THOMAS E. POTTER
4231 JENIFER STREET NW = |
WASHINGTON, DG 20015-1959

202 363~ 4727

3/29/91
Mr. JackSoniRansohoff , ,
Neutron Products, Inc. (oo th B sacord wes dateted
‘ n
22301 Mt. Ephralm Road : . . CIBEIRIEmDB Wilh infiomnetion
P.O. Box 68 , , ®’ a * Act
Dickerson, MD 20842 - FOWPA, a2 = — O/

Dear Mr. Ransohoff'~

'Thls letter is to notify you. that I have sent copies of my
March 28 report evaluating NPI radiation protectlon for the
period April through December, 1990 and my March 29 report .
evaluating the 1990 NPI melts and cleanups to Mr. Arthur
Fletcher, MDCRH, by Federal Express. today. Outstanding items
are a report on conditions in January, 1990, and my review of
NPI reports on conditions in January and February, 1991. I need
to be out of town the week of March 31, and am requestlng that I
might delay submlttlng those reports untll April 12. Please
call me if that is not workable. |

. o P
Sincerely, i

.~¢42ia44/’é?? .
Thomas E. Potter

i
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RADIATION PROTECTION EVALUATION
OF NEUTRON PRODUCTS, INC.

MONTHLY REPORTS 12-20
4/90 THROUGH 12/90

'Introductlon_

Thls evaluatlon was undertaken in response to conditions
‘added to Condition 13 of MDCRH license 31-025-01 added by
amendment 33. Section numbers and titles in this report are
"keyed to the above noted conditions. This report includes the
twelfth through the twentieth monthly reports requlred by the
amendment, and describes conditions in the period April through
December, 1990. The format of these reports differs from the
format of previously submitted reports. 1In previous reports all
data were presented in the text of the report. 1In these
reports, data are presented in tabular form for each month. The
tables indicate departure from normal levels and results of
- investigative and corrective actions. This evaluation report
here includes analysis only. The rev1sed format should make
reports easier to prepare and use.

" C.l.a Contamination Control Procedures and Methods

Surface Contamlnatlon

In general, contamlnatlon levels throughout most of the LaAA
work zone (ante-room, machine shop, and manipulator side of the
hot cell) departed only slightly from a pattern established in
earlier periods. Summaries of these data are included in the
monthly data summaries. In May through July, surface P
‘contamination levels in the contamination control zone behind
the hot cell were substantially higher than in periods prior to
February, when contamlnatlon levels were lowest. Levels through
the remainder of the year were somewhat lower than the qax1mum
levels observed in the summer. Summaries of these data are '
included in Appendlx ‘A of this report. |

: Elevated levels of contamlnatlon appear to be due to
.contaminatior: spread during cléanups and transfers of equlpment
between the hot tool room and the cell. Frequency of
decontamination was apparently reduced in May through July while
" alternate methods of managing contaminated liquid waste were
being developed.. Contamination levels remained acceptably low
from the standpoint-of worker internal exposure considerations
(based on no detection of significant levels of. internal



contamination by the HECM), the elevated levels continued to
indicate that control measures effective in similar operat1ons
in the past year were not implemented as effectively in this
period. Isolation of contamination within the contamination
control zone appeared to be reasonably effective, based lon the
low contamination levels observed outside the zone.

Smear data 1nd1cate that contamlnatlon levels in tﬂe ,
courtyard remain low, but ‘are not as reliable as smear data for
smooth surfaces. Increases in radiation levels observed in the
drypond, which catches runoff from the courtyard may be due to
flushlng of material accumulated in prev1ous years: in dralnage
pipes, but contribution from operations during the period cannot

be ruled. out. . .

Work Area Air Sampllng

: Summaries of high-volume grab samples are included in the
monthly data: reports.‘ ‘These indicate that airborne cobalt-60
concentrations in the work area are almost always less than theO
unrestricted area maximum permissible concentration of 3 x 10
_microCuries per cubic centimeter, and are always well below_Bhe
resztricted area maximum permissible concentration of 9 x 10
microCuries per cubic centimeter. These findings are consistent
with results from annual whole body counting, approximately
twice-daily personal contamination monitoring, which serves as a
reasonakly sensitive screening lung counter, and area
contamination surveys. All of these measurements indicate that
internal expodsures are infrequent and 1n51gn1flcant from the
1nterna1 dose standpoint. :

Pool and Canal Water Contamihation

" Trerids in pool and canal water contamlnatlon levels are
1nc1uded in the monthly data reports. North canal concen-
trations of cobalt-60 peaked in May and June, but a cleanup in
the fall reduced concentrations to about 1 x 10 mlcroCurles
per cubic centimeter in the last quarter of the year.
Concentzatlons in thg main pool.fluctuated between about
7 x 10 and 2 x 10 microCuries per cubic centimeter, well’
above normal, for most of the period. Levels were maintained in
this range by perlodlc resin changes. The concentr tion .
'1ncreased markedly in December to a peak of 2 x_10 microCuries
per cubic centimeter, but was reduced to 2 x 10 ~ microCuries
per cubic centimeter by the end of the month. A ‘cleanup of the
main pool and a change in the resin mix for the water
purification was planned in the period. (Concentrations were



effectively reduced to below the action level of 5 x 103 P
was

~

microCuries per cubic centlmeter by the time thls repor
written.) ‘ o ;

i
l

C.1l.b Respiratory Protection Program

The 1mplementatlon of the new respiratory protectlon

program continued through the last period. Measurements

continue to show that the performance of the respiratory
protection program is generally adequate.  Internal exposures
associated with the use of respiratory protection equipment have
been negligible, except for one case, in which-a worker was

- exposed through the inhalation pathway during removal of
. respiratory protection equlpment This case, reported to MDCRH

previously, involved a lapse in folloW1ng the procedure for
removal of respiratory protection equipment. Routine use of
battery operated lapel samplers for coverage of work requiring

vresplratory protection was initiated Quring the period, but

experlence has not been sufficient to evaluate.

C.l.c Personnel Monltorlng for Internal and External Radiation
Exposure

Worker externalfradiationldosimetry

Use of extremlty d051metry was re-initiated in the cleanup
follow1ng the January melt for the first time in many years. A
single wrist dose exceeding extremity limits was measured in the
cleanup following the June melt, but all other measured
extremity doses during the two cleanups were below regulatory
limits. These are discussed further in the report on melts.
Durlng,this period, extremlty monitoring was extended to other
operations. No changes in dosimetry have been made in the 1last
reporting pellod. :

Measured whole body doses to the workers for the year 1990
are below regulatory limits and summarized in Appendix B.
Approximately 50 people received doses exceeding 0.1 rem. The
highest individual dose received was 8.8 rem. The aggregate
dose to the worker population was about 115 person-rem, of which

'approx;l.mately 20 were accumulated in each of two melt cleanups.

The aggregate dose in 1990 mighit be somewhat higher than normal
because of the occurrence of two melt cleanups and canal and
pool cleanups. On the other hand, NPI conducted two melts in
three of the five years from 1984 through 1988.

About one—thlrd of the aggregate dose (39 person- rem) was
recelved by the five people who worked nearly every day in the



' LAA through the year. The distribution of two-thirds of the
- dose to people who do not work every day in the area reflects

the use of other NPI personnel, including top managers, in
special work, such as hot cell cleanups, waste shipments, etc.
The average dose to an individual in this group was

,approximately 7.8 rem.

About 60 percent of. the total (72 person—rem) was received

by the 11 people, 1nc1ud1ng the five persons noted above, who
. received 4.9 rem or more in the year. These 11 people averaged

about 6.5 rem in the year. About .20 percent of the total (24
person-rem) was received by the nine people who recelved nore
than: 2.0 rem and less than 4.9 rem in the year.

Persons received more than 2.5 rem in a single quarter on
five occasions. All but one of these involved persons who
worked in the LAA nearly every day or a substantial fraction of
the time. Persons received more than 2 rem in a single quarter
on 17 occa31ons, including the five occasions noted above. Aall
but four of these involved persons who worked in the LAA nearly
every day or a substant1a1 fraction of the time.

Two percons have lifetime doses of approx1mately ioo remL
One person’s lifetime dose is approx1mate1y 50 rem. Seven
persons have lifetime doses between 15 and 30 rem. Lifetime
doses for all others are less than 15 rem. This ‘summary
excludes the lifetime dose of about 75 rem for one employee who
received virtually all of that dose working as an ¥-ray
technician for a previous employer. If lifetime dose is , .
averaged over the years greater than age 18, three workers have
working life average doses between 2.9 and 4.0 rem per year,
three workers have worklng life average doses between 1.0 and
2.0 rem per year, and. elght workers have worklng life average
doses between 0. 5 and 1.0 rem per year.

: Worker 1nternal radlatlon measurements

‘Routine whole body counting reSults are summarized in the
monthly data report for October. Except for one case reported
to MDCRH previously and discussed in Section C.1.b, all levels
indicated less than 3 percent gf the maximum permissible 1lung

‘burden.  The single exception possessed an initial lung burden

on August 31 equal to approximately 61 percent of the ICRP 2
maximum permissible lung burden of 1,100 nanoCuries. This
burden decllned ‘slowly over the follow1ng months, as tracked by

‘counts on the personal contamination monitor, which also is

suff1c1ent1y sensitive to cobalt-60. gamma radiation to serve as
a screening lung counter for 1ung burdens above about 100




nanoCurles; ‘The 1nd1v1dual’s lung burden had fallen below this

_threshold by the middle of March, 1991. A follow-up report on

this case is in preparation.:

c.i1.d- Radlologlcal Effluent Monltorlng and Control for L1qu1d
and Gaseous Releases

Monitoring'and Control of’GaSedus Effluent

Data are summarized in the monfhly reports. Concentratlons
are con51stentlg less than 0.3 percent of the unrestricted area
MPC of 3 x 10 mlcroCurles per cub1c centimeter.

Monltorlng and Control‘of Liquid Effluent to wWssc

. . L1qu1d effluent sampllng are summarized in the monthly data
reports. These data indicate that releases to the Washington
Sanitary Sewer Commission are low and controls are adequate,.
Concentrations were far }ower than the 10 CFR Part 20 Appendix B
Table 1 limit of 1 x 10 microCuries per cubic centimeter, and
substanzlally below the more conservative license limit of
2 x 10 mlcroCurles per cubic centlmeter.

Durlng this perlod the collection sump for scrub water

.from the LAA intended for discharge to the sanltary sewer system

was found to be leaking into soil beneath the building. The .
sump and virtually all of the contamination adsorbed on soils -
surroundlng the sump (estimated to be no more than 200
milliCuries) were removed end packaged for disposal. A sump 1s
no longer used to collect this water. As a part of the ‘
modification of the procedure for handling these wastes, a
system to filter mop water was installed with the intent of
reducing cobalt-60 in effluent water by collecting and
solidifying the cobalt-rich sludge.  The levels of cobalt-60 in

‘water have been low, but limits will be reduced in the new
10 CFR Part 20

Monltorlng and Control of Waterborne Releases through the
Drypond

This. toplc was addressed in detall in the second report. A
rlan for env1ronmental monltorlng and surveillance was submitted
to CRH during third reportlng period, and the plan addresses i
these releases. No other changes have occurred since the last "

. report. Maximum radiation levels in the drypond have 1ncreased _ L

from about 0.1 millirem per hour to about 0.5 millirem per hour P
over the past 18 months. Penetrating radiation from cobalt-60 ;|
contamination released to unrestricted areas (the drypond area)

‘ , . !



exceed the license limit of 500 millirem per year, and are

closely approaching the regulation limit, 100 millirem per week.
Because members- of the public are not usually present in those
areas and because the peak dose rate measured is confined to a
small area; ‘it is not 1likely that any person would receive 500

m1111rem in a year.

The increase in activity indicates that the inventory in
the drypond and the area beyond the drypond has increased. A
more extensive survey of the area would be requ1red to estimate
the increase with confidence, but if the increase in peak levels
are indicative of increases elsewhere, the increase in inventory
may be from zbout 0.5 milliCuries to perhaps as much as about 3
milliCuries in a period of about 18 months. Increases may be
due to flushing of material accumulated in previous years in
drainage pipes, but contribution from operations during the
period cannot be ruled out. In developing a plan to address

~ this problem it would be desirable to include application for

regulatory relief on at least a temporary basis (increasing the
permissible dose rate), fencing the area, monitoring to better
characterize contamination distribution in the area, and
monitoring to better characterlze the source of the.
contamlnatlon

C;i.e Adequacy of Air Handling Systems in the Production Areas

 There have been no changes to the air handllng system since
the last report. ‘Concentrations of cobalt-60 in air in
operating areas were far less than the maximum permlSSlble

- concentration limit for restricted areas (see C.l.a).

C.1.f Control and Identification of Radiation and High Radiation
Areas, and. Contamlnated Equipment and Facilities

ngh Radlatlon Areas, Ma]or Gamma Radiation Sources and Control
Measures :

- Ma]or radlatlon sources and levels have not changed
51gn1flcant1y in the reporting period. The only 51gn1f1cant _
change in control measures has been modification of the |design
of the hot cell interlock system This modification was
initiated following a lapse in resettlng the radiation level
setpoint following interlock override to gain access to ithe cell
for the post~melt ¢cleanup in January. The modified system does
not require setpoint modification for override, but does requlre
RSO partlclpatlon through a key switch mechanism. The max1mum

perm1551b1e setpoint is 750 mR/hr.



Work area direct radiation surveys

Routine radiatioen surveys continued to be performed as
described in the first report.. :

Perimeter'radiatioh'surveys

Per1meter radiation survey results have been tabulated and
submitted’ ‘to MDCRH separately. There has been no substantial
change in trends from previous reporting periods. Levels in
some locations are very near and may slightly exceed license
limits for radlatlon at the fence, 500 millirem per year.

Control and 1dent1f1catlon of contamlnated equipment and
fac111t1es~

These toplcs are dlscussed in Section C.1l.a.

- C.1. g Radlologlcal Waste Handllng, Proce551ng, and Disposition
(Storage and’ Shlpment)

Waste shlpments (volume and curie content) are listed in.
the monthly data reports. Waste shipment rates appear to be
roughly matching waste generation rates. Inventory reductlon,
improved shielding in storage and handling, and improvements in
materials handllng (so that waste need not be handled
twice-~once in collection and storage, and once in preparatlon
for shipment) would be desirable. Some combination of these may
be necessary to meet current license radiation dose limits at

the fence with a reasonably comfortable margin. Improved
shielding will be essential in meeting new 10 CFR Part 20 limits
and requirements for onsite storage of radioactive waste.
. c . i
C.1.h Hot Cell Decontamination Methods and Procedures J ‘
the

No significant change in procedures has occurred i
last perlod A separate report has been prepared on. the
radiation protectlon aspects of cobalt-60 melting. i

c.1.i Personnel Tralnlng and Quallflcatlon

There was no participation by the CHP in training
,act1v1t1es in this period. Although the formal general tralnlng
program was not implemented in this period, general tralnlng was
conducted in the implementation of revised RWPS and in
respiratory protection. Some specialized tralnlng also took
place. B. Boswell attended a two-day health physics training



course at the National Institute of Standards and Technology
(formerly NBS) in the fall. All three health physics techs ha
completed this course in the last two years. Two health physi
" techs attended a half-day training session on the use,
maintenance,’and cleaning of respirators. This course was
conducted on site by MSA and Chesapeake Optical Co.

c.l.3 Management Over51ght and Control of Rad1010g1ca1
\ " Activities

Events'during the period indicate that continued
improvement in management oversight, organization, and support
. of day-to-day operations is desirable. Certain kinds of minor
citations for regulatory non-compliance (mlssed smears of seal eeem————
sources, etc.) indicate that improvement in administrative
oversight at the RSO level is desirable.

.Complete 1mplementation of the RSO report proposed by the@ ~
CHP in early April, 1990, and resubmitted in a refined form in :
mid-May, 1990 would help document the history of operations so’

that ‘developing trends could be detected early, would cause a

more comprehensive and more consistent review of radiological
protectlon .data by the RSO, and would serve to communicate

status of radiological: condltlons to top management in a more

timely way. ‘Recent adoption of the reduced form of that report::::::::
that serves as the. monthly data summaries in this package of "

reports is a good start in that dlrectlon

Planning and schedullng become more 1mportant as regulatox::::::::
limits are approached to assure that material and human
resources are used most efficiently and to assure the beneflts
of 1mprovements in one area are not offset by aggravatldn of
problems in other areas. .Establishing a list of prlorltles ancCam.
working on them from the top down incorporates an unexamlned
assumption that the available level of resources is sufficient
and begs the question whether additional resources are needed t—————
_ maintain a sufficiently high rate of 1wprovement and to maintai®
jlmprovements on a continuing basis. A living (ie., perlodlcal]________
reviewed and updated) comprehensive plan and schedule, which
shows, by task for each progect the work scope, personnel and
financial resource allocatlon, and targeted milestone completlc:—-—-__.
dates is desirable; and, in my’ v1ew, necessary to answer this
" guestion prospectlvely.- If such a plan is developed, it will Iose——-
desirable, if not necessary, to coordinate the development of
the plan and. schedule with CRH to assure agreement on goals,
priorities,. ‘and schedule, to glve CRH early warning on the need
for regulatory review, -and to incorporate realistic schedules
for regulatory review. .



4 . N .
C.2 Portal Monitor Installation and Maintenance
C.3 Background at Portal Monitor :
C.4 Portal Monitor Performance Report

Data and operating status are summarized in the monthly
data reports.. The personnel -contamination monitor (PCM)
operated continuously (during working hours) during the period.
The portable contamination monitor with a 100 square centimeter
gas proportional detector installed near the personnel
contamination monitor for backup and complementary use continues
to be operational. No significant changes in background or
counting characteristics occurred in the period. The background
radiation level in the personnel contamination monitor area
remains at approximately 40 microRoentgen per hour.

In this reporting périod, there were 20 personnel
contamination'events above the reporting level (22,000 dpm):

1. 4/23 33,000 dpm on back and arms '

2. 5/14 181 000 dpm on back (CRH notified by phone) ,
3. 6/2 28, 000 dpm onh ear _ P L
4. 6/3 22,000 dpm on lower leg !
5. 6/14 320 000 dpm on underwear (CRH notified by phone) :
6. 6/16 23, 000 dpm on hand - K I
7. 6/22 22,000 dpm on back ‘
8. 6/25 24,000 dpm on armpit
9. 7/6 22, 000 dpm on -thigh

10. 7/9 31,000 dpm on palm

11, 7/12 24 000 dpm on elbow
- 12. 7/24 27,000 dpm on hand

13.  7/25 133 000 dpm on shorts (CRH notlfled by phone)

14. 7/30 22, 000 dpm -on thigh

15. 7/30 31,000 dpm on thumb

l16. 8/21 129 000. dpm on arm (CRH notified by phone)

17. 8/27 94, 000 dpm on chest (CRH notified by phone)

! 18. 8/29 26,000 dpm on shoulder
19.° 10/3 37,000 dpm on neck

20. 11/14 41,000 dpm on shoulder

In addition, there were 17 events of lesser contamination
(between 10,000 and 22,000 dpm) requiring notification of the
RSO. In all of these events the contamination was readily found
and removed. None of these events resulted in doses to workers
that represent significant fractions of regulatory limits,
including the NRC enforcement policy statement regardlng
occupational doses from "hot particles" published in the Federal
Register July 31, 1990. This NRC position in this policy



statement is, in essence and effect, the same as that proposed
to MDCRH by NPI in mid-1989. The causes of most of the events
- . noted above are not known, but it is likely that the events in
June and July were at least indirectly related to the post-melt
cell cleanup or contamination associated with the cleanup. The
current license requlrements'for reporting these events should
be reviewed in light of the accumulated history and the
modlflcatlon of NRC p051t10n on the matter.

- C.5 Courtyard Roof Design and Construction
There was no progress in thlS perlod.
c. 6 Hot Cell Venfllatlon System»

r~ The hot cell ventllatlon system evaluation was submitted as
a separate report dated May 17, 1989. Additional lnformation
requested in the CRH letter dated June 22, was included :in
Addendum 1 to the second report in this series. A supplementary
report on the filtration efficiency during the cleanup after
bare cobalt operations was submitted on August 24. The ' new
backup electrical power generator for the hot cell vent%latlon
fans continued to be operational.
The limited efficiency of the roughing filter results in
transport of cobalt-60 into the ventilation ductwork. The
exposure rate on the HEPA filter monitor after primary HEPA
change is increasing at the rate of abasut 200 millirem per hour
- 'per year, and is currently about 1.8 R per hour, about twice as
"high as at the beginning of 1986. Although this observation may
be misleading and may simply indicate changes in contamination
minor conditions near the detector location, this could indicate
that cobalt-60 contamination deposited within the ventilation
system ductwork may be increasing slowly but perceptibly. The
primary HEPA is changed about once per year on the average, and
typically contains about 0.5 Curie of cobalt-60. The last HEPA
filter change resulted in an aggregate dose of about 0.2
person-rem. A more complete set of surveys may be desirable to
better assess the situation and to assist in determining the
need for a corrective plan. -

Conclusions

Most radiation protection problems at NPI have been
sufficiently well controlled to meet the most basic regulatory
requirements almost all of the time and other requirements most
of the time. Workers receive doses exceeding current limits
infrequently. Members of the public do not receive doses

10



exceeding current limits. . However, the slow accretion of a
number of problems is ‘reaching the point where regulatory
compliance in a number of areas is becoming difficult to control
using past approaches. Furthermore, anticipated changes in
regulatory requirements will increase. the difficulty of managing
some of these problems. These problems are as follows:

1.

Penetratlng radlatlon doseb for key LAA workers and some
others regularly approcach quarterly regulatory limits.

Doses in these cases appear to be sufficiently controlled to.

keep overexposures unlikely under current regulations.
Current regulatory limits are occasionally exceeded, roughly

‘once every two or three. years, but those overexposures are
‘almost always associated with short-duration exposure in

high dose rate work in which the ant1c1pated dose is not
accurately estimated or, more llkely, in which a lapse in
work procedure occurs. The margin for such-lapses decreases
with increasing dose rate. Reduction of the- frequency of
overexposures will require improved controls in high dose
rate work'and/or reduction of dose rates in that work. The

- removal of quarterly limits in the new 10 CFR Part 20, to be

implemented in January, 1994, may reduce the increment of

- added restriction of lower annual dose limits from the

standpoint of NPI overexposures, even if receipt of the
annual dose in a single quarter is prohibited, as is likely.
Compliance with the reduced annual dose limits in the new
10 CFR Part 20 will reguire dose rate reductions in general

LAA work and 1n some spec1flc tasks.

Penetratlng radlatlon exposure rates in unrestrlcted areas
from cobalt-60 within the restricted area (ie., inventory in
waste storage rooms, etc.) regularly closely approach and
may exceed license condition limits 500 mllllrem per year in
several locations along the perimeter fence, assuming
continuous occupatlon. However, because presence of members
of the public in those areas is limited in time, doses to

.~ people are well below 500 millirem per year. In a few

isolated areas in the unrestricted area (ie., parts of
certezin offices), levels closely approach or slightly exceed

" dose rate limits in regulations. Again, occupation times in

those areas are limited and monitoring of those individuals
shows that doses are more than a factor of three below the
500 millirem per year limit. Reduction willvrequire
reductions in inventory and/or additional shielding.
Substantial reductions in dose rate will be required to meet
the requirements of the new 10 CFR Part 20. Incorporation
of reduced inventory, added shielding, and, at least on an

11



" limits would be desirable elements in the plan to be

interim basis, a relaxation in the applicable regulatory
deve;oped for corrective action.

Cobalt—so contamlnation_contlnues to be released to _
unrestricted areas through rain water runoff pathways. This E) :
material appears to be slowly accumulating in unrestricted - '
areas within and beyond the drypond Analyses show1ng that i
concentrations of cobalt-60 in rain water runoff are below
maximum permissible concentrations are based on the |
assumption that a substantial fraction of the cobalt-60
released this way has been entirely collected in the area of
measurable accumulation. While that assumption may be
correct, confirmation would be desirable. The occasional
discovery of microCurie spots of contamination offsite may
or may not be associated with the milliCurie inventory in
the drainage area. 1In developing a plan to address this
problem it would be desirable to include application for
regulatory relief on at least a temporary basis (increasing
the permissible dose rate), fencing the area, monitoring to
better characterize contamination distribution in the area,
monitoring to better characterize the source of the
contamination, and interim limits. for radiation and
contamination to guide remediation efforts until the
situation is more fully understood.

Penetrating radiation from cobalt-60 contamination released
to unrestricted areas (the drypond area) exceed the license
limit of 500 millirem per year, and are closely approaching
the regulation limit, 100 millirem per week. Because -
members of the public are not usually present in those areas
and because the peak dose rate measured is confined to a

" small area, it is not likely that any person would receive

500 mllllrem in a year. Remediation of thls problem as
described in item 4 w0uld be desirable.

Intakes of cobalt-60 on the order of a microCurie, resulting
from short-duration exposures, typically less than.one hour
and often just minutes, occur at a frequency of about two
per year. These have been percelved by NPI to be ingestion
exposures based .on the observed rapid clearance of most of
the intake through the GI system, and on the highly
localized nature of the contamination source. However,
proving that the exposure is ingestion rather than
inhalation is difficult because large fractions of inhaled
material are also eliminated through the GI system in the

12



first few days follow1ng exposure. The uptake in the lung
‘experlenced in the exposure of one individual in 1990 is
indication that the inhalation pathway exists even if it may o
not be the most likely. {

If the intakes are indeed inhalations, they correspdnd to a
significant fraction of the current maximum permissible
quarterly inhalation of 5.7 microCuries (the intake
equivalent to breathing air at restricted area MPC at 20
liters per minute for 40 hours per week for 13 weeks). If
they are ingestions, the maximum permissible quarterly
intakes should be about 71.5 microCuries (the intake
equivalent to consuming 1,100 milliliters of water at
restricted area MPC per work day for 5 days per week for 13
weeks) and. the margin for compllance would be substantlally
greater. .

