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1.0 INTRODUCTION I PURPOSE 

lhis report addresses a number of areas at the Iowa Anny Ammunition Plant (IAAAP) in 
Middletown, Iowa which were identified and defined within the Prelimil1my Assessment: Iowa 
AnllY Ammunition Plant, Middletown, Iowa (USACE 2001a) as warranting fmiher investigation 
for potential radioactive contamination under the Fotmerly Utilized Sites Remedial Action 
Program (FUSRAP)_ The areas warranting investigation were finiher defined in a letter fi.-om the 
United States Army Corps of Engineers (USACE) to the United States Environmental Protection 
Agency (EPA) Region VII, dated Febmary 3,2004 (USACE 20Mb)_ These areas are identified 
as the Explosive Disposal Area (EDA), the !nelt Disposal Area (IDA), the Demolition 
AreaIDeactivation Fmnace (DAlDF), and the Line 1 FOlmer Waste Water Impoundment 
(LIFWWI)- The locations of these areas are generally shown on Figure I-I, as outlined in blue 
(Note: These sites are ofienl-efelTed to as the «Blue Sites")_ 

The pUlpose of this docmnent is to resolve whether or not these areas of IAAAP are impacted by 
anthropogenic radiological constituents based upon evaluation of data resulting from historical 
research, the flyover survey and rec,ent radiological walkover surveys and sampling_ If found to 
be impacted, the areas will require finther investigation. If the areas were found not to be 
impacted, no further action will be neceSSaIY by FUSRAP and responsibility for these aI-eas will 
remain with the Installation Restoration Program (IRP)-

The activities conducted dUl1ng the fieldwoI1c are documented in this report_ Section 2 presents 
the results of the bistorical reseaI'Cb_ Section 3 presents the aerial flyover data to address issues 
raised in the October 22, 2002 letter from FUSRAP to EPA (USACE 2002a)_ Section 4 presents 
screening sUlvey analytical data generated for each of the selected aI-eas_ Section 5 presents 
conclusions reached after evaluating the data fi.-om each investigation, and overall conchlsions 
aI-e presented in Section 6_ Ground-based fieldwOlk fO!- the radiological sCl-eening Sluvey was 
performed in August 2004 in accordance with the Iowa Amry Amnnmition Plant RadiolOgical 
Survey Plan (USACE 2004a) which was developed using the guidance provided in NUREG 
1575, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) [Depaltment 
of Defense (DOD) 2000]. 
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2.0 SITE DESCRIPTION AND mSTORY 

The IAAAP is ovmed by the United States Anny (AImy) and operated by a private contractor, 
American Ordnance, LLC. The IAAAP is located in the southeastem part of Iowa, near 
MiddletoWll, approximately ten miles west of the Mississippi River. It is a secmed facility 
covering an area of approximately 7,730 hectares in a rural setting. Appmximately 3,116 
hectares are leased for agricultlU-al use, 2,995 hectares are forested and the remaining land is 
used for adminisb'ative and industrial plllposes (i.e., the plant areas). The topography of the 
IAAAP is roughly 60 % flat and 40 % rough and hilly. Little Flint Creek, Skunk River, Spring 
Creek:, Long Creek, and Bmsh Creek have portions of their watersheds on the facility. 

The history of the IAAAP, as presented in this report, was developed through a review of 
previous site-related documents. The historical documents that were reviewed were Remedial 
InvestigationlRisk Assessment (U.S. Am~y Environmental Center 1996), Preliminary Assessment, 
Iowa Army Ammunition Plant (USACE 20010), Iowa Army Ammunition Plant Scoping Surv~ 
Plan/or Firing Sites 6 and 12 (USACE, 2001b), lA.AAP Aerial RadiolOgical Sw'Vey (U.s.. Anny 
Joint Munitions Command 2003), and the Iowa Amry Ammunition Plant RadiolOgical Surv~ 
Plan (USACE 2004a). 

According to the Remedial InvestigationlRisk Assessment, Iowa Anny Ammunition Plant, 
Middletown, Iowa (US. Anny Environmental Center 1996), IAAAP was initially developed in 
1941 and has Imdergone modernization and expansion since that time. Production of 
ammunition and explosives for World War ]I began at the facility in September 1941 and ended 
in Alle.6USt 1945. Production was resumed in 1949 and has continued to the present. 

The ammunition items that 3l:e loaded, assembled and packed at the IAAAP include projectiles, 
mortar rounds, warheads, demolition charges, anti-tank mines, auti-personnel mines, and the 
components of those munitions, including primers, detonators, filSes, and boosters. The load, 
assemble, and pack (LAP) operations use explosive material and lead-based initiating 
compounds. Only a few of the existing production lines are in operation (USACE 2001a). 

Historical research revealed that portions of the IAAAP may contain radiological contamination 
from activities that supported the nation's early atomic energy program. The Atomic Energy 
Commission (ABC) conducted operations beginning in 1947, when a portion of Line 1, theEDA, 
Yards C, G, and L, and the Firing Site areas came under the control of the ABC and their 
contractor. The IAAAP was selected as the first production facility for manufacturing of high 
explosive components for weapons under the AEC. These areas occupied approximately 660 
hectares within the IAAAP and became known as the Bmlington Atomic Energy Commission 
Plant. In the late 1960's, it was detelmined that AEC operations would be phased out. The IDA 
and the DAlDF also walTanted :further investigation because they may have materials and wastes 
from the areas used by the ABC where radiological activities were in progress. In accordance 
with the lAAAP Radiological Survey Plan (USACE 2004a), the EDA, IDA, DAlDF, and the 
LIFWWI were addressed in this survey. These areas are described in the following sections. 

2.1 EDA 

2.1.1 EDA Descliption 

The EDA is an irregularly shaped area that includes the North Burn Pads Landfill, the North 
Bmn Pads, the East Bmn Pads, and the West Bmn Pads 8ma, including the portion of the West 
Bum Pads 8ma south of the road that leads to the East BlUn Pads. The EDA is slllTounded by 
predominantly fOl'ested land, which generally lies a<ljacent to the various drainages. Based on 
the observed topography of the area, surface-water flow from the EDA appears to drain toward 
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and eventually into Spring Creek which flows north to south between the West Bum Pads area 
and the East Bum Pads. The general layout of the EDA is shown on Figure 4-2. The structures 
present at the time of the ground-based SUlvey consisted of one two-story office building, four 
observation bunkers, and the Contaminated Waste Processor (CWP). 

The northern portion includes the area generally bounded by the tree line north of the CWP, the 
north-south access road to the west, the east-west running tributary to Spring Creek to the south, 
and the wooded area to the east. 

The eastern portion of the EDA includes the area enclosed by the fence in the East Bum Pads 
area, portions immediately outside the fence, and the area between the East Bum Pads and main 
Spring Creek, which separates the East Bum Pads area from the West Bum Pads area. 

The western portion of the EDA includes the area of the West Bum Pads generally bounded by 
the east-west running llibutary to SPling Creek that separates the North Bum Pads area from the 
West Bum Pads area. SPling Creek, which separates the East Bum Pads area fi.·om the West Bum 
Pads area; the east-west access road leading to the East Burn Pads and the north-south access 
road that leads towards the CWP. 

The southern portion of the EDA is bounded by the east-west access road that leads to the East 
Burn Pads area, Spring Creek, the east-west road that provides access to Burning Ground-4 (BG-
4) bunker, and the north-south access road leading towards the CWP. 

The planned radiological screening was conducted in the above-described areas located in the 
northwest portion of the EDA. The CWP is still an active facility, and is being investigated 
under the installation's Compliance Clean Up Program. 

At the time of the survey, the majOlity of the EDA areas were heavily covered with herbaceous 
vegetation. SPling Creek was lined with trees and other woody species. 

2.1.2 EDA History 

The EDA was referred to as the Burning Grounds in early histories and in 1941 was located on a 
portion of the East Burn Pads. The Burning Grounds was expanded sometime in the late 1940s 
to include the area currently known as the West Bmn Pad area. The Burning Ground was 
designed for the decontamination of waste that was contaminated by explosive matelial 
generated at the plant. This material was initially placed in small shallow pits and ignited fi.·om a 
remote shelter (observation bunker) by a blasting machine. 

The East Bmn Pads at the EDA were comprised of eight raised earthen burning pads, each of 
which was bermed on three sides, and were enclosed within a 4.9-hectare fenced area. Historical 
records confirm that depleted uranium (DU) wastes were managed at the EDA East Burn Pads 
by AEC. This DU, in the form of explosive-contaminated DU hemispheres, was burned at the 
EDA East Bum Pads to remove the explosives contamination. The Preliminary Assessment 
reported that, following the burning operation, the residual ash material was screened to identify 
the presence of DU (excess alpha contamination). The DU-contaminated ash was then 
segregated and shipped offsite to the DOE Pantex facility in Amarillo, Texas for disposal 
(USACE 2001a). 

In 1998, the Almy performed cleanup activities at the East Burn Pads to address non-radiological 
soil contamination as specified in the Operable Unit (OU) 1 Interim Record of Decision (IROD) 
(U.S. Almy Environmental Center 1997). The remediated soil was taken to the IDA and placed 
in Trench 6 and Trench 7 as part of the IRP (Department of the Almy 2002). No radioactive 
materials were discovered during a gross radiological screening pelformed during this operation 
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(USACE 2001a). The monitoring wells located adjacent and down gradient of the East Bmll 
Pads have not shown increased levels of uranium (U) in the groundwater. 

The West Bum Pads area, included the West Bum Pads, West Bmll Pads Landfill, BUIn Cages, 
and Bum Cage Disposal area (consisting of two bum pads measming approximately 15 meters 
(m) by 5 ill, and a landfill measming approximately 70 m by 91 ill. The West Bum Pads were 
used by the AEC and the Army to rid metal parts of explosive contaminants. The metal parts 
were decontaminated by flashing the parts to bmn away residual explosive contaminants. Ashes 
generated from these operations and from the East Bmn Pads were placed in the West Burn Pads 
landfilL 

The West Bum Pads area was remed.iated by the Army in 2001 as required by the OUI IROD. 
Approximately 30,582 cubic meters (m3

) of contaminated soil and debris was excavated fi:om the 
West Bum Pads area and disposed at the IDA. The cleanup included excavation of barium­
contaminated soils which had not been previously identified in the Remedial Investigation (RI). 
Some of the soils removed from the West Bum Pads area required stabilization prior to final 
disposal in Trenches 6 and 7 at the IDA. No radioactive materials were discovered dmmg a 
gross radiological screening perfOlmed dming the remediation. 

From 1968 to 1972, the approximately O.3-hectare North Bum Pad Landfill received wastes, 
reported to include flash cans, containers, and ash from the North Bmn Pads. The RI completed 
by the Army in 1996 found metals in the soil and groundwater. Pre-design characterization 
activities conducted in 1997 and 1998 found high levels of explosives in the soil and leachate. In 
accordance with the OUI IROD, approximately 9,175 m30f contaminated soil and debris was 
subsequently removed from the North Bum Pads Landfill in 1998, and was placed in trenches 6 
and 7 at the IDA as part of the IRP. 

Six stlUCtureS were present at the EDA at the time of the survey: one two-stOlY office building, 
fom observation bunkers, and the CWP. The two-stOlY office building is currently not in use, 
and historical records do not indicate that mdiological material was ever stored in the building. 
However, to evaluate potential radiological contamination, the office building was included as 
part of the radiological survey. Historical records indicate that the observation bunkers were 
used during the bmning of the explosive waste. The CWP was outside the area of interest, and 
historical records do not indicate that there is a potential for mdioactive material to be present in 
or around tins building. 

2.2 IDA 

2.2.1 IDA Description 

The IDA covers approximately eight hectares. It is partially fenced, with access from the main 
road controlled by a locked gate. From 1941 to 1992, the IDA was used by the Army to manage 
plant waste materials, and included a trench-and-fill sanitaJy landfill, a bmning ground, a metal 
salvage operation, a sludge lagoon, a waste-water sludge drying bed, and an eruthen-belmed 
holding area formerly used to store sludge. The general layout of this area, in its ClllTent 
configuration, is shown in Figure 4-3. The physical extent along the north, east, and southeast is 
the IDA perimetel' road and along the southwest is the forested area of the Firing Sites. The only 
structme present at the time of the smvey was one administrative/maintenance support building 
that was constructed as pad of the IRP/Comprehensive Environmental Response Compensation 
Liability Act (CERCLA) response actions. 

As part of a CERCLA response action, in 1997, Trenches 1 through 5 of the fOlmer sanitaIy 
landfill were capped by the Army IRP. Trench 6 of the former sanitary landfill was partly filled 
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during historic Army operations at the IDA. The unfilled portion of Trench 6 is used as a "Soil 
Repository" as described by the 1997 CERCLA response action. The Trench 6 Soil Repositoty 
has a lower geosythetic liner I drainage I leak detection system. It is approximately 200 m by 50 
m and contains a storm-water sump area at the southem end. Contaminated soils from various 
IRP CERCLA response actions have been permanently disposed in Trench 6. Over 53,000 m3 of 
contaminated soils have been disposed in Trench 6 during the Army's IRP cleanup. The depth 
of matelial placed in this trench appeared greater in the northem end than in the southem end. 
The southem portion of Trench 6 is used for the collection of stOlID water runoff and leachate, 
which is subsequently treated and released. Vegetation growth upon the contaminated soils 
within the trench was limited, but some areas of significant herbaceous vegetation were present. 

Trench 7 is also a component of the 1997 CERCLA response action. Trench 7 has been 
designated as a Conective Action Management Unit (CAMU) by EPA and serves as a temporruy 
stockpile for contaminated soils that are being addressed in the OU1 IROD. Trench 7 is 
approximately 120 m by 75 m and also contains a stOlID-water sump area at the south end. 
Trench 7 is similar in constmction to Trench 6, and includes a geosynthetic liner I drainage 
system. Over 7,000 m3 of contaminated soils are currently stored in Trench 7, awaiting 
treatment under the Army IRP. Similar to Trench 6, the depth of material placed in this trench 
appeared greater in the northem end than in the southem end, and a runoff collection sump was 
present in the southem end. Vegetation growth upon the contaminated soils within this trench 
was very limited, with only a few areas of significant vegetation. 

The final component of the IDA response action is the Cap Extension area, which is 
approximately 275 m by 60 m and is located in the southeast portion of the IDA, just inside the 
main entrance gate. Low-level contaminated soil from various Army response actions have been 
disposed in the Cap Extension area. This above-grade feature is characterized by relatively steep 
side slopes that are primarily covered with herbaceous vegetation. The top of the Cap Extension 
area is fairly flat and exhibits a variety of visible cover materials including bare soil, thick 
vegetation, and a thin plastic liner. 

CUlTent plans call for capping Trench 6 and the Cap Extension area when the Army's soil 
cleanup work at IAAP is complete. Wastes within Trench 7 will be treated and likely disposed 
within Trench 6, with Trench 7 ultimately dismantled and appropliately closed. However, 
alternative plans for Trench 7 may be developed. 

2.2.2 IDA History 

The IDA included a trench-and-fill sanitary landfill that operated fi-om 1941 to 1992, a buming 
ground, a metal salvage operation, a sludge lagoon that was closed in 1984, a waste-water sludge 
drying bed, and an earthen holding area formerly used to store sludge. 

The presence of radioactive material within the IDA resulting from Army operations fi.-om 1941-
1992 has not been confirmed based on historical records. However, as part of the OU1 IROD, 
contaminated soils from various IAAP locations have been deposited/disposed in Trench 6, 
Trench 7, and the Cap Extension ru'ea at the IDA. Historical records indicate that radioactive 
materials may have been contained in these contaminated soils that were brought to the IDA 
from other IAAAP locations, including the EDA and the LIFWWI. Records associated with the 
various IRP soil cleanups that have been reviewed indicate that the CERCLA remediation wastes 
placed in the IDA were scanned prior to disposal, and that these remediation wastes did not 
contain measurable radioactive contamination. 

The IDA, including Trench 6, Trench 7, and the Cap Extension area, is currently used as the 
repository for chemically contaminated soils from other sites on the IAAAP. Further 
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investigation of the IDA for potential radioactive contamination was deemed warranted due to 
insufficient historical records l'egarding the instrumentation, methods, and detector limitations 
for the radiological screening pelformed on the soils disposed at the IDA that Oli.ginated at the 
West Burn Pads area, East Bmn Pads, NOlih Bum Pads, NOlih Burn Pad Landfill, LIFWWI. 

Closure of the IDA landfill under the IRP began in 1996. During 1997, a low-pelmeability 
synthetic cap of approximately 7 hectares was placed over Trenches 1 through 5. TIlls area was 
seeded in 1998. Trench 6, Tl'ench 7, and the Cap Extension area remain open and uncovered, 
and are still in use as part of the IRP OU11'emedial action. CutTent plans call for capping Trench 
6 and the Cap Extension area when the Army's soil cleanup work at IMP is complete. Wastes 
within Trench 7 will be treated and likely disposed witbin Trench 6, with Trench 7 ultimately 
dismantled and appropriately closed, However, alternative plans for Trench 7 may be developed. 

A single suppod building was present on the IDA at the time of the survey, TIlls s1mctme was 
constructed in 2003 in support of the CERCLA response action at the IDA, is outside the area of 
interest, and does not wanant evaluation for the presence of radioactive material. 

2.3 DAlDF 

2.3.1 DAJDF Description 

The DAJDF area covers approximately fmu' hectares in the southwestern portion of the IAAAP. 
The Demolition area was has been used and is still available for open detonation of anummition 
items that l'equired innnediatedispbsal. The Deactivation Fmnace included a feed area and 
retort system measuring 8 m by 30 Ill. An adjoining air pollution control system measures 
approximately 6 m by 8 m and includes a cyclone filter, a baghouse, fans, and an exhaust stack. 
The furnace was used to destroy small explosive-loaded components such as detonators, primers, 
and fuses. The general layout of this area, for the pmposes of this repOlt, is shown in Figure 4-4. 
The physic,al extent of this area is the open field to the east and the tree line along the north, 
south, and west. This area is relatively flat or gently sloping in the open areas with an eroded 
area at the extreme northwest comer of the area. The structures present at the time of the survey 
cOllsisted of the Deactivatioll Furnace and support building and the three bUllkers. 

At the time of the survey, the Demolition area was densely covered with herbaceous vegetation 
while the drainage ditch that separates the Demolitioll area from the Deactivation Furnace was 
heavily wooded. The immediate area surrounding the Deactivation Furnace was also heavily 
vegetated to the tree lines located to the south and west. 

2.3.2 DAJDF HistOl"Y 

The Iowa Department of Nahn:al Resomces (IDNR) allows the open detonation of anImunition 
items that require immediate disposal due to safety considerations, such as ammunition rmUlds 
that become mmed dmi.ng assembly. Since the em'ly 1940s, the Demolition area was used for 
open detonation of rejected ammunition. Omently, it is used only in emergencies. The 
Deactivation Furnace began use in 1971 and was clo.sed llllder a Resomce COnservatiOll and 
RecovelY Act (RCRA) closure, in 1995. The fmnace was used to demilitarize small explosive­
loaded components such as detonators, primers, and fuses. The metal casings wen~ recovered 
and sold as scrap; the ash fi'om these operations was stored in drums as hazardous waste, 

Historical records do not indicate that radiological material was ever used, stored, or managed at 
the Demolition area or the Deactivation Frnnace, or that AEC activities ever occurred in these 
areas. However, interviews with former workers indicated that an AEC sign was present on the 
Deactivation Ftunace building in the past. 
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Five structures were present on the DAlDF at the time of the smvey: the Deactivation Furnace, 
the support building, and three bunkers. None of the buildings are currently in use. Since the 
DF was in operation during the time frame of ABC activities at the IAAAP, given the purpose of 
this area, and given the ABC security sign at the DF, the Preliminary Assessment (PA) 
concluded that this area warranted further field investigation for potential radioactive 
contamination. 

2.4 ~1~ 

2.4.1 ~1~ Description 

The LIFWWI covered approximately three hectares and lies adjacent to the extreme southwest 
comer of the Line 1 area and includes the impoundment from the north dam to the south dam. 
This area is no longer used as a wastewater impoundment and was remediated in a CERCLA 
response action in 1997. The general layout of this area is shown on Figure 4-5. The area 
extends from approximately 91 m north of the north dam, runs along the Line 1 perimeter fence 
to the east, then runs along the perimeter road beyond the south dam to the south, and along the 
north-south access road on top of the west earthen berm to the west. The only structure present 
at the time of the survey consisted of one support building which houses a water treatment 
facility that was constructed as part of the 1997 CERCLA response action. 

At the time of the smvey, several feet (ft) of water were present in the impoundment basin. Soil 
at the edge of the water exhibited saturated characteristics. The pOliions of the study area 
upstJ:eam of the north belm and downstreanl of the south berm were densely covered by 
primarily herbaceous vegetation. The slope from the eastern portion of the impoundment basin 
to the Line 1 western perimeter fence was also heavily covered with herbaceous vegetation. 
Based on the topography of the area east of the impoundment basin, it appeared that the surface­
water from a portion of the Line 1 area drained toward and eventually into the waste-water 
impoundment basin. 

2.4.2 ~1~ llistory 

From 1948 to 1975, the ABC operated Line 1, which was the first production facility for 
manufacturing of high explosives components for weapons under the ABC. The Line also 
reportedly generated the largest volume of waste-water at the IAAAP during that period. The 
waste-water was contaminated by waste from the manufacture of explosives-containing 
components [primarily 2, 4, 6-trinitrotoluene (TNT) and cyclotrimethylene trinitramine (RDX)], 
condensate from a coal fired power plant, and coal pile runoff norm. The waste-water was 
collected in clarifiers, and the effluent was discharged through a system of ditches into an 
impoundment. Fly ash was added periodically to the impoundment to absorb explosives. This 
impoundment was formed in 1948 by damming an upper reach of Brush Creek, and was named 
the Line 1 Waste Water Impoundment. The impoundment was used as a settling pond where 
excess particulate matter could settle prior to discharge during periods of heavy rain. The 
nominal size of the impoundment was approximately 1.5-hectares and extended approximately 
396 m upstream from the dam. During periods of high flow the impoundment may have 
enlarged to about 3-hectares and extended as much as 732 m upstream of the dam. The dam was 
operational until it was breached in 1957. 

Historical records indicate that DU and tritium were used at Line 1 in ABC activities. There are 
historical references that indicate environmental releases of DU and tritium may have occurred 
dming Line 1 ABC operations. DU components were machined at Line 1, and recent building 
smveys have shown the presence of DU inside of several Line 1 buildings. Records also indicate 
that the explosive contaminated effluent from Line 1 was sent to clarifiers for settling of the 
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heavy particulates prior to discharge to the LIFWWI. If DU contamination was released in a 
manner similar to the explosives, it is possible that the DU would have settled out in the clarifiers 
prior to reaching the LIFWWI. A CERCLA Interim Response Action was completed in 1997, 
when approximately 6,000 m3 of explosives-contaminated soils were excavated from the 
LIFWWI and disposed at the IDA. No historical records or references have been found that 
indicate whether a radiological screening was perfonned as part of the LIFWWI cleanup work. 
Following the soil cleanup, the LIFWWI was convelied into a wetlands aimed at 
phytoremediating the smface water, ground water, sediment, and shallow soils contaminated by 
residual explosives, 

Radiological screening has confinned the presence DU in buildings at Line I, No evidence of 
other radioactive material was identified in reviewing historical site documents, Historical 
l'econls do indicate that 0.006 cmies of elemental tritium gas was released per year to the 
atmosphere/environment at Line 1; however, elemental1ritium in a gaseous fonn would not be 
persistent in the environment, as tritium gas rapidly disperses, and the half life of tritium is 
relatively sholi, Since DU was known to have been processed at Line 1 and the pl'esence of DU 
was not evaluated as P81t of the CERCLA cleanup of the LIFWWI, additional investigation was 
warranted to evaluate potential radiological releases to the impoundment. 'The CERCLA 
remediation of the impoundment would have removed the majority of any accunmlated DU 
sedimentation from the eflluent or stOlm-water runoff. 

The only structure present at the time of the survey consisted of one support building which 
houses a water treatment facility that was constructed as part of the 1997 CERCLA response 
action and does not walTant evaluation for potential radioactive contamination. 
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3.0 AERIAL RADIOLOGICAL SURVEY 

3.1 SURVEY IMPLEMENTATION 

An aerial radiological survey of the entire IAAAP and selected off-post areas was conducted in 
October 2002 to assess, within the limits of the detector system, the nature and extent of gamma­
emitting radioisotopes, both man-made and natural. The survey objective was to identify areas 
that had been affected by a release of man-made radioactive isotopes and to help determine areas 
that had not been impacted. 

The Remote Sensing Laboratory (RSL), operated by Bechtel Nevada (BN) for the U.S. 
Department of Energy Nevada Operations (DOEINV), with support from Argonne National 
Laboratory (ANL) conducted the aerial survey of IAAAP. The RSL detetm1ned background 
radiation levels at IAAAP and radiation levels over the entire plant by using the Aerial 
Measurement System (AMS) in a DOE helicopter. 

The aerial survey was designed to identify areas that may have been impacted by the release of 
man-made radioisotopes and to determine if any areas exist that constitute an immediate danger 
to human health or the environment. A secondary objective of the survey was to produce data 
that can be used in conjunction with other site information to guide future restoration efforts. 
The data collected during the aerial survey is being used in conjunction with the historical site 
information and land-based radiological sUlvey data to determine the radiological status of the 
EDA, the IDA, the DAlDF, and the LIFWWI. Only information pertinent to the decision for the 
above mentioned sites is presented in the following text. A full detailed report of the aerial 
flyover can be found in "JAAAP Aerial Radiological Survey" (U.S. Army Joint Munitions 
Command 2003). 

3.1.1 Instrumentation 

The IAAAP stuvey was conducted with an array of twelve 2x4xl6 inch sodium iodide (NaI) 
detectors mounted beneath a twin-engine Bell 412 helicopter. The AMS data acquisition system 
Radiation and Environmental Data Acquisition and Recorder, Model V (REDAR V) collects 
complete spectral information in 256 separate channels, spanning the energy range from 0 to 
4,000 kilo-electron volts (keV). 

Examples of the strength (minimum detectable activity [MDA]) of both point and distributed 
surface contaminants of concern are shown in Table 3-1. 

All of the sensitivities cited above are for concentrations in excess of the natural background. 
That is, the soil activity is the sum of the concentration detected in the aerial survey plus the 
average concentration in the sUlvey area. This sum is performed for each radionuclide. The 
average abundance is estimated from the set of judiciously selected ground-based, corroborative 
measurements. The actual MDA dUl1ng the survey for DU was approximately 22 micro Curies 
(flCi), which is comparable to the calculated value of20 flCi cited in Table 3-1. 

