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ATTACHEMENT 1

5. Radicactive Material
a. Element and mass number
Naturally occurring uranium, approximately 99.3% U,,,.
approximately 0.7% U,
b. Chemical and/or physical form

U0

¢. Maximum amount which will be possessed at any one time

Unlimited



ATTACHEMENT 2

6. Purpose for which Licensed material will be used.

Sale to domestic and foreign utilities for use in
power generation.



ATTACHEMENT 3

7. Individual(s) responsible for radiation safety program
and their training and experience.



RADIATION SAFETY OFFICER QUALIFICATIONS

The Radiation Safety Officer (RSO) will be responsible for
all aspects of employee and environmental radiation protection,
monitoring and reporting. The RSO qualifications will comply
with the requirements of section 2.4.1 in the U.S. Nuclear
Regulatory Commission Regulatory Guide 8.31, "Information
Relevant To Ensuring That Occupational Radiation Exposures At
Uranium Mills Will Be As Low As Is Reasonably Achievable".



ATTACHEMENT 4

8. Training ‘ r individuals working in or frequenting
restricted areas.



RADIATION PROTECTION TRAINING

Radiaticn protection training will be provided for new em-
ployees as per section 2.5 of U.S. Nuclear Regulatory Commission
Regulatory Guide 8.31, "Information Relevant To Ensuring That
Occupational Radiation Exposures At Uranium Mills Will Be As Low
As Is Reasonably Achievable".

RESPIRATORY PROTECTION PROGRAM

Respiratory protection programs will be in accordance with
U.S. Nuclear Regulatory Commission Regulatory Guide 8.15,
"Acceptable Programs for Respiratory Protection" and NUREG-0041,
"Manual of Respiratory Protection Against Airborne Radiocactive
Materials".



ATTACHEMENT 5

es and equipment
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GENERAL PROCESS DESCR.PTION

The Eherwood Mill is a conventicnal acid leach-gnlvent
extraction circuit for tne recovery of U303 from uranium
bearing ores. The mill is designed to process 2000 tons of
dry ore per day, and to produce 6000 pounds of uranium
concentrate (yellowcake) per day.

The operating areas are 1) crushing; 2) grinding;
3) leach; 4) countercurrent decantation; 5) clarification;
B) solvent extraction; and 7) precipitation, drying and
packaging. The operating areas must be coordinated and
funetion together to provide the optimum operational
efficiency. Each area must be aware of the effect it has on
the preceding and following area and maintain communications
to alert the other operators of changing .i*uations. The
ecrushing circuit and the drying and packagiug circuit do not
influence the other areas of operation and can be cperated
independently as long as the the grinding circuit has
sufficient feed material at the front end of the milling
circuit and there is sufficient surge capacity for yellowcake
at the end of the milling circuit.

Each of the operating areas is described in this

operating procedures manual. The various aspects of each
. section are presented on an individual basis to familiarize

the operator with the specific section. Each section will
make reference to the preceeding and following operating
areas and the dependency of one area tc another. The
rclationship of one area to another must be understood to
provide a good milling operation.

The general process description describes the overall
operation and the sequence of the material flow., A
simplified process flow diagram is included and is described
as follows:

COAESE ORE PAD

The run-of-mine ore is delivered from the mine by truck.
The ore is stockpiled on the ccarse ore pad according to the
contained uranium values (ore grade). The feed to the
crushing circuit can then be blended with a predetermined
number of loader bucketfulls from each of the selected piles.

CEUSHING CIRCUIT

. Crushing is the fir
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of the ore for the processing operation A FRONT END LOADER
transfers ore from the coarse ore pad to the 325 ton coarse
ore bin. Oversize material (plus 24-inch) is prevented from
entering tne bin by an inclined GRIZZLY. The oversize
material is removed and stacked in a separate pile toc be
broken down and fed. or the oversize may be nauled to the
waste dumps. The ore is removed from :ue bottom of the
coarse ore bin by an AFPRON FEEDEF which centrolz the rate of
feed to a seccnd ‘riZalj. The seco ndar grivzly has 4-inch
spacing between the bars. Material going through the 4-inch
grizzly is dropped directly onto the No. 1 CONVEYOR The
oversire ore drops into the JAW CRUSHER which has a 4-inch

set. The JAW CRUSHER product joins the fine material on the
No. 1 CONVEYOR. The ore on the No. 1 CONVEYOR is fed to the
Ne. 2 CONVEYOR which feeds the VIBRATING SCREEN DECK. The
VIERATING SCREEN DECK has twec screens, the top screen scalps
out the large particles and the lower screen separates the
particle sizes at l-inch. Material passing through the 1-
inch screen drops onto the No. 3 CONVEYOR which transports
the ore to the FINE ORE BIN. The oversize ore (vlus l-inch)
from both screens is fed from the screen deck to the CONE
CRUSHER which has a 3/4-inch set. The CONE CRUZHER product
is fed to the No. 1 CONVEYOR to be recycled to the VIBRATING
SCREEN DECK. Eventually, all the ore is crushed to minus 1-
inch and is transported to the FINE ORE BIN. The crushing
circuit has the capacity to crush 24-hours of mill feed in an
eight (8) hour crushing shift. When full, the FINE ORE BIN
can provide about 1-1/2 days of feed to the grinding circuit

GRINDING CIRCUIT

Fine ore is reclaimed from storage by four (4) variable
speed BELT FEEDERS. The feeders regulate ore fed to the No.
5 CONVEYOR which feeds the BALL MILL. A WEIGHTOMETER on the
No. 5§ CONVEYOR weighs and totalizes the tons of ore fed to
the BALL MILL. A sample for ore meoisture determination is
romposited and the moisture determined. The tonnage fed and
the moisture content are used to determine the tons of dry
ore fed to the milling operation.

The minus l-inch ore reclaimed from the FINE ORE BIN
must be reduced to a finer size to enable leaching soluticns
to contact and dissolve the uranium from the sclids. The
grinding circuit provides the size reduction necessary for
acceptable recovery.

The fine ore (5 to 7 percent moisture) fed into the
BALL MILL where it is slurried with the CLASSIFIER underflo
snlids and the NEUTEAL THICKENER overflow solution. Tle
rotation of the mill and the action of the b
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mill grind the ore. The BALL MILL discharges minus 1/2-inch
material to the CLASSIFIER. The larger par*lrlc settle and
are augered out of the CLASSIFIER to be returned to the BALL
MILL for further grinding. Sizing of particles in the
CLASSIFIER is a function of the slurry density (or percent
solids). The denser the slurry in the pool area of vLhe
CLASSIFIER, the larger will be the particles overflowing the
weir to be pumped to the NEUTRAL THICKENER. The slurry
density in the CLASSIFIER is adjusted by water addition *c
about 35 percent solids to maintain sizing at 5 percent or
less 28-mesh particles. As this slurry density is too light
for efficient leaching operations, the CLASSIFIER overflow is
thickened in the NEUTRAL THILKENER to 88 to 60 percent
solids. A flocculant is added at the NEUTRAL THICKENER feed
launder to aid in settling of the fine particles. As the
solids include very fine particles which settle very slowly,

flocculant is added to the feed to the thickenser. The
flocculant, in effect, gathers many of the fine particles to
produce a ma=s that settles rapidly. The solids settle to
the bottom, are raked to the center, and are removed by a
diaphragm pump. The silurry density of 55 to 60 percent
gsnlids is desirable for the LEACHING circuit and is
controlled by the rate of pumping. The solution from the
NEUTRAL THICKENEE is returned to the GRINDING CIRCUIT.

LEACHING CIRCUIT

The underflow from the NEUTRAL THICKENER is sampled
through a four-stage automatic sampling system before it is
fed to the first of the seven (7) leach tanks. The sample
obtained is prepared and analyzed to determine the feed grade
(% uranium) each operating day. The calculated dry tons and
the analyses are used in the metallurgical balance to
determine the pounds of uranium contained in the tons of ore
fed.

Reagents added to the LEACHING CIRCUIT to dissolve the
uranium are sulfuric acid and sodium chlorate. Steam is
added to heat the slurry and increase reaction speeds. Acid
is added to the first tank to about pH 0.8. The amount of
acid added is controlled to result ir free (unreacted) acid
concentration of 7 to 10 grams per liter in the final leach
tank. The oxidizing agent, scdium chlorate, is added to the
second leach tank to obtain an oxidation potential of
approximately minus 420 millivolts in the final leach tank.
The oxidizing acidic solution dissclves about 90 percent of
the uranium values in the ore, producing uranyl sulfate in
aqueous (water based) solution.

on and control of the
re

- 1
to the overall uranium covery. Once
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the solids leave the leaching circuit, further uranium
extraction is negligible. The recovery he 1
the uranyl sulfate recovered from the soluticn.

COUNTERCURRENT DECANTATION (CCD)

COUNTERCURRENT DECANTATION separates the leached solids
from the solution and provides the feed solution to the
SOLVENT EXTRACTION C_RCUIT where the uranium is concentrated.
A CLARIFICATION CIRCUIT is required to remove suspended
golids before the solution is fed tec SOLVENT EXTRACTION.

COUNTERCURRENT DECANTATION (CCD) is the stagewise
washing of the dissolved uranium values from the tailings
solids in a series of THICKENERS. The Sherwood Mill utilizes
gsix (6) 100-foot diameter THICKENERS in the CCD circuit.
Washing is accomplished by mixing the slurry with solutions
of progressively weaker uranium values. The solids settle,
are removed, and are mixed with solutions of weaker value,
and are pumped to the following THICKENER. The six
THICKENERS of the CCD circuit are interconnected by pumps and
piping in a manner to progressively move the solids from CCD
THICKENER No. 1 towards and out of CCD THICKENER No. 6, and
move the solution from CCD THICKENER No. 6 toward and out of
CCD THICKENER No. 1.

Tre flow of solids through the CCD circuit is as
follovs: As the slurry leaves the final leach tank it is
Joined with the overflow solution from CCD THICKENER No. 2
and together are pumped to feed CCD THICKENER No. 1. The
solids pumped from the bottom of CCD THICKENER No. 1 are
joined by the overflow solution of CCD THICKENER No. 3 and
together are pumped to feed CCD THICKENER No. 2. The solids
mixed with advancing solutions progress in this manner
through CCD THICKENER No.s 3, 4, 5, and 6, then to the
NEUTRALIZATION TANK where the acid is neutralized before the
tailings are pumped to the TAILINGS POND.

The flow of solutions through the CCD circuit is as
follows: At the end of the CCD circuit, solution barren of
uranium (raffiuate) from the SOLVENT EXTRACTION CIRCUIT jeoins
with the underflow solids from CCD THICKENER No. 5 and is fed
to CCD THICKENER No. 6. The solution overflowing CCD
THICKENER No. 68 proceeds up the circuit through CCD
THICKENER No.s 5, 4, 3, 2, and 1. The concentration of
uranium in solution is the lowest in the raffinate and
becomes higher in uranium values as it progresses stagewise
to CCD THICKENER NO. 1. The CLARIFICATION CIRCUIT removes
the suspended solids from the solution which is then fed to
the SOLVENT EXTRACTION CIRCUIT.

The underflow from each of the CCD thickeners is pumped
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out at 55 to 80 percent solids. The higher the percent
solids, the more efficient iz the washing of the digssolved
uranium values from the *ailings =sclids.

As the solids include very fine particles which gsettnle
very slowly, flocculant is added to the feed of each
thickener. The amount of flocculant added to each thickener
is controlled to maintain a depth of solution. The nearly
clear solution overflows into a launder and then is pumped to
the next stage.

The floecculant is purchased as a dry powder. The powder
is carefully mixed in water for dissolution. The dissolved
flocculant is further diluted and "aged" prior to use in the
thickeners. Aging is the time needed for the flocculant to
fully hydrate to obtain maximum effectiveness.

CLARIFICAT.ION

The overflow solution from the No. 1 CCD THICKENER has
the highest concentration of uranium in the CCD circuit and
will be the feed to SOLVENT EXTRACTION. Before being fed to
the SOLVENT EXTRACTION CIRCUIT suspended solids remaining in
the THICKENER overflow solution must be removed. This
solution contains from 100 to 200 ppm of suspended sclids.
The solution must be clarified to less than 10 ppm suspended
solids to minimize problems in SOLVENT EXTRACTION.

Most of the suspended solids are removed by the cone
shaped REACTOR CLARIFIER. The REACTOR CLARIFIER has a
eylindrical base where the feed is introduced and a conical
upper section where solids are removed by the flocculant and
a suspended sludge laver. A flocculant is added to the No.
1 CCD THICKENER overflow and the solution is pumped
tangentially into the cylindrical base. The solution thus
pumped swirls in the clarifier which aids in flocculation of
the particles. The swirling motion and the upward rise of
solution suspends a moving bed of solids through which the
s0lution is "filtered." The clear sclution, generally less
than 20 ppm suspended sclids, overflows into a launder and
out of the unit. If the suspended sclids are less than 10
ppm, the overflow solution can flow directly to the clarified
feed tank for SOLVENT EXTRACTION feed. When the suspended
solids are greater than 10 ppm, the solution cen be directed
to the filter feed tank (unclarified surge tank) to be
further clarified by filtration through the SAND FILTERS.

The suspended blanket of solids within the REACTOR
CLARIFIER is collected in an interior cone which is piped for
periodic or continuous removal of solids. Heavy solids or
agglomerations which cannot be suspended are pericdically
removed from the cylindrical portion.
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Solution from the unclarified surge tank is fed to the
pressure filters (SAND FILTERS). The filters contain
anthracite coal as the filter media which removes solids from
the solution. The four (4) filters are automated t &
when sufficient solids’ loading causes a higzh differential
pressure across the filter media.

N '1>

The solids from the interi
CLARIFIER and the solids flu
backwash solution are combined wi
slurry and are returned to the CCD cir
progress through the CCD circuit and even
tails.

The cone REACTOR-CLARIFIER and the pressure filters
clarify solution fed to the SOLVENT EXTRACTON CIRCUIT.

SOLVENT EXTRACTION CIRCUIT

The SOLVENT EXTRACTION CIRCUIT is the portion of the
mill designed to purify and concentrate the uranium. SOLVENT
EXTRACTION is a two step operation, extraction and stripping.
Extraction is done by chemical transfer of uranium from the
aqueous feed solution to an amine in an organic solution.
The transfer occurs when the aqueonus feed solution is mixed
with the organic mixture of a tertiary amine and isodecanol
dissolved in a kerosene carrier. Extraction through four
countercurrent stages removes in excess of 989-percent of the
uranyl sulfate from the aqueous solution. The barren agueocus
solution is called raffinate and is recycled to the CCD
circuit for washing of the leached solids.

The organic from the first stage of extraction has the
greatest concentration of uranium in the extraction process
and is termed "loaded". The loaded organic is pumped to the
water wash mixer-settler to remove entrained acidic solution.
The washed loaded organic then progresses to the first of the
four stripping stages where uranium is removed from the
organic by mixing with an aqueous solution of ammonium
sulfate. The pH of the ammonium sulfate solution is
controlled to 4.0 to 4.2 by the addition of anhydrous ammonia
to the mixer of No.s 1 and 2 strip units. The stripped
organic (barren organic) can be pumped to the moly scrub unit
or directly to the barren corganic tank from which it is
recycled to the extraction circuit to be loaded again.

The moly scrub mixer settler is used to remove
interfering substances, such as molybdenum and humic acid, by
mixing with sodium carbonate. These interferring substance
on the organic decrease the loading capacity of the amine
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extractant. The scrub solution iz pumped to CCD and then to
tailc., The moly scrub mixer-settler igs generally by-passed
as the interferring substances are nct present in the ore to

any great extent.

The ammonium sulfate solut
termed pregnant aqueous when it
settler. The preg agueous is pumped
EXTRACTION area to the PRECIFITATION

PRECIPITATION, DEYING, AND PACKAGING

Anhydrous ammonla is added in the PRECIPITATION tanks to
the pregnant strip sclution from the SOLVENT EXTRACTICN
CIRCUIT. The ammonia is added to pH 5.2 in the first of the
twe PRECIPITATION tanks and to pH 7.0 in the second tank.

The ammonia reacts with the uranyl sulfate in the solution to
form ammonium diuranate, or yellowcake., The yellowcake is in
the form of a fine solid. This is the first solid form of
uranium since the uranium was in the unlesched ore.

The yellowcake slurry overflows the No. 2 PRECIPITATION
tank to the No. 1 YELLOWCAKE THICKENER. The solids settle to
the bottom and the barren solution overflows into the launder
then to the BARREN AQUEOUS TANK and is pumped to the
stripping circuit of SOLVENT EXTRACTION. xcess Barren
Aqueous is pumped to the LEACH CIRCUIT. The sclids from the
No. 1 YELLOWCAKE THICKENER are pumped to feed the No. 2
YELLOWCAKE THICKENER where they are joined with soluticn
from the CENTRIFUGE (centrate). The solids from the No. 2
YELLOWCAKE THICKENER are pumped to a head tank which feeds
the CENTRIFUGE. Water .s added to the feed from the head
tank to dilute the slurry fed tec the CENTRIFUGE. The
CENTRIFUGE solids are pumped to the ROASTER for drying and
calcining. The countercurrent washing of the yellowcake is
to reduce the amount of sulfates fed to the ROASTER.

