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ABSHACT ,

Thermal-Hydraulic Test Facility (HTF) Test 3.05.5B was |
, conducted by members of the Oak Ridge National Laboratory |
| (ORNL) Pressurized-Water Reactor (PWR) Blowdown Heat Transfer
I (BDHT) Separate-Effects Program on July 3,1980. The obj ec-

tive of the program is to investigate heat transfer phenomena
believed to occur in PWRs during accidents, including small
and large break loss-of-coolant accidents.

Test 3.05.5B was designed to provide transient thermal-
hydraulics data in rod bundle geometry under reactor accident-
type conditions. Reduced instrument responses are presented.
Also included are uncertainties in the instrument responses,
calculated mass flows, and calculated rod powers.

1. INHODUCTION

S

n e Oak Ridge National Laboratory (ORNL) Pressurized-Water Reactor
(PWR) Blowdown Heat Transfer (BDHT) Program is studying several aspects
of heat transfer thought to occur in accident situations in PWRs, includ-
ing dispersed flow film boiling. The study involves experimental as well
as analytical efforts. This report presents reduced instrument responses
obtained during Test 3.05.5B in the Thermal-Hydraulic Test Facility (UTF) .

Test 3.05.5B data are analyzed in Ref.1.

i
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2. THERMAL-HYDRAULIC TEST FACILITY DESCRIPTION

.

The THTF is a heavily instrumented, non-nuclear pressurized-water
loop (Fig.1) containing 64 full-length rods (of which 60 are electrically
heated) arranged in an 8 x 8 bundle. Rod diameter and pitch are typical .

of a PWR with 17 x 17 fuel assemblies. Figure 2 is a schematic diagram of
the IETF rod bundle' cross section. Figure 3 shows a simplified cross sec-
tion of a typical fuel rod simulator. Note that at each axial location
where a rod has thermocouples (T/C), there are three individual thermocon-
ples spaced azimuthally around the rod. The axial and radial power pro-
flie of the TETF bundle is flat. The axial locations of fuel rod simula-
tor thermocouples are shown schematically in Fig. 4. The heated length of
the bundle is 3.66 m (12 f t), and there are six spacer grids in the heated
length.

Figure 5 is a simplified diagram of the THTF included to help aid in
visualizing the f acility. In the steady-state mode, fluid flows from the
pump through the Aori zontal inlet (SHI) and vertical inlet ( SVI) spcol
pieces respectively. From the SVI spool piece, fluid enters the external
downconer (BII) spool piece into the test section lower plenum. Fluid
flows from the lower plenum through the heated length of the bundle, into
the test section uppsr plenum, through the outlet spool pieces (B01, SVO,
SHO) into the main heat exchangers, and back to the inlet of the pump.
The test section steady-state conditions prior to transient initiation are
shown in Table 1.

,
*

: Figure 6 is a more detailed diagrka showing the location of pressure n

! and differential pressure instrumentation for Test 3.05.5B. Figure 7 is a
2 detailed diagram of the entire THTF piping system and its associated in-

,

strumentation. The THTF is described more completely in Ref. 2.
The transient was initiated by breaking both inlet and outlet rupture.

8 (0.00378 ft8);disk assemblies. The outlet break area was 3.512 x 10-4 m
the inlet break area was 4.013 x 10-4 m (0.00432 ft8). The transient8

phenomenology is discussed in Appendix A.

Table 1. Test section steady-state conditions

Outlet temperature 602 K (624*F)

,

Inlet temperature 550 K (530*F)

Average pressure 14.46 MN/m3 (2097 psi)

Inlet volumetric 0.0317 m8/s (502 spm)
flow

Bundle power 7.453 MW >

w



.: c . , - - ~ . , . . .;. .es -;e : . :-: .. n. .: . . v.... ,.- . , .1

3

ORNL-DWG 81-7835R ETO

INSTRUMENTED goi
SPOOL PIECES

s DE-204 A. B, C

SHO TE-208
DE-36 FMF -
PE-4 p_ 2 HEAT

_
EXCHANGERS

FM F E-38

SVO
DE-218 \ - \x'PE-224
TE-222 PRESSURIZE Rc , y

"
-216 'v,

/SVI d, p SiON -

'
,

# TANKDE-168 2 g

TE-172 *, e - 'N0
F M F E-170 -

I
F E-166 /

n

4 0
f L

RUPTU RE .

*' -

DISKS 4
. %v> PUMP

p' . BYPASSs

SHI J - s %
' '~

f ,fDE-20
PE-26

FE-22
FE-19 - - -

}~ %
B12 "^) / /s

PE-258 I g- y,9x
,.

TE-256 y PUMP
F M F E-254 Nd' '

TEST
FE-250 SECTION d

xx,
x

g|E- A,B.C

TE-266 '

FM F E-264 /
FE-260

Fig. 1. 'IIITF system with instrumented spool pieces labeled.

.

N

. . - _ _ .



4

onNt-o=6 pr.ersa .

51 12 s3 54 $$ $6 57 to se

i 2 3 4 6 e 7 e ,

$10 $11 Sf2 513 514 515 514 $17 518

- S to 16 92 13 14 15 16
.

sie saa u. sn sn u4 us sa su
litj ,/ /n, n 24, ej 2o 2, -,r le

,

u. in s= ui sn su su s. .,

2S M 37 28 29 3o 31 32

537 538 539 540 Se t 542 $43 144 546

{Gy n Ja u don u n

see ., .. ,,e , , , ,,, , , , ,.

f4sj er se41 42 43 44 45

m ,,. s, ss. ,s, .o se. m m

49 50 St 62 63 64 H M

$64 25 See 567 568 569 $70 171 572

$7 54 69 to 61 62 63 64

sn sie sis s r. sn sie si, sao sai

ha4ACTivEnoos

Fig. 2. Identification of IETF heater rods, subchannel location, and
*

inactive rods in THTF heater bundle. .-

.

ORNL DWG 79 4737 (TD

396 ST AINL E SS
STEEL SHEATH
INCONEL 600
HE ATING EL E tJE NT

30'

s

7.
'

% p.

.

N TRI E O.0S cm TC
.

Fig. 3. Cross section of a typical fuel rod simulator.

__ _ .- . _ _ . _ _ . ._ ,_



| 5

ORNL-DWG 79-17049R2 ETD

SPACER GRID T/C ROD T/C
DESIGNATION LEVEL LEVEL (in.)

(7 144 - POWER
G D - 142 .J4 DISTRIBUTION

TE296X d - 132u

F (.;', _ jjg

TE295X M - 108

., I
E r;. -

_ 95 g
9 z
- m
e J

d - 84 2 0TE294X =
& Y

<
D

-

: w
'

- 72 I

TE293X _d - 60

C .' - 48

TE292X = ' ' - 36

B
'

- 25

TE291X rd - 12

' II2A [r
2/-

0-

Fig. 4. Axial location of spacer grids and fuel rod simulator
thermocouples.

_ _ -_ _ _



6

.

.

ORNL-DWG 79-4231 AR ETD
,

R
E

S
S

OUTLET NOZZLE U
| SPOOL PIECE, B01 R

hI I 3

UPPE R VERTICAL - E

PLE NUM OUTLET SPOOL HORIZONTAL R
"

PIECE, SVI - OUTLET SPOOL
PIECE SVO MAIN HEAT

- """ | | EXCHANGER 3
PLUS BYPASS

|
OUTLET

3 RREAK

T
E - VERTICAL
S INLET SPOOL
T - PIECE, SVI

D
O ; ; ,
w ,

S N HORIZONTAL
E C INLET SPOOL F CV-18
C O INLET PIECE, SHI | |

PUMP *
T M BREAK
I E BYPASS

! !O R

N
-

HCV-2
EXTERNAL DOWNCOMER

SPOOL PIECES,811
( T

| h 2 ~

LOWER PUMP
PLENUM

Fig. 5. Diagram of 'IIITF.

>

* s



1

1
1

l

1 |

|
1

ORNL-DWG81-7832 ETD )
BUNDLE OUTLET |

'

SPOOL PIECE (801)
'

TEST SECTION
TLET FLOW

>
|PE-209] g

TEST SECTION
OUTLET

463 23 cm $ LUTE
I PE-2011 ^RESSUpE(182.375 in i P

$
' v 450 b3 cm (177.375 en.)

ra.'

UPPE R END

N*E* O
392 43 cm -

#
(154 5 en I |

.

I

TEST'

SECTION |
'

TEST SECTION,
INLET FLOW*

,

' ,

P

< r
. a

210.67 cm j |
' *(82.94 in.) '

e ' ,

HIGH 4 ,

|PDE-251|
'I Low,

PDE-200LOW '

DE N'

150.5 cm
--PE-258 i' ,

| HIGH,

(59.25 in.) '

, ,

' 'HIGH

|PDE-261| @ ; |

LOW |

58.42 cm b LOWER END OF HEATED
LOW HIGH LENGTH. 26 67 cm (10.5 in.)(23.0 in')

dPDE-203P -- PE-2
'RE FE RENCE. O em (0 in Ij

-7 77 cm (-3 06 in.)\
'

,

LOWER [PE-156 | TEST SECTION.
PLENUM INLET

N Low / ABSOLUTE
,

(PDE-271| PRESSURE
~~ ** NH'GH * MEASUREMENTS REFERENCED TO
(-3.06 in.) GASKET FACE ON LOWER FLANGE

OF TEST SECTION BARREL.

Fig. 6. Positions of differential pressure and pressure instrumen-
tation for TETF Test 3.05.5B.

. . - .



. . .. . . .

.

.

s. {, O 4!
!: -.i..
~

! b O.
F|[ @-s .$ . . . ...... . ..g gs

{ ..- ' f d -e {. . .g..;.g
g e-9:: g ei

fj
-.

:

- O: h0-0- -o - 0 - -g _

@:~O- X i -
F k, -", e,'

'

-j
- I g. . . . . .

: -

f 9 -*

! God~.%- T hi i I, 9 '

0 g7!' "G:;ye o@:"

Y"U lik\ ygj
e i

p_~__=._===g il ,gg
-

i i
.

1

f[1,8
[ g.[', -

'TJ !! siiff* E:!
*

_..;f|
0i -@ Oi: ;o

I.! g il
, .

e-@P r ,e

!. 41; , 4 |I' i j'li l
g:!G'd j O! '

,

&. _ e3s :
''

g: $ $ I' O i *

h 4. $. Q! 99 l'|eJ 7 i
u n g-

-

|8-%L :

;;ij 4p j
9 (3 .. ...... E)|

-(
-

:

3++ .5 ;3
.

3 g.[~,O'48"4j h|l
U i l~

. 'O !! S I
'@@ .

.j:t_ g 3.. ,.. f "[if,::j]
L_ i'

|g ,
ti i

. 0C |
|| f 's= 8 . f e ! l> @0 ,' .:'

.. g . y g.. ;
-

pg:d-- --- - - -@-@-O-80 i:g- m ii ~i.
_

geh r. ... ! @
~ h' #

g ,

b*Q
_ __

.

< ;
; 6 - G -(M - "g f ,,+
'

'' C -

G|HDH|H3H:
--

@
'& , e | G'34 g Grg.,g r: i y

gsrh @- -$11 f j
;i :-.~. , e

Cg @ @ -<3 ! _l #'8

-e @ !!gj 9 G -@ < =
'

t_ _; J-o-o-CH: = si

4 n e. || oes
.. e e

p -a o ,- ut, n|_
. m

t i e'* ; :.

j $,65p ,s ([ _
,

@, s

!
... ..g....- i
g . -.e. .ej. re

ye e g |% ION
||n 5-0-tH3H:| 9

- mm
% O s

.

| @ gg .| fY
O@

. . . . . .



S-s
I - ,4 @We; e w I i ,i,,

4 @ ;-@ I
+1a "

-ig-

{ ___ |3
.i ,g j |

a " 2

. .. ..

g. ,| ''- k, ~-

3

-- !!! - @- i

.

je
@~ I~ -h

4

il :o'

j[]_ O
@y

g
@'Dj $ 1

*

to . *'

4=i u3 e,;L
n +,

>--|| ,g. :1a icc i i g;

9
4 ..a ;; |ni

O 11 OI d !k. ,-.|
''

-

6e, e-e,: ,,|6g !!It ! |. ] If 3

-_. _ _ _ _ _ _-4 4 . ..- - _ g'!|:
Oj@ !Ill ||gIll! we }Q,1- t

,;@,...I --.---------------- -7

e ii
'

e ini . i
-el, e ~ , m, e],! 'jli ', ,:0,

Y[*REIik
|| TL ~ ~"']l ~

Wb f l'.nI

( @'' l e e!Q:- o:"T..b hb...mm>n..... '| j
I k 0 i, ,a."
f T SL1 eJJu

i -t Y i :
n ?

,
!!, 9'e __ _O :

e -d i. !gc6
I

T. .d l I -:9 !;l , r T. g.g
gII

.

E !!!!! elfi OI(I ,'3
*E

L
- 9,e

pl e ; ,, ei3 ,

, ,,
. 3..g _e .

o- ,J-e -e--

:I:1' I ! l 'i !44 ~ ~ ~ *

_ . 31 00

+v rl- r |-|3
t

'l @ _

,
'' '::: c

i
i c.r:, Mg.

o p osa e es Tq
U8 @ G- |; u j $$ I

Git __

li| y e e-E*
9

n- ue .g

_ 1

|
!

i

\. . , ,

!



_ __ _ _ _ _ _ _ _ _ _ ______

10

3. DATA PRESENTATION
.

The recorded instrument responses for LHF Test 3.05.5B are shown
graphically on the microfiche in the back of this report. Three types of
tables have been constructed to assist in the use of the data. Table 2
lists instrumentation in terms of instrument function, type, and location;
also included are a brief description of each instrument and an instrument
application number (IAN), which is a unique identifier associated with
each instrument. The following example illustrates the format:

Example

BUNDLE TEMPERATURE Headina denotina function
SHEATH THERMOCOUPLE Headina denotina tyce

LEVEL A Subheadina denotina location

Instrument
application

number Instrument description

TE-306AA SHEATH THERNOCOUPLE,
ROD 6, LEVEL A

Table 3 lists instruments in the order they are shown graphically on *
,

the microfiche in the back of this report. Included are figure number,
IAN, instrument description, instrument range, and comments on the func-
tionability of the instrument. There are two possible comments: " Failed '

instrument" means the instrument was expected to function but f ailed to
'

function properly. " Questionable" implies the instrument could be func-
tioning properly but the data frem such an instrument could be f aulty.

Table 4 lists instruments alphabetically in terms of the IAN. In-
cluded are IAN, corresponding figure number, and instrument type code,
(see Appendix D). Table 4 coordinates the information in Tables 2 and 3.
One can look up an instrument by function using Table 2; then, by the use
of the IAN and Table 4, the associated figure number can be determined.

Table 3 can be used to check the instrument status.
Table 5 presents the nomenclature used in designating thermocouples.

This table, together with Figs. 2 and 4, allows location of thermocouples
in the THTF test section.

The reduced instrument responses presented in this report were
recorded by a computer-controlled digital data acquisition system. Fur-
ther information on this system can be found in Ref. 2.

Graphical results and a discussion of the calculation of mass flux
at various TETF spool pieces are included in Appendix B. Appendix C is
a graphical presentation of rod powers for THTF Test 3.05.5B. Appendiz D i

is devoted to discussion and calculation of uncertainties for THTF instra-
mentation. Appendix E presents a composite density frem the three-beam
densitcmeters.

..
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Table 2

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

SENSOR DESCRIPTION

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

BUNDLE TEMPERATURF

SHEATH THERMOCOUPLES

LEVEL A
TE-106AA SHEATH THERPOCDUPLE, ROD 6, LEVEL A
TE-308BA SHEATH THERMOCOUPLE, ROD 8. LEVEL A
TE-311AA SHEATH THERM 0COUPLr, ROD 11, LEVEL A
TE-314AA SHEATH THERMOCOUPLE, F0D 14, LEVEL A
TE-321AA SHEATH THE'P0 COUPLE, ROD 21 , LEVEL A
TE-323AA SHEATH THERP0 COUPLE, ROD 23, LEVEL A
TE-325AA SHEATH THERMOCDUPLE, ROD 25, LEVEL A
TE-325BA SHEATH THERMOCOUPLE, ROD 25, LEVEL A
TE-325CA SHEATH THERMOCOUPLE, ROD 25, LEVEL A
TE-327AA SHEATH THERMOCOUPLE, ROD 27, LEVEL A
TE-327PA SHEATH THERM 0CDUPLE, POO 27, LEVEL A
TE-327CA SHEATH THERMOCOUPLE, ROD 27, LEVEL A
TE-340CA SHEATH THERMOCOUPLF, ROD 40, LEVEL A H
TE-343BA SHEATH THERMOCOUPLE, ROD 43, LEVEL A *
TE-354CA SHEATP TE.Ru0 COUPLE, ROD 54, LEVEL A
TE-355AA SHEATH THERMOCOUPLE, ROD 55, LEVEL A
TE-357AA SHEATH THERMOCOUPLE, ROD 57, LEVEL A
TE-357BA SHEATH TPERu0 COUPLE, ROD 57, LEVEL A
TE-360AA SHEATH THERMOC3UPLE, R90 63, LEVEL A

LEVEL 9
TE-30?A9 SHEATH THERMOCOUPLE, ROD 2, LEVEL 9
TE-306A9 SHEATH THERMOC3UPLE, R07 6, LEVEL 9
TE-30FCS SHEATH THERMOCOUPLE, ROD 8, LEVEL B
TE-309CB SHEATH THERMOCOUPLE, ROD 9, LEVEL 3
TE-31]AB SHEATH THERMOCOUPLE, RCD 11, LEVEL E
TE-311Ca SHEATH THECM0 COUPLE, POD 11, LEVEL E
TE-312CB SFEATH THERMOCOUPLE, ROD 12, LEVEL B
TE -314 AB SHEATH THERMOCOUPLE, ROD 14, LEVEL 9
TE-317CB SHEATH THERMOCOUPLE, ROD 17, LEVEL B
TE-32]A9 SHEATH THERuGCDUPLE, ROD 21, LEVEL e
TE-3?4AB SHEATH THERMOCOUPLE, ROD 24, LEVEL B
TE-324CB SHEATH THERMOCOUPLE, ROD 24, LEVEL 9
TE-325AB SHEATH THERu0 COUPLE, POD ?5, LEVEL P
TE-32589 SHEATH THERMOC3UPLE, ROD 25, trVEL 9
TE-325CB SHEATH YHERM0 COUPLE, ROD 25, LEVEL 8
TE-32686 SHEATH THERMOCOUPLE, ROD 26, LEVEL A
TE-327CB SHEATH THERMOCOUPLE, ROD 27, LEVEL B
TE-329AB SHEATH THERMOC9UPLE, ROD 29, LEVEL 0
TE-329BB SHEATH THERMOCCUPLE, ROD 27, LEVEL 9



Table 2 (continued)
_____________________________________________________ .._______._______________________

SENSOR DESCRIPTIOf:
__________________________________________..___________________________________________

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCOUPLES (CONT.)

LEVEL B (CONT.)
TE-329CS SHEATH THERMOCOUPLE, ROD 29, LEVEL B
TE-330CB SHEATH THERMOCOUPLE, ROD 30, LEVEL B
TE-333CB SHEATH THERMOCOUPLE, ROD 33, LEVEL B
TE-3358R SHEATH THERMOCOUPLE, POD 35, LEVEL B
TE-338AB SHEATH THERMOCOUPLE, ROD 38, LEVEL B
TE-339BB SHEATH THERMOCOUPLE, ROD 39, LEVE! G
TE-340CB SHEATH THERMOCOUPLE, ROD 40, L E V Li. B
TE-341AB SHEATH THERMOCOUPLE, POD 41, LEVEL B
TE-343BB . SHEATH THERMOCOUPLE, ROD 43, LEVLL B
TE-344CB SHEATH THERMOCOUPLE, ROD 44, L E *! F 8 B
TE-349CD SHEATH THERMOCOUPLE, ROD 49, LEVEL 8
TE-351AB SHEATH THERMOCOUPLE, ROD 51, LEVEL B
TE-354CB SHEATH THERMOCOUPLE, ROD.54, LEVEL P
TE-355CB SHEATH THERMOCOUPLE, ROD 55, L E V L :. O
TE-357AB SHEATH THERMOCOUPLE, ROD 57, LEVEL B
TE-357BB SHEATH THERMOCOUPLE, ROD 57, LEVEL 3 N
TE-357CB SHEATH THERMOCOUPLE, ROD 57, LEVe l 9 N
TE-360AB SHEATH THERMOCOUPLE, 900 60, L E 'J E t 8
TE-361AB SHEATH THERMOCOUPLE, ROD 61, LEVEt B
TE-362AB SHEATH THERMOCOUPLE, ROD 62, LEVEL B
TE-363CB SHEATH THERMOCOUPLE, ROD 63, LEVEL B

LFVEL C
TE-302BC SHEATH THERMOCOUPLE, ROD 2, LEVEL C
TE-304AC SHEATH THERMOCOUPLE, ROD 4, LEVEs. T
TE-307AC SHEATH THERM 0COU)LE, ROD 7, LEVEL U
TE-308BC SHEATH THERMOCOUPLE, ROD 8, LEVEL C
TE-309AC SHEATH THERMOCOUPLE, ROD 9, LEVEL C
TE-310CC SHEATH THERMOCOUPLE, ROD 10, LEVEL C
TE-311CC SHEATH THERMOCOUPLE, ROD 11, LfVEL C
TE-312BC SHEATH THERMOCOUPLE, ROD |12, LEVEL C
TE-313BC SHEATH THERMOCOUPLE, ROD 13, LEVEL C
TE-314AC SHEATH THERMOCOUPLE, ROD'14, LEVEL C
TE-315AC SHEATH THERMOCOUPLE, ROD 15, LEVEL C
TE-317CC SHEATH THERMOCOUPLE, ROD 17,. LEVEL C
TE-321BC SHEATH THERMOCOUPLE, ROD 21, LEVEu C
TE-323BC SHEATH THERMOCOUPLE, ROD 23, LEVEL C
TE-324AC SHEATH THERMOCOUPLE, ROD 24, LEVEL C
'TE-325AC SHEATH THERMOCOUPLE, ROD 25, LEVEL C
TE-325BC SHEATH THERMOCOUPLE, ROD 25, LEVEL C
TE-325CC SHEATH THERMOCOUPLE, ROD 25, LEVEL C
TE-326AC SHEATH THERMOCOUPLE, ROD 26, LE%:L C
TE-327AC SHEATH THERMOCOUPLE, ROD 27, LEVEL C
TE-327BC SHEATH THERMOCOUPLE, ROD 27, L 6. i C L ' C
TE-327CC SHEATH THERMOCOUPLE, ROD 27, LE/EL C

f3 , e - a
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Table 2 (continued)
_______________________________________________________________________________________

SENSOR DESCRIPTION
_______________________________________________________________________________________

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCOUPLES (CONT.)

LEVEL C (CONT.)
TE-328AC SHEATH THERMOCOUPLE, ROD 28, LEVEL C
TE-328CC SHEATH THERMOCOUPLE, ROD 28, LEVEL C
TE-329Ai SHEATH THERMOCOUPLE, ROD 29, LEVEL C
TE-329BC SHEATH THERMOCOUPLE, ROD 29, LEVEL C
TE-330AC SHEATH THERMOCOUPLE, ROD 30, LEVEL C
TE-333AC SHEATH THERMOCOUPLE, ROD 33, LEVEL C
TE-338BC SHEATH THERMOCOUPLE, ROD 38, LEVEL C
TE-339AC SHEATH THERMOCOUPLr, RGD 39, LEVEL C
TE-34CPC SHEATH THERMOCOUPLE, ROD 43, LEVEL C
'E-343BC SHEATH THERMOCOUPLE, ROD 43, LEVEL C
TE-344CC SHEATH THERMOCOUPLE, ROD 44, LEVEL C
TE-349CC SHEATH THERMOCOUPLE, ROD 49, LEVEL C
TE-350AC SHEATH THERMOCOUPLE, POD 50, LEVEL C
TE-350bC SWEATH THERMOCOUPLE, ROD 50, LEVEL C
TE-3518C SHEATH THERMOCOUPLE, ROD 51, LEVEL C
TE-353CC SHEATH THERMOCOUPLE, POD 53, LEVEL C g
TE-354CC SHEATH THERMOCOUPLE, ROD 54, LEVEL C w
TE-355BC SHEATH THERMOCOUPLE, ROD 55, LEVEL C
TE-356AC SHEATH THERMOCOUPLE, ROD 56, LEVEL C
TE-357AC SHEATH THERMOCOUPLE, 000 57, LEVEL C
TE-357RC SWEATH THE9"0 COUPLE, ROD 57, LEVEL C
TE-359CC SHEATH THERMOCOUPLE, ROD 59, LEVEL C ,

TE-360AC SHEATH THERMOCOUPLE, ROD 60, LEVEL C |

TE-361AC SHEATH THERMOCOUPLE, ROD 61, LEVEL C |
TE-363BC SHEATH THER"0 COUPLE, POD 63, LEVEL C |

LEVEL U
TE-3058U SHEATH THERMOCOUPLE, ROD 5, LEVEL U |
TE-334BU SHEATH THERMOC3UPLE, ROD 34, LEVEL U
TE-334CU SHEATH lHERM0 COUPLE, ROD 34, LEVEL U
TE-352AU SHEATH THERMOCOUPLE, ROD 52, LEVEL U
TE-3528U C:lE ATH THERMOCOUPLE, ROD 52, LEVEL U
TE-352CU SHEATH THER"0 COUPLE, ROD 52, LEVEL U

LEVEL H
TE-305BH SHEATH THERMOCOUPLE, ROD 5, LEVEL H
TE-334Au SHEATH THE1MOCDUPLE, ROD 34, LEVEL H
TE-334BH SHEATH THERMOCOUPLE, ROD 34, LEVEL h
TE-334CH SHEATH THERMOCOUPLE, ROD 34, LEVEL H
TE-348AH Sb"ATH THERMOCOUPLE, ROD 48, LEVEL H
TE-352AH SHFATH THERMOC3UPLE, ROD 52, LEVEL H
TE-352BH SHEATH THERMOCOUPLE, R00 52, LEVEL H
TE-352CH SHEATH THERMOCOUPLE, POD 52, LEVEL H

LEVEL S



Table 2 (continued)
...________..__..__.._________... ..__..__......,__.__ ....___............__.....__..__

SENSOR DESCRIoTION
___________________..._._.._________......______. .______________.____.........._______

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCCUPLES (CONT.)

LEVEL S (CONT.)
TE-305AS SHEATH THERMOCOUPLE, ROD i, LEVEL S
TE-334AS SHEATH THERM 0CDUPLE, ROD 3+, LEVEL S
TE-334BS SHEATH THERM 0CCUPLE, ROD 34, LEVEL 3
TE-334CS SHEATH THERMOCOUPLE, ROD 34. LEVEL 3
TE-352AS SHEATH THERMOCOUPLE, ROD 52, LEVEL S
TE-352BS SHEATH THERM 0CDUPLE, R00 52, LEVEL 5
TE-352CS SHEATH THERMOCOUPLE, ROD 52, LEVEL S

LEVEL Y
TE-305CY SHEATH THERM 0CDUPLE, ROD 5, 8. E V E L v
TE-334AY SHEATH THERMOCOUPLE, ROD 34, LEVEL Y
TE-334BY SHEATH THERMOCOUPLE, ROD 34, L F V E '. Y
TE-334CY SHEATH THERMOCOUPLE, ROD 34, LEVEL Y
TE-348AY SHEATH THERMOCOUPLE, ROD 48, LEVEL Y
TE-352AY SHEATH THERMOCOUPLE, ROD 52, LEVEL Y
TE-3528Y SHEATH THERMOCOUPLE, ROD 52- LEVEL Y M.

TE-352CY SHEATH THERMOCOUPLE, ROD SS, LEVLL Y *

LEVEL D
TE-301AD SHEATH THERMOCOUPLE, ROD 1, LEVEL D
TE-301CD SHEATH THERMOCOUPLE, ROD 1, LEdLL D
TE-302AD SHEATH THERMOC3UPLE, ROD 2: LEVEL 0
TE-303CD SHEATH THERMOCOUPLE, ROD T, LEVEL D
TE-304AD SHEATH THERMOCOUPLE, ROD 8, LEVEt D
TE-308AD SHEATH THE1M0 COUPLE, ROD 8, tr7Lt D
TE-308BD SHEATH THERPOC3UPLF, ROD 8, LEVEL D
TE-308CD SHEATH THERMOCOUPLE, POD 8, LEVEL D
TE-309CD SHEATH THERMOCOUPLE, ROD 9. LEVEL D
TE-310BD SHEATH THERMOCOUPLE, ROD 10, LEVEL D
TE-310CD SHEATH THERM 0CDUPLE, ROD 10, LEVEL 0
TE-312CD SHEATH THERMOCOUPLE, ROD 12, LEVEL D
TE-313CD SHEATH THERMOCOUPLE, ROD 13, LEVEL D
TE-314BD SHEATH THE9M0 COUPLE, ROD 14, LEVEL D
TE-316AD SHEATH THERMOCOUPLE, ROD 16, LEVEL D
TE-317CD SHEATH THERMOCOUPLE, ROD 17, LEVEL D
TE-318AD SHEATH THERMOCGUPLE, ROD 18, LEVEL D
TE-318BD SHEATH THERMOCOUPLE, ROD 184 LEVEL D
TE-318CD SHEATH THERMOCOUPLE, ROD la, LEVEL D
TE-320AD SHEATH THERMOCOUPLE, ROD 29 LEVEL D
TE-320BD SHEATH THERMOCOUPLE, ROD 2G, LEVEL D
TE-320CD SHEATH THERM 0CDUPLE, ROD 20, LEVEL D
TE-321AD SHEATH THERMOCOUPLE, ROD 21, LEVEL D
TE-321BD SHEATH THERMOCOUPLE, ROD 21, LEVEL D
TE-321CD SHEATH THERMOCOUPLE, ROD 21, LEVEL D
TE-324BD SHEATH THERMOCOUPLE, ROD 24, LEVEL 0

g 4 a f
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Table 2 (continued)
_______________________________________________________________________________________

SENSOR DCJCRIPTION

______________________________________________...______________________________________

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCOUPLES (CONT.)

LEVEL D (CONT.)
TE-325BD SHEATH THERMOCOUPLE, ROD 25. LEVEL D
TE-325CD SHEATH THERMOCOUPLE, ROD 25, LEVEL D
TE-326AD SHEATH THERMOCOUPLE, ROD 26, LEVEL D
TE-326BD SHEATH T HER P a tG'IP L E , RCG ?S, LrVEL D
TE-326CD SHEATH THERMOCOUFLE, ROD 25, LEVEL D
TE-327AD SHEATH THERMOCOUPLE, R00 27, LEVEL D
TE-327BD SHEATH THERMOCOUPLE, ROD 27, LEVEL D
TE-327CD < HEATH THERP0 COUPLE, h0D 2T, LEVEL D
TE-328AD SHEATH THERMOCOUPLE, ROD 28, L: VEL D
TE-328BD SHEATH THERMOCOUPLE, R00 28, LEVEL D
TE-328CD SHEATH THERMOCOUPLE, DOD 28, LEVEL 0 |

TE-329AD SHEATH THERM 0COUDLE, P00 '9, LEVEL D |

TE-329BD SHEATH THERMOCOUPLE, ROD ?9, LEVEL D i

TE-329CD SHEATH THERMOCOUPLE, ROD 29, LEVEL D
TE-331CD SHEATH THERM 0CDUPLE, R03 31, LEVEL D
TE-332CD SHEATH THERMOCOUPLE, ROD 32, 8. E V E L D H

*
TE-333AD SHEAT*] THERMOCOUPLE, POD 33, LEVEL D
TE-335AD SHEATH THERMOCOUPLE, ROO 35r LEVEL D |

TE-335BD SHEATH THERMOCOUPLE, PGn 53, LEVEL D '

TE-337BD SHEATH THERMOCOUPLE, POD 37. LEVLt D
TE-337CD SHEATH THERMOCCUPLE, ROD 37, LCvCL D
TE-338BD SHEATH THERMOCOUPLE, ROD 3a, LEVEL D
TE-338CD SHEATH THERP0 COUPLE, P90 38, LEVE'. O
TE-339BD SHEATH THERMOCOUPLE, ROD 59, LEVEL D
TE-340ED SHEATH THERMOCOUPLE, ROD 90, LEVEL D
TE-342BD SHEATH THERMOCOUPLE, RDD 47. LEtEL D
TE-343AD SHEATH THERMOCOUPLE, R00 13, LEVFL D
TE-343BD SHEATH THERMOCOUPLE, RCD 43, LEVEL D
TE-344AD SHEATH THERMOCOUPLE, ROD 44, 'EVEL D_

TE-344CD SHEATH THERM 0 COUPLE, ROD 44, LEVEL D
TE-345AD SHEATH THERMOCOUPLE, ROD 45, LEVEL D
TE-345BD SHEATH THERMOCOUPLE, POD 45, LEVEL D
TE-349C' SHEATH THERP0 COUPLE, ROD 49, LEVEL D
TE-350A0 SHEATH THERM 0 COUPLE, RCD 50, LEVEL D
TE-350BD SHEATH THERMOCOUPLE, ROD 50, LEVEL D
TE-350CD SHEATH THERP0 COUPLE, POD 50, LEVEL D
TE-351BD SHEATH THERMOCOUPLE, POD 51, LEVEL D
TE-354AD SHEATH THERMOCOUPLE, ROD 54, LEVEL D
TE-355CD SHEATH THERMOCOUPLE, ROD 55, LEVEL D
TE-356CD SHEATH THERP0 COUPLE, R00 56, LEVEL D
TE-3570D SHEATH THERMOCOUPLE, RGD 57, LEVEL D
TE-357CD SHEATP THERMOCOUPLE, ROD 57, LtVEL D
TE-358AD SHEATH THERMOCOUPLE, POD 58, LEVEL D
TE-358CD SHEATH THERMOCOUPLE, RLO 58, LEVEL D
TE-359AD SHEATH THERMOCOUPLE, ROD 59, LEVCL D

-
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Table 2 (continued)
_______...___.________ __.....__.___.______...__.._____.......___....._____...___..____

SENSOR DESCRIPTION
______....__________________.... ..___ ..___________..__.__.............__ ...____.___.

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCOUPLES (CONT.)

LEVEL D (CONT.)
TE-360AD SHEATH THERMOCOUPLE, R00 63,. LEVEL D
TE-360BD SHEATH THERMOCOUPLE, ROD 60, LEVEL D
TE-36CCD SHEATH THERMOCOUPLE, ROD 60, LEVEL D
TE-361AD SHEATH THERM 0 COUPLE, 00D 51, LEVEL D
TE-362CC SHEATH THERMOCOUPLE, 90D 62, LEVEL D
TE-364AD SHEATH THERMOCOUPLE, ROD 64, LEVEL 0
TE-364P3 SHEATH THERMOCOUPLE, ROD 64, LEVEL D
TE-364CD SHEATH THERMOCOUPLE, ROD 64, LEVEL D

LEVEL E
TE-302AE SHEATH THEDM0 COUPLE, ROD 2, LEVEL E
TF-303BE SHEATH THERMOCOUPLE, ROD 3, LEVEL E
TE-333CE SHEATH THERMOCOUPLE, ROD 3, LEVEL E
TE-304AE SHEATH THERMOCOUPLE, ROD 4, LEVEL E
TE-304BE SHEATH THERMOCOUPLE, ROD 4, LEVEL E
TE-304CE SHEATH THERMOCOUPLE, ROD 4, LEVEL E >=
TE-307BE SHEATH THERMOCOUPLE, ROD 7, LEVEL E *
TE-3C7CE SHEATH THE9MOCOUPLE, ROD 7, LEVEL E
TE-310AE SHEATH THERMOCOUPLE,' ROD 10, LEVEL E
TE-310PE SHEATH THERMOCOUPLE, ROD 10, LEVEL E
TE-312AE SHEATH THERMOCOUPLE, ROD 12, LEVEL E
TE-313AE SHEATH THERMOCOUPLE, ROD 13, LEVEL E
TE-313CE SHEATH THERMOCOUPLE, ROD 13, LEVEL E
TE-316BE SHEATH THERMOCOUPLE, ROD 16, LEVEL E
TE-316CE SHEATH THERMOCOUPLE, R00 16, LEVEL E
TE-317AE SHEATH THERMOCOUPLE, ROD 17, LEVEL E
TE-317BE SHEATH THERMOCOUPLE, ROD 17, LEVEL E
TE-317CE SHEATH THERMOCOUPLE, ROD 17: LEVEL E
TE-318AE SHEATH THERM 0CDUPLC, ROD 18, LEVEL E
TE-318BE CHEATH THERMOCOUPLE, ROD 16, LEVEL E
TE-318CE SHEATH THERMCCOUPLE, ROD 18, LEVEL E
TE-320AE SHtnTH THERMOCOUPLE, ROD 20, LEVEL E
TE-320BE SHEATH THERMOCOUPLE, ROD 20, LEVEL F
TE-320CE SHEATH THERMOCOUPLE, ROD 20, LEVEL E
TE-324AE SHEATH THERMOCOUPLE, ROD 24, LEVEL E
TE-324CE SHEATH THERMOCOUPLE, POD 24, LEVEL E
TE-326AE SHEATH THERMOCOUPLE, ROD 26, LEVEL E
TE-326BE SHEATH THERMOCOUPLE, ROD 26, LEVEL E
TE-326CE SHEATH THERMOCOUPLE, ROD 26, LEVEL E
TE-328AE SHEATH THERMOCOUPLE, ROD 28, LEVEL E
TE-328CE SHEATH THERMOCOUPLE, ROD 29, LEVEL E
TE-329AE SNE*TH THERMOCOUPLE, ROD 29, LEVEL E
TE-329BE SHEATH THERMOCOUPLE, ROD 29, LEVEL E
TE-329CE SHEATH THERMOCOUPLE, ROD 29, LEVEL E
TE-330AE SHEATH THERMOCOUPLE, ROD 30, LEVEL E

|
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Table 2 (continued)
------..--. .---... -------------........------------------------------------..----.---

SENSOR DESCRIPTION
----------------------------------------------------------,--.-------.------------- --.

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCOUPLES (CONT.)~

LEVEL E (CONT.)
TE-330BE SHEATH THERMOCOUPLE, ROD 30, LEVEL E
TE-331CE SHEATH THERMOCOUPLE, ROD 31, LEVEL E
TE-332AE SHEATH THERMOCOUPLE, ROD 32, LEVEL E
TE-332CE SHEATH THERMOCOUPLE, ROD 32, LEVEL E
TE-333AE SHEATH THERMOCOUPLE, ROD 33, LEVLL E
TE-333BC SHEATH THERM 0 COUPLE, ROD 33, LEVEL E
TE-333CE SHEATH THERMOCOUPLE, ROD 33, LEVEL E
TE-335AE SHEATH THERM 0CDUPLE, ROD 35, LEVEL E
TE-335BE SHEATH THERMOCOUPLE, ROD 35, LEbEL E
TE-335CE SHEATH THERM 0 COUPLE, ROD 35, LEVEL E
TE-337AE SHEATH THERMOCOUPLE, ROD 37, LEVEL E
TE-337BE SHEATH THERMOCOUPLE, ROD 37, LEVEL E
TE-342BE SHEATH THERMOCOUPLE,' ROD 42, LEVEL E
TE-344AE SHEATH THERMOCOUPLE, ROC 44, LEVEL E
TE-344CE SHEATH THERMOCOUPLE, ROD 44, LEVEL E
TE-345AE SHEATH THERMOCOUPLE, ROD 45, LEVEL E s
TE-345BE SHEATH THERMOCOUPLE, ROD 45, LEVEL E -a
TE-349AE SHEATH THERMOCOUPLE, ROD 49, LFVEL E
TE-349BE SHEATH THERMOCOUPLE, ROD 49, LEVEL E
TE-349CE SHEATH THERMOCCUPLE, ROD 49, LEVEL E
TE-350BE SHEATH THERMOCOUPLE, ROD 50, LIVIL E
TE-350CE SHEATH THERMOCOUPLE, ROD 50, LEVEL E
TE-351AE SHEATH THERMOCOUPLE, ROD 51, LEVLL E
TE-351BE SHEATH THERMOCOUPLE, R O D 51, LLfEL E
TE-353AE SHEATH THERMOCOUPLE, ROD 53, LEVEL E
TE-353BE SHEATH THERMOCOUPLE, ROD 53, LEVEL E
TE-356AE SHFATH THERMOCOUPLE, ROD 56, LEVEL E
TE-356AE SHEATH THERMOCOUPLE, ROD SR, LEVCL E
TE-358BE SHEATH THERMOCOUPLE, R00 58, LEVEL E
TE-359AE SHEATH THERMOCOUPLE, ROD 59, LEVEL F
TE-359BE SHEATH THERMOCOUPLE. ROD 59, LEVEL E
TE-359CE SHEATH THERMOCOUPLF, ROD 59, LEVEL E
TE-361AE SHEATH THERM 0COUPLC,' ROD 61, LEVtl E
TE-361BE SHEATH THERMOCOUPLE, ROD 61, LEVEL E
TE-361CE SHEATH THERMOCOUPLE, ROD 61, LEVEL E
TE-362AE SHEATH THERMOCOUPLE, ROD 62, LE/tt E
TE-363AE SHEATH THERM 0COUPLC, ROD 63, LEVEL E
TE-363BE SHEATH THERM 0CDUPLE, ROD 63, LEVEL E
TE-364AE SHEATH THERMOCOUPLE, ROD 64, LEVEL E
TE-364BE SHEATH THERMOCOUPLE, ROD 64, LEVEL E

LFVEL F
TE-333BF SHEATH THERMOCOUPLE, ROD 3, LEVEL F
TE-304AF SHEATH THERMOCOUPLE, ROD 4, LE dr L F
TE-3G7AF SHEATH THERMOCOUPLE, ROD 7, LEVEL F



Table 2 (continued)
.

_______________________...__________________________________________.____._____________

SENSOR DESCRIPTION

_______________________ _____________..___________..______._______...___._____._-______

BUNDLE TEMPERATURE (CONT.)

SHEATH THERM 0 COUPLES (CONT.)

LEVEL F (CONT.)
TE-307BF SHEATH THERMOCOUPLE, ROD 7, LEVEL F
TE-310AF SHEATH THERM 4 COUPLE, ROD 10, LEVEL F
TE-310BF SHEATH THERMOCOUPLE, ROD 10, LEVEL F
TE-310CF SHEATH THERMOCOUPLE, ROD 10, LEVEL F
TE-313BF SHEATH THERMOCOUPLE, ROD 13, LEVEL F
TE-313CF SHEATH THERMOCOUPLE, ROD 13, LEVEL F
TE-315AF SHEATH THERMOCOUPLE, ROD 15, LEVEL F
TE-316BF SHEATH THERMOCOUPLE, ROD 16, LEVEL F
TE-316CF SHEATH THERMOCOUPLE, ROD 16, LEVEL F
TE-318AF SHEATH THERMOCOUPLE, ROD 18, LEVEL F
TE-318BF SHEATH THERMOCOUPLE, ROD 18, LEVEL F
TE-318CF SHEATH T H CP. M 0 CO U P LE , ROD 18, LEVEL F
TE-320AF SHEATH THERMOCOUPLE, ROD 23, LEVEL F

<

TE-3209F SHEATH THtRM0 COUPLE, ROD 20, LEVEL F
SHEATH THERMOCOUPLE, ROD 20, LEVEL F

TE_320CFTE 328AF SHEATH IHERM0 COUPLE, ROD 28. LEVEL F ha
as

TE-328BF SHEATH THERMOCOUPLE, ROD 28, LEVEL F
TE-328CF SHEATH THERMOCOUPLE, ROD 26, LEVEL F'

SHEATH THERMOCOUPLE, ROD 31, LEVEL F
TE_331BFTE 331CF SHEATH THERMOCOUPLE, ROD 31, LEVEL F
TE-332CF SHEATH THERMOCCUPLE, ROD 32, LEVEL F
TE-337BF SHEATH THERMOCOUPLE, ROD 37, LEVEL F
TE-337CF SHEATH THERMOCOUPLE, ROD 37, LEVEL F
TE-342BF SHEATH THERMOCOUPLE, ROD 42, LEVEL F
TE-345AF SHEATH THERMOCOLeLE, ROD 45, LEVEL F
TE-345BF SHrATH THERM 0CDUPLE, ROD 45, LEVEL F
TE-345CF SHEATH THERMOCOUPLE, ROD 45, LEVEL F
TE-347CF SHEATH THERMOCOUPLE, ROD 47, LEVEL F
TE-350AF SHEATH THERMOCOUPLE, ROD 50, LEVEL F
TE-350BF SHEATH-THERMOCOUPLE, ROD 50, LEVEL F

.'

