5ﬂUnited States NucIear Regulatoty COmmisston
- Division of Materials Licensing
Hashington. D. C. 20555 :

Subject" License Amendment App]ication DT e

AR OV. .
g References: License SMB-179 . M\ venen !i :
| O Docket 40-672 © B Gﬁ,.t'a...............-
‘:,_‘: | ' i . Acn-nc,f..‘-.o /¢ 77 .‘
5 Gentlemen: o : i

»

’5”'7' S e have performed our annual review of our current license and
' stemming from this review we are requesting the incorporation.of certain
amendments to the 1icense. These amendments are intended tooﬁncorporate
" two reports from our consultants extending our evaluations of effluent
air as regards the degree of conservatism {nherent {n the method of
sampling the air and the extent of dilution of the plume to demonstrate
compIiance with 10CFR 20. 106. ' ’

Attachment 1 to this letter defines the degree of conservatims in
the sampling of effluent air, and Attachnent 2 defines the dilution of
the effluent plume.

Ne have been encouraged by Region 1, Inspection and Enfbrtement.tol
make this submittal of information so that the 1icense will be a more |

definitive document.
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Dzar )-tr\.‘_ Sewyers:

¥o.. ferbert Sawver ... 0
Ruclezr Vetals, Inec. - ‘
2229 JMain'Street . e
Concord,’ Massachusetts 01742 = = .

. e - -4

At yﬁur request,'Iﬁémeubmittinv the following discussion on duct

. -sampling of particulates at non-isokinetic conditiors. I have also
~included estimates of the errors that may be anticipated for various
'ranges of sampling and duct air flow velocities, particle diemeters .
.and particle densities. ‘ .

S

The concept of isokinetic and non-isokinetic sampling is presented

.in the attached Figure 1. When the air (or gas) velocity entering

the sampling probe is identical to that of the surrounding ai{ stream
(Fig. la), no deviations of the' streamlines occur; and, assuming uni-

.. forn mixing of contaminants, representative sampling is obteinead.

When the sampling velocity is lower than the surrounding velocity in

.. the duct (Fig. 1b), some of the air will be deflected around the probe

innlet; but some of the particulates associated with this deflected

STy

ey Vg 5y + 1) -

air, because of their inertia, will enter the probe resulting in a
collection of particles greater than that associated with the air

‘senpled (sampled concentration too high).” Conversely, if the sampling
~ velocity is greater than the cuct velocity (Fig. ic), some of the

particles associated with the air sampled will miss the probe inlet
tecause of their inertia causing a reduction in the collection of the

‘particles associated with the sampled air (sampled concentration too
T low). , o | : . :

LY

- Davies!) has suggested the following equation for estimating the
sampling error for non-isokinetic sexpling conditions when using a

i‘usharp-edgedlor very thin-walled tube for the probe inlet:

Cg Va VafVe -1 B

—_— 2

TS S ——— oy
“‘Davies, C.N., Dust is Dangerous, p. 21, Faber, London (L954).
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(Va::

Ve = VLIOCI*Y of air xn ,ro be': i.lct.:'

g g = fnertial inpaction pa*amete. (dimeﬁ!ionlcﬂﬂ).
y =d20pV4/18pD
Awherg = diameter ofrparticlé.

= Cunh{nghad (s1lip) correction factor.

d
Cc
- :, ©  p = density 6f~particle minus density of.gas*.
o p = viscosity of gas;.

D

diameter of prodbe inlet.

f:: . Calculations were made, using this equation, to cstimate the errors
ﬂ%:r that may occur in the stack (and duct) sexipling program at :Nuclear
x> Metals, Inc.. -:;; . 1

According to Mr. R. Fran)s of Fuclear Metals Inc., the probe
. inlet diameter is 0,178 inches or 0.452 cm. s and is the value used for
; D in these ealculations, .

. . The particulates. involvcd are uraniv: and its compounds such asg

}* oxides which could offer a wide range of censities particularly if

%' these particles are present in oil or water particulates. Elemental

¢ uranium has a density of 19, and its oxides have a density range of
7.3 to 11. The coxides would be more representative of fune fron burne
ing uranium (burning chips from machining) which is often produced

. from some Nuclear Metals operations. For these calculations, a density
ﬁa' of 10 gms/cc has becen assumed; but some calculations have been mace

%' for densities of 2 &nd also 19 gms/cc to demonstrate the effect of
partzclc density on non-isokinetic eanmpling errors.

