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MECHANICAL DESIGN OF HYBRID DENSITOMETER FOR
LABORATORY APPLICATION

by

S. -T. Hsue, P. J. Polk, and G. Walton

ABSTRACT

The hybrid K-edge densitometry (KED) and x-ray fluorescence (XRF) densitometer is
a uniqué nondestructive assay (NDA) technique to determine the concentrations of special
nuclear material (SNM) in solutions. The technique is ideally suited to assay the dissolver
solutions as well as the uranium and plutonium product solutions from reprocessing plants.
It is an important instrument for safeguarding reprocessing; it is also a useful tool in
analytical laboratories because of its capability of analyzing mixed solutions of SNM
without chemical separation. Figure 1 shows the hardware of an hybrid system developed
at Los Alamos.

The hybrid densitometer employs a combination of two complimentary assay
techniques: absorption KED and XRF. The KED technique measures the transmission of a
tightly collimated photon beam through the sample; it is therefore quite insensitive to the
radiation emitted by the sample material. Fission product level of ~1 Ci/fmL can be
tolerated. The technique is insensitive to matrix variation. XRF measures the fluorescent .
x-rays from the same sample and can be used to determine the ratios of SNM. The
technique' can be applied to thorium, uranium, neptunium, plutonium, and americium
concentration determination. The technique can also be applied to mixed solutions found in
nuclear fuel cycle without separation: thorium-uranium, uranium-plutonium, and
neptunium-plutonium-americium.

The design of the hybrid densitometer is shown schematically in Figs. 1 and 2; Fig. 1
shows the top view; Fig. 2 shows the side view. The heart of the design is the sample
changer. The sample changer can accommodate a sample tray, which holds up to six
samples. The samples can be a 2-cm path length cell, 4-cm path length cell, or a mixture of
both sizes. The sample tray is controlled by a “Compumotor” which in turn is controlled
by a computer. The absolute position of the sample cell can be reproduced to a standard
deviation of 0.02 mm. The sample changer is housed inside square stainless steel tubing
which is bolted onto the glove box. The sample cells can be observed during the
movement or assay through a leaded glass viewport, as shown in Fig. 3.
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Fig. 1. Top view of schematic design of the hybrid hardware system.
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Fig. 2. Side view of schematic design of the hybrid hardware system.

Fig. 3. Photograph of sample and sample tray in the
x-ray beam. The vertical cylinder on the left is the
housing for the x-ray tube. The horizontal tubing on
the right is the KED detector.
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5 (ARG £ MU TOLERREIG Pros genom | STHSUE ) 12-13-91  N-1 ox-t Oxxx-t Frasne ——
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500 005
@ 272+ .003 2000+ 015 M10 X 15 TAP le— 280. 010
{8l 8 005 @]ale]c] (¢ 8_a0s @ Tale]c] o0
<+
- , | 062-_005——‘ B 342 g5
— i ‘m
e T :
b 315: 015 242
000 M8 X 125 THREAD — 8121 010
l— 4401+ 015 ~ 4840 @ 005 M{A[B @)
.00 UNDERCUT
880_pos B .
| BRACKET S
MATL: STAINLESS
126 FOIL RETAINER REQD: 2
26 o peLRN SCALE: 1
REQD: ONE
SCALE: 1

000
500+ 005 L ? 24200z

+.000 l _L @ 002 @
— 4357900 H )

2402 015 — M10 X 15 THREAD
l e J— —
= @ 21805
""""" 063+ 015 218 5%
! 1 FOIL RETAINER PLUG [@[¢ 005 Glafe &
@ 2502 005 ———-——L__C_- 7
] R MATL. DELRIN
SomE 4 DO)BRACKET STANDOFF
‘! MATL- STAINLESS STL TYPE 304
REOD. 2
L 083: 0% SCALE. 11

24000+ D60

125:015 ——j L 8.250: 060

l> 130 CABLE SHROUD
MATL: STAINLESS STL TYPE 304 & NOTED
REQD- ONE

SCALE. 11




l PART HpBER T PARTS LIST
‘ PREFIX MMSER wl DESCRPTION
| 780s 0B
xR 208 00
{@ 015 @ AIBIC
N
2821 005 ] RN
i 750+ 015 }
oo [ s A e
! S
i 4] L—-.zso.nﬁ 500
M5 X 8 TAP X 500:030 ¥ B X 1 TAP THRU
(@] 8 _005 qfals @ @[3 o5 @[AlB[C]
l~— 1625+ 030
ANDOFF CABLE SHROUD SUPPORT -C-
STL TYPE 304 {> 131

