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1. _INTRODUCTION

On December 3, 1982, representatives of NES/INSULCO and several ugilities
met with the NRC in Washington DC to present the HEMYC Fire Protection System.
The HEMYC System had been previously accepted by the ANI as > one-hour barrier
for application to all U.S. cable types based on the E-119 fire test, hose
stream, continuity and insulation resistance tests conducted in May 1982.

During the meeting, a concern about maximum cable temperatures achieved
during the tests was discussed. In response to that concern, NES has prepared
this paper, summarizing HEMYC test results and assessing other available data
(Sandia 20-ft. separation report, CMEB 9.5.1) that were suggested to be perti-

nent during the meeting.
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2.  HEMYC SYSTEM TEST DESCRIPTION

Three tests were conducted for a variecy of insulation wrapping and cable
mix configurations for both cable trays and conduits exposed to the standard
time-temperature curve defined by ASTM E-119. During each test, control
cables were energized with low voltage (24V) and connected to a light detec-
tion system which indicated the occurrence of short circuits. Thermocouples
were placed between cables in the trays and on the inner wall surfaces of the
conduits. Subsequent to the test, the cables were subjected to a "megger"
test (at SO0V for a minimum of 30 seconds) to establish insulation resistance
values, and a visual examination was conducted to evaluate any visible damage
to the cable jackets.

1) Test No. 1
The layout for this test consisted of two 12-inch wide trays
stacked vertically with 8 inches of vertical separation. The
HEMYC system encapsulated both trays. The upper tray had 100%
visual fill with PE/PVC cables; the lower tray featured a single
layer of the same type of cable. The insulation material was
placed around the trays with a 2-inch air gap.
2) Test No. 2
In this test, a 12-inch tray with a single layer of PE/PVC
cables was insulated with a 2-inch air gap. (In additiom, two
4"-diameter conduits, 2 inches apart on the horizontal plane,
were also insulated with a 2-inch air gap. The conduit direct
wrap method evaluated in Test No. 3 achieved better results and
is being offered as the preferred insulation approach for conduits.)
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3) Test No. 3
In this test, a 12-inch tray with 100% visual fill of
PE/PVC cables was insulated with a 2-inch air gap. 1In adlition,

a single 4"-diameter conduit was direct-wrapped.

Layouts of the configurations are showa below.
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3. RESULTS OF HEMYC TESTS

In all of the configurations described, it was observed that:

1)

2)

3)

4)

The cables had maintained circuit continuity at

all times.

Insulation resistance "megger" tests resulted in minimunm
values of 600 to » M @ for direct wrap conduit cables and
150 to @ M §l for the tray cables. (15 M is considered to
be adequate by industry standards.)

Né functional damage to the c#bles had occurred.

Maximum thermocouple temperatures for all three tests
never exceeded 180°C at the 50-minute mark of the
one-hour test and.only one recorded as high as 215°%

in single-layered tray and 210°¢ for direct-wrap

conduit at the 60-minute end point of the test.

Detailed results are presented in Table 1 below:

TABLE 1 HEMYC SYSTEM FIRE TEST RESULTS

Maximum Ambient

Temperatures Circuit Insulation Functional
Test No. Item @50 min. @60 min. Integrity Resistance Damage
1 Upper Tray 602C 633C Yes oM Q No
Lower Tray 78°C 81 C Yes oM Q No
2 Tray (Single Layer) 180°¢ 215% Yes 150- = MO No
3 Tray (100% £ill) 105C 110.C Yes @y 0 No
Conduit 180°C 210°¢C Yes 600~ = MQ No

(Direct wrap)

It should be noted that the temperatures reported above are ambient air
readings as the thermoccuples were placed between cables in the trays

the inner wall surfaces in conduits.

lower tnan those reported above.
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4, ASSESSMENT OF SANDIA TESTS AND CMEB 9.5.1

4.1 Sandia Tests

An Underwriters Laboratory/SANDIA repor:z, "Evaluation of Twenty-Foot
Sepsration Distance, 10 CFR 50 Appendix R", has been referenced as
having data on cable temperatures that may be pertinent to establishing
the temperature levels at which cable insulation breakdown occurs. A
review of the ¢ocument indicates that the tests were performed to deter-
mine the effectiveness of the fire protection afforded by the separation
of redundant safety-related cables by a horizontal distance of 20 feet
with no intervening combustibles or hazards. In additiom to preliﬁinary
fire experiments performed to provide exact configuration data and check
out the instrumentation, six full-scale tests were performed for a
variety of cable types and tray configurations to provide information
with respect to circuit integrity and voltage withsgand of cable insula-
tion.

