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QIKR MCNP Model

A portion of QIKR MCNP model including monolith/bunker up to the QIKR instrument caves
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(a) Elevation view, cut at the center of the QIKR wedge

. . Stainless + water
. D Carbon steel
. D Regular concrete

. D HD concrete

- [] air

. E Stainless steel

Creo models

(b) Plan view along the QIKR-U elevation

A portion of QIKR MCNP model including monolith/bunker up to QIKR instrument caves
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QIKR MCNP Source Model

QIKR-SSW source

It utilizes the direct particle information for source

neutron on the source plane (neutrons are stored with

their exact position, direction and energy information
while crossing the source plane)

It was generated by using MCNP’s surface crossing
source capability:

=  MCNP full model was simulated with a proton source (700 kW,
1.3 GeV proton beam, corresponds ~ 3.37 x 1075 p/s)

= Arectangular source plane (28.5 x 13.5 cm?) was located 100 cm

away from the moderator surface

= Only forward-directed neutron tracks passing through the
predefined rectangular surface area were stored

= ~ 54 million neutron tracks stored for 1 million proton, resulting

in total 0.04315 n/s per source proton

= 0.002384 n/s per source proton within 0° - 3° degree

for QIKR-SSW

neutron source

lllustration of the location of the source plane for QIKR-
SSW source generation (no shielding is shown, only
target moderator assembly and beamlines)
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QIKR-SSW source was developed when QIKR was on
ST04. Since then, QIKR location has been changed
twice; first moved to ST03, and now located on ST02




QIKR MCNP Source Model

Normalized energy spectra of QIKR-SSW

. 1.000000 ¢ SR - S S ——
source vs generic neutron plane source : QIKR-SSW — ]
Generic T
The generic neutron plane source was developed for _ 0-100000 - E
STS shielding studies (documented in: STS Project E’ i ]
Generation of Beamline Sources — Preliminary Design, 2 1‘:|:|:it
[1}]
S04030200-TRT10002) £ 0010000 - i
[}
=
« Used in most STS shielding studies E
« Limited angular resolution 8
« Limited energy resolution at low energy 2 (001000 . ]
E -
QIKR-SSW better represents the space- E I
dependent energy and angular distributions of = 6.000100 L i
neutrons
i i iah- 0.000010 S vl vl S " S——
p|ffer§nces in spectra at very high-energy range 0 010 108 106 50001 501 1 100
is mainly due to the locations of the source energy(MeV)
planes (QIKR-SSW at ST04-Generic source at
ST11 Iocatlons) Comparison of neutron energy spectra for QIKR-SSW and generic neutron source

%OAK RIDGE Generic neutron plane source generated for STS shielding studies
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QIKR Guides - Creo
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Gaps to
QIKR Guides — Creo 22?:;';?;;12“\

Guide Element

Tapered guide (TG) Multichannel

bender blades

Ballistic guide (BG)

g;mg{i‘ge' « There are three main sections in each guide path: mulfi-

bender (BB) channel ballistic bender (BB), ballistic guide (BG, and
tapered guide (TG). Guide height contfinually increases until
the TG section when it decreases quickly.

Upper
guide

Vie,W looking () ST02 « Each guide element is straight, even in the bender section
straight toward
moderator . « Inthe bender section, each guide element is angled relative
along the z-axis 3-channel to its neighbor to approximate a 156m radius curve. The
ballistic guide elements are parallel to each other in the remaining
bender (BB) sections
o (\L\ — The elements in each bender section are multichannel (3 channels)
Ballistic guide (BG)
 The upper guide angles up by 2.5° and is then rotated by 0.7°
Tapered guide (TG) toward ST02
* The lower guide angles down by 2.5° and is then rotated by
¥OAKRIDCE 0.75° toward STO4



Guide Shielding

Vacuum Housing

Guide Shielding:

— Exterior surfaces conform fto the interior of
the vacuum housing (3mm clearance)
| — Interior surfaces conform to the contour of
the guide elements (3mm clearance)

Plan View (Top), Cross-Section

Shielding thickness varies along the length of the guide for two reasons:
1) The guide curves within each ~3m long straight section of housing
2) The guide tapers (continually changes height) within each straight section of housing

%OAK RIDGE
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QIKR GUide Design in MCNP model Guide version: 5.0, provided by Ankner in May 2024

Guide segment QIKR-L m
BB guides have 3 channels

(each has equal cross-sectional area) BG and TG guides BB (ba"istlc bender) 13 12
- 3 BG (ballistic guides) 11 20
g Float glass
s 2 TG (tapered guides) 6 6
g | OéSCr;;thiqkf!gatﬁlass N ~ J
% Width = 3.0 cm m (\‘;:;r":uwigyns' © the caves) # of elements
[ Mirror coating QIKR-L and QIKR-U are curved beamline
\ * QIKR-L (lower guide): angled 2.5° downward from the
[ 0.07 cm-thick Si blade / horizontal and total 2.95 ° rotation from the QIKR-Z axis
Width = 3.0 om B 0.2:05 cm thick float glass in the horizontal plane (only BB guide section)
| | O Heinsidemonolith et Matches Creo and «  QIKR-U (upper guide): angled 2.5° upward from the
[ Miror coating McStas models horizontal and total -2.773 ° rotation from the QIKR-Z axis
\ in the horizontal plane (only BB guide section)
A steel vacuum housing (cross-sectional area of o T - Q.58 g ks —— |
15.24 cm by 20.339 cm) encloses each guide p rR———

section

» The space between the vacuum housing and the
guide substrate is filled with a steel shield of varying
thickness, leaving a 0.3 cm gap on each side

total displacement (cm)
N n
S o o

L .
S

&
3

'
3
S

\\\\\\\\\\\\\
mmmmmmmmmmmmmmmmmmmmmmmmmm

%QéKllL{{.D?E Projection of the QIKR beam paths in the horizontal plane
ationa. aboratory




