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Summary 

The Bliss and Laughlin Steel (BLS) FUSRAP Site is small and minimally contaminated 
with natural uranium. This report presents the methods and results of an evaluation ofthe 
maximum cr~dible,,~ose to which workers remediating this Site might be exposed. The purpose of 
that evaluatio~was 'i6'determine whether the remediation workers may be classified a: general 

---·~.,....... '-~~-~ '"~-~~.. --: .... -~, ... -... ~ ...... . 
employees (i.e:; not radiological workers), and therefore whether it would be defensible to 

• ) 

conduct the remediation of the Site with reduced radiological controls. 
The results and recommendations of that evaluation are summarized as follows. The 

cleanup of the entire site can be performed safely by individuals who are not trained as 
radiological workers or monitored individually for external or internal exposures. However, the 
activity present in the most contaminated zone on the floor does justify the application of 
radiological controls for at least that portion ofthe work. Therefore, the BLS remediation may 
be controlled in a phased manner, with the localized high-activity sections cleaned up under full 
controls in the early stages of the project, and the bulk of the work performed under substantially 
reciuced radiological controls. 

The remainder 0fthis report provides a complete description of the evaluation performed, 
as well more detailed recommendations for how the bulk of the remediation could be performed 
with reduced controls . 

• }Jw' Maximum Credible Dose Page 1 



Background and History 

The Bliss and Laughlin Steel (BLS) Site, currently owned by the Niagara Cold Drawn 
-····-· Corporation, is locate·d at 110 Hopkins Street, Buffalo, New York. The site includes a single 

204,440-ft2 building surrounded by approximately 3. 7 acres of grounds and a large a::.phalt 
parking area. 

The original site owner, Bliss and Laughlin Steel. was a processor of cold-drawn steel. 
During the fall of 1952, BLS machined and straightened uranium metal rods under contract to 
National Lead of Ohio, in support of AEC work. Rods were shipped to BLS from Lake Ontario 
Ordnance Works, machined onsite, and shipped to AEC's Feed Material Production Center in 
Fernald, Ohio. AEC removed the turnings generated at BLS for disposal offsite. 

A designation survey by ORJSE in 1992 determined that the residual contillnination at the 
site is confined to the floor, columns, and ceiling of the building, specifically in a small portion 
knovm as the Special Finishing Area. In 1995, DOE FUSRAP performed radiological and 
<';:-::mica! characterization, confirming that the remainder of the building shewed no evidence of 

. ...,.,__. LontaiT'ination, and that ~ubsurface soil samples contained no detectable radioactive or chemical 
contaminar.ts. In confonnity with the known site history, sample analysis shows that the contam
ination consists of processed natural uranium, and that the primary contaminants are approx
imately equal activities ofU-234 and U-238. 

Risk to th'! pt1hlic from this contamination is minimal because it is confined in a small area. 
Therefore, at the property owner's request, remedial action has been postponed until at least FY 

• 

1991 to li.:nlt impacts on commercial operations. Remediation is expected to consist of surface 
decontamination of the columns, ceiling, and floors ofthn Special Finishing Area, either by 
surfactant chemical treatment or by mechanical remov; -he total waste volume to be addressed 
under FUSRAP is not expected to exceed 20 yd3

, am emediation workforce of fewer than ten 
individuals is anticipated. 

"""':'".~~-··· 

.~;.;~·.~;v.;,~ti.>•;.,. ·~· 

'-~ ·.· ..... ,·.:. 
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BI.S Maximum Credible Dose l'uJ<t! 2 

BEST AVAILABLE COPY 



.) 
Available Site Data 

Direct Radiation 
No direct radiation survey or area TLD results have been reported. 

Surface Contamination 
. . .•... E.lQm:. The Special Finishing Area is a machine shop. The floor is reported to be typical 
for such a facility: a poured concrete slab, permeated with oil and dirt, and having scattered 

deposits of granular absorbent material. 
Throughout the Special Finishing Area, a five-f.·oint tot:::tl contamination survey of the floor 

was performed in a grid of 1-meter x 1-meter cells; transferable contamination was also measured 
ell selected points. Essentially no transjerable contamination (either alpha or beta-gamma) was 
~·und anywhere on the floor. Neither was any alpha t'Jtal contamination measurable. However, 
A the approximately 725 measurement points, about two-thirds had beta-gamma total contam
=nation detectable above background; of these, 17 had total beta-gamma contamination above 

soo~~· ..:.~pm/100 cm2
• 

Gi·:en that the floor has been in use for over forty years since it was contaminated, has 
probably been swept many times, and is impregnated with ground-in dirt, these results are not 
unexpected. Removable contamination has been swept out or tracked out, or has been ground 
into the concrete under a layer of accumulated inactive dirt. Thus. no contamination can now be 
removed by further wiping. Fixed contamination is detectable by beta-garnma emissions; its alpha 