TE-350CF SHEATH THERMOCOUPLE, ROD 50, LEVEL F
TE-353BF SHEATH THERMOCCUPLE, ROD 59, LEVEL F
TE-356AF SHEATH THERMOCOUPLE, ROD 56, LEVEL F
TE-358BF SHEATH THERMOCOUPLE, ROD 58, LEVEL F
TE-359AF SHEATH THERMOCOUPLE, ROD 59, LEVEL F
TE-359BF SHEATH THERMOCOUPLE, ROD 59, LEVEL F
TE-359CF SHEATH THERMOCOUPLE, ROD 59, LEVEL F
TE-364AF SHEATH THERMOCOUPLE, ROD 64, LEVEL F
TE-364BF SHEATH THERMOCOUPLE, ROD 64, LEVEL F
TE-364CF SHEATH THERMOCOUPLE, ROD 64, LEVEL F

LEVEL G
TE-303CG SHEATH THERMOCOUPLE, ROD 3. LEVEL G
TE-316BG SHEATH THERMOCOUPLE, ROD 16, LEVEL G
TE-316CG SHEATH THERMOCOUPLE, ROD 16, LEVEL G

'
, v . . . .

_ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _
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Table 2 (continued)
- - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - . - - - - - . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -

SENSOR DESCRIPTION
-.-----_---------------_-. .---.-------------------------.-----------------------------

BUNDLE TEMPERATURE (CONT.)

SHEATH THERMOCOUPLES (CONT.)

| LEVEL G (CONT.)
TE-318AG SHE ATH THERMOCOUPLE, ROD 13, LEVEL G
TE-3188G SHEITH THERMOC3UPLE, ROD 18, LEVEL G
TE-318CG SHEATH THERMOCOUPLE, ROD 18, LEVEL G
TE-320AG SHEATH THERMOCOUPLE, ROD 23, LEVEL *G
TE-3208G SHEATH THERMCCOUPLE, ROD 20, LEVEL G
TE-320CG SHEf!H THERMOCOUPLE, ROD 20, LEVEL G
TE-332CG SHEATH THERM 0COUPLL, ROD 32, LEVEL G
TE-342AG SHEATH THERMOCOUPLE. ROD 42, LEVEL G

SHEATH THERMOCOUPLE, ROD 42, LEVEL G jTE-342BG 3

TE-342CG SHEATH THERNOCOUPLE, ROD 42, LEVEL G
TE-345AG SHEATH THERMOCOUPLE, ROD 45, LEVEL G
TE-345BG SHEATH THERMOCOUPLE, R90 45, LEVEL G
TE-345CG SHEATH THERMOCOUPLE, ROD 45, LEVEL G
TE-347CG SHEATH THERMOCOUPLE, ROD 47, LEVEL G
TE-358CG SHEATH THERMOCOUPLE, ROD 58, LEVEL G
TE-364AG SHEATH THERMOCOUPLE, POD 64, LEVEL G H

*TE-364CG SHEATH THERM 0CDUPLE, ROD 64, LEVEL G

LEVEL J
TE-361CJ SHEATH THERMOCOUPLE, ROD 61, LEVEL J
TE-361BJ SHEATH THERMOCOUPLE, ROD 61, LEVEL J

MIDDLE THERMOCOUPLES

LEVEL A
TE-306MA MIDDLE THERMOCOUPLE, ROD 6, LEVEL A
TE-311MA MIDDLE THERM 0CDUPLE, ROD 11, LEVEL A
TE-314MA MIDDLE THERMOCOUPLE, ROD 14, LEVEL A
TE-321MA HIDDLE THE3M0 COUPLE, ROD 21, LEVEL A
TE-325MA MIDDLE THERMOCOUPLE, ROD 25, LEVEL A
TE-338MA MIDDLE THERMOCOUPLE, ROD 38, LEVEL A
TE-340MA MIDDLE THERMOCOUPLE, ROD 43, LEVEL A
TE-341MA MIDDLE THERMOCOUPLE, ROD 41, LEVEL A
TE-343MA MIDDLE THERMOCOUPLE, R00 43, LEVEL A
TE-354MA MIDDLE THERMOCOUPLE, ROD 54, LEVEL A
TE-355MA MIDDLE THERMOCOUPLE, ROD 55, LEVEL A
TE-357MA MIDDLE THERMOCOUPLE, ROD 57, LEVEL A
TE-360MA MIDDLE THER MOCOUPLE , ROD 60, LEVEL A

LEVEL B
TE-302MB MIDELE THERM 0 COUPLE, ROD 2, LEVEL B
TE-303MB MIDDLE THERMOCOUPLE, ROD 8, LEVEL B
TE-309MB MIDDLE fHERMOC3UPLE, ROD 9, LEVEL B
TE-312MB MIDDLE THERMOCOUPLE, ROD 12, LEVEL B
TE-314MB MIDDLE THERMOCOUPLE, ROD 14, LEVEL 8



Table 2 (continued)
____________________________________.__________________________________________________

SENSOR DESCRIPTION
____________________________________________________________.__________________________

EUNDLE TEMPERATURE (CONT.)

MIDDLE THERMOCOUPLES (CONT.)

LEVEL B (CONT.)
TE-321MB MIDDLE THERMOCOUPLE, ROD 21, LEVEL 8
TE-325MB MIDDLE THERP0 COUPLE, ROD 25, LEVEL S
TE-327MB MIDDLE THERMOCOUPLE, ROD 27, LtVEL P
TE-329M8 MIDDLE THERMOCOUPLE, ROD 29, LEVEL B
TE-330MB MICDLE THERMOCOUPLE, ROD 3C, LEVEL 3
TE-335MB MIDDLE THERMOCOUPLE, ROC 35, LEVtl B
TE-338MB MIDDLE THERMOCOUPLE, ROD 33, LEVEL P
TE-339MB MIDDLE THERMOCOUPLE, R0D !Q, LEVEL 8
TE-340MB MIDDLE THERMOCOUPLE, ROC 40, LEVEL 8
TE-341MB MIDDLE THERMOCOUPLE, RCD ^t, LEVEL 8
TE-343MB MIDDLE THERMOCOUPLE, ROD 43, LEVEL 8
TE-344MB MIDDLE THERMOCOUPLE, ROD -4, LEVFL d
TE-349MB MIDDLE THERMOCOUPLE, ROD 4C. LEVE6 B
TE-354MB MIDDLE THERMOCOUPLE, ROD 54, LEVCL B
TE-355MB MIDDLE THERMOCOUPLE, ROD f,5 , LEVEL B
TE-357MB MIDDLE THERMOCOUPLE, ROD 57, t.EVEL 0 p
TE-360MB MIDDLE THERM 0CDUPLE, ROC 60, LEVEL 9 o
TE-361MB MIDDLE THERMOCOUPLE, ROD 61, 'EVEL B.

TE-362MB MIDDLE THERMOCOUPLE, ROD 62, LE"El B
TE-363MS MIDDLE THERMOCOUPLE, ROO 63, LEVEL B

LEVEL C
TE-302MC MIDDLE THERMOCOUPLE, ROD 2, LEVEL C
TE-304MC MIDDLE THERMOCOUPLE, ROD 9, LEVEL C
TE-306MC MIDDLE THERMOCOUPLE, R00 6, LEVEL C
TE-307MC MIDDLE THERMOCOUPLE, ROD F, LEVEL C
TE-308MC MIDDLE THERMOCOUPLE, ROG 9, LEVEL C
TE-309MC MIDDLE THERMOCOUPLE, ROD 9, LEVEL C
TE-310MC MIDDLE THERMOCOUPLE, R00 3C. LEVEL C
TE-311MC MIDDLE THERMOCOUPLE, R03 11, LEVEL C
TE-312MC MIDDLE THERMOCOUPLE, RCD 12, LEVEL C
TE-314MC MIDDLE THERM 0000PLE, ROC 14, LEVEL C
TE-315MC MICDLE THERMO_vuPLE, R00 15, LEVEL C
TE-324MC MIDDLE THERMOCOUPLE, ROC 24, LEVEL C
TE-325MC MIDDLE THERMOCOUPLE, ROD 253 LEVEL C
TE-326MC MIDDLE THERMOCOUPLE, R0D 26 LEVEL C
TE-328MC MIDDLE THERMOCDUPLE, ROC 23, LEVEL C
TE-329MC MIDDLE THERMOCOUPLE, ROD C9, LE VE. C
TE-330MC MIDDLE THERMOCOUPLE, R00 30, LEVEL C
TE-333MC MIDDLE THERMOCOUPLE, ROD 33, LEVEL C

MIDDLE THERM 0 COUPLE, ROD 35, LEVEL CTE-335MC
- MIDDLE THERMOCOUPLE, ROD ?. 7 , LEVEL CTE-337MC

TE-338MC MIDDLE THERMOCOUPLE, ROD ?. A > LEVEL C
TE-339MC MIDDLE-THERMOCOUPLE, ROD 3S, LEVtl C
TE-340MC MIDDLE THERMOCOUPLE, ROD 40, LEVEL C

. < . . . .
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Table 2 (continued)
.....___________________.__________ ___.______________....__________ ____..........____

SENSOR DESCRIPTION
____...__...___ .._.......__________..._______.....__________. ..______________________

BUNDLE TEMPERATURE (CONT.)

MIDDLE THERM 0CDUPLES (CONT.)

LEVEL C (CONT.)
TE-341MC MIDDLE THERMOCOUPLE, ROD 4t. IEVEL C
TE-343MC MIDDLE THERMOCOUPLE, ROD 45. LEVEL C
TE-344MC MIDDLE THERMOCOUPLE, ROD 44 LEVEL C
TE-349MC MIDDLE THERMOCOUPLE, ROD 44, LEVEL E
TE-350MC MIDDLE TMERM0 COUPLE, ROD 53, LEVEL L
TE-351MC MIDDLE THERMOCOUPLE, ROD 51, LEVEL C
TE-353MC MIDDLE THERMOCOUPLE, ROD 53, LEVEL C
TE-354MC MIDDLE THERMOC3UPLE, ROD 54, LEVEL C
TE-355MC MIDDLE THERMOCOUPLE, ROD 53, LEVEL C
TE-356HC MIDDLE THERMOCOUPLE, ROD .5r.. LEVEL C
TE-357MC MIDDLE THERMOCOUPLE, F00 57. LEVEL C
TE-359FC MIDDLE THERMOCOUPLE, ROD 59. LEVEL C
TE-360MC MIDDLE THERMOCOUPLE, ROD 64, LEVEL C
TE-361MC MIDDLE THERMOCOUPLE, ROD 6', LEVEL C
TE-362MC MIDDLE THERMOCOUPLE, ROD 62. LEVEL C
TE-363MC MIDDLE THERMOCOUPLE, ROD 63, LEVEL C

LEVEL U
TE-305MU MIDDLE THERMOCOUPLE, ROD 5, LEVEL U
TE-3484U MIDDLE THERMOCOUPLE, ROD 80, LEVEL U
TE-352MU MIDDLE THERMOCOUPLE, ROD 52, LEVEL U

LEVEL H
TE-305MH MIDDLE THERMOCOUPLE, POD 5, L E '* E L M
TE-334MH MIDDLE THERMOCOUPLE, ROD 34, l. vel 4
TE-348MH MIDDLE THERMOCGUPLE, ROD 43, LEVEL H
TE-352MH FIDDLE THERMOCOUPLE, ROD 52, LEVEL H

LEVEL S l
| TE-3CSMS MIDDLE THERMOCOUPLE, ROD 5, LEVEL i
| TE-334MS MIDDLE THERMOCOUPLE, ROD 3^, LtVEL S

TE-348MS MIDDLE THERMOCOUPLE, ROD 48. LEVEL S
TE-352MS MIDDLE THERMOCOUPLE, ROO 52, L E '.' E L C

LEVEL Y
TE-305MY MIODLE THERMOCOUPLE, ROD 3, LEVEL Y
TE_348HY MIDDLE THERMOCOUPLE, ROD 48, LEVEt Y
TE-352MY MIDDLE THERMOCOUPLE, ROD 52, LEVEL Y

LEVEL 0
1 TE-302"D MIDDLL THERM 0CDUPLE, ROD 2, LEVEL D

TE-303MD MIDDLE THERMOCOUPLE, ROD 3, LEVEL D
TE-304MD MIDDLE THERMOCOUPLE, ROD 4 LEVEL D
TE-306MD MIDDLE THERMOCOUPLE, ROD 6, LEVEL D
TE-30TMD ' MIDDLE THERMOCOUPLE, 40D 7- LEVEL D

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

.. .
.
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Table 2 (continued)
___________________________________________________________________________________.___

SENSOR DESCRIPTION
______-_________________________________________________________-______________________

BUNDLE TEMPERATURE (CGNI.)

MIDDLE THERM 0COUPLt- (CONT.)

LEVEL D (CONT.)
TE-30PMD MIDDLE THERMOCOUPLE, ROD *, LEVEL D
TE-310MD HIDDLE THERMOCOUPLE, ROD 10, LEVEL D
TE-311MD MIDDLE THERMOCOUPLE, ROD 11, LEVEL 0
TE-312ND MIDDLE THERMOCOUPLE, ROD J2, LEVEL D
TE-315MD MIDDLE THERM 0CDUPLE, ROD 15, LEVEL D
TE-316MD MIDDLE THERMOCOUPLE, ROD 16, LEVEL D
TE-318MD MT3DLE THERMOCOUPLE, ROD 18, LEVEL D
TE-320MD MIDDLE THERMOCOUPLE, ROD 20, LEVEL D
TE-321MD MIDDLE THER"0CDUPLE, RDD 21, LEVEL D
TE-324MD MIDDLE THERMOCOUPLE, ROD 24, LEVEL D
TE-325MD hlDDLE THERMOCOUPLE, ROD 25, LEVEL D
TE-326MD MIDDLE THERMOCOUPLE, ROD 26, LEVEL D
TE-3P8MD MIDDLE THERM 0CDUPLE, ROD 28, LEVEL D
TE-329MD MIDDLE THERMOCOUPLE, ROD 24, LEVEL D
TE-332MD MIDDLE THERMOCOUPLE, ROD 32, LEVEL D
TE-335MD MIDDLE THERMOCOUPLE, ROD 35, LEVEL D ha
TE-337MD MIDDLE THERMOCOUPLE, ROD 37, LEVEL D h*

TE-33BMD MIDDLE THERMOCOUPLE, ROD 38, LEVEL D
TE-339MD MIDDLE THERMOCOUPLE, ROD 39, LEVEL D
TE-341MD MIDDLE THERMOC3UPLE, RDD 41, LEVEL D
TE-343MD MIDDLE THERMOCOUPLE, ROD 43, LEVEL D
TE-345MD MIDDLE THERMOCOUPLE, ROD 45, LEVEL D
TF-347MD MIDDLE THERMOCOUPLE, ROD 47, LEVEL D
TE-549MD MIDDLE THERMOC3UPLE, ROD 49, LEVEL D
TE-350MD MIDDLE THERMOCOUPLE, ROD 50, LEVEL D
TE-353MD MIDDLE THERMOCOUPLE, ROD 53, LEVEL D
TE-354MD MIDDLE. THERMOCOUPLE, ROD 54, LEVEL D
TE-355MD MIDDLE THERMOCOUPLE, ROD 55, LEVEL D
TE-356MD MIDDLE THERMOCOUPLE, ROD 56, LEVEL D
TE-357MD MIDDLE THERMOCOUPLE, ROD 57, LEVEL 0
TE-358MD MIDDLE THERMOCOUPLE, ROD 58, LEVEL D
TE-360MD MIDDLE THERMOCOUPLE, ROD 60, LEVEL D
TE-361MD MIDDLE THERMOCOUPLE, ROD 61, LEVEL D
TE-363MD MIDDLE THERMGCOUPLE, ROD 63, LEVEL D
TE-364MD MIDDLE THERMOC3UPLE, ROD 64, LEVEL D

LEVEL E
TE-303ME MIDDLE THERMOCOUPLE, ROD 3, LEVEL E
TE-304ME MIDDLE THERMOCOUPLE, ROD 4, LEVEL E
TE-307ME MIDDLE THERMOCOUPLE, ROD 7, LEVEL E
TE-310ME MIDDLE THERMOCOUPLE, ROD 10, LEVEL E
TE-312ME MIDDLE THERMOCOUPLE, ROD 12, LEVEL E
TE-316ME MIDDLE THERMOCOUPLE, ROD 16, LEVEL E
TE-317ME MIDDLE THERMOCOUPLE, ROD 17, LEVEL E
TE-318ME MIDDLE THERMOCOUPLE, ROD 18, LEVEL E

. < , , , a
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Table 2 (continued)
. _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _____,,___________,__________,

SENSOR DESCRIPTION
___..._____.____.__________________________.________________________________________,,_

BUNDLE TEMPERATURE (CONT.)

MIDDLE THERMOCOUPLES (CONT.)

LEVEL E (CONT.)
TE-324ME MIDDLE THERMOCOUPLE, ROD 24, LE"El E
TE-326ME MIDDLE THERMOCOUPLE, ROD 26, LEVEL E
TE-328ME MIDDLE THERMOCOUPLE, ROD 28, LEVFL E
TE-329ME MIDDLE '. H ER N 0 C O UP L E , ROD 29, LEVEL E
TE-33GME MIDDLE THERMOCOUPLE, ROD 30, LEVEL E
TE-332ME MIDDLE THERMOCOUPLE, POD 32, LEVEL E
TE-335ME MIDDLE THERMOCOUPLE, ROD 35, L E V El. E,

TE-337ME MIDDLE THERMOCOUPLE, ROD 37, LEVEL E
TE-339ME MIDDLE THERMOCOUPLE, ROD 39, LEYEL E
TE-344ME MIDDLE THERMOCOUPLE, ROD 44, LEVEL F
TE-345ME MIDDLE THERMOCOUPLE, ROD 45s LEVEL E
TE-347ME MIDDLE THERMOCOUPLE, ROD 47, LEVEL E
TE-349ME MIDDLE THERP0 COUPLE, ROD 49, LEVEL E.
TE-350ME MIDDLE THERMOCOUPLE, ROD SG, LEVEL E
TE-353ME MIDDLE THERMOCOUPLE, ROD 53, LEbEL E
TE-356ME MIDDLE THERMOCOUPLE, ROD 56, LEVEL E N
TE-35SME MIDDLE THERMOCOUPLE, ROD 58, LEVEL E "
TE-359ME MIDDLE THERMCCOUPLE, ROD 59, LEVEL-E
TE-362ME MIDDLE THERMOCOUPLE, ROD 62, LEVEL E
TE-363ME MIDDLE THERMOCOUPLE, ROD 63, LEVEL t

LEVEL F
TE-303MF MIDDLE THERMOCOUPLE, ROD 3, LEVtl F
TE-304PF MIDDLE THERMOCOUPLE, ROD 4, LEVrL F
TE-307MF MIDDLE THERMOC3UPLE, ROD 7, LEVEL F
TE-316MF MIDDLE THERMOCOUPLE, ROD 16, LEVEi. F
TE-318MF MIDDLE THERMOCOUPLE, ROD 18, LEVEL F
TE-328MF MIDDLE THERMOCOUPLE, ROD 28, LCVEL F
TE-331MF MIDDLE THERMOCOUPLE, ROD 31, LFVEL F
TE-337MF MIDDLE THERMOCOUPLE, ROD 37, LEVLL F
TE-347MF MIDDLE THERMOCOUPLE, ROD 47, LEVEL F
TE-350MF MIDDLE THERMOCOUPLE, ROD 50, L2 VEL F
TE-356"F MIDDLE THERMOC3UPLE, ROD 56, l.EVEL C
TE-358MF MIDDLE. THERMOCOUPLE, ROD 58, LEVEL F
TE-359MF MIDDLE THERMOCOUPLE, ROD 59, LEVEL F
TE-364MF MIDDLE THERMOCOUPLE, ROD 64, LEVEL F<

LEVEL G
; TE-303MG MIDDLE THERMOCOUPLE, ROD 3, LEVit G

TE-316MG MIDDLE THERMOCOUPLE, ROD 16, LE%El G
iE-320MG MIDDLE THERMOCDUPLE, ROD 23, LEVEL G-
TE-332MG MIDDLE THERMOCOUPLE, ROD 32, LEVEL 6
TE-345MG MIDDLE THERMOCOUPLE, ROD 45, L E 'e E L G
TE-347MG MIDDLE THERMOCOUPLE, ROD 47, LEVtl G
TE-358MG MIDDLE THERMOC3UPLE, ROD 58, LEVEL G



Table 2 (continued)
---------...---.. --.....-_.---..----... ---. ..----.--------.... -- ..--.----.........

SENSOR DESCRIPTION

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

BUNDLE TEMPERATURE (CONT.)

MIDDLE THERMOCOUPLES (CONT.)

LEVEL G (CONT.)
TE-364MG MIDDLE THERMOCOUPLE, ROD 64, LEVEL G

SHROUD BOX THERMOCOUPLES

LEVEL A
TE-181W SHROUD BOX THERMOCOUPLE, LEVEL A, WEST SIDE

LEVEL 8
TE-182E SHR0dD BOX THERMOCOUPLE, LEVEL B, EAST SIDE
TE-182S SHROUD BOX THERMOCOUPLE, LEVEL B, SOUTH SIDE

LFVEL C
TE-183N SHROUD BOX THERMOCOUPLE, LEVEL C, NORTH SIDE
TE-183W SHROUD-BOX THERMOCOUPLE, LEVEL C, WEST SILE

MLEVEL D "'
TE-184E SHROUD BOX THFR40 COUPLE, LEVEL D, EAST SIDE
TE-184S SHROUD BOX THERMOCOUPLE, LEVEL D, SOUTH SIDE

LEVEL E
TE-185W SHROUD BOX THERMOCOUPLE, LEVEL E, JEST SIDE

LEVEL G
TE-186E SHROUD BOX THERMOCOUPLE, LEVEL G, EAST SIDE
TE-186S SHROUD BOX THERMOCOUPLE, LEVEL G, SOUTH SIDE
TE-187N SHROUD BOX THERMOCOUPLE, LEVEL G. NORTH SIDE
TE-18TW SHROUD BOX THERMOCOUPLE, LEVEL G, DEST SIDE

THERMOCOUPLE ARRAY ROD

LEVEL A
TE-188AA ARRAY ROD THERMOCOUPLE,: GRID 19, SUBCHANNEL 22, LEVEL A
TE-188BA ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 30, LEVEL A

LEVEL B
TE-188AB ARRAY ROD THERM 0 COUPLE, GRID 19, SUBCHANNEL 22, LEVEL B-
TE-188BB ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 30, LEVEL B

LEVEL C
TE-188AC ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 22, LEVEL C
TE-188BC ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 30, LEVEL C

LEVEL D
TE-188AD ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 22, LEVEL D
TE-188BD ARRAY ROD THERM 0COUPLC, GRID 19, SUBCHANNEL 30, LEVEL D

. . . p > .
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Table 2 (continued)
...___ ...____ ......._... ._____ .__...._________________....______.........__.........

SENSOR DESCRIPTION
.........____.._______________.....__..___________._..______.....___..___...____ ______

BUNDLE TEMPERATURE (CONT.)

THERMOCOUPLE ARPAY ROD (CONT.)

LEVEL E
TE-188AE ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 22, LEVEL E
TE-188BE ARRAY RGO THERMOCOUPLE, GRIO 19, SUBChANNEL 30, LEVEL E

LEVEL F
TE-188AF ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 22, LEVEL F
TE-188BF ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 30, LEVEL F

LEVEL G
| TE-188AG ARRAY ROD THERMOCOUPLE, GRID 19, SUBCHANNEL 22, LEVEL G
1

| SPACER GRID THERMOCOUPLES
|

GRID NO. 2
TE-291A SPACER GRID NUMBER 2 THERMOCOUPLE, SUBCHANNEL 32
TE-2918 SPACER GRID NUMBER 2 THERMOCOUPLE, SUBCHANNEL 43
TE-291C SPACER GRID NUMBER 2 THERMOCOUPLE, SUBCHANNEL 57 p
TE-291D SPACER GRID NUMBER 2 THERMOCOUPLE, SUBCHANNEL 70 um

GRID NO. 3
TE-292A SPACER GRID NUMBER 3 THERMOCOUPLE, SUBCHANNEL 32
TE-2928 SPACER GRID NUMBER 3 THERMOCOUPLE, SUBCHANNEL 43
TE-292D SPACER GRID NUMBER 3 THERMOCOUPLE, SUBCHANNEL 70

GRID NO. 4
TE-293A SPACER GRID NUMBER 4 THERMOCOUPLE, SUBCHANNEL 32
TE-2938 SPACER GRID NUMBER 4 THERMOCOUPLE, SUBCHANNEL 43
TE-293C SPACER GRID NUMBER 4 THERMOCOUPLE, SUBCHANNEL 57
TE-293D SPACER GRID NUMBER 4 THERMOCOUPLE, SUBCHANNEL 70
TE-293E SPACER GRID NUMBER 4 THERMOCOUPLE, SUBCHANNEL 17
TE-293F SPACER GRID NUMBER 4 THERMOCOUPLE, SUBCHANNEL 38

GRID NO. 5
TE-2948 SPACER GRID NUMBER 5 THERMOCOUPLE, SUBCHANNEL 43
TE-294D SPACER GRID NUMBER 5 THERMOCOUPLE, SUBCHANNEL 70
TE-294E SPACER GRID NUMBER 5 THERMOCOUPLE, SUBCHANNEL 17
TE-294F SPACER GRID NUMBER 5 THERMOCOUPLE, SUBCHANNEL 39

GRID NO. 6
TE-295A SPACER GRID NUMBER 6 THERMOCOUPLE, SUPCHANNEL 32
TE-2958 SPACER GRID NUMBER 6 THERMOCOUPLE, SUBCHANNEL 43
TE-205C SPACER GRID NUMBER 6 THERMOCOUPLE, SUBCHANNEL 57
TE-295D SPACER GRID NUMBER 6 THERMOCOUPLE, SUBCHANNEL 70

GRID NO. 7
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Table 2 (continued)
____..___.___________.___.__. .....______________..____......___________...____.___..__

SENSOR DESCRIPTION
_____________________.__.________....._______________...__...._________._____..__ _____

BUNDLE TEMPERATURE (CONT.)

SPACER GRID THERMOCOUPLES (CONT.)

GPID NO. 7 (CONT.)
TE-2968 SPACER GRID NUMBER 7 THERMOCOUfLE, SUBCHANNEL 43
TE-296D SPACER GRID NUMBER 7 THERMOCOUPLE, SUBLHANNEL 70

SUBCHANNEL THERMOCOUPLES
TE-1201 SUBCHANNEL NUMBER 1 THERM 0COUPLF
TE-1205 SUBCHANNEL NUMBER S THERMDCOUPLL
TE-1207 SUBCHANNEL NUMBER 7 THERM 0 COUPLE
TE-1209 SUBCHANNEL NUMBER 9 THERMOCOUPLE
TE-1211 SUBCHAhNEL NUMBER 11 THERM 0COUDLE
TE-1213 SUBCHANNEL NUMBER 13 T HE R MOC OUDI.E
TE-1214 SUBCHANNEL NUMBER 14 THERMOCOUPLE
TE-1216 SUBCHANNEL NUMBER 16 THERMOCOUPLE
TE-1217 SUBCHANNEL NUMBER 17 T H ER M O C O U P L F.
TE-1219 SUBCHANNEL NUMBER 19 THERMOCOUPLE
TE-1223 SUBCHANNEL NUMBER 20 THERMOCOUPLE
TE-1221 SUBCHANNEL NUMBER 21 THERMOCOUPLE N

*
TE-1223 SUBCHANNEL NUMBTR 23 THERMOCOUPLE
TE-1225 SUBCHANNEL NUMBER 25 THERMOCOUPLE
TE-1226 SUBCHANNEL NUMBER 26 THERMOC0bPLC
TE-1227 SUBCHANNEL NUMBER 27 THERMOCOUPLE
TE-1229 SUBCHANNEL NUMBER 29 THERMOCOUPLE
TE-1230 SUBCHANNEL NUMBER 30 THERMOCOLPLE
TE-1231 SUBCHANNEL NUMBER 31 THERMOCOUPLE
TE-1232 SUBCHANNEL NUMBER 32 THERMOCOUPLC
TE-1234 SUBCHANNEL NUMBER 34 THERM 0COUN E
TE-1235 SUBCHANNEL NUMBER 35 THERM 0COUPLC
TE-1237 SUBCHANNEL NUMBER 37 THERMOCOUF LE
TE-1238 SUBCHANNEL NUMBER 38 THERMOCOUPLE
TE-1239 SUBCHANNEL NUMBER 39 THERMOCOUPLE
TE-1240 SUBCHANNEL NUMBER 40 THERMOCOUPLE
TE-1241 SUBCHANNEL NUMBER 41 THERMOCOUPLE
TE-1242 SUBCHANNEL NUMBER 42 TH ER M O CO L'P L E
TE-1244 SUBCHANNEL NUMBER 44 THERMOCOUPLE
TE-1245 SUBCHANNEL NUMBER 45 THERM 0 COUPLE
TE-1247 SUBCHANNEL NUMBER 47 THERMOCOUPLE
TE-12&8 SUBCHANNEL NUMBER 48 THERMOCOUPLE
TE-1243 SUBCHANNEL NUMBER 49 THERM 0COOPLE
TE-1250 SUBCHANNEL NUMBER 50 THERMOCOUPLE
TE-1251 SUBCHANNEL NUMBER 51 THERM 0CodPLE
TE-1252 SUBCHANNEL NUMBER 52 THERM 0CCUPLE
TE-1255 SUBCHANNEL NUMBER 55 THERMOCOUPLE
TE-1256 SUBCHANNEL NUMBER 56 THERMOCOUPLE
TE-1258 SUBCHANNEL NUMBER 58 THERMOCOUPLE
TE-1259 SUBCHANNEL NUMBER 59 THERM 6COUFLE
TE-1260 SUBCHANNEL NUMBER 60 THERMOCOUPLE

. o e .. e a
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Table 2 (contimmed)
..._...._.._..____............... ...._..__.____......__........_......._..._........__

SENSOR DESCRIPTION

........._.._________..___....____________.___.._.._..__ ________.._______.............
BUNOLE TEMPERATURE (CONT.)

SUBCHANNEL THERMOCOUPLES (CONT.)
TE-1261 SUBCHANNEL NUMBER 61 THERMOCOUPLE
TE-1263 SUBCHANNEL NUMBER 63 THERM 0COUPLF
TE-1265 SUBCHANNEL NUMBER 65 THERMOCCUPLE
TE-1266 SUBCH A'INEL NUMBER 66 THERMOCOUPLE
TE-1268 SUBCHANNEL NUMBER 58 THERMOCOUPLE
TE-1269 SUBCHANNEL NUMBER 69 THERMOCOUPLE I

TE-1270 SUBCHANNEL NUMBER 70 THERMOCOUPLE '

TE-1271 SUBCHANNEL NUMBER 71 THERMOCOUPLE
TE-1273 SUBCHANNEL NUMBER 73 THERMOCOUPLE
TE-1275 SUBCHANNEL NUMBER 75 THERMOCOUPLE
TE-1277 SUBCHANNEL NUMBER 77 THERMOCOUPLE
TE-1279 SUBCHANNEL NUMBER 79 THERM 0CO :Pl.E
TE-1281 SUBCHANNEL NUMBER 81 THERM 0CGUPLE

SPOOL PIECE INSTRUMENTS
t|TEMPERITURE

TE-24 HORIZONTAL INLET SPOOL TEMPERATURE
TE-172 VERTICAL INLET SPOOL TEMPERATURE
TE-222 VERTICAL OUTLET SPOOL TEMPERATURE
TE-40 HORIZONTAL OUTLET SPOOL TEM?ERATURE
TE-208 BUNDLE OUTLET SPOOL TEMPERATURE
TE-266 BUNDLE INLET LOWER SPOOL TEMPERATURE

PRESSURE
PE-26 HORIZONTAL INLET SPOOL TRANSIENT PRESSURE
PE-42 HORIZONTAL OUTLET SPOOL TRANSIENT PRESSURE
PE-174 VERTICAL INLET SPOOL TRANSTENT PREESURE
PE-224 VERTICAL OUTLET SPOOL TRANSIrNT PRES 5URE
PE-239 BUNOLE OUTLET SPOOL TRANSIElai PRESSUP.E
PE-256 BUNDLE INLET LOWER SPOOL PRESEURE
PE-268 BUNDLE INLET LOWER SPOOL PRESSURE

PRESSURE DROP
POE-21 HORIZONTAL INLET SPOOL TRAi?SIFNT DicFERENTIAL PRESSURE
PDE-35 HORIZONTAL OUTLET SPOOL TRANSIENT DirFERENTIAL PRESSURE
PDE-251 BUNOLE INLET SPOOL DIFFERENTIAL PP.E53URE

VOLUMETRIC FLOW
FE-19 HORIZONTAL INLET SPOOL VOLUMET'.IC FLOW-

FE-166 VERTICAL INLET SPOOL VOLU*ETRIC F f. 0 W
FE-34 HORI70NTAL OUTLET SPOOL VOLUMETHIC FLCW
FE-216 VERTICAL OUTLET SP30L VOLUMETRIC FLOW

MOMENTUM FLUX



_ _ _.

Table 2 (continued)
. .__...____.________...___..__....__ ___. ____________.____..____.____.__.._________..

SENSOR DESCRIPTION
___________________ ________________________________________________._____..._______ __

SPOOL PIECE INSTRUMENTS (CONT.)
MOMENTUM FLUX (CONT.)
FMFE-22 HORIZONTAL INLET SPOOL DRAG DISC
FMFE-38 HORIZONTAL DUTLET SPOOL DRAG DISC
FMFE-173 VERTICAL INLET SPOOL DRAG DISC
FMFE-220 VERTICAL OUTLET SPOOL DRAG DISC
FMFE-206 BUNDLE OUTLET SPOOL DRAG DISC
FMFE-254 BUNDLE INLET UPPER SPOOL DRAG DISC
FMFE-264 BUNDLE INLET LOWER SPOCL DRAG DISC
FLUID DENSITY
DE-20 HORIZONTAL INLET SPOOL DENSITY
DE-36 BUNDLE INLET SPOOL 2 DENSITY
DE-168 VERTICAL INLET SPOOL DENSITY
DE-218 VERTICAL OUTLET SPOOL DEN 9ITY
DE-204A BUNDLE OUTLET SPOOL DENSITY
DE-204B BUNDLE OUTLET SPOOL DENSITY
DE-204C BUNDLE OUTLET SPOOL DENSITY
DE-262A BUNDLE INLET SPOOL DENSITY W
DE-262B BUNDLE INLET SPOOL DENSITY "
DE-262C BUNDLE INLET SPOOL DENSITY

TEST SECTION INSTRUMENTS

TEMPERATURE
TE-210A TEST SECTION OUTLET LINE STEADY-STATE TEMPERATURE
TDE-28 DIFFERENTIAL TEMPERATURE TRANSMITTER
TE-4B BASE PRIMARY STEADY-STATE TEMPERATURETE-150 TEST SECTION BOTTOM FLANGE TEMPERATURE SIDE
TE-151 TEST SECTION BOTTOM FLANGE TEMPERATURE SIDE
TE-152 TEST SECTION BOTTOM FLANGE TEMPERATURE SIDE
TE-29 INLET BLOWDOWN PLENUM TEMPERATURETE-45 OUTLET BLOWDOWN PLENUM TEMPERATURE
TE-256 TEST SECTION INLET TEMPERATURE
TE-284 OLD DOWNC3MER PURGE LINE RETURN TEMPERATURETE-920 PURGE LINE RETURN TEMPERATURE
TE-921 INNER SEAL C10LANT SUPPLY TEMPERATURE
TE-922 INNER SEAL COOLANT SUPPLY TEMPERATURE

PRESSURE
PE-156 TEST SECTION INLET TRANSIENT PRESSURE
PE-201 TEST SECTION OUTLET TRANSIENT PRESSURE
PE-16 DOWNSTREAM HCV 2 TRANSIENT PRESSURE
PE-27 INLET PLENUM TRANSIENT PRESSURE
PE-43 OUTLET PLENUM TRANSIENT PRESSURE
PE-425 INLET BLOWDOWN LINE TRANSIENT PRESSURE
PE-286 SHROUD PLENUM OUTLET PRESSURE

. . , ,, , .
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Table 2 (contiased)
----------------------------------- ...------------------ -----------------------------

SENSOR DESCRIPTION

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

TEST SECTION INSTRUMENTS (CONT.)

PRESSURE (CONT.)
PE-32 TEST SECTION OUTLET STEADY-STATE PRESSURE

PRESSURE DROP
PDE-180 SHROUD BOX DIFFERENTIAL PRESSURE FROM LEVEL A TO LEVEL B
PDE-181 SHROUD BOX DIFFERENTIAL PRESSURE FROM LEVEL B TO LEVEL C
PDE-182 SHROUD BOX' DIFFERENTIAL PRESSURE FROM LEVEL C TO LEVEL D
PDE-183 SHROUD BOX DIFFERENTIAL PRESSURE FROM LEVEL P TO LEVEL D/E
PDE-184 SHP0UD BOX DIFFERENTIAL PRESSURE.FROM LEVEL D/E TO LEVEL E
PDE-185 SHROUD BOX DIFFERENTIAL PRESSURE'FROM' LEVEL E TO LEVEL E/F
PDE-186 SHROUD BOX DIFFERENTIAL PRESSURE FROM LEVEL E/r TO LEVEL F
PDE-187 SHROUD BOX DIFFERENTIAL PRESSURE FROM LEVEL F TO LEVEL F/G
PDE-188 SHROUD BOX DIFFERENTIAL PRESSURE FROM LEVEL F/G TO LEVEL G
PDE-189 SHROUS BOX DIFFERENTIAL PRESSURE FROM LEVEL G TO UPPER TAP
PDE-20n BUNDLE TRANSIENT DIFFERENTIAL PRESSURE
PDE-203 TEST SECTION TRANSIENT DIFFERENTIAL PRESSURE
PDE-30 TEST SECTION STEADY-STtTE DIFFERENTIAL PRESSURE NPDE-261 B U N DI_ E TRANSIENT DIFFERENTIAL PRESSURE *
PDE-271 SFLIT DOWNCOMER. TRANSIENT DIFFERENTIAL PRESSURE

VOLUMETRIC FLOW
FE-18A TEST SECTION INLET STEADY-STATE VOLUMETRIC FLOW
FE-232 INNER SEAL COOLANT VOLUMETRIC FLOW
FE-202 BUNDLE OUTPUT LOWER VOLUMETRIC FLOW
FE-250 BUNOLE INLET UFrER -VOLUMETRIC FLOW
FE-260 BUNDLE INLET LCJER VOLUMETRIC FLOW
FE-280 PURGE LINE RETURN VOLUMETRIC FLOW

LIQUID LdVEL
LE-1400 BUNDLE LIQUID LEVEL PROBE O
LE-1401 BUNDLE LIQUID LEVEL PROBE 1
LE-1402 BUNDLE LIQUID LEVEL PROBE 2
LE-1403- FUNDLE LIQUID LEVEL' PROBE 3
LE-1404 BUNDLE LIQUID LEVEL PROBE 4.
LE-1405 BUNDLE LIQUID LEVEL PROBE 5
LE-1406 BUNDLE LIQUID LEVEL PROBE 6
LE-1407 BUNDLE LIQUID LEVEL PROBE 7
LE-140R BUNDLE LIQUID LEVEL PROBE 8
LE-1409 BUNDLE LIQUID LEVEL. PROBE 9
LE-1410 BUNDLE LIQUID LEVEL' PROBE 10
LE-1411 BUNDLE LIQUID LEVEL PROBE 11
LE-1412 BUNDLE LIQUID LEVEL PROBE 12
LE-1413 BUNDLE LIQUID LEVEL PROBE 13
LE-1414 BUNDLE LIQUID LEVEL PROBE 14
LE-1415 BUNDLE LIQUID LEVEL' PROBE 15
LE-1416 BUNDLE LIQUID LEVEL PROBE 16
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Table 2 (contimmed)
.._______________.._____. .____.....______..____________ ....._______...._______......_

SENSOR DESCRIPTION

___......_________.____...___________________.______________________.._________________

TEST SECTION INSTRUMENTS (CONT.)

LIQUID LEVEL (CONT.)
LE-1417 RUNDLE LIQUID LEVEL PROBE 17
LE-1418 BUNDLE LIQUID LEVEL PROBE 18
LE-1419 BUNDLE LIQUID LEVEL CALIBRATION

PRESSURIZER INSTRUFENTS

TEMPERATURE
TE-131 PRESSURIZER VAPOR STEADY-STATE TE"FERATURE
TE-1 PRESSURIZER VAPOR TEMPERATURE
TE-2 PRESSURIZER WATER TEMPERATURE
TE-116 PRESSURIZER EXIT SPOOL TEMPERATURE
PRESSURE
PE-IC6 PRESSURIZER VAPOR TRANSIENT PRESSURE
PE-118 PRESSURIZER LINE SPOOL PRESSURE
PE-102 PRESSURIZER STEADY-STATE PRESSURE ,

PRESSURE DROP
PDE-Ill PRESSURIZER LINE SPOOL DIFFERENTIAL PRESSURE
LEVEL
LE-100 PRESSURIZER LIQUID LEVEL
MOMENTUM FLUX
FMFE-114 PRESSURIZER LINE SPOOL DRAG DISC

VOLUMETRIC FLOW
FE-110 PRESSURIZER LINE SPOOL VOLUMETRIC FLOW

PRIMARY PUMP INSTRUMENTS
PDE-78 PRIMARY PUMP TRANSIENT DIFFERENTIAL FRESSDKE
FE-1A PRIMARY PUMP FLOW
PE-76 PRIMARY PUMP SUCTION TRANSIENT PRESSURE
SE-72 PRIMARY PUMP SPEED
EWE-77A PRIMARY PUMP POWER

PUMP BYPASS INSTRUMENTS
PE-15 PUMP BYPASS SPOOL PRESSURE

PRESSURE SUPPRESSION SYSTEM INSTRUMENTS
PE-412 PRESSURE SUPPRESSION TRANSIENT PRESSURE
TE-408B PRESSURE SUPPRESSION TANK SPRAY TEMPERATURE
TE-901 PRESSURE STEAM KILLER AIR VENT TEhPERATURE

DEMINERALIZED WATER SYSTEM INSTRUMENTS

. , . ., . .
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Table 2 (continued)
___..___......._-____ .__.__.._-_.....___..__...__._..a___....___. ... .____...__...___

SENSOR DESCRIPTION
_____.. ......_......__._____ ...________________.._______________ ...______..____...__

CEMINERALIZED WATER SYSTEM INSTRUMENTS (CONT.)
PE-616 CEMINERALIZED WATER SUPPLY HEADER ARESSURE
TE-615 DEMINERALIZED WATER 6 INCH HEADER STEAGi-STATE TEMPERATURE
TE-520B 4 INCH DEMINERALIZED WATER HEADER TEMPERATURE

HEAT EXCHANGER INSTRUMENTS

PRIMARY SIDE

TEMPERATURE
TE-58 HEAT EXCHANGER D OUTLET TEMPERATURE
TE-57 HEAT EXCHANGER A SPOOL TEMPERATURE
TE-62 HEAT EXCHANGER 8 SPOOL TEMPERATURE
TE-67 HEAT EXCHANGER C SPOOL TEMPERATURE
TE-28B MAIN HEAT EXCHANGER MIXING TEE STEADY-STATE TEMPERATURE

VOLUMETRIC FLOW
FE-51 HEAT EXCHANGER A SPOOL VOLUMETRIC FLOW
FE-59 HEAT EXCHANGER B SPOOL VOLUMETRIC FLOW w
FE-64 HEAT EXCHANGER C SPOOL VOLUMETRIC FLOW **

PRESSURE
PE-44 UPSTREAM MAIN HEAT EXCHANGER TRANSIENT PRESSURE
PE-58 HFAT EXCHANGER A SPOOL PRESSURE
PE-63 HEAT EXCHANGER 8 SPOOL PRESSURE
PE-68 HEAT EXCHANGER C SPOOL PRESSURE

PRESSURE DROP
PDE-46 MAIN HEAT EXCHANGER BYPASS TRANSIENT DIFFERENTIAL PRESSURE
PDE-48 MAIN HEAT EXCHANGER STEADY-STATE DIFFERENTIAL PRESSURE
PDE-53 HEAT EXCHANGER A SPOOL DIFFERENTIAL PRESSURE

t PDE-60 HEAT EXCHANGER B SPOOL DIFFERENTIAL PRESSURE
PDE-65 HEAT EXCHANGER C SPOOL DIFFERENTIAL PRESSURE

MOMENTUM FLUX
FMFE-55 HEAT EXCHANGER A SPOOL DRAG DISC
FMFE-61 HEAT EXCHANGER B SPOOL DRAG DISC
FMFE-66 HEAT EXCHANGER C SPOOL DRAG DISC

SECONDARY SIDE

TEMPERATURE
TE-525 HEAT EXCHANGER A SECONDARY OUTLET STEADY-STATE TEMPERATURE
TE-627 HEAT EXCHANGER B SECONDARY OUTLET STEADY-STATE TEMPERATURE
TE-727 HEAT EXCHANGER C SECONDARY OUTLET STEADY-STATE TEMPERATURE
TE-557 HEAT EXCHANGER D. SECONDARY OUTLET STEADY-STATE TEMPERATURE,

.



