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TREAT, What’s (Neutronically) Important




Brief Overview of TREAT

'f

Removable shielding blocks

= N

Il

Return ducts for in-pile loop > 5 Typical instrument holes

Detectors in
Biological Shielding




Overview of Basic Core-Only MCNP Model
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Incomplete but Usea for
Basic Scoping Studies
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* Courtesy Mark DeHart (INL)

MOQOSE Crossing




Modeling TREAT with MAMMOTH

» MAMMQOTH built via MOQSE framework (Multi-physics Object Oriented
Simulation Environment)

» MOOSE allows implicit coupling of MOOSE animals
» MAMMOTH is the MOOSE-based multi-physics reactor analysis tool.

» At present, TREAT core simulation efforts rely on
BISON (fuel performance), Rattlesnake (time-
dependent neutron transport) and MAMMOTH.

» LWR-type Pin _
experiments are bein
evaluated using RELAP-7
as well.

> Note that MAMMOTH is a
single executable code
with multiple
personalities all co-
existing.

All codes are based on
FEM — MOOSE routines
perform all solutions.

» All data from all codes is
avaléable to the solver(s)
used.




TREAT Modeling and Simulation (M&S)

» Unfortunately, advanced modeling and simulation isn’t.

» Based on an advanced concept, the process to adapt that
concept to a complex real-world problem requires time in
terms of effort and testing.

» The desired outcome of MAMMOTH
M&S will be to simulate the complex
Interactions occurring in a TREAT
experiment, driven by the coupled
physics of a temperature-limited or
controlled transient.

| > The first phase of this approach has
— o S been to develop the core transient
E— N 1‘[ simulation capability that couples
. RATTLESNAKE, BISON, and cross

g section generation.
_ ’. > A parallel, independent effort studied
\ - burnup of fuel pins during a reactor
cycle, followed by a rapid transient.
LIMITATIONS

Everyone has them



Minimum Critical Core

Fuel 1.1

Al Clad
Reflector
Assemblies Fuel 1.2
Control =
Assemblie MEShlng
S
CP-2
Permanent
Reflector
Zr-3 Clad
Reflector
Assemblies
Reqgions of

Interest
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Minimum Critical Core
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Coupled Physics in MAMMOTH

Temperature (K) A\

+ Reactivity increase (boron removal)
between 0.01 and 0.1s

« Reactivity decrease is due to
temperature feedback

Thermal Flux =




IRPhEP Recommendations
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International Handbook of Evaluated Reactor
Physics Benchmark Experiments

March 2015 Edition
» 20 Contributing Countries

» Data from 143 .
Experimental Series

erformed at 50 Reactor 4 s o
acilities Internatiorlaﬁ‘-ﬁ d bql‘ok _

» Data from 139 are o R 1)51CS
ublished as approved e ¢" i ¥
enchmarks L N ﬁ;f

» Data from 4 are published
in DRAFT form

» Handbook available to
OECD member countries,
all contributing countries,
and to others on a
case-by-case basis

http://irphep.inl.qgov/
http://www.oecd-nea.org/science/wprs/irphe/
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INTERNATIONAL BENCHMARK PROGRAMS
Q LI @/ OECD Mldoho T ;.-

BETTER POUICIES FOR BETTER LIVES

| Experiment | Benchmark Evaluation Process | Future Use _l

—

Advanced Modeling

E Externallr Available TS and Simulation
Technical Journals & Reports Evaluation Analytical Methods
Process Development, Validation, =

Internal Reports and Verification

Lters  Henos Nl \,  Identify Reactor Design
| | L o Verify . / and Licensing
e — ~_ Training

Drawings . Criticality and Reactor

| - i': Safety Analysis i
| Experimenter’s Annotated/ Fuel Cycle and Related F

Copy of Published Reports —_— * Document Comprehensive Activiies

Source of Externall e
Peer Reviewed Integhr(al Range of Applicability and

Benchmark Data Experiment Design
Nuclear Data Refinement

Logbooks —_—>

Peer Review

| * Evaluate (National and
« Compile Intgmaﬁor)\al
xperts

Short-Term
Preservation

o Calculate

Experimenters (Retired or
Working on Other Projects)

Facilities
Awaiting D&D




Baseline Assessment of TREAT for Modeling

and Analysis Needs

» INL/EXT-15-35372
» October 2015
» One-Stop-Shop

s Drawings
*»Materials

» Modeling and
simulation

> NOT A BENCHMARK -
< But still very useful - |

o For doing a benchmark 1_.