• 

p1issior..:., tLough undoubtedly present, are ab~rbed by t~e c?~er _layer of dirt. . 
· Columns. Four roof support columns m the Spectal FmiShmg P..rea were surveyed for 

total contamination o:,' measurements at two elevations per· "'11UI1111, at four points per elevation 
around their circumference. Ofthese 32 total contamLn..at;. .:~easurements, most were not 
detectable above background. None had total beta-grum. _ .:ontamination above 5000 dprnl I 00 
cm2 (highest, 4085); alpha total contamination was virtually undetectable (highest, 67dpm/l00 
cm

2
>. · ... 

... ·· ·~''~:~·'':'""''In addition, 2 removable contamination measurements were made. Both contained very 
low beta-gamma activity above background, and no significant alpha activity. ·:~;·•,·:.- -

Ceiling. The ceiling and ceiling trusses in the Special Finishing Area were surveyed for 
total contamination by measurements at 45 points. Of these, two had total beta-gamma contam
ination above 5000 dprnl I 00 cm2 (highest, 6318). Removable contamination ( 6 measurements) 

and total alpha contamination were at or near background. 
Summary. The elevated beta-gamma total contamination readings indicate qualitatively 

that there is contamination at the site. However, because.ofthe effects of wear, cleaning, and 
possibly painting, no weight can be given to the removable surfacf! contaminatio,n,,...~asurements, 
or to any alpha measurements. Given the history and current state ofthe-Bt:s'Site, all those 
results would be consistent with there being significant but unquantified coritaflUnation 
immediately below the presenfsurfaces. In this case, material sampling that extends below the 
present surfaces provides more reliable and meaningful quantities for estimating potential dose 

impacts of remediation activities. Those resulJ.~.~..s.,s~d immediately below. 
-~~.itW,::~~·-:.;,:.~--- ............... . 

• \ 
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Material and Soil Samples 
Using the beta-gamma total contamination measurements and other factors as guides, 14 

samples were collected and analyzed by gamma spectroscopy, and by uranium separation with 
alpha spectroscopy. These samples consisted of floor concrete and debris, subsurface soil from 
cores, and various materials on, in, or just beneath the surface of the floor. Other than K-40 (a 
natural radionuclide unrelated to the fonner operations at the Site), the only radionuclides 
consistently detected above background were Ra-226 and the uranium isotopes. Two samples 
also contained low but statistically significant levels ofTh-232. 

As anticipated, the highest results were measured in samples from locations where total 
bcta-ganuna contamination was highest, especially t-om a small zone near the center of the 
Srecial Finishing Area, at the east end of a finishing machine. Two floor samples from this 

:cinity contained respectively approximately 1200 pCilg ofU-238 (with equal U-234) [sample 
: [.S018). and 24,000 pCi/g ofU-238 (with equal U-2~4) [sample BLS017]; BLS017 also 
. ntained a smaller but statistically significant U-235 activity, about I 000 pCi/g. Outside this 

imme-diate area, floor samples in the Special Finishing Area were all found to contain less than 
·JC")l!' ; 00 pCi/g ofU-238 (with equal U-234) [sample BLS008 being the highest, but several 
~1.1ples being in this rangej. !'~a-226 was detected above background in two non-soil samples, 

the higher being BLS018 at 3.8 pCi/g. 
Subsurface soil samples yielded results in the range of about 2-6 pCilg of U-238 (with 

equal U-234). Ra-226 in the soil was measured in the range of 1-2 pCi/g. On the basis of all 
these results, FUSRAF co:;.duded that the subsurface soil requires no remediation . 

• ·~mary 
By far the most significant contamination is immediar"'v below the surface of the floor. 