While the report is not specific enough to allow the development of
direct correlations between the occurence of circuit sherts and
corresponding temperatures {and thereby is of limited use for verifying
HEMYC results), it does, nevertheless, present some data that confirm
the margins of safety in the HEMYC system. Outlined on the following
page are some of the salient features of the SANDIA tests that point

t¢ the conservative nature of the direct applicability of their results.




1) Cables were placed in the 18-inch wide trays in continuous
loops to simulate 42 cable segments across the trays. This
indicates that cable failure (loss of load carrying ability
due to shorts) was observed at the cable U-bends with
extremely tight radii. Because of high stresses in the
tight bends, cable insulation failed in those areas at

relatively low temperatures.

2) Cable jacket temperatures were recorded by thermocouples
installed in five locations in the middle of the trays
(3.S'£ee: from the bends) and, hence, are not directly
indicative of temperatures at failure points at the bends

at the time of observed shorts.

3) The test trays were subjected to open fire sources with
botcntial exposure to direct flames and hot gases from the
fire pans filled with heptane. Sporadic puffs of
irregularly shaped flames deflecting along the ceiling were
observed in all tests., Hence, there were local hot spots
in the cable trays which could not occur in trays and con-

duits encapsulated by the HEMYC system.

4) Cables were secured to tray rungs with steel wire ties at the
ends providing direct heat transfer paths which could contri-

bute to cable failures at the bends.

Of the six tests conducted by SANDIA, Tests 1, 3 and 5 utilized

non-qualified cables (3/C #12, PE/PVC) in layer loops in two



(upper and lower) trays. Tests 2, 4 and 6 were run with IEEE-383
qualified cables. Upon review, results of Test 1 were selected as
being most directly applicable, albeit within the limitations dis-
cussed above, to the HEMYC system, inasmuch as Test 1 also features
PE/PVC cables in open ladder types with no tray covers and plate
insulation on cables (as in Tests 3 and 4), or no 1/8" thick cable
coatings of thermoplastic resins, flame retardan:c chemicals, and }
inorganic fibers (as in Tests 5 and 6). Cable jacket temperatures
were repor-ad based on thermocouples embedded in cable jackets.

Gas (ambient) temperatures measured nearest the trays were also re-
ported and are the equivalent temperatures comparable to those
measured as ambient air values by the HEMYC tests, which used therﬁo-
couples placed between cables (or on the inner walls of the conduits)
rather than within the cable jackets. A summary of results is given

in the table below:

Upper Tray Lower Tray

Cable Ambient Ambient
Type Test No. Time Temp's Time Temp's
Non-qualified 1 244 sec. 500%C 262 sec.  460°C

NQ 3 PASSED 340°C max. *1043 sec. *230%C*

NQ 5 642 sec. 380°C 776 sec. 330°%
Qualified 2 775 sec.  290°C PASSED 510°C max.
Q 4 PASSED 350°C max. PASSED 350°C max.
Q 6 PASSED 390°C max. PASSED 390°¢C max.

*This data point ‘s suspicious as 15 reports a cable short at unexpectegly
low ambient gas temperature of 230°C, four minutes after a peak of 350°C
was recorded. (The maximum cable jacket temperature at the time of the

\
|
\
|
\
\
\
\
TABLE 2 SANDIA FIRE SHORTING RESULTS
|
|
|
short was also recorded at an unlikely 70°C.)
|
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Ambient gas temperatures reproduced in Table 2 are values measured
at the time of the shorts for tests and trays where such shorts were
observed. In cases where the cables passed the fire test with ne
failure, the peak ambient gas temperatures recorded in the entire
test are reported.

Results indicate the the SANDIA non-qualified cables comparible
to PE/PVC cables used in the HEMYC system were subjected to ambient
gas temperatues of 330°C to 500°C before they shorted. Maximum cable
jacket temperatures of 350°C were measured for Test 1 (the reference
SANDIA test for comparison to HEMYC test) at the time of the short
in lower tray (244 seconds). The corresponding values for the upper

tray at 262 seconds was 400°C. Given that the HEMYC system is to be

used on cables with under more conservative conditions (no tight

radii, protected against direct flame and gases, etc.) and since the
HEMYC tests resulted in no shorts and no functional damage up to
ambient air temperatues of 215°C, it can be concluded that the HEMYC

system exceeds the temperature requirements of a one hour fire barrier.