Drying and calcining are done in a six-hearth ROASTER
wher 2 the operating temperature is maintained at 1250 degrees
F. in the sixth hearth. At this temperature, not only is the
water driven off, but the ammonia and some of the sulfates
are driven out of the yellowcake. The solids become a
uranium oxide product which is almost black, but by
historical use is still called YELLOWCAKE. The final
concentrate at the Sherwood Mill is in excess of 90-percent
308.

The yellowcake from the ROASTER is crushed to powder in

a hammer mill and is gravity fed to a surge bin The
vellowcake is fed from *he surge bin to fill -gallon drums
which are weighed, stenciled, and prepared IJr shipment. The
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finished drums are stored in a
to await shipment from the She
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NEUTRALIZATION AND TAILINGS

The solids from the underflow of the No. 8 CCD THICKENER
containg acid solution. Milk-of-lime slurry is added to the
NEOTRALIZATION TANK to neutralize the acid and precipitate
most of the heavy metals from solution before the slurry is
pumped to t e TAILINGS POND. Milk-of-lime slurry additicn is
controlled to about pH 8 in the NEUTRALIZATION TANK
discharge.

Water used in the operation to make up reagents, provide
seal water to the pumps, and for washdown Jjoin the process
flows and are processed through the SOLVENT EXTRACTION
CIRCUIT. All the raffinate cannot be recycled to the CCD
CIRCUIT and the neutralized tailings are discharged at high
density, therefore, the excess raffinate is discharged to
tails through a separate line. Milk-of-lime is pumped to
neutralize the excess raffinate as it flows into the tailings
pond.

The TAILINGS POND is lined with a reinfeorced Hypalon
liner to prevent seepage of solutions into the ground. The
main impoundment dam is located on the lower end of the
tailings area and a SOLUTION HOLDING POND (also lined with
Hypalon) is located on the upper end. Neutralized tailings
are pumped at high density to minimize segregation of fine
particles from the coarser sands. The slurry is pumped to
various locations in the lined area where the solids build up
and the solution drains away. The solution is pumped from
the main impoundment area to the SOLUTION HOLDING POND. This
removal of solution from the main impoundment helps to drain
solution from the emplaced solids which azsists in densifying
the solids. The solution from the SOLUTION HOLDING POND is
pumped back to the milling circuit where it is used in the
grinding circuit and throughout the mill for pump seal water,
Recycle of the tailings solution minimizes the amount of
fresh water introduced into the circuit which is ultimately
pumped to the tailings pond.

ANCILLARY UNITS

There are units that have a supporting function for the
processing of the ore. These units are separate from the
actual milling scheme but are essential to the proper
operation of the various unit operations. The units and
their functions are as follows:

’ Page 12



1. BOILEES

beoilers Whi:u supply
receiving sodium

The Sherwood Mill has three (
.
ng for Irneze

stesm to heat leach Jlurr" Wz
chlorate, buildings and offic
protection, and for miscel
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2. PROCESS WATER

The fresh water for the Sherwood Project is pumped in
two stages from the Spokane River arm of Lake Roosevelt to
the water storage tank. The wa<ter is pumped from the storage
tank by centrifugal pumps to the process and for other uges
throughout the property. A portion of the water i3 filtered
and treated to be used as domestic water and further trested
for boiler feed water.

The lower portion of the storage tank is reserved for
fire protection. A jockey pump maintains pressure in the
fire water system. When any part of the system loses
pressure by use or leakage and the jockey pump cannot keep up
with the loss of pressure, an electrically driven centrifugal
pump will automatically start. This pump is sized to deliver
up to 10C0 gpm. If more water is needed or if there is a
loss of power, a diesel driven pump will start to supply
water to the fire water system.

3. COMPREESORS

Air compressors provide pressurized air for use
throughout the mill. Plant air is used to unlcad acid
trucks, mix solutions, drive equipment, unplug ore or slurry
stoppages, and for many other uses. The instrument air has
the moisture removed so it can be used in instruments for
such functions as to open and close valves throughout the
mill.

4. AMMONIA VAPORIZER

A-orovie 18 used in the stripping circuit of solvent
extr:ct.or and in the precipitation circuit. As the pressure
of vz ar nia decreases by high use or by cold weather, heat

must be supplied to increase the pressure. The liquid
ammonia is heated by the electric vaporizer located between
the two ammonia storage tanks.
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5. STORAGE TANKS

Large volumes of reagents and supplies are stored. The
guantities stored allow for continuous operation during
perinds when supplies cannot be delivered due to road

conditions or other supply problems. Bulk storage is
provided for:

a) BSulfuric Acid
b) Sodium Chlorate

¢} Ammonia

d) Lime
e) Fuel oil
f) Propane

The unit operations of the Sherwood mill are described
separately in the following sections. It ig intended that
each section will be complete of itself to assist the
operator in his/her duties and responsibilities in the vnit
operation. The operator may be required to refer to more
than one section if the assigned duties extend into more than
one area.

Check with supervision when questions arise, as your
safety and the efficient operation of the mill are assured
with understanding of the operation and ths safety
requiremeats of the Jjob.
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ATTACHEMENT 6

10. Radiation safety program



Walk Through Inspections

Walk through inspections by the Radiation Safety Officer to
observe general radiation cortrol practices and review of required
changes in the equipment, are deferred until milling operations
resume. Radiological hazards are addressed by individual Radiation
Work Permits issued by the RSO during the interim shutdown period.




QUALITY ASSURANCE PROGRAM
US NRC Regulatory Guide 4.15 "Quality Assurance For Radiological
Monjtoring Programs (Normal Operations) - Effluent Streams And
The Environment".

SCOPE: Environmental Monitoring Program - Sampling, Sample Data

Management Structure

Management Responsibilities

Management of the Sherwood Project is responsible for the pro-
per execution and overall quality of the environmental monitoring
program by providing adequate staffing, equipment, training, bud-
get and organizational support to this end. The primary front-line
supervisor of the environmental monitoring program will be the
padiation Safety Officer (RSO).

Management will inform the RSO of all changes in licensure re-
garding all aspects of the envircomental monitoring program. This
shall include changes in license conditions, regulations, and any
other pertinent information that has influence or impact on the en-
vironmental monitoring program,

The RSO will be responsible for implementing and conducting all
environmental sampling programs. In addition, the RSO will integrate
with management on items regarding changes in the environmental moni-
toring program due to changes in regulations or licensure.

The RSO shall be respensible for the timely collection and re-
porting of all environmental monitoring program samples. This in-
cludes: the timing, scheduling, preparation for and actual sample
collection; sample preparation, packaging and shipping; contacting
outside laboratories for assay services maintaining records of all
samples shipped and assays for proper identification on assay re-
ports; assuring adequate numbers of sample are split for duplicate
analysis; reviewing assay reports for anomalous or spurious values:’
investigating anomalous or spurious values; posting assay data in
permanent logbooks; reporting to management any noticeable or sig-
nificant data or trends that may represent a potential excursion or
exposure of radioactjve materials ocutside the restricted area or in
excess of previously observed values; propose and/or edit suggested




corrective actions; integrate with management on corrective actions
to be taken, where necessary, and see that these actions are carried
out as planned and in compliance with applicable regualtions; eval-
uate subsequent data for indications of the efficacy of actions ta-
ken; reporting data in regulariy scheduled environmental monitoring
program reports;provide regulatory agencies with access to all data
through audit process or in relation to deficiencies or items of
non-compliance noted; continually evaluate the environmental moni-
toring program to assure compliance with applicable regulations.

Environmental Sample Quality Assurance

Aspects of quality assurance with regard to quality control of
environmental sampling ace incorprated into specific sampling pro-
cedures. Quality assurance of some samples dezends on the analyti-
cal laboratory providing the service. Specifically, thermolumines-
cent dosimetry services providing environmental gamma exposure data
and passive radun-222 gas detector services each have their own rig-
orous internal quality assurance programs. However, crosscheck sam-
pling against these suppliers will be initiated should data begin
to and consistently appear anomalous with regard to values reported
or the error terms associated.



Quality Assurance Program : Environmental Monitoring Program
Quality Control In Sampling

Air Sampling

Radon-222 Gas Concentrations

Passive integrated samplers (track-etch type) are used to deter-
mine average quarterly radon-222 gas concentrations at six perimeter,
two nearest residence and one control (background) st:tion(s). Shi--
ments of samplers in factory sealed aluminized plastic bags are re-
cieved from the supplier just prior to the end of the quarter. New
samplers are exchanged for exposed samplers at all stations on the
same day. Exposed samplers are packaged as per manufacturers instruc-
tions and shipped the following day.

When data are recieved, the RSO reviews the data for spurious
values, calculates the 2 sigma counting error from the provided one
sigma error in percent of the average concentration and posts the
data in the environmen.al monitoring logbook.

Direct Gamma Measurement

Thermoluminescent dosimeters (TLD's) with 5 calcium sulphate
chips are used at six perimeter, two nearest residence and one con-
trol station(s)to determine quarterly direct gamma exposure rates.
TLD shipments which include two shield control and two intransit TLD's
are recieved prior to the end of the quarter. TLD's are exchanged
at all stations on the same day and the exposed TLD's returned to the
supplier the following day.

When data are recieved, the RSO calculates average daily exposure
from the total quarterly exposure provided, reviews these data for spu-
rious data and posts the data in the environmental monitoring logbook.

Air Particulates

Air particulate samples are collected on glass fiber filters com-
posited quarterly for analysis Continuous low volume samples are col-
lected at three perimeter, two nearest residence and one control sta-
tion(s).Eberline RAS-1 or RAP-1 samplers with 47 millimeter filter hol-
ders are used. Filters are changed week.y to prevent dust loading.
Samplers are calibrated at the initiation and ending of each quarter
using a dry test meter for ten minute calibrations. Adjustments are
made, where necessary, to maintain flow rates at or just above thirty



liters per minute, Quarterly sample volume is calculated from the
average flow rate of pre- and post quarter calibrations and the time
sampled.

High volume samples are collected twenty four hours per month at
three perimeter stations and samples are collected on glass fiber fil-
ters composited quarterly for analysis. The high volume sampler is
calibrated quarterly.

A1l air particulate samples are packaged along with sample vol-
umes and an assay request and sent to the analytical laboratory within
seven days of the end of the quarter.

When the data are recieved, the RSO reviews the data for spurious
values and posts the data in the environmental monitoring logbook.

General Procedures for Air Sampling
For each quarter, all efforts should be made to exchange passive
radon-222 samplers and TLD's and to perform calibrations to initiate
the next quarter.

Water Sampling

Sample Collection Preparations
Sample collection preparations include arranging to have ground
water monitoring wells bailed out twenty four hours prior to sampling,
thoroughly washing well bailer, sample collection buckets and sample
containers, calibrating (as per manufacturers specifications) the dis-
solved oxyjen meter and the pH me'ler.

Sample Collection
Samples are to be drawn from each water sample site in an adequate

volume for assay purnoses including split or replicate samples. As
samples are drawn, containers are rinsed with raw sample prior to fil-
ling. An aliquot is drawn for temperature, dissolved oxygen content,
salinity and conductivity determination immediately after sampling.
This aliquot is not saved. Prior to sampling the next site, all sam-
pling equipment is thoroughly rinsed with distilled water; i.e. buc-
kets, funnels, bailer, funnels.

Sample Preparations
Samples are brought to the lab for preparation for assay and pH
determination. A small aliquot is drawn (approximately 50 milliliters)



for pH determination. The pH probe is thoroughly rinsed between

samples. The aliquot is not retained.

Filtering is done with a pressurized drum filter and 0.45 mic-
ron pore size filter membranes. A1l filtering apparatus is washed
thoroughly and rinsed with disstilled water prior to filtering and
rinsed thoroughly with distilled water between samples. Adequate
sample must be filtered for analysis including split or replicate
samples. Known sample volumes must be filtered for suspended frac-
tion analyses. A1l sample containers must be identified by marking
the sample location and date on th= container. Precautions are taken
when marking disguised split or replicate samples by recording sep-
arately the identity of the disguised samples.

A1l samples are filtered within twenty four hours of sampling.
Aliquots for radionuclide analyses are acidified with nitric acid
(concentrated reagent grade) to a pH less than two to prevent plating
on container surfaces.

Samples are boxed along with assay recuests and shipped to the
analytical laboratory within thirty six hov. - of sampling.

Split sampling is done for each set of samples collected. At
least ten percent is split for duplicate analysis. Represented in
aplit samples are lake surface (both suspended and dissolved frac-
tions), seep and both up and down gradient groundwater monitoring
well samples.

When analytical reports are recieved, the RSO reviews the data

for spurious values and enters the data in the environmental moni-
toring logbook.

Soil, Sediment, Vegetation and Fauna (fish) Sampling
Soil, sediment, vegetation and fauna (fish) sampling are con-
ducted as per US NRC Regulatory Guide 4.74.
Soil and sediment samples are collected from the top 2 inches
of the surface in a twelve by twelve inch area. The labelled sam-
ples are dried and screened. An aliquot is weighed out for each

sample for analysis.
Vegetation and fish samples are collected, labelled, weighed,
dried and reweighed for shipment to analytical laboratories.




Data Review
As data are recieved, the RSO reviews the data for spurious

values. Comparisons are made to preoperational data (where avail-
able), operational data, control station data and maximum persmis-
sible concentrations. Values that do not fall within error limits

of previously observed values (the mean plus 3 standard deviations)
or exceed maximum permissible concentrations are considered spurious.
In such instances, an investigation is prompted which may include

the following: notification of management, review of sampling proce-
dures and preparations, interviewing laboratory personnel with re-
gard to anelytical procedures and calculations, resampling, addition-
al split sampling, cross check sampling, notification of regulatory

agency.




SHERWOOD MILL
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License

Condition:

#1-9

#11
#12

#13

#14
#15
#16
#17

#18,#51

#19

#20
#21
#22,#40

SHERWOOD PROJECT
RADIOACTIVE MATERIAL/RADIATION SAFETY AUDIT CHECKLIST

Not applicable at this time

Organizational chart as per 6/23/76

Not applicable at this time

Compliance with provisions of Chapter 402-24 WAC,

402-10 WAC, 402-

12 WAC and 402-48 WAC concerning

radiation protection standards, philosophy, general
provisions and notices respectively.

A11 entrances to mill property and mill building
posted with words "Caution - any area or container
within this area may contain radioactive material."

Not Applicable at this time

Superceded dy #52 (amendment #9)

Superceded by #52 (amendment #9)

Release of mill
accordance with

equipment from restricted area in
“guidelines for decontamination".

Respiratory protection program in accordance with

Reg. Guide 8.15

Allowance in dose calculations for proper respiratory

Superceded by Criteria 7

Scrubber in drying and packaging area checked 2 times
shift with documentation per shift

Scrubber fan checked and documented once per shift

Urinalysis for all mill employees as per Reg. Guide 8.