However, isolated contamination measurements indicate th:> .. 'paint on the columns and ceiling 
may need to be removed and the underlying surface cleane · ; well. Except for a few spots on 
the floor, the levels of contamination to be encountered will be relatively low. 

There is a sharp separation within the activity measurement results. between those samples 
collected in the zone near the east er.d of the finishing machine and those collected anywhere else. 
This sugge:;ts that the oLS remediation may be conceived of as a two-phase job: the first phase 
would be a brief but intensive cleanup of the high-activity zone, and the second phase would be a 
more lengthy general clt:.:nup of the entire Special Finishing Area. This two-phase concept is 
app!ied throughout the remainder of this assessment. 

• ~) __________________________________________________________ ___ 
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Methods and Approach 
for Evaluating Reltrcation of Radiological Controls 

General Approach 

The purpose of performing a maximum credible dose assessment is to deten::ine whether 
radiological controls can be relaxed for either or both phases of the remediation work, without the 
potential for workers exceeding the DOE limits for dose to members of the public ( 100 mrem 
annual TEDE). The general approach used in evaluating this possibility was as follows: 

• Take a screening approach. That is, attempt to justify the decision using models with the 
least complexity, greatest conservatism, and fewest assumptions possible. Add complexity 
and refine assumptions Q.Ob:: if the most conservative screening level is a borderline 
unsuccessful justification. The goal is overestimate the dose to \VOrkers and show that it 
is still acceptable for members of the public, not to determine with great precision what 

• 
the dose to a specific real individual is likely to be. 

Base all estimates on exposl!re at the worst conditions that might occur in a given part of 
the job, for the entire length of that portion of the job. [For example, estimate the 
potential exposure during the high-activity phase based on exposure to the highest-activity 
samples for the entire length of the high-activity phase.] Base the assumed length of any 
portion of the job on a conservative estimate of the time required. This approach 
ccmpensates for the tact.th.:!t neither the exact distribution of activity in between the 
discrete sampling points, nor the exact distribution of effort required to clean up each unit 
area duri11e a given phase, is known. 

o Consider exposure only by the most direct wo. K-related paths: dust and gas inhalation, 
and external radiation. This might include dust and soil ingestion (pro;,ab(y secondary 
effects compared to dust inhalation), and radvn inhalation. It definitely excludes any food 
or water pathways. 

o For quantifying worst-case exposures, use the available data closest to the intrinsic 
properties of the site: surface and volume contamination, direct radiation readings (or 
arra TLDs), etc. Personnel dosimetry, bioassay, and even air sampling results (including 
radon cup results) depend on extrinsic factors such as temporal and spacial averaging, 
ventilation, worker habits, etc. that cannot be quantified post facto, and that cannot be 
guaranteed to prevail throughout the job. 

Specific Assumptions 

• The high-activity phase ofthejob consists of5 days (5 d) ofwork in the locations with the 
worst radiological conditions on the site; Bechtel has estimated that the actual time to 
clean up the high-activity zone actually will not exceed 2 days. The general cleanup phase 
of the job consists of I 0 weeks x 5 d/week = 50 d of work in the locations with the worst 
radiological conditions measured outside the high-activity zone; Bechtel has estimated that 
the actual time to complete the general cleanup phase actually will not exceed 6 Wf:eks . 

\~------------------------------------~ J bL<; Maximum Credible Dose Page 5 
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At the m05tco~lh•e Jevei:;ed Oi'ing~!!ed '("'teriaJ,~in the=~St..;, J ~ '3 .~~ 
dtsadvantageous chenucal and phystcal form. Assumpttons about chenucal and phys1cal · ··· ·· -
form should be made only ifthere is very persuasive evidence about the form of the 
material, including the material that has not been uncovered yet. 

.. ~.tl_· . .-{:;., •.• ·' - ...... ~··-'~t~· :.~.1( 

Inhalatiords at the ICRP-23 (ICRP 1975) "light activity" rate of20 Llmin, or 2G x 60 x 8 
= 9600 Lid= 9.6 m3/d. 

o Soil and dust ingestion is at the RESRAD (ANL 1993) adult rate of I 00 mg/d, or 0.1 g/d. 

• The DOE dose' faCtors' for rnembersofthe'public (DOE 1988). are applicable to the 
population being evaluated. 

