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Manufacturer’s Quality Control Documentation 
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HDPE Pipe 
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PRELIMINARY PNEUMATIC TEST FOR HDPE PIPE 

The test g a u g e  used  for pneumatic testing HDPE pipe shall b e  calibrated within 
1 year of use. Calibration shall b e  taceable  to national or industry s tandards  
where possible. 
A safety relief valve shall be installed so t h a t  it can  not  be  isolated and valved 

- off from t h e  pressurized-system; This-pressure-relief valve shall b e  set to 
release pressure when  t h e  system pressure exceeds  1 5  psi. 
Access  shall b e  limited to the  pressurized sys tem.  It is suggested t h a t  test 
gauges  and t h e  pressure source a re  located at a remote location from t h e  
pressurized s y s t e m .  
Slowly pressurize t h e  pipe and gradually increase t h e  pressure to one-half t h e  
full pneumatic test pressure (app. 7 psi). Pause for 1 5  minutes to allow t h e  
pipe strain to become  equalized. 
Check t h e  pipe for leaks by soaping t h e  joints and other  a reas  of t h e  pipe and 
also checking t h e  test gauge. 
If there  are n o  leaks detected,  gradually increase t h e  pressure to t h e  full 
pneumatic test pressure (1 5 psi) and hold for 15 minutes. 
If t h e  gauge  pressure  does  not drop below t h e  full pneumatic test pressure,  and  
no leaks are  de t ec t ed  during the  1 5  minute test period, t h e  pipe shall b e  
considered to have  passed t h e  pressure/  leak test. 

- _. 
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HYDROSTATIC TEST PROCEDURE FOR 10-INCH CONTAINMENT PIPE 

rn 

The test gauge used for hydrostatic testing HDPE pipe shall be calibrated within 
1 year of use. Calibration shall be taceable t o  national or industry standards 
where possible. 
Pressure test installed HDPE solid wall, containment pipe with a minimum 6 
inches of initial backfill placed over the containment pipe.- Leave joints, fittings, 
and flanged connections of containment pipe uncovered so that they can 
visually inspected for any leak. 
The 10-inch containment pipe shall not be tested until the 6-inch carrier has 
been successfully tested. 
The 6-inch carrier pipe shall be at atmospheric pressure prior t o  testing the 10- 
inch containment pipe. 
The test gauge and location of the tap that will be used for filling the pipe with 
water shall be located at the low point of the piping system. 
The high point of the piping system shall be equipped with a high point vent. 
Slowly fill the pipe at the l ow  point location and allow the air t o  escape through 
the  high point vent. 
When air bubbles are not visible at the high point vent location, the high point 
vent valve shall be closed. 
Increase the pressure in the pipe t o  25-psi internal pressure and start the 
expansion phase of the test. 
Add sufficient make-water t o  the pipe four times at  one-hour intervals t o  return 
t o  the test pressure. Stabilization is achieved if there is no further change in 
pressure over a one-hour period or make-up water volume does not exceed the 
quantity listed in Table 02605-3. The initial expansion phase shall not  exceed 4 
hours. 
Drop pressure down t o  15-psi. The pressure shall remain steady (i.e., within 
5% of the target value) for 1 hour and there shall be  no visible leaks. 
If leaks are observed, remove water, and make repairs t o  the pipe. Retest the 
pipe until passing results are achieved. 

. _  
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OSDF PHW-SPEC REV 1 
Section 02605: High-Dens 'tv Polvethvlene (HDPE) R be and Fittin= 

TABLE 02605-3 

ALLOWANCE* FOR EXPANSION 
UNDER TEST PRESSURE FOR AMBIENT CONDITIONS+ 

Allowance for Eaansion _ . .  - - . _  . -  

(U.S. Gallons / 100 Feet of Pipe) 

maximum design pressure. 

'When testing at temperatures below ambient (approximately 75'F), less pipe expansion takes place, resulting in 
lower requirements for make-up water. For a test temperature of about 68"F, the values in this table should be 
multiplied by a reduction factor of 0.75. For SOOF, this factor is 0.50. 

[EM> OF SECTION) 

02605- 15 
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HYDROSTATIC TEST PROCEDURE FOR 6-INCH CARRIER PIPE 

The test  gauge used for hydrostatic testing HDPE pipe shall be calibrated within 
1 year of use. Calibration shall be taceable t o  national or  industry standards 
where possible. 
Pressure test installed HDPE solid wall, carrier pipe with a minimum 6 inches of 
initial backfill placed over the  containment pipe. 
The 10-inch containment pipe shall be at atmospheric pressure prior t o  testing 
the 6-inch carrier pipe. 
The test  gauge and location of  the tap that will be used for filling the pipe with 
water, shall be located at the low point of  the piping system. 
The high point of the piping system shall be equipped with a high point vent. 
Slowly fill the pipe at the low point location and allow the  air t o  escape through 
the high point vent. 
When air bubbles are not visible at  the high point vent location, the high point 
vent valve shall be closed. 
Increase the pressure in the pipe t o  70-psi internal pressure and start the 
expansion phase of the test. 
Add sufficient make-water t o  the  pipe four times at  one-hour intervals t o  return 
t o  the test  pressure. Stabilization is achieved if there is no further change in 
pressure over a one-hour period or make-up water volume does not exceed the 
quantity listed in Table 02605-3. The initial expansion phase shall not exceed 4 
hours. 
Drop pressure down t o  60-psi. The pressure shall remain steady (i.e., within 
5 %  of the  target value) for 1 hour and there shall be no  visible leaks. 
If the hydrostatic test passes, release the pressure f rom the  tested pipe and 
verify t he  test gauge drops t o  zero pressure. 
If leaks are observed, remove water, and make repairs t o  the pipe. Retest the 
pipe until passing results are achieved. 
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. .  
OSDFPHIVSPEC REV 1 ? 

Section 02605: Hieh-Densiw Polvahvlene (HDPE) Piws and Fittin= 

TABLE 02605-3 

ALLOWANCE* FOR EXE'ANSION 
UNDER TEST PRESSURE FOR AMBIENT CONDITIONS+ 

Allowance for Expansion 
(US. Gallons / 100 Feet of Pipe) 

. .  

is being tested at a maximum design pressure equal to 1.5 times the pressure rating. If the pipe is being tested at a 
lower system design pressure, the allowance should be reduced by the ratio of the system desipn pressure to the 
maximum design pressure. 

+When testing at temperatures below ambient (approximately 7SoF), less pipe expansion takes place, resulting in 
lower requirements for make-up water. For a test temperature of about 68"F, the values in this table should be 
multiplied by a reduction factor of 0.75. For SOOF, this factor is 0.50. 

The above footnotes are in accordance with the recommendation of AWWA (19991. 

[END OF SECTION] 
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May 29, 2002 

Performance Pipe 
1 I. ?I i Hooewe 11 3oad 
HagerH?-a&fi, X?3 ,21741 

T h i s  let.t.cr' will certify that the Marlex* resin shown below, 
afi supplied by Chevron Phillips Chemical Company, conforms 
tu our nzmufzcturing specification. 

'i'S.:ie 2s .sonfirm t h a t  TR-480X, when ueed with the . 

propzr eolcf concentrate, meets or exceeds the requirements 
of cell classiiication 345464C in accordance with AsTM 
D3350. T h i e  resin is a PE34 grade material. 

HXM TR-480X 
8220660 
REL 74 
05/29/02 
PSPX 2 5 3 0  
181300 LBS. 
12.7 G/lO M I S  
-948 G/CC 
- 3 4  wT% 
45. PELLET/GM 

Specifications 
Min Max 

8 . 0  14.0 
- 9 4 2  . 9 4 5  
0 . 2 6  0.39 
35. 65. 

Paul 5. Newbold - COnfOrmS to tile Subccntrxt Requirements 

Sr. Certification Systemo Specialist [ ] B - Minor Comnient - Incilr,nc.rate and Resubmit 

* Reg. L r - S .  Pat. Gff. 

080018 
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PERFORMRNCE PIPE 

. .  

June 14, 2 0 0 2  

PSN4 13767-02 

FAX: 301-582-6628 - 

Sherr E c k i e s  

'i'hle ietter will certify that  the Marlex* resin shown below, 
as ~ i l p p i i e d  by Chevron Phillips Chemical Company, conforms 
t:> our xanufacturing specification. 

T'ki1t-i I L  to cadi rn ;  tha t  HHM TR-480X, when ueed w i t h  the 
proper calor ccncentrate, meete or exceede the requirements 
of cel l  classification 3 4 5 4 6 4 C  in accordance with ASTM 
D3350. This resin is a PE34 grade material. 

HHM TR-480X Specifications 
8220650 
REL 87 
06/14/02 
PSPX 2397 
186000 LBS. 
13 . O  G/10 M I N  8 . 0  14.0 

. 3 3  FIT% 0.26 0.39 
3 9. PELLET/GM 3 5 .  6 5 .  

Min Max 

- 9 4 4  G/CC - 9 4 2  , 9 4 5  

Paul s . Newbold 
Sr. 2t:i.tifi.catiofi SyBtems Specialist 

c r x  CC?i c ; c u e G t i o n B  call Carol Meza, 713-475-3625 

* Keg. U . S .  Pat. Off. 

C C :  QR- F i h . - R c  
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Typical Material Physical Properties of DRISCOPLEf HOPE 
High Density Polyethylene Materia! 

. -- 

PO. Box 35 Charleroi, PA 15022 V 

Phone: 724-483-3 543 F.4X 724-483-0577 



DRISCOPLEX:m PIE 3408 HDPE 

e Data Sheet 
Municipal aryl Industrial Applications & Stapdards 
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Typlcal Features 

8. 

9. 

10. 
11. 
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Perfomence ape / 8  division of Chevmn Phlilips Chemic&; Company LP 
5085 W Psrk Blvd. Sfe 51x1 1 ,%no, 7X 75093 

Phone: 972.599.6666f Far: 9725SEJ. 7346 /E-mail: petWj@cpchem.cclm 4 9 4  2 

August 2, $002 

- . .  .. . 
Mr. John H. Eckford, Jr. 
Fluor Fernald, hc. 
P.O. Box 538704 
Cincinnati, OH 45253 

RE: DriiscoPlex‘lM Data Sheet 

Dear ,VI. Ecldord: 

On July 1,2000, Chevron Chemical Company and Phillips Chemical Company joined farces to 
form Chevron PhiILips Chemical Company LP. PerEorrnance Pipe w a s  established 8s a division 
of Chevron Phillips CEeti id  Corn any LP to succeed Plcxco and Driscm-ipe. Performaace 
Pipe now manufactures DnswPlex 
municipal and industrid piping has a cell classification of 345464C per ASTM D3350, 
“Standard Specification for Polyethylene Plastics Pipe and Fitting3 Material“. Previous data 
sheets provided by Driscopipe and Plexco have listed the cell crass a*i34c. The change in 
the cell class reflects improvements in hdustry standards. You will aot~cc: thatthe cell classes 
difFa in only the fifth digit which rcprescnts the cell for Slow Crack Growth Resistance (SCGR). 
ASTM added the cell class “6” to D3350 in the nineteen-nineties to allow the use o f a  more 
stringent test for SCGR called the PEW test. PENT differs signiticantly :%om D1693 in that test 
specirncm are kept under CQnsiant stress throughout the test. The test is so rigorous that the Gas 
Industry promoted a change in ASTM D25 13, “Standard Specification for Thermoplastic Gas 
Pressure Pipe, Tubing, and Fittings”, to allow use of only materials meetkg the P M  test 
requirement of “6” bfataiais meeting a cell class of 34S464c not only meet the cell Glass 
345434C but they exceed it.. ASTM D3350 includes all properties needed for specifying pipe 
mattrial. You %find that ASTM D1603, “Test Method for Carbon Black in Olefin Plastics”, is 
also referenced in AS‘W D3350. 

F M  piping. The resin used TO r&nufacbire D r i s c ~ P l e x ~  

ff I can be of f i b e r  assistance, please call. 

Sincerely. 
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f4ay 29, 2002 

PSN# 12383-02 

FAX: -301-582-6628 

.... . . . , .>, -. c ., -; ; - 

... %.. , ,.-. .. . ,,- - -.. ; ,., ,,. : .. ..'.-. . ; . m f i ~ ~ ,  t h a t  :<a TR-480X, when ueed with the *, -:-..-A - conceatrat:e, n?eets or exceed6 the requirements 
c': C P L F  cla$siiic-aticn 3 4 5 4 6 4 C  in accordance with ASTM 
D3350. ?'hie resin is a FE34 grade material. 

I .. 

# A  - Conforms to the Subcontract Reauirmeob . 

[ J B - Minor Comment - Incorporate a* i;Cri+. .. . 
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PSNS 13767-02 

FAX: 301-582-6628 

000026 

TOT& F. 8 3  



3 II; UJ 

.. 
t 
m 



4 9 4  2 

SIMULTANEOUS BUTT FUSION METHOD 
(SDR 11 6/10 INCH DUAL CONTAINMENT HDPE PIPE) 

1. REQUIRED EQUIPMENT FOR BUTT FUSION 
McElroy 412 machine 

. - .  _ .  _ _ _  
-21 A C%E PTAB L E WEATHER C 0 N D IT1 0 N S 

. . _  

Do not  join HDPE pipes and fittings at ambient temperatures below 
40°F or above 104OF, unless authorized in writ ing by the Construction 
Manager. For cold (below 40°F) or hot  (above 104°F) weather joining, 
use the  authorized methods authorized in writing by the Construction 
Manager. 
Do not  join HDPE pipe and fittings during any precipitation, in the 
presence of heavy fog, dew, or areas of ponded water. 

3. TRIAL FUSION WELD METHOD 
Make trial butt-fusion joints on spool pieces of HDPE pipe t o  verify that 
joining conditions are adequate. 
The spool pieces shall be centralized and hot air welded into place to  a 
assure there is no movement of the 6 inch pipe within the 10 inch 
pipe. 
Conduct trial joints on the same material to  be installed and under 
similar field conditions as production joints. 
Conduct trial joints at the beginning of  each day and at least once 
each day for each fusion apparatus used that day. 
Conduct trial joining under the same conditions as the actual joining. 
Prepare the trial joint that is at least 2 feet long with the joint 
centered. 
A field-performed "Bent Strap" Test is to  be performed as in the 
following manner: 
1. The bent strap specimen is prepared from the trial butt fusion spool 

after it has been allowed t o  cool t o  ambient temperatures; 
2. A test strap that is at least 6 inches or 15 pipe wall thicknesses 

long on each side of the fusion and about 1 inch or 1.5 wall 
thicknesses wide is cut out of  the trial fusion pipe. 

3. The strap is bent in the direction t o  the pipe exterior till the pipe 
ends touch. Any disbondment at the fusion is unacceptable, and 
indicates poor fusion quality, 

changed, and new trial fusion and bent strap test specimen shall be 
prepared and tested. Field fusion shall not proceed until a trial test 

4. If failure occurs, fusion procedures and or machine set-up shall be 

joint has passed the bent stra 

L 
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4. FUSION WELD PROCEDURE 

0 Insert centralizers into the space between the 6" carrier pipe and 10" 
containment pipe. The centralizer f low area shall be aligned with the 
f low areas of existing centralizers. The centralizers shall be welded t o  
the 10" containment pipe and 6" carrier pipe using a hot air gun with 
hand fed HDPE rod. 
Note: The pipe may be ordered with the centralizer inserts already 
welded into place. 
Clean each pipe end with a clean oil free cloth. Cleaning shall extend 
approximately one inch beyond the face of  the pipe. The joint shall be 
free of moisture, dust, and debris of any kind. 
Face the dual containment pipe using a wheeler pressure of 
approximately 100 psi. The inner carrier pipe shall not move within 
the containment during facing. If there is movement the inserted 
centralizer is required t o  be rewelded. Facing is complete when the 
following requirements are met: 

1. The gap between the pipe ends is less than or equal to  1/64"; 
2. Misalignment is less than 10% of the  pipe wall thickness; 
3. Five full ribbons appear during facing; 
4. and the 6 inch pipe surface visually indicates that has been fully 

Remove all shavings from the face of the pipe. The operator shall use 
clean gloves when removing the shavings. 
The pipe shall be checked for proper alignment prior to  joining. The 
jaw can be adjusted to  obtain the proper alignment. Note: I f  there is 
realignment after facing the pipe shall be refaced. 
The temperature of the heater plate shall be 400°F t o  425°F when 
measuring the temperature with a temperature stick or other means. 
Wipe the surface of the heater plate with a clean oil free rag. 
Insert the heater plate between the pipe ends and bring the ends into 
f i rm contact with the plate. After the ends are in contact with the 
plate, the fusion machine shall be placed in neutral so that there is zero 
pressure on the pipe ends. With no pressure on the pipe ends, the 
heat is allowed to  soak into the HDPE without squeezing out the melt. 
During the heat soak period the HDPE pipe ends will expand to  form a 
melt bead at the pipe end / plate contact point. When the melt bead 
increases in height t o  approximately 3/16 inches the heat soak period 
is complete. 
The pipe ends shall be pulled back from the heat plate. The inner pipe 
shall quickly be inspected for uniform and proper size melt bead and 
after inspection, the pipe ends shall rapidly be brought together. 
The fusion pressure for 6/10 inch dual containment pipe is 21 8 psi 
which is equal to  the fusion pressure for the 10 inch pipe. As the t w o  

faced. 

000029 
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pipes are  brought together ,  t h e  pipe joint will have a double roll back 
bead.  A proper double roll back bead is considered compete  w h e n  
each  side of t h e  bead is rolled over until it just touches  t h e  pipe 
surface.  The bead shall also be  uniform along t h e  circumference of 
t h e  pipe. 
The  butt  fusion joint shall remain under pressure till t h e  bot tom of t h e  

6/10 inch SDR 11 dual containment pipe. 

0 

- - joint is cool to  t h e  touch;  The  approximate cool t ime is 20 minutes  for . .  

S O 0 0 3 0  
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FUSION PRESSURES 

412-618 STANDARD FUSION UNIT 
(11.775 PISTON d A )  

DFLISCOP_IPElOOO . (75 PSI_INTERFACE) (400 DEG HTR) 

SDR 3 2 5  26 21 .: * 17 15.5 13.5 11 9 7 
4" 42 45 48 5 2  . 54 -- 57 63 69 79 

IPS 6" 56 62 69 78 82 89 101 115 136 
PIPE 8" 74 84 96 111 118 130 151 174 209 
SIZE 10" 98 114 133 156 167 -186 218 254 308 

12" 125 148 175 - 207 223 249 294 345 421 
14" 145 172 205 243 262 294 348 410 501 

- 

16" 180 216 258 308 ..%'2= 333 375 445 526 645 
18" 220 265 319 382 414 466 556 658 809 

.,. . 

FUSION U r n s  ARE SET AT 1200 PSI (PUMP PEssuREj. 

ABOVE PRESSURES ARE FOR GUIDELINES ONLY, CONDlTIONS MAY WARRANT CHANGES IN. 
__. PRESSURES OR TEMPERATURE. 

. . .. .. . .- 
. .  . ,  

_ . .  
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BUTT FUSION METHOD 
(SDR 11 6 INCH HDPE PIPE) 

1. EQUIPMENT USED FOR BUTT FUSION 
McElroy 412 Machine 

2. ACCEPTABLE WEATHER CONDITIONS 
-Do not  join HDPE pipes and-fittings at ambient temperatures  below 40°F or 
above  104OF, unless authorized in writing by t h e  Construction Manager. 
For cold (below 40°F) or hot  (above 104OF) weather  joining, u s e  the  
authorized methods  authorized in writing by t h e  Construction Manager. 
Do not  join HDPE pipe and fittings during a n y  precipitation, in t h e  presence 
of heavy fog, dew,  or areas of ponded water. 

3. TRIAL WELD REQUIREMENTS 
Make trial butt-fusion joints o n  spool pieces of HDPE pipe to  verify tha t  
joining conditions are adequate .  
Conduct  trial joints on t h e  s a m e  material to b e  installed and  under similar 
field conditions as production joints. 
Conduct  trial joints a t  t h e  beginning of each  day  and a t  least  o n c e  each  
d a y  for each  fusion apparatus  used tha t  day. 
Conduct  trial joining under t h e  s a m e  conditions as  t h e  actual joining. 
Prepare t h e  trial joint t h a t  is a t  least  2 feet long with t h e  joint centered. 
A field-performed "Bent Strap" Test is to b e  performed a s  follows: 

0 
1. The bent  s t rap  specimen is prepared from t h e  trial but t  fusion spool 

after it has  been allowed to cool to ambient temperatures;  
2. A test s t rap  t h a t  is at least 6 inches or  15 pipe wall thicknesses  

long on each  s ide of t h e  fusion and about  1 inch or 1.5 wall 
thicknesses  wide is c u t  ou t  of the trial fusion pipe. 

3. The s t rap  is bent  in t h e  direction to t h e  pipe exterior till t h e  pipe 
ends  touch .  Any disbondment a t  t h e  fusion is unacceptable,  and 
indicates poor fusion quality. 

4. If failure occurs, fusion procedures and  or machine set-up shall be 
changed,  and new trial fusion and bent  s t rap test spec imen shall be  
prepared and tes ted .  Field fusion shall not  proceed until a trial test 
joint has  passed t h e  bent  s t rap test. 

4. WELD PROCEDURES 
Clean the  pipe end with a clean oil free cloth. Cleaning shall extend 
approximately o n e  inch beyond t h e  f ace  of t h e  pipe. The  joint shall be free 
of moisture, dus t ,  and debris of any kind. 
Face t h e  6 inch pipe using a wheel pressure of approximately 85 psi. 
Facing is complete  when t h e  following requirements are met :  

1 .  The  g a p  between t h e  pipe ends is less than  o r  equal to  1/64"; 

000032 
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0 

0 

0 

0 

0 

2. Misalignment is less than 10% of the pipe wall thickness; 
3. Five full ribbons appear during facing; 

Remove all shavings from the face of  the pipe. The operator shall use 
clean gloves when removing the shavings. 
The pipe shall be checked for proper alignment prior to  joining. The jaw 
can be adjusted t o  obtain proper alignment. Note: If there is realignment 
after facing, the pipe shall be refaced. 
The temperature of the heater plate shall be 400°F to  425°F when 
measuring the temperature with a temperature stick or other means. 
Wipe the  surface of the heater plate with a clean oil free rag. 
Insert the heater plate between the  pipe ends and bring the ends into firm 
contact with the plate. After the ends are in contact wi th  the plate, the 
fusion machine shall be placed in neutral so that there is zero pressure on 
the pipe ends. With no pressure on the pipe ends, the heat is allowed t o  
soak into the HDPE without squeezing out the melt. 
During the heat soak period, the  HDPE pipe ends will expand t o  form a 
melt bead at the pipe end and heater plate contact point. When the melt 
bead increases in height t o  approximately 3/16 inches, the heat soak 
period is complete. 
The pipe ends shall be pulled back from the heat plate, and the pipe ends 
shall rapidly be brought together. 
The fusion pressure for 6 inch pipe is 101 psi. As the t w o  pipes are 
brought together, the pipe joint will have a double roll back bead. A proper 
double roll back bead is considered compete when each side of the bead is 
rolled over until it just touches the pipe surface. The bead shall also be 
uniform along the circumference of the pipe. 
The butt fusion joint shall remain under pressure till the bottom of the joint 
is cool t o  the touch. 

000033 
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FUSION PRESSURES 
412-618 STANDARD FUSION 

(11.775 PISTON a A )  

(75 PSI INIERFACE) DRISCOPIPE - -  1000 . _  

. ..--.- . 
SDR 325 26 21 - 17 15-5 13.5 
4" 42 45 48 52 54 - 5 7  

IPS 6" 56 62 69 78 82 89 

PIPE 8" 74 84 96 111 118 130 

SIZE 10" 98 114 133 156 167 -186 

. .  . .._ . . .  

.a 
;. . .  

.. . -. . . . .  

_ .  . .  
12" 125 148 175 -- 207 223 . 249 

205 243 262 294 
'309 *<,.-:333 . ... ,375 '161' 180. '216 . '  . . 258 

. .  
. 172 14" 145 

220 . 265 . 319 382. . 414 466 
-5 .  . 

18" 

2 .  .. . .  

-- 494  2; 

UNIT 
I 

... 
11 . 9 7 
63 69 79% 

101 115 136 
151 174 209 
218 254 308 .- 

294 345 421 
348 410 501 
445 526 645 
556 658 809 

FUSION UNITS ARE SET AT 1200 PSI (PUMP PRESSURE). 

ABOVE PRESSbTRES ARE FOR GUIDELINES ONLY, CONDITIONS MAY W.4RRANT CHANGES IN 
PRESSURES ORTEMPERATURE. . . 

. ._... .... ... 
. .  

. ..... 

." . 

. .  

. . _. 
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Butt Fusion Procedure for Pipe and 
Fittings 
1. Clean each pipe with clean cotton cloth.' 
2. Square (faace) end of each pipe to be fused. 
3. Check lineup of pipe ends. Adjust high-low. Check heater 

plate for proper temperature. and wipe header surface 
clean. Thermometer reading: 

4005- 4259. . . coated plates 
3759  - 400°F . . . uncoated plates 

4. Insert heater plate between aligned ends and bring ends 
fimlyin contact with plate, but DO NOT APPLY PRESSURE 
Mile achieving melt pattern. watch for proper melt 

5. Remove heater plate after achieving proper melt bead. 
6. Bring melted ends together rapidly. Do not slam Appty 

enough pressure to form a double folkback bead. 
7.  Allow the butt fusion joint to cool properly (until finger can 

remain comfortably on bead) 

Remember 
A quality butt-fusion joint has a double bead rolled back to the 
body of the pipe. 
Heater plates should be double checked with a twrpilstik or 
pyrometer for correct surtace ternpemture (3757-  4OO'Fj. 
'Avcidpdyeslerlypematerialswtmmandsti&mheaterplales. 

. .  
! 

Phillips Driscopipe, Inc. 
I A Subsidiary of Phillips Pertroleurn Company 

a 
000035 



PROCEDURE FOR INSTALLING ELECTROFUSION COUPLINGS 

1. QUALIFICATION PROCEDURE 
The recommended joining procedures for the Electrofusion System has 
been qualified in accordance with D.O.T. 192.283. 

. . 2. CERTIFICATION REQUIREMENTS - 

Persons responsible for the joining of polyethylene pipe by fusion methods 
must qualify according t o  the requirements of  Title 4 9  of the code of 
Federal Regulations, Section 192.285. 
The regulations require that  each operator performing fusion joining be 
qualified in the use of the recommended fusion procedure by the 
following: 

1 .  Appropriate training or experience in the use of the applicable 

2. Making a sample joint according to  the said procedure that 
fusion procedures: and 

passes the following inspection criteria: 
a. The joint shall be visually examined during and after 

joining and found t o  have the same appearance as a 
photograph or sample of an acceptable joint that was 
joined in accordance with the applicable procedure; 

b. The joint must be tested or examined by an authorized 
instructor by using the pressure and tensile test as 
described in 49 CFR 192.283 or cutting the sample into 
3 longitude straps and visually examining the specimen 
for unbounded areas and deform the specimen by 
bending or torqueing and visually inspecting for failure. 

c. A person must be requalified under an applicable 
procedure if, during any twelve month period, he does 
not make any joints under the applicable procedures or 
has three joints or three percent of the joints he  has 
made whichever is greater, that are found unacceptable 
by tesing under 40 CFR 192.51 3. 

3. STANDARD JOINING PROCEDURE 
The pipe shall have a square even cut. 
Remove any burrs or shavings from the pipe ends tha may have developed 
during the cutting process. 
Clean pipe ends inside and out with a clean cloth t o  remove any dirt or 
contaminates. Pipe preparation and contamination are very important 
considerations in the electrofusion process. Therefore, careful attention 
shall be given t o  proper scraping and cleaning procedures. 
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4 9 4  2' 
Scrape the  pipe ends t o  remove any oxidation or surface contamination. 
For best results, secure tool on pipe and make t w o  revolutions. Do not 
grind on  the pipe, since contamination can be transmitted t o  the pipe from 
the  grinding wheel. 
Remove the scraping tools and clean blade area with a clean, dry, cloth. 
Repeat this procedure several times during the scraping operation to  
remove build-up of material.. 
Continue scraping until only virgin surface remains. Caution: Avoid all 
possible recontamination of the prepared surface. Do not touch indied of  
fitting or scraped pipe surfaces with your hands as perspiration and body 
oils could contaminate jointing areas and affect joint performance. 
To  determine stab depth, measure half the length of  the coupin and mark 
the pipe ends an equivalent length. For ease of installation, stab depth 
indicator and internal f itt ing stops are a molded part of Central 
Electrofusion couplings and reducers. 
Slide fitt ing onto pipe until pipe ends meet with the stops in the I.D. o f  the 
fitt ing. Check measurement mark for proper stab depth. 
Maintain stab depth and place into the proper clamping tool t o  secure the 
pipe from movement during the fusion cycle. For best results, alignment 
clamps should be placed as close to the fitting as possible. 
The sequence processor should be connected t o  an adequate AC power 
source (I 10 volt). Note: If utilizing a generator, the generator should be 
engaged before plugging the sequence processor in. 
The sequence processor will automatically run a quick diagnostic check of  
i ts  operational functions (voltage input/output, etc.). When diagnostic 
check is complete "Attach fitting" will appear on the visual display. 
At tach the leads from the sequence processor t o  the fitt ing terminals. 
When proper connection is made, the required "fusion Cycle Time " will 
appear on  the visual display. 
Press "start" button t o  begin fusion cycle. Fusion Cycle t ime will 
countdown on the visual display. Proper voltage readout should remain 
between 39.8 and 40.2 volts. 
When the fusion cycle is complete, "Fusion Complete and Recommended 
Cooling Time" will appear on the visual display. 
Disconnect leads from fitting. Clamping device should remain in place t o  
secure pipe and fitting during the recommended cooling time. After 
removing clamp, additional cooling time should be allowed before 
subjecting the joint to  bending, burying, pressure testing, or similar 
handling and backfill stress. Refer to the Electrofusion manual for 
recommended cooling times. Note: In the event of out-of-round pipe, it is 
important t o  assure an adequate and even scrape is achieved around the 
entire circumference of the  pipe. A rubber pipe stopper can be placed in 
the  end of  te  pipe t o  aid in rounding the area t o  t o  be scraped. 



Performance: 

Central Electrofusion Fittings typically achieve the following performance test 1 
, I results. 

I 
.... .  . .  .. . 

. .. . .._.,.. . .. ,. .. _. . . .  . 
.. . . .  . .  

Temperature Internal Pressure Hours to Failure 

176OF (80%) 130 PSI 1OOO+ 

Saddle Impact: Failing Weight 10 Ib. from 7 ft. 

Safe Operating Temperature: - 10°F to 12OOF (-23OC to 49OC) 

Safe Operating Pressure: 125 PSI 

Compliance With Standards: Central Electrofusion Fittings meet the re- 
- quirements of ASTM F1055. 

Electrical Requirements and Coolins Times 

flnlng Fusion Clamped Total Generator Extension, 
tlme In tlme In cooling KVA Breaker cord size 

seconds minutes tlme rnlnlmum 25 R. son. . 

COUPLINGS: ~~- - 

112 CTS 20 5 30 1 .o 10 #12/3 11013 

112 IPS 20 5 30 1 .o 10 #12/3 W 1 013 

I 3/4IPS 25 5 30 1 .o 10 #12/3 #iG -1 
1 CTS 25 5 ' 30 1 .o 10 a1m 10 
1 IPS 40 5 30 1 .o 10 #12/3 10 
1 114 IPS 45 10 30 1 .5 10 #12/3. #lo13 
2 IPS 45 10 30 , 2.5 20 #lW3 #el3 
3 IPS 90 10 30 2.5 20 #1013'  # 8 / 3  

4 IPS 120 10 45 2.5 20 a1013 #el3 
6 IPS 500 15. 1 hour 2.5 20 111013 #el3 
REDUCERS 
5 i  A ::'2 PTS 20 5 30 I .i) 10 #12/3 a10n 
1 IPS x 112 CTS 25 5 30 1 .o 10 #12/3 10 
1 IPSX 1RIPS 30 5 .  30 1 .o 10 #la3 t10n 
1 IPS x 3/4 IPS 30 5 30 1 .o 10 #12/3 #lo13 
1 IPS x 1 CTS 30 5 30 1 .o 10 #la3 #loo 
TAPPING TEES 

1 114 x 1 45 10 30 1 .o 10 #12/3 #lo13 
2x 1 90 10 30 1 .o 10 #la3 #1 on 
3x 1 90 10 30 1 .o 10 #la3 11013 
4x 1 90 10 30 1 .o 10 #la3 #loo 
6x 1 90 10 30 1 .o 10 #12/3 11013 

I VOLTAGES: 90 Volt Minimum 150 Volt Maximum I 

I 1 
WARNING: AC. cunen1 only. D.C. current can result m damage to praessor. 

-1 2- 
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BUTT FUSION PROCEDURES (HDPE) 

Clean each pipe end with clean cloth before facingis to done. This is 
done before placing the pipes and or fittings in the fusion jig. 
Square (faceJlhe ends of each pipe and or fiking to be fused. Face -. 
down to the stops. 

o -Should . . -. not . .. be a gap greater than .OSy (1/64") between pipe- 
ends.- ' ' . 

o Adjust high-low. No misalignment greater than 10% of the 
pipe wall thickness. 

o Face pipe ends until a long curl of prastic shaving is completely 
visible around both pipe ends. 

o Do not wipe the facer surface of the pipe, as it is as clean as it 
can be. If present, remove any shaving from inside the pipe. 

- * 

Check heater plate for proper temperature and wipe the heater 
surfaces clean, before and after each butt fusion weld. 

Thermometer readings - 
1000 Series 400-425 Degrees F.. . Coated Plates 

Insert heater plate beiween aligned pipe ends and bring ends firmly in 
contact with heater plate, but Use Verv Little or No Pressure while 
achieving melt patter. The important key here is to do what is 
necessary to have full contact between pipe end and heater plate. Be 
looking for a bead of molten plastic to. appear around the entire ' 

circumference of both ends. This bead is the signal that the full 
surface contact has been achieved. A melt bead of 1/16" to 1/8/" is 
sufficient for 2" pipe. Smaller pipe sizes require less melted material 
for proper fusion, while larger sizes may benefit from slightly more 

- .. . melt. (Referto note #l on the next page for othe.r approximate melt 

* .Remove heater plate after achieving proper meIi%"?€. The heater . 

plate may stick to one sidej:io snap.h.off that side quickly. Use care 
so that upon removal, the heatingplate is not bumped into the other 
pipe. 
B.ring d t e d  ends together rapidly. . DO NOT SLAM them together . 

a. this'might cause excessive dispkkement'of the'molten material: AS 
the two pipe ends are' brought together, sufficient force should be 
rzpptied to form a double rollback bead. A proper double rollback 

.. . : , .beads)' ' .  ... . 

. . . 

. . 

. .  
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bead is considered completed when each side of the double bead is 
rolled aver until it just touched the pipe surface. Care must also be 
taken with not s l a d n g  together, and not givi&so much pressure as 
to force all the molten material out of the fusion zone and causing 
what is to be considered a cold weld. 
AIlow the butt fusion joint to cool properly (until your finger can 
remain comfortably on the bead and or the proper time has elapsed 
using the charts supplied by the pipe manufaetwer). Pressure remains 
applied during the cool down time. Refer to Phillips Chart for Fusion 
Joint Cooling Time. 

*. 

. .  

Remember: Install the proper inserts in the fusion unit for the 
pipe or fitting beingjoined. A quality butt fusion joint is well 
aligned, has a complete double rollback bead, and is made in ~ 

accordance with this procedure. 

Heater plates should be ... double checked with a tempi1 stick or 
pyromeEer for correct surface temperature. 

. Note#l: 

Pipe Size 
2" and Below 
3 " - . 5 7 7  

6 7 -  1 2 7 7  

1297-2297 

24"-54" 
..: . 

.... 
. .  

..... . .  

. .-- 

... ..i 

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

Appioximate Melt Bead 
111 6" 
1 / 8 ? 7 .  ..... ':-- .- ........ 

'/4"-5/167y 
511 6"-7/ 16" 

.. 
. -  

311 6 7 7  

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

..... 

. .  

.. .-- .. 

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

. . . . . .  

. .  

- .  
. .  

. -  . . . .  . . .  . .  .. , . . .  . -  

. .  

. , .: 
.: ... i . .  

* 
..... 

. . .  

000041 . 



. . .  - .... ... . . , .  
. . .  . . . . . .  

4 9 4  2. 
. .  

. . . .  

. .  

--. : . -  ..- 

.?-$ ...... -. 

FUSION PRESSURES 
412-618 S T A N D m  FUSION UNIT 

(11.775 PISTON =A) 

DRISCOPIPE 1000 (73 PSI INTERFACE) (400 DEG-HTR) 

. . .  .... >e-.-.. .. .- . .  
. .  

. .  
. . .  

SDR 32.5 26 15.5 13.5 11 . 9 7 . 17 21 ..:i . r: 
. . .  4" 42 .45 48 . -52 ' '54 .-..57 63 69 79 

... . 56 62 ' 69 78 .. : .  32  89. 101 115 136 
PIPE 8" -' '14 84 96 111 iis 130 151 174 209 
SIZE 10" 98 114 133 . 156 167 -186 218 254 

. 12" 125 148 175 - 207 ,223 ' 249 294 345 421 
348 410 501 

'Ips .. 6" 

308 .-.' 
. .  . .  \ '. - .  .. - 

..... ... 
294 

: . -  . . . . . . . . . . . .  . .  . . .  
262 172 .2os 243. 

. . . . . . . . .  
526 a 5  * 

,-?. 30-g ' ""'.:3,33.'; ._ . '.&&. .: 
... 

14" 145 
XSO: . '216 '-258' 445' . 2. . .  . ' 1611 '.' . .  

. .  18". 220 ' 265 . 329 . 382. : 414' , .  466' 556 658 809 ' .._ .. ... . :, 

. . .  

. .  ... . . . . . . .  . .  
. . . . . . . . . . . .  

FUSION UNITS ARE SET AT 1200 PSI (PUMP PRESSURE). 
. .  . .  

. . . .  ABOVE PRESSziREs ARE FOR GUIDELTNES ONLY, CONDlTIONS GY.WPLRRANT.CHANGES.IN '-: -. :, " 

. . .  . . . . . .  .. . . . . . . . . . . . . .  . .  .) . . .  
. .  . .  

. . . . . .  . . . . .  . . . . . . . .  : P ~ S S ~ S  OR EMp.ERATuRE. :::: ..: 

., .. 

. .  ...<.... . . . . . .  . 
.,.. 

. .  . . . .  .:. _-.*- . . ' .  . . .  . .  
. . .  .... . . .- ._ . . . . .  

. .  
- .  . .  

...... .. 

. . . . . . . . .  
_. ' 

. .  ... . .  

. . . . . .  ... : ..: 

. . . . . . . . .  ..:. . 

. .  . .  . .  

