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TABLE 3-1 

MILL DECOMMISSIONING & DISMANTLING OF ALL SUPPORT FACILITIES 

SUMMARY OF ESTIMATED DISMANTLED VOLUMES 

Item 

1. Old Crusher 

2. Acid Plant 

3. Electric Shop 

4. Reagent Warehouse 

5. SX Building 

6. Chem Lab 

7. Compressor Building 

8. Fire Protection Building 

9. Mill Warehouse & Mill Office Building 

10. Fire Pump Building 

11. Mill Maintenance & Machine Shop 

12. Rubber Shop 

13. Truck Weighing Building 

14. Treasure Island 

15. Mill 

16. All other nonsalvageable equipment to 
include tanks, barrels, tailings 
transport system, scrap steel, poles, 
and sundries 

17. Contingencies at 20% 

TOTAL 

Estimated 
Dismantled & 

Compacted Vol. 
Cubic Feet 

14,000 

15,000 

2,000 

8,000 

11,000 

5,000 

4,000 

3,000 

20,000 

1,000 

3,000 

2,000 

7,000 

23,000 

362,000 

20,000 

100,000 

600,0UO 



Phase 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TABLE 3-2 

DECOMMISSIONING SCHEDULE 

Duration 
Item In Weeks 

Old Crusher 3 

Acid Plant 5 

Mill including Compres-
sor, Fire Protection, 
& sx Buildings 17 

Chem Lab & Electric 
Shop 4 

Reagent Warehouse 1 

Mill Warehouse & Mill 
Off ice Building 5 

Fire Pump Building 
& Rubber Shop 1 

Treasure Island 2 

All Other Nonsalvageable 
Sundries 3 

Truck Weighing Building 2 1/2 

Mill Maintenance & 
Machine Shop 1/2 

Contingencies 8 

TOTAL 52 

Dismantled & 
Compacted Vol 
in Cubic Feet 

14,~00 

15,000 

380,000 

7,000 

8,000 

20,000 

3,000 

23,000 

20,000 

7,000 

3,000 

100,000 

600,000 or, 

22,000 yds3 



November 30, 1987 
TABLE 3-3 

SPLIT ROCK MILLSITE 
DECOMMISSIONING & RECLAMATION COSTS 

(In Constant 1987 Dollars) 

Activity 
Affected Areas 

(Acres) 
Volume of Materials 

(Cubic Yards) 

1. Decommissioning and Reclamation of 
Entire Millsite Area 

a. Mill decommissioning & dismantling 
of all mill support facilities to 
include old crusher bldg, lab, 
mill offices, various auxiliary 
shops, acid plant, and sundries 
as per Table 3.6-1 

b. Earthwork: Final reclamation of 
entire millsite area including 
2-f oot soil cover over mill-
s i te "burial" area 

c. Rock Cover: 6" thick cover over 
entire millsite area, with 12" 
thick cover on outslopes 

TOTAL 

9.0 22,000 

45.0 285,000 

39.0 39,000 

(a) Lump sum cost of $630,000 for mill decommissioning and dismantling of all 
support facilities as provided by outside contractor (October 1987). 

(b) Based on reclamation and earthwork unit costs provided by the Lander Off ice 
of the Wyoming Department of Environmental Quality (June 1987). 

(c) Cost for placement of rock cover is based on outside contractor unit cost 
estimate of $13.50 per cubic yard (June 1987). 

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

Estimated 
Cost 

$ 638,000(a) 

690,000(b) 

527,000(c) 

$1,855,000 
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1.0 Introduction 

Western Nuclear, Inc. (WNI) has been m1n1ng and milling 
uranium in the Crooks Gap and Gas Hills Uranium districts of 
Fremont County, Wyoming since the mid-50s. The Split Rock Mill, 
the first uranium mill to be built in Wyoming, was constructed in 
1957. The mill is located in a remote area in south-central 
Wyoming, approximately 55 miles south of the nearest measured 
population center of Riverton, Wyoming. The nearest community is 
Jeffrey City which is about two miles south of the millsite. 

Early operations included primary and secondary crushing 
units. What remains today of these units is contained in the 
"old crusher building." Concrete foundations for coarse ore feed 
to the old crusher building are buried within the ore pad which 
is covered with concrete. By early 1976, the crushing sections 
were superseded by installation of a semiautogenous grind unit. 
Mill processing then consisted of the following: ore receiving, 
grinding, leaching, classification and washing using a 
resin-in-pulp system, solvent extraction, and 
precipitation/dewatering/drying. Milling operations continued 
until June 1981 when the facilities were put on a temporary 
shutdown and standby status pending improvements in the uranium 
market. 

Following the June 1981 shutdown, all source materials in 
all sections of the mill except the precipitation section were 
removed, and the integrity of all equipment was maintained for 
future mill startup. Yellowcake concentrate produced at the 
Green Mountain IX facility was stored in the precipitation 
section of the mill until March 1987 when all of the concentrate 
was removed. 

In addition to the milling facilities, numerous auxiliary 
buildings--e.g., mill offices and warehouse, electric shop, 
chemical laboratory, rubber shop--were constructed to support the 
milling operations (see Figure 1). Sulfuric acid was provided 
not only to the Split Rock Mill, but also to outside parties by a 
sulfuric acid plant constructed just north of the mill. 

Furthermore, during the approximately 25 years of milling 
operations, considerable equipment scrap and waste materials were 
produced. These materials have been stored in proximity to the 
mill, the old crusher building, and the acid plant, as well as in 
"Treasure Island." 
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The decommissioning plan described herein addresses the 
dismantling of the mill process and auxiliary buildings with 
compaction and consolidation of the dismantled structures and 
corresponding scrap within a designated millsite "burial" area 
and, also, addresses ultimate reclamation and stabilization of 
the area. 

2.0 Facilities and Equipment to be Dismantled 

For purposes of convenience, this plan segregates the main 
mill building from auxiliary buildings, including the old crusher 
building, and sundry scrap and wastes. All materials that will 
not be released for salvage will be consolidated within the 
millsite "burial" area designated in Figure 2. 

The general dismantling scheme for all buildings includes 
removal and compaction of all equipment and materials contained 
therein with subsequent removal of the roof, structural support, 
and walls. Since all foundations of buildings to be dismantled 
are already contained within the millsite "burial" area that will 
be covered with clean soil materials, reclaimed, and stabilized, 
no dismantling of building foundations is warranted. Instead, 
the foundations will remain unbroken in-place and eventually 
covered with a minimum of 2 feet of cover during millsite 
reclamation. 

Although radioactive materials were processed in the main 
mill building, auxiliary facilities may contain residual 
radioactive materials. Therefore, all buildings and equipment 
will be treated initially as if they may contain radioactive 
materials and corresponding precautions set forth in Section 4.4, 
Radiation Work Permit Procedures, will be adhered to for 
determining potential radiological hazards associated with the 
dismantling of all buildings and equipment. 

Section 2.1 Split Rock Mill 

Attached Table 2-1 
equipment in the mill. 
for salvage has been so 
has been assumed to be 
dismantled for disposal 

provides a detailed list of major 
Equipment that has been removed to date 
noted on the table. Remaining equipment 
unsalvageable and will therefore be 
onsite. 

All source materials have been removed from the mill. All 
chemicals, including PCBs, have been removed and properly 
disposed of. All by-product materials, including nuclear density 
gauges, as licensed by NRC Materials License 05-16354-01 have 
been removed and disposed of by the manufacturer-supplier. 
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Section 2.2 Auxiliary Buildings and Equipment 

Auxiliary buildings and equipment scrap to be dismantled 
include the following (see Figure 1): 

1. Old Crusher 
2. Acid Plant 
3. Electric Shop 
4. Reagent Warehouse 
5. SX Building 
6. Chem Lab 
7. Compressor Building 
8. Fire Protection Huilding 
9. Mill Warehouse & Mill Office Building 

10. Fire Pump Building 
11. Mill Maintenance & Machine Shop 
12. Rubber Shop 
13. Truck Weighing Building 
14. Treasure Island 
15. All other nonsalvageable equipment to include tanks, 

barrels, tailings transport system, scrap steel, poles, 
and sundries 

All equipment will be dismantled and consolidated to the 
extent practicable and building structures and walls will be torn 
down and consolidated within the millsite "burial" area. All 
nonsalvageable scrap and equipment will also be consolidated 
within the millsite "burial" area. 

Section 2.3 Salvageable Equipment 

Any equipment or materials that have been salvaged from the 
restricted area have been released in accordance with NRC 
guidelines for "Decontamination of Facilities and Equipment Prior 
to Release for Unrestricted Use or Termination of Licenses for 
By-product or Source Materials" dated December 1984 (see 
Attachment A). For this plan, it has been assumed all 
salvageable equipment already has been removed from the site. 
However, WNI retains the right to salvage any or all equipment at 
any time prior to, during, or after mill decommissioning. 

The transformer station located on the southwest corner of 
the ore pad will remain intact until final surf ace reclamation is 
to commence. At that time, the station will be disassembled and 
released to the Hot Springs Rural Electric Association for 
unrestricted use. Prior to commencement of surface reclamation, 
two gasoline fuel tanks, located on a hill southwest of the mill 
warehouse and office building, will be drained and released for 
unrestricted use to the supplier. 
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Section 3.0 Decommissioning Plan 

WNI has evaluated the options of removing all materials to 
the tailings pond versus "burying" the materials in-place. To 
remove all equipment, buildings, foundations, and contaminated 
subsoils to the tailings pond with subsequent reclamation of the 
millsite area is not cost-effective. The preferred option, then, 
is to dismantle and consolidate all materials within the millsite 
"burial" area for future surface reclamation. 

Section 3.1 Millsite Abandonment 

As shown in Figures 2 and 3, all equipment and structures 
will be dismantled and consolidated for final burial within the 
millsite "burial" area. While the designated millsite "burial" 
area encompasses approximately 9 acres, only 4 acres will be 
utilized to accommodate the total dismantled volume. Therefore, 
the abandonment plan, when activated, will allow additional 
burial area should there be a need. The existing topography 
defines this 4-acre area as a natural pit with bottom elevation 
contours for the most part ranging from approximately 6344 to 6350 
feet (MSL) (see Figure 3). The area is bound to the west by the 
ore pad (the surface elevation is at approximately 6351 ft (MSL)) 
and granite outcrops and to the east by the earthen mound 
underlying the acid plant (the surface elevation is at 
approximately 6362 ft (MSL)) and the tailings retention area. 

This decommissioning plan addresses dismantling and 
consolidation of equipment on the surface of the millsite area 
rather than subsurface burial for the following reasons: 

1. Dismantling will occur prior to surface reclamation of 
the site. The phreatic surf ace under the millsite is not 
projected to recede to the level of the regional aquifer for 
several years following surface reclamation of the tailings. 
Therefore, subsurface burial within the millsite area is not 
preferred because of water that would be encountered. 

2. Subsurface burial of all equipment and structures within 
the millsite area merely increases the costs of decommissioning. 

3. The surface topography of the millsite area affords the 
cost-effective opportunity to dismantle and consolidate all 
equipment on the surface whereby subsequent placement of a soil 
cover during final reclamation will blend the contours of the 
reclaimed millsite into the reclaimed tailings pond without 
excessive fill requirements. 
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Section 3.2 Dismantling Sequence 

The general sequence for dismantling is listed below and 
applies to the auxiliary buildings and equipment described in 
Section 2.2. The main mill building dismantling sequence is 
outlined in Section 3.2.1. 

1. De-energize the equipment or area to be dismantled 

2. Remove inner components and equipment that do not 
alter structural integrity 

3. Remove roof 

4. Remove walls 

5. Install temporary supports (where required in larger 
buildings) 

6. Remove original structure supports 

7. Dismantle temporary supports and frames 

Dismantling will include compaction of materials to fill in 
voids and to reduce settlement. 

Section 3.2.1 Split Rock Mill Discommissioning 

In order to establish the overall decommissioning schedule 
presented herein, the mill will be dismantled systematically, area 
by area, with appropriate consideration for radiation safety, 
industrial safety, and environmental controls. Such a schedule 
will also optimize continued usage of needed facilities and services. 
The estimated dismantled volumes of the mill building and its 
contents, and small accessory buildings directly attached thereto, 
including the compressor building, fire protection building, and SX 
building, are shown in Table 3-1. The gross dismantled and compacted 
volume is estimated to be 14,000 cubic yards. 

With the exception of the first two items described below, 
i.e., roof and leach circuit, dismantling will commence from the east 
end of the mill at the precipitation/drying/packaging section and 
progress to the west end of the mill with concurrent dismantling of 
both the upper and lower levels before moving to the next structural 
bay or area. Figure 7 shows the mill layout plan. The first two 
items, the roof and leach circuit, are sequenced at the start to 
provide light and access to the concrete vault for prompt disposal of 
contaminated equipment and materials, respectively. The contaminated 
equipment, specifically the roaster, thickener, yellowcake storage 
tanks, and, generally, materials from other areas within the mill, ~ 
will be preferentially handled and placed in the concrete vault 
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at the west end of the building where the semiautogenous grind was 
located during milling operations. All remaining dismantled equipment 
and structural components will be hauled, compacted, and piled in the 
millsite "burial" area. Since the millsite "burial" area eventually 
will be covered with at least two feet of clean cover material and 
stabilized, foundations and concrete slabs at or below the ground 
level will not be disturbed. 

Listed below is the general sequence for mill decommissioning 
(refer to Figure 7): 

1. Structures 

a. Roof 

2. Leach Circuit 

a. Motors 
b. Agitators 
c. Piping 
d. Pumps 
e. Tanks 
f. Structural steel 

3. Precipitation 

a. Tanks 
b. Yellowcake thickener 
c. Pumps, piping, and controls 
d. Structural steel 

4. Yellowcake Drying and Packaging 

a. Dust co'llector and pipes 
b. Scrubber 
c. Hopper 
d. Dryers 
e. Structural steel 

5. Clarification 

a. Pipes 
b. Pumps 
c. Filters 
d. Cone 

6. Resin-in-Pulp Circuit (Dismantling of this circuit will 
progress concurrently with sequential activities #7, #8, and 
#9 below) 
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a. Piping 
b. Tanks 

7. Solvent Extraction 

a. Pipes 
b. Mixers 
c. Settlers 
d. Pumps 
e. Tanks 

8. Make Up and Storage (Pulp Storage) 

a. Piping 
b. Pumps 
c. Tanks 

9. Classification and Wash 

a. Drags 
b. Pipes 
c. Pumps 
d. Tanks 
e. Structural steel 

10. Grinding 

a. Primary leach tanks 
b. Pumps & piping 
c. Structural steel 

11. Ore Receiving 

a. Piping 
b. Structural steel 

12. Compressor Building 

a. Compressors 

13. Structures (Mill, SX, and Compressor Buildings) 

a. Gables 
b. Walls 
c. Structural steel 
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Should salvage potential, contamination control, weather, or 
personnel availability considered in setting the above sequence of 
activities change, the RSO may authorize deviations from this 
sequence after evaluating the potential hazards. 

Section 3.2.2 Auxiliary Buildings and Equipment 

The estimated dismantled volumes of auxiliary buildings, 
support facilities, scrap equipment, wastes, and other sundries are 
included in Table 3-1. For buildings contained within the millsite 
"burial" area, foundations will be left undisturbed. Only one 
structure, the truck weighing station, is located outside the 
designated millsite "burial" area at the entrance to the restricted 
area. The structural supports, walls, and foundations of the truck 
weighing station will be removed and transported to the millsite 
"burial" area. 

All scrap equip,ment and wastes from "Treasure Island" located 
outside the "burial' area will be dismantled and returned to the 
millsite "burial" area. 

Section 3.3 Interim Containment 

To allow for settlement, consolidated materials will be piled 
and left in-place. Posting with "Caution-Radioactive Materials" 
signs will be established around the stockpiles. A limited number 
of roadways through the millsite "burial" area to provide access to 
the tailings pond and surrounding areas will be maintained until 
surface reclamation of both the tailings and entire millsite area 
commences. Since the restricted area will remain fenced and access 
thereby will be restricted until surface reclamation is completed, 
no further controls are deemed warranted. 

Section 3.4 Final Reclamation Scheme 

The final dismantled volumes of the mill, auxiliary buildings, 
and equipment following compaction and settlement, estimated at 
22,000 cubic yards (Table 3-1), will be accommodated in the millsite 
"burial" area. 

First, a minimum of two feet of clean soil from borrow areas 
will be placed over the millsite "burial" area. Then a limited 
volume of cut materials, but mostly fill materials, will be placed to 
blend the reclaimed millsite area into the final contours of the 
reclaimed tailings retention system. Fill volumes calculated in 
Appendix I include consideration for settlement estimated at 10%. 

The borrow areas for clean earthen fill are shown in Figure 6. 
These areas are identical to the borrow areas for reclamation of the 
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tailings retention system depicted in the WNI reclamation plan 
submitted June 30, 1987. It is estimated the borrow areas would 
provide approximately 271,000 bank cubic yards of the total fill 
requirement of 285,000 compacted cubic yards. Material excavated 
from within the millsite area during recontouring will provide the 
remaining fill material. An elevation of approximately 6360 ft (MSL) 
is where the interface between the reclaimed tailings surface and the 
reclaimed millsite "burial" area will occur. To the east, additional 
borrow materials will be used to raise the existing 6350 ft (MSL) 
contours of the millsite "burial" area to an approximate 6360 ft 
elevation where the contours will blend into the reclaimed tailings 
surface. 

To the west of the "burial" area, the surface of the ore 
situated at an approximate elevation of 6351 ft, is presently 
with concrete and therefore will be allowed to remain intact. 
least two feet of clean borrow material will be used to cover 
pad. 

pad, 
covered 

At 
the ore 

The entire millsite area will be recontoured as necessary to 
achieve a final contour design pattern as shown in Figure 5. The 
cross-sections of the reclaimed millsite area including the millsite 
"burial" area following final reclamation are shown in Figure 4. See 
Figure 6 for location of these cross-sections. Included in 
reclamation of the millsite area is backfill of the acid plant cooling 
water pond located west of the ore pad. The post-mill decommissioning 
contours, drainage restoration, and material placement plan are shown 
in Figure 5. 

The final topslopes of the reclaimed millsite area will range 
from 800h:lv to 2lh:lv. The topslopes will be covered with six inches 
of rock. The rock cover will extend over the entire millsite area 
(see Figure 5). Outslopes of the reclaimed millsite area will be no 
steeper than lOh:lv. The outslopes will be covered with twelve inches 
of rock. 

The rock cover on both topslopes and outslopes will consist 
of 1.5- to 3-inch diameter rock as well as some finer materials. 
The borrow area for rock cover is shown in Figure 6 and is the same 
rock borrow area depicted for reclamation of the tailings retention 
system in the WNI reclamation plan submitted June 30, 1987. Because 
of the age of existing granite, the integrity of the granitic rock 
cover over the reclaimed millsite area will not be degraded by 
erosional forces. 

On the northern edge of the reclaimed millsite area, drainage 
established around the reclaimed tailings retention system (as 
incorporated in the WNI reclamation plan subraitted June 30, 1987) 
which accommodates the probable maximum flood will be extended 
westerly beyond the edge of the reclaimed millsite area (see Figure 
5). The drainage channel established to the west of the reclaimed 
tailings retention system and to the south of the reclaimed millsite 
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area will intercept runoff from precipitation events directed to 
that channel (see Figure 5). With the final slope 
configurations, as well as the rock cover to be provided for 
final reclamation, the integrity of the reclaimed millsite will 
achieve the design objectives specified by criterion 4 of 
Appendix A to 10 CFR 40. 

As one of the final phases of the entire millsite and 
tailings reclamation scheme, topsoil to a depth of 18 inches from 
the borrow areas will be stockpiled for subsequent revegetation. 
Borrow areas will be recontoured to provide a regraded 
configuration approximating original conditions. These areas 
subsequently will be stabilized by revegetating. 

Section 3.5 Decommissioning Schedule 

The decommissioning schedule encompasses a period of twelve 
months and is shown in Table 3-2. As indicated in Section 3.3, 
Interim Containment, the consolidated equipment and buildings will 
remain piled in place to allow for settlement. The millsite 
"burial" area will be covered and stabilized when surface 
reclamation of the tailings pond occurs. 

Section 3.6 Cost Estimates 

Detailed cost estimates are provided in attached Table 3-3. 
Cost estimates include: (a) dismantling and compaction of all 
equipment and materials within the millsite "burial" area; and (b) 
ultimate reclamation of the entire millsite area, including 
interfacing with reclaimed tailings by placement of a minimum of 2 
feet of soil cover and rock rip-rap of 6 inches on topslopes and 12 
inches on outslopes. 

The cost estimates for mill decommissioning and millsite 
reclamation presented herein differ from the estimates provided in 
item 1, Table 10-1 of the June 30, 1987 WNI reclamation plan for 
the tailings retention system. Specific independent contractor 
estimates have been used to develop more accurate and somewhat 
reduced costs for the dismantling of equipment and buildings. 
Whereas the June 30, 1987 costs for dismantling were estimated to 
total $1,050,000, the dismantling costs estimated herein have been 
reduced to $638,0000 (see Table 3-3). 

In contrast with the June 30, 1987 independent contractor 
estimated costs for earthwork (for 2 feet of soil plus a rock 
cover), increased soil fill and rock requirements for reclamation 
of millsite area have correspondingly increased from $818,000 to 
$1,217,000 in this plan (see Table 3-3). 
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The June 30, 1987 reclamation plan for the tailings retention 
system estimated total millsite reclamation costs at $1,868,000. 
Revised cost estimates of the detailed decommissioning plan provided 
herein are projected to be $1,855,000, which does not significantly 
differ from the previous estimate of June 30, 1987. 

REST OF PAGE INTENTIONALLY LEFT BLANK 
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Section 4.0 Radiation Safety Procedures and Precautions 

Decommissioning work is a straightforward exercise of 
dismantling and handling of equipment with the exception that 
added precautions must be taken to protect workers from residual 
radioactive materials. Accordingly, all dismantling and 
decommissioning procedures will be conducted under the auspices 
of radiation work permit procedures that WNI originally developed 
during milling operations for both routine and nonroutine 
maintenance activities. 

Because of the extent of residual radioactive contamination 
anticipated to be present, no preliminary surveys for radioactive 
contamination were deemed useful. Rather, detailed surveys will 
be conducted under the auspices of issuance of radiation work 
permits. Prior removal of source materials from the mill 
necessarily reduces problems encountered during previous milling 
operations with airborne uranium and the daughter products of 
uranium. The primary radiological hazards that may be 
encountered during decommissioning include resuspension of 
residual airborne radioactive materials that would follow an 
inhalation pathway as well as exposure to alpha, beta, and gamma 
radiation that would follow an external exposure pathway. The 
radiation work permit procedures described herein will isolate 
and identify potential radiological hazards prior to the 
commencement of dismantling or decommissioning work to assure 
appropriate precautions for worker protection are maintained. 

Because of the potential radiological hazards associated 
with decommissioning activities, a comprehensive radiation safety 
protection program will be adhered to which consists of the 
following elements: 

1. Management control 

2. Radiation safety training 

3. Security 

4. Radiation work permits 

5. Radiation protection and monitoring 

6. Contamination control 

7. Instrument maintenance 

8. Site monitoring 

9. Written Operating Procedures 
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All decommissioning activities will be performed with the 
intent of maintaining radiation exposures to workers as low as is 
reasonably achievable (ALARA). 

Section 4.1 Management Control 

Primary individuals responsible for the implementation and 
adherence to dismantling procedures and radiation protection 
programs include the Resident Manager and the Radiation Safety 
Officer (RSO). Professional qualifications for the RSO will 
comply with the provisions of NRG Regulatory Guide 8.31, 
"Information Relevant to Ensuring That Occupational Radiation 
Exposures at Uranium Mills Will be As Low As is Reasonably 
Achievable." 

The Resident Manager is responsible for assuring dismantling 
and decommissioning activities are performed in the most cost­
and time-effective manners. 

The RSO is responsible for the implementation of and 
adherence to the radiation safety programs. The RSO works 
closely with the Resident Manager to ensure established radiation 
protection measures are maintained. The RSO is responsible to 
assure facilities are inspected to verify compliance with 
applicable requirements. The RSO is also responsible for the 
collection and interpretation of all monitoring data, to include 
data from industrial and radiological safety monitoring programs. 
The RSO recommends measures, as necessary, to improve any and all 
safety-related controls. 

The RSO has the authority to suspend, postpone, or modify 
any work activity that is potentially hazardous to workers or is 
a violation of Nuclear Regulatory Commission (NRC) requirements. 
The RSO is also responsible for administering the ALARA program 
and is active in review and approval of plans or changes in plans 
for dismantling to assure that the procedures do not adversely 
affect worker protection. 

Section 4.1.1 Management Audits 

Independent auditing of all radiation associated practices will 
be performed at least every six months during decommissioning 
activities. Auditing for purposes of verifying compliance with 
applicable radiation protection requirements will be performed by 
a professional qualified in radiation health physics protection 
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practices. Results of the audits and recommendations will be 
submitted to the Resident Manager. In addition to auditing for 
verification for compliance with applicable radiation protection 
requirements, a review of all radiation protection practices and 
monitoring data will also be performed to determine whether 
worker exposures are maintained ALARA. Results and 
recommendations of the ALARA review will also be submitted to the 
Resident Manager for follow-up action. Written Operating 
Procedures for the audit/ALAKA review are attached hereto as 
Appendix B. 

Section 4.1.2 ALARA Program 

To assure worker exposures are maintained as low as 
reasonably achievable, WNI will maintain an active ALARA review 
program. The program will consist of specific worker training 
regarding the potential radiological hazards of each task, 
independent inspections by management personnel and the RSO, and 
continuing review of both personnel and onsite monitoring data. 

Section 4.1.3 Radiation Safety Administrative Procedures 

In addition to the initial inspection performed prior to 
issuance of radiation work permits, documented daily inspections 
for radiation safety hazards will be conducted by the RSO or 
delegate. Results of these daily inspections will be submitted 
to the Resident Manager for periodic review and corrective action 
as warranted. 

Once per month, the RSO will submit a written report to the 
Resident Manager that summarizes and evaluates monitoring data, 
address any trends or anomalous conditions, identifies any 
conditions of noncompliance, and recommends any corrective 
actions appropriate to reducing worker exposures ALAKA. 

Section 4.2 Radiation Safety Training 

All workers will be given general radiation safety training 
that complies with the provisions of 10 CFR 19.12, Instructions 
to Workers. Female workers will also be instructed in the 
potential health problems associated with prenatal radiation 
exposures outlined in NRG Regulatory Guide 8.13, "Instruction 
Concerning Prenatal Radiation Exposure." A general outline of 
the radiation safety training is attached to this plan as 
Appendix C. A written test addressing applicable principles of 
the radiation safety program will be administered to each worker. 
Test results will be reviewed and any incorrect answers discussed 
to assure worker understanding of appropriate protection 
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practices. Results of testing will be maintained in each 
worker's file. 

Although retraining would routinely be appropriate on an 
annual basis, no retraining is deemed warranted since dismantling 
actvities are to be completed within a twelve-month period. 

In addition, task training will be performed as necessary in 
accordance with specific hazards identified at the time of 
issuance of radiation work permits. 

Section 4.3 Security 

Access to the restricted area is maintained via posting and 
fencing. This access restriction will be maintained until 
surface reclamation is completed. 

All visitors are required to register at the main office and 
are not permitted within the restricted area without proper 
authorization. Where appropriate, visitors will be instructed in 
radiation safety requirements specific to their project 
activities. All visitors touring the restricted area will be 
escorted by an individual who is properly trained and 
knowledgeable about potential radiation safety hazards associated 
with decommissioning. 

Parking for visitors and personal vehicles will be available 
outside the retricted area. 

Section 4.4 Radiation Work Permit Procedures 

All decommissioning activities will be performed under the 
auspices of radiation work permits (RWPs). The protocol dictated 
by a RWP includes the following: 

1. Identify areas within which the dismantling activities 
will be conducted. 

2. Perform inspections and surveys--alpha, beta, and gamma, 
where appropriate, to define potential radiological hazards. 