External Radiation Pathway ~;.;;; 1 .. ~I1'"""''· 
fhe maximum credible external dose is simply the most appropriate available dose or dose 

rJtc value, converted to a dose for the entire phase. The following preference order was used in 
jcterminiilg what data to c~nvert to the annual dose. 

:-•.:_.:. 

• First choice: area TLD readings. If they are well-located, they provide some spacial 
averaging, but a very realistic estimate of dose to a person. 

Sec"nd choice: convert worst soil sample or worst contamination levels into a direct 
radiatiun ievel. Appendix A of the RESRAD manual presents infinite-surface and infinite
volume EDE conversion factors for this purpose. 

o Third choice: 1-1Rih readings, net ofbackgroun< 

At the BLS Site, only the second-choice data are available. They were used in !he 

following equation: 

H 
<',I 

· 8 I 
C · p • DCF (p) · --

1 '·' 8760 

where: 
H •. ;= the external dose equivalent [rnrem for the pha:;e of work] due to nuclide i in floor surface 

materials; 

C; = the concentration of nuclide i [pCi/g] in floor ·surface materials;' 

p = the density of floor surface materials [g/cm3
]; 

DCF.,;(P) = the infinite-depth, infinite-extent, volume-based external dose conversion factor, for 
nuclide i distributed uniformly in materials of density p [(rnrem/whole year) per 
(pCi/cm3)], from (ANL 1993);~ 

• _/ = the length ofthe phase ofwork [d); and 

BVl" Maximum Credib!~ Dose Page 6 
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-~'Y-. -ms760,; the fr~c.tion of~ whole year which is the lengt"iiofthe phase ofWOr'~: 

The maximum credible external dose equivalent is the sum ofHe.i across all nuclides i. For initial 
evaluation of each phase of the work: C; was chosen to be the highest concentration of nuclide i 
detected as statistically significant above background in any floor material sample applicable to the 
given phase; and p was chosen as the higher of the densities available in AppendLx A of 
(ANL 1993), 1.8. 

-~~::::.::::~~~~T,'~i~~.-~.;.~-... ~~.... .;;·-:-:·~~:~·. : . . ,•.;,·..,.. .... ~f!.:,),.~.·. ~:'•:,. . ..... · 

Dust and Soil Ingestion Pathway 
AccordL'1g to the assumptions above, this pathvay consists of ingesting 0.1 g/d of the 

worst soil"dr floor-material sample, converted to effective dose equivalent (EDE) using 
'<:cognized DOE factors: 

HE:g.i C1 • DCFg.i · 0.11 • 10oo · J0-
6 

·,vhere: 
HE: 

8 
i = the internal EDE [mrem for the phase of work] from nuclide i and its progeny, due to 

. • 4 ,_ . • .44 

ingesting nuclide i in floor surtace materials; 
. '.,. ·-~--~~-~ . ·. ,· 

C; = the concentrai.ion of nuclide i [pCilg] in floor surface materials; 

• 
.)DCF

8
,; = the ingestion EDE conversion factor [rem/J.lCi ingested] for nuclide i, from (DOE 
1988); 

~i'l:J'O:H::€tthe'quantity of floor surface materials ingested [e _J; 
~"'~~~~:;-- --;·· 

t = the length ofthe phase ofwork [d]; 

I 000 = the number of n.rem per rem; and 

I 0-6 = the number of ;.tCi per pCi. 

. ~maxim~.credible ingestion EDE is the sum of HE: g,i across all nuclides i. For initial 
... evalti_iltjpn of..~ach~phaSe qfthe work: C; was chosen to be the highest concentration of nuclide i 

detected as statistically significant above background in any floor material sample applicable to the 
given phase; and the highest ingestion DCF for any form of a given radio nuclide was used. 

Dust Inhalation Pathway 
······~•-h·. 

Following Appendix B of the RESRAD Manual, a conservative approach is to postulate 
an airborne .• Qust loading (in RESRAD, 0.2 mg/m1 is used by default), and calculate a relationship 
between the activity concentration ofthe airborne dust and that of the material being disturbed to 
produce the dust. 