.. . . .  
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Material Safety Data Sheet 

Page 1 o f  8 

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

PE3408 (BDPE) Pipe 6 F i t t i n g s  (Various Colors) 

COMPANY IDENTIFICATION mmaNcr TELEPHONE NUMBERS 

Performance Pipe,  a Division cf HEALTH (24 hr) : (800)231-0623 or 
Chevron Phillips Chemical Company LP (510) 231-0623 (International) 
2929 North Central Expressway C300 TRANSPORTATION ( 2 4  hr) ; CHEMTREC 
Richardson, TX. 75080 (800)  424-93OC ( 7 0 3 )  527-3887 

.Emergency information Centers 
are located in U . S . A .  
Int'l collect c a l l s  accepted 

PRODUCT INFORMATION: (972) 705-6543 

2. COMPOSITION/fNFORMATION ON INGReDIENTS 

100.0 % PE3408 (HDPE) Pipe & Fittings (Various Colors) 

COHTAINING 

AGENCY /TYPE COMPONENTS AMOUNT LIMT/QTY 

POLYETHYLENE 
Chemical Name: ETHENE, HOMOPOLYMER 
CAS900288 4 . >  96.00% NONE NA 

OR 

POLYETHYLENE-BUTEWE COPOLYMER 
Chemical Name: I-BUTENE, POLYMER WITH ETHENE 
CAS 2 508 73 4 7 > 96.0G% NONE 

OR 

Revision Date: 11/28/00 MSDS Number: 005873 Revision Number: 3 

[*-Conforms tG the Subcontract Requirements 
[ ] 8-Minor Comment -. tncorpomte and Resubmit 

Date: /?/e 



POLYETHYLENE- HEXENE COPOLYMER 
Chenical Name: 1-HEXENE, POLYMER WITH ETHENE 
C A S 2 5 2 1 3 0 2 9  > 96.00% NONE 

ADDITIVES INCLUDING THE FOLLOWING 

LEAD CHROMATE PIGMENT 
Chemical Name:  C . I .  PIGMENT YELLOW 3 4  
CAS1344372 - - - <  1 . 0 0 %  NONE 

Page 2 of 8 

NA 

NA 

CARBON-BLACK 
Chemical N a m e :  CARBON-BLACK 
CAS1333864 < . 4 .00% 3 . 5  mg/m3 ACGIH TWA 

3 . 5  m g h 3  OSHA PEL 

COMPOSITION COMMENT : 
All t h e  components of t h i s  material are on t h e  Toxic Substances Control  
A c t  Chemical Substances Inventory.  

3 .  HAZARDS IDENTIFICATION 

Colored p l a s t i c  ( red ,  white, blue,  grey,  black, orangel 
******t*******t~t*****+******************~******~********************** 

INMEI)IATE HEALTH EFFECTS 
EYE: 
Not expected t o  cause prolonged or s i g n i f i c a n t  e y e  i r r i t a t i o n .  
ma te r i a l  i s  heated,  thermal  burns may resul t  from eye c o n t a c t .  
SKIN: 
con tac t  with t h e  sk in  is not  expected t o  cause! prolonged or s i g n i f i c a n t  
i r r i t a t i o n .  
through t h e  skin. If t h i s  materia!. is  heated,  thermal burns may result 
from s k i n  con tac t .  
INGESTION : 
Not expected t o  be harmful i f  swallowed. 
INHALATION : 
Not expected t o  be harn fu l  i f  i nha led ,  If t h i s  material is heated,  fumes 
may be unpleasant  and produce nalisea and i r r i t a t i o n  of the upper 
r e s p i r a t o r y  t r a c t .  
SIGNS AND SYMPTOMS OF EXPOSURE: 
Thermal burns t o  t h e  eye: may inc lude  pain,  t ear ing ,  reddening, swel i ing,  
and impaired v i s i o n .  
f e e l i n g  of hea t ,  d i sco lo ra t ion ,  swel l ing ,  and b l i s t e r i n g .  Respi ra tory  
i r r i t a t i o n :  may i n c l u d e  coughing and d i f f i c u l t y  brea th ing .  

Tf t h i s  

Not expected t o  be harmful t o  i n t e r n a l  organs i f  absorbed 

Thermal burns t o  t h e  skin: may inc lude  pa in  o r  

I 

4 .  FIRST A I D  MEASURES 

EYE : 

000049 



Revision Number: 3 Revision Date: 11/28/00 MSDS Number: 005873 

Page 3 of 8 0 ?E3408 (HDPE) Pipe & Fittings (Various Colors )  

If heated materiai should splash into eyes, flush eyes immediately with 
fresh water for 15 minutes while holding the eyelids open. Remove contact 
lenses, if worn. Get immediate medical attention. 
SKIN : 
If the hot material gets on skin, quickly cool in water. See a doctor for 
extensive burns. DO not t r y  to peel the-solidified material from the skin 
or use solvents or thinners to dissolve it. 
mineral oil is recommended for removal of this material from the skin. 
INGESTION: 
No specific first aid measures are required because this mater: - a 1  is not 
expected to be harmful if swallowed. 
INRAWLTIOH: 
Move the exposed person to fresh air. If not breathing, give artificial 
respiration. I f  breathing is difficult, give oxygen. Get medical 
attention if breathing difficulties continue. 

The use of vegetable oil or 

5. FIRE FXGRTING MEASURES 

FIRE CLASSIFICATION : 
Classification (29 CFR 1910.1200): Not classified by OSHA as flammable o r  
combustible. 
-LE PROPERTIES.: 
FLASH POINT: NA 
AUTOIGNITION : NA 
FLAMMABILITY LIMITS ( %  by volume in air): Lower: NA Upper: NA 
EXTINGUISHING MEDIA: 

NFPA RATINGS: Health 0 ;  Plnmmnbility 1; Reactivity 0 .  
FIRE FIGHTING INSTRUCTIOHS: 
This material will burn although it is not easily ignited. For fires 
involving this material, do not enter any enclosed or confined fire space 
without proper protective equipment, including self-contained breathing 
apparatus. 

0 2 ,  dry  chemical, foam and water fog 

0 

If possible, water should be appiied as a spray from a fogging nozzle 
since this is a surface burning material. The application of high 
v e l o c i t y  water will spread the burning surface layer. 
COMBUSTION PRODUCTS : 
Normal combustion forms carbon dioxide, water vapor and may produce carbon 
monoxide, original monomer, other hydrocarbons and hydrocarbon oxidation 
products, depending on temperature and air availability. 

6 .  ACCIDENTAL RELEASE MEASURES 

4 9 4  2 

CBEMTREC EMERGENCY NUMBER (24 hr) : ( 8 0 0 )  424-9300 or ( 7 0 3 )  527-3887 

ACCIDENTAL RELEASE MEASURES: 
Not applicable. 

International Collect  Calls Accepted 

ooooso 
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Revision Number: 3 Revision Date: 11/28/00 MSDS Number: 005873 

Avoid contac t  of heated material  w i t h  eyes,  skin,  and c l o t h i n g .  Avoid 
b rea th ing  vapor or fumes from heated material. 

Improper or  c a r e l e s s  handl ing  of t hese  products  can r e s u l t  i n  s e r ious  
personal  i n j u r y  or poss ib ly  death, e s p e c i a l l y  dur ing  loading,  unloading, 
movement o r  i n s t a l l a t i o n .  Please take  a i l  necessary p recau t ions  and follow 
manufacturer ' s  publ i shed  procedures for s a f e l y  handl ing t h e s e  products,  

8 .  EXPOSURE C O N T R O L S / P E R S m  PROTECTION 

GEHERAL CONSIDERATIONS : 
Consider t h e  p o t e n t i a l  hazards  of t h i s  m a t e r i a l  (see Sec t ion  3 ) ,  
app l i cab le  exposure l i m i t s ,  job act ivi t ies ,  and other substances i n  the  
work place  when des igning  engineer ing c o n t r o l s  and s e l e c t i n g  personal  
p r o t e c t i v e  equipment. I f  engineer ing c o n t r o l s  or work p r a c t i c e s  are not  
adequate t o  prevent  exposure t o  harmful l e v e l s  of t h i s  ma te r i a l ,  t h e  
personal  p r o t e c t i v e  equipment l is ted below is recommended. The user should 
read and understand a l l  i n s t r u c t i o n s  and l i m i t a t i o n s  suppl ied  wi th  the  
equipment s i n c e  p r o t e c t i o n  i s  usua l ly  provided f o r  a l i m i t e d  time or under 
c e r t a i n  c i rcumstances.  

ENGINEERING CONTROLS 
Use i n  a wel l -vent i la ted  a r e a .  If hea ted  m a t e r i a l  gene ra t e s  vapor, o r  
fumes, use process  enc losures ,  l o c a l  exhaust  v e n t i l a t i o n ,  o r  other 
engineer ing c o n t r o l s  t o  c o n t r o l  exposure,  Ven t i l a t ion  requirements m u s t  
be l o c a l l y  determined. If handling r e s u l t s  i n  d u s t  genera t ion ,  s p e c i a l  
v e n t i l a t i o n  may be needed t o  s n s u r e  t h a t  d u s t  exposure does not  exceed the 
OSHA PEL for nuisance d u s t .  

PERSONAL PROTECTIVE EQUIPMENT 
EYE/FACE PROTECTION : 
No s p e c i a l  eye pro tec t ion  i s  normally requi red .  
heated,  wear chemical goggles and a f a c e  s h i e l d  i f  engineer ing  con t ro l s  o r  
work p r a c t i c e s  are not  adequate t o  prevent  eye c o n t a c t .  
SKIN PROTECTION : 
No s p e c i a l  p r o t e c t i v e  c l o t h i n g  is normally necessary.  
heated,  wear i n s u l a t e d  c i o t h i n g  t o  p reven t  sk in  c o n t a c t  i f  engineer ing 
c o n t r o l s  o r  work  p r a c t i c e s  a r e  n G t  adequate t o  p r e v e n t  s k i n  con tac t .  
RESPIRATORY PROTECTION: 
No r e s p i r a t o r y  p ro tec t ion  i s  normally required.  I f  nea ted  m a t e r i a l  
genera tes  vapor  o r  f u m e s  t h a t  are not adequately c o n t r o l l e d  b y  
v e n t i l a t i o n ,  wear a NIOSH approved r e s p i r a t o r .  Use the fo l lo i l ing  

I f  this mate r i a l  is 

i f  t h i s  materia?. i s  
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r e s p i r a t o r s :  Organic Vapor. 

9 .  Prwsrcm AND CBEM~CAL PROPERTIES 

Revision Nunher: 3 Revision Date: 11/28/00 

.. - - .. 
- .  

PE3408 (EDPE) Pipe & F i t t i n g s  (Various Colors )  

PHYSICAL DESCRIPTION: 
Colored p l a s t i c  ( red ,  white, blue,  grey, ,black, orange) 
pH : NA 
VAPOR PRESSURE: NA 
VAPOR DENSITY 
(AIRS11 : NA 

BOILING POINT: NA 
MELTING POINT: ' 1 2 2 C  (252B) 
SOLUBILITY: Inso lub le  i n  water  
SPECIFIC GRAVITY: 0 .95  
DENSITY: 0 .95 g/cm3 
EVAPORATION RATE: 0 
PERCENT VOLATILE 

(VOL) ; 0% 

MSDS Number: 005873 

Page 5 of 8 

10. STABILITY AND REACTIVITY 

IIAZgRwuS DECOMPOSITION PRODUCTS: 
Low molecular weight hydrocarbons, a l c o h o l s ,  aldehydes, 
a c i d s  and ketones can be formed during thermal  process- 
i ng .  
CHEMICAL STABILITY: 
S t a b l e .  
CONDITIONS TO AVOID: 
Do not  heat without  adequate v e n t i l a t i o n .  
INCOMPATIBILITY WIT8 OTHER MATERIALS: 
May react w i t h  s t rong  ox id iz ing  agents ,  such as ch lo ra t e s ,  n i t r a t e s ,  
peroxides,  etc. 
halogens.  
BAZARDOUS POLYMERIZATION : 
Polymerizat ion w i l l  n o t  occur.  

Avoid con tac t  with organic  so lvents .  May r e a c t  with f r e e  

11. TOXICOLOGICAL INPORMATION 

EYE EFFECTS: 
The eye i r r i t a t i o n  hazard is based on d a t a  for a s i m i l a r  ma te r i a l .  
SKIN EFFECTS: 
The s k i n  i r r i t a t i o n  hazard is  based on d a t a  f o r  a similar m a t e r i a l .  The 
acu te  dermal t o x i c i t y  is based on da ta  f o r  a s imi l a r  m a t e r i a l .  
ACUTE ORAL EFFECTS: 

000052 
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The acute oral toxicity is based on data for a similar material. 
ACUTE INBaLATION EFFECTS: 
The acute respiratory toxicity is based on data for a similar material. 0 ADDITIONAL TOXICOLOGY INFORMATION: 
This product contains polymerized ethylene. 
t h i s  polymer car! degrade. The three variables which control its 
degradation are the tenperature, the length of time at that temperature, 
and the amount of oxygen available. 
conditions, a variety of low molecular weight hydrocarbons, alcohols, 
aldehydes, acids, and ketones can be formed. These materials are 
-respiratory irritants. 
Revision Number: 3 Revision Date: 11/28/00 MSDS Nrnaber: 005873 
PE3408 (HOPE) Pipe h Fittings (Various Colors) Page 6 of 8 

During  thermal processing, 

Depending on the local processing 

Prolonged and repeated breathing of fume 

components has been shown to cause other adverse health effects. 
to processing emissions should be minimized by following all 
recommendations in this MSDS. 

Exposure 

Pigments containing carbon black, lead chromate, nickel, antimony, or 
titanium compounds may have been incorporated into this product. The 
International Agency for Research on Cancer (IARC) has classified carbon 
black as a Group 2B carcinogen (possibly carcinogenic to humans) based on 
“sufficient evidence” in aninals and “inadequate evidence” in humans. 
However, the pigments in this product are bound in a polymer matrix which 
severely limits its extractability, bioavailability and toxicity. The 
l e a d  chromate pigment is also silica-encapsulated as well as bound in the 
polymer matrix. None of these pigments is likely to cause adverse health 
effects under recommended conditions of use. 

12. ECOLOGICAL INFO-ION 

ECOTOXZ CITY : 
This material is not expected to be harmful to aquatic organisms. 
ENVlRONMl3NTAL FATE: 
This material is not expected to be readily biodegradable. 

~ 

1 3 .  DISPOSAL CONSIDERATIONS 

Contact local environmental or nealth authorities for approved disposal of 
this material. 

The description shown may not apply to all shipping situations. 
C o n s u l t  49CPR, or appropriate Dangerous Goods Regulations, for 
additional description requirements (e.g., technical name) and 
mode-specific or quantity-specific shipping requirements. 

DOT SHIPPING NAME: NOT DESIGNATED AS A HAZARDOOS MATERIAL BY THE 

DOT HAZARD CLASS: NOT APPLICABLE 
FEDERAL DOT 

000053 
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DOT IDENTIFICATION NUMBER: NOT APPLICABLE 
DCT PACKING GROUP: NOT APPLICABLE 

15. REGVLA'PORX INFORMATION 

SARA 311 CATEGORIES: 1. Immediate (Acute) Health Effects: NO 
2. Delayed (Chronic) iiealth Effects: NO 
3. Fire Hazard: hi0 

. .  4 .  Sudden Release of Pressure Hazard: NO 
5 .  Reactivity Hazard: NO - - . _ _  

Revision Number: 3 Revision Date: 11/28/00 MSDS Number: 005873 

Page 7 of 8 PE3408 (HDPE) Pipe &I Fittings (Various Colors) 

REGULATORY LISTS SEARCHED: 

Ol=SARA 313 
C2-MASS RTK 
03=NTP carcinogen 
04=CA Prop 65-Carcin 
05=CA Prop 65-Repro To% 
06-1mc Group 1 
O7=TARC Group 2A 
08=IARC Group 2B 
09=SARA 3021304 
2 0=PA RTX 

? l = N J  RTK 
12=CERCLA 3 0 2 . 4  
13=MN RTK 
14-ACGIH TWA 
15=ACGIB STEL 
16=ACGIH Calc TLV 
17=OSHA PEL 
18=DOT Marine Pollutant 
19=Chevron TWA 
20=EPA Carcinogen 

22-TSCA Sect 5 (a )  (2) 
23=TSCA Sect 6 
24=TSCA Sect 12(b) 
25=TSCA Sect 8 (a) 
26=TSCA Sect 8 ( d )  
27=TSCA S e c t  4 (a) 
28-Canadian WHMIS 
29=0SHA CEILING 
3O=Chevron STEL 

The following components of this material are found on the regulatory 
lists indicated. 

CARBON-BLACK 

C.1. PIGMENT YELLOW 34 
is found on lists: 02,08,10111,13,14,17,28, 

is found on lists: 01,03,04,05,10,11,2S, 

16. OTRER INFORMATION 

NFPA RATfNGS: Wealth 0; Flammability 1; Reactivity 0; 
EMIS RATINGS: Health Q; Flammability 1; Reactivity 0 ;  
(0-Least, 1 - S l i g h t ,  2-Moderater 3-High, 4-Extremer PPE: - Personal 
Protection Eqcipment Index recommendation, *- Chronic Effect 
Indicator). These values are obtained using the guidelines or 
published evaluations prepared by the National Fire  Protection 
Association (NFPA) o r  the National Paint and Coating Association 
( f o r  HMIS ratings). 

REVISION STATEMENT: 
This revision updates Sections 1 and 3. 

ABBREVIATIONS THAT MAY HAVE BEEN USED IN THfS DOCUMENT: 
TLV - Threshold Limit Value TWA - Time Wsiqhted Average 
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STEL - Short-term Exposure Limit 
RQ - Reportable Quantity PEL - Permissible Exposure Limit 
C - Ceiling Limit CAS - Chemical Abstract Service Number 
A l - 5  - Appendix .4 Categories 
NDA - No Data Available NA . - Not Applicable 
Prepared according to the OSHA Hazard Communication Standard 
(29 CFR 1910.1200) and the ANSI MSDS Standard (2400.1) by t h e  Toxicology 
ar.d Health Risk Assessment Unit, CRTC, P.0 .  Box 1627., Richmond, CA 94804 

TPQ - Threshold Planning Quantity 

0 - Change Has Been Proposed 

- . .  
- ****~*************tt********t************************t******************** 

The above information i s  based on the data of which we are aware and i s  
believed to be correct as of the date hereof. Since t h i s  information may 

Revision Number: 3 Revision Date: 11/28/00 MSDS Number: 005873 

PE3408 (HDPE) Pipe h Fittings (Various Colors) Page 8 of 8 

be applied under conditions beyond our control and w i t h  which we may be 
unfamiliar and since data made available subsequent to the date hereof may 
suggest modification of the information, we do n o t  assume any responsibil- 
i t y  for  the results of its use. 
condition that the person receiving it shall  make h i s  own determination 
of  the s u i t a b i l i t y  o f  the material for h i s  particular purpose. 

This information is furnished upon 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
THIS IS THE LAST PAGE OF THIS MsbS **********************************~*********************************** 
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May 29, 2002 

PSN# 12383-02 

FAX:. 301-582-6628 . . 

s1 ..r 1 ...I - . .7 - '  

T h i s  .iett.cr will certify that the  Marlex* resin shown below, 
afi suppjied by Chevron Phillips Chemical Company, conforms 
tc our n?a:lufzcturing specification. 

'?hie 21: confirm t h a t  KHM TR-480X, when ueed with the 
p ~ q x . r  color concentrate, meets or exceeds the  requirements 
of cell claseification 3 4 5 4 6 4 C  in accordance w i t h  ASTM 
B3350. Thie resin is a PE34 grade material- 

Type : NHM: TR-480X Specifications 
Lot; Nurrjjer: 8220660 Mia Max 
2 . 2 .  r$--L.al.. r ( \ . U d L  . REL 74 
Dat.e Shipped: 05/29/02 

Quant i t y : 

Denaity, ASTI4 D1505: 
Additive Blend: ... 
Fcllec Co;;nt : 4 5 .  PELLET/GM 35. 65. 

:i' J s-i.hle6 

Package; PSPX 2530 
181300 LBS. 

H l N i  L ' ~ c w  Rste,ASTM 91238: 12.7 G/10 MIN 8.0 14.0 
-944 G/CC . 9 4 2  .945  
- 3 4  wT% 0 . 2 6  0.39 

Paul S .  Newbold 
Sr. CertLfication System Specialist 

A - Conforms to the Subcontract Requirsmene 



FERFORMRNCE PIPE 
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June 14, 2 0 0 2  

PSNg 13767-02 

FAX: 301-582-6628 

Sheri  Eckles 

?hie letter will certify that the Marlex* resin shown below, 
at3 SuFpLied by Chevron Phillips Chemical Company, conforms 

T h i . k i  i . G  50 wnf i rx  tha t  HHM TR-480X, when ueed with the 
pzoper C G ~ O ~  ccncentrate, meete or exceeds the requirements 
of cell .classification 3 4 5 4 6 4 C  in accordance w i t h  ASTM 
9 3 3 5 0 .  This resin is a PE34 grade material.  

' L a  our maauiaccuring specification. 

KHM TR-480X 
8220650 
FSL 87 
06/14/02 
PSPX 2397 
186000 LBS. 
13.0 G/10 MIN 
.944 G/CC 
. 3 3  wT% 
3 9 .  PELLET/GM 

Specifications 
Min Max 

8 . 0  14.0 
- 9 4 2  4945 
0 . 2 6  0.39 
3 5 .  6 5 .  

r'...- 2';A cpet3t ierr~ call Carol Meza, 713-475-3625 

000059 
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June 14, 2002 

PSNt 13767-02 

FAX: 301-582-6628 

Perf 3 rmzac e 3 i p e 
11 ‘71 1 
!.!.a2 e r e t c x + m  ,. PIT) 

Sheri E c k l e s  

‘‘.‘hie letter will c e r t i f y  that the Marlexf resin shown below, 
a3 sappl i e d  by Chevron Phillips Chemical Company, conforms 
t;) our manuiacturing specification. 

Trri.e j .G  to conf in \  t h a t  HHM TR-480X, when used with the 
proper calor ccncentrate, meete or exceeds the requirements 
of cell c l a s s i f i c a . t i o n  3 4 5 4 6 4 C  in accordance w i t h  ASTM 
D335C). This resin is a PE34 grade material. 

Hqpe;d 1 Koa& 
2 1 7 4 1 

HHM TR-480X Specifications 
* 8 2 2 0 6 5 0  Min Max 

. . Type; 
L o t  Number : 
P. 0 ,  Nsmber : FXL 87 

Packzige: PSPX 2397 
Quanti t.y; 186000 LBS. 
H’LVI F:?CPJ Hate,ASTM D1.238: 13.0 G/10 MIN 8 . 0 .  14.0 

’ Eace  Siiipped: 06/14/02 

D ~ D G ~  c y :  J~STN’U~SL:~ :. -944 G/CC ‘i942 L . 9 4 5  
Aijdi- ... i ’.-.e . i.Jlead: ,,. . 3 3  wT% 0.26 0 . 3 9  . 

11 et, Cciii1t. : 3 9 .  PELLET/GM 3 5 .  6 5 .  

Paul S. Newbold 
Sr. ZeizlLLcatioC Systems Specialiect c 

F r x  C^oz”i queGtions call Carol Meza, 713-415-3625 

* Reg. U . S .  Pat. off, 

000061 
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May 29, 2002 

PSN# 12383-02 

FAX: 301-582-6628 
- . . .  

P e r f  omance Pipe 
11.?ii tiopewell 2oad 
H a q e r e L o w c ,  KI .21741 

%;CY i CCkLe6 

This Letter will certify t ha t  the Marlex" resin shown below, 
ae euppjied by Chevron Phillips Chemical Company, conforms 
tu our rrmlufacturing specification. 

'i'la-~e L G  confirm that HllM TR-480X, when ueed with the 
prcqcr z ~ l e i .  concentrate, meets or exceeds the requirements 
of cell classiiication 3 4 5 4 6 4 C  in accordance with ASTM 
D3350. T h i o  resin is a PE34 grade material- 

TjTe : HHM TR-480X Specifications 
L o t  Nufrher : 8 2 2 0 6 6 0  Min Max 
P . Z .  Rzrher.: REL 74 
Date Snipped : 05/29/02 
Package; PSPX 2 5 3 0  
Quantity: 181300 LBS. 
HLM; &:.OM R.;ke,ASTM 91238: 12.7 G/lO MIN 8 . 0  14.0 

Additive Blend: .- . 3 4  WTt 0 . 2 6  0.39 
PeLLeL Ccd;?lt  : 45. PELLET/GM 3 5 .  6 5 .  

Uensity, ASTIrI E1505: -944 G/CC - 9 4 2  . 9 4 5  

Paul 5. Newbold 
Sr- Certification Systemo Specialist 

" :-,f .zueac-.-.- -,is call Carol Meza, 713-475-3625 .- 

* Reg. i.r-S. Pat. C f f .  

b.-. _'-, . 3 A -  File-RC 

000062 
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e PERFORMANCE PIPE 
*.<& A DIVISION OF CHEVRON PHILLIPS CHEMICAL COMPANY LP 

C c ~ ~ l w l b y a a y  PhMips U 

11 7 1 I Hopewell Rd . .  

Hagentown MD 2 1 740 

July 3 I , to02 

DriscoPIerTM 41 00 PRODUCT QUALITY CERTIFICATION 

CUSTOMER: Lee Supply Company 
PO Box 35 

Charleroi PA 15022 

ATTENTION: Jerry Biapini 

CUSTOMER ORDER NO: 4000 
PERFORMANCE PlPE ORDER NO: 5574 148 
SHIPPING DATE: 07/19/02 
QUANTITY: 7,280 ft 
EXTRUSION DAl'E(S): 06/02 

PKODUCT: G" dr 1 1  4100 

- Conforms to the SubcGntrxt Requirements 
- Mifior Comment - Iryrpowte and Resubmit 

This letter is being written at your request concerning DriscoPIexTH 4100 scrics pipe. DriscoPlexTM 4100 
series pipe is manutacwd from a PE Resin having a cell class of 345464 according to ASTM D3350. 
This is a high density, high molecular wsight polyethylene resin which meets the criteria for a Type 111, 
Class C. Category 5,  Grade PE34 piping material in accordance with ASTM D3350. DriscoPlexn$ 4100 
pipe, has a Plastic Pipe Institute recommended hydrostatic design basis of 1600 psi at 23°C and 800 psi at 
6OoC based on TRN as derived from a stress regression analysis per ASTM D2837 test methodology. 

The polyethylene material drsigoarion code is PB 3408 CDC. 

The dimensional characteristics atid pressure capabilities of DriscoPlexTb' 4 I00 are established in 
accordaiicc with the guidelines set forth in ASTM F714. Along with ASTM standards, DriscoPlexm 4100 
series meets NSF standards 14 andlor 6 I requirements for potable water piping systems, and AWWA C901 
a n d h  C906 requirements for water distribution. The applicable standard is referenced in the print line, and 
repeated every two feet along The entire length of pipe. While we are making effort to convert to product 
printed "DJUSCOPLEXTM". you may receive product printed with either DRISCOPJPE or PLEXCO. 
Please be assured this product is certified as stated above. 

QA Supervisor 

080064 
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PERFORMANCE PIPE 
A DIVISION OF CHEVRON PHILLIPS CHEMICAL COMPANY LP 

. -  I 17 I 1 Hopewell Kd 
liagerstown M D  2 I740 

- 

July 3 1, 2002 

DriscoPlexrM 4 100 PRODUCT QUALITY CERTIFICATION 

CUSTOMER: Lee Supply Company 
PO Box 35 

Charleroi PA 15022 

ATTENTTON: Jerry Biagini 

CUSTOMER ORDER NO: 4000 
PERFORMANCE PIPE OKDER NO: 5574 148 
SHIPPING DATE: 07/30/02 
QUANTITY: 2,gSO Et 
EXTRUSION DATE(S): 07/02 

PRODUCT: 1 0 ”  dr 1 1  4100 

This letter is being written at your request concerning DriscoPlexTnl 4100 series pipe. DriscoPlexrM 4100 
series pipe is manufactured froin a PE Resin having a cell class of  345464 according lo ASTM D3350. 
This is a high density, high molecular weight polyethylene resin which meets the criteria for a fype  111, 
Class C, Category 5, Grade PE34 piping materia1 in accordatice with ASTM D3350. DriscoPlexrM 4100 
pipe, has a Plastic Pipe lnstitule recommended hydrostatic design basis of 1600 psi at 23OC and 800 psi at 
60°C based on TW3 as derived from a stress regression analysis per  ASTM D2837 test methodology. 

The polyethylene matciial designation code is PE 3408 CDC. 

Thc djineisional characteristics and pressure capabilities of DriscoPlexTM 4 IO0 are established in 
accordance with the guidelines sct forth in ASTM F714. Along with AS’I’M standards, DriscoPlexrM 4100 
series meets NSF standards 14 and/or 61 requirements for potablc water piping systems, and AWWA C901 
and/or C906 requirements for water distribution. The appliceble standard is referenced in the print line, and 
rcpcatcd every two feet along the entire length of pipe. Wliile we are making effort to convett to product 
printed “DRISCOPLEXN”, you may receive product printed with either DRTSCOPIPE or PLEXCO. 
Please be assured this produrt is certified as stated above. 

Sincerely, 

QA Supervisor 
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Odometer Out: 
Total Miles: 

Type of Truck 

1 N D U S T R I E S  

3fy 

ISCO Daily Fusion Log 
a t e :  7~1hg ? 

Pick Ticket Number: f l z  9 7 
. ::- 

Travel Time 

1 2  MHC, B +e SLf&--\  List of machines used and work accomplished with each machine: L;lc 

Estimate Job Completion Date: 

,jeb Technician Sign 

Customer Signature 

000069 
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. .  . .  , 
1 N . 0  U . 8  t . l  I s 

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

. . .  
..HEAT-FUSION EVALUATION FORM 

\.. , - - . .  
. . . .  

. .  . . .  .__ . 

c 5l.7 i lihw NAME: ZA M.J c5 ~ . -  < e ' :  
. .  

. .  
. . .  . .  

COMPANY? i.;s~4Z'. . .  

. . .  - . . .  
LOCATION OF FUSION:- .c epY@w - 
MAiLMGADDRESS: \--'mi2 F E  l z x i 9  CD- 

- .To.  -3- 5733-Q-q 
,. ?-'i p 3 ~ m  i OH. 45z53-87m 

. .  EQUIPMWUSED: .' q'/g mAL. 

. . . .  

PRODUCT  SED WING;. .. 1 6 
. . . . . .  . . . .  . . .  . . .  . . . .  . . -.:-- . i . . ,_ ;. 

: ' ' 
PURPOSE 'As partof our 
ivill indicate the heat.&i_op principl 

I-, WG'Gdeotape used? Wastiterahue provided? 

2. Was d&ussion of fusion proced- provided? 

(NO'welding in rain or SAOW wi 

... - .. 

. .  _. .e.-. j j .  

.I . 

. .  3. Does participant &derstandweath&limits? ~ 

. .  

.. .-.. -.. 
.., . - 4. ,Y+xecleaning.p 

. . . . .  

. . . . .  
. 8. ":'Was .the heating pressure 

e . .  
. . .  . . .  . . 2 .  . 

. .  
10. Did pakipant make wi%i? 

. . . . .  . . .  . .  

. . .  comments: 

The below participant has participated in the above fusion p&ces. B-; signing this form the participant underskids 

-.. $+- 

. . .  

h a e r  h i o n  capabilities & limitations and understands &at hdshe $Would not attempt to exceed them Withot 
further understanding. The undersigned participant releases IS*CO Indusmes, LLC from any iind all liabilities. . . . .  

. . . . . .  . .  
~ .\ ... ..... 

: -. .' 

_ .  

... 

. . . .  

.... .. - . . .  . . ~  . .  I-- . ;; i.._ _. . >; ....... ... 
..... ,I 0 0 

.' _ . .  
. .  . . . .  



e 
. . .  

. .  

._. .,.. 

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

. . . . . .  
. . .  . .  

. .  . . . . .  
.:.;,..?. . 

. .  ......... .... 

. -  .:. 

... 

........ 

.... . . .  . . . . . . .  - ., ' -- .... 

4.. 

5. 

6. 
, 7;:; 

8;. 

. ._ . 

,_- ..* 

. . . - .  . 

.Was the heating pressure observed? Temperat& 

. .  . . .  . .  

. .  

. . . . .  
. .  

. . . .  -... 
...... ;.*:%.* 

. . . . .  . . .  ... 

. .  . . :  . . .  

f the pipe discussed and fhe proper bead shape and size discussed? Cooling time ..- 1 
L 4- 

10. DidganicBant make weld? -* 

. . . . . .  
. :  -. .. . .  . . . . . .  .. .%.>.. ... 

. .  
' .  '. . :_ . .  

. . . . .  

..... 

The below participant has pariicipa;;d in the above fusion practices. By signkg this form the-participant understands 
his/her fusion capabilities & limitations and understands that hdshe should not attempt to exceed them without 
further understanding. The undersiged participant releases ISCO Industries, LLC from any and all liabilities. - .. :g 

. . .  
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Plastic Fusion Fabricators, Inc. 
’ Corporate Profile 

- - - -  - .  

Introduction 

Plastic Fusion Fabricators, Inc. (PFF) is a corporation formed in 1981 by Mr. Terry Ragsdale. It 
is a privately held corporation and is headquartered in Huntsville, Alabama. Regional sales offices 
are located in Atlanta, Georgia, Houston, Texas and Mobile, Alabama. 

PFF has a long history in the geomembrane industry. PFF pioneered the “Total” approach to 
containment with High Density Polyethylene (HDPE) lining systems in combination with custom 
fabricated pipe systems and structures. All systems are designed and installed for the prevention 
of groundwater contamination. 

Today, PFF is the largest independent installer for GSE Lining TechnoIogy,~Inc., the world’s 
largest manufacturer of geomembranes. 

PFF fabricates and installs a variety of containment systems and associated materials primarily for 
the containment of wastes, liquids (potable, sanitary or haZard0us)’and industrial products in 
ponds, pits and lagoons. The materials used meet the highest design criteria in the industry. 

Products & Services 

PFF provides a wide variety of products which are described here. PFF offers design assistance, 
consulting, fabrication and installation services for all systems. 

Products 

Geomembrane Liners 
Used for ponds, landf2ls, tanks, ditches and floating covers. These liners are 
available in seamless widths fiom approximately 16 to 34.5 feet and thicknesses 
ranging ftom 20 to 240 mils. Materials include High Density Polyethylene 
(HDPE) and polypropylene (PP) and liners are available with a smooth or 
textured surface. 

Other Geosynthetics 
PFF installs geosynthetic clay liners (GCL), geonets and geocomposites in 
combination with the geomembranes to provide extra leak protection, drainage 
systems, leak detection systems, leachate collection systems and liner protection 

1 
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High Density Polyethylene Fabricated Structures 
Applications include manholes, junction boxes, tanks, sumps, u-drains, lift 
stations and trenches. 

Polypropylene Fabricated Structures 
For applications that require materials with advanced chemical resistance features, 
PFF offers polypropylene structures for a variety of custom solutions. 
Applications include m&holes, junction boxes, tanks, sumps, u-drains, lift 
stations and trenches. 

High Density Polyethylene Piping Systems 
PFF fabricates and installs both single and dual wall containment piping systems 
for chemical & process sewers, methane gas collection and leachate collection. 
Materials used include HDPE and Polypropylene. 

Concrete Protective Linen 
A unique plastic lining system for concrete structures. A patented anchoring 
system insures secure containment and corrosion protection. Material is used to 
h e  catch basins, tanks, trenches, manholes, clarifiers and other structures which 
require protection. 

Services -. 

In addition to the fabrication and installation services offered with our products, PFF also 
offers the following to complete the containment solution: 

Design Assistance & Consulting 
Services include computer aided design, technical assistance, research & 
development, cost feasibility and project consulting. 

Field Services & Quality Control 
PFF offers destructive and nondestructive testing, application assistance, 
inspections, on-site testing, fbsion technicians and fieldshop repair. 

Equipment Rental 
Equipment available for rent includes electrobion equipment, pipe fbsion 
machines, extrusion welders and hot air welders. PFF also offers some equipment 
for sale including pipe fbsion machines and electrofbsion equipment. 

2 Q O O I Q 5  
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Fabrication Capabilities 

PFF operates fabrication facilities at the corporate headquarters in Huntsville, Alabama. 
Fabrication work space totals 35,000 square feet. 

a 
Installation Capabilities 

PFF offers comprehensive installation services for all of the products described. Each PI% 
installation team is comprised of experienced and well trained supervisors and welding 
technicians. 
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GSE Linine Technolorrv. Inc 

May 10,2000 

To Whom it May Concern: 

This authorizes that Plastic-Fusjon Fabricators and their employees are authorized to innall GSE Lining 
Tedmdogy, Inc products 

Sincerely, 
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March 30,2001 

Fluor Femald, Inc. 
7400 WilIey Road 
Hamilton, OH 452534704 

Attention: Mr. Chuck Van M a l e  

Ref: HDPE Liner Penetration Boxes 

ND. 403 003 

Plastic Fusion c8n ship 3-4 weeks after receipt of approved submittals and shop drawings. This is 
for submittal # 20104-PHIV-13005402 for the Uncation date fbr the liner penetration boxes. 0 

Sales / Estimating 
800-356-1480 ex: 237 

VISIT OUR WEB SITE: www.pffmc.com 
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DVS - DEUTSCHER VERBAND 
F h  SCHWEISSEN UND 

VERWANDTE VERFAHREN EV. 

Direction 
Welding of Thermoplastics DVS 22074 

Extrusion Welding Panels and Pipes 
(Julu 1993) 

Contents: 

1 Scope 
2 Materials 
3 General process description 
4 Welding . 

5 Applications 
6 Welding equipment 
7 Hot-airnodes 
8 
9 Welding took 
9.1 Welding shoes 
92 Auxilirytools 
10 Initial operation of the weldi i  equipment 
11 Weldpreparation 
12 Welding filler 
13 FormsofweldandweMstructure 
14 Execution of welds 
15 After-machining of the welds 
16 TestingofweMedpints 
17 Wekiingfactor 
18 Requirements for welders 
19 Standards. directions and regulations 
Appendix Welding record 

Preheating of the base material 

1 scope 

This Direction ewers the extrusion welding of pipes and panels. 
Based on Direction DVS 2209 Part 1, it supplements it by 
providing details on practical application in tank, apparatus and 
pipeline construction. The welding of large-area waterproofing 
courses (for example for land-fills) is not covered by this Direction 
and is dealt with in DVS 2225 Part 1. The welding parameters for 
the various materials am specified in a supplement to this 
Direction. 

2 Materials 

For h i g h q d i  welds which meet the requiremenb of DVS 2203 
Part 1 it is essential to usea welding filler of the same type (the 
same type of m d d i g  composition) or at least of a similar type. 
Important charactsrktics for weldabiri are dersily and melt ffow 
index. Accordingly. these aspects mud be included in the 
designation of semifinished products and welding fdler. I f  works 
certificates are required, the characteristi0 and properties 
named in the relevant standards. directions. approwas etc. shall 
be spedfied along with the type designation. 

3 General process description 

Exbusion welding is a manual or semi-mechanized welding 
p m  for the joining of predominanUy thii-walled parts. It is 
characterized by me following features: 
1. Welding is performed with welding filler (granules or wire) 

which is usually extmled as a cord from a plasticizing aggre- 
gate directly into the welding groove. 

2. me filler is homogeneous and completely plasticized. 

3. The faces to be joined are heated to welding temperature by 
hot gas or heat radiab'on. 

4. me required welding pressure is applied via the phstidzed fib 
ler. - .  . - _. _ .  

In exbusion welding, weld quality depends upon proper weld 
preparation, deanliness during handling. heating of filler and 
faces to be joined which is appropriate for the materials, proper 
design of the welding shoe or auxiliary tool as well as extensive 
training and practice on the part of the welder executing me weld. 

4 Weldingprocesscs 

In practical extnrsion welding - withii the scope of this Direction - 
fourprocess Mliantsare used. They are descrbed in Direction 
DVS 2M9 Part 1. 
- Process MMnt I 

Discontinuous process with manual transfer of the welding filler 
into the preheated welding groave. 

- PnxessMMnt II 
Continuous process with m u a l  equipment (suew). 

- Process M M n t  111 
Continuous pnxess with filler trader hose between extnder 
and welding head. 

- ProcesSvariantV 
Continuous process with manual equipment (ram). 

5 Applications'-* 

Appiications for exhusion welding indude the following: 
- Tank and apparatus ambudion. in which predominantly thick 

walled parts are to be joined to one another. for example when 
wddtng the tank Walt to the tank battom oc top, welding 
together flat secriom of plate to form large sections as well as 
for the wel&ng on and welding in of pipe sockets, loose 
Aanges. bradngs. reinfocements and the like. 