Table 2 (continued)
__________..__________________. ._________.___.__.__....________________..____ ______._

SENSOR DESCRIPT!qh

__._______._____________..___....___________. .___.....___,______.__. .________________

HEAT EXCHANGER INSTRUMENTS (CONT.)

SECONDARY SIDE (CONT.)

VOLUMETRIC FLOW
FE-522 HEAT EXCHANGER A SECONDARY COOLINr, WATER VOLUMETRIC FLOW
FE-G20 HEAT EXCHANGER B SECONDARY C00t1NC WATER VOLUMETRIC FLOW
FE-720 HEAT EXCHANGER C SECONDARY COULING WATEd VOLUMFTRIC FLOW
FE-550 HEAT EXCHANGER D SECONDARY C00' ING MATER VOLUMETRIC FLOW

PRESSURE
PE-526 HEAT EXCHANGER A SECONDARY INi ET PRESSURE

GENERATOR POWER

GENERATOR VOLTAGE
EEE-9 GENERATOR 9 VOLTAGE
EEE-10 GENERATOR 10 VOLTAGE
EEE-11 -GENERATOR 11 VOLTAGE
EEE-12 GENERATOR 12 VOLTAGE $
GENERATOR CURRENT
EIE-9 GENERATOR 9 CURRENT
EIE-10 GENERATOR in CURRENT
EIE-11 GENERATOR 11 CURRENT
EIE-12 GENERATOR 12 CURRENT

HEATER ROD POWER

HEATER CURRENT
EIE-13G1 ROD 1 HEATER CURRENT
EIE-1302 ROD 2 HEATER CURRENT
EIE-1303 ROD 3 HEATER CURRENT
EIE-1304 ROD 4 HEATER CURRENT
EIE-1305 ROD 5 HEATER CURRENT
EIE-1306 ROD 6 HEATER CURRENT
EIE-1307 ROD 7 HEATER CURRENT
EIE-1308 ROD 8 HEATER CURRENT
EIE-1309 ROD 9 HEATER CURRENT
EIE-1313 ROD 10 HEATER CURRENT
E1E-1311 ROD-11 HEATER CURRENT
EIE-1312 ROD 12 HEATER CURRENT
EIE-1313 ROD 13 HEATER CURRENT
EIE-1314 ROD 14 HEATER CURRENT
E1E-1315 ROD 15 HEATER CURRENT
EIE-1;A6 ROD 16 HEATER CURRENT
EIE-1317 ROD 17 HEATER CURRENT
EIE-1318 ROD 18 HEATER CURRENT
EIE-1323 ROD 20 HEATER CURRENT

. . . .. . .
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Table 2 (continued)
___..... ......___ ____.__....__....____.._____......_____________..__.....______....__

SENSOR DES-RIPiION
__________.._..____________..__. ..___..____ _-_____...____...______________...........

HEATER ROD POWER (CONT.)

HEATER CURRENT (CONT.)
EIE-1321 ROD 21 HEATER CURPENT
EIE-1323 ROD 23 HEATER CURRENT
EIE-1324 ROD 24 HEATER CURRENT
EIE-1325 ROD 25 HEATEP CURRENT
EIE-1326 R00 26 HEATER CURRENT
E1E-1327 ROD 27 HEATER CURRENT
EIE-1328 ROD 28 HEATER CURRENT
EIE-1329 ROD 29 HEATER CURRENT
EIE-1330 ROD 30 HEATER CURRENT

1331 ROD 31 HEATER CURRENT
EIE_1332EIE ROD 32 HEATER CURRENT
EIE-1333 ROD 33 HEATER CURRENT
EIE-1334 ROD 34 HEATER CURRENT
E1E-1335 ROD 35 HEATER CURRENT
EIE-1337 RCD 37 HEATER CURRENT
EIE-1338 ROD 3R HEATER CURRENT

k'EIE-1339 R00 39 HEATER CURRENT "*
EIE-1340 ROD 40 HEATER CURRENT
EIE-1341 ROD 41 HEATER CURRENT
EIE-1342 900 42 HEATER CURRENT
EIE-1343 ROD 43 HEATER CURRENT
EIE-1344 ROD 44 HEATER CURRENT
EIE-1345 ROD 45 HEATER CURRENT
EIE-1347 ROD 47 HEATER CURRENT
EIE-1348 ROD 48 HEATER CURRENT
E1E-1349 ROD 49 HEATER CURRENT
EIE-1553 ROD 50 HEATER CURRENT
E1E-1351 ROD 51 HEATER CURRENT
EIE-1352 RCD 52. HEATER CURRENT
EIE-1353 ROD 53 HEATER CURRENT
EIE-1354 ROD 54 HEATER CURRENT
EIE-1355 ROD 55 HEATER CURRENT
EIE-1355 ROD 56 HEATER CURRENT
EIE-1357 ROD 57 HEATER CURRENT
EIE-1358 ROD 58 HEATER CURRENT
EIE-1359 ROD 59 HEATER CURRENT
EIE-1360 ROD 50 HEATER CURRENT
EIE-1361 ROD 61 HEATER CURRENT
EIE-1362 ROD 62 HEATER CURRENT
EIE-1363 RODo63 HEATER CURRENT
EIE-1364 ROD 54 HEATER CURRENT

GENERAL INSTRUMENTATION (ELECTRICAL)

BREAKWIRE DETECTORS

,
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Table 2 (continued)
________..__...___....._....__.._________..... ....._____...__. ......____... ........_

SENSOR DESCRIPTION

...______ ._______....__.._________....__________ .....______... ... .._ ________ ._.._

GENERAL INSTRUMENTATION (ELECTRICAL) (CONT.)

BREAKWIRE DETCCTORS (CONT.)
XE-430B INLET BREAKWIRE DETECTOR
XE-430A OUTLET BREAKWIRE DETECTOR

RTD POWER
EIE-10018 RTD POWER SUPPLY CURRENT

DATA ACQUISITION CALIBRATION SIGNALS
EEE-1026AZ ZERO INPUT CHANNELS 0 TO 127
EE E -1026 BZ ZERO INPUT CHANNELS 128 TO 255
EEE-1026IZ ZERO INPUT CHANNELS 1024 TO 1151
EEE-1026JZ ZERO INPUT CHANNELS 1152 TO 1279
EEE-1026KZ ZERO INPUT CHANNELS 1280 TO 1907
EEE-1025LZ ZERO INPUT CHANNELS 1408 TO 1535

, EEE-1026MZ ZERO INPUT CHANNELS 1536 TO 1663
1 EEE-1026NZ ZERO INPUT CHANNELS 1664 TO 1791

EEE-1026AC CALIBRATION INPUT CHANNELS 0 TO 12T %!

EEE-1026BC CALIBRATION INPUT CHANNELS 128 TO 255
EEF-1026IC CALIBRATION INPUT CHANNELS 1024 TO 1151
EEE-1026JC CALIBRATION INPUT CHANNELS 1152 TO 1279
EEE-1026KC CALIBRATION INPUT CHANNELS 1280 TO 140T
EEE-1026LC CALIBRATION INPUT CHANNELS 1408 TO 1535
EEE-1026MC CALIBRATION INPUT CHANNELt 1536 TO 1663
EEE-1026NC CALIBRATION INPUT CHANNELS 1664 TO 1791

MISCELLANEOUS INSTRUMENTS
TE-521 PURIFICATION COOLING WATER QUTLET TEMPERATURE

* . o , s
!
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Table 3. Therme!-%dreatie Test Fee!!!ty Test 3.05.5B
_ _ _ _ -_ _ . - - - _ - - . . ___ _ - - = ._

FIGURE INSTRUMENT
NUSBER NAME DESCRIPTION RANGE,,,,,,,,,,,,,, CORMENTS

_

1 EEE-1026AE ZERO INPUT CHANNELS 0 70 127 0 TO to av

2 EEE-1026AC CALIPRATION INPUT CHAhWELS 0 TO 127 0 79 40 if

3 PDE-180 SHPOUD E01 DIFFERENTIAL PRESSURE FROP LEVEL 0 TO 151 INCHES QUES TIO N A BI.F
A TO LETEL 8

4 PDE-181 SMROUD BOI DIFFERENTIAL PLISSURE F&oM LEdEL 0 70 151 INCHES CutSTIONAPLE
8 TO LEVEL C

5 PDE-182 SBROUD BOI DIFFERZNTIAL PRESSUSE YSOM LEVEL 0 TO 151 INCITES QUESITONAULEC TO LEVEL D
6 PDE-183 SHBOUD BOI DIFPERENTI AL PRESSURE F909 LETEL 0 T0 '191 IWCitES QUESTIuMAdLE

D 10 L EV EL D/ E
7 PDE-184 SHE00D BOK DIFFE2ENII AL PRESSURE F501 LEVEL 0 70 151 INCHES QUESTIO3AdLE

D/E TO LEVEL E
8 PDE-185 SEPOUD bot DIFFERENTIAL PRESSURE FROM LEVEL 0 Tc 151 INCHES QUESTIONAEIE

E TO LEVAL E/F
9 PE-26 IIORIZONT AL IhLET SPOOL TR ANSIENT PRESSURE O 10 3000 PSIG

10 PE-42 HORIZONTAL CDTLET SPOOL TR ANSIEWf PB ESSURE O TO 3000 PSIt; w
11 P E-4 4 UPSTREAR MAIN HEAT EICHANGER T8 ANSIENT 0 TO 1000 PSIC U%

PRESSUPE

12 PD-76 Pk!MAaf P1MP SUCTION TRANSIENT PRESSURE O TO 3000 PSIG
13 PE-100 PRESSURIZER V APOR TRt NSIEPT Pu ESSUR E O 10 3000 PSIG
14 PE-156 TEST SECTIUM I4LET TR ANSIENT PMESSUR2 0 70 3000 PSIG
15 PE-201 TEST SECTION OUTLET TR ANSIENT PRESSudE O TO 3000 PSIG
16 PE-412 PRESSUR E SUP?kESSION TRAMSIENT PE3SSURE 0 To 200 PSIG QU?STInFAELE
17 PE-526 IttAT EE; HANGER A SECONDARY INLET PRESSURE O TO 350 PSIG
18 PE-616 DEMINERALIEED WATER SUPPLY HEADER PRESSU92 C TO 350 PSIG
19 .PDE-4b RAIN HEAF EXCHAN39R BYPASS TSANSIENT -200 70 200 PSIO

DIFFEREh!1AL PRESSURb
20 PDE-78 FRIMARY PliMP TRANSIENT DIFFERENTIAL PRESS 3BE -1000 TO 1403 PSto
21 PDE-200 oUNDLE TRANSIENT DIFFERENTIAL PRESSURE -50 Tu 50 rSID



Table 3 (sostimmed)
._ - --. . ......_...... ....._...... ... ..

FIG 0BE INSTRUMENT C01MENTS505BER NAME DESCRIPTION PANGE
___ ________

22 F8FE-22 HORI:0NT AL IRLET SPOOL DR AG DISC -25J000 Tu 250303 L3/IS2
23 F8FE-38 FORIZONTAL OUTLET SPOOL cR AG DISC -250030 TO 250G00 LB/FS2^

24 FMPE-170 VERTICAL INLET SPOOL DEAG DISC -25000J TO 250000 LS/FS2
25 FMPE-220 VEPTICAL OUTLET SPOGL DRAG DISC -250000 TO 250000 LB/FS2
26 FE-18A TEST SECTION IRLET STE ADT-3T AT E TOLURETRIC 0 70 700 GPn

FLON

27 PDE-21 ROBIZONTAL INLET SPOOL TRAN31Eu? -200 TO 200 PSID
DIFFERENTIAL PSESSURE

28 PDE-35 RoRI:ONTAL OUTLET SPOOL TEANS!EET -200 T0 200 PSID
DIFFERENTIAL PEESSURE

29 P E- 17 4 VE&TICAL INLET SPOOL TRANSIENT PRESSURE 4 TL 3J00 PSIG

30 PE-224 VERTICAL OUTLET SPOOL TRANSIENT PRESSURE A TO 3000 PSIG

31 EIE-1J39 ROD 39 HEATER CURRERT 0 70 800 AMPS

32 EIE-1331 ROD 31 kEATER CURREET 0 70 R00 ARPS

33 EIE-1314 ROD 14 HEATER CURREET 0 TO' 800 A9PS

34 E!E*l313 kOD 13 HEATEk CUSBENT 0 TO - 800 ARPS

35 EIE-1308 ROD 8 HEATER C0EREut 0 TO 800 AMPJ

36 E!E-1306 ROD 6 REATER CURRENT 0 TO 800 AMPS be

37 EIE-1312 ROD 12 HEATER CURREET 0 70 800 ARPS

38 EIE-1307 ROD 7 HEATEk CURRENT 0 TO 800 AAPS

39 EIE-1321 ROD 21 EEATER CURRENT 0 TO 800 AMPS

40 EIE-1316 ROD 16 HEATER CUR *ENT 0 70 800 AMPS

41 BIE-1324 800 24 HEATER CURREET' 0 TD 800 ARPS

42 EIE-1362 RCD 62 HEA*ER CURRENT 0 TO 800 ARPS

43 EIE-1J61 ROD 61 3 EATER CURRENT 0 TO 830 ASPS

44 EIE-1364 ROD 64 HEATER CURREg? O Tb 500 ARPS

45 EIE- 1363 ROD 63 REATER CURR ENT - 0 70 800 ARPS

.

(
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1stle 3 (sostimmed)
_ _ ._-____ - - _ . . . .

FIGURE IWSTRUMENT
BUNDER BARE DESCRIPTION *AWGE COMMENTS

I 46 EIE-1347 kOD 47 HEATER CURRENT 0 To R00 ARPS

47 EIE-1338 ROD 38 HEATER CUdRENT 0 TO 300 AMPS,

48 EIE-1332 SOD 32 REATER CURRENT 0 TO 800 AMP 3

49 EIE-1340 ROD 40 NEATER CURMENT 0 70 300 Ai?Sa

50 EI E- 1348 ROD 48 HEATER CURRENT 0 TO 900 AMPS

51 EIE-1355 ROD 55 HEATER CURRENT 0 70 800 AMP 3
52 EIE-1354 ROD 54 REATER CURRENT 0 70 800 AMPS

53 EIE- 1345 ROD 45 HEATER CURREu? 0 70 900 AMPJ
54 EIE-1349 ROD 49 HEATER CURRENT 3 TO 800 AMPS
55 EIE-1325 ROD 25 HEATER CURRENT 0 TO 800 ARPS
56 EIE-1335 kOD 35 HEATER CURREhT 0 70 800 41PS
57 EIE-1309 ROD 9 HEATER CURRENT 0 TO 800 A9PS
58 EIE-1317 ROD 17 DEATER CURRENT 0 TO 800 AMPS
59 EIE-1324 ROD 28 HEATER CURRENT 0 TG 800 AMPS
60 EIE-1301 ROD 1 NEATER CURR' NT 4 TO ' 900 AMPS'E

61 EIE-1318 RUD 18 HEATER CURRENT 3 To 800 A1PS
to

62 5I2-1334 ROD 34 HEATER CURREst 0 TJ 800 41PS- =4

63 EIE-1326 ROD 26 HEATER CURRENT 0 70 $00 AMPS
64 EIE-1333 RCD 33 HEATER CURRENT 0 TO 800 A MPS

65 EIE-1350 BOD 50 HEATER CU5REET O TD 800 AMPS
66 EIE-1344 ROD 44 HEATER CURRENT 0 70 000 ARPS
67 EIE-1343 ROD 43 HEATER CURREET _ 0 TO 800 AMPS
68 EIE-1352 R0D 52 HEATER CURRENT 0 TO 800 AMPS
69 EIE-1351 RCD 51 HPATER CURRENT 0 TO 800 AMPS
7J EIE-1320 POD 20 UEATER CURREET 0 TO P00 A1as

i

<

i
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Table 3 (sostimmed)
'

'

-

_ .. - _....... ....... ...__ . . . _ . . . . -
FIGU R E INSTRUMstT

__. . .. . .C.O..M .M.E.N T S .. ... . .. .. . .MU M a ER EASE DESCRIPTION
... ___ _ - . . . . . . . .BAWGE

71 EIE-1303 ROD 3 NEATER CURREdT 0 to 800 AMPS

72 EIE-1305 ROD 5 HEATER CURRENT 0 TO 600 AMP 3

j 73 EIE-1311 ROD 11 NEATZE CUdBENT 0 To 300 ASPS

74 EIE-1357 c ROD 57 HEATER CUsRENT 0 70 300 AMPS

75 EIE-1358 ROD 58 HEATER CURREET U 70 800 A5PS

:76 EIE-1359 ROD 59 HEATER CURRENT 0 To 800 Aars j

77 EIE-1353 ROD 53 HEATER CUPREsf 0 TO 800 AMPS "

78 FHFE-206 BUNDLE OUTLET SPOOL D?AG DISC -2500f0 70 250000 LS/rS2
79 SE-72 PRIRAh! PURP SPEED 100 TO 5400 RPN

,

80 EIE-1315 ROD 15 HEATER CURRENT 0 TO 400 AMPS

81 EIE-1330 ROD 30 HEATER CURRENT 0 To 803 ASPS

82 EIE-1323 ROD 23 HEATER C9PE ENT 'O TO 900 AMP 3

83 EIE-1329 ROD 29 EEATER CURRENT O'TO 800 A3P5

84 EIE-1356 ROD 56 HEATER CURRENT 0 TO 800 A3P3

85 EI E-1337 RCD 37 HEATER CURRENT 0 TO 'dQO AMP 3
'

B6 EIE-1360 ROD 60 HEATER CUR AEhi 0 TO 400 AMPS
tas

87 EIE-1327 ROD 27 HEATda CUERENT ' 0 TO 800 AM?S. es :y

88 EIE-1341 ROD 41 NEATER CURRENT 0 TO 800 AN#5

89 EIR-1342 ROD 42 NEATER CURRENT S 10' 800 AMPS

90 EIE-1302 ROD 2 HEATER CURRENT 0 70 800 AMPS

91 EIE-1310 ROD 10 HEATER CURREkT- 0 TO 800 AMPS
,

92 EIE- 1304 RCD 4 3 EATER CURRENT 0 70 800 AMFS

? 93 EIE-9 GF1ERATOR 9,CURRCET 0 TO 10000 AMP 3
I 94 LIE-10 %ENERATOR 10 CURRENT' O TO 1C000 A5PS

95 . EIE-11 GENERATOR 11 CURREET . 0 TO .10000 AMPS;

4

4

4
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,



e . s ;., * s'

Table 3 (son:Immed)
= - . . . -. . _.. ~

FIGURE I NST RUM ENT

.Us5ER NARE DESCRIPTIO N BANGE>

COMMEdTS.'...........

_ - _ = -

_.. .... .==- .

96 EIE-12 GENERATOR 12 CURRENT 0 TO 10000 AMPS
97 EEE-9 GENERATOR 9 TOLTAGE C TO. 300 VOLTS
98 EEE-10 GENERATOR 10 TOLTAGE 0 TO 300 VOLTS
99 EEE-11 GENEEATOR 11 70LTAGE O TO 300 WOLTS

100 EEE-12 GENERATOR 12 TOLTAGE 0 to 100 VOLTS
101 TE-2104 TEST SECTION OUTLET LINE STE ADT-STATE 32 TO 800 DEG'RES ''

TEMPE4ATURE

102 EIE- 10018 RTD POW ER SUPPLY CURRENT 0 TO 2MA
103 TE-525 HEAT EXCHANGER A SEcotDART OUTLET 32 TO 600 DRGREES P

STEADI-STATE TraPER ATUad
104 TE-627 HEAT EXCHANGER B SECONDARY OUTLET 32 to 310 DEGPEES F

STEADY-STATE TEMPER ATURE
105 PE-16 DukNSTREA3 BCV 2 TSANSIENT PRFSSURE O T3 3000 PSIG
106 PE-27 IhLET PLENUM TRANSIENT. PRESSURE O TO 3000 PSIG
107 PE-43 OUTLET PLEbON TRANSIENT PsESSURE O T9 .3000 PSIG
108 EhE-774 PRIMARY PURP PONER 0 Tu 750 KN
109 FE-19 HCNIZONTAL INLET SPOOL VOLU5ETRIC FLCW -90fe TO 900 GPN
110 FE-166 VRETICAL INLET SPGOL VOLUMETRIC FLOW -*C9 TO .' 9G0 f:P M taa
til PE-425 INLET BLOND 0hu LINE TR ANSIENT PRESSURE O TO ?000.PSIG FA1LO INST 20mEST
112 FE-522 HEAT EICHANGAd A SECONDARY cuoLING.UAIER' C 70 150 GPA

WutUMETRIC FLON

113 FE-550 _ HEAT EICHAkGER D SECODDARY COOLING 6 ATER 0 70 50 Gr2
VuLURLTkIC FLON

114 FE-620 HEAT EIcaANGER b SECONDARY COOLING W ATER 0 TO 150 GPM .
VOLUMETbIC FLod

115 FE-720 HE AT EXCHANGER C SEC0hDARY COOLING ' W ATER 4 TO 150 CPM
40LUMETRIC FLos

116 EEE-lu2tBZ ZERO INPJT CHANEELS 128 TO 255 0 TO 40 af
117 EEE-1026BC CALIBRATION JEPUT CHAkNFLS 128 TO 255 0 10 43 af .

. _ . . -.
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Table B (sostimmeA)
. . - - -

FIGUR E INSTRONEST
50 n3 RR Naat DESCRI PTIO N RANGE C045EMTS

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

141 PDE-203 TEST SECTION TRANSIENT DIFFERENTI AL PRESSURE -50 TO 50 PSID
142 PDE-251 SUNDLE INLET SPOOL DIFFERENTIAL PRESSURE -50 TO 50 PSID
143 FE-34 BOBIZONTAL OUTLET SPOOL VOLUMETRIC FLOW -900 TO 900 GPS
144 FE-216 VERTICAL OUTLET SPOOL VOLURETRIC FLOS -819 TO 819 GPN
145 DE-20 BORIEONTAL INLET SPOOL DENSITY 0 TO 63 LB/CF
146 05-36 BUNDLE INLET SPOOL 2 DENSITT 0 70 63 LB/CF,
147 D E- 168 VERTICAL INLET SPOOL DENSITY

'

0 70 63 LB/CF
148 DE-218 VERTICAL OUTLET SPOOL DENSITT 0 70 63 LB/CF
149 E E-4308 IfLET LAZ AENIRE DETECTOR 0 TO 5 70LTS
150 IE-430A OUTLET BREARWIRE DETECT 0a 0 TO 5 VOLTS
151 FE-1A PRIMARY PUaP FLOW 0 to - 800 gps

152 TDE-28 DIFFERENTIAL TEMPERATURE TRANS5ITTER -50 70 50 DEGREE 1 F QUESTIubAutE
153 PDE-30 TEST SECTION STE ADT-ST ATE DIFFER EtTI AL 0 70 50 PSI)

PRESSURE

154 PE-32 TEST SECTION OUTLET STEADT-STATE PRESSURE 500 10 3951 PSIG -
155 PDE-48 MAIN HEAT EXCHA NGER STE ADT-ST ATE D To 24 PSIDDIFFERAmTIAL PRESSURE
156 LE-100 PRESSURIZER LIQUID LEVEL 0 TO 150 INCHES > * -
157 PE-102 PR ESSURIE ER STEADY-STATE PRESSURE 500 TO 2500 PSIG
158 TE-727 H E AT EXCH A NG ER C S FCON D A RY OUT L ET 31 70 800 DEGREES P

STEADY-STATE TAMPERATURE

159 TE-557 HEAT EXCHANGER D S ECOND A RT OUTL ET 32 70 800 DEGRFES F
STEADT-STATE TEMPER ATURE

160 TE-288 MAIN HEAT EXCHANGER RIIING TEE STPADT-STATE 32 TO 800 DEGREES F
TEMPERATURE

161 T E-4 B D ASE PRIMARY STEADT-ST ATE *EMPE2 ATUR E 32 TO 800 DEG3EES F
162 T E- 10 3 PRESSUAIEER VAPOR STEADf-STATE TEMPERATURE 32 to 800 DEGREES F
163 TE-615 DEMINERALIZED WATER 6 INCH READER 32 TO 800 DEGREES P

STEADI-STATE TEEPERATURE
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Table 3 (sestissed)
.

=. ........ .......==_ .-_ ....

FIGUBE IBSTRUNENT
EGSBER WARE DESCSIFTIO N

. .. . ... -- .. .. . ..C.O.M.M F.W.T.S... ....... .RANGE
___

_ . .

189 LE-1418 BUNDLE LIQUID LEVEL PSOBE 18 -10 TO 10 TOLTS QUESTIONtDLE

190 LE-1419 BUNDLE LIQUID LEVEL CALIBR ATION -10 TO 10 TOLTS FAILED INSTRUMEET

191 FE-51 HEAT EXCHANGEa A SPOOL TOLUNETSIC FLOW -225 Tr. 225 GPS

192 FE-59 HEAT EICHA3GER B SPOOL TOLUd!TMIC FLOW -225 TO 225 gps

193 FE-64 REAT EICHANGER C SPOOL TOLUMETRIC FLos -225 TO 225 GPS

194 FE-232 INNER SEAL COOLANT TOLUMET21C FLOW -10 IJ 10 GPM

195 F2-110 PRESSURIZER LINE SPOOL TOLUSETRIC FLOW -5/ 41 57 GPM

196 FE-202 EUNDLE UUTPUT LO9gt TOLUMETRIC FLOW -900 TO 900 GP5

197 FE-250 BUNDLE IbLET UPPER TOLUMETFIC FLOW 900 TO 900 GPM

198 FE-260 BUNDLE INLLT LONER TOLUMETRIC FLOW -900 TO 903 GPM

199 FE-280 PUBGE LINE RETUBM TOLU M ETR IC' FLOW -60 T3 60 JPM

200 DE-262C BUNDLE INLET SPOCL DENSITY 0 TO 63 ts/CF
201 EEE-102613 ZERO INPUT CHANNELS 1024 TO 1151 0 TO 40 nr

202 EEE-1026IC CALIDRAT10N INPUT CHANNELS 1024 70 1151 0 TO 40 PT

203 TE-329BC SHEATH THE850 COUPLE, 300 29, LdTEL C J2 TO .1897 DEG3EES F

204 TE-329aD . SHEATH THER50COUPL E, ROD 29, LEVEL D 32 TO 1897 DEG9EES F ,

,

205 TE-329AE SBEATH THEh!0 COUPLE, acD 29, LETEL L 32 TO 1897 DEJEEFS P h8 -

206 72-32988 SHEATH THESMOCOUPLE, ROD 29, LETEL B 12 TO 5697 DEG*EFS P

207 TE-339BD SHEATR THEh30C00PLF, EOD 39, LETEL D $2 TO "J97 DEGEMES F

208 TE-339BB SHEATE TH8SM0 COUPLE, SOD 39, LETEL B '32 TO 1897 DEGREES F

209 TE-339&C $9EATE THEBMOCOUPLE, ROD 19, LEYtL C 32 *o 1897 DEGEEES F

210 TE-353BE SHEATd THER50 COUPLE, 30D 53, LEV LL R . J2 TO 1d97 DEG8EES F

211 T E-338 bC SHEATH THEB30 COUPLE, ROD 3 8, LRTEL C 32 TO 1397 DEGREE 3 F.

212 TE-338bD SUEATR THLB30 COUPLE, 20D,. 3 8, LETEL D 32 TO .997 LEGREES F

213 TE-J38AB SWEATH T.iEB50 COUPLE, POD 30, LETEL 8 12 to -i*#7 DEGREF.S F



Table 3 (eestissed)
- .... . __ __ _ _ .........

FIGUBE ikSTRURENT
30sBER MABE DESCRI PTIUS RANGE

,,, _ COMME}TS ,,,,,,_
_ _

214 TE-354CC SREATH THERH0 COUPLE, EOD 54, LEVEL C 32 TO 1897 DEGEEES F

215 TE-354AD SEEAT3 THERR0 COUPLE, ROD 54, LETEL D 32 TO 1897 DEGREES P

216 15-354CA SB2AT3 THEsROCOUPLE, SOD 54, LEVEL & 32 TO 1997 DEG8EES F

217 TE-354C8 SHEATR THEBM0 COUPLE, 60D 54, LEftL 8 32 To lo97 DEGREES F

218 TE-1234 SUSCHANNEL 5088EE J4 THERSOCDUPLE 32 TO 1897 DEG9EES F {

219 TE-331CF SREATE THERBOCOUPLE, ROD 31, LETEL F 32 TO 1897 DEGREES P

22D TE-331CE SHEATd THERE0CODFLE, 300 31, LETEL E 32 TO 1897 DEGREES F

221 TE-331CD SBEATB TutanDCOUPLE, 50D 31, LETZL D 32 To 1997 DEGREES F

222 TE-345AD SERATH THE4E0 COUPLE, EOD 45, LETEL D 32 TO 1997 DEGREES F

223 TE-347CG SHEATH THEPHOCOUPLE, RCD 47, LEVEL G J2 TO 1897 DEGREES F

224 TE-345CF SHEATH THEBE0 COUPLE, SOD 45, LEVEL F 32 TO 1897 DEGREES F

225 TE-345AG SHEATH THEB50 COUPLE, SOD 45, LEVEL G 32 TO 1897 DEGREES P

226 TE-1252 SUBCKANNEL NURSEk 52 THERMOCOUPLE 32 TO 1897 DEGREES F

227 TE-361BE SHEATH THE880 COUPLE, ROD 61, LETEL E 32 TO 1897 DEGREES F

228 TE-361&E SHEATE THERROC00PLE, 60D 61, LEVEL E 32 TO 1997 DEGREES F

229 TE-363&E SEF ATH T1E650 COUPLE, BOD 6 3, LET EL E 32 TO . 1897 DEGREES F
I230 ft-340C8 SHEATH THEas0CDUPLE, kOD 40, LEV EL 8 32 TO 1897 DEGREES F

231 TE-340CA SHEATH THE350 COUPLE, BOD 40, LEVEL A 32 TO 1897 DEGREES T

232 T E-340 BD SBEATR THER30 COUPLE, 30D 40, LEVEL D 32 TO 1997 DEGREES F

233 TE-340bC SHEATH THEBROCOUPLE, ROD 40, LEV EL C 32 70 1897 DEGREES F

234 TE-J30AC SaEATH THER50 COUPLE, BOD 30, LEVEL C 32 TO 1897 JEGREE3 F

235 TE-330AE SEEATE THERN0 COUPLE, ROs 30, LITEL E 32 TO- 1897 DEGREES F

236 TE-330C5 SHEATH TMERE0 COUPLE, ROD 30, LEV EL . B 32 TO 1897 DEGREES F

237 TE-1242 SUBCHANNEL NUMBER 42 TRER50CDUPLE 32 TO 1897 DEGREES F

238 TE-1245 SUSCHAusEL B088E8 45 TEEE10CuGPLE 32 TO 1897 DEGREES :

I
i

s , , e (. e
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Tab!e 3 (eastisseA)
- - ..._ ........... ... ............

FIGGRE IBSTRUMERT SAbGE COMMENTS
NUMBER NAME DESCRIPTION

,

239 TE-1258 SUBCMaudEL MUFBER 58 T HESMOCOUPLE 32 TO 1897 DEGREES F

240 TE-1244 SUSCHANBEL NUEBER 44 THERMOCOU PLE 32 TO 18'7 DEGSEES F

29* TE-12E9 SUSCHAN hEL NUMBER 9 THERMOCOUFLE 32 TO 1R97 DEGREES F

242 TE-1217 SUBCHANNEL EDE8ER 17 THEEMOCOUPLE 32 TO 1997 DEGREES F

2a3 TE-1226 SUBCHANNEL NUMBER 26 THEsMOCOUPLE 32 TO 1897 DEGREES F

24 TE-1249 SUBCHANNEL NUMBE8 49 THERMOCOUPLE 32 TO 1897 DEGREES F

245 T E- 1225 SUBCHANNEL NUMBE8 25 THEPMDCOUPLE 32 TO 1897 DEGREES F

246 TE-353AE SHEATH THERMOCOUPL E, SOD 53, LEV EL E 32 TO 1897 DEG8EES F

2a7 TE-1227 SUBCHLNNEL 30EBEE 27 THERROCOUPIE 32 TO 1897 DEGBFES F

24J TE-353CC SHEATH THERMDCOUPLE, kOD 53, LETEL C 32 TO 1997 DEGREES F i

249 TE-361CE SMEATH THEBMOCOUPLE, ROD 61, LETEL E 32 TO 1897 DEGPEES F

250 TE-361AB SHE ATH THERMOCOUPLE, SOD 61, LEVEL E 32 TO 1997 DEGBELS F

251 TE-361AC SHEATH THEPEOCOUPLE, ROD 61, LETEL C 32 TO 1997 D EGREES F

252 TE-361AD SEE ATH THERMOCOUPLE, h0D 61, LEV EL D 32 TO 1897 DEGREES F

253 TE-364AG SHEATH THERMOCOUPLE, POD 64, LEVEL G 32 TO 1897 DEGEEES F

254 TE-364BE SHE ATH ?HEBMDCOUPLE, B OD 6 4, IETEL E 32 TO 1897 DEGREES F
f

2 55 TE-364AD SHEATH THEEMOCOUPLE, ROD 6 4, LEVEL D 32 TO 1897 DEGREES F

256 TE-364DF SHEATH THEPMDCOUPLE, ROD 6 4, LEV EL F 32 TO 1997 SEGREES F

257 TE-363BE SHE ATH THERMDCOUPLE, ROD 6 3, L ET EL E 32 TO 1897 DEGREES F

258 TE-363fC SHzaTH THERROCOUFLE, BOD 6 3, LEVEL C 12 30 1997 DEGAEES F

259 TE-3b1CB SHEATH THERMOCOUPLE, BOD 63, LEVEL 8 32 TO 1497 DEGdEFS 7

260 TE-1263 SUBCHANNFL NUMBE5 6 3 THERMOCOUPLE 32 TO 1997 DEGPEES F F AILED INSTRUMENT

261 TE-313CF SHEATH THEPROCOUPLE, EOD 13, LEVEt r 32 TO 1997 DEG2FES P

262 TE-3484H SHEATH T H ER M DCOU PL E, ROD 4 8, LETEL M J2 TO 1897 D EGR E ES F

263 TE-343AT SHEATd THERMOCOUPLE, ROD 48, LEVEL T 32 TO 1897 DEGREES T
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Tatte 3 (sostine.A)

. _ = -- __ - - _ _ . . . . . . . . . . . . = - - -

FIGURE JESTRUMENT
BunsES mAME DESC61 PTIO N k?!JF

. .. . ..C.O. .R.M.F .N T.5 .- ===

'

==. ==..... .

264 Tu-331BF SHEATE Tds.30 COUPLE, SOD 31, LETEL F 32 T3 1997 DECPEES F

265 TE-355CH SHEAiH T HEFPOCOUPLE, ROD 55, LETEI B 32 TO 1897 PEGREES F.
266 TE-3'25 AA SHEATH THE4 ROC 00PLE, ROD 55, LETEL A 32 7", N7 DEGREES F
27 TE-355BC ShEATA THER80 COUPLE, 300 55, LFTEL C 32 to S197 DEGREES F

268 TE-337dF SUEATH THEB*0 COUPLE, SUD 37, LET EL F 32 10 4391 ERGREES F ,

269 TE-3564C SHEATE THERROC00PLE, ROD 56, LETEL C 32 TO 1A97 DEGaEES P

270 TE-356CD SHEATH THEPPOCOUPLE, 500 56, LEVEL D 32 TO 1897 DEGREES F
i 271 TE-356AF SEEAT.s t HFRxoC09tLE, ROD 56, LEVEL F 32 to 3*17 DFGREES P

272 TE-356AE SHEATH THEREDCCUPLE, F0D 56, LETEL E 32 70 1997 DFGdEES F'

273 TE-362CD SP.EATH THERMOCOUPLE, EoD 62, LEtEL D 32 70 1897 PEGREES F

274 TE-362AE SHEATH THE>RCCOUPLE, kOD 62, LETEL E 11 70 1817 DEGEEES P

275 TE-362AB SHEATH THERMOCOUPLE, ROD 62, LEYEL B 32 TO 1997 DEG3EES F:
*276 TE-337EE SHEATH THEF30CO3PLE, *0D 37, LET5L 2 32 To IP197 DEGREES F

277 T E-337BD SHEATH THEPHOCOUPLE, SOD 37, LETEL D 32 Tc 1R97 DECPEES F
i 274 TE-33 7CF SEEATH TREEH0 COUPLE, EOD 37, LEVEL F 32 TO 1957 DEGREES F

279 TE-337AE SHEATH THERM 0 COUPLE, ROD 37, LETEL E 37 TO 1897 DEGREES F

280 TE-334CT SHEATH THERPOCO3PLE, 500 J4, LETEL I ' . ' TO 1897 DECEEES F -

281 TE-33445 SHEATH THERM 0COUFLE, ROD 34, LEVEL S 32 TO 1997 DEGREES P

282 TE-334CB SHEATH THF380 COUPLE, 300 34, LEVEL H 32 70 '1897 DEGREES F

283 TE-360AC SREATH THEPM0 COUPLE, ROD 60, LEVEL C J2 To 997 DEctEES F
284 TE-360AD SHEATH THERROCOUPLE, ROD 60, LETEL D 32 70 **17 DEGLEES P

295 TE-360CD SHEATH THERPOCOUPLE, ROD 60 LEVEL D J1 TO 1C97 DEGREES F
' *286 TE-3128C SHEATH THERH0 COUPLE, ROD 12, LEVEL C 32 TO 1897 DEGEEES F

287 TE-312AE SHEATH THEPH0 COUPLE, 30D 12, LETEL E 32 TO 1497 DEGREES F-

283 TE-312CB SHEATR THERROCOUPLE, 300 12, LETEL B 12 TO 1897 DEGFEES F

i.
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Table 3 (sostimmed)
....- .... . .. . . .... ..............., ..........

FIGOBE INSTBD5ENT
30 nD ER MARE ..D. ESC k I PT IO b ....- ...S.A N G E ........... . . . . . . .. ..C. O .M .R .F.E .T.S . . . . . . . . . . .. .

289 TE-349AE SMS4TH THESMOCOUPLE, Rou 49, LETEL E 32 TO 1897 DEGREES F

290 TE-343b8 SHEATH THERMOCOUPLE, EOD 43, LEVEL B 32 70 1897 DEGREES F

291 TE-343BC SHEATH TR E t 50COU PL E, 90D 43, LETEL C 32 TO 1897 DEGREES F

292 TE-326AD SEEATH THERMOCOUPLE, 200 26, LETEL D J 2 FO 1897 DEGEEFS P

293 TE-343BA SHEATH TSE230CO3PLE, BOD 43, LETEL A 32 TO 1897 DEGEEES F

294 TE-327&C SHEATH THg8HOCOUPLE, B .; 27, LEVEL C 32 TO 1897 DEGREES P

295 TE-327BD SHEATH THEtaOCO3PLE, SOD 27, LITEL D 32 TO 1897 DEGREES F

296 TE-1235 50BCHAsuEL 301 Bra 35 THEa90 COUPLE 32 TO 18)7 DEGREES F

297 TE-327CA SBEAT8 THESEOC00PLE, ROD 27, LEVEL A 32 TO 1897 DEGREES F

298 TE-341AB SHEATH THERMOCO9PLE, kOD 41, LEVEL B 32 TO 1R97 DEGREES P

299 TE-342AG SHEATH THERMOCOUPLE, BOO 42, LETEL G 32 TO 1897 DEGREES P

300 TE-343AD SBEATH THEaMOCOUPLE, ROD 43, LEVEL D 32 TO 1897 DEGREES F

301 TE-321AD SHE ATH TREEMOCOUPLE, 20D 21, LETEL D 32 TO 1897 DEG2SES F

, 302 TE-342CG SHEATH THEBMCCOUPLF, ROD 4 2, LEVEL G 32 TO 189 7 DEG23ES F

303 TE-342BE SHEATH THERMOCOUPLE, BOD 42, LEVEL E 32 TO 1897 DEJSEES F

304 T E- 342 F F 3 HEATH THEPROCO3PLE, SOD 4 2, LEVEL F 12 TO 1897 DEG9EES F
b

305 TE-342sD SHEATH TH3EROCOCPLE, BOD 42, LEVEL D 32 TO 1897 DEGa!ES P -4

306 TE-2928 SPACFR GRID NGRBE9 3 THERROCCUPLE, 32 TO 1697 DEGatES F
SUBCHAEBEL 43

307 TE-292D SPACER GRID WUMPER 3 THERMCCOGPLE, 32 10 1897 DEGREES P
SubCHAb5tL 70

308 TE-2958 SPACIA GBID WU1 DER 6 T HEkMOCOUPLE, 32 TO 1R97 DEGBAES F
SCBCit AR BEL 43

309 TE-295D SPACER GRID BUMbEE e T6ERMDCCUPLE, 32 TO 1897 DEGBEES F
SUBC?lAsmEL 70

310 TE-291D SPACER GDID ND1BER 2 THYRMDCDUPLE, 32 TO 1697 DEGEEES P
SurC3ANNEL 70

311 TE-294F SPACER G*aD kUMBER S THER90COGPLE, 32 TO 1897 DEGEELS F
SUBCHANNEL 38

_ _ _ _ _ _ _ _ . - _
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Table 3 (eostlased)
<

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

FIGUEE INSTRUBENT
NURSEE NAME DESCRIPTION RA3GE C05ME4TS

_=

312 TE-338CD SHEATH THER50CDUPLE, ROD 38, LEVEL D 32 TO 1897 DEGEEES P
,

313 TE-342BG SHEATH THERMOCOUPLE, RCD 42, LEV EL G 3' TO 1817 DEGREES F

314 TE-330BE SHRATH THERMOCOUPLE, ROD 30, LEVEL E 37 TO 1897 DEGBEES F-

315 TE-2931 SPACER GsID WUnBgn a THERauCOUPLE, 32 TO 1897 DEGREES F FAILED INSTRU1ENT-
SUBChANNEL J2

316 TE-295C SP ACFR GPID NUMBER 6 THERMOCOUPLE, 32 TO 1897 DEGEEES F
SUDCHANNEL 57

357 TE-2954 SPACER GRID NUMBER 6 THER50 COUPLE, 32 TO 1897 DEGREES F FAILED TNSTRU4ENT
SUBCNANNEL J2

318 EEE-10 26JZ EERO INPUT CHANNELS 1152 TO 1279 0 TO 40 97
-

319 EEE-1026JC CALIBR ATION IEPUT CHA&NELS 1152 TO 1279 G IC 40 RT.

J20 TE-292A SPACER GRID MUMBgR 3 THEBROCOUPLE, 32 70 1897 DEGREES F
SUBCHANNEL J2

321 TE-291C SPACER GRID NUMBEB 2 THERMOCOUPLE, 32 TO 1897 DEGkEES P
SUBCHANNEL 57

322 TB-2918 SPACER GRID NUMDPR 2 THER20 COUPLE, J 2 TO - 1897 DEGREES F
SUBCHANNEL 43

323 TE-293F SPACER GRID MUMBER 4 THER50C00PLE, 32 TO 1897 DEGREES F
SUBCuahMEL J8

324 7E-1865 SSBOUD B01 THERMOCOUPLE, LET EL G, SOUTH SIDE 12 T3 '1697 DEGBEES F &
es

325 TE-181N SHBOUD BOI T HEB50 COUPLE, LETEL A, NEST SIDE 32 To. 1897 DEGREES F

326 TE-185N SHROUD 80I THER50 COUPLE, LEVEL E, NEST SIDE 32 TO -1R97 DEGREES F

J27 TE-291A SPACER GRID NURSEC 2 THERSOC00PLE, 32 TO 1897 DEGREES F'
SUBCHANNEL J2

328 TE-293C SPACER GRID NUMByt 4 THER50 COUPLE, 32 70 1897 DEGaEES P
SUPCHANNEL w

329 TE-2948 SPACEB CRID NUMBER S THESH0 COUPLE, 32 TO 1897 DEGREES F
SUSCd&WNEL 43

330 TE-2945 SPACEE GEID NURSER 5 THERNOCOUPLE, 32 TO 1%7 DEGREES F
SUBCNANNEL 17

331 TE-294D SPACEB GRID NU MBER S THERNOCOUPLE, 32 TO 1897 DEGREES F

I,

SUBCHANNEL 70

s
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Table 3 (eentinned)
... - .....__._._ ..___.... ..._.__..__..__.__.. ..._..____..... ......