3. Where residual radioactive materials may be involved, 
perform initial sampling for airborne uranium and for presence of 
radon daughters and to determine the need to continue sampling 
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during dismantling activities. Identify potential radiological 
hazards. 

4. Specify precautions to be taken and monitoring to be 
performed. Precautions will include hosing down areas where the 
potential for resuspension of airborne radioactive dust may occur 
as well as time and access restrictions where there is a 
potential for elevated external radiation exposures. 

5. Identify additional personnel protective devices, 
including protective clothing or respirators to be worn. 

6. Provide task-specific training as appropriate to assure 
exposures are ALARA and activities are conducted in a safe 
manner. 

7. Specify that any anomalous conditions not encountered at 
the time of the issuance of the RWP be reported immediately to 
the RSO for further investigation. 

Following completion of the activities authorized by the 
RWP, an exit interview with the RSO will be performed to complete 
the RWP. This process assures active control over all activities. 
Written Operating Procedures (WOPs) regarding Radiation Work 
Permits are attached hereto as Appendix F. WOPs for alpha, 
beta, and gamma surveys are included in attached Appendix D. 

Section 4.5 Radiation Protection and Monitoring Program 

The radiation protection measures described herein as well 
as monitoring will assure work exposures remain ALARA. 

Section 4.5.1 Internal Exposure Control 

Prior to initiation of work activities, the RSO or delegate 
will determine the need for personal lapel sampling as well as 
area sampling for airborne radioactive materials. Where the 
potential for resuspension of residual radioactive materials is 
determined, sampling for airborne uranium will be conducted. 
Written operating procedures describing both personal lapel 
sampling and "high-volume" area sampling are presented in 
attached Appendix E. 

Where "high-volume" area sampling is determined to be 
appropriate, at least one "high-volume" air sampler will be 
stationed in the specific work area authorized by the RWP. 

-16-



For work involving equipment and materials contained in the 
precipitation/drying/packaging sections of the mill, all workers 
will wear personal lapel samplers. For work in any tank that 
routinely contained radioactive materials, all workers will wear 
personal lapel samplers. As an added precaution, no tanks or 
vessels contained in the precipitation/drying/packaging sections 
of the mill will be entered for purposes of dismantling; rather, 
all work will be conducted from the outside of the tank or 
vessel. For work in all other areas involving residual 
radioactive materials, at least twenty-five percent (25%) of all 
workers will wear lapel samplers. 

Air sample filters will be routinely analyzed for uranium 
using a gross-alpha analysis. Results of area monitoring data 
will be correlated with any personal lapel sampling data to 
calculate employee exposures in accordance with 10 CFR 20.103. 

Where initial sampling prior to the issuance of a RWP 
determines radon daughters to be present in concentrations in 
excess of 0.04 W.L., (10% of MPG), additional sampling will be 
provided on at least a daily basis until the dismantling 
activities authorized by the RWP are completed. Radon daughter 
concentrations will be determined using the modified Kusnetz 
method or equivalent. 

Section 4.5.2 External Radiation Exposure Control 

External gamma radiation exposure to all workers physically 
involved with decommissioning work activities will be monitored 
by use of thermoluminescent dosimeter (TLD) badges. Badges will 
be exchanged quarterly and returned to the manufacturer-supplier 
for processing. The supplier will provide immediate notification 
for any result that exceeds 1 rem. 

Results of TLD monitoring will be correlated with external 
gamma radiation rate surveys performed at the time of issuance of 
radiation work permit. In addition, where external gamma 
exposure rates exceed 2 mR/hr, either additional spot surveys 
will be performed or individual pocket dosimeters will be 
provided during dismantling activities. As necessary, work 
restrictions will be imposed to maintain worker exposures ALARA. 
Results of all surveys will be documented and maintained on file. 
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Section 4.5.3 Bioassay 

Urine samples will be collected and analyzed in accordance 
with the requirements of NRC Regulatory Guide 8.22, "Bioassay at 
Uranium Mills." Where respiratory protective equipment is used 
in accordance with NRC Regulatory Guide 8.15, "Acceptable 
Programs for Respiratory Protection," urine samples will be taken 
pursuant to provisions of the regulatory guide. 

For dismantling work involving the leaching, RIP, SX, 
classification, and precipitation/drying/packaging sections of 
the mill, urine samples will be routinely collected on a weekly 
basis. For all other dismantling work, urine samples will be 
collected on a monthly basis. In all instances where respirators 
have been used in areas where soluble uranium may be present, 
urine samples will be taken within 48 to 96 hours following 
respirator usage. 

Samples will be collected outside the restricted area after 
the worker has showered. From the time of sample collection, 
turnaround time for analyses will not exceed twenty-one (21) 
days. Quality assurance procedures will include the following: 

1. Blanks will be submitted with all urine samples 

2. Since a chemical laboratory affording appropriate 
radiation protection practices will not be available onsite to 
spike samples, twenty-five percent (25%) of all samples submitted 
will be split and submitted to a separate laboratory for 
analyses. Both laboratories will spike samples in accordance 
with Regulatory Guide 8.22. Should results of spiked sample 
values exceed 30% of "true" values, the laboratory will repeat 
all analyses. Results of all analyses, including results of 
spiked samples, will be reported to the RSO who will evaluate the 
data and compare split sample data from the two laboratories. 

3. Laboratories will be required to submit surface 
contamination survey results verifying all surf aces where 
urinalyses are performed do not exceed 10 dpm removable 
alpha/100 square centimeter prior to analyses. 

The laboratories will immediately report any urinalysis 
results that exceed fifteen (15) micrograms of uranium per liter. 
The RSO will perform an investigation which will include 
confirmation sampling and a review of airborne sampling data to 
ascertain the probable cause and impact on other workers. Work 
restrictions will be imposed as necessary. Furthermore, 
additional protective measures including engineering controls and 
respiratory protection will be implemented where deemed 
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warranted. Detailed precautions are set forth in written 
operating procedures attached hereto as Appendix G. 

Whole body counting (in-vivo) will be conducted on any 
individual suspected of exceeding the quarterly MPE for insoluble 
airborne uranium. This procedure will be conducted at an offsite 
facility where the individual will be isolated and monitored by 
qualified personnel. All results will be reviewed by the RSO and 
reporting will be conducted in accordance with 10 CFR 20 
regulations. 

Section 4.5.4 Personnel Contamination Control 

All workers involved with decommissioning work will be 
required to change clothing and monitor themselves prior to 
leaving the property. 

In addition, where work with yellowcake concentrate is to be 
performed, special protective clothing will be provided which 
will be laundered onsite, and workers will be required to shower 
and monitor themselves prior to leaving the restricted area. 

A written operating procedure, included in attached 
Appendix D, will be posted near the personnel monitor and all 
workers will be instructed in proper use of the instrument. If 
the preset alarm indicating an action level of 1000 dpm total 
alpha/100 square centimeters is exceeded, the worker will shower 
and perform a follow-up survey. Results of all exit surveys will 
be documented in a log book positioned near the survey monitor. 
Performance testing of monitor response will be performed and 
documented on a daily basis by using a check source. Once per 
week, the RSO will verify instrument response by this same 
performance testing method. Should the performance test reveal a 
deviation by a factor of 20% from the anticipated check source 
response determined at the time of calibration, the instrument 
will be recalibrated. The exit monitor will be calibrated at 
least semi-annually or after repair. 

Section 4.5.5 Contamination Surveys and Control 

Designated eating areas, change rooms, and offices, will be 
surveyed on a weekly basis in accordance with NRG Regulatory 
Guide 8.30, "Health Physics Surveys at Uranium Mills.'' An action 
level of 1000 dpm removable alpha/100 square centimeters will 
prompt decontamination procedures and subsequent contamination 
surveys. Results of all surveys will be documented and 
maintained in file. Written Operating Procedures for alpha 
surveys are included in attached Appendix D. 
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Section 4.5.6 Respiratory Protection 

Respirators will be used in accordance with prov1s1ons of 
NRC Regulatory Guide 8.15, "Acceptable Programs for Repiratory 
Protection." The written operating procedures for the WNI 
respiratory protection program are attached hereto as Appendix H. 
Where respirators are used in accordance with Reg Guide 8.15, 
allowances will be taken for respirator usage in determining 
internal exposures to airborne radioactive materials. 

Section 4.5.7 Protective Clothing 

All workers who will be involved with decommissioning 
activities will be required to wear protective work clothing. 
This clothing will be laundered by facilities to be provided 
onsite at the time of decommissioning. 

For work in the precipitation/drying/packaging sections of 
the mill where beta contamination exists, workers will be 
provided with additional protective clothing, e.g., rubber gloves 
and rubber steel-toed boots. Rubber boots will be washed onsite. 
Rubber gloves will be buried with dismantled equipment. 

Section 4.5.8 Instrument Maintenance 

All beta, gamma, and alpha survey instruments will be 
calibrated on at least a semi-annual basis or following repair. 
At least daily when an instrument is to be used, performance 
checks will be performed using a radiation check source. Should 
the instrument response deviate more than 20% from the reference 
reading for that source as determined at the time of calibration, 
the instrument will be repaired and recalibrated. 

"High-volume" air sample pumps to be used for area airborne 
air sampling will be calibrated at least weekly. Personal lapel 
samplers will be performance-tested prior to each issuance to 
calibrate flow rates. 

Section 4.6 Site Monitoring 

Environmental monitoring will continue at the Split Rock 
Millsite. At least one air sampling station downwind of the 
millsite, as well as one station at a remote background site, 
will be maintained through millsite and tailings reclamation. 
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Section 4.7 Hazard Control 

At least daily inspections will identify potential 
radiological safety hazards. Precautionary measures will be 
taken as appropriate. 

In the event of fire, the Jeffrey City fire department will 
be called for assistance. 

REST OF PAGE INTENTIONALLY LEFT BLANK 
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Table 2-1 

Table 3-1 

Table 3-2 

Table 3-3 

LIST OF TABLES 

Major Equipment List--Mill 

Mill Decommissioning & Dismantling of All Support 
Facilities, Summary of Estimated Dismantled 
Volumes 

Decommissioning Schedule 

Split Rock Millsite Decommissioning & Reclamation 
Costs 



Equipment 

Ore Receiving; 

Grizzly Ore Receiving 

Apron Feeder 

Grinding: 

Pulp Storage 

Semi-autogenous grind 
mill 

DSM screens 

Leach: 

Leach tanks 

Clarification & Wash: 

Classifiers 

Resin-in-Pulp Section: 

Cyclones 

Screens 

* See Footnotes 

TABLE 2-1 
MAJOR EQUIPMENT LIST--MILL 

Status* ~ 

c 

c 

d 

c 

d 

d/a 

d 

a 

c 

1 

1 

2 

1 

6 

11 

4 

28 

44 

Description 

24" Grizzly & steel hopper 

Ore feed system 

Closed, vertical steel 
tanks 

Cylindrical steel grind 
mill 

Stationary size separators 

Cylindrical wood stove 
mixing tanks w/mechanical 
agitators 

Drag classifiers for 
wash & separation 

Hydroclone-size separators 
& wash units 

Vibrating screen 
separators 

Page 1 of 5 

Alternate Capacity 
or Specifications 

25-ton storage capacity 

48"x20' variable speed 

25'x50' 675-ton capacity 

18'x6' variable capacity 

4'x4' 

16'xl6', 20'xl6', & 
10'x22' w/25-30 hp 
agitators 

10'xl8', 5 to 10 hp drive 

6"xl0" dia. of variable 
capacity 

4' square--variable 
capacity & mesh 

- continued 



Equipment __ _ ____ ~-~at us* 

Screens 

RIP Tanks 

RIP Tanks 

Clarification: 

Storage & Make-up 

Filters 

Solvent Extraction: 

Mixer-Settlers Extraction 

Mixer-Settlers Stripping 

Mixer-Settler Organic 
Scrub 

* See Footnotes 

c 

d/a 

d/a 

d/a 

d 

d 

d 

d 

TABLE 2-1 
MAJOR E UIPMENT LIST--MILL 

~ 

14 

14 

22 

6 

1 

4 

4 

1 

continue 

Description 

Vibrating screen separators 

Cylindrical wood-stove 
mixing tanks w/mechanical 
agitators 

Cylindrical wood-stove 
mixing tanks w/mechanical 
agitators 

Cylindrical wood/steel 
storage tanks; air or 
mechanical agitation 

Pressure type leaf 
clarification filters 

Two-compartment mixer & 
settler sections 

Two-compartment mixer & 
settler sections 

Two-compartment mixer & 
settler sections 

Page 2 of 5 

Alternate Capacity 
or Specifications 

5' dia--variable capacity 
& mesh 

14' dia x 14' depth 
w/10 hp agitators 

7 I dia x 8' depth 
w/S hp agitators 

Variable--16'xl6' & 
12'xl2' 

100 sq ft filter area 

12'x20'x5' w/5 hp 
agitators 

4'x20'x5' w/5 hp 
agitators 

4"x20"x5' w/5 hp 
agitators 

- continued 



Equipment 

Precipitation: 

Precipitation Tanks 

Steam Boiler 

Steam Boiler 

Sodium Chlorate 
Feed Tanks 

Yellowcake Thickeners: 

Thickeners 

Centrifuge 

Drying & Packaging: 

Yellowcake Dryer 

Yellowcake Storage 
Hopper 

* See Footnotes 

TABLE 2-1 
MAJOR EtUIPMENT LIST--MILL 

continued) 

Status* _Q.£Y Description 

d 2 

d 1 

d 1 

d 2 

d 2 

c 2 

d 2 

d 1 

Cylindrical steel tanks, 
FRP lined 

Gas-fired 100 psi steam 
boiler 

Gas/oil-fired steam 
boiler 

Cylindrical steel tanks, 
open, one agitated 

Cylindrical lined steel 
tanks 

Centrifugal Separator 

Multiple hearth, gas-fired 
w/diesel option, raking 
arms 

Closed steel storage tank 
w/valved bottom outlet 

Page 3 of 5 

Alternate Capacity 
or Specifications 

5' dia x 5' depth 

150 hp, 5180 lbs steam 
per hr, 5020 M BTU/hr 
output 

50 hp 1680 M BTU/hr 
output 

8' dia x 8' depth, 2300 
gal working capacity, 
10 hp agitator drive 

20' dia x 10' depth, 
5 hp rake drive 

18x28 horizontal bowl, 
15 hp drive, continuous 

6' dia up to 10,000 
lb/day capacity 

20,000 lb capacity 

- continued 



Equipment 

Scrubber, Y.C. 
Dryer Stack 

Scrubber, Y.C. 
Packaging 

Fuel & Reagent Storage: 

water Storage Tank 

Lime Storage 

Lime Slurry Tanks 

Sodium Chlorate Storage 
Tanks 

Ammonia Storage Tanks 

Sulfuric Acid Storage 
Tank 

* See Footnotes 

TABLE 2-1 
MAJOR E~UIPMENT LIST--MILL 

continued) 

Status* ~ Description 

d 1 Vertical venturi wet 

d 1 

d 1 

a 1 

d 3 

d 2 

b 3 

c 1 

scrubber 

Water injection scrubber 

Closed cylindrical steel 
tank 

Storage hopper w/screw 
feeder 

Cylindrical steel tanks-­
agitated 

Cylindrical steel tanks 

Pressurized cylindrical 
vessels (horizontal) 

Closed steel tank 

Page 4 of 5 

Alternate Capacity 
or Specifications 

1213 ACFM inlet & 785 
ACFM outlet air flow 
99.o+ % efficiency 
@ 25" w.c. 
2000 ACFM inlet & 
1600 ACFM outlet air flow 
99.0% efficiency 
@ 1-2 microns 

40' dia x 24' depth 
225,000 gal capacity 

50-ton storage w/1.5 hp 
feeder 

10' x 10' w/7.5 hp 
agitator drives 

12' dia x 16' depth 
12,500 gal working 
capacity 

7.75' dia & variable 
length, total capacity 
41,000 gal 

30' dia dome-topped, 
20' depth 

- continued 



Equipment 

Diesel Storage 

Kerosene Storage Tank 

Organic Tank 

Ammonia Vaporizer 

Ammonia Vaporizer 

Compressors; 

L.P. Compressors 

H.P. Air Compressors 

* Footnotes: 

TABLE 2-1 
MAJOR E~UIPMENT LIST--MILL 

continued) 

Status* _Q!Y_ Description 

b 3 Closed cylindrical steel 
tanks 

b 1 Closed cylindrdical steel 
tank 

d 1 Kerosene-Amine storage 
tank 

d 1 Horizontal gas/oil fired 

d 1 

d 5 

c 2 

water bath anhydrous NH3 
vaporizer 

Vertical, steam-heated 
anhydrous NH3 vaporizer 

Low pressure, reciprocating 
type air compressors 

High pressure screw-type 
air compressors 

a = 
b = 
c = 

Equipment removed from mill, but still on property 
Equipment sold or to be sold, but still on property 
Equipment sold and removed from property 

d = Equipment intact in mill complex 

Page 5 of 5 

Alternate Capacity 
or Specifications 

Total capacity 19,000 gal 

6000 gal capacity 

12' dia x 12' depth 

1200 lb/hr capacity 
from 20°F 

860 lb/hr capacity 
from 32°F 

1500 cfm @ 50 psig w/ 
150 hp drive 

1500 cfm @ 100 psig w/ 
300 hp drive 

d/a = Equipment intact with the exception of mechanical agitators that have been removed 
from mill, but still on property 
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APPENDIX A 

GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT 

PRIOR TO RELEASE FOR UNRESTRICTED USE 

OR TERMINATION OF LICENSES FOR 

BYPRODUCT OR SOURCE MATERIALS 

U. S. Nuclear Regulatory Comnission 
Uranium Recovery Field Office 
Region IV · 
Denver. Colorado 80225 

SEPTOOER 1984 



The instructions in this guide in conjunction w1th Table 1 specify the 
radioactivity and radiation exposure rate limits which should be used in 
accomplishing the decontamination and survey of surfaces or premises and 
equipment prior to abandonment or release for unrestricted use. 

1. The licensee shall make a reasonable effort to eliminate residual 
contamination. 

2. Radioactivity on equipment or surfaces shall not be covered by 
paint, plating, or other covering material unless contamination 
levels, as determined by a survey and documented, are below the 
limits specified in Table I prior to applying the covering. A 
reasonable effort must be made to minimize the contamination prior 
to use of any covering • 

. 3. The radioactivity on the interior surfaces of pipes, drain lines, or 
ductwork shall be determined by making measurements at all traps, 
and other appropriate access points, provided that contamination· at 
these locations is likely to be representative of contamination on 
the interior of the pipes, drain lines, or ductwork. Surfaces of 
premises, equipment, or scrap which are likely to be contaminated 
but are of such size, construction, or location as to make the 
surface inaccessible for purposes of measurement shall be presumed 
to be contaminated in excess of the limits. 

4. Upon request, the Corrrnission may authorize a licensee to relinquish 
possession or control of premises, equipment, or scrap having 
surfaces contaminated with materials in excess of the limits 
specified. This may include, but would not be limited to, special 
circumstances such as razing of buildings, transfer of premises to 
another organization continuing work with radioactive materials, or 
conversion of facilities to a long-tenn storage or standby status. 
Such requests must: 

a. Provide detailed, specific infonnation describing the premises, 
equipment or scrap, radioactive contaminants, and the nature 
extent, and degree of residual surface contamination. 

b. Provide a detailed health and safety analysis which reflects 
that the residual amounts of materials on surface areas, 
together with other considerations such as prospective use of 
the premises, equipment or scrap. are unlikely to result in an 
unreasonable risk to the health and safety of the public. 

A-1 

' 



5. Prior to release of premises for unrestricted use. the licensee 
shall make a comprehensive radiation survey which establishes that 
contamination 1s within the limits specified 1n Table I. A copy of 
the survey report shall be filed with the Uranium Recovery Field 
Office, Region IV, P.O. Box 25325, Denver, CO 80225. The survey. 
report shall: 

a. Identify the premises. 

b. Show that reasonable effort has been made to eliminate residual 
contamination. 

c. Describe the scope of the survey and general procedures 
followed. 

d. State the findings of the survey 1n units specified 1n the 
instruction. 

Following review of the report, the NRC will consider visiting the 
facilities to confinn the survey. The licensee shall not release the 
premises for unrestricted use without the written approval of the USNRC 
staff. 
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NUCLIDESa 

U-nat, U-235, U-238, and 
associated decay products 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-118, Pa-231, 
Ac-227, I-125, I-129 

Th-nat, Th-232, Sr-90, 
Ra-223, Ra-224, U-232, I-126, 
1-131, I-133 

Beta-ganma emitters (nuclides 
with decay modes other than 
alpha emission or spontaneous 
f1ssf on) except SR-90 and 
others noted above. 

fABLE I 

ACCEPTABLE SURFACE CONTAMINATION LEVELS 

AVERAGEb c f MAXIMU~ d f 

5,000 dpm /100 cm2 15,000 dpm /100 cm2 

100 dpm/100 cm2 300 dpm/100 cm2 

1,000 dpm/100 cm2 3,000 dpm/100 cm2 

5,000 dpm /100 cm2 15,000 dpm /100 cm2 

REMOVABLEb e f 

1,000 dpm /100 cm2 

20 dpm/100 cm2 

200 dpm/100 cm2 

1,000 dpm /100 cm2 

aWhere surface contamfnatfon by both alpha- and beta-gamna-emitting nuclfdes exists, the limits established for alpha­
and beta-gamna-emfttfng nuc11des should apply independently. 

bAs used fn this table, dpm (dfs1ntegrat1ons per minute) means the rate of emf ssfon by radioactive material as 
detenn1ned by correcting the counts per minute observed by an appropriate detector for background, efficiency, and 
geometric factors assoc1ated wf th the f nstrumentat1on. 

cMeasurements of average contaminant should not be averaged over more than 1 square meter. For objects of less surface 
area, the average should be derived for each such object. 
d 

The maxi!Tllm contamination level applies to an area of not more than 100 cm2. 
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'The amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping that area with 
dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive material on the 
wfpe with an appropriate instrument of known efficiency. When removable contamination on objects of less surface area 
is detennfned, the pertinent levels should be reduced proportionally and the entire surface should be wiped. 
f The average and maximum radiation levels associated with surface contamination resulting from beta-gamna emitters 
should not exceed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cm, respectively, measured through not more than 7 milligrams 
per square centimeter of total absorber. 



APPENDIX B 

Management Audits and ALARA Review 



DATE: 

SUBJECT: 

November 1, 1987 

Written Operating Procedures for Radiation Safety 
Audit/ALARA Review During Decommissioning 
Activities 

As part of the WNI management control program, a radiation safety 
audit/ALARA review is performed. The purpose of the radiation 
safety audit is both to verify compliance with applicable rules, 
regulations, and decommissioning requirements and to notify WNI 
management of corrective actions necessary to achieve compliance. 
The purpose of the ALARA review is to determine if there are any 
identifiable trends developing in worker exposures as well as to 
determine if there are any exposures that might be lowered under 
the concept of as low as reasonably achievable (ALARA). 

I. The Radiation Safety Audit 

A. The following individuals are required to participate in 
the audit: 

1. The Radiation Safety Officer (RSO) 

2. One radiation health physicist representing radiation 
health 

B. Scope of Audit 

Preparation of the audit entails developing a 
written outline--i.e., the "scope," which is used during 
the onsite audit and which includes the following: 

1. Review, by license condition, recommendations of 
preceding audit/ALARA reports. 

2. Review applicable regulations to determine if there 
have been any changes in the regulations since the 
preceding audit/ALARA review and corresponding WNI 
programs developed to verify compliance with any 
changes in the regulations. 

Applicable regulations include the following: 

10 CFR 19, 20 (Nuclear Regulatory Commission, NRC) 

3. Review other pertinent documents or literature that 
would provide information to facilitate 
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compliance verification or to improve the radiation 
protection program. Examples include, but are not 
limited to: 

NRC Regulatory Guides (in certain cases, Branch or 
Staff Position Papers) such as: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

Re~ Guide 4.15, "Quality Assurance for 
Ra iological Monitoring Programs (Normal 
Operations)--Effluent Streams and the 
Environment" (Revision 1, February 1979) 

Reg Guide 8.13, "Instruction Concerning 
Prenatal Radiation Exposure" (Proposed 
Revision 1, August 1981) 

Reg Guide 8.15, "Acceptable Programs for 
Respiratory Protection" (October 1976) 

Reg Guide 8.22, "Bioassay at Uranium Mills" 
(July 1978) 

Reg Guide 8.29, "Instruction Concerning Risks 
From Occupational Radiation Exposure'' (July 
1981) 

Reg Guide 8.31, "Information Relevant to 
Ensuring That Occupational Radiation Exposures 
at Uranium Mills Will be as Low as Reasonably 
Achievable" (May 1983) 

Reg Guide 8.30, "Health Physics Surveys in 
Uranium Mills" (June 1983) 

C. Onsite Audit 

The audit follows the general outline developed 
during the scoping period (see I.B. above). The specific 
activities to be followed include the following: 

1. License Conditions and Amendments 

a. Review and detail documentation to verify 
compliance with all license conditions and 
appropriate sections of the WNI Decommissioning 
Plan. 
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b. Review a representative sampling of worker 
exposure records to verify completeness. 
Complete records include records of time-weighted 
exposure calculations, records of bioassays, 
records of both respiratory and radiation safety 
training, records of evaluations performed in 
accordance with applicable requirements, 
documentation (copies) of submittals of exposure 
records to workers, documentation of instruction 
regarding WNI policies related to radiation 
protection practices (e.g., instruction regarding 
pregnancy, clean-shaven faces for respirator 
usage, bioassay). 

c. Review data from surveys/monitoring to verify 
documentation is adequate. 

d. Review documentation regarding equipment 
maintenance to verify equipment used for exposure 
control is properly used, maintained, and 
inspected. 

e. Verify QA procedures and written operating 
procedures by selecting a procedure to be 
"acted-out" (actually performed) by the 
individual responsible for the procedure. 
Compare written procedures with observed 
procedures. 

f. Verify all references or submittals referred to 
in the license conditions are available onsite. 

g. Verify documentation of follow-up actions, 
corrective actions, and evaluations performed as 
appropriate where action levels are exceeded. 

h. Document the highest exposure/monitoring values 
observed since the preceding audit and compare 
against both action levels requiring corrective 
actions/evaluations as applicable. 

2. Review implementation of applicable regulations by 
verifying documentation is provided as 
necessary--e.g, training programs required pursuant 
to 10 CFR 19. 

3. Conduct a site visit. The site visit should include 
the following: 

B-3 



a. Verify compliance with posting requirements 

(1) Posting requirements in accordance with 
10 CFR 19. 

(2) Posting of signs in accordance with 
applicable regulations and license 
conditions. 

b. Verbally quiz workers and supervisors in 
radiation safety procedures and principles. 
Also, request demonstrations by workers, where 
appropriate, of procedures routinely followed and 
compare with proper radiation protection 
practices. 

c. Review the physical structure and design/layout 
of the facilities to evaluate possible "problem" 
areas requiring further review/evaluation. 

4. Document follow-up of recommendations made by the 
preceding radiation safety audit/ALARA review. 

5. Where activities are not in compliance, determine a 
schedule for achieving full compliance. 

II. ALARA Review 

A. 

B. 

The following individuals are required to participate in 
the ALARA review: 

1. Audit team members (see I.A. above) 

2. The Resident Manager or designate 

The ALARA review includes the following: 

1. Review monitoring and personnel exposure data (for 
identifiable categories of workers or types of 
operations) to determine if there are any trends 
developing. Both upward and downward trends should 
be evaluated. Also, look for any anomolous data 
that would require further attention or follow-up. 

2. Identify source terms for dismantling activities. 

B-4 



3. Evaluate decommissioning procedures, etc. to 
determine how exposures might be lowered ALARA by 
mitigating the impact of source terms or by 
restricting access. 

