authorization has been received from the customer, end user. or market manager. If it is not 
possible to rework or to sell the product, the affected production shall be directed to regrind. 

7. HOOD Strcneth Tests: Ouick Burst and Ring Tensile 
Both the Quick Burst and the Ring Tensile tests measure the hoop strength of the pipe. For pipe sizes 4" 
IPS (1 15 mm) and smaller, the Quick Burst test method must k used. For all sites, the nng tensile test 
must be performed. 

7.1. Frcauency 
The hoop strength shall be tested on startup and after a major process interruption. 
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Phillips Driscopipe 
A MvlJon of PhUllps 66 Company 

Issue Date June 1.1994 

7.2. After the product has passed the stmup or major process intemption test, the s a m p l q  frequency 
is one specimen every eight hours, or once every joint'coil, whchever is less frequent. 

ASTM D 3 1 3  section A4.2.3 describes an alternate testing frequency that may be used in place of 
the once per 24-hour t e s t q  frequency. If h s  test frequency is used, the QC record must 
document justification for the multilevel sampling. 

7.3. 

7.4. W c k  Burst Testim Specifications 
The specimens must burst at a minimum of 39CM psi hoop stress. The specimen burst also must be 
ductile or semi-ductile. Pressure is calculated from the hoop stress by the fo l lowy formula. 

P = ( I x S ) . ' ( D R -  1) 
where: 

P = pressure in psi 
S = hoop stress in psi 

DR = dimension ratio (also called SDR) 

hlininium Burst Pressures for Selected DRs (psi) 

Dimension Ratio Required Burst Prssure 
32.5 184 
26 232 
21 290 
19 330 
17 363 
15.5 400 
13.5 465 
11 580 
9.3 6!3!3 
9 735 
8.3 si6 
7.3 92 1 

7.5. h a T e n s i l e  Testim Specifications 
7.5.1. 

7.5.3. 

The ring tensile test specimens must exceed a nng stress of 3510 psi: 

Best Practices note that the nng stress failure level is reduced if the specimen p r w o n  
is poor. Therefore. Best Practices recommend that care be taken to have a very smooth 
surface at the reduced test sites on the specimen. 

7.6. Failure Requirements 
7.6.1. .4t start up and after a major process intemption the product that is produced prior to a . 

passing specimen shall be directed to regnnd. 

7.6.3 If a failure occurs on the once per eight hour test, a second test can be made on a pipe 
specimen produced immediately adjacent to the failed test specimen If B second 
specmen is not available, or if the second specimen also fails the tat, thcn all production 

I 
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back to the last successful test shall be isolated. The isolated production and the jolnt or 
coil immediately followng the test specimen shall be directed to regnnd. If the second 
specimen passes the test, the product has passed the hoop strength test requirements. The 
results of the second specimen shall be recorded. 

8. Rtvtrse Bend Ttst 
8.1. Freauency 

The reverse bend test shall be run on all product 8- IPS (200 mm) and larger. The test shall bc rn 
on ever). production run on startup and once every 24 hours thereafter. 

8.1. Reverse Bend Swcifications 
The tested specimen must show no s i p  of surface separation, cracking, partial or compleLe 
fracture escept those originating from a rough edge of the specimen. 

8.3. Failure Requirements 
All product back to the last passing test specimen shall be isolated. The isolated product and the 
joint immediately following the failed test specimen shall be dxected to regrind. 

9. Workmanshiv and ADDearance 
9.1. Freauencv 

The workmanship and appearance shall be inspected once ever). 34 hours 

9.2. Specifications 
9.2.1. Where present. the depth of die lines must nct cause the minimum wall thickness of pipe 

to be violated. The depth of the line also must not exceed .Ol inch if it is on the inside 
diameter surface or .001 inch if it is on the outside diameter surface. 

9.2.2. There shall be no blisters or gels. 

9.1.3. If present, dents must be no larger in diameter the wall th~ckncss of the pipe. The dents 
also must not be deeper than 3’0 of the wall thickness and not result in violation of the 
pipe minimum wall thickness. 

9.24. There shall be no voicis visible to the unaided eye 

9.1.5. Best Practices note that appearance and workmanship are the most visible representations 
of the quality of our products. Best Practices recommend that any unusual appearance be 
corrected or rejectid. 

9.3. Failure Requirements 
All product that is rejected shall be chected to r e p d .  

. .  

10. Print Reauirenients 
10.1. Frequency 

The print string shall be visually inspected at startup and once ever). 13 hours thereafter. 

COh’IP.4Nk’ CONFIDENTWL 000241 



4 

Phillips Driscopipe 

Issuc Date: June 1.1994 

Quality m A MvlsJon d Phllllps 66 Comprny 
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10.2. Spccifications 
10.21. 

10.2.2. 

10.2.3. 

1l:1.2.4. 

BE 
Pnnt shall be either offset print or hot foil ope. If hot foil print is used, inlcate depth of 
print with wall thickness at printline in the remarks column at above stated frequencies. 

- Color 
The print suing for Dnscopipe 6400 shall be whte. Where offset print is used, Best 
Practices recommend hiatthews type 61 5 Uhte I-002-920-65. 

- Size 
AI pipe sizes 1-li4" IPS (40 nun) and larger shall be a minimum of 5/32" hgh. Best 
Practices recommend that the print be 5'16" hgh. The print size for product smaller than 
1 - 1  !4'. IPS (40 mm) shall be 1 'S" Best Practices recommend Matthews style 4s print. 

Print String 
Except where it IS shoun to be optional. the following information shall be printed on the 
pipe in the sequence listed. The pipe must be printed at each end and at intends of no 
more than five feet. Best Practices recommend a print stnng intend of two feet. A 
printline example for Driscopipe 6400 is shown on page 7X 

Size - Esample: J' IPS or 630 nun 
Dimension Ratio - Example: SDR 11 or DR 17 
Product - Esample: Driscopipe 6400 
Material Class -For Dnscopipe 6400 it is PE3-108 CDC 
;\sThl Basis - MTh4 D 3  13 
Special Logos - 

For Dnscopipe 64[JOp the print line should include the .4PI monogrsm 
followed by " 15LE" and the plant M I  license number. 

The M I  license number is 
OW5 for B r o x n w d  
Ol>M. 1 for Pryor 
MKl5.2 for Stanex 
00115.3 for Watson\ille (license renewal discontinued in 1995) 
0005.4 for \t'illiamstoun (license renewal discontinued in 1995) 

Plant Identification - 
BW for Brounwood 
P forPryor 
ST for Startex 
WA for Watsomille 
&T for Williamstown 

Extruder Number 
Date - Example: 02 Apr 93 
Operator Number 
shft kt ter  1 f i s  is optional. 
Resin Supplier Code - H for Hcxscht or Fina, 

C O M P m  CONFIDENTIAL 



K for Novacor 
P for Phdlips Siryapore 
S for Solvay 

10.3. Failure Requirements 
Product that fails the print specifications must be conected prior to shipment. 

1 1. Carbon Black Content 
I 1 . 1 .  Freauency 

1 1.1.1. This test is required for all blended production of natural resin and concentrate 

11.1.2. The blend percentage for tach e . w i o n  line shall be tested two times dunng a 24-hour 
period unless that blend percentage has k e n  shown to be in statistical process control. 
The test frequency for extrusion lines documented to be in statistical process control is 
once per 24 hours per emusion line. 

1 1.2. Specifications 
The requirement for carbon black percentage is 2.0O;o to 3.5%. 

1 1.3. Failure Requirements 
If a test fails the specifications, a second test shall be conducted from the same piece of pipe. If the 
second test also fails, the pipe shall be sent to regnnd. 

COMPAiW CONFIDE.rnU 000243 
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Phillips Driscopipe 
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Issue Date June 1,1994 

Revision Date January 02, 1997 

Pine Printline Eramnle 

6400 series Pipe DR 

Emample: 6" DR-11 Driscopipca 6100 series Pipe mode at Brownwood, T?L 

a 
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January 16, 1996 

JHV# 927-96 

FAX: 915-643-4102 

Phillips Driscopipe ~ . h c n : R f & - b d p - W ~  
P. 0. Box 1060 I1B-leOrM.-rrcperomUe 
Brownwood, TX 76801 I jc-mmad- 

This l e t t e r  will certify t h a t  the 

ATTN: Leo Karnes 

manufacturing specification. 
as supplied by Phillips Chemical 

I 

Type : HHM TR-4802 
Lot Number : 6151379 
P.O. Number: REL 7 
Date Shipped: 01/15/96 
Package : PSPX 6789 
Quantity : 174300 LBS. 
Melt Index, ASTM D1238: . .ll G/10 MIN 
Density, ASTM 1505: . 9 4 3  G/CC 
ESCR, F/20: >192 HOURS * *  

J. R. %den 
Quality Assurance Manager 

* Reg. U.S. P a t .  O f f .  
* *  Nominal Value (not t e s t e d  on each lot) 

cc: QA-File-RC 

Shanta Ludwick 
Phillips Driscopipe 

Richardson, TX : 7 5 0 8 3  
P.O. BOX 83-3866  
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713 475 3532 

PHILLIPS CHEMICAL COMPANY 
A DlVlSlON OF PHILLIPS PmROLEUM COMPANY 
BOX 792 6 PHONE: 713 475-3686 
PASADENA. T W S  77501 4792 

PHILLIPS P w T l C s  =SINS ' 

nOUIIM CMnliCPI W U X  

P. m: 

February 2 7 ,  1996 

JHV# 3868-96 

FAX: 915-643-4102  

Phillips Drfscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

ATTN: Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type ; 
Lot Number: 
P . O .  Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM 1505: 
ESCR, F/20: 

HHM TR-480Z 
7160189 
REL 4 4  
02 /26 /96  
PSPX 6322  
179850  LBS. 
.10 G/10 MIN 

>192 HOURS ** 
. 9 4 3  o/cc 

J. H. Vaden 
Quality Assurance Manager 

JHV:PSN:sr 

* Reg. U . S .  Pat. Off. 
**  Nominal Value (not tested on each lot) 

C C :  QA-File-RC 
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PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PETROLEUM COMPANY 

BOX 792 PHONE: 713 475-3666 
PASADENA. TEXAS 7750 14792 

PHILLIPS PLASTICS RESINS 
Houston Chemical Complex 

October 18, 1996 ! 
1 

JHV# 21059-96 

FAX: 915-643-4102 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 768.01 

Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20: 

HHM TR-4802 
7161455 
REL 248 
10/17/96 
PSPX 5987 
177000 LBS. 
.11 G/10 MIN 
.943 G/CC 
a192 HOURS * *  

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U.S. Pat. Off. 
* *  Nominal Value (not tested on each lot) 

- 1  

cc: QA-File-RC 

. .  
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RECElVED OCT 2 5 J d ,  

PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PRROLEUM COMPANY 
BOX 792 PHONE. 713 475-3666 
PASADENA. T E S  775014792 October 22, 1996 . 

JHV# 21216-96 

FAX: 915-643-4102 

i 

I 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 

This letter will certify that the Marlex* rq@.n++shown below, 
as supplied by Phillips Chemical Company, cmforms to our 
manufacturing specification. 

- 

Type : 

P.O. Number: 
Date Shipped: 
Package : 

. Lot Number: 

Quantity : 
Melt Index, ASTM 01238: 
Density,' ASTM DlSO5: 
ESCR, F/20: 

J. H .  Vaden 
Quality Assurance Manager 

HHM TR-4802 
7161463 
REL 252 
10/21/96 
PSPX 2053 
176450 LBS. 
.12 G/10 MIN 
.944 G/CC 
>192 HOURS **  

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U . S .  Pat. Off. 
* *  Nomiml'Value (not tested on each lot) 

cc: QA-File-RC 

1 

. .  -. . .: . . . 
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PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PETROLEUM C O M P A N Y  
BOX 792 PHONE: 713 475-3688 
PASADENA. TEXAS 77501-0792 October 29, 1996 
PHILLIPS PLASTICS RESINS 
nouston Chemical Compl~x JHV# 21659-96 

FAX: 915-643-4102 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 
. .  

Type : 
Lot Number: 
P . O .  Number: 
Date Shipped: 
Package : 
Quant it y : 
Melt Index, ASTM D1238: 
Density; ASTM Dl505 : 
ESCR, F/20: 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our , 
manufacturing specification. 

HHM TR-480Z 
7161476 
REL 258 
10/28/96 
PSPX 1142 
177100 LBS. 
.10 G/10 MIN 
.943 G/CC 
>192 HOURS * *  

.. . 

J. H. Vaden 
Quality Assurance Manager 

i 
For COA questions call Sharon Robinette, 713-475-3625 I 

* Reg. 0 . S .  Pat. Off. 
**  Nominal Value (not tested on each lot) 

cc: QA-File-RC 

000149 
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PHILLIPS CHEMICAL CO.MPANY 
A DIVISION OF. PHILLIPS PETROLEUM COMPANY 

BOX 792 PHONE: 713 47- 
PASADENA, Tu(As 775010792 

PHILLIPS PLASTICS RESINS 

Houston Chemical Ccmplex JHV# 21660-96 

October 29, 1996 

FAX: 915-643-4102 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 

This letter will certify that the Marlex*. resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 

P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 

-Lot Number: 

ESCR, F/20: 

J. H .  Vaden 
Quality Assurance Manager 

HHM TR-4802 
7161480 
REL 259 

ACFX 99558 
175000 LBS. 
-11 G/10 MIN 
.943 G/CC 
>192 HOURS * *  

io/2a/96 

For COA questions call Sharon Robinette, 713-475-3625 

* Re,-. V.S. Pat. C E f .  
* *  Nomin-al Value (not tested on each lot) 

cc: QA-File-RC 
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August 09,  199G 

JWl 16140-96 

FAX; 915-643-4lV2 

Phillip Driecoplpe 
F .  0 .  Eox 1060 
Brownwood, TX 36&01  

Leo Kaxiaes 

T h i r  lettex will certify thHt the Marlex’ reoin shown hFlow, 
ae mapplied by Phiiliys Chernicai Company, conforms to our 
manutactuujng spwj f i ca t ion .  

Type : 
Lot Nuinbvr : 
P.O. Number: 
Date Shipped : 
PAckaga : 
Quant i L y : 
Melt faidex, ASTM c ) 1 % 3 8 :  
Density,  ASTM D1505: 
ESCR, t.’/26: 

HHM T K - 4 8 0 Z  
8160941 
REL 184 
08/08/96 
PSYX 9 0 0 9  
176400 LBS. 
.12 G/SO MIN 
. 9 4 4  G/CC 
>192 HOURS 

J. Xi. Vadsn . 
Quality Aemrance Manager 

For COA queetions call Sharon Robjnette. 713-475-3625  

* Reg. u.S .  ?at. 3ff. 
++ Nominal Value !not tested on eech l o t )  

cc: Qh-File-RC 

J O O O t S l  



P H I L L I P S  D R I S C O P I P E  

(915) 646-6581 I IC-mmJdibmSla 

pcA.~CH:.IIWn.kadY.w-./u- A DIVISION OF PHILLIPS PETROLEUM COMPANY 

BOX 1060. CAMP BOWIE INDUSTRIAL PARK 
BROWNWOOD. TEXAS 78804 

I I ~ . - c a o 5 M l t . p a r p b a a ~  

April 23, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
4" DR-17 1000 

Production Date 
08/22/96 

This is to cert-fy that the product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
"Recommended In-Plant Quality Assurance Program for Plastic 
pipe." Manufactured from resin that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 
345434C as specified in ASTM D-3350. This product was produced 
from resin lot 8160941 with the Melt Index of 0.12 G/10 MIN. 
The MI specification range for this resin is 0.07-0.14 G/10 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the test result of 0.11 G/10 MIN. The 
specification for this test is maximum of 0.18 G/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

Leo D. Karnes, 
Q.A.Supervisor 

. .. . . .  LDK/ldk . . 

WP/Mel t in& ooozs2 
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P H I L L I P S  D R I S C O  PI P E 
A DIVISION OF PHILLIPS PETROLEUM COMPANY 

BOX 1080, CAMP BOW€ INDUSTRIAL PARK 
BROWNWOOD. rrxAs 78804 
(915) 6486581 

April 23, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
8" DR-26 1000 
8" DR-26 1000 

01/28/96 
10/31/96 

This is to certify that the product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
"Recommended In-Plant Quality Assurance Program for Plastic 
pipe." Manufactured from resin that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 
345434C as specified in ASTM D-3350. This product was produced 
from resin lots 7161455 and 6151379 with the Melt Index of 
0.11 G/10 MIN. The MI specification range for this resin is 
0.07-0.14 G/10 MIN. The melt index on the In-Process 
Inspection and Testing was also tested with the test result of 
0.09 G/10 MIN. The specification for this test is maximum of 
0.18 G/10 MIN. If you have any questions, please do not 
hesitate to give me a call. 

L A  Leo D. K'arnes, &&& 
Q.A.Supervisor 

. .  
LDK/ldk 

cc: . Certification. . . .  File. - 
. .  . .  

. . .  . .  ........ 
. . . . . .  . . . . . . .  . . . . .  . . . . .  . . . . . . .  . . .  . .  



April 25, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

ExQdwt 
8" ,DR-26 6400 

11/09/96 Pro- 6: 11/10/96 D m  

This is to certify that the product described and shipped on 
the above order from the brownwood plant, has been sampled 
according to statistical sampling plans in compliance with the 
"recommended in-plant quality control program for plastic 
pipe, tubing and fittings intended for use in natural gas 
distribution systemsb1 as definded in appendix A.4 of Asm 
Specification D2513 and/or D2683 or D3261. The product meets 
the applicable requirements for pipe, tubing and/or fittings 
made from pe3408 resin. This product was produced from resin 
lots 7161463,7161480 and 7161476 with the Melt Index of 0.12 
G/10 MIN., 0.11 G/10 MIN. and 0.10 G/10 MIN. The MI 
specification range for this resin is 0.07-0.14 G/10 MIN. The 
melt index on the In-Process Inspection and Testing was also 
tested with the test result of 0.09 G/10 MIN., 0.09 G/10 MIN. 
and 0.11 G/10 MIN. The specification for this test is maximum 
of 0.18 G/10 MIN. If you have any questions, please do not 
hesitate to give me a call. 

Q.A.Supervisor 

LDK/ldk 

cc: Certification File 

. '  
, -  I 

I . _  
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April 25, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
8 "  DR-26 1000 

4 dF-  Y 

Date 
03/26/96 

This is to certify that tAAe product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
lr,Recommended In-Plant Quality Assurance Program for Plastic 
pipe." Manufactured from resir) that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 
345434C as specified in ASTM D-3350. This product was produced 
from resin lot 7160189 with the Melt Index of 0.10 G/10 MIN. 
The MI specification range for this resin is 0.07-0.14 G/10 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the test result of 0.10 G/10 MIN. The 
specification for this test is maximum of 0.18 G/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

LDK/ldk 

cc: Certification File 

0 -  wP/Mtltindx 

Leo D. Karnes. 
Q.A.Supervisor 

. .. 

. .  
: I  
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3178447128 PAGE 82 - 1268 
BLAIR N I m  

P H I L L I P S  0 R lsco PI  P E  
A DIV161011 OF PHILLIPS PETROLEUM COMPANY 

April 28, 1997 

Village Building Services 

Subject: 64oOseriesvs. I(KK)&es 

T)eRt MaprKadakia: 

Out lo00 scrin and 6400 series prducts are manukchired fiom the same feedstock and 
carry the same PPI and A S T M  material deignation of PE 3408. They hRve the v m e  cell 
classification of PE34S4346 (defined by A S T M  DM50 ) Other similarities inchide. ’ 

Density ASTM D-1 SO5 

Flex Modus ASTM D-790 

ESCR ASTM D-1693 
HDB @ 73 deg F ASTM D-2837 
Hardness ASTM I32240 
Modulus of Elasticity A S T M  D-638 

Melt Index ASTM D-1238 

Tensile Strength A S T M  Dd38 

0.955 

1.3s.OcK) 
3200 
>5000 

65 
130,000 

0.11 /, 
0 

1600 /= 

The only dit&rence between IO00 wies and 6400 series is the test method I J S ~  to certi+ 
the pipe. J 0oO d e s  is made in accordance with ASTM F7 14 which ~ l l o w s  for i )  

+/- 0.057’’ 0.D Mriance. 6400 &e$ i s  made in accordance with ASTM D-2.5 I3 which 
dlows for a +/- O.OS0” 0. D variance. 

f f y ~  have any fhther questions p k s e  do not hesitate to call me at (3 17) 844-6949 
Thank you for Spacifjhg Phiilips Driscopipc. 

_. 

. .,:, 
. .  . . . .  

. .  . .. . . i .  
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Philllps Dttocoplpe 
A nlvblon of Phllllps kboleU1 (%WW' 

D m  Ofliein June 01.1994 . 

Manual PRBC 1 Of 8 Revillon hte: Jurw 9, lorrl 

Quality 
Driacoplpe 1000 

__- .. - Assurance 

e- - ----__ 

1. BncwLC.txal 
1.1. 

1.2. 

Changer to this document we nurhorl7~d by the Division Quality Manager. 

This document io also available on the LAN system under O:\MtYlUU&JOkRa for viewing 
auld yIilltlu$ 

1.2.1. Bmwnwood Plant - 
1.1.2. Wageratown Plant 
1.2.3. Pryor Plant 
1.2.4, Startex Plant 
1.2.5. Wntsonville Plant 
1.2.6. WlII1amotawn Plnnt 

3. 1. JXscopipe lo00 le A genernl pivpooc plpc series used either in gravity flow or p r e p  . p t r d  
RpplicRtions. The piping systems are manufactured to the requlnments of ASTM F7l for sizes 
larger than 3" IPS (90 mm) Smeller rlzes nw manufacturcd to the requirements of ASTM n3035. 
Rls section coven the materials to be used and the p u a l i ~  u$umco preedures to k followcd 
when producin:ng Driscoplpe 1000 pipe. 

2. hxtu 

3. 
Specification for Polyclliylarc (PS) Plastic Plpe (SDR-PR) Rnsed on 

3.2. ASTM D303S, Standard Spcoiflcetlsn for Polyethylene (PE) Flaptic Pipe (SDR-PR) Based on 
Gntrolled Outside biamctcr 

4. MlAtfxm 
4.1.1 n e  resm to be w e d  for the cxtruaion of Ddscoplpo 1000 Is : 

4.1.1.1. TR-480 compound 
4.1 .l 2. TR-480 natural (TRIION) with M S X h  concentrate 
4.1 .I .3. TR-480 nntursl (TR4802) wiol M362 concentrate 
4.1.1.4. Wacdcht or Fins OM5010m 
4. I. 1 . 5  Navacor WD.2007N 4 t h  DX1637 concentrata. 

I 

4.2 Clem unenntminated regrind o f  like matetials produced in P Phillips Drircopipc manufecturina 
'plmt may be useZXixtnp, nfk.yind WMS is not pemiotible 

The use of re8rinrl is not permitted in rim smaller than 2" IPS. 
2 

4.3. 

5. 

S.1. All t e s t 9 i w e 3 d m n  . ed h-ficcordance wfth the Drircapfp Test Methods Manual or refcrcncd 
ASTM test methods unless otherwise noted. 

6. lu&EhY 
6.1. 

000159 
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6.2. $ $ d & a t i m  

6.2.1. The melt flow must not exceed the followlng v a h w  
1, 6.2.1.1. briscoplp 1000 Melt Index maximum 

Additionally, the mdt flow of the finished 
&om the base resin melt flaw, 

6.2.2. not VBI'~ by more than 100% 

Oatc of itsue: Jw 01.1994 

R c v i h  lh: Januy, 9. 1997 

3 Drbcoptpe 10dO 

Page2of 8 -- 
-. .- . 

-.-cI 

6.3. 
If a fnlluta is encountered, ntl product back to the last pasaing test b c- rejected to&&, 

y 
7, .cQmJAh- 

Conditioned Dimensions Include Outside Dlameter, Minimum Wall lhickness, Maximum Wall Thickncss, 
EccenMc.ity, Ovallty, and ' l o c h  

7.1. 
Conditioned Dimensinna Are run 01'1 all pipa sizes. Test for Conditioned OuUide Diameter. Wall 
TAlckness, and F~canlrkiry nncc per shlft on cvcty production nm. 

7.2. ! h & t h d . ~ . D i m e t e r . S n e c &  
Pipe Units (IPS sites) 
Shown h ASTM F714, Table 6 are speclfications for IPS sizes larger than 3". The specifications 
for IPS sizes smnllsr 3" and smaller am sbown in ASIM D3035 Table I. For rizes not shown in 
the ASTM eundatd,, the tolwmce will be the same as the next mailer llsted she. 

I SO Units (mm shes) 
The speoiftcntions for IS0 BIZM 90 mm end luger we sliowo in ASTM F714 Table 5.  

For slzoa not shown io tlis table, ttie mlnlmum dimcter wlll be rhc nominal diameter requested by 
the customer. The maximum diameter will be 100.9% of the minimum dianieter. 

Sim 3" IPS and smaller 
me mhlmiirn and mnxirnurn wall thlcknes!: are shown in ASlNI  03035 Table 2. 

$iza lager than 3" IPS 
T h e  mjnimum wall thickness are shown in ASTM F714 Table 8. 

7.9.2. fS0 Unia (mm sixta) 
The rpecificrtiono for IS0 sl7rr 90 mm and larger 8re shown In ASTM F714 Table 7, 

COMPANY CONFIDENTIAL 

SO'd 8P:91 L6'pT Jdt j  



7.4 

7.5. 

7.6. 

7.7. 

7.8. 

7.3.3. Special Yizcg 
For sizes not shown in the tables. the minimiim w ~ l l  thickness is calculatad by the 
6llowjq equation: 

t .=OD/DR 

t = minimum wall thicknesc 
OD - nominal outside Jieineter 
DR design iatio (may also be called SDR) 

where: 

Sizes 3" IPS and smalfcr 
The mavimum wall thickness are shown in ASTM DJ035 Table 3.. 

Shes larger than 3" IPS 
The mau~mrrm \uall thlcknass me 120% of the minimum wall thickness. 

7.4.2. IS0 Unit9 (mm sizes) 
Situs through 1372 mm 
The maxjmum wall rhiokneto are 120% ofthe minimum wall thickness. 

.. -&. 
Pot IPS $ h s  larger than 3" and for IS0 dzcs 90 mm M d  larger, eccentricity must not exceed 12% 
(ASTM F714 sectlon 52.4). There are no eccentricity speclflcaations fot 6th~~ sizes. 

CMdftian - a- 
Ovality m a l  not be more than 5% 

For IPS sizes l a r p x  than 3" and for 180 sizes 90 mm Rnd larger, toe-in must not exceed I .S% 
(ASTM €VI4 section 5.2.4). mere am no toe-in spcclfications for 0 t h  r h .  

ktaLLutt.m 
Joints 
Check prccedtng 3nd followlng Joints until dl failures arc Isoierad. Direct all failures to regrind. 

Coils 
ltolate the f6116wing coil and ell preceding coils to the 1st iamplu &at mot tpecifications. Dircct 
dl fbllweo to regrind. 

8 .  A6Qhi.M 
8.1- Fk.uwQY 

8.1,l. Joint Icngth is mca.qund once per day on Parh extrusion otitlat Test tlndlng9 should be 
referenced in the remarks column. 



' 

8.2. &xcM~atinnS 

8.3. P a t l u r e e m e r n  

8.2.1. Joht length must he no less than 99.5% or 101% lower than the specified joint length 

lf A jdnt icneth ta t  hlh, a11 Rffmted production should be isolated. The affected production can 
brj reworked if poJafblc. The  affected pdiiction cyu be wM to the customer if writton 
authorlzatlon has been received from the customer, end user, or market manager. If it is not 
possible to rework nr to sell the product, t ) l ~  nffectcd production *hall be directed to regrind. 

9.  HOOP s.- Jut- 
Botb the Quick Burst and the Rinq lcndlc tests masure the hoop strength of the pipe. For pipe silks d" 
IPS (I I3 mm) end *mdlo.r the Quick Brwt tcgr nwthod niust be wed. For clzcs IarGcr than 4" IPS ( I  IS 
mm), either tcdt may be iieed. 

Dacs of b u r .  ,uy=* 

Rcvhlan DW: January 9.1997 

. -  
Quality 
Assurance Drlscopipe I000 

Manual 
-.--. Page 4 o l  9 

9.1. ~ U ~ R . C Y .  The hoop strength shall be testcd once on stamp and a f h r  a major p m s s  
tl tcrrupLi0,r. 

Aftu the product has passed the startup or major proccss lntmptlan k s <  the samplhng f r e g ! ~ ~ c y  
Is one specimen every 24 hours. 

9.2. 0 u i C k - I -  * Wt 
The specimens muat butst at a mioirnwn 
be ductile or semi-ductile. Pressure ir 

hoop stress. The lrpcclmm burst also must 
the hoop stress by the following fornula, 

P a ( 2 ~  S)/(DR- 1) 
a 

where: 
P pressure in ps1 
S hoop strm in psl 
DR 9 dimension fati0 (alto called SDR) 

Ta hle I 

26 . 
21 
I9 
17 
15.5 
13.5 
1 1  
9.3 
-4. _ _  

I L a t l l W m t ~  
I84 
232 
290 
320 
363 
400 
465 
580 
699 
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9.3. R i I l g . ~ d h & g &  c e&!fl.cdom 
The ring tendlc t a t  specimens mast exceed a ring sttC6a Of 2320 psi. 

9.4. 
At stm up and after a major proccia interruption the product that is produced prler to passlng 
requlremcnta. shall be dircctcd to regrind. If L fidure occurs on the once pcr 24 how test. Q 

second test can be made on a pipe specimen produced Irnmdiatcly d j w e n t  to the failed test 
specimen. If a second specimen is not avallablc. or if the second rpeciniur also mils the test, then 
all productfon bsck to the last aucocssful tmt $hall be isolated. The isolated production jnd the 
jolnt or coil inmedhtely followlng the test specimen shall be directed (6 regrlnd. [f the second 
specimen passes the test, the product has passed the hoop strength test requiremenu. Vru results 
of the second specimtn shall be recorded. 

10. ReYaxanscndTet 
10.1 . FrequenQ! 

The reverse bend test thsll be tun 6n all product 8' 1PS (200 mm) and lagar. The test rhal k be run 
on every prdduction nin on startup an.d once every 24 hours thefeaber. 

. I  10.2. w . B f $ u -  
The tadtcd specimcn n m t  $haw no elgns of surface separation, cracking, partial or complctc 
behire excapt these originathg from a rough edge of the speciman. 

10.7. E- 
All product back to the last passing test specimen shall b isohtcd. The lootorcd product and the 
joint immediately following the hlled t e a  Jpecimtn shall be directed to regrind. 

0 
1 1 .  ll!nLka-c& 

11.1. 
The workmanshlp and appearance ghdt be inspected once c v t y  24 hours. 

t 1.2. 
Where die ha are prrmnt, the depth of thc line must not cause the minimum wall thickness of 
pipe to be violated. nlc dtpth of the line also mu9t. not exceed -01 inch if it is on Ihc inside 
dlamota or .002 inch if it in on the nllrtirir: dinmeter rurlhcc. Product exceeding this requirement 
may be accepted with'prior approvrl of the customer. 

The inalde and outoids dlametcr surfaces mugt be fiee of blisters and gcis. 

Where bents arc present they must be no larp,tr in dhnetcr than 5% of the pipe minimum wall 
thickness. They also must not be deeper t h n  5% of the wall thickness and must net violate the 
pipe n h h u m  wall Ih4ekficre. 

There must be no voldc virlbte to the unaided eye. 

Theta nust be no chatter marks on the outside diameter of the pipe. Chatter marks on the iiicidc 
diameter of the pipe must be no more than 1/4" or rnirt hnve 8 wavelength no less than 6". 

8 0 ' d  O S : 9 1  L6'PI JdH 



11.3. ' a  
All product that is reajectcd .eknll hc dircctcd to rtgrtnd. 

12. fihtJ3ewhwm 
12.1. 

The prlnt etrhg shall he viwally ;napcctr?A nt s m u p  and once every 12 h o w  thueafter. 

12.2. spdfiwhns 
12.2.1. Type 

Prlnt may be either offset or hot foil type. 

12.22. Color 
The print string for Drlscopipe 10r)l) nhnlf hc peen. 
Matthews type 625 Light Citeen I-OM2-909-65. 

Bcst Practiccs rccommcnds 

12.2.3, Size 
All pipe ~ lzcs  1-1/4" IPS (40 mm) and larger shall be a minimum of 3/32'' high. TIle 
prlnt size for product smaller t h  1-1/4" IPS (40 mm) .shall be 1/8 

12.2.4. PrLit Strhe 
Except where it is shown to be optional, the fallowing infotmatlon shall be prlntcd on thc 
ptpc In !kc sequence listed. The pipe muff be printed at each end urd at intcrvals of no 
more than five feet. 

Slze 4 Example: 4" JPS or 630 mm 
Dimension Ratio - Example: DR 1 1  or DR 17 

Product - RxampIe: Drlrcglpa 1000 
Cell Class For Drircoplpe 1000 it is PE3d5434C unless 

less than 3" diameter, then PE 3408. ' 

ASTM Bash 9 Par sizcc larger thbn 3" IPS(90 mrn) It 1s ASTM 
F714. For IPS sizes 3" and smaller, 1f Is 
ASTM D3035. For turtric sizes gmellcr thm 
90 mm. it rhou1d be omlttcd. 

Pip? Test Catcgnry - Fer Driscopipe 1000 It lo C3 
Plant Idcndflcrrtlon - 
Extruder Number 
nate - Example: 02 Apr 93 
Qwrator Number 
shift Letter - 'rhit i s  optionaI. 
Rcsln Supplier Code - P for Phillipt, 

- ~ -- 

A prlntlinc cxnmplr for Drircoplpe 1000 laver than 3" IPS Is shown in Fiurc  1, end 3" 
IPS and rmsllcr Is thown in Figure 2. 

COMPANY CONPLDENTIAL 
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.- 
Date of 1 . s ~ :  lune 0 1 I W4 

Rcvision bnte: Jmuary 3,1997 

Driscopipe 1000 
,-. --- 

P3gc7 of 8 ----_ -- 

13.1. 

13.2. 

13.3 .  

Clrbon- m w  - Thia test 19 required €or all blended production of natural resin and concentrate. 
Unless othemise directed by tho corporate quality manager, the blend percentage for each 
cxmsion line shall be tested three times ducing a 24 hour pvtod unless that blend percentage has 
been shown to be tn etatistical process control. The test froquency €or extrusion linu documcnted 
to be in rtntlsticirl process control i s  once per 24 hours poi extrusion line. The earporatc quality 
manager may set a different test frequency by iwuing a letter statin8 the new frequency and OW 

* o m  -The requirement for crrbon black percen ge is 2.0% to 3.5%, 

efi'ectlve time period. 

fC7 - If I test fails thk specifications, B sccond test shall be conducted from the 
same piece of pipe. If the aecand test also ftdils. the p i p  shall be awtl to rcgrlnd. 

Pipe Printline Example 0 

1 I)OO series Industrial & Municipal Pipe larger than 3" IPS 
. . .---- - . . .. .-- I 

Exempls: 14n DR-3.1 DrIrcaplpe@J IbOO series Pipe made in Startex, SC. 

Pipe Printline Example 

1000 series Industrial dk Miinicipsl Pipe 3" IPS and smaller 
--_ ---.. -. .. . -.._.- 

Examplr! 2" DR-1.1 DriicoplpeGD 1000 rdrlea Pipe mnde In Startex. SC. 

O I ' d  IS:9I L G ' P ' S  Jdu PISGIL8€1S'ON 131 : 0x1: 
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926 Baxter Avenue 
P. 0. Box 4545 

Louisville, Kentucky 40204 
(502) 583-6591 

To: Village Building Services 

Attention: blayur K. 

Fax Number: (513) 761-1896 a 
YourP. 0. 4177 Shipped 4/14/97 should receive 4/15/97 

~~ 

Shipped To: 7400 Willey Road 

Cincinatti, Ohio 45030 

From Louisville, Kentucky 
VL4: 

UPS: Ground Red Blue 3 -Day 

Tracking # 

Truckline: FreiQht TransDort 
~~ 

Pro 4: 

Other: 

Complete: X Partial Back Ordered Items: 

Plense pass this ~nfiinirntion on to the person most inrerrsred in timely receipt of this shipment. ( J Q ~ I @ ~  
convenience, shoi~lJ the shipment be delayed, you willjind the cam'er data incltrded for yow direct tractng needs. 
We cqpvciate your business and thank you. 
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Phillips Driscopipe 
A Dlilslon of PNlllpr 66 Company 

Issue Date: June 1, 1994 

1. Document Control 
1.1. Changes to h s  document are authorized by the Division Quality Manager. 

1.2. This document is also available on the L.4V system under o: Imnnrcnllprodspec for tiewing and 
printing. 

1.21. Brownwood Plant 
1.2.3. Hagerstown Plant 
1.2.3. Pryor Plant 
1.2.3. Startex Plant 
12.5. Watsonville Plant 
1.3.6. Williamstown Plant 

2. Scope 
2.1. Driscopipe 64(:N is used primarily in gas gathering pressure rated systems. The pipe is produced to 

meet thc requirements of ASTM D2513 and MI 15LE. This section co~ers  the materials and 
inspection procedures to be followed when producing Driscopipe 6400. 

* 
3. Reference Documents a 3.1. A S l N  D35 13 Standard specification for Thermoplastic Gas Pressure Piping Systems. 

3.3. 4'1 15LE American Petroleum Institute Specification for Polyethylene Line Pipe (PE). 

4. Materials 
-1.1. The resins to be used for the estrusion of Driscopipe 64(:N shall be as follows: 

TR - 380 compound 
TR - 480 natural with M5253a concentrate 
TR - -180 natural (X-18rJZ H4X) with A4362 concentrate 
Hoescht or Fina GM 501<)TT3 
Novacor HD 30iJ7H natural with DS1637 concentrate 

_!C. 
.e< 
& 1.2. Clean uncontaminated r egnd  of like materials produced in a Phillips Driscopipe manufactuMg ..- 
! :; plant may be used. The mising of regrind types is not permissible. 

No regrind shall be used in sizes smaller than 2" IPS. 

Other resins or blends may be used with documented authorization of Corporate Quality. 

-2, 

f-4 
- 

4.3. 

4.4. 
.:I 
..i. 

5.  In-Process Inspection and Testing 
All tests are performed in accordance with the Driscopipe Test Methods Manual unless othenvise noted. 
5.1. Melt Flow 

5.1.1. Frequency 
:.2 

.. ' . ;i! -: 

.'.J' 

Melt Flow is run on all sizes of pipe. Test the samples for every production run at staRup 
and on every resin lot change. Where regnnd is used the melt flow shall be run on the $ ..A . .  regrind feed once every 24 hours. 
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5.2. 

5.3. 

2.4. 

5.5.  

5.1.2. Specifications 
The melt flow must not exceed a melt indes of .1S. The melt flow of the f i s h e d  product 
also must not vary by more than 100°/0 from the base resin melt flow 

5.1.3. Failure Requirements 
If a failure is encountered. all product back to the last passing test is rejected to junk. 

Conditioned Dimensions 
Conditioned Dimensions include Outside Diameter, hhimum Wall Thickness, Maximum Wall 
Thickness, Eccentricity, Out-of-Round, Ovality, and Toe-In. 

Frepuency 
Conditioned Dimensions are run on all pipe sizes. Test for outside diameter, wall thickness and 
eccentricity once per hour or once every coilijoint, whichever is less frequent. Test for out of 
round, toe-in and ovality three times per 24 hours. 

Conditioned Outside Diameter Sjecifications 
5.41 .  Conditioned Out-of-Round Specifications 

5.4.1.1. Pipe Units ( IPS sizes) 
The specifications for IPS sizes are shown in ASTM D25 13 Tables 1 and 2. For 
sizes not sho\in in the .UTM standards, the tolerance will be the same as the 
next smaller listed size. 

5.41.2. IS0 Units (mm sizes) 
The specifications for IS0 sizes 90 mm and larger are s h o w  in PISTM F714 
Table 5 .  

5.4.1.3. For sizes not shown in the table, the minimum diameter will be the nominal 
diameter requested by the customer. The mavimum diameter \vi11 be 100.9% of 
the minimum diameter. 

1 

Conditioned Wall Thickness Specification.. 
5.5.1. Pipe Units UPS sizes) 

The minimum and mavimum wall thickness are shown in ASTM D2513 Tables 2 and 3.1. 

5.5.2. IS0 Units (mm sizes) 
The minimum wall thickness specifications for IS0 sizes PO mm and larger are shown in 
ASThl F714 Table 7. The maximum wall thickness shall be 1130~0 of the minimum wall 
thickness. 

5.5.3. Special Sizes 
For sizes not shown in the tables, the minimum wall thickness is calculated by the 
following equation: 

. .  

t = O D / D R  
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where: 
t = minimum wall thickness 
OD = nominal outside &meter 
DR = design ration (may also be called SDR) 

~ 

Manual 

The maximum wall thickness shall be set as 11206 of the minimum wall h c h e s s .  

Page 3 of 8 Revision Date: January 02, 1997 

5.6. Conditioned Eccentricity Specification 
Eccentricity must not esceed I'>'?'b (SsnYl D2513 section 5.3.1.4). 

5.7. Conditioned Ovalitv Specification 
Ovality must not esceed 5?.6. Best Practices recommend that the ovality be limited to 30/0. 

5.8. Conditioned Toe-In Specifications 
Toe-in must not esceed 1 .5o,o ( f i l l 4  D2513 section 5.3.1.2j 

5.9. Failure Requirements 
5.9.1. Joints 

Check precedmg and following joints until all failures are isolated. Direct all failures to 
regrind. . .. 

5.9.2. coils ' j! 

.. .. _... 

Isolate the following coil and all precedmg coils to the last sample that met specifications. 
. 7 .  Direct all failures to regnnd. . .  

6. Joint Leneth 

6.1.1. 
6.1.3. 

6.1. Freauency 
Joint length is mtasured once per day on each cstrusion outlet. 
Test findings should be referenced in the remarks column. 

6.3. Specifications 
Joint length must be no less than the specified joint length. 

6.3. Failure Requirements 
If a joint lendh test fails, all affected production should be isolated. The affected production can 
be reworked if possible. 
authorization has been received from the customer, end user, or market manager. If it is not 
possible to rework or to sell the product, the affected production shall be directed to regrind. 

The affected production can be sold to the customer if written . . 

, ' ':$ 
7. HOOD Strength Tests: Ouick Burst and R i w  Tensile .-. 

Both the Quick Burst and the Ring Tensile tests measure the hoop strzngth of the pipe. For pipe sizes 4" : 
IPS (1 15 mm) and smaller, the Quick Burst test method must be used. For all sizes, thz ring tensile test 

.. must be performed. , .  

.+: 
..;=. 

7.1. Frequency 
The hoop strength shall be tested on startup and after a major process interruption. 

COMPANY CONFIDEhTIAL. 
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7.2. After the product has passed the startup or majar process interruption test, the samplmg frequency 
is one specimen every eight hours, or once every joint'coil, whichever is less frequent. 

7.3. ASTM D2513 section A423 describes an alternate testing frequency that may be used in place of 
the once per %hour testing frequency. If t h ~ s  test frequency is used, the QC record must 
document justification for the multilevel sampling. 

7.4. @ck Burst Testing Specifications 
The specimens must burst at a minimum of 2900 psi hoop stress. The specimen burst also must be 
ductile or semi-ductile. Pressure is calculated from the hoop stress by the following formula. 

P=(3xS) :@R-  1) 
where: 

P = pressure in psi 
S = hoop stress in psi 

DR = dimension ratio (also called SDRj 

Minimum Burst Pressures for Selected DRs (psi) 

Dimension Ratio Required Burst Pressure 
32.5 184 
26 232 
21 290 
19 3 20 
17 363 
15.5 400 
13 C 465 
11 580 
9.3 699 
9 72s 
S.3 SO6 
7.3 921 

, 
7.5. &Tensile Testing Specifications 

7.5.1. The ring tensile test specimens must exceed a ring stress of 3520 psi. 

7.5.3. Best Practices note that the nng stress failure level is reduced if the specimen preparation 
is poor. Therefore, Best Practices recommend that care be taken to have a very smooth 
surface at the reduced test sites on the specimen. 

.. . 

7.6. Failure Requirements 
7.6.1. At start up and after a major process interruption the product that is produced prior to a 

passing specimen shall be directed to regrind. 
. 

7.6.3. If a failure occurs on the once per eight hour test, a second test can be made on a pipe 
specimen produced immediately adjacent to the failed test specimen. If a second 
specimen is not available, or if the second specimen also fails the test, then all production , 

COhlpANY CONFIDENTIAL 



Quality 
Assurance 
Manual 

back to the last successful test shall be isolated. The isolated production and the join! or 
coil immediately followmg the test specimen shall be directed to regrind. If the second 
specimen passes the test, the product has passed the hoop strength test requirements. The 
results of the second specimen shall be recorded. 

Phillips Driscopipe 
A Dlvislon of Phillips 66 Company 

Issue Date: June 1, 1993 

Revision Date: Januuy 02,1997 

@ 
Driscopipe 6400 Pipe 

Page 5 of 8 

8. Reverse Bend Test 
8. I. Frequency 

The reverse bend test shall be run on all product 8" IPS (200 mm) and larger. The test shall be run 
on every production run on startup and once every 24 hours thereafter. 

S.2. Reverse Bend S p e c i f i c a h  
The tested specimen must show no signs of surface separation, crackmg. partial or complete 
fracture escept those originating from a rough edge of the specimen. 

8.3. Failure Requirements 
All product back to the last passing test specimen shall be isolated. The isolated product and the 
joint immediately following the failed test specimen shall be directed to regrind. 

9. WorkmanshiD and ApDearnnce 
9.1. Freauency 

The workmanship and appearance shall be inspected once every 21 hours. 

9.2.1. 

9.3.2. 

9.2.3. 

9.2.1. 

9.2.5. 

9.2. Specifications 
\+%ere present, the depth of die lines must n d  cause the minimum wall thickness of pipe 

:... 
.. r. 

6. 

to be violated. The depth of the line also must not exceed .01 inch if it is on the inside 
diameter surface or ,003 inch if it is on the outside diameter surface. 

. . .. ... . .I . . _  There shall be no blisters'orgels. 
. :*. _.. 

. ._. 

.. . I  
'"7  

If present, dents must be no larger in diameter the wall thickness of the pipe. The dents 
also must not be deeper than 30 o of the wall thickness and not result in violation of the 
pipe minimum wall thickness. 

There shall be no voids visible to thz unaided eye. 

-4 

Best Practices note that appearance and workmanship are the most visible representations 
of the quality of our products. Best Practices recommend that any unusual appearance be 
corrected or rejected. . .  

. ,  
' I  

9.3. Failure Reauirements 
All product that is rejected shall be directed to repnd.  

. .. 

10. Print Reauirenients 
10.1, Frequency 

The print string shall be visually inspected at startup and once every 13 hours thereafter. 
. .  

COMPANY CONFIDENTWL 
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10.2. Specifications 
10.2.1. 

10.2.2 

10.2.3. 

11:1.2.3. 

m 
Pnnt shall be either offset print or hot foil type. If hot foil print is used, indicate depth of 
print with wall thickness at printline in the remarks column at above stated frequencies. 

Color 
The print string for Dnscopipe 6400 shall be white. Where offset print is used, Best 
Practices recommend Matthews type 615 Wute 1-0002-920-65. 

- Size 
-41 pipe sizes 1-1 14'' IPS (40 mm) and larger shall be a minimum of 5/32'' hgh. Best 
Practices recommend that the print be 5/16'' high. The print size for product smaller than 
1-1 14" IPS (40 mm) shall be 1:S". Best Practices recommend hiatthews style 4s print. 

Print String 
Escept where it is shown to be optional, the following information shall be printed on the 
pipe in the sequence listed. The pipe must be printed at each end and at intervals of no 
more than five feet. Best Practices recommend a print string interval of two feet. A 
printline example for Driscopipe 6400 is shown on page 7A 

Six - Esample: 3" IPS or 630 mm 
Dimension Ratio - Example: SDR 11 or DR 17 
Product - Example: Driscopipe 6400 
Material Class -For Dnscopipe 6400 it is PE3408 CDC 
S T M  Basis - ASTM D25 13 
Special Logos - 

For Driscopipe 6400, the print line should include the API monogram 
followed by "1 SLE" and the plant MI license number. 

The API license number is 
0005 for Brownwood 
0005.1 for Pryor 
0015.2 for Startex 
0005.3 for Watsonville (license renewal discontinued in 1995) 
0005.4 for Williamstown (license renewal discontinued in 1995) 

Plant Identification - 
BW for Brownwood 
P for Pryor 
ST for Startex 
WA for Watsonville 
G'T for Williamstown 

Extruder Number 
Date - Example: 02 A p r  93 
Operator Number 
Shift Letter - This is optional. 
Resin Supplier Code - H for Hoescht or Fina, 

_. '  
. I C  . I*' 

' y , :e I 
._ . , 

C O M F ' m  CONFIDENTIAL 
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E; for Novacor 
P for Phllips Singapore 
S for Solvay 

10.3. Failure Requirements 
Product that fails the print specifications must be corrected prior to dupment. 

11. Carbon Black Content 
1 1.1. Freauencv 

1 1.1.1. This test is required for all blended production of natural resin and concentrate. 

11.1.2. The blend percentage for each estrusion line shall be tested two times dunng a 23-hour 
period unless that blend percentage has been shown to be in statistical process control. 
The test frequency for extrusion lines documented to be in statistical process control is 
once per 21 hours per e m i o n  line. 

1 1.2. Specifications 
The requirement for carbon black percentage is 2.0% to 3.5FO. 

1 1.3. Failure Reauirements 
If a test fails the specifications, a second test shall be conducted from the same piece of pipe. If the 
second test also fails, the pipe shall be sent to regrind. 

COMPANk' CONFIDENTlAL 
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May 5,  1997 

Mayur Kadakh 
village Building Services 

Dear Mr. Kadakia: 

The copy of thc resin d c a t i o n ,  which accompanies the pipe certification letter does not 
have 8 sijptature became it is prirrmrily fw internal usage. The resin certification 
accumpanics each nil car of resin shrpped by our rcsin supplier at HCC (Houston 
Chemical Complex). 

HCC, like Mscopip, is a division of Phillips Petroleum Company. Therefore this internal 
CCrtifiCIldion docs not tegUire a signsture. Driscopipe keeps these certifications on file and 
makes than aMihble to customers a6 requid. 

lf you have any questions 01 require fhther information please! contact me at (3 17) 844- 
6949. fhudr you fbt sptCitj.ing Winips Driscopipe. 

CC: S.Haff 
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15138713514 I-'. La2 

FAX: 915-643-4192 

Phillip Driscoplpe 

' Brownwood, TX 76801 
F -  0- EOX 1060 

Leo Kariies 

This letter will certify t h n t  the Marlex' reoin shown below, 
a8 ssupplied by Phillips Chemical Company, conforms to our 
manufactuvlng spacjfication. 

Txpe : HHM T K - 4 8 0 Z  / 4 mt 17 
Lot Nutribvr : 8 16094 X 
P . O .  Number: REL 184 
Date Shipped: 08/08/96 
Package : PSPX 9009  
Qunnti L y  : 176400 LBS. 
Melt; l~idetx, ASTM D1238: .12 G/10 MIN 
Den'eity, ASTM D J 5 U 5 :  . Q 4 4  G/CC 
BSCR, t i / 2 0 :  >192 HOURS * *  

J. 11. Vadsn ' 
Quality Aesurance Manager 

For COA questions call Sharon Robjnette, 

* Reg. U.S. Pat.  ' J t f .  
**  Nominal value ( n o t  teeted on each l o t )  

713-475-3625 

cc: QA-File-RC 
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A DIVISION O F  PHILLIPS PETROlEUM COMPANY 

UOX 792 WCI.lE 713 475-3666 

January 16, 1996 FASADENA. TEXAS 175ci 0792 

t ' l l iLL2S PLASTCS KESINS 
Ho~s:onChamcjl Ccmp cx JHV# 927-96 

PhiLlips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

FAX: 915-643-4102 . .  

a 

ATTN: Leo Karnes 

This l e t t e r  will certify that the Marlex* r e s in  shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number : 
P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: . 
Density, ASTM 1505: 
ESCR,  F/20: 

5.bR gc 
/ W d  s " HHM TR-4802 

6151379 
REL 7 
01/15/96 
PSPX 6789  
174300 LBS. 
.11 G/10 MIN 
.943 G/CC 
>192 HOURS * *  

0 

J .  E. Vaden 
Quality Assurance Manager 

J H V  : PSN : ET 

* Reg. U.S. P a t .  Off. 
* *  Nominal Value (not tested on each lot) 

I 

cc: QA-File-RC 

Shanta Ludwick 
Phillips Driscopipe 

Richardson, TX"';,75083 
P.O. BOX 8 3 - 3 8 6 6  

I _  
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PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS P-ROLEUM COMPANY 

BOX 792 PHONE: 713 475-3666 
PASADENA. T W S  77501 -0792 February 27 ,  1996 

JHV# 3868-96 

FAX: 915-643-4102 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

ATTN: Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM 1505: 
ESCR, F/20: 

J. H. Vaden 
Quality Assurance Manager 

JHV:PSN:sr 

e a / -  HHM TR-480Z 
7160189 
REL 44 
02/26/96 
PSPX 6322 
179850 LBS. 
.lo G/10 M I N  
. 9 4 3  G/CC f 

r192 HOURS * *  

c 

* Reg. U.S! Pat. Off. 
* *  Nominal Value (not tested on each l o t )  

.. . 

.cc: QA-File-RC 
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PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PETROLEUM COMPANY 
BOX 792 PHONE: 713 475-3666 

!. 
! 

October 18, 1996 

JHV# 21059-96 ! 

PASADENA. TEXAS 775014792 

PHILLIPS PLASTICS RESINS. 
Houston Chemical Complex 

FAX : 9 15 - 6 4 3 - 4 10'2 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 768.01 

Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20: 

HHM TR-4802 
7161455 
REL 248 
10/17/96 .r 
PSPX 5987 
177000 LBS. 
.11 G/10 MIN 
.943 G/CC 
>192 HOURS * *  

. .  
' I  

. -  
I. 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U . S .  Pat. Off. 
* *  Nominal Value (not tested on each lot) 

- 1  

1 

cc: QA-File-RC 
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PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PETROLEUM COMPANY 
BOX 792 PHONE: 713 475-3666 
PASADENA. TEXAS 77501 -0792 October 22, 1996 : 

PHILLIPS PLASTICS RESINS 
HOUS~OO Chemical Complex 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

Leo Karnes 

JKv# 21216-96 

This letter will certify that the Marlex* 
as supplied by Phillips Chemical Company, 
manufacturing specification. 

FAX: 915-643-4102 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity : 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20: 

J. H. Vaden 
Quality Assurance Manager 

HHM TR-4802 
7161463 
REL 252 
10/21/96 e 
PSPX 2053 
176450 LBS. 
-12 G/10 MIN ' 
.944 G/CC ' 
>192 HOURS * *  

resin shown below, 
conforms to our 

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U . S .  Pat. Off. 
* *  Nomi-1 Value (not tested on each lot) 

cc: QA-File-RC 

! , : .  
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PHILLIPS CHEMICAL COMPANY 
A DIVISION O F  PHILLIPS PmROLEUM COMPANY 

BOX 792 PHONE: 713 475-3666 
PASADENA, TEXAS 77501-0792 October 2 9 ,  1996 
PHILLIPS PLASTICS RESINS 
Houston Chemical Complex JHV# 21659-96 

FAX: 915-643-4102 

Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801  

Leo Karnes 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our i 
manufacturing specification. 1 .  

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM D1238: 
Density; ASTM 01505: 
ESCR, F/20: 

J. H. Vaden 
Quality Assurance Manager 

. .  
HHM TR-480Zy (f' &-& 
7 1 6 1 4 7 6 y  
REL 258 
10/28/96  
PSPX 1142 
177100 LBS. 
.10 G/10 MINF 
.943 G/CC 
>192 HOURS * *  

t 
I .  . . .  d 

. ._ . i, . . . .  ,:. . . . . . .  
I . :; ' 

:.k.' . : < .i . '," ... .;;i .. 
.,, 1 ; ,;, ::$j 

For COA questions call Sharon Robinette, 
j . '.;;+h * R e g .  O . S .  Pat. Off. I .  * *  Nominal Value (not tested on each lot) - L. 

713-475-3625 ,p.:; : , _  : '. ;q ' 9 .... 
........ 

cc: QA-File-RC 

. . . .  . ._ . i, 

For COA questions call Sharon Robinette, 713-475-3625 

* R e g .  O.S. Pat. Off. 
* *  Nominal Value (not tested on each lot) 
cc: QA-File-RC 

. -  , .. . . .  .... 
. .  ... . .  . . .  . .  



Phillips Driscopipe 
P. 0. Box 1060 
Brownwood, TX 76801 

FAX: 915-643-4102 

Leo Karnes 1 

This letter will certify that the Marlex*, resin shown below, i 
I 

as supplied by Phillips Chemical Company, conforms to our 
I manufacturing specification. 

I 
i 

i 
Type : HHM TR-480Z 
Lot Number: 7161480 - 
P.O. Number: REL 259 
Date Shipped: 10/28/96 
Package : ACFX 99558 
Quantity : 175000 LBS. 
Melt Index, ASTM D1238: 
Density, ASTM D1505: 
ESCR, F/20: >192 HOURS **  

.11 G/10 MIN 

.943 G/CC 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 713-475-3625 

* Reg. U . S . ( P a t .  Cff. , 

* *  NomirCal Value (not tested on each lot) 
cc: QA-File-RC 

.J  
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P H I L L I P S  D R I S C O P I P E  
A DIVISION OF PHILLIPS PETROLEUM COMPANY 

BOX 1060. CAMP BOWlE INDUSTRIAL PARK 
BROWNWOOD, TEXAS 76804 a (915) 646-6561 

April 23, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
4 "  DR-17 1000 

Production Date 
08/22/96 

This is to certify that the product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
llRecommended In-Plant Quality Assurance Program for Plastic 
Pipe. Manufactured from resin that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 
specifications of ASTM F-714 and has a cell classification of 

ASTM D-3350. This product was produced 
from resin lot 
The MI 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the test result of 0.11 G/10 MIN. The 
specification for this test is maximum of 0.18 G/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

with the Melt Index of 0.12 G/10 MIN. 
for this resin is 0.07-0.14 G/10 

I 

Leo D. Karnes, 
Q.A.Supervisor 

. . .  
. .  . .  

. . . . .  . . . . .  .. ._ :. . .  
t 

. . .  

. -  . 

. . . .  .. - .  

_. 

. . .  
. . .  

. . .  . . .  ... - . J ' .  

. .  
. . .  . . . . .  

. .  
. . . .  

...., . .  LDK/ldk ..,. ._. 

. . . . . . .  
... . . . . . . . .  . . . . . . . .  

. .  . .  . .- ,:: . .  . 
.'! . . ;; 7.::: :., 

. . .  
. . . .  

. . . . . .  . . . . .  . . . . .  . . .  . . . . .  . . . . .  
,. . .  

. . .  

. .  : cc:. 'I Certifica~ion!~.~File ._-- . -. . . .  
.. - 

. .  . . .  
. .  

. .  . .  ._ .. - . .  . .  

. .  
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P H I L L I P S  D R I S C O  P IP  E 
A DIVISION OF PHILLIPS PETROLEUM COMPANY 

BOX 1060. CAMP BOWlE INDUSTRIAL PARK 
BROWNWOOD, TEXAS 76804 
(915) 646-6561 

, 
I 

' !  

April 23, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
8" DR-26 1000 
8" DR-26 1000 

c t iQn Date 
01/28/96 
10/31/96 

I 

Q.A.Supervisor 

. .. 

. .  

. .  

. .  

. .  . . 
LDK/ldk 

, : .  , ~ . -  . < . .  

ertificat:idn. . .  I . , . ' . . . : . . . . . - . .  File.; . . , .  - ' .  
. I - . .  . '  - .  ' . .  . . 

_. . . .  . .. , - 

. .  . . . ., . . . , . . . . -  
. .  

.. . . . . .  
. . .  

.. . 
. .  . 



April 25, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
8" ,DR-26 6400 

11/09/96 Production & 11/10/96 Date 

This is to certify that the product described and shipped on 
the above order from the brownwood plant, has been sampled 
according to statistical sampling plans in compliance with the 
"recommended in-plant quality control program for plastic 
pipe, tubing and fittings intended for use in natural gas 
distribution systemst1 as definded in appendix A.4 of ASTM 
Specification D2513 and/or D2683 or D3261. The product meets 
the applicable requirements for pipe, tubing and/or fittings 
madzmF-. T P  d ct was produced from resin 
lot 716146 161480 nd 716147 with the Melt Index of 0.12 
G/10 MIN., 10 M . and 0.10 G/10 MIN. The MI 
specification range for this resin is 0.07-0.14 G/10 MIN. The 
melt index on the In-Process Inspection and Testing was also 
tested with the test result of 0.09 G/10 MIN., 0.09 G/10 MIN. 
and 0.11 G/10 MIN. The specification for this test is maximum 
of 0.18 G/10 MIN. If you have any questions, please do not 
hesitate to give me a call. 

- Leo D. Kames,* " 
Q.A.Supervisor 

LDK/ldk 

cc: Certification File 

I 



P H I L L I P S  D R I S C O P I P E  
A DIVISION OF PHILLIPS PETROLEUM COMPANY 

BOX 1060, CAMP BOWIE INDUSTRIAL PARK 
BROWNWOOD, rrxAS 76804 
(915) 646-6561 

1 2 6 8  

April 25, 1997 

TO: Chris Gilmore 
3110 Linwood Av. 
Cincinnati, OH 45208 

Product 
8" DR-26 1000 

Pro- Date 
03/26/96 

This is to certify that the product described above and 
shipped from the Brownwood, TX. Plant, has been sampled 
according to statistical sampling plans in compliance with 
"Recommended In-Plant Quality Assurance Program for Plastic 
pipe. It Manufactured from resin that meets the Polyethylene 
Plastics Standard in ASTM D-1248 and was manufactured to the 

TM D-3350. This product was produced 
from resin th the Melt Index of 0 . 1 0  G/10 MIN. 

ange for this resin is 0.07-0.14 G/10 
MIN. The melt index on the In-Process Inspection and Testing 
was also tested with the test result of 0.10 G/10 MIN. The 
specification for this test is maximum of 0.18 G/10 MIN. If 
you have any questions, please do not hesitate to give me a 
call. 

TM F-714 and has a cell classification of 

LDK/ldk 

cc: Certification File 

1 .  

I '  ' 

c/ Leo D. Karnes, 
Q .A.. Supervisor 

. _  



Monday, April 28, 1997 

Mayur P. Kadakia 
Village Building Services Inc. 
731 1 Vine Street 
Cincinnati, OH 45216 

Dear Mayur: 

This letter is in response to two particular situations regarding the HDPE 
Dual Containment pipe that we have supplied for the Leachate Conveyance 
System at Femald, OH. 

The first area of change was in regards to the spacer intervals. The spacers 
were provided at 4' 6 '  intervals which were in accordance with the 
Manufacturers recommended spacing for supported pipe lines (see chart on 
page 32 of the Phillips Driscopipe's Systems Design Manual). 

The second area of change is in regards to the 6 stub of the carrier pipe 
from the containment pipe. This was omitted due to the fact during 
installation the carrier pipe slides in the containment, therefore if they were 
not the same length there would be a pipe length discrepancy between the" 
carrier and containment. 

I ask that these changes be review and accepted. Should you have any 
further questions or concerns please contact me at (502) 583-6591. 

