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Signature Page 

This report is Volume 3 of a multiple-volume Site Seeping Report providing the background information 
pertinent to the remedial investigation/feasibility study (RI/FS) of the Mound Plant. Under the terms 
of the Federal Facility Agreement between DOE and US EPA, this report is submitted to US EPA for 
approval. 

This report is approved by US EPA only for the purposes of seeping the RI/FS, and approval does not 
imply concurrence with the interpretations presented herein. It is recognized that additional information 
will be collected during the RI/FS and may supersede information contained in this report. 

APPROVED: 

MOUND9\M9SS_3.LT 4/12/93 

Diana Mally 
Remedial Project Manager 
U.S. Environmental Protection Agency 
Region V 
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6501 AMERICAS PARKWAY, N.E. 
ALBUQUERQUE, NM 87110-1517 
505-884-5050 • FAX: 505-884-5388 

29 June 1993 

EG&G Mound Applied Technologies, Inc. 
Attention: Mr. Charles S. Friedman, Project Officer 
Bldg. OSE-2 
P.O. Box 3000 
Miamisburg, Ohio 45343-3000 

RE: ER Program, Mound Plant 
BOA No. 24251 
Site Scoping Report: Volume 3 RFW WO # 5376-39-02 

Dear Mr. Friedman: 

Enclosed are four copies of the Final covers, title, approval and change pages for the Site Scoping 
Report: Volume 3 - Radiological Site Survey. This report was conditionally approved by the US 
Environmental Protection Agency, pending response to comments. The comments in question are EPA 
specific comments 7 to 11, dated December 1992. Due to a transmission error, these comments were 
not formally addressed during the March 1993 revision. Response to comments and the necessary 
change pages are included in the Final document. Also included are change pages that respond to a 
verbal comments from Ohio EPA that a sentence appeared to be missing from the bottom of page 3-
26. 

Under cover of this letter, Final covers, title, approval and change pages for Volume 3 are being 
supplied to the project managers to complete and finalize their copies of this volume. Under separate 
cover we will be submitting two complete copies to you for placement in the public repository. 

If you have any questions regarding this matter, please call Bill Criswell at (505) 884-5050 or the 
Alternate Project Manager, Mr. John Price, at (513) 825-3440. 

CWC/gy 

Attachments 

M9SSV3_3.LT 6/29/93 

Sincerely, 

ROY F. WESTON, INC. 

~1{Jh~~.~ 
ER Program, Subcontractor 
Project Manager 

21--0 /-01- 07 -· 0 3 
Cj''{O 'ft(OOo(p . 



• 

~ 
~~ 

Mr. Charles Friedman 

pc w/att: 

w/o att: 

M9SSV3_3.LT 6/29/93 

D. Mally USEPA Reg. V (4) 
D. Spencer USEPA Reg. V (1) 
M. Hatcher OEPA (3) 
J. Kwasniewki OEPA (1) 
P. Mann DOE AL (1) 
A. Kleinrath DOE DAO (2) 
J. Sands DOE HO (1) 
K. Koehler EG&G-MAT (1) 
J. Rigano EG&G-MAT (1) 
M. Williams EG&G MAT (1) 
J. Register IT ( 1 ) 
S. Coyle SAIC (2) 
B. Huntsman TERRAN ( 1) 
E. Brown ICF-Kaiser (1) 

ER Project File 

-2- 29 June 1993 
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6501 AMERICAS PARKWAY, N.E. 
ALBUQUERQUE, NM 87110-1517 
505-884-5050 • FAX: 505-884-5388 

EG&G Mound Applied Technologies, Inc. 
Attention: Mr. Charles S. Friedman, Project Officer 
Bldg. OSE-2 
P.O. Box 3000 
Miamisburg, Ohio 45343-3000 

RE: ER Program, Mound Plant 
BOA No. 24251 
Site Seeping Report: Volume 3 

Dear Mr. Friedman: 

29 June 1993 

RECEIVED 
C. 5. FRIEDN\AN 

JUL J 1993 
.. __.. .. ..--

Action to ·------~-----··-·-----
Reply f)t.;a ~--~------

Rcute C·:.,:.y to 

RFW WO # 5376-39-02 

Enclosed are four copies of the Final·covers, title, approval and change pages for the Site Seeping 
Report: Volume 3 - Radiological Site Survey. This report was conditionally approved by the US 
'Emvironmental Protection Agency, pending response to comments. The comments in question are EPA 
specific comments 7 to 11, dated December 1992. Due to a transmission error, these comments were 
not formally addressed during the March 1 993 revision. Response to comments and the necessary 
change pages are included in the Final document. Also included are change pages that respond to a 
verbal comments from Ohio EPA that a sentence appeared to be missing from the bottom of page 3-
26. 

Under cover of this letter, Final covers, title, approval and change pages for Volume 3 are being 
supplied to the project managers to complete and finalize their copies of this volume. Under separate 
cover we will be submitting two complete copies to you for placement in the public repository. 

If you have any questions regarding this matter, please call Bill Criswell at (505) 884-5050 or the 
· Afternate Project Manager, Mr. John Price, at (513) 825-3440. 

CWC/gy 

Attachments 

M9SSV3_3.LT 6/29/93 

Sincerely, 

ROY F. WESTON, INC. 

~!i~h~~n~ 
ER Program, Subcontractor 
Project Manager 
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Mr. Charles Friedman 

pc w/att: 

w/o att: 

M9SSV3_3.LT 6/29/93 

D. Mally USEPA Reg. V (4) 
D. Spencer USEPA Reg. V (1) 
M. Hatcher OEPA (3) 
J. Kwasniewki OEPA (1) 
P. Mann DOE AL (1) 
A. Kleinrath DOE DAO (2) 
J. Sands DOE HO (1 l 
K. Koehler EG&G-MAT (1 l 
J. Rigano EG&G-MAT (1) 
M. Williams EG&G MAT (1) 
J. Register IT ( 1 ) 
S. Coyle SAIC (2) 
B. Huntsman TERRAN ( 1) 
E. Brown ICF-Kaiser (1) 

ER Project File 

-2- 29 June 1993 
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11840.0 KEMPERSPRINGS DRIVE 
CINCINNATI, OH 45240.1640 
513-825-3440 • FAX; 513-825-3336 

® 

EG&G Mound Applied Technologies 
Attention: Karen L Zimmerman 
PO Box 3000, M.S. OSE-3 
Miamisburg, Ohio 45343 

RE: BOA No. 24251, Task Order 16494 
Change Order Request No.1-
Scoping Report Additions 

Dear Ms. Zimmerman: . 

11 May 1993 

Work Order No. 05376-039-002 

Additional revisions are required to the Volume 3 Site Scoping Report and Volume 7 Site 
Scoping Report because of a partial transmittal of regulatory review comments to Roy F. 
Weston, Inc. (WESTON®) and discrepancies in the Glass Melter history, respectively. A 
copy of the latter is attached. WESTON is requesting an increase in the not to exceed cost 
from $71,878 to $83,836 not including definitization costs, which are estimated separately. 

Pursuant to an AOS message to you from John Price, Alternate Project Manager, standard 
estimating sheets are provided as backup to the estimated costs. These are $4,721.27 for 
Volume 3 and $6,237.32 for Volume 7. WESTON had previously requested authorization 
for less than $1000 to republish the Volume 9 Site Scoping Report: attached is a supporting 
standard estimating sheet showing an estimated cost of $749.04. Please note that the costs 
for Volume 7 include travel to Mound, which may not be required; as always, only actual 
costs will be charged for this time & materials task order. 

If you have any questions please contact Mr. Price or Mr. William Little. 

JBP/acg 

Attachments 

cc (w/ Att): 
cc (w/o Att): 

Kathy Koehler 
Monte Williams vi 

Very truly yours, 

ROY F. ~STON, I_NC.~ fr 
~tt-A- c~ J11il 
John .9-1. Thorsen, P.rf--1 
Project Manager 

;_9-ol- 01-07-{') 3 
CfLfO Gref Oo(}(g 
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6501 AMERICAS PARKWAY, N.E. 
ALBUQUERQUE, NM 87110-1517 
505-884-5050 • FAX: 505-884-5388 

EG&G Mound Applied Technologies, Inc. 
Attention: Mr. Charles S. Friedman, Project Officer 
Bldg. OSE-2 
P.O. Box 3000 
Miamisburg, Ohio 45343-3000 

RE: ER Program, Mound Plant 
BOA No. 24251 
Site Seeping Report: Volume 3 

Dear Mr. Friedman: 

30 March 1993 

RFW WO # 5376-39-02 

Enclosed are the change pages and responses to comments for the Draft Final Site Seeping Report: 
Volume 3- Radiological Site Survey. The change pages are submitted in response to EPA and Ohio 
EPA comments on the revised document submitted December 1992. At the direction of Art Kleinrath, 
DOE Dayton Area Office, the revised document is being distributed to the project managers. 

The set of change pages includes both pages revised in response to comments, as well as pages 
revised to include new descriptions of areas of older cleanup or potential contamination. Many new 
cross-references have been added to guide the reader through the report where descriptions of some 
areas may be parceled according to process information. Also in response to comments, included are 
additional data sheets that should be inserted into Appendix E. These supporting data have been 
incorporated into the text discussions. 

