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i

TEST SUMMARY
____________

The Rockbestos Company Firewall III wire and cable constructions have
successfully completed the test program outlined in Test Plan TP-4805 in
support of Qualification for Class IE Service in Nuclear Generatina
Stations.,

,

The primarv insulation material used in these constructions was a
'

| Firewall III Irradiation Cured. Flame Retarded Cross-linked Polyethylene
i designated KXL-760G.

Cable samples tested included Power, Control, instrumentation
(Signal) and Thermocouple Extension.

Samoles were subjected to a sequence of thermal conditioninq,
irradiation conditionina, environmental exposure simulation of a LOCA, and
Post LOCA testing, within the guidelines established by IEEE Std.
323-1974 and IEEE Std. 383-1974.

By successful completion of the test and conditions described herein,
it has been concluded that the subject wire and cable is suitable for its
intended application and during desian basis event postulated to occur at
any time during the d'esian life of forty years.

,

i
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- Referenced Documents:
--------------------

1. IEEE 323-1974 - Standard for Qualifvina Class IE Equipment for
Nuclear Power Generatina Stations.

2. IEEE 383-1974 - Standard for Type Test of Class 1E Electric
Cables Field Splices, and connections for Nuclear Power
Generatina Stations.

3. ICEA-5-66-524 - Cross-linked Thermosettina Polyethylene
Insulated Wire and Cable for Transmission and Distribution of
Electrical Energy.

4 ICEA-S-19-81 - Rubber Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energv.

5. National Electrical Code 1984.

6. The Rockbestos Company, Technical Manual for Class 1E
Qualification Tests - July 9, 1984 Rev. 5.

7. Nuclear Reaulatory Commission Guide 1.131 dated Auaust, 1977.

8. The Rockbestos Company, Qualification Test Procedure Manual.

9. Nuclear Reaulatory Commission NUREG 0588.

10. Nuclear Reaulatory Commission 10 CFR Part 50, App. B.

11. Rockbestos Specification Sheet - 3-021 (RSS 3.021)

12. Test Plan 4805 in Support of Qualification; FWIII Irradiation
Cross-linked Polyethylene, Generic Nuclear Incident, Class IE
Service in Nuclear Generating Power Stations.

13. Sandia National Laboratories Report SAND 81-2027/1 of 2.

14. EPRI Final Report EL-938. (Electrical Power Research Institute)
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THE ROCKBESTOS COMPANY
FW III IRRADIATION CROSS-LINEED WIRE

NUCLEAR INCIDENT
TEST REPORT 5805

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

PART 1 ENVIRONMENTAL

1 OBJECTIVE

To conduct a procram of predetermined conditions and tests to support
the use of irradiation cross-linked insulation material for Class 1E
applications as outlined in Test Plan 4805.

The results of this test program are intended to demonstrate the
suitability of Rockbestos Company Firewall-III wires cables for Class 1E
Service for Nuclear Generatina Stations as outlined bv standards
IEEE-323-1974 and IEEE-383-1974. Results will also be utilized to
reinforce the c onc l usi on s of previous Rockbestos Class 1E reports of
similar constructions including:

OR1808 OR1806,R, R1, R2, R3 OR3802
OR2803 OR1809 OR1813 OR2802 OR2805
OR1805 OR1810 OR1814 OR2804 OR2810

2 REPRESENTATIVE CABLES:

Products of interest fall into four categories. Power, Control.
Instrumentation (Signal), and Thermocouple Entension. A design variation
in insulation thickness for individual conductors of some control cable,
.030" and .025", results in a fifth basic construction of interest.

3 CABLE DESCRIPTIONS

Cables described below are Standard cables. For accounting Internal
charge purposes, Rockbestos Product Codes are preceeded by "E" to reflect
their use as an engineering qualification project rather than customer
product.

Cable "A"

7/C #14 AWG Control Cable 600V 90 Decrees C
----------------- _ _-------- -----------

Pockbestos Product Code CO7-OO70

7 ': 1/C #14 AWG 7 Strand n .0242" Tinned Copper
.030" FW III Irradiation Cross-Linked Flame Retardant

Polyethylene KXL-760G Cabled with
.002" Nomex Binder Tape,
.045" Neoprene lacket
ICEA Print Method 1

| -3-

,_ , - , ._. _ _ _ _ . _- - ___



4

o

DR-5805

Cable "B"

7/C #14 AWG Control Cable 600V 90 Dearees C
-------------------------------------------

Rockbestos Product Code E41-0110

7x 1/C #14 AWG 7 Strand .0242" Tinned Copper"

.025" FW III Irradiation Cross-Linked Flame Retardant
Polyethylene KXL-760G Cabled with

.002" Nomex Binder Tape,

.045" Hypalon Jacket
ICEA Print Method 4

Cable "C"

2/C #20 AWG Type KX Shielded Thermocouple Extension Cable
90 Degrees C
------------------------------------------------------------

Rockbestos Product Code E41-0101

1/C #20 Solid Chromel
.020" FW III Irradiation Cross-Linked Flame Retardant

Polvethylene (Yellow) KXL-760G

1/C #20 Solid Alumel
.020" FW III Irradiation Cross-Linked Flame Retardant

Polyethylene (Red) KXL-760G

2/C Cabled with Flame Retardant Polvpropylene
Fillers

1/C #20 AWS 19 Strands x .008" Tinned Copper Drain Wire
.002" Aluminum / Mylar Shield Tape (.001/.001) Overall
. 002 '' Nomex Binder Tape
.045" Hypalon Jacket

,

-4-
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Cable "D"

O/C #16 AWG Instrumentation Cable 3OOV 90 Degrees C
___________________________________________________

Rockbestos Product Code E41-0106

2 ': 1/C #16 AWG 7 Strand - .0912" Tinned Copper
.020" FW III Irradiation Cross-Linked Flame Retardant

Polvethylene KXL-760G

2/C Cabled with Flame Retardant Polvpropvlene
Fillers

1/C #18 AWG 16 Strands .010" Tinned Copper Drain Wire

.002" Aluminum /Mvlar Shield Tape (.001/.001) Overall

.002" Nomex Binder Tape

.045" Neoprene Jacket

Cable "E"

1/C #6 AWG Power Cable 90 Degrees C
___________ _________________-___

Rockbestos Product Code 1KM-OOO1

#6 AWG 7 Strand x .0612" Tinned Copper
.045" FW III Irradiation Cross-Linked Flame Retardant

Polyethylene KXL-760G

4 SAMPLE SELECTION:

All samples were selected at randoo from completed cable which had
successfully completed normal production Quality Control tests. These
include all tests for dimensional, physical. and electrical requiremer.ts
for i nsul ati on ar.d jacket materials descr2 bed in ICEA-S-66-524, S-19-81
and Rockbestos RSS-3-621.

Certified Test Reports containing results of normal production tests
are found in Data Section 1.

A, B, and E Samples - For the environmental portion of the IEEE-383
suqqested Type Test, single conductor samples are representative of the
Power and Control cable types, and were utili:ad for this program.

-5-
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D Samples - For the environmental portion of the IEEE-383 suopested
,

ivpe Test, I pair shielded is representative of Instrumentation (Sianal)
cable and was utilized of this program.

C Samples - For the environmental portion of the IEEE-383 suagested
Type Test, 2/C #20 AWG is representative of the Thermocouple Entension
cable and was utilized for the program.

IEEE-383 further requires demonstration that samoles be subtected to
the most severe postulated conditions. For possible svneraistic effects
upon the electrical, chemical, and mechanical performance. "most severe"

,

is interpreted as the other constructional extreme.

For control cable, the other constructional entreme from the IEEE-383,

succested Type Test is completed cable. The difference in potential
failure mode, between control cable singles and completed cable, is
created bv the interaction of completed cable components. Since the cable
components are of proven industry design. verified by such as U/L, the
major anticipated potential failure mode variation is mechanical. This
will be created bv the interaction of component expansion and/or
constriction during thermal excursions. On that basis, the largest volume
expansion, therefore, greatest potential for change, will occur in the
control cable with the thicker insulation. The completed Control Cable
sample therefore, was the construction utilizing .036" insulation
thickness.

Considerina the Instrumentation and Thermocouple Entension cable
tocether, since both utiline .020" insulation thickness, sinole conducters
from the Instrumentation cable were chosen as the other constructional
extreme. Again, completed cable components are of proven industry desion.
The sincles from the Instrumentation cable were chosen on the basis of
slightly larger exposed insulation surface area, due to conductor si z e.

On1" single conductor Power cable was tested. Constructional
variations between si nol e conductor Power and multi-conductor Power, are
similar to those involved in Contrcl cable. However these variances are
manifested to a greater dagree in the 7 conductor control cable than a

,

typical 3 conductor power cable. S yner gi st i c effects due to
constructional autremes for Power cable were not evaluated separatelv bv
testina.

i

-6-
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Items for this program were manufactured under a standard production
order utilizing normal manufacturing techniques and materials of
construction. Completed cable lengths were sufficient to provi de a
selection consistent with random samplina philosophv.

All samples were approximately 15 feet, including terminations, taken
from completed cable.

"A" Sample Environmental Profile (LOCA)

TP-4805 A1. Completed cable section
TP-4805 A2. Completed cable section
TP-4805 A3. Sinale conductor removed from cable
TP-4805 A4 Sinole conductor removed from cable
TP-4805 A5. Sincle conductor removed from cable
TP-4805 A6. Single conductor removed from cable

"B" Sample Environmental Profile (LOCA)

TP-4805 Bl. Sinole conductor removed from cable
TP-4805 B2. Single conductor removed from cable
TP-4805 B3. Single conductor removed from cable
TP-4805 B4. Single conductor removed from cable

"C" Sample Environmental Profile (LOCA)

TP-4805 C1. Completed cable section
TP-4805 C2. Completed cable section

"D" Sample Environmental Profile (LOCA)

TP-4805 DI. Completed cable section
TP-4805 D2. Completed cable section
TP-4805 D3. Single conductor renoved from cable
TP -4805 D4. Single conductor removed from cable'
TP-4805 D5. Single conductor removed from cable
TP-4805 D6. Single conductor removed from cable

"E" Sample Environmer.tal Profile (LOCA)

TP-4805 E1. Completed cable section
TP-4805 E2. Completed cable section
TP-4805 E3. Completed cable section
TP-4805 E4. Completed cable section i

-7-
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3 PRELIMINARY SAMPLE EVALUATION

Samples were evaluated for physical and electrical inteority prior to
test initiation, to assure mechanical damage had not occurred in storage,
transfer, or in the removal of sinole conductor samples from completed
cable. Since normal production acceptance tests were previous 1v
performed, verification only was necessary to demonstrate suitability.

See Data Section 2 for detailed evaluation results. The evaluation
results were all satisfactory.

6 TEST PROCEDURE - ENVIRONMENTAL

Testing was conducted in accordance with procedures outlined in the
latest revision of the Rockbestos Technical Manual and applicable sec t i ons
in the Rockbestos Qualification Test Procedure Manual.

7 SAMPLE CONDITIONING

Pepparation: Completed cable sections from all cables were obtained.
Completed cable sections from cables "A", "B" and "D" were disassembled to
obtain the necessary single conductor samples. Care was exercised durina
disassembly so as not to damage the single conductor samples.

Each sample, single conductor and completed section, had a permanent
metal tag affixed, each embossed with the appropriate sample number.

All samples had termination points prepared, i.e., exposed metal
conductor at each end of the sample.

Thermal Agino: For those samples which required it. thermal acing was
acccmplished prior to irradiation aging. Results reported by Sandia
National Laboratories SAND 81-2027/1 of 2. indicated comparable final
results, whsther conditioning in accomplished simultaneously or in either
sequence of thermal and irradiation condi ti oni ng.

!
1

-8- ,
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121 Degree C Aginq - Jacketed samples TP-4805-A1. A2, Cl, C2, Dl, D2.
were placed in a hot air circulating oven at a temperature of 121 Degrees
C for 168 hours. The samples were arranqed on perforated shelves located
in the center one-third of the oven space. They were in coil form with an
approximate diameter of 20 inches. IEEE 383 is not specific for coil
diameters durino acina. Post LOCA performance tests include a 40X
diameter bend. By inference, 40X should be more severe than prior test
portions.

The temperature and time for these samples were selected as a
compromise for the aging capabilities of the jackets. The thermal agina
utilized does not represent end of life conditton for the complete cable.
It does represent sionificant aging for the .i ac k et s . This is based upon
thermal agina parameters outlined in ICEA S-66-524 which requires 50% or
65% retained elongation after thermal acinq of 168 hours at 100 decrees C
for Neoprene and Hypalon respectivelv.

By the increase in temperature. (121 degrees C) the thermal aging
utilized was intended to demonstrate that "significant" acinq of the
jackets occurred. Therefore, any effects upon cable performance bv
interaction of the jacket material has occurred and would be manifested in
final test results.

150 Degree C Aoina - Sinale Conductor Samples TP-4805-A3, A4, B1, B2.
D3, D4, E1. and E2 were placed in a hot air circulatina oven for 909.5
hours at 150 degrees C. The samples were mounted on a metal mandrel
consistino of two circular rings, supported bv eight equally spaced 1/2"
stainless pipe, resulting in an approximate circumscribed diameter of 20
inches. Samples were supported along the surface of the pipes bv metal
hooks. The mandrel was placed on a shelf in the aven such that the
mandrel was located in the center- half of the oven space. The
temperature and time for these samples were utilized on the hasis of
Arrhenius agina characteristics for the primarv insulation material. A
normal operatino service temperature 90 dagrees C was adopted as this is
the industrv reccanized temperature for cross-linked polyethvlene.

This thermal acina to represent end-of-life condition for a 40 year
postulated life, with margin, for the primary insulation material.

At 150 decrees C, the i nt ersecti on of the Arrhenius plot for the
primarv i nsul a ti on is 850 hours. 909.5 Hours of exposure represents in
excess of 45 years at 90 degrees C. This represents in excess of 10%
above the postulated 40-year life. Reference Data Section 3.

For normal operating temperatures below 90 decrees C, margin is
increased.

_g_
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Irradiation Aoino:

All samples, thermally aged and not thermally aced, were Irradiation
aged. Those samples thermally aged at 150 decrees C remained on the
mandrel. The unaced samples and the samples aged at 121 degrees C were
mounted on the mandrel. Care was exercised during the mounting procedure
to avoid damage. The mandrel and samples were suitably protected from
damace durina transportation to and from Isomedir Inc.

.

Irradiation was performed bv Isomedin Inc., Parsippanv. NJ, and they
documented dose rate, time of exposure and total dose.

While still on the mandrel, all samples were exposed to Gamma
radiation from a Cobalt 60 source in air at a average dose rate of .40

i megarads per hour for 503.5 hours, resulting in a total accumulated dose
of 200.14 megarads. Refer to Data Section 4 for I somed i :* report.

,

Samples were not exposed to Beta radiation. Industry accepts that '

for purposes of demonstration of damage, equal doses of Beta or Gamma
produce equal damage. Gamma radiation therefore, sati sf i ed irradiation
conditioninq requirement.

!

i
;

i

2

a

1

.
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8 POST CONDITIONING EVALUATION

Upon completion of the i rr adi at i on conditioning of the samples a
visual examination, and an electrical evaluation consisting of Dielectric
Withstand and Insulation Resistance measurement, were conducted. This was
accomplished to insure sample integrity prior to the extended
environmental exposure. See Data Section 5 for detailed evaluation
results.

9 ENVIRONMENTAL PROFILE (LOCA);

On the basis of the Post Conditioning Evaluation, one of each
configuration was selected for the LOCA. Duplicate sampl es were wi thdrawn

1 from the program at this point.
.

Samples to be sucjected to the LOCA test were selected on the basis
} of physical condition first, Insulation Resistance second, and Conductor

Resistance third, or random in the case of comparable evaluation. See
Section 5 for explanation of evaluation, and part A of " Unanticipated
Variations."

f Preconditioning Summarv:
,

LOCA Samples
-___________

Sample Thermal Agina Irradiation Aginq
__---- -__---_______--__________ ______---_-_____-

TP-4805-A2 121 Dea C/168 Hours 200.14 Megarads
A3 150 Deo C/909.5 Hours "

A6 None "

B1 150 Dea C/909.5 Hours "

B4 None "

C1 121 Dea C/168 Hours "

D1 ?. 21 Dog C/160 Hours "

D3 150 Deq C/909.5 Hours "

D6 None "

El 150 Dog C/909.5 Hours "

E4 None "

Preparation:
<

An extension lead consisting of a multi-conductor control cable, was
; utilized to connect the sampl es wi thin the vessel, to exit the penetration

of the environmental test vessel. Connection was made by crimp connectors
covered by nuclear grade heat sealable shrink tubing to complete a water

' tight connection.

f

-11-
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LOCA

General - Samples were remounted on the mandrel and installed in the
vessel oriented parallel to the mandrel axis. All samples were connected
to an extension lead. All electrical connections to the sampleG under

test were made external to the test vessel thrauch the extension leads.

All input data to the Data Loacer was scanned at the fixed desian
rate of everv two (2) seconds. In addition, the initial transients of the
first and second peak thermal excursions were monitored bv a continuous
recording thermocouple measurement instrument.

Inputs to the data logger and continuous recorder are analoa voltaces
developed bv the various instruments used for the various test parameters.

Print cvcles were varied and were dependent upon the chance rates of
the measured parameters. Maximum print rate was utilized durino profile
ramps. Lesser print rates were utilized during extended stabilized
profile portions. Printed data represents trends for the selected print
cvcle time periods.

Profile - The intended LOCA profile is described in IEEE-323-1974
Appendix A Fig. A1, combined PWR/BWR.

When the maximum temperature of the first transient of the profile
was achieved, a chemical sprav was initiated and continued for 24 hours.

Total cumulative environmental exposure was 111 davs.

See Data Section 6 for tabulated data acqui si t i on of all Data Lopoer
channels for envi ror. ment al parameters. Also refer to Unanticipated
Variations sections B and C.

With tha exception of the Insulati on Resistance measurements, which
were planned, and other short-term unanticipated interruptions. samplos
were electrically energized at their rated vol tage and current as
interpreted from the National Electric Code - 1984. See Data Section 7
for tabulated soltage and current Icadings.

Insulation Resistance measurements were made on each sample throuch |
the extension cables during the environmental profile at the various
temperature levels. See Data Section 8 for tabulated measurements.

l.

-12-
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10 POST LOCA TESTS

Upon completion of the enviromental profile, the samples were allowed
to cool to room temperature and were removed from the test vessel. After
resolution of difficulties encountered in preparing the samples for POST
LOCA TESTS (Refer to section E, Unanticipated Variations), the samples
were tested as below. Prior to the voltape withstand test, each sample
was straightened and wrapped around an approximate 40X diameter metal
mandrel, secured in this orientation, removed from the mandrel, and placed
in room temperature tap water.

i

1

e

!

!

!

.
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POST LOCA DIELECTRIC TEST

" ist Test, After i hour Soak

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

Sample 40X Wraps 80 v/ mil Active
(inches) (360 dec.) (5 minutes) Length (feet);

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

TP-4805-A2 21.05 2
Green Pass 10
Blue Pass 10
White Pass 10

TP-4805-A3 5.28 6 Pass 10

-A6 5.28 6 Pass 10

TP-4805-B1 5.0 7 Pass 10,

B4 5.0 7 Pass 10

TP-4805-C1 2.0 3
Yellow Pass 10
Red Pass 10

.

TP-4805-D1 11.0 3
#1 Pass 10
#2 Pass 10

i

TP-4805-D3 4.O 8 Pass 10

D6 4.0 8 Pass 10,

4

| TP-4805-E1 11.O 3 Pass 10

| E4 11.0 3 Pass 10

:

f

-14-
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Insulation Resistance Test, after 6 hours immersion and 2nd Dielectric
Test after 24 hour soak
_ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . . .

Sample 80 v/ mil Insulation Resistace Temperature
5 minute Megohms - 1000 feet (Dec. C)

__ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ .

Green Pass 75,000 22
Blue Pass 50.000 "

White Pass 50,000 "

TP-4805-A3 Pass 25.000 "

A6 Pass 100,000 "
,

TP-4805-B1 Pass 24.000 "

B4 Pass 90,000 "

TP-4805-C1
Yel1ow Pass 116.000 "

Red Pass 120.000 "

TP-4805-D1
#1 Pass 40,000 22
#2 Pass 45.000 "

TP-4805-D3 Pass 28.000 "

TP-4806-D6 Pass 100,000 "

TP-4805-El Pass 30.000 "

E4 Pass 56.000 "

|

|
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Test Variations:-

A minor variation from the test plan also occurred relative to snak,

time prior to dielectric test. The test plan indicates a minimum 6 hour
soak. This requirement was derived from ICEA standards which is in
reference to full reel production testing. In that vein, the intent cf'

the 6 hour soak is to insure sufficient time is aiven for the water to '

penetrate to the inner layers of the reels to be tested and to allow !

temperature to stabili:e for Insulation Resistance measurements. For the
i samples included in this procram, i.e. 10-15 feet. Immediate water {

contact is achieved, and I hour is sufficient for temperature
stabilization. Therefore, a minimum of 1 hour soak was adopted.

; Test plan also states that each individual insulated conductor will
' be tested. Rockbestos tested three of the seven conductors. Refer to
j Section 5 item D.

i

11 PASS / FAIL CRITERIA
Samples were considered to have passed the LOCA test bv:

a

+l - 1. Successful withstand of the continuous application of voltage and
j current, with the exception of Insulation Resi stance measurement

time, for a cumulative 100 Davs environmental exposure; and

I 2. By successful withstand of 80 volts / mil AC RMS 60 H: stress after
'

a 40X diameter bend.
I

i

Results Evaluation:;

__________________

i

I All samples met the established criteria and passed the test.

e

1

i

1

4
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12 CERTIFIED CONCLUSION

Firewall III Irradiation Cured Cr oss-l i ni:ed Polyethylene material,
and wire and cable constructions utill:1no this material, have
successfully withstood the conditions and tests documented in the
creceeding pages. Therefore, it is certified that they can be e:: p ec t ed to
function in their normal intended application and durina conditions
simulated herein, postulated to occur at anv time durino tne anticipated
installed life of forty years.

Prepared b _-ly M_ _'_0!# #
J. M. Mora. -111

Supr. of Qualification & Test

'

Revi ewed / Approved _ . . '. 'u
~

R. J. Gehm
Mar. Electrical & Product Enoineerina

nD]*

b /'/~Reviewed / Approved _.__,K___h_ __%yx-i _p/ _isyd0.

,
' E. J. D'Aquanno
Technical Director

1 1. -'

bRe di eued /nppro md { |_ __
__

Y |0 / 05
G. G. Littlehales

O. A. Manager

i
|

l
I
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Unanticipated Variations
________________________

A. Approximatly one minute after the start of the 1st transient, the
extension cable connected to sample A-2 extruded approximate two feet
from the pentration hole, draqaing the rise time thermocouple with it.

At the end of the 1st transient the autoclave was opened for approx.
five to ten minutes for examination of the samples. However, there was

no apparent damage to saraple A-2 and the thermocouple moved approximate 1v
two inches from the original placement. Originally the thermocouple was

'

wrapped around the Robert Shaw thermocouple bulb. The extrusion of
A-2 caused the unwrappina of the thermocouple.

During the 2nd transient and after completion of insulation
resistance, samples El and E4 f ai l.ed to re-eneraire with 600 Vac.
when cables were re-eneroired there was no loss of current. Retest
of a insulation resistance indicated short circuit to ground.

Approximatelv 24 hours after the start of the test the Environmental
system was shut down and the autoclave door opened for visual examination
of the E samples. It was determined that the fault was caused by
inadequate orientation of the connecting extension lead at the autoclave
penetration. One lead was pressed against the edge of the cyllindrical
penetration opening at the entranc ? point of the main chamber. Due to
the softenina effect at the high temperature, the mechanical stress of

j the stiff conductor forced the extension toward the 90 decree angle
surface until the soft insulation separated sufficiently to have contact
between the metal conductor of the extension lead and the metal body of
the pressure vessel.

.