4. Document both a follow-up of previous ALARA 
recommendations and the effectiveness of procedural 
changes implemented to lower values ALARA. 

III. Exit Interview (Provide an oral summary) 

A. Review significant findings of the audit. 

B. With all members of the ALARA Committee (see II.A. 
above), discuss and make recommendations of corrective 
actions to be taken and personnel protection or other 
engineering controls to be incorporated to lower values 
ALARA. Determine a schedule for implementing the 
recommendations. 

IV. Report 

A. The results of the audit should be documented by 
itemizing, by license condition or corresponding WNI 
commitment, activities not in compliance. 

B. Where activities are not in compliance, provide a 
schedule for achieving full compliance for implementing 
recommendations made by the Audit Committee. 

C. Any urinalyses values which have exceeded an action 
level of 15 micrograms U/liter are to be reported in 
the audit memo. 

D. ALARA Review: Document all evaluations performed and 
corresponding recommendations of the ALARA Committee. 
Include numerical values--e.g., gamma survey data 
compared with TLD data. Include a schedule for 
implementation of ALARA Committee recommendations. 

E. Direct the report to the Resident Manager. 
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APPENDIX C 

Radiation Safety Training 

"Dos and Don'ts" of Radiation Safety 

(Industrial) Hazard Checklist 

Radiological Hazards Associated with Split Rock Mill 

Radiation Training Examination 



RAG I AT I ON SAFETY TRAIN rnG 

I. Rad i at i on 

A. Release of e ne~ g r 

E: . Heat, light :.ou nd and nuc l ea.r pa r t i c l es 

11. F:a.dioactive 

A. Nucl ear r ad i ation 

8. Rel ease of particles and photons from atom 

IiI. Tv.10 type:. c·f i oni z ing r·ad i ;.t i c•n 

A. Ind i rect ly ion i z i ng 

1 . Gamm& Rad i at ion 

b. Most penetrat i ng ( lead or co ncrete st op ) 

2. Neutron - not prob l em 

8. Direct ly ioni z ~n g 

1. Alpha part icle 

a. Two protons, two neutrons 

b. Hea vi est natural radia tion 

c. Penetrates 2 cm a i r, won' t penetrate paper or water layer 

d. Inter-na.i hazard 

2. Beta part i c le 

a . . El ectrc1n 

b. Range of energ ies - nega ti ve charge 

c. Up to 12 feet of a ir , stopped b y tin 

d. Eye exposure lim i t in g factor, wi th safety glasses, s kin 
expos ure 

IV. Ha.lf life 
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A. T ime hal~ gone 

8. Long half li fe - lmAJ r adiat ion sour·c e 

C. Sho r· t hc.H li f e - high rad i at ion s ourc e 

V. Two type s of radiation e ~p osure 

A. Interna l - e xp osu re tc bod y from sources within body 

1 . Sour ce s of internal e xpo su re 

a. Inha l ation - airborne rad ioactivity 

(1) Dusts, sprays, mists, gasses and smoke 

( a ) Uranium i nsolub l e 

-Conce ntr·ated mainl y on ore pad and ye l lo\.;; 
ca ke packag ing room 

- (;Jh il e s til l C•re 

-After dr yi ng above 400 degrees C 

(2) Part i cu l ates 

Ca) Radon daugh t ers - meta l particulates 

-Ca n be through ou~ mi ll 

- Normall y co nce ntrate d 

--I n grind <especially abov e scree n and storage 
ta.nk s ) 

--Leach <above & below leach tanks) 

--Above drag c lassif iers 

-Smo kin g in radon areas increase chance of lung 
cancer by factor of 300 times 

(3) Insoluble uranium and radon exposures are comb ined -
act ion 1 i mi t 25~'; MPC 

( 4) Soluble uranium 

( a ) Soluble between leach and SX 

Cb) Most t oxi c as hea vy metal 

2. Skin absorbt i on 

a. Skin absorbt ion 
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b. Amou n t nc•t c l eei.r 

3. Ingestion 

a. Poorly ab5orbed 

b. Hyg ie ne import .mt 

c. Expos ur e to ingestion con t rol l ed b y em ployees 

8 . Measur·i ng and cc,.-,fr oil i ng in ternal e xposur e 

1. Mea.suring int en;a l r·ad i a tic:n exposure 

a • A i r· s am p 1 e s 

Lape l samples 

( 
'j \ 
L. .~ 

Sa.mp 1 i n g s. t a t i on s 

b. T ime stud ies 

(1) T ime ca rd cost codes - ma in tenance 

(2 ) Semi - a.nnua.1 time st udies. - c•pera.tors 

c. Compu ter exp osure ca l cula ti ons 

( 1) T ime st udi es r elat ed to gr ab s.:,mp ling dations 

( 2 ) Calculated weekly for solub l e areas 

(3) Calcu l ate d quarterl y for inso l uble areas 

d. In-v i vo cou nting 

(1) Bi -annually fo r a ll emplo yees 

(2 ) Annu ally i f an y quarterl y exposures were above 25% 
of MPC 

e. Urine samples taken to measure and contr o l uranium -
to a vo i d kidney damage 

(1) To be take n -

( a ) At home wi th in 48 - 96 hours of last sh ift 
worked 

(b) Fi rst urinatio n in morning 

Cc ) Must be taken on time 
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( e ) Wash hand~ first 

(f) Labe l bottle with date taken 

( 2) Measures uran iurr content of urine 

( a ) If samp l e abo ve 15 ug/L, must take samples 
ever y other da y for ne x t week an d fill out 
investigation form. 

( b ) I f samp l e abo ve 30 ug/L must ta ke samples 
e v e r y day u n t i i t h e /' d r op b a c k be l o~v 3 (I u g/ L , 
can not t_,rnrk in mili unt i l belm.,i 30 ug/L and 
must fill out investigation form. 

(c) !f four samples cont inu e above 30 ug/ L or one 
sample i s above 130 ug/ L kidney damage may 
occur. Worker· wiil submit daily ur i ne sample 
u n t i 1 t h e s am p l e s a r e be i ow 1 5 u g/ L , i s n o t 
a 11 Oi,ve d to work in mi 11 . 

f, Do not tamper v.J ith sampling equipment 

g. Do not contam i nate samples - violation of safety stand­
ards, NRC 1 i cense and co ndi ions of employment. 

2. Controlling internal radiation exposure 

a. Protective clothing and equ ipment 

(1) Co veralls - clo th and disposable 

(2) Rubber gloves 

(3 ) Protecti ve hood 

( 4) Respirators 

<a) Face seal 

(b) Types 

( 5) Rubber boots 

( 6) Wet SU it 

b. Per-son a 1 hygiene 

( 1) Eating areas 

(a) Snack food outside eat ing areas 

( b) Gum etc. inside resp i rat ors 

Cc) Washing hands 
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c. 

Cd) Re movi ng contami nate d c l oth i ng 

(2 ) Clean feet of ye ll ow cake before l eav i ng mil l 

( 3 ) Ye l low ca ke pac kag i ng operator/precip operator 

(a) Mus t shower before leavi ng 

Cb) Be s ur e to wash hand s and fa ce and remove 
c l ot h ing before ea ting 

Cc ) Must mon i to r fo r alpha contami natio n befor e 
going home 

( 4 ) All employees who handle yellow cake duri ng t he 
course of their job must shower or mo ni to r befor e 
leavi ng property 

( 5 ) l.Ja sh work cloth i ng i n comp an 'i 1.,,i a.sh i ng mac h ine 

Rad ia ti on l.J or· I< Perm i ts are r·eq u i red 

( 1) For the period of decommi ss ionin g. 

( 2 ) For a 1 i vessel or· tan k entry 

(3 ) RWP cond i t ions 

( a ) All requirements listed on the permit must be 
fol 101A1 ed 

Cb> The employees perform i ng the job must sign t he 
RWP 

(c) Records of all surveys will be l isted on the 
permit 

B. External exposure 

1. Types of external exposure 

a. Gamma radiation 

(1) Measured by TLD badges or pocket dosimeters. 

(2) Partially absorbed by body 

(3 ) Main l y from radium 

Ca) Certain types of rubber absorb uran i um 

(b) Carbon (especially activated carbon ) attracts 
radium. 

b. Beta radiation 
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( 1) Measured wi t h beta s ur vey meter 

( 2 ) Aged yellow cake ( 9 month old + ) on 11· s.our ce 

(3) Can be fa ir]>· 1 arge source 

(4 ) Wea.r safet y g 1 asses. 

( 5 ) IJ.lash off wh i 1 e st i 11 f r esh 

( 6 ) Work a t arms length 

( 7) Ski n dose 

2. Exter na l sources 

a. Gamma 

(1) Barreled ye ll ow cake 

<2> Yel l ow cake stor age tanks 

(3) Carbon was te 

b. Beta r·c..diat ion 

(1) Aged yellow cake outs ide of metal containers 

(a) Unsealed floors wi th yellow cake sp ill s 
accumulations 

(b) Ins i de unwas hed yellow cake storage tanks 

(c) Yel l ow cake dri ed on wa lls etc . 

(2) Aged yell~;,1 cake sa.mp les - laboratory 

3. Controlling external radiation e>:posure 

a. Distance 

(1) Decreased as inverse square - example 

<2 > Arms length 

b. Time 

(1 ) The longer the time interval of exposure, the more 
exposure 

( 2) Plan actions and work rap i dly 

c. Shielding - not practicle in uran ium milling 

VI. Fire as example of radiation exposure 
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A. Ra.diation - heat and ·1i9ht 

8. Ai rborne activity - smoke 

C. Sp ark or embe r - conta~ination 

D. Fuel - radioactive material 

VII. Two types of radiation dose 

A. Individua.1 

8. Collect iv e Dose 

V I I I. B i o 1 o g i c a 1 e ff ec t s of 1 ow 1 e v e 1 i c• n i z i n g r ad i a t i on 

Risk 
Chance of injury illness or death from some act ivi ty 

Hea.1 th effect<:: 
Cancer, Bi rt h defects in future kids of exposed parents & cataracts 

Prompt effects (acute expos ur e) 
Effe cts observed af ter a large dose in a s hort per iod of time 

25 R/hr ----------no observable react ion 
50 R/hr ---------- detectable ch ang es in the blood 
100 R/hr ---------nausea and vomit i ng 
450 R/h r ---------loss of hair, fe ver, & 50% chance of sur viv al 
640 R/hr --------- l etha l dose 

Delayed effects (chronic exposure ) 
Effects observed after sma ll doses over a period of time 

Cancer may occur years after exposure to radiation 

Genet i c effects 
Effects that can occur when there is radiation damage to the genitic 
material 

How does radiation cause cancer 
Damage chromosomes in ce 11 
Reduces norma l res istance to ex istin g viruses - damages cel ls 
Activates existing viruses - attacks cell 

Immpossible to tell if cancer i s result of radiation (oth er fa.ctors ) 
General phys ical cond i tion 
inheri ted traits 
age 
sex 
exposure to other cancer causing agents - cigarettes 

Does Rad i at ion dose= Cancer? 
No 1 ~ Get radiation every day from natual sources 
Some evi dence that some rad iation damage can be repa i red 
effects observed at high doses-small doses are est imated 
Must practice ALARA concept -- reduce risk 
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What are estimates of ca ncer r i s ~ fro~ radiat i on expo s ur e? 
One rem Exposure/m i 11 i on peopl e = 300 excess. ca ncer cases c•r 
One rem e xpo su re/ thousand people = 3 excess cancer cases or 
One rem exp osure /1 00 peopl e = 0 .3 excess can ce r cases 
25% of a ll ad ul ts in 20 to 65 brack et wi 11 de velop canc er from 
all cont ami nates; smokin g; fo od; drugs; a l cohol; e tc 

Ca n you bec om e ster ile or impoten t fr om oc cu gational radiation e xo 
500 to 800 R/hr tc• the gonads --- whc·1 e body = lethal dose 
20 R/ hr to gonads causes measurab le but te mp ora ry reduction of sperm 
Exposure to pe rmitted occupat ional l e vels of rad i at ion has no 
observ ed effec t on f ert i 1 i t y and no eff ect on the ab i 1 i ty to funct ion 
sex u a 11 >' 

NRC dose 1 im i ts 
~~ ho le bod y 
1 1/4 rems i n an y ca l ender quarte r or spe c i fi ed 3 month pe ri od 
5 rems rems per ca l ende r year 
3 rems per quarter if NO or 101 . .i,1 pre viou s occupa.ti ona l dose 
Accumulated do se ma y not excee d 5CN-18) r ems 

l"lha t hai:•Pens i s you exceed t he guarterl;1 I imi t? 
Exceed i ng the i imit does not im ply t hat you ha.•Je s.uff ered a inj ury 
i ncreased ri s k 
Uran ium mi lls -- whole body -- 330 mrern s average 

Rad iation from s ources ot her tha n Ur an ium mill s 
Na tural bac kground ---- 100 mrem/ yr 
Released f r om mining -- 5 mrem/y r 
Med ical ------ 90 mrem/yr 
Bombs ( fallo ut) ------- 5-8 mre m/y r 
Nuclear energ y ------- 0.28 mr em/ yr 
Cons um er produc t s----- 0 . 03 mremlyr 

20 0 mrem/ yr· 

Internal e xposure 
Mon i tored by air sarnp l ing program to obta in dose est imates 
Uptake is by breat hi ng, taken in wi th food or dri nk or throug h s kin 
Uran i um to bones, eliminated t hr ough the kidneys 
Radium also to bones 
Bioassay 

Limits for internal exposure 
Uran ium 1 x 10 uci/ml Una t for 40 hours over 13 weeks -- MPE 

IX. NRC FORM 3 

Wh at i s the NRC 

What does th e NRC do 

lt-lh at re spons i b il ity does tht- emplo yer- have 

What ar·t- Your respo ns i b ility 
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How do you repo rt viol at i ons 

tJhat if vou wor ~: in a. radiation a r ec. 

Mar you ge t a r ecord cf your radiat i on exposur e 

How are vi o l a ti ons ident ifi ed 

Ma y you talk wi th an NRC inspector 

Ma; you request an inspection 

How do you cont act the NRC 

Can you be f i red fo r talking to the NRC 

What forms of d iscr imination are prohib i ted 

How are you prote cte d from discriminat ion 

What can the labor depa r tment do 

What 1..o.1ill the NRC do 
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Pa.rt of initail anc an nua l rad ia t i on tra i ning. 
DO " S AND DOWTS OF RAD IATI ON SAFETY· 

DO"S 
1. Wea r your TLD badges every day and wea r them betwee n the neck and thighs. 
2. Wear respirators i n respirator y protect ion areas. 
3. Wash you r hand s and r emove contami nated c lo th i ng or equipmen t before 

eating. 
4. Pay attent ion to, and tr y t o avoi d pote ntial sources of contam i nat i on. 
5. Wear work clothes while perform in g your job and change into street c l ot hes 

before l ea ving work. 
6. Wash your work clothes in the change room washing machine. 
7. Keep your eat i ng ar ea c l ea n and wa s h it down before eat i ng or dri nk i ng . 
8. Immediate! >' wash down yellow ca ke s pill s as they occ ur. 
9. Wear pr otect iv e clot hing while handling yel lo1A1 cake. 

10. Take a shower a ft e r wor k ing i n t he yellow ca ke room. 
11 . Chec k your respirator sea l each t ime you put it on. <Put your hands over 

the respirator ca r tridges and make sure the res pi rator sea ls wh en you 
br t-ath in . ) 

12. Make s ure a radiation work perm i t has bee n obta i ned before proceed i ng with 
any de comm i ss. i on i ng ~v or· ~: or 1A1or·K wit h i n a •,i esse l ~vh i ch cont a in ed 
rad ioactive mater ials. If in doubt as k your super vi sor or ra di at ion 
safet y . 

13. Respect yellow ca ke as a low leve l r ad i oact iv e source and, wher e poss i ble, 
work at arms l ength from it. 

14. Wa sh your boot s before leaving th e pr ec i p i tat i on area or yel l ow ca ke 
pac kaging room. 

15. Take urine samples at home. 
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DO 'S AND DOW TS OF RAD I ATIOi,! SAFETY 
DOW TS 

1. Don' t we ar leather boots in t he yel l m. ca ke packaging or pr ec ipit at i on 
o.re.;.s . 

2. Don't leave yell ow ca ke s pl attered e verywh ere when wash i ng down yellow 
ca ke sp i lls. Sloppy housekeep i ng c au ses ye l low ca ke buil d-up , which 
increases beta rad i ation bu i l d-up. 

3. Dc1n ' t take co ntamination home to your famili es. 
4. Don ' t smoke or chew outs ide designa t ed areas. 
5. Don ' t wear con tam inated boots or gloves around; wash them of f. 
6. Don' t 11.Jork in t he middle of yello~~ cake spil l s. Was h the ye 11 0l.~ ca ke a1i.1 ay 

and your job will be eas ier, qu i cker, o. nd safe r . 
7. Don ' t wear leather gloves or cot ton g l oves in the yellow ca ke packag ing or 

prec ip itation areas. 
8. Don't ha ng your respirator around your nec k wi th both straps, use th e 

upper- strap. 
9. Don't store your street clothes and work c l othes in the same locker. 

10. Don ' t tampe r with rad i ation safety mo ni toring equ i pment (or radiatio n 
safety personnel>. 

11 . Don' t eat or drin k in undes ignated are as. 
12. Don' t purposel y expose or contam inate your perso nal rad i at i on monitoring 

equipment or samples. Such actions will only cause you and the compa ny 
muc h grief since all high sampl es or e xposu r es are in vestigated. 

Re •,ii sed 4/•6./ 84 
Revised 2/15/85 - S. W. 
Revised 11/10/87 - J.G. 
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~ --------· . 

::: .. :., :-'.D CHECKLIST FOR SP LIT !{QC !-: ?1 L -:_ -

PHY S ICAL H.AZ . .;r:DS 

_.., ....... -. .,....,~ . ... ~ .. ~ ..... , 

1. Sa fet y glasses, hard hats, and substancial footwear MUST be ~or.la c 

all ti~es, except in offices and vehicles. 

2. Visitors, who have not completed the "Radiation Hazard Orientat::!.on 
»:rTraining", must be accompanied by a Company employee. 

3. Be especially carefull of openings in floors and decking. 

4. Obey all hazard ribbons and warning signs. 

5. No smoking per:nitted in the laboratory, maintenance shop (eating area 
excepted), chlorate mixi~g room, yellowcake packaging room, scrubber and 
pre cipitation areas, paint and oil buildings, when fueling vehicles or 
handling fuels, oils or other fla.i:=iable materials or wherever "No Smoking" 
signs exsist. 

6 . ~o ~ot w~lk ll!lcer a s~sp euded loo~ when hoisting e quipment is 
being used. 

7. Climbing over, on, or under any moving equipment and machinery is 
prohibited. 

8. All electrical circuits are to be treated as though they are hot. 

9. Beware of tripping hazards such as rubber water hoses, protruding 
boards and nails, and extraneous materials. 

10. Speed limit throughout the Mill area is 15 M.P.H. 

11. Watch out for heavy equipment operating in the area and yield 
right-of-way to them. 

12. Observe and obey all warning and instruction sign, and verbal 
instructions from i-,the escort. 

I HAYE READ A!-~D UKDERSTAXD THE RCLES OF THE MILL AREA. 

::<l!-n Date-------------

Co~pany !'ame-----------------------------------------
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J. • L r ?. n i :; r , -

·.:r-:D WITH 

·' 

is a heavy metal, a s such, uranium oxide can b e c~eT.ically 
toxic to the kid ~~ ys if it is inhaled, ingested or absorbed 
in large enough a~ounts. 

Since uranium is a radioactive element, you will be exposed 
to the following forms of radiation: 

A. Gamma-Beta 

This form of radiation is present, but not in sufficient 
quantity to cause any concern. This can be demonstrated 
by observation of past film badge records of Gamma-Beta 
exposure levels for past yellowcake packaging operators. 
Even though these radiation leveles are low, we still 
monitor this form of radiation by the use of the above 
mentioned film badges. 

B. Alpha 

Uranium is an alpha emitter and is a large particle · 
similar to a helium atom. Because of its size and 
density, it cannot travel more than 5 or 6 inches and 
cannot penetrate the outer skin layer of the body. The 
problem exists with this particular form of radiation 
when Uranium dust enters the body through inhalation, 
ingestion or absorbtion through the skin. Then damage 
can occur to the soft tissues of the body, especially 
in the lung. 

C. Radon 

Radon is a gaseous element and a high alpha emitter. 
While dangerous, it is rarely present in hazardous 
concentrations in the Mill. 
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RAD I AT I ON T RA HH NG 
EXA~··1 rn~T I 01~ 

1. Wh at does the s ign "A i rborne Radiation Area " mean? 

2. 

A. The a i r wi t hin this a.r-ea contains ra.d ioact iv e ma.te r ial. I should 
therefore read any other i nformation posted with this s i gn and follow 
the precautions listed. If nc• other s igns are posted, I shou l d tr :; tc• 
1 imit the t ime spent within the area. I shou ld also enter this area 

8. 
c. 

[l • 

The 
the 

onl y if my j ob requ i res it . 
I s houl d go get a respir ator before enter ing th is area. 
It I enter t he a r ea. I l.1Jill be e xposed to radiation in e xcess of w, o.t 
i s allowed. 
I should reduce my breat hing rate and tr y to breath ver y sha llow while 
working withi n t hi s area. 
TLD badge should be worn between the neck and thig hs on the fro n t of 
bod y . Tr ue False 

3. When yo u are worried about a rad i ation related problem you sho ul d: 

4. 

5. 

A. Tell your supervisor or the Safety Department. 
B. Immediate ly no ti f y the NRC. 
C. Infor·m t he press and loca l en v i ronmental groups. 
D. Sa >' noth i ng until the problem passes or someone e lse does s.omet hing 

a.bout it. 
E. Inform the Union . 
Ur i ne sampl e ar e take n to: 
A. Measure the amount of urani um i n the urine . 
8. Check your general health conditions. 

E~an7~~nl~i~l~~~l~?!d0!sy~g~u~f~ 0~~~:rt? t bT~ae~f~!~l!gn~rom the ore and 
before i t is dried. True False 

6. What does it mean to sa y you are "cont aminated"? 
A. Your body has become permanently rad ioactive. 
8. Remc•v ab l e r·adioactive material is clinging to your clothing or certai n 

portions of your body . 
C. Your body will have to be buried at a rad ioactive d i sposa l s i te wnen 

you die. 
D. You will remain "contaminated" until treated with special dr·u gs. 

7. How does one "decontaminate " the radioact ii.i e material we ho.ndle at !;,,NI 
from hims elf or any contaminated surface? 
A. W i th Do~v c 1 e an . 
B. With a st eam clean er. 
C. lt will and must wear off, 
D. With soap and water. 

8 . Tr ash fr om w i t h i n the m i l 1 i s d i s po s i t e d : 
A. At the new county land fill. 
8. ln the tail pond. 
C. At the WN l dump within t he restricted area. 
D. An y of the above. 

9 . Alpha. radiation from uranium and radon daughters will pass thro ugh 
protect iv e clothing and even large port ions of the body and thus is mainly 
a external radiation haza rd . True False 

10. A radiation wor·k perm i t <RWP) i s requ ir ed: 
A. When any decomm i ss i oning is performed. 
B. When decomm i ss i oning the yellow cake room. 
C. When ente ri ng a tan k . 
D. All of the above. 
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11. ~Jh at does t he "Caution Raaioaci: iv e Ma.te ri als " sign mean? 
A. Any area beyond th i s s i gn ma y contai n materii l whi ch i s rad i oact i ve. 

All rules and d ir ect ives s hou ld t herefore be fol l owed. 
B. Cauti on s hould be used when enter i ng t hi s area to avoi d e xposure to 

high l evels of ra di at ion . 
C. You s hould a \1 oid ente ring the area if at a ll possible. 

12. What does ALARA mea n? 
A. Ale r t: Labora tory Airborne Rad iation Area 
8. Accounting of Labor And Radiation Accessment 
C. Actual Labor And Radiation Anal ysi s 
D. As Low As Reasonably Achi evable 

1 3 . A H i g h u r an i um c on c e n t r a t i on ( gr e a t e r· t h a n 3 0 u g/ 1 i t e r ) i n H1 e u r i n e 
means? 
A. Possible dama ge has been done to the kidne ys. 
8. Yo u have had a la r ge exp os ur e of i nsolub l e ura ni um. 
C. You wi ll be restr ict ed to working in inso l uble ura ni um exposure areas 

until the ur anium concentra.tions i n your· urin e dro p belo1,11 15 ug./L . 
D. You will be assigned a job outside the areas of e xp osure and a r e 

requ i red to s ubm i t da i ly urine sampl es for the ne xt seven da.ys or 
unt il you r urine samples dr op be l ow 15 ug/ L. 

14. Those who part i c i pate in t he urine analys i s program do s o : 
A. On a voluntary bas is. 
8. Only when they remembe r to take the samp l e. 
C. As a 1 icense requirement and cond i t i on of em ployment. 

15. What do resp ir ators do ? 
A. Pro vi de oxygen to breat h . 
B. Take radioact i ve part i culates out of the a ir . 
C. Removes un-needed gasses from the air. 
D. Conser·ve air. 

16. Smoking when expo sed to concentrat ions of rado n i ncreaes t he ri s k of 
gett i ng lung cancer. True False 

1 7 . Low 1 e v e 1 e x p o s u r e s t o r ad i a t i on h av e a h i g h p r ob ab i l i t y of c au s i n g ? 
A. Sterilit y 
B. Cancer 
C. Genetic Defects 
D. None of the above 
E. All of the above 

18. There is a ~~ell varified correlation between low level exposures to 
radiat ion and cancer. True False 

19. TLD badges/pock et dosimeters measure? 
A. Radon Daugh t ers 
8. Gamma Rad i ation 
C. Radioactive Dust Co ncentrations 
D. All of the above 

20. When is an exit surve y for alpha radiation requ ir ed? 
A. When you ha~ie been 1,11ork i ng in the mi 11. 
B. When you have been working under a RWP. 
C. When you have been working with yellow cake. 
D. Any ti me you enter the restricted a.r·ea at the mill. 

21. What is the difference between internal and external radiat i on exposure? 
A. I nt ernal radiation exposure occurs when radiation from an externa l 

source damages the body wi th in the sk in whi le external rad iation 
damages only the sKin. 

B. External radiation is radiation of the type that won ' t pe netrate ti n 
while internal radiat ion is capab le of penetrating the whole body . 

C. Internal radiation exposure comes from sources depos i ted within t he 
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22. 

23. 

24. 

b C• d y "'' ~' i l e e d e r· n a l e x p o s. u r E c om e s. f r om s. o u r c e s. o u t s i de t h e bod Y • 

A l ~· ha radi2 ti on 1A1il l not penetra te t.oJhi le beta rad 1a ti c•n wil l 
not penetrate end gamma rad i a ti on wil 1 not pene t rate 

A. T in, pape r , l ead 
B. Pa.per, t i n , lead 
C. Lea d, paper, tin 
D. Lead , t i n, pa.pe r 
Wha t documents are availabl e to me for re vi ew? 
A. Pers onal e xposu re records. 
8. l ... l ~H's 1 i cense from the NRC. 
C. Sampling and s urve y results. 
D. Regulations inv o l v ing expo s ur e contro l and emp l oyee r ight s . 
E. Al I of the abo ve. 
What does in - vivo coun ting meas ur e? 
A. Internal ur·anium deposition in th e l ungs. 
B. Rad i ation which t he bod y normally conta i ns. 
C. The so l ub l e uranium you have in haled. 
Whi ch t wo areas of the mi 11 are c la ss i fi ed as in s o l ub l e uranium expos ure 
2,reas.? 
A. Gr· i nd, Leach 
8. Leac h, Prec i p i tatio n 
(' Gr· ind, sx ..... 
D. Gr i nd, Ye ll ow Cake Packag i ng 

26. The l evels at whi ch uranium mi l l wor kers are exposed to rad i at ion pre s en t 
ris ks whi ch are signif icantly high er t han othe r i ndustries? True 
Fal se 

27. What t yp es of pr o te ct iv e gear are avail able fo r r ed uc ing expos ur e to 
ra.diat ion? 
A. Hard hats, cotton glo iJ es and steel toed l eather boots. 
5. Resp i rat or s, rubber boots, rubber gloves, coveralls, wet su i ts and 

s afet y glasses. 
C. Self conta i ned brea t h i ng apparatus, lapel sampl ers, hard hats and co ld 

weather gear·. 
28. What is the ALARA philosophy? 