QIKR Guide Design for MCNP model

Guide version: 5.0, provided by Ankner in May 2024

QIKR-L mirror coatings QIKR-U mirror coatings
R 0
section section
BB1 - BB7 BB1 - BB7
BB8 -BB13 2.5 2.5 2.0 4.0 BB8 -BB13 3.0 3.0 4.0 2.0
BG1-BG11 045 045 SRS S BG1-BG3 2.0 2.0 3.5 3.5
TG1-TG6 5.0 5.0 3.5 GRS BG4-BG8 1.5 1.5 GRS 3.8
BG9-BG20 045 045 3.5 3.5
TG1-TG6 5.0 5.0 3.5 3.5

These mirror configurations used in McStas model were also used in MCNP guide model (MCNP neutron
mirror physics capability) to simulate the low-energetic neutron motion more realistically inside the guide

McStas is a neutron ray-trace simulation package used for guide design

%OAK RIDGE
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Agreement Between MCNP and McStas

low-energetic neutron (e < 40 meV) intensities along the QIKR-L beam

1.2x10°
1x10°
° 9x108
0
3 8x108
s
7x108
6x108
5x108
Lower
Beam
Segments
1.2x10°
1x10°
° 9x108
n
3 8x108
<
7x108
6x108
5x108
Upper
Beam
Segments

MCNP and McStas agree within 10% for
reflected (ie, low energy) neutrons.
Therefore, the MCNP model is correctly
capturing the intended mirror surface
performance.

[ T T T I I I I I I I I I

- MCNP, instrument specific source
McStas, instrument specific source —e—
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guide section
low-energetic neutron (e < 40 meV) intensities along the QIKR-U beam
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guide section

The same low-energetic instrument-
specific source were used in both
MCNP and McStas.
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How well QIKR curved guides reduce the high-energetic neutrons?

HE neutron (e > 10.67 eV) neutron intensities along the lower guide (outgoing particles)

Straight guides ——
1x1010 ¢ Curved guides —— -

1x108 - E

S ~. -

—

QIKR guide design (curved
guide) helps to reduce the
high-energetic neutrons in
the beam by ~ 4 orders of
magnitude at the shutter
location

NOTE: There are still some
high energy neutrons entering
the cave through the guide.
This is important for the beam
stop design.

2 1x108 L Gap at .
[®) E 3
= : —>  Shutter «— ]
2 location
10000 3 /
100 | \
-1 AN Y N S (N B | I I I | I I I O S | I N O | I T
SRRIB8E 8 B2IV° 5OB388L BBST08 8388
mmoommomm M m%%%% afvaffsafeales faagaa) mmg%hh (o g =
guide section
High energetic neutron intensities at the end of guide sections for the cases with and without rotation
OAK RIDGE . . .
%Naﬁonamabmry QIKR MCNP model was used with QIKR-SSW source for these simulations



Potential Streaming Paths: QIKR Monolith & Optics Insert Gaps — Creo Models

Long straight gaps, top/ bottom

Elevation (Side) View

—

Neutrons oy
‘ . . 6m Monolith insert
anti-streaming block

Long straight gaps, top/ bottom

6mm 6mm
6mm o
Optics insert (QIKR-U) Optics insert
\—
Chicane anti-streaming block Monolith insert . Optics insert, steel
- . Monolith insert, steel

Optics insert (QIKR-L)

. Monolith nozzle, steel

6n‘1m 6mm Gap filled with He




Potential Streaming Paths: QIKR Monolith & Optics Insert Gaps — Creo Models

Creo Model, elevation (side view) :

Long straight gaps between shelf and optical inserts

MCNP Model Elevation (Side) View

I e ——
= 1

= e

monolith insert
(shelf)

Cut Views at the
dashed lines

MCNP Model plan view

(cut-view at a location 2.5 cm above the moderator center)

. Optics insert, steel
. Monolith insert, steel

. Monolith nozzle, steel
Gap filled with He

He filled strajght gap
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Potential Streaming Paths: QIKR Monolith & Optics Insert Gaps — Creo Models

. Optics insert, steel
. Monolith insert, steel

. Monolith nozzle, steel
Gap filled with He

Long straight gaps on insert sides

Plan (Top) View

6mﬁ

6mm
6mm
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Effects of Gaps in/around QIKR Monollth/Optlc inserts on Bunker Wall

t d t /h No line-of-sight neutrons are shown on bunker wall??
neutron dose rates (mrem/hr) Thick steel shield around guide reduces high-energetic neutrons

(line-of-sight neutrons) impact on bunker wall significantly

Only very high energetic neutrons (E > 10 MeV) |- These are the HE neutrons which stream through gaps around/in

monolith/optic inserts
e eaoon neutrons (E > 10.67 eV)
' 100.0 LF FL’)S;U(\jI_Op r‘1T\] Blc;ﬂ HE_src._ Cable
- channels
1.000 504
" We should
consider
o rempvmg
the inner
cable
channels
-100-
user: 5kq
Wed Jan 10 01:27:00 2024

_100 -50 0 50 100
Y-Axis

Neutron dose profiles at the bunker wall (view from the bunker area)

g user: 5kq

Wed Dec 20 08:18:03 2023



Analysis for Bunker pass-thru

Cable channels line up with
the gaps in/around
monolith/optic inserts
(potential streaming paths)

%NOAK RIDGE
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Analysis for Bunker pass-thru

Potential streaming c;)uld ﬂ
Gap under this path for the elevate B
plate extends # neutrons/photons # §jo§e rates —
almost all the way from the bunker inside the
cave

N area to the cave

Cut-view through bunker pass-thru close just above the
bottom gap (plan view)

In the actual design, this gap will be
filled with regular density concrete
(RDC). The MCNP model includes
this as well, though the effect of

Cut-view through bunker pass-thru close just above the bottom gap  VWE : g
removing it was mvestlgated.