Upon removal of the extension lead at the problem area, it was
confirmed that the metal conductor in the extension lead was exposed.

The damaaed section was removed and the extension lead was spliced
and covered with a heat shrink splice. Voltace and current loads
were reapplied successfully prior to recharging the vessel to 250
decrees F. Total down time was approximatelv two hours. To
componsata for the cowntown the profile was entended two hours
at 250 degrees F.

B. Loss of steem oressure occurred ten times during the course of
the 200 degree F portion of the profile.

-18-
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Eight Occurances were of sianificance

The first of significance occured durina day 33, w2th the lowest
measured temperature of 116.3 decrees F. Time and temperature below the
planned 200 decrees F was 9.75 hours.

The second of significance occurred during day 34, with the lowest
measured temperature of 132.2 degrees F. Time and temperature below
the planned 200 decrees F was 7. hours.

The third was of minor sianificance occurred durino dav 55, with the
lowest temperature of 195 decrees F. Time and temperature below the
planned.200 degrees F was 15 minutes.

i The forth of significance occurred durina dav 79, with the lowest ,

measured temperature of 117.3 decrees F. Time and temperature below the
planned 200 decrees F was 43.5 hours.

The fifth occurred durina day 86 and was the result of loss of
facility electrical power. The power loss also interrupted the Data

,

Loacer monitorina system and therefore, a minimum temperature was not'

measured. When the Data Looger was placed into service again,,

environmental
; parameters were normal. Data Loqqer monitorina was lost for appr o:: i ma tel y

5.75 hours.

The sixth was of minor significance occurred durina day 97 with the
lowest measured temperature of 194.8 degrees F. Time and temperature
below the planned 200 decrees F was 1.5 hours.

The seventh occurred durina day 105 and was the result of loss of
facility electrical power. The power loss also interrupted the Data
Logaer mcnitorina system and therefore, a minimum temperature ,vas not
measured. When the Data Loacer returned to service again the parameter
were normal. Data Loacer monitorina was lost for appr ox i matel v 1.0 hours.

' The eight occured during day 107 and was due to the shut off of the
main substation. Aqain the loss of power interrupted the Data Locaer

| and therefore a minimum temperature was not measured. When the Data
Laager was placed into service again, environmental parameters were
normal. Data Logaer monitoring was lost for approximate 1v 24.5 hours.

i
1

I

4

|

1
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,

With the exception of the period of total power loss, each of the steam I

losses were the result of plant boiler malfunction, installation of a
new steam aenerator and loss of the air to pneumatic steam valves.

i The total enviornmental profile was therefore extended from 100 Davs
to ill Davs. Time / Temperature exposure accomplished by the 11 dav

! extension more than compensated for the above variances. Thermal
Thermal excursions, minor or maior are considered more severe than

i steady state conditions. The variances and profile extension noted
above therefore, may be considered as positive maroin,
as positive margin.

.

I
! Conclusion: Time / Temperature exposure requirements were exceeded.

i
!
t

4

h

I

J

!

,

i

i

f

i

!

'

i
i

i

!

1

.
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C. Voltage and Current loading of the samples was interrupted at
various times throuahout the profile. Loading was discontinued e?n

,

t.i mes for measurement of Insulation Resistance, as noted in Data Section
8. Each occurrence was approximately 30 minutes.

I

In addition, the following unscheduled interruptions occurred:
Approx. Approx.

1

Time Duration Affected Samples Voltaae Current Cause
------ ---- - -------------------- ------- ------- - - - . - -

8 Hours 19 hc TP-4805-Ei,E4 No Yes Short in
extension
lead'

,

9 Day 53.5 hours TP-4805-D1 Yes No Interuption
of line
voltage

52 Day 13.3 hours TP-4805-D1 Yes No Interuption
1 of line

voltaae

67 Day 15 mins TP-4805-D1 No No Faultv
j external

connection
to current
source

!

|
86 Day 5.75 hours ALL No No

,

main power
Shut off of

I for
j maintance

97 Day 15 mins TP-4805-A2
A3-A6 Yes No Momentary,

B1-B4 No Yes interuption
C1-D1 No Yes of 1ine

voltage
due to storm

99 Dav 86 hours TP-4805-B1,B4 No Yes Momentery

interuption
of 1ine

i. voltage
< due to storm

! -21-
!
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In each case no indication of fault was present. In each case,

samples were re-energized without incident. From final occurrence to
profile termination, all samples withstood applicable voltace and current
loading without incident.

; The total environmental exposure, voltace, and current loading, was
extended from 100 Davs to ill Days. Voltage and current loadina exposure
accomplished bv the 11 Day extension more than compensated for the above
variances. In addition to the extended time, minor positive maroin was
added by the voltaae and current transients, as transients are more
detrimental than steady state conditions.

Conclusion: Voltage and current loading exposure requirements were
exceeded. Variances which occurred resulted in minor posi ti ve margin as
transients are more detrimental than steadv state conditions. Results
obtained are therefore acceptable as meetino outlined parameters and
criteria.

D. Preliminary Sample Evaluation:

The test plan delineated a conductor resistance measurement at thi s
j point. Inadvertantly, it was not accomplished.

| Conductor resistance was measured after sample conditioning was
compl ete i . e. post irradiation.4

Conductor resistance (metal) is unaffected bv either thermal or
'

irradiation conditioning. The point in time of the measurement is
therefore insionificant.,

;

!

t

|
|

|
,
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Marqin
______

1. Temperature - As described in IEEE Std.-323-1974 Ap p en d i :. A, the
suqcested profile, which was adopted. includes margin. The
actual profile achieved included further margin by:

A. Extension to 111 Days.
B. Nominal Temperature of 220 degrees F after 4 Days.
C. Thermal e>cursions as noted.

2. Pressure - The test vessel was charged with saturated steam and
followed the pressures and temperatures associated as such. For
temperatures above 240 decrees F, pressure was greater than in-
dicated in IEEE Std.-323-1974.

3. Radiation - As described in IEEE Std.-323-1974 Appendix A, the
suggested dose for condition testing is 150 mearads which
includes the margin. The assumed addition of 50 megrads normal
exposure, results in a total dose of 200 megrads which was
accomplished.

4. Voltage - Averaae recorded voltace applied to the samples, exceeds
nominal values.

5. Frequency - Voltace and current supplies were derived from local
utility power. Nominal 60 H .

6. Time - Postulated life of subject cables is 40 years. From
Arrhenius data, 909. 5 hours 6' 150 degrees C represents in excess
of 45 years thermal life at a continuous temperature of 90
decrees C.

7. Envirnnmental Transients - In addition to the planned dual
. transients, several unplanned excursions took place. Their
range was not as broad, but represent minor positive margin
nonetheless.

8. Vibration - Seismic effects are beyond the scope of this test. The
40 X diameter bend conducted at completion of the profile is intended
to demonstrate adequate flexibility. Some samples, as discussed in
" Unanticipated Variations," were subjected to two 40 X bends with
satisfactory results.

9. POST LOCA Test - In addition to multiple 40 X bends, samples were
subjected to a 5 minute dielectric integrity proof test twice.

-23-
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TI-IE 1 ROCK BESTOS COM FRNY
NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710-465 2149

CERTIFIED TEST REPORT
999-1-021

IEEE-383-1974
CUSTOMER: TP 4805 PURCHASE ORDER: N/A SPECIFICATION _lEEE-323-19741

SHOP ORDER / ITEM NO: EP84101 PRODUCT CODE: C07-0070 CONSTRUCTION 7/C #14 XLPE/ NEOPRENE JKT

Cable "A" Samples TP 4805-A1,A2,A3,A4,A5,A6

INSULATION CONDUCTOR max- INSULATION JACKET
REEL NUMBER LENGTH DIELECTRIC RESISTANCE RESISTANCE OD

c/c c/c MfN. MEGS/M* MAX. Ohms M' MIN WALL. MIN AVG WALL MIN WALL. MIN AVG WALL

REQUIREMENTS F T. 4 p kv/ 5 min. 5452 2.78 .540 W .027 N .030 IN .036 IN .045 IN

_

C5011217 2.076 FT PASSED 28.266 2.49 .530 .031 .033 .039 .049
4C2202

T-00018 B-02094

iT IS HEREBY CERTIFIED THAT THE FOREGOING IS TRUE AND TYPICAL TEST DATA AND THAT THE ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF PROCUREMENT DOCUMENTS

WITNESS bxA 4 > b "@~ DATE_ 8 I _ ,
Ldd_ AUTHORIZEDSIGNATURE.
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THE ROCK E3ESTOS COAI Fh N Y

NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710 465-2149

CERTIFIED TEST REPORT
RSS-3-021
IEEE-323-1974

CUSTOMER- TP 4805 _ _ PURCH ASE ORDER ___ .. _ N/A _ _ _ _ ._ SPECIFICATION .IEEE-383-1974 -

SHOP ORDER: ITEM NO EP84101_- 01_ -- - - PRODUCTCQDE C07-0070
._ _ CONSTRUCTION 7/C #1LXLI3] NEOPRENE JKT

Cable "A" Samples TP 4805-A1,A2,A3,A4,AS,A6

Insulated Wire Physical Properties Outer Jacket
_

REQUIRED ACTUAL REQUIRED ACTUAL

Tensile Strength Unaged (PSI) Min 1800 2332 Tensile Strength Unaged (PSI) Min 1800 2430
Elongation Unaged (*o) Min 250 342 Elongation Unaged (a ) Min 300 463o

Verticat Flame-Out (Secs.) Max, 60 0 Set (*o) Max 10 9.3
Burning of Indicator (*6) Max 25 0 Air Oven: Tensile '6 of Unaged Min 80 92

Air Oven: Tensile *6 of Unaged Min 90 108 R Hrs 4(100 *C Elongation *o of Unaged Min. 50 60

l 68 Hrs. @ 158'C Elongation ab of Unaged Min 90 102 0:1 Immer: Tensite *o of Unaged Min. 75 80
Heat Distortion (*6) Max. 30 9.1 18 Hrs 64 121*C Elongation *o of Unaged Min. 65 105
EM-60 Dielectric Constant Max 3.5 2.7 Tensile Stress 200*'o Elongation 750 986
1 14 Day SIC increase (*6) Max 2.5 .8 Tear Strength (Lbs /In ) Min . 25 45
7-14 Day SIC increase (*6) Max. 1.5 .6 Cable
Stability Factor Max . 0.5 .03 Complies fully with IEEE 383 Class IE as applicable

Alt *rnate Stability Factor Max 0.5 .01
_

IT IS IlEREBY CERTIFIED TIIAT THE FORECOING IS TRUE TEST DATA AND TilAT Tile ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF
PROCUREMENT DOCUMENTS.

OWITNESS- L '' L (#.d)_ AUTHORIZED SIGNATURE. DATE
- -+
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| THE ROCKBESTOS COMI %NY
NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710-465-2149

CERTIFIED TEST REPORT

RSS-3-UZ1
CUSTOMER: TP 4805 PURCHASE ORDER: N/A SPECIFICATION IEEl.-3z3-1974

IEEE-383-1974
SHOP ORDER / ITEM NO: 92401-05 PRODUCT CODE: E41-0110 CONSTRUCTION 7/C #14 XLPE/ilYPALON JACKET

Cable "B" Samples TP 4805 - B1,B2,B3,B4

INSULATION CONDUCTOR max- INSULATION JACKET
REEL NUMBER LENGTH DIELECTRIC RESISTANCE RESISTANCE OD

MIN. MEGS/M' MAX. Otuns M* MIN WALL. MIN AVG WALL MIN WALL. MIN AVG WALL
kREQUIREMENTS FT. 2. 5 v/ 5 min. 4788 2.78 .479 N .023 N .025 N .036 N .045 N

,

D40789. 1,374 FT PASSED 13,533 2.52 .500 .025 .027 .058 .071
4A1069

T-00014 B-01388

iT IS HEREBY CERTIFIED THAT THE FOREGOINA IS TRUE AND TYPICAL TEST DATA AND THAT THE ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF PROCUREMENT DOCUMENTS

G* 3 -

DATE j ) #tRflTNESS /,dt7e a > Lh MAsl AUTHORIZED SIGNATURE. _
_
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T I-I E IROCK 13ESTOS COA I FM N Y

NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710-465-2149

CERTIFIED TEST REPORT

RSS-3-021
TP 4805 . __._ . _ . PURCHASE ORDER . N/A ._ _ _ ._ ._ SPECIFICATION _ _IEEE-32 3-19 74 _ _CUSTOMER.

IEEE-383-1974

SHOP ORDER:lTEM NO _ _ .. PRODUCT CODE - .. CONST RUC TION 7/C #14 XLPE/HYPALON JKT92401-05 E41-0110

Cable "B" Samples TP 4805-B1,B2,B3,B4

Insulated Wire Physical Properties Outer Jacket
__ . _ _ _ _ _

REOuiRED ACTUAL REOUiRED ACTUAL

Tensile Strength Unaged (PSI) Min. 1800 2535 Tensile Strength Unaged (PSI) Min _1800 2425
250 347Elongation Unaged (*o) Min

_

Elongation Unaged (a ) Min 300 383o

Vertical Flame-Out (Secs ) Max. 60 20 Set (a ) Max 20 5.8o

Burning of Ind.cator (*o) Max. 25 0 Air Oven: Tensile o of Unaged Min 85 99.8a

Air Oven: Tensile *o of Unaged Min 90 106 . _1_68 Hrs Gi10D *C Elongation *o of Unaged Min 65 89

ins _ Hrs. @ _15H C Elongation % of Unaged Min 90 98 0:1 Immer Tensile ao of Unaged Min 75 90.5

Heat Distortion (%) Max. 30 12.0 1H_ Hrs 6tl2L*C Elongation 9a of Unaged Man 75 91
_

_ EM-60 Dielectric Constant Max 3.5 2.5 Tensile Stress 200% Elongation 1000 1756

1-14 Day SIC increase (a ) Max 2.5 .94 Tear Strength (Lbs /In ) Min 25 _31.6o

7-14 Day SIC increase (%) Max 1.5 _ .15 Cable-

Stability Factor Max 0.5 0 Complies fully with IEEE 383 Class IE as applicable

Alternate Stability Factor Max 0.5 0
_ _

|

|

|

. . _ - .

_

IT IS HEREBY CERTIFIED TilAT Tile FOREGOING IS TRUE TEST DATA AND TilAT Tile ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF
PROCUREMENT DOCUMENTS.

4b N OWITNESS [
'

uk n .ZLL4L AUTHORIZEDSIGNATURE: DATE
FCO3 Q;



THE ROCKBESTOS COM FhNY
NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710-465-2149

CERTIFIED TEST REPORT RSS-3-021
I t.EE-32 3-19 74

CUSTOMER: TP 4805 PURCHASE ORDER: N/A SPECIFICATION: TEEE-383-1974

SHOP ORDER / ITEM NO: 92401-01 PRODUCT CODE: E41-0101 CONSTRUCTION. 2/C //20 Solid Chroaiel/Alumel Type KX
XLPE/HYPALON JKT

Cable "C" Samples TP 4805-C1,C2

INSULATION CONDUCTOR MAX- INSULATION JACKET
REEL NUMBER LENGTH DIELECTRIC RESISTANCE RESISTANCE OD

(AC) MIN. MEGS/M' MAX. Ohms M' MIN WALL. MIN AVG WALL MIN WALL. MIN. AVG WALL

k2.0 v' 5 m u 7739 N/A .275 IN .018 IN .020 IN .036 IN .045 INREQUlHEMENTS FT.

D40348A 2,340 FT PASSED 148,075 N/A .286 .019 .022 .048 .056
4A1032

T-00810 B-03150

,

IT IS HEREBY CERTIFIED THAT THE FOREGOING IS TRUE AND TYPICAL TEST DATA AND THAT THE ABOVf CABLE MEETS APPLICABLE REQUIREMENTS OF PROCUREMENT DOCUMENTS

WITWESS ! - [[L/ N*

u-uA LLd.o AUTHORIZEDSIGNATURE: DATE .__



T I-I E ROCK E3ESTOS CONI F% N Y

NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710 465 2149

CERTIFIED TEST REPORT
RSS-3-021
IEEE-323-1974

CUSTOMER TP4805 __ _ _ _ _ _ PURCH ASE ORDE R _.____ _ _ N/ A _ _ _ .___ SPECIFICATION IEEE-383-1974

SHOP ORDER ITEM NO __92401-01. _ _ _ PRODUCTCODE E41-0101 ._ CONSTRUCTION 2/C #20 Solid Chrome 1/Alumel Type KX (Red)

XLPE/tfYPALON JKT

Cable "C" Samples TP 4805-C1,C2

Insulated Wire Physical Properties Outer Jacket
_ _ _ . . _

REQUIRED ACTUAL REQUIRE D ACTUAL

Tensile Strength Unaged (PSI) Min 3ggg_ 77 n Tensile Strength Unaged (PSI) Min 1800 2274

Elongation Unaged (?o) Min 250 _ 26 L Elongation Unaged (a ) Min 300 418o

Vertical Flame-Out (Secs ) Max
____ _6L 20 _ Set (?o) Max

_ _

20 5

Berning of Indicator (*o) Max
_

25 0 Air Oven: Tensile o of Unaged Min 85 90a

Air Oven: Tensile ?. of Unaged Min 90 110 168 Hrs edOO *C Elongation *o of Unaged Min 65 100

168 Hrs. @ l 58 * C Elongation 96 of Unaged Min 90 116 0:1 Immer Tensile to of Unaged Min 75 95

Heat Distortion (?o) Max. 30 11.1 4_ Hrs di121 *C Elongation ?. of Unaged Min. 75 87
_

EM-60 Dielectnc Constant Max 3.5 2.7 Tensile Stress _ 200*o Elongation 1000 1409

1-14 Day SIC increase (as) Max 2.5 .6 Tear Strength (Lbs /In ) Min. 25 30

7-14 Day SIC increase (46) Max 1.5 .8 Cable

Stabihty Factor Max 0.5 .04 Complies fully with IEEE 383 Class IE as apphcable

Alternate Stabihty Factor Max 0.5 .04

_

. _ _ . __

_ _ ,

IT IS HEREBY CERTIFIED TilAT Tile FOREG0lhG IS TRUE TEST DATA AND TilAT Tile ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF
PROCUREMENT DOCUMENTS.

!#WITNESS [ 2f.ZX- - L4 O AUTHORIZED SIGNATURE: . ' _ _ ' _DATE '

FORM eP



T I-I E ROCK E3ESTOS CONIF%NY

NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772-2250 TELEX 710-465 2149

CERTIFIED TEST REPORT
RSS-3-021
IEEE-323-1974

TP4805
CUSTOMER. _. _ _ ___ _ PURCHASE ORDER N/A

_ - ___ _. SPECIFICATION 1EEE -383-1974

SHOP ORDER >lTEM NO 92401--01 - , _ _-. PRODUCTCODE E41- 010L . CONSTRUCTION __2/C #20 Solid Chromel/Alumel Type KX
XLTE711YPALON JACKET

Cable "C" Samples TP4805-C1,C2

Insulated Wire Physical Properties Outer Jacket
_

REQUIRED ACTUAL REQUIRED ACTUAL

Tensile Strength Unaged (PSI) Min 1800 2322 Tensile Strength Unaged (PSI) Min 1800 2274

250 281Elongation Unaged (*o) Min Elongation Unaged ("o) Min 300 418

60 30 Set (9.) Max 20 5Vertical Flame-Out (Secs ) Max
25 0 Air Oven: Tensile ?o of Unaged Min 85 90Burning of Indicator (9.) Max.
90 lu9Air Oven- Tensile *o of Unaged Min 168 Hrs. (4100 *C Elongation *o of Unaged Min 65 100

90 92108 Hrs. @ 158 * C Elongation *o of Unaged Min 0:1 Immer Tensile o of Unaged Min 75 95a

4 Hrs (it 121*C Elongation ?. of Unaged Min. 75 87Heat Distortion (*b) Max 30 4.8
_ _

EM 60 Dielectric Constant Max. 3.5 2.6 Tensite Stress 200*o Elongation 1000 1409

Min 25 301-14 Day SIC Increase (*b) Max 2.5 .8 Tear Strength (Lbs /In ) _
___

_ -14 Day SIC increase (*a) Max 1.5 .7 Cable:7

Stability Factor Max 0.5 0 Complies fully with IEEE 383 Class IE as applicable

Alt rnate Stability Factor Max 0.5 .06
_

_ ____

IT IS HEREBY CERTIFIED THAT Tile FORECOING IS TRUE TEST DATA AND TilAT Tile ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF
PROCUREMENT DOCUMENTS.

0'[ W fokjb.)[ Mg gl.__ AUTHORIZED SIGNATURE.WITNESS u__ u_ _. DATE |

.- ,Oe es
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THE HOCKBESTOS COM F%NY
NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772-2250 TELEX 710-465-2149

CERTIFIED TEST REPORT Rss-3-021
IEEE-323-1974

CUSTOMER: TP4805 PURCHASE ORDER: N/A SPECIFICATION _I_liEE-383-1974

SHOP ORDER / ITEM NO: 92401-03 PRODUCT CODE: E41-0106 CONSTRUCTION. 2/C #16 XLPE/ NEOPRENE JKT

Cabla "D" Samples TP-4805-Dl,D2,D3,D4,DS,D6

INSULATION CONDUCTOR INSULATION JACKET
REEL NUMBER LENGTH DIELECTRIC RESISTANCE RESISTANCE OD

(AC) MIN. MEGS/M' MAX. Otwns-M' MIN. WALL. MIN AVG WALL MIN WALL. MIN AVG. WALL

kREQUIREMENTS F T. 2.0 VI 5 '"h 4878 4.52 .309 IN .018 IN .020 IN .036 IN .045 W

D40317 644 FT PASSED 114,181 4.21 .318 .020 .022 .043 .054
4A1028

T-00662 B-00018

.

-

IT IS HEREBY CERTIFIED THAT THE FOREGOING IS TRUE AND TYFCAL TEST DATA AND THAT THE ABOVE CABL E MEETS APPtlCABLE REQUIREMENTS OF PROCUREMENT DOCUMENTS

M. (do AUTHORIZED SIGNATURE: I' __ DATE._[ [[_WITNESS. _ ea
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T I-I E F<OCI{ E3ES"I'OS CON IIM NY

NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772-2250 TELEX 710-465-2149

CERTIFIED TEST REPORT ass-3-021
IEEE-323-i974
IEEE-383-1974TP4805 _ .__ . PURCHASE ORDER __ _ N/A ._. .__-__ ._ SPECIFICATIONCUSTOMER

SHOP ORDER' ITEM NO . 92401-03 __._._ PRODUCTCODE E41-0106 CONSTRUCTION _2/C_fl6 XI.PF/NEDERN ET

Cable "D" Samples TP-4805 Dl,D2,D3,D4,D5,D6

Insulated Wire Physical Properties Outer Jacueit
_

REQUIRED ACTUAL REOUiRED ACTUAL

Tensile Strength Unaged (PSI) Min 1800 2848 Tensile Strength Unaged (PSI) Min __1800 _ . 2270
250 265Elongation Unaged (*.) Min

_

Elongation Unaged (*.) Min 300 363

60 0 Set (?.) Max. 10 10Vertical Flame Out (Secs ) Max
___

Burning of Indicator (*.) Max 25 O Air Oven: Tensile o of Unaged Min 80 106a

,

Air Oven: Tensile *. of Unaged Min 90 96 168 Hrs. O100 *C Elongation *. of Unaged Min 50 77

168 Hrs. @l58 *C Elongation *. of Unaged Min 90 103 0:1 Immer Tensile *. of Unaged Min. 75 87 _
Heat Distortion (*' ) Max. 30 19.5 18 Hrs 6121 *C Elongation *o of Unaged Min 65 112

EM-60 Dielectnc Constant Max 3L , 3n Tensite Stress 200* Elongation 750 1278

1-14 Day SIC increase (a ) Max. 2.5 .9 Tear Strength (Lbs /In ) _
__

25 38.1o Min .

