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1 Introduction

GP Fiberglass Ltd, located near Melfort, Saskatchewan, manufacture 30-inch diameter corrugated well casing
in 25 foot lengths and also fiberglass caps which fit over the end of the well casing. Each length of casing
is provided with a serial number and associated with each serial number is production data including
manufacturing times for each phase, amount and type of resin, amount and type of glass and catalyst used
to manufacture the pipe.

The fiberglass well casing had been successfully manufactured and used. However, some clients have
requested physical property data for the fiberglass components.

Mr. Gregg Phillips, President of GP Fiberglass Ltd., obtained the required test equipment and requested that
all the tests be witnessed by engineering personnel from the Product Design and Development Group of the
Saskatchewan Research Council. This report outlines the tests that were conducted and the data that was
obtained on June 12, 2000 by Tony Kaminski, P. Eng, PhD, a principal engineer at the Saskatchewan
Research Council in Saskatoon.

2 Objective
The objective of the tests was to obtain the following:

(1)  load and stress data when the well casing is positioned vertically and loaded to failure
(2)  load data when the well casing is positioned horizontally and loaded to failure
(3)  load data when the cap is positioned on a vertical casing and loaded to failure

3 Test Procedure

Tests were conducted using both 1-ft and 3-ft lengths of well casing cut from pipes made on different days.
The following data was obtained for both the well casing and well caps.

(1)  component weight using a Toledo platform scale

(2)  surface hardness using a Rex Model 1600 Type D gauge

(3)  wall thickness using a Mitutoyo 8-inch digital micrometer

(4)  product temperature using a infrared thermometer

(5) test time using a digital stop watch

(6)  product length or diameter using a tape measure

(7)  vertical test force using a CDK RL9000 100,000 Ib capacity load cell with a Rice Lake Weighing
System Model IQ + 355-2A indicator supplied by Norac Systems in Saskatoon

Each component was loaded using a 100-ton hydraulic press manufactured by Fasoli Industries Ltd., a Model
36-60-100 having a 36" x 60" bed. The vertical well casings were tested as shown in Figure 1.

SRC Publication No. 10177-1C00 1
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100-Ton Press
< Hydraulic Cylinder
[ I Heavy Steel Plate
< 12-inch or 36-inch length of casing
IS):eel Positioned Vertically
ate ‘\
A
[ T« 100-Ton Load Cell

Figure 1: Vertical Loading of 30" Corrugated Well Casing

The well casing was also positioned horizontally as shown in Figure 2.

100-Ton Press
<€ Hydraulic Cylinder
. Heavy Steel Plate
<« 12-inch length of casing
Steel Positioned Horizontally
Plate T~
«— 100-Ton Load Cell

Figure 2: Horizontal Loading of 30" Corrugated Well Casing

The well casing caps were tested as shown in Figure 3.

100-Ton Press

Steel

Plate T~
<« Cap
< 12-inch length of wall casing
Steel
Plate T~—]
<« 100-Ton Load Cell

Figure 3: Vertical Loading of Well Casing Cap
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The general test procedure consisted of the following:

(1) record serial number, weights, dimensions, temperature and hardness. The hardness was taken at the
top of the corrugation

(2)  mount the casing or cap in the press

(3)  start stop watch, apply initial load and for casing tests measure distance between steel plates. For cap
tests measure the distance from bottom of rim to upper steel plate. The sawed casing ends were
somewhat irregular so the well casings were not uniformly loaded around the circumference

(4)  increase load in varying increments and take length or diameter data between each load change

(5)  record the maximum observed load prior to failure

(6) read time on stop watch

(7)  perform calculations such as average wall thickness, average diameter and, in some cases, average
wall stress

The well casing wall thickness varied considerably so four readings were taken of the minimum thickness
found at the bottom of the corrugation when viewed from the outside of the casing. Four thickness readings
were also taken at the top of the corrugation having the maximum wall thickness. The cap thickness varied
also with four measurements made at the top around the 6 5/8 inch diameter hole where the wall thickness
was about twice the thickness of the rim around the outside. Data sheets for all the tests are included in the
Appendices.

4 Tests with Vertical Loading of 30-Inch Diameter Corrugated Well Casing
All these tests were conducted with the well casing positioned vertically in the hydraulic press as shown in

Figure 1. The data sheets are contained in Appendix A. Summarized in Table 1 are the results of the eight
tests that were conducted.

SRC Publication No. 10177-1C00 3
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Table 1. Test Data with Vertical Loading of 30" Well Casing
Casing Pipe Serial Date of Average Wall Fracture Average Bending
Length Number Manufacture Thickness Load Stress in Wall
12" 199910203 October/99 235" 35,000 Ib 1,646 Ib/in?
199910203 October/99 226" 36,000 Ib 1,767 1b/in?
199910203 October/99 227" 38,000 Ib 1,851 Ib/in?
20000671 June 2000 222" 34,800 Ib 1,691 1b/in?
20000681 June 2000 232" 33,000 Ib 1,571 1b/in?
20000681 June 2000 232" 38,000 Ib 1,809 Ib/in?
36" 20000671 June 2000 221" 33,500 Ib 1,675 1b/in?
20000681 June 2000 222" 33,200 Ib 1,652 Ib/in?
Average Values 227" 35,188 Ib 1,708 1b/in?