FIGUat INSTRU1ENT
m3SSER EAME

.. _D E_SC R I PTIO N-... . _ _ .__ _. ___.._..R.A.N.G.E .... ..... . .. . . . . .C O M 9_t.3 ?. .S . . . .. . . . ._ .. .__

332 TE-2935 SPACEB GBID NUMBER 4 T H E8 E OCOC PL E, 32 TO 1897 DEq8EES F
SUbCPAENEL 17

333 TE-293D SPACES GBID N'1MBEE 4 THERE0 COUPLE, J2 TO 1397 DEGRELS F
SU3CHANSEL 70

334 TE-293B SP ACEP GRID NUMdER 4 TEERR0C00PLE, 32 rc 1897 DECREES F
SUSCHANNEL 43

335 TE-2968 SPACES GBID MI!Mb ER 7 THERMOCot1PLE, 32 TC Ift97 DEGREFS F
SUBCHAkNE.L 43

336 TE-296D SP ACEB GRID DUMBLR 7 THERMDCOUPLE, 32 TO 1997 LEGRE!S P FAILED IFSTBJ9ENT
SdbCHAMMEL 70

337 TE-352AU SdEATH THERMCCODPLF, EOD 52, LETEL U 32 TO 1R97 DECSEES F

339 TE-352ss $dE ATH THE390 COUPLE, RCD 52, LEVEL S 12 " 1 1997 DEJPEES F

339 TE-352CH SHEATH TdERMUCOUPLE, ROD 52, LETEL H 32 to 1R97 DEG&EES T

340 TE-3S2Cf SHEATd THZ3MOCOUPLE, k O3 5 2, LEVEL T 32 TO 1H97 DEGREES F

341 TE-350EE SHEATH THERMOCOUPLE, R0a 50, LET EL E 32 Yo 1937 DEGREES t

342 TE-349b2 SHEATH THE150 COUPLE, ROD #9, LEVEL E 32 TO 1997 DEGBELS P

343 T E- 3 50CD SdEATH THERMOCO9PLE, MOD 5 0, LEVEL D 32 TO 1897 DEGREES F

344 TE-350BF SEEATH THEE50 COUPLE, EOD 50, LEVEL F 32 TO 1997 DEGREES F

345 TE-349CA SHEATH THERMOCOUPLE, M OD 4 9, LEVEL 5 32 TO 1897 3EGEEES F A

346 TE-349CD SUEATH TaZE50C03PLE, BOD 49, LEVEL D J2 TO 1897 DE32EES F

347 TE-349CC SHEAT.1 THERMOCOUPLE, 303 a9, LETEL C 32 TO 1397 DEGPEES P

J48 TE-349CE SHEATH THESROCO3PLE, F 00 4 9, LEVFL E 32 TL 1897 DEGREES Y

349 TE-326CE SNEATM THEhMOC0JPLE, 800 26, LEVEL E 32 TO 1997 DEGREES F

350 TE-326&C SBEATH TdE450C00PLE, EOD 26, LEVEL C 32 TO ?897 DEGREES f

351 TE-3268D SHE ATB THEkMOC03PLE, 800 26, LETEL D 32 TO 1897 DFCSEES F

352 TE-326BB SHEATB THE310 COUPLE, F0D 24, LEVEL E ?? TO 1397 DECREES F

353 TE-3518C SHEATB THEP30COGPLE, 000 51, LETEL C 32 To 1897 DEG ES F

354 TE-151AE SHEATH THEk90 COUPLE, SOD 51, LETEL $ 32 TO 1397 DEC.:EES '
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Table 3 (eentlened)
. -.... . n......._ - - - ..:- ___.. ..... .... ....................

FIGUBE INSTRU9ENT
N U s3 E2 NA aB DESC..J.A PTiO N . _ . . ..... = _ .

.... ....... ..C.n a.g t g IS.. ..___ ......
EA1GE

_-_

355 TE-J5180 SaEATH Tutta0CO3PLE, 503 51, LE7fL D J2 TO 1897 DEGFEES F

356 TE-351&B SHEATH TdLREOC00PLE, ROC 51, LE73L S 32 TO 1897 DEG;EES P

J57 TE-1205 SubcaANhEL NUMBE2 5 THER50 COUPLE 32 to 1o97 JEGkEES F

358 TE-1223 SUBCH A1NEL UUSSER 23 THERM 0COUPLC 32 70 1807 Di:JEE55 F
353 TE-1214 SUCCf!ACHEL h05323.14 THESROC00PL:' 32 TO 1997 SEG%FES P

360 TE-1232 SubCHANNEL hCNBER 32 THEdEOCOUPLE 32 TO 1897 DEG3EES F

361 TE-1211 SUBCHANNEL ACENER 11 THERMOCOUPLE 32 TO 1697 DEGREES F

362 TE-1221 SUBCHAN AEL NUMBER 21 Tf!EREUGUPLC 32 to 1d97 UFG'tFES F

363 78-1231 SUSCdANNEL NURSER 31 THERPOCOUPLE 32 TO 1897 DEGREES T

304 TE-1201 SUDCH4hWEL NU5BER 1 ThE23CCOUPLE J2 TO 1897 DECSEES T

305 TE-1251 SU3 CHANNEL NUMBER 51 THERNOCOJPLT 12 TO 1497 DTChEFS P

366 TE-1249 SUBC't4NCL BUMBER 48 TREEM0 COUPLE 12-70 1997 DFGERFJ F-

367 TE-127J SUDCilARELL bOSDE2 7J THERMOCUJPLE 3 2 TO .- 1J97 DEGhEES T

368 TE-1265 SU8 CHANNEL NUssER 65 THERNOCuGPLE 32 TO 1897 DEGSEES F

369 TE-1254 SUBCi!ANNEL EUMBER 56 THEB10 COUPLE 32 TO 1997 DEGREES.F'
370 TE-1240 SUSC!!ANhEL NUMBED 40 THES30 COUPLE 12 TO Id97 DFGPEES F

J71 TE-1230 SUDCHANNEL 3U5823 JJ THEB50 COUPLE 32 70 id97 DErisEFS ? "o
372 TE-1237 SUDCHANNEL NDHJE3 37 THEd50C0JPLE 32 TO 1997 DEG8FES F

373 TE-1238 SU8 CHANNEL NUMBER 33 TREA30COUPLS J2 TO 1397 DEGREES .F

375 TE-1239 SUBCHANNEL NUMBER 39 TfiERM0CoGPLE. 32 70. 1997 DEGNEFS /
375 TE-1260 SUBCHANNEL NURBEa 60 THER.ioCOUPLE 32 TO 1d97 DEGBEES ?

376 T E-1270 SuBCHANNEL NU4BER 70 THEEMCCOUPLE' 32 TO Id97 DEGRFES F

377 75-1259 SU8 CHANNEL NURSE 2 59 TdERNUC0JPLE 32 TO ~1897 DE'J7EES F

378 TE-1277 SUSCHANBEL NU48E2 77 THE850 COUPLE 32 TO .1A97 bEGdEES r

379 TE-1261 SUBCU 1NNEL NUsaER 61 THERBOCuGPLE 12 70 1d)7 DEGdEES F

i

* . * e p ,y| ~e'-

_ - _. -



,
. _

____3.___.._.
. _ . _ _

Table 3 (somtimmed)
-_ -._......_.. . _._. _ .. ._...__._.__..._.._.. ... .._____..__........_...-_

FIGURE INSTRUMENT
__ - -- _ __ _ __ D_E _SC R I PTIO_N__- - .._..........__.._ . ....___.__4_NIE........__ ... . . . . . . . . _ C_ O .M 9_E .E T.S . . . . . . . . . . .
NU53ER EAME 3

. _. ._ .

390 TE-1271 SUBCMas5EL MUiBEa 7 : THER MOCOU PL E 32 TO 1897 DEG5FFS F
381 TE-1241 SUDCHA N NEL 3DNBE7 41 THERMDCO3PLE 32 TO 1897 DEGLEFS F

j 382 TE-1250 SuecMANNEL 30MBER $3 fHERM0 COUPLE 32 TO 1897 DEGE!FS F
383 TE-1268 SUBCHAkbEL hU.1BLR 63 THERM 0COGPLE 32 70 1897 DEduts F
384 TE-1281 SUbChANNEL EUMBER 81 THE210C0GPLE 32 TO 19 9 7 DEG5 t;LS P

395 T E- 18 2 8 SH90HD HOI T HERMOCOUPLE, LEVEL B, EA3T SIDE 32 TO 19 9 7 DFG4E ES T
3 80 T E- 18 7 W SHROUD BuI T flee.90 COUPLE, L EV EL G, W0173 SIJE 12 TO 1497 DEGEFES F
307 TE-181M StiEOUD bul T HEB MOCOJPLE, LZVEL C, M04TH SIDE 32 TO 1997 DMG4FES '
388 TE-184E SEECUD bu t T hs.a M0C O U P L E, LEVEL D, EA3f 519E 32 TO 1697 DEG3EES P
389 TE-150 TEST SECTION POT T OS FLANGE TL9PERLT3CE SIDE 12 TO 1897 DEGPEES F
390 TE-151 TEST SECTION DOTTOM FL A8JE TEMPER ATURE SIDE 32 TO IS97 DEG99tS P F4 ILIO IN373:*"1T

391 TE-152 TEST SECTION POTTOM FLANGE T EMPER 4TJ3 8 S19E 32 TO 19f7 DEGdEtS T
'92 TE-1 PSESSULIZZ4 '4 Pub T E.1P E R AT U R E 12 70 1497 DEGSRt'S *
393 TE-2 PRESSURIZER t4 TEE TE APER ATURE 12 TO 1897 DeG3RES *
394 TE-116 PRESSUPIZER EXIT SFUOL TEMPEWATU3E 32 TO 1547 DPGCEES F
395 TE-24 uCEliOhTAL IELET SPiuL TEMPERATUL3 37 10 1897 OLG7EES F

[396 TE-172 VFETICA L 1 h'.E T SPOO. . T E.9 PE"ATURE 32 TO 1897 DEGREES t
397 T E-222 U EPTICA L OUT LET SPOO . TE9P EA ATUR5 32 TO 1897 DEGdFTS P
398 TE-40 110EI:0hT4L CUTLET SPt.X T EMPEd ATUR E 32 TO 1897 DEGUEES P
399 TE-29 INLET DLudFOug PLE Nui (E1PER ATUEE 32 TO 1897 DEGarFS F
400 TE-45 OUTLFT PLOhpOdN PLEMUE TEMPERATURE 32 TO 1r497 C EG'tE ES F

401 TE-59 HEAT EIL HAbdER D 00TLE1 TEFP4PATUiE 32 TO 1897 JtCREE. F

402 TE-57 HEAT EXCdaNGF9 A SPOGL TEMP *RATUEP 12 TO 1397 DEGkELS F
403 T E-6 2 HEAT EIs d A Nd Fh D S PCOL TEM PZ't AT DE F 32 TO 1997 DFGeEF.S *.
404 T E-6 7 HE AT EXC1' A NG TE C S POOL T E9 PL'e ATJP E 32 TO 1417 nFGBEFS F
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Table 3 (sentisese)
=.. ................. ....... ............ ................

..._=-
- _.-- . ._=___-

FIGU R E IBSTRUMENT PAb3E C011E4t3
NU M b Eb WAGE .

LESCRIPT105
_

40$ T E-4 088 /kESSUR E SUPPSES31Ch TAMK JPRAY TEMPEAATUDE '* 2 ~. 0 1491 DEGBMES F

404 TE-5208 4. INCd DEMINEL ALIZED W ATEb H E A LER - TE1/Ed1TUE R ;2 .o 1d97 DEG3EES 7

4D7 TE-521 PURIFICATIOE COOLIbG h ATER 01TLET TEMPEP ATUR E 3' TO 1897 DECE EES P

408 TE-901 PRESSURd ST4AM KILLFR AIR TEST TEM 2EDATUEE 32 TU 1.? 1' DEGPE(S F

409 TE-208 DUNDLE OUTLET SP00L TEMPER ATURE 42 TO tr4' JEGREFS F

410 TE-256 TEST SECTION INLET T'*r/BATRFE J i TO 1f)7 DEGREES F

411 T E- ?*6 DUNDLE IMLET LOWER SPOOL TEdPER ATUIE 12 TO id*?7 DEG% EMS P

412 T E-2 84 OLD COWMCOMEP PUEGE LINE SPTUb5 TE8/ER AfDE E 32 'O IL?/ DEGREES F

413 TE-313CD SHEATH TdERMOCOUPLE, SOD 13, LEVEL D '*2 to 1997 OEJR253 F

414 TE-313EC SHEATH THEENOCOUPLE, BOD 13, LEYEL C J2 T0 '1M97 JEGREES T

415 TE-313Cd SHEATH THESn0 COUPLE, 30D.13, LEVEL E 12 TU *4?s DEGPEES F

416 TE- 31JBF SHEATH THERMDCOUeLE, ROD 11, LL T A F *2 Its .3*T sEGPEES F

417 T E-32 3BC SHEATH THERMOCOUELE, EOD 21, LEYEL C .32 TO '133' DEGREES F
-|

418 TE-1220 SubCHAbEIL NUnBEk 20 THERMDCOUPLE. 32 fu Id9? DEGREES F

4 19 TE-1219 SUBCHANNEL NUMBER .19 THESMDC00PLE ?? 10 1897 PEGREES T ,

420 TE-323&&. SURATH THEtaOCOUPLE, 90D 23, LEVEL A' .t .' TG IP'*7 JECREES F I
tm .

' ba
421 TE-321AB SHEATH THEPE0 COUPLE, POD 21, LEVFL B 32 79 1197 DEG2EES F

'422 TE-321AA SHEATH THERMOCOUPLE, ROD 21, LEVEL A !2 TO '1897 DEGEEES F

423 TE-321BC SSEATH THEEMOCuuPLE, BOD 21, LEYEL C 34 "e - 1997 DEGREES F.

424 T E-321CD SHEATH THERNOCOUPLE, ROD 21, LEY EL D 12 TC 195' LEG 33ES F

425 TE-327AA SHEATH THERMDCOUPLE, 80D 27, LEVEL A 82 7 ) - 1917 DEGBEES F.
'

426 TE-327Cb SHCATH THEEMOCOUPLE, ROD 27, LEVEL B 32 FO 189' MEGREES F'

427 TE-326CD SHEATH THERMOCOUPLE, ROD 26, LEVEL D 22 TO 1897 DEGREES F

428 TE-327AD SHEATH THERMDCOUPLE, ROD 27, LE7EL D 32 70 . 1897 OEGREES F

429 TE-327BC SHEATH TBERMDCOUPLE, ROD 27, LETEL C ' iJ T ) 189*. DEG8EES F FAILED TNSTRU1ENT

L

,

*
* * * - r .. .

,

__
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Table 3 (sostissed)
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FIGURE 15STRUMENT
NUs5ER BAME D ESCH I PTIO M d A N.1E LO1AE1*$

430 TE-327CD SHEATH THERPOCO'IPLE, RUD 2 7, LEVEL D .t 2 7 0 '.697 DZGRPES F

431 TE-327LC SHEATH THEkMOCOUPLE, ROD 27, IEVEL C 32 *0 1A97 D' A EES F

432 TE-327BA SHEATH THERMOC01PLE, ROD 27, LEVEL A ',2 * 1497 L tir a. ES t

433 EEE-102bMZ ZEMO IMPUT CHANNELS 1280 To 1407 0*: *9

434 SEE-1026KC CALILRATIUN INPUT CHANNELS 1283 70 1407 0 Tc 4J Pb

435 TE-307AC Si!EATH THERMOCOUPLE, POD 7, Lt. VEL C 17 .s 1d97 DV.PFES F

436 TE-332CE Sif E ATH TdEF50COUPLF, SOD 32, LEVEL E 34 TG 1. s 1 **::GPE ES F ,

437 TE-307&F SHEATH TM/990 COUPLE, POD 7, LEVEL F 32 10 1037 Di nEFS Y

438 TE-307CE SH E ATil TH tSMOCOUPLE, FOD 7, LEVEL E a . "> 1697 DELIEES F

439 TE-316DG SHEATil T}l3NMOLOJPL E, BOJ 16, LEVEL G 22 T3 id4* DUv RES P

440 TE-332LF S!!E ATH THERPUC000LE, s 0D 3 2, LEYEL F 12 TO 1r 9 s L"GPEES Fs

441 TE-132CD S!!E A tli THERPOCOUPLE, ROD 32, LEVEL D 12 TO IM7 I'EGI E TS F

442 TE-318AG SHEATH THERMOCOUPLE, 900 18, LEVEL G 11 90 1897 DEdREr, F

443 TE-314A8 SHEATil THE3MOCOUPL E, 10D 14, LEVEL b 3 2 ' ') SH97 Dg-r.4ES F

444 TE-332CG Si3ATH THt:aMGCOUPLd, ROD 32, LEVEL G U TO 1897 LLCTEFS F

445 TE-318AE SHE ATil THEliPOLOUPLE, SOD 1R, LPYEL E 17 S J '397 DIsatFS F

$4% TE-324AE SilE ATH Td ER Mucou t'L E, b O'5 24, LEV 9L E |2 79 'Rv7 D"'AEZS ?

447 TE-305ttU SHEATil THE3M0 COUPLE, FOD 5, LZVEL U 32 10 1497 DEL. PEES F

448 TE-20$AS S!!EATI! TflE350COUI'LE, F0J 5 LEVEL S 82 i' i 1897 J W ERS T

449 TE-305BH SilEATH TI1ER30CO:!PLE, ROD 5, LEVEL H 32 *.i It')? Gid34.23 f

450 TE-305CT S!! data THEF30 COUPLE, ROD 5, LEVEL Y i' T J 1197 3EGT E M P

451 TE-168AC A R E A Y (< 3 D T H ta MOCOU t'L E, GE ID 19, Silf,CF A N 4F L 37 Tu l.:97 DrGPFES F
22, LEV F.L C

452 TE-30dC0 SHEATI! THC?MOCOUPLE, ROD 4, LNC1 - 32 to 1897 "rGL5LS T

453 1E-183bE ABE AY F0J Trie:P mK'C9 PLE, GDID 19. SU8C114 W N E L 1/ T's 149s DFGhFES E
30, LF,ifL E

'

'

,
.

,

. . .

.

A



Table 3 (sostammed)
- .. ............. ...............

. _.._ __ = - . . . - _ - _ = . . - -
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454 TE-1RSAF AR5 AY FOD TH E# MOCOUPLE, GEID 19, SUBCMAbstL 32 TO 1497 DEJWELS P
22, LETEL F

455 TE-1888d ARhAY BOD THER9CCCUPLE, GAID 19, SUBCH A3n%L 32 TO 1897 DEGREES F
30, LaVZL e

456 TE-188AD P RR AY 20D THE51oCOUPLE, G3ID 19, SUPCHAdall- 12 TO 1397 DEGEdES F
22, LEVEL D

457 TE-188AG ARRAY kOD THFhM0 COUPLE, GkID 19, SU3CH4MN!L 32 TO 1A97 DEGR',ES F
22, 1stEL G

453 TE-188AB AkBAT Lou THER AOCOUPLE, GRID 19, 33BCHA5NEL 32 TO 1897 DEGPERS F
'

22 LsVEL 8
-

459 TE-188BD AE P AY SOD THibMOCOU PLF, G2ID 19, JURC3Ahd8L' J2 TO- 1997 DFG2EES F
30, LEVEL D

| 460 TE-188BA. ARRAY POD THFRMOC00PLE, GRID 19, SUBC34433L 32 To 1917 DEGREES F QUESTIortdLE
30, LEVEL A

461 T E- 1898 F ARBAY ROD FHERPOCOUPL3, GRID 19, $UBCMANbEL 32 TO 1897 DLGREES F
30, LEVEL F

442 TE-188BC ARPAT ROD THFanoCOUPLE, Gh!D 19, SUnc.iANEEL -32 TO 1897 DEGPMES ?'

3 0, . LEt hL C

463 TE-188AE APBAT POD THEPMDCOUPLE, GAfD 19, SUBCHAMBEL 32 TO 1897 DEGdEES P
21, LEVEL E

464 TE-188AA AkEAT EOD TNR950 COUPLE, G81D 19, SUDCd&3nEL J2 TO 1397 DEGFEES P
Ln22, LEVEL A 6

465 TE-315AF SHEATH THER.9CCOUPLE, 200 15, LETEL F J2 70 1997 DEGREES F

466 TE-307br SHLATH THdE50 COUPLE, kOb 7, LEVEL F 32 TO 1997 DEG EES F
i

467 TE-315AC SdFATH THEARDCOUPLE, FOD 15, LEVEL C 12 TO 1997 DEGJEES F

468 TE-307BE SHEATH THER50 COUPLE, 50D 7, LEVEL E 32 TO 1997 DEGREES F

469 TE-318CG SH EATH T H EBB CCOUPL E, 50D 18, - LEV FL G ' 32 To. 1997 DEGiKMS F

470 TE-306AA SUEATE THER$vCOUFLE, 200 6 LZTEL A .32 70 1P97 D'GEEES F

471 TE-306AB SREATH T HESEDLOUPLE, P0& 6, LEVEL F '32.70 1897 DEGPEES F

472 TE-3088A SWEATH THERMCCOUPLE, 50D 8, LEVEL 4 32 Tu. 1997 DEGFEES F

473 TE-308CB SHEATH TH"*.LOCCUPLE, 90D 8, LEVEL d 32 TO 1897 DEGBEES F

e

1

|

.. 8 . , ,

_ _ _ -
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Table 3 (sostinued)
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FIGURE ItSTRUMENT
EURSE9 NAME DESCRI PT IO 4 Rarvt CCMaENTS

474 T E-3 0 8 ED SHEATil THLaMCCOOPL E, ROD 8, LEVEL D 32 70 :dO7 00,5.725 r

475 TE-308hC SHIAfa TifEPROCUUPLE, POD 8, LEVEI C 32 TO 3.d 7 .LOF r s? F
476 T E- 316D F Sit E A Tl! T H ER E OCOU PL E, BOD 16, LEVEL F 32 to ;c47 u.utts e

477 TE-316CE S9EATP THERPOCOUPLE, ROD 16, LEVEL E 32 TO ?dv7 LEGBELS F
478 TE-316AD S!!EATH THEM*0COUPL E, 500 16, LEV!L D 32 TO 1C47 D FGEL ES T
479 TE-316CG SHEATil TeEEPOCOUPLE, BCD 16, LEVEL G 32 To IWI ; %L d F S 7

480 TE-324CE SuzA Tu *BER*0 COUPLE, EOD 24, LEVEL L 32 TO 1F' 7 ntGPAES F
481 TE-324CB JhEATH THES?oCOUPLE, F 0 D 2 4, LEVLL b J2 TO t e. 's ? 01G 7 2 r
482 TE-324AC SH Z AT!! T!!E b M 0COU PL E, PLD 2 4, LEVPL C 32 TO 1 H ,7 D EG!t r F.S s'

483 TE-3243D SHEATH THEEM0 COUPLE, SOD 24, L EV EL D 32 TO 1C9 7 DFCREFS F
484 TE-344CD SHEATH THERP.0 COUPLE, kOD 4 4, LEVEL D 32 TO 16 +' nErt ce =

485 TE-344CC SM E ATti "it"P R OC0 J P L E , 50D 44, LEVEL C 32 TO 14'? DEuPYth F
486 TE-344CL SHEATH T.!ZEMOCOGPLE, POD 44, LEVEL D 32 To 1817 D EG B E FS *
487 TE-344CE SHE ATH Tit!RMOC0tTPLE. 207 44, LZTIL E 32 TO 1s"7 1EGTEES F
488 TL-317BE SMEATE THERMOCOUPLE, EOD 17, LEtEL E 32 TO 18',7 DtGRE ES e

4 t19 T E- 3 3 5 3D Sd E AT!! T H4P?oCO'JPL E, POD 35, L EV EL L 32 To Iw7 DFdRPf c r

$490 ?! -317CE SdRAfd T4tER?0 COUPLE, R03 17, L FV CL E 32 TU 1 <* 9 7 DEGiLES *

491 TE-335BE SOEATH TitLTsMoCodPLE, F o.) 15, LEVOL d 32 To ltt97 DFG9F.LS r
492 TE-333CD StiEATR TdERNOC00PLE, LOD 31, LEdEL L 32 TO 1d97 der.REES F
493 TE-333CE S tf / A tti T a LL10Cu'J P L E, B00 33, L E f i.L E 12 T o ta97 DEJP!E3 r
494 TE-333AC SilEA Td T1EdNUC00PLE, POD 33, LEV 3L C 32 TO lo n 9EJfMLS E

495 TE-333ab Sd7ATH THEHPUCOUPLE, b oD 31, L tV tt D 32 TO 1J97 DPGPPEJ P
49h TE-317AE SliEATH TU M CCOGPLE, WOD 17, LEVet E 32 TO 1897 DEbEFS P
497 TE-317CC S ff EA Til TiiE A' KOUPL E, ROD 17, LEVRL C 12 70 119 7 D EiR5.FS *
496 TE-Il7C3 Sh447t! Ltd&50 COUPLE, D0D 17, LEVEL D 12 TJ 18';7 0 3dJE ES T
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FIGUBE INGTWCMENT 9AJGE C091EKTJ
BJMBES BASE D CSb al FT!U M

499 TE-317CB SHEATH THtdMcCuGPLE, F0D 17, LEVEL 3 32 10 1J97 DEOSEES F

500 T E- 1216 SUBCUAMhEL NUEDER 16 T H t 7.10C00 P L R 32 TO 1937 DEG12ES F

501 TE-359CE SHEATH Tif EBMDCOUvLE, F03 31, LEVEL 2 l? T0 li97 DSi3 irs F

502 T E-128 6D SHEATH TetERMUCO'f/Ls, F OD 2 8, LEVEL D 12 B) 1497 JEG 4ES F

503 TE-328CF SHEATH IHEEFOCOUPLE, 20J id, LEVE. T 32 fu 199 7 JEGk329 >

504 TE-J20BG SutAfd THdd CC00PLE, ECD 20, LEVEL G 32 70 1997 DEGREES T

505 TE-320C6 SHEATH TEZEPOCOUPLE, BOD 20, L2% EL C 32 TO 1977 DEdiEdS T

506 TE-320A3 54FATd THEEMOCOG#LE, BOD 20, LEVAL p 32 70 1897 SEGPrTS P

5 07 Th-320DF SdEATR THZRMOCOUPLE, D00 20, LEVEL F 12 70 1997 DEGPEFS F

508 TE-32538 SaE ATd THEkMuc00PI.E, POD 25, LEVEL 8 12 TO 1R*7 DEGDEES F

509 TE-325CC SUEATH THESTOC01JLJ, 103 25, LEVEL C 12 TO 1697 PEGJEES F

$10 TE-325CD 31E ATil THEEMOCOUPLt, LuD 25, LEVEL 3 32 70 149 7 D EG5 F ES P

511 TE-325CA SMEATd THE3Fuc0J7LE, ROD 25, LEVEL t J2 TO 1a97 3E6DFES P

512 T E-318 AD SHEATH THZDMOCOUPLE, F0D 18, LEV EL 0 32 TO 1897 PEGkEtS F QU?ST10aABL?

SI) TE-318BG SHEATH THE930 COUPLE, BOD 18, LEVEL G 32 TO 1997 D?GP3ES ' JIPSTibMA31E

514 TE-318AF SIZE ATH THERMUCOGPLE, POD 19, LEVEL F 32 TO 1397 DEbhE ES F sudStirrABLY
hk

515 TE-318DE SHEATH THEECOLOUPLE, ROD 19, LEVJL E 32 TJ 1897 UEJ2EES F

5 16 TE-359AE SliE ATR THERMCCOUPLE, ROD 59, LEVEL E 32 TO 1997 DEGPEES F

517 TE-359AD SUEATH THEFMDCO[fPLE, FOD 5 9, LEVEL D 12 TO 1497 DEGFEES T

5 18 T E- 359C F SREATH Th'kHOCOMPLF, kOD 59, LEV EL F 32 TO 1997 DEG9EES T

519 TE-359CC SHE ATH TFEkMOC00PLE, POD 59, LEYrL C 32 TO 1197 DEGFEFS F

520 T E-358CD SHE ATH T4LSMbCOUPL E, RCD SM, LE% TL D 32 TO 1997 DEGREE 3 P

521 TE-35dBE SHEATH THEPs0 COUPLE, ROD 58, LiVEL E 32 TO 1897 DEGURES F

522 TE-358CG SHEATH THESMO(OUPLE, 30D %d, LLVEL G 32 TO 1997 DEGLEES F

523 TE-309CD SHEATH TdE8MOC00PL E, ROD 9, LEVEL D 32 T9 1397 DECPEES F

? 9
,* * *
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524 TE-JO9AC SHEATH THEEMOCOUPL., *1D 9, LFVEL C 32 70 1397 DEGEEES P
525 TE-311CC SdEATH THERROC00?LE, 90D 11, LEVEL C 32 TO 1997 DPGREES F
526 TE-311CB SHEATH THESMOCO3PLd, B?D II, LEVEL B 32 TO '39 7 95GE EES F
527 7E-3111B SilEAT11 ThE8MOCOUPLk, kuD 11, LET Ef. B 32 TO 1391 DECETLS F
',2 8 TE-311AA SHE ATH THEAMCCOUPL2, BOD 11, F EY EL A 34 70 1997 9ESWPES T
529 TE-35788 SHEATH T:tERPGCOUPLE, ROD S 7, LEVEL h 12 70 1997 DEGEE2.5 F

! 530 TE-357BC SHEATH THEPPoc0'!PLE, kuD 5 7, LEVEL C 32 TJ 1997 DEJEd5 F

| 531 TE-357AA SHf1TH THd3MOCOUPLE, FuD 5 7, LEVEL A 32 TO 1997 DEGREES F
532 TE-3578D SHEATH ThEkMOCOUPT E, kuD 57, LEVEL D 32 "O 19 97 DEG58ES T
533 TE-304AF SHEATH TH ERMOColf PLF, FoD 4, LEVFL F 32 70 1397 DEG3dLS F
534 T E-3 09CB SHEAft! THERMOCOUPL E, POD y, LEVEL 3 32 TO 13 37 DEG)EES F
535 TE-303CD ShE ATh Ti!EBROCOGPL E, POD 3, LEVEL D 32 TO 1897 D4GFFES F
536 TE-303BE SHEATH THEPt.OCOUPLE, FOD 3, 1.EVEL E 32 TO 1397 DEGEEE1 F
537 TE-303CG SHEATH THERMOCOUPLF, bud 3, LtVCL G 32 TO 1997 DEGkEIS P

, 534 TE 303b? SHEATH TPERMOCOUPLE, teD 3, LEVEL F J2 TO 1837 PtGTE2S F
|
'

539 LEE-1026LZ ZESO 3 3Pc7 CHARMPLE 1u03 70 1535 0W 40 MV

540 E E E- 102 tiLC C A LILE 4T10 N input CpanELS 1408 TO 1535 0 fa 4J MV $
541 TE-310CD SHEATH THE!RO 03PLE, IND 10, LdVEL D 32 "J 1897 DdGhEfS F

542 TE-310a! SH ATH TFL)ROLO1PLE, POD 10, LEVEL F 12. To IL".7 DEGEZES F
543 TE-310CC SHEATH Th f B P OCOU PL E, POD 10, LEVEL C 32 70 1897 DEG#PLs &
544 TE-310BE SHRAth fli E 6 n u.OU P L E, 600 10, LEVEL E 32 TO 1AS7 DEGbPFS D
545 TR-3048E SMF4TH T H E b a.OCOU P L E, EOD 4 LFVEL E 32 TO 1997 trGSFFS F
546 TE-3 04 AC SHEAT!! T3EkMOCOUPLE, FC3 4 LEVEL C 32 TO ' %7 DEGEEES F
547 TE-301CE SHEATH THEBE0 COUPLE, FOD 1, LEVEI d 42 To 1P97 DFGLPFS F
W TE-312CD SHEAT.I 1Hfim0LanLE, MD 12, LEVE D 32 TO 1897 OEGbfES F
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549 TE-301&D SHEATH THEPEOC00PLR, a03 1, LEWF.A D 32 To afi9', :;2G 3ES t

5 50 TE-343BD SHEAT!! THERMOCOUPLE, R Gle 43, LETEL D 12 TO 1d47 04GSTES F

551 TE-302AD SHEATH THER5CCOUPLE, LOD 2, LEVEL D 32 To '.e 9~4 . D P.cR EES 5

552 TE-302Ab ' HEATH THERMOCOUPLE, 200 2, LEVEL E -- 32 TO 1437 CCE/ES f*

553 TE-302AE SHEATH TH%RE0 COUPLE, EDD 2, LEVEL E 32 to ti97 DEGPELS <

554 TE-302bc SnEATH THISP.0 COUPLE, ROD 2, LEVFL C. 32 TO 19 7 ? F.45 EE8 /'

555 TE-310BF SBEATH TdERFOCOUPLE, 60D 10, LEV EL F 32 TO 10% CT GF 6ES F '

$56 TE-310CF SEEATH THEeFCCOUPLE, BOD 10, LEYLL F 32 To ed97 DEGR3ES T
,

557 TE-358AE SHEATH THERPGCOUPLE, RUD $8, LEVEL E 32 TO 13 97 DEG 'Pfs r

558 TE-357AC SHEATH TdER50 COUPLE, h0D.57, *EYFL C 37 TO 1347 CFC2EES F.

i 559 TE-357BA SdEATH THERMOCOUPLE, ROD 57, LEVEL A 32 To 14 7 W 'Ps /

I 560 TE-357CB SHEATH THERMOCOUPLE, ROD 57, LEVEL B 32 T3 - 1"97 Jd E.3 *

! 561 TE-357AB SHEATH THER50COUPL', ROD 57, LEVE!. D 32 TO 1997 4EGdEES '

562 TE-359AF SHEATH THERROC00PLE, 30D 59, LEftL,F 32 70 - 1997 DRGREES F

553 TE-357CD SHEATH THERMOCOUPLE, EOD 57, LETEL D. 32 TO 151? DSwJ:1S P

564 T E-3 59 tlF SHEATH THERMOCOUPLE, kOD 59, LETZL F 12 T1 Q,7 DEG7EES F-

565 TE-329AB SHEATH THERMOCOUPLE, ROD'29, LEVEL.b 32 TO ??)7 DEM DS r. .

.

566 TE-329CD SHEATH THES90 COUPLE, ROD 29, LEVEL D 32 To f i97 DEGt'EEb F

567 TE-329CB SHEATH THE550 COUPLE, ROD 29, LETEL b 32 TO 1097 DEGRLE1 F'

Sb8 TE-329CE SHEATH THF.SaoCOUPLE, 600 29, L EV EL E 32 TO. .1827 Dr.C3F M P

|. 569 TE-329AC SHEAT!! THE:IMOCOUPLE, ROD 29, LEVEL C 32 TO 1997 Dr.G,E! S'
,

; 570 TE-329dB ' SHEATH THELEOCOUPLE, ROD 29, LEVEL E. '32 TO 1897 DEGRELS P '|
571 TE-329AD SHEATH THE8MOC00PLE, EOD 29, LEVEL D , 32 TO 1H97 DECREES T

I
i 572 "N-347CF SREATH TEM 250 COUPLE, ROD 47,' LETEL F J2 10 at J7 OECPEEL F

! 573 75-345B0 SHEATH THEa50 COUPLE, ROD is5, LEVEL o 32 Tu' 1A97 DEGREES P

:

|

i

.

1

i
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5/4 TE-345br SsEATH THERMOCOUPLE, SOD 45, LJfEL F 32 To ad37 JJGFLLS T

575 TE-3454E S HE ATH THERMOCOUPLE, R OD 4 5, LEVEL E 32 TO Pt 9 7 P GIEES *

576 TE-345BE SHEATE THERM 0 COUPLE, ROD 45, LEVEL E 32 to I-91 P:;FL-9 f

577 TE-3458G SHE ATH THtk30C09PLE, 803 45, LEVEL G 32 TO Sb97 D?:MfES T

578 TE-345&F .1 HEATH THERMOCOUPLE, SOD 45, LEV EL F 32 TO 1$97 DEGREES P

579 TE-345CG SHEATH THEBM0 COUPLE, ROD 4 5, LEVEL G 32 TO 139" ?EGREES *

$80 TE-361CJ SWEATH THERA 0 COUPLE, 803 61, LEVEL J 32 TO 14s? PEGkEES F FAILED IN3TRU1'NT

581 TE-361BJ SHEATH THEBMuCOUPLE, ROJ 61 LEVEL J 32 TO 1-97 DEGREES F Ft1 LED IN3th012WT

$82 TE-364LD SHEATM THE390 COUPLE, 23D 64, LEVE. D 32 70 1497 DEGREES v

583 T E- 35 3 B F SHEATH THER90 COUPLE, BOD $9, LEVEL F 32 Tu 1497 DFG9EES P

584 TE-364AE SHEATH THEER0COUPL E, ROD 64, LEV EL E 32 TO 1897 DEGREES ?

585 TE-364AF SPE ATH THE390 COUPLE, ROD 6 4, LEVEL F 32 TO "$37 3EGR6FC /

586 TE-313AE SHEATH THERMOCOUPLE, 20D 13, LETTL E 12 TO 1991 TE39EES F

597 TE-364CF SHEATH THERR0 COUPLE, EOD 6 4, LEVEL F 32 TO 1997 DEGPRES P

588 TE-364CD SHEATH THERMOCOUPLE, SOD 6 4, LEVEL D J2 TO 11'? DELPM.* F

589 T E-364CG SHEATH THZBMDCGUPLE, BOD 64, LEVEL G 32 70 PA ? .1 G12i> %

590 TE-334CU SdEATI! TMFBBDCOUPLE, SOD 34, LEVEL U 32 Tc et:41 S? wr$'5 r h)

599 TE-334BS SHEATH T3L18DCOU?LE, liO3 34, LEVEL S 32 TO 14 G', Deshtca F

592 YE-334CS SHEATH THEEM0 COUPLE, BOD 34, LEVEL S 32 TO 1897 JEchhES F

$93 TE-3348u S H E A Tli THERM 0C00?LE, ROD 34, LEVEL !! 32 PJ 1397 DEG9EES i

594 TE-360AB SAEAT3 THERM 0COU?LE, BOD 60, LEVEL D 32 To ed" ? ",Eu;;r.5 F

595 1E-36044 SBEATH THES30 COUPLE, 300 60, LEVEL A 32 to i;)7 DEGREES F

596 TE-3603D SHE ATH THEEHOCCUPLE, S0D 60, LEVFL 0 32 Tu M97 r.re,r E: ;

597 TE-334AH SHEATH T9Eus0 COUPLE, 20D 34, LEVEL P 32 73 ?97 UFr.Btts F

598 TE-334AT SHEATH THERMOCOUPLE, 303 34, LEVEL T 32 TO 1997 JE68 DES ?

|
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Table 3 (eestineed)
-- .. .. -- - - =- ....= _ w........

FIGURE INSTRUMENT
NUMdEB NAME JESCRIP!1Lu RANGE Cum s LTS ' -'

599 TE-334BT SHEAT3 THEREOC00PLE, 50D 34, LETOL Y 32 TO 1E97 DEGPEES F

6 00 TE-334DH SHEAT;f 1HERROCOUPLE, SOD 34, LEV EL h 32 TO 1697 DEGREES F

601 78-1845 SBROUD bOI THERMOCOU?L1, LEV EL D, SOUTH SJDE 32 TO 1h97 DEGPEES F

602 TE-1833 SaROUD BOI T HERM0LOUPLE, LEVEL L, WFST SIDE 32 TO 1897 DEGREES F

603 T E- 187 W SBBOUD dGI THER1uCOUPI E, LETEL G, HEST SIDE 12 TO 1897 C3JREES 1

604 TE-182S SHROUD BOX THER30 COUPLE, LEVEL 6, SOUTR SIDE 32 TO 1897 DEGREES I

605 TE-35280 SHEATH THtaE0 COUPLE, BOD 52, LEV EL U 32 To 1997 DEGEEES P

6 06 TE-352CU- SHFATH THESMDCOUPLE, I JD 52, LET EL U 32 TO 1897 CEGREES T

607 TE-352ns ShEATR THEEMOCOUPLE, ROD 52, LzvEL S 32 ?) 1997 3EGREES F

608 TE-352CS SHE ATH THERMOCOUFLE, . 900 52, LEVEL S 32 TO 1897 DEGREES F

.)609 TE-352bH SHEATH THERMbCOUPLE, RCD 52, LEVEL H 32 T0 1897 DEGREES F
|610 TE-352AM SHEATH THERMGCOUPLE, POD 52, LEVEL R . J 2 To 1897 DEGREES F
1

611 TE-352ET SEEATH THEan0 COUPLE, 800 52, LEYFL T J2 TO 1897 n EG *E ES F - i

1

612 TE-352AT SHEATH THEFMOCOUPLE, F0D 52, LEV EL Y. 32 TO 1397 DEG8EES F .

,|6 13 TE-350AC SHEATH THEREOCOUPLE, EOD $0, LEVEL C 32 70 1897 DEGREES F

6 14 TE-350bD SREATH THERMOCOUPLE, 800 50, LETEL D 32 TO 1837 DEGREES F

615 TE-326AE SHEATH THERMOCOUPLE, RwD 26,' LETLL 2 32 TO 1917 DEGREES F |$
616 TE-350CE SHEATH THE8EOCOUELE, ROD 50, LETEL E 32 TO 1897 DEG2EES F

6 17 TE-350AF SBLAT3 THdaEOC00PLE,' BOD 50, LET LL F 32 TO 1897 DEGBEES F

6 18 TE-350CF SHEATH THERE0 COUPLE, 300 50, LETEL F 32 TO 1997 DEG9EES F

6 19 TE-350AD SHEATH THZBROCOUPLE, h0D 50, LEVEL D 32 TO 1897 DEGMEES F FAILED TMSTRUSE.17- ;
'

620 TE-3 50 BC SHEATH THERE0 COUPLE, SOD 50, LEvzL C 32 TO 1897 DEC2sES F

621 Ta-321sD SEEATH THERMOC00PLE, ROD 21, LEVEL D 32 TO 1897 DEGREES F

.622 TE-1229 SUBCHANNEL EUMBER 29 1HEEMOCOGPLE 32 TO 1897 DEGREES F

623 TE-326 B E ' SHEATH THEREOCOUPLE, ROD 26, LEVEL E. 32 TO 1897 DEGREES F'

, e , y y- ..
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Table 3 (eentissed)
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_ _ ..