7-14 Day SIC increase (*.) Max 1.5 .54 Cable-

Stabihty Factor Max 0.5 .03 Complies fully with ICEE 383 Class IE as applicable

Alternate Stability Factor Max 0.5 .01
I

_ _ _ _ . _

__

IT IS HEREBY CERTIFIED THAT Tile FOREGOING IS TRUE TEST DATA AND THAT Tile ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF
PROCUREMENT DOCUMENTS.

WITNESS &id (O__ AUTHORIZED SIGNATURE. k* OATE
/ FORM e7



T I-I E FROCK BESTOS COM F% NY

NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772 2250 TELEX 710 465-2149

CERTIFIED TEST REPORT
RSS-3-021
IEEE-323-1974

TP4805
CUSTOMER. _ _ _ . _ _ _ . _ _ . _ _ _._ _ . PURCH ASE ORDER _ .. _ ... ._ . _ N / A . . _ _ _ SPECIFICATION .1EEE-383-1974_

SHOP ORDER'lTEM NO _ 92401-09 _ _. __ PRODUCT CODE 1KM-0001 CONSTRUCTION l/C_.2h_XLPE/fWL III

Cable "E" Samples TP 4805-E1,E2,E3,E4

Insulated Wire Physical Properties Outer Jacket
__ _

REQUIRED ACTUAL REQUIRED ACTUAL

Tensile Strength Unaged (PSI) Min 1800 2376 Tensile Strength Unaged (PSI) Min N/A N/_A__
Elongation Unaged (?o) Min 250 357 Elongation Unaged ("o) Min

Set (to) Max .

Air Oven. Tensile *. cf Unaged Min
___ _ _

o of Unaged Min 90 94 Hrs. # *C Elongation *d of Unaged MinAir Oven. Tensile a

168 Hrs. @ 158 *C Elongation 46 of Unaged Min 90 92 0:1 Immer. Tens.le ? of Unaged M:n

Heat Distortion (ab) Max 30 8.0 Hrs @ *C Elongation ?o of Unaged Min.
___

EM-60 Dielectnc Constant Max. 3.5 2.3 Tensile Stress 200?. Elongation
_

1-14 Day SIC increase (*o) Max 2.5 1.0 Tear Strength (Lbs /In ) ,_ Min.
_

(a ) Max 1.5 .6 Cable:7-14 Day SIC increase o

Stability Factor Max 0.5 .04 Complies fully with IEEE 383 Class IE as applicable

Alternate Stability Factor Max 0.5 .04

_

IT IS HEREBY CERTIFIED TilAT Tile FORECOING IS TRUE TEST DATA AND TilAT Tile ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF
PROCUREMENT DOCUMENTS.

but r_ - cc.a__ AUTHORIZED SIGNATURE. DATE /# #WITNESS __
'/ FORM er(



__ _ _ _ _-___ __

T I-I E 1RdCKBESTOS COMPANY
NEW HAVEN CONNECTICUT 06504 TELEPHONE (203) 772-2250 TELEX 710 465-2149

CERTIFIED TEST REPORT
RSS-3-021
IEEE-323-1974

CUSTOMER: TP 4805 PURCHASE ORDER: N/A SPECIFICATION. __lEEE-383-1914

SHOP ORDER / ITEM NO: 92401-09 IKM-0001 CONSTRUCTION 1/C #6 XLPE/FWL IIIPRODUCT CODE:

Cable "E" Samples IP 4805-El,E2,E3,E4

INSULATION CONDUCTOR max. INSULATION JACKET
REEL NUMBER LENGTH DIELECTRIC RESISTANCE RESISTANCE O D.

(AC) MIN. MEGS/M* MAX. Ohms-M' MIN WALL. MIN AVG WALL MIN WALL MIN AVG WALL

kREQU;REMENTS FT. S.5 '' 5 m n 3634 N/A .279 W .041 IN .045 IN N/A IN N/A N

69656 3.040 FT PASSED 110,352 N/A .278 .043 .049 N/A N/A

I

IT IS HEREBY CERTIFIED THAT THE FOREGOIN",IS TRUE AN7 TYPfCAL TEST DATA AND THAT THE ABOVE CABLE MEETS APPLICABLE REQUIREMENTS OF PROCUREMENT DOCUMENTS

WITNESS 6w a__ [ LdQ.__.._ AUTHORIZED SIGNATURE.
"

* N $2DATE
FORM 1059
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DR-5805
,

1

|

DATA SECTION 2
___

12.1 PRELIMINARY SAMPLE EVALUATION

All samples were examined visually wi th no apparent anomalies.

After completion of the visual examination. the samples were
subiected to an electrical evaluation which included:

A. Measurement of conductor continuitv.

B. Measurement of Insulation Resistance. This test was
conducted per ICEA S-66-524. For sinale conductor
samples, the procedure 'i s as follows:

1. Place specimens in room temperature water with 10 feet
of wire submerged.

2. Allow to soak for a minimum of I hour.

3. Measure Insulation Resistance at 500 Vdc neaative,
the conductor energized. and the water at ground
potential.

4 Measurements were recorded after the sample was energized
for one minute.

For thermocouple and Instrumentation cable the procedure was as
follows:

1. Measure Insulation Resistance at 500 Vdc negative on a
full lenath.

2. Each insulated conductor was measured individually.

3. The other insulated conductor and shield drain wire-

at ground potential.

4. Measurements recorded after insulated conductor was
energized for one minute.

For multi-conductor jacketed cable the procedure was as I
follows:

1. Measure Insulation Resistance at 500 Vdc negative on a
full length. )

-36-
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DR-5805

2. Each insulated conducttr was measured i ndividuallv.

3. All other insulated conducters were at ground potential
during measurement.

4. Measurements after each insulated conductor was;

energized for one minute,4

i

12.2 Criteria

As a minimum, the measurements when converted. shall e::ceed the
Insulation Resistance Constant required in ICEA S-66-524 for cross-linted
polyethylene. Per paragraph 3.6.2.2 (Second Edition 1983), the

'

requirement is 10,000 minimum at a temperature of 15.6 decrees C (60
degrees F). The Constant (K) is calculated as follows:

IR @ 15.6 Dearees C
K = --------------------

Log (D/d)

i Log (Base 10)

where K Insulation Resistance Constant=

IR Measured Resistance converted to=

a 1.000 ft. basis

D = Diameter over single conductor insulation

d = Diameter over metal conductor

i

i
i

!

!

:
1

I
I

. l

I

l -37-
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c OR-5805
,

. :

Sample # Sample Length Sample # Sample Length |
________ _________.____ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

TP-4805-Al 15 Ft. C2 15 Ft.
A2 15 Ft. D1 15 Ft.,

I A3 15 Ft. D2 15 Ft.
A4 15 Ft. D3 15 Ft.
A5 15 Ft. D4 15 Ft.
A6 15 Ft. D5 15 Ft.
B1 15 Ft. D6 15 Ft.

. B2 15 Ft. El 15 Ft.
! B3 15 Ft. E2 15 Ft.
; B4 15 Ft. E3 15 Ft.

C1 15 Ft. E4 15 Ft.

12. 3 RESULTS

; Cond.
Insul. G' 60 Deq . F Constan t Resist;

! Conti- Resis. Megohms - (K) IP 15.6 6' R . T . Sample
Sample # nuity Measured 1,000' Deg C chms/1000' Status,

________ ___ __. ________________ __________ __________ _ ________ _______

TP-4805-Al 6 Pass '

Red Pass 4. 5 :: 10 Mohms 186,000 689,000 2.59
6

Green Pass 4.5 x 10 Mohms 186,000 689,000 2.58
6

Orance Pass 3.O x 10 Mohms 124.000 459,000 2.58
6

B1ue Pass 3.1 :: 10 Mohms 128.000 474.000 2.58
6

White /B1k Pass 3. 5 :: 10 Mohms 145,000 537,000 2.59
6,

i White Pass 3.0 x 10 Mohms 124,000 459,000 2.59
6

B1ack Pass 5 . O >> 10 Mohms 207,000 767.000 2.57

i

n

-38-
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QR-5805

Cond.
Insul. IP 60 Dec. F Constant Resist

Conti- Resis Meachms - (K) IP 15.6 IP R.T. Sample
Sample # nuity Measured 1,000* Deo C ohms /1000" Status
-------- -_---- -----_------- ------------ ---------- --------- ------

TP-4805-A2 6 Pass#

Red Pass 1.7 x 10 Mohms 70,500 261.000 2.56
6

Green Pass 1.7 x 10 Mohms 70,500 261,000 2.55
6

Oranoe Pass 3. 5 't 10 Mohms 145,000 537,000 2.55
I 6
; Blue Pass 4.5 x 10 Mohms 186,000 689,000 2.55

b b
White /B1k Pass 3. 2 " 10 Mohms 132,000 488,000 2.56

6'

White Pass 1.7 x 10 Mohms 70,500 261,000 2.55
6

j B1ack Pass 4 . O '< 10 Mohms 166,000 615.000 2.54
6

TP-4805-A3 Pass 8.O x 10 Mohms 331.000 1,226.000 Pass
6

; TP-4805-A4 Pass 5.O x 10 Mohms 207,000 767,000 Pass
I 6

TP-4805-A5 Pass 2.4 x 10 Mohms 99,400 368,000 2.60 Pass
6

TP-4805-A6 Pass 3.0 x 10 Mohms 124,000 459,000 2.60 Pass
6

TP-4805-B1 Pass 6.O x 10 Mohms 248,000 1,046.000 Pass
" 6
i TP-4805-B2 Pass 8.0 x 10 Mohms 331,000 1,396,000 Pass

6
! TP-4805-B3 Pass 1.0 x 10 Mohms 41,400 174,683 2.57 Pass
'

6
i TP-4805-B4 Pass 2. 0 :* 10 Mohms 82,800 349,000 2.62 Pass
'

TP-4805-C1 6 '

Chromel Pass 5.O x 10 Mohms * 207,000 560,000 404.2 Pass
! 6

Alumel Pass 5.0 x 10 Mohms 207,000 560,000 163.5
TP-4805-C2 6

! Chromel Pass 5.O x 10 Mohms 207,000 560,0000 408.2 Pass
6

Alumel Pass 5.O x 10 Mohms 207,000 560,000 164.8
TP-4805-D1 6

1-One Pass 3.2 x 10 Mohms 132,000 463,000 4.22 Pass
j 6
' 2-Two Pass 2.9 x 10 Mohms 120,000 421,000 4.23

i
i

4

9

-39-
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t
1

OR-5805

Cond.
Insul. @60 Deq. F Constant Resi st

I Conti Resis. Meachms - (K) @ 15.6 IP R.T. Sample
Sample # nuity Measured 1,000' Deo C chms/1000' Status
-------- ----- ------------- ---------- ---- -- -- --------- ------

TP-4805-D2 6
1-One Pass 3.O x 10 Mohms 124,000 435.000 4.20 Pass

6
2-Two Pass 3.1 x 10 Mohms 128.000 449,000 4.21

6
TP-4805-D3 Pass 5.0 x 10 Mohms 207,000 726,000 - Pass

6
TP-4805-D4 Pass 6.O x 10 Mohms 248.000 870,000 - Pass

6
TP-4805-D5 Pass 3.0 x 10 Mohms 124,100 435,000 4.29 Pass

6
TP-4805-D6 Pass 1. 5 't 10 Mohms 62,100 218,000 4.26 Pass

6
TP-4805-El Pass 1.2 x to Mohms 49,700 280,000 - Pass

6
TP-4805-E2 Pass 1.5 x 10 Mohms 62,100 349.000 - Pass

6
TP-4805-E3 Pass 3.5 x 10 Mohms 145,000 816,000 .410 Pass

6
TP-4805-E4 Pass 2.8 x 10 Mohms 116.000 653.000 .406 Pass

NOTE: Insulation Resistance corrected from 75 degrees F to
60 degrees F (15.6 degrees C)

.

-40-
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12.3 SAMPLE CONDITIONING

#

4

i

i

i

i
!

:
I

|

I
;

I

-41-
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OR-5805

1,

!
,

Data Section 3
,

________________

t

! |
t

'

! Arrhenius Data
j _ _ _ _ _ _ _ _ _ . _ _ _ _

! (Thermal Acina Characteristic)
,I - _ . _ _ _ - . . . - _ _ _ _ _ . _ _ _ _ - . _ - - - _

i

j Calcultion of Arrhenius repression line based on 60% retention of

| elonaation after air oven aging.

The equation has the form. Ref. IEEE-101A-1974.

; Life (hours) =.A exp B/T
or.,

I in (hours) = In A + B/T
i
1 A. For FW III Irradiation Cross-Linked Insulation. KXL-760G

there are three data points:
Recip Abs Temp

Hours Temperature Deq. C In Hours (1/Deq KP 1000)
_ . _ _ . _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . ______ _ . _ _ . _ _ _ . _ _ _ . _ _ _ . _ _ _ _

,

j 625 150 6.4377 2.3641
4 3300 136 8.1016 2.4450

9650 121 9.1747 2.5381

,

Linear repression analysis results:
!

; Slope (B) = 15624.9
i Intercept (In A) = -30.3618s

| Correlation Coefficient = .9861
) i
, .

; Calculated regression point temp. for 40 years = 89.3 Dec. C
4 Calculated regression point temp. for 100 hours = 173.8 Deg. C

i

Activation Energy = 1.3464 eV

i
1 900 hours aging @ 150 Deq. C represents 403.490 hours, or 46 years i
! at a 90 Degree C service temperaturo. !

!

i
1

|

<

!

-42-
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TEST PLAN 4805

FIREWALL III IRRAD2ATION CROSS-LINKED 9/84
KXL 760-C-16
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ISOMEDIX

May 29, 1935

The Rockbestos Company
P.O. Box 1102
New Haven, Conn. 06504

Attn: Mr Jim Morganelli

Dear Mr. Morganelli:

This will summarize parameters pertinent to the irradiation
of one mandrel with wire samples per your Purchase Order
No. 00520-W dated 3/20/85.

The exposure of the mandrel was performed in four phases.
An exposure phase consists of a period of time in which one
of the four mandrel quadrants was closest to the gamma source.
After the completion of each phase, the mandrel was rotated f
clockwise 90 degrees to the next quadrant. Table I sheas
the dose rates in each of the four quadrants. Table I.
shows the accumulated dose, by quadrant, during each
exposure phase.

TABLE I

Quadrant No. Dose Rate (Mr/hr)

1 .53
2 .39
3 .32
4 .35

Average dose rate .40 Mr/hr

TABLE II

Phase No. Exposure (hrs) Quad #1 Quad #2 Quad #3 Quad 64
1 125.7 66.62 49.02 40.22 44.00
2 125.7 44.00 66.62 49.02 40.22
3 125.7 40.22 44.00 66.62 49.02
4 126.4 49.30 40.45 44.24 66.99

TOTAL 503.5 200.14 200.09 200.10 200.23

.

ISOMEDIX CNEW JEASEY3,INC.

9 APOLLO DRIVE. WHIPPANY. NEW JERSEY 07981 * (201) M7 2754
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Dosimetry was performed using Harwell Red 4034 Perspex
dosimeters (Batch Y) utilizing a Bauch and Lomb Model 1001
spectrophotometer as the readout instrument. The dosimetry
system was calibrated traceable to a recognized standards
laboratory. The calibration date for the Batch Y dosimeters
was 7/10/84. The spectrophotometer was calibrated by
Bauch and Lomb personnel using standards traceable to
NBS. The calibration date of the B & L 1001 was 1/30/85.
Irradiation was initiated on 3/22/85 and completed on
4/22/85.

, Sincerely,

U' 1bgI(kl\ *~
,

l

.

'/
-

#onathon C. You
J lant Manager ~

y,

.-

\

l
.

ISOMEDIX (NEW JERSEY 3, INC.
9 APOLLO ORivE. WPPANY, NEW JERSEY 07M1 * (201) M7 7754
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OR-5805

SECTION 4 - LOCA CHAMBER DESCRIPTION

i
f

i

,

1
5

t

>

[
.

P

I
e

i

n
'

4

h
p

k

L

k
i i

.

P

i

e

i

h

5
I i

I:
F

|
>

1

I

)'
,

'

k

|

t

I

!
I

p

i

|

-49- i

1

k

I

I

-___ _ _- - _ - _ _ _ ____ _. _ _ . _ _ _ _ _ _ _ _ _ . - _ _ - - _ - _ _ _ _



,
.. - _ -- - . .- - . - . . . . _ _ . . - . . ~ _ = - - _ . _ _ - . _ _ - - . . - - __.

-

i

f
,

| OR-5805
i
:
)
i

|

| DATA SECTION 4
,

!

i

LOCA CHAMBER CONFIGURATION
q __________________________

i

The autoclave chamber is a horizonta) jacketed pressure chamber 7.6
! inches in diameter by 54 inches long at the crown.
!

j The test sample area is controlled bv a Robertshaw Controller with
j the sensing element located midway along the top of the vessel and
~ penetretes approximatelv 12 inches. The steam i nl et is at the far end of

the top of the vessel and is not in direct line with the controller
sensing element. The sprav nor:les are arranged'in two lines parallel to

! the lengths of the vessel and are directed downward.

| The samples are mounted on a metal mandrel consisting of two circular
j rinas, supported by eight equally enaces 2" stainless pipe. resulting in*

! an approximate circumscribed diame,er at - > inches. Samples are supported
I along the surface of the pipes and metal hooks covered with teflon tape to '

j prevent mechanical damage.

) Thermnrouplec are positioned in the vessel to monitor temperature
i transients and steadv state temperature.
1

A pressure transducer is mounted in a vessel penetration to monitor
pressure.

A Doppler effect ultrasonic flowmeter is attached to the input side
'

of the sprav system to monitor spray flow rate.

1

1

:
'

I

;
1

|
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. TP4805

THERMOCOUPLE LOCATION IN AUTOCLAVE
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cf AUTOCLAVE
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id !;

_ J
f

TH #1 - Connected to Channel I of Data Logger (Located in Spray Solution)
TH #2 - " "

(Located Near Robertshaw Recorder Sense Bulb)2 "

TH #3 - 3 (Located in Middle Back of Mandrel - Autoclave)
" " "

TH #4 - 4" "
(Located in Middle Front of Mandrel - Autoclave)"

TH #5 5 (Located at Top Autoclave Out of Spray)" " "

TH #1111 - Connected to Strip Chart Recorder (Located in Middle Mandrel - Autoclave)
'

R. A. Gehm
5/23/85

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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SECTION 5 - POST CONDITIONING EVALUATION ,
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DR-5 SOS

DATA SECTION $
______________

POST CONDITIONING EVALUATION

Upon completion of the irradiation conditioning portion of the test
.

program, a visual and electrical evaluation was made to determine sample
4 integrity prior to the LOCA environmental e:: posur e .

VISUAL EVALUATION
After irradiation and prior to LOCA each sampl e was visuallv n:: ami ned

for mechanical damage. The resul ts are as follows:

Samp1e # Condition
__ ______ ___________

TP-4805-Al - Slight indentations in jacket indentations
were caused by mandrel hooks.

TP-4805-A2 - Sames as TP-4805-Al

TP-4805-Cl - No visual imperfections

TP-4805-C2 - Verv slight indentations i n jacket - again,

indentations were caused t,y mandrel hooks.

TP-4805-D1 - Jacket OK - slight impression in #1 leg caused
by drain wire or alum. tape.

i

; TP-4805-D2 - Samos as TP-4805-D1

TP-4805-A3 - Slight craters in insulation,

TP-4805-A4 - Craters and rust contaminants throughout entire
length of sample,

,

4

TP-4805-A5 - Some surface contaminants - also slight die draq.

TP-4805-A6 - Scotch tape wrapped around conductor - some surface
contaminants.

-55-
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OR-5805

Sample # Condition
_ _ _ _ _ _ . . _ ____._____

j

,

TP-4805-B1 - No visual imperfections.

TP-4805-B2 - No visual imperfections.

TP-4805-B3 - Some slight deformation from contact of one
leg to another. i

!

TP-4805-B4 - No visual imperfections.

TP-4805-D3 - No vi sual imperfections. I

TP-4805-D4 - Some slight deformation from contact of one
leg to another.a

TP-4805-D5 - Same as TP-4805-D4

TP-4805-D6 - Same as TP-4805-D4

TP-4805-El - Some slight craters on surface.

TP-4805-E2 - Some slicht craters on surface.

TP-4805-E3 - No visual imperfections.

TP-4805-E4 - No visual imperfections.

4

!

!

-56-
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DR-5805

ELECTRICAL EVALUATION

This evaluation consisted of the followina:

A. Measurement of Insulation Resi stance conducted per ICEA S-66-524.
For single conductor samples, the procedure was as follows:

1. Place specimens in room temperature tap water with
10 feet of wire submerced.

2. Allow to soak a minimum of 1 hour.

3. Measure Insulation Resistance at 500 Vdc neoative.
The conductor was enercized and the water at around
potential.

4. Measurements were recorded after the sample had been
energized for one minute.

For thermocouple and Instrumentation cable this orocedure was
as follows:

1. Measure Insulation Resistance at 500 Vdc negative on a nominal
15 foot length.

2. Each insulated conductor was measured individually.
1

3. The other insulated conductor and shield drain wire were
at ground potential.

4. Measurements were recorded after insulated conductor has
been energized for one minute.

,

3

f

~57-
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QR-5805

For multi-conductor jacket cable the procedure was as follows:

1. Measure Insulation Resistance at 500 Vdc negative on a
nominal 15 foot length.

2. Each insulated conductor was measured individuallv.

3. All other insulated conductors were at ground potential
during measurement.

4. Measurements were recorded after each insulated conductor
had been energized for one minute.

B. Dielectric Proof Test - Immediately following the Insulation
Resistance measurement, all samples were subjected to 80 v/ mil
RMS stress for 1 minute utilizing the same electrical connection
configuration as IR. Nominal thickness was utilized to calculate
applied voltage.

C. Conductor Resistance Measurement - Using a " Kelvin" bridge,
connect leads to opposite ends of the sample metal conductor.
Insure good electrical contact between metal conductor and test
leads. Adjust the bridge for balance and record measured resis-
tance. Record temperature at time of measurement.

D. For sample Nos. TP-4805-A1, A2, it was determined that conductor
Green, Blue and White conductor: would be energized during the
environmental exposure, with the remaining conductors at ground
potential. Therefore, the Green, Blue and White conductors were
tested in this evaluation.

(

-58-
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OR-5805

|

|

Insultn. 80v/ mil Withstand Conductor Resis.
Resis.

Sample Meachms Volts 1 Min. (t? RT) Chms/1000'
1000 Ft. K

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

TP-4805-Al
Green 2500 25,600 2400 Pass 2.57
Blue 2100 21,400 2400 Pass 2.55
White 2000 20,400 2400 Pass 2.56

TP-4805-A2
Green 3500 35.800 2400 Pass 2.52
Blue 2600 26.600 2400 Pass 2.50
White 3500 35,800 2400 Pass 2.53

TP-4BOS-A3 5000 51,100 2500 Pass 2.53
A4 3000 30,700 2500 Pass 2.54
A5 2800 28,622 2500 Pass 2.59
A6 1900 19,422 2500 Pass 2.56

TP-4805-B1 3000 34,935 2000 Pass 2.52
B2 1900 22,100 2000 Pass 2.58
B3 1700 19,800 2000 Pass 2.55
B4 2200 25,620 2000 Pass 2.60

TP-4805-C1
(Alumel)

.

Red 3000 22,400 1600 Pass 171.3
(Chromel)

Yellow 2800 20,900 1600 Pass 404.4
Red & Yellow 1600 -- -- -- --

TP-4805-C2
Red 3000 22,400 1600 Pass 165.1

Yellow 2200 16.415 1600 Pass 407.3
Red & Yellow 1500 -- -- -- --

TP-4805-D1
#1 1700 16,463 1600 Pass 4.23
#2 2100 20.300 1600 Pass 4.24

#1 & #2 1300 -- -- -- --

TP-4805-D2
#1 1100 10,600 1600 Pass 4.18
#2 1200 11,621 1600 Pass 4.20

#1 & #2 590 -- -- -- --

-59-
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OR-5805
4

!
' Insultn. 80v/ mil Withstand Conductor Rests.
I Resis.

