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CIMARRON CORPORATION 

NUCLEAR FUEL FABRICATION FACILITY 

CRESCENT, OKLAHOMA 

DECOMMISSIONING PROJECT 

FINAL STATUS SURVEY REPORT 

SUB-AREAF 

1 INTRODUCTION 

1.1 PURPOSE 

1.1.1 This Final Status Survey Report . (FSSR) is being submitted by Cimarron Corporation to 
the Nuclear Regulatory Commission (NRC) for an area on the Cimarron Site designated 
as Phase II, Sub-area F. The location of Sub-area F on the Cimarron Site is shown in 
Appendix A, Figure 1.1. This FSSR demonstrates that the residual radioactivity in the 
soil1 of the sector complies with decommissioning criteria stipulated in License 
SNM-928 and the Site Decommissioning Plan (SDP). 

1.2 BACKGROUND 

1.2.1 Cimarron Corporation, a subsidiary of Kerr-McGee Corporation (KMC), operated a plant 
near Crescent, Oklahoma for the manufacture of enriched uranium. The 840-acre 
Cimarron Site was originally licensed for the Uranium Plant (U-Plant) under license 
SNM-928 in 1965. The facility operated through 1975, at which time it was shut down 
and decommissioning work was initiated. 

1.2.2 The licensed materials at this site, covered by license SNM-928, are uranium and 
thorium. 

1.2.3 Decommissioning efforts at the Cimarron U-Plant Facility involving characterization, 
decontamination, and remediation were initiated in 1976 and are nearing completion. 
The goal of the decommissioning effort is to release the entire 840-acre site for · 
unrestricted use. 

1.2.4 Based on historic knowledge of site operations and the site characterization work, 
Cimarron Corporation completed and submitted the Cimarron Radiological 

1 Groundwater will be addressed separately. 
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Characterization Report2 to the NRC. The Characterization Report described how the 
entire 840-acre site was divided into unaffected and affected areas, with three major areas 
referenced as Phases I, II, and III, for the final status survey (PSS). These major areas 
were then subdivided into smaller "sub-areas", which were designated as Sub-areas A 
through 0. Each phase area of the site was divided into five sub-areas. Phase I included 
only unaffected Sub-areas A, B, C, D, and E. Phase II included affected areas and 
contiguous unaffected areas which were designated Sub-areas F, G, H, I, and J. Phase HI 
included only affected Sub-areas K, L, M, N, and 0. 

1.2.5 The FSSRs for the soil in all sub-areas except Sub-area F have been completed and 
submitted to the NRC. All of the submitted FSSRs have been accepted by the NRC, and 
confirmatory soil surveys have been completed and approved. All of the approved sub
areas have been released from license SNM-928 except for Sub-areas G and N, which are 
pending release. A summary of the status of the Cimarron Site sub-areas is included in 
Table 1.1. 

Table 1.1 
Cimarron Site Final Status Survey Completion Status 

NRC 
Area FSSPa FSSR Unrestricted 

Phase Sub-Area 
(Acres) Approved Submitted 

Confirmatory 
Release 

Sampling 

I A,B,C,D,E 688 5/1/95 5/95 Completed 4/23/96 

F 19.6 3/14/97 3/98\ 8/05 Pending Pending 

G 37.8 3/14/97 10/99 Completed Pending 

II H 38.5 3/14/97 11/98 Completed 4/9/01 

I 19.1 3/14/97 6/99 Completed 4/9/01 

J 7 3/14/97 9/97 Completed 4/1 7/00 

K 4.5 9/1 1/98 2/00 Completed 5/28/02 

L 5 9/11/98 
2/96 (Subsurfacet, 

Gompleted 4/9/01 
7/98 (Surfacet 

III M 2.5 9/11/98 12/98 Completed 4/9/01 

N 11.6 9/11/98 1/02 Completed Pending 

0 6.4 9/ 11/98 3/98 (Subsurface )C, Completed 4/1 7/00 
2/99 (Surface) 

a Final Status Survey Plan 
b FSSR for Concrete Rubble in Sub-area F; 
c These reports were submitted with NRC concurrence while the FSSP for Phase III Areas was still in the approval cycle. 

Radiological Characterization Report for Cimarron Corporation's Former Nuclear Fuel Fabrication Facihty, 
Crescent, Oklahoma, Chase Environmental Group, October 1994. 
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2 SCOPE OF THE FINAL STATUS SURVEY 

2.1 SURVEY UNIT DESCRJPTION 

2.1.1 Sub-area F consists of approximately 19.6 acres located in the northeast quadrant of the 
Cimarron Site, just north of Reservoir #2, as depicted in Appendix A, Figure 1.1. 
Sub-area F contains the former Burial Ground # 1 (BG # 1 ), a groundwater investigation 
area north of BG #1, an adjacent drainage way north of Reservoir 2, an area of concrete 
rubble in the drainage way, the roadway that was used as a haul road during prior site 
operations, and the contiguous unaffected area. BG # 1 was remediated and released for 
backfill by the NRC in December 1992 . . The concrete rubble is used for erosion control 
in a portion of the drainage spillway and was addressed via the FSSR submitted to the 
NRC in March 1998. These areas are depicted in Appendix A, Figure 2.1. 