Except for the single case :identified above, the doses
associated with these intakes are negligibly small, whether
they are inhalations or ingestions. The small margin for
regulatory compliance stems from conservatism in the current
regulation. Margin for regulatory compliance will increase
with the adoption of the new 10 CFR Part 20, due to a more
realistic approach to regulation of internal exposures. A
Although this problem may not be serious from the health and
safety standpoint, the regulatory agencies are partlcularly, A
perhaps overly, sensitive to it. The incorporation of :
half-face respirators for these situations could be a
relatlvely easy way to accommodate their concerns and could
provide insurance against less likely higher exposures.

Limitations in space, shielding, “and remote-handling

. capabilities and accumulated backlogs of waste materials
from past operations make radioactive waste handling, '
storage, and shipping facilities and procedures substantial
contributors to several radiological problems. These
include doses to operators, levels of radiation in
unrestricted areas, and, probably, levels of contamination
in unrestricted areas, the latter due to the fact that
radiocactive waste transfers between operating and storage
areas, both of which are areas in which floor contamination
levels are high, must pass through the open courtyard.
Improvements in these facilities and procedures that
properly integrate these considerations could improve the
margin of regulatory compliance in a number of areas and

13



will probably be necessary to assure compllance with some of
the new requirements. NPI is correct in placing a high
priority on efforts along these lines and should continue
those efforts. : :

NPI has no facility in which materials and equipment can be
decontaminated in such a way that contamination containment
and dose reduction features such as local shielding are '
available. The feasibility for and potential benefits from
such a facility should be evaluated.

Limitations in facilities, equipment, and procedures used in
the storage and:transfer of contamlnated equipment used in

source fabrication frequently result in the spread of floor
contamination in the CCZ on the order of 0.1 to 1 millicCurie

_each time the operation is performed. The feasibility for

and potential benefits from improvements in these fac111t1es
and procedures should be evaluated.

Limited filtration efficiency at the point of entry to the
hot cell exhaust ventilation system, when coupled with
releases of cobalt-60 to the air in the cell, results in
substantial transport of airborne cobalt-60 w1thin the cell
into the ventilation system, leading to high cobalt-60
inventories in the ventilation system and on the primary
HEPA filter. The greatest increment occurred in 1986.
Although increases in levels appear to have been relatively

‘small since then, levels in the ventilation system remain

high. This phenomenon contributes to a variety of problems:

- High dose rates from cobalt-60 on the HEPA filter and
in other ventilation system components contribute to
high exposure rates in both restricted and
unrestricted areas. _ -

- The HEPA filter change frequency is determined in
part by anticipation of future accumulation of
cobalt-60 on the filter, and is much higher than
-would be required if the change frequency were
determined by particle loading. This increases costs
and contributes to waste management problems.

~ High dose rates from material on the HEPA filter and
. in other ventilation components complicates the
filter change operation and other operations in the
"area, such as efficiency testing of the final HEPA
filter. Although reduction in dose rates would be
desirable, that would not appear to be a major

14



driVing force for improved roughing’filter efficiency
in the near term. The primary HEPA filter change

| : ~currently contributes about 0.2 person-rem per year
to the aggregate dose, an insignificant part of the

total aggregate dose in the operation.

10. Conductivity and concentrations of cobalt-60 in the main
- pool and in the canals were high in 1990 and were difficult
to bring down. A substantial cleanup effort in the last
half of 1990 reduced concentrations in the North canal. (A
-similar effort for the main pool -in early 1991 had reduced
concentrations to levels below the action level.) Plans for
future activities need to include provision for sustaining
these gains. Long-term integrity of singly-encapsulated

waste tubes with untested welds does not appear to be

a

contributor to pool contamination thusfar, but the potential

for importance in the futiure should be analyzed.

These problems are manageable, but it is not clear that NPI
has a workable way to manage them within the constraints of

- present and future regulatory requirements. A living (ie

periodically reviewed and updated) comprehensive plan and
schedule, which shows, by task for each project, the work
personnel and financial resource allocation, and. targeted

- milestone completion dates is desirable, and, in my view,

necessary to answer this question prospectlvely If such
is developed. it will be desirable, if not necessary, to

b 4

scope,

a plan

coordinate the development of the plan and schedule with CRH to
assure agreement on goals, priorities; and schedule, to give CRH

early warning on the need for regulatory review, and to
incorporate realistic schedules for regulatory review.
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NEUTRON PRODUCTS, -INC.
CCZ SMEAR SURVEY SUMMARIES
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SMEAR SUMMARY .
CONTAMINATION CONTROL ZONE
| JANUARY, 1990

. SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

DAY NUMBER -
' OF |

SMEARS
1 0
2 20
3 20
4 20
5 20 .
8 20
9 20
10 20
11 20
12 .20
15 15
16 15
17 0
18 © 20
19 _ 20
22 )
23 0.
24 0
25" 0.
26 "0
29 0
30 5 PLASTIC
31 0

AVG EXCLUDES 1/30 SMEARS

------- RANGE-—~=—-- MEDIAN
HOLIDAY _—
<1,000 23,000 . 2,500
<1,000 87,000 - 8,600
<1,000 37,000 - 2,900
<1,000 24,000 - 3,900
<1,000 67,000 8,100
1,200 23,000 5,700
<1,000 75,000 8,100
<1,000 98,000 6,400
1,100 73,000 6,500
<1,000 43,000 7,000
<1,000 -, 28,000 6,500
MELT CLEANUP PREP
MELT CLEANUP PREP
MELT CLEANUP PREP
MELT CLEANUP IN PROGRESS -
MELT CLEANUP IN PROGRESS
MELT CLEANUP IN PROGRESS
MELT CLEANUP IN PROGRESS
MELT CLEANUP IN PROGRESS
MELT CLEANUP IN PROGRESS
27,000 260,000 160,000

MELT CLEANUP IN PROGRESS

AVG MEDIAN - 6,000



SMEAR SUMMARY

CONTAMINATION CONTROL ZONE

FEBRUARY,

1990

SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

" DAY

NUMBER
OF
SMEARS

- 20
20

11
20
20
20
20
20

BARE CAMPAIGN
BARE CAMPAIGN

20
20
20
20
20

20,

20
20

BARE CAMPAIGN

----- RANGE~==~~=—
<1,000 179,000
<1,000 856,000
CLEANUP UNDERWAY

51,000 6,964,000
<1,000 292,000
'<1,000 123,000
<1,000 137,000
<1,000 308,000
<1,000 95,000

CLEANUP UNDERWAY
CLEANUP UNDERWAY

<1,000
1,400
2,200
<1,000

- <1,000
- <1,000

1,200
<1,000

1,850,000
1,012,000
777,000
1,023,000
276,000
302,000
297,000

164,000

920,000

'MEDIAN

25,000
17,000

130,000
13,000
5,600
19,000

43,000

8,700

33,000
26,000
74,000
16,000
80,000

60,000

15,000
35,000

38,000



SMEAR SUMMARY _
CONTAMINATION CONTROL ZONE
- MARCH, 1990

SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CHM)

DAY  NUMBER © =======RANGE-====== MEDIAN
- OF - .
SMEARS
1 20 -+ <1,000 180,000 16,000
2 20 <1,000 200,000 42,000
5 8 <1,000 67,000 10,000
6 20 o <1,000 1,900,000 30,000
7 20 5,600 3,900,000 608,000
8 20 . <1,000 1,200,000 - 5,800
9 20 . <1,000 850,000 8,400
12 20 2,700 2,700,000 45,000
13 20 . <1,000 660,000 ° 3,100
‘14 20 1,700 720,000 19,000 -
15 20 <1,000 930,000 3,400 :
16 ' 20 2,300 2,800,000 35,000
19 20 <1,000 780,000 ‘8,600 ;
20 20 2,000 ~ 89,000 10,000 |
21 20 <1,000 130,000 3,300 |
22 20 § <1,000 . 74,000 7,700]
23 20 : <1,000 510,000 ° '1,GOOi
26 20 : <1,000 210,000 6,600
27 20 <1,000 82,000 1,800
28 20 . <1,000 610,000 6,600 :
29 20 <1,000 860,000 2,100 -
30 20 <1,000 730,000 7,400 :
AVG a 917,000 40,100

Note: Average daily median is 12,400 excluding 3/7 value.



SMEAR SUMMARY
CONTAMINATION CONTROL ZONE

APRIL, 1990

SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

DAY

NUMBER

OF-

- SMEARS

0]

20

20

20
20
20

20
20

20

20
20
20

20 -

20
20
20

20

- 20
- 20
. 20
20

MEDIAN

MINI-CLEANUP IN PROGRESS

<1,000
' <1,000
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000

1,600
<1,000
<1,000
<1,000
<1,000
<1,000
<1,000

37,000
59,000

83,000

172,000
69,000
53,000
81,000
70,000
74,000
60,000

280,000
58,000

142,000
58,000
26,000

548,000
50,000
27,000
69,000
79,000

- AVG MEDIAN

11,800
3,400

14,700

5,800
8,700
2,000
14,000
5,000
7,600
10,000
7,900
7,200

5,900 :
8,400
2,800

8,400
4,800
4,300
6,900
3,200

7,100



| 'SMEAR SUMMARY
CONTAMINATION CONTROL ZONE

MAY, 1990

SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

DAY

- NUMBER

. OF
SMEARS

20

20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20

20

20

20
20
20

——————— RANGE-—~-~-~-
\

1,000 74,000
<1, 000 62,000
<1,000 57,000
<1,000 64,000
<1,000 3,300,000
<1,000 630,000
1,300 5,700,000
<1,000 4,200,000
<1,000 4,200,000
1,100 1,500,000
<1,000 46,000
<1,000 340,000
<1,000 200,000
1,300 520,000

- <1,000 210,000
<1,000 250,000
<1,000 120,000
<1, 000 71,000
<1,000 440,000
<1,000 250,000
<1,000 220,000
<1,000 -160,000

AVG MEDIAN.

MEDIAN

8,000
3,200
8,200
8,900
24,600
17,300
32,400

12,600 :
6,800
54,400

34,500
34,000
11,300
15,200
31,600
16,500
28,000

. 27,000

17,600
19,400

4,900
34,800

20,500



SMEAR SUMMARY
CONTAMINATION CONTROL ZONE
o JUNE, 1990

SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM) |
| . = |

. DAY NUMBER = = — ——=---- RANGE=—~=———= MEDIAN |
: ' OF - . : ' '
o SMEARS -
| |
; 1 20 . <1,000 70,000 3,900
; 4 ‘20 "~ <1,000 98,000 18,000
- 5 20 <1,000 110,000 6,100
6 20 PLASTIC <1,000 71,000 2,500
7 ' 20 PLASTIC <1,000 17,000 900
8 20 PLASTIC  <1,000 170,000 4,100
11 o MELT CLEANUP IN PROGRESS
12 0 MELT CLEANUP IN PROGRESS
; 13 .0 : MELT CLEANUP IN PROGRESS
14 0 - MELT CLEANUP IN PROGRESS
15 0 MELT CLEANUP IN PROGRESS
8 0 ' MELT CLEANUP IN PROGRESS
19 20 - <1,000 200,000 24,000
20 20 <1,000 900,000 55,000
21 20 MINI CLEANUP IN PROGRESS
22 20 <1,000 420,000 48,000
25 20, <1,000 670,000 51,000
26 20 <1,000 210,000 44,000
27 . 20 ’ <1,000 370,000 - 56,000
28 20 <1,000 85,000 3,000
29 20 <1,000 89,000 10,000

'AVG MEDIAN 23,300



. SMEAR SUMMARY |
CONTAMINATION CONTROL ZONE
JULY, 1990

-~ SMEAR ACTIVITY RANGE AND_MEDIAN (DPM/100 SQ CM)

DAY NUMBER it RANGE=~===~== MEDIAN
SMEARS

2 20 _ <1,000 540,000 30,000

3 20 <1,000 220,000 12,000

4 0 : HOLIDAY '

5 20 <1,000 82,000, 24,000

6 0 MINI CLEANUP IN PROGRESS

9 20 : <1,000 - 96,000 10,000
10 20 <1,000 790,000 41,000
11 20 <1,000 180,000 4,900
12 0 "MINI CLEANUP IN PROGRESS
13 20 <1,000 540,000 39,000
16 20 <1,000 690,000 34,000
17 20 o <1,000 340,000 - 30,000
18 20 <1,000 480,000 22,000
19 20 . <1,000 370,000 24,000
20 20 - <1,000 140,000 19,000
23 ' 20 <1,000 70,000 7,700
24 20 .<1,000 360,000 20,000
25 20 <1,000 740,000 - 27,000
26 20 <1,000 580,000 19,000 .
27 20 .+ <1,000 670,000 23,000
30 20 ' <1,000 1,300,000 58,000
31 20 <1,000 110,000 10,000

-AVG MEDIAN 23,900




SMEAR SUMMARY
CONTAMINATION CONTROL ZONE
AUGUST, 1990

. SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

- DAY

NUMBER

_ OF,
SMEARS

20
20
0
0
120
20
20
20
20
20
20
20
20

20

20

20
20 .

20
20
20

0 .

20
20

——————— RANGE~-==<=m==
 <1,000 97,000
<1,000 45,000

MEDIAN

9,800
20,000

MINI CLEANUP IN PROGRESS
MINI CLEANUP IN PROGRESS

<1,000 190,000 = -.8,600
<1,000 130,000 9,400
<1,000 © 41,000 14,000 .
<1,000 54,000 9,700
<1,000 230,000 16,000
<1,000 1,200,000 29,000
~ 1,400 . 15,000 6,700
<1,000 37,000 4,400
<1,000 26,000 3,000
<1,000 49,000 5,900
<1,000 23,000 5,300
<1,000 66,000 6,300
<1,000 110,000 5,900
<1,000 24,000 4,100
<1,000 26,000 5,000
<1,000 94,000 5,800
" MINI CLEANUP IN PROGRESS

<1,000 78,000 9,900
<1,000 25,000 5,700
AVG MEDIAN 9,200



DAY

NUMBER
OF
SMEARS

0]
20

20

20

20

20
20
20
20

20

20
. 20
20
20
20
20

20

20
20
20

' SMEAR SUMMAR
CONTAMINATION CONT
SEPTEMBER, 19

------- RANGE==-—=~=~
HOLIDAY

<1,000 3,000,000
1,100 410,000
<1,000 550,000
<1,000 38,000

<1,000 67,000 -
<1,000 400,000
1 <1,000 78,000
<1,000 75,000
1,100 100,000
<1,000 14,000
<1,000 81,000
<1,000 350,000

<1,000 180,000
<1,000 160,000
<1,000 63,000
<1,000 60,000
<1,000 90,000
<1,000 61,000
<1,000 67,000
AVG MEDIAN

Y
ROL ZONE
90

- SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

MEDIAN

25,000

45,000

57,000
5,800
19,000
37,000
13,000
2,000
6,400
5,700
5,100

18,000
7,400

. 7,400

. 15,000

12,000
13,000
11,000

7,100

16,400




SMEAR SUMMARY o
CONTAMINATION CONTROL ZONE
OCTOBER, .1990

' SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 .SQ CM)

DAY

NUMBER

OF
SMEARS

20
20

20 -
20

20
20
20

0
20
20
20
20

20

20
20
20

20,

20
20
20
20
20
20

-—===~=RANGE~—=—-=~ - - MEDIAN
1,800 70,000 13,000
<1,000 27,000 4,400
<1,000 63,000 15,000
1,500 66,000 5,200
<1,000 30,000 7,200
<1,000 63,000 . 9,800
<1,000 75,000 11,000
MINI CLEANUP IN PROGRESS

1,700 62,000 17,000 .
<1,000 160,000 - 3,400
<1,000 110,000 21,000
 <1,000 100,000 20,000
<1,000 72,000 17,000
<1,000 23,000 8,200
<1,000 160,000 8,700
<1,000 44,000 16,000
<1,000 47,000 8,600
<1,000 47,000 14,000
<1,000 76,000 9,600
<1,000 42,000 9,600

<1,000 148,000 10,000 -
<1,000 140,000 12,000
<1,000 72,000 15,000
AVG MEDIAN 11,600



SMEAR SUMMARY
CONTAMINATION CONTROL ZONE
NOVEMBER, 1990

SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

DAY

NUMBER -
- OF

SMEARS

20

20
20
20
20
20
20
20

20

20
20
20

20
20

20
(4]
0

20°

20
20
20
20

------- RANGE==w—=~=u
<1,000 61,000
<1,000 75,000
<1,000 /51,000
<1,000 67,000
<1,000 28,000
<1,000 82,000
<1,000 96,000
<1,000 240,000
'<1,000 240,000

' <1,000 62,000
<1,000 160,000
<1,000 270,000
<1,000 160,000
<1,000 290,000
<1,000 230,000
HOLIDAY
HOLIDAY :

i} <1,000 48,000
<1,000 - 58,000
<1,000 - 26,000

© <1,000 61,000

<1,000 22,000
AVG MEDIAN

MEDIAN

22,000.

12,000

12,000
17,000

21,000
12,000

7,000
17,000
16,000
27,000
20,000

7,800
14,000
21,000

13,000

3,700

18,000
20,000

1,600
9,600

14,600




DAY

" NUMBER

OF

' SMEARS

20
20

- .20
20
20
20

20

20
20
20
20
20
20
20

20

0

0.

20
20
20
0

SMEAR SUMMARY
CONTAMINATION CONTROL ZONE
DECEMBER, 1990

'SMEAR ACTIVITY RANGE AND MEDIAN (DPM/100 SQ CM)