Training

Effluent monitoring program as per Reg. Guide 4.14

(40CFR190)

2 stacks, sampling semi-annually; analyzed for U-nat,

Th-230, Ra-226,

Pb-210

Crusher, fine ore storage, reclaim tunnel, sampled

semi-annually;

analyzed for above parameters

use

30



#22,#40 continued......

pCI/1  seee

pri/l -

pCi/ cons
pCi/1 P
pCi/1 -

pCi/l -

pCi/l ————
pCi/l -

pCi/1  =e--

pCi/l .-
pCi/1 -
pCi/l -
pCi/1 -

#23,#40 ----

6 low volume locations, quarterly composite for Unat,
Ra-226, Th-230, Pb-210

3 high volume locations, quarterly composite for Unat,
Ra-226, Th-230, Pb-210

Radon gas at nine (9) locations
soil annually at 9 locations; Unat,Ra-226, Th-230,Pb-210

5 sediment locations sampled annually for Unat,Ra-226,
Th-230, Pb-210

7 groundwater locations supplied quarterly for dissolved
Unat, Ra-226, Th-230, Pb-210

4 springs sampled quarterly for above parameters

3 surface water locations sampled quarterly for above
parameters

2 seepage water locations sampled monthly, analyzed
quarterly for above paramenters, Quarterly Th-230

3 crops sampled annually analyzed for Ra-226, Pb-210
3 livestock sampled annually analyzed for Ra-226, Pb-210
fish sampled semi-annually for Ra-226, Pb-210

3 locations for vegetation sampling; three times in
growing season analyzed for above parameters

gamma 10 locations, quarterly (mrem/day)

land use survey conducted annually within 5 km
aerial photograph - annually

met. data, wind speed, direction continuously
tailings stabilization survey weekly

RSO B. K. DeWaard

Remainder of page left blank



#24
#25

#26

#27

#28
#29

#3C
#31

#32

#33
#34

- - -

deleted as per amendment 5

any unexpected adverse effects of operations; evaluate
situation with plan of corrective action

mill tailings will not be transferred from site without
approval

minimum of 5 feet of freeboard between top edge of
tailings liner and tailings pond liquid throughout
project life

minimum of 1 foot of freeboard any time

superceded by #50

interim stabilization program with SOP to minimize
blowing tailings

daily inspection of tailings for blowing
control dusting from ore piles

no alteration in height, design of tailings without
prior approval

construction, maintenance, operation of tailings system
«S represented in various documents (BIA, 1976; Dravo
Report 1977; renewal, 1980)

tailings impoundment area reclaimed to meet long term
physical stability and radon concentration of twice
background

surety bond for tailings reclamation and decommissioning

decommissionigg mill as per ANNEX A; 1000 dpm removable
alpha/ 100 cm

RWP issued for maintenance and decommissioning of
equipment in the mill

Remainder of page left blank



#35

- - - -

#36 eree
)
#38,440,422
#39  -e--

Documentation of:
sampling results
analyses |
surveys and monitoring |
calibrations
reports on audits and inspections

meetings and training

!
|
|
transportation of radioactive material off site subject
to WAC 402-19-500 "Transportation”

annual radiation safety audit

review of radiation safety procedures

deleted

#40 (22)(38)Radiological Effluent Monitoring

' T
942 | .ei-
$33 eees
TP g A
M eess

monitoring as per #40 effective as of 4/01/81
QA program as per Reg. Guide 4.15
split samples/duplicates

calibration of sampling equipment - semi-annual, prior
to each use (file)

semi-annual radiological monitoring report by May 1 and
November 1 for previous two quarters 7-12 and 1-6

(#22)
report due by May 1 shall include:

a) 40CFR1Y0 compliance assessment based on land use
survey, 12 month averages of data, dose issessments

corrective action taken, if necessary

|
use of radioactive material as per license as amended
b) results of land use survey with changes noted if
appropriate
c) initial submittal of 2 copies of aerial photographs
of mill site and large topographic maps with
stations posted

d) trends in radiological monitoring data with graphs,
calculations




ongoing data review program

comparison with predetermined control levels

any exceedance of control levels, not explained by
common error, reported within 30 days with statement of
corrective action

emergency response procedures for uncontrolled release
and transportation

technical evaluations of impoundments as per Reg. Guide
3.11.1 by 2/15/84

submission of "as built construction plans" for Phasell
and Phase IIl1 of Sherwood Project tailings system

Embankment Inspection Program

piezometer readings - graphic monthly
daily inspections

monthly inspection

quarterly inspection

annual technical evaluation
respiratory program

fitting, testing documentation

Health Physics Monitoring in Mil)

issuance of RWP for work that is routinely associated
with radicactive material

if RWP used, additional sampling of air, surface
contamination, gamma/beta dose rates will be conducted,
if appropriate

annual gamma and beta survey throughout the mill

skin and personal clothing monitored if employees work
with yellowcake concentrate

survey of equipment prior to release
spot check packages containing yellowcake prior to release

if as per RWP respirators required, respirators will be
used as per Reg. Guide 8.15

Remainder of page left blank




SHERWOOD PROJECT

SEALED SOURCE LICENSE CHECKLIST

#4 ---- Expiration date

#6 -==== 2 Cs-137 sources - used for density checks

#9 -==-=- used in Ohmart Source holders, Model SP-1

#14 ---- TJeak test every 36 months on surface of storage
compartment

~--- detection at 0.005 micro curies level

~=== records maintained in micro curies

#18 -===- physical inventory every 6 months to account for all
sealed sources - records kept 2 years including

---- kind and quantity
--== Jocation

date of inventory
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RADIATION WORK PERMIT ISSUANCE

Introduction:

A kadiation Work Permit (RWP) is to be issued when any non-routine
maintenance or repair activities are performed; whenever a vessel,
tank or other enclosed structure which has contained radiocactive
materials is to be entered; whenever a maintenance activity could
result in an individual's exposure based on a time weighted

average in excess of 25% of MPC; or for any work or maintenance

for which there is no effective operating procedure.

The RWP must contain information pertaining to all precautions
taken before, during and after completing the maintenance activity.

Reference shall also be made to all surveys conducted before or
during the time the maintenance is in progress.

Please note: A1l RWP's are issued as a minimum standard toward
radiation protection during noneroutine maintenance activities.
Input regarding all hazards (especially radiation related) is en-
couraged from maintenance personnel.

RWP's are issued as a method of controlling and maintaining expo-
sures ALARA and are, as the word "Permit" implies, a release to
maintenance personnel allowing them to perform an activity.
Caution must, therefore, be taken to ensure that a license or
safety requirement is not overlooked at the time of issuance.
Ascertaining when RWP's are needed is not, in some cases, easily
discernable. The policy concerning RWP issuance will be one of
requiring the maintenance department to inquire before proceeding
with a job unless it is obviously routine, no radiation hazards
exist, or written operating procedures exist, (see the operation's
manual under "Maintenance"g.

As RWP's are issued, a list of areas where RWP's are required,
accessory equipment and associated safety requirements will be
compiled and thus provide some assurance that nothing has been
overlooked. A radiation safety technician will observe tne pro-
posed work area and conduct any surveys required before and during
the maintenance operation.

REMAINDER OF PAGE LEFT INTENTIONALLY BLANK



RWP_REQUIREMENTS

RWP's will be required for all maintenance activity from which
an unprotected exposure (to combined dust and radon, soluble

uranium dust, or beta, 7amma) could reasonable be expected to
. expose individuals to doses greater than 25% of MPC for dust

and 556 mRem for beta or 100 mRem for gamma. 1In addition, RWP's
will be issued without exception for all entries into vessels,
tanks or other enclosed structures which have contained ore or
uranium bearing solutions and all yellowcake packaging and
drying system maintenance.

Precautions must be taken to limit possible skin absorbtion and
offsite contamination in addition to respiratory equipment
requirements. Therefore, any or all of the following equipment
and/or precautions must be used while work is performed under a RWP:

Urine Sample Bottles |

Gioves (rubber)

Boots (rubber)

Hard Hat

Safety Glasses

Full Face Respirator

Half Mask Respirator

Air Powered Respirator

Coverall |
. Impermeable Disposable Coverall
Shower
Impermeabie Hood |
High Efficiency Vacuum Cleaner i
Wilson Air Supplied Full Face or Half Mask Respirator
Taped Clothing
Regular Coveralls
Self-Contained Breathing Apparatus
Lapel Sampler |
TLD Badge
Ring or Extremity TLD Badge



Individuals who are involved in the maintenance activity must
receive instruction concerning precautions and read and sign
the RWP when i* s issued. Employees who refuse to sign the
permit will nct be allowed to work on the project and further,
a refusal to sign the permit will constitute a refusal to do
the work for which appropriate disciplinary action will be
taken. The Radiation Safety Department must also be notified
when the work begins and when the work is completed.

Work activities under an RWP will be discontinued if the RWP
requirements are not being met and will not be started again
until they are met.

The Radiation Safety Officer or his designate will walk through
the Mill at least twice daily to ensure that that no activity
which would require RWP's is being conducted out of compliance.
A1l tanks must be ventilated before entry.

Everyone involved in yellowcake circuit maintenance activity
must give a urine sample within forty-eight (48) hours.

Types of Hazards and Protecticon Required:

Radiation hazards requiring special RW" protection can be
grouped into three basic types:

1. External Radiation Exposure

2. Internal Radiation Exposure

3. Surface Contamination and Skin Absorption
External Radiation Exposure:
External radiation comes from either gamma or beta sources.

Gamma radiation associated with natural uranium comes primarily

from Ra-226. Thus all surfaces and filters within the milling
circuit where radium gamma exceeds 2.5 mR/hr. must be controlled

so an employee will not receive an exposure in excess of 1.2 Rem/per
quarter. Radium is selectively absorbed in some elemental

carbon products and on to some types of rubbers and is also
precipitated with calcium carbonate and calcium sulfate precipi-
tates.

Beta radiation is emitted primarily from protactinium-234

(a short 1ived uranium daughter). Beta radiation only becomes

a problem in areas where concentrated uranium is allowed to

build up for long periods of time. Beta dose to the skin is
limited to 14 mR/hr. for continucus exposure from the beta

emitted by Pa-234. Safety glasses must be worn at all times

since the eye is the 1imiting organ of the body for exposure to
beta radiation at 1.25 rem per quarter. Safety glasses effectively
shield beta exposure to the eye.



2. Internal Radiation E..posure:

It is quiile important that radon daughter and uranium dust
levels be estimated before a maintenance task is performed

so that the proper type of respiratory protection is chosen.
If there is a doubt concerning dust or radon levels to be
encountered in the activity the RWP covers, an air powered or
air supplied respirator with either a half or full face mask
shall be used. An air supplied respirator with a full face
mask must be used in areas where there is a high uranium dust
and ammonia or acid fume concentration. Keeping work areas
wet, if feasible will reduce dust problems significantly.

Urine samples must be taken within forty-eight (48) hours of

a RWP maintenance activity performed in a soluble uranium area
and forty-eight (48) hours after each day a respirator was
checked out for RWP's in soluble uranium areas.

3. Surface Contamination and Skin Absorption:

Uranium (in the oxide or ammonia salt) tends to be very mobile
and is freely picked up and transported through smoking,

chewing tobacco, eating on contaminated surfaces, through person-
al hygiene and skin absorption. Precautions should therefore

be taken to eliminate all contact with soluble yellowcake on
internal and external body surfaces.

When working in a tank which contains or has contained soluble
concentrated uranium, individuals must wear rubber gloves and
impermeable disposable coveralls. In addition, a full face mask
respirator must be worn in order to protect the face from splash-
ing ard an impermeable disposable hood to protect the rest of the
head and neck areas.

Welding on surfaces which are contaminated with uranium presents
a special problem since the uranium could be vaporized and in-

haled. Welding operations on contaminated surfaces will require
an RWP and an air powered respirator.
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RWP SURVEYS:

Surveys for RWP activities shall be conducted in such a manner
as to prectect the maintenance crew from any type of radiation
hazard (internal or external) above 25% of MPC and shall
include, but not be limited to lapel samples for dust, gamma
and beta measurement and radon daughter measurement (before
entry into a vessel, tank, etc.).

In addition to the minimum requirments, both beta and gamma
radiation should be measured inside all vessels containing
concentrated uranium. Area dust samples may also be required.

SUMMARY :

If in doubt as to the ne€¢d for a RWP during any maintenance |
activity, ask a member of the Radiation Safety staff. |

A1l individuals involved in the activity must read and sign
the RWP.

A1l stipulations or precautions listed must be adhered to.

A thorough inspection of the work area must be made prior to
starting the RWP activity.

Care must be taken to avoid omission of important protective
equipment or precautions when issuing the RWP.




RADIATION WORK PERMIT

60020

ate & Time Started:

sate & Time (ompleted

Work Location:

Nature of Work To Be Performed:

Protective Equipment Issued:

Record of Radiation Surveys Performed Prior To and During Maintenance

Activity:

‘recautions To Be Taken During Maintenance Activity:

Comments:

I (We) understand the hazards involved and the precautions to be observed
while performing the above operation:

The individuals listed above have been cleared bythe Radiation Safety Officer

‘r his designate to perfcrm the maintenance activity at the listed location.

Radiation Safety Officer Date Time



NON-ROUTINE MAINTENANCE PERMIT

Location of Maintenance: Date:
Type of Maintenance:

Approximate Length of Time Job Will Take:

Name of Individual(s):

1. Radiological Hazards
A. Inhalation of airborne particulates
B. Ingestion of uranium particulates
C. Exposure of skin to uranium particulates

i, Precautions To Be Taken

A. Care, use and fitting of respirator

B. Protective clothing to include coveralls, gloves, hard hat and
safety glasses

C. Respirator and protective clothing must be worn at all times while
working in the dusty area. You are advised that you may leave the
area at any time for relief from respirator use in the event of equip-
ment malfunction, physical or psychologicai 1istress, procedural or
communication failure, significant deterioration of operating conditions
or any other condition that might require such relief (NU-REG-0041,
Section 2.2)

D. Personal Hygiene N
1. Employees must be clean shaven
2. Employees must wash before eating
3. Employees must remove coveralls and shower before leaving the

Mill area

E. To keep dust down, area should be sprayed frequently when possible

with fine water mist

111, General

A. Work from top of the equipment to the bottom when cleaning

B. When cleaning, make every effort to keep dust at a minimum

C. The Safety Department will monitor your exposure by taking grab
samples. Your exposure may also be monitored by placing a constant
air flow sampler on you which you willwear until your task is finished,
At any time physical (dust) conditions or the results of the grab
samples indicate a possible overexposure you may be asked to leave
the area until a full exposure evaluation is made. You are not to
re-enter the area until authorized by the Safety Department,

D. When clean up or maintenance is finished, remove coveralls and wash
boots before leaving the area and report to the Safety Department for
removal of monitoring equipment, return of respirator and verification
of time spent in area.

E. Clean up the area when the job is finished, put away all equipment
and tools.

F. Coveralls will be washed and dryed and returned to the Radiation Safety
Office.

1V, Bioassay
A. When a respirator is used, a urine sample will be submitted 43 hours

after completion of the non-routine maintenance.

V. | certify that | have received these instructions and fully undertand them.

Signature:

The above individual(s) has been instructed as per letter and is cleared
through the Safety Department to perform the task so stated.

RSO Form #1 Radiation Safety Officer

B e e L e



1)
2)
3)

Personnel performing maintenance:

Non-Routine Maintenance
Checklist

Date:

Maintenance to be performed:

(completed authorized initials)

k)

NRM Instruction Form signed.

5)

Lapel Sampler(s) issued.

6)

7)

Dust samples completed

8)

9)
. 10)
1)
12)

___ |Insure proper protective gear being worn.

Radon daughter sample collected (optional)

Maintenance completed? yes no :
Prepare filters for analysis
Collect urine ~ample 48 hrs. later.
Prepare time study form,
Dust Urine
Filter ID Time Start Time Stop ugm/filter qgm/mlxlO"‘ ugU398[lit

Repirator Worn: 7 % face
LT full face
[T % face (air powered)
L7 full face (air powered)




L2 IER SULLLAMN, v

Sherwood PrnJect
RESPIRATOR CHECK OUT LOG

¥ " have checked out the following respirator:
(print name)

# __ Half-Face # Full-Face Cartridge Type: H GMB GMC GMC-S GMD
{Circle one, Other? )
Powered Air Purifying: # Half-Face # Full-Face

In=-Plant Air Supplied: # Hal f-Face # Full-Face

-----------------------------------------------------------------------------------

To assure proper respirator protection:
1.) | have inspected this respirator for possible defects such as missing or
broken parts or tears in the rubber facepiece.
2.) | shaved just prior to comina to work.
3.) To the best of my knowledge, | have no medical condition which prevents me
from wearina a respirator.
k.) My last respirator training and fitting was not more than one year ago.
" (Date of last respirator training and fitting: )
5.) | was smoke tested while wearing this respirator to make sure a proper fit

could be obtained. (Smoke tested by: Signed )

6.) | will perform the positive and negative pressure tests on this espirator
each time | put It on to make sure a gnod skin to facepiece seal is obtaine
"and all valves operate correctly.
7.) | will use this respirator for only one shift and return it to the Radiatio
Safety Office at the end of this shift,(Return date

8.) | have obtained a non-routine maintenance permit from the Radiation Safety
0ffice. (Only 1f non-routine maintenance is to be performed;)

| have read the above and understand that these conditions are for my protection.

Type of work performed while wearina the respirator: OPERATIONS

7

Estimate as close as possible, the amount of time spent in respirator usage areas:

M-14 = YC Centrifuge, top floor

M=15 = YC Drier, hammermill level

M-16 = Roaster Scrubber, Zﬂg-from top
M=17 = Packaging Area, bottom floor
Other Areas; describe briefly

Radiation Safety Office Checklist: Respirator returned?
Exposures calculated?
NRM form complete?

MAINTENANCE: PREVENTATIVE
NON-ROUTINE__




RADON_DAUGHTERS

Discussion:

The "Maximum Permissible Concentration" (MPC) of Radon-222
and its daughters of air is 0.33 (1/3) working level, wiere:

One (1) working level is defined as any combination of short
lived Rn-222 daughters in one liter of air, without regard
to equilibrium, that emits 1.3 x 10° Mey of alpha particle
energy. No worker is allowed to work in an environment that
contains more than 0.33 working levels of Radon Daughters
without respiratory protection equipment,

The "Standards For Protection Against Radiation", (NRC; 10CFR20)
state that time weighted exposure records will be kept of all
radon daughter exposures that exceed 25% of MPC; thus by law we
must keep records of radon daughter concentrations in all areas
where a worker could breathe an atmosphere that contains more
than 25% of the MPC for radon daughters (0.08 working levels),
or a combination of radon daughters and insoluble uranium dust
that exceeds 25% of MPC. (To calculate the combined dust and
radon exposure, calculate the percent MPC of radon daughters
present and the percent MPC of insoluble uranium dust, and add
the two percentages.)