%OAK RIDGE
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Analysis for Bunker pass-thru elevated dose

neutron dose rates(mrem/h) rates inside the cave
horizontal cut-view at the moderator elevation (plan view)

bottom gap
without grout

This matches reality and
shows the pass-thru is not
allowing significant
radiation into the cave

bottom gap
with grout

problem resolved

%OAK RIDGE
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Analysis for Bunker Passthrough

neutron dose rates (mrem/h) This matches reality and shows the only

ooooooooooo

0.1000
B 50]
0.001000
06

%

-50

-100

OAK RIDGE

National Laboratory

significant radiation entering the cave is
through the guides themselves, not
through the bunker wall or pass-thru

T
150 20

user: bkg

With grout

-50

-100

Neutron streaming through bottom gap
elevates the neutron dose rate above 5
mrem/h at the upstream cave locations
(QIKR-U cave)

—
-100

Y-Axis

Without grout

Vertical cut-view at the exit face of the bunker pass-thru (view from inside the cave)

—
-50 o 50 100

——
i50




OAK RIDGE

National Laboratory

March 03, 2025

QIKR Downstream
Neutron Sources

Kursat Bekar, Neutronics Scientist

f‘/ﬂ'\%\ U.S. DEPARTMENT OF

7 e ORNL IS MANAGED BY UT-BATTELLE LLC
%@ég EN ERGY FOR THE US DEPARTMENT OF ENERGY




QIKR-L and QIKR-U Downstream Neutron Sources

Simulations with QIKR-SSW are timely
calculations especially for downstream
calculations

Location where source \/J(f/&/
plane located KAf//f// —
| A

QKR ot

beam

tor
istance 10 modefa/—'V
Dist 1130 cm

surface ~

%OAK RIDGE
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Require QIKR MCNP full model even a
calculation at the very downstream
locations (e.g. beam stop design)

- longer simulation time

Require detail optimization for variance
reduction to improve the statistics in
MCNP results - longer analyst time

| -

\X
T
QIKR-L source plane location
View along the QIKR-L beam elevation

—

Distance to Moderator—
surface ~ 1130 ¢m

Two new sources were developed for
downstream calculations to speed up the
downstream calculations

« beamline specific source for QIKR-U

« beamline specific source for QIKR-L

Downstream sources were obtained by
performing MCNP simulations with QIKR
MCNP Full model with QIKR-SSW neutron
source

| \
Location where source //\\r///ﬁ/ﬁ;
plane located— =

QIKR-U — ol = —

beam N ‘ =

[
—>

\\\\%\
/

QIKR-U source plane location
View along the QIKR-U beam elevation

\T%;

]



QIKR-L and QIKR-U Downstream Neutron Sources
" QIR-U downstream source | QIKR-L downstream source

Distance to moderator surface ~ 1080 cm ~ 1080 cm

Source surface area 6.957 x 3 cm? 8.496 x 3 cm?

Spatial distribution Uniform Uniform

Angular distribution 6 angular bins 6 angular bins
(0-0.25, 0.25-0.50, 0.50-1.0, 1.0-1.5, (0-0.25, 0.25-0.50, 0.50-1.0, 1.0-1.5,
1.5-2.0, > 2.0) 1.5-2.0, > 2.0)

Energy distribution Each angular bin has its spectrum Each angular bin has its spectrum

Low-energetic portion (E< 10.67 eV) 1.368 x 100 n/s 1.367 x 109 n/s

Neutron intensity

High-energetic portion (E > 10.57 eV) ~8.93x103n/s ~10.87 x 103 n/s

Neutron intensity

These new sources were used in the analysis for QIKR shutters,
beam stops and cave shielding.
%OAKRIDGE
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QIKR-L and QIKR-U Downstream Neutron Sources

Anggular-dependent spectra of QIKR-L and QIKR-U downstream sources .. .
(Low-energetic neutrons, E < 10.67 eV) Majority of low-energetic

%100 ————————— e R ——————————; neutrons are in the first three
: QIKR-L, 0.00°-0.25° —— | .
QIKR-U, 0.00°-0.25° : angular bins:
(o] —
j R QKR 0550050 1 0.0—0.25, 0.25-0.50, and 0.5-
T QIKR-L, 0.50°-1.00° ——— 1.0 degree bins
1x109 rc‘:l_rirt"r S ﬁl‘ QIKR-U, 0.50°-1.00° - g
N == ]
- =

B
E '-1!! I'E 1 Angular
‘g, ] Li bins fraction fraction
1%107 E C 1] - 1 (degrees)
| 1 0-025 0354 0.356
1%108 | n | | j\ { | 0-25-0.50 0.413 0.408
% % % % % § 0.50-1.00 0.223 0.229
& & 5 & & g 1.0 0.010 0.007

g( energy (eV)
National Laboratory



QIKR-L and QIKR-U Downstream Neutron Sources

Anggular-dependent spectra of QIKR-L and QIKR-U downstream sources

(High-energetic neutrons, E > 10.67 eV) .. . .
Majority of _high-energetic

100000 T N
g QIKR-L, 0.00°-0.25° ——— i i
PN ] neutrons are in the first three
_ QIKR-L, 0.25°-0.50° —— | angular bins:
10000 - QKL 05001000 —— 0.0—0.25, 0.25-0.50, and 0.5-
= i QIKR-U, 0.50°-1.00° § 1.0 degree bins
fz_ 1000 | ;
. =il | iz
E ] ] = | H ¢ | Angular
- i LB bins fraction fraction
0F 7 (degrees)
A 1 0-0.25 0.195 0.340
| | | Ll | | | | h I-u
1 To} o Iae, o ~ o - o I3, 0.25-0.50 0.456 0.464
P & 2 2 P b ke 3 3
8 8 8 8 8 g g 8 g  0.50-1.00 0.192 0.068
energy (MeV) >1.0 0.157 0.128
% OAK RIDGE
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Downstream Neutron Source Verification