REQD ONE
SCALE. 11

MATL STAINLESS STL TYPE 304

2X 3752 015 —=

~— 125+ Q15
/
031« 00% e
SST TYPE 316 1716
R 250. 05— [ |
1688+ 0B
625: 030  |H L4 1813y 0%
b 438
.250 2X R
<0101
250 ~.002—1
A 7F 1ADDED DETALS 130 AND 131 8-4-92) waL TONL L0 2
— >— 500+ .015 —~ P ORIGINAL 1SSUE - — — —
AEVSoN | ceass REVISIONS DalE | (HanGED | CrECKED | arPwovED
AEIVER |REVEW BY 2y oy
— CLASSECATON OF | ORAwRG UNCLASSEED
PaRT: UNCLASSFED TMTLE BLOCK UNCLASSEED
Los Alamos
LOS ALAMOSN ATIONALL ABORATORY
LosAuaunaNexlexco87545 JAE R’ H
PARTS 126.127.128.129.130.131 HYBRID SYSTEM
CENERN. NOTES  (UNLESS HOTED! SGMIURE ] DA Coivaaid
v OHENSON 3¢ HCVES, ORIGMATED | BWALTON | 0-11-91 N-1
g ﬁﬂsr‘h‘%ﬁe&ss 10 AR P GWALTON | 9-11.01 N-1 TOLERANCE -AMLESS OTHERWISE MNOTED!
3 &»ﬁiﬁ 0,0 CEEP K1 DRLED CHECKED LPOLLAT §12-13-91 N-1 Xt e O.x%my AMOUR ARLY wevmemne
5 (RSN L FISL TLERANG PRos Enom | STHSUE 112-13-91) N-1 oz it hiaad
FER ANS T1454-1932. scate TOTAL | ORAweG MO SMEEY
6 WELDNG STMIXS FER ANIIAWS A24-T6 aprroveD [ STHSUE [12-13-91 N-1 seEts SZE o,
7. SURFACE TEXIURE PER AN BCO+7 weeasss | LPOLLAT J12-93.09) N1 | OTED 68Y-155787 B ©
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6251 015

[® 005 @ [A[e]c]

+010

SECTION A-A
i N
_~_” 2X R 375: 015 ‘ /

@ THRU 500" 309

[@#l @ 005 @ Jajs]c]

2X R .375: 015

M4 X 7 TAP THRU

[¢[» 005 @ [alB]C]

>

X M6 X 1X 500060 ¥ ———3850" 000
@[ % 005 ® [AlBIC] @[ 05 @]alB]C] n
{ } i
N c TEE—— A S 72 B Y R T S Y m—
S & r%
[
50 1725+ 05 125+ 015 !
2250+ 015 :'
@ 350: 005 R
32508 0% \ \ (@l 8 vos @ [a[B]C] : :
| : .
4.000: 015 Ot T T T XL"“‘_"‘“—#L—~-—1—— e — .
N NN 1
A \ L @ 2345 005
o [¢l@ 005 @ JalB]C]
HINNNHIN

2X 2502 ,030—’

2X @ 2500 X .75 LONG DOWEL PIN

ER

+010
@ THRU 1567000

c-BoRE @ 250°330 x 250:030 ¥
@@ 005 @ [a[e]c]

iy

+010
l— 2000° 000

[@] ¢ 005 @ [A[8[C]

——I— 5412 .005

TUNGSTEN HOUSING

201
MATL. MACHINABLE TUNGSTEN

REQD. ONE
SCALE. 111

3X MI0 X 15 TAP X .750:060 ¥

(el @ o0 @ [a[B]c]

200+ 005 —~]

-

| ™o tHrU 750° 902
@l o o0 @ [ajefc]

@ 4.250




2005
4750982

005 @ [A[B[C]
]

L 284

+ 015

5000« 015

1 PART PRER

PARTS LIST

em wﬂl
PREFI MUMSER NADER | 0D

DESTRISTION

6X @ THRU 4137 pos
2 HOLES IN LINE

+ 015

S| @ 010 M {A]B W[C

@ 4250

C-
SLOTS

250+ 001
[ B[ o0 @A

2 SLOTS IN LINE

A
R 2X

A
@ THRU .781.005
(@] @ 010 @ [a]B8 W[C @

@ THRU 250: 001

@ 001 WA
H

@ 5.000: 015
Dl @ 015 W {A]|B

cC®w

—=

000
2.150{_005
—— 375: 010

2 SLOTS IN LINE

E)( 250+ .015

2.250: 015

@ 3500+ 015

B8 015 @ [a[B @[C @)

BASE SUPPORT

|ﬂ 05
[-A-]