Regional Sales Manager 

CC: Scott Hoff 

'SCO INDUSTRIES, Inc 

926 Boxtor Avenue 

POLYETHYLENE PIPE AND FllllNG 

Box 4545 HDPE FABRICATION 
Louisville, KY 40204 

P 502.583.6591 
F 502.584.9713 

M T ~  //wm.iscopipe.com 

CULVERT LINERS 

GOLF COURSE IRRIGATION SUPPLIES 
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Driscopipe has been installed in many applications 
above and below ground crossing land, lakes, 
deserts, bogs and arctic tundra. Each installation 
requires thorough consideration of the effect of the 
environment on the pipe. Previous Design Steps 
analyzed pipeline stresses developed by internal flow 
and pressure. This design section discusses the 
stresses imposed on a pipeline by external forces: 
Most typical pipe installations can be categorized as 
one of seven types. The following pages discuss 
design details for each type of installation. 
TYPE 1 : Supported Pipelines 
TYPE 2: Overland Pipelines 
TYPE 3: Buried Pipelines 
TYPE 4: Marine Pipelines 
TYPE 5: Water Surface Pipelines 
TYPE 6: Marsh Pipelines 
TYPE 7: Slipline Pipelines 
Driscopipe recommends reading the Systems 
lnsfallafion brochure for additional information 
regarding installation practices for each type 
of pipeline. 

Type 1 : Supported Pipelines 
Introduction: The forces which affect the installation 
of a horizontally supported pipeline are those 
developed by the weight of the pipe and its contents 
between supports. An examination of this type of 
installation shows that if the sag or deflection between 
supports is minimized, then the degree of stress and 
strain within the pipe wall is controlled within safe 
limits. The design basis for supported or suspended 
horizontal pipelines is based upon support-spacing 
which minimizes the mid-span deflection to %” using 
a simple, continuous beam analysis. A side benefit of 
using maximum deflection as a design criteria is that 

0 

Chart 19 4 

e. 
44 b 

g 40. 

‘0 36. 

-- 32 b 
L v 28. 
E 

8 20. 

24, 

h = 16. 

5 12. 

z“ 8, 

4. 
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0 10 20 30 40 50 60 70 80 9 0 1 0 0 1 1 0 1 2 0 i 3 0 1 4 0 1 Y ) ~ ~ )  

Supporl Spacing. Inches 

32 

the relevant support spacing allows the user to 
control thermal expansion and contraction. It is 
important that the suspended pipeline be installed at 
or near its operation temperature (or in the hottest 
weather) such that the pipeline is thermally 
expanded. At that point, the clamps and supports 
can be bolted into position restraining the pipe from 
further movement. The tendency of Driscopipe to 
stress-relieve itself will counteract any stresses 
developed within the pipe as seasonal temperatures 
become cooler. As a seasonally cool pipe begins to 
warm, it merely expands to near its original length at 
installation. In this way, thermal expansion is 
controlled, sag is minimized and adequate support is 
provided. 
Pipe Suppofi Spacing: Charts 19 through 23 give the 
design support spacing for various SDRs and pipe 
diameters. The distance between supports is based 
upon a continuous beam analysis and a mid-span 
deflection of Yi” when the pipe is totally full of water. 

Chart 20 

O’AA A A A  A A A  A A A A A  A A  A 
0 10 20 30 40 50 60 70 80 90100110120130140150 

Suppofl Spacing, Inches 

Supporl Spaclng. inches 

081)289 



I sco TEL N0.5138719514 
a 2 s g  

May 06,97  9: 1 P .01  

Scott Hoff 
ISCO INDUSTRIES, INC. 
3544 A Brookstone Drive 
Cincinnati, OH 45209 
Phone ## (513) 871-9512 
Fax # (513) 871-9514 

Number of Pages: 2- 
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0 FEMP LCS-SPEC-REV 0 

Q J  &,Jv 6. documentation demonstrating that the Manufacturer has adequate quality control 

plant) and identification (brand 

4 /  

v 
procedures to ensure that fabrication of the HDPE manholes complies with the 
requirements of this Section; 

values that are specific to the resin used in manufacture. 

B. Submit to the Construction Manager for review at least 30 calendar days prior to 
shipment, the following documentation on the resin used to manufacture the HDPE 

1. Copies of quality control certificates issued by the resin supplier including the c/ 
ML=FJ cf production dates and origin of the resin used to manufacture the HDPE producti 1 

for this Subcontract. 
Results of tests conducted by the Manufacturer to verify the quality of the resin 

manholes, pipes, fittings, supports, and gussets. ‘ v d  

2. 

3. Certification that no reclaim 
manufacturing of the 

C. Submit at least 30 

a 
Section, Manufacturer’s written certification of compliance with these Specifications 
for that material. Include in this certification of compliance a f m l  inspection and a 
written record of this inspection. The inspection shall include the following: 
1. HDPE manholes, including attached pipes, fittings, supports, gussets, and 

-/ 2. 

a ppunenances ; 
a. dimensional check; 
b. material quality check; 
c. weld quality; and 
d. leakcheck; 
HDPE pipes, fittings, and appurtenances: 
a. dimensional - check; and 
b. material quality check. 

/ 

D. Submit at least 14 calendar days prior to installation documentation of training and 
certification of personnel qualified for performing HDPE manhole installation and 
HDPE pipe joining - -  operations. 

J 

GE3900-22.llF9630222.SPE 02605-3 96.10.4 I 
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FEMP LCS-SPEC-REV 0 
Section 02605: Hi& Densin Polvmhvlem (HDPEl Manhole. Pi=. and FininpZ 

TABLE 02605-2 

REQUIRED HDPE PIPE AND FI’lTINGS PROPERTIES 
ASTM D 3350 CELL CLASSIFICATION PROPERTIES AND RANGES 

Roperties Cell Range Qualifiers units specrfied Values Test Method 

Specific Gravity 

Melt Flow Index 

Flexural Modulus 

Tensile Strength 

Environmental Stress 
Crack 

Hydrostatic Design Basis 
at 73°F 

UV Stabilizer 

3 

4 or 5 

5 

4 or 5 

3 

4 

C 

minimum 

maximum 

minimum 

minimum 

minimum 

minimum 

minimum 

NIA 

@IO mia 

Iblin’ 

I b h 2  

hrs 

lb/in2 

46 Carbon 
Black 

0.94 f 
<O. I5 

110,000 

3,000 

Fa > 192 

1,600 

4 

. /  

o/ 
2 

ASTM D 1505 

D 1238 
(Condition E) 

ASTM D 790 

ASTM D638 , 

ASTM D 1693 

3 

ASTM D 2837 

Aszu D 1603 

GE3900-22.llF9630222.SPE 

[END OF SECTION] 

02605-15 
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POLYETHYLENE rim 
fllTlNGS A FARRICATIONS 

OMTEXTILE FABRICS 

UTILITY INDUSrnlAL 

IRRIOATION SUPPI.IES 

Monday, April 14, 1997 

Howard Milliron 
Village Building Services Inc. 
731 1 Vine Street 
Cincinnati OH 45216 

Oear Howard: 

This letter is in regards to several questions you have regarding the LCS 
Project at Femald. 

\ 

first, the Phillips Quality Assurance Plan and the resin quality assurance 
letter that was submitted was for the 4100 Series which should have been 

Second, Phillips Driscnpipa plants are IS0 9flOfl cwtified and that is why the  
Quality Assurance Plan has an expiration date of when it is printed. This is a 
control document that must be updated as changes are made to it. 

Lastly, in regards to the pi e that is shi ping, we certify that it was made to 

- 1.04 81,82,& 83 and C2 of the LCS project, 
all specificstions raqirired g y the spcsci P cation Identified tinder Section 02605 

It is worth noting that Phillips Driscopipe manufactures the resin it uses in the 
productlon of the pipe. 

Chris Gilmore 
Regional Sales Manager 

d.. . .  



chn's Glmore 
lSC0 Industliea 
3 I 10 Unwood Am. 
cinCiima&OH 45208 

...,... ~ 

March 30,1997 
I 

PAL:sl 

000197 . 



1. R Q c d m W  
1.1. Changer to thh document arc nurhorlrrd by the Division Qualiv Mmuger. 

1.2. This document is also available on the LAN system un& d:kU&UQ&‘BC for viewing 
prd yritrtluy. 

1.2.1. BrOwawood Plant 
1.2.0. Wagentowa Plant 
1.2.3. Pryor Plant 
1.2.4, Startex Phot 
1.2.5. Watsonville Plant 
1.2.6. Wllllrm~tewn Plant 

2. SLQm 
3. 1 Drismpipc IO00 Is a general piupooc plpe series used either in gravity flow or p r c s F c d  

Rpplicntionr. f i e  piping systems ue manufaaurcd to the nqi~LUaenU of ASTM F7l far rlzu 
larger than 3” IPS (90 mm). Smeller rlxet a~ manukcturd to the nqufremenn of A S t M  D303S. 
This section coven the materials to be ured urd the qual& USMU pMctdurPs 10 k followcd 
when producing Drircoplpr 1000 plpe. 

3. 
d Specification for Polyediyyfent (pl;) Plastlo Pip8 (SDR-PR) h d  on 

3.2. ASTM D303S, Standard Spcolflcatlon for Polyethylene (PE) Plartic Pipe (SDR-PR) Bawd on 
Contmllcd Outside Dlamctcr 

4. MlAsfuu 
4.1. I The resin to be used for the cxtrurlon of D r l ~ p I p a  I006 lo : 

4.1.1.1. TR-480 compound 
4.1.1 2. TRAP0 natural (TR480N) with M52S2a concentrate 
4.1.1.3. TR-480 natural (TR4802) with M362 corpcentmte 
4.1.1.4. Wocdeht or Fin8 (3MS0101‘3 

- - -- - 4.1.1.5. - - 

Clem unurnmmhatcd regrind of like niaterhlr produead m A Pbillipr DriwiV manufaPchtrina 
phnt may be used. Mlxlngzf rrgrlnd WYNS it nor pmnirtible. 

The use of regrind is not permitted in r i m  smaller than 2” IPS. 

N8VrcOt  - -  HD:2007H 4 t h  DX1637 C O I K M I ~ ~ .  . 

6.2. 

2 

4.3. 

5. 

S.1. All test9 A= p d o m e d  in accordance with the Drbcopipe Test Methods Manual or rcfcrcnced 
ASTM test methods unless othcru*ls& noted. 

COMPANY CONFIDENTIAL 



6.1 -2. Whom -grind ir urd. meh flow must be run on the fncomhg =piad Supply OflCC 0 9  
. 24houn. 

6.2.1. The melt flow must not exceed the foll6Wbg vafum: 
/, 15 

6.2.1.1. Driccoplp 1000. Melt lndex maxlmum 
Additionally, the melt flaw of the hithcd 6.2.2. not Wy by more than IM)% 
fmm the base reria melt flow, 

6.3. 
14 a fhllurr it encountered, nlI product back to die last passing test is rejected 16 iunk, 

7. .cIul!%tb- 
Conditioned Dimension, Include Outside Dlmeter, Minimum Wall 'Thickrat)), Maimurn Wall Thickness, 
EccenMc.ity, Ovrllty, and Tot-ln. 

7.1. 
Conditioned Dimensinns AN run on all pip0 sizes. Test for Conditioned Outsid0 DWeter, Wdl 
Thlcknesst, and Fhenhfciry clncc per shlA on cvety production run. 

7.2. i & d k h w L U D i a m s t e r  bssificrtfans 
Plpc Uniu (IPS sixes) 
Shown in ASTM F714, Table 6 are qxcifications for IPS s k r  larger then 3". The J g b f ~ ~ ' ' O r u  
for IPS sires mnl lar  3'l and smaller m shown in ASTM D3035 Table 1. For q i a s  not shown in 
tho ASTM eccndudr, t h R  tolerance will be the same as the uext maller lleted she. 

IS0 UniM (mm sires) 
'Xhe speciflcations for IS0 r l m  00 mm bnd ItuBer art shown in ASTM Ml4 Table 5. 

For olzor not shown ;a the tabla, tba mlnimum dlamctcr wlll be tho nominal diameter requested by 
the turt6mer. The maximum diemacr will be 100.9?/6 of the minimum dinmeter. 

7.3, -MinimumWalluiSbtcificatians 
7.3.1. Pips Units (IPS sizes) 

! 
I 

I, 

i 
1 

.,: 

Sizes 3" IPS and smaller 
Tho mlnlmiim and maximum wall thickness am shown in AS"lvlD3035 Table 2. 

Si= larget than 3" IPS 
The mlnimum wnll thickness we shown In ASTM F314 Table 8 .  

, :: '.! 

7.3.2. [SO UdU (mm sizeo) . . .'i 
'. ? 

The rpccificationo for IS0 n t m  90 mm and larger are shown In ASTM F714 Tablc 7. 
'. : 
I 
I 



7.3.3. Spoolrl Sh4. 
For a b  not tbown In the tables, tha mmimttm w l l  thickness i& mkulatad by the 
fellowjl\$ rquadon: 

t *OD/DR 

t minhum wr(l thicknew 
OD - nominal outsidu Jiutneter 
DR - doriga ratio (may ah6 be cslkd SDR) 

WbOTC: 

Sizes 3" IPS end smaller 
The mrvlmum wall thhickncsr are shown in ASTM D3035 Table 2. 

.Shes lvger than 3'' 1PS 
The mavlmom wall thlehcro we 120% of the minimum wall thickness. 

I 

I 7.4.2. 1Sb Unb (mm sizes) 
Size &tough 1372 mm 
?he mutfmum wall thiakncte m 120% of the minimum well thickness. 

- 1. -Bccsah.ieitu . a  7.3. 
' Pot IPS sizes 1 q 6 r  than 3" and for IS0 dtcs  90 mrn and larger, eccurtricity must aot exceed 12% 

(ASTM F714 wchn 5.2.4). There are ne eccentricity spcelflcatior19 fm othtt sizes. 

1.6. Cndfhn- - . a b 3  
il 
ri 

7.7. '. 

Wity must not be mors than 5%. 
. .  
L b b  

For IPS sizer l8r~cr than 3" and for IS0 rlzes 90 mm Rnd lnrgtr, toe-in must not m e e d  1.5% I !  

:i: !i (ASTM F714 section 5.2.4). Then M no toe-in spcclficatioas for others dms. 
'I 

7.8. laIhAu&RePuircmcnu 
Join& 
Check ptccedlng and followhg Jolnu until all failures m Iso lad.  Direct all faUws to e n d .  

Coils 
)solate the fo116wing coil and all precsdiag coils to the last sanplo h a t  met ope4ficrtionr. Dim1 
id1 fhllwt~ to regrind. 

.. ... 8. & V . t . U  1 i. 

!'. Joint Icngth is mcaworrl once per dny on m h  extrusion 6irtld Test thdlng9 should be 
refweneed in the rcmnrkc column. . . ,. 

8.1. Ewuwnu 
8.1 .i. 

00 020'0 
, . ... , . .:I . .  

n ? C T  



e 
.. I .. 

8.3. E d k A q d r t m c n b  
If n joinr. heth tett Qlllr, rll r f f e d  pMductioa should be isolated. The sffcctcd production CM 
& rowoyked it poadble. 7 % ~  rtrrctrd pwhction cpu k soM to the customer If wrltton 
rurhori2atloa hac been reutvd Cmm the customer, end user, or m d e t  mnnagcr. If it ic not 
pbyible to rework nr to sell the product, th, rffcctcd production 4hall be directed k ngrind. 

9.  HOOP s.- - 
Botb the Quick Runt and the RIM Toru{la tests m a U n  the hoop $trength of the pipe. F a  pipe s&cr 4" 
Tps (I 1 S mm) and rmnllu ihe Qui& Bum toot method must be u$ed. For o k r  brrjcr thpn 4" IPS (I  IS 
mm), either teat my bc rad. 

9.1. ELpQut~sy. The hoop strengh Ball be mtcd once an stamip and nflrr a major p m s t  
tntcrruption. 

Aftcx the product has prs~rd the startup or major proccss Interruptinn test, the sampling frqocncy 
Is one specimen every 24 hours. 

hoap ma. The spcelrnrn bwt also must 
the hoop stress by the Fallowing formula, 

9.2. buickBurSt- s 
The rpccimcnr mwt bunt st I rnhlmum 
be ductile or remi4uctile. Ressun Ir 

- t  

P m ( 2 x S ) I ( D R - l )  
where: 

P 0 pressure in psl 
S hmp n t r w  in pol 
DR - dimenrion ntio (also celled SDR) 

Tnblc I 

D h l s i o n  h t i p  
32.3 
26' 
21 
19 
17 
15.5 
13.5 
I 1  
9.3 
9 
8.3 
7.3 

Ii@widEtust pnssvrr 
I84 
232 
290 
320 
363 
400 
465 
580 
699 
725 
806 
921 



9.3. Ritlg.-kflflom 
The ring h n r k  test a p 4 m m  must exceed a ring CWPI of 2320 psl. 

9.4. 
At Wt up Md after a mdor proccrr inunuptfon the product that b produd prior to p h g  
requlnmcn6. halt be dketcd to figrind. If a f d u n  mrs om the once ~ C T  24 how test, 
occond test can b made on a pipe specimen produced Immdtarcly RAjment to the failed test 
specimen. If a rccond sptclrnen 1s not avalloblc, or if the second r~ch iur  also hils the test, then 
all productfon bat$ to tha lwt sucocssful t a t  $hall be isolated. The isolatod production and the 
Jolnt or coil b c d h e l y  followlng the test 8pecimen shall be dtrrcrcd re regrlnd. If tbc second 
rpeolmrn paows the tat, the product has prsscd the hoop strength test requirements. Iliu results 
6f the second specimen chdl be recorded. 

10. Ravaxle.BcndTtrt 
10.1. FrequenQ! 

The reverse bend test shall be mn on all produet 8" IPS (200 mm) and l arpr .  The test rhatl be run 
on overy preduetion ntn on etertup and once every 24 hours tbercafier. 

10.2. -.Ben- 
The tasted specimcn rnlist show no rlgnr of surface separation, cracking. panirl or complete 
h e m r e  except those originatlng ffom P rdugh edge of the specimen. 

lo.?. E- 
All product back to the lent parsing test specimen shall be isohted. The boleted product and tho 
joint immediately following the Alled tcgt specimen shall be directed to regrind. 

1 1 .  %!nLkln-a 
11.1.  m a  

T)rr! worhanshlp and appearance shall be inspected once every 24 hours. 

11.2. 
Where die lines are present, the dopth of the line must not cause the minimum wall thickness of 
pipe to be violated. The depth of the llnr also mugt not e x c c d  ,Ol inch if it is on the inside 
dlamoter or .002 inch if it ia on the nimirlr. dimmeter rurlhcc. Product exceeding this reqiiirement 
may be accepted with prior approvrl of the customer. 

The inside and outride diameter rurfaca mugt he t h e  of blisters and gels. 

When bcnu arc present they must be no 1AeC.r .  in diameter than 5% of the pipe minimum wall 
thicknear, They alto must not be decpcr than 5% of the wnll thidcncos and must not violate the 
pipe nrhhum wall thkkntre. 

There must be no vold, visible to the unaided eye. 

There niuat be no chatter marks on the outside diameter fif thh pipe. Chitter muks on the iircidc 
dlameter Of the pip0 must be no more than 1/4" or milet hnve a wavelength no  less than 6". 

- - .  - - ,  - -  . - ;  & -  . _ I .  



11.3. 
All product drat i s  rejected ehnll bc dircctcd to rcgdnd, 

12. &h- 
12.1. 

The print rtrbg shall ho v h r l l y  inrptcted at m t u p  and once every 12 how thereafter. 

12.2. SwciflczlttoDs 
12.2.1. Type 

Prlnt may be either offset or hot Ebll type. 

12.2.2. Color 
n e  print string for Drlocopipc 1OOO rhnll bc green. 
Manhsws type 625 Light Green 1-0002-909-65. 

Bcst Racticcs recommends 

12.2.3. Si;* 
AI1 pipe rlto 1-1/4" IPS (40 mm) and larger shall be a minimum of 3/32" hlgh. The 
prlnt rim hr product smaller thm 1-1/4" IPS (do mm) .shall be lt8 

12.2.4. Prlnl Strhg 
Sxcept where it is showb to be optional, the fbllowitig infnnnatlon shall be printcd on Lhc 
pipa In the sequence Ilatrd. Tho plpc must br prfntod at each snd and at intcrvalr of no 
more than five fnt 

Slze - Example: A" IPS or 630 mm 
Dimension Ratio - Example: DR I 1  or DR 17 

Product Fixample: Drlscoplpe 1006 
Cell Class 0 For Drircoplpe 1000 it is PE3d5434C unless 

less than 3 "  dinmeter, then PE 3408. ' 

ASTM Bash For rircr larger thrn 3" IPS(99 mm) It Is ASTM 
F7 14. For IPS tlzer 3" and rmallu, b Is 
ASTM n3035. Fur rrictrlc Tires smellcr thnir 
90 mm. it should br omitted. 

Pipe Tart Category - Fer Driscopipe 1000 It lo C3 
Ph: ldmdflcatlsn - 
Extruder Number 
Date - Example: 02 Apr 93 
Opmtor Number 
Shift Letter - t h h  is optional, 
Roln Supplier Code P for Phillip,. 

A printline cxnmph tor Drircoplpe 1000 laver than 3" IPS I S  shown fn Fiurc I, end 3* 
IPS and *msIIeI I# shown in Flgure 2. 

COMPANY CONFIDENTIAL 

PTS6TL8€TS'OM 131 

a .  

I 
! 

0002~3  
0 x 1 -  



P w 3 7 O f  8 R&bn W. J ~ w y  9, I997 J . ----- 
- Product that falls the print tpccificationr must k comcted prim to 12.3. Ed- 

[Manual . .- 1 
shipment. 

- 
2" IPS DR I 1  DriiooplPb P E ~ J O I  ASTM c3 sr 5 06 April 14 A P 

1000 - R3055 94 

Pipe -. Ratio mdPrvd. . .. Buii Cstepy &Erttu&r bou 
' Ifan Olmuubn M5, Nvnt CcllClUr W7M Pipe Tcri PlnntCodc Prod. opa. I k r i n  ' 

--A_ -.. 

13. CI- 
13.1. m m  - Thir test I, required for all blended production of natural retin and cbncentrltc. 

Unless etherwise dincttd by the corpntc qualhy manager, the blmd perccntqe fa each 
ortruslon ha shall lu w e d  threr tlmes duting a 24 but paled u a l ~  tbt b h d  percentage ho 
been shown to be in statlsdcal procoss control. The test bquency &or extrurion linu documented 
to be in rtntlstld process control is once per 24 hours por oxtnuion line. The eefporatc q d t y  
manager may ret a dlffereot test baquency by irsuing a l e w  statin# the new frcqucncy and the 
e fk t tve  time period. 

-0- -The requirement for carbon black percen 3c is  2.0% to 3.5%, CY 13.2. 

13 3. If I test fail, rhk specifications, R second test shall bo conducted from the 
same plccc of pipe. If the second test also fhils. the pipe shall be s a l  Lo rcgtlnd. 

Pipe Printline Example 

1 c)c)c) series Industrtal & Municipal Pipe larger than 3" IPS 
. . ..-----. . -- - 

Example: 1.4" DR-21 Drlrcoplpe@J to00 series Pip6 made in Startex, SC. 

Eigun.2 
Pipe Printline Examnle 

1000 series Industrial & Mirnicipal Pipe 3" IPS and smaller 
--_ . --.. -.-. -.- 

Example! 2" DR.11 DriwoplptdP 1000 sbrlcs Pipe mode In Startex. SC. 
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926 Baxter Avenue 
P. 0. Box 4545 

Louisville, Keritircky 40204 
(502) 583-6591 

To: Village Building Services 

Attention: Mayur K. 

Fax Number: (513) 761-1896 

Your P. 0. 4177 Shipped 4/11:97 should receive 4/15/97 

Shipped To: 7100 Willey Road 

Cincinatti, Ohio 45030 

From Louisville, KentrrcIq 
VL4: 

U P S :  Ground Red Blue 3 -Dav 
~ _ _ _ _ _  ~ 

Tracking # 

TnrcWiae: Freight Transport 

Pro #: 

Other: 

Complete X Partial - Back Ordered Items: 

0 
I ~ / ~ C I . S ~  pn.s.s this infi)ntinnon on  to the person most inrerrsted in timely receipt of this shipment. For your 
mnwnienc?. shoukd the shilxnent he delayed, yoir \tillflnd the cam& data inclirded for yoirr direct tracing needs. 
wc nppreciate your business nntl thank you. 00020c; 
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MGlONAL OFF= 
31 10 A x .  

800-546-4726 
51 $871.9512 

FA% 513-871-9514 

a m n .  OHO 45208 

GEOTEXTILE FABRIC! 

UTILITY 6 INDUSTRIA 

- . .  - -  

RRlGATlON SUPPLY CO., 

Tuesday, February 18,1997 

Mayur P. Kadakia 
Wlb e Building Services Inc. 

Cincinnati OH 45216 
731 ? Vinestreet 

NC. 

Dear Mayur: 

Attached are the submittals that are required for the Leachate Conveyance 
System at Femald. They are in the following order: 

Typical Physical Properties sheet - page 1 

Dual Containment Details - page 2 S 3 

Flange Adapter Dobib - page 4 

Ductile Iron Back Up Rings - page 5 

Electrofusion CouphgS (If Necessay) - page 6 

I will, also, supply the fun data on the pip once it has run to assure quality 
products are provided per the specifkabons. 

Please let me know if there are any further questions regarding this 
information. 

Chris Gilmore 
Territory Sales Manager 

AlTCH. 
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- 
Uait Nominal Value 

Materid Derignatioa PPf I rJfM P E W  : 
Material Classification Issr)r( 0-138 111 c J p)r 
Celt Clrrsincatlon 

Deui ty  (3) 
Melt  Index (4) 
Rex  Modus (5) 
Tensile Strength (4 
ESCR (3) 
H D B W Y F  (4) 
U-V Stabilizer (C)  

3 4 5 4 3 4 C  
0.955 
0.11 + w=' 

p / I O  min. 
pri 13S.000 
Pi 3- 
Fo, Hours > 5.OOo' 
pr; 1 .a 
% C  23 

Hardness 

(yield) 
- Compressive Strength 

Tensile Strength @ 

Elongation @ Yield 
T e d e  Strength (3 

Elonptioo @ Break 
Modulus of Elasticity 

Yield (Type IV Spce) 

Break (Type IV Spec) 

ASTM 0-2240 

ESCR 
( C o d  A.B,C Mold Slab) ASTM D-1m Fe H o ~ n  > 5,m 
(Compressed Ring pipe) AsT?vf F-I248 Fo, HOW¶ >3m 
Slow Crack Growh B.rtek Metbod Days 10 Failure a64 

~~ 

b e a r  Thermai 

Thermal Conduaivity AS~M 0-177 BTU-&ft2/hMF 27 

257 
Brittleness Temp. 
Vieat Soh. Temp. ASrM0-m 'F 
Heat Fusion C o d  @@"F tSQoa, 

Expansion Cocf. m D - a  i a l i n f F  12 x lod 

rn 0-746 'F < -180 



.. 
.. . *  . .  

Workah 

P r i e r  

I 
s 
t Worts) 
0 -  

P i p r  P I P  l l u m b r r  k Price  
krrlrr  tontrinr pai  P r r t c l i s t  

Container p i p  l a  SDR 26 (outaid. pipe). Carrier 

t P r i e r  Effective: 3-1.94 
I I I 

List/N e t 
Worksheet 

: P r i c e  Et f ect i ve: 3- 1 -% 
I 

000222 



V 
n n 

D u  to  pipe toLirancis, 

alightby Largor tnan the 
IO of tho cantrinr pipr. 

000223 
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I 

110 s 11 160 

s 17 100 170 
- 

6 7 2 ~ 7  iwosoo_l_wKLe 

110 s 11 180 
170 s 17 100 

s a  U 260 

- - 
8 s 7 momad 107 l o u ~ o ~ L e  

110 11 180 

170 s 17 100 

s 2 6  64 260 

- - 
10 s 7 m0ld.d 267 1ouloooOMQFLe 

110 s 11 160 

170 s 17 100 

s 2 6  64 260 

- - 
12 7 - 107 .mwtool__wKLe 

110 s 11 160 
170 s 17 100 

s 2 6  64 260 

- 
- 

14 s 7 m0ld.d 107 l o u l r o o o ~ o f ~ e  

110 s 11 160 

s 17 100 170 
- 

16 8 7 mdOC4 267 lOMl6OOOADFLB 

110 
170 
280 

- s 11 1sO 

8 17 100 
s a  64 

- 
r - 

W P R  = Pmrun Ramg 
8 Q n. = S M  or M-Smekd mm 

Page 24 
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a .I 

3' IPS 
4' IPS 

. .. 

- P.O.R. 
P.O.R. P.O.R. 

Couplings 

6' IPS P.O.R. P.O.R. . 

10' 8 12' AVAILABLE SOON 

Nominal Sue 
(inches) 

Fittings 

Price 

Metric Sues Available 
C0nt.a m M u t a c t w  lor Pn- and u l v e r y  

Self-Tapping Tees 

High Volume 
Self-Tapping Tees 

v 4 =  IPS 
1' CTS 
1' IPS 

1 ' / r .  IPS 
2' IPS 
3' IPS 
4' IPS 
6' IPS 

Main vs. Outlet 
(inches) 

P.O.R. 
P.O.R. 
P.0.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 

' Punch Sue: 1 '/a Reducers 

%' IPS 
1' CTS 
1' IPS 

1 'k. IPS 
2' IPS 
3' IPS 
4' IPS 
6' IPS 
8' IPS 

Branch Saddle 

P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 
P.O.R. 

Main vs. Outlet 

Tees, Elbows, Reducers, and End Caps 
Reducers Elbows 

ConventionalElectrofusion 

4' x 3' P.O.R. 
~ 

8 ' X  6' IPS I P.O.R. I 
Tees 

000226 
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JuIy8,1997 

Mayur P. Kadakia 
Village Building Services lnc. 
731 1 Vine Street 
Cincinnati, Ohio 45216 

Dear Mayur: 

This letter is to inform you that the certification letter dated June 18,1997for the & SDR 26 series loo0 
pipe dated 1128196 8 10/31/96 comspon& to the pipe that was used to fabricate the cleanouts 
f leas contact me at (513)8719512with any additional questions, thank you. 

Sincerely, 

Scott Hdf 
Regional Sales Manager 

, INFORMATION 
ONLY 

000223 



June 16, 1 5 9 7  

TO: Scott noff 
3g66 Aghworth Drive Na.3 
Cinctnnati, On 45208 

?P 

2xQdLlCtion.b- 
0 1 / 2 6 / 9 6  C 10/31/96 

Thio is t o  certify that the product deecribed above and 
crhipped f r o m  the Brownwood, TX. Plant,  hae bean nampled 
according t o  statistical sampling plans i n  compliance w i t h  
"Recommended In-Plant O u a l i t y  Assurance Program for Plastic 
Pipe, Manufactured from rosin that  meats the Polyethylerrc 
Plarticr Standard i n  ASTM 0-1248 and was manufactured t o  the 
eprcificatione of ASTM F-334 and hrr a Cell claseffication of 
34S434C as specified in A S T W  0-3350. This product war produced 
from rash lots 6151379 end SlblOSS with the Melt Index of 
6.11 O/lO MIN. The MI specification rang& for  thi8 resin i s  
0 .07 -0 .14  o/lO MIN. The melt. index on the ln-ProcePrr 
Xncptction and Teetfng waa almc) tested with the test  reeultr: 
of 0 . 0 9  G/lO MIN. The specification for thi6 test is mpximum 
of 0.18 G/10 MIN. I f  you have any qu@etions, pleaoe do not 
hesitate to give me a call. 

Q. A .  Suporvi 6or 

LDK/ldk 

cc:  C6rtification File 



FAX: 915-643-4) 07 

PhLlIips Drircopipc 
P. 0 ,  Box 1060 
Brawnwood, TX *?6eoi 

ArzzJt Leo Kames 
This letter will certify that  the Marlex' resin shown below, 
a6 oupplied by Phillips Chemical Company, conforms t o  mr 
manufacturing specification. 

TYPa J 

Lot Number: ' 

P . O .  Numbart 
Ddto $hipped: 
Package: 
want i ty : 
M.lt Index. ASTM D1238: 

HnM ~ ~ - 4 8 0 2  
6151379 
REL 3 
01/15/96 
PSPX 6389 
174300 LBS. 
.11 G / 2 0  HI?? 
.943 C/CC 
~ 1 9 7 .  HOURS ** 

JUV:PSN:E;r 

Rag. 1 J . S .  Pat. Off. 
* *  Nominal v.lU8 (not t c u t o d  on each l o t )  

cc: QA-File-RC 

S h m t a  Ludwick 
Phillips briooopipe 

Richardson, TX 3 5 0 8 3  
P.0. BOX 8 3 - 3 8 6 6  



m 

L 

15136319514 

October 18,  1996 

JHV# 21059-  96 

FAX: 915-643- 4102 

P h i l l i p s  Driscopipe 
P .  0.  Box 1060  
Brownwggd, TX 768.01 

Leo Karxier 

This l e t t e r  w i l l  certify t h a t  the Marlex+ resin rhown below, 
a6 supplied by Phillips Chemical Company, conforms to o u r  
manufacturing r p e c i f i c e t . i o n .  

m e  t HllM TR-4RC)Z 
).at. Numbex : 7161455  
P . O .  Number: REL 2 4 8  
Date Shipped: 10/17/96 
Package : PSPX 5987. 
Quantity : 177000 LBS. 
Melt fndex, ASTM 01338: .11 G/IO MIN 
Denmity, ASTM D1505: - 9 4 3  o/cc 
ESCR, F/20: >i92 noms ** 

J. H. Vaden 
Quality A8SUritnCe Manager 

For COA questions cal l  Sharon Robinette, 7 1 3 - 4 7 5 - 3 6 2 5  

Reg. V . S .  P 8 t .  O f f .  
* *  Nominal V a l v e  (net teoted on each lot) 

C C :  QA-PI Ic-RC 



. .  . . - . . ... 
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F A X :  864-439-7918 

Phillips Oriscopape 
Startex Plant 
7950 Nazareth Road 
Wellford, SC 2 9 3 8 s  

Dave Nettles 

Thaa l e t t e r  will certify that the Marlex+ res111 ahom below, 
a. ruppZied by Phillip8 Chemical Company, conformr t o  OW 
manufacturing epecificacion. 

Type : 
Lot Number: 

Date Shippd: 
Package : 
Q u a t  i t y  i 
Melt  Index, ASTM D1238: 
Density, AS% D1SOf: 
ESCR, F/2O: 

a p.0. N u a r :  

TR-4802 
6161550 
- 2  
0 1 / 0 3 / 9 7  
P3PX 2311 
171250 LBS. 

.944 G/CC 
s192 WOORS ** 
.a2 G / ~ O  MIN 

J. H. Vaden 
m a l i t y  bsurance Manager 

For COA question6 call 3h-n Robinette, 713-47s-3625 

* Reg. U.S. Pat. off. 
** Nominal Value (not  tested on each lot) 

CC I Q A - F i h - R C  

I M FO RMATI ON 
ONLY 

. ? \ . t  
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June 19,1997 

Mayur P. Kadakia 
Village Building Servlces lnc. 
7311 Vine Street 
Cincinnati. Ohio 45216 

Dear Mayur: 

This Mer is to infm you that the deanouts have been leak tested in the shop prior to shipment to 
Femald. All dnsion welds were‘eldrudad with a wire under the weld and the weld was lhen spark 
tested. The spark Lest will meU any void which water may pass through. Filling the deanouts with 
water sometimes fails lo show srmrll volQ and potential kakaQ0 amas; themfore. ISCO naS 
established (his spa& testq prooedure for ell t3&uSbn welded fabricetions. Ths testing procedwe is 
a superior method to ensure that no leakage will occur now or in the fdure. Please contad me et 
(Si 3)871-9512 with any addhionel questions. thank you. 

4 

Sincerely, 

Sam &*-- Hotf 

Regional Sales Manager 

000236 
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CC : QA-Pile-RC 



. .  

J. H. V a h  
Quality &.uraxxeo #roegor 

For a quertionr c a l l  Sharwa Rebiaetta, 7l3-47s-3625 

4 Rag- U.8. Eat. of f .  
k a b a 1  Value (not tested ma rrllh tot) 

cc: QR-Ffir-RC 



J 

4 Reg. 6.8. Pat. O f f .  ** Yaadaal Valuo (not tutd ea ..ch Xot) 

008 QA-Pile-RC 



Dave Hottles 

lpl 
71 
Ro 
01 
R6 
a3 

*a 
.9' 

?ax 

Reg. U.0. Pat. ogf. 

quertiox~a cal l  3baron Rabinette, 713-475-3625 

-1 Valum (nat toetod oa em& lot) 



May30,1997 

8” DR 26 lo00 

PRODUCI1[OND_Arr 

10/l8/98 

TOT# P.06 

800247 
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JHV# 19704-96 

FA: 864-439-7918 

Phillips Driecopipa 
Startex P l a n t  
2950 Nazareth Road 
Wellford, SC 29385 

Dave Nettles 

T h i s  letter will certify that &de Mazlex* redn ahcm below, 
as #upplied by P h i l l i p 6  Chemical Company, conforms to our 
manufacturing specification. 

Type ; 
Lot bhtmb.r: 
9.0 .  Number: 
Date Shipped: . .  
Package : 
Quantity: 
Melt Index, ASTM D1238: 

&sa, P/20: 
Pansity, ASTM DlSOS: 

. 
g l ~ ~  m-daoz 

3 1 6 1 3 4 9  
RBL 2 1 3  
09 /30 /96  
PSPX. 6707 
176250 LBS. 
.ll G/lO HXN 
-943 G/CC 
,132 HOURS ** 

. ,. 
# 

# 

n .. 
* '  - '  

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinettc, 713-475-3625 

Reg. U.S. P a t .  O f f .  
** Nominal Value (not tested on each lot) 
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PHILUPS CHEMlCAL COMPANV 
8 0 o ( ~ . ~ 1 O A ~  
.*r*#w. lPI0 TnQrmma 
NlWrSLtAfneS mmEl 
~ c l r m ~ c 1 9 m o n x  

A O W l 8 B O N ~ ~ ~ ~ ~  

Scgtember 26, 1996 

JHV# 19441-96 

FAX: 864-439-7918 

a 

Phillips Driscopipe 
Startax Plant 
2950 Nazarezh Road 
wellford, SC 29385 

Dave nettles 

This letter w i l l  certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, ccrrformb to our 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Ntmber: 
Data Shipped: 
Package : 
Quantfty: 
Melt Index, ASTM 01238: 
Density, ASRi DlSOS: 
ESCR, F/20: 

BEIM TR-4802 . 

.7161333 
REL 208 
09/25/96 
PSPX 5907 
177750 LBS. 
.12 G/10 MIN 
,944 G/CC 
a192 HOURS +* 

J. H. Vaden 
Quality Assurance Manager 

For COA questions call Sharon Robinette, 7 1 3 - 4 7 5 - 3 6 2 5  

Reg. U.S. Rat. Off. 
* *  Nominal Value (not tested OA each lot1 

cc : QA-File-RC 



* September 25, 1996 

Jwvo 19306-96 

FAX; 864-439-7918 

Phillipe Drircapipe 
Startax Plant 
2950 Hatarath Road 
Wellford, SC 29385 

Dam Nettles 

This l e t t e r  w i l l  certify that the Marlex* resin shorn below, 
a6 supplied by Phillips Chemical Company, conforars to o u  
manufacturing m c i f i c a t i o n .  

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
Melt Index, ASTM D1238: 
Demity, AS3?4 DlSOS: 
ESCR, P/20: 

TR-4802 
'7161332 
RSL 207 
0 9 / 2 4 / 9 6  
PSPX 2396 
177700 I B S .  
.ll O/lO MTlO 
-944 o/cc 
>191 HOmS +* 

J. H, Vaden 
Quality Assurance Manager 

For COA questions c a l l  Sharon Robinette, 713-475-3635 

Reg. U.S. Pat. Off. 
** Nominal Value (not tested on each lot) 

, 

CC : QA-Pile-RC 

: '. - .  . .  .- 
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&# 19657-96 

FAX: 064-439-7938 

Phillips Drimcopip 
Start= P l a t  
2950 Nazareth Road 
wellford, 8C a9385 

D a w  N8ttl.S 

Thio letter w i l l  certify that the MuLex* resin shown below, 
as supplied by P h i l l i p s  chemical Coatpany, conforms to our 
manufacturing specification. 

Type : 
Lot Number: 
P . O .  Number: 
Date Shipped: 
?ackagt : 
Quaxkity: 
Melt Index, ASTM 01238: 
Density, ASTM DlSOS: 
ESCR, P/20: 

. .  

TR-4802 
7161338 4 

REL 210 
09 /27 /96  
OSPX 654s I .  

177200 US. 
.ll G/ZO M M t  4 .  

.943 G/CC 
>192 HOVRS ** 

J. X.  Vadon 
Quality Assurance Manager 

For COA questions ea11 Sharon Robinettc, 713-435-3625 

Reg. U.S. Pat. O f f .  
** Nominal Value (not tested on each lot) 

cc: ai-Pile-RC 

. '\ . .  .. . 



TO: I S c O l N D U S m  
ChIbGihnon 
3110Liadwood Ave. 
ChchnA, OH 45208 

PRODUCT 
24"DR26 lo00 04/29/96 

This is to certify that the product described above and shipped b the Startat, SC 
Plant) hos been sampled according to zmtistical smplhlg plans in c m q h l c e  with 

from resin that meets the Polyethyhe PWcs Standard in ASTM D-1248 and was 
rnanufkchud to the spcc&cations of ASTM F-714 and bad a cell chdicatioa of 

6-0247 Melt lndclt of 0.13 GI10 MIN. 31-6-0246 Melt Indeat 0.13 W l O  MIN 71-6- 

0.14 G/lO MIN. l k m e l t  index on the In-Pmeess Inspectioo ard Tasting was also tested 
with &e mst rwsult ofO.08 G/lO MIN. The spdht ion  hr&h test b mydmran of 0.18 
a10 MIN. If you have any questions, please do not hesitate to give me t call. 

"Recammeaded P-Pht Qualiv Assursra Progrrm ti# MC *" M ~ ~ i k t t d  

345434C a~ speci6ed h ASTM D-33SO. 'Ibis ptoduct 

0251 Melt hdex 0.13 @IO M N  T b  MI specification 

W tats 71- 

for this resin is 0.07- 



PHILLIPS 6# LAB 

1 2 6 8 .  . 

Phillip8 Driscopipa . 
Start- Plant 
2950 Nazareth Road 
Wellford, SC 39385 

FAX: 803-139-7918 

TMS latter w i l l  certify  that the mrlex, resin ihom below, 
as supplied by Phillips Chemical Company, conforms t o  our 
manufacturing specification. 

RIfhl TR-48010 
7160347 
REL 64 
03/26/96 
PSPlt 6445 
169650 LBS. 
. 1 3  Q/lO 
3477.000 PSI 

700.  * 
.942 WCC 
>I92 HoaRs ++ 

4896. PSr 

J. W. vadan 
- Quality Assur-ce Manager 

W :  PSN: t r  

-.c 3eg. U.S. Pat.  Off --- - 
Valuc (not tcoLvd on each l o t )  

TOT% P.05 

'(300253 

! 



Phillip8 Drircopipe 
Startex Plant 
2950 Hatartth Road 
Wallford, SC 29385 

A M :  Dave Nettles 

. -  

March 2 6 ,  1996  

JENX 5951-96 

FAX8 803-439-?918 

nit lettar will certify that the )3arhc+ resin shorn below, 
as supplied by Phillips Chemical Company, coxlfonne t o  o w  
manufacturing specificatioa. 

Type i 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity : 

Tensile 4 yield: 
Tensile 0 break: 
Elongation: 
Density, ASlW 1505: 
ESCR, P/20: 

M e l t  Idax,  ASTM D1238: 

J. W. Vadm 
Quality Alsurance Manager 

JHV:PSN:or 

Rw)3 TR-480N 
7160246 
REL 63 
03 /25 /96  
PSPX 2340 
179600 LBS. 
.l2 G / I Q  MIN 
3305.000 PSI 
5112. PSI 
700 .  % 
,942 G/CC 
~ 1 9 2  HOURS +* 

R q .  U.S. Pat. Off. 
** Nominal Valuo (not tor tad on sach lot) 

cc : W-Pila-Ri: 



Phillip8 Driecopipa 
Startax Plane 
Wellford, SC 29385 

ATTN: Dave Nettles 

2950 Nazareth R0.d 

Parch 29,  1996 

JHW 6253-96 
FAX: 803-439-7926 . .  

This letter will certify that the Marlex* -sin shorn below, 
ar supplied by Phillip8 Chemical Company, conforms to our 
manufacturing specification. 

'Qpe : 
Lot loumbsr: 
P.0.- Number: 
Date Shipp.8: 
Package : 
Quantity: 
Halt Zndex, ASTH D1238: 
Tensile 0 ield: 

Elongation: 
Density, ASRI 1 S O 5 :  
ESCR, €/20: 

Tanrilm 0 g reak: 

WWM TR-480N 
7160151 
REL 66 

PSPX 7081 
179350 LBS. 
- 1 3  a/lQ MfB 
3406.000 PSI 

7 0 0 .  8 

~ 1 9 2  HOURS 4*  

0 3 / 2 a i 9 6  

4466. psr 
-942 G/CC 

J. W. Vadea 
W l i t y  k 8 u r a n C e  Manager 

Reg. U.S. Pat. O f f .  
** Nominal Value (not tes ted  on arch lot) 

cc: QA-Pile-RC 



' 1 2 6 8  

ITO: lscomusTRIEs 
ChiiSGilmore 
3 1 10 Lidwood Ave. 
chcbmd, OH 45208 

. .  

24" DR 26 lo00 11/21/96 



Phillipa Dramcopip. 
Startox P l a n t  
2950 Naiareth Road 
Wellford, 6C 29389 

Dave N a t t h s  

This Xetter will certify that tha Marlex* resin ohem below, 
as supplied by Phillips Chemical Company, conforms to OUT 
manufacturing 8 p e C i f a C a t i O ~ l .  

Type : 
ut ~ualber: 
P.O. Number1 
Date Shipped: 
Package : 
Quantity : 
Melt Index, A ~ T M  ~ 1 1 1 3 8 :  
Duuity, ASTM DiSos: 
ESCR, P/20: 

J, E. Vaden 
Q u a i t y  A88urance Malager 

HIM TR-4802 
7161498 
RBt 239 
11/04/96 
PSP8 575s 
177350 U S .  
.IO G/10 MIN 
-943 a/cc 
~ 1 9 2  €lOURS ** 

For CQA question8 call Shamn ~obinette, 713-475-362s 

. *  Reg. U.S. Pat. Off. 
*+  Mcxaiaal Value (not testmd on each lot) 

cC:  Q A - F I h - R C  

<!\ : ,- ..p 
J io-> 



Phillip8 Drlscopips 
startax Plant 
2950 Nazareth Road 
Wellford, SC 29385 

Dave ~ettles 

Thia Zetter w i l l  certffy that the harlsx* resin sham below, 
a8 supplied by Phillips Chemical Company, coafonns to our 
manufacturing specification. 

Type : 
Lot Number: . .  
P . O .  Number: 
Date Shipped: 
Package : 
Quant i f y 1 
Melt Index, A S m  D1238: 
h m i t y ,  mm D1505; 
ESCR, F/30: 

Z. H. Vaden 
Quality ~usurance Manager 

X D l  TR-4802 
3161504 
RSL 240 
11/05/36 
PSPX 6213 
177350 LBS. 
.21 O/lO HIN 

3192 IfOvRs ++ 
.944 wcc 

For COA question. ca l l  Sharon Robinette, 713-475-3615 

+ R e g .  V.S. Pat. Off. 
** Nominal Value (not tested on each lot)  

cc : QA-File-RC 
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Manholes and Permanent Lift Station 

000262 
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Plexco u A Division of Chevron Chemical Company ' 1601 W. 287 By-Pass Waxahachie, Tx 75165 
214-937-0852 FAX 214-937-4530 

March 14,1997 

Ms. Gladys Miller 
Workman Developments, Inc. 
Forks of Coal Industrial Park 
Alum Creek, WV 25003 

RE: Village Building Services 
Fernald Environmental Mangement Project 
Leachate Conveyance System 

Please find below the submittal information that you requested. 

Section 02605: High Density Polyethylene (HDPE) Manholes, Pipes, and Fittings 

1.04 Submittals 

Section A 

2. Not Applicable. 

4. List of completed facilities - attached li t. 
6. Evidence of Quality Control Procedures - attached Plexco Technical Supplements 

D-1, D-2 and D-3. 
4 Resin Origin and Identification - Plexco's manholes, tanks, and structures are produced 

&om pressure rated High Density Polyethylene Material (PE3408) as supplied by 
Chevron Chemical Company. These materials meet or exceed the ASTM D3350 

Spirolite Bulletin&lQ pr( 
cell classification of 335434C. The typical ph sical pro erties are outlin d in 7HW &kF 4 @ 5 - / @ 4 d  o k - t  &p/ 

8. Manufacturer Certifiable Values - This information is contained within Spirolite $$z$!$ 
r n W Z Y i t #  / 



B1y 
&E3 Bulletin 9 10 and Plexco Bulletin 104, six copies of which are being sent overnight 

to your attention by Muriel Cease in the General Office. 

Section B 

1. Will be provided when fabrication has begun, within the limitations of Number 7 in 

3. Plexco pipe and structures include rework material as defined in ASTM F412 and 
2. Will be provided when fabrication has begun. 

a/( 
Section A 

allowed in ASTM F894, ASTM F714, ASTM D3035, A W A  C901, 
C906. Plexco uses no recycled materials. - 

Section C 

1. Will be submitted after fabrication. 
2. Will be submitted after fabrication 

C, /( 
g1{ 

Section D 

I '  Not Applicable. 

In addition to this submittal informatioq there are some concerns regarding the specifications that 
you sent. Plexco's Technical Department has reviewed the specifications, and has the following 
comments: 

Section 2.03 I - Permanent lift station shall not have lifting lugs, but must be lifted with nylon 
straps . 

0 
0 

Section 2.09 - Manhole foundation and backfill should also meet the following manufacturer's 
recommendations: 

Foundation: Minimum of Class I Material (per MTM D2321) compacted to a minimum 

Backfill: Class I or 11 material (per ASTM D2321) compacted to a minimum of 90% 
of 95% standard proctor density (as defined by ASTM D698). 

standard proctor density (as defined by ASTM D698). 7G 
Section 3.09 - Hydrostatic pipe testing to be done in accordance with Plexco's recommendations 

piping and not to the manhole structures themselves. Six copies of this brochure are also beins 
sent to your attention. 

as outlined in Application Note #8 "System Testing". Please note that this pertains only to th I d o l y  

Section 3.07 - The subcontractor shall not substitute air testing in lieu of hydrostatic testing for 
manholes or Dual Containment vessels. Plexco does not recommend pneumatic pressure 
testing of pipes, manholes or dual containment vessels. 0 



1268 

e Please note that Plexco only reviewed those specifications which were sent by Wodcman 
Developments. If I can be ofmy firther assistance, please do not hesitate to call. Thank you. 

Sincerely, 

cc: RonBrown ,, 

Muriel Cease 
Bryan Rabenau 

Steve Reist 
Fabrication Manager 



Submittal 1 . 0 4 . . 5  

L i s t  of completed PLEXCO HDPE facilltiee installed euccessfully in 
ground : 

1. RCC Landfill, Johnetown, Pa. 96" Leachate manhole, installed by 
RCC in eummer of 1995. 

2. Franklin U h  Landfill, Franklin NH, 1 36,000 gallon 96" 
diameter horizontal tank, 35 feet long, installed by Pike 
Induetries Oct. , 1995 

25 feet deep 

3. Middleton Municipal Landfill., Middleton, Ma. Two 40,000 gallon 
tanks, installed horizontally by M i n 8  Indurtriea. Ten foot 
diameter tanke.were each 30 feet long. Installed in March, 1994 

4. BFI Landfill, Detroit, Mi. One eight foot inside of B ten foot 
dual containment ournp etructure. This 21 ft. etructure wae 
installed vertically in 1992. Installed by Michigan Pipe and BFI 
jointly. 

000267 . 



PLEXCO TECHNIC AL  SUPPLEMENT^ 

Reference No. : D- 1 Date Issued: m 
Subject: Quality Assurance Date Superseded: 
Sub-subject: Quality Assurance of Polyethylene Pipe Page: 1 o f 6  

OUALlTY ASSURANCE OF POI.YHNYLENE PIPE 

American industry increasingly recognizes the value of an effective Quality Asurance/Quatity 
Control Program. The benefits can include optimized raw material usage, more efficient 
utilization of production time, and improved delivery time, as well as assured quality of the 
finished product. To be most effective, such a program must be a "team effort" involving both 
manufacturing and quality control personnel. This presentation details the program developed 
by PLEXCO, one of the major producers of polyethylene pipe and fittings for the gas 
distribution industry, and illustrates how the philosophy, "Quality-An Ounce of Prevention", 
benefits both customers and manufacturers. 

Recognition of the chemical inertness and corrosion resistance of polyethylene piping has led to 
its increasing usage in energy-relatd industries. In recent years, polyethylene pipe has become 
widely used in such areas as: 

Gas Distribution 
Gas Gathering 
Power Generation - fly ash disposal, process water, electrical 

conduit, oil and gas production 
Mining - process water, wastewater and slurry lines 
Fire Mains, Potable Water 

As the acceptance and usage of polyethylene pipe has increased, pipe users have developed more 
and more stringent product specifications. Pipe may be made out of only a few special 
polyethylene resins having certain wellcharacterized properties. Physical dimensions must be 
closely controller, and the final product must meet minimum physical property standards. The 
development of an effective quality control program is necessary in order to insure the 
manufacture of pipe that meets the customer's requirements. 

Another consideration is the cost of producing polyethylene pipe. Polyethylene resins are made 
from petrochemical raw materials. Any dramatic increase in the price of oil will result in a rise 
in the costs of pipe-grade resins. This, in addition to increased labor and overhead costs, makes 
necessary a quality program that promotes efficient resin usage and production practices. 

A common sense analysis of the aforementioned situations leads to the development of the 
following list of objectives for our Quality Program: 

1. 
2. 
3. 
4. 
S. Comply with customer speiifications. 
6. 

Assure that incoming resin meets all specification criteria. 
Assure usage of correct resin for a given product. 
Save on materials due to more efficient use of resin. 
Optimize extrusion rates for each resin used. 

Reduce scrap due to material contamination. 

0 
000268 



PLEXCO TECHNICAL SWPL EMENTS 
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Reference No. : D- 1 Date Issued: 025x4 
Subject: Qual~ty Assurance Date Superseded: 
Sub-subject: Quality Assurance of Polyethylene Pipe Page: 2 of 6 

7. Reduce dimensional variances. 
8. 
9. Improve delivery time. 
10. Improve product traceability. 
11. 

Reduce scrap due to out-of-specification dimensions. 

Assure quality of finished product. 

The program that has evolved to meet these objectives involves manufacturing and quality 
control personnel working together toward a common goal. For purposes of discussion, it can 
be divided into three phases: 

Phase I - Incoming Raw Material Evaluation 
Phase Ii - Pipe Production Quality Control 
Phase III - Quality ControVQuality Assurance Department 

I. INCOMING RAW MATERIAL 

As a independent manufacturer of polyethylene pipe and fittings, PLEXCO does not manufacture 
resin, but must purchase polyethylene from others. The decision to purchase a specific resin is 
a long involved process requiring a complete characterization of the raw material. Once the 
characterization has been completed and detailed specifications have been negotiated with the 
resin supplier, then Quality Assurance tests on incoming material are scheduled. The pipe 
compound we receive is in a pellet form; it has been monitored throughout 
its production by the resin manufacturer. The two basic properties that must be controlled are 
density and molecular weight (as determined by a melt index test). These tests are run numerous 
times during the manufacturing process and again on a composite lot basis. A lot number is 
assigned to the material shipped to PLEXCO. 

Each supplier is required to mid us a certification at the time of shipment delivery. _This 
certification must contain the results of final density and melt index testing, as well as other tests 
specified by PLEXCO for a particular resin. These other tests include methods for evaluacng 
ko&ular weight, molecular weight distribution, environmental stress crack resistance and 
elevaamperature sustained pressure performance. Complete specification checks are ma 
p e n ~ l ~ Y -  'omiy selected lots of resin. The specification check is made on the stabilizer 
systems as well as the physical properties of the resin. The resin is purchased Wth * th e 
sFplier's guarantee that all lots meet the agreed specifications. 

Nevertheless, problems with resins are sometimes found. Contamination with bum and foreign 
material sometime occurs as do melt flow rate (melt index) and density problems. If these 
surface after unloading the material into our feed system, massive and expensive problems may 
occur. Optimum production depends on receiving material with the correct melt flow properties. 
$so, quality pipe and fit- can not be pEod uced from a substandard resin. 

@ 

000269 



PLEXCO TECHMCA L SUPPLEb I ENTS 

e Reference No.: D- 1 Date Issued: mu294 
Subject: Quality Assurance Date Superseded: 
S u b-S ubjec t: Quality Assurance of Polyethylene pipe Page: 3 o f 6  

Our regular orders are supplied in bulk and shipped to us in railroad hopper cars. These cars 
contain 170,000 to 185,000 pounds of pelletized polyethylene. Each car is divided into four 
compartments, with several top hatches and several bottom unloading tubes. When a railcar is 
received on our siding, a quality control technician checks these access points to be sure all 
locking seals are in place. This assures us nothing could have fallen inside or been removed. 
Seal numbers and lot numbers are checked against shipping papers and certification papers for 
proper identification, ahd are recorded. 

The next step is to open all top hatches and visually inspect for foreign material, objects and 
pieces of burned material. The bottom tubes are then opened to check for standing water or wet 
resin. Resin samples are taken at various levels from the top to the bottom of a compartment 
and are brought back to the laboratory. Small quantities of pellets are placed on a lighted 
surface to check for proper color and the presence of imbedded foreign material. 

Each sample is then melt index tested by our laboratory to establish that the flow rate is as 
certified by the supplier. The melt index strand is used for density testing. Depending on the 
resin involved, other tests such as environmental stress crack resistance and high load melt flow, 
may be run on samples obtained from the railcar. Only after all inspection and testing is 
c s l e t e  and found to be acceptable do we unload a r&ar. 

In addition to the routine testing, resin samples are periodically submitted to an independent 
laboratory for a complete material analysis. This enables us to watch for subtle changes in the 
resin that might not be detectable by a melt index or density test, but might affect the end use 
properties of the pipe. 

II. PRODUCTI ON OUALlTY ASSURA NCE 

Quality Assurance starts before a,product is offered for sale. Each specific piece of extrusion 
equipment operates slightly different. Even extruders that are seemingly identical have 
differences that may become important in production of quality polyethylene pipe; therefore, 
each extruder has to be "qualified" to extrude each of the resins used to produce pipe. 

The extrusion qualification test is periodically performed by the QUQC Department. Twice 
each year samples taken from recent production are placed on a long-term sustained pressure 
test. One lot of pipe or tubing in the 2" IPS and smaller size range, along with one lot of a size 
greater than 2" IPS, are selected for this test. Samples from each lot are held under a specific 
pressure for a minimum of loo0 hours. Failures in this test are usually indicative of problems 
either in the extrusion process or with resin. A similar program is conducted for molded 
fittings, so that fittings from each mold cavity are qualified before they are offered for sale. 

000270 



PLEXCO ~ C H M C  AL SUPPLEMENTS 

Reference No.: D- 1 Date Issued: OMZIW 
Subject: Quality Assurance Date Superseded: 
Sub-subject: Quality Assurance of Polyethylene Pipe Page: 4 o f 6  

In order to assure compliance with the long-term strength characteristics of the material, a series 
of rwm temperature and elevated temperature sustained pressure tests are periodically performed 
on commercial production. Pipe from each resin used is tested in accordance with the- 
procedures listed in ASTM D%37 to generate the data neceSsaw for hydrostatically pressure 
rating of pipe as extruded by PLEXCO. 

XTI. PIPE PRODUCTIO N OUALITY CONTROL 

Quality assurance starts before the receipt of a specific order. Since a significant number of gas 
utilities have packaging restrictions and test requirements specific to that utility, all customer 
specifications are reviewed by Technical Services, Manufacturing and Sales Departments before 
forwarding to the production plants. Also, many of our objectives are not only product quality, 
but are related to minimizing production costs through improved efficiency. When an order is 
forwarded to the plant, it is reviewed by all functional departments before being scheduled for 
production or shipment from inventory. 

To assure that the order is run to the proper specifications, we use a Pipe and Tubing Production 
Sheet. This document lists all pertinent information needed by the set-up person to produce the 
specified product. 

Gas distribution pipe is produced either in coils (sizes up to 4" IPS) or in straight lengths (all 
sizes). A sample is taken from each coil produced, and approximately three samples per hour 
are taken during straight length production. The samples are cooled a predetermined length of 
time, and then the outside diameter and wall thickness are measured. Visual inspection of print 
and finish also takes place at this time. All data is recorded on a "Production Control Record". 
Each coil or length is given a serial number and the dimensions recorded for each. 

In addition, dimensions are charted once an hour on the "Pipe Wall Dimensional Control Chart" 
and the "Pipe Diameter Control Chart". The objective here is two-fold: to optimize materid 
usage, as well as to produce quality product. Control limits are established for each chart. The 
dimensions are plotted once an hour by the hourly production set-up person. The charts are 
given to the foreman every morning. Updating is done daily or when improved process 
capability is demonstrated. Changes are based on a 24-hour or 24-data point cycle. 

immediate process control changes are made if the control limits are exceeded at any time. 
Assistance in maintaining wall thickness control is obtained with ultrasonic and nuclear gamma 
ray backscatter units. These devices rotate 360 degrees around the pipe, measuring and 
recording wall thicknesses. 

Since field use of tubing frequently requires the use of mechanical fittings, each coil of tubing 
is checked with a stiffener to insure proper fit of the stiffener. 
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The final check on the samples is done by a production pipe inspector. This individual measures 
and records all dimensions on at least one sample per hour. All pertinent quality and production 
data are recorded. If found acceptable, the samples are presented to the Quality ControYQuality 
Assurance Department. 

IV. ou ALITY CO NTROUOUALITY ASSURAN- 

The samples from the previous day’s production run are brought to the laboratory each morning. 
These samples are then conditioned prior to dimensional and physical testing. Upon completion 
of the conditioning period, the samples are subjected to another complete visual and dimensional 
inspection. Dimensional checks previously made are performed again. These dimensions are 
final dimensions; they are recorded with the operator data on the “Production Control Record”. 
Visual data, such as finish and print line lot numbers, are also recorded. 

At least one sample per shift is now selected for a quick burst pressure test. This test involves 
pressurizing the sample so that it fails within a prescribed minimum-maximum time period. 
Flaws that are a result of the manufacturing extrusion process are detected here, as well as major 
flaws due to contamination. 

a 
All production dimensions are now examined and comparisons of final results made. Pipe is 
dispositioned accordingly, based on product and customer specifications. If all are met, the pipe 
is released to the shipping department. All 
dimension and test results are now attached together and filed under the lot number of the run. 
This provides traceability of product for future reference. 

Out-of-specification materials is scrapped. 

A technique for accelerated testing of production quality is to pressure test pipe samples at 
elevated temperatures. At PLEXCO, we have the capability of performing hydrostatic pressure 
tests on pipe at temperatures up to 90°C. Elevated temperature testing of this type has proven 
to be an excellent method for finding flaws in polyethylene pipe caused by extrusion difficulties 
or by resin deficiencies. The technique is widely used in Europe, and is also gaining acceptance 
in this country as a quality control tool for the plastic pipe industry. 

Several years ago, PLEXCO began using the Compressed Ring ESCR test as a quality assurance 
technique. This test is run to ensure that process conditions have not had a deteriorating effect 
on the performance characteristics of the pipe. 

In addition to the production of polyethylene pipe and tubing, PLEXCO also manufacturers a 
complete line of fittings (tees, elbows, saddle fittings, etc.) for use with our piping. These! are 
either injection molded or, in the case of large tees and elbows, fabricated from mitercut pipe 
sections. They undergo the same quality control regimen as the pipe, from resin testing through 
production quality monitoring to QC/QA Department evaluation. One additional test of fittings 
is an X-ray radiograph examination to check for voids or cavities inside the wall of the part. 
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All fitting lots are statistically samples for X-ray evaluation. Where voids are found, entire lots 
will be examined by X-ray to identify bad parts so that they can be removed from inventory and 
scrapped. Some fitting types that experience has shown to be particularly susceptible to void 
formation are checked 100% by X-ray before being released to inventory. 