Neutron currents estimated at the end of each guide section
(QIKR-L downstream source vs QIKR-SSW source)

R — QIKR MCNP model were
QKR KR SSW source —=— simulated for QIKR-L with

. both QIKR-SSW and QIKR-L
downstream source

3x1010

2x10"0 - . .
% the difference is less than
= 1% at each guide section
E end and the sample
- location
§ 1x1010 .
c

8x10°

QIKR downstream source
reduce the overall simulation

ox10° time by a —7 factors while

providing the accuracy with

4X109 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | the Same Ievel Of uncertainties
$5NB388E8082EYP 0083880 ¢ 332500533888
SO0 0T o000 T nmmmm@mMm DO QO FFOFFFES
)] oOomoonom m om o

guide section
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QIKR Preliminary Shutter Designs

R

Shutter gap

QlK Lbe \

B

Shutter gap

Distance 10 moderator
surface ~ 1130 cm
! >
Distance to Moderator
surface ~ 1130 cm
\—_.
\—\
QIKR-L shutter location QIKR-U shutter location
View along the QIKR-L beam elevation View along the QIKR-U beam elevation
%OAK RIDGE
National Laboratory



QIKR Preliminary Shutter Designs

Design criterion: Shutter beam blocker should reduce the total dose rates to 0.25 mrem/h at the sample location

Shutter beam blocker consists of a BAC front plate followed by a thick tungsten block (Note that shutter cross-
sectional area is slightly larger than the beam path)

« BA4C plate - block low-energetic neutrons in the beam
- W plate - block photons as well as high-energetic neutrons in the beam

In the optimization calculations:

« Dynamic shutter gap (0.3 x 2 + Lg,. + L,,) = The lengths of the BG7 and BG8 guide sections are shortened
depending on the increase in the shutter gap

- Parameter space: Ly, =[0.0,2.0] andL, =[0.0,10.0]

« Objective : Total dose rate = 0.25 mrem/h gt sample location
\
|
neutron E i
beam > BG7 - beam path B,.C | ' tungsten ! BG8 —beampath = |.assssssssssnns o
! : sample
_____ ¥ L location
*
0.3cmgap 0.3 cm gap
%9&?}5{??} A schematic view of shutter beam blocker placed in the shutter gap



QIKR Preliminary Shutter Design

Design criterion: Shutter beam blocker should reduce the total dose rates to 0.25 mrem/h at the sample location

Total dose rates refer to neutron + photon, over entire range (0-1.3 GeV)

Shutter thickness optimization for QIKR-L beam Shutter thickness optimization for QIKR-U beam

10 T T T T T 80
1 80
s | total (neutron + photon) dose rate(mrem/h) —s— | 8 1% r : fotal (neutrém + photon)do‘se rate(mr:'-.-mn’h) —_‘-— 7
6.52 [ / 7 50 70 ] 50
5| i g i [ 0.25 mrem/h at sample location i
al [_0.25 mrem/h at sample location | | . [B11cmW+ 1.0cmBaC | b
_ - ® 5 —
5L ‘ 6.52cm W + 1.0 cm B,C | I 20 -.-CE., L | 20 %
2 i g
£ E
. 2r TF 410 § _2r 1F 410 5
E " £ =
= : s 3
[ = <@
5 L 45 @ 5 | lE4s =
7] 1r 7 £ @ 1 E
8 3 g 3
g 5 £ ﬁ
£ 2 £ 2
05 - i 2 % 05 - J 2 5
—_ [o]
5 kS
1 ke L
02 - 1 02 r |
&
01 e : 1 I 1 I 1 I 0.25
0.1 Ses : : : : : ' 0.25 0.1 0.2 03 0.4 06 0.8 1
0.1 0.2 0.3 0.4 0.6 0.8 1 )
thickness of B4C(cm) fhickness of B.Clom)
4
QIKR-L 2 Lg,. =1.0cmandL,, =6.52 cm QIKR-U > Lg,,=1.0cmand L, =8.11 cm

Low-energetic neutron ratio (QIKR-U/QIKR-L) ~ 1 : ) )
High-energetic neutron ratio (QIKR-U/QIKR-L) ~ 1.22 => Longer W blocker in QIKR-U compared to QIKR-L one

% OAK RIDGE In Creo, 10cm qf tungsten was useq
National Laboratory for both beamlines to be conservative



QIKR Preliminary Shutter Design

Why QIKR-U has larger high-energetic neutron intensity
compared to QIKR-L:

« The different initial rotations of the beamlines with respect
to the moderator (0.75° for QIKR-L and 0.70° for QIKR-U)

 The total curvature of the beamlines, which is 2.95° for
QIKR-L and 2.733° for QIKR-U

Therefore, QIKR-U beam blocker is longer than the QIKR-L beam blocker

¥ OAK RIDGE
National Laboratory
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QIKR Preliminary Beam Stop Designs: What drives the beam stop designs?

QIKR guide design splits the neutron beam in the central beam inclined by 2.5° —
from horizontal direction and two or more additional weaker beams diverging from '
the central beam in vertical direction as depicted below figures. ”

Dose contour maps obtained with white beam (no obstruction between
guide exit and beam stop location) at the beam stop locations are used to
estimate the height and width of the beam stop.

QIKR-U cave

OAK RIDGE Neutron dose rate profiles Intensities of ‘each-beam“components
%Naﬂonamabmry Vertical cut-view along the QIKR-U beam at the specified location



Beam stop

QIKR Preliminary Beam Stop Designs

Beam stops are placed 500 cm away from the guide exits

The same preliminary beam stop design was used for cave shielding
analysis for both QIKR-L and QIKR-U.

