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VUnited States Nuclear Regulatory Combtss" '
2 Division of PMatertals. LicensingS T' j D F-

Washington, D. C. 20555 ,

2 Subject: License Amendment Applicat Ion

References: License SMB-179 IRS

Docket 40-672 * *" *

Gentlemen: !.--

We have performed our annual review of our current license and

stemming from this review we are requesting the incorporation ýof certain
*0 0

amendments to the license. Tl'ese amendments are intended to• incorporate
two reports from our consultants extending our evaluations of effluent

air 'as regards the degree of conservatism inherent In the method of

sampling the air and the extent of dilution.of the plume to demonstrate

compliance with lOCFR 20.106;r

Attachment 1 to this letter defines the degree of conservatims in

the sampling of effluent air, and Attachment 2 deffnes the dilution of

the .effluent plume.
W/e have been encouraged by Region 1. Inspection and Enforcement, to

make this submittal of information so that the license will be a more

definitive document.

.Copy Has Been Sent to..eD , Sincerel

'k - Radiation afety Officer

.•ARG:dg,'
Enclosures . ,

22 2229 MaIn Streel. Concord., Masachuseils 01742
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ATTACHMENT. I " *,.0 0.W . MAýS. 02022,::!! ,

S : rOctober 163, 1978

<>2229 an.7 Street
J.-Concord,' VXassachusetts 01~742

~ .Dear ISr. Sawyer:

At your request, I am submnitting Ithea follow.ing discussion, on duct
sa-npling o- particulates at non- isknti onditions. I have also
included estim~ates of the errors that may be anticipated for various
ranges of samnpling aind duct air flow velocti, patcl -imeters
and particle densities.

in1he atcoacedt of'isokinetic and non-isok-inetic sa~mpling in presented
Figur the atWhen te air (or gas) velocity entering

the sampling probe is identical'to that oft the surrounding air streaim
(Fig. la), no deviations of the streamlines occur; and, assuming uni-
form~ mixing of-contaminants,-representative sampling is obtained.
T-.~ien the sam~plinzg velocity is lower than the surrounding velocity, in
tlie duct (Fig. lb), some of the air will be deflected around the probe
inlet; but some, of the particulates associated with this deflected
air because of their inertia, will enter the probe resulting in a
collection of particles greater than that associalted with the air
sanipled (sampled concentration too high).' Conversely, if the, zempling
velocity is greater than the duct velocity (Fig. 1c), some, of the,
particles associated with the air sampled will miss the probe inlet
because of their inertia causing ar~eduction in the'collection of the
particles associated with the sam~pled Air (sampled concentration too

Davies~1  has suggested the following equation for estirmating the
4, apling, error fo ~o-sokinetic SE--pline cornditions when using a
sharp-edoed or very thin-walled tube for the probe inlet:

*Ca Va _V 8/Vs-
SV (4V + 1),a ,"..

; ,. +. --+.- : 9, -

.- C.N., tUst is Dan..crousp. 21, Faber, London (1954).

A 'ý' "-



a0 : Zn n p t

"Wh."Ca' concentration of particles in dued ai.r

a=concen04" n f p rien'~ ra duct air.

-Va velocity of air in d •.,ct.

V. =vloci.y of air in pro~be £i-'.et.

= inertial impaction par-areter (dimensionleos).

9 -~

~ -~ -. -

U~?

d =dC p Va18pD.

IWhere d = diameter of particle.

C = Cunningham (slip) correction factor.

p = density of-particle minus density of gas

= viscosity of gas..

D = diameter of probe inlet.

Calculations were made, using this equation, .to estimate the errors
that tray occur in the stack (and duct) sa p4.ing program at:Nuclear
Metals, Inc.., .

According to Mr. R. FranI s of Puclear )1etals Inc., the probe
inlet diameter is 0.178 inches or 0.452 cm., and is the value used for
D in these calculations.

t ..' The particulates involved are urani-, and its compounds such asoxides which could offer a wide range of densities particularly ifthese particlea are present in oil or wer particulates. Elemental

uranium has a density of 19, and its oxides have a density- range of
7.3 to 11. The oxides would be more representative of fu•,e from burn-
ing uranium (burning chips from machfning) which is often produced
from some Nuclear Metals operations. For these calculations, a densit
of 10 gis/cc has been assumed; but some calculations have been made

" for densities of 2 and also 19 gins/cc to de-.onstrate the effect of
particle density on non-isol:inetic camplihg errors.