Helicopter flight positions during the surveys were continuously determined with a radar 
altimeter and a real-time differential global positioning system (RDGPS). The RDGPS provides 
latitude and longitude position with accuracy of better than ±5 m (16 ft). With this RDGPS, 
Global Positioning System (GPS) data from a network of precisely measured locations 
surrounding the United States is transmitted to a control center, where range, timing, and 
ephemeris errors from the 24 GPS satellites are evaluated. Corrections for each satellite are then 
up-linked to a geo-stationary satellite, broadcast back to earth, and utilized by the helicopter 
RDGPS. For altitudes up to 300 m (984 ft), the accuracy of this system is ±O.6 m, or ±2%, 
whichever is greater. 
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Table 3-1. Estimated Aerial Survey Sensitivityl,lO 

Point SoW'ce 
Uniform Surface 

CERCLA Risk Range 

Nuclide 
MDAl 

son3 Deposition 
Concentrations' 

No offset midway 1 x 10-0 1 X 10-4 
(~ICi)* (~Ci) (pei/g) (~Cilm"') (pCi/g) (pCi/g) 

Depleted 20 45 
40 6.5 1.8 180 Uranium 4,8 (60kg)** (14Okg)** 

Cs-137 0.10 0.2 0.3 0.04 0.11 11· 
Ra-226" 0.70 1.8 1.4- 0.30 0.026 2.6 
Pu-239" Xl X 3.1 0.13 14 1400 

I. 'I\velve 16"x4''x2'' NaI(l1) detectors, a1titude of 100 feet (ttl above grollll.d level (AGL), 200 it spacing between flight lines, velocity of 60 
knots [1 knot= 1.15 mi.le perhol.lr (mph)] 

l. Can be total offtagmmts witbln detector's field-of-view, whose radius is approximateI.ytlle alIil1.1de above ground level 
3. Other depth pmfiIes genernIly 1lave greater sensitivity, but overomden wil! hamper seosilivity. 
4. No seIf-attenuation (negliglDle, ifpieces < 0.5centimeIer diameter.) 
s. Assuming cooreotIa1ian ofSll!IO!¢e (Bi-214) is in secular eqllilibrium 
6. Swrogate far Pu-239 is Am-241. Ratio ofPn:Am expected to be less than 10:1. 
7. Not published in public oocumenll; (classified sensilivity). 
.. CanceoIIatians ofDU less than tile specifiedMDA fall witbln tile CERCLA risk rnnge with daughter prodDds 
9. PreliminaIy Remediation Goal (PRG) far outdoor worlrer 
10. Table taken from lMAP Amtal RadiOlogical ,Sun'!!Y Dlaft Fmal. July 10, 2003 and nuclides included in tile table are based an historical 

docmneDIs. 
,. mil:rocuries (flCt) (marginal doctunentwaspllblisbedas mlroocuries (mCi) 
,.,. TheseCOlTeSp01ld to tile mass equivalents of20 flCi and 45 flCi respective1yofDU. 

fu aerial sUlVeys, altitude, flight line spacing, and speed of the aircraft are chosen to optimize the 
detector sensitivity to radioisotopes and spatial resolution while maintaining a safe and efficient 
flight configmation. For the IAAAP sUlVey, the position infonnation was directed to an aircnrll 
steeling indicator used to guide the aircraft along predetennined, parallel flight lines. The 
position infonnation from the RDGPS system and the radar altimeter data were simultaneously 
recorded, along with the spectral infOlmation from the NaI detectors, at I-second intervals for 
post-flight analysis. 

A computer-based system, the Radiation and Environmental Data Analyzer and Computer 
(REDAC) system, was used to evaluate the acquired data immediately tollowing each SUlVey 
flight. The REDAC system consists primarily of two computers, a printer, software, and a large­
bed plotter. 

3.1.2 Data Collection Methods 

3.1.2.1 Aerial Data 

Data were collected from a Bell 412 helicopter. The helicopter was flown at a constant speed of 
60 knots (69 miles per hom- (mph) and an altitude of 100 ft over the sUlVey area in a series of 
pamllel flight lines spaced 200 ft apart 'This procedure continued lUltil all of the desired area was 
surveyed. 

The data set, collected at the rate of one measmement per second dmi.ng the flight, consisted of 
position and altitude data, atmospheric infOlmation, and gannna-ray energy spectra. TIle 
direction of the flight lines was chosen to minimize the all101.mt of time consmned turning 
ar01.111d, and thus minimize the time necessary to cover the area. Each flight included a pass over 
the test line, passes over the lines in the survey area designated for that flight, and then a repeat 
of the test line before landing. Flights over the test line were used to detemline the contribution 
of cosmic and atmospheric radiation to the measmements. The test line was located just east of 
the survey area and was a 6,000-ft long path. The test line was predominantly over agricultural 
fields, with very few homes nearby. 
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3.1.2.2 Calibration and Quality Data 

Fluctuations in atmospheric radon and cosmic radiation were measured during the smvey. These 
data were then analyzed to determine the gamma ray contribution from atmospheric and cosmic 
sources. In the subsequent calculations, appropriate algorithms were applied to the aerial survey 
data to remove the count rates from radon, equipment and cosmic radiation. 

For the surveyed area, a perimeter was flown over identifiable ground objects, such as roads and 
railway lines. Data from these perimeter flights were used as a quality check for the GPS data by 
visually matching the flight path flown with specific locations on a detailed map of the site. 

An altitude profile (also referred to as an altitude spiral) was flown early in the survey period. 
The altitude profile consisted of several traversals of a specific path (the test line for this survey) 
conducted at five or six different altitudes. For the IAAAP survey, a maximum altitude of 500 ft 
was used. The altitude spiral was perfOlmed in order to detelmine an appropriate attenuation 
coefficient for gamma rays with increasing altitude and an initial background concentration. 
These values were then used to adjust the aerial measurements for minor fluctuations in altitude 
during subsequent flights. 

3.1.2.3 Ground-Truth Measurements 

As a quality control check on the aerial data, measmements were also made on the ground 
(ground-truth measurements) at selected locations and compared with aerial da.ta from the same 
locations. The ground-truth measm'ements were made with a Reuter-Stokes ion chamber 
instrument (Reuter-Stokes Model RSS-1l2, GE Reuter-Stokes, Twinsburg, Ohio). The system 
measured the total exposure rate at a height of 1 m. This measurement provided an independent 
means of confirming the conversion from airborne counts to exposme rates. 

3.1.3 System and Detection Sensitivity 

The AMS can detect small changes in radiation over the detector footprint. The footprint of the 
detector extends out to a boundary defined as the location at which the count rate falls to one­
half its original value. For aerial flights, the radius of the footprint is approximately equal to the 
altitude of the helicopter. 

On November 12, 2002, a test flight was conducted with the helicopter system in a deseJ.t area 
near the RSL in Nevada over a set of DU somces. Eleven 9-kilogram (kg) sheets (each 
measuring 7 inch x 9~ inch x ~ inch) of DU were placed under the flight path of the helicopter. 
The helicopter flew a small survey pattern over the sources at fom altitudes: 15 m, 30 m, 45 m, 
and 90 m (50, 100, 150, and 300 ft). The flight line spacing for these surveys was set equal to the 
altitude of the aircraft. The helicopter speed was 60 knots, the same velocity as that used during 
the IAAAP survey. 

The somces were visible in the study data only on the lower two altitudes (50 ft and 100 ft). At a 
15 m (50 ft) altitude, the low-energy gamma rays from DU are detected above the fom standard 
deviation (4cr level). The high-energy gamma rays from DU are detected above the 3cr leveL At 
a 30 m (100 ft) altitude, the low-energy gamma rays are not observed, The high-energy gamma 
rays are detected at about the 2cr leveL That is, in about 95 out of 100 measmements, the high­
energy gamma rays would be detected. 

If the MDA for detecting DU during the IAAAP survey (conducted at a 100-ft altitude) is 
defined as the activity needed to reach a confidence level of 3cr (99.7%) of measurements would 
detect the high-energy gamma rays) the high-energy gamma rays can be used in the analysis, and 
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the MDA will be about 22 JlCi, which is comparable to the calculated value of 20 JlCi cited in 
Table3-L 

3.1.4 Data Analysis Algorithms 

3.1.4.1 Gross-Count Method 

The system l-ecords all gamma rays (anthropogenic and naturally occurring) with energies up to 
4,000 keY; however, thel-e are very few gamma rays that have energies greater than 3,000 keY, 
Because Gross-COtmt contours are meant only to depict terrestrial radiation levels, ·cotmfs from 
cosmic radiation and airborne radon must be subtracted. The backgrotmd count rate fi'om cosmic 
radiation, atmospheric radon, and helicopter materials was determined by flying the au'craft over 
a body of water, which shielded the AMS instruments from terrestIial sources of radiation. 

The Gross-Count contOlll"S generated from this data. reflect the exposure rate at a height of 1 m 
from terrestrial sources (the backgrotmd exposure rate has been subtracted). A typical, and 
highly variable, contribution :fl.-om radon (approxiInately 0.2 microrem per hour (~tRIh)) was 
ignored. 

Gross-count data include contributions fi'om natmal somces of mdiation. Consequently, these 
data reflect vatiations in telTestIial backgrotmd l'adiation levels. Contours resulting fi'om these 
variations in natural radiation often match specific surface features, such as tree lines, boundaries 
of cultivated land, and bodies of water, because of the different attenuation characteristics of the 
diffel'ent materials, Exposure rate contours offer a sensitive means of identifying anomalous, 
potentially anthropogenic changes in the radiation environment, in addition to detailing 
variations in the natural backgrotmd radiation emissions, 

3.1.4.2 Man-Made Gross-Count Method 

The man-made (anthropogenic) gross-count (MrvIGC) method is used to diffeJ.-entiate between 
anthropogenic radiation and naturally occurring radiation in a survey. The 1vllv.[OC method, also 
l-efen'ed to hel-e as the "MMGC filter," relies on the fact that most gamma ray emissions from 
long-lived, anthropogenic sources of radioactivity occur in the energy l'egion below about 1,400 
ke V, In areas in which only natural sources of gamma radiation are present, the ratio of the 
counts appearing below 1,400 keY to those appearing above 1,400 keY remains relatively 
constant This relationship is true even if natural background radiation levels vary by a factor of 
10 across the survey area. If this ratio changes spatially, it is most likely because of a 
contribution from anthropogenic gamma radiation. 

The 1vllv.[GC algOlithm provides a means of identifying regions in the slUvey at'e.a where the 
shape of the energy spectrum deviates significantly from the shape of the backgr01md, or 
l-eference, spectIum. The 1vllv.[GC algoritlnn is very insensitive to small changes in the ablmdance 
of anthropogenic isotopes, while being very sensitive to lat'ge changes in the abtmdance of 
natural isotopes, 

The :MMGC algorithm allows the data to be analyzed such that variations in the count rate due to 
changes in natural backgrotmd levels are filtered out In regions with only natural background 
radiation, the :MMGC algorithm will yield COlIDt rates that fluctuate statistic.aIly around zero, 
Variations in count rate due to anthropogenic or industrially enhanced radioisotopes then appear 
as isolated cont01us with higher concentrations, 

The incmase in sensitivity obtained with the :MMGC analysis over that of the gross-c01mt 
method is significant. However, the 1vllv.[GC filter is also sensitive to changes in the relative 
composition of natural backgrOlmdradiation. F01' example, areas where U (a nanu'ally occurring 
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radioisotope) is naturally high relative to the other natural radioisotopes can appear as anomalies 
when this algorithm is used. 

3.2 SURVEY RESULTS 

DU was the prevalent isotope found during the aerial survey. The aerial smvey did not find any 
residual concentrations of radium (Ra)-226, americium (Am)-241, or cesium (Cs)-137 above 
natm'ally occurring radioisotope levels. The radiological contaminant of concern for this report 
was DU. Although DU was identified at locations within the IAAAP, the aerial flyover did not 
identify the presence of any above-background isotopes at the EDA, IDA, L1FWWI, or the 
DAIDF. 

Results of the AMS aerial survey perfonned for the IAAAP are presented in two different forms: 
gross counts (GC), and MMGC. GC represent the total quantity of radiation present from 
tenestrial sources, both man-made and naturally occurring background The gross-count data 
are presented in terms of cOlmts per second (cps). Higher counts represent greater amounts of 
radioactivity. Because DU was the prevalent isotope found during the aerial smvey, its 
distribution and concentration are represented by the MMGC results. 

MMGC data are also presented in cps and represent areas at the IAAAP where the ratio of 
gamma radiation from all man-made radioisotopes to the remaining gamma spectrum is above 
normal (at the 3cr level). :M:M:GC thus represent data in which variations in the count rate 
produced by changes in the natural background levels have been filtered out. MMGC data can 
also highlight locations that have large variations in background gamma emissions because of 
different geologic materials or rapidly changing readings caused by elevation variations in the 
detection system during measurement. 

The gross-counts results for the AMS aerial survey for the entire IAAAP facility and off-post 
areas are shown on Figure 3-1. Gamma rays ranged from approximately 1,700 to 68,000 cps for 
a total of 50,333 data points in the survey. The mean gross-count rate was about 9,200 cps, and 
the statistical standard deviation of the counts was approximately 1,500 cps. Large portions of 
the facility had gross counts in the range of 9,000 to 12,000 cps. Nearly 100% (99.79%) of the 
data measurement points had count rates that were less than 12,000 cps; 50% of the measurement 
points had gross-count rates of less than about 9,500 cps. 

Low count rates (3,000 to 5,000 cps) coincide with areas of surface water (e.g., the Skunk River 
along the southern boundary of the facility, Brosh Creek, Spring Creek, Long Creek, and Mathes 
Lake. The highest count rates (greater than 26,000 cps) OCCUlTed in the east central portion of 
the facility (Yard E). 

The man-made gross count results for the IAAAP survey are shown on Figure 3-2. The 
minimum MMGC was about -1,778 cps, the maximum:M:M:GC was about 32,260 cps, and the 
mean value was about 26 cps. A total of 50,333 data points were recorded. The standard 
deviation for the MMGC was about 555 cps. A non-zero mean count (26 cps) indicates 
anomalies are present in the data. Three regions with anomalously high results are apparent in 
Figure 3-2. These regions conespond with Firing Site 12, the coal pile, and Yard E. 

3.2.1 EDA 

The aerial flyover of the EDA included eight passovers and did not indicate the presence of 
elevated gamma radiation as represented by anomalously high results. The GC of the area 
ranged roughly fi'om 6,000 cps through 12,000 cps and was consistent with the count range 
across the site where 99.7% of the data points were less than 12,000 cps and 50% were less than 
9,500 cps. 
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The gross COlmt rates in the area of the EDA (Figure 3-1) in general tend to follow the vegetation 
pattern. The lower count mte areas appear to conespond to aI"eas covered with dense vegetation 
or trees while the areas of higher cmmt rates appear to conespond to the cleared or grass covered 
areas. 

3.2.2 IDA 

The aerial flyover of the IDA included eight passovers and did not indicate the pl'esence of 
elevated gamma radiation as represented by anomalously high results. The GC of the area 
ranged mughly from 10,000 cps thmugh 12,000 cps and were consistent with the count range 
across the site where 99.7% ofllie data points wel"e less than 12,000 cps and 50% were less than 
9,500 cps. The gross cmmts appear higher than some other areas of the IAAAP because of the 
lack of vegetative growth, 

The man-made gross count rates observed within the IDA (Figm"e 3-2) clearly show that all areas 
of the IDA are less than 1,000 cps. Thus, after filtering natural backgrOlmd fluctuations (caused 
in pad due to changes in vegetation) there are no apparent anomalies present in the IDA. The 
presence of radiological gamma emitting isotopes appeal'S to be consistent throughout the IDA 
and in general are not present. 

3.2.3 DAlDF 

The aerial flyover of the DAlDF included seven paSSOVeI'S and did not indicate the presence of 
elevated gamma radiation as represented by anomalously high results. The GC of the area 
ranged roughly from 10,000 cps through 12,000 cps and was consistent with the count range 
across the site where 99.7% of the data points were less than 12,000 cps and 50% were less than 
9,500 cps. The gross cOlmts over much of the DAlDF appear higher than some other areas of the 
IAAAP because of the lack of vegetative growth. 

The man-made gross count mtes observed within the DAlDF clearly show that all areas of the 
DAlDF are less than 1,000 cps. Thus after filtering natural backgrolmd fluctuations (caused in 
part due to changes in vegetation) there are no app81"ent anomalies pl-esent in the DAIDF. The 
presence of radiological gamma emitting isotopes appeal'S to be consistent throughout the 
DAlDF and in general are not present. 

3.2.4 ~~ 

The aerial flyover of the Line 1 FOlmer Wastewater ImpOlmdment included seven passovers and 
did not indicate the pt"esence of elevated gamma radiation as represented by anomalously high 
l"esults. The GC of the al"ea ranged roughly from 6,000 cps through 12,000 cps and was 
consistent with the COlmt range across the site where 99.7% of the data points were less than 
12,000 cps and 50% were less than 9,500 cps. 

The man-made gross count rates observed within the L1FWWI clearly show that all areas of the 
Line I Former Wastewater Impoundment al"e less than 1,000 cps. Thus after filtering natural 
background fluctuations (caused in part due to changes in vegetation) there are no appal'ent 
anomalies present in the area of LIFWWI. The presence of radiological gamma emitting 
isotopes appears to be consistent throughout the LIFWWI and in general are not present. 
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4.0 RADIOLOGICAL SCREENING SURVEY 

In August 2004, a ground-based radiological screening smvey was conducted by USACE at the 
EDA, IDA, LIFWWI and the DAIDF. The object of this survey was to generate specific data 
from these sites that, when used in conjunction with the historical infonnation and the flyover 
survey data, will resolve whether or not these areas are impacted by radiological contamination. 

4.1 SURVEY IMPLEMENTATION 

The activities performed during the radiological screening survey included gamma walkover 
surveys, soil sampling, and investigation of structures located in the EDA, IDA, LIFWWI, and 
the DAIDF. Survey activities were conducted in accordance with the Iowa Army Ammunition 
Plant Radiological Survey Plan (USACE 2004a). 

The specific data quality objectives (DQOs) established for this survey and DQO attainment are 
presented in Table 4-1. A more detailed discussion regarding the data quality is presented in the 
Quality Control Summary RepOlt (QCSR) in Attachment A 

Table 4-1. DQOs 

DQOs DQO Attainment 
Quality Assurance/Quality Control (QAlQe) split and QAlQC split and duplicate soil samples were collected at a 
duplicate soil samples will be collected at a frequency of at frequency of 1 in 18 (4 of70). 
least 1 in 20. 
Precision will be determined by comparison of split and RPD and/or NAD valnes for all anaIytes were within the Boo/o 
duplicate sample values with an objective relative percent window of acceptance for the verification samples. 
difference (RPD) of 30% or less at 50% of the criterion value 
when reported activities are >5 times their MDAs; if samples 
are less thanS times their respective MDA, the nonnalized 
absolute difference (NAD) will be used with an objective 
NAD less than1.96. 
Soil sampling data generated by the analytical laboratory will The soil data achieved greater than the project goal of 95% 
undergo data verification and validation with a project goal of data usability. 100% of the data is usable. 
95% data usability. 
Target MDA for gamma spectroscopy will be less The target MDA for gamma spectroscopy was met for K-40 
thanl(pCilg) potassium (K)-40, less than5 pCilg U-238, and with 0.6702 and U-238 with 1.227. 
0.5 pCilg U-235. Six U-235 sample analyses exceeded the target MDA of 0.5 

pCilg, the highest having a value of 1.408 pCilg. These 
exceedances have no significant impact on the overall data 
usability for the following reasons: 

• Samples were also analyzed by alpha spectroscopy (a 
generally more sensitive analytical method). Target 
MDAs for samples analyzed by alpha spectroscopy 
were met for each sample as discussed below. 

• Data generated using alpha spectroscopy is used in 
the data tables in Section 5. 

• Analysis of samples by gamma spectroscopy was 
primarily used to provide data for the non-DU 
radionuclides. 

The associated DU radionuclides (i.e., U-234 and U-238) 
confirm that all samples yield results well below the 56 pCilg 
screening level. 

Target MDA for alpha spectroscopy will be 1.0 pCilg for U- The target MDA for alpha spectroscopy was met for U-238, U-
238, U-235, U-234. 235, and U-234 with the highest values being 0.438,0.5749, 

andO.5177 re 
A minimum of 12 random samples will be collected in each Twelve random samples were collected in each designated 
designated area. area, with the exception of the EDA, where 24 samples were 

collected. 

All radiological survey equipment will be operated and All radiological survey equipment was operated and 
maintained by qualified personnel, in accordance with maintained in accordance with Health Physics (HP)-30 
Science Applications International Corporation (SAle) Radiological Instrumentation of SAlC Health Physics Program 

Health P~~ics Pro2fam procedures. procedures. 
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Table 4-1. DQOs (Cont'd) 

DQOs DQO Attainment 
Gamma walkover data will be elec:!ronically recorded and Color-coded maps were produced fur this document from 
visually displayed in oolor-coordinated maps. electronically stored munma walkover survey data. 
Beta scan data will be recorded on standard survey funns in Beta scans were recorded on Attachment 1 per HP-ll 
accon:lance with. SAlC Health Physics Program procedures. Radiological Monitoring in .accotdance with SAlC Health 

Physics ~ nrocedures. 
Beta fixed point minimum detectable concentration (MDCs) Actual Beta fixed point MDCs were 537 dpm/lOOcm~ or less, 
will be 3000 disintegrations per minute (dpmYl00 centimeters 
squared (~2) or less than 50% of the s~ level. 

which is less than 50"/0 of the screening level. 

Alpha.fixed point MDCs will be 300 dpm!10Ocm~ or less than Actual Alpha fixed point MDCs were 291 dpm/lOOcm- or 
50 % of the screen level. less which is less than 50% of the leveL 
Beta scanMDCs will be 4OOOdpmfl00cm.l or less than 80% of Actual Beta scan MDCs were 966 dpmflOOem:.! or less, which 
the screening level is less than 80% of the 

. 
level 

Ludlum 2929 alpha contamination MDA will be 60 
dpm/lOOcni or less than 10% of the screening leveL 

Actual Ludlum 2929 alpha contaminationMDA was 14.89 
dpm/l00cm2

, which is less than 10% of the screening level. 

4.1.1 Gamma Walkover Surveys 

Gamma radiation walkover surveys were performed using a Ludlum Model 44-10 2" x 2" NaI 
gamma scintillation detector coupled with Trimble® GPS units. Surveyors advanced on-foot at a 
maximum speed of approximately 0.5 m per second while passing the detector approximately 10 
to 15 (cm) over the grolllld surface in a serpentine pattem. Scanning results were electronically 
recorded once per second in counts per minute (cpm). Audible response of the meters was 
monitored during scanning. 

In general, the gamma walkover smveys concentrated on low points or 31-eas expected to have the 
highest likelihood of radiological contamination while those areas that wel-e remote or less likely 
to be contaminated received a less intense survey. This approach, in accordance with standard 
practice, concentrated the greatest eff0l1 in the areas of highest lisk potential while still pmviding 
coverage of other portions of the subject areas with lower risk potential, Additional area-specific 
discussion of gamma walkover survey findings and results are included in Section 5. 

Radiological sUlvey readings can be affected by seveml localized phenomena including, but not 
limited to, precipitation, barometric preSSUl-e, topography, ground smface geometry, and small 
diffel-ences between the multiple meters used dming such sUlveys. Readings can also be affected 
when equipment cables become entwined with dense vegetation or when meter probes stlik:e 
stalks, roots or rocks. Thet-efOl-e, locations where initial walkover data indicated the potential 
presence of elevated mdiological activity were finther investigated to detetmine if the initial 
l'eadings were reproducible and sustained TIlls further evaluation consisted of concentrated 
gamma walkover surveys in the immediate area of the initial anomaly and was conducted either at 
the time of the Oliginal surveyor subsequent to the original survey. After such re-evaluation, 
locations that exhibited reproducible and sustained readings were sampled if the location was not 
represented by previously obtained samples taken from that or a similar area. 

4.1.2 Soil Sampling 

Soil sampling associated with this survey was conducted at IAAAP in August 2004 in accordance 
with the Iowa Anny Ammunition Plant RadiolOgical Survey Plan (USACE 2004a). Samples were 
obtained from the soil SUlface in the EDA and the DFIDA. To address the potential of both 
surface and subsurface contamination, some locations in areas of the L1FWWI and the IDA were 
sampled to a maximum depth of approximately 0.6 m below ground surface (bgs). 

At the L1FWWI, remediation of the impoundment basin occlUTed in 1997. Therefore, six of the 
12 randomly-located soil samples were obtained from the IS-cm to 30-cm bgs interval in order to 
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target sediment that would most likely contain historical radioactive contamination while avoiding 
surface sediment that has accumulated since remediation was conducted. 

At the IDA, 12 randomly placed soil samples were obtained from Trench 6 and Trench 7. The 
depth of the soil sampled at each location was also randomly determined from each discrete 15-
cm interval from the surface to approximately 60-cm bgs such that each interval was sampled at 
least once. In accordance with the Iowa AmlY Ammunition Plant RadiolOgical Survey Plan 
(USACE 2004a), this random depth approach was designed to increase the probability of 
detecting radiological contamination that may have been deposited in the trenches. 

Surface soil samples were obtained using pre-cleaned stainless steel trowels and bowls. Pre­
cleaned hand augers were used to obtain subsurface soil samples. Soil samples were 
homogenized in stainless steel bowls and field-screened for radioactivity using a Ludlum 
2221/44-9. Soil samples were then placed into I-quart steel sample cans. 

The following excerpt from the Iowa Anny Ammunition Plant RadiolOgical Survey Plan (USACE 
2004a) explains the derivation of the DU screening level: 

"NUREG 1507, Minimum Detectable Concentrations with Typical Radiation 
Survey Instmments for Various Contaminants and Field Conditions [Nuclear 
Regulatory Commission (NRC), 1998] lists the MDC for scanning with a 2" x 2" 
NaI detector for soil contaminated with DU at 56 pCilg. It has been determined 
that this level of contamination will be detected at least 95% of the time by the 
average survey technician walking at a rate of 0.5 meters per second (m/sec). 
This scan MDC value is based on the assumption that instrument background is at 
or near 10,000 cpm. Site-specific background for instruments used during the 
walkover survey should be within ± 20% of this value to validate the use of the 
stated scan MDC. If instrument backgrounds fall outside this value, a site-specific 
scan MDC should be calculated. 

Conservativ.e risk and dose assessment calculations were performed using the 
residual radiation code (RESRAD) Version 6.0 to model a residential scenario 
with DU soil contamination at 56 pCilg. The resulting risk and dose to the 
maximum exposed individual from this evaluation is 5 E-5 and 8 millirem per 
year (mrem/yr), respectively, as described in Appendix A, IAAAP Survey 
Screening Level Derived Concentration Guideline Level (DCGL) Risk/Dose 
Assessment. 

The use of 56 pCilg as a screening level for DU is applicable to IAAAP since it is 
expected that the soil at these sites is potentially contaminated with micron-size 
DU particles. In this situation, it is expected that the activity per gram of soil is 
much less than the known specific activity of solid DU [i.e., 3.637 E-7 Curies per 
gram (Cilg)]. For solid DU (i.e., visible DU fragments), the specific activity is 
known and the appropriate parameter to define the minimum detectable quantity 
is the size of the fragment, not its activity. 

The presence ofDU in excess of 56 pCilg in any sample from a specific area will 
require additional investigation for that area or the affected parts of that area. If 
no samples from a specific area contain DU in excess of 56 pCilg, no further 
action will be required in that area." 

Soil sample results were compared to the established DU screening level of 56 
pCilg. Further discussion of the soil sampling findings and results is presented in 
Section 5. 
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4.1.3 Analysis of Soil Samples 

Collected soil samples were sent to the USACE-validated FUSRAP Radioanalytical Laboratory 
located in Berkeley, Missomi and analyzed in accordance with the FUSRAP St. LOllis, 
Laboratory Quality Assurance Plan and Laboratory Procedures Manual (SAlC 1999a). 

The samples were processed for alpha spectroscopy analysis to detennine isotopic concentratiollS 
of the three uranium isotopes present in DU (U-238, U-235 and U-234). Prepared samples were 
chemically processed using the Claude Sills method of chemical separation and were counted on 
a Canbena alpha spectroscopy system equipped with Passivated Implanted Planar Silicone 
(PIPS) detectors. Samples were counted in an attempt to achieve a detection sensitivity of 0.1 
pCilg for each isotope. The split samples collected were analyzed by alpha and gamma 
spectroscopy by Severn Trent Laboratories. 

In addition, samples were dried, homogenized, and analyzed for gamma emitting isotopes using 
Mminelli beaker geomelIy and a Canbena gamma speclI'oscoPY system. Sample results were 
reported for the standard FUSRAP libr81Y of contaminants [actinimn(Ac)-227, Am-241, Cs-137, 
potassimn (K)-40, Ra-226, Ra-228, thorium (Th)-228, Th-230, Th-232, U-235, U-238] and other 
peaks if identified during the analysis. Samples were counted in an attempt to achieve an MDA 
for K-40 of 1 pCilg resulting in typical detection sensitivities for U-238 and U-235 of 
approximately 3 pCilg and 0.2 pCilg, respectively. 