Sample Meachms Volts 1 Min. (@ RT) Ohms /lOOO'
,

1000 Ft. K
__________ _______________ _________________ _________________

| TP-4805-D3 5000 48,400 1600 Pass 4.23
D4 2200 21,305 - 146 0 0 Pass 4.21
D5 2800 27,100 1600 Pass 4.29
D6 2400 23.242 1600 Pass 4.26

!

TP-4805-El 1900 29,500 3600 Pass .403
E2 1200 18,600 3600 Pass .402 |

'

E3 1200 18,600 3600 Pass 414
E4 1300 20,191 3600 Pass .411

Note: Electrical measurements for sinole conductor and
multi-conductor at 24 degrees C ambient.

,

| Calculation of K was based upon the correcti on factors of uncondi-
I tiened insulation for comparison with the unconditioned results. For

measurements made at 24 degrees C. K was calculated on the basis of 2.76
correction factor for Insulation Resistance corrected from 24 decrees to
15.6 degrees C.

' Sample TP-4805-Al or A2 - A2 was chosen on a random basis. There was i

virtually no discernable difference in the visual e:: ami n at i on . Althouah
minor differences are apparent in the electrical evaluation, they are

i nealigible from a practical standpoint.

Samole TP-4805-A3 or A4 - A3 was chosen on a random basis. (See A1)

Sample TP-4805-A5 or A6 - A6 was chosen on a random basis. (See A1)
:

Sample TP-4805-B1 oR B2 - B1 was chosen on a random basi s. (See A1)

Sample TP-4804-B3 or B4 - B4 was chosen on a random basis. (See A1)

Sample TP-4804-C1 or C2 - C1 was chosen on a random basis. (See A1)

Sample TP-4804-D1 or D2 - D1 was chosen on a random basis. (See A1),

Sample TP-4804-D3 or D4 - D3 was chosen on a random basis. (See A1)

Sample TP-4804-D5 or D6 - D6 was chosen on a random basi s. (See A1)

Sample TP-4804-Ei or E2 - E1 was chosen on a random basis. (See Ali

f Sample TP-4804-E3 or E4 - E4 was chosen on a random basis. (See A1)
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LOCA PROFILEv .

Per Fig. AI - IEEE 323-1974 (Sai.urated Stean Conditions)

340*F/104 psig within 3-5 minutes *
*F Attained (34_1.5 F max./114.4 Psig maxy**0
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.
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.
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(??5*F/ 3 951 ) **9
200 (,

.
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1

OR-5805

DATA SECTION 6
___

Measurements @ Ti me Indicated

Channel 1 2 3 4 5 6 25 26 27
Time Deg F Deq F Deg F Deo F Deq F Deo F GPM pH psia
_______ _.____ _____ _ _ _ _ _ _ _ _ _ _ _ _ . ___ _ _____ ___ ____ _____

Initial 85.5 114.3 90.8 94.1 127.3 107.3 0.0 10.7 0.0
1 hour 141.7 333.7 334.2 333.3 333.7 333.5 2.5 10.6 107.8
2 318.5 336.5 336.2 336.7 335.6 335.8 1.3 10.3 109.5"

3 296.1 338.2 338.6 337.3 338.6 338.4 2.0 10.1 111.8
"

4 151.8 238.6 216.9 218.8 247,.O 230.8 1.6 10.1 8.0
"

5 121.4 119.7 89.1 115.6 122.0 111.1 0.1 10.0 1.0
"

6 321.0 335.5 335.8 336.3 335.5 336.0 1.4 9.7 113.1
"

7 326.6 340.8 341.2 340.7 340.7 340.3 2.3 9.6 117.2
"

9 328.5 341.7 342.1 341.4 341.7 341.8 2.1 9.4 117.2
"

: 9 308.7 321.7 322.1 321.3 321.5 321.5 2.0 9.3 82.9
"

10 295.5 320.9 321.2 320.2 321.0 321.0 1.8 9.3 81.1
"-

'

11 296.3 321.4 321.4 320.9 321.6 321.4 1.3 9.2 81.4
"

I 12 285.3 300.7 300.5 300.1 300.2 300.2 2.2 9.2 55.2
"

13 282.3 300.5 300.3 299.8 300.1 300.4 1.8 9.1 54.8
"

,

'

14 285.5 300.7 301.2 300.4 300.9 300.7 2.0 9.1 55.1
"

15 283.O 300.3 300.5 300.5 300.4 300.5 1.8 o.1 55.O
"

1 16 244.2 250.4 250.6 250.2 250.5 250.4 1.3 9.1 16.6
"

17 243.7 250.2 250.1 249.8 249.9 250.2 1.1 9.1 16.4
"

18 245.6 251.6 251.7 251.3 251.4 251.6 1.2 9.0 17.3
"

, 19 245.2 251.5 251.9 251.4 251.4 251.6 1.2 9.0 17.3
"

'
20 244.4 251.1 251.6 251.1 251.1 251.1 1.2 9.0 17.0

"

21 244.9 251.8 252.2 251.8 252.0 251.8 1.1 9.0 17.6
"

22 244.2 251.8 251.8 251.6 251.6 251.7 1.3 9.0 17.1
"

23 244.4 250.9 251.4 251.0 251.1 251.0 1.2 9.0 16.9
"

<

24 245.4 251.8 252.0 251.6 251.8 251.8 1.1 8.9 17.3
"

25 Spray 80.2 105.0 77.6 85.3 86.4 Spray Spray 0.9
"

26 off 110.7 87.0 94.9 121.7 103.3 off off 0.7
"

I 27 251.4 252.3 252.1 252.2 251.3 17.2
"

28 262.3 254.2 260.7 259.4 259.5 19.4
"

29 259.9 255.1 256.4 256.7 257.0 16.5
"

30 260.7 253.2 258.8 258.0 257.5 17.2
"

31 260.6 256.0 258.3 256.9 257.9 16.2
"

35 259.8 255.O 257.9 260.4 259.2 16.4
"

39 259.9 255.0 256.6 258.9 257.5 16.1
"

43 258.6 254.1 256.4 257.1 255.9 15.7
"

47 258.5 254.0 256.7 257.0 256.6 16.1
"

,

51 260.4 249.0 256.7 258.5 255.8 16.7"

3

f
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OR "805

Channel 1 2 3 4 5 6 25 26 27
Time Dea F Deq F Dea F Dea F Dea F Dea F GPM pH psig

___ _ _ _ _ . . _ ___ _ _____ _ _ _ _ _ ______ _ . _ _ . _ __ _
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OR-5805

Channel 1 2 3 4 5 6 25 26 27
Time Dea F Deq F Dea F Dea F Deq F Dea F GPM pH psia

. _ _ _ _____ _____ _ _ . _ _ _ . _ _ _ _ _ . _ _ _ _ ___ ____ _ _ . _ _
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OR-5805

Channel 1 2 3 4 5 6 25 26 27
Time Deg F Deq F Dea F Den F Dea F Deo F GPt1 pH psio

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

82 218.9 227.7 229.3 228.2 226.1 2.6"

83 218.9 227.5 229.0 227.2 225.6 2.8"

84 218.9 227.6 229.3 228.1 226.O 2.8"

85 219.4 228.0 229.9 228.0 226.3 3.0"

I 86 223.6 224.6 224.0 223.8 223.9 4.2"

87 220.0 229.1 231.3 228.4 227.2 2.8"

i 88 219.3 227.1 230.1 229.O 226.4 2.8"

89 220.4 228.9 231.2 229.9 227.6 3.6"

90 221.0 229.7 231.8 231.5 228.5 3.4"

91 221.3 229.7 231.9 230.7 228.4 3.5"

92 220.9 229.4 232.1 230.7 228.5 3.5"

93 221.6 221.8 232.8 230.6 226.7 3.5"

94 221.4 230.7 232.8 230.5 228.8 3.4"

95 236.2 222.9 232.4 231.0 230.7 3.4"

96 235.2 221.6 231.8 ^30.1 229.7 3.4"

97 233.9 219.8 230.8 228.9 228.3 2.9"

98 219.6 228.4 230.2 229.8 227.0 2.9"

99 234.8 228.0 230.0 229.0 230.4 2.9"

100" 236.7 229.6 231.6 230.1 232.1 3.O
101" 235.8 230.4 232.3 229.7 232.0 0.1
102" 236.3 230.4 232.6 229.9 232.3 3.2
103" 236.O 230.2 232.1 230.3 232.1 3.2

'

104" 234.5 229.2 231.5 229.0 230.9 3.2
105" 233.6 228.4 230.5 228.6 230.4 3.O
106" 232.4 228.0 230.1 227.6 229.4 2.8
107" -POWER OUTAGE ON 9/7/85-
108" 220.7 220.9 220.9 220.7 220.5 2.9
109" 233.2 228.6 230.5 228.3 230.2 3.O
110" 230.7 226.8 228.9 226.1 228.1 2.4
111" SHUTDOWN

,

1
'

|

.

p
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OR-5805

ANALYSIS OF DATA SECTION 6
___

,

Channel 1 - Chemical Spray Temperature
Channel 25 - Chemical Spray Flow Rate
Channel 26 - Chemical Spray pH.

,

Chemical Spray Temperature and Flow Rate were measured on the input side
of the spray system to the test vessel. The sprav system, while
externally located from the test vessel. is at vessel pressure durina
operation as it is a recirculatina system with input and return lines.

Spray was initiated approximatelv 5 minutes after the start of the
environmental profile, after the first transient peak temperature was
stabilized,

i

Durina stable environmental conditions, spray temperature and flow rate |

were also reasonably stable, with the flow being slightly more variable.

Durina temperature transitions, both temperature and flow rate varied
! slightly. Temperature primarily decreased; flow rate fluctuated in both

directions.

Each of these periods coincided with changes in vessel environment
temperature, and pressure. It is postulated that the variations were
caused by interaction of:

1. Vapor formation in the spray system.
2. Vapor condensation.
3. Reaction time of sprav system to pressure changes.
4. Variation of back pressure in spray system.
5. Other similar phenomenon.

Excluding the initial and 5 hour measurement, the averaae instantaneous
value of Flow is 1.6 GPM or 2,000+ aallon for the 24' hour period of the
sprav.

.
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OR-5905

,

SECTION 7 - DATA LOGGER
1 CABLE ELECTRICAL LOAD DATA (CONDENSED)
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SCilEMATIC FOR CAHLE
ELECTRICAL CONNECTIONS

Sanple p----------- -

-----|
i X > 16 AmpsT P-4805-A2 1 6I - - - - - - - - - = X - =; 4 > 600 Vac

- - ' T
2, e= - - _ _ - - -_ _ . _ _ _ - = , X 7 M 3 .i

1 |.. < i i

}; _ _ _ . . _ _ _ . . . __ <,
i 6 M 4

5l 5* - --- --- - - "
i

v7- ,,

I
,

-

_

i
1

'
-

A6 ------ ~ ~* -X -- > 20 Amps '
i

l
A3 : l- x > 600 Vaci

.

O

?

|
1

81 -

i a - - 20 Amps
i

B4
- ' " - ' 600 Vac

I I
|

-

,

El 1 - - - - * 61 Amps- -i
I 'E4 - - - - - - - - - - - X > 600 Vac
I

I>

I I

,
- ---: X > 10 Ampsy

01 1 - 300 Vac
I .

I ' I
i _ l

C1 1 I
"

i
--

-

,

l i
'

I
> 14 AmpsD3 |

- - a- - - -

i

D6 i M > 300 Vac,

l _ _ _. . 1

X - Breakpoints for Insulation Resistance Measurements
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OR-3805
1

SECTION 7

DATA LOGGER CABLE ELECTRICAL LOAD DATA
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OR-5805

Data Section 7
---------------

Voltaae and Current Loading
During LOCA Profile

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

Sample Voltage Current (Amps) *

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

TP 4805 A2 600 (3 Cndr.) 16 (2 Cndr.)
A3 600 20
A6 600 20

TP 4805 B1 600 20
B4 600 20

TP 4805 C1 300 0

TP 4805 D1 300 10
D3 300 14
D6 300 14

TP 4805 El 600 61
E4 600 61

* NEC ampacities based upon 30 degrees C ambient. NEC allowable
correction factor for higher ambients to be applied. Typical
ambient temperature for cable installed for Class 1E applica-
tions is 65 degrees C. The derating factor is .58. This is
very conservati.e compared to the ambient temperature during the
environmental profile. Current indicated is applied during
environmental profile.
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QR-5805

7 8 10 11 13 14 16 17 19 20 22 23
Time Volts Amps Volts Amps Volts Amps Volts Amps Volts Amps Volts Amps
---- ---- ---- ----- ---- ----- ---- ---- ---- ---- ---- ---- ----

Init. 602.7 19.7 606.2 19.9 301.7 13.9 601.1 61.7 16.2 300.0 9.8
1 hour 602.0 19.9 601.4 20.2 302.7 14.1 599.1 61.5 607.0 16.3 302.8 9.9
2 606.1 19.8 607.0 20.2 303.8 14.1 601.6 61.5 608.7 16.3 303.9 9.o"

3 596.0 19.7 602.7 19.9 301.9 14.0 597.6 60.9 605.8 16.1 302.0 9.8"

4 601.7 20.2 605.1 20.4 302.9 14.4 600.5 62.2 607.5 16.6 303.6 10.1"

5 604.4 21.5 610.4 21.9 304.7 15.8 602.6 63.9 608.0 17.2 304.6 11.0"

6 603.3 19.4 602.9 19.7 302.0 13.9 603.8 60.5 607.4 16.3 303.7 9.9"

7 603.0 19.7 605.6 19.8 303.3 13.9 606.5 61.1 610.0 16.2 304.0 9.9"

8 Insulation Resistance Measurements"

9 603.2 19.6 608.6 19.6 302.0 14.2 - 61.7 605.0 16.1 301.6 10.0"

10 605.5 19.8 613.8 19.8 305.2 14.3 - 62.4 611.4 16.4 305.3 10.1"

11 Insulation Resistance Measurements"

12 601.8 19.8 606.6 19.9 304.7 14.2 - 63.1 603.1 16.2 302.9 9.7"

13 613.7 20.0 614.6 20.1 308.5 14.4 - 63.3 612.3 16.4 306.7 9.8"

14 599.7 19.7 610.9 19.8 304.3 14.2 - 63.3 607.4 16.1 300.6 9.8"

15 601.1 19.4 607.9 19.5 303.2 13.9 - 62.6 604.8 16.4 304.7 9.6"

16 596.7 19.8 604.8 19.9 301.8 13.9 - 61.4 605.0 16.3 303.0 9.8"

17 599.7 19.9 609.5 20.0 303.6 14.0 - 62.2 611.4 16.3 305.0 10.0"

'

18 596.3 19.8 606.1 19.8 301.2 13.9 - 61.5 607.2 16.2 302.6 9.9"

19 602.3 19.8 607.8 19.9 301.7 13.9 - 61.9 609.4 16.3 303.8 10.0"

20 600.6 19.9 609.5 19.9 303.2 14.0 - 62.1 11.4 16.3 304.4 10.0"

21 597.2 19.7 605.0 19.8 301.0 13.9 - 61.8 603.6 16.1 302.5 10.0"

22 589.6 19.5 598.3 19.6 296.3 13.7 - 61.1 597.8 16.1 299.0 9.8"

23 Insulation Resistance Measurements"

24 600.6 19.3 612.5 19.4 303.5 13.9 - 59.1 609.7 16.0 302.2 9.8
"

25 609.2 21.9 617.0 22.1 305.6 16.3 - 65.3 614.3 17.1 304.3 11.0"

26 597.5 20.1 600.2 19.9 301.1 14.0 - - 612.6 16.1 301.7 10.1
"

27 599.6 19.6 600.8 19.8 300.0 14.0 609.3 60.6 607.8 16.3 302.0 9.9
"

28 hrs 601.1 19.5 594.1 19.6 296.5 13.8 603.3 61.1 600.6 15.7 298.4 10.0
29 604.8 19.7 599.1 19.7 299.4 14.0 609.5 60.4 609.8 15.8 300.6 10.1"

30 612.5 19.9 609.1 19.8 302.6 14.0 618.6 60.9 614.2 16.1 304.1 10.1
"

31 608.3 19.9 607.1 20.0 304.4 14.1 604.8 61.1 611.3 16.2 304.4 10.1"

35 596.8 19.7 602.1 19.8 303.5 14.0 605.9 60.8 609.4 16.1 305.7 10.0"

39 591.3 19.5 595.1 19.6 299.3 13.8 596.6 60.0 600.2 15.8 301.3 9.9"

43 593.9 19.7 598.2 19.7 301.5 14.0 602.5 60.5 604.5 16.0 304.9 10.0"

47 598.3 19.9 605.1 20.0 304.9 14.1 607.5 61.3 610.7 16.3 308.4 10.1"'

3 51 603.5 19.8 604.5 20.0 304.1 14.1 606.4 61.0 609.1 16.2 308.1 10.0"

55 597.1 19.8 603.4 19.8 305.5 14.0 608.0 61.1 612.6 16.1 309.3 10.0"

d 59 601.8 19.9 604.9 19.9 305.6 14.0 608.4 61.1 612.7 16.2 309.7 10.0"

63 " 595.1 19.8 601.1 19.9 304.7 14.0 603.9 60.9 614.8 16.1 308.0 10.0
67 598.3 19.9 604.4 19.9 305.6 14.1 605.9 61.2 615.9 16.2 309.1 10.1"

71 603.0 19.9 606.0 20.0 306.1 14.1 607.1 61.3 616.8 16.2 309.6 10.1"

75 601.1 19.8 604.8 19.9 305.9 1^.0 606.7 61.1 613.2 16.1 309.4 10.0"

79 611.0 20.0 603.9 20.0 303.6 14.1 599.2 61.2 597.9 16.2 298.6 10.1"
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|OR-5805

7 8 10 11 13 14 16 17 19 20 22 23
Time Volts Amps Volts Amps Volts Amps Volts Amps Volts Amps Volts Amos
---- ----- ---- ----- ---- ----- ---- ---- ---- ----- --- ----- ----

83 610.2 20.0 603.2 19.9 303.5 14.1 597.0 61.3 599.0 16.2 298.5 10.1"

87 614.8 20.0 604.2 20.0 303.7 14.2 598.5 61.4 599.9 16.2 298.9 10.1"

91 610.6 20.0 602.9 20.0 302.9 14.1 596.2 61.3 598.1 16.2 298.0 10.1"

95 605.7 19.8 596.6 19.8 298.9 14.0 588.4 60.6 587.5 16.0 294.2 9.9
"

99 " Insulation Resistance Measurement
5 days 607.0 19.6 601.2 19.8 300.8 13.9 602.4 60.6 607.1 16.0 303.0 9.8
6 597.7 10.6 597.7 19.7 297.5 13.8 599.8 60.0 600.9 15.9 300.3 9.6

"

7 594.6 19.7 598.9 19.7 300.5 13.8 594.5 60.6 601.4 16.0 209.2 9.8
"

8 606.0 19.8 603.9 19.9 304.2 13.8 599.7 61.0 601.8 16.1 301.5 9.9
"

9 623.1 20.3 626.2 20.4 314.9 14.2 623.3 62.7 625.9 16.5 313.7 -
"

10 614.6 20.0 616.4 20.1 311.1 14.1 615.9 61.9 618.5 16.3 309.0 -
"

11 598.6 19.7 600.0 19.8 301.5 13.8 599.7 60.5 597.8 16.0 300.1 9.9
"

12," 599.3 19.7 599.8 19.8 301.1 13.8 594.7 60.5 598.8 15.9 299.4 9.8
13 604.0 20.0 603.0 19.9 301.9 13.9 600.6 60.8 597.7 16.1 300.6 9.9

"

14 613.7 20.1 609.3 20.1 305.0 14.1 607.6 61.4 605.7 16.3 304.7 10.0
"

15 607.8 20.0 605.2 20.0 304.0 14.0 602.4 61.0 605.1 16.1 302.9 9.9
"

16 624.4 20.1 622.1 20.2 307.0 14.2 620.8 62.9 618.1 16.5 304.6 10.0
"

17 622.5 20.0 619.6 20.1 306.2 14.1 619.8 62.7 614.3 16.4 306.5 10.0
"

18 610.2 19.9 612.0 19.8 305.0 14.0 609.4 62.0 611.3 16.2 309.2 9.9
"

| 19 611.0 19.9 610.7 19.8 304.2 14.0 606.4 61.8 606.9 16.1 306.9 9.9
"

i 'O 603.2 19.6 605.5 19.6 301.1 13.9 603.1 61.2 601.9 16.0 305.2 9.9
"

! 21 610.0 19.8 605.4 19.8 301.9 14.0 603.9 61.9 606.3 16.1 305.1 10.0"

| 22 616.3 19.9 611.4 20.0 304.9 14.1 609.7 62.0 612.7 16.2 307.3 10.1"

23 631.1 20.3 630.9 20.4 314.4 14.4 625.5 63.8 629.3 16.7 318.0 10.3"
<

24 623.5 20.2 622.9 20.2 310.4 14.2 616.2 63.1 619.1 16.4 313.6 10.2"

25 599.5 19.7 601.1 19.7 303.3 13.4 595.5 61.8 599.2 16.0 298.0 9.9
"

26 595.9 19.7 599.6 19.7 302.1 14.2 598.5 61.4 602.6 16.1 296.6 9.7
"

27 600.6 19.9 603.5 19.9 304.9 14.2 605.0 62.0 608.5 16.1 299.4 9.6
"

, 28 599.3 19.8 603.8 19.8 304.4 13.7 604.4 61.8 606.1 16.1 298.5 9.9
"

I 29 599.6 19.7 602.4 19.7 303.6 13.6 603.7 61.6 606.1 16.0 298.8 9.7
"

30 607.2 19.8 608.7 19.9 307.0 13.8 609.4 62.4 616.5 16.3 302.6 9.8
"

31 610.2 19.9 612.6 19.9 308.7 13.8 611.8 62.5 619.4 16.3 304.0 9.8
"

32 609.4 19.7 614.9 19.7 302.6 13.7 607.3 61.6 610.2 16.1 304.7 9.6
"

33 610.6 18.7 604.0 18.6 302.6 13.1 603.2 59.0 603.8 14.9 304.2 9.1
"

34 608.2 19.8 607.1 19.7 300.4 13.8 610.6 61.8 608.0 16.0 302.4 9.7
"

35 613.6 19.8 613.2 19.8 304.3 14.0 613.8 62.3 619.4 16.0 306.9 9.7
"

36 608.6 19.6 610.1 19.7 302.0 14.0 613.2 62.1 617.1 16.1 305.9 9.6
"

37 626.7 19.9 626.1 20.0 308.6 14.1 627.3 62.9 630.2 16.2 312.8 9.7
"

38 625.1 19.8 625.2 19.9 309.2 13.9 625.7 62.6 631.2 16.1 311.5 9.6
"

39 614.5 19.9 614.1 19.9 303.2 13.9 604.9 62.1 612.4 16.0 306.8 9.8
"

*

40 612.7 19.9 612.3 19.9 302.6 13.8 599.6 61.7 603.8 15.9 304.5 9.7
"

41 610.5 19.8 610.6 19.8 302.2 13.8 599.6 61.7 603.5 15.8 304.1 9.6
"

42 629.6 20.3 629.9 20.3 310.9 14.1 616.7 63.5 621.1 16.3 314.2 9.8
"
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OR-5805

7 8 10 11 13 14 16 17 19 20 22 23
Time Volts Amps Volts Amps Volts Amps Volts Amps Volts Amps Volts Amps'

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

t

43 632.7 20.3 632.4 20.4 312.3 14.1 620.8 63.6 625.4 16.3 315.9 9.8"

. 44 635.8 20.4 636.0 20.4 314.0 14.1 622.6 63.8 628.3 16.4 317.2 9.7"

*

45 628.6 20.1 629.9 20.3 310.3 14.0 615.7 63.3 621.5 16.3 313.6 9.6"

46 612.4 19.7 614.7 19.9 302.9 13.7 603.1 61.8 607.2 15.9 306.7 9.6"

47 604.9 19.7 605.3 19.8 298.6 13.8 602.4 62.0 604.1 15.9 299.4 9.8"