If you have any questions regarding this matter, please do not hesitate to call me at (708) 918-4102 
or the Alternate Project Manager, Mr. John Price, at (513) 825-3440. 

CWC/gy 

Attachments 

Sincerely, 

ROY F. WESTON, INC. 

~JY!w:ors~~.E.~ 
ER Program, Subcontractor 
Project Manager 
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D. Mally, USEPA Reg. V 
D. Spencer, USEPA Reg. V 
M. Hatcher, OEPA 
J. Kwasniewski, OEPA 
D. Flynn, DOE AL 
A. Kleinrath, DOE DAO 
J. Sands, DOE HQ 
K. Koehler, EG&G MAT 
M. Williams, EG&G MAT 
J. Riga no, EG&G 
K. Hacker, EG&G 
B. Huntsman, Terran 
M. Walsh, SAIC 
J. Register, IT 
E. Brown, ICF Kaiser 

ER project File 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONS 

February 16, 1993 

VIA fACSlMILE AND 
FIRST CLA9S MAt~ 

Mr. Arthur Kleinrath 

n WEST JACKSON BOULEVARD 
CHICAGO, ll 80604-3590 

U.S. Department of Energy 
Dayton Area Office 
P.O Box 66 
Miamisburg, Ohio 45343 

RB; u.s. ·ooE Mound Plant Review Comments 
Site Scoping Report, Volume 3 

Dear Mr. Kleinrath: 

AEPl V TO 'l'HE ATI'ENTIQN OF: 

HS~-6J 

Enclosed are the United States Environmental Protection Agency's 

(U.S. EPA's) comments on the "Site Scoping Report, Volume 3 -

Radiological Site Survey" for the Mound Plant site. Please provide 

revised pages and responses to these comments within forty-five days 

of your receipt of this letter, or by April 2, 1993. 

Please feel free to call me at (312) 353·6287 if you have any 

questions. 

Sincerely, 

;())'~.~····· 
Diana Mally 
Remedial Project Manager 

Enclosure 

cc: M. Hatcher, OEPA 
C. Friedman, EG&G Mound 
M. Williams, BG&G Mound 
D. Neff• Geotech, DAO 
w. Rummel, Geotech, DAO 

Prlnttld on Rll(IJIOI9d Pap6r 



EPA ID:3123535541 FEB 16'93 

US DOE Moun4 Plant 
operable unit t 

16:02 No.017 P.02 

site Soopinq Report, Volume 3 w Ra4iological site survey 
Deoauer 1992 

US BPA 

General Comments: 

1. Section 4, General . 
Add some discussions in this section ooncerning·the elevated 
concentrations of Pu-238 (1,235 pCi/9) found in the sewage drying 
beds in Area 3 discussed on page 5-1·1, and the elevated 
concentrations (up to 573 pCi/g) found at the railroad siding 
discussed on page 5-30. Carry through any discussions into 
Section 11 and Table XI.1 if appropriate. 

2. Table XI.l, General 
Table XI.1 should be revised to show maximum radioactive soil 
concentrations for each area, based on the discussions in the 
text. The maximum concentrations found were not always a result 
of the site Survey Project (which this table seemed to primarily 
rely on), but may be from 0&0 work, subsequent investigations, or 
reports from the soil screening facility. 

Specifi& kQmments: 

1. Table II.l, pages 2-10 throuqb 2-16 
Please include the concentration units of the values to the 
table. 

2. Section 3.3.7, last para, page 3-26 
Please offer an explanation why elevated levels of co-60 and 
Cs-137 were found at location S0175 if possible. 

3. section 4.1.4, para 3, page 4-21 
Correct the last sentence to refer to the correct plate .• 

4. Figure 8.2, page 8•3 
The units indicated on this figure (pCi/g) are not consistent 
with the corresponding discussion on page 8-4. Please correct, 

5. s~otion 11, para 1, page 11-4 
The text states that the highest values of co-60 were in Area 21. 
Table XI.l, page 11-~, shows "LDL" for Co-60 in Area 21. Correct 
the text or the table. 

6. Table xi: .1 I page 11-2 'and 11-3 
Add the Building 46 hillside (discussed on page 11-6), Area 23 
(discussed on page 11-1), and the old railroad siding (discussed 
on page· 11-7) and the corresponding soil radioactivity 
concentrations to this table. 
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7. Table XI.l, page 11-2 
Please correct the table to indicate in Area 3 the maximum 
thorium conc.entration foum1 was 63 pCi/g (from paqe 5-ll). 

a. Table Xl.l, paqe 11~2 
Please correct the table to indicate in Area 3 the maximum Pu-238 
concentration :t:ound was 1 1 235 pCi/g (from paqe 5-1.1). 

9. Section 11, Pu-238 disous~ion, para 2, page 11-4 
Areas also showing elevated Pu-238 concentrations from Plate 4 
andtor Table XI.l are Areas 12 and 4/4a. Inolude these areas in 
the discussion. 

10. section 11, Pu-238 discussion, bUllet 6, page ·11-4 
Why is Area 18 included as an area associated with highest Pu-238 
concentrations? · Information in the report does not seem to 
support this. 

11. Plates 4 and 5 
Plates 4 and 5 incorrectly show Area 1 a$ Area 21. Please 
correct • 
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State of Ohio Environmental Protection Agency 

£ C <1--t- - 2 '1-o I- o I- t:/ 7- o 3 

:#=t:f4 ot, /~OOL) ~ 
Southwest District Office 
40 South Main Street 
Dayton, Ohio 45402-2086 
(513) 285-6357 
FAX (513) 285-6404 

George V. Voinovich 
Gov.ernor 

February 16, 1993 RE: Operable Unit 9 site 
Scoping Report Vol. III 
Radiological Soils 

Mr. Arthur Kleinrath 
u.s. Department of Energy 
Dayton Area Office 
1 Mound Road 
Miamisburg, Ohio 45343 

Mr. Kleinrath: 

This letter is to inform you that the Ohio EPA 
Operable Unit 9, Site Scoping Report Vol. III, 
submitted to this office on December 29, 1992. 
EPA's comments on the document. 

Please let me know if you have any questions. 

Jj:;i'£.~ 
Martha L. Hatcher 
Division of Emergency and Remedial Response 

TAS 

cp: D. Mally, USEPA/Region V 
c. Friedman, EG&G Mound 

%M ,;Wil;liams, EG&G M01ind~1 
'':R: Neff, Geotech, DAO 
w. Rummel, Geotech, DAO 
J. Kwasniewski, OEPA/DERR/CO 

@ Printed on recycled paper 

has reviewed DOE's 
Radiological Soils 

Attached are Ohio 



SENT BY:OEPA 2-16-93 

State of Ohto Environmental Protection Asency 

southWest District Office 
40 South Main Strnt 
Dayton, Ohio 45402·2086 
(513) 285-6:357 
FAUC(513)28S-6404 

February 16, 1993 

Mr. ArthQr Kleinrath 
u.s. Department of Energy 
Dayton Area Office 
1 Mound Road 
Miamisburg, Ohio 45343 

Mr. Kleinrath: 

s:asPM : SOUTHWEST OFFICE~ 513 865 8385:# , 

RE: Operable Unit 9 Site 
Scoping Report Vol. III 
Radiological Soils 

This letter is to inform you that the Ohio EPA has reviewed DOE's 
Operable Unit 9, Site Scopinq Report Vol. III, Radiological Soils 
submitted to this office on December 29 1 1992. Attached are Ohio 
EPA's comments on the document. 

Please let me know if you have any questions. 

:;;:;z· '.!! ~ 
Martha L. Hatcher 
Division of Emergency and Remedial Response 

TAS 

cc: D. Mally, USEPA/Reqion V 
c. Friedman, EG&G Mound 
M. Williams, EG&G Mound 
R. Neff, Geoteoh, DAO 
w. Rummel, Geotech, OAO 
J. Kwasniewski, OEPA/DERR/CO 

Cl!.:. <!<SF= 
tfAAt..U 
KQK 

. FA;<. 'TO ~c-1.~ t ~\C.€. 
I 
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RI/FS 
OPERABLE UNIT 9, SITE-SCOPI~G REPORT VOL, III 

RADIOLOGICAL SITE SURVEY 
DECEMBER 1992 

OHIO ENVIRONMENTAL PROTBCTXON AGENCY 

Gene:r;al Comments 

1. DOE failed to respond to Ohio EPA's october 25, 1991 comments 
on DOE's responses and did not revise the seeping report in 
accordance with those comments. 

Specifig· comments 

1. The Executive Summary was not revised/submitted. The 
Executive summary should be revised to reflect the change in 
document format and Ohio EPA's May 24, 1991 comments. 

2. Section 3.3.6, pg. 3-26, Jrd paragraph: The text should be 
revised to refer to Section 10, General Use Areas rather than 
the "general section of this report." · 

3. Section 4.1.1., pg, 4-6, 4th paragraph: The fourth sentence 
incorrectly cites section 3. The correct citation should 
probably be section 5. 

4. section 4 .1. 4, pq. 4•21, last full paraqraph: The last 
sentence refers to Plate 6. No Plate 6 was included in the 
document revision. The correct citation is probably Plate 4. 

5. 'table I\1.5, pgs. 4-22 to 4-26: Define the footnotes cited in 
the ta~le. 