i

~~~—~=-RANGE—-~~~=—= 'MEDIAN
<1,000 85,000 - 7,900
<1,000 93,000 6,800

. <1,000 ' 93,000 21,000
<1,000 82,000 12,000
<1,000 260,000 8,300
<1,000 29,000 7,600
<1,000 70,000 12,000 -
<1,000 200,000 24,000
<1,000 63,000 32,000
<1,000 66,000 27,000
<1,000 170,000 23,000
<1,000 160,000 29,000
<1,000 . 150,000 25,000
<1,000 150,000 22,000
<1,000 53,000 5,200
SMEAR SURVEY MISSED f
" HOLIDAY .
<1,000 28,000 8,200 !
<1,000 31,000 14,000
<1,000 22,000 15,000

MINI CLEANUP IN PROGRESS

AVG MEDIAN 16,700




. APPENDIX B

NEUTRON PRODUCTS, INC.

 WHOLE BODY DOSE SUMMARY

1990




WBODDOS.WKS--NPI WHOLE BODY DOSE ANALYSIS
EXCLUDES PEOPLE WITH DOSES LESS THAN 0.1 REM/Y
. EXCEPT FOR LEGUELLEC

BOGE VENDOR BADGE NUMBER

NAME WORKER‘S LAST NAME

INIT WORKER’S INITIALS

D90 - 1990 WHOLE BODY DOSE (REM)

DL1290 LIFETIME WHOLE BODY DOSE THROUGH 12/90 (REM)

PAD 1290 PERMISSIBLE ACCUMULATED DOSE AS OF 12/90 (REM)
AVi290 DOSE AVERAGED OVER YEARS GREATER THAN 1B (REM/YEAR)
RTOTAL RUNNING TOTAL 1990 WHOLE BODY DOSE (REM) '

SORT BY DECREASING LIFETIME DOSE

BDGE NAME - INIT - D90 DL1290 PAD1290 AV1290  RTOTAL
1 ) 7.40  100.29 125 4.0 7.40
2 . B.78 90.75 145 3.1 16.18
18 . 5.62 52.06 140 1.9 21.80
17 5.33 28.44 220 0.6 27.13
. 453 2.85 25.66 45 2.9 29.97
25 ] 0.56 24.55 200 0.6 30.53
280 5.30 19.85 125 0.8 35.82
76 1.69 9.1 155 0.6 37.52
370 7.84 18.97 250 0.4 45.36
215 7.73 15.63 70 1.1 53.09
373 6.12 14.29 | 205 0.3 59.21
434 7.36 11.76 75 0.8 66.57
236 1.37 11.50 170 0.3 67.94
275 0.80 10.23 85 0.6 68.74
26 2.39 9.05 185 0.2 71.13
429 . 5.60 7.27 55 0.7 76.73
308 1.05 6.86 65 0.5 77.78
340 2.17 6.21 105 0.3 79.95
337 : 4.94 5.89 NBD ERR 84.89
241 3.03 5.76 75 0.4 ~87.92
262 D.06 5.36 55 0.5 87.98
80 3.52 5.06 85 0.3 91.50
270 - 2.28 4,66 60 0.4 93.78
405 1.08  4.06 - 80 - 0.3 94.86
433 3.25 3.47 35 0.5 98.12
w37 0.12 - 2.39 165 0.1 98.24
399 1.33 . 2.38 50 0.2 99.57
470 2.32 2.3 10 1.2 101.89
237 0.75 2.27 80 0.1 102.64
264 0.59 2.06 60 0.2 103.23
456 2.03 2.03 25 0.6 105.26
437 - 1.69 1.69 60 0.1 106.94
455 -1.37 1.37 20 0.3 108.31
93 0.22 1.05 140 0.0 108.53
359 0.15 0.96 . 55 0.1 108.68
449 0.93 0.94 5 0.9 109.61
460 0.90 0.90 15 0.3 110.50
461 0.83 0.83 10 0.4 111.33
450 0.77 0.81 25 0.2 112.10
451 0.40 0.80 -~ 25 0.2 112.49
418 0.58 0.73 80 0.0 113.07
222 0.15 0.72° 75 0.0 113.22
252 0.51 0.63 155 0.0 113.73
47 0.24 0.51 - 70 0.0 113.97
278 0.21 0.36 175 0.0 114.18
458 0.34 0.34 65 0.0 114,52
0.1 0.1 85 0.0 114.63

468
SUM 114.63 532.91



WBODDOS.WKS--NP1 WHOLE BODY DOSE ANALYSIS
EXCLUDES PEOPLE WITH DOSES LESS THAN 0.1 REM/Y
EXCEPT FOR LEGUELLEC

'BDGE VENDOR BADGE HUMBER

NAME - WORKER'S LAST NAME
INIT WORKER'S INITIALS
090 1990 WHOLE BODY DOSE (REM)

" pL1290 LIFETIME WHOLE BODY DOSE THROUGH 12/90 (REM)
PAD1290 PERMISSIBLE ACCUMULATED DOSE AS OF 12/90 (REM)
AV1290 - DOSE AVERAGED OVER YEARS GREATER THAN 18 (REM/YEAR)
RTOTAL ~  RUNNING TOTAL 1990 WHOLE BODY DOSE (REM)

.

SORT BY DECREASING 1990 DOSE

DLI290 PAD1290  AV1290

BOGE NAME INIT 090
2 - : 8.78  90.75 1%5 . 3.1
370 i 7.84 18.97 250 0.4
. 215 7.73 15.63 -~ 70 1.1
1 7.40 100.29 125 4.0
434 7.36 11.76 75 0.8
3 6.12 14.29 205 0.3
18 5.62 52.06 140 - 1.9
429 5.60 7.27 55 0.7
17 5.33 28.44 220 0.6
280 5.30 19.85 125 0.8
337 4.94 5.89 NBD ERR
80 3.52 5.06 85 0.3
433 3.25 3.47 35 0.5
241 3.03 5.76 7S 0.4
. 453 2.85 25.66 45 2.9
26 2.39 9.05 185 0.2
470 2.32 2.32 10 1.2
- 270 2.28 4.66 60 0.4
340 2.17° 6.2t 105 0.3
456 2.03 2.03 25 0.4
74 1.69 19.11 155 0.6
437 1.69 1.69 - 60 0.1
236 1.37 11.50- 170 0.3
455 1.37 1.37 20 0.3
399 1.33 2.38 50 0.2
405 1.08 4.06 80 0.3
308 1.05 6.86 65 0.5
449 0.93 0.94 5 0.9
460 0.90 0.90 15 0.3
461 0.83 0.83 10 0.4
275 0.80 10.23 85 0.6
450 0.77 0.81 25 0.2
237 0.75 2.27 80 0.1
264 0.59 2.06 60 0.2
418 0.58 0.73 80 0.0
25 0.56  24.55 200 0.6
252 0.51 0.63 155 0.0
451 D.40 0.80 25 0.2
458 0.34 0.34 65 0.0
427 0.24 0.51 - 70 0.0
- 93 0.22 1.05 140 0.0
298 0.21 0.36 175 0.0
222 0.15 - 0.72" 75 0.0
359 0.15 0.9 55 0.1
457 0.12 2.39 165 0.1
468 0.1 0.11 85 0.0
262 0.06 5.36 55 0.5

SUM 114.63 532.91

RTOTAL
8.78
16.62
24.35
31.75
39.11
45.23
50.85
56.46
61.78
67.08

72.02 -

75.54
78.79
81.82
84.66

B7.05

189.37
91.65
93.82
95.85
97.55
99.23

100.61

101.98

103.30

104.39
105.44
106.37
107.26
108.09
108.89
109.65
110.40
110.99
111.57
112.13
112.64
113.04
113.38

113.62
113.84

114.04
114.19
114.34
114.46
114.57
114.63



WBODDOS.WKS--NPI WHOLE BODY DOSE ANALYSIS
EXCLUDES PEOPLE WITH DOSES LESS THAN 0.1 REM/Y
EXCEPT FOR LEGUELLEC

B80GE © VENDOR BADGE RUMBER

NAME WORKER’S LAST NAME

INIT WORKER’S INITIALS .
D90 1990 WHOLE BODY DOSE (REM)

DL1290 LIFETIME WHOLE BODY DOSE THROUGH 12/90 (REM)
PAD1290 PERMISSIBLE ACCUMULATED DOSE AS OF 12/90 (REM)
AV1290 DOSE AVERAGED OVER YEARS GREATER THAN 18 (REM/YEAR)
RTOTAL RUNNING TOTAL 1990 WHOLE BODY DOSE (REM)

" SORT BY DECREASING DOSE AVERAGED OVER YEARS GREATER THAN 18

. BOGE NAME wir D90 DL1290 PAD1290  AV1290
1 - . 7.40 100.29 125 4.0
2 8.78  90.75 145 3.1
453 : 2.85 25.66 45 2.9
18 : 5.62  52.06. 140 1.9
" 470 ' : ' T2.32 2.32 10 1.2
,215 7.73  15.63 70 1.1
449 0.93 ' 0.9% 5 0.9
280 - 5.30  19.85 125 0.
434 7.36  11.76 75 0.
429 . 5.60  7.27 55 0.
17 5.33  28.44 220 0.
74 1.69  19.1 155 0.
. 25 . 0.56 26,55 200 0.
275 0.80  10.23 85 0.
308 1.05  6.86 65 0.
433 3.5 3.47 35 0.
e 0.06  5.36 55 0.
461 0.83  0.83 10 0.
456 2.03  2.03 5 0.
270 - 2.28 .66 60 0
241 3.03  5.76 75 0.
370 7.8, 18.97 250 0
373 6.12 « 14.29 205 0
455 .37 1.37 20, 0.
236 137 11.50 170 0
460 0.90  0.90 15 0.
80 3.52 5.06 85 0.
340 217 6.2 105 0
405 1.08  4.06 80 0
26 2.39  9.05 185 0.
399 1.33 . 2.38 50 0.
264 0.59  2.06° 60 0.
450 0.77  0.81 b1 0.
451 0.40  0.80 25 0.
237 0.75  2.27 80 0.
437 1.69  1.69 60 0.
359 0.15 0.9 55 0.
457 0.12 . 2.39 165 0.
222 0.15  0.72 75 0.
418 . 0.58  0.73 -~ 80 0.
93 0.22 1.05 140 0
827 0.24° ° 0.51 700 0
458 0.34 0.3 65 0
252 0.51 0.63 155 0
. 298 0.21 0.36 175 0
468 0.1 0.11 85 0
337 4.9  5.89 NBD ER

SUM 114.63 532.91

......
D OO OO OO O Tt Bt NNNMNNANNANNNATN R TR SN ~ oo

RTOTAL
7.40
16.18
19.02
24.65
26.97

- 35.63

40,92
48.28
53.89
59.21
60.90
61.46
62.25
63.31

56.56, .

67.45
-69.48
71.76
74.79
82.63

90.12

91.49

92.39

95.91

98.09

99.17
101.55
102.88
103.47
104.24
104.64
105.39
107.07
107.22
107.34
107.49
108.07
108.29
108.52
108.86
109.38
109.59
109.70
114.63
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NP1 MONTHLY RSO REPORT

MONTH f~ YEAR

. SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

ITEM

HOT CELL VENTILATION SYSTEM

VENTILATION SYSTEM OPERABILITY
PRIMARY HEPA DP (IN) '
SECONDARY HEPA DP (IN)

OLD EFFLUENT SAMPLING SYSTEM OPERABILITY
NEW EFFLUENT SAMPLING SYSTEM OPERABILITY

MAX EFFLUENT CONCENTRATION (UCI/CC)
OLD SYSTEM _2_ DAILY SAMPLES
NEW SYSTEM _O DAILY SAMPLES

OLD SYSTEM
NEW SYSTEM
FILTER RADIATION MONITOR (MR/HR)

WEEKLY SAMPLES

WEEKLY SAMPLES

FILTER RADIATION MONITOR OPERABILITY

FILTER ROOM DOOR EXPOSURE RATE (MR/HR)

LAST PREFILTER CHANGE DATE.
LAST PRIMARY HEPA CHANGE DATE
LAST SECONDARY HEPA CHANGE DATE

HOT CELL INTERLOCK‘SYSfEM

RADIATION MONITOR (CELL EMPTY) (MR/HR)

RADIATION MONITOR OPERABILITY
RADIATION MONITOR INTER.ODCK SETPOINT (HR/HR)
INTERLOCK SYSTEM OPERABILITY.

MAIN POOL

- ACTIVITY (UCl/CC)

CONDUCTIVITY (umho/cm) .

NORTH CANAL -

ACTIVITY (UCI/CC)
CONDUCTIVITY (umho/cm)

SOUTH CANAL

" ACTIVITY (UCI/CC)

CONDUCTIVITY (umho/cm)

WORKER EXTERNAL DOSIMETRY PROGRAM

NO OF PERSONS >0.5 REM/MO

MAN-REM IN MONTH

(MO:

— YR:

WHOLE BODY COUNTING PROGRAM (MO:— YR:~ )

NO PERSONS COUNTED
NO PERSONS >5% MPLB

LSE-3 FLBE-3f 3 4

LAA AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES

NO OF SAMPLES FROM CELL OR CCZ
~ NO OF SAMPLES >3E-10 ucl/cC.
MAX SAMPLE (UCI/CC)

)

STATUS

/so v Fo

2.06-4 >4 SE-y

[0-30

10E=3 ¥ 1,0E
’, ¥ 70

i H

ol

vy

RRe

-0

9o

-y

NORMAL

[ N =]
NN
oowvuno

<1E-11
<1E-11
<1E-12
<1E-12

<2000

40-50

200-400
0
600-800
0

<3E-4
<100

<3E-k
<100

<3E-4
<100

20
10

<3E-10

.
Vi

INVESTiGATION
LEVEL

NO
<0.25, >1.5
<0.25, >1.5

NO

NO

>3E-11
>3E-11
>3E-11
>3E-11
<4000
NO
>60

. <100,
NO
>800
NO

>600

>3E-4
>100

>3E-4
>100

>3E-4
>100

>0
>5

>0

<20
<10
>0

>9E 10

HHTTT T

NOTE

b

N

i

M

-



#/9.
BARE COBALY CAMPAIGNS

DATES: ___ To - CURIES HANDLED:

DATES: . T0 " CURIES HANDLED:
DATES: T0 CURIES HANDLED:

- MINI-CLEANUPS _

DATES: ﬁ?a// 70 96/;' MAN-REM: /- /
DATES: 0 MAN -REM:
_ DATES: T0 MAN-REM:

MELT CAMPAIGNS

DATES:__ . TO CURIES MELTED: - NUMBER OF MELTS:

MELT CLEANUPS -

DATES:. — To MAN-REM:

OTHER OPERATIONS NOT NOTED ABOVE

EXPLANATORY NOTES

1. OPERABILITY STATUS "0" INDICATES [TEM WAS OPERABLE THROUGHOUT REPORTING PERIOD. "NO" INDICATES lNOPERABLE’be AT
LEAST PART OF THE MONTH, AS EXPLAINED IN ACTION NOTE. C

CALIBRATION OR TEST STATUS. #-"-MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD. A “C" OR
“T" INDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN "L" OR "F" INDICATES LATE OR FAILED
CALIBKATiUN OR TEST, AS EXPLAINED [N ACTION NOTE. ’

LEAKAGE STATUS "-# INDICATES NO LEAK TEST REQUIRED OR PERFORMED IN PERIOD. A "T® INblCATES LEAK TEST PASSED =
SUCCESSFULLY OR CONTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE.

" INVESTIGATION LEVEL IS THE LEVEL AT WHICH ADDiTIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE. THIS LEVEL 1S Is
SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY REGULATION, LICENSE .
CONDITION, ETC. THE INTENT IS TO DRAW MANAGEMENT ATTENT[ON TO CHANGES IN STATUS BEFORE REGULATORY LIMITS ARE |~
EXCEEDED. THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT.

ok e

: ‘/. | See CHP evGiichon /cfcr‘f‘

s Z)r//""-/ leve (s .S/oAJ/ylW(’J ,

‘eeceed SUO w,«/)/ > Wmdvzu-fl /0 "-"—"A-—‘/A/I&
é &, Not™ /AV235¢%741&—‘( - !



ITEM

PERSONAL CONTAMINATION MONITOR'

OPERABILITY )

MAINTENANCE DURING MONTH

BACKGROUND RADIATION LEVEL (UR/HR)

DETECTOR BACKGROUND RANGE (CPS)

BACKUP MONITOR OPERABILITY

NO OF PERSONAL CONTAMINATION EVENTS >50K DPM

NO OF PERSONAL CONTAMINATION EVENTS >22K <50K DPM
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DPM
NO OF PERSONAL CONTAMINATION EVENTS >5K <10X DPM

LIQUID WASTE MANAGEMENT

VOLUME TO WSSC (RAL)"

C0-60 TD WSSC (C!) :

MAX CO-60° CONCENTRATION (UCI/CC)
AVG CO-60 CONC (UCl/CC).

CO-60 SOLID WASTE MANAGEMZNT .

WASTE SHIPMENTS (CU FT)-
WASTE SHIPMENTS (CI)

LAA CONTAMINATION LEVELS (SEE SUMMARY SHEETS)

NO OF WORK ZONE SMEARS (DAILIES ONLY)
% OF WORK ZONE SMEARS >1,000 DPM/100 SQ CM
X OF WORK ZONE SMEARS »3,000 DPM/100 SQ CM

" NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS

MAX OF 'CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)

CLEAN ROOM CONTAMINATION LEVELS'

NO OF SMEARS .
NO >440 DPM/100 SQ CM

PERIMETER THERMOLUMINESCENT DOSIMETERS (MO:___, YR:

MAX (NET MR/MO)

DRYPOND CONTAMINATION™

MAX EXPOSURE RATE (MR/HR)

ENVIRONMENTAL SURVEYS

NO OF PROPERTIES SURVEYED - . . .
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERIA

PERSONNEL TRAINING

NO OF SESSIONS

|

&
(T8}
\

SUBJECTS:

1o

NORMAL INVESTIGATION
0. NO
NONE ANY
<40 >50
2S-9565=00 | <30<58, >100
0o NO
0 >0
0 . >0
<3 >5
<10 >20
10,000-40,000 <10,000
<0.003 >0.005
<1E-4 >1E-4
<6E-5 >6E-5
>400 . <400
<10 >15
<1 >2
>400 <400
20,000-40,000 ’ >50,000
5,000-10,000 - >10, 000
>100 <100
0 >0
<40 >50
<0.5 © . 0.5
6 <4
0 >0
1 <

NOTE

ST

i

all

(™

b

gy



NP] MONTHLY RSO REPORT
MONTH _S~ YEAR
)

SEE NOTE 1 AT END FOR_EXPLANAT[ON OF STATUS NOTATION.

1TEM : , STATUS

- ' . L ) .
" HOT CELL VENTILATION SYSTEM

VENTILATION SYSTEM OPERABILITY g
PRIMARY HEPA DP (IN) - 77
SECONDARY HEPA DP (IN). 5
OLD EFFLUENT SAMPLING SYSTEM OPERABILITY - o
MEW EFFLUENT SAMPLING SYSTEN OPERABILITY 2]
MAX EFFLUENT CONCENTRATION (UCI/CC)

OLD SYSTEM _// DAILY SAMPLES . ' <S§,CE-12

NEW SYSTEM _ ) DAILY SAMPLES -

OLD SYSTEM WEEKLY SAMPLES v JoL-1¥

NEW SYSTEM WEEKLY SAMPLES <g.0€-13
FILTER RADIATION MONITOR (MR/HR) 4 >
FILTER RADIATION MONITOR OPERABILITY 07
FILTER ROOM DOOR EXPOSURE RATE. (MR/HR) : E
LAST PREFILTER C4ANGE TATE s/ (g0
LAST PRIMARY HEPA CHANGE DATE : r3lvr f
LAST SECONDARY HEPA CHANGE DATE 2/37/85

HOT CELL.INTERLDCK SYSTEM °

RADIATION MONITOR (CELL EMPTY) (MR/HR)
RADIATION MONITOR OPERABILITY . .

RADIATION MONITOR INTERLOCK SETPOINT (MR/HR)
INTERLOCK SYSTEM OPERALILITY

nmn PooL

ACTIVITY (uCl/cc) . _ el
CONDUCTIVITY (umho/cm) _ . , 7e-sv0

NORTH CANAL

ACTIVITY (uci/cc) 1.5F-4 Ns.0E-2

CONDUCTIVITY (umho/cm) o L )
SOUTH CANAL

ACTIVITY (UCI/CC) 1A P13V sE

CONDUCTIVITY (umho/cm) 70 -/0D
WORKER EXTERNAL oosmsm PROGRAM (tl m:__)

NO OF PERSONS >0.5 REM/MO ‘
MAN-REM IN MONTH : -

-

WHOLE BODY COUNTING PROGRAM (MO: —, YR:_ ") o
NO PERSONS COUNTED . g
NO PERSONS >5% MPLB

LAA AIR SAMPLES (ExtL SAMPLES FOR RESP PROT WORK)

'NO OF SAMPLES - /6
NO OF SAMPLES FROM CELL OR CCZ 7
NO OF SAMPLES >3E-10 UCI/CC : a

MAX SAMPLE (UCI/CC) ‘ r.2€-/o0

36 P SE3 .06 -3

NORMAL

. 200-400

0
600-800
0

<3E-4 -

<100

s3E-'l.' o

<100

535-4
<100

20
10

<3E-10

" INVESTIGATION

LEVEL

"<100, >600
NO
>800
NO

>3E-4
>100

>3E-4
>100°

>3E-4
>100

>0
>5

.>0

<20
<10
>0
>QE-10

T T

NOTE

Ak

JE

[

o



1TEM

PERSONAL CONTAMINATION HONiTOR

OPERABILITY

MAINTENANCE DURING MONTH o

BACKGROUND RADIATION LEVEL (UR/HR)

DETECTOR BACKGROUND RANGE (CPS)

BACKUP MONITOR OPERABILITY . . - ,

HO OF PERSONAL CONTAMINATION EVENTS >SOK DPM

NO OF PERSONAL CONTAMINATION EVENTS >22K <SOK DPM
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DPM
NO OF PERSONAL CONTAMINATION EVENTS >5K <10K DPM

LIaulD “ASTE.MANAGEMENT

VOLUME TO WSSC (GAL) .

€0-60 TO WSSC (CIY

MAX CO-60 CONCENTRATION (UCX/CC)
AVG CO-60 CONC (UCI/CC)

CO-60 SOLID WASTE MANAGEMENT

WASTE SHIPMENTS (CU FT)~
WASTE SHIPMENTS.(Cl) ’

LAA CONTAMINATION LEVELS:(SEE éUMMARY SHEETS)

NO OF WORK ZONE SMEARS (DAILIES ONLY)

% OF WORK ZONE SMEARS >1,000 DPM/100 SQ CM

X OF WORK 20NE SMEARS >3,000 DPM/100 SQ CM

NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS

MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)

"* AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)

CLEAN ROOM CONTAMINATION LEVELS

PERIMETER THERMOLUMINESCENT DOSIMETERS (MO:

NO OF SHEARS

‘NO 7440 DPM/100 se CH

.+ YR

MAX (NET MR/NO).

DRYPOND CONTAMINATION

MAX EXPOSURE RATE (MR/HR)

" ENVIRONMENTAL SURVEYS

NO OF PROPERTIES SURVEYED
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERIA

" PERSONNEL TRAINING

'NO OF SESSIONS

SUBJECTS:

STATUS
LEVEL -

1§ 000

58
3HE=S
2EE-S

(00

o

s

/2t

o-§70.6

1

NORMAL

NONE

<40
35985 g5-00-

<3
<10

10,000-40, 000
<0.003
<1E-4
<4E-5

>400
<10
<1
>400
20,000-40,000
5,000-10,000

>100

<40

<0.5

[

INVESTIGATION

NO
ANY

<30 £5¥, >100
: No

>0

>0

.>S
>20

<10,000
>0.005
>1E-4
>6E-5

<400
>15
2
<400
>50,000
>10,000

<100
>0

>50

>0.5

NOTE

W HIK

1
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BARE COBALT CAMPAIGNS

DATES:____~— TO __~——_ _ CURIES HANDLED:

DATES: 10 CURIES HANDLED:
DATES: 10 CURIES HANDLED:
MINI-CLEANUPS
DATES: ~ TO __~_ _ MAN-REM:
_ DATES: 10 MAN-REM:
DATES: 10 ~ MAN-REM:

MELT CAMPAIGNS
DATES: S/20 10 S/3/  CURIES MELTED: NUMBER OF MELTS:

MELT CLEANUPS

D

ATES: 10 _— man-Rems 7 ¥

OTHER OPERATIONS NOT NOTED ABOVE

1.

Z

3

: ‘/ See C_I-Ho avalvafs an
|

EXPLANATORY NOTES

.

OPERABILITY STATUS Q" lNDlCATES ITEH WAS OPERABLE THROUGHOUT REPORTING PERICD.  "NO" INDICATES INOPERABLE FOR AT
LEAST PART OF THE MONTH, AsS EXPLAINED IN ACTION NOTE ' ‘

CALIBRATION OR TEST STATUS "-% MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPdRTlNG PERIOD. A “C® Oh a
“TH. INDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L" OR “F" INDICATES LATE OR’ FAILED
CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE. _ . : e
LEAKAGE STATUS %-n lNDICATES NO LEAK TEST RECUIRED OR PERFORMED IN PERICO. A “T" lNDlCATES LEAK TEST PASSED
SUCCESSFULLY OR CDNTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE. ] :

INVESTIGATION LEVEL !S THE LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE! THIS LEVEL IS IS"
SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY REGULATION, LICENSE
CONDITION, ETC. THE INTENT IS TO DRAW MANAGEMENT ATTENTION TO CHANGES IN STATUS BEFORE REGULATORY LlMITS ARE |
EXCEEDED. THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT.

AP IthSi-sty =10 afe Shi-shy  ppeetly caldrbow ookl Iifpen
reads w2 R/, at fb’“‘*“c. ms#uud- lctls normed ot Blrcr rogm  Foor
/“clf In /OrgerLSb IhucA oA PHon¢f‘

-

lc\/d-ed /aw./S a/'f'—r.w o 7‘/'4,.:749- )ﬂ et pagte +o C‘M/Suﬁ;é/‘

<
c. &'szlwuv"lbn-\ Jiﬂ /Wdé;qj fé*’&‘-q’ l

7, Mot smeshiate _ ' , » .

3. 5//7Lf tcrtage On /4?'; 3"(‘}" ’j M~+< . A/" /h-tj_{/'ld‘/“;-\ qo M(jar- -é%édﬂu,\



1TEM

PERSONAL CONTAMINATION MONITOR .

OPERABILITY .

MAINTENANCE DURING MON:H

BACKGROUND RADIATION LEVEL (UR/HR)

DETECTOR BACKGROUND RANGE (CPS)

BACKUP MONITOR OPERABILITY . :

NO OF PERSONAL CONTAMINATION EVENTS >SO0K DPM

NO OF PERSONAL CONTAMIMATION EVENTS >22K <50K DPM
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DPM
HO OF PERSONAL CONTAMINATION EVENTS >S5K <10K DPM

LIQUID WASTE MANAGEﬁENT

VOLUME TO WSSC (GAL) |

€0-60 7O WSSC (cCl)

MAX CO-60 CONCENTRATION (UCI/CC)
AVG CO-60 CONC (ucl/cc)

CO-60 SOLID WASTE MANAGEMENT

WASTE SHIPMENTS (CU FT)
WASTE SHIPMENTS (CI)'

LAA CONTAMINATION LEVELS (SEE SUMMARY SHEETS)

NO OF WORK ZONE SMEARS (DAILIES ONLY)

% OF WORK ZONE SMEARS >1,000 DPM/100 SQ CM

% OF WORK ZONE SMEARS >3,000 DPM/100 SQ CM

NO OF €CZ (EXCL WASTE & HOT ROOMS) SMEARS

MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 sa CM)

CLEAN ROOM CONTAH[NATION LEVELS °

NO OF SMEARS - .
N0 >440 DPM/100 SQ CM

PERIMETER THERMOLUMINESCENT DOSIMETERS (MO:___, YR:__ )

MAX (NET MR/MO)
.DRYPOND CONTAMINAT#ON :

MAX EXPOSURE RATE (MR/HR)
ENVIRONMENTAL SURVEYS

NO OF PROPERTIES SURVEYED - :
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERIA

PERSONNEL TRAINING

NO OF SESSIONS
SUBJECTS:

,/FZatacQ

I, 002
Z.0E&

1

;

I

Y

S— .

s

o3

K

NORMAL

NONE
<40

Fy= 96590
0

<3
<10

10,000-40,000
«<0.003
<1E-4
<6E-5

>400
<10
<1
>400
20,000-40,000
5,000-10,000

>100

<40

<0.5

INVESTIGATION -

NO
ANY
>50

<3050, »100

NO

>0

>0

>5
>20

<10,000
>0,005
>1E-4
>6E-S

<400
>15
>2
<400
>50,000
>10,000

>0.5

<4
>0

<1

NOTE

ahihll

i

T
1
'



NP1 MONTHLY RSO REPORT

MONTH & YEAR 2

SEE. NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

ITEM

HOT CELL VENTILATION SYSTEM

VENTILATION SYSTEM OPERABILITY
-PRIMARY HEPA DP (IN)
SECONDARY HEPA DP (IN) . : -
OLD EFFLUENT SAMPLING SYSTEM OPERABILITY .
NEW EFFLUENT SAMPLING SYSTEM OPERABILITY
MAX EFFLUENT -CONCENTRATION (UCI/CC)
OLD SYSTEM _/ DAILY SAMPLES
NEW SYSTEM _O_ DAILY SAMPLES
OLD SYSTEM _$_ WEEKLY SAMPLES
NEW SYSTEM & WEEKLY SAMPLES
FILTER RADIATION MONITOR (MR/HR)
FILTER RADIATION MONITOR OPERABILITY
FILTER ROOM DOOR EXPOSURE RATE (MR/HR)
LAST PREFILTER CHANGE DATE
LAST PRIMARY HEPA CHANGE DATE
LAST SECONDARY HEPA CHANGE DATE

HOT CELL INTERLOCK SYSTEM
RADIATION MONITOR (CELL EMPTY) (MR/HR)
" RADIATION MONITOR OPERABILITY .
KADIATION MONITOR INTERLOCK SETPOINT (MR/HR)
INTERLOCK SYSTEM OPERABILITY
MAIN POOL

~ACTIVITY (Ucl/cc)
CONDUCTIVITY (umho/cm)

NORTH CANAL

ACTIVITY (UCI/CC)
CONDUCTIVITY (umho/cm)

SOUTH CANAL

ACTlVlTY (UCI/CC)
: CONDUCTIVITY (tho/cm)

| WORKER EXTERNAL DOSIMETRY PROGRAM  (MO:__, YR:
i NO OF PERSONS >0.5 REM/MO
MAN-REM IN MONTH

WHOLE BODY COUNTING PROGRAM (MO: O , YR:_O)

NO PERSONS COUNTED
~ NO PERSONS >5% MPLB

LAA AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES

NO OF SAMPLES FROM CELL OR CCZ
NO OF SAMPLES >3E-10 UCI/CC -
MAX SAMPLE (ucl/cc) -

STATUS

oD

Wl

[

ANiE

NORMAL - INVESTIGATION
- LEVEL
o] NO
0.25-1.5 <0.25, >1.5
0.25-1.5 <0.25, >1.5
0 NO
0 NO
<1E-11 >3E-11
<1E-11 >3E-11
<1E-12° >3E-11
<1E-12 >3E-11
<2000 <4000
0 . NO
40-50 >60
200-400 " <100, >600
0 - NO
400-8B00C ~ © »800
0 . NO
<3E-4 >3E-4
- <100 >j00
i
<3E-4 C >3E-4
<100 >100
<3E-4 >BE-4
<100 >100
0 >0
<5 >5
0 >0
20 <20
10, <10
0 >0
. <36-10 >9E-10

NOTE

Ll

et

0

H

e

=
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BARE COBALT CAMPAIGNS '

DATES: -~ * TO .. CURIES HANDLED:_

DATES: . 10 _ CURIES HANDLED:

DATES:______ 1D " CURIES HANDLED:
MINI-CLEANUPS o ot
DATES: =" '10 _~" ' MAM-REM:

_DATES: 10 MAN-REM:

DATES: 0 - . MAN-REM:

MELT CAMPAIGNS

CDATES:__~ 10 __ " CURIES MELTED:__ NUMBER OF MELTS:

MELT CLEANUPS
" pates: £/ir - 10 L [if  vaN-Rem: «~ ZO

" OTHER OPERATIONS NOT NOTED ABOVE

EXPLANATORY NOTES

1, OPERABILITY STATUS MO" INDICATES I[TEM WAS OPERABLE THROUGHOUT REPORTING PERIOD. “NO™ INDICATES INOPERABLE FOR:AT

LEAST PART OF THE MONTH, AS EXPLAXNED IN ACTION NOTE.

:‘:I
"~ CALIBRATION OR TEST STATUS -7 MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD. A "C" OR

wT INDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L" OR “F" INDICATES LATE OR FAILED3

CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE.

LEAKAGE STATUS u-n INDICATES NO LEAK TEST REOUIRED OR PERFORMED IN PERIOD. A "I" INDICATES LEAK TEST PASSED
SUCCESSFULLY OR CONTIHUOUS LEAX TEST DEVICE 'INDICATES ACCEPTAELY LOW LEAKAGE.

' lNVESTlGATION LEVEL IS THE LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE. THIS LEVEL IS iS
. SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY REGULATION, LICENSE
-CONDITION, ETC. THE INTENT IS TO DRAW MANAGEMENT ATTENTION TO CHANGES IN STATUS BEFORE REGULATORY LIMlTS ARE

EXCEEDED. THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY. LIMIT.
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NPI MONTHLY RSO REPORT
MONTH __7 YEAR _92

SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

ITEM

HOT‘CEtL VENTILATION SYSTEM

VENTILATION SYSTEM OPERABILITY
PRIMARY HEPA DP (IN) :
SECONDARY HEPA DP (IN)

OLD EFFLUENT SAMPLING SYSTEM OPERABILITY
NEW EFFLUENT SAMPLING SYSTEM OPERABILITY

MAX EFFLUENT CONCENTRATION (UCI/CC)

OLD SYSTEM _Z- DAILY SAMPLES -

NEW SYSTEM _O_ DAILY SAMPLES

OLD SYSTEM _C WEEKLY SAMPLES

NEW SYSTEM _3_ WEEKLY SAMPLES
FILTER RADIATION MONITOR (MR/HR)
FILTER RADIATION MONITOR OPERABILITY

FILTER ROOM DOOR EXPOSURE RATE (MR/HR) .

LAST PREFILTER CHANGE DATE
LAST PRIMARY HEPA CHANGE DATE
LAST SECONDARY- HEPA CHANGE DATE

HOT CELL INTERLOCK SYSTEM

RADIATION MONITOR (CELL EMPTY) (MR/HR)
RADIATION MONITOR OPERABILITY -

~ RADIATION MONITOR INTERLOCK SETPOINT (MR/HR)

INTERLOCK SYSTEM OPERABILITY

MAIN POOL

. ACTIVITY (UC1/CC)
" CONDUCTIVITY (umho/cm)

NORTH CANAL

ACTIVITY (uGl/ce)
- CONDUCTIVITY (umho/cin)

SCUTH CANAL

ACTIVITY (uUCl/CC)
CONDUCTIVITY (umho/cm)

WORKER EXTERNAL DOSIMETRY PROGRAM  (MO:__, YR:__)

' NO OF PERSONS >0.5 REM/MO
MAN-REM IN MONTH

WHOLE BODY COUNTING PROGRAM (Mo:_?, YR:™)

NO PERSONS COUNTED
_HO PERSONS >5% MPLB

STATUS

0

21 ujo
ofal |-

N
b
™
&
[P

||'

2. ¥vE~[3
< 3oe-3
>16% 7.8
o? -+
359
] o .4&50‘1/0
o

~
EE
“

ol

TEAP 2£ 3L FE-Y
/00~/30

SE3VIERS CE Y
~f61FTZB

SE-Y +o TE -
/o2 =130

1\

[sf

LAA AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES

NO OF SAMPLES FROM CELL OR CCZ
NO OF SAMPLES >3E-10 UC1/CC
MAX SAMPLE (UC1/CC)

e

L
>
v
S

NORMAL

200-400

o
600-800
o]

<3E-4
<100

<3E-l
<100

<3E-4
<100

20
10

<3E-10

INVESTIGATION

LEVEL

NO
<0.25, >1.5
<0.25, >1.5

NO

NO

>3E-11
>3E-11
>3E-11
>3E-11
<4000
RO
>60

!
i
<100, >600

NO
>300
NO
]
!

>3E-4 .
>100

>3E-4
>100 .

>3E-4
>100

>0
>5

>0

<20

<10

>0 .
>%E-10

NOTE

|
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B
BARE COBALT CAMPAIGNS
DATES: ______ TO CURIES HANDLED:
DATES: T0 — CURIES HANDLED:
DATES: T0 CURIES HANDLED:
MINI-CLEANUPS
DATES:_J& " T0 7/6 MAN-REM: 1.8 . . ;
DATES:_7/car 10 _1Jjas  WAN-REM:_ OF& : ;
DATES: 70 MAN-REM:
MELT CAMPAIGNS _
DATES:_— t0 _~_ CURIES MELTED: ‘ NUMBER OF MELTS: T : ; |

MELT CLEANUPS

DATES: v+ T0 __~— MAN-REM:

OTHER OPERATIONS NOT NOTED ABOVE

1.

1
3.

¢

EXPLANATORY NOTES

OPERABILITY STATUS "0” INDICATES ITEM WAS OPERABLE THROUGHOUT REPORTING PERICD. “NO" INDICATES INOPERABLE FOR AT
LEAST PART OF THE MONTH, AS EXPLAINED IN ACTION NOTE.

CALIBRATION OR TEST STATUS “-# MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTINGVPERIOD. A "C! OR
“TW [NDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING HORTH. AN "L" OR "F" INDICATES LATE OR FAILED
CALIBKATION OR TEST, AS EXPLAINED IN ACTION NOTE. .

LEAKAGE STATUS "-# " INDICATES NO LEAK TEST REQUIRED OR PERFORMED IN PERIOD. A T INDICATES LEAK TEST PASSED
SUCCESSFULLY OR CONTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE.

INVESTIGATION LEVEL IS THE. LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTEHTION MAY BE APPROPRIATE. THIS LEVEL IS IS
SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY REGULATION, LICENSE
CONDITION, ETC. THE INTENT {S TO DRAW MANAGEMENT ATTENTXOH TO CHANGES IN STATUS BEFORE REGULATORY LINITS ARE
EXCEEDED. THE INVESTIGATXON LEVEL - SHOULD .NOT BE CONSIDERED A REGULATORY LIMIT.

S% 6/90 ,z/.p,-'f recd/
MNex Y% A MIJC-

Sbe C#p QUU/UG‘QL.! as

[A Brdenet o f‘-é{/(\ de/tfrona‘vo.\'

7. Boson cla,_.ja{ ‘

£ Combiised 1icreccs, ,/m“(

9 Max < (20 dpsfioo cn

10. &n.ﬂe/' ovft [/ weel Aoe ¥o Brecker 75»/,



1TEM

PERSONAL CONTAMINATION MUNITOR

 OPERABILITY . o
.. MAINTENANCE DURING MONTH
BACKGROUND RADIATION LEVEL (UR/HR)
DETECTOR BACKGROUND RANGE (CPS)
BACKUP MONITOR OPERABILITY
' NO OF PERSONAL CONTAMINATION EVENTS >SOK DPM
NO OF PERSONAL CONTAMINATION EVENTS >22K <50K DPM
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DPM
* NO OF PERSONAL CONTAMINATION EVENTS >5K <10K OPM

L1QUID WASTE MANAGEMENT

!
VOLUME TO WSSC (GAL)
€0-60 TO WSSC (CI)
MAX CO-60 CONCENTRATION (UCI/CC)
AVG CO-60 CONC (ucl/cC)

" £O-60 SGUID WASTE MANAGEMENT

WASTE SHIPMENTS (CU FT)
WASTE SHlPHENTS (CX)

LAA CONTAMINATION LEVELS (SEE SUMMARY SHEE*S)

NO OF WORK ZONE SMEARS (DAILIES ONLY)

% OF WORK ZONE SMEARS >1,000 DPM/100 SQ CM

% OF WORK ZCHE SMEARS 3,000 DPM/100 SQ CM

NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS

MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM) -
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)

CLEAN ROOM CONTAMINATION iEVELS

NO OF SMEARS
NO >440 DPH/100 SQ CM

PERIMETER THERMOLUHINESCENT DOSIMETERS (MO: —s YR:__

MAX (NET un/un)

DRYPOND contAniuAtxon B
MAX EXPOSURE RATE (MR/HR)

ENVIRONMENTAL SURVEYS

' ' NO OF PROPERTIES SURVEYED
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERXA

PERSONNEL TRAINING

NO OF SESSIONS .
SUBJECTS:____

o

20,000-40,000
5,000-10,000

"STATUS NORMAL
LEVEL ' :
-9 0
Woni€ . NONE
<38 <40
37-102- 38 F5 65200
A )
> 0
/ 0
/ <3
<10°
,000 10,000-40,000
0017 <0.003
RE-< <1E-4
</, % e-C <€E-5
—
e
4 400
20 <10
<1
' >400

(35 >100
0 0

_ <40

ﬂ/ﬁofb <0.5

6

0

INVEST,IGATION

ANY
>50
<3c <8, >100
NO
>0
>0
>5
>20

<10,000
>0.005
>1E-4
>6E-5

<400
>15
>2
<400
>50,000
>10,000

<100
>0

>50
>0.5

<4
>0

<1

NCTE

AL 2

[11F

[

SO SR A



" ITEM

'PERSONAL CONTAMINATION MONITOR

OPERABIL]ITY _

MAINTENANCE DURING MONTH _

BACKGROUND RADIATION LEVEL (UR/HR)

DETECTOR BACKGROUND RANGE (CPS)

BACKUP MONITOR OPERABILITY )

NO OF PERSONAL CONTAMINATION EVENTS >50K DPM

NO -OF PERSONAL CONTAMINATION EVENTS >22K <50K DPM
NO OF PERSONAL .CONTAMINATION EVENTS >10K <22K DPM
'HO OF PERSONAL CONTAMINATION EVENTS >5K <10K OPM

LIQUID WASTE MANAGEMENT = =

VOLUME TO WSSC (GAL)

_ £0-60 7O WsSC {(C1) .

" MAX CO-6G CONCENTRAT{ON (uciscc)
AVG CO-60 CONC (UCI/CC)

C0-60 SOLID WASTE MANAGEMENT

_ WASTE SHIPMENTS (CU FT)
" WASTE SHIPMENTS (CI)

LAA CONTAMINATION LEVELS kSEE SUMMARY SHEETS)

NO OF WORK ZONE SMEARS (DAILIES ONLY)
% OF WORK ZONE SMEARS >1,000 DPHM/100 S CM
% OF WORK ZONE SMEARS 3,000 DPM/100 SQ CM
. NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS
© HAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)
- AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 5Q CM)

CLEAN ROOM CONTAMINATION LEVELS :

i
NO OF SMEARS ‘
_ NO >440 DPM/100 SQ CH

YR

PERIMETER THERMOLUMINESCENT DOSIMETERS (MO:

MAX (NET MR/MD)

" DRYPOND-CbNTAHXNATlON

MAX EXPOSURE RATE (MR/HR)
ENVIRONMENTAL SURVEYS

NO OF PROPERTIES SURVEYED _
HO OF PROPERTIES WITH SPOTS EXCEEDING CRITERIA

PERSONNEL TRAINING

NO OF SESSIONS
SUBJECTS:

o

.3~

kY

7

NORMAL

0
" NONE
<40
3595690
N 0

0

0
<3

<10

10,000-40,000
<0.003
<1E-4
<6E-5

>400
<10
<1
>400
20,000-40,000
5,000-10,000

- >100
0

<40

<0.5

INVESTIGATION

NO
ANY
>50

<30 <69, >100

NO
>0
>0
>5
>20

<400
>5G,000
>10,000

<100
>0

>50
»0.5

<4
>0

<1

NOTE

i

e

IR C I T |



NPT MONTHLY RSO REPORT

MONTH _f YEAR _ 90

SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

~: 1TEN

HOT CELL VENTILATION SYSTEM-

VENTILATION SYSTEM OPERABILITY
. PRIMARY HEPA DP (IN) '
' SECONDARY HEPA DP (IN)
© OLD EFFLUENT SAMPLING SYSTEM OPERABXLITY

. NEW EFFLUENT SAMPLING SYSTEM OPERABILITY.

" MAX EFFLUENT CONCENTRATION (UCI/CC)
OLD SYSTEM _3 DAILY SAMPLES
NEW SYSTEM _o DAILY SAMPLES
OLD SYSTEM _55 WEEKLY SAMPLES
. NEW SYSTEM _S WEEKLY SAMPLES
~ FILTER RADIATION MONITOR (MR/HR)

- FILTER RADIATION MONITOR OPERABILITY.
FILTER ROOM DOOR EXPOSURE RATE (MR/HR)
LAST PREFILTER CHANGE DATE

' LAST PRIMARY HEPA CHANGE DATE
LAST SECONDARY HEPA CHANGE DATE

. HOT CELL INTERLOCK SYSTEM

RADIATION MONITOR (CELL EMPTY) (MR/HR)
RADIATION MONITOR OPERABILITY -

RADIATICH MONITOR INTERLOCK SETPOINT (MR/HR)

INTERLOCK SYSTEM OPERABILITY

MAIN POOL

ACTIVITY ¢UCI/CE)
* CONDUCTIVITY (umho/cm)

NORTH CANAL

ACTIVITY (UCI/CC)
CONDUCTIVITY (umho/cm)

SOUTH CANAL -

. ACTIVITY (uct/ec) -
CONDUCTIVITY (umho/cm)

WORKER EXTERNAL DOSIMETRY PROGRAM  (MO:
NO OF PERSONS >0.5 REM/MO

" MAN-REM IN MONTH

WHOLE BODY COUNTING PROGRAM (MO: — , YR

NO PERSONS COUNTED
NO PERSONS »5% MPLB

STATUS

it

Pl

3, 32

!
3

- 1SET3
<f.0E-(3

(BT

G0 Acse 3/3
7 B(G0.

757Xy

1~ .
R

LAA AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES

NO OF SAMPLES FROM CELL OR CCZ
NO OF SAMPLES >3E-10 ucl/cC
MAX SAMPLE (UCI/CC)

L XE-10

NORMAL

1.5

o
0.25-1
0.25-1.5
o
0

<1E-11
<1E-11
<1E-12
<1E-12
<2000
o)
40-50

200-400
0

600-800
)

<3E-4
<100

<3E-k
<100

<3E-4
<100

20
10

<3E-10

i
o
i
i

' i
INVESTIGATION
LEVEL )
|
!

Eo
<0.25, >1.5
<0. 25 >1.5

ho

>3E-114
>3E-11
»3E-11
>3E-11
<4000
NO
>60

<100, >600
NO
>800
NO

>3E-4
- >100

>3-4
>100

>3E-4
>100

>0
>5

>0

<20
<10
>0

>9E- 10

NOTE

ARRSEN R S

LA T A
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' BARE COBALT CAMPAIGNS

DATES: . T0 ' CURIES HANDLED:

DATES: 10 CURIES HANDLED:_ ‘ -
DATES: T0 — CURIES HANDLED:

MINI-CLEANUPS -

DATES: S’éb 10 S’/b  HAN-RER: f Cz—da/sﬁ
DATES:_J/29 10 __F/24 - MAN-REM: g
DATES: 10 MAN-REM: :

MELT CAMPAIGNS

DATES: ' .~ 10~ CURIES MELTED: ___ NUMBER OF MELTS:
MELT CLEANUPS '
SDATES: .= 10 __—_ - MAN-REM:

OTHER OPERATIONS NOT NOTED ABOVE

EXPLANATORY NOTES

4. OPERABILITY STATUS g INDICATES ITEM WAS OPERABLE THROUGHOUT REPORTING PERIDD. #NO" INDICATES INOPERABLE FOR AY
LEAST PART OF THE MON(H RS EXPLAINED lN ACTION NOTE

- CALIBRATION OR TEST SYATUS “-v MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD. A "C" OR
nyn INDICATES‘CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L®™ OR "F" INDICATES LATE OR FAILED
CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE. '

. LEAKAGE STATUS "- INDICATES NO LEAK TEST REQUIRED OR PERFORMED N PERIOD. A “T" INDICATES LEAK TEST PASSED
SUCCESSFULLY OR CONTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE. -

lNVESTIGATION LEVEL IS THE LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE. THIS LEVEL IS IS
SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY REGULATION, LICENSE-
CONDITION, ETC. THE INTENT IS TO DRAW MANAGEMENT ATTENTION TO CHANGES IN STATUS BEFORE REGULATORY LlMlTS ARE
[EXCEEDED. THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT.

Z MQ—X < 7% osL ;‘\J% . .
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7. /ﬂax r:-/cd-ed SCArS 1, oo Ld .s/ o d/\-v-//w e . A oters <=/Seoev.




NP1 MONTHLY RSO REPORT
ONTH .

. . | Mo 9. YEm

SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

ITEM . o STATUS ) NORMAL INVESTIGATION NOTE
o . . LEVEL

HOT CELL ‘JENTILATIvON SYSTEM

'VENTILATION SYSTEM OPERABILITY C S0

0 NO
PRIMARY HEPA DP (IN) d‘z 0.25-1.5 <0.25, >1.5
SECONDARY HEPA DP (IN) oS 0.25-1.5 <0.25, >1.5
OLD EFFLUENT SAMPLING SYSTEM OPERABILITY ] o NO
NEW EFFLUENT SAMPLING SYSTEM OPERABILITY [<] 0 NO
MAX EFFLUENT CONCENTRATION (UCI/CC)
OLD SYSTEM a DAILY SAMPLES - <AE-11 >3E-11
NEW SYSTEM DAILY SAMPLES o = <1E-11 >3E-11
OLD SYSTEM }_ WEEKLY SAMPLES TAE¥ <1E-12 _ >3E-11
NEW SYSTEM _3_ WEEKLY SAMPLES : _ <F0E-/3 <1E-12 >3E-11
FILTER RADIATION MONITOR (MR/HR). : 3~z <2000 <4000 ~
FILTER RADIATION MONITOR OPERABILITY . _° 0 NO
FILTER ROOM DOOR EXPOSURE RATE (MR/HR) - 33 40-50 >60
LAST PREFILTER CHANGE LATE _ 450 ‘ —
LAST PRIMARY HEPA CHANGE DATE E 773/50
LAST SECONDARY HEPA CHANGE DATE - : 1 %5744
HOT CELL INTERLOCK SYSTEM
RADIATION MONITOR (CELL EMPTY) (MR/HR) _ 200-400 . <100, >600 3
RADIATION MONITOR OPERABILITY - : 0 NO 3
RADIATION MONITOR INTEHLOCK SETPOINT (MR/HR) : - 600-800 >800 3
INTERLOCK SYSTEM OPERALILITY = 0 NO 3
MAIN POOL ‘
ACTIVITY (uil/ccy . - ) l1,0e-311.7€3¢ 1E-3 <3E-4 >3E-4 ot
CONDUCTIVITY (umho/cm) 35 L Fe <100 >100 E
NORTH CANAL
ACTIVITY (UC1/CC) : ~ 754265 <3E-4 >3E-4
CONDUCTIVITY (umho/em) ) _ <100 . >100
SOUTH CANAL 4 -
ACTIVITY (UCI/CC) , ' SEAPIE2d1E-2 <3E-4 “ >3-4 Ay
CONDUCTIVITY (umho/cm) ‘ 130 % 5o <100 >100 LT
WORKER EXTERWAL DOSIMETRY PROGRAM  (MO:__, YR:__) R
. } : . ’ ) P
NO OF PERSONS 0.5 REM/MO - - : 0. A >0 3: i
MAN-REM IN MONTH ' L = < 5 5
WHOLE BODY COUNTING PROGRAM (Mo:_ =" YRz ) I L
. o L
NO PERSONS COUNTED | . : : g : j o
NO PERSONS >S5% MPLB o 0 >0 P
LAA AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK) ‘
NO OF SAMPLES . zz . 20 - <20
NO OF SAMPLES FROM CELL OR CCZ . .74 : 10 , 1<10
NO OF SAMPLES >3E-10 UCI/CC : 7 0 - [ >0

I

" MAX SAMPLE (LIC1/CC) - Lqe-r0 . <3E-10 39g-10



‘7/}6

ITER - : S ' _ STATUS NORMAL (IHVESTIGATION NOTE
' LEVEL

_ PERSONAL CONTAMINATION MONITOR

OPERABILITY a 0 ND
MAINTENANCE DURING MONTH e; NOKE ANY
BACKGROUND RADIATION LEVEL (UR/HR) pit o] <40 >50
DETECTOR BACKGROUND RANGE (CPS) 28-%L IEH5 4590 <3¢ #3037 >100
GACKUP MONITOR GPERABILITY - : g ' o . NO
. NO OF PERSONAL CONTAMINATION EVENTS >SOK DPM ‘ o 0 >0
* NO OF PERSONAL CONTAMINATION EVENTS >22K <50K DPM o 0 >0
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DPM ) <3 - »5
NO OF PERSONAL CONTAMINATION EVENTS >5K <10K DPM — <10 - - >20 4
LIQUID WASTE MANAGEMENT
VOLUME TO WSSC (GAL) oo /’9,4*70 10,000-40, 000 <10,000
€0-60 7O WSSC (CI) - T ¢1,a <0.003 >0.005 ¥
MAX CO-60 CONCENTRATION (UCI/CC) e?—sl <1E-4 >1E-4
AVG €0-60 CONC (UCI/CC) " thef—s: <6E-5 - >6E-5
© CO-60 SOLID WASTE MANAGEMENT
WASTE SHIPMENTS (CU FT) - -
WASTE SHIPMENTS (CI) -_
'LAA CONTAMINATION LEVELS (SEE SUMMARY SHEETS)
NO OF WORK ZONE SMEARS (DAILIES ONLY) 380 3400 <400 7
% OF WORK ZONE SMEARS >1,000 DPM/100 SQ CM 2 <10 >15 Z
% OF WORK ZONE SMEARS >3,000 DPM/100 SQ CM :::%: 1 >2 7
NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS 400 <400 3
MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SG CM) 20,000-40,000 >50,000 3
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM) 5,000- 10,000 >10,000 3
CLEAN ROOM CONTAMINATION LEVELS
NO OF SMEARS _ 1"y >100 <100 t
NO >440 DPM/100 $Q CM o 0 >0 -
PERIMETER THERMOLUMINESCENT DOSIMETERS (MO:__, YR:_ ) o
MAX (NET MR/MO) ' <40 >50 3
DRYPOND CONTAMINAT1ON S
. MAX EXPOSURE RATE (MR/HR) : 2,3-0.¢ . <0.5 >0.5 ST
ENVIRONMENTAL SURVEYS. } .
. 1 2
NO OF FROPERTIES SURVEYED 6 <4 2
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERIA 0 30 T
fERSONNEL TRAINING ' T
NO OF SESSIONS 5 1 <1 3

SUBJECTS: o i
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BARE COBALT CAMPAIGNS

DATES: _ T0 CURIES HANDLED:
DATES: T0 CURIES HANDLED:
" DATES:_ 10 . CURIES HANDLED:

MINI-CLEANUPS

DATES: _~— 10 ~ MAN-REM:
DATES: 10 MAN-REM:

DATES: T0 MAK-REM:

MELT CAMPAIGNS

pas g

DATES: T0 -: CURIES MELTED:_ NUMBER OF MELTS:

MELT CLEANUPS

—

"DATES: 0 __ = . MAN-REM:_

OTHER OPERATIONS NOT NOTED ABbVE

EXPLANATORY NOTES

1. DPERABILITY STATUS "™ lNDICATES ITEM WAS OPERABLE THROUGHOUT REPORTING PERIoo NOW INDICATES INOPERABLE FOR AT
LEAST PART OF THE MONTH, AS EXPLAINED IN ACTION NOTE. o

CALIBRATION OR TEST STATUS “-" MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD. A "C" OR '
“Y" INDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L" OR “F" INDICATES LATE OR FAILED '!
CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE. o

t
"LEAKAGE STATUS “-" INDICATES NO LEAK TEST REQUIRED OR PERFORMED IN PERIOD. A “T¥ INDICATES LEAK TEST PASSED ?
SUCCESSFULLY ORICONTKNUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOH LEAKAGE . : |

H ; :
!

INVESTIGATION LEVEL IS THE LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE' THIS LEVEL IS IS

1

SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY:REGULATION LICENS
CONDITION, ETC. 'THE INTENT IS TO DRAW MANAGEMENT ATTENT!ON TO CHANGES IN STATUS BEFORE REGULATORY LlMlTS ARE .
EXCEEDED. THE INVESTRGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT.

(2. Max < F7. ade

3. Sec cul emlvetron v ' o ) -
4 40}.&/&‘-* vaicr‘&'ddcv‘-r P '140»\ CC// reésdSon 74(‘ Co'n4uc7‘7.‘/r¢y ‘desl) me —et— bwdw..\,
ST Contrived '77"“~4f ' o v
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1TEM

PERSONAL CONTAMINATION MONITOR

OPERABILITY

MAINTENANCE DURING MONTH . -

BACKGROUND RADIATION LEVEL (UR/HR)

DETECTOR BACKGRCUND RANGE (CPS)

BACKUP MONITOR OPERABILITY . .

NO OF PERSONAL CONTAMINATION EVENTS >50K DPM

NO OF PERSONAL CONTAMIMNATION EVENTS >22K <50K DPM
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DPM
NO OF PERSONAL CONTAMINATION EVENTS >5K <10K .DPM

LIQUID WASTE MANAGEMENT

VOLUME TO WSSC (GAL)

€0-40 TO WSSC (Cl) .

MAX C€O-60 CONCENTRATION (UCI/CC)
AVG CO-60 CONC (UCI/CC)

CO-60 SOLID WASTE MANAGEMENT

WASTE SHIPMENTS (CU FT)
WASTE SHIPMENTS (CI)

LAA CONTAMINATION LEVELS (SEE SUMMARY SHEETS)

NO OF WORK ZONE SMEARS (DAILIES ONLY)

% OF WORK ZONE SMEARS >1,000 DPM/100 S0 CM

% OF WORK ZONE SMEARS :-3,000 DPM/100 SQ CM

NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS

MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)

CLEAN ROOM CONTAMINATION LEVELS

NO OF SMEARS ‘
NO >440 DPM/100 SQ CM

PERIMETER THERMOLUMINESCENT DOSIMETERS (MO:__, YR:__

MAX (HET MR/MO)
DRYP&ND CONTAMINATION

MAX EXPOSURE RATE (MR/HR)
ENVIRONMENTAL SURVEYS -

NO CF PROPERTIES SURVEYED
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERIA

PERSONNEL TRAINING

NO OF SESSIONS
SUBJECTS:

2Y, o00
0,003~

AIE-S
2.2 E-C

§
Q

N

|1

.
IS

o.¥0.C

|

NORMAL

0

NONE

<40
39 65+90
[o]

0
.0
<3
<10

10, 000-40, 000

<0.003
<1E-4
<6E-5

>400
<10
<1
>400

20,000-40,000
5,000-10,000

>100

<40

<0.5

INVESTIGATION

NO
ANY
>50
<30 50, >100
NO
>0
>0
>5
>20

<10,000
>0.005
>1E-4

. >6E-5

<400
>15
>2
<400
>50,000
>10,000
I

<100
>0

>50
>0.5

<4
>0

<1

NQTE

W

e

ML

l “

b




NP1 MONTHLY RSO REPORT
MONTH /() YEAR

SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

ITEM

. HOT CELL VENTILATION SYSTEM -

VENTILATION SYSTEM OPERABILITY
" PRIMARY HEPA DP (IN)
SECONDARY HEPA DP (1IN}
OLD EFFLUENT SAMPLING SYSTEM OPERABILITY b
NEW EFFLUENT SAMPLING SYSTEM OPERABILITY
MAX EFFLUENT CONCENTRATION (UCI/CC)
OLD SYSTEM _~~_ DAILY SAMPLES
NEW SYSTEM — DAILY SAMPLES
~ OLD SYSTEM WEEKLY SAMPLES -
NEW SYSTEM WEEKLY SAMPLES
FILTER RADIATION MONITOR (MR/HR)
FILTER RADIATION MONITOR OPERABILITY
FILTER ROOM DOOR EXPOSURE RATE (MR/HR)
LAST FREFILTER CHANGE DATE
LAST PRIMARY HEPA CHANGE DATE
LAST SECONDARY HEPA CHANGE DATE

.HOT CELL INTERLOCK SYSTEM
RADIATION MONITOR (CELL EMPTY) (MR/HR)
RADIATION MONITOR OPERABILITY

RADIATION MONITGR INTERLOCK SETPOINT (HR/HR)
INTERLOCK SYSTEM OPERABILITY

N

MAIN POOL

ACTIVITY (UEI/EC)
CONDUCTIVITY (umho/cm)

NORTH CANAL

" ACTIVITY (ucl/ce)’
" CONDUCTIVITY (umho/cm)

SOUTH CANAL

ACTIVITY (UCI/CO)
CONDUCTIVITY (umho/cm)

WORKER EXTERNAL DOSIMETRY PROGRAM  (MO:__, YR:_

NO OF PERSONS >0.5 REM/MO
MAN-REM IN MONTH
WHOLE BoDY counTInG proceam  (vo:%, vr: o)

* NO PERSONS COUNTED
NO PERSONS >5% MPLB

LAR AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES

NO OF SAMPLES FROM CELL OR CCZ
NO OF SAMPLES >3E-10 ucl/cC
MAX SAMPLE (UCI/CC)

X N
STATUS NORMAL
Y .
d.g 0.25-1.5
0. 0.25-1.5
7] 0
o 0
[t <1E-11
- <1E-11
lLEAI Jp SE 3 " <1E-12
<¥i-;3 <1g-12
Z.o-2.5 <2000
o 0o -
3 40-50
/90 . ALSS /o/la
1A /90
‘zZZZiQx’
- 200-400
—
— ' 600-800
— 0
~12E3  <3E-4
9o <100
S-snrEY SE-4
/0 <100
TE-1 4 SE-F  Gees
fo <100
— 0
— <5

23
1
27 _ 20
10
r_
LA

/0 <3E-10

INVESTIGATION
LEVEL

NO
<0.25, »>1.5
<0.25, >1.5

NO

NO

>3E-11
>3E-11
>3E-11
>3E-11
<4000
NO
>60

<100, >600
NO
>800
NO

>3E-4
>100

>3E-4
>100

>3E-4