SUMMARY 

In these days of intense competition, common sen= says a team effort is more important than 
ever before. Sales, Manufacturing and Quality Control must work together to create an effective 
Quality Program. When they do, costs  are reduced considerably, delivery times are shortened, 
and the customer receives a quality product. 

The importance of a thorough quality program cannot be overstated. It is not possible to 
produce aualitv D ipe from a substandard resin; however, use of a quality resin does not assure 
the m cture of aualitv Dim. All three areas, incoming resin evaluation, production quality 0 controEd QC/QA Department evaluation, are equally important in achieving theultimate goal 
- efficient and economical production of top quahty polyethylene pipe and fittings. 
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JN-PLANT BLENDING 

HISTORY 

PLEXCO first employed in-plant blending for extruded coatings in 1960. In the late 703, the 
process was further improved and reked  for extruded pressure pipe. In-plant blending has been 
employed for PLEXCO polyethylene pipe since 1981. 

PERFORMANCE 

PPI hydrostatic design basis ratings for PLEXCO P24BC medium .density, and PLEXCO P34CH 
high density materials were developed on in-plant blended, production pipes. These long term 
stress ratings are not dependent upon the resin supplier’s PPI ratings. 

PLEXCO has developed and refined the in-plant blending process over the past 30 years. 
However, the engineering details of the process are proprietary. As a simplified explanation, 
natural resin pellets and color concentrate (master batch) pellets are mxed, dned, fed into the 
extruder. and blended into a homogeneous melt berore entenng the extrusion die. This same 
process is used by the resin supplier to produce precompounded pellets. The evident advantage 
of in-plant blending is the elimination of the precompounding step. That is, the material in 
in-plant blended pipe has one less heat history compared to pipe manufactured from pre- 

rpii4. To put it another way, pipe made from pre-compounded materials has th e 
same number of heat histories as in-plant blended pipe made from 100% rework material. 

Plastic extrusion machines are highly developed screw conveyors. A rotating screw within a 
heated barrel, melts plastic pellets and delivers that melt under pressure to a die which shapes 
the pipe. When plastic pellets enter the extruder, they are melted against the surface of the 
barrel. The melted plastic is scrap& off the barrel, and moved forward by flights on a rotating 
screw. The scraping or shearing of the material off the barrel ID tends to reduce molecular 
weight by cutting the long polyethylene molecules. Every time the material is processed, the 
overall molecular w e i m  reduced. This is crucially important to product performance. 

a 

While PLEXCO has made every reasonable effort to ensure accuracy in the preparation of these Technical 
Supplements. it does not constitute a -tee or warranty for piping installations. These supplements arc 
intended to be used as a guide to support the designer of piping system. These supplements may not be 
complete particularly with respect to special or unusual applications; are not intended to be used as 
installation instructions. and should not be used in place of the advice of a professional engineer. I 000274 
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Pipe grade polyethylene performance is due largely to high molecular weight. Please see the 
discussion POLYETHYLENE FUNDAMENTALS in the Plexco/So irolite Eneineerine Manu& 
1. Eneineering - Pro~ern 'es, Note that lots of good things come with higher molecular weight: 
In particular, resistance to cracking while under stress (ESCR and SCG) is.improved with higher 
molecular weight. Slit or crack failure is the long term failure mode for polyethylene, so 
improving stress cracking resistance will also improve long term performance as a pressure pipe. 
Since extrusion processing reduces molecular weight, anything we can do to offset processing's 
negative effect will be beneficial to product performance. Thus, by eliminating one heat history, 

PLEXCO in-plant blending; minimizes processing effects on molecular weight, and maximizes 
product performance. i 

c + 

IMPROVED PRODUCTS 

In-plant blending provides the opportunity to improve additives and stabilizers. For the resin 
supplier, pipe grade polyethylene is about 7% of all polyethylene sold, a small fraction of the @ overall polyethylene resin market. A pipe manufacturer using precompounded materials must 
take a resin product that is, for most resin suppliers, a lower volume, higher cost product. 
Unless the pipe manufacturer is willing to pay a premium for an enhanced additive package, pre- 
compounded pipe materials will have an "industry standard" package. Obviously, a premium 
package will make a pipe manufacturer less competitive in a highly competitive market. 

In.contrast, PLEXCO uses the advantages of the in-plant blending process to provide a premium 
additive package without the premium cost. Master batch, a small percentage of the overall 
resin mix, is custom formulated to a proprietary recipe. This allows us to maximize product 
performance without the premium price. 

OUALITY CONTROL and OUALITY ASSURA NCF, 

PLEXCO runs a very efficient operation, as one must do to be competitive in today's market. 
We have become a leading industry supplier of polyethylene pipe by integrating quality controls 
into materials, processes, and process controls. Quality control is as much an inseparable part 
of the process as the resin. 

Over the past 30 years, PLEXCO has developed and refined specific procedures to insure the 
initial and long term quality and performance of in-plant blended PLEXCO pipe. Quality 
control procedures include pre-production checks of resin and master batch physical properties, 
production checks of blend ratio, blend homogeneity, ESCR, and physical properties, and post 
production tests of long term sustained pressure performance. 

PLEXCO in-plant blended polyethylene pipe sets the industry standard for quality and 
performance in polyethylene pipe. 

*000275 i 
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& Fittings 

MARKING CO DES FOR PLEXCO PIPE & FlTr'IN GS 

PIP and fittings are identified with a lot number that identifies the product and provides 
reference to permanent quahty records. 

. The first four digits (a TheJot numkr is marked on the printline with a fou- 
letter and three numerals) identify the material and the production run. The fifth through eighth 
(a letter and three numerals) identify the manufacturing plant and the operator. The last Six 
digits are a date code. SE enclosed exhibit, 

MOLDED FITTINGS 

. .  

0 
, with-optional seventh, eighth, and * 'ts. The first 
owed by two numerals for shift and machine. An optional 

seventh letter identifies materii, and optional eighth and ninth numerals are an operator number. 
Depending upon the optional codes, the lot number may be six, seven, eight or nine digits. 

FABRICATED FI'lTINGS 

J o t  code~~gre imprinted on a pressure sensitive metal foil label affixed to the Dart . The& 
e. The first three numerals are a manufacturing sequence number, 

a date code. 

While PLEXCO has made every reasonable effort to ensure accuracy in the preparation of these Technical 
Supplements. it does not constitute a guarantee or warranty for piping installations. These supplements are 
intended to be used as a guide to support the designer of pipins systems. These supplements may not be 
complete particularly with respect to special or unusual applications; are not intended to be used as 
installation instructioas. and should not be used in place of the advice of a professional engineer. I 
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!!formance Pipe Division - Chevron Chemical Company 
1050 Busse Highway, Suite 200 Bensenville, IL 60106 
(630) 350-3753 (630) 350-2148 

Gladys 
WORKMAN DEVELOPMENTS INC. 
U.S. 119 South, 
Forks of Coal Industrial Park 
50 Rocky Branch Road 
Alum Creek, WV 25003-9622 I 

March 14, 1997 

RE: Partial submittal for Manholes and Permanent Lift Station 
Project: FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Dear Gladys, 

Please find enclosed the support documentation for the specifications of the above referenced project. 
The enclosures should accompany PLEXCO's comments on Section 02605 of the ',High Density 
Polyethylene Manhole pipe and fittings" specifications which you shall be receiving from Steve Reist 
(from our Waxahachie plant). 

The following brochures are enclosed: 

0 (6) Application Note No. 8 "System Testing", which refers to PLEXCOs guidelines for 
pressure testing of conventionally extruded outside diameter controlled pipe only. Please note 
that it is important that the customer realizes that PLEXCO does not recommend pressure 
testing of SPIROLITE products. (This brochure addresses 3.0742 "HDPE Pipe and Fittings 
Hydrostatic Testing", Pg. 02605- 12 of the specifications) 

(To address 1.04-A-8 SUBMITTALS, Pg. 02605-3 of the specifications). 

(To address 1.04-A-8 SUBMITTALS, Pg. 02605-3 of the specifications). 

e ( 6) Bulletin No. 104 "Industrial Piping System". 

(6) Bulletin No. 910 "ASTM F-894 HDPE Pipe Product Data". e 

If you have any questions please don't hesitate to call. 

Muriel Cease 
Engineer 
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PE 3408 Extra High 
Molecular Weight (EHMW) 

industrial Piping System 
- - -- i e J I- - -  - _ -  

,- - - -I 
- - High Density P-olyetImylene -_ -- & - - - 

PLEXCO is a leading producer 
of polyethylene pipe systems 

and extruded seamless polyethylene coating 
for underground metal pipe 

PLEXCO, Incorporated was founded in 1931 as 
Pipe Line Service Company, and brings more 
than 55 years of experience to the many pipe- 
using industries in the United States and abroad. 

PLEXCO's original line of business was applying 
bituminous protective coatings to steel pipe. By 1960, 
this product line was expanded to include a seamless, 
high density polyethylene pipe coating system. 

In 1970, PLEXCO entered the polyethylene pipe 
market to serve the pipe and fittings requirements 
of'gas distribution, gas gathering, and production 
industries throughout the United States. Today, 
PLEXCO is one of the leading suppliers to 
these users. 

PLEXCO has continued to grow in response to 
the demand for high quality piping products. Today, 
PLEXCO operates nine manufacturing plants 
for pipe coatings, polyethylene pipe, molded and 

fabricated fittings, custom polyethylene fabrications, 
and custom extruded and molded plastic parts. 
The PLEXCO polyethylene pipe product line 
includes pipe and tubing from Y8'' OD through 
54" OD PE 3408 pipe, molded fittings and standard 
fabricated fittings through 54" OD, and custom pipe 
fabrications such as manholes, catch basins, 
headers, and distribution manifolds. All PLEXCO 
products - pipe, moldings, standard and custom 
fabrications - are engineered to meet the full 
performance requirements of the system, and are 
manufactured in-house under stringent 
PLEXCO quality standards. 

PLEXCO's growth and preeminence in  the 
polyethylene piping market today reflects the 
response to a product backed by research, quality, 
and service. PLEXCO's commitment and objective 
is to serve the industry's piping needs today - 
and tomorrow. 

This bulletin is intended to be used as a guide to support the designer of industrial piping systems. It is not intended to 
be used as installation instructions, and should not be substituted in place of the advice of a professional design engineer. 

2 000280 
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Some of the industries using high density 
polyethylene pipe systems and their varied 
applications are: 

lndustrles 
Ag ricu I t u ral 

Chemical 
Dredging 
Fertilizer 
Gas distribution 
General industrial 
Landfill reclamation 
Metals extraction 
Mining 
Oil and gas production 
Power generation 
Pulp and paper 
Sewage 
Water d i sti I I a ti o n 
Speclal Senlces 
Fire protection' 
Potable water" 
Hazardous wastes 
Duct 

(irrigation) 

'Factory Mutual 
Certification Available 

Available 
"NSFpw Certification 

Appllcatlons 
Acid lines 
Coal bed methane 

drainage 
Condensate lines 
Corrosive wastes 
Dewatering 
Drainage lines 
Fiber optic innerduct 
Fly ash disposal 
Ground source 

heat pumps 
Irrigation lines 
Landfill (leachate 

control and methane 
recovery) 

Natural gas and oil lines 
Process water lines 
Relining (chemical 

lines and sewers) 
Salt water intakes 
Sanitary 8 force mains 

(gravity and pressure) 
Sludge lines 
Slurry lines 
Tailings lines 
TV cable conduit 

Fusing a string of pipe for continuous laying operation 

PLEXCO polyethylene pipe has the excellent 
physical properties that are ideal for many varied 
industrial applications. Made from high density, 
extra high molecular weight materials, PLEXCO 
EHMW PE 3408 pipe has excellent abrasion 
resistance, superb impact resistance, and 
extraordinary toughness afforded by these 
materials. The smooth, nonwetting bore offers 
low resistance to the flow of fluids and slurries, and 
resists the adherence of scale and deposits. 
PLEXCO polyethylene pipe is resistant to a broad 
range of corrosive chemicals, and does not 
support biological growth. 
Strong, lightweight PLEXCO EHMW PE 3408 pipe 
does not require the heavy handling and laying 
equipment common to steel and concrete pipes. 
Standard laying lengths of 40 feet or longer reduce 
the number of joints and speed installation. 
PLEXCO polyethylene pipe is flexible, allowing it 
to follow the contour of rolling terrain, thus reducing 
the requirements for fittings. It may be permanently 
cold bent to a radius of 20 to 25 times the pipe 
diameter without damage or effect upon physical 
properties. In sections where a fitting is present, 
the bending radius should be 100 times the pipe 
diameter. 

Surge pressures and subfreezing temperatures 
are well tolerated by the PLEXCO EHMW PE 3408 
pipe system. Operating service temperatures 
may be -5OOF and lower, to 1400F for pressure 
service, and up to 180OF for nonpressure service. 
Water within the pipe may freeze solid without 
damage to the pipe which retains working flexibility 
even in harsh climates, and under extremely 
adverse conditions. Unstable soils and seasonal 
freezelthaw conditions have little effect on this 
flexible, elastic piping system. System pressures 
due to surge or water hammer of up to 1% times the 
rated system operating pressure are well within 
the limits of the PLEXCO polyethylene piping 
system, which has burst pressures greater than 
four times the system pressure rating. For moderate 
flow velocity systems, it is generally unnecessary to 
include a surge allowance within the pressure 
rating of the system. Surface or suspended 
pipelines will be subject to expansion and - - - -- 

contraction from changing temperatures. An 
approximate allowance is 1" per 10°F temperature 
change per 100 feet of pipe. Thermal effects may 
be controlled with anchoring or restraints, or 
snaking the pipeline back and forth. A, , ,. 



PLEXCO polyethylene pipe and fittings may be 
joined by heat fusion processes which produce 
homogeneous, sealed, leaktight joints. A leakage 
allowance common to gasketed bell jointed pipes 
is unnecessary with the PLEXCO piping system. 
Flanged stub end connectors and mechanical 
connectors may also be used to join the system or 
to connect to other piping materials. 

PLEXCO Extra High 
Molecular Weig hV 
High Density 
PE 3408 Pipe System 
Physical Properties 
PLEXCO’s industrial polyethylene pipe and fittings 
are made from a high density, extra high molecular 
weight material with a broad range molecular 
weight distribution designated as a PE 3408 with 
an ASTM D 3350-83 cell classification number 
of 345434c. 

Polyethylene pipe resins generally are designated 
by a code which combines density, grade and 
hydrostatic design stress; Le., PE 2406 or PE 3408. 
The first digit refers to product density or Type II 
or Ill (medium or high, respectively) which are the 
most common used for piping materials. The 
addition of the second digit, expressed as follows 
in ASTM D 1248, refers to material grade P24 or P34 
which defines tensile strength, elongation, 
brittleness temperature, and environmental 
stress crack resistance. 

The last two digits of the code, 06 or 08 (630 psi 
and 800 psi, respectively, at 73.4OF), indicate 
the material’s hydrostatic design stress which is 
the estimated maximum hoop stress (tensile stress 
in the wall of the pipe in the circumferential 
orientation) due to internal hydrostatic pressure 
that can be applied continuously with a high 
degree of certainty that failure of the pipe will not 
occur. PLEXCO EHMW PE 3408 has the highest 
hydrostatic design stress currently attainable by 
commercially available pipe grade PE resins. 
PLEXCO EHMW PE 3408 meets all specifications 
and test values which define it as PE 3408. 

To more adequately definea pipe grade polyethylene, 
ASTM developed Specification D 3350 which 
describes pipe materials by a cell classification 
numbering system. This sytem provides for more 
specific identification of the PE compound, using 
cell classification limits for each of the properties 
covered. Following is an analysis of the cell 
classification definina PLEXCO EHMW PE 3408 
which is 345434C pgr ASTM D 3350. 

Open trench laying transmission pipe 
. 6 .  . . .  

4 



If Plexco 
.. . . , ... ._ . . .  . .  ’ .. . - . . . -.. .. . .- .L.. . . _  i :  

i 
. .  

-. Cell Classification- Descriptions’ .. .. . . .: 

Cell Classification 
for PLEXCO EHMW 

PE 3408 Property 

Typical h l u e  for 
Cell Classification PLEXCO EHMW PE 3408 

Limits (P34CH Compound) 

3 Density per ASTM D-l505,>rnlcrn3 0.941 - 0.955 
4 

5 Flexural Modulus per ASTM D-790;psi 110,000 - 160,000 
4 Tensile Strength per ASTM D-638, psi 3000 - 3500 
3 

4 Hydrostatic Design B&s 
per ASTM 0-2387, psi . 

C Color 81 Ultraviolet Stabilizer D 1 >2% Carbon Black 

Melt Index per ASTM 0-1238.d 
gmnO min / < 0.15 

Fm > 192 

1600 

0.955 

0.10 
133,000 

3200 - 3500 

F > 5000’ 

1600 
2% to 3% Carbon Black 

‘Base resin. Pipe values may vary. t Test discontinued because of no failure and no indication of stress initiation (molded specimen). 

.PPI listed (PPI-TR4), high performance PE 3408 
materials meeting stringent PLEXCO specifications 
are used for manufacture of PLEXCO polyethylene 
products. These materials are extruded or 
molded into pipe or fittings. These critical thermal 
processes must be properly performed or a 
substandard product may result. To assure process 

conversion into quality pipe and fittings, PLEXCO 
has obtained PPI verification that the PE 3408 
material rating is retained after processing into 
pipe and fittings. This post-conversion PPI 
listing as “PLEXCO P34CH,” PE 3408 material 
demonstrates the PLEXCO commitment to 
unsurpassed quality. 

Mine tailings 

. .  \ + .  . 



High densify for strength, stiff ness, chemical resistance 

Extra high molecular weight for toughness, durability, impact resistance, 
abrasion resistance 

Broad molecular weight distribution for fusibility and ease of joining 

Outstanding ESCR for durability and resistance to aggressive soils and fluids 

User Benefits 
Density 
As a material's density increases. its tensile 
strength, or resistance to being stretched to the 
failure point, increases; surface hardness increases, 
providing improved abrasion resistance; stiff ness 
(flexural modulus) increases, giving the pipe 
increased ability to retain its shape under loading; 
and higher density increases resistance to 
softening and distortion at elevated temperatures, 
and provides increased chemical resistance. 
PLEXCO EHMW PE 3408 high density polyethylene 
pipe and fittings provide the user with all these 
benefits of a Type Ill polyethylene resin, the highest 
density classification of any pipe grade compound 
commercially available. 

Melt Index 
Melt index describes the flow behavior of a 
polyethylene resin at a specified temperature and 
pressure. It is a measure of the flow resistance of 
the molten resin when manufacturing pipe or fusing 
pipe sections. Although melt index is commonly 
used for classifying polyethylene resins, it is not 
always a reliable guide to specific end-product 
properties. The melt index must be used in 
conjunction with other yardsticks to properly 
describe the mechanical properties of a pipe resin. 
Generally speaking, a polyethylene resin of high 
molecular yeight has a low melt index, and vice 
versa. 

Molecular Weight and 
Molecular Weight Distribution 

In addition to its extra high molecular weight, the 
molecular weight distribution of PLEXCO EHMW 
PE 3408 pipe resin has been engineered to make 
the pipe and fittings readily joinable by butt, 
socket and saddle fusion techniques. 

This combination of extra high molecular weight 
and broad molecular weight distribution gives 
PLEXCO EHMW PE 3408 Industrial Pipe and 
Fittings exceptional strength and toughness, 
combined with ease of joining by butt, socket and 
saddle fusion. 

Schematic representation 
of molecular weight distribution 

NARROW MOLECULAR 
WEIGHT DISTRIBUTION 

BROAD MOLECULAR 
WEIGHT DISTRIBUTION 

YOLECULAR WEIGHT . . . .  .. . . .  ?.'._.. 
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By industry practice, the molecular weight of 
polyethylenes is broken into four distinct 
classifications. They are: 

Medium Molecular Weight . . . . . .less than 100,000 
High Molecular Weight . . . . . . . . . .110,000-250,000 
Extra High Molecular Weight . . . .250,000-1,500,000 
Ultra High Molecular Weight . . .1,500,000 8 greater 

The molecular weights of the higher molecular 
weight polyethylene resins are usually determined 
by Gel Permeation Chromatography (GPC), 
Scanning Electron Chromatography (SEC), or 
Relative Specific Viscosity (RSV) measurements. 
Reasonably accurate measurements of the Extra 
High and Ultra High Molecular Weight resins 
usually are obtainable by SEC or GPC. 

PLEXCO EHMW PE 3408 Industrial Pipe is 
manufactured using a High Density, Extra High 
Molecular Weight polyethylene resin. 

GPC and SEC measurements of the molecular 
weight of PLEXCO EHMW PE 3408 Industrial Pipe 
have classified the resin as an Extra High 
Molecular Weight Polyethylene with a value of a p  
proximately 330,000. 

GPC AND RSV measurements made on finished 
pipe and fittings products indicate that PLEXCO 
EHMW products’ molecular weight is as high or 
higher than any PE industrial pipe and fitting 
system commercially available. 

Every polyethylene resin consists of a mixture 
of large and small molecules, that is, molecules 
of high and low weight. The average of these 
molecular weights can be measured by any 
of several different methods. The molecular weight 
distribution gives a general picture of the ratio 
of the large, medium and small molecules in a resin. 
The distribution is called narrow if the resin 
is of molecules close to the average weight; it is 
called broad if the resin is of molecules with 
a wide variety of weights. The accompanying 
figure shows this in graph form. 

Sewer slip lining 
.. - - -  

. .  

Environmental Stress 
Crack Resistance 
The highest cell classification for environmental 
stress crack resistance requires that 80% of the 
samples tested in accordance with ASTM D 1693, 
Condition C, exceed 192 hours of testing without 
failures (as determined by statistical analysis). 
The PLEXCO EHMW PE 3408 pipe resin has 
exceeded 5000 hours under these test conditions 
without failure. This outstanding resistance to 
environmental stress cracking means that 
PLEXCO EHMW PE 3408 industrial pipe can carry 
aggressive materials in hostile environments 
where other pipe materials cannot. 

Color and Ultraviolet Stabilizer 
PLEXCO EHMW PE 3408 Industrial Pipe is 
stabilized with both UV stablizers and a minimum 
of 2% carbon black to protect against degradation 
due to ultraviolet light. This stabilizer system 
permits above ground use without fear of loss of 
pressure rating and other important properties due 
to ultraviolet light degradation. 
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Some of the more demanding applications where PE 3408 polyethylene pipe 
system have been successfully used are: 

Slurry Transport with 
PLEXCO PE 3408 Pipe 
PLEXCO EHMW PE 3408 High Density 
Polyethylene (HDPE) Pipe has been shown to be 
superior to many other types of piping where 
corrosion and erosion problems exist. In slurry 
pipelining where moderate pressure exists and 
where large, heavy particles and high water 
velocities are encountered, PLEXCO EHMW PE 
3408 Pipe shows exceptional wear characteristics. It 
has been laboratory tested and field proven to 
outlast steel by 3 to 1 and, in many cases, even 

In addition to its excellent abrasion resistance, 
PLEXCO EHMW PE 3408 HDPE Pipe offers other 
major advantages over other piping systems: 

lightweight and exceptional flexibility provide 
ease of installation, even over difficult terrain 
excellent resistance to aggressive media and soils 
low wall friction losses 
joining either by simple heat fusion process or by 
mechanical connectors 

This combination of properties makes PLEXCO PE 
3408 Industrial Pipe the preferred choice for slurry 
piping applications. 

5tO 1. 

Transportation of 
Quartz Sand/ Wa t er 
Slurries 
PLEXCO EHMW PE 3408 HDPE pipe is used in a 
sand works for the transportation of a quartz 
sand/water slurry extracted from a flooded gravel 
pit. The slurry is 30% sand by volume, with an 
average grain diameter of approximately 300 
microns. The slurry is conveyed through the 10-in. 
nominal outside diameter pipe at flow velocities of 
7.5 to 13 fps at 85 to 90 psi. At an annual 
production rate of 400,000 tons of sand, the EHMW 
HDPE pipe has lasted more than five years without 
evidence of appreciable wear. 

a 

Polyethylene 
forcoal and 
Slurries 

Pipe 
Pyrite 

For more than 4% years, the slurry obtained during 
coal preparation at a lignite mine has been 
transported in a 9800-ft above ground PLEXCO 
EHMW PE 3408 HDPE pipeline. The 10-in. nominal 
OD, SDR 11 line carries a coal, pyrite and water 
slurry with a 10% by volume solids content and a 
grain size of 500 microns. The operating 
temperature is around 70OF, with a delivery 
pressure of nearly 60 psi and a flow velocity of 10.5 
fps. Abrasion in the pipe and pipe bends under 
these conditions has been about -001 in. or less. In 

the reduction in wall thickness at an initial 
thickness of 0.256 in. averaged 40-50%. 

m 
the steel bends inserted for comparison purposes, L. 
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Sizes VZ'' IPS through 54" IPS are available in 
standard pressure ratings from 255 psi to 50 psi 
(SDR 7.3 to SDR 32.5). Special diameters and wall 
thicknesses are available, for example 10" IPS DR 
4.3 (485 psi at 73OF) for a high pressure coal slurry, 
or 13.375" OD x 0.200 wall for insulation jacketing. 

Sizes 3" IPS through 54" IPS are manufactured 
to ASTM specification F-714; V2" IPS through 6" 
IPS are manufactured to  ASTM specification 

PLEXCO EHMW PE 3408 pipe is rated for pressure 
service from -5OOF and lower, to 140OF. 
Nonpressure service to 18OOF is permissible. 
Standard pressure ratings are for service to 73OF. 
Higher temperatures and some chemicals can 
significantly change pressure ratings. The 
Hydrostatic Design Basis granted by the Plastics 
Pipe Institute for PLEXCO EHMW PE 3408 
polyethylene pipe is 1600 psi at 73.4OF, and 800 psi 
at 14OoF, the highest ratings available for PE 3408 
pipe. 

D-3035. 

PLEXCO FllTlNGS ARE DESIGNED FOR THE 
FULL PRESSURE REQUIREMENTS OF THE 
SYSTEM, AND ARE MANUFACTURED FROM THE 
SAME EHMW PE 3408 MATERIAL USED FOR PIPE. 

Fittings 8" IPS and smaller are molded. Larger 
fittings, elbows and tees, are fabricated from heavy 
wall pipe - the outlet ends are machined to match the 
system piping. Miter fusion fittings fabricated from the 
same thickness pipe as the system pipe must be 
rated at lower pressures, and, therefore, reduce the 
overall operating pressure of the system. These lower 
pressure rated fittings are available on special order. 
ALL STANDARD FllTlNGS ARE FULLY PRESSURE 
RATED THE SAME AS THE SYSTEM PIPING. 
Elbows, straight and reducing tees, and reducers are 
available for '12'' IPS to 54" IPS pipe sizes. Flange 
adapters are available for 2" IPS to 54" IPS pipe 
sizes. 

Molded-butt fittings are manufactured to ASTM 
specifications D-3261. 
Factory fabricated pressure manifolds and header 
assemblies manufactured to customer dimensions and 
specifications are available along with special 
fabrications such as catch basins, waterstops, ~ 

.- manholes, -,and manhole liners. PLEXCO fabrication 
' engineers can assist you with your specific needs. 

Fabricated Tee 

PLEXCO standard FULL PRESSURE RATED 
ELBOWS AND TEES 

Catch basin 

PLEXCO special fabrications, catch basins and 
water stops - for pressure and nonpressure 
applications. ALL FACTORY FABRICATED. 

000287 
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Special Fabrications 

PLEXCO - Spimlite manhole 

-u-zfmwra- 

PL EXCO custom manifolds. headers and piping assemblies 

Quality Control/ 
Tech n i ca I Ass i s t a n c e 
PLEXCO recognizes the need for total service and 
quality products produced to industry standards. 
A technical service department provides installation 
training, technical advice, and assistance; and 
on-site support aids customers in fusion procedures 
that achieve the high quality, long-life piping 
systems. PLEXCO PRODUCTS SHOULD BE HEAT 
FUSION JOINED USING PLEXCO FUSION 
PROCEDURES. PLEXCO maintains a substantial 
testing program to assure the manufacture of quality 
products produced to industry standards and 
specifications. Assurance testing of pipe and fittings 
is an ongoing program. PLEXCO’s technical 
personnel also actively participate in industry 
associations, professional organizations, 
and technical committees involved in development, 
specification and design of plastic piping systems. 
When you buy PLEXCO polyethylene piping 
systems, you reap the benefits of 
industry leadership. 

\r’ 
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PLEXCO@ Plants 

General Office 

PLEXCO Product 
Literature 

S P I R O L d  Product 
Literature 

‘ 1  

Abbevllle. SC 29620 
P.O. Box 608 
State Highway 32 
(803) 446-2136 
(803) 446-2139 (fax) 

Knonllls, TN 37933 
P.O. Box 23530 
10420 Lexington Drive 
(615) 966-5822 
(61 5) 675-941 2 (fax) 

Bensenville, I1 60106 
1050 IL Route 83. Suite 200 
(630) 350-3700 
(630) 350-2704 (fax) 

Colton, CA 92324 
1280 Jefferson Lane 

(909) 370 3787 (fax) 
(909) 420-5500 

Reno, NV 89506 
14381 Lear Blvd. 
(702) 677-1 700 
(702) 677-1712 (fax) 

Fairfield. IA 52556 
1806 West Stone Avenue 
(515) 472-3137 
(515) 472-1658 (fax) 

Waxahachie, TX 75165 
1601 West 287 Bypass 
(972) 937-0852 
(972) 9374530 (fax) 

11 you’d like to know more about PLEXCO products, call our General office or your nearest Plant 
Location. or write for these additional brochures: 

Fusion Procedures Butt Fusion Procedures Municipal Piping System Pipe Data 8 Pressure 
Joining PLEXCO Extra High Molecular Weight Extra High Molecular Weight Ratings Chart 
Polyethylene Pipe & Fittings High Density Polyethylene High Density Polyethylene Bulletin No. 301 
Bulletin No. 101 PE3408 Pipe Bulletin No. 11 2 

Bulletin No. 108 

Dimensions For Molded 
Fittings Fittings 
Bulletin No. 320 

Dimensions For Fabricated 

Bulletin No. 321 

FM Manual BLUESTRIPE-FM’“ 
Factory Mutual Approved for NSF and FM Approved 
firewater Systems Systems for Combined 
Bulletin No. 365 FirewaterPotable Water 

Systems 
Bulletin No. 370 

Landlill Applications- 
Polyethylene Piping 

Bulletin No. 620 

Application Note No. 4 
Liquid flow Through 
PLEXCO Piping Systems Surge Considerations 

System Testing Weighting Submerged 
Polyethylene Pipelines 

Application Note No. 1 
Pipe Behavior Under Earth 

Systems t Loading 

Application Note No. 5 
Water Hammer 8 Pressure 

Applicalion Note No. 8 ApoliP2i io: i  N?!E :!:. C 

Application Note No. 12 
Renewing Sewers with 
PLMCO Polyethylene Pipe 

ASTM F894 High Density Manholes 
Polyethylene Pipe Product 
Data 
Bulletin No. 910 

Application Not? he ;:1 
PE Piping for Flotation 

--Bulletin NO. 915- 

Rev. 10196 - supercedes all previous editions 

BLUESTRIPEI” AWWA Pipe 
Meets AWWA C-901 8 HTPE 
C-906 for Potable Water 
Service 
Bulletin No. 351 

Technical Advantages of 

Bulletin No. 354 

Perloraled Piping System 
Bulletin No. 450 System 

DCSl\’ Dual Containment 

Bulletin No. 610 

Application Note No. 2 Application Note No. 3 
External Hydraulic Recommended Support 
Overpressure Negative Spacings 
Pressure Considerations 

ADplication Note No. 6 
Chemical and Environmental 
Considerations Backfilling 

Application Note No. 7 
Pipe Embedment 8 Final 

Apolica:ion NGtr Nl;. 10 
Safe Pull Space for PLEXCO 
Polyethylene Pipe Polyethylene Pipe 

Apglication Note No. 11 
Gas Flow Through PLEXCO 

3 Renewing Sewers with Installation Guide 
SPIROLITE a“ 

01986 Chevron Chemical Company 
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piroliteo, the leader in plastic pipe technology, manufactures thermoplastic pipe in diameters S through 120 inches. Spirolitee pipe, because of the unique process through which it is 
manufactured, is the only high density polyethylene system in the United States that truly offers a 
cost competitive alternative to traditional piping materials for gravity sanitary sewer and industrial 
waste applications. Lightweight Spirolitee offers both the ease of a bell and spigot joint design that 
reduces installation time and the corrosion resistance to assure long-term, trouble-free service. 
Spiroliteo pipe also meets the requirements of ASTM F-894. 

SIZERANGE 1 1 .  I .. 

Unlike many conventionally extruded thermoplastic pipes, 
where inside diameter is decreased as the wall is made 
thicker, all SpiroliteQ pipe is manufactured to constant internal 
diameters. Standard SplmllteQ sizes are listed below. 
Additional sizes through 144” diameter are available on 

f 

‘Other sizes available upon request. 

PROFILE WALL CONCEPT MAXIMUM EFFICIENCY 

SpirollteQ is manufactured through an exclusive 
process by which a profile extrusion is continuously 
wound upon a mandrel. This innovative wall construction 
takes advantage of a geometrically efficient hollow 
rib design to minimize pipe weight while maximizing 
stiffness. The result is a pipe with an outstanding stiffness 

to weight ratio. Each size of Splrollte@ pipe is 
available in several standard classes, allowing the 
engineer to choose the profile/class which is the most 
economical for his specific application. The Splrollte@ 
profile wall concept has been proven by more than 20 years 
of successful field experience worldwide. 

This bulletin is intended to be used as a guide to support the designer in the use of Spirolite Pipe. It is not 
intended to be used as installation instructions, and should not be used in place of a professional design 
engineer. The information contained herein cannot be guaranteed because the conditions of use are beyond 
our control. The user of this bulletin assumes all risk associated with its use. 

1 000292 
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e -..diameter plastic pipem 

Spirotitea is manufactured from a high density, high molecular weight polyethylene especially designed for engineered piping 
applications. This material has been used successfully to make pipe for over 30 years. The resin selected for Spirolitem offers 
the optimum combination of strength, stiffness, toughness and long-term reliability (see Figure 1). The material is classified by 
ASTM D-1248-84 Standard Specification for Polyethylene Plastics h&&ga@ Extrusion Materials as Type 111, Class C. Category 5. - G l b e  selected based on application requirements. 

ESCR 

Some grades of polyethylene may crack or craze when 
under stress and in contact with certain chemical substances. 
This phenomenon is known as environmental stress 
cracking. Spirolitea pipe is made from stress-crack 
resistant materials which, when tested under the most 
severe ESCR test conditions (ASTM D-1693, Condition C), 
produce a result that far exceeds the ASTM D-1248-84 
requirements for the highest-rated pipe materials. 

a, -. WEATHERABILITY 

Although Spirolitea pipe has been primarily designed for 
buried applications, i t  is weather resistant-it may be stored 
or used for years in direct exposure to the natural elements. 
The pipe compound contains a minimum of 2% carbon 
black, as specified by ASTM 0-1 248-84 for we%eKsistant 
(Class C) a r W  his additive screens out the sun's 
potentially damaging ultraviolet rays and preserves the 
pipe's properties. 

I CHEMICAL AND CORROSION RESISTANCE I 
The outstanding chemical and corrosion resistance of 

Spirolitem pipe makes it ideal for sanitary sewer and a wide 
variety of industrial waste disposal applications. It will not 
rust or decay or support bacteriological growth and is 
not subject to electrolytic or galvanic corrosion. Neither 
hydrogen sulfide nor the resulting sulfuric acid 
commonly found in sanitary sewers has any effect on the 
physical properties of Spirolitea pipe. A comprehensive 
chemical resistance brochure is available on request. 

Spirolite@ 
Meet5 ASTM F-894 

FIGURE 1 : CELL CLASSIFICATION DESCRIPTIONS PER ASTM D-3350' 

CELL CLASSIFICATION FOR 
SPlROLlTE BASE RESIN PROPERTY 

J 
~ PE 3408 

Density per ASTM 0-1505. g cm' 

Melt Index per ASTM 0-1238. gdl0 min 
7 3 

3 
5 Flexural Modulus per ASTM 

4 Tensile Strength per ASTM 0-638. psi 

CELL CLASSIFICATION 
LIMITS 

0.941 - 0.955 J 

~ 0 . 4  - 0.15 
110,000 - 160,000 J 
3000-3500 1, 

3 

4 

Environpental Stress Crack Resistance per ASTM 

Hydrostatic Design Basis per ASTM 0-2387, psi 

' F l ~ z  192 J 
Y 

0-1693. Failuret = hours J 
1600 

> 2% Carbon Black W C Color 8 Ultraviolet Stabilizer A3"Tfl b &63 
3 

'Base resin. Pipe values may vary. HDB established when compounded with the proper color concentrate. 

a, 
Cell classifications are minimum cell values. Resins with higher cell values may be used. 
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TEMPERATURE 1 

LONG LENGTHS 

Spiroliteo material has been selected to satisfy the 
broadest range of commonly encountered operating 
temperatures. Its working temperature range depends on 
specific circumstances, but generally extends from about 
- 4 O O F  to 1 4OoF. As with all thermoplastics, an increase 
in temperature tends to reduce stiffness and strength 
but improves ductility. With decreasing temperature, the 
opposite effects occur. When working outside the ambient 
temperature range, these effects should be taken into 
consideration by the designer. 

A characteristic of polyethylene is its relatively high 
coefficient of thermal expansion/contraction. However, for 
buried applications, exposure to variable temperatures 
is generally not a design concern because of the restraining 
action of the surrounding soil and the inherent stress 
absorbing capabilities of the pipe material. 

LIGHTWEIGHT 

1 
Number of Joints 

Project 20' 13' 8' 4' 
Length (Ft.) Lgth. Lgth. Lgth. Lgth. 

SpiroliteO pipe is produced in standard 20' laying 
lengths up to 72" I.D.* This allows the contractor to operate 
at maximum efficiency by reducing the number of joints that 
have to be assembled. The benefits can be significant. 
Many contractors have found that they can install 20%-30% 
more Spirolite@ pipe per day than a similar size pipe made 
from traditional materials. The dramatic difference in the 
number of joints is also important when you consider the 
cost of jobsite testing. As shown in Figure 2 below, the 
number of Spirolite@ joints which must be laid and tested, 
and remain infiltration free for the life of the piping system, 
is substantially lower than that of other pipes supplied in 
shorter lengths. 

for projects where severe ground conditions may limit the 
amount of trench that can be held open. 

By request, SpiroliteO may be produced in shorter lengths 

' 

. 
5000 

. 
loo00 

1 5000 

250  385 625 1250 

500 770 1250 2 500 

750 1154 1875 3750 

The unit weight of Spirolite@ pipe is considerably less 
than that of traditional pipe products. The savings resulting 
from the use of a lightweight piping system can be 
significant. Shipping costs are reduced. Installation 
equipment may be lighter and thus less expensive to 
operate. Jobsite handling efficiency is also increased. Many 
contractors have found it possible to drastically reduce, or in 
some cases, even eliminate the need for expensive lifting 
equipment to lower the pipe into the trench. 

respective weights is shown in Figure 3. 
A comparison of various pipe materials and their 

FIGURE 3: TYPICAL WEIGHT OF 36 INCH SEWER PIPE 

r I 
I WEIGHT IN POUNDS PER FOOT OF PIPE I 

565 

425 

1 7 0  

30 - 
Concrete Strength Class 50 

Clav 
Class 63 

L- 

'Over 72" I D is produced in 19' laying lengths 

3 ,  
:, 1 
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Spiroliteo is rugged. It withstands stresses that would 
normally damage conventional piping products. Its 
resistance to cracking and breakage through customary 
jobsite handling eliminates the need to order extra pipe. 

I JOINING I 
Spiroliteo pipe may be joined by two alternative 

techniques, each employing the ease of bell and spigot 
assembly. These are rubber gasket and thermal welding. 
Together, they allow the specifier the option of selecting that 
method which is best suited to the application. 

RUBBER GASKET JOINT 

~ I 

I 
/ I 

The Spiroliteo gasket is designed to meet ASTM F-477. 
This easily assembled joint is perfect for sanitary sewer 
and most industrial waste applications and is available in 
8 through 84" diameter Spiroliteo. The gasket will c. a not "fishmouth" or roll out of ikgrove when homed. 

Because of its unique profile shape, the gasket provides 
dual sealing; a compression seal against exfiltration and a 
combination of compression and hydraulic seal against 
infiltration. This provides double protection. The hydraulic 
seal is energized by external pressure, thus, it becomes 
tighter with increasing infiltration pressure. This unique 
design is superior to an O-ring seal which provides only 
a compression seal. The Spiroliteo joint passes standard 
air or hydrostatic field testing with ease and is designed 
in accordance with ASTM 0-321 2 Joints for Drain and 
Sewer Piastic Pipes Usin.9 Fiexibie Elastomeric Seais. 
Infiltration rates not to exceed 50 gallondinch of 
diametedmilelday may be specified for the Spirolite 
gasket joint. Recommended assembly procedures for the 
gasket joint are given in Spirolite Technical Bulletin TB-1 00. 

THERMAL WELDED JOINT 

L WELD BEAD 

The Spiroliteo thermal welded joint is used primarily 
for applications where contact with exotic effluents is . . 
anticipated. Using a portable field extruder, a bead of 

. 

olyethylene is extruded and fused to the juncture of the bell a and spigot to form a homogenous joint which is absolutely 
leak proof. The weld bead may be placed on the inside or 
outside of the pipe or both. 

I -  

-., . - 
? . _ . _ . . .  . .. . . .~~ .:-. ._.. :. MANHOLES AND FITTINGS 1 . .  - .:.: .. .>. 

.. . .. . ___ . . .. . 
. _ .  . .  . 

For complete corrosion-resistant systems, Spiroliteo 
manholes are available. These manholes can be fabricated to 
permit connection to SpiroliteQ pipe, as well as 
traditional Piping materials. SpiroliteQ pipe can also 
be connected to traditional types of manholes. See Spirolite 
Technical Bulletin TB-1 01 for available connection options. 

SpiroliteQ pipe. All standard fittings are designed with 
bell and spigot end configurations for easy assembly to 
SpiroliteQ pipe in the field. In addition to standard 
fittings such as elbows, wyes, tees, flanges, and lateral taps, 
SpiroliteQ also has the capability to custom fabricate those 
one-of-a-kind pieces that may be required for special job 
conditions. 

A full range of fittings is available for use with 

Assembling a Spirolites Joint 

4 
. .  : ... ; ,*I .... . . 
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[ - -  - - -  -FLOW CHARACTERISTICS 

Being made Of high-denslty polyethylene, FIGURE 4 MANNING FLOW CHAA7 
all Spirolitea products result in excellent 
hydraulics, superior to those of conventional 
materials. Spiroliteo products minimize flow 
disturbance due to sedimentation and slime 
build-up by providing a smooth, non-polar 
and anti-adhesive inner surface. 

Thus, Spiroliteo pipe offers the potential 
for use of smaller diameters and/or reduced 
slopes to accomplish given flow 
requirements. The Manning coefficient of 
Spiroliteo pipe for clean water at ambient 
temperature is 0.009. 

~~ 

EOUATION 1 

Where 0 = flow (ft. Vsec.) 
n = Manning roughness coefficient 
A = flow area of pipe ( 1 1 . 2 )  
R = hydraulic radius (ft.) = D/4 

where D = pipe inside diameter (ft. 
s = slope(feet/foot) 

-EXAMPLE- 
The nomogram in Figure 4 can be used 

to determine discharge, diameter, 
velocity, or slope. For example, to determine 
the diameter of pipe needed to handle 
50 million gallons of discharge per day, 
first determine the slope of the line and 
whether it will be handling storm drainage 
or sewer flow. For this example, the 
line will carry storm drainage at a slope of 
0.00045. Find this slope in the column 
on the far right. Using a scale, mark a 
line from 0.00045 through 0.009 (the 
coefficient for water) to the pivot bar. 

Now find the anticipated discharge 
(50 million gallons) in the column on the 
far left and mark a line from there through 
the diameter line to the point where the first 
line crossed the pivot bar. 

diameter line shows the diameter of pipe 
needed; in this case, 60 inch Spiroliteo. 

diameter, velocity, or slope, you must 
have two data points on one side of the 
pivot bar and one on the other side. 

The point of intersection with the 

NOTE In order to determine discharge, 
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Spirolite pipe is manufactured in four standard ring Stiffness 
classes. In preparing a specification, the designer selects a 
class of pipe appropriate for the application. The following 
tables may be used to assist the designer in making that 
selection. It is important that the designer perform all 
necessary calculations to verify the adequacy of a given class 
of pipe and be acquainted with all assumptions and installation 
requirements. Other design methods may be applicable. 

The design of HDPE pipe for subsurface applications is 
typically based on the following performance limits: (1) wall 
crush strength, (2) constrained buckling resistance, and (3) 
deflection. Equations for these performance limits are given in 
the Appendix and were used to produce Table 1 and Table 2. 
The suitability of a class of pipe for installation at a given depth 
depends on the installation achieving the design E' and on the 
pipe being installed in accordance with ASTM 0-2321 and the 
Spirolite Installation Guide. The designer is advised to review 
the applicability of these equations to each use of Spirolite. 
The classes and depths shown in the tables are based on a 

design soil weight (dry or saturated) of 120 Ibs/ftJ and an 
applied H-20 live load. (Where live load is present, Spirolite 
pipe normally requires a minimum depth of cover of one pipe 
diameter or three feet whichever is greater. Where this 

condition can not be met, please consult PLEXCO.) The 
earth load for calculating crush resistance was found using the 
arching coefficients given in Figure 10. The prism load was 
used for buckling and deflection calculations. Deflection was 
calculated using 75% of the E value given at the top of the 
respective column, a deflection lag factor of 1.5. and a 
deflection limit of 5 percent. Buckling was calculated using the 
E' value listed and a long-term pipe modulus value of 28.250 
psi. Buckling resistance was considered only for pipe 
subjected to ground water, as buckling is normally not a 
controlling factor for dry ground installations in the range of 
depths given in the tables. A safety factor of two was applied 
to the crush and buckling values. 

I BURIAL ABOVE GROUND WATER LEVEL I 
Table 1 is based on calculations made assuming the ground 

water level is always below pipe grade elevation. For other 
sizes. and burial depths or conditions not listed, consult with 
PLEXCO. 

Table 1: SPlROLlTE PIPE CLASS SELECTION FOR BURIAL ABUV€ THE GROUND WATER LEVEL 

E' 
2 
4 
6 
8 
10 
12 

? 14 
16 
18 z -  

" 20 

22 s 
24 

- 
- 
- 
- 

- 
c -  
c - 
> 0 -  

0 c -  

2 2 6  
28 

3332 40 40 40 40 

40 40 40 40 * 
100 100 

'100 I 40 I 40 I 100 I 40 I 40 I 160 1 40 I 40 

I100 I roo1 I100 Irool I100 I100 
I100 IlOOl 1 100 IlOOl I160 I160 
100 100 160 160 160 160 
100 100 160 160 160 160 
100 100 160 160 160 160 

Vote: See text, page 6, regarding minimum depth of cover requirement when live load is present. 

40 40 
40 40 
40 40 
40 40 
40 40 
40 40 
40 40 
40 40 
40 40 
63 160 
63 
1 0 0  
100 
100 
100 
160 
160 
160 

- . 
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iECTlON I 

1000 200c 
40 40 

4 0 4 0  
40 40 
40 40 
40 40 
40 40 
40 40 
63 63 
63 63 

100 
100 
100 
100 
100 
160 
160 
160 
160 
160 

Table 1: SPlROLm PIPE CLASS S ntinued) L N E L  (CC 

1000 200c 
40 40 
40 40 
40 40 
40 40 
40 40 
40 40 
40 40 
63 63 
63 63 

63 
100 
100 
100 
100 
100 
160 
160 
160 

OR BURIAL ABOVE TH i GROUND WATEI 

P 
3000 
40 
40 
40 

- 
- 
- 

40 
40 
40 
40 
63 
63 
63 
63 
63 
100 
100 
100 
100 
100 
100 
160 

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

40 

z > 0 
0 - 
," I 22 I I1001 100 
u n 
n Q 

I 1601 160 

H 100 100 100 100 100 
100 100 100 100 100 

100 100 100 I I 1001 100 
100 100 -tt- 100 100 100 I I 100 

100 I I 100 I 100 I I100 160 160 z+k&ii7 I 1601 160 
I 1601 160 100 100 

100 100 
160 160 160 100 

160 160 I 1 160 I160 

Note: See text, page 6, regarding minimum depth of cover requirement when live load is present. 

I BURIAL BELOW GROUND WATER LEVEL I 
Table 2 is based on calculations assuming the ground water 

level is at the ground surface. Table 2 is included as a guide 
for the designer. The designer normally uses the 100 year 
flood for a design maximum ground water level. Where that 
level is below the ground surface, considerable savings may 
result in using the exact depth of the water for design 
calculations rather than assuming it is at the ground surface as 
in Table 2. 

Where the ground water is above the pipe, the designer 
normally checks the adequacy of the weight of the soil backfill 
to prevent upward flotation or upward buckliqg of the pipe. For 
other sizes, and burial depths or conditions not listed, consult 
with PLEXCO. 

FIGURE 5: 

G C L  
A 

I I 

Note: See text regarding live load. Designer should 
consider buoyancy of pipe in shallow applications. 

Maximum permissible ground water level for Table 2 is H. 
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36 
38 

. .. - .  
Table 2: SPlROLlTE PIPE CLASS SELECTION FOR BURIAL BELOW THE GROUND WATER L E V U  

\, _. 

I 160 I I 160 I I 11601 I I 160 I I I I I 
I I I I 160 I 11601 I I I I 

Note: (a) See text, page 6, regarding minimum depth of cover requirement when live load is present. 
(b) Depth of cover values given above may not be adequate to prevent flotation of submerged pipe. See text page 7. 

.. 

Table 2: SPlROLlTE PIPE CLASS SELECTION FOR BURIAL BELOW THE GROUND WATER LEVEL (Continued) 

Vote: (a) See text, page 6, regarding minimum depth of cover requirement when live load is present. 
,b) Depth of cover values given above may not be adequate to prevent flotation of submerged pipe. See text page 7. 

_ A  
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The following tables provide nominal dimensions and nGURE 6: CROSS SECTION OF SPlROLm PIPE 
properties for Spirolitea pipe. Figure 6 shows a typical cross 
section of each profile and its derived properties. pp  1 

NOTE: "Se" is the effective wall thickness required in a solid 
wall section yielding the same moment of inertia. 

TABLE 3: SPIROLITE PIPE NOMINAL DIMENSIONS AND PROPERTIES CLASS 40 

. .  
9 
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TABLE 5: SPIROLITE PIPE NOMINAL DIMENSIONS AND PROPERTIES CLASS 100 

G 

TABLE 6: SPIROLITE PIPE NOMINAL DIMENSIONS AND PROPERTIES CLASS I60 

i 

'Properties are based on minimum profile dimensions 

(Centroid) 

0.42 

0.48 
0.50 
0.56 
0.62 
0.61 
0.66 
0.74 
0.83 
0.87 
0.92 
0.98 
1.04 
1.18 
1.33 



A realistic approach to deflection control in flexible pipe 
installations involves assessment of the deflection occur- 
ring during installation and due to the service loads, Le. soil 
and superimposed loading. 

The placement and compaction of bedding material tend 
to deform plastic pipe, at times causing more deflection 
than the service load. The lateral forces acting on a pipe 
during the compaction of the embedment material between 
the pipe's invert and springline tend to produce a slight in- 
crease in the pipe's vertical diameter ("rise"). Rise can off- 
set service load deflection. 

Because a flexible conduit interacts with the surrounding 
soil, the nature of the pipe embedment material and the 
quality of its placement are important to the control of de- 
flection. Some conduit deflection is natural, and is essential 
to the development of necessary soil support. The maxi- 
mum deflection at any point along a pipe must be limited to 
safeguard its performance capabilities (such as joint tight- 
ness) and to protect pipe walls from excessive straining. 
One of the key objectives in the selection and installation of 
a flexible pipe is deflection control. SpiroliteB can with- 
stand large amounts of deflection because of its ductility 
and ability to relieve stress under load. Common design 
practice is to limit long term deflection to 7.5%. 

The primary contributor to deflection control is the sup- 
port provided by the embedment material. Support is the re- 
sult of mobilization of passive resistance in the embedment 
material during horizontal deflection of the pipe. The 
amount of support is measured by and directly proportional 
to a constant known as the modulus of soil reaction (E'). 

~~ 

VERnCAL DEFLECTION (%)* 
I 

E'-lOOO E'-2000 E'-3000 
Depth of Cow - 10' % % % 
Class 40 2.8 1.4 .9 
Clam 63 2.8 1.4 .9 
Clam 100 2.7 1.4 .9 

Depth of Cover - 16' n % n 
Class 40 4.0 2.0 1.4 
Class 63 4.0 2.0 1.3 
cless 100 4.0 2.0 1.3 

In situ soil stiffness may influence the modulus of soil reac- 
tion value. The designer should consider this for applica- 
tions in soils having a low capacity for lateral resistance. 

The effect of pipe deflection of various levels of side sup- 
port versus pipe ring stiffness is illustrated in Figure 7. Note 
that, with a modulus of soil reaction of 1000 psi at a burial 
depth of 10 feet, there is virtually no difference in the 
amount of anticipated deflection regardless of pipe class. A 
Class 100 pipe buried to a depth of 10 feet may, depending 
on the quality of the pipe's embedment (E'), deflect sub- 
stantially more than a Class 40 pipe buried to a depth of 16 
feet. The greater E' enables the more flexible pipe, under 
substantially greater load, to see considerably less deflec- 
tion. Studies and extensive field experience show this to be 
the case and indicate that the vertical deflection of buried 
flexible pipes is about equal to the vertical compression 
(soil strain) of the pipe's sidefill. 

FIGURE 8: 

Class 
ASTM 
0-2321 

1 

11 

Iv(a) 

IV(b) 

FIGURE 7 

VALUES OF E' FOR SPlROLlTE PIPE 

Soil type tor pipe bedding material * Moderate 9 
(Unified Classification System'') Dumped 4 5 %  Std. Proctora 8545% Std. Proctor >95% Std. Proctor 

40% Rel. Den." 40-70% Rel. Den. >70% Ret. Den. 

Crushed Rock 

(%.-1!4-) 

Coarsegrained Soils with Little or no Fines 

(maximum particle size 1 M') 
Coarsegrained Soils with fines 

(maximum particle size 1X) 

Finegrained Soil (LLc50) 

25 percent coarseqrained panicles 
Fine-grained Soils (Lb50) 
Soils with high plasticity CH. MH. CH-MH 
Finegrained Soils (LLc50) 
Soils with medium to no plasticity CL. ML. ML-CL with less than 
25 percent coarse-grained panicles 

Accuracy in terms of Percentage Deflection 2 2  2 2  2 1  2 0.5 

Manufactured angular, granular material with little or no fine. 1 ,000 3.000 3.000 3.000 

GW. GP. SW. SP"containing less than 12 percent lines NR 1 ,000 2.000 3.000 

GM. GC, SM. SC"containing more than 12 percent lines NR NR 1 ,000 2.000 

Soils with medium to no plasticity CL. ML. ML-CL with more than NR NR 1.000'5 2.000'5 

, 

NR NR NR NR 

11 
. .  



' INTRODUCTION I 
Given similar trench conditions, a rigid pipe is generally 

subjected to a considerably greater load than a flexible 
pipe. With rigid pipe, the predominant source of support is 
the pipe itself. If not properly installed, failure can occur due 
to stress concentrations. Therefore, the failure of a rigid 
pipe is often catastrophic. Spiroliteo is a flexible conduit. 
It can sustain controlled deformation without harmful 
effect. For burial installations, the beneficial features of 
flexible conduit are well recognized. Soil support forces 
are mobilized, greatly enhancing the pipe's load carrying 
capabilities, and excessive and concentrated loads are 
relieved. Requirements for achieving satisfactory 
construction of flexible pipe/soil systems are not very 
different from those utilized with traditional piping 
products. General guidelines presented by ASTM D-2321 
(Standard Recommended Practice for Underground 
Installation of Flexible Sewer Pipe) are applicable to 
Spiroliteo pipe. The strength of flexible pipe/soil 
systems has been repeatedly demonstrated by numerous 
laboratory tests and confirmed by extensive field experience. 

The following summarizes general installation guidelines for 
olastic pipe. For specific applications, the installer should 
:onsult the PlexcolSpirolite Installation Guide prior to installing 

INSTALLATION 1 
~~ 

The key to a successful installation is achieving stable 
and permanent support of the pipe. For flexible pipe, 
adequate side support is as important as proper bedding. 
Bedding and initial backfill materials should be stable and 
compactible. Uniform and proper placement of materials 
around the pipe is necessary to obtain permanent 
support. 

I BEDDING I 
Pipe should be installed in a dry trench. All large rocks 

and clumps should be removed from the trench 
bottom. Bedding should be of the same material as the 
initial backfill and should be compacted to the same density 
as required for the initial backfill and extended to at least six 
inches over the top of the pipe. Bedding thickness is 
typically 4"-6". In unstable soils, additional bedding 
(or foundation) may be required to obtain a stable trench 
bottom. 

L HAUNCHING AND INITIAL BACKFILL 

Proper placement and densification of embedment 
?aterial in the haunching area is a key step toward proper 

111 embedment.materials are normally suitable for use 
with Spirolites pipe.*Proper installation requires even 

e istallation. As indicated in Figure 8, only Class I, II, and 
.x. 

* Y  

placement and compaction of these materials on both sides 
of the pipe from trench wall to trench wall, and normally 
from the trench floor to 6" above the crown of the pipe. 
This should be done in lifts which permit optimum 
consolidation of the backfill. Compaction levels of a 
minimum of 85% Standard Proctor Density for Class I 
and II materials and 90% Standard Proctor Density 
for Class 111 materials are required. 

The initial backfill is divided into the primary zone and 
the secondary zone. (See Figure 9.) Primary zone materials 
contribute significantly to pipe support and are normally 
materials recommended in Figure 8. For most applications, 
above the ground water level it is only necessary to bring the 
primary zone material to a height equal to 
diameter. The remainder of the initial backfill or the secondary 
fill can be any compactible material, including native soil. 
If the pipe is located beneath the water table, the secondary fill 
should consist of the same material as the primary initial 
backfill and both secondary and primary fill should be 
mechanically compacted with an impact tamper or vibratory 
sled. The second fill should extend above the pipe to the 
height noted in the Installation Guide. 

of the pipe 

I 

FIGURE 9 c- 

Every precaution must be taken to ensure the long-term 
stability of the backfill system. This requires adherence 
to the recommended embedment procedure, as well 
as the availability of stable foundation, bedding, and 
trench wall conditions. Where unstable trench wall conditions 
exist, or where there is a possibility of ground movement, 
soil migration, or high water tables, special installation 
procedures may be required. 

FINAL BACKFILL 

Any material consistent with applicable job requirements 
can be used for final backfill. If the final backfill material 
contains large clumps or rocks which might cause point 
loading of the pipe crown, then a 2 foot layer of compacted 
select material must be added above the pipe before 
beginning final backfill. 

12 
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This section provides a detailed approach to selection of the 

The following considerations apply in the selection of 

proper class of pipe for a specific subsurface installation. An 
example of this approach is also included. 

Spirolitee as well as other flexible pipes: resistance to crush, 
resistance to buckling, and resistance to deflection 
due to construction and service loads. 

Selection of a class of Spirolitee pipe generally depends 
on the crushing resistance of the pipe wall rather than on 
the anticipated deflection of the pipe. In cases where the 
pipe is buried beneath the ground-water table, the 
constrained buckling resistance of the pipe must also be 
considered. Pipe class has little influence on long term service 
load deflection in most installations. Deflection 
is controlled by the enveloping soil stiffness, as shown 
in the section "Deflection Control." 

The class of Spirollte@ pipe selected for a given 
application should have allowable crush and buckling 
loads in excess of the service load. The service load includes 
traffic loads, earth load, and surcharge load. 

WALL CRUSH STRENGTH 

The allowable crushing load for a confined conduit is 
determined by the compressive strength of its walls. The 
allowable crushing loads for all Spirolitea sizes and 
classes are listed in Tables 3-6. These values have been 
calculated using the following equation. 

EOUATION 3 

5.65 R 8' E' El 

1 

PIyc = allowable constrained buckling pressure (psi) 
H = helght of cover (ft.) 
R = buoyancy reduction factor = (1 - .33 H'M) for H' < H 

N = safety factor (generally taken as 2) 
E' = modulus of sol1 reaction (psi) 
H' = helght of groundwater surface above plpe (ft.) 
E = modulus of elasticity of plpe material (psi) 

(for pipe permanently beneath the water 
table, E typically equals 28.250 psi. When 
hydrostatically loaded for less than 3 months out 
of the year, E may be taken as 42,200 psi.) 

I = moment of Inertia of wall section (In. Vn.) 
D, = (Di + 2 2) mean diameter (In.) 
D, = Inside pipe diameter (in.) 
t = distance from Inner plpe surface to the I centroid of the wall section (In.)-- Tables 3-6 

HYDROSTATIC COLLAPSE RESISTANCE 
In the special case of underwater installations where the pipe IS sub- 
merged directly in water or other fluids, the pipe's allowable hydrostatic 
collapse pressure may be determined by the following equation. 

EOUATION 2 EQUATION 4 
~~ ~ 

I 288 AS, 

I P, = 
I 

ND. I 

I 
I at 73.4OF. 

Where P, = allowable crushing load (IbsJft.,) 
S, = long term Compressive stress (psi) - 1600 psi 

N = safety factor (generally taken as 2) 

D. = pipe outside diameter (In.) = pipe Inside 

I 
I A = average profile area (in Mn.)-See Tables 3-6 

diameter +2 times wall height-* Tables 3-6 
! 

j NO- The constant In Ihls equallon lncludw tho .ppropr(.Io unit. eanenlon factor. 

I CONSTRAINED BUCKLING RESISTANCE I 
Occasionally, when pipe is buried below the groundwater 

table, wall buckling resistance will govern the class 
selection of SpiroliteB pipe. Constrainment of pipe in a 
trench greatly increases its resistance to wall buckling 
under hydrostatic load. For a constrained pipe buried to a 
depth of cover greater than 4 feet, the following equation' 
may be used to determine the allowable buckling pressure. 

i 
i 

I 
I 
i 
I 
i 
I 
I 

! 
I 

I 

24EI C 

p w  = (1 -/J,) D,' N 

Where PW = allowable hydrostatic collapse pressure Of 

unconstrained pipe (psi) 
E = modulus of elasticity of plpe material 

(psi) (Ranges from 113,000 psi for short term 
loading at 73.4OF. to 25% of that 
value for continuous long term loadlng) 

--See Tables 3-6 

about 0.35 for short term loadlng to 
0.48 for long term loading.) 

I = moment of Inertia of wall section (In. Yln.) 

/J = Poisson's ratio for plpe materlal (ranges from 

D, = (0, + 2 t) mean diameter (In.) 
D, - Inside plpe dlameter (In.) 
t = dlstance from Inner plpe surface to the 

C = ovallty correctlon factor as follows: 

1% 0.91 
2% 0.84 
3% 0.76 
4% 0.70 
5% 0.64 

centroid of the wall section (In.)-- Tables 3-6 

Ovallty C 

N = safety factor (generally taken as 25)  
' "Recommendattons tor E m c  Buckling Deslgn Requirements tor Buned. Flexible Pipe," Prowdlngr. Part 1, A W A  1982 Annual Conference. "Better 

13 
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,lasses. 
Thus, the total load on a pipe IS expressed by the following - *- 

RING STIFFNESS CONSTANT (RSC) 1 
\' 

Total Load = Soil Load + Live Load 

Pipe's sensitivity to deflection rise during installation 
is controlled by the pipe's ring stiffness. Ring stiffness is 
defined in terms of the deflection resulting from the load 
applied between parallel plates. The Ring Stiffness Constant 
(RSC) is the value obtained by dividing the parallel plate load 
in pounds per foot of pipe length by the resulting deflection in 
percent, at 3% deflection. (As described in ASTM F-894.) 