-Pipdine and channel constnrction in cases where pipe 
dimensions or site conditions prevent heated-tod butt welding, 
for example for me joining of pipelii conduii, producing of 
pipe bends from segments, welding in of soil pipes, producing 
of Sewer shafts and function chambers as well as the welding 
of facings, wall shrouds and the like. or for the joining of 
endosing tubes and couplings in the case of insulated power 

The welding equipment 
(extruder) for the welding 
means (hot-air appliancerfor h&ting the faces to be j&ned and a 
means for applying the welding pressure (wefding shoe or 
auxiliarytool). Forthe various processvaMnts, they can betitted 
with welding shoes appropriately designed for the different forms 

orden to: Dvs\A?rhg M. P. 0. Bax 101965.40010 Dirssaldort. O W .  phone: +49(0)21111591-0, Tele(ar +49(0)21111591-150 
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of weM. In the case of process variant I. the outlet opening is 

For preheating the welding groove. hot& appliances are used, 
which generally form a unit with the welding extruder or the 
welding tool. 
The rate of throughpu! depends on the material and the type and 
size o f  extruder. 

varied for diflerent weld geometries. 

7 Hot-alrnosles 

N o d e s  must be of an appropriate design for the form and width 
of the weld. In addition. they most be designed in such a way that 
a substantjally even temperature over the entire crOSS-SBCtiOn is 
achieved at the nozzle outlet (if need be swiding aids shan be 
fitted). Altogether, the shape of the n o d e  together with the 
direction of outflow must achieve a sufficiently uniform 
plastiching of the faces to be joined from the mot to over the 
ed@es of the weld. 

8 -  'ng d the base material 

Preheating o f  the base mated is pertormed with hat air (free 
from water. dust and oil). in exceptional cases a h  by means of 
heat mdiation. This preheating has the effect of bringing the 
areasofthe base material to be welded mto BtherrnophsticState 
down to a depth of at leasl 0 5  nnn. In order to achieve 
satisfactory welding right into the edges of the welded seam, it is 
neceSSacy for preheating to be camed out over a width greater 
than the width of the seam. The areas and depths of melting 
thereby achiied are show in Fgure 1 in the example o f  a 
sing1e-V butt weld. 
The depth o f  melting can be checked by inserting a thin blunt 
irnplementimmedia tely in front of the welding shoe. In the case of 
plocess variant I. this must take place immediately before the 
filler cord 6 hid h phce. In canpariWn with mdiation heating, 
preheating Wim air produces a relatively 'gentle' heating of the 
base material, with a desirable slow drop in temperature towards 
me marginal zones. 
The amount of hat air required depends on the shape and 
psition of the nozzle, the geometry of the welded seam and the 
welding speed. 

9 Weldingtoola 

Variws tods are required for the different process VaMntS for 
applying welding pressure. 

9.1 Wddlngshoea . 

m e  plasticbed Mer is introduced into the welding groove by 
means of the Mi shoe. m e  welding shoes shall be of a 

design appropfiate for the respectbe weld geometry. They must 
QxLsist of suitable materials. primady PTFE. 

with the weldig shoe, the welding pressure necessary for 
weldmg is applied to the faces to be joined via the welding filler. 
At the same time, it shapes and smooths the surface of the 
seam. 

The contact zone of ?he welding shoes must confom to the 
minimum lengths given m Table 1. These are to ensure that the 
wWmg pressure ads for a minimum time. in order that the joint 
can be produced in the entire area to bs joined (ii particular the 
root and edges of the seam). The 'nase' on the front part of the 
welding shoe is essential to ensure that the material pressure 
can be produced in the w M i  tiller. m e  material pressure 
against the 'nose' causes the welding head to move in the 
weldimg diredon. This hose' must be adapted to the form of 
weld in such a way that there is no amtact during welding with 
the already melted faces to be joined. 
The welding shoe. has two lateral bearing fa=. which prevent 
the melt escapirg to the sides. In the area of overlap the welding 
shoe likewise must not come into contau with the melted edge 
areas. For this purpose, this area of the welding shoe is provided 
with an undercut of a height o f  about 05 mm. which widens 
towPardslhetrwRin the area of me nose. The front edges o f  the 
s l i i  surfaces and of the hose' must be well-rounded. Figures 
2 and 3 show the example of awel&ngshoe design. 

Tabh 1. SpedRtatlons for mintmum dhnenslono at Wdlng 8hoea 

up to 15 

> Is to20  

s2Oto30 

MI 

35 

45 

55 

10 

15 

20 

I 1 I I 

Before beginning the welding operation. the welding shoe must 
be warmed up. since a rough and uneven sudace of me welded 
seam is obtained if welding is carried out with a cold weklii 
shoe. The warm ar already avaikMe or the warm extrudate are 
SUitaMe for warming up. 

Figure2 Pmpecbve represengbDn d a weld~ng shoe dfflsn for 
smge-v twa welds 

(Boo112 
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FlgUle.3. fechnid representation o f  the welding .shoe from f& 2 
waw. 

92 Auxafaytools 

When process MMnt I is used, in specialcasesakowhenother 
plocsss variants are used for we& in places where access is 
diiarlt (for example in auners). a separate auxiiiiry tool is used 
for applying the welding pressure. W& this tod. the phsticized 
welding filler cod is pushed into the likewise pbsticired welding 
g-. 

m e  auxiliary tool must be adapted to the form of weld. n is 
primarily produced in a wwed tom, from PlFE (see F w e  4). In 
order to ensure properly executed welds, the welding pressure 
must be e@ied by careful pressing over all the 
areas (middle and edge areas) in Several operations. 

10 ln i l  operation of the welding equipment 

Forinitialoperationd~e~onweldingequipm~fi~dall  
the heating units are switched on. as provided in the operabng 
instructions. To avoid damage to the equipment during this 
phase, it shall be ensured in particular that, belore switching on 
the drive. there are no longer any cdd spots (for example at the 
tip, at the welbmg head, at the exbudate outlet opening etc). 
WeMng can only be commenced when the temperature of the 
material has settled to the temperature necsssary for welding. 

m e  temperature of the material is checked directiy at the 
material outlet by means of a penetration sensor of a fast- 
indicaIhg temperature measuring instnunen t. The permanently 
installed temperature indicators serve only to detect major 
undesirable temperature changes (lor example a drop m 
temperature due to failure d the heaang units during welding). 
Thermal damage to the welding filler can be caused if it is 
subjected to too high a temperature or if it remains in the extruder 
for too long. It must then not be used for welding and must be 
extruded out before weldimg commences. 

if the material is changed (for example horn HOPE to PP), it must 
be ensured that all the material in the weld i i  extcuder is 
exduv~ged. by deaning. or by running out Any remaining foreign 
matetiat has an actverse effect on the quaMy of the joint. The 
nodes may have to be changed, in the case of process variant 
111 the material hose always has to be changed. 

11 Weld preparation 

Weld preparanoo comprises preparing a suitable welding groove 
and deaning the entire welding zone. The quality of the welded 
seam depends decisivelyon the material at the facesto be joined 
being dean and unoxidi~ed (take particular care with materials 
M i  oxjdize readily such as for e m e  P.P). Therefore. 
imme6ately before welding, these and the adjcinmg areas must 
be machined. When canying cut repain on parts subjected to the 
effects of chemicals, these preparatioos are particularly 
important In such cases, the material has to be vmdced down to 
undamaged zones. This is illustrated in Figure 5 in the example 
of a single-V butt weld and a &uble-bevel butt weld. 

12 weiding tiller 

Granules or wire are used as welding filer. The quality of the 
weldingfinerhas a crucial brftuence on thequaTctyof the welded 
seam (see CIaUse 2 in this respect). If granules am used, only 
virgin material identified by the name of ale -as well 
as Ihetype number and batch number may be pmxsed. The 
mixhg in of regrind is not permissible. Granules must be dean 
and dry. Since even slight precipitation of moisture on the filler 
causes flaws in the material being welded, the welding exIruder 
should be charged only with dhed warm mate&l (for example 
from a drying cabinet). 

If wire is used, it must conform b Data Sheet DVS 2211. and be 
desimed as such. Consequentfy. the wire must be free from 
t u b  since they othennise appear in the exhusion seam. As 
far as drying and preheating are concerned, the same applies 
analogwsly as in the case of granules. 

13 Fums of welds and weld sbvcture 

-welded seams are predominanUy produced by a single 
p?ss, the reasons being the cost-effectiveness and high quality of 
t h ~  process. For the scope of this Direction. the forms d weld 
and examples of design given in Data Sheet DVS 2205 Part 3 
apply. To reduce the volume of the weld and for reasons of stress 
symmetry, the double4 bun weld shall be prefened over the 
singlev butt weld in me case of relatively thick semi-finshed 
products m e  same applies analogously for T-butt joints. 
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flgure 6. Groove Pin1 weparalion and weld exeartian for a singbv butt 
Weld. 

Figure 7. Gmave joim prqmatim and weld ereCu(i0n for a T joint wim 
single-bevelbuttwe!d. 

Joint -$Qamion and weld 
aecu(an for a doubleV bun 

Figures 6 to 8 show preparation of the groove joint and execution 
of single4 and double-V butt welds as well as of single-bevel 
butt weld with dkt where Wan th iesses  are rehtively great. a 
smaller opening angle shall be chosen on accoont of the greater 
vdume of melt and the resultant higher wMng Stresses. When 
welding. a minimal root gap shaa be the aim CMed selection of 
the welding parameters can in this case ertsure a through-welded 
root. 
The technical circumstances of the particular job may mean that 
il is convenient for carrying out the WOIR to leave the groove joint 
edges witha webof about 1 mm on me mot side. 

Deviations from the spedfied weld geometry required for design 
reasons (for example in the case d segment bends and 
bran-des) are permissible and call for partia~larly careful 
execution of welding work 

If the weiding groove cannot be filled in a single operation 
because the volume of the weld is too great. the welding extruder 
output too bw or the required welding force too high. welding 
must be canied out in more than one pass. In such cases. it is 
neceSSary after each pass to remove any unwelded edges there 
may be on the Sean, by machining. Alternating wel- allows the 
amount of distorbon to be kept down in the case of multipass 
doaes&d welded joints. 

14 Execution of welds 

In extnasion welding. the quality of the joint is determined to a 
amsideable extent by the manual skill of the welder. 
The welding speed is dictated by the material discharge from the 
extruder and the size of the volume of the weld. The d e r  must 
adjust the preheating ccmctitjons and the advancing of the 
apptiance to this welding speed. 

The welding pressure applied by me Wder via the welding head 
acts in concert with the welding speed. Adequate weld i i  
pressure must be appr~ed in d e r  for the necessary material 
pressore to be produced in h e  materid being welded both in the 
root and in the edge areas. ll too great a pressure is exerted, 
there is exteSSive overfill behind the welding shoe or excessive 
rootexpukh. 

Before commencing welding. the temperature of the exbudate 
and of the hot air must be measured and the M m g  equipment 
set to the desired values. Fast-indicating eiecbonic temperature 
measuring instruments with suitable tempemre sensors shal 
be used forthis purpose. When measuring the hot air,- highest 
temperature in the n o d e  cross--'on between the phne of Ihe 
n o d e  outlet and at a depth of 5 mm shall be established. When 
measuring the temperature of the extrudate. the measuring 
sensor in the weMig shoe must be imerted in the middle d the 
curd. The welder must observe the weldiig opemtan with great 
attention in order to be able to recognize bnmediately and 
respond to disturbances in prehsating and in the plasticizing of 
the welding filler. 

The coned attitude of the welding head with resped to the form 
and direction of the path of me weld is particubrly important The 
wddmg head must be aligned centrally with the weld and must 
not come into contact with the weld edges d i& 'nose'. 

melt being saaped away. 

When welding pans of considerable size, the assistance of a 
second perscm is necessary. The secOnd p e m  must ensure 
tha! the welding head is always in the optimum positbn with 
respect to the workpiece (for axample by turning me workpiece. 
regularly following along with the material hose or the welding 
filler from the rdl maganhe). 

There mUSt be IlO pwsibiliw Of the material Which is begiMm to 

15 After-machlnlng of the welds 

Aftermachining of the welds is generally not necessary. since 
the individual welding processes allow uniformly smooth surfaces 
wah marginal zmes welded without notches. However. 
depending on the design of the welding shoe. the form of the 
weld and any geometrical irregularities of the parts to be welded. 
it is not always possible to avoid extmdate being pushed 
underneath the sealing faces of the welding shoe and escaping 
at the sides. This produces 'flash' with expulsion beads. These 
are unconnected with the base material and must be removed. 
w h i  this material is in a moderately warm state, a scraper shall 
be used to draw it away to the welded areas of the marginal 
zones (see Fqre 9). 
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Flosh factors - based on the requirements for wetding factors defined in 
Direction DVS 2203 Part 1 - will be achieved at  the least 
- Short-time w e k h a  factor I, for HDPE I Propukion  bend 

flat-worked . 
. _ -  - - 

margired zones - ~ .- 

All process variank: 0.8 

Process variant I: 0.4 
Process variants II and 111: 0.6 

- Long-time welding factors 1s for HDPE 

detetmined at  a test sbess of 3 Wrnd and a test temperature of 
95 “C in 2 X strength wetting agent solution. Fucther details on 
implementation of the test are contained in Directions DVS 2203 
Part 2 and Part 4. 

.. - 

Extlusion welden must be versed with the necessary knowledge 
and have the necessary sldlls for the processes to be adopted 
with the materials used. This generally means they must have 
completed training as a finer for work with pbstia or have 
experience in a related bade with appmpdate add%iod tmining. 
The manual skills are acquired by Mi and practical 
experience. In order to qualify for pmUical wocls welders must 
remain mnstanUy in practice. If evidence of quatiticatjon as a 
welder is required. welder examinations as spedfied in DVS 

If h is neceSSary to remove entire mil fmfn the weld (for 
example in the case of sealing faces). thii shall only be 
permissible once any testing of the welded seam has been 
carriedoot 

16 Testing of welded joints 

Welded Joints shall be inspected ViSuaSy for such things as the  
form of the weld, the absence Of cracks and notches in the 
surface and marginal zones, optimum seam filling. through- 
welding on the root side and tolerable offset of the joined parts. 

Ultrasonicand -rayexaminaDion allow nondestructive detecting 
of Raws within the weld. On their awn. they do not pmvide 
&bent information on the quality of the welded joint. Data 
Sheet DVS 2206 provides infomation on thii type of 
exanktation. 
Examples of desbuctive tests which can b e  Carried out a r e  the 
short-time tensile test. the technological bending test, and the 
tensile aeep t e s t  Information on preparation of the specimens 
and implementation of the tests together with requirements are 
given by Directions DVS 2201 Parts 1 and 2. DVS 2203 Parts 1, 
2.4 and 5. and DVS 2206. 
For terms desaibing welding defects. you are referred to DIN 
32502 and for the asSeSYnent of defects to DVS 22M Part 1. 

17 Weldlngfactor 

If a qualified welder perfoms his wodc by tollowing the process 
variants desaibed in this Direction, uses equipment fit tor Me 
purpose and materials suitable for welding. the following welding 

- -J ./ 
19 standards, directions and regumtms 

DIN standards 

DIN 32 5oelmperfections in phstic welded joints. dassification. 
terminology, expbnatiom 
DVS directions and data sheets 
DVS 2201 Testing or semi-firushed produ~ts o f  thmphstics, 
Part 1 asic ptinciples - notes 
Part 2 welding suitability. test methods - requirements 
DVS 2202 Imperfections m welded pints  of thermoplartics. 
Part 1 haraderistics, desaiptjon. evaluation 
DVS 2203 Testing of welded joints o f  thermoplastics, 
Part 1 test methods - requirements 
Part 2 tensile test 
Part 4 tensile aeep test 
Part 5 technological bentfing test 
DVS 2205 calculation of cmiainers and appamhrses of ther- 
P a r t 3  moplastia.weMedjoints 
DVS 2206 Testing d building components and stnrdures of 

thennophstics, exbusion weking. procedures - cha- 
rade- 

DVS 2225 Joining of waterproofing courses 01 polymeric mate- 
Part 1 && in earthworks and Civa engineering hydrauli. 

welding. adhesive bonding. vulcanizing 
DVS 2209 Weldng of thermopbstics. -00 mdding. prom- 
Part 1 dures, &aract&it~a 
DVS 221 1 Welding fillers lor thermopkstcs. scope. designa- 

tion, requirement. testing 
DVS 2212 Examination of phstics wdders. examnation group 
Part 2 11. hot-gas extnrsion welding 
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Appendix: 

Welding record 
foGthe extrusion welding of panels and pipe 

General Detalls: 

Order No.: Drawing No.: 

. -  - -  
Company carrying out the wock: 

..._-- - - -  ._ - - -  _ -  - .. 
- Welder (Namdnitials): - 

PmcesdEq u lpment 

processMMnt Welding Shoe No.: 

Weldingequipment. make: 

Form of weld (0.g. DVS 2205): 

Matertal: 

Material to be welded: 

Form, thi iess (mm) of semi-fEnished product: 

Welding filter: 

Welding condlions --. 
Hot air temperahire ("C): 

Banel heating (OC): 

Hose heating: Welding spe&@udrnin): 

Comments: 

Air mte wmin): 

Material temperature CC): 

Welder (Date/Signature) ( Welding Supervisor (DatelSignatur) 

74 2 
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DVS - DEWCHER VERBAND 
~R SCHWEESEN UNO 

VERWANDTE VERFAHREN EV. 

.. . "  

Welding of Thermoplastics, Direction 
Extrusion Welding DVS 2207-4 

Panels and Pipes, Supplement 
Welding Parameters for HDPE and PP (JUb 3993) i'" * 

- 

~~ 

DVS, Technii Committee. Working Group 'Plastics, Welding and Bondiw 

Material mi-') Materid Hot air Air ae4) Welding filler rate 
(for singlepass w e ~ n g )  ternpentun9 tempeature3) 

"C "C Vmm k g h  mm 
. -  - _ -  - - - Conbnuous pmcess wm 

r n a m a j e a ~ ( s c ~ ) - -  - - - - -  

~ 

Ode~~to:WSklagGmW. P.0. Bax101965.40010IUsselQrtG0ennany~e:+49(0)21111591-0.Telesri49(0)211~591-150 

Process G&t II . 
Conbnuxrsprocess with 
welding filler transfer hose 
between extruder and weking 
head 
Proces!3 variant 111 
Continuous process with 
manual equipment (ram) 

Discontinuous P~ICWSS wim 
manual transfer of the welding 
filler into the preheated wel- 
ml groove 
Pmce5sVariantl 

ProcessValiantV 
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0 ... 15 200 .-. 300 250 ... 300 2 300 0 --. 2 

0 ... 15 200 ... 230 250 ... 300 2 300 0 _.. 4 
15 ... 30 200-230 . 250 -.. 300 2 400 0 -.. 6 

Fmres still b be released 
0 ... 15 

0 ... 15 200 - 230 250 ... 300 2300 0 -. 4 

. .  . . .  
._. ... .__.._ _____  - .__. _. . . . . . . . .  
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PLASTIC FUSION FABRICATORS, INC. --- --- --- - - - 

256/852/0378 BUS 
256/852/0442 FAX 

HDPE WELDING QUALllY ASSURANCE PLAN 

introduction 
. _  - -  - 

- The following proceduies are to be used a s  guidelines for HDPE welding on any Plastic Fusion 
Fabricators, Inc. job site. Nondestructiie testing will be conducted on all welded joints, 
whenever possible. lnspedions will be conducted at the vendor's site and in the field. 

Any repair procedures or modifications of procedures listedhere must be approved by Plastic 
Fusion prior to start of work. 

General Weldina Procedures 

Inspect the sheet edge to make certain that it has been beveled to a 30-degree angle. A piece of 
foil tape must be placed on the edge requiring the field weld. The distance between the edge of 
the sheet and the copper tape must not exceed %' (6 mm). 

Scrape or grind pending materials specified the mating surfaces of the sheet and weld area. 
Preparation of weld area should not be performed more than 30 minutes prior to welding. If a 
grinder is used on the weld area, it must be hand scraped afterwards. 

For sample preparation (Test Welds), the sheets must be placed with a root gap of approximately 
3/16" to %". The gap is no more than 1/8"with hand welding. -*' 

Prior to extrusion welding, purge extrusion welder with 5' to 6' of the specified welding rod. 
In addition the welding shoe must be pre-heated by extruding approximately 12" to 18" of material 
on a wood board. This process must be repeated in the event the ex&nrsion welder remains idle 
for more than 5 minutes. 

Weldinq 

Suggested welding parameters are as  follows: 

Hot Gas 
Aifilow 45 - 60 llmin. 
Temperature 320 degree - 340 degree C 

Extrusion Welding - 3 mm rod and gun 
- AiFFlOW 
- Preheat Temperature 
- Material Temperature 

-280 - 320 l/min. 
-250 - 265 degree C 
-210 - 230 degree C 

- 4 mm rod and gun -3-. - 
76896 ' - Flow 

- Preheat Temperature 
- Material Temperature 

-300 - 400 llmin. 
-250 - 265 degree C 
-21 0 - 230 degree C 

_. . . . . ... 
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Weldina Continued- 

During the extrusion welding process, the heat-affected zone should be visible (dull surface on 
sheet) and must be probed with a sharp tool such as a knife, awl, etc. to assure proper . 
preheating of the sheet. 

Probe to minimum of 1/16" penetration at least every 5 feet of weld. and at all starts, stops and 
. .  

. . .  
. . intersections. 

.. The excess weld material of all extrusion welds must be scraped away to . .  facilitate visual . . . . -. ~ . ._ 

. . .  : inspection-and ultrasonic inspection.-,: - .  .-.- : : ,- '- 

. . .  . . . . .  . .  

. . . . .  All'hand welding is to consist of a 3-mm root weld and two 4-mm cover welds. All welds are to be 
scraped before the application of additional . . .  weids.' Scrape 3-mm'rods before using for hand 

. * .  . . . .  . . .  
. . . .  . .  . . . .  . . . . . . .  - .  . . .  

. .  

. . . . . . . . . .  . .  < '., . .  . .  . .  

'and stops are .to be extended a minimum' of 2' Over the adjacent weld. Existing welds 
will be tapered for the last 2". Preheat at the beginning of the scraped area until material is 
softened as determined by probing, and then commence welding. 

Field Welding 

Inspect all joints for the presence of moisture. Any joint exhibiting moisture must be scraped to 
form a 30" bevel on each edge of the crack followed by placing a 3 mm root weld in the crack to 
prevent moisture from coming out during the extrusion welding process. 

Site/Shop Quality AssurancelQuaIity Control 

Environmental Conditions 

4 

Temperatures and relative humidity shall be determined four times daily (prior to commencing 
work, mid-morning, noon and mid-afternoon) during the period when any welding is expected to 
be performed. 

Welding will not be allowed to proceed if the surface temperature of the HDPE sheet is less than. 
5 degrees F above the dew point. Maximum allowable surface temperature of the HDPE sheet . 
will be 96 degrees F. Minimum sheet surface temperature of 50 degrees F. 

All incoming welding rod, cap strip, and disc seal materials shall be stored in a cool dry 
environment. 

Non-Destnrctive Testinq 

A preliminary spark test may be conducted after the welds have been allowed to cool in ambient 
temperature, approximately three to fwe hours, using 100 volts per mil of sheet thickness, not to 
exceed 25,000 volts for routine testing. A higher voltage is only to be performed by approved 
personnel. On each successive spark test the voltage must be reduced by 10%. Spark test after 
scraping excess material from welds. 

... 

Vacuum testing may be used where it is deemed necessary by owner or Plastic Fusion 
Fabricators, Inc. 



Eauipment Checkinq 

All thermoplastic welding equipment to be used, i.e.;large extrusion guns (4mm diameter rod 
type), mini-extrusion guns (3mm diameter rod type) and hand welding guns, will be checked by 
EauiDment Checkina Continued- 

0 
vendor quality assurance/quality control person before being used. Welding equipment will be 
calibrated at least one time each day. Temperature measuring devices will be re-calibrated on a 
semi-annual basis. 

. . . . -  - - . -  . . . . . . . . . .Te-3 welds. - .~ - - - . - . - . - .- . . . .- 

Test welds are required to verify that adequate conditions (environment and equipment) exist for 
field welding. Test welds must be produced at the beginning of each day, before production 
welding. In addition, these welds shall be made before a different lot or batch number of rod 
material is used in production welding, at any time welding equipment is suspected to be 
malfunctioning, and whenever spe&ied welding parameters are used. 

Welder Qualification 

Every thermoplastic welding technician that will weld at the shop and jobsite must be qualified in 
welding practices per this procedure. Weld re-certification will indude test welds being made and 
evaluated for each welder. Each welder will complete a 5 fl. test strip of extrusion weld and an 18 
inch hot air hand weld that will be subjected to a visual inspection, tensile testing and bend 
testing. 

Documentation 

Records of all welds will be maintained so that the technician perfohing the welds can be traced 
through the entire job. These records will include plans of each trench section showing the 
location and type of weld made, the date of weld, name of the welding technician who made the 
weld, the welding gun identification number and lot number and/or spool number of the welding 
rod used to make the weld. Any forms deemed appropriate by the vendor shall be part of the . 

record keeping process. All welders will make their welds upon completion and a record will be 
kept on construction drawings or in the dowment manual. 

0 

Material Specification 

The following information is required with all polyethylene material of construction: 

Lot number 
Resin identification 
Melt flow index (d1238) - afler processing 
% Crystallinity - after processing 
Identification that all sheet and weld rods were made by the same manufacturer 

The sheet manufacturer must supply weld rods. No mixing of rod and sheet from different 
manufacturers is permitted. 

Testing of Hot Air and Extrusion Welding 

Scope 

This procedure is provided to describe methods of sample preparation and testing of welded 
polyethylene for the purpose of assuring proper welding conditions and techniques. a 

000121 



Summarv of Methods 

Samples of polyethylene identical with that being installed are welded using the same apparatus 
being used for installation in the same area where the installation is being conducted, each day 
before any welding is started. Samples must be made according to the type of welding to be 
performed that day. 

Ama rat us 

~. - 1: 

2. 

3. 

4. 

5. 

6. 0 
7. 

a. 

9. 

. .  

- - -Precut polyethylene sheet (nominal 5mm (0.1 9731hick) measuring s'12.7 cm) X-18' 
- 

(45.7 cm) with a 30 degree beveled edge made along one of the long dimensions. Sheet 
material must be made from Hostalen 5040 - Ti2 Resin. 

Mounting board and damps to board sheet in @a&-while welding sample pieces. 

Welding guns - Each extrusion device and each hot air welding device to be used in 
manufacture that day must be used to weld test panels in each orientation expected to be 
performed that day. Such devices should be set to the temperature and airflow to be 
used that day, in the area where they are expected to be used. 

Weld rod - Guns should be set up with the type and lot number of rod to be used that 
day. If the weld rod lot number is changed during the workday, new test panels must be 
made. 

Saw with a blade suitable for cutting PE sheet. 

Bend tester (optional) is described in DVS 2203 for use in checking the bend angle of 
welded test specimens (may use hand bending). 

Digital Thermometer for checking of preheat and material temperatures. 

Temperature and % relative humidity measuring devices to check such in the area of the 
welding. 

Tensile tester. 

Sam Dle Preparation 

1. Test sheets are mounted on a board which is then oriented (horizontal or vertical) to 
reflect the type of welding to be tested. 

2. Sheet is then scraped and prepared for welding using the type of tooling to be used on 
actual practice that day. 

3. Preheat and material temperatures should be checked and recorded for each test 
sample. 

4. Weld samples with extrusion or hot air welding device. Preheat should be checked by 
testing the sheet in the weld zone by probing with a sharp tool. Welding should be 
continuous from one end of the sheet sample to the other. 

000122 



. .  

-. 

SamDle Preparation Continued- 

5. Weld samples should be allowed to cool and then dressed using standard procedures 
and tools used in actual practice. 

6. Each sample should be marked.as.follow. 

a. .Welder's name, date, and time welded 
b. I.D. number of welding device 
c. Ambient airtemperature, . .  % relative humidity and dew point 

Welded samples should be allowed to condition before cutting and testing. One inch 
should be cut off and discarded from each end of sample., Appropriate sized pieces (1' 

retained samples. 

. _ _  _ - -  - 
~~ . -. _. .- _..... ~ - - - - - -  - - - - - - ~ -  - 

7. 
. . 

. .  wide) shall be cul from . .  sheet for bend test. Remainder of sheet shall be stored a s  

Test Procedure 

1. Bend test procedure shall be run per the English translation of DVS 2203, Part 5. 

2. Tensile test procedure shall be run per ASTM Cll47-90. 

. . i  . . . . . . . . . . .. ., .. . . . . . .  ' 
. . .  . .  . 
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The purpose of this manual is to provide a guide for fusion joining CSR PolyPipe 4810 
PE 3408 gas piping. The fusion procedures outlined for butt fusion, socket fusion and 
sidewall fusion have been proven to consistently produce sound fusion joints when 
used correctly. 

Additionally, the procedures given in this manual for fusion joining CSR PolyPipe's 
4810 PE 3408 products are intended to aid a fusion technician in becoming qualified to 
join gas piping according to U.S. Department of Transportation (DOT) Title 49, Part 192 
regulations. Any operator who wishes to become qualified to join polyethylene gas 
distribution piping should be qualified by the operator of the pipeline using the test 
procedures set forth in Section 192.285 of the DOT Title 49, Part 192 regulation. 

OUALlFlCATlON PROCEDURE 
I. Any person joining polyethylene gas pipe should receive training in each of the 

fusion procedures. 

II. Any person joining polyethylene gas pipe should make a sample joint for each 
procedure used. Each sample joint should pass the following inspections and 
tests: 

A. Pressure and tensile testing as described in Section 192.283, CFR, 
B. Ultrasonically inspected and found not to contain flaws, or 
C. Cut into at  least three strips, each of which is: 

1. Visually examined and found free of voids or discontinuity on the cut surface 

2. Deformed by bending, torque or impact, and if failure occurs, must not 
of the joint. 

initiate in the joint area. 

111. A person must be requalified under an applicable procedure during a 12-month 
period if that person: 

A. Does not make'any joints under the procedure. 
B. Has three joints or 3% of the joints made, whichever is greater, that are found 

to be unacceptable by Paragraph 192.513, CFR. 

Iv. Each operator shall establish a method to determine that each person making a 
joint in plastic pipelines in his system is qualified in accordance with this section. 

000127 
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Reliable fusion joints of polyethylene piping systems can be accomplished under a reason- 

equipment and techniques are utilized. 
- - - able latitude of conditions: The following is-a listing of general notes to help ensure proper- - - - 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Use heat fusion only. 
Threading and/or solvent bonding of polyethylene pipe is unacceptable. Do not use 
either of these methods for joining of CSR PolyPipe's products. Mechanical fittings 
may be used. The particular fitting manufacturer should be consulted for installation 
instructions. 

Correct heater plate temperatures. 
Heater plate thermometers should be tested for accuracy with a surface pyrometer or 
crayon indicators (melt sticks) a t  least once per day. 

Adequate fusion pressures. 
A fusion interface pressure of 75 psi is recommended for butt fusion of CSR PolyPipe 
PE 3408 piping. Fusion equipment manufacturers should be consulted for proper 
conversion of this interfacial pressure to gauge pressure for their specific equipment. 

Severe ambient temperature conditions. 
Extreme heat, cold or wind will alter heat and cooling times. Care must be taken to 
ensure that fusion times and procedures compensate for these conditions to produce 
a correct fusion joint. Should a question exist, the joint or joints should be subjected 
to appropriate test methods for qualification of the procedure under the adverse con- 
ditions present. Care should also be used to ensure that the fusion procedure is pro- 
tected from rain, snow or other conditions of excessive moisture. 

Double check fusion technique. 
Contact pressures and heating/cooling cycles may vary dramatically according to pipe 
size and wall thickness. Operators should not rely exclusively on automated fusion 
equipment for joint qualification. In addition, visual inspection and qualification 
should always be made. If necessary, test methods should be utilized to formulate 
correct pressures and heatlcool cycle times. 

Use adequate cooling times. 
An important parameter in the fusion procedure is adequate cooling time. All joints 
should remain stationary at least until the fusion is cool to the touch. On thick-walled 
pipes, additional cooling time may be necessary. 

Dirt, oil and debris. 
Any of these substances on the heater plate, pipe ends, facer or anywhere else that 
contacts the fusion surface can cause improper fusion. Even airborne, invisible, pollu- 
tants can contaminate a heater plate. Ensure that all equipment and pipe ends are 
clean! 

000128 
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8. Fusion to unlike materials. 
CSR PolyPipe is fusion-compatible with all competitive polyethylene PE 3408 pipe 
resin materials. However, special techniques may need to be utilized with certain 
products that have a significantly different melt flow. CSR PolyPipe has fusion 
compatibility guides available for CSR PolyPipe 4810 with the various competitive 
high density gas pipe products. 

9. Use proper roughening material. 
Several areas of this guide call for the use of abrasive paper. Do not use sandpaper. 
Use only emery cloth or garnet cloth as this type of abrasive will not leave deposits 
embedded in the polyethylene material. 

10. Cleaning of pipe ends. 
Try to avoid wiping the pipe areas after facing or roughening operations. If shav- 
ings or other debris must be removed, use only a clean cotton cloth as contami- 
nated rags or use of solvents can leave harmful deposits on the fusion zone. 

11. Equipment maintenance. 
Heater surfaces are generally coated with a nonstick material. Cleaning tech- 
niques should be used accordingly. If a solvent is deemed necessary, do not use 
gasoline or other petroleum products. Refer to the equipment manufacturer's 
instructions for proper cleaning products. 

. 

12. Proper heating times. 
Note that the listed heating times have defined start times. Do not assume that 
the heat time starts at contact of heater. Read the applicable footnotes as each 
listing of heater time carries an appropriate explanation of the heat cycle start 
point. 

13. Note that the heater plate is hot. 
When the heater plate is not in use be sure to use a heater insulator holder. The 
heater insulator holder should be used at al l  times when the heater plate is not 
being utilized to ensure that the contact surfaces of the heater remain clean and 
also to prevent inadvertent contact which can result in burn injuries. 

14. Bend back test specimens. 
Bend back testing is suggested to verify fusion joint integrity. The specimen shall 
be made by cutting the pipe longitudinally into strips about 1" wide by about 12" 
long with the fusion centered in the strip. Use at least 3 per joint. The fusion 
sample should be bent as shown in the particular fusion procedure. The sample 
should be free of cracks and separations in order to be acceptable. 
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Procedure for CSR PolyPipe 
-4810 PE.3408-pipe-and fittings- - 

1. Clean pipe ends with a clean, lint-free 

2. Square the two opposing pipe ends. 
3. Check pipe end alignment in clamps. 

Adjust clamps if required. 

4. Verify proper heater temperature. 
Temperature should be 490'F- 510'F. 

5. Insert heater plate between opposing 
pipe ends and apply sufficient force 
to initiate contact between pipe ends 
and heater plate. After contact 
between heater plate and pipe end is 
established, use only enough force to 
maintain contact. Caution: maintain 
contact only; do not apply pressure. 

6. Apply heat for the time listed in the 
tables. 

cloth. 

7. Remove heater plate and bring the 
heated pipe ends together quickly, 
being careful not to slam the pipe ends 
together. Apply sufficient pressure to 
form a "double rollback bead." 

8. Maintain fusion pressure while 
allowing the joint to cool as given 
in tables. 

9. Allow joint to cool an additional five 
minutes prior to removing joint from 
fusion jig. 

10. Inspect joint for quality. 

Notes: 
1. CSR PolyPipe recommends a butt 

fusion temperature of 500'.t 1O'F for 
PE 3408 gas piping products. 

2. A fusion interface pressure of 75 psi 
is recommended for butt fusion of 
CSR PolyPipe PE 3408 piping. Fusion 
equipment manufacturers should be 
consulted for proper conversion of 
this interfacial pressure to gauge 
pressure for their specific equipment. 

0 

. .  

BUTT FUSlOR 
for CSR PolyPipe PE 3408, SDR 1 

0 
Pipe Size Heating T m e  

IPS (inches) lsecondsl 

.. 1 ................ ;..............16 - 20 ........ 
1.114 ............................ 20 - 24 ........ 

2 ............................... 28 - 32 ........ 
3 ............................... 32 - 38 ........ 
4 ............................... 38 - 44 ........ 
6 ............................... 56 - 66 ........ 

. .  8 ........... ................... 72 - 82 ........ 

Notes: 
1. Fusion time cycles given above begin 

after a bead of molten material is evident 
the entire circumference of pipe. 

Butt Fusion ............ 
088130 



Proper Joining i Examples of improper joining- 4 9 4 7 

Bend back testing. No gaps or voids. 

TIME CYCLES 
and SDR 11.5, pipe and fittings 

Cooling Time Bead Size 
Iseconds) linches) 

................. 90 ................................ 1/16 

................. 90 ................................ 111 6 

................. 90 ................................. 118 

................. 180 ................................ l / ~  

................ 210 .........................1/8 to 3/16 

................ 240 ............................... 311 6 

................ 300 ......................... 3/16 to 114 

2. Temperature and time cycles are based on 73’F conditions 
with no wind, rain, or snow. If conditions are different, 
time cycles may need to be altered. ! 

- - . . i.. 
I 1 

1 I 

Incomplete facing. 

1 
Excessive heating and/or over-pressurizing joint. 

Misalignment. 

5 
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Procedure for CSR PolyPipe 4810 
PE-3408 pipe and fittings 

- - - - - - -. - - - - - 

1. Cut pip-e square. 
2. Chamfer pipe end. Remove burrs and 

3. Utilize proper depth gauge and cold ring 

chips inside pipe ends. 

to ensure correct inserti 
pipe roundness. 

4. Clean pipe and fitting with cloth to 
remove all contaminants. 

5. Verify proper heater plate temperature. 
Temperature should be 490'F - 510'F. 

6. Force fitting and pipe onto heater plate. 
Be sure to insert pipe completely into 
female socket and the fitting completely 
onto the male socket. 

tables. 

plate being careful not to torque or 
twist the pipe or fitting. 

9. Quickly check melt to ensure melt is 
complete. All surfaces should indicate 
contact with heater. If unsatisfactory, 
destroy fitting and repeat steps 1 
through 8. 

I O .  Insert pipe into fitting until cold ring is 
flush with fitting. Do not twist or rotate. 

11. Allow joint to cool for proper cooling 
time. Be sure to maintain pressure 
while cooling. 

12. Allow joint to cool an additional five 
minutes before removing cold ring. 

13. Inspect joint for quality. 
Note: 
CSR PolyPipe recommends a socket fusion 
temperature of 500' 2 1O'F for PE 3408 
gas piping products. 

7. Apply heat for the time listed in the 

8. Remove pipe and fitting from heater 

. 

... 

Proper Joining 
I 

4 2  
0 

SOCKET FUSION 
.' ' .; for CSR PolyPipe PE 3408 
Pipe'size Heati#.mt 
linchesl Jsecondsl 

.3/4.CTS ........................................ 10 - 12 .... 

. . .  
'. l /?-CTS ........................................ 8 - 10 .... 
. .  

. .  . . . .  :1' CTS .......................................... 12 - 14 .... 
"..1/2 IPS ......................................... 8 - 10 .... 
"3/44PS ......................................... 12- 14 .... 

. .  :: 1 IPS .......................................... 14 - 16 .... 
1 1/4 IPS ....................................... 18 - 20 .... 

'.l 1/2 IPS .... i .................................. 18 - 20 .... 
2 IPS .......................................... 22 - 26 .... 
3 IPS .......................................... 25 - 30 .... 
4 IPS .......................................... 30 - 35 .... 

. .  

Notes: 
1. Socket fusion time cycle begins after 

pipe and fitting are fully inserted on 
heater plate. 

. . .  0 
Socket Fusion ..... 



Proper Joinina L 

.. _ _  . 
Q 

a 

Y 

-I 
Bend back testing. No gaps or voids. 