Steel core

v

QIKR-L and QIKR-U downstream sources were used in the beam stop
analysis >

NO SLITS in the beam stop calculations
(white beam, no obstruction in the beam) /
Steel

<[] Air -[Jcarbon steel «[] Regular concrete +[] HD concrete //
I~
backing

gT03 area /}3222&’2—’——'
\ plate

L
] Cave door
QIKR-L cave

30.0cm
‘_

~2100.00 M

o moderator

pistance t

Cave door

m stop
QIKR-U cave

Vertical cut-view at beam stop
centerline

600,00 o

% QIKR MCNP cave model
! Horizontal cut-view at the moderator elevation



QIKR Preliminary Beam Stop Designs

Beam stop dimensions:

* 0.5 cm thick B4C front-plate
(H=140cm, W=60 cm)

rl;eutron > e 0.5 cm thick steel backing
= plate (H=145cm, W=65cm)

5 cm thick center steel core
for HE neutrons (H=20cm,

|
i W=20cm)
I
* 10 cm thick HDC enclosing
' Vertical cut-view at the above components (H=160
Front view of QIKR-U beam stop beam stop centerline cm. W=125 Cm)

(view from cave upstream)

Wide B4C front-plate = for low-energetic neutrons
Center steel core = for photons and high-energetic neutrons in the center beam component
HDC - for photons

Larger beam stop cross-sectional area also helps limit the dose rates under normal operation and accident conditions

X National Laboratory



QIKR Preliminary Beam Stop Designs: QIKR-U

Pseudo:

eudocolbor B
DB: romnal_opetation QIKR-U_actve_QIKR-L_Inagtive.rsht_10] 41214,

war: total_tally

ur E
DB: rommnal_opetation_ SIKR-U_ac Hvay@IKR-L_inagtive.insht_10141214,
% 9

300 ]
200 ]

1007

v, fotal_taly s 03
I 50 ]
1000
5000 2
2000 i ]
00000 x -100-
Ma: 96522405 &
Min; 0.0003618

Pseudocolor

DB: romeal_operation QIKR-U_ac tve_QIKR-L_nactve.msht_10341234.v1k

war: total_tally

)
Z

ar: fotal_tally

58
535}
(em)

L 1004

—200{

-300

ur 3
DE: normal_c paration_QIKR-U_active_Qiki2@Rad tive.

Vertical cut-view along the QIKR-U beam

Total (neutron + photon)

dose rates outside the enclosure
when beam stop is not in the
cave

18.7 mrem/h
Outside the enclosure
(30 cm from the wall)

Note: Dose profiles
obtained when only QIKR-U
is active (shutter open)



QIKR Preliminary Beam Stop Designs: QIKR-U

Total (neutron + photon)
dose rates outside the enclosure
when beam stop is in the cave

Dose rates are within the limit
outside the enclosure
(30 cm from the wall)

Details will be discussed in
QIKR Cave Shielding Analysis

Vertical cut-view along the QIKR-U beam



QIKR Preliminary Beam Stop Designs: QIKR-L

Total (neutron + photon)

dose rates outside the enclosure
when beam stop is not in the
cave

Pseudocolor 1
DB: normal_opetation QIKR-U_nac tve_QIKR-L_ad tive.imsht_10p41224,
var: fotal_tally 09 2

176.1 mrem/h
Outside the enclosure
(30 cm from the wall)

-4004

Pseudocolor

The back door of the QIKR-L
cave is in the QIKR-L beam
path, resulting in higher dose
rates outside the enclosure

Note: Dose profiles
obtained when only QIKR-L
is active (shutter open)

L v



QIKR Preliminary Beam Stop Designs: QIKR-L

CCCCC

00
nnnnnn

.000
000000

Vertical cut-vie

cm)

Wa

long the QIKR-L beam

Total (neutron + photon)
dose rates outside the enclosure
when beam stop is in the cave

Dose rates are within the limit
outside the enclosure
(30 cm from the wall)

Details will be discussed in
QIKR Cave Shielding Analysis
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QIKR Instrument Cave Shielding Analysis— Preliminary Design
Acceptance Criteria for QIKR Shielding Design

(QIKR Cave Acceptable Dose Rates Design Criteria Documegnt)

Normal operation:

0.25 mrem/h at generally accessible areas
outside the QIKR Instrument Caves

2 mrem/h allowed in the areas between the
outer wall of the QIKR instrument cave and
the shielding of the adjacent beamlines

2 mrem/h in the user-accessible areas
within the cave and 5 mrem/h at the sample
location when the beam is inactive

Accident condition:

%

Dose rates will be documented to provide
information for implementation of
Instrument Personal Protection System

OAK RIDGE

National Laboratory

——— ure |
Ou-ts\de enC\os\;‘" /
<2 mrem/
ST03
] General accessible area
QIKR-L CAVE < 0.25 mrem/h

™ ]

| ! @
S
BUNKER BUNKER L | QIKR-U CAVE _g E
L — g E
sTo1 Outside enclosyre 3 10

< @©
% ==
oV

o

Above roof Desired max. dose rate values (neutron + photon) around the QIKR enclosure O

< 2mrem/h
In-beam dose rate
‘ Personnel restricted area ‘ if beam is inactive
- < 5 mrem/h

BUNKER

Personnel-accessible
<2 mrem/h

]

Personnel accessible

QIKR-U CAVE
<2 mrem/h

Personnel restricted area i

Desired max. dose rate values (neutron + photon) inside the QIKR enclosure



QIKR Cave Shielding Analysis

All outside walls (side walls and back wall) of QIKR instrument cave enclosure are
30 cm-thick high-density concrete(HDC) except the below wall sections:

Regular density concrete (RDC)
wall section between ST03 and
QIKR-L cave: starting from ~21 m
ending about ~25 m (distances
are measured from the moderator
face)

RDC wall section between ST01
and QIKR-U cave: starting from
~25 m ending about ~ 30 m
(distances are measured from the
moderator face)