2.1.2 Sub-area F was divided into four survey areas to facilitate data analysis. A map of 
Sub-area F and the survey areas is presented in Appendix A, Figure 2.2. The four survey 
areas are listed in Table 2.1. The BG #1 Affected Area (FA) data set includes the former 
BG #1 and a topographically low area adjacent to it. The Drainage Area (FD) and the 
Roadway Area (FR) are surface locations that could have possibly been affected by site 
activities. The Drainage Area includes the drainage way from the outlet of Reservoir #2 
to the northern boundary of Sub-area F. The Roadway Area, which was used by site 
vehicular traffic during prior site process operations, includes the road surface from the 
west end of Sub-area F to the outlet of Reservoir #2. The Unaffected Area (FU) includes 
the remaining surface area of Sub-area F that was not affected by site activities. The 
former access road between the haul road and BG # 1 was determined not to be affected 
because the material excavated from BG # 1 was containerized in a loading zone within 
the BG # 1 Affected Area. 

Table 2.1 
FSS Areas for Sub-area F 

Survey Areas Physical Description 

FA BG # 1 Affected Area 

FD* Drainage Area 

FR Roadway Area 

FU Unaffected Area 

* 14 data points that were coded FA on the original data 
sheets were actually located in the Drainage Area and are 
included in the FD data set. (See Table 2A in Appendix B.) 

2.2 RADIONUCLIDES OF INTEREST 

2.2.1 The radiological contaminants at the site have been determined to be U-234, U-235, 
U-238, and natural thorium3

• The uranium is comprised of natural, depleted, and 

FSSP for Phase 11 Areas, Cimarron Corporation's Former Nuclear Fuel Fabrication Facility, Crescent, 
Oklahoma, Chase Environmental Group, July 1995. 
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emiched4 forms which result in an average emichment above the naturally occurring 
level. Although natural thorium was present in the material buried on site in BG # 1 it 
was not a product of Cimarron operations. BG # 1 was remediated between 1986 and 
1988 and a confirmatory report5 was issued in 1992. Approval for the back-filling and 
reseeding of BG # 1 is contained in a 1992 letter from the NRC6

. Samples collected for 
the final status surveys were analyzed for total uranium and natural thorium to ensure a 
complete and accurate characterization. 

2.3 SUB-AREA F DECOMMISSIONING ACTIVITIES 

2.3.1 BG #1 Subsurface Data 

2.3.1.1 Included in Sub-area F are former Burial Ground #1 and the surrounding area. 
Radioactive contaminated solid wastes generated from the Cimarron uranium plant 
activities were buried at a designated on-site radioactive waste disposal area (BG #1) 
from 1966 to 1970. Thorium was also present at this former burial site due to 
drummed waste materials being shipped to Cimarron from the decommissioning of 
the KMC Cushing facility. BG #1 was excavated and remediated and the former 
contents were disposed of according to the site license requirements. After 
remediation and confirmation sampling, BG # 1 was released for backfilling by the 
NRC7 and subsequently back-filled with clean soil and re-seeded. The former 
location of BG #1 is shown in Figure 2.1 in Appendix A. The vicinity around former 
BG #1 was designated as the BG #1 Affected Area. Due to the fact that the bottom 
surface of BG #1 met the license criteria8

, no subsurface data from the BG #1 
Affected Area is presented in this report. 

2.3.2 FSS Soil Sample Data 

2.3 .2.1 Affected and unaffected areas within Sub-area F were sampled on the surface 
following the requirements of NUREG/CR-58499 and the · SDP as outlined in 
Section 8 of the FSSP for Phase II Areas. Surface sampling results for all affected 
and unaffected areas within Sub-area F are presented in this report. 

2.3 .2.2 Subsurface samples were collected in the Drainage and Roadway Areas in accordance 
with the sampling protocol outlined in the report submitted to the NRC in January 
1997. 10 The results are presented in this report. 

2.3.2.3 Subsurface data from the BG #1 Affected Area have previously been submitted to the 
NRC and are not addressed in this report per the report submitted to the NRC in 

4 Average enrichment on the Cimarron Site is 2.7 weight percent per Section 6 of the FSSP for Phase II Areas. 
5 "Confirmatory Radiological Survey Former Burial Ground, Cimarron Corporation Facility, Crescent, 

Oklahoma"; Oak Ridge Associated Universities (ORAU), July 1992. 
6 USNRC letter for License SNM-928 Amendment No. 9, from G.M. McCann, Chief Materials Licensing 

Section, to J. Stauter, V.P. Environmental Services, Kerr-McGee Corporation, December 30, 1992. 
7 NRC letter dated 12/30/92, Ibid. 
8 License SNM-928 Condition 22(a), and Decontamination and Final Survey Report for Cimarron Facility 

Contaminated Waste Burial Ground, Cimarron Corporation, November 1991. 
9 NRC Publication, Manual for Conducting Radiological Surveys in Support of License Termination 

(NUREGICR-5849) 
10 Response to NRC Comments on the Cimarron Corporation FSSP for Phase II Areas, KMC, January 1997. 
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January 199J1 1
• Subsurface sampling was not required by the sampling protocol for 

the open land Unaffected Area and no such samples were collected for the FSS. 