Steps in Benchmark Completion

» Generate detailed
TREAT MCNP
models

» Perform model
simplifications

*» Develop benchmark
models

“ Compute biases and
bias uncertainties

» Evaluate
experimental
uncertainties

>

>
>

>

>

Prepare draft
penchmark report

nternal review

ndependent
review (IRPhEP)

IRPhEP Technical
Review Meeting

s April

Publish IRPhEP
Handbook

‘*September/October

17



Typical Measurement Types for IRPhEP

» Critical/ » Kinetics
Subcritical Measurements

>Buck|in?/_ Data
Extrapolation » Reaction-Rate
Length Distributions

» Spectral »Power
Characteristics Distribution Data

» Reactivity Effects » Isotopic

> Reactivity Measurements
Coefficient Data » Miscellaneous

If it was worth rﬁeésuring,_

then it is worth evaluating.




Key Items of Interest (i.e. Lessons Learned)

» Can submit » Reduce statistical
evaluation by parts uncertainty or
< Criticality 15t year e\_/aluated results
& Additional will be worthless
measurements 2nd- > Split up major core
3'dyears configurations into
“*This allows for separate reports

feedback earlier In

a multiyear process * TREAT-FUND-

RESR-001
+»-002, -003, -004, etc.
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Optimally Picking the Low-Hanging Fruit

!
,-_-t
" t ‘ [ '

aano INAIIO
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Current Known Benchmarking Efforts

> INL

* Minimum Critical
Mass Core Loading

» NCSU
+FY16 NEUP
M2 and M3

Transient
Experiments
> OSU ~+»Criticality and Rod
+FY16 IRP agns
&To B | | “*Yet to identify a
<10 be good intermediate
Discussea =

core loading

21



What is Most Relevant Today

» Numerous
experimental |
series performed In
TREAT during its
years of operation

“*Physics testing
*LWR fuel
*»Graphite fuel
*LMFR fuel

6604 reactor
startups

1469 core loadings
+» 2885 transient runs

» Core configuration
and control rods
positions
adjustable

» Only experimental
campaigns with
upgraded core

“*+M8CAL
< AN-CAL

» These experiments
also have most

avallable
documented data

22



M8CAL

» Current core loading

» High fissile pins but
low fissile monitor
wires

» Low-Level Steady-

St ate (L L SS) ARCS Linear
RTS Transient Linear A (High level power - Power 1) . .

runs and I8 =R
transients % A BuRe ERE

» With and i B
without b g o
neutron filters

Reactor . .
7y N

r/ // \\ \\ 14-WHT01-24

G Y c tion rod

) >] Compensation ro
X > I Test vehicle P
[T Transient rod

i i inear

N
Hodoscope slot & control/shutdown rod
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Summary of MBCAL TREAT Operations