The eight tests with vertical loading of 30" diameter corrugated well casing showed the following:

(1)  the casing samples had similar weight and wall thickness
(2)  the maximum vertical fracture loads varied from 33,200 Ib to 38,000 1b with an average value of

35,188 1b

(3)  the casings typically fractured at the bottom of the corrugations having the lower wall thickness
(4)  the average bending stress in the casing wall at failure varied from 1,571 Ib/in? to 1,851 Ib/irf with
an average value of 1,708 1b/in?
(5)  theload data obtained with 12-inch lengths was similar to the load data obtained with 36-inch lengths
(6)  the 12-inch casing length decreased about 5/16" in length prior to failure whereas the 36-inch casings
decreased almost 3/4" in length prior to failure which represented about 2 to 2 1/2% of the casing

length

(7)  the surface hardness on top of the corrugations was typically 80 to 85 D for all the fiberglass

components
(8) the test times varied from 2.5 to 10 minutes with an average time of 5.14 minutes
5 Tests with Horizontal Loading of 30-inch Diameter Corrugated Well Casing

All these tests were conducted with the well casing positioned horizontally in the hydraulic press as shown
in Figure 2. The data sheets for these tests are provided in Appendix B. Summarized in Table 2 are the results
obtained in the four tests that were conducted with 12-inch lengths of well casing.

SRC Publication No. 10177-1C00
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Table 2. Test Data with Horizontal Loading of 12-inch Lengths of 30-inch Diameter Well Casing

Casing Pipe Serial Date of Average Wall Fracture Loading Per Inch
Length Number Manufacture Thickness Load of Length
12" 20000671 June 2000 229" 840 Ib 70 1b/in
20000681 June 2000 229" 8501b 70.8 1b/in
199910203 October/99 228" 9251b 77.1 Ib/in
199910203 October/99 228" 1,045 1b 87.1 Ib/in
Average Values 229" 915 1b 76.3 Ib/in

The 4 tests with horizontal loading of 12-inch lengths of 30-inch diameter well casing showed the following:

(1) the fracture loads varied from 840 to 1045 lbs with an average of 915 Ibs which represented an
average uniform loading of 76.3 Ib/in of pipe length

(2)  the casings had similar weights and wall thicknesses

(3)  the fiberglass well casing, when subjected to horizontal loading, deforms at least 10 inches or over
30% of its diameter prior to fracturing along the severely bent sides

(4)  the well casing deforms into an irregular shape due to side loading

(5)  the average time for the casing tests was 4.72 minutes

(6)  the surface hardness on the top of the corrugations typically varied from 80 to 90 D and were similar
for all casing samples

6 Tests with Vertical Loading of Well Casing Caps

The casing caps were positioned on top of a 12-inch length of 30-inch diameter well casing and tested as
shown in Figure 3. The following types of fiberglass caps were tested:

(1)  molded fiberglass caps without a hole in the center

(2)  molded fiberglass caps with a 6 5/8" diameter hole in the center
(3)  prototype hand sprayed cap without a center hole

(4)  prototype hand sprayed cap with a 6 5/8" diameter center hole

The data sheets for the 10 well cap tests are in Appendix C. The molded caps had a curved top with the dome
height at the center being about 1 1/2 inches higher than the height around the outside rim. This non-uniform
cap height made it impossible to use a flat steel plate to produce a uniform loading over the entire cap area
which would more closely represent soil loading in a typical application. Ideally a special molded interface
section is required between the flat steel plate and the dome surface of the cap.

SRC Publication No. 10177-1C00 5
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Application of a vertical load on a cap using a flat steel plate resulted in vertical force being applied to only
the center portion of the cap. If the top of the cap was relatively thin then the cap would flatten out and permit
the load to be applied to the outside of the cap which is supported by the relatively strong well casing. If the
top of the cap was relatively thick and stiff then application of a load only at the center of the cap would result
in a high bending moment which could cause the bottom lip of the cap to crack due to excessive tensile
stresses.

In order to attempt to distribute the downward force of the hydraulic press over a larger area of the cap, some
tests were conducted using the following modifications:

(1)  al7" diameter truck wheel having a 19 1/2" O.D. tire rim complete with an old tire positioned on top

the cap
(2)  adding two spacer rings each made by cutting up the tops of the well caps as shown in Figure 4

Bottom Top

Spacer Spacer

Ring Ring
ID = 18%” 1D = 23Y%”
OD =28%” OD =28'4”

Figure 4: Two Fiberglass Spacer Rings Having Similar O.D.

(3) adding two fiberglass spacers with the bottom ring having a larger outside diameter as shown in

Figure 5
Bottom Top
Spacer Spacer
Ring Ring

ID = 18%” ID = 204"
OD =30%" OD =28

Figure 5: Two Fiberglass Spacer Ring With Larger Diameter Rings Positioned At Bottom

6 SRC Publication No. 10177-1C00
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The fiberglass spacer rings were used to distribute the force on the well cap as shown in Figure 6.

(—Hydraulic Press
c |€— Steel Plate

Upper Spacer Ring
Lower Spacer Ring
Molded Cap

12" Length of Corrugated Well
' } Casing

Figure 6: Distribution of Cap Loads Using Spacer Rings

With the spacer rings mounted as shown in Figure 6 the force of the hydraulic press was applied at points
B and C in addition to A.

The results of the well cap tests are summarized in Table 3.

Table 3. Test Data with Vertical Loading of 30 5/8" OD Well Cap

Cap Cap Type Average Loading Deflection | Fracture Load
Identification Thickness Configuration | Prior to
Failure
Top Rim
Heavy Hand sprayed [ .376" | .334" [ Center only 1.44" 27,000 Ib
Prototype No hole (flattened, no
made 10/99 fracture)
Heavy Hand sprayed | .376" | .334" | Center only 1.31" 23,600 1b
Prototype 6 5/8" hole (cracked across
made 10/99 center)
Light Hand sprayed | .407" | .180" | Center only 1.88" 25,300 Ib
Prototype 6 5/8" hole (flat at 5,000
made 10/98 Ib)
Light Hand sprayed | --- - 19 1/4" OD tire | 1.94" 7,640 1b
Prototype No hole rim (cracked
made 12/98 around top of
cap rim)