Radon daughters are a series of four short-lived decay products,
. which, upon decay from Radon-222, become radioactive metal

particulates (Po-218, Pb-214, Bi-214, and Po-214). Radon

daughters are analyzed by drawing a known volume of air through

a 2.5cm fiberglass filter. The metal particulates accumulate

on the filter which is then analyzed after 40 to 90 minutes for

alpha activity. This is known as the modified Kusnetz Technique
of radon daughter measurement.

Equipment:

Stop Watch

MSA Model S Portable Pump

Battery Charger

Screwdriver

Gelman Type AE Fiberglass Filters (2.5¢cm)

Filter holders (2.5cm) with tubing connectors

Filter holder caps

Certified (National Bureau of Standard Traceable) alpha
Ecerline PS-2-2 scaler and SPA-1 alpha scintillation

. detector

10. Bubble tube, one (1) liter
11. Legally bound 109 book

Notepad and data sheet(s)
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Procedure:

3.

10.

11.

. 12.

13.

Calibrate sampling pump as outlined in GRAB SAMPLING
pump calibration.

Check PS-2-2 and SPA-1 detector function with alpha
source and record in log book: Instrument ID, check
source type and strength, calibraticn certificate
source reading, observed reading, initials, date and
battery function indication.

Prepare fiiters and holders. Open empty filter holder
and place a 2.5¢m glass fiber filter with the smooth
"patterned" side towards the support screen. Replace
filter cap and tighten. Cover filter cap with a
labeled "cap plug".

Five minute samples are to be taken. Samples are

grouped by location for filter self-absorbancy calculations.

Thus, sample @ group, and count them.

While sampling, indicate on filter "cap plug" label the
station ID and on a note pad along with date and initials
record the station ID, and sample start and end times.
Also, note the state of equipment operation in the vicinity
(especially ventilation equipment).

To count samples, obtain "RADON WORKING LEVEL CALCULATIONS"
data sheet (attached), fill in the appropriate information
regarding count instrument date for the area samples taken.

Open a filter holder and with tweezer, place the filter
into the SPA-1 detector with the side facing the air
while sampling, up.

Count the sample for two (2) minutes beginning 40 - 90
minutes after sampling. While counting enter the
appropriate sample data onto the data sheets: i.e.,
sample stop time, count time, minutes countec, pump flow
volume in (5) minutes, meter factor which is the inverse
of the instrument efficiency ( 1/instrument efficiency).

Determine the radon daughter working level calculation
time factor from the table, calculating the interval from
stop sample time to midpoint of the count time. in minutes.

For all sample groups obtain all samples and their identity
for filter self absorbtion correction factors (5ACF).

After counting all group samples and prior to the end of
the 90 minute period, for any of the samplies, select the
highest counting sample and recount the filter as per the
top of the data sheet.

Enter the appropriate data into the formula and calculate

the SACF; enter this factor into the calculation for all
samples within that group only.

Calculate the radon daughter working levels for each sample.




WESTERN NUCLEAR, INC.
Sherwood Project

Page 1 of 7

Mo. YT,
RADON DAUGHTER WORKING LEVEL CALCULATIONS |
1
Fiber filter self-absorption correction factor (SACF). |
C, = cpm - topside of filter ¢, - C3 ‘
- i F i = {
C, = cpm - bottomside of filter % SACF T, 7, - C3 X 100 |
C3 = cpm ~ topside of filter covered !
..... B e T I BT i L e S e L
1. OUTSIDE AREAS ~ Count Instr. ID Calib. Date
Sampling Date SACF Sample: M-
WD R ok
SACF = ‘ =
| g i T GRS L e
M= 1 Pump# Counit :# METER
; : o = CPM FACTOR eI
Sample: Stop Time tMin. wL 0 X TRAPH =T T
: Count Time :int ; min FACTOR
Mill Status:
M= 3 Pump# Count :# METER
, 2 CPM ACTOR i
Sample: Stop Time Min. wL 7 X TRAPH =T 7
: Count Time :int T min FACTOR
Mill Status:
E:_Q Pump# Count :# METER
4 & CPM FACTOR 1
Sample: Stop Time Min. WL i X TRAEH T |
: Count Time :int 5 min FACTOR
Mill Status:
M-18 Pump# Count :# i METER
& p CPM FACTOR 1
Sample: Stop Time tMin._ WL 0 X TRAPH o e
: Count Time = Int.g " =T min FACTCR
Mi1] Status:
M=27 Pump# Count :# METER
. & CPM FACTOR 1
Sample: Stog‘Tnme Min. WL = . X SRAPH O - | BER
: Count Time . 5 min FACTOR
“  Mi1l Status: el
M=28 Pump# Count :# ) : u METER
? g g CPM FACTOR 1
Sample: Stop Time tMin WL = . X CRAPH T T..
: Count Time :int S min FACTOR
Mill Status:
M=L0 Pump# Count :# METER
. H CPM FACTOR
Sample: Stop Tlme__ Min Vil = . X CRAPH 1_(1 ) »
: Couat Time :int 5 min FACTOR

Mill Status:




1. OUTSIDE AREAS, cont'd. Mo. Nr. Pg. 2 of 7.
M=41 Pump# Count :# METER
2 . . aia g CPM FACTOR 1
Sample: Stop Time :Min Wil ) X FRAPR X TrY B &
: Count Time :int 5 min FACTOR
Mill Status:
M=42 Pump# Count :# METER
. i i I CPM FACTOR 1 5
Sample: Stop Time :Min WL 1 X TRAFH X e 1
: Count Time iint 5 min FACTOR
Mill Status:
2. LAB/ADMIN = Count Instr. 1D Calib. Date
Sampling Date SACF Sample: M-
G } - { )
F =
aTmTn
M=19 Pump# Count :# METER
. Jper CPM FACTOR 1 g
Sample: Stop Time :Min WL = T X TRAPH X T )
: Count Time tint E min FACTOR
Mill Status:
M=-20 Pump# Count :# METER
‘ CPM FACTOR 1
Sample: Stop Time :Min WL = 1 X TRATH X b g =
: Count Time :int § min FACTOR
Mill Status:
M=21 Pump# Count :# R METER
4 . . CPM FACTOR 1
Sample: Stop Time - Min 1 T X CRAPH X - 1 =
+ Count Time sint g min FACTOR
Mill Status:
M=22 Pump# Count :# METER
Sample: Stop Time :Min WL = EPH X ;:ﬁ;&ﬁ X TTTl"T =
5 : Count Time T AR 5 min FACTOR
Mill Status:
M=23 Pump# Count :# METER
PM FACTOR 1
Sample: Stop Time :Min WL = i X TRAPH X > g | =
: Count Time :int S min FACTOR
Mill Status:




Mo. Yr. Fg Sof )

2. LAB/ADMIN, CONT'D

M-29 Pump# Count :# METER
Sample: Stop Time tMin WL = L X FACTOR : =
' : Count Time :int 5 min FACTOR
Mill Status:
M-30 Pump{_b__ Count :# METER
. . CPM FACTOR 1
Sample: Stop Time tMin WL 7 X CRAPR X I i
:Count Time tint g min FACTOR
Mill Status:
M-36 Pump# Count :# METER
: : L i CPM FACTOR gt
Sample: Stop Time tMin wL T X RV X ) 11 e
:Count Time tint T min FACTOR
Mill Status:
3. CRUSHER BLDG. - Count Instr. ID Calib. Date
Sampling Date SACF Sample: M-
( )=( )
F = =
ol | gmoe - gexs - e |
M= 2 Pump# Count :# METER
: e e CPM FACTOR 1 =
‘ Sample: Stop Time Min wL g X GRAPH X T=T—T
:Count Time :int £ min FACTOR
Mill Status:
M-31 Pump# Count :# METER
. i # CPM FACTOR ot
Sample: Stop Time tMin WL 7 X TRAPH X =1 3
:Count Time tint S min FACTOR
Mill Status:
M=4k Pump# Count :# METER
4 CPM FACTOR 1
Sample: Stop Time tMin WL = Z X TRAER X =T T
:Count_Time tint S min FACTOR
3 Mill Status: -
- 4, GRIND CIRCUIT = Count Instr. 1D - Calib. Date
Sampling Date SACF Sample: Ne_
R TR A
neladl oo | e - gy
' M= 5 Pump# Count :# METER
: " i CPM FACTOK 1 L
| . Sample: Stop Time tMin WL = ; X TRAPH X =1 Y
| :Count Time tint T min FACTOR

Mill Status:




4, GRIND CIRCUIT, CONT'D : Yr. Pg 4 of 7

M-32 Pump# Count :# METER
: & R FACTOR 1 3
Slmple. Stop Time :Min GRAp-—H--— X T:-(——j
:Count Time tint FACTOR
Mill Status:
M-33 Pump# - - METER
" : FACTOR 1 é
Sample: Stop Time TRAPH X I )
:Count Time : FACTOR
Mill Status:
M-43  Pump# : METER
g - FACTOR
Sample: Stop Time TREPH
:Count Time 3 FACTOR
Mill Status:
5. NEUT, THICK., CCD #2 ~ Count Instr. 1D Calib. Date
Sampling Date SACF Sample: M-
( )= ( )
ACF = =
il | v g ) gy
n:}é Pump# Count :# METER
3 é v = CPM FACTOR 1 A
Sample: Stop Time tMin WL 0 X TRAPH X O3 g
. :Count Time tint S min FACTOR
Mill Status:
M=39 Pump# Count :# Mf ER
: i ' PR . FACTOR i
Sample: Stop Time __tMin WL = X TREF X T )
:Count Time :int 5 min FACTOR
Mili Status:
P L I T I T I T T I I ™ ™™™ s - =._‘- ------------------------------------------
6. CCD CIRCUIT, CCD #1 - Count Instr. ID Calib. Date
Sampling Date SACF Sample: M-
S R Wil
g bl g - s
: M8 Pur ™ Count :# 4T METER
- . J . CPM FACTOR 1
Sample: Stop Time .ﬂun WL = t X - TRAPH X 1) =
:Count Time :int E min FACTOR
Mill Status:
M=10 Pump# Count ¥ METER
. G CPM FACTOR 1 P
‘ Sample: Stop Time tMin WL = — X = X T
:Count Time__ tint T mim FACTOR

Mill Status:




Mo. Yr Pg 5 of 7
7. LEACH CIRCUIT - Count Instr. ID Calib. Date
Sampling Date SACF Sample: M-
( )=~ ( )
ACF = =
il vl B 1
M= 6 Pump# Count :# METER
y . CPM FACTOR 1
o Y . = =
Sample: Stop .nme. :Min WL ) TRAPT X I )
:Count Time :int 5 min FACTOR
Mill Status:
M- 7 Pump# Count :# METER
i . s 2 CPM FACTOR 1 5
Sampie: Stop Time tMin WL 7 CRATH X T 7
:Count Time ‘Int 5 min FACTOR
Mill Status:
M-zh Pump# Count :# METER
_ ; B i CPM FACTOR 1
Sample: Stop T»nuL tMin Wi Z TRAPH X =T ) &
:Count Time tint T min FACTOR
Mill Status:
M-35 Pump# Count :# METER
, ‘ 5 2 CPM FACTOR 1 g
Sample: Stop Time tMin WL 7 CRAFH X =1 )
:Count Time :int S min FACTOR
Mill Status:
8. SX CIRCUIT - Count Instr. 1D Calib. Date
Sampling Date SACF Sample: M-
( )=( )
ACF -
sl e : - Ge [ e
M=26 Pump# Count :# 0 METER
3 : . - W CPM FACTOR PR
Sample;vStop Time :Min WL 7 TRAPH X =1 )
:Count Time tint S min FACTOR
Mill Status:
M-37 Pump#__ . Lount :# - ?Egigk ;
. ‘M - o e M =
Sample: Stop Time... tMin wL 1 TRAPH X =1 )
:Count Time :Int 5 min FACTOR
Mill Status:
9., PRECIP, CIRCUIT = Count Instr. 1D Calib. Date
Sampling Date SACF sample: M-
i Bl T GER TRAE
bt | W L G e




9. PRECIP. CIRCUIT, CONT'D

M=11 Pump# Count :# METER
. : il U CPM FACTOR bl
Sample: Stop Time tMin wL T X TRAPH X =T ]
:Count Time iint 5 min FACTOR
Mill Status:
M=12 Pump# Count :# METER
: 4 CPM FACTOR 1
. ) = =
Sample: Stop Time Min W), 1 X TRAPH X T )
:Count Time :int 5 min FACTOR
Mill Status:
M=13 Pump# Count :# METER
i . o 4 CPM FACTOR s e
Sample: Stop Time tMin WL T X CREPH X 21 ]
:Count Time :int S min FACTOR
Mill Status:
10. ROASTER/PACKAGING - Count Instr. ID Calib. Date
Sampling Date SACF Sample: M~
& )=( )
F= =
sl | g T SN O e
M=14 Pump# Count :# METER
. 4 CPM FACTOR 1
Sample: Stop Time tMin WL = i TRAPH X T Y
:Count Time Int 5 min FACTOR
Mill Status:
M=15 Pump# Count :# METER
. . CPM FACTOR 1 ™
Sample: Stop Time Min WL = 1 SRAPH X ) s |
:Count Time Int T min FACTOR
Mill Status:
M=16 Pump# Count :# " METER
% § CPM FACTOR 1 =
Sample: Stop Time Min WL 7 TRAPH X =t ]
:Count _Time Int E min FACTOR
© Mill Status: Y
M=17 Pump# Count :# . METER
s . CPM FACTOR e
Sample: Stop Time Min WL : SRAPH X T )
:Count Time Int 5 min FACTOR

Mill Status:

VR ———————— L I S o




Mill Status:

Mo. Yr. Pg 7 of 7
11. SHOPS - Count Instr. 1D Calib. Date
Sampling Date SACF Sample: M-
|
( ) = ( ) |
F = =
ot | S | g ¢ g £ ‘
M=24 Pump# Count :# METER i
; : o . CPM FACTOR Sl
Sample: Stop Time tMin Wi 1 TRAPH X - s
:Count Time :int ' 5 min FACTOR
Mill Status:
M=25 Pump# Count :¥# METER
, Yo - CPM FACTOR e
Sample: Stop Time tMin WL s TRAPH X Y ) )
:Count Time tint 5 min FACTOR
Mill Status:
12. RECLAIM TUNNEL - Count Instr. 1D Ca ate
Sampling Date SACF Sample: M-
ST R N Y
sipadbuct | gy | | wons - gy
M- & Pump# Count :¥# METER
. L L CPM FACTOR 1 &
Sample: Stop Time :Min wL T CRAFH X T )
:Count Time rint S min FACTOR




URANIUM DUST GRAB SAMPLING

DISCUSSION:

Natural uranium is a poisonous heavy metal, and a low specific
activity (LSA) radiologic hazard. Federal law requires that uran-
ium milling operations maintain strict control over the amount of

uranium bearing dust to which workers are exposed.

Various stages of the milling process produce uranium dust
of differing chemical composition and solubility. Classification
of this dust into soluble or insoluble categories (for the purpose
of radioclogic control) is based upon the way in which uranium com-

pcunds react with body fluids and tissue.

. Soluble uranium dust is defined as any airborne uranium mists
or particulates which, after ingestion into the body, (primarily
into the lungs since uranium compounds are very poorly absorbed
by the digestive system) have a biological lung half life of ten
(10) days or less. With regard to milling u' inium ore, uranium
is considered to be in its soluble form from the leach circuit
until it is dried at temperatures above four hundred degrees cen-

tigrade (400°C).

Inscluble uranium compounds are composed of natural uranium
ore dust and "yellow cake" concentrates which, when dried at tem-
peratures above four hundred degrees centigrade (400°C), become

relatively insoluble to dissolution by body fluids. The biological

lung half life of insoluble uranium is greater than ten (10) days.