024 TE-1213 $UbCHAhMEL bOMBEE 13 THER90 COUPLE 32 70 1997 DFGBEES F

625 TE-3518E SdEATh THEbEOCPDPLE, EOD 51, LEVrL E 32 TO 1897 nEGREES F

626 TE-186E SHROUD ROI T REPMOCOCPLE, LEVEL G, EAST SIDE 32 TO 1997 DEGSEES /

627 T E-12 RCD S H E 4*r! THERMOCOUPLE, liOD 2d, LEVEL D 32 TO 189 7 DFGEEES T

620 TE-320CE SHE ATH T!1EEMOCOUPLE, kOD 20, I. EV EL E 32 TO 1897 D EGE EES P CUESTI6 ?:J BL T

6 29 T E-3 2 0 B E SdEATH THERPOCOUPLE, T. 0D 20, LE73L 2 12 70 1A97 DEC!ETS P

630 TE-320AE SHE ATH THEPROCOUPLE, RUD 20, LEVEL E 32 TO 1897 DEG9EES F

631 T E-320 CD SHE ATM THEPEOC07PLL, LOD 20, LEVEL D 32 TO 1A97 DEG6ETS F

632 T E- 320CF SHLATH THE5MOLOUPLE, 500 20, LEVEL F 32 TO 1897 DEG3EES f

631 TE-320AF SHEATit TPFSPOJOUPLE, kOD 20, LEVEL F 32 TO IJ97 DFG4EFS F

634 TE-320BD Shr.ATH TH E3 M0COUPL F., BOD 2 0, L EV 'v. D 12 r3 1 A 37 DL%FES r

635 TE-316bE S!!EATH THEREOCuGa&E, ROD l ti , LEVEE E 32 TO 1397 DE3?EES '

636 TE-355CD SilEA!!! THELMOCOUPLE, EOD $5, LEVEL D 12 To 119 7 D EG/EES P j

637 T E-314 AC SHEATH THTPM0 COUPLE, FCD 14, LFVEL C 12 TO 1997 DEG;FES F

638 TE-314AA S!!E ATil THLDROCOUiLF, LOD 14, LEVEL A 32 TO 1897 DMG?EES F

639 TE- 31 ABD SH E A!!! LIE't M r'.6JPL E, h03 18, LEV!L D 32 To 1997 LFGlFES T

640 TE-1207 SUBCli A D EL MU MB Fe 7 THEF McCOUPLE 32 TO 1*97 DLG!'ES r $
641 TE-1255 $U6 CHANNEL EU".13EL 55 Ti!FRMOCOUPLE 32 10 1097 DPGEETS T

642 TE-31ACD SIIE A T11 TI!E F M OC 09 P L E, POD 18, LE%EL D 32 Tu 1997 DLGFFES F

643 TE-320AG SilEATit "IIEtiMClelf PLi', TOL 20, LETE'. G .s2 To 1P97 LEGir,ES I

644 TE-325&D SSIEAT H Tu r.950.CO'J PL F, TOS 2 5, LEVEL D 32 TG 1897 DEGIEES F

645 TE-325FA SiiE ATH TH %?.OCOUPLE, h0D 25, LEVZL A 32 TO 1P97 DFGTELS T

646 TE-325PA SHEATH THEPM0 COUPLE, P OD 25, LLT EL A 32 TO 1C97 DFGPrrS T

647 TE-325bC ShE ATil TH.5L R0( ourLE, F oD 2 5, LEVEL C 32 TO 1997 DRGE*Es F

648 TE-325Ch SHLAT d T'IFf'FcrO UPLE, 500 25, LEVEL b 12 to ta97 DLGS*FS i



Table 3 (sostimand) .
. - = - - = = - = __ -- ...___ ----_ ....... ..... . ........ ..

FIGURE INSTRUMENT
NU M B ER NAME DESL kI PTIOD PAhGL C6 * POWa3

649 TE-325AC SMPATH THEsRCCOUPLE, ROD '25, LEV FL C J2 TO 1897 2'?1& DES F

650 TE-325LD SHPA1H TdE5EOCOUPLE, POD 25, LEVEL D 32 TO 1837 PFG'tSS F
651 EEE-1026s2 2EPO IbPUT CRAENELS 1536 TO 1663 0 TJ 44 MV

6 52 EEE-1026MC LALibEATION INPUT CHANNELS 1536 TO 1663 0 Tu 40 sv

653 TE-337aC MIDDLE TPFPMOCOUPLL, 80D . 37, LFvEL C 35 TO loc s JEq* Its * FAILED IbS*RG1ENT
654 TE-J3 7s t BIDDLE TRE6EOCOUPLE, ROD 3 7, LEVEL E 35 TO 190c T tGrEEs .
655 TE-337RD SIDDLE THE&nOCOUPLE, 90D 37, LEVEL D 35 To 1903 DtG5EES P
e56 TE-337MF RIDDLL THEFEDCOUPLE, ROD 37, LEVf.L F 35 To 1900 DLGEEEs F
657 TE-345HE MIDDLE THER50COHPLE, ROD 45, LEVEL E 35 TO 1903 .*EGIEES P
6 58 TE-345MG 81DDLL THEF.MOCOUPLE, POG 45, LEVEL C 35 TO 19J1 DEGLFES *
659 TE-345MD RIDDLE THER80 COUPLE, ROD 4 5, LEVEL D 35 70 . 1900 DEGSEES F
660 TE-332&E SHEATd THERPOCOUPLE, ROD 32, LEVEL E 32 TO . 1893 DEGDEES P
661 T E-328 EC HIDDLE THEREOCOUPLE, POD 24, LEVEL C 35 TO 14J1 DEG2EES F
662 TE-328ME MIDDLE THESEOCOUPLE, RnD 2 3, LEV EL E 35 TO 1113 LEGREES P

663 TE-328MF MIDDLE THERROCOUPLE, ROD 28, LEVEL F 35 TO 110t u MG2 E ES F

664 TE-328MD MIDDLE TdEPMOCDUPLk, ROD 28, LEYFL D 35 To. 1700 DEC9EES P

665 TE-329aE MIDDLE THEREOCOUPLE, ROD 29, . LEVEL E 35 TO 1900 DEG3ELS &, . f)
6 66 TE-3295C HIDDLE THERROLOUPLE, ROD 29, LEVEL C 35 TO 1900 DECREES F

667 TE-329MD HIDDLE THER50 COUPLE, BCD 29, LEVEL D 35 TO 1900 DFte9EES F

668 TE-329MD MIDDLE THERMOCOUPLE, SOD 29, LEV EL B 35 TO 190" DEcRc?r F

669 TE-338MD RIDDLE THERMOCOUPLE, ROD 39, LEVEL D 35 TO 19 0 0 * EG .'.*% *

670 TE-338RB EIDDLE THERRuCOUPLE, ROD 38, LEVEL B 35 TO 1900 DEG3EES F
671 TE-338EA MIDDLE T HZEROCOUPLE, ROD 33, LEVdL A 35 TO 1?iC 4ECBRES F

672 TE-338MC RIDDLE THEkROCOUPLE, POD 39, LEVEL C 35 TO 1930 OEGREES P

e73 TE-355MA MIDDLE THEREOCOUPLE, ROD SS, LEVEL & 35 To tion DEGREn3 r

* * e. e a 'e
sr

t
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Table 3 (sostsamade
---- . _ . . _ _ _ . . . . _ _ . . . . . . . . . . . . . . . . . - _ . . . . _ _ _ _ _ . . _ _ _ _ _ _ _ _ . . - . _ _ ...

FIGUBE INSTRUMENT
DESCRIPTION % dF COMMRETS

NJabES NAME
_

724 TE-306MA MIDDLE THELM0 COUPLE, 10D 6 LETEL A 35 70 1900 DECEEES F

725 TE-306BD MIDDLE THEPhoc00PLE, ROD 6, LEVEL D 35 TO '900 DEGPEEJ F

726 TE-335BD SHEATH THERMOCOUPLE, ROD J5, LEVEL D 32 70 1897 DEGPEES F

727 TE-30bMC MIDDLE TH7hMOCOUPL E, ROD 6, LEVEL C 33 TO 1900 DFOREPS F

728 TE-311MF MILDLE THEdROCOGPLE, DOD 31, LEVEL F 15 TO 4900 DE.;b ELT. F

7 29 TE-920 PURG E LINE S ETUB D TEMPFN ATURE 25 TO 1900 DFGbEFS P

730 TE-921 INNER SEAL COOLANT SUPPLY TEMPERATURE 15 TO 1's00 DEGREES F

731 TE-922 IN NER S EAL COOL Ab7 SUPPLY TEMPEB ATUR E 35 TO 1900 DEGFEES F

732 TE-347EG MIDDLE THBe50 COUPLE, MOD 47, LEVEL G 35 TO 1900 DRGREES r

733 TE-347aE MIDDLE THZasoC00PLE, kOD 47, LEV EL E 35 Tu 1900 DEGREES F

734 TE-3475D BIDDLE Tile 8M0 COUPLE, LOD 4 7, LEYEL D M To 1900 DNPEES F

732 TE-347MF 9IDDLE THERMOC00PLE, RCD 47, LEVEL F 15 20 1900 DEGPPE3 F

736 TE-31dCF SHEATH THERMOCOUPLE, EOD 13, LEVYL F 35 To "700 D t:GP E ES P

737 TE-318BF SHEATH THERMOCOUPLE, 20D 18, LEVEL F 15 To l')00 DEGF t:FS / |

73d TE- 3154D MIDDLE TilERMCC00PLE, ROD 15, LEYEL D 34 70 1300 DEGPEES P

739 T E- 315 MC MIDDLE TR2RMOC00PLE, h0D 15, LEV EL C 35 TO 1900 DEGFEES P cN
LA

740 TE-305mu nIDDLE THEMMOCOUPLE, 600 5, LEVEL U s5 W 1*i,0 D EGR EFS P

741 TB-305MS MIDDLE Til8RMOConJLE, ROD 5, LEVEL S 3% 1" e900 D EGLEES F

742 TE-305hH MIDDLE THEPMUCOGPLE, POJ 5, LEVEL H 35 To 1000 DEG?EES P

7eJ TE-30$MT MIDDLE THERP.OCUUJLE, BOD 5, LEVEL T 35 70 1900 DEGEELS F

744 TE-3079F MIDDLE TIIEuoC09PLE, 800 7, LEVEL F e Tu '900 DEGFEEO F

745 T E- 307 ME MIDDLE tt;EhMcC00PLE, ROD 7, LEV EL E 35 't 1100 DEGEE't:S F

746 TE-107mC MI DDLE T H EE MOCOU PL E, 50D 7, LEVEL C 35 ". 1900 DEGREFS P FAILED 7dS U D.1ENT

747 TE-307MD MIDDLE THEPM0 COUPLE, ROD 7, LEVEL D 33 TO 1S0J DEGaEES F

748 T;-344AD SJEATH T HstiriOCOUPLE, SOD 44, LEVEL D 34 * i400 D*.GELES F
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Table 3 (sostimmed)
- ...- .. == ... _ . _- -__._

FIGU R E INSTRUMENT
5058 E8 BABE DESCRI PTIO R B&WGE COMMENTS'

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

774 TE-308Md RIDDLE THE850 COUPLE, ROD 8, LETEL B 35 TO 1500 DEGRELS F
775 TE-328AF SHEATH TuiRHOCOUPLE, ROD 28, LETEL F 32 TO 1897 DEGREES F
776 TE-308MD HIDDLE THERHOCOUPLE, ROD 8, LETEL D 35 TO 1900 DEGREES F

777 TE-308mc HIDDLE THERMOCOUPLE, ROD 8, LETEL C 35 TO 1900 DEGPERS T
778 TE-328AC SHEATH THEREOCOUPLk, BOD 28, LEVEL C 32 TO 1837 DEGBEES F
779 TE-332SD RIDDLE THERMDCOUPLE, ROD 32, LEVEL D 35 TO 1900 DEGPEES F
780 TE-332MG RIDDLE THESMOCOUPLE, 800 32, LETEL G 35 TO 1900 DFGBEES F

781 TE-332ME RIDDLE T3EB50COOPLd, ROD 32, LETEL E 35 TO 1900 DEGPEES F
782 TE-34880 MICDLE THERMOCOUPLE, ROD 4 8, LETEL U 35 TO 1900 DEGREES F
783 TE-3488H RIDDLE THER50 COUPLE, BOD 4 8, LETEL H 35 TO 1900 DEGREES F
784 TE-348ES RIDDLE TREt50 COUPLE, BOD 48, LET EL 5 35 TO 1900 DEGBEES F
785 TE-348MT HIDDLE THERROCOUPLE, RCD 48, LEVEL T 35 TO 1900 DEGPEES F
786 TE-3575C MIDDLE THERROCOUPLE, ROD 57, LETEL C 35 TO 1900 DEG8EZS F

'787 TE-357M8 MIDDLE THERROCOUPLE, ROD 57, LEVEL B 35 TO 1900 UEGREES r
788 TE-35750 MIDDLE THER50 COUPLE, BOD 57, LETFL 0 35 TO. 1900 DEspEES F

789 TE-3575A MIDDLE THEB50 COUPLE, acD 57, LETFL A 35 TO 1900 DEGsERS F og
790 TE-349RE MIDDLE THESROCOUPLE, SOD 49, LEVEL E 35 TO 1900 DEGREES F 'd

798 TE-349MD RIDDLE THERHOCOUPLE, ROD 49, LETEL D 35 TO 1900 DEGEEES F
792 TE-349mc aIDDLE THEEMOCOUPLE, ROD 4 9, LETEL C 35 TD 1900 DEGBRES F-
793 TE-349M8 RIDDLE THERROCOUPLE, SOD 4 9, LEVEL B 3% TO . 1900 DEGREES F

794 TE-318CE SHEATH THERROCOUPLE, BOD 18, LEfth E 35 TO 1900 DEG3E ES F
795 TE-3175E MIDDLE THERROC00PLE, BOD 17, LET EL E 35 TO 1900 DEGR2ES F- FAILED INSTRUSEh?
796 TE-333AE SHELTH THERMOCOUPLE, BOD 33, LETEL E 35 TO 1900 DEGBEES F
797 TE-333BE SHEATH THERMOCOUPLE, h0D 33, LEVEL E 35 TO 19G0 DEGREES F
798 TE-335AE SHEATH THERP 0 COUPLE, SOD 35, LETEL E 35 Tu 1900 DEGREES F



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

Table 3 (eeatissed)
--

. = - - - - .....- - _ .._

FIGURE INSTSDMENT
NUMdEt RARE

D *SCRI PTI.O N .. - = ...... SANG.E-= = - _ _ -_C0m?ETIS.~ . _- .........

799 TE-333EC RIDDLE tarka 0 COUPLE, 803 33, LEV EL C 35 TO ING DEGREES F.
800 TE-1247 $U8Ctf AN NEL bUMBER 47 THEB50 COUPLE 35 To 1900 DEGERES F
801 TE-335CE SHEATH THERn0 COUPLE, kOD 35, LETEL E 35 70 1900 DEGaEES P
802 TE-341MA RIDDLE THZ6dOCUUPLE, F0D 41, LEVEL L 35 TO 1990 DEGREES F
803 TE-J41n0 RIDDLE THERSOCOUPLE, RUD 41, LEVEL D 35 TO 1900 DEG2EES F
804 TE-341MB HIDDLE THEPM0 COUPLE, BOD 41, LEVEL B 35 TO 1900 DEGREES F-
805 TE-341nC MIDDLE THER50C00PLE, BOD 41 LEVEL C 35 TO 1900 DEGREES F
306 TE-325nC NIDDLE THERMOCOUPL E, 80D 25, LETEL C 35 TO 1900 DEGREFS F
807 78-3255D RIDDLE THERMOCOUPLE, RCD 25, LEVEL D 35 TO 1900 DEGREES F
8 08 TE-J25MB AIDDLE THERMOCOUPLE, SOD 25, LEVEL e 35 TO 1900 DEGREES F
809 TE-325MA MIDDLE THEB50 COUPLE, BOD 25, LETEL & 35 TO 1900 DEGEEES F
813 TE-303aK HIDDLE THERMDC00PLE, ROD 3, LEVEL E 35 TO 1900 DEGREES F
811 TE-303nG aIDDLE THE250 COUPLE, ROD 3, LEVEL G 35 TO 1900 DEG3EES F
812 TE-303aF BIDDLE THERMOCOUPLE, BOD 3, LE8EL F 35 TO 1900 DEGBEES F
813 TE-303a0 MIDDLE THERMOCOUPLE, SOD 3, LEVEL D 35 TO 1900 DEGBEES P
814 TE-3588F BIDDLE THERMOCOUPLE, SOD 58, LEVEL F 35 TO 1900 DEGREES F

ch
8 15 TE-358sD. NIDDLE Tutan0 COUPLE, B OD 5 8, LEVEL D 35 70 1900 DEGREES F : ce
816 ' TE-358nE MIDDLE THEB50 COUPLE, SOD 58, LETEL E 35 70 1900 DEGREES F

'8 17 TE-358aG RIDDLE THE880 COUPLE, ROD $8, LEVEL G 35 TO 1900 DEGREES F
8 18 TE-309sc RIDDLE THER50 COUPLE, ROD 9, LEVEL C 15 TO 1900 DEGHEES F
8 19 TE-304AE SHEATH THERROCOUPLE, BOD 4, LEVEL E 35 TO 1930 DEGREES F
820 TE-304CE SHEATH THERMOCOUPLE, ROD 4, LEVEL E- 35 70 1900 DEGREES F
821 TE-309N8 NIDDLE THERMDC00PLE, ROD 9, LEVEL 8 35 TO 1900 DEGREES F
822 TE-328&E SHEATH THERR0 COUPLE, ROD 2 8, LEVEL E 32 TO 1897 DEGBEES F
823 TE-334s3 aIDDLE THEB50 COUPLE, ROD 34, LETFL S 35 TO 1900 DEGesES F

[~

: f. . . ., , . .
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Table 3 (eestiard)
--

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

FIGUBE INSTRUMENT
BUMDER BAME D ESCRI PTIO N S&sGE COMMENTS

824 TE-33455 MIDDLE THE850CDUPL E, 30D 34, LETE! H 35 TO 1900 DEGREES F
825 TE-1279 SUBCHANNEL NUMBE3 79 THERMDCOUPLE 35 TO 1900 DEG2EES F
826 TE-310MC MIDDLE THEFNOCOUPLE, ROD 10, LEVEL C 35 TO 1900 DEGREES F

827 TE-1266 SUDCS A NN EL MUBB ER 66 THERMOCOUPLE 35 70 1900 DEGREES F
828 TE-310ME MIDDLE ThERMDCOUPL E, kOD 10, LET EL E 35 TO 1901 DEGREES F

8 29 TE-310MD MIDDLE THERMOCOUPLE, ROD 10, LEVEL 0 35 70 1900 DEGBEES F
830 TE-302MC MIDDLE THERMOCOUPLE, BOD 2, LETEL C 35 TO 1900 DEGREES F QUESTIONABLE
a ll T E- 1269 Subculsurt muMBEa 69 THERMOCOUPLE 35 TO 1900 DEGREES F
832 TE-302M8 MIDDLE THERMuc0UPL E, ROD 2, LEVEL a 35 TO 1900 DEGREES F QUESTIO54BLE
833 TE-302MD MIDDLE TREEMDCOUPLE, ROD 2, LETEL D 35 TO 1900 DEGREES F 00ESTIONABLE )
834 TE-350MF HIDDLE THtRM0 COUPLE, ROD 50, LEV EL F 35 TO 1100 DFGkEES F
835 TE-350PC MIDDLE THERMDCOUPLE, SOD 50, LETEL C 35 TO 1900 DEGREES F
836 TE-350ME MIDDLE THEFEOCOUPL E, ROD 50, LEVEL E 35 TO 1900 DEGREES F |

d37 TE ,50MD MIDDLE THERMOCOUPLE, ROD 5 0, LEVLL D 35 70 14 00 D EG8 S ES F

834 TE-318ME MIDDLE THEEMOCOUPLE, ROD 18, LEVEL F 35 TO 1100 DEGAEES F QUESTIONA3LE
839 TE-318MD MI DDLE THERMOCOUPLE, BOD 18, LEV EL D 35 TO 1900 DEOBEES P
340 TE-318MF MIDDLE THEFROCOUPLE, PC; e 9, LEVEL F 35 TO 1900 DEG3EES P
841 TE-1275 SUBCFANNEL NUMBER 75 THERMOCOUPLE 35 TO 1900 DEGLEES F
842 TE-312ME MIDDLE THEPEOCOUPLE, ROD 12, LEVEL E 35 TO 1900 DFGAEES P
'343 TE-312MD MIDDLE THERMOCOUPtE, kOD 12, LEVEL D 35 TC 1900 DEGBEES F
844 TE-312MC MIDDLE THELMOCOUPLE, kOD 12, LEVEL C 35 TO 1900 DEGREES F
845 TE-312MB MIDDL E THERM 0 COUPLE, ROD 12, LETEL 8 35 TO 1900 DEGREES P
846 TE-321RD HIDDLE TEERH0 COUPLE, POD 21, LEVFL D 35 TO 1900 DEGBEFS F
847 TE-328CE SHEATH THEDROCODPLE, EOD 2 8, LETFL E 32 To 1897 DEGPEES F
848 TE-321M8 MIDDLE THERMOCOUPLE, BOD 21, LETEL B 35 TO 1900 DEGREES P



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

Table 3 (contimed)
. ._ -- - -- - _... .....

' FIGURE IESTRUMENT
s u a B_EB SAME DESCRIPTION PANGE C01MENTS

_

849 TE-321MA BIEDLE THRRROC00PLE, 60D 21, LETEL A 35 TO 1900 DEGL3ES F FAILES I4STRUMFMT

850 TE-335m! MIDDLE THERM 0 COUPLE, BOD 35, LEV EL E 35 TO 1900 DEGkEES F

851 TE-335MC HILDLE THEEMCCOUPLE, ROD 35, LETEL C 35 TO 1900 DEGREES F

852 TE-335aD nIDDLE THERPOCOUPLE, RCD 35 LEVEL D 15 TO 1900 DEGEEES P

85J TE-335mb sIDDLE THERSOCOUPLE, EOD 35, LETEL 8 35 TO 1900 DEGEEES F

854 TE-358AD SHEATH THE250 COUPLE, kOD 58, LEVEL D 35 TO 1900 DEGREES F

855 T E-327 MB aIDDLE THEkROCDUPLE, SOD 27, LEVEL B 35 TO 1900 DEGREES P

856 TE-301CD SHEATH THEkROC00PLE, BOD 1 LEVEL L 35 TO 1900 DEGEEES P

8 57 TE-358BF SHEATH THERROCOUPLE, ROD 58, LEVIL F 35 TO 1900 DEG3EES F FAILED INSTPDAMNT

858 TE-3205D MIDDLE THERBOCOUPLE, BOD 20, LLTEL D 35 TO 1900 DEGREES P

859 TE-3205G HIDDLE THEREOC00PLE, ROD 20, LEVEL G 35 TO 1900 DEGREES P

860 TE-328CC SHEATH'THEREOC00PLE, h0D 28, LEVEL C 32 70 1897 DEGREES F

861 TE-304AD SHEATH THZkMOCCUPLE, BOD 4, LEVEL D 35 TO 1900 DEGREES F

862 TE-337CD SHE ATH THERMOCOUPLE, BOD 37, LEVEL D 35 TO 1900 DEGSEES F

863 TE-310DD SHEATH THERM 0 COUPLE, ROD 10, LETEL D 35 70 1900 DEGREES P

864 TE-351BC HIDDLE THERMOCOUPLE, SOD 51, LEVEL C 35 TO 1900 DEGREES F

865 TE-311mC nIDDLE THEREOCOUPLE, ROD 11, LEVEL C 35 TO 1900 DEG2EES F k$
866 TB-J11sD HIDDLE TREEMOCOUPLE, 90D 11, LEVEL D 35 TO 1900 DEGREES F

867 TE-359EE SHEATH THERMOCOUPLE, BOD 59, LEVEL E 35 TO 1900 DEGREES F

868 TE-311MA MILDLE THEkROC00PLE, BOD 11, LEV EL A . 35 to 1900 DEG?EES F

'869 TE-326HD RIDDLE THERROCOUPLE, ROD 26, LETEL D 35 TO 1900 DEGREES F

870 TE-J265C SIDDLE THEBROCOUPLE, BOD 26, LETEL C 35 To 1990 DEGREES F

871 TE-310AE SHEATH THER50 COUPLE, SOD 10, LEVEL E 35 TO 1900 DEGREES F

872 TE-326ME MIDDLE THEBa0COUPL,E, BOD 26, LEVEL E 35 TO 1900 DEG2EES F
'873 TE-304aD AIDDLE THEE80 COUPLE, ROD 4, LEVEL D 35 TO 1900 DEGREES F

, e s . . .
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Table 4. Thermal-Hydraulic Test Facility Test 3.05.5B
---------------------------------------------

_

FIGURE TYPE
NAME NUMBER COD 3

DE-168 147 106

DE-20 145 106

DE-204A 16e .106

DE-2048 167 106

DE-204C 168 106

DE-218 148 106

DE-262A 169 106

DE-262B 170 106

DE-262C 200 106

DE-36 146 106

EEE-10 98 33-

EEE-1026AC 2 39
~ EFE-1026AZ 1 38

EEE-1026BC 117 39

EEE-1026BZ 116 38

EEE-1026IC 202 39

EEE-1026IZ 201 38

EEE-1026JC 319 39

EEE-1026JZ 318 38

EEE-1026KC 434 39

EEE-1026KZ 433 38

EEE-1026LC 540 39

EEE-1020LZ 539 38

.

.
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Table 4 (continued)
______________ _______________________________

.

FIGUEE TYPE
NAME NUMBER CODE

.

EEE-1026MC 652 39

EEE-1026MZ 651 38
EEE-1026HC 76S 39

EEE-1026NZ 764 38

EEE-11 99 33
EEE-12 100 33

EEE-9 97 33

EI E- 10 94 32

EIE-1001B 102 30
EIE-11 95 32
EIE-12 96 32

EIE-1301 60 31

EIE-1302 90 31 *

EI E- 1303 71 31

Eld-1304 92 31 ~

EIE-1305 72 31

EI E- 1306 36 31

EI E- 1307 38 31

EIE-1308 35 31

EIE-1309 57 31

EIE-1310 91 31

EI E-1311 73 31

EI E-1312 37 31,

!
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Table 4 (continued)
_____________________________________________,

FIGURE TYPE
NAME NUMBER CODE

, _____________________________________________

EI E-1313 34 31
EIE-1314 33 31'

EIE-1315 80 31
EIE-1316 40 31

EIE-1317 58 31
EIE-1318 61 31
EIE- 13 20 70 31

EI E- 13 21 39 31
EI E-13 23 82 31
EIE-1324 41 31

EI E- 13 25 55 31
EI E-13 26 63 31

EIE-1327 87 31
.

EI E- 1328 59 31
*

EI E- 1329 83 31

EIE-1330 81 31

LIE-1331 32 31
EIE-1332 48 31
EI E- 1333 64 J1 .

EI E- 1334 62 31

EIE-1335 56 31
EIR-1337 85 31
EIE-1338 47 31
.

9

6

- .
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Table 4 (continued)
_____________________________________________

,

FIGUhE TYPE
NAME NUMBER CODE

_____________________________________________ .

SIE-1339 31 31
EI E- 13 40 49 31

EIE-1341 88 31

EIE-1342 89 31

EI E- 1343 67 31
EIE-1344 66 31

EIE-1345 53 31

EIB-1347 46 31

EIE-1348 50 31
EI E- 13 49 54 31

EIE-1350 65 31
EIE- 1351 69 31

EIE-1352 68 31 *

E1E-1353 77 31

EIE-1354 52 31
.

DIE-1355 51 31

EIE-1356 84 31
EI E- 13 57 74 31

EIE-1358 75 31
EI E- 1359 76 31

EIE-1360 86 31
EIE-1361 43 31

EIE-1362 42 31

.

4

__ . _
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Table 4 (continued)
----__----__--__--__---_---____--------_-__-_

.

FIGUHE TYPE
NAME NUMBER CODE

, __-_-_-_-__-_ ---_-_-____-_--_____ -_-__--___

EIE-1363 45 31

EIE-1364 44 31

EIE-9 93 32
EWE-77A 108 34
FE-1A 151 107

PE-110 195 109

FE-166 110 109

FE-ISA 26 108,

FE-19 109 109

FE-202 196 109

FE-216 144 109

FE-232 194 109

FE-250 197 109*

PE-260 193 109
' '

FE-280 199 109

FE-34 143 109

FE-51 191 109

FE-522 112 95

FE-550 113 96

; FE-59 192 109

FE-620 114 95
,

FE-64 193 109

FE-720 115 95

: '

i

80

4

4
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Table 4 (continued)
---------------------------------------------

.

FIGUEE TYPE
NAME NUMBER CODE- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

,_

FMFE-114 125 40

FMFE-170 24 35
FMPE-200 78 35
FMPE-22 22 35
FMFE-220 25 35
FMPE-254 126 40

FMFE-264 127 40
FMPE-38 23 35
FMFE-55 122 40
FM FB-61 123 40

FMPE-66 124 40
LE-100 156 105
1E-1400 171 50 *

LE-1401 172 50
LE-1402 173 50

~

LE-1403 174 50
LE-1404 175 50
LE-1405 176 50
LE-1406 177 50
LE-1407 178 50
LE-1408 179 50
LE-1409 180 50
L2-1410 181 50

.

%
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. Table 4 (continued)
_____________________________________________

*

'FIGURS . TYPE
NAME- NflM BER CODE

_____________________________________________
.

LE- 141 '1' .182 50

LE-1412 183 50:
LE-1413 184 50
LE-1414 185 50

LE-1415 1d6' S0

LE-1416 187 50

LE-1417 188 50

LE-1418 18) 50
LE-1419 190 50

PDE-111 140 28-

PDE-Ind 3 75
PDE-1d1 4 75

PDE-182 5 75.,

PDE-183 6 75
.- PDE-134 7 75

PDU-185 8 75

PDE-186 118 75

PDE-1d7 119 75

PDE-186 120 75

PDE-109 121 75 )

PDE-200 21 28 .|

PDE-203 141 28

PDE-21 27 26,.

'
.

e
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Table 4 (continued)'
4

1

. FIGUEE TYPE
. . .-

'

NAME NUMBUI: CODE
---------------------------------------------.

.

PDH-251 142 '20

PDE-2n1 104 42
L

.

. 43PDE-271- 165
,

PDE-30 153 98

PDE-3b 28 2o

'PDr.-46 19 26

PDE-48 155 97-

PDE-53 137 28-
4

j- PUE-60- 138 28

P D E- n b . 139' 26'
t.
4 PDE-78 '4 0 - 27.

PE-102 157 24

24- 1 J ti 13 23 .,

JE-116 122 23

PE-15 128 23- .

PE-156- 14 23

PE-16 105 23

I~ PE-174 29 23

PE-201 15 23

PE-20') 133 23
%

PE-224 30 23

PE-2S8 134 23

PE-26 9 23
i

3

e

.

1

j - ..

4

!
4

1

J

*t

-,-- _. _ . _ , . . . _. . . . _ . - _ _ - _ . . _ _ . _ , _ , _ . . _ . - . - _ . , _ _ . . . . . _ , , _ ,__
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Table 4 (continued)
_____________________________________________

FIGUhh TYPE
N A t'. E :e u t' U E F C ')D E

__.____________________________ _______ _____

PE-2n6 135 23

PE-27 106 23

PE-266 13o 23

PE-32 154 24

PE-412 I t, 25

PE-42 10 23

PE-425 111 23

PE-43 107 23

PE-44 11 23

P E- 52t 17 2 ''

PE-58 129 23
P L- ta l t, 1E 29

( PE-03 130 23

PE-6d 131 23

PE-76 12 21

S t. - 7 2 79 36

'l D r.- 2 H 152 99

1d-1 392 6

TE-101 162 110

TE-lle 394 ti

TE-1201 J64 3

s E- 12 0 5 357 a

l' E- 12 0 / 640 3
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Table 4 (continued) .

(

_____________________________________________

.

FIGUFR TYP3
NAME N Ult b 6h CODE

_____________________________________.________
,

TE-1209 241 3

| TE-1211 361 3

| rE-1211 624 1
i

TE-1214 359 3'

rE-1216 500 3

rE-1217 242 3

TE-1219 419 3

TE-1220 418 3

Td-1221 362 3

't E- 12 2 3 35d 3

TE-122S 245 3

TE-1226 243 3

10-1227 247 3 *

TE-1229 ot2 3
*

TE-1230 371 3

TS-1231 363 3

TE-1232 360 3

TB-1234 218 3

PE-1235 29n 3

TE-1237 372 3

TE-1233 373 3

TE-1239 374 J

TE-1240 370 3

.

4

_- - _ _ _ _ _ - - . _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _
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Table 4 (continued)t

|
| _____________________________________________
*

F I G III< E 1YPE
NAME N U r.D EP CODE

_____________________________________________
.

TE-1241 381 3

TE- 124 2 237 3

TE-leu 4 240 3

TE-1245 23H J

TE-1247 800 3

TE-1243 3 ti f, 3

T i'- 12 4 9 244 3

TE-1250 382 3

T E- ~ ? i l 365 3

T L.- 12 5 2 : 2 e; 1

T E- 12 % M1 '

rE-1256 3 e'9 3

TZ-1258 239 3,

TE-12S9 377 3

;c-12c0 375 3
.

TU-Izu1 J79 3

T E- 12 t> 3 2 *> 0 3

TE-12,5 3 #,8 3

T r;- 12 e> 6 827 J

'I E- 12 f. U JH3 3

Y !:- 12 t. 9 8J1 3
~

TE-1270 376 3

'; r.- l i 71 360 3

.

0

0

___ _ _ _ _ _ _ . -
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Table 4 (continued)
_____________________________________________

,

FIGURE '1 Y P E
NAME N U.18 EE CouE

________ ____________________________________ ,

IE-1273 307 3

Tc-1275 841 3

TE-1277 378 3

TE-1279 825 3

TE-1281 384 3
,

TE-150 3 ri9 6

TE-151 390 0

Td-152 391 6

TE-172 396 6

TE-181W 325 4

11.- l o2 E 385 4

TE-182S 604 4

T2-181N 367 4
*

TE-1834 602 4
*

TE-184E 388 4

T E- 184 S 001 9

T E- l a n 326 4

iE-1868 c26 4

1C-1865 324 4

TE-187N 386 4

TE-167W 603 4

TE-Id%A 464 9

18-18 dad 458 8

.

O



&
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Table 4 (continued)
______ _______________________________________

e

FIGUhd TY?E
N Ari E NUMSER CODE

, ________ _____________________________________
,

TE-188AC 451' 8

TE-188AD 456 :d
'

1

TE-188AE 463 8
*

Td-188AF 454 8
) TE-188AG 457 8

i TE-183DA 460 8
j

.

TE-188BB 455' 8,

- TE-188bC 462- 8'
' TE-180BD 459 8

TC-1dHBE- 453- 8

T E- 188 D F D461 8

f TE-2 393 o
~* TE-208 409 6'

j TE-210 A 101 110
7 TE-222 397 6

TE-24 395 6
!

TE-250 410 6

i TE-266 411 6.
4

! TE-28a 160 71

| TE-284 412 o
l

i fE-29 399 6
1

: IE-291A- -327 7
1

; TE-291B 322 /

|
:
4

8i

l
?

9

i

,

4

7

t

.

-- , = . - - .-.m y .--%-- - ,, v.--.r-,--v. ,,r,.-, ,e , , . , , ,_,..n- . . . , . . - . , - . ~ - . ,.e-,- - -
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Table 4 (continued)
_____________________________________________

.

TI G U It E TYPE
hafE tiU.1bEP CODE

_____________________________________________
.

TL-291C 321 7

Tc-291D 310 7

1E-292A 320 7

T E- 2 '3 2 D 306 7

T d-2 92 D 307 7

TE-293A 315 7

TE-2930 334 7

'IE-293C 328 7

''E-293D 313 7

"d-293E , .? 7

T.;-293F R3 7

T E- 2 9'4 B 329 7

TE-294D 331 7 .

TE-294E 310 7

Tu-294r 311 7 -

TM-295A 317 7

TE-295b 309 7

TE-295C 316 7

TE-205D 309 7

T E- 2 9 t, B 335 7

1 E- 29 e> D 330 7

TE-301AD S49 1

1E-301CD B56 1

.

O
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Table 4 (continued)
---------------------------------------------

.
FIGURE TYPE

NAME NUMBEh CODE
------------_-------_---------------_--------

.

TE-302AB 552 1

TE-302AD 551 1

TE-302AE 553 1

IE-302DC 554 1

1E-302MD 832 2

TE-302MC 830 2
.

TE-3025D 833 2

TE-303BE 536 1

*
TE-103DF 53 P,

TE-303CD 535 i

TE-303CE 547 1

TE-30lCG 5 'J7 i

TE-303MD 813 2
-

TE-303ME 810 2

TE-303MF 812 2*

TE-3035G 811 2

TE-304Ac 516 1

TE-304AD' 861 1

TE-304AE 819 1

TE-304AP 533 1

TE-304EE 545 1

TE-304CE 820 1

TE-304MC 874 2

i

|
|
|

.

t

|
'

e

- - - -- _ ._- __ - . - . . . . - - . . _ . - _ .
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Table 4 (continued)
_-----___---___--_-----__---____---_-_-___-__

,

FIGURE TYPE
NAME NUMBER CODE

___ --_-__----__-_-----_---------_-_--------- .

TE-304MD 873 2

TE-304ME 875 2

TE-304r.F 876' 2

TE-305AS 448 1

T E-305 Bli 449 1

TE-30580 447 1

TE-305CY 450 1

TE-305MH 742 2

TE-305MS 741 2

TE-305MU 740 2"

TE-305MY 743 2

TE-306AA 470 1

*TE-306AB 471 1

TE-306MA 724 2
.

TE-306MC 727 2

TE-306MD 725 2

TE-307AC 435 1

TE-307AF 437 1

TE-307BE 468 1

TE-307BF 466 1

TE-307CE 438 1

TE-307MC 746 2

TE-307MD 747 2

.

9
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Table 4 (continued)
_____________________________________________

.

FIGURE TYPE
NAME NUMBER CODE

_______________-_____________________________

TE-307dE 745 2

TE-307MF 744- 2

-TE-308AD 699 1

TE-308BA 472 1
|

|TE-308BC- 475 1 |

TE-308DD 474 1

TE-308CB 473 1

TE-308CD 452 1

TE-308MB 774 2

TE-308MC 777 2

TE-30dMD 776 2

TE-309AC 524 1

TE-309CB 534 1.

TE-309CD 523 1

* TE-309MB 821 2

TE-309MC 818 2

TE-310AE 871 1

'1E-310 A F 542. 1

TE-310BD 863 1

T E-310 D E 544 1

TE-3100F $55 1

TL-310CC 543 1

TE-310CD 541 1

.

e

- - -
. . _ . _ _ _ _ _ _ _ _ _ _ _ . _ __ _
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Table 4 (continued)
_____________________________________________

*FIGURE- TYPE
NAME NUMBER CODE

_____________________________________________
.

TE-310CF S5h 1

TE-310MC 826 2

TE-310MD 829 2

TE-310ME 828 2

TE-311AA 528 1

TE-311AB 527 1

TE-211CB "2h i

Td-311CC L25 1

T E-31 ' li A 068 ?

T3-31*MC 063 ?

TE-311MD 866 2

TE-312AE 287 1

TE-312BC 28b 1 ,

TE-312CB 288 1

TE-312CD S48 1 -

TE-312Ma 845 2

TE-312MC 844 2

Td-312MD 843 2

TE-312ME 842 2

TE-313AE 586 1

TE-313BC 414 .1

TE-313BF '416 1

TE-313CD 413 1

P

G

...
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Table 4 (continued)

------__--_------_-__----__---_----_--__-----

FIGURE TYPE
DAME NUMBEh CODE

---_____..-________-__-_--__-_-__-_-_-____-___

TE-313CE 415 1

TE-313CF 261 1

TE-314AA 638 1

TE-314AB 443 1

TE-314 AC 637 1

| TE-314BD 723 1
i
'

TE-314 M A 719 2
I TE-314MB 720 2

TR-314MC 721 2

TE-315AC 467 1

TE-315AF 465 1

TE-315MC 739 2

TE-315MD 738 2

TE-316AD 478 1

TE-31688 635 1

TE-316 B F 476 1

TE-31bDG 439 1

TE-316CE 477 1

TE-316CF 704 1

TE-116CG 479 1

TE-31bMD 767 2

TE-316ME 766 2

TE-31bMF 768 2

.
.. ..

_ _ . _ _
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Table'4 (continued)
_ _ _ _ _ _ _ - - - - _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ .

' '

FIGURE TYPE
NAME NUMBER CODE

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

.

TE-316MG 769 2

TE-317AE 496 1.

TE-317DE 488 1

TE-317CB 499 1
,

TE-317CC 497 1'

TE-317CD 498 1

TE-317CE 490 1

TE-317ME 795 2
'

TE-318AD 512 1

TE-310Ad 445 1

TE-31BAF 514 1

TE-3thAG *42 1

TE-318BD 639. 1 ,

TE-318BE 515 1

TE-318BF 737 1 -

TE-3188G 513 1
I

TE-318CD 642 1

18-310CF. 794 1

TE-318CF 73b 1

TE-318cG 469 1-

TE-31GMD 839 2

TE-318ME 838 2

,
TE-318MF' 840 2

i

I

9

0

._. _ .- _ . _ ._. _ _ _ - _ _ - - . - , . _ - _ _, __-
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Table 4 (continued)

_____________________________________________

> FIGURE TYPE
NAME NUMBEh CODE

_____________________________________________

!

| TE-320AD 506 1

TE-320AE 630 1
~

TE-320AF b33 1

TE-320AG d43 1

TE-320BD 634 1

TE-320DE 629 1

TE-320BF 507 1

TE-320BG $04 1

TE-320CD 631 1

T E- 320 CE 628 1

T. 320CF 6 3.? 1

TE-320CG 505 1

TE-320MD 950 2
s

TE-J20MG 839 2

TE-321AA 422 1,

TE-321AB 421 1

#TE-321AD 301 1

TE-321BC 423 1

TE-321LD c21 1
' '
~ '

TE-321CD 424 1
.

TE-321MA 849 2

TE-321MU 848 2

TE-321MD 840 2
|

3

)

- ..



94

Table 4 (continued)

______________________________. ______________
.

PIGIIR E TYPE
NAME NUMBER CODE

_____________________________________________
.

TE-323AA 420 1<

TE-323BC 417 1

TE-324AB 682 1

TE-324AC 482 1

TE-324AE 446 1

TE-324BD 483 1

TE-324CB 481 1

: TE-324CE 480 1

TE-324MC 758 2

TE-324MD 759 2

TE-324ME 757 2

TE-325AA 645 1

TE-325AU 644 1 .

TE-325AC 649 1
f

Td-325BA 646 1 -

TE-325BB 508 1
.

TE-325bc 647 1

TE-325DD 650- 1
'

TE-325CA 511 1

TE-32$Cu 648 1

TE-325CC 509 1

i- TE-325CD 510 1

TE-32SMA 809 2

.

I

i .

i

#

w,-,, , , , - - en ~ - - , e -,.->,.----e - - - ~ -e,, - - - - - - ~ - , ~ - , - - - -, - -v---- -----.
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Tabic 4 (continued)
______________________________._______________

.