48 590.2 19.4 591.3 19.7 299.3 13.5 587.5 60.6 589.8 15.5 292.7 9.5"

49 606.9 19.6 604.1 19.6 302.7 13.5 595.2 61.1 595.5 15.6 301.3 9.5"

50 615.2 19.9 609.4 19.9 306.3 14.1 609.7 61.3 615.6 16.2 309.8 9.9"

51 633.7 20.3 625.8 20.3 313.6 14.3 626.8 62.4 630.1 16.6 317.4 9.7"

52 629.9 20.2 622.5 20.2 312.2 14.3 621.4 62.1 628.1 16.5 315.6 9.7"

53 610.8 19.8 607.9 19.8 303.9 14.0 606.0 61.0 608.8 16.1 308.8 9.9"

- 54 608.0 19.7 607.2 19.7 303.2 13.8 603.6 61.7 607.4 16.0 307.8 10.1"

) 55 615.7 20.2 613.6 20.4 305.8 14.4 610.0 63.5 613.5 16.6 310.5 10.3"

! 56 613.4 19.7 611.7 19.8 305.3 13.8 607.6 61.9 614.3 16.1 310.6 9.9"

i 57 614.8 19.7 612.0 19.8 305.5 13.7 608.6 62.1 612.6 16.1 308.8 9.9"

58 625.7 20.0 619.8 20.2 310.5 13.9 618.8 63.2 624.0 16.4 314.5 10.1"

59 628.2 20.0 623.5 20.2 311.9 13.9 622.4 63.7 629.5 16.5 316.5 10.2"

60 " 607.7 19.6 606.6 19.7 302.9 13.9 603.4 61.3 608.2 16.0 306.7 9.9
I 61 610.4 19.6 608.1 19.8 304.2 13.7 606.8 62.2 611.4 16.1 308.8 9.7"

62 610.0 19.6 608.1 19.8 303.1 13.8 604.5 62.1 608.7 16.1 307.9 9.5"
4

63 603.6 19.9 609.0 19.9 299.1 13.7 602.0 61.2 606.1 16.0 301.1 10.2"

64 613.0 20.1 619.0 20.1 303.2 14.0 611.6 61.7 614.5 16.2 305.3 10.2"

65 628.6 20.5 635.9 20.5 311.2 14.2 627.0 63.5 632.2 16.6 313.7 10.5"

66 621.4 20.2 625.7 20.3 307.3 14.0 618.7 62.4 623.6 16.3 308.4 10.4"

67 620.3 20.3 626.3 20.3 307.0 14.2 617.4 62.9 623.0 16.4 304.3 10.1"

68 621.6 20.4 629.6 20.4 307.9 14.2 620.9 62.2 625.5 16.4 305.8 10.1"

69 616.7 20.2 622.8 20.2 304.7 14.0 614.0 62.3 619.3 16.3 302.5 10.1"

70 623.5 20.4 631.4 20.4 308.1 14.1 621.7 61.3 627.4 16.5 306.7 10.1"

71 630.1 20.5 636.7 20.6 311.4 14.3 628.5 62.7 632.5 16.6 309.9 10.3"

72 625.2 20.4 623.3 20.7 312.6 14.2 625.6 62.3 622.6 16.7 310.4 10.3"

73 621.0 20.2 619.0 20.5 310.5 14.1 620.3 61.8 618.8 16.5 308.4 10.2"

74 621.9 20.3 621.2 20.6 310.9 14.2 620.8 62.1 619.3 16.6 309.8 10.2"
>

75 621.0 20.3 621.3 20.5 310.5 14.1 620.1 62.0 617.9 16.5 308.4 10.2"

76 617.9 20.3 618.7 20.6 309.4 14.2 617.8 62.3 617.4 16.7 308.2 10.3"

77 618.4 20.3 619.7 20.5 309.7 14.1 617.5 62.2 616.8 16.6 308.8 10.2"

78 614.2 20.3 616.5 20.5 306.7 14.1 614.5 61.3 611.6 16.6 305.7 10.2"

79 628.2 20.5 627.2 20.8 312.6 14.3 626.1 63.2 624.2 16.9 311.2 10.4"

80 615.8 22.2 617.0 22.5 307.3 15.6 615.2 66.4 613.4 18.2 306.2 11.5"

81 611.2 20.4 613.0 20.6 306.3 14.2 611.1 62.0 611.6 16.9 304.4 10.4"

82 614.7 20.1 615.2 20.3 306.7 14.1 613.5 60.7 613.0 16.4 305.9 10.1"

83 600.1 19.6 603.9 19.8 301.4 13.6 601.2 60.9 601.7 15.9 301.6 9.9"

84 605.6 19.7 607.5 19.9 303.1 13.7 605.6 60.7 605.0 16.0 302.9 9.9"

85 608.6 19.8 610.7 20.0 304.7 13.8 607.4 61.1 607.9 16.1 304.5 10.0 )
"

86 615.2 20.6 616.5 20.6 305.6 14.4 612.8 64.3 615.0 17.0 310.2 10.3 )
"

87 616.3 20.3 611.2 20.2 306.7 14.0 616.6 62.1 617.0 16.2 308.0 10.2"

|
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QR-5805

7 8 10 11 13 14 16 17 19 20 22 23*

{ Time Volts Amps Vol ts Amps Vol ts Amps Vol ts Amps Vol ts Amps Vol ts Amps

!

j SS 599.9 19.8 597.4 19.7 298.7 13.6 601.4 60.6 600.9 15.9 301.1 10.0
"

1 89 596.3 19.6 592.3 19.5 297.2 13.9 597.1 61.9 597.4 15.9 299.9 9.9
"

90 596.1 19.7 592.4 19.7 297.4 14.0 597.7 62.0 597.3 15.9 300.4 9.9
"

! 91 590.9 19.5 587.6 19.5 295.3 13.9 594.7 61.2 595.8 15.8 299.7 9.8
"

'
92 596.1 19.6 592.7 19.6 297.5 13.8 596.3 61.7 596.5 15.8 299.2 9.8

"
1

93 607.8 19.9 603.3 20.0 302.5 14.2 611.1 63.5 609.0 16.3 305.3 10.1"

i 94 616.0 20.1 609.4 20.2 306.3 14.2 618.0 64.3 616.6 16.4 308.6 10.2 )
"

! 95 597.4 19.6 593.4 19.6 297.9 14.0 599.2 62.4 598.3 15.9 300.8 9.9
"

96 594.2 19.5 591.7 19.5 297.2 13.8 596.6 62.0 597.5 15.8 300.1 9.9
"

. 97 603.0 19.7 604.4 19.8 300.8 13.9 602.1 61.2 601.3 15.9 303.1 9.9
"

I 98 607.8 20.0 614.3 20.0 304.7 13.8 608.1 61.0 610.3 15.8 306.1 10.0
"

99 619.1 20.3 624.5 20.3 309.1 14.0 617.9 62.5 617.9 16.1 308.9 10.1
"

100" 629.1 20.8. - 20.8 316.4 14.3 635.9 64.5 634.8 16.6 316.9 10.4
101" 625.0 20.6 - 20.7 314.0 14.2 631.1 63.8 629.0 16.5 314.7 10.3
102" 629.9 20.7 - 20.7 314.1 14.0 630.3 63.3 629.2 16.5 314.0 10.3

j 103" 613.4 20.4 - 20.4 307.9 13.7 616.9 61.9 616.5 16.2 307.2 10.1
! 104" 610.4 20.0 610.1 20.1 304.0 13.4 608.5 61.3 608.7 16.0 304.4 10.0

105" 615.9 20.2 618.1 20.2 307.8 13.5 613.9 61.1 614.8 16.1 308.3 10.1
! 106" 615.1 19.8 615.3 19.9 306.6 13.5 611.4 62.5 613.5 16.1 301.4 10.2
] 107" Power Outage on 9/7/85

. 108" 613.6 20.1 620.3 20.4 305.1 14.0 603.6 65.5 621.4 16.5 307.0 10.7
l 109" 608.7 19.8 606.2 19.8 304.0 14.0 606.0 62.4 608.2 15.8 304.9 10.1
l 110" 609.7 19.9 606.9 19.8 304.1 14.0 605.0 62.0 608.2 16.0 30e.1 10.2
j 111" Shutdown

!

l
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OR-5805

13 DATA ANALYSIS:
,

Channel 7, 10, 13, 16, 19 & 22 - Sample Voltage

Channel 8. 11, 14, 17, 20 and 23 - Sample Current

Minor fluctuation occurred in all channels. Thev were the result of:
A. Instrument adjustment
B. Conductor Resistance Change - 7emperature Changes
C. Building Voltage fluctuation due to plant machine loads.

Average values for the term of application for each channel exceed
the nominal value outlined for the test program.

Scheduled shutdowns for Insulation Resistance measurements represent
transient conditions, and are generallv recognized to be more severe than
steady state conditions.

Conclusion:
j __________

Test plan variations relative to sample electrical loading were the
result of normal expected influences. An integrated view of these
variations result in a slightly more severe condition than intended.
Results are therefore acceptable as meeting outlined parameters and
criteria.

l
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OR-5805

DATA SECTION 8
___

INSULATION RESISTANCE MEASUREMENTS
_ _ _ _ _._ _ _ _ _ _ _ _. _ ___ _ _ _ _ _ _ _ _ _ _ _ _._ _._ _ _ _

500 Vdc - 1 Minute

Insulation Resistance (Menohms - 1000 ft.) .

Time Temp. Samples (TP4805)
___________________________ _________.___________________________________________

| | A2 : A3 | A6 | B1 | B4 |

|Dec.| | | | | | | Comments
! F : WHITE : BLUE GREEN: | | : :

___________.________.______________________._________.________________.___________

--- RT 28,200 28,200 28,200 81,744 28,200 13,533 13,533 Prod.
Test

Initia1 60C 70,500 136,000 70,500 331.000 124,000 248,000 82,800

PreLOCA RT 3500 2600 3500 5000 1300 3000 2200

8 Hrs 341 .330 .144 .150 .144

11 321 .675 .270 .300 .285
"

15 300 1.50 .600 .675 .675
"

23 251 12.75 4.50 4.65 5.100
"

99 255 7.50 3.75 6.75 8.40
"

14 Day 227 25.50 12.75 21.00 24.00

46 227 3d.00 16.50 6.75 8.70
"

62 226 28.50 16.50 8.55 9.75
"

85 226 25.50 15.00 5.25 6.00
"

111 227 33.00 18.00 4.50 5.25
"

Final RT 50,000 50,000 75,000 25.000 100.000 24.000 90,000
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OR-5805

DATA SECTION 8
--_

INSULATION RESISTANCE MEASUREMENTS
----------------------------------

500 Vdc - 1 Minute

Insulation Resistance (Meachms - 1000 ft.)

Time Temp | Samples (TP-4805) :

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

Deq. : C1 : D1 D3 D6 Comments
F : Red Yellow | #1 #2 : |

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

Prod.
- RT 156.000 156,000 114,000 114.000 100,000 100,000 Test

I n.i t i a l 60C 207,000 207.000 132,000 120,000 207.000 62.100
PreLOCA RT 3000 2800 1700 2100 5000 2400
8 hrs. 341 .138 .144 .125 .120 .146
11 hrs. 321 .225 .270 .225 .240 .300
15 hrs. 300 .450 .585 .450 .450 .675
23 hrs. 251 2.40 3.60 2.40 2.40 4.35
99 hrs. 254 2.40 4.5 1.65 2.40 8.85
14 days 227 6.75 10.8 4.50 6.75 27.00
46 days 227 6.00 10.2 3.00 3.30 11.25
62 days 226 6.75 10.5 2.40 2.55 15.00
85 days 226 5.25 9.30 1.65 1.80 8.40
111 days 227 5.25 8.85 1.80 1.95 7.50

Final RT 120,000 160,000 40,000 45,000 28,000 100.000

El E3
- RT 110,000 110,000

Initial 60C 40,700 176,000
PreLOCA RT 1900 1300
8 hrs. *340.9 .090
11 hrs. 321 - Short
15 hrs. 300 - in exten.
23 hrs. 251 - lead
99 hrs. 254 8.55
14 days 227 195.0
46 days 227 165.0
62 days 226 144.0
85 days 226 117.0
111 days 227 45.0

Final RT 30,000 130,000
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DR-5805
,

k

Note 1 - Measurements indicated during LOCA for TP 4805-A2 conductor
#4-Green, # 6-Blue: TP-4805-A3, A6, TP4805-B1 and B4, TP-4805-El, E4, are
composite based upon overall length of seri es combinati on. These samples ,

were connected in series for current loadino.

Note 2 - Measurements indicated during LOCA are based on sample
length (s). A parallel, therefore reducing resistance is included in the
measurement due to extension leads. Actual values therefore, are areater
than indicated during LOCA.,

T

k

i

.

4

I

1

I
i
1

(

\

,
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QR-5805
1

4

j SECTION 9 - EQUIPMENT CALIBRATION RECORDS
4

.
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QR-5805

NUCLEAR DUALIFICATION TEST
INSTRUMENT CALIBRATION

--____-_-_-_-______--_____

i

Verification of accuracy is conducted on a routine frequencv to
provide assurance that equipment accuracies conform to the accepted
requirements for commercial wire and cable test.

,

The calibration program is conducted to meet the requirements as
outlined in MIL Std. 45662A with documentation traceable to NBS.

Calibration documentation is available for inspection at:
The Rockestos Companv
285 Nicoll Street
New Haven, Connecticut 06511

4

Calibration documentation is included as part of the backup
documentation maintained on file for this program.4

Equipment Usage
-_______________

The appropriate written procedures shall be followed relative to
individual equipment operation and data acquisition. Departure from these
procedures shall be noted. Said departures shall be evaluated as to
effect upon parameter measured and overall test program.

Raw data sheets shall include identification of actual instrument;

used to acquire the data, by model and serial number.

4

1

.

f

!

.
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PROC. NO. ma nun f MFR Rr on +rA n o e SMODEL 701 - G SER. No M 'fn 9 - /
TESTED BY V6 / W A/ D ATE 4' . 2 2 . PS ACCEPTED BY CE DATE V/ w/ W

MEASURENALUES
'

OUT
PROC.
STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.
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pliN{1y instrument by comparison with standards maintained by
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G| y N.B.S. Test Report Numbers | Vif

';; ci]jav+t?
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MEASURED VALUES
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- ; nF| iminstrument by comparison with standards maintained by P!jlD5
(.$],.. :Y|[ E.l.L. Instruments. The accuracy and stability of all ( 'HiW

standards maintained by E.1.L. instruments are traceable
g to national standards maintained by The National Bureau j' "[.;

N ,,;e of Standards in Washington, D.C. and Boulder, Cole- g '.
,. g.4 rado. Calibration was accomplished at a temperature > jjk

g,.,

$ of 23 o and at a relative humidity of L 50 percent.(

j$p%.
W2
E,n$'ib

-s

.)5
Complete record of all work performed is maintained M.

by E.I.L. Instruments and is available forinspection upon [p)hqpril
pAffri.i request.

L < th;)c

358086-3 4-22-85g Calibration Report No. Dated g}90
-!/!-h{ Due 4-86 >M!$i

#g
& a k G&ot1 % roe Q$

Certified by: W.H./J.B. p..)
4

N'
I@2-' Ouality Assurance Manager' ENO!

A}hci
Traceability Data:

s&'?.YY D'iII??I ;it .2
3** W N.B.S. Test Report Numbers F ' GI'j
hik ~d D.C. Voltage 230514 A.C. Voltage 229434 e .g

; <,g
2:{4

i7 D.C. Current 230514 A.C. Current 227237
j';;g-{,, 230537 Frequency WVB 60Khz.fk( g, ,Resistance 231129 Boulder, Co.
> }.8.;,.jCapacitance 231031 Inductance 230390

%.- .

(%
a.?*

.

b <a.i!.6 _ _. _ Form 401, Rev.10/83 :_ M!h?

e - h.
.

.



o
.

!
.. ~

~ shsac ' at
. EIL

==muus m .4

'
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Hi otronicsINSTRUMENT AC Test Set MANUFACTURER P ,

,-

k .f: $ .. !! ,'D
'df!M r2p;;

7* .%Calibration traceable to The National Bureau of
.b Standards has been accomplished on the above-named F t n..w .w.

instrument by comparison with standards maintained by l'7jji%

d. :i$ E.I.L. Instruments. The accuracy and stability of all E. Y
standards maintained by E.I.L. Instruments are traceable ;F*,,7

p~i
:

to national standards maintained by The National Bureau ?;fy)

Q'j)d
7"'L sp of Standards in Washington, D.C. and Boulder, Colo-

(f5 rado. Calibration was accomplished at a temperature('f :>

hof 23 and at a relative humidity of L 50 percent.0

hd Complete record of all work performed is maintained $' , hh
ht>$ by E.I.L. Instruments and is available for inspection upon [jh<hf
~ PL r, request. t w

P4

M"'. bj?..;
(/c 358086-5 4-22-85

. Calibration Report No. Dated
h- ,A

#w 'i(F-4 Due 4-86
Certified by: J.B./W.H.

M. "F: m chaam ;d
4 - v

, 4:jg.lP(hIN
Quality Assurance Manager :: .

r,Jn.jj
hA w{

l}}/w< g|42
,

; 25-
-

Traceability Data: P!

(hfj.b cyJjh:.}l
N.B.S. Test Report Numbers ?. ' # '

j D.C. Voltage 230514 A.C. Voltage 229434
#

[.;4$.hbf;] D.C. Current 230514 A.C. Current 227237
..-(gj 230537 Frequency WVB 60Khz. ,''7"
. h'.< Resistance 231129 Boulder, Co.

>3i.Q.'
4

#S * Capacitance 231031 Inductance 230390.

,. P, . 5 ,. !/h$,j''

. .9 : :,$

' MdQfh i::

hI Form 401, Rev.10/83 $ '.d dl

| * 1

.
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TEST REPORT S58086 5, (CAL Du5 <g , f(,
TEST INST. : A('_ -t e< + Re t
PROC. NO. rYVt rtuttJ MFR.H , co+ronic 5 MODEL 7 0 2 _G _ SER. No f9'94 9 - K
TESTED BY d B i uj H DATE 4.f, 7 2 . f6 ACCEPTED BY W DATE <//cVyf'

MEASURED VALUES
OUT

PROC.
STEP FUNCTION NOMINAL AS AS OF

NO, TESTED VALUES FOUND LEFT TOL.

4 /< V ./W ./0/A ,/0/3
3XV .9036 .363G

* 4 K. V 4620 4626

, 9/< t/ , 2kV , zo2/ ,202 /

* G KV , /'-o </6 . (, 0 </G
VL' J i7006 7606

2KV . 5 xv . Sos 9 .0059 ~'

! ,5H f.S25 /.525
'? 1 v 2 . o i rl 2 , 6 / r/

_

(

.
-m

.-

(

roro #400 ASSETS USED 9f / 5, 9502_

--__ -.
_ _ . - - - _ _ _ __. . _ ._ __. _ . _ - _ _ _ _ _ _ _ _
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% .$O&3$$ $)f{K NNhil M QMN Nk N lC% * WNt W 1|M T?A ~ !iU~ 9.'.M 4 #4 'iW'ii

W.RW Mg?i|s:'(AFA3nMewn%.r/4G 1(Q;FirW'. %$~''.+. %%RTy('QW4TSW48:\
.

.+'MiiO p d Q W 4 %- '' Y D
4 i/W 8"e?A3 %;r4 4 fe.;h,Y.nykrJ-i # A ga748,7!gg$]

g4
Alf ' 5 Y.
% } eld

C p >.. p
b

. g .QRockbestos Company

AN".# Ih!h;j
'' P.O. 15074NH

a )', < g *ib.'>,

f >
'

INSTRUMENTS. INC.

f.11QW: ?!)V
'|if.k!' & li. <a

. '; 7
n->

&a.:. Certiftrate of Calibration Q
,

.'a
44,:e< tgh>U-
y@Fd W2-5 SERIAL NO. 8909-6 . gjK$ MODEL NO.

h. .,g[ INSTRUMENT MANUFACTURER Hipotronics qppAC Test Set
.r a <- -i.

jph .' "|
-

f'fiE ?,1{7_,
% : ,< Calibration traceable to The National Bureau of 1Mp!* 3").h',.

Standards has been accomplished on the above-namedP

w ,Y%
1

%'g.% instrument by comparison with standards maintained by |,'71)
E.I.L. Instruments. The accuracy and stability of all r. @1W e

35-> Fi.A standards maintained by E.I.L. Instruments are traceable b < . w|
to national standards maintained by The National Bureau {ffk

,,

L (e| of Standards in Washington, D.C. and Boulder, Colo- 4>?";
'

rado. Calibration was accomplished at a temperature > 9H"4'
.

of 23 and at a relative humidity of L 50 percent. [1
k.j Complete record of all work performed is maintained hqq e
n- Fn, by E.I.L. Instruments and is available for inspection upon $: 4,.d
#,s

s-

hd[gjp
wp request. 358086-6 4

k...b
b22-85Calibration Report No. Dated

hen +#
d

.M*. Due 4-86 F

gCertified by:J.B./W.H. .

*y _M //h5309 $ .k.
.dp. q. Ouality Assurance Manager M.g%,

. v. - a

.g-i, .

-

a ;g
."f (, 9 %g,<
~ ,'% Traceability Data: > y> 1.'j

$N g $TU$:')j N.B.S. Test Report Numbers ?, , p
??H

"NI D.C. Voltage 230514 A.C. Voltage 229434 ?'?
.I D.C. Current 230514 A.C. Current 227237 E ^Ik

f 230537 Frequency WVB 60Khz. "
.

hf < Resistance 231129 Boulder, Co. Fg'~.,

I ~3 % Capacitance 231031 Inductance 230390

| h$[i ?|
;, Ab? ,>1

' "

- 4iph,! si

! 3*Dh -h <I el!

.S _

Form 401, Rev.10/83 i MI!hl

W,

-

. - . _ , _
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TEST REPORT 858086 S ICAL DUE q,74
TEST INST.: AC 1e6f de*
PROC. NO. ma rtzzct/ MFR. Ham +m nica MODEL '707 - 5_ SER. No , y Qg y -(o

TESTED BY , , A / /4) tJ DATE 44 23 * 75 ACCEPTED BY @ DATE V/r/fC
' '

MEASURED VALUES
OUT

PROC.
STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

.4KV . /K V . /00 7 ./06S
.800G - L9 9 8*SKV i

, 4K v .399F .A996

9KV o2Kv .2627 .2002,

,GKv 6602 . Go lo .
. fu' v .7020 , 79(D V

L KV . S ev . qtoo . Sn 1
/>5Kv /. 6M /,5|E

TKV 2,020 2,006

|

|

|

(
\

|

Foro #400 ASSETS USED 47 P/5, 956 2.
_

_ _ . . -_ - _ _ - _ - _ . _ - - - _ - .. - -_ _ - - - _
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kji:.~hM.N W='a!$32"g?y6'A .i;uilknn,56'Ak't=?kf W=.ggiMg;cu% &mpNh-
' N

W .$ p?_i " W,'p W F M " #
1 4 W SJE y g.R g rri,a tsyv h m m;

s w||?S.eniTfhh!PraUk%iQ{[{:,:In niiffEW n:;EbkYb p,h%n;XN $%, ,Y

|!il?
g

'

.

; ; .,gie.

gib. Rockbestos Company
.

y> ($ 1:)
U

ly\

2"]'' P.O. 15074NH b

nm EIL -akw
g INSTRUMENTS. INC. #,1.
1;@t4N..'

U,

L'M:f.
-

E .| P'.

M Certiffrate of Calibration Qj|
. q',# ut> gY.

.

y.)h
'ly

740697-2

[f.t -> cj
700 RAG-1 SERIAL NO. . .,j; yWI MODEL NO.
A::n::eter R ekbestos .rf3 INSTRUMENT MANUFACTURER .

.3 ( ...