The Nuclear Regulatory Commissions', "Standards For Protec-

. tion Against Radiation", set the limit of exposure from airborne
soluble uranium compounds to a "Maximum Permissable (sustained)
Concentration" (MPC) of 10uCix10-11/m1 of air during a forty (40)
hour work week, or a maximum of 9.6 milli-graims per week ingested }
into the lungs. While the contribution of soluble uranium dust |
to the bodies radiation exposure is negligible, the rapid elim-
ination of uranium through body waste which is processed by t.ie
kidneys can cause kidney damage. Thus, soluble uranium dust
exposure is calculated separately from insoluble uranium dust

exposure.,

concentrations of its' daughter products (Th-230, Ra-226 & U-234).
‘ Since ore dust is made up of several alpha emitters, when uranium

alone is assayed the MPC for a 520 hour work quarter is SuCixlO“11

/
ml of air, but when gross alpha is measured the MPC for a 520 hour
work guarter is 10uCix10"3*/ml. (The reason the MPC is lower when
only uranium is assayed is that a uranium assay doesn't measure

the entire concentration of alpha emitters.) The MPC for uranium

product dried at temperatures above 400°C is 10uCix10-11/m1 for a

520 hour work gquarter.

that someone could be exposed to greater than MPC levels of air-

Respiratory protection is required whenever a chance exists
’ borne radiation.

When grab samples are taken, a known volume of air is drawn

|
Insoluble uranium ore dust consists of U-238 and certain
\
|
|
|
il i



. through a fiber glass filter for a predetermined amount of time. ‘

The filter is then analyzed for either gross alpha or total uran-

ium.




Al: URANIUM DUST SAMPLING

1. Sampling Pump Calibration
. A. Make sure pump battery pack(s) have been charged at least 24 hours
‘ prior to using them.
B. For RAC pumps, plug pump into battery pack. Staplex pumps have
battery packs enclosed.
C. Zonnect pump inlet tube to dry tust meter (Singer DTM-200) with
white nylon hose coupling.
D. Set dry test meter guages to zero except for the large dial, set this
dial between 9.7 and 9.9,
E. Start pump, then start stop watch as dial passes zero.
F. Time pump for 5 minutes minimum. When stopwatch is just about tu the
selected stop time, grasp each half of the nylon hose coupler and with
a quick twist and pull disconnect the coupler as the stop time is reached.
G. Record the following information in the Air Sampler Calibration Loghook.
1. Pump ID.., eg. RAC #4
2. Air volume indicated on dry test meter in liters (1), ea. 55.5 1.
3. Number of minutes used to calibrate pump, eg. § min.
L. Divide liters (from #2) by the number of minutes (from #3) to obtain
‘ flow rate in liters per minute. Eg. 55.5 1/ 5 min. = 11.1 1/min.
5. Initial and date all calibrations. Include all units mentioned in
steps 1 - 4 above.
6. An example of a typical log book entry.
Aug. 30 RAC #4 §56.5 1 / S min. = 11,1 1/min. BKD
H. Be sure to check all calibrated flow rates. There must be at least
9.40 liters per minute flow rate to get the sample volume needed in a
20 minute sample to reach the currently used LLD (lower limit of detec-
tion) on the X-ray machine. |If a flow rate is less than 9.40 1/min.,
divide the calibrated flow rate into 188 liters (the minimum sample vol.)
to get the number of minutes the samples must be run to get 188 liters.
Example: Calibrated flow rate = 7.44 1/min.
~then 188 literes / 7.44 liters/min. = 25.27 min. or
26 min. to assure
adequate sample vol.
".11. Dust Filter Preparation (see Figure 1.)
A. Unscrew the filter holder leaving the red caplug cover on the top half.
. B. Place a Gelman 25 mm glass fiber filter with the patterned side toward
the screen on the filter holder.

C. Screw filter holder back together just so its snug. Too much pressure
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will cut the filter around the edges and allow air to escape around

the sides,

D. Be s 0 match filter holder tops and bottoms.

1. Fi er holder bottoms with a black ''0" ring glued to them match tops
that have a3 flat flange inside the top. These filter holder tops
and bottom~ have been marked with a black marker.

2. Filter holder bottoms with no ''0' ring match tops that have a raised
ridge inside the top. These tops and bottoms are not marked.

E. Place an ID labe! on the top of the rec caplug (3/4 inch mail routing
stickers, color shculd sharply contrast blue or black ink). To aid
removal of these stickers, fold about 1/8 inch of an edge under prior
to attaching to the caplug.

111. Taking Dust Samples

A. Check filter holder to make sure it is screwed together snugly and |
plug into the air inlet tube of the pump.

B. Remove red caplug and position pump in the breathing zone where res-
pirable dust will be sampled. Don't place filter holder and/or pump
under dust producing equipment where no one can reasonably be expected
to work.

C. Start pump and note the time.

D. Record the following information on notepad
1. Station 1D, eg., M=42
2. Pump 1D, eg., RAC #4
3. Sample start time
L, On the top of the notepad write ''Dust Samples'', the date, and your

initials.

E. Run pump for 20 minutes minimun or longer if needed (see section A1,1.H.)

F. Shut off pump, record time on notepad, replace red caplug and figure the
sample time in minutes and record.

G. Note the operational state of process equipment if this may affect results.

H. On the sample ID label (on the caplug) record:

1. Station 1D
Pump 1D

2
3, Sample time in minutes Label will look like this
L. Date when finished.

. When finished with a set o1 samples, retain the notepad with the sampling

data. These are kept and become part of the monthly report.
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J. On a desk pad or data sheet, mark off the stations that have been sampled.

Keep a list like this for each month,it will help prevent wasted time on

. repeat samples.
IV. Preparation of Dust Filters for X-ray Analysis.

A. In the X-ray room in the 'ab, obtain small red caplugs, metal "'0" rings,
mylar dispenser and dust sample assay sheet. (See Johnnie Pitman for the
location of these materials and for any assistance)

B. Place small red caplug open end down on desk, remove the filter ID label
and attach to the small red caplug.

C. Record data on the filter ID label onto the data sheet, i.e.; Station #,
Pump #, sample time (minutes) and date (see figure 3).

D. Turn caplug over and open filter holder.

E. Get a piece of mylar from the dispenser about twice as long as it is wide.

F. Lay one end of the mylar sheet over the caplug, lay the dust filter on the
mylar with the intake side up (patterned side down) (see figure 2).

G. Fold other end of mylar over the filter, center filter in the foided mylar
and over the caplugs open end.

H. Center metal '"0" ring over caplug and filter with the split side of the ring
up. Push the ring down over the caplug to secure the filter between the mylar

. sheets. |f done correctly, the ring will tighten the mylar leaving a smooth
surface. Be careful nct to leave any finger prints or wrinkles in the mylar
as this will have an affect on the assay results.

I. When finished prepping a set of filters, place the prepped filters on the data
sheet and next tothe X-ray machine. Cover the filters with tissue paper to
prevent dust from settling on them.

V. Calculating Uranium Concentrations in Air From Samples Assayed by the Lab.

A. The lab reports X-ray determined values for a'r samples 'n gross ugU/filter.
~ blank average or tare value is also determined when batches of samples are
assayed, this value appears in the upper right corner of the assay sheet.

B. Subtract the blank average or tare from all gross readings to obtain net
ugU/filter. This number is then used in the calculator program to convert
from ugl/filter to 107 1uCi/ml.

C. Calculations.

1. Program the HP-41C calculator with the DUST (Uranium) program. Insert
the card from the right side of the calculator. The calculator will
display 0.0000.
. 2. Push the execute button XEQ and 0 1. The calculator will display
UGM/FILTER?
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3. Enter the net ugU/filter of a sample, eg. 1.30. Then push the run/stop
button R/S. The calculator will display LITERS/MIN?

L. Enter the calibrated flowrate for the pump used to take that sample

. (This number is in the air sampler calibration log book). Eg. 11.1 1/min.,
then push R/S again. The calculator will display SAMPLE TIME?

5. Enter the number of minutes that the sample was run (this number is on
notepad carried when the sample was taken, on the sample ID label and on
the lab assay sheet). Eg. 20 minutes, then push R/S again.

6. The calculator will calculate the answer and display it in units of
10-I‘uCi/m1. For the above example data the display is 0.34, thus the
answer is 0.34 x 10-11uCi/ml.
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A16: INTERNAL RADIATION EXPOSURE CALCULATIONS

Chapter 402-24 of the Washington Administrative Code describes the limits

‘ of radiation exposures to workers employed by radioactive materials licensees.
WAC 402-24-030 describes the exposure limits of individuals to airborne radio-
nuclides while working in licensees restricted areas.

Internal radiation exposure calculations in the uranium milling industry
are done to assess exposure from both soluble and insoluble uranium and insol=
uble radon daughters. (soluble implying a biological lung half~life of 10 days
or less).

Calculations can be done in several ways and each of the methods used
is adequate since the same basic data can be used for these methods. Currently,
inhalation exposures at the Sherwood Mill are calculated as a time weighted
exposure which is compared to the maximum allowable and expressed as a decimal
fraction of that maximum. Thus, an exposure value of 1,000 represents the
maximum allowable exposure. T.me weighted exposure implies that the exposure

. is calculated from the amount of time spent in a given concentration of airborne
radiocactivity.- A given exposure calculation will include several areas with
differing amounts of time spent in them and concentrations of airborne radio-
activity, thus, the total exposure would equal the sum of all the area specific
exposures during the exposure period of concern.

WAC L02-24-030 also describes an action level which is 25% of the maxi-~
mum allowable or an exposure value of 0.250. When this value is exceeded,
there is need for additional precautions or actions to reduce the exposure
ALARA and prevent its' reccurrence. ‘

Soluble uranium passes through the body quickly and, thus, exposure cal-
culations are done weekly. Soluble uranium areas at the Sherwood Mill are
the Solvent Extraction, Yellowcake (YC) Precipitation, YC Roaster and YC

‘ Packaging areas. The maximum allowable exposure is basec on a 40 hour week

and equals 40 hours at MPC concentrations of soluble uranium or 40 MPC hours.

-



Insoluble uranium and radon daughter exposures are calculated on a quar-
terly besis with the maximum allowable equalling 520 hours at MPC conc:ntrations
of any combination of insoluble uranium and radon daughters, All areas of the
Sherwood Mill not include in the soluble uranium areas are considered insoluble
uranium areas. All mill areas are considered insoluble for radon daughters.

The data used to calculate these exposures are: 1) the results of uranium
dust and radon daughter sampling, and 2) weekly or monthly time study sheets
which document the times employees spend at or near monitoring stations,

The weekly or monthly time study sheets are filled out by the employees

h
each week or month depending on their operating station. On the 203- of each

-

mdﬁth when the mémo-is issued'1isting yet to be received bioassay sampies,

the time study sheets received are to be checked off "the monthly Radiation
Safety checklist. =< Those individuals who have not submitted time study sheets
should be liste. on the biocassay memo.

The use of respirators provides respiratory protection to the wearer from
airborne radionuclides and other contaminants. The U.S. NRC in Reg. Guide 8.15 -
provides the protection factors to be used in exposure calculations and WAC 402-
24-030 allows for use of these protection factors to its' licensees. These
protection factors essentially reduce the concentration of airborne radionuclides
used in the exposure calculations.

The formula used for calculating-tne internal rediation dose form soluble

uranium is presented below.



U Ix(t )
EE Tﬁpf—r—nr—FT ; where: Es o total exposure (E) to soluble uranium
) (s) in all areas (m).
‘ 40 hours 45

<;§E::’- summing over all areas (m) or moni-

toring stations 1 - 45 which are
currently considered is soluble ura-
nium areas.

U = concentration of soluble uranium at
an area (m).

=
©

o
o

maximum permissible concentration of
soluble uranium (s).

RPF = respirator protection factor.
The formula for catculating the internal radiation exposure from both insol-
uble uranium and radon daughters is an expansion of the above formula and is pre=

sented below.

total exposure (E) to

(U )x(t ) (RDm)x(tm)
W ; where: Ei f
i % insoluble uranium and

520 hours radon daughters (i) in
. all areas (m).
45

= summing over all areas
(m) of monitoring sta-
tions which are cur-
rently considered as
insoluble uranium and/
or radon daughter-areas.

m=1

U = concentration of insol=-

t = time spent at an area (m).
uble uranium at an area(m).

RDm = concentration of insol~
uble radon daughters at an
area (m).

t = time spent at an area (m).
MPC., = maximum permissible con-
centration cf insoluble
uranium (left side of
formula) and radon daugh-

ters fright éide of for=
mula).

RPF = respirator protection

factor
. It must be noted that for the latter calculations for insoluble uranium and
radon daughters, radon daughter exposures must be done for soluble uranium areas

with these exposures added on to the insoluble ealculations.



PERSONNEL DOSIMETRY

Gamma radiation is emitted by natural uranium and its' associated daughter
products. Thus, assessment of this radiation dose to uranium mill workers is
necessary while working in any section of a uranium mill. Personnel dosimetry
is the method used to assess the gamma radiation dose to workers in uranium
mills. On a periodic schedule, workers are issued either a film badge or a
thermoluminescent dosimeter which they wear at all times while at work. Thus,
the measurement of radiation dose is continuous as long as the device is being
worn.,

At the Sherwood mill, all mill operators, maintainence personnel, electri-
cians, lab personnel and representatives from administration and mining depart-
ments are issued quarterly thermoluminescent dosimeters (TLD's). A1l personnel
issued a TLD on a regular schedule are to report to the radiation safety ¢ffice
for a replacement or spare badge if their TLD was misplaced or lost. No worker
will be allowed to work in the mill without a TLD.

Correct placement of the TLD is necessary to obtain a representative meas-

urement of an individuals' dose. TLD's will be worn between the neck and waist

in front of the body. Attachment to hardhats will not be acceptable &¢© any time.

TLD's will also be worn outside the clothing.

TLD's are changed quarterly, near the end of the month. Any noteable com-
ments from the supplier,who determines the dose received by each badge,will be
addressed via- memo.  These items will:inctude elevated or increasing doses and
notations of contamination. Other items to be addressed will include incorrect
placement of TLD's or missing TLD's.

Exposure 1imits are described in 10-CFR-20 as;

1. 1.25 Rem (1250 millirem) to the whole body per quarter,




2. 7.5 Rem (7500 millirem) to the skin of the whole body per quarter.
3. 18,75 Rem (18,750 millirem) to the hands, feet and ankles per
quarter.
When TLD reports are received from the supplier, the report must be reviewed by
the RSO for any significant exposures or trends. Any exposure in excess of 25%
of the quarterly 1imits will be noted in a memo and a fcllow up form will be
completed (attached). This form will include an interview of the individual
and assessment of areas frequented. Corrective acticns will also be initiated
where appropriate and may include but not limited to the following; restrictions
in work areas frequented, time spent in work areas, retraining and counselling
with regard to work habits.
After initial RSO review of TLD reports, the exposure value for each indiv-
idual will then be entered into their personal exposure file. Annually, the
TLD supplier sends ou! an arnual summary of each badges' exposure. One copy
is to be filed in each individuals file, one copy to a master file and one copy

for permanent storage and microfilming.




HIGH FILM BADGE READING

‘ FOLLOW-UP FORM

EMPLOYEE'S NAME:

EXPOSURE PERIOD:

INDICATED DOSE:

COMMENTS :

CORRECTIVE ACTION:

. SIGNED: DATE : |
Radiation Safety Officer |




GAMMA SU. E=YS

1. Introduction

The intent of periodic measurement of gamma exposure rates
within mill work areas is to document whether any potential
build-up of gamma emitting uranium decay products has occurred.
The surveys are conducted monthly or guarterly, (see attached
gamma survey data sheets). The information obtained can be
helpful in determining the source in the event of high personnel
dosimeter readings.

@amma surveys are also conducted after yellowcake transport
trucks are loaded to comply with U.S. Department of Transportation
Regulations (See attached Yellowcake Shipment Survey Forms).
I1. Equipment:
1. Eberline PRS-1 ("RASCAL") and HP-270 probe
2. Eberline PRM-7 micro-R/hr. meter

3. Ludlum 12S Micro-R-Meter.

II1. Procedures for conducting the surveys:
A. Check calibration with the check source;
1. Eberline PRM-7 and Ludlum 1285
a. check battery and record in 109 book

b. consult calibration certificate for proper
Cs~137 source and source reading

O

place source on detector area of instrument
and record the value observed in the logbook
along with the instrument ID (make,model and
serial number), source used and strength,
calibrators source reading, date of last
calibration and initials.

2. Eberline PRS-1 and HP-270
a. connect PRS-1 and HP-270
b. consult calibration certificate for proper internal

switchings for LEGEND and MULTIPLICATION, and
external adjustments for THRESHOLD and GROSS.




GAMMA SURVEYS

II1. Procedures for taking surveys

. A2. Continued

C. Select the proper check source, turn selector knob to
the proper RATE and place source against probe as
indicated in the calibration certificate.

d. Tecord the calibration check data as per above for
PRM-7 and 128.

3. Consistent readings more than twenty percent (20%) in error
from calibration certificate should be noted and the
instrument sent out for recalibration.

B. Taking surveys

a. record pertinent instrument information on the data
sheets (attached)

initially on PRS-1.

¢. walk slowly through the survey area with instrument at
waist height

. d. on PRM-7 and 125 meters record the average reading

e. on PRS-1, rate adjustments may e necessary so that a
reading is obtained after the are> is walked through.
Greater accuracy is obtained with an average of more
than one reading or on the next rate (i.e., accuracy

|
i
\
|
1
|
|
\
b. set response to slow on PRM-7 and 12S meters, an A rate
improves from A to B to C to D rates).