F IGilE d TYPF
NAdE li U P. L E h CODE

_____________________________________________
,

t

TE-325nB 808 2

TE-325MC 806 2

TE-325dD dO7 2
''Th--3 2b AC 350 1

14-320AD 292 i

'1E-3ke.AE f,15 1

T E- 12e> b 3 352 1
,

TE-326LD 351 1

TE-32bbE L23 1

TE-326CD 427 1

id-320CE 349 1

I3-320dC 870 2

T E- 3 26 f.D dt9 2-

T E- 3 2 f, d E 672 2
'* TE-327AA 425 1

TE-327AC 294 1

TE-347AD '23 14

TE-327LA I32 14

Tr.-32ISL 429 1

TC-327bD 2% 1

TE-327CA 297 1

14-327CD 426 1

13-327CC 431 1

.

%
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Table 4 (continued).
4

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

FIGURE TYPE -

NAME NUMDEh CODE.
--__----_-------_-_---------_------__---_---_

..

TE- 327CD 430 1

TE-327M9 855 2
,

i TE-328AC 778 1

TE-32dA0 756 1
;

TE-328AE 822 1

i-

i TE-328AF -775 1

TE-328DD 502 1
;
1

TE-32duF 772 1

TE-326CC 860 1i

T *,- 12 8 C D 627 1
'

TE-328CE 647- 1
.

i TE-328CF 503- 1

TE-328MC 661 2'
.. 1

-

TE-328MD 664 2
i

TM-328ME b62 2- ,

TE-328MF ~ ob3 2-
,

TE-329t.B 565 1

TE-329AC Sb9 1
'

I

TE-329AD 571 1'

i Th-329AE 20S 1
j

TF.-329BB 206 1
|

TE-329UC 203 1

TE-329dD 204 1

r

| .

'

;

|

t

.

,
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Table 4 (continued)

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

*

FIGUhE TYPE
NAME N UM LEI: CODE

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

.

TE-329BE 570 1

TE-329CB S ti7 1

TE-329tD 56 ti 1

TE-329CE S68 1

T E-- 3 2 9 dis 668 2

TE-3293C 666 2

1 E - 3 2 9 r. '. 067 2

T E- 3 2 9 3. L 665 2

TE-3 31 At: 23+ 1
,

l' E-3 39 a E 233 1
-

TE 'J30bE 314 1

TE-330Cb 23o 1

TE-330Mb 710 2,

TE-3J0dC 715 2
- .

TE-330dE 718 2
~

-

Th-331oF 264 1

1E-331CD 221 1

TM-331CE 220 1
,

TE-331CF 219 1
'

Th-331MF 720 2
'

TE-J32AE 660 1

T i:- 3 32 C D 441 1
-

TE-332CE 9 3 e> 1

d

" 4

9

%

.
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Table 4 (continued)
---- .---_..-____--_-_---__------__------_____

.

F IGilh L TYPE
NAdd NUME2h CODE

_____-__---------________----________________
,

Tb-J32CP 440 1

TE-332CG 444 1

TE-332dD 779 2

Id-332ME 781 2

Tc-3a2aG 780 2

TS-al3AC 494 1

'tE-133AD 496 1

TE-333AS 796 1

TE-3 33BE 797 1
k

T Z - 3 3 3 C il 492 1

Ta-3J3CE 493 1

Td-333dC 799 2

T E -3 3 '4 Ali 597 1 *

TE-334AS 281 1

~

l'E-3 3 4 AY 598 1

T E- 33 4 b ri 00 |) 1

T&-33%US 591 1

f L- J J'6 b d 593 1

T r:- 314 t3 Y $ 9 ') 1

1..- ?. i 4 C n 282 1

TE-3J4CS 592 i

TE-334CU 590 1

T 3- 13 '4 C Y 280 1

.

P

. _ _ ._ . . _ _ . - _ _ _ _ . _ _
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Table 4 (continued)

______________________________________________

FIG Uit E TYPE
li A M d S U M B EP CODE

_____________________________________________

TE-334MH d24 2

TE-33443 823 2

TE-335AD 717 1

TE-335AE 798 1

TE-335bB 489 1

TM-335BD 710 1

76-33cBC 491 :

" E - 3 3 ~; C E 301 '.

2D'M3 85> ?

7 F- 3 ',5 r.C 05e /

T;:- 33 5 M L da2 2

n:-33 S M E H50 2

TE-337AE 279 1

TE-33700 777 1

TS-3373d 276 1

rE-33/bf 268 1

TE-337tD 862 1

1L-337CF 278 1

IE-337MC 053 2

TE-137MD 655 2

TE-337ME ts 5 4 2

T u- 3 3 7 ?. F LSb 2

1E-13 DAB 213 1

|

!

!
;

1
1

?
F

_ _ _ _ _ _ _ _ .
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Table ~4 (continued)-

_____________________________________________

FIGURE TYPE
NAME NUMbEB. CODE

,

_____________________________________________;

i TS-338BC- -211 1

TB-33BBD 212 1-

IE-33acD 312 1

TE-33BMA 671 2
.

| 1E-338dB 670 2'

!: TE-338dC. 672 2
i

TE-338MD 669 2'

TE-339AC 209 1

TE-339BD 208 1

IE-339bD 207 1

TE-339MB 714 2
:

; Th-339MC 713 2
!

>

TE-339MD 711 2-' -

1

TE-339dE 712 2
*

TE-340bC 213. -1<

TE-340BD 232 1

| TE-340CA 231 1

TE-340CB 230 1

i TE-340MA 751 2

TM-340MB 750 2

IE-340MC 749 2'

I TE-341Ab 298 1

:
Td .341,1 A 802 2

,

L

9

4

9

4

:

i
.

p4 'tgg- g T'" T -T w** -r e w+ P:* *=-7-**vt ^-y -t+ 7---m- *=ie+-c - + - - - - - - ---ese---- -wnesv---~w- * - - - ~ - m--- --= - ' * - - * *e--ze-
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Table 4 (continued)

_____________________________________________
>

FIGilF s TYPE
iNAME JUMBEL CODE '

) _____________________________________________

|

Td-341MB 804 2 |

TE-J41sc 805 2

TE-341MD 803 2

TE-342AG 299 1

TE-342bD 305 1

TE-342BE 303 1

PE-342BF 304 1

, TE-342bG 313 1
1

! TE-342CG 302 1
l

| TE-343AD 300 1

TE-343DA 293 1

TE-343bH 290 1

o Td-343bC 291 1

TE-343BD S50 1

EE-343MA 677 2

TE-343db 679 2

TE-343MC 67d 2

fE-343MD 680 2

fE-344AD 74d 1

TE-344AE 722 1

TE-344Ch 486 1

fE-344LC 465 1

TE-344CD 484 1

-

>

>

.
.

. _ _ _ _ _
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Table 4 (continued)
_____________________________________________.

.

FIGUEE TYPE
NAME hUMBEh CODE

_____________________________________________
.

TE-344CE 487 1-

TB-344MB 683 2

TE-344MC 681 2

TE-344MU- 684 2

TE-34 5 AD 222 1

7E-345Ac 575 1

TE-345AF 578 1

'd -3 4 'a AG . 22S 1

" i:- i 4 5 siD 572 1

.

TE-345DE ' 7 *~. 1.

)- Ti;- i s a S F 54 i

TE-34SLG 577 1

TE-345CF 224 1 .i

[ TE-34SCG 579 1

TE-34SMD 659 2
*

:

TE-34SME oS7 2

1 E- 34 5 MG 658 2-

TE-347CF 572 1

f TE-347CG 223 1

' TE-347MD 73% 2

i l'E- 3 4 7 5 E 733 2
:

; TE-J47MF 735 2-

TE-3473G 732 2,

:|

|

!

e

9
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Table 4 (continued)

..____________________________________________

FIGURE TYPE
NAME NUMuEB CODE

>

TE-348 All 262 1

TE-348AY 263 1

TE-348MU 783 2

TE-348MS- 784 2

TE-348MU 782 2

TE-348MY 785 -2

TE-349AE 289 1

TE-349BE 342 1

TE-349CB 345 1

T E-3 '19 tC 30.7 1 .

"
'.46TE 3', ICD .

IE-349CE- 346 1

TE-349MB 793 2
3

TE-349MC 792 2

i TE-349hD 791 2

TE-349ME 790 2

TE-350AC 613 1

TU-3SOAD 619 1

|

TE-350AF 617 1'

1E-350BC 020 1

TE-350BD t,14 1

TE-350bE 341 1

Th-350BF 344 1

h.

!

i
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Table 4 (continued)
_____________________________________________

,

FIGURE TYPE
NAME NUMBER CODE

_____________________________________________ .

TE-350CD 343 1

TE-350CE 616 1

TE-350CF 618 1

TE-350MC 835. 2

TE-350MD 837 2

TE-350ME 836 2

TE-350MF 834 2

TE-351AB 356 1

i TE-351AE 354 1

TE-351BC 353 1

' TE-351DD 355 1

TE-351BE 625 '1

TE-351MC 864 2 '

TE-352AH 610 1
^'

TE-352AS 607 1

; TE-352AU 337 1

TE-352AY 612 1,

I TE-352BH 609 1
1

TE-352BS 338 1
'

TE-352BU 605 1

IE-352BY 611 1

TE-352CH 339- 1

TE-352CS 608 1

.

O

i

i

I.
. . _ _ . , . _ . . _ - . , _.__ _

. . _ . . . _ - . . _ . . _ . . _ . - . _ . ._.
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| Table 4 (continued)

| _____________________________________________

5

FIGURE TYPE
NAME NUMBER CODE

_____________________________________________

TE-352Cu 606 1

TE-352CY ~340 1

TE-352MB 709 2

TE-352MS 708 2

TE-352MU ' 97 - 2,

TE-352MY 710 2

TE-353AE 246 1

TE-353BE 210 1

'TE-353BF 583 1

T E-353CC 248 1

TE-353MC 689 2

TE-353MD 690 2 i

> TE-353ME 691 2

TE-354AD 215 1

' TE-3S4CA 21o 1

TE-354CB 217 1

TE-354CC 214 1

TE-354MA 688 2

TE-354MB 687- 2

TE-354MC 686 2

TE-354MD 685 2

TE-355AA 266 1
|

TE-355BC 267 1

-!

l

)

I

,

-
- - - - -

_ _ _ _ _ _ . _ _ _ _ _ _ _
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Table 4 (continued)
_____________________________________________

.-

FIGUHE TYPE
NAME NUMBEk CODE

_____________________________________________
.

-TE-355CB 265 1

TE-355CD 636 1

TE-355MA 673 2

TE-355MB 674 2

TE-355MC 675 2.
TE-3!SMD 676 2

TE-35bAC 2t9 1

TE -35b AE 212 i
i

"f E-3 6b e F 271 1

?C sfCCL 270 1

TE-356MC 752 2

TE-356M3 753 2

TE-356ME 754 2 .

TE-356MP 755 2

TE-357AA 531 1
-

TE-357AB 561 1

1E-357AC 558 1

TE-357BA 559 1

TE-357BB 529 1

TE-357BC 530 1

TE-357BD 532 1

TE-357CB 560 1,

TE-357CD 563 1

.

@

. _ . .
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Table 4 (continued)

_____________________________________________
a.

FIGURE TYPE
NAME NUMBER CODE

_____________________________________________
5

TE-357MA 789 2

TE-357MB 787 2

T E- 357 MC 786 2

TE-357MD 788 2

TE-358AD 854 1

TE-358AE 557 1

TE-358BE 521 1

TE-35dBF 857 1

TE-358CD 520 1

TE-358CG 522 1

TE-358MD 815 2

TE-358ME 816 2

TE-358MF 814 2m

rE-358MG 817 2
? TE-359AD 517 1

TE -359 AE 516 1

TE-359AF 502 1

TE-359BE 867 1

TE-359Bf 564 1

TE- 159CC 519 1

TE-559CE 501 1
|
! TE-359CF 518 1

I TE-359MC 702 2

1
I

|

!
|

h

i

!-
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Table 4 (continued)
--_,_________-----____-_____--_______________

*

FIGUhE TYPE
NAME NUMBER CODE

____________________________-________________

.

TE-359ME 700- -2

TE-359MF 701 2

TE-3bOAA 595 1

TE-360AB 594 1

TE-360AC 283 1

TE-360AD 284 ~1

TE-3bOBD 596 1

TE-360CD 285 1

TE-360MA 692 .4

TE-360MB 693 2

TE-360MC 695 2

TE-360MD 694 2

TE-361AB 250 1 ,

TE-361AC 251 1

TE-361AD 252 1 -

TE-361AE 228 1

TE-361BE 227 1

TE-361DJ 581 9
/ TE-361CE 249 1

TE-361CJ 580 9

TE-361MB 697 2

TE-361MC 696 2

TE-361MD 698 2

.

W

..__ . _ _ _ _ _ _ . . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ . . _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _
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Table 4 (continued)
---------------------------------------------

FIGURE TYPE
NAME NUMDER CODE

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

TE-362AD 275 1

TE-362AE 274 1

TE-362CD 273 1

TE-362MB 706 2

TE-362MC 705 2

TE-362ME 703 2

TE-363AE 229 1

TE-3636C 258 1 .

TE-363Bd 257 1

TE-363CL 259 1

TE-?b3MB 7b2 2

TE-363MC 763 2

TE-363MD 760 2
,

TE-363ME 761 2

TE-364AD 255 1

TE-364AE 584 1

TE-364AF 585 1

TE-364AG 253 1

TE-304BD 582 1

TE-364bE 254 1

TE-3 64 b r' 256 1
.

TE-364CD 588 1 -

,

TE-364CF 587 1

.

_ _ . _ _ _ . . _ _ _ _ _
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Table 4 (continued)
_____________________________________________

.

FI4;UHE TYPE
NAMR NUMBEh CODE

__________ ._______________________________
,

f

TE-364CG 569 1

TE-364dD 773 2

TE-364MP 771 2

TE-364aG 770 2

TE-4B 161 110

TE-40 398 6

TE-408D 405 5

TE-45 400 e

TE-5B 401 5

TE-5208 405 5

TE-521 407 5

TE-525 103- 110

TE-557 159 110 .

TE-57 402 6

TE-615 163 110 -

TE-62 403 6

TE-627 104 110

TE-67 404 6

TE-727 158 110

TE-901 408 5

TE-920 729 5

TE-921 730 5

TE-922 731 5

XE-430A 150 37
XE-430B 149- 37

.

4

_ . _ _ . . . . .
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j Tabis 5. Thermocouple nomenclature

Fuel rod Jimulator thermocouples: TE-3 nnal

an - a number 01-64 equal to the rod number.

a one of three letters, A, B, or C, designating the position of the
thermocouple relative to the other two thermocouples in that rod at
the designated level (or the letter M denoting middle thermocouple).
The three sheath thermocouples at a level are labeled A, B, and C in
a clockwise direction as viewed f rom the top of the rod.

1 - the level of the thermocouple. A letter A-G (heated zone); J (above
the heated zone); or Y, B, S, or U (the four levels grouped around
the D level in the "special" fuel rod simulators).

Soacer arid thermocouples: TE-29na

n - a number 1-6 designating the spacer grid level as follows:

Number Between T/C levels
1 A&B
2 BSC

'

3 C&D
4 D&E
5 F4F
6 F6G

a - a letter A-F designating the subchannel into which the thermocouple
is proj ecting as follows: '

Letter Subchannel
A 32
B 43
C 57
D 70
E 17
F 38

The spacer grids numbered 1, 2, 5, and 6 have four thermocouples in sub-
channels designated A-D. The spacer grids numbered 3 and 4 have six ther-
mocouples in subchannels designated A-F.

.

M

______
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Table 5 (continued)
___

_ .

Shroud box thermocountes: TE-18aa

.

n -- a number 1-7 designating the level of the thermocouple in the shroud
box as follows:

Number T/C level
1 A
2 B
3 C
4 D
5 E
6 F
7 G

a -- a letter designating the side of the box through which the thermo-
couple protrudes, N, E, S, and W (being the compass direction most
closely matching the direction the side faces).

Subchannel thermocouples: TE-12nn

.

nn - a number 01-81 equal to the number of the subchannel in which the
thermocouple is located.

.

Thermocounle array rod thermoconcles: TE-18nal

n - the number 8 or 9 designating the bundle site in which the thermo-
couple array rod is located.

8 grid position No.19
9 - grid position No. 36 j

a - a letter A or B designating which of two subchannels associated with
that rod the thermocouple protrudes into.

Position A subchannel No. B subchannel No.
19 22 30
36 41 49

1 - the thermocouple level A-G (same as fuel rod simulator thermocouple
level designations). *

.

|

_



113

REFERENCES

.

1. Test 3.05.5B Final Analysis Report.

3. D. K. Felde et al. , Thermal-Hydraulic Test Facility (TdTF) MOD 3, ORNL'
:

Bloudoun Heat Transfer Program, ORNL/TM-7842 (to be published). - -

-. .

W =

h -

e

e

:
9

.

P

6

9



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

115

Appendix A

TEST PHENOMENOLOGY,

Ile transient experiment was initiated by breaking both inlet and'.

outlet rupture disk assemblies to simulate a double-ended cold-leg break
loss-of-coolant accident. Following blowdown initiation, there was an
almost instantaneous subcooled decompression from the steady-state operat-
ing pressure to the saturation pressure corresponding to the outlet fluid
temperature. The measured outlet pressure is shown on microfiche Fig.15.
Coolant within the test section, which had been subcooled.before transient
initiation, began to increase in temperature until the saturation tempera-
ture was reached (microfiche Fig. 436) . The upper portion of the rod bun-
die underwent immediate increases in surf ace heat flux and decreases in
surface temperature subsequent to transient (?itiation, indicating in-
proved heat transfer due either to nucleate bailing at those thermocouple
levels initially in a forced-convection mode or to the enhancement of
nucleate boiling that accompanied the drop in coolant saturation tempera-
ture during initial depressurization. The lower part of the bundle con-
tinued in a forced-convective mode for a short period before shifting to a
nucleate boiling heat transfer mode. As the coolant temperature reached
the saturation temperature, departure from nucleate boiling (DNB) occurred
(microfiche Figs. 554, 819, and 535) .

Flow began to decrease af ter a very short-lived positive surge (micro-
fiche Fig.196), and a flow strgnation point soon developed. Between 0.2:=

,
and 5.0 s, flow was positive through the outlet spool piece and negative

! through the inlet spool piece, indicating flow out of the test section
*

through both inlet and outlet. Af ter 5.0 s and until about 10.0 s, flow
.through the test section was positive. Flow then reversed to negative
again and remained negative throughout the remainder of the transient

! (microfiche Figs.196 and 197) .

; After DNB,- the bundle did not undergo any significant cooling. Only
I thermocouple level G, the uppermost level in the test section, experienced

any rewet, and that occurred af ter the flow reversal (to downflow) at
10.0 s.

.

4

s

l

r

|
. . .- . . . .-. . .. - - . . - . . , . , . . -. .. - , , - . . - . - . . .-.
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1

8 Appendix B

NASS FLUI CALCULATIONS,

|

1

) This appendix describes the method by which mass flux is calculated
; at the THTF test section boundaries and the estimated uncertainties in
j those calculations. Included are the mass flux calculations for the
1 transient periods of interest.

f
i

B.1 Mass Flux Calculations for TNTF Instrumented-

Snool Pieces:

; At the THTF, instrumented " spool pieces" are used to provide sea-
i surements of volumetric flow rate, momentum flux, density, pressure, and

) temperature at the boundaries of the test section. A spool piece con-

J sists of a fluid thermocouple, an absolute pressure tap, a turbine meter
. for measuring volumetric flow or velocity (V), a drag disk for measuring

) momentum flux (pV8), and a gamma densitometer for measuring an average
'

chordal density (p) of the fluid. Since the mass flux is not directly

j measured, it is necessary to use combinations of these instruments to
! determine mass flux. Homogeneous models may be used combining the tur-

j bine meter and gamma densitometer (pV), the drag disk and the gamma den-
sitometer (Yp*pVs), and the turbine meter and drag disk (pV8/V) to obtain

4

j mass flux. These mass flux models are incorporated into the mass flux

! code ANICON 1 which operates on the transient instrument data. Where
conditions ,ormit, in subcooled or superheated flow, the density for thee

models is deduced from water properties based on temperature and pressure
measurements and replaces the densitometer-measured density. The uncer-

,

tainty in density determined in this manner is significantly less than
,

the uncertainty inherent in the densitometer's measured density. Logic1

in the ANICON and water properties codes determines whether a temperature-

i and pressure-deduced density or a densitometer-measured density is appro-
j priate (based on a comparison of measurements by these came instruments).
j For saturated flow conditions, the logic also prevents the use of a den-

| sitometer-measured density that is less than the saturated vapor density
(within uncertainty bands) for the measured temperature and pressures in

j the spool piece. For high quality mass flows, this effectively reduces
uncertainties on the low side of the density measurements.j

The mass flux results generated by AMICON are shown in Figs. B.1-B.23<

i for the different models and spool pieces. The locations of the spool

[ pieces are indicated in Fig. 1 of the main text. The Bundle Outlet spool
j piece B01 contains a three-beam gamma densitometer. Results are shown

! using both a single-beam and a three-beam annular densitometer model for
i, this spool piece. The single-beam model at the B01 site uses the center
' beam measurement f rom the three-beam densitometer. The various models
,

s0
d p

!

:

\
, - . - - ,- _ . - . ._. . -- - -. -
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Fig. B.19. Mass flux vs time at SVO site using ' IBM-DD model.
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are designated as:

turbine meter single-beam densitometer = 1BM-GAM'

turbine meter - three-beam densitometer = 111M-GAM 3
drag disk single-beam densitometer = DD-GAM
drag disk - three-beam densitometer = DD-GAM 3

'
turbine meter - drag disk = TEM-DD

A three-region annular mode 18 was used to reduce the three-beam den-
sitometer results to a composite density suitable for use in the mass flux
models. The model solves for a uniform density for each region in Fig.
B.24 using the density indicated by each of the three beams and the length
of each beam within each region. The composite pipe density is then cal-
culated as an arca-weighted average of the three region densities. The
resulting equation for the composite density is

PAnnular = 0.37 84P A + 0.5117pg + 0.10999C > (B.1).

| where pA PB' "" E are indicated in Fig. B.24 and are the densities mes-.
C

sured by the three beams.
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f B.2 Uncertainties in Mass Fluz Calculations
,

1

Although the uncertainties obtained using the homogeneous models
should be f airly small in single phase flow, significant uncertainties may
exist in two phase flow where effects such as slip, void fraction, flow-
regime, and transient response affect the physical interpretation of the

| instrument output. This section will look first at estimated uncertain-
I ties in subcooled flow. This will be followed by discussion of uncertain-
| ties in steady-state and transient two phase flow.
|
t
'

B.2.3 Subcooled flow uncertainty analysis

The Transient Upflow Film Boiling Test series (3.03.6AR, 3.06.6B, and
,

3.08.6C) was designed specifically to maintain subcooled inlet flow over

|- most of the primary transient periods of interest in the heated bundle.
.

'

'
The subcooled inlet flow conditions provide significantly lower and quan-
tifiable uncertainties in the calculation of bounding conditions for the

,

test section than are possible with two phase flow conditions.

'Ihe mass flux (G) for subcooled flow conditions is calculated from a
! turbine meter measured velocity (V) and a fluid temperature- and pressure-

i
i

- . , - , , y y y- ,~p,. ,- w ...v,.--.,.-,..n .. , - ~ , , . . - , _ - _ - , . , . , , __ , , , _ . . , .
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deduced density (p);

*
G = pV . (B.2)

* It should be noted that the primary inlet flow measurement instruments in
the Upflow Film Boiling Test configuration are the 2-in. turbine weters,
FE-250 and FE-260. The larger 4-in, inlet turbine meters, FE-19 and FE-
166, approach or f all below the lower limits of their calibrated range
over most of the transient.

The mass flux uncertainty may be estimated by the standard propaga-
tion of errors method [Eq. (D.4) in Appendix D] using individual instru-
ment uncertainties as stated in Tables D.5-D.6, Appendix D. The variance
of the mass flux is given in an analogous form to Eq. (D.4) in Appendix D:

. (- o
8G 8 OGT8

a+ -- j g (B.3)Variance (0) = a : 3
.

G Op p OVj V

Expressed in terms of the standard deviation, o, this equation becomes:

=1/(Va)8 + (pa )8 (B.4)o .g p y

:* where

density measurement uncertainty,a a

velocity measurement uncertainty.a =y

Since the uncertainties fcr the turbine meter are stated in terms of per-
cent of reading, it is convenient to express the mass flux uncertainty in
a similar manner. Equation (B.4) may he restated as

a (%) =3|o,(%)8 + a (%)8 (B.5).g y

For the subcooled portion of the transients, the 2e error bands (95% con-
fidence bands) for the turbine meter (2a ) are stated as 4.1% of readingy

! (Tables D.5-D.6 of Appendix D) . Transient effects are assened negligible
| af ter the initial subcooled decompression at blowdown. A 2a estimate for

the density is based on uncertainties generated from water properties
assuming 20 deviations of temperature (2a ) and pressure (2a ) from men-

T
| sured values. The 2a uncertainties from Tables D.5-D.6 of Appendix D are
.

3.7 K (6.78F)2a =
T

.

and

200 kPa (29 psi)2a = ,

I

!

. - - - . . _ - .
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where again transient uncertainty effects are assumed negligible af ter
the initial subcooled decompression at blowdown. For the pressures and

temperatures of interest, the 2a variation in temperature is the dominant
*

effect and results in an estimated 2o of 1.0% of reading. Substituting
p

the 2o measurement uncertainties into Eq. (B.5) results in a 2o mass flux
uncertainty for subcooled flow of 4.22% of reading. .

B.2.2 Two-pha s e flow uncertainty analysis

The two phase mass fluz uncertainty estimates will be made based on
results f rom the Steady-State Upflow Film Boiling Test series (3.07.9) and
the application of a transient turbine meter model developed by Kamath and
Lahey (Ref. 3) to the Transient Upflow Film Boiling Test (3.06.6B) and the
Double-Ended Cold Leg Break Test (3.05.5B) . Test series 3.07.9 were tests
run with upflow in steady state; these tests provide a good benchmark for
steady-state two phase uncertainties. The Kamath and Lahey model provides
an assessment of the effects of slip, flow regime, and transient response

on the physical interpretation of the instrument output. Test 3.05.5B was
a violent transient test that will provide a worst-case transient assess-

ment.
B.2.2.1 S t e a dy- s t a t e two-pha s e flow uncertainty analysis. A limited

amount of steady-state two phase mass flux uncertainty data over an equi-
librium quality range of approximately 0.8-1.4 is available from the
Steady-State Upflow Film Boiling Test series. Dispersed flow is expected
at the test section outlet for the high quality flow conditions. Steady- ,

state, subcooled flow at the test section inlet provides a reference stan-
dard for estimating the two phase mass flux uncertainty at the test sec-
tion outlet spool pieces. The various homogeneous mass flux models dis- -

cussed earlier are compared with each other as functions of pressure,
equilibrium quality, and inlet mass flux. Results f rom a steady-state

version of the Kamath and Lahey model (K&L) are also provided for com-
parison. The comparison is useful in providing confidence limits on the

| transient model as applied to the THTF instruments. The Kamath and Lahey
i model is discussed in more detail later. The steady-state model results

are plotted as the ratio of the model mass flux to the reference inlet
mass flux, G(MODEL)/G(REFERENCE), where perfect agreement is at 1.0. It

I should be noted that the reference subcooled inlet mass flux has 95% con-
| fidence bands of 1.4.22% as discussed earlier.
| Comparisons of the mass flux models DD-GAM 3, TBM-DD, TBM-GAM 3, and
1 Kamath and Lahey are shown in Figs. B.25-B.27 as functions of pressure,

equilibrium quality, and inlet mass flux, respectively. The results are

| from the horizontal Bundle Outlet spool piece (B01). All of the models

| generally f all within 95% confidence bands of 1.50%. Data scatter in-
creases somewhat for lower pressures and mass flux. The DD-GAM 3 and
IBM-DD models show somewhat smaller uncertainty bands (approximately 1,30%)

I than the TBM-GAM and K&L models. The TBM-GAM 3 and the K&L models agree ,

| quite closely with each other over the range of test parameters.

| The three-beam densitometer was used in the previous comparisons.
The use of a single-beam densitometer in the models results in signifi-' .

cantly higher uncertainties, as indicated in Figs. B.28 and B.29. Com-
parisons are made between the TBM-GAM and TBM-GAM 3 models in Fig. B.28

,

f

I
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|*
i

)* and between the DD-GAM and DD-GAM 3 models in Fig. B.29 at the B01 spool
j piece. Uncertainty bands increase from approximately 150% for the IBM-GAM
j 3 model to 180% for the IBM-GAM model. Uncertainty bands for the DD-GAM
! model are ~10% higher than for the DD-GAM 3 model.

Mass flux model comparisons were also made at the other two outlet
spool pieces, SVO and SHO. Spool piece SVO is a vertical spool piece with

,

downflow and follows the B01 spool piece in the normal flow direction.
;

Spool piece SHO is a horizontal spool piece that follows SVO. As men-*

tioned earlier, flow conditions at the upper end and outlet of the test
i section were primarily dispersed flow with considerable nonequilibrium for

many of the data points. As the flow moves downstream from the test sec-
tion outlet, equilibrium is eventually reached as the liquid droplets

-j evaporate. For equilibrium qualities greater than 1.0, single phase
superheated steam conditions should eventually exist. The three homo-
geneous models are compared with equilibrium quality for the SVO spoolJ

piece in Fig. B.30. Uncertainty bands for the DD-GAM model (~70%) and for
the TBM-DD model (~140%) are significantly higher than those observed at
the B01 spool piece. A trend is observed with decreasing uncertainty at
higher equilibrium qualities. This may indicate that the flow is ap-:-

proaching equilibrium conditions and that the flow is essentially single-
phase superheated steam. Figure B.31 shows the same comparisons for the

.,

SHO spool piece. It appears that the flow has reached equilibrium at this
|

spool piece. The uncertainties for all of the models at the SHO spool
j piece are approaching the uncertainty bands expected for single-phase

4

- . . , r- -.,, .- --- ._ . . - . - - _ - , . , _ . _ , ,__
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fl ow. (That is, the 2a uncertainty bands for the drag disk instruments in
subcooled flow are +19% of reading over 10-100% of range; as a result,
models using this instrument would have 2a uncertainty bands greater than
19% . )-

B.2.2.2 Transient two-chase flow uncertainty analysis. The applica-
tion of the Kamath and Lahey transient two phase turbine meter model to

*
TIITF test data is made in an attempt to assess the effects of slip, void
fraction, fl ow regime, and transient response on the physical interpreta-
tion of the instrument output. Verification of the model in transient
two phase flow is not possible for the THTF due to the nature of the tests
and system. The intent rather is to look at effects that are not ac-
counted for in the simpler homogeneous flow models as they apply to THTF
test conditions.

The turbine flowmeter model developed by Kamath and Lahey will be
briefly described along with its assumptions and limitations. The com-
puter solution technique and input parameters are also discussed.

The turbine flowmeter dynamic equation was derived f rom the principle ,

of angular momentum conservation. The equation accounts for effects of
nonunif ormity of velocity and void profiles in conduit, imperfect guidance
of the fluid by the rotor blades, rotor inertia, slip ratio, bearing fric-
tion, and windage losses. A detailed derivation of the equation of motion
is presented in Ref. 3. The resulting equation of motion is shown below:

d(V7L)
V dp S dp
t i g

" +
~~ dt Zt (Ax) ~ Zt ( S + E() p dt (S + R )p dt. 3

.

S-R 1 d(a) 1 dS CR + C S8*

3 3

+ -- - (V x |V21|>S+R (a) dt (S + R ) dt (S + R )(Ax) Zt gy3 3 3

R 1 dp S 1 dp 1-R 1 d(a)3 y 3

+ V - + - +
t (S + R ) p dt (S + R ) p dt S+R (a) dt3 g 3 3

dV 1+R I (1 + q )3 9
+

dt S+R ( S + R )R8 A,,( Ax)p (a)1 3 y

p*48p{.sv|w|o.sr(1+y}
0.039(Ct

( S + R ) RA,,( Ax) t an Sp (a) b T '''( b ~
~ ~'

T3 y

.

+ 0.078(L R s.s') x (R - R )-**d8] (B.6)jb g h 3
.

3

.

L . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _
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i

The angular brackets in the equation are cross-sectional average opera-
tors. The variables R , R , and V are defined by3 3 t

.

(1 - a)
(B.7)R = R, ,3 , ,

P 1+Mg y

(B.8)R* = - 1 + Mg ,Py

and

mR
( ''}Vt " tan p *

The variable definitions are listed in the nomenclature. Equation

|
(B.6), a classical separated flow equation, is derived for arbitrary void
fraction and velocity profiles by assuming that cross-sectional average;

products may be separated into products of averages using correlation'

coefficients. In this case the correlation coefficients C and C relateg

; commonly measured values such as average cross-sections 1 void fraction

[ (average density) and average cross-sectional velocity to void fraction .
'

and velocity profile weighted averages of the separate phase momentum
flux. The correlation coefficients appearing in Eq. (B.6) are defined as'

((1 a)V s>g
Cg = 43 _ ,)4y ), (3.10)

and

I
<aY 8)

y

(B.11)C =
y 4,)4y ),

'

|
for the liquid and vapor phases, respectively. These coefficients relate!

the net momentum flux to the mean velocities of the components and may
assume different values for various flow regimes. The parameters are, in
effect, adjustments to homogeneous model inputs for nonhomogeneous flow
effects. The magnitude of the effect of these coefficients on the mass
flux as applied to TETF test conditions will be discussed later.

The dynamic equation is solved using an IBM subroutine, CSKP III -

(Continuous System Modeling Program III), designed to solve a system of
first-order differential equations with initial values.4 The subroutine

,

is limited, however, to input parameters with analytical forms.
The main input to the program includes the turbine meter geometry,

transient pressure, two phase cross-sectional average density, and the

.

-*--w-. __ c- -- - - - - - - -- w m - ,9 - - --- -
-
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turbine meter counting rate, which is proportional to the blade angular
velocity. The turbine meter is a 5-bladed, 3.5-in. Flow Technology tur-
bine meter. The samma densitometer is a Measurements, Inc., three-beam,

densitometer. Discrete data are recorded during the transients by a DAS
at 10-as intervals. Analytical forms of the data were produced frce the
discreto data for input to the CSMP III program..

The equation for steady-state flow in a conduit may be obtained by
,

setting all time derivatives to zero in Eq. (B.6). For steady-state model |
comparison, it is of interest to note that the steady-state model reduces

'

to the Rouhani models under certain simplifying assumptions. If the cor-
relation coefficient between void f raction and velocity profiles is unity

(i.e., C = C, = 1 ) , the guidance of the fluid by the rotor blade is per-g

fect (q = q , = 0), and the drag torque is assumed negligible, then Eq.g

(B.6) may be further reduced to the Rouhani model equation,

<a>p (|V l>(<V > - V ) " (1 8)Pg(!V !>(V ~ <V >) (B.12),y y y t g t i

which assumes a momentum balance between two phases on the turbine, blades.
Values of q and g for the transient results that follow are assumed tog
be 0.2, a typical value for single phase flow oported in Ref. 2. Para-
metric studies by Kamath and Lahey indicate very little difference between
the 0.0 and 0.2 assumed values for q and n . For the purposes of this

y
analysis, a steady-state and transient model reference case is defined,

that assmses typical parameter values of S = 3, C = 0.99, C 1.06,=
g y

q = 0.2, and q, = 0.2. Values of C and C are from Ref 3 where powerg g
law velocity and void profiles were assumed:

Yk"Vc1 (1 r/R,)I " for n = 2-7 ,k

and

"
d (1 r/ R,) for n = 2-7 .a=a

B.2.2.3 Transient two-chase solution. As stated earlier, the model
incorporates the effects of rotor inertia, velocity and void profiles in
the conduit, slip ratio, imperfect guidance of the fluid by the rotor
blades, bearing friction, and windage losses. Of these parameters, the
effects of the velocity and void profiles of the liquid phase, rotor
inertia, and slip ratio were found to be the most significant for the
transients of interest.

* Transient model solutions were obtained from data from portions of
two transient tests run at the THTF. Since reference mass flux informa-
tion is not available under the transient conditions, the model results,

are compared with a homogeneous mass flux model. The homogeneous mass
flux is obtained from the product of the average mixture density as mes-
sured by the three-beam gamma densitometer and the average velocity as

_

_ __.
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|

deduced from the volumetric flow measurement of the turbine meter (based
on subcooled water calibration f actors) . Comparing the homogeneous, no
slip model to the transient model will provide insight into the effects +

of nonhomogeneous flow for the THTF transient test conditions.
Figure B.32 shows the transient model reference case compared to the

*

homogeneous model for the initial transient portion of Test 3.06.6B. Test

3.06.6B involved a relatively slow depressurization rate, and the observed
transient peaks in mass flux for the two models appear to be in phase.
The smoothed input for the transient model did not include the fine struc-
ture observed for the homogeneous model and as a result is not seen in the
transient model results. Differences of ~30-40% are observed from 0.5 to
2.0 s into the transient and near the mass flux peak seen at ~3 s. From
5 s to the end of the transient period shown, the fine structure of the-

homogeneous model varies around that of the transient model. Figure B.33
shows the effect of varying the liquid phase distribution coefficient for
the same test. The effects are considerable for higher mass flux but neg-

ligible for mass flux below ~610 kg/m8 s (125 lb ,/ft8 s), with the magni-
tude of the mass flux increasing with decreasing C . It is difficult tog
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characterize the appropriate value of C , especially during the initialg
voiding of the test section, since flow regimes may be varying consider-
ably. Simple approximations for velocity and void profiles may yield
values over the ranges indicated in Fig. B.33. A simple model for an
annular flow regime results in a value of 1.35 when substituted into Eq.

(B.10). A stratified flow in horizontal spool pieces may produce a value
of 0.7. Flow with flat proflies both in void fraction and velocity gen-
erstes a C of 1. Without experimental validation, however, values of C

obtained from simple models and applied to two phase flow regimes, where
velocity and void profiles are varying in time as well as space, may be.

misleading. It is of interest to note that for Test 3.06.6B, the impor-
tant heat transfer data of interest is obtained f rom ~6 s to the end of

*
the transient period shown. During this time, the effects of varying Cg
are negligible. Also, during this period, the conditions in the upper
test section bundle and outlet spool pieces were similar to those of the
steady-state data discussed earlier.

_ - - - _ _ _ _ _ _ _ _ _ _ _ _ _
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The reference model case is compared with the homogeneous model for
the f aster transient of Test 3.05.5B in Fig. B.34. The reference model
leads the homogeneous model by ~50 ms, presumably due to rotor inertia

,

effects. The second peak agrees well temporally although the peak mag-
nitude differs by ~25%. The two models do not agree very well for times
shown af ter 1.25 s. Figure B.35 shows the effect of varying the slip -

ratio for the transient model for Test 3.05.5B. A change in slip ratio-
leads to a change in amplitude as well as temporal phase (the larger the
slip ratio, the smaller the magnitude and the earlier the peak) . The slip
ratio of 5 is probably higher than would be expected under TETF test con-
ditions, but the comparison shows the trends clearly.

An example of the relationship between the input data and the refer-
ence case transient model output is shown in Fig. B.36 for Test 3.05.5B.
The curves for pressure (P), average mixture density (D), and counting
rate (CR) are smoothed analytical forms of discrete data measured during
the test. The vuld fraction (a) and mass flux (G) are generated by the
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model. The mass fluz and turbine meter counting rate are seen to be in-
timately related as the impulse and response. The effect of rotor inertia
is observed in the second peak where the counting rate of the turbine
meter lags the model predicted mass flux.

B.3 Summary

Mass flux uncertainties for subcooled flow using a turbine meter for
volumetric flow measurements and a pressure- and temperature-deduced den-
sity are estimated at 14.22% of reading (95% confidence bands).

y Steady-state tests indicate two phase flow uncertainty bands of less
than 150% of reading (95% confidence b ands) for all models at the B01
spool piece where a three-beam densitcaster is used in applicable models.

> The DD-GAM 3 and IBM-DD models actually shoc somewhat smaller uncertainty
bands (130%) than the IBM-GAM 3 model at the Bundle Outlet spool piece
(B01). However, at the Vertical Outlet spool p''ce (SVO), uncertainty
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bands for the DD-GAM model (705) and the TBkFDD model (140%) are signifi-
cantly higher. The large uncertainties in models that use measurements

> from the drag disks are not particularly suprising f rom the standpoint of
The drag disks 're the least reliable ofprevious operating experience. a

the spool piece instruments in terms of repeatability and consistency of
) instrument response.

Significant uncertainty band increases result from using a single-
beam densitometer as compared to using a three-beam densitometer. At the
B01 spool piece for the turbine meter-densitometer model, the use of a
single-beam densitometer results in an increase of uncertainty bands from
150% (three-beam) to 180% of reading. Similar results are observed for
the drag disk-densitometer model, where the use of a single-beam densi-
tometer adds an additional 10% of reading to the uncertainty bands. -

The application of a transient turbine meter model to transient THTF
test data provides insight into possible transient uncertainties included
in turbine meter-densitometer models. Comparison of the Kamath and Lahey
transient model with the homogeneous model TBE-GAM 3 indicates that the
effects of the velocity and void profiles of the liquid phase, rotor iner-
tia, and slip are the most significant for the THTF transients of inter-
est.

During the initial transient portion of the Upflow Film Boiling

Test (3.06.6 B) and for mass flux greater than ~610 kg/m*s (125 lb,/f t8s),
variations in the transient model mass flux of 30-50% are observed as the
void and velocity profile correlation coefficient C is raried from 1.0g
over a range of 0.7-1.5. For the same test, when mass flux is less than3

610 kg/m*s (tLe time period in which flim boiling heat transfer data of
interest are available), the effect of varying C is negligible. ig

> Increases in slip from 1.0 reduce the magnitude of the model mass
flux and slow time response of the turbine meter.

Rotor inertia effects are significant for fast transients such as the
early portions of the Double-Ended Cold Leg Break Test (3.05.5B). The
reference case transient model leads the homogeneous model by ~50 as dur-
ing portions of the transient, resulting in significant mass flux differ-
ences. Response time effects were not as significant for the slower
transients of the Upflow Film Boiling Test (3.06.6B) although mass flux
differences of 30-40% between the transient model reference case and the
homogeneous model are observed.

Since the actual mass flux is not known for the transient cases,

neither model may be verified. The model comparisons are able to proride
test-specific information on mass flux sensitivity to uncertainties in
two phase flow parameters.

The Kamath and Lahey model results agreed well with the TBM-GAM 3
model for the Steady-State Upflow Film Boiling Test data. For this reason
and because there is no additional information, in order to estimate un-
certainties during the faster transient portions of the TNTF tests the
addition of the steady-state uncertainty estimates and the transient un-,

certainty estimat + ti.. on transient model comparisons to obtain a total .

*

transient uncertain *.y estimate would appear to be warranted. It should be
noted that during the important periods of interest for the Transient Up->

flow Film Boiling Tests in terms of heat transfer data, the mass flux is
changing f airly slowly. In addition, the outlet flow conditions of the
Steady-State Upflow Film Boiling Tests were similar to the higher quality

_ _ _ _
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portions of the transient tests. Application of the steady-state uncer-
tainty bands over these conditions can be made with a good degree of con-
fidence. .

Although the steady state uncertainty data provide a good estimate
of uncertainty bands over the flow conditions and parameter ranges ob-
served for those steady-state tests, uncertainties for different quality *

ranges.and flow regimes may be considerably different.- Without data over '

other ranges, however,. it is felt that these are the best available uncer-
tainty estimates for use in two phase flow conditions at the IETF. Table
B.1 contains the mass flux uncertainties discussed in this appendix,

t

Tabl e B.1. Mass flow errors"

Steady state single phase

2a = 4.22% of reading

Horizontally mounted spool piece steady state two phase

DD-GAM 3, TBN-DD 2a = 30% of reading
TBM-GAM 3 2e = 50% of reading

Vertically mounted spool piece steady state two phase
,

I DD-GAM 2a = 70% of reading
TBM-DD 2a = 140% of reading

*

TBM-GAN 2a = 60% of reading

Transient effects on two phase flow

G > 610 kg/m**s (4.5 x 108 lb /h* f ts) add extra 30-50% of reading
G < 610 kg/m8 s (4.5 x los 1b"/h ft*) negligible effect

"O Mass flux
TBN Turbine meter
G AM 3 Three-beam densitemeter
DD Drag disk
GAM Single-beam densitometer
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Nomenclature

A,, effective annular flow area through the blading

C chord length of the blade

C,C correlation coef ficients for the liquid (1) and vapor (v)
g y

phases, respectively

G mass flux

L length of the journal bearing
b

r radius measured from conduit axis
,

R effective radius of the rotor

R radius of the meter shroud' =

R conduit radius

R **# "I #" '"'
R3

R, journal radius

R blade tip radius
T

S slip ratio

t time

t blade thickness
b

f P ase kcenterline vel city h
Vc1k
V vel city f Phase k

k
V turbine axial velocity

,

V,1 velocity of the liquid in the axial direction

a void fraction
,

a v id fraction at centerline
d

p blade angle' *

q,q fl ow deviation f actor for the liquid (1) and vapor (v)
y

phases, respectively
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p dynamic viscosity of saturated liquid

PP density of saturated liquid (1) and vapor (v), respec-g y .

tively

e angular velocity of the rotor
.
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Appendix C

ROD POWERS
.