TREAT| Date ol | contor | — o TREAT
Core Transient| TREAT Rod Wire Test Wire | Energy, | Hodoscope
Configuration | Number | Operation| Configuration | Number| Train Identification Holder | MJ | Operation?
[ Fuli-siotted —~ |10/16/90 B Fueled |Low-level, steady-state (LLSS) irradiation — |37 Yes
10/17/90 providing background signal for the hodoscope
(NO FUEL)
Full-slotted -~ |10/19/90 B L91-8-10[Unfueled [LLSS LO3 (667 Yes
Full-slotted 2811 [10/25/90 B L.91-8-11|Unfueled [Full Heat Balance Transient LO3 (6554 No
Full-slotted 2812 [10/26/90 B 1.91-8-12|Unfueled [Heat Balance Transient (Partial) LO3 [4047 No
Full-slotted 2815 [11/14/90 D L.91-8-13|Unfueled |8-s Period Transient LO3 [996.0 Yes
Full-slotted 2816 |[11/15/90 D L91-8-14[Unfueled [8-s Period Transient (Partial) LO3 (6618 No
Taltsioned | — (52152 A [I9100.1[Untecled [L15S o pe [ Mo ]
Half-slotted —  [8/26/92 A == Fueled |LLSS for hodoscope background signal — = Yes
measurement (NO FUEL)
Half-slotted | 2858 (8/31/92 C L91-8-2 |Unfueled [Heat Balance Transient (Partial) LO3 [4231 No
Half-slotted 2862 [9/23/92 &) L91-8-3 [Unfueled [Full Heat Balance Transient LO3 [655.0 Yes
Half-slotted 2864 110/14/92 D L91-8-4 |Unfueled [8-s Period Transient LO3 (18684 Yes
Half-slotted 2867 [10/27/92 D L91-8-7 |Unfueled [30-s Period Transient O3 [1956.7 Yes
Half-slotted 2868 [10/29/92 C L91-8-8 |Unfueled |30-s Period Transient (Partial) LO3 (11986 No
Halfslotted | 2869 |10/30/92 C  |L91-89 |Unfucled [30-s Period Transient (Partial) LO3 [602.1 No
Half-slotted 2871 (11/16/92 D L91-8-15|Unfueled [30-s Period Transient (with power roll-over) LO3 [1999.8 No
Halfslotted | 2873 |11/19/92 D [L91-8-5 |Unfueled |80-s Period Transient LO3 (17978 Yes
Half-slotted — 1120092 A L91-8-1 |Unfueled [LLSS LO3 [576 Yes
Half-slotted - [1/29/93 A T-433  |Fueled |[LLSS —  [480 Yes
T-462
Half-slotted —  |2/8/93 A [L91-8-6 [Unfueled [LLSS LO3 480 Yes
Half-slofted — [212/93 A HO1-8-1 |Unfueled [LLSS M2CAL[576 No
Half-slotted 2874 (271793 D H91-8-2 |Unfueled [8-s Period Transicnt M2CAL|[1807.1 No
iy Half-slotted - [3/2/93 B L91-8-16]Unfueled [LLSS LO3 [576 Yes
Half-slotted 3593 A gg‘lﬁ Fucled |LLSS J— T Yes
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ANL/NPR-82/11
- ZRD: Graphite-filled, zirconium-alloy-clad dummy TREAT element
TREAT NPR CALIBRATION EXPERIMENT SLT: Hodoscope slot (typical element orientation)
AN-CAL ROT: Hodoscope slot (element rotated 90 degrees)
#S#: Shutdown/Control rods
by . #T#: Transient rods
#C#: Compensation rods

A B C D E F G H J K L W N O P R § T U

> Similar to future z -

W. R. Robinson, R. J. Page, and A. E. Wright

[ [ 3 . Hst SLT st
loadings with e s e ‘
Argonne National Laboratory 5 suT

Argonne, lllinois 60439

current core EEEUSEEER-RR

Jrer

¥ Bct Im‘r ice )
September 1992 1

> Various core . O

CharaCtenzation 12 #Td fct 1ch m.
packages I 7

Bsy
L
> D et al | e d Normal TREAT zirconium-alloy-clad-graphite element s

Ou ed Calibration Train ‘
temperature e |

-— X

s S
03.”;’ v )
limited t lent <

for reactivity limits

y3zoN

Stainless Steel Outer Tube
(Secondary Containment)

Special rirconium-zlloy-clad graphite elements




™ Datc of || Simulated | Test | ldentification | TREAT |Monitor Wire| Location of Wire in| Hodoscope
TREAT Primary Train Energy, MI| Number |Unfueled Calibration| Requirement
Operation || Container Train
S u mm ary 25P1 | Staimless | UCT | LSS (Wie) | 7224 | ANAET North | Horizontal Scan
Steel (SST) AN-3x2:1 East
AN-3x2-2 South
l I I é I:l —s é I AN-3x2-3 West
5/21 SST UCT | Heal Balance 219.2 AN-48-3 North
(HB) (full) AN-3x2-15 East
TREAT yesrll I
. AN-3x2-17 West
O p e r at I O n S 323 35T UCT | HB (pamia) | 1845 | AN-3x2-18 North
5124 SST UCT | HB (partial) 7491 | AN-3x2-19 North
528 SST UCT | SBLOCA (1) 1001(%) AN-3x2-12 North
(full)
5/29 SST UCT | SBLOCA (1) 631.7 AN-3x2-13 North
(partial)
5730 T SST UCT | SBLOCA (1) | 311.2 | AN-3x2-14 Norih
(partial)
6/11 SS8T UCT | SBLOCA (2) 894.2 AN-48-2 North Operational
{full) AN-3x2-4 East
AN-3x2-5 South
AN-3x2-6 West
627 SST UCT | SBLOCA (2) 568.0 AN-3x2-7 North
(partial)
6/28 SST UCT | SBLOCA (2) 279.1 AN-3x2-8 North
" (partial)
731 SST UCT | SBLOCA (3) | 847.5 | AN-3x2-26 North
(full)
8/ 8 SST UCT LOPA (full) 976.1(*) | AN-3x2-23 North
89 ST UCT | LOPA (partial)| 397.8 | AN-3x2-24 North
812 SST UCT | LOPA (partial)| 304.8 AN-3x2-25 North
8/14 SST UCT | HB (partial) | 1445 | AN-3x2-27 Norih
815 SST UCT | TOP () | 959.0(*) | AN-3x2-9 North Operational
8/i6 SST UCT | TOP (partial) | 580.3 | AN-3x2-10 Norih
820 SST UCT | TOP (partial) [ 314.8 AN-3x2-11 North
8/21 SST ucT LLSS (Wire) T720.0 AN-48-5 North Verical Scan
9/25 SST FCT | LLSS (Fuel) 480.0 Horizontal Scan
33192 Aluminum | UCT | LLSS (Wire) 720.0 AN-48-4 North Horizontal Scan
AN-3x2-20 East
AN-3x2-21 South
AN-3x2-22 West
4/24/92 Aluminum | FCT | LLSS (Fuel) 2997 Horizontal Scan