>100

>0
>5

>0 .

<20

<10

>0
>9E-10

[THTTT T

NOTE

N

[RETST

[

| .



BARE COBALT CAMPAIGNS

DATES: _TO . CURIES HANDLED:

DATES: T0 _. CURIES HANDLED:
DATES: T0 . CURIES HANDLED:

MINI-CLEANUPS

oates: /sfo 10 /0fro man-pen:_ Jo8
DATES: 10 _ . MAN-REM:
DATES: 10 MAN-REM:

MELT CAMPAIGNS

_DATES:__— TO __—— - CURIES MELTED:___ NUMBER OF MELTS:

MELT CLEANUPS

DATES: 10 MAN-REM:

"OTHER OPERATIONS NOT NOTED ABOVE ' ' B

RR

3.

— - —

EXPLANATORY NOTES

'

OPERABILITY STATUS ®O" INDICATES ITEM WAS OPERABLE THROUGHOUT REPORTING PERIOD. “NO¥ INDICATES INOPERABLE FOR AT

LEAST PART OF THE MONTH, AS EXPLAINED I[N ACTION NOTE.

CALIBRATION OR TEST STATUS "-" MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD. A “C" oR
"T* INOICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L' .OR “F" INDICATES LATE OR FAILED
CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE. i

LEAKAGE STATUS ¥-0 INDICATES HO LEAK TEST REQUIRED OR PERFORMED IN PERICD. A "T" INDICATES LEAK TEST PkSSED
SUCCESSFULLY OR CONTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE.

INVESTIGATION LEVEL 1S THE LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE. THIS LEVEL IS IS
SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE -PERMISSIBLE BY REGULATION, LICENSE
CONDITION, ETC. THE INTENT IS TO DRAW MANAGEMENT ATTENTION TO CHANGES IN STATUS BEFORE REGULATORY LIMITS ARE
EXCEEDED, THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT. .
e
A w»dn/cﬂvo' 0.7 ,A(L I’ZPM—‘-EA 4o cltw f(é\houSL’I . AW o‘(“d.rs < 377, PR
- N )

Max <57 aPc . . )
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ITEM

PERSONAL CONTAMINATION MONITOR

OPERABILITY

MAINTENANCE DURING MONTH - :

BACKGROUND RADIATION LEVEL (UR/HR)

DETECTOR BACKGROUND RAKGE (CPS)

BACKUP MONITOR OPERABILITY )

NO OF PERSONAL CONTAMINATION EVENTS >50K DPM

NO OF PERSONAL CONTAMIKATION EVENTS >22K <50K DPM
NO OF PERSONAL CONTAMIKATION EVENTS >10K <22K DPM
NO OF PERSONAL CONTAMIKATION EVENTS >5K <10K ORM

LICUID WASTE MANAGEMENT

. VOLUME TO WSSC (GAL)
CO-60 TO WSSC (CI). )
MAX CO-60 CONCENTRATION quct/co)
. AVG C0-60 CONC (UCI/CC)

_co-eo SOLID WASTE MANAGEMENT

WASTE SHIPMENTS (CU FT)
WASTE SHIPMENTS (C1)

LAA CONTAMINATION LEVELS (SEE SUMMARY SHEETS)

NC OF WORK ZONE SMEARS (DAILIES ONLY)

% OF WORK ZONE SMEARS >1,000 DPM/100 SQ CM

% OF WORK ZONE SMEARS >3,000 DPM/100 SQ CM

NO OF CCZ (EXCL WASTE & HOT ROOMS) SMEARS )
MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM)

" CLEAN ROOM CONTAMINATION LEVELS -

NO OF SMEARS
NO >440 DPM/100 SQ CM

PERIMETER THERMOLUMINESCERT DOSIMETERS (MO:__, YR:__

~ MAX (NET MR/MO)
DRYPOND CONTAMINATION

MAX EXPOSURE RATE (MR/HR)
ENVIRONMENTAL SURVEYS

NO OF PROPERTIES SURVEYED
NO OF PROPERTIES WITH SPOTS EXCEEDING CRITERXA

PERSONNEL TRAINING

NO OF SESSIONS !

/g, 0e0

. 0,0027

S oc-S

i

Ml

SESENN

v

SUBJECTS:

NORMAL

10,000-40
<0.003
<1E-4
<6E-5

>400

<10

<1

>400
20,000-40,
5,000-10,

>100

<40

<0.5

INVESTIGATION

NO
ANY
_>50
< 3o 4, >100
NO
>0
>0
>5
>20

,000 <10,000

>0.005
>»1E-4 -
>6E-5

<400
>15
‘>2
<400
000 »50,000
000 >10,000

<100
>0

>50

>0.5

<4
>0

<1

11

N

ool

b

32



NPI MONTHLY RSO REPORT
MONTH /7 YEAR Yo

SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATiON._

ITEM . STATUS

HOT CELL VENTILATION SYSTEM

%

VENTILATION SYSTEM OPERABILITY
PRIMARY HEPA DP (IN) ’ o,

SECONDARY HEPA DP (IN) o-
OLD EFFLUENT SAMPLING SYSTEM OPERABILITY 0
NEW EFFLUENT SAMPLING SYSTEM OPERABILITY 0
MAX EFFLUENT CONCENTRATION (UCI/CC)
. OLD SYSTEM _O) DAILY SAMPLES —
NEW SYSTEM _©_ DAILY SAMPLES =
OLD SYSTEM 7 WEEKLY SAMPLES . 1,273 72 2,/E-I3
NEW SYSTEM _4 WEEKLY SAMPLES <Je-+3
FILTER RADIATION MONITOR (MR/HR) - 2o0f2.5 Peto
FILTER RADIATION MONITOR OPERABILITY )
FILTER ROOM DOOR EXPOSURE RATE (MR/HR) 3590
LAST PREFILTER CHANGE DATE .- 173779
LAST PRIMARY HEPA CHANGE DATE ' - 7[r8[Ge
LAST SECONDARY HEPA CHANGE DATE z//68s
HOT CELL INTERLOCK SYSTEM
RADIATION MONITOR (CELL EMPTY) (MR/HR) _
RADJATION MONITOR OPERABILITY - _ =
RADIATION MONiTOR INTERLOCK SETPOINT (MR/HR) -
INTERLOCK SYSTEM OPERABILITY ‘ ' -

MAIN POOL : : ,
© ACTIVITY..QUC1/CC) ) g6 7 H€3
CONDUCTIVITY (umho/cm) . o -//0

NORTH CANAL
ACTIVITY (UEI/CC) : ’ v /E-¢
CONDUCTIVITY (umho/cm) L 4o
SOUTH CANAL _ |
ACTIVITY (UC1/CE) - s £363
CONDUCTIVITY (mho/cm) . 20 =770

WORKER EXTERNAL DOSIMETRY PROGRAM  (MO:__, YRi__)

' NO OF PERSONS >0.5 REM/MO -
MAN-REM IN MONTH ‘ —

-

WHOLE BODY COUNTING PROGRAM (MO:_—, YR: =)

NO PERSONS COUNTED ' °
NO PERSONS >5% MPLB - o

" LAA AIR SAMPLES (EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES : 4 2

NO OF SAMPLES FROM CELL OR CCZ //

NO OF SAMPLES >3E-10 UCI/CC :

MAX SAMPLE (UCI/CC) . . 1 78-9

NORMAL

<1E-11
<1E-11
<1E-12
<1E-12
<2000
o}
40-50

200-400

600-800

<3E-4
<100

<3E-k
<100

<3E-4

<100

20

10
0
<3E-10

INVESTIGATION
LEVEL

<100, >600
NO
>800
NO

>3E-4
>100

>3E-4
>100

>3E-4
>100

>0
>5

>0

<20
<10

>9E-10

NOTE"

T

Tl B

SN

[+



BARE COBALT CAMPAIGNS - o . b

DATES: 10 CURIES HANDLED: . :
DATES: 10 CURIES. HANDLED : !
DATES: 10 CURIES HANDLED:'

MINI CLEANUPS

DATES: r//r/ ro 1z /V; MAN-REM: __ 2 /-
DATES: MAN-REM: i
DATES: MAN-REM:

MELT CAMPAIGNS

DATES:__ — T0'_ " CURIES MELTED:_ _ NUMBER OF MELTS:
MELT CLEANUPS
DATES:_____ TO _____ MAN-REM:_

OTHER OPERATIONS NOT NOTED ABOVE

EXPLANATORY NOTES

1. OPERABILiTY STATUS »Om XNDICATES ITEM WAS OPERABLE THROUGHOUT REPORTING PERIOD. "NO'" INDICATES INOPERABLE FOR AT
LEAST PART OF THE MON'H _AS EXPLAINED IN ACTION NOTE. :

CALIBRATION OR TEST STATUS noi MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD.. A “C" OR
WT% INDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L" OR “F" INDICAYES LATE OR FAILED
CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE.

LEAKAGE STATUS ™-" INDICATES NO LEAK TEST REQUIRED OR PERFORMED IN PERIOD. A "T" INDICATES LEAK TEST PASSED
SUCCESSFULLY OR CONTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE.

INVESTIGATION LEVEL IS THE LEVEL AT WHICH ADDITIONAL MANAGEMENT ATTENTION MAY BE APPROPRIATE. THIS LEVEL IS IS
" SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE 8Y REGULATION, LICENSE
CONDITION, ETC. THE INTENT 1S TO DRAW MANAGEMENT ATTENTION TO CMANGES IN STATUS BEFORE REGULATORY LIMITS ARE
EXCEEDED. THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT.

Tl s, “Ye::h;:?; Tt S
2. Sce CitP evalvatroc '
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NP1 MONTHLY RSO REPORT
MONTH I YEAR _Fo

SEE NOTE 1 AT END FOR EXPLANATION OF STATUS NOTATION.

ITEM
HOT CELL.VENTILATION SYSTEM
VENTILATION SYSTEM OPERABILITY

PRIMARY HEPA DP (IN) .
SECONDARY HEPA DP (IN) :

OLD EFFLUENT SAMPLING SYSTEM OPERABILITY -

NEW EFFLUENT SAMPLING SYSTEM OPERABILITY
_ MAX EFFLUENT CONCENTRATION (UC!/CC)

oLD SYSTEM _O DAILY SAMPLES

NEW SYSTEM _2~DAILY SAMPLES

‘OLD SYSTEM WEEKLY SAMPLES’

NEW SYSTEM WEEKLY SAMPLES
FILTER RADIATION MONITOR (MR/HR)
FILTER RADIATION MONITOR OPERABILITY
FILTER ROOM DOOR EXPOSURE RATE (MR/HR)
LAST PREFILTER CHANGE DATE
LAST PRIMARY HEPA CHANGE DATE
LAST SECONDARY HEPA CHANGE DATE

HOT CELL INTERLOCK SYSTEM

RADIATION MleTOR (CELL EMPTY) (MR/HR)
RADIATION MONITOR OPERASILITY

RADIATION MONITOR INTER.OCK SETPOINT (MR/HR)

INTERLOCK SYSTEM OPERABILITY’

MAIN POOL

ACTIVITY (UCI/CC)
CONDUCTIVITY (umho/cm)

NORTH CANAL

ACTIVITY (ucl/cc)
CONDUCTIVITY (uvho/cm)

 SOUTH CANAL

ACTIVITY (UCL/CC)
CONDUCTIVITY (umho/cm)

WORKER EXTERNAL DOSIMETRY PROGRAM  (MO:__, YR:

#0 OF PERSONS >0.5 REM/MO
MAN-REM IN MONTH

WHOLE BODY COUNTING PROGRAM (MO:_—, YR:—)

O PERSONS COUNTED
NO PERSONS >5% MPLB

STATUS

' [oREP

< .
1 KE-TE Yo 1 €13
<FE~3
z,5=-¢, 0

Ry

I

5
:

~
<
L
3

/o z;a(»?o

Aa/ér-sz

/0 /

-3 e Se-t LFE-Y

loF 28 70

)

LAA AIR SAMPLES ‘(EXCL SAMPLES FOR RESP PROT WORK)

NO OF SAMPLES - -

NO OF SAMPLES FROM CELL OR CCZ
NO OF SAMPLES >3E-10 UCI/CC
MAX SAMPLE (UC1/CC)

4

S oE-3 PN23E-2 Y4 fe-3

NORMAL

<1E-11
<1E-11
<1E-12
<1E-12
<2000
.0
40-50

/7

200-400

600-800

<3E-4

<100

<3E-l.

<1OQ

<3E-4
<100

20
10

<3E-10

" INVESTIGATION

LEVEL

NO
<0.25, >1.5
<0.25, >1.5

NO

NO

>3E-11
>3E-11
>3E-11
>3E-11
<4000
NO
>60

<100, >600
NO
>800
NO

>3E-4
>100

>3E-4
>100

>3E-4
>100

>0
>3

>0

<20
<10
i >0
>9E-10

" NOTE

L E

e |l

e

M L



" SUBJECTS:

-
=~
o

LTEM 1 STATUS NORMAL INVESTIGATION NOTE
: LEVEL
PERSONAL CONTAMINATION MONITOR
OPERABILITY o ) NO
MAINTENANCE DURING MONTH . JonE , NONE ANY
BACKGROUND RADIATION LEVEL (UR/HR) < <40 >50
DETECTOR BACKGROUND RANGE (CPS) o -F2  35-9565:50 <30 358, >100 ,
BACKUP MONITOR OPERABILITY S o - NO
NO OF PERSONAL CONTAMINATION EVENTS >50K DPM ) 0 >0
NO OF PERSONAL CONTAMINATION EVENTS >22K <50K DPM (=) -0 >0
NO OF PERSONAL CONTAMINATION EVENTS >10K <22K DFM 7_ 3 >5 —_
NO OF PERSONAL CONTAMINATION EVENTS >5K <10K DPM (=] / <10 >20
LIQUID WASTE MANAGEMENT .
VOLUME TO WSSC (GAL) 12,000 10,000-40, 000 <10, 000
0-60 TO WSSC (CI) : 2,001 <0.003 >0.005
MAX CO-60 CONCENTRATION (UCI/CC) z-S <1E-4 >1E-4 -
AVG CO-60 CONC (UCI/CC) z,2€-5 <b6E-5 >6E-5
CO-60.SOLID WASTE MANAGEMENT
WASTE SHIPMENTS (CU FT. b0 Jo 2 ' -
WASTE SKIPMENTS (CI) o7 by (> shpe )
LAA CONTAMINATION LEVELS (SEE SUMMARY SHEETS)
NO OF WORK ZONE SMEARS (DAILIES ONLY) Yoo >400 <400
% OF WORK ZONE SMEARS :-1,000 DPM/100 SQ CM Z6 <10 >15 <
% OF WORK ZONE SMEARS >3,000 OPM/100 $Q CM 4.2C < >2
NO OF CCZ (EXCL WASTE & HOT ROQMS) SMEARS 400 <400 =
MAX OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM) 20,000-40,000 >50,000 §
AVG OF CCZ DAILY SMEAR MEDIANS (DPM/100 SQ CM) 5,000-10,000 '>10,000
CLEAN ROOM CONTAMINATION LEVELS
NO OF SMEARS /#0 >100 <100
NO >440 DPM/100 SQ CH _ J 0 >0
PERIMETER THERMOLUM INESCENT DOSIMETERS (MO:__, YR:__
MAX (NET MR/MO) <40 .>50 3
DRYPOND CONTAMINATION | :
MAX EXPOSURE RATE (MR/HR) 0.4-0. % <0.5 >0.5 o
ENVIRONMENTAL SURVEYS .
NO OF PROPERTIES SURVEYED _ 6 <4 3.
NO OF PROPERTIES. WITH SPOTS EXCEEDING CRITERIA 0 >0 3
PERSONNEL TRAINING _Z
NO OF SESSIONS 1 <1
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BARE COBALT.CAMPAIGNS :

DATES: 10 CURIES HANDLED:

DATES: T0 CURIES HANDLED:

DATES: 70 _ - CURIES HANDLED:

MINI-CLEANUPS

oxres: 147 1o l»;Z MAN-REM: __ 9-Z-
DATES: 72737 10 JZ[S7 MAN-REM: 0. >~

/DATES ¢ 70 MAN-REM:

MELT CAMPAICNS

DATES' — 1 __ CURIES MELTED: NUMBER OF MELTS:

MELT CLEANUPS .
.. —— - )
DATES: _ 10 .. MAN-REM:

OTHER OPERATIONS NOT NOTED ABOVE:

EXPLANATORY NOTES

1. OPERABILITY STATUS "0" INDICATES ITEM WAS OPERABLE THROUGHOUT REPORTING PERIOD. "NO" INDICATES iNOPEkABLE FOR AT
LEAST PART OF THE MONTH AS EXPLAINED IN ACTION NOTE.

CALIBRATION OR TEST STATUS “-" MEANS NO CALIBRATION OR TEST REQUIRED OR PERFORMED IN REPORTING PERIOD:’ A "C" OR
"T* INDICATES CALIBRATION OR TEST PERFORMED SUCCESSFULLY DURING MONTH. AN “L"™ OR “F" INDICATES LATE OR FAILED
CALIBRATION OR TEST, AS EXPLAINED IN ACTION NOTE. @ o

LEAKAGE STATUS “-# INDICATES NO LEAK TEST REQUIRED OR PERFORMED IN PERi0D. A "T INDICATES LEAK TEST PASSED
SUCCESSFULLY OR CONTINUOUS LEAK TEST DEVICE INDICATES ACCEPTABLY LOW LEAKAGE.

INVESTIGATION LEVEL IS THE LEVEL AT WHICH ADDITIONAL HANAGEﬁENT ATTENTION MAY Bé APPROPRIATE. THIS LEVEL IS 1S
SET AT A LEVEL TYPICALLY OUT OF THE ORDINARY RANGE, BUT WELL WITHIN THE RANGE PERMISSIBLE BY REGULATION, LICENSE

CONDITION, ETC. THE INTENT IS TO DRAW MANAGEMENT ATTENTION TO CHANGES IN STATUS BEFORE REGULATORY LIMITS ARE
EXCEEDED. THE INVESTIGATION LEVEL SHOULD NOT BE CONSIDERED A REGULATORY LIMIT.

7. Max < (7> mPe I
3, Be ) pguloctron R ' .
b toss P df. Bsin cdoged 1ifit e nfy, |
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'THOMAS E. POTTER
4231 JENIFER STREET NW
WASHINGTON, DC 20015-1959

202-363-4727
3/29/91

Mr. Jackson Ransohoff
Neutron Products, Inc.
22301 Mt. Ephraim Road
P.O. Box 68

Dickerson, MD 20842

Dear Mr. Ransohoff:

Enclosed is a report describing my evaluation of the
radiological safety aspects of the two melt campaigns and
cleanups conducted in 1990. These reports are intended to
fulfill reporting requirements in Condition 13 of MDCRH license
31-025-0i. Please call if you have any questions.

 Sincerely,

£ o

Thomas E. Potter



RADIATION PROTECTION EVALUATION
OF NEUTRON PRODUCTS, INC.

p
1990 COBALT-60 MELT AND CLEANUPS

3/29/91

by

s & A

Thomas E. Potter

Thomas E. Potter
4231 Jenifer Street NW
WashingtonL_DC 20015-1959

202-363-4727



INTRODUCTION AND SUMMARY

This report documents the evaluation of the radiological
safety aspects of the two NPI cobalt-60 melt and cleanup
conducted in January and June, 1990. An evaluation of available
data from these melts and from other melts in the recent past
indicates with reasonable assurance that the most basic
regulatory requirements are usually being met in the
melt/cleanup processes themselves, although margins are smaller
than might be desired. These data indicate that workers are not
being exposed at levels exceeding limits frequently, and when
they are, the margins appear to be small. Increased margin is
" required to reduce the frequency of overexposures. Members of
the public are not being exposed to radiation levels exceeding .

regulatory limits.

An evaluation of expanded scope, which takes into account
potential effects of limitations in available data, the effects
of melt/cleanup\processes on ancillary operations, and
anticipated changes in regulatory requlrements, suggests that
improvements are needed:

~ Slmple but significant, changes to the melt/cleanup :
process are highly desirable in the near term to continue '
melting operations while maintaining an adequate margin ‘
of compliance with current regulatory requirements.

~ Fundamental re-evaluations of and chariges in the
melt/cleanup process will be necessary in the longer term:
(over the next several years) to continue melting while '
maintaining an adequate level of compliance w1th new
regulatory requirements.

~ From the regulatory standpoint, the most important

adverse impacts of melting may well be those affecting
current radiological problems that are closely linked to,
but not considered part of, the melt/cleanup process
(ie., radioactive waste management pool water quality
maintenance, etc.). It is my opinion that melting
operations will have to be conducted within the framework
of a well-designed management plan to adequately limit
those impacts if the overall level of regulatory :
compliance is to be maintained at an adequate level over
the next several years, while making a successful
tran51tlon to more restrictive new requlrements !

|



These conclusions are based on several considerations:

- Limitations in currently available data need to be

- accommodated in planning future melt/cleanup activities.
More thorough monitoring of extremity exposure in the
1990 cleanups has confirmed that extremity doses are in
the range expected (not much higher than whole body
doses) in most cases. But the improved monitoring has
also shown that extremity doses are somewhat higher than
previously thought in rare instances. For planning
purposes, it would be reasonable to expect that future
planned improvements in extremity and whole body dose
monitoring will indicate that doses may be somewhat
higher than currently thought and exposures in excess of
limits may be more likely than thought based on data
available to date. Additional exposure controls should
be imposed in future melt/cleanups to allow for this

expectation.

- Pending changes in regulatory requirements (10 CFR Part
20, on-site waste storage requirements, etc.), which take
effect in the next few years, will reduce dose limits
substantially and will complicate waste management
operations so that current margins in compliance with
regulatoxy requirements will either be reduced or
eliminated unless melt/cleanup operations, waste
management operatlons, and other operations are changed
in fundamental ways.

- Basic radiological requirements are usually satisfied in
the melt/cleanup process itself, but the process is
contributing to the accretion of a number of radiological
problems, some of which involve reduction or loss of
margin in compliance with license or regulatory limits,
Although any one of these problems in isolation would
seem to be be reasonably easily managed, each is more
challenging when faced as part of a larger complex of
problems. B }

NPI has had success at various times over the 1a§t two

years in at least temporarily addressing some of these

problems, and in recent months has had some success in
addressing several of these problems simultaneously, but
resource limitations and changing priorities appear to
make it difficult to sustain these improvements while
adequately addressing the entire complex of problems.



Planning and scheduling become more important as
regulatory limits are approached to assure that material
and human resources are used most efflclently and to
assure the benefits'of improvements in one area are not
‘offset by aggravation of problems in other areas.
Establishing a list of priorities and working on them
from the top down incorporates an unexamined assumption’
that the available level of resources is sufficient and
begs the question whether additional resources are needed
to maintain a sufficiently high rate of improvement and
to maintain improvements on a continuing basis. A living
(ie., periodically reviewed and updated) comprehensive
plan and schedule, which shows, by task for each prOJect
the work scope, personnel and ‘financial resource
allocation, and targeted milestone completion dates is
desirable, and probably necessary to answer this question
prospectlvely It will be desirable, if not necessary,
to coordinate the development of the plan and schedule

sebets a'v c./” with CRH to assure agreement on goals, priorities, and '
f schedule. ,
n YLOGICAL SAFETY ASPECTS OF THE MELT/CLEANUP PROCESS
ity Process and Distribution of Acti#ity
i A cobalt-60 meltlngAcampaign typically consists of multiple
1S : of cobalt-60 in the form of cobalt metal at a specific

s nﬂ' PTREWEY fPer gram or more in batches of about

(b)(4)*- e —_ Melting is conducted remotely in

apparatus—set-up—In the NPI hot cell. The total gquantity of

cobalt melted in an entire campaign is typically abou (b)(4)

. § The fraction retained in the product slug is opanTy
variable and is difficult to quantify accurately, but L
measurements in melt waste 1nd1cate that about 99.9 percent of
the cobalt melted is retained. 5

, Almost all of the cobalt-60 not retained in the product
slug, on the order of several hundred Curies, is retained w1th1n
the melt apparatus itself and deposits on crucible surfaces,
internal parts of the melt furnace and in the furnace evacuation
line filter. oOnly a fraction of this inventory is readily
dispersible. Most of these items are encapsulated in stainless
steel remotely (ie., using manipulators) and transferred. to the

' pool remotely, where they are stored as radioactive waste.

However, some of these naxiseemhigh may contain substantial

cobalt-60 inventoriesd; (b)(4) r more) are transferred
through the pool or througm—tne—wall of the hot cell to a
shielded dry well for storage or to shielded drums in the



operating area, which are then added to the radioactive waste
inventory awaiting shipment to a licensed disposal facility.
(Material for storage in the drywell is sealed in plastic tubes
before removal from the hot cell.) Contamination on materials
transferred from the cell to the pool following melting
operation contributes to an unknown but probably significant
extent to contamination in the pool.

Deposition on furnace internals and the vacuum line filter
is the only available mechanism for local confinement or capture
of cobalt-60 near the point of release. Although a large
fraction of the cobalt released does appear to be captured on
furnace internals, quantities of cobalt-60 are dispersed within
the cell when the furnace is disassembled and when crucibles are
broken from the cobalt product slugs. Material dispersed in
this way is completely confined within the hot cell and its
ventilation system, as described below, but the material
constitutes a substantial radiation problem in cleanup of the
cell. -Much of this material is cleaned up remotely, and some of