Validated sample data with qualifiers for both alpha and gamma speclI'oscoPY analysis are 
presented in Attaclnnent B. 

4.1.4 Building Surveys 

Building and s1ructme surveys were limited to those structm'es that could be accessed safely. 
Three different types of measmements were taken from the same sample 10catiollS in each of the 
structmes. Beta scans, total alpha-beta smface activity (fixed-point) measmements, and 
removable surface activity smears were performed in each structme. The measurements were 
taken at locations considered the most likely to be contaminated, such as enlI"3llceways, drains, 
and high traffic areas. Beta scans were pelformed at approximately 1 to 2 inches per second at 
approximately one ql.1ru.ter inch from the smfac·e using Ludlum Model 2360 coupled with a 
Ludlmn 43-89 zinc sulfide (ZnS) scintillator. Fixed point measm-ements were made with 60 
second static counts using a 43-89 ZnS plastic scintillator. Removable activity was determined 
by smearing an m-ea of approximately 100 cm2 and then measming the alpha and beta activity on 
the smear. 

The established structlU'es screening levels for total gross alpha and beta activity were selected 
from Table 1, Suiface and Volume Radioactivity Standards for Clearance [American National 
Standards Institute (ANSI) 1999]. The screening levels for gross alpha and beta removable 
activity have been set at 10% of the limit total for total alpha and beta activity, respectively. The 
screening levels used for this screening sUlvey are listed in Table 4-2. 

Table 4-2. Screening Levels 

Type of Radiation Total Contamination Removable Contamination Investigation Level 
( dpml100cm2) (dpm/1OOcml

) for Scanning (cpm) 
Gross Alpha 600 60 Not applicable 
Gl'OssBeta 6000 600 4,800 
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4.2 SAMPLE AND W ASlE DISPOSITION 

Samples were smveyed, tracked by a chain of custody, packaged and sealed in strong tight 
containers and ground shipped from IAAAP to the USACE-validated FUSRAP Radioanalytical 
Laboratory located in Berkeley, Missomi All sample containers were verified free of loose 
contamination and the dose rate on the outside of the shipping container was verified as being 
less than 0.5 millirem per hour (mremlhr). The QC split samples were transported by courier 
from the FUSRAP Radioanalytical Laboratory by Severn Trent Laboratories for analysis in their 
Earth City, Missouri laboratory. 

There was a limited amount of waste generated as a result of this survey. The waste generated 
consisted of personal protective equipment (PPE) (surgical and cotion gloves) and swipes. The 
PPE was sUlveyed for unrestricted release and placed in "clean" trash for disposaL Sampling 
activities at the Cap Extension area in the IDA resulted in the generation of Cs-13 7 contaminated 
investigation derived waste (IDW). This IDW was transferred to the DOD Executive Agent for 
Low Level Radioactive Waste at the Rock Island Arsenal and recycled for reuse by DOD. 

4.3 SURVEY RESULTS/ANALYTICAL DATA 

4.3.1 Reference Area 

As described in the Iowa Army Ammzmition Plant Scoping Survey Plan for Firing Sites 6 and 12 
(USACE 200Ib), the reference area was used to determine background soil U levels at the site. 
The reference area was located northeast of the IAAAP Gate 4 in the field behind and southwest 
of Casey's General Store, as shown on Figure 4-1. Soil samples were taken from seven locations 
within the reference area. In addition, one duplicate sample and one split sample were taken 
from location IAAP25028. The soil sample locations were randomly generated and distributed 
across the reference area. The reference soil sample alpha spectroscopy analysis results for the 
uranium isotopes are shown in Table 4-3. 

Table 4-3. Reference Area Soil Sample Analytical Results 

Reference Area Data Summary 
Pal'ametel'S U-234 (PCil2) U-235 (PCil2) U-238 (PCil2) 

Mean 1.19 0.13 1.50 
Median 1.35 0.13 1.56 
Standard Deviation 0.29 0.03 0.27 
Maximum 1.50 0.18 1.89 
No. Samples 9 9 9 

Refel'ence Area Data 
SampleID U-234 (PCil2) U-235 (pCil21 U-238 (pCil2) 
IAAP25025 0.96 0.18 1.62 
IAAP25026 1.40 0.16 1.73 
IAAP25027 1.35 0.13 1.89 
IAAP25028 1.35 0.11 1.48 

IAAP25028-1 a 1.15 0.13 1.49 
IAAP25028-2D 0.69 0.06 1.06 

IAAP25029 0.84 0.11 1.11 
IAAP25030 1.46 0.12 1.56 
IAAP25031 1.50 0.14 1.58 

"I F1eld duplicate 
b) Field split 
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4.3.2 EDA 

The EDA was defmed for this study as the North Burn Pads Landfill, the North Bum Pads, the 
East Burn Pads, the West Bmn Pads area, including the area of the West Burn Pads Area south 
of the road that leads to the East Bmn Pads. Most of the area was densely,vegetated during the 
time of the walkover and sampling. Field efforts included gamma walkovers, soil sampling, and 
structure ::mrveys for this area. 

4.3.2.1 Gamma Walkover Survey 
The majOlity of the gamma walkover smveys of the EDA were perfOlmed on A~oust 17 and 18, 
2004. While pOltions of the entire area received some coverage in accordance with the Iowa 
Amzy Ammunition Plant Radiological Survey Plan (USACE 2004a), the focus of the walkovers 
was on the following areas: 

• The corridor of Spring Creek 
• Drainages to Spring Creek 
• The perimeter of the former East Burn Pads 
• Area between the south road and the south perimeter fence of the East Burn Pads 
• West Burn Pads area 
• North Burn Pads 
• North Burn Pads Landfill 

The East Burn Pads included a 5-hectare lot enclosed by a fence as well as areas to the north and 
southwest. The enclosed area and area north of the fence were relatively flat and covered with 
dense vegetation. The southwest portion of the East Burn Pads slopes to the southwest, towards 
the creek that bisects the EDA Background gamma radiation levels in the East Bum Pad area 
generally ranged from approximately 13,000 cpm to 15,000 cpm. 

The West Burn Pads area was heavily vegetated but included two areas devoid of vegetation. 
This area sloped to the north towards the drainage feature that divides the West Burn Pads area 
from the North Burn Pads Landfill, and to the east towards the main creek. Background 
radiation levels were generally between 12,000 cpm and 14,000 cpm. 

The North Burn Pads and North Burn Pads Landfill sloped southward towards the drainage 
feature and were also heavily covered with herbaceous vegetation interspersed with trees. 
Gamma walkover sUlveys were conducted in this area with the exception of the immediate area 
of the CWP. Background radiation levels across the North Burn Pads and North Bum Pads 
Landfill, including areas immediately adjacent to the CWP, generally ranged between 
approximately 12,000 cpm to 14,000 cpm. 

Because of concems with unexploded ordnance (UXO), the walkover for the area south of the 
West Burn Pads area was delayed until August 24, 2004 when a UXO expert from the USACE­
Rock Island Disuict was present to clear the area for walkovers and sampling. This area was 
heavily vegetated and sloped primarily to the east towards the main EDA drainage featme. 
Included in the gamma walkover StUVey of this portion were the areas around the bunkers along 
the south access road. Background radiation levels generally ranged between 10,000 cpm and 
12,000cpm. 

Gamma walkover results for the EDA are presented in Figme 4-2. As described in Section 4.1.1, 
areas appearing to exhibit gamma radiation counts at rates significantly greater than background 
levels were investigated further to detelmme if the increase in count rate at the location was 
reproducible. Three initial anomalies were detected within the EDA and are also shown on 
Figme 4-2. All anomalies were further investigated by performing additional gamma walkover 
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surveys at the prescribed coordinates and in the general vicinity. The original count rate for 
Anomaly #1, located just southwest of the East Bum Pads, could not be reproduced unless the 
probe was lowered into a shallow depression. Erosion had created the small depression with 
steep sides that was approximately 31 cm in depth. The increased count rate was determined to 
be due to geometry change and therefore a biased sample was not obtained. The original count 
rate for Anomaly #2, located near a ditch leading to Spring Creek, could not be recreated in its 
entirety. However, a small increase was observed on a small area of soil void of vegetation. The 
slight increase noted did not exceed the investigation level. It was determined that the original 
count rate was due to change in vegetation cover and did not require a biased sample. No 
increase in count rate was observed at or in the general vicinity of Anomaly #3. The original 
count rate that was investigated was a single data point, which did not correlate to surrounding 
data points. The original count rate was determined to be due to meter fluctuations or operator 
error (surveyor kicking the probe, loose cable or other) and no sample was obtained 

4.3.2.2 Soil Sampling 

Twenty-four soil samples were collected from the surface interval (0 cm to 15 em) from 
predetermined random locations as indicated in the &11lVey plan (USACE 2004a). The majority 
of the soil samples were collected on August 17, 18, and 24, 2004. No biased samples were 
collected in the EDA because no areas of reproducible elevated gamma radioactivity were 
identified. 

Split and duplicate samples were collected at location IAAP84240. The soil throughout the EDA 
was primarily a brown silty clay/topsoil. Sample locations are presented on Figure 4-2. 

Sample analytical results are shown in Table 4-4. Soil samples from the EDA exhibited uranium 
levels approximately equal to background levels. No sample had DU in excess of 56 pCilg. 

Table 4-4. EDA Soil Sample Analytical Results 

SampleID Sample Type U-234 (pCill{) U-235 (pCill{) U-238 (pCill{) 
IAAP84222 Random 0.97 0.00 1.06 
IAAP84223 Random 0.73 0.13 1.00 
IAAP84224 Random 1.71 0.00 0.98 
IAAP84225 Random 1.63 0.14 1.80 
IAAP84226 Random 1.01 0.12 0.86 
IAAP84227 Random 2.03 1.02 1.54 
IAAP84228 Random 1.04 0.00 0.46 
IAAP84229 Random 0.96 0.08 0.71 
IAAP84230 Random 1.07 0.00 1.01 
IAAP84231 Random 0.83 0.20 0.79 
IAAP84232 Random 1.86 0.00 0.88 
IAAP84233 Random 0.75 0.00 0.57 
IAAP84234 Random 1.01 0.05 1.56 
IAAP84235 Random 1.37 0.08 1.22 
IAAP84236 Random 1.22 0.00 1.12 
IAAP84237 Random 0.60 0.07 0.78 
IAAP84238 Random 0.44 0.00 0.81 
IAAP84239 Random 0.55 0.00 0.86 
IAAP84240 Random 0.79 0.00 0.64 
IAAP84241 Random 0.95 0.00 0.78 
IAAP84242 Random 0.57 0.03 0.48 
IAAP84243 Random 0.99 0.06 1.05 
IAAP84244 Random 1.12 0.00 0.61 
IAAP84245 Random 1.33 0.00 1.27 
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4.3.2.3 Building Surveys 

Building surveys were perfonned on bmlkers BG-2, BO-3, BG-4, and BG-5 and building BO-l 
on August 24, 2004. Smveys focused on areas that would likely be contaminated. Each building 
surveyed had a minimum of 1:1]]:ee locations scanned, alpha-beta :fixed point measmements taken, 
and smears collected. SlUvey results are presented in Table 4-5. 

According to the Iowa Am~v A11l11lunitio~ Plant Radiological Survey Plml (USACE 20048), since 
the beta scan :MDA (721 dpm/l00 em) was well below the structure screening level (6,000 
dpm/IOO cm2

), a minimmn of two fixed-point alphalbeta and loose sm-.face contamination 
measurements is appropriate in each building regardless of the results of the scan for quantitative 
pmposes. The nmnber of points measmed was consistent with the size of the buildings. Three 
fixed point measurements and smears were collected in each blmker. In BO-l, a two story brick 
building, ten fixed point measmement locations and smears were collected. The 01:11er buildings 
were b1.mkers. BG-3 was larger than other blUlkers in the EDA. All scan results were less than 
the investigation level. All alpha and beta fixed point readings were less than the screening 
levels. Smvey results are presented in Attacbment C. One fixed pomt location in BO-5 
identified radioactivity at above-background levels. Additional scanning was conducted near 
this point and througbout the bmlker. A total of three :fixed point measurements were taken. All 
additional slUveys conducted were at or near background values, well below the screening 
values. 

Table 4-5. EDA Building SUl"Vey Results 

Sample 
Sample Location Removable ~ha Removable Beta Total Alpha Total Beta 

ID (dpmll(}Ocm~) (dpmllOOcm2
) (dpmllOOcm2

) (dpmll00cm1
) 

1 BG-l <60 <600 163 <515 
2 BG-l <60 <600 122 <515 
3 BG-l <60 <600 <113 1310 
4 BG-l <60 <600 <113 821 
5 BG-l <60 <600 163 <515 
6 BG-l <60 <600 <274 960 
7 BG-l <60 <600 <274 <539 
8 BG-l <60 <600 <274 <539 
9 BG-l <60 <600 <274 <539 
10 BG-l <60 <600 <274 585 
1 EDA B1.ulker (BG-2) <60 <600 <113 434 
2 EDA B1.ulker (BG-2) <60 <600 <113 <418 
3 EDA B1.mker (BG-2) <60 <600 163 <418 
1 BG-3 <60 <600 <141 490 
2 BG-3 <60 <600 <141 <449 
3 BG-3 <60 <600 <141 <449 
1 BG-4 <60 <600 <170 <415 
2 BG-4 <60 <600 <170 <415 
3 BG-4 <60 <600 <170 <415 
1 BG-5 <60 <600 533 739 
2 BG-5 <60 <600 <291 <469 
3 BG-5 <60 <600 <291 <469 

< ~ less than 

4.3.3 IDA 

The IDA covers appmximately eight hectares. It is partially fenced, with access from the main 
mad contmlled by a locked gate. From 1941 to 1992, the IDA was used by the AImy to manage 
plant waste materials, and included a trench-and-filllandfill sanitary landfill, a burning ground, a 
metal salvage operation, a sludge lagoon, a waste-water sludge drying bed, and an eadhen-
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bermed holding area formerly used to store sludge. Trench 6, Trench 7, and the Cap Extension 
area (random fill) were the areas &'UfVeyed and sampled as a part of this survey effort. 

4.3.3.1 Gamma Walkover Survey 

Gamma walkover surveys were performed on Trenches 6 and 7 of the IDA on August 23, 2004. 
The Cap Extension area was surveyed on August 26, 2004. The gamma walkover survey of 
Trench 7 and the Cap Extension area revealed areas of apparent elevated radioactivity that were 
further investigated and subsequently sampled as described below. Gamma walkover results are 
shown in Figure 4-3. 

Gamma walkover surveys at the IDA began at Trench 7, located in the northwest comer of the 
IDA. Visible within the trench were fill materials including soil, rubble, and metal debris. Liner 
material was exposed at the surface across much of the trench area, particularly in the southern 
and western portions. The depth of the fill materials appeared greater in the north end of the 
trench than the south end where more of the trench side slopes were visible. Some vegetation 
was present across the soil-covered portions. The southern portion of the trench served as a 
storm-water collection sump. Background radiation levels were in the 12,000 cpm to 14,000 
cpm range within the trench. Higher levels were observed on the western slope of the trench. 
This slope consisted primarily of exposed liner material. It is likely that these increased levels 
can be attributed to the substantial change in geometry in that portion of the survey area 
(Anomaly #1). 

Biased sample IAAP84249 was obtained ii·om this slope on the day following the initial survey 
to investigate the increased levels (Anomaly #1). Additional gamma levels were obtained using 
a NaI 2"X2" to identify the area of higher sustained cOlmts of gamma radiation. The area of 
highest gamma levels on the day of the sampling was sampled and is considered representative 
ofthe larger area of elevated counts. No other significant anomalies were identified in Trench 7. 
Soil sample analytical results are presented in Section 4.3.3 .2. 

Gamma walkover surveys continued in Trench 6, located just southeast of Trench 7. The floor 
of this trench was primarily soil, debris, and waste materials. Conditions similar to Trench 7 
were observed; the depth of the deposited material within the trench was greater in the north end 
than the south end. The southern portion of the trench served as a storm-water collection sump. 
The eastern slope was covered with exposed liner material. The materials within Trench 6 
exhibited gamma radiation background levels of 9,000 cpm to 11,000 cpm with no significant 
anomalies. 

On August 26, 2004, a gamma walkover survey was performed on the Cap Extension area 
portion of the IDA. The Cap Extension area is an above-grade feature (stockpile) located in the 
eastern portion of the IDA, just inside the main entrance gate. The surface of the Cap Extension 
area was varied and included bare soil, areas of thick vegetation, and some rubble. The gamma 
walkover survey of the Cap Extension area showed that gamma radiation levels generally ranged 
between 12,000 cpm to 14,000 cpm. One area (Anomaly #2) indicating gamma radiation of 
approximately 100,000 cpm (significantly greater than the screening level of 2,000 cpm) was 
identified on top of the pile, approximately 80 m south of the northern limits of the cap. A 
biased soil sample, IAAP84252, was obtained from that location to investigate the elevated 
activity. Additional discussion on soil sampling and the associated analytical results is presented 
in Section 4.3.3.2. 
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4.3.3.2 Soil Sampling 

Twelve randomly-located and two biased soil samples were collected at the IDA. Many sample 
locations, as presented in the survey plan (USACE 2004a), did not fall within Trench 6 and 
Trench 7 as originally intended It was therefore neceSSalY for the sampling locations to be 
randomly redistributed within the trenches as shown on Figtu-e 4-3. Sample depth for each 
randomly-located location was randomly established from each discrete 15-cm interval within 
the first 60 cm of the soil profile. The analytical results of the soil samples collected from the 
IDA are shown in Table 4-6. 

Table 4-6. IDA Soil Sample Analytical Results 

SampleID Sample Type U-234 (pCi/g) U-235 (pCi/g) U-238 (pei/g) 
IAAP84194 Random 1.05 0.14 1.16 
IAAP84195 Random 1.53 0.00 1.38 
IAAP84196 Random 1.34 0.26 1.33 
IAAP84197 Random 0.98 0.00 0.97 
IAAP84198 Random 1.16 0.00 1.33 
IAAP84199 Random 1.39 0.22 1.33 
IAAP84200 Random 2.08 0.00 3.06 
IAAP84201 Random 0.72 0.00 0.56 
IAAP84202 Random 1.24 0.00 1.28 
IAAP84203 Random 0.97 0.00 1.45 
IAAP84204 Random 0.76 0.06 0.75 
IAAP84205 Random 0.65 0.00 0.9 
IAAP84249 Biased 1.14 0.09 1.58 
IAAP84252 Biased 0.56 0.12 0.84 

In Trench 7, three samples were collected from the surface interval of 0 cm to 15 cm bgs, and 
one each at the 15 cm to 30 cm, 30 cm to 46 cm, and 46 cm to 60 em intervals. The soil was 
described as very dark and grey/brown sandy clay. The same process was applied to samples 
collected in Trench 6. The soil was described as brown with sand, silt, and clay. Split and 
duplicate samples wel'e also collected at loca.tion IAAP84202. 

The first of the two biased samples collected in the IDA, IAAP84249, was a surface sample 
collected from the western berm of Trench 7 to investigate generally elevated gamma walkover 
readings along this berm. Uranium in this sample was at background levels. 

The second biased sample, IAAP84252, was collected as the result of the gamma walkover 
survey on the Cap Extension area where a metallic object was located at approximately 20 cm 
bgs and removed. Neither the object nor its origin could be positively identified at the time of 
the survey. The metallic object measured approximately 3.8 cm by 3.8 cm and exhibited a 
beta/gamma field screen reading of approximately 33,000 cpm on a Ludlum 44-9. The soil 
sample (IAAP84252) was taken from the 0 to 20 cm bgs interval after the metallic object was 
removed. Subsequent gamma spectroscopy analysis revealed that the soil in sample IAAP84252 
contained 226 pCilg Cs-137, while the metallic object exhibited approximately 100,000 pCi/g 
Cs-137. Uranium in the soil sample was at background level. No uranium was detected in the 
metallic object. Locations of samples taken from the IDAareas are shown on Figure 4-3. The 
highest U-238 concentration was 3.06 pCilg, from random sample IAAP84200, which is well 
below the 56 pCi/g soil screening level concentration for DU. 

Due to batch processing with IAAP85252 and the potential for cross-contamination, the rep011ed 
Cs-137 result for IAAP84201 is from the initial gamma analysis, as noted in Attachment B. 
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4.3.4 DAJDF 

The DAlDF area covers approximately fmu hectares in the southwestem portion of the IAAAP, 
which was used for open detonation of annnunition items that required immediate disposal. The 
Deactivation Fumace includes a feed area and l-etort system, an adjoining air pollution control 
system, and an exhaust stack. The physical boundaries for tlus survey were limited to the open 
field to the east and the tree line on the other three sides. The structures present at the time of the 
survey consisted of the Deactivation Furnace and suppod building and the three bunkers. Field 
efforts included a gamma walkover survey, soil sampling, and structure surveys for this area. 

4.3.4.1 Gamma Walkover Survey 

Gannna walkover Slll"Veys were conducted in the DAlDF portion of the IAAAP on August 24, 
25, and 26,2004. There were three areas that received additional evaluation during the survey. 
These three areas are discussed below and are indicated on Figure 4-4. 

Initial gannna walkover surveys focused on the area innnediately SUlTounding the Deactivation 
Furnace. Soil in tills vicinity was heavily vegetated at the time of the sluvey except for those 
portions immediately south and west of the Deactivation Furnace where gravel drives and fonner 
parking areas exist. Soil in this vicinity exhibited gannna radiation background levels of 
approximately 9,000 cpm to 11,000 cpm with no anomalies. 

Gannna walkover SUl"Veys were also conducted in the open areas on both the east and west side 
of the Deactivation Furnace entrance road. The area west of the entrance road was heavily 
covered with herbaceous vegetation with some pockets of small trees. The area generally sloped 
westward, toward the wooded drainage that separates this area from the Demolition Area. The 
area east of the access road was also heavily covered with herbaceous vegetation and generally 
sloped eastward towm-ds an adjacent drainage. A single data point in this area (Anomaly #1) 
showed levels of approximately 18,500 cpm. This point was umque, not sustained, and was 
recorded by a meter that had consistently read approximately 1000 to 1500 cpm higher than the 
other meters used that day. No biased sample was obtained from this location. Soil in this 
vicinity generally exhibited gamma radiation background levels of approximately 12,000 cpm to 
14,OOOcpm. 

Gamma walkover surveys were also conducted in and along the sUlface--water drainage that 
separates the Demolition At-ea from the Deactivation Furnace area. This drainage was heavily 
wooded and contained significant lmderstory vegetation. The subslI-ate ranged from loose 
topsoil to rocky ontcroppings. Depth of the drainage, as compared to the SlllTOunding 
topography, increased towards the southwest Substrate in this drainage exhibited gannna 
radiation background levels of approximately 12,000 cpm to 14,000 cpm with no anomalies. 

The area between the main sU1face-water drainage way and the entrance road to the Demolition 
Area received a gamma walkover sU1vey. TIlls area was heavily covered with herbaceous 
vegetation with occasional groups of trees. This area generally sloped to tile southeast, towards 
the main sU1face--water drainage. Soil in this vicinity exhibited gamma radiatioIl background 
levels of approximately 13,OOOcpm to 15,000 cpm with no anomalies. 

Gannna walkover sU1veys were conducted in the area to the north of the Demolition Area 
entrance road near bunker 900-189-1. This portion ofthe Demolition Area is relatively flat and 
contains some areas of thick vegetation, while other areas, particularly near the demolition pad, 
conta.in much less vegetation. Surveys in this area were focused primarily on the demolition pad 
area and the bunkers in the eastem portion. Soil in this vicinity exhibited gamma radiation 
background levels of approximately 12,000 cpm to 14,000 cpm. An area that appeared to exhibit 
gamma radiation levels fuat were slightly above the sUITmmding area was identified just north of 
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the main demolition pad (Anomaly #2). Biased sample IAAP84251 was taken at that location to 
investigate. Soil sample analytical results are discussed in Section 4.3.4.2. No anomalies were 
identified in other portions of this area. 

A gamma walkovel' was also conducted over the large area of land located west of the «Y" in the 
Demolition Area entrance road. TIris area was heavily covered with herbaceous vegetation and 
contained pockets of medium sized trees.. In the northwestern portion of this at'ea there is a 
highly eroded area that appears to drain smface-watel' from this watershed Because this area is 
an obvious topographical low point, and therefOl'e a possible area for deposition of potentially 
radioactive demolition materials, gamma walkovel' surveys focused on this portion of the area 
and a biased soil sample was also taken (IAAP842S0). Soil across the flat portion of this area as 
well as the eroded section exhibited gamma radiation background levels of approximately 12,000 
cpm to 14,000 cpm with no anomalies. 

4.3.4.2 Soil Sampling 

In accordance with the Iowa AnllY Ammunition Plant Radiological Survey Plan (USACE 2004a), 
12 randomly-located samples were collected in the DAlDF area, from the sm-face interval (0 em 
to IS cm). The planned locations of three sampling points (lAAP8421l, IAAP8421S, and 
IAAP84216) fell in areas of heavy tree and brush cover just outside the DAlDF study area. 
Therefore, these locations were moved, no more than 18 ill, in order to be located back into the 
study area. The soil was generally dark brown topsoil with some samples containing silt and 
clay. The analytical results of the soil samples collected from the DAJDF are shown in Table 4-
7. 

Table 4-7. DAJDF Soil Sample Analytical Results 

SampieID SampieType U-234 (pCilg) U-235 (pCi/g) U-238 (pCi/g) 
IAAP84208 Random 0.97 0.14 1.10 
IAAP84209 Random 0.85 0.29 1.29 
IAAP842 1 0 Random 0.93 0.00 1.18 

IAAP8421 1 Random 1.57 0.19 1.23 
IAAP84212 Random 1.20 0.11 1.30 
IAAP84213 Random 1.27 0.07 1.16 
IAAP84214 Random 1.08 0.13 1.14 
IAAP84215 Random 0.68 0.05 0.87 
IAAP84216 Random 0.96 0.00 0.74 
IAAP84217 Random 0.72 0.07 1.15 
IAAP84218 Random 0.77 0.00 0.59 
IAAP84219 Random 1.19 0.06 1.37 
IAAP8425 0 Biased 0.84 0.04 0.48 
IAAP84251 Biased 0.78 0.18 0.86 

The potential presence of subsurface UXO was a concern in this area. TherefOIe, sampling 
locations were investigated for subsurface objects by an UXO specialist prim' to intI.usive 
sampling. The UXO ex-pert an1ved on the site on August 24, 2004. 

Two biased samples were collected from the DAJDF area. One biased sample, IAAP84250, was 
collected from the surface interval at the bottom of the eroded zone in the northwestern portion 
of the Demolition Area. TIris area is an obvious low point within the SUU'OlU1ding topography 
and therefore has the potential to be an accumulation point for sediments from that portion of the 
site. The other biased sample, IAAP8425l, was collected ii-om a bum pad near the bunkel's in 
the northern portion of the area. Initial gamma walkover smveys indicated a slight increase in 
radioactivity at the location of this soil sample. Sample locations are shown on Figure 4-4. Soil 
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sample analytical results for the DAlDF from both biased and random sampling locations were 
well below the 56 pCi/g soil screening level concentration for DU. 

4.3.4.3 Building Surveys 

Building smveys were performed on Bunker 900-189-1 in the Demolition Area and a building 
and two concrete pads in the Deactivation Furnace area on August 25, 2004. Surveys focused on 
areas that would likely be contaminated. Survey results ru:e presented in Attachment C. 

Three alpha-beta fixed point measmements were collected on the interior of Bunker 900-189-1. 
The entrances and walkway between the two entrances were surveyed. At each fixed point 
measm-ement location a smear was also taken to assess removable contamination. Bunker 900-
189-1 results were below the screening levels. Two bunkers near Bunker 900-189-1 were not 
surveyed, due to either safety concerns or the fact that they were full of materials and therefore 
not accessible. Based on historical uses and the findings of the survey of Bunker 900-189-1, as 
well the findings of bunker surveys at the EDA, additional surveys of DAlDF bunkers are not 
necessary. 

