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1. INTRODECTION

The hmtpg ~dwauchde roneentrations have been calculated for additionzl

radionuclides in NORM wastes ac the _di.-:n'ogal famlity at Clive, Utah.' Several exposure

scenanos gnd pathways were evaluated in a previous study 'wnduched by aners and -
Assoaptes Fngineenug (RAE). R.nhu'xuchde roacentration limits. for 2 vanety of exposure
senarios were mlrul.;tmt and entical scenanos were ideaufied. ’[’he dt-t.ads of this a.nalyvxs ]

are documented :n the RAE report eattled “Evaluation of the Public Health Impacts
Associzted with Radivactive Waste Disposal at a Site near Clive, Jtah ™"

The purpose of the present study 1 in <unplement the original report by including
roncentration fimits for some additional ra:‘{p_x_x uchdes. This report also utilizes an impcoved
methndology for calculating th;:mmal garema doses. The improved methodologyehmmatez
some of the extra conservatism in the original guiuma dose calculations. The resulting

conceatrations are given for the additional radionnctides v .\..) N

N e -

The effect of daoughter ingrowth has slso been examined in greater detail for
radionuchdes where this is trgportant. Since significant ingrowth of radioactive daughters
a0 acriir on 2 time scale of mon!:bs or years, it is 'nnport.émt to lgnow how long the ingrowth
has been occurring at the Hime of waste handling and dlsposal. The effects of dauvghter
ingrowth from radium-228 have been evaluated for time penods of one, five, and ten years.
Different concentration limits are given for each time period. Thus, if the origin and history
of a particular waste stream are sufficiently well known, the appmpnate concentration limits
for worker protection can be chesen.

The originé.l report® concluded that when all reasonable exposure scenarios are
considered, the worker " exposures are generally the most limiting. Based or this conclusion,

~the oresent study t'ocu%ses on worker exposures. Concentration limits due to offsite exposures

or to future onsite intruder scenanios are cot addressed.
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- 2. METHONDOLOGY AND RESULTS

Ax was one 10 Lhe previas eport, doses W wurkers were mlculated using the
PATHRAE computer cude.” ™ Doses from external gumma exposure and from dust inhalation
were summed w get the total warker dosee. A source concentration of { pCi/g was initially
assumed. The resulting doses wern then compared to the 1250 mrem/quarter criterion and
the sllownble mdionuclide concentrations in waste were determined by secaling linearly.

Seve .-, radionuclides are included iu this report which did not appear ip the original
report. Table 2-1 lists the new radionnclides. Many of the added radionndides are gamma
vmitters. Some (Pb-210 and Po-210) are part of the Ra-226 decay series and are typical
constituents of NORM waste. The Ra-228 is nart of the Th-232 decay series and is sometimes
found, withoutats parent radionuclides, in waste from water treatment plants. The depleted
nrantum is assumed to be in melallic or oxide form. For parposes of this report, the depleted
uranium is distinguished from U-38 in the original report by its waste form. The depleted
uranrum is in a form which can not be inhaled sind therefore does not contribate to the dust

inhalation dose.

Compared to the previous report, the external gamma doses have been calenlated
using a more refined methodology. The aurrent methodology eliminates some of the
m;zservnbism by treuting the low eaeryy gamma rays differently. Photons with energies below
15 keV were got incluk_ied in the averzge gnmma energy used by the PATHRAE. code
Radienuclides with significant emissions below 15 keV were then examined individually and

an appropriate correction factor was determined. The methodology previously used in the

PATHRAE code is very sensitive to the parameters used to characterize the low energy end
of the spectnun. ‘The approach used for the current analysis has been found to produce more
realistic results,

Using 4 sonrce concentration of l.pCilé for all radionuclides, the external gamma and
dust inhalation doses were calculated for workers erposed for 2000 hours each year. The

. gamma. dust, and total doses are shown in Table 2-2. The doses in Table 2-2 are based on

a2 S0uUrce Conc eatration of 1 pCi/g of each mdionnclide.

91
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Table 2-2. Onsite worker doses.