Samplin, rates at Nuclear Metals, Inc. have varied in the past
," from 0.5 to 4.6 /6min. (liters per minute). The sampling flo-w
;r• (/nin.). and corresponding probe inlet velocities (ft./Toin.) usea'in5,,- thase calculations are noted in the follp-iing. Table r:

S 51tD7sity of air' oitted -- error negCU*..Dble.

7
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iJ M. .

Tble I

Probe, Inlet Flotes and'Vclecitiea

Q (C/mn.) Vs (ft./min.) Q (L/sin.) Va (ft./lin.)

,+0.5 102 4.0 818
1.0 204. 6.0 1227
2.0 409

47. Since there are numerous exhaust ventilation systems operating
at many different velocities at Nuclear M4etalst Inc. calculations
were made at the selected duct air velocities of 1000, 2000, 3000 and

,bO'400 ft./min. with the data plotted to permit estimation of sampling
errors at other duct air velocities.

I. ++ Particle sizes selected for these calculations vere .0, S.0 and
-. p' 1,m (micrometers, microns) which have Cungingham Correction Factors

(C) of 1.149, 1.015 and 2.64, respectively (0 C. slightly highar at
'20° C.). For air viscosity, a value of .0185 x 10-i poises (250 C.)
was used.

An estimate of the ratios of sampled to duct air concentrations
(Cs/Ca), Rccordin; to Davies-' equation for-I mi''olneter particles

.-of 10 ZMs/cc density in presented in FIgure 2. Aý'so included are data
for particle densities of 2 and 19 gms/co. It i; noted that l1w

,.,,.samplin• velocities in high velocity air streams result in gross over-
collection of particulates even for small (airborne) I pn. particles.
For example, a 102 ft./min. (0.5 L/Min.) sýa-npling velocity in a 2000
ft./min. air stream would produce an estimated particle (p = 10)
concentration 5.2 times that in the duct air. Obviously, such low
sampling velocities should not be uced if more reasonable sampling
errors are desired. Even the more Acceptable -2 liters per minute
sampling rate (V a 409 ft./tnin.) which was proposed initially for this
duct sa~mplinr• 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

..J ','.,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.

For particles larger than I pm, this error due to below isokinctic
sampling can be considerably greater than that for 1 pm particles.
This is denonstrated in Figure 3 which presents data for particles of

Dnoad on probe inlet diameter of 0.178 in. (0.452'cm),
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aunetdi,-eter. For a samnpling velocity of 102 ft. /min. in 2000
',ft./:nin. air strenm, the estimated C8 /C ratio would be 17.n and in

•4000 ft./rznn stream 36.5. *,It shoultdbe noted,'however, that
li.h-ust yst.e..ns with air clean s,partic~.ihrly thio.ae with cfficient

•. - , *a , y.,-
f .It6lior., would not be expected to he-v tiny eignific.ent nunbers of

itns 'iize (or larger) particles; and 'or such syste.'8, the problem of
Ih-hly in-ccuratc srample results because of these .. ror particlcs
. 'uld, not be exoected to add to the sam..pling error drastitally. F•-
-: huct. syctem., without niir cleaners (or with inefficient units) would

involve very large csnmpliri errors if the sampling and duct velocities.
are markedly different.

It iu interesting to note that even for firne particulates ex-
tremely low sampling velocities in high velocity streams can produce
concentration results noticeably higher than that of the air stream.
Ihis is demonstrated in Figure '4 which presents data for 0.1 pm
particles (p = 10.0 gros/ce). For a low sampling velocity of 102
ft./min. (0.5 L/min.),; estimated Cs/Ca ratios of 1.03, 1.13, 1.30 and
1.55 would result for duct air velocities of 1000, 2000, 3000 and
4000 ft./mrin., respectively. Howeve'r, when the ratLo betwean stream
and sample velocities is no greater than 5 (or no less than 1/5),
sampling errors would ,be negligible for this size particle.