The wall separating QIKR-U and
QIKR-L caves is 35 cm-thick HDC

Beam stops are always
present in the MCNP model

QIKR-L and QIKR-U downstream sources were

«[ ] Air -[Jcarbon steel «[ ] Regular concrete :[ ] HD conecrete

Steel

STU'3 area

Distance to modera

tor ~2100.00 €M

QIKR-L cave

1
\ 200.000

|

backing
plate

Cave goor

300 em

Cave door

—
Vi
Bedgm stop
QIKR-U cave

QIKR MCNP cave model

used in cave shielding analysis
%OAK RIDGE

National Laboratory

Horizontal cut-view at the moderator elevation




Same geometry and

QIKR Cave Shielding Analysis Sl Co e

used in the Creo model

30 cm-thick HDC and RDC [ Air -[Jcarbon steel «[_] Regular concrete *[] HD concrete
sec]’ct.lons are used for each QIKR p—— S5 ‘_/—_’_‘_,_,__m—
roor. E\;AL{J:II-II(-E Distance moderat0r~2100.000m \
« QIKR-U cave HDC-RDC Couns -

transition line is ~ 25 m — Upstream roof saction SHSITEam [OOTSEERen

away from the moderator QIKR-L gave roof

surface

+

QIKR-U céve roof

Upstream roof section
Downstream roof section

* QIKR-L cave HDC-RDC

transition lineis ~ 21T m —]
away from the moderator \
surface Distance to moge,
ator ~
STO‘f - or 2500.00 ¢ \_‘\—\—‘-

T =S 00 ™

QIKR-L and QIKR-U downstream sources were QIKR MCNP cave model
used in cave shielding analysis View from above the roof

%OAK RIDGE
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QIKR Cave Shielding Analysis: SLITS in the model

Dimensions

Slit1: 16 x 21 x 0.5 cm3
Slit2: 31 x 31 x0.5cm?3

Slit 2 Slit 3
Slit 1

guide

Sample

Q location Slit3: 31 x31 x0.5cm3

Max. apertures

Slit1: 3 x 3 cm?
Slit2: 8 x 8 cm?

2.0cm

42.0cm

200.0cm

142.0cm » Slit3: 8 X 8 sz

Slit geometries and

: : : locations provided by
0.5 cm thick B4C plates with center opening were used for SLITs John Ankner

Accident condition, normal operation - full apertures were set (3x 3,8 x 8 and 8 x 8 cm?

For normal operation scenario, performing calculations with full aperture rather than using
OAK RIDGE maximum opening is a conservative approach (max. opening in slits when operation
Q0K RIDCE normally is 0.9 x 2.5, 0.5 x 2.5, 0.2 x 2.5 cm2)



QIKR Cave Shielding Analysis

No significant radiation coming through bunker pass-thru; therefore, cave analysis

are carried out only with beam sources(see slide 23)

Assumption: Negligible radiation into the cave from adjacent beamlines and shields

The analysis simulated different normal operating modes and potential accident conditions by

performing a series of QIKR-L and QIKR-U calculations:

« Normal operation (white beam, water sample at the sample location)

- Both QIKR-L and QIKR-U are active - dose rates outside the cave enclosure
- QIKR-L is active, QIKR-U is inactive 2> dose rates inside the QIKR-U cave
- QIKR-U is active, QIKR-L is inactive 2> dose rates inside the QIKR-L cave

« Accident condition (white beam, steel sample at the sample location)

Active = shutter open
Inactive = shutter closed

- Accident in QIKR-L cave while QIKR-U is active = dose rates outside the cave enclosure
- Accident in QIKR-U cave while QIKR-L is active = dose rates outside the cave enclosure

- Accident in QIKR-L cave while QIKR-U inactive = dose rates inside the QIKR-U cave
- Accident in QIKR-U cave while QIKR-L inactive = dose rates inside the QIKR-L cave

%OAK RIDGE

National Laboratory




QIKR Cave Shielding Analysis: Normal Operation

Normal operation, QIKR-L and QIKR-U operate normally

- White beam - Water sample - With Slits (full aperture)

Red contour lines show the
0.25 mrem/h total dose boundary

Pssudocaolor
CB: naimal_operation_GKRE-U_achive_QIKRE-L_active.imshi_14 141514, vtk

ST03 area

STO1 area

ST01 area, HDC wall
0.64 mrem/h

ST01 area, RDC wall
0.34 mrem/h

STO1 area

Pssudocolor
[B: normal_operation_GIKR-U_active_QIKR-L_active.imshi_1434 1554, vtk

ST03 area, RDC wall
0.72 mrem/h

STO03 area, RDC wall
0.28 mrem/h

(a) Dose profiles along the outer wall of the QIKR enclosure on the STO1 side

%

OAK RIDGE

National Laboratory

(b) Dose profiles along the outer wall of the QIKR enclosure on the ST03 side

Dose profiles calculated at 30 cm away from the cave outer walls when both beamlines are operating normally.




QIKR Cave Shielding Analysis: Normal Operation

Normal operation, QIKR-L and QIKR-U operate normally Red contour lines show the
- White beam - Water sample - With Slits (full aperture) 0.25 mrem/h total dose boundary
ggm'ﬁgmmTDfLGIKR-U_GCWQ_@KELSgCfife.lrr'shi_lo 1204 y - QIKR-L, RDC roof
var oLl 7 STO03 area o 0.43 mrem/h
_—
M:UJUOD 100—:
3:;[:; r:f; T:embn_amu_mmgaKH_Zc_? &.lirsht_10041204v1k
g .
Mirc 0.001807 _200_5
—300—5
-4oo_§
| TR T F & & & T QIKR'LJ. H% I'OOf LR T . P 2 S, . PR T | S T | ' T S T i, S
14 0.31 mrem/h B0 sante (12073 o QIKR-U, RDC roof
0.51 mrem/h

%OAK RIDGE Dose profiles at 30 cm above the instrument caves roof (plan-view) when both beamlines are operating normally.