6. Section 4.1.7, pq. 4-34, 3rd paragraph: The second sentence 
should include location #7 as one which detected plutonium-238 
in excess of 100 pCi/9• 

7. Section 6. 2, pq. 6-J, Jrd paragraph: DOE may wish to 
reconsider the use of the word "dubious", due to the various 
interpretations the reader may choose. 

8. Table VII.l, pq. 7-2: Ohio EPA provided DOE with a more 
detailed analysis of K-65 material from tha USDOE FEMP site. 
Inclusion of that data would be informative. 

9. Section 8. 2, pg. 8-4, let paragraph: Thill paragraph refers to 
samples in relation to 20 ncifg, yet Fiqure 8.2 provides data 
in pCi/g. Either the figure or the text should be revised to 
reflect the 20 ? cutoff level. 

10. Tab1e rx.1, pg. 9-2: correct third column or footnote (IIDW 
ot' IIADW). 
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US DOE MOUND PLANT 
OPERABLE UNIT 9 
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SITE SCOPING REPORT. VOLUME 3 RADIOLOGICAL SITE SURVEY 
DECEMBER 1992 

US ENVIRONMENTAL PROTECTION AGENCY 

SPECIFIC COMMENTS 

7. Table Xl.1, page 11-2. Please correct the table to indicate in Area 3 the maximum thorium 
concentration found was 63 pCi/g (from page 5-11 ). 

Table corrected and a change page submitted. 

8. Table Xl.1, page 11-2. Please correct the table to indicate in Area 3 the maximum Pu-238 
concentration found was 1.235 pCi/g (from page 5-11 ). 

This correction was made in the March 1993 Revision 2. 

9. Section 11. Pu-238 discussion, paragraph 2, page 11-4. Areas also showing elevated Pu-238 
concentrations from Plate 4 and/or Table Xl.1 are Areas 12 and 4/4a. Include these in the 
discussion. 

10 . 

A bullet has been added for Area 414a. A cross-reference was also added to subsection 4. 1 
(page 4-4) to state that the description of Area 414a is included in subsection 3.3. 

Section 11, Pu-238 discussion, bullet 6, page 11-4. Why is Area 18 included as an area 
associated with highest Pu-238 concentrations? Information in the report does not seem to 
support this. 

We agree, Area 18 should not be included in the areas with elevated plutonium-238. The 
bullet for Area 18 was removed from the text (page 11-4). 

11. Plates 4 and 5. Plates 4 and 5 incorrectly show Area 1 as Area 21. Please correct. 

Plates 4 and 5 have been corrected to depict Area 1 and not Area 21. On Plate 4, the 50 
pCi/g contour near Area 14 was also corrected . 

7 
MOUND9\M9SRD03.RC Ju,. 29, 1993 



US DOE MOUND PLANT 
RI/FS 
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OPERABLE UNIT 9. SITE SCOPING REPORT: VOLUME 3 
RADIOLOGICAL SITE SURVEY 

SPECIAL METALLURGICAL BUILDING ANNEX (AREA 17) 
RESPONSE TO COMMENTS 

APRIL 1991 
OHIO ENVIRONMENTAL PROTECTION AGENCY 

GENERAL COMMENTS 

1. Response to General Comment #1: 
If "the intent of the Site Seeping Report is to identify existing data that will be useful in 
determining additional work at the site needed to meet CERCLA requirements," available 
information such as solubility and soil bonding affinities should be incorporated into the report. 
This information would be useful in determining likely migration routes for contaminants and 
in estimating the extent of that migration. The addition of information on the physicochemical 
properties of radionuclides specific to the site will be useful in determining the scope of 
additional sampling activities at the site. 

DOE agrees that data on solubility and soil bonding affinities are useful in determining likely 
migration routes, but reiterates that such data are beyond the scope of this document. We 
have, however, provided references in Section 1 to other existing reports published by the 
Agency for Toxic Substance and Disease Registry (ATSDRJ. These bibliographies in these 
references will provide additional sources for the data requested. 

2. Response to Specific Comment #2: 
a) Add bismuth-207 as a radionclide contaminant as was suggested in the original comment 
and stated in the Site Seeping Report. 

Bismuth-207 and bismuth-210m are discussed in the text in subsection 3.3.6. Additional 
discussion is added to state that bismuth-207 could be a co-contaminant with cobalt-60. 

bl The section states a spill occurred in 1969 and the bismuth-21Om was detected during the 
1985 excavation. When did bismuth processing end in the HH building? The short half-life of 
bismuth-21 0 would suggest all of this material should be gone; what explanation can DOE 
suggest for this? 

Bismuth-21Om should not be confused with bismuth-21 0. We have added additional text to 
state that bismuth-21Om is a rare isotope of long half-life that was apparently produced with 
bismuth-21 0. Bismuth-21Om was never an intended product or by-product of polonium 
processing. To the best of our knowledge, the other statements concerning the time periods 
of polonium processing are still true. 

c) If bismuth-21Om is no longer present, then its decay product(s) should be added to the list. 

The decay products of bismuth-210m are tha//ium-206, a very short-lived isotope, and then 
stable lead-206. A discussion of these has been added to the text in subsection 3.3. 6. 

3. Response to Specific Comment #29: 
The isotope of bismuth referred to in the original comment, as well as in the Site Seeping 
Report, was bismuth-207, which must be radioactive if bismuth-209 is the stable form. 
Additionally, the decay product of bismuth-21Om should be added as a contaminant of Area 
22. 

MOUN09\M9RCSS3.WP 03/30/93 



See responses to comment 2 above for bismuth-21Om. We have added additional text to 
describe a possible origin for bismuth-207. Bismuth-207 decays through a process of electron 
capture to metastable lead-207, which decays by gamma radiation to stable lead-207. 

4. Response to Specific Comment #30: 
DOE should be aware that risk assessment-based remediation levels .!D.Y..§1 be developed in 
future documents. Remediation that is protective of human health and the environment is the 
goal of the CERCLA activities at this site. 

DOE concurs with this commment. The table includes current published remediation guidelines 
for reference purposes only. We have additionally removed some values from the table 
(actinium-227 and cobalt-60) as they were assumed from isotope values of similar character. 
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US DOE MOUND PLANT 
RI/FS 

OPERABLE UNIT 9, SITE SCOPING REPORT: VOLUME 3 
RADIOLOGICAL SITE SURVEY 

RESPONSE TO COMMENTS 
DECEMBER 1992 

OHIO ENVIRONMENTAL PROTECTION AGENCY 

GENERAL COMMENTS 

1. DOE failed to respond to Ohio EPA's October 25, 1991 comments on DOE's responses and did 
not revise the Scoping report in accordance with those comments. 

See responses attached. 

SPECIFIC COMMENTS 

1. The Executive Summary was not revised/submitted. The Executive Summary should be revised 
to reflect the change in document format and Ohio EPA's May 24, 1991 comments. 

The Executive Summary was indeed not revised, but it was incorporated into the Summary. 
This is in accordance with discussions via teleconference with EPA and Ohio EPA on March 
24, 1992. During those discussions, it was agreed that several sections of the report would 
be deleted as they were not appropriate. The Executive Summary was to be combined with 
the residual materials from the former Summary and Conclusion section. All comments 
relevant to the former Executive Summary are incorporated into the new Summary section. 

2. Section 3.3.6, pg. 3-26, 3rd paragraph: The text should be _revised to refer to Section 10, 
General Use Areas rather than the "general section of this report." 

We concur; the text is changed to reflect these words. 

3. Section 4.1.1, pg. 4-6, 4th paragraph: The fourth sentence incorrectly cites section 3. The 
correct citation should probably be section 5. 

We concur; the text is changed to reflect these words. 

4. Section 4.1 .4, pg 4-21, last full paragraph: The last sentence refers to Plate 6. No Plate 6 
was included in the document revision. The correct citation is probably Plate 4. 

We concur; the text is changed to cite Figure 1.2. 

5. Table IV.5, pgs. 4-22 to 4-26: Define the footnotes cited in the table. 

We do not understand this comment, as the footnotes are defined in the tables. Page 4-22 is 
a single page table with the footnotes at the bottom; pages 4-23 to 4-26 are a separate four
page table in which the footnotes are defined only at the bottom of the first page of the table. 
The latter is a standard convention used throughout this report. 

6. Section 4.1. 7, pg. 4-34, 3rd paragraph: The second sentence should include location #7 as 
one which detected plutonium-238 in excess of 100 pCi/g. 

We concur; the text is changed to include location #7 in the text. 
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7. Section 6.2, pg. 6-3, 3rd paragraph: DOE may wish to reconsider the use of the word 
•dubious, • due to the various interpretations the reader may choose. 

We concur; the text is changed to clarify the meaning. 

8. Table Vll.1, pg 7-2: Ohio EPA provided DOE with a more detailed analysis of K-65 material 
from the USDOE FEMP site. Inclusion of that data would be informative. 

We concur that Ohio EPA provided a more detailed analysis of the K-65 residues. Discussions 
thereafter indicated that representatives of Ohio EPA were not convinced that foreign materials 
were not added to the residues and that the data represented only the K-65. With these 
doubts, we saw that there was no advantage in relying on data of questionable value. We 
have not added the data to this report. 

9. Section 8.2, pg. 8-4, 1st paragraph: This paragraph refers to samples in relation to 20 nCi/g, 
yet Figure 8.2 provides data in pCi/g. Either the figure or the text should be revised to reflect 
the 20 ? cutoff level. 