d transient with er tail.




* Courtesy Vishal Patel (CSNR)

Transient 2857 (Natural, Unshaped)

1500 L
% —gnergyA
31000 —C
14000 L% :tggg
12000 | ? —Linear A 200 1 :tgg C s
< 10000 - N lsTREK |
s 8000 | —ARCS 0 0.5 . 1 1.5 2
= Log A Time (sec)
2 6000 —B 40
Qc-) 4000 G
—ARCS s |
2000 | J S-TREK S —Rod 1
0 ' — s30T ;§
0 0.5 1 1.5 - e —
Time (sec) £ 25 —Avg
3 ——S.TREK
T 59
15 : : : !
0 05 1 15 2

Time (sec)



* Courtesy Vishal Patel (CSNR)

Transient 2860 (Shaped)

60 -
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o
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F
o
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w
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n
o
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TREAT-IRP TR,
Best Path Forward he At
» Goal:

*» 2 steady-state and
2 transient tests

» Steady-state cores
“* MB8CAL and AN-CAL (pick a loading from each)
“* IRPhEP benchmark evaluations

> Transient tests

“* Pick transient test that corresponds with selected
steady-state core loadings

“* Natural and a shaped transient for diversity
“ Expand existing IRPhEP evaluation work

» Stretch Goal:

* Can use knowledge and expertise to further evaluate

MB8CAL and AN-CAL experiment suites

29



Conclusions

» Determine what is » Established
neutronically IRPhEP format for
Important per neutronics
measurement type benchmark

> Ongoing progress development
iIn MOOSE » MBCAL and AN-
modeling and CAL experiments
simulation easiest option for

most impactful
benchmark
development




t / \ _—— Aluminum gripping fixture

3

/ \/,— Plug welds

= —
] n L ’ 1
i -
Cl -
M e
| __[\r__ . i
_-\_‘l-""’_ N
25} T
|1 Graphite} — Fuel can outgas tube
E 7 -~ Auminum can (0.050 WT) Section A-A
4 =4~ Attachment tab welded to
' end closure of fuel can
h Fuel
] —
i
0.040 between
. Fuel — fuel cans :t—lL_/
A A s N
—— 0.055 between —
48} -——J\\Jr‘ ____.J\J——"' fuel blocks and can
T ~ Zircaloy can (0.025 WT) Fuel
_~ Ribbed zirconium
spacer (0.25)
_I_
Aluminum drive rivet e 3,060 50 REF —=
< 4
Graphite
2 7 Aluminum can (0.050 WT)
)
23}
hNe—""
N
T N— N
7_.— Plug welds
- - ,
o (o]
I /— Aluminum alignment
/" and support pin

Dimensions in inches
Measdinion




Extra Slides

32



Transient Example

f.
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|
i
!
1
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TRANSIENT ROD
HIGH-SPEED INSERTION
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o — . — — — —— —— —

TIME ——=~
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? \ —— Aluminum gripping fixture
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Dumimy
sisting o : Mumiar
E.mﬁ',‘.ﬂ“ Humber oy |7 12 | Reguied
1 3 12 required (REF) H"‘-é
i Ha
T H4
NOTES: HS
ROS01-1031-5F-00 gl . i 2
2. For additionad indormation sea el
SPEC ROS01-1031-8F00
mum_\ 3. Epgrave identification number as shown e
W charactens |
K12
4.5Ig£mmm&mmnm v
&. Estmated 90165 4
Sl d1AK paraicie lansle K18
oa0 oo assemely 538 b3 g
7. Elemants H-6, H-10, H-198 and H-208 have [ —E-188 1 50 H1E
1240265-E0 [ Haoe” | 20 56