. _.-Dm,l;«zmm:_per pCi/g)

Gamma o Dust ~ " Total
L3E-M - - 25E-07 ' 1.3E-01
5.0E-01 . 1.1E-05 50E-01
0.0E+Q0 ' 5.6E-06 . 5.6E-06
7.3E-02 - 24B-07 - 73E02
1.4R+01 : . 24R-05 1.4E+01
3.1E+00 . - 65E-06 : 3.1E+00
- 9.0E+00 4.8B-05 9.0E+00
v 6.3E+00 . 19E-05 ' 6.3E+00
: 9.5E-01 ~ B9E-06 9.5E-01
29E+00 ' 20E-04 - 2.9E+00
35E+00 24E-04 . 35E+00
20E+00 2.1E.05 2 OE+00
4.8E-01 o 5.9E-06 4.8E-01
1.8E-03 : 12E-02 1.4E.02
0.0E+00 L.7E-04 1.7E-04
0.0E+00 _ 7.4E-03 7.4E-03
0.0E+00 ‘ 3.8E-03 3.8E03
28E+00 . 2.6E-04 2.8E+00
3.9E-03 2.8E-01 - ‘2.8E-01
- 2.1E-02 _ 2.6E-03 2.4E-02
Bo-220 - 15E-03 . 0.0E+00 : 1.5E-03
£0-216 0.0E+00 0.0E+00 0.0E+00
S0 Ph2r2 2.7E-01 : 1.5E-04 27E01
o Bil212 6.0E-01 L9E-05 : 6.0E-01
. PolZ 0.0E+00 0.0E+00 0.0E+00
3 TI208 33E+00 0.0E+00 3.3E+00
- - Depleted U 63804 - w4 0.0Ev00 6.3B-04
© Th-234 - 1.2E-02 ' 0.0E+00 : 1.2E-02

Pa-234m ' 33E02 : 0.0E+00 . 3.3E-02

2.3



'fable 3. Radjvauclide doses and concentration limits for worker scenario.

Tatal Dose . Waste

= : . ' fmremyr ' : " Concentration Limit
. Noclide . - (per pCi/g) ' : (uCilg)
- BeT ' ' L3E O - - 3.8F+04
S K-40 - 501-01 1.0E+04
Ca-45 S . 56E-06 - ' , 8.9E+08
Crf1 , ) 13802 ' 6.8E+04
Co-56 ; . 14E.01 ' ~ 36E+02
Co-58 . . 3B . L6E+03
s~ Agll0m - 9.0E+00 a 5.6E+02
n, Shl2d ‘ 63E:00 7.98+02
- Sb125 0 . Y5B0L - '5.3E+03
Eu-152. : T - 29E+00 . 1.7E403
Eu-154 358+00 1.4E+03
Ir-192 . 2 OE+00 2.5E+03
Hg-203 B 4.8F. 01 - ' 1.0E+04
Ra-226" 3.6E+00 L4E+03
Pb210* 228 02 2.3E+05
TH-232* o S 7.2E+00 - 6.8E+02 °
Ra-228 - - - 2.8E400 o '1.8E+03
Ra-228> 1 yr 4.2F+00 : | 1.2E+03
Ra-228* 5 yr 5HE+00 ‘ 6.7E402
Ra.228* 10 »r " 8.9E+00 o 5.6E+02
Depleted U . 4 6F-02 ' 1.1E+05

- o e - - -

-+ * Denotes limit generated by nuclide plus significant daughters.
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Providing information used to estimate effective porosity for the shallow,

unconfined aquifer. Reference for Figure 2-17 is Practical Treatise on

| Undetgmund Water, Castany 1967. Chapter 2 of the Envxronmema! Report llas_ :

- beerL updated based on an effective. porosity of 0.30 and to include thc well .
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CONVERSATION RECORD

W Name of Persnn Contacted- Vernon Andrews Organjzation: Envirocare v* Utah

. Telephone No: 801-532 1330 " Time received Call: 2:20 p.m.
Subject: Envuracare Dose Assessment Date: October 20, 1992 |
SUMMARY:

'Hr. Vernon Andreus of Envirocare of Utah called today (October 20 1992) at
2:20 p.m. to inform of the following:

1 Envirocare is currently conducting dose assessment for off-site
maximum reasonably exposed individuals and for population within 50
miles of the site area. Mr. Andrew mentioned that Enviroccare is using
AIRDOSE code in such assessment. He emphasized that all input parameters
used in this assessment belong to Envirocare 1le.(2) proposed site.
Specifically he reiterated that source term values, physical parameters,
population data, and environmental information (e.g. wind data) all
belong to the lle.(2) site. .