CMEB 9.5.1

An evaluation of the applicability of NRC Position CMEB 9.5.1 require-
ments to cable temperatures indicates that the 325°F (163 C) acceptance
criterion stipulated therein was primarily established for fire stops
and penetrations designed to prevent ignition of nearby combustibles, such
as oil tanks, stored gas, hydrogen lines, etc., on the unexposed side.
Accordingly, this criterion cannot be considered a realistic limit for

tray and ¢cnduic insulation.




CONCLUSIONS

HEMYC tests resulted in no cable damage, no loss of continuity and in-

sulation resistance, even for maximum temperatures of up to 215°C reached
during the tests. In the SANDIA tests, temperatures of up to 330°C were
shown not to compromise the ability of the cables to carry full load, cable
insulation resistance remained acceptable and no functional damage was shown.

In conclusion, the HEMYC system has adequately demonstrated its ability to

protect cable safety channels following a one-hour (ASTM E-119) fire and

subsequent hcse stream test.
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~-HOUR FIRZ BARRIER, APPLICATION TC:

- CABLE TRaYS (SINGLE/MULTIPLE)

- CONDUITS

- JUNCTION BOXES, ENCLOSURES AND CAZLE DROPS

APPROVED FOR ALL U.S. CABLE TYPES.

INSTALLED WITHOUT MODIFICATIONS TO THE CASLE TRAVS AND
conpuiTs (1.E., NO DRILLING OR WELDIN3)

FREFASRICATED SO AS TO MINIMIZE INFIZLD ASSLIZATION
LAZOR AND ASSOCIATED GA/QC.

FROVIDES EASY ACCESS INTO CABLE TRAYS, JUCTION,
EOXES, ETC.

SYSTEM OPENED AD CLOSED WITHOUT NZw FATERIALL.
hO RAD WASTE GENERATED

ACTS ON CABLE TRAYS AND CONDUITS AS AN ADDZD MASS
EFFECT-ESSENTIALLY SIMILAR TO ADDING ADDITICNAL CABLES,

LIGHTWEIGHT, MINIMIZES IMSACT O CASLE TRAY/COOUIT
SYSTEM SUSPORTS,

v 1REATED TO BE WATER-REPELLALT,



. 3 L]

tabledet
vomen b HLwsrt

-
.
—
Flmin
N

= b

o wle

jrer

\
o
\

Astroguarts thread al junetlong of

/ SI e and (iberglass

— e e —

Pt Calile
0w layer F11)

Mix per #NE,
W et

r A=

2% hplh
Tandtcr nuk
cabile Loy

———
gl b ad o

S P I

. |-
min
“ecrion A-A
SIMGALT CAMEE THAY
noneviEnien
(151 Two) t

i, i, Wt 2 S 'Lr Ciw \'l\.
. on

i

- =

NOIE: :
Prefabricated blanket sectlon dinvnsjons detemioed
by Instaltlers on & case by case basls,  SILHE2E wut

fiberglazs to be sewn with flre 1etardont Astioparts
or simliur thread,

M retalibe anchor-type 304 55 or similer

w/ wuhor washer,

Awhors spaced on

mix 9" centers thimah leogth of pun.

SILIEM® BACI/SA on ooter cover ([l side)

over Lgyrbin minimem of J° on Interlor slide.

<

———— o ———

« -
>

Fiterglass mul - KLOVNS 60076 or

similar v interlor shie

'
typlcal frwwwark -
< Calvantzed sopport mutecial nanlog lengthslse
Colvbzed sogymtt anlerbal providlog sertboal st
ture bromatal Seqgwirl O 2 masomem of 10" centers. Lalvanlzed
farits wnt setews Lo be used for assentily. '
oo
WAYE SYSIEM
L SInGL g eam gAY (hon vinice)
.hl.'- ll!r“ i LA : -'." - l."‘."".:'.' N
C.I.""‘.;t —are ’,"’,"‘ LR Bl
.-ua.. "",’4',-_' " l',.’Aq