The Deactivation Furnace consisted of several struc1:tlles located on two concrete pads. The 
Deactivation Fmnace buildings are not in use; however, one is used for storage. Some structru:es 
were not accessed due to safety concerns. Areas that were accessible for surveying included the 
concrete pads and a room where explosives were loaded into the furnace. 

Twenty alpha-beta fixed point measm'ements were taken at the deactivation furnace and smears 
were collected to assess removable contamination. The results of the surveys are presented in 
Table 4-8. The concrete pads at this facility exhibited alpha results over the 600 dpmllOOcm2 

screening level. Due to the noted increase in alpha counts, alpha scanning was used dm-ing the 
investigation of the concrete pads at the Deactivation Furnace. According to the lAAAP 
radiolOgical survry plan (USACE 2004a) only two points are needed per struc1:tlle, however, 
more readings were taken to determine the extent of the elevated alpha activity on the concrete 
pads. The area having the highest alpha reading was located on the small concrete pad. Survey 
personnel covered this small area with plastic sheeting for 24 homs after which another reading 
was made to rule out radon as a possible cause for the elevated readings. The reading before the 
plastic was put in !,lace was 2935 dpmlcm2 and 24 homs later when the plastic was removed it 
was 2038 dpmlcm:. Survey personnel noted the presence of dark-colored stains intermittently 
distributed on the small concrete pad. Based on similar situations at other sites, as well as 
professional judgment, it is believed that the elevated counts on the pad are due to naturally 
occmTing radioactive material contained within the concrete. 

The Iowa Department of Health perfOlmed a subsequent evaluation of this concrete pad in 
September 2005 using radiological spectrum-yielding field instrumentation. The radiological 
spectnnn that was obtained was slightly higher than backgrOlmd and consistent with that 
generated by na1:tllally occm1.1ng radioisotopes and their progeny. The Iowa Department of 
Health conclusion is that the original survey discovered something, possibly a piece of 
aggregate, in the concrete pad. 

Table 4-8. DAlDF Building Survey Results 

Sample 
Removable Removable 

Total Alpha Total Beta 
Sample Location Alpha Beta 

ID (dpmllOOcm2
) (dpmllOOcm~ ( dpmllOOcm2

) (dpmllOOcm2
) 

1 Deactivation Furnace <60 <600 224 531 
2 Deactivation Furnace <60 <600 1427 1624 
3 Deactivation Furnace <60 <600 1182 1246 
4 Deactivation Furnace <60 <600 1060 1086 
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Table 4-8. DAlDF Building Survey Results (Cont'd) 

Sample Removable Removable 
TotalAlpba Total Beta 

ID 
Sample Location Alpha Beta 

( dpmllOOcm2
) (dpmllOOcm1 (dpm/lOOcm2) (dpmllOOcm1 

5 Deactivation Furnace <60 <600 1936 1352 
6 Deactivation Furnace <60 <600 2935 2208 
7 Deactivation Furnace <60 <600 1957 1476 
8 Deactivation Furnace <60 <600 387 768 
9 Deactivation Furnace <60 <600 265 892 
10 Deactivation Furnace <60 <600 795 886 
11 Deactivation Furnace <60 <600 <61 <406 
12 Deactivation Furnace <60 <600 <61 490 
13 Deactivation Furnace <60 <600 <61 <406 
14 Deactivation Furnace <60 <600 224 496 
15 Deactivation Furnace <60 <600 734 744 
16 Deactivation Furnace <60 <600 326 472 
17 Deactivation Furnace <60 <600 122 531 
18 Deactivation Furnace <60 <600 387 638 
19 Deactivation Furnace <60 <600 571 496 
20 Deactivation Furnace <60 <600 632 880 
1 DEMO 900-189-1 <60 <600 <MDC <MDC 
2 DEMO 900-189-1 <60 <600 <MDC <MDC 
3 DEMO 900-189-1 <60 <600 <MOC <MDC 

4.3.5 L1WWI 

For pmposes of this survey, the L1FWWI includes the impoundment from dam to dam and 
covers approximately 3 hectares. The survey area also included the area extending 
approximately 100 m north of the north dam, to the Line 1 perimeter fence to the east, and south 
to the perimeter road located south of the south dam. The smvey boundary area extends west to 
the perimeter road that lUllS north and south on top of the benn. It was noted that the Line 1 
impOlllldment was located downhill from Line 1 and the two areas are separated by a chain-link 
fence. Based on the topography of the area east of the impOlmdment basin, it appeared that the 
surface-water fiom a portion of the Line 1 area drained toward and eventually into the waste­
water impoundment basin. The impoundment floor was llllder water at the time of the visit and 
the visible SUlTounding soil was covered with grass. 

4.3.5.1 Gamma Walkover Survey 

Gamma walkover surveys of the LIFWWI occurred on August 16 and 17, 2004. The focus of 
the smveys was along the CirClmllerence of the impoundment basin, an island slID"ounded by 
water, the drainage ways exiting from the west side of Line 1 leading to the impoundment, and 
the areas north of the nOlth dam and south of the south dam. The heavily vegetated sloped area 
northeast of the impoundment and the grassy strip adjacent to the Line 1 fence received a less 
dense coverage. Gamma walkover I'esults are shown in Figm-e 4-5. 

Because of the relatively low water levels and forecasted rain, initial gamma walkover SUlVey 
efforts focused on the area in the immediate vicinity of the impoundment. Most of the area 
immediately adjacent to the impounded water was steep-sloped and heavily covered with 
vegetation. An "island" measuring approximately 40 m by 20 m was accessible in the 
impoundment bottom and was surveyed. Soil immediately adjacent to the impounded water and 
soil on the exposed "island" exhibited background radiation levels between approximately 9,000 
cpm and 11,000 cpm and showed no anomalies. . 
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Gamma walkover surveys continued in the area between the llnpOlmdment basin and the west 
perimeter fence of Line 1. 1his area was heavily vegetated and sloped from Line 1 towards the 
impoundment basin. Several areas near the Line 1 perimeter fence exhibited gamma count rates 
at above-background levels, however these l'esults were not sustained and were not reproduced 
upon fmiher investigation. In addition, increased counts in some areas can be athi.buted to 
significant changes in grmmd slllface geomelIy, i.e., holes into which the smvey meter was 
placed. Specifically, Anomaly #1 could not be reproduced upon additional investigation. The 
original count rate was a single data point located along the driving path along the west side of 
the Line 1 perimeter fence. This single data point was determined to be due to meter fluctuations 
or operator enor (surveyor kicking the probe, loose cable or other) and no sample was obtained. 
Anomaly #2 was an area of a small depression (swale) on (and just west of) the driving path that 
is present along the western Line 1 perimeter fence. Upon re-investigation, only a very slight 
count rate increase could be detected in this area. The original cause of the elevated activity was 
detelmined to be due to the localized topography change (swale) and no biased sample was taken 
from this location. Anomaly #3 was located in a hole that was part of an obvious stOlID water 
drainage swale. Such an increase in cOlmt rate is typically seen when the soil geomelIy around 
the probe changes dramatically, such as being lowered into a hole. The anomaly could not be 
reproduced unless the probe was lowered into the hole. It was determined that the increase in 
count rate was indeed due to the dramatic change in soil geometry and then~fore no sample was 
obtained. In general, soil on the sloped area between the llnpmmdment basin and the west 
pelimeter fence generally exhibited background gamma radiation levels between approximately 
11,000 cpm and 13,000 cpm. 

Gamma walkover surveys were conducted along the drainage channel north of the north dam of 
the impoundment The area adjacent to the stream channel extending approximately 100 m nOlih 
of the dam was low-lying and heavily covered witll herbaceous vegetation. Background gamma 
radiation levels in this area generally ranged between approximately 9,000 cpm to 11,000 cpm 
with no anomalies. 

Gamma walkover surveys were also conducted along the drainage channel south of the south 
dam of the impoundment. These surveys covered areas along the drainage channel from the 
south dam road to near the culvert that delivers water beneath the main road. The an~a along this 
drainage channel was rocky and overgrown willi herbaceous vegetation and some trees. One 
sustained, reproducible area of elevated radioactivity (Anomaly #4) was identified in lliis 
drainage immediately adjacent to a larger boulder. This small area exhibited a sustained gamma 
activity of approximately 15,000 cpm in an area willi a background level of approximately 
11,000 cpm. A biased soil sample, IAAP84248 was obtained from this location. Additional 
discussion and soil sample analytical results are presented in Section 4.3.5.2. 

4.3.5.2 Soil Sampling 

Twelve random and one biased sample were collected from the LIFWWI area on August 19, 
2004. Because of water present in the impoundment, four random sample locations 
(IAAP84180, IAAP84187, IAAP84188, and IAAP84189) were moved approximately three 
meters from the location prescribed by the survey plan to the locations indicated on Figure 4-5. 
Six of the random samples were collected from 0 em to 15 cm bgs while the other six were from 
the 15 cm to 30 em bgs intelval. The six random samples that were collected from the 15 em to 
30 cm interval were PI1mati.1y collected in or near the basin. The collection of subsurface 
samples was perfOlmed in an effolt to identify any potential contamination that may have been 
covered by the deposition of silt in the basin. At sample location IAAP84l84, one split sample 
and one duplicate sample were also collected. The soil in the area of the impoundment was 
predominately brown and gray silty clay. 
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One biased soil sample (IAAP84248) was collected from the isolated area of elevated 
radioactivity identified south of the south dam. Soil sample analytical results from the LIFWWI 
area are presented in Table 4-9. Analytical results from soil samples obtained within the 
LIFWWI survey area show that DU concentrations are less than the established screening level 
of 56 pCiI g. The concentrations of uranium isotopes in samples from the impoundment area are 
similar to those of the reference area samples. 

Table 4-9. L1FWWI Soil Sample Analytical Results 

SampleID Sample Type U-234(pCi/g) U-235 (pCi/g) U-238 (pCi/g) 
IAAP84180 Random 0.65 0.06 0.84 
IAAP84181 Random 1.03 0.00 0.65 
IAAP84182 Random 1.23 0.08 1.43 
IAAP84183 Random 1.27 0.07 1.14 
IAAP84184 Random 1.04 0.04 0.69 
IAAP84185 Random 0.84 0.07 0.74 
IAAP84186 Random 1.39 0.00 0.61 
IAAP84187 Random 0.85 0.14 1.28 
IAAP84188 Random 0.52 0.05 0.77 
IAAP84189 Random 0.47 0.00 0.57 
IAAP84190 Random 0.59 0.00 0.76 
IAAP84191 Random 1.19 0.07 1.14 
IAAP84248 Biased 0.97 0.07 1.14 

4.4 ADDITIONAL SOIL DATA 

In addition to the target analyte (depleted uranium), the collected soil samples from four 
investigation areas (i.e., EDA, IDA, DAlDF, and LIFWWI) were analyzed by gamma 
spectroscopy for Ac-227, Cs-137, K-40, protactinium (Pa)-231, Ra-226, Ra-228, Th-228, Th-
230, and Th-232. Available l'eference area values are presented in Table 4-10. 

Of the 60 soil samples collected from the four investigation areas, only one sample exhibited 
results above background or the detection limit for any of the radionuclides analyzed. This soil 
sample, IAAP84252, was associated with the Cs-137-containing metal object discussed in 
Section 4.3.3.2 and indicated a Cs-137 concentration of 226 pCilg. The mean reference area 
value for Cs-137 is 0.47 pCilg. Summruy statistics for the additional nuclides are presented 
below in Tables 4-11 through 4-14. Individual values for these radionuclides are presented in 
AppendixB. 

Table 4-10. Reference Area Soil Sample Analytical Results for Additional Nuclides 

Reference Area Data Summal'Y 
Parameter Cs-137 K-40 Ra-228 Th-228 Th-232 

Mean ( pCilg) 0.47 13.24 0.96 0.96 0.96 
Median (pCilg) 0.44 14.03 1.02 1.02 1.02 

Standard Deviation 0.11 2.13 0.20 0.20 0.20 
Range (pCilg) 0.32 6.86 0.55 0.55 0.55 

Maximum ( pCilg) 0.69 15.70 1.14 1.14 1.14 
Number(n) 8 8 8 8 8 

IAAP25025 (pCilg) 0.43 14.52 0.95 0.95 0.95 
IAAP25026 (pCilg) 0.38 13.99 1.13 1.13 1.13 
IAAP25027 (pCilg) 0.37 14.03 1.09 1.09 1.09 
IAAP25028 (pCilg) 0.53 12.01 0.81 0.81 0.81 

IAAP25028-1 (pCilg) 0.53 12.5 0.83 0.83 0.83 
IAAP25029 (pCilg) 0.69 8.84 0.59 0.59 0.59 
IAAP25030 (pCilg) 0.42 14.39 1.12 1.12 1.12 
IAAP25031 (pCilg) 0.44 15.70 1.14 1.14 1.14 
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Table 4-11. Additional Soil Data from the EDA 

Ac-227 Cs-137 Pa-231 K-40 Ra-226 Ra-228 Th-228 Th-230 Th-232 
Mean (pCi!g) 0.02 0.32 0.15 13.16 1.09 0.84 0.84 1.39 0.84 

Median (pCi/g) 0.00 0.34 0.17 13.38 1.06 0.90 0.90 0.76 090 
Standard Deviation 0.03 0.20 0.14 3.33 0.19 0.23 0.23 1.84 0.23 

Range ( pCi!g) 0.13 0.62 0.44 13.00 0.81 0.93 0.93 7.50 0.93 
Maximwn ( pCi!g) 0.13 0.64 0.44 18.56 1.53 1.21 1.21 7.50 1.21 

Number (n) 24 24 24 24 24 24 24 24 24 

Table 4-12. Additional Soil Data from the IDA 

Ac-227 Cs-137 Pa-231 K-40 Ra-226 Ra-228 Th-228 Th-230 Th-232 
Mean ( pCi!g) 0.02 16.27 0.14 12.31 1.12 0.84 0.84 0.58 0.84 

Median ( pCilg) 0.00 0.10 0.12 12.39 1.12 0.86 0.86 0.00 0.86 
Standard Deviation 0.05 60.42 0.15 2.47 0.19 0.21 0.21 0.95 0.21 

Range ( pCi/g) 0.18 226.20 0.46 8.21 0.56 0.78 0.78 3.14 0.78 
Maxinnun ( pCi!g) 0.18 226.20 0.46 16.43 1.46 1.31 1.31 3.14 1.31 

Nwnber(n) 14 14 14 14 14 14 14 14 14 

Table 4-13. Additional Soil Data from the DAlDF 

Ac-227 Cs-137 Pa-231 K-40 Ra-226 Ra-228 Th-228 Th-230 Th-232 
Meall_(pCi/g) 0.05 0.21 0.13 15.16 1.18 0.98 0.98 1.29 0.98 

Median ( pCilg) 0.Q3 0.15 0.04 15.75 1.22 0.97 0.97 0.82 0.97 
Standard Deviation 0.06 0.20 0.15 2.06 0.12 0.10 0.10 1.58 0.10 

Range ( pCilg) 0.18 0.54 0.38 7.67 0.41 0.37 0.37 4.28 0.37 
Maximwn ( pCi!g) 0.18 0.53 0.38 17.75 1.37 1.11 1.11 4.28 1.11 

Nwnber(n) 14 14 14 14 14 14 14 14 14 

Table 4-14. Additional Soil Data from L1FWWI 

Ac-227 Cs-13'l Pa-231 K-40 Ra-226 Ra-228 Th-228 Th-230 Th-232 

Mean ( pCi!g) 0.Q1 0.14 0.18 12.87 0.95 0.86 0.86 0.85 0.86 
Median ( pCilg) 0.00 0.07 0.17 12.34 1.02 0.85 0.85 0.60 0.85 

Standard Deviation O.m 0.17 0.20 2.33 0.27 0.18 0.l8 1.08 0.18 
Range ( pCi/g) 0.04 0.54 0.71 7.47 0.88 0.65 0.65 3.93 0.65 

Maximwn ( pCi!g) 0.04 0.54 0.71 17.33 1.47 1.25 1.25 3.93 1.25 
Nwnber(n) 13 13 13 13 13 13 13 13 13 
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5.0 INVESTIGATION CONCLUSIONS 

5.1 EDA 

5.1.1 Historical 

Historical records confinn the presence of DU in at least a portion of the waste burned or 
disposed in the EDA by AEC. Historical records indicate that a measurable amount of radiation 
was noted when pelionning a radiological screening of the residual ash from the various burn 
areas during the disposal operations. The standard practice at the time was to segregate any ash 
residue containing excessive alpha contamination after burning, then bag the residue, and ship it 
to the Pantex, Texas site for disposal. Ash not containing excessive alpha contamination was 
ultimately disposed of in three landfill cells at the IDA (USACE 2001a). The active areas within 
the EDA were all remediated for chemical contaminants with confinnation chemical sampling 
pelionned in the excavation prior to 2002. No radiological screening or survey result summaries 
reviewed from the remediation phase of this area reported elevated levels of radioactive material. 

5.1.2 Aerial Flyover 

The aerial flyover conducted in 2002 (after the remediation of the EDA) did not identify the 
presence of any elevated gamma emitting radioisotopes. The gross count flyover did indicate a 
slight difference in count rate between the cleared areas and the areas containing trees and dense 
vegetation. This count rate variation is consistent with normal background fluctuations due to 
vegetation shielding. The:MMGC method, established after "filtering" of the terrestrial 
contours, indicates a consistent count rate across the entire EDA with no variations of note. The 
aerial flyover indicates that there are no large areas that have been affected by the release of 
anthropogenic radioisotopes, no areas of the EDA that pose an immediate danger to human 
health or the environment, and that the gamma emitting radioisotope concentrations present on 
the EDA are consistent with background levels. 

5.1.3 Screening Survey 

The radiological screening survey conducted in 2004 (after the aerial flyover and remediation of 
the burning grounds) did not identify the presence of DU in excess of the screening level. The 
gamma walkover effort was biased in areas of logical deposition and collection of radioactive 
material runoff fi.-om erosion. In addition, areas of dense vegetation, adjacent to buildings, and 
other small areas that may have not obtained good resolution during the aerial flyover were 
targeted for gamma walkover. No unexplained elevated gamma readings were obtained during 
the gamma walkover. In addition, 24 soil samples were obtained across the EDA in random 
locations. All samples had results near or below the reference area sample results with little 
deviation in concentration observed. All direct and removable contamination measurements 
taken within the structures of the EDA were well below the established screening level for alpha 
and beta contamination. The screening survey did not identify the presence of radioactive 
material in excess of screening levels during the gamma walkover, soil sampling, or radiological 
contamination sUlvey of the structures. 

5.1.4 Radiological Status of the EDA 

From historical evidence it is clear that radioactive material was managed and handled at this 
site; however, based on the investigations perfOlmed to date (flyover, walkover, and soil 
sampling), the site is not impacted with radioactive materials from AEC operations. There were 
no observable releases ofDU at the EDA that pose a threat, and the DU detected was present at 
levels consistent with those in the reference area. 
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5.2 IDA 

5.2.1 Historical 

HistOlical presence of mdioactive material within the IDA has not been ·confumed from 
historical records. However, residual ash and remediated soil fi.'om the West Bmn Pads ru.-ea, 
East Bmn Pads, North Bmn Pads, North Bmn Pads Landfill, LIFWWI, and the Fire Training Pit 
were placed in Trench 6, TI'ench 7, and the Cap Extension area. Wastes contruninated with 
chemical residues were placed in the IDA for storage and treatment. Due to the lack of detailed 
information concellling the radiological scanning, it was not possible to determine the detection 
sensitivity utilized dming the scan, thus a screening level survey at the IDA was determined to 
be appropriate to address this data gap. 

5.2.2 Aerial Flyover 

The amial flyover conducted in 2002 did not identify the presence of any elevated gamma 
emitting radioisotopes. The variation in CO'lmt rate is consistent with nonnal background 
fluctuations due to vegetation shielding. The:MJMGC method, established after "filtering" of the 
terrestrial contours, indicates a consistent COUllt rate across the entire IDA with no variations of 
note. The aerial flyover indicates that there are no large areas that have been affected by the 
release of anthropogeruc radioisotopes, no areas of the IDA that pose an immediate danger to 
hmnan health or the environment, and that the gamma emitting radioisotope concentrations 
present on the IDA are consistent with background levels. 

5.2.3 Screening SUl'vey 

The radiological screening sm-vey conducted in 2004 did not identifY the presence of DU in 
excess of the screening level. The gamma walkover sm-vey effOli was focused on Trench 6, 
Trench 7, and the Cap Extension area. Two areas of elevated gamma readings were identified 
dming the gamma walkover smvey. In the first area, on the westelll belm of Trench 7, a srunple 
was collected and showed uranium to be at backgroUlld levels. The second biased sample was 
collected as a l'esult of a small localized area of gamma activity identified during the gamma 
walkover survey on the Cap Extension area. At this location a metallic object was located at 
approximately 20 cm bgs. The metallic object was subsequently l'emoved and transferred to the 
DOD Executive Agent f01" Low Level Radioactive Waste at the Rock Island Arsenal and 
recycled for reuse by DOD. Based on the location of the object at the IDA, it is likely that it 
originated at the EDA, possibly the West Bmn Pads, and was subsequently moved to the IDA as 
pad of the Anny's IRP cleanup efforts at that area. LaboratOlY analysis continned Cs-137 
contamination of the biased soil srunple IAAP84252 below the metallic object. The soil below 
the object (IAAP84252) is believed to contain the highest levels of Cs-137 in the soil (226 
pCi/g). Although contamination associated with this object has not been fully delineated, it can 
be assumed that the soil contamination would only decrease with distance fi.·om the object's 
fOlmer location, Uranium in the soil sample was present at levels consistent with the reference 
area. 

Neither the object nor its origin could be positively identified, howevm' it exhibited the 
characteristics of a melted radioactive source or otherwise contmlled item. The radiological 
concentration and physical nature of the object are consistent with controlled items. Due to the 
high probability that the Cs-137 object is a controlled item and the rigid inventory controls 
associated with such items, it is unlikely tbat similar objects are present elsewhm-e within the 
IDA, the EDA, or on the IAAAP site. Any residual Cs-13 7 soil contamination present in the 
immediate area of the object's former location at the Cap Extension Area will be addressed by 
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the IRP. The area of Cs soil contamination is currently covered with approximately 20 cm of 
soil and access to the IDA is resui.cted. 

Twelve additional soil samples were obtained across the IDA in random locations. All samples 
had results near or below the reference area sample results with little deviation in concentration 
observed. Except as noted above, the screening survey did not identify the presence of 
radioactive material in excess of the reference area during the gamma walkover survey and soil 
sampling. 

5.2.4 Radiological Status of the IDA 

The historical investigation, aerial flyover and subsequent screening survey all show that the 
IDA is not impacted with DD. There were no obselvable releases of DU at the IDA that pose a 
threat, and the DU detected was present at levels consistent with those in the reference area. A 
Cs-137 containing object was found in the Cap Extension Area which exhibits the characteristics 
of a melted source or other controlled item, although the specific origin of the object could not be 
identified. Due to the high probability that the Cs-137 object is a controlled item and the rigid 
inventory controls associated with such items there is no reason to believe that similar objects are 
present elsewhere within the IDA or on the IAAAP site. The Cs-137 object was transferred to 
the DOD Executive Agent for Low Level Radioactive Waste at the Rock Island Arsenal and any 
residual contamination resulting from the object is the responsibility of the IRP. 

5.3 DAlDF 

5.3.1 Historical 

Historical records do not indicate that radiological material was ever stored in the structures on 
the DAlDF area, that these suuctures were controlled at any time, or that AEC activities occurred 
in these areas. However, interviews with former workers indicated that an AEC sign was present 
on the Deactivation Furnace building in the past. Historical presence of radioactive material 
within the DAlDF has not been confirmed from historical records. 

5.3.2 Aerial Flyover 

The aerial flyover conducted in 2002 did not identify the presence of any elevated gamma 
emitting radioisotopes. The gross count flyover did indicate a slight difference in count rate 
between the cleared areas and the areas containing u·ees and dense vegetation. This count rate 
variation is consistent with normal background fluctuations due to vegetation shielding. The 
MMGC method, established after "filtering" of the terrestrial contours, indicates a consistent 
count rate across the entire DAlDF with no variations of note. The aerial flyover indicates that 
there are no large areas that have been affected by the release of anthropogenic radioisotopes, no 
areas of the DAlDF that pose an immediate danger to human health or the environment and that 
the gamma emitting radioisotope concentrations present on the DAlDF are consistent with 
background levels. 

5.3.3 Screening Survey 

The radiological screening survey conducted in 2004 did not identify the presence of DU in 
excess of the screening level. The gamma walkover effort was aimed at the area around the 
furnace, open areas around the entrance road to the furnace, the surface water drainage dividing 
the area, open, flat areas of the Demolition Area and the highly eroded section in the 
northwestern portion of the DAlDF area. With the exception of one area with slightly elevated 
gamma readings (which sampling showed did not include uranium above background) there 
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were no sustainable or reproducible anomalies in this area. In accordance with the survey plan 
(USACE 2004a), 12 randomly-located samples were collected in the DAlDF area, from the 
surfaee interval (0 cm to 15 em). Two biased samples, one in a low point and the other near the 
bmn pads in the northern part of the area, were also collected. Soil sample analytical results for 
the DAlDF :fl.-om both biased and random sampling locations we1-e well below the 56 pCi/g soil 
screening level concentration fO!· DU and were near or below the 1-esults of samples obtained 
from the reference area. 

During the building survey of the DAlDF area, the area having the highest alpha reading was 
located on a small concrete pad. Additional survey was conducted in this area. Based on similar 
situations at other sites, professional judgment, and evaluation by Iowa Department of Health 
personnel, it is believed that the elevated counts on the pad are due to naturally occurring 
radioactive material contained within the concrete. 

5.3.4 Radiological Status ofthe DAlDF 

The historical investigation, aerial flyover and subsequent screening survey show that the 
DAlDF area is not impacted with radioactive matelials from AEC operations. There were no 
observable l-eleases of DU at the DAlDF that pose a threat, and the DU detected was present at 
levels consistent with those in the reference area 

5.4 LIFWWI 

5.4.1 Historical 

Historical records indicate that there was a potential fOl' DU releases to the environment :fl:um 
Line 1 AEC activities. Radiological screening or Sl.uvey l·esult Sl.1Dl1llaI:ies have confumed the 
presence of depleted uranium in a portion of the buildings at Line 1. The records indicate that the 
explosive contaminated effluent fwm Line 1 was sent to clarifiers for settling of the heavy 
particulates. The diluted effluent was then discharged to the Line 1 Impoundment. An Interim 
Response Action was completed in 1997 when explosives-contaminated soils were excavated 
from the impoundment and transported to the IDA. No histOl"ical records or references have 
been found that indicate a radiological screening was performed dming this Intelim Response 
Action or that a radiological release occurred to the impoundment. 

5.4.2 Aerial Flyover 

The aerial flyoverconducted in 2002 did not identify the presence of any elevated gamma 
emitting radioisotopes. The gross count flyover did indicate a slight diffe1-ence in count rate 
between the cleared areas and the areas containing trees and dense vegetation. This count rate 
variation is consistent with normal background fluctuations due to vegetation shielding. The 
:M:MGC method, established after "filtering" of the terrestrial contours, indicates a consistent 
count rate across the entire L IFWWI with no variations of note. The aerial flyover indicates that 
there are no large areas that have been affected by the release of anthropogenic radioisotopes, no 
areas of the LIFWWI that pose an immediate danger to hmnan health or the environment and 
that the gamma emitting radioisotope concentrations present on the LIFWWI are consistent with 
background levels. 

5.4.3 Screening Survey 

The radiological screening slllvey conducted in 2004 did not identify the presence of DU in 
excess of the screening level. Gamma walkover smveys of the LIFWWI occurred on August 16 
and 17, 2004. The focus of the surveys was along the circumference of the impoundment basin, 
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an island surrounded by water, the drainage ways exiting from the west side of Line 1 leading to 
the impoundment and the areas north of the north dam and south of the south dam. The heavily 
vegetated sloped area northeast of the impoundment and the grassy strip adjacent to the Line 1 
fence received survey coverage. Twelve random samples and one biased sample were collected 
from the LIFWWI area. The biased sample was taken from an area south of the dam with 
slightly elevated gamma readings. The concentrations of uranium isotopes in all samples from 
the LIFWWI area are well below the 56 pCi/g DU screening level. 