In the BLS case, this was applied as follows: using the soi!Jsurface results (in pCi/g) of 
the sample producing the highest dose, assume that a worker inhales 9.6 nr/d of air that is 

'f1~1J<- "-t'itirtP.-~Y~ , ---
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contaminated with this sample to the extent of0.2 mg/m3 (i.e., the airborne dust was assumed to 
be composed entirely of the material in this worst sample). The specific equation used was: 

HE:h,l = ci · DCFh.i • 9.6t · o.2 · 10-3 
• 10oo · J0-6 

where: 

HE h.i = the internal EDE [mrem for the phase of work] from nuclide i and its progeny, due to 
inhaling nuclide i in dust composed of floor surface materials; 

C, - the concentration of nuclide i [pCi/g] in floor surface materials; 

DCFh; = the inhalation EDE conversion factor [retnl)lCi inhaled] for nuclide i, from (DOE 
1988); 

':' ·" = the worker's light-activity brt!athi;1g rate [m3/d); 

t = the length 0ft~e phase ofvJOrk [d); 

0.2 = the airborne dust loading [mg/m3
]; 

I 0'3 = the :'lumber of g per rr,g; 

I 000 = the number of mrem per rem; and 

1 o~ = the number of )lCi per pCi. 

The maximum credible inhalation EDE is the sum of HE: h.i across all nuclides i. For initial 
eva!u<\tion of each phase ofthe work: Ci was chosen to be the highest concentration of nuclide i 
detected as statistically significant above background in any floor material sampie appiicable to the 
given phase; and the highest inhalation DCF for any form of a given radionuclide was used . 
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Maximum Credible Dose Assessment 

Results 
The tables below swnmarize the most conservative total effective dose equivalent (TEDE) 

assessments performed in accordance with the pathway models presented above. Table II 
presents the results for the highest concentrations of each nuclide in the two highest-activit:' 
samples, BLSO 1 7 and BLSO 18; they were taken within about 3.5 meters of each other, in the area 
at :he east end of the finishing machine in the center of the Special Finishing Area. Table I 
presents the results based on the highest concentrations of each nuclide in all other samples. The 

·,·,HHents of these tables are described further in the follc.ving paragraphs. 
Nuclide Concentrations. Table I uses the highest concentration of each nuclide detected 

,\S si~riificantly above background in any ofthe material samples analyzed, other than BLS017 
1:1cl BLS018. In fact, four different samples contribute to this nuclide distribution: BLS004 for 

=-' 5. BLS008 for U-234 and U-238, BLS009 for Th-232, and BLSOll for Ra-226. Ra-228 
<''1d Th-228 were not detected as significantly above background in any of the samples. 

Table II u~es the highest concentration of each nuclide detected as significantly above 
backgroune in either ofthe hi~hest-activity material samples analyzed, BLS017 and BLS018. The 
uranium isotope re:>ults come from sample BLSO 17; the Ra-226 and Th-232 results come from 
sample BLSO 18. Ra-228 and Th-228 were not detected as significantly abo,:e background in 

either ofthese samples. 
In the dose assessments summarized in OOlli tables, short-lived progeny were included as 

•

- '.lows. Th-·:;34 and Pa-234m, short-lived progeny ofU-238, were not measured separately but 
_;re assumed for dose assessment purposes to be present at the same concentration as U-238. 

Th--231, short-lived decay product of U-235, was not mea.<:••-ed separately but was assumed for 
dose assessment purposes to be present at the same concefl <on as U-235. Ac-228 and 
Ra-224 are respectively short-lived progeny of Ra-228 a .'h--228; the parents were not 
detectable as significantly above background in any of the samples, so Ac-228 and Ra-224 were 

not included in the dose assessment. 
Inhalation aiJd ln~estion Dose Conversion Factors. As discussed above, these EDE 

conversion factors are taken from a standard DOE report (DOE !988). This reference does not 
provide dose conversion factors for Pa-234m, which has a 1.17-minute half-life and decays 
directly to U-234. Because ofPa-234m's short half-life and the fact that its U-234 decay 
product was measured directly and included in the calculations, the minor EDE contribution of 

Pa-234 it ;;elf was ignored. 
External Dose Conversion Factors. As discussed above, these factors were taken from 

(ANL 1993). In this reference,. the U-238 and U-235 factors include progeny contributions 
under the assumption that the decay products are in secular equilibrium. Therefore. Th--231, 
Pa-234m, and Th-234 do not require separate external dose conversion factors. 