The text actually refers to sample results in nCi/L of soil moisture. The figure erroneously had 
a label in pCi/g. The figure label is corrected to nCi/L. 

10. Table IX.1, pg. 9-2: Correct third column or footnote (IIDW or IIADW). 

The footnote is corrected to read 1/A W. 
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US DOE MOUND PLANT 
OPERABLE UNIT 9. SITE SCOPING REPORT: VOLUME 3 

RADIOLOGICAL SITE SURVEY 
RESPONSE TO COMMENTS 

DECEMBER 1992 
US ENVIRONMENTAL PROTECTION AGENCY 

GENERAL COMMENTS 

1 . Section 4, General 
Add some discussions in this section concerning the elevated concentrations of Pu-238 (1.235 
pCi/g) found in the sewage drying beds in Area 3 discussed on page 5-11 • and the elevated 
concentrations (up to 573 pCi/g) found at the railroad siding discussed on page 5-30. Carry 
through any discussions into Section 11 and Table Xl.1 if appropriate. 

We have added additional cross references in subsections, where appropriate, and new 
statements in subsection 4. 1. 11. 

2. Table Xl.1, General 
Table Xl.1 should be revised to show maximum radioactive soil concentrations for each area. 
based on the discussions in the text. The maximum concentrations found were not always a 
result of the Site Survey Project (which this table seemed to primarily rely on). but may be from 
D&D work, subsequent investigations. or reports from the soil screening facility. 

We have revised the table to include all the pertinent data as requested. 

SPECIFIC COMMENTS 

1. Table 11.1, pages 2-10 through 2-16 
Please include the concentration units of the values to the table. 

Concentration units are added to the table. 

2. Section 3.3. 7. last para. page 3-26 
Please offer an explanation why elevated levels of Co-60 and Cs-137 were found at location 
S0175 if possible. 

The statement that there is no knowledge of the origin of these species is added to the text. 

3. Section 4.1.4, para 3, page 4-21. 
Correct the last sentence to refer to the correct plate. 

The text is revised to refer to Figure 1. 2. 

4. Figure 8.2, page 8-3 
The units indicated on this figure (pCi/g) are not consistent with the corresponding discussion 
on page 8-4. Please correct. 

The label on the figure is revised to indicate nCi/L. 
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5. Section 11 I para 1 I page 11-4 
The text states that the highest values of Co-60 were in Area 21. Table Xl.1 I page 11·2~ 
shows "LDL" for Co-60 in Area 21. Correct the text or the table. 

The text is revised to cite Area 22. 

6. Table XI. 1 I page 11-2 and 11-3 
Add the Building 48 hillside (discussed on page 11-6)1 Area 23 (discussed on page 11-7)1 and 
the old railroad siding (discussed on page 11-7) and the corresponding soil radioactivity 
concentrations to this table. 

The table is revised to include all appropriate locations. The summary section was revised to 
the extent that the entire section is replaced, except for the Figures 11.1, 11.2, and 11.3. 
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6501 AMERICAS PARKWAY, NE 
SUITE 800 
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28 December 1992 

EG&G Mound Applied Technologies, Inc. 
Attention: Mr. Charles S. Friedman 
Bldg. OSE-2 
P.O. Box 3000 
Miamisburg, Ohio 45343-3000 

RE: ER Program, Mound Plant 
BOA No. 24251 
Site Seeping Report: Volume 3 

Dear Mr. Friedman: 

RFW WO # 5376-39-02 

Enclosed is the revised copy of the Draft Final Volume 3 - Radiological Survey Report. This document 
was revised in response to EPA and Ohio EPA comments. This report was submitted to the regulatory 
agencies as a Draft in April 1991. Response to comments were transmitted in July 1991, but the 
revision was postponed until the completion of the companion Site Seeping Report: Volume 7- Waste 
Management. Volume 7 is now in the Draft Final stage and is nearing completion. The Draft Final 
Volume 3 was reviewed by EG&G Mound Applied Technologies (D. Carfagno) for technical content and 
approved for distribution. At the direction of Art Kleinrath, DOE Dayton Area Office, the revised 
document is being distributed to the project managers. 

The Draft Final Volume 3 - Radiological Survey Report has undergone extensive revision and complete 
reorganization. This effort was required in order to put the radiological data into perspective with 
regards to process knowledge. The reorganizaton is in large part the response to regulatory comments. 
In keeping with this strategy, Volumes 3 and 7 of the Site Seeping Report provide a valuable resource 
of data on the historic process, treatment, storage and disposal (TSD) of radioactive materials (Volume 
7), as well as the availability of analytical data for those areas sampled (Volume 3). The changes 
incorporated in the Draft Final Volume 3 include the following: 

• the executive summary is deleted and the information incorporated into new section 11, 
Summary; 

• miscellaneous older sources of radiologic data are summarized in section 1 , Introduction; 

• section 2, Site Survey Project, remains largely unchanged, but includes additional 
information in response to comments; 

• old section 3 is deleted and the information incorporated into the revised report, including 
additional information requested by agency comments: 

MOUN09\M9SSD12.LT1 12/23/92 



, 
~ 
\J\J~~ 

EG&G Mound Applied Technogies, Inc. -2- 28 December 1 992 

• new sections 3 through 1 0 were added to present the major programs that dealt with 
radionuclides and the areas where TSD activities occurred, and to present the detailed 
descriptions of the major areas at Mound Plant currently designated as radiologically 
contaminated soils; 

• section 11, Summary, is revised to summarize environmental data and the results of the 
Site Survey Project; 

• old section 4, Contaminant Fate and Transport and Risk Analysis, is deleted at EPA 
request; 

• old subsection 5.2.1, Areas Requiring Additional Investigation, and subsection 5.2.2, Data 
Limitations and Recommendations for Future Work, are deleted at EPA request; 

• new section 12, References, replaces old section 6, References, and includes new 
information; 

• Plate 1, Project Sampling Locations (1 of 2), is revised to include additional information; 

• Plate 1, Project Sampling Locations (2 of 2), is not revised (the original issue will suffice); 
and 

• Plate 4, Plutonium Concentration Contour Map, and Plate 5, Thorium Concentration 
Contour Map, are recalculated and revised accordingly. 

To facilitate the process of updating this report, the text is submitted in its entirety. Also enclosed are 
the new plates noted and two change pages for Appendix E. All other plates and appendixes remain 
unchanged. 

If you have any questions regarding this matter, please call Bill Criswell, the Principal Investigator, at 
(505) 884-5050 or the Alternate Project Manager, Mr. John Price, at (513) 825-3440. 

CWC/cs 

Attachments 
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Sincerely, 

ROY F. WESTON, INC. 

i)
. _,..._ 
i (I / J 

A I . (' ---L-: 
J,c. Jj,""_" /11 L~ 
}' John W. Thorsen, P.E. 

ER Program, Subcontractor 
Project Manager 
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pc w/att: 

w/o att: 

D. Mally, USEPA Reg. V 
D. Spencer, USEPA Reg. V 
M. Hatcher, OEPA 
J. Kwasniewki, OEPA 
D. Flynn, DOE AL 
A. Kleinrath, DOE DAO 
J. Sands, DOE HQ 
K. Koehler, EG&G MAT 
M. Williams, EG&G MAT 
C. Friedman, EG&G 
J. Rigano, EG&G 
K. Hacker, EG&G 
B. Huntsman, Terran 
M. Walsh, SAIC 
J. Register, .IT 
E. Brown, ICF Kaiser 

ER Project File 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

February 16, 1993 

VIA FACSIMILE AND 
FIRST CLASS MAIL 

Mr. Arthur Kleinrath 

REGIONS 

n WEST JACKSON BOULEVARD 
CHICAGO, IL 60604-3590 

U.S. Department of Energy 
Dayton Area Office 
P.O Box 66 
Miamisburg, Ohio 45343 

RE: U.S. DOE Mound Plant Review Comments 
Site Scoping Report, Volume 3 

Dear Mr. Kleinrath: 

REPLY TO THE ATTENTION OF: 

HSRM-6J 

·Enclosed are the United States Environmental Protection Agency 1 s 

(U.S. EPA 1 s) comments on the "Site Scoping Report, Volume 3 -

Radiological Site Survey" for the Mound Plant site. Please provide 

revised pages and responses to these comments within forty-five days 

of your receipt of this letter, or by April 2, 1993. 

Please feel free to call me at (312) 353-6287 if you have any 

questions. 

Sincerely, 

AJ ;·cPrlc!t ;;1t:~/ 
Diana Mally 
R~medial Project Manager 

Enclosure 

cc: M. Hat·cher, OEPA 
c. Friedman, EG&G Mound 
M. Williams, EG&G Mound 
D. Neff, Geotech, DAO 
w. Rurtunel, Geotech, DAO 

Printed on Recycled Paper 



US DOE Mound Plant 
Operable Unit 9 

Site scoping Report, Volume 3 - Radiological site survey 
December 1992 

US EPA 

General Comments: 

1. Section 4, General 
Add some discussions in this section concerning the elevated 
concentrations of Pu-238 (1,235 pCi/g) found in the sewage drying 
beds in Area 3 discussed on page 5-11, and the elevated 
concentrations (up to 573 pCi/g) found at the railroad siding 
discussed on page 5-30. carry through any discussions into 
Section 11 and Table XI.1 if appropriate. 