National Laboratory



QIKR Cave Shielding Analysis: Normal Operation

Normal operation, One beamline is active, the other is inactive (used to estimate the dose rates inside the caves)

- White beam - Water sample - With Slits (full aperture)

Red contour lines show the

e mshi_ 10241224,

Downstream bisector wall
0.29 mrem/h

Pseudacolor

CB: nomal_operation_CiKR-U_inactive_QIKR-L_active.imsht_1064 1264 vtk

Var toml_mna
100.0

0.1000

Max: &4.26
Mir 4.566e-08

Caortour
DB nomnal_cperation_CikKRE-U_i

Vo tatal_tally

STO03 area

Bisector wall, upstream
0.71 mrem/h

0.25 mrem/h total dose boundary

Bisector wall, downstream
0.29 mrem/h

(a) Dose profile along the QIKR-L elevation
(QIKR-L active, QIKR-U is inactive)

%OAK RIDGE Dose profiles when one beam is operating normally, and the other is inactive.

National Laboratory

(b) Dose profiles at 30 cm away from the bisector wall inside QIKR-U cave

(QIKR-L active, QIKR-U is inactive)




QIKR Cave Shielding Analysis: Normal Operation

Normal operation, One beamline is active, the other is inactive (used to estimate the dose rates inside the caves)
- White beam - Water sample - With Slits (full aperture)

Red contour lines show the

0.25 mrem/h total dose boundary

w Bséa.%?;?nigﬁrcp eraltion_GIKR-LU_active_QIKR-L_inachive.dmshi_10541254,v1k
0.49 mrem/h var totataly

17.78

Bisector wall, upstream
1.02 mrem/h

3.162

g 0.5623
_1 QlKR"L cave Io.m:o
:ﬂue.lrﬂth 0141214,

tally plane ot

Min: 0,000
________________ Db normal_operation_ - t

L~ . S
! T, o

Var tatal_tally 4

Bisector wall, downstream, Bisector wall. ubstream
bisector wail, upstream
II.Iil o I.I.IGI T .!.IB T IZ.IOI I . a.lzl I T ‘2‘4 T I2.|6I ] 0-49 mremlh 1-02 mremlh
(a) Dose profile along the QIKR-U elevation (b) Dose profile at 30 cm away from the bisector wall inside QIKR-L cave
(QIKR-U is active, QIKR-L is inactive) (QIKR-U is active, QIKR-L is inactive)
%OAK RIDGE Dose profiles when one beam is operating normally, and the other is inactive.
National Laboratory



Summary: Normal Operation

No significant elevated dose rates inside/outside the QIKR instrument cave enclosure

peration (QIKR-L active and QIKR-U active
maximum total dose

Location rate (mrem/h)
: Upstream (HDC) 0.72
Outer wall, STO3 side Do (DT 0.28
Back Wall <0.25
Roof Upstream (HDC) <0.25
Downstream (RDC) 0.43
. Upstream (HDC) 0.64
Outer wall, STO1 side e (0T 0.34
Back Wall <0.25
Roof Upstream (HDC) 0.31
Downstream (RDC) 0.51
in-beam 0.27
QIKR-L bisector wall (inside Upstream (HDC) 1.02
cave) Downstream (RDC) 0.49
in-beam 0.28
bisector wall (inside Upstream (HDC) 0.71
cave) Downstream (RDC) 0.29

%OAK RIDGE

National Laboratory



QIKR Cave Shielding Analysis: Accident Conditions

Accident condition QIKR-U is in accident Red contour lines show the
White beam, Steel sample, With Slits (full aperture) QIKR-L is operating normally 0.25 mrem/h total dose boundary

STO1 area

ssudocolon ssudocalon
[B: accident_condifion_QIKR-U_occidsnt_GIKR-L_active.imsht_14141514.vik be: accident_condifion_QIKR-U_cccident_GIKR-L_active.imsht_ 14341534 vl

ar otal_tall arn lolal_tall
IEG ] IEC 0

17.78

ST03 area

3162

05623

ontour ~for
[B: accident_condifion_QIKR-U_decident SIKR-L 4

ar. total_tally
50.00
— 10.00
5.000
2000

0.2500
— 0.08000

ox: 1.790
ir: 0.000

ST03 area, RDC wall
0.72 mrem/h

e ST01 area, RDC wall ST03 area, RDC wall
1.79 mrem/h S
0.30 mrem/h 0.31 mrem/h

(a) Dose profiles along the outer wall of the QIKR enclosure on the STO1 side  (b) Dose profiles along the outer wall of the QIKR enclosure on the ST03 side

Dose profiles calculated at 30 cm away from the cave outer walls when QIKR-U is in accident and QIKR-L is operating normally.
%OAK RIDGE
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QIKR Cave Shielding Analysis: Accident Conditions

Accident condition QIKR-U is in accident Red contour lines show the
White beam, Steel sample, With Slits (full aperture) QIKR-L is operating normally 0.25 mrem/h total dose boundary

Ps o 1 .
D;g?:?:cgenrt_condlhorLQIKP—U_ochndenT _;:ékg—tgocmemh 1004120 —r Q"(R-L RDC roof
Var fotal_taly e =
1000. ] STO3 area : - : 0.43 mrem/h
-:mon 3 1
—
1,000
10.1000 ] QIKR'L roof, HDC
Maix: 05759 100
Mire 0002587 ]
Contour |
DB: accldent_conditio n_@]KR—U_aco:le nt_QIKR-ac tive rrsht_1004120
Var fotal_ally s 0
I 50.00 w ]
— 10,00 -
I 5000 ] ]
S 2.000 1 1
— 20 % -100
—0.05000 4
Mar: 08759
Mirc 0,002587 1
2004
-300]
-400_5
. QIKR-U, HDC roof S e A AT
1.4 2.0 2.2 2.4
0.65 mram,h Z-axis (x10"3 cm) glKR'U: RDC I'OO'f
0.88 mrem/h

De)?&\eK rcl)gléeg at 30 cm above the QIKR instrument caves' roof (plan-view) when QIKR-U is in accident and QIKR-L is operating normally.