A. Nothing, espec ially rad i ation safety procedures, should get in the wa y 
of producing YE-1101;.1 cake and running the mill at ful l capac i t y . 

B. The radiation emitted while mil lin g and refin i ng ura.nium ore i s so lm~ 

level t hat it can be disregarded. 
C. Management continually tries to get more and more worK for l ess wages. 
D. Everyone should do their part to reduce radiation exposures as low as 

poss i ble by following safe procedures. Rad iation sa f et y i s 
responsible to try and e l iminate or· otherw i se con trol the sources of 
radiation exposure. 

29. What are the two pc•s.sible ill health effects of exposure to lot.\! doses of 
radiat ion? 
A. Steril i t y and Kidney failure. 
B. Heart and l ung problems. 
C. Increased risk of cancer and genetic defects. 
E. Allergies and paralysis. 

30. When decomm i ss i on i ng is pr ogress, e xp osures to uranium dusts and mists are 
calculated by: 
A. Determ inin g the average t ime spe nt in each location of the mill 

through t ime s tu dies, relating the time spe n t to the dust sample take n 
within that area and summ i ng the exposures from eac h area in whi c h you 
worK. 
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8. Ta k i ng l ape l sampl es f r om eac n co n t r act wo rk er eac h s hi f t , and 
re l at i ng th e time during ea ch s hif t to t he ura n i um conce ntra t ion on 
the sampl e an d th e volum e of t he pump . 

C. No exposure ca l cu l at i ons are eve r do ne . 
[i, Expos ur es to ur an i um dust are onl/ es ti mated frorn t he ana lysed dust 

samples. 
31. When endea vorin g to measure and control rad iat i on, what three t ypes of 

32. 

33. 

34. 

35. 

rad iat ion are measu r ed at uranium mills? 
A. 
B. 
c. 
D. 
Hov,1 
A. 
B. 

c. 
D. 
E. 

How 
A; 

B. 

c. 

D. 
The 
i t . 

Alpha, gamma and neu trons. 
Bet a , gamma and neutrons. 
Al pha, beta and neut r ons. 
Alph a, beta and gamma . 
does one go abou t requesting a spec i a l NR C inspection? 
Co. 11 the nearest NRC office and request that t he in spection be made. 
Cal l an antinuclear organ ization and request tha t t he ; pr essure the 
NRC and company to reso lv e the bad wor k ing cond it io ns. 
Ask the compan y to r·equest that the t~RC conduct a spec i a l inspection. 
Ha ve the un i on representa tiv e ca ll the NRC. 
Se nd a wr i tten request to the NR C explaining the hazard as i t is 
prece iv ed and t he reaso ns you are requesting t he i nspec ti on . 
can you persona l ly fol l ow the ALARA ph i losophy whi le wor k ing? 
I shou l d fol l ow the safe wor k practices requested by the Safet y 
Depa.r tme n t as. :_, . .i e 11 as. my 01.~n j udgeme nt in a.•.rn i d i ng rad i a.t i on 
expc•sures. 
I shc•ul d wear all :.amp li ng equ ipmen t and ref r a i n ·fr- om tamp eri ng 1"1i t h 
stat ion a r;' samp 1 i n g e q u i pme n t • 
I can take a bat h i n chlorox ever y day and ever y da y wear severa l 
extra layers of clothing. 
I can transfer to the mine or get another job. 
Safety Department will only i ssue respirators when cond i t i ons require 

Tr ue Fa l se 
I am in-vivo counted ... • . 
/\ H, 

B. 
To check my lung capacity and f i tn ess for wearing resp ir ators. 
To determine how much inso l uble uranium has bee n depos i ted in my 
lungs. 

C. To reactivate my bodies natural defences against uranium injest i on. 
D. Make my lungs radioactive and, since like r·epels like i n matter, help 

my lungs to repel uranium from getting into my lungs. 
36. What other possible sources of radioactivity besides uranium and uran ium 

ore are located in the mill and laboratory? 
A. Not applicable 

37 . What should I do if I notice that the yellow cake thickener has sprung a 
bad leak? 
A. NOT APP LI CABLE 

39. I should not wear permeable gloves or boots whi l e working in the yellow 
cake packag i ng room because ..•..• 
A. Yellow cake is absorbed through the skin. 
8. When yello1 .. ,1 cake is tra.pped wi thin an object and not remo ved over a 

per iod of time, it becomes a strong beta rad iation source. 
C. Imper·meable clot hin g is much eas i er to decontaminate. 
D. When working with yellow cake, one has to wash down the area fa i rl y 

often and clothing wil l get wet and absorb yellow cake i nto the pores. 
E. Al 1 of the above. 

40. How ca n you minimize your exposure to radiation? 
A. Spend as little t ime as possib l e in Ai rbo r ne Rad i ation areas which 

don't require resp i rator y protection. 
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B. Remember to place your TLD badge i n the l ead contain er at the end of 
sh i ft . 

C. Drink lots ~f fluids and eat lettuce . 
D. Was h yo ur hands before eating and don ' t eat while wearing contaminated 

equ i pment . 
E . W or I< a t arms 1 e n g t h vJ h i 1 e h an d 1 i n g an >' k n ovm gamma or be t a s o u r c e • 
F. All of the abo ~J e, 

G. A, 8, D, E & F above. 
H. ~, C, D, E & F above. 

41. What can I do to r educe my e xposure t o radiation? 

43. When s hou l d I ta ke my urine sample after th e bottle i s i ssu ed? 
A. On the due date . 
8. The f irst t hing i n the morn i ng af ter the bot tle is issued. 
C. Within 48 to 96 hours afte r my last s hift of the wee k a nd the fir st thing 

in the mo r ning. 
D. Before leaving the mill restri c ted area. 

44. Wh ere s hould I take my ur in e sample? 
A . A t h orr1 e • 
B. I n the mill dry . 
C. In the maintenance dry . 
D. Out behind the of fic e. 
E. In the mill office restroom. 

45 . What precautions sh ould I ta ke before t ak i ng my ur i ne sample? 
A. I should drin k lots of bee r or some other d iureti c to dilute my sampl e. 
8 . Ta ke the sampl e after I wa s h my hands and wh i le wearing uncon tam in ate d 

clot hing . 
C. Use dilute d coffee inst ead of urine. 
D. Rin s.e the bott l e out with tap wa ter befor·e filling it . 

46. What consequences will 1 face if I purposely vi ola te rad iati on protecti on 
procedures and regulations? 

47. How often s hould you check the fit of your resp ir ator? 
A. Whe n the respirator is issued. 
8. Each time I go in to the Safet y Office. 
C. Ever y time I see my boss or Safety Department personnel. 
D. Every time I don the r espi rator. 

48. Wha.t ar·e the tw o radi oacti ve materia l s monitored in the a ir at uranium milling 
operations? 
A. Tr i tium and uran i um. 
8. Iodine and tr i tium. 
C. Uranium and ce sium. 
D. Pl atonium and uranium. 
E. Ur anium and radon. 

51. Where are rad ioactive materials found within the mill? 
A. In near ly ever y tan k, pump and piece of equipment withi n the mil1. 
B. In th e SX, precipitat i on and yellow cake pack ag ing areas. 
C. Only in the precipitation an d packaging areas. 
D. Eve rywher e except in the drag c l ass ifi ers and the tai l pump. 

Reviewed 2/ 28/85 - C.P. 
Revised 2/ 28/85 - S. W. 
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I havf completed th~ Rad i ation Tr·aining. 
Signature! 
Date: 
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APPENDIX D 

External Radiation Survey Procedures 

Alpha Surveys 

Beta Surveys 

Gamma Surveys 

Personnel Alpha Monitoring 

Removable Alpha Contamination Sampling 



Al f H,.; SURVEYS 

DI SC USS I Ot ~ : 

All desks and/ or c hai rs, benches and eat i ng a r eas in the mi11, miii 
off ice, change room and GMIX must be sur veyed fo r a l pha radia ti on wee kly . All 
employees who wo r k with yellow cake conce n trate, upon lea vi ng the rest ri cted 
a r ea at the end of their respective sh ifts, must rece iv e a complete alpha bod y 
s urv ey unl ess they have showered . Equ ipment released from the mi ll area for 
repair or unr es tr i cte d use must also be surveyed. Al 1 surfaces and/ or 
empl oyees that exceed 1000 dp m/ 10 0cm2 must be decontaminate d t o a le ve l 
be 1 O\J.J 1 0 0 0 d pm/ 1 0 0 cm z , a. n d t h e a ct i on t a k e n t o e 1 i m i n a. tE' t h e c on t am i n a t i on 
must be documented. 

EQ UI PMEtH : 
1 . Alpha survey meter sens 1t1v e to 500 disintegrations per minute on the 

l owest sens i t ivity sca l e with an adjustab l e alarm. 
2. Large area alpha se nsi t ive probe <Ebe r l i ne AC-3 or equi valent). 
3. Alpha chec k s ource. 

PROCEDUr;:E: 
1. Check the insfrument \A.i i th a calibrated a.lpha. check source and recor·d: The 

ins.tr·ument s.er i al numbe-r, calibr·ation date, high volt a.ge reading, 
calibrated alpha chec k source cpm, 4 dpm and instrume nt effic iency a l ong 
with the initials of the individual perfor·ming the surve y in t h£:< ic•g bc•c•k . 

2. Point the probe tm,Ja.rd a light sc•ur ce. A light i eak in the probe face 1 . .vi ll 
caus.e the instrument to rea.d and must be repa i red t..11ith 1 iquid paper· or a 
new fa ce before use. 

3. Using the instrument effic iency and probe face area determine the 
instrument reading i n cou nts per mi nut e (see calcu lations) whic h wou l d 
indicate 1000 d i s integrations per minut e of contamination. 

4 . Set the instr ume nt on fast response and s urv ey the object or person be ing 
surveyed at a rate of about lOOcm (i met er ) per thirty seconds. Th e probe 
face should always be approximate ly lcm from the surface being sur veyed. 

5. If any areas exceed the 1000 dpm/10 0crnz limit, put the instrument on 
slow response and check that area again. 

6. The person or object that exceeds the limits must be deconta.minated as soo n 
as possible. No person or equipment should be allowed to l e av e the 
property with contaminat i on above 1000 dpm/100 cm2, 

7. Record the results in the log book, on the personnel alpha scan sheets or 
on the equipment release form. Any excurs ions should be reported to t he 
proper supervisory personne l and the correct ive action taken sho uld be 
documented. 

8. Re-calibrate the i nsfrument as in No. 1 and record in the log book at the 
end of each sampling day. 

CALCULATIONS: 
E ( Eff i cienc}' ) = .f..Q!n source 

dpm source 

Solve for ::< 

1000 dpm/100cm2 = X 
Eff. x A 

Where 
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Eff. = Counting effic ienc y 

A = Probe face s i ze in cm2 
100 cm2 

X= cpm 

March 28, 1983 --------Rev ised: 9/21/83 --------Re viewed & Rev i sed 2/5/85 
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EETA SURVEY PROC E DU~E 

D I SCUSS!m~ : 

~v h e r, U- 2 3 8 i s a 1 1 owe d t o r· e a c ~1 s. H u 1 a. r· e q u i 1 i b r i um 1,~ i t h i t s t w c• s h o r t 
l i~1 e d da.ugh te r s, Thorium-234 and Prc,.ta c tinium - 234 (secular equ ilibr i um i s. 
achi eved after 8 or 9 months of dec ay time), the re s ultant i sotop i c mix ture is 
a st rong beta ra d i a t ion emi tte r. Hal f of the bet a r adiat i on i s em i tted by 
Th- 234 and half by Pa-234. Surface beta emiss ion aft e r U-2 38 ac hi e ve s secu lar 
e q u i 1 i b r i um i s a p p r· c• x i ma t e 1 y 1 5 0 - 2 3 0 m Rad/ h r· , I n or d er- t c• ma. i n ta.. i n c on t r o 1 c.f 
beta radi at i on expos ur es, the fo ll owi ng precau t i ons shou l d be impl eme nted: 
i. l..Jcirk ers who ha.ndle ye llc•iAi c aYe o r, a r·e9uici.r basi s sh oul d wea.r safe ti 

g l asses a t all time s to protect th e corn ea of th eir e> es . 
2. Ta nk s requ i ring ent r y for dec ommi ssion i ng purpose s and whi ch ro u t i ne l; 

co nt a i ned uranium and/ or uranium bear i ng so luti ons s hould be s urv eyed fo r 
bEta rad iation prior to t he entry by contract pe r s onnel . 

3. Tho ugh NRC regulations do not st i pulate how often beta s urveys s ho ul d be 
conducted ot her than requiring "adequate" su rv e>'S to cor.t r·cil rad ia.t i on 
exposure s, a yearl y walk through be ta su rv ey shoul d be conduc ted withi n 
each work area of the mill (yearl y surve ys s hould locate any contami nated 
ar·ea.s 1,11hi ch have reached sec ulu· equilibri um). 

4 . Re ~ernb e r tha t only approx imatel y 15% of be ta rad iation i s absorbed by 
cl cdhing and the rest i s. s kin dose 1N i t h a. i imit of 7.5 rems pe,.. quar· ter 
whole bod y or 18. 75 rems per qu arter t o the han ds! for e arms, fee t , a r = 
ankl es. 

5. Areas wh ere beta emi ss ion i s above 100 mR em/ hr must be l abe l ed "Hi ch 
Radiation" ar eas and must be controll ed i n accord anc e with the regu l ati ons 
set forth in 10 CRF 20 20 .203 section ( c ) . 

EQ UI PMENT: 
1 • Ebe r 1 i n e E - 1 4 0 Co u n t Ra t e Me t e r l'.1 i t h an HP - 2 1 0 or HP - 2 6 0 GM t u be or 

eq uiva l ent. 
2. About twenty s heet s of pa per. 
3. A thin le ad s hee t for s hi e l ding the detector from the assoc i ated 

br emsstra hl ung radiation. 
4 • Se a 1 e d c on t a. i n er of " age d 11 

( s e c u 1 a r e q u i 1 i b r a t e d ) y e 1 1 ow c a K e . 

PROCEDURE: 
1. Us i ng the Sr/Y source, place the beta detector CHP-210 or HP-260 ) probe 

d ir ect l y on the surface of the source (make sure the source is ce ntered on 
the window ) and record the reading.COPEN FACED> 

2. Insert layers of paper (one at a time) between the source and the probe 
until the source reads half of wh at it did read ( th i s i s called a "h a l f 
value layer") . Continue layering the paper until the source reads 1/8 of 
what it originally read <three half va lue layers). Bi nd and cut the l a >'ers 

3. 

4. 

5. 

6 . 

of paper to make a s hi eld for the detector. <CLOSE D FACE D> 
Place the OPEN FACED <wi t hou t the pape r shield ) beta ( 8) detector on the 
surface of the yellow ca ke and record the rea d i ng. 
Place the CLO SED FACED (with the paper shield) beta ( 8 ) detector on the 
s urface of the yellol..i cake and record 1he readina. 
Calculate and r ecord the d i fference (~Rs ) of the OPEN FAC ED reading and 
t he CLOSED FACED reading. 
Since the beta dose rate at the surface of the ye ll ow ca ke i s 150 mrem /h r, 
the ca l ibrat ieiri fact or ( CFs ) ca n be calcu la te from the equa.tion b~ lol'· ' · 

Observed dose rate = The di ffe r ence (~ Rs ) of the OPEN FACE D and 
CLOSED FACED read ings . 
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Actu~ l dose rate = 150 mrern/ hr 
CFs = Actual dose rate 

Observed dose rate 
= 1 50mr em / hr 

A_ Rs mR./ hr 

7 . Place th e OPEt ~ F,:.::,CED (1A1ith c.u t the p21:•er s r,i e 1 d ) bet a d e t ec~or 2 cm ab ov e 
the yellow ca ke sur fac e and r e cord the r ead i ng. 

8 . Place the CLOSED FACE D Cwith ~h e paper s hi e ld) beta dete ctor 2 cm abo ve the 
ye llow ca ke s urface and recor d the readinq . 

9 . Calculate anc recor·d the differe nce <a R> of t~; E OPEN FACED read in g ar.a 
the CLOSED FAC E reading. 

10 . Since t e be t a dose rate at 2 rn1 i s 75 mrem/hr. th e ca libra.tion factor (C F) 
c 2. r, be c.:. 1 c u 1 a t e d fr om t h e e q u a t i on be 1 O\>J • 

Observed dose ra. te = The di ffer-e nce (~ f' ) of the OPEN FACED read i ng 
and the CLOSE D FACED read i ng. 
Actual dose rate = 75 mrem/ hr 
CF = Actual dos e ra t e = 75 mre m/ hr 

Obs.erved dose r·a.t e K ~: mR./h r 

11. Surve y eac h area about wa ist he ight . Obt ain an OPEN FACE D (wit hout the 
pape r sh i e l d ) and a CLOSED FACED (wi t h th e pace r s hie ld ) read i ng at the 
s ur face and about t wo ( 2 ) feet from the surface of the area or ob j ect. 
Record the readi ng s Cin mR/ hr) on the Beta Survey form. Calculat e beta 
dose r·ate frm1 the equation belol1J . 

The dose to the body at the area or otject su r face Ds = 
D =The dose to the body a t a d i stance from the area or ob j ect 

su rf ace 
~ Rs = Di fference of 

sur·face of the 
~ R = Di ffer·ence of 

d i s tan ce from 

Ds = Cf s ::< ~ Rs 

D = CF X ~ R 

the OP Er~ and CLOSED FACED r·ead i ngs. a. t 
area. or object. 

the OPEN and CLOSE D FACED r·ead ing s. at 
the a.r e a or· object s.ur face. 

12. When do i ng the calculations, care must be taken to ensure that the 
methodology used to calcu l ate the exposured rate fits the actual 
circumstance of the exposure. 

the 

a 

Example: When calcula.t ing the exposure to the ha nds and forearms, the 
sur vey done at the surface of the ob j ect handled must be used as the source 
strengh. 
It is also poss ible that the source might be in front of the indi 1J idual 
working along the wall of the inter ior of a tank. The i ndi vi dual would 
receive a much higher exposur e in front than his back <which wou l d be 
exposed from t he walls on the other s i de of the tank. 

13. Periodically, the in side surface of work clothing and boots worn by the 
contr actor personnel s hou l d be sur veyed Cto assure no beta emitte r bu il dup 
on c lothing), 

14 . When conduct ing the sur vey pa y particular attention to unsealed surfaces 
in a r eas where s pl ashing or- accumulat ions of ye l low ca.ke have occured. 
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Re v i sed 2/84 
Re vi ewed 11 / 27/84 - C.P . 
Revised 2/ 27/ 85 - S.W . 
Re vi sed 4/3/85 - C.P. - S.W. 
Re vi sed 11 /9/87 - th 
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DI SCUSSi m : 
Several of the natur a l ur an ium de ca y oroduct s are gamma emitt ers . 

Th e r efo r e it i :. ne cessa r·y t o con du ct a ba:.el i ne garnm 2 s uni ey t o in s ur e th at 
there i s no unde tec t ed g 3.mma bu i l d- up . A gamma s.ur·vey wi l l be conduc ted pr ior 
to decommi ss io ni r19 b;.' meas ur i ng gamma dose r ates at eac h st ati on li ste d in 
Tab l e No. 3 . 

EQU IPMENT : 
1. Ebe r· I i ne PRM-7 micro R meter 
2. 0 .2uCi Cs 137 source 

PROC ED URE: 
1. Measure t he background radiation in mR/ hr. and record on t he gamma s urv e y 

fo r m. 
2. Pl ace a Cs 137 (0.2uC i) source aga inst t he black circ l e at t he end of t he 

PRM-7 and record the value ind i cated on the meter i n t he gamma s urve > 
form. 

3. Subt ract 'he background from the 0 .2uC i source rea d i ng and reco rd . 
4. Recc•rd the instrumen t ser·i a 1 number, the ba t te n' chec k, th e l as t da t e th e 

i nstrume nt was ca.l ibra.ted, and t he h i gh vol ta.ge <H.\.I , ) val ue. 
5 • Comp a r e t h e 0 • 2 u C i Cs 1 3 7 i..i a. l u e w i t h t h e v a 1 u e f r· om t h e l 2, s. t c a l i b r a t i on . 

If t he difference i s. more than 1 0 ~~, the in st r umen t s houl d gc• i n for 
ca.li br·ati on . The inst r· ume nt s ha ll a.lsc• be ca li br ate d ever y s. i x ( t. ) 

mc•nths. 
6. Tur n the su rv ey meter to s l ow res ponse. 
7. Measu r e the t,; al ues of t he gamma. sur vey at each locatic•n li ded in Ta bl e 3 

and recc•rd the station num be r , stat i ciri loca t ion, an d gamma va l ue in mR/h r. 
in the gamma surve:' form. <The mi cr·o Roentge n value i s changed to rniil i 
roe ntgens by d ivi d i ng the uR va l ue by 1000. ) 

8. Su rv eys should be conducted at wa i st heig ht and about 12 i nc hes from t he 
ob j ect be in g sur veye d. 

9. Wh en the sur vey is compl eted, chec ~ the h i gh vo l tage a nd the batte r y . 
Recor d t hese val ues i n the gamma su rv e y fo r m. 

Re v . 1 - Date 8-3-83 
Rev. 2 - Date 2-84 
Reviewed 11-15-84 C.P. 
Reviewed 2-5-85 S.W. 
Revised 11/6/87 T.H. & J.G. 
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Surveyor Date 

C.3.i :::- .;. : ; on cnec k : 
Instrument 
Calibrat ion date 
Background rnR/ hr 

s~ r ~a. i : .. ...:ITlt-c.r 
Higi v c ; ~~ge 
Cs 137 s .::.ur ce 

STAT ION AREA 

40-7 Grind for erna. n s office 
40-11 Leach se ction too decK 
40-12 a ooera.tors desK 
40-13 Rio ooerator"s desk 
40-14 Rio above MU tanks 
40-15 Rio above sumo 
40-16 Rio nort h s i de wa.ll<wav 
40-17 Sand draa sec tion 2nd f loor 
40-18 Sand drao oound section 
40-19 Lime mix sect ion 
40-20 Eluex room desk 
40-21 Pulverizina room ( 3 samol e averaoe) 
40-22 Bucl< in o room ( 2 samol e averaoe) 
40-23 Ch em i cal laboratory 
40-24 North side of mi 11 
40-25 Chance room 
40-26 Met. 1 ab . 
40-27 Warehouse 
40-28 Maintenance s hoo 
40-29 Rubber shoo 
40-30 Betwee n mi 11 and off i ce 
40-31 West of oaint and o i 1 storaoe shed 
40-32 Beh~een ac id o l ant and vard #3 
40-33 Wa lkway betwe en centrifuae and roas ter 
40-34 Prec i o. section ( 2 samo 1 e averaoe ) 
40-35 Scrubber clean UO 
40-36 Roaster con tro 1 feed 
40-37 Vibrator control oanel 
40-38 Product ooerator's des k 
40-39 Roaster discharae 
40-40 Comoressor room 
40-41 Elut i on dee I< 
40-41 El ectr ica i Shoo 
40-42 Main floor between or ind an:::i leach 
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PER SOt~N E L ALP HA MON !TORWG PRO CE DUR E 

INTR O DUCT Im: 
The NRC req ui res that no i nd iv i dua l with a l ph a contami nat i on in e xcess of 

10 00 d i s in teg r at i on per min ./ 10 0 cm2 be a ll owed to l ea ve the res tric ted 
area. _Mo ni t or i ng i nd ivi dua l s for a l pha cont ami nat i on befo r e t he y lea ve the 
restr ic ted ar ea insures that no radioact iv e ma.terial is car·ried home to t heir 
f am i 1 i e s an d t o t h e c omm u n i t y a. s a w h o 1 e • S i n c e r ad i a t i on c a n n o t be s e e n , 
heard or fe l t, mon i to ri ng wi th an instrument capab l e of de t ect i ng the spec i fic 
type of rad iat ion is of t he utm os t importance. NOTE: Al pha ra di atio n wi 11 not 
pen e trate more t han 1/ 2" of a i r or through an yt h ing t hat i s wet. 

EQ Ui PMENT: 
1. Lud l um 177 a l arm rate meter with broad surface probe or equi vale nt . 
2. NBS traceab l e cal i br·at ed Th-230 source of bet wee n 1x103 and 2x10"1 

d i s in tegrations per mi nute. 

PROCEDURE: 
1 • Tu r n t h e r e s p on s e sw i t c h t o " S 1 ow Re s p on s e " , an d t h e mu 1 t i p 1 i c a t i on 

factor switch to a scale that wil 1 measure the check source at 
mid-scale. 

2. Place the check source on the face of the probe (at about the mi ddle of 
the probe face ) and record the read i ng in the l og book in counts per 
minute. <Check the source at the begin n ing and end of eac h pe ri od of 
mon i tor i n g. ) 

3 . Tu r n t h e s c a l e mu 1 t i p l i c a t i on f a c t C• r s1...; it c h t o t h e mar k e d 1 o c a t i on . 
4. Place the response switch on "Fast Response " . 
5. Survey b y placing the alpha probe 1A1ithin 1/2 i nc h of the individual, 

(alpha radiation only penetrates approximate ly 1/ 2" of air ) and mo ve 
the probe over the individuals cloth ing at the rate of abo ut 2.5 feet 
per 10 seconds. Be careful not to puncture the thin myl ar probe face 
with a sharp ob j ect. 

6. If the alpha alarm triggers, put the response switch on slow and place 
it over the area that caused it to trigger. Wait 10 seconds. lf the 
a l arm doesn ' t trigger the area still passes. Survey legs (in c l ud in g 
boots>, hands, arms and trunk of body back and front.• 

7. If the individual passes have him sign and check that he passed. If 
the alarm triggers, check that he didn't pass and send him back for a 
shower or change of clothing. No individual is al lowed off of the 
property until he is decontaminated. When the individua l i s. 
contamination free, sign him in as such. Individuals who shm..,i er need 
not be surveyed, but must sign the log book and note that they did 
shower. 

* If you are measuring the contamination with an instrument without an 
alarm, the instrument meter should not exceed (1/eff. X 1000)cpm <counts 
per minute). Otherwise follow the above procedure. 

Revised 2/ 15/85 - S.W. 
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CHECK FOR RADIATIOt~ CONTAMINATION 

I CPM* DID YOU CPM AFTER Constancy 
NAME DATE TIME LEVEL Shower DECONTAMINATION check 

Yes No 

l 
I 

*Must be less t ha n • counts per minute (CI'>~ :; . 

TH/th 09/ -.:. -.:. '~:· D-9 



REMO\JABLE Al..PHA RAD I ATim~ SAMPLrn1::. 

DIS CUSSi m : 
Re movable alp ha con tamin at io n i s def in ed as: That port i on of radioact iv e 

al pha em i tting ma.te r ia l dep os i t ed on a su r face l-<Jh i ch is remo ve- d by app l i cation 
of a med i um pressu r e swi pe to th a t su rf ace. The- swi pe is take n f r om an area of 
known d ime-nsions and meas ured wi th an a l pha sc intilla t or to de t erm ine t he 
qu an t it y of s ur face contaminat i on per uni t of s ur face area ( norma l l y th i s 
meas ureme nt i s ex presse d i n d i sintegrations per minu te (dpm) per 100 cm2) . 