2. Table XI.1, General 
Table XI.1 should be revised to show maximum radioactive soil 
concentrations for each area, based on the discussions in the 
text. The maximum concentrations found were not always a result 
of the Site Survey Project (which this table seemed to primarily 
rely on), but may be from D&D work, subsequent investigations, or 
reports from the soil screening facility. 

Specific Comments: 

1. Table II.1, pages 2-10 through 2-16 
Please include the concentration units of the values to the 
table. 

2. Section 3.3.7, last para, page 3-26 
Please offer an explanation why elevated levels of Co-60 and 
Cs-137 were found at location S0175 if possible. 

3. Section 4.1.4, para 3, page 4-21 
correct the last sentence to refer to the correct plate .. 

4. Figure 8.2, page 8-3 
The units indicated on this figure (pCi/g) are not consistent 
with the corresponding discussion on page 8-4. Please correct. 

5. Section 11, para 1, page 11-4 
The text states that the highest values of Co-60 were in Area 21. 
Table XI.1, page 11-2, shows "LDL" for Co-60 in Area 21. Correct 
the text or the table. 

6. Table XI.1, page 11-2 and 11-3 
Add the Building 48 hillside (discussed on page 11-6), Area 23 
(discussed on page 11-7), and the old railroad siding (discussed 
on page 11-7) and the corresponding soil radioactivity 
concentrations to this table. 
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7. Table XI.1, page 11-2 
Please correct the table to indicate in Area 3 the maximum 
thorium concentration- found was 63 pCi/g (from page 5-11). 

8. Table XI.1, page 11-2 
Please correct the table to indicate in Area 3 the maximum Pu-238 
concentration found was 1,235 pCi/g (from page 5-11). 

9. Section 11, Pu-238 discussion, para 2, page 11-4 
Areas also showing elevated Pu-238 concentrations from Plate 4 
and/or Table XI.1 are Areas 12 and 4/4a. Include these areas in 
the discussion. 

10. Section 11, Pu-238 discussion, bullet 6, page 11-4 
Why is Area 18 included as an area associated with highest Pu-238 
concentrations? Information in the report does not seem to 
support this. 

11. Plates 4 and 5 
Plates 4 and 5 incorrectly show Area 1 as Area 21. Please 
correct. 
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1. INTRODUCTION 

The U.S. Department of Energy (DOE) Mound Plant, Miamisburg, Ohio, was placed on the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA, also known as 

Superfund) National Priorities List (NPL) on November 21, 1989 (54 Federal Register 48184). The 

placement of the Mound Plant on the NPL occurred as a consequence of historic disposal practices and 

releases of contaminants to the environment. The Mound Plant received an overall Hazards Ranking 

System score of 34.61, which exceeded the threshold (28.51) for NPL listing. Pursuant to its NPL 

status, the DOE signed a CERCLA Section 120 Federal Facilities Agreement (FFA) with the U.S. 

Environmental Protection Agency (EPA) that became effective October 11 , 1990 (Administrative 

Docket #VW-'90-C-075). A similar agreement is in negotiation between the DOE and Ohio EPA 

(December 1992). The terms of the FFA require that the DOE develop and implement remedial 

investigations (Ris) and feasibility studies (FSs) and conduct interim remedial actions in order to ensure 

that environmental impacts associated with past and present activities at the site are thoroughly 

investigated and that appropriate action is taken to protect the public health, welfare, and the 

environment. 

The Albuquerque Operations Office of the DOE established the Environmental Restoration (ER) Program 

in 1 984 to collect and assess environmental data in order to develop a conceptual site model, to assess 

both the nature and extent of radioactive contamination, and to identify potential exposure pathways 

and potential human and environmental receptors. These activities have been conducted under the 

DOE policy requiring all facilities to comply with applicable environmental regulations. In order to 

provide the EPA with sufficient information and data gathered during these previous investigations, a 

multivolume seeping report, providing background information, has been prepared. The Site Seeping 

Report will provide descriptions and summaries of the current conditions and characteristics of Mound 

Plant and will consist of at least the following volumes: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Groundwater Data: February 1987 -July 1990 with Addendum 

Geologic Log and Well Information Report with Addendum 

Radiological Site Survey 

Engineering Map Series 

Topographic Map Series 

Photo History 

Waste Management 

Environmental Monitoring Data 

Annotated Bibliography 

Permits and Enforcement Actions 

Spills and Response Actions 
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1. 1. SCOPE OF REPORT 

This report is intended to assist in assessing the known or suspected nature and extent of radiological 

contamination within the Mound Plant boundary. This report provides a summary of the extensive 

radiological characterization that was completed during -the Site Survey Project (Stought et al. 1988). 

The Site Survey Project (Stought et al. 1988) was initiated in response to a DOE request for estimates 

of the cost and time required to stabilize or remove radioactively contaminated soils within the Mound 

Plant boundary. While the survey was not conducted with the purpose of fulfilling regulatory 

requirements, the FFA requires a review of existing data. This report largely reviews the activities 

performed during the Site Survey Project, including: 

descriptions and evaluations the sample collection, handling, and analytical procedures; 

tabulation of the Site Survey Project analytical data; and 

review of the on-plant areas of known or suspected radiological contamination. 

This report is arranged to provide an overview of the areas used for the processing and treatment, 

storage, and disposal (TSD) of radioactive materials at Mound Plant and what levels, if any, of 

radiologic contamination was identified by the Site Survey Project. Although summaries are provided, 

detailed information on the major projects and TSD areas are provided in the Site Scoping Report: 

Volume 7 -Waste Management (DOE 1992g). A tabulated set of the Site Survey Project analytical 

data is provided in the appendixes because the project report (Stought et al. 1988) provided only data 

summaries. The data are presented in basically the same format as they were received from Mound 

Plant. 

Throughout the discussion of the extent of contamination of each area, any observed differences are 

noted between either the extent of the areas sampled or in the concentrations of radionuclides present 

in comparison with results presented in the Site Survey Project Report (Stought et al. 1988). Because 

the original project report did not present actual concentrations for each sample location, a direct 

comparison of conclusions and interpretation will not be made, and only a very general comparison will 

be included in this report. 

The known or suspected contaminated areas where sampling was performed during the Site Survey 

Project and identified by this report are presented in Plate 1 . The boundaries of these areas were 

identified for this report by 

the historical descriptions of the potential sites; 

ER Program, Mound Plant 
Revision 1 
MOUND9\M9SSD12.WP1 12/18/92 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
December 1992 

Introduction 
Page 1-2 



• 

• 

• 

the extent of contamination, as identified by significantly elevated concentrations of 
radionuclide(s); 

physical boundaries, such as ponds, runoff channels, or parking lots. 

In general, a boundary was drawn approximately half the distance between an obviously contaminated 

location (the outermost locations) and a location that appeared to contain levels of radionuclide(s) near 

Mound Plant baseline or background levels. These boundaries are not definitive of the areas 

encompassed and are probably very conservative. They are only intended to give an estimate of the 

location and extent of the areas of interest. 

With a few exceptions, the results of the gamma surveys performed using a field instrument for the 

detection of low-energy radiation (FIDLER) in the initial phase of the Site Survey Project (subsection 

2.1.1) are not discussed in this report. The generalized results for these gamma surveys for plutonium 

and thorium are shown in Plates 2 and 3, respectively. This is due to problems that could affect the 

accuracy and documentation of the surveys, as discussed in section 2.1. 

This report is not intended to supply a complete listing, but provides references to and summary 

descriptions of other sampling project and program reports that provide additional radiologic data and 

information concerning the nature and extent of radiologic contamination. These other projects 

generally do not have the records of sample collection and handling, nor do they cover as broad a 

spectrum of activities as the Site Survey Project. The results of other sampling activities are included 

in the descriptions of the areas of concern where appropriate. 

1 .2. OVERVIEW OF MOUND PLANT OPERATIONS 

Mound Plant, originally called Mound Laboratory, is a government-owned and contractor-operated 

facility. It has its roots in the Dayton Project that was part of the World War II Manhattan Project. 

In 1946, a 182-acre site on the outskirts of the town of Miamisburg in Montgomery County, Ohio 

(Figure 1.1) was selected as the location of the permanent research facility in support of the 

Manhattan Project. It consisted of 14 original buildings and was the first permanent facility of the 

Atomic Energy Commission, which had succeeded the wartime Manhattan Engineering District. The 

Mound Laboratory was occupied in May 1948, and in January 1949 operations involving radionuclides 

began. In January 1975, the plant formally came under the Energy Research and Development 

Administration upon dissolution of the Atomic Energy Commission. In October 1977, the plant was 

incorporated into the DOE complex. An additional 124 acres of land adjacent to the original 182 acres 

were purchased in 1981 and remain largely undeveloped. This area is known as the new property or 

south property. There are currently over 1 00 buildings on the 306-acre Mound Plant. 
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• The early Mound Plant programs investigated the chemical, metallurgical and biological properties of 

polonium-21 0 and its applications in the fabrication of neutron and alpha sources for weapons and 

non-weapons use. Much of the early work at the plant involved development of mechanical, electronic 

and caloric methods of measuring quantities of radionuclides. The biological program was designed 

to assess the acute and chronic effects of polonium-210 and later actinium-227. During the early 

1950s, actinium-227 was separated from radium-226 in an attempt to find a substitute for 

polonium-21 0 weapons components. 