Calculated rod power versus time is shown in Figs. C.1-C.60 for each
,

of the electrically heated rods. Rods 19, 22, 36, and 46 were unheated.
Section D.6 of Appendix D is a discussion of rod power uncertainty. As
shown there, one standard deviation in power is 0.55% of reading.
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Appendix D

INSTRUMENT UNCERTAINTY ANALYSIS FOR THE TETF LOOP
.

Summary of Results.

Two standard deviation uncertainty bands are described for critical
instrumentation in the Thermal Hydraulic Test Facility (THTF). The
analyzed instruments and their minimum, steady-state, 2a error bands
[ root sua square (RSS), 95% confidence interval) include:

.

j 1. Turbine flowmeter 4.1% reading.........................
^

2. Gamma densitometer 10.4% FS*........................

3. Strain gage pressure cell 1.0% FS*.................

4. Differential pressure cell 2.0% FS* min to 9.9%................

FS* max<

3.7'C min to 10.3'C5. Thermocouples .............................

max
1.1% reading6. Rod power instrumentation .................

7. Strain gage drag disk 56% reading below 10%.....................

FS*
19% reading above 10%*

i FS*
1

*
.

|

Summary of Theory

i +

The measure of the value of a group of n data points (x ) with satis-'
g

tical significance is the mean (I) or expected value given by

i xi
(D.1)

!.
x= -- ,

where I is the usual sua from data point 1 to data point n. The standard
measure of the dispersion of the data is the variance [oS or V(x)] defined
by

i (x - x)*
(D.2)' 8 =0 .

n
j

!
! However, V(x) has dimensions of engineering units squared, which may be

.

inconvenient. The square root of V(x), the standard deviation (a), is'

| usually reported. Furthermore, in normally distributed data with mean I
a

e

! * Full-scale values are found in Tables D.5-D.8 under instrument range.

!

,

1

I

- , _ _

_. ___



- . ,
.

'

182
.

(a good approximation for much variation in physical data),and variance a8
statistical inferences may be drawn in terms of probabilities based on the
measured values of I and a as follows: +

68% probability that Y a < s +"*
t *

95% probability that I - 2a ( xt< # # *

and

j 99.7% probability that I - So ( x + " '
t

where x * * * **** ** ** * *** * **
t

Brownlee has shown2 that the variance of a linear function

Z = A, + A, X, + A, I, = . . . A,X,

is a linear function of the variance of the variables as long as the cor-
relation coefficients are zero, i.e., as long as they are physically unre-
lated. (Linearly independent variables have zero correlation coeffi--

,

cients, but linear independence is not a requirenent.) That is,

*

V(Z) = A,V(X,) + A,V(X,) + ... A,V(X,) (D.3),

where the A,'s are constants and the X,'s are independent variables.
Similarly, Scarborough has shown* that an analogous relation holds

for a system where the independent variables are not linear:

Z = F(Y,, Y, ... Y,) .

| The variance of Z is given by

|

| /a2 ):
V(Z) = V(Y,) + /aZ \* V(Y,) + ... + V(Y ,)

/aZ T*
(D.4),gy gy gy

l

where the correlation coefficients of the Y,'s are zero and the value of
V(Y) is small compared to (82/aY P . Notice that in situations where the

'

g
standard deviation can be orpressed legitimately as a percentage of the
value of aZ/aY , Eq. (D.4) can be rewritten as ..

o%(Z) =Y(dY,)8.+ ( o%Y, ) * + . . . + ( dY,) * (D.5).

i

.. _ ,_ , _ . , _ _ _ _ . , , _ . _ . _ , _ _ . _ _ . . . _ . _ _ - . _ . _ _ _ _ _ _ _ _ _ _ . _ _ .
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The above equations can best be understood through the use of an
illustrative example. Consider the amplifier of Fig. D.1. The uncer-
tainty in the input voltage can be derived from the function V = F(V. ,

V GAIN), given the measured values for V,,t, Moffset, ont fset'
*

V(V "" ^ ' * '" is the input voltage, GAIN is the* 'offset in,

amplifier gain, and V,gg, is the offset voltage.

Assuming the following data, the value of V , is given hg

Y - offsetout

in " GAIN '

and the variance in the input voltage can be found by applying Eq. (D.4)
or (D.5):

V(V V(V ^ ~VoM}out offset offset
V(V ,) = GAIN 8 GAIN 8 GAIN 4

+ +
g ' *

where

V max = 20.0 volts,,
out

V 10.0 volts,=
out,

V(Vout) (0.2 volts)2 = (2%)8 reading,=

V,gg,,g = 0.5 volts,

V(V,gg,,g) = (0.05 volts)8 (0.5%)8 reading,=

GAIN = 200 volts / volt,

V(GAIN) (1 volt / volt): (0.5%)8 reading,= =

(10.0 volts - 0.5 volts)
= 0.0475 volts,"

in 200

ORNL-DWG 81-22671 ETD

e v.
E \ Vm

'
. -f

,

,

Fig. D.I. Amplifier.

I
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(0.2): (0.05): (_9.5):
V(V ,) = (200)8 + (200): * 1* (200)d *

g
,

and ,

a(V ,) 10-8 volts or 2.1% reading .=
g,

Because V , is a function of V , , V,ff,, , and GAIN in the formg

given above, it is reasonable to assnee that stating the variances as
percentages of the readings is equivalent to stating the variances as per-
centages of the respective partial differentials. In fact, this will al-

ways be reasonable as long as the variables are of the first order. The

arithmetic for computing a(V ,) becomes simplyg

(2%)8 + (0.5%)8 + (0.5%): = 2.1% reading .a(V ,) =
g

Equation (D.4) or (D.5) applied to each major component of a comple A
information loop is often the only method available to arrive at an uncer-
tainty value. How ever, in the case of the gamma densitometer and the
strain gage pressure cell, in situ standards are available that allow di-
rect measurement of the nacertainty. Heise sages are used as in situ *

standards for strain gage pressure cells. Pressure and temperature meas-
urements in subcooled water can be used to determine density with steam ,

tables for comparison with the samma densitometers. Such a comparison is
made using a linear regression analysis based on the method of Gauss.

The equation of a line in slope-intercept form is given by

y = Ax + B ,

where A is the slope (Ay/Ax) and B is the value of the y intercept.
The best-fit values of A and B can be found by minimizing the sum of

the distances between the experimentally determined points and the best-
fit line.

The pertinent equations are

Ex ryg n I (x y )
g gg

^ ~ (Ex )8 - n I (x P *

g g

.

and

.

E (x ME(x y ) I zg Iyg ggg
DJ)" ,(Ex )8 -nI(xPg

__ _ _ ._. _ . _ . ._ _. _ _ _ _ _ _ _
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where the z 's are the values determined by the instrument under discus-g

sion and the y 's are the corresponding values determined by the in situg
standard. The uncertainty of the instrument values can then be definede

analogously to Eq. (D.2) :

e

(Y -y) (D.9)g g

o= ,
,

where the Y 's are computed from the best-fit equation and the instrument |g
!values are y . A perfectly calibrated and properly operating instrumentg

will have A = 1.0, B = 0, and a << reading.
Although the slope-intercept form of an equation is one of the eas-

iest to interpret, it does have a disadvantage: A and B are not linearly
independent variables, so drawing statistical inferences about A and B in
terms of their variances is hindered. A solution to this problem is to
solve for the best-fit line equation in the form

Y = a ( x -- Y) + p . (D.10)

The variances of a and p are then known to be

.

86
V(a) = -- (D.11)

n.

and

sa
(D.12)V(p) = 74, _ y), ,

as shown by Brownlee,s where a is defined as in Eq. (D 9). Te can still
arrive at an estimate of V( A) and V(B) by modifying Eq. (D.10) to show

Y=ax ai+p,

wt.ich implies a = A and B = (-a + p). Applying Eq. (D.4) yields

e

8o
V(A) = -- (D.13)n.

_- - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ .
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and

*
,

o8 a s 3: 1
V(B) -- is +

_
. ,a --. + (D.14)

*
=

.* *I(x - x)* I(x _ x): .

Equations (D.2)-(D.5) and (D.9) should be applied with caution for several
reasons.

Definitions for variance assume perfect knowledge. However, actual
sampling procedures are limited to finite sample sizes, and formulas in-,

I pose limits on the degrees of freedom by imposing constraints. To adj ust
. for the limits to the number of degrees of freedom, Eq. (D.2) is modified
j to provide an estimator for the standard deviation denoted S such that

i

E(x - Y):g

E= (D.15)g, _1) .

i

Equation (D.9) becomes*

; E(Y - y )*
g g

S= (D.16) *
.

(n - 2)

!
. ,

Equations (D.15) and (D.16) are the proper equations to use in all sam-
pling situations where the standard deviation is to be used as the measure
of the uncertainty. Furthermore, the value for S should be substituted
for the value of a and S8 for V(X) or V(Y) in each of the other equations
where o appears. Because of the common association between the standard

| deviation defined by Eqs. (D.15) and (D.16) with the symbol a, the symbol
a will be used for S in the balance of this report. In a practical sense,
where the standard deviation is reported as two significant figures, there
is essentially no difference between a and S [Eqs. (D 4) and (D.9) versus
Eqs. (D.15) and (D.16)] as long as the number of data points is large.

A class of practical problems that arises in the actual error analy-
sis is centered around the interpretation placed on uncertainties supplied
by manufacturers. These uncertainties are often supplied as percentages
in such a manner that it is difficult to determine whether it is reason-
able to apply Eq. (D.5). Either it is difficult to determine how the
stated error relates to the standard deviation, or it is difficult to de-
termine whether the error can be applied as a percentage of the partis 1,

| differentials required by Eq. (D.5). Furthermore, it is seldom stated
I whether the given uncertainties meet the required criterion of zero cor-

*

I relation coefficient. It is common for manufacturers to quote error bands

( as 2e (95% confidence) or 3a (99% confidence) though sometimes without .

; assigning confidence limits. In this report it is conservatively assumed
that the error reported by instrument manuf acturers is 2a. Unless other-
wise stated, it is also assumed that a statement of error as a percent

|
,

y ,,--.n e ,,-.,e,.r . - - - - , , - - - - , , - , - - . - - - - - - - > r-._ .
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!

'
with respect to the partial differentials of Eq. (D.5) is reasonable and
that the correlation coefficient is zero for all variables.

;* The second class of problems relating to the uncertainty analysis '

dealt with multiple estimates of a for a class of instruments where a
varied widely from instrument-to-instrument and from trial-to-trial. The

;, method of choice was to use a value of a large enough to include about 95%
of the measured values. This was accomplished by using

i

a a a + a(a) .

,

That is, the value of the standard deviation used was the average value
for all instruments and flies read plus one standard deviation of a. This1

is different from the probability statements above because a is a span
3

; that includes zero to a. Such a distribution cannot be normal in the
sense that the probability statements require.

A generalized procedure for data analysis follows:
: A common form for a large system is generalized in Fig. D.2. This
i system consists of a number of transducers (T ), their associated signalg
, conditioning equipment (S ), and the data acquisition system (DAS) . Theg

{ DAS is understood to include both the hardware and the sof tware. The
standard deviations of the output signals are measured by reading the in-

i formation from the magnetic tape written by the DAS and applying Eq. (D.2)
or D.14) over an arbitrary length of time where the process is defined as

; being in a steady state. The measured value of the DAS output can then be
j. incorporated with other measures of uncertainty using Eq. (D.5). If an
q in situ standard is going to be used to develop the total uncertainty di-

rectly, the data for the secondary standard need to be accessed and cor-
|* related in time and space with the instruments under consideration.

The development of sof tware to perform the above estimates may be the
most time-consuming part of the analysis. The software has to be able to

j perform the following functions for a magnetic-tape-based system:

1. Confirm that the tape is at the beginning.

] 2. Confirm that the tape density and number of tracks are system compat-
j ible,

j 3. Locate the instrument data base (IDB) and transfer the IDB to disk or
core in a rapid access format.,

; 4. Extract certain system constants from the IDB (record length, etc.).
J 5. Locate the scan table.
| 6. Use the scan table and instrument identifier code to determine the
'

location of the desired instrument data in data records.
7. Locate the first data file of the type desired.

i

; oRNL-oWG st-2M72 ETD

| T, S, % y S,,, T,,, |
i DAS

i. | T, H s, H y s, H T, |

Fig. D.2. Generalized form for a large system.

l,

_. ,.m-n -- , , . , , . . - - - , , - -,-, - - - . . - _ _ _ - ,
_



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

i

>

188

i

8. Road a fixed number of records from the data file.
9. Store data in arrays or keep running totals for averaging.

10. Compute averages 'and standard deviations for steady-state data in the .

' tile.

11. Write the desired combinations of data, averages, and standard devia-
*-

tions to arrays.
,

12. Locate the next data file of the type desired and repeat steps 8-12
until end-of-tape is detected.

; 13. At end-of-tape, write the arrays to disk for later analysis.

14. At each tape operation, check for proper positioning.
15. Analyze data written to disk as required.

The following sections provide a detailed analysis of the critical
instrumentation in the THTF loop. As stated above, the exact nature of
the uncertainties is not always known. The RSS value of the uncertainty

, is the statistically defined one if variables are unrelated (correlation
coefficient = 0) and the percentage uncertainty is given as a percent of
partials required for Eq. (D.5). Howev'r, to the extent that the uncer-e

tainties stated do not comply with the assumptions, the more conservative
strict sum of errors may need to be applied. Both the RSS value and the |
strict sua value are given in the text. The RSS values are reported in

^,

tabular form at the end of this Appendix. The superscript (*) is used to ,

!denote manufacturer derived data.

.
*

D.1 Turbine Flowmeter
4

1

*The turbine flowmeter channel consists of a turbine flowmeter with
] integral magnetic pickup, an electronics package that conditions the sis-

nal to provide an output voltage proportional to flow rate, and the DAS,*

,

which converts the analog signal in volts to digital information and

j writes it onto magnetic tape. In operation, the turbine blade generates
an electrical pulso as it passes the magnetic pickup. The ORNL electron-
ics package senses this pulse and with 250 ps resets the count registers
and begins accumulating the count until the next pulse disables the count..

'

During the disabled period the count is passed to the digital-to-analog
converter where it is converted to millivolt reading. The voltage divider,

1 then inverts the millivolt signal and outputs a voltage proportional to

| the angular velocity of the turbine blade, with 10-V full scale (FS) cor-
responding to 1200-Ek input signal from the flowmeter pickup. ' The DAS theni

converts the output of the ORNL electronics to a digital value and writes
it onto magnetic tape. The identified sources of error in the turbine
flowmeter are:

Channel noise (blade angle tolerance) 3.2%............

Calibration uncertainty 2.4%.......................... .

Inherent turbine linearity* 0.5%......................

ORNL electronics package 0.4%.........................
*A/D conversion at DAS* 0.3% ;

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

Effect of bearing change each run* 0.3%...............

Strict sum, 2a error band 7.1%........................

RSS, 2a error band 4.1%...............................

c

d

. _ _ _ . _ _ _ .._ __. ,__ _ ._ _ __ __ _._ . - _. .-._
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The following items need to be considered when applying the above
error bands to THTF data:

1 The above uncertainties .are all reasonably expressed as a percent,

of reading. However, the value of turbine linearity quoted applies only
over the range 10% rated FS through 100% rated FS. Below 10% rated FS,

e error bands increase rapidly (see Fig. D.3) as frictional drag becomes.,

more significant, with a cutoff of useful information occurring near 6% of
rated FS flow due to signal-to-noise problems in the electronics.

2. Random noise was measured f or 30 records of data taken during
Reactor Simulation Test 3.05.5B. When the standard deviation was conputed
for each of the 10 flowmoters without excessive channel noise, the average
value (1.53% of reading) was found to agree very well with the predicted
channel noise because of blade manufacturing tolerances (72* i 1.56%). It

would be optimistic, however, to conclude that this is the only source of
random error. Data taken over a much wider range of flows would be needed
to confirm this conclusion.

3. The calibration uncertainty was estimated from two different cali-
#

bration laboratories (Flow Technology, Inc., and Measurements, Inc.) in-;

dependently calibrating the same terbine flowmeters. The results of those
'

calibrations indicated approximately 1.2% (as lo) differences from labora-
tory-to-laboratory. The supposed calibration uncertainty according to the

; laboratories was an order of magnitude smaller based on their NBS trace-
ability standards. The reasons for the large difference were never
satisfactorily determined. . This comment applies solely to turbine meters
located at the SVO, SVI, SHI, and SHO spool pieces.

*
4. The most troublesome problems of interpreting flowmeter era tre

thone that occer during two phase flow. In a 1977 report * NPA Associates,
Inc., investigated the possible errors due to slug flow, annular flow re-.

gimes, steam-water ratios, and differential two phase velocities. This

oRNL-DwG st-22673 ETD
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Fig. D 3. Error due to turbine linearity; characteristic curve.
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investigation was strictly theoretical, based on' momentum exchange between
the blade and the fluid. These analyses were based on steady-state flow,
balancing the transverse momentum of one phase against that of the second.

4

Assuming no not momentum exchange with the rotor, the turbine response was *

interpreted in light of the point effective radius (established as the
calbration constant) in the presence of two phases with different flow re- ,

gimes and different velocity profiles. The conclusion reached was that
errors up to +25% might be expected.

By assuming equal probabilities for the parameters investigated, it
was determined that a la error band of 10% might -reasonably be expected.
How ever, until experimental verification of both model and results can be
obtained, it would only be prudent to use the above figures in a qualita-

tive manner.

D2 Gamma Densitometer

{
The gamma densitometers consist of a nearly monoonergetic 18'Cs samma

source, an ionization chamber to 65tect the gamma rays, an instrument an-
,

! plifier, and the DAS. In use, the samma rays pass through the steel pipe,
I through the water (in whatever phase) in the pipe, and into the ionization

chambe r. In the ionization chamber the gamma rays are converted into an

[
electric current such that the current is proportional to the intensity of

l the impinging gamma rays. The instrument amplifier takes this current and
converts it into a voltage that is proportional to the input current. At
the DAS the voltage is converted to a digital value and stored on magnetic *

tape.
Given that the source approximates a point source, the density of the ,

water (p,) in the pipe should be given by
i

I

[V -Vh|

' p o
Ip ,= KFACTR in ,

ky , yoI

where KFACTR is an experimentally determined constant that includes the
effect of pipe diameter and the mass absorption coefficient of the water
(including any dissolved salts), V is the output voltage when the pipe is

y

empty, V, is the output voltage with the source shielded (dark voltage or
zero offset), and V is the output voltage when there is water in the pipe.

Due to the strong theoretical dependence of density error as a func-

tion of density, the la error band was investigated as a statistical func-
tion of the density reading compared to an in situ standard b6 sed on the
physical properties of the water in the pipe under known conditions of
temperature and pressure and a steady-state, one phase flow. Ten Jamma ,

I densitometers in service during Test 3.05.5B were used as a basis of the,

| study. The output voltage of each instrument was sampled 150 times in
each of ten 3-s files. The output voltage was then used to coupute the -

| water density using values of KFACIR, V and V measured in a recent cali-
P o

|

bration run. Those densities were then compared to the expected densities'

i

_ _ _ _ . - , _ _ _ . _ _ _ _ _
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based on water properties derived from the temperature and pressure'in-
struments located adjacent to each gamma densitometer.

The measured uncertainty expressed as la in kg/m3 (and 1b/fts) is,
'

shown in Table D.I . It was discovered, however, that at least part of the
large variation in the uncertainties resulted from a systematic error that
varied from instrument to instrument (see Fig. _ D 4, where the densitometer-

density is plotted against the water property density for DE-204B) . Fur-
thermore, the expected strong dependence of error on total density is not
obvio:ss over the range of data compared. Not all densitometers showed
positive deviations f rom the standard as did DE-204B.

Table D.1. Absolute error analysis
>

.

Densitometer
(kg a ) (1b fts)s

DE-20 18.9 1.18
DE-36 199.0 12.42
DE-168 3.6 0.22
DE-218 87.5 5.46
DE-204 A 4.4 0.27
DE-204B 57.7 3.60
DE-204 C, 33.6 2.10
DE-262A*

DE-262B 22.9' 1.43
DE-262C 37.5 2.34.

Average 52.0 3.20

" Probable equipment failure
during test.

The data for each densitometer were fit to a straight line, densiton-
oter calculated density to water property density, using linear regression1

analysis. The random error, expressed as lo, was then calculated for each
gamma densitometer using Eq. (D.16), but Y is the best average value from

g
the linear regression equation. The value of uncertainty was much more
uniform from densitometer to densitometer (see Table D.2). A preliminary
analysis of the calibration procedure indicates that it may be possible to
recalibrate the densitometers analytically to remove the systematic error.

; Since the analysis performed on the exper3 mental data does not use the

| densitometer responses, it was not deemed worthwhile to expend the effort
required to perform this recalibration.

*
Since the density of water at room temperature is approximately

1 x 10-8 kg/m8 (62.4 lb/f t8), the above results can be summarized as
follows:,

2a error band under current operating procedures 10.4% FS....

_ _ _ _. - _ _ . _ _ _ .
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Fig. D.4. Typical densitometer calibration.
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Tabl e D.2. Least-squares best-fit line

(RHO = A x DERHO + B)

Densitometer A B (kg m8) (Ib ft8)

DE-20 0.945 64.9 8.6 0.54
DE-36 0.131 745.0 9.7 0.61
DE-168 1.000 -0.4 0.9 0.06
DE-218 0.711 176.0 2.5 0.16
DE-204A 0.981 14.0 4.4 0.27
DE-204B 1.190 -85.9 6.0 0.37
DE-204C 1.010 24.8 12.4 0.77
DE-262A
DE-262B 0.740 246 .0 5.3 0.33
DE-262 C 1.160 -100.0 4.5 0.28 *

Average 5.8 0.36
.

Probable equipment failure daring test.
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The following items need to be considered when applying the above
error bands to THTF data analysis:

,

1. An analysis of data scatter indicates an average a of 31 kg/m 8 or

3.1% FS over 150 point data files. Therefore, individual points within a
.

file have much higher uncertainties than those stated for files as a
w hol e .

2. No other f actor has been identified which would degrade the error

bands beyond the steady-state, one phase flow values listed above. How-
ever, it should be understood that the densities computed from densitome-
ter voltages during transients and two phase flow are time-and path aver-
aged values. Furthermore, a direct application of the above data to tran-
sient, two phase flow is done at the risk of the data user until experi-
mental verification can be obtained.

D3 Strain Gage Pressure Cells

The pressure channel invertigated consists of a strain gage pressure
cell, an instrument amplifier, and the DAS. In operation, pressure on the
diaphragm of the pressure cell causes a change of resistance in the foil
strain gages attached to the diaphragm. The change in resistance in the
gages causes a voltage output f rom the cell that is proportional to the
applied pressure. This output is amplified by the instrument amplifier.
The DAS converts the amplifier output to digital format and writes it onto*

magnetic tape.
The following errors were identified as contributing to the pressure

cell uncertainty:

Nonlinearity (P-sensor) * 0.3% FS...................

Repea tability (P-sensor) * 0.1% FS..................

Hysteresis (P-sensor)* 0.1% FS.....................

Tempco, gage f actor (P-sensor)* 0.5% Reading............

Tempco, zero offset (P-sensor)* 0.5% FS............

Gain instability (instrument amplifier)* 0.1% Reading...

Output offset (instrument amplifier)* 0.1% FS......

DAS calibration * 0.3% Reading...........................

Location of calibration standards 0.4% FS..........

Strict sum 2a error band 2.5% FS.................

RSS 2a error band 1.0% FS........................

The following items-need to be considered when applying the above
error bands to THTF data:

It is fairly obvious that the results of the in situ calibration run
(see item 2 below) agree respectably with the 2a error band determined

* above. The probable reason that in situ calibration errors are smaller
than the theoretically determined value can be attributed primarily to
smaller than estimated temperature changes in actual operation for both.

gages an/. amplifiers. In the absence of contradictory experimental evi-
dence, the 2a error band for the strain gage pressure cells should be set
at 1.0% FS or 200 kPa (29 psi) .

__
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1. The temperature effects were assumed to be operable over a range
of only 56*C (100*F) in actual use. This seems like a reasonable assump-
tion since the sensors themselves are installed at the end of a connecting .

tube ensuring cooling by ambient ' air flow and the instrument amplifier is
mounted where ambient air flow should keep the temperature change within
the 56*C (100'F) range. Channel noise was measured during Test 3.05.5B -

using Yg (see Eq. (D.16)] as the averase within a data file. Five in-

struments were sampled with 30 points per data file,10 data files each.
The la value measured in this manner was quite variable, so that it was
deemed expedient to select a value of a large 'eough to include about 95%
of the data.

2. The strain gage pressure cell does aavo a usable in situ stan-
dard for comparison. With data from a recent pressure cell calibration
run, the standard deviation for system pressure was determined for six
strain gage pressure instruments by comparing P-cell output converted to
pressure using the measured calibration constants with the average reading
of two Heise bourdon tube gages accusate to 20 kPa (3 psi). The results
of that comparison are:

Instrument a (LPa) o (psi) o (% FS)

PE-26 37.2 5.4 0.18

PE-41 66.2 9.6 0.32

PE-44 18.6 2.7 0.09 .

PE-76 43.4 6.3 0.21
*PE-106 47.6 6.9 0.23

PE-156 91.0 13.2 0.44

Average 51.0 7.4 0.24

Plus location of call- 40.0 5.8 0.18
bration standard

Total 2a value 130.0 18.9 0.6

3. The in situ calibration uses the average reading of two Heise
gages as system pressure. These gages may be separated by 8.53 m (26 f t)
vertically. The result of the difference in static water pressure can
produce an offset of ~40 kPa (5.8 psi) (la) depending on the location of
the specific instrument.

4. The DAS seems to be the limiting f actor in instrument response
time, including the response time of the transducer itself since pressure
waves should reach the sinphragm much f aster than the normal sample rate.
No other source of crist tss been identified to degrade the error band
established for stet'~ s' te. one phase flow. However, the application of

*
the above error in o. t c .ransient or two phase flow without corroborating
da ta might be ov..w.y q . idstic, and any such use is the responsibility of
the data user. .
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.

D.4 Differential Pressure (do) Cells

The strain gage dp cell (A, B, C) instruments are very similar to the*

strain gage pressure cellt above, except that they have lower full-scale
capability.

,

A. The identified sources of error in the BLH strain gage (1380
and 6870 kPa or 200 and 1000 psi, respectively) dp cell are

Bench calibration (note 1) 2.4% FS.................

Tempco, gage factor (P-sensor)* 0.1% FS............

Tempco, zero offset (P-sensor)* 0.1% FS............

Gain instability (instrument amplifier)* 0.1% FS...

Output offset (instrnment amplifier)* 0.1% FS......

A/D inaccuracy (DAS) * 0.3% FS......................

Random noise (note 2) 2.0% FS......................

Strict sum 2e error band 5.1% FS.................

RMS 2a error band 3.1% FS........................

B. The identified sources of error in the BLH strain gage
(1380 kPa or 200 psi) (pit) dp cell are

Bench calibration (note 1) 2.4% FS.................

Tempco, gage factor (P-sensor)* 0.5% Reading............

Tempco, zero offset (P-sensor)* 0.5% FS.............

Gain instability (instrument amplifier)* 0.1% Reading...

Output offset (instrument amplifier)* 0.1% FS......

A/D inaccuracy (DAS)* 0.3% Reading*

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

Random noise (note 2) 9.6% FS......................

Strict sum 2a error band 13.5% FS.................

RMS 2a error band 9.9% FS........................

C. The identified sources of error in the GENISCO (41 LPa or 6
psi) strain gage dp cell

Static pressure offset 2.6% FS.....................

Zero balance * 2.0% FS..............................

Linearity, hysteresis * 0.4% FS.....................

Tempco, s e n s i tiv i ty * 0.3% FS.......................

Tempco, zero offset * 0.3% FS.......................

Noise (note 1) 2.0% FS.............................

A/D conversion DAS* 0.3% FS........................

Strict sum 2e error band 7.9% FS.................

RSS 2a error band 3.9% FS........................

D. The identified sources of error in the ITT Barton (25 kPa or.

100 in. ) dp cell are

* Transduction accuracy * 0.25% FS.....................

Static pressure effect* 0.4% FS....................

Tempco, zero offset * 0.2% FS.......................
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0.2% FSTempco, sensitivi ty * .......................

2.0% FSNoise ......................................
0.3% FSDAS* .......................................

Strict sum 2a error band 3.4% FS *
.................

RSS 2a error band . . . . . . . . . . . . . . . . . . . . . . . . ' . . 2.1% FS
*

E. The identified sources of error in the Rosemount Capacitance

dp cell are (see note 4)

6.2 and 7.4 kPa 37 and 50 kPa
(25 and 30 in.1 (150 and 200 in.)_ i

Transduction accuracy 0.25% FS 0.25% FS........ .......

Tempco, combined * 0.95% FS 0.14% FS............ .......

Static pressure offset 1.0% FS 1.0% FS....... ........

0.25% FS 0.25% FSStabili ty* ..........................

Noise 0.2% FS 0.2% FS........................ ........

DAS* 0.3% FS 0.3% FS......................... ........

Strict sum 2e error band 3.0% FS 2.1% FS... ........

RSS 2a error band 1.5% FS 1.1% FS.......... ........

F. The identified sources of error in tho FOIBORO force balance
dp cell are

Transduction accuracy * 0.25% FS.....................

Noise 2.0% FS......................................
,

DAS 0.3% FS..................... ..................

Strict sum 2a error band 2.6% FS.................

RSS 2a error band 2.0% FS -........................

The following items need to be considered in evaluating the above 2a
error bands:

1. Bench calibration data were substituted for the values of nonline-
arity, repea ta bil ity, and hysteresis since bench data were available and
indicated significantly larger error bands for strain gage. Th e dp s e n-
sors in use show a dependence on system pressure for both gain and offset
(see Figs. D.5 and D.6) . The approach has been to use.a calibration equa-
tion based on a linear regression calibration of both gain and zero offset
in the fo.a

Pdp = (pag + Bg)[V - (PAz + Bz)] ,

where P is the differential pressure measured by the dp cell; Ag, Bg,
dAz, and bz are the calibration coefficients; V is the sensor output volt-

age; and P is the system pressure. How ev er, the linear correlation of
*

system pressure and constants Ag, Bg, Az, and Bz is not high enough to
make the correlation better than 1.2% (as lo) overall.

2. When the error band was checked using digital data from Reactor .

Simulation Test 3.05.5B, an average value of a equivalent to 1.0% FS was
measured using 13 PDE's in service prior to blowdown. The average output
was used as the standard.

_ _ .
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3. When the strain gage dp cells are used as pit dp cells, they are
connected to different parts of the system by long lines of small diameter
tubing. Analysis of Test 101 showed that resonant ringing could account .

for an increase in the noise level (as lo) to 4.8% FS just prior to blow-
down and up to 65% FS af ter blowdown when the 28-Hz (the measured resonant
frequency) notch filter is used as a standard (see Fig. D.7) . *

4. An in situ calibration was made during steady-state scans for the
Small Break LOCA II tests of October and November 1980. The uncertainty
estimate used water properties as a basis of known differential pressure.
The results indicated an average la uncertainty of 10.05 kPa (0.2 in.)

(0.8% FS) .
5. Temperature coefficients were applied over a range of 15'C

(27'F).
6. No parameter was identified that would degrade error bands beyond

those listed above during two phase flow. However, extension of the
stated error bands to two phase flow or transient conditions without sup-
porting experimental evidence is done at the data user's risk.
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D.5 Thermocouple Temperature Instruments

|

The thermocouple instruments consist of Chromel-Alamel thermocouples,.

a " cold-Junction" reference box, and the DAS.
The following error sources were identified for thermocouple

''

ins trument s :

I" """ ** "*
Above 350'C (660'F)('C) (*F)

Thermocouple material * 2.2 4.0 0.76%
Random noise 0.5 1.0
DAS calibration 1.8 3.2 0.46%
Reference j unction 2.2 4.0 2.2*C (4.0*F)
calibration

Reference junction 0.16 0.3 0.16*F (0.3*F)
controller
Strict sum 2a error band 6.9 12.4 (See below)
RSS 2a error band 3.7 6.7 (See below)

Conversion of the above percentage values to degrees centigrade
above 350*C (660*F) results in the following:

2a Error bandTemperature 2a Error band
*#

('C) ('F) ('C) (*F) *C ),

350 662 3 .7 6.7 7.4 13.3.

400 752 4.2 7.6 8.3 14.9
450 842 4.7 8.5 9.1 16.4
500 932 5 .1 9.2 10.0 18.0
550 1022 5.6 10.1 10.8 19.4
600 1112 6 .1 11.0 11.7 21.1
650 1202 6.6 11.9 12.5 22.5
700 1292 7 .1 12.8 13.4 24.1
750 1382 7.6 13.7 14.2 25.6
800 1472 8.0 14.4 15.1 27.8
850 1562 8.5 15.3 15.9 28.6
900 1652 9.0 16.2 16.8 30.2

The following items need to be considered when applying the above
error band estimates to THTF data:

1. The ref erence j unction box calibration error was determined by
analyzing long-term calibration data from February 4,1976, to February
10, 1981, and includes any of f set from the mean set point value of 2.666
mV. Ref erence junction box anomalies were discovered during a 7-day

* steady-sta te period. Controller errors up to 0.08'C (0.14'F) were ob-
served for periods of approximately 1-h duration. Operating four units
continuously over 7 days, the average error was determined to be less than,

0.006*C (0.01'F).

-. _ _-_
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2. Random noise was determined by anaJyzing the data from Reactor
Simulation Test 3.05.5B for five Type _ Code - 6 and nine Type Code = 1
thermocouples in operation during that test for steady-state, one phase
flow conditions. Because of considerable scatter from instrument-to-

.

instrument and flie-to-file, a value of a large enough to include approxi-
mately 95% of all data was chosen. In an effort to pro"ido a conservative -

estimate, it was assumed that the noise at higher temperatures would be
proportional to the millivolt signal above 350'C (660*F) .

3. Data Acquisition System calibration was checked af ter a test
calibration with the voltage output compared with a 32.0-mV input signal.

4. A thermocouple that had been in service at the TETF f acility was
analyzed by R. L. Anderson 8 of the I&C standards lab to determine the ef-
fact of nickel crystal reordering. The results indicate that errors from
1.2*C (2.2*F) Inear 150*C (1300'F)] to 16.3*C (29.3*F) [near 900'C
(1650*F)] may be expected in addition to the above values. However, the
recent history of a specific thermocouple coupled with its end-to-end
temperature gradient makes it difficult to extrapolate to all TNTF thermo-
couples. The effect of crystal reordering would be to produce readings
higher than actually experien,ced at the junction.

5. An isothermal scan taken during Test 3.06.6B was used to compare
the output of 615 thermocouples believed to be operational. The measured
standard (2a) deviation os 4.0*C (7.2*F) agrees closely with the RSS esti-
mated value of 3.7'C (6.7'F) (2a).

D.6 Rod Power Instrumentation ''

The rod power instrumentation consists of two operational amplifiers, *

a calibrated low resistance shunt, and the DAS (see Fig. D 8). Amplifier
1 reads the voltage across the rod itself. V, is the output from the
voltage divider. Amplifier 2 reads the voltage across the shunt. The
current in the rod is then inferred using Ohm's law such that

I = V /R
1 s,

where I is the current in amps, V, is the potential across the shunt in
volts, and R, is the resistance of the shunt in ohms.

The following items were identified as probable sources of error when
determining rod power:

R, Calibration inaccuracy * 0.26% Reading.................

R, Temperature coefficiency* 0.2% Reading...............

V, Nonlinea ri ty' 0.01% Reading........................... '

V, Channel noise 0.72% Reading...........................

Y, Tempco, gain * .

0.02% Reading...........................

V, Tempco, offset * ......................... 0.03% FS
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Fig. D.8. Rod power schematic.

V DAS calibration inaccuracy * 0.30% Reading3 ....... .....
(

V Nonl inea ri ty * 0.01% Reading3 ...........................

V Channel noise 0.7% Reading3 ...........................

V Tempco, gain * 0.02% Reading3 ...........................

V Tempco, offset * 0.03% Reading3 .........................

V DAS calibration inaccuracy * 0.30% Reading3 .............

Strict sum 2a error band 2.6% Reading.................

RSS sum 2a error band 1.1% Reading....................
.

The following items need to be considered when applying the above
error bands to TitTF rod power data:*

1. Temperature changes at the amplifiers were assumed to be less
than or equal to 20*C (36*F) . The temperature changes at the shunt were

__
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assumed to be less than or equal to 40*C (72*F) . The temperature changes
chosen may be excessively large resulting in larger than necessary error
bands.

*

2. Power determined using IV (amps times volts) above does not
always agree well with an 18R (amps squared times rod resistance) power
calculation. No adequate explanation for the difference is known. Since .

both methods should yield the same value of power to the rods, actual
error bands may be larger than stated.

3. No error source was identified that would degrade the steady-
'

state, 2a error band beyond those listed above.
4. Because of matched voltage divider temperature coefficients and

the current calibration procedures, the error contributed by the voltage
dividers is considered negligible. How ev e r, channel noise was measured at
low power, so that the values used might be unnecessarily conservative.
Furthermore, the resistance of the shunt is very much less than the rod,
so that the voltage drop across the rod is essentially unaffected by the
shunt.

D.7 Strain Game Dran Disks

An analysis of steady-state, single phase drag disk uncertainties
based on subcooled flow calibrations from four THTF tests is presented.
The data are from pretest drag disk calibrations performed on the same day
of the test during heatup to blowdown conditions for Tests 3.04.7,

*
3.05.5B, 3.06.6B, and 3.08.6C.

The drag disks are calibrated using the turbine flowmeters (veloc-
ity, V) and pressure- and temperature-deduced density (p) to obtain an in .

situ standard momentum flux [(pVs)std] . A calibration equation is gener-
ated from a least-squares fit to the drag disk signal corresponding to the
momentum flux over a range of momentum fluxes. The measured momentum flux

[(pVs) meas] is btained by applying the calibration equation to the in-
strument signal. The calibration equation takes the form:

(pVS),,,, = A( IS -- Z) ,

where IS is the instrument signal in millivolts and A, Z, and E are cali-
bration parameters determined by the least-squares fit. The value of E is
generally near 1.0.

An estimate of the uncertainty in the drag disk instrument is made by
comparing the in situ standard to the instrument-measured momentum flux.
The errors are formulated in terms of percent of actual momentum flux,
which is approximately equivalent to percent of reading. For each data
point, the percent error is calculated from

,

(pVS)std - (pV8) ,,,, +

% error = .g y,)

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Two dif ferent drag disk instrument ranges and two different geome-
tries (2-in. and 4-in. spool piece configurations) resulted in three dif-
forent instrument measurement ranges. It was observed that values of a,

for the three different types of drag disks (target and geometry) agree
well with each other. It would appear reasonable to combine the data for
all three types and to report average uncertainties. How ev e r, separate*

uncertainty estimates are made for instrument signals below 10% of maximum
range due to a pronounced temperature effect that is especially noticeable
at the lower readings. This effect is caused by the strain gage elements
being in intimate contact with the fluid. The value of Z is the average
of values taken at two different temperatures. The attempted temperature
compensation is not very accurate at low signal values.

The resulting uncertainty bands for strain gage drag disks are:

2a error band below 10% FS 56% reading............

2a error band above 10% FS 19% reading............

The following items need to be considered when applying the above
error bands to THTF data:

1. Percentage error estimates for the drag disks were compared with
the subcooled data immediately preceding blowdown for the tests from which
the calibration data were obtained. Average error values of 9.2% of read-
ings (la) above 10% FS and 30% of readings (la) below 10% FS tend to sup-
port the uncertainty bands derived f rom calibration runs.

2. The strain gage transducer elements are exposed to the tempera-
ture environment of the loop. Temperatures significantly outside of the*

temperature range used during calibration will degrade the accuracy of the
instrument further, especially below 10% FS.,

D.8 Transient Response and Transient Errors

It is generally understood that no instrument responds infinitely
fast to changes in the physical parameters being measured. That is, if
the environment were to change suddenly from 200 arbitrary units to 400
arbitrary units, an instrument would initially read some value near 200
units and would approach a reading of 400 units asymptotically. A good
approximation for many instruments is first-order lag (see Fig. D.9)
defined by

V =V + (1 - e- *)(V -V) .
r o f o

That is, the value indicated by the instrument (V ) is equal to the origi-
nal value (V ) plus the value of the step function (V - V ) multiplied-

9 f 9
by an exponential delay factor, where T is the elapsed time and t is the
63.2% instrument response time, and V is the final value of the step,

f
function. Instrument error as a function of time would be represented by
the area between V and the instrument reading line.g

_.
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An additional problem in the TNTF uncertainty analysis is. introduced
because the signal is sampled over discrete time intervals instead of con-
tinuously. It may be dif ficult to identify the exact starting point of a ,

step function. If the step change in physical parameter occurs very near
in time to the DAS sample (relative to the instrument response time), the
instrument reading at that point will be in error by the total value of *

the change. If the DAS samples five or more response times af ter the step
function, less than a one percent error (expressed as percent of the step

function) will result.
Some arbitrariness is required, therefore, to provide a consistent

definition of transient error. The method chosen was to assume that the
step function occurred midway between two DAS sampling intervals (n and
r. + 1 in Fig. D.10) . The error is measured at each sample point as the
41 stance in engineering units between the modeled instrument reading and
the assumed final value of the physical parameter Vg (vertical dashed
lines in Fig. D 10) . The uncertainty is expressed as the average of all
the errors observed during an averaging interval (typically,150 or 500

as). The size of the step function and the length of the averaging inter-

val were chosen with test conditions in mind.
As an example, let us consider the errors in the reading of a gamma

densitometer (Sect. D.2) as s function of time. The response time on the

ionization chamber is estimated at 16 as. Assuming that the observed den-

sity decreases instantly from 750 kg/m (46.8 lb/f t) to 0 (a worst-case,
blowdown situation), the errors observed at the DAS and the average error ,

for a 100-as averaging interval reported are shown in Table D.3.
The following items need to be considered when applying transient

uncertainty values in the appendices to TNTF data: -

1. Although first-order lag modeling is appropriate for most instru-
monts, it is at best a close approximation to the true instrument re-
sponse.

.. . _ _ - _ . - __ O
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.

Table D.3
.

DAS interval n + In - Error Error
0.01 s (ks/a ) (Ib/fts)s

1 549 34.2
.?. 249 18.3
3 157 9.8
4 84 5.3
5 45 2.8
6 24 1.5
7 13 0.8
8 7 0.4
9 4 0.2

10 2 0.1
Average 118 7.4

, 2. The instrument response times are estimates. When these esti-
* mates are known from averages, the standard deviation is large, indicating

wide variation from instrument-to-instrument. As a resnit, a particniarly
sl ow instrument of a given type might show errors a f actor of 2 or more,

worse than the average wonid indicate.
3. The a,erage uncertainty values noted in the tables are extremely

sensitive to the averaging interval chosen. Average errors that appear

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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insignificant over a 500-as averaging interval ey well become significant
over a 150-as interval. A careful analysis of Table D.3 is illustrative

; in this light. ,

4. Step functions were chosen that were thought to be either repre-
sentatis e or worst-case possibilities on a test-by-test basis. It is pos-

sible, however, that steps more severe than those chosen may have oc- .

curred.