2.3.3 Concrete Rubble 

2.3.3.1 Also included in Sub-area F is concrete rubble previously surveyed for release and 
placed in the drainage way north of Reservoir #2 for erosion control. Survey results 
for this concrete rubble have been submitted to the NRC in the March 1998 FSSR12

. 

By letter dated March 1, 1999, the NRC informed Cimarron that all NRC staff 
comments concerning the Sub-area F Concrete Rubble FSSR had been resolved. The 
concrete rubble is pending final release and is not addressed in this report. The 
location of the concrete rubble is shown in Figure 2.1 in Appendix A. 

2.3.4 Groundwater Investigation-Related Soil Data 

2.3.4.1 A groundwater investigation was initiated in 1999 for the BG #1 affected area. Soil 
samples were collected from the groundwater well borings located in the Affected 
Area of Sub-area F. The groundwater investigation has since moved down-gradient 
and north from the former Burial Ground # 1 and outside the boundaries of 
Sub-area F. Soil samples collected from groundwater well borings installed for this 
groundwater investigation have been analyzed for total uranium and natural thorium 
and all analyses have been below the site limits. Groundwater investigation results 
(including these soil samples) were submitted in groundwater reports dated January 
2000 13

, June 2000 14
, and January 2003 15

• 

2.3.4.2 As approved by the NRC in the SDP, Cimarron Corporation is committed to address 
groundwater investigations for the site in separate reports. Therefore, the 
groundwater investigation data are not included in this report. 

2.4 SITE BACKGROUND LEVELS 

2.4.1 Uranium in Soil 

2.4.1.1 Natural background levels for uranium in soil have been established through 
numerous measurements by Cimarron personnel utilizing the on-site soil counter and 
through independent regulatory review and laboratory analysis. Cimarron personnel 
collected, analyzed and performed a statistical evaluation on 30 surface soil samples 
from the perimeter of the Cimarron site during the first quarter 1995 to further 
validate background levels. Total uranium ranged from 2.3 pCi/g to 6.6 pCi/g, with 
an average value of 4.0 pCi/g16

• 

2.4.1.2 The on-site soil counter is calibrated based on the average uranium enrichment on the 
site, which was determined to be 2.7 weight percent. This evaluation was submitted 

11 Response to NRC, January 1997, Ibid. 
12 FSSRfor Concrete Rubble in Sub-area F, Cimarron Corporation's Former Nuclear Fuel Fabrication Facility, 

Crescent Oklahoma, Kerr McGee Corp., March 1998. 
13 Progress Report-Burial Ground #1 Groundwater Evaluation, KMC, January 2000. 
14 Response to NRC Comments on Cimarron Progress Report Regarding Burial Ground# 1 Groundwater 

Evaluation, KMC, June 2000. 
15 Burial Ground# 1 Groundwater Assessment Report, KMC, January 2003. 
16 ± 2.6 pCi/g (2 sigma). 
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to the NRC in a letter from Cimarron dated June 1995 17
. Based on this sampling 

event, the average background value of 4.0 pCi/g total uranium was adopted and 
applied when the PSS analytical results were compared to guideline values. 

2.4.2 Thorium in Soil 

2.4.2.1 In accordance with the PSSP for Phase II Areas 18
, a background value of 1.5 pCi/g 

natural thorium was used to evaluate thorium data in this report. 

2.4.3 Exposure Rate Measurements 

2.4.3 .1 Background exposure rates have been established at the Cimarron site by taking 
gamma µR readings at off-site sample locations in addition to the Cimarron site areas 
that were unaffected by past operations. Site background exposure rates of 
approximately 7 µR/hr have been observed in background areas by Cimarron 
personnel using a Ludlum gamma µR survey meter. Site background exposure rates 
of approximately 7 µR/hr have also been determined by ORISE19 personnel using 
similar instrumentation. Additionally, site background exposure rates of 
approximately 10 µR/hr have been determined by ORISE personnel using a 
pressurized ion chamber (PIC)2°. More recent background exposure rates measured 
in Sub-area P were determined to be approximately 9 µR/hr using both gamma µR 
survey meters and a PIC (see Section 3.2.3). Because the Ludlum gamma µR meter 
was used in the PSS, the more conservative background value of 7 µR/hr was used 
for this report. 

2.4.3.2 All background values used in this PSSR are listed in Table 2.2. 

Table 2.2 
Cimarron Background Values 

Radiological 
Background Value 

Measurement 
Dtotal 

Thnat 

Exposure Rate 

2.5 RESIDUAL RADIOACTIVITY LIMITS 

2.5.1 Release Criteria for Radionuclides in Soil 

4.0 pCi/g 

1.5 pCi/g 

7.0 µR/hr 

2.5 .1.1 The release criteria for uranium and thorium contamination in soil are stipulated in 
license condition 27(c) and are reflective of the release criteria stipulated by the NRC 

17 Cimarron letterfrom J. Larsen, VP. Cimarron Corporation, to M Weber, Chief Low-level Waste and 
Decommissioning Project Branch, USNRC, June 21, 1995. 