Physical and chemical investigations involving the extraction and purification of protactinium-231, 

thorium-228, thorium-230 and plutonium-239 from uranium sludges were performed from 1955 to 

1970, partly in support of the national civilian power reactor program. In 1954, separation of the 

stable isotopes of noble gases was begun, as was a program to separate thorium-232 for research in 

breeder reactors. Approximately 5,900 55-gallon drums of thorium hydroxide, oxalate, and oxide were 

received in anticipation of construction of a thorium refinery at Mound Plant. A pilot plant was 

assembled and tested, but the refinery was halted in the middle of construction. From 1955 to 1965, 

the thorium ore and sludges were repackaged three times and the drums were stored in large groups 

throughout the plant grounds. As many as 20,000 empty, but corroded drums were buried. In 1966, 

the thorium was moved to a bulk-type storage silo (Building 21) and then was removed from the silo 

• in 1974. 

• 

In 1961, the development of plutonium-238 heat sources was started at Mound Plant. Plutonium-238 

was used because of its high specific activity and longer half-life (87.74 years). Since that time, heat 

sources fueled with plutonium-238 have been developed and fabricated by Mound Plant for use in 

thermoelectric generators and for lunar experiments, weather satellites, navigational satellites, and 

Mariner and Pioneer spacecraft, as well as life-support systems, swimsuit heaters, artificial hearts, and 

cardiac pacemakers. 

The first of several programs requiring tritium-handling technology was initiated at Mound Plant in 

1954, and today the plant has extensive capabilities for handling and studying tritium and tritium 

compounds for weapons or non-weapons applications. Plant facilities exist for the recovery and 

purification of tritium from all.types of wastes generated at DOE sites that handle tritium, and for the 

development of tritium-containing materials and processes for weapons applications and possible 

manufacture. 

In 1956, Mound Plant began to develop, produce, and provide surveillance of detonators for military 

applications. Development of explosives timers in 1959 led to their manufacture at the plant starting 

in 1963. This work involved research in plastics, adhesives and ceramic materials. The development 
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and manufacture of ferroelectric transducers and firing sets (components that control initiation of 

• detonators) began at Mound Plant in 1962. Many these programs continue today. 

Mound Plant is currently an integrated research, development, and production facility performing work 

in support of DOE weapons and energy programs, with emphasis on explosives and nuclear 

technology. Energy-related activities support the DOE programs and include research, development, 

and fabrication of radioisotope-fueled heat sources for space, terrestrial, and marine applications; 

radioisotopic thermoelectric generator (RTG) fabrication and testing; the separation, purification, and 

worldwide sales of stable noble gas isotopes (such as helium-3 and carbon-13); the production of a 

selected group of other radionuclides; the development of measurement technology for nuclear 

materials as required for safeguards; basic research in metal hydrides, solar fluids, gas dynamics and 

isotope separation; research and development of nuclear waste management techniques; and the 

development of instrumentation and verification procedures for radioactive studies of radiation workers. 

Detailed information on the ownership and operations of the Mound Plant can be found in the Site 

Scoping Report: Volume 7- Waste Management (DOE 1992g). Additional information concerning land 

use near Mound Plant and the area's population, historic and archaeological resources, ecology, 

sensitive environments, geology, hydrogeology, and surface hydrology can be found in the Operable 

• Unit 9 Site-Wide RI/FS Work Plan (DOE 1992c). 

• 

The years of production and handling of radionuclides at the current location of Mound Plant have 

resulted in the relatively widespread, low-level radioactive contamination throughout most of the 

property. For example, the background for plutonium-238 in the soils of this portion of Ohio, as a 

result of radioactive fallout from atmospheric nuclear weapons testing, has been estimated to be 

0.0002 picocuries per gram (pCi/g) (Stought et al. 1988). However, the baseline level (inside the 

Mound Plant boundary background level) at Mound Plant is approximately 0.01 pCi/g (Stought et al. 

1988). The background for thorium, which is naturally occurring in the soils, is approximately 2 pCi/g 

(Stought et al. 1988). The background or baseline levels for tritium, cobalt-60, cesium-137, 

americium-241, and actinium-227 have not been established. Background levels for radiurri-226 range 

from 0.2 to 2.06 pCi/g (Eisenbud 1973). Efforts are currently underway at Mound Plant to establish 

facility-specific, residual soil guidelines for these radionuclides (Zimmerman 1991 ). 

1.2. 1. Overview of Environmental Monitoring Program 

Interest in the health and safety of Mount Plant employees and the public is manifested by an 

environmental monitoring program that has been in existence continuously since the plant began 

operations in 1949. Reports and data summaries have been published annually since 1959 by Mound 
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Plant and are currently available through the National Technical Information Service, U.S. Department 

of Commerce. 

The fundamental objectives of the environmental monitoring program are the containment of 

radioactive waste and control of nonradioactive effluents to levels well within existing or proposed 

standards. As part of this control, all effluents containing polluting materials are controlled at each 

operating step and any releases of low-level airborne and liquid wastes to the environment are carefully 

managed and monitored. 

As part of the environmental monitoring program, air, water, vegetation, foodstuffs, and sediment 

samples are collected from the environment at distances up to 48 kilometers (km) (30 mi) from the 

plant. These samples are then analyzed for the specific radionuclides handled at the plant. Particulate 

samples are collected offsite by the Air Pollution Control Section of the Montgomery County Combined 

General Health District, which acts as the Regional Air Pollution Control Agency for the Ohio EPA. 

Other sampling is performed by personnel in the Mound Plant Environmental Section. Sample analysis 

and data reduction are performed by the Mount Plant Environmental Laboratory Group. A summary 

of the 1988 background concentrations of radionuclides is given in Table 1.1 (EG&G 1989) . 

Data collected through the Mound Plant environmental monitoring program from 1975 to 1989 is 

addressed in the Site Survey Report: Volume 8- Environmental Monitoring Data (DOE 1991 d). Further 

discussions are beyond the scope of this report. 

1.2.2. Overview of Decommission and Decontamination Program 

The Mound Plant Decommissioning and Decontamination (D&DI Program is an ongoing program that 

provides a coordinated system for funding and scheduling of the D&D of inactive radioactively 

contaminated areas of the plant. The program originated in 1949 with the deactivation of the pre

Mound Plant Dayton units and has continued at Mound Plant as projects were terminated and facilities 

were used for other activities (Garner and Davis 1975). D&D activities at Mound Plant include (1) the 

"old cave" in the SW Building, which had been used for processing radium-226 and actinium-227; (2) 

the T Building, which had been used for polonium processing; (3) the Waste Transfer System (WTS), 

which had piped liquid wastes from the SM Building and Building 38 to the WD Building; and (4) many 

other smaller projects (Combs et al. 1982). 

The D&D of the older Dayton facilities included both decontamination of buildings that were left in 

place and complete removal of those more contaminated. Contaminated buildings, debris, and 

equipment were taken to Mound Plant, because the short-lived polonium-21 0 isotope with a 138-day 
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Table 1.1. Background Concentrations of Radionuclides for the Mound Plant 

Medium 

Air 

River water 

Surface water 

Groundwater 

River silt 

Pond silt (surface 
water location) 

Source: EG&G 1989 

Location 

Station 119, 28 miles NW 
of plant 

20 miles upstream of plant 
on Great Miami River 

Pond, 38 miles SE of Plant 

Well, 36 miles SE of Plant 

20 miles upstream of plant 
on Great Miami River 

Pond, 38 miles SE of plant 

Radionuclide 

Plutonium-238 
Tritium oxide 

Plutonium-238 
Tritium 
Uranium-233, 234 
Uranium-238 

Plutonium-238 
Tritium 

Plutonium-238 
Tritium 
Uranium-233, 234 
Uranium-238 

Plutonium-238 

Plutonium-238 

JJCi/g - microcuries per gram 
JJCi/ml - microcuries per milliliter 
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Concentration 

0.2 ± 0.6 x 10"18 JJCi/ml 
2.0 ± 1.5 x 10"12 JJCi/ml 

n.d. 
n.d. 
0. 7 ± 0.1 x 10"9 JJCi/ml 
0. 7 ± 0. 1 x 10·9 JJCi/ml 

n.d. 
0.02 ± 0.09 x 1 a-a JJCi/ml 

0.1 ± 1.4 x 10'12 JJCi/ml 
0.06 ± 0.05 x 1 a-a JJCi/ml 
0.2 ± 0.1 X 1 0"9 JJCi/ml 
0.2 ± 0.1 X 1 0"9 JJCi/ml 

2.2 ± 8.4 x 1 o·9 JJCi/g 

0.6 ± 1.7 X 10"9 JJCi/g 
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half-life would soon decay. Records of the projects indicate that 260 truckloads of contaminated scrap 

were moved to Mound Plant (Halbach 1949, 1950). It is unknown how much of this material was 

contaminated equipment and how much was just debris (DOE 1992g). Concrete and structural steel 

were disposed of on the west slope of the SM/PP hillside, now known as Area 10. Contaminated 

equipment was stored in temporary huts or shelters in the plant valley. Scrap wood and metal were 

stored in the open area behind the huts. Wood and other combustible materials were destroyed in 

1955 by burning in the area adjacent to where they had been stored, now known as Area 13. The 

sampling of these areas are discussed in detail in this report. 