·)~' ----~----------------------~~ 
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Ra-226 

Ra-228 

Th-228 

Th-232 

ll-234 

,, 235 

l J-238 
1--· 
,\c-·228 

' ·-~- -,~4 

Th-234 

Pa-234m 

Th-231 

• 
R.a-226 

R.a-228 

rn-228 

'Th-232 

U-234 

U-235 

U-238 

Ac-228 

R.a-224 

'Ib-234 

Pa-234m 

Th~231 

Table I 
Dose Assessment for General Cleanup Phase 

(Basis: 50-day Job, Samples Oth:r Than BLSO 17 and BLSO 18) 

Ci 
(pCilg) 

1.8 

0 

0 

1.2 

96.6 

6.2 

101.3 

0 

0 

101.3 

I fl! .3 

6.2 

-
Ci 

(pCilg) 

3.~ 

0 

0 

3.8 

24290 

1026 

23570 

0 

0 

23570 

DCF _h_i DCF_g.i 
DCr_c_i Ingestion 

(nm:m/y)/ Dose 
(rem/11Ci) (rcm/11Ci) (pCilcm1

) (mrcm) 

7.9 1.1 1!.56 9.90e-03 

4.2 L2 4.51 O.OOt.-+00 

310 0.38, 7.36 O.OOc+OO 

1600 2.8 0.000604 1.68e-02 

130 0.26 0.000697 1.26c-Ol 

120 0.25 0.49 7.75e-03 

120 0.23 0.0697 1.16c-01 

0.29 0.0021 0 O.OOt.-+00 

2.9 0.33 0 O.OOc+OO 

0.033 0.013 0 6.58e-03 

0 0 0 O.OOc+OO 

0.00081 0.0013 0 4.03c-05 

Pathway EDE (mrcm) 0.3 

···otal EDE (mrcm) 

Table H 
Dose Assessment for H igl.- ·- ~tivity Phase 

(Basis: 5-day Job, Samples BLS017 and BLS018) 

DCF_h.i DCF_g.i 
DCr_e.i Ingestion 

(mrem/y)/ Dose 
(rem/ftCi) (rem/11Ci) 

(pCUcm 1
) (mn-mi 

7.9 1.1 8.56 2.09c-03 

4.2 1.2 4.51 O.OOc+OO 

310 0.38 7.36 O.OOc+OO 

1600 2.8 0.000604 5.32c-03 

130 0.26 0.000697 3.16c+OO 

120 0.25 0.49 1.28c-O I 

120 0.23 0.0697 2.7lc+OO 

0.29 0.0021 0 O.OOc+OO 

2.9 0.33 0 O.OOc+OO 

0.033 0.013 0 1.53c-O I 

23570 • 0 0 0 O.OOc+OO 
........ 

1026 0.00081 0.0013 0 6.67c-04 

Pathway EDE (mrcm) 6.2 

Total EDE (mrem) 

Inhalation 
Dose 

(mrem) 

1.3 7e-03 

O.OOe+OO 

O.O!k+OO 

1.84c-01 

1.21c+OO 

7.14e-02 

1.17c+OO 

O.OOc+OO 

O.OOc+OO 

3.21 e-04 

O.OOc+OO 

4.82c-07 

2.6 

5 

Inhalation 
Dose 

(mrem) 

2.88c-04 

O.OOc+OO 

O.OOc+OO 

5.84c-02 

3.03e+{l I 

1.18c+OO 

2.72c+OI 

O.OOc+OO 

O.OOc+OO 

7.47e-03 

O.OOe+OO 

7.98c-06 

58.7 

8) 

External 
Dose 

(mrem) 

1.27c+OO 

O.OOe+OO 

O.OOe+OO 

5.96e-05 

5.53c-03 

2.50e-01 

5.80c-O I 

O.OOt.-+00 

O.OOc+OO 

O.OOc+OO 

O.OOc+OO 

O.OOt-+00 

2.1 

External 
Dose 

(mn:m) 

2.67c-01 

O.OOc+OOI 

O.OOc+OO 

I .89c-05 

1.39c-O I 

4.13c+OO 
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• Discussion 
General Cleanup Ph~. The total effective dose equivalent (TEDE) across all nuclides 

and pathways in this ultra-conservative calculation (<~1-x>ut 5 mrem) is well below the level ( 100 
mrem/y) at which workers could be treated as general employees (i.e., as not radiological 
workers). This means that, outside the area of which BLS017 and BLS018 are representative, 
intensive radiological controls and individual worker monitoring would not be required tc- protect 

such persons from the hazards actually present at the site. 