EQUATION 5 

i 
6.44 El 

I Dm' 
RSC = 

Where RSC = ring stiffness constant (parallel plate load in 
pounds per foot of pipe which causes a 1 %  
reduction in diameter) 

(in.%41in.)-See Tables 3-6 

(1  13,000 psi @ 73.4OF.) 
Dm = (DI + 2 t) mean diameter (in.) 
Di = inside pipe diameter (in.) 
Z = distance from inner pipe surface to the 

I = moment of inertia of wall section 

E = short term modulus of pipe material 

centroid of the wall section (in.)-See Tables 3-6 

The nominal ring stiffness constant of a specific 
Spiroliteg pipe can be directly related to the pipe's class 
designation. That is, a Class 40 pipe has a nominal ring 
stiffness constant of 40. the RSC of Class 63 is 63. and so 
forth. The minimum RSC for any diameter of pipe within 
a class is 90% of the class nominal value.' 

The classes are shown in Tables 3-6. All sizes of pipe 
in the same class will deflect uniformly under parallel plate 
load, i.e. the same parallel plate load will produce 
approximately the same percent of deflection in all pipe of a 
given class. For example, any Class 40 pipe will deflect 
approximately 2% under an 80 Ib./lineal f t  load. 

is the most flexible Spiroliteo pipe. Although the exact 
force applied to a flexible pipe during compaction is not 
easily calculated, it is known that, for ordinary levels of 
compactive effort, Class 40 pipe possesses adequate 
stiffness to achieve a beneficial amount of rise while not 
impeding the installation or creating significant stresses in 
the pipe wall. Field observation indicates a typical rise of 
one or two percent in the vertical diameter. However, 
variations in embedment materials, their placement, and in 
compactive techniques make it difficult to estimate rise 

To further illustrate this, consider a Class 40 pipe, which 

prior to the actual installation. 

insignificant role in controlling deflection. 
Beyond initial installation, pipe stiffness plays an 

'The minimum value of RSC lor Spirolllee pipe IS approximately Me same as me minimum value for flexible culverts given m lhe AASHTO Interim Design Specification. 1981 

ESTIMATING DEFLECTION 1 
0' 

Total deflection of a flexible pipe includes both the 
deflection incurred during installation and the deflection 
due to soil and superimposed loads. Most proposed 
relationships for estimating deflection deal only with the 
latter loads. However, sufficient empirical data exists 
to make reasonable estimates$ of total deflection. 

A well known relationship for calculating the average vertical 
deflection in a buried flexible pipe resutting from soil loading only 
is Spangler's Modified Iowa Equation. This equation, as shown 
below is modified and expressed in terms of RSC values and 
assumes a bedding constant of K4.1 (for typical bedding 
SUPportl. 

The US.  Bureau of Reclamation (USBR) and others have 
investigated the load/deflection relationship of buried flexible 
pipe. As a result of hundreds of field measurements, and 
computer analysis, a series of soil reaction (E') values were 
developed for use with the above Equation. These E' values 
are useful in estimating the initial deflection resulting from soil 
loading. They are presented in Figure 8 in terms of the 
embedment materials. 

EQUATION 6 

Y P ( . I )  L 

D, - 144 (1.24 (RSC) I Dl) + 0.061 E' 
- - 0  

Where 
Y = vertical pipe deformation (in.) 
DI = inside pipe diameter (in.) 
P = load on pipe (IbsJlinear ft.2) 

RSC = ring stiffness constant (Ibs.Ilinear ft.)-See 

E' = modulus of soil reaction (psi)-See Figure 8 
L = deflection lag factor (Typical values range 

Tables 3-6 

from 1.0 to 1-50) 

NOTE: The constant in this equation includes the appropriate units 
conversion factor. 

. n  
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The work of Marston and recent developments with finite 
element analysis have shown that at a given depth, the 
vertical soil pressure at the crown of a buried flexible pipe is 
generally less than the pressure in the soil if no pipe were 
present (prism condition). This phenomena occurs because 
the flexible pipe deflects under load and allows part of the load 
to be absorbed by soil frictional forces (soil arching). 

Spiroliteo recommends the use of the soil arching concept 
for calculating the soil load for analysis of Spiroliteo wall 
crush strength. The soil load as defined in Equation 8 is the 
product of the prism load and the arching coefficient. The 
arching coefficient reduces the prism load to a conservative 
arched soil load value. Figure 10 provides a graphical solution 
for the arching coefficient. 

0.9 

0.8 

0.7 

FIGURE 1 0  Graphical Solution to Marston Soil Arching Concept 

r 

.. 
- 
L 

- 
m 

For evaluations involving the Constrained Buckling and 
Spangler's Iowa Equation the value for the modulus of soil 
reaction (E') was derived using the prism load. Therefore, for 
evaluations employing the Spangler and Constrained Buckling 
Equation an arching coefficient, F. of 1 .O should be used. 

EQUATION 8 

Total Load = (Prism Load) 'Arching Coefficient + Live Load 
= WHF+L 

Where P = Total load (Ibs./ft) 
W = design unit weight of soil (Ibs./ft) 
H = height of cover (ft.) 
F = Arching Coefficient (See Figure 10) 
L = Live load (See Figure 11) 

Depthsof 
Cover 

0.6 I I I I I I I I I I I 
A A 4  A A A  A A A A  A A  A A 

18' 21' 24' 30' 33' 36" 42' 48' 54" 60" 66" 12" 04. 96' 

Pipe Diameter - Inches 

The values a Fgure 10 were cUEz!nW 0 Dua (41 T m w c t q s o a m u m m e d w ~ m a u c n m y - m  ~IEU lwme pmm w 
(51 n m archmg cos(hcmn e.& o 9 use 1 o w e a d  (I) Tm M a m  Load u calarlmed %ca spalrr ml mndmonr we m ahm- Vom. or- clay IhY - 0 131 

was u o u d  e th. caedamms rm assumma wmh mm W= ID + r br re - 4 7  MU 1D.C 
(MamDnl lDnnufl u g m  m ASCE Manual No 6o.Gfmvy s.nUry Sews OSvpn MU CbSnKIm 1 

(31 AM M dm dmw- - m pmm IW MU me uurpm l0.d m m w s a m  IDW 

w .  F~ --. as 
rnerslore m archng cosmm eqlJJu 

nm 18' d crrrn a a 6 n nd. mnch rm a 120 m tY daqn v m g ~  

121 Tm WIDW ouuadamd ThspsnwsPuabmpmodmm~d wndummm d-ini I r a p l c * 0 4 ( 2 1 6 o . l ~ I  . 082 
F -  

216Opal 

TRAFFIC LOADS 

Figure 11 is provided as a tabular method of determining 
the amount of load transferred to the pipe by a 20 ton truck 
passing over the pipe (H-20 loading). 

Figure 11: Traffic Loadings Transferred to the Pipe (Iblfta) 

Cover (fl) Transferred Load (iblft2) 
Spiroliteo recommends, where traffic loads are present, a 1 1800 

minimum depth of cover of 3 feet or one pipe diameter 
(whichever is greater). Where these depths of cover are not 

2 800 
3 600 
4 400 

250 5 
6 200 

possible, please consult with Spirollte personnel. 

175 
100 .. 

. r  

15 



This example provides a step-by-step approach for determining which class of Spiroliteo is suitable for a specific installation. 
The example utilizes the three basic pipe properties of wall crush, constrained buckling resistance and deflection to Select 
the proper class of pipe for this particular installation. For this example we will select a 60" Spiroliteo pipe for installation 
with 18 feet of cover. The pipe will be 9 feet beneath the permanent water table. The native soil is clayey with a design 
unit weight of 120 pcf. The embedment material chosen for the job is coarse graded sand that is classified Class II per ASTM 
0-2321. The embedment material will be compacted to 90% Standard Proctor Density with an average E' value of 2000 psi 
(See Figure 8). 

SELECT THE CLASS OF PIPE 

I. First determine the total load on the pipe. Use the following values 
for this example: 

Unit weight of soil w = 120 pcf 
Heiaht of cover H = le f t .  
Live Load L =Opsf 
Soil Arching Factor F = .86 (See Figure 10) 

Use Equation 8 to calculate the total load on the pipe: 

P =  WHF+ L 
= (1 20) (1 8) (.86) + 0 
= 1858 psf 

2. Determine the pipe wall compressive strength requirement by 
evaluating the cross sectional area of the pipe wall. First, 
rearrange the terms in Equation 2: 

N Do P 

288 S, 
A =- 

Before solving this equation an outside diameter of the pipe must be 
determined. To compute Do assume that Class 63 pipe will be used. 
(A small error in assuming Do will have minimal effect on pipe 
selection.) 

(2) [(60 in. + (2) (2.41)] (1858) 

(288) (1 600) 
A =  

Area Required = 0.523 in2 

Using Tables 3-6 for 60" pipe search for a class of pipe sufficient to 
provide the required area. 60" Class 63 has an area of 0.552 which is 
greater than the required area of 0.523. Therefore, Class 63 is 
chosen to satisfy the wall compressive load. 
3. Determine the pipe's constrained wall buckling resistance with 

Equation 3 by evaluating the required moment of inertia of the pipe 
wall. If the pipe is above the water table it is not normally required 
to check for buckling. 

Rearrange the terms in Equation 3: 
(pwc)' N2 D l  

(5.652) RB' E' E 
I =  

where: 

H = 18f t  - 
H = 9 f t  
R = (1-.33(9/18))= 

0.835 

. . . . .  

N = 2  
E' = 2000psi 
E = 28250psi 

P = WHF+L 

D, = 60 + (2) (0.68) = 61 3 6  in. 

Note: Use F = 1 .O for this evaluation - prism load 
= (120) (18) (1.0) + 0 = 2160 psf (In psi: 21601144 

= 15 psi) 
(1 52) (22) (61 .363) 

(5~65~)  (0.835) (0.446) (2000) (28250) 
I =  

Required Moment of Inertia = 0.31 0 in.Vin. 

Again using Tables 3-6, search the 60" Moment of Inertia column (I) 
for a Moment of Inertia greater than or equal to 0.310 in/in. A pipe of 
Class 100 (I = 0.485) is required to satisfy the constrained wall 
buckling resistance equation. 

4. The final design evaluation calculates the average initial pipe 
deflection. Use Spangler's Iowa Equation (Equation 6): 

Y =  P .  0.1 L 
D, 1 44 (1.24) (RSC) ID + .061 E' 
- - 

Where: 
P = WHF + Live Load (Note: Use F = 1 .O for this 

evaluation - prism load) 
= (120) (18) (1) + 0 = 216Opsf 

RSC = 100 (highest value selected from Steps 1-2) 
L = 1.0 
D = 60" 
E' = 2000 psi 
Y = Vertical pipe deformation (in.) 

Y = 2160 . (0.1 1 (1 1 - -  
Di 144 (1.24) (1 001 60) + .061 (2000) 

Y = 1.2% Average Deflection 

D 
- 

_ -  
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In this example 60" Class 63 was adequate to provide for the required wall crush strength for this particular aPPliCatiOn. 
However, 60" Class 100 was required to meet the requirements of the constrained buckling equation. Therefore, the constrained 
buckling requirements govern the design and Class 100 is required for this application. 

Actual safety factors for crush and buckling may be determined, if desired, by using the pipe properties of the required 
class using the above formulas and solving for safety factors. 

! 
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SECTION 1 - GENERAL 

SECTION 1.1 SCOPE: 

1 .I .1. This specification covers the requirements of SplroliteQ High Density 
Polyethylene gravity sewer pipe and fmngs in nominal sizes of 18-through 
120-inch with integral bell joints, per ASTM F-894. 

SECTION 1 2  DEFINITIONS: 

Under this standard, the following definitions apply: 

1.21. Purchaser: The person, firm, corporation or government agency 
engaging in a contract or agreement to purchase pipe according to 
this standard. 

1.2.2. Inspector: The authorized representative of the purchaser entrusted 
with the duly of inspecting pipe produced and witnessing tests performed 
under these standards. 

1.2.3. Inspection: Inspection of the pipe and the tests by the inspector: 

1.2.4. Pipe Design: The pipe shall be manufactured by the continuous 
winding of a special profile onto suitably sized mandrels. tt shall be 
produced to constant internal diameters. The pipe wall profile shall be 
in accordance with the manufacturer's recommendation. 

1.2.5. Joints: The pipe shall be produced with bell and spigot end 
construction. Joining will be accomplished by rubber gasket or thermal 
welding, as determined by the design engineer in accordance with the 
manufacturer's recommendations. 

The integral bell and spigot gasketed joint is designed so that when 
assembled, the elastometric gasket. contained in a machined groove 
on the pipe spigot is compressed radially in the pipe bell to form a positive 
eal. The joint shall be so designed to avoid displacement of the gasket 
hen installed in accordance with the manufacturer's recommendations. 

SECTION 2 - BASIC MATERIALS 

SECTION 2.1 BASIC MATERIALS: 

2.1 . l .  Pipe and Fittings: The pipe shall be made of high density, high molecular 
weight polyethylene pipe material meeting the requirements of 
Type 111, Class C. Category 5. Grade P34. as defined in ASTM 0-1248-84 
Sfandard Specification for Polyefhylene Plastics Molding and Extrusion 
Materials. Clean rework material generated by the manufacturer's own 
production may be used so long as the pipe or fittings produced meet 
all the requirements of this specification. 

2.1.2. Gaskets: Rubber gaskets shall comply in all respects with the 
physical requirements specified in the non-pressure requirements of 
ASTM Specilication F-477. They shall be molded or produced from 
an extruded shape approved by the manufacturer and spliced into 
circular form. 

2.1.3. Lubricant: The lubricant used for assembly shall have no detrimental 
effect on the gasket or on the pipe. 

,.e 

SECTION 3 - REOUIREMENTS 

SECTION 3.1 WORKMANSHIP: 

3.1 .l. The pipe and filtings shall be homogenous throughout and free 
from visible cracks, holes, foreign inclusions or other injurious defects. The 
pipe shall be as uniform as commercially practical in color. opactty, 
density and other physical properties. 

SECTION 3.2 DIMENSIONS: 

3.2.1. Pipe Dimensions: The nominal inside diameter of the pipe shall be 
true to the specified pipe size. Standard laying lengths shall be 20 feet ? 2'. 

3.2.2. Fittino Dimensions: Fittinos such as couolinas. wes. tees. adaotors. . " .  ~ . ~~ ~ .. 
etc. for usein laying Spl ro l l te~~DPE gravity sewer pipe shall have laying 
mgth dimensions as recommended by the manufacturer. 

SECTION 3.3 FLATTENING: 

3.3.1. There shall be no evidence of spliaing. cracking or breaking when 
the pipe is tested in accordance with Section 4.3.1. 

SECTION 3.4 RING STIFFNESS CONSTANT 

3.4.1. Ring Stiffness Constant (RSC) values for the pipe can be d i r e  
related to the pipe's class designation. (Nominal RSC of Class 40 
pipe = 40. etc.) The minimum RSC is W k  of the nominal when tested 
in accordance with section 4.32. 

SECTION 4 - INSPECTION AND TESTING 

SECTION 4.1 INSPECTION REQUIREMENTS: 

4.1 .l. Notification: ll inspecbon is specified by the purchaser. the 
manufacturer shall noMy the purchaser in advance of the date, time and 
place of testing of the pipe in order that the purchaser may be represented at 
the test 

4.1.2. Access: The inspector shall have free access to the inspection 
area of the manufacturer's plant The manufacturer shall make available 
to the inspector, without charge, all reasonable facilities for determining 
whether the pipe meets the requirements of this specification. 

4.1 3. Certification: As the basis of the acceptance of the material. the 
manufacturer will furnish a certificate of conformance to these 
specifications upon request When prior agreement is being made in 
writing between the purchaser and the manufacturer, the manufacturer 
will fumish other conformance certification in the form of affidavit 
of conformances, test results. or copies of test reports. 

SECTION 4.2 PHYSICAL TEST REQUIREMENTS: 

4.21. Sampling: The selection of the sample or samples of pipe shall be 
as agreed upon by the purchaser and the manufacturer. In case of no prior 
agreement any sample selected by the manufacturer shall be deemed 
adequate. 

4.2.1 .l. Sample size for flattening test will be one sample per size and 
class of pipe per project 

4.2.2. Conditioning: Conditioning of samples prior to and during tests 
shall be as agreed upon by the purchaser and manufacturer. In case of no 
prior agreement the conditioning procedure used by the manufacturer 
shall be deemed adequate. 

SECTION 4.3 TEST METHODS: 

4.3.1. Flaitening: Three specimens of pipe, a minimum of 12 inches long, 
shall be flattened between parallel plates in a suitable press until the 
distance between the plates is 40 percent of the outside diameter of 
the pipe. The rate of loading shall be uniform and such that the 
compression is completed within 2 to 5 minutes. Remove the load, and 
examine the specimens for splitting, cracking or breaking. 

4.3.2. Pipe Ring Stiffness Constant The pipe ring stiffness constant 
shall be determined utilizing procedures similar to those outlined in 
ASTM D-2412. The stiffness of Splmllte@ HDPE Pipe is defined in 
terms of the load, applied between parallel plates, which causes a 1% 
reduction of pipe diameter. Test specimens shall be a minimum of 
two pipe diameters or 4 feel in length. whichever is less. 

SECTION 5 - MARKING AND DELIVERY 

5.1 .l. Each standard and random length of pipe in compliance with this 
standard shall be clearly marked with the following information. 

Pipe Sue 
Class 8 Profile Number 
Production code 
SECTION 5.2 DELIVERY 

5.2.1. All pipe, couplings and fittings shall, unless otherwise specified, 
be prepared for standard commercial shipment 

18 



PLEXCO" Plants 

General Off ice 

PLEXCO Product 
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(864) 446-2139 (fax) 

Knoxville. lN 37933-1530 
P.O. Box 23530 
10420 Lexington Drive 

(864) 446-2136 

(423) 966-5822 
(423) 675-9412 (fax) 

Eensenville, I1 60106-1048 
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Technical Bulletin TB-140 

Bulletin No. 91 5 

. .  
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System Testing 

Pressure Testing 
Considerations 

1.0 Guidelines for All Test 
Methods 
Leak testing may be conducted if speci- 
fied by the responsible Project Engineer 
or Owner. 

Joints may be exposed to inspect for 
leakage. Heat fusion joints must be prop- 
erly cooled before pressure testing. See 
PLEXCO Bulletins 101 and 108 for fu- 
sion joining procedures. 

Testing may be conducted on the fuIl sys- 
tem, or in sections. The test section size 
is determined by test equipment capabil- 
ity. If the pressurizing or pumping equip- 
ment is too small, it may not be possible 
to complete the test within allowable test- 
ing time limits. If so, higher capacity test 
equipment, or a smaller test section may 
be necessary. 

Expansion joints and expansion compen- 
sators should be temporarily restrained, 
or isolated, or removed during the pres- 
sure test. 

The temperature of the test medium and 
the pipe test section should be the same, 
and should be at ambient temperature. 
Before applying test pressure, allow time 
for the test medium and the pipe test sec- 
tion to equalize. At temperatures above 
100°F (38°C). test pressure must be re- 
duced. Contact PLEXCO for technical a assistance with elevated temperature 

- pressure testing. 
. .  

WMNING: Pipe sys.Jm pressure testing 
is performed to discover unacceptable 
faults in a piping system, pressure test- 
ing may cause such faults to fail by leak- 
ing or rupturing. This may result In 
catastrophic failure. Piping system rup 
ture may result in the sudden, forcible, 
uncontrolled movement of system p i p  
ing, or components, or parts of compo- 
nents. 

WARNING: Pipe Restraint The pipe sys- 
tem section under test and any closures 
in the test section should be mstrained 
against sudden uncontrolled movement 
from catastrophic hilure. Test equip 
ment should be examined before pres- 
sure is applied to insure that it is tightly 
connected. All low pressure filling lines 
and other items not subject to the test 
pressure should be disconnected or iso- 
lated. 

WARNING: Personal Protection. Take 
suitable precautions to eliminate haz- 
ards to personnel near lines being 
tested. Keep personnel a safe distance 
away from the test section during test- 
ing. 
1 . 1 References 
The following reference publications pro- 
vide pressure testing information: ASME 
B3 1.1 Power Piping, Section 137, Pres- 
sure Tests; PPI TR-3 1, Underground In- 
stallation of Polyolefin Piping, Section 
7 .  System Testing; and ASTM F 1417, 
Standard Test Method for Installation 
Acceptance of Plastic Gravity Sewer 
Lines Using Low-Pressure Air. 
FLEXCO Technical Personnel should be 

Application 
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more than one-half the test pressure, 
then increased in small increments until 
the required test pressure is reached. 
Test pressure should be maintained for 
ten (10) to sixty (60) minutes, then re- 
duced to the design pressure rating, and 
held for such time as required to exam- 
ine the system for leaks. 
3.3 Low Prgssure Procedure 
For pipe and components rated for grav- 
ity flow, intermittent low pressure, or . 
low pressure service, the required test 
pressure should be maintained for ten 
(10) minutes to sixty (60) minutes, but 
not more than sixty (60) minutes. 

Leakage inspections may be performed 
during this time. If the test pressure re- 
mains steady (within 5% of the target 
value) for the test time, no leakage is in- 
dicated. 

Test pressure ratings must not be ex- 
ceeded. See ASTM F 1417, Standard 
Test Method for Installation Acceptance 
of Plastic Gravity Sewer Lines Using 
Low-Pressure Air for more information. 

4.0 Initial Service 
Testing 

4.1 Guidelines 
An initial service test may be acceptable 
when other types of tests are not practi- 
cal, or when leak tightness can be dem- 

I 

onstrated by normal service, or when 
performing initial service tests of other 
equipment ,An initial service test may ap- 
ply to systems where isolation or tempo- 
rary closures are impractical, or where 
checking out pumps and other equip 
ment affords the opportunity to examine 
the system for leakage prior to full scale 
operations. 
4.2 Procedure 
The piping system should be gradually 
brought up to normal operating pressure, 
and held at operating pressure for at 
least ten (10) minutes. During this time, 
joints and connections should be exam- 
ined for visual evidence of leakage. 

5.0 Non-Testable 
Systems 

5.1 Guidelines 
Some systems may not be suitable for 
pressure testing. These systems may con- 
tain non-isolatable components, or tem- 
porary closures may not be practical. 
Such systems should be carefully in- 
spected during and after installation. In- 
spections such as visual examination of 
joint appearance, mechanical checks of 
bolt for joint tightness, and other rele- 
vant examinations should be performed. 

PLEXCO~ 
1050 Busse Hwy. Suite 200 
Bensenville, IL 60106 
(708) 350-3700 (voice) 
(708) 350-2704 (fax 

81991 chevron CkrniclJ Company 
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Thts IS to certify that the product desaibed above and shipped on the above order haz heen 
produced in accordance with the applicable requirements of the spacification(s) indicated below: 

( X  j 

0 
0 

i i  

0 
f )  

i i  

( X j  

ASTM 01248 - Poiyethyfew Piastics Moiding and Exvusion 
Male6als (Type 111. Class 8 or C. Caiegary 5 Grade P34) 
ASTM D3350 - Polyethylene Plastics ptpe and fitting Materials (meets or exceeds cell 
dassMon of 345434C of E) 
AWWA 
Water Di6tnhdion 
AWWA -1- p0)Yet)rykne (PE) Pressure Pipe 8nd Fittings, 1/2 in. thrwgh 3 in., for Water 
Distribution 

- PolyeVlyle~~ (PE) mWfB Pipe and Fittings, 4 in. through 63 in.. far 

ASTM F714 - (PE) PhStiC Pipe (SDR-PR) B a d  bn Outside Diameter 

ASTM 03035 - Polyethylene (PE) Plastic Pipe (OR -PR) Based on Controlled Outside 
Cham&er 
-41  - Drinking Water System Components - Health Effects 

N S - 1 4  - Plaslic P m  Components and Related Materials 

factory Mutual 
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QUALITY CERTIFICATION 

CUSTOMER: Workman Developments lnc. 

CUSTOMER ORDER NO. 6208189 P.O. 0032754 

SHIP DATE: 7130197 

PRODUCT: 84' ID -CL- 100 Manhole L C S 3  X 9.5' 
84' IO 4 L -  100 Manhok LDS3 X 9.5' 

LOT NUMBERS: LCS-3 -051497 LDS-3 #8406367051497 

QUANTTTY: . 2 PCS. 

This is to ceftify'that the product desdbed above and shipped on the above order has been 
produced in accordance with the applicable raquhmenb of the spedficQban(0) *indicated b o b .  

( X )  ASTM 01248 - Potyethyhe Pia- Molding and Ejttrusion 
Matorials oypo 111, asU 6 or C, Category 5, Grade P34) 

dasdllcation cr1345434CorE) 
A W A  C906 - Wp9hykM (PE) Pressure Pipe and Rttiw, 4 in. through 63 in., for 
wat.rDMtibUtion 

(Pa PmsSufw Pipe m d  Fdtiw, V2 kL m g h  3 In., for Water 

ASTM n 1 4  - Potyethybne (PE) Plastic Pipe (SMI-PR) Based on Outsid0 Oiameter 

ASTM 03035 - Poly&hylene (PE) Plastic Pipe (OR -PR) Based on controlled Outside 
Diameter 

( X )  ASTMe3350-P&y&ybmPWiCsPipeandFii MatWW(WbOr8~C88USodi 

( j 

( ) A W A  CWH - 
( ) 

( ) 

( J NSF41- akr- W- sust#n W ~ S  - E M S  

( ) 

( ) FadoryMutuaI 

NSF-14 - plsstic Piping Components and Related Materials 

( X ) OTHER: Dimensions. 9ppe 8 
-3- ~ a ! 9 R 2  Ips-3 - -068 9 R 2 i 3 D w c L R f N  1 R I  

DATE: 7/30/87 &&f 
Robert Caldwell 
W Q C  Supervisor 
Waxahadrie, TX. 
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HYDROSTATIC TE!5TING REPORT 

1 2 6 8  

MAMIOLE & CATCH BASIN/ STATION NO. : LCSz3 4 84 0 6 3 6 40 5 149 7 

PRODUCT CODE: 9 4 3 7 9 3 - 
'DAE'IESTED: 7 / 3 0 / 9 7  

WSTohfER Workman Developments Inc. 

REWORR YES @ I 

YES w RE-TEST: 

PASS FAIL 

COBBdENTS; 
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HYDROSTATIC TESTING BEpoar 

I MANHOLE& CAITCHBASWSTATIONNO. LDS.=3 48406367052497 

PRODUCT CODE: 943 7 96 - 
'DATE TEs=7/ 3 O /  9 7 

CUSTOMER: Workman Development Inc, - 

@ FAIL 
.. ... . 
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- 
Qrnon Plexco 

Performance PiDe Dlnsion - Chevron Chemia Company U 

c 

1268 

Q U ALlTY C E RTI FIC AT10 N 
CUSTOMER: workman Developments Inc. 

CUSTOMER ORDER NO. 6208189 P.O. 0032754 

SHIP DATE: 7/25/97 

PRODUCT: 84" ID -CL- 100 Manhole LCS-2 X 9.5 
84' ID -CL- 101) Manhole LDs.2 X 9.5' 

LOT NUMBERS: LCS-2 WO6363051497 LDS-2 #8406366051497 

QUANTITY: 2 P c s .  
This is to certiQ that the produd described above and shroped on the above order has beon 
produmd In accordant% with the eppllcoble requirements of the speciftcatkn(s) krdicated belaw. 

( X ) 

( x )  
( ) 

( ) A W A  C901- 

( ) 

ASTM 01248 - Potyethylone Plastics Molding and fxbusion 
Materials (Type Ill, Class 8 or C, Categoly 5, Grads P34) 
AS% 03350 - ~otyeihytene Plastics Pip and F i  &hxteria!s (meets or sxceeds call 
d8fsificadon of345434corE) 
AVhVA C906 - Po- (PE) Pressurn Pipe and Rnings, 4 in. through 63 in,, for 
Water Distribution 

(PE) Pressure Pipe and F~ngs ,  112 m. through 3 in., for Water 
Oirtribution 
ASTM m14 - Polyethylene (PE) Plastic PTpe (SOR-PR) Bassd on Outside Wametef 

( ) 

( ) 

ASTM I33035 - Polyethylene (PE) Plastic Pipe (DR -PR) Based on Controlled Outside 
Diameter 
NSF81- Drinking Water System Components - Heallh Eftacts 

[ ) NSF-14 - Plastic Piping Components and Related Materials 

( ) FactoryMutual 

000368 
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.~ 
THANKYOU, . . . . . . .  

.- . . ... . .  
. ... : c.:. i.-.. : i . .- - ..'U -s ..... 

MARY IREY-. 
CUSTOMER SERVICE 
SOUTHWEST. CHEMICAL 
. - 'i -5 2..i 1. 

. . . . . . . . . . . .  I-. -...-* I 
i ,  ..,'..Y % .  . . .  T 

d ... 

- . .  . .  1 . ._. 

Q00378 



$15 3137 

000371 



.. 2'' F l a t  Sheot - 

.. . - . . . . .  

............ ........... 

. . . . . . . . . .  

- . . . . . . .  .- . -. 

, . .  

. . . . . . . . . . . .  

.... ... 

..... .- . 

. ._. .... . .  

- . .  . -.. 
- .  , .  ... 

. .  



. :  

. . .  I -  i' . . . .. . .  . ' . .  

- .  
- . .  -. . 

t .  

. .  
. .  

i 

'080373 



' . < '  

. \ .  ' 

. .  

. .  ... 

.... - . *  

.- . 
1'' F l a t  Sheet 

. . .  . .  

. .  . .  
- .  . . .  

&=- 
. .  
! .. . .  

I 

! 

.-. . .  
.. 

I :  . 

. .  - 
. . .  

000374 



a . .- 

a 



e 

a 

Plexce 
A Oivision of Chevron chemical Company 
1601 W 287 6upssS Waxahathi TX 75165 

HYDROSTATIC TE!!XlNG REFORT 

1268 

C U S T O ~  Workman Development Inc. 

TESTEDBY: Q&+ @ 
PASS FAIL 

I 

! 

I 

PASS FAlL 

REWORE 

-. RE-’TEST: 
.-. -.- . 

YES 

YES 

NO 

NO 

I 

I 

PASS FAIL ! 

”. .. . ., . .. , :.... . -  . .  . 

I 

I 

000376 
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C U S T O m  Workman Development Inc.  ' 
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@ FAIL. 

REWORK 

RETEST: 
... 

I 
I '  

0. ! . n i .  
I YES 

PASS FAIL 
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UKmn 
Plexco 
Performance Pi% Owision - Chevron Chemical Company 

- 

QUALITY CERTIFICATION 

CUSTOMER: 

CUSTOMER ORDER NO. 

SHIP DATE: 

PRODUCT; 

LOT NUMBERS: 

QUANTITY; 

Workman Developments Inc. 

6208189 P.O. 0032754 

711 5197 

84" IO -CL- 100 Manhole LCS-1 x 9.5 
84" ID -CL- 100 M ~ ~ h o l e  LDS-1 X 9.5' 

LCS- 1 WO6362051497 LDS- 1 dC840636505 1 497 

2 Pcs. 

This is to certify that the product described above and shipped on the above order has been 
producd in accordance with the epplicabb mquirements of the ~pecif icat i~(~)  indicated below: 

ASTM D1248 - Polyethylene PLastics Molding and Extrusion 
  at em cr~pe 111, a= B M c, c t k g ~ r y  5. G- ~ 3 4 )  
ASTM 03350 - Poiyethylwm Plastics Pipe and FMng Materials (meets or exceeds dl 
dassilicatior, o(345434CorE) 
AWWA C906 - Po)yethylene (PE) Pressure Pipe and Fittings. 4 in. through 63 in.. for 
Water Distribution 
AWWA Ceol - -. (PE) Presswe Pipe and Fittings, ll2 in. through 3 in., for Water 
Distribution 
ASTM F714 - Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside Diameter 

ASTM 03035 - Potyethylent (PE) Plastie Pipe (DR -PR) Basud on Controlled Outside 
Diamaer 
NSFSl - Drinking Water System Components - Heatth Effscts 

NSF-14 - Plastic Piping Components and Related Materials . 

Factory Mutuat 

DATE: 7/15/97 
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.- . - 1 2 6 8  
/ 

DATE: JANUARY 29, 1997 

TO: PLEXCO ' 
1060 BUSSE HUGHWAY 
BENSONVIU€, IL 60180 

. .  

THANK YOU, ' ' . 

I ... 
.* .... ' .i. f . 

. . .  .... . . . .  A; -,e . . . . . .  .. . I -,a". _. .- , 
I.. 

MARY IREY-. 
- - *. . . %  

CUSTOMERSERVICE 
SOUTHWEST CHEMICAL .... . . .  C .  - . .  . L 'i .I 

..... . . . . . . .  L -- 
. ;.rj - - .. - a  - .-.;-=A ..; _ _ .  e-... --A:. 

-.. 

080390 
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1" F l a t  Sheet 
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1 1 / 2 "  FlattSheet 
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HYDROSTATIC TESTING REPORT 

LCS- 1 8 4 0 6 3 6 2  0 5 1497  MANHOE & CATCH BASW STATION No. : 

PRODUCT CODE: - g 4  9 

CUSTOMER: Workman Development Inc. 

l E S I € D B Y : h  B- e&$ FAIL 

REWORK YES NO 

RE-TEST: YES NO 

PASS FAIL 

COMMENTS: 

000395 
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. . .  Erhlhlc f . 4 ? ~  ..... . .  . .  - . .  

Fabrication RU Pl&CbeckIkt 
.kMduJ- 

Ihk: 7 - I d - 9 7  
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OD . .  - 
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1268 
Plexw 0 A Division of chevron Chemical C m  
1601 W 287 By-- WaxaWlc, fx 75165 
214-9379852 FAX 214-9374530 

HYDROSTATIC TESTM(; REPORT 

PRODUCT C0DE:9437g4 

'DATEmm: 7 / 1 4 / 9 7  

C U S T O m  Workman Devlopment I n c .  

ULI&SONICWnD TEST 

REWORK. YES NO 

RE-TEST: YES No 
PASS FAXL 

COhBdEEFTS: 



) f .  

, .  
4 

Fabrication Run Pian Checklist 
SIOddMrnhdc - 

1. 

11. 

IIL 

IV. 

a- 

V. 

e 

. c 

- .  

. .  
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DATE: . June 10, 1997 T l M t :  PACES 14 

1 0 :  Mr.  Mayur Kadakia COMPANY: VILLAGE BUILDING SERVlCP 

FAX N U W E R :  PHONE: 

FAX NUMBER: 4-756 - 9307 FROH: 3 0  Gladys Hiller 

Please reference the attached pages sent t o  me frorri PLEXCO for the  manholes 
shipped t o  you t h l s  past  weekend. 

Thank you, and have a great day. . . 
G1 adys 

bo0416 



Qwvrpn 
Plexco 
Performance Pipe Division - Chevron Chemical Company 

Q U ALlTY CERTIFICATION 

CUSTOMER: Workman Develapments fnc 

CUSTOMER ORDER NO. 6208189 P.O. 0032754 

SHIP OAT€: 6/06/97 

LOT NUMBERS; ll. 114, t S .  #ll 

QUANTITY: 4 PCS. 

This is to certify that the product described above and shipped on Ihe above order has been 
produced in accordance with the applicable requimments of the ~ f k a t i o n ( s )  indiwled below: 

[ X ) 

( X ) 

( ) 

( ) 

( ) 

ASTM 01248 - Potyethylens Plastics Molding and Extnrsiri 
Materials (Type HI, Class 8 or C,  Cetegoy 5, Grade P34) 
ASTM 03350 - Polyethylene P b s l ~ s  P i  and Fitting Maori~ls (meets or exceeds cdl 
Ctassification of 3454% or E) 
AWWA C906 - Potytthykne (PE) Pressure Pipe and Fittings, 4 in. through 63 in., for 
Water Chslribution 
AWWA C901- Polyethybm (Po Presswe Pipe and Fittirrgs, la in. through 3 in., for Water 
Dhtnbutiorr 
ASTM F714 - Polyelhylene (PE) Ptaslic Pipe (SOR-PR) Based on dutside Diameter 

[ ) 

( ) NSF61- Drinking Water Syslem Components - Heafth Effects 

( ) NSF-14 - Plastic Piping Ccwnponents and ReJated Malerials 

ASTM 03035 - Polyerhylene (PE) Plastic Pipe (OR -PR) Based on Controlled Outside 
Diameter 

( ) FactoryMutual 

DATE: 6/9/97 

. , 

A o b e r t c a ~  
W Q C  Supervisor 
warshachi. Tx 
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.CHEVRON PLEXCO 0 WDROSTQTIC TEBTIhQ REPORT 

FOR: C e r t ~ f l c e t ~ o n  o f  Analysis 

TOT% TIME TESTED: 
TIME Te9TING STRRT: 
TIM€ TBSTING ENDi 

Not€ SIZES OF #URBC\LLS/PLUQS USED: 

R€UDRKt YES No 
RE-TEST: V E S  No 

TOTAL YIMS! TESTED: 
TIMO TEBTINO STFIRTs 
T I M  TIESTING END: 

. . . . . . . . . . .  - .. . _  

01 . 
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a 
I HaIES! 

I. EMBEDMENT FILL S H E L L 3  BE P L A C E D  IF! MAXIMUM 8' LOosc L I F T S  A d G U N o  
THE MAhHGLE RISER ? l R  THE %LL iIEIGi4T O f  THE MANPoLc. 

FROM THE RISE?! OR TO THE TRENCH WALL;  W I C V E V E 2  IS THE GREATER 
2. EMBEDMEST F!LL SHALL E X T E N D  A Y!NIMUM O f  THREE A & 2  A I-!&; ( 3 5 )  F E E T  

- 1 2 6 8  
1 

S1. CONTRACTOR TO VERIFY ALL DIMENSIONS. 
S2. V A L V E S ,  BGLTS, NUTS, C A S K E T S  AND W A S H E R S  

B Y  O T H E R S  iNSTALLED BY P L E X C O .  
B O L T S  wx. T O R O U E D  A T  JOBSITE.  

(6). 5/8'a I-OLES EVENLY S P A C E L  AT 60' A P A R T .  
S3. END C E N T R A L I Z E R  SHALL BE P E R F O R A T E D  W I T H  

Se ( F L G X F L G )  J O I N T  REQUIRED 
S5 F O R  D E T A I L 5  O N  PIPE SLPPCRT SEE 

56 SEE FP90D-631, DETAIL 1 
S7. VALVES, BCLTS, NUTS, GASKETS, VASHERS, 

D R A W I N G  F?900-631. D E T A I L  2. 

AND ALL OTHER HARDVARE NECESSARY TO 
CONNECT TI1 1' NPT, FOR ITfM 25, BY VILLAGE, C U T - A W A Y  VIEW INSTALLED BY PLEXCO. 

IUOTE 1) 5-1760 
U S T O H E R  V O R K M A N  
ROJECT F E R N A L D  NUCLEAt? BOLTS m a  TORQUEn AT JOBSITE. 
R O D U C T  CODE E-305 
P O D U C T  C A T  M A N H O L E  OrhER 

DISTANCE. 
3 EMBEDMENT FILL ARObND MANHOLE R I S E R  IS REOUIQED 12 YEET NO 89 COARSE 

AGGREGATE MATERIAL PER OHIO DOT SECTION 703 COMPACTED TO A MINIMUM O f  
4 PASSES 0F A V I B Q A T O R Y  PL4TE CCMPACTEQ 

EMBEDMENT FILL CCMPACTED MINIMUM O f  8 PASSES Of A V I M T G R Y  P L A T E  

4 MANHGLES S H A L L  BE i N S T A L L E D  I N  A DR" T?CNCq VITH 0, S7*3LE 
FOUNDATICN TifE fCLh;ATIOV SHOULD CZF;S!37 LF A MiXIMLM CF 8' O f  

~~ - _ _ -  
COMPACTOR. 

5. WHEN V E H I C L E  LOADS A.?E P X S E N ? ;  A CCkCRETE CAP 3R i3Tkf2 SUCH 
STRUCTURE DES:GNE~ T3 WITHSTAND :HE SC L C A 3 S  SHCCI-9 BE PLACED 
O V E R  THE MANHOLE Sil T H A T  THE LOADS ARE T I A N S N I T T E D  :NTO THE 
SURROUNDING SOIL AND N O T  D I R E C T L Y  ' I N T O  THE RISER. 

A) MAXIMUM SOIL DEVSITY 13f 120 L B S / F T .  
4. THE F O L L O V I N G  PARAMETERS V E R E  ASSUMED, 

B) GROUND VATER NET TO E x c E E D  io FEET ABCVE THE aasE OF THE 
MANHOLE. F L O T A y i O N  O f  MANHOLE Y A Y  NEED T O  SE ADDRESSED. 
V H E N  A ?OLYETi+LENE ANCkCR S ! X N E i T : J H  4:NG is  ISCLUCED. I T  
MUST BE USED IN CCNJUNCTiCN W I T H  A C C N C I E T E  ANCHGR B Y  OTF 
THE PE A ~ C H G R  CCNNECTION RING IS NOT CES:GNEI T i l  RESTRAIN 

E R S .  

f * a  
c 

T 

THE STRUCTURE 3 7  ITSELF.  A P P R O V A L S  
C) 
0 )  

AMa[ENT (73.4' F) OPERATING TEMPLRATURE. 
STRUCTURAL L O A X  APFLIED TO HDPE MANHOLE-NOT TO EXCEED 1000 LBS. 
LOPD TO BE EGGALLY C I S T R I B U T E D  A 3 0 U T  CIRCUMFTRENCE OF MANHOLE. 

7 P L A C E  L I F T I N G  LUGS 'E? 94C88 (FJR P,RCCUCTlCN Y S E  3 L Y )  



c + 
a 

1 v p  
3' 

-4 

- 

Sl. CONTRACTOR TO V E R I F Y  A L L  DIMENSIONS. 
s2. VALVES, BOLTS. NUTS, GASKETS AND W A S H E X  

BY OTHERS INSTALLED BY PLEXCO. 
BOLTS H m B E  TORQUED A T  JOBSITE. 

(6). 518'0 HOLES EVENLY SPACED AT 60 '  APART. 
53. END CENTRALIZER SHALL BE PERFORATED WITH 

S4. < f L G X F L G )  JOINT REWIRED.  
S5. FOR DETAILS ON P I P E  SUPPORT SEE 

S6. SEE f P 9 0 D - 6 9 1 .  D E T a I L  1. 
DRAWING FP90D-591. DETAIL  2. 

-S7. V A L V E S ,  BOLTS, NUTS, GASKETS, WASHERS, - -- 
AND A L L  OTHER HARDVARE NECESSARY TO 
CONNECT TO 1' NPT, FOR ITEM 25, BY VILLAGE, 

UOTE * S-1760 C U T - A W A Y  VIEW I N S T A L L E D  BY PLEXCO. US TOHER. VORKnAN 
ROJECT: FERNALD NGCLEAR 
RODUCT CODE: E - 3 0 5  
ROOUCT CAT: MANHOLE OTHER 

BOLTS w. TORQUED AT JOBSITE, 

. .. .. 

MmS! 
1. EMBEDMENT FILL SHOULD BE PLACED I N  MAXIMUM 8' LOOSE L IFTS AROUND 

2. EMBEDMENT FILL SHALL EXTEND A MINIMUM OF THREE AND A HALF (3.5) FEET 
. FRCM THE RISER OR TJ THE TRENCH VALL; WPIChEVER IS THE GREATER 

THE MANHOLE RISER FOR THE FULL HEIGHT OF THE MANHOLE. 

DISTANCE. 

AGGREGATE MATER!& PER OHIO DOT SECTION 703.  COMPACTED TO A MINIMUM OF 
4 PASSES OF A VIaRATORY PLATE COMPACTER. 

FOUNDATION. THE FOUNCATION SHOULD CONSIST OF A MIN!MUM OF 8' OF 
EMBEDMENT FILL CEMPACTED MINIMUM OF 8 PASSES OF A VIBRTORY PLATE 

3. EMaEDMENT FILL AROUN3 MANHGLE RISER IS REWIRED TO MEET NO. 89 COARSE 

4. MANHOLES SHALL BE INSTALLED I N  A DRY TREYCH VITH A STABLE 

.. 
T9MPATTaR *.. . ' %  _ _ . . . . _ . _  -. 

CO N T K 0 i, I ., E 11 C 5. VHfN VEHICLE LOADS ARE PRESENT, A CONCRETE CAP OR OTHER SUCH 
STRUCTURE IIESIGNE3 T O  VITHSTAND THESE LOADS SHOULD BE PLACED 
flVER ThE M A ~ H C L C  53 T i l A 7  THE LOADS ARE TRANSMITTED INTO THE hi cl 

I Y L P  
- - -  
SbRRCUNiING S i L - A N I  NOT DIRECTLY INTO THE R!SER. 

6. THE FQLLOVING PARAFE7ERS WERE ASSUMED: 
A )  MAXIMUM SOIL DENSITY OF EO LBSIFT.' 
B) GROUND VATER NOT TO EXCEED 10 FEET ABOVE THE BASE Of THE 

MANHOLE. FLOTATION OF WANHOLE MAY NEED T o  BE 4DDRESSED. 
WHEN A POLYETHYLENE ANCHOR CONNECTION RING I S  INCLUDED, I T  
MUST BE USED I N  CONJUNCTION VITH A CONCRETE ANCHCR BY OTHEQS. 
THE PE ANCHGR CCXNECTION RING IS NOT DESIGKED TO RESTRAIN 
T H E  STRUCTURE B Y  ITSELf. 

STRUCTURAL LEADS APPLIED TO HDPE MANHOLE NOT TO EXCEED 1000 LBS. 
LOAD TO BE EXJALLY DISTRIBUTED ABOUT CIRCUMFERENCE OF MANHOLE. 

C)  AMBIENT (73.4' F: OPERATING TEMPERATURE. 
0) APPROVAt iS  

7. PLACE LIFTING LUGS PER ~ooaa .  (FOR PRODUCTION u s E  ONLY)- 

-au.*ccs Qllrr I ACADI3 

- ~ Plexco -p... e.- - rl u. 
~~ ~ _ r  

- .  PLJT JATE:  . 04/21/9' 

5c9r;rrAL 
84 '  I.D.. CLASS !OO X 9.5' MANHOLE 

LCS-2 AND LCS-3. 

- 
-8 M.10 

l V ?  1- 02/11/97 FP90D-689 R1 



- - 23 
2 4  I 1 1 E A  80B-170 6/15 
25 1 

27 1 1 1 E A  4' SDR 11 PIPE SUPPORT - HDPE - NOT SHOWN (NOTE S 4 )  

28 .64 . 6 4  .64 S Q F T  

- - - - - 
SDR I1 . SF-DCS F I X E D  PRESSURE END S E A L  - H3PE 

1 1 E A  708-544 l / t '  I ? S  SDR 11 BRANCH S E R V I C E  S A D D L E  - HDPE <NOTE S6) - - SHEET STOCK - HDPE (TOP GUSSETTS) 

SHEET STOCK - HDPE (SPACER BLOCKS) 

2' THK 

1' THK 

26 2.8 2.8 2.a SOFT - 
- 

EMtESl 
1. EMBEDMENT FILL SHOULD BE ?L4CED IN  MAXIMUM 8' LOOSE L I F T S  AROUND 

THE MANHOLE RISER FOR TbE F U L L  HEIGHT OF THE MANHOLE. 
2. EYBEDMENT FILL SHALL  EXTEN3 A MINIMUM OF THREE AND A H A L F  (3.5) F E E T  

T?CM THE R I S E R  OR TO ThE T E N C H  WALL;  WHICHEVER !S THE GREATER 
ZISTANCE. 

3. EMSEDMENT FILL AROUND M A W C L Z  R I S E R  I S  REQUIRED TO MEET NO. 89 COARSE 
AGGREGATE MATERIAL  PER CHI0  DOT SECTION 793. COMPACTED TO A MINIMUM OF 
4 ?ASSES O F  A VIBRATORY PLATE COMPACTER. 

. .  . 

EVBEllMENT FILL CGMPACiE5 MINIMUM OF 8 PASSES OF A V I3RTORY P L A T E  
CCMPAC TOR. 

STZUCT9RE CESIGNED TO ld:r-STA'JD THESE LCPDS ShCULC 9E PLACED 

SURROUNDING S O I L  AND NOT DI3ESTLY I N T O  THE RISER. 

4. YANHOLES S H A L L  BE INSTALLE3 IN A DRY TRENCH WITH A STABLE 
FOUNDATION. THE FOUNDATION SHOULD CONSIST OF A MINIMUM OF 8' OF ! '  

I 
c o m c  

5. VHEN V E H I C L E  LOADS ARE PRESENT. A CONCRETE CAP OR OTHER SUCH 

CVER THE MANHOLE so war T;IE LOACS ARE TRANSMITTED INTCI THE -1- 

6. T M  FCLLOWING PARAMETERS V E X  ASSUMED: ' 

? cc PY 

-. _ _  . .. - _. . .. . . 
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JEIf i Iu  
PERFORATED PIPE 

SCALE1 NRNE 

'1 
I ,*=, OD VARIES I 

14 
PIPE SUPPORT 
SCALE1 NONE: 

I 

CUT-AWAY VIEW 0I;OTE I) S-1760 
CUSTOMER V O R K M A N  
PROJECT. f E R N A L D  N U C L E A R  
PRODUC T CODE 1 B - 305 
PRODUCT CAT1 MANHOLE O T H E R  

' I  

CDC 
CONTROLLED COT.'- 

b! C! . 

NOTESl 
1. CONTRACTOR TO VERIFY ALL DIMENSIONS. 

A P P R O V A L S  

3 4  9-k-e 

000435 
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1. EMBEDMENT FILL SHOULD BE PLACED IN 
THE MANHOLE RISER FOR THE FXLL HEIGHT OF THE MANHfllF 

MAXIMUM 8 INCA LOOSE L I F T S  AROUND 

2 

3. 

EMBEDMENT FILL SHALL EXTEND A MINIMUM OF THREE A h D A ’ H A L F  (35)  F E E T  
FROM THE R!SER OR TO THE TRENCH WALL!  WHICH E V E R  THE GREATER DISTANCE 
EMBEDMENT FILL AROUND NANHOLE RISER I S  REQUIRED TO MEET NO 89 COARSE 
AGGREGATE MATERIAL PER OHIO DOT SECTION 703 COMPACTED 
4 PASSES OF A VIBRTORY PLATE COMPACTOR. 
MANHOLES SHALL BE INSTALLED IN A DRY TRENCH W I T H  A STABLE FOUNDATION. 
THE FOUNDATION SHOULD CONSIST OF A MINIMUM OF 8‘ OF EMBEDMENT FILL 
COMPACTED MINIMUM OF 8 PASSES Of A VIBRATORY P L A T E  COMPACTOR. 
WHEN VEHICLE LOADS ARE PRESENT, A CONCRETE CAP OR OTHER SUCH STRUCTURE 
DESIGNED TO WITHSTAND THESE LOADS SHOULD BE PLACED OVER THE MANHOLE 
SO THAT THE LOADS ARE TRANSMITTED I N T O  THE SURROUNDING S O I L  AND NOT 
DIRECTLY INTO THE RISER. 3 
THE FOLLOWING PARAMETERS WERE ASSUMEDi 

TO A MINIMUM. 

4. 

5. 

6. 
A) MAXIMUM SOIL DENSITY OF 120 L B S I F T .  
B) GROUND WATER NOT TO EXCEED 14 F E E T  ABOVE THE BASE OF THE 

MANHOLE FLOTATION OF MANHOLE MAY NEED TO BE ADDRESSED WHEN A 
POLYETHYLENE AhCHOR CONNECTION RING IS INCLUDED. I T  MUST B E  USED 
IN CONJUNCTION V I T H  A CONCRETE ANCHOR BY OTHERS THE PE ANCHOR 
CONNECTION RING I S  NOT DESIGNED TO RESTRAIN THE STRUCTURE BY 
ITSELF.  

C) AMBIENT (73.4’) GPERATION TEMPERATURE. 
D) STRUCTURAL LOALS APPLIED TO HDPE MANHOLE NOT TO EXCEED 1000 LBS.  

LOAD TO BE EQUALLY DISTRIBUTED ABOUT CIRCUMFERENCE OF MANHOLE, 
7. 
8. 

PLACE L I F T I N G  LUGS PER 708-664 <FOR PRODUCTION USE ONLY). 
NUTS. BOLTS, AND GASKETS ARE NOT INCLUDED. 
EQUIPMENT BY IITHFRS. 

A L L  OTHER P IP ING AND 
- . . . -. . -. 

9. ALL GUSSETTS TO BE WELDED TO INNER. VESSEL. 

I B I L L  OF PIATERIAL 

S P F C I A I  N n T a  
$ 1 .  8‘ O f  REINFORCED C O N C K T E  TO BE 

POURED IN THE B07TOM OF THE M%HOLE 
F O R  ANCHORING OF PUMPS. (BY O T H E I S )  

POUR C O N C R f T E  IN T H E  
M A N H O L E  PRIOR TO PLACEMENT. L I f  T I N G  
LUGS CANNOT ACCOMMODATE THE A D D I T I O N A L  - 
WEIGHT OF THE CONCRETE, AND SERIOUS 

- I N J U R Y  AND/OR DAMAGE T O  T H E  MANHOLE 
MAY RESULT.  

. .  
- -  ~~ 

~ . .  ~ ~~ - - - -  - ~ ~~ 

A P P R C V  A L S  , CUSTCMER. WORKMAN 
PROJECT: F E R N A L D  NUCLEAR 
PRODLCT CODE 8-288 
PRCDLCT C A T  S P I R O L  ‘ANK 
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6'-11 112' 

6'-6 3/0' 

S-5' 
I 

a 

VIFW A - 4 
%%BILL OF MATERIALS SEE FP90D-693 SHEET 2. 
2. ON LAST 12' IF  2' PIPE DRILL 114'0 HOLES AT I' 

OC (VERTICAL) 60' OC RADIAL HOLES (TYP). 
SEE DETAIL 1 ON FP90D-691. 

DEL 
DEL P 

4. 1' RADIUS HOUSEHOLE TO BE DRILLED. 
5. ADVISE IF GUSSET1 NEEDED ON 

6'XlO' DSC STUB OUT 

h 

d. 7001 
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I I I M P 1  I I I I 

$1 49 1/20 (TYP) 

1 2 6 8  
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I M A N U  PI 

m a  NTS 
NOTE1 SEE TABLE *A* FOR TYPE OF 

SPECIFIC COMH AND DIMEt$SJ@~'1;&(-&LED 
COPY 

NO, 
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APPENDIX I: 

GEOSYNTHETIC CONFORMANCE 
TEST RESULTS 

Geosynthetic Clay Liner 
Hydraulic Conductivity Test Results 
Direct Shear Test Results 
Direct Shear Compliance Packages 

Geomem brane 
Geotexti le 



Geosynthetic Clay Liner 
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LOCAnON: FERNALD. OHIO PROJECT NO: GQ0166 TASK NO.: o4 
DESCRIPTION: puASG msrRbCnw YEAR: 497 
PRODUCT TYPE: m u F r x  GGL MANUFACTURER: &WOglX ~ZU~AOLO~IGS, JNC. 
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BATCH / ROLL NO. 

NUMBER OF ROLLS ABOVE: 6 ACCUMULATIVE NUMBER OF ROLLS: 
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O.A. CONFORMANCE 
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MATERIAL INVENTORY 
0 

PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 

LOCATION: FERNALD. OHIO PROJECT NO: CQ0166 TASK NO.: 04 
DESCRIPTION: P H ~ E  r CQ~STRLKT/DN YEAR: j 9 9 7  I PRODUCT TYPE: B m F I X  6cL MANUFACTURER: w / X  ~ A W - 0 6 l ~ S  ,IM. 
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' AVG. ROLL WIDTH: /s.s 4+ AVG. ROLL LENGTH: I25 4t 
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CUMULATIVE AREA: /5067.54+ NO. OF CONFORMANCE TESTS (poge/totol): I 1 2 
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e ~ ~ ~ ~ m ~ ~  cmsu~imrs nu NO. 50i-m E W E -  m. 



18 1 . . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

L 
r 

UG. 
. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

- - 

INVENTORY 

BATCH / ROLL NO. 
97001 9 O t  

. . . . . . . . . . . . . . . . . .  3509.7 Tkuz 
3so us . . . . . . . . . .  

3 5 0 . 9 .  . . . . . . . . . .  

.3so 5 0  . . . . . . . . . .  

350 53 . .  . . . . . . . .  

35o.s.9. . . . . . . . . . .  

35660 

3 svk! . . . . . . . . . . .  

3SO.k3 . . . . . . . . . .  

3s0 s I . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

35065  . . . . . . . . . . . . . . . . . . . .  

.3?0!?.?. .80i. . . . . .  

35029. . .  .Y .??'?. 
35.039 

3S?.3!. . . . . . . . . . . .  

3so.32. . . . . . . . . . .  

350 3 3  

3=3.Lf. . . . . . . . . . .  

3503 5 . . . . . . . . . .  

35oa7. . . . . . . . . . .  

3sq38 . . . . . . . . . . .  

m?ct 3.  . . . . . . . . . . .  

5so ut!. . . . . . . . . . .  
bSoL)b ~ -~ - 

3so 56 

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

AVG. R'OLL WIDTH: /5. s 

O.A. CONFORMANCE 
DATE 

SAMPLED 
(day/moI 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

.I.% Auk- 

b 

SAMPLE 
N 0. 

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . .  

. . . . . . . . . . .  

. . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . . .  

6ICL-0 I- . . . . . . . . . . . .  
58,125J1' 

O.C. DOCUMENTS 

\b?49.h. I 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

'!?.%!q. . 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  
. 

. . . . . . . . . .  

DATE 
CHECKED 
:doY/mol 

. !w?? 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

! ?. W T  
. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
- ._ . . . . . . . . .  

PASS/ 
FAIL 
7- 
b .  J . .  . 

I 
I 

' 1 ' "  

I 
I 

" 1 " '  

I 
I 

" 1 " '  

. . . . . .  

. . I . . .  

. . .  

. . I . . .  

. . . . . .  

. . I . . .  
I 
I 

. . . . . .  

I 
I 

" 1 . "  

. . . . . .  

. . I . . .  
I 
I 

. . . . . .  

" 1 " '  
. . I . . .  

I 
I 
. . . .  

. . I . . .  
I 

- 1 .  
. . . . . .  

OA ID 

. . . .  br? 
. . . . . .  

. . . . . .  

. . . . . .  

. . .  6r3 
. . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . .  

104 
_7 

I AVG. ROLL LENGTH: I50 U 

ACCUMULATIVE NUMBER OF ROLLS: 32 I NUMBER OF ROLLS ABOVE: 2 5  
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. . . . . . . . . . . .  35?.35 
. . . . . . . . . . . . .  3s236. 
. . . . . . . . . . . . .  353.32 
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. . . . . . . . . . . . . . . . . . . . .  
eal- 43% 
. . . . . . . . . . . . .  

I ' ' _  

i . . . . . . I . .  . .  
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2%/3 

. . . . . . . . .  

. . . . . . . .  

.: 9 ... 
I ... . . . .  ., . . . .  
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. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  - 

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  
- _  

. . . . . . . . . . .  
. ~ ~~ 

. . . . . . . . . . .  
c 

- 
PASS/ 
FAIL 
1 
, . I . . .  

I 

" I " '  
. . I . . .  

I 

" I " '  
. . I . . .  

I 
I 

" I " '  
. . I . . .  

I 
i 

. ' I "  

. . I . . .  
I 
i 

. . I '  

. . I . .  
I 
I 

' . I " .  
. . I .  . 

I 
I 

' . I . ' .  
. . I . . .  
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. 1- - 
. ' I . '  
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. . . . .  
i 

i 
. . . . .  

. . . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . . .  

. . . . . .  
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. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

m .  
. . . . .  

. . . . .  

. . . . . .  

. . . . . .  
' ., 
I - .  < -,. p'5' 

' . ' ' A  
I .  

:;le .(:c".; 
V M U l  - 
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. . . . . . . . .  

. . . . . . . . .  

. . . . . . .  

. . . . . . . . .  

. . . . . . .  

. . .  - -  
. . . . . .  

. . . . . . .  

. . . . . . . . .  

. . . . . . . .  

. .  

. . . . . . . .  

. . . . . . . .  

. . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  
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MATERIAL INVENTORY 
f PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) \ 

LOCATION: FERNALD, OHIO PROJECT NO: GQ0166 TASK NO.: 
DESCRIPTION: pH&.!& 1 c O A , S n %  c r / n N  YEAR: )9ci7 

ACCUMULATIVE NUMBER OF ROLLS: L J 
NUMBER OF ROLLS ABOVE: 
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. . .  

. . .  

. . .  

. . .  
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. . .  

J 

- 
OA 

- 
.fl4 

. .  .l 

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  
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. I . . . .  
I 

. -1  . 

' I  " '  

. . . . . .  

. . . . . .  

. . . . .  

. . . . .  

. . . . . .  

. . . .  

. . . . . .  
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u w f  . . . .  
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. . . . .  

O.C. 
DATE 

RECEIVEC 
(do y/mo 

. . . . . . . . .  
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. . . . . . . . .  

. . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
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. . . . . . . .  
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. . . . . . . .  . . -1- +, 
aL) 456 



GEOSYNTEC CONSULTANTS 

0.A CONFORMANCE 
DATE 
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PASS/ OA IC 
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I 
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I 
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. . I  . . . . . . . . . . .  

. . J  . . . . . . . . . . .  

I 
I 

. . . . . . . . . . . . . .  
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. . . . . . . . . . . . . .  
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I .J 
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ROLL LENGTH: I f*o F f  

J NUMBER OF ROLLS ABOVE: L 5  ACCUMULATIVE NUMBER OF ROLLS: k, 
CUMULATIVE AREA: 391, WLQ kt NO. OF CONFORMANCE TESTS (poge/totol): / 1 /r 



51268 

LOCATION: FERNALD, OHIO 
DESCRIPTION: 6 3 f n  .AJs7,z ~f 7 7 E d  YEAR: 1947 

PROJECT NO: coo166 TASK NO.: 04.1 

PRODUCT TYPE: & a m p f L  N S  G f L  MANUFACTURER: f l k m f / g  ?%C /.&@A‘.=- L; / P 3  -. / J / ,  

NUMBER OF ROLLS ABOVE: 9 ’  ACCUMULATIVE NUMBER OF ROLLS: ‘ 78  
0 

DATE I BATCH / ROLL NO. 

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . . .  
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. . . . .  

. . . . .  

. . . . .  

. . .  
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. . . . .  
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c I 
I 
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. . . . . .  
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. . . . . .  
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. . . . . .  

. . . . . .  
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. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
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. . . . . .  

. . . . . .  
- 1 .  .. - I! . . . . . .  

,.?.t. 
. . . . . .  

. . . . . .  

I AVG. ROLL LENGTH: / s o  p t .  f AVG. ROLL WIDTH: p T* 



MATERIAL INVENTORY 

INVENTORY 

3 .  . . . .  

. . .  

. . . .  

. . . .  
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-. 
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O.A. CONFORMANCE 

DATE 
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. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  
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. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

3337  
. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
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NUMBER OF ROLLS ABOVE: * %  ACCUMULATIVE NUMBER OF ROLLS: 203 
CUMULATIVE AREA: 470.472.9 NO. OF CONFORMANCE TESTS (poge/totol): J 



. 

. . .  

LOCATION: FERNALD, OHIO PROJECT NO: Go0166 TASK NO.: 044'  

DESCRIPTION: P%fh - r  cozurnz (nCF/#?A YEAR: l q q 7  

I PRODUCT T Y P E : ~ ~ ~ ~ F  /g JVS G/ L MANUFACTURER: QkNDfl / A  T&C& AJD&4/I*/. m. 