TIME CYCLES 
Cooling Time 

.Isecondsl 

.......................................... 30 

.......................................... 30 

.......................................... 30 

.......................................... 30 
......................................... 30 
......................................... 60 
......................................... 60 
......................................... 60 
......................................... 75 
......................................... 75 

2. , Temperature and time cycles are based 
on 73°F conditions with no wind, rain, or 
snow. If conditions are different, time 
cycles may need to be altered. 

, 

Examples of improper joining 

Improper stab depth. Short stab depth caused by 
I 

failure to use a depth gauge. 

~~ 

Improper stab depth. Overstabbed caused by failure 
to use a cold ring. 

I I 

Misalignment. 

. .  
. . . . . . . . .  . . . . . . . . . .  ..... ................ . . -  

. . . .  . . . . . .  . . ,. - -. , 

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

. . .  000133 ......................................................................................... 
.' 
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Procedure for CSR PolyPipe 4810 PE 
3408 pipe and fittings 
1. Attach sidewall fusion jig onto pipe. 

2.' Roughen fusion surfaces (both pipe 
and fitting) with 60 - 80 grit emery 
cloth. 

3. Install fitting into fusion jig. 

4. Verify proper heater plate temperature. 
Temperature should be 490'F- 510°F. 

5. Insert heater plate between pipe main 
and fitting base. Apply pressure to 
form melt bead around perimeter of 
heating tool on pipe main. 

6. Apply heat for the time listed in the 
tables while maintaining the recom- 
mended heating pressure. 

7. Remove heater plate and visibly check 
. melt pattern on pipe and fitting base. 

Melt pattern should match the heater 
patterns with no cold spots. If unac- 
ceptable, destroy fitting and start over. 

faces together, applying sufficient pres- 
sure to form proper fusion bead. 

9. Allow joint to cool as given in tables. 
Be sure to maintain pressure while 
cooling. 

prior to removing fusion jig. 

8. Quickly bring the pipe and fitting sur- 

I 

10. Cool joint an additional five minutes 

1 1 .  Inspect joint for quality. 

Note: 
1.  CSR PolyPipe recommends sidewall 

fusion temperature of 500" 2 10°F for 
PE ,3408 gas piping products. 

SIDEWALL FUSIOR 
for CSR PolyPipe PE 34C 

SERVICE SADDLE AND TAPPING TEE 

JPS (inches1 w ~ e c o n d s  

Pipe Size Heating Pressure Heating Time 

2 ............................... 70 . 90 .................... 45 . 55 ............ 
3 ............................... 70 . 90 .................... 45 . 55 ........... 
4 ............................... 70 . 90 .... ; .............. .45 . 55 ............ 
6 ............................... 70 . 90 .................... 45 . 55 ............ 
8 ............................... 70 90 45 55 . .................... . ............ 

BRANCH SADDLE '. . 
Pipe Size Heating Pressure , Heating %ne 

IPS (inched w Lsecondsl 

2 ............................. 130 - 150 .................. 50 - 60 ............ 
3 ............................. 130 - 150 ................... 75 - 85 ............ 
4 ............................. 130 - 150 .................. 80 - 90 ... i ........ 
6 ............................. 130 - 150 .................. 85 - 95 .............. 
8 ............................. 130 - 150 .................. 90 - 100 .......... 

Main Size Melt Size Bead Size 
linchesl jincheQ Lnches) 

2 ................................. 111 6 ......................... 1/8 
3 ............................ 1/16 to 118 ................... 3116 
4 .................................. 118 .................... 3116 to  114 
.................................. .......................... . 6 1/8 114 

8 .................................. 118 .......................... 114 

Sidewall Fusio 
. . . .  .. . . . . .  

. . . . . . . . . .  
. .  . .  ... :. . . . .  . " . Q:002.34 

. ._:. .: 
. .  .. ; ...'......:i..".... . .  

. . . . .  . .  : . . _ .  ;...., . . . . . . . . . . . . . .  . .  
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Proper Joining 

' Bend back testing. No gaps or voids. 

TIME CYCLES 
pipe and fittings 

Fusion Pressure Coolins l ime 
(seconds) 

.... ..60 . 80 .............................. 120 

........ 80 .............................. 120 . .  

................. 60'- 80 .............................. 120 

................. 60 . 80 .............................. 120 

................. 60 . 80 .............................. 120 

Fusion Pressure Cooling l ime m Isecondd 

............. 70 . 90 ................................ 180 

............. 90 . 110 .............................. 180 

............. 100 . 120 .............................. 210 

............. 110 . 130 .............................. 210 

............. 120 . 140 .............................. 210 

Notes: 
1. Sidewall fusion time cycle begins after pipe and 

fming are firmly seated against the heater faces. 
2. Fusion equipment manufacturers should be 

consulted for proper gauge pressures and torque 
values required to achieve the above given pres- 
sures for their particular fusion equipment. 

3. Temperature and time cycles are based on 73'F 
conditions with no wind, rain or snow. If condi- 
tions are different, time cycles may need to be 
altered. 

- - _ -  

FMing misaligned on pipe. 

Excessive heating and/or over-pressurizing joint. 

Insufficient melt. 

000135 ....................................................................................... 
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-am? 
801 Corny Street AAoosic, PA 18507 (570) 346-8797 F z  ( G O )  34&5d80 

April 17,2002 

@ 002 

4 9 4  2 

.. 
Attn: Mickey 

This is to certify- 00. your Po# 5446, our hvoiCe #OS761 I wt shippta 46 
sheets of 1" x 48 x 120", HDPE pipe grade Union carbide resin DGDB-2480 Black 
3408. These sheets codi to ASTM 1248, 'rype II& Grade P34, Class C, Category 5. 
Thismataialwasxrwd&ndinMoosic,PcnnsyIvania 

If ydu have any fixtha questions, please feel h e  to contact me. 

. .  . . .  . . . . _ .  . . . .  . - .  .. . . . . ._ . . . . .. 
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a .  .. - COXPRESSION POLYMERS tal 002 

4 9 4  2 

- -  . .. .. - - - - .  - - - -  - -  ..- 
PIastic Fusion Fab 
3455 S e a  Blvd 
Huntsville, AL 3581 1 

- . _ _  

e' 

Awl: Mickey 

This is to Certifytb! on yom-PO# 5446, our invoice #OS7611 wt shipped46 
sheets of 1" x 48 x 120", HDPE pipe grade Union Carbide resin DGDB-2480 Black 
3408. These sheets conform to ASTM 1248, Type ID, Grade P34, Class C, Category 5. 
ThismataialwasxnadhmAinMoosic,P~a 

If ydu have any iixther questions, please feei h e  to contact me. 

.. . . .. .. 

000140 
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5 ' .  
05/07/2002 1 5 : 5 2  F.U 570 348 4122 COWRESSION POLYHERS 

'' ' ' ' ' ' ' '' 801 Corey Street Moosic, PA 18507 (570) 346-8797 Fw (570) 346-5080 

@ 001/001 

Plastic Fusion Fab 
3455 Stanwood Blvd 
Huntmill, Al3581 I 

Attn: Mickey 

This is to certify that on your PO# 5446, our invoice #I5761 1 we shipped 46 
sheets of 1 x 48 x 120 virgin HDPE pipe o d e  Union W i d e  r& DGDB-2480 Black 
3408. These Sheets conform to ASTM 1248, Type III, Grade P34, Class C, Category 5.  
This material was manufixtured in Moosic, Pennsylvania 

". 

If you have any further questions, please fed fiee to contact me. -. 
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ShipTo: SAME Customer: -PLASTIC FUSION 
FABRICATORS 
3455 Stariwood Blvd. 
Huntsville. AL 3581 1 
256i852-0378 
256B52-0388 

API Spec 15LE 
AWWA C901/ C906 

I -  Factory Mutual perfijnker k!a!!+ls.pO!?!eC'. .__.. . . _. ~. . __. . . . . . . . . . - -. ._. __. . . . . . . . . . . . . . . . . . . . . ..- . Deleted: I 
I 

MS-1116 
NSF 14 I 6 1  
NSF 61 
IAPMO 

Customer Specification 

PE2406 Type II, Grade P24 Category 5 with Cell Classification of 234363C, D or E HDB 
1250 @ 23" C 
PE3408 Type 111, Grade P34 Category 5 with Cell Classification of 345464C.-D or E HDP 
1600 @ 23" C 

X ASTM 02513 

X PPIRatingforPE 3408 

I X 

Products: P.O. #PO5518 SHIP DATE: 04/09/02 
1,200.00 FT. 6'IPS SDR 11 .O BLK 40' 

Certified By  Tim Moore Position: Q.A. Lab Tech Date: 0411 6/02 

. . [ Deleted: 08/2812001 v . .  
7.70.12 1 

000143 



Phone: 

1' Ship To: SAME Customer: 

Rinker Materials 
PolyPipe@ 

1050 Industrial Drive south 
Elwin. TN 37650 

423-743-91 16 Fax: 

-PIASTIC FUSION 
FABRICATORS 
3455 Stanwood Blvd. 
Huntsville. AL 3581 1 
2W852-0378 
25W852-0388 

423-743-841 9 

- 4 9 4 2  

Rinker Materials PolyPipe@ certifies that the listed piping products were produced from resins and I concentrates as determined by and defined in ASTM 03350. Routine irkplant .nspedion, quality 
control sampling, and long term testing meets or exceeds the customer specifications or 
standards listed below: 

API Spec 15LE 
AWWA C901 I C906 
Factory Mutual perfijnker Matenals .Po!p!ee?. . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 

NSF 14 / 61 
NSF 61 
IAPMO 

Customer Specification 

PE2406 Type 11, Grade P24 Category 5 with Cell Classification of 234363C, D or E HDB 
1250 Q 23" C 

1 Deleted: i 
MS-1116 

I- 

1- 

X ASTM 02513 

X PPIRatingforPE 3408 

I X PE3408 Type 111, Grade P34 Category 5 with Cell Classification of 345464C,-D or E HDP 
1600 Q 23OC 