18 Phase II FSSP, Ibid. 
19 Oak Ridge Institute of Science and Education. 
20 "Interim Report - Confirmatory Survey of Portions of the Sequoyah Fuels Corporation Cimarron Plant", Oak 

Ridge Associated Universities, January 1989. 
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in the Branch Technical Position (BTP) paper21 for Option 1 material. All release 
criteria are net of background. 

2.5.1.2 Since residual uranium on site averages 2.7% enrichment, the- soil survey data for 
Sub-area F will be compared with the release criteria for enriched uranium (30 pCi/g 
above background). More restrictive criteria apply for unaffected open land areas as 
specified in the FSSP22

. The applicable release criteria for Sub-area F are listed in 
Table 2.3. 

Table 2.3 
Applicable B TP Option 1 Release Criteria for Soilsa 

(License Condition 27.c) 

Radionuclide Affected Area Unaffected Area 
(pCi/g) (pCi/g) 

Net Total Uranium 30 22.5b 

Net Natural Thorium 10 7.5b 

c1 Net of background 
b 

Any concentration in an unaffected area greater than 25% of the affected area release limit 
requires additional investigation and will result in reclassification if greater than 75% of the 
limit. (No such values were measured.) 

2.5.2 Release Criteria for Gamma Exposure _Rate 

2.5 .2.1 The average exposure rate guideline for release is 10 µR/hr above background at one 
meter above the surface. Exposure rates may be averaged over a 100 m2 grid area. 
The maximum exposure rate measurement at any discrete location cannot exceed 
20 µR/hr above background. 

2.6 MINIMUM DETECTABLE ACTIVITY (MDA) 

2.6.1 Soil radioactivity was measured by collecting soil samples for analysis by the Cimarron 
soil counter, and by taking exposure rate (µR) readings in the field. The MDA for the 
instrumentation should, if practical, be less than 25% of the release limit. The 
instrumentation that was available for use and typical MDA values for those instruments 
are listed in Table 2.4. 

2.6.2 MDA values listed in Table 2.4 for the Cimarron soil counter and the Ludlum (Models 12 
and 19) µR meter meet or exceed the 25% requirement. 

2.7 ACTION THRESHOLDS FOR GAMMA SCAN SURVEYS 

2.7.1 Gamma scan measurements were taken with a sodium iodide (Nal) crystal gamma 
detector as an additional screening device for qualitative identification of residual 
contamination in soil. Any survey instrument reading (in counts per minute) greater 
than twice background was used as an indication that a location required additional 
investigation. 

21 BTP for Disposal or On-site Storage of Thorium or Uranium Wastes.from Past Operations, Uranium Fuel 
Licensing Branch, USNRC, 1981. 

22 Phase II FSSP, Ibid. 
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2.8 QUALITY CONTROL 

2.8.1 Cimarron Quality Assurance Program (QAP) 

2.8.1.1 The Cimarron Corporation QAP is an integral part of the Cimarron Radiation 
Protection Program. A principal component of the QAP is the confirmation of the 
quality of project work performed during decommissioning by assuring that all tasks 
are performed in a quality manner by qualified personnel. The QAP ensures that 
samples are collected, controlled, and analyzed in accordance with applicable quality 
controls to provide confidence in the resulting data accuracy and validity. Cimarron's 
QA/QC program is structured to generate data that can be verified through 
independent review. · 

2.8.1.2 The Cimarron QAP is implemented and maintained in accordance with written 
policies and procedures. This program is administered under the direction of the 
Cimarron Quality Assurance Coordinator. Periodic surveillance and reviews are 
conducted to ensure that all aspects of the program are addressed. The Cimarron 
QAP satisfies the applicable requirements of ASME NQA-1 23

. Details of the 
Cimarron QAP are included in Section 4 of the FSSP24

. 

2.8.2 Soil Split Samples 

2.8.2.1 In addition to the routine monitoring of the soil counters using in-prncess standards 
and calibration standards, four soil samples from Sub-area F were split and submitted 
to an independent, off-site laboratory for confirmatory analysis in accordance with 
Section 8.5 of the FSSP. The results showed satisfactory levels of agreement (see 
Section 4.4). 

23 American Society of Mechanical Engineers, "Quality Assurance Requirements for Nuclear Facility 
Applications", ASME NQA-1 , 1994. 

24 Phase II FSSP, Ibid. 
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Table 2.4 
Cimarron Radiation Monitoring Instruments 

INSTRUMENT TYPE 
RADIATION 
DETECTED 

Micro-R Meter (Ludlum 12-S & 19) 
Gamma 

1" x 1" N al Detector 

3" x 1/2" Nal Scintillation 

(Ludlum 222012221) 
Gamma 

Soil Counter - Computer Linked 
Gamma 

4" x 4" x 16" Nal (Tl) Detector 

*Reuter-Stokes PIC Model RSS-112 Gamma 
* Cushing site instrument available for Cimarron use. 

Cimarron Sub-Area F FSSR 
NEXTEP Environmental, Inc. 