In the mid-1950s, the radium-actinium processing facilities in the SW and R Buildings were 

decommissioned and decontaminated. The R Building cleanup included removal of glove boxes and 

general decontamination of some of the actinium facilities. The high-risk drain trenches in several 

rooms were filled with vermiculite and covered with concrete (DOE 1992g). These facilities included 

the hot cell or •old cave• in SW Building where the radium-actinium processing took place. The 

materials and equipment in the cave were packaged for burial off-plant in boxes staged just south of 

the building. Some equipment was too large to send offsite. The crane and track mechanisms that 

had been used to move heavy .containers within the cave were laid down on the concrete floor with 

the dismantled shielding from the cave itself and covered or entombed with several inches of concrete . 

This area is now known as Area 15, discussed below. During excavation work in 1957 on the west 

side of the SW Building, associated with the thorium refinery, soils and gravels contaminated with 

radium-226 and actinium-227 were discovered. These soils were believed to have been contaminated 

by leakage from the high-level waste sump in the old cave that had previously been entombed. About 

200 to 250 ft3 of soil and gravel were excavated and placed in or near an old septic tank in the upper 

valley area of the plant. The septic tank is now included in Area 7, and is discussed in this report. 

Until the 1970s, the principal concern of the D&D Program was buildings and structures and their 

decontamination for further use, although minor soil cleanups have occurred throughout the history 

of the plant. With growing environmental concerns, the D&D Program realized the need for 

decontamination of contaminated soils. A survey of known historical low-level waste burial sites was 

conducted in early 1971 resulting in the identification and general mapping of 15 areas known or 

suspected to be contaminated with radionuclides (MRC 1972). The original map is reproduced in 

Appendix A of the Site Seeping Report: Volume 7- Waste Management (DOE 1992g). Over the next 

1 0 years, additional areas were identified. In the early 1980s, the Site Survey Project was funded to 

collect and analyze soil samples from the known areas of contamination. The project was initiated 

largely by the needs of the D&D Program in order to estimate the quantities and types of radionuclides, 

ER Program. Mound Plant 
Revision 1 
MOUND9\M9SSD12.WP1 12/28/92 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
December 1992 

Introduction 
Page 1-9 



• 

• 

• 

the volumes and locations of contaminated soil, and the costs of stabilizing or removing the 

contaminated soils (Stought et al. 1988). 

Two areas of contaminated soils were identified by the Site Survey Project as the priority areas for 

D&D removal, both associated with the WTS pipeline from the SM Building and Building 38 to the WD 

Building. One area was located south of the WD Building where the high-risk waste line had ruptured 

in 1969, and the other was the entire wrs pipeline itself. These areas are now referred to as Areas 

14 and 19, respectively, and are discussed in detail in this report. 

1.2.3. Overview of the Site Survey Project 

As noted above, until the 1970s, the principal concern of the D&D Program was buildings and 

structures and their decontamination for further use. With growing environmental concerns, the D&D 

Program realized the need for decontamination of contaminated soils. After the initial identification of 

areas known or suspected to be have been contaminated with radionuclides, an extensive analytical 

program was proposed. The Site Survey Project was initiated largely by the needs of the D&D Program 

in order to estimate the quantities and types of radionuclides, the volumes and locations of 

contaminated soil, and the costs of stabilizing or removing the contaminated soils (Stought et al. 

1988). Over the 1 0 years required to obtain funding, four additional areas were identified and added 

to the original 15 for a total of 19 numbered areas identified at the start of the project. Samples were 

collected within the areas to establish contaminant levels, as well as between the areas to ensure that 

no areas were missed. Three additional areas were identified by field surveys during the project. The 

final project report was released in 1988 (Stought et al. 1988). A review of program activities is given 

in section 2 of this report. 

The radiologically contaminated areas originally addressed by the Site Survey Project are shown on 

Plate 1 and are summarized below. 

Area 1, a historic thorium storage and redrumming area; 

Area 2, a historic disposal trench for empty thorium drums and for 
polonium-21 0-contaminated sand; 

Area 3, a historic thorium storage and redrumming area; 

Area 4, area surrounding the WD Building where influent tanks containing polonium-21 0, 
cobalt-60, and plutonium-238 overflowed; 

Area 4a, the old sewage disposal plant area contaminated by polonium-21 0, cobalt-60, and 
plutonium-238; 
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Area 5, location of a waste-line break containing polonium-21 0 and cobalt-60; 

Area 6, a historic disposal trench for polonium-2 1 0-contaminated sand; 

Area 7, a historic disposal area used for the disposal of empty thorium drums, a 
thorium-contaminated dump truck, and a polonium-2 1 0-contaminated washing machine, 
and including an area containing a historic septic tank contaminated with actinium-227 
from the old SW Building; 

Area 8, thorium-contaminated soils moved from Areas 1 and 9; 

Area 9, a historic thorium storage and redrumming area; 

Area 10, a historic disposal area containing concrete contaminated with polonium-21 0; 

Area 11, a historic storage area for plutonium-238-contaminated wastes from the SM 
Building; 

Area 1 2, thorium-contaminated soils moved from Area 1; 

Area 13, a historic treatment area where debris contaminated with polonium-21 0 was 
burned; 

Area 14, the location of the 1969 waste transfer line (plutonium-238) break; 

Area 15, a historic radium-226/actinium-227 processing area entombed in concrete inside 
the SW Building; 

Area 16, a historic sanitary leach field for the SM Building (plutonium-238); 

Area 17, the area under and surrounding the SM Building contaminated with plutonium-238 
from spills of plutonium wastes; 

Area 18, site sanitary landfill that may have received sediments from the ditch 
contaminated with plutonium-238; 

Area 19, the historic underground waste transfer lines for plutonium-238 liquid wastes; 

During the initial gamma field measurements for the Site Survey Project, additional areas were 

identified: 

Area 20, the location of a waste-line break between the WD and the HH Buildings 
(cobalt-60, cesium-137, bismuth-21Om, and bismuth-207); 

Area 21 , a historic storage area used for storage of high-risk wastes from the SW Building 
(cesium-137 and radium-226); and 

Area 22, a soil storage area containing soil with cobalt-60, cesium-137, and plutonium-238 
contamination moved from Area 20 and other areas of the plant . 
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1.2.4. Reconnaissance Samolinq - 1989 

A limited field investigation was performed in 1989 to sample those areas identified as part of the 

Mound Plant D&D Program. The effort focused largely on obtaining analyses of non-radioactive 

hazardous substances in areas of known radioactive contamination. Areas scheduled for D&D that 

were sampled include Area 1, Areas 4 and 4a, Area 11, Area 14, Area 16, Area 17, Area 19, and 

Area D. Some analyses were obtained for the radionuclides plutonium-238 and thorium-232. 

Sampling results and data may be found in the Reconnaissance Sampling Report, Decontamination and 

Decommissioning Areas, Operable Unit 6 (DOE 1992d). 

1.2.5. Plutonium Study of Miami-Erie Canal- 1974 

In 1969, a break in the waste line carrying liquid plutonium wastes from the plutonium processing area 

on the SM/PP Hill to the WDA treatment facility above the plant valley created significant soil 

contamination along the pipeline. Most of the soil was cleaned up, but some was washed off-plant 

and into the adjoining lands of the Miami-Erie canal. Contaminated areas on-plant, including areas 14 

and 19, were addressed in the Site Survey Project Report (Stought et al. 1988); descriptions are 

included in this report. The off-plant areas are not included in this report. Project description, results, 

data, and interpretations can be found in the Mound laboratory Environmental Plutonium Study (Rogers 

1975) and the Mound laboratory Plutonium-238 Study Off-Site Analytical Data (Robinson et al. 1974). 

As part of the 1974 investigations of plutonium-238 in the Miami-Erie Canal, a wide area survey was 

conducted. This survey included the sampling and analysis of sediments in the plant drainage ditch 

and other areas of the plant. Results were reported in •Investigation of the Circumstances Associated 

with the Appearance of Plutonium-238 Contamination in Waterways Adjacent to Mound laboratory" 

(ERDA 1975). A figure depicting the onsite sample results is reproduced as Figure 1.2. The plant 

drainage ditch is described in section 1 0 of this report. Further discussions of the Miami-Erie canal are 

beyond the scope of this report. 

1.2.6. Aerial Radiological Survey of Mound Plant - 1976 

An aerial survey of Mound Plant and the surrounding area was performed in July 1976 to measure 

terrestrial gamma radiation (EG&G 1978). The survey was part of an effort to document background 

radiation levels around DOE facilities. It was performed using a helicopter that flew a series of 

east-west grid lines spaced 61 meters apart, flew slowly over several selected areas, and hovered at 

a height of 1 5 meters over several spots of interest. Results were reported in terms of exposure rates 

using units of microRoentgens per hour (pR/hr), reproduced in Figure 1.3. 
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The aerial survey determined that offsite radioactivity near Mound Plant was due mainly to naturally 

occurring radionuclides, such as thorium-232, uranium-238, and potassium-40. The maximum offsite 

exposure rates measured were 10 to 11 pR/hr in agricultural areas (EG&G 1978). Onsite, no 

plutonium-238 could be detected due to the low-energy gamma radiation detection limits of the aerial 

survey system used. (The low-energy gamma radiation from plutonium-238 would not be detectable 

at a height of 15 meters due to air attenuation.) Several regions of elevated cobalt-60 activity 

(maximum exposure rate of 4.5 to 7.5 pR/hr) were detected near the south side of the Main Hill, near 

HH and WD Buildings (Area 20). The maximum exposure rates recorded for Mound Plant were on the 

order of 20.5 to 23.5 pR/hr, around the SM Building and Building 38 on the SM/PP Hill (Area 17). 