The screening survey confirmed that no radioactive material were present in areas of highest 
potential for contamination to accumulate. The screening survey confirmed the aerial flyover 
conclusion that the concentrations of gamma emitting radioisotopes within the LIFWWI area 
were consistent with those found in samples from the reference area. 

5.4.4 Radiological Status of L1FWWI Area 

The recent flyover data and screening walkover surveys and sampling confirm a lack of 
radiological contamination. Consequently, it is the conclusion of this document that LIFWWI 
area is not impacted with radiological material from AEC. There were no observable releases of 
DU at the LIFWWI that pose a threat, and the DU detected was present at levels consistent with 
those in the reference area. 
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6.0 CONCLUSION 

The areas identified as the EDA, IDA, DAlDF, and the LIFWWI were found to be un-impacted 
by FUSRAP potential contaminants of concern. Therefore, no further action at these areas is 
necessary by FUSRAP, with the exception of the West Bum Pads Area South of the Road, which 
will be addressed for potential chemical contamination in the IAAAP Remedial Investigation 
Work Plan. Responsibility for the EDA (excluding the West Bmn Pads Area South of the Road), 
DAlDF, LIFWWI, and IDA including any residual Cs-137 contamination remains with the IRP. 
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IOWA ARMY AMMUNITION PLANT 
QUALTIY CONlROL SUMMARY REPORT 

A-l IN1RODUCTION 

A-l.l Project Description 

This project is the initial assessment of selected individual areas at the Iowa Army Ammunitions 
Plant (IAAAP) that are potentially affected by various modes of radiological contamination. 
These areas have been identified by USACE. The initial assessment of these areas was 
accomplished by conducting building surveys, gamma walkovers and soil sampling. Sampling 
was conducted in general accordance with protocols from the Multi-Agency Radiation Survey 
and Site Investigation Manual (MARSSIM) (DOD 2000) and the project-developed Iowa Army 
Ammunition Plant RadiolOgical Survey Plan (USACE 2004a). 

A-l.2 Project Objectives 

The objective of this radiological screening &'UfVey is the resolution of whether or not the soil 
and man-made materials (i.e., pavements, floors in and around structures) present at the surface 
of areas identified by the preliminary assessment (PA) (USACE, 2001a) as having low 
probability for radioactive contamination are radioactively contaminated. 

A-l.3 Project Implementation 

The proposal for this project was submitted to the United States Army Corps of Engineers 
(USACE) in January 2004 and subsequently authorized in August 2004. The sampling was 
conducted in August of 2004. Radiological analyses were conducted by the F01merly Utilized 
Sites Remedial Action Program (FUSRAP) St. Louis Radiological laboratory, with quality 
assurance (QA) split samples analyzed by a contract laboratory, Severn.-Trent Laboratories. 

A-l.4 Purpose ofthis Report 

The primary intent of this assessment is to illustrate that data generated from this sampling can 
withstand scientific scmtiny, are appropriate for their intended purpose, are technically defensible, 
and are of known and acceptable sensitivity, precision, and accuracy. 

A-2 QUALITY ASSURANCE PROGRAM 

A quality as&urance project plan (QAPP) was prepared for this project and is based upon the 
Sampling and Analysis Guide (SAG) (USACE 2000) developed for the St. Louis FUSRAP Sites. 
The QAPP established requirements for both field and laboratory quality control (QC) procedures. 
In general, analytical laborat01Y QC duplicates, matrix spikes, laboratory control samples, and 
method blanks were required for every 20 field samples 01" less of each matrix and analyte types. 

One of the primary goals of the QA program is to ensure that the quality of results for 
environmental measurements is appropriate for the intended use of the data. To this end, a QAPP 
and standardized field procedures were compiled to guide the investigation. Through the process 
of readiness review, training, equipment calibration, QC implementation, and detailed 
docmnentation, the project has successfully accomplished the goals set by the QA Program. 
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EPA IIdefinitive" data have been repOlted including the following basic information: 

a laboratOlY case nan-atives 
b. sample results 
c. laboratOlY method blank results 
d laboratOlY control standard results 
e. laboratOlY sample matrix spike recoveries 
f laboratory duplicate results 
g. Sl11TOgate recovelies (Volatile Organic CompOlmds (VOCs), Semi-Volatile Organic 

Compounds (SVOCs), PesticidelPolychlorinatedBiphenyls (PCBs» 
h. sample exn-action dates 
1. sample analysis dates 

This information from the laboratory, along with field infonnation, provides the basis for 
subsequent data evaluation n~lative to sensitivity, precision, accuracy, representativeness and 
completeness. These parameters are presented in SectionA-4. 

A-3 DATA VALIDATION 

This project implemented the use of data validation checklists to facilitate laboratory data 
validation. These checklists were completed by the project designated validation staff and were 
reviewed by the project laboratory coordinator. Data validation checklists for each laboratOlY 
sample delivery group (SDG) are retained with laboratory data deliverables by SAle. 

A-3.1 Laboratory Data Validation 

Analytical data generated for this project have been subjected to a process of data verification, 
validation, and review. Several criteria were established against which the data are compared and 
fi.-om which a judgment is rendered regarding the acceptance and qualification of the data. Because 
it is beyond the scope of this report to cite those criteria, the reader is directed to the following 
documents for specific detail: 

• USACE Kansas City and St. Louis Districts Radionuclide Data Quality Evaluation 
GUidancefor Alpha and Gamma Spectroscopy, December 17, 2002. (USACE 2002b). 

• SAle, Technical SuppOli ContractOl", QA Technical Procedure (fP-DM-300-7) Data 
Validation. (SAle 1999b). 

Upon receipt of field and analytical data, the verification staff perfonned a systematic examination 
of the reports, following standardized data package checklists, to verify the content, presentation, 
and adminisn-ative validity of the data. In conjunction with the data package verification, 
laboratOlY elecn'ornc data diskettes were available. These diskette deliverables were subjected to 
review and veJ.ification against the hardcopy deliverable. Both a snuctural and technical 
assessment of the labomtory-delivered electronic repol1s were performed The structm-al 
evaluation verified that the required data had been reported and that contract specified l-equirements 
were met (i.e., analytical holding times, contractual tmnaround times, etc.). 

During the validation phase of the review and evaluation process, data were SUbjected to a 
systematic technical review by examining the field and analytical QC results and laboratOlY 
documentation. The systematic technical review followed appropriate guidelines for laboratOlY 
data validation. These data validation guidelines define the technical reviewcritelia, methods for 
evaluation of the criteria, and actions to be taken resulting from the review of these criteria. The 
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primary objective of this phase was to assess and summarize the quality and reliability of the data 
for the intended use and to document factors that may affect the usability of the data. Data 
verification/validation included, but was not necessarily limited to, the following parameters: 

Method Requirements 

Requirements for all methods: 
Holding time information and methods requested 
Discussion of laboratory analysis, including any laboratory problems 

Radiochemical Analysis 
Sample results 
Initial calibration 
Efficiency check 
Background determinations 
Spike recovery results 
Internal standard results (tracers or carriers) 
Duplicate results 
Self-absorption factor (0.,13) 
Cross-talk factor (0.,13) 
Laboratory control samples (LCS) 
Run log 

As an end result of this phase of the review, the data were qualified based on the technical 
assessment of the validation criteria. Qualifiers were applied to each field and analytical result to 
indicate the usability of the data for its intended purpose. The majority of estimated values were 
assigned to analyte concentrations obseived between the reporting level and method detection 
levels. The data has been appropriately identified and qualified. 

A-3.2 Definition of Data Qualifiers (Flags) 

During the data validation process, the laboratOlY data were assigned appropriate data validation 
flags and reason codes. Validation flags are defined as follows: 

"=" Positive Result. 

"U" When the material was analyzed for but not detected above the level of the associated 
value. 

"J" When the associated value is an estimated quantity. Indicating there is cause to question 
accuracy or precision of the repOlted value. 

"UJ" When the analyte was analyzed for but not detected above the associated value; however, 
the reported value is an estimate and demonstrates a decreased knowledge of its accuracy or 
preCISIOn. 

IIR" When the analyte value reported is unusable. The integrity of the analyte's identification, 
accuracy, precision, or sensitivity have raised significant question as to the reality of the 
information presented. 
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SAle validation flagging codes and copies of validation checklists and qualified data fonllS are on­
file with the analytical laboratory deliverable. 

A4 DATA EVALUATION 

A4.1 Accuracy 

Accuracy provides a gauge or measure of the agreement between an observed result and the 1nle 
value for an analysis. Analytical accuracy is evaluated by measuring the agreement between an 
analytical result and its known or true value. 'This is generally detennined through use of 
laboratOlY control samples (LeSs), matrix spike (MS) analysis, and perfonnance evaluation (PE) 
samples. Accm-acy, as measured through the use of LeSs, detennines the method's 
implementation of accm'acy independent of sample matrix, as well as document laboratory 
analytical process control. Accuracy detellnined by the MS is a function of both matrix and 
analytical process. 

A4.1.1 Radiological Parameters 

Individual sample chemical yields and LCS recoveries were within the ± 25 percent criteria for the 
verification samples, and therefore, the data can be used for its intended purpose. 

A4.1.2 Inter-Laboratory Accuracy 

As a measure of analytical accuracy, relative percent differences (RPD) for split sample pairs for 
the two radiological analytical groups (i.e., alpha spectroscopy and gamma spectroscopy) were 
evaluated by using an independent contract laboratory. Sample homogeneity, analytical method 
perfonnance, and the quantity of analyte being measured conuibute to this measure of sample 
analytical accuracy. 

As the RPD approaches zero, complete agreement between the split sample pairs is achieved. 
When one or both sample values were between the quantitation level and less than five times the 
analyte reporting level, the nonnalized absolute difference (NAD) was evaluated. If both samples 
wel-e not detected for a given analyte, then the precision was considered acceptable. 

The analytical accuracy (i.e., split precision) between the FUSRAP laboratOlY and the conu-act 
laboratory met the SAG goal of ensuring that 90 percent of the IAAAP samples were within either 
the ±30 percent critelia for RPD data quality indicator (DQI) or less than 1.96 for the NAD DQI 
(Tables A-4-1 and A-4-2). All samples were within the conu'ollimits for either RPD or NAD. 

Table A-4-1. Split Precision Among Alpha Spectroscopy Analyses 

Uraruum-234 Uranimn-235 
SampleName RPD NAD RPD 

IAAP841841IAAP84184-2 14.6% NA NC 
lAJ\P84202~84202-2 NA 1.02 NC 
lAJ\P84214!JU\JUP84214-2 13.4% NA NC 
lAJ\P84240~84240-2 1.3% NA NC 
NC - Value not calculated due to one oc bo1h of the results 'Were non-detected 
NA -Not applicable. 

A-4 

NAD 
NC 
NC 
NC 
NC 

Urarumn-238 
RPD NAD 
NA 0.74 
NA 0.65 

20.9% NA 
5.2% NA 
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Table A-4-2. Split Precision Among Gamma Spectroscopy Analyses 

Protactinium-
Actinium.-227 Am-241 Cesium.-137 Potassium.-40 231 Radium.-226 Radium.-228 Thorium.-228 Thorium.-230 Thorium.-232 

SampleName RPD NAD RPD NAD RPD 
IAAP841841IAAP84184-2 NC NC NC NC 21.6% 
U\AP84202IIAAP84202-2 NC NC NC NC NC 
IAAP842141IAAP84214-2 NC NC NC NC NC 
U\AP84240IIAAP84240-2 NC NC NC NC 19.2% 
NC - Value not calculated due to one or both of the results were non-detected. 
NA - Not applicable. 

NAD RPD NAD RPD NAD 
NA 12.7% NA NC NC 
NC 0.2% NA NC NC 
NC 7.0% NA NC NC 
NA 11.9% NA NC NC 

A-5 

RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD 
24.2% NA 5.7% NA NC NC NC NC 5.7% NA 
10.OOh NA 3.0% NA NC NC NC NC 3.0% NA 
24.5% NA 6.1% NA NC NC NC NC 6.1% NA 
22.7% NA 15.2% NA NC NC NC NC 15.2% NA 
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A-4.2 Precision 

A-4.2.1 Laboratory Precision 

To evaluate precision within the on-site laboratory, lab duplicate samples were employed at a 
fi:equency of one duplicate per sample batch (no more than one duplicate per thiIteen samples). As 
a measm'e of analytical precision, the RPD for laboratOlY duplicate sample pairs for the two 
radiological analytical groups (i.e., alpha spectroscopy and gmnma spectroscopy) were employed 
at the time of verification and validation. 

RPD and/or NAD values for the analytes were within the ±300/0 window of acceptance for the 
verification samples. Results are presented in Table A4-3 and A-4-4. 

A-4.2.2 Field Precision 

Field duplicate samples wel'e collected to ascertain the contribution to variability (i.e., precision) 
due to the combination of environmental media, sampling consistency, and analytical precision. 
Each field duplicate was collected flum the same spatial and temporal conditions as the associated 
primary environmental sample. Soil samples were collected using the same sampling device and 
after homogenization for all analytes. 

For the fom' field duplicate samples collected for the ve!ification activities, the NAD and RPD 
values indicated good precision for the data. The sample pairs had RPDs or NADs that wen~ 
within the control limits. 

A-4.3 Sensitivity 

Detennination of minimum detectable values allows the investigation to assess the relative 
confidence which can be placed in a value in comparison to the magnitude or level of analyte 
concenb:ation observed. The clOSe!' a measmed value is to the mininllllll detectable concentration, 
the less confidence and more variation the measurement will have. Project sensitivity goals were 
expressed as quantitation level goals in the Iowa Ar1l1Y Ammunition Plant Radiological Survey Plan 
(USACE 20048). These levels were achieved or exceeded tlnuughout the analytical process. 

Table A-4-3. Field Duplicate Precision Among Alpha Spectroscopy Analyses 

Ural1ium-234 Uraniwu-235 Uraruum-238 
SampleName RPD NAD RPD NAD RPD 

lAJ\P841841LAk4JP84184-1 11.1% NA NC NC 24.6% 
L~84202nJu\P84202-1 29.1% NA NC NC 5.3% 
lAJ\P84214~4JP84214-1 NA 0,76 NC NC 10.1% 
lAJ\P84240nJu\P84240-1 28.8% NA NC NC 19.5% 

NC-Value not calculated due to one or both ofthe=ultswere~ 
NA -Not applicable. 

A-6 

NAD 
NA 
NA 
NA 
NA 
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Ta hIe A-4-4. Field Duplicate Precision Among Gamma Spectroscopy Analyses 

Actinium-227 Am-241 Cesium-I 37 
SampleName RPD NAD RPD NAD RPD NAD 

lAAP841841IAAP84184-1 NC NC NC NC 4.5% NA 
AAP842021IAAP84202-1 NC NC NC NC 14.8% NA 
~84214IIAAP84214-1 NC NC NC NC 8.4% NA 
AAP842401IAAP84240-1 NC NC NC NC 11.2% NA 

NC - Value not calculated due to one or both of the results were non-detected. 
NA - Not applicable. 

Potassium-40 
RPD NAD 
0.6% NA 
0.2% NA 
1.7% NA 
4.1% NA 

Protactinium-
231 Radium-226 Radium-228 Thorium-228 

RPD NAD RPD NAD RPD NAD RPD NAD 
NC NC 4.6% NA 1.7% NA 1.7% NA 
NC NC 5.3% NA 4.8% NA 4.8% NA 
NC NC 7.4% NA 5.1% NA 5.1% NA 
NC NC 22.3% NA 8.2% NA 8.2% NA 

Thorium-230 
RPD NAD 
NC NC 
NC NC 
NC NC 
NC NC 

Thorium-232 
RPD NAD 
1.7% NA 
4.8% NA 
5.1% NA 
8.2% NA 
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A-4.4 Representativeness and Comparability 

Representativeness expresses the degree to which data accurately reflect the analyte or parameter 
of interest for an environmental site and is the qualitative term most concerned with the proper 
design of a sampling program. Factors that affect the representativeness of analytical data include 
proper preservation, holding times, use of standard sampling and analytical methods, and 
detennination of matrix or analyte interferences. Sample preselvation, analytical methodologies, 
and soil sampling methodologies were documented to be adequate and consistently applied 

Comparability, like representativeness, is a qualitative telm relative to a project data. set as an 
individual. These investigations employed appropriate sampling methodologies, site slllveillance, 
use of standard sampling devices, uniform training, documentation of sampling, standard analytical 
protocols/procedures, QC checks with standard control limits, and universally accepted data 
reporting units to ensure comparability to other data sets. Through the proper implementation and 
documentation of these standard practices, the project has established the confidence that the data 
will be comparable to other project and programmatic information. 

A-4.S Completeness 

Usable data are defined as those data, which pass individual scrutiny during the verification and 
validation process and are accepted for unrestricted use. The data quality objective of achieving 90 
percent completeness, as defined in the Iowa A17llY Am11lunition Plant RadiolOgical Survey Plan 
(USACE 2004a) was satisfied with the project producing valid results for 100 percent of the 
sample analyses petformed and successfully collected. 

A total of 60 random verification and five biased soil samples were collected with approximately 
940 discrete analyses (i.e., analytes) being obtained, reviewed, and integrated into the assessment. 
The project produced acceptable results for 100.0 percent of the sample analyses perfOlmed. 

A-S DATA QUALITY ASSESSMENT SlJl\IIl.\1AR.Y 

The overall quality of the IAAAP information meets or exceeds the established project objectives. 
Through proper implementation of the project data verification, validation, and assessment process, 
project infOlmation has been detelmined to be acceptable for use. 

Data, as presented, have been qualified as usable, but estimated when necessmy. Data that have 
been estimated have concentrations/activities that are below the quantitation limit or are indicative 
of aCClU"3CY, precision, or sensitivity being less than desired but adequate for illtetpretatioll. 

Data. produced for tIns sUlVey demonstrates that it can withstand scientific scrutiny, is appmpriate 
for its intended pmpose, is technically defensible, and is of known and acceptable sensitivity, 
precision, and accuracy. Data integrity has been documented through proper implementation of 
QA and QC llleasmes. The environmental infoIDlation presented has an established confidence, 
which allows utilization for the project objectives and provides data for :lilture needs. 
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ATTACHMENT C 

BUILDING SURVEY DATA 



-----
_ .. -----.... __ . _________________ , _______ , _____ a, _ ~ __ ~ __ 

~,.... _. - - - L-" 

Survey Location; IAAAP DEMO DEACTIVATION FURNACE I HSWP: 8-04.001.0 Page I of (p 
Purpose Of Survey; Scoping Survey Survey Number: Date: 8124/04 Time: 1422 

Instrument Type(s): Detector Serial Number: Cal. Due Date: Lab Bkgd: (CPM}O Lab Efficiency (O.OO)@ 

(>J if used) Area 
meter detector meter detector Alpha (ex) Beta (fJr) Bela (fJy) (eml) Alpha (0.) 

o Ludlum 2360/43·89 (Q) 125 156373 167715 06115/05 06115/05 Before~ 0.6 254 15.7 27.1 
f-._-

DOlhcr AII~f~ 0.7 179 15.7 27.1 
~""'-.. "-<~->- '-_._.'- _. -....... _ ... --.- --. 

fnstmmc!1t Letter (A-J-i)' _F Survey Type: o Verification 0 QC' Duplicate 0 Characterization 0 Im1 Averaging OScoping Survey ~ 

(for lhir sun'e),) Survey Method: 0 NUREG·5849 Style 0 MARSSIM Class! n MARSSIM Class 2 UMARSSIM Cla5s 3 

AlpJIQ (a) Source SIN:. ___ Field Bkgd (cpm) Alpha (a)e Field 8kgd (cpm) Beta {~y)O Contamination Limits 

>-dhc #'4:;7 (dpmlt OOcm2) 

" 

43'1 Efl' Count (cpm) 41LP Initial Final (ijllceded) Initial Final (if I!eeded) 

Dec.ayed dpm 5 1«::' Count I (I Cuunt4 COUIlI I 202 Count 4 Alpha (a) Limit 600 

Beta W);!I~Ol~;:r~'; CountZ 0 Count 5 C(lUIlI 1 203 CountS Alpha (et) lnv. Level 480 
.. - ,~~"-,~.~~"'~~~~.-

[J&!<]3 
Err. Count (cpm) 

I..J '? J f.L7 Count:; 0 Count 6 Count 3 194 Coun! 6 Beta (~'Y) Limit 6000 
-"~-'~'-'," ,-._--'''-' 

Decayed dpm J5"Cj 01 Average 0 6 Ave Average 200 6Avc Beta ({:)y) Illv. Level 4800 

a priori Action Levels: (CPM) Alpha «x) Limit Alpha (a) 1m', Level Rt'ta <fJy) Limit Beta (fJy) I nv. 
Level 

(.." ( PI' obeArCllj ') 
29 

CPM == Lllflit x lml.t.1f x O.25x 100 ,+./ieldBAGD 
24 708 607 

,-,""--

REMARKS: 
o to minute 13KGD lOUnL'i, or ___ ._. Jnin. EfflClency determined at calibration. 
f} l min ~ourcc count. or min 
o ! minute BKClDwlInts, or __ ~min 
o I minUlc B!S:~lp.~Eunt5, or . _"mm _ 

TECHNICIAN(S) SIGNATUREIDATE: /::;,/~/~ / ,?)72"j~)L7 I -
REVIEWER SIGNATURE/DATE: ~ r '}'~"~ - ~"- / d3lh~ 

... 

Ver.~ioll 1.3 <JI25f2003 



SAIC RADIOLOGICAL SURVEY REPORT 
-~--

SURVEY LOCATION: lAAAP DEMO DEACTIVATION FURNACE I HSWP; S-04.QO 1.0 Page 2 of lc 
PURPOSE OF SURVEY: Seoping Survey I DATE: 8/24/04 TfME:1422 

Instrument Type(s): Detector Serial Number: Cal. Due Date: Background: (CPM) Efficiency (%) 

d if used) Area meter detector meter detector Alpba (a) Bet.'lltM Alpha «x) Beta (th') (em!) 

I.Zl Ludlum 222114310-1 N/A 18085.0 194700 04/21105 04127105 0.2 43 34.1 38.0 

IZ1 Ludlum 2360/43·89 Q 125 156373 1677]5 {)6/15/05 06/lj/05 0 200 15.7 27.1 

0 Ludlum 2360/43·89 125 

0 Micm-R - N/A 

Contamination Limits: (dpm/1OOcm2) Removable 0; fiG Removable rYY 600 Total a 600 Total rYY 6000 .. ~,; 
Sample Descriptiotl/ Location GrosseI'M NetCPM dpnlflOOcm· ato» CI'M NotCI'M dpmllOOcm' (ltO}ssCI'M Ne,CI'M ~pJ'llflOOcrn Gross CPM NCLCPM dpnv'IOOcm· mRnlr 

No. a 0; a ~ I3v fly a a a ~ I3Y ~ or i 
Removable RenxlVabJe Reojo"able Remo""bk Removable RemOvable Total Tot.1 'fOlal Toral rOlaJ Talal jlRihr 

1 Back Stairs 0 0 <60 44 I <600 II 11 224 290 90 531 NA 

2 On COllCfctC in front of side building 1 I <60 50 7 <600 70 70 1427 475 275 1624 NA 

3 On concrete in [rom of side building 0 0 <60 45 2 <600 58 58 1182 411 211 1246 NA 

4 concrele 0 0 <fiG 42 0 <600 52 52 1060 384 184 1086 NA 

5 Concrete pad 0 0 <60 41 0 <600 95 95 1936 429 229 1352 NA 

6 Concrete in front of slairs 0 0 <:60 41 0 <600 144 144 2935 574 374 2208 NA 

7 To the right of smirs on concrete 0 0 <60 37 0 <600 96 96 1957 450 250 1476 NA 

8 Cll!1l:.1·ele 0 0 <60 34 0 <600 19 19 387 330 130 768 NA 

9 concrete 0 0 <60 49 6 <600 13 )3 265 351 151 892 NA 

10 Concrete pad I I <60 28 0 <600 :'.9 39 795 350 150 886 NA 

REMARKS; All beta scan results were less than (he investigation level. However, fixed point alpha measurements were greater than expected. 
Therefore additional fixed point investigation surveys were performed. Several areas exceeded the fixed alpha contamination limits. An attempt 
to determine if radon was [he cause of the increased counts was conducted by placing plastic over a sampling point and resurveying that location 
24 hours later. The final result (sample 21) was 30% less than the original value, but still over the fixed alpha limit. Although radon may have 
added to the activity, it can nol be detennined that radon accounts for all of the activity. 

..c::L /J 

TECHNICIAN(S) SIGNATURE/DATE/'? a -Lko~(_ J Vvlloc.f I 
REVIEWER SIGNATURE/DATE: -L~LJ. . ./ J /11/£/0<1 

-' 



SAle RADIOLOGICAL SURVEY REPORT (Supplement) 

SURVEY LOCATION: IAAAP DEMO DEACTIVATION FURl'~ACE I Page 3 of {~ 
Contamination l.Imits: (dpmllOOcm<) Removable a 60 Removable IJr 600 Talala 600 Total ~y 6000 

Sample Descriptionlu)cation nms.CPM ",,,CPM idpmllOOcnl Gt<><s ('PM !'ie. (Tl.f dprnlJ())cm' C"",Cf'M ~c(,PM dpmllOOcm' Gros>CPM NotCPM dpmllOOcm' mR/lu" 

No. (t a a IJy fly fYi a. a a. I3'Y py IYt or 

Kemoval>1I: Keroov3blt lUomcvablc Remo~ .. ble Renx;vable Removable TOOII 10lal T(J(al TOI.l Total Total ;<Rlhf 

11 Inside building on control box 0 0 <60 35 0 <600 I I <MIX' 163 0 <MDC NA 

12 Imide building on back wall 0 0 <60 35 0 <600 0 0 <MDe 283 83 490 NA 

13 Inside building 011 floor ncar side door 0 0 <60 35 0 <600 0 0 <MDC 219 19 <MOC NA 

-
14 Concrete pad near deactivation furnace 0 0 <60 44 I <600 II II 214 284 84 496 NA 

15 Edge of conerele pad near furnace I 1 <60 43 0 <600 36 J6 734 326 126 744 NA 

16 On concrete pad near furnace 0 0 <60 46 3 <600 16 16 326 280 SO 472 NA 

17 Bouom of concrete pad under fumace 0 0 <60 33 0 <600 6 6 122 290 90 53! NA 

18 Concrete pad near stairs by furnace 0 0 <:60 53 JO <600 19 19 387 308 108 638 NA 

19 Concrete J)ad , I «lO 37 {) <600 28 28 571 284 84 496 NA 

20 Concrele pad 111 front of furnace 0 0 <60 43 () <600 31 31 632 349 149 880 NA 
.~~ •. "'".~~~o~< --.---1-" 

21 Recheck of #6 after 24 hour~ NA NA NA NA NA NA 100 100 2038 500 300 1771 NA 

"'~,..".-~ .... " .. " ... ,""'-~~".-

I REMARKS: 43- 10-1 MDA for alpha is 13dpm and for beta 67 dpm. 
21.This spot was covered in plastic and left in place for 24 hours then the plastIC was removed and a fixed poinr was reraken. 
43-89 MDA for alpha is 61 dpmllOOcm2 LInd for beta is 4j).(i dEm/WOcm2

. --7/;;-;;(/ .. ~. ____ ._~. ___ -
TECHNICIAN(S) SIGNATURE/DATE: /l r7~~//"')rz. J <//:l t//,.1· v I 

REVIEWER SIGNATURfJDATE: ~ .//j # I 1/ /16/r;(J f 

I /, 
I . 