Samplinz rates at Nuclear Hepals, Inc. have varied in the past
- from 0.5 to 4.6 L/win. (liters per'mxnu~e). The sampling flows
(L/min.)_and corresponding probe fnlet velocities (ft. /hxn.) used "in
th.se calculations are noted 1n the follo.n.n° Tadle XI:

*QSnsity o£,ait‘omittcd -~ error negldeidble. - - .'i
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Probe: Inlet Flows and Velecitica

0 (L/min.)  Vy (£t./min.)  Q (L/min.) Vg (£t./min.)

102 ' 4,0 818

., 0.5 |
7 1.0 206 6.0 1227
2,0 o S

Loo

i Since there are numerous exhaust ventilation systems operating
Y- at many different velocitics at Nuclear Metalg, Inc., calculations

'were made at the selected duct air velocities of 1000, 2000, 3000 and
. . 4000 ft./min., with the data plotted to permit estimation of sampling
' errors at other duct afr velocities. o :

Particle sizes selected for these calculations were 1,0, 5.0 and
0.1 pm (micrometers, microns) which have Cunpingham Correction Factors
'"(Ca of 1.149, 1,015 and 2,64, respectively (0~ C. slightly,higber at
#7720 (!.)(.i For air viscosity, a value of .0185 x 10-% poises (25° C.)
" was used, -

. An cstimate of tha ratios of sampled to duct air concentrations

" (Cg/Ca), accordin% to Davies' equation, for 1 microjneter particles
.0f 10 gns/cc density is presented in F{gure 2. Also included are data
for particle denasities of 2 and 19 gma/ce. It {5 ‘'noted that low

j;,samplin§ velocities in high velocity air streams result in gross over-

.. collection of particulates even for small (airborne) 1 ym particles.

' For example, a 102 ft_/min. (0.5 L/min.) sampling velocity in a 2000

. £t./min, air stream would produce an cstimated particle (p = 10)

 concentration 5.2 times that in the duct air. Obviously, such low

: * sampling velocitiecs should not be used if more reasonadle sampling
errors are desired. Even . the more acceptable 2 liters per mimute

. sampling rate (V = 409 ft./win.) which was proposed initially for this

... duet sampling program produces a high excess concentration error. In

.- .this case, the ratio of sampled to .actual duct concentration would be

. 1.9 for a 2000 ft./min. stream velocity and 4.4 for 4000 ft./min. .

- ~.It should be observed, however, that for nominal dust (p = 2) this

. ratio is 2 for a 4000 ft./min. duct velocity cnd as high as 5.7 for

~uranium metal particulates (p = 19). Obviously, high density par-

. ticulates have a marked effect on the magnitude of the error caused

.. by -non-isokinetic sampling. ' :

Sr For particles larger than 1 pm, this error due to below isokinctic
" "sampling can be considerably greater than that for 1 pm particles,
{1 Tois is dermonstrated in Figure 3 which presents data for particles of

[

anancd on probe inlet diameter of 0.178 in. (0.452 cm).




.

‘5 diamcter. For a sampling velocity of 102 ft./min. in-a 2000 .
£+./min. air streom, the estimated C;/C, ratio would be 17,4 and in
- &-4000 £t./min, stream 25.5. : It should b2 roted, however, that ex-
Faust systems with air cleanpers, particularly those with c¢fficient
“£ilterc, would not be expected to have any eignificent numbers of
" this size (or larger) particles; and for such systems, the problem of
" highly ineccurate sample results becsuse of these larger particles
;o would not be expected to add to the sempling error drasticsally. Es-
- - haust syctems without air. cleaners (or with inefficient units) would
" involve very large scmpling errors if the sampling and duct velocities.
- are markedly different.

o It is interesting to note that even for fume particulates ex-

- tremely low sampling velocities in high velocity streams can produce
- concantration results noticeably higher than that of the air stream.