-- GEOSYNTEC CONSULTANTS - 
INVENTORY 

~~~~~ 

DATE BATCH / ROLL NO. 
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@ MATERIAL INVENTORY - 
PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 
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MATERIAL INVENTORY 
PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 
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AVG. ROLL WIDTH: / 5 5 '  AVG. ROLL LENGTH: 150' 

NUMBER OF ROLLS ABOVE: 10 ACCUMULATIVE NUMBER OF ROLLS: 389 
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MATERIAL INVENTORY 
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i PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 
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10 December 1997 
Mr. Kenneth W. Cargill, P.E. 
GeoSyntec Consultants 
1100 Lake Hearn Drive, N.E., Suite 200 
Atlanta, Georgia 30342 

Subject: DKWI' Final Report - Geosynthetic Clay Liner Test Results 
._ FDF-OSDF-Phase I Construction - .  

Dear Mr. Cargill, 

GeoSyntec Consultants (GeoSyntec) Geomechanics and Environmental Laboratory in 
Alpharetta, Georgia, is pleased to present the attached final test results (Table 1) for the 
above referenced project. A blank shown on the table indicates that the test was not 
performed, the parameter is not applicable, or that the test resulted in insufficient data to 
report the designated parameter. Attachment A presents the general information pertinent 
to the testing program, and the policy of GeoSyntec regarding the limitations and the use 
of the test results. 

The Geomechanics and Environmental Laboratory appreciates the opportunity to 
provide testing services for this project. Should you have any questions regarding the 
attached test results or if you require additional information, please do not hesitate to 
contact either of the undersigned. 

@ 

Sincerely, 

Barry E. Sigmon, P.G. 
Assistant Program Manager 
Geotechnical Testing 

Nader S.  Rad, Ph.D., P.E. 
Laboratory Director 

GQ0166/F974G007.CD A 0 
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ATTACHMENT A - - -  

Sample Identification, Handling, Storage and Disposal 

Laboratory Test Standards 

Application of Test Results 



SAMPLE IDENTIFICATION, BANDLING, STORAGE AND DISPOSAL 

Test materials were sent to GeoSyntec Consultants (GeoSyntec) Geomechanics and Environmental Labomtory in Atlanta. 
Georgia by the client or iu representative(s). Samples delivered to the laboratory were identified by client sample identification 
(ID) numbers which had been assigned by representative(s) of the client. Upon being meived at the laboratory, each sample was 
assigned a laboratory sample number to facilitate tracking and documentation. 

Based on the information provided to GeoSyntec by the client or its mpresentative(s) and, when applicable, procedural 
guidelines recommended by an industrial hygiene consultant. the following Occupational Safety and Health Administration (OSHA) 
level of personal protection was adopted for handling and testing of the test materials: 

. .  . . - . ~ .  . ~~ - .  .~ 

test materials were not contaminated. no special protection measures were taken; 
[ ] level D 
[ ] level C 
[ ] level B 

In accordance with the health and safety guidelines of GeoSyntec, contaminated materials are stored in a designated 
containment area in the laboratory. Non-contaminated materials are stored in a general storage area in the laboratory. 

GeoSyntec Geomechanics and Environmental Laboratory will return contaminated materials to the client or designated 
representative(s), at the clients' cost, 30 days following the completion of the testing program. unless special arrangements for 
proper disposal have been made with the laboratory. Materials which are not contaminated will be discarded 90 days after they 
were received at the laboratory, unless long-term storage arrangements are specifically made with GeoSyntec Geomechanics and 
Environmental Laboratory. 

LABORATORY TEST STANDARDS 

At the request of the client. the laboratory testing program was performed utilizing the guidelines provided in the following 
test standards: 

[Xl moisture content - American Society for Testing and Materials (ASZ'M) D 2216 "Standard Method for  hboratory 
Determination of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures ; 

I I  moisture content - ASTM D 4643 "Standard Test Method for Determination of Water (Moisture) Content of Soil 
by the Microwave Method"; 

I1 particlesize analysis - ASTM C 136. "Standard Method for Sieve Analysis of Fine and Coarse Aggregates"; 

[ I  particlesize analysis - ASTM D 422. "Standard Method for Particle-Size Analvsis of Soils"; 

[ I  percent passing No. 200 sieve - ASTM D 1 140. 'Standard Test Method for Amount of Material in Soil Finer Than 
No. 200 (75 microns) sieve"; 

[ I  Atterberg limits - ASTM D 4318. "Standard Test Method for Liquid Limit. Plastic Limit. and Plasticiry Index of 
Soils " : 

[ I  soil classification - ASTM D 2487. 'Standard Test Method for Classification of Soils for Engineering Purposes"; 

[ I  soil pH - ASIU D 4972, "Standard Test Method for p H  of Soik"; 

[ ] . soil pH - United States Environmental Protection Agency (USEPA) SW-846 Method 9045, Revision 1.  1987, 
Standard Test Method for Measurement of 'Soil p H ' ;  

specific gravity - AS174 D 854. "Standard Test Method for Specific Gravity of Soils"; 

carbonate content - ASTM D 3042. 'Standard Test Method for Insoluble Residue in Carbonate Aggregates"; 

. . __  -~ .___ . __ _ _  __ __ - -. - - - .___ ~. -__ --- ---__ 

[ I  

[ I  



carbonate content - ASTM D 4373. 'Stundurd Test Method for  Calcium Carbonate Content of Soils'; 

[ I  

[ I  

I 1  

acid reactivity - ASTM D 2488. 'Standard Practice for Description and Idennjim'on of Soils ( V i i d - M d  
Procedure)" ; 

soundness - ASTM C 88. 'Stundurd Test Method for Soundness of Aggregares by ure of Sodrum Sdfate or 
Magnesium Sulfate' ; 

loss-on-ignition (LOI) - ASIU D 2974. 'Test Methods for Moisture, Ash, and Organic Mmer of Peat und Other 
Organic Soils" ; 

standard Proctor compaction - ASTM D 698. "Standnrd Test Method for Moisture-Density Relnnons of Soils and 
Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) Rammer und 12-in. (305-mm) Drop"; 

- .  

modified Proctor compaction - ASTM D 1557, "Standnrd Test Methodfor Moisture-Density Relations of Soils and 
Soil-Aggregate Mixtures Using IO-lb (4.54-kg) Rammer and 18-in. (457-mm) Drop"; 

maximum relative density - ASTM D 4253. "Standard Test Method for Muximum Index Density and Unit Weighr 
of Soils Using 4 Vibrator?, Table"; 

minimum relative density - ASTM D 4254. 'Stndard Test Method for Minimum I d a  Densiry and Unit Weight 
of Soils and Calculation of Relative Density" ; 

unit weight - ASTM D 2937. "Standard Test Method for  Density of Soil In Place by the Drive-Cylinder Method": 

unit weight, void ratio, porosity, and degree of saturation - U. S. Army C o p  of Engineen (USCOE); EM-1 110- 
2-1906. "Unit Weight. Void Ratio. Porosity. and Degree of Sarurution. Appendix II"; 

mass per unit area - ASTM D 3776, "Stnndnrd Test Method for Mars Per Unit Area (weight) of Woven Fabric"; 

thickness measurement - ASTM D 1777. "Standard Test Method for Measuring Thickness of Tmi le  Materials"; 

free swell - United States Pharmacopeia National Formulary (USP-NF) XVII. "Swell I n d a  of C l q " ;  

swell of clap in GCL's - Geosynthetic Research Institute (GRI) 
Measurement of the Clav Component of GCL's"; 

GCL-1. "Standard Test Method for Swell 

fluid loss - American Petroleum Institute (API) RP 13B. "Secrion 1. Bentonite": 

marsh funnel - API RP 13B. "Section 4. Field Testing of Oil Mud Viscosity and Gel Strength"; 

double hydrometer - ASTM D 422 1, "Standard Tesr Method for Dispersive Characteristics of clay Soil by Double 
Hydrometer" ; 

pinhole dispersion - ASTM D 4647. "Standard Test Methodfor Identification and Clarsification ofDispersive Cluy 
Soils by the Pinhole Test"; 

gradient ratio - ASTM D 5101, "Standard Tesr Method for Mearuring the Soil-Geotexrile System Clogging 
Potential by the Gradient Ratio"; 

hydraulic conductivity ratio (Ha) - ASTM D 5567, "Stundurd Test Method for Hydraulic Conductivity Ratio 
(HCR) Testing of SoilIGeoratile System"; 

[ I  hydraulic transmissivity - ASTM D 4716, "Stundard Test Methodfor Constant Head Hydraulic Trunsmissivity (In- 
- _ _  ~ ~ - .  plane flow). of-Gei.tertiles -and- Geotmile Relored. PcO@ns".; _ _  __ .- ~ .~_____~ -. __ - - - -- 

[ I  one-dimensional consolidation - ASTM D 2435. 'Standnrd Test Method for One-Dimensional Consolidotion 
Propenies of Soil" ; 



I 1  o n e - h h o n a l  sw&collapse - ASTM D 4546, 'Standard Test Method for One-Dimensional Swell or Senlement 
Potential of Cohesive Soils" ; 

unconfined compressive strength WCS) - ASIU D 2166, . Standard Test Method for Unconfined Compressive 
Strength of Cohesive Soil"; 

t r i u  compressive strength ( I cv) - ASTM D 4767. 'Standard Test Method for Triprial Compression Test on 
Cohesive Soils" ; 

1 1  

- 
[ I  

triaxial compressive strength 0 - ASTM D 2850. "Standard Test Method for Unconsolidated, Undrained 
~. . 

1 1  
~ .. ~ Compressive Strength of Cohesive Soils-in Triprial Compression"; ~ - ~ ~ ~- - - - ~ ~ ~ 

I 1  rigid wall constant head hydraulic conductivity - ASTM D 2434. 'Standard Test Method for Permeability of 
Granular Soils (Constant Head)"; 

[ I  rigid wall constant head hydraulic conductivity - USCOE: EM-1110-2-1906. 'Standard Test Method for 
Permeability Tests. Appendix VII" ; 

flexible wall falling head hydraulic conductivity - ASTM D 5084. "Standard Test Method for Measurement of 
Hvdraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeamerer"; 

flexible wall falling head hydraulic conductivity - USCOE; EM-1110-2-1906. 'Standard Test Method for 
Permeability Tests. Appendix VII" ; 

index flux of GCL - proposed ASTM method rough draft # 1. 6/18/94. "Standard Test Method for Mearurement 
of Index F l u  Through Saturated Geoqnthetic Clay Liner Specimens Using a Flexible Wall Permeameter" : 

[ I  

[ I  

1 1  

[XI flexible wall falling head hydraulic conductivity - GRI GCL-2. "Standard Test Method for Permeabilih, of 
Geosvntheric Clav Liners fGCLs)": 

permeabilitylcompatibility - USEPA Method 9100 SW-846. Revision 1. 1987, Standard Test Method for 
Measurement of "Saturated Hvdraulic Conductiviry. Saturated Leachate Conductivity and Intrinsic Permeability" ; 

[ I  
a 

[ I  permeability - MI RP 27. "Recommended Practice for Determining Permeability of Porous Media "; 

[ I  capillary-moisture - ASTM D 2325, "Standard Test Method for Capillary-Moisture Relationships for Coarse- and 
Medium-Textitred Soils by Porous-Plate Apparatus" : 

I1 capillary-moisture - ASTM D 3 152. "Standard Test Method for Capilloff-Moisriire Relationships for Fine-Te.rtured 
Soils bv Pressure-Membrane Apparatus"; 

I 1  

I I  

paint filter liquids - USEPA Method 9095. SW-846. Revision 1. 1987. "Paint Filter Liquids Test"; and 

bulk unit weight - ASTM C 138, "Standard Test Method for Weight per Cubic Foot. Yield, and Air Content 
(Gravimetric) of Concrete". 

APPLICATION OF TEST RESULTS 

The reported test results apply to the field materials inasmuch as the samples sent to the laboratory for testing are 
representative of these materials. This report applies only to the materials tested and does not necessarily indicate the quality or 
condition of apparently identical or similar materials. The testing was performed in accordance with the general engineering 
standards and conditions reported. The test results are related to the testing conditions used during the testing program. As a 
mutual.protection to the client. the public. and GeoSyntec. this report is submitted and accepted for the exclusive use of the client 
and upon the condition that this report is not used, in whole or in part, in any advertising, promotional or publicity matter without 
prior written authorization from GeoSyntec. - -  __ ___ - ~- -- - -__----__ 
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Direct Shear Test Results 



SUMMARY OF LABORATORY RESULTS FROM DIRECT SHEAR TESTING ON THE 
a 

OSDF GCL SAMPLES. 

INTRODUCTION 

_ _  - - _ -  _ _  - - - -  - - -  - - - - - - - - . 

This document contains the laboratory results for the direct shear tests on GCL samples 

conducted by GeoSyntec Consultants at its Soil-Geosynthetic Interaction Testing Laboratory 

(SGI). Two types of tests were performed on each sample: internal direct shear on the GCL and 

interface direct shear on the GCL-Geomembrane interface. Tests were conducted following the 

procedures and methods stated on the specifications. 

SCOPE OF TESTING 

Internal and interface direct shear testing was required to evaluate whether a GCL lot to be used 

at the OSDF was in compliance with the specifications. A total of 24 GCL samples representing 

a number of GCL lots were tested to find their internal and interface shear strengths. 
m 

TEST PROCEDURES 

The laboratory test procedures followed are described in Attachment 1. Also included in 

Attachment 1 are the initial moisture content and the final range of moisture content of the 

samples tested. 

TEST RESULTS 

The internal and interface shear strength results are included in Attachment 2 and summarized in' 

the tables below. All GCL samples were tested for normal stresses of 20 and 45 psi, with most of 

them being tested also for a normal stress of 5 psi. 

GQ0409-04 / introsumm.DOC 
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INTERNAL SHEAR STRENGTH 

Test 
Series 
No. 

011 

021 

031 

041 

051 

061 

071 

081 

091 

101 

111 

121 

131 

141 

151 

161 

171 

181 

191 

201 

211 

221 

231 

241 

251 

261 

271 

QA 
Sample 

No. 

GCL-0 1 

GCL-02 

GCL-03 

GCL-04 

GCL-05 

GCL-06 

GCL-07 

GCL-08 

GCL-09 

GCL-10 

GCL- 1 1 

GCL-12 

GCL- 13 

GCL- 14 

GCL- 15 

GCL- 16 

GCL- 17 

GCL- 18 

GCL- 19 

GCL-20 

GCL-2 1 

GCL-22 

GCL-23 

GCL-24 

GCL-25 

GCL-26 

- GCL:2_7 

Lot No. 

97081402 

97081502 

97062902 

97082002 

97082102 

97082502 

97082302 

97082602 

97082702 

97082812 

97090 102 

97082802 

97090302 

97090402 

97090202 

97090502 

970905 12 

970906 12 

97090702 

97081302 

97080802 

97101002 

97101002 

97102302 

97102302 

97 102402 

97 102402 

Measured Peak 
Shear Strength for Conformance 

Shear Tests @si) 

5psi 

4.4 

3.8 

6.3 

5.9 

3.8 

6.5 

3.3 

4.6 

6.1 

6.0 

4.6 

5.2 

5.3 

4.2 

4.7 

- - P A  . 

2Opsi 

9.1 

5.9 

9.1 

11.1 

11.8 

7.7 

9.7 

10.3 

10.1 

7.8 

7.0 

7.9 

10.8 

12.9 

9.1 

11.2 

9.9 

9.4 

13.5 

9.7 

8.0 

9.1 

9.5 

._. 8.3- 

45psi 

12.4- 

12.9 

13.7 

18.9 

15.3 

9.8 

11.6 

17.2 

13.7 

9.8113.3 

13.4 

16.6 

17.2 

15.3 

14.6 

14.3 

12.0 

17.4 

20.8 

19.7 

17.2 

17.6 

17.9 

-17.4 - 

A 
1 

Measured Large-Displacement 
Shear Strength for Conformance 

Shear Tests @si) 

5psi 

1.3 

1.1 

1.3 

2.7 

- 

1.3 

2.6 

2.1 

1.7 

3.3 

3.9 

4.0 

2.5 

5.3 

3.9 

4.3 

.-. - 4.7- _ _  

20p51 

2.4 

3 .O 

2.8 

3.4 

5.2 

3.4 

3-2 

3 .O 

2.9 

2.7 

3.4 

2.6 

3 .O 

3.8 

3.1 

2.5 

3.2 

2.6 

2.9 

5.4 

3.5 

5.6 

4.0 

4 . 2 _ - -  

45p51 

6.4 

6.1 

4.8 

4.1 

6.1 

4.2 

5.6 

7.6 

5.2 

3.516.8 

5.4 

5.4 

5.4 

6.0 

6.7 

5.5 

5.7 

5.3 

5.9 

7.1 

6.1 

7.4 

5.6 

7.6.- 

GQ0409-04 I testsumm.DOC 
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INTERFACE SHEAR STRENGTH 

Test 
Series 
No. 

01G 

02G 

03G 

04G 

05G 

06G 

07G 

08G 

09G 

1 OG 

11G 

12G 

13G 

14G 

15G 

16G 

17G 

18G 

19G 

20G 

21G 

22G 

23G 

24G 

25G 

26G 

. -27.G- 

QA 
Sample 

No. 

GCL-0 1 

GCL-02 

GCL-03 

GCL-04 

GCL-05 

GCL-06 

GCL-07 

GCL-08 

GCL-09 

GCL-10 

GCL-11 

GCL-12 

GCL- 13 

GCL-14 

GCL- 15 

GCL- 16 

GCL- 17 

GCL- 18 

GCL- 19 

GCL-20 

GCL-2 1 

GCL-22 

GCL-23 

GCL-24 

GCL-25 

GCL-26 

. GCL-27 - _. - . -~ 

Lot No. 

= 
9708 1402 

9708 1502 

97062902 

97082002 

97082 102 

97082502 

97082302 

97082602 

97082702 

97082812 

97090 102 

97082802 

97090302 

97090402 

97090202 

97090502 

970905 12 

970906 12 

97090702 

97081302 

97080802 

97 101002 

97 101002 

97 102302 

97 102302 

97 102402 

____ 97 102402 

Measured Peak 
Shear Strength for Conformance 

Shear Tests @si) 

5psi 

2.6-- 

2.3 

3 .O 
2.3 

2.1 

2.4 

2.7 

2.0 

2.6 

2.5 

2.5 

2.6 

2.5 

2.7 __-_ 

2Opsi 

6.7 

5.7 

10.6 

7.7 

6.4 

7.0 

8.3 

6.3 

9.7 

7.4 

7.0 

7.1 

9.7 

9.5 

6.7 

7.2 

7.0 

8.9 

9.8 

8.4 

8.4 

8.7 

8.6 

- -84-- ~ 

45psi 

12.7 

11.1 

15.8 

15.0 

14.2 

14.9 

12.6 

10.5 

14.9 

9.618.9 

10.519.9 

12.9 

13.2 

11.0 

14.8 

11.1 

15.5 

14.5 

16.4 

18.7 

16.8 

16.0 

17.7 

- 1724- . 

Measured Large-Displacement 
Shear Strength for Conformance 

Shear Tests (psi) 

5psi 

2.0 

1.7 

1.7 

1.8 

1.5 

1.6 

1.7 

1.6 

2.2 

1.7 

2.0 

I .8 

2.0 

1.6 - . - . - - - 

2Opsi 

~ 4-.2 

4.0 

4.4 

5.1 

3.9 

3.3 

5.6 

3.1 

6.1 

5.1 

5.7 

4.5 

2.6 

4.9 

4.0 

4.6 

4.1 

4.0 

6.1 

4.5 

6.2 

5.6 

5.5 

5 .O __.__ 

45psi 

-8.6 

6.3 

6.6 

10.0 

8.0 

6.4 

6.2 

5.6 

6.4 

8.017.2 

8.917.9 

5.7 

6.2 

6.8 

7.9 

5.6 

7.7 

6.5 

11.0 

8.3 

6.3 

6.0 

6.2 

6.1 

. . .  

GQ0409-04 I testsumm.DOC 
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ATTACHMENT 1 

080492 



Test Specimen Configuration (from top to bottom) and Placement 

upper shear box: rigid substrate with textured steel 

lower shear box: rigid substrate with textured steel grippmg surface. 

Designated Shear Plane: (Within I GCL 

Test Procedures for Each Normal Stress Condition: 

- 
0 .A fresh GCL specimen was trimmed from the bulk smpk or the GCL a d  piaced 

between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotext.de were then sandwiched between a second rigid wooden substrate 
prior to testing. The enure test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period. the tap water was 
drained. and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5. 20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

I 97.10.14 

.080493 



TEST PROCEDURES AND CONDITIONS 

Test Spmmen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: ngid substrate w th  textured steel gnpping surface: 

ne 
~ - 

a 

0 8O-mil NSC textured HDPE geomembrane (GM-7); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Procedures for Each Normal Stress Condition: 

0 

0 

0 

0 

0 

0 

0 

0 

A fresh specimen oi concrete sand was compacted into the lower shear box by hand tamping 
to a relatively d e w  state under dry conditions fomng  a 3 in. thick bedding layer. 

A fresh specimen of geomembnnt was tnmmed fmm the bulk sample and attached to the 
lower shear box wth wchnrucal compression clamps. 

A fresh specmen of GCL w a  tnmmcd from the bulk sample and attached to the upper shar 
box with m e c h c a l  compression clamps. The GCL was onented so that the woven 
gwtexule component of the GCL was in contact with the geomcmbrpnt. 

A ngrd subskate wth  a textured steel gnppmg surface w p W  on top of the GCL. The 
textured steel gnpptng surface was used to mrrurmze slippage between the upper geotextile 
component of the GCL and ngid wooden substrate, therefore providing a relatively umform 
tnnsier of shew load onto the test interface. 

Soalung conditions: The entire test specimen was soaked in tap water for 168 houn under 
a normal stress ot  3 psi. 

Consolidation conditions: After che 168 hour soalung penod. the tap water was drained. and 
the entire test specimen was consolidated for 48 hours uoder each test n o d  stress. 

Test n o d  stresses: 5 ,  20. and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The directron of sheu for each interface &rect shear t a t  wu in the dirauon of manufacture 
(machine direction) of the geosynthetlc samples. 

Each test was s h d  until a mmmum total shea displacemeat of 2 in. was ackeved. 

7 GQO16644.llF9'7300a6 - 97.10.14 

000494 



MOISTURE CONTENT FOR SAMPLES TESTED FOR INTERNAL SHEAR STRENGTH 

Test Series No. 

011 

021 

03 I 

041 

051 

061 

071 

081 

091 

101 

111 

121 

131 

141 

151 

161 

171 

181 

191 

201 

211 

221 

231 

241 

251 

261 

271 

Normal Stress Range @si) 

5 to 45 

5 to45 

5 to 45 

5 to 45 

20 to 45 

5 to 45 

20 to 45 

20 to 45 

5 to 45 

5 to45 

5 to 45 

20 to 45 

5 to 45 

5 to 45 

. .  

20 to 45 

20 to 45 

20 to 45 

20 to 45 

5 to45 

5 to45 

5 to45 

5 to45 

5 to45 

5 to 45 

Moisture Content (YO) 

Initial 

9.4 

9.4 

8.6 

9.3 

9.7 

9.4 

9.0 

9.2 

8.7 

8.0 

9.4 

8.7 

8.3 

9.7 

10.4 

9.4 

9.2 

9.4 

10.0 

9.4 

8.3 

9.0 

10.0 

10.0 

Final Range 

86 to 133 

63 to 79 

64to101- - 

75 to 87 

77 to 80 

87 to 108 

60 to 90 

50 to 76 

57 to 105 

51 to 95 

48 to 76 

70 to 78 

65 to 90 

62 to 84 

- _  

57 to 65 

67 to 78 

57 to 59 

67 to 80 

55 to 75 

56 to 88 

56 to 90 

62 to 76 

49 to 70 

55 to 71 

GQ0409-04 / testsumm.DOC 
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MOISTURE CONTENT FOR SAMPLES TESTED FOR INTERFACE SHEAR STRENGTH 

Test Series No. 

01G 

02G 

03G 

04G 

05G 

06G 

07G 

08G 

09G 

1 OG 

11G 

12G 

13G 

14G 

15G 

16G 

17G 

18G 

19G 

20G 

21G 

22G 

23G 

24G 

25G 

26G 

27G 

Normal Stress Range (psi) 

5 to 45 

20 to 45 

20 to 45 

5 to 45 

20 to 45 

20 to 45 

20 to 45 

20 to 45 

5 to 45 

5 to 45 

5 to 45 

20 to 45 

5 to45 

5 to 45 

20 to 45 

5 to45 

20 to 45 

20 to 45 

5 to45 

5 to 45 

5 to 45 

5 to45 

5 to45 

5 to45 

Moisture Content (YO) 

Initial 

9.0 

9.6 

9.0 

9.0 

9.9 

9.6 

8.5 

8.8 

8.9 

8.2 

9.0 

9.0 

8.6 

8.5 

10.2 

9.3 

9.2 

9.1 

9.1 

9.4 

8.4 

9.4 

9.1 

8.1 

Final Range 

74 to 85 

70 to 119 

75 to 77- 

70 to 112 

65 to 69 

60 to 91 

52 to 75 

63 to 93 

62 to 107 

60 to 101 

73 to 110 

54 to 95 

79 to 97 

64 to 107 

53 to 74 

87 to 108 

54 to 76 

78 to 110 

54 to 82 

57 to 84 

61 to 100 

55 to 84 

49 to 91 

53 to 80 

GQ0409-04 / testsumm.DOC 
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1 2 6 8  .- . - 
I .  

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 6000 

TEST SERIES NUMBER 11: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-01) UNDER SOAKED AND 
CONSOLIDATED CON 6 IllONS 

TEST CONDITIONS -------------- - a n  = 5.0 psi - = 20.0 psi 
cI1 on = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

o ~ l l l l l l l , l l l l l l l l l l l  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 

DISPLACEMENT (in.) 
NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the E C L  

DATE TESTED: 24 AUGUST TO 2 SEPTEMBER 1997 - -- 
L GEOSYNTEC CONSULTANTS 

~~ ~ 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A- 1 

I FILE NO. 



FLUOR DANIEL FERNALD 
ON-SITE DISPOSAL FACILITY - 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 11: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-01) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR SIRENGTHS --_____---------------------------- 
on = 5.0 psi, T~ = 4.4 psis TU = 1.3 psi 
a,, = 20.0 psi. TW = 9.1 psi, TU = 2.4 psi 
on = 45.0 psi, T~ = 12.4 psi, T~ = 6.4 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hcs at each stress 
SHEAR RATE: 0.004 in./rnin. 

NOTES: (1) The reported totnl-strsss rhear strength parametem of frlction 
an Is and adhalon were d & d n t d  from a W - f i t  line dmwn thmu h the to3 d a b .  Caution should be exercised in using the strength pammefnrs 
for applications involving nomoi stressea outslde the range of 
stresses covered the taSt series. 

!t%?h e ""f, 9 ear  ! orce at a shear displacement of 2 in. for each test. 
(3) ?or each test sliding (Le, internal sheclr fallure) was observed 
to occur within the GCL 

I e dis 7 acement shear strength ( T ~ )  was calculated 

DATE TESTED: 24 AUGUST TO 2 SEPTEMBER 1997 - 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-2 
GQOl66-04.1 PROJECT NO. 

DOCUMENT NO. 
FILE NO. 

F 9 7 J m  C 



FL IOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
I- 

‘L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

”? 4500 

FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO, F97&#9&4 
F I E  NO. 

n 
v) 

f! 
W u 

I 
ln 

2000 

1500 

1000 4 
I 

TEST SERIES NUMBER 1G: EENTOflX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE 

GCL-01) 

GM-7) 
WITH  WOVEN GEOiMTlLE AGAINST GEOMEMBRA A E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!i S 

TEST CONDITIONS - a,, = 5.0 psi - = 20.0 psi - un = 45.0 psi 

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

SOAKING: 168 hrs at 3 psi 
CONSOUMTION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./mln. 

j SEE NOTE (2) 

500 - 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2 4  2.7 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) Sliding (i.e., shear failure) was observed to occur within the 
GCL rather than the intended interface. 

- -_____ -- -- ~ _ _  - -~ - _ _  



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

50 

- - 
I- 

‘L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 1G: BENTOFlX NS GCL (GCL-01) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRANE / 
60-mil NSC TEXTURED HOPE GEOMEMBRANE GM-7) 
UNDER SOAKED AND CONSOLIDATED CONDITIO t! S 

FIGURE NO. A-4 
PROJECT NO. GQO 1 66-04.1 
DOCUMENT NO. F9730086 
FILE NO. 

SOAKING 168 hra at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnin. 

t 

_ _ _  _ _ _ _ _  ___--__ - - __ - - - --___ 

D A E  TESTED: 5 TO 1 4  SEPTEMBER 1997 
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1 2  6& 5/31 . -  
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L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6000 _ _ -  . 

FIGURE NO. - 
PROJECT NO. GOO1 66-Or 
DOCUMENT NO. F9730Q8 
FILE NO. & 

% 

TEST SERIES NUMBER 21: INTERNAL SlRENGTH OF 

CON SOLI DATED CON DIT1 ON S 
BENTOFIX NS GCL (GCL-02) UNDER SOAKED AND 

TEST CONDITIONS -------------- - Un = 5.0 psi - on = 20.0 psi - 0, = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE. 0.004 ln./rnin. 

I I I I I  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 21 2.4 2.7 , 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 C L  



6/37 

- 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730087 

TEST SERIES NUMBER 21: INTERNAL SFREN(;TH OF 
BENTOFIX NS GCL (GCL-02) UNDER SOAKED AND 
CON SOLI DATED CON DIT1 ON S 

MEASURED SHEAR STRENGTHS ------_---------------------------- 
on = 5.0 psi, = 3.8 psi, T~ = 1.1 psi 
B,, = 20.0 psi. = 5.9 psi, TU) = 3.0 psi 
an = 45.0 psi, = 12.9 psi, rLp = 6.1 psi 

SOAKING: 1 6 8  hrs a t  3 psi 
CONSOLIDATION: 48 hrs a t  each stress 
SHEAR RATE. 0.004 in./min. 

c 

/ >A ) c -  

c 

o ~ , l ~ l ~ , , l l l l , l l ~ l , I ~  
0 5 10 1s 20 25 50 35 40 45 

NORMAL STRESS (psi) 
NOTES: (1) The meported total-stresg shear strength parameters of frlctlon 

an le and adhesion were determined from a best-fit line drawn thmu h the 
tes data. Caution should be exercised in using the strength paramein 
for applicotlons involving normal stresses autside the range of 
streases Covered the test series. 
(2 The lor e dls ocement shear strength ( T ~ )  was calculated 1 the sftear /!ce at a shear displacement of 2 in. for each test. 

to occur within the GCL 
g)? or each tesf slldlng (Le, internal shear fallure) was observed 

_ _ _  ~ - -  - 
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L GEOSYNTEC -CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. 

PROJECT NO. GQ0166 - 04.1 
DOCUMENT NO. F9730087 
FILE NO. OOOSC] 

TEST SERIES NUMBER 2G: BENTOFIX NS GCL GCL-02) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRA R E / 
80-mil NSC m R E D  HDPE GEOMEMBRANE GML15) 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 

TEST CONDITIONS -------------- - un = 20.0 psi - u, = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 I 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le.. shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 20 TO 29 OCTOBER 1997 
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‘L GEOSYMEC CONSULTANTS 
SOIL-GEOSY NTHETIC INTERACTION TESTING LABORATORY 

8/37 

FIGURE NO. A-4 

FILE NO. O U h ~  

PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730087 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

50 
- .  - 

TEST SERIES NUMBER 2G: BENTOFIX NS GCL GCL-02) 
WmC WOVEN GEOTMTILE AGAINST GEOMEMBRA A E / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-15) 
UNDER SOAKED AND CONSOLIDATED CONDITIO t! S - 

MEASURED SHEAR STRENGTHS ----------------------------------- 
O n  = 20.0 psi, Tpdc = 5.7 psi, TU, = 4.0 psi 
on = 45.0 psi, = 1 1.1 psi, 7u = 6.3 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE 0.004 in./min. 

/ 
r, - s - -  

7. 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

NOTES: (1) The reported total-stress shear strength parametem of frictlon 
an le and adhealon were determined from a best-flt line dmwn thmu h the 
t e 3  data Cautlon should be exercised In uslng the strength pamme8ra 
for applications involving normal stressas outside the range of 
stresses covered the test seri133. 
(21 The la r f?  dlsFcement shear strength ( T ~ )  was calculated 
usn the s ear orce at a shear displacement of 2 In. for each b t .  8 %lidlng i e., shear failure) wos observed to o c c u r  within the 

L rather I; on the intended Interface. 
__ -- 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6000 - 

- 
I- 

L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

15001 1000 

FIGURE NO. - 
GQOl66 - 04.1 PROJECT NO. 

DOCUMENT NO. 

FILE NO. 
F9739088 

OOOSOf 

TEST SERIES NUMBER 31: INTERNAL STRENGTH OF 
BENTOFlX NS GCL GCL-03) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - On = 5.0 psi - On = 20.0 psi 
crn = 45.0 psi - 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 h n  at each stress 
SHEAR RATE: 0.004 in./mln. 

A 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 2 CL 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - -- c GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 31: INTERNAL STRENGTH OF 
BENTORX NS GCL GCL-03) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

FIGURE NO. 

PROJECT NO. GQ0166 - 04.1 
F9730088 DOCUMENT NO. 

C . W  PEAK : a, = lo'; 8, = 775 R' = 1.000 
IDW ID SlRENGTH: 6, = 5 ;  am = I@@; R' = 0.987 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 h n  at each stress 
SHEAR RATE: 0.004 in./min. 

4 1- - 
1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 
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L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6oooo - -~ 

A-3 FIGURE NO. 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730088 

000508 FILE NO. 

TEST SERIES NUMBER 3G: BENTOFIX NS GCL GCL-03) 
WITH WOVEN GEOTDCnLE AGAINST GEOMEMBRA E / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-6) 
UNDER SOAKED AND CONSOUDATED CONDITIO S 

6 
t!i 

TEST CONDITIONS -------------- - Un = 20.0 psi - On = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnin. 

n SEE NOTE (2) 

1 1 1 1 1 1 ~ 1 1 1 ,  I I I I I  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 21 2.4 2.7 3 

DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) Sliding (Le., shear failure) was observed to occur within the 
GCL rather than the intended interface. 

_- 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730088 

f) 0 0 SQ FILE NO. 

- 1  

TEST SERIES NUMBER 3G: BENTOFIX NS GCL GCL-03) 

80-mil NSC TMTURED HDPE GEOMEMBRANE GM-6) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOUDATED CONDITIO A S 

C . W  PfAK : 4 = 12.; f! = 950 f; R1- 1.000 
a m w  u) STRENGTH: bU, = 5 .  ow = 3% psf; 3 = 1.000 

I 

NOTES: (1) The reported total-stress sheor strength parameters of friction 
an le and adhesion were detennlned from a best-flt line drawn thmu h the 
t e 3  dab. Caution should be exercised in using the strength parame&m 

outslde the range of 

- ~ _ _  __ - __ - ____ -- 

DATE TESTED: 20 TO 29 OCTOBER 1997 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - -  
~ 

TEST SERIES NUMBER 41: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-04) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS 
~ - un = 5.0 psi - On = 20.0 psi - Un = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOURATION: 48 hm at each stress 
SHEAR RATE. 0.004 ln./rnln. 

loOOm 500 . 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 

(2) For each test, slidin (Le., internal shear failure) was observed 
to occur within the e C L  

DATE TESTED: 3 TO 12 SEPTEMBER 1997 
~ ~ _ _ _ _ _  ~ 

FIGURE NO. 1-1 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 07 

1.- 
L GEOSYNTEC CONSULTANTS 

FILE NO. 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY r m  



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIlY 

50 - - 

0 

TEST SERIES NUMBER 41: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-04) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

1 ~ 1 ~ 1 ~ 1 ( 1 ) 1 ) 1 ~ 1 ( 1 ~ 1  

SOAKING: 168 hrs at 3 psl 
CONSOLDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnin. 

I 

- 

NOTES: (1) The reported total-stres shear strength parameters of frictlon 
an le and adhesion were determined from a W-fit line drawn thmu h the 
tea data. Caution should be ewercised In using the strength parame&ra 
for applications involving normal stresses outside the mnge of 
stresses covered the test seriea. 

%?h e '"4, s ear ! orce at o shear displacement of 2 in. for each test. 
(3) fo r  each test slldlnq (Le, internal shear fallum) was observed 
to occur within the GCL 

e dls z acement shear strength ( T ~ )  was caiculoted 

_ _  - __ _ _  - -- -- 

DATE TESKD: 3 TO 12 SEPTEMBER 1997 
FIGURE NO. 1-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 
FILE NO. 

1.- 
L GEOSYNTEC CONSULTANTS 

F9730 1 07 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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I- - GEOSYNTEC CONSULTANTS 
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FIGURE NO. 1-3 
PROJECT NO. GQO166-04.1 

000051 c 
DOCUMENT NO. F9730 1 07 

rl FILE NO. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

go00 , 

TEST SERIES NUMBER 
WITH WOVEN 
80-mil NSC 
UNDER SOAKED AND 

TEST CONDITIONS - On = 5.0 psi - On = 20.0 psi 
cr, = 45.0 psi - 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

500 

low 
O f I  1 1 1  1 1  I I I 1 1  I I I I 1 1  I I 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 I 
Dl SP LAC EM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 
(2) Sliding (i.e., shear failure) was observed to occur within the 
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DATE TESTED: 6 TO 15 SEFTEMEER 1997 - FIGURE NO. 1-4 
PROJECT NO. G Q O l 6 6 - 0 4 . 1  
DOCUMENT NO. 

I- - GEOSYNTEC CONSULTANTS 
F9730 1 07 

FILE NO. 00051 3 SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

9/42 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 4G: BENTOFIX NS GCL GCL-04) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-6) 

MEASURED SHEAR STRENGTHS 
-----__---------_--_----------,-----, 

on = 5.0 psi, T~ = 2.3 psi, T~ = 1.7 psi 
on = 20.0 psi. TW = 7.7 psi. TU = 5.1 psi 
U n  = 45.0 psi, T- = 15.0 psi, T~ = 10.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs ut euch s t m s  
SHEAR RATE: 0.004 

0 5 10 15 20 25 30 35 40 45 

NORMAL STRESS (psi) 

an le and adheslon were debrmined from a W-flt llne drawn thmu h the 
t e i  data. Caution should be ewercised In uslng the strength parame&trs 
for opplicotlons lnvolvlng normal stremm outslde the range of 
stresses covered the test series. 

usin 
@ 81idlng le., shear failure) wos observed to occur within the 

NOTES: (1) The reported total-stress shear strength pammeters of frlctlon 

(2) The IT dlsrocernent 7 shear strength ( T ~ )  was colculubd 
the s ear orce at a shear displacement of 2 in. for each test. 

L rather I; on the intended interface. 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 6000 I - -  

TEST SERIES NUMBER 51: INTERNAL STRENGTH OF 
BENTORX NS GCL GCL-05) UNDER SOAKED AND 
CONSOLIDATED CON 6 mONS 

TEST CONDITIONS - on = 20.0 psi 
-------------- - o n  = 45.0 psi 

SOAKING 16E4 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./mln. 

SEE NOTE (2) 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

2 Internal shear failure within GCL was observed. 
3 Partial internal shear failure within GCL was observed. 

~ and shear stresses. 

DATE TESTED: 18 TO 27 OCTOBER 1997 - FIGURE NO. A- 1 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730116 
FILE NO. BB r 

I 



F UOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

50 _ _  - - - 

- TEST SERIES NUMBER 51: INTERNAL STRENGTH OF 
BENTORX NS GCL GCL-05) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 45 - 

- 
MEASURED SHEAR STRENGTHS 

un = 20.0 psi, T- = 11.8 psi, T L ~  = 5.2 psi 
(J, = 45.0 psi, 7- = 15.3 psi, 7u = 6.1 psi 

40- 
- ................................... 

35 - 
c 7 

6, = 8'; ap = 1290 ef. - 1.000 
I=wLD STRENGTH: a, = T; = aps 'pet i? = 1.000 
9.WPEAK : 

v) 
u) w I 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs ut each stress 

N SHEAR RATE: 0.004 in./min. 
3 - 2 0 4  
& - I  SEE NOTE (4) 

SEE NOTE (3) 

1 

4 .- - 
5 -- - - - - - -  
- 

0 1 ~ 1 ~ 1 ~ 1 ~ 1 ) 1 ~ 1 ~ 1 ~ 1 ( 1  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

___ _ _  - -__ ---- - _____ - - - - 

DATE TESTED: 18 TO 27 OCTOBER 1997 - FIGURE NO. A-2 
GQOl66-04.1 PROJECT NO. I- - GEOSYNTEC- CONSULTANTS 

DOCUMENT NO. F9730116 
FILE NO. 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-3 
PROJECT NO. G Q O l 6 6 - 0 4 . 1  
DOCUMENT NO. F 9 7 3 0 1 1 6  
FILE NO. uwm G 

-6000 I 

TEST SERIES NUMBER 5G:  BENTOFIX NS GCL (GCL-05) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMERANE / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE (GM-10) 
UNDER SOAKED AND CONSOUDATED CONDITIONS 5000 

TEST CONDITIONS -------------- - crn = 20.0 psi 
n - u, = 45.0 psi 
9 

SOAKING: 168 hrs at 3 psi 
w CONSOLIDATION: 48 hm at each stress 
u SHEAR RATE. 0.004 In./rnln. 

v) 

3000 

I 
v) 

' " * Y Y  500 J ' " * Y Y  500 J 
' ~ ' ~ 1 ~ 1 ~ ' ~ 1 ~ ' ~ ' ~ 1 I '  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 21 2.4 2.7 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the  contact area remained constant throughout the  entire test.  

GCL rather than the intended interface. 
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FIGURE NO. - 
PROJECT NO. G Q O l M  - (14.1 
DOCUMENT NO. 

FILE NO. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - 50 - - .  

TEST SERIES NUMBat 5G: BENTOFIX NS GCL (GCL-05) Wm WOVEN GEOTMTILE AGAINST GEOMEMBRANE / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE (GM-10) 
UNDER SOAKED AND CONSOLIDATED CONDITIONS 

MEASURED SHEAR STRENGTHS 

0, = 20.0 psi, Tm = 6.4 psi, T u  = 3.9 psi 
U n  = 45.0 psi, TW = 14.2 psi, 7m = 8.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

I 5 

_ _ _  _ _  _ _ _ ~  _ _ _  .- ~ - - ____--  - ~- - - . -__ ---- _- 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6000 I 

- 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 61: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-06) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

FIGURE NO. A-1 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 09 
FILE NO. 

TEST CONDITIONS - u, = 5.0 psi - un = 20.0 psi 
CCCCI u, = 45.0 psi 

SOAKING: 168 hrs at 3 psl 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE: 0.004 in./rnin. 

500 - 
- 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft’ was assumed when computing normal 
and shear stresses. 

(2) For each test, siidin (Le., internal shear failure) was observed 
to occur within the 8 CL 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILlpl 

FIGURE NO. A-2 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

FILE NO. 

-- I 

TEST SERIES NUMBER 61: INTERNAL STRENGTH OF 

CONSOLIDATED CONDITIONS 
BENTOFIX NS GCL (GCL-06) UNDER SOAKED AND 

MEASURED SHEAR STRENGTHS ................................... 
un = 5.0 psi, TW = 3.8 psi, T~ = 1.3 psi 
c n  = 20.0 psi, TW = 7.7 psi. TU = 3.4 psi 
0, = 45.0 psi, ~m = 9.8 psi, T~ = 4.2 psi 

c m m z m  PEAK : 
gmrn!a ID !5lRENGll+ bU, = 

4 = 80; & = s o p  f? = 0.904 
4 .  am = 19 psf; f? = 0.851 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./rnin. 

o ; , l l l l l l l l , l , l l l  1 1 1  

0 5 10 15 20 25 30 35 40 45 ! 
NORMAL STRESS (psi) 

NOTES: (1) The reported t O t ~ d - S ~ e s a  shear strength parameters of friction 
an le and adhesion were detetnnlned from a best-fit line drawn thmu h the 
tea  data. Caution should be exercised in using the strength paramefern 

stressas outside the range of 



1 2 6 8  

- - 
5500 - - 
5000 - 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

_ _  

TEST SERIES NUMBER 6G: BENTOFIX NS GCL GCL-06) 

80-mil NSC TMTURED HDPE GEOMEMBRANE GM-8) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRA A E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r i  S 

TEST CONDITIONS - a, = 20.0 psi - u, = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 443 hra at each stress 
SHEAR RAE 0.004 In./rnln. 

SEE NOTE (2) 

o ; l l l l l , l l l l l l l l l l ~ l l  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2 1  2.4 2.7 3 

DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area. remained constant throughout the entire test. 

GCL rather than the intended interface. 

. . __ ----- -~ 

DATE TESTED: 29 SEPTEMBER TO 8 OCTOBER 1997 
FIGURE NO. 1-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

1.- 
L GEOSYNTEC CONSULTANTS 

F9730 1 09 
FILE NO. nQ&&Q c 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

cn 

TEST SERIES NUMBER 6G: BENTOFIX NS GCL GCL-06) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-8) 

- 

MEASURED SHEAR SlRENGTHS -----_----------------------------- 
on = 20.0 psi. = 7.0 psi, TU) = 3.3 psi 
u, = 45.0 psi. T- = 14.9 psi, T~ = 6.4 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hn at wch stress 
SMEAR RATE 0.004 in./min. 

I < - - -  orl I I ,  I ,  I I ,  I , ,  I I I I I I 

0 5 10 15 20 25 50 35 40 45 
NORMAL SIRESS (psi) 

NOTES: (1) The reported totol-stress shear strength parametem of frictlon 
an le ond adhesion were determined fmm a best-flt line drown thmu h the te9 data. Cautlon should be exercised In using the strength pamme&rs 
for appllcotlans lnvalvlng normal stresses outside the range of 
stresses covered the test series. 
(2) The lortfi dis,cefnent shemr strength (T,) was calculated 
usin the s ear orce at o shear displacement of 2 in. for each test. 
@ %ding II;".. shear failure) was observed to occur within the 

L rather an the intended Interface. 

DATE TESTED: 29 SEPTEMBER TO 8 OCTOBER 1997 - FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 09. 

1.- 
L GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

FILE NO. 



FLUOR DANIEL FERNALD 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - 
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'L GEOSYNTEC . CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

.. . - - -  6000 I 

- FIGURE NO. 

PROJECT NO. GQQl66 - 04, 
DOCUMENT NO. F9730 
FILE NO. 

'i 4500 

E 

I 
u) 

4 

1500 

1000 

TEST SERIES NUMBER 71: INTERNAL STRENGTH OF 
BENTOFIX NS GCL 
CONSOLIDATED CON ITIONS 

GCL-7) UNDER SOAKED AND b 
TEST CONDITIONS . 

45.0 psi 

-------------- - o n  = 20.0 psi - un - - 
SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

O ~ ~ ~ ~ ~ ~ ~ l ~ l ~ l ~ ~ ~ ~ I ~ l ~  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the Z C L  
(2) For each test, slidin 
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FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730089 
FILE NO. ( P O O S Z  

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIlY 

T W  SERIES NUMBER 71: INTERNAL T R E N G M  OF 
BENTOFIX NS GCL GCL-7) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR SlRENGTHS ________-_------------------------- 
on = 20.0 psi, T~ = 9.7 psi, TU, = 3.2 psi 
cr, = 45.0 psi, sPak = 11.6 psi, 7U, = 5.6 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

- -  m- 
+ - - - -  

I 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

__ - - _-.__ - -- - 

DATE TESTED: 27 SEPTEMBER TO 6 OCTOBER 1997 
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SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

- -6000 - _  - .  

FIGURE NO. - 
PROJECT NO. 

DOCUMENT NO. F9730089 
GQO166-04.1 

FILE NO. 

5500 -3 4500 

n 
v) 

w u 

I 
u) 

2000 

1500 

TEST SERIES NUMBER 
WnH WOVEN 
80-mil NSC 
UNDER SOAKED AND 

TEST CONDITIONS - un = 20.0 psi - un = 45.0 psi 

_-----_------- 

SOAKING: 168 hm at 3 psi 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE: 0.004 in./mln. 

A SEE NOTE (2) 
1 

I 
DISPIACEM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
I- - GEOSYNTEC ‘CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

- 50 ~ .. - 

~~ 

FIGURE NO. A-4 
PROJECT NO. GQOI 66-04.1 
DOCUMENT NO. F9730089 
FILE NO. 

TEST SERIES NUMBER 7G: BENTOflX NS GCL GCL-07) 
WrH WOVEN G E o m E  AWNST GEoMEMBdE / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!i S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-7) 

MEASURED SHEAR SlRENGTHS 

SOAKING 168 h a  at 3 psi 
CONSOLIDATION: 48 h n  at each stress 
SHEAR RATE 0.004 in./min. 

NOTES: (1) The reported total-strsss ehear strength pammetenr of fdctlon 
an le and adheslon were detemnhed from a W-flt line dmwn throu h the 
tea dota Carttion should be awerched In using the strength paramefern 

outslde the mnge of 

wae calculated 
of 2 in. for each test. 

was observed to occur within the 
~ _ - _  ____ _ _  _ _ _  - - -~ __ - 

DATE TESTED: 27 SEPTEMBER TO 6 OCTOBER 1997 
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FLUOR DANIEL FERNALD 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6000 , . _ - -  

TEST SERIES NUMBER 81: INTERNAL STRENGTH OF 
BENTORX NS GCL (GCL-8) UNDER S W E D  AND 
CONSOLIDATED CONDITIONS 

TEST CONDITIONS - on = 20.0 psi - cr, = 45.0 psi 

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

SOAKING: 1 6 8  hm at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE! 0.004 In./rnln. 

I l l 1 1 1 1 1 1 1 1 1 1 1 1  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8 CL (2) For each test, slidin 
~ 

DATE TESTED: 6 TO 15 OCTOEER 1997 - I FIGURENO. 1-1 

PROJECT NO. GQOI 66-04.1 
DOCUMENT NO. 

FILE NO. 

I- - GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- -  

TEST SERIES NUMBER 81: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-8) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS 

un = 20.0 psi, T@ = 10.3 psi, -rU) = 3.0 psi 
0, = 45.0 psi, T@ = 17.2 psi, -rU) = 7.6 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

/ L- 
c 

/- r, 
/ 

NORMAL STRESS (psi) 

DATE TESTED: 6 TO 15 OCTOBER 1997 
* q  I FIGURENO. 

I- - GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

I -L 
~~ 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 
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PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6000 ~ 

I- - GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

SERIES NUMBER 8G: BENTOFIX NS GCL GCL-08) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRA 6 E / 

FIGURE NO. 1-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 
F9730106 

80-mil -NSC m U R E D  HDPE GEOMEMERANE GM'6) 
UNDER SOAKED AND CONSOLIDATED CONDITIO ti S 

TEST CONDITIONS 

- on = 45.0 psi 

-------------- - a n  = 20.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./rnln. 

15m1 1000 

SEE NOTE (2) - 
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le.. shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 
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PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 
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TEST SERIES NUMBER 8G: BENTOFIX NS GCL GCL-08) 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-6) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO ti S 

/ - - - -  
1 ~ 1 ~ ' ~ 1 ~ 1 ~ 1 ~ 1 ~ ' ~ 1 ~ '  

MEASURED SHEAR STRENGTHS ----------------------------------- 
a, = 20.0 psi. TP.Q = 6.3 psi, TU] = 3.1 psi 
a, = 45.0 psi, = 10.5 psi, T~ = 5.6 psi 

- -- 
L GEOSYNTEC . CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

1-4 FIGURE NO. 

PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 06 
FILE NO. 000529 

NOTES: (1) The reparted total-Stress shear strength parameters of friction 
an le and adhesion were determined from a best-fit line drawn thmu h the 
tea data. Caution should be exercised in using the strength pornmefern 

normal stresaa outside the range of 

DATE TESTED: 6 TO 15 OCTOBER 1997 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

500 

0 

TEST SERIES NUMBER 91: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-09) UNDER SOAKED AND 
CONSOLIDATED CON 6 MONS 

TEST CONDITIONS - an = 5.0 psi - 0, = 45.0 psi 
m-m+m-m <Tn = 20.0 psi 

SOAKING: 168 hw at 3 psi 
CONSOUDAllON: 48 hm at each stress 
SHEAR RAE 0.004 in./mln. 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the e C L  

DATE E S S :  8 TO 17 SEfTEMBEf? 1997 
~~ ~ 

FIGURE NO. 1-1 
1.- PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

L GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

66-04.1 
I730099 

!ll!Qsm 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 91: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-09) UNDER SOAKED AND 
CONSOLIDATED CON DIT1 ONS 

MEASURED SHEAR STRENGTHS __--__-_--------------------------- 
a,, = 5.0 psi, T~ = 6.5 psi. T~ = 2.6 psi 
on = 20.0 psi. TW = 10.1 psi, TU = 2.9 psi 
a, = 45.0 psi, T~ = 13.7 psi, T~ = 5.2 psi 

._..A. PEAK : a, = lo': f! = 855 f. R1 0.980 
4 m w  ID SFRENGTH: bu, = 4 .  om = 2g'pf; = 0.916 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

-- - .-to-9GGU-w'Cth_in tkKL - ___ _____  _ _  _ _  

DATE TESTED: 8 TO 17 SEPTEMBER 1997 - FIGURE NO. 1-2 - - UEU3YNlL.L L U N S U L I A N  

SOILGEOSYNTHETIC INTERACTION TESTakaP- ' APnDATnDV 
DOCUMENT NO. F9730099 

nfT;--P 

~ 

PROJECT NO. GQO166-04.1 1.- 
L GEOSYNTEC CONSUETANTS 

DOCUMENT NO. F9730099 
FILE NO. 9'3053: SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 
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ON-SITE DISPOSAL FACILITY 
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TEST SERIES NUMBER 9G: BENTOFIX NS GCL GCL-09) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOUDATED CONDITIO I! S 
80-mil NSC TEXTURED HDPE CEOMEMBRANE GM-10) 

TEST CONDITIONS - a, = 5.0 psi - an = 20.0 psi 
. CCCCI cr,, = 45.0 psi 

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

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE. 0.004 in./min. 

I 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le.. shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 12 TO 21 SEPTEMBER 1997 

1.- - GEOSYNTEC :CONSULTANTS 
SOIL-GEOSYNTHOIC INTERACTION TESTING LABORATORY 

I FIGURENO. 1 -s 
PROJECT NO. GQOl66-04-1 
DOCUMENT NO. F9730099 
FILE NO. UUOta3d 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 9G: BENTOFIX NS GCL GCL-09) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOUDATED CONDITIO r! S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE G M - 1 0 )  

MEASURED SHEAR STRENGTHS 

on = 5.0 psi, T-, = 3.0 psi. T,J = 1.7 psi 
on = 20.0 psi. rw = 9.7 psi. ru) = 6.1 psi 
un = 45.0 psi, T~ = 14.9 psi. 7Lp = 6.4 psi 

____________________---------_----- 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE 0.004 in./min. 

NO= (1) The reported tot41-strass sheor strength parum- of friction 
an le and adhesion were determined fmm a best-flt line drawn thmu h the 
te3  dub. Caution should be exercised In using the strength paramefern 

outside the mnge of 

was calculated 
of 2 In. for each test. 
occur w b i n  the 

- - _-___ ______ __ _ _ _  __ .__ - 

DATE TESTED: 12 TO 21 SEPTEMBER 1997 
1-4 FIGURE NQ. 

PROJECT NO. GQOl66-04.1 
- 

1.- - GEOSYNTEC :CONSULTANTS 
DOCUMENT NO. F9730099 
FILE NO. 030533 SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

- 
- 6000 I 

A-1 

F9730 1 08 

FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQO166-04.1 

TEST SERIES NUMBER 101: INTERNAL SlRENGTH OF 
BENTOHX NS GCL GCL-10) UNDER SOAKED AND 
CONSOUDATED CON b ITIONS 

SOAKING: 168 hrs ut 3 psi 
CONSOLI~TION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnin. 

1 1 1 1 1 1 1 ( I  
0.0 0.3 0.6 0.9 1.2 15 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was aSSUm8d when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8 CL 
(2) For each test, slidin 
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1.- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

DAN1 EL 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 

FERNALD 
ON-SITE DISPOSAL FACILIIY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 101: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-10) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR SlRENGTHS - ----------------------------------- 
un = 5.0 psi, T-,, = 3.3 psi, TG = 2.1 psi 
on = 20.0 psi, T~ = 7.8 psi, T~ = 2.7 psi 
a, = 45.0 psi, = 9.8 psi, TW = 3.5 psi 
on = 45.0 psi, T- = 13.3 psi, T~ = 6.8 psi 

11'; f+ 
= 5 .  

420 et: f? - 2r5 p* 

SOAKING: 168 hrs at 3 pd 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

0.857 - 0.566 

_ _  -- 

1997 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

6000 

TEST SERIES NUMBER 1OG: BENTOFIX NS GCL GCL-10) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO i S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-15) 

TEST CONDITIONS - a,, = 5.0 psi - un = 45.0 psi 

-------------- - = 20.0 psi 

Ic+yyc+ U n  = 45.0 psi 

SOAKING: 168 hm at 3 psl 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./rnin. 

SEE NOTE (2) 

- - - - - _  - -  

O T I  1 1 1  I I I I I I I I 1 1  1 I I I I 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 27 2 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 
(2) Sliding (Le., shear failure) was observed to occur within the 

DATE TESTED: 13 TO 24 SEPTEMBER AND 6 TO 15 OCTOBER 1997 - 
c- 
I - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 08 
FILE NO. 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

. .  - - 5 o  - - - _  

~ 

FIGURE NO. A-4 
GQOl66-04.1 PROJECT NO. 

DOCUMENT NO. 
FILE NO. 

F9730 1 08 

TEST SERIES NUMBER 1OG: BENTOFIX NS GCL 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN 
io-mii -NSC TEXTURED HDPE GEOMEMBRANE G M ~  5 )  
UNDER SOAKED AND CONSOUDATED CONDITIO I$ S 

MEASURED SHEAR STRENGTHS ................................... 
On = 5.0 psi, TW = 2.3 psi, TU = 1.8 psi 
On = 20.0 PSI, Tm = 7.4 psi, Tu = 5.1 psi 
On = 45.0 psi. Tpd( = 9.6 psi, TU) = 8.0 psi 
On = 45.0 PSI, TW = 8.9 psi, TU = 7.2 psi 

SOAKING: 1 6 8  hrs at 3 psl 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE. 0.004 in./min. 

\ 
/ L -  

- __ __.  - 
~ - __ _ _ _ _ _ _  ~ 

DATE TESED: 13 TO 24 SEPTEMBER AND 6 TO 15 OCTOBER 1997 
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5000 - 
- 

4500 - 
- 

n 4000 - 
e - 3500 - 
W 
0 

v) - 

- 
E 3000- - 
fY 

I - 
u) 

4 2500- 

6000 _ _  

TEST CONDITIONS - a, = 5.0 psi - an = 20.0 psi - a, = 45.0 psi 

_____- -------- 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR R A E  0.004 In./mln. 

E S T  SERIES NUMBER 111: INTERNAL STRENGTH OF 

CONSOLIDATED CONDITIONS 
BENTOFIX NS GCL (GCL-1 1) UNDER SOAKED AND 

- -- - 
L GEOSYNTEC . CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 0 1 
FILE NO. w u 5 m  

NOTES: ( 1 )  A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses .  

to occur within the 8 C L  
(2) For each test, slidin 
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L GEO SYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FL JOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

A-2 FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQO166-04.1 

TEST SERIES NUMBER 111: INTERNAL STRENGTH OF 

CONSOLIDATED CONDITIONS 
BENTOflX NS GCL (GCL-11) UNDER SOAKED AND 

MEASURED SHEAR STRENGTHS ----------------------------------- 
O n  = 5.0 psi, Tpeok = 4.6 psi, Tu = 1.7 psi 
O n  = 20.0 psi. = 7.0 psi. TU = 3.4 psi 
O n  = 45.0 psi, Tpwk = 13.4 psi, Tu = 5.4 psi 

SOAKING 168 hrs at  3 psi 
CONSOUOATION: 48 hra at each stress 
SHEAR RATE: 0.004 in./min. 

l I I 1 1 1 1 1 1 1 1 1 1 1 1  
20 25 30 35 40 45 E 0 5 10 15 

NORMAL STRESS (psi) 

an le and adhesion were determined from a best-fit line drawn thmu h the 
t e a  datn. Cautlon should be exercised In using the strength paramefern 
for applications involving normal str-ea outside the range af 
stresses covered the test series, 

usn the slear k rce  at a sheor dlsplacement of 2 in. for each test. 
(3) f o r  each t e s t  sliding (Le, internal shear failure) was observed 
to. occur within the GCL 

NOTES: (1) The reported total-stress shear strength parametem af fdctlon 

(2i The lor e dis ? acement shear strength ( T ~ )  was calcul&d 

- __ - ~ -- -__-__ 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- _ -  - 
- -soap - 

- 
TEST SERIES NUMBER 11G: BENTOFIX NS GCL GCL-11) 

5500 - WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO i S 

- 80-mil NSC TEXlURED HDPE GEOMEMBRANE GM-6) 
5000 - 

- TEST CONDITIONS - ___----------- - an = 5.0 psi - g n  = 20.0 psi - On = 45.0 psi 

4500 - 

4000- - an = 45.0 psi 
- 

n 
v) e 

-3500- 

- 
W u 
2 3000- 

- 
SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. g 2500- 

r - 
u1 

2000 - - SEE NOTE (2) 

1500 1000 - - - -Y 
500 - - 

O T l 1 1 I I I  1 1  1 1 1  1 I I I I I i  I 
0.0 0.3 0.6 0.Q 1.2 1.5 1.8 2.1 2.4 2.7 2 

DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the  contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 17 TO 26 SEPTEMBER AND 4 TO 13 OCTOBER 1997 

I- - GEOSYNTEC . CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-3 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

FILE NO. 
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ON-SITE DISPOSAL FACILITY 

- 
I- 

L GEOSYNTEC - CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 11G: BENTOFIX NS GCL 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRAN ti / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-6) 
UNDER SOAKED AND CONSOLIDATED CONDITIO ri S 

GCL-11) 

A-4 FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730101 
FILE NO. 08054: 

MEASURED SHEAR STRENGTHS ----------------------------- 
On = 5.0 psi, 7- = 2.1 psi, -TU, = 1.5 psi 
On = 20.0 psi, T m  = 7.0 psi, T u  = 5.7 psi 
On = 45.0 psi, 7- = 10.5 psi, Tu, = 8.9 psi 
on = 45.0 psi, T- = 9.9 psi, T~ = 7.9 psi 

*.-PEAK : 6, - 11"; a - 275 sf; I? - 0.943 
4 . w  LD mmm: 6Lp - 9'; & = 2og psf; R' - 0.933 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

NO=: (1) The reported tatol-strass shear atrength parameters of friction 
an le and adhesion were determined fmm a best-fit line drawn thmu h the 
tes? datu Caution should be exercised In using the strength parame& 

stresses outside the mnge of 

shear strength ( T ~ )  was calculated 
shear displacement of 2 in. for each test. 8 !biding le., shear failure) was observed to occur within the 

L rather an the intended Interface. 
- _ _ -  -~ - -___----  

I; 
_ _ _ _ - _ _ _ -  - _ _ _ ~ -  
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PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

5500 -i 4500 

TEST SERIES NUMBER 121: INTERNAL STRENGTH OF 

CONSOLIDATED CON mONS 
BENTOFIX NS GCL GCL-12) UNDER SOAKED AND 6 

TEST CONDlTlONS - a, = 20.0 psi - 0" - - 45.0 psi 

-___---------- 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 4.8 hrs at each stress 
SHEAR RATE: 0.004 In./min. 

1000 4 
500 &--== 

o ~ l l l l l ~ l ~ l l l l ~ l ' l ~ I i  
0.0 03 0.6 0.9 1.2 1.5 1.8 2 1  2.4 2 7  

DISPLACEMENT (in.) 
I 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8 C L  
(2) For each test, slidin 

DATE TESTED: 1 'TO 10 OCTOBER 1997 -. ~~ 

flGURE NO. A-1 - - 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730095 

-- - GEOSYNTEC CONSULTANTS 
FILE NO. SOIL-GEOSYNTHRIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

e 
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35- 
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TEST SERIES NUMBER 121: INTERNAL STRENGTH OF 
BENTOFlX NS GCL (GCL-12) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS 

?....PEAK : 
¶ m u  LD mENGTH: dur = 

s, = lo'; fp = 125 gQr; P = 1.000 
6 ,  am = 0 paf; F? = 1.000 

SOAKING: 168 hrs at  3 psi / 

CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

o ~ l l l l l l l ~ l l l l l l l l l l  ~ I 

0 5 10 15 20 25 30 55 40 45 
NORMAL STRESS (psi) 

NOTES: ( I )  The mported total-stress shear strength parameters of frlctlon 
an le ond adhsslon were determined from o best-flt line drawn thmu h the 
tea doto. 
for appllcatlons Involving n o m 1  stresses outside the range of 
stresses cowred the test sedea. 

%nThth e ? s e a r  ! orce at a shear displacement of 2 In. for each test. 
(3) %or eo& test, sliding (Le, intcrnal shear failure) was observed 
to occur within the GCL 

Caution should be exercised In uslng the strength porome&rs 

e lo e dls 7 acement shear strength ( T ~ )  was calculated 

DATE TESTED: 1 TO 10 OCTOBER 1997 - - GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO.. A-2 
GQOl66-04.1 PROJECT NO. 

DOCUMENT NO. 

FILE NO. 
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DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- ~ -~ _ _  . . - . - -  - -  _ _  - _ - _  - _ _  - 
6000 , 

- 
4500 - - 
4000 - n 

v) e 
-3500- 

- 

w 
0 - 

3000- 

K 4 2500- 
I cn 

2000 - 

- 

TEST SERIES NUMBER 12G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE 

GCL-12) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOUDATED CONDITIO rs S 

GM-10) 

5000 

- - -- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETC INTERACTION TESTING LABORATORY 

TEST CONDITIONS - un = 20.0 psi - on = 45.0 psi 

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

FIGURE NO. A-3 

DOCUMENT NO. E730095 
GQOl66-04.1 PROJECT NO. 

FILE NO. 19 mC%% 

SOAKING 188 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE. 0.004 in./min. 
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TEST SERIES NUMBER 12G: BENTOFIX NS GCL 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN 
60-mil NSC TEXTURED HDPE GEOMEMBRANE 
UNDER SOAKED AND CONSOLIDATED CONDITIO 

MEASURED SHEAR SlRENGTHS ----------------------------------- 
an = 20.0 psi. TW = 7.1 psi. TU = 4.5 psi 
cr, = 45.0 psi, rPok = 12.9 psi, T~ = 5.7 psi 

._....PEAK : a, = 13.; p, = 350 f. R - 1.000 
4 . w  U) S3ENGTt-k bm = 3 ;  ow = & 'm 3 = 1.000 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs ot each stress 
SHEAR RATE 0.004 in./min. 

SEE NOTE ( 3 )  

/ / / -- .L- 

/ 
7 d % - - -  
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TEST SERIES NUMBER 131: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-13) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

GQOl66-04.1 PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

TEST CONDITIONS - un = 5.0 psi - on = 20.0 psi 

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

- On = 45.0 psi 

SOAKING 168 hm at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnln. 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 

(2) For each test, slidin (Le., internal shear failure) was observed 
to occur within the 8 C L  

DATE TE5lED: 20 TO 29 .SEPTEMBER 1997 - FIGURE NO. - - 
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ON-SITE DISPOSAL FACILITY 
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I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 131: INTERNAL STRENGTH OF 
BENTOflX NS GCL (GCL-13) UNDER SOAKED AND 

A-2 

F9 730 09 0 

FIGURE NO. 

PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

, 4  FILE NO. q$ous4. 

C6NSOLlDATED CONbmONS ' 

MEASURED SHEAR STRENGTHS 

un = 5.0 psi, 7- = 6.1 psi. rLD = 3.3 psi 
on = 20.0 psi. ~ p d ~  = 10.8 psi, 7~ = 3.0 psi 
on = 45.0 psi, T- = 17.2 psi, T~ = 5.4 psi 

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

SOAKING 168 hm at 3 psi 
CONSOLIDATION: 48  h n  at each stress 
SHEAR RATE: 0.004 in./min. 

- -  

I 

- .- _ _ _ _  __ . -__  -- 

DATE TESIED: 27 AUGUST TO 5 SEPTEMBER 1997 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-3 
PROJECT NO. GQOl66-04. 
DOCUMENT NO. F973009C 
FILE NO. 

1500 4 

TEST SERIES NUMBER 13G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE 

GCL-13) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRAN t! / 
UNDER SOAKED AND CONSOLIDATED CONDITIO I! S 

GM-14) 

TEST CONDITIONS - an = 5.0 psi - on = 45.0 psi 

-------------- - an = 20.0 psi 

SOAKING: 1 6 8  hrs at 3 psi 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE: 0.004 in./mln. 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL mther than the intended interface. 

DATE TESTED: 22 SEPTEMBER TO 1 OCTOBER 1997 
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PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

.. 50- 

- TEST SERIES NUMBER 13G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

GCL-13) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRAN i / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 

MEASURED SHEAR STRENGTHS ----__----------------------------- 
an = 5.0 psi, T~ = 2.4 psi. T~ = 1.6 psi 
a n  = 20.0 psi. T@ = 9.7 psi, TU = 2.6 psi 
on = 45.0 psi. 7- = 13.2 psi, T~ = 6.2 psi 

C O W  PEAK : 4 = 14'; a, = 345 f? - 0.889 
a m w  ID !5TRENGM: bm = 7'; am = @p* $ = 0.972 

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR R A E  0.004 in./rnin. 

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR R A E  0.004 in./rnin. 

SEENoTE(3) \ / / / 

NORMAL STRESS (psi) 

___ -- - _ _  - _____ _ _ _  - - -  __ 

DATE TESTED: 22 SEPTEMBER TO 1 OCTOBER 1997 - FIGURE NO. A-4 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

FILE NO. 

1.- 
L GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 141: INTERNAL SIRENGTH OF 
EENTOFIX NS GCL (GCL-14) UNDER SOAKED AND 

4500 - 
- 

4000 - 
e 
-3500- 
W a u 

n 
v) - 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 I 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the i! CL 

TEST CONDITIONS - un = 5.0 psi 

u, = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE 0.004 In./mln. 

-------------- - = 20.0 psi - 

. ~. 

- 
I- 

L GEOSYNTEC CONSULTANTS 
SOIL-GEOSY NTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GO0166 - 04-1 
F97.30 
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DAN I EL FLUOR 

PHASE 1 CONSTRUCTION 
ON-SITE DISPOSAL FACILIW 

DIRECT SHEAR TEST1 N G 
- 50 

TEST SERIES NUMBER 141: INTERNAL STRENGTH OF 
BENTOFlX NS GCL GCL-14) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR SlRENGTHS 
------_---------__-_-------,-------- 

On = 5.0 psi, ~m = 6.0 psi, TU = 3.9 psi 
a n  = 20.0 psi. ~ p d (  = 12.9 psi, TU = 3.8 psi 
On = 45.0 psi, Tpak = 15.3 psi, TU = 6.0 psi 

SOAKING: 168 hn at 3 psi 
CONSOLIDATION: 48 h r s  at each stress SHEAR RATE 0.004 in./min. / 

I- 

5c -: 

_. . . .~ 

1 

_ _ _ ~  ~ _ _ .  -___----- -__- -___- - -  

DATE TESTED: 22 SEPTEMBER TO 3 OCTOBER 1997 - FIGURE NO. A-2 - - 
L GEOSYNTEC CONSULTANTS PROJECT NO. Gaol 66-04.1 

DOCUMENT NO. F9730091 
FILE NO. 

I- 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

--- _. . .  - . _  - 
6000 

- - -- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

- 
5500 - - 
5000 - 

- 
4500 - - 
4000 - n 

. -  e 
-3500-  
W u - 

3000- - 
g 2500- 
I - 
v) 

2000 - 

-_ FIGURE NO. - 
PROJECT NO. - I 
DOCUMENT NO. m7- 
FILE NO. -00055 

TEST SERIES NUMBER 14G: BENTOFIX NS GCL GCL-14) 
WITH WOVEN GEOTMnlE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO ri S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 

TEST CONDITIONS - crn = 5.0 psi - un = 20.0 psi - on = 45.0 psi 

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

SOAKING: 168 hrs at 3 psi 
CONSOUOATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./mln. 

15001 1000 

SEE NOTE (2) A 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 



TEST SERIES NUMBER 14G: BENTOFIX NS GCL GCL-14) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO ri S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 h n  at each stress 
SHEAR RATE: 0.004 in./min. 

FLUOR DANIEL FER JALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

0 5 10 15 20 25 50 35 40 4 5 1  
NORMAL STRESS (psi) 

DATE TESTED: 24 SEPTEMBER TO 3 OCTOBER 1997 
- FIGURE NO. - 

I- 
- - GEOSYNTEC CONSULTANTS PROJECT NO. GQ0166 - 04.1 

SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 
DOCUMENT NO. F9730091 
FILE NO. 0 0 :J 2 .. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

-1 

TEST SERIES NUMBER 171: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-17) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS 

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

L 
m 

o ~ l l l l l ~ l  ~ l ~ l ~ l ~ ~ l ~ l ~  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 

. .  

I 

NOTES: (1) A constant area of 1 ftz was assumed when computing normal 

@e., internal shear failure) was observed 

and shear stresses. 

to occur within the Z C L  
(2) For each test, slidin 

____ ___  - 
- - - .- 

DATE TESTED: 4 TO 13 OCTOBER 1997 
FIGURE NO. A- 1 

I- 

L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

_ - _ - -  
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FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730096 

rr FILE NO. oooaa5 

TEST SERIES NUMBER 171: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-17) UNDER SOAKED AND 
CONSOUDATED CONDITIONS 

MEASURED SHEAR STRENGTHS 
~~~~~~~ 