SAle - TOTAL SURFICIAL CONTAMINATION SURVEY [)ATASHKET [3J 

II Survey Number: ... .setic:hI,.,L.Q.+,'utl -t v J v't.a4?...." 
Legenu: (Fi1l in blank) = Smear Location :::: Gi A Dose Rate mRJhr ~tRjhr 

Shr~H' Juullh(~rint! '--if all "UH;'~\\c y;UrluC{!j .oIl tIft," IUap, 

()u+S,J.,e 6.W .. CY~k- ?t:."-s.. WIJ"l1I.)L. S /rv<./v/t!S 

TI'-~ 
Q O~ 

ill. 

\~ 

~ ~ 

o 0 

'<at 
CO 
Obo 

./ 

,J;:, 

<r" 
"<l' 

9 
<r 

~. 

T 
~ 

RE;MA RKS: '] \"-St.A .btk .sU' Y\S0n}L~,~ V-~=VZ;.~{ ~£\¥\. ~£i:,S-kJl'4W.n~\.(§h,e:;4--~4'( 1'\ {-ra.[ 

:-xC,~\ QaY\.8'{-', 1'50 .- iQCv< f'VT\ u~ ') wlG:.ch!>l1. 4. 3. Z,.. '- tlb ~ ~ pi.&!'l, 

TECHN1CIAN(S) SIGNATURE/DATE: 

REVlEWER SIGl\ATUREfDATE: 

\/1 
<:i 

-!-"----.~~ .. -..... "- . 
~-. -,~, -",..,,,.,.- ~"";';' .-

,'\'r.I/(lI) I 3 IJ/J5'2U()3 



SAle - TOTAL SURFICIAL CONTAJ\1INATION SURVEY DATA SHEET 13] 

, Suney Numbcr~_ .~ __ 1 \\I.~'-'(-='D_''''---.:....v~· _.f.:-.r'\.4-=-:;;'-"-~ . ...:.;1Y\....:..C="'I.:;..d=.c.;;-.. _<'--I." ,.;.....::.&J_. '_~_' _' v.....,\. -I--__________ -L-P ..... ag<-c--":!S:...-_o_f--.:LR:=;.. 

Legend: (Fill in blank) =0 Smear Location l i ~LRlhr 
:JUllt" 1umtbering ilf'dll SUn.'L'\' sut:li1cc,j un Jilt: map 

I r 

On o 
I~( 

;;r'j'6iM ¢.~I.\<. .... ..::Q Ij --:r'I£.tt<- llP~,,,-r, \ ( 

I I -,-_._._'" 
)('i.~ 

~~oM-
j 

o 
00 
00 

o 
[] 
o 
o 

,Gil 

.;2\..Q.(:1" . ( Lit 
"0,{1/. 

( 

9"'" 

Lr 
nOO 

REM.:\RKS:~Gi<..ed ~k~.~5~'f ~·~'IS tJ....~\..\. y..eh::,d' YVU;~ 'v\ C?l-"-,.':;:. f...'-I'ft...s h.'\!. ...... <":> 
{~(C (:¥ -t"I-<l-"- +0 ~~cf.<..,.c{ ?.J 2 2 o~,+~", ~'(\'>"'L( ;)($1,'1 ~ 

C\.;; • 2.... ':J nin '\ , . .JeC,. \. I;.:.e< ""4"!...' It) 0 .- ::J./(X p ....... L.f3xr, . 

--------~--~ .. -.--.. 

, ' 

-:::;rYL$. ' " ., __ 1 

TEl:JI!'ilCIA~t?) SIqbiA.I,::::U.!::R==E!~D:.:..;A~T-!::;E~· f#ol:ii!i:y!ff##~~~~~=~¥#~=""'---'==""===""'-'--'=~-==~===".­
REVfEWER SIGNATUREfDATE: 

---- '"% •• __ ~"",",--l! 

V('l'sioil ! 3 9/25·]1JU3 



SAle ~ MINIMUM DETECTABLE CONCENTRATION (MDC) WORKSHEET (4) 

Survey Number: 

3 + 3.29 'i! (1 + l) 
t: t /} 

Static MDC:: ('v '(.~!..~be Area) 
ilK "Ei 'XE. '\. 100 

(-O)(C;Xd) 

P(n;;;:l)=l-e (60 Xv) 

Date: 

Alpha Static MDe = 

61.1 

Alpha Scan Probability ::::: 

0.'98 

8/1812004 lnst. Letter: 

3 + 3.29 ~(Rb 'II 1/ (I + t ) 
Static: MDC :::; ( Pr abe Ar~'!.. ) 

{tg Xs, XCs ' 100 

, lit 
/;:;-

S AIDeR = d'~b' (~) ~(~J) 
MDC: UDCR 

(JPXs:, XC, ('!'r()'l.!.~ ) 
100 ) 

I in/sec = 2.5 em/sec 2 iru'sec ... 5.1 em/sec 3 in/sec"" 7.6 em/sec The width of the probe face for a Ludlum 43·89 is 7.6 em 

F 

Beta SUllie MDC = 

406 

MDCR= 87 
Beta Scan MDC == 

724 

l(mitm U I f·ll/JOO] 



SAle - TOTAL SURFICIAL CONTAMINATION SURVEY DATA~JiEET llJ 
Survey LocatIOn: IAAA1' EUA 8(;'1 

PUiPOSC Of Survey: Seoping Survey Survey Number: 

Instrument Type-(s}: JJctecror Serial Number: CsJ. Due Date: 

N ifnscd) 

o Ludlum 2360/43-89 (01 

OOther __ 

Area 
(cm2) meter detector meter detector 

125 156373 167715 06/15/05 06/15/05 

HSWP: 5-04.001.0 I Page j ofl 
I Date: 8/24/04 Time: 1138 

Lab Bkgd: (CPM)O Lab Effidcnt:y (0.00)& 

AJpha(a) Belll(Prj Alpha (a) Beta (f3y) 

Bcforc~ 0.6 254 15.7 27.1 

Af/er-+ 0.7 179 15.7 27.1 

Iruuumcnt Letter (A-H); _B__ _ I Survey Type: 0 Verification 0 QC Duplicate 0 Charactel'i7.allon 0 I m2 Averaging !}?j Scoping Survey 

ifiJl' lhis .mrn:)') Survey Method: 0 NUREG-5849 Style 0 MARSSIM Class 1 0 MARSSIM Class 2 OMARSSIM Class 3 

Alpba (a.) Source SIN:._ . Field Bkgd (cpm) Alpha (Cl)O 
SI+1C (/<141"1 

BII Count (<-"pm) Inilial Fillal fir needed) 

DeC':JYoo dpm Count J (j Coum4 

I Count 2 COllnt 5 

Count 3 () COUIll6 

Decayed dpm Average .3 6Avc 

Field Hkgd «('pm) Beta (fly)O 

lnitiaJ Fina I ( if IIl!eded) 

Couml 310 Cmml4 

C'Qunl 2 332 CuunlS 

entlnl3 343 Count 6 

Average 328 6 Ave 

Contamination Limits 
(dpm/t OOl'm2) 

Alpha (a) Limit 600 

Alphil (a) lnv. Level 480 

Beta OM [ .imit 6000 

Bct[l (By) Inv. Level 4800 

a priori Action Levels: (CPM) Alpha (0:) Linlit Alpha (ct) In\,. Level Beta <1M Limit Beta (/loy) In v. 
Level 

( f 1 '\ ) 
CPM = l. Lilllil x Il1sr.Effxo.25Xl prot~~re{l)+ jiefdBKGO 

30 24 836 735 

REMARKS: 
• 10 minute BKOD counts, or __ mill. 
e 1 min source COunt. or ____ min. 
e I minute BKGD COUll!.";. Of __ min. 
e I minute BKGD c{)un1~. ur ___ min. 

TECHNICIAN(S) SJG~ATUREIDATE: L.l:ii~ 1~1tifj ~ ~nM.Il J '-2'1-6'l 

REVIEWER SIGNATUREIDATE: n L~ j 11151oc/ I 

t() 
l'(!I:~iVll I-J 91251 



SAle· TOTAL SlJRFICIAL CONTAl\nNATION SURVEY DATASHEET 11, 

Survey Locallon: IAAAP EDA 3(;·1 

PUrpOfiC or Survey: Scoping Survey Survey Numher: 

Serial Number: Cal. Due nate: Instrument Typc{s): 

(y if used) 

Detector 
Area 
( 

1.) m~ter detector meter detector 
em 

o I.udlum nWf.43-89 125 145477 1648t6 06115/05 f16115fO:; 

o Other 

liS WP: S-04.00 1.0 Pag.e 2 of-? 

Date: 8/24/04 Ti mc; 1 I :18 

I.ah Ukgd: (CPM)O (.ab Efliden.:)' (OJ)()$ 

Alpha (a) I Beta (~'Y) Alpha «(X) I Betll l~Y) 

Hcrm<,~ 0,4 212 14.4 10.0 

Allt1-t 1.2 ::!05 14.4 2(d) 

[nstruAl;;nt Letler (A·H): __ 1), ___ _ 

{jiu' flli.~ .mr!'!'.") 

Survey Type: 0 Verification 0 QC Duplic!te 0 Charactt!ri:c!!ion 0 11\11 Aw,nJging ~ Scoping Survey 

Survey Method: 0 NUREG-5849 Style 0 MAHSSIM Class 1 0 MARSSIM Class:3 [)\1A~SSIM Class j 

Alpba (0;) Source S1N: __ Field Bkgd (cpm) Alpha {ale 
.(, fJIL P¢¢ 7 

l<lcld Rkgd ('pm) Bela (f}"f)O Contamination l.imits 
(dpmllOOl~llll) 

q't;:' 
En~ Count (CPIIl) 

~ 
Initial final (if I/eeded) rinal (f 1lI:(!(led) Initial 

Decayed drill "3 IC) 

Beta (131') SoUf<",f SIN'{' . __ ... 
.<f.H C {Jdl1J () 

. LII'7"7 
EIT. Count {cpm} I '< ~4 co' 

I)c<O:llycd \!f111l I I 5Gj CCl 

CoulIll 

Count 2 7 

Count .~ 4 

Avcr~gc 4'" 

a priori Action Levels: (CPM) 

Count d 

C{lunt .'i 

Count 6 

() A'I'c 

. jf. .. ( Pr obeArelJ \ '~J' (. flit! : l..iJl/I/ x IIlSl.Ejj x 0.25 x l ,+ fiel<lRl<.. GD 
t 100 j 

COUnl I 333 Coun! 4 

COllnt 2 332 GltJ01) 

Omnl3 326 Count 6 

Averag\.' :130 () Ave 

Alpba ta) Limit Alpha (a) Inv. tc,'eJ 

31 26 

REMARKS: *jiicld hackground alpha counts wel'e highcl' than expel.'!ed. This ifi likely due 10 increased Tudon. 
o 10 millule BKGI1 (.·Ollnl~. 01' __ min. 
e 1 min !:()ur~'C COllnt, or ""'" min. 
e 1 minute BKO]) coums, or __ min. 
e J_l.J1irtutt:JilSi1D cnUrm •• or __ min. , . ...--., 

TECHNICIAN(S) STG\lATUREfDATE: h)()/).~cf{.., L<z/Zqlt-J 
REVIEWER SlG~ATURE/DATB; % ..2.!:If~ J II 1!1'h;l/ 

I U 

Alpha \al Limit 600 , Alpha (ft) Inv. l.evel 480 

I Beta (py) l.imil (1000 

}leta (Dr) Inv. Level 4800 

Beta (f3y) Limit Beta <f:M In\', 
l~vd 

81g 720 

I 

Vcnioll 1.3 Y12512{)03 



SAle RADIOLOGICAL SURVEY REPORT 
«> 

SURVEY LOCATION: IAAAPEDA BG-I I HSWP: S-04.00I.O Page 3 of 7 
PL'RPOSE OF SURVEY: Scoping Survey I DATE: 8/24/04 TIME: J 138 

Instrument Type(.s): Detector Serial Number: Cal. Out' Date: Background: (CPM) Efficiency ( % ) 
(~if u.'>cd) Area 

meter dctcct(jr meter detector Alpha (a.) Beta (~r) Alpha (a) Beta (~i') (cm2
) 

IX! Ludlum 2929/43-10-1 
NJA I~0850 194700 04127/0:; 04/27/05 0.2 43 34.1 38.0 

-
r.8J Ludlum 2360f43-S9 Q 125 156373 1(,7715 OMljlO5 061t5J05 0 .. 1 328 IS.7 27.1 

~ LLid lum 23()Of43-HlJ 125 145477 IMl:J16 06115105 O(i/ 1;' 10.'1 4 (04)* 330 14.4 26.0 

0 Micro·1{ .- KIA 

t:ontamination Limits: (dpmtIOOcni) Removable a 60 Rl:l1lovable 13y 600 rotal a 600 Total ~y 6000 
Sample Dcscription! l.oca(lon Gm~sn'M j\:CI ('1';1.1 '!pIlIfIlXl:W' (ir~" ('1'\11 .'~('t n'M dpllll! ()lkm- (,n):!!>CI'M N(·t (,PI.f dpl1lllO(knl' Or05J (1'1'1 :<el ("':;l dp",/I()(I"",' tI1Rn:1' 

No a ex a R~"~'!!I~ I Rcn~hl< t3v ex a a. ~ fly ~y '" 
lk'l1(Ov:tbie Removable Rcrno~"bJe Re 1110""(,1,, Tut:!i TOI~IJ Tot:" Toml ·rOt.] 'lnt:tl 

jdVh,· 

1 Drain in back mom of ba~cmCI1! 0 0 <60 46 I ~ <600 !l 8 J6~ },)6 68 <:viDe ;-.iA .~ 

2 Drain in rnain mom of hw.cmcnl 1 J <6{) 47 4 <600 6 6 122 397 69 <MIX: NA 

..... Si!1k 0 0 <60 49 () <()O(J 4 4 <MDC '5U Z2~ DIO NA ..) 
I 

4 Wall in hackroom nCardQOl () 0 <60 45 2 <6~JO I I <MDC 467 lJ9 821 I\A 

5 Bollnm ofstaits 0 0 <60 43 0 <600 8 8 163 400 7'J. <\1£)C 'iA 
•.. '.-.'-.--.... --

0 <60 
t 

6 Brick wall in SE cl1rnt'r l:p,!a:rs 0 41 () <600 10 10* <MOC 486 156 Q6(j NA I 

7 Doorway ix-Iwo!cn rooms up,lair. 0 0 <60 49 6 <600 (, "" <MDe ~I)g 68 <MDe NA 

8 Floor drain had room urslnirs (I 0 <60 56 D <(,00 4 4' <MIX' ~81 5J <MIle KA I 

! 9 Back roO))] rwnl of door IIr'liJir~ 0 0 <60 5':; 10 <600 2 2" <!VIDe 30:'\ :;:; <:\1 DC ~A 

10 M~in f'()(lnl drain upstairs 0 0 <60 51] 16 <600 :: 2' <\1I)C 425 95 585 NA 
- . 

REMARKS: Sample nos. 1 tbru 5 nrc from instrument Q [or the direct readings and Sample nos. 6 thrll J () arc from the other 43-89 listed for the 
direct readings. "'Since alpha field background for samples 6 thru 10 may have been skewed high due to radon, the initial daily alpha background 
check-in value (0.4) was used to conservatively calculate lmal alpha activity, 43-10-1 MDA: 13dptn for alpha, 67 dpm for heta. 43-89 Q MDA 
for alpha i~ 113 dpm/lOOcm2 and for beta is Sl5dpm/J OOcm2

• The other 43-89 MDA for ulphu is 274 dpm/100cm2 and for betu is 539dpm/100cm~. 
/1 

TECHNICIAN(S) SIGN ATURE/DA Tf~n,/ /'~~~ L.--/5/ Z·//vt./ J 

REV fEWER SrGNATCRE/DA TE: -tJ:. [/Xl z / /1//6/01 r i 
, tJ 



SAle - TOTAL SURFICIAL CONTAMIl\ATIOl\ SURVEY OATASHEET 131 
[SU;-\-c)' l\'umbcr: u X ~_<AAL~J> ~ 3& - , ,'" rt:--,. < """ .__ __ - I Page £{ of "1 11 

Legend: (Fill in blunk) ..1 = Smear Location .= GJA Dose Rate ~; mR/hr :' ~lRJhr 
",,,., ""["".;,g ,,/,,1/ ,,,.,,,,.,,,,,,,.,. ". ,I, =p . 

--......... - -I .~ 

1 
I' 

~ 

" 4.:0, t<_Lt-~, .• ~ .}-
5;V\.i:..-,..- 1 C Ui.!/rrc "" 

COpfJ 
a-t:lo""" £Y-It\. 

'if 6 1 ~ ., ttl 
1 -h. 

• n •• 

150& f=:1-". 

REMARKS: ti:-\~.ut bt...l..e ... S(.< .. l\-S-_ ..... V ... '(5 l~..i!!-<.~_ pi-,f-c n""'Y'-t,,( 1>1. o.-I .... i,; ~ \''-'' <f"f~ H"'-~-r;.-;~Lv 5 f pc-k;tr~w.: ~ (C;"':I tTimo14'h CYl iY) 
CCt,C,w(",'\;<:'" 5L£;~ ,">. .:).')<.:, .. ':'15L; I:"",.", -" ~t. \",) a u. c:~ .. (lL.' Q'_l-L" "-h ~(''' qr"\ 4.3, L l. 12.Jf-k -sec\' ..... :; .::~ ... rv<'-1 P 1<;-.1. • 

ell"\:-~ 0CC~,\b 3:) C-lc·OO f'::' v'Y\ (~?-t l. c.) 

Il:t'lfi\IC1AN(S) SIGNA TUREIDATlli rL ! t~2w .. 

REVlEWER SIG:-\ATUREIDATE: 

/C'l"si(}1I f . .! 9/~.'i.!l{l()3 



SAle - TOTAL SURFICIAL CONTA:VIl~ATION SURVEY OATASHli:E·T 131 
rSu;"~'CY~UlnE:::~:tAAAj> ~f\A K(*:>"j ~~-H_~c;wd --nIPa~c (.--- +.'--, -.:> 0, 1. ______ . 

LCi!.cnd: (Fill in blank) .... ..4_= Smear Location = GJA Duse Rate .; mRihr ;. f.1Rihr 
\'f!r;H nU!J1h~'rh!g '4 IIJJ \lln"\.T .1,:u.J'f~'tt ,'x (tli rh,-~ wall, 

,-
.:ILl 

0 k 
0 

~, 
t:W 

0 A . h.t-tt~ ~-'t 
o.\A({ '>f'YtL4..?'/e; <, .. h )".., 

$ - Fic<.-,' \k<,. t'\ 

&.-. ... cM 

REM;\RKS: 81c. 'X'.£L<~h-~ ~~ ... \ Suo ·(\te,,~ V-:~ Y~ V·l ,,~(" ~c.L! ~l a-<.l&;'~ L", Ii~ {it.t hl'~.s~f. ',?:;..-j.<-.~ "-'.4 \ ;f.(,,--(c1i. 
c..: I'(., ... l,..... :::X-U'!<:.,: ~5C ·1.!SC Lf''''' ((;1;i"k') \>'1.. t:U(."~'HI.(. j.<.;.\H\. ~<(. 4-1<:'1'"> 4·!>. 'Z. 'Z. c} ,#-",-,- S'tc:r'Y,J 0l'{\t"€-1 VUI'1 . 

R; I r \L ;:££.0",$ 3S"L: '-lr U" ~'''''' (tJ,;.?4 ~~) 

TECHN1CIAJ\jS) SICiKATUREfDAT'" ! ~~~LJ 
REVIEWER SJGNi\TURE/DATE: / 

I't',~"ilJ/l J 3 1),12.5/2003 



SAIC- MINIMUM DETECTABLE CONCENTRATION (MOe) WORKSHEET (41 

Survey Number: 

\I -( tg) 
:3 + 3.29V(Rb Jl!K \1+ tit 

Static MDC = \r {Pr abe Are<! ) 

~ If AI-'i XL'" '\ ., -100 

(-G l(ci )(d) 

P{n ~ 1) = l- e (60)(;j 

Date: 

Alpha Static MDC = 

113.1 

Alpha Scan Probability = 

0.98 

8f18f2004 Insf. Letter: 

3~3.29~~~~ 
~ X. X (.~: obe Area) tn [./ F.. 

" ' 100 

Static MDC 

, HI 
1= 

s MDCR = (i~h*(6~) *(6~) 
MIX' .. " AlDell 

(fiXe, Xc, f !:~be A";~ \ 
I, [00 J 

I inlscc = 1.5 em/sec 2 in/sec'" 5.1 ern/sec 3 in/sec" 7.6 em/sec The width ofthe probe face for a Ludlum 43-89 is 7.6 em 

CPJ/ll 
B 

Beta Sialic MDe ;::: 

515 

MDCR- III 
Beta Scan MDC "'" 

927 

Versioll 1.5 l!iI2 i2()(}3 



SAle - MINIMUM DETECTABLE CONCENTRATION (!\IDe) WOI{KSHEET [4J 
./6i. 1 .. 

IS~l""Vey Number: IDate: 8118/2004 }ln8t. Letter: D , 

Alpha 

3 + 3.29V(Rh Xt g { 1 +:: J 
Static MDC = \r {Pc obe Area) 

(t 9 M;X&s\ - 100 

(-G)(t;J(d) 
P{n ~ I) = 1 - e (60 )(v)-

Alpha Information 
iBackground count rate (R b) 

Background count time (I b) 

Sample count time UK) 

Instrument efficiel1cy (e ,) 

Surface efficiency (e.< ) 

Probe area (P A ) 

Alpha Stalic MOe = 

Z13.S 

(dpm/WOcmL) 

Alpha Scan Probability == 

0.97 

(should be ~ 0.85) 

4 (cpm) 

(minutes) 

(minutes) 

0.144 (cpmldpm) 

0.25 (decimal) 

125 (cm2
) 

!. 
".;;T" ·.:y.I{\'·: " .,:.~ ·l 

Width oflhe probe face (cDor (w) 7.6 (em) 
Scan speed (v ) or (s ) 2.5 (em/sec) 

Beta 

Sialic MDe 

:3 1 3.29JiRh }(t. f I + ~)1' 
b l t J; 

'I 'If. X {~be An~" ) 

w 
i =­

s 

~ g N I F. s -\ 100 

i\ {DCR = d .I b * ( 6~ J * ( ~ ) 
.4flX '" MDCR 

(JP¥c XL' (pr~~ !\rea \ 
I " 1~) 

Beta Information 
Background count rate (R h) or (b) 

Background count time (t h ) 

Sample CQunt time (t g) 

Instrument efficiency (e i) 

..,Surface efficiency (e .• ) 

"Probe area (PA ) 

Width of the probe face (w) or (d) 
Scan speed (s) or (v ) 

Index of detectability (d') 

Surve)'o~ efficiency (P) 
~"" !:F(t:l' '''_';? 

Investigation level (G) 480 I {dpmlJ OOc(2
) 

1 in/sec = 2.5 cmlsec 2 in/sec'" 5.1 cmisee 3 in/sec = 7.6 em/sec The width of the probe face for a Ludlum 43-89 is 7.6 em 

Beta Static MDC -'-' 

539 

(dpmllOOcnl) 
j - 3.0 

AIDeR - III 
Beta Scan MDC = 

969 
(dpmllOOem"') 

330 (cpm) 
) (minutes) 

1 (minutes) 

0.26 (cpm/dpm) 

0.5 (decimal) 

125 (cm2
) 

-
I:-"':~': .\>'~ •• 

-1 
7.6 (em) 

2.5 (em/sec) 

1.38 
0.5 

l'eJ'siQ/1 1.5 I !iI2i2()(}3 



- - - - - - ------- -- -- -- - L-, -

Survey Location: IAAAP' EllA BUNKER I HSWP: S·04.00 1.0 Page 1 of t{ 
Purpose Of Survey: Scoping Survey Survey Number: Date: 8118/04 Time: 1302 

rnstrunu:nt 'fYP(!(s): Detector Serial Number: Cal. Hue nate: Lab Bkgd: (CPM)O Lab Efficiency {O.OO)t} 

('J if lIsed) Area 
meter detector meter detector Alpha (0) Beta (~'Y) Alpha (0:) Beta (~'Y) (eml) 

o Ludlum 23Wi43-89 (Q) 125 1')(lJ73 167715 06115105 l)(dIS/OS Ikfore-+ 0.5 185 \5.7 ::n .l 

o Other i\!kl-t O.S 247 15.7 27.l 
_ ••• _ ................. __ __" •• a ... 

Instrument Letter (A-II): ... _A ___ .. _'" Survey Type: D Verificatiun DOC Duplicate DCharactcrization 0 I ml Averaging )?lScoping Survey 

(F)r Ihis oUl"vC'y) Survcy Method: DNUREG-5849 Style DMARSSIM Class 1 DMARSSIM Class 2 DMARSSIM Class j 

Alpha (a) Source S/N: ___ fo"idd Ukgd (cpm) Alpha (a.)0 Field Bkgd (cpnl) Beta (py)O Contamination Limits 
SJl-il r.Ptfiq,·} (dpmllOOcm2

) 

Eff. COlmt (cpm) 
4'i'/{ 

Initial Final (ij"Il(,f'ded) Initial Final (if needed) 
.5)c1 

Decayed dpm 3'o_~ Count I 0 Counl4 Count I 213 Count 4 Alpha. (a.) LimiT 600 

Bcta !J1/ Source SIN: Count 2 1 Counl5 
1l-~l.<! 

CO\11112 211 CountS Alpha (a) lnv. l.evel 480 

U.c:;u-~ 
Count 3 0 Coum (j Count 3 211 Heta ((jy) Limit 6000 EfL COllnt (cpm) 

4S"c '$ 
Coun! 6 

Decayed dplll ~ 5"<10') Average .3 6 Ave Average 212 6 Ave Beta ((3y) Inv. Lcyd 4RO() 

a priori Action Levels: (CPM) Alpha (0:) Limit Alpha (0) Inv. Level Beta (fly) Limit Beta (By) 1m. 
Level 

r ' ( ProbeArea 1 " ) 24 
CPM = ,Umit x }1lJt.l::.,'ff x 0.25 x 100 / {ieldBKGD 

19 720 619 

REMARKS: 
o 10 minute BKGD counts, or __ min. Efficiency determined at calibratioll. *" I min $(!Ul'ce I.!ount. or __ min. 
t) I minllte BKGD counts, or __ min. 
e 1 minute UKGD counts. or ... _. mm. r"'"I 

TECHI\'ICrA~(S) SIGI\'ATURE/DATE: 2, .!-~-rJ-;,/L 1"7</IS/;.: c/ I 
~ .' ~~ '-1~ ~ It! :lIe tJ REVIEWER SIGNATUREIDATE: / 

VersiOlI 1.3 912512003 



SAle - l\HNIMC:\1 DETECTABLE CONCE:'··;TRATIO~ (~IDC) WORKSHEE1' 14J 

SurvcJ Number; 

Sialic MDe 

Alpha 

( ! ' 
3 + 3. 29.1(R/, Xt, ~ 1+-"-- i 

V \ I" ) 

(t . Xt Xl' {PI' nIH /IFNI J 
~ , ., ~ 100 

( -- (i )( Ci )( d ) 

P(n ~ 1) = I - e (60 )( I') 

Date: 

Alplu Srath' MDC = 
113.1 

(dplll! I OOcrn~) 

Alpha Scan Probabili{y ;:;: 

0.98 

(should be;::: 0.85) 

8/18/2004 Inst. l,etter: 

Beta 

I . \ 
= ~. I .~_.~)(R;, )[1. {I I ~;-) 

I v 'r/ {f Pr o!Je Art'a 1. V }J' AI' .. .. 
" " 100 j 

Srlll;(' MDC 

1\' 

~
'., ", (,(J'j 

MDCR -" /;!, ~ ~ J" i) , . 