Products: P.O. #PO5121 SHIP DATE: 11/19/01 
640.00 FT. IO'IPS SDR 1 1 .O BLK 40' 

~~~~~~ ~ 

Certified By: Tim Moore Position: Q.A. Lab Tech Date: 04/16/02 

* .. . !Deleted:08/28/2001 j 
7.10.12 . 

000144 
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4 9 4 2  

Part 1 - SHIPPING PREPARATION AND PACKDIG INSTRUCTIONS 

- 1.1 - This procedure will follow the terms and conditions a ~ s  outliried by Plastic 
- 

._ .  .. . 

Fusion Fabricators, Inc. (PFF). 

1.2 The liner penetration boxes will be packaged on a wood pallet banded with 
1” steel bands. 

1.3 In the event additional marking or labeling is required in order to iden@ 
the shipment: Do not use staDles, nails, or any other means which could 
potentiallv Denetrate the Dlastic liner. PFF highly recommends the use of 
shipping or duct tape to attach additional information to the fabricated 
components. 

1.4 Package size and weight as follows: See Packing List attached. 

1.5 All precaution in handling should be taken to prevent damage to the liner 
penetration boxes. 

-. 

Part 2 - INSTRUCTIONS FOR LIFTING AND TRANSPORT 

2.1 The liner penetration boxes may be lifted by Conventional forklift (or equal) 
with a lifting capacity of 3,000 Ibs. or more and forks that extend a minimum 
of five ( 5 )  feet. Strongly recommend the use of leather work gloves for each 
individual handling material during offload. Do not attempt to lift or move 
liner penetration boxes by the pipe penetration. 

Part 3 - STORAGE 

3.1 The fabricated components should be stored in an environment that is 
clean, dry, level and protected against direct sun radiation. The temperature 
shall not be less than 50°F (10OC) and not more than 90°F (32°C). 

3.2 The fabricated components should not be stacked nor should any objects 
be placed on top of them. 

3.4 Efforts should be made to protect the fabricated components fiom high 
traffic areas to avoid damage. 
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VACUUM TESTING LINER PENETRATION BOXES 

1) Insure that all testing equipment is in good order and free from leaks. To obtain 
_. - - - - -  

_ -  - - inches of-mercury at 0-degrees-C multiply psi-by 2.036. 

2) Connect vacuum pump hose to air/vacuum test adapter. Insure test valve is in the 
"open" position prior to testing. Vacuum pump must be capable of producing 25 in 
Hg. Start vacuum pump and observe gauge. Once gauge reads the specified psi of 
10.8 or vacuum of 21 -9 close air/vacuum test adapter valve and turn off vacuum 
pump. DO NOT EXCEED 14.7 PSI. Migration of the vacuum through the annulus of 
the liner penetration box may be a timely process. If required this procedure may be 
repeated several times in order to reach the specified psi or vacuum. Allow the box 
to stand under vacuum for a minimum of 5 minutes before attempting to adjust 
pressure setting. Once the pressure has stabilized, adjust psi or vacuum by opening 
air/vacuum test adapter valve, if required, to the desired psi or vacuum. Close valve 
upon obtaining desired vacuum. Allow to stand for 30 minutes. No noticeable drop 
in vacuum should be observed for the test to be deemed acceptable. 

IMMEDIATELY! The leak can be located with the use of ultrasonic leak detector. 
See attached sheets for an example of such a device. 

3) If a leak is detected locate itand contact PFF (Plastic Fusion Fabricators, Inc.) 

4) Upon completion of test, document test time and pressure. Before removing test 
follow the simple step-by-step procedure provided. 

Step 1 : Release va&m pressure from sump annulus first! DO NOT 
ATTEMPT TO REMOVE TEST FITINGS UNTIL ALL VACUUM 
PRESSURE IS RELEASED FROM SUMP ANNUWSWU&X TO HANDS 
(FiNGERS) COULD OCCUR- m-!.tmh -~es- 

"-and- 

Step 2: Remove air/vacuum test adapte 

_- 
. .I 

Please contact Plastic Fusion Fabricat&, Inc. at 1-800-356-1 480 with any questions or 
concerns pertaining to the information provided above. 

pusnc FUSION FABRICATORS. INC. 
CDNSULTlNG FABRICATION - INSTALLATION 

3455 Stanwood Btvd Huntsville, AL 35811 256-852-0378 FAX 256-852-0388 
www.pffinc.com 

000153 
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This is to prevent 
provide consisten 

buildup beween the sheet to be welded a d o r  to 
peed for the wedge welding device. 

3.3.7 Nondesnuctive Seam C 

3.3.7.1 Concept 

PFF shall nondesaucti 
a vacuum rest unit, air 

_ _  . -  . -  

n on seam 

g. Spark testing, as 
of nondestructive 

3.3.7.2 Vacuum Testing . 

The equipment shall be comprised of the following: 

A vacuum box assembly consisting of a rigid housing, a.aansparent 
viewing window, and'a soft neoprene gaskeer: attached to the bottom; 

. 

A steel vacuum tank and pump assembly equipped with a pressure 
controller gauge to indicate chamber vacuum2* and pipe connections; 

A rubber pressurelvacuum hose with fitdngs and connections; 

A bucket and wide brush, mop or spray assembly; 

A soapy solution; 

The following procedures shall be followed: 

Energize the vacuum pump and reduce the n n k  pressure to approximately 
5 psi ( 10 inches. of HG.); 

Wet a strip of geomembrane app-roximately 12 inches by 18 inches (03 m 
~ by 1.2 m) with the soapy solution; 

Place the box over the wetted area; 

Cbse the bleed valve and open the vacuum valve; 

. 

Ensure thst a leak tight seal is created; 

For 3 period of approximately 5 to 10 seconds, examine the geomembnne 
through the viewing window for the presence of soap bubbles; 

.. 

12 000154 
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I 
II a 

If no bubble appears after 10 to 15 seconds, close the vacuum valve and 
open the bleed valve, move the box over the nest adjoining area with a 
minimum 3 inches (7 j mm) overlap, and repeat the process: 

B AI1 areas where Soap bubbles appear shall be marked and repaired in 
accordance with Section 3.4. 

. .  

. .  
. . . _ .  _ _  3.3.7.3 

,. . . -. 

E TEST SPECIFICATIONS FOR DUAL TRACK HOT WEDGE 

..:. 27 30 3 
100 mil &thicker 30 32 2 

(160 IcPa); 

a rubber,hose with fittings 

a sharp hollowaeedle, o re feed device 

--.The following proc 

seal both ends of seam to be teste Y 
in to the tunnel 

(160 @a), close 

3-.3.7.5 Spark Testing 

The equipment shall be comprised of the following: 





_ _ - - -  _ _ -  - - - - - -  - -  Date: June  12,2002 
FLUOR FERNALD - 

PFF Job F2158 
- . - _ _  - - - . 

The following are the testing methods used for the liner penetration boxes and 
the results of these test. 

Each liner skirt was spark and vacuum tested. The spark test was performed 
using a Wegner spark tester model Weg 20 (PPM MK3). The vacuum test was 
performed using an  American Testing vacuum box at five psi. 

The vacuum test of the box was performed using a Dayton pump. The test was 
held for thirty minutes at twenty three inches of mercury. 

-, Results as follows: 

1642a; drawing type I; PFF designation A: Liner was spark and vacuum tested 
on 5/23/02 by Randy Nickelson. No defects were found during testing. The box 
was vacuum tested on 611 1/02 by John Yant. No defects were found during 
testing. 

0 

1642a; drawing type I; PFF designation B: Liner was spark and vacuum tested 
on 5/24/02 by Randy Nickelson. No defects were found during testing. The box 
was vacuum tested on 611 1/02 by John Yant. No defects were found during 
.testing. 

1642b; drawing type 2; PFF designation A: Liner was spark and vacuum tested 
on 5/28/02 by Randy Nickelson. No defects were found during testing. The box 
was vacuum tested on 611 1/02 by John Yant. No defects were found during 
testing. 

1642b: drawing type 2; PFF designation B: Liner was spark and vacuum tested 
on 5/29/02 by Randy Nickelson. No defects were found during testing. The box 
was vacuum tested on 6/11/02 by John Yant. No defects were found during 
testing. 
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PROCEDURE FOR THE INSTALLATION 
OF PENETRATION BOXES 

EXCAVAT~ON 
Do not  install liner penetration boxes until the CQC Consultant 
completes performance testing and confirmation of  compliance of 

for underlying layers. 
0 Notify the Construction Manager a minimum of  2 working days prior t o  

the start of liner penetration box installation. 
0 Excavate compacted clay liner and granular drainage material t o  the 

lines and grades shown on the Construction Drawings for placement of 
liner penetration boxes. Minimize over excavation and disturbance of 
the compacted clay liner and granular drainage material. 

- --underlying layers, including acceptance of  Contractor’s-survey results 

BOX INSTALLATION 
Grade compacted clay liner surface and granular drainage material 
surface under the foot  print of the box on which liner penetration box 
is t o  be installed. Make surface smooth t o  obtain close contact 
between compacted clay liner and linei penetration box. Recompact 
material in accordance with Section 2225 and regrade if contact 
occurs between the bottom of the box and the  compacted clay liner 
surface. 
Apply bentonite granules a t  a rate of  1 Ibl f t2 over the compacted clay 
liner under the footprint of  the box. 
Install the penetration box at  the locations and elevation shown of the 
Construction Drawings. 
Join the section of  pipe between liner penetration boxes and Enhanced 
Permanent Leachate Transmission System Valve Houses using butt- 
fusion welding as specified in Section 2605. 
Backfill around LCS, LCS redundant, and LDS pipes in accordance with 
Sections 2215 and 2225 using soil bentonite mix. 
Backfill around liner penetration boxes using soil-bentonite mixture and 
compact in accordance with the requirements of  Section 2225. Fill 
any interface between the compacted clay liner and liner penetration 
box with bentonite granules. 

0 Air pressure test the liner penetration box after they have been 
backfilled. The boxes shall be tested at a 21.9 inches of vacuum 
pressure. 

0 After the vacuum pressure test has passed, install 1.25 inch diameter 
bentonite fill holes at locations shown on the Construction Drawings 
and fill chamber of each liner penetration box with bentonite granules. 
After bentonite filling is complete, seal each hole with HDPE extrudate 

-y- 
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5 .O 

placed with extrusion welding equipment as specified in Section 
02770. 
Weld geomembrane'to each penetration box skirt as soon as air 
.pres%ure testing, surveying, and bentonite filling are complete. 

VACUUM TESTING PENETRATION BOXES 
- 0  

e 

e 

e 

e 

e 

Insure that-all testing-equipment-is in good order and free-from leaks. . 
Connect vacuum pump hose to  airhacuum test adapter. 
valve is in the "open" position prior t o  testing. Vacuum pump shall be 
capable of producing 25 in. Hg. Start vacuum pump and observe 
gauge. Once gauge reads the specified vacuum of 21.9 inches and 
close the test adapter valve. Turn off the vacuum pump. 
Migration of the vacuum through the annulus of the liner penetration 
box may be a timely process. If required this procedure may be 
repeated several times in order to  reach the specified vacuum. 
Allow the box to  stand under vacuum for a minimum of 5 minutes 
before attempting to adjust pressure setting. Once the pressure has 
stabilized adjust the vacuum by opening the test adaptor valve to  
achieve the desire vacuum pressure. 
Close the valve upon obtaining desired vacuum. Allow t o  stand for 30 
minutes. No noticeable drop in vacuum should be observed for the 
test t o  be deemed acceptable. 
In the event an unexplainable pressure loss occurs, excavate the liner 
penetration box and investigate for leaks and perform necessary 
repairs. Replace any liner penetration box that has a pressure leak if 
the leak cannot be found and repaired. 

Insure test 

CONSTRUCTION QUALITY REQUIREMENTS 
CQC Consultant will monitor installation of liner penetration boxes in 
accordance with this Section and the Construction Quality Assurance 
(CQA) Plan. 
CQC Consultant will monitor air pressure testing of liner penetration 
boxes t o  confirm and document compliance with this Section. 

SURVEY CONTROL <a 
The penetration boxes shall surveyed to  confirm the tolerances are 
within 0.1 feet vertical and 0.5 feet horizontal for any dimension 
shown on the Construction Drawings for the liner penetration boxes. .. 

- 
. .  
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3455 S T M O D  BLM). 
HUNTSWLE, AL 35811 

256BSm78 BUS 
256552#442 FAX 

Job No. 
Owner. 
G.C.: 
Project 

Site Location: 

F2158 

D.O.E. 
Fluor Femald. Inc. - P.O. # 02FF0623 

U. S. Department of Enercrv 

7400 Willev Road, Hamilton, OH 4501 3-9402 

Plastic Fusion Fabricators, Inc. has completed a final inspection on this day of 
June , 2002. PFF hereby certifies that all components related to this project have 

been fabricated as specified in strict accordance with job requirements and 
specifications. This Final Acceptance documents job completion and does not serve to 
void any prior agreement regarding workmanship warranty or guarantee. 

11 0 

I, M11c-E =&5%E% f Fluor Femald have observed the vacuum pressure 
testing and agree that testing was done in accordance with the specifications of the 
submittals. 

HDPE Liner Penetration Boxes 

Owner &@A Designated Re entative 

/pFF Designpy Representative J Date 





0 

_ _  Sample -- Width 
Number 

C1 
c2 
c3 
c4 
c5 
1 
2 
3 
4 
5 
6 
7 
8 

CS Area 
ir? 

0.2 
0.1 956 
0.1967 
0.1886 
0.1885 
0.193 
0.1917 
0.1 899 
0.1 929 
0.1938 
0.1927 
0.1 905 
0.1923 

M a x -  - - 

Ibf 
596 
597 
599 
556 
560 
554 
529 
520 
530 
530 
531 
525 
530 
531 
520 

4 9 4  2 

- -_. 

Max 
psi 

2950 

2870 f d  
2760 '72 
2740 . 
2750 f r  

2760 C L -  
2750Yr - 
2760 q t  
2760 T s  ' 
2720 '71 

2740 q l  - 

9 0.982 0.196 0.1925 
0.1913 - .  .. .. -- - --. 0*g81--+- - . .  

Ave. 
SD 

0.1 927 547 ' 

O.Oo306. 20.7 
2840 
123.4 

/J/p 

. . .  

Page 1 
. .  
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A=. 
SD 

-1-- 

Company 
Welder: 
Plastic: 
Weld: 
Date: 
<Not Defined>: 

KevinGr e ' 

extruder 
811 6/07 i 

_. Sample - 
Number 

C1 
c2 
c3 
c4 
c5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
. -  . --. 

-Widtf- - - - - 
in 
0.961 
0.98 
0.988 
0.994 
0.975 
0.984 
0.982 
0.978 
0.988 
0.983 
0.99 
0.987 
0.986 
0.974 
0.982 

2720 47  
2740 9 r 

.- ...- ---- 

0.1924 527 2740 
0.003 10.8 -53.9 

. 



I '  1 

testedby: Jim 
date: 9-17-01 

u 

5 0.988 

4 9 4  2 

3 

.. r Company: PFF 
Welder; T. Harris 
Plastic: HOPE 

. .  Sample Width 
Number: in Tdk 

in I CSArea - 
irP 

6 0.977 
7 0.974 c 
8 0.986 C 
9 0.98 C 

Ave. 
SD 

Max 
IM 
536 
516 
548 
546 
560 
505 
503 

- . M a x .  
psi 

2 7 6 0 7  

2840 I 
2850J 
2630 Y Y 4  
2660 9,' 

0.24 51 7 2560 
0.1949 19.27 549 

Page 1 

. . .  . . .  .. 



1 1  
I 

. .  

Company PFF 
Welder: Kevin Knoell i 
Plastic: HDPE I .  
Weld Type: Extruder 
tested by: Jim 
date: 

Sample 
Number 
c1 
c2 
c3 
c3 
c4 

1- 
2 
3 
4 
5 
6 
7 
8 

Ave. 
SD 

Width 
in 
1.051 
1.052 
1.052 
1.04 
1.051 
1.046 
1.047 
1.04 
1.045 
1.044 
1 .a9 
7.038 
1.048 
1.053 
1.043 

9 .  . 

CS Area 
in2 
0.204 
0.204 
0.204 
0.202 
0.204 
0.203 
0.203 
0.202 
0.203 
0.203 
0.204 
0.201 
0.203 
0.204 
0.202 

_ _ . _  . 

MaX 
Ibf 
585 
580 
585 
576 
586 
552 
556. 
554 
553 
551 
553' 
551 
554 
551 
549 

4 9 4  2 

Max 
psi 

2860 

2720 9 2  
2740 9 
2750 P6 
2730 9 r  
2720 9 f 
2720 7J' 
2740 9 
2720 q f  
2700 5 Y  
2710 (If ""'I- 

0.203 562 
O.OOO946 14.85 . 

2770 
68 

Page 1 

. .  
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Company. PFF 
Welder: M. Lavrik 
Plastic: HDPE 
WeldType: Extruder 
tested by: Jim 
date: lOr2lO1 

r 

c1 
c2 
c3 
c4 
c5 
.l 
2 '  
3 
4 
5 
6 
7 
8 
9 

1.045 
1.044 
1.037 
1.054 
1.051 
1.044 
1.048 
1.041 
1.041 
1.052 
1.054 
1.045 
1.045 
1.046 

C 
C 
a 
a 
a 

' 0  

0 
0 

0 
0 
0 
0 
0 
0 . . .  

, '  1.04 0 .- . . . . . . . - .. 0 
Ave. 
SD 

-CSArea- ~ 

ir? 
0.207 
0.204 . -  
0.203 
0.206 
0.206 ' 

0.204 
0.204 
0.203 
0.203 
0.204 
0.204 
0.206 
0.203 
0.203 
0.203 

-- 

- M a x  - 

Ibf 
597 
606 
589 
590 
597 
564 
565 
559 
571 
561 
568 
565 
558 
565 
553 

4 9 4 2  
- . ._ 

Max- -  - -  - - -  

psi 

- 

2870 
2900, 
2770 
2760 
2760 
281 0 
2750 
2780 
2740 
2750 
2780 
2730 

0.204 574 
0.001 35 17.11 

c - 

281 0 
75.0 

Page 1 
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Camp ny: PFF 
Weld r: Randy Nick€ 
Plastic: a HDPE 
Weld Type: &der 
tested by: Jim 
date: 9-1 8-01 

c1 
c2 
c3. 
c45 
c5 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 0.965 

Ave. 
a - .. 

lson 

so 

0.988 '. 0. 
0.988 0.' 
0.984 0.' 
0.986 0: 
0.985 0.' 
0.987 0: 
0.989 0.' 
0.99 ' 0.' 
0.982 0: 
0.993 0. 

0.' .- 

"96 
94 
93 
94 
93 
93 
94 
93. 
94 
95 
96 
. -- 

- -CS-Area 
ir? 

0.1956. 
0.1915 * 

0.'193. 
0.1 925 
0.1936 
0.1 91 7 
0.1 899 
0.1913 
0.7 901 
0.1 905 
0.1919 
0.7911 
0.1905 
0.1 936 
0.1 891 

0.1917 
0.001 714 

- ~ 

Max Max 
Ibf Psi 
554 28307 
557 
545 
552 
555 
509 
51 4 
51 8 
51 7 
51 6 
51 9 
521 
51 1 
520 
495 

527 
20 

2650 4Jga 
2710 7 7  . 
2710 FY 
2720 f f  
2710 77 
2710 q y  - -  
2730 9' 
2680 7 9  
2680 9 7  
2620 7 

2750 
88.4 

- 

.. -. . . 3 -. . . -zi . 



i 

tested by: Jim 

Plastic: 
Weld Type: Extruder 

date: 912410 1 

- _  _- _ _ - _  

Number in in I 
C l  
c2 
c3 

. c4 
c5 
2 
2 
3 

0.976 
0.972 
0.99 
0.985 0 ,  
0.965 0 
0.9’14 0, 
0.985 0, 
0.982 0. 

4 0.979 0. 
5 0.99 0. 
6 0.979 0. 

0.978 0. 
8 0.981 0. 

0.984 0. 
0. 0.98 

7 

9 

- e lo 
Ave. 
SD 

-. J.. . 

i 
IO2 
I 

/98 #99 

98 
02 

01 
99 
I -. 

- CSArea - 
in‘ 
0.1952 
0.1934 * -  

0.196 
0.1 97 
0.1949 
0.1948 
0.195 
0.1954 
0.1958 
0.196 
0.1 978 
0.1 956 
0.1962 
0.1978 
0.195 

0.1957 
0.001155 

-Max- ~- 

Ibf 
537 
534 
551 
546 
536 
505 
503 
509 
505 
51 1 
51 0 
510 , 

51 2 
51 I 
506 

51 9 
16.67 

4 94-2 

- - Ma __ - - .- . 

psi 

2770 

2580 
2600 7 y  
2580 7 )  
2610 9 ’t 
2580 9 i 
2610 TY 
2610 7 9 
2580 ? J  
2590 7 r  - -  ._. 

2650 
87.5 

- 

Page 1 

i 
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Company: PFF 
Welder: Don Sanders 
Plastic: HOPE 
Weld Type: Extruder 
tested by: MIKE 
date: . 9/27/01 

.- 

1 
Number in ir 

. _ _  . Sample- - -  - --- ~ - -- 

C1 
c2  
c3 
c4 
c5 
1 
2 
3 
4 
5 
6 
7 
8 

0.99 
0.986 
0.988 
0.986 
0.97 
0.972 
0.985 
0.978 
0.981 
0.984 
0.952 
0.977 
0.984 

9 0.981 

. . . .  
0.988 0 . 1 0  -...- , 

C 
C 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0. -. -- 

Ave. 
SD 

a , '. 
8 

_ _  _ - -  

1 
! 
98 
98 
92 
94 
96 
96 
97 
94 
95 
94 
94 
94 
96 
96 

. - -. -. - - . - 

CS Area 
iff 

0.1 98 
0.1952 
0.1956 
0.1893 
0.1 882 
0.1905 
0.1931 
0.1 927 
0.1 903 
0.1919 
0.1847 
0.1895 
0.1909 
0.1 923 
0.1936 

4 9 4 2  
. 

- - - -  

Max 
Ibf 
542 
539 
539 
522 
526 
493 
505 
51 1 
500 
497 
483 

493 
503 
504 

489 

2 7 4 0 7  

2760 $ ~ 7 6  2760 

2590 ? 7 4'* 
2620 9 I' 
2650 9' 
2630 9r 
2590 5V 
2620 9r 
2500 'I 3 
2580 7 3 
2620 9 f  

. 26009Y 

0.1917 51 0 2660 
0.00328 79.47 78.8 

Page 1 
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Welder: J. K Wade 
Company PFF e- 

/ 

Plastic: HDPE 
Weld Type: Extruder 
tested by: Jim 
date: 9-18-01 

- . .  - -  Saw,e- - - - - - 

Number in 
-Tf/k . 

In 
1.032 Oh04 0.211 . -  
1.044 ob01 0.21 
1.044 0402 0.21 1 
1.033 0.195 0.201 

c1 
c2 
c3 
c4 
c5 1 .034 C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 .-. . 

1.045 
1 . o x  
1.032 
1.044 
1.008 
1.039 
1.042 
1.045 
1.028 
1.04 - .  

C 
C 
0 
0 
0 
0 
0 
0. 
0. 
0. - 

Ave. 
SD 

L 

h" 
198 
I98 
I 97 
97 

99 .. 

98 
99 

1 .  

- .  

0.203 
0.209 
0.205 
0.204 
0.206 
0.1 986 
0.208 
0.207 
0.209 
0.204 
0.207 . 

0.206 
0.00358 

..-. . 

Max MEN 
I bf psi 
576 2 7 3 0 3  
585 
585 
590 
602 
567 
561 
559 
557 
539 
569 
560 
557 
555 
555 

568 
17.47 

2780 2790 )trYF 

2710 5rz  
2730 9 4  
2740 ? 

2710 S c  
2740 9 
2700 9f 
2660 5 ' 
2730 f G  
2680 97 

2760 
91.2 

2710 fr 

- -.- . _  

. .. 



0 Company: PFF 
Welder: Keith Ward 
Plastic: HDPE 
Weld Type: Extruder 
tested by: Jim 
date: 9-1 8-01 

c7 
c2 
c3 
c4 
c5 
.1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0.992 
0.962 
0.988 
0.988 * 

0.99 
0.981 
0.98 
0.98 
0.994 
0.991 
0.99. 
0.986 
0.984 
0.983 
0.992 

SD 

7 
c. 

0. 94 
0. 95 

0. 1; 95 
f 

0.. 95 .. 
0. 94 

- 

CS-Aiea- - 
irf 
0.1924 
0.1 905 
0.1 956 
0.1917 
0.193 
0.1903 
0.191 1 
0.1901 
0.1 948 
0.1932 

0.1913 
0.7919 
0.1917 
0.1924 

0:193 

535 
538 
549 
523 
535 
520 
516 
51 9 
521 
525 
520. 
522 
522 
522 
524 

0.1922 
0.001 579 ... 

- 

526 
8.95 .. 

2700 P 7  
2730 sz/ 
2670 7 6  
2710 7 7  
,2690 97 
2730 - 
2720 1 f  
2730 Pf 
2720 T 9  . 

2740 
41.4 

-- -.. . .-. 

! 

. .  . .  . : 



Company: PFF 
Welder: Sammy Whi 
Plastic: HDPE 
Weld Type: Extruder 
tested by: Jim 
date: 9-1 7-0 1 

C l  
c2 
c3 
c4 
c 5  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10' ' - 

- 

e 

k- -. .. 

in 
Sample - .  width - 

-Number in 

1 .w 
1.043 
1 . a 3  
1.038 
1.039 
7.041 
1.043 
1.039 
1.046 
1.043 
1.048 
1.05 
1.043 
1.042 
1.047 

--. 

Ave. 
SD 

-CSArea - 

irP 

0.1942 
0.194 * 

0.204 
0.204 
0.205 
0.1988 
0.1971 
0.1995 
0.1 998 
0.2 
0.1991 
0.203 
0.1992 
0.1 969 
0.1999 

0.1997 
0.00335 

.- .- 

- Max 
I bf 
560 
562 
595 
588 
598 
535 
541 
533 
542 
536 
537 
539 
535 
538 
528 

551 
24 

0 i 

. . _. . . . .  . . I _ . .  
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Company: PFF 
Welder: A. Wilson 
Plastic: HDPE 
Weld Type: Extruder 
tested by Jim 
date: 1 m o l  

-. Sample - - 

Number 

Cl 
c2 
c3 
c4 
c5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
' 9 . .  

Width 
in 
0.922 
0.965 
0.979 
0.964 
0.963 
0.963 
0.961 
0.98 
0.963 
0.967 
0.967 
0.944 
0.962 
0.969 
0.963 

Ave. 
SD 

C 
(I 
a 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 

P o  

f 101 
02 

02 
02 
02 
01 
04 
01 
95 

02 

I 

" . i t  - 0  

- - GS-Area 
i$ 

0.1881 
0.192 
0.1 997 
0.1918 
0.1916 
0.1 936 
0.1 941 
0.1 98 
0.1w 
0.1 953 
0.1 953 
0.1897 
0.1 962 
0.1948 
0.1 878 

- M a  - 
Ibf 
520 
551 
552 
563 
566 
528 
524 
538 
526 
537 
524 
521 
530 
51 4 
489 

....... 

... -Max - - 

psi 

2870 . 
2760 
2930 

Z P S  y 

2700 9 5 
2720 91, 
2710 9 * 
2750 9c 
2680 9'1 
2750 96  
2700 ? /  
2640 7 3  
2600 91 

0.1 935 532 2750 
0.00338 19-84 98.3 

1- ; .  . 

Page 1 
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Company: PFF 
Welder: Bruce Yarbrqugh 

0.' 
0: 
0.' 
0: 

Plastic HDPE 
Weld Type: Uruder 
tested by Jim 
date: 9/25/01 

99 
99 
98 
99 

sampre- .  - 
width - -  

Number in 
c1 
c2 
c3 
c4 
c5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Ave. 
SO 

0.964 
0.975 
0.965 

0.977 . 
0.972 
0.975 
0.978 
0.974 
0.971 
0.969 
0.974 
0.963 
0.977 
0.974 

,0.95 

.. . 

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

CS Area Max 
inz Ibf 

0.1938 * -  

0.195 
0.194 
0.19 
0.1954 
0.1 934 
0.194 
0.1 936 
0.1938 
0.1942 
0.1 938 
0.1919 
0.1916 
0.1954 
0. i 948 

586 
597 
584 
568 
590 
552 
562 
560 
554 
561 
562 
561 
5s 
559 
556 

0.7 937 567 
0.001 473 14.5 

MaK 
psi 

2990 

2850 f y  
2900 f' 
2890 7 '  
2860 7f 
2890 5 4  
2900 q6 
2920 97 
2910 q c  
2860 s l  
2850 5 t  .. --- 
2930 
71.7 

I 

I 

. ... . .  . . . . _  . -~ -.,..- .. ._.. _ -  .... . 
. ... .- .. . . .  

. .  . . .  .. 
.. . ... . . . ..... ' . . .. 
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Document No. PHIV- 02770-001 
Revision 0 

Title/Description: Layout Drawings for Geomembrane & GCL Installation 
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Equipment to be Used 

1 EquipmentTrailer 
2. 2 Crew Vehicles 
3. 4 Fusion Machines 
4. 3 Extruder Kits 
5. 1 Tensiometer . 
6. 2 Vacuum Boxes 
7. 5 Generators With Cords ( to meet Secion 5.0 requirments 
8. 4 Pressure Gauges 
9. 20 Sets of Clanps 
1O.Cutting Tools with Pouches 
1 1 .Ele$tric powered leaf blower 
12. Wet and Dry Vacuum Cleaner 
13,Geotextile Sewing Machine 

000186 
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The Istre Company 
d 

Work Plans 

1. GCL Refer to section 02772 
2. Geommbrane .Refer to section 02770 
3. Geotextiles Refer to section 02714 

The work plan will be enforced to the specifkcations 

. .  
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GSE Lining Technology, Inc. 

RECOMMENDED HANDLING AND 
STORAGE PROCEDURES 

HAN D LING 

1. Material man~ctured by GSE Lining Technology, Inc. is provided on flat, wound rolls in 
three approximate sizes: 

22.5 A (6.75 m) wide and 2 ft (600 mm) in diameter, 2800 lbs (1275 kg) 
24.0 ft (7.32 m) wide and 2 A (600 mm) in diameter, 3500 lbs (1610 kg) 
34.5 A (10.5 m) wide and 2 ft (600 mm) in diameter, 4400 Ibs (2025 kg) 

Actual roll dimensions are provided when &tend is shipped. 

To assist in handling, two (2) lifting straps are supplied with each roll. For eff'ective handling, a 
lifting bar (not supplied) 8.2 ft (2.5 m) long must be used to Ilft the rolls for loading and 
unloading. 

2. 

3. Extreme care must be used in crane handlug so that damage to the edges of the rolls does not 
occurduriughandling. 

4. If other han- equipment is used which could come into direct contact with the material, care 
should be exercised to assure the material is not damaged or punctured. 

STORAGE 

1. The material is manufactured to be suitable for outdoor installation; therefore, covered storage is 
not required. Caution: If high winds, hail or other adverse environmental conditions are 
expected, covered storage may be considered to assure the material is not damaged. Also, 
where local conditions warrant protection from theft or vandalism, consideration should be given 
to storage in a secured area. 

2. The ground sadice on which the material is stored should be similar in character to the area to 
be lined. It should be fiee of a l l  debris, rocks and'other protrusions which could damage the 
liner material. 

3. Rollscan be stored by stackmg one on top of the other. The recommended maxixmm number of 
rolls which can be stacked on top of one another is five (5 )  rolls, i.e, f i e  high. 

4. Boxes of welding rod should not be left outside but stored in a secure, dry, covered area. 



, *- 

e -  l 2 . 1  

I .  

12.2 

- - - . . . . . - . 

12.3 

12.4 

12.5 . .  

P 
All lot and roll numbers should be recorded and compared t o  the packing list. Each roll of GCL 
should a@o be visually inspected during unloading to  determine if any packaging has been damaged. 
Damage, whether obvious or suspected, should be recorded and marked. 

Major damage suspected to  have occurred during transit should be reported immediately t o  the 
camer and t o  CETCO. The nature of the damage should also be indicated on the bill of lading with 
the specific lot and roll numbers. 

The party directly responsible for unloading the GCL should refer t o  this manual prior t o  ship- 
ment to ascertain the appropriateness of their unloading equipment and procedures. Unloading and 
on-site handling of the GCL should be supervised t o  ensure these goals are achieved. Roll dimen- 
sions and weights will vary with the dimensions of the product ordered. 

Rolls should be stacked in  a manner that prevents them from sliding or rolling from the stacks. 
This can be accomplished by frequent'chocking of the bottom layer of rolls. Rolls should be 
stacked no higher than the height at.which the spreader bar assembly can  be safety handled by 
laborers (typically no higher than four). Rolls should never be stacked on end. 

Rolls should be stored a t  the job site away from high-traffic areas but sufficiently close t o  the 
active work area to minimize handling. The designated storage area should be flat, dry and'stable. -. 
Moisture protection of the GCL is provided by its packaging; however, an additional tarpaulin or( I 
plastic sheet is recommended. 

- - -  - _ _  - - -  - - _ _ _  _ -  _ _ _  _ _  

.* 

LINING TECHNOLOGIES GROUP m.cetco.com 

1500 West Shure Drive I Arlington Heights, IL I 60004-1440 1 TEL 800 .527 .9948  1 FAX 847.577.5571 
ozao1, CETCO 880189 
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0 TNS MILLS$ INC. 
Geotextile Division 

- _ -  _ -  Installation Procedure - - _ -  
_ -  - -  - -  Geotextile Fabrics - -  - -  

I. Geotextile Unloading & Storage: 

B 

C 

D. 

E 

A. The geotextile shall be labeled, stored, and handled in 

a 

accordance with ASTM D e-4873, “Guide for Identification, 
’ Storage and Handling of Geotextiles”. 

Geotextile rolls are to be unloaded under supervision of the 
geotextile installer using straps or other devices that will 
prevent damage to the geotextile material. 

The geotextile shall be kept dry and wrapped in a waterproof. 
wrapping so that it is protected from UV light and the elements 
during shipping and storage. Torn wrapping shall be repaired 
within 48 hours using an approved protective covering. 

Rolls should be stored on supports that will not damage the 
material; The material must be elevated at least 2 inches above 
the sub grade. 

If any material is found to be damaged during unloading, a 
notation should be made as to the roll number, location of 
damage and type. This information should be given to the 
Project Manager. 



4 9 4 2  

e 
The Istre Company 

Daily average Material hutallation 

1. GCL 48,000 sf Per Day * 

2. Geomembrane 48,000 sf Per Day . 
3. Geotextile 60,000 sf Per Day 



. .  
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Bavarian Landfill - Walt04 KY 
Solmax4OMill Textnred 
GCL 
380,000 Sq. Ft. -May 2002 

Waste Services ofthe Bluegrass, KY 
Solmax 60 Mill Textured 
Geocomposite 
297,000 s<l. Ft - May 2002 
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T H ' E  I S T R E  C O M P A N Y  
Liner Specialist 4 9 4 2  

I Jeny Istre -Personal Resume 
0 

I '  

I 

* . . . . . . . iFOfUl&d:Levell 1 

1. City of Dayton, WY - Dayton, W - 12 Mil Phillips 50,000 sf Sewage Lagoon 

1.000.000 sf Landiill Cell 
-3. -Ft. Howard Paper Co. =Savannah, GA.-- 40 & 60 Mil Poly America 3,000,000 sf - - 

Sludge Ponds 
4. Kaiser Aluminum - New Orleans, La- 40 Mil Poly America 1,000,000 s f h  

Geotextile 1.000.000 sf Landfill Cap 
5. Inspiration Cooper - Claypool, Az - 40 & 80 Mil Poly America 100,000 $Acid 

Pond 
6. Hymfi Mine - Winnamucca, NV - 40 Mil Poly America 1,000,OOO sf Leach Pad 
7. Perry En& - Leesburg, Va - 30 Mil Poly America 1,000,000 sf Landfill Cell 
8. U.S. Corps of Eng. - Fayetteville, NC - 12 Mil Phillips 150,000 sf Fuel Tank 

Storage 
9. Summitville Mine - St~~nm&ille, CO - 60 mil Poly America 1,000,000 sf Side 

Slopes Leach Pad 
10. Gilt Edge - Deadwood, SD - 60 mil Poly America 1,370,000 sf Geonet 650.000 

sf Leach Pad 
1 1. %hs Enviromental Ser. - Baton Rouge, La - 80 Mil National Seal 1,000,000 

sf Geonet 500.000 sf Geoaid 500.000 sf Landfill Cell 
12. Wolverine Tube - Decator, Alabama -40 Mil National Seal 100,000 sf Acid pond 
13. American Cyanamid - Leplace, La.- 20 Mil National Seal 290,000 sf& 

14. Builders Transport - Dallas Texas - XR-5 national Seal 10,000 sf Tank 

15. Manada Const-- Newburg, Pa- 40 Mil National Seal 21 1,000 s f  Sludge Ponds 
16. Chevmn - St James L a  - 100 Mil 40,000 sf Tank Containment 
17. Ethal Corp -. Baton Rouge, La.- 30 Mil National Seal 500,000 sf 6 oz Geotextile 

18. Manada Const - Newburg, Pa- 60 Mil Poly America 3,000,000 sf Sludge ponds 
19. Sun Times - Aurora, IL- 20 Mil Poly America 200,000 sf Landscape Pond 
20. Peters Const. - Granite City, IL.- 60 Mil Poly h & c a  1,200,000 sf Landtill Cell 
21. Viet Const.- Grove MN - 40 Mil Poly America 250,000 sf Stom Drain Lagoon 
22. IL. State - West Chicago, IL 30 Mil Poly America 70,000 sf 6 oz Geotextile 

70.000 sf HWY Containment 
23. Wayne Disposal - Belleville, Mi.- 80 Mil Poly America 650,000 sf- 

Geotextile 650.000 sf Geonet 650.000 sfMedical Waste Landfill Cell 
24. City of Indianapolis - Indianapolis IN.- 60 Mil Poly America 400,000 sf& 

Geotextile 400.000 sf Landfill Cell 

2. BFI -Atlanta City, NJ - Poly America- 40 Mil 1,000,000 sf -6 oz Geotextile . Dekted:- 1 
- - - - - - - - - - - - -- - - 

Geotextile 290.000 sf Landfill Cap 

Containment 

500.000 sf Landill Cell 

PHONE 918-688-9241 
F a  918-291-2052 
Cell 918-688-9241 
jpCistre@aol.com 

000195 



I 25. NB Power - New Castle New Bmwick, Canada - 60 Mil 500,000 sf- 
4 9 4 2  

Geotextile 500,000 sf Tank Farm 
26. Sydny Steel - S y h y  Nova Scotia, Canada - 60 Mil GSE 50,000 s f a  @ I Geotextile 50,OOO s f M u c t  Pond . 

e 



'i 

-E 
T H E  I S T R E  C O M P A N Y  

Liner specialist 
I3811 sovm p o r n  RACE 
GtMpooLoKwIoMA74(33 

4 9 4 2  

27. Bruin Lagoon - Bruin Lagoon, Pa. - GSE - 200,000 sf 6 oz Geotextile 200,000 sf 
Landfill Cell 
28. USA Steel - Pueblo Co. - GSE - 30 Mil 1,300,000 sf Landfill Cell 
29. Hudson Electric - Newburg, NY GSE 60 Mil 1,300,000 sf Geocomposit 1,300,000 sf 
Gunseal 500,000 sf Landfill Cap and Cell 
30. BFI - New Orleans, La. - Drisco Pipe SDR-11 12 Miles of Laterials 6 oz Geotextile 
950,400 sf - Methane System 

_ _  - -  - - - - - - 
3 1 .-MS of Cob6Grik-Coboco& &t&iO, Cariada - GSE - 60 Mil 800,000 sf 
Lagoons 
32.Muni of Tamagami - Tamagami, Onterio, Canada - GSE - 60 Mil 250,000 sf Lagoon 
33. NS Power - North /Sydney, Nova Scotia, Canada - GSE - 60 mil 1,300.000 sf 8 oz 
Gextile 1,300,000 sf Leach Pad 
34. MLUI~. Of Glecien - Glecien, Alberta, Canada, - GSE - 60 Mil 500,000 sf Lagoon 
35. MUni. Of Tamagami - Tamagarxi, Onterio, Canada - GSE - 80 Mil 250,000 sf 
lagoon 
36. UnitOyal - Elmira, Ont. Canada - GSE - 60 Mil 170,000 sf 6 oz Geotextile 340,000 
sf Building Containment 
37. Gyr Const. Clyde River NWT C e  - GSE - 60 Mil 70,000 sf 8 oz Geotextile 
70,000 sf Tank Farm 
38.FBD - Coral Habor, NWT Canada - GSE - 60 Mil 70,000 sf 8 oz Geotextile 70,000 
sf TankFarm 
39. Gyr Const. - Igloolic, NWT Canada - GSE - 60 Mil 70,000 sf 8 oz Geotextile 
70,000 sf Tank Farm 
40. USA Waste - Bethlaham. NH. - GSE - 60 Mil 500.000 sf 8 oz Geotextile 500,000 sf 
Landfill Cell 
41. Terrafix - Lacdubonnie, Manitoba, Canada GSE - 60 Mil 400,000 sf 6 oz Geotextile 
800,000 sf Landfill Cell 
42. Nortuck Const. - Amiet NWT Canada - GSE - 60 Mil 70,000 sf 8 oz Geotextile 
70,000 sf TankFarm 
43. Hovat Const. - Coral Harbor, NWT Canada - GSE - 60 Mil 70,000 sf 8 oz 
G e o t d e  70,000 sf 8 oz Geotextile 70,000 sf Tank Farm 
44. EB Eddie - Espenola, Ont. Canada - GSE - 80 Mil 500,000 sf 8 oz Geotedle 
500,000 sf Acid Pond 
45. Muni. Of Rangely - Rangely, Me.- GSE - 300,000 sf Lagoon 
46. Muni of Yarmouth - yarmouth, Ma. - GSE - 40 Mil 500,000 sf Landfill Cap 
47.CF Industries - Bartow, Florida - GSE - 40 Mil 1,500,000 sf Mine Cap 

49. C.F. Industries - Bartow, Florida - GSE - 60 Mil 60,000 sf Sumps 
50. Labbie and Sons - Brunswick, ME. - GSE - 375,000 sf Landfill Cap 
5 1. City of Warren - Warren ME. - GSE - 300,000 sf Geocomposit 300,000 sf Landfill 

0- 

48. Cargil - B&ow, Florida - GSE - 80 Mil 60,000 sf Building Roofs 

Cap 

PHONE 918-688-9241 
F ~ x  918-291-2052 
Cell 918-688-9241 
jpCistre@aol.com 
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Liner specialist 4 9 4 2  

DOE - Piket~n, Ohio 
Solmax 80 Mill Smooth 
300,000 Sq. Ft - September 2000 

Petro Environmental - DOE - piketon, Ohio 
GSE 40 Mill Smooth 
500,250 Sq. Ft. - May 2000 

Envirmn. 
u. s. Steel - Claiaon, PA. 
Solmax 40 Mill Textured 
695,000 Sq. Ft. - December 2000 

F d d  - ROSS, Ohio 

291,000 Sq. Ft. - August 2001 
GSE 60 Mill Texhxed 

TVA - Muscle Shoals, AL 
Sohax 40 Mill Smooth 
410,000 Sq. Ft. - September, 2001 

W- - Ft. Lauderdale, F1 
GSE 40 MU Textured & Smooth 
330,000 Sq. Ft -June 2001 

FMC - Meadde, Pa 
Solmax 40 Mill Smooth 
258,000 Sq. Ft. -December 2001 

Baverian - Walton, Ky 
Solmax40MilTextured 
380,000 Sq. Ft -May 2002 

Waste Services- G ~ r g e t o w  Ky 

297,000 Sq. Ft- 2002 
Solmax 60 Mil Textured 

PHONE 918-688-9241 
F ~ x  918-291-2052 
Cell 918-688-9241 
jpCistfe@aol.com 

. .  



- 4 9 4  I 



4 9 4 2  

Bavarian Ladm - Walt04 KY 
SOlmax4OMillTerrtnred 
GCL 
380,000 Sq. Ft - 2002 

Waste Services ofthe Bluegrass, KY 
Solmax 60 Mill Textured 
Geooomposite 
297,000 Sq. Ft. -May 2002 

I 
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. e  RE: Resume 
- . .  s ,  -- 1. Femdd Ross, OH DOE Cell #3 GSE 80 Mil. 735,000 sf 

.WL 735,000 sf 8 oz Geotextile 1,200,000 sf 

. .  Geocomposit 300,000 sf 
. 2. Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 

3. Piketon,-OH.DOE Cap GSE 40 Mil. 535,000 sf G6L 

4. Ferndd, OH DOE Cap GSE 40 Mil. 335,000 s f  GCL 335,000 

. 5. Rhode Island Cap Poly America 40 Mil. 140,000 sf 
60 Long Island Cap Poly America 40 Mil. 500,000 sf 

. 7 .  James Town Ny .Cap PoIy America 60 Mil. 2,000,000 sf 
8. BUerica, Ma Cap Poly America 40 Mil. 1,500,000 sf 
9. Envirocon US Steel - Clairton, Pa. Solmax 40 Mll Tex 

695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 
10. TVA -Muscle Shoals, At Sohax 40 Mil Smth 410,000 sf 
11. Wmgate - Ft. Lauderdde, F1 GSE Tex & Smth 330,000 sf 
12. F'MC - MeadvilIe, Pa. Sohax 40 Mil Smth 258,000 sf 10 

13. Baverh- Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

. 

535,000 sf Geocomposit 535,000 sf 

sf 8 oz Geotextile 335,000 sf 

- .  
1,. : i . ,  

.. 
9 a 

oz Geotextile 516,000 sf 

Cetco GCL 380,000 sf 
14. Waste Services - Georgetown, 

. 297,000 sf and Geocomposit 297,000 s 

()A-CanfomgtotheSubcan$ad- 

PHONE 918-688-9241 ~ - M r n o r C O m m e n t - l n c o r p o r a t e a n d ~  
Fa 918-291-2052 (IC 
CeIl918-688-9241 
jpClstre@aol.com 

7LduL- 

Qoozsa 
, 

. .  -. . . 
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Liner Specialist 494i 

RE: Resume 

1. Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 

2. Piketon, OHDOE Cap GSE 40 Mil. 535,000 sf GCL 

3. Femald, OH DOE Cap GSE 40 Mil. 335,000 sf GCL 335,000 

4. Rhode Island Cap Poly America 40 Mil. 140,0,00 s f .  

6. James Town NY Cap Poly America 60 Mil. 2,000,000 sf 
7. Billerica, Ma Cap Poly America 40 MX 1,500,000 sf 
8. Envirocon US Steel - Clairton, Pa. Solmax 40 Mil Tex 

695,000 sf GCL 695,000 sf .Geocomposit 695,000 sf 
10. TVA - Muscle Shoals, Al Solmax 40 Jh4j.l Smth 410,000 sf 
11. Wingate - Ft. Lauderdale, F1 GSE Tex & Smth 330,000 sf 
12. FMC - Meadville, Pa. Solmax 40 Mil Smth 258,000 sf 10 

13. Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

Geocomposit 300,000 sf 

535,OOO sf Geocomposit 535,000 sf 

sf 8 oz Geotextile 335,000 sf 

' 5. Long Island Cap Poly America 40 Mil. 500,000 sf a 

oz Geotextile 516,000 sf 

Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 
. 14. Waste Services - Georgetown, Ky Solmax 40 Mil Tex 

PHONE 918-688-9241 
Fa~918-291-2052 
Cell 918-688-9241 
]pQstre@aol.com (PO0283 

. 
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Liner specialist 4 9 4 2  E 

6 l3811 SOlrm WPL4R PLACE 
S GlENmoL0Kwt0tdA74033 

0 

Slqlar King 
---- -- - - - -- -- - -Weld -Tech -_ - - - - - - -_ - -. - __ - __ _ _  _ _  - - - - - . - _ - _  - - _  __ - - - - - - - - - _ _  - - - 

Empolyed June 200 1 thru Present 

RE: Resume 

1. Fernald, OH DOE Cap GSE 40 Mil. 335,000 sf GCL 335,000 
sf 8 oz Geotextile 335,000 sf 

2. Envirocon US Steel - Clab%on, Pa. Solmax 40 Mil Tex 
695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 

3. TVA - Muscle Shoals, Al Sohax 40 Mil Smth 410,000 sf 
4. Wingate - Ft. Lauderdale, IF1 GSE Tex & Smth 330,000 sf 
5. FMC - Meadville, Pa. Solmax 40 Mil Smth 258,000 sf 10 

6. Baverian - Walton, Q. Solmax 40 Mil Tex 380,000 sf and 

7 ,  Waste Services - Georgetown, Ky Solmax 40 Mil Tex 

oz Geotextile 5 16,000 sf e 
Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 

.. 

PHONE 918-688-9241 
F ~ x  918-291-2052 
Cell 918-688-9241 

0 
jpClstre@aol.com . 



RE: Resume 

1. Envirocon US Steel - Clairton, Pa. SoImax 40 Mil Tex . 

695,000 sf GCL 695,000 sf .Geocomposit 695,000 sf 
2. TVA -Muscle Shoals, Al Solmax 40 Mil Smth 410,000 sf 
3. Wingate - Ft. Lauderdale, F1 GSE Tex 8t Smth 330,000 sf 
4. FMC - Meadville, Pa. Solmax 40 Mil Smth 258,000 sf 10 

5.  Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

6. Waste Services - Georgetown, Ky SolmaX 40 Mil Tex 

oz Geotextile 516,000 sf 

' Cetco GCL 380,000 sf 0 
297,000 sf and Geocomposit 297,000 sf 

PHONE 918-688-9241 
F ~ x  918-29 1-2052 
Cell 918-688-9241 
JpClstre@aol.com 
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Liuer Specialist 

I 1381iSOLrmWPLARPLACE 
S Gl€NpooL0Kwl0wA74@33 
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RE: Resume 

1. Envirocon US Steel - Clairton, Pa. SoImax 40 Mil Tex 
695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 

2. TVA -Muscle Shoals, Al Solmax 40 Mil Smth 410,000 sf 
3. Wingate - Ft, Lauderdale, FI GSE Tex & Smth 330,000 sf 
4. FMC - Meadville, Pa Solmax 40 lMil Smth 258,000 sf 10 

5. Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

6. Waste Services - Georgetown, Ky Sohax 40 Mil Tex 

oz Geotextile 5 16,000 sf 

Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 

PHONE 918-888-9241 
F ~ x  918-291-2052 
Cell 918-688-9241 
jpCist@aof.com 0049206 
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THE ISTRE COMPANY 

RE: Resume 
1. 

2. 

3. 

4. 

a .  5.  

Fernald Ross, OH DOE Cell #3 GSE 80 Mil. 335,000 sf and 
GCL. 1999 
Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 
Geocomposit 300,000 sf. Jme 2000 
Piketon, OH DOE Cap GSE 40 Mil. 535,000 sf GCL 
535,000 sf Geocomposit 535,000 sf. June 2000 
Fernald, OH DOE Cap GSE 40 Mil. 335,000 sf GCL 335,000 
sf 8 oz Geotextile 335,000 sf. 1998 
Envirocon US Steel - Clairton, Pa. Solmax 40 Mil Tex 
695,000 sf GCL 695,000 sf Geocomposit 695,000 sf . 

13. Baverian - W t o n ,  Ky - Sohax 40 Mil Tex 380,000 sf and 

14. Waste Services - Georgetown, Ky - Solmax 40 Mil Tex 
GCL 380,000 sf . 

297,000 sf and Geocomposit 297,000 sf 

. .  

Q00207 
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% THE ISTRE COMPANY 
4 

49.4 2 

David Lipps 

Empolyed November 1999 and June 2002 to Present 

RE: Resume 

~ - _ _ - _ - - - - - _ _  _ _  _ .  _._ - _ _  ._ - Weld .Tech -. . __ -. _ _ _ ~  - _ _  - 

1,  Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 
Geocomposit 300,000 sf. November 1999. 

2. Waste Services of The Bluegrass, Georgetown, KY - Solmax 
60 Mil. Textured and Geocomposite. 522,000 sf. July 2002 

3. Bavarian - Walton, KY - Solmax 40 Mil. Textured and 
GCL. 760,000 sf July 2002 



. .  

RE: Resume 

1. Waste Services of The Bluegrass, Georgetown, KY - Solmax 
60 Mil. Textured and Geocomposite. 522,000 sf. July 2002 

2. Bavarian - Walton, KY - Solmix 40 Mil. Textured and 
GCL. 760,000 sf. July 2002 



4942:  

THE ISTRE COMPANY 

RE: Resume 

1. Waste Services of The Bluegrass, Georgetown, KY - Solmax 
60 Mil. Textured and Geocomposite. 522,000 sf. July 2002 

2. Bavarian - Walton, KY - Solmax 40 Mil. Textured and 
GCL. 760,000 sf. July 2002 

000210 
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THEIsTREcoMPm 

Bavarian Landfill - Walt04 KY 
Solmax4OMillTextured 
GCL 
380,000 Sq. Ft - May 2002 

Waste SeMces of the Blnegrass, KY 
Solmax 60 Mill Textured 
Geocomposite 
297,000 Sq. Ft. - May 2002 

fi A-Conforms to the Subcontract Requirements 
[ ] B-Minor Comment - Incorporate and Resubmit 

Date: g b 7 / C L  

000212 
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4942  

Company Resume (Sub-contract Work) 

iomanco: Tam;% Florida 
Contact: mark Topp 
Phone 813-988-8829 
Equipment: Columbine 

< 
a 

. .  

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

- - - - J ~ - I s t i e R e s p o ~ i ~ ~ ~ : - ~ ~ ~ S ~ e ~ t e n d e n t  
1. IMC -Bartow, Florida- GSE 40 Mil 1,500,000 sf Mine Cap June 1997 
2. cargil - Bartow Florida - GSE 80 Mil 60,000 sf Building R00fk August 1997 
3. IMC-B&OW, Florida- GSE 60 Mil 40,000 sf SWPS Septa 1997 

. .. 

. . .  

PHONE 918-688-9241 . .  
~ a ~ g i a a i - 2 0 5 2  
Cell 918-688-9241 
jpCkbe@aol.com 

.. 
-l 
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Liner specialist 

l 3 8 1 1 ~ p O p I A R ~  
= .  GLw#)oL0mAtlo~74033 

e 
Company R e s h e  (Subcontract Work) 

1. DOE Femald - Ross, Ohio - National Seal 80 Mil Textured 400,000 sf Landfill 
Cell # 1 Dec 1997 

2. City of Indian Lake, New York - GSE 60 Mil 300,000 sf Landfill Cap November 
1998 

PHONE 918-688-9241 
F ~ x  918-29 1-2052 
Cell 918-688-9241 
JpCistre@aol.com 



T H E  I S T R E  C O M P A N Y  4 9 4 2  Liner Specialist 
13811 m mPLARPLAcE 

S ~ L O K W 1 O M A  74033 e Company Resume (Sub-Contract Work) 

Terrafix: 425 &well Dr, Rexdale Onterio, Canada M9W5C4 
Contact: John Mooney 
Phone (416-674-0363) 
Equipment: Columbine _ _  ._ - _ _ - - -  Jegy Istre Responsibility: (-OwnedSuperintendent) - . -_ 

. .-- - - -  

1. City of Warren, Maine - GSE 60 Mil 300,000 sf Geocomposit 300,000 sf 

2. E.B. Eddy paper Mill -Esponola, Onterio, Canada - GSE 80 Mil 500,000 s f  

3. City of Rangy Maine - GSE 60 Mil 350,000 sf Sewage Lagoons August 1996 
4. City of Yannouth Ma GSE 40 Mil 500,000 s f h d f i l l  Cap Sept. 1996 
5. USA Waste Bethlahem, New Hampshire - GSE 60 Mil 500,000 sf Geocomposit 

500,000 sf 6 oz Geotextile 500,000.sf L a n a  Cell November 1996 
6. City of Southridge Ma. - GSE 60 Mil 3.00,OOO sf landfill Cell November 1999 

Landfill Cap March 1996 

Geocomposit 500,000 sf Acid pond 

PHONE 918-688-9241 
Fa~918-291-2052 
Cell 918-688-9241 
jpCistr@aol.com QQ8216 
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T H E  I S T R E  C O M P A N Y  

Liner specialist 

? 

Petro Environmental 
Contact: M R  Mark Mather or Mr. Pete Mather 

Phone: 513-489-6789, 
Eqbipment: Columbine 
Jerry Istre Responsibility: Owner/Superintendent 

DOE Fernald - Ross Ohio National Seal 80 Mil. Textured 400,000 sf GCL 400,000 s f  8 
oz Geotextile 1,200,000 s f  Landfill Cell #1 Oct - Dec. 1997 
DOE Femald- Ross Ohio National Seal 80 Mil. Textured 20,000 sfDecon PadMarch 
1998 
DOE F d d ?  Ross Ohio Solmax Textured 80 Mil. Textured 750,000 sf GCL 750,000 
sf 8 oz Geotextile 1,200,000 s f  Landfill Cell #2 Aug. 1998 
DOE Femald - Ross Ohio HDPE pipe sdr-17 Radiological dust control system 7 Miles 

Petro GoKCourse - Columbus, Ohio HDPE pipe sdr 11 & 17 Deep water Drainage 11 
Miles Feb -July 1999 
DOE Femald - Ross, Ohio GSE Textured 80 Mil 700,000 sf GCL 700,000 sf 8 oz 
Geotextile 1,200,000 sfLancEll Cell # 3 August 1999 
ODOT - Marysville, Ohio Solmax 60 Mil Smooth 19,899 sf HWY Drainage April 2000 
Reilly Tar - Dover, Ohio Solmax 60 Mil Textured 50,000 s f  GCL 50,000 s f  Vault Cap 

DOE Piketon, Ohio GSE Textured 40 MiI Smooth 500,525 sf GCL 500,525 sf 
Geocomposit 500,525 sfhdfi l l  Cap May 2000 
DOE Piketon, Ohio Solmax 80 Mil Smooth 300,000 s f  Geocomposit 300,000 sf Landfill 

DOE Fernald- Ross, Ohio GSE 60 Mil Smooth 335,000 sf GCL 335,000 s f  8 oz 
Geotextile 335,000 sfLand€iU Cap Cell # 1 June -August 2001 
DOE Femald - Ross, Ohio GSE 80 Mil Textured 25,740 sf L a n a  Cell SP-7 Dec 2001 

March-December 1998 

May 2000 

cap Sept 2000 

1 

PHONE 918-688-9241 
F ~ x  918-291-2052 
Cdl918-688-9241 
jpClstre@aol.com QQO217 
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a .. 

. -  - -  

e. 

I 
I 

- - -  

I 

I 

I 

I 

F0rmatbed:LeVell I Jerry Istre -Personal Resume ). . . . . . . 
a *  1 

1. 
2. 

3. 

4. 

.5. 

.6. 
7. 
8. 

9. 

-_ 

City of Dayton, WY - Dayton, WY - 12 Mil Phillips 50,000 sf Sewage Lagoon 
BFI- Atlanta City; NJ-PolyAmerica,-40 Mil, I , O O O , ~ O  .. ._.. . sfh60z . , . . Geotextile . .A . -  ' ....-{ ~eleted:- 
1.000.000 sf Landfill Cell 
Ft. Howgd Paper Co. - Savaanah, GA. - 40 & 60 Mil Poly America 3,000,000 sf 
Sludge Ponds 
Kaiser Aluminum -New Orleans, La- 40 Mil Poly America 1,000,000 sf& 
Geotextile 1.000.000 sf L a n a  Cap 
Inspiration Cooper- Claypool, Az - 40 & 80 Mil Poly America 100,000 sf Acid 
Pond 
Hycroft Mine - Whnamucca, NV-40 Mil Poly America 1,000,000 sf Leach Pad 
Perry Ens, - Leesburg, Va - 30 Mil Poly America 1,000,000 sf Landfill Cell 
U.S. Corps of Eng. - Fayetteville, NC - 12 Ivfil Phillips 150,000 sf Fuel Tank 
Storage 
SummitviUe Mine - SummitvilIe, CO - 60 mil Poly America 1,000,000 sf Side 
SlODes Leach Pad 

1 
_. - - - - 

10. G& Edge - Deadwoo& SD - 60 mil PolyAm@ca 1,370,000 sf Geonet 650.000 

11. Rollins Etlviromental Ser. - Baton Rouge, La. - 80 Mil National Seal 1,000,000 

12. Wolverine Tube - Decator, Alabama - 4 0 . m  National Seal 100,000 sf Acid pond 

14. Builders Transport -Dallas Texas - XR-5 national Seal 10,000 sf T& 

15. Maaada Const- Newburg, Pa-'40 Mil National Seal 21 1,000 sf Sludge Ponds 
16. Cheveron - St James La. - 100 Mil 40,000 sfTank Containment 
17. Ethal Ccnp -. Baton Rouge, La- 30 Mil National Seal 500,000 sf6 oz Geotextile 

,&L,eachPad - ' 

sf Geonet 500.000 sf Geomid 500.000 ST. Landfill Cell .. 

13. American Cyanamid- Leplace, La- 20 Mil National Seal 290,000 sf- ' 

Geotextile 290.000 sf Landfill Cap 

* Contaimnent 

~oo.000 sf ~anm cen 
18. Manada Const. -Newbm Pa- 60 Mil Poly &erica 3,0oO,OOO sfsludge ponds . 
19. sun ~imes -~urora, IL 20 ~ i l  PO@ AmeGca 200,000 s f  Landscape p&i 
20. Peters Const. - Grgiite Cw,  E.- 60 Mit Poly America 1,200,000 sf Landfill Cell 
21. Viet Con&- Grove MN - 40 Mil Poly America 250,000 sf Storm Drain Lagcxm 
22. E. State - West Chicago, iG 30 Mil Poly America 70,000 sf 6 oz Geotexh'le 

70.000 sf Contabmat 
23. Wayne Disposal - Belleville, Mi- 80 Mil Poly America 650,0!M d- 

Geotextile 650.000 sf Geonet 650.000 sfMedical Waste Landfill Cell 

Geotextile 400.000 sf ha Cell 
24. City of -Indianapolis IN.- 60 Mil Poly America 400,000 d& 

. .  

. . .  . .  

PHONE918-688-9241 
Fa~918-291-2052 
Cell 918-688-9241 
JpCistre&ol.com 

.QQO218 

. .  . .  



... . 
. ’  I I ”  

25. NB Power- New Castle New B~nswick, Canada- 60 Mil 500,000 s f a  I . Geotextile 500.000 sf Tank Faan 
26. Sydny Steel - S-Nova Scotia, Canada - 60 Mil GSE 50,000 sf& I Geotextile 50.000 sf product Pond - 

. .  
.. 

4 9 4 g  

. .  

. .  . .  

. .  

. .  

. .  . 

QQ0219 

. .  
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27, Bruin Lagoon -Bruin Lagoon, Pa - GSE - 200,000 sf 6 oz Geotextile 200,000 sf 
LaIlrnl cell 
28. USA Steel -Ipueblo Co. - GSE - 30 Mil 1,300,000 sf Landfill Cell 
29. Hudson Electric -Newburg, NY GSE 60 Mil 1,300,000 sf Geocomposit 1,300,000 sf 
Gunseal 500,000 s f  Landfill Cap and Cell 
30. BFI -New Orleans, La. - Drisco Pipe SDR-11 12 Miles of Laterials 6 oz Geotextile . 
950,400 s f  -Methane System _ _ _  - -  

3 1. M S  of Cobocdnk - C~boCO&-~t~~O~Canada  -GSE - 60 Mil 800,000 sf 
Lagoons 
32.Muni of Tarnagand - Tamagami, Onteri~, Canada - GSE - 60 Mil 250,000 sf Lagoon 
33. NS Power -North /Sydney, Nova Scotia, Canada - GSE - 60 mil 1,300.000 sf 8 oz 
Gextile 1,300,000 sf Leach Pad 
34. Muni. Of Glecien - Glecien, Alberta, Canada, - GSE - 60 Mil 500,000 s f  Lagoon 
35. Muni. Of Tarnagami - Tamagami, Onterio, Canada - GSE - 80 Mil 250,000 sf 
lagoon 
36. Uniroyal- Elmira, Ont. Canada - GSE 7 60 Mil 170,000 sf 6 oz Geotextile 340,000 
sf Building Containment 
37. Gyr Const. Clyde River NWT Canada - GSE - 60 Mil 70,000 sf 8 oz Geotextile 
70,000 s f  Tank Farm 
38mD'- C o d  Habor, NWT Canada - GSE - 60 Mil 70,000 sf 8 oz %textile 70,000 
sfTankFarm 
39. Gyr Const. - Igloolic, NWT Canada - GSE - 60 Mil 70,000 sf 8 oz Geotextile . 
70,000 s f  TankFann 
40. USA Waste -Be- NH. - GSE - 60 Mil 500.000 sf 8 oz Geotextile 500,000 sf 
Landfill cell 
41, Terrafix - Lacdubonnie, Manitoba, Canada GSE - 60 Mil 400,000 s f  6 oz *textile 
800,000 s f  Landfill Cell 
42. Nortuck Const. - Arviet NWT Canada - GSE - 60 Mil 70,000 sf 8 oz Geotextile . 

70,000 sf Tank Fann 
43. Hovat Const. - Coral Harbor, NWT Canada - GSE - 60 Mil 70,000 sf 8 oz 
Geotextile 70,000 sf 8 oz G e o M e  70,000 sf Tank Farm 
44. EB Eddie - Espenola, Ont Canada - GSE - 80 Mil 500,000 sf 8 oz GeotextiIe 
500,000 s f  Acid Pond 
45. Muni. Of Rangely - Rangely, Me.- GSE - 300,000 &,agoon 
46. Muni of Yarmouth - yarmouth, Ma. - GSE - 40 Mil 500,000 sfLandf2l Cap 
47.CF Industries - Bartow, Florida- GSE - 40 Mil 1,500,000 s f  Mine Cap 

49. C.F. Industries - Bartow, Florida - GSE - 60 Mil 60,000 s f  Sumps 
' 50. Labbie and Sons - Bnmswick, ME. - GSE - 375,000 sf Landfill Cap 

51. City of Wanen- Wanen ME. - GSE - 300,000 s f  Geocomposit 300,000 sfLand.€ill 

- -  
- _  - - _ _  - - -  

48. C@l-  Bartow, Florida- GSE - 80 Mil 60,000 sf Building Roofs 

cap 

PHONE 9 18-688-9241 

CeU 918-688-9241 
F ~ x  918-291-2052 

jpCistre@aol.com 0849220 
, 
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DOE - Piketon, Ohio 
SoimaX 80 Mill. Smooth 
300,000 Sq. Ft. - September 2000 

Petro Envhmd -DOE -piketo& Ohio. 

500,250 Sq. Ft. - May ZOO0 
. GSE 40 Mill Smooth 

Envirmn - 
U. S. steel - clairton, PA ' 
Solmax40MillTextured 
695,000 Q. Pt: -December 2000 

F d d  - Ross, Ohio 

291,000 Sq. Ft. -August2001 
GSE 60 Mill Tex@red 

TVA - Muscle Shoals, AL 
Solmax4OMilI Smooth 
410,000 Sq. Ft. - -, 2001 . 

W e e  - Ft Lauderdale, F1 
GSE 40 Mill Texhxred & Smooth 
.330,000 Sq. Ft -June 2001 . ' 

FMC -Meadville, Pa 
Solmax4OMillsslooth 
258,000 Sq. Ft -December 2001 

Bawrian - Walton, Ky 
Solmajr40MilTexaaed. 
380,000 Sq. Ft-May2002 

.. . 

. .  . .  

- .  
Waste Services- Georgetown, Ky 
S o h  60 Mil Textured 
297,000 Sq. FL- 2002 

PHONE 918-688-9241 
F a 9  1&29 1-2052 
Cell 9 18-688-9241 
jpCistre&ol.com 000221 

e 



Joesph Beebout 

Empolyed June 99 thru Present 
- - - - - - - - - - . - - - - .- - - . - - - - -Superientendent -- - - - -- - - - _ _  .- - - 

RE: Resume 
1. Femald Ross, OH DOE Cell #3 GSE 80 hM. 735,000 sf 

2. Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 

3. Piketon, OH.DOE Cap GSE 40 Mil. 535,000 sf GCL 

4. Fernald, OH DOE Cap GSE 40 Mil. 335,000'sf GCL 335,000 

5. Rhode Island Cap Poly America 40 M. 140,000 sf 
6, Long Island Cap Poly America 40 Mil. 500,000 sf 
7 .  James Tom NY Cap Poly America 60 Mil. 2,000,000 sf 
8. Billerica, Ma Cap Poly America 40 Mil. 1,500,000 sf . 
9. Envirocon US Steel - Clairton, Pa. Solmax 40 Mil Tex 

695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 
10. TVA - Muscle Shoals, Al Solmax 40 Mil Smth 410,000 sf 
11. Wmgate - Ft. Lauderdale, Fl GSE Tex & Smth 330,000 sf 
12. FMC - Meadville, Pa, Solmax 40 Mil Smth 258,000 sf 10 

13. Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

14. Waste Services --Georgetown, Ky Solmax 40 MiI Tex 

GCL 735,000 sf 8 oz Geotextile 1,200,000 sf 

Geocomposit 300,000 sf * 

535,000 sf Geocomposit 535,000 sf 

sf 8 oz Geotextile 335,000 sf 

. 

oz Geotextile 516,000 sf 

Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 
. .  

PHONE 918-688-9241 
F ~ x  918-291-2052 
cen 918-~8-9241 
jpCistre@aol.com . 004p222 

n 

. .  
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Joesph W. Beebout 

Empolyed Sept. 99 thnr Present 
- _  _ _  - - - - - - - - - - - - - __ - . ---Mastersearner - - - - -- - -  _ _  - _ _  - - 

RE: Resume 

1. Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 

2. Piketon, OH DOE Cap GSE 40 Mil. 535,000 sf GCL 

3. Femald, OH DOE Cap GSE 40 Mil. 335,000 sf GCL 335,000 

4. Rhode Island Cap Poly America 40 Mil. 140,000 sf 
5. Long Island Cap Poly America 40 Mil. 500,000 sf 
6. James Town NY Cap Poly America 60 Mil. 2,000,000 sf 
7. Billerica, Ma Cap Poly America 40 Mil. 1,500,000 sf 
8, Envirocon US Steel - Clairton, Pa. Solmax 40 Mil Tex 

695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 
10. TVA -Muscle Shoals, Al SoJmax 40 Mil Smth 410,000 sf 
1 1. Wingate - Ft. Lauderdale, F1 GSE Tex & Smih 330,000 sf 
12. FMC - Meadville, Pa. Sohax 40 Mil Smth 258,000 sf 10 

13. Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

14. Waste Services - Georgetown, Ky Solmax 40 Mil Tex 

Geocomposit 3 00,000 sf 

535,000 sf Geocomposit 535,000 sf 

sf 8 oz Geotextile 335,000 sf 

e 
. 

oz Geotextile 516,000 sf 

Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 

. PHONE 918-688-9241 
Fa~918-291-2052 
Cell 918-688-9241 
JpCWe@aol.com . 080223 

e 
, 
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RE: Resume 

I. Femald, OH DOE Cap GSE 40 Mil. 335,000 sf GCL 335,000 
sf 8 oz Geotextile 335,000 sf 

2. Envirocon US Steel - Clairton, Pa. Solmax 40 Mil Tex 
695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 

3. TVA - Muscle Shoals, AI Solmax 40 Mil Smth 410,000 sf 
4. Wingate - Ft. Lauderdale, Fl GSE Tex & Smth 330,000-sf 
5. FMC - Meadville, Pa. Solmax 40 Mil Smth 258,000 sf 10 

6. Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

7. Waste Services - Georgetown, Ky Solmax 40 Mil Tex 

oz Geotextile 5 16,000 sf 0 
Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 
. .  

. .  . 

. .  . .  

. .  . .  

. .  

.. . 

PHONE 918-688-9242 
Fa918-291-2052 
Cell 918-688-9241 
jpCistre@aol.com 0049224 
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1. Envirocon US Steel - Clairton, Pa. Sohax 40 Mil Tex 
695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 

2. TVA - Muscle Shoals, Al Solmax 40 Mil Smth 410,000 sf 
3. Wingate -*Ft. Lauderdale, F1 GSE Tex & Smth 330,000 sf 
4. FMC - Meadville, Pa. Sohax  40 Mil Smth 258,000 sf 10 

5.  Baverian - Walton, Ky. Solmax 40 Mil Tex 380,000 sf and 

6. Waste Services - Georgetown, Ky Solmax 40 Mil Tex 

oz Geotextile 516,000 sf 

Cetco GCL 380,000 sf 

297,000 sf and Geocomposit 297,000 sf 
. .  . .  

, .  
. .  . .  

. .  

. .  

PHONE 918-688-9241 
Fax 9 18-29 1-2052 , 

Cell 918-688-9241 
JpCistre@aoI.com 

. .  



RE: Resume 

1. Envirocon US Steel - Clalrton, Pa. Solmax 40 Mil Tex 
695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 

2. TVA - Muscle Shoals, Al Solmax 40 Mil Smth 410,000 sf 
3. Wingate - Ft, LauderdaIe, Fl GSE Tex & Smth 330,000 sf 
4. FMC - MeadvilIe, Pa. Solmq 40 Mil Smth 258,000 sf 10 

5. Baverian - Walton, Ky. Solmax 40 Ml Tex 380,000 sf and 

6. Waste Services - Georgetown, Ky Solmax 40 Mil Tex 

oz Geotextile 516,000 sf 
. 

Cetco GCL 380,000 sf 

. 297,000 sf and Geocomposit 297,000 sf 

e 

. .  

PHONE 918-688-9241 
F ~ x  918-291-2052 
Cell 918-688-9241 
j p C i m o I . c o m  

, 



THE Ism COMPANY % f 

RE: Resume 
1. Fernald Ross, OH DOE Cell #3 GSE 80 Mil. 335,000 sf and 

GCL. 1999 
2. Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 

Geocomposit 300,000 sf. JWe 2000 
3. Piketon, OH DOE Cap GSE 40 Mil. 535,000 sf GCL 

535,000 sf Geocomposit 535,000 sf. June 2000 
4. Fernald, OH DOE Cap GSE 40 Mil. 335,000 sf GCL 335,000 

sf 8 oz Geotextile 335,000 sf 1998 
5. Envirocon US Steel - Clairton, Pa. Solmax 40 Mil Tex 

695,000 sf GCL 695,000 sf Geocomposit 695,000 sf 
13. Baverian - Wton,  Ky - Solmax 40 Mil Tex 380,000 sf and 

GCL 380,000 sf 
14. Waste Services - Georgetown, Ky - Solmax 40 Mil Tex 

297,000 sf and Geocomposit 297,000 sf 

a' 



TNE Ism COMPANY -+k ? 

RE: Resume 

1. 

2. 

3. 

Indian Lake, NY Cap Poly America 60 Mil. 300,000 sf 
Geocomposit 300,000 sf. November 1999. 
Waste Services of The Bluegrass, Georgetown, KY - Solmax 
60 Mil. Textured and Geocomposite. 522,000 sf. July 2002 
Bavarian - Walton, KY - Solmax 40 Mil. Textured and 
GCL. 760,000 sf Jdy 2002 



.. . -4942 

- - . - -. -. - - - - ._ . - ~ ~ ~ 

Hal White 
WeldTech- ~ . 

Empolyed June. 15,2002 to Present 

~ - - - . - - - - - .- . 

RE: Resume 
... 

... . >  

. ,  ... 

1. Waste Services of The Bluegrass, Georgetown, KY - Solmax 
60 Mil. Textured and Geocomposite. 522,000 sf. July 2002 

2. Bavarian 2 Walton, KY - Soh& 40 Mil. Textured and 
GCL. 760,000 sf July 2002 
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THE ISTRE COMPANY +I+ i 

Daniel White 

Empolyed June 15,2002 to Present 

RE: Resume 

1. Waste Services of The Bluegrass, Georgetown, KY - Solmax 
60 Mil. Textured and Geocomposite. 522,000 sf. July 2002 

2. Bavarian - Walton, KY - Soh& 40 Mil. Textured and 
GCL. 760,000 sf July 2002 



e 
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The Lstre Company 

~ _. .-.~. -~ - ~ _ .  ~ 

Flour Fernald 
7400 Willey Road- - 

Ross, Ohio 45030 

. -~ -. - - -. - _ 

%? 

.., 

RE: Liner System Guarantee 

antee the workmanship of the liner 

This does not include 

ovember 19,2004. 

Q00232 
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CALIBRATION CERTIFICATE 

. .. Y 

., 

L5S - 
Device Calibrated: S-Type load cell Calibration Apparatus: 
Range: 0-500 Ibs. Tension Dead Weight system wl Model No: 
Serial No: 

Fluke Model 8840A Multimeter 
P 

Readout Model No: 

Channel No: Readout Serial No: 4557 

Indicator reading wlth no load 

Applied Force Ibs. Output (mv): Display reading: Deviation Error: 
1 7 1  

202 202 

Total Deviation Error (%): 

\ 0.00 

' 0.00 
' 0.00 1 ' 0.00 

Temperature at time of calibration: 73 degrees F 
Exitation Voltage: 1 1 0 1  v DC 

Scale Factor (1): 
Scale Factor (2): 0.0800 Offset (2): 

Offset (I): FI 
Break point: Calibration Check # 

'4 Traceable to NET Standards 

This calibration conforms to the standards set by ASTM E4. 

Calibration performed by: BILL AULrZ 

Date: 711 6/02 Signature: 
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Jay1 n d ust r i a I. co m 
Certificate of Accuracy 

-- 
_. Certification-Number--- - - - --  - - _ _ _ _ - _  Customer- . - ~ ISRTE . - - - . . ~ - -. .. - - -. ._ 

Address 1381 1 EAST POPLAR 1601 
City, State, Zip GLENPOOL, OK. 74033 

1 I 

NlST Number 
Description 
Manuiacturer 
Model Number 
Range 

Serial Number 
Date Certified 

ACCUraCy 

Standard Standard Standard 
1245531044 

ATE-PSI 
Ashcroft 
AQS2 
0-100 PSIG 
.05% 
AQS-12455 
l o r n 0 1  

Instrument 
Certified 

PRESSURE GAUGE 
ASHCROFT 
20 1005 02 L. 
0 - W P S I  
2 % FULL SCALE 

Notes: 0. S. = OFF SCALE 

Value Indicated Deviation 
*lue Applied Before After Before After Minor Division 1 PSI - - 

PSIG Ambient Temperature 72 F. 
No Readable Error 0 

5 5 No Readable Error 
10 10 No Readable Error Relative Humidity 52 % 
15 15 No Readable Error 
20 20 No Readable Error 

' 25 25 No Readable Error 
30 30 No Readable Error Sales Order Number 
35 35 No Readable Error J 220440 
40 40 No Readable Error 
45 45 No Readable Error 
50 50 No Readable Error Customer Purchase 

Barometric Pressure 30.04 IN. HG. 
0 

PSI 

I I 

Order Number 
I 1 i N I A  

_ _  
55 55 No Readable Error 
60 60 No Readable Error 

This instrument is certified using standards traceable to N.I.S.T. 
We further certify that our calibration system complies with MIL. STD. 45662-A. 

.+ gnature 

008236 

, 

Tomorrow's s w p p I y e ha n n e  I so I uti on.. . Today 



._.--- 
- - - -  -Customer-- ISRTE-- -~ - - - - -  - - --  - -  - - ~ - Ce,,tification.Number. .- . - _ _  ~ . .- 

I 1602 Address 1381 1 EAST POPLAR 
City, State, Zip GLENPOOL, OK. 74033 1 

0 

NlST Number 
Description 
Manufacturer 
Model Number 
Range 
ACCUfi3Cy 
Serial Number 
Date Certified 

. Standard Standard Standard 
12455-31844 

ATE-PSI 
Ashcroft 
AQS-2 
0-100 PSlG 
-05% 
AQS-12455 
1 o m 0 1  

Instrument 
Certified 

PRESSURE GAUGE 
ASHCROFT 
20 1005 02 L 
0 - W P S I  
2 % FULL SCALE 

I* 18.2002 

Notes: 0. S. = OFFSCALE 

Value Indicated 

‘alue Applied Before After 
Deviaff on 

M e r  - Before Minor Divislon 1 PSI 

PSI PSlG Ambient Temperature 72 F. 
. No Readable Enor 0 0 

5 5 No Readable Error 
10 10 No Readable Emr Relative Humidity 52 % 
15 

Barometric Pressure 30.04 IN. HG. 

20 
25 
30 
35 
40 
45 
50 
55 

- 1  
14 
19 
24 
29 
34 
40 
45 
50 
55 
60 

- 1  
- 1  
- 1  

No Readable Error 
No Readable Emr 
No Readable Error 
No Readable Error 
No Readable Error 60 

Sales Order Number 

I J 220440 1 

Customer Purchase 
Order Number 

I N / A  ! 

This instrument is certified using standards traceable to N.I.S.T. 
We further certify that our calibration system%ornplies with MIL. STD. 45662-A. 

Certified By (Bob Utz 1 Date )- 

E Signature 

Tomorrow’s supply channel  solution... Today 
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Certificate of Accuracy 

--- 
- .- Certification-Number - - - - Customer - -1SRTE ---- --- - - - - - - - ’ - _ _  - - - _ _  - 

Address 1381 i EAST POPLAR 
_ _ _  

I 1603 
City, State, Zip GLENPOOL, OK. 74033 I 

Standard lnstru ment 
Certified 

PRESSURE GAUGE 
ASHCROFT 
20 1005 02 L 

Standard Standard 
NlST Number 
Descn‘ption 

-- Manufacturer 
Model Number 
Range 

Serial Number 
Date Certified 

Auxlracy 

1 24593 1 844 
ATE-PSI 
Ashaoff 
AQS-2 
0-1 00 PSlG 
.05% 
AQS-12455 
l o r n 0 1  

0-60PSI 
2 % FULL SCALE 
N I A  
JULY is, 2002 

Notes: 0. S. = OFF SCALE 

Value Indicated Deviation 
Minor Division 1 PSI After 

PSIG 
- Before Before After 

Ambient Temperature 72OF. 
0 0 No Readable Error 

5 No Readable Error 
10 No Readable Error 
15 No Readable Error 
20 No Readable Error 
25 No Readable Error 

Barometric Pressure 30.04 IN. HG. 

Relative Humidity 52 % 
5 
10 
15 
20 
25 

30 ~ No Gadable Error 
3s No Readable Error 

Sales Order Number 

I J220440 I 
30 
35 
40 
45 

40 No Readable Error 
4s No Readable Error 

Customer Purchase 
Order Number 

50 
55 
60 

50 No &yciy Error 
56 
0. s. 0. s.. I N I A  I 

This instrument is certified using standards traceable to N.I.S.T. 
We further certify that our calibration system Gmplies with MIL. STD. 45662-A. 

Date -1 Certified By lBob Utz 

&Signature 

Tomorrow’s supply channel s ~ l w i t i o  n... Today 
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Certificate of Accuracy 

. ..- 
- .  Customer - - 

Address 
City, State, Zip 

Certification-Number- - - - - __  . [SRTE--- - - -  - . - - - - - -  _ _  .-. .. - 

1381 1 EAST POPLAR I604 
GLENPOOL. OK. 74033 I I 

Instrument 
Certified 

Standard Standard Standard 
1245531 844 

Ashcroft 
AQS-2 

ATE-PSI 
NIST Number 
Description 
Manufacturer 
Model Number 

Range 
ACUJI-aCy 
Serial Number 
Date Certified 

PRESSURE GAUGE 
ASHCROFT 
20 1005 02 L 
0 - 60 PSI 0-100 PSIG 

.05% 
AQS-12455 

2 % FULL SCALE 
N I A  
JULY 18,2002 1 o m 0 1  

Notes: O.S. = OFFSCALE 

Deviation 

After - Before - 
Value Indicated 

Minor Division 1 PSI 

Ambient Temperature 72 O F. 

Barometric Pressure 30.04 IN. HG. 

After 

PSlG 
0 
5 
10 

- Before - ilue Applied 

PSI 
0 
5 
10 

No Readable Error ' 

No Readable Error 
No Readable Error 
No Readable Error 
No Readable Error 
No Readable Error 

Relative Humidity 52 % 
15 15. 

20 20 
25 
30 
35 

25 
30 
34 
39 
44 
49 
54 
60 

Sales Order Number 
I JZJO .---: 

No Readable Error 
- 1  

\ -'I 
' - 1  

... 40 
45 
50 Customer Purchase 

Order Number 
-- 

I 
1 N I A  

\ - 1  
55 \ - 1  

No Readable'Error 60 

This instrument is certified using standards traceable to N.I.S.T. 
We further certify that our calibration system complies with MIL. STD. 45662-A. 

Date Certified By Y B o b  Utz 

008239 

T ' ~ m o r r o w ~ s  supply c h a n n e l  solutionm.- Today 



Address 
City, State, Zip I 1609 1 GLENPOOL. OK. 74033 

Instrument 
Certified 

COMPOUND GAUGE 
ASHCROFT 

Standard 
12455-31844 

Standard 
4229-4091 2 

Standard 
NIST Number 
Description 
Manufacturer 
Model Number 
Range 
ACCUEIcy 
Serial Number 
Date Certified 

ATE-PSI ATE-Vacuum 
Ashcroft Ashaoft 

0-100 PSIG 
.05% .05% 
AQS-12455 AQS-4229 
lo rn01 iOK30/01 

AQS-2 AQS-2 
0-30 In. Hg. Vac. 

20 1005 02 L 
15 PSI I30 IN. HG. VAC. 
2 % FULL SCALE 
N I A  

\ JULY 20,2002 

Notes: 

Value Indicated Deviation 

L After . -  
PRESS. - VAC. 

'alue Applied 

VRESS. - VAC. 
PSI - IN. HG. 

0 0.5 PSI I 1  IN. HG. Minor.Division Before After 

P. - v. 
- Before 

Ambient Temperature 72 O F. 

Barometric Pressure 30.03 IN. HG. 

Relative Humidity 4% 
0 - 0  0 - 0  No Readable Error 
3 - 5  
6 - 10 
9 - 15 
12 - 20 

3 - 5  
6 - 10 
9 - 15 
12 - 19 
15 - 23 

0 - - 1  
Sales Order Number 

[ J 220440 1 
15 - 25 0 - -2 

Customer Purchase 
Order Number 

I N / A  1 

This instrument is certified using standards traceable to N.I.S.T. 
We further certify that our calibration system complies with MIL. STD. 45662-A. 

Certified By Bob Utz . Date I 
72 fl& 

dgnature 

~ ~ ~ _. - ._ 
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Certified By [Bob Utz . Date -1 

&942 

Jaylndustrial.com 

Certificate of Accuracy 

_ _  CertificationNurnber-- - - - - - - - __  - _.- _ _  ~~~ ~ _ _  Customer 
Address 13811 EAST POPLAR 
City, State, Zip GLENPOOL, OK. 74033 I 

_ _  _ _ _ _ _ _  

I 1610 

Stand a rd Instrument 
Certified 

COMPOUND GAUGE 

Standard Standard 
NlST Number 1245531844 4229-40912 
Description ATE-PSI ATE-Vacuum 
Manufacturer Ashcroft Ashcroft 

AQS-2 
ASHCROFT 
20 1005 02 L 
15 PSI I30 IN. HG. VAC. 

AQS-2 Model Number 
Range 

Serial Number AQS12455 
Date Certified 10/22/01 

ACUJFacy .OS% 
0-100 PSlG 0-30 In. Hg. Vac. 

.OS% 
AQS-4229 
10/3W01 

2 % FULL SCALE 
\ N I A  

JULY 20.2002 

Notes: 

Value Indicated Deviation 

After .- 

PRESS. - VAC. 

After 

P. -. v. 
- Minor Division 1 PSI 12 IN. HG. Value Applied 

PRESS. - VAC. 

Before Before 

Ambient Temperature 72.’ F. 

Barometn’c Pressure 30.03 IN. HG. 

Relative Humidity 48 % 

PSI - IN. HG. 
0 - 0  0 - 0  