0, = 20.0 psi, T~ = 9.1 psi, sm = 3.1 psi 
6, = 45.0 psi, 7- = 14.6 psi, T~ = 6.7 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

NOTES: (1) The mported tatal-stnss ehear strength parameters o f  friction 
an le and adhesion were detennlned from a bast-fk lina drawn thmu h the 
for appllcatlom lnvolvlng normal stmssm outside the mnge o f  
stresses cowred the test serlm. 

usin the s ear orce at a shear displacement of 2 in. for each test. 
(3) %or each tesf alldlng (l.e, internal shaar fallure) was obsewed 
to occur within the GCL 

dub. Caution should be exertised in using the strength pamrne&~ 

(2) The 17 e dls p 7 ocement shear strength ( 7 ~ )  was calculated 

__ __ ~- __- 

DATE TESTED: 4 TO 13 OCTOBER 
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TEST SERIES NUMBER 17G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE 

GCL-17) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t!i S 

GM-15) 

TEST CONDITIONS - a, = 20.0 psi - 0, = 45.0 psi 

____---------- 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FAClLlW 

DATE TESTED: 4 TO 13 OCTOBER 1997 
- FIGURE NO 

PROJECT NO 

DOCUMENT NO 

- -- - 
G u 6 6  - 041 L G EO SYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY FCI7-6 
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FIGURE NO - 
GO0166 - 04-1 PROJECT NO 

DOCUMENT NO F97 
FILE NO. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIlY 

- - _ _  - - -50 - - . - - - - - .  

TEST SERIES NUMBER 17G: BENTOFIX NS GCL GCL-17) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-15) 

MEASURED SHEAR SiRENGTHS __--_------------------------ 
a, = 20.0 psi, T~ = 6.7 psi. TU = 4.0 psi 
a, = 45.0 psi, = 14.8 psi, T~ = 7.9 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

/ 
/ 

cc I, 
6 -  

7 

o ~ l ~ , ~ l ~ l l l l l l ~ ~ l l l ~ l  
0 5 10 15 2 0 2 5 3 0 3 5 4 0 4 5  

NORMAL STRESS (psi) 
NOTES: (1) The reported total-stress sheor strength pammeters of friction 

an le and adhesion were debmined from a bcst-tit line drawn thmu h the 
t e i  data. Cautlon should be exercised In ushg the strength porarne&m 

outslde the mnge of 

was calculated 
of 2 in. for each test. 
otxur within the 
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FIGURE NO. A- 1 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 37 
FILE NO. CPOOSS; 

TEST SERIES NUMBER 181: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-18) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDlTlONS - = 20.0 psi - on = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./min. 

1 1 1 1 1 1 1 1 1 1 1  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 C L  



- __-- -  

_ -  _ -  ~ 

TEST SERIES NUMBER 181: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-18) UNDER SOAKED AND 
CONSOUDATED CONDITIONS 

- 
I- - GEOSYNTEC CONSULTANTS 

MEASURED SHEAR STRENGTHS ----------------------------- 
un = 20.0 psi, -rpd = 11.2 psi, TW = 2.5 psi 
un = 45.0 psi, -re = 14.3 psi, TU) = 5.5 psi 

FIGURE NO. A-2 
PROJECT NO. Gaol 66-04.1 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

- c -  h- - - 
4 -  - 

O i - 1 ,  I I I I l I I I I 1 I I I I  I 

0 5 10 15 20 25 30 35 40 45 e 
NORMAL STRESS (psi) 

NOTES: (1) The reported total-stress shear strength parameters of frlctlon 
an le and adhesion were determined from a best-fit line drown thmu h the 
te3  data. Caution should be exercised in using the strength paramefern 
for applications involving normal stresses outside the range of 
stresses covered the test series. 

%nth e s 1 ear P orce at a shear displacement of 2 in. for each test. 
(3) f o r  eoch test, sliding (Le, internal shear failure) was observed 
to occur within the GCL 

e lar e dls ? acernent shear strength ( T ~ )  was calculated 

- . ___ - _--__ __-__- -__ -----___ --__ 

DATE TESTED: 22 TO 31 OCTOBER 1997 

F9730 1 37 DOCUMENT NO. 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FILE NO. 0005S3i 
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TEST SERIES NUMBER 18G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

GCL-18) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN IL / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 

TEST CONDITIONS _------------- 
un = 5.0 psi - on = 20.0 psi 

- 
- u, = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

CL 4 2500- 
I - cn 

2000 - 
- 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le.. shear failure) was observed t o  occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

- 
I- 

L GEO SYNTEC CONSULTANTS 
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FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 

F9730 1 37 

0005 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

"" I - _ _  - - -  - - - - - - -_ 

TEST SERIES NUMBER 18G: BENTOFIX NS GCL 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN & / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

GCL-18) 

UNDER SOAKED AND CONSOLIDATED CONDITIO J S 

MEASURED SHEAR STRENGTHS ----------------------------------- 
on = 5.0 psi, 7- = 2.0 psi, T~ = 1.6 psi 
u,, = 20.0 psi. TW = 7.2 psi, TU) = 4.6 psi 
On = 45.0 psi, T- = 1 1.1 psi, T~ = 5.6 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48  h r s  at each stress 
SHEAR RATE 0.004 in./min. 

1 1 1 1 1 I I  
0 5 10 15 20 25 30 35 40 45 ! 

NORMAL STRESS (psi) 

an le and adhesion were determined from a best-fIt line drawn thmu h the 
t e a  data. Caution should be exercised in using the strength paramefern 

NOTES: (1) The reparted total-stress shear strength parameters of friction 

outside the range of 

- ~ - _ . _ _ _  - - - _ _ _ - - - -  ___ -___---~- 

DATE TESTED: 22 OCTOBER TO 14 NOVEMBER 1997 - I FIGURENO. A-4 
1.- 
L GEO SYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

GQOl66-04.1 PROJECT NO. 

DOCUMENT NO. F9730 1 37 
FILE NO. O O O S U  
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ON-SITE DISPOSAL FACILITY 

- - -  
6000 - 

TEST SERIES NUMBER 191: INTERNAL STRENCXH OF 

CONSOLIDATED CON ITIONS 
- BENTOFIX NS GCL GCL-I~) UNDER SOAKED AND 6 5500 - 

5000 - 
TEST CONDITIONS 

- - on = 20.0 psi - 0, = 45.0 psi 

-------------- 4500 - 

4000 - 
e - 3500- SOAKING: 168 hrs at 3 psi 
w - CONSOUDATION: 48 hrs at each stress 
0 SHEAR RATE: 0.004 in./rnin. 

n 
v) - 

E 3000- 
- 

oc 

I - m 
2000 - 

4 2!jW- 

DISPLACEMENT (in.) 

- 
I- - GEOSYNTEC CONSULTANTS 

SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8CL 
(2) For each test, slidin 

FIGURE NO. 1-1 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

FILE NO. 
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JOR DANIEL FERNALD 
ON-SITE DISPOSAL FACILIlY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

FIGURE NO. 1-3 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 05 

TEST SERIES NUMBER 191: INTERNAL SIRENGTH OF - 
EENTOFIX NS GCL GCL-19) UNDER SOAKED AND 
CONSOLIDATED CON 6 mONS 

MEASURED SHEAR STRENGTHS 

u, = 20.0 psi, 7- = 9.9 psi. T~ = 3.2 psi 
on = 45.0 psi, -rm =' 12.0 psi, TU = 5.7 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each streas 
SHEAR RATE: 0.004 in./min. 

- 
e- - - - -  

0 5 10 15 20 25 30 35 40 45 
NORMAL SlRESS (psi) 

an le and adhesion were determined from a best-flt line dmwn thmu h the d dato. Caution should be exercised m using the strength paramezrs 
for applications involving normal stresses outside the range af 
stresses covered the tetst series. 

usin 8 %ding I;; I e .. shear failure) was obsened to occur within the 

NOTES: (1) The reported total-stress shear strengb parameters of frictlon 

(2) The '"5, e dls p 7 ocement shear strength ( T ~ )  was calculated 
the s cor orce at a shear dinplacement of 2 In. for each test. 

L rather an the intended interface. - _ _  _ _  __ ____ __ _ _ ~ ~ _ _ - -  
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FIGURE NO. - 
PROJECT NO. 

DOCUMENT NO. F9730105 
GQOl66-04.1 

c 
FILE NO. 

TEST SERIES NUMBER 19G: BENTOFIX NS GCL GCL-19) L 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!i S 

WITH WOVEN GEOTEXTIE AGAINST GEOMEMBRAN / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM--14) 

TEST CONDITIONS - on = 20.0 psi - cr, = 45.0 psi 

_---_--------- 

n 
v) - 3500 
W CONSOLIDATION: 48 hm at each stress 

SOAKING: 168 hrs at 3 psi 

SHEAR RAE 0.004 In./mln. 
3000 

2000 "1 1500 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le.. shear failure) was observed to occur within the 

and the contact area remained constant throughout the  entire test. 

GCL rather than the intended interface. 
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FLUOR DANIEL FER 

FIGURE NO. 1-4 
PROJECT NO. 

DOCUMENT NO. F9730 1 05 
GQOl66-04.1 

FILE NO. 

JALD 
ON-SITE DISPOSAL FACILITY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- - - - 5 o - - - -  
_ _  

TEST SERIES NUMBER 19G: BENTOFIX NS GCL GCL-19) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO rs S 
BO-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

MEASURED SHEAR STRENGTHS 

on = 20.0 psi. T@ = 7.0 psi. TU) = 4.1 psi 
0, = 45.0 psi, = 15.5 psi, -rm = 7.7 psi 

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

RATE: 0.004 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR in./min. 

I 

Y 
o ~ l l l ~ l ~ l l l ~ l ~ l ~ l l l ~ l  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

. -  

I 

_ _  - _ _ - _ _  __- 

DATE TESTED: 8 TO 17 OCTOBER 1997 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FAClLlW 

FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730113 
FILE NO. WUObbti 

TEST SERIES NUMBER 211: INTERNAL STRENGTH OF 

CONSOLIDATED CONDITIONS 
BENTOFIX NS GCL (GCL-21) UNDER SOAKED AND 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./mln. 

- A  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 21 2.4 2.7 2 
DISPLACEMENT (in.) 

NOES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the i! C L  

DATE 1: 15 TO 24 OCTOBER 1997 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 211: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-21) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS ----_------------------------------ 
a, = 20.0 psi. T P ~ (  = 9.4 psi. TU = 2.6 psi 
u, = 45.0 psi, = 17.4 psi, T, = 5.3 psi 

E..!. PEAK : 4 = 10'; = 420 ge'; = 1.000 
I ~ W  ID !STRENGTH: 6, = 6 .  am = 5 psf; f f  = 1.000 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

/ 
/ 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

-_ - - - -  - - _- - _  - - .- - - - - -.. 

DATE TESTED: 15 TO 24 OCTOBER 

. 

1997 
~ ~ ~~ - 

I- 
- 
'L GEOSYNTEC :CONSULTANTS 

~~ 

SOIL-GEOSY NTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. Q730113 
FILE NO. UO-€!$b'~ 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIpf 

- -  - -~ _ _  _ _  - .  - - m o o  - -  
_ -  

TEST SERIES NUMBER 21G: BENTORX NS GCL GCL-21) 
WITH WOVEN GEOTDCnLE AGAINST GEOMEMBRAN L / 
80-mil NSC TMTURED HDPE GEOMEMBkNE GM'8) 
UNDER SOAKED AND CONSOLIDATED CONDITIO t4 S 

TEST CONDITIONS - un = 20.0 psi - on = 45.0 psi 

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

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 ln./mln. 

SEE NOTE (2) 

O Y r , ,  ' I 1 1 1 1 1 1 1  I I 

0 0.3 0.6 0.9 1.2 1.5 1.8 2.; zk 2.: 3 
DISPLACEMENT (in.) 

I 

NOTES: (1) The reparted tatnl-strsss sheor strength parameters of frldon 
an le ond adhesion were determined from a bsst-fit line dmwn thmu h the ti8 data. Cautlon should be exercised in using the strength parama?ara 
for appllcotlons lnvolvlng nomoi stresses outside the range of 
stre- covered by the test series 
@ Sliding sheor failure) WOS absented to occur within the 

L.rother - on-the Intended- Interface.--- ___ - - -__--____-- _ _ - _  ~ - _ _ _ -  
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

- - - -  _ _ ~  - - _ _ _ -  50 I - 

FIGURE NO. 

PROJECT NO. GQ0166 - 04-1 

TEST SERIES NUMBER 21G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE 

GCL-21) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOUDATED CONDlTlO 4 S GM-8) 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

DOCUMENT NO. F9730 1 13 

o ~ , l l l ’ l , l , l ’ l , l , ( l l l  
0 5 10 15 20 2s 50 35 40 4 5 !  

NORMAL m E S S  (psi) 
NOTES: (1) The reported total-stria shear strength pornmetem of friction 

an le and adhedon were detarmlned from o bast-flt llne dmwn thmu h the 
tee4 data. 
for applications Involving normal stresses outslde the mnqe of 
stresses awred the test sedea. 

usin the s ear orce at a shear displacement of 2 in. for each test. 
@ $Itding le., shear fallum) was obsenred to occur wlthln the 

CauUon should be ererclsed In wing the strength pamrne?ers 

(2) The l”s, e dls p 7 ocement shear strength (TD) was calculated 

L rather d; an the Intended Interface. 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 221: INTERNAL SIRENGTH OF 
BENTOFIX NS GCL GCL-22) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

5000 

TEST CONDITIONS - a, = 5.0 psi - on = 20.0 psi 
4000 - u, = 45.0 psi 

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

SOAKING 168 hm at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RAE 0.004 ln./mln. 

n 
v) - 3500 

2000 

1500 

1000 

\ SEE NOTE (3) 

SEE NOTE (2) 

J 
o Q , I I ~ I ~ l ~ I ~ I ~ I ~ I ~ I ~ l  

OD 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 
DISPLACEMENT (in.) 

I 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
Internal shear failure within GCL was observed. 
Partial internal shear failure within GCL was observed. 

__-- ______ __-__ -__- __- - -- . 

DATE TESTED: 23 OCTOBER TO 1 NOVEMBER 1997 
FIGURE NO. A-1 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

FILE NO. 

I- 

L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 221: INTERNAL STRENGTH OF 
BENTORX NS GCL GCL-22) UNDER SOAKED AND 
CONSOLIDATED CON b ITIONS 

MEASURED SHEAR STRENGTHS _--___---------------------------- 
u,, = 5.0 psi, T~ = 4.6 psi, T~ = 4.0 psi 
o n  = 20.0 psi, 7- = 13.5 psi, TU) = 2.9 psi 
an = 45.0 psi, sPDa = 20.8 psi, -rU) = 5.9 psi 

*....PEAK : 6, = 22’; a, = 545 ~ f ;  F? = 0.060 
!.w ID STRENGTH: du = 3”; % = & psf; R‘ = 0.526 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE 0.004 in./min. / 

SEE NOTE (3) 

SEE NOTE (4) 

0 I I I I I  1 I 1 1 1  1 I I I 1 1 1  I I I 

0 5 10 15 20 25 30 35 40 45 50 
NORMAL STRESS (psi) 

~- ._ _ _  _____  -- -~ -- 

DATE TESTED: 23 OCTOBER TO 1 NOVEMBER 1997 I - 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. 

FILE NO. 
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FLUOR DANIEL FERNALD 
ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 17 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

1000 4 

1EST SERIES NUMBER 22G: BENTOflX NS GCL GCL-22) 
WITH WOVEN GEOTMnlE AGAINST GEOMEMBRAN I! / 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 
80-mil NSC TMTURED HDPE GEOMEMBRANE GM-16) 

TEST CONDITIONS - on = 5.0 psi - crn = 20.0 psi 
CII u, = 45.0 psi 

--_----------- 

SOAKING: 168 hrs at 3 psi 
CONSOUOATION: 48 hrs at each stress 
SHEAR RAE 0.004 In./mln. 

. -  

, 

NOTES: (1) The shear box site was 12 in; by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) For each test, sliding (Le.* shear failure) was observed to occur 
at the intended interface. 

... 



- 
- 1268 

- 
I 
c- 
'L GEOSYNTEC CONSULTANTS 
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FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 17 
FILE NO. 

4LD 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- -  . - _ _  _ _ _  so- - ~ - - - - - - - - 

c= 
a u) 

W 

- 
45 - 

- 
40- 

- 
35 - 

- 
30 - 

- 
25- 

- 
20 - 

- 
15 - 

- 
10 - 

- 
5 -  

FLUOR DANIEL FER 

TEST SERIES NUMBER 22G: BENTOFIX NS GCL 

80-mil NSC TMTURED HDPE GEOMEMBRANE 

GCL-22) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOUDATED CONDITIO t!i S 

GM-16) 

MEASURED SHEAR STRENGTHS 

On = 5.0 psi, TW = 2.6 psi, TU = 2.2 psi 
a, = 20.0 psi, rm = 9.8 psi, T~ = 6.1 psi 
O n  = 45.0 psi. ~m = 16.4 psi, 7~ = 11.0 psi 

................................... 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each streas 
SHEAR RATE: 0.004 in./min. 

' 1 ' 1 '  - 1 '  

10 15 ; 0 ' 2 k ' ; O  35 4 0 * & - 1  
NORMAL SlRESS (psi) 

DATE TESTED: 11 TO 21 OCTOBER 1997 
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SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERP 4LD 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - 6 0 0 0  - - -- 
- -  - 

A-1 FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 
F9730114 
rm 

TEST SERIES NUMBER 231: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-23) UNDER SOAKED AND 
CONSOLIDATED CON b ITIONS 

TEST CONDITIONS - Q,, = 5.0 psi - a,, = 20.0 psi 

--__-_-------- 

- = 45.0 psi 

SOAKING: 168 hm at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

SEE NOTE (2) 

SEE NOTE (3) 

500 - 
- 

O f I  1 1 1  1 1  I 1 1  1 1 1  1 1  I I I 1 1  

0.0 0.3 0.8 0.Q 1.2 1.5 1.8 2.1 2.4 2.7 
DISPLACEMENT (in.) 

I 

. _- 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
~ ~ and shear stresses. 
2 Internal shear failure within GCL was observed. 
3 Partial internal shear failure within GCL was observed. 
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A-2 FIGURE NO. 

PROJECT NO. 
r GQOl66-04.1 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILllY 

_ _ ~  
- 50 

TEST SERIES NUMBER 231: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-23) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS _____-___-------------------------- 
an = 5.0 psi, rpd( = 5.2 psi, T~ = 2.5 psi 
on = 20.0 psi, = 9.7 psi, T~ = 5.4 psi 
u, = 45.0 psi, T~ = 19.7 psi, T~ = 7.1 psi 

C..L. Pw< : 6, - 20'; a, - 425 sf; R' - 0.995 
I=WU) !3RENc;TH: 6~ - s'; tb - 3b psf; R' = 0.916 

SOAKING: 168 hw at 3 psi 
CONSOLIDATION: 48 hrs at each stresa 
SHEAR R A E  0.004 in./min. 

SEE NOTE (3) 

SEE NOTE (4) 

o ~ ~ ~ ~ I I ~ I  1 1 1 1 1 1 1 1 1 1 1 1  
0 5 10 15 20 25 30 35 40 45 

NORMAL STf?ESS (psi) 

an le and adhesion were detsrmined from a best-flt line dram thmu h the te3 dah. Cautton should be exercised In uslng the strength parame%rs 
for appltcatlons lnvolvlng normal stresses outside the range of 
stresses co~ered the test series. 

NOTES: (1) The raparted tatnl-stresa ahear strength parameters of frlctlon 

- ____ -- 

DATE TESTED: 13 TO 22 OCTOBER 1997 - 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY DOCUMENT NO. F97 
FILE NO. 
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L GEOSYNTEC .CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6ooo- - -  ~ - - ~ - - - - _. _ _  - - - - - - - - - 
I 

~ 

A-3 

F9730114 

FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GOO1 66-04.1 

TEST SERIES NUMBER 23G: BENTOFIX NS GCL GCL-23) 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO rs S 80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-7) 

TEST CONDITIONS - u, = 5.0 psi - on = 20.0 psi - on = 45.0 psi 

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

SOAKING: 1M hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

SEE NOTE (2) 

\\ . SEENOTE 

- 
1000 - 

500 - 
7 7  

(3) 

O f I  I I I I I 1 1  I 1 1  I 1 1  1 1  1 1 1  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) Partial internal shear failure was observed to occur within the GCL 

(3) Shear failure was observed to occur at the intended interface. 
.- 

DATE TESED: 13 TO 23 OCTOBER 1997 
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SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04  

-F973011 DOCUMENT NO. 

FILE NO. W91Ub'r 

50 _._ . 

TEST SERIES NUMBER 23G: BENTOflX NS GCL GCL-23) 
WITH WOVEN GEOTEXnLE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t!i S 
80-mil NSC TMTURED HDPE GEOMEMBRANE GM-7) 

MEASURED SHEAR STRENGTHS 

on = 5.0 psi, 7-k = 2.5 psi, -rLD = 1.7 psi 
35 0, = 20.0 psi, T,,.,,, = 8.4 psi, -rLD = 4.5 psi 

on = 45.0 psi, = 18.7 psi, T~ = 8.3 psi 

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

e 
m 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE 0.004 in./min. 

S E N O E ( q )  

-c " 1  15 - 

SEE NOTE (3) , -I 

0 
0 

/ 
0 

0 1 0  15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

NOTES: (1) The reparted tatol-strua shear strength pammdrrs of fridlon 
an Is and adhesion ware determined. fmm a best-flt line drum thmu h the 
b? duta. Caution should be exercised in using the strength pomme%rs 

stresses outslde the range of 

was calculated 

- _  ___ - .- _ _ _ -  - - ._ 
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SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

1 2 5 8  

FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 24 
FILE NO. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- _ _  _ _  - -  _ _  _ _ . ~  - --  - -- 6000 - _ _  - - -  - 

TEST SERIES NUMBER 241: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-24) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS 

TEST CONDITIONS - on = 5.0 psi - un 5 20.0 psi - Q, = 45.0 psi 

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

SOAKING: 1 6 8  hm at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

SEE NOTE (2) 

0.0 0.3 0.8 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ftz was assumed when computing normal 
and shear stresses. 
Internal shear failure within GCL was observed. 
No internal shear failure within GCL was observed. 

_- 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

-- 50 

l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l  

TEST SERIES NUMBER 241: INTERNAL SiRENGTH OF 
BENTORX NS GCL GCL-24) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

- -- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

MEASURED SHEAR STRENGTHS ---_--_---------------------------- 
an = 5.0 psi, T~ = 5.3 psi, T~ = 5.3 psi 
an = 20.0 psi, ~m = 8.0 psi. TU = 3.5 psi 
an = 45.0 psi, TW = 17.2 psi, ~m = 6.1 psi 

FIGURE NO. A-2 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 24 

?BOOS73 FILE NO. 

SEE NOTE (3) 
SOAKING 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at 
SHEAR RATE: 0.004 in./min. 

NOTES: (1 )  The reparted total-stress shear strength paramaters of frictlon 
an le and adhesion were determined from a best-flt line drawn thmu h the 
tes data. Caution should be arercised in using the strength parame&- 
for appllcations involving normal stressas outside the range of 
stresses cowxed b the test series. 
(2) The lar e dis gcement  shear strength ( T ~ )  was calculated 

the sftear &=e at a shear displacement of 2 in. for each test. 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIIY 

TEST SERIES NUMBER 24G: BENTOFIX NS GCL 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 
UNDER SOAKED AND CONSOLIDATED CONDITIO r! S 

TEST CONDITIONS 

a, = 5.0 psi - a, = 20.0 psi - un = 45.0 psi 

______-------- - 
SOAKING: 168 h r s  at 3 psi 
CONSOUDATION: 48 h r s  at each stress 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mrn by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 25 OCTOBER TO 3 NOVEMBER 1997 - FIGURE NO. A-3 - ~ 

GQOl66-04.1 PROJECT NO. 1.- 
L GEOSYNTEC CONSULTANTS 

DOCUMENT NO. F9730124 
FILE NO. (PO0580 SOIL-GEOSY NTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 
ON-SITE D IS PO SAL FACILITY 

PHASE -1 ~ CONSTRUCTION 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 24G: BENTOFIX NS GCL GCL-24) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN i / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r4 S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 

MEASURED SHEAR STRENGTHS ----------------------------------- 
on = 5.0 psi, T~ = 2.5 psi, T~ = 2.0 psi 
on = 20.0 psi. T P # ~  = 8.4 psi. 719 = 6.2 psi 
on = 45.0 psi, sp~k = 16.8 psi, 7LD = 6.3 psi 

SEE NOTE (3) 
SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

I I I I I  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

DATE TESTED: 25 OCTOBER TO 3 NOVEMBER 1997 

- - FIGURE NO. A-4 - 
I- - GEO SYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

_____ 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6o&l-- _ -  _ _ _ -  ~ __ _ _  ~ 

lorn] 500 

TEST SERIES NUMBER 251: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-25) UNDER SOAKED AND 
CONSOUDATED CON 6 mONS 

TEST CONDITIONS - a, = 5.0 psi - un = 20.0 psi - u, = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE. 0.004 In./min. 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
No internal shear failure within GCL was observed. 
Partial internal shear failure within GCL was observed. 
Internal shear failure within GCL was observed. 

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 

I- 
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50 - _ _  _ ~ _  - 

- 
45 - 

- 

40- 

~- .~ . . _ .  - 

TEST SERIES NUMBER 251: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-25) UNDER SOAKED AND 
CONSOUDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS ----------------------------------- 
u, = 5.0 psi, T~ = 4.2 psi, T~ = 3.9 psi 
On = 20.0 psi. ~ p d (  = 9.1 psj. TU) = 5.6 psi 
u, = 45.0 psi, T- = 17.6 psi, T~ = 7.4 psi 

S W I N G :  168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR R A E  0.004 in./min. 

SEE NOTE (5) 

L 
/ 

SEE NOTE (4) / 

SEE MOTE (3) w 
-P 

No internal shear failure within &L was observed. 
Partial internal failure within GCL was observed. 
intemol-shear -failure-within- GCLwas- ob9eiGSdF- - 

___ _ _  _.. _ _ _ _ ~  

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 

I- - GEOSYNTEC CONSULTANTS 
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ON-SITE DISPOSAL FACILITY 

5000 - 
- 

4500 - 
- 

n 4000 - 
e 
-3500- 
u - u 

v) - 

TEST CONDITIONS - un = 5.0 psi - a, = 20.0 psi - a, = 45.0 psi 

___-- --------- 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./mln. 

1500 

1000 

500 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (ia, shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

- -- 
L GEOSYNTEC .CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 
FIGURE NO. A-3 

DOCUMENT NO. F9730 1 25 
GQOl66-04.1 PROJECT NO. 

FILE NO. 
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50 i 

0 

TEST SERIES NUMBER 25G: BENTOFIX NS GCL 

60-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

GCL-25) 
WITH WOVEN GEOTEXTIE AGAINST GEOMEMBRAN k / 
UNDER SOAKED AND CONSOLIDATED CONDITIO l i  S 

e. 
8 

l ~ l ~ l ~ l ~ 1 ~ 1 ~ 1 ~ 1 1 1 ~ 1  

MEASURED SHEAR SlRENGTHS 

on = 5.0 psi, T~ = 2.6 psi, TU, = 1.8 psi 
O n  = 20.0 psi, TP.Q = 8.7 psi, TU, = 5.6 psi 
an = 45.0 psi, T@ = 16.0 psi, rLD = 6.0 psi 

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

- 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

a.cyPEAK : 4 = 18.; 9, = 195 f. R' - 0.992 
am w LD SIRENGM: bm = 6 ; am = 3g 'psf; 2 = 0.695 

FIGURE NO. A-4 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 25 
FILE NO. 

SEE NOTE (3) 
SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./rnin. I 

NOTES: (1) The reported total-stress shear strength parameters af friction 
an le and adhasion were determined from a M-flt line drawn thmu h the 
t e 3  data. 
for applications involving normal stresaes outside the range of 
stresses covered the test series. 

usin 8 %ding 

Cautlon should be axerclsed In using the strength parameFern 

(2) The lor e dis 7 ocement shear strength ( T ~ )  was calculated 
the stear k rce  at a shear displacement of 2 in. for each test. 

shear failure) was abserved to occur within the 
L rather k; the intended interface. 

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 
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FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

_ _ _  - - ~ . ~ ~- . -~ . . _ -  6000 I 

5000 

TEST SERIES NUMBER 261: INTERNAL m E N G T H  OF 
BENTOFIX NS GCL GCL-26) UNDER SOAKED AND 
CONSOUDATED CON 6 ITIONS 

TEST CONDITIONS - an = 5.0 psi - on = 45.0 psi 
m-m-m+m a n  = 20.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR RATE: 0.004 In./mln. 

SEE NOTE (3) 

sn NOTE (2 

500 - 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
No internal shear failure within GCL was observed. 
Internal shear failure within GCL was observed. 

~ . .  

.. . 

DATE TESTED: 29 OCTOBER TO 7 NOVEMBER 1997 
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- -- 
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TEST SERIES NUMBER 261: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-26) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

FIGURE NO. A-2 

DOCUMENT NO. F9730 1 28 
FILE NO. $8 I 

GQOl66-04.1 PROJECT NO. 

MEASURED SHEAR STRENGTHS 

U n  = 5.0 psi, 7- = 4.7 psi, TLD = 4.3 psi 
(in = 20.0 psi, 7- = 9.5 psi, TU = 4.0 psi 
on = 45.0 psi, 7- = 17.9 psi, 7u = 5.6 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

SEE NOTE (4) 

SEE NOTE (3) .- 
L 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

DATE TESTED: 29 OCTOBER TO 7 NOVEMBER 1997 
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5000 - 
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4500 - 

- 
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Ul e 
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g 2500- 
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2000 - 
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1500 - 
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FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 28 
FILE NO. 

- - - - - - -  . _ _ _  _ _  

TEST SERIES NUMBER 26G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

GCL-26) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 

TEST CONDITIONS - un = 5.0 psi - Un = 20.0 psi 
yI1 un = 45.0 psi 

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

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./min. 

A SEE NOTE (2) 

/ 

.- 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

__- __ ~ 

DATE TESTED: 29 OCTOBER TO 7 NOVEMBER 1997 
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ON-SITE DISPOSAL FACILIl'f 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 28 
FILE NO. 

- _ _  _ _  _ _ _  . -  ~- 

TEST SERIES NUMBER 26G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

GCL-26) 
WITH WOVEN GEOTEXTIE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO J S 

MEASURED SHEAR STRENGTHS ................................... 
On = 5.0 psi, TW = 2.5 psi, TLD = 2.0 psi 
On = 20.0 psi. TW = 8.6 psi. TU = 5.5 psi 
On = 45.0 psi, TW = 17.7 psi, TU = 6.2 psi 

t..l,PEAK : 4 = 21.; f., = 100 F. I? 0.999 
4.- ID STRENGTH: bu = 5 .  am = 3g p8f; 2 = 0.748 

SEE NOTE (3 
SWING:  168 hm at 3 psi 
CONSOUDATION: 4 8  hrs at each stress 
SHEAR RATE: 0.004 in./min. 

4 i 8 

I 

+ 7  
/ 

0 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1  

0 5 10 15 20 25 30 J5 40 45 1 
NORMAL STRESS (psi) 

on le and adhesion were determined from a best-fit line drawn thmu h the 
tes data. Caution should be arercised In using the strength paramefern 

NOTES: (1) The rreported totol-stress shear strength parameters of friction 

outside the range of 
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FIGURE NO. A- 1 
PROJECT NO. G Q O l 6 6 - 0 4 . 1  
DOCUMENT NO. F9730 1 30 

TEST SERIES NUMBER 271: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-27) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - on = 5.0 psi 

CYI on = 45.0 psi 

-------------- - = 20.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 ln./mln. 

n /SEE NOTE (3) 

SEE NOTE (21 T 
o ~ l l l l l l l l l l l l l l l l , l l  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2 7  
DISPLACEMENT (in.) 

NOTES: ( 1 )  A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
No internal shear failure within GCL was observed. 
Internal shear failure within GCL was observed. 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
TEST SERIES NUMBER 271: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-27) UNDER SOAKED AND 6 45 - 

- CONSOLIDATED CON ITIONS 

40- 
- MEASURED SHEAR STRENGTHS ----------------------------------- 

35 - un = 5.0 psi, TW = 4.8 psi, T~ = 4.7 psi 
Qn = 20.0 psi. Tp.ol( = 8.3 psi. 7 m  = 4.2 psi 

u) on = 45.0 psi. 7- = 17.4 psi, -rm = 7.6 psi 
e - 
a 

- 3 0 -  
u) 
u) 
W 

- 
C . . J P E A K  : 4 = 18'; fr = 390 f. I? = 0.989 
4 . w  u) STRENGli-k bu, = 4 ;  am = 5g.W I? = 0.742 E =- 

lo  '-i 5 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hm at each stress 
SHEAR RAE 0.004 in./rnin. 

SEE NOTE ( 3 )  / 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

DATE TESTED: 1 TO 10 NOVEMBER 1997 - 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. 

FILE NO. 



- -6000 

5500- - 
5OOO- 

- 
4500 - 

- 
A 4000 - 
n 
- 3 5 0 0 -  
W u 

v) - - 
- 

E 3000- 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le.. shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

- _ .  - - - __  _ _  - - . - . - - - - - - -  

TEST SERIES NUMBER 27G: BENTOflX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

GCL-27) 
WITH WOVEN GEOTEXnLE AGAINST GEOMEMBRAN I! / 
UNDER SOAKED AND CONSOLIDATED CONDKIO t i  S 

TEST CONDITIONS - a, = 5.0 psi - u, = 20.0 psi 
lccI u, = 45.0 psi 

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

SOAKING: 1 6 8  hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR R A E  0.004 In./rnln. 

DATE TESTED: 1 TO 10 NOVEMBER 1997 - - 
1.- 
L GEOSYNTEC -CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 30 

000b34 FILE NO. 
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TEST SERIES NUMBER 27G: BENTOFIX NS GCL 
WITH WOVEN GEOTEXTILE AWNST 
80-mil NSC TEXTURED HDPE GEOMEMBRANE 
UNDER SOAKED AND 

FIGURE NO. A-4 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 30 
FILE NO. 

SEE NOTE ( 3 )  _ _ _  

\ SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 h n  at euch stregs 
SHEAR RATE 0.004 in./min. .' f 

I . 

NOTES: (1) The reported total-stress shear strength parametars of frldlon 
an le and adhealon were determined from a best-flt llne drawn thmu h the 
t e a  dub. Caution should be exercised in uslng the strength pamme~m 

normal stresses outside the range of 
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Calculation of Baseline Factors of Safety for RCI on GCL Shear Strength 
(RCI no. 1702-006R dated 7 October 1997) 

Introduction 

_. - ~ A request-for clarification-of-information (RCI) regarding-the- shear strength requirements-in the GCL 
specification was issued on 7 October 1997 (RCI no. 1702-006R). The RCI presents two baseline slope 
stability factors of safety (FS), one for peak GCL shear strength and the other for large-displacement 
GCL shear strength. The RCI indicates that the baseline FS values were obtained by reanalyzing two 
slope stability analysis cases from the OSDF design and changing the GCL shear strength envelopes to 
those defined in the GCL specification. J 

- - - - 

Purpose 

The purpose of this calculation is to present the slope stability analyses performed to obtain the baseline 
FS values. / 

Slope Stability Analvsis Cases 

The two slope stability analysis cases to be reanalyzed were identified in the RCI as indicated below. 

0 The first case, referred to as the interim case, consists of the most critical interim slope (3H:lV) of 
impacted material that can potentially exist in the OSDF. The detailed analysis for this case is 
presented on pages 23 to 26 of section 3.3 of the design calculations, and is there identified by the 
title “OSDF Interim Conditions - Peak Short Term” and the file name “CASESB”. This case is 
relevant to the peak GCL shear strength envelope. / 

0 The second case, referred to as the final case, consists of the most critical final slope of impacted 
material that will exist in the OSDF. The detailed analysis for this case is presented on pages 31 to 
34 of section 3.3 of the design calculations, and is there identified by the title “OSDF Final Long 
Term - Large Disp.” and the file name “CASE7B”. This case is relevant to the large-displacement 
GCL shear strength envelope. y 

Method 

The baseline FS values were calculated using the steps described below. 
-- _ _ _ _  __ ____ - _ _ _  ~ - _ _ -  ~~ __ -~ __ 

1. Obtairthe computer analysis program (XSTABL) and input files used to perform the two analyses 
identified above for the OSDF design calculations. Confirm that the correct analysis program and 
input files have been obtained by repeating the two analyses and checking that the calculated FS 
values match those presented in the design calculations. / 

F9730085.DOC 
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2. Modify the input files for the two analysis cases as follows: 

Define the GCL as one material with a single non-linear shear strength envelope. Use the peak 
shear strength envelope defined in the GCL specification for the interim case (Figure 1) and the 
large-displacement shear strength envelope defined in the GCL spec. for the final case (Figure 
2). This modification will allow shear strengths used in the analysis to represent the shear -__ - - _- - - _ _ _ _  ~ - 
strength envelopes defined in the GCL specification. J 

0 Subdivide the geometry line defining the impacted material slope face into several segments, 
without changing the slope inclination or height. This modification will cause the analysis 
solution to use more columns in the area where the potential slip surface passes along the GCL. 
As each analysis column will have a different level of normal stress on the GCL, this 
modification will allow the shear strengths used in the analysis to more closely simulate the 
intended shear strength envelope. / 

0 For the interim case, truncate the input geometry at a point approximately 50 ft outside the toe of 
the impacted material slope. The geometry outside this point has no influence on the analysis 
results and is truncated to simplify the search process for locating the critical potential slip 
surface. J 

3. Analyze the interim and final slope stability cases using the XSTABL computer program and the 
input files created in Step 2 that include the shear strength envelopes defined in the GCL 
specification. For each case, locate the critical potential slip surface that passes along the GCL and 
calculate the corresponding slope stability factor of safety (FS) using Spencer's analysis method. The 
calculated FS values are the baseline values. 

/- 
Results 

The repeat analyses from the OSDF design calculations produced the following FS values: FS=1.919?or 
the interim case and FS=1.543 /for the final case. These are the same FS values presented in the design 
calculations, indicating that the correct computer analysis program (XSTABL) and input files were 
obtained. The computer output files for the repeat analyses are attached as Appendix A. 

/ 

The reanalyses using the shear spngth envelopes given in the GCL/specification resulted in the 
following FS values: FS=1.944 for the interim case and FS=1.574 for the final case . Therefore, after 
rounding to the nearest 0.1 value, the baseline FS values are as follows: 

1 

- 
Interim Case: baseline FS= 1.9 for peak GCL strength. J 

~ - - ___ - - _ _  _ -  _ _ ~  __ _ _ _ _ -  ~ _ _  __  . - . - 
Final Case: baseline FS= 1.6 for large-displacement GCL strength- J 

The computer output files for the baseline analyses are attached as Appendix B. 

F9730085.DOC 
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Figure 1 - Peak Shear Strength Envelope 
Defined in Specification 

2 

0 
0 10 20 30 40 50 60 

Normal Stress (psi) 

Figure 2- Large-Displacement Shear Strength Envelope 
Defined in Specifrcation 

6 
5.1 ") 5.1 PSI' 

.. -. - 

J 

F9730085.DOC 



4 /3l 
I268 

APPENDIX A 



b 
m 

I 
rr) 
7 

I 
0 

I- 

0 
I: 
v, 
Y 
U 
Q) 
CL 
I 
0 
c 
0 = 
U 
t 
0 
0 

+ 
I 

.- 

E .- 
I 
a, 
c 
G 

v, 
0 

+ 
- 
n 

7 

. .  

(+aaJ) SIXV-A 

0 
a3 * 

n 

Q) 
Q) 

+ 

Y- 

0- 

a X 

I 
X 

0 
a3 

0 cv 
7 

0 
10 

0 



0 
-0 - m  

0 
-In 
- w  

0 
- 0  
- w  

- 

0 
-In - 
0 

- 0  - 

'5: 
0 0 0 0 0 

0 In rT) In 
I - - 

Z 
0 
l- 

0 

- 
a 

s 
W 
Z 
-I 
- 
I- 
v, 
3 
Qc 
I 
I- 

~. 

0 0 0 
00 rr) 00 .- 

( + a 4  saaoo3-A 

' 5 :  
In 0 0 In In cv h( .- .- 

0 
rT) w 

n + 

v, 
n 
fY 

00 
In0 - 0  

I 
X 

0 
0 - 

l ' l ' l ' l ' l ' l ' l ' i '  
-0- -- - __ 
In 

0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0  
0 0 b a I n V m N -  

. . .. 

cn 
cn 
T 

7 

II 
Q, 

000603 



XSTABL File: CASESB 10-13-97 14:59 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * .  

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

-~ ~- ~-.- .. . ~~ ~ - --.* - - ~ ~. . _ _ _  _ _  - . - . .- ~~ _* .~ ~~ ~ ~ .___ .- -. 

* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Conditions-Peak Short T 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

. o  
92.0 

129.0 
150.0 
285.0 
294.0 
307.0 
330.0 
342.0 
383.0 

160.0 
160.0 
153.0 
147.0 
100.0 
99.0 
99.0 

105.0 
105.0 
95.0 

92.0 
129.0 
150.0 
285.0 
294.0 
307.0 
330.0 
342.0 
383.0 
414.0 

160.0 
153.0 
147.0 
100.0 
99.0 
99.0 

105.0 
105.0 
95.0 
94.0 

2 
2 
1 
1 
1 
2 
2 
2 
2 
2 

J 

9 SUBSURFACE boundary segments 

Segment x-left y- lef t x-right y-right - Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 

4 
5 
6 
7 
8 
9 

---3- 

. o  

. o  
l3-67-5--- 
224.8 
285.0 
313.0 
330.0 
340.0 
370.0 

153.0 
94.1 

---91; :4- 
93.2 
94.4 
95.0 

100.0 
100 * 0 
92.0 

129.0 
136.5 
2 2 4 ~ 8  - 
285.0 
313.0 
330.0 
340.0 
370.0 
414.0 

-- 

153.0 1 
91.4 3 

- - 9 3 -:2 -- 

94.4 5 
95.0 6 

100.0 6 
100.0 6 
92.0 6 

4- 

91.0 6 6690604 



6 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru - (psf) No. 

1 125.0 125.0 200.0 25.00 . ooo  . o  0 

3 125.0 125.0 . o  15.00 -000 .o  0 
4 125.0 125.0 . o  17.00 -000 . o  0 
5 125.0 125.0 . o  23.00 -000 
6 125.0 125.0 . o  30.00 -000 -0 0 

-~ . .- ~. - 2. -125-..0 - -~ 125 .-o ~~ - ~- ..o ~ ~~ ~ -3.0~. 00. . ~~ ~ -.-ooo .- ~- . - - __~.. 0- -- - -  ~- o-- -- 

. o  O /  

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 290.52 99.39 
2 273.30 93.21 
3 135.57 90.01 
4 116.06 112.79 
5 95.26 134.42 
6 74.61 156.18 
7 70.89 160.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base 
(ft) 

- - 

287.76 
280.56 
274.71 
249.05 
187.40 
143.25 

y-base 
(ft) 

~. 

98.40 
95.81 
93.72 
92.65 
91.21 
90.19 

height 
(ft) 

- 

1.30 
5.73 
9.87 

19.87 
42.77 
58.74 

width 
(ft) 

5.52 
8.88 
2.82 

48.50 
74.80 
13.50 

_ _ ~  -_ 

/' 

alpha beta weight 
-- (lb) 

. - - . . _ . _ _  -~ - 

-19.73 6.34 895. 
-19.73 19.20 6357. 
-19.73 19.20 3483. 
-1.33 19.20 120458. 
-1.33 19-20 399853. 
-1.33 15.95 99124. 

0806;OS 



7 
8 
9 

10 
11 
12 
13 
14 
15 

136.04 90.02 60.97 .93 
134.96 90.73 60.57 1.23 
131.67 94.56 57.67 5.34 
122.53 105.24 48.99 12.94 
105.66 123.60 33.81 20.80 
93.63 136.14 23.55 3.26 
84.81 145.43 14.57 14.37 
76.12 154.59 5.41 3.02 
72.75 158.09 1.91 3.72 

-1.33 15.95 7088. 
49.42 15.95 9290. 
49.42 15.95 38519. 
49.42 10.71 79239. 

87908. 46.12 10.71 
46.50 10i71 9598. 

.oo 26180. 46.50 
46.50 .oo 2041. 
45.76 .oo 888. 

~ ~ _ _  . _  - _ _  

FOS moment 
1,9455 
1.9192 

SLICE INFORMATION . . .  continued : 
Slice Sigma c-value phi U-base U-top P-top Delta 

(psf 1 (psf) (lb) (lb) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

297.0 
1025.7 
1593.5 
2662.1 
5626.5 
7728.3 
7975.9 
5319.5 
4687.0 
3971.6 
2849.4 
1957.7 
1189.4 
448.5 
160.0 

200.0 25.00 
200.0 25.00 

.O 23.00 

. o  23.00 

.O 17.00 

.O 17.00 

.O 15.00 

.O 15.00 
200.0 25.00 
200.0 25.00 
200.0 25.00 
200.0 25.00 
200.0 25.00 

. o  30.00 

. o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5- 
6 
7 
8 
9 

10 
11 

287.76 
280.56 
274.71 
249.05 

143.25 
136.04 
134.96 
131.67 
122.53 
105.66 

-18 774-0- 

297.0 
1025.7 
1593.5 
2662.1 

7728.3 
7975.9 
5319.5 
4687.0 
3971.6 
2849.4 

-5-62 6 ~ 5 ~ -  

162.1 
716.3 

1233.1 
2483.7 

7342.5 
7621.1 
7571.5 
7209.3 
6123.6 
4226.3 

-33-4-576- 

. o  

.o  

. o  

. o  
7 0 -  
. o  
. o  
. o  
- 0  
. o  
. o  

. o o  
-00 
. o o  
. o o  
. o o  
* 00 
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  

176.4 
353.4 
352.4 
588.7 

-8 9 672- 
1231.0 
1113.5 
742.6 

1242.9 
1069.1 
796.5 

800606 



12 93.63 1957.7 2944.3 
13 84.81 1189.4 1821.6 
14 76.12 
15 72.75 

448.5 
160.0 

676.3 
238.8 

. o  579.8 

.o  393.2 

. o  134.9 

.o  48.1 

Slice 
# 

- - _  .~ - - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Right 
x-coord 

(ft) 

285.00 
276.12 
273.30 
224.80 
150.00 
136.50 
135.57 
134.34 
129.00 
116.06 
95.26 
92.00 
77.63 
74.61 
70.89 

.. __ -~ 

Force Interslice 
Angle Force 

(degrees) (lb) 
~- - 

14.21 1611. 
14.21 8215. 
14.21 10907. 
14.21 43457. 
14.21 122699. 
14.21 142343. 
14.21 143589. 
14.21 136668. 
14.21 113355. 
14.21 65725. 
14.21 19237. 
14.21 14249. 
14.21 1496. 
14.21 445. 

. o o  -1. 

Force 
Height 
(ft) 

~ . .  

1.69 
3.58 
4.21 
9.44 

17.35 
18.43 
18.52 
18.31 
16.69 
12.66 
7.14 
6.57 
2.00 
1.45 
.14 

._ 

Boundary 
Height 
(ft) 

.2.59 
8.87 

10.86 
28.88 
56.65 
60.83 
61.11 
60.03 
55.32 
42.66 
24.96 
22.14 
7.00 
3.82 
.oo 

-~ 

Height 
Ratio 

~ ~~ 

-651 
.404 
-388 
-327 
.306 
.303 
.303 
.305 
.302 
.297 
.286 
.297 
.286 
.378 
. o o o  

Total Normal Stress = 3691.70 (psf) 

Shear Stress - - 744.98 (psf) 
Pore Water Pressure = . o o  (psf) 

Total Length of failure surface = 251.39 feet / 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.919 

/ Total shear strength available 
along specified failure surface = 359.463+03 lb 
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XSTABL File: CASE7B 1 0 - 1 3 - 9 7  1 5 ~ 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  

* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1 9 9 2  6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 8 3 8 4 3 ,  U.S.A. * 
* All Rights Reserved * 

* * 

_ - _  _ _  . * - -  . - - _  _ _  - ~ _ _  - * -  - 

* * 
* Ver. 5 . 2 0 1  96 6 1 2 0 2  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Disp. 

6 SURFACE boundary segments 

Segment x-left y- lef t x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 5.5 9 5 . 6  35.5 1 0 0 . 6  2 
2 3 5 . 5  1 0 0 . 6  6 2 . 5  9 9 . 3  2 
3 6 2 . 5  9 9 . 3  6 7 . 0  9 7 . 5  2 
4 6 7 . 0  9 7 . 5  4 1 0 . 0  1 5 4 . 7  2 
5 4 1 0 . 0  1 5 4 . 7  4 6 5 . 0  1 6 0 . 2  2 
6 4 6 5 . 0  1 6 0 . 2  5 5 5 . 0  1 6 4 . 7  2 / 

11 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 6 0 . 0  9 0 . 0  
2 1 2 0 . 0  1 0 0 . 0  
3 1 5 0 . 0  1 0 5 . 0  
4 1 8 3 . 0  1 0 5 . 0  
5 1 8 9 . 0  1 0 6 . 0  
6 4 1 0 . 0  1 4 2 . 8  

8 1 8 3 . 0  1 0 5 . 0  
9 2 2 0 . 0  1 0 0 . 0  

1 0  3 0 0 . 0  1 0 0 . 8  
11 4 1 0 . 0  1 0 2 . 0  

-7 - - 4 . 6 . 7  --O - ---1-4.8,5--- - 

1 2 0 . 0  
1 5 0 . 0  
1 8 3 . 0  
1 8 9 . 0  
4 1 0 . 0  
4 6 7 . 0  

2 2 0 . 0  
3 0 0 . 0  
4 1 0 . 0  
5 5 5 . 0  

-5.5.5-,0-..- - 

1 0 0 . 0  
1 0 5 . 0  
1 0 5 . 0  
1 0 6 . 0  
1 4 2 . 8  
1 4 8 . 5  

1 0 0 . 0  
1 0 0 . 8  
1 0 2 . 0  
1 0 3 . 5  

1-5.2-g--- - -~ 

2 
2 
2 
1 
1 
1 

6 
5 
4 
3 

--I--- 



Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  . o  25 .00  -000 - 0  0 
2 1 2 5 . 0  1 2 5 . 0  . o  30 .00  * 000 . o  0 
3 1 2 5 . 0  1 2 5 . 0  . o  5 . 0 0  -000 . o  0 

5 1 2 5 . 0  1 2 5 . 0  .o  8 . 0 0  .ooo . o  0 
6 1 2 5 . 0  1 2 5 . 0  .o  1 0 . 0 0  . ooo  . o  0 

-ooo---  .__. - . 0 - - _ - _ _  o--. - -- - - --4- - -1-25.0 -125.-0 - .-O - -6.00 - - 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

J 1 157.53 1 1 2 . 6 0  
2 1 8 0 . 2 5  1 0 3 . 4 7  
3 220 .00  99 .00  
4 4 2 8 . 2 5  1 0 1 . 1 8  
5 455 .60  1 3 0 . 3 7  
6 481 .96  1 6 0 . 4 5  
7 482 .22  1 6 1 . 0 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha 
(ft) (ft) (ft) (ft) 

1 1 6 6 . 9 9  1 0 8 . 8 0  5.38 1 8 . 9 1  - 2 1 . 8 9  
2-----17 8 . 3  5---X04~24- - -11: 8 3- 3 1  8 1- =2 1T8 9 
3 1 8 1 . 6 3  103 .32  1 3 . 3 0  2 . 7 5  -6 .42  
4 1 8 6 . 0 0  1 0 2 . 8 2  1 4 . 5 2  6 . 0 0  -6 .42  
5 2 0 4 . 5 0  100 .74  1 9 . 6 9  3 1 . 0 0  - 6 . 4 2  
6 260 .00  99 .42  30 .27  8 0 . 0 0  . 6 0  
7 3 5 5 . 0 0  1 0 0 . 4 1  4 5 . 1 1  1 1 0 . 0 0  . 60  
8 419 .13  1 0 1 . 0 8  5 4 . 5 3  1 8 . 2 5  . 6 0  

____-__ 

beta 

9 ; 4 7  
9,4-7-- - 
9 . 4 7  
9 . 4 7  
9 . 4 7  
9 . 4 7  
9 . 4 7  
5 .71  

weight 
(lb) 

12707 .  

4572 .  
10891 .  
76287.  

302667.  
620328.  
124392.  

-5.63-4~ __- 



9 428.73 101.69 54.88 * 95 
10 442.40 116.28 41.66 26.40 
11 460.30 135.73 24.00 9.40 
12 466.00 142.24 18.01 2.00 
13 469.35 146.06 14.36 4.69 
14 476.83 154.59 6.20 10.27 
15 482.09 160.76 .30 .26 

46.86 5.71 6548. 
46.86 5.71 137441. 
48.77 5.71 28196. 