The occurnay of Davies' equation may be questioned, since it is
* offered as an estimate for determining the ratio of the sýmoled and

actual duct.particle concentrations. It is obvious, 1kowever,- that if
the stream velocity is always greater than the probe inleb:4dlocity,
sampled results will be higher than those existing in the'stream
sampled. It is also evident that very low s&tmple velocities relative
to the stream velocity will provide sampled concentrations grossly
Vreatar than Actual stream concentratigns. It is strongly suggested,
if not recommended, therefore, to increase probe inlet velocities to a
value close to the minimum duct (or stack) air velocity of all the
systems involved in this sampling progra.. This step will eliminate
or at least minimize considerably gross over-estimates of actual duct
or stack particulate concentrations.

Before undertal:ing, this channe, however, it must be remembered
that excessive particulate loadins on the filter used to collect
these samples may cause a significant reduction in sample flow rate
during the period of sampling which willnot result in a representa-
tiva or true average d the concentration of particulates during theK period of sampling. In order to avoid this problem, the volume of air

IL sampled or the sampling rate for the period of sampling must be such
hiat the flow rate is essentially the same (or reduced insignificantly)

at the end of the sampling period. Experience has indicated, that
using the present filter collectors sampling rates less than 4 L/rain.
.suffice for uniform sampling rates for, the designated monthly sampling

'periods. To meet this limitation anjoyet provide more acceptable
so".ampling probe velocities, it will bU necessary to reduce the diameter
of the sampling probe. It is suggested that the probe inlet be reduced
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1C: frcom thn prnont 0.178 in. (.0152 cm.) to 1/8 in. (0.125 in. 0..3175
cm~.) and thnt ai srn.plirIg rate of 3 l/min. be unecd. Thi a will renult•cian a-p~ing vclcity of 124 ft./inn. which is, .1 believe, belowany p:-qeit duct or stack velocity. Calculations reveal that for this
sam~pling velocity in a-11000 ft./min. Stream thle OdCa ratios would be3.10 and 1.97 for 5 and 1 pal particlcs, respectively (p = 10).

T Tt should be noted that the probe inlet di:.n;tter hlis a significant
inflnence on the imp.ction partnters (Davies' equation); namely, thelar,,r -he diameter the crnaller the in';,.,ction pnrv-n'-tcr. &nnller in,-paction paraneters result in reduced ca:mpling errors at non-isokineticconditions. In order to use larger probe diameters, higher sampling
rates will be necessary which will require lnrge- sample collectors.
If further reductions in non-isokinet c sampling errors are desirable,
perhaps .a chance in sample collectors may be considered.

* I shall be pleased ti 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,

FJV:erv Frederick J. Viles, Jr.
Attachs. (14)

r.
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SEC,,-.'c,,'
D. Spengler* Ph.D., CCn

lHarch 12, 1979

ZNuclcau M~tnIln Inc.
Cc.nccr•, -Maas.,

Problecm To calculate the concentratAon: of radioactivity of depleted
uranitum dicharges.

Purpose: To demonstrate that the monthly averaged concentrationh in pc/ml
do not exceed KRC standards.

Approach:. Calculate the concentration of depleted uranium in thie wake cavity
of the building'for 4 wind directions.

Since the exit vents are on the roof of building C and the stack heights
are small comparod with the building height, emissions are acsumed to be in-
fluenced by the aerodynamic flow over and around the building. -It is a con-
narvative approach to assume that all omissions are retained in the cavity.
Wind rlow over thn sharp edgae of the building catio flow nopAration. This

* occurs at the leading edge of a 'oof and corner and again at the lee edge
of a building. These separated layers curve inward towarda!ke wake axis,
serving to enclose what is called a "cavity" or recirculatUb4 :"bbble"lm-
mediately doý.mwind of the building. The cavity zone.is chh.iActerized by a
low mean wind speed, high turbulence intensity, recirculatibn and relatively

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

Firsti the physical, dimonsions of the cavity zone will. be calculated.
There is an empirical equation fitted to wind flow studies, for obstacles.
For.INuclear Hetals the building length for C & D is 'v500' where the height
is "'26'. Width of A-B-C is 310'.' Width and length of Bldg. A are 80t by 225'.
The highest roof is 421 above grade (Bldg. A). Presently all emissions are
from the roof of building C.