'd[[M-$ 30.{.12,f
. ;.! 't'

,-

,31

[h h$[.Calibration traceable to The National Bureau of
Lf% Standards has been accomplished on the above-named 67 1
iTMWI) instrument by comparison with standards mairtained by I'''!),? I

Ehj E.l.L. Instruments. The accuracy and stability of all

f $].]|w!., NJ standards maintained by E.I.L. Instruments are traceable
E)yt;] to national standards maintained by The National Bureau ht
L 3,f; of Standards in Washington, D.C. and Boulder, Colo- p. .

!b< rado. Calibration was accomplished at a temperature
W'$jp .

%
#

t e4 '' of 23 and at a relative humidity of L 50 percent.
stib . ~rj
p ' y' Complete record of all work performed is maintained D" 1
;i+-F - by E.I.L. Instruments and is available for inspection upon 6.t < e

request. f. .@ '

'

' 4-22-85 ,Ji;N Calibration Report No. Dated
. K o , b.bqi > ;r ,Due 4-86,. w. g

p|pA Certified by: J.B./W.H.y , ,,,!L1p.. . . ..

" 4 i: & c .-

Iv >
Quality Assurance' Manager .

t ,.

V|fr 1d '-} A}h. !
' 'T: '

o'f, #.

h',$ Traceability Data:

hiV''.i :'I}}N.
"Q j N.B.S. Test Report Numbers ; @

.;> ('k ; j|i:f -)Q . .

D.C. Voltage 230514 A.C. Voltage 229434
[. g wJ E.M)r.1;'k}

c ;

'ds : D.C. Current 230514 A.C. Current 227237 J'~

230537 Frequency WVB 60Khz.'

,'j{Q' l
,

, jy%4 < Resistance 231129 Boulder, Co. p.

#'". Capacitance 231031 Inductance 230390i

ri ~. elf?
'

: cie'

(
;+F ;

b ( 1::];*f
.'d Form 401, Rev.10/83 E Ab

d?!W M M i1 M M M W M !a$)
~

.



< .
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EIL
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T TEST REPORT 358086 7CAL DUE V , S'G

TEST INST. : a m ouEto
PROC NO m C(Atzt MF R NorJr-Jo; fx MODEL '7do P 4 A - / SER. No , ry,yr ,7 ff q if - pf

TESTED BY JM / tvH DATE t/. ? 7. ( 5 ACCEPTED BY (/A 0 DATE <,(/IS/E5f
s i

MEASURED VALUES
OUT

PROC.
STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

25A /Oa /0 661 /O. 6& L
poa .2 / . .;L '7 9 2 f A '7 9
2 5a ;;t 6 6 3 7 26 4M

SO A DOA .1/. 60 | | A / . 50 / /
404 ya . :153 4/4 , 3 6 .2_.
6CA SD S57 53 357

/5CA boa 60 =% 85 66, R6 85
/05A 10 7. 2'76 /6*7. 296

=ar car e .= roter wcr evea.roo.a ux co ewrc r
C A) "TH E t' A t o r}rrY c ,= pt?{v o lu t TETT 2ET U L TE ?< CU rett ~
Acc rHA ?, u rs er a rrirn pp,t,,cun o, r n r r7) ei c e" -rar fwc,t

vas .eac wa un cre m ren ra c rc,c v aryc- iw a , n> .c a ,)c , r,c .
acr ,a c vuun wee- n, w n- n. e av0;cara eawa .2iw r. Ac
,' me27 ccMsFxvAr M -rrsr.hG . /, t f)

fr Y ', H
,~v ,

fecofah VA cvc/e i ;// 6_
we mus % aac '4 4 ,,en J 4 wW amwia %

,

1- ~A L - eb 'r e, s._ui.s Alles &- a 4 &&% 'th 4'/ 4 Lo~r.
'Mee. M Juk w III h #G-A W

uub- V

Fer. M oo ASSETS USED l'oigrd NA/5D- /oo, 9502, g/43
,

__. -_ _ -. . __ - _____ .
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-

% hhfgd EW|0 .Wh #Fjg Toi pga-2 %ff"t W &ih # -Q Wri 3:ih ;% p,!6 , '.tJ. t g #g!.,.g!MWr.;4 g:kifS3'h T Q F d'Ei P i A
F4 5= 45 n

.a74,',iE[A# gF6M r $'J A ni- _33,c74Q,p .

.F'e EE: :m/A$f;.in?'k'.jn2FAMJ/@jm 4 4.n
-.x1

t

. .+. . , ,

M e. <% li

( p>II
,

. j Rockbestos Company e ,gg1s '

2d$ *' b P.O. 15074NH h%,A
%.,4(84~ 4, -( >4 Y)-

, INSTRUMENTS. INC. g 'i.

aef! w.

fj;'y y 7 'if
if-> 6 3 .. ;.d

62 Certificate of Calibration s(g
4.4. .f.. h < q;,p..>.;- w e.
*?h M :4iii MODEL NO. 700 RAG-1 SERIAL NO. 740697-3 ;'*/INu I
$'E . 'I INSTRUMENT Ameter MANUFACTURER Rockbestos E 94

:n+ g #. < s;d . ;. ,i,

kill " "Mhb

k$'< Calibration traceable to The National Bureau of {"I.;
Y.t.

.* Standards has been accomplished on the above-named ,d'!f it-w
E'.W, s instrument by comparison with standards maintained by r*'/i:0.av ,3 E.I.L. Instruments. The accuracy and stability of all

.
K

- . '..I

E ci']
ar-> "<< -
gO standards maintained by E.l.L. Instruments are traceable '

,.

gy/;] to national standards maintained by The National Bureau gy,y;
L W<, of Standards in Washington, D.C. and Boulder, Colo- g '? ,

''

gd,', rado. Cagbration was accomplished at a temperature

>1)S.
;

L,'J * ,: of 23 and at a relative humidity of L 50 per cent. C .3
'

in D l',7J itpig j Complete record of all work performed is maintained -y. ..

at-> ej by E.I.L. Instruments and is available for inspection upon ,c..

M. i
JE request. I.

Dated 4-22-85 %|.-Calibration Report No. 358086-8''i

~ 3 ',.<g %;k;'b_fw pDue 4-86
g|g-| Certified by: J.B./W.H. .,p

& $1 &&Ad - x

[i,I!'* ' Ouality Assurance M'anager '
0 4);19

' 4..

d .. |

4jI' .+ ~ . ,j ,3.v .

P-(< Traceability Data: g-#
w 2.-

y!(Wn . sjfi . |b
'h p j N.B.S. Test Report Numbers

,

'

'g"qi ;

$ D.C. Voltage 230514 A.C. Voltage 229434 .

f '" D.C. Current 230514 A.C. Current 227237 ? " !6.
Q )f.

1

( ,0I' |7 230537 Frequency WVB 60Khr.

4$,'*< Resistance 231129 Boulder, Co. > '1.|i.
i

v J 'ICapacitance 231031 Inductance 230390
""

''s . A. ~ a''As. pv, ., - aae

(
Mpq.E _

_ _ _ _

Form 401, Rev.10/83 i , .' $hl
'*gh% 9 <- i r.|

.

m. . , - % m , ,- . .-J'; % =.m-. ..---
*

m ~. _ _ .t . .- .

|
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CAL DUE V.74 ,' 358086 8 (TEST REPORT

TEST INST.: e LXtt
PROC. NO.Onmw c72to MFR.NorA/Med MODEL '7dd N4r-L- / SER. No. /46 6 9 '/ -?
TESTED BY JA / (thr.4 DATE 4 .)2 F5 ACCEPTED BY W DATE e//fe M

a a s. i

MEASURED VALUES

PROC. OUT

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IEFT TOL. '

a;2.5A /OA |0. 4 50 7 10. <,'50 9 |
204 ep / . 39 7 '? J/.3079
26A AG 8996 DG.F996

SOA .2 O n 3 0 . 8'7/ 4 20. T1/ 4
gaa %2.s725 43 5726

SnA R R . V 1 '7'T 53 8199

I 5DA (90A $9. 96 $d/ 599&5QL
/O6A /09 2%.6 /o'7.355

_

\

W evr ep -ri, rv,>-w ecos. ,c a an ,1 awr
cc Te1r Jw Or Tv eP ,vn'ocus -r e r Fren7s a < c~ wr

_
._

A CCEPTAr3:e /Ty er= p r;ryn t k r3*ie t. *, y -T T'{7) Dico~ T+~ fahref
u)AS 4:cta.J Mb c c ede~cT, in f~,+<Tc t $ weyer p a h o"(.) .: pat}tio rac u ,

r[O4ATR t'a t er3 NTsetCEOACTu M CMufT wMr r.t i c an? ra A >
*

n se c C ce c irts'Cro V -frS 7.4 C _

///9 6 /J
; ti HW.

i

L/a% L : cu ch.
wit / be m'a w, M & M//

A enn w lu~, w/o w ,.L mW L 'i&s-

424 e W~ '
.

_ _

tw aarm,L4 y'- u tA uc# Un &/ Lw n

' rdi & wL e e.le t w r if k use?. '

-

:

|
i

1

ASSETS USED 6mgrd N4 /So-/00,950A. T/ 3Fcra #400
|
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N %95$ 2 t %2 & M f q % O W % N tabe
~ ^

N [1k!b h NUN 4 N dk h Etkk R d $k$ k.eI4[.O;g C.s.:{
;s wa .5

, 9c.
-- htkh "Ill&.h

,- ;ritti

,9 3. id
gp . y Rockbestos Company 6 .o;;{

k b P.O. IS074NH

g'l(,

afj)i...14;E.

e- INSTRUMENTS, INC.d

k. N@,,,;,.r 3
. 5, e ' p.

6d certificate of Calibration @.[
19-=) (4[

!} w I" b.,i .&,, . ,
-

se.

, yJjjI |d.@O MODEL NO. 700 RAG-1 SERIAL NO. 740647-4
! qisY Ej Ammeter MANUFACTURER RocktestosINSTRUMENT

:n,-> ?g %<a
q.1n ,

$$I' ?k.1h

I'd|5} * Calibration traceable to The National Bureau of
#f.6'i' t. Standards has been accomplished on the above-named

@?'.j; instrument by comparison with standards maintained by [~?i}II}'
g,g; E.I.L. Instruments. The accuracy and stability of all r j

{;q]@|"{
f 5qq y standards maintained by E.I.L. Instruments are traceable

k{.fif'y to national standards maintained by The National Bureau

(=>.jg,,cj of Standards in Washington, D.C. and Boulder, Colo-t

l.-4"1@\c.
&_ , rado. Calibration was accomplished at a temperature

C' ~

0
*els of 23 and at a relative humidity of L 50 per cent.
auV:'] ;,;

Q :j Complete record of all work performed is maintained
' . (, p'. i

.

(A'] by E.I.L. Instruments and is available for inspection upon
s e request. f .

M, , ' Calibration Report No. Dated358086-9 4-22-85 Weyq
t

c;. .,c;O:Ih, i <s
- .

>i.Due 4-86
e,-,1,w

g|r6 4 Certified by: W.H./J.B. g ;-j13w- ;

JY2]L $. 1Ysfa9d < Iz.., H x,

fC _ E Quality Assurance Manager 4 ..Q;j,J1t
e.ph.>-1 %f .;

,a -

- 6.<,

}}:y'<q:_- Traceability Data: ; *,n.w
.

*i!W .:f;VC
hir y N.B.S. Test Report Numbers ? ~ ~ ,f

E" -]j*7% D.C. Voltage 230514 A.C. Voltage 229434

;[7" |hg,j D.C. Current 230514 A.C. Current 227237 i.;

230537 Frequency WVB 60Khz.

]}}'f ,

6'3 ;..< Resistance 231129 Boulder, Co. i. '# j..

% Capacitance 231031 Inductance 230390~

; yJ)!it.''.';

7'@tsi :lN
N b < i n!(M5 ' Form 401. Rev.10/83 ! dd

Y tc- ,

.
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~ [ of [- Shoot

EIL i
_

TEST REPORTCAL DUE 4/ . ff, 358086 9,

TEST INST.: otwvth
PROC. NO. me ys 61_ MF R hoci, /, relu MODEL '700# Ar2 - / SER . No . ,74,ta(f </ 7 - 5/r

TESTED BY J ia / cow DATE 4 * 2 2 P5 ACCEPTED BY W DATE V/f4/r5 ,

-~ s s s
MEASURED VALUES

OUTPROC.
STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND LEFT TOL.

J

35A /04 /0,9356 In, 43 56

2O4 .2O.93/5 Do ,93/T*

25A .,2 6 3 2 2- 2 & 3.1.L.

50A .3 04 3 / >021.3 AJ C 2/3
l)6A 4l /. (s 519 L} } , 6 S A T
50,4 sa , 3.275 5 a . 3 2 ?'E,

' 'Db4 &nA & J , 0 a.'-} C) (s ) . O dL Y i
/06^ /09056I 10'7. 05(> I

|

Tur c u r- c r= 7c u o o c e- amwrio.u ms a evrce r
\ O oO Ta e- VA t i r\1 rRr o f- Pi?F v'to u 1 'ffs 7 2E5 cat 77 c4 c r1 Tu f

! pccrpra R.u rv o >= !rn> s nye cu u y in rm e,ac r r <e- creia ic
wA9 rwMa) Aub etela ro v oc FAcTets ta rte ~ A ? R>fD *J A t)i) I T.c ,J

| ACTv A t e' AL uf $ n' cNE" HnGHrY TH A d t 'V di(r5 TA) U A t. L ($ 2|~ $ uL Yr J (

| .c moer om war,o e- rma> c . ,, - nn
; 'Y 4' M
i

| D.ca fi% L ces/s w5/ ds ,

I w%*sses k e is 4 4 nA. ta la+ a--% e o % 'l=
' ANw Lv s L a./2 saw- s-s %r u &kUd*

' 12-a4 W. . . ,

& b/ CJL% M iu &M w,'l'k Lese #w
/ ,

.

tam 0400 ASSETS USED gmpko HAISO -/06 , 950h TN3
. - _ _ . _ - . - . - . . _ - --- . - - , _ _ . _.
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+h 7SFYi[d fdfJ[p,$M.5 NM DjS 6.M*$syd,NcT,jeM%@IDC'MF6%57*:iA 415?dt:;h'' /^A'4NE!*GY? 8E4*$2*i,lgQ' @.p
~ $E u #,:i $h:7 MM 'sC fC#5 7.e.e ;,nii

FM. M A M E ri NF45 M * 5 4 5 ginp{.n3Abna (E b
A'N wiaG MFA'4224ti3

'ijp g
- ~

i- p
f_ u->4j Rockbestos Company :: !g

- ..<q
'

ddv b P.O. 15074NH l}III
'

4|,# |> eo){.'

.- ' %,j ..a-%
c. . 4 gINSTRUMENTS, INC.v

bff I. L ''ffh'N'
-$W ..ki.

~ ' . . ,- s w-

@ Eertificate of Calibration Q
.

T,# %.
%- ? r< > <4@1y3

NM MODEL NO. 700 RAG-1 SERIAL NO. 7/.0697-5 t ffjIt
'

b$ INSTRUMENT Ammeter MANUFACTURER Rockbestos i- y
w >se
.)lihf C <.N.

.. .n

RMIfC .L,Qu 's
.

+:RM
- <p: tv

y'O.g.i;jI'/''' 4
gp"< Calibration traceable to The National Bureau of
*'d 'Standards has been accomplished on the above-named.

f instrument by comparison with standards maintained by ; 7/k'

14 # E.I.L. Instruments. The accuracy and stability of all r "

:w-> k

FUE'$
standards maintained by E.I.L. Instruments are traceable -<7

-

2,vg.
.

.

J to national standards maintained by The National Bureau

{[
.-

( p of Standards in Washington, D.C. and Boulder, Colo- g,T
M rado. Calibration was accomplished at a temperature > hN of 23 o and at a relative humidity of L 50 percent. * '! 1

di41M!
.qc ;5 Complete record of all work performed is maintained Nf.f))Ri.

:r - a

53%$ by E.I.L. Instruments and is available for inspection upon [..<y]
J!b!d'

'i

n;6request * t-

w#gf. 358086-10 4-26-85 ?+q"-!!!*;Calibration Report No. Dated

L}x #- %, > ;,
4,~ , . 5 Due 4-86 > "p.9r 4 g< j
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!< s.14 Traceability Data: e-m :
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Td
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. .,3.

' iYT. D.C. Voltage 230514 A.C. Voltage 229434 i'9
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D.C. Current 230514 A.C. Current 227237,

230537 Frequency WVB 60Khz.gj
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p, l l
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4 Capacitance 231031 Inductance 230390 F'
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TESTED BY J I4 D ATE */ . Ar, a f6 ACCEPTED BY (m DATE V/&/ff
r / .

MEASURED VALUES
OUTPROC.

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND 1 EFT TOL.

bbA IOA /0 4 /0 . <,4
20A 2017 DO, 7

.26A 3 6 , L. 26 L

& aos A o ,6 An.G
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/05A In O 9 /09.9

i

l

I
'.

1* s

N

(
,

Fera #400 ASSETS USED 6mgr-b 84 / 50 -N o , 95da. , F/ V 3
__



e
*

.- _

"i Si.? 5 N.!! 'N $d n V M dt k 6 6 4 " g .R M Si.k 5 p Gt W Sp W ;.-;f.:R QN t+ t'. jpg ;$F
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,.9F 4 ? W.;
.a+-> c' . g

( |i. . j Rockbestos Company ; , y-.'

. stiff,' @ P.O. 15074NH 9'. .,."v'.Cf m. %
in, *< >,|{F

Q',5$s i#&..
INSTRUMENTS, INC.

6>
1,6

W.

O Certificate of Calibration 6., ._%
4"y,9

w..||{{.-N
)th~4 >%6,;
el4'ikR'd MODEL NO. 700 RAG-1 SERIAL NO. 740697-6 ;"fjj%
3*-> <5 INSTRUMENT Ameter MANUFACTURER Rockbestos i, 4!P;W

.s .>. < n:
Qf'.b $. f . . o. .

%ffi>-i Uld})!h,
e .

.9
; 8',N w.,]j;'.4 , 4: Calibration traceable to The National Bureau of 3',P' Standards has been accomplished on the above-71amed F- '

( fh instrument by comparison with standards maintained by g'!j){"-

d,fjj.y E.l.L. Instruments. The accuracy and stability of all C
,

:g standards maintained by E.I.L. instruments are traceable [3
J to national standards maintained by The National Bureau g-

>i;t.ge of Standards in Washington, D.C. and Boulder, Colo- '

4 ,{h'I M rado. Calibration was accomplished at a temperaturet

(.
tdr3 #$)F..+A of 23 0 and at a relative humidity of L 50 percent. ."1

@y J Complete record of all work performed is maintained hMJjj
32-0W by E.l.L. Instruments and is available for inspection upon 4 4.W

hK. V request. L r .i
Ic 358086-11 4-22-85 3.Qa m,/j.Calibration Report No. Dated '

" s,M
O..d '14

!
A Due 4-86 > <t4

-

M, -4 8sAmsQWhakse IA
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. 'j Certified by: .g

/b 3 Quality Assurance Manager' s .UM
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}}b''d $~I .dD1'.' w Traceability Data: p 't ';
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^
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&;g,] D.C. Current 230514 A.C. Current 227237 'r '
2..g IA :

3'd'j (''1{{.I
230537 Frequency WVB 60Khz.
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PthC| , ' }})d
~t

?Af .- .&
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PROC. N0 rrmerfMaMFR.hhlv., h MODEL 7d)k'AG / SER. No . 9e;;d /, c? '1 ~ @

TESTED BY .J 4 D ATE </ . 2 2 . V6 ACCEPTED BY (A97 DATE *//Rff
MEASUREDhALUES

~ '

PROC. OUT

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

.1 64- /04 /d, %5 7 /d .445 '/
20A .30, PF(d c,30 FF&3
25* 26.o 7/ 5 .,26 6?/5

60A paa .:t / .4 / s.t. a1 J. 4/1.2
U04 4/ .fo2 2 9 Al J. fs 22 9
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frk%'.;r Nhhk;3 $*d*Ch5 ki'. #
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c

f. . ,1% . )..T i
.

(
V',) g < eg

'y, . ,' Rockbestos Company g g;ig
Sk' I b

W.,T'hI$fEbP.O. I5074NH
. ~ ghA .:)
4,6 S | |b".. $3ffx ges INSTRUMENTS, INC.

C'fN....b'NI
,

ii*$-

RJ ? Af. -

gu certificate of Calibration Q]h
33-) 'g ;.4

M :p,/7.u}A <
up;

4y ,,,j.99p
N'N7d MODEL NO. 700 RAG-1 SERIAL NO. 740697-7 ; yjj!v{
Ni' J INSTRUMENT Ameter MANUFACTURER Rockbestos ( 7%r
J*!W.~s

-* ?c 3cw
j)iiici =;;,Q

>:, p
M

4 ;> A w'.,,'j.g.44 Calibration traceable to The National Bureau of
.N Standards has been accomplished on the above-named F'l ~

%g'h hp!)}JJ
instrument by comparison with standards maintained by

Q, r.y E.I.L. Instruments. The accuracy and stability of all ;_

i g"|% standards maintained by E.I.L. Inatruments are traceable ? t. f*
] to national standards maintained by The National Bureau ?

,p of Standards in Washington, D.C. and Boulder, Colo- (
'

:> g;jii4, $M rado. Calibration was accomplished at a temperature
I of 23 and at a relative humidity of L 50 per cent. 17#

J

[MJJDt; jiggi Complete record of all work performed is maintained
@, < gip |

;7
23.-> q; by E.I.L. Instruments and is available for inspection upon <
ilf!b 1 request. L ,:ifp

%.h,ist.
358086-12 'Calibration Report No. Dated 4-26-85
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4

:>, 8' jp')3,Pgg,
-

J.B. Due 4-86
Certified by: g
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i6 / li M .i
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g,s
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,k Traceability Data: 7. j'
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!4;f 0 N.B.S. Test Report Numbers '(,
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N#N D.C. Voltage 230514 A.C. Voltage 229434 " ~.S
ggf D.C. Current 230514 A.C. Current 227237

(f?..['IE j!!r.
230537 Frequency WVB 60Khz.

4}{y<
,

Reststance 231129 Boulder, Co. > 'jjg.'
,

'

"% Capacitance 231031 Inductance 230390 F '< !<
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, .yI#.'.hth[k 1.' 8 In 1ii "; 'is
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_DATE V/TVffTESTED BY dR DATE 4 _2/, . 96 ACCEPTED BY , CAD
. <- < *

MEASURED VALUES
OUTPROC.

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND LEFT TOL.

.254 to A lo . 9 / /0 3./
2.On 20 y L 20.4 L
.264 4 5,75 .26,75

50A h 2n,VV A 6 . c) f
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b I/4

fiP 9 .['i jiP;a + -)

{ 17 j Rockbestos Company )| <;,q![;.
4

dh' 9
b

w., )!E#1)',zP.O. 15074NH'
.

, .

i < > -|f
. INSTRUMENTS, INC.

M F- L''//h$
Ilf .5 '1j!?
5*-> sy Ai-

@& Eertificate of Calibration 6<gi
w ', e

g,'',i.h'.if < >9.m- $ ,,

. sT) MODEL NO. RFT SERIAL NO. 7176795 m.ff$$
'

; II" i INSTRUMENT Temp. MANUFACTURER Partlow [f
PT.*% Indieator <*
' k . 'd ;

,

ik)q,

h '' Calibration traceable to The National Bureau of
d'

g..

Standards has been accomplished on the above-named"'' '

instrument by comparison with standards maintained by [7/$'[
gj,,@ E.I.L. Instruments. The accuracy and stability of all

f{.* ;'?
i

if. -)']",!;r'p": standards maintained by E.I.L. Instruments are traceable
to national standards maintained by The National Bureau

A|js1

;p of Standards in Washington, D.C. t' Boulder, Colo-,

*$ rado. Calibration was accomplished at a temperature g',Ib,
>d.;.1I

~

of 23 and at a relative humidity of L 50 per cent.
p'.fM

J Nr
.qp_ g|J Complete record of all work performed is maintained

|m-> t by E.I.L. Instruments and is available for inspection upon pg;..i;
- Ik' 'd request. L w$".fQ 358086-13 4-22-85 CQ< -Calibration Report No. Dated #
w .9

w {p.
.