4503. 2.86 48.77 
48.77 2.86 8425. 
48.77 2.86 7955. 
66.95 2.86 10. 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base U-top P-top Delta 
(psf (psf (lb) (lb) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

883.7 
1945.3 
1843.3 
1888.7 
2560.6 
3815.1 
5672.9 
6848.4 
5829.9 
3691.3 
2081.0 
1562.0 
1245.3 
511.4 
18.2 

. o  30.00 

. o  30.00 

.o  30.00 

. o  10.00 

. o  10.00 

. o  8.00 

. o  6.00 

. o  5.00 

. o  5.00 

.O 25.00 

. o  25.00 

. o  25.00 

. o  25.00 

. o  30.00 

. o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

* 00 
* 00 
. o o  
. o o  
* 00 
. oo  
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  
.oo  
. o o  
.oo  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 

- - -7- 
8 
9 

10 
11 
12 
13 

_ -  

166.99 
178.35 
181.63 
186.00 
204.50 
260.00 

-3-5-57-0 0 
419.13 
428.73 
442.40 
460.30 
466.00 
469.35 

883.7 
1945.3 
1843.3 
1888.7 
2560.6 
3815.1 
5672 1-9 
6848.4 
5829.9 
3691.3 
2081.0 
1562.0 
1245.3 

671.9 . o  
1479.2 . o  
1662.5 . o  
1815.2 . o  
2460.9 . o  
3783.3 . o  5.63.9-3- .. . o  
6816.0 . o  
6860.4 .o  
5207.0 - 0  
2999.6 - 0  
2251.5 . o  
1795.1 . o  

330.7 
728.0 
689.9 
215.9 
292.7 
347.6 

388.4 
330.6 

1115.8 
629.0 
472.2 
376.4 

-3-8.66-5 - 



lb/31 
1 2 6 8  

1 4  476 .83  511 .4  774 .9  . o  1 9 1 . 4  
1 5  482 .09  1 8 . 2  37 .4  . o  6 . 8  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (Ib) (ft) (ft) 

1 

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  

_. - - - - 2  ._ . - 
176 .44  

1 8 3 . 0 0  
1 8 9 . 0 0  
220 .00  
300 .00  
410 .00  
428 .25  
429 .20  
455 .60  
465 .00  
467 .00  
471 .69  
481 .96  
482 .22  

180--25 - - - - 
6 . 5 6  

6 . 5 6  
6 . 5 6  
6 . 5 6  
6 . 5 6  
6 . 5 6  
6 . 5 6  
6 . 5 6  
6 . 5 6  
6 . 5 6  
6 .56  
6 . 5 6  
6 . 5 6  

. o o  

-6 .56 - - -  
13053 .  4 . 8 9  

21324.  5 . 0 6  
23910.  5 . 8 0  
42028.  8 .84  
66801.  1 2 . 4 0  

103021.  1 7 . 5 6  
108839.  1 8 . 4 9  
103179.  1 8 . 5 7  

28150.  9 . 4 4  
11633 .  6 .36  

8995.  5.88 
4060.  5 . 2 8  

7 .  .29  
- 2 .  2 . 8 4  

-18840-.- - - - -5 .  06- -- 
1 0 . 7 5  . 4 5 5  

-12-.-g2 .-. 391- - 
1 3 . 6 8  .370  
1 5 . 3 6  .378  
2 4 . 0 1  .368  
3 6 . 5 2  .340  
53.71 .327  
55.35 .334  
54 .42  . 3 4 1  
2 8 . 8 9  .327  
1 9 . 1 0  .333  
1 6 . 9 2  .347  
1 1 . 8 0  . 4 4 7  

.60  . 4 8 1  
' . o o  . o o o  

Total Normal Stress = 3900 .75  (psf) 

Shear Stress - - 450 .16  (psf) 
Pore Water Pressure = -00 (psf) / 

Total Length of failure surface = 3 5 3 . 4 1  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973)  
procedure gives a 

/ FACTOR OF SAFETY = 1 . 5 4 3  

Total shear strength available 
along specified failure surface = 245.423+03 lb 
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Problem Description : OSDF Interim Closure Short Term, Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
(ft) ~ _ _ _  (ft) - __ No. (ft) __ - __  

1 -0 153.0 129.0 
2 . o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.. 4 313.0 
6 313.0 95.0 330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

y-right 
(ft) 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

J 

Soil Unit 
_ _  Below Segment 

1 
3 
3 /  3 

3 
3 



3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  2 0 0 . 0  2 5 . 0 0  , 0 0 0  . o  0 
2 - - 1 2 5 . 0  125- 0- 0 3 0  -00 - - 000 _- 0.- 
3 1 2 5 . 0  1 2 5 . 0  . o  .oo .ooo .o  o d  

- ._ -. ___ - - - - 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 

1 -1000.0 ’ . o /  

3 7 2 0 . 0 ’  2 2 0 . 1  J 

No. (psf 1 (psf 1 

2 -0 J . O J  

4 2 8 8 0 . 0  ’ 8 8 0 . 5 J  

6 1 0 0 8 0 . 0  1 9 8 1 . 1  J 

5 6 4 8 0 . 0 )  1 9 8 1 . 1  / 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

2 9 2 . 3 1  
2 8 4 . 7 8  
2 8 4 . 5 8  
2 2 4 . 8 0  
1 6 4 . 8 8  
1 6 4 . 6 9  
1 2 5 . 8 1  
1 2 5 . 4 2  

9 9 . 1 9  
9 4 . 4 0  
9 4 . 1 9  
9 3 . 0 0  
9 1 . 7 8  
9 1 . 9 7  

1 5 3 . 0 0  
1 5 3 . 6 8  

J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer ( 1 9 7 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slice x-base y-base height width alpha beta weight 

(ft) (ft) (ft) (ft) (lb) 

1 288.65 96.86 2.73 7.31 -32.45 6.34 
2 284.89 94.47 5.57 .22 -32.45 19.12 
3 284.68 94.29 5.82 .20 -46.40 19.12 
4 277.29 94.04 8.63 14.58 -1.14 19.12 

__- 5-- 260 .-00----93 .-70---15..-00--120.. 00---1.. 14 _____ 19-. 29- - 
6 240.00 93.30 22.35 20.00 -1.14 19-03 
7 227.40 93.05 26.96 5.20 -1.14 19.29 
8 217.40 92.85 30.66 14.80 -1.17 19.29 
9 200.00 92.50 37.10 20.00 -1.17 19.29 

10 180.00 92.09 44.46 20.00 -1.17 19.03 
11 167.44 91.83 49.06 5.12 -1.17 19.29 
12 164.78 91.88 49.95 .19 45.00 19,29 
13 157.34 103.50 40.93 14.69 57.50 19.29 
14 139.50 131.51 18.49 21.00 57.50 15.95 
15 127.40 150.50 2.81 3.19 57.50 10.71 
16 125.61 153.34 .30 .39 60.07 10.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 18.2890 1,9450 1,9392 
3 18.2848 1.9449 1.9450 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
1 18.2848 1,9441 1,9450 

1 

2495. 
156. 
142. 

15724. 

55869. 
17523. 
56722. 
92762. 

111155. 
31401. 
1205. 
75139. 
48534. 
1119. 
15. 

-3-7-498_..-- ___ 

I t-er-# Theta FOS-f orce FOS-moment 
18.2848 1,9441 1,9450 

SLICE INFORMATION ... continued : 

Slice Sigma c-value. phi U-base U-top P-top Delta 



1 678.5 
2 1425 .6  
3 1668 .2  
4 1149 .4  
5 1 9 9 8 . 1  
6 2977 .0  
7 3591 .2  
8 4085.4 
9 4 9 4 4 . 1  

1 0  5924.4 
11 6534.4 

1 3  2 7 4 7 . 1  
1 4  1 2 0 2 . 5  
1 5  1 2 2 . 9  
1 6  20.3 

- - - - - _ -  -1.2.- 4-348- -8 .  

. o  3q .00  
200 .0  25 .00  

.O 1 7 . 0 0 /  

.O 1 7 . 0 0  

.O 1 7 . 0 0  

.O 17 .00J  

.O 1 7 . 0 0  

.O 1 7 . 0 0  

. O  1 7 . 0 0  

.O 1 7 . 0 0  
1 9 8 1 . 1 1  , .OO/ 

200 .0  25.00 
200.0 25.00 
200.0 25.00 

.o  30.00 

- 0. .. 1-7;oo.. . . - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0T 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

..o-. . - .~ ~ - - - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-0 - 
0. 
0. 
0. 
0. 

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  
-00 
. o o  
. -0 0--- 
. o o  
. o o  
.oo  
.oo  

e 
Slice Base Normal Vertical Pore Water Shear 

# x-coord Stress Stress Pressure Stress 
(ft) (psf) (psf 1 (psf) /, (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
1 5  
1 6  

288.65 
284.89 
284.68 
277.29 
260.00 
240.00 
227.40 
217.40 
200.00 
180 .00  
167 .44  
164 .78  
157 .34  
139 .50  
127 .40  
1 2 5 . 6 1  

678 .5  
1425 .6  
1 6 6 8 . 2  
1 1 4 9 . 4  
1 9 9 8 . 1  
2977.0 
3591.2 
4085 .4  
4 9 4 4 . 1  
5924 .4  
6534.4 
4348 .8  
2 7 4 7 . 1  
1 2 0 2 . 5  

1 2 2 . 9  
20 .3  

341.3 
696.3 
727.4 

1078.5 
1874.9 
2793.4 
3369.8 
3832.6 
4 6 3 8 . 1  
5557.8 
6133.0 
6243.7 
5116.0 
2311.2 

350 .7  
3 7 . 7  

. o  

. o  

. o  ' 

. o  

. o  

. o  

. o  

. o  

. o  

.o  

.o  

.o  

.o  
-0 
.o  
. o  

201.5 
444.8 
262.3 
1 8 0 . 7  
314 .2  
468.2 
564 .7  
642 .5  
777 .5  
931.6 

1019 .0  
683 .9  
761.8 
391.3 
1 3 2 . 4  

6 . 0  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

~- - (ft) (degrees) (lb) (ft) (ft) ______ 
~ _ _ -  _ _ _ ~  _______ --___ - -- 

1 285.00 18 .28  4872.  3 .53 5 .46  .647 
2 284 .78  1 8 . 2 8  5192. 3 .52  5 .68  - 6 2 0  
3 284 - 5 8  1 8 . 2 8  5607. 3 .52  5 .96  .592 
4 270.00 18 .28  8733. 6 .45 1 1 . 3 0  . 5 7 1  . 

5 250 .00  18.28. 16190.  8 .87 1 8 . 7 0  .475 
6 230.00 1 8 - 2 6  27299.  10 .84  2 6 . 0 0  .417 



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
164.88 
164.69 
150.00 
129.00 
125.81 
125.42 

18.28 
18.28 
18.28 
18.28 
18.28 
18.28 
18.28 
18.28 
18.28 

. o o  

30783. 
42094. 
60591. 
82755. 
88967. 
88223. 
33305. 

212. 
9. 
-3. 

11.33 
12.78 
14.82 
16.93 
17.47 
17.49 
13.11 
2.09 
.28 

- .82 

27.92 
33.40 
40.81 
48.12 
50.01 
49.89 
31.97 
5.01 
.60 
.oo 

.406 

.383 
-363 
.352 
-349 
.351 
.410 
.418 
.460 
* 000 

Total Normal Stress = 2851.89 (psf) 
Pore Water Pressure = .oo  (psf) 
Shear Stress - - 539.54 (psf) 

Total Length of failure surface = 202.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.944 / 

Total shear strength available 
along specified failure surface = 212.253+03 lb 

000621 
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

CB006Z4 



5 
6 
. 7  
8 
9 

10 
11 

189 0 106.0 
410.0 142.8 
467.0 148.5 
183.0 105.0 
220.0 100.0 
300.0 100.8 
410.0 102.0 

410.0 142.8 1 
467.0 148.5 1 
555.0 152.9 1 
220.0 100.0 3 
300.0 100.8 3 
410.0 102.0 3 
555.0 103.5 3 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 * 000 - 0  0 
2 125.0 125.0 . o  30.00 . ooo  . o  0 
3 125.0 125.0 . o  .oo . ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point ' Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 / . o /  
2 . o  J . o c /  
3 720. O J  158.4 
4 2880.0 ' 3 6 0 . 0 ~  
5 6480.0 1 734.4/ 
6 10080.0 J 734.4' 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

J 

1 167.10 
2 183.00 3-.-- - -2 o.; -- 

4 300.00 
5 395.59 
6 395.77 
7 422.67 
8 429.96 . 

114.18 
105.00 

100.60 
101.66 
101.84 
144.07 
156.70 

--99,80-- ____- ~ _ _ _ _  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - - ._ . - - Slice - x-base- - --y-base 
(ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
387.79 
395.68 
402.89 
416.34 
426.32 

109.59 
104.58 
101- 98 
99 * 90 

100.10 
100.30 
100.50 
100.71 
100.93 
101.15 
101.38 
101.57 
101.75 
113.01 
134.12 
150.38 

(fa 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.34 
40.42 
43.55 
46.67 
49.43 
50.56 
40.50 
21.21 
5.95 

Nonlinear M-C Iteration Number - 

(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
15.59 

-18 
14.23 
12.67 
7.29 

1 

Iter # Theta FOS force. 
2 7.1536 1,5717 
3 7.2533 1.5739 
4 7.2509 1.5738 

Iter # Theta FOS force 
1 7.2509 1,5738 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base 
(psf 1 (psf 1 (lb) 

a 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.64 

.64 

.64 

.64 

.64 
45.00 
57.50 
57.50 
60.00 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 

9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

9.37 

FOS moment 
1,6178 
1.5717 
1.5739 

FOS moment 
1,5739 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93348. 

101043. 
108864. 
116684. 
96318. 
1157. 

72028. 
33589. 
5421. 

U-top P-top Delta 
(lb) (lb) 

1 1107.2 .O ' 30.00 0. 0. 0. . oo  
(BOBt;Z6 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  

- - -1.5 
1 6  

1 6 6 6 . 1  
2401.4  
3124 .7  
3 5 2 1 . 1  
3 9 1 1 . 1  
4307 .4  
4 7 0 1 . 3  
5 0 8 8 . 5  
5482.0  
5 8 7 5 . 5  
6221 .6  
5 3 0 5 . 7  
3111 .4  

4 1 1 . 0  
-1629.3 - 

91 .2  1 
91 .2  
6 0 . 5 /  
6 0 . 5  
6 0 . 5  
6 0 . 5  
6 0 . 5  
6 0 . 5  
6 0 . 5  
6 0 . 5  
6 0 . 5  
6 0 . 5  

. o  
-0- - 

. o  

5.33/  
5.33 
5 . 9 4 J  
5 .94  
5 . 9 4  
5 .94  
5 . 9 4  
5 .94  
5 . 9 4  
5 . 9 4  
5 . 9 4  
5 . 9 4  

25 .00  

30 .00  
25.00-- 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0 -  - __  -0 
0. 0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
--o.- - - _ _  - 

. o o  
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  
-00 
. 00-- .~ 

.oo  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - TOTAL Stresses at center of slice base 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf) 1' ' (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
2 5 0 . 0 0  
270 .00  
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
3 8 7 . 7 9  
3 9 5 . 6 8  
402 .89  
416 .34  
426 .32  

1 1 0 7 . 2  
1 6 6 6 . 1  
2401.4  
3 1 2 4 . 7  
3 5 2 1 . 1  
3 9 1 1 . 1  
4307.4  
4701 .3  
5088 .5  
5482 .0  
5875 .5  
6221.6  
5 3 0 5 . 7  
3111.4  
1 6 2 9 . 3  

4 1 1 . 0  

739 .6  
1 5 9 4 . 4  
2304 .8  
3 1 0 0 . 0  
3 4 9 3 . 8  
3881.3 
4275.0  
4667.4  
5052.2  
5443 .2  
5834 .2  
6178 .2  
6320 .3  
5062 .8  
2 6 5 1 . 1  

7 4 3 . 6  

J .o  
. o  
. o  
. o  
-0 ' 
-0 
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

4 0 6 . 2  
1 5 6 . 8  
2 0 0 . 4  
2 4 4 . 9  
2 7 1 . 1  
2 9 6 . 9  
3 2 3 . 1  
3 4 9 . 1  
3 7 4 . 7  
4 0 0 . 7  
4 2 6 . 7  
4 4 9 . 6  
3 8 9 . 0  
9 2 1 . 9  
4 8 2 . 7  
1 5 0 . 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - Magnitude & Location of Interslice Forces 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3- - ~ -- 
4 
5 
6 
7 
8 
9 

1 8 3 . 0 0  
1 8 9 . 0 0  
2 2 0.:- 0 0- 
240.00  
260 .00  
280 .00  
3 0 0 . 0 0  
320 .00  
340 .00  

7 . 2 5  
7 . 2 5  
7 - 2 5  
7 . 2 5  
7 . 2 5  
7 . 2 5  
7 . 2 5  
7 . 25.. 
7 . 2 5  

16760 .  
19125 .  

-3.5'9 3 - 2 7  
40240.  
44996.  
50193.  
55838. 
61825.  
68241.  

5 . 6 0  
6 . 4 2  
9,77- - - -  

1 0 . 9 5  
1 2 . 0 1  
1 2 . 9 9  
1 3 . 9 0  
1 4 . 7 6  
1 5 . 5 9  

___ 
11.83 
1 3 . 6 8  23 ,2.0 _ _  

2 6 . 4 0  
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  

4 1 . 9 6  
38.88 

.473  

.469  
;421 
. 415  
.407  

.388  

.380  

.372  

.39a  



10 360.00 7.25 75094. 16.38 45.13 -363 
11 380.00 7.25 82383. 17.15 48.21 .356 
12 395.59 7.25 88364. 17.74 50.64 .350 
13 395.77 7.25 87456. 17.76 50.49 -352 
14 410.00 7.25 30626. 11.16 30.52 .366 
15 422.67 7.25 4123. 5.85 11.90 -492 
16 429.96 .oo 0. .66 .oo . o o o  

Total Length of failure surface = 296.23 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.574 ,/ 

Total shear strength available 
along specified failure surface = 178.683+03 lb 



- .  
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L 

Client: foF Project: DSDF ProjectlProposal NO.: -0 I 6 6  Task No.: 04- 

PURPOSE 
J 

Evaluate whether GCL QA sample no. 01 complies with the shear strength requirements given in the GCL specification 
(Section 02772. Paragraph 2.01.E.3). 

METHOD 
__ .._ ~ ~~ -. .. .. _... - ~.~ ~- ~ ~ ~ - . ~ -.- - ~. ____- - -  - 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R. The method involves the following basic 
steps. 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. / 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 01 are shown 
in the following table. The laboratory test results are presented in Appendix A. 

QA Sample 
No. 

01 

01 

Case 

Peak 

~ ~~~ 

Large-displacement 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. The 
analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

Test Type I Filename I Factor of Safety I Comply ? 1 

I I I I GCUGMB Interface 1.9 / I 

01 GCL Internal NLDOlAS / 1.7 / YES / 
GCUGMB Interface NLDOlBS J 2.2 J Y E S /  
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01997 GcoSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 11 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-01). GCL’s initial moisture content was 9.4%. GCL’s 
- 

finalmoisture content f%igi%l from-86% to-133 % for thetiW3eiGs; -mil __ _.___ - _ _  _ _  - - - 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQ0166-04.1lF9730086 1 97.10.14 

000633 



01997 Gedyntec Consullants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 1G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL41) with woven geotextile against geomembrane. GCL’s initial 
moisture content was 9.0%. GCL’s final moisture content ranged from 74 to 85 % for the 

- - - ._ . . . ..- _ ~ .  test-series. ~- ~- - ~- ~~ _ _ _  ~~~ - .~ .~~ - ~ ~ .. .~ - . ~ _ _  
9 

80-mil NSC textured HDPE geomembrane (GM-7); and 

lower shear box: bed- layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

0 

e 

0 

0 

0 

0 

0 

0 

0 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subskate with a texhued steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test n o d  stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQol66-04.1 lF9730086 2 97.10.14 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 11: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-01) UNDER SOAKED AND 
CONSOLIDATED CON 6 mONS 

TEST CONDITIONS 

FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730086 
FILE NO. 

- On = 5.0 psi - = 20.0 psi - 0, = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR RATE: 0.004 in./rnin. 

- 
I I I l l l I I I  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the i! C L  
(2) For each test, slidin 

DATE TESTED: 24 AUGUST TO 2 SEPTEMBER 1997 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

_ _ ~  - . ---50 - -  

A 

TEST SERIES NUMBER 11: INTERNAL SIRENGTH OF 
BENTOLlX NS GCL GCL-01) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR SIRENGTHS 

a n  = 5.0 psi, T+ = 4.4 psi, T~ = 1.3 psi 
U n  = 20.0 psi. 7- = 9.1 psi, TU) = 2.4 psi 
a n  45.0 PSI, Tpsok = 12.4 psi, 7~ = 6.4 psi 

SOAKING 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnin. 

J 

0 5 10 15 20 25 30 35 40 45 t 
NORMAL STRESS (psi) 

I 

NOTES. (1) The reported totnl-atresa shear strength parameters of frictlon 
an le and adhesion were determined from a best-fit line drawn thmu h the te3 datn. Caution should be exercised in using the strength paramefen 
for applications involving normal stresaea outside the range of 
stresses cowered the test series. 

::Innth e 7 s ear f orce at a shear displacement of 2 In. for each test. 
(3) t o r  each test, sliding (Le, internal shear failure) was observed 
to occur within the GCL 

e la e dis ? acement shear strength (TO) was calculated 

_- - ____ ______-  - --__ - 

DATE TESTED: 24 AUGUST TO 2 SEPTEMBER 1997 - FIGURE NO. 

G 01 66-04.1 PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

I- - GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

__  - - -  -mw) 
I 

TEST SERIES NUMBER 
WITH WOVEN GEOTEXTIE AGAINST 
80-mil NSC 
UNDER SOAKED AND 

TEST CONDITIONS - an = 5.0 psi - on = 45.0 psi 
- = 20.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 4-8 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

/' SEENOTE(2) 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 1 2  in. by 1 2  in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 5 TO 1 4  SEPTEMBER 1997 
A-3 - FIGURE NO. 

GQO166-04.1 PROJECT NO. 

DOCUMENT NO. 

I- 

'L GEOSYNTEC CONSULTANTS 
F9730086 

FILE NO. OOU6i; SOIL-GEOSY NTHETlC INTERACTION TESTING LABORATORY 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

l o b  5 

TEST SERIES NUMBER 1G: BENTOFIX NS GCL (GCL-01) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRANE / 
80-mil NSC E M U R E D  HDPE GEOMEMBRANE GML7) 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 

MEASURED SHEAR STRENGTHS ................................... 
On = 5.0 psi, 7- = 2.6 psi, T~ = 2.0 psi 
Un = 20.0 PSI, TW = 6.7 psi, TU) = 4.2 psi 
On = 45.0 psi, T- = 12.7 psi, TU = 8.6 psi 

t.... PEAK : = 14'. = 210 f; R' = 0.899 
1.w U) SIRENGTH: dm = i 8 a m  = i E  psf; R' = 0.991 

SOAKING: 168 hrs at 3 psi 
CONSOUDAllON: 48 h n  at each stress 
SHEAR RATE: 0.004 in./rnin. 

0 i 1 1 1 1 1 1 1  l l l l l l l l l l l  I 
0 5 10 15 20 25 30 35 40 45 ! 

NORMAL STRESS (psi) 

-~ - - -~ ~- -~ - 

DATE TESTED: 5 TO 1 4  SEPTEMBER 1997 - 
I- 
I - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

A-4 FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X S T A B L  

* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. 

* All Rights Reserved * 

* * 

- _ _ _  - *- _- - __ - _ _ _  - _- - --- - *.-- 

* * 
* Ver. 5.201 96 B 1202 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.__- -- 

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y- lef t x- right y -  right 'Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0 
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x- lef t 
No. (ft) 

~ _ _ _ _  _ _ _ . ~  

1 . o  
2 -0 
3 136.5 
4 224.8 
5 285.0 
6 313.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-left 
(ft) 

~~ ____ 
153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

x- right y -  right Soil Unit 
Below Segment 

~ -~ ..__ ~ - - --- (ft) (ft) 

129.0 153.0 1 
136.5 91.4 3 
224.8 93.2 3 
285.0 94.4 3 
313.0 95.0 3 
330.0 100.0 000642 



3 Soil unit(~) specified 

Soil Unit Weight Cohesion Friction Pore Pressure later 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg 1 Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  200 .0  2 5 . 0 0  . ooo  . o  0 

3 1 2 5 . 0  1 2 5 . 0  . o  . oo  -000 . o  0 
0-- _ _  _- 2---125.0 -125 .0 .  - - .-o - --3o .-oo------ - .ooo--- --- - --0- -__- 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 - 1 0 0 0 . 0  . o  &/ 

2 .o  . o  J 
3 7 2 0 . 0  6 3 3 . 6 J  
4 2 8 8 0 . 0  1 3 1 0 . 4  J 
5 6 4 8 0 . 0 /  1 7 8 5 . 6 5  
6 1 0 0 8 0 . 0  1 7 8 5 . 6  

/ Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

2 8 9 . 1 5  
2 8 0 . 9 5  
2 8 0 . 7 5  
2 2 4 . 8 0  
1 4 7 . 9 3  
1 4 7 . 6 9  
1 0 8 . 5 9  
1 0 6 . 0 9  

9 9 . 5 4  
9 4 . 3 2  
9 4 . 1 1  
9 3 . 0 0  
9 1 . 3 9  
9 1 . 6 3  

1 5 3 . 0 0  
1 5 7 . 3 3  

-- _ _ _ _  ~ -~ ~ _ _ _ _  .~ -___- ~ _ _ _ ~  ___-- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer ( 1 9 7 3 )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



1 2 6 8  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width 
(ft) (ft) (ft) (ft) 

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

-3 __ 

287.08 98.22 1.55 4.15 
282.97 95.61 5.09 4.05 
280.85 94.21 7.22 -20 
275.38 94.00 9.33 10.75 

240.00 93.30 22.35 20.00 
227.40 93.05 26.96 5.20 
217.40 92.85 30.66 14.80 
200.00 92.48 37.12 20.00 
180.00 92.06 44.49 20.00 
160.00 91.64 51.86 20.00 
148.96 91.41 55.88 2.07 
147.81 91.51 56.12 -24 
138.35 106.30 44.03 18.69 
118.79 136.98 17.95 20.41 
107.34 155.17 1.93 2.50 

_260...00 - - -93..70-- -15.. 00- - -  20.. 00- 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 15.9144 2T1106 
3 16.0156 2.1140 
4 16.0129 2.1139 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 16.1460 2710905 
3 16.1442 2.0904 

alpha 

-32.47 
-32.47 
-46.40 
-1.14 

-1.14 
-1.14 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
45.00 
57.50 
57.50 
60.02 

- -1-.-14- -. 

beta 

6.34 
19.12 
19.12 
19.12 

19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
15.95 
15.95 
15.95 
10.71 
10.71 

-1 972-9- 

FOS moment 
2,1662 
2.1106 
2.1140 

FOS moment 
2,0867 
2.0905 

weight 
(lb) 

805. 
2579. 
180. 

12542. 
~ -33504---- 

55871. 
17523. 
56730. 
92799. 

111221. 
129643. 
14460. 
1683. 

102871. 
45790. 

603. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS - force FOS moment 
080644 - 



1 2 6 8  
16.1442 2 .0900 1 

Iter # Theta FOS force 
1 16.1442 210900 

SLICE INFORMATION ... continued : 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

Sigma 
-- (psf-1)- 

346 .3  
1 1 9 0 . 6  
2351.2  
1 2 9 4 . 5  
2042.0  
3007 .2  
3598 .4  
4 0 7 5 . 9  
4904 .0  
5 8 4 9 . 3  
6 7 8 8 . 5  
7294 .9  
5019 .8  
3092 .9  
1 2 1 9 . 0  

1 2 7 . 1  

. o  
200 .0  
408 .  O J  
4 0 8 . 0  
4 0 8 . 0  
930 .2 /  
930 .2  
930 .2  
930 .2  
930 .2  

1 7 8 5 . 6  
1 7 8 5 . 6  

9 3 0 . 2 /  
200 .0  
200 .0  

. o  

3 0 . 0 0  
25 .00  
1 7 . 4 0 /  
1 7 . 4 0  
1 7 . 4 0  

7 . 5 2 J  
7 . 5 2  
7 . 5 2  
7 . 5 2  
7 . 5 2  

.oo 
7 . 5 2 /  

2 5 . 0 0  
2 5 . 0 0  
30 .00  

* 00 1 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

2 . 0 9 0 5  

FOS moment 
210905 

0 -  . 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

‘ S l g  

Delta 
. - - - - - - - - -- 

. o o  

. o o  

. o o  
* 00 
. oo  
.oo  
. o o  
-00 
. oo  
.oo  
. o o  
. o o  
* 00 
. o o  
. o o  
. o o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER’S (1973)  - TOTAL Stresses at center of slice base 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  

Base 
x-coord 

(ft) 

287.08  
282 .97  
280 .85  
275 .38  
260 .00  
240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 0 . 0 0  
148 .96  

Normal 
Stress 
(psf 1 

346 .3  
1 1 9 0 . 6  
2351.2  
1 2 9 4 . 5  
2042.0  
3007 .2  
3598 .4  
4 0 7 5 . 9  
4904.0  
5 8 4 9 . 3  
6 7 8 8 . 5  
7294 .9  

Vert ical 
Stress 
(psf 1 

1 9 3 . 9  
636 .7  
903 .0  

1 1 6 6 . 7  
1 8 7 5 . 2  
2793.6  
3369 .8  
3833.1 
4639.9  
5561.0  
6 4 8 2 . 1  
6985 .5  

Pore Water 
Pressure ’ 

(psf 1 

. o  

. o  
- 0  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

Shear 
Stress 
(psf) 

9 5 . 7  
361 .3  
5 4 7 . 7  
3 8 9 . 3  
501 .4  
6 3 5 . 0  
672 .4  
7 0 2 . 5  
7 5 4 . 8  
8 1 4 . 5  
854 .4  

. o  854 .4  ~- - .  - 

5~019 ; . 8 ~ ~ -  .7.0.1-4,5. -- 
-----  . or--------- 7 6 2 . 1  T3p ..-1-4.7T81- 

1 4  1 3 8 . 3 5  3092 .9  5 5 0 4 . 1  . o  785.8 
15 1 1 8 . 7 9  1 2 1 9 . 0  2243 .5  .o  3 6 7 . 7  
1 6  1 0 7 . 3 4  1 2 7 . 1  241 .3  .o  35.1  

~ ___- 



Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

Slice Right Force 

(ft) (degrees) (lb) (ft) (ft) 
* 

1 285.00 
2 280.95 
3 280.75 
4 270.00 
5 250.00 
6 230.00 

8 210.00 
9 190.00 

10 170.00 
11 150.00 
12 147.93 
13 147.69 
14 129.00 
15 108.59 
16 106.09 

- -7 2-24 ;-eo- . 

16.14 
16.14 
16.14 
16.14 
16.14 
16.14 

-1-6.--1.4-- 
.16.14 
16.14 
16.14 
16.14 
16.14 
16.14 
16.14 
16.14 

. oo  

1365. 
6085. 
6711. 
11355. 
22637. 
37101. 

53267. 
71122. 
90633. 

111382. 
113552. 
112489. 
33321. 
480. 

- 41-1-28 

-2. 

1.92 
2.73 
2.71 
4.25 
6.78 
9.12 

11.61 
14.12 
16.62 
19.16 
19.43 
19.44 
13.28 
1.81 
55.95 

- 9.;-76 - -. 

3.10 
7.08 
7.36 
11.30 
18.70 
26.00 
-2-7 ;-9.2- - __ 

33.41 
40.83 
48.15 
55.57 
56.20 
56.03 
32.03 
3.86 

* 00 

Total Normal Stress = 3277.93 (psf) 

Shear Stress - - 611.70 (psf) 

Total Length of failure surface = 220.97 feet 

Pore Water Pressure = .oo  (psf) 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.090 

Total shear strength available 
along specified failure surface = 282.493+03 lb 

.619 J 
-385 
.369 
.376 
-363 
-351 

.347 

.346 
-345 
* 345 
-346 
.347 
.415 
.468 
. o o o  

--350-- _ _ _ -  

000646 



B 2 6 $ '7h7 

a 

b 
Q, 
I 

Q, 
0 
I 
0 
7 

2-4 
U 
Q) 
L - 
E 
I 
0 
I- 
I 

0 
v, 

Q) 
L 
3 
v, 
0 
0 

+ 
I 

\ 

- 

E .- 
I 

+ Q) 

S 

G 

v, 
0 

- 
n 

II 
Q) 
0 
U 

3 
v, 

Lc 
I 

U 
Q) 

0 
0 
Q 
v, 

0 '  

.- 
Lc .- 

I 

Lc 

v, 
0 
G 

. .  

I I I I I I I 

0 
0 * 

0 
' 0  cv 

n 

Q, 
Q, 

+ 

rc 

0- 
' % E  

a 
X 

I 
X 

0 
. v )  

0 
- 0  
.- 

. o  
v) 

- 0  



0 
- 0  

rr) 

0 
-In 

h( 
n 
a a 
- 
+ 
W 

0 

Z 
0 
+ 
0 

- 
a 

s 
W 

0 
rr) 

0 
In 
h( 

0 
0 
h( 

0 
In 
7 

- 

0 I ' I ' I ' I ' I ' I ' I '  - 
0 0 0 0 0 0 0 0 0 0 0  
03 W 03 0 0 0 0 0 0 0  
7 - 0 0 0 0 0 0 0  

b c D I n * r r ) ( Y -  

Osd)  s x s m s  I s m  ( i -4)  sat1oo3-A 

0 
In 
(Y 
n 

Q) 
Q) 

4- - 
W 

o m  
"(E 
0 
0 
0 
I 

X 

o n  

0 
v) - 

0- 
0 - 

000648 



XSTABL File: NPKOlBS 10-09-97 13:48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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* slope Stability Analysis * * using the * 
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* * Method of Slices * * 

_ - __ - - - ---- -_ - - - ~ --• _ _ _ _  - _ _  - . -  . ~ - - *-_- 
* * 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x-right y-right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
Below Segment _ _ _ _ ~ _ _ _ _ _  (ft) 

- - - - 
(ft) (ft) (ft) 

- - -- -_ - No. 
_ _ _ ~  - - __ 

1 . o  153.0 129.0 153.0 
2 . o  94.1 136.5 91.4 
3 136.5 91.4 224.8 93.2 
4 224.8 93.2 285.0 94.4 
5 285.0 94 -4 313.0 95.0 
6 313.0 95.0 330.0 100.0 

090649. 



3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

0 1 -1000.0 ’ .o 
2 . * o J  .o  J 

3 7 2 0 . 0 ~  374.4 J 
4 2880.0~ 964.8/ 
5 6480.0 J 1828.8/ 
6 10080.0 J 1828.8/ 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

J 

291.87 
284.25 
284.05 
224.80 
160.54 
160.38 
121.44 
120.52 

99.24 
94.39 
94.18 
93.00 
91.72 
91.89 
153.00 
154.60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
Slice x-base y-base 

(ft) (ft) 

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

- -_ - -. -5 - -. 

288.43 
284.62 
284.15 
277.02 

240.00 
227.40 
217.40 
200.00 
180.00 
165.27 
160.46 
155.19 
139.50 
125.22 
120.98 

2 6 0-.-0 

97.05 
94.63 
94.28 
94.04 

93.30 
93.05 
92.85 
92.51 
92.11 
91.81 
91.81 

100.03 
124.66 
147.07 
153.80 

-93-. 7-0 

height 
(ft) 

2.57 
5.50 
6.01 
8.72 

22.35 
26.96 
30.66 
37.09 
44.44 
49.84 
51.53 
45.15 
25.34 
6.65 
.72 

- -1 5-. 0 0-- ~ 

width 
(ft) 

6.87 
-75 
.20 

14.05 
-2 07-0 0- 
20.00 
5.20 
14.80 
20.00 
20.00 
9.46 
.16 

10.38 
21.00 
7.56 
.92 

Iter # Theta FOS force 
2 17.2181 1,9364 
3 17.2440 1.9371 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER’S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 17.2631 1,9322 

alpha 

-32.46 
-32.46 
-46.40 
-1.14 
--.I .1-4-.- 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
46.74 
57.49 
57.49 
57.49 
60.17 

beta weight 
(1b) 

6.34 2204. 
19 i 12 519. 
19.12 147. 
19.12 15323. 

19.03 55868. 
19.29 17523. 
19.29 56716. 
19.29 92735. 
19.03 111106. 
19.29 58937. 
19.29 1031. 
19.29 58580. 
15.95 66523. 
10.71 6282. 
10.71 82. 

FOS moment 
1,9552 
1.9364 

FOS-moment 
1.9316 

SLICE INFORMATION ... continued : 
Slice Sigma c-value’ phi U-base U-top P-top Delta 

. j ..&1 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

- -4-2 
13  
1 4  
15 
1 6  

617 .6  
1 3 6 9 . 7  
1 8 2 1 . 8  
1 1 8 3 . 7  
2011 .8  
2 9 8 1 . 1  
3 5 8 6 . 1  
4071.4  
4915 .9  
5880 .0  
6583 .9  

3077.6  
1 6 9 5 . 6  

3 9 1 . 1  
4 5 . 7  

___ 4 4 5 0-.-2- 

. o  
200 .0  
1 7 7 . 6 /  
1 7 7 . 6  
1 7 7 . 6  
273 .6  
273 .6  
273 .6  
273 .6  
273 .6  

1 8 2 8 . 8  

200 .0  
200 .0  
200 .0  

.o  

-2-7.3-.-6-- 

3 0 . 0 0  
2 5 . 0 0  
1 5 . 2 9 1  
1 5 . 2 9  
1 5 . 2 9  
1 3 . 5 0  
1 3 . 5 0  
1 3 . 5 0  
1 3 . 5 0  
1 3 . 5 0  

. oo  

25 .00  
2 5 . 0 0  
2 5 . 0 0  
30 .00  

J 
-13-.-5 0---- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

-o-.- - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

---o _.__ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0-. 
0. 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

288 .43  
284 .62  
2 8 4 . 1 5  
277 .02  
260 .00  
240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 5 . 2 7  
1 6 0 . 4 6  
1 5 5 . 1 9  
1 3 9 . 5 0  
1 2 5 . 2 2  
1 2 0 . 9 8  

617 .6  
1 3 6 9 . 7  
1 8 2 1 . 8  
1 1 8 3 . 7  
2011 .8  
2 9 8 1 . 1  
3 5 8 6 . 1  
4071.4  
4915.9  
5 8 8 0 . 0  
6583 .9  
4450 .2  
3077 .6  
1 6 9 5 . 6  

3 9 1 . 1  
4 5 . 7  

3 2 0 . 8  
688 .0  
751 .6  

1 0 9 0 . 6  
1 8 7 4 . 9  
2793 .4  
3 3 6 9 . 8  
3832 .2  
4 6 3 6 . 8  
5555.3 
6230 .2  
6 4 4 1 . 8  
5643 .6  
3 1 6 7 . 8  

8 3 0 . 9  
89 .4  

.o  

. o  

. o  

. o  

.o  

.o  

. o  

. o  

.o  

.o  

. o  

. o  

.o  

.o  

.o  

.o  

1 8 4 . 6  
4 3 4 . 1  
3 4 9 . 6  
259 .4  
3 7 6 . 5  
5 1 1 . 9  
5 8 7 . 0  
6 4 7 . 3  
752 .2  
8 7 2 . 0  
9 4 6 . 5  
6 9 4 . 4  
8 4 6 . 3  
5 1 2 . 7  
1 9 7 . 9  

13 .7  

. o o  

. o o  

. o o  

. o o  

.oo  

. o o  

. o o  

. o o  

. o o  
* 00 
. oo  
-.-O.O---- 
. oo  
. o o  
. o o  
. o o  

Slice Right 

(ft) 
# x-coord 

Force 
Angle 

(degrees) 

Interslice 
Force 
(lb) 

Force 
Height 
(ft) 

Boundary 
Height 
(ft) 

Height 
Ratio 

1 285.00  
2 284 .25  
3 284 .05  
4 270 .00  
5 250 .00  
6 230 .00  

1 7 . 2 6  
1 7 . 2 6  
1 7 . 2 6  
1 7 . 2 6  
1 7 . 2 6  
1 7 . 2 6  

4154.  
5185. 
5648.  
9811. 

18535. 
30500 .  

3 . 2 5  
3 . 2 5  
3 . 2 4  
5 . 5 2  
7 . 9 8  

1 0 . 1 7  

5.13 
5.87 
6 . 1 5  

1 1 . 3 0  
1 8 . 7 0  
26 .00  

.634  

.553 

.526 
- 4 8 9  
.427  
- 3 9 1  



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
160.54 
160.38 
150.00 
129.00 
121.44 
120.52 

17.26 
17.26 
17.26 
17.26 
17.26 
17.26 
17.26 
17.26 
17.26 

. oo  

34085. 
45374; 
63179. 
83895. 
94570. 
93894. 
50594. 
3354. 

62. 
-2. 

10.72 
12.34 
14 -54 
16.75 
17.81 
17.82 
14.41 
4.86 
-66 

5.11 

1 2 6 8  
27.92 
33.39 
40.79 
48.09 
51.59 
51.48 
38.82 
11.86 
1.43 
.oo 

L-3 1-2-7 
.384 
.370 
-357 
.348 
.345 
.346 
.371 
.410 
-462 
. o o o  

Total Normal Stress = 2954.66 (psf) 

563.37 (psf! Shear Stress - 
Pore Water Pressure = .oo (psf) - 

Total Length of failure surface = 207.40 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

J FACTOR OF SAFETY = 1.932 

Total shear strength available 
along specified failure surface = 225.763+03 lb 

000653 
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* * 
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y- lef t x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

J 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 000656 
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5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

Pore Pressure Water Soil Unit Weight Cohesion Friction 
Uni t Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 .o  25.00 .ooo . o  0 
2 125.0 125.0 .o 30.00 .ooo -0 0 
3 125.0 125.0 . o  .oo -000 . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 / . o  .r 

3 7 2 0 . 0 ~  187.2 J 
4 2880.04 345.6 J 
5 6480.0 921.6’ 
6 10080.0 921.6 A 

2 . o  / .o’ ‘ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 8 coordinate points : 

Point 
No. 

x-surf 
(ft) 

167.10 
183.00 
-2 2-0T0-0 
300.00 
387.83 
388.00 
414.43 
421.72. 

J y-surf 
(ft) 

114.18 
105.00 
-9-978-0 
100.60 
101.59 
101.76 
143.24 
155.87 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _  _--__ ---Srl-ice x-base-----y-base-height- -- -width- - -alpha-----beta----weight - 

(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 
2 186.00 104.58 
3 204.50 101.98 
4 230.00 99.90 
5 250.00 100.10 
6 270.00 100.30 
7 290.00 100.50 
8 310.00 100.71 
9 330.00 100.94 

10 350.00 101.16 
11 370.00 101.39 
12 383.91 101.55 
13 387.91 101.67 
14 399.00 119.02 
15 412.22 139.77 
16 418.08 149.56 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37 * 34 
40.41 
43.54 
46.66 
48.81 
49.34 
33.84 
15.16 
5.95 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
7.83 
.17 

22.00 
4.43 
7.29 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 
-57 
-65 
-65 
.65 
-65 
.65 

45.00 
57.50 
57.50 
60.01 

9.46 
9.46 
9.46 
9.65 
9.37 
9;37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93343. 

101030. 
108841. 
116652. 
47769. 
1049. 
93068. 
8397. 
5420. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 8.0375 1,7103 1,7428 
3 8.0715 1.7112 1.7103 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 8.0715 1T7112 1T7103 

-~ _ _ _ -  _- _ _  __ SL'ICE--1NFORMAT10N-.~7coritinue-d : 

Slice Sigma c-value phi U-base U-top P-top Delta 
(psf 1 (psf  1 (lb) (lb) (lb) 

_ _ ~ _ ~  

1 1095.1 .o  . 30.00 0. 0. 0. . oo  
2 1670.0 134.4/ 4.19 fl  0. 0. 0. . oo  I 

0U0658 



3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
15 

. . . . - - -1 6 

2404.0  1 3 4 . 4  4 . 1 9  
3125.2  -115 .2  / 9 . 0 9 J  
3523 .3  -115 .2  9 . 0 9  
3 9 1 5 . 1  -115 .2  9 . 0 9  
4313.2  -115 .2  9 . 0 9  
4708.3  -115 .2  9 . 0 9  
5096.8  -115 .2  9 . 0 9  
5 4 9 1 . 5  -115 .2  9 - 0 9  
5886.3  -115 .2  9 .09  
6157.4 -115 .2  9 - 0 9  
5094.6  -115 .2  9 . 0 9  
2625.0  .o  25 .00  
1175 .6  .o  2 5 . 0 0  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0.. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- 0.. 

1 2 6 8  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- ____ 0 

PI 151 
. o o  
. o o  
-00 
-00 
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  -..- 0 0- 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure / Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
15 
1 6  

1 7 5 . 0 5  
186 .00  
204 .50  
230 .00  
250 .00  
270.00 
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
3 8 3 . 9 1  
3 8 7 . 9 1  
399 .00  
412 .22  
418 .08  

1 0 9 5 . 1  
1 6 7 0 . 0  
2404 .0  
3125 .2  
3 5 2 3 . 3  
3 9 1 5 . 1  
4313 .2  
4 7 0 8 . 3  
5 0 9 6 . 8  
5 4 9 1 . 5  
5 8 8 6 . 3  
6157 .4  
5094 .6  
2625 .0  
1 1 7 5 . 6  

4 1 7 . 3  

739 .6  
1 5 9 4 . 4  
2304 .8  
3100 .0  
3493 .8  
3881.3 
4275 .0  
4667 .2  
5051 .5  
5 4 4 2 . 1  
5832 .6  
6100 .8  
6168.0  
4230.4  
1 8 9 4 . 5  

7 4 3 . 7  

. o  

. o  

. o  

. o  

. o  

.o  

.o  

.o  
-0 
.o  
.o  
. o  
. o  
. o  
. o  
. o  

3 6 9 . 5  
1 5 0 . 1  
1 8 1 . 6  
2 2 4 . 9  
2 6 2 . 1  
298 .7  
3 3 6 . 0  
3 7 2 . 9  
409 .2  
4 4 6 . 1  
4 8 3 . 1  
508 .4  
4 0 9 . 0  
715.3 
3 2 0 . 3  
1 4 0 . 8  

Slice Right Force Interslice Force Boundary Height 
Ratio Force Height Height # x-coord Angle 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 

-4- - 
5 
6 
7 
8 
9 

1 0  

1 8 3 . 0 0  
1 8 9 . 0 0  
220 .00  
24-OTO 0- -- . 

260 .00  
280 .00  
300 .00  
320 .00  
340 .00  
360 .00  

8 . 0 7  
8 . 0 7  
8 . 0 7  
8 ~ - 0  7---- 
8 . 0 7  
8 . 0 7  
8 . 0 7  
8 . 0 7  
8 . 0 7  
8 . 0 7  

16090 .  5 . 7 2  
18422 .  6 . 5 9  
34685.  1 0 . 2 1  

--3 8 5-9 7 7 - -11 r 6  9--- 
43180.  1 2 . 9 6  
48424.  1 4 . 0 6  
54339.  1 5 . 0 3  
60800.  1 5 . 9 2  
67906.  1 6 . 7 4  
75668.  17.51 

11.83 
1 3 . 6 8  
23 .20  
2 674.0- 
29 .50  
3 2 . 6 0  
3 5 . 8 0  
38.87 
4 1 . 9 5  
4 5 . 1 2  

_. __ 

.484  

.482  
. .440  
-~ .-443- 

. 439  

. 4 3 1  

.420  

.409  

.399  

.388 



- 1268 
%/37 

11 380.00 8.07 84085. 18.25 48.20 .379 
12 387.83 8.07 87557. 18.53 49.41 .375 
13 388.00 8.07 86753. 18.55 49.27 .377 
14 410.00 8.07 11107. 6.62 18.41 .359 

16 421.72 .oo -3. -1.02 .oo * 000 
15 414.43 8.07 4282 - 5.80 11.90 .487 

Total Length of failure surface = 287.57 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.711 ./ 
Total shear strength available 
along specified failure surface = 184.983+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

11 SUBSURFACE boundary segments 

1 
2 
3 
4 

60.0 
120.0 
150.0 
183.0 

90.0 
100.0 
105.0 
105.0 

120.0 
150.0 
183.0 
189.0 

y-right Soil Unit 
(ft) Below Segment 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

100.0 
105.0 
105.0 
106.0 

2 
2 
2 
1 



c 

5 1 8 9 . 0  1 0 6 . 0  
6 4 1 0 . 0  1 4 2 . 8  
7 4 6 7 . 0  1 4 8 . 5  
8 1 8 3 . 0  1 0 5 . 0  
9 220 .0  1 0 0 . 0  

1 0  3 0 0 . 0  1 0 0 . 8  
11 410.0  1 0 2 . 0  

1 
410 .0  142 .8  
467 .0  1 4 8 . 5  
555 .0  1 5 2 . 9  
2 2 0 . 0  1 0 0 . 0  
300 .0  100 .8  
410 .0  102 .0  
555 .0  1 0 3 . 5  

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  . o  25 .00  . ooo  .o  0 
2 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  .ooo  .o  0 
3 1 2 5 . 0  1 2 5 . 0  . o  . o o  .ooo . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 Y .o  t/ 

2 . o  c/ -0 ’ 
3 7 2 0 . 0 /  288 .0  J 
4 2880 .0  J 604 .8  / 
5 6480 .0  4 1 2 3 8 . 4 d  
6 10080 .0  / 1 2 3 8 . 4 f  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

/ 

1 1 6 7 . 1 0  1 1 4 . 1 8  
1 0 5 . 0 0  - 9 9 ; 8 0 ~ ~  _ _ _ _  _ _ _ _ _  - 

2 1 8 3 . 0 0  
__ ~ .- ~ 3-- .- -.-220. oo 

4 300 .00  1 0 0 . 6 0  
5 389.94  1 0 1 . 6 3  
6 390 .10  1 0 1 . 7 8  
7 416 .65  1 4 3 . 4 7  
8 4 2 3 . 9 5  . 1 5 6 . 1 0  

- -. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

-x-base- - 
(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
384.97 
390.02 
400.05 
413.33 
420.30 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 

100.10 
100.30 
100.50 
100.71 
100.94 
101.17 
101.40 
101.57 
101.71 
117.41 
138.25 
149.78 

height- 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.34 
40.41 
43.53 
46.65 
48.96 
49.66 
35.64 
16.78 
5.95 

Nonlinear M-C Iteration Number - 

-Wlidkh 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
9.94 
.16 

19.90 
6.65 
7.30 

1 

Iter # Theta FOS force 
2 8.1872 2,1885 
3 8.2391 2.1903 
4 8.2378 2.1902 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 8.2378 2,1902 

-a-lpha----beta- ~ -weiqht-- - 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.66 

.66 
-66 
.66 
.66 

43.15 
57.51 
57.51 
59.96 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9;46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2T2267 
2.1885 
2.1903 

FOS moment 
2,1903 

(16) 
11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93339. 

101016. 
108818. 
116621. 
60827. 
1005. 

88637. 
13951. 
5427. 

SLICE INFORMATION . . .  continued : 
Slice Sigma c-value phi U-base U-top P-top Delta 

(psf 1 (psf 1 (lb) (lb) (lb) 

0. 0. 0. 1 1018.8 . o  30.00 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

-1.5- ~. 

1 6  

1684 .6  
2424.2 
3135.4 
3532.9 
3 9 2 4 . 1  
4321.6 
4715.6 
5103 .0  
5496 .7  
5890.3 
6181.3 
5146.3 
2909.9 

-1-37-0 r5- 
445 .7  

1 8 2 . 4 /  8 . 3 4 /  
182 .4  8.34 

9 7 . 9 /  9 . 9 8 ~  
9 7 . 9  9.98 
97.9 9.98 
97 .9  9 .98  
97.9 9.98 
97.9 9 .98  
97 .9  9.98 
97.9 9 .98  
97.9 9 .98  
97 .9  9 .98  

. o  25.00 
_-  - --o 2-5-00 

. o  30 .00  

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

0. 0. 
-0- --0- - - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. - 0 ~  
0. 

. o o  

. o o  

.oo  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

.oo  

.oo  

.oo  

. o o  +)o---- 

. o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf) J (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

175 .05  
186 .00  
204 .50  
230.00 
250 .00  
270 .00  
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
384 .97  
390 .02  
400 .05  
413.33 
420 .30  

1018 .8  
1684 .6  
2424.2 
3135.4 
3532.9 
3 9 2 4 . 1  
4321.6 
4715.6 
5103.0 
5496.7 
5890.3 
6181.3 
5146.3 
2909.9 
1370 .5  

445 .7  

739 .6  
1 5 9 4 . 4  
2304.8 
3100.0 
3493.8 
3881 .3  
4275 .0  
4666 .9  
5050 .8  
5440 .9  
5831 .0  
6119.4 
6208.0 
4454 .6  
2097 .9  

743 .4  

.o 

.o  

. o  

.o  

.o  

.o  

.o  
-0 
. o  
. o  
-0 
. o  
. o  
.o  
. o  
. o  

2 6 8 . 5  
1 9 6 . 1  
245 .6  
2 9 6 . 7  
328 .6  
3 6 0 . 0  
392 .0  
423.6 
454 .8  
486 .4  
5 1 8 . 0  
5 4 1 . 4  
458.2 
619.5 
291 .8  
1 1 7 . 5  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 1 8 3 . 0 0  
2 189 .00  
3- - --2 2 070 0- 
4 240.00 
5 260.00 
6 280.00 
7 300 .00  
8 320 .00  
9 340.00 

8.24 
8.24 

8.24 
8.24 
8.24 
8.24 
8.24 
8.24 

-8-.-2 4- 

13767 .  
1 6 3 9 2 .  

40118.  
46045.  
52527.  
59575.  
67045.  
75054 .  

-3-47 5 7:- 

5.74 
6.40 

--9 z52- - 
1 0 . 7 7  
1 1 . 9 0  
12 .96  
13 .96  
14.93 
15 .86  

1 1 . 8 3  .485 
1 3 . 6 8  .468 

. 4 1 1  
26 .40  .408 
2 9 . 5 0  .403 
32 .60  .398 
35 .80  .390 . 

3 8 . 8 7  .384 
41.94 .378 

.-2.3~2 o - - ~ - - ~  --__ 



10 3 6 0 . 0 0  8 . 2 4  83612.  1 6  - 76 4 5 . 1 1  . 3 7 2  
11 3 8 0 . 0 0  8 . 2 4  92717.  1 7 . 6 5  4 8 . 1 8  - 3 6 6  
1 2  3 8 9 . 9 4  8 . 2 4  97444.  1 8 . 0 9  4 9 . 7 3  .364  
1 3  3 9 0 . 1 0  8 . 2 4  96730.  1 8 . 0 9  4 9 . 6 0  . 3 6 5  
14  4 1 0 . 0 0  8 . 2 4  17318 .  7 . 6 7  2 1 . 6 7  .354  

4 1 6 . 6 5  8 . 2 4  4 8 1 9 .  5 . 7 8  1 1 . 8 9  .486  
16 4 2 3 . 9 5  -00 0. 4 9 . 2 9  . o o  * 000 
15 

Total Length of failure surface = 2 8 9 . 9 0  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S ( 1 9 7 3 )  
procedure gives a 

FACTOR OF SAFETY = 2 . 1 9 0  1 

Total shear strength available 
along specified failure surface = 247 .003+03  lb 
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PURPOSE 
J 

Evaluate whether GCL QA sample no. 02 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). 

METHOD 
~ _ _ _  ~ _ _ _ _  - ___ ~ ~ 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R. The method involves the following basic 
steps. 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. J 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear tests performed on QA sample no. 02 are shown in the following table. The results of 

Appendix A. 
the GCUgeomembrane interface shear test were The laboratory test results are presented in ./- 

J 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. The 
analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

Test Type I Filename I Factorofsafety I ComDlv? 1 

(I) Interface shear strength values for QA sample 02 at 5 psi normal stress wcrc not available at the time that thii calculation paclcage - -- Y was prepared. These values were assumed to qual zero. This assumption is conservative in the context of RCI 1702-006R 
cQo166-04lF9730087.DC 
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‘1997 GeoSyntec Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 21 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-02). GCL’s initial moisture content was 9.4%. GCL’s -___ _ -  7 i n d m o i s m r e  content-ranged-from-63%-to-79%-for the test-series;-and----- __- - - - 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04.1 IF9730087 1 97.10. I4 
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O1997 GeoSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 2G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-02) with woven geotextile against geomembrane. GCL’s initial 

test series; 
- _ _  - - - moisture content-was 9.6 R .- GCL’s final moisture content ranged-from-7040 1 19 Z for-the -- - - - - 

80-mil NSC textured HDPE geomembrane (GM-15); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane - 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

- 
Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

- - - - - - ._._ ~ ___ ~ - -  - - -  __  

GQO166-04.1lF9730087 2 97.10.31 
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1.- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQ0166 - 04-1 
F973OOF17 

TEST SERIES NUMBER 21: INTERNAL SlRENGTH OF 
BENTOFIX NS GCL fGCL-02) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS 

TEST CONDITIONS - on = 5.0 psi - Un = 20.0 psi 
cuu On = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./rnfn. 

1 1 1 1 1  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 

DISPLACEMENT (in.) 
NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the i! C L  
(2) For each test, slidin 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - __ - - --50 - - - - - _ _  - 

- 
I- 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 21: INTERNAL STRENGTH OF 
BENTOFIX NS GCL UNDER SOAKED AND 
CONSOLIDATED CON 

FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730087 
FILE NO. 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

0 5 10 1 5 2 0 2 5 3 0 3 5 4 0 4 5 !  
NORMAL STRESS (psi) 

---__ ~- 
~ ____ 

~ 

5 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- ---8000 - _ _ _ _  ~ - ~ . - -- - . - . - 

I 
TEST SERIES NUMBER 2G: BENTOFIX NS GCL GCL-02) 

80-mil NSC TMTURED HDPE GEOMEMBRANE GM-15) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOUDATED CONDITIO r! S 

- 

TEST CONDITIONS - u n  = 20.0 psi - un = 45.0 psi 

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

SOAKING 168 hra at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 fn./rnfn. 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

- 
c- 
I 

'L GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

I FIGURENO. A-Z 

GQ0166 - 04.1 PROJECT NO. 
DOCUMENT NO. 

FILE NO. 
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TEST SERIES NUMBER 2G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HOPE GEOMEMBMNE 

GCL-02) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO 6 S 

GM-15) 
- 

3 20- 
I 
v, - 

15 - 
- 

- 
10 - 

5 -  
- 

0 

MEASURED SHEAR STRENGTHS 
-------------------_-------,-------- 

e SI u,, = 20.0 psi, 7m = 5.7 psi, TD = 4.0 psi 
u) u, = 45.0 PSI, ~ p s d c  = 11.1 psi, 7u = 6.3 psi 
530 
E 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RAE 0.004 in./min. 

SEE NOTE (3) 

/ 

D - - -  
c 

/ 
/ - < - -  

- 7  
# 

l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l (  1 

__-- 

DATE TESTED: 20 TO 29 OCTOBER 1997 
A-4 - FIGURE NO. 

I 
I- 
'L GEOSYNTEC CONSULTANTS PROJECT NO. GQOl66-04.1 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY DOCUMENT NO. F9730087 

OO04;Ii'7 FILE NO. 
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XSTABL File: NPKO2AS 10-09-97 14 : 00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X S T A B L  * 

* Slope Stability Analysis 
* using the 
* Method of Slices 

* Copyright (C) 1992 6 96 
* Interactive Software Designs, 
* Moscow, ID 83843, U.S.A. 

* 

* 
* 
* 
* 
* 
* 

Inc . * 
* 

*-- _ _  __ ._~  _____ ___. -~ --* 
* All Rights Reserved * 
* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-r,ght 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment 
No. 

x-left 
(ft) 

.o  

. o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

- .- 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
‘1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
. ~ - - ~ - _ _ _ _ _ _ _ _ - - -  (ft) Below Segment 

153.0 1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 

100.0 3 



3 Soil unit(~) specified 

Water Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 200.0 25.00 .ooo .o  0 

3 125.0 125.0 . o  .oo .ooo .o  0 
_______ _ _  2- --l25 .-o. --125,0 __ ,o --3o- oo------ooo------ ;o --o-.--- 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

-1ooo.o/ 

720.0’ 
2880.0 5 
6480.0 / 

.o‘ 

10080.0 

.o  

.o  J 

547.2 A 
849.6 J 
1857.6 1 
1857.6 ’ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 8 coordinate points : J 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 -  
8 

x-surf 
(ft) 

291.55 
283.87 
283.66 
224.80 
161.14 
160.99 
122.06 
121.21 

y-surf 
(ft) 

99.27 
94.38 
94.17 
93.00 
91.74 
91.90 

153.00 
154.47 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
Slice x-base y-base 

(ft) (ft) 

1 
2 
3 
4 

- 5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14  
15 
1 6  

288.27 97.19 
284 .43  94.74 
283.76 94 .27  
276 .83  94.03 

--.260 .-oo 9-3.. 7.0- 
240.00 93.30 
227.40 93 .05  
217 .40  92 .85  
200.00 92 .51  
180 .00  92 .11  
1 6 5 . 5 7  91.83 
1 6 1 . 0 7  91.82 
155 .49  100 .52  
139 .50  1 2 5 . 6 3  
125 .53  1 4 7 . 5 5  
121 .64  153 .74  

height 
(ft) 

2 .45  
5 .46  
6 . 1 5  
8 .80  

--15-, 0 0- 
22 .35  
26.96 
30 .66  
37 .09  
44.44 
49 .72  
5 1 . 3 1  
44 .55  
24 .37  

6 .10  
- 6 6  

width 
(ft) 

6.55  
1 . 1 3  

. 2 1  
13 .66  

-2.0 i 00-- 
20.00 

5 .20  
14 .80  
20 .00  
20.00 

8 . 8 6  
.15 

1 0 . 9 9  
21 .00  

6 .94  
. 8 5  

Iter # ' Theta FOS force 
2 17 .0828  1-9196 
3 17 .1066  1 .9203 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force 
2 17 .2743 1T9107 
3 17 .2716 1 .9106  

alpha 

-32.50 
-32 .50  
-45.00 

-1 .14  
---1-.-1-4 - 

-1 .14  
-1 .14  
-1.13 
-1.13 
-1.13 
- 1 . 1 3  
46 .85  
57 .50  
57 .50  
57 .50  
60 .03  

beta weight 
(1b) 

6.34 2006.  
1 9 . 1 2  773 .  
19 .12  1 6 0 .  
19 .12  15023.  

1 9 . 0 3  55870.  
19 :29  17523.  
1 9 . 2 9  56714.  
1 9 . 2 9  92727.  
1 9 . 0 3  111092.  
19 .29  55068.  
19 .29  962.  
19 .29  61204. 
1 5 . 9 5  63976. 
1 0 . 7 1  5294.  
1 0 . 7 1  70 .  

-1-9 22 g - -3-7 5 0.1- - 

FOS moment 
1,9448 
1 .9196  

FOS moment 
1,9063 
1 .9107  

Iter # Theta . FOS-f orce FOS moment 
1 17.2716 . 1 .9117  1T9107 

(PO0683 



Iter # Theta FOS force 
1 1 7 . 2 7 1 6  1T9117 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base 
(psf) (psf) (lb) 

. - - - - - .- . - 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

_- _-_ 

5 9 3 . 9  
1 3 6 9 . 0  
1 8 1 3 . 4  
1 2 1 3 . 9  
2013 .5  
2 9 6 2 . 8  
3572 .4  
4061 .2  
4912 .0  
5883 .2  
6577 .2  
4434 .6  
3029 .2  
1 6 2 3 . 9  

3 5 1 . 6  
4 2 . 3  

_ _  __- --- -- 

.o  30 .00  
200 .0  25 .00  
4 4 6 . 4 /  7 . 9 7 /  
446 .4  7 . 9 7  
446 .4  7 . 9 7  

4 3 . 2 /  1 5 . 6 4 /  
4 3 . 2  1 5 . 6 4  
43 .2  1 5 . 6 4  
43 .2  1 5 . 6 4  
4 3 . 2  1 5 . 6 4  

1 8 5 7 . 6  . O O  ’ 
43 .2  1 5 . 6 4  

200 .0  2 5 . 0 0  
200 .0  2 5 . 0 0  
200 .0  25 .00  

.o  3 0 . 0 0  

_____ 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

FOS moment 
1T9107 

U-top 
(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. . 
0. 
0. 
0. 
0. 
0. 

~ 

P-top 
(lb) 

. - _. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 

Delta 

__-- 

.oo  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  
* 00 
-00 
. oo  
. o o  
. o o  
. o o  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  --- 
15 
1 6  

.- 

288 .27  
284 .43  
283 .76  
276 .83  
260 .00  
240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 5 . 5 7  
1 6 1 . 0 7  
1 5 5 . 4 9  
-139 ;50-- - - 
1 2 5 . 5 3  
121 .64  

5 9 3 . 9  
1 3 6 9 . 0  
1 8 1 3 . 4  
1 2 1 3 . 9  
2013 .5  
2962.8  
3572.4  
4061.2  
4912 .0  
5883 .2  
6577.2  
4434.6  
3029 .2  

-1623.9- 
351 .6  

4 2 . 3  

3 0 6 . 3  
682 .2  
769 .4  

1 0 9 9 . 8  
1 8 7 5 . 0  
2793 .5  
3369 .8  
3 8 3 2 . 1  
4636.4  
5554.6  
6215.4  
6413 .4  
5 5 6 9 . 1  

762 .8  
8 2 . 1  

-3.04-6-5 - 

. o  
-0 
.o  
.o  
.o  
.o  
.o  
.o  . 
. o  
. o  
. o  
. o  
.o  

.o  

.o  

1 7 9 . 4  
438 .6  
3 6 6 . 3  
3 2 2 . 4  
3 8 1 . 0  
4 5 6 . 6  
5 4 5 . 8  
6 1 7 . 4  
742 .0  
8 8 4 . 3  
971 .7  
6 7 2 . 1  
8 4 3 . 5  

1 9 0 . 4  
1 2 . 8  

.5-o.o. .-7 ~ -- 



Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

Slice Right Force 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  
13  
1 4  
15 
1 6  

__  __ - 

285.00  
283 .87  
283 .66  
270 .00  
250 .00  
230 .00  
224 .80  
-2-10, 00 __-- 

1 9 0 . 0 0  
1 7 0 . 0 0  
161 .14  
1 6 0 . 9 9  
1 5 0 . 0 0  
1 2 9 . 0 0  
1 2 2 . 0 6  
1 2 1 . 2 1  

1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1-7--2 7- - - ~ 

1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  
1 7 . 2 7  

. oo  

3826.  
5380 .  
5853. 