203

MATL ALUMINUM 6061-T6

REOD: ONE
SCALE. "1

r 500: DB ﬁ

A J7-21-93) WALTON
! X7 |i x 7 TAPPED HOLE ADDED X7 |7
' - P ORIGINAL 1SSUE — - - -
e | P oare_| D | eGaD Tupraaes
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-.005
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PART 201,202.203 H Y BRID SY ST E M
202 WEDGE GENERAL NOTES  {UNLESS OTHERMSE NOTED) G"“"‘T"‘ = °2"=g Shou,
MATL: STAINLESS STL TYPE 304 1 AL DMENSONS W NOES oRceateo JOWALTONGS-23-011 -t
REOQD: ONE ; g&‘g?‘u}lt UWE%“;(;.ES 10 AR Po— G.WALTON | 8-23-91 N1 TOLERANCE -(UNLESS OTMERWISE NOTED)
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5 SRRS30WG L POSTRNAL TOLERWCNG pros_enor | STHSUE [12-13-91)  N-1 Qe | ot bttt
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x @ THRY 250700
(¢l @ 005 @ [a]Blc]
250 2502 015 —
i
l - 5004 0%
15001 015
—C~
@ (205 TIE BARS
MATL: ALUMINUM 6061-T6
REQD: 5
SCALE: 111
® s000:520
fe———— @ 45001 .05 2X MB X 1 TAP X 5002060 ¥
Yl rxsaonn
2003
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LT~ Co J v
g Co R
&£ e T 7502 05 —— =
Lo i N
Co 8
N . : E R
e ' (< N / :
I R st ¥ 6125+ 015 o {
W B 2505 OT5 ™SR 500: 0% Lo
oy t L J
' 2878: 030 .o
3X 1500: 060 , :
i : : +iE Iy
5 - ' : T N .
: . - L [
' i _A- J L
3 250+ _030——1 — 2150‘88?———’ 60000 L———QS 474000
AFTER LEAD POUR BT o5 @
3X MB X 1 BOTTOM TAP X _500: 060 ¥ o
&l ¢ 005 m fA[B WM (265%
g
& (204 X-RAY GENERATOR SHIELD (BOTTOM)
MATL. ALUMINUM 6061-T6 & LEADIPOLRED)
REQD ONE
SCALE: 11
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1 PaRT sarmeR I PARTS LIST
VTER [FarBen
l PREFD NMBER l"“‘““l wee l DESCRPTION

2X M6 X 1 TAP X 3752060 ¥

R 3000 015

]

172)( 250+ 015

nce
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X-RAY GENERATOR SHIELD (MIDDLE)
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SCALE 11
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bare 8y oy
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LETIER lnEva
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PART UNCLASSFED TiTLE BLOCK UNCLASSFED

OF THE PART THE REMAINDER OF THE DIA'S CAN Los Alarmos
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L o5ALAm0s Newlex0 87545
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HYBRID SYSTEM

OENERAL NOTES  UNLESS OTHERWSE NOTED S ime 502‘:9 o
orGraTED | B WALTON | B-27-91 N-1
% %ﬁ.ﬁ%ss 10 MALR P SWALTON §8-27-91 N-1 TOLERANCE -UMLESS OTHERWISE MOTEDY
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e T -A-
2X R 375: .05 - I-—-375: 015

R 3000: 015 [

R 625: 015 H

<015 _,j I_
2 @ THRU 250 o> 125: 015

(o[ @ 005 @ [Ale]

TAINER
[> 207 CABLE AND HOSE RETAINE

MATL MACHINABLE TUNGSTEN
REOD ONE
SCALE 11

MI10 X 15 X 562:030 ¥ BOTTOM TAP

[@lg 005 @A &)

'—-—'23322 005—-]

@ THRU .102: 005 @ 499573000
Bl 005 @A ®
208 COLLIMATOR (FRONT)
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SCALE: 1
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@ 1562 005 060+ 015 -—/-(b 4852 005
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REQD:. ONE
SCALE: 111
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T -ooz A
e )
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5.250+ 030 @ 7:5:000 4l p 375992
{ol o 00 ®fals ®c @l
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REQD: ONE
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SCALE: 1
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+015
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SCALE: /1
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| PART MUMBER PARYS LIST
I PREFIX MMBER &E‘R b3 DESCRPTION

301 1 HAND KNOB

3021 1 | SUPPORT/ADMSTMENT ROD

303] 1 } TUNGSTEN TIP

3641 1 | SUPPORT DISK

3051 1 | SPIROL PIN, SST. .125 DIA X .50 LONG. C.EM. WEST INC.