D.9 General Comments

1. All of the above error bands were derived assuming that the speci-
fled instrument was in nominal working condition and had been recently
calibrated using normal TETF calibration techniques. The error bands will

not apply to defective instruments.

! 2. The error bands stated apply only to those items covered in the
above discussion. Although every attempt has been made for the examina-

,

| tion to be exhaustive and for the results to be conservatively stated,

| there is always the possibility that excessive instrument noise or out-

| of-spec components will cause actual readings to be outside of the given
error limits (stated as 2a) .'

3. The error bands given herein represent the experimenter's best

| Judgment of the applicable uncertainties. TWo points should be noted,

how ev er. First, the estimation of transient contributions to the nacer-
tainty involves a number of assumptions and judgments. These have been ,

documented in Sect. D.8, and the steady-state and transient contributions
to the nacertainty have been listed separataly in the tables to facilitate

*the reader who wishes to use his own estimates of the transient contriba-
'

tion to uncertainty if he chooses. Second, most of the data available on

specific sources of instrument errors were obtained in single phase flow.
Thus, the experimenters had to rely primarily on engineering judgment to
combine and extrapolate this data to two phase flow. In most cases there
is no experimental, two phase flow data that can be used to verify the
resulting uncertainty estimates.

D.10 Steady-State and Transient Instrument Uncertainties

| Table D.4 provides a cross reference for instrument application num-
| bers (IAN) and type codes. The first column provides the type code as an
I integer between 1 and 113, the second column lists the form of the IAN,

and the "Romarks" column provides additional information to properly cor-
relate type code to IAN for all instruments.

Tables D.5-D.6 provide a summary listing of steady-state and tran-
sient error bands by test. Table D.5 has values stated in SI units. Ta-
ble D.6 is the English unit version of Table D.5. Nominal step function

*

refers to a step size that is characteristic of transient phenomena that
occur during the period when data are analyzed. ,

The first column in each table gives a brief instrument description.
The-second column provides the instrument type code. (Use Table D.4 to

|

L

_ . - _ . _ _ _ _ _ - _ _ _. _ . _ _ ,__ _
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Table D.4. Type Code - Instrument Application Number Table

.

7)pe Code I.A.N Remarks

.

Special FRS Sheath Thermocouples [0.38 mm//0.015 inch]
1 TE-3nnal an = 01,14,17, 21, 34, 37, 38, 50, 54, or 60

a = A, E, or F
1-1,2,3,4,5,6,7,8; or E, F, or G

Regular FRS Sheath Thermocouples [0.51 mm//0.020 inch]
1 TE-3 nnal an = 01-64 (except 19,22,36,46) and (excluding 01, 14, |

17, 21, 34, 37, 38, 50, 54, 60 for tests 3.06.6B,
3.08.6C, 3.07.9, 3.09.10I-I and Mothball)

a = A, B, or C
1 = A, B, C, D, E, F, G, H, U, or Y

Special FRS Middle Thermocouples [0.38 mm//0.015 inch]
2 TE-3 nnM1 nn = 01,14,17, 21, 34, 37, 3 8, 50, 54, or 60

M=M
1 = 1, 2, 3, 4, 5, 6, 7, 8; or E, F, or G

Regular FRS Middle Thermocouples [0.51 mm//0.020 inch]
2 TE-3 nnM1 nn = 01-64 (except 19, 22, 36, 46) and (excluding 01,

14, 17, 21, 34, 37, 38, 50, 54, 60 for tests
3.06.6B, 3.08.6C, 3.07.9, 3.09.101-X and Mothball).

M=M
1 = A, B, C, D, E, F, or G

,

Subchannel Thermocouples
3 TE-12nn nn = 01-81

Shroud Wall Thermocouples
4 TE-18aa n = 1, 2, 3, 4, 5, 6, or 7

a = N, E, S, or W

Miscellaneous and Process Thermocouples
5 TE-xxx xxx = 5B, 408B, 520B, 521, 901, 920, 921, 922, 923,

924, 925, 926, 927, or 936

Loop and Process Thermocouples
6 TE-xxx xxx = 1, 2, 6, 24, 29, 40, 45, 57, 62, 67,116,150,

151, 152, 153, 172, 208, 212, 222, 228, 256, 266,
281, 282, 284

Spacer Grid Thermocouples
7 TE-29na n = 1, 2, 3, 4, 5, or 6

a = A, B, C, D, E, or F,

e

___ _ _ _ _ _ _ . _ _ _ _ .
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Table D.4 (continued)
I

.

Type Code I.A.N Remarks

,

Array Rod Thermocouples
8 'IE-18aal n = 8 or 9

a = A or B
1 = A, B, C, D, E, F, or G

O-ring Area normocouples
9 TE-361-aJ a = A, B, or C

3=3

Shroud Box Thermocouples
10 TE-nab n = 0, 1, 2, 3, 4, 5, 6,~7, 8, or 9

a = A or B
b = E or S

Strain Gage Pressure Cells [20700 kPa//3000 psi]
23 PE-xxx xxx = 15,16, 26, 27, 42, 43, 44, 58, 63, 68, 76, 88,

106, 118, 156, 174, 201, 209, 224, 258, 268,
276, 281, 282, 283, 286, 425, 427, 454, 474

24 PE-3 2 Force Balance Pressure Cell [both ranges]

'

25 PE-102 Strain Gage Pressure Cell (1380 kPa//200 psi)
,

Strain Gage dP Ce11.[1 1380 kPa//1 200 psi) .

26 PDE-xxx xxx = 35, 46,167, 217
21 except for tests 3.09.10I-I and 3.10.10
60 except for test 3.05.5B

27 PDE-7 8 Strain Gage dP Cell [16900 kPa//1000 psi]

Strain Gage dP cell [1345 kPa//150 psi]
28 PDE-xxx xxx = 7, 53, 65,111, 203

21 only for tests 3.09.101-1 and 3.10.10
60 only for test 3.05.5B
200 except for 3.02.100-H and Mothball
251 except for 3.02.100-H and 3.09.10I-I

Strain Gage Pressure Cell [2400 kPa//350 psil
29 PE-nna nna = 526 or 616

FRS Heater Rod Currents
31 EIE-13 nn an = 01-64 (excluding 19, 22, 36, 46)

-Generator Currents
32 EIE-xx xx = 9, 10, 11, 12

.
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Table D.4 (continued)

Type Code I.A.N Remarks

s

Generator Voltage
33 EEE-xx x: = 9, 10, 11, 12

34 EWE-77A Primary Pump Power

Momentum Flux Flow (Drag Disk)
[9 cm//3.5 inch spool piece]

35 FMFE-xxxx xxx = 22, 38,170, 220
206 except for 3 .0 9.101-X

254, 264 only for 3.05.5B

36 SE-72 Primary Pump Speed

Break Wire Detector
37 XE-430s a = A or B

Momentum Flux Flow (Drag Disk)
[5 cm//2 inch spool piece]

40 FMFE-xxx xxx = 14, 55, 61, 66,114,154,155
206 only for 3.09.10I-X
254, 264 except for 3.04.5B

Strain Gage dP Cell [125 kPa//1100 inches water]
41 PDE-200 only for tests 3.02.100-H

Strain Gage dP Cell [1125 kPa//t 500 inches water]
42 PDE-204 only for test 3.05.5B

PDE-261 except for 3.08.6C, 3.07.9, 3.09.10I-X, and Mothball

Strain Gage dP Cell [1 41 kPa//1 6 psi}
43 PDE-nnn nnn = 199, 271

204 except for 3.05.5B
251 only for 2.02.100-H
261 only for 3.08.6C, 3.07.9, 3.09.10I-X, Mothball

Experimental INEL Level Prone
50 LE-14nn nn = 01 through 19

71 7E-28B Linearized Resistance Thermometer Device

Capacitive dP Cell
75 PDE-nna nna = 180 through 188

189 except on 3.09.10I-X and Mothball
set at 0-6.2 kPa (0-30 inches) except for 3.05.5B
set at 0-37.5 kPa (0-150 inches) only for 3.05.5B

4

._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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Table D.4 (continued)

.

Type Code I.A.N Remarks

.

76 ZE-336 U Inbundle Gamma Densitometer Position Indicator
ZE-346 L except for 3.09.101-1 and Mothball

Inbundle Gamma Densitometer Position Indicator
77 ZE-3 46L only for 3.09.10I-I and Mothball

Capacitance dP Cell [25 kPa//100 inches]
78 PDE-251 only for 3 .0 9.101-X

Capacitance dP Cell [50 kPa//200 inches]
79 PDE-200 only for Mothball

Capacitance dP Cell [7,5 kPa//30 inches] -

80 PDE-189 only for 3.09.10I-I and Mothball

Turbine Flowmeter-Heat Exchanger Secondary Flow
95 FE-nnn nnn = 522, 620, 720

96 FE-550 Turbine Flowmeter-Heat Exchanger Secondary Flow

97 PDE-48 Force Balance dP Cell [166 kPa//24 psi)
,

98 PDE-3 0 Force Balance dp Cell [345 kPa//50 psi]
.

99 TDE-28 Differential Temperature

105 PDE-761 Force Balance dP Cell
LE-100

Single Beam Gamma Densitometer
106 DE-xxx xxx = 20, 36,16 8, 218

Triple Beam Gamma Densitometer
xxx = 204A, 204B, 204C,

252A, 252B, 252C, 262A, 262B, 262C
.

Orifice Place / Force Balance Flowmoter
107 FE-xxx xxx = 1 A [0-5.0E-2 m / s or 0-800 spm]s

23 8 [0-1.0E-4 m / s or 0-1.6 spm] only 3.09.10I-Is

Orifice Place / Capacitance Flowmeter
xxx = 2 82 [0-2.5 E-3 m8 / s or 0-3 9.3 spm]

283 [0-3.3 E-4 m / s or 0-5.2 sym]8

927 [0-1.4E-4 m /s or 0-2.1 spm]8

.

O
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Table D.4 (continued)

Type Code I.A.N Remarks.

e Orifice Plate / Force Balance Flowmeter
108 FE-18A [4.4E-2 m8/s or 700 spm] except for 3 .01.10 0-H,

3.09.10I-X and Mothball
[1.7E-4 a /s or 2.7 spm] only for 3 .01.10 0-H,FE-18A s

3.09.101-X and Mothball
FE-238 except f or 3.09.10I-X

Instrument Spool Piece Turbine Flowmeter
109 FE-xxx [3E-4 m8/s or 5 spm] xxx = 250, 260 only for tests

3.01.100-H, 3.09.10I-X, and Mothball
[6E-4 m8 /s or 10 spm] xxx = 232, 280
[1.4E-2 m /s or 225 spm] xxx = 3, 51, 59, 64, 110,8

[1.4E-2 a /s or 225 spm] xxx = 250, 260 except fors

3.01.100-H, 3.05.5B, 3.09.10I-X, and Mothball
[1.4E-2 m8/s or 225 spm] xxx = 202 only for tests

3.01.100-H, 3.09.101-X
[6E-2 a /s or 1000 spm] xxx = 19,34,166,216,440,460s

[6E-2 a /s or 1000 spm] xxx = 250, 260 for 3.05.5Bs

[6E-2 m /s or 1000 gpm] xxx = 202 except for tests8

3.01.100-H, 3.09.10I-X

Resistance Thermometer Device,
110 TE-xxx xxx = 4B,101, 210A, 525, 557, 615, 627, 727

Inbundle Gamma Densitometer4 .

111 DE-xxx xxx = 336U, 346L

1 Orifice Plate / Force Balance Flowmoter
|

112 FE-238 same as type code 107 FE-238

j 113 LE-760 Force Balance dP Cell

i

1

,

%

a

. - _ , .- _ - - - - -- - -
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Table D.5. Test 3.05.5B
.

11r1Ti Instrument Error Bands
- e

stimated AssamedInstrument Type Instrument Steady State Transient
esponse Valne oDescription CoJo Range Error Error

_, , p
_

Rod Sheath 273 K 3.7K < 623 K>

Thermocouple 1 1309 K 10.3 K 0.8 (" 7 as ' 300 K '
O.38 mm OD

Rod Sheath 273 K 3.7K < 623 K
Thermocouple 1 1309 K 10.3 K 3.8 t" 12 as 300 K
0.51 mm OD

Rod Middle 273 K 3.7K < 623 K
Thermocouple 2 1309 K 10.3 K 0.8 k" 7 as 300 K

i 0.38 mm OD

Rod Middle 273 K 3.7K < 623 K
Thermocouple 2 1309 K 10.3 K 3.8 (* 12 as 300 K
0.51 mm OD

Bundle Subcnn 273 K 3.7K < 623 K
Thermocouple 3 1309 K 10.3 K 1.5 K 140 as 5K
1.02 mm OD

eShroud Box 273 K 3.7K < 623 K
Thermocouple 4 1309 K 10.3 K 2.7 K - 350 as -5K
1.57 mm OD

,

System 273 K 3.7K < 623 K
Thermocouple 5 1309 K 10.3 K 3.8 K 870 ms 5K
3.2 mm DD

System (Nansac) 273 K 3.7K < 623 K
Thermocouple e 1309 K 10.3 K 0.1 K 18 as 5K
6.4 mm OD

Spacer Grid 273 K 3.7K < 623 I
Thermocouple 7 1309 K 10.3 K 1.4 K 140 as 5K
1.02 mm OD

Array Rod 273 K 3.7K < 623 K
Thermocouple 8 1309 K 10.3 K 1.4 K 140 as 5K
1.02 mm DD

.

s

I

- - - _ - _ __ . . ... _ , - _ ,.
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Table D.5 (continued)
*;

11tTF Instrument Error Bands
e

** **** **"''Instrument Type Instrument Steady State Transient
espomse aine oDescription Code Range Error Error

_. . p

Rod Sheath 273 K 3.7K < 623 K
Thermocouple 9 1309 K 10.3 K 3.8 K* 12 as 300 K
0.51 mm OD

Shroud Box 273 K- 3.7K < 623 K
Thermocouple 10 1309 K 10.3 K 2.7 K 350 as 5K
1.57 mm OD

Strain Gage 23 20700 kPa 200 kPa N.S. 0.16 as 550 kPa
Pressure Cell

Force Balance 24 3400 kPa 100 kPa 430 kPa 3 00 as 550 kPa
Pressure Cell 17000 kPa

Force Balance 24 3400 kPa 160 kPa 430 kPa 300 as 550 kPa.
Pressure Cell 27000 kPa

Strain Gage 25 1380 kPa 17 LPa N.S. 0.32 as 550 kPa
Pressure Cell

* Strain Gage 26 11380 kPa 43 kPa N.S. 0.32 as 550 kPa
D.P. Cell

* Strain Gage 27 f%900 kPa 210 kPa N.S. 0.32 as 35 kPa
D.P. Cell

Strain Gege# 28 1345 kPa 11 kPa N.S. 0.32 as 35 kPa
D.P. Cell

Strain Gage 29 2400 kPa 24 kPa N.S. 0.16 as 550 kPa
: Pressure Cell

Rod Heater 31 800 amp 0.85% Rds 24 amp 50 ms 75 amp
Current

Generator 32 1000 amp 0.85% Rdg 95 onp 50 as 300 anp
Current

Generator 33 300 volt 0.76% Ros 32 volt 50 as 100 volt
Voltage

e

a

_ _ _ - - _ . __ __
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Table D.5 (continued)
?

T1f7F Instrument Error Bands
.

** "" * ^''''
Instrument Type Instrument Steady State Transient esponse alse o
Description Code Range Error Error _ , p

Primary 34 7 50 kW greater of 6.3 kW 150 as 10 kW
Pump 0.5 kW or
Power 0.3% Rd3

s $6% Eds 790 kg/ms: 16 as 7500 kg/asStrain Gage 35 10.1E3 kg/as
Drag Disk 11.0E5 kg/ms* 19% Rds

Primary 36 100 rpm 20 rpm 13 rpm 150 as 20 rpa
Pump Speed $400 rps

Breakvire 37 5 volt 30 ms N.A. 20 as N.A.
Detector

Strain Gage 40 10.2E3 kg/ms: 56% Ros 790 kg/ms: 16 as 7500 kg/ms:
Drag Disk 12.1E3 kg/ms* 195 Pds

Strain Gese 41 125 kPa 0.8 kPa N.S. 0.32 as 35 kPa
D.P. Cell

Strain Gage 42 1125 kPa 4 kPa N.S. 0.32 as 35 kPa
D.P. Cell *

Strain Gage 43 141 kPa 2 LPa N.S. 0.32 as 35 kPa
D.P. Cell *

Level' 50 110 volts *** *** *** ***

Indicator

RTD 71 273 K 1.1 K 9.9 K 10 see 10 K
700 .' 2.7 K

Capacitive 75 6.2 kPa 0.1 kPa 0.71 kPa 131 as 1.2 kPa
D.P. Cell

Capacitive 75 37.5 kPa 0.4 kPa 0.51 kPa 74 as 1.2 kPa
D.P. Cell

Position 76 3.92 a 0.5% Rd3 N.A. N.A. N.A.
Indicator*

Position 77 3.33 a 0.5% Rds N.A. N.A. N.A.
* Indicator

.

!

_ _ _ _ _ _ _ . _ , _ _
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Table D.5 (continued)
*

-

THTF Instrument Error Bands
e

**I"''' ^*****Instrument 7ype Instrument Steady State Trossient

",,''pf**E'"Description Code Range Error Error ,

Capacitive 78 25 kPa 1.3 kPa 13.6 kPa 110 ms 25 kPa
D.P. Cell

Capacitive 79 50 kPa 0.5 kPa 14.1 kPa 68 as 35 kPa
D.P. Cell

Capacitive 80 7.5 kPa 0.1 kPa 0.07 kPa 125 as 1.2 kPa
D.P. Cell

I7brbine 95 0.9E-3 m /a 4.1% Rds 1.3E-4 m8/s 11 as 6.3 E-3 m f.8 a

Fl owme ter 9.5EF3 m8/s 1.2 as

ITurbine 96 0.3 E-3 m /s 4.1% Eds 1.3 E-4 m8 / s 8 as 6.3 E-3 a /,8 s

Floemeter 3.2 EF3 m8/s 1 as

Force Balance 97 166 kPa 1 LPs 28 kPa 3 00 as 35 kPa
D.P. Cell

Capacitive 98 345 kPa 18 kPa 8.7 LPs 38 as 35 kPa
D.P. Cell

e

Differential 99 228 K 3.8 K 9.9 K 10 sec 10 K
Temperature 283 K

S

Liquid 105 3.81 m 0.023 a 0.16 m 300 ms 0.2 m
Level

Liquid 105 1408 m 8.5 m 0.16 m 300 as 0.2 m
Level

go4 kg/m8 25 kg/mGsama 1 06 1000 kg/ms 8 16 as 2 40 kg/m8
Densitometer

Orifice # 107 1.0EF4 m8/s 2.5EF6 m8/s 7.9 E-6 m* / s 300 ms IEF5 m8/s
Fl owmo ter

Orifice # 107 1.35E-4 m8 / s 3.4 E-6 m8 / s 1.1E-5 m8/s 300 as 1.4 E-5 a /,s

Fl owme te r

Orifice # 107 3.32E-4 m8 / s 8.3 E-6 m /s 2.6 E-5 m /s 300 ms 3.3 E-5 m8/s8 8

Flowmete r

o

e

S
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Table D.5 (continued)
*

11f1F Instrument Error Bands
s

** "'** ***"*Instrument Type Instrument Steady State Transient

"[*'" ' **Description Code Range Error Error
, p

4

Orifice # 107 2.48E-3 m8 /s 6.2EF5 m /s 2.0EH4 m8/s 300 ms 2.5EF4 m8/s8
3
' Fl owmet er

Orifice # 107 5.0E-2 m8/s 1.3 E-3 m8/s 3.9E-3 a /s 300 ms S E-3 m f,s a

Flowmet er

' Orifice 108 1.7E-4 a /s 4.2E-6 m8/s 1.3 E-5 m /s 300 ms 1.7 E-5 m* /ss 8

Flowme ter

Orifice" 108 4.4E-2 m8 /s 1.1E-3 a /s 3.5E-5 m8 /s 300 as 4.4 E-3 m8 / ss

Flowme t er

ITurbine * 109 10.3 E-4 m8 /s 4.1% Rds 3.1 E-6 a / s 8 as 1.5 E-4 ' a f.s s

Flowme ter 13.0E-4 m / s 1 as8
.

ITurbine * * 109 10.6E-4 m /s 2.TE Rds N.A. 8 as N.A.8

Flowmeter 16.1 E-4 m8 / s 1 as>

ITurbine * * 109 11.3 E-3 m /s 4.1% Rds 1.3 E-4 m8/s 13 as 1.3 E-3 m8/ss

Flowmeter 11.4E-2 m /s 2 as8

,-

ITurbine * * 109 10.62-2 m'/s 4.1% Rds 1.3 E-4 m8 / s 18 as 6.3 E-3 m /s8

Flowme ter 16.1 E-2 m8 / s 2 as
,

'
RTD 110 273 K 1.1 K 9.9 K 10 sec 10 K

700 K 2.7 K

Inbundle
Gamma 111 1000 kg/m8 104 kg/m8 25 kg/m8 16 as 240 kg/m8
Densitometer

Orifice # 112 1.0 E-4 m8 / s 2.5 E-6 a /s 7.9E-6 m8/s 300 ms I E-5 m / ss 8

Flowme ter

Liquid 113 1.18 m 0.007 m 0.16 m 300 as 0.20 m
Level

.

b

_,- , _ , , -. _ , - _ _ _ . _ - - - - _ __--c - -- ,- ,-- e _ - . . - - - - - - - - -+
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Table D.5 (continued)
%

Documentation of Steatr-State and Transient Error Bands,

Steady-State Error Bands: Two-standard deviations compared to in-site standard or twice
the root-sam-square of nacertainties, whichever is applicable.

Transient Error Bands: . Assuming first-order las function, response times (TAU), and step
function (Vf -- Vo) indicated--the average error seen by the DAS assuming the step
function occurred midway between DAS samples. The avero ing interval is 500 as fors
thermocouples and 150 as for all other instruments.

Total Error The total error due to steady state error and transient error is the som of
the steady state and transient error bands.

Footnotes

a. Error bands apply to the environment as sensed at the surface of the thermocouple
sheath. Larger errors may occur when data is modelled to provide temperatures at other
points. Transient response is estimated by using the response time (25 as or less)
prior to swaging the sheath (0.71 mm swaged to 0.51 mm DD), then scaling using the
rule: response time is inversely proportional to the outside diameter squared (DD**2
scaling). An additional 7% improvement in response time was allowed for packing of the
boron nitride during swaging. The smaller thermocouples (0.51 mm swaged to 0.J8 mm DD)
were estimated from the values of the larger thermocouples by first scaling the 23 as
response time to the unsessed 0.51 mm diameter using OD**2 scaling, then applying OD**2
scaling and the 7% improvement for packing to the svaged 0.38 mm DD. *

b. This instrument is fitted with Flow Technology electronics that time 10-blade passings.
Averaging improves the steady-state error bands but degrades transient response.

. c. Range applies specifically to instruments calibrated in subcooled liquid at a density
of 1000 kg/m**3.* d. Range applies specifically to instruments calibrated in subcooled 11guld at a density
of 860 kg/m**3.

s. Range applies specifically to instruments calibrated in subcooled liquid at e density
,

of 750 kg/m**3.

f. Error bands apply specifically to instruments calibrated in subcooled liquid. Estended
range electronics provide readings out to 0.227 m8/s for the 8.89E-2 meter diameter
models; 0.028 m /s for the 5.08EH2 meter diameter models, but the error bands apply8

only to 150% of nominal maximum range.
g. Strain sage D.P. Cells used as pit cells are connected to different segments of the

test section by long lines. These long lines induce resonant oscillations in the la-
strument that increase the steady-state errors bands to 35 kPs, and the transient error
bands to 400 LPa.

h. The turbine flowmeters (type code 109) have a flow range such that:
-3.0E-4(Flow (-C .3 E-4 .0R. 0.3 E-4(Fl ow(3.0E-4,-

-6.1 E-4(Flow (-0.6 E-4 .OR. 0.6 E-4(Fl ow(6.1E-4,

-1.4 E-3 (I l ow (-0.1 E-3 .OR. 0.1 E-3 (Fl ow(1.4 E-3 ,
-6.1 E-2 (F1 ow (-0.6 E-2 .OR. 0.6 E-2 (F1 ow(6.1 E-2,

t. The INEL level probe is an experimental device, and as such, does not have well
documented error bands.

J. No significant error over a 500 ms averaging interval.
k. N.A. implies not applicable.
1. Flow Technology supp11es calibration constants over the ranges 6.3E-4 to 1.9E-2 m8/s

and 5.0E-3 to 6.3E-2 m /s respectively. The uncertainty bands for these instruments8

should arproach the quoted values for these ranges, but special care may be required. '

See the section on turbine flowmeters in the critical instruments section.

*
,

&

h

C
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Table D.5 (continued)
V ,

Basis for Steady-State and Transient Error Bands by 7)pe Code
.

f{P' Steady State Transient

1 Critical instrument Manuf acturer's spec, OD**2 scaling
2 Critical instrament Manuf acturer's spec, OD**1 scaling,̂

3 Critical instrament Work of Carroll and Sheppard
4 Critical instrament Work of Carroll and Sheppard,

i 5 Critical instrument Work of Carroll and Sheppard
6 Critical lastrument Manufacturer's spec
7 Critical instrament Work of Carroll and Sheppard
8 Critical lastrument Work of Carroll and Sheppard
9 Critical instrament Manuf acturer's spec, OD**2 ocaling

10 Crit!6a1 instrament Work of Carroll and Sheppard
23 Critical lastrament Table B.2
24 Manufacturer's spec Table B.2
25 Bench Cal. + DAS Table B.2 (inferred)
26 Critical instemment Table B.2
27 Critical lastrument Table B.2

| 28 Critical instrament Table B.2
29 Critical instrament Table B.2 (inferred)
31 Critical instrament Table B.2 (inferred)
32 Inferred (type code 31) Table B.2 (inferred)
33 Critical isstrnasnt Table B.2 (inf erred)
34 Manufacturer's spec Manufacturer's spec
35 Critical instrament Table B.2 '

36 Bench Cal. + DAS Inferred (type code 34)
| 37 From test 3.03.6 AR From test 3.03.6 AR

40 Critical instrament Table B.2 *

43 Critical instrament Table B.2 (inferred)'
50 ******************* ********************
71 Bench Cal. & specs Table B.2
75 Critical instrument Manufacturer's spec
76 Engineering judgement N.A.
77 Engineering judgement N.A.
78 Critical instrament Inferred (type code 75) -

i 79 Inferred (type code 75) Inferred (type code 75) '

} 80 Inferred (type code 75) Inferred (type code 75)
'

95 Inferred (type code 109) Work of N. Chen
96 Inferred (type code 109) bork of N. Chen
97 Critical instrument Table B.2
98 Critical instrament Inferred (typed code 75)
99 Inferred (type code 71) Inferred (type code 71)

105 Nanufacturer's spec Table B.2 (inferred)
106 Critical instrwnent Work of R. Shipp (mennfecturer's spec)
107 In-sita calibration Table B.2 (inferred)
108 Inferred (type code 107) Table B.2 (inferred)i

( 109 Critical lastrument Work of N. Chen
! 110 Bench Cal. & specs Table B.2

111 Inferred (type code 106) Inferred (type cede 109)
| 112 Inferred (type code 107) Table B.2 (inferred)
| 113 Manufacturer's spec Table B.2 (inferred)
i

a

!

l

4

f
- , . - . . - - -- - . . . . - -- - , - . , -- . ,.
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. Table D.6. Test 3.05.5B

7BTF Instrument Error Bands,

stimate saamedInstrument 7)pe Instrament Steady State Transient
e8poase a neDescription Code Ran8e Error Error _ p

Rod Sheath 32 F 6.75 ( 662 F
#Thermocouple 1 1900 F 18.5 F 1.4 F 7 as 540 F

0.015 inch OD

Rod Sheath 32 F 6.7F ( 662 F
#Thermocouple 1 1900 F 18.5 F 6.8 F 12 as 540 F

0.020 1sch OD

Rod Middle 32 F 6.7F ( 662 F
Thermocouple 2 1900 F 18.5 F 1.4 F" 7 ms $40 F
0.015 inch OD

Rod Middle 32 F 6.7F < 662 F
Thermocouple 2 1900 F 18.5 F 6.8 F" 12 as 540 F
0.020 inch OD

Bandle Subchn 32 F 6.7F ( 662 F
Thermocouple 3 1900 F 18.5 F 2.7 F 140 as 9F
0.040 inch OD

e

Skroud Box 32 F 6.7F ( 662 F
Thermocouple 4 1900 F 18.5 F 4.9 F 350 as 9F

* 0.062 inch OD

System 32 F 6.7F < 662 F
Thermocouple 5 1900 F 18.5 F 6.8 F 870 ms 9F
0.125 inch OD

System (Nansac) 32 F 6.7F ( 662 I
Thermocouple 6 1900 F 18.5 F 0.2 F 18 as 9F
0.25 inch OD

Spacer Grid 32 F 6.7F ( 662 F
Thermocouple 7 1900 F 18.5 F 2.5 F 140 as 9F
0.040 inch OD

Array Rod 32 F 6.7F < 662 F
Thermocouple 8 1900 F 18.5 F 2.5 F 140 ms 9F
0.04C inch OD

a

!

f

i

. - . -
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Table D.6 (continued) ,

TNTF Instrument Error Bands
.

stimated AssumedInstrument Type Instrument Steady State Transient
","*pf**E "''; De sc rip t ier. ' Code - Range Error Error

-

Rod Sheath 32 F 6.7F < 662 F
#Thermocouple 9 1900 F 18.5 F 6.8 F 12 as 540 F

0.020 inch OD
,

Shroud Box 32 F 6.7F < 662 F
Thermocouple 10 1900 F 18.5 F 4.9 F 350 as 9F
0.062 inch OD

Strain Gage 23 3000 psi 29 psi N.S. 0.16 as 80 ps!
Pressure Cell

Force Balance 24 500 ps! 15 psi 62 psi 3 00 as . 80 psi
Pressure Cell 2500 psi

Force Balance 24 500 psi 23 psi 62 psi 300 ms 80 psi
Pressure Cell 3900 pal

Strain Gage 25 200 ps! 2.5 psi N.S. 0.32 as 30 psi>

Pressure Cell
f,

' Strain Gage 26 +200 psi 6.2 psi N.S. 0.32 as 80 psi
D.P. Ce!!,

. .

Strain Gage 27 +1000 ps! 30 psi N. S. 0.32 as 5 psi
D.P. Cell

8Strain Gage 28 +50 psi 1.6 ps! N.S. 0.32 as 5 psi

.

D.P. Cell

]

Strain Case 29 350 ps! 3.5 psi N.S. 0.16 me 80 psi
Pressure Cell

; Rod Heater 31 800 amp 0.85% Rds 24 esp 50 as 75 amp
| Current

Generator 32 1000 nap 0.85% Rds 95 amp 50 as 300 amp
Current

Generator 33 300 volt 0.76% Rds 32 volt 50 as 100 volt
Voltage

e

i

!

!
t
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Table D.6 (continued) -s

7BTF Instrument Error Bandse

' **I""**# *****Instrument Type Instrument Steady State Transient
Description Code Range Error Error.

'8poase alne o
_ , p

Primary 34 750 kW greater of 6.3 kW 150 as 10 kW
Pump 0.5 kW or
Power 0.7% Rds

Strain Gage 35 +0.7 EA lb/ f t s: 56% Rds 530 lb/fts8 16 as 5000 lb/fts:
Drag Disk +7.0E4 lb/ f ts8 195 Rds

Primary 36 100 rpm 20 rpm 13 rpm 150 ms 20 rpa
Pump Speed 5400 rpm

B rea kwire 37 5 volt 30 as N.A. 20 as N.A.
Detector

Strain Gage 40 +1.4 E4 lb/ f t s8 56% Rds $30 lb/fts8 16 as 5000 lb/fts8
Drsg Disk +1.4 E3 lb/ f t s: 19% Rd3

Strain Gage 41 +100 inch 3.2 inch N.S. 0.32 as 141 inch
D.P. Cell

Strain Gage 42 +500 inch 16 inch N.S. 0.32 as 141 inch,

D.P. Cell

Strain Gage 43 +6 psi 0.3 ps! N.S. 0.32 as 5 ps!.

D.P. Cell

Level' 50 +10 volt *** *** *** ***
Indicator

RTD 71 32 F 2.0 F 17.8 F 10 sec 18 F
800 F 4.9 F

Capacitive 75 25 inch 0.4 inch 2.9 inch 131 as 4.8 inch
! D.P. Cell

Capacitive 75 ISO inch 1.6 inch 2.0 inch 74 as 4.s inch
j D.P. Cell

Position 76 155 inch 0.5% Rds N.A. N.A. N.A.
| Indicator

!

Position 77 131 inch 0.5% Rds N.A. N.A. N.A.>

| Indicator
i
,

e

e

|
|
;

1

I

_ . _ . , - .
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Table D.6 (continued) r

7F17 Instrument Error Bands .

stimated AssamedInstrument Type Instrament Steady State Transient
'I*'

* * {," " ,, p fDescription Code Range Error Error
,

Capacitive 78 +100 inch 5.2 inch $5 inch 110 as 100 inch
D.P. Cell

Capacitive 79 200 inch 2.0 inch 57 inch 60 ms 140 f ach
D.P. Cell

Capacitive 80 30 inch 0.4 inch 0.3 inch 125 as 4.8 inch
D.P. Cell

ITurbine 95 15 spa 4.1% Rds 2.0 ppm 11 as 100 spa
Fl owme t er 150 spa 1.2 as

Ii Turbine 96 5 spa 4.1% Rds 2.0 spa 8 as 100 spa
Flowmo ter 50 spa 1 se

Force Balance 97 24 psi 0.15 psi 4 ps! 300 as 5 poi
D.P. Cell

Capacitive 98 50 psi 2.6 psi 1.3 poi 38 as 5 psi
D.P. Cell 4

Differential 99 +50 F 6.8 F 17.8 F 10 sec 18 F
Temperature e

Liquid 105 150 inch 0.9 inch 6.2 inch 300 ms 7.9 inch
Level

Liquid 105 5.5 E4 inch 336 inch 6.2 inch -300 as 7.9 inch
Level

Gamma 106 62.4 lb/ft8 6.5 lb/fts 1.6 lb/ft8 16 as 15 lb/fte
Densitometer

Orifice # 107 1.6 spa 4 E-2 spa 0.13 spa 300 as 0.16 spa
Fl owme ter

Orifice # 107 2.1 spa 0.054 spa 0.17 gym 300 as 0.22 spa
Flowmoter

Orifice # 107 5.3 spa 0.13 spa 0.41 spa 300 as 0.52 spa
Fl owme ter

.

4
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Table D.6 (continued)
=

TNTF Instrument Error Bands
e

Estimated AssomedInstrument Type Instrument Steady State Transient
e8ponse slue o

Description Code Range Error Error p,
-

Orifice # 107 39.3 spa 9.8 spm 3.2 spa 300 ms 4.0 spa
Flowme te re

Orifice # 107 800 spa 21 spa 62 spa 300 ms 80 spa
Fl owme ter

Orifice 108 2.7 spa 0.067 spa 0.21 spa 300 ms 0.27 spa

.

Fl owmo t e r
4

Orifice # 108 700 spa 17.4 spa 0.55 spa 300 ms 70 spa
Fl owmo t e r

ITurbine * 109 +0.5 spa 4.1% Rdg 0.05 spa 8 as 2.4 spa
Fl owmo t er +5.0 spa 1 as

ITurbins * * 109 +t.0 spa 2.5% Rds N.A. 8 as N.A,

Fl owmo tor +10 spa 1 as

Tarbine!* * 109 +22 spa 4.1% Rds 2.1 spa 13 as 100 spa
Fl owme te r +225 spa 2 as

,

ITurbine * * 109 +100 spa 4.1% Rds 2.1 spa 18 se 100 spa
Fl owme te r +1000 spa 2 me.

RTD 110 32 F 2.0 F 17.8 F 10 see 18 F
800 F 4.9 F

I n-bundl e
Osans 111 62.4 lb/ft8 6.5 lb/ft8 1.6 lb/ft' 16 as 15 lb/ft8
Densitometer

Orifice # 112 1.6 spa 0.04 spa 0.13 spa 300 as 0.16 :Pm
Fl owme te r

Liquid 113 46 inch 0.3 inch 6.2 inch 300 as 7.9 inch
Level

|
|

|
|

9

e

i

i

i

I
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Table D.6 (continued) ,

Documentation of Steady-State and Transient Error Bands a

Steady-State Error Bands: Two standard deviations compared to in-situ etandard or twice the
root-sne-square of uncertainties, whichever is applicable.

Transient Error Bands: Assnains first-order las function, response times (TAU), and step
function (Vf - Vo) indicated--the average error seen by the DAS assuming the step innc-
tion occurred midway between DAS samples. The averaging interval is 500 ma for thermo-
couples and 150 as for all other instruments.

Total Error: The total error due to steady state error and transient error is the sum of the

steady state and transient error bands.

Footnotes:

a. Error bands apply to the environment as sensed at the surface of the thermocouple sheath.
Larger errors may occur when data is modelled to provide te . aratures at other points.
Transient response is estimated by using the response time .25 as or less) prior to
swaging the sheath (0.028 inch svaged to 0.020 inch OD), then scaling using the rule:
response time is inversely proportional to the outside diameter squared (OD**2 scaling).
An additional 7% improvement in response time was allowed for packirs of the boron nitride
during swaging. The smaller thermocouples (0.020 inch swaged to 0.015 inch) were esti-
mated f rom the values of the larger thermocouples by first scaling the 25 ms response time
to the answaged 0.ClO inch diameter using OD**2 scaling, then applying OD**2 scaling and
the 7% improvement for packing to the svaged 0.015 inch OD.

h. This ih try-ent is fitted with Flow Technology electronics that time 10-blade passings.

Averaging improves the steady-state error bands but degrades transient response.
c. Range applies specifically to instruments calibrated in subcooled liquid at a density of

62.4 lb/ f t**3. 4

d. Range applies specifically to instruments calibrated in subcooled liquid at a density of
53.7 lb/ft**3.

e. Range applies specifically to instruments calibrated in subcoolsd liquid at a density of *

46.8 lb/ft**3.

f. Error bands apply specifically to instruments calibrated in subcooled liquid. Extended
range electronics provide readings out to 3600 spa for the 3.5 inch diameter models; 445
spa for the two inch diameter models, but the error bands apply only to 150% of nominal
maximum range,

g. Strain sage D.P. Cella used as pit cells are connected to different segments of the test
section by long lines. These long lines induce resonant oscillations in the instrument
that increase the steady-state errors bands to 5 psi, eld the transient error bands to
60 psi in the interval immediately following blowdown.

h. The turbine flowmeters (type code 109) have a flow range such that:
-5 .0 (Fl ow (-0.5 .OR. 0.5 (Fl ow(5.0

-10.0(Fl ow (-1.0 .OR. 1.0 (Fl ow (10.0,

-225(Flow (-22 .OR. 22 (Fl ow(225,

-1000(Fl ow(-100 .OR. 100(Fl ow(1000,

f. The INEL leeel probe is an experimental device, and as such, does not have well documented
error bands.

J. No significant error over the averaging interval.
k. N.A. implies not applicable.
1. Flow Technology supplies calibration constants over the ranges 10 to 300 spa and 80 to

1000 spa respectively. The uncertainty bands for these instruments should approach the
quoted values for these ranges, but specist care may be required. See the section on
turbine flowesters in the critical instruments section.

.

%

\
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Table 0.6 (continued)
i

Basis for Steady-State and Transient Error Bands by Type Code
e

fIP' Steady State Transient,

I Critical instrument Manufacturer's spec. OD**2 scaling
2 Critical instrument Manuf acturer's spec. OD**2 scaling
3 Critical instrument Work of Carroll and Sheppard
4 Critical instrument Work of Carroll and Sheppard
5 Critical instrument Work of Carroll and Sheppard
6 Critical instrument Manufacturer's spec
7 Critical instrument Work of Carroll and Sheppard
a Critical instrument Work of Carroll and Sheppard
9 Critical ins t r ument Manufacturer's spec. OD**2 scaling

10 Critical instrument Work of Carroll and Sheppard
23 Critical instrument Table B.2
24 Manufacturer'n spec Table B.2
25 Bench Cal + DAS Table B.2 (inferred)
26 Critical instrument Tabl e B.2
27 Critical instrument Table B.2
28 Critical inst r ument Table B.2
29 Critical lustrument Table B.2 (inferred)
31 Critical in s t r um e nt Table B.2 (inferred)
32 Inferred (type code 31) Table B.2 (infecred)
33 Critical instrument Table B.2 (inferred)
34 Manufacturer's spec Manufacturer's spec

6 35 Critical instrument Table B.2
36 Bench Cal. + DAS Inferred (type code 54)
37 From test 3.03.6 AR From test 3.03.6 AR*
40 Critical instrument Table B.2
43 Critical instrument Tablo B.2 (inferred)
50 ******************* ********************

71 Bench Cal. & specs Table B.2
75 Critical in s t r ument Manufacturer's spec
76 Engineering judgement N.A.
77 Engineering judgement N.A.
78 Critical instrument inferred ttype code 75)
79 Interred (type code 75) Inferred (type code 75)
80 Inferred (type code 75) Inferred (type code 75)
95 Inferred (type code 109) Work of N. Chen
96 Inferred (type code 109) Work of N. Chen
97 Critical in s t r ument Table B.2
98 Critical instrument Inferred (typed code 75)
99 Inferred (type code 71) Inferred (type code 71)

105 Manufacturer's spec Table B.2 (inferred)
106 Critical instrtment Work of R. Shipp (manuf acturer's spec)
107 In-situ calibration Table B.2 ( inf erred)
108 Inferred (type code 107) Table B.2 (inferrsd)
109 Critical instrument Work of N. Chen
110 Bench Cal. & specs Table B.2
111 Inferred (type code 106) Inferred (type code 109)
112 Inferred (type code 107) Table B.2 (inf erred)

0 113 Manufacturer's spec Table B.2 (inferred)

e
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cross reference to IANs.) The third column provides the nominal instra-

ment range. The fourth and fif th columns give the steady-state and tran-
sleet error bands, respectively. The sixth and seventh columns provide

'the estimated response time and step function vaines used to estimate the
transient uncertainty value.

The.English version tables are intended for reference only. Exact *

.,

correspondence of entries will be limited by significant figure rounding.
The vaines quoted for both steady-state and transient errors are es-

timates based on several assumptions. It is the responsibility of the
data user to ascertain the appropriateness of these assumptions when using
the included error bands for THTF data analysis.'
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Appendix E

l, DENSITY OBTAINED FROM THREE-BEAN DENSITOMETER

*
An annular model* is used for obtaining composite density from the

three-beam gamma densitometers installed on selected THTF spool pieces.
The model solves for a uniform density for each region shown in Fig. B.24
using the density indicated by each of the three beams and the length of
each beam within each region. The composite pipe density is then calcu-
lated as an area-weighted average of the three region densities. This
results in an equation for the composite density of:

F = 0.3784pA + 0.5117pB + 0.1099pc*

where F is the composite average pipe density and p ' E , and p ' '#*
A B C

measured beam dene'. ties respect. rely. The calculated composite density
is shown graphically in Figs. E.1 and E.2, for the external downconer
upper spool piece and bundle outlet spool piece composite densities,
respectively.

An uncertainty estimate for homogeneous flows may be obtained using
a standard propagation-of-errors method and the uncertainty estimates for

6
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Fig. E. 2 . Test 3.05.5B double-ended cold-les break simulation.

e

the individual besas. The standard deviation may be estimated as
.

a = [(0.3784a 8 0.5117o + (0.1099a *' *

A B C

Substituting the reported 2a single-beam values of 104 kg/m3
(6.5 lb into the above equation gives a 2a value of 67 kg/m8
(4.2 lb"/ft8)/fts) for the composite three-beam densitometer measurements.
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