'

o

[ S
e
ft,pl

P Ceratibach st or
el bl
oMl density

i

A

e —

min
Lowl alr spme

e

r Lesy clavp - aeslon
SNt e

le muvnil w tuger
2" win

e Jr spame

i

Vg,

‘\!3- e .
B A" vplth

'
'

- g | o <

JM feetallle anchor-Type 304 55 or similar
Astronurte theead at )mﬂ'm w/anchor washer, Anchors spaced on Max,

of SILILP auf flberglass bﬁ 9% centers through length of run.
| win

Sl A _,? + %, W-(I- Typlcal fravwick-

g Calvanlzed support material ruwming lengthelse

L. . ; Calvanized sigport material providing vertical and
L4 lehwtnl support on & Maxlmm of 18* centers. ,
=~ 3 lo be used [ sy,
-5, il PEIPE b ./ - Calvanired bolts and screws Lo be used for as y
4" oepth ul»-vl.uu run
Jatkheg b‘cl e NI .
t-ml' \ . 4
:{ f 1O1E:
s m : " frofal.ricatad bledel section dimwmslons delemined
2 . . by installers v & case by case basls, SHTIM ww
oS : S - 2' fibargluss to be suwn with Mire retardmt Astropurly
min ’
tray nin -— or similar thread,
' B . »
min
- g N
. min '
r e SILTOM® BACIHISI o0 sxitar caover (Lo 3lie)
’ awverlgyplog minton of 3" on lnterinr side
PLIMT cable e Flourgloss st -« KLEVERS St0/6 or shinllar
ww lagar (111 /—> i Interfor sive
Jacktor Dack mis per NIl

cabille Ciay

& T ,“.: s Invmarsarlovo Ino.
ECTI0 AN » o M A 7 .
MULTIPLL CAGLE TRAY > A HENYC 5YSTen
(TEST une) . MITIPLS SACLE Inay
A ' » Ssemu oy, 0g ' LT v_]'.u.-u:‘ ot ad
o B pomae ' gy padk ¢ et AR T s




II. CoUITS - DIRECT WRAP

A. Stra?
» CLAYPED TO CONDUIT
« PROVIDES CLIPS FOR ATTACHING
BLANKET

Bo BA: ‘.'V:-ls

2" CERAMIC FIBSR USED,

C. Sur=e

SAMZE AS ON TRAYS,



TR TR B B Sl S
- e— L L (e .~s~. ..-. P Rl e c,
w3 v s .
EPREINONEE . 5 SRS, kLA .. R ASRPERN SRS e
Jovas FIY OZ0 LHIMY) 2N I
VHSAS AW .
R AL R -..C&.&.o« ‘.“Il - o-'“c' “ .
i ‘\ LERCEEL AR

dVBLSHOUNL S 0
NHOLIY L WISNL MalaAd

sy g0
guoe s aalnegy L egm (nopehiongs
Swip g PIRN s s

Ve
o o.-...— et pargan )N

(hatie 1501
FIVAS NIV O/ it
fi o e,

it

Ly eanay o

t EL R R PIRPT

Y

\

s1quad ‘v
-

P arg) aegpiwis S0 Epirabor)sy QCpICar 35j; viEs uaas #q v)
seepliraggy o @ NS T8I0 25P) Ag 3P0 ¥ o SJafrsuy
AQ prounpul a0 SUDTSUARI U0 J 295 JaRR g papedjiqryaty

SJuw

BN )= e 'y
.030.\9 X
L
A.».ﬂl.ul!.pahl,! S S .
o
_ ANES J0JIA] WO Jef s \“\\
40 !.J-n SHATIN ~ Jow ssejbaag)y Aoninyi 94 &
o Py frosslq ng

I Jaga o ray g

CUpls AOJIau] WO L[ J0 wewspugw Botokie g sean
(S ()] J2A0D 22)0w) U0 Y SHOVE AV
. :




111,

)

LIGHTWEIGHT FaaMasx

- cLaMPs AROLND corouIT(s)

- PROVIDES 2-IN, DZAD AIR SPACE

- RAIL HAS STUDS - S" CENTER FOR
ATTACHING BLANKETS,

B) Bianers

0

SAME AS TRAYS,

SAME AS TRAYS.