SCALE RANGE BKG 
TYPICAL 

EFFICIENCY 

0-5,000 µR/h 7 µR/h NIA 

3,000 cpm avg 
NIA 0-500,000 cpm 

9,000 cpm avg 

4 pCilg Utot 4% 
---

1.5 pCilg Thnat 15% 

0-100 mR/h 9-10 µR/h NIA 

12 

TYPICAL MDA 95% 
CONFIDENCE LEVEL 

2 µR/h 

250 cpm 

500 cpm 

5 pCi/g Utot (5 min. count) 

0.6 pCilg Thnat (5 min. count) 

3 pCi/g Utot (15 min. count) 

0.3 pCilg Thnat (15 min. count) 

0.5 µR/h (10 min. count) 
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2.8.3 Statistical Test Calculations 

2.8.3.1 As each survey unit was evaluated against the release criteria, statistical calculations 
were performed to ensure that the survey units, or groups of data with the same 
classification of contamination potential, provide a 95% confidence level that the true 
mean activity level meets the release criteria. 

2.8.3.2 The following equation, from NUREG/CR-5849, for testing data, relative to a 
guideline value at a desired level of confidence, was applied to the soil sample and 
exposure rate data used for the PSS. 

Equation 1 

Where: 

µa 95% confidence level mean of the data set. 

ti-a,df 95% confidence level, t95% , obtained from Appendix B, Table B-1 of 
NUREG/CR-5849 for the degrees of freedom, df = n-1. 

n number of individual data points in the data set used to determine the average 
and standard deviation. 

a standard deviation of the data set. 

X calculated mean for the data set. 

2.8.3.3 If µa is less than the release criterion, the area being tested meets the guideline at a 
95% confidence level. This means that the probability is less than 5% that µa will 
pass the test, when the true mean activity level exceeds the guideline value. 
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3 FINAL STATUS SURVEY METHODS 

3.1 PROCEDURES 

3 .1.1 The Sub-area F Final Status Survey was implemented in conformance with all Cimarron 
plans, procedures and other requirements. The instrumentation used to generate the FSS 
data was maintained by site personnel in accordance with the Cimarron Radiation 
Protection Program procedures. These procedures follow the guidance contained in 
ANSI N323-197825

. Specific requirements include traceability of calibrations to NIST 
standards, field checks for operability, background radioactivity checks, operation of 
instruments within established environmental bounds, training of operators, scheduled 
performance checks, calibration with isotopes of energies similar to those to be measured, 
quality assurance tests, data review, and recordkeeping. 

3.2 INSTRUMENTATION 

3.2.1 A list of Cimarron instrumentation used for the FSS is presented in Table 2.4. 

3.2.2 Soil Sample Laboratory Analysis (Gamma Spectroscopy) 

3 .2.2.1 Analyses for the uranium and thorium series were performed using the gamma 
spectroscopy soil counter at the Cimarron facility. The Cimarron Soil Counter 
consists of a 4" x 4" x 16" sodium iodide crystal housed in a shielded chamber that is 
computer linked to multi-channel analyzer (MCA). The counting system is 
programmed to determine the total uranium present in the soil sample by calculating 
the U-234 activity based upon the U-235 activity measured in the soil sample. The 
U-234 and U-235 activities are summed with the detected U-238 activity to obtain the 
total U activity. The counter also adjusts for system background. Calibration of this 
counting system is performed annually and is traceable to NIST standards through 
contractor laboratory evaluations of the on-site standards. 

3.2.2.2 Established quality assurance measures for the soil counter include Cesium-137 
centroid checks, Chi-square tests, background determinations, and the counting of 
appropriate soil standards. All of these quality assurance controls are recorded on 
control charts and are trended on a continuing basis. 

3.2.3 Exposure Rate (µR) Instrumentation 

3.2.3.1 All µR data were taken using Ludlum Model 19 and Model 12-S field instruments. 
The µR meter is a 1" x l" N al crystal detector that measures exposure rates between 
0 and 5,000 µR/hr. Background readings were obtained daily at a defined location 
prior to placing each instrument into service. The instrument is utilized, in general, 
for determination of exposure rates at both systematic and random locations and at 
locations of elevated radiation identified by area scans. 

3.2.3.2 QA/QC comparison measurements were obtained routinely to provide information 
concerning any measurement bias. These measurements were made using a PIC 

25 American National Standards Institute, "Radiation Protection Instrumentation Test and Calibration", ANSI 
N323-l 978, Institute of Electrical and Electronic Engineers, Inc. , September 1977. 
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instrument. Comparison measurements for Sub-area F are included in Table 3 .1 and 
demonstrate acceptable agreement between the µR meter and the PIC. 

Table 3.1 
Sub-area F Exposure Rate Comparison Measurements 

(1 meter above ground surface) 

Ludlum Model 19 Ludlum Model 12-S PIC 
Location 

(µR/hr) (µR/hr) (µR/hr) 

EKG-Highway #1 
9.0 8.5 8.4 

Marker 

714N-1248E 9.0 9.5 8.9 

700N-1355E 9.0 9.0 10.2 

772N-1228E 9.5 10.0 9.5 

632N-1031E 10.5 10.0 9.6 

582N-957E 9.0 9.0 8.1 

Average 9.3 9.3 9.1 

3.2.4 Gamma Surface Survey Instrumentation 

3.2.4.1 Gamma scans were performed using Ludlum Model 2221 3"x W' Nal field 
instruments in the lead shielded and unshielded configurations. The unshielded 
instrument configuration was utilized with a portable scaler/rate-meter that had single 
channel analyzer capability. It was operated in the "window out" mode and the 
energy threshold was set at 40 ke V. This energy range corresponded to the energies 
of interest for surveying uranium and thorium contamination. 