• 

Initial High-Activity Phase. _The TEDE across all nuclides and pathways in this ultra-
conservative calculation (about 80 mrem/y) is somewhat below the level at which relaxation of 
radiological controls can be considered. Some source~ of conservatism that were introduced into 
;his cakulation ha~~·msignmcant bearing, on the, outcome in practice:~~ 

.· ~'>'r.• ,.,_ 

• 

• 

Concentrations from two samples were combi'1ed to obtain the working nuclide 
distribution. However, the TEDE is >99.5% determined by the three uranium isotopes, 
and those results all come from a single sample (BLS017, a floor surface sample). 

Uranium progeny not directly measured were assumed to be pr~sent. These progeny as a 

group contriLute less thai! 0.2% of the calculated TEDE. 

It was assumed that each element occurs in its most disadvantageous chemical form. This 
means that the uranium that dominates the total dose was treated as Class Y for inhalation 
::nd ~;,)!uble for ingestic:1. The uranium contamination was created over 40 years ago as 
finely divided metal, so it is probably now present mostly as a bw-fired oxide with some 
admixture ofinetal. 10 CFR 835 (DOE 1993) cla.,-'lies UPs as ClassY for inhalation 
and insoluble for ingestion; the Uranium Good P~. ,,,"7es Manual (INEL 1988) treats it as 
Class W for inhalation and soluble for ingestion. -..::ass W uranium would have a lower 
inhalation dose by factor of 15-20; insoluble uranium would have a lower ingestion dose 
by a factor 10. However, neither reference places these two characteristics (Class W and 
ir.soluble) iogether. Taking credit for a specific chemical fonn would require a lengthy 

and expensive site-specific solubility study. 

The external dose calculation assumes the contaminated layer to be infinite in extent and 
thickness. However, because the gamma emissions of the uranium isotopes and their 
progeeya;e rather low in energy, this is not a crucial assumption. For exampie, according 
to Table A.3 in (ANL 1993), the dose rate diff~:rence is less than 10% between infinite 
thickness and six-inch thickness for a uniformly-contaminated deposit of density 1.8, given 

a mixture ofU-234, U-235, and U-238. 

In general, then, the detailed assumptions in the pathway dose calculations are much less 
important to the final result than the decision to use sample 3LSO 17 to represent all the uranium 
contanUn.ation in the portion of the floor surface that is to be treated in the initial phase. For 
example, BLSO 18 contains one-twentieth as much uranium as BLSO 17. 

However, it must be borne in mind that the assumption that the zone at the east end of the 
finishing machine is contaminated in the same way as the worst sample is 'not intended ~o reflect 
reality. Rather, as discussed above, it serves to compensate for uncertainties in the e,~ct 

)di.-.tribution of activity in between th~ .. sanlPied locations, and for lack of knowledge of how much 

!'age II 
BLS Maximum Credible Dose 

BEST AVAILABLE COPY 



• 13G31i 

remediation time would be spent on which spots. Therefore, within the area ofwhich BLS017 
and BLS018 are representative, the relaxation ofradiological controls and the orrussion ofindi
vidual worker monitoring are only marginally supported by the present analysis. ;.,~..,·-··· 

Conclusions 
General Cleanup of Special Finishing Area. Outside the small zone where high-activity 

samples were found, the Special Finishing Area may be remediated by general employees rather 
than radiological workers. DOE regulations would not require individual worker radiological 
controls to be imposed on this portion of the job, provided that issues related to the posting of 
these low-contamination areas (with a few spots slightly above the 5000 dpm/100 cm

2
1evel) were 

addressed successfully. 
High-Activity Zone Near East End of Finishing Machine. The ultra-conservative potential 

wtal effective dose equivalent calculated for remediating the most-contaminated portion of the 
8LS Site approaches but does not exceed the I 00-mrem criterion for removing radiological 
cr-ntrois. Therefore, this portion of the remediation could be remediated by general employees 
r2t!_.~r than radiological workers. However, the posting issues are more acute in this zone because 
of the presence ofsevertll l'j)CtS with fixed contanililation substantially higher than the limits for 
uncontrolied areas. This posting problem, along with a purely subjective level of prudence, may 
dictate that this briefbut intensive remediation be conducted with full radiological controls. 