... This is demonstrated in Figure ‘4 which presents data for 0.1 pm

« ¢ particles (p = 10.0 gms/cc). For a low sampling velocity of 102

- ft./min. (0.5 L/nin.), estimated C;/C, ratios of 1.03, 1.13, 1.30 and

©1.55 would result for duct air velocities of 1000, 2000, 3000 and .
4000 ft./min., respectively. However, when the ratio batween stream

- and sample velocities is no greater than 5 (or no less than 1/5),
samp.ing errors would )be negligible for this size particle,

The accuracy of Daviecs' equation may be questioned, since it is
. offered as an estimate for determining the ratio of the sampled and
actual duct. particle concentrations. It is obvious, liowever, that if
the strcam velocity is always greater than the probe inlet!v¥elocity,
sanpled results will be higher than those existing in the stream
sampled. It is also evident that very low sample velocities relative
to the streem velocity will provide sampled concentrations grossly
eatar than actual straam concentratipens. , It is strongly suggested,
1€ not recommended, therefore, to increase probe inlet velocities to a
value close to the minimum duet (or stack) air velocity of all the
- systems involved in this sampling program.. This step will eliminate
or at leust minimize considerably gross over-estimates of actual duct
or stack particulate concentrations.

Before undertaling this change, howevér, it must be recwembered

that excessive particulate loadings on the filter used to collect
. these samples may cause a significant reduction in sairple flow rate
., during the period of sampling which will not result in a representa-
1 tiva or trua average of the concentration of particulates during the

¢, . period of sempling. 1In order to avoid this proble=m, the volumz of air
.- - sampled or the sampling rate for the period of sampling must be such
... that the flow rate is essentially the same (or reduced insignificently)
7 at the end of the sampling period. Expericnce has indicated that

. .using the present filter collectors sampling rates less than 4 L/min.
2" suffice for uniform sampling rates for the designated monthly sempling
. ~periods. To mecet this limitation anjgvet provide wmore acceptabdble
© ' eampling probe velocities, it will necessary to reduce the diameter
...+ of tha sampling probe. It is suggested that the probe inlet be reduced

W,
jo8
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" from tha prasent 0.178 {n, (0,H52 em.) to 1/8 in. (0.125 {n, - 0.3175

- ¢n.) and that a sampling rate of 3 L/min. Le used, This will result

¢ .An 2 gempling veleeity of 1244 ft,/inin. which is, I believe, below
any present duct or stack veloecity. Caleulations reveal that for thie

sanpling velocity in a -H000 fr,/min. atrcan the Cy/C, ratios would be

3.10 2nd 1,97 for 5 and 1 pm particles, respectively (p = 10).

At shotrid be noted that the probe inlet diraeter has a significant
infloence on the impaction paraaeter (Davies' cquation); nemely, the
larger the dismeter the eimaller the inmpaction paramcter. - Smalier inm-
Paction parcmeters result in reduced campling ecrroirs at non-isokinetic
_conditions. In order to use larger probe diamcters, higher sampling

rates will be necessary which will require large- sample collectors,
If further reductions in non,isokinet?c sampling errors are desirabdble,
perhaps a change in sample collectors may be considered. to-

_ I shall be pleased to discuss this subject further at your con-
venience and assist in implimenting any revisions of your emissions
sampling program that you may consider. ’ '

Sincerely yours, Ll
bﬂa{hfirgbé bk]éy } .

FJV:erv ' Frederick J, Viles, Jr.
Attachs, (4) ' _ .

FREDLRICK
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SEC. Inc..
" J. D. 8Spenglerg Ph. D., CCM
March 12 1979 .

Bucleour Matala, Inc.
1si 0 Cencerd, Mass.

‘r> ) . ) . I ! ‘ o X ‘ : ‘l '

Problem: To calculate the cow;entrattoqg of rad'oactivity of depleted
uranium dinchnrges.« l o ‘ . ,

Purpose: To demonstrate that the monthly avoraqed concentrations in uc/ml
do not exceed NRC standards.
Approachs. Calculate the concentration of depleted uranium in tha wake cavity
" - of the building for 4 wind directions. .

Since the exit vents are on the roof of building C and the stack hclghts

aro small compared with tha building height, emissions are acsumed to be in- *
fluenced by the aerodynamic flow over and around the building. It is a con- .
sarvative approach to assume that all emissions are retained in the cavity. '
Wind flow over the sharp edges of the building causa flow noparation. This

. ocecurs at the leading edge of a roof and corner and again at the lee edge '
of a building. These separated layers curve inward toward’tlie wake axis,
serving to enclose what is called a "cavity" or recirculatidg “bubble” im-
mediataly dovmwind of the building. The cavity zone is chhidcterized by a

- low mean wind speed, high turbulence intensity, recirculatios and relatively

. longer residence times of .fluid particles "trapped” within the bubble (Fig. 1).