2. Mr. Andrews informed that préliminary runs, of AIRDOSE code, :
indicated off-site maximally exposed individual (receptor was assumed a
worker at USCI facility, nearly three miles away from the site ) will
receive an annual dose much less than 25 mrem.

(-'j ' 3. Mr. Andrews informed that he will send today, to NRC by FAX, al)
~ input/output information (e.g. source term, site characteristic data,
environmental date and actual output results of the dose assessment).

4. Mr. Andrews alsc informed that Envirocare (through Rogers and
4sscciates) is using PATHRAE code to evaluate on~site worker potential
exposure. He met;tioned thac preliminary runs showed that dose criteria
limits may be. exceeded. He reiterated that input/output data will also
be sent to NRC by FAX today or tomorrow after review of the results.

5. It was emphasized by Mr. Andrew that Envirocare has disregarded all
previous dose assessment, since they corresponded to the LLW site, and
started freshly the new assessment using site-specific source terms and
site-specific physical and environmental parameters.

Hr. Andrew was informed that I (as a person) do not have objection to look at
such preliminary data. However, Envirocare should conduct the complete
radiological dose assessment in a consclidated manner using site specific
source term,.and site specific physical and environmental parameters.
Envirocare is alsc requested to address the followtng issues in their dose
assessment: :

1. Select the appropriate codes/models taking into consideration ‘
_ objectives of the code/model, availability and type of site specific
¢ o o data, and degree of accuracy needed.



2, Assess impacts on humans and th anvironment to include: on-site
- workers, population within 50 miles, off-site maximum reasonably exposed
individuals, and potential intruders. -

3. Pravide'input/dutputrdata emp)oyed in_thé'assessmentvahd alt site
specific and default parameters used in the site modeling.

q. Provide'justification for all assumptions, scenarios, and pafhways
used in the dose/risk assessment approach. '

Actiqg-keduired:

Lotk at the new information to be received by fax, discuss with MF¥, and
the PL, SL, and BC of the LLUR Branch; and wait to receive additional .
information on on-site worker dose assessment. Further discussion with
concerned staff and management will be made before responding to
Envirocare.
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Envirocare € Clive
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ASSUMPTIONS:

L. Recoptor ix st the proparty boundary 24 hoars por day, 385 deys per year.

- 2. Dust Joading in the cetive area is at the OSHA limjts for nvixance

- dust in the work placs (5 mg/m3) 24 hours per day, 365 daya per year.

’ A&\A.ctrvtnmah mpamntut'thetotuldismbodmofwﬁamz.

4 Noporﬁnnafthedimrbodmaucloaauhanmm &omthaprcperty
boundary. .

5. Neutral (D) stahility.

METHODOLOGY:

L V‘utualpomtmmamodalduaihedinPAmUmanual:
Virtual distance is the actual distanca from the edge of the o
n:&vnuﬂplu:ﬁ.ﬁlﬁ'f‘thmdﬂ&cfmmm '

2. Dinparx!oncoaﬁmtl(ﬁzma'u)cdcmabdudnzBﬁm
formulstion. For D stelility, mmanﬂﬂﬁ"dzm:m.

Dmnkdﬂeduthaprodnctcfcle.U C, DCF, andﬂ.whem
M-QMWWW
U o 8000, m¥yr.
C = as shown, pOlfg.
DCP = as shown, mrem/pCL
R-m&-z‘vbar'dmtloa&nz/vddtb.dm

4. Dowamalmlatedﬁorthnmﬁmmpdntontbamwmam.’
considering three genere! active areas (SW, SE, and NE corners) and
lewmddhuc&ouswﬁhnm&veﬁaqmnciggmdm spesds.