C. Walk through surveys

Periodically, a walk through gamma survey should be
conducted in the mill. To do this survey, the instru-
ment should have its calibration checked and recorded as
above. The response control should then be set at

"Fast Response", and one should walk thrcuch the

mill watching for any high (+1 mR/hr.) areas. Any high
areas located, should be documented on a data sheet, and
consideration should be given toward including that loca-
tion in monthly survey (depending on the amount of work
time spent in the area). Any area above 2.5 mR/hr. should
be designated as a "Radiation Area" with the appropriate
signs. When necessary, work time within a "radiation
area" should be controlled so there are no exposures
above 100 mR/week, or 1.25 Rem/quarter.




QUARTERLY GAMMA RADIATIOM SURVEYS

LOCATION NO. LOCATION mR/hr.
M=1 COARSE ORE FEED HOPPER
M=2 CRUSHER BUILDING
M=3 TRANSFER CHUTE AREA
M-4 FINE ORE BIN
M=-5 GRINDING AREA
M-6 LEACH OPERATORS CONTROL AREA
M~7 LEACH AREA
M-8 CCD THICKNER AREA
M-9 TAILINGS DISCHARGE PUMP
M=10 CCD CONTROL AREA
M=11 PRECIPITATICN AREA
M=12 YELLOW CAKE THICKNER
M=13 PRECIPITATION & DRYING CONTROL
M-14 YELLOW CAKE CENTRIFUGE
M=15 YELLOW CAKE DRYER
M=16 YELLOW CAKE DRYER DUST COLLECT.
M=17 YELLOW CAKE PACKAGING ROOM
M-18 CLARIFICATION AREA
M-26 SOLVENT EXTRACTICN CONTROL AREA
M=27 ORE STORAGE PAD
M-28 YELLOW CAKE STORAGE AREA
M-31 CRUSHER CONTROL ROOM
M-32 BALL MILL FEED
M-33 GRIND CONTROL ROOM
M=-37 SX BUILDING
M-38 CCD PH#2 ENTRY LEVEL
M=39 CCD PH#¥2 BASEMENT SUMP
M=4o CCD THICKNER #3 CATWALK
M=41 FINE ORE TUNNEL BAGHOUSE
M=42 MILL MAINT. SERVICE AREA
M=43 MILL BUILDING SERVICE AREA
M-by TRAMP METAL PICKER BOOTH
INSTRUMENT ID. S/N CALIB. DATE. 0K
SURVEYS BY: DATE :

RSO FORM #14

(REV. 1-31-85)




GAMMA RADIATION SURVEYS

LOCATION NO. : LOCATION FREQUENCY.

M-19 Change Room Area Men's Monthly
M-20 Flourometric & AA Room Monthly
M-21 Balance Room Monthly
M-22 Metallurgical Lab Monthly
M-23 Laboratory Central Work Area Monthly
M-24 Electrical Shop Bench Monthly
M-25 Repair Shop General Maintenance Monthly
M-29 Sample Prep. Room Monthly
M-30 Ladies Change Room Monthly
M-34 Mi1l Office Monthly
M-35 Radiation Safety Office Monthly
M-36 Lab. Yellow Cake Room Monthly

inst. ID. _ S/N
Cxlibration Date: Calib. Check 0K?

Surveys by:

Date:

RSO Form # 13 (Revised 12-6-83)
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YELLOWCAKE SHIPMENT SURVEY
EXCLUSIVE USE ONLY

Date
Person(s) conducting survey

Trucking Carrier
Contract ¢ Lot #
Trailer # Tractor #

Removable surface contamination - wipe tests averaged over 300 cm2,.
Note: Complete either Subsection A or B below.

Allowable

A. Barrel Gross Wt.(mg) Tare Wt.(mg) Net Wt.(mg) Limi
45mg/cm?
2. 45mg/cm?
3. 45mg/em?
4. 45mg/cm?

B. Barrel Gross Alpha(cpm) Gross Alpha(dpm) Allowable Limit (dpm

i 220dpm/cm?
3. 220dpm/em?
3. 220dpm/em?
4. 220dpm/cm?

External Radiation Levels
Gamma Survey Instrument Identification

Calibration Date Check Source i.d./reading

Gamma Survey Locations: o o o O o o o ® Driver's seat
3'50 in cab
(] Iﬁ'
Survey Results © Allowable Limit

Gamma Survey Location (mrem/hour (mrem/hour)

1. 3' from barrels 1000

2. Surface of trailer 200

3. 6' from trailer 10

4. In driver's seat

(in cab) 2

All drums were inspected during loading to assure the barz:ls
were tightly sealed, none leaked, and there was no loose macerial
in the vehicle.

Yes ( ) 8 { )



BETA SURVEY PROCEDURE

When uranium-239 is allowed to reach secular equilibrium with i.s two short

lived daughter products, thorium-234 and protaccinium-234, the resultant isotop-

ic mixture is a strong beta radiation emitter. Surface beta emission after ura-

nium-239 achieves secular equilibrium with these daughters (about 8 or 9 months

of decay time) is approximately 150 - 200 mRem/hour. Through the uranium milling

process, daughter equilibrium is disrupted. However, their ingrowth is a con-

stant process and beta radiation emissions will begin increasing in yellowcake

to a maximum of about 150 mRem/hour at the surface after 100 days of aging.

Thus, noteable increases in beta dose rates can be detected where yellowcake has

been depositer and not cleaned up via thorough housekeeping.

In order to maintain control of beta radiation exposures, the following pre-

cautions should be implemented;

i

Employees who handle yellowcake on a regular basis must wear safety
glasses at all times to protect the cornea of the eye.

Floors should be sealed to prevent uranium absorbtion inte cracks and
pores.

Tanks requiring entry for maintenance purposes and which routinely con-
tain uranium and/or uranium bearing solutions must be surveyed for beta
radiation prior to the entry of personnel performing the maintenance.
NRC regulations stipulate only that surveys be "adequate" in frequency
to control radiation exposures. Walk through beta surveys will be con-
ducted quarterly through each work area of the mill, These surveys
should locate any contaminated areas as indicated by increasing beta
exposure rates with time.

Quarterly exposure limits for beta radiation exposures are:



:7.5 Rems (7500 millirems) to the whole body.

:18.75 Rems (18,500 millirems) to the hands, forearms, feet and ankles.

Note: A ten percent reduction in exposure is allowed for clothing
and individuals wearing rubber boots may receive virtually no
exposure to the l.wer legs, feet and ankles.

Areas where beta radiation levels are above 100 millirem/hour must be
posted "HIGH RADIATION AREA" and access must be controlled in accord-

ance with T0 CFR 20.203(c). Areas where the beta radiation levels are

above 5 millirem/hour must be posted "RADIATION AREA".

Equipment for beta survey.

1. Eberline PRS-1 ratemeter/scaler and Eberline HP-210AL probe
2. NBS Traceable sources: SrY-S0 and C-14,

3. Lead Shield

4. Data Sheet (attached) or equivalent.

Procedure for beta survey.

1. Constancy checks - Review calibration certificate for instrument to be
used and determine if instrument is within calibration period and the
the correct internal/external settings and constancy check values.

Set up instrument and probe accordingly. Check battery function and
record. Check instrument with Sry-90 and C-14 sources and record, Re-
cord instrument identification and probe, calibration certificate values
sources used, date and initials.

2. Obtain data sheet (attached) and record pertinent instrument information.
Refer to calibration certificate for the conversion factor from cpm
readings to mRem/hour exposure values and record on data sheet.

3. Survey each area at waist height. Surfaces on which an operator walks
or contaminated surfaces which require handling should be surveyed 6
(six) inches from the surface. Determine a background count for each

area using the lead shield *o cover the probe face. Record the infor-



mation in the appropriate spaces on the data sheet. If surveys are

to be continued on another day, use a new data sheet. 1If surveys are

done for special situations, the same data will be necessary and addi-
tional data recorded as necessary.

Periodically, the inside surface of work clothing and boots worn by
yellowcake workers should be surveyed. Quarterly surveys will deter-
mine any beta exposure rate increases. Gloves used in the roaster
should be surveyed more frequently as the potential for contamination

is much greater in this area.

When conducting beta surveys, pay particular attention to unsealed sur-
faces where yellowcake slurry of solids could potentially occur and
accumulate.

6. Calculate the exposures at each survey location by subtracting the back-
ground from each sample count yielding a net cpm. Then divide the net
cpm count by the conversion factor to obtain an exposure rate value in
mRem/hour. This resultant exposure can then be applied to time weighted

exposure calculations for employees frequenting the areas.

Care must be taken when conducting the surveys and in making calculations
so that the actual circumstances fit the exposure. For example, a worker may
be working on contaminated equipment in the precipitation section but his back
faces a relatively clean area. Thus, only half of his skin surface was exposed
to the contamination. The opposite is also possibie while working on clean

equipment while the back is exposed to contamination.



__,,vw-—*—————————————————————-——-———————————————ﬂ

BETA RADIATION SURVEYS

Month 19__
LOCATICON/DESCRIPTION DATE SAMPLE CPM BKGD CPM NET CPM mR/hr.
M= 1 Coarse Ore Feed Hopper
M-27 Ore Storage Pag
M=-45 (Ore Loader Cab
M- 2 Crusher Building
M=-31 Crusher Control Room
M=-44 Tramp Metal Picker Booth
M- 3 Transfer Chute
R TR TR S ettty futeaal A ! R R ey Bk SR
M= § Grinding Area
M-32 Ball Mill Feed
M=33 Grind/Ball Mill Control Room
M=38 CCO PH #2, Entry Level
M-39 CCD PH #2, Basement Sump
M=43 Mill Building Service 011 Storage
M-"6 "Leach Control Desk Area [ """ fr e e ; S il fre e
M- 7 Leach Tank Base Area
........................ Serscesnnrrsennrinlencnsrheonorrenenedeacer e e ol e e ——
M-40 CCD Thickener #3 Catwalk
M=10 CCD PH #1 Control Booth
M- 8 CCD PH #1 Thickener Underflow Area
M- 9 Tailings Discharge Pump
bttt b Rl Rl L L L L LT A ; S ——— e L — b Bl Rl e —— r ........
M=26 SX Control Room 3
M=37--5X-Building
--'-------‘.-‘.‘-‘.T ............................. .‘F ...................... r ......... prrarceoee-
M-18 Clarification-Tank Area
M-12 Yellowcake Thickener Under?lows
M=11 Yellowcake Precipitation Tanks
M-13 Precipitation/Roaster Control Room
M=14 Yellowcake Centrifuge
M-15 Vel lowcake Roaster
M-16  Yellowcake Dust Collector/Hammermi ]
M-17 VYellowcake Packaging
R R S e C S S O O e P O TP ErPr S erenenew e beee e - - - .1D -------- WP - -
M=34 Mill Office
M=3 Radiation Safety Office
M-24 Electricians Repair Bench
M-25 Mill Maintenance Repair Shop
M=42 Mill Maintenance Yard
M-41 Fine Ore Tunnel Baghouse
M-28 Yellowcake Storage Area r
M-36 First Ald Room
M=19 Men's Change Room |
M=30 Women's Change Room |
M-29 Sample Prep. Room |
M=22 Metallurgical Lab - YC Room
M=-23  Central Lab Work Area
M=21 Balance Room
M-20 Fluorimetrics and AA Room
Survey Instr. ID Probe S/N
Calibration Date BY Source Check OK7 Source ID

Conversion Factor (CPM=net fo mR/hr.) =




SURFACE COMTAMINAT 'ON SURVEYS

Introduction:

The purpose of surface contamination surveys is to detect
levels of alpha contamination on surfaces such as desks
and table tops in designated eating and smoking areas, on
filled yellowcake drums prior to shipment, on clothing of
off-shift mill employees prior to leaving the restricted
area, on mill equipment which is to be shipped off-site
for repairs, on the interiors of cleaned respirators and
in the laboratory's fluorimeter room prior to urine bio-
assay analysis.

The intent of these surveys is to prevent radioactive
materials from release to unrestricted areas, ingestion
or from contaminating “clean* areas.

There are three (3) types of contamination that surveys

can document; total, removeable and residual contamina-
tion. Each type has specified limits for one or more types
for a given situation. There are two sampling methods
which determine all three types; 1) surveys with a hand
held probe for total and 2) wipe tests for removeable
contamination. Residual contamination can be determined by
subtracting removeable from total contamination.

A1l of the surveys and the appropriate limits are based on
the number of alpha radiation emissions (or counts) per
minute per unit area. Thus, the basic instrumentation to
determine levels of contamination must be able to detect
alpha radiation. When limits specified for a given situation
are exceeded, the item(s) must be decontaminated, the steps
taken to decontaminate documented and steps taken or
recommended to prevent recurrence documented.

REMAINDER OF PAGE LEFT INTENTIONALLY BLANK



I1. Survey Methods:

A. Total Surface Contamination Surveys

1. Personnel monitoring: on clothing and skin of
of off-shift mill workers who have worked with

yellowcake and have not showered and/or changed
clothes.

a. Equipment Used:

1) Eberline RM-20-1 and AC-3 alpha scintillation
probe.

2) NBS traceable alpha source Thorium-230
3) Data Sheet(s) as (attached)

b. Procedure Used:

1) Check RM-20-1 and AC-3 probe function with
alpha source. Record in log book: Instrument
ID, source type and strength, calibration
certificate date and source reading, and the
observed reading.

2) Set Alarm for 1000 DPM/i00 cm? limit

a) Determine Efficiency, E
= calibration certificate alpha source count cpm
certified alpha source count (dpm)
b) Account £or probe size of AC-3, 59 cm® |

59 cm 0.59
cm

c) Alarm setting = 1000 DPM (E)(0.59)
cme

3) Survey clothing at or near (less than 1 cm) at a
rate of about 1 meter per 30 seconds.

4) 1If the Alarm sounds, hold the probe directly on
that area for 5-10 seconds.

§) If the Alarm sounds again, the person Must
shower and change clothes.

6) Contaminated clothing will be laundered on site
and resurveyed prior to returning them to the
owner,



SURFACE CONTAMINATION SURVEYS

Total Contamination Surveys
Procedure Used continued...

7)
8)

Initial every survey done and indicate if "OK".

Eberline PRS-1 and AC-3 probe can be used as a
replacement survey instrument.

Designated Eating and Sampling Area Surfaces and Mil)
Equipment for Offsite Release

Equipment Used:

1)
2)
3)

Eberline PRS-1 and AC-3 alpha scintiilation probe.
NBS tr»:eable alpha source, Thorium-230.
Data sheets (attached).

Procedure Used:

1)

2)

3)

4)
5)
6)

Check PRS-1 calibration certificate for correct internal
and external settings for link to AC-3 probe.

Check PRS-1 and AC-3 probe function with alpha source.

Record in 1og book: Instrumeni ID, source tyoe and strength,
calibration certificate date and source reading, the

observed reading and the battery condition indication.

Determine cpm reading equivalent to 1000 DPM/100 cm? maximum

a) Determine Efficiency,
E = calibration certificate alpha source count in cpm

certified alpha source count in DPM

b) Account for probe face size of AC-3:

59 cm? = 0.59

100 cm?
¢) 1000 DPM/100 cm® 1imit on PRS-1 with AC-3 probe

= 1000 DPM (E) (0.59)

100 cm?

Survey areas by placing probe face down on flat surface.
Set PRS-1 to A or B scale and wait for reading on LCR board.
Take several readings from a single surface such as a

desk or table. More if a large object for offsite release
is involved.



7)

8)

g)

4

If the 1000 DPM/100 cm2 limit is exceeded, then conduct
a wipe test in that area to determine the removeable
portion (see below).

For regularly scheduled surveys, record_(cpm) readings
on data sheet and ccnvert to DPM/100 cm? values for
comparison.

Other mill areas, equipment, etc. the ]limits for total
alpha contamination is 5000 DPM/100 cmé.

Removeable Contamination - Swipe Tests

Equipment Used:

1) Eberline PS-2-2 and SPA-1 alpha scintillation
detector.

2) NBS traceable alpha source Thorium-230
3) Data sheets

4) 2.4 cm filter paper circles

Procedure Used:

1) Check PS-2-2 and SPA-1 detector function with alpha
source. Record in log book: Instrument ID, source
type and strength, calibration certificate date and
source reading,observed reading and battery condition
indication.

2) Take filter paper circle and wipe over dry surface
using considerable pressure in a lazy "S" pattern
approximately 20 inches lung. Smaller objects or
respirator interiors will require some adjustment if
a 20 inch pattern cannot be approximated.

3) Gently place wipe circie in a labeled 2x3 manila
envelope if counting is to be done later.

4) Place wipe circle in SPA-1 detector, set counter to
two (2) minutes and count all samples.