SRC Publication No. 10177-1C00 7
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2000060718 Molded 441" | 174" | Center only 59" 3,100 1b - (rim
made 6/00 6 5/8" hole cracked)
2000060719 Molded 466" | .183" | 19 1/4" OD tire | 2.69" 5,300 1b - (cap
made 6/00 6 5/8" hole rim rim cracked)
20000607 Molded - - Center only 5" 3,030 Ib - (cap
made 6/00 No hole rim cracked)
2000060814 Molded 456" | .184" | Two fiberglass | .38" 14,600 1Ib - rim
made 6/00 6 5/8" hole rings shown in and top
Figure 4 cracked
2000060807 Molded 408" | .179" | Two fiberglass | .38" Started
made 6/00 6 5/8" hole rings shown in cracking
Figure 4 between
12,500 Ib and
27,400 1b
2000060723 Molded 472" | 185" | Two fiberglass | .19" Initial failure at
made 6/00 6 5/8" hole rings shown in about 20,000 b
Figure 5 22,900 max
load applied

The results of the 10 well cap tests indicated the following:

)

)
€))
4
&)

(6)
N

The hand sprayed caps had thicker rims and thinner tops so they would flatten out without the rim
cracking and enabled the well casing to support loads of 23,600 to 27,000 pounds when loaded with
a flat steel plate. The actual behavior under soil loading is unknown but the deflection data indicated
that when the loads exceeded about 8,000 Ibs there was generally no further deflection of the cap
indicating that the load was being transferred to the casing.

The molded caps had relatively thick domes and thinner rims which would crack when loads
exceeding about 3,000 Ibs were applied only at the center of the cap.

Placing a 19 1/4" OD truck rim on the molded cap increased the load carrying capacity of the cap to
about 5,300 Ib before the cap rim cracked.

Placing two fiberglass spacer rings to distribute the loading on the top of the cap enabled the cap to
carry loads up to about 20,000 Ibs before failure.

There was considerable variation on the amount of cap deflection prior to failure. Deflection varied
from about 1/4" for the molded caps with two support rings to almost 2" for the lighter hand sprayed
caps.

The presence of a 6 5/8" diameter hole at the center of the cap did not appear to significantly affect
the support capability of the cap when loaded using a steel plate.

Normally the failure of the molded caps resuited from rim failure which then propagated up along the
top.

SRC Publication No. 10177-1C00
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(8)  Increasing the thickness of the rim increases the load carrying capacity of the cap considerably.
Perhaps it would be advantageous to use a uniform thickness for the top and rim of the cap.

(9)  The loading configuration on the cap plays a very important role in determining the maximum load
that the cap can support. Laboratory tests should be conducted simulating loading similar to what
would be expected in the field.

7 Summary and Conclusions

A total of 22 laboratory tests were conducted on sections of 30-inch diameter corrugated fiberglass casings
and fiberglass well caps using an instrumented hydraulic press. The components were well molded and there
was generally good repetition of the test data. The results of these tests showed the following:

(D

€3
3)

well casings positioned vertically can support maximum vertical loads of 33,200 to 38,000 Ibs which
represented average bending stress in the casing wall of 1,571 1b/in® to 1,851 Ib/in at the time of
failure

well casings positioned horizontally can support maximum concentrated vertical loads of 70.0 to 87.1
Ib/inch of pipe length at failure

the maximum vertical load a fiberglass well cap can support varied greatly with the loading
configuration and varied from about 3,100 to 20,000 pounds. Well cap strength can be increased by
increasing the thickness of the rim

SRC Publication No. 10177-1C00 9
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APPENDIX A

Data Sheets for 8 Tests with Vertical Loading of 30-inch Diameter Well Casing
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WELL CASING TEST DATA

"
4 [999 |P<DD Pipe Serial Numberi],fl?« Date of Manufacture _ Ocd™ Z-Oi 1999

Date of Test June 12/ 2000 Temperature TP E
Weight of Resin 323 1B. Weight of Glass 72,5 LB.
Pipe Length 25 r-4q"
56" “
Pipe Diameter Outside _ 23/ Inside .4
: %"
Corrugation Pattern Depth 1 21 Spacing 2.
Wall Thickness - Bottom of Corrugation ( Minimum ) ( lolassimzseer)
1 196" 2 .20 13 193 |4 .1ET Average 1257
Wall Thickness - Top of Corrugation (Minigmss® ) ( Maximum )
' 235
1 ¢ 273 2 . 276 3 .27514 :'a78 Average PR Y ¢
Test Sample
L2 i b
Length Weigth 14~ 7Sox
Sample Orientation Vertical X OR Horizontal
LOAD CENGTH /PIAMETER|  DEFLECTION Collected Data
2725 12/% Y
2l 13y 12 Y32 Average Diameter 28. 8/
3] 3ows TES
4 £90p 1
5 Ip,3é0 T -2
6l ¢ uy7s 1 2152 Average Cross Section 20127 m
A;,f;:’ 7\ 20, 00 11242 Area
8| 2500 U %6a
1whed credgl o| 24 yeo 11 2os
10] 3% eeo () . ybr frecshire Maximum Compression ‘
11 i Stress | 696 l‘% -
12 7
13
14
15
16
17
18
19
Start test [2:07 #™ Finshed  12:/7,,, Total Time _}> ryipts

Hardness on top corrigation &0 -85 D



¢ 1999 10203

WELL CASING TEST DATA

Pipe Serial Number ‘”2.6(\2 Date of Manufacture Ot 2"//"‘7‘77

Date of Test June 12/ 2000

Weight of Resin
Pipe Length

Pipe Diameter

BQﬁLB. D63 Weight of Glass

2sL 4

Qutside

Corrugation Pattern Depth

Wall Thickness -

Temperature

23Y
Spacing 2‘2 §

Bottom of Corrugation ( Minimum ) (-Meiassh )

F
73/\) LB.