Sw i p e s amp 1 e s a r e t a k e n on l :' ~.,i h e n t h e 1 i m i t s f or t o t a 1 a l p h a c on t am i n a t i C• n 
a r e 9 r· e a t e r· t h a n t h e 1 i m i t s. f or r· em o v ab l e c on t am i n a t i on . ( T c«' a 1 c on t a.m i n a t i on 
i s measure d by sur vey in g the s urface wi t h a broad faced alpha scin ti l l at i on 
probe, t hus measuring a l 1 surface contam i nation.) When swipe sampl e-s ar e 
required, total alpha must also be measured in most cases to assure that t ot a l 
c on t am i n a t i on 1 i m i t s. a 1 so a. r e n o t e x c e e de d • 

Ar e as 9 en e r a 1 ]y re q u i r i n g sw i p e s amp 1 i n g a r e ; tab l e s w h e r e u r i n e s amp 1 e s 
are prepared for shipment or analysis, equipment released fo r unrest ri cted use, 
yellow cake shipments and yellow cake slurry sh i pme nts. (See Table 1) 

EQUIPMENT: 
1. Fi l ter paper (2.5 cm ) . 
2. Template, 100 cm2, 
3. Ludlum 2000 scaler / scint i llator or equi valent. 
4. Co i n envelopes. 
5. Nationa l Bureau of Standards Traceable alpha standa r d CTh-23 0) . 

PROCEDURE: 
1. Place a blank paper filter in the sc intillator counting chamber and measure 

background for a mi n imum of 20, 99 minute samples on a mont hly bas i s. 
CWhen background is not be i ng counted at the time swi pes are counted, count 
background for 10 minutes to insure that it is l ess than one ( 1) co un t per 
minute.) Record the counts per number of minutes sampled and the 
calculated counts per mi nute in the Alpha Swipe - Alpha Surve y l og book. 
Calculate the mi n imum detectable activ i t y and record i n t he log boog , ( See 
Ca.lcu l a t ions ) 

2. The bac kground alpha radiation as measured by the sc inti1 la t i on de teet e r 
should not exceed 1.0 count per· minute. When th i s lim it is exceeded the 
detector/samp l e tray assembly should be decontaminated as fo ll ows: 
A. Disconnect the pov.ier source from the detector. 
8 . Remove the sample tray screws from the detector housing and separa.te 

the tray from its O~ring. 
C. Wash the sample tray and 0-ring in warm soapy water. Use a Q-t i p to 

clean all grooves and hard to clean areas. 
D. Again, using a wet soapy Q'tip, very gently clean the aluminumized 

m>,.lar· detector window and the associated 0-ring t.<Jhich holds it in 
place. This surface should then be rinsed with a wash bottle and 
g e n t 1 y b 1 o t t e d d r y w i t h a so f t p a p e r t owe 1. 

E. Reassemble the detector sample tray and chec k the background product i on 
rate. 

F. If the above procedure does not sufficiently reduce the detecto r 
background, the sample tray should be soaked in a 50% volume/volume 
hydrochloric acid solution for five minutes, rinsed, dr i ed and 
reassembled. 

G. When a hydrochloric acid soak and/or wash 1.1,1 i th soapy water fa i 1 to 
correct the backgroun d problem, the un i t s hould be sent to a vendor for 
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rep l acement of t he myla r wi ndow. 
3 . Cali brat e th e sca ler / scintillator v.: i tt-. a cert i fied Th- 230 alp ha sourc e and 

record the counts per number of minutes and the cou n ting eff i ciency in the 
log book Csee calculations ) . 

4 . Number paper filters accord ing to the number of locations t o be sw i pe 
sampled and place them in co in envelopes. <See Attachme n t 1, 2 or 3) 

5. UsJng medium pressure, with an S motion swipe, at random, 100 cm2 at 
eac h sampl i ng area and l abel the coin envelope according]).', (See Table 
for a 1 ist of the sampli ng areas.) 

6. Count the alpha ac tivi ty on each swipe sample for a minimum of five (5 ) 
minutes. Record the counts per number of minutes, the counts per mi nu t e, 
the disintegrations per mi nute per 100 cm2 and twice the standard 
dev i at ion (for 95% confidence) in the log book or on the appropriate wor k 
shHt. The actieir1 levels for· remc•vable alp ha act i l.i it y are 1 i sted i n Tab l e 
1. 

7 . Whe n action level s are exceeded, the surface(s) be i ng sampled must be 
cl ea ned and resampled until all sw ipe s are less than the ac ion lc-vel. 

CALCULATIONS : 

Eff iciency= Certif i ed std com = 
4 dpm of standard 

Decimal cpm 
dpm 

Di sintegrations per 100 cm2 = Cs Cs 
Ts Te. 

Eff. 

Where 

Cs= Total counts sampl e 

Ts = Time sample was cou nt ed 

Ca =Total counts background 

Ts= Total time backgro un d counted 

1 . 96 = 1.96 Cs Ca 
100 cm2 Ts2 Ts2 

Eff. 

LLDCdpm) = 4.66 aKG 
E 

Wh ere 

BKG =The standard de vi ation i n cou nt s per minute of background 

TABLE 1 
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LOCATION 

Tables and cab inets used to prepare urine samples 

Equipment released +or unrestricted use 

Yellow ca~e slurr» and dr·ied product shipments 

Eating areas 

Revised March 15, 1984 

Revised Sept. 26, 1984 

Revised March 29 1 1985 - S. W. - C.P. 
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ACT 1 ON LE~JEL 

10 dpm/100 cmz 

1000 dpm/100 cm2 

2200 dpm/ 100 cmz 

1000 dpm/100 cm:z 



APPENDIX E 

Airborne Uranium Sampling Procedures 

Uranium Dust Grab Sampling 

Grab Sample Pump Calibration Procedure 

Personal (Lapel) Sampling 

Gross Alpha Dust Filter Analyses 



URAN I UM DUST GRAE: SAMPLING 

DISCUSS ION : 
Na.tural ur·a.nium i s a toxic heavy metal, ;:;.nd a. lot,: s.pecific act i1J it y <L SA ) 

radiologic hazard. Fede ra.1 lavJ requires. that uranium milling operat ions 
mainta in strict control over the amount of uranium bearing dust to whi c h 
workers are exposed. 

'.)ariou s sta.ges of the milling process produce uranium dust of differing 
chemica.1 composition a.nd solub ili t y , Class ifi cation of t h i s dust into solub i e 
or inso l uble categori es (for the purpose of radiologic control) is based upon 
the way in which uranium compounds react with body fluids and tissue. 

Soluble uranium dust is defined as an y airborne ura~ium mi sts or 
p a r t i c u 1 a t e s w h i c h , a f t e r i n g e s t i on i n t o t h e bod>. , ( p r i m a r i l y i n t o t h e 1 u n gs 
since uranium compounds are very poorly absorbed by the digestive system) have 
a. biologica.l lu ng half 1 ife of ten (10) days or· less. lJi th r·ega.r·d to mi 11 ing 
uran i um ore, uranium is considered to be in its soluble fo rm from the leach 
circu it until i t is dried at temperatures a.bove four· hun dred degrees centigr·ade 
C400D C) . The grind and yellow cake packaging areas are thus insoluble 
ur·anium a.r eas. 

Insoluble uran i um compounds are composed of nat ural uranium ore dust and 
"yellow cake " concentrates which, when dr i ed at temperatu r es abo ve fou r hundred 
degrees centigrade C400DC), become re l at iv el y insoluble to d i sso l ut ion by 
body fiu id s .. The biologica l lung half i ife of insoluble uranium i s. gr·ea ter 
tha n ten (10) days. 

The Nuclear Regulatory Comm issions', "Standards For Protection Against 
, ~Sd1a&~iQi~u~e~e~~,s~l~j~ ~tu~,~?~~~5 t~R~e~l~~~7g~ " s~~~E1 eo~rani um compounds 

lOuCixl0-11/ml of air durin g a forty (40) hour t>Jork week, or a ma.ximum of 
c;· . 6 milli -gra.m s per- t>J eek ingested into the lungs. While the contribut ion of 
solu ble uranium dust to the bodys r·adiation exposure is ne giigi ble, the rapid 
elimination of uranium through body waste which is processed by the kidn eys can 
cause kidney damage. Thus, so l ub l e uranium dust exposure is calculated 
separately from insoluble uranium dust exposure. 

Insoluble uranium ore dust consists of U-238 and certain concentrations of 
its' daughter products <Th-230, Ra-226 & U-234), Since ore dust i s made up of 
several alpha emitte rs, when uranium alone is assayed the MPC for a 520 hour 
work quarter is 5uCix10-1 I/ml of air, but when gross alpha is measured the 
MPC for a 520 hour· work quarter is lOuCixlQ-11/ml. CThe reason the MPC is 
lower when only uranium is assayed is that a uranium assa y doesn 't measure the 
entire concentrat i on of alpha em it ters. ) The MPC for uranium product dried at 
temper atures above 400DC is lOuCixl0-11/ml fc•r a 520 hour vJorl< quarter·. 

Respirator y protection is required when ever a cha nce exi sts that someone 
could be exposed to greater than MPC levels of airborne radiation. 

When grab samples are taken, a kno1A1n volume of air is. dra1>Jn throug h a 
fiberglass filter for a predetermined amou nt of time. The filter is then 
analyzed for either gross alpha or total uranium. 

EQUIPMENT: 
1. Stop watch 
2. 3/8" I .D. Tygon tubing 
3. 2.5 cm Cl") filter holders 
4. Number ed filter caps 
5. Gelman type AE f iberg l ass filters, 2.5 cm 
6. Dry test meter with NBC traceable calibr·a.tion 
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7. Lmv volume, 0-80 lite r per minute regu l ated a i r flo~\/ pumps <Ebe-r lin e RAS-1 
or eq uiv ale nt) 

PROCEDURE: 
1. Place a 2.5 cm filter head and filter on the dry test meter inlet. 
2. Using the dry test mete r and stop watch, calibrate eac h samp li ng pump to a 

f l ow r a t e of be t we e n 4 5 an d 8 0 1 i t e r· s p e r m i n u t e . Re c or d t h e f 1 O\'J r a t e , 
time, date- and ini tia ls of the ind ividual doing the calibrat ion in the 
"Grab Dust Sample" form. NOTE: Currently, the pumps in use calibrate at 
greater than 70 1 ite-rs per minute or l ess than 50 1 i ters per minute 
depend ing on the spec i fic pump. 

3. Using a ne1.i.1 filter for each sampl e, take mi nimum 2100 liter air sampl es fo r 
a minimum of 30 minutes (which e ver is appropriate to the pump in use) at 
each station listed in Table I. Record the s ta rting time, t ime- stopped, 
filter cap number, flow rate, pump number and mi 11 operating cond iti ons o ~ 

the sample wor k sheet. 
4. Document the sample number, flow rate, length of time sampled and total 

flow in the "Grab Dust Samp le" form. 
5. Samples a.r e assayed using gross alpha counting. Follow the gross a lph a 

count i ng procedure. NOTE: Dust assays must be completed wi th in three (3) 
to fi ve ( 5 ) da ys after the samples are take n. 

6. Record the assays and ca l culated dust concentrat ions in the grab dust 
sample form. 
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CALCULATI ms: 
uCixl(l-11 / ml uranium= Assay in uCixlO-li 

Millil i ters of a i r sampled 

Dat e Issues: 3/1983 S.W. 

Date Re~i ie• . .i.ted : 2./17/84 S.W. 

Date Revi ewed: 2/ 5/85 S . W. 
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LAPEL SAMPLE PROCEDURES 

DISCUSSim : 
To fa.c ilit a.te a. more accura te determ in a.tion of individual airbor·ne uranium 

d u s t e x p o s u r e , a w or· K e r f r om e a c h w or· k i n g a r e a i s. r· e q u i r e d t o v,1 e a r· a c a 1 i b r a t e d 
constant f l m~1 a ir· sampling pump da. ill ;.- . Al l decommissioning personnel ~~orking 

in the mi ll , ~'.JN· ~: ers. dc1in9 decommissioning of the roa.ster or y e11ow cake 
packaging equipment, or any empl oyee who is performing work which req uire s a 
Radiation Work Permit must wear a constant flow air sampler. At the end of 
each da y these samples are taken to the Safety Dept. for analysis. The 
accurao of the s.e samp l es depends. , in lar·ge, on ho1.•.1 t"1el1 the individual s. 
wear i ng the samples document t he time they spend in d i fferent areas of t he mil 1 
and n,cord the type of respiratory protection, if a.n / , the y 1.1.1ere wearing. The 
assa y is then app ii eci to the indi\.liduals ex pos.ur·e da.ta. 

EQUIPMENT: 
1. 2.5 cm filter hc·lder 
2. Bendi x 60 or equivalent 1-3Lpm pump 
3. Gelman type AE 2.5 cm fiberg l ass filter or ecui\.lalent 
4. 1 liter bubble tube t . .,ii th ua.cuum flask & in ii ne filter 
5. Stop t.•Jatch 

PRDCEDUF:E: 
1. Cai ibra.te the cc•n stant flot.<J pump at 2.50 to 2.75 i iters. per minut e and 

record the following information on the sample sheet: The pump seria l 
number, name of indivi du al or lc•cation, date, t ime out, type of res.pirator·y 
protection used, f il ter hc1lder number, and the ca.libratic1n rate ( i n iiters 
per mi nute) at the time the pump is issued. 

2. Di stribute the pumps to the appropriate individual or 1ocati c1n. 
3 . Pick up the pumps at t he end of the s.hift. Ca.librate in liters. per· number 

of seconds and record in log book. Record the t im e returned on the time 
study sheet. 

4. Let the sample decay for a m1n1mum of two da.ys (to elimina.te the rei.don and 
thoron daughters) and measure the gross alpha count on the alpha 
sc i n t i l I at or • 

5. All samples must be analyzed wi thin five days of the time they were take n . 
6. Fol1mv the ca lcula tion format established on the exposure wor·k sheet. 

Rev. 1 - 8/15/83 
Rev. 2 - 2/ 84 
Reviewed 11/15/84 - C.P. 
Revised 2/15/85 - S.W. 
Revised 11/10/87 - J.G. 
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·actor 
t- . ess 
Emp 1 oye e Narne 
Address 

D.;TE 

Pump No. 

· COL.LECTI ~ ANA LYSIS 
TIME TOT ~L FLOW RATE TOTAL CNT GROSS CPt1 BKG CPM-BKG ACTIVITY EXPOSURE 

--

FROM TO T IM E S'TARl END 1.JOLUME ~lME . ~ OLINTS uCi/rn1 

\ C~· P .. _: kt~ ) r, .!.: :< 1 1:·-'1 UCi ./ 'J:::) = uc ;./rrii 
< C( i:+T )~ v o :u:. e 1;, mi :: 

D~M = d i s ; n tegrat ions per ~inut~ 

ca : : tr:.r i on c:-.ec ;.._ 
Thor : u~ 2~ 0 sta nc :.r~ I~ Ne. 

[ · P~ 

ite: Analysis minimum of 24 hours after collection Counting Instrument 
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GROSS ALPHA DUST FILTER ANALYSIS 

DISCUSSION : 
Me asurement of uranium dust concentr ations by using a gross alpha counte r 

is simple, accu rate and conservati ve . Ur anium-238 and se veral of i ts da ughter s 
( no t ab ly Ra-226 and Th - 230) are a lpha rad iation emitt ers a nd are con se qu en tly 
s ou rces of radiation. Thus when gross a l pha radiation is measured, each age nt 
of exposu r·e i s measured. When chemica.1 toxi cit y is the l imiting factor, 
me asur ement of uranium and i t s daughter s provides a cons e ryative es t imat e for 
exposure calcu lat i ons. Since ura ni um ore dust i s composed of uranium and its 
dau ght ers , when only uranium i s measur·ed, its MPC is 5 x 10-11 uC i/ml, 
whil e gross a l pha measurement in creases t he MPC to 10 x 10 - 11 uCi / ml. 

EQ UI PMENT : 
1. NBS trace able Th-230 source of between ten th ousa nd Cl0,000) and twent y 

thousand ( 20,000 ) dis integrations per minute. 
2. Ludlum 2000 scale r wi th alpha sc intillator and 2 .5 cm sampl e hol der or 

eq uiv alent. 
3. Plast i c tipped tweezers. 

PROCED UR E: 
1. F ilters must be no larger than 2.5 cm in d iameter as described in the grab 

an d 1 a p e 1 du s t s amp l i n g p r o c e du r e s . 
2. Count a blan k f i bergl ass f i lter for bac kground radiation twe nt y times using 

a 99 minute time inter val. Background sh ould be counted once per mont h or 
ten minutes pr ior to run nin g the sam pl es and must be ent ered into the log 
book eac h t ime . 

3. The backgro un d a l pha radiation as measured by the sc intill atio n detect or 
s houl d not excee d 1.0 count per mi nut e. \..,th en th i s limit i s exceeded the 
detector/sampl e tra y assemb ly s hould be decontam in a ted as fo ll ows : 
A. Disconnect th e pcu..i,1er source fr·om the de tector . 
B. Remo ve the :.am pl e tray :.crews from th e detector hous i ng and separate 

the tray from i ts 0-ring. 
C. Wash the sample tray and 0-r in g in warm soap y wate r . Use a Q-t i p to 

clean al l gr oo ves and hard to clean areas. 
D. Again, using a wet soapy Q-t ip , very gent ly clean the aluminumized 

mylar detector window and the associated 0-ring which ho lds it in 
place. This surface should then be rinsed with a wash bottle and 
gently blotted dry with a soft paper to1JJel. 

E. Reassemble the detector sample tray and check the bac kgroun d production 
rate. 

F. If t he above procedure does not suff ic i ently reduce the detector 
background, the sample tra y should be soaked in a 50% volume/volume 
hydrochlor i c ac i d so l ution for f i ve minutes, rinsed, dried and 
reassembled. 

G. When a hydrochloric acid soak and/or wash with soap y water fa il to 
correct the background problem, t he unit should be sent to a vendor for 
replacement of t he mylar window. 

4. Cou nt the Th-230 standard t wi ce using f iue minute time in terva ls and enter 
the da.te, standards ' ser i al number, time interval of coun t, total counts 
and the standards' ca.librated 4 disintegrat ion rate int o the l og book. 
If the calculated eff i c iency varies more than 5% from the last 
calculation the i nstrument must be re-ca libr ated. 

5. Allow t he radon daughte r s and (if present in s ignif icant quantiti es ) the 
t horon daughte rs to decay into annihilation. The sampl es s hould then be 
anal ysed on a timely basis in order to pr ov i de e xposure ca l cu lation s wi thin 
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the seven consecut 1v e- da y 1 imi t imposed by 10 CFR 20. 
6. Count each dust f i lter f iv e (5) minutes . Record the tot~l count of each 

filter in the log boo ~; . 

7. Samples which hav e a hea vy layer of dust on the surface should be hand l ed 
caref ully to avoi d contaminat i ng the detector. If possib l e a separate 
scintillator detector should be used for clean dust filters and radon 
samples so that a good lower 1 imit of detect ion <LLD> can be mainta i ned. 

8. Calculate the dust fi l ter assays and record them in a l og book ( see 
ca.icuiations.) . 

CALCULATIONS: 
CPMsKG ( counts per minute) = CsKG 

Ts KG 

Cs KG CCPM average background) = N 

i=1 

C1BI(6 

N 

E (instrument efficiency)= Csro - CPMaK& 
Tsro 

DPM = Cs x FSA - CsKG 
Ts 

E 

Where 

4 dpmsr o 
= CPM 

DPM 

DPMs = Disintegrations per minute of sample 

Cs =Total counts of sample 

Csro = Total counts of standard 

Ts = Time sample was counted 

Tsro = Time standard was counted 

CsKG =Total counts background 

N = Total number of Bkg samples 

C1sKG = CPMsKG of the i™ sample 

TsKG = Minutes each BKg sample was counted 

CsKG = Average CPM background 

FSA <Filter Self Absorbtion Factor)= C2 - C3 +1 
2C I + C2 - C:i 
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Wher £-

C1 = Tota 1 Coun t s Sample 

C:z = Tot al Count:. Reverse Side of Fi 1 te r 

C3 = Tota 1 Counts Sa.mp 1 e wi th Blank F i 1 ter Over i t 

A 11 t hree count times (CI 1 C:z & C3) mu:t be e qua l 

u C i x 1 0 s - 6 = D PM s x 1 • 0 x 1 0 6 u C i C i 
3.7 x 1010 dps x 60 sec. per minute 

Ci 

LLDoPH <lo~~er 1 im i t of detect ion) = 4.c.6 et<G 
E 

LLD i n uC i x 10-6 = 4 .66 B K G (b:106 uCi Ci) 
E (3 .7x to10 dp: ) (60 sec. ./min . ) 

Ci 

Where 

BK 1:; = 1 
N-1 

i -1 

The standard de vi a tion of the assay for 95% conf idence is then: 

1.96 = 1.96 x <Cs - FSA ) TCeKG = DPMs 
Ts 2 TTet<G:z 

E 
And 

1.96 = DPMs x 1.0 x 106 uCi / Ci 
assay 2.22 dpm/Ci 

= uCi in sample 

Wh ere 

TCe KG = Total cou nts of ba.ckground 

TTeKG = Total time of background 

September 26, 1983 

Revised 2/ 84 
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Re vi sed 8/84 

Revised 9/84 

Re vi sed 2/14/85 - S. W. 

Revised 3/28/ 85 - S.W. - C.P. 
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GRAB SAMPLE PUMP CALIBRATION PROCEDURE 

DISCUS~:!ON : 

Pumps used to take both en uir o~mental and inplant airborne radiation dust 
samples a re of the self regul ating type. (That is, initia lly a certa in amo unt 
of air is bypassed around th e new dust filter and as the filter loads this 
excess air ca pa.bi 1 i ty is diver-ted to in crease the pressur·e droo across the 
filter and thus maintain a constant flow.) 

Tht- pumps whi ch a.re used to ta.k e r adon da.ugh tt-r samp 1 es are either· of the 
regu latt-d or non-regu l ated type. (The samples taken for radon daughters art- of 
short duration and small volume and filter loading i s not a factor.) 

Environmental dust sampling pumps must maintain a min imum flow of 70 lpm 
1_,,1hile inplant dust sampl ing pumps must mainta.in a. mi nimum flow C•f 45 imp . If 
the flow drops below these rates the pump must be repa i red. 

Radon daughter sampi ing pumps mu st maintain a minimum t1ow rate of 2 lpm. 
All pumps. mus.t be ca li brated quar·terl;,... at the minimum. 

EQUIPMENT: 
1. RAS-1 or RA P-1 a.i r· sampling pumps or equival ent. 
2. Bendi>'. 60 or Bendi>'. C115 persona.1 a.ir samp ling pum~ or· equi~· a. lent. 

~. Singer DTM 20 0 dry test meter or equivalent. 
4. One liter· bubtle tube. 
5. Stop watch capab l e of measuring to 1/ 10 second. 

PROCEDURE: 
A • RAS - 1 an d RAP- 1 Ca 1 i b r a t i on : 

1. Calibration of per imeter environmental dust samp ling pumps is performed 
by placing a 47 mm filter head and fi l ter on the dry test mete r inlet 
t.\lhile i nhouse radiation dust sa.mp1ing pumps are cc,l i brated using a 25 
mm f i lter head and filter on t he dry test meter. 

2. Connect the dry test meter to th e pump being cal ibrat ed b>' slipping the 
1/ 4" I.D. tygon tubing from dry test meter on to the 1/4" pipe nipple 
to which the filter head is normall y attached. 

3. Start the pump and measure the time the dry test meter ta kes to make 
three (3) r·evolutions <30 liters) using a stcip watch. 

4 . Calculate the flow rate <see ca l culations) and if necessary ad.iu s.t the 
flo~<J to obtain the values 1 isted in the discussion. 

5. Record the flow on the sheet including the date, time and initi als of 
the ind ivi dual doing the ca libration. 

6. Pumps used for dust exposure s.ampl ing should be ca li bra ted before each 
use while those used for perimeter dust measurement should be exchanged 
and calibrated (before the-y are put out and 1A1h en the;v ar·e returned) 
every seven weeks. 

7. Send the dr·;v test meter out for calibration every s ix (6) months. As a 
secondar y standard, t he dry test meter sho uld not be off by more than 
2'.I. • 

8. Pump Calibration For Radon Monitoring: 
1. Meas.ure the pr·essur·e drop across an inline 25 mm f ilt er and ad ju st the 

flow meter for the desired pressure drop. 
2. Connect the radon daughte r pump to the bubble tube, turn the pump on 

and move the soap so lution up to the bubb l e tube until bubbles are 
forming regularly. Fill the bubble tube with bubbles until the ent ir e 
tube surface is wet. 

3. After no more bubble s are present in the bubble tube d i p the end of the 
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tube in the soap so lution quickly so that one bubble forms and time the 
bubble f rom the starting mark to the one liter mark. 

4. Calcu l ate the flow ra te (see ca lculations) and record the value on the 
BD>< -60 calibra.tion log sheet l!Jith the date and i nitials of the 
ind ivi dual performing the calibrat i on. 

CALCULATIONS: 

F = I x 60 sec. /mi n. 
\.) 

!,.)here 

F = Flow Rate In lprn 

T = Length of Time The Volume Was Measured 

V =Total Volume Dur ing The Time Measurement 

September 21, 1983 

Reviewed 11 /1 5/84 C.P. 

Re vi sed 2/ 5/85 S.W. 
Revised 11/10/87 
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APPENDIX F 

Radiation Work Permit Procedures 



.. 
HHRODUCT I Qt\ : 

RADIATION ~·JOR t\: PERnIT ISSUANCE 
Accord i ng to SUA-56 License 

In a.c corda nce ~11ith SUA - 56 iic ense condition #44, a Radiation Work Perm i t 
( RVIF' ) i s. t o be i s s u e d w h e n a n 7' n on - r o u t i n e ma i n t e n a n c e , r e p a i r a n d 
decommi ssion ing act ivi ties are performed; whene ver a vessel, tanK or other 
e nclos~d s tru ct ure whi ch has contain ed rad ioactive materials i s to be entered; 
whenev er a decommissioning ac tiv i ty could result in a n individual's expos ure 
(based on a t ime weighed average) in e xc ess of 25% of MPC ; or for any work or 
maintenance for which ther e is no effective operat in g procedure. 

The RWP must co nta i n in format i on pertaining to a ll pre ca utions taken 
before, during and af t e r completing th e dec omm issi on in g activ i t y . 

Re fe rence s hall a l so be made to al l su rveys co nd ucted before or cu ring the 
time the decommiss ioning is in progress. 

Please note: Input regarding ail haza rd s ( especially r adiation r e lated) 
is encour aged from contr ac tor personn e l . 

RWPs are issued as a method of contr ollin g and ma in taining exposures ALARA 
and are, as the ~..iord "P ermi t " impli ec:. , a r·elease to ccintra.ct personnel a.llm<Jing 
them to perform an acti vi ty. Caution must therefor e be take n to ensure that a 
1 icen se or safety requirement i s not ove rl ooked at the t ime of i s suanc e. The 
pc1lic / concernin g Ri.~IP i ss uan ce 1Adll be one o-f requ i ring the contr·actor to 
i nquire before proceed i ng with a job un l ess i t is obviously rout i ne, covered 
under the bla nk et RWP, or no radiation hazards exist. 

As RWP s are i ssued, a 1 i s t of areas wh ere RWPs are req uired, accessory 
equipment and associa t ed s afet y req ui rements wil l be compiled and t hu s provide 
some assuranc e that nothing ha s been overlooked. A radi at ion safety technician 
wil l obser ve the proposed wo rk a r ea and co nduct any sur ve ys required be fore and 
dur i ng the decom iss ion ing operat ion . 