Plug holder g I Plug holder

— | 7 —
A AT A
Plug e ';.‘ Socket holder Connection Code Plug d Connection Code
i 1 i 2 " . ] 1 i . .
DRILL 3 DEEF in 5 Amphenol pins Lacation DRILL 5 DEEP in — Amphencl pins
®sockel hoider al ¥ Reworked top fuel filing AR - 42" fuel temperature B4 cockel hoider at NAC==1 AB Center fuel temperature
assembly - 3 holes v g Anodize red oo 30° fuel temperature assembly - 3 holes ;i DI s € ) co Reflector temparalure uppes
to match tapered f N to match tapered i Reworked lop fuel fiting EF Zircaloy skin temparature
haled in head 3 A EF 18" fusl temperature holed in head GH R \
N A GH 6 fuel temperature ] eflector lampersture lower
i &
N |\ — —

Top graphite plug —._|

Short graphite plug Shotted graphite plug —._ |
\ 28

o 13
243 53l

Section B-B
Shield
" S - 1 wide x 0,025 thick siray
welded 1o skin o
N wires under shield 3 REQD
S‘EDRM THRU outer lecate approximalely points “B*

in clearance hole for
ihermocouple

Zircaloy can

1

‘5hot through outer skin
gleamiﬂafa(“'
(shown 45° out of position)

v
ts

#11 (0.191) DRILL THRU /
CSNK 100" 10 1 Dia
24 places @ assermbly

#11(0.191) DRILL THRU
CSNK 100" to ]] DIA
24 places @ a:

Taper hole graphite plug —~\
Taper hole graphite plug \

238

Lower graphite plug \

Pin, peen, and grind flush
12 places top and
12 places bottom

Dimensions in inches

HAHTOLS.1




Socket holder Connection Code
Amphenal pins Location
# AB e'ldwlll i fuel
) #2 €D 11 depthin fuel
extreme care in #3 EF  Inreflector 13 from fuel element

Use
e Eo ol #4 GH I reflector 5 from fuel element

Connection Code

Pins ___Location
Reworked top fuel fitling

co Aluminum skin

3 holes : i
o match tapered ] Reworked top fuel fitting
ta : :

Short slatted graphite plug
\ 243

#11 (0.191) DR THRU
CSINK 100° to ]} DIn
places (@ assembly

Rivet must be
flush outside H
braze o peen :

in place

B
—

V" cut fuel block =
N DRILLTHRU rivet
hole for

Slotted fuel M‘\:[’;J\rﬂ :_:I

mrmwm\___J\rr

c H c

w07

#11(0.191) DRILL THRU —/
CSNK 100° to 1] DIA
24 places @ assembly

#11(0.191) DRILL THRU /
CSNK 100° to 11 D
24 places @ assembly

TawhhwﬂﬁeM\ Taporhohorspiitsphg\

Lower graphite D‘“ﬂ\

Pin, peen, and grind flush
12 places top and
12 places bottom




107 43

x
i\

Graphl.te plug

Top fuel fitting

/— Aluminum tube

12 places top

/— PIN, PEEN and GRIND FLUSH
12 places bottom

\\

1.0625 TYP

k- 3\\\\\\:\\\\\\\ -

A
1 _0625*TYF'

+— 3.960 SQREF —»

Dimensions in inche:

Py

Sharp

G core ——H

M': 1- 6" REF
1
vy )
\ See Detail C
B B
[ 1
. {%
2" OD tubing — | [5
13 GA (0.093 . 3
2-6"long /45 A A
'
Bottom
L fuel fitting
6
5

1.025 DIA —»

10

e N\

-H-

Grind to remove
hard edges
(after welding)

1 —- “M—H—h
fTHceH e iTYP' jTYP

4—3%5{2—&

View B-B

Grind corners
to match body
(after welding)

Detail C

T

LI
13

e

¥

Dimensions in inches
AR AMRITOY .
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Lifting adaptor

Stamp using
1/4" high characters
"Z0012-0172-ED"

P1 extension L

Graphite block

Lead brick

Lead brick

P2 extension
Bottom fitting

imensions in inches

4-WHTO01-112-9

Can

T

3.3063 REF

97.562 REF

106.469 REF

Graphite block

Stiffener
and retainer
weldment

Section A-A

14WHTO1- 11210

Graphite block

Lead brick

Lead brick

P2 extension
Bottom fitting

Lifting adaptor
Stamp using

1/4" high characters
"Z0012-0172-ED"