=

Inside

1 l,gé 2 ci& 3 093 (4 .37 Average ATy
Wall Thickness - Top of Corrugation ( Nijaisesen ) ( Maximum )
1 262  |2..257 |36 |4 2L Average ’ %D
Test Sample
Length 2 / weigh |14 M OZ
Sample Orientation Vertical A‘ OR Horizontal
LOAD LENGTH / QiadlissER DEFLECTION Collected Data
11 346 12736 :
2l zjas 12 Average Diameter 28, 75
3| 4ré0 } %%,
4| &IDD | _I 3;314
5/ ty3Ns 1 */52. (e
iy 6] 15 500 112%52 Average Cross Section 20.37 m
o A et LY. L *#on Area
8| 20,600 Ll %G
9] 2392y N2z
10] 27 200 1 %2 Maximum Compression .
1] 3( s U Stress LZ&Z%}
2 5 o | G
13
14
15
16
17
18
19
Start test Finshed [:A(2_ Total Time _/mi —AD Se=-

[il6 pa.

Hardness on top corrigation KD D



WELL CASING TEST DATA

4 199912203  pipe Serial Number M’)ﬂ?lz-‘ Date of Manufacture Df&{ﬁq??

Date of Test June 12/ 2000 Temperature _152_
Weight of Resin 227 1B Weight of Glass _2_2’_S_LB.
Pipe Length Zél— q !
Pipe Diameter Outside 21 Z: Inside 28
Corrugation Pattern Depth -8 i Spacing < %)
Walt Thickness - Bottom of Corrugation ( Minimum ) ( M)

1 ‘&L ZJ"J 3 olm 4 -__[Q il Average «l?[

Wall Thickness - Top of Corrugation ( g ) ( Maximum )
,2271
1 4@ 2 +28Y 3,259 |4 .29) Average 210
Test Sample
1/ .
Length | < Weigth  _[4/ )~ q 2
Sample Orientation Vertical >L OR Horizontal
LOAD LENGTH / DbddinhiSR DEFLECTION Collected Data

11 28S 12032

2l 5920 l !3y3 . Average Diameter 23,7 B

3 6755 11 3%

4 9965 =2

5| 13sop | 43224, I

6| I8, XD 1) %V/ab Average Cross Section __23':_:7_9

7 22,, 15> ”'lf/;))___ Area

8 1_7; 10O lyl’,s/-;b

9 30,580 4 ;Y//DL
10] =2 pom / 1) B/5v Maximum Compression
1] 2%¥eod fexLBoone Stress _L'ZEL% —
12 ’
13
14
15
16
17
18
19

Start test Finshed Total Time _Grsny ~] 9\(;-4
Hardness on top corrigation &Q D



# E,ooooé'llﬁ

Pipe Serial Number

Date of Test June 12/ 2000

Weight of Resin

Pipe Length

Pipe Diameter

25/_/ 4//

232 LB

WELL CASING TEST DATA

Date of Manufacture <JUUE /7/;‘0"7

Temperature

Weight of Glass

Outside 29 Z;g ‘7,?

Corrugation Pattern Depth

Wall Thickness -

Spacing ;2&

Bottom of Corrugation ( Minimum ) ( MessisyertT )

Top of Corrugation ( Mm@ ) ( Maximum )

Z2F
13 18

2%

Inside

Average ‘ '8’
Camz>

Average 76 =

1Y )b~ S

Horizontal

Collected Data

2850

Average Diameter

Average Cross Section 2D, .‘)?
Area

Maximum Compression
Stress

te_q/%v/

1 A7 2 77 |5 182 |47
Wall Thickness -
1 3265  [2.253 [3.272 |4 Q«.S?’l
Test Sample
24
Length | & Weigth
Sample Orientation Vertical Z'} OR
LOAD LENGTH / Diskilt=tiiR DEFLECTION
11 300 (2%
2l 3238 {2 Y3
3 &S50 >
4 q7o0 13,
5 l3/23D 1 2V
6 ‘6'1665 lLL/Z‘h.
19768 L) 5.
8l 2391 v
9 27100 N Y
10| 38, /en TECZYS
1] 3% 380 '
12] 7 o
13
14
15
16
17
18
19
Start test _[i_/ﬁ,;ﬁ Finshed

Hardness on top corrigation gv-35 o

Total Time _EMZ



4 CO000&T|

Corrugation Pattern Depth

Date of Test June 12/ 2000

Weight of Resin

Pipe Length

Pipe Diameter

Pipe Serial Number

WELL CASING TEST DATA

Date of Manufacture ODAE 3:7 2

Temperature 2 S aE
333 1B Weight of Glass 73 1B
2. [ 4//
Outside 29 3/% o",q"{a Inside 2.5

Wall Thickness

19 Spacing Z;é

- Bottom of Corrugation ( Minimum ) ( hNgsssszwer)

Average ¢ ] ?5 ]
20%

Top of Corrugation ( hdigissn) ( Maximum )

.28D

Average

Horizontal

Collected Data

23.%)

Average Diameter

21
Average Cross Section 2,1 1"

Area

Maximum Compression
Stress

| 571 l%;»/

, \ES 2 176 |3 .92 |4 /186
Wall Thickness -
1 l%‘/ 2 ,287 30230 4 ;Zﬂ
Test Sample
v
Length |2 Weigth (Y lé" L}"z’
Sample Orientation Vertical é OR

LOAD [j/,) LENGTH / DR DEFLECTION
1| /85 7 1 2Ys
2| 3ooo (2
3| slSO 12
4 (6350 (13V32
5] 15190 1| %42
6| 14 O 1231
7| 22,600 VT
8] 26500 1) 2732
9 Do L] %X}l—
10 4
1
12
13
14
15
16
17
18
19

Start test [7A7S Finshed

Hardness on top corrigatiof5~ 3 D

Total Time _2 ayh ~ D Se< ¥



WELL CASING TEST DATA

# cooob g7 Pipe Serial Number Date of Manufacture (ﬂ)ﬁf?{} e
Date of Test June 12/ 2000 Temperature 2 20}:
Weight of Resin 339 LB. Weight of Glass 73 LB.
Pipe Length Q.Sﬂ /
Pipe Diameter Outside & 9 5[% Inside 25