the materials are transferred to the shielded dry well or
shielded drums as described above. However, some highly
contaminated equipment and materials must_h from the.
cell manually. Something cn the order ofI (b)(4) }remain
deposited on cell internal surfaces and egurpme rfaces at
the end of remote decontamination follow1ng a melt. Dose rates
for the first cleanup entry are usually in the range of 10 to
20 R/hour.

Cobalt-60 that is not captured on melt apparatus is
completely confined within the hot cell and its filtered-exhaust
ventilation system. There is no release from the ventilation
system of hot cell air containing more than an insignificant
fraction of the maximum permissible concentration of cobalt-60
for unrestricted areas. This conclusion is based on analysis of
continuous samples of air released from the ventilation systen.
Concentrations of cobalt-60 in air in work areas arourid the cell
are also very low during melting, and except for the access area
immediately behind the cell, during cleanup. This conclusion is
supported by air sample data and confirmed by annual whole body
counting measurements on workers, approximately twice-daily
personal contamination monitoring (which serves as a reasonably
sensitive screening lung counter), and area contamination survey
data.

, Curie quantities of cobalt-60 in particulate aerosol form
are transported to the ventilation system. The key components
of the system include the roughing filter at the ventilation

exit port in the cell, and two HEPA filters in series located



approx1mately 15 20 feet downstream. from the roughlng filter.
The ventilation duct runs through the wall and roof of the hot
cell. collection of as much as 0.5 Curie on the primary HEPA

~filter durlng a single melt is not unusudal. Although precise

measurement is difficult, accumulated cobalt-60 inventory on the
secondary filter is much lower.

~ The quantlty of cobalt- 60 collected on the roughlng fllter
is not easily measured without significantly increasing the
radiation dose of the worker handling the filter. The filter

efficiency of the filter material, widely used in many

industrial applications, is certainly not high, but it is likely
that Curie quantities are collected on the roughing fllter as
well .

QUantities of cobalt-60 accumulated between the roughing
filter and the primary HEPA filter over the entire history of
cobalt operations cannot be accurately measured or estimated,
but certainly exceed one Curie. Radiation levels in the fllter
monitor after a change of the prlmary HEPA filter are currently
about 1.8 rem per hour, and have been increasing at a rate of
about 0.2 rem per hour each year since 1986. This measurement
may only be indicative of the change in the local distribution
of cobalt-60 contamination in the ductwork near the detector
location, but it may 1nd1cate 1ncrea51ng 1nventor1es in the
ductwork generally

Cell Decontanination

The NPI hot cell is used for operatlons that dlffer

‘considerably in their tolerance for contamination levels in the

cell. Primary encapsulation of sources, secondary encapsulation
of sources, and transfers to and from shipping containers each

‘require progressively lower levels of contamination in the cell.

This means that the extent of cleanup after each melt is
probably higher than would be required if the cell were used
only ‘for melting. Although most of the cobalt-60 deposited
within the cell is packaged and removed from the cell remotely,
a substantial qguantity (including that deposited on the roughing
filter during melting) cannot be fully recovered, packaged, and
removed from the cell using exjsting remote—handllng
capabilities. Completion of decontamination requires manual
removal or cleanup (some Qy hand—scrubbing) of quantities of -
cobalt-60 on the order of [iy ./ In practice, this is
typically conducted w1thd‘t the benefit of dose-reduction aids,
such as long-handled tools, apparently because such devices have

. been trled in the past and found ineffective.



Cleanup External Exposure

Because of the large cobalt-60 inventory, exposure rates in
the cleanup environment are high, usually in the range of
10 R/hour for the first several entries. These dose rates pose
the potential for exceedlng regulatory dose limits in short
exposure tlmes, and, in fact, the few overexposures that have
occurred in recent tlmes have occurred in high dose rate
operations.

Personnel whole body exposures to penetrating radiation
during cleanup are typically in the range of 20 man-rem per melt
cleanup (excluding waste handling doses). The two melts in 1990
were typical in this regard. The aggregate dose from the two
cleanups amounted to about 35 percent of the total aggregate
dose to workers receiving more than 0.1 rem. .

Lifetime doses of three NPI workers exceed 75 rem as of the
end of 1990. One of them received virtually all of his dose
previous employment as an x-ray technician. The other two have
lifetime doses of approximately 90 and 100 rem, and are special
skills workers that do not participate in melt cleanups except
in a low-dose support role.

Workers that spend much of their time in the LAA (a group
that currently numbers about six people) are typically used only
in support roles in melt cleanups so that the. cleanup dose can
be distributed over several dozen people from the much larger
portion of the NPI work force that typically receives only small
. or negligible doses from routine: operatlons Nonetheless, the
aggregate dose is averaged over a relatively small pool of ~
perhaps several dozen workers so that a number of individuals
recelve doses exceeding 1 rem per melt. .

Workers typically do not receive whole body doses much
above 1.5 rem in a single entry. Doses are controlled by using
multiple sets of self-reading dosimeters (SRD) worn on the
. chest. Both high and low range dosimeters are included.
Extremity TLD badges, worn on both wrists and both ankles, were
used for the first time in many years in the two 1990 cleanups.
Summaries of these data are 1ngluded in Appendix A for the
cleanup in January, 1990, and in Appendix B for the cleanup in
June, 1990. These data 1nd1cate that whole body dose rates
typically range from about 6 rem per hour down, but that higher
rates can occur, usually during the removal of high-activity hot
spots after general radiation levels have been reduced in the



earlY entries. (It should be noted that these rates are time
averaged and include some time spent outside the cell. Exposure
rates in the work area are somewhat higher than indicated by

these data )

Extremity badges indicated that whole body dose is almost
always limiting relative to wrist dose. Except for two
instances, one in each cleanup, the ratio of the maximum wrist
dose to the measured whole body dose was less than 4. The ratio
‘'would have to exceed 6 to make wrist dose controlling. Plots of
frequency distributions of maximum wrist dose clearly show that
- these two cases are outliers. 'In one of these instances, a
wrist badge revealed a slight overexposure, ‘"reported to CRH
previously. '

It is possible that these exposures resulted from unlikely
deposition of hot particles near the wrist badge, in which case
the badge reading would be a conservative estimate of the dose
to other parts of the hand. On the other hand, it is possible
that the source of radiation was near the flnger tip, which
would make the wrist badge reading an underestimate of dose to
other parts of the hand. Such a scenario might occur during
decontamination of a hot spot. If such a scenario occurred ,
calculation of the dose at the base of the finger from the dose
measured at the wrist, assuming a point source and separation .
distances of -3 inches to the base of the finger and 6 inches to .
the wrist, would indicate that both of the outlier instances
would be overexposures. Other exposures would remain below
permissible limits. : '

Improved monitoring is needed and is planned in future
melts to better characterize the exposure conditions. Finger
badges will be used in the future, and remote monitoring will be
used to better characterize the activity of hot spots prior to
manual decontamination. This will permit the establishment of
special exposure controls in these cases in anticipation that .
extremity doses may be higher than expected based on wrist dose
measurements.

: The problem of monitoring and controlling dose to parts of
the hand is best illustrated in Figure 1, which shows the gamma
dose rate versus distance . from one Curie of cobalt-60 in a
variety of geometries. The wrist badge would typically be about
6 inches of about 15 centimeters from the fingertips of the
extended hand. A finger badge at the base of the finger would
be about 3 inches or about 7 centimeters from the fingertips of
the extended hand. A source at the fingertips. of the extended
hand could deliver a dose to tissue at one centimeter ranging



from 10 to perhaps as high as 200 times the dose measured at the
wrist and from 3 to 50 times the dose measured at the base of
the finger, depending on the geometry of the source, or,
equivalently, the pattern of motion of the hand over a source
fixed in place. Such high variability means that measurement of
extremity dose at the wrist or finger base alone may not be very
meaningful in estimating actual dose in such an exposure
situation. @ The planned monitoring for the characterization of
hot spots will provide essential supplemental information for
accurate determination of actual extremity dose.

Decontamination tools providing separation distances of as
little as 6 inches would also be very helpful in controlling
doses in such situations, and would, of course, be the preferred
method of managing this problen. :

The non-uniformity in dose indicated by extremity badge
results also suggest that placement (normally on the chest) .of
badges used to determine whole body dose may not be optimum in
some cases. Ankle badge results indicate that dose to the upper
legs, counted as whole body dose, may be somewhat higher than
indicated by chest dosimeters in cases in which workers are
kneeling on the floor. Use of multiple badges including badges*
on the leg above the knee, would be desirable in these cases.
If possible, kneeling on the floor should be avoided. 1If
kneeling on the floor is: necessary, the controlling dose based
on the chest SRD, should be reduced somewhat to allow for

potentially higher doses measured on the leg.

Cleanup Internal Exposure

Airborne concentrations of cobalt-60 are typically many
hundreds of times higher than the maximum permissible
concentration, which poses the potential for exceeding
regulatory exposure limits in short times, and which dictate the
.use of protective clothing and respiratory protection equipment
and an elaborate program to control the use of such equipment.
~Data on worker internal exposure show that this program is
functionally successful. These data are summarized in Appendix
A for the cleanup in January, 1990, and in Appendix B for the
cleanup in June, 1990. ' : ’

Data from high volume air samples from inside the cell and
"from the room immediately behind the cell are usually collected.
These data indicate that general concentrations in the cell are
usually in the range of 10 to 50 times the_gaximum permissible
concentration for restricted areas (9 x 10 ~ microCuries per
cubic centimeter) and are usually much higher than
concentrations outside the cell. 1In perhaps as many as
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one—quarter of the entries, concentrations outside the cell
approach concentrations inside the cell.

Early entries make use of forced-air respiratory protection
equipment. Later entries, when air concentrations are typically
lower, make use of full-face respirators. Filter cartridges -
used in these entries are counted and provide some indication of
‘air concentration to the extent that they are not contaminated
by direct contact with contaminated objects. Data from
respirator cartridges, if they represent local air
- ¢concentrations accurately, indicate concentrations in the
breathing zone on the order of 100 to 1,000 times the maximum
permissible concentration for restrlcted areas. It should be
noted that these estimates may be erroneous, and if they are,
they are most certainly erroneous on the high side.

Furthermore, it should be noted that exposure durations in these
cases are short, always less than one hour, and the people
exposed seldom receive any other exposure in any calendar
- quarter. So the potentlal for internal exposure from 1nhalatlon
of aerosol during cell work is much less than might be indicated
by the_cdnservatively estimated concentration alone. :

The greatest- potent1a1 for internal exposure is probably
related to inhalation of very highly localized, :

. high-concentration aerosol generated during removal of ‘
contaminated clothing. Such an occurrence in late 1990 resulted
from a procedural lapse in which a worker contacted his '
contaminated hand to his mouth during removal of contaminated
clothing and respirator following a lower-level cleanup. The
uptake resulted in an initial lung burden equivalent to about 61
percent of the ICRP 2 maximum permissible lung burden, almost
all of which had cleared as of this writing.  An assisting
technician received a negligibly small exposure. (This
occurrence was reported to CRH previously.) Such an occurrence
shows that the hazard of inhalation exposure during clothing
removal is present and warrants continued careful control and
continued efforts to minimize contamination levels in the cell
through process design and remote cleanup.) Except for the
"isolated case mentioned above, data from nasal smears,
twice-daily personal contamination monitoring (which is
sensitive to lung depositions of about 100 nanoCuries or more)
and annual whole body counting are consistent in indicating that
internal exposures associated with melt cleanups are and have

been negllglbly small.



Radioactive Waste Generation

Significant quantities (both volumes and activities) of
radioactive wastes are produced in the cleanup and present
handling, storage, and disposal problems. The small volume of
very high activity waste that is encapsulated remotely in stored
in the pool presents no significant direct radiation exposure or
waste management problem in the near term, and should be
relatively easily managed,. from the radiation exposure
standpoint, in the long term. However, something on the order
of 50 Curies of cobalt-60 waste in two or three shielded drums
are produced in a single cleanup. A substantial volume of
lower~level contaminated plastic sheet, paper, disposable
clothing, and cleaning materials is also produced, and is added .
to the radioactive waste inventory in storage awaiting disposal.

Residual Cell Contamination

Residual radiation left in the cell after the melt cleanup
contributes significantly to worker doses.. The exposure rate
after cleanup is usually in the range of 300-500 mR/hour.
Residual contamination left in the cell after the melt cleanup
(in the range of 10 microCuries/100 square centimeters),
complicates subsequent source encapsulation and packaging
operations ard contamination tracked from the cell is probably a
major contrikutor to surface contamination in work areas.

RE-EVALUATION OF THE MELT PROCESS .

The melt and cleanup process developed described above has
been conducted many times NPI. The level of success has been
generally good. Occasional problems have occurred, but NPI has
been generally successful in responding to them and in making
incremental improvements to the process. However, periodic
reexamination of fundamental assumptions is often helpful in
responding to changing conditions. The new 10 CFR Part 20
codifies a requirement that doses be kept ALARA, and it can be.
expected that requ1rements for formal ALARA programs will be
added to licenses. This will replace current regqgulatory
language that strongly urges that doses be kept ALARA, but does
not require it. Since implementation of such a program will
require a complete re-evaluation of the melt and cleanup process
de51gn,.and a comparative evaluation of likely candidates for
alternative approaches, it would be desirable to get an early
start on that effort so that it can be completed in time to
permit orderly transition to operations urnder the new
10 CFR Part 20. Because the relative safety of alternative
approaches would be an important .consideration in an ALARA
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'analy51s, I would recommend developlng an updated safety

analysis for the melt/cleanup process in coordination with the
ALARA effort. I believe that three evaluations conducted over

the next several years would be highly desirable:

- The necessity for and benefit from melting cobalt, as
opposed to fabricating sources from forms not requiring
-melting (1nc1ud1ng both mini-pellets and larger forms
shaped prior to irradiation) should be evaluated in a
comprehensive and systematic way. Such an evaluation
should document the benefits and costs of the various
alternative approaches to source fabrication and would be
important in determining the need for the melt/cleanup
process. ' ' ' :

- Considerable thought has apparently been given to

. redesign of the melt/cleanup processes, and significant
improvements have been made in the melt process and in
the cleanup process. Most of these improvements have
been focused on remote cleanup. These efforts should be
continued. However, there has been no documented
systematlc effort to redesign the melt process 1tself to

. minimize doses by reducing the dispersion of

" contamination. For example there has been no systematic
attempt to develop a system to confine and capture
locally material released to the cell during the meltlng
process thereby reducing the gquantities of cobalt that
must be recovered manually in the cleanup. Of course,
design of such a system would not be a simple task (and
may not be feasible), because the system would have to
allow for space limitations, requirements for and '
limitations in manipulator maneuverability, the
requirement to retain access to the canals, the
capability for mlnlmlzlng doses during removal of
cobalt-60 captured in such a system, etc. That is why a
systematic effort is warranted. Such an evaluation
should include examination of a reasonable sample of
likely candidates for improving the process.

- The melt process has the potential for accidental’
releases of quantities of cobalt to the cell greater than
that typically observed. Past experience (no such
release in a very large number of melts) is strong
indication that the probability of such an event is 1low,
and the capabilities of the ventilation system are
certainly sufficient to limit consequences offsite.
Nonetheless, the degree to which control of this hazard
is optimized in the existing melt process and in’
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potential ALARA alternatlves may warrant re-examination.
Such an analy51s would probably confirm that the
probability is sufficiently low, but it could identify
reasonably achievable modifications to further reduce the
probability. Such a study might also show that the
consequences of such an event and the recoverability from
such an event could be significantly improved by some
reasonably achievable means, such as increasing the
filtration efficiency at the present roughlng filter
'locat1on.

- INDIRECT IMPACTS OF MELT/CLEANUP PROCESS

Complete evaluation of the melting and cleanup operations

must consider the extent to which these operations contribute to
the magnitude of general radiation protection problems existing
at NPI. These have been discussed in detail in my report dated
March .28, 1990, and will only be summarized here. The general
problems upon whlch the melt and cleanup operatlons bear in
important ways are as follows:

1.

Penetrating radiation doses for key LAA workers and some
others regularly approach quarterly regulatory limits.