\



LR |

T2 Soani
davin u_.:u.:..: Phoem) Jen

Rl o/ Ae o LV EL & B R Tov] *w\

W NNLS M0 L e \ ’
.

siu ¢
MY WO

LIaw @ awire rJ\l C
USRI LV IR AT ST -\ o

57 ZAi e e %
57| 20]w)t | - ‘ ke
- ,....\..\ = T waak et LRGE, T/ \
BHOISIA VY - k\\gkuN Trent et/ /
. . (28R et \“&\
n:«u.s-\&n.\ns” aI1534 \V/
Lad P04 -:»::\\..‘A et
ol N
\. f ¢ wﬂﬂws..... ) .A .«1 1) Jarn
¥ RO [ | ° o : NEEPT SRR A..
: A\ :..\ Sa ..b L ag e
P o ) A
. P74 B ' \ ’
/ lrrernrar wpers
MNP IONG UL WS C [
] I Tae S T ey 37 P v
, . " . u -’ AN IV OV KA Yo
u....“..“ .“........u::-,v.." ".....-:-c-”. i T e VIR TN ) heRaL)
—— e 2 B i Lt .
..x..n.e Lo o Ly sl g v -
- - l\ » -
\ : \ - — W w S ()

FANE UWOVE AT AL NS DN e e

.@ SIANTMID W MY .\

 <t5

()
WD Ywrning g

(M) Teaw W Mo
A IR C T TR

(a4)
IHIETWD W
WA 20 AR SEU NS




L
\
)
‘.
_

.
' - ——— i ———
virt N —— l— ! :
Veet o b atet Blaokel sect bon dinenslons detennine by N l '
Cont el deds e 4 case by cnse bashs. SHOHE mwt Finerglass . “wnoll (typ)
(i te wrws withy flre getardant Astiogearts or similar theead, 1\ Jorw thonr r*l '
i )\ (typ)
i o, e S X .
: LI () W
' ¥ = '

PO e e switer cnver (Flem shde) '_ L

Gl ey mdemee of Y o dnterior shile o
Sevn Lo conthe !t wiap systom
/ wilth Astropurts theead (typ)
= Fibeiglass wat - KITVINS 60076
" Vo hird / " ar simllar oo Interlor side g MIN 2™ alr
¥ . v - ! space
/ ‘J . Cables dropped from conkait thramh
/",' % Mbrouacts thread to attach \ Junction box te cable tray (iyp)
{ i blwkel together at overlap i
/ - ' Sewn to cable Lray weap systom with
\'. \ . /lstmrw.uu theewd (typ)
Fh Y O e " ———— —
{1 Yo {
oot el rgcen's: (et = sproipo i )
L
' vl ) P L b e il a5 - - — )
‘R ? ! ¢
! ?.Jwrnhln tray (typ) \
Clhjug €t : e o sl e i T il
f. R ) L Al SEEACH
(e st ) ] - 5 Sl . e i~ [
( \
TYPICAL IRSTALLATOR
GF CAMLE DROP W/ AIR SPACT
= -..:::."" i "’;’ Ivmaramnbovm Inar. g
: ] J WENYC SY e
. cring lmnr__u’.q!‘u L o, A
. o el o gl g .“ﬂll : “."v:; molred
S ‘""'l/{./ Sy T
% g wiive ....P'. By D pt S0 Y




1
S KT T

\"

wtbl o with ptiied
Fastiwgs (lyl\)

{/l’/ /r

W

LLALI
Overlap,

HOMYE Dlavdecl Sveiem < V)" 0t Coralibandet o1
NAW Kaowon ] lowdect wlth SO nariy/on
outer cover el Ftherglass (a00/6) matl Interlor,

amc by, ale space, fastners, ete, <hall te

as aefereoced on cable tray wrap system drawlng.

NEVIAIONN L
IN-'UJArIow inve,
HO DATR .y
5 Nler A m:r-wc SYGTIEN
’ CLOSE PROXIMITY Tor WALL/CLTLING
» ODAAWM BY ' ‘ .' SLALY '“ H AT lﬂ;‘l‘: ”“' ""
AT T A e e n i ‘Dare T onawima N T
f ot e TR ’v{' un/w/u 3.
. . TRACED A"'f:"'/)‘ I\ ?7?‘ ]ll




- INSTALL FRAMEWORK TO PROVIDZ A Z2-INCH DEAD
AIR SPACE.