P1 extension

Lead brick

-
A

(/) 1T

3.3063 REF

s

el
-

Oy BO

Slotted can

106.469 REF

| 97.562 REF

i

»

= Dimensions in inches
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Electro etch in 3/8" high letters
NW or SE in approx. location
Qrient as shown

Section A-A
| .
(D 0.625 x 3.00 DP
D 1.125 x 60° CSK)
+ Aluminum
—¥—-— \ top fitting
(14.656)

0.375

TYP

i 0.38 CL GAP
0.375

TYP

0.025 1/4-20 x 0.50 L
Flat head hex socket screw
il ) 0.049 |-—
M Graphite plug ( ) CS
Zircaloy tube [ (76.312778%9) | ‘
(96.750 * 7.000) Hole diameter| D 0.526 / 0.530
in ZIRC 0.375 CSK 82° in bod
(107.218 ot
+0.020) 4 f

3 \ ZIRC to fitting detail TYP 3’52206%0[)1, 5(?0?3 g.ztsgSrJKEEP

E'I-_if 1/4-20 UNC-2B x 0.582 FULL TH'D 2 places
_ ) TYP top and bottom fittings
3 Locate as shown at assembly w/ZIRC tube
ﬁ% \ Y losss
bAlumir}um RN .
ottom fitting 0.688
Y J_ (15.875) ﬂ“—:{— -

0.375

TYP

REV Assemble w/1/4-20 UNC-2A x 0.500 LG

CS flat head hex socket screws.
Item 5 must be flush w/ ZIRC surface

%

Dimensions in inches
WHTO1117.7




Transient rod 183

—= 3.250 REF =— 60.000 REF > 60.000 REF = Controlahutdownrod 24 | 59.687 REF———=
For use of spanner 4
wrench Armstrong | — 7.000 REF [«—
No. 455 or equiv. |
: - T 4 : i L -
1[.;20 X \ ﬁ\ gl @m e
REF ™ -_ \"\-‘.\_ Fa N i N N ; \ 25 7 <

Zirconium follower \ Upper follower \Control rod follower

Control/shutdown rod drive assembly k

\Grapple adaptor \ Poison section
NOTES: transient rod drive actuator assembly

Joints must have no sharp offset

Moly solid lubricant or Mobil SHC 460 synthetic grease used in assembly of all joints Dimensions in inches

15-WHTD1-31
Controlishutdown or comp/shutdown rod Transient rod e s T
(In core) 37‘\— *'I I‘b‘;‘ Lt / /Lmling screwhole (40) 3
1" I ! [} -1 © o
(Out ofcore) §‘ (Out of core) @O@;@O©;©O©O©;©Ot%a o
% \ 00000000006 | Y.
—“—‘— \ 1.9+0.3 O _DJO0[(0 _© O _0_ 0O _ O &=¢ el 28
A [”1 (In core) 3 \ @@G}@@@’)C@C@@@ﬁ5
6.6+0.3 N 001010~ 0" 0_0_0~0_ |
f P ©.0.0.0.0.6.0.0:0 |
N o _oleolo~“o-o0 _0_0 !
©o©oo©o@o©o©o©o@o@j Il
r Control rod (32
Active boron ©o©o®o©uo©o©ooo©o©o© i o
56.125 ORCACKCACRCICKCICACK:
o _oTolTo_o_o_o_o0o_o0_ !
N CXCICKCIGICKCIGICICH! 2
, Travel Travel R OB -0 6 0=0 0 lu (ﬁ
Active boron 58 40 @ @ © 00000009 B
56.125 La Lo, 8 0 @& oo Coolant bypass (24)
—-—-% ------ —-—-—- S — Core center line -—-—- —-—-—h\———- B _@@©_©_ © \/ ©,€|
II Control rod scheme
Core fuel 4\ e [—3joia—| 67 —
47 625 % EI:D s
Center insert plate cutout Through hole (2) e o o g
\ {plate machined for 9 elements) [ ] [ ] [ ) [ ]
[ ] [ ) [ ] [ ]
Y Q X o e
A k- E]”"“Q"'
9.6+0.3 Ssciastieccoa:
‘ ) eicucice °
Y ® ! .
Y 4 Y Dimensions in inches R —