8l ! Spacing 2‘2&

Bottom of Corrugation ( Minimum ) ( Maisserrr)

Corrugation Pattern Depth

Wall Thickness -

Hardness on top corrigation 80'31; D

4
1 47&7 2 Ilfo 3 11&_ 4 , 190 Average ’%
Wall Thickness - Top of Corrugation ( Nigsss® ) ( Maximum )
1,267 2,285 |3.279 |4-TZ Average * &1 7
Test Sample
l./l
Length ] 2 Weigth 4 /b £ %
Sample Orientation Vertical > OR Horizontal
LOAD LENGTH / DigiiseerR DEFLECTION Collected Data
1] 430 [2%Y6
2l 3515 PEN Average Diameter 2_3’;_&
3| 66LS 12 /)6
4 725206 >
5] 15 320 1Yo v
6] IRDAD 3232, Average Cross Section _2[, 0D jw
7 4 RS 52 Area
8l 25 200 =Y
9 29z0 [122/32,
10| 3 Beren Fa) fre Maximum Compression /
1; Stress ,gb z %‘71/
13
14
15
16
17
18
19
v
Start test Finshed Total Time f w’-‘j;



#2000 67 1Y  Pipe Serial Number

WELL CASING TEST DATA

Date of Manufacture

7YoF

Date of Test June 12/ 2000 Temperature
Weight of Resin 33218 Weight of Glass _131B
Pipe Length 2.3 L ﬂ/}
Pipe Diameter Outside Zﬁfﬁ Inside 28

Corrugation Pattern Depth

Wall Thickness -

1 3 I Spacing 3‘%

N imnn
Bottom of Corrugation ( M ) (e )

. WMo
Top of Corrugation ( Misisserr) e )

il
Average ¢ | 2 7

9%, 9
Average ¢ 26 ‘71'
)
2
Horizontal .7
Collected Data
Average Diameter 23.3/

Average Cross Section _20,00
Area

Maximum Compression

Stress

jt75s )/
1675 lbf

1 AES 2,159 |3 .184 |a 192
Wall Thickness -
1 262 2,267 |3.268 |4 .25%
Test Sample
Length _ 367 weigh 43 /A
Sample Orientation Vertical é OR
LOAD LENGTH / DtaliiESaR DEFLECTION
1 aso eTA A
2| 305D 2L
3| &S0 3.5
4| 9zuo 354/32,
> lsé.af?o a5 1%/12—
6] 16200 25 “‘9/32.
7] 28,888 <Y ‘./)6
8 25 gsy 35 %
9] 29 990
10| 37 San
11 -
12
13
14
15
16
17
18
19
Start test N Finshed

Hardness on top corrigation §0~-8J D

Total Time Bmp~ 37 Sar_



WELL CASING TEST DATA

4 200006 g ’ Date of Manufacture _ ~JONE X/Q‘)’o

Pipe Serial Number

Date of Test June 12/ 2000 Temperature ZSb F
Weight of Resin 339 1B Weight of Glass 73 8.
Pipe Length a5ty
Pipe Diameter Outside 27 5@ Inside 25

8] spaong 20

Wall Thickness -

Corrugation Pattern Depth

Bottom of Corrugation ( Minimum ) ( Maasiaases.)

1 L8 |2 189 |5 . 174 |s 0¥ Average 176
Wall Thickness - Top of Corrugation ( Miginssss ) ( Maximum )
1 26 2,265 3,274 |4a. 267 Average <688
Test Sample
Z
Length 36 / Weigth ﬁ;ZL&
54
Sample Orientation Vertical K OR Horizontal
LOAD LENGTH / D ERaR DEFLECTION Collected Data
1 66O it
2 364D %% VL Average Diameter 23%.3!
3 6320 35 YL
4 I; 30 350
5| 13245 15 YK
6] 1789 3c Wb Average Cross Section 0,0 2
7 zz, oxs 35 ‘}/IL, Area
8| 25 m0 38 Yoo
o/ 283% 3r Vie
10 33 200 LeDeasa— Maximum Compression
11 7 Stress l/és'l /é "2
12 ¥
13
14
15
16
17
18
19
Start test 2720 Finshed Total Time _ e = 3D R,

Hardness on top corrigation X0 - ﬁ,ﬁ D



Corrugated Fiberglass Well Casing
Confidential Report To And Cap Tests
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Data Sheets for 4 Tests with Horizontal Loading of 30-inch Diameter Corrugated Well Casing
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4 2ooopb=1 1" A Pipe Serial Number

Date of Test June 12/ 2000

Weight of Resin

Pipe Length

Pipe Diameter

WELL CASING TEST DATA
Date of Manufacture :)ng, 7;/20’D

28°F

Temperature
BZL LB. Weight of Glass 7.3 LB.
25t 4/
A
Outside 27 ’2 i Inside 221

Corrugation Pattern Depth

Spacing

Bottom of Corrugation ( Minimum ) ( g )

Wall Thickness -
1 ATV 2 189 3,488 [4.185 Average 1TSS
Wall Thickness - Top of Corrugation ( hMisissesy ( Maximum )
1,273 2.276 [3.20 |4 .27] Average ¢ 270
Test Sample
1)
Length 12 weigh 1#/h Go=
Sample Orientation Vertical OR Horizontal X

LOAD Ehiisak-h/ DIAMETER DEFLECTION Collected Data
11 101b 21¥s 2
2l lgs 28 V>, Average Diameter 28,8/
3] 2D 27 EV./
4 mop 26 ‘l’/l/
5| 3725 25"u
6] aud 25 ¥ Average Cross Section
7l _s2o 24 Y Area
8] &YYo 23/5
o] ¢&g9s 22,YP
10] 78S 2159 Maximum Compression
11| 8as y Stress
12 T O Crt v
13
14
15
16
17
18
19