National Laboratory



QIKR Cave Shielding Analysis: Accident Conditions

QIKR-U is operating normally Red contour lines show the

Accident condition
0.25 mrem/h total dose boundary

White beam, Steel sample, With Slits (full aperture) QIKR-L is in accident

STO1 area

seudocolor seudocolon

pe: accident_conditior_QIKR-U_octive_GQIKR-L_accident.imsht_141415 14, vk pe: accident_conditior_QIKR-U_cclive_GQIKR-L_accident.imsht_14341534, vk
ar lotal_fall

IEC.U

ar lolal_fall
IEC.U

17.78

ST03 area

3162

0.5623

0.1000
442

ontour i
bE: accident_condilicn_QIKR-U_detive_SIRR-Lac
ar fotal_tally ]

£0.00
—10.00
5.000
2,000
0.2500
— 0.05000

o 0.0442
in: 0.000

STO1 area ST03 area, RDC wall
2.70 mrem/h
W ST01 area, RDC wall
) 0.34 mrem/h

(a) Dose profiles along the outer wall of the QIKR enclosure on the STO1 side  (b) Dose profiles along the outer wall of the QIKR enclosure on the ST03 side

UDT NIVIIICD LvdivUulidltu dl vV Ulll avvay HHUIIL UIT LdVvVe ULl walild WIICH WWINNL 1D 111 aLUIVUTITIL dllUu WINNTU 1D vpeiatllily 1vuiiiiaily.
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QIKR Cave Shielding Analysis: Accident Conditions

Accident condition QIKR-U is operating normally Red contour lines show the
White beam, Steel sample, With Slits (full aperture) 'QIKR-L is in accident 0.25 mrem/h total dose boundary

OQIKR-L. HDC roof

A 9 0.31 mrem/h o
= alkr |
DB:Gccldent_condlhorLQIKD—U_cche_QI;DéLEQEck:iem.t'rsh 1004120 ; g||(R_|_ RDC roof
vartorLtaly STO3 area ~ : 0.71 mrem/h
-:mon 3 ' =g
—_— 7
1000 ]
. : QIKR-L foof, RDC %e
0.1000 ] Q
M 0.7133 100
Mire 0.001844 ] q
Contour 1 ({;
DB:Gccldel‘lT_COI"deI"I_Q'IKI'(‘-U_GC1:&_QIKI'Q‘-L_CIE'CE3§I’1L\'T‘SI‘|T_1 004120 = =
var: total_faly g 0 | S
E— 5000 s ] =
1000 2
I 5000 3 ]
2,000 T 3
E— 0o % -100
—0.03000 =
Ma: 0.7133 E QIKR-U roof, RDC
Mire 0.001844 e
-200 ]
-300 ]
-4001

by s o RO FE RV OO . - -

e 0.31 mrem/h SR St 05 2.4 QIKR-U, RDC roof
0.51 mrem/h

i&?ﬁ{?ﬂ{?ﬁ at 30 cm above the QIKR instrument caves' roof (plan-view) when QIKR-L is in accident and QIKR-U is operating normally.
National Laboratory



QIKR Cave Shielding Analysis: Accident Conditions

Accident condition

One beamline is in accident,
White beam, Steel sample, With Slits (full aperture) ' the other is inactive

eudocolor
B: accident_condition_QIKR-U_inactive_QIKR-L_accidentimsht_1064 1264 vtk

ST03 area

ax: 140.2
ir: 5.4700-05
bontour

B: accident_condifion_2iIKRE-U_

ar: tatal_tally

50,00
— 10.00

5.000
2000
0.2500
— 0.05000
oo 140.2
in. 5.470e-08

ST01 area, HDC wall

ST01 area, RDC wall
0.35 mrem/h

2.35 mrem/h

Red contour lines show the
0.25 mrem/h total dose boundary

lor

ent_condition_QIKR-U_accident_QIKR-Linactive.imsht_10741274.vtk
hisTl

- IEU 0

—17.78

3182 STO1 area

— 05623

| 01000

ST03 area, RDC wall
1.01 mrem/h

STO03 area, RDC wall
2.76 mrem/h

(@) Dose profiles along the inner wall inside QIKR-U cave
(QIKR-U is inactive, QIKR-L is in accident)

*V—L AN ANLA/IL
National Laboratory

(b) Dose profiles along the inner wall inside QIKR-L cave
(QIKR-U is in accident, QIKR-L is inactive)

Dose profiles in the inactive beam cave when the other beamline is in accident.



Summary: Accident Conditions

Some elevated dose
rates above 2mrem/h
inside/outside the QIKR
instrument cave
enclosure when one
QIKR beam line is in
accident... something to
address?

%OAK RIDGE
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accident condition (QIKR-L normal operating and

Location
_ Upstream (HDC)
Outer wall, ST03 side Downstream (RDC)
Back Wall
Upstream (HDC)
Roof Downstream (RDC)
Upstream (HDC)

Outer wall, STO1 side
Back Wall
Roof

Downstream (RDC)

Upstream (HDC)
Downstream (RDC)
accident condition (QIKR-L accident and QIKR-U normal operating

. Upstream (HDC)
Outer wall, STO3 side Downstream (RDC)
Back Wall
Upstream (HDC)
Roof Downstream (RDC)
Upstream (HDC)

Outer wall, STO1 side
Back Wall
Roof

Downstream (RDC)

Upstream (HDC)

Downstream (RDC)
accident condition (QIKR-L inactive and QIKR-U accident

in beam

Upstream (HDC)

Downstream (HDC)
accident condition (QIKR-L accident and QIKR-U inactive

in beam

bisector wall

Upstream (HDC)

JECELIAE]L Downstream (HDC)

maximum total dose
rate (mrem/h)
0.72
0.31
<0.25

<0.25
0.43
1.79
0.30

<0.25
0.65
0.88



Questions??
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