First; the physical dimensions of tha cavity zone will be calculated.
There is an empirical equation fitted to wind flow studies, for obstacles.
For Nuclear Metals the building length for C & D is V500' where the height
13 V26'. Width of A-B-C is 310'.' wWidth and length of Bldg. A are 80' by 225°'.
The highest roof is 42' above grade (Bldg. A) Presently all emissions are
from the roof of building C. \

Where L/H >2 the flow is considercd to reattach along the roof and sides
and then separate again at the trailing edge. Then:

1.75 (W/H)
1.0 + 0,25 (W/H)

Xr .
R

vhere %, {s the horizontal extent of the wake cavity measured from the trail-
ing edga of tho building, o
' H is the height of the building
Hp = 42°'; Hg = 26': Ho = Hp = 26'

[ :
i- ' W is the width of the building no‘ﬂal to the wind.

A‘Ls- ! ' ' ...“; . .;‘..45
: ) 1ALAC
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.Wxnd hormal to : 3»”‘}A

.xr

Ruilding ﬁ{ﬁ *e Conment

A - 225/42 4 168 (51m) wake region influenced
A C : o ' by A and xeiained bohind
. pldg. C .
9 A-B-C 130/26 ‘3.8 99 (30m) Wake region behind D
. IR - 150/26 2.9 75 (23m) Wake region behind C
'E'- ‘ I Co primarily
: 45°§ A-B-C 400742 - 3.2 . 135 (4lm)

Behind C-D ‘ '

\ H . . '
1 H H T +
o ) . Lo . . :

_‘v. , ) R . . . o . -

Rext: The expected concentrations in the wake regions must be calculated.
. ; Briggs(Z) gives a formula for approximating the concentraﬁion in the cavity
. regicns 4 ) . . .
o X = 4g/(us?) o - - 1..' |
vhere Q.= source strength (gm/sec) ) oo . o
T U = wind speed (m/sac) ’ . ) .
S = distance from source along axis m, . . o - .
From Viles' letter ot December 19, 1978, the hest monthly total‘
eminrion rate was measured as A2 g/hr or 5.6 x 107 §/scc. Setting the
‘monthly mean wind speed at Smph (2.2 m/sec) is conscrvative.

h . .-

000
8- o
98 o

Then the maxirun cohcentrntion' exparioricnd.in the wake rcgions along
the axis over & hypothetical month persistent wind direction would be.

¢

MAXIXUY MONTHLY MEAN CONCENTPATION IN YAKE REGION

hssurat - -2g/hr . . avg monthly discharge -
Smph avg monthly windspeed ’
Directiop constant for month
Distance (m) X (g/m’) X -* (uc/ml)
: s 4 x10°8 1.4 x 1071?
10 1 x 1073 3.6 x 10?2
. 20 2.5 x 10” 9.0 x 107!3
B .30 1.1 x 10" 4.1 x 10°!* .
= . 40 6.3 x 10~ 2.3 x 10~}3
P 50 . 4.1 x 10~ 1.5 x 10°!? )

3 0 .

Boyond the wake region the concentrations decrcasa as the emissfons are
dispersed by the natural turbulcence of the mean atmosphere. - - - :

.
c s [}

3 .1, “

v
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For this hypothetical maximum month the concentrations are helow the

NPC standard of 9.4 » 10-'% pg/mi everyvhere beyond 20 from the buxldinq.
There will be no vio]ations of standards &t property boundary.

¥ow consider the conservative azssunptions of ;hcsc calculations:

1. The everage manthly emiszions are 58% lower (.R5G/hr not 2g/hr)

2. The wind speed and direction are highly variable. A persistent
‘wind direcction for en opan area wo2ld not be expacted xore than 102 of the
time, TFor Logan Adrport a I wind in Jarvary has a 10.1% frequency of oc-
cuzrence. This is tho maxirum wind frequency for Logan. Frequencies of
5t are more typical for any wind direction. :

1f we now consider these more. realistic conditions the monthly con-
centrations experienced close to the lee side of the buildings are more
like 6 x 10~ pc/ml. Even with a doubling of the enissions the concen-
trntions will not violate the MNRC standard of 9.4 x 10“ vc/ml.