~~~ ~ 

No Readable Error 
No Readable Error 
No Readable Error 

3 - 4  
6 - 8  
9 - 12 

3 - 4  
6 - 8  
9 - 12 No Readable Error 

12 - 16 12 - 16 No Readable Error I 

Sales Order Number 
I J 220440 I 

15 - 24 15 - 24 
28 - -  

No Readable Error 
No Readable Error 20 - -  

Customer Purchase 
Order Number 

N I A  I 
This instrument is certified using standards traceable to N.I.S.T. 

Tomorrow’s supply channel  solution==.Today 
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I. INTRODUCTION 

This work plan is Written for conducting electrical leak surveys of landfill cell 4 and 5 primary 
liners located at Fernald site in accordance with section 02770 part 1.04G ofthe project specifications 
and the scope of work for solicitation number F02PB 1 0 1 62. This test plan is based on the assumption 
that Fluor Fernald, Inc. (Contractor) will provide specific support and labor as described in this plan. 

1T. WORKPLAN 

A. General 

The leak detection survey will be conducted in parallel with the geomembrane 
installation and prior to covering the primary liner with geotextile and the soil aggregate. A one or 
two person survey crew from LLSI will conduct the survey work. The Contractor will provide the 
assistance of two supervised laborers to help with the survey. 0 

B. Oualifications and Exmrience 

Leak Location Services, Inc is the world leader in electrical leak location testing with 
more than 50 years of combined experience in the subject work. The principals of LLSI began the 
development of the electrical leak location method at Southwest Research Institute in 198 1 with the 
first commercial leak location survey preformed in 1985. Leak Location Services, Inc. was formed 
in 1992 as a Texas corporation. In addition: 

LLSI owns the exclusive patent rights on the electrical leak location method covered 
by United States patents 4,740,757,4,950,374,4,947,470,5,661,406,6,33 1,778Bl 
with an additional foreign patent; 

LLSI has successfully used the electrical leak location method on more than 500 
projects world wide including projects at the Fernald site, North America, South 
America, Europe, The Middle East, The Far East, and Asia; 

A-Conforms to  the Subcontract Requirements 
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LLSI has tested more than 75 million square feet of geomembrane. This includes 
double and single-lined landfills, ponds, lagoons, tanks, vaults, and landfill caps; 

0 
0 LLSI personnel have surveyed over 4.4 million square feet of bare liner on eleven 

separate projects. Table 1 included in the Appendix presents a list of the bare liner 
surveys performed by LLSI during the past three years. 

Testing has included smooth, textured, and reinforced geomembranes. Including 
HDPE, LLDPE, PVC, XR-5,  Hypalon, and Polypropylene in most of the various 
thicknesses; and 

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

The principals of LLSI have published more than 25 technical papers about the leak 
location method and applications. 

Currently, all leak location supervisors and senior technicians have aminimum ofthree 
years of geomembrane leak location experience including a minimum of 1,000,000 square feet of 
electrical leak detection testing experience. All technicians currently have a minimum of 40 hours 
of training with a mbhum of 250,000 square feet of h e r  testing experience. In addition, a l l  LLSI 
personnelhave40-hour HASWOPERtrainingpursuantto 29 CFR 1910.120,Mine SdetyandHealth 
Administration (MSHA) training, and confined space entry training. 

C. Project Personnel 

Mr. Martin Morales will function as the lead supervisor for this project and Mr. H e m  
Flores will function as assistant supervisor. We have also included the r e m e  of Mr. Bryan 
Bergemann as an alternate supervisor. A brief r6sumt5 of the key field personnel that will perfom 
the survey work are listed below: 

MARTIN M O U E S  

Mr. Morales is a specialist in field applications of the electrical leak location method 
for geomembrane hers .  He has a Bachelor Degree in Electronic Engineering from De Vry Institute. 
He has four years experience in geomembrane leak location including leading crews for approximately 
70 geomembrane leak location projects. These projects have included geomembrane liners for liquid 
impoundments, storage tanks, landfills, and landfill caps. He is thoroughly familiar with the work, 
including field applications, and equipment construction, troubleshooting, and maintenance. 

Mr. Morales is trained and qualified for hazardous waste operations, confined space 
entry, and work at surface mines. 

HERMAN J. FLORES 

Mr. Hennan Flores is a Project Leader at Leak Location Services, Inc. He has a BS 
degree in Industrial Technology fiom Abilene Christian University. He has one year of experience 
in field applications of the electrical leak location testing method. h4r. Flores has worked on 

000244 
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approximately 60 projects, including leading several projects. He is particularly experienced in 
surveys of geomembranes covered with earth materials. He is responsible for Writing proposals and 
reports and is thoroughly knowledgeable in the electrical leak location method. 

Mr. Floreshas completedtraiaingforhazardouswasteoperationper 29 CFR 1910.120. 
He has completed training on the hazards of hydrogen s a d e ,  the protective and respiratory equipment 

- - -  ne&ed, _mdprocedures to-follo.w-when working around hydrogen sulfide. He has receivedMSHA - 
training for work at surface mines. 

- _ _  
- - - 

BRYAN BERGEMANN 

Mr. Bergemann is a Senior Leak Location Technician with seven years of experience 
in field applications of the electrical leak location method for geomembrane liners. His experience 
includes leading crews for approximately 120 geomembrane leak location projects. These projects 
have included geomembrane liners for liquid impoundments, storage tanks, landfills, and landfill caps. 
He is thoroughly familiar with the work, including field applications, and equipment construction, 
troubleshooting, and maintenance. 

Mr.Bergemann istrainedandqualifledforhazardouswasteoperations,co~~space 
entry, and work at surface mines. 

D. Electrical Leak Detection Work Plan 

I. Description of Method 

The electrical leak location method is to detect electrical paths through the liner. 
A voltage is connected to one electrode placed in the electrically conducting matend covering the 
liner and to a second electrode placed in the electrically conducting material located beneath the liner. 
Electrical current flowing through the leaks in the liner produces localized anomalous areas of high 
current density near the leaks. These areas are located by making electrical potential measurement 
scans on the geomembrane material (liner). 

A variation of the method is the water puddle test for bare liners. This method 
detects electrical current flowing through holes in the geomembme liner using a small amount of 
water that is put in contact with the liner. A squeegee, sponge, or a water stream is used to push the 
water over the liner. An electrical power supply is connected to earth ground and to the leak detector. 
When a hole in the liner is encountered, electrical current will flow through water in the leak 
contacting earth ground. The current is monitored using an electronic detector that converts the 
increase in the current to an audible tone indication. This method does not require the liner to be 
flooded with water. However, the liner under test must be in complete contact with the underlying 
geosynthetic clay liner (gcl). Therefore, liner wrinkles and liner trampoline areas cannot be adequately 
tested. 

000245 



4 9 4 2  
Fluor Fernald, Inc 
September 2002 

2. Test Plan 

LLSI Test Plan 
Rev. 1 Page 4 

The work is proposed to be conducted on two field trips by a one- or two - 
person leak location survey crew with the assistance of two supervised laborers provided by the 
Contractor. The survey crew will test approximately one-half of cells 4 and 5 during the first field 
trip. This is approximately 7 acres and will require up to four consecutive days to complete depending 

approximately 10 days after the completion of the initial survey. This delay is anticipated because 
of the time required to complete the liner installation and receive the results of the standard h e r  CQA 
tests. 

_ _ _ _ _ - -  - -on site.conditions, crew size, and the-number-of-leaks located.--The remaining area will-be-tested - - - 

The survey will be conducted on the bare geomembrane using the water puddle 
method. This method does not require the entire liner to be flooded with water. However, the depth 
of the water in fiont of the squeegee will be 0.1 inches or greater. Therefore, only the area 
immediately in front of the squeegee will temporarily be covered with water. The liner area will be 
systematically scanned with the sensor. When a leak is detected, it will be located and marked for 
repair. Leak location tests cannot be conducted ifthe water is fiozen, if it is raining, or if the liner 
is completely wet. 

3. Voltape and Grounding Reuuirements 

The DC power supply used for leak location surveys requires a source of AC 
power. This will be supplied by a small portable motor generator (1 10 VAC, 5 A) or commercial 
AC power. A ground fault interrupt circuit will be used in conjunction with the AC power. 

@ 
4. Water Management 

One factor for accommodating the simultaneous installation of the liner system 
and the bare liner testing is the ability to manage the water used for the test so it does not flow into 
the area where the liner crew is currently installing the he r .  This will require the leak location field 
crew to survey no closer than 100 feet fiom the liner installers. In addition, the edges of the liner must 
be temporarily elevated to prevent the water fiom Iunning off of the liner material and contacting 
the gcl or the underlying LDS drainage layer. The water that pools on top of the liner material must 
be removed. The Contractor shall be responsible for removing the water and elevating the edges of 
liner material. After the liner is tested for leaks and the test results have been accepted and approved 
by Fluor Fernald and the CQC consultant, the liner installers can start installing the subsequent layers 
of the liner system in the areas that have been tested if this does not interfere with the water hoses 
and temporary piping used for the bare liner test. 

5. Safe Work Practices 

State and federal law, as well as LLSI company policy, make the safety and 
health of our employees the first consideration in operating our business. Safety and health in our 
business must be a part of every operation, and every employee's responsibility at all levels. LLSI 
intends to comply with all laws concerning the operation of the business and the health and safety 0 
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of our employees and the public. No employee is required to work at a job known to be unsafe or 
dangerous to their health. Following the LLSI safety plan, reporting dangerous conditions, and 
controlling workplace hazards is a condition of employment at LLSI. 

Prior to the start of the ELD field work, a l l  LLSI personnel performing the field 
work shall attend a site safety briefing provided by Fluor Fernald. In addition, LLSI personnel shall 

FLR.3.89.06C provided for this scope of work. All equipment that will be used in the field by LLSI 
personnel for the performance of this work shall be inspected and approved prior to use by Fluor 
Fernald. 

- -. - - - . follow &e sde. work practices detailed-in the Construction Traveler-document number-20104--- - - -  ~ - - - - 

LLSI safety policy is that accident prevention shall be considered of primary 
hnportance in a l l  phases of operationand administration. Zero injuries and illnesses is our goal. Each 
supervisor must make the safety of all employees an integral part of his or her regular management 
function. Each employee has the duty to accept and follow established safety regulations and 
procedures. Every effort will be made to provide adequate training to all LLSI employees. A complete 
copy of the LLSI safety is available at our corporate office. 

6.  . Leak Location Oualitv Control Procedures 

The QAplan is to use prescribed checklists (See Appendix) when conducting 
a leak location survey. Each item on the checklist will be initialed and dated by the project leader 
or by a knowledgeable person designated by the project leader. A sample check list is located in 
the Appendix. 

a 
7. Scheduling 

LLSI will coordinate with the Fluor Fernaki, Inc. project manager and will 
mobilize to the project site upon written notification fiom the Fluor Femald, Inc. project manager. 
Initially a two-person field crew will mobilize to the project site for safety training, physical exam, 
and drug testing. We anticipate two consecutive days will be required for the training, exams, and 
drug testing. 

The testing ofbare liner will start immediately following the required training. 
Approximately 7-acres of landfill liner will be available for testing during the first mobilization. 
Therefore, the two-person field crew will test the designated areas of cells 4 and 5 in approximately 
four consecutive days. The field crew will demobilize after the completion of the initial survey. 

A one or two-person field crew will mobilize to the project site upon written 
notification fiom the Fluor Fernald, Inc. project manager to complete the bare liner survey. We 
anticipate a delay of approximately ten days between the first and second mobilizations. 

However, if during the initial mobilization additional liner is available for 
surveying prior to the LLSI field crew demobilizing fiom the site then one-person fiom LLSI will 
remain on-site to survey areas of liner as they become available. The Fluor Fernald, Inc. project @ 
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manager must request in writing that one person from LLSI will remain on-site during the duration 
of the liner installation. 

E. Reporting 

The results of the leak detection testing will be reported to a designated field 
representative of the Fluor Fernald, Inc. during the daily progress of the work. The Contractor will - - - - 

be responsible for repairing the leaks while LLSI is on-site. A list of the locations of the leaks found 
will be submitted to the representative after completion of all  leak location field work before the 
survey crew leaves the site. A letter report documenting the work and results of the surveys will be 
prepared and submitted within seven days after completion of the field work. 

- - 

Ill. PREPARATIONS AND SUPPORT REQUIRED FROM CONTRACTOR 

Fluor Femdd, Inc. will be responsible for preparing the landj3.l for the survey and for repairing 
the damaged liner. Other support to be provided by the Fluor Fernald, Inc.: 

Provide a source of AC power for the leak location surveys (1 10 VAC, 5 A); 

Provide two supervised laborers with equipment to help with the leak surveys. This 
includes moving water hoses and piping, moving sand bags, keeping the survey area 
clean, and other tasks; 

@ Provide a water truck with pump, water, and driver; 

Temporarily elevate the edges of the liner to prevent the water from contacting the 
primary gcl and secondary drainage layer; 

Removing excessive water from the liner; and 

All labor and equipment support shall be available during the hours and schedule 
designated by USI,  including working through weekends ifneeded. 

N. QUALITY ASSURANCE 

Leak Location Services, Inc. will be required to complete the “Water Puddle Survey Checklist” 
as part of the testing set-up procedure. In addition, the “Water Puddle Survey Checklist” will be 
completed whenever the ground connection is moved or otherwise re-established. 

QQ0248 
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Leak Location Services, Inc. 
Safety Check List 

(Note: This form is to be completed by the survey team leader before starting the survey) 

Date: 

Survey Personnel: 

Your Name: 

(Check a l l  that apply. If not checked explain) 

0 
0 
0 

Grounded structures insulated (if applicable): 

Hazardous locations identified and barricaded: 

Site specific safety briefing completed: 

0 Location of nearest telephone: 
Emergency telephone number: 
Hospital: 
Plant safety office: 
EMS: 
Fire: 

0 Location of nearest shower and eye wash station identified (if applicable). 

0 Location of nearest first aid station identified. 

0 Location of nearest emergency facility located. 

Notes: 
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Leak Location Services, Inc. 
Water Puddle Survey Check List 

(Note: This form is to be completed daily by the survey team leader before starting the survey.) 

Date: Site Name: 

Survey Personnel: 

Your Name: Panels Surveyed: 

Leaks Located: Leaks Repaired: 

Support Required for following day: 

Note: Describe all leaks located. Document size, shape, and type. (Le. puncture, cut, hole, seam) 
Attach a drawing to this daily log showing location of any leaks located and the area surveyed. 

(Check all that apply. Ifnot checked explain) 

0 Power supply positive connected to soil or LDZ electrode. 

0 GFCI connected to power supply and tested. 

0 Check oil level in generator (if applicable). 

0 Check survey equipment for: 
Hose forleaks 

Cl Connection tight. 
0 Worn squeegee blade. 
0 
0 Wire connectors tight. 

Wire for cuts or breaks. 

0 wiring polarity. 

0 Check A.C. line voltage and record in log book. 

Turn Power to On 

0 Test squeegee probe for conect polarity with reference to ground. - 0 a Test squeegee probe sensitivity using artificial leak basin or scrape material 
0002s1 
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Leak Location Services, Inc. 
Report Check List 

(Note: This form is to be completed by the survey team leader) 

Start Date: End Date: Total Leaks: 

Area of Survey: Survey Grid Spacing ft. by ft. 

Type of Facility: ClLandfill 0Pond  Q Tank 0 Other 

Type of Liner: QHDPE 0 P P  QHypalon QPVC 

0 Smooth 0 Textured 0 Reinforced 0 Other 

Liner Thickness Q 36-mil 045-mil Q60-mil 0 80-mil 0 1 0 0 - d  

a Liner Manufacture Q Serrot 0 GSE 0 Polyflex 0 AGRU 

Q Other 

Double geomembrane-lined 0 yes 5 no 

Primary/Secondary welded together 0 yes 0 no 

Primary liner covered by: Q geocomposite LI geotextile 01 Drainage material 

Q Bare liner LI Other 

Drainage material 0 gravel (size ) 0 sand Ll soil 

0 Other 

LDZ has: 0 GCL 0 geocomposite 0 geonet Cl sand/gravel 

0 Other 

Side slope riser Oyes On0 Gravity drain: 0 yes . Ll no 

0 Sketch of liner profile on back of sheet 0 yes no 
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Leak Location Services, Inc. 
Report Check List 

(Note: This form is to be completed by the survey team leader) 

Start Date: End Date: Total Leaks: 

ft. k e a  of Survey: Survey Grid Spacing fe. by 

Type of Facility: 0 Landfill 0 Pond CI Tank 0 Other 

Type of Liner: 0HDPE O P P  DHypdon QPVC 

0 Smooth Q Textured Reinforced a Other 

Liner Thickness 036-mi l  CI45-mil cI60-mil 0 80-mil 100-mil 

Liner Manufacture Q Serrot 0 GSE CI Polyflex 0 AGRU 

CL Other 

Double geomembrane-lined 0 yes 0 no 

Primary/Secondary welded together 0 yes CI no 

Primary liner covered by: 0 geocomposite geotextile 0 Drainage materid 

0 Bare liner c1 Other 

Drainage material 0 gravel (size ) 0 sand 0 soil 

cI Other 

LDZ has: 0 GCL CS geocomposite 0 geonet sand/graveI 

0 Other 

Side slope riser ayes  Qno Gravitydrain: 0 yes 0 no 

Sketch of liner profile on back of sheet 0 0 yes 0 no 
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I. INTRODUCTION 

This work plan is written for conducting electrical leak surveys of landfill cell 4 and 5 primary 
liners located at Fernald site in accordance with section 02770 part 1.04G ofthe project specifications 
andthe scope ofworkforsolicitationnumberF02PB10162. Thistestplanisbasedontheassumption 
that Fluor Femald, h c .  (Contractor) will provide specific support and labor as described in this plan. 

II. WORKPLAN 

A. General 

The leak detection survey will be conducted in parallel with the geomembrane 
installation and prior to covering the primary liner with geotextile and the soil aggregate. A one or 
two person survey crew fiom LLSI will conduct the survey work. The Contractor will provide the 
assistance of two supervised laborers to help with the survey. 

B. Qualifications and ExDerience 

Leak Location Services, Inc is the world leader in electrical leak location testing with 
more than 50 years of combined experience in the subject work. The principals of LLSI began the 
development of the electrical leak location method at Southwest Research Institute in 198 1 with the 
fkst commercial leak location survey preformed in 1985. Leak Location Services, Inc. was formed 
in 1992 as a Texas corporation. In addition: 

0 LLSI owns the exclusive patent rights on the electrical leak location method covered 
by United States patents 4,740,757,4,950,374,4,947,470,5,661,406,6,33 1,778Bl 
with an additional foreign patent; 

LLSI has successfully used the electrical leak location method on more than 500 
projects world wide including projects at the Femald site, North America, South 
America, Europe, The Middle East, The Far East, and Asia; 

A-Confoms to the Subcontract Requirements 
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Date: q h 6 b  
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0 LLSI has tested more than 75 million square feet of geomembrane. This includes 
double and single-lined landfills, ponds, lagoons, tanks, vaults, and landfill caps; 

0 LLSI personnel have surveyed over 4.4 million square feet of bare liner on eleven 
separate projects. Table 1 included in the Appendix presents a list of the bare liner 
surveys perfomed by LLSI during the past three years. 

- -  - - - - - - - - - - - - - -  - - - - - - - - - - _- - - - - - __ - - - - 

Testing has included smooth, textured, and reinforced geomembranes. Including 
HDPE, LLDPE, PVC, XR-5,  Hypalon, and Polypropylene in most of the various 
thicknesses; and 

0 The principals of LLSI have published more than 25 technical papers about the leak 
location method and applications. 

Currently, all leak location supervisors and senior technicians have a minimum of three 
years of geomembrane leak location experience including a minimum of 1,000,000 square feet of 
electrical leak detection testing experience. AI1 technicians currently have a minimum of 40 hours 
of training with a minimum of 250,000 square feet of liner testing experience. In addition, a l l  LLSI 
personnel have 40-hour HAS WOPER training pursuant to 29 CFR 191 0.120, Mine Safety and Health 
Administration (MSHA) training, and confined space entry training. 

C. Proiect Personnel 

Mr. Martin Morales wiIl function as the lead supervisor for this project and Mr. Herman 
Flores will function as assistant supervisor. We have also included the resume of MI. Bryan 
Bergemann as an alternate supervisor. A brief r6sumC of the key field personnel that will pedorm 
the survey work are listed below: 

MARTIN M O U E S  

Mr. Morales is a specialist in field applications of the electrical leak location method 
for geomembrane liners. He has a Bachelor Degree in Electronic Engineering fiom De Vry Institute. 
He has four years experience in geomembrane leak location including leading crews for approximately 
70 geomembrane leak location projects. These projects have included geomembrane liners for liquid 
impoundments, storage tanks, landfills, and landfill caps. He is thoroughly familiar with the work, 
including field applications, and equipment construction, troubleshooting, and maintenance. 

Mr. Modes is trained and qualified for hazardous waste operations, confined space 
entry, and work at surface mines. 

HERMAN J. F'LORES 

Mr. Herman Flores is a Project Leader at Leak Location Services, Inc. He has a BS 
degree in Industrial Technology fkom Abilene Christian University. He has one year of experience 
in field applications of the electrical leak location testing method. h4r. Flores has worked on 

000259 



. . . . .  . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . .  ... - . .  '. . . . . . . . . . .  . .  . .  . .  , . .  - . .  