-' 1 Due 4-86 >
'

Certified by: P.G.'

#;'.. |A & iLo u 9b s, a d
. - -- v-

=A. Quality Assurance Manager : . x!h
.. -

276-l TJ.)|J;,.'

AL># v> i%.
- -

N>w< Traceability Data: h9
8fdWd rj[}$

b!
.,9y j N.B.S. Test Report Numbers ': .

D.C. Voltage 230514 A.C. Voltage 229434 * T ']
'%

g 'ph I.. fI)'
t D.C. Current 230514 A.C. Current 227237

[ t.;.p
230537 Frequency WVB 60Khz.

4 < Resistance 231129 Boulder, Co. f'P'' I.* Capacitance 231031 Inductance 230390 #-
d 'YlhI

e s, ?a

( k-{S
S> h( -}ET
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'KOC. NO. rna r111a 1 MTR .M1o-u 1 NODE. R F 7~ - 5Ln . No . O s 9 fo 995
ISTID BY Alt". DATE V . 2 7 . PX ACCE'TED BY (M DATE V/r,#E,. - -- .-

NEASURED VALUES

sROC. OUTr

;ny FUNCTION NOMINAL AS AS Of
g, ESTED VALUES FOUND IIFT TOL.
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/So /S/. 9 /5 /,9
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'4 1.il$MiA 4 4.11/As[n$&TA'4 #,'$14nie,'g$E4 |E':6.,},.[;9
-
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8 4 ,Ei/M M .

5 5+q iJMm
k.|rc : ' e r.i , i. :

: 9 (. .

(. i + )j!!, i Rockbestos Company .-Q
MIIE*' b P.O. 15074NH @IN

%,/|.,7'N., ',# > ,f I.-|,
< y

INSTRUMENTS. INC.
." ['/j)i.iE

_' 4y : : A' a
.

.-.x s J
M*I k h> ( .i l'W Eertificate of Calibration Q

,#

M'3 m. {{.;4 >' .

rs g,-

Nid MODEL NO. RFT CERIAL NO. 7176796 afjh$l
~b'I 5 INSTRUMENT Ten:p. MANUFACTURER Partlow 69%.

?"*$ Indicator T* t **

h[:fdi % .id[1,:

CM1u:-
'

,]T."L( .- > j{'.Calibration traceable to The National Bureau of
d Standards has been accomplished on the above-named F'

d instrument by comparison with standards maintained by plN$
@' E E.I.L. Instruments. The accuracy and stability of all C , e d'

i
?

:nr-> iw
. a(<'m standards maintained by E.I.L. Instruments are traceable J ::

to national standards maintained by The National Bureau .g
- of Standards in Washington, D.C. and Boulder, Colo-

4{{?:
(,;,yA rado. Calibration was accomplished at a temperature >4.

( of 23 and at a relative humidity of L 50 per cent.

gt Complete record of all work performed is maintained 7,;r.g
:n,->f by E.1.L. Instruments and is available for inspection upon p(4i|

W. : request. . h Mh;-
358086-14 4-22-85

" aliq%,,O Calibration Report No. Dated '"m
g./;ht - # b.- 4 Due 4-86 > 't!r % p

f j Certified by: P.G.

%a b, E Aa&uaDer,bs Qdnau .

dff6-i I 2})!!,
p Quality Assurance Manager P- o

t ?
%,<,{{1..,,A'

./'/ w< Traceability Data:
'

1 > '3 j
> --

g

?$$Yd '*;)hb
$|J N.B.S. Test Report Numbers ' l,ijk's
Y i D.C. Voltage 230514 A.C. Voltage 229434 [' "

ffj D.C. Current 230514 A.C. Current 227237 {.;g'' ,,e

230537 Frequency WVB 60Khz. n7,, j

,(["%g
Resistance 23112'i Boulder, Co. d''9).E

'g: Capacitance 231031 Inductance 230390 #I
h- 5'*!]b$bw. nin-

D->i t> ( wid
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w

TESTED BY PJ4 DATE </ 2 '2 . f5 ACCEPTED BY N DATE V/EVAr
''

MEASUREDiALUES
OUTPROC.

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.
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0 5 4 ni A e 4
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-
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,
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f4D i ~ i' g
ae-> c , ;.4

f J. Rockbestos Company ,}1
at @ #yd!*U

'-
ST(f;''

# o' ,jP E P.O. 15074NH

4 , .< g L >.b{i-9
9 #q'

di$ INSTRUMENTS, INC. b

if'J ?lb . .N

as->M
~ ' y&$1P 7

@ Certificate of Calibration @1'"> y9 4
J-I >Yi$kd'~6.4 ,

f FN MODEL NO. PST SERIAL NO. 3176797 fy)Ed
N2 INSTRUMENT Temp. MANUFACTURER Partlov; ?, q;i?

**IT Indicator
7> <4

"t
th . :, t.

WIE Ste@i
': bA w *1 1

k[{|g.<
.

Calibration traceable to The National Bureau of j.g3
Standards has been accomplished on the above-named #g

(,,,7NiYg instrument by comparison with standards maintained by ( '"g
'

jg,g E.I.L. Instruments. The accuracy and stability of all
,,

f' [?.*
- standards maintained by E.I.L. Instruments are traceable

- (]y
,

{g3to national standards maintained by The National Bureau
Tp of Standards in Washington, D.C. and Boulder, Colo- g 7"'

" Pi M rado. Calibration was accomplished at a temperature d{NI
.

of 23 0 and at a relative humidity of L 50 per cent. (
.<rg J Complete record of all work performed is maintained pqm
in -> by E.I.L. Instruments and is available for inspection upon . i{
KA.g y, <UM

i:i request. C~

Aff 358086-15 4-22-85 E'jiiiift;lui4 Calibration Report No. Dated W 73
k't(f%'k4.I %W Due 4-86

r g= g

g Certified by: P.G. y

$. - $. DsNAMft1/A ,
a - s ,...r

,g' v Quality Assurance Manager
y gi j.m

rjs
g#

%4@. -:'!N.'v;0q
t .

7-.< JTraceability Data: .

JfM.: I.njb
$i N.B.S. Test Report Numbers L " [[:

-!
y_> <g.6 D.C. Voltage 230514 A.C. Voltage 229434

N # [*P(.g'y.,5
g ,

fj;ff,3 D.C. Current 230514 A.C. Current 227237

Qj s 'j" j. 230537 Frequency WVB 60Khr.
,

<: Resistance 231129 Boulder, Co. 3 1.8.t.'4% Capacitance 231031 Inductance 230390 #D"'

% ,@O ?!NIYb5
a. It ' .ti;in

3*? h , i) ( b:f
,
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DATE <//fr/f'fTESTED BY Hi /L. DATE y ,2 1.F A ACCEPTED BY 4(MO

.
, i/

MEASURED VALUES
OUTPROC.

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL,
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Q'yCalibration traceable to The National Bureau off* >
Standards has been accomplished on the above-named #'3;

h instrument by comparison with standards maintained by P/[hh
1 I...'5 E.I.L. Instruments. The accuracy and stability of all U TMp-> w

< . <g <O'd standards maintained by E.I.L. Instruments are traceable .

h|
f

?p 'l
3 to national standards maintained by The National Bureau

L ' ' ' , of Standards in Washington, D.C. and Boulder, Colo- Q
T/.5 rado. Calibration was accomplished at a temperature > ih

of 23 and at a relative humidity of L 50 per cent. d.d( 0
3 Mjin

p,N gij,yJ Complete record of all work performed is maintained i

as->$ by E.I.L. Instruments and is available for inspection upon fe e-4ij
MIii "A request. $ ~ .. dih.~..
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! D.C. Voltage 230514 A.C. Voltage 229434 YC*.
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!( S _ _ _ _. _ . _. ___ Form 401, Rev.10/83 _ _ I, !!;

sa ?!iRM1ED31EMRilmiiW44%iiG
|
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TEST REPORT 35808616 /CAL DUE t/ , f(f
TEST INST :Y/ m n i n(12 CO tyr-(
PROC. NO ry'.o n;1A./ MFR. PnM_#m> MODEL /< F 7- SER. No. "7 J G / /f 6. ? _

V/E,M6TESTED BY ptf /J, DATE (4 2 %.._75 ACCEPTED BY @ DATE i

-c i,

MEASURED VALUES

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

!

b 0 ~ Ib O # C- (20 fr /. 4 (p /, 9

|/D* // 2o 9 / / 2, '7 \
.

Ifr 6* I is 2 . W J /, 2, 7

1

.

m

W *

w

r 25hFora #400 ASSETS USED



.

f"iPd..nyjfj!AIOjin U U hsh #gri" h M $5t:_T g.:!i!d:d.fsh 5 N.$jd:[&gr+3g$ MrH
Yh 41 y h.

.E M= Ai ris o=qveqcy .im;Jt
.tn NEn RIAtiy FN w g g MeS#A le - rewg84YA'4a,574NE4A 4 MiMLn E,J)},+,ih. . g'ga

q g
. , m#$SteA_ _ 'A_ .4-VA6n-t

- -- - - ' ,.
rc ' ,

1,<prj
;_ 9

,. It->: d
ti

j,fr, ,' Rockbestos Company
, 0g

/

b b P.O. 15074NH Il9.+ { >jhl-',q
m

i (,'.4f-

AA INSTRUMENTS, INC.
MWC cr/J)12iEIf J i.;y!j@
n->$ 3 < .a

$ certificate of Calibration Eg
4d# y.cs{{-> .,L.;
g< 0; i
w2% ..

h0[fh bjJfiy!!;MODELNO. 260-7 SERIAL NO. 712397
Nj INSTRUMENT VOM MANUFACTURER Sir:pson ?.. th>:ra q g <_ a:.

/ DIN ii E ,d!p.
.%' I@1 FAljd-

'

'?h .hCalibration traceable to The National Bureau of
f I* Standards has been accomplished on the above-named d' - n

W $ instrument by comparison with standards maintained by I.7JfA$<
Nil E E.I.L. Instruments. The accuracy and stability of all I. ' Yi;rs-> v

y standards maintained by E.I.L. instruments are traceable :-2, <. g:

k.<Qp[j
r ,,= .

n. to national standards maintained by The National Bureau fgh.
bT of Standards in Washington, D.C. and Boulder, Colo-

. ho'e ,J'%$ rado. Calibration was accomplished at a temperature :>j
( of 23 0 and at a relative humidity of L 50 percent. f),d

. .m m-pc Complete record of all work performed .is mainta.ined y,ft;qy

[:h
.,

n-t by E.I.L. Instruments and is available for inspection upon
$ <dp,'d.

M request. f.f,Calibration Report No. 358086-19 R))fDated 4-22-85
w A

wh4 Due 4-86 $ Aa Certified by: W.H. E. illn.,}>- y
h* M bbsJS4b II

Quality Assurance Manager'
.

|

-4,29
6.g).Nb

J

4P>q$ :> .f Traceability Data: q
Y|p .3UT.1 :?ilit.
N N.B.S. Test Report Numbers : .:fi

D.C. Voltage 230514 A.C. Voltage 229434 k"hE D.C. Current 230514 A.C. Current 227237 L[j ,

230537 Frequency WVB 60Khz. l
g'. < Resistance 231529 Boulder, Co.

>]? jI li.'~ T* Capacitance 231031 Inductance 230390 *

:. P. .. i
Mii?g

2 ? '.:f||q
D-DM . ; h (Idj |7

.S Form 401. Rev.10/83 I .Nj!h) (( >

'

.
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of- Shaat

.E I L
r. - m e

CAL DUE V.ff 35808619 ('TEST REPORT

TEST INST.: 90 A1 _

PROC. NO. rvvi#1>22 / MFR.N te m , MODEL 9A o r7__ SER. No. '7. / 9 3 9 //
TESTED BY /4n4 DATE 4 29) . 73 ACCEPTED BY C/At? DATE 4//_ay'SN"

'
MEASURED VALUES

OUTPROC.
STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

DCV I/ l.00/ /< 06 /
2 5v 2 5 0 '7 2 > So '7
IOv /n .0 0 /0,00
Ana 50.60 50.00
250s 250 0 2Go.o
500v Ano .o 500.o
/000J /00 0 /000

- n e t/ ~ /Q V -10 0/ - /O 0 J

Act/ 2 5V -r #-

-

/O V I l #
SO \/ IA)Q P IA)O P N
25 Ov I I M
SoaJ --

L-- ~ f ~~- n

SOD A I zSo m v 500A K6 o6 O 50 00
250mv 25 2.c/ 2 W.4

n(' m + ImA / O/R I.006
/0 m A /O.25 /n o n (n

/60mA /0 /,5 99 V
EaOmn 50 '7 5 499.7

16A |4 /*0/ /* 0 0'

(d X / / 0 a- 9,5 T,5 |
/ O O tL- /nn /00 i

l

(< Y I O O / K-.it - /O /O
/Okx / h () /00

fl X to n on / n O K it- /0 to
_

/ M n--- )o o /On

..

Fcro #400 ASSETS USED pt./6 h
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,. MNi_ 5

.22ehMa2 (' 5[M4#A N N23 NE4 M
_ _ _ _ __

i~M6;dkNd::,b. =N[kes5#2M7$$$2!EMY#$17;de[ t i5178 'Adi_
!'

..
--. _ _ _ _ _ _ _W5;$@hyk9f ._

1
,

< !;b,-

, , ,
M-D Wr

9.< <g.lih j Rockbestos Company# d .,

Edb D
%,[!IP.O. 15074NH

4}d,},#5 > $.
d-

$ INSTRUMENTS, INC. d47.
$@!!IO) jf[[jiii[.

EM Certifftate of Calibration @
y,A

> |{{-w j ..i'5fr . y' s y -

M MODELNO. 710-1 SERI AL NO. 7962-00 affd$
1,!!Pg INSTRUMENT AC Volt Test MANUFACTURER Hipotronics ( "if6
?*4.d Set 9 4s n
WO' "i C ..;p

MIfbi fit})[g

[k.g,M$ Calibration traceable to The National Bureau of
P '# * Standards has been accomplished on the above-named F'J 1

h)!! E
instrument by comparison with standards maintained by p!Iif :
E.I.L. Instruments. The accuracy and stability of all L wi

w+ <.+ s tr

@i i:. <ah:
,.

standards maintained by E.I.L. Instruments are traceable
.

f .

to national standards maintained by The National Bureau 7.gy.
gf,;<a of Standards in Washington, D.C. and Boulder, Colo- gj">,M["A rado. Calibration was accomplished at a temperature j-

>qhlb of 23 0(
hff, Complete record of all work performed is maintained

and at a relative humidity of L 50 percent.

k).7 h
t

is->$ by E.I.L. Instruments and is available for inspection upon s <mi
M!fh: request' C M" EW

yngti" 358086-23 4-22-85 & "i
95 Calibration Report No. Dated 5
k g ,-.'. %,Due 4-86
w

L y Certified by: J.B./W.H. .;
.

.

a mi ,

01A $1EL G, d)
A: gf,.! Quality Assurance Manager ?Q

a. \c 7
fgN My;., 1

h' A *4j l

:t> J4 'w< Traceability Data: g *r?-|I, rs

0Ifk,hs.i :J'!N@IOJ N.B.S. Test Report Numbers ;,-
! D.C. Voltage 230514 A.C. Voltage 229434 NY l

@%.hn
f.gs.IlD.C. Current 230514 A.C. Current 227237 1

(Y-230537 Frequency WWVB 60Khz.

4/'.Q'%
,

8 Resistance 231129 Boulder, Co. i
> 'J,j.;.F'.'

Capacitance 231031 Inductance 230390N

. :'!)ill!-

.-, jliE' 3 ? jliill
ble$* @i <"rs)

!Ih E _ Form 401, Rev 10/_83
f

''. j'igP "3]( '

.

h
1

-

i
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' Shset / of /

EIL
-me

CAL D U ti y,76 35808623 (TEST REPORT

._ TEST INST. : An 4s+ s c +-
PROC. No. ryv>nott) MFR. H10MA mO'A MODE L '7 / () - / SER. No. gq(ej -00

DATE <// mars'TESTED BY . J /? / a) 4 D ATE <t J .2 . F's ACCEPTED BY y
MEASURED VALUES

OUTFROC.
STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

.2 . 6 /< tr 5 KV e 4 f 9 f) .U996
/ 5 CV /,6699 n490'?
.2. 5 K V .2, 51/ .3 429

KKV / kv ,9593 ,9695
RKV A,994 .2 977
KKv 4.9 66 L/ , 990

/ O K tl .7 kV /,9 // /, gg p_..
7KV G 439 &,95;

/OK V 9,963 9. 7F 'l

,

|

|

l

A

Fer:1#400 ASSETS USED 5134,, 950;L.'

_ _ _ _ _



S I

a h5M.7 M.8 $ .9OE y Mg%4
_ _ _

t %._ gg. y .ylk |

% $ 9 8 R B M & g CO T.g".$ W pJ.ta
,3

.g g i,NM k E N M Y W E n %,t T ptdM&ggfi
fhy, , .Nfi ;

e <,

n;i+-> g, c .g
[ %.y . Rockbestos Company e,4"
MNb b IP.O. 15074NH .l
i,(I,.<Ph. ' O,, ,y

b.4 yIb
.

. INSTRUMENTS. INC. .

*h% rcQf(f J :!)}f?. . ~
-:ss->i

& Certificate of Calibration Q(d
5

'- %9
m) dis.ffr 4 >gh W?--

Ri@d9 MODEL NO. 4287 SERIAL NO. 1824344 ;77j}}4

Nif'.E5
'd8 Ef INSTRUMENT Kelvin Bridge MANUFACTURER ?, ~ 'S'

3*-> Northrup g <-i:
glk '? i: tup
'sf(??~1 ?$)j;h

h
*Calibration traceable to The National Bureau of > .4'

.. Standards has been accomplished on the above-named #
; st. . .

L @.,n
instrument by comparison with standards ma.intained by ?!)iire

.

E E.I.L. Instruments. The accuracy and stability of all & 'Y
f*"

(jhp|
standards maintained by E.I.L. Instruments are traceable

kf to national standards maintained by The National Bureau f
$ of Standards in Washington, D.C. and Boulder, Colo- 7'

>I. jj[i.
h.kg

P' rado. Calibration was accomplished at a temperature
of 23 0 and at a relative humidity of L 50 per cent. V'

%.
p-] jig.1y;gN

!j Complete record of all work performad is maintained
pp@9> by E.I.L. Instruments and is available for inspection upon siqHf

" !S.4 'S request. E ..mkf/R 358086-37 4-24-85 Widy Calibration Report No. Dated
> d}g

.,
.

Q fjDue 4-86
1 Certified by: W.H. y,y>

;M.,nt*n> **
.

I N, M <
*

; g',' . . .

/ ?~n
s

i3.4)|||d.
3 .~,

Quality Assurance Manager
thf1

>47{{b'
qb 4F 6
4r - < '

.

y73 Traceability Data: , : it j
>.

kin'.'.'9 . 'f!)Yn.J '

3pK: N.B.S. Test Report Numbers F 4|
Sb?@o #=~ # ' df D.C. Voltage 230514 A.C. Voltage 229434

k'{c,g. D.C. Current 230514 A.C. Current 227237 yM.[
lf 230537 Frequency WVB 60Khz. (''y" J.g.s: Reststance 231129 Boulder, Co.

,
'

>#{g.f.!i
'M.3 Capacitance 231031 Inductance 230390

T tij!?{!6 itiC '

. b*4F .C
5 : w

% (- 3:!

I ( /.! ..'9!id Form 401, Rev.10/_83 h 30. 0

'

.i !
-
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Shoot / og /.

.E I L
. - , -

CAL DUE q.P4 35808637
TEST INST.: R # / t/ r n h e, dtT<

.

__ PROC; NO. mn_eno / MF R. L 2 AJ MODEL </ 2 F r/ SER. No, / 9;1. Y c$ </ (/
TESTED BY t/ PH DATE 4 24 V5 ACCEPTED BY CJO _ DATE <//J,a//T *- .

-

MEASUREbVALUES
PROC. OUT

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.

n H M <l
/0~4 .66 k .0660 , (s & SO

/o * 5 9 .9 Ymn- 9 . 9 '7 9 5 9 9 '7 'T5
1

I n - 2. . Jools ./000 , /Q 00 |

f o ~' . 9 9 94-n /.000 ) /.000/
.

l .9999s. /.000 /.00 0
9. 9 9 2 a- e.9998 v. 9 9 9s-,

|
1 jo 99.99 %- 99.925 99.975

1 -

!

Fcra #400 ASSETS U SED 9 |(-13 39 l, 440{3364, 'd / .2.2.
~

,
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; '
'

i '

'1 h iEjMif ~ 9
h. 'i
,

3* > c
( O. "j Rockbestc4 Company

,

$ .<19[$' sh'' b P.O. I 's074 NH I$IY
1%.[p

-

.n# dv

4 >
h,, < INSTRUMENTS. INC. 'L[c i%aa*->g 3

gg certiffrate of Calibration Q
Q69 w.45
14. y.4 > . >;p
c. e yt) ..,

'$$9 MODEL NO. 1864 SERIAL NO. 2311 ?/JNI[
bli'" J INSTRUMENT I *1 Set MANUFACTURER General Radio fWu
2*->$ a<n
fb "f 6 . Mp|
Mb'1 CM),11s

h% I'}.f.jiCalibration traceable to The Nationsi Bureau of
'^

- Standards has been accomplished on the above-named F-n
' gj instrument by comparison with standards maintained by [7[[!$

E.I.L. Instruments. The accuracy and stability of all C @4 l' i'

E standards maintained by E.I.L. Instruments are traceable ['1
"' [ to national standards maintained by The National Bureau ,/|

'

>f]Q
t of Standards in Washington, D.C. and Boulder, Colo-4";c

( jt5 rado. Calibration was eccomplished at a temperature

pqy{a
(

h,.s
. of 23 o and at a relative humidity of 1, 50 per cent.

.

Complete record of all work performed is maintained
p->$ by E.I.L. Instruments and is available forinspection upon f.;ys

gf ''d request. Cd!!r
%!,fb 4-24-85M '* Calibration Report No.

-

Dated
u>,

Esi
4.2

*' ;r1 Due 4-865 6
9 Certified by: W.H. .

+
. . .

$. 1Yn 5%$) .

* JJJ.
.e..-. s a

M. .

?,M}p;!h.
'"

is Quality Assurance Managerg.

9- .fsat '-l

%+n *< %.((. a
~q!!3 Traceability Data: gt:3.'';>

$$.id mij$d
Nijib .9 N.B.S. Test Report Numbers t ~ ::;ib

. he,.g; e ~ -!
f # ~.
E.y]t_g "i; D.C. Voltage 230514 A.C. Voltage 229434

.+4;g D.C. Current 230514 A.C. Current 227237

('f}j
'

NQ 230537 Frequency WVB 60Khz.

yh* 9gplResistance 231129 Boulder, Co.

>#3 i7t r T Capacitance 231031 Inductance 230390
M ?!)$IU
$ .9 : . .iiiN

). <Si:}
( k$ . _ . _ _ _ _ _ __ _ _ _ _ ._ _ _

Form 401, Rev.10/83 __ __ h , MI|gl

3*->

d

!}
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N8tssds '

Sa..e / or I

a. /gng## lE I L,
,

!o -

M[ M//p TEST REPORT-
,

TEST INST.: 7.E. 5#7 .

_ PROC. NO. Arib /8fe.omF MFR. /w'. EsEn MODEL /X4 V SER. No. 3 7//
1

DATE 4/- ro - 5( fq TESTr.v BY '/IW ' DATE */-34/. ff ACCEPTED BY y
| MEASURED VALUES

! PROC. OUT

STEP FUNCTION NOMINAL AS AS OF

|NO. TESTED VALUES FOUND IEFT TOL.