Conclusion . ' _ . ' - , .

There will bo no violations of the MNRC monthly standard of 9.4 x 10"’vg/m1
at ground level in the vicinity of Nuclear Metals' facilities in Concord, Mass.
. This conclusion is based on the emissions reported in P. G. Viles, Jr.'s
lotter of Docembar 19, 1978 to Mr. Alden Gilman, Ruclear Metals, Inc., and
. the assumption that all emissions are trapped in the wake cavity behind the

buildings. Allowing for some effluent to escape wako captntc by virtue of -
stack discharge would lower the wake concontrationa furthc ) :

It should be notod that without dotailcd physical dcscriptions of all
vents and stacks ‘as well as meteorological conditions, more accurata esti-
matas of local concentrations cannot be done. .The results of tha conserva-
tive approach prosented in this recport indicates that more conplex and ex-
pensive modeling is not warranted at this time.



o

e 8 . - e
" 'Reforences S

1.-365&@%, R. P., qf;’-“tnpificél f#ﬁ!:étion’of waka Cavity Sizo Behind
' Block~Type Structure.® .-7th Sympssivm on Tvrbulesice and Diffusion

.+ and Air Polluticn, American lieteorolsgizsl Sociaty, Ranc, llevada,
. 1979. C - ’ - L ’ ' . . .

'© 2. Briggs, G. A. rEstimation of Down Wash Effests.® In: Puwer Gerezatinns

Afxr Polluiion Monitoring and Centrol (Ca. 6). Aan Arbor Sc., 1976.

. .
. - . . .
. > e . .
. ’ . . . .
.
i . - e s
. . . . o« -
- - et
.
. . .
. . . e
L . . Lo . Lo R
- . o
- . . N
; . . 0 LY . . . ¢ .
. . . .
.. AN e - .. . -
" . . e, .. tt e . R
., . . - .
. e : - -
. Ve - . .
- -
——— . e * " ¢ o " ‘ .
R : e .ot P -. , e, . .
e M - . - -
. R - . .x . e .
. .
. . K
. . N
. . ¥
hd . . . .
K . .
* ‘ ' s e @ .
. 3. 2 . 0
. "o @ o,
. ae o %~
. P cw
. [ 3 I TS
[ 3] )
’ R
. . . .
.
. .
.
' -
.
. .
. . .
.
. .
v .
¢ . N
M >
B . .
. .
.
.
* .
.
* -
.
. .
.
.
L]
. . *
. . . .
. . .
.
.
.
. .
.
. .
. .
h . -9
.
v LR - . e - .. . v ¢ . e . .
.
.
® -




’i ) " T Is . C ) . N2 Syt

T T e VY2ke Counciasy

. R P A
' N o¢ .‘ ori""u-‘,
) PR X RILDEN irmi%.“}g’ﬁ
- Ib Y INAZs S TRDS L IS R g
¢ s s+ o / "‘s‘ s e 4 _1‘4‘“33 15 4
' R T R AR,
i . SRR I
SRS AT AR T
R0 X by (3’9 iy
) X .‘ """:‘."-?\I? . 3. .
33 DA RN Rl I
w3’ [ &4 §,% . Ll il e,
. LA LA v""'{“-: o ag. s
. TR TSNP IAR
l = zr
‘ .
£3 “. g & b4 “ >
A A G
GESRATY,
TR T e
.o TR b it
; SAC iy BHL Ak Y o
v WA, ;\_,;'f?ﬁ"é'i\‘fi.ﬁ.’; XEIAH
R SRS EIN AR L
! ‘ ¢ ‘ |
. L]
=. - !
. * hd A 4 ) ‘e
L " had
o . . . . hd
P v o0
i
. . ‘e .®
L ..
P XN
) o, H .
t ebo® s o
v ... -
b

S _ L . * eimi, scoem & dis
C e Pigure 1.  Odserved Lffects of Stavrk Iiaht vpon Plume Dispersion Pattesns '
. _ in tudes of Eulddiogs. . : Ty
I A | R ’ © 14RAe