3061 1 | SPIROL PIN, SST, 125 DIA X 100 LONG. CEM WEST INC

3071 3 | SCR, SOC HD CAP. STL. M6 X 10 X 20MM LONG

[> 308) 1 | NUT. HEX. SST. .500-13 UNC

AT ASSEMBLY. DRILL .125 DIA THRU PARTS 302 AND 303
LOCATE HOLE FROM PART 303
INSTALL ITEM 305

INSTALL ITEM 306

i .
l [ AT ASSEMBLY. DRILL 125 DIA THRU PARTS 301 AND 302 ;
/LOCATE HOLE FROM PART 301 ;

[/ 65/; A |x"/] ADDED HEX NUT PR L Al
’ s - v ORIGINAL ISSUE - - - -

REVISION | CLASS (MANGED | CHECKED | APPROVED
| tevien jmevew it oare | | o

‘ CLASSIFICATION OF } DRAwANG: UNCLASSIFED
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PART NBER PARTS LST

] __
\ki\/‘ PREFIX MAMBER I A DESCRIETION
401

DEWAR SUPPORT PLATE
DEWAR SUPPORT PLATE

X-RAY_GENERATOR SUPPORT PLATE
403

WALL PROFILE 80. 56.00 LONG. 315-082-1. ITEM PRODUCTS INC
CONNECTION ELEMENT 40, FLAT, 222-140. ITEM PRODUCTS INC.
SCREW. FLAT HD. M8 X 1.25 X 16MM LONG

SUPPORT PROFILE 80, 39.00 LONG. #15-081-1. ITEM PRODUCTS INC
SUPPORT PROFILE 80. 39.00 LONG, =15-080-1. ITEM PRODUCTS ING.
WALL PROFILE 80. 39.00 LONG. 815-082-1. ITEM PRODUCTS INC.

N

e

1

1

1 s
404] 1 | DETECTOR SHIELD :
405] 1 | DETECTOR SHIELD ;
406] 4 | SCR._SOC HD CAP_STL. M8 X 125 X 25MM LONG
4071 4 PROFILE 40 X 40 LIGHT X 21.80 LONG. ITEM PRODUCTS INC. !
408] 2 I PROFILE 40 X 40 LIGHT X 24.64 LONG. ITEM PRODUCTS INC :
409] 7 | PROFILE 40 X 40 LIGHT X 28.39 LONG. ITEM PRODUCTS INC. ,
410] 6 | PROFILE 40 X 4D LIGHT X 13.29 LONG. I-EM PRODUCTS INC. !
411] 6 ] PROFILE 40 X 40 LIGHT X 24.86 LONG, [TEM PRODUCTS INC
412] 7 )| PROFILE 40 X 4D LIGHT X 18 36 LONG, {TEM PRODUGTS INC !
“13] 2 | PROFILE 4D X 40 LIGHT X 1500 LONG. ITEM PRODUCTS INC :
414 2 | PROFILE 40 X 40 LIGHT X 57 75 LONG, iTEM PRODUCTS INC I
415 ] 6 | KNUCKLE FOOT 40, M1D X 80, NO. 21-012. ITEM PRODUCTS INC.
416 ] 36 | UNIVERSAL FASTENING SET. NO. 20-004. ITEM PRODUCTS INC. i
417 ] 23 [ SCR. SOC HD CAP. STL. M8 X 125 X 15MM LONG ‘
4181 29 | T-SLOT NUT, M8. NO. 20-058. ITEM PRODUCTS INC §
219] 1 | FRONT GUARD !
420] 1 | COVER :
421 1 PROFILE, 40 X 80 LIGHT X 7200 LONG, ITEM PRODUCTS INC !
422 8 | ANGLE ELEMENT 40, n22-141, ITEM PRODUCTS INC. .
223| 8_| SCR._FLAT HD SOC. STL, MB X 16MM LONG !
4241 1 |SUPPORT PROFILE 80_ 56 00 LONG. #15-081-1. ITEM PRODUCTS INC
425] 1 |SUPPORT PROFILE 80, 56.00 LONG. #15-080-1. ITEM PRODUGTS INC
426] 2 | CABLE CLAMP (BASE)
427| 2 | CABLE CLAMP ‘
4281 2 SCR. BUTTON HD, SOC, STL. M8 X 125 X 30MM LONG
429] 4 | SCR. SOC HD CAP. STL. a10-24 UNC X 150 LONG f
%30] 1 | PROFILE. 40 X 80 LIGHT X 39.00 LONG. [TEM PRODUCTS INC. ‘
4311 2 SUPPORT PROFILE 40. 2100 LONG. 115-040, ITEM PRODUCTS INC
%37 2 | WALL PROFILE 40, 2100 LONG, a15-042, 1TEM PRODUCTS INC l
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REQD: ONE

@ X-RAY GENERATOR SUPPORT PLATE
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EYEn
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MATL. CARBON STEEL. C1018 AND NOTED {1) PARTS 214 AND 215 ARE
REQD: ONE
SCALE. /1




K 125+ 030

NG, STEEL, C1018
00 0D. X SO0 WALL

T PART MAMBER

PARTS LIST

PREEI HMBER
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