Fluor Fernald, Inc 
September 2002 

4 9 4 2  
LLSI Test Plan 

Rev. 1 Page 3 

approximately 60 projects, including leading several projects. He is particularly experienced in 
surveys of geomembranes covered with earth materials. He is responsible for writing proposals and 
reports and is thoroughly knowledgeable in the electrical leak location method. 

Mr. Flores has completed training for hazardous waste operation per 29 CFR 19 10.120. 
He has completed training on the hazards of hydrogen sulfide, the protective and respiratory equipment 

training for work at surface mines. 
- --- - needed, and procedures to follow-when-working around hydrogen sulfide.-He has received MSHA- - -- -- -- 

BRYAN BERGEMANN 

Mr. Bergemann is a Senior Leak Location Technician with seven years of experience 
in field applications of the electrical leak location method for geomembrane liners. His experience 
includes leading crews for approximately 120 geomembrane leak location projects. These projects 
have included geomembrane liners for liquid impoundments, storage tanks, landfills, and landlill caps. 
He is thoroughly familiar with the work, including field applications, and equipment construction, 
troubleshooting, and maintenance. 

MI. Bergemann istrajnedandqwlifiedforhazardous waste operations, confined space 
entry, and work at surface mines. 

a D. Electrical Leah Detection Work Plan 
- 

1. DescriDtion of Method 

The electrical leak location method is to detect electrical paths through the liner. 
A voltage is connected to one electrode placed in the electrically conducting material covering the 
liner and to a second electrode placed in the electrically conducting material located beneath the liner. 
Electrical current flowing through the leaks in the liner produces localized anomalous areas of high 
current density near the leaks. These areas are located by making electrical potential measurement 
scans on the geomembrane material (liner). 

A variation of the method is the water puddle test for bare liners. This method 
detects electrical current flowing through holes in the geomembrane liner using a small  amount of 
water that is put in contact with the liner. A squeegee, sponge, or a water stream is used to push the 
water over the liner. An electrical power supply is connected to earth ground and to the leak detector. 
When a hole in the liner is encountered, electrical current will flow through water in the leak 
contacting earth ground. The current is monitored using an electronic detector that converts the 
increase in the current to an audible tone indication. This method does not require the liner to be 
flooded with water. However, the liner under test must be in complete contact with the underlying 
geosynthetic clay liner (gcl). Therefore, liner wrinkles and liner trampoline areas cannot be adequately 
tested. 
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0 :  2. Test Plan 

The work is proposed to be conducted on two field trips by a one- or two - 
person leak location survey crew with the assistance of two supervised laborers provided by the 
Contractor. The survey crew will test approximately one-half of cells 4 and 5 during the first field 
trip. This is approximately 7 acres and will require up to four consecutive days to complete depending 

~ _ _  --- on.site_conditions, crew-size, and-the number of leaks located. -The remaining area wikbe-tested - - -  

approximately 10 days after the completion of the initial survey. This delay is anticipated because 
ofthe time required to complete the liner installation and receive the results of the standard liner CQA 
tests. 

_ _  

The survey will be conducted on the bare geomembrane using the water puddle 
method. This method does not require the entire liner to be flooded with water. However, the depth 
of the water in fiont of the squeegee will be 0.1 inches or greater. Therefore, only the area 
immediately in front of the squeegee will temporarily be covered with water. The liner area will be 
systematically scanned with the sensor. When a leak is detected, it will be located and marked for 
repair. Leak location tests cannot be conducted if the water is frozen, if it is raining, or if the liner 
is completely wet. 

3. Voltape and Groundinn Requirements 

The DC power supply used for leak location surveys requires a source of AC 
power. This will be supplied by a small portable motor generator (1 10 VAC, 5 A) or commercial 
AC power. A ground fault interrupt circuit will be used in conjunction with the AC power. 

4. Water Management 

One factor for accommodating the simultaneous installation of the liner system 
and the bare liner testing is the ability to manage the water used for the test so it does not flow into 
the area where the liner crew is currently installing the liner. This will require the leak location field 
crew to survey no closer than 100 feet from the liner installers. In addition, the edges of the liner must 
be temporarily elevated to prevent the water fiom running off of the liner material and contacting 
the gcl or the underlying LDS drainage layer. The water that pools on top of the liner material must 
be removed. The Contractor shall be responsible for removing the water and elevating the edges of 
liner material. After the liner is tested for leaks and the test results have been accepted and approved 
by Fluor Femald and the CQC consultant, the liner installers can start installing the subsequent layers 
of the liner system in the areas that have been tested if this does not interfere with the water hoses 
and temporary piping used for the bare liner test. 

5. Safe Work Practices 

State and federal law, as well as LLSI company policy, make the safety and 
health of our employees the first consideration in operating our business. Safety and health in OUT 
business must be a part of every operation, and every employee's responsibility at all levels. LLSI 
intends to comply with all laws concerning the operation of the business and the health and safety 

. .  



. .  .. . 

Fluor Fernald, Inc. 
September 2002 Rev. 1 Page 5 

of our employees and the public. No employee is required to work at a job known to be unsafe or 
dangerous to their health. Following the LLSI safety plan, reporting dangerous conditions, and 
controlling workplace hazards is a condition of employment at LLSI. 

LLSI Test PI@ 4 2 

0 
Prior to the start of the ELD field work, a l l  LLSI personnel performing the field 

work shall attend a site safety briefing provided by Fluor Femald. In addition, LLSI personnel shall 
- follow the safe -work-practices detailed-in the Construction-Traveler document number 20104- - - 

FLR.3.89.06C provided for this scope of work. All equipment that will be used in the field by LLSI 
personnel for the performance of this work shall be inspected and approved prior to use by Fluor 
Femald. 

- - . - - 
- - - - -  

LLSI safety policy is that accident prevention shall be considered of primary 
importance in all phases of operation and administration. Zero injuries and illnesses is OUT goal. Each 
supervisor must make the safety of all employees an integral part of his or her regular management 
function. Each employee has the duty to accept and follow established safety regulations and 
procedures. Every effort will be made to provide adequate training to all LLSI employees. A complete 
copy of the LLSI safety is available at our corporate office. 

6.  Leak Location Oualitv Control Procedures 

The QA plan is to use prescribed checklists (See Appendix) when conducting 
a leak location survey. Each item on the checklist will be initialed and dated by the project leader 
or by a knowledgeable person designated by the project leader. A sample check list is located in 
the Appendix. 

7. Scheduling, 

LLSI will coordinate with the Fluor Femald, Inc. project manager and will 
mobilize to the project site upon written notification from the Fluor Femald, Inc. project manager. 
Initially a two-person field crew will mobilize to the project site for safety training, physical exam, 
and drug testing. We anticipate two consecutive days will be required for the training, exams, and 
drug testing. 

The testing ofbare liner will start immediately following the requiredtraining. 
Approximately 7-acres of landfill liner will be available for testing during the first mobilization. 
Therefore, the two-person field crew will test the designated areas of cells 4 and 5 in approximately 
four consecutive days. The field crew will demobilize after the completion of the initial survey. 

A one or two-person field crew will mobilize to the project site upon written 
notification &om the Fluor Femald, Inc. project manager to complete the bare liner survey. We 
anticipate a delay of approximately ten days between the first and second mobilizations. 

However, if during the initial mobilization additional liner is available for 
surveying prior to the LLSI field crew demobilizing from the site then one-person fiom LLSI will 
remain on-site to survey areas of liner as they become available. The Fluor Fernald, Inc. project 0 
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manager must request in writing that one person fiom LLSI will remain on-site during the duration 
of the liner installation. 

E. Reporting 

The results of the leak detection testing will be reported to a designated field 
representative of the Fluor Femdd, Inc; during the daily progress of the work. The-Contractor Will- 
be responsible for repairing the leaks while LLSI is on-site. A list of the locations of the leaks found 
will be submitted to the representative after completion of all leak location field work before the 
survey crew leaves the site. A letter report documenting the work and results of the surveys will be 
prepared and submitted within seven days after completion of the field work. 

- - - 

III. PREPARATIONS AND SUPPORT REQUIRED FROM CONTRACTOR 

Fluor Fernald, Inc. will be responsible for preparingthe landfill forthe survey and for repairing 
the damaged liner. Other support to be provided by the Fluor Fernald, Inc.: 

0 Provide a source of AC power for the leak location surveys (1 10 VAC, 5 A); 

Provide two supervised laborers with equipment to help with the leak surveys. This 
includes moving water hoses and piping, moving sand bags, keeping the survey area 
clean, and other tasks; 

0 Provide a water truck with pump, water, and driver; 

Temporarily elevate the edges of the liner to prevent the water fkom contacting the 
piimary gcl and secondary drainage layer; 

Removing excessive water fkom the liner; and 

All labor &d equipment support shall be available during the hours and schedule 
designated by LLSI, including working through weekends if needed. 

IV. QUALITY ASSURANCE 

Leak Location Services, Inc. will be required to complete the “Water Puddle Survey Checklist” 
as part of the testing set-up procedure. In addition, the “Water Puddle Survey Checklist” will be 
completed whenever the ground connection is moved or otherwise re-established. 
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Leak Location Services, Inc. 
Safety Check List 

(Note: This form is to be completed by the survey team leader before starting the survey) 

Date: 

Survey Personnel: 

e 

.. . 

Your Name: 

(Check all that apply. If not checked explain) 

a 
0 
Q 

cl 

0 
0 

0 

Grounded structures insulated (if applicable): 

Hazardous locations identified and barricaded: 

Site specific safety briefing completed 

Location of nearest telephone: 
Emergency telephone number: 
Hospital: 
Plant safety office: 
EMS: 
Fire: 

Location of nearest shower and eye wash station identified (if applicable). 

Location of nearest first aid station identified. 

Location of nearest emergency facility located. 

Notes: 
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Leak Location Services, Inc. 
Water Puddle Survey Check List 

(Note: This form is to be completed dailv by the survey team leader before Starting the survey.) 

Date: Site Name: 

Survey Personnel: 

Your Name: Panels Surveyed: 

Leaks Located: Leaks Repaired: 

Support Required for following day: 

Note: Describe all leaks located. Document size, shape, and type. (i.e. puncture, cut, hole, seam) 
Attach a drawing to this daily log showing location of any leaks located and the area surveyed. 

(Check all that apply. Ifnot checked explain) 

0 
Q 

Power supply positive connected to soil or LDZ electrode. 

GFCI connected to power supply and tested. 

0 Check oil level in generator (if applicable). 

0 Check survey equipment for: 
0 Hose forleaks 
D Connection tight. 

Worn squeegee blade. 
0 Wire for cuts or breaks. 
0 Wre connectors tight. 
5 wiring polarity. 

0 Check A.C. line voltage and record in log book. 

Turn Power to On 

a 
0 

Test squeegee probe for correct polarity with reference to ground. 

Test squeegee probe sensitivity using artificial leak basin or scrape material 



" - 4 9 4 2  

APPENDIX G 

Field MoistureIDensity Test Results 



“-494 7 

Compacted Fill 



m 



IA 
b z 
d 

3 
IA z 

3 

6 

- 

n >. 

W 

W 

2 
v) 

0 
I 
0 w 
I- 
O w 
K 
K 
0 

- 

s z n a w 
K 
w 
c3 
3 

L3 

II 
n 
0 

a 

z 
W 

I- z 
z 
0 

c 0 

L- 

B 
-_ 

0 z 
+ w 

.. 
K : 
0 
\ 
> 
0 
\ 
w 
v) 

4 

a 
m m 
3 
v) 

\ 
W 
D a 
C 
c3 m 
2 

4. 0 
U 
0 

II 
> 
K 
0 
I- 
O 
d 
l i  

z 
0 
F 
O 
W 
K 
CL 
0 
O 

4 z 0 

J a 

v) 

W 
c3 
3 

c3 

- 
5 

a 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
=! 

. . .  LJ- -- - - - - -.- A i -.- A i 
k 2  

. . . . . . . . .  t- _ _  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  I 11 q 1 . .  . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
------------ 

. . . . . .  . . . . . .  

. . . .  

. . . . .  

. . . . . .  
. . . . .  . . . . .  . . . . .  

I ;I 
J *:>:-:+ : : : : . 

v) =.=.=:=: : : : : : 
5 2  -=--a:- : : : : . 

. . . .  

. . . . . . . . .  . . . . . .  

- I  

n w 
Y 

I 
0 
8 

a z 
I 

I 

LL 

s 
N 

0 z 

2 

f a 
I- 2 

z 2 
6 



.. a 

E" 
0 
\ 
> 
Q 
-I u 
\ 
w 
In 
U 
m 
m 
3 
In 

\ 
w 
0 
U 
C 
0 
3 rn 
m 



- 4 9 4 2  



.. 
0 

Y 
n 

Z 
I- 
V 

0 
0: 

.. 
K 

F" 
0 
\ 
> 
0 
\ 

4 

.. 
0 
a 
0 

_ .  

II 
> 
a: 
0 
t- o 
4 
L- 

z 
0 

W 

0 

E 
a a 

J . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . .  . . . . . . . . .  . . . . . . . . .  
. . . . . . . . .  

. .  n 

I- . . . . . . . . .  
'"0 . . . . . . . . .  Pz . . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  w 
K 

. . . . . . .  . . . . . . .  . . . . . . .  . . .  I . . .  

. .  . .  . .  

. .  
'" . . . . . .  . . . . . .  - - . .  . . . . . . . . .  . -  
Q 

. . . . . . . . .  

W 

2 m 
0 
I 
0 
W 
t 
0 w 
a 
0 

- 

a 

s z 
n a 
a w 

w 
0 
3 
4 
0 

II 

0 
E 

P 

v 

I- z 
z 
0 o 
W 

; m 
B 
I 
n 
w J 

Lr 
n 
c 
W 



1 I I '  * 3 . 4  L I 1 

4 9 4 2  



in 
I+ z 
4 
3 
v) z 

i4 

u” 
u w 
b z 

0 
C Z  

s 

W m 
4 

3 
v) 

m m 

\ 
W 
0 
Q: 
C 
L3 

3 
UJ 

m 

2 .. 
0 
U 
0 

I Ji 
. . . . . .  

=! . . . . .  . I :  : : ’  $ 2  ~ : I : i : ~ : J :  . . . . . . . . .  : 

a 2  i ; l ; l ! / i l l b i l :  . . . . . . .  : : 

I- 

. .  I ~j 1 ;  \j 1 :  : : 2 0  . . .  Ij 1 ;  1 :  

Id---- -- -- -------- . . . . . . . . .  . . .  L Im . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
a 

. . .  . .  

tz . . . . . .  
W . . . . . . .  a . . . . . . . .  . I  . . . .  . I . .  . .  

\ : j ; j = + \ : ] : \ :  . . . . .  : i I I L 1 3  . . . . . . . . .  

4 9 4 2  
7 

JJj’ . .  

. dt 000 7 i 0 \ofr\:Qfu; :-: 
3 cn : : . . . . . .  . .  . .  z . . . . . . .  

, 

f 

n >- 

w 
W 

2 
v) 

I 
D w 
t 
0 
W 
E 
Iz: 
0 

6 

s z 
D 
Q: w 
U 
W 
0 
3 
Q: 
0 

II 
n 
0 z 
v 

I- z w 
I- z 
0 u 

0 W 
Y 
0 W 
I 0 

a 
2 LL 
I 

0 N 
I 
N 

0 
2 

2 







u 
E" 
0 

\ 
w 
U 
C 
L3 

3 rn 

n 

m 



L 3 . 4  I '  3 I I I : 

2) 

P 

hl 1 



0 z 
I- o 
0 
[L 

% 
a 

. .  

.. 
a 

li 
0 
\ 
> 
-I 
V 
\ 
W 
v) 
Q m m 
3 
v) 

\ 

n a 
m 

a 

W 

C 
L3 

2 

@ 
.. w 

0 

ar 
E,O 
cWE a 

d r 

' -494 
d . . . . . . .  s z  I \ i ( ; r :  : : : : : : )  . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . .  . . . . . .  . . . . . .  

LJ- ---- ---- ------- 
n . . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . . . . .  

. . . . .  . . .  
0 . . . . . . .  z 
+ '3-biu: : : i()oozso 4 : d : d :  : : . . . .  . . . . . . . . . .  . . . . . . . . .  

cii 

5 
I 
I 
0 \ v  



I I 3 . 4  
L 

1 .  . 

I 

-1  

I 

i 1' 
i 
I i/ 

I 

I I 
Y- 
i 

\i 
i 

I 

i 



W 
c3 
3 
Q: 
c3 

.. 
W a * 
I- 

w 
0 
3 
U 
0 

a 
W 
J 
0 
3 z 

1 . . . . . . . . .  I . . . . . . . . .  . . . . . . . . .  I : \  : \ ;  1 :  1 ;  1 :  f : $ 2 1  W : : . : . : . . : . . . . . . . . .  a 



' I  
i 
i 
i 
i 
i r 
i r 
i n 

c 



ti w c 

n 

z a a 
w 
E 
3 
I- 
v, 
0 
I 
\ 
z 
0 
F 
0 

I 
0 
V 

a a 

4 
r\ 
In 
In 
7 

n 

E 
v) a 
\ 
0) 
m 
(D 

n 

F 
v) 
U 

v, 
.. 

.. a z 
0 

W 
v) a 
m m 
3 
v) 

\ 
w 
6 
C 
0 

3 
v) 

n 

m 

\ 

.. 

; - 4  y I J  0 . . . . .  . . . . . . . . . 
z . .  E 

4 3  z 
,- c+>!w: : i QQ6284 
v) mhcI.w 1 . .  . . . . .  . . 

2 
. . . . . . . . . . . . . . . . . . . 

c x 
0 w 
I 0 

I 
2 LL 
I 
0 N 

I N 



4 9 4 2  



r 0 

B 
Y 
u w 
I 0 

I 
z L 
I 

0 (Y 

I (Y 

0 

Y 
z 

G 





.. 
0 z 
I- o 
w 

DL 
s 
n 

I 

.. a 

2 
0 
\ 
> a 

\ 
6 
w 
v) a 

3 
v) 

m 
m 

w 
0 
4 
C 
0 m 
2 

w 

; 
v, 
0 
I 
0 w 
t 
0 w 
LY 
0 
a 

s z 
0 
4: 
W 
IL 
W 
0 
3 a 
0 
11 
n 
V 
I 
L 

t- z w 
t- z 
0 
V 
w 

v 

z 
v, 
0 
I 

.- . . 



# -- . ---A_- 
-/ 

--- a -Le.+--- --- 



w 
v) 
-2 

3 
v) 

m m 

w 

C 
0 

n a 

m 
2 



. 
I 

23 

P 

I Q00291 



I q[[j m k  w- -----------A . . . .  . . .  
. . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . .  . . . .  

Elm . . . . . . . . . 4 = z  .. a 
d . . . . .  

.. 
K : 
a 
0 
\ 
>- 

\ 

\ 

.. 
W 
0 
K 
3 
0 
v) 

9 il’ 2 

\ 
\ 

F 
m 
0 w 
Y 
0 w 
I 0 

s 
z LL 
I 

0 cy 
I 
cy 



I L 3 1 
I 1 

i 

. .  

P 



. \  . . . . . .  

. . I  

. . . . . . .  I 

2 



'1 
n > 

c 



I I ' 9  I 3 

I 
" 

I 
I 

000296 I . -  



\ 
> 
d 
\ 
W 
v) 
6 

3 
v) 

m m 

\ 
w 
D 
6 
C 
0 
3 
v) 

m 

\ 

@) 

. . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . .  

6 . . . . . . . . .  

. .  

I I -  

- 
>- 

w 

2 
v) 

0 
I 
D 
w 
I- 
O w 
a 
0 

- 

a 

s z 

a 

D 
4 
w 

W u 
3 
4 
0 

II 
n 
0 z 
v 

I- z 
W 
t z 
0 u 



I I 3 - 4  
L I .  L 

I I 
1- 
I 
i . 

i 
I 

e l  
3 .  



n 
- - -3 < 

w 

I . . . . . . . . . [  I I I  

w 

2 
v) 

I 
0 
W 
I- 
O 
W 
U 
U 
0 

0 

6 

Y 
z n 
W 
U 
W 
CJ 
3 
Q 
0 

II 

0 
I 
L 

h 

v 



- 
4 9 4  2 



1 

4 9 4 2  

c 



L I 3 I I '  

- 

4 

. .. 

I 

I 

I 
!j 
I I 
\I 
i 
1 I 

I 

I 

- 4 9 4 2  

t? 



4 0 .. 
U 
0 

.. 
U 

2 
0 
\ 
>- a 
\ 
w 
v) a m 
m 
3 
v) 

\ 

II 
> 

0 
!- 
V 
LL 

a 

a 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
r' ; z  . . . . . . . . .  

L., 
E2 

80 . . . . . . . . .  

w- -- i- i 4 -'- A A i- i A - . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  n . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  I- 

. . . . . . . . .  t-2 . . . . . . . . .  
w . . . . . . . . .  . . . . . . . . .  i (L 

. . . . . . . . .  . . . . .  

... - . . .  

. . .  . . .  

. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . .  . . . .  . . .  . . .  

I . . . . . .  w . b :  \: -: : : : : '  : 
+-: - & : b & :  : : : : : ll 

$ 0  s c ; : - +  \ . ,  . . : . 

Z = & : b &  . . . . . .  : : : : : .e-: . . .  

v) 

. . . . . . . . .  

7 

4 -li 

a 

n 
0 

h 
0 
E 

P 

v 

I- 
Z 

z 
0 
0 
W 

; 
II 
0 r 

w 5 
LL 
h 

W 
c 

i 



I ‘ 
I 

- 4 9 4 2  

000304 



Y r a 



. .  I I 

i 

- 4 9 4 2  



\ 



I I 

. .. 

4 9 4 2  

I c 000308 20. 2- 





3 w 
L 



. .  I I 

4 9 4 2  

800311 



i e 

in 
Z 
8 

.. 
U z 
0 

W 
v) a rn 
rn 
3 
v) 

\ 
w 
D 
Q 
C 
0 
3 
v) 

rn 



I . .  



I 

0 '  

. . .  

.. 
CL 

E" 
0 
\ 
> 

0 4 
\ 
W 
v) 
U 

3 
v) 

m m 

. . . . . . . . .  . . . . .  20 + p:[: I : [ :  : : : : 

. . . . . . . . .  tZ . . . . . . . . .  
w . . . . . . . . .  . . . . . . . . .  E 

I c 

v 
>- 

f 0 

z 
t W 

5;" 

W 

2 
v, 
0 
I 

... 





i 
0 



4 9 4 2  

I 
i 

-1 
i 
i' 
i 
i /  I 

k " 
1 

I 1 .  



.. 
U : 
0 
\ 
> 
6 
-J 
0 
\ 
w 
v) 
6 

3 
v) 

m m 

\ 
w 
D 
4 
C 
0 

3 
v) 

m 







F 
m 
0 W 
x 
0 W 
I 0 

I 
z L 
I 

0 N 
I 
N 

.. 
0 
Z 

2 

-I 2 
e 

2 
8 
z 



---A- ------.-- ’ r-- 

I 

I 

I 

\I 
i Y I 

4 9 4  2 

c 







I 
I 



0 
\ 
> 

0 
\ 

4 

w 
v) 
4 

LD 
3 
v) 

m 

\ 
W n 
U 
C 
(3 

3 
v) 

m 

.. 
w e- cz" 

0 

5 J S J  - 0 : : : : .  
100 0326 s: & -.-. . . . . 

W 

3 z . .  d : W .  . . . . 
e . . .  . . . . .  . . 1 . . . . . . . . . . . . 

n > 
w 
v 

2 
v) 

0 
I 
0 
W 
b- o 
w 
E 
U 
0 

- 

s z n a 
W 
E 
w 
0 
3 
Q 
0 
II 

0 
h 

z 
v 

i- z 
W + z 
0 
0 
W 

2 
!!? 
0 
I 

4 4  

- 

d 

w 





I 



000329 





000331 



z 
LL 
I 

0 N 
I 
N 

0 z 



000333 



a 
2 LL 

I 
0 N 
I 
N 

.. 
0 

Y 
z 

G 

E 
5 
i2 
8 
2 



c 

000335 







c 





L 
0 
\ 
> 
4 
V 
\ 
w 
v) 

D 
3 
v) 

\ 
w 
0 
4: 
C 
0 

3 
v) 

a m 

m 



I I 1 .  5 . .  3 . 4  ' 2  
' \  * . t 1 

R9 

i 





2 3 . 4  I .  5 I I I L 

-1 

- 'c 

..- 
.I ' 

i: 

. _  

. .  . .  
. .  

' . .  . ; .. 

: '.* 

. _  

. .  

. .  
1 .  

.! " 

.. i 

* , '.. 94 2 





4 

I I 
\I- 
I 
i . 
i 
i 
I .  
I 

f 



w 

2 
ln 

I 
0 
w 
I- o w cc cc 
0 

i5 

s z 
0 
U 
W 
CY 

W 
0 
3 
U 
0 

B 



1 I 3 e t  

' i ... . 
2 I '  







' I  





I 

i .  



V w E m 
0 

8 

* .  

- .  
- .  
, .  

E. 
p: i 

m- 
- . .  

- .- 

I pi . -  ..$I! 
I-- . 
v)' . 
A .  . 4: .: 

8: : 
LL: : - .  2: : 
w: : 
v -  - 2; : 
y :  : 
a: : 
0: : z: : 
2- . 
2- . 
3: : 
a: : 
x:  : 







2 





4 2, 





I I 2 3 - 4  I '  5 I 
i 

. .  

- 

I 

i 
i 
i 
i 
P 
k 





2 





r 



I I . 4  I '  5 2 3 
I I 

. .  

4 9 4 2  - 



2 





49'4 2 

. .  

P 

I 

I I- 



2 

3urusrow x (800369 
h 



R 
$ 

2 



800371 

9 4 2  



w 
v) 
U 

5)  
v) 

m m 

\ 
w 
D 
U 
C 
0 
5)  
v) 

m 

\ 
-I 

LL 
J 

J 



42 



4 





2 



.. -. .. 

0 
Z 
4- 
0 
W 

[L: 
Q 

2 

2 

w 
0 
3 
4 
0 I n 



000378 



I I i 5 '  . 4  2 3 L 

000379 





I I 3 . 4  I '  5 2 
i I 



2 

3 

3urusrow x 000382 



2 



I I I '  5 ' 4  2 3 L 

.. 

000384 



U 
m 
W 





. .  

c 











.. 





t I 5 . 4  r 

4 2  

' --I 

c 





c 



2 



. .  

000398 



2 



I I 2 3 . 4  I '  5 I 





I I . 4  I 5 4 9 4 2 ,  3 2 

000402 





4 9 4 2  







2 
i 



I I 5 ' 4  I 

.. 

c 



t- o 
w 
7 
0 
DL 
Q 

il 

2 c > 

3. c 
L 
5 
J 
L 

.. w 
t- 
Q 
n 

I 

ei 0 
4 
0 

. . . . . . . .  f $ : : : : : : : 1 . . . . . . . .  

. . . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . . . .  
I- I ; \ .  
W . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  a 

. . . . . . . .  -I t i \ :  : : : : : : : . . . . . . . .  - - -- -- - i A L -- A d - L A - z 
. . . . . . . . .  . . . . . . . . .  v) 

v) . . . . . . . . .  a 
.~ %-\: -1- -.I. - - I .- L.L _ _  . 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . .  
+I- 

o n w & K :  : : : : : : : zzn -4. 
. . . . . . .  ax- 

; Q+h : : : : : : : 

I->SLL y:y: : : : : : : : 
g E t X o : r - - :  z v  -: : : 

3 -.Q: : : : : : : : 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . _ . .  - - . _ .  . . . . . . . .  
w a 

+n 
. . . . . . . .  

. . . . . . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . .  . . . .  _ . _ .  . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  z & & ; : : : : ; :  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  2 
I- a . . . . . . .  0 . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  
s ’ -  

I- &! 
v) . . . . . . . .  e $ 3 . .  . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . .  

- 

n > 
v 

9 4 2  

e=-% k .  ..I e 0 
z 
t W W 
I rn 

.- 

. .  





w 

2 m 
5 
I 
n 

a a 

r 
0 
W 

0 s z n a w 
K 
W 
c3 
3 

c3 

U 
n 
0 

a 

E 

P 

W 

+ z 
z 
0 
0 
w a 
3 I- 
v, 
0 
P 
n 
w A L 
n - 
W 

cii 

I 
I 
0 
0 

c- 
6 

_ - . . - . - .  f & I [ ; [ .  . - . - - - . . . . . . . . .  . . . . . . . .  
i - i i i - i A i - i i -  . . . . . . . . .  E; . . . . . .  < . .  . . . . . . . . .  ! Q 

a 2 - - ( : ; :  . . . . . . . . .  : : : : : : : 
. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  

I- 

F$ j ; l .  w . . . . . . . .  . . . . . . . . .  . _ _ . -  . . _ .  a 
. . . . . . . .  I s  h : J :  : : : : : : : [ ‘ . I .  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  

.. a 

E 
0 
\ 
> 
2 
0 
\ 
W m 

a 

a 
m 
m 

\ 
W 
0 
a 
c3 

3 

3 

a 
m 

0 
0 
E a U 

> 
K 

0 
L 
z 

0 
Lrl 

0 

e 
a 

P 

a a 

d -. 

. . .  

. . . . . . .  

. . . . . . .  = C V  s : : : : :  : : :  
g < z - & N :  _.-. : : : : : : : n x - q  3: 

. . . . .  ~ . . . . . . . . . .  . . . . . . . . .  . . . . . . .  n 
5 O n  z x = e 3 - :  : : : : : : : 
0- << . . . . . . . .  . . . . . . .  

- . -  . . . . . . .  . . . . . . . .  . . . . . . .  
. . . . . .  . . . . .  

z I 

8 
I N 

.. 
0 

Y 
z 

i; 



000412 



u) 
h z 
-4 

3 
s 
z" 
u" 
u 
t7 
E 
2 

0 
G 
5 

I- o 
w 

LT 
n 
2 

I .. 
w 
I- 
Q 
n 

. . . . . . .  

. . . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  I 
i-3 . . -  . -  
. _ . .  . . . .  . . . . . . .  . . . .  
c -  . . .  . . . . .  . . . . . . .  . . . . . . .  

. 

,J . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  I 

I- 

2 

.e-- 

-~ - 

i I 
0 c1 
I e4 

.. 
P 
Y e 





s i  Y m 
IL 

01 

K 

E" 
0 
\ 
> 
2 
0 
\ 

a 

W 
fn a 
m 
m 
3 
v) 

\ 
w 
0 
4 
0 

3 
fn 

a 
m 

2 I 
0 N 

I N 

.. 
0 z 

2 





H l w  

d 

0 
I 
0 

4 
-u z 
K 
W 
LL 

I B  
E 
0 
\ 
>- a 

\ 
W 
v) 
6 
cn 
3 
v) 

\ 

d 

m 

9 
B 

>- 
e 
0 
4: 
LL 

e 

J 

! 4  2 

I 

z I 
0 N 

I N 

.. 
2 
!!i 
i; 





BL m 
YI 

Q 's  

W a 
v, 

I 

g 
E 
0 
\ 
>- 
4 

\ 
rs 
W 
v) a 
3 
v) 

m 
m 

\ 
W 
0 a 
K 
0 

3 
v) 

. m  

6 0 .. ,I 
1 . .  . . . . . . .  1 . . . . . . . . . .  4 

0 E2 , ;  1 :  . . . . . . . .  :'! : : : : : : 

I .K 

w . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

-i- 
1 

>- 
E 
0 c 
0 
4 
LL 
z 
I- o w 
E 
0 
O 

s 
a 

i z 0 

-I 
4 

W 
v) 

a 
W 
0 
3 
4 
0 
I 

. . . . . . . . .  . . . . . . . . .  
v) > b -  . . . . . . .  z ~ ~ n % * !  1 . 1  : 
=nCb--4&<f i .  . . . . .  ~. . - 
gj <:zn % \  . . . . . . .  
ax=-\.. : : : : : : : 

- l z R & & : : :  : : : :  
O ' * &  : : : - . . ~ 

W >!* :  : : : : :  : 

. . . . .  
x- 

. . . . . . . . .  . . . . . . .  ai a O n  
. . . . . . .  

. . . .  . - . .  . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

Q - Q .  . . . . . . .  v) 
. . . . . . . . .  

0 w 
I- o 
W 

E 0 
a 

s z 
4 
W 

- n 

a 
W 
0 
3 
4 
0 

I 
n o 
E 

2 
W 

I- 

I- z 
0 
O 
W 

3 
I- 
v) 

0 
I 

a 

- 

cii e z w 2z 
I 
0 

c 





I 
7 

W 

W 

f 
u, 0 
I 

8 
.F  
0 w cz 
U 0 

0 

< w 

W 
0 
3 
4 0 
t 

0 

Y 
z n 

a 

h 

z 
v 

e 
Z w -  e z 
0 
0 
W s 
2 

tn 
0 
I 
- 

e 
n 
c 
W 

5 
I 
I 
0 
0 

F m 
s 
s 
5 
X 

2 
1 
3 

3 a 
Z 
Y 
J 
L 

J 





Compacted Fill Drive Cylinder 
Test Results 

4 9 4 2  



LOCATION: FERNALD. OHIO 

DESCRIPTION: Q kfl 
PROJECT NO.:.-, TASK NO.:*, 

DATE: ,A- day .&f month E year 

MATERIAL TYPE: FILL / e / SUBBASE / CLAY / OTHER: 
(CIRLCLE ONE) 

ASTM D 2922 AND D 3017 QA ID: COMPARISON WITH NUCLEAR GAUGE 

. .  DELTA .MOISTURE. CWEHT. =. -. .v . .  . . . . . . . . . .  NT . . . . . . . . . . . .  .(?I. . .g: ? . . .  
. . . . . . . . . . . . . .  (I?!?). .I=@ . .  . . . . . . . . . . . . . . . . . . . . . . .  Sf?.!> . 4  . . . . .  v. . . .  .FDT. DRY. 

w . .  
DELTA DRY UNIT W. = F - V 

. . . . . . . . . .  COMMENTS: . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-f 33k 
Z COMPACTION: 95% MOISTURE CONTENT RANGE - * 
FDT LOCATION: 1, FDT TEST NO.:-- 

. . . . . . . . . . . .  

N O E  DRIVE CYUNDER VOLUME IS OBTAINED BY MEASURING THE HEIGHT AND DIAMETER, OF FOUR EQUALLY SPACED 
POINTS, TO AN ACCURACY OF 0.01-in,. AND CALCULATING VOLUME USING AVERAGE HEIGHT A 

FIELD MOISTURE CONTENT - ASTM D 2216 QA ID: 

R W. OF WATER = P-Q (grams) 44.7 
s WT. OF DRY SOIL = 0-0 (grams) 4/03.6 

0 WT. OF TARE NO. ds 
p WT. OF WET SOIL & TARE 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . . . . . . . . .  + 



- 
FLUOR FERNALD I 

- 
--L GEOSYNTEC CONSULTANTS - 

L / \  - 
DETERMINATION OF DENSITY (DRCVE CYUNDER) 
PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 

( U T M  D 2937) 

I I 

____ _ _ _ ~  - f SPECIFICATION REQUIREMENTS: 

Hi?. o w. OF TARE NO. .%3 (grams) 8.5 R w. OF WATER = P-0 

p WT- OF WET SOIL & TARE (grams) 4 4 s g  S WT. OF DRY SOIL = Q-0 (grams) g 2  7, $2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MATERIAL TYPE: flu / SUBGRADE / SUBBASE / CLAY / OTHER: 
(ma ONE) 

% COMPACTION: 

- 
MOISTURE CONTENT RANGE: 

\ Q  WT. OF DRY SOIL & TARE (grams) 36.6 T 

FDT LOCATION: FDT TEST NO.: FW +l% 

MOISTURE CONTENT = (R/S)X100 ( x )  / L / ,  o//8'1/6 

/ 

ASRvl D 2922 AND D 3017 QA COMPARISON WITH NUCLEAR GAUGE - 

..  fDT. WET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  UNIT WT. 

COMMENTS:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  

..??. PRY. Ur?'T .?:. . . . . . . . . . . . . . . . .  (P. .  cf) . . . . . . . . . . .  /Ab#>- 
DELTA DRY UNIT WT. = F - V & 

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.................................................................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OQ.&q%S . . . . . . . .  B 



- -- GEoSYNTEC CONSULTANTS - 
LOCATION: FERNALD, OHIO PROJECT NO.@&&-  TASK NO.: 6 9 SI 
DESCRIPTION: phw%I/- DATE: day@+. m o n t h ? ! -  year 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CYUNDER N o P ; Z - ~ ~  Y VOLUME(') .&.os.c . . . . . . .  (cf) J-,03Jqy : . . .  A 

B WEIGHT OF SAMPLE & .&JNDEFi 3 6 s )  5,. f l y ,  F DRY UNIT W G H T  = E/[1+(T/100)l(~cf) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WET UNIT WEIGHT = D/A (Ibs) /39,6 E 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
WEIGHT OF CYLINDER p (Ibs) / 3'1 G .. . . . . . . . . . . . . . . . . . . . . . . .  b.0 9 . b .  ! f .  . . . . . . . . . .  . ? .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D WEIGHT OF WET SAMPLE = B-C (Ibs) ?,bo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MATERIAL TYPE: FILL / SUBGRADE / SUBBASE / CLAY / OTHER: 

% COMPACTION: MOISTURE CONTENT RANGE: ,r 3% 
(ma ONE) z 

(grams) 5+,.-.7 o w. OF TARE NO. !!% (grams) s . 2  R w. OF WAXR = P-0 

p WT. OF WET SOIL & TARE (grams) 5 ~ ,  5 s Wf. OF DRY SOIL = Q-0 (grams) 93C 8 
j$a- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I FDT LOCATION:&&& hLWM 5 FDT TEST NO.: .k.o I 

1.13 

\Q 
WT. OF DRY SOIL & TARE (grams) 4 yq .  0 T MOISTURE CONTENT = (R/S)X100 &-.fz 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .DELTA .MOISTURE. CONTENT. = .T. 7. .cJ. . . . . . . . . . .  

. .  FT. . S T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  UNIT W. (e.!?. 
DELTA DRY UNIT WT. = F - V 

ASTM D 2922 AND D 3017 QA ID: 
\ 

. .  u. . I .  .FDr MO!STURE. coNTEI?'I: . . . . . . . . . . . .  -43.7. . 

!YP! .9. . 
-5.p 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
........................................ w . . . . . . . . . . .  .............................. . . . . . . . . .  



- I FLUOR  FERN^^ 2 I -- GEoSYNTEC CONSULTANTS - - 

A CYLINDER N o P ~ ~  e 6  VOLUME(') ( c t )  e9,3?yy E WET UNIT WEIGHT = D/A (IW I yo ( . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  .zq 3"-;ff7p.. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .go 3.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .p. . . . . . . . . . .  ..!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B WEIGHT OF SAMPLE & CYLINDE (Ibs) F DRY UNIT WEIGHT = EAl+(T/lOO)](pcf) 17% 0 
C WEIGHT OF CYLINDER 6oS.y f i  (Ibs) 33 G 

D WEIGHT OF WET SAMPLE = B-C (Ibs) 

J L  - 
DETERMINATION OF DENSITY (DRIVE CYLINDER) 
PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 

(AS7M 0 2937) 

$5- 

P F  D 

LOCAnON: FERNALD, OHIO PROJECT NO.&&.f3%!- TASK NO.:d 4,/ 
DESCRIPTION: m- DATE: % day fl!hjL month tbo3, year I TEST NO.:& 7 F O C /  

L.. 