RWP REQUIREMENTS: 
RW Ps will be require d for al l act ivity from which an unprotected exposure 

Cto combin ed dust a nd radon, so lub l e uranium dust, or bet&, gamma) could 
reasonable be expec t ed to expose individuals to doses greater than 25% of MPC 
fo r dust, 556 mRem fo r beta or 100 mRem for gamma. In add i ti on , RWP s wil 1 be 
i ssued wi thout exce pt ion for a l l entries in t o vesse l s , ta nk s or other enclosed 
st ru ctu r es whi ch ha ve cont a ine d ore or ur an ium bearing so luti ons and a ll ye ll ow 
caKe pac kaging and dryin g systems. 

Pr·ecautions must be taken to l imit poss ible sk in absorbt ion anc off c;.i te 
contamination in addition to respiratory equipment requirements. Therefore, 
any or all of the following equipment or pr E-Cautions must be used while t.vor·I< i s 
performed un der a RWP: 

Urine Samp l e Bottles 
Gloves ( rubber ) 
Boots (rubber) 
Ha.rd Hat 
Safety Glasses 
Full Face Respir·ator 
Half Mask Respirator 
Air Po~11ered f;·espirator 
Covera. 11 
Impermeab l e Disposable Coverall 
Shot ... ier 
Impermeab l e Hood 
High Eff 1ciency Vacuum Cleaner 
Taped Cl oth i ng 
Reg ul ar Covera ll s 
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Lape l Sampier 
TLD Badge 
Ri ng or Extrem i ty TLD Badge 

Ind ivi dua l s who ar e involv ed i n th e decom i ss ion in g activ i ty must rec e ive 
instruction concer ni ng precautions and read and sign th e RWP ~h en it is i ssued. 
Employees who refuse to sign the perm i t will not be a ll owed to work on t he 
project an d further, a refus.al to sign the perm it \~: i ll cons ti tute a refusal to 
do th e work for which appropriate disc ip li nary act ion will be taken. The 
Radiation Safet y Department must also be notified when the work begins and when 
the work i s comp e ted . 

Work act ivities under an RWP will be discontinued i f the RWP re qu i r ements 
are not be i ng met and 1A1i ll not bes.ta r ted aga in until the y ar·e met. 

The Rad ia t io n Safe ty Offic er or hi s designate will wal k through the Mill 
at least twice da ily to assure no work activ i ties whi ch wou l d require R~Ps are 
being don e wi thout them. 

All tanks must be ventilated before entr·y, 
E ~i eryone involved in the yellow cake circu it decomissioning activity must 

give a ur·in e sample l.&1ithin 48 hours. after completetion of the job or at least 
once a week during the activity. 

TYPES OF HAZARDS AND PROTECTION REQ UIRED: 
Rad iation haza rd s requ iring spec ial RWP protection can be grouped into 

three basic types: 
1. Ext er·nal Rad iation Expc•sure 
2. Internal Rad i at ion Exp osu re 
3. Surface Contam ination and Skin Absorption 

1. External Radiation Exposure 
External rad iation comes from e i ther gamma or beta sources. 
Gamma radiation associated with natural uranium comes pr imar i ly 

from Ra-226. Thus all surfaces and filters within the milling circu i t 
where rad i um gamma exceeds 2.5 mR/hr. must be contro ll ed so an 
employee wi ll not rece i ve an exposure in excess of 1 .2 Rem per 
quarter. Radium is select iv ely absorbed in some elemental ca rbon 
products and on to some types of rubbers and i s also precipitated with 
calc i um carbonate and ca l cium sulface precipitates. 

Beta radiation i s emitted primarily from protactinium-234 and 
Th-234 <short 1 ived uranium daughters). Beta radiation become a 
problem only in areas where concentrated uranium i s al l owed to build 
up for long per i ods of time. Beta dose to skin is limited to 14 
mR/hr. Safety glasses must be worn at all times s i nce the eye is the 
1 irniting organ of the body for exposure to beta radiat ion at 1.25 rem 
per quarter. Safety glasses effectively shield beta exposure to the 
eye. 

2. In terna 1 Radiation Exposure 
Interna l radiation comes from inhalation of radon daughters and 

uranium dust or· ingestion of ur·aniurn dus.t. It is quite important that 
radon daughter and uranium dust levels be estimated before a 
maintenance task is performed so that the proper type of respirator y 
protection is chosen. If there is a doubt concern i ng dust or radon 
levels to be encountered in the activity the RWP co ver s, an air 
powered or a ir suppl i ed respirator with either a half or full face 
mask sha ll be used. An air supplied respirator with a full face mask 
must be used i n areas where there is a. high uranium dust and ammonia 
or acid fume concentration. 
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3. Surface Contamination and Skin Absorption 
Uranium (in the oxide or ammonia sa l t) tends to be ver y mob i le 

and is free ly transported when smok ing, che wing tobacco, eat i ng on 
contaminated surfaces, through personal hygiene and skin absorption. 
Pr·ecaut ion s should therefore be taken to el imi nate all conta.ct with 
solu bl e yellow cake on interna l and external body surfaces. 

When working in a tank wh ich 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 splashing 
and an impermeable disposable hood to protect the rest of the head and 
neck area.: .. 

Welding or cutting on surfaces whi ch are contaminated wi th 
uranium presents a special problem since the uranium could be 
vaporized and inhaled. Welding or cutt ing operations on contam in ated 
surfaces will req ui re an RWP and an air powe red respirator. 

RIA!P SURVEYS: 
Surveys for RWP activities shall be conducted in such a manner as to 

protect the decomissioning crew from any type of radiat i on hazard (in ternal or 
external) above 25'.,~ of MPC and shall include, as a minimum, lapel s.ampl es for 
dust, gamma measur eme nt and radon daughter measurement ( before entry into a 
vessel, tank etc). 

In addition to the minimum requirements, both beta and gamma radiation 
should be measured ins ide all vessels containing concentrated ura nium. Area 
dust samples may also be required. 

SUMMARY: 
If in doubt as to the need for a RWP during any activity, ask a member of 

the Radiation Safety staff, 
All individuals involved in the activity must read and sign the RWP . 
Stipulations or precautions listed must be adhered to. 
A thorough inspe ct ion of the work area must be made prior to starting the 

Rl;JP act iv i t '!' . 

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

Date Issued - 12/20/82 
Reviewed - 2/20/84 - S.W. 
Revised - 3/22/85 - C.P. - S.W. 
Re v ised - 11/6/87 - t.h. - J.G. 
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t e & Ti~c St a r t ed: 

1 ate & Time Comp leted 

n ,;D I."..~·: ~)~; WOP.K ?ERM I T 

·. ~, .;.~·. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Nature of Work To Be Performed : 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

Record of Radiation Surveys Performed Prior To and During Maintenance 

recautions To Be Taken During Maintenance Activity: ) ~~~~~~~ 

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

The individuals listed above have been cleared byit:he: Radiation Safety Officer 
· r his designate to perform the maintenance activity at the listed location. 

Radiation _Safety Off :c2 r Date Time 
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c .. . .:. . ··- . 

! . 

t...: E ~ i c =. · . ·. i... ;: ~ ~ , INC • 
SF i.... ; ·:· ~.::. .::. :-: ~1ILL 

CONT K<-::;. :::, ;iECK LIST 

SS** 

h.:i. ~· e :-ecie ved inst:-uction on the follow ing: 

1. General radiation training <or annual retraining) 

2. Specific rad iation hazards of the job. 

3. Form NRC-3 

4, Chemical hazards 

5. Electrical hazards. 

6. Importance of urinalysis 

7, Respirators; Must be worn on certain jobs. 

8. Eating and Drinking only in designated areas. 
Water must be carried in a read i ly identifiable conta iner. 

9. At least three doors must be open ~hi le worKing in the mill to provide 
fire escape. 

10. 

11. 

SIGNED 

Hust report any abnormal occurance or event as soon as possible and 
before leaving the mill site. 

An exit interview MUST be conducted when you finish the job. 

DATE 
************************************************************************************ 

EXIT INTERVIEW 
1 .Did you eat, drinK, breath, or otherwise ingest any unusual substance? 

2. List any abnormal or unusual incident. 

SIGNED DATE 

INT ERV I ElJ ER DATE 
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APPENDIX G 

Bioassay Program 



., 

URI NA LYS I S SA"!F'L I NG 

DISCUS SiON: 
D•pos i ti on of so lu ble ura nium compoun ds wi t hi n the bod y (so lub l e meanin g 

an:; ur·a.nium CO:Tip ound ~,1 i th a b iologica.1 i un g half l i fe of ten ( 10 ) da.?"" s or less) 
occurs as a resu l t of three methods of upta ke; Inhalat ion, skin abso r b ti on or 
ingestion . Ur anium is po or l y absorbed wi t hi n the digest i ve tract and t he 
magnitude of skin absorbtion has not been wel l documented, therefor e inhalat i on 
of ura n i um i s ta ken to be the l argest so urce of inter na l uranium depos i t i on. 
Soluble uranium compounds beg i n dissolution i nto the b l ood stream and l ymphat i c 
s ys t em immed i ate ly after en trapment wi thin the l ung. S i nce uran ium, in 
a.dditi on to be i ng r·a.dioact iv e, i s a.lso a poisonous hea vy meta.i , th e k idneys 
remove the uranium along with other body wastes which are d i scha r9ed i n t he 
form of ur i ne. The kidneys role as filter, cleanser and concentrator of l iqu i d 
body wastes plac es i t as the critical organ with regard to heavy meta l 
pc•isoning. 

The Nuclear Regulatory Commission, in its ' Reg. Gu ide 8.22 "B ioassay at 
Uranium Mills " , esta.blishes the criteri<>. b;v whi ch the extent of hea t_;/ meta.1 
(uran i um) poisoning is to be determined and formulates ur i ne concentration 
levels at which act i on will be taken to maintain exposure ALARA. 

When the uran i um concentrat i on in the urine reaches 30 ug/J fo r four 
c on s e c u t i v e 1,1J e e k s or 1 3 0 m i c r o - gr ams p e r· 1 i t er ( a c c or d i n g t o Re 9 . Gu i de 8 . 2 2 ) , 
kidney damage may begin to occur. Consequent ly protei n Ca l buminurea ) beg in s 
show i ng up i n the urine. Since the Western Nuclear, Jeffre y Ci t y Ope~ation 
sends a l l urine samples off site for analysis, the protein conten t of ur i ne 
sampies fr·om precipita.tion and yellc·i~' cake paci<aging ciperator·s is ro ut i ne ly 
monitored so action ma.; be taken tov,1 ard controlling uranium dus.t expc•sure e ven 
before the assays are available. When s i gnificant prote i n conten t is detected , 
the exposure of the affected worker to airborne uranium dust is restr i cted 
until the uranium content of the urine is ~: not.•m . 

Urine samples are routinel y collected from all Western Nuc l ear em pl oyees, 
including salaried persc:nnei, tAJho wor-1< wi thin the res.tricted a.rea . . t;ar'"1p i es ar e 
collected bi-weekly from employees who work in soluble uranium dus t a r eas and 
weekly from precipitation and packaging operators. Annually, and as needed 
thereaft er, employees are instructed concerning methods of taking con t aminat i on 
free sample s . 

EQUI PMENT: 
1. Plastic sample bottles, 4 oz. with caps. 
2. Disposable rubber gloves. 
3. Albuminuria <protein) dip sticks. 
4. Gum backed labels, 1"x3" . 

PROCEDURE: 
1. Store sample bottles and caps in an uncontaminated area. 
2. Label each bottle with the individuals name, date due, date taken and, 

where appropriate, the employees work number. Distribute the bottles 
early enough to al l ow sufficient time to take the sample at home. 

3. At monthly safety meetings, as often as necessary, remind individuals that 
samples are to be taken: During days off, 48-96 hours after the las t 
shift, at home and returned in a timely fashion. 

4. Collect the ur i ne samples for shipment regularly. Samples sho uld not 
remain unshipped more than seven days after the collection date. 

5. When a seven day accumulation of samples is complete, the samp l es are 
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take n to hou se N2 6 wh ere pr ec i p i ta ti on a nd ye l l ow ca ke packag in g operator 
samples are d ip stic ked for pr o t e i n . Results of t he d i p stick analysis 
are recorded i n the urinal ys i s l og boo k alo ng with the indivi dual s name, 
date taken, date s hipp ed, whet her or not the sampl e wa s s plit an d a ny 
other add i tio nal comments. Empl oyees whose ur i ne samp l es i nd icat e gr eater 
t han trace ua l ues of prote in are res tr i cted from working wi thin t he mi l 1 
until a ura n ium urinalysis i ndi cate s th a t no problem with u~anium uptake 
exi s ts. 

6 . Te n (10) percent of the samples will be sp li t and sent to a reputab l e 
commercia.1 laborator y fo r du plicat e ur·a ni um ana lysis. 

7. Laboratories are i nstructed to not ify the ~~ l Jeffrey Ci ty Ra d i a tion 
Safety Officer or h i s des ign a t e by te l ephone when any urin e samp l e assay 
is gre a te r than 15 ug/l U. 

8. Laboratories a r e a lso in s t ructed t o decontaminate urin e sampl e preparation 
facilities to l ess than 20 0 dpm/ 100c m:2 be f ore pro ceed i ng ~,: it h the 
u r i n a l;v s. i s • T we n t ~' - f i v e p e r c e n t (2 5~-;) of t h e u r i n e s amp 1 e s 2. r e s p i k e d 
wi th a known standa rd . 

9. Spiked samples mu st range wit h in p lu s or minus 30X of th e known value or 
the wh ol e sample set must be rerun. 

10 . When a uri ne sample ass ay i s gr eater t han 15 ug/ l U, t he assay i s 
immediately repo r ted to the ind i vi dua l who ga ve the sampl e us ing th e 
appropriate form attach ed to th i s pr oc edu re. ( See Attachment A) The 
individua.l is. also r·equired to subm; t urine sampl es at a.n i ncr·eas.ec 
frequenc y through th e f oll owi ng se ven consecutive days . 

11. Th e 1 5 u g/ l a. c t i C• n 1 e v e 1 t r· i g g er s a p r· om p t i n v e s. t i g a t i on i n t o t h e r e a. so n 
ot 1 ts occ urance. A samp l e of t he investigation form i s also attach ed to 
th i s procedure. ( See Attachment C) 

12. Ind ivi duals wh o submit urine s amples which assay at 30 ugll U or greater 
are imm edia.tely r·estr·i cte d from work in g ~11ithin the mill. <See Attachment 
8 ) Thi s restrict i on r emains effective until assa ys indicate th at the 
urani um content of the individuals ur in e has dropped below 15 ug/ 1 fo r 
seven consecutive days. 

13. The NRC must be not i fied within 30 days when a sample assay i s grea t er 
tha.n 130 ug/1 LI or remains above 30 ug/ 1 U for more than four· con s.ec u t iv e 
weeks. Uranium content at these levels indicates poss i b l e kidney damage. 

14. Ac cumul ate a ll employee urina lys i s records in the i r r espective e xp os ur e 
f i 1 es. 

February 1984 
Reviewed 2/5/85 - S.W. 
Revised 3/14/ 85 - S. W. - C.P. 
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ATTACHMENT A 
~,I ESTERl-..J NUCLEAR, INC. 

JEFFREY CITY OPERATIONS 

DP.TE: 

ATTENTION: E/N 

FROM: JOHN GEARHART, RADIATI m SAFETY OFFJ CER 

Your urine sampl e g iv en on 

contained ---------- mi ere-grams per liter of ura.n i um v-1h i ch i s d.bov e 

our· 15 ug/l act ion lev el. You ar·e required to f ill out the attached 

in vestigation f orm immed iate ly and to s ubm i t a urine samp l e to the Safe t y 

Department ever y othe r morni ng for t he ne x t s even consecut iv e days. The 

followi ng precautions must be taken when giving these and a l l routine ur ine 

samp 1 e:.: 

1. Tak e t h e s amp 1 e a t h om e t h e f i r s t t h i n g i n t h e morn i n g . 

2. Wash your hand s thoroughly before taking sample. 

3. Take the sample before putting on your wor k cl c.th es. 

cc: Safet y Director 
Employees Supervisor 
Radiation Safet y 

Radiation Safet y Officer 

G-3 



ATTACHMENT 8 
l .. \I ESTERr~ NUCLEAR! me. 

JEFFREY CITY OPERATIONS 

DATE: 

ATTrnT I Ot~: EN 

FROM: RADI ATim SA FETY OFFICER 

Your urine sample given on 

contained __________ micro-gr·ams of uranium per- l i te r of uri ne whi ch 

is above the 30 ug/1 U li mit at t..,ihich t.Ye mus.t r·estr i c 't yc1u r tAJor!< to 

non-airborne rad iation and non-Rad iation Work Permit areas. Your s hi fter has 

received a cop y of this memorandum and you will be g i ven a restr i cted wor k 

assignment. 

Please fil l out the attached inv estigat iv e form immediate ly . You are 

required to submit a urin e samp le each day for t he next seven days. The 

following precautions mu st be taken when g iving these and all routine urin e 

samples. 

-1. Take the samp l e at home the first thing in the morn i ng. 

2. Wash your hands thoroughly before taking the sample. 

3. Take the sample before putting on your work clothes. 

cc: Safety Di rector 
Employees Supervisor 
Radiation Safety 

Radiation Safety Officer 
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ATTACHMENT C 

UR !NE-URAN I Lt'.'1 SH EET 

FOR OFFICE USE ONLY: 

Date Urine Spec imen Scheduled 

Date Actuall y Turned In 

U/U Reading Of 

PLEASE ANSi...JER THE FOLLOl.J ING QUESTIONS AND RETURN THIS SHEET TO THE MI LL SAFETY 
OFFICE. THANK YO U. 

Number Of Days Off Before Spec imen Gi ven 

Where Did Yo u Wor k This Week Befor e Yo u Ga ve The Spec ime n? 

Did You Obta in the Specimen At Home Or At Work? 

Was The Specimen Bottle Dropped, Or Was The Lid Loose? 

Was Water Or Any Other Substances Added To The Specimen? 

Was The Specimen You r Own Urine? 

IF YOU WORKED IN A RESPIRATOR AREA: 

Was The Smoke Test Done? 

Did You Use Your Own Respirator?----------------------

Where Did You Put Your Respirator While Eat ing? 

Was There Possible Contamination Of The Inside Of Your Resp irator During Your 
Shift? If Yes, Please Explain. 

Did You Walk Into A Respirator Area For Only A Few Minutes Without A 
Respirator?~-------------------------------

Where Did You Eat Lunch? --------------------------

Ar e You Able To Wash Your Hands Before Eating, Smoking, Snacking? 
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Do You Carry Cigarettes, Sunflower Seeds, Etc. Uncovered In An Outside 
Poc ket? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Do You Frequent ]:-' Touc h Your Nose, Mouth, Face Per·haps Without Realizing IP 

Did Anything Unusual Occur In The Week Before You Gave The Spec imen Which Could 
Have Given You A Higher Than Usual Read ing (Such As Being Splashed, Working In 
Different Areas, Etc. ) ? 

PLEASE RETURN TH IS SHEET IN PERSON. THANK YOU. 

SIGNED: INTERVI EWED BY 

DATE: 
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APPENDIX H 

Respiratory Protection Manual 



"'· 

RESPIRATOR PROTECTION MANUAL FOR USE OF 
RESP I RAT ORS IN ATMOSPHERES cmnA IN ING 

RADIOACTIVE PARTICULATES 

MILLING OPERATIONS 

WESTERN NUCLEAR, INC. 
JEFFREY CITY OPERATIONS 
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I . INTRDDUCT 1 OI~ 
A. In accor dance with the provisions of 10 CF R, Part 20, Sectio n 

2 0 .1 0~, "Exposur es of I ndividu2l s to Co nce ntr ations of Rad ioactive 
Materi a ls in Air in Restr i cte~ Ar eas " , pa ragr aphs (c) throug n (e ), 
which perm i t li censees. to mak e a ll mJJ ance fo r th e use of respiratory 
protection in estimati ng exp os ur es of indivi dua l s to a ir borne 
ra dioact ive material and Section 5.5.5, "Re sp i rato ry Protect i on", of 
Wes.tern ~foclear·'s SUA-56 1 i cense application ; lJestern ~~uclear has 
in itiated a Respiratory Protect ion Program fo r th e purpose of 
utilizing the respiratci ry pr otect i on facto r s described i n t he U.S. 
Nuc l ear Regulatory Commi ssion Regulaor y Guide 8.15. 

Respirator y protective equ i pmen t is provi ded by Wes t ern 
Nucl ear and shall be used in accor da nce wi th the procedures 
set fo rth in this manual, when a i rborne rad i oact iv e 
materials or toxic materia l s exceed acceptable 
conce ntrations. The respirator program is admini stere d b v 
the Safety Department. 

II. RESPIRATORY PROTECTION POLIC IES AND RESPONSIBILIT IES 
A. Respirator Usage and Cert i f icat ion: 

Respirators will be used on ly for operations where i t i s not 
feas ib le to limit atmosp her i c contamin ati on by effect iv e eng i nee ring 
controls, until engin ee ring controls ha.v e bee n impl emented, or- in 
areas of h igh potent ia l exposure. Only approved or ce rtifi e d 
res piratory equipment i s pro vi de d. Resp i r at or ce rti f icat ion c~ 
app r oval is gr anted by t he National In stitute fo r Occupationa l 
Safet y and Hea l th CNIOSH) and t he Mine Safety and Health 
Admi nistration <MSHA>. 

B. Written Operating Procedures and RWP s ' : 
Written operating procedures are pro vi ded for routi ne 

ma i ntenance acti vi ties, while all non-ro ut i ne ma in tenance act ivi ties 
requi re t he i ssurance of a Radiation Wor k Perm it CRWP> which 
stipulates the radiation safety requirements. (See Attachme n t A) 
Resp i rator usage procedures are i ncluded in Section V of t hi s manual 
and must be followed by all employees using resp i ratory protection. 
If you are in doubt as to the need of an RWP or respiratory 
protection, please contact the Safety Department. An over exposure 
traceable to employee neglect because an RWP was not obtained O!" the 
proper resp i ratory protection was not acquired is a direct violaion 
of We s t e r n t~ u c 1 e a r s a f e t y p o 1 i c y an d s u b j e c t t o Hi e d i s c i p l i n a. r y 
action descr i bed in Western Nuclears' "Safety Rules And Regulatons 
For The Prevention Of Acc i dents In Milling Operations." 

C. Responsibilities -
Each employee is respons i ble for: 
l. Using the respirator issued to hi m in accordance wi th 

instruction and train i ng provided by the Safet y Department. 
2. Informing his Super v isor of any personal health problem that 

could be aggravated by the use of resp i ratory protect ion 
equ i pment. 

3. Using the resp i rator without mod i ficatio n . 
4. Report i ng any malfunctioning respirator to the Safet y 

Depa rtment. 
5. Us i ng only equipment for wh i ch he has bee n tra i ned and ca n 

obtain a satisfactory fit 
6. Checking the respirator fit each time it is donned. 
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7. Ret urning t he r es pi ra tor t o Safety at th e end of the j ob or 
s hi ft. 

Su per vi s or s a re respons i ble fo r : 
1. No t ifying t he Safet y Depa r t ment and obta ining a RWP whene ver it 

is necess ary for an emp loy ee to ente r an area i n whi ch airborne 
rad ioactive con tam i nants may exc eed acceptab l e standards. 

2. Enforc i ng the use of respirators i n situations that requir e 
respirator y protect ion . 

3. Consul t i ng the Safety Department for eval uation of e xp osure 
hazards when it i s suspected that airborne rad ioacti ve or toxi c 
contaminants could exceed acceptable s tandards. 

4. Notif ing the Safet y Dep artme n t of an y emp l oyee known to have an 
ac tive medical wo rk restr i ction and obta ining Safety Department 
clear ance for such emp loyee pr i or to assignment of a job 
re qui ring the use of r espiratory protect ion. 

The Safety Department is r esponsible for: 
1 . Providing necessar y respiratory equipment to protect the health 

of the employe es. 
2. Maintaining t he eq uipment in serv ic eab le conditi on. 
3. Fi tt ing emp l oyees wi th proper respirators and training them in 

the ir use. 
4. Radiat i on Wor·k Permit i ssuan ce ( see attachment A) . 
5. Measuring emp loyee exp osuresi monit or ing a i rborne rad ioact ivi t y 

con ce ntrations and eva l uating addit i ona l rad i atio n work hazards. 
6 . Rand om in spections of respira tor use. 
7, E:.tabl ishing and keep i ng rec or ds of the rr1ed ic a1 appro v a. 1 

requ i red. 

III. RESPIRATORY PROTECTI VE EQ UIPMENT SELECTION 
A. Resp ira tor Selec ti on: 

Se vera l d i fferent brancs of respirator y protect i ve eq uipm ent 
are avai l ab l e at th e Mi l l Safety Office. These respirators ha ve 
been chose n to fa.cili tate proper fitt ing and optimal use r 
pr·otection. 
Several factors govern respirator selection. These include: 
1. The nature and e xt ent of the hazard. 
2. Work requirements and cond iti ons. 
3. Respiratory equipment protection limits.. 
4. Ava i l ab ility of appro ved equipment. 
5. Facia l characteristics ( size, shape etc.). 
6. Skin reactions to the ma terial from which the respirator i s 

made. 
8. Res pirator Types: 

The types of respirators available for use are: Half-mask 
filter and cartridge respirators, full-face cartridge resp i rators, 
powered air purify i ng resp i rators with half or full face mas Ks, a i r· 
supp li ed respirators with half or fu ll face mask and self contained 
breat hing apparatus CSCBAs'). 

C. Protection Factors: 
The overall protection given by a respirator is defined as i ts 

pr·otection factor <P F) . Table 1 of NRC Regulation Gu i de 8.15 li sts 
the protection factors for each type of respirator. 

The PF is def ined as the rat i o of the conce ntrat i on of 
contaminant s outside the respirator to that inside the 
respirator under cond ition s of use. For example, the 
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c on t am i n an t c on c e n t r· a t i on i n s i de a h a 1f ma s k r· e s p i r a t or i s 
le s s th an 10% of that out si de t he r esp i ra t or and t hus ma y 
be used fo r prot ec ti on i n atmo sp he r es wi th a cont amin ant 
con ce nt r ati on up to 10 times t he pe rm iss i bl e expos ur e 
1 imi t. Whe n ca lcui at ing t he e>:pos ure of ind iv i dua i s 
wea rin g r espira t ory protec tion to ra d io ac t i ve mat eri als, 
the meas ured i n tak e of a ir bo r ne r ad ioact i ve con tami na nts i s 
d iv ided by the protec ti on fac t or t o dete rmi ne ac t ua l 
intake. Conse qu en tly, wh e n PF s were de velope d, l abora t or y 
tests we r e use d to det er min e the face to fac e pi ec e se a l 
l eakage rates f or a wide var i et y of equ i pme nt and fac ial 
size s. Therefor e, t he PFs may only be use d on t hose pe op le 
who are found to have a sat i s f actory f i t wi t h t he de v i ce 
they are v.1ear·i ng. (Attac hment 8 li sts the PFs fo r var ious 
types of masks. ) Empl oyees with fac i al char acter i s i cs t hat 
preve nt proper fitt i ng of on e type of resp i rator ma y be 
fitted wi th a d i ffe r en t br and. Empl oyees who ca nnot 
achie ve a proper fit wi th a ny ava il ab l e resp irat or wi ll not 
be allowed to enter an area which re qui res resp i ratory 
protecion. 