,111.)(' Ml.li·/I 
(/flr, x>.-} I'n-,b-"-A-,.,-.,,-) 

• LOO ! 
Alpha Information II Beta Information 

BackgrOlmd count rule (R Ii ') 0.3 l(cplll) IIRackground count tale (N!o ) or (b) 

Background count lime (t I,) I(minutes) IIBackgroulld count r.ime (t /,) 

ISample munl lime (lg) I(minutes) IISampie count time U~ ) 
Instrument dficicl1cy (e i) I 0.157 I (cpm/dpm) IIlnstrument efTiciency ((' i) 

Surface efficiency (c, ) (decimal) Surface efficiency (e .,.) 

Probe area (FA) (cnh Probe area (PA) 

Width ofthc prohe face (d) or (w) 7,(J (em) Width of the probe I~lee (w ) 01' (d) 

Scan speed (1' ) or (s ) 2.5 (em/sec) Scan speed (8 ) or (v) 

----- ----- ----- Index of detect<} bi I it y (d ' ) 

----- --- ----- Surveyor efficiency (p) 

Investigation level (G) 4S0 
, 

(dpml 100em" 

I in/sec = 2.5 cml!;cl: 2 in/sec == 5.1 cm/se\.: 3 infscl: = 7,6 em/sec The lvidlh oflhc pmb~ face for a Ludlum 43-89 is 7'(, em 

p 
"(~lL{ 

Ber.a Sl(Ific MDe = 

418 

(dpml 1 OOen]") 
I = 3.n 

A·meR = Kg 
Beta Scan MDC = 

745 
(dprn! JOOcm") 

111 (cpm) 

1 (minutes) 

1 (minutes) 

0.271 (cpm/dpm) 

0.5 (decimal) 

125 {cmz) 

7.6 (em) 

2.5 (ern/sec) 

1.38 
0.5 

VN.limJ 1.5 IJlf2110fH 



. ....-=._. . ... SAle - TOTAL SURFICIAl... CO~'I_'AMI~ATION SURVEY D~TASllEET 131 . ,. 
II Survcx.l'iumb.:r: ::r:.A AA ~S])fl Li)i1f.ec._ I Pa~e 'S of t.T 

Legend: (Fill in blank) = Smear Locatioll ~~ G/A Dose Rate mR/hr r; I-lR/hr 
.'-;'U1'1' IH/~mJI('J';I;,:.; ~!f ali .rW''I.'t' SW:!:.lCflX 0)1 she Uhft'. 

TV\S,'l.c. ~~i..I..X{t\ Tn,,>,' V. ® \I}(( \ \ 

I /"""'''-. / D " Ij 
r L' \ '"' il.( '-...1 ..... ,-' 

z:I" .. ;Je(Civ) .... 11 

I 

?6-u~ I 

'--.~.- .. '" 

I 
._--j I J r--- ... -."'" -

":;"'r..~lk PCIC': •. -
- ... -.... ---- .--'------, 

.t1! I .. "--r ... ".~.- .. -.... - .1 

RE1\:1A R KS: 'B,l(';;-t'G,l bl.k_ ~ •. t.&..-.>·~ .... tY. ~ ,"-"'-'U!..-7e.("h;, (" ,,-ycRI"1 \1"\. (?I"..ec·,::, l..r,ll'J'tv. H """"~ V<' f<,~f-,(J.·I A ..... · <.c.·.".'f; •• " , ... -.t. C'1 I" t.f ;,=( < ",;:(i.""K_ 

:'::.t.:.,',r1 \2£<li/,r" : It (' <-/(:·cc pn·-.U:lfi.·1--t:. ) .,·IfJ.<c f-,I.-..... 1. c.{. ~ l.z·1 1Vk..t St..,.~~'-t Pl."". 

II TEe! E\JClA:-..l(S) SIGNATUREiDAT8:4f ;t?.-2:&? ¥4r< ....... ( ":f{(¥cz.I. i _ 
AI . f -, -l 

RI.~.VIE\\iL::R SIGI\ATUREfDATE: .. I 

f', '1'''1011 I .~ 'J,'l5!]{)(J3 



SAle RADIOLOGICAL SURVEY REPORT 
------------------- -, 

!'Uge 2 of.:f SURVEY LOCATION: IAAI\P EDA BUNKER I HSWP; 3-04,001.0 
--'---fDATj"··'~-"-··----

-.~-----. 

PURPOSE OF SURVEY: Scoping Survey DATE; 8/1 S/04 TIME: 1302 

Inslrulllcnt Type(s): Detector Serial Number: Cal. Due Date: Bllckground: (CPM) Efficieo(')' ( % ) 
(..J if used) Area 

(eml) looter detector meter detector Alpha (a) Beta ({3'1') Alpha (a) Heta (By) 

L&1 Ludlum 2221/43-10-1 NIt\. 180850 194700 04/27/05 04/27/05 0,2 43 J4.J 38.0 

~ Ludlum 2J()O/43-89 Q 125 156373 167715 06/15/05 06/15105 0.3 212 15,7 21.1 
~-.. , o LlidlUill 2:!2l/44·9 _ 15.5 

0 Mil:rt1-R :-IIA 

Contaminatiun Limit,,: {dpmllOfJcnh Hcmnvablea 60 Remov<lble fJ1 6()O Total (t 600 Tulal j3y 6(100 

Sample Descnpnon/ J .ocation (irn~~ (1~1 "Li ('PM oII'Qlf!lKl<'m' GrQ~S (I'M :'~lrTM I!pHlf HAA:III' (rro~ .... ('1":\.1 ."(·rC!'~l ctpmllOkm (>«)3\ CI',\1 ;\;c; ('(':\1 ·jr"nll(){bll' IIlI<Ou' 

No. a. 0: 0: Itf tyy f3y ex a a fW tty ~y or 

RC[OOV'dbJc RCH!.U\ahfe RCHll'\'"ahlc RCnlO~"3.hk Renl)"~lbre Ren1Cv,,~J ... InIal T,~al Tmd Total Tllt.] Tn"d 
jlK/h, 

I Floor Q 0 <60 42 0 <600 2 2 <.MVC 2~6 74 4:'>4 NA 
I 

2 InsIde wall I} 0 <60 42 0 <600 I I <MUe 2~R 26 <MDC '. 1"'1i-
- .• --- •• ~"·""O "_ ..., 

-) 
fmio(' 110m Push PlalC 0 0 <60 44 f <600 8 !l l{)J IS& 0 <:>'1 DC :'-iA 

i 

_. 
--,~~~<~~~ .. "-

IREMARKS~ 43-10-1 MDAforalphais 13dpm and for beta is 67 dpm. 43-89MDAforaJphais 113dpmlIOOcm-undforhctai~418 
dpm/IOOem-. 

I 
I 

/:J I 

TECIII':ICrAN(S)SIGNATUREJDATE~:""'-' .r6L2~L I '1S' 'jq",'l·(.[ 
I 

J 

H1:NIEWER SIGN A TURE/DATE: -KJ /'//-... // I II/J6/oC/ ! 

- -
tJ 

, 



SAle - TOTAL SURFICIAL CONTAMINATION SURVEY DATASHEET [1] 

Survey Location: IAAAP DEMO 906-189-1 I HSWP: S-04.001.0 Page 1 of LR 
Purpose Of Survey: Scoping Survey Survey Number: Date: 8/25/04 Time: 1030 

Instrument Type(s): 

(~ If used) 

0Ludlum 2300/43-89 (Ql 

lJeCector Serial Number: Cal. Due Date: 
Area 
( z. meter detector meter detector em; 

125 156373 167715 06115/05 061l5J05 

Alpha (a) 

Berorc'+ 05 2il 15.7 27.1 

15.7 DOfller r::::.;~ LeUcr (A-II), II I.. ~ .._ ~.... .. Af, ... ..L 0.5 I 214 r----t~... P-"-.~-
,. 1. or £ 

::n.J 
...• £ ...••.... ,,-.• --.--"-L"-"-~------i 

U Vcri1kation U QC Duplicate U Characrenzation 0 1 [OJ Averaging ~ Sl:oping Surv~y Survey J ypc: 

Ifal' this .wn-£!y) Suney Method: 0 NUREG-5849 Style 0 MARSSfM Class 1 0 MARSStM Cluss 2 D'vtARSSIM Class 3 

Alpba {ex} Source S/N: ____ _ Field Bkgd. (cpm) Alpba (ex}€) Field Bkgd (cpm) Beta <f,ly)O Contamination Umit~ 
(dpm/lOOcIll2) .sAlt I'IXfd' 7 

. 51iJ. I En. Count tepm) I t/,; 3 Initial filial (if If~etled ) lnilhll Final (if JU!ed.,(/) 

Dt.'C:lyt:u dpm 'SIC') Ct)'..Int I o Count .; COUll! I 278 CUllnl4 Alpha (a) Limit 6(Xl 

Beta (fW) Source S/N: ___ ._ 
'i:lt.1 ,"1V1A'. ;" 

Count 2 () Count j COUIl12 262 Counl.') Alpha (a) 1mi', Level 480 

It{i.ts:t 
Err. Count (cpml r Q'1IJO Count J Count 6 Count:\. 237 Ctlunl6 Beta (f)y) Limit 6000 

Decayed dpm I 5tjrYj Average 3 ClAve !\\tcrdgc 259 6 Ave Reta (fly) Iov Level 4800 

a priori Action Levels: (CPM) Alpha (a) Limit AJ1)ha (n) Inv. Level ~Ia (~y) Limit Bela t~l) Inv. 

( ( 
ProbeArel/ 'I ) 

CPM = Limit x Illst.EJf x O.25x 100 ) + jiel({RKGO 
30 

REMARKS: 
o 10 minute BKGD count!'>, or __ min. Efficiency determined at calihration. 
S I min source count, Of . min. 
e I minute BKGD count.;, or __ min. 

e I minute BKGD cnunts~~)~=,!,jn. /1 

TECHNTCIAN'~}~lGNAT~LREfDATE: /2/Y~ he ~ I <i:5/l$fl 
REVIEWER SIGNATURE/DATE: 