MATERIAL WE: FILL / SUBBASE / CLAY / OMER: 
(ma€ ONE) 

% COMPACTION: 4flA MOISTURE CONTENT RANGE: -43z 

. . . . . . . . . . . . . . . . . . . . . . . .  .zj 3*;F . ~ m . .  . . . .  Y:?P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 

0 WT. OF TARE NO. - +6c (grams) R WT. OF WATER = P-Q (grams) 53.3 

(grams) 3v: y . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p WT. OF WET SOIL & TARE (grams) Ly/64. 9 S WT. OF DRY SOlL = Q-0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

\Q WT. OF DRY SOIL & TARE (grams) 4026 T MOISTURE CONTENT = (R/S)Xl00 (z)  ' 

COMMENTS: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ >  J ~ ) ~ ~ Y  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .O.QQdq.27.. . . . . . . .  D 

.DELTA .MP!SNRE. CONEN. = .T. - .u. . . . . . . . . . . .  2. '5 f . . .  u. ... 
. .FT. .F. ur?ir .v:. ..................... .(PC!) . ! 3 %.?. . . .  Y. . . .  

c 

DELTA DRY UNIT WT. = F - V 28 8 

0 .CT. MO!STURE. CONTEN'I: . . . . . . . . . . . .  .w. !!/. . 

.??. DRY. ur?!? .wr.. . . . . . . .  

F v r  



9 4 2  I - 1 I FLUOR FERN=' -- GEOSYNTEC CONSULTANTS 
- I - 

A N b ? 1 ' - + 5  VOLUME('.). . . .  !?? . esmr..  E WET UNIT WEIGHT = D/A (W .Iy.6@#. . . . . . . . . . . . . . . . . . . . . . . .  .2&.y-> .+. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .WrJ. 
C WEIGHT OF CWNDER 6IQ.q (Ibs) G 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..v.. . . . . . . .  . I  ...34.b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :. . 

8 WEIGHT OF SAMP Nb R (Ibs) 6 . 0 3  F DRY UNIT WEIGHT = EAl+(T/lOO)](pcf) 

D WEIGHT OF WET SAMPLE = B-C (Ibs) 

/ \  
DETERMINATION OF DENSITY (DRIVE CWNDER) 
PROJECT ON-SITE DISPOSAL FACILITY (OSDF) 

(m 0 2937) 

\... ........................ >/3&.. s.4m... . . .  

I LOCAnON: FERNALD, OHIO 

DESCRIPTION: P L s a  -w= 
PROJECT NO.&-. TASK NO.? y d  
DATE: 63 day.&!% month-7 year I TEST NO.: -A' &U& ,/ C F D P  0 5- 

Y*.?J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...".....'...., 

MATERIAL TYPE: Flu SUBBASE / CLAY / OTHER: 
(CIRLCLE ONE) 

% COMPACTION: MOISTURE CONTENT RANG€: - +;j% 

(grams) 5 s .  
(grams) yp&s. 

R WT. OF WATER = P-Q 8 . 3  o WT. OF TARE NO. L (grams) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p WT. OF Wn SOIL & TARE (grams) Y&f. / s WT. OF DRY SOIL = Q-0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W. OF DRY SOIL & TARE (grams) 

( PROCTOR TEST DATA: [L] MAXIMUM DRY UNIT WT. /z605 (pcf) OPTIMUM MOISTURE C O N T E N ? a ( Z j  

714, 6 T MOISTURE CONTENT = (R/S)X100 (%) Q.& ,A,@# 

. . . . . . . . . .  . .  DELTA. .MP!SW.RE. CONTENT. = .?.7. . v . .  . . . . . . . . . .  a -.7. . . .  u. . . .  .FDT. MOWK .CKFV. .I?). Y .  
F T  WET UNIT WT. M. . W 8  . .  Y. . . .  .FDT. DRY. UY.T .K:. 

I *< F V - r  4 
w).. 13% b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . .  

DELTA DRY UNIT W. = F - V 
~~~~~ ~~~ ~~ ~~ 

[MENTs: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.......................................... ....................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .ao.fp. 28..  . . . . . . . .  x 



- 
J -- GEoSYNTEC CONSULTANTS FLUOR F E R N A ~ D  

94  f 
- 

LOCATION: E R N A m ,  OHIO 

DESCRl P TI ON: 

PROJECT N O . : a T A S K  NO.: &%/ 
DATE: ~1. d o y d ! !  month apf12 yeor f h f i J f 5  zr 

TEST NO.: r> c @52 - 3 2  <F D F  oG 

/ \  J 
DEIERMINA~ON OF DENSflY (DRIVE CYLINDER) 
PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 

(ASTM 0 2937) 

I 

MATERIAL MPE SUBGRADE / SUBBASE / CLAY / OTHER: 
( C l F u X  ONE) 

Z COMPACTION: ??r- MOISTURE CONTENT RANGE: 4 3 %  
FDT LOCATION: &u/Rodd 4:f cec( *q FDT TEST NO.: CF !5g 

QA ID: 
7 

ELD MOISTURE CONTENT - ASTM D 2216 
I 1 I 1 I 1 0 I WT. OF TARE NO. &. WT. OF WATER = P-0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WT. Of WET SOIL & TARE WT. OF DRY SOIL = 0-0 
. .  '..I... ........................................ ......................................... 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

...... ............................................................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.......................................................................................... (-jo(pQ9.. ..... I. 



4 9.4 p - 
FLUOR FERNALD - -- GEOSYNTEC CONSULTANTS 

I 

\ / \  - 
DETERMINATION OF DENSITY (DRIVE CYLINDER) (ASTM 0 2937) 

ROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 

R WT. OF WATER = P-0 (grams) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (grams) 8. +. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .s2.5- 

p WT- OF WET SOIL & TARE s Wf. OF DRY SOIL = 0-0 (grams) 3Sf.A 
................................................... (grams) 4/54? .......................................................... 

0 WT. OF TARE NO. a. 

. . . . . . . . . . . .  

NOTE: DRIVE CYLINDER VOLUME IS OBTAINED BY MEASURING THE HEIGHT AND DIAMETER. OF FOUR EQUALLY SPACED 
POINTS, TO AN ACCURACY OF 0.01-in.. AND CALCULATING VOLUME USING AVERAGE HEIGHT AND DIAMETER. 

ELD MOISTURE CONTENT - ASTM D 2216 QA ID: 7 

<Q 
WT. OF DRY SOIL & TARE (groms) 36 2. C T MOISTURE CONTENT = (R/S)XIOO (XI 14. $1 

( PROCTOR TEST DATA: EL] MAXIMUM DRY UNIT WT. !%3~3 (pcf) OPTIMUM MOISTURE C O N T E N T k , ( % )  

.. DELTA. .MPIISTURSI. cOr?iEr?T. = .?. - .v.. . . . . . . . . . .  .q. . . .  !J. . . .  .?T. MO!STURE .CONTENT.. . . . . . .  !Iv. . S?). ./.?el?. 

. .  E?. WE?. Ur?’.? .T:. ..................... .(e.!>. .13 . .  !! ... .For FRY. UNIT .v:. . . . . . . . . . . . . . .  .“: (PC?). . . . . . . . . .  

, DELTA DRY UNIT Wf. = F - V F0-r ze cF’l5q 
I 

....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

..................................................................................................................... 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

......................................................................................... .0.@04.3(). . . . . . . .  a 

1 COMMENTS:, . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  



f 7 /  7 -- A=- GEOSYNTEC CONSULTANTS - FLUOR FERNALD 4 9 4 r  

LOCATION: FERNALD, OHIO PROJECT NO.:- TASK NO.: 4-1 
DESCRIPTION: ? f l d l @ w  C G c t -  Y t  DATE: 3 d a y k  month .at year 

MATERIAL W E :  SUBGRADE / SUBBASE / OTHER: 

% COMPACTION: f52 MOISTURE CONTENT RANGE: b- 3 * 6 / % ~ 4  

FDT LOCATION:&& 5 ~ n f W A  7-M FDT TEST NO.: FO7 6 2 -  f 6 P  

(CIRLCLE ONE) 

CYLINDER NO.=- VOLUME(') WET UNIT WEIGHT = D/A 

0 WT. OF TARE NO. - IG (grams) s "3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C WElG!iT OF CYLINDER (Ibs) I, 37 G 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,y,,y,/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D WEIGHT OF WET SAMPLE = B-C,. , , ( lbS).  

* 

R WT. OF WATER = P-Q (grams) yqp 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p I Q 

(grams) s WT. OF DRY SOIL = 0-0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cp,$- T MOISTURE CONTENT = (R/S)X100 

WT. OF WET SOIL & TARE 

WT. OF DRY SOIL & TARE 

( PROCTOR TEST DATA: [L] MAXIMUM DRY UNIT WT. !zl*b (pcf) OPllMUM MOISTURE CONTENT (%I 
.DELTA. .MP!STURE. CONE.Y?. =. .?.,:. .u.. . . . . . . . . . .  .z-.z. ..  Y.. . .  .FDT. MO!SNRE .CONTENT.. . . . . . . . . . .  .(?I.. .?Y:V.. . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (PFf) . .  ! 13.- 6 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (pcf ) .  . !& 9 . .  
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- 1 a GEOSYNTEC CONSULTANTS/ 

NOTE: DRIVE CWNDEF? VOLUME IS OBTAINED BY MEASURING THE HEIGHT AND DIAMETER, OF FOUR EQUALLY SPACED 
POINTS, TO AN ACCURACY OF 0.01-in.. AND CALCULATING VOLUME USING AVERAGE HEIGHT AND DIAMETER. 

FIELD MOISTURE CONTENT - ASTM D 2216 QA ID: 

" " 4 9 4 . 9  
. FLUOR FERNALD 

0 

p I Q 
r Y 

COMPARISON WITH NUCLEAR GAUGE - ASTM D 2922 AND D 3017 QA I D : 3 d  
. .  DELTA .MO!SNRS:. I!. . . . . . . . . . . .  ,6! 3. . . .  !J. . . .  .FT. MO!STIIRE .CONTENT . . . . . . . . . . . .  .(%. . .k?. 
. .  n>T. WE?. UNlT .wr . . . . .  .(PC!Z.. . 1 ? 2 , 3 .  . . v . ,  . .FDT. !?f??. UNIT .v:. . . . . . . . . . . . . . . . .  ( P 4 .  /l5.?. . .  

DELTA DRY UNIT WT. = F - V 0. I FPT *L Ct+L-l64 

COMMENTS: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

R WT. OF WATER = P-Q (grams) 32 2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s W. OF DRY SOIL = 0-0 (grams) 2 >-&$d ,296.. ~. .t.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

(grams) 2,Sg.g 4 T MOISTURE CONTENT = (R/S)XlOO (% /c / 

W. OF TARE NO. 63 
WT. OF WET SOIL & TARE 

WT. OF DRY SOIL & TARE 

(grams) 
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- - 
llsB- GEOSYNTEC CONSULTANTS 

E NO. llk2 (grams) g:7 R WT'. OF WATER = P-0  (grams) yyr 
. . . . . . . . . . . . . .  ............................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p WT. OF WET SOIL & TARE (grams) 39 9. I s WT'. OF DRY SOIL = Q-0 (grams) 'j \I 0.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DEERMINATION OF DENSITY (DRIVE CYUNDER) 
PROJECT ON-SITE DISPOSAL FACILITY (OSDF) 

( E T M  D 2937) 

\Q WT. OF DRY SOIL & TARE (grams) 

MATERIAL W E :  @/ SUBGRADE / SUBBASE / CLAY / OTHER: 
(aRLcLT ONE) 

Z COMPACTION: MOISTURE CONTENT RANGE: 23% 

34g 6 T MOISTURE CONTENT = (R/s)xioo (% I 1,131 

( PROCTOR E S T  DATA: [L] MAXIMUM DRY UNIT WT'. 13. i  (pcf) OPTIMUM MOISTURE CONTENT / I f ?  (%) 

. . . . . . . . . . . . .  

..................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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/ 

OGEoSmm CCNSJLTANlS FILE: NO. P-l&DDC CHECKED BY: SHOn NO. 



- - -- GEoSYNTEC CONSULTANTS I 
LOCATON: FERNALD. OHIO 

DESCRIPTION: ,p hk5-e & DATE: 4 ' 3 .  day.& month . E E L  year 

PROJECT NO.:[- TASK NO.:bq I 

h o-i-- * 
/ 

MATERIAL MPE: SUBGRADE / SUBBASE / CLAY / OTHER: 6 r h i A A C l u 4  4eL 
5: COMPACTION: 72% MOISTURE CONTENT RANGE: 2 3 %  

(C1RLcLE ONE) 

FDT LOCATION: &@ &L f5a-r /kdl hd FDT TEST NO.: FBr ' 2  41 

0 

p 

<Q 

(PROCTOR TEST DATA: [L] MAXIMUM DRY UNIT W. /3QP (pcf) OPTIMUM MOISTURE CONTENT*?,9 (9 

~~ . 

WT. OF TARE NO. $7 - (grams) x:,>-. R WT. OF WATER = P-Q (grams) gd 
................................................. (grams) 6.y-6. ................................................ ..%* 6. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s WT. OF DRY SOIL = 0-0 (grams) - WT. OF WET SOIL & TARE 

WT. OF DRY SOIL & TARE (grams) (~&5 T MOISTURE CONTENT = (R/S)X100 (%) . / I .  I .I\$ - 

.. 9nTA .MOISTURE. CONE.!?. = .?. .. .v. . . . . . . . . . .  .> 3. . . . . .  !! . . . . . .  FDT MOISTURE CONTENT I?). ............................... 

T . . .  -.UNIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WT- b.!? . !W-. f .  . . .  !! . . .  .?? (PCf).. . . . . . . . . . . . . .  

DELTA DRY UNIT WT. = F - V 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

?* 5 . . . . . . . . .  

m.3. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  
600434 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B 

eGEoSmm CON~ULTANTS m NO. 2-is-DOC o(EQ<ED BY. a- SHEET NO. 



LOCATION: FERNALD, OHIO PROJECT NO.: GQ'341 TASK NO.:& 

DESCRIPTION: f L a  DATE: 3 d a y k  month Lobt year 
\ TEST NO.: 

E WET UNIT WEIGHT = D/A 
. . A , .  I. CWNDER. .NO:- VOLUME('.). . . .  . . .  I . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (Ibs! .I./m.. 

MATERIAL TYPE: @ SUBGRADE / SUBBASE / CLAY / OTHER: 
(CIRLCLE ONE) 

% COMPACTION: ~~~ MOISTURE CONTENT RANGE: 23% 

B WEIGHT OF SAMPLE & CYLINDER (Ibs) F 

G C 

D 

. . . . . .  . . . . . . . . .  

. . . . . . .  . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

I FDT LOCATION:- <k t m s c  412 FDT TEST NO.: 257 I 

DRY UNIT WEIGHT = E/[l+(T/lOO)](pcf) /z(./ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o WT. OF TARE NO. .J!L (grams) f. 3 R wr. OF WATER = P-Q (grams) y1.1 
(grams) 3674 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  q.25.y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p WT. OF WET SOIL & TARE S WT. OF DRY SOIL = Q-0 

\Q Wl .  OF DRY SOIL & TARE (grams) 377.7 T MOISTURE CONTENT = (R/S)X100 (% (2.7 
/ 

( PROCTOR TEST DATA: [L] MAXIMUM DRY UNIT WT. 12q-8 (pcf) OPTIMUM MOISTURE CONTENT=(%)) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" 
/ 

A S W  D 2922 AND D 3017 QA ID: fl 
. .  u.. 1. .??. YO!STURE .CONTENT.. . . . . . . . . . .  .(%.I. .w . . .  . .  DELTA .MO!SNRE. C0NEN-r. = .?. -. .u. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FpT WET UNIT WT. . .  (P.!) . 

DELTA DRY UNIT WT. = F - V 

. . .  .1..8. 
/36!b. . .  

I .% 
. .  Y.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.FD?. ??I/. ur?!? .K:. cf) w . y  . .  . . . . . . . . . . . . . . . .  ( P . .  . . . . . . . . . . .  

F o r  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 



4 7 



I I 2 3 ' 4  I -  5 I 



94  2 



I I 3 ' 4  I '  5 2 i 

000439 

. e  





4 9 4 2  

. - . . . . . - 

Compacted Clay Liner and 
Clay Wedge 





4 2  

om443 



1 

i 
i 
I 
i r 
i 











L 
088449 

3tlnlSlOW X 





# 
C 
C 
C 
C 

C 

4 

C 2 

P 

4 

5 
C 

E I 

I . . . . . . . . . . . . . .  . . . .  . . . . . . . f . 

V I  . . . . . . . . . w l  . . . . . . - . . 



. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
U 

I- 30 . . . .  
+z j : I : j + l ; l :  I 
W . . . . . . . . .  
a . - - . . - I . -  - - 

4 . .  
LL 

. . . . . . . . . .  
7 . . .  r' J : j : l : , : j ; l :  . . . .  I : 

. . . . . . . . .  . . . . . . . . .  . . . . .  -=------- ------ -- 
- .  

- 4 &!AiLik!F!-- -: . . . . . . . .  -:-. . . 

t 





2 





me 



9 4  2 



n 
a 
- 
0 

J 









I 1’ . . . . . . . . . +-Z + ~ ~ ~ . ~ ; j  
. . . . . . . . . . . . . . - . . . . . . . . . . . . 

m k  
w --_---------- --- . c  

I E; l ; / ; + \ ; l : j ; j : l  . . . . . . . ; \ ; I  . . 
. . . . . . . . . . . . . . - . . . . . . . . . . - . . . . . . _  

n 

- .  I- 

tZ Y o  1 ;  1 ;  1 ;  \ ;  \ ;  j ; l  ; /  ; )  
W . . . . . . . . . . - . . . - . . e  . . . . . . . . . . . a 



z-- 
kl 
F! 

w 
G 
n 

.. 
W 
t- 
Q 
n 

v 

lv)  
v) w 
-2- 
Y u 
E 
I- $ 
w 

a 

a 

v, 
0 
I 
\ 

(3 z 
6 

w 

z 

I[ . . . . . . . . .  =! 
t-2 [ : / : j : J : 1 : 1 :  . . . . . .  ; . .  : : . . . . . . . . .  . . . . . . . . . .  . .  . . . .  
w ------------ A--- 

a 2  j : \ : j ! k ! j ! j :  . . .  . . . . .  : : : . . . . . . . . .  . .  . . . .  n - 6 
a 0 

. . .  fY . 0 . '  . - - 

3 rn 
-%'. - 

3 - 







9 
0 c 
Z 
0 
v, 
73 m 
2J 



R 
$ 

# 
C 
C 
C 
C 

C 

4 5 
C a 

r 
4 

w 
.C 
)r 

C 

5 4 
h 

r -/. I \ 

- s 
U 
U 

. . . . . . . . .  t-2 i :  j :  I : I  : I  ; I  I : \  : I  ' I  . . . .  . - .  

0. I - -  . . .  :. . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . .  . , . . . .  a . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . .  

W 
0 
3 
4 
0 

\ z 
0 
F 

- 0  
'3 

F m 
a w 
Y 

X 0 
B 

3 
L 

0 N 
I 

N 

0 z 

2 
:.%&%...;: 



I- o 
0 
E a 





W -  
0 
C z 
0 
v) 

W m 
A 

I 



0 
;a 
.1 
k 

0 
OL 
Q 

.. 
W 
I- 
6 
0 

0 
I 
0 
5 
4 z 
CY w 
LL 

, I  

e 

d: 0 

Y 
Y 

I 0 
s 



. .  
i 

. I  

t I 
i 

r ' i  





i 
i 
i r 
i 
P 
k 

I 
I 

\i 
i 
i 
i. 
i 
i 
c = 

nl 1 



__ -3- 
0 
C 
Z 
W 
v) 





4 9 4  2 

b 

z. 
2 .  LL 
I 

0 c( 

I n 



--@- 
@I 

h 

... ! 

. .  ,, 
. .  

-~ 

. . . . . . . . .  . . . . . . . . .  . . . . . . .  c 

t-z 
W. 
zo ( r  I ; , :  : I :  : : : : 

: .  : I :  : : : : :  . . . . . . . . . . .  a . . . . . . . . . .  
. . . . . . .  d 

4 \ ! \ : I :  J : \ :  : 1 .  : 
-~ 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . .  
-L ----------- ---- 

. . . .  2 :a:&& . . . .  

.. d:>; t i - .  : : : -: 
v) O e L K  a:&:&:&&: . . . . .  . . . .  
t- J W O  =I- h:wo4:tJ+c+ 

2 

-a- ._ - ~ _  - 
. . . . . . . . .  . . . . . . . . .  

+I- . . . . .  
. . . .  
. . . .  .~ . . - .  . . . . . . . . .  . . . . . . . . .  Q v  

w . . . . . . . . .  

.. 
0 
I- = 3  
O w 

DL 
Q 

E; 

c 

W 
>- 

0 w + 
0 w 
K 
K 
0 

0 

0 
W 
K 

?. 
z 
a 

i- 
v) w 
I-. 

U 

A 

3 

0 z 
+ 
P 





4 
I 
i 
i 
I 
i 
9 c 

I .  

If-. .. 



'0 
m aJ 



,1 
0 

I u  
u w 
b z * 
v1 
0 

5 

P 2 < 

4 

I . . . . . . . . .  . . . . . .  . . .  



4 
a 
0 
CY 

I I  I 1 . . . . . . . . .  I 

1 
. . . . . . . . .  I I  I 

0 
W 
b 
0 w 

0 

0 
D 
4 
W 

W 
0 
3 
4 
0 

U 
n 
0 

a a 

? 
z 
a 

z 
W 

I- z 
W I- z 
0 
0 







2 / 
C 
C 

C 

C 

a 

4 f 

E I 

C 

2 
b 
E K 

C 

W 
0 

G w 
F 

. . . . . . . . .  
I . . . . . . . . .  . . . . . . . . .  . . . . . .  ' C  

;$ 1 :  . . . .  J : \ : I  : 1 ;  1 :  . -  \ i  J i  . . . . . . . . .  x . . . . . . . . . . .  

3 
-- -3- 

k? 
Fc 

.. 
W 
t- -x 
0 

w 
a m m 

v) 

3 
v) c 

v 
>- 

\ 
W 
0 a 
0: 
0 

3 
v) 

m L F m 
3 
2 
> 

w 
3 
3 

3.  
a 

n 
4 

L) 
P 
L d 

& 
P 

ii 
i 
I 
E 
C 

U 

- 
2 

W' 
I- z 
0 
0 d 1 
W .  s 
in 
6 
.I 

3 w 
LL 
n 
c 
W 

cii 
C 

$0 0 



L 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
- 6 -  
4 y o  

t- 

0 +z j : j : j : \ : j : J : ] : \ ! J ; \  . . . . . . .  

d a 1 :  I : I  : 1 :  1 : I :  I :  I :  : \  

W . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  a 
. . . . . . . . .  

. . . . . . . .  LL 

I I  . I I 

bl 





I 

I 

I 
P _ .  



V 
0 
C 
Z 
0 
v) 

TI 
m 
d 



J3 
w 
LL 

t - 
1 

0 
CY a 

s 
I 
0 

4 g 
U 
W 
L L  

@I 0 .. 
4 
0 

. ... . e 
W .  
0 w .  K .a. 
3 3  
0 4  m o  

r 

v 
> 
W 

2 
v) 
0 
I 
0 w 
t 
0 
W 
rK 
rK 
0 

- 

8 
I 
n a 
a 

a 

W 

W 
0 
3 

0 
U 
n 
0 z 
e 
U 

I- z 
Z 
0 
0 
W 

i 
!!? 
0 z 

w 5 
IJ. 

n 
c U 

G 
I- 

5 

V 
1 

2 

4 s d 
Z 

c w x 

I 
3 
LL 
I 

I . w  

.. 
0 
I 

3 
G 

i z 



0 
I 
0 

4 a: 
Z 
U 
W 
LL 

-. . :. 

/ 

W 
> 
W 
lY 
2 
v, 
0 z 
0 

0 
W 
K 
lY 
0 

0 

0 
4 
W 

W 
0 
3 
4 
0 

B 

u 

e 

.cl. 
I 

a 

h 

f 
zw 
W 

t- 

I- z 
0 
0 
W 

i 
v, 
0 z 
5 
W 

n 

ii 
c 
W 

Cii 
I- 

5 z 







. 
0 
C 

‘ a ,  
.:. 0 



A 

. . -  s2 I : I :  : : . . - .  

ILZ \ : I :  . . . . . . . . .  : : : : . : . 

w, __----A_.------ . . . .  . . . . . . . . .  . . . . . . . .  t ; m  
. . . . . . . . .  

0 I I  I . . . . . . . . .  . . . . . . . . .  . . . . . . . .  
. . . . . . . .  . . . . . . . .  

11  I , ; , .  . . . . . . .  

.. w 
l- 

D 
a 

W 
0 
3 

0. 
a .  

. 
n 
0 .  z 
U 

>- 
I- 

I-. z 
z. 
0 
0 

P' I 1  I . . . . . . . .  

W 

i 
5. 
0 
I .... 

.;.: 

..: 
I.:. 

. -. 
- .  



-- I 

I 
I . 

- 

a 
1 

i 
i I 
i 
7 
i 



2 



E 
i 



j 



.... -- . .- . . . .. . . .. . . 

.. 
w 

0 
a 

z 
0 

\ 
n 
? 

E 
3 

n 
4 T . .. ., . .. ..::,-.: 

... .. ,. . 



\ 





D m 
2J 
0 
C 

‘.I 0 



. 

0 
01 
Q 

-. w 
I- < 
n 

I 

. - . .  . . .  I i ] : I : : I : \ : 1 : J :' 1 . :  j I . . . . . . . . .  . . . . . . . . .  . . .  . . . . . .  . . . . . . . . .  . . . . . . . . .  . .  . . . . .  
l : J ; j + \ .  - .  : I i  . pj ; ) ;  ] I  . . . . . .  . . . . . . . . . . .  

z 

Y s 0 

z 
t W 

5i" 

F m 
s 
Y 
0 W 
I 0 

z 
z LL 
I 

0 p1 
I 

p1 

.- 
0 z 

G 
Y 

T 
5 
7 
8 

5 

P 

z 

v, 
0 
W 



,1 
W 
0 
3 

0 
P 
n 
0 

a 

z 
W 

L 





2 



I 

/ L ’  . . . . . . . . .  
b-2 \ : l : \ : \ : \ : ) : \ + l : P  . . . . . .  

\ : ) : \ : \ : ] : : ) ,; \ ; \ ; / 

1 1  . .  1 ;  ~ j ,  ; )  ; 1 ;  1 ;  1 :  ] !  J 

. . . . . . . . .  

. . . . . . . . .  w -____-------  ---- . I -  . . . . . . . . .  

. . . . . .  , . . . . . . . .  i . .  

. . . . . . . . .  . . .  a 

0-2 30 

. . . . . .  
I- . . . . . . . . . .  . . . .  
W . . . . . . . . .  
U . . . . . . . . . . .  . . . . . . . . .  

2 

4 
0 z 
t W x 



I -  

.. 

1- 
7 w 

;g 
0 

. . . . . . . . . . . . . . . . . w ------------- --- 
. I -  

. . . . . . . .  - . . _ .  . . . . . .  a 
I . . f . . . . 

L I : :  . . . . . - -  

. . . . .  .,. . . - . . . .  . . . . .  a: 
. .  - .  . 
. . -  . .  . .  - .  . -  . .  ~. . -  - - _. - - - . .  
. .  . .  . .  . .  . .  . .  . .  . .  . .  
f .  . .  

n e 
0 
W 
K 
K 
0 s z 
a 0 

W 
K 

I ,-- 

c 

4 2  

'01 
i 6 
z 
t W x 

F 
m 
0 W 
Y 
0 w 
5 

.. 
0 z 

2 
F 
f 
!i 
3 



I 

I 

I 







i . . .  . . .  . . . . .  I- 

j : ~ : l : l : ) : \ i l :  . . . . . . . j ; j . : )  
. . -  . . . . . .  

W a 



h 

v 
> 
w 

2 cn 
0 
H 
- 

n 
W 
I- 
O w a: a: 
0 B z n a 
a W 

W 
0 
3 
U 
0 
P 

d m F 

e 
Y 
0 w 
I 0 

z 





- W- 
0 
C 
Z 
CJ 
v) 

2 







I I 
3 - 4  I '  5 

i I 
i 

2 .. . 

i 

::..:, * . . .  I . . .  3 
.:...:. 3 

... . . ... . . ~ .  

...::. 

d 
5 
? 

. .  

'u 

i 
i I 

i 
i 
i 
I i 

_ -  c 
I 

1 

. !  
. .  

! I  . 

. .  
: .. 

9 4 2  

-~ 



I I 2 3 I L . 4  I .  5 
i 

z 

' v  
1 
I 

I 
.+ i 

O j  

' \  ! 

9 4 2  





r 

c 

4 



r 
R 
d 

13 
0 
Q: a 

0 
W 

0 
a a 

WE 
I X ~  1 ! I  . . . . . . .  : I  - 1  ! I ;h;Qj 1 : / .  . . . . . . . . .  . .  . .  Q 

I- 

. . . .  W a 

. . . . . . . . .  II z 1 

1 0 
W 
t 
V 
W 

0 

0 

0 
w a 
w 
0 
3 

0 

a a 

? 
z 
a 

a 

a 
h 

V 

E 
W 

I- z 
W 
I- z 
0 
0 



j- 
a 
d 

-2- 
k 

J 

7 '  

c3 
0 A 

$d 

. . . . . . . . .  c . . . . . .  . . . . .  . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  W a . . . . . . . . .  

. . . . . . . . .  -I . . . . . . .  I : I  . I :  : : :,: . . . . . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  
--.& 
a 

---------- ----- 
~- --- - 



2 3 . 4  I -  I I 
' '\ . \  

I 

I 

L I 

u 

P 

- 





r 
, 'I 4 9 4 2  



k! 
a 
0 
K 

. ...-G 

CI- 
S 0 

z 
I- W x 

6 F m 

e 
s Y 

z u 



t 

5 
4 

t 
- -c 

w 
v 

I 





. .  3 . 4  I '  5 I I 
I 
i 

2 
' .\ 

- 
i 
I 

e l  i 

I 

000532 



r 
e 

4 9 4 2  

MOISTURE CONTENT ( X )  I 



... 

'. 

r n n 
h 
a 

C 

b 
-0 n 
v 

P 

I- 
O 
W 

0 cc 
'3) 

a 

_. 
w + 
6 
D 

3 
E 
3 

- 

3 
X 
z 
JJ 
r 
L 

h 
s M 

c ! 
Z l  W 

9- 0 .  z 

L 
; 



i 

0 

F.  
V) -* 

.. tn 
I- 
Z 
w 
I 
W 
a5 
3 
0 
W a 
z 
0 
F 
Q 
0 
G 
i5 
a 

- 

W 

cn 

I I  I I 



I I 3 - 4  I .  5 2 L 

49’42 * .  * . !  



1 

B 







4 
b 

v) 2 
0 u 

s- 
u 
El 
& z * rn 
0 

. . . . . . . . . 

. . . . . . . . . 

9 

T 

4 



0 r 

4 
3 3 

3 
? 

3 
J - 

I 

i 

! 

I 

I 

I 

I 

T 

j 
b 

3 

- . .  . . . .  b \ :  J !  1 ;  j i )  
. . . .  . . . . . . . . . .  . . . . . . . . .  

w a 

. . . . . . . . .  , 

i 



:<:,:, .) ........ I .... 3 
. . .  J 
.... 
. . .  . . . .  
',.:l' 

d 
. ' 5  

? 

v 

) I  
a1 

I i 
1 

. _  * . i . .  

-- .... 

4942 

i 
i 
I .  





! 

JI s 

d 
C 

\9 
\9 
F 

3c 
-b 

cci 

.. 
w 
0 
K 

d 
G 

F z 
0 u 

9 

s 
\ 1 ! 

1 

! 

I 
z I &  

I 
0 PI 
I 
PI 

0 

Y 
2 

G 



r 

s" 0 
3 
2. 

5 J 

0 
I 
0 

\ 

. . . . . . . . .  . . . . . .  . . .  . . . . . . . . .  . .  . . . . . .  + 10 I \ ; \ ;  1 :  1 ;  1 ;  ; ; ; ; 
I-2 . . . . . . . . .  
W . . . . . . . . .  - I . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  

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

: : : :  . ,. . - 
: : : :  
1 : : :  

: : : :  

. . . .  

. . - .  . . . .  
. . .  . . . .  

. . . .  . . . .  

0 

n 
c 
v 

L u 



I- o w 

lY 
Q 

;3 

v 

w 

i5 
v, 
0 
I 
0 w 
t- 
0 w 
LL 
LL 
0 

0 

4: w 
lY 
W 
0 
3 < 
0 

Y 
z n 

n 
h 
V z 
W 

+ z 
W 
t- z 
0 
V 

\ c 



I I 3 - 4  I .  5 
1 

i 
i 
i I 
i 
? I 





MOISTURE CONTENT ( X )  

4 9 4 2  





0' 

I 

CI 
C 

i ac 

i 
1 -  
i. '. 

i 



2 . . . . . . . . .  
t-a rnk . . . . . .  I :  1 :  I : 1 : 1 : I :  j : 1 ; )  





I I 3 . 4  I '  5 2 
I L 

9 4 2  

I 

I 

. .. . .  . 

.. . 

\i 
i 
j 
i. 
i .  I 
E 





73 
0- 
C 
Z 
0 
v, 
73 
m 
2J 





4 9 4 2  





I- o 
W 

' Q :  a 

J c 

I 
z I& 

I 
0 N 
I 

N 



r 

I I  . I 

0 z 
c 

P - 

I-- 

/ 

v 
> 
W 

; 
v) 

0 
I 
- 

n w 
I- 
V w 
111 
U 
0 

0 
? 
z 
n a 
a W 

W 
0 
3 
Q u 
B 
V 
I 
LL 

I- 
Z 
W 
I- 
Z 
0 
0 
W 

A 

W 

i 
v, 
0 
I 

w f3 
LL 
n 
c 
W 





I . 4  I .  5 2 I 3 I 69.42 t 
' i , .  ' 

e 

i 
i 
i 
I 
i 
1 ii 

- 



73 
0 
C 
Z 
0 
v) 



W 
0 
C 
z 
0 
v) 







cii 
b- 

c c 



a 
4 

. . . . . . . . .  2 I : 1 :  : : : : : : :  1; +&L f . . . . . . .  - + f - + + - 
. . . . . . .  . . . . . . .  a . . . . . . .  

. .  

: . =  
4:a : : : : : : : 

. . . . . . . . .  . . . . . . . . .  

0 

0 w 
CL 
U 
0 

e 

s z n 
U 
W 
CY 
W 
0 
3 
4: 
0 

a 

z- 0 

v 

0 W 
x 
V W 
I 
V 

x 
z h. 
I 
0 H 
I 
H 



I I .  5 I . 4  

4 9 4 2  
2 3 

* .  ' . I -  - .\ 

' L  i 
i 
I i 

'1 

'.L 

_ I  ' 

i: 

. ,  

. .  

.I . : .. 



W- 
0 
C z 
0 
v) 

W m aJ 
0 
C 
' E  

.: 0 

3 

e 
! 

GQ 134) 

00057% 

4 9 4 2  



0 c 
. a ,  

,,. 0 

4 9 4 2  



I- - 





. . .  

... ? I 



D o 
C z 
0 tn 
D m 
XJ 
0 
C 

’ a ,  
.. 0 

l l  
0 
0 
--I 















3 



w 
..; 

v) 

I 
0 w 
k- 
V 
W 
K 
K 
0 

0 

6 

Y 
z n a 
a W 

w 
0 
3 
4 
0 



r 
I- 

I 

0 7 z 





1 I I 
I '  5 ' 4  3 1 2 

1 

I 

. .  :;:. .) 

.... D 
..':-I-. . J 
. L  

. _._ .: . I i 
. . . !  3 i 

. ... 

. .  

. !  , 
! :  







E 





0 
0 
QT 

4 
a 

W 

2 
v) 
0 
I 
0 
W 
I- 
O w a 
U 
0 

- 

s z 

a 

0 

W 

W 
0 
3 

0 

U 

0 

a 

h 

z 
5 
W 

t- 

t- z 
0 u 

2 

4 b 

4 0 
2 
c W 

$ 

I 

I 





2 



.. 

1 I 3 . 4  C 

2 1 .  - 
' \  . . .. 

::...:. .) . . .  I 
. . .  D 

. :  3 .: L 
:' 5 

? 

.._ . 
.. .. .. . 

s 
5 

L 

1 
-I 

I 

i 
i 



W- 
0 
C 
Z 
0 
0 

2 

W 
m 
W 



2 

D 
m 
;D 



z 
u" 

0 
I 
0 
- 

. . . . . . . - . . . . . . . . . . - . ._ . . . . . f . . . . . . . . . 
U - 

I- a 
0 

W - . - . . .:. . . I a 







2 3 . 4  I .  5 I I 
I 

I 

H 

. .- 
.I 

. .  

. .  







4 2  



2 

73 
0 
C z 
0 
w 

7 

0 





t- 



I I I -  3 . 4  5 2 

* * b. 
. i 



'0 m aJ 

E 



'4 2 







: I' 

! 

.i 

I 





1 I 2 3 . 4  I -  S 
. .  - 

4.2 



94 2 

'L & 



n 

4 2  



73 
0 
C 
Z 
W 
v) 

73 m 
W 

0 
C . m  

.:. 0 

I 
G 



. 





I I 2 3 - 4  1 .  5 
.. ., 

I 

















I '  



. .  











2 I 3 I ' 4  I '  5 
f 





I 











. .  . . .  _.. .. .. ._ .... ... . 

.. . . .__ .. . 
. .. . . .  

5 

e7 
I 

I i 







3trnLSlOrU X 







I 3 I - 4  I .  5 ,  : 4  
2 

. L  j * :  
' '\ 



4 2  



2 



W- 
0 
C 
Z 
W 
v) 

73 m n 



.. 





-I 

. .. . . .  . 

C 

!a 

C l  

I I 





-W- 

z 
0 
v) 

-0 m 
?J 

F 





2 



2 

71 
0 c 
Z 
W 
v) 

D m 
XI 

0 
C 

‘ E  
.:. 0 









494  2 

or a 

-e c 









2 

. 





4 9 4 2  





4 9 4 2  





4 2  



I 









I 

I i- 



2 



2 







000683 



4.2 





1 

I 

1 . .  .-.. r) "__. I ..._ D 
.:::: 3 
::' 

.._ 

. .  f .  .i 
i :' .1' 

i 
J 

I 

P 



4 2  





: -3 ."'... I 
. . _  9 . ... .... . . . .  :;;: 

' d  
r' 

. .. . .  . 

... 



3 



I .... 

I 

. . . . . . . . .  I i t  '~ 

\ c 



I I 2 1 I I ‘  - 3 . t  

t y’ 
i 
i 
i. 
i : 



38CUSION X 



n 

a 

w 
t u 
W 

a 
0 s z 
n 

a 
4: 
W 

w 
0 
3 
U 
0 



" 2 3 - 4  5 I I I '  

. * ': I 
I 

' ', 4 9 4 2  











F m 
D Y 

Y u J 

L) 
r 











2 3 . t  I '  I I 

- . h. 
' i 

I 

L 





u) 
E z 
4 
E 

v3 
3 

s z 

4 9 4 2  



2 

. .  . .  ... .. 3 . . . .  I 

.... 3 
... . .... ..._ 

'.*?... 3 
..:; 

d 
; 5  

? 

. .  

I 

I 





I 



A 

I 

P 





i 



I 

I 

I 







I 

I 







., .) : I 
.. 3 









2 













94 2 

---I- 

- 



2 





94 2' 





2 



-2 



c 



2 









2 3 I . 4  I .  - - 4 9 4 7  5 
I 1 



0 
C 

0 
52 

3~nisior(  x 000743 





. .  

c 













I I . 4  I $ 9 4 2  2 3 L 





.. , . 

. .  
. .  : . ._ 

.-; 









..... . . . .  - . . . . .  - . ..... - . . . . . . . . . . .  



73 
0 

C z 
0 
v) 

W 
m 
W 
0 
C . m  

_'_ 0 

*3  







000761 







3UfIlSIOH X 000764 





I I ' 4  2 3 
I 5 



0 

a 





.. 









2 

L 















4 
I 



42 

-.-I- 

- 











I I 1 .  5 ' 4  2 3 
I L 

.. 
, .  