5) Record counts in (cpm), taking into account the count
times.

6) Convert results to DPM/100 cm? by muitiplying by
efficiency factor equal to 1/Efficiency,

where Efficiency = calibrated alpha source reading in cpm
DPM

certified alpha source reading in




7)

. a) Yellowcake Drums: 22,000 DPM/100 cmé and
action level 5000 DPM/100 cm?.

b) Respirator Interiors after cleaning and prior to
reissue and Laboratory F]uorimetrig Room prior to
Bioassay analysis: 100 DPM/100 cm“.

¢) Equipment for offsite release, Designated Eating 0
and Smoking Areas; Action Level: 500 DPM/100 cm

C. Residual or Fixed Alpha Contamination

This is determined by subtracting reuseable from total

Compare all results to appropriate limits and action levels:

contamination values for surveys done in the Same Specific Area.




reading CPM x 1/Efficiency

DPM = Instr,

Page 1 of 2.

SURFACE CONTAMINATIOMN SURVEYS

Mo.

b 4

L§ P

= iross CPM/DPM per cm® (Instr. readings)
TOTAL REMOVEABLE  RESIDUAL
AREA DESCRIPTION DATE CPM DPM § CPM DPM | CPM DPM 1 Init,
M-13 Precip. Control: 1. Table
2. Fountain
3. Sink
M=10 CCD Control PH#1: Desk
M- 7 Leach Control Area: Desk
M-26 SX Control Rm.: 1. Counter
2. Sink
M=31 Crusher Control: 1. Table
2. Fountain
M=34 Mil1 Office: Desk =~ TKM
Desk - LLM
Desk - ELJ :
Desk - Fmn.
Desk - Secy.
Microwave
Fountain
M-33 Grind Control Rm:1. Table
2. Counter
3. Sink
M-19 Men's Change Rm: 1. Bench
2. Sink
M-30 Women's Change 1. Bench
2. Sink
M=23 Lab. Area: 1. Sink
2. Counter
3. Lunch Rm.
M-20 Fluorometrics 1. Table
2. Counter
3. Fluorimeter
M=24 Mill Maint. 1. Table (N)
2. Table (S)
3. Desk - DLT
4. Desk - JWH
M-35 Rad. Safety Rm: 1. Desk - BKD
2. Desk - LS
3. Resp. Desk
b, Instr. Desk
Mill Entrance Bench

RSO Form #15 (Rey 8/83)

M/C

AN A

11va

Adusaid1 443



*1)suy

Page 2 of 2. SURFACE COMTAMIMATIOM SURVEYS Mo. Y€,
(Gross CPM - Bkgd. CPM) ~ = NET CPM/DPM per 100 cm?
(100 / Probe Area) TOTAL REMOVEABLE  RESIDUAL
AREA DESCRIPTION DATE [TCPM | DOPM JCPM ] DPMYcCPM 1 OPRY Inie.
. M-13 Precip. Control: 1. Table »
2. Fountain
3. Sink
M=10 CCD Control PH#1: Desk

at

M= 7 Leach Control Area: Desk

M=26 SX Control Rm.: 1. Counter

2; Sink

M=31 Crusher Control: 1. Table

2. Fountain

reading CPM x 1/ Efficiency

M=34 Mill Office: Desk = TKM

Desk - LLM

S

Desk - ELJ : 4

N/

DPM = Instr.

Desk ~ Secy.

Microwave

s
R.
P
L.Desk = Fmn.
5.
6.
7.

Fountain

M-33 Grind Control Rm:1. Table

Adus131443

2. Counter

3. Sink

M-19 Men's Change Rm: 1. Bench

2. Sink

M=-30 Women's Change 1. Bench

. Sink

M-23 Lab. Area: . Sink 2

. Lunck Rm.

9Z|s 828 9qouy

2
1
2. Counter
3
]

M=20 Fluorometrics . Table

. Counter

2
3. Fluorimeten
1

M=24 Mill Maint. . Table (N)
2. Table (S)
3. Desk = DLT
4, Desk - JWH

M=-35 Rai. Safety Rm: 1. Desk - BKD

Wd) pbig ZW3

. 2. Desk = LS

3. Resp. Desk

L, Instr. Desk

Mili Entrance Bench

HdJ

RSO Form #16 (Re., 5/82) '




MEMORANDUM

DATE:

TO:

FROM: B. K. DeWaard, Radiation Safety Officer

SUBJECT: Surface Contamination Levels on Equipment to be Released Offsite

Equipment Description:

Surface Contamination Wipe Test(s) Results

Area Wiped: A Approx. Area VWiped: cm2
Results: CPM = / cm2 DPM = / 100 cm2
Area Wiped: Approx. Area Wiped: cm2
Results; CPM = / cm2 DPM = / 100 cm2
Area Wiped: Approx. Area Wiped: cm2
Results: CPM = / cm2 DPM = / 100 cm2

R D 0, L T e T S i

Surface contamination levels on this equipment are are not below acceptable limits

for release offsite.

COMMENTS :
Wipe tests taken by:
cc: GTM
TKM
etbers:
File

WESTERN NUCLEAR, INC.
E8F) wni-108 SHERWOOD MINE




WESTERN NUCLEAR, INC, Betes

SHERWOOD PROJECT
Name :

Respirator \lipe Test Loa

BETIDN REWEL & 5 o 4 a9 % % 4 4 ¢ 40 &« 5 % 4.5 ¢ 100 DPR Alpha/i00 an
(From U.S. NRC Reg. Guide 8.15 and NUREG-0NL1)

2

Harness # cpm DPM Harness # cpm DPM

1 26.
2 27.
3 28,
L 29
5. 30.
6. 31
7 32.
& 33.
9 34,
0 35.

. 1. 36.
2. 37.
13. : 38.
14, 39.
15. Bo.
16. k1.
17. k2.
18. h3.
19. L, v
20. 4s. E
2. TR j
22 47.
23 1 L8,

. 24 La |
25, 50.

Survey Instr. 1D Calibration Date




WESTERN NUCLEAR INC.
SHERWOOD PROJECT
Yellowcake Barre! Wipe Test Log

‘II' LOT #:

CONS IGNEE :
Barrel # cpm/dpm Barre!l # cpm/dpm Barrel # cpm/dpm
/
/ l

// /- /
L /

/ i / 4/ j
/ e i /

/
Wipes Taken By: Date:

(RSO 6, 10/78)

Meter Factor:




NAME
M0
NITO
SY‘RE“
T
IM
\E/
/DATE
RE
ESUl
118
S
|F -
S’f -
h:"l'::E
4 £
A-D
\J N
An-‘—l“.'
e iO".'.




LAB INSTRUCTION & REPORT SHEET

Department: Date:

Submitted By: Report By :

dentification URINE Assays Needed

;Repeaﬁ ' :S-ample B gampie +
!ggu/ﬂ. I 12 gau/z l ;0 ggU/l

———— N

SSEEAE SEESEET SOEREEE SRR WEARER TRERTER RN STEREE SRR ST

N B—— e (
ﬁo be completed prior to analysis of urine binassays) |

M. . CPM x 1/EFf. = DPM Instr. 10: S/M |
“Fluorimeter X = Calibration Date: Calib. Check 0K? g
Burner Counter X = Surveys by:

“Prep. Table X = Date:

- - == s
#Hl 149 (Rev. 107473




CALIBRATIONS
Health Physics Survey Instrumentation

Instruments used for health physics surveys are calibrated
annually by an outside calibration firm, except where noted
below. Monthly checks are made of each instrument to assure
that instruments are available for surveying. Each month
batter function is checked and constancy check made with a
radiation source. Instruments that provide readings more than
twenty percent (20%) in error of calibration certificate read-
ings are sent out for recalibration and/or repair.

Instrument List:

2 - Eberline PRS-1 (Portable Ratemeters/Scaler, "RASCAL")
Used with:
Eberline AC-3 Alpha Scintillation Probes
for surface contamination surveys

Used with:
Eberline HP-270 Gamma Probes
for Gamma surveys

Used with:
Eberline HP-210A1 Beta prouoes
for Beta surveys

Note: Calibrations of Eberline PRS-1 instruments and probes
are done by an outside calibration firm annually. The
Sherwood RSO determines Beta dose conversion factors
after calibrations with an aged yellowcake source as
per U.S. NRC Regulatory Guide 4.15, Appendix C.

2 - Eberline RM-20-1 (Radiation Monitor)
Used with:
2-tberliine AC-3 probes - for surface contamination
surveys on exitting yellowcake workers' (clothing
and skin) whe have not showered.
1 - Ludlum 12-5 Micro-R-Meter (Gamma surveys)

1 - Eberline PRM-7 Micro R/hr. Meter (Gamma surveys)

l - Eberline MS-3 "Miniscaler"

Used with:
SAC-R5 and Lucas cells (6 ea.) for counting Radon-222
samples (Environmental)



CALIBRATIONS

Instrument List continued.....

2 - Eberline PS-2-2 (Portable Scalers)

Used with:
2 Eberline SPA-1 detectors for counting radon
daughter samples and counting wipe test samples
for removeable contamination.

Note: Calibration of Eberline PS-2-2 instruments and SPA-1
probes are done by the Sherwcod RSO monthly when
required and annually by an outside calibration firm
as per U.S. NRC Regulatory Guide 8.30, Section C.7.



EQUIPMENT:
1.

GRAB SAMPLE PUMP CALIBRATION PROCEDURE

Sampling pump to be calibrated:

a.
b. Eberline RAP-1
C. MSA Mudel 5 portable pumps
d. Staplex portable pumps
e. RAS portable pumps
2. Singer Dry Test Meter, Model DTM-200
3. One liter bubble tube
4. Stop watch with 1/10 second capability
PROCEDURE:
A. RAS-1 and RAP-1 Calibration:

1.

Calibration of perimeter environmental dust sampling
pumps is performed by placing a 47mm filter head

and filter on the dry test meter inlet while in-house
uranium dust sampling pumps are calibrated using a
25mm filter head and filter on the dry test meter.

Connect the dry test meter to the pump being calibrated
by slipping the % inch I.D. tygon tubing from dry test
meter on to the % inch pipe nipple to which the filter
head is normally attached.

Start the pump and mea.ure the volume on the dry test
meter after ten (IC) minutes for environmental station
samplers and tor five (5) minutes for in-house uvranium

Eberline RAS-1
|
dust samplers.

Catculate the flow rate and if necessary adjust the l
flow to obtain the values listed in the discussion.
|
\
:

Flowrate in liters per rinute = Volume in liters/time(min. )

Record the calibration of environmental station samplers 1
in the Quarterly Air Particulate log book for each |
statinn calibrated. These samplers are toc be calibrated |
at tne very beginning and end of each quarter and after

any repairs or pump replacements.

Pumps used for dust exposure campling should be
each day before use.



! PROCEDURE :

. B. Pump Calibration for Radon Monitoring:

1. Measure the pressure drop across an in-line 25mm
filter and adjust the flocw meter for the desired
pressure drop.

2. Connect the radon daughter pump to the bubble tube,
turn the pump on and move the soap solution up to
the bubble tube until bubbles are forming regularly.
Fill the bubble tube with bubbles until the entire
tube surface is wet.

3. After no more bubbles are present in the bubble tube
dip the end of the tube in the soap solution quickly
so that one bubble forms and time the bubble from
the starting mark to the one liter mark and record.
Repeat at least twice and record. Units to record
are in seconds per liter.

4., Calculate the flow rate;
Example calculation: 16.2 sec.

+16.4 sec.
+16.3 sec.

. +48.9 sec.

300 sec. X i 1iter = 18.40 liter
min. 16.30 sec. 5 min.

-~ -
b i wid

1 48.9 sec./3liters;
16.3 sec./1 average;

5. Record the following information in the Air Sampling
Pump Caiibration log book:

1. Date

2. Pump ID, eg. MSA#1

3. Time, average and calculations from step 4 above
including all units.

d. Inirizls




BIOASSAY PROGRAM

Introduction

The bioassay program at uranium mills is a personnel protective
measure for all uranium mill workers against the biological
effects of heavy metal poisoning resulting from excessive levels
of soluble uranium compounds in the bloodstream (soluble implying
a binlogical lung half-1ife of 10 days or less).

Deposition of soluble uranium compounds in the body occurs by 3
uptake methods: inhalation, ingestion and absorbtion. Uranium
is poorly absorbed through the digestive tract and absorbtion
through unbroken skin is poorly documented. Inhalation is re-
garded as the most commonly occurring source of internal
uranium deposition.

Once deposited in the lungs, scluble uranium begins to dissolve
immediately into the bloodstream and lymphatic systems. The
kidneys function as the body's waste disposal system for the
bloodstream and lymphatic systems and, as such, filter and con-
centrate liquid and dissolved body wastes. Dissolved uranium

is also filtered and concentrated as waste product. Since uran-
jum is a heavy metal as well as being radioactive, the kidney be-
comes the critical organ for heavy metal poisoning.

The Nuclear Regulatory Commissior in Regulatory Guide 8.22, "Bioassay
at Uranium Mills", establishes the criteria by which the extent of
heavy metal poisnning (from uranium) is to be determined and
formulates urine concentration levels of uranium at which action

will be taken to maintain exposures ALARA.

In Reg. Guide 8.22, initial action is to be taken when the uranium
in urine concentration exceeds 15 micrograms of uranium per liter
(ugU/1). Additional action is to be taken if samples contain

30 ugU/1 and 130 ugU/1 concentrations.

When the uranium concentration in the urine reaches 30 ugU/l1 for
four (4) consecutive weeks or exceeds 130 ugl/1 in any sample,
kidney damage may begin to occur. When kidney damage occurs from
heavy metal poisoning, the initial sign is the presence of the
protein albuminurea in the urine which is released from the damaged
microfiltration structures in the kidney. When samples are assayed
and the results exceed either the 30 or 130 ugl/l criteri?, checks
are mage for albuminurez to ascertain whether kidney damage has
0CCu, ~od Documentied actions are then to be takento reduce ex-
posures ALARA of the affected worker and to prevent recurrence

in any worker.




BIOASSAY PROGRAM

I. Introduction continued..

Urine samples are to be collected monthly from all WNI mill
operators and mill maintenance, electrical maintenance and lab
personnel. Weekly samples are collected from mill operators who
work in areas classified as soluble uranium areas, i.e., Solvent
Extraction, Yellowcake Precipitation, Yellocake Drying, and
Yellowcake Packaging. Additional samples are collected as need-
ed from Radiation Work Permit personnel in soluble uranium areas
and from any individual who submits a sample that exceeds NRC
uranium in urine concentrations.

II1. Supplies
1. 4 to 6 ounce sample bottles with tight fitting lids.
2. Gum-backed labels.
3. 1% Nitric Acid (HNO3)

ITI.Procedures

1. Sample bottles are warehouse stock and when pur-hased from
the warehouse they are to be taken to the laboratory
fluorometric room and stored there only.

2. To prepare the sample bottles, put about % inch of 1% nitric
acid in the bottom of the bottle and cap tightly.

3. Put names of all individuals on the gum-backed labels and
under the name write "Date" with a blank space to the right.
For those individuals who submit weekly samples, prepare 5
bottles each per month. Take all bottles out to the Security
Guard House s0 they can be picked -p after the shift.

&. Daily, check the Guard House for returned urine samples.
Bring the samples to the lab and enter the names and sample
dates onio the Urine Bioassay Data Sheet (see attached).

5. Split at least 10% of a month's samples for QA analysis. In
split sample sets to be sent out, have the laboratory spike
one sample with 15 ugU/1 and one sample with 30 ugl/

6. Prior to analyses of urine samples, wipe tests are to be
taker in the fluorometric room as described in the section
SURFACE CONTAMINATION. If any wipe sample exceeds the 10 DFM
alpha/100 cmé, the area must be cleaned and the wipe test

repeated.




BIOASSAY PROGRAM

IT1.

Iv.

10.

11.

12.

Procedures continued..

As the samples are received, checx off employees on the
monthly Radiation Safety Checklist. On the 20th of each
month, issue a memo listing those individuals who have not
yet submitted a sample.

When any urine sample assay exceeds the 15 ugU/1 action
level, the information is relayed to the individual and to
mill supervisors. The individual is to submit daily
samples for the next 7 diys and is interviewed to determine
the reason for the oc' urrence.

Washington DSHS/U.S. NRC must be notified within 30 days if
any sample exceeds 130 ugU/1 or remains above 30 ugU/l1 fer
four (4) consecutive weeks.

A1l bioassay results are to be filed in each individuals
personnel Radiation Exposure File.

Should all samples need to be sent out for assaying, split
at least ten percent (10%) for QA purposes. Carefully
divide a given sample in half and put into another sample
bottle for identification, use¢ any employee name and a
different date to avoid confusion with actual samples.
Provide 15 ugU/1 and 30 ugU/1 spike samples within any set
of split samples.

Make certain that all results are received within 20 days
of sampling. Special arrangements with outside laboratories
are necessary.