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

1.75 (W/H)
H 1.0 + 0.25 (W/H)

where xr is the horizontal extent of 'the wake cavity measured from the trail-
Ing edge of the building.

H is the height of the building

"A a 42'; H, ''26'; HPC RD w 26'.

W'ic the width of the building noMai to the wind.

1 A 4Z* C



Thivs.. foiumla is re•ortea to6, it fojd a,ý.a to within 15% -

ind t W/H :Xr/I Xr Cortnt
!Buildirg ________omen

. A 225/42. 4 168 (51=) Wake region influenced
by A and retained bohind
B ldg. C

A-B-C 130/26 *3.8 99 (30m) 'Wal.o region behind D

D 150/26 2.9 75 (23m) Wake region behind C
primarily

459 1A-B-C 400/42 13.2 35 (41m) Bohind C-D

Next: T.he expected concentrations in the wake regions must be calculated.
Briggs(2) gives a formula for approximating the concentrafion in the cavity
region.

* X - 4Q/,(LS 2 )

where Q.. source strength (gm/sec) '
U - wind speed (m/sec)
S -distance from source along axis m, *. ..

From Viloo' letter of December 19, 1978, thegiabeat monthly totar
emistion rate was measured as k2 g/hr or 5.6 x 10 1 ? 4/s&. Setting the
monthly mean wind speed at 5mph (2.2 m/sec) is cona'orvative.

Then the maximum concentration experienced. in the wake regions along
the axic over a hypothetical month persistent wind direction wotild be.

I4AXXMU1 1.OIfl, Y MEFA.N CONCENTPATION IN VINKE REGION

,csumo. .2g/hr avg monthly discharge
5mph avg monthly windspee "
Direction constant for month

Distance (m) .X (g/mt ) X.* (c/ml)

5 4 x 10"5  1.4 x 10"i
10 1 x 10-s 3.6 x 10-t
20 2.5 x 10-$ 9.0 x 10"-1
30 1.1 x lO-9 4.1 z 10-
40 6.3 x 10- 2.3 x 10-
50 4.1 X 10"' 1.5 x W"

Boyond the vAke region the concentrations decrease as the emissions aro
dispersed by the natural turbulence of tho mean atmosphere.

+• : e +"! "• ,. •m '•.• .. . . . .



For this hy o 2.heticnl laxi..-mm month the contentr.ations are below the
IC sLandard of 9.4 x 10-7 Vg/mil cveryp.hora beryond 20' from the building.
There will be no violations of standards at property boundary.

r:w consider the conser•'ative asusuptions of -hcze calculotiona:

1. The •verage mznthly emiszlons are 58% lower C.RSg/hr not 2g/hr)
2. The u-ind speed and direction are highly variaible. A persisten't

,Vint direction for an open area would not be.e._pected :Pore than 10% of the
tim.. For Logan Aizport a '1.1 wind in O3ruavj h~s a 10.1. frequency of oc-
cu:rence. This is tho maxinum wind frequency for Logan. Freqnencies of
.St are more typical for any wind direction.

If 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 10-1' p c/ml. Even with a doubling of the emissions the concen-
trations will not violate the MtRC standard of 9.4 x 10-22. Pc/mi.

Conclusion

Thera will be no violations of the fkRC monthly standard of 9.4 x 1O0-32pg/ml
at ground level in the vicinity of Nuclear Metals' facilities in Concord, Mats.
This conclusion is based.on the emissions reported in P. G. riles, Jr.'s
letter of December 19, 1978 to Mr. Alden Gilman, Nuclear Metals, Inc., and

* the assumption that all emissions are trapped in the wake cavity behid the
buildings. Allowing for some effluent to escape wake cA•t~e~ by virtue of.
stack discharge wouild lower the wake concentrations furthe.'"

it should be noted that without detailed physical descriptions of all
vents and stacks as well as meteorological conditions, more acqurato esti-
mates of local corncentrations cannot be done. .The results of the conserva-
tiva approach proeented in this report indicates that more complax and ex-
pensive modeling is not warranted at this time.
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