5. ChiAQ ix calculated as the sector averags, as described in
. PATHRAE User's Manual.
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1225 ‘
ﬂ.i"ﬂ‘ BY:Ro<ers L Osaonciates | 13~ 1982 ac: M. A 2821577 52 537 7( )
Envircears 6 Chive
Cs200720
16-Oct-92
" Southwest  Sontheast  Northeast
Ichalation Corner = Comer . - Corner
; -Aversge  Conversion - Fenceline Fescoline Fenceline
~ Concentration Factor = Dose Eata Dosa Rate Doss Rats
o -V (arem/pCl)  (mrem/yr) (mrem/yr) (mrem/yr)
Ra-226 + Danghters B340 002  82.10B+00  5.10E+00 332601
Th-230 340 0.38 BESE01  GBSE4OL  EOAE400
Th232 + Docghtars 910 0.55 217E402  217E+02  2.32F+01
Natoral Urantum 85 610 LEOE+60  L50E+00  160E-01
TOTALS  217E+02 | 2.96E+01

LT7E+02



10-20.82 12:28 501 537 TS ENVIROCARE
'.S&ﬁ' By:Rogers t Amsonistes 10-19--92 2a: 27 20126218279 €21 ST7 73S
Envirocare @ Clive SOUTHWEST CORNER ' ’
C9200/20 | . FACEX-COORDINATE (mk 61
190ct92 = . ' FACE Y-COORDINATE (m}: 41
_ chilg
. . | (Cifms
.. ANGLE Actnal Virtnal - per
_SECTOR __ (radians)  Distance (m) Distance (m) _ Sigma (m) Cilsec)
1 0.00 1518 1689 ' 101 3.20E-08
2 039 1643 1814 109 ~ 1L80R07
3 079 2147 - 2218 139 L18EL7
4 118 : 1643 1814 109 9.388-07
S 1.57 1518 1689 101 1.12%-08
6 186 238 08 25 1L45R.05
7 238 129 a0 . 18 150E.05
W 8 275 88 270 18 2EIR0S <MAX
9 3.14 81 262 ' 18 2.108-05
10 3.58 ‘88 270 18 1.93E-05
11 393 129 300 18 L17E.08
12 482 88 270 18 = L4IEDS
18 4.7 91 282 18 = B.86E-08
14 5.11 o8 270 , 16 - G44E-08
15 5.50 129 800 13 7.18E-08
1\ 16 5.89 238 409 25 ~ LI7E08
| va 2.51E-05
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16-20-92 12:26
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a0l 537 7343

v
e RN RN T AT

© ENVIROCARE

h SENT zmrwsara L Dssaciates . 10-19-52 6(' 28PM BR1262L5:775 2231 537 U )
Envirocare € Clive SOUTHEAST con.m
cszmo : ' FACE X-COORDINATE (m): 741
18-Oct-92 FACEY.COORDINATE (m): 9%
g
- _ , {Ci/m3
. ANGLE Actun) Virtual pez
. SECTOR (radians)  Distance(m) Distance(m) Sigma(m) __ Cited)
1 0.00 1518 1689 101 3.20E-08
2 ¢.39 1848 1814 100 L80K-07
3 018 1228 139 .7 A 327207
4 118 840 1111 &7 2.30E-06
s 1.57 868 1039 82 2.96E-08
.8 1.98 238 408 - 25 L4ASE-08
7 2.36 129 300 18 LO0E-OS .
g 278 o8 270 18 251E-08 <-~MAX
 { .14 g1 262 18 2.10E-0% :
10 3.53 o8 270 18 1.99E08
11 383 128 300 i3 L17E-03
12 432 238 409 25 6.166-06
3 471 741 %12 55 71.338.07
14 811 - 802 73 58 4 85807
16 5.60 1048 1219 78 4.83&07
18 &89 1843 1834 109 9.028-08
A 2.51E05
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10-20 62 12:2 9801 337 TS ~ ENVIROCARE

... SENT BYIRogers 3 fssociates 10-19-52 242 mme 8221527 - g0y €37 748
Envirocare @ Clive NORTHEAST CORNER R o
Co0020 - A - FACEXCOORDINATE (m): 741
19-Oct-92 - - FACE Y-COORDINATE (m): 555

\ Ching
S » (Ci/m3
S ANGLE - Actual Virtoal - .- per

~ SECTOR (radians)  Distance (m) Distancs (m) Sigma (m) Ci/sec)
1 . 0.00 1054 1225 T4  6.08E08
2 0.89 1141 112 79 S.458.07
3 0.78 1228 1369 84 - 8.27T8.0%7
< 118 ' 111 €7 2.50E-06
5 L57 888 1038 ] 2. 96E 06
& 198 840 1n 67 . 108R08
T 238 7853 858 57 L4TE-06