- INSTALL BLANKETS WITH A 2-1NCH CVZRLAP

ENSURE A MINIMUM OF 2 INCHES OF CVERLA®,)

= CUT BLANKET AS NECESSARY TC ENVELOPE
STRUCTURAL MEMBERS

CERAMIC FIBER (REPLACE ANy LOSD OF FlzsR
, PATCHED WITH SILTEM® CLOTH
., CLOTH COARSELY STITCHED INh PLACE

» SILTEMP PATCH IS PROVIZED TO X22P TH:z
CERAMIC FIBER FROM DISLODGING FRIOR TC
AD AFTER THE FIRE.

(OveaLaps

INDIVIDUAL BLANKETS ARE CONLICTID BY ATTACHING
THEM TO A COMMON CONNECTCR (STUD) WITH A MINIM
0= Z-IN. OVERLA®,



LI a A T
5 1ol | 4 V 34
13 i

- — -
F2 TEST PR
R ) e 3 P

. UEVELCPLD TEST PROCEDURES USiNh3 PE/PVC CABLE
TYPES. .

~, - - k v g g 5 ¢ s .‘. P
. UBTAINED SERVICZS OF AN E"_,,;'-‘--,:.- £ Fyanzse,

. SUBMITTED TEST PROCEDURES AND FUSHACE DESIGN
DATA TO ANI,

v ANT APPROVAL TC COIOUCT FIRE TzST.

o AN] SELECTED BUREAU VERITLS AS CERTIFYING
HIRD PARTY.

, 1ESTS
- WITIISS BY B&3 PRODUCTION A'D G4/00 STASF
O TESTING AND CALIBRATION.)

- HEMMvs REPRESENTATIVES
- F.E.C., TESTING AND QA/QC FERSONNEL

LB
|

. TESTS RESULTS CERTIFIED BY ELFz7U v

m
W

A,
P B g - SN F /
| Ave Peee IAYSD I;DU:& s



iR FIRE TEST

' ;an"a..-llg A'” C(7u) BULLETIN

-

[es7 O=zcTIVE

FAINTAIN CIRCUIT INTEGRITY
- 1 MR, FIRE TEST
- 2 1/2 MINUTE HOSE STREAM TEST



- Using pe/eve - (3 1572; 12/7)
- CA:.E LOADINGS AND TYSE P22 Anl CRITERIA

S ana]

o ——

. 'ULTIPLE CABLE TRAY

. SYSTEM CONTINIOUS THROUZ= warL (PSHETRATION
SEAL APPLIED WITHIN HEMYC SYSTEM)

. SINGLE TRAY

. MULTIPLE CONDUITS = WITH STAD-C?F
. C33LE DR0°8 (DIRZCT wass)

. JUNCTION BOX (EncLosuRe)

., SYSTEM FLARED TO wALL (CaSZ wITH EXISTING
PENETRATION)

Siaz-3

+ SINGLE TRAY

m mmmm _ mim pemmma A = me == m—
| WS WL LT A A DA™ o v - el



9 XI1anaaav

Tt .“
wangrs DIRLL
o
™ ht!‘.!.\.l— u .l-
e

LZL:E<: auIrd




TELT .
il iy itetsnidt -t

o N o

conduits protected with bedding, with
~air chamber

3 iy Y Cable tray protected
Fire barriers - with bedding wath an
[T T chnder

0y
Re /
=B =

e —— ——
- ——— e e

1)

N‘i('ndhl 9.3

-

. ’/
e i
- . Tray sweports

SIDE VIR SECTION C-D

APPENBIX 9-2



Cresr 3

S —— i

" conduit, protected with bedding, without
| alr chawbor P, " . -+ Bundle of cables
b O e it e : protected with
beddine withoat
T air chonber T

R _'} -
-—* Ee—

N T

r" —ts——
Tl Biieeel
.‘/ -, ———
J 1= ‘:: - I - v

e{] NI -
e N . : S
N B . — Lozem
rY2Jj . —
S /h“n'u“l 12-3 o

\[', l ']'. T
|u“- ..' ion /P.)hln tray protected with bedd ing . Tray supports
) ) . P n with aiy Cchomdaor e e

SIDE, VIFW

SECTION [ - f

— ——

APPENDIX 12-1