. v/ ........., y,\'. ... -~7······f·-7 

~~~.;"""""_LJI bli:t.L 

Level 

24 767 666 

f\ 

~~ Lfu~4( 
-v 

VerJiO/l 13912512003 



-. --- - ------~- --- ---- - -- - --- - ----~ .- . 
Survey Location: IAAAP DEMO 900-189-1 HSWP: S-04,00l.0 Page .~ 

of le ~ 

Purpose Of Survey: Scoping Survey Survey Number: Dale: 8/25104 Time: 1030 

Instrument Type(s): Detector Serial Numher: Cal. Duc Date: Lab Hkgd: (CPM)O J ,ab Efficiency (0.OU)8 

(-V if used) Area 
meter detector meter detector Alpha (ex) neta (~y) Alpha (a) Reta (l1y) «.-mz) 

D LudIllm 2360/43-89 125 145477 1648116 06/15J05 06/J 5}DS !kf'l,c04- 07 208 14.4 26.0 

DOlhcr Ancr"+ l.() 206 14.4 2().O .. _ ................... . - -nO"· • 

Instrument Letter (A-H): _I SUrl'ey Type: o Verification 0 QC Duplicate 0 Characterization 01 m2 Averaging 0 Scoping Survey 

({(u· (his sut\'ev) Survey Method: D NUREG-5849 Slylc D MARSSIM Class I D MARSSIM Class:2 DMARSSfM Clas!> 3 

Alpha (a) Source SIN: ___ l<-ie1d Rkgd (cpm) Alpha (ex)€} Field Bkgd (cpm) Beta (fly)O Contamination Limits 

SHI( tidan (dpmlIOOcm2
) 

Ell COUll[ (cpmJ 5l!C Initial 
t/<,{Cj 

Final (if Ilef!ded) Initial final r iIW'eded) 

Decuyed dpm 31c '3 COIJ1ltl I Count 4 Ct>unt I 260 Count 4 Alpha (a) Limit 6(X) 

Beta (a'Y)~JWr;%~ WIt COLIn! 2 0 Count .'i C(lunt2 242 CountS Alpha (al Inv. Level 480 

Efl. Count (epm) 
'tF-liJrf 

iH7fJ 
Count 3 I Cuunt(i Counl 3 2)) Counl6 Beta (~'Y) Li mit 6000 

Decayed tlpm /':hut AveraEe .7 6 Aye Avcl~gc 252 6 AYe Beta (rJy) Inv. Level 4800 

a priori Action Levels: (CVM) Alpha (a) Limit A1pha (0) lnv. Level Beta (tM Limit Beta (fly) Inv. 
Lev!!.) 

r ' ( Pr obel1rea I ,) 28 '1') 740 642 "--
CPM = \ l.imit X If/\t./~lf X O.25x 100 ) + fieldBAGD 

REMARKS; 
o 10 minute RKGD L:ounts, or __ min. Efficiency determined at calibralion. This instrument was used for QC purposes. 
6 I min source count, or __ min. 
9 1 minute BKGD counts. or min. _._ .. 
o I minute BK(l[) CIlunt~, or mill. 0/-:; 
TECHNICIAN(S) SIGNATCREIDATE: 1/,1/)/ ~// L34£. f3!ZS0t:/ ~ ~l I s?·?!;:~~4 

REVIEWER SIGNA TlJREfDATE: t '~-\:'~'- I it ~{J'i • , 
- ---- ----- ---- ---- --_ .. _-

V('rS;{J1I 1.3 912.V20(j3 



SAle RADIOLOGrCAL SURVEY REPORT 

SUR VEY LOCA nON: IAAAP DEMO 900~ 189~1 I HSWP: S-04.00 1.0 Page 3 ofU 
PURPOSE OF SURVEY: Scoping Survey ! DATE:8J2S/04 TIME: 1030 

Instrument Type(s): Detector Serial Number: Cal. [)ue nate: Background: (CPM) Efficiency ( 9'., ) 
(..[ ir llsed) Area meter detector meter detector Alpha (tt) Reta (131) Alpha (aJ Beta (l3<y) (croz) 

~ Ludlum 2221143 10-1 N/A lSf}SSO 194700 04/27/05 04/17;0.'\ 02 43 34.1 38.0 
.-

181 Ludlum n60/4J-89 Q 1::5 15()]73 167715 06115/05 06115105 03 259 15.7 27.1 

[8 Ludlum 2360/43-89 125 145-177 164816 0(,/15105 (WIS/OS 0.7 252 14A 26.0 -
0 Mit:ro-R KIA -

CnnhlJUmatioD Limits: (dpm/lOOcm2) Removable a 60 Removable ~r 60n Tot;![ IX 60{1 ! Total fty 6000 I 
Sample Descriptiun! Location tiU:~l("M N.t('l'i<.l dpm/lOO:,,'· Gr ... ~n'M :';",CI').I d,,,"'loo.,,,' {;rnclCO; ct));f """.n'M dflollil)'J.:m1 ,(;r(')H ('PM ~<.'( CP'\.I <fpnvIOOcn, ."'1.1\< 

t>;o. « a (l Pi' f3y 13y a at 0; ~y jj-, ~ 
, .. 

1{ .. nlO"~bk R~n1CW;tblc Rrmowblc i(cnw:tl>ko I(""",,,hk Ik~'kM.blc I,,{~I Tn."l r",,1 fot:d T,lt'[ "lint:lt ItRfh.r 

I Hoor cnllCrctc hy door I I <60 47 4 <600 I I <:MDC 260 I I <MDe :-LA 
I 

2 fluUfConcrel<! by door with phone 2 2 <00 54 II <000 0 0 <:'.1 DC 242 0 <MDC NA 

3 Wall by phone 0 0 <60 M :W <600 I l <MDt' 2:'i5 0 <MOe Nfl. , 
i 

4 OC of Fluor umcrelC by uoor 0 0 <60 50 7 «){)O 4 :j. <MDC .'\58 toG 652 1\,\ 11 

! 
,~~--~ .. .---"~ 

5 QC of Floor concrete hy dOlor witb phone () 0 <f,O 52 q «{lO (I (. o:::MOC 351 9q 60Q '\1;\ 

I 

REMARKS: 43-10-1 MDA for alpha is 13 dpm and for beta is 67 dpm. QC instrument is the 43-89 without a teller assigned to it. 43-89Q MDA 
fur alpha is 113 dpmll OOcm:! and for hcta is 460 dpmll 00C111

2 
, 43-89 MDA for alph<1 is 141 dpmll OOcm.! and for beta is 454 dpmll OOcm::. QC 

samples meet the data quality objeetives. 

/i 

TECHl'ilCIAN{S) STGNATUREJDATgZ /2./tA~~ I ;1r,.;.s7c (..,/ J 

REV IEWER SIGNA TLJREJDA TE: ~1It.-~, / j jl/Illeti I 



SAle - TOTAL SURFICIAL CONTAMIl\ATION SliRVEY DATASHEET (3) 

II Sun.'cy l'\u.~lb~r: TAM? I'EmoIa.lglr!. orco. '/02 ~ 189- 1 . ,. I Page 1-/ of 4_::::}] 
Legend: (hll tn blank) A = Smear LocatJOn -:-: G/A Dose Rate ... nlR!hr.: plv11r " 

S/:JJl\ flllw!JerIJI}.! lifrlll SJ~t"'\t·) ,4'iltrjf.tl"e:..- oil sIn.' llidp. I / e ... c. ~ 

F'"",~ 

Tc~ vi t u..J ~~d.i) 

f4j",; ~ tJoliVJj StJf'*'l 

o.c 4\..w. ~t~r J <:(M~l(' 
"'-0.3 ob..~. 

D..?-

fIo.f })k. .... 

I~BMARKS: p ~ l"Ib~ -swv~ [5tl~~[t ~~-k.Sc_C<i'\. s....-rv~ .. r-'" ~~ \U ... 4=o-.rv~.t • Y\ O.Jl.tt S. 
>/". u, .... _ ... , ... " .. '~r:. .~ 1£1. ,I" ccn+uYV'\,Y' .. ..J...Dq H\ ~'(UV(.t[tV1Le. lA.o·I~·l heft 4.3 2 

.Jl. L • f\ \:: ". I '-':r .. ut..·l.. -" .. A C r" . ,l J;..Je .. <f • .J 

TEO INICIAN(S) SIOJ\ATURE!I)ATE: 

REVIEWER SIGKATURElDATE: 

Ill. 

i1-~U{ b, t \4....,l.~ ..... ( 
al'\cA. £. ,."\1...(.( .......... 
IO'4+-I~YI 

~r 

j 

;"L"nio/J 13 V/:Y .. ~Ofr3 



SAle - MINIMUM DETECTABLE CONCENTRATION (MDC) WORKSHEET [4] 

Survey Number: 

3 + 3.29 

Static M DC "" "II ~. {Pr obe A rea_) 
~ g },c;X/;s'l- 100 

(-G )(G·j)(d) 

P(n2:1)=1-e (60 Xv) 

Date: 

Alpha Slatic MDC = 

113.1 

Alpha Scan Probability = 

0.98 

(should be;?: 0.85) 

8118/2004 Inst. Letter: 

Slatic MDC 
3 + 3.29~(Rb:l!g {I+~} 
~ XC Xi: l Pr ohe Area I 

g 1.' '\ 100 ) 

w 
i=­

s MOCR =({~h*(ioJ *(~) 
MDe = MDeR 

(JPXciXc, -I Prel:c Area) 
'\ 100 

1 in/sec = 2.S em/sec 2 in/sec = 5.1 em/sec 3 in/sec - 7.6 ern/sec The width of the probe face for a Ludlum 43-89 is 7.6 em 

SQ)lv 
H 

Beta Static MDe = 

460 

MDCR = 99 
Beta Scan MDC = 

824 

.i"ersion /.5 Jl,12!2orJ3 



SAIC - MINIMUM DETECTABLI£ CONCENTRATION (MDC) WORKSHEET 141 

Survey Number: Date: 8118/2004 Imt. Letter: 

Alpha Beta 

3 + 319J(R.:ql+t 1 Alpha Static MDC = 3 + "-J(R, ltl' + ;: J Beta Static MDC "" 

Static MDC == 140.5 Static MDe = 454 
~ g XGiXCS{~r~~~t-r~~) f X6' XI,' {pr obe A~~) 

(dprn/IOOcm.l) g 1.' 100 (dpm/IOOcmL
) 

w 
MDCR = d'Jb*[ 6:1) *( ~J 

i - 3.0 

(-G){otJ(d) 
i=- MDCR - 97 s 

P(n > 1) = 1- e (60 )(v) A lpha Scan Probability = Beta Scan MDC = 
AIDeR 

0.98 MDC = 
(v'P'Xc . Xc f Probe Arc? J 813 

(should be;::: 0.85) P"i. 100 (dpmI100cmL) 

Alpha Information Beta Information 

Background count rate (R b ) 0.7 (cpm) Background count rate (R b) or (h) 252 (cpm) 

Background count time (t h ) 1 (minutes) Background count time (1 ~ ) 1 (minutes) 

Sample count time (I J< ) I (minutes) Sample count time (t g) 1 (minutes) 
Instrument efficiency (e i) 0.157 (cpm/dpm) Instrument efficiency (e i) 0.271 (cpm/dpm) 

Surface efficiency (e. ) 0.25 (decimal) Surface efficiency (e.) 0.5 (decimal) 

Probe area (PA) 125 :I 
(em) Probe area (FA) 125 (cm2

) 

.. ,,: :.:.~ ... :" ~<::i;;'f.:t'1:n;;;'::i·:';' , .... I-::1j!~~r·· . :. - . .~ .... ' ti':.\ . ..... . ...... 
Width of the probe face (d) or (w) 7.6 (em) Width of the probe face (w) or (d) 7.6 (em) 
Scan speed (v ) or (s) 2.5 (em/sec) Scan speed (5) or (v) 2.5 (ern/sec) 

----- .---- ---- Index of detectability (d') 1.38 -_ .. _-
--_ ... ---- ----.- Surveyor efficiency (p ) 0.5 -----

.';:",:i;;'::-' ,;;:c··:. ::: : ;:·::-'i~t:·;.'·: '... . .. : .. 

Investigation level (G) 480 1 
(dpm/IOOcm-) .-,.....-- _ ............. 

~---

1 in/sec = 2.5 cnv'sec 2 in/sec = 5.1 em/sec 3 inisec = 7.6 em/sec The width ofthe probe face for a Ludlum 43-89 is 7.6 em 

rer.~i(J11 1. 5 JJ.o'{ L2{)03 



- - - ..... _- . -. -
Survey Location: IAAAP EUA BG-5 J HSWP: S-04.001.0 Page I of r../ 
PlllVOSC Of Survey: Scoping Survey Survey j\;umber: Date: 8/14/04 Time: 1040 

Instrnment Typc(s)~ Detector Serial Number: Cal. nne !late: Lab Rkgd: (CPM)O Lab Etndent"y (6'()O)6 

(V if llsed) i\n~a 
meter detector meter detector Alpha (0:) Hcta (~i') Alpha (0-.) Beta (f3y) (cnh 

o Ludlum 2;1CJ(J/43-89 J25 145477 l64RI(1 0(111 5/05 O(l/ISIOS B"f"r"~ 0_4 22~ 14.4 J60 

o Other_ ,\t'h,r-+ 1.2 20) 14A 2(._0 ._._--... -
. " -_._-- . __ .. - ... .--- -- .... _ ... - ..... _--- ----

Illstrument Leiter (A-I!): _. __ E Survey Type: o Vcrific<ltion 0 QC Ouplicate 0 Characleri:ullion [j 1m" Aver;!ging 0 Scuping SlIIvey 

(fiN [ilis .1"11 r\'(~y) Survey Method: 0 NliRUi-5849 Style 0 MARSSIM Class 1 o MAHSSIM Class 2 DMARSSIM Class ., 

Alpha «(1.) Source S(N:_._ Field Bkgd (cpm) AII)ha (a.)~ Field Hkgd (rpm) lieta (~'Y)O Contamination Limits 

r-. 5JH l.fLiJIT-? (dpmfiOlkm2
) 

Eir. COHllt tepm) ~-3'::' Initial Fillal (if 1U'i'ded) Illili<Jt final ({f Ill'l'drd) 
--_. 

De('~y~d dpm 3i t3 ___ .... __ COlllil I 5 COIIIII J Count I 210 ! Counl4 Alpha (a) Limit (100 
---'--' '_ .. _-

Beta (13~~ou~,~~ : ___ C(lun!2 2 Lounl :i Cow!l:! 277 Coun! 'i Alpha (a) Inv. Level 480 

Elf Coullt (epnl) 
tlIZ2.. 

Courtl3 7 Cllunt 6 CoUill 3 24X Counl (i Beta (f.~y) Li tTL it 6000 . ?,'t't41 
Decayeti drIll 1~-:!tt1j l\vcrage 4.7 () Ave .4. \'(:~ral-!l..~ 248 6 Ave Bet,1 (~yj Inv_ Lev!.:! 4800 

a priori Action Levels: (CPM) Alpha (0) Limit Alpha (a) Inv. Level Be-Ia (6y) Limit Beta (~'Y) [nv. 
Lc-vel 

. r _ , . . (Probei\n?lll. _" '-I 32 26 736 638 
( Nvf = I Llmll x Im/_ff} xO.25 XI i + JlefdBK(,V i 

'. ... 100) ) 

REMARKS: Pield hackground alpha counts were higher than expected. This is likely due to increased 11ldon. 
010 minutc llKGD counts, ol" __ rnin_ Ffftdency determincd at r:alihration, 

8 1 min ~()Ul'ce Cllunt. or min. 
(t 1 minute BKGD COLLnt~, or __ min, 
o I l1linutl! llKGD l:llUnls_ Of" min. r\ 
TECHNICIAN(S) SIGNATCRE/DATE: ;;:~;:-?A"2 / 9,izt.// a/ I 

REVrEWER SIGNATUREIDA TE: ~-.J.-!:tl 111!Jtldl I . 
VaJi(1II /.3 W251'1{)03 



SAfe RADIOLOGICAL SURVEY REPORT 

SURVEY LOCATION: IAAAP (i])A 8G-5 I TJSWP: S-04.00 J.O Page 2 of i.J 
PURPOSE OF SURVEY: Scoring Survey J DATE:8/24/04 TlME: 1040 

Imtmment Typc(s): Detector Serinl Number: Cal. [)ue nate: Background: (CPM) Effidcncy ( %) 

("J if used) Area 
(cm2

) 
meter detector meter detector Alpha (a) Beta (J3y) Alpha (a) Beta (i3y) 

~ Ludlum 222 1/43-JO·J 
~/i\ 

~ Ludlum 2360/43-89 125 

0 I.udlum n21/44-9 155 

0 Micro·R NfA 

Contamination Limits: (dpmllOOcm2
) 

Sample 
No. 

2 
3 

REMARKS: 

Description! Lm:atlon 

fluor or Du"r Thrnhultl 

[,Jom 

In!;iclc hack wJ.1I 

180850 194700 04127/05 04127/05 

145477 164816 061l5J05 06115105 

Removable 0: 6() Rem(lVable tl., 600 
;u'ss ('P\!! ~"(C"~l IpntllOll:'nr Gro~sClM :-:~(n'.\1 dIWlIttl<k",' 

a a (t. f:ly ~'Y ~y 
RCf1'1C1\-,ilhrc fh~,u(1v:thli. .. • Joe",,",,,.h,, RI,,·nvy_~.bk Rcn*Ov:s.h~ RcolO\,.hI,· 

0 0 <:60 51 8 <:600 
I 

0 T 
0-····· r 

<60 ~9-t-··O·· r·--·· .. <600 

0 I 0 <bO 41 I 0 <(,00 I 

0.2 43 34.1 38.0 

4.7(0.4)" 24R 14.4 20.0 

Tolal a 600 Towll:lv 60()O 
(im" ('1':'1 1\CI CI'M dpII.JOOtm' Gro!o$ ("PM :--;el n>;l.j dj1nll! OOc'I" ",RlIi 

a cr a ~'Y (3'y ~'Y or 

lObi "lut;!1 Tubl Tot:r! Tottl Tl)t~d 
JlJ.en, 

24 24* 533 368 120 739 NA 

~.-~ 

I 1* 1 <MIX' T 105 I 57 I <'\.foe I N!\ 

R I g* I <MDe I ~15 I 67 1 <Moe I ;'<A 

floor was covered wilh din. *Sincc alphil field background may have been higher due to melon. the initial uctily alpha hackground chcckio value 
(0.4) WllS uJ\cd LO conservatively calculate IOwl alpha activity. 43-10-1 MDA for alpha is 13dpm and for beta is 67 dpm, , ~ 

43-89 MDA fOI" alpha is 291 dpm/)OOcm- an!J.rol·b~l<l~~n/l00cm-, '" 

TECHNICIAN(S) SIG~ATUREIDATfu 6tl::n~d~ I 5?:!';.;k-c/ J 

REVIEWER SIGNATURE/DATE: hloJ_ CII~ / IllItf/t7fI 
, 

v G , 



SAle - TOTAL SURFICIAL CONTAMlt\ATION SURVEY l)ATASHI~ET 131 
~~_ur~~x.t!.~~lbcr; b6-' -S . - e=_ .. __ .. 1 Page ::; or y 

L.::gcnd, (Fill in blank} = Smear Location =- G/A Dose Rate ;; mRihr :: pR/hr 
VIIUB lwwht'ri!"p u(,sll '<1(1 'to'" "II1/d( ""\' till the mdt' I CxJt ':;>\ lla. t' V I ~. \.0 

I / On ...... ~ .. 
I 
I 
I 
I It 
It 

! 
.. .. ..- - ---- i"j:i .. ; ;: 

it 

! I 
I , 

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

R.El\·lARKS:.::)lIl¥t~ Qi~SC4V\5v< IH.'.~S \I.,,>{--..JL~i"~<"I\'I.N&. ,,'\ a-utV=> ",,·itl \--~ 1.o\.~~~LI!4 f-~:~: -kr\..tiJ.+N-(OI\.~.)rt.l""",,1-;Vr1 i y\ "c.l.{)r"k!.~l.!S( v.".' 

Sc.c,\\ 0.q~lS". 15C· CfCCL-¥t1'i.{t!x.i&,] ~£.HI>"""4 $l,l£"~~~P"J :::.....- ..... v-R"'t({4>I"l· 

(1-'E-cl-rt'\-'l(:iAt\(-S)-SI-G~NA'-'I-'U-R-I-YD--AT-E'------r-''I---.~~£ .. -l--:::7f.~r-r--------------!--- .----

il-'REVIE\VER SI(j~ATURE/DATE:' ' ... - II 
. .1 

r 'n~,io/I 1,3 'J .. 25.':}()03 



SAle - MINIMUM DETECTABLE CONCENTRATJOl\' (MDe) WORKSHEET 14) 

Survey Number: Date: 8118/2004 lnst. Letter: E 

Alpha Beta 

~ ( ~ f t~ I Alpha SIalic MlJC = 3 + 3.29
V

(Rb ){tg{1<: J Beta Static MDC = 3 + L.9 V Rb t ~ 1 + - J .. ~ l th 
StailC AW( = 290.8 Simi£: MDC = .. ~ X, X { ~: abe Area )" 469 ~ XC' Xl" (pr obe Ar~(1 ) t Ii [, I 1:$ 

g • s lOO (dpmllOOcm t
) 100 (dpm/JOOcn/) 

w 
MDCR = d·~h.( 6~ J ·C,;I) i = 3.0 

(-G)(cJ(d) 
j= MDCR = 97 5 

P(n ~ I) = 1- e (60 )(v) Alpha Scan Probability.:::;; Beta Scan MDC = 
MDeR 

0.97 MOe -

(,JP"¥t, XL.,(Pru~o~~r;~) 840 
(should be 2!: 0.85) ( dpm/IOOcm-') 

Alpha Information Beta Information 

Background count rate (R" ) 4.7 (cpm) Background count rate (R 6) or (b) 248 (cpm) 

Background count time (t h) 1 (minutes) Background count time (I h) 1 (minutes) 

Sample count time (t 11 ) 1 (minutes) Sample CQuot time (I ~) J (minutes) 

Instrument efficiency (e j ) 0.144 (cpmidpm) Instrument efficiency (e j) 0.26 (cpm/dpm) 

Surface efficiency (e s ) 0.25 (decimal) Surface efficiency (e,) 0.5 (decimal) 

Probe area (fA) 125 (cm2
) Probe area (FA) 125 (cm2

) 

,!, .• '\ •. ,,::',' 
" 1, " -~:-: - - ..: . i::._ 

.- "1_ •• 

Width oflhe probe face (d) or (w) 7.6 (em) Width of the probe face (w) or (d) 1.6 (em) 

Scan speed (11 ) or (s ) 2.5 (em/sec) Scan speed (s) or (v) 2.5 (em/sec) 
.. __ .. ----- ---- Index of detectabiIity (d') 1.38 ... _--
....... ~- -~- ----- Surveyor efficiency (P) OJ ---

::ii:,>}' yrJ,,'., ,/: : " .. :'.", , ,:. :''':,< " " 

lnvestigation level (G) 480 1 
(dpmll OOcm') -- ..... _ .. .. _-

J in/sec = 2.5 em/sec 2 in/sec'" 5.1 em/sec 3 in/sec = 7.6 em/sec The width of the probe face for a Ludlum 43-89 is 7 ,6 em 

fe.rsion 1.5 J U2i](jf)J 



------- - --- -----~~--- -~---- -~~-.----.---.-----. ... ~- ~~---. -- - .. -- .. - .. ~- .. - .. - ... - L-.J 

Survey Localion: IAAAP EBA BG·4 HSWP; 3-04.001.0 Page 1 or l.o 
Purpose Of Survey: Scoping Survey Survey Number: Date: 8/24/04 Time: 1100 

-

Instrument Typc(s): Detector Serial Number: Cal. Due Date: Lab Bkgd: (CI'!\f}O Lab Emdency (0.00)6 

(-./ if used) Area 
meter dctcl'tor meter detectur Alpha (a) Reta (~'Y) Alpha fa) Beta (/3y) (cmz) 

o 1 ,udlulll 2360/43-89 (Q) 125 156373 167715 06flSf05 06/15/05 Bcforc-+ 0.6 254 15.7 27.1 

o Other An"r-+ 07 179 J5.7 27.1 

[nWUnlcnt Letter (A-H): .. G Sun-'CY Type: o Verification 0 QC Duplicnte 0 Characrerization D I m1 Averaging ,PQ'ScoPing Survey 

ijOI' this slIrl!eyj Survey Method: 0 NUREG-5849 Style 0 MARSSIM CILlss I 0 MARSSIM Class 2 O\1ARSSIM Class 3 

Alpha (IX) Sou["(~c S/N: __ Field Bkgd (cpm) Alpha (a)@ Fi~ld Bkgd (cpm) Bt'tu (/3r)O Contamination Limits 

S Itl ( tt¢f/'O (dpmllOOcrnl) 

Err Count (<;pm) 
l..f 7J.. Inlti:ll final (i/needed) Illitial final (il/leeded) 
4i..J1l' 

DeC'ayed lipm Z16~ Count 1 0 Courll4 COUIll 1 221) Count 4 Alpha (0:) Limit 600 

Bet.'l (~!Hfi'~~SL,N: COUIl12 0 CountS Cuunt 2 206 Counf) AlplHI (al Im_ Level 480 

i Err. COUlll (crill) 
t.i11·Z. 

Count J I Count 6 Cuunt ::l 190 Count (, Beta (Py} Limit 6000 
'3(' "tJ 

I 

Decayed Jprn /$~L4 Av~rag.t." J 6/IVc A IiC1-:1 gc 208 6 Ave Beta (~y) In\'. Level 4HOO 

a priori Action Levels: (erM) Alpha (0:) LimIt Alpha (a) (nv. Lerel Beta (~y) Limit licta (~'Y) Inv. 
Level 

CPM = (umirx II/stEff x O.25X( rro:~~reaJ + fiefdBKGD) 
30 24 716 615 

REMARKS: 
o 10 minute HKOD cuunt~. or ___ .. min. L::tl'iciency dctcrmineJ <1t cidibration. 
81 min ~ource coun!' or __ min. 
@ J millLltc J3KGD counts. or __ min. 
a I minute 8K(jiJ mums. or min. j J 

TEClTNICIAN(S) SIGNATURE/DATE: /077. ~)L5? e jL 1'-7)/ <,,~ / /C,'1 I Ii 

REVIEWER SIGNATlJREfDA TE: ./f'..Jv{/$ J 11Y!6!Of/ 

Versioll 1.3 912512()03 



- -- - -- - --- -- - - -- - - -- -- - - . - . -- - - - 1L-..1 

Survey Location: IAAAP ElM BG·4 I HSWP: S-04.001.O Page .") 

of ( r; J:. 

Purpose Of Survey: Scoping Survey Survey Number: Date: 8/24!O4 Time: 1100 
-\ 

Instrument T;ype(s): Detector Serial Number: Cal. Due Date: Lab Rkgd: (CPM)O Lab Efficiency (0.00)0 

d ifllsed) Area 
meter detector meier detector Alpha (a) Beta (lJy) Alpha (a) Beta (f3y) (em!) 

o Ludlum 1360f43-R9 125 145477 164816 061l5105 06/15/05 Bcfore-+ 0.4 222 14.4 26.0 

o Other Afm-t 1.2 205 14.4 2G,O 
. 

Instrument Letter (A-H): J - - SlIf\'CY Type: o Verification 0 QC Duplicate D Characterization 0 1 m'~ Averaging I:zf Scoping .survey 

(for rflis survey) Suney Method: o NUREO-S849 Style D MARSSIM Class I o MARSSrM Class 2 DMARSSTM Class J 

Alpha ~a) Source SIN: ___ Field Bkgd (epm) Alpha (a.)@ Field Bkgd (cpm) Beta (l'ly)6 Contamination Limits 

S ttl L (jxf):/) 7 (dpJU/1 OOcrn~) 

Ell COUIll (rpm) t.nJ-. Inilial Filial (((needed) 'nili"l final (ijll£'t'd.'d) 
441n 

Decayed dplll 3\0:) Count 1 I Count .1 Count I 179 C()\lnt 4 Alpha (a) Limit 600 

Betag~?;~~~~h tN: Count '2 0 Count 5 
-

COllnt 2 181 Count 5 Alpha {al 1m. Levd 480 

'1ll-1 
Elf. Count (crm) ·2Q L14:. COllnt J 2 Count fi COlllll :I :217 Co lIll t 0 Bel<! (py) Limit 6000 oJ' '> .. 

DCl:aycd drill JSt lt--.[l Average 1 () Inc Avcrage.: 192 6Avt: Ucla (0y) [nv. Lc~'cI 4HOO 

a priori Action Levels~ (CPM) Alpha {a) Limit Alpha (a.) Inv. Level Beta (t3y) Limit Ucta (fly) Inv. 
Level 

( ." 0 r [pr obeA rea 1 Ii IdBKGD 1 28 23 680 582 
CPM = Lilllit X lml.f..]l x . )X ,+ Ie 

. . 100 ) . 

REMARKS: 
o 10 minute BKGD counts, or __ min. EflIcicncy determined at calibration_ This meter W<lS used for QC purposes. 
01 min source count, oT __ mill_ 

., I minute BKGDcount'\,or ___ min. 
o I minute BKGDcnunt'i, or mm, ./) ./ 

TECHNICIAN(S) SIGNATUREJDATE: ">~, '~" ;0(/' ~. /" . ...J /"'~_ ~ I -ft:'4//J- I 

REVIEWER SIGNATURE/DATE: -1(oJ J/Ji::'.-.. I i/fI'/!;lJ I 
f fJ 

Vasioll J.3 912512003 



SAle RADIOLOGICAL SURVEY REPORT 

SLRVEY LOCATION: IAAA-P EDA BG-4 I HSWP: S-()4.00 LO Pa!:!;c 3 of (0 
Plil~POSEOFSlJRVEY: Scoping Survey I DATE:R/24/o4 TIME: 1100 

Iostmmcnc Typc{s): Detector Serial Number: Cal. Due Duh:: Background: (<':1'M) Efficiency (%) 
(v if lL'ied) Area . 

kn12) meter d&:tector meter detector Alpha (U) BetH (~'Y) Alpha «(1.) Beta (~'Y) 

f2g Ludlum 2221/43·1 (J.[ N/A 180850 194700 04127/05 04/27/0.'i 0,2 43 :14.1 38.0 

[8l LudlulIl 2360/43·89 Q 125 156:173 i()7715 0&/15/05 06115105 06 20B 15.7 27.1 
I~=---------~-'::"---li----__ I-------I------+-----I--__ ,_--_ .---.---.............. -. .-

L8l Lutllum 2360/4.i·H9 125 145477 [(,41)16 IWI5/0.i (,115/05 ! 192 14..4 26.0 
,",=' ._-- ---.- _ •. _------...... ---.... ., o MltTO-R _ N/A 

Contamination Limits: (dImtilOOcm2
) Removable (l'. 60 Removable I'll 600 Towl IX 600 I TOlil] I3Y 6000 

Sample De~L'riptionl Lociltiun (;""" ('1':>1 :-l~t 0'.\1 dpmlloo,rn' (ir<"', n':'t I :-':~t (,P\>I .!pm/to{kIll' en,,,, ('I'M ,.,", ("PM ,11,mIIO!J.:I'" (i",q CPM :,<" (T'Y. .i1""rWtl::nr ,,~Jb. 

:'>In. IX ex (t fly I py fly (l'. a (X py ts'i' ~ I~~ 
J{cu1<,,,ahle I\rl1lO"a[l~ Remu\'~hk ({""..,,-ahll.:! R<n.w"hk Rcno,;·.l,,,, 10',,: '1 .... 1 '1"I"l ru{:» ·IUI"I TuI'" I' 

J [u\itlc len Wall I I <60 39 0 <600 J " <MOe 249 4! <MDC T\A I 

2 Inside Ri1:1!1 wall 0 () «)() 3.5 0 <000 :; :2 <~m(" 224 I (} <MOC K A 

3 Jn~ide Dom I) 0 <(,0 4-.1 U <bno 2 :: <MDe J 79 0 <MDC :'>!A 

4 QC {If insitk Left Wall t} 0 <60 43 () <600 0 (J <MOe 235 43 <MDC NA 
--.-- ,.,----+---+---+---+----+----+---+--+---+----/----/---+----1 

REMARKS; 43-10-1 MDA for alpha is 13dpm und for bctll is (j7 dpm. 
! SGun runge oC the bui tding was 150 to 300011 the CDncrete slirfaces and 150 10250 on the door. QC was taken with other the 43-89 no! assigned a """'.... .,,. .... 

teller. MDA for 43-89 Q for alpha is 113dpm/lOOcm- and for beta is 414 dpmllOOcm-. 
MDA for 43-89 for alpha is 170 dpmllOOcm2 and for hct~415 dpm/l00cm~. 

TECHNTCtAf'\(S) SIGNATURE/DATE/2 c;r~~a~dL Ir:.:?iz,-Ll <../ J 

REVmWr~R STGNATUREJDATE: -!(J-//L;/ I II /ltf/tJt/ 



SAle - TOTAL SURl,'ICIAL CO~TAMINATION SlJRVEY DATASHEET J3) 
[' Survey I'umbcr: ~.6::-L1 ~__ . ,_"_~,__' 0,- Tpage_~_~}f (t£ ,- ,~~I 
l' Legend; (Fin in blank) ._= Smear Locarion = G/A Dose Rate :: mR!hr ::: jlRlhr 

" w,"" "r"c::,~(1~"5:{0' ,', "''''' " ".o" Io«~ ,,",C 'I i';'£" 0L~" 'i 

,- n 

:r ... ~';,.,,0. cC'~ t! 

OJ 
LX. 

::Fi'Ui ~ r-=.r •• A' \J-.'4 II 
I , 

I?' 

'I'" 
Poc-T 

.Ii-

.!.------! 

'Plot r 

REMARKS: ~lk).,~A ~,.(:; • .sc.~'l S:...,(v'"€YS v-£"'-t. ~,(~~~£( IV\~<.~ wl+/:-<, 11'5/.'-n,l- ~t1,+t'l+-I~-J~ ... «().t-b,nr>'-"+'0.-~ tV\. ti'Lt.,·,~-"".H.~._ 
~,t'.S'. 150 --3DO( PW"I ~i~k) 1.>\1 ,-4;h ~<.. i-,c .. , q. 1., L 2- t~ +/M ..jl/(I.,"-f'",:Vll.., . 

\)('0 ':i(~",\. tSc '7,;;('-( ~/'I" i~~\ 

II TEClI~J(IAN(SlSIGT\ATURE/DATE~<d;S;;;£ I 7)t~v.i<1 / _ __ II 
J J'l, j 0"-;1 

REVIEWER SIGNATURE/DATE: ?/_. _-====-. II 

f !~J·_\:iUl r3 Y::!5!2fJfJ3 



SAle - MINIMUM DETECTABLE CONCENTRATION (MDe) WORKSHEET (4] 

Survey Number: 

3 + 3.29~{Rb Xt g {l+~ ) 
Static MDe '" 'v {Pr o'?!!._ Area) 

~gl\eiX.'S\· 100 

(-g)(8i Xd) 
P(n ~ 1) = 1- e (60)(~r-

Date: 

Alpha Static MDC = 

113.1 

Alpha Scan Probability = 

0.98 

811812004 lost. Letter: 

3 + 3.29~~~-~1 
(I, 've.Xc {~r obe Area_J 
~gft.',,\ 100 

Static MDe 

w 
i =­

s MDCR = d' F-*r6~ r *( ~ ) 
MDe = MDCR 

(fP \t' i Xc, {Prob". Area )-
"\ 100 

1 in/sec = 2.5 em/sec 2 in/sec = 5.1 enVsec 3 til/sec = 7.6 emlsec The width ofthc probe face for a Ludlum 43-89 is 7-6 em 

G 

.5-b~le 

Beta Static .~tDC = 

414 

Beta Scaa MDC = 

738 

j"ersiOJ:I f. 5 1///2/2003 



SAle - MINIMUM DETECTABLE C()NCE~TRATIO~' (MOe) \VORKSIIEET [4] 

LQ 01.Cq 
SurHY Number: O"tc: 8/18/2004 Inst. Letter: J 

Alpha Beta 

3 + 129 ~ (R II XI • { J <: J Alpha SIalic MDC = 3 -I- :n.9~(R!J XI, [, + 19 1 Beta Stalic MDe = .' [. 

Stotil.' MJJC = 170.1 Statil' MDe _. ---- \" !.. 415 ( X'X. (prOiJ(!Arf'{l) (, XF Xf.' {PI' 011(' Art'll ) 
fg t, r,< 100 (dprn/ IOOclll~) " /, liDO , (dpm/l O(Jcm~) 

I\" J ' , "f(;,()'! I ;;;;; J.n 
I ' i -"- • r I 1 

lH/JCR = 85 ( - G )(eJ(ci) .' A,IDCR - if /) "I .--- J '.-1 

--(6o)(l'f- Alpha S(;an Probabilit)' = J,() ~ i j 
Beta Scan MDe = 

P(n ~ 1) = 1 - e MDCR 
0.97 MO(, =_ .... - ... 739 (..!PX,. XC i I'ro"" A."" ; 

(should be;:::: 0.85) f . " 100 ) (dpm/IOOcmc) 

Alpha Information Beta Information 
Background count rale (N ,,) 1 (c.::pm) Background counr rate (R /,) or (b) 192 (cpm) 

Background count {.ime (t /1 ) 1 (minutes) Background count time (/ (,) I (minutes) 

Sumpl!.! count time (lg) I (minuteI') ~amrlc count time (! ~ ) I {rninulcs) 

lnwumcnt efficiency (e i) 0.144 (cpm/dpm) Instrument efficiency (e i ) 0.26 (cpm/dpm) 

Surface efficiency (e" ) 0.2) (dec i rnrll ) Surface efficiency (e < ) 0.5 (decimal) 

Probe area (PA ) [25 (cm
2

) Prohe area CPA) 125 (em") 

Width ofthe probe fact: (d) or (IV) 7.6 (em) Width or the probe face (ll') or (d) 7.() (em) 

Scan speed (\' ) or (s ) 2.5 (em/see) .sCilll speed (.'I') or (I' ) 2.5 (em/sec) 

--~-- ---- ---- Index of detectabilit.y (d') 1.38 ----

----- ------ ----- Surveyor efficiency (p ) 0,5 -----

Inves[igation level (G) 480 (dplll! I OOc-m~) ----- ----- ----

[ in/~cl' = 2.5 cm/~ec 2 in/sec = 5.1 em/sec 3 in/f>cc == 7.6 em/sec The width of the probe face fur a Ludlum 43-89 i!; 7.6 ern 

1','J'si,m 1.5 lIlJ:lJ:!O{)3 



·...- .. _ .. -- .. ...., -....... ---_._- --_ .. --- --_ ................. ,. .............. -...., ....... .,---- T .... -- .... - ... _ ............ .- ... -... .... L--.J 

Survey Loclltion: IAAAl' .EVA HG-3 I HSWP: S-04.00 1.0 Page I of L{ 
Purpose Of Survey: Scoping Survey Survey Number: Date: 8/24{04 Time: 1017 

I 
Instmmt'nt Type(s): Detector Serial Number: Cal Due nate: Lab Bkgd: (CPM)O Lab Efficiency (0.00)0 

(.J it" used) Area 
meter detector metcr detector Alpha (u) Beta (~y) Beta (f3y) (cm!) 

Alpha (a) 

o Ludlum 2360143-&9 (Q) 125 156373 167715 06115/05 06IISJ05 i{eftJrc+ 0.6 254 1S.7 27.1 
...... , .... ,~-~ 

DOthcr Aflrr"i' 0.7 l71) 15.7 27.1 
-

Instrument Letter (I\-II): __ C -.' .. 
Survey Type: D Verificatioll 0 QC Duplic31t: 0 Characterization 0 1 m2 Averaging ~ Scoping Survey 

. -

(ftlr Ihis survey j Survey Method: D NUREG-5849 Style 0 MARSSIM C1a.<;s I DMARSSIMClass2 []MARSSIM CI:l.s~ 3 

Alpha (a) Source SIN: __ Held Bkgd (cpm) Alplta «(l)O Field Bkgd (cpnl) Beta {~'Y)O Contamination Limits 
5fhL~7 (dpm/l (lOcmz) 

431 ! 
Err. Count (epmJ Inilial ! final (if needed) Jnitial Final {if Ill!ede/l) 

cj-ju 
, 
I 

Decayeddpm '310 ~ Count I I Count <I Counl I 269 I Couot4 Alpha (C/.) Lirnit 600 

r Beta (~:lJ~~~~{~: Count 2 0 COll1ll5 ('Hunt 2 243 CountS Alpha «l) Illv. Level 480 

LII,,'l5'3 
Cotll113 I CouIIl6 C~)Ul1t 3 229 Bera (~'Y) l.imi! 6000 Ell Count (cpm) (·n ii...;· t COUlJt 6 

Decayed dpm I~W'i Average 0.7 () "" .. e Average 247 6 Ave Beta fljy> Inv. Level 4800 

a priori Action Levels: (CPM) Alpha (a) Umit Alpha (0:) 'nv. '.eve! Beta (~y) Limil Beta (jly) Inv. 
Level 

CPM . (Limit x fllsU.:Jf x 0.25 x (pro:~~re<l) + jieldRKlm) 
30 24 755 654 

- - --,- .. ~ 

REMARKS: 
o 10 minute BKGD COlll1tS, or . __ .... min. Effkicnq was det.ermined at calibration. 
*> 1 min source L'()un1, Ol' __ min. 
e) minUTe AKGDcounts. of __ min. 
o J minute RKGD t:ounts. Dr ... .mill. .......... 

TECHNICTAN(S) SIGNATURE/DATE: /"1/2 .-l L~:"'A 1 r:;?/1l..71l)~7 I 

I REVlliWER SIGNATURE/DATE: ~.,J L/,///:/ 1/1/1(/01/ 

! f 

Version 13 1)/2512003 



SAle RADIOLOGJCAL SURVEY REPORT 

SUR VEY LOCATION: JAAAJ- EnA nG-3 I nswp: S-04.00 1.0 Page 2 of if 
PURPOSE OF SURVEY: Scoping Survey J DATE:8/24/04 TIlYfE: 101 '7 

Instrument Type(s): [}ctcctnr Serial Number: Cal. I)u~ Date: Backj(round: (CPM) Efficiency (%) 
(--I if used) Are~l 

meter detector m~ter detector Alpba (a) Beta (fJy) Alphll (0:) Hria (~'V) (cm2
) 

IXI Ludlum 2221143- 10- I 
N/A 180850 1 947()O 04/27/05 04127105 02 43 34.1 3X.O 

fZl Ludlum 2360/43-89 Q 125 15(L17J 167715 06/15105 06115105 0.7 247 15.7 27.1 -- -.. ---.-----
D I.udlum 222l/44-9 155 

D Micro-I{ N/A 

Contamination Limils: (dpmlIOOcm2
) Hemovable a ~~ Re111( 'vable fj1 600 TOTal a 600 lOlal ~y 6000 

Sample Descriptionll.ocation (;"",('P~ :-.",('PM (lprnllOO:rn (jl'c~~ ('I'M :\c! ("P:'>.1 vl'nriJotkm' (irflt;;.'i CP~-1 1\,:1 ('PM dlllllllOlk ttl' (ill>s> CPM :\I..~ ('PM dflnlt'IOI).-nJ· II,!W,I' 

No. n a a. !3y ~y ~ a a 0: JYy !3Y ~'I' 
u, 

u',nuItiV:lhtC' kerNll":.h!.- R.t·uv, .... tl\lk lrl~I')Y;'If;nlllc kcnnva!'1lt Rt:moo .. ahre ]ulal Tnt!fl Totol TN.) Tl~taJ T»ml 
1.[{Jhr 

1 In"ioe Lefl \VaJl () 0 <60 45 " <GOO 5 :J <MDe :no 8;\ 490 .'lA 1 L 

2 fnsidc Right Wall :: 2 <00 45 :2 <600 I I ,:"10<: ~B 76 <MfX: NA 
I 

3 Fronl Right inside Dom 0 0 <60 44 I I <600 .' .' ,Moe 20~ 0 <\1DC ~A 
I -, 
1 

r---·· 

I , 
I ,------ _ .. . .. " ..... _ ...... _ .. 

---" . ~-"~-~"---"~~~ I· .. •·· .. · .... ------_. 1--

REMARKS; 43-10-1 MDA for alpha is i3 dpm and for beta is 67 dpm. 43-89 MDA for alp11l1 is 141 dpmflOOcm- and for hela is 449 
d.£JnJ100cm~. Concrete scans: 250·350 cpm (beta). Steel ~nll: ISO-2S0 cpm Jbela) ____ ._........... . .... ____ . 

TECHNICIAN(S) SIGNATURE/DATE: /~~.k..l;tr~ I <{j z~jo..{ J 

REVIEWER SIGl'\ATCRE/DATE: ~ _II/! .. L I II/16M f 

, ( ( , 





SAle - MJNIMUM DETECTABLE CONCENTRATION (MDC) WORKSHEET 14J 'f&"~ [I ~~ 4 
(Survey Number: I Date: 811812004 Ilnst. Letter: C 

{ ,'1 
3 + 3.29V(Rb Xr1:\1+t: J 

Static MDe = \I (Pr ahe Area) 
~ g,AE.';XEs ······100 

(-q)(Gj)(d) 
P(n ~ 1) = 1- e (60)(v) 

A lpha Static MDC = 

140.5 

Alpha Scan Probability = 

0.98 

3 + 3.29
V

(Ro)Vg{I+::) 
Static MDC 'It -{ Pr obe Area) 

~8ft.l:iXl:S\ 100 

w 
i= 

s MDCR =d'~h*[6~) ~C': J 
MIJC ,. MDCR 

(JPXc, X", {!,!?lx A~~-) 
\ 100 

I in/sec:::; 2.5 em/sec 2 in/sec = 5.1 em/sec 3 iniscc"" 7.(, em/sec The width of the probe face for a Ludlum <13-89 is 7.6 em 

Beta Static AfDe = 

449 

i= 
AdDeR - 96 

Bcta Scan MDC = 

805 

l'erSI01'l 15 lfiI2.2nD,? 