8 2.75 - 601 712 4B ' 8.06B-08 «<-MAX

5 3.1 858 728 £« 2.74E-08 -

10 3.53 - 601 772 - 48 243808
1 . 393 785 956 . 67 1.15E-08
12 482 g2 973 58 LO9E-08
| 13 L 471 741 012 &5 1.38E-07
| 1a - &1 §02 - 978 58 4.95E07
15 &850 1048 1219 73 4.33E-07
16 - B89 114 1312 7 L72B-07
s& .3.08X-08



- & , 10°20:92  12:20  grsoy 337 7348 ENVIROCARE - T

13

T SENT BY.:Hnﬁers & Assculaces 1B-1S-92 d2iougm ' AB1REDIEs . Bets 5T ypem
N,
~ Envirocare € Clive
- C8200/20°
19-Oct-92
Southwest Southeast Northerst
_ Corner Corner Coruer
: ChinQ Chi'lQ ChiQ
' ’ . (C/m3 (Cikm3 (Ci/m3
‘ - ANGLE par per - per
SECTOR (radians) - Cifaes) Ci/sec) ~ Cifase)
1 000 . 320E08 320E.08 6.0ak08
2 039 1.80B-07 1.80E-07 84BE-07
3 0.78 L19E-Q07 327807 3.27E-07
4 118+ ©638E07 @ - 250R-08 2.50E-06
6 157 L12E.08 ~ 2.96E-08 2.98E.08
8 198 L4EEQS L4505 1.98E-06 :
7 230  LSOE-05 LEOE05 L4TE-08 o
BN -
g S - 21I0E05 10E-05 T 2.74E-08
10 3.58 LYEQGS 1LOSE08 24SE-08
1 383 LITE0S L17E-05 L15E-06
12 432  LAIE05 6.15E-08 LOSE-08
13 471 886E-068 7.33807 7.38E-07
14 ' 511 6.44E-08 4.85E.07 " 4. 98E.07
16 550 7.18E08 488E07 433807
16 689  LTIRO6 9.02E-08 L12E07
p> ' 261805 261E08 8.08E-06
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E 10-20-92 12:30

€801 337 7348

ENVIRDCARE

[ 4
.

. .ﬁﬂfm‘ BYiRasers & mvsociates 18-19-92 4: 250 | eatzning, 01 £37 7as
Envirocare @ Clive A FACE, WIDTH (m):; 68 . <~10% of tota]
0920020 PROPERTY BOUNDARY COORDINATES: - active ares

" 19-et-92 » ' North(m): 1609
- Baxt(m): 1809
South (m): 0
West (mn): i}
‘ a : Ubarer
| . ANGLE = 13RNOTS 4£4ENOTS 7.10KNOTS EE/S(fhsi)
L SECTOR . (radiany) 2 6 8.5 )
1 600 00000 0.0069 "~ 8.0000 0.0089 - 2.57
2 0.89 0.0069 0.0278 .0.0000 0.0347 198
3 .79 0.0139 0.0139 0.0000 0.0278 147
< 1.18 0,0854 0.0690 0.0035 0.1319 148
5 157 0.0784 0.0521 0.0000 0.1285 148
& 196 00486 0.0825 0.0000 0.1111 155
| 7 2.38 0.0813 0.0243 £.0000 0.0886 140
" 8 275 0.0485 0.0174 0.0000 0.0560 122
W 0 2.1¢ 0.0313 0.0278 0.0089 0.0660 154
10 3.69 0.0174 0.0825 00069 - 00868 2.03
11 as3 0.0069 0.0486 0.0243 0.0799 2.566
12 432 0.0189 0.0318 0.0208 © 0.0680 217
13 471 0.0000 0.0382 0.0189 0.0521 2.89
1¢ 511 . 0.008% 0.0208 0.010¢ 0.0347 2.61
15 550 0.0104 0.0208 0.0035 0.0347 183
16 &89 0.0085 0.0139 0.0000 0:0174 188
P 0.8819 1.0000

0.5278

0.0503