3.2.4.2 The shielded instrument configuration was a 3"x W' Nal crystal gamma detector that 
was shielded with lead around the top socket and sides to improve the directional 
sensing capabilities of the equipment. Similar to the unshielded detector, the shielded 
detector was utilized with a portable scaler/rate-meter that has a single channel 
analyzer capacity. Threshold and window settings were the same. This instrument 
was normally utilized in areas where background may have been elevated. 

3.3 GEOGRAPHICAL REFERENCE 

3 .3 .1 Reference Coordinate System. The Cimarron Site has an established grid coordinate 
system with the site origin set at a fixed point just south of the main entrance gate (see 
Figure 1.1 in Appendix A). Locations are referenced in meters east and north from the 
site origin. The Oklahoma State Plane coordinates of the site origin are presented in 
Table 3.2. 

Table 3.2 
Cimarron Site Origin Coordinates* 

Direction 
Site Grid State Plane 
(meters) (feet) 

North 0.0 319,820.5 

East 0.0 2,091,476.6 
* Site origin coordinates provided by KMC Hydrology Department. 
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3.4 SOIL SAMPLE SURVEYS 

3.4.1 A five-meter grid of surface samples was completed in the BG #1 Affected Area. 
Surface samples were also collected along the linear path of the adjacent Drainage and 
Roadway Areas with 5-meter spacing to demonstrate that these areas were not affected 
by site decommissioning activities. Surface samples were also collected in the 
Unaffected Area at selected IO-meter grid locations chosen at random. 

3.4.2 Surface samples were composites of 4-inch diameter soil cores taken from the ground 
surface to approximately six inches of depth. 

3 .4.3 Subsurface samples were collected in the Drainage and Roadvyay Areas, which are 
potentially-affected open land areas that have not had previous subsurface sampling. The 
subsurface samples were collected as composite samples at one-foot intervals down to a 
maximum depth of four feet. The subsurface samples were collected at a frequency of 
one for each 100 meters in length. 

3 .4.4 Subsurface samples were not collected for this FSS in open land unaffected areas or in 
the former Burial Ground # 1 which has already been investigated and released for 
backfill by the NRC26

. 

3.5 EXPOSURE RATE MEASUREMENTS 

3. 5 .1 Exposure rate measurements were taken at the ground surface and at one meter above the 
surface of the ground at every location where a soil sample was taken. Exposure rate 
measurements were not taken at locations where there was standing water at the time of 
the survey. All exposure rate measurements were taken per the procedures listed in 
KM-CI-RP-51 27

. 

3.6 GAMMA SCANS 

3.6.1 Gamma scans were taken on 100% of the surface of the BG #1 Affected Area, the 
Drainage Area and the Roadway Area. Gamma scans were taken on a minimum of 10% 
of the surface of the Unaffected Area. 

3.6.2 Gamma scans were taken with the instrument in the unshielded configuration. 

3 .6.3 The gamma scans were performed by traversing the 1 Om x 1 Om grid areas back and forth 
with each traverse covering an area approximately two meters in width. The highest 
reading found within each grid area was recorded. All gamma scans were taken per the 
procedures listed in KM-CI-RP-4928

. 

26 NRC Letter dated 12/30/92, Ibid. 
27 KM-CI-RP-51, Ins,trument Calibration and Usage, Ludlum Model 19 & 12-S Micro-R Meters. 
28 KM-CI-RP-49, Calibration and Use of Ludlum 2220/2221 Na! 3" Detector. 
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4 FINAL STATUS SURVEY RESULTS AND DISCUSSION 

4.1 SOIL SAMPLES 

4.1.1 The PSS of Sub-area F was performed from March 1996 to September 1997. During the 
PSS, surface soil samples were collected on 5x5m grids in the BG #1 Affected Area, and 
along the center line of the Drainage and Roadway Areas with 5-meter spacing. 
Additionally, subsurface soil samples were collected in the Drainage and Roadway Areas 
at one sample location for every 100 meters in length. 3 0 random, 1 Om grid surface 
locations were also sampled from the contiguous Unaffected Area. All samples and 
measurements were taken in accordance with the SDP, and all of the PSS data are 
presented net of average background (see Tables 1-4 in Appendix B). 

4.1.2 Soil samples collected for the final status surveys were analyzed for total uranium and · 
natural thorium to ensure a complete and accurate characterization. All gross natural 
thorium values recorded for the PSS were rounded to the nearest whole number. The net 
values of natural thorium throughout Sub-area F ranged from -0.5 pCi/g to 0.5 pCi/g. 
Since natural thorium is present near background levels and the highest measurement is 
5% of the release criteria in Sub-area F, no further discussion of the thorium results is 
presented in this report. 