CMMS -

l
18e/1 so #1 , C CxteeK ) . C (xlbok) |

/aers J (xiasr) I fxJoot)
/ Ma. /Ma /A /A

toMa 19. 98'A 2.0lx /cd) 3. 6 (x10 M)
'

loo MR /. D/3 6 n. 10 LX100ft) Jo (X106 P1)

/ GD j. cv2 & A /W1 / ne
|

| /C SC 9. 99&A / [Xto&) / (X /06)
JoOGA 99' G-A / O tac G ) J {stio06)
1 7~ A /.CY9 % / 7'a. J ~7~a.

- -/MA - V.5 /ts V..f/sta. - YC/s.
-

-.
,

-

/0 MA /9. TCA|n. 2.0 (xIOM) 2.0 6/C/7)

/00 /YA l. 0/.3 6.Q. /b ( t|COM) 18 lx /00M)

1 & A. /. o/2 &A / 6.a J&a

10 6 A 9. 971 &A ) {xscs ) ) {x/c 6)
/M duL. 97 &a J (xna6) ) {xtoe & )

t

e

|

| rare noo gj.sg8: 3919, fo7Yo, G'/Y/, & 7Q & 71(e
;

'"
- - - . - _ . . _ . - . . . . . . _ . _ _ _ _ , , _ - - . - _ _ , - _ _ _ - _ _ . _ ~ . _ ,
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|

@II p(3 v%g.qEMEM1?FtM"5E E WMy'NidW;,gyg.Aei-J#4 M EM'GT.#"-@"id.i
3Mij3 g t=:.

N 'NWA' b ''b5
i 1

pq%W- Fh . - Fw EE "D
nab NIN'W N $g'A?$ % $ Ni EG F M s g!3FMC pa

V'2W"W ._A O @!$Y$ _. ht
h? ?

_

?..' knifN
:n -> 2<:.d
~ k. y Rockbestos Company

- 6
. hi'p[f

( *d$I E
Q)L

Y |'e a P.O. 15074NH
+b#
Nh-h > hy'd''

INSTRUMENTS. INC. 1._' kW
Ufj}4}:

P'.

3. p 3 : .
w i .i-

*h .)' ,.e f ,i f

@# Certificate of Calibration Q
%> ' j{i,-

^n ..

4 :p,,{e3
p I;j MODEL NO. RFT SERIAL NO. 7176859 ,N. dh
ik4 INSTRUMENT Temp. Indicator MANUFACTURER Partlow r. P:r$->g 3 4..m

D. ^$ L . '@ '
'

MfiC. ?; stb
.p 4 g:u

- n
..:

Calibration traceable to The National Bureau of y 9gpA*I - Standards has been accomplished on the above-named F"'

0. h
instrument by coraparison with standards maintained by |,;7//}if'.-

'w->$
E.I.L. Instruments. The accuracy and stability of all . '3?

;

g<V_erb standards maintained by E.I.L. Instruments are traceable ?f
8 to national standards maintained by The National Bureau f;j

.

of Standards in Washingtoa, D.C. and Boulder, Colo- gp
4 4. '' s rado. Calibration was secomplished at a temperature :>,nv,y(.g of 23 o andata relativehumidityof L 50 percent. - g

J@gp;p Complete record of all work performed is maintained g.y,wjp-|

de,D'$s, by E.I.L. Instruments and is available for inspection upon $$-sci;p- '
request. E gh;

~
'

:
35 086-51 4-22-85Calibration Report No. Dated ,

1 Due 4-86 NikI2
f)gh.."

,

"

g Certified by: P.G. ?J ,a

h M b 45ff)
h[ Ouality Assurance $1anager'

~

k: .\ip(,iDjvy- .

6# %4I
'Np,7% g $i-< >tq
-

,

Traceability Data:

Mp .9 N.B.S. Test Report Numbers ?!|driki
30W"J

?

k D.C. Voltage 230514 A.C. Voltage 229434 "

h5 D.C. Current 230514 A.C. Current 227237 E.< UleIp 230537 Frequency WVB 60Khz.

( 9{{.!
S*J

'pP.g A Resistance 231129 Boulder, Co. z-
"h Capacitance 231031 Inductance 230390 7'S ]
#are 3;;r.,

h*fY ..?
: RihN

j* y <-|n:)

( p(%E _ . _ _. . _ _

Form 401, Rev.10/83 h G!r).

l
.

|
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Sao.c

iE I L.

!
.amm m .e

EST REPORTCAL DUE t/ 8"(, S5808651 (~
TEST INST, ; -+-e rh n . I n d i ('Ain t- i

PROC. NO. @v>n ud/ MFR. h/ou > MODEL R F T _
SER. No. '71 '71, 7 5 9 I

'

TESTED BY (43 A DATE 4 * 2 R a V6 ACCEPTED BY CAD DATE 'f/JdVE
-s e r-

MEASURED VALUES ,

OUT '

PROC. .

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IEFT TOL.
!

100 - JOO * C 1000 9 % <,t q q, g
'

/228 / 21, / / 21. / '

I6o* I 5/ . 2 jg j, g

200* 20% i to c), I

.

l'

.

|

r !

- I
1

I

. Fora f400 ASSETS U9ED ggg4 1

,



.t 8m
! 0-

Nflo ;

t{ g Rockbestos Company.,

E L ~e o- >>o''"" s. -
.5 g
-

INSTRUMENTS. INC. -

.. K: ,.
-

}
-

.i Ps.
1 e

bt certificate of Calibration f*i
G

ta
.

i I5 MODEL NO. 595 SERI AL NO. 60501 ..,.
~1

5 INSTRUMENT Chart MANUFACTURER bega

h,.;j$ . ff;,Recorder c; i,

*%1 fdP )
' ' Calibration traceable to The National Bureau of l

'

Sta'ndards has been accomplished on the above-named
9

instrument by comparison with standards maintained by ',

7. .- ;

. ..j E.I.L. Instruments. The accuracy and stability of all g.yg.

," g standards maintained by E.I.L. Instruments are traceable
gj$ g4g to national standards maintained by The National Bureau h. g

. of Standards in Washington, D.C. and Boulder, Colo- ;.
: rado. Calibration was accomplished at a temperature . gy

7 of 23 andatarelative humidityof L 50 per cent. B,

Complete record of all work performed is maintained ,'
: - J by E.I.L. Instruments and is available forinspection upon
. .g request. .

cy 4''

5 Calibration Report No. 358086-60 Dated 4-25-85 '

.

Due 4-86
;

.

Certified by: W.H.
.

} 62 LdGb ?lli-

f., M Quality Assurance Manager
"E k-

1 m

:
~

Traceability Data: 4,
.

; ;.y,

!

_ y,j N.B.,S. Test Report Numbers I. gjjjf
,. h*d'

D.C. Voltage 230514 A.C. Voltage 229434 **$
D.C. Current 230514 A.C. Current 227237 i L;

j 230537 Frequency WVB 60Khz. .-
~ . ~

Resistance 231129 Boulder, Co. .

Capacitance 231031 Inductance 230390 .;

o%gj
, -

'. Form 40,. nev.10/83 !
-

? RfdERN M E M $tiH0BIlifB R W M N
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a r .s ,

RT* i i. |

(
m, ? oe
S, g Rockbestos Company $I

b P.O. 15074NH
e E|L * 8

. 4( u.4 > ry.

E'TY INSTRUMENTS. INC. #
l

L'ffhk
%. - . . d : :e,)

*

3 s :.

9 Certificate of Calibration Q9 m, <. m
;l g% > '))t,3.4
g g v,
M Fd MODEL NO. 0-160 PSI SERIAL NO. 354 cdfM3
kU"2 Pressure Gage MANUFACTURER Helicoid E gjfINSTRUMENT

9*%sT
** $<e

N cr. 9"

~,,, :.wk::
2 C:21}j;f

*4 Calit ration traceable to The National Bureau of ,
Standards has been accomplished on the above-hamed Cq

= instrument by coinpanson with standards maintained by cy])I%
.

Nd id.l.L. Instr ,ments. The accuracy and stability of all ? MikfL

. j standards maintained by E.I.L. Instruments are traceable hijN
"~'1 to national standards maintained by The National Bureau 3 'ckk

-
"- of Standards in Washington, D.C. and Boulder, Colo- III8

g rado. Calibration was accomplished at a temperature *).%k 'j ]M of 23 and at a relative humidity of L 50 percent. ;

k,g 9 Complete record of all work performed is maintained -

y ,h,, d"giis- by E.I.L. Instruments and is available for inspection upon
pp d request. C , ty.'

358086-75 4-26-85 {hkN Calibration Report No. Dated-s
.; {g.;A;,!*4 Due 4-86'

Certified by: W.H.-
,

.h> Sli) @

4[s A1.)d
V5 Quality Assurance Manager $ !I!!'

'

F
w t ..n
g)$hj Jd Traceability Data: >

e.w. ; p.,
' N.B.S. Test Report Numbers

.

~k D.C. Voltage 230514 A.C. Voltage 229434 @'Ny'' ! I M!iD.C. Current 230514 A.C. Current 227237,

230537 Frequency WVB 60Khz. 'fIE
M,g Resistance 231129 Boulder, Co. hlgf.i

yo Capacitance 231031 Inductance 230390 F'J l
:5bE$

.n Q? B i u!qih;;

k*b : h(!h
*1

.E."' Th *[
Form 401, Rev.10/83 9!

- ~~ ~

M- t *
'

-



_ _ _ - _ - _ _

.

Sh'ac ' at /
iE I L
_

!

CAL DUE 4' 6 85808s75 (
TEST INST. : m,.r CAW 4<L4<.,
PROC N0p&ntrno'Ma MFR.M'>hezu.d MODEL /OO o s r_ SER. No , ,3 5 </

-

TESTED BY / tud 3 ATE 4/ e.;1(e ' P6 ACCEPTED BY (APd DATE ,9/P/Jr5
MEASURED VA',.UES

'

FROC.- OUT

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IIFT TOL.
,

~ 20 -/60ns i 2Dm s .1 0 20
t,lo bei VO V<3'

GOkW/ /, O (so
(f0 'M o 80 76

/0 DOst /QQ /60
/old Oss /Ao /_."1 d
/ stajnt ;yo /yo
/foo'ost I66 /c,6
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P.O. 15074NH I; ...
'

y A Q m
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INSTRUMENTS, INC. k d"^ *-

@. ?$
E3 Certificate of Calibration N

' 5!!b
}jQ

$~4{k
i) }:

f/h MODEL NO. 0-160 PSI SERIAL NO. 355 jiy
# INSTRUMENT PMss ue Gage MANUFACTURER Helicoid {gpi

/d>:h'*f *
@ < - +1:

! dih$ep3.erzw

*h'

Calibration traceable to The National Bureau of
Standards has been accomplished on the above-hamed er9 7L

instrument by comparison with standards maintained by ;*fj)Y?
.1 M..# E.I.L. Instruments. The accuracy and stability of all ? . i!!!if

standards maintained by E.I.L. instruments are traceable @ (99If'i to national standards maintained by The National Bureau E.

.

,

of Standards in Washington, D.C. and Boulder, Colo-
' :r*'~

( |m 4 rado. Calibration was accomplished at a temperature I-li.g:
of 23 * andatarelativehumidityof L 50 per cent. .,j~

'

. gj Complete record of all work performed is maintained M!jt
$3+g by E.I.L. Instruments and is available for inspection upon %[q

? ? '-= !fhi =
'M re uest- "' 4

358086-76 426-85 ppQ1 Calibration Report No. Dated-

A W. .:;

t
A Due i.-86 F'.-

-1 Certified by: P.G. * 11

$O12 & *

i <

A" !
_

'

Quality Assurance Manager s.4
|Ib' .?jf .f?9

<%,$s n
I Traceability Data: g, $}.'

~.sj}g}T?i
I

,hr .3 N.B.S. Test Report Numbers ;-

J
'

|
'

3**h D.C. Voltage 230514 A.C. Voltage 229434 h (..N-

,

1' .! D.C. Current 230514 A.C. Current 227237 : HE
I' dS

,

9 230537 Frequency WVB 60Khz.
.

Resistance 231129 Boulder, Co. ~$g.t'.4g"
| Capacitance 231031 Inductance 230390 #J'

'/d! $Iii
n.. @mP1 ? afilB

h(N kY.* ,
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CAL DUE4FG 85808si6 ('
TEST INST, : ora _a A4_u > C< tela
PROC. NO.cmnarn AhMFR. 4 S /; end MODEL / GO cto SER. No. 344
TESTED BY PJ (4 DATE O J2.0 PS ACCEPTED BY 'CE DATE WWET

/ < s

MEASURED VALUES

PROC. OUT

STEP FUNCTION NOMINAL AS AS OF

NO. TESTED VALUES FOUND IEFT TOL,

20-/&D oso 2O os o I4 /9
4 0'oso SD </o'

~

GOksi 60 60
?dosi 72 P2.

/ O D 'o s i to? 102
/ 2/Sosi /22 / .2.:2.
/t/D psi / 4'3 Iy3

/Gd,oxi 162 ) /. 9
_

* <-.

-.

I

|

l

I

|

L
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rh: 9 f" ' ' 4 @ -

$ .ajn. I
-u.) Nff. ; Rockbestos Company

i . .-r.
dilE $ P.O. 15074NH NI}If$.'

> d%
'

-Q,A. %. 4.4:q
INSTRUMENTS. INC. F

Q|4W >''.!?)}IDdh: IYi

$,k .A Q.egi.Certificate of Calibration
-

- g- :> .

N/A SERIAL NO. % 576MODEL NO.
h. ThermometerA INSTRUMENT MANUFACTURER Ertco 7. qy

Wh $
? -> $ <bi:

"d c @q,:
Fy= w ,W l. 4. .

Calibration traceable to The National Bureau of *-(
W Standards has been accomplished on the above-hamed #9q
>d instrument by comparison with standards maintained by 0-rj)Y?

t b, .0 E.I.L. Instruments. The accuracy and stability of all ? 'i!;i?

N#M standards maintained by E.I.L. Instruments are traceable 075$
k to national standards maintained by The National Bureau h, N!N

h. of Standards in Washington, D.C. and Boulder, Colo- IE'

( %m$ . .g34
.

:>j ]f. rado. Calibration was accomplished at a temperature
g of 23 and at a relative humidity of L 50 per cent. 8
kb Complete record of all work performed is maintained Nf y
Q by E.I.L. Instruments and is available for inspection upon
!!he i request.

C5J@y
%) }h Calibration Report No. 358086-77 Dated 4-26-85
*(1 .

k >d
s#

Due 4-86 d$?j'

* ;j Certified by: W.H.
,

b>h 'l )Y|GEg% "bH1DL
cd' Quality Assurance Manager i . !!b;l

%vA=N ''?d)$'-

g.si +.4 j
' tif Traceability Data: > ejhj

g

NOV' . <rj'ii?i -
3r j N.B.S. Test Report Numbers ; |f,

bh D.C. Voltage 230514 A.C. Voltage 229434 **

[ D,C. Current 230514 A.C. Current 227237 b - @h.-
%p a

. 230537 Frequency WVB 60Khz. " I!Ibi
.

'

#PM.I
"l p.r20$ Resistance 231129 Boulder, Co. i

g,k'. 4
Capacitance 231031 Inductance 230390

;#w ..
f

. < i

\ - ih i Form 401, Rev.10/83 i .dhl
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CAL DUE # P/, 85808677 /

TEST INST. : -rh es IPNT/A
PROC. 80/movn dAtacGR /~ r4Cs MODEL SER. No,'1t,g rj(,,_

TESTED BY / /.tw DATE u 20. M ACCEPTED _BYi E DAIE <//E/#f
r - i

G ASURED VALUES
OUTPROC.

STEP FUSCTION NOMINAL AS AS OF

NO, TESTED VALUES FOUND IIFT TOL.
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W 9* 90 cyc

.

e

a

l

|

ASSETS USED 74 56
| Fara #400

|



.

e

MS$!$INI!MNIIf5?b!dkkkAM$NNh |
's g
dd@ @ 4/My EIL rg(

-- c - a
hkx{ INSTRUMENTS, INC. P.O.#15074 NH w-

y% certificate of Calibration $
e&mb y 8 y

( *1 MODEL NO. 2702S2-1-4-R SERIAL NO. 840424044-2S
'

| INSTRUMENT Recorder MANUFACTURER Halytek" = 1

' a
,

E &

') (h.

'

Calibration traceable to The National Bureau of Standards je W
in accordance with MIL-STD-45662 has been accomplished gf

g*e[k
i on the above-named instrument by comparison with stan-,

| d dards maintained by EJ.L Instruments. The accuracy and 7'

s@fh}.
h=.=

* ' stability of all standards maintained by E.I.L Instruments are
^

h$/traceable to national standards maintained by The National
"

Bureau of Standards in Washington, D.C. and Boulder, Colo- .Tl*

y rado. Calibration was accomplished at a temperature
,'

of 23 o and at a relative humidity of L 50 per cent. a. a
..
.

,

N[g%
$ Complete record of all work performed is maintained .IW

f ,; by E.I.L Instruments and is available for inspection upon SI,
6 request. The instrument was/was not out of tolerance when f .

'

initially received by EJ.L Instruments, Inc.
~ ,ggj%;

? bh|}
.$35 352 5-20-85Calibration Report No. Dated :

.

.N Cert fied by: Y.H. .N &M bE,,5[-li
l: s w

d g Quality Assurance Manager g.
jm;"^;j@pu i |

'

|p W Traceability Data: i P'= |

N.B.S. Test Report Numbers Y.bhk b ',

hbp;,
(

. .
_

D.C. Voltage 230514 A.C. Voltage 229434 "
1.

D.C. Current 230514 A.C. Current 227237
h,, ,W@ l

230537 Frecuency WWVB 60Khzi I

g(;;@h
Resistance 231129 Boulder, Co. d, ,

Capacitance 231031 Inductance 230390
'

)Temperature 229053 (%{=
I

h5$2 l4,

|k Form 401, Rev.1/85 [@.[,'
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KAUFMAN INSTRUMENT LABORATORY.

Cev Op 79 Cat': pas %2ufraiSS, 88eC.

CheBET SObaAJIE OnATE t A

s tag grue.L avosur saam cT Ogs te

TEL M 7303
N A88 N |

.

STA heO& DOrIJagg |CN
u so=4 ton,

24 May, 1903
,

Subject: L & N Mod. 8690 Millivolt Potentiometer, s/n 1602248
Mfg. Rated Accuracy: Per Manual
Deviation When Tested: None
Submitted By: CE90CK WIRE & CABLE
Activity: Certification
Test No: 33952

.

Standard: R.F.L. Model 1605, s/n 144, certified to an accuracy of
.02% of actual reading, directly traceable to N.B.S.
5 June, 1982, Due: 5 June, 1983.
Ref. N.B.S. Test Nos:

Standard Cell Test # 230273
Source: N.B.S. Date:4/12/83 Due: 4/12/84

Current Transfer: # 521/222331
Voltage: # 521/222331
Res. Standard: # 221.01/220188

Our calibration system complies with MIL-STD-45662.

Tests were conducted at an ambient temperature of 70* F. and 48%
relative humidity.

The subject item was calibrated within the manufacturers spec-
ications.

bn
By: [

a

KAUFMAN INSTRUMENT LABORATORY

.
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g THE HC )CI{BESTOS CONIPANY
NEW HAVEN. CONNECTICUT 06504 USA TELEPHONE: (203) 772-2250 TELEX. 710-465-2149

-
r

. MuG 2'i i W Date

Equipment: $TW e.ncH l DM.w bu) t 2.i % Maxiam M1ovable Errore

Manufseturers bNuSPL'T
'

Cl Z Maximum Measured Error

Modol: WO Remarh : 4 hNmowi hWd
O ' I '' E'''" '' #*~Serici i:

CWC #:

S:alo, 0.0 - 5 9 99 9 o' <

; Locction:
!

i Sem dards Used:
OdV TIN;nvS3.cro hi&cT Fih m-

wts - cc. r,. men

'
STD. TEST DIFFER. STD. TEST DIFFER.I

VALUE VALUE FROM STD. % ERROR VAllTE VA1,UE FR0!! STD. % ERROR

dl.'v g M.L s

i.c o.ti9 - c.cc i - C. t

2.0 7.CCi + c.00 t 1 C.L'S

30 3.CCC C.L'c c C

4.0 4.C00 0.000 C

s.O 5.008 * C.0 0 i -' O. 0 2. I

ID.C o b. Cec C.oce C

s5.0 14.14 t' ~ C . LM - 0.0i3
'3c o 30.000 0 000 0
45 0 'rs.Cc 1 +0.00s * o.00 ?

'

(,0 0 T9 iii - C.001 - C.0016
i

1

1

.| I

'e _ _

'L /

I
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TI-I E 14( )CI C B ES'I'( )s CON I PA N Y
NEW HAVEN, CONNECTICUT 06504 USA TELEPHONE:(203) 772 2250 TELEX 710-465 2149

.

Calibrated
A B74y 27,/Iti Date

'

g:y

Equipment: /)6.fh. oM MFM 6U % Maxirnum Allovable Error

k rufcsturers /9fici b3eW(r/ O I Maximum Mecsured Error

Mod 01: 601 Remarks: b4o f/,#c'O sie%4~

Serini #: W2M ch ogF

CWC f:

S3:1o? O~ M JN O'C ' YO'C

14catien: A-7MAV[

St :dards Used:
GLiFFAi aN |0.o0
9FM 6A2D th FFtM Tot L ; , , A

bP CA d4 Tf5M $6s T s c'~
#

2 T.$ C..T

STD. TEST DIFFER. STD. TEST DIFFER.
VALUE VALUE FROM STD. % ERROR VALUE VALUE FRO?! STD. % ERROR

10.06 6 10.0 0 0 0
zst

i

.

_



. -
_ _ .

' THE IRC )CICBEWI'( )s CC hII %NY
NEW HAVEN.CONNECTICUTC6504 USA TELEPHOh E: (203) 772-2250 TE LEX. 710-465-2149

|
|
'

Calibrated m / 1

, By: I /b
'

Date

Equipment: Tv PF K Tes&,no @ PNr 460 2 Maximura Allowable Error
Ma;uftetv:er:

_ CMC 6A '& _ Z Maximum Measured Error |

Modal.: Typf K Remarks:

Serici #: IHi -M " *3'"

CWC #:

$2 clot

Locetian: AuRY## ~

St=dards Used:
A M *Affrstdp 41L.ve.- Rvguf.:mem?

m /a. W9c sA. ,6 c 2 2 91

Beiu26 b;rr.ket ware <2(r Mre # +

STD. TEST DIFFER. STD. OEST DIFFER.VALUE VALUE FROM STD. % ERR 0_R VALUE VALUE FRC!! STD, % ERROR

TH 1 7H ///1
g2' f 3r'F 0 C 3 2'i= 5Y.= o c
la 2' 5 L (2*F o C 2 o f =' g,ff L- c

1H2
32' F 32*F 0 C

t 2'F tal'F 0 6
,

Td 3

32rP 32 p C C
2:2*F zot'F O O

I
..

-_. TH4
we 3 2 *i= c c
2J2*F 2t?'s 0 0

|
-

,

WP 32cf o C
212 'f zr2*f U O
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TI-I E 14( )CI < I3Ewl'( )s C( )A i rw N Y!

1 NEW HAVEN, CONNECTICUT 06504 USA TELEPHONE:(203) 772 2250 TELEX. 710 465 2149

1

Calibrated h % "1 JA ~g ) , / c/ f >c-
- , -

.

3: Dste7

Equipe:nt (4mp*04 t,ltreatc,[c 6(,,<n//tr 2C 0 % Maximum Allowable Error
Nanufteturer: bJ'N & 7 Y d. 3 % Maximum Heesured Error

fr [g,3(gModol: 4f 4o i e yJ Remarks: /Js,; g

Serici f:

CWC f:

e r A> <' % Tu ' VC -

sr. clos

Imentian: AfeMt'r' Adr?

St: dards Used:
STEP w e7(r-( A./u WC S/u /339'f27

STD. TEST DIFFER. STD. TEST DIFFER.
VALUE VALUE FROM STD. % ERROR VAttfE VALUE FROM STD. % ERROR <

4.'q 5 C btyi

4
e-

/.2 5I e,o /,2 % 0 0t'l + 6.34
L
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