Doses in these cases appear to be sufficiently controlled to
keep overexposures unlikely under current regulations.
Current regulatory limits are occasionally exceeded, roughly
once every two or three years, but those overexposures are
almost always associated with short-duration exposure in
high dose rate work in which the ant1c1pated dose is not
accurately estimated or, more likely, in which a lapse in

- work procedure occurs. The margin for such lapses decreases

with increasing dose rate. Reduction. of the frequency of
overexposures will require improved controls in high dose
rate work and/or reduction of dose rates in that work. The
removal of quarterly limits in the new 10 CFR Part 20, to be
implemented in January, 1994, may reduce the increment of
added restriction of lower annual dose limits from the
standpoint of NPI overexposures, even if receipt of the
annual dose in a single quarter is prohibited, as is likely.
Compliance with the reduced annual dose limits in the new

10 CFR Part 20 will require dose rate reductions in general
LAA work and in some specific tasks. ;

Total exposure in 1990 was about 120 man- rem, about 40 of
which resulted directly from melt cleanups. A 51gn1f1cant
part of the remainder resulted from handling waste
assoclated with melt- cleanups The single overexposure to
penetratlng radiation in 1990 occurred during a melt cleanup

AN
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Penetrating radiation exposure rates in unrestricted areas
from cobalt-60 within the restricted area (ie., inventory in
waste storage rooms, etc.) regularly closely approach and
may exceed license condition limits 500 millirem per year in
several locations along the perimeter fence, assuming
continuous occupation. However, because presence of members
of the public in those areas is limited in time, doses to
people are well below ‘500 millirem per year. In a few
isolated areas in the unrestricted area (ie., parts of

" certain offices), levels closely approach or slightly exceed

dose rate limits in regulations. Again, occupation times in
those areas are limited and monitoring of those individuals
shows that doses are more than a factor of three below the

500 millirem per year limit. Reduction will require

reductions in inventory and/or additional shielding.
Substantial reductions in dose rate will be required to meet
the requirements of the new 10 CFR Part 20. Incorporation
of reduced inventory, added shielding, and, at least on an
interim basis, a relaxation in the applicable regulatory
limits would be desirable elements in the plan to be
developed for corrective action.

The major sources of this radiation is waste inventory, the

bulk of which appears to stem from melt cleanup, and

radiation from cobalt-60 in the ventilation system, most. of
which is due to melting. :

"Cobalthso contamlnatlon continues to be released to

unrestricted areas through rain water runoff pathways. -This
material appears to be slowly accumulating in unrestricted
areas within and beyond the drypond. Analyses showing that
concentrations of cobalt-60 in rain water runoff are below
maximum permissible concentrations are based on theE
assumption that a substantial fraction of the cobalt-60
released this way has been entirely collected in the area of
measurable accumulation. While that assumption may be

" correct, confirmation would be desirable. The occasional

discovery of microCurie spots of contamination offsite may
or may not be associated with the milliCurie inventory in
the drainage area. In developing a plan to address this

problem it would be desirable to include application for

regulatory relief on at least a temporary basis (increasing
the permissible dose rate), fencing the area, monitoring to
better characterize contamination distribution in the area,
monitoring to better characterize the source of the
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contamination, and interim limits for radiation and
contaminetion to guide remediation efforts until the

situation is more fully understood.

Because the courtyard is not enclosed waste is transported
through the courtyard during transfer to the waste storage
room and is handled in the courtyard during preparation for
shipment. Contribution of present operations to this
problem cannot be reliably estimated, but increases in
levels in the drypond indicate that present operations may
be contributing significantly. To the extent that
contributions from present operations may be significant,
wastes from melt operations are a substantial component.

Penetrating radiation from cobalt-60 contamination released
to unrestricted areas (the drypond area) exceed the license
limit of 500 millirem per year, and are closely approaching
the regulation limit, 100 millirem per week. Because
members of the public are not usually present in those areas
and because the peak dose rate measured is confined to a
‘'small area, it is not likely that any person would receive
500 rillirem in a year. Remediation of this problem as
described in item 3 would be desirable. = :

See comment under item 3.

Intakes of cobalt-60 on the order of a microCurie, resulting
from short-duration exposures, typically less than one hour
and often just minutes, occur at a frequency of about two
per year. Except for the single case identified above, the
doses associated with these intakes are negligibly small,
~whether they are inhalations or ingestions. The small
margin for regulatory compllance stems from conservatism in
the current regulation. Margin for regulatory compliance
will increase with the adoptlon of the new 10 CFR Part 20,
due to a more realistic approach to regulation of 1nterna1
exposures. Although this problem may not be serious from
the health and safety standpoint, the regulatory agencies

. are particularly, perhaps overly, sensitive to it. The
incorporation of half-face respirators for these situations
could be a relatlvely easy_way to accommodate their concerns
and could provide insurance against less likely hlgher
exposures.

Handling of wastes, much from meltlng, and residual cell
contamination are important contrlbutors to this problem

14



Limitations in space, shielding, and remote-handling
capabilities and accumulated backlogs of waste materials
from past operations make radioactive waste handling,
storage, and shipping.facilities and procedures substantial
contributors to several radiological problems. These

‘include doses to operators, levels of radiation in
unrestricted areas, and, probably, levels of contamination

in unrestricted areas, the latter due to the fact that

- radioactive waste transfers between operating and storage

areas, both of which are areas in which floor contamination
levels are high, must pass through the open courtyard.

- Improvements in these facilities and procedures that

properly integrate these considerations could improve the
margin of regulatory compliance in a number of areas and
will probably be necessary to assure compliance with some of
the new reguirements. NPI is correct in placing a high
priority on efforts along these lines and should continue

-those efforts.

Melt cleanup waste is a substantial component of cobalt-60
waste inventory and a major contributor to. the problems
identified. Although a number of waste shipments have been
made over the last year, the cobalt-60 inventory has
apparently not been reduced apprec1ably

'NPI has no facility in which materials and equipment can be

decontaminated in such a way that contamination containment

" and dose reduction features such as local shielding are’

available. The feasibility for and potential benefits from
such a facility should be evaluated.

Some contamlnated melt equlpment is saved for use in later
melts. This equipment is stored in the Hot Tool Storage

"Room where it constitutes a radiation source. Transfer of

the equipment between the cell and the room is also a
significant contamination source. -

Limitations in facilities, equipment, and procedures used in
the storage and transfer of contaminated equipment used in
source fabrication frequently result in the spread of floor
contamination in the CCZ on the order of 0.1 to 1 millicCurie
each time the operation is performed. The feasibility for
and potential benefits from improvements in these facilities
and procedures should be evaluated.

See comment under item 7.



10.

Limited filtration efficiency at the point of entry to the
hot cell exhaust ventilation system when coupled with
releases of cobalt-60 to the air in the cell, results in

.substantial transport of airborne cobalt-60 w1thin the cell

into the ventilation system, leading to high cobalt-60

. inventories in the ventilation system and on the primary

HEPA filter. The greatest increment occurred in 198s.
Although increases in levels appear to have been relatively
small since then, levels in the ventilation system remain
high. This phenomenon contributes to a variety of problems:
- High dose rates from cobalt -60 on the HEPA filter and
in other ventilation system components contribute to
high exposure rates in both restricted and
unrestricted areas. z
- The HEPA filter change frequency is determined in *
part by anticipation of future accumulation of
cobalt-60 on the filter, and is much higher .than
would be required if the change frequency were
determined by particle loading. This increases costs
and contributes to waste management problems.

- High dose rates from material on the HEPA filter and
in other ventilation components complicates the
filter change operation and other operations-in the
area, such as efficiency testing of the final HEPA
filter., Although reduction in dose rates would be
desirable, that would not appear to be a major - . R
driving force for improved roughing filter efficiency
in the near term The primary HEPA filter change
currently contributes about 0.2 person-rem per year
to the aggregate dose, an insignificant part of the
total aggregate dose in the operation.

Melting is the major source of this problem.

Conductivity and concentrations of cobalt-60 in the main
peol and in the canals were high in 1990 and were difficult
to bring down. A substantial cleanup effort in the last
half of 1990 reduced concenfrations in the North Canal. (A
similar effort for the main pool in early 1991 had reduced
concentrations to levels below the action level.) Plans for
future activities need to include provision for sustaining
these gains. Long-term integrity of singly-encapsulated
waste tubes with untested welds does not appear to be a
contributor to pool contamination thusfar, but the potential
for 1mportance in the future should be analyzed
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Transfer of contaminated items from the cell to the pool
after melts is prabably a major source of contamination in

the pool.

Even though basic radiclogical requirements are usually
satisfied in the melt/cleanup process itself, the process is
contributing in a major way to the accretion of all of the most
- challenging radiological problems faced by NPI. It is clear
that elimination of meltlng would greatly reduce the magnltude
-of these problems. It is also apparent that good progress in
managing this complex of problems will be essential to be able
to continue melting cobalt-60 within the constraints of ex1st1ng
and anticipated regulatory requirements.

Although any one of these problems in isolation would seem
to be be reasonably easily managed, each is much more
challenging when faced as part of a larger complex of problems,
NPI has had success at various times over the last two years in
at least temporarily addressing some of these problems, and in
recent months has had some success in addressing several of
these problems simultaneously, but resource limitations and.
changing priorities appear to make it difficult to sustain these
improvements while adequately addressing the entire complex of
problems. :

These problems are manageable, but it is not clear that NPI
- has a workable way to manage them within the constraints of
present and future regulatory requirements. A living (ie.,
periodically reviewed and updated) comprehensive plan and
schedule, which shows, by task for each project, the work scope,
personnel and financial resource allocation, and targeted
milestone completion dates is desirable, and, in my view,
necessary to answer this question prospectively If such a plan
is developed, it will be desirable, if not necessary, to
coordinate the development of the plan and schedule with CRH to
assure agreement on goals, priorities, and schedule, to give CRH
early warning on the need for regulatory review, and to
incorporate realistic schedules for regulatory review.

RECOMMENDATIONS -

1. Develop a living (ie., periodically reviewed and updated)
comprehensive plan and schedule, which shows for each
project by task, the work scope, personnel and financial
resource allocation, and targeted milestone completion
dates. Such a plan is needed to determine the level of
resources required and to best allocate resources in

17



managing the entire complex of radiation problems adequately
on a continuing basis. Coordination and cooperation between
NPI and CRH will be necessary in the development and
implementation of this plan. ' ;

Institute improved penetrating\dose monitoring (whole body
and extremity dose) and controls (lower .dose limits and
characterization of hot spots) in future cleanups.

Continue incremental 1mprovements in contamination

confinement during melt (one piece table) and remote decon
(reflne vacuum cleaning to improve coverage and efficiency)
in all future cleanups.

. Evaluate in a comprehensive and systematic way the necessity

for and benefit from melting cobalt, as opposed to

. fabricating sources from forms not requiring melting. The

primary objective should be to provide information
supporting ALARA analyses described in item 6. The schedule
should be designed to enable, to the extent practical,
incorporation and testing of any selected process
modifications by January, 1993 to assure fully operational
status by January, 1994. v o

Evaluate in a systematic way the optimization of control of
the potential for and consequences of accidental releases of
higher than normal quantltles of cobalt to the cell durlng
the melt process. A major objective should be to prov1de
information supporting ALARA analyses described in item 6,
and work should be coordinated with that effort. | The
schedule should be designed to have any fixes necessary in
place and tested by January, 1993 to assure fully
operational status by January, 1994.

Institute a systematic effort to redesign the melt process
itself to minimize doses during cleanup. This effort should
include continued efforts toward improvements in remote
cleanup capability and should specifically include
development and examination of candidate designs of systems
to confine and capture locally material released to the cell
during the melting process thereby reducing the quantities
of cobalt that must be recovered manually in the cleanup.
The objective should be to have modifications in place and
tested by January, 1993 to assure fully operational status
by January, 1994, when changes to 10 CFR Part 20 become
effective for agreement state 11censees

18
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APPENDIX A

NEUTRON PRODUCTS, INC.
JANUARY, 19%0 MELT CLEANUP
DATA SUMMARY
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1/22/90-1/31/90 CLEANUP
MO DA ET IN
min  uci/ce
(b)(6)

1.5 (SR
122 15 4.4E-07
5 4.5g-07
: 0 D.0E+00
0 0.0E+00
{ AVG 20 4.4E-07

INHALATION EXPOSURE ACCOUNTING FOR

FRAC
NPC

S

48.89
50.00
6.00
0.00

49.17

ouT
uci/cc

4.1E-07
1.96-07
0.0E+00
0.0E+00

3.5e-07

FRAC ~
HPC

45.56 »

2. 11
0.00
0.00

- 39.44

RESP RESP
dpm  uci/cc
FA 0.0E+00

RESPIRATORY PROTECTION

{ PROTECTION FACTOR: 2000
"MPC-HR SAMPLE: ' 0.01 RESP CRT:
(b)(B)
122 15 4.4E-07  4B.8B9 4.1E-07  45.%6
, 5 4.56-07  50.00 1.96-07  21.1
0 0.0E+00 0.00 0.0E+00 0.00
0 0.0E+00 0.00 0.0E+00 0.00
AVG © 20 4.48-07 4917 3.5E-07  39.44

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR:

HPC-HR
(b)(6)
0
0
0
. AVG 19

INHALATION EXPOSURE ACCOUNTING FOR

SAMPLE :

3.0e-07"

0.0E+00
0.0E+00
0.0E+00

3.0e-07

PROTECTION FACTOR:

MPC-HR

SAMPLE:

2000
0.01

33.33
0.00
0.00
0.00

- 33.33

2000

0.01

0.00

FA 0.0E+00

RESPIRATORY PROTECTION

RESP CRT:
3.26-08 3.56
0.06400  0.00
0.0E400  0.00
0.0E+00  0.00
3.26-08  3.56

0.00

FA 0.0e+00

RESPIRATORY PROTECTION

RESP CRT:

0.00

FRAC
MPC

0.00

0.00

0.00



. AVG 15

1/22/90-1/31/90 CLEANUP

MO DA ET . IN
min uci/cc
(b)(6)
122 17 5.0E-07
: 0 O0.0E+00
0 0.0E+00
0 0.0E+00
AVG 17 5.0E-07

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR:

MPC-HR . SAMPLE:
(b)(6)
4
8 1 -
123 1% 2.1E-07
0 0.0E+00
"0 0.0E+00
0 0.0E+00
AVG 14 2.1E-07

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR:

MPC-HR SAMPLE:
(b)(6)
5
0.0
123 15 2.0E-07
0 0.0E+00
0 0.0E+00
0 0.0E+00
2.0E-07

1

FRAC
MPC

55.56
0.00

0.00.

0.00

55.56

2000
0.01

23.33
0.00
0.00
0.00

23.33

2000
0.00

22.22
0.00
0.00
0.00

22.22

INHALATION EXPO§URE ACCOUNTING FOR RESPIRATORY PROTECTION

PROTECTION FACTOR:
MPC-HR SAMPLE:

2000
0.00

out FRAC RESP RESP FRAC
uci/cc MPC dpm uci/cc HPC
1.26-07  13.33 ‘IN SAMPLE LOST, ESTIMATED FROM FIRST
0.0E+00 0.00"
0.0E+00. 0.00
0.0E+00 0.00
1.26-07  13.33 FA 0.0E+00 0.00
RESPIRATORY PROTECTION
RESP CRT: 0.00 »
3.36-08 3.67
0.0E+00 0.00
‘0.0E+00 0.00
0.0E+00 0.00
3.36-08  3.67 FA 0.0E+00 0.00
RESPIRATORY PROTECTION
RESP CRT: 0.00
2.3E-08 2.56
0.0E+00 0.00
0.0E+00 0.00
0.0£+00 0.00
2.3€-08 2.56 FA  0.0E+00 0.00
RESP CRT: 0.00



[ 1/22/90-1/31/90 CLEANUP

]

FRAC

4O DA ET N

d min uci/cc MPC

(b)(6)
123 15 2.0E-07 22.22
0 0.0E+00 0.00
0 . 0.0E+00 0.00
., 0 0.0E+00  0.00
AVG 15 2.0e-07 22.22

INHALATION EXPOSURE ACCOUNTING FOR

)

PROTECTION FACTOR:

MPC-HR SAMPLE:
(b)(6)

12 15 1.5£-07

30 3.76-07

0 0.0£+00

0 0.0+00

AVG 45 3.06-07

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR:

MPC-HR
(b)(8)
123 15
15
o
o
. AVG 30

JNHALATION EXPOSURE ACCOUNTING FOR

SAMPLE:

3.16-07
2.9€-07
0.0€+00
0.0E+00

3.0e-07

PROTECTION FACTOR:

MPC-HR

SAMPLE:

2000
0.00

16.67
41.1
0.00
0.00

32.96

2000
0.91

34.44
32.22
0.00
0.00

33.33

2000
0.01

ouT
uci/ce

2.3E-08
0.0E+00
0.0E+00
0.0E+00

2.3E-08

FRAC
MPC

2.56 ¢

0.00
0.00
0.00

2.56

RESP RESP
dpm uci/ce
FA 0.0E+00

RESPIRATORY PROTECTION

8.0E-08
1.4€-07
0.0E+00
0.0E+00

1.2E-07

RESP CRT:

8.8%

15.56
0.00
0.00

13.33

0.00

FA 0.0E+00

RESPIRATORY PROTECTION

RESP CRT:

1.2E-07
1.9€-07
0.0E+00
0.0E+00

1.6E-07

13.33
21.1
0.00
0.00

17.22

0.00

FA 0.0E+00

RESPIRATORY PROTECTION

" RESP CRT:

0.00

FRAC
MPC

0.00

0.00

0.00



(

1/22/90-1/31/90 CLEANUP

FRAC ouT

HO DA ET N
f min uci/cc HPC  uci/ce
(b)(6) |
123 15 2.08-07  22.22 2.3E-08
0.0E+00 0.00 0.0E+00
0 0.0E+00 0.00 0.0E+00
0 0.0E+00 0.00 0.0E+00
AVG 15 2.0E-07  22.22 2.3E-08

FRAC
MPC

2.56 *
0.00
0.00
0.00

2.56

RESP RESP

" dpm  ucifec

FA 0.0E+00

INHALATION - EXPOSURE ACCOUNTING FOR RESPIRATORY PéOTECTlON
PROTECTION FACTOR:

MPC-HR SAMPLE:
(b)(6)

123 15 1.5€-07

30 3.76-07

0 0.0£+00

0 0.0e+00

AVG 45 3.06-07°

,2000
0.00

16.67 *8.0E-08

‘41.11  1.4E-07

0:00 0.0E+00
.0.00 0.0E+00

32.96 1.2E-07

_ RESP CRT:

8.89
15.56
0.00
0.00

13.33

0.00

FA 0.0E+00

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR SAMPLE:
(b)(6)

123 15 3.1e-07

15 2.9E-07

0 0.0e+00

0.0E+00

. AVG 30 3.0e-07

2000

0.01 RESP CRT:

N

34,46 1.26-07
32.22 1.98-07
0.00 0.0E+D0
0.00 0.0E+00

33.33 1.6E-07

13.33
21.1
0.00
0.00

C17.22

0.00

FA 0.0E+00

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR: ' '

MPC-HR

SAMPLE:

2000

0.01 RESP CRT:.

0.00

FRAC
MPC

~0.00

0.00

0.00



7
(e

(b)(6)
126 30 3.06-07
0 0.0E400
0 0.0£400
0 0.0£+00
AVG 30 3.06-07

FRAC
MPC

33.33
0.00
0.00

.0.00

33.33

ouTt
uci/ce

2.1E-07
0.0E+00

Q.oe+oo_

0.0E+00

2.9E-07

FRAC
MPC

23.33

0.00
0.00

0.00

23.33

"RESP  RESP
dpm  uci/ce
FA 0.0E+00

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR
(b)(6)
124 15
15
35
0
AVG 65

SAMPLE:

9.6€-08
8.96-08
3.7€-07
0.0E+00