Employee Participation

Initial bioassay samples will be submitted by 211 r7 nires
during pre-employment physicals. This sample shuuld be
submitted offsite prior to any site visit,

During emplioymenv, the BIOASSAY PRCGRAM is a topic for
review and discussion at regula~ Safety Meetings.

Employee participation and adherence to the procedures for
and the timing of hinassay samples is a matter of policy
ard is a primary condition of enployment: Refer:

(Employee Handboox. Plant Rules, page 21, Item Ne 9).




WESTERN NUCLEAR, INC

SHERWOUD PROJECT
BIOASSAY RESULTS

NAME : JOB : DATE
DATE : PESULTS ug U/liter
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MEMORANDUM

DATE:

TO: B. K. DeWaard, Radiation Safety Officer

FROM: (Supervisor's Name) |

SUBJECT: Missed Bioassay Sample From

For the week (Sun. - Sat.) of

The weekly biocassay(s) from

were missed due to the following (Check the appropriate reason)

On vacation
Sick

On leave

Other (fill in reason)

Signed:

(Employee)

Signed:

(Supervisor)

é WESTERN NUCLEAR, INC.
GEF) wni-108 SHERWOOD MINE




BIOASSAY ACTION CHECKLIST

NAME : DATE :

READ ING

RE~-TAKE

1. 15 to 30 pg/l

a. Confirm results (re-take uranalysis) DATE: (
b. Check air samples of the Job/Task area. (
c. ldentify cause of reading and initiate additional control measures (

d. Check other workers in the task area and determine whether or not
they could have been exposed, if so re-take their urinary sample. (

e. Consider work limitations,

2. Above 30 ug/!

a. Same as above and continue operations if it is virtually certain
that no other worker will exceed a urinary concentration of 30 wg/l.

b. Establish work restrictions for affected personnel,. (

3. 30 pg/1 for (4) four consecutive specimens or greater than 130 wg/l

for any specimen.

a. Take above action. (
b. Test for Albuminuria. RESULTS: (
4, Where was the sampie taken and how? (

Routine specimen's should be collected at least 48 hours after the most
recent occupancy of the yellowcake concentrate area. The 48 hour delay
is necessary to avoid uranium that is eliminated without uptake in kidney
tissues. First thing in the morning or when you wake up. But not more
than 96 hours, (this is necessary to permit detection cf an enposure vefo
«iimination renders it undetectable). The specimer must be (aken in a
clean environment,

5. he-trzin personnel in Radiation Safety if perscnal hygiene or respirators

ere a problem, (

6. REMARKS: FOR CLOSEOUT ACTICN ONLY

RSO FORM #18

re

) ;



LAPEL SAMPLING PROCEDURES

Introduction:

Sampling for uranium dust with a lapel sampler providss an
air sample collected directly from the breathing zone of the
wearer. Thus, the exposure calculated from lapel samples
provides a very accurate estimate of actual exposures. The
use of lapel sampling is a requirement for all yellowcake
packaging operations at the Sherwood Mill and for all main-
tenance requiring an RWP in soluble uranium areas and in
enclosed tanks where urenium bearing solutions are processed.
Lapel sampling is also done to verify exposure calculations
and in any area where a worker may receive a significant
exposure from airborne uranium, soluble or insoluble.

Set-up and Calibretion:

Unplug the DuPont Model P200 or P200QA sampler from the charger
carefully so the clock starts and is reset to 0.00. Turn the
pump to ON and plug the intake into the tubing from the
calibrator flowmeter. Wait for the pump to reach the maximum
stable flow and adjust flow with a screwdriver through the
capped port in the front of the sampler. If the mump fails to
start in about one minute, replug 1t into the charger and take
another sampler and repeat the above process. The calibrator
flowmeter should read 200-210 @'/min. (or about .2 'pm). Oace
calibrated, turr the pump to OFF. Turning the pump off stops
the clock but dnes not delete any time elapsed. Take a “ilter
holder and connecting tube and connect to the pump. On the
filter holder, enter the user's name, the drte and the time
indicated on the digitel clcck into the appropiiate spaces.




LAPE. SAMPLING PROCrDURES

Set-up and Calibration continued:

The use of lapel samplers 1s generally in areas where
respirators are required at all times, i.e.; Roaster
and Packaging areas. In these situations, instruct

the user to turn the pump on prior to putting on the
respirator and turn the pump off after each time the
respirator is removed. In this way, the sample
collected is representative of actual airborne con-
centrations while the respirator is worn. At the end
of the shift or need for the lapel sampler, enter the
stop time on the filter holder. If the sampler is used
during off hours, weekends or at any other time the
Radiation Safety staff is absent, instruct the user prior
to leaving on how to record the stop time, unplug the
sample holder and replug the sampler into the charger.
Suparvisory personnel in the mill office should be ins-
tructed on how to issue these samplers should the need
arise in the absence of Radiation Safety staff.

The sample filter is to be prepared for nondestructive

assay by the laboratory in the same way as other uranium
dust sample filters. On the data sheet in the laboratory,
enter the users name under "STATION". LAPEL under "PUMP ID",
and total sample time in minutes under "SAMPLE TIME".

These samples are counted for one thousand (1000) seconds

by the laboratory.
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ATTACHEMENT 7

Waste management and Environmental Monitoring Program.



OPERATIONAL

Mill Tailing Dam InspeEtion Checklist

Name of Dam

Location of Dam

Date Constructed

Type of Dam

Materials in Construction

Owner

Address

Type of Tailings

Water Level Below Crest

Spillway Freeboard

Type
Width
Weather Previously Currently
Temperature o 4

Inspection Date

Inspection Team




P

Directions: Place an "X" in the YES or NO columns.

does not apply to the particular dam, write an "N/A" in the
Remarks celumn. Any other pertinent information may be placed

in the Remarks column.

ITEM YES NO REMARKS

OPERATION:

Is there a qualified monitor-
ing program?

Is there regular surveillance?

C. 1Is dam frequently inspected?
How often?

D. 1Is there a contingency plan
posted?

E: Is the tailings transport
system maintained?

F. 1Is the retention system main-
tained?

G. Are records available for:
1. Piezometer readings?

2. Pond levels?
Dates:

3. Groundwater quality? '
4. Survey monuments? .

a. Structural
b. Foundation

5. Background radioactivity

6. Seepage u
& Any observed i
b. Color !
¢ Fstimated ’
d Measured




YES NO

ITEM REMARKS
I1. POND LINER
A. Type
B. Any rips, tears, perforations?
1. 1Is cause known?
2. Corrective action taken?
C. Any unusual bubbles?
1. Is cause known
2. Corrective action taken?
D. Are all repairs adequate?
E. Slump of dirt cover?
1. Cause known?
2. Corrective action taken?
I11. UPSTREAM SLOPE

A.

B
c.
D

= -

Any noticable erosion?
Adequate riprap protection?
Deterioration from wave action?

Evidence of stone deter-
ioration?

Is condition of grass cover
adequate?

Is type of grass cover adequate?
Are trees growing on slope?
Are trees on slope healthy?

Are any longitudinal cracks
evident?




ITEM

YES NO REMARKS

Iv.

Ca

Are any transverse cracks
evident?

K. Are any settlements in
evidence?

L. Are there any visible bulges?

M. Are there any visible
depressions?

CREST

A. Are there any visual depres-
sions?

B. 1Is there any misalignment?

C. 1Is there any evidence of
cracking?

D. 1Is there any signs of migra-

tion?

DOWNSTREAM SLOPE

A.

B
C.
D

m

E W "

Any noticeable erosion?
Are there any visual depressions?
Are there any visible bulges?

Is there any evidence of settle-
ment?

Are there any longitudinal
cracks?

Are there any transverse cracks?
Is there any seepage present?
hre boils present at the toe?

re relief wells flowing ade-
Quately?

|




ITEM

YES

NO

REMARKS

vi.

¥il.

e SR e

Is toe drain dry”

Is there adequate grass
cover?

Is grass cover healthy?
Are trees growing on slope?
Are trees healthy?

Have there been any changes
in cover from toe to crest?

ABUTMENT CONTACTS

A. Any evidence of erosion?
B. Any evidence of differential
movement?
C. Any evidence of cracks?
D. 1Is there any seepage present?
E. Are the abutments competent?
SEEPAGE
A. 1Is seepage present?
B. Amount of seepage?
C. Amount of seepage:
1. Estimated
2. Measured
D.
K

Are there any sprirgs forming?




viii.

IX.

ITEM YES NO RE! \RKS
G. Are there wet or boggy areas?
H. Are underdrain pipes:

TAILINGS TRANSPORT SYSTEM

{,
J.

DIVERSION CHANNELS

A.
B.

1. Clogged?
2. Cracked?
3. Eroded?
4. Showing deposits at down-

stream end?

Are there unusual bends in pipe?

Are there any adverse slope
changes?

Is the pipe worn extensively?
Any evidence of clogging?
Any evidence of corrosion?
Any evidence of cracking?

Are the supports for the piping
stable?

Is the character of the water
into and out of the system
similar?

Are there any open joirnts?

Any evidence of lTeakage?

Any evidence of bamk erosion?

Any obstruction to flow by
means of:

1. Bed aggradation?

2. Bed degradation?




ITEM

YES

NO

REMARKS

3: Stitatian
4., Undesirable vegetation?
5. Other?

C.Is there any evidence of
unusual or inadequate opera-
tional behavior?

D.Are the diversion channels
functional?

EMERGENCY DISCHARGE FACILITIES

A. Is there evidence in the
spiilway of:

1. Erosion?
Structural problems?
Backcutting?
Obstructions?

2
3
4
5. Improper functioning?
6. Inadequate size?

A

re the culverts:

1. In gqood operating condition?

2. Are they functional?
3. Are they adequate?

C.Do the retaining walls show
evidence of:

1. Spalling?

8.
3.
4.
9.

Cracking?
Scaling?
Erosion?

Other detriments?




ITEM

YES NO

REMARKS

X1,

XI1I.

XIII.

AVAILABLE INSTRUMENTATION
A.

EROSION EVALUATION
A.

RADIATION MONITORING
A.

Are there flow monitoring
weirs that are:

1. Functional

2. Adequate

3. In good working order?
Are there survey monuments?

Are settlement plates or gauges
working properly?

Are piezometers:

1. Functioning properly?
2. Protected adequately?
3. Marked correctly?

Are there other types of
instrumentation?

Does erosion occur away from
the site boundary?

Is there evidence of tailings
material being transported by:

1. airt
2. MWater?
3. Man?
4. Animal?

Is there documentation showing
monitoring for:

1. Radon 2227




. ITEM YES NO REMARKS

2. Other radionuclides?
3. Heavy metals?

B. Are the following types of
samples taken on a regular

basis?
1. 30147
2. Ainry

3. Groundwater?
4, Effluent?
XIV. CHANGES IN DAM OR POND
A. Has additional information
been placed on data sheet
for dam?
1. Date of last enlargement
. 2. Method of enlargement

B. Has last inspection been docu-
mented?

C. Has pond area been increased?

D. Have any corrections been made
since last inspection?

XV. CONCLUSIONS

A. 1Is the dam in good condition?

B. Does the dam appear stable?

C. Does the dam have sufficient
freeboard?

D. Does the dam currently jeopard-
ize the environment?

1. How much?

2. In what manner?




INTERIM STABILIZATION
OF
TAILINGS

WAC 402-52-100 Crite.i0on 7 states in part, "To control dusting
from tailings, that portion not covered by standing liquids
shall be wetted or chemically stabilized to prevent or minimize
blowing and dusting to the maximum extent reasonable achievable.
...operators shall develop written operating procedures specify-
ing the methods of control which will be utilized".

The Sherwood tailings have been neutralized and discharged at the
highest density possible. These two elements have allowed
natural vegetation to occur on stacked and drained tailings. The
combined sand-slime mix maintains moisture to the surface which
promotes crust formation as water s evaporated. The moisture
retention of the high density discharge, crusting of solids, and
natural revegetation have contributed to the lack of blowing
tailings. In addition, the elevation of the tailings at its
current state (below grade) reduces the chance of blowing tails.

Daily inspection of the tailings area includes notation of dusting.
Minor blowing dust has been observed by momentary high gusts in
areas. No other problems have been noted to-date.

As stated above, dusting or blowing of tailings has not been a
problem at the Sherwood Project. However, should dust or blowing
of tailings become evident for any sustained period, the following
methods are available to alleviate the problem and to prevent any
future blowing of tailings:

1. Pumps and transport lines are set up to deliver water to
the affected areas.

2. Tailings diccharge lines are set up to deliver wetted
or fresh tails to the area.

3. Vegetation growth is promoted on temporarily inactive areas.

4, Other; Includes working the tailings by low-ground-
pressure dozing, as conditinns dictate.

5. Currently for evaporation as well as the prevention of
blowing tails the surface area being wetted is maximized.



WESTERN NUCLEAR,

Table 1.

ENVIRONMENTAL MONITORING PROGRAM

INC.
Sherwood Project

Lake Roosevelt at
L=1, L=2 and L~3.

. Environmental Samp! ing Sampling Type of
Element Location Frequency Measurement
1. Direct Gamma Stations B, €, O, £, F=2, Quarterly. Direct gamma
(TLD) G-2, Rajewski, Hamilton and exposure rate.
Tum Tum (control).
2. Air Quality a. Restricted Area Natural Uranium,
Effluent Stacks. Radium=226,
1) Yellowcake Roaster Quarterly. Thorium=230,
Scrubber Lead-210 and
2) Yellowcake Packaging Quarterly. Stack Flow.
Baghouse
3) Crusher Scrubber Semi-annually.
L) Fine Ore Reclaim Semi-annually.
Tunnel Baghouse
b. Unrestricted Area. Natural Urantum,
1) Stations B, C, G-2, Quarterly, con- Radium=226,
Rajewski, Hamilton tinuous low volume Thorium=230 and
and Tum Tum. with weekly filter Lead-210 in par-
changes. ticulates from
2) Stations D, E, and Quarterly, 24 composited fil-
F~2. hours pe: month ters.
high volume.
3) Stations B, C, D, E, Quarterly inte- Radon=222.
. F-2, G-2, Rajewski, grated composite.
Hamilton and Tum Tum.

3. Seil Stations B8, €, D, €, F=2, Annually. Natural Uranium,
G-2, Rajewski, Hamilton Radium-226 and
and Tum Tum. Lead-210.

L. Vegetation Stations B, S$-2 (near C), Three times Radium=-226 and
and D. annually during Lead-210.

grazing season.

5. Fauna (Fish) Lake Roosevelt, near site Semi~annually. Radium=226 and
boundary. Lead-210.

6. Sediment Surface water sample sites Annually Natural Uranium,
L=1, L=2 and L-3 and Seep Radium=226,
water sample sites L-3 Thorium=-230 and
Seepage and Pumphouse Lead-210
Seepage.

7. WMater a. Surface Water from Quarterly Dissolved Natural

Uranium, Radium=-226,
Thorium=230, pH,
TDS, S0,, Cl, Na,

Ca and hg. Suspended
Natural Uranium,
Radium=226 and
Thorium=230




WESTERN NLZLEAR,
Sherwood Project

INC,

Table 1, continued
ENVIRONMENTAL MONITORING PROGRAM

Environmental Sampling Sampling Type of
Element Location Frequency Measurement
7. Water, cont'd b. Groundwater Monitoring Quarterly Dissolved Natural

8. Aerial
Photography

9. Foodstuffs;

and Livestock
10. Land Use

11. Meteorological Millsite.

Conditions

12. Interim
Tailings
Stabilization

. Nearest residences Rajewski
Garden Produce Hamilton.

Area within 8 km of millsite.

Tailings Impoundment Area.

Wells MV'1A. Mw-z; W'Bv
HW‘LO, MW=5 and Mw-6.

Biweekly
c. Springs $-1, §-2, $-3 Quarterly
and S-4.
d. Seeps L-3 Seepage and Monthly
Pumphouse Seepage.
Quarterly
Mill Lease Area. Annually

Annually at time
of harvest or
slaughter.

Annually

Continuous

Daily and annual
inspections.

Uranium, Radium=~22¢
and Thorium=-230, pt
TDS, $04, €1, Na,
Ca and Mg.

Static Water Level.

Dissolved Natural
Uranium, Radium=-22¢
and Thorium=-230, pt
TDS, S04, C1, Na, C
and Mg.

Dissolved Natural

Uranium and Radium
226, pH, TDS, SOh.
Cl, Na, Ca and Mg.

Dissolved Thorium-
230.

Color photograph tc
assess visible
changes in vegetati
and topography.

3 replicates of eac
sample for Radium-
226 and Lead-210.

Inventory all resi-
dences and document
land use by each.

Wind speed, direct’
and stability in

hourly averages an:
quarterly composite

Document conditions
deficiencies and
corrective actions.
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APPENDIX 1

Groundwater Monitoring System