Start test 4425 Finshed 4232 Total Time __ 4 nam-%p

~40
Hardness on top corrigation _& D



WELL CASING TEST DATA

# 2p0DD 6?] Pipe Serial Number Date of Manufacture ﬂ—b"f ?//W
Date of Test June 12/ 2000 Temperature ZKVDZ
Weight of Resin ,3.3,2 LB. Weight of Glass 2, 3 LB.
Pipe Length
Pipe Diameter Outside i j% Inside DX
Corrugation Pattern Depth L ?[ Spacing 2—23
Wall Thickness -  Bottom of Corrugation ( Minimum ) ( MessFaeer)
3 1)
1 &S 12 JJFd 3el92|s 123 Average 1 1%8
Wall Thickness - Top of Corrugation ( Mialeewer) ( Maximum )
- . . )j
1 4262~ |2, '—8;3 3,265 [4.27° Average <270
y Test Sample
V]
Length ’ 2' Weigth [ Qf Zé 7»2«
Sample Orientation Vertical OR Horizontal )‘
LOAD L =hi@F®-/ DIAMETER DEFLECTION Collected Data
11 16 297k
2 HO 2R Average Diameter
3 =40 22/2.
4 DD 26/
5 265 25 %Yk
6 450 29 Y Average Cross Section
7 S3o >R Area
8] eoS 22/,
9 &&S 2LY
10 722D o1 fs Maximum Compression
11 729 AN Stress
12 &50 Cracdad
13
14
15
16
17
18
19
(
Start test Finshed Total Time ___.S’L 5{ s

Hardness on top corrigation 85-20 D



WELL CASING TEST DATA

\F 9%/ 222 Pipe Serial Numberffﬁ,

Date of Manufacture O 7'0//1‘79’7

2%°F

72,8 1B

2%”

Average ! %

Average '267

Hardness on top corrigation €5 -0 D

Horizontal _A__

Collected Data

Average Diameter

Average Cross Section

Area

Maximum Compression

#
Date of Test June 12/ 2000 Temperature
Weight of Resin 3297 1B Weight of Glass
/i
Pipe Length 25- 4
Pipe Diameter Outside < é Inside
]
Corrugation Pattern Depth 24 ’ Spacing e»'fk
Wall Thickness - Bottom of Corrugation ( Minimum ) ( Naoeisawe )
1 187 2189|3195 |4.i85
Wall Thickness - Top of Corrugation ( Memésess® ) ( Maximum )
1,263 2,265 |3.292 |4.287
Test Sample
Length Weigth l }f /é
Sample Orientation Vertical OR
LOAD Lg#eeE® / DIAMETER DEFLECTION
11 (O/h- 297"
AED 2 Y1y
3] 230 2776
4 320 267X
5| 3%¢ 257F
6l 4p5 25 ’
975 e I
8] &x0 237
9| 748 224PY
10] 925 Crocllodd n d
1 Stress
12
13
14
15
16
17
18
19
Start test 5.DA &\/ Finshed

&%

Total Timem ﬁ; %



5—“%

Weight of Resin

Pipe Length

Pipe Diameter

Corrugation Pattern Depth

Wall Thickness -

WELL CASING TEST DATA

# 1929)0 20D Pipe Serial Number & {)7_4 Date of Manufacture _@Lﬂg%é]iﬁ

Date of Test June 12/ 2000

ouside 299
Spacing Z

Bottom of Corrugation ( Minimum ) ( Ml )

Weight of Glass

Temperature

Inside

2 3"
22*,5 LB.

257

Average ¢ ! ?5

Top of Corrugation ( Miimam ) ( Maximum )

Average “ 27 ,

Horizontal Z&

Collected Data

Average Diameter

Average Cross Section

Area

Maximum Compression

Stress

1 Bl 2.]?7 3)[&,3_4;'1)
Wall Thickness -
1.268 2,280 |3.27504.,277
Test Sample
Length 121// Weigth |41 &) o2~
Sample Orientation Vertical
LOAD LEmart/ DIAMETER DEFLECTION
1 1O 29 Y6
2l J3p 2.8 /6
3l 2vs 22 Y%
4 340 28 7Y
5] 42D 26
6] sSo5 2.5 Yk
71 524 242
8) &S 37
of 7so 222
10| joky bole cf Soamy) Qoitay
11
12
13
14
15
16
17
18
19
Start test Finshed

Sb?ﬂnﬂ-

Hardness on top corrigation 85-FD D

Total Time

myy = [ A

I



Corrugated Fiberglass Well Casing
Confidential Report To And Cap Tests
GP Fiberglass Ltd.

APPENDIX C

Data Sheets for 10 Tests with Vertical Loading on Well Caps Positioned on Well Casing

SRC Publication No. 10177-1C00



Colly Wy Cp-prigd by hed t2 it )y e
WELL CAP TEST DATA

# pfﬁ’ﬁ%’Serial Number Date of Manufacture ch[ (494

Date of Test June 12/ 2000 Temperature 8 ;}OF
Weight of Resin LB. Weight of Glass LB.
Pipe Length

¢

/
Outside M

Corrugation Pattern Depth

Pipe Diameter Inside

Wall Thickness -

M3 M i
I
1 7% 2 ?/é 3 f?ré 4 M2 Average "37’6
Wall Thickness - Mhﬂrmn'rr) ( Madrmunm)
1 e249 2+ DX 3,373 |4 317 Average '33’;2
Test Sample
Length Weigth 25 /é
Sample Orientation Vertical OR Horizontal

LOAD LENGTH / DisiliiiiahleR DEFLECTION Collected Data
11 255 /b 46"
20 12954 GV2. Average Diameter
3| 224p a4/l
4 3395 31
5] SS55 VY
6] 293¢5 Ry Average Cross Section
A S, 1tor> KL7/4
8| 19925 3/
o 29430 Wy
10| 2% opD 254 Maximum Compression
11 i ' Stress
12
13
14
15
16
17
18
19

407 pr- B K Sec.