D. Air - Pur i fyi ng Respirators: 
Ai r-pu ri f yin g resp i rator s remove s pec i f ic gases, vapor s and/ or 

part i cul a t es f rom t he ambien t a i r to mak e i t s ui tab l e for br eat hing . 
Wi t h the exception of d i spos i bl e dus t mas ks , th e pu ri f y ing f i 1 te r s 
a r e moun t ed i n a f i lterho l de r or conta i ned wi t hin a car t ri dge whil e 
sor bents are cont ai ned in e i t her cartr i dg e s or ca ni ste r s . Pe ri od i c 
replaceme nt of f i l t ers, cartr i dges or can i s t ers as sur es cont i nued 
prc•tect i on . The two ma j or l imitations of a ir pu r·i f yin g r espir a t or s 
a.re ( 1 ) the y add no oxy gen to th e a i r and ( 2 ) t he deg r ee of 
protec ti on aga inst chemical vapors and gases i s go verned by the 
effic i ency of t he sorbant i n remov ing t hem. Ai r-p ur i f y in g 
r esp i rators may no t be used for protect ion aga in st any r ad i oac t i ve 
gases or vapors, but may be used fo r pro t ect ion aga inst airbc•r ne 
part iculates at concentrat ions wi th in t he allowab l e pr o tec ti on 
facto r s. 
1 . Ha l f-Mask Respirators: The half mask respirator is the most 

widely used, comfortabl y worn, and versatile resp i rator 
ava i lable . Half masks are furnished in styles ada pted to either 
nuisance dust prote c tion or radi onuclide part i culate and 
chemical gas or vapor protection. Ernp l o>·ees are to use only 
those brands and/ or styles with which they can obta i n a 
satisfactory fit and which are appropriate for the job. Each 
face piece i s suppl i ed with th e appropiate f ilter or cartridge 
depend i ng upon its intended use. 

2. Full - Face Respirators: Full - face masks prov ide more protection 
than half -masks because they usua l ly form a better face piece to 
face seal. They also provide eye protection in atmospher·es 
conta ining irritating chemicals or part iculates. 

3. Powered Air-Purif y ing Res pi rators: Powered a i r-purif y ing 
ful l - face or half-mask respirators provide mor·e pro t ection than 
regular full - face or ha lf-mask respirators, because they provide 
a cont i nuous pos i tive f l ow of filtered air <4 CFM ) to the face 
p iece. This causes a pos i t iv e pr essure inside t he face piece 
which s i gnificantly reduces leakage i nto the mas k . 

E. Air Sup pli ed Respirators: 
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Resp i rators supplied by a hose vJhich carr ies respir·able air 
from a source outside the contaminated area are def ined as "a ir 
supp li ed" respir·a.tors. The usual source of ai r is a. compressor from 
which the air passes through a f il trat ion system. The air powered 
resp i rators supplied at WNI are of either the half mask, full face 
or hooded type. Continuous f low face piece and hooded type 
respirators provi de even more protection than air powered 
resp i rators. Respirators of this type also have d i sadvantages in 
that the individual wearing the unit has limited mobility because of 
his attachment to a hose. 

F. Self Contained Breathing Apparatus: 
Self contained breathing apparatus CSC BAs ) provide the ultimate 

resp i ratory protection ava il ab l e. A SCBA consis t s of a harness 
mounted high pressure air supply ta nk, a doub le stage regulator, 
emergenc y regulator by - pass air supp ly system, a full face mask and 
related low and high pressure hoses. Legal SCBAs must be of the 
pressure demand type and must be operated in the "pr essure " mode. 
When operated in the "pressure" mode, SCBAs ' provide a constant 
pressure of approximate ly 3/4 of an ounce to the face piece. Sma l l 
leaks are effectively controlled by the pos i t i ve pressure forcing 
air out though the leak even when the individual wearing the 
apparatus inhales . 

IV. RESPIRATOR FITTING REQUIREMENTS: 
A. General F i tting Procedure: 

Every respirator wearer must be properly fitted before using a 
respirator for health protection. The fitting process includes: 
1. Tn·i ng different types and brands for comfor·t and sea.lability. 
2. Moving the head and face through various contorti ons while be ing 

smoke tested. 
a. Move the head up and down. 
b. Slowly moue the head from s ide to side. 
c. Breathe deeply 
d. Read a short passage aloud. 
e. FrolAJn. 
f. Sm i 1 e. 
g. Run in place. 
h. Resume normal breathing and recheck the seal. 

3. Being made aware of respirator and wearer 1 imitations. 
Employees will be fitted and tra in ed annually. The respirators 

will be returned to the Mill Safety Office after work is completed 
or at the end of the shift for maintenance and cleaning. 

B. Facia.l Cha r acter i st ics: 
Fac i al characteristics will be observed for abnormalities i,..1hich 

may prevent proper respirator fitt ing. During each annual 
training/fitting session, additional scars or other facial 
deformaties affecting respirator fit should be observed and 
recorded. 

C. Respirator Fit Limi tations: 
The following ltems wi l 1 cause respirator leakage and are 

therefore forbidden practices: 
1. Individuals required to we ar a respirator will not chew gum, 

sunf l ower seeds, tobacco or any other food while wearing a 
respiraor. 

2. Individuals will not wear respirators unless they are clean 
shaven. 
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3. Do not place respirato r straps across the outside of a hard hat. 
4. Goggles may be worn whi l e wearing a half mas k respirator only; 

and then only if the wearer can maintain a proper seal. 
5. Do not attempt to wear glasses inside a ful l face rec.:.p i r a tor 

unless the y are speciall y mounted i ns i de the face mask. 
6. Ind ividuals who wear dentures when they are f i t tested must wear 

the dentures a t all t imes while we ar ing a resp irat or. 

V. TRAINING 
A. Training Procedure : 

Every employee who ma y have to wear a respirator fo r heal th 
protect ion must be t rained in the use of the resp irator and it's 
limitati ons . Training i s conducted annua lly as follows: 
1. The tra iner displays each type of respirator, explains the 

fu nction of its components and th e problems assoc iat ed wi th i ts 
use and/or malfunction. 

2. Each tra i nee is then allowed to i nspect t he various respirator 
types. 

3. The trainee i s in structed in the methods of donn i ng and 
ad jus tin g the respirators and is smo ke teste d as described in 
Section IV <the Respirator Fitting section) of this manual. 

4. Em ployees are shown how t o test the respirator for l eaks us i ng 
the positive and negative pr essure fi t testing method. 

5. Protection f actors for eac h respir a tor type are described along 
with the respirator<.: lim itation s. Em ployees are admon i shed to 
leave the area requiring respiratory prot ec t i on if they 
exp e rien ce any problems. 

6. The l ast phase c•f t he training i s directed t01 .. vard dic.:.cussing the 
routin e uses of each rec.:.pirator at the Split Rock Mill. 

B. Tra ini ng Administration: 
Training will be conduc te d and recorded by t he Safety 

Department for all employees who must wear re sp i rators. <See 
Attachment C) 

VI . ME D I CAL APPRO'-.JA L 
A. Medical appr·ova l is requ i red for anyone who needs or ma:" have the 

need to wear a respirator. Th i s approva l must be gi ve n on an anr. uai 
bas i s. <See Attachment C) 

VII. OPERATING PROCEDURES FOR RESPIRATORY EQ UIPMENT 
This procedure outlines the safe use of respiratory equipment when 

breathing hazards may exist. Since air pur i fying respirators do not in 
any way provide add it ional oxygen or en hance t he air supply, <other than 
remov i ng limited amounts of contaminants ) they are not approved for use 
i n situat i ons immediately hazardous to life or health. Western Nuclear 
provides Self Contained Breath i ng Apparatus for use in these s itu ations. 
A. Air-Purify i ng Half-Mask Resp ir ator: · 

1. General - Th i s type of respirator can be used for protect ion 
against low concentrations of toxic vapors, gases and 
part i cu lat es. (Concentrations no greater than 5 t imes the 
maximum permissable conce ntr ation <MPC).) Safet y De partment 
personnel wi ll select the proper cartridge fo r each job 
applic ation. 

2. Limi tat ion s - This resp i rator does not suppl y a i r and so is no t 
for use in an oxygen deficient atmosphere. Respirators are used 
only for prot ect ion again s t the contaminants li sted on the 
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car t ri dge . The we ar er must le av e th e a r ea imm ed i ate ly i f t he 
gas or vapor ca n be de t ec t ed ins ide the mask or i f br eat hing 
becomes d i f f ic ult. Con t act lense s ma y no t be wor n wh i l e we aring 
any t ype of resp ir at ory prot ect i on. Ha lf mas k re sp i rato r s wil l 
not be wo r n in t he ye ll ow ca ke room for more t han t h irt y (30) 
minutes pe r shift. 

NOTE: Each r esp i rator use r ma y leave the area at an y time f or 
r e 1 i e f f r om r e s p i r a t or u s e i n t h e e v e n t of r e s p i r a t or 
malf un ct ion, ph ys ica l or psychlog ica l d istress , procedura.l or 
communication fa i lure, s i gnif ica nt deteriorat i on of oper a t in g 
cond i tions or any other cond i tion that might require suc h 
re li ef. 

3. Don nin g the Mask -
a. Use a brand of mask that f i ts well. 
b. Hold the mas k so that the narrow nose cup po ints up. 
c. Grasp both lower straps and hook behind t he neck. 
d. Grasp both top straps and hook behind top of the head. The 

top straps must fit above the ears for prope r fit. 
e . Adj u s t t h e s t r a p s so t h e f i t i s s n u g , bu t c om f or t a b i e . 
f. Chec k for lea ks by covering t he f il ter elements wi t h pa lm of 

hand and i nhale gently. l f the mas ~ i s pull ed toward the 
face, the f i t is good. 

g. Chec k t he seal vJi t h a qua l ita tiv e smo ke test wh i le movin g or 
contor ting t he head and face. If t he emp loy ee ca n sme ll t he 
sm i:i k e , t h e f a c e p i e c e mu s t be adj u s t e d a n d sm o I< e t e s t e d 
aga. i n, 

h. The mask s hould hang by the top straps around the users neck 
when not i n use. If the mask is hung by the bottom straps, 
it will be in a pos i tion to catch radioactive dusts and 
mater i als. 

8. Full-Face Mask Respirator: 
1. General - Full-face masks are used with air-p urifying ca r tr i dges 

or can i sters. No protection factor is applicable fc•r can i ster­
usage, hm·Jever fu ll face resp ir ator·s equ i pped wi th rad i on ucl ide 
cart ri dges pro vi de protect ion in atmospheric concentrations up 
to 25 t imes MPC. 

2. Lim i tations - Do not wear with standard eyeglasses that 
interfere with t he face to mask seal. Obtain special glasses 
from the Safety Department. Contact lenses may not be worn 
while wearing any type respiratory protection. <See half mask 
sect ion l i mi tat ions.) 

3. Donning the Mask -
a. Loosen all straps, pull the harness over the face shield. 
b. Place the chin against the chin cup and position the mask 

against the face. 
c. Pull head harness back over the face shie l d and down c•n the 

bacl< of the head until the harness is free. 
d. Tighten the harness gentl y , beginning with the lower, then 

middle and f inally the top straps. 
e. Check the fit by clos ing off the air hose or caniste r 

ope n ing with the palm of you r hand and inhale gently. Ho l d 
you r breath for 5-10 seconds. A good fit is indicated i f 
the mask remains collasped toward the face while hold ing 
your breath. 

f. Check the seal wi th a qualitative smoke test. If smoke can 
be detected, the un i t must be adjusted to obta i n a better 
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sea l and re-tested. 
C. Ai r-Purif yi ng Powered Ha l f-Ma sk Res p ira t or: 

1 . Air-Puri fy i ng powered resp i rators ar e used wi th hig h eff i c iency 
cartr idges whic h provi de protect ion agai ns t a i rborne 
radionuc l ides in conce ntrat ions up to 50 0 t im es MPC. They 
cannot be used in atmospheres contain ing to xi c chem ica ls. <See 
sections on half-mask and/ or fu l l-f ace mask for other 
limitat ions.) 

2 . Only a i r pur i fying powered respirators wil l be wo r n by the 
ye 11 ow cake pacl<ag i ng opera tor or i nd i v i dua. l s whc• w i 11 be in t he 
pac kag i ng room for more tha n thirt y min utes per sh i ft. 

3. Donning the Mask -
a. Fasten the battery pack and blower wi th h i gh eff icie nc y 

cartridges around wa ist using the belt pr ov ided. 
b. Two half mas k face pieces are avai l able. One has the air 

hose hose connection on the bottom of the face p iece, the 
other connects to the hose from the side. 

c. Don the mask as outlined under the "A i r Purify i ng Half Mask 
Respirator Donning Procedure" or "Full Face Mask Donn i ng 
Procedure" as applicable. 

d. Select the face piece that you feel most comfortable wi th 
and adjust the battery pac k and blower so the hose is not 
bent, kinked or pull i ng aga inst the fa.ce p i ece. 

e. Make sure all hose connections are ha nd t i ght. 
f, Check the seal by disconnecting the breathing hose and 

sea l ing the hose aga i nst the palm of the hand. The 
respirator should pull tight against t he face for 5- 10 
:.econd:. i f the seal is good. 

g. Turn the blower on and reconnect the hose. Check the 
blower-./filter unit a.nd face piece seal l.oJ i th ir·ritant smoke. 

D. Full Face Ai r Powered Respsirators: 
1. Ai r powered respirators equ i pped wi th a full face piece are used 

when protection of the eyes or face i s des i rab l e or whe n a 
proper face piece sea l can not be obta in ed wi th a ha l f mask air 
powered respirator. Other than the above advantages, a ful l 
face piece provides no additional protect i on. 

2. Donning The Mask -
a. Don the mask and related equipment described in Sect i ons 

VII. B. 2 & 3 of "Operating Procedures For Respiratory 
Equipment". 

b. Check the seal as described in Section VII. B. 3. e & f. 
c. The limitations described in Section VII. A. 2 of "Operating 

Procedures For Respiratory Equipment" also apply to full 
face air powered resp i rators. 

E. Air Line Respirators: 
1. Air· line respirators provide protection against both toxic 

chemicals and respirable particulates. Since the air supplied 
to air 1 ine respirators must be free of contamination, the 
source from which the air i s drawn must be located outside of 
the contaminated area. Ai r line respirators are not used in 
situations immediately hazardous tc• 1 ife or health since they 
have no bu i 1 t in back up s ystem. 

2. Western Nuclear has two types of air line supply systems: 
a. Wilson Ambient Air Breathing Apparatus <AABA): 

This un i t should be used during maintenance act i vities 
requiring a high degree of protect ion, such as roaster 
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maintenance. Half mask or full face respirators ar e 
provi ded for use with this unit. Compressed ai r powers a 
sm a 1 l c om p r e s so r w h i c h i n t u r n p r o v i de s t h e a i r s u p p l i e d t o 
the resp i rator ( s). 

Ai r· must be supplied at a constant rate of four (4) 
cubic feet per· minute < CFM) . The AABA operates from the 
mi 11 compressed air system and should be supplied vJi th air 
at between 60 and 100 psi with a minimum of 84 CFM. The 
manifold pressure guage for a.i r supp l ied to the respirators 
should be set a 11 psi. While the unit has three C3 ) hose 
outlets and 300' of hose, no more than 100' and no less than 
50' of hose should be used with each single respirator unit. 
The hose s i z e i s 3/ 8" i d . 
Cl) Half mask respirators provide protection in atmospheres 

up to 500 times MPC, while full face respirators 
provide protection in atmospheres up to 1000 times MPC. 

(2) The fitting and training requirements listed in 
Sections IV and V of this manual concerning fitting, 
testing and donning half and full face respirators 
appl>' to using air supplied respirators. 

b. Sand Blast i ng Helmet 
The sand blasting unit is equipped wi th an MSA Blastfoe 

abrasive helmet and shroud which cover the head and torso of 
the operator. The helmet should be equipped with no more 
than fifty <50 ) feet of supply hose. The inlet pressure to 
the supply hose should be regulated at between 12 and 20 
psig which will supply the wearer with 12 cubic feet per 
minute CCFM) of air. 
(1) All conditions of respirator issuance apply to the 

blastfoe helmet. Since sandblasting equipment is 
subject to extreme punishment, the integrity of the 
shroud/hood assemb l y should be checked often. 

(2) Fit testing will involve adjusting the helmet to the 
operators head and checking the seal with a smoke tube 
wh i le i t is in opera t ion. 

(3) The oil/water mist filter should be changed when the 
inlet pressure drops below 12 psig. 

F. Self Contained Breathing Apparatus: 
During emergency entry, when there is usually neither time nor 

opportunity to evaluate the degree of possible exposure, only 
self - contained breathing apparatus <SCBA> in the pressure demand 
mode s hould be used. SCBAs are the only respiratory equipment 
approved for use in atmosph eres that may be immediately hazardous to 
1 ife or health and only those employees trained in the use of SCBAs 
are authorized to use them. 

Employees using SCBAs' will operate only in pairs with at least 
one other person wearing a SCBA to back up the pair engaged in the 
emergency operation . Only certified individuals will perform 
maintenance on SCBAs'. 

VIII. RESPIRATOR MAINTENANCE PROCEDURE 
Introduction: 

Proper hygienic procedures require that respirators and respirator 
filter cartridges issued for use in airborne radionuclide environments 
are surveyed for alpha surface contamination and checked for maintenance 
of proper air flow daily. The entire respirator must also be cleaned 
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and sanitized week]:.' , Th i s procedure CIJi ll minim i ze the poss ibili t y of 
breath i ng radioacti ve surface co ntami nation into the lungs, ensure that 
the user has an adequate supp ly of a i r, e limi nate the difficulty of 
breathing a.cross a large pressure drop a.nd minimize the possibilit y of 
entra in ing infections viruses or bacter i a in the respirator unit. 

The present respiratory protection program r·equ ires that WNI 
ma intain a minimum stock of respirators in order to supply eac h 
individual needing respiratory protection. 

Maintaining Issued Respirators: 
1. At the end of each sh i ft the respirator must be returned to the 

safet ;.' office. 
2. Remo ve the respirator cartridges and chec k the pressure drop across 

t he cartridge. If the pressure drop i s abo ve MSA spec ifications the 
cartridge must be discarded. The cartr idge must also be discarded 
when spiattered with yellow cake or if both cartridges comb i ned have 
removab l e surface contam ination above 10 0 dpm/100cm2* , 

3. Wipe the respirator in side and out with a 2.5 cm paper f ilter . 
Count the filter for one (1) minute. If the calculated dpm i s above 
100, the respirator must be washed and sanit i zed.* 

4. Place in respirator bag and seal. 
5. Record t he results of the s1 . .o,1ip e sampl ing and cartr idge check on the 

resp irator issuance form. The respirato r must be smoke tested when 
it is re- i ssued. 
*See "Remova.ble Alpha Radiat i on Sampling" procedur·e. 

Respirator Cleaning & Sanitizing: 
1. Place all used respirators in a covered container. 
2. Before washing the respirator remove the head yoke and unsnap the 

head band straps. 
3. Allow the washing machine to fill and rinse with hot water. 
4. Fill the washer about 2/3 full with resp i rators and parts. F ill 

the washer with warm water and add one package of respirator 
sanit i zer per gallon of water ( approximately 6 packages). 

5. Rinse the respirators in warm water. 
6. After removing the metal head band yokes, place the respirators in 

the dryer on low heat and dry them for 60 minutes. 
7. Remove the r·esp i ra tors from the dryer p 1 ace them in a su i tab1 e 

container and bring them back to the office. 
8. Many small parts <particularily valves) come free from the 

respirator during washing and drying. Therefore care must be taken 
to insure their removal from the washer and dryer. 

9. Assemble the respirator as follows: 
A. Replace missing inhalation valves. 
B. Replace missing cartridge gaskets. 
C. Mount the head band yoke on the respirator <use correct size). 
D. Snap head band straps with D-rings on the top and bottom of the 

head band yoke (on the left side of the yoke with the 
respirator in the donning position). 

E. Snap a short clasping strap on the right bottom of the yoke, 
and a long clasping strap on the right top of the yoke. 

F. Double check to make sure no valves or gaskets are missing and 
that no internal sediment will interfere with valve or gasket 
sealing. 

G. Screw radionuclide cartridges into each respirator. 
10. Do a swipe survey on 10% of the washed respirators. When any 
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r e 5. p i r a t or Sl'-' i p e i s ab o v e an a c t i on 1 e v e 1 of 6 0 d pm , a 1 1 t h e 
respira tors in the batch wh ich were washed together will ha ve to be 
swip e s urveyed. Any respirators that exceed the action l evel of 60 
dpm must be recleaned. 

11. Write a serial number on t he yoke of the respirator. 
12. Place each respirator in a respi rator bag. Write t he date, name of 

the person prepar in g the respirator and surve y results or the 
outside of the bag and seal i t with a wir e t i e. 

Respirator Inventory : 
1. Western Nuclear, Inc. mainta in s a min imum stock of te n new Comfo II 

respirators at the mill warehouse and s ix at the mine. 
2 . A mo n t h l y i n v e n t or y c h e c K 1 i s t i s p r o v i de d f or o t h e r t y p e s of 

resp i rators and spare parts. <See Attachment E> 

IX. RESPIRAT ORY PROTECT I ON FILTERS, CARTRIDGES ANO CANISTERS 
Introduct ion : 

Western Nuclear provi des a wide variety of f ilter, sorbent and 
combination filter/sorbent cartridges. These cartridges ar e used on 
half-ma5.k or full face respirators i n atmospheres no t immediat e l y 
danger·ous to li fe or health. The cartridges do not pro vi de ox>' gen or in 
an y other way enhance the air be in g breathed. They do however, filter 
out airborne particulates <w i th in the limits specif ied by the 
respiratory pr otect ion factor·s ) a nd~ wit h in t he l imits specif i ed on the 
cartri dges, t hey remove toxi c gases, and organic vapors. Only t hose 
cartr· idges classif ied as radionuclide particulate f il ters are used in 
environments containing airborn e rad ion ucl ides. The types of cartridges 
ava il able are listed as follows: 
A. Cartr idges: 

TYPE OF CARTRIDGE CONTAMINENTS REMOVED 

Rad i onuc l i de Type H 

Chem ic al Cartridge Type GMD 

Chemical Cartr idge Type GMC 

Chemical Cartridge Type GHP 

Radionuc lide/Chemi cal Cartridge 
Combination Type GMB-H 

Radionuclide/Chemical Cartr i dge 
Combination Type GMD-H 

Chem ical Ca r tr idge Type GMB 

Rad ion ucl ide/Chemical Cartr i dge 
Combinat ion Type GMC-H 

Radioactive part iculates, dusts, 
fumes & mists 

Ammonia and me thyl am in e 

Acid gases & organic vapors 

Pesticides <but not fumigants) 

Acid gases, dust, fumes, mists 
and radionucl ides 

Ammonia, Methylamine, radionu­
cl ides, dusts, fumes & mists 

Acid gases 

Organ i c vapors, dust, mists, 
fumes & radionucl ides 

The Safety Department will decide, at the time of respirato r 

issuance, which type of cartr i dge is appropriate for use i n the 

H-11 



indi cated environmen ts. Under certa in c ir cumstance s a gas samp l e ma y 

even be requir ed before respirator issua nce. Detection of the gas 

contaminant within the r espira tor i s an indication that: 

1. The respirator is malfunctioni ng. 

2. The sorbent mater i al within the cartridge is loaded to capac ity . 

3. The conc entrat ion of the contaminant gas exc eeds the capacity of t he 

cartr idge to remove it. 

The employee using the respirator shou l d therefore leave t he area 

immediately and notify the Safety Department which will conduct an 

i nvestigation into the reason for the occurance. 

8. Canisters: 

Western Nuc l ear provides gas mask ca ni sters for protect i on 

aga inst less than 3% ammonia. Though caniste rs are available for 

protection aga in st other chemicals and radionucl i des, ammonia 

canisters are the only canister presentl y available at the Sp lit 

Roe k Mi 11 • 

X. BI OASSAY 

A. Ur i ne Samples: 

Urine samples are required to be submitted by each individual 

who works within the mill. Depending upon the type of job 

performed, these samples are required monthly, bi-weekly or weekly. 

Special circumstances may even require that the urine samples be 

taken daily for a period of time. The results of this sampling are 

used to measure the exposure to ingested soluble uranium compounds. 

<See the Bioassay procedure ) 

Revised 3/5/85 - C.P. - s.w. 
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ATTACHMEhlT A 

RADIATION WORK PERMIT 

Date & T ime Started: 

Date & Ti me Completed: 

Nature Of Work To Be Performed: 

Protective Equipment Issued: 

Record of Radiat ion Surveys Performed Pri or To & During Ma intenance Act ivity : 

Precautions To Be Take n During Maintenance Activity: 

Comments: 

I <We) understand the hazards involved and the precautions to be observed wh il e 
performing the above operations: 

The individuals li sted above have been cleared by the Rad iat i on Safet y Officer 
or h i s designate to perform the maintenance act ivity at the listed locat i on. 

Radiation Safety Officer Date Time 
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TABLE 1 
PROTECTION FACT ORS FOR RESPIRATORSA 

PROTECTION 
FACTORS 

ATTACHMENT 8 

SELECTION OF 
TESTED & CERTIFIED 

EQ UIPMENT 

DES CR I PT i m~ MODES 

PARTICU­
LATES 
ONLY 

PARTICULATES, 
GASES & VAPORS 

BUREAU OF MINES 
NIOSH APPROVALS 

I. AIR-PURIFYING RESP. 
Facepiece, half maskF NP 
Facepiece, fll NP 
Facepiece,half-masK, 
full or hood 

II. AIR SUPPLY RESP. 
1. Air-i ine f"espirator 

Facepiece,half-mask CF 
Facepiece,half-mask D 
Facepiece, full CF 
Facepiece, full D 
Facepiece, full PD 
Hood CF 
Suit CF 

2. SCBA 
Facep iece, ful J 
Facep iece, full 
Facepiece, full 

D 
PD 

R 

III. COMBINATION RESPIRATOR 
Any comb ination of air­
& atmosphere-supplying 
respirators 

10 
50 

1000 

1000 
10 
2000 
50 
2000 
2000 G 

H 

50 
10,000J 
50 

Protection factor for 
type & mode of opera­
tion as l isted above 

30 CFR PT. I I K 

30 CFR PT. I I J 

I 

30 CFR PT. I I I I 

30 CFR PT. I I 
& I I • 63 < b) 

AFor use in the selection of respiratory protective devices to be used 
where the con tam i nan t has been identified and the concentrat ion (or possible 
concentration) is Known. 

BOnly for shaven faces and where noth ing interferes with the seal of 
tight-fitting facepieces against the skin. <Hoods and suits are excepted.) 

CThe mode symbols are defined as follows: 
CF= cont inuous flow 
D = demand 
NP= negative pressure (i .e., negative phase dur ing inhalation) 
PD= pressure demand Ci .e., always positive pressure) 
PP= positive pressure 
R =demand, recirculating <closed circuit) 

01. The protection factor is a measure of the degree of protection 
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afforded by a r esp irator, defined as the r at io of th e concentration of 
a i rbo rn e radioactive mater i al outside the r espir a tory protective eq uipment 
to th at inside the equipme nt (usually inside the facepiece) under 
condit ions of use. It i s applied to the ambient a i rborn e conce ntrai on to 
est ima t e the concen tration inhaled by t he wearer accordi ng to the 
f o 11 o~~ in g f ormu 1 a: 

Co nc entration Inhaled= Ambient Airborne Concentrat i on 
Protect i on Factor 

2. The protect ion factors apply: 
(a) Only for trained in d ivi duals wearing properly f itted respir a tor s used 

and maintained under super vi s ion in a we ll - plann ed respirator y 
protective program. 

Cb) For a ir -purify i ng respirators only when high effic ie ncy par t i culate 
filters <above 99.97/. removal effic i enc y b;- thermally generated 0.3 
um dioctyl phthalate <DOP> tes t) are used in atmospheres not 
def i cient in oxygen and not conta i n ing radioactive gas or va por 
resp i ratory hazards. 

(c) For atmosphere-supply in g resp i rators only when su ppli ed with adequate 
resp i rable air. 

FLJnde r -chin type only . Thi s type of resp i rator is not sa ti sfactory fo r use 
where i t might be possible ( e.g., if a n acc i dent or emerge ncy we re to occ ur) 
fo r the ambient a i rborne concentrat i on to reach in stantaneous va lu es gr eater 
t han 10 times the pertinent values i n Tab l e 1 1 Column 1 of Append ix B to 10 
CFR Part 20 1 "Standards for Protection Against Radiation". This type of 
respirator is not suitable for protection aga in st p l utonium or other 
high-tox icity materials. The mask is to be tested for f it with irri tant 
smoke, pr ior to use, each time it is donned. 