Reflector support angle
Re-1-23115-B RH
North, south and west

Reflector support angle outside reflector liner
Re-1-231 15-; LH r B RE-1-23096-C RH
5 5 . = = - - /— East OI.ItS_'Ide
i North top plate RE-1-23110-CLH | Nerth top plate RE-1-23110-C RH." 1] ﬁéf-‘f_‘gégg?{c LH
% i RE-1-23120-C
cavity insert &
3 |2 3
53 T I“nsmualtion Prot:edure o o o
h n iz . Locate reflector support angles as shown in auxilia
LN 7 X I \_ i S plan view and weIcF glip angqes to shielding. Adjust L
3 b North reflector> | ‘= RE-1-23201-C i support angles to given dimensions.
i ] liner RE-23107-C ! long cavity insert | (T4 2. Locate bottom plates and fasten using Item #1.
% | o 3. Loc_ﬂi_ts outside steel reflector liners and tack weld in
. i © position. i
a : | = 4. Arrange graphite blocks in position against outside steel
2 ] | Eﬁ:: ﬁeél_%l%g_c 3 u liner installing special graplE’r‘:: blocks and long bolts in
& | ~#19 (0.166) i i their propr location.
i = /" bt {oker i i £ € Arangs reng GUpS: oo by fer 83 shorn Special block
i By oo | s ] B - ¥ nstail reflecior liners and hold in glaoe{DatailC}‘ RE-1-23106-C
c o rr 8. Install top plates and corner angles (Detail C) "
w \ I =
'I = \E\—RE-1-23202-C i '3 Note: Install B thermacouples each face between liner and RE-1-23103-A
T 3} . short cavity insert = 3 1 reflector as shown in Section A-A - total 20 thermocouples,
= i 5
T 2. \- Wﬂestl.-‘zncll_ south il 8
M - reflector liner i Typical method
& RE-23108-C f L o?%slallalion of Nut seat
T N S i & four corner angles RE-1-23104-A
- ! [=%
| #17 (0.173) DRILL § DEEP i
P 3' | 3 &use angle to locate holes) Typical of 46 places
1 £ 4 -holes each angle, /
i g R 5 i;l%ﬂ:elf—tapping SCrews /
South top plate RE-1-23111-C RH | : | South top plate RE-1-23111-C LH x X3 Detail C Detail D
o o = - e =% e el 5 East outside
North, south and west reflector liner
B outside reflector liner RE-1-23097-C RH
See thermocouple note : RE-1-23096-C LH

—

n:t: Reflector liner thermal —
column opening -\
I. .

E RE-1-23279-B
EE R 7 'I.'|»x1 [ .| | |~».| 1 |i |\R |I»-| ERRo| i
- [ - RS EEEEEEEEuEEE Rl -
(o - RS EE muns AN se ]| -
T - 1T . - .
0 | [TTTTI EEEN \gg_r;?,‘;g,'ea | |am [T T T T T T TR T Tl -
B L ! ! ! ! !\ (see Detail C) B ! !
[TTTTI [TTTLT itz [T TE T TR
lic s B B RN | RE-1-23105-8 s | a
|| DNEEED ||JJ|| }_\H (see Detail D) Hel LL1H ] ; LT T I=T) |~ Retrofit o
| SRR | sasa=s BE/gSE |EEECN | SEEEI N EENEEEE IREEE f
— EEEEEEEEEE [TTTTT — — EEEEIEEEEEEEE ||__‘..,.--7---,”","'2'19%'
[T II i LI TIIT] Shecablock. N |
b || 8 ] | [ i R || B B e a0 1) M | |
S ! R 11111} i 11
ST T T TTEIITTTe GITTT I T T T[Tl
TTTT] p—— | L | s p—— | N
| |

Section B-B oM

42



B 25.097
- 24,815
Sodium level at 70 °F
* ~+— 0.684 plenum —= = 0.250
Yy & S A
t 0.230 DIA +——— 13.500 fuel pin ——————»

0.0135 sodium bond
0.015 jacket wall

Dimensions in inches
TWHTON55

o
777 i T 1] A - 7
NORTH (Hodoscope) /H[///W /ﬁ, Mj/f}ﬁﬁ’; X“‘“’
Cek / “;,,
l— &]REF —sle— B]REF — e T TR Dot e
AR N act ot ] s b
R "
Stainless steel =y R Stainless steel
dunl'l" es;‘;:e&ahars > \\i 4 calii:ration test T
2.386 OD x 2.294 ID : train outer tube
- 1.250Dx 1.12 ID e &R
\\ ;. Rivet countersunk 1118 DIA shamieum (TYP) sg[)!l]l-ﬂl)
\ Fusl pin 0.174 DIA. s‘g’g‘& p
< Feeaters 04 88T
ium \\ Q N\ shieldifiowtube samecor2 a0 SSHEET
Eﬁ:ﬁ?g' collars N N 0.375 0D x 0.289 ID = By e s
(wall thickness 0.020) 3BT 3 133 b 061 AL (0050 T - e
?.IWDK?.?G‘?;“W '%I%ﬁ g%’w
mmx 112510
glglsl"li!egaﬂezlﬂ1 glg?ﬁe 0010 o MAX, (TYP) B - f&?ﬂﬁ%‘gﬂmn 000500
i x i Saction DD
\mmﬁ-mmw arer
i - — =
. = °© o
Aluminum sleeve —  bRCERCooDoosaNGy, 0 Aoaaanyelyty e e e et
2.130Dx2.031D = ‘ arer
_________________________________________ e o o
Stainless steel v +
calibration loop \ . ol AREF
025 OB x 1.289 1D \ : = 3
2 X1 iy \ oy e —]— plate
S o o
\\\‘M\\\\\\“\ N o