# f”lb !! 7'%ipe Serial Number

Date of Test June 12/ 2000

Hmfjhhg_g$m7& ugwugf>p»k,é%?ﬂh;y@%§>A¢Q@

Weight of Resin

Pipe Length

Pipe Diameter

WELL CAP TEST DATA

Date of Manufacture M

Temperature 2 8
LB. Weight of Glass LB.
3
Outside IO /2 Inside

Corrugation Pattern Depth

Wall Thickness - (Top of Cap ) MénialI)_( Maximmee-)

1 2 3 4 Average -3 7‘4
Wall Thickness - Lip of Cap { Mintmera—(Maximum )
1 2 3 4 Average ¢33 4
Test Sample
Length Weigth 2_'_{/‘4—/ b
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / DiAMEFER DEFLECTION Collected Data
1| 265 /- 4-Y”
2l /038 a4 Vi Average Diameter
3| 1#s +ZU.
4 1255 q.{;
5] 2v9S5 A%
8] s¢70 < Y Average Cross Section
7l &5 37>
8l sows 3/
9] &£7ev NY/3
100 T3<cn Yz Maximum Compression
1] | & oo 242/ Stress
12] 23 4o 34/
18] " £ g wal| P
14
15
16
17
18
19




bk, sp7 ) \)DH“W‘ Hrpér WQQQW
WELL CAP TEST DATA

# ﬁ’b‘lﬂyﬁpe Serial Number Date of Manufacture l Lg l 725

Date of Test June 12/ 2000 Temperature _740?
Weight of Resin 1B Weight of Glass LB
Pipe Length
Pipe Diameter Outside ;303( e ' Inside

Corrugation Pattern Depth

Wall Thickness - op of Cap }-Mirigm.)(Maximum )

p ¢ 30. 44V | e
i 2 B |s S |

Average  Ho

Wall Thickness - Mirerum—EMaximom )
1 +186 2 /81 |3 . lkS |4 186 Average !Igo
Test Sample
Length Weigth ‘ZD’(;» b
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / DrAMmdd=R DEFLECTION Collected Data
1 2oD . SNt
2l joic < /o Average Diameter
3| 2194 478
4] 3324 IR
5| 39/5 Yt
6| 4 3o 4 N /] Average Cross Section
7] S 3 e
Hed~ 8| #2043 3 Y
=5 4790 37,
10] @oZ0o 3 Y/ Maximum Compression
" /6 120 35/ Stress
12 2.; $oo 35t
13 i
14
15
16
17
18
19




L);W )\M Jpr?oao cof \/VKDDT}VL&jW GIQ%AZZ!“OD ZDV)V;V
? 17 il P

WELL CAP TEST DATA

Pro Yo
# Pipe 3drial Number Date of Manufacture ,Iéf,z‘ﬁ?

Date of Test June 12/ 2000 Temperature 287
Weight of Resin LB Weight of Glass ___LB.
Pipe Length
Pipe Diameter Outside Inside

Corrugation Pattern Depth

Wall Thickness - Top of Cap ( Minimum ) ( Maximum )
1 2 3 4 Average
Wall Thickness - Lip of Cap ( Minimum ) ( Maximum )
1 2 3 4 Average
Test Sample
Length Weigth
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / BHAdEFER DEFLECTION Collected Data
1| 20Dy, IivY/ <l
2| 2360 Y’ Average Diameter ____
3] 490D QAT "
4 ceas A YU
5| 2646 i/t
6 Choclded)  ciromdeb hoaldd Average Cross Section
e 4
7 owovnd fep o Pijp,
8
9
10 Maximum Compression
11 Stress
12
13
14
15
16
17
18
19

4—;’35m~



WELL CAP TEST DATA

20000 L0O72N&
Pipe Serial Number Date of Manufacture -J[)'\E 7[ f&&" Z

#
Date of Test June 12/ 2000 Temperature L é %'/ M
Weight of Resin | & LB Weight of Glass _B_LB.
Pipe Length
v/ ’
Pipe Diameter Outside ,}O& Inside %w 6
Corrugation Pattern Depth l # / < 3
o b
Wall Thickness - Top of Cap X Miismdmmrr—tMeximum )
, . 7!
1 9“’346 2 .4/37 3 -‘IZS 4 ,‘—l’/,b Average 1“/1’/1
Wall Thickness - ip of Cap X Minirurr )—(Maximum )
1 2077 2 474 |3 472 |a .”3__' Average A7 7
Test Sample
Length Weigh 2| [}- ,VLOZ-
Sample Orientation Vertical OR Horizontal
LOAD LENGTH/ mv DEFLECTION Collected Data
1 26 4175,
2l Ip€es R 7 Average Diameter
3] 163D 0y
4 ja395 4—‘432;
5 232b =% % P8 "
6] 2955 33%2 Average Cross Section _/°A /v
7l =ibo Feiliwe.,
8
9 ]
10| 1], 540D — Maximum (a,ampégizion -
11 4 Stress ﬁ /% .
12
13
14
15
16
17
18
19