GThe des i gn of the suppl ied-air hood or helmet (wi th a mi nimum flow of 6 
cfm of a i r) may determ i ne its overal l eff iciency and the pr otect ion it 
provi des. For example, some hoods aspirate contam inated a ir into the 
breathing zone when the wearer works with hands-over-head. Such aspiration 
may be overcome if a short cape-1 ike extent ion to the hood is worn under a 
coat or coveralls. Other limitations specified by the approval agency must be 
considered before using a hood in certain types of amospheres <see footnote 
h). Manufacturers' recommended pressure settings for the air supply cannot 
always be relied on to ensure a minimum 6 emf air flow. Equipment must be 
operated in a manner that enures proper flow rates are maint i ned. 

HAppropriate protection factors must be determined, taking into account the 
design of the suit and its permeabili ty to the contaminant under cond i tions of 
use. 

INo approval schedules are currently available for th i s equipment. 
Equipment is to be evaluated by testing or on the bas i s of reliable test 
information. 

JThis type of resp i rator ma y provide greater protection and be used as an 
emergency device in unknown concentrations for protection against inhalation 
hazards. External radiation hazards and other limitat ions to permitted 
exposure such as skin absorption must be taken into account in such 
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circumstances. 

NOTE 1.: Protect i on factors for respirators, as may be approved by the U.S. 
Bu r e au of M i n e s./N a t i on a 1 I n s t i t u t e f or · Cl c c u p a t i on a 1 Sa f e t y an d He a 1 t h ( N I 0 SH ) 
accord ing to app 1 i cable approva 1 s for respirators to protect against a irborne 
radionucl ides, may be used to the extent that they do not exceed the protection 
factors 1 i sted in th is table. The protection factors 1 i sted in this table may 
not be ap pr opr ia te to circumstances where chem i ca l or other respiratory hazards 
exist in addition to radioactive hazards. The select ion and use of respirators 
for such circumstances should take into account applicab l e approvals of the 
U.S. Bureau of Mines./NIOSH. 

NOTE 2: Radioactive contaminants for wh i ch the concentration values i n Table 
of Appendix B to 10 CFR Part 20 are based on internal dose due to inhalation 
may, in addition, present external exposure hazards at higher concentrations. 
Under such circumstances, 1 imitations on occupancy may have to be go ve rned by 
external dose limits. 
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WE ST ERN NUCLEAR, INC. 

RESPIRATOR TRAINING AND FITTI NG 

NAME EN 

has been medical ly approved to use the fo l l owin g respirators: 

Hal f-Mas ks 

Full-Face Masks 

Air Li ne Equipme nt 

SCBA 

SIGNED DATE 

ATTACHMENT C 

The above named employee has been trained and f i tted and i s approved to use the 

following respirators: 

Half-Masks 

Full-Face Masks 

Ai r Line Equ ipment 

SCBA 

SIGNED DATE 
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ATTACHMENT D 

RESPIRATOR ISSUANCE RECORD 

1. 

2. 

3. 

4. 

5. 

fol l owing respirators: 

Half Mask 

Powered Air Purifying 
Ful l or Half Mask 

Date Issued I ~. s u ed Bv 

have been i nssued the 

Full Face Mask 

Air Supplied with Full or 
Ha 1 f Mask 

Resp ir a tor Survey 

I have been 
smok e tested 

100 dpm/100 cm2 
removable alpha ( ) 

This respirator is issued for a maximum of five (5) days and must be returned 
to the Safety Department at the end of each shift for alpha survey and cartridge 
checl<. 

This cartridge <type) has a maximum allowable pressure drop 
of mm water and had the fo 11 owing pressur·e drop ( s) on the 1 i s ted 
issue dates: 

Pressure Drop: 1. 2. 3. 4. 5. 

Comments: 

Hi 11 RSO --------------
Signature 
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RESPIRATOR MAINTENANCE PROCEDURE 

INTRODUCTION: 
Proper hygien ic procedures require that respirators and respirator filter 

cartridges being is.sued for use in airborne radionuclide en v ir·onments ar·e 
surveyed for alpha surface contamination and checked for maintenance of proper 
a ir flOl.tj daily. The entire respirator must also be cleaned and sanitized 
week l y. This procedure l>Jill minimize the possibility of breath i ng radioactive 
surface contamination into the lungs, ensure that the user has an adequa t e 
supply of air without the ill health effects assoc i ated wi th breathing across a 
large pressure drop and minimize the possibilih' of entraining i nfectious, 
viruses or bacteria in the respirator unit. 

Th e p r e s e n t r e s p i r a t or y p r o t e ct i on p r o gr am r e q u i r e s t h a t WN I ma i n t a i n a 
minimum stock of respirators in order to supply each i ndiv i dual need i ng 
resp i rator protection. 

MAINTAINING ISSUED RESPIRATORS: 
1. At the end of each shif t the respirator must be returned to the safety 

off i ce. 
2. Remove the respirator cartridges and check the pressure drop across the 

cartridge. If the pressure drop is above MSA specifications the cartridge 
must be discarded. The cartridge must also be discarded when spla t tered 
with yellow cake, or if both cartridges combined have removab l e surface 
contamination above 100 dpm/100cm2•, 

3. Wipe the respirator inside and out with a 2.5 cm paper filter. Count the 
filter for one ( 1) minute . If the calculated dpm is above 100, the 
respirator must be washed and sanitized.• 

4. Pl ace in respirator ba.g a.nd seal. 
5. Record the res.ults. of the swipe sampling and cartridge check on the 

respirator issuance form. The resp i rator must be smoke tested when it is 
re-issued. 

*See swipe sample procedure. 

RESPIRATOR CLEANING & SANITlZING: 
1. Place all used respirators in a cover ed container. 
2. Before wash i ng the respirator remove the head yoke and unsnap the head 

band straps. 
3. Allow the washing machine to fill and rinse with hot water. 
4. Fill the washer about 2/3 full with respirators and parts. Fill the 

washer with warm water and add one package of respirator sanitizer per 
gallon of water <approximately 6 packages). 

5. Rinse the respirators in warm water. 
6. After removing the metal head band yokes place the respirators in the 

dryer on lot>J heat and dry them for 60 minutes. <Care should be taken to 
remove small respirator parts from the washer, such as values. ) 

7. Remove the respirators from the dryer (again being careful to get all the 
small pieces) and place them in a suitable container to bring them bacK to 
the office. 

8. Assemble the respirator as follows: 
A. Replace missing inhalation valves. 
B. Replace missing cartridge gaskets. 
C. Mount the head band yoke on the respirator (use correct size). 
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D. Snap head band straps with D-rings on the top and bottom of the head 
band yoke Con the left side of the yoke with the r espir ator in the 
donning pos i tion). 

E. Snap a short clasping strap on the right bottom of the yoke, and a 
long clasp ing strap on the right top of the yoke. 

F. Double check to make sure no valves or gaskets are missing and that no 
internal sediment wi ll interfere with valve or gasket sea li ng. 

G. Screw radionuc lide cartridges into each respirator. 
9. Do a swip e survey on 10% of the washed respirators. If an y resp ir ator 

surveys at or above an action level of 60 dpm, a ll the respirators in this 
batch will have to be swipe surveyed. Any respirators that exceed the 
actio n level of 60 dpm must be recleaned. 

10. Write a serial number on the yoke of the respirator. 
11. Place each respirator in a respirator bag. Write the date, name of the 

person preparing the respirator and sur vey results on the outs ide of the 
bag and seal it with a wire tie. 

RESPIRATOR INVENTORY: 
1. IAlestern Nuclear, Inc. maintains a min im um stock of ten new Comfo II 

respirators at the mill warehouse and six at the mine . 
2. A monthly inventory check list is provi ded for ot her t ypes of respirators 

and is added to the end of this procedure. 

Revised 4./6./84 
Re vi sed 2/7/85 - S.W. 
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I. Estimated Dismantled and Compacted Volumes of Mill and Other 
Support Facilities 

1. Old Crusher 

Dimensions: L = 65' 
w = 25' 

L = 38' 
w = 20' 

Ht = 35' 

Wall Siding: 2 x 65 x 35 + 38 x 35 + 45 x 35 + 25 x 35 

+ 20 x 35 = 9,030 ft2 

Roof: 65 x 27 + 38 x 22 = 2,591 ft2 

Sub-total = 11,621 ft2 

Assume thickness of compacted roofing and siding sheet 
metal is l" 

Dismantled Volume = 11,621 x 1 = 968 ft3 
IT 

Gross Volume = 65 x 25 x 35 + 38 x 20 x 35 

= 83,475 ft3 

Net volume occupied by erected contents = 30% of Gross Volume 

= 0.3 x 83,475 

= 25,042 ft3 

Dismantled Volume = 50% of Net Volume 

= 0.5 x 25,042 

= 12,521 ft3 

Total Dismantled Volume = 968 + 12,521 

= 13,489 f t3 

Rounded = 14,000 f t3 
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2. Acid Plant 

The following components of the acid plant will remain onsite 
and will be WNI's responsibility to dismantle and bury the 
remaining plant. 

(i) System Tanks and Storage Tanks: 

2 tanks, each 36' diameter and 18' high 

Erected Volume= 0.7854 x (diameter)2 x height 

= 0.7854 x (36)2 x 18 

= 18,321 ft3 

Volume of 2 tanks = 2 x 18,321 = 36,642 ft3 

1 tank, 12' diameter and 8' high 

Volume= 0.7854 x (12)2 x 8 = 905 ft3 

1 tank, 12' diameter and 15' high 

Volume= 0.7854 x (12)2 x 15 = 1,696 ft3 

Sub-total Erected Volume = 39,243 ft3 

Dismantled Volume = 10% of Erected Volume 
= 3,924 ft3 

(ii) Absorbing Tower & Drying Tower: 

(iii) 

2 tanks, each 10' diameter and 22' high 

Volume= 2 x 0.7854 x (10)2 x 22 = 3,455 ft3 

Water Cooling Unit = 15' x 15 I x 20' = 4,500 

Sub-total = 7,955 f t3 

Dismantled Volume = = 0.10 x 7,955 
= 796 f t3 

Sulfur Tank 

1 tank, 25' diameter and 18' high 

Volume = 0.7854 x (25)2 x 18 = 8,836 f t3 

Sulfur Furnace 

1 tank, 8' diameter and 20' high 

Volume = 0.7854 x (8) 2 x 20 = 1,005 f t3 
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Sulfur Pit 

Container measuring 24' x 5' x 6' = 720 ft3 

Sub-total = 8,836 + 1,005 + 720 = 10,561 ft3 

Dismantled Volume = 0.10 x 10,561 = 1,056 ft3 

(iv) Acid Plant Building & Connected Structures 

Gross Volume = 40' x 25' x 20' = 20,000 ft3 

Dismantled Volume = 20% of Gross Volume 
= 0.20 x 20,000 = 4,000 ft3 

(v) All other miscellaneous parts, pipes, and junked 
structures are estimated to have a dismantled volume of 
approximately 5,000 ft3 

Total Estimated Dismantled Volume for Acid Plant 

= 3,924 + 796 + 1,056 + 4,000 + 5,000 = 14,776 ft3 

Rounded = 15,000 ft3 

3. Electric Shop 

Dimensions: L = 64' 
w = 27' 

Average Height = 16' 

Wall Siding: 2 x 64' x 16' + 2 x 27' x 16' 
= 2,912 ft2 

Roof: 64 x 28 = 1,792 ft2 

Sub-total= 2,912 + 1,792 = 4,704 ft2 

Again, assume thickness of compacted roofing and siding 
sheet metal is 1 inch. 

Dismantled Volume= 4,704 x 1 = 392 ft3 
IT 

Gross Volume= 64 x 27 x 16 = 27,648 ft3 

Net Volume Occupied by Erected Contents 
= 10% of Gross Volume 
= 0.10 x 27,648 = 2,765 ft3 

Dismantled Volume = 50% of Net Volume 
= 0.50 x 2,765 = 1,382 ft3 

Total Dismantled Volume= 392 + 1,382 = 1,774 ft3 

Rounded = 2,000 ft3 
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4. Reagent Warehouse 

Dimensions: L = 100' 
w = 42' 

Average Ht. = 22' 

Siding: 2 x 100 x 22 + 2 x 42 x 22 = 6,248 ft2 

Roof: 100 x 44 = 4,400 ft2 (Allowing 2 ft of extra width 
for sloping roof) 

Sub-total = 6,248 + 4,400 = 10,648 ft2 

Dismantled Volume = 10,648 x 1 = 887 ft3 
IT 

Gross Volume = 100 x 42 x 22 = 92,400 ft3 

Net Volume = 15% of Gross Volume 

= 0.15 x 92,400 = 13,860 ft3 

Dismantled Volume = 50% of Net Volume 

= 0.50 x 13,860 = 6,930 ft3 

Total Dismantled Volume= 887 + 6,930 = 7,817 ft3 

Rounded = 8,000 ft3 

5. SX Building 

Dimensions: L = 95' 
w = 40' 

Average Ht. = 18' 

Siding: 2 x 95 x 18 + 2 x 40 x 18 = 4,860 ft2 

Roof: 95 x 42 = 3,990 ft2 

Sub-total = 4,860 + 3,990 = 8,850 ft2 

Dismantled Volume = 8,850 x 1 = 738 ft3 
TI 

Gross Volume = 95 x 40 x 18 = 68,400 ft3 

Net Volume = 30% of Gross Volume 

= 0.30 x 68,400 = 20,520 ft3 

Dismantled Volume = 0.50 x 20,520 = 10,260 ft3 

Total Dismantled Volume = 738 + 10,260 = 10,998 ft3 

Rounded = 11,000 ft3 
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6. Chem Lab 

The lab essentially consists of two (2) buildings: 

The northerly building measures 50'L x 40'W x 14' Average Ht 

Siding: 2 x 50 x 14 + 2 x 40 x 14 = 2,520 ft2 

Roof: so x 42 = 2,100 ft2 

Sub-total= 2,520 + 2,100 = 4,620 ft2 

Dismantled Volume = 4,620 x 1 = 385 ft3 
T2 

Gross Volume = SO x 40 x 14 = 28,000 ft3 

Net Volume = 15% of 28,000 = 4,200 ft3 

Dismantled Volume= 50% of 42,000 = 2,100 ft3 

The southerly building measures 70'L x 30'W x 14' Average Ht 

Siding: 2 x 70 x 14 + 2 x 30 x 14 = 2,800 ft2 

Roof: 70 x 32 = 2,240 ft2 

Sub-total = 2,800 + 2,240 = 5,040 ft2 

Dismantled Volume = 5,040 x 1 = 420 ft3 
TT 

Gross Volume = 70 x 30 x 14 = 29,400 ft3 

Net Volume = 10% of Gross Volume 

= 0.10 x 29,400 

= 2,940 ft3 

Dismantled Volume = 50% of 2,940 

= 1,470 ft3 

Total Dismantled Volume for Chem Lab 

= 385 + 2,100 + 420 + 1,470 = 4,375 ft3 

Rounded = S,000 f t3 
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7. Compressor Building 

Dimensions: L = 80' 
w = 40' 

Average Ht = 18' 

Wall Siding: 2 x 80 x 18 + 2 x 40 x 18 = 4,320 ft2 

Roof: 80 x 42 = 3,360 ft2 

Sub-total= 4,320 + 3,360 = 7,680 ft2 

Dismantled Volume= 7,680 x 1 = 640 ft3 
IT 

Gross Volume: 80 x 40 x 18 = 57,600 ft3 

Net Volume= 10% of 57,600 = 5,760 ft3 

Dismantled Volume= 50% of 5,760 = 2,880 ft3 

Total Dismantled Volume = 640 + 2,880 = 3,520 ft3 

Rounded = 4,000 ft3 

8. Fire Protection Building 

The fire protection building is attached to the main mill 
building on the north side and essentially houses the storage 
tanks and associated piping for fire protection. 

Dimensions: L = 68' 
w = 12' 

Ht = 12' 

Wall Siding: 1 x 68 x 12 + 2 x 12 x 12 = 1,104 ft2 

Roof: 68 x 13 = 884 f t2 

Sub-total= 1,104 + 884 = 1,988 ft2 

Dismantled Volume = 1,988 x 1 = 166 ft3 
TI 

Gross Volume= 68 x 12 x 12 = 9,792 ft3 

Net Volume= 50% of 9,792 = 4,896 ft3 

Dismantled Volume = 50% of 4,896 = 2,448 ft3 

Total Dismantled Volume = 166 + 2,448 = 2,614 ft3 

Rounded = 3,000 ft3 
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9. Mill Warehouse & Mill Office Building 

The two buildings are treated as one L-shaped building 
measuring 220' in length and 82' wide at the west end and 42' 
wide at the east end with an average height of 18' for the 
entire building. 

Wall Siding: 220 x 18 + 82 x 18 + 100 x 18 + 40 x 18 
+ 120 x 18 + 42 x 18 = 10,872 ft2 

Roof: 220 x 43 + 100 x 41 = 13,560 ft2 

Sub-total = 10,872 + 13,560 = 24,432 ft2 

Dismantled Volume = 24,432 x 1 = 2,036 ft3 
TI 

Gross Volume = 220 x 42 x 18 + 100 x 40 x 18 
= 238,320 ft3 

Net Volume = 15% of Gross Volume= 0.15 x 238,320 
= 35,748 ft3 

Dismantled Volume= 50% of 35,748 = 17,874 ft3 

Total Dismantled Volume= 2,036 + 17,874 
= 19,910 ft3 

Rounded 20,000 ft3 

10. Firepump Building 

Dimensions: L = 30' 
w = 22' 

Ht = 12' 

Wall Siding: 2 x 30 x 12 + 2 x 22 x 12 = 1,248 ft2 

Roof: 30 x 22 = 660 f t2 

Sub-total = 1,248 + 660 = 1,908 ft2 

Dismantled Volume = 1,908 x 1 = 159 ft3 
TI 

Gross Volume= 30 x 22 x 12 = 7,920 ft3 

Net Volume= 20% of 7,920 = 1,584 ft3 

Dismantled Volume = 50% of 1,584 
= 792 f t3 

Total Dismantled Volume = 159 + 792 = 951 f t3 

Rounded = 1,000 ft3 
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11. Mill Maintenance & Machine Shop 

The two buildings are treated as one building measuring 65' 
long x 40' wide x 16' average height. 

Wall Siding: 2 x 65 x 16 + 2 x 40 x 16 = 3,360 ft2 

Roof: 65 x 42 = 2,730 ft2 

Sub-total= 3,360 + 2,730 = 6,090 ft2 

Dismantled Volume = 6,090 x 1 = 508 ft3 
T2 

Gross Volume = 65 x 40 x 16 = 41,600 ft3 

Net Volume = 10% of 41,600 = 4,160 ft3 

Dismantled Volume = 50% of 4,160 = 2,080 f t3 

Total Dismantled Volume = 508 + 2,080 = 2,588 

Rounded = 3,000 f t3 

12. Rubber Shop 

Dimensions: L = 37' 
w = 20' 

Ht = 15' 

Wall Siding: 2 x 37 x 15 + 2 x 20 x 15 = 1,710 ft2 

Roof: 37 x 22 = 814 ft2 

Sub-total= 814 + 1,710 = 2,524 ft2 

Dismantled Volume = 2,524 x 1 = 210 ft3 
TI: 

Gross Volume = 37 x 20 x 15 = 11,100 ft3 

Net Volume= 10% of 11,100 = 1,100 ft3 

Dismantled Volume = 50% of 1,100 = 555 ft3 

f t3 

There is an auxiliary building measuring 24'L x 12'W x 12'H 
located slightly southeast of the rubber shop. 

The combined dismantled volume for the rubber shop including 
the small auxiliary building is projected and rounded to 
2,000 cubic feet. 
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13. Truck Weighing Building 

Dimensions: L = 80' 
w = 24' 

Ht = 25' 

Wall Siding: 2 x 80 x 25 = 4,000 ft2 

Roof: 80 x 26 = 2,080 ft2 

Sub-total = 4,000 + 2,080 = 6,080 ft2 

Dismantled Volume = 6,080 x 1 = 507 ft3 
12" 

Gross Volume = 80 x 24 x 25 = 48,000 ft3 

Net Volume = 10% of 48,000 = 4,800 ft3 

Dismantled Volume = 50% of 4,800 = 2,400 ft3 

Dismantled Volume of Concrete Pad and steel supports 
estimated at 4,000 ft3 

Total Dismantled Volume = 507 + 2,400 + 4,000 
= 6,907 ft3 

Rounded 7,000 ft3 

14. Treasure Island 

The nonsalvageable items that make up Treasure Island are 
estimated to have been spread over an area measuring 
approximately 300'L x 175'W x 5' average height. 

Gross Volume = 300 x 150 x 5 = 225,000 ft3 

Net Volume = 20% of 225,000 = 45,000 ft3 

Dismantled Volume = 50% of 45,000 

Rounded = 23,000 ft3 
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15. Mill 

The following estimates pertain to the main mill building and 
the south additions that are attached to the main mill 
building. 

Main Mill Building: Overall length = 350 ft 
Width = 105 ft 
Average Height = 60 ft 

Siding: 2 x 350 x 60 + 2 x 105 x 60 = 54,600 f t2 

Roof: 350 x 110 = 38,500 f t2 

Sub-total= 54,600 + 38,500 = 93,100 ft2 

Dismantled Volume= 93,100 x 1 = 7,758 ft3 
TI 

Gross Volume = 350 x 105 x 60 = 2,205,000 ft3 

Net Volume = 30% of Gross Volume 

= 0.30 x 2,205,000 = 661,500 ft3 

Dismantled Volume= 50% of 661,500 = 330,750 ft3 

South Addition: 

There are two additions, measuring 85'L x 22'W x 45'H and 
85'L x 22'W x 30'H. 

Approximating the two additions by treating them as one unit, 
the overall dimensions are 170'L x 22'W x 40'H. 

Siding: 170 x 40 + 2 x 22 x 40 = 8,560 ft2 

Roof: 170 x 23 = 3,910 ft2 

Sub-total = 8,560 + 3,910 = 12,470 ft2 

Dismantled Volume = 12,470 x 1 = 1,039 ft3 
TI 

Gross Volume = 170 x 22 x 40 = 149,600 ft3 

Net Volume = 30% of 149,600 = 44,880 ft3 

Dismantled Volume = 50% of 44,880 = 22,440 ft3 

Total Dismantled Volume= 7,758 + 330,750 + 1,039 + 22,440 

= 361,987 ft3 

Rounded = 362,000 ft3 
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' 

16. All Other Sundries 

These are to include all other nonsalvageable equipment such 
as tanks, barrels, tailings transport system, scrap steel, 
poles, and miscellaneous. 

The dismantled and compacted volume associated with the above 
is assumed to be 20,000 cubic feet. 

17. Contingencies 

Contingencies are assumed at 20% of items 1 through 16, 
totalling 100,000 ft3. 
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II. Cut and Fill Volumes for Final Reclamation over Millsite Area 

Refer to Figures 4 and 5. 

Following are estimated cut and fill volumes for interfacing 
between reclaimed tailings and millsite "burial" area and for final 
reclaimed contours over entire millsite area. 

CUT FILL 
Section Length Area Average Volume Area Average Volume 
Number 

1-1 

2-2 

J-3 

4-4 

Ft Sg Ft Area Sg Ft Cubic Yds Sg Ft Area Sg Ft Cubic Yds 

0 1,236 
400 0 0 4,667 69,140 

0 8,098 
310 0 0 7,294 83,746 

0 6,490 
300 1,205 13,394 4,393 48,811 

2,411 2,296 

Cut FILL 

Estimated Sub-total 13,394 201,697 

Approximately 20,000 cubic yards of fill will be placed on 
top of the millsite "burial" area to provide a minimum of 2 ft 
of clean soil cover over dismantled and compacted equipment 
volumes and for additional fill needed to achieve final 
reclaimed contours. It is assumed that settlement of this fill 
will be on the order of 10%. Therefore, additional fill that 
will be required is projected at 2,000 cubic yards. In 
addition, an estimated 81,000 cubic yards will be required to 
backfill the Acid Plant pond to an elevation of 6310 ft (MSL), 
which will allow for final reclaimed contours. 

Therefore, 

Total Cut Volume 

Total Fill Volume, 
including a minimum of 
2' of clean soil cover 
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III. Estimated Quantities of Rock Cover 

Refer to Figure 5. 

611 Rock Cover 

Affected area or area requiring 6" thick rock cover is 
estimated to be 

1,716,707 406,779 ft2 = 1,309,928 ft2 

Estimated volume of rock = 1,309,928 x 6 
27 x 12 

1211 Rock Cover 

= 24,258 

Rounded = 24,000 yds3 

A 12 11 rock cover will be placed on the steeper outslopes 

Affected area= 406,779 ft2 

Estimated volume of rock = 406,779 x 12 
27 x 12 

= 15,065 yds3 

Rounded = 15,000 yds3 

Total Rock Cover 24,000 + 15,000 

= 39,000 yds3 
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IV. Soil and Rock Borrow Areas 

a. Soil 

Ref er to Figure 6 

Estimated borrow area in Northwest Valley = 443,000 ft2 

Assume 8' of subsoil will be excavated 

Estimated volume of subsoil = 443,000 x 8 
27 

= 131,000 yds3 (rounded) 

Of the 131,000 yds3, approximately 58,000 yds3 
would be used for the surface tailings reclamation 
work as identified in the Reclamation Plan submitted 
June 30, 1987. 

Therefore, net fill available for millsite reclamation 
work = 131,000 - 58,000 = 73,000 yds3 

Total fill required = 285,000 yds3 

Fill available from cut material within the millsite 
area = 14,000 yds3 

Net fill required from borrow areas 

= 285,000 - 14,000 

= 271,000 yds3 

Therefore, the balance fill 271,000 - 73,000 

= 198,000 yds3 

will have to come from the "Potential Borrow Area" 
shown in Figure 6. 
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b. Rock 

Refer to Figure 6. 

Estimated borrow area = 525,000 ft2 

Blasted depth = 10 ft 

Blasted rock volume = 525,000 x 10 = 195,000 yds3 
27 (rounded) 

Of the 195,000 yds3, approximately 156,000 yds3 
will be used as rock cover and rip-rap for the surface 
tailings reclamation work as identified in the 
Reclamation Plan submitted June 30, 1987. 

Total rock cover required = 39,000 yds3 

The balance rock 195,000 - 156,000 = 39,000 yds3 would 
provide the rock cover requirements for millsite 
reclamation. 
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V. Assumptions and Breakdown of Decommissioning & Reclamation Costs 

Assumptions 

1. Lump sum cost of $630,000 for mill decommissioning and 
dismantling of all support facilities were provided by 
outside contractor. 

2. Earthwork costs are based on unit costs provided by the 
Lander Off ice of the Wyoming Department of Environmental 
Quality. 

3. Cost for placement of rock cover is based on outside 
contractor unit cost estimate of $13.50 per cubic yard. 

4. Drainage cost including culverts and final grading are 
assumed at $100,000, per Western Nuclear estimate. 

Breakdown of Decommissioning & Reclamation Costs 

1. Mill decommissioning and dismantling of all mill support 
facilities to include old crusher building, lab, mill 
offices, various auxiliary shops, acid plant, and sundries 
as per Table 3-2 is estimated at a cost of $638,000. 

2. Estimated earthwork cost as follows: 

Item 

Fill from borrow area 

Fill from cut within 
millsite area 

Drainage ditches, 
culverts, and 
final grading 

Sub-total 

Quantity 
Cubic Yds 

271,000 

14,000 

Unit Cost 
$/Cu Yd 

2.10 

1. 50 

Estimated 
Cost $ 

569,000 

21,000 

100,000 

160,000 

3. Cost for Qlacement of rock cover is based on unit cost of 
$13.50/yd3 of rock x 39,000 yd3 = $527,000. 

Total estimated cost for mill decommissioning and reclamation 
of millsite area is $1,855,000. 
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