With minimal care to minimize dust ingestion and inhalation, and given that significant 
sources of direct e~tem~l exposure are in fact highly localized, the actual TEDE to any real 
.worker lik~ly will be con.sidcr~bly below I 00 mrem, even in the high-activity zone; in fact, the 

•

. '':iP~o:udmum TEDE may not be measurabiy different from zero under those minLrnal controls. 
· However, there are some areas with appreciable uranium contamination. Ensuring a low-dose 
outcome will thus require some level of worker and suPf ·,;or knowledge and sensitivity, as well 

as some surveillance of the conduct ofthe work . 
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Based on the aralysis and conclusions presented above. there are two defensible 
approaches for radiological control of the remediat: . .m of the Special Finishing Area of the BLS 

.. ~~e:.:, 

.) 

• Perform the entire job under full radiological controls. That is, treat all workers as 
radiological workers, require radiological worker training, provide individual external 
dosimetry and bioassay, maintain records as required by DOE regulations, etc. 

• Perform the job under phased radiologic\\! co;Jtrols. This approach would include the · 

following features: 

o Staff the job for its entire duration with a trained Radiological Control Technician 
(RCT) who meets all DOE requirements. Provide the RCT with individual internal 

and external monitoring. 

o Bring in one trained radiological worker to remediate the high-activity zone under 
full radiological controls. Provide this worker also with individual internal and 
external monitoring. In less than five days, this worker (assisted by the RCT as 
necessary) could finish this section before the rest of the job starts. 

For the gcner::.i cleanup, augment the work team v:ith other personnel without 
regard to their qualifications as radiological workers. Do not provide them with 
dosi;netry or radiological worker training ~d omit all the individual record 
keeping and reporting as~ociated with r-· · ·...,ring of radiological workers. If these 
general-employee workers enter areas tl:a\ must be posted under DOE regulations, 
they must be accompanied at all times by trained radiological workers. 

."'':'"'<~~!!-"· .. 

o Titroughout the job, have the RCT perform workplace surveys to ensure that the 
radiological conditions are as expected, and that areas are posted when and if 

~~:~~~ec~s~~'*'~~,rform all such measurements with appropriately selected and 
calibrated irlstruments, and maintain the records pennanently. 

·~~~*:-

Bechtei may choose between these two approaches based solely on the economic 
incentives. Factors outside the scope ofthis assessment, such as the projected cost ofthejob, the 
number of workers required, and the availability of radiological workers and non-radiological 
workers with the requisite skills, will determine whether there are real savings to be obtained 

through the phased radiological controls approach. 
Further savings may be attainable through an application for an exemption to relevant 

portions of Subpart G of 10 CFR 835. The purpose of such an exemption would be to remove 
the necessity for creating and posting Contamination Areas at the BLS Site, outside the highest- · 
contamination zone. The grounds for the exemption would be that, based on the results of the ~~~~:·"" 
present assessment, posting of such areas is not required to help individuals (including members of 
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the public) protect themselves against the hazards engendered by the type and magnitude of •-'·~·· ... 

radioactive material actually present at the BLS Site . 
.. .-... ,;: ~·· 

.,_. . ..;.· .. • ) 

.... -""" 
ya·· .. n··iH·, . 

··: J ElLS Maximum Credible Dose 
Page 14 

BEST AVAILABLE COPY 



.. ~ ... ~· 

References 
I .) ..; - 1 4 

,) I 

Argonne National L,a,.QgJ:atory.' Mam@.fodmplementing residual radioactive material guidelines 
using RESRAD, version 5.0. Argonne, IL: ANL/EADILD-2; 1993. 

Idaho National Engineering Laboratory. Health physics manual of good practices for uranium 

facilities. Idaho Falls, 10: EGG-2350; 1988. 

International Commission on Radiological Protection. Report of the task group on reference . 
man. New York: Pergamon Press; ICRP Publication 23; 1975. 

U.S. Department ofEnergy. Internal dose conversion factors for calculation of dose to the 
public. Washington, DC: NTIS; DOE/EH-0071; 1988. 

U.S. Department ofEr.ergy. Occupational radiation protection. Washington, DC: U.S. 
Government Printing Office; 10 CFR Part 835; 1993 . 

• >sLS Maximum Credible Dose 
Page 15 