10811 .  
1 9 6 2 8 .  
30424.  
33783. 

62177.  
83137.  
93361.  
92723.  
47714.  

2677.  
5 0 .  

-44599, -- 

- 3 .  

3 . 1 0  
3.13 
3.17 
5.18 
7 . 9 7  

1 0 . 5 7  
1 1 . 1 6  
- 1 2 ~ 7  5- - 
1 4 . 8 2  
1 6 . 8 6  
1 7 . 7 8  
1 7 . 7 9  
1 4 . 2 1  

4 . 4 7  
.60  

1 . 6 5  

4 . 9 0  
6 . 0 1  
6 . 2 9  

1 1 . 3 0  
1 8 . 7 0  
2 6 . 0 0  
27 .92  

4 0 . 7 9  
4 8 . 0 8  
5 1 . 3 6  
5 1 . 2 5  
3 7 . 8 5  
1 0 . 8 9  

1 . 3 1  
-00 

- -3-3-;-3 g--- 

Total Normal Stress = 2942.33  (psf) 

Shear Stress - - 561 .38  (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 206.32  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973)  
procedure gives a 

FACTOR OF SAFETY = 1 . 9 1 2  / 
Total shear strength available 
along specified failure surface = 221.413+03 lb 

- 6 3 4  
.520  
.503  
.459  
.426  
. 4 0 7  
.400  
r3-8 2- __ - 
.363  
. 3 5 1  
.346  
- 3 4 7  
. 3 7 5  
.410  
- 4 5 9  
-000 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

x-right y-right Soil Unit Segment x-left y-left 
No. (ft) (ft) (ft) (ft) Below Segment ____ -~ -- _ _ _ _ _ _  ~~ ~ 

. o  

.o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 

1 
3 
3 
3 
3 
3 4bU0688 



31268 

3 Soil unit (6 )  specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg Ru (psf 1 No. 

1 125.0 125.0 200.0 25.00 .ooo  . o  0 

3 125.0 125.0 .o  .oo -000 . o  0 
-- _ _  2 125 0 1-25- o-- - 0- -30-00 000 --o-- ---- 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress .Shear Stress 
No. (psf 1 (psf 

1 -1000.0 ’ .o 
2 .o  .o  J 

2880.0 ’ 820.8 / 4 
5 6480.0 , 
6 10080.0 1598.4 / 

3 720.0 ’I - 0  / /  
1598.4 / ,/ / 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

292.31 
284.78 
284.58 
224.80 
164.88 
164.69 
125.81 
125.42 

99.19 
94 -40 
94.19 
93.00 
91.781 
91.97 

153.00 
153.68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta 
(ft) (ft) (ft) (ft) 

1 288 .65  96 .86  2 . 7 3  7 .31  - 3 2 . 4 5  6 . 3 4  
2 284 .89  94 .47  5.57 .22  -32 .45  1 9 . 1 2  
3 2 8 4 . 6 8  94 - 2 9  5 . 8 2  .20  -46 .40  1 9 . 1 2  
4 277 .29  94 .04  8 . 6 3  1 4 . 5 8  -1 .14  1 9 . 1 2  

- 5-. - - 260-00 -93 -70--1.5 00 ---20-00 ----_ 1--1.4----1-9--29 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 7 . 4 4  
1 6 4 . 7 8  
1 5 7 . 3 4  
1 3 9 . 5 0  
1 2 7 . 4 0  
1 2 5 . 6 1  

93 .30  2 2 . 3 5  20 .00  
93 .05  2 6 . 9 6  5 . 2 0  
9 2 . 8 5  3 0 . 6 6  1 4 . 8 0  
92 .50  3 7 . 1 0  2 0 . 0 0  
92 .09  4 4 . 4 6  20 .00  
91 .83  4 9 . 0 6  5 . 1 2  
9 1 . 8 8  4 9 . 9 5  .19  

103 .50  4 0 . 9 3  1 4 . 6 9  
131.51 1 8 . 4 9  2 1 . 0 0  
1 5 0 . 5 0  2 . 8 1  3 . 1 9  
1 5 3 . 3 4  .30  .39  

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force 
2 18 .1197  1,7285 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 18 .1197  1,7266 

Iter # Theta FOS force 

-1 .14  1 9 . 0 3  
-1 .14  1 9 . 2 9  
-1 .17  1 9 . 2 9  
-1.17 1 9 . 2 9  
- 1 . 1 7  1 9 . 0 3  
- 1 . 1 7  1 9 . 2 9  
4 5 . 0 0  1 9 . 2 9  
57 .50  1 9 . 2 9  
57 .50  1 5 . 9 5  
57 .50  1 0 . 7 1  
60 .07  1 0 . 7 1  

FOS moment 
1,7276 

FOS-moment 
1 . 7 2 7 6  

FOS moment 

weight 
(lb) 

2495.  
1 5 6 .  
1 4 2 .  

15724 .  
--37498. ~ 

55869.  
17523 .  
56722.  
92762.  

111155 .  
31401 .  

1 2 0 5 .  
75139.  
48534.  

1 1 1 9 .  
1 5 .  

- 
SLICE INFORMATION ... continued : 

Sigma c-value ~ phi U-base U-top P-top Delta 
(psf) (psf) . (lb) (lb) (lb) 

Slice 

008690 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
-1; 3- 
1 4  
15 
1 6  

726 .2  
1 5 1 8 . 9  
1 4 4 0 . 9  
1 1 1 6 . 0  
1 9 8 4 . 4  
2982 .3  
3589 .0  
4077.0  
4 9 2 5 . 1  
5 8 9 3 . 3  
6 4 9 8 . 1  
4 3 6 8 . 9  

-2 6-8.8~-8-- 
1 1 7 2 . 0  

111.8 
2 0 . 3  

-0 30 .00  
200 .0  25 .00  

-273 .6  2 0 . 8 1  
-273 .6  2 0 . 8 1  
-273.6’ 2 0 . 8 1 f  

1 9 8 . 7  1 2 . 1 9  
1 9 8 . 7  1 2 . 1 9  
1 9 8 . 7  1 2 . 1 9  
1 9 8 . 7  1 2 . 1 9  
1 9 8 . 7 J  1 2 . 1 9 1  

1598.41  . O O J  
1 9 8 . 7  1 2 . 1 9  

200 .0  25 .00  
200 .0  25 .00  

. o  3 0 . 0 0  

--2 0 0; 0 --2 5-. 0 0- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

--o ___ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0- __  ~ 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0-.- 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

288 .65  
284 .89  
284 .68  
277 .29  
260 .00  
240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 7 . 4 4  
1 6 4 . 7 8  
1 5 7 . 3 4  
1 3 9 . 5 0  
127 .40  
1 2 5 . 6 1  

7 2 6 . 2  
1 5 1 8 . 9  
1 4 4 0 . 9  
1 1 1 6 . 0  
1984 .4  
2982 .3  
3 5 8 9 . 0  
4077 .0  
4 9 2 5 . 1  
5893 - 3  
6 4 9 8 . 1  
4368 .9  
2688 .8  
1 1 7 2 . 0  

111.8 
2 0 . 3  

3 4 1 . 3  
6 9 6 . 3  
727 .4  

1 0 7 8 . 5  
1 8 7 4 . 9  
2793 .4  
3369 .8  
3832 .6  
4 6 3 8 . 1  
5557.8 
6133 .0  
6243 .7  
5116 .0  
2311.2  

3 5 0 . 7  
3 7 . 7  

. o  
: 0 
.o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

2 4 2 . 8  
5 2 6 . 0  
1 5 8 . 7  

8 7 . 2  
2 7 8 . 3  
4 8 8 . 2  
5 6 4 . 1  
6 2 5 . 1  
731 .2  
8 5 2 . 3  
9 2 5 . 7  
661 .6  
8 4 2 . 0  
4 3 2 . 3  
1 4 6 . 0  

6 . 8  

. o o  

. o o  

. o o  

. o o  

. o o  
00 

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

-.OO.- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER’S (1973)  - Magnitude & Location of Interslice Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

5 - ; 4 - 6 ~ T 6 . 4 . 5 -  . - - _ _  
54-l-9,-- 3.. 52  1--- --2.85T00----l-8-12- ~ .__ 

2 284 .78  1 8 . 1 2  5771. 3 .51  5 . 6 8  - 6 1 9  
3 284.58  1 8 . 1 2  6115.  3 . 6 4  5 . 9 6  . 6 1 1  
4 270 .00  1 8 . 1 2  7793.  7.35 1 1 . 3 0  . 6 5 1  
5 250.00  1 8 . 1 2  14481 .  9 .26  1 8 . 7 0  .495  
6 230 .00  1 8 . 1 2  26003.  1 0 . 4 8  2 6 . 0 0  .403  
7 224.80  1 8 . 1 2  29480.  1 0 . 9 4  2 7 . 9 2  .392  



1 2 6 8  
8 
9 

10 
11 
12 
13 
14 
15 
16 

210.00 
190.00 
170.00 
164.88 
164.69 
150.00 
129.00 
125.81 
125.42 

18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 

. oo  

40507. 
58004. 
78465. 
84165. 
83413. 
31202. 

106. 
7. 
-4. 

12.42 
14.58 
16.83 
17.41 
17.44 
13.10 
2.20 
-28 

-3.04 

33.40 
40.81 
48.12 
50.01 
49.89 
3.1. 97 
5.01 
.60 
.oo 

.372 

.357 

.350 

.348 

.350 
-410 
.439 
.471 
. o o o  

Total Normal Stress = 2829.87 (psf) 

Shear Stress - - 536.02 (psf) 
Pore Water Pressure = -00 (psf) 

Total Length of failure surface = 202.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.7274 

Total shear strength available 
along specified failure surface = 187.283+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

2 
2 

1 60.0 90.0 120.0 100.0 
2 120.0 100.0 150.0 105.0 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 000G3S 



5 
6 
7 
8 
9 

10 
11 

1 8 9 . 0  106 .0  
410 .0  142.8 
467 .0  148 .5  
1 8 3 . 0  1 0 5 . 0  
220 .0  1 0 0 . 0  
300 .0  1 0 0 . 8  
410.0 1 0 2 . 0  

467.0 1 4 8 . 5  1 
555.0 1 5 2 . 9  1 
220.0 100.0  3 
300.0 1 0 0 . 8  3 
410.0 1 0 2 . 0  3 
555.0 1 0 3 . 5  3 

Soil Unit Weight Cohesion Friction 
Unit Moist Sat. Intercept Angle 
No. (pcf) (pcf) (psf) ( deg ) 

1 125 .0  1 2 5 . 0  . o  25 .00  
2 1 2 5 . 0  1 2 5 . 0  . o  30.00 
3 1 2 5 . 0  1 2 5 . 0  . o  .oo  

Pore Pressure 
Parameter Constant 

Ru (psf 1 

-000 . o  
. ooo  .o 
. o o o  . o  

Water 
Surf ace 
No. 

0 
0 
0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 '  . o  f 
2 . o  ' . o '  
3 7 2 0 . 0 '  1 5 8 . 4  1 
4 2 8 8 0 . 0 5  4 3 2 . 0 /  
5 6480 .0  8 7 8 . 4 /  
6 1 0 0 8 0 . 0  ' 878.4 / 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 

1 
2 
-3 -- ~ - ~ - ~  

4 
5 
6 
7 
8 

167 .10  114.18 
183 .00  105.00 

300.00 100 .60  
393 - 3 0  101.66 
393 .46  101 .82  
4 2 0 . 2 1  143 .82  
4 2 7 . 5 1  . 156 .45  

-22.0.-o'o -_ 
9.9-80. 

- -- 

000696 



1 2 6 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250 .00  
270 .00  
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
3 8 6 . 6 5  
393 .38  
401 .73  
4 1 5 . 1 1  
423 .86  

1 0 9 . 5 9  5 .92  1 5 . 9 0  - 3 0 . 0 1  
1 0 4 . 5 8  1 2 . 7 5  6 . 0 0  -8 .00  
1 0 1 . 9 8  1 8 . 4 4  3 1 . 0 0  -8 .00  

9 9 . 9 0  2 4 . 8 0  20 .00  - 5 7  
1 0 0 . 1 0  2 7 . 9 5  20 .00  .57  
1 0 0 . 3 0  3 1 . 0 5  20 .00  . 5 7  
1 0 0 . 5 0  3 4 . 2 0  2 0 . 0 0  .57 
1 0 0 . 7 1  37 .34  20 .00  . 6 5  
1 0 0 . 9 4  4 0 . 4 1  20 .00  . 6 5  
1 0 1 . 1 7  43 .53  20 .00  . 6 5  
1 0 1 . 4 0  4 6 . 6 5  20 .00  . 6 5  
1 0 1 . 5 8  49 .22  1 3 . 3 0  . 6 5  
1 0 1 . 7 4  5 0 . 1 9  .16 45 .00  
1 1 4 . 8 0  3 8 . 5 2  1 6 . 5 4  5 7 . 5 1  
135.81 1 9 . 4 1  1 0 . 2 1  57.51 
1 5 0 . 1 4  5 . 9 5  7 . 3 0  5 9 . 9 7  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7 .5034  117476 
3 7.5871 - - - - -  
3 7 .5452 1 . 7 4 8 6  
4 7 .5850 1 . 7 4 9 6  
5 7 . 5 8 4 1  1 . 7 4 9 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SLICE INFORMATION ... continued : 
Slice Sigma c-value. phi U-base 

(psf 1 (psf) . (lb) 

9.46  1 1 7 5 9 .  
9 . 4 6  9566.  
9 . 4 6  71448.  
9 . 6 5  62000.  
9 .37  69875.  
9 .37  77625.  
9 . 6 5  85500.  
9 . 3 7  93341.  
9 . 3 7  101023.  
9 . 6 5  108830 .  
9 . 3 7  116637 .  
9 .46  81835. 
9 .46  1 0 0 4 .  
9 . 4 6  79634.  
5 .71  24768 .  
5 .71 5429 .  

FOS moment 
1717924 
1 . 7 4 7 6  

1 . 7 4 8 6  
1 . 7 4 9 6  

- - - - -  

U-top P-top Delta 
(lb) (lb) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  

- -1.3 ~- 

1 4  
1 5  
1 6  

1 0 7 4 . 1  . o  30.00 0. 

2 4 0 8 . 1  67 .2  7.22 0 .  
3128.4 7 4 . 9 1  7.07/  0 .  
3 5 2 5 . 1  7 4 . 9  7.07 0 .  
3915.5 7 4 . 9  7.07 0 .  
4312.2 7 4 . 9  7.07 0. 
4705.8 7 4 . 9  7.07 0. 
5092.6 7 4 . 9  7.07 0. 
5485.8 7 4 . 9  7.07 0. 
5878.9 74.9 7 . 0 7  0 .  
6202.3 74.9 7.07 0 .  

-522 O-r8-?4:9- 7;-0-7- - - -O-T-  
3024.2 .o  25.00 0 .  
1523 .6  .O 25.00 0 .  

423.2 . o  30.00 0.  

1669.2 6 7 . 2 /  7-22'  0. 

1 2 6 8  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

-07-- 

0. . o o  
0. . oo  
0. . o o  
0. . oo  
0. . o o  
0. -00 
0. * 00 
0. . oo  
0. -00 
0. . o o  
0. . oo  
0. . o o  
0 7 - -  . 00- 
0. . oo  
0. -00 
0. . oo  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - TOTAL, Stresses at center of slice base 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf) / (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

175 .05  
1 8 6 . 0 0  
204 .50  
230.00 
250.00 
270.00 
290.00 
310 .00  
330 .00  
350 .00  
370 .00  
386.65 
393.38 
401.73 
4 1 5 . 1 1  
423.86 

1 0 7 4 . 1  
1 6 6 9 . 2  
2 4 0 8 . 1  
3128 .4  
3 5 2 5 . 1  
3915 .5  
4312.2 
4705.8 
5092 .6  
5485.8 
5878 .9  
6202.3 
5220.8 
3024 .2  
1 5 2 3 . 6  

423 .2  

739 .6  
1594 .4  
2304.8 
3100.0 
3493 .8  
3881.3 
4275 .0  
4667 .0  
5 0 5 1 . 1  
5441.5 
5831.8 
6153.0 
6273 .7  
4814 .6  
2425 .7  

743.7 

.o  

.o  

. o  

. o  

. o  

. o  

. o  

.o  

. o  

. o  

. o  

. o  

.o  

. o  

.o  

. o  

354 .4  
1 5 9 . 3  
212 .7  
264 .5  
292.6 
320.3 
348.4 
376 .3  
4 0 3 . 7  
4 3 1 . 6  
459 .4  
482 .4  
412.8 
806 .0  
4 0 6 . 1  
1 3 9 . 7  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - Magnitude & Location of Interslice Forces 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 
~ - 

~ I-- 1 8  3,0-0-- -7 .-5-8-- 15636 .  5 .65 1 1 . 8 3  .477- 

4 240.00 7 . 5 8  39963.  1 0 . 8 7  26 .40  - 4 1 2  

6 280.00 7 .58  50828. 1 2 . 9 4  32 .60  .397  

___ 

2 189 .00  7 . 5 8  18020 .  6 .44 13 .68  . 4 7 1  
3 220.00 7 . 5 8  35257.  9 . 7 0  23.20 .418 

5 260.00 7 . 5 8  45156.  11 .95  29 .50  .405  

7 300.00 7.58 56988. 1 3 . 8 7  35.80 .387  



8 
9 

10 
11 
12 
13 
14 
15 
16 

320.00 
340.00 
360.00 
380.00 
393.30 
393.46 
410.00 
420.21 
427.51 

7.58 
7.58 
7.58 
7.58 
7.58 
7.58 
7.58 
7.58 

.oo  

63502. 
70480. 
77931. 
85853. 
91380. 
90604. 
24823. 
4364. 

0. 

14.76 
15.61 
16.44 
17.24 
17.77 
17.78 
9.65 
5.83 

27.88 

38.87 
41.95 
45.12 
48.19 
50.26 
50.12 
26.91 
11.90 

. o o  

-380 
.372 
.364 
.358 
.354 
-355 
.359 
-490 
. ooo  

Total Normal Stress = 3535.11 (psf) 

Shear Stress - - 385.35 (psf) 
Pore Water Pressure = . o o  (psf) 

Total Length of failure surface = 293.65 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.750 1 

Total shear strength available 
along specified failure surface = 197.98E+03 lb 
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XSTABL File: NLD02BS 10-31-97 11:lO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1992 Ei 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 

____  *- ~ - _ _ _ ~  

* * 
* Ver. 5.201 96 Ei 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160 .'2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

11 SUBSURFACE boundary segments 

No. 

1 60.0 90.0 120.0 
2 120.0 100.0 150.0 
3 150.0 105.. 0 ' 183.0 
4 183.0 105.0 189.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

y-right 
(ft) 

100.0 
105.0 
105.0 
106.0 

33g3? 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

... _- - 
Soil Unit 

Below Segment 

2 
.2 
2 
1 
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5 189.0 106.0 
6 410.0 142.8 
7 467.0 148.5 
8 183.0 105.0 
9 220.0 100.0 

10 300.0 100.8 
11 410.0 102.0 

410.0 142.8 
467.0 148.5 
555.0 152.9 
220.0 100.0 
300.0 100.8 
410.0 102.0 
555.0 103.5 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Mo i s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf (deg 1 Ru (psf No. 

-000 . o  0 1 125.0 125.0 25.00 
2 125.0 125.0 " 1  . o  30.00 
3 125.0 125.0 . o  .oo .ooo  . o  0 

J . ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 ' -0 ' 
2 . o  ' .o / 

4 2880.0 N 576.0 
5 6480.0 ' 907.2 5 J 
6 10080.0 ' 907.2 

3 720.0 ' /  .o  / /  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 167.10 114.18 
2 183.00 105.00 
3 220.00 99.80 

-- 

4 300.00 100.60 
5 398.30 101.62 
6 398.55 101.88 
7 425.62 I 144.36 
8 432.91 . 156.99 

J 

000703 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 109.59 5.92 15.90 -30.01 9.46 11759. 
2 186.00 104.58 12.75 6.00 -8.00 9.46 9566. 
3 204.50 101.98 18.44 31.00 -8.00 9.46 71448. 
4 230.00 99.90 24.80 20.00 .57 9.65 62000. 
5 250.00 100.10 27.95 20.00 .57 9.37 69875. 
6 270.00 100.30 31.05 20.00 .57 9.37 77625. 
7 290.00 100.50 34.20 20.00 .57 9.65 85500. 
8 310.00 100.70 37.35 20.00 .59 9.37 93366. 
9 330.00 100.91 40.44 20.00 .59 9.37 101097. 

10 350.00 101.12 43.58 20.00 .59 9.65 108953. 
11 370.00 101.33 46.72 20.00 .59 9.37 116809. 
12 389.15 101.53 49.70 18.30 .59 9.46 113689. 
13 398.42 101.75 51.02 -25 46.12 9.46 1594. 
14 404.27 110.86 42.88 11.45 57.49 9.46 61375. 
15 417.81 132.11 23.38 15.62 57.49 5.71 45646. 
16 429.27 150.68 5.95 7.29 60.01 5.71 5421. 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.4919 1,8879 
3 7.5679 - - - - -  
3 7.5299 1.8889 
4 7.5662 1.8900 
5 7.5653 1.8899 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FOS force -7;.5653-~ Theta __- 111;18899 - ~- Iter # 
--I- -- 

SLICE INFORMATION . . .  continued : 

Slice Sigma . c-value . phi U-base 
(psf 1 (psf) . (lb) 

FOS moment 
1,9356 
1.8879 

1.8889 
1.8900 

- - - - -  

U-top P-top Delta 
(lb) (lb) 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  

1 4  
1 5  
1 6  

_ _  13- 

1047 .2  . o  
1 6 6 1 . 7  -192 .0  
2415 .3  -192 .0  
3134 .8  3 1 1 . 0 1  
3530 .4  311 .0  
3 9 1 9 . 7  311 .0  
4 3 1 5 . 3  311 .0  
4710 .0  311 .0  
5098 .3  311 .0  
5493 .0  311 .0  
5887 .6  311 .0  
6261 .3  311 .0  
52  6 8 .-0-3-1-1-.-0- - 
3 4 2 9 . 8  .o  
1 8 6 9 . 7  . o  

4 3 2 . 7  . o  

30 .00  0 .  
1 4 . 9 3  0 .  
1 4 . 9 3 1  0 .  

5 . 2 6 )  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  
5 . 2 6  0 .  

2 5 . 0 0  0 .  
25 .00  0 .  
3 0 . 0 0  0 .  

--5-.-2 6--- ___ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

-.o ~ 

0. . o o  
0. . oo  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . oo  
0. -00 
0. . o o  
0. . o o  
0. . o o  

-(J----- . 00- 
0. . o o  
0. -00 
0. . o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250 .00  
270 .00  
290 .00  
3 1 0 . 0 0  
3 3 0 . 0 0  
3 5 0 . 0 0  
370 .00  
389 .15  
398 .42  
404 .27  
4 1 7 . 8 1  
429 .27  

1047 .2  
1 6 6 1 . 7  
2415 .3  
3134 .8  
3530 .4  
3919 .7  
4315 .3  
4710 .0  
5098.3  
5493 .0  
5887 .6  
6261 .3  
5268.0  
3429.8  
1 8 6 9 . 7  

4 3 2 . 7  

7 3 9 . 6  
1 5 9 4 . 4  
2304 .8  
3 1 0 0 . 0  
3 4 9 3 . 8  
3881 .3  
4275 .0  
4 6 6 8 . 3  
5054 .8  
5 4 4 7 . 6  
5 8 4 0 . 5  
6 2 1 2 . 5  
6377 .6  
5360 .2  
2 9 2 2 . 0  

7 4 3 . 7  

.o  

. o  

. o  

.o  

.o  

. o  

.o  

. o  

.o  

.o  

. o  
- 0  
. o  
. o  
. o  
. o  

3 1 9 . 9  
1 3 2 . 9  
2 3 9 . 2  
3 1 7 . 2  
3 3 6 . 4  
3 5 5 . 4  
3 7 4 . 6  
3 9 3 . 9  
4 1 2 . 8  
432 .0  
4 5 1 . 2  
4 6 9 . 4  
4 2 1 . 0  
8 4 6 . 2  
4 6 1 . 3  
1 3 2 . 2  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 
- 

5.65 __ - _-. 1- 1 8 3 T O O  7 . 5 7  1-48327 ~ 11 83 .4  77  
2 1 8 9 . 0 0  7 . 5 7  1 7 0 5 0 .  6 . 4 5  1 3 . 6 8  . 4 7 1  
3 220.00  7.57 35145.  9 .42  23 .20  .406  
4 240 .00  7.57 40912 .  1 0 . 3 7  2 6 . 4 0  .393  
5 260.00  7.57 46987 .  11.33 2 9 . 5 0  .384 
6 280 .00  7 * 57. 53366.  1 2  - 2 9  3 2 . 6 0  .377  
7 3 0 0 . 0 0  7.57 60054.  1 3 . 2 4  3 5 . 8 0  .370  

- 



8 
9 

10 
11 
12 
13 
14 
15 
16 

320.00 
340.00 
360.00 
380.00 
398.30 
398.55 
410.00 
425.62 
432.91 

7.57 
7.57 
7.57 
7.57 
7.57 
7.57 
7.57 
7.57 
-00 

67014 
74275. 
81840. 
89710. 
97176. 
95900. 
43507. 
4540. 

0. 

14.18 
15.13 
16.06 
16.99 
17.84 
17.85 
13.00 
5.83 
2.54 

1268 
38.89 
41.98 
45.18 
48.27 
51.13 
50.91 
34.85 
11.90 

. o o  

Total Normal Stress = 3597.60 (psf) 
Pore Water Pressure = .oo (psf) 
Shear Stress - - 393.34 (psf) 

Total Length of failure surface = 299.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.890 f 
Total shear strength available 
along specified failure surface = 222.533+03 lb 

-365 
-360 
.356 
.352 
-349 
.351 
.373 
.490 
. ooo  
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Date: 18 I I(  I 77 Written By : m, Date: 10 114 IQ1 Reviewed by: 

Client: FIG Project: o ~ W  RojectlRoposal NO.: 6 & Task NO.: b 4- 
GZs 

PURPOSE 

Evaluate whether GCL QA sample no. 03 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). 

/ 

METHOD 
~ _ . ~  .. ~ . ~ .  ~ ~ ~ -~ ~~ 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R. The method involves the following basic 
steps. 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and largedisplacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear tests performed on QA sample no. 03 are shown in the following table. The results of 

in Appendix A. 
the GCUgeomembrane interface shear tests were The laboratory test results are presented J 

J 

_ -  

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. The 
analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

I OA Sample~o. I Test Type I Filename I Factorof Safety I Comply? 1 
03 GCL Internal IWK03AS J 2.2 J I GCUGMB Interface 2.3 ./ 

03 GCL Internal NLDO3AS J 1.6 Y Y E S J  

GCUGMB Interface N U B S  / 2.0 J YES J 
a 

(I) Interface shcar strength valucs for QA sample 03 at 5 psi normal stress were not available at the time that this calculation package 
was prepand. These values were assumed to qual zcm. This assumption is consmative in the context of RCI 1702406R 

- @+T J 

GQOl66-04/F9730088.DOC 
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O1997 GeoSyntec Consullants 

TEST PROCEDURES AND CONDITIONS 
TESl’ SERIES NUMBER: 31 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-03). GCL’s initial moisture content was 8.6%. GCL’s 
__ - - h-al.-mo-ism - - . e contentianged-from-64%-to-l01 %-for-the test-series;-and- - ---__--__ 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minium total shear displacement of 2 in. was 
achieved. 

GQOl66-04.1lF9730088 1 97. IO. I4 
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01997 GeoSyntec Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 3G 

Test Specimen ConFiguration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-03) with woven geotextile against geomembrane. GCL's initial 
mgisture content was 9.0%. GCL's final moisture content ranged from 75 to 77 % for @e 
test series; 

80-mil NSC textured HDPE geomembrane (GM-6); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL WBS in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the drection of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

2 97.10.31 

000712 
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I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

__- ~. ~- ~~~ ---6000- 

FIGURE NO. 

PROJECT NO. GQ0166 - 04.1 
DOCUMENT NO. 

FILE NO. 
F97 

TEST SERIES NUMBER 31: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-03) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - un = 5.0 psi - = 20.0 psi 
On = 45.0 psi - 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 in./rnln. 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 2 C L  

DATE TESTED: 27 AUGUST TO 5 SEPTEMBER 1997 
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L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

a 

e 

FIGURE NO. 

PROJECT NO. GO0166 - 04.1 
DOCUMENT NO. F9730088 
FILE NO. UulC) i 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 31: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-03) UNDER SOAKED AND 
CONSOLIDATED CONblTlONS * 

MEASURED SHEAR STRENGTHS -----_----------------------------- 
a, = 5.0 psi, T~ = 6.3 psi, T~ = 1.3 psi 
a,, = 20.0 psi, TW = 9.1 psj. TU) = 2.8 psi 
a, = 45.0 psi, = 13.7 psi, T~ = 4.8 psi 

C O W  PEAK : a, = lo'; f p  = 775 f? = 1.000 
a m w  ID !3lRENGTH: 8, = 5 ;  am = I g W  = 0.987 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

NOTES: (1) The mparted htal-stress shear strength parameters of frtctlon 
an le and adhesion were determined from a best-fit line drawn thmu h the 
tes data. Caution should be exercised in using the strength paramefern 

normal stfessea outside the range of 

of 2 in. for each test. 
was observed 

- _ _ _  ~ -~ _____ 

DATE TESTED: 27 AUGUST TO 5 SEPTEMBER 1997 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FAClLIlY 

_ _  ~ __ _ _ _ _ _  - - 
I 

80-mil NSC TMTURED HDPE GEOMEMERANE GML6) 
UNDER SOAKED AND CONSOLIDATED CONDITIO ri S 

- 
TEST CONDITIONS - = 20.0 psi - On = 45.0 psi 

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

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 443 hrs at each stress 
S H M  RATE: 0.004 In./mfn. 

TEST SERIES NUMBER 3G: BENTOFIX NS GCL GCL-03) 
5500 WITH WOVEN GEOTMnLE AGAINST GEOMEMBRA 6 E / 

DATE TESTED: 20 TO 29 OCTOBER 1997 

FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 

- 
I- 

'P 
- GEOSYNTEC CONSULTANTS 

F973@h)j8 /I SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION. 
DIRECT SHEAR TESTING 

- ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730088 
FILE NO. J 3 

45J 
35 

TEST SERIES NUMBER 3G: BENTOFIX NS GCL GCL-03) 
Will4 WOVEN GEOTMnLE AGAINST GEOMEMBRA A E / 
8O-rnil -NSC %kTURED HDPE GEOMEMBRANE GM-6) 
UNDER SOAKED AND CONSOLIDATED CONDITIO 4 S 

- 

MEASURED SHEAR STRENGTHS _---_--_--------------------------- 
On = 20.0 psi, ~ p r d c  = 10.6 psi, TLD = 4.4 psi 
an = 45.0 psi, T~ = 15.8 psi, 7Lo = 6.6 psi 

C . W  PEPK : 4 = lP; fp = 930 f; R2 = 1.000 
4 . w  ID SlRENGTH: 6, = 5 ;  am = 3% psf; = 1.000 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hm at each stress 
SHEAR RATE: 0.004 in./rnin. SEE NOTE ( 3 )  ,-. -- 

/ / - 9  e 
0 5 10 15 20 25 50 35 40 45 ! 

NORMAL STRESS (psi) 

an le and adhesion were debmined from a best-fit line drawn thmu h the 
t e i  datn. Caution should be exercised in using the strength paramefern 
for applications lnvolvlng normal stresses outslde the range of 
stresses cowred the test aeries. 

itinnth e s ear P orce at a shear displacement of 2 In. for each test. 8 %lldlng ie., shear failure) was observed to occur within the 

NOTES: (1) The reported tatal-stresg shear strength parameters of friction 

e la e dls 'r ocement shear strength ( T ~ )  was colculoted 

L rather I; an the Intended Interface. 

I 

DATE TESTED: 20 TO 29 OCTOBER 1997 
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XSTABL File: NPK03AS 10-09-97 14:33 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* slope Stability Analysis 
* using the * 
* Method of Slices * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. 

* All Rights Reserved * 

* * 

* --__ - --* __~...____ - 

* * 
* Ver. 5.201 96 6 1202 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0 
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 .o  153.0 129.0 
2 .o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

y-right 
(ft) 

.- ~ ~. . ~- 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

Soil Unit 
Below Segment 



% 13/38 
1 2 6 8  

3 Soil unit(~) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 ( deg ) Ru (psf 1 No. 

1 125.0  125.0 200.0 25.00 .ooo  -0 0 
0 

3 125.0  125.0 .o  .oo  -000 . o  0 
~ _ _ -  ----2----12 5-.-0-12 5..-0-- ~ -.-._ 0---3-0_._0_0- - -_. .O-O-O---.-- . o  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

-1000.0 1 
.o  J 

720.0 
2880.0 ’ 
6480.0 ’ 

36000.0/  

. o /  

.o  J 
907.2 

1310.4J  
1972.8 / 
1972.8 A 

Trial failure 
the following 

Point 
No. 

surface specified by 
8 coordinate points : J 

x-surf y-surf 
(ft) (ft) 

286.02 
277.16 
276.96 
224.80 
152.69 
152.48 
113.45 
111.54 

99.89 
94.24 
94.04 
93.00 
91.52 
91.73 

153.00 
156.30 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 2 8 5 . 5 1  99 .56  .38 1 . 0 2  - 3 2 . 5 1  6 . 3 4  4 9 .  
2 2 8 1 . 0 8  96 .74  4 . 6 2  7 . 8 4  - 3 2 . 5 1  1 9 . 1 2  4528 .  
3 277 .06  94.14 8 . 6 1  - 2 0  -45 .00  1 9 . 1 2  215 .  
4 273 .48  93 .97  1 0 . 0 2  6 . 9 6  -1 .14  1 9 . 1 2  8720 .  

9 3-.-7-0--15..-0 0-2 0-.-0 0-1 .-14-19-..2 9--3-7-4 95-. -5---2 6 0-. 0 0 
6 240 .00  93 .30  22 .35  
7 227 .40  9 3 . 0 5  26 .96  
8 217 .40  92 .85  30 .66  
9 200 .00  92 .49  37.11 

1 0  180 .00  92 .08  44 .47  
11 1 6 1 . 3 5  91 .70  51.33 
1 2  1 5 2 . 5 8  9 1 . 6 3  5 4 . 4 7  
13 1 5 1 . 2 4  9 3 . 6 8  52 .89  
1 4  1 3 9 . 5 0  1 1 2 . 1 1  3 7 . 8 9  
15 1 2 1 . 2 3  140 .79  1 3 . 6 8  
1 6  1 1 2 . 4 9  1 5 4 . 6 5  1 . 4 7  

20 .00  
5 . 2 0  

1 4 . 8 0  
2 0 . 0 0  
2 0 . 0 0  
17 .31  

. 2 1  
2 . 4 8  

21 .00  
15.55 

1 . 9 1  

1 

Iter # 
2 
3 
3 
4 
5 
5 
6 
7 
7 
8 
9 

Theta 
14 .5270  
15 .4210  
14 .9740  
15 .3214  
15 .2392  
1 5 . 2 8 0 3  
1 5 . 2 0 3 3  
15 .2675  
15 .2354  
1 5 . 2 5 9 8  
15 .2569  

FOS force 
2,2750 

2 .3038  
2 .3276  

2 .3270  
2 .3194  

2 .3216  
2 .3233  
2 .3233  

- - - - -  

- - - - -  

- - - - -  

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

-1 .14  
-1 .14  
-1.18 
-1.18 
-1.18 
-1.18 
45 .00  
57 .50  
5 7 . 5 0  
5 7 . 5 0  
59 .96  

1 9 . 0 3  55867.  
1 9 . 2 9  17523 .  
1 9 . 2 9  56724.  
1 9 . 2 9  92773.  
1 9 . 0 3  111174 .  
1 9 . 2 9  111069 .  
1 9 . 2 9  1 4 3 0 .  
1 9 . 2 9  16396 .  
1 5 . 9 5  99471.  
1 0 . 7 1  26583.  
1 0 . 7 1  351 .  

FOS moment 
2,5452 
2 .2750 

2 .3038  
2 - 3 2 7 6  

2 .3270 
2 .3194 

2 .3216  
2 .3233  

- - - - -  

- - - - -  

- - - - -  

Iter # Theta FOS force 
2 16 .1952  2,2105 
3 16 .1807  2 .2100 

FOS moment 
2,1809 
2 . 2 1 0 5  

000722 



Nonlinear M-C Iteration Number - 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force FOS moment 
2 16.1906 2,2073 2,2070 

Nonlinear M-C Iteration Number - 4 
- -  ----- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 16.1906 2,2073 2,2070 

Iter # Theta FOS force FOS moment 
1 16.1906 2,2073 2,2070 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base u- top P-top Delta 
(psf 1 (psf 1 (lb1 (lb) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

83.4 . o  30.00 
1068.9 200.0 25.00 
2544.8 7 7 2 . 8 ~  10.57 
1406.6 772.8 10.57 
2049.0 772.8 10.57 
2998.0 780.5/ 10.43 J 
3593.2 780.5 10.43 
4072.5 780.5 10.43 
4904.9 780.5 10.43 
5855.2 780.5 10.43 
6734.4 1972.8/ .OO 4 
4859.5 780.5 / lO.43/ 
3763.0 200.0 25.00 
2677.0 200.0 25.00 
923.2 200.0 25.00 
98.0 . o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.oo 

. o o  

.oo  
* 00 
.oo 
* 00 
.oo 
.oo 
* 00 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~~ SPENCER'S (-19-7-3 )-- --TOTAL, SLresses -at-center-of-slice-base--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf) (psf 1 



%.I ‘7% 1268 
83 - 4  4 7 . 7  . o  L/ 2 1 . 8  1 285 .51  

2 281 .08  1 0 6 8 . 9  577 .6  -0 3 1 6 . 4  
3 277.06 2544.8  1 0 7 6 . 6  - 0  5 6 5 . 3  
4 273 .48  1 4 0 6 . 6  1 2 5 2 . 9  . o  4 6 9 . 1  
5 260 .00  2049 .0  1 8 7 4 . 8  . o  5 2 3 . 4  
6 240 .00  2998.0  2793 .4  . o  603 - 5  
7 227 .40  3593 .2  3369.8  .o  6 5 3 . 1  
8 217 .40  4072 .5  3832.7  - 0  6 9 3 . 1  
9 200 .00  4904 .9  4638 .6  .o  7 6 2 . 5  

1 0  1 8 0 . 0 0  5855.2  5558.7 . o  841 .7  
8 9 3 . 8  11 1 6 1 . 3 5  6734.4  6416 .5  .o  

1 2  1 5 2 . 5 8  4 8 5 9 . 5  6808.8  . o  7 5 8 . 7  
6611.2 . o  8 8 5 . 6  13 151 .24  3763.0  

14----13-9-.-55_0 2677.0  4736.7  . o  6 5 6 . 1  
15 121 .23  923 .2  1 7 0 9 . 5  . o  285 .6  
1 6  112 .49  9 8 . 0  1 8 3 . 9  . o  ‘ 25 .6  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t ) (degrees (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
15 
1 6  

285 .00  
277.16 
276 .96  
270 .00  
250 .00  
230 .00  
224 .80  
210 .00  
190 .00  
170 .00  
152 .69  
1 5 2 . 4 8  
150 .00  
129 .00  
1 1 3 . 4 5  
1 1 1 . 5 4  

1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  
1 6 . 1 9  

. o o  

80 .  
8224.  
8872.  

12475 .  
24226.  
38039.  
41963.  
53932.  
71908.  
91939.  

110540 .  
109643 .  

96676.  
19127 .  

285 .  
-1. 

- 4 7  
3 . 6 8  
3 . 6 6  
4 . 4 5  
6 . 9 9  
9 . 5 3  

1 0 . 1 8  
1 2 . 0 1  
1 4 . 4 5  
1 6 . 8 4  
1 8 . 9 3  
1 8 . 9 4  
1 8 . 0 9  
1 0 . 1 2  

1 .37  
3 . 0 9  

. 7 6  
8 . 4 8  
8 .75 

1 1 . 3 0  
1 8 . 7 0  
2 6 . 0 0  
2 7 . 9 2  
3 3 . 4 0  
4 0 . 8 1  
4 8 . 1 2  
5 4 . 5 4  
5 4 . 4 0  
51.38 
2 4 . 4 1  

2 . 9 4  
. o o  

.620  

.434 

.418  

.394 

.374 

.367  

.365  

.360  

.354 

.350 

.347  

.348  

.352 

.414  

.467  

. ooo  

Total Normal Stress = 3223 .49  (psf) 

Shear Stress - - 606 .49  (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 211 .84  feet 

For the single specified surface and the assumed angle 
of the interslice farces‘ the SPENCER’S (1973)  
procedure gives a 



e Total shear strength available 
along specified failure surface = 283.603+03 lb 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y-left x- right y- right 
No. (ft) (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
(ft) (ft) (ft) (ft) Below Segment No. 

- - - _ _  - - 

153.0 1 1 .o  
2 . o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 

94.4 3 4 
5 285.0 94.4 313.0 95.0 3 

3 6 313.0 

153.0 129.0 

224.8 93.2 285.0 

95.0 330.0 100.0 
~ ~ 0 7 2 ~  



3 Soil unit ( s )  specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. ’ 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 ’ . o  ’ 
.o 1 2 -0 

3 720.0 
4 2880.0 1526.4 ’ 
5 6480.0 2275.2 ‘ L/ 

6 10080.0 ’ 2275.2 J 

/ 

Trial failure 
the following 

Point 
No. 

surface specified by 
8 coordinate points : 

x-surf y-surf 
(ft) (ft) 

291.87 
284.25 
284.05 
224.80 
160.54) 
160.38 
121.44 
120.52 

99.24 
94.39 
94.18 
93.00 
91.72 J 
91.89 

153.00 
154.60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



1 2 6 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 
2 
3 
4 
5 
6 

____-  

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.43 
284.62 
284.15 
277.02 

_. ___ 260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
165.27 
160.46 
155.19 
139.50 
125.22 
120.98 

97.05 2.57 6.87 -32.46 
94.63 5.50 .75 -32.46 
94.28 6.01 -20 -46.40 
94.04 8.72 14.05 -1.14 

93.30 22.35 20.00 -1.14 
93.05 26.96 5.20 -1.14 
92.85 30.66 14.80 -1.14 
92.51 37.09 20.00 -1.14 
92.11 44.44 20.00 -1.14 
91.81 49.84 9.46 -1.14 
91.81 51.53 -16 46.74 

100.03 45.15 10.38 57.49 
124.66 25.34 21.00 57.49 
147.07 6.65 7.56 57.49 
153.80 -72 -92 60.17 

__- 93-. -7.0- - -1 5-.-0.0-- -2 O-.-O 0- - 2 1  .-14 -- 

Nonlinear M-C Iteration Number - 1 

Iter # Theta 
2 17.7009 
3 17.7080 

FOS force 
2,3457 

6.34 
19.12 
19.12 
19.12 

-19 .-2-9- 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 
10.71 
10.71 

FOS moment 
2,3531 

2.3460 2.3457 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 17.7081 2,3337 

I-ker-#- -----Theta- --FOS force--- 
1 17.7081 2,3337 

SLICE INFORMATION ... continued : 

Slice Sigma c-value' phi 

FOS moment 
2,3337 

2204. 
519. 
147. 

15323. 
-3 7.4 977- 

55868. 
17523. 
56716. 
92735. 

111106. 
58937. 
1031. 

58580. 
66523. 
6282. 

82. 

U-base U-top P-top Delta 
000730 



-- - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 3  
1 4  
1 5  
1 6  

1-2--- 

(psf) (psf 1 

572.3 -0 30.00 
1270 .3  200.0 25.00 
1811 .4  -508 .8  35 .25  
1 1 4 1 . 1  -508 .8  35.25 
2021.4 -508 .8J  35.25J 
3039 .4  927.4 11 .75  
3637 .7  927.4 11 .75  
4117 .7  927.4 11 .75  
4952 .8  927.4 11 .75  
5906.2 927 .4J  1 1 . 7 5 J  

- 4.373 . 0 9.27-..4--_11..-75- 
3 1 6 2 . 1  200.0 25 .00  
1 7 4 8 . 1  200 .0  25 .00  

413 .4  2 0 0 . 0  25.00 
46 .8  . o  30.00 

6602.9 2275 .21  . 001 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-0-. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- o-.-- 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

-00 
. o o  
. o o  
. o o  
. o o  
-00 
. o o  
.oo  
. o o  
.oo  
* 00 

. o o  

. o o  

. o o  

. o o  

.-oo-- 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

288.43 
284.62 
284.15 
277.02 
260.00 
240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 5 . 2 7  
160 .46  
1 5 5 . 1 9  
1 3 9 . 5 0  
1 2 5 . 2 2  
1 2 0 . 9 8  

572.3 
1270 .3  
1 8 1 1 . 4  
1 1 4 1 . 1  
2021.4 
3039 .4  
3637 .7  
4117 .7  
4952 .8  
5906 .2  
6602.9 
4373 .0  
3 1 6 2 . 1  
1 7 4 8 . 1  

413 .4  
4 6 . 8  

320.8 
688.0 
751.6 

1090 .6  
1 8 7 4 . 9  
2793 .4  
3369 .8  
3832 .2  
4636 .8  
5555.3 
6230 .2  
6441.8 
5643 .6  
3167 .8  

830 .9  
89 .4  

. o  

.o  

. o  

. o  

.o  

. o  

.o  

. o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

1 4 1 . 6  
3 3 9 . 5  
3 3 0 . 5  
1 2 7 . 5  
3 9 4 . 1  
668 .3  
721 .6  
764 .4  
838 .8  
923 .8  
974 .9  
7 8 7 . 2  
7 1 7 . 5  
435 .0  
1 6 8 . 3  

1 1 . 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - Magnitude & Location of Interslice Forces 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 
# 

- - 

1 
2 
3 
4 
5 

Right 
x-coord 

(ft) 
- ___ -- 

285 .00  
284 .25  
284 .05  
270.00 
250 .00  

Interslice Force Force 
Angle Force Height 

(degrees) (lb) (ft) 
- ._ - __ ____ - 

1 7 . 7 1  3646 .  3 .28  
1 7 . 7 1  4555 .  3 .28  
1 7 . 7 1  5013.  3 .23 
1 7 . 7 1  7229 .  6 .28 
17.71- 16348 .  7 .67  

Boundary Height 
Height Ratio 
(ft) _ _  - 

5.13 .639  
5 . 8 7  .558  
6.15 .526  

11 .30  .555  
1 8 . 7 0  .410  

6 230 .00  1 7 . 7 1  31649.  9 .10 26 .00  Od&32 



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
160.54 
160.38 
150.00 
129.00 
121.44 
120.52 

17.71 
17.71 
17.71 
17.71 
17.71 
17.71 
17.71 
17.71 
17.71 

.oo 

35983. 
49133. 
68815. 
90680. 

101668. 
101020. 
54766. 
3880. 

68. 
0. 

9.67 
11.43 
13.97 
16.57 
17.81 
17.81 
14.40 
4.82 
.66 

- .27 

1 a 2 6 8  
27.92 
33.39 
40.79 
48.09 
51.59 
51.48 
38.82 
11.86 
1.43 
.oo 

.346 
-342 
-343 
-345 
.345 
.346 
.371 
.406 
.459 
. o o o  

Total Normal Stress = 2986.84 (psf) 

Shear Stress - - 566.92 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 207.40 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.334 1 
Total shear strength available 
along specified failure surface = 274.,393+03 lb 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* Slope Stability Analysis * 

using the 

* Copyright (C) 1992 d 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. 

* * 

* Method of Slices * 
* * 

* 
* 

* 
-___--- * 

__ __ _ _  - __ * All Rights Reserved 

* Ver. 5.201 96 6 1202 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0' 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 
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5 
6 
7 
8 
9 

10 
11 

189.0 1 0 6 . 0  
410.0 142.8 
467.0 148.5  
183.0 105.0 
220.0 100 .0  
300.0 100.8 
410.0 102.0 

410.0 142.8 
467.0 148.5 
555.0 152.9  
220.0 100 .0  
300.0 100.8 
410.0 102.0 
555.0 103.5 3 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf) No. 

1 125.0  125.0 .o  25.00 . o o o  . o  0 
2 125.0  125.0  .o  30.00 .ooo . o  0 
3 125.0 125.0  -0 -00 . ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000.0 / .O’ 
2 . O J  .o  1 

/ 

3 7 2 0 . 0 ~  187.2 A 
4 2880. O J  403.2 

691 .2 /  5 6480.0 / 
6 10080. a/ 691.2 

J 
Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 114.18 
183.00 105.00  

300.00 100.60  
400.64 101.66 
400.88 101.90  
428.09 1 4 4 . 6 1  
435.38 157.24 

-220-00--- -99--80- ~ - _ _  - ~ _ _ ~ -  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 
2 186.00 
3 204.50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 

10 350.00 
11 370.00 
12 390.32 
13 400.76 
14 405.44 
15 419.04 
16 431.73 

109.59 5.92 15.90 -30.01 9.46 11759 
104.58 12.75 6.00 -8.00 9.46 9566. 
101.98 18.44 31.00 -8.00 9.46 71448. 
99.90 24.80 20.00 -57 9.65 62000. 

100.10 27.95 20.00 -57 9.37 69875. 
100.30 31.05 20.00 -57 9.37 77625. 
100.50 34.20 20.00 .57 9.65 85500. 
100.71 37.34 20.00 -60 9.37 93362. 
100.92 40.43 20.00 .60 9.37 101085. 
101.13 43.57 20.00 .60 9.65 108933. 
101.34 46.71 20.00 .60 9.37 116782. 
101.55 49.87 20.64 .60 9.46 128661. 
101.78 51.38 .24 45.00 9.46 1543. 
109.06 44.88 9.12 57.50 9.46 51164. 
130.41 25.19 18.09 57.50 5.71 56965. 
150.92 5.95 7.29 60.00 5.71 5422. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 7.1440 IT5831 1,6277 
3 7.2360 1.5851 1.5831 
4 7.2339 1.5851 1.5851 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 7.2339 1,5851 1,5851 

-- - __ - _ _  __- ~ - __ ~ 

SLICE INFORMATION ... continued : 

Sigma c-value phi U-base u- top P-top Delta 
(psf 1 (psf 1 (lb) (lb) (lb) 

Slice 

1 1103.7 .O . 30.00 0. 0. 0. . oo  
~000737 



7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15--- 
1 6  

1671.8 115.2 ’  5 . 7 1 J  
2407.8 1 1 5 . 2  5 . 7 1  
3127.2 1 7 2 . 8 ~  4 . 5 7 J  
3522.8 1 7 2 . 8  4 .57  
3 9 1 2 . 1  1 7 2 . 8  4.57 
4307.7 1 7 2 . 8  4.57 
4 7 0 2 . 1  1 7 2 . 8  4.57 
5090.0 1 7 2 . 8  4.57 
5484.2 1 7 2 . 8  4 .57  
5878.5 172 .8  4 . 5 7  
6274.7 172 .8  4 . 5 7  
5403.3 1 7 2 . 8  4 .57  
3455.3 .O 25 .00  

4 1 2 . 1  . o  30.00 
-1.93-9-.4---- .0--25~00---- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

--Q7 

0. 

1268 
=fz 3q33 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
07-- ---o-.- 
0. 0. 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

Base 
x-coord 

(ft) 

1 7 5 . 0 5  
186 .00  
204.50 
230.00 
250.00 
270.00 
290.00 
310 .00  
330 .00  
3 5 0 . 0 0  
370 .00  
390.32 
400.76 
405.44 
419.04 
431.73 

Normal 
Stress 
(psf 1 

1 1 0 3 . 7  
1 6 7 1 . 8  
2407.8 
3127 .2  
3522.8 
3 9 1 2 . 1  
4307 .7  
4 7 0 2 . 1  
5090 .0  
5484 .2  
5878 .5  
6274.7 
5403.3 
3455.3 
1939 .4  

4 1 2 . 1  

Vertical 
Stress 
(psf 1 

739 .6  
1 5 9 4 . 4  
2304 - 8  
3100.0 
3493.8 
3881.3 
4275.0 
4 6 6 8 . 1  
5054.3 
5446 .7  
5 8 3 9 . 1  
6233 .6  
6422 .5  
5610.3 
3149 .0  

743 .7  

Pore Water 
Pressure 

(psf) J 

.o  

.o  

. o  

.o  

.o  
-0 
.o  
. o  
. o  
. o  
. o  
. o  
.o  
. o  
. o  
. o  

Shear 
Stress 
(psf) 

4 0 2 . 0  
1 7 8 . 2  
2 2 4 . 6  
2 6 6 . 8  
286.8 
3 0 6 . 5  
326 .4  
346 .3  
3 6 5 . 9  
3 8 5 . 8  
4 0 5 . 7  
4 2 5 . 7  
3 8 1 . 7  

1 0 1 6 . 5  
570 .6  
1 5 0 . 1  

. o o  

.oo  

.oo  
: 00 
. o o  
. o o  
.oo  
.oo  
. o o  
. o o  
.oo 
.oo  
.oo  

. o o  
-To 0---- 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t 1 (degrees) (lb) (ft) (ft) 

1 
2 
-3- 
4 
5 
6 
7 
8 
9 

183 .00  
1 8 9 . 0 0  

-220 :oo - -~ -- 

240.00 
260.00 
280.00 
300 .00  
320.00 
340 .00  

7.23 
7.23 
T i - 2  3 
7 . 2 3  
7 . 2 3  
7.23 
7.23 
7 . 2 3  
7.23. 

16660 .  
19159 .  

41501.  
46573.  
51962.  
57675.  
63659.  
69955.  

3-6 7 5 1 ~ -  

5 . 6 0  
6 . 3 7  
9 .63  

1 0 . 7 3  
11 .77  
1 2 . 7 7  
1 3 . 7 2  
1 4 . 6 5  
1 5 . 5 6  

._ __ - - - 

11.83 .473 
13.68. .466 
23.20 .415 
26.40 - 4 0 6  
29.50 .399  
32.60 .392  
35 .80  - 3 8 3  
38.89 * 3 7 7  
41.98 . 3 7 1  

~ _ _ -  



10 360.00 7.23 76568. 16.44 45.17 .364 
11 380.00 7.23 83499. 17.31 48.26 .359 
12 400.64 7.23 90981. 18.19 51.48 -353 
13 400.88 7.23 89765. 18.22 51.28 -355 
14 410.00 7.23 49251. 14.64 38.48 -380 
15 428.09 7.23 4143. 5.85 11.90 -492 
16 435.38 .oo 0. 1.03 * 00 * 000 

- _ _ ~ -  Total- Normal-S&ress-=---3 6 0 27-12-- (-ps f-)------------- -___- 
Pore Water Pressure = .oo (psf) 
Shear Stress - - 387.06 (psf) 

Total Length of failure surface = 301.94 feet 

For the single specified surface.and the assumed angle 
of the interslice forces,. the. SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.585 J 
Total shear strength available 
along specified failure surface = 185.253+03 lb 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 

* All Rights Reserved * 

* 
* * * Method of Slices 

* 
*-- * MOSCOW, ID 83843, U.S.A. 

~ . _ _ _  * --- 

* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

11 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146 -4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

SUBSURFACE boundary segments 

- __ Sement ---x--l-eft--- 
e 

No. (ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
2 
3 
4 

60.0 
120.0 
150.0 
183.0 

90.0 
100.0 
105.0 
105.0 

120.0 
150.0 
183.0 

100.0 
105.0 
105.0 

189.0 106.0 

2 
2 
2 



5 1 8 9 . 0  106 .0  410 .0  1 4 2 . 8  1 
6 410.0 142 .8  467 .0  148 .5  1 
7 467.0 148 .5  555 .0  152 .9  1 
8 183 .0  105 .0  220 .0  1 0 0 . 0  3 
9 220.0 100.0 300 .0  100 .8  3 

1 0  3 0 0 . 0  100 .8  410 .0  102 .0  3 
11 410.0 102 .0  555 .0  1 0 3 . 5  3 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) . (pcf) (psf) (deg) Ru (psf 1 No. 

* 000 . o  0 1 1 2 5 . 0  1 2 5 . 0  .o  
2 1 2 5 . 0  1 2 5 . 0  .O/ 30.00  
3 1 2 5 . 0  1 2 5 . 0  .o  -00 . o o o  . o  0 

25 * 0°/ . o o o  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0  / . o  
2 .o  ‘ . o  ’ 
4 2880.0 ~ 633.6  / 
5 6480.0 / 950.4  1 J 
6 10080.0  950.4 ’ 
3 720.0  ‘J . o  / J  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 167 .10  114 .18  
2 183 .00  105 .00  
3 - - ---220rOO- 
4 300 .00  100 .60  
5 398.30J 101 .62  
6 398 .55  101 .88  
7 425.62 144 .36  
8 432 .91  156 .99  

- __ ~ 

__ -- - ~ -~ - 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S-l-ice - -x-base-----y-base-hei-ght--width--a-l-pha 
(ft) (ft) (ft) 

1 175.05 109.59 5.92 
2 186.00 104.58 12.75 
3 204 -50 101.98 18.44 
4 230.00 99.90 24.80 
5 250.00 100.10 27.95 
6 270.00 100.30 31.05 
7 290.00 100.50 34.20 
8 310.00 100.70 37.35 
9 330.00 100.91 40.44 

10 350.00 101.12 43.58 
11 370.00 101.33 46.72 
12 389.15 101.53 49.70 
13 398.42 101.75 51.02 
14 404.27 110.86 42.88 
15 417.81 132.11 23.38 
16 429.27 150.68 5.95 

- 
(ft) 

15.90 -30.01 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
18.30 

* 25 
11.45 
15.62 
7.29 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER‘S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.5386 1,9722 
3 7.6113 
3 7.5749 1.9733 
4 7.6096 1.9744 
5 7.6089 1.9743 

- - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER‘S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
- 7-6 o.8.9- -~ _ _ ~ -  

SLICE INFORMATION . . .  continued : 

Sigma c-value- phi U-base 
(lb) 

Slice 
(psf) (psf) . 

-8.00 
-8.00 

.57 

.57 
-57 
-57 
-59 
.59 
.59 
.59 
.59 

46.12 
57.49 
57.49 
60.01 

---be t-a-pwe i-ght- 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2,0214 
1.9722 

1.9733 
1.9744 

- - - - -  

(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93366. 

101097. 
108953. 
116809. 
113689. 

1594. 
61375. 
45646. 
5421. 

____ FOS moment ~ 

1.9744 

U-top P-top Delta 
(Ib) 000744 (lb) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  

1 4  
15 
1 6  

________ -3 3- 

1 0 3 4 . 5  
1 6 6 4 . 1  
2419.4  
3136 .9  
3532 .3  
3921.4  
4316.8  
4711 .3  
5099 .5  
5493.9  
5888.4 
6261.9  

3 4 6 1 . 1  
1 8 8 6 . 7  

437 .7  

-52 5 9-.-9--- 

. o  30.00  
-211 .2  1 6 . 3 5  
-211 .21  i 6 . 3 5 1  

3 8 0 . 2 1  5.03’ 
3 8 0 . 2  5 . 0 3  
380 .2  5 . 0 3  
3 8 0 . 2  5 . 0 3  
3 8 0 . 2  5 . 0 3  
380 .2  5 . 0 3  
380 .2  5 . 0 3  
3 8 0 . 2  5 . 0 3  
380 .2  5 . 0 3  

.O 25 .00  

.O 25.00  

. o  30.00  

-3 8 0-.-2 --5-.-03--- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

---07-- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

--(j-- 

8 2 6 8  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

-(j--- 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf (psf (psf 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
15 
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250 .00  
270 .00  
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
389 .15  
398 .42  
404 .27  
4 1 7 . 8 1  
429 .27  

1 0 3 4 . 5  
1 6 6 4 . 1  
2419 .4  
3 1 3 6 . 9  
3 5 3 2 . 3  
3921 .4  
4 3 1 6 . 8  
4 7 1 1 . 3  
5 0 9 9 . 5  
5 4 9 3 . 9  
5888 .4  
6261 .9  
5 2 5 9 . 9  
3 4 6 1 . 1  
1 8 8 6 . 7  

4 3 7 . 7  

739 .6  
1 5 9 4 . 4  
2304.8  
3100.0  
3493 .8  
3881.3 
4 2 7 5 . 0  
4 6 6 8 . 3  
5 0 5 4 . 8  
5447 .6  
5 8 4 0 . 5  
6 2 1 2 . 5  
6377 .6  
5360 .2  
2922 .0  

7 4 3 . 7  

.o  

.o  

. o  

. o  
-0 
. o  
. o  
. o  
.o  
-0 
. o  
. o  
. o  
. o  
. o  
. o  

3 0 2 . 5  
1 4 0 . 3  
2 5 2 . 5  
3 3 2 . 4  
3 5 0 . 0  
3 6 7 . 3  
3 8 5 . 0  
4 0 2 . 5  
4 1 9 . 8  
4 3 7 . 4  
4 5 5 . 0  
4 7 1 . 7  
4 2 7 . 0  
8 1 7 . 4  
4 4 5 . 6  
1 2 8 . 0  

. o o  

. o o  

. o o  

. o o  

. o o  
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  

-- 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

- -1- 
2 
3 
4 
5 
6 
7 

-- _ _  __ -- 
11.83 - 4 7 8  

1 8 9 . 0 0  7 . 6 1  16703 .  6 . 4 2  1 3 . 6 8  .469  
220 .00  7 . 6 1  35234.  9 . 3 1  2 3 . 2 0  - 4 0 1  
240 .00  7 . 6 1  41307.  1 0 . 2 3  2 6 . 4 0  -387 
260 .00  7 . 6 1  47656.  11.17 2 9 . 5 0  .379  
280 .00  7 . 6 1  54277.  1 2 . 1 3  3 2 . 6 0  .372  
300 .00  7 . 6 1  61174.  1 3 . 0 9  3 5 . 8 0  .366  

- 18-3 ;OO-- --7. 6 1  -- -- 1-4-43-8------- - 5 . 6 5  

004)7,*; :j. 



8 
9 

10 
11 
12 
13 
14 
15 
16 

320.00 
340.00 
360.00 
380.00 
398.30 
398.55 
410.00 
425.62 
432.91 

7.61 
7.61 
7.61 
7.61 
7.61 
7.61 
7.61 
7.61 
-00 

1 2 6 8  
68309. 
75713. 
83389. 
91337. 
98845. 
97573. 
44275. 
4636. 

0. 

14.06 
15.03 
16.00 
16.96 
17.84 
17.85 
13.00 
5.83 

10.57 

38.89 
41.98 
45.18 
48.27 
51.13 
50.91 
34.85 
11.90 

. o o  

.362 

.358 
-354 
.351 
.349 
.351 
.373 
-490 
. o o o  

Total Normal Stress = 3602.23 (psf) 

395.27 (psf) Shear Stress - Pore Water Pressure = .oo  (psf) - 

Total Length of failure surface = 299.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.974 J 
Total shear strength available 
along specified failure surface = 233.613+03 lb 

. .  

000746 