4.1.3 BG #1 Affected Area (FA) 

4.1.3.1 533 soil samples were collected from the surface of the BG #1 Affected Area. These 
samples are shown on a map in Appendix A, Figure 4.1. One grid location was 
obstructed by a concrete slab, which was placed in the location for erosion control. 

4.1.3.2 · A summary of the surface sample results from the BG #1 Affected Area survey is 
· presented in Table 4.1. It shows that the maximum activity measured was 14 pCi/g 
total uranium, which is below the release criterion of 30 pCi/g. The average value for 
the BG #1 Affected Area surface was 3.4 pCi/g and the 95% confidence level was 3.6 
pCi/g total uranium. The measurements for each sample are listed individually in 
Appendix B, Table 1. 

4.1.3.3 The surface soil samples in the BG #1 Affected Area meet the criteria in the SDP for 
unconditional release. 

Table 4.1 
Surface Samples Summary (pCilg) 

Sub-Area F Number Net Utot 95% Net Utot Net Thnat 
Survey Area Sets of Confidence 

Samples (µa) Max Avg Max Avg 

BG # 1 Affected Area (FA) 533 3.6 14 3.4 0.5 -0.3 
Drainage Area (FD) 81 3.2 9 2.9 0.5 -0.4 
Roadway Area (FR) 104 3.2 11 2.9 0.5 -0.3 

Unaffected Area (FU) 32 1.6 5 1.3 -0.5 -0.5 

4.1.4 Drainage Area (FD) 

4.1.4.1 81 soil samples were collected from the surface of the Drainage Area. These samples 
are shown on a map of the Drainage Area in Appendix A, Figure 4.2. 
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4.1.4.2 A summary of the surface sample results from the Drainage Area survey is presented 
in Table 4.1. It shows that the maximum activity measured was 9 pCi/g total 
uranium, which is below the release criterion of 30 pCi/g. The average value for the 
Drainage Area surface was 2.9 pCi/g and the 95% confidence mean was 3.2 pCi/g 
total uranium. The measurements for each sample are listed individually in 
Appendix B, Table 2A. 

4.1.4.3 12 soil samples were collected below the surface of the Drainage Area. The 
subsurface sample location frequency was one for each 100 meters in length, so three 
subsurface sampling locations were required in the Drainage Area. The samples were 
collected as composite samples at one-foot intervals to a maximum depth of four feet. 
These subsurface samples are shown on a map of the Drainage Area in Appendix A, 
Figure 4.2. 

4.1.4.4 A summary of the subsurface sample results from the Drainage Area survey is 
presented in Table 4.2. It shows that the maximum activity measured was 8 pCi/g 
total uranium, which is below the release criterion of 3 0 pCi/ g. The average value for 
the Drainage Area subsurface was 4.5 pCi/g and the 95% confidence mean was 
5.7 pCi/g total uranium. The measurements for each sample are listed individually in 
Appendix B, Table 2B. 

4.1.4.5 The surface and subsurface soil samples in the Drainage Area meet the criteria in the 
SDP for unconditional release. 

Table 4.2 
Subsurface Samples Summary (pCi/g) 

Sub-Area F 
Number Net Utot 95% Net Utot Net Thnat 

Survey Area Sets 
of Confidence 

Samples (µa) Max Avg Max Avg 

Drainage Area (FD) 12 5.7 8 4.5 0.5 -0.4 
Roadway Area (FR) 20 3.6 7 2.9 0.5 -0.3 

4.1.5 Roadway Area (FR) 

4.1.5.1 104 soil samples were collected from the surface of the Roadway Area. These 
samples are shown on a map of the Roadway Area in Appendix A, Figure 4.3. 

4.1.5.2 A summary of the surface sample results from the Roadway Area survey is presented 
in Table 4.1. It shows that the maximum activity measured was 11 pCi/g total 
uranium, which is below the release criterion of 30 pCi/g. The average value for the 
Roadway Area surface was 2.9 pCi/g and the 95% confidence mean was 3.2 pCi/g 
total uranium. The measurements for each sample are listed individually in Appendix 
B, Table 3A. 

4.1.5.3 20 soil samples were collected below the surface of the Roadway Area. The 
subsurface sample location frequency was one for each 100 meters in length, so five 
subsurface sampling locations were required in the Roadway Area. The samples 
were collected as composite samples at one-foot depth intervals to a maximum depth 
of four feet. These subsurface samples are shown on a map of the Roadway Area in 
Appendix A, Figure 4.3. 
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4.1.5.4 A summary of the subsurface sample results from the Roadway Area survey is 
presented in Table 4.2. It shows that the maximum activity measured was 7 pCi/g 
total uranium, which is below the release criterion of 30 pCi/g. The average value for 
the Roadway Area subsurface was 2.9 pCi/g and the 95% confidence mean was 
3.6 pCi/g total uranium. The measurements for each sample are listed individually in 
Appendix B, Table 3B. 

4.1.5.5 The surface and subsurface soil samples in the Roadway Area meet the criteria in the 
SDP for unconditional release. 

4.1.6 Unaffected Area (FU) 

4.1.6.1 32 soil samples were collected at random locations on the surface of the Unaffected 
Area. These samples are shown on a map of the Unaffected Area in Appendix A, 
Figure 4.4. Duplicate samples were collected at two locations. Therefore only 30 
sampling locations are shown on the map of the Unaffected Area. 