SANRARRANY

View FF
(can and monior habé not shown) Drvrmnseons i nches



Eprc it TRERT CERE LLAD/AC
7= 759

ABCDEFGHUJKLMNGO bl
| A B CDEF GH JKLMNDOGPRSTUV
2 !
3 2
. 7 At 3 19914 |7
6 Y/T lo 2 108 367 |30 92
3 z B N P2 P Y A P vl I
5 1o s Kol e O R A P P P P
: - - 7 M [ 4133 e pﬁ@ﬂ” 69 |17 478l ™
i . . i PP P T Y 2 n”ljsz,' T
T 7 v/ s A [l 41y 199 312 3t 1145 lioots® gk 11158 |3e¥) 7
2 T o o 10 P e e T T N A G A s i e e
3 A I o |l A |2 [i550% |5 |19 49 st M 99 las A lpn5
14 1 o ol 1/ 12 B ,y'»t‘ﬁ Y A7 )
" 7 ’ y 13 13353 6”14 a2 I 72 T N
16 s L4 14 ‘HBT\Q'{ B 1] 1480 (|07} |0
17 /
L I5 R P P P T Y
. 16 [l | {117 oy
- 17 IGABUTY
18
19
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C B8 N own A W o

- W W g W™ W™ W™ o ™
O 0 N a8 W oA w AN o C

Shutdown

Nods 8 & 4

A 08 € D ET/F

Hodoscope

Slot

Shutdown
Rods 1

€ H J KJL M N OfP R 5 T

/

/

J <

/\/ Y

{

/

/

~

~
\'('-h__

—Transient

—{y—1 s —F -
el | ) Y- 1% o |~ 1o X Rods T-2
? 7 0 3 s \ % -
/ r x b A hY 1
— 1 D e e -\ e
i vy ,_,‘/ - '™ ii — _: S SRR S
7 X-t—-— - .
==t R, W S 1T =] Experiment
_-'_I".\ ) = - f- ,4,’11—_.—
_._lEL_J\' ' o 2490 )
\ \ \ \ s A I /
— N B‘ll \"U !o. //\—ﬂ- ,OIT .
= = J {_‘__ '

Shutdown
Ruds 10

\
Transient
Rods T-1

\
Shutdown
Rods 3 & 7

- W N e

1

= R 9 @ N o o

1
12
13
14
15
16
17
18
13

S S N S N U N S S SR B S
T i/ TN
Ll LI A R M S e e A fuintet datedt DEg SO EEES
5 rd
ST TR Sy ___.S..'_..,_..:’_..- — ., jﬂj O [
S SOl SN Btl DUEE EETE PR GOk PRNIe PISSS PRSI YIS SR Py S S S
el ; I
B G o e b N A 13! -
PRUuRp SN JE— -.tr ..-4'-‘_.\ S " G SR SR ::-\\,.- : \ -....\ [y
|7 | (|ach trerly [N
- T ---aq—:_-:_v'- - - \:.--- e -
N — Ol A (NS R s I =]
< ”K - et e et
. - & m | L L
Y | . 0 S VO R <o SN SN Y N
I L N {lucy e sTam
k\ \ A IV i 7"""'/ T
_———taee LA R Y p— ——r 7L.___ —_———
et T4
SRR SRR SN oot AU RUUONR SRS SRS S S N S L Allo¥ O S
ES! g‘:; o -;-/” st | T
— JUND SRR DR\t Y SN S SN O N .ol RN R SO SN
U S N S S e NS " S N S L] B 2l B O .

#Ce
#T4
#54

Slotted Hodoscope Assembly

Compensation/Shutdown Rod Assembly
Transient Rod Pair
Shutdown Rod Pair
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