Done H?yﬂl‘é 14"
(Mm ?O‘“ QS DV

£ FL i yNG,



YY) ) !
T3 tath (WD Fvw R Sty o0 UR G (1777416
Loltoold 4
[ WELL CAP TEST DATA
2 o6 G719
# Pipe Serial Number Date of Manufacture ( AT
Date of Test June 12/ 2000 Temperature
Weight of Resin & 1B Weight of Glass 3 B
Pipe Length
o s 30U .
Pipe Diameter Outside Inside
Corrugation Pattern Depth
Wall Thickness - Minimam —-Maximue )
1 '%7 'Lf"?'/' 3 4/1’57 4 /%¢ Average 4 "-/,éé
Wall Thickness - Lip of Cap } )
1 2172 2:09¢ |3 .17 |a .19) Average 83
Test Sample
Length Weigth 22Jb — % o &
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / DighhsFER DEFLECTION Collected Data
11 &S 174
2l 17D 11 s Average Diameter
3] 2985 :zé’lb
4 s
5 425 274 N
6] capm Ceg Crackak gy ing. Average Cross Section
7
8
9
10 Maximum Compression
11 Stress
12
13
14
15
16
17
18
19
347¢



W2 Cp Wo Bl i G

WELL CAP TEST DATA

26070 »6'0 7
# Pipe Serial Number Date of Manufacture
4
Date of Test June 12/ 2000 Temperature 3 2 E
Weight of Resin LB. Weight of Glass LB.
Pipe Length
Pipe Diameter Outside Inside
Corrugation Pattern Depth
Wall Thickness - Top of Cap ( Minimum ) ( Maximum )
1 2 3 4 Average
Wall Thickness - Lip of Cap ( Minimum ) ( Maximum)
1 2 3 4 Average
Test Sample
Length Weigth
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / DIAMETER DEFLECTION Collected Data
| T-Y2) <4 Ye”
2 1 YDD L S 7 Average Diameter
3| =2l¥b G4 532
4 3030 3 4
5 & -
6 Average Cross Section
7
8
9
10 Maximum Compression
11 Stress
12
13
14
15
16
17
18
19

J520 pry



/?/}o/&xQ <. WZR é%’y z’kj"“ af 'hd"o Jpccar Vma"d' O~ ’\(”UV ‘#‘J
poradle  pse oniderna [b«,ohbg off Ve

WELL CAP TEST DATA

D eosbl Y M l‘f
Date of Manufacture _ Jowg & /Ao

# _ Pipe Serial Number
Date of Test June 12/ 2000 Temperature 73’9‘}:
Weight of Resin 16 B Weight of Glass ~ ___3 LB,
Pipe Length
Pipe Diameter Outside 305" Inside

Corrugation Pattern Depth

Wall Thickness - ( Top of CapA Mirimamm—(vaxifmum )

24 n 4 f - ,
1 % g’ 3° 7¢7 { 156 Average 456 !
Wall Thickness - Lip of Cap ( Minimum-—Naximum )
— Lo
1 1 &M 2,792 |3.19]) |4 183 Average "XL/
Test Sample
Length Weigth 2 5 /é
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / Dl DEFLECTION Collected Data
11_&5b T/ 1
2l o 42" Average Diameter
3] peo a4
4 2170 4-?4,”
5| sepo 472"
Bl £94T 47@, Average Cross Section
12770 4%
81 12,170 T
9| 1y, &0 c,z‘;,j..‘ﬂ, ab vivia. /Wl‘ap
10] 7 in Lo <X o Maximum Compression
11 ’ T Stress
12
13
14
15
16
17
18
19

bodnow = S 2D TM C 2 %



YD ldad g cal\ 45/3'/ hole = {:boo j’c.{g/pw,— ;{,8};;&”77% ﬁ&'if

2Dv0bD 8 B KRz

23% % o5k

WELL CAP TEST DATA

-
Date of Manufacture \JPME 8( éb&)

# Pipe Serial Number
a’
Date of Test June 12/ 2000 Temperature _§OF
Weight of Resin [51,5 LB. Weight of Glass Q_LB.
Pipe Length
&
Pipe Diameter Outside Mi ' Inside
Corrugation Pattern Depth
Wall Thickness - Miniertr—(-Maximum ),
424 413 2317 . 397 7
149 2B |3 4_, 7 Average i’z
Wall Thickness - Lip of Cap {iimimuse—ret-himdmunT )
1 . 190 2, 1Y |3 176 |a # M Average 1129
Test Sample
Length weigh <0 b
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / D ihvi=daR DEFLECTION Collected Data
11 23» 4Yie
2 730 4o Average Diameter
3| lots +Yu
4 2tos 4+¥r
5| 4Jo 4 /1t
6] TJobo /6 Average Cross Section
7| qoo 4.4
8 lo,000 ey
9| 12,5v0 AW
10 545,{.?_,\ o s Maximum Compression
1] 29 Yoo v Stress
12 !
13
14
15
16
17
18
19

folewd pypy = 85D



MoHad cap ) §%" hdhe Ao

Loop 66 257@

Pipe Serial Number

Specar pltas
pho ’2-314/56 287%> ']1"«}7 v

WELL CAP TEST DATA

Npam— -
Date of Manufacture \JUME 74 200

Date of Test June 12/ 2000 Temperature :Z,jf E
Weight of Resin L 18 Weight of Glass D B
Pipe Length

Pipe Diameter

Outside Mﬁb

Corrugation Pattern Depth

Wall Thickness - Top of Ca Minimum ) ( Maximum)

Inside

1 J""éq 27%5 3 4’30 4 475‘ Average ¢ L{7L
Wall Thickness - < Lip of Cap DMinimum ) (Maximum)
1174 2,093 [3.173 |4 . 197 Average A8S
Test Sample
Length Weigth 23 lb
Sample Orientation Vertical OR Horizontal
LOAD LENGTH / DIAMETER DEFLECTION Collected Data
1 145 b q-f
2 warls) 493 Average Diameter
3 ¢l a Y
4 2vo5 4%,
5| 12250 41732
6 495> 41%., Average Cross Section
7 g7 a4/
8] 11300 4 Y
9 2, Y0 4V &
10| 22.9mey | frecdnare, Maximum Compression
11 . Mzgm_mmw Stress
12 i
13
14
15
16
17
18
19

Fordsore = 85D

| 9%x 307t