4.1.6.2 A summary of the surface sample results from the Unaffected Area survey is 
presented in Table 4.1. It shows that the maximum activity measured was 5 pCi/g 
total uranium, which is below the release criterion of 30 pCi/g. The average value for 
the Unaffected Area was 1.3 pCi/g and the 95% confidence mean was 1.6 pCi/g total 
uranium. The measurements for each sample are listed individually in Appendix B, 
Table 4. None of the soil samples collected in the Unaffected Area had a net total 
uranium result greater than 7.5 pCi/g, which would have required further 
investigation. 

4.1.6.3 The surface soil samples in the Unaffected Area meet the criteria in the SDP for 
unconditional release. 

4.2 EXPOSURE RA TE MEASUREMENTS 

4.2.1 Exposure rate measurements were collected at 100% of the accessible grid locations in 
the sector at the ground surface and at a height of one meter above the ground surface. A 
summary of the net exposure rate measurements by survey area is presented in Table 4.3. 
At one meter above the ground surface the maximum exposure rate measurement for 
Sub-area F was 3 µR/hr, which is below the release criterion of 10 µR/hr. In the BG #1 
Affected Area the average net exposure rate measurement at one meter above the surface 
was 0.9 µR/hr and the 95% confidence mean was 1.0 µR/hr. Similar measurements in all 
the other areas were lower. 

4.2.2 No exposure rate measurement data were observed in Sub-area F above the release 
criteria. Drawings of the exposure rate measurements taken in Sub-area F are presented 
in Figures 4.5a through 4.5d in Appendix A. 

4.2.3 The exposure rate measurements in Sub-area F meet the criteria in the SDP for 
unconditional release. 
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Table 4.3 
Net Exposure Rate Measurements Summary (µRlhr) 

Surface One One 
One 

Survey Area 
# Sfc Surface 

95% Conf. Meter Meter 
Meter 

Pts Max Average 95% 
(µa) Max Average Conf. (µa) 

BG #1 Affected (FA) 533 3 1.0 1.1 3 0.9 1.0 
Drainage a (FD) 59 2 0.3 0.4 1 -0.1 0.0 
Roadway (FR) 104 2 -0.3 -0.2 2 -0.7 -0.6 
Unaffected (FU) 32 3 0.6 0.9 2 0.3 0.5 

a In the drainage area, 22 locations were under standing water and µR measurements could not be obtained 

4.3 GAMMA SCAN MEASUREMENTS ON SOIL SURF ACE 

4.3.1 Gamma scans were performed on 100% of the accessible areas of the BG #1 Affected 
Area, Drainage Area, and Roadway Area, and on 10% of the Unaffected Area in Sub
area F. The scan threshold used for these surveys was twice background. 

4.3.2 No gamma scans in Sub Area F exceeded the scan threshold of twice background. 

4.4 QUALITY CONTROL SOIL SAMPLE SPLITS 

4.4.1 Four soil samples collected in Sub-area F were split and sent off site for analysis as a 
quality control measure. The soil samples were first analyzed using the on-site counter 
prior to being packaged and sent off site for analysis at an independent laboratory. The 
independent laboratory for this project was Core Laboratories of Casper, Wyoming. The 
results for both the on-site and· off-site sample analyses are listed in Table 4.4. These 
sample results show satisfactory agreement between the on-site and off-site analyses of 
the soil split samples. All samples agreed at the+/- 3cr confidence interval. 

Table 4.4 
Gross Total Uranium Soil Sample QC Results (pCilg) 

Sample ID Number Cimarron Results* 

FA-129 12 +/- 4.9 
FA-542 4 +/- 2.0 
FU-12 4 +/- 4.0 
FU-32 5 +/- 2.5 

* 2 sigma confidence interval 
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5 CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

5.1.1 Thorium was found near background levels in Sub-area F. No sample exceeded 5% of 
the release criteria. (Par. 4.1.2.) 

5.1.2 No surface samples in the BG #1 Affected Area (FA) were found to be in excess of the 
criteria specified in the SDP for unconditional release. (Par. 4.1.3.3) 

5.1.3 No surface or subsurface samples in the Drainage Area (FD) were found to be in excess 
of the criteria specified in the SDP for unconditional release. (Par. 4.1.4.5) 

5.1.4 No surface or subsurface samples in the Roadway Area (FR) were found to be in excess 
of the criteria specified in the SDP for unconditional release. (Par. 4.1.5.5) 

5.1.5 No surface samples in the Unaffected Area (FU) were found to be in excess of the criteria 
specified in the SDP for unconditional release. (Par. 4.1.6.3) 

5.1.6 No exposure rate measurement data were observed in Sub-area F above the release 
criteria. (Par. 4.2.2) 

5.1.7 No gamma scan data were observed in excess of twice background. (Par. 4.3.2) 

· 5.1.8 Sub-area F soil meets decommissioning criteria for release from license SNM-928. 

5.2 RECOMMENDATIONS 

5.2.1 Soils in Sub-area F should be released from license SNM-928. 
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