2.4E-07

2000
0.0%

10.67
9.89
41.1
0.00

26.38

RESP CRT:
2.26-08 2.44°
1.4E-07  15.56
3.2E-07  35.56
0.0E+00 0.00
2.1E-07  23.30

'0.00

FA 0.0E+00

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR
(b)(6)
125 15
15
15
21
AVG 66

SAMPLE:

1.4E-07
4.5E-07
3.4E-07
8.2E-08

2.4E-07

2000
0.01

15.56

50.00
37.78
9.1

26.38

RESP CRT:
6.1€-09  0.68
B.BE-08  9.78
6.2E-09 0.69
4.0E-09 0.44
2.4E-08  2.67

0.00

FA D.0E+00

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR

SAMPLE:

2000
0.01

RESP CRT:

0.00

FRAC
WPC

0.00

0.00

0.00



~

A~

1/22/90-1/31/90. CLEANUP

MO DA "ET
" min

(b)(6)

U.n

1% 15
15
23
0
0
53

TION EXPOSURE ACCOUNTING FOR

. IN
‘uci/ece

4 2e-07
2.9e-07
4.1€-07
0.0E+00
0.0£+00

3.8E-07

TION FACTOR:-

SAMPLE:

AVG

INHALAT{OR EXPOSURE.ACCOUNTING-FOR

28

2.6E-07

2.3E-07

0.0E+00
0.0E+00
0.0E+00

2.5E-07

PROTECT]ON FACTOR:

. MPC-HR
(b)(6)

129 15

15

20

0

0

VG 50

SAMPLE:

2.0E-07
2.0E-07
9.0E-08
0.0E+00
0.0E+00

1.6€E-07

PROTECTION FACTOR:

MPC-HR,

SAMPLE:

FRAC
MPC

46.67
32.22
45.56
0.00
0.00

42.10

50
0.74

28.89
25.56
0.00
0.00
0.00

27.34

50
0.26.

22.22
22.22
10.00
0.00
0.00

17.33

50
0.29

out

uci/cc

2.6E-07
6.1E-09
6.1E-09
0.0E+00
0.0E+00

7.8€-08

FRAC RESP RESP FRAC
MPC dpm  wci/ce WPC

28.89

0.68

0.68 -

0.00

0.00 '

8.66 B.9E+06 3.BE-06 . 424.05

RESPIRATORY PROTECTION

RESP CRT: 7.49

2.5e-07
2.4E-08
0.0E+00
0.0E+00
0.0E+00

1.56-07

27.78

2.67

0.00 ,
0.00 ‘
0.00

16.12 2.08407 1.6E-05 1803.75

RESPIRATORY PROTECTION

RESP CRT: 16.84

1.6E-09
1.7e-08
1.1E-08
0.0E+00
0.0E+00

1.0E-08

0.18
1.89
1.22
0.00
0.00

1.11 7.5E+06 3.4E-06 378.79

| INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION

RESP CRT: 6.31



1/22/96-1/31/90 CLEANUP

IN

MO DA ET FRAC out
min uci/cc MPC  uci/cc
(b)(6)
125 15 B.5E-08  9.446 3.5E-09
15 2.36-07  25.56 8.4E-09
15 4.26-07  46.67 1.9E-08
15 2.7E-07  30.00 4.2E-09
19 7.56-09  0.83 6.9E-09
AVG 79 1.9-07  21.40 B.3E-09
INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY
PROTECTION FACTOR: 2000
MPC- HR SAMPLE: 0.01 RESP
(b)(6)
0.8
125 . 15 B8.5E-08  9.44 3.5€-09
15 2.36-07  25.56 B.4E-09
15 4.26-07  46.67 1.9€-08
15 2.7E-07  30.00 4.2€-09
26 7.5E-09 0.83 6.9E-09
AVG B6 1.8E-07. 19.73 8.2E-09
. INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY
PROTECTION FACTOR: 2000
MPC-HR SAMPLE: 0.01 RESP
(b)(6)
126 15 3.38-07 36.67 4.1E-08
' 18 4.4E-07  48.89 1.8E-07
0 0.0E+00  0.00 0.0E+00
0 0.0E+00  0.00 0.0E+00
0 0.0E+00  0.00 0.0E+0D
AVG 33 3.98-07  43.33 1.26-07
'
INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY
PROTECTION FACTOR: 50 v
HPC-HR SAMPLE: 0.48 RESP

FRAC RESP - RESP . FRAC
HPC dpm uci/ce MPC

0.39
0.93
2.1 .
0.47
0.77

0.92  FA 0.0E+00  0.00

PROTECTION

CRT: 0.00

0.39
0.93
2N
0.47
0.77

0.91 FA  0.0E+00 0.00

PROTECTION

.CRT: 0.00

)

4.56
20.00
0.00
0.00
0.00

12.98 S.BE+06 4.0E-06  443.83

PROTECTION

CRT: 4.88



1722/90-1/31/90 CLEANUP

MO DA

ET -

min

(b)(6)

15
15
20

@

50

N
uci/ce

6.7E-09
1.3e-07
1.4E-08
0.0E+00
0.0£+00

4.7E-08

FRAC
MPC

©0.74
14.44
1.56
0.00
0.00

5.18

ouT
uci/ce

2.0E-10
3.0E-10
2.5E-10
0.0E+00
0.0E+00

2.5E-10

TTON EXPOSURE ACCOUNTING FOR RESPIRATORY
[1ON FACTOR:

(b)(6)

T

131

i
' AVG
1

15
15
25

35

SAMPLE:

4.3E-09
2.8E-09
2.6E-08
0.0E+00

0.0E+00

1.4E-08

50
0.09

0.48
0.31
2.89
0.00
0.00

-1.53

RESP

6.6E-11
"2.78-10
4.5E-10
0.0E+00
0.0E+00 "

3.0E-10 -

FRAC RESP RESP FRAC
MPC dpm uci/ce MPC

0.02
0.03
0.03

- 0.00

0.00

0.03 3.5E+05 1.6€-07 17.68

PROTECTION

CRT: 0.29

0.01
0.03
0.05
0.00
0.00

0.03 1.5E+05 6.2€-08 6.89

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR

SAMPLE:

- 50
0.03

RESP

CRT: -~ 0.13



1/22/90-1/31/90 CLEANUP

MO DA ET N FRAC
min uei/ce - MPC
(b)(6)
U.4 -

130 15 1.56-07  16.67
15 2.86-08 3.11

40 4.0E-08 4.46

0 0.0E+00 0.0

0 0.0E+00 0.90

AVG 70 6.1E-08 6.78
INHALATION EXPOSURE ACCOUNTING FOR
PROTECTION FACTOR: 50
MPC-HR SAMPLE: 0.16

(b)(6)

131 15 (2.46-07  26.67
15 2.2E-07 24,44

“ 15 1.4E-07  15.56

35 6.Be-08 7.56

0 0.0E+00 0.00

AVG. 80 1.4E-07 15,81

INHALATION EXPOSURE ACCOUNTING
PROTECTION FACTOR:

MPC- HR SAMPLE :
(b)(®)
0.1 .
131 15 '9.1€-09
20 2.3£-08
0 0.0E+00
0 0.0E+00
0 0.0E+00
AVG 35 1.76-08

0

1
2
0
0
0

"

FOR
50
42

.01

.56
.00
.00
.00

.89

ouT
uci/ce

3.3E-08
5.4E-09
5.8E-09

" 0.0E+00

0.0E+00

1.2E-08

RESPIRATORY

RESP

4.4E-08
7.5E-09
1.2E-09
7.7E-09
0.0E+00

1.3£-08

RESPIRATORY

RESP

1.26-08
0.0€+00
0,0£+00
0.0E+00
0.0E+00

5.1E-09

FRAC
MPC

3.67
0.60

0.64 *

0.00
0.00

1.28

v

RESP RESP
dpm uci/ce

4,4E+05 1.4E-07

PROTECTION

CRT:

4.89
0.83
0.13
0.86
0.00

1.47

0.37

FA 0.0E+00

PROTECTION

CRT::

1.33
0.00
0.00
0.00

0.57

0.00

0.00 OUT SAMPLE LOST

-

FA 0.0E+00

' 1 .
INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR

SAMPLE:

2000

0

.00

RESP

CRT:

0.00

FRAC
MPC

15.87

0.00

0.00



WHOLE BODY VS EXTREMITY DOSE

o MAX MIN MAX MIN MAX MIN
ENTRY  WB DOSE WRIST - WRIST ANKLE ANKLE  FINGER  FINGER

rem ) rem rem rem rem rem rem
1 1.5 1.9 0.7 1.8 1.7 3.1 0.7
1A 1.4 1.8 1.7 1.5 1.4 3.0 2.6
2 1.1 2.4 1.3 1.1 0.8 6.3 1.9
3 1.6 2.4 1.5 3.9 1.6 3.6 1.5
4 1.0 2.9 2.5 2.9 1.3 8.6 7.0
5 0.8 6.3 2.1 4.5 1.6 22.8 6.0
5A 1.2 0.6 0.6 1.0° 0.5 0.6 0.6
6 - 1.2 ‘2.0 1.9 2.9 1.9 44 4,0
7 1.5 “2.9 2.6 5.7 4.5 7.1 5.9
8 1.2 4.0 - 1.6 2.1 1.9 12.4 2.8
K 1.0 2.4 2.2 1.8 1.8 6.6 5.8
10 1.1 1.9 1.6 1.7 1.4 4.3 3.1
11 0.6 0.9 0.6 1.3 0.9 1.8 0.6
11 A 0.8 1.5 1.1 1.8 - 1.0 3.6 2.0
12 0.4 0.7 0.7 0.5 0.0 1.6 1.6
3 0.4 0.6 0.4 0.6 0.5 1.2 0.4
14 0.2 0.3 0.3 0.4 0.4 0.6 0.6
15 0.4 0.7 0.7 1.1 0.8 1.6 1.6
16 0.4 0.5 0.5 0.7 0.4 0.7 0.7

ONE ANKLE BADGE LOST ON ENTRY 12
NO WRIST BADGES WORN ENTRIES 17-20

- HAX FINGER = (MAX HAND - MIN(MAX HAND, WB))*4 + MIN(MAX HAND, WB)
CORRECTS EXTREMITY DOSE FROM 6 INCHES TO 3 INCHES, ASSUMING PT SOURCE

N



SUMMARY

" ENTRY TIME

DOSE

min‘ rem

1 - 20 1.5
1A 20 1.4
2 19 1.1
3 17 1.6
4 14 1.0
5 15 0.8
SA 15 1.2
[ 45 1.2
7 30 1.5
8 30 1.2
9 85 1.0
10 66 1.1
11 79 0.6
11 A 86 0.8
12 33 0.4
13 53 0.4
14 28 0.2
15 50 0.4
16 70 0.4
17 - 80 0.4
18 35 0.1
19 50 0.3
20 55 0.2
TOTAL - 975 18.83

TOTAL TIME (m;n-hr).

AVG DOSE RATE (rem/hr)

RATE

rem/hr
4.5
4.2
3.5
5.6
4.3
3.2
4.8
1.6
3.0
2.4
0.9
1.0
0.5
0.6
0.7
0.5
0.4
0.5
- 0.4
0.3
0.2
0.3
0.2

16.3
1.2

IN AIR

uci/cc
4 .4E-07
4 ,4E-07
3.0E-07
5.0E-07
2.1E-07
2.0E-07
2.0E-07
3.0E-07
3.0E-07
3.0E-07
2.4E-07
2.4E-07
1.9€E-07
1.8€-07
3.9E-07
31.8e-07
2.5-07
1.6E-07
6.1E-08
1.4E-07
1.76-08
4.7E-08
1.4E-08

OUT AIR

uci/ce
3.5e-07
3.5€-07
3.26-08
1.2-07
3.3e-08

2.3E-08

2.36-08
1.26-07
1.6E-07
2.1€-07
2.1E-07
2.4€-08
8.3€-09
8.2€-09
1.2€-07
7.86-08
1.5€-07
1.0€-08

1.2E-08

1.3e-08
5.1E-09
2.56-10
3.0e-10

RESP

uci/ce
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.DE+00
0.0E+00
0.0E+00
0.0E+00
4.0E-06
3.8E-06
1.6E-05
3.4E-06
1.4E-07
0.0E+00
0.0e+00
1.6E-07
6.2E-08

LOG
IN AIR

-6.35
-6.35
-6.52
-6.30
-6.68
-6.70
-6.70
-6.53
-6.52
-6.52
-6.62
-6.62
-6.72
-6.75
-6.41
-6.42
-6.61
-6.81
~7.21
-6.85
-7.77
-7.33
-7.86

LOG
OUT AIR

-6.45
-6.45
-7.49
-6.92
-7.48

-7.64
-7.64

-6.92
-6.81
-6.68
-6.68
-7.62
~8.08
-8.09
-6.93
-7.11
~6.84
-8.00
-7.94
~7.88
-8.29
-9.60
-9.53

‘LoG
RESP

-5.40
~5.42
-4.79
-5.47

-6.85 -

~6.80
-7.21



. WHOLE BODY VS EXTREMITY DOSE.

MAX © MIN MAX MIN MAX HIN -
ENTRY - HAND/WB HAND/WB ANK/WB  ANK/WB FING/WB FING/W8

1 1.3 0.5 1.2 1.1 2.1 0.5
14 1.3 1.2 1.1 1.0 2.1 - 19
2 2.2 1.2 1.0 0.7 5.7 1.7
3 1.3 0.9 2.4 1.0 2.3 0.9
‘g 2.9 2.5 2.9 1.3 8.6 7.0
5 7.9 2.6 5.6 2.0 28.5 7.5
5A 0.5 0.5 0.8 0.4 0.5 0.5
6 1.7 1.6 . 2.4 1.6 3.7 3.3
7 1.9 1.7 3.8 3.0 4.7 3.9
8 3.3 1.3 1.8 1.6 10.3 2.3
9 2.4 2.2 1.8 1.8 6.6 5.8
10 1.7 1.5 1.5 1.3 3.9 2.8
1 1.5 1.0 2.2 1.5 3.0 1.0
11 A 1.9 1.4 2.3 1.3 4.5 2.5
12 1.7 1.7 1.3 0.0 4.0 4.0
13 1.5 1.0 1.5 1.3 3.0 1.0
1% 1.5 1.5 2.0 2.0 3.0 3.0
15 1.7 1.7 2.8 2.0 4.0 4.0

1.1 1.6 0.9 1.5 1.5

16 1



ENTRY

Vi &S 0O N N —

MAX
WRIST

rem

0.6
0.5
1.9
1.8
2.1
0.6

0.3

0.9
2.0
1.9
0.7
0.7
1.5
2.9
2.4
2.6
2.9
4.0
6.3

MAX

HAND/WB

0.5
1.1
1.3
1.3
1.3

-
.
wvi

.

~N W N’ FLX T N R i G S |
R )
QW O SN0 O NNV W

[

n/,
e

SQ\ ~

0O N WV S WN

0.0526
0.1053
0.1579
0.2105
0.2632
0.3158
0.3684
0.4211
0.4737
0.5263
0.5789
0.6316
0.6842
0.7368
0.7895
0.8421
0.8947

0.9474°

1.0000



APPENDIX B

NEUTRON PRODUCTS, INC.
JUNE,. 1990 MELT CLEANUP
DATA SUMMARY



ENTRY

- P T ey —
O = = auvtNNWn N
> = >

Vi @0 N & O N WO -

WM{

MAXUZK/ MAX

WRIST™ HAND/WB

rem

0.3
0.5
0.6
0.6
0.7
0.7
0.9

© 1.5
1.8
1.9
1.9

2.0
2.1
2.4
2.4

/2.9

— 2.9

4.0
6.3

1.5
1.1
0.5
1.5
1.7
1.7
1.5
1.9
1.3
1.7
1.3
1.7

1.3

2.2
2.4
2.9
1.9
3.3
7.9

O N WS WA -

O S N | Y
VO & NN NN - OV

0.0526
0.1053
0.1579
0.2105
0.2632
0.3158

- 0.3684

0.42M1
0.4737
0.5263
0.5789

0.6316

0.6842
0.7368
0.7895
0.8421

'0.8947

0.9474

1.0000 -



DOSE RATE (rem/hr)

16

14

12

10

AN

'AUERAGE WB DOSE RATE VERSUS ENTRY

6,80 NELT CLEANUP

N, -

3

5 7
2 4 6

9 1
8 10

ENTRY NUMBER

13 15 1
12 14 16

7

9

1 21
18 20

_Aos”e rete = SED W/El”)«y 23—0/:-4},,\,




DOSE (rem)

20

15

10

EXTREMITY DOSE AND WHOLE BODY DOSE

6,90 MELT CLEANUP.

..__*__.
WHOLE BODY
.—.—.i..—-__
MAX WRIST
MAX ANKLE
LA |
' ]
+ _//Q \;._ g\\
SRR
1 3 5 S N 13 15 17 19 _ 2
2 4 B 10 12 14 16 18 20

ENTRY NUMBER



EXTREMITY / WHOLE BODY

EXTREMITY DOSE/WHOLE BODY DOSE

6,90 MELT CLEANUP

14 -
12 ’ K 1 ‘ MAX WRST
A ___+__—_

10 /\ MNWBST
8 n
6 /
4 S 7\
bl L LN

ST TNESGA N
ol v i

1 3 o) 7 9- 1 13 15

2 4 6 8 10 12 14
: s

ENTRY NUMBER



10

EXTREMITY DOSE/WHOLE BODY DOSE

6,90 MELT CLEANUP

MAX ANKL

MIN ANKL

< NV EA

2 4 6§ 8 L ”

ENTRY NUMBER




EXTREMTY / WHOLE BODY

20

10

6,90 MELT CLEANUP

 EXTREMITY DOSEWHOLE BODY DOSE

MAX FNGR

MN FNGR

8 10

ENTRY NUMBER

12

R




LOG (AR CONC (uci/ec))

~ AIR CONC VERSUS ENTRY

6,90 MELT CLEANUP

—4
—+—_
N AR
-5 ;
\‘ . N
| BUT AR
-5 o
3 -
S :
Ax j % % R

\
.¥. N_ X -
b

T

13 5 7 9 1N 13 15 177 19 2
2 4 6 8 10 12 14 16 -18 20

ENTRY NUMBER

i
$
|

125;4c.—¢¢zqu5454{ ¢44nn17e: ovtzf‘ ¢L¢¥r7r 4¢wru_/raﬂ_\~
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A

6/11/90-6/21/90 CLEANUP

IN° ¥ FRAC

MO DA ET

min  uci/ce MPC
(b)(6)

6 11 26 1.0e-15  0.00
0 0.0e+00 0.00
0 0.0E+00 0.00
0 0.0E+00 0.00
AVG 24 1,0E-15 0.00

INHALAT1ON EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR: 2000
MPC-HR SAMPLE: 0.00
(b)(6) |
22 2.7E-07 30.00
0 0.0e+00 0.00
0 0.0e+0D 0.00
0 0.0E+00 0.00
22 2.7e-07 30.00

TION EXPOSURE ACCOUNTING FOR

ouT FRAC
uci/cc MPC
\
6.8£-08 7.56
0.0E+00 '0.00
0.0E+00 0.00
0.0E+00 0.00
6.8E-08 . 7.56 -

/

RESPIRATORY PROTECTION

RESP CRT:
1.98-07 21.1
0.0E+00 0.00
0.0€E+00 0.00
0.0E+00 0.00
1.9e-07 2111

RESPIRATORY PROTECTION

rruic, TION FACTOR: <000
MPC-HR SAMPLE: .o
(b)(8)

14 .
612 14 1.6E-07  17.78
0 0.0E+00 0.00
0 0.0E+00 0.00
0 0.0E+00 0.00

i

AVG 1% 1.6-07  17.78

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR:

MPC-HR

SAMPLE:

2000
0.00

RESP CRT:
5.9€-09 0.66
0.0E+00 0.00
0.0E+00 0.00
0.0E+00 0.00
5.9E-09 0.66

RESPIRATORY PROTECTION

RESP CRT:

RESP RESP
dpm uci/ce
FA 0.0E+00
0.00
FA 0,0E+00
0.00
FA 0.0E+00

0.00

FRAC
MPC

0.00

0.00 - s

0.00



6/11/90-6/21/90
MO DA ET
min

(b)(6)
6 12 6
0
0
.0
" AVG 6

INHALATION EXPOSURE ACCOUNTING FOR

CLEANUP

IN
uci/ce

1.0E-15
0.0E+00
0.0E+00
0.0E+00

1.0E-15

PROTECTION FACTOR: 2000
MPC-HR SAMPLE : 0.00
(b)(6)
613 38 1.0e-15  0.00
0 0.0£+00 0.00
0 0.0e+00 0.00
0 0.0E+00 0.00
38 1.06-15  0.00
ON EXPOSURE ACCOUNTING FOR
ON FACTOR: 2000
SAMPLE : 0.00
(b)(6)
1 .
613 " 30 1.4E-07  15.56
0 0.0E+00 0.00
0 0.0E+00 0.00
0 0.0E+00 0.00
AVG 30 1.4-07  15.56

INHALATION EXPOSURE ACCOUNT!NG.FOR

PROTECTION FACTOR:

MPC-HR

SAMPLE:

FRAC

MPC

0.00
0.00
0.00
0.00

2000
0.00

ot
uci/cc

1.4E-07
0.0E+00
0.0E+00
0.0£+00

1.4E-07

RESPIRATORY PROTECTION

RESP

3.7e-08
0.0e+00
0.0E+00
0.0e+00

3.7e-08

RESPIRATORY

RESP

.B.BE-09

0.0E+00
0.0E+00
0.0E+00

8.8€-09

RESPIRATORY PROTECTION

RESP CRT:

FRAC RESP RESP

MPC

15.56
0.00.
0.00
0.00

15.56 .

dpm uci/q?

FA 0.0E+00

CRT: 0.00

4.1
0.00
0.00
0.00

41N

PROTECTION

FA 0.0E+00

CRT: 0.00

0.98
0.00
0.00
0.00

0.98

FA 0.0£+00

0.00

FRAC
HPC

0.00

0.00

0.00



6/11/90-6/21/90 CLEAKUP

"MO DA

(b)(6)

6 12

AVG

INHALATION EXPOSURE ACCOUNTING FOR

ET
min

o o0 O

17

IN

ucf/ce

6.0E-08
0.GE+00
0.0E+00
0.0€E+00

6.0E-08

PROTECTION FACTOR:

MPC-HR
(b)(6)
L 4 0
0
]
0
AVG 10

INHALATION EXPOSURE ACCOUNTING FOR

SAMPLE:

3.7e-07

0.0E+00

0.0E+00
0.0E+00

3.7e-07

PROTECTION FACTOR:

MPC-HR
(b)(6)
"; 12 7
0
0
0
AVG 7

INHALATION EXPOSURE ACCOUNTING FOR

SAMPLE:

1.0€-15
0.0e+00
0.0E+00
0.0e+00

1.0E-15

PROTECTION FACTOR:

" MPC-HR

SAMPLE:

FRAC
MPC

6.67
0.00
0.00

0.00

6.67

2000
0.00

41,11
 0.00
0.00
0.00

41.11

2000

0.00

0.00
0.00
0.00
0.00

0.00

2000
0.00

ouT
uci/ce

6.1E-08
0.0E+00
0.0E+00
0.0E+00

6.1E-08

RESPIRATORY

RESP

1.3e-08
0.0E+00
0.0E+00
0.0E+00

1.3E-08

RESPIRATORY

" RESP

1.3€-08
0.0E+00
0.0E+00
0.0E+00

1.3E-08

RESPIRATORY

RESP

FRAC RESP RESP FRAC
MPC dpm  uci/cc MPC

6.78 IN SAMPLE LOST, ESTIMATED F
0.00

0.00

0.00

6.78 FA 0.0E+00 0.00

PROTECTION

CRT: 0.00

1.44
0.00
0.00
0.00

1.44 FA 0.0E+00 0.00

PROTECTION

CRT:  0.00

1.44
0.00
0.00
0.00

1.44 FA 0.0e+00 0.00

PROTECTION

CRT: 0.00



6/11/90-6/21/90 CLEANUP

HO DA ET
: min
|

(b)(6)

, 613 39

0

0

0

. 39

10N, EXPOSURE ACCOUNTING FOR
" 2000

CIN
uci/ce

1.0E-15
0.0E+00
0.0E+00
0.0E+00

1.0E-15

10N FACTOR:

SAMPLE:

(b)(6)

T

6 13 43

AVG 43

9.0E-08
0.0E+00
0.0E+00
0.0E+00

9.0E-08

INHALATION EXPOSURE ACCOUNTING FOR
PROTECTION FACTOR:
MPC-HR SAMPLE:
(b)(6)
6 13 45 3,2e-08
0 0.0E+00
0 0.0e+00
0 0.0E+00
AVG 45 3.2E-08

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR:

MPC-HR

SAMPLE :

FRAC
MPC

0.00
0.00
0.00
0.00

0.00

0.00

10.00
0.00
10.00
0.00

10.00

2000
0.00

3.56 -

0.00
0.00
0.00

3.56

2000
0.00

ouTt
uci/cc

5.8E-09
0.0E+00
0.0E+00
0.0E+00

5.8€-09

RESPIRATORY

RESP

1.0E-15
0.0E+00
0.0E+00
0.0E+00

1.0E-15

RESPIRATORY

RESP

1.6€-08
0.0e+00
0.0E+00
0.0E+00

1.6E-08

RESPIRATORY

RESP

FRAC R
MPC

0.64
0.00
0.00 -
0.00

0.64

PROTECTION

CRT: 0.

0.00
0.00
0.00
0.00

0.00

PROTECTION

CRT: 0.

1.78
0.00
0.00
0.00

1.78

PROTECTION

CRT: 0.

ESP RESP
dpm  uci/cc
FA 0.0E+00
00
FA 0.0E+00
00
FA 0.0E+00
00

FRAC :
MPC : ;

0.00

0.00

0.00



6/11/90-6/21/90 CLEANUP

"MO DA ET
min

IN
uci/ce

(b)(6)

6 14 45

oo oo

AVE 45

INHALATION EXPOSURE ACCOUNTING FOR

2.6E-09
0.0E+00

" 0.0E+00
.0,0E+00

0.0E+00

2.6E-09.

PROTECTION FACTOR:

MPC- HR SAHPLE:
(b)(6)
AL
- 64 4.1E-09
0 0.0E+00
0 0.0E+00
0 0.0E+00
0 0.0E+00
s
AVG 64 4.1E-09

INHALATION EXEDSURE ACCOUNTING FOR

PROTECTION FACTOR:

MPC-HR

SAMPLE: -

(b)(6)

6 14 64

[ =2 T« I = ]

AVG 64

4.1E-09
0.0E+00
0.0E+00
0.0E+00
0.0E+00

4.1E-09

FRAC

MPC

0.29

0.00

0.00
0.00
0.00

0.29

50
0.00

0.46

0.00
0.00
0.00
0.00

0.46

2000
0.00

0.46
0.00
0.00
0.00
0.00

0.46

ouT
uci/ce

2.3E-12
0.0E+00
0.0E+00
0.0E+00

'0.0E+00

2.36-12

FRAC RESP RESP FRAC
MPC  dpm  uci/ec MPC

0.00
0.00
0.00 -
0.00
0.00

0.00 5.5E+04 2.8E-08 3.09

RESPIRATORY PROTECTION

RESP CRT: 0.05

2.1E-09
0.0E+00
0.0E+00
0.0E+00
0.0E+00

2.1E-09 "

RESPIRA

2.1€-09
0.0E+00
0.0E+00
0.0E+00
0.0E+00

2.1E-09

0.23
0.00
0.00
0.00
0.00

0.23 FA 0.0E+00 0.00

TORY. PROTECTION

RESP CRT: 0.00

0.23
0.00
0.00
0.00
0.00

0.23 1.6E+05 5.7-08  6.31.

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR

SAMPLE:

50
0.01

RESP CRT: 0.13



6/11/90-6/21/90

CLEANUP
MO DA ET N FRAC
min uci/cc MPC
]
(b)(6)
6 18 62 7.26-08  8.00
' © 0 0.0E+00 0.00
0 0.0E+00 0.00
0 0.0E+00 0.00
0 0.DE+00 0.00
~ 62 7.26-08 8.00
=X
, ON EXPOSURE ACCOUNTING FOR
== ON FACTOR: ' 2000
SAMPLE: 0.00
(b)(6)
6 21 73 4.3:-08 4.78
0 0.0E+00 0.00
0 0.0E+00 0.00
0 0.0E+00 0.00
0 0.0E+00 0.00
AVG . T3 4.3E-08  4.78

INHALATION EXPOSURE ACCOUNTING FOR

PROTECTION FACTOR: -

INHALATION EXPOSURE ACCOUNTING FOR

MPC-HR SAMPLE:
(b)(6)
Uz
6 21 15 4.36-08
0 0.0e+00
0 0.0E+00°
0 O0.0E+00
0 0.0E+00
AVG 15 4.3E-08

PROTECTION FACTOR:

MPC-KR

SAMPLE:

50
0.12

4.78
0.00
0.00
0.00
0.00

4.78

50
0.02

ouT
uci/ce

1.0E-15
0.0E+00
0.0E+00
0.0E+00
0.0E+00

1.0E-15

RESPIRATORY

RESP

1.0E-15
0.0E+00
0.0E+00
0.0E+00
0.0E+00

1.0E-15

RESPIRATORY

RESP

1.0E-15
0.0E+00
0.0E+00
0.0E+00
0.0E+00

1.0e-15

RESPIRATORY

RESP

FRAC  RESP  RESP
MPC  dpm uci/ce

0.00

0.00
0.00 -
0.00 -
0.00

0.00 FA 0.0E+00

PROTECTION

CRT: 0.00

0.00
0.00
0.00
0.00
0.00

0.00 91.6E+07 5.0E-06

PROTECTION

CRT:  13.47

0.00
0.00
0.00
0.00
0.00

0.00 2.4E+06 3.6E-06

PROTECTION

CRT: 2.02

FRAC
MPC

0.00

553.48

404.04



6/11/90-6/21/90 CLEANUP
z

i

MO DA ET
' min
_Lr.

(b)(6)

{*rr4

6 15 23
0
! 0
0
0
AVG 23

INHALATION EXPOSURE ACCOUNTING FOR

IN
uci/ce

6.5€-12
0.0E+00
0.0€+00
0.0e+00
0.0E+00

6.5€-12

PROTECTION FACTOR:

MPC-HR

(b)(6)
1.1 =

615 36

0

0

0

0

AVG 36

INHALATION EXPQSURE:ACCOUNTING FOR

SAMPLE:

2.2E-09

0.0E+00
0.0e+00
0.0E+00
0.0E+00

2.2E~09

PROTECTION FACTOR:"

MPC-HR
(b)(6)
A 2
615 33
0
0
0
0
AVG 33

SAMPLE:

1.0E-15
0.0g+00
0.0e+00
0.0E+00
0.0E+00

1.0E-15

FRAC

© WPC

0.00
0.00
0.00
0.60
0.00

0.00

50
0.00

0.24
0.00
0.30
0.00

0.00

0.24

50
0.00

0.00
0.00
0.00
0.00
0.00

0.00

out
uci/cc

5.7E-10
0.0E+00

-0.0e+00

0.0E+00
0.0E+00

5.7e-10

RESPIRATORY

RESP

'

8.5E-09

"0.0E+00

0.0E+00
0.0E+D0
0.0E+00

8.5€-09

RESPIRATORY

RESP

6.9€-09
0.0£+00
0.0E+00
0.0E+00
0.0E+00

6.9e-09

FRAC
MPC

RESP
dpm

RESP
uci/cc

FRAC
MPC

0.06
0.00

'0.00

0.00
0.00

0.06 6.8E+04 6.7E-08 7.47

G

PROTECTION

CRT: 0.06

0.94
0.00
0.00
0.00
0.00

0.94 1.2E+406 7.6E-07

PROTECTION

CRT:  "1.01

0.77
0.00
0.00
0.00
0.00

0.77 2.1E+05 1.4E-07  16.07

INHALATION EXPOSURE ACCOUNTING FOR RESPIRATORY PROTECTION
PROTECTION FACTOR:

MPC-HR

SAMPLE:

50

0.00

RESP

CRT: 0.18



)

6/11/90-6/21/90 CLEANUP

SUMMARY
ENTRY TIME
) min
1 24
2 22
3 1%
4 17
5 10
6 7
7 6
8 38
9 30
.10 39
11 43
12 45
13 45
14 64
15 64
16 23
17 36
18 33
19 62
20 73
21 15
22 0
23 0
TOTAL 710

TOTAL TIME (man-hr)

DOSE

rem

.
w

. .«

.

O =2 O = wd b A r ed ek ad b o b es aa
N

O O =
. N .
AV, I Y

o
i

0.2
0.0
0.0

22.1

AVG DOSE RATE (rem/hr)

RATE

rem/hr

O Pr VNV DO O LD OO O OO NW®

D O O O e O m O AN .m NN -
oo e S oM

m
X .
-

ERR

11.8
1.9

IN AIR

uci/ce

"1.0E-15
2.7E-07-

1.6E-07
6.0E-08
3.7e~07
1.0E-15
1.0E-15
1.0E-15
1.4E-07
1.0E-15
9.0E~08
3.26-08
2.6E-09
4.1E-09
4.1E-09
6.5E-12
2.2E-09
1.0E-15
7.2€-08
4.3E-08
4.3E-08

ERR

ERR

OUT AIR

uci/cc
6.8E-08
1.9e-07
5.9E-09
6.1E-08
1.3E-08
1.3E-08
.LE-07
.7E-08
.8E-09
.86-09
.0E-15
.6E-08
J3E-12
L1E-09
L1E-09
.7E-10
.5€-09
.9E-09
.0E-15
LOE-15
.0DE-15
ERR
ERR

— o N0 VT RN R s aa DD W -

0
0
0
0

0.

WU o= v Mo OO OO0 Qo O

RESP

uci/ce
.DE+00
.0E+00
.DE+00
.0E+00
0E+00
.0E+00
.0E+00
.0E+C0
.0E+00
.0E+00
.0E+00
.DE+00

.0E+00
_TE-08
.7E-08
.6E-07
LLE-O7
.0E+00
.0E-06
.6E-06

ERR

ERR

.8E-08

LOG
N AIR

-6.57
-6.80
-7.22
-6.43

-6.B5

-7.05
~7.49
-8.59

-8.39

-8.39
.19
-8.66

-7.14
-7.37
-7.37
ERR
ERR

LOG
OUT AIR

-7.47
-6.72
-8.23
-7.21
-7.89
-7.89
-6.85
~7.43
-8.06
-8.2¢4

-7.80
-11.64
-8.68
-8.68
-9.24
-8.07
-8.16

ERR
ERR

LOG
RESP

-7.25
-7.17
-6.12
~6.84

-5.30
-5.64
ERR
ERR



6/11/90-6/21/90 CLEANUP

WHOLE BODY VS EXTREMITY DOSE.

"~ ENTRY

N RN b s er d o b oa e oa s
N -0V NDV S~ WN — O

23

omwiombu‘r\a-

WB DOSE

g

*

) b b wd wd eh D e mh wdh =D B ad o
« e « 4 = » e &« & = =
& VT O WO NNV SN 2NV

O -~ O -0
e e e W
e N - O

o oo
© 9c
N WV

0.0
0.0

MAX

WRIST

rem

3.0
1.8
1.6
2.2

3.9 -

3.1

8.7

4.9

2.7

1.7
1.2
4.0
3.7
1.7
2.4

0.0.

0.0
0.0
0.0
0.0
0.0
0.0
0.0

Ml

WRIST

rem

- -

(=]

2.
2.
3.
3.
1.
1.
1.
1.
2.
2.
0.
2.
0.
0.
0.
0.
0.
0.
- o.
0.

8
.6
7
1

3
3
0
3
2
7

2

7
9

5

0
0
0
0
0
0
0
0
0

 MAX
ANKLE

rem

0.5
1.4
1.1
1.8
3.8
2.7
1.0
1.6

1.8

1.7
2.0
2.4
2.2
1.1
2.3
0.0
0.0
0.0
0.0

-0.0
0.0
0.0
0.0

MIN
ANKLE

rem

OO OO0 O O O O O =2 cdedd A NN =t W O b s
SLLPRPEPELE SN HET o

..
© 00D OO0 OO O ®OVOE~ 0 - ~NmOOMIUUWIW S

MAX
FINGER

rem

7.5
3.6
3.1
3.7
19.1

8.2

70.3
16.0
7.8
2.3
1.8
11.5
10.6
5.0
6.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

MIN

FINGER

rem

2.7
2.8
0.7
3.3
L.7
9.0
7.5
1.6
1.8
2.3
1.8
6.3
7.4
0.5
4.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

MAX FINGER = (MAX HAND - MIN(MAX HAND, WB))*4 + MIN(MAX HAND, WB)
CORRECTS EXTREMITY DOSE FROM 6 INCHES TO 3 INCHES, ASSUMING PT SOURCE