Another area of elevated exposure rate was near Building 21 on south end of the SM/PP Hill (Area 1 ). 

Detailed descriptions of these areas are included in this report as appropriate. 

1.3. SOURCES OF ADDITIONAL INFORMATION 

Under the Superfund Amendments and Reauthorization Act of 1 986 that extended and amended 

CERCLA, the Agency for Toxic Substance and Disease Registry (ATSDR) was directed to prepare 

toxicological profiles for hazardous substances commonly found at sites on the NPL and that pose 

significant potential threat to human health as determined by ATSDR and the EPA. The toxicological 

profiles are intended to characterize the toxicological and adverse health effects information as well 

as other pertinent data concerning chemical and physical properties, environmental fate and transport, 

levels monitored or estimated in the environment, and overviews of basic radiation physics. Hazardous 

substances for which toxicological profiles have been prepared include plutonium, thorium, radium, and 

uranium. For additional information see the following reports: 

"Toxicological Profile for Plutonium (TP-90-21 ), " December 1990, Agency for Toxic 
Substances and Disease Registry, U.S. Public Health Service; 

"Toxicological Profile for Uranium (TP-90-29)," December 1990, Agency for Toxic 
Substances and Disease Registry, U.S. Public Health Service; 

"Toxicological Profile for Thorium (TP-90-25)," October 1990, Agency for Toxic 
Substances and Disease Registry, U.S. Public Health Service; and 

"Toxicological Profile for Radium (TP-90-22)," December 1990, Agency for Toxic 
Substances and Disease Registry, U.S. Public Health Service . 
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2. SITE SURVEY PROJECT INVESTIGATION 

The objectives of the Site Survey Project were to conduct a systematic radiological survey of the 

exposed land areas at Mound Plant, concentrating on the original 182 acres, and to provide the DOE 

with a basis for estimates of the cost and time required to stabilize or remove contaminated soils. To 

achieve these objectives, the project included 

screening using a sodium iodide detector (FIDLER) to identify areas of suspected 
radioactivity contamination; 

sampling of surface and subsurface soil; and 

analysis of soil samples using one or more of the following methods: radiochemical 
analysis for plutonium~238 and the thorium isotopes, gamma spectroscopy, in situ gamma 
spectroscopy, and liquid scintillation for tritium. · 

The above activities are discussed in the following sections. 

2. 1. FIELD ACTIVITIES 

2. 1. 1. Gamma Survevs 

The initial phase of the Site Survey Project consisted of a systematic gamma survey. The most 

commonly occurring soil contaminants at Mound Plant have been plutonium-238 and thorium-bearing 

materials (Stought et al. 1988). Because of this, a FIDLER was used during screening to detect the 

low-energy gamma radiations emitted by plutonium-238 and thorium. The window settings of the 

FIDLER also permitted the detection of other gamma~emitting radionuclides, such as cobalt~60 and 

cesium~ 137, although the detection of these higher~energy gamma emitters would have been less 

efficient. (Some of the photons would possess sufficient energy to pass completely through the thin 

sodium iodide crystal of the FIDLER.) The presence of these other radionuclides could be identified by 

comparing the results of soil sample screening and radiochemical analyses (Stought et al. 1988). 

To perform the survey, Mound Plant was divided into the grid blocks shown in Plates 2 and 3. The 

grid blocks were approximately 380 ft by 300 ft, with the blocks that overlapped the plant boundaries 

being smaller. The surveys were conducted in order to obtain a general idea of the location of 

contaminated areas, especially areas that had not been previously documented by historical records. 

Intensive surveys were conducted at the areas of known or suspected soil contamination (Areas 1 

through 19 on Plate 1 ) to verify the existence of soil radioactivity contamination and to approximate 

• the areal extent of radioactivity contamination. Less intensive surveys were conducted at the 

remaining portions of Mound Plant in order to identify any previously undocumented areas of soil 
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radioactivity contamination. These surveys.of the remaining portion of exposed soils at Mound Plant 

resulted in the identification of Areas 20, 21, and 22 (Plate 1 ). 

The gamma surveys were performed based on a mainly rectilinear pattern (Stought 1990). However, 

several biases were introduced during the surveying, as follows: 

areas covered by dense brush and woods were not thoroughly surveyed; 

areas covered by asphalt or buildings were not surveyed; and 

the grid blocks shown in Plates 2 and 3 were approximated by the field team, resulting in 
possible location errors. 

Approximately 16,000 gamma survey readings were recorded: 12,000 on the original Mound Plant 

property and 4,000 on the new property. However, some problems were noted in the evaluation of 

these survey data for this report, including the following: 

the FIDLER is only accurate in detecting plutonium/thorium in the very near-surface soils 
because of attenuation of the low-energy gamma rays by the soils. 

there is no real documentation describing the pattern of the survey, such as the distance 
between transverses, or of the procedure for taking and recording readings, such as where 
the detector was held. 

there is no information available concerning instrument calibration. 

it is not known where readings were taken within each grid block. 

no actual data, other than the summaries presented in Plates 4 and 5, were available for 
the preparation of this report. 

the accuracy of the grid block summaries given in Plates 4 and 5 is suspect; because, the 
positions were estimated and not measured or surveyed by the field team. 

2. 1.2. Surface Soil Sampling 

Surface soil samples were taken at Mound Plant as part of the Site Survey Project during 1983 and 

1 984. Five surface samples were taken in each of the grid blocks or strata, 300 ft by 380 ft, shown 

in Plates 2 and 3. The number of samples was chosen arbitrarily based on cost considerations, and 

the locations were chosen arbitrarily by the field team. The resulting locations are shown on Plate 1. 

Approximately 1,1 00 surface soil samples were taken: 1,000 on the original Mound Plant property 

and 1 00 on the new (south) property. Fewer samples were taken on the new property, which was 

purchased in 1 981, because the gamma survey did not show significantly elevated levels in this area, 

and Mound Plant has not developed the area. 
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The positions of the surface sample locations were estimated by the field team relative to the grid 

system shown in Plates 2 and 3. · Because the locations were not surveyed, the accuracy of the 

positions shown in Plate 1 has been estimated by Mound Plant to be ± 25 ft. No samples were taken 

inside buildings or at paved areas, resulting in sampling within a limited space in many of the grid 

blocks. Surface locations shown on Plate 1 inside buildings or on roads are incorrect and probably 

result from errors by the field team in estimating positions and the assignment of digital coordinates. 

The surface samples were collected using a sample collection tool capable of extracting a soil plug with 

a depth of 2 inches and a diameter of 3.5 inches. Two plugs were collected at each location, resulting 

in a total surface sample depth of approximately 4 inches. A hammer was used to facilitate driving 

the sample collection tool when necessary. The sample was then placed in an EPA sample dish with 

a 4-inch-diameter and a depth of 2.5 inches. Large rocks, twigs, and other non-earth matter were 

removed. Each dish was at least 80 percent full in order to obtain sufficient soil for analysis. The 

sampling tool was screened with an alpha scintillometer (zinc sulfide) detector after use, and excess 

soil was brushed out. However, no standard decontamination was performed. 

2.1.3. Subsurface Soil (Core) Sampling 

During the Site Survey Project, core samples were taken at locations of elevated gamma activity, as 

shown by the FIDLER surveys, or at locations where spills, leaks, or the disposal of radioactive 

materials was known or suspected to have occurred. The core sampling was, therefore, based on a 

biased sampling approach. A Mound Plant memorandum (Appendix A), providing a statistical 

evaluation of the project sampling strategy, notes that the absence of statistically based core locations 

(systematic or random) prevents adequate characterization of many areas. FIDLER screening at the 

ground surface would not provide information concerning subsurface radioactivity contamination due 

to attenuation of the gamma radiation. However, biased core sampling at selected locations where 

subsurface contamination is suspected is often used in Rl/FS investigations to obtain data in a 

cost-efficient manner. 

Approximately 1,200 core samples were collected: 1,000 on the original Mound Plant property and 

200 on the new property. The majority of the core locations were sampled to a depth of about 8ft 

to 1 0 ft, with some sampled as deep as 20 ft. In general, the depths of core locations on the Main 

and SM/PP Hills were limited by the presence of shallow bedrock; while in the valley, the depths of 

the core samples were limited by the capabilities of the drill rig, which encountered problems drilling 

and sampling below about 25 ft (Stought 1 990). The boring logs that are available are included in 

Appendix 8 and additional boring logs are presented in the Seeping Report: Volume 2 Addendum (DOE 

1992f). 
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• The drilling and sampling were performed using an auger drill rig and a 2-ft, split-barrel sampler. As 

the split-barrel sampler was removed from the borehole, it was monitored for radioactivity 

contamination by Mound Plant health physics personnel using a FIDLER to detect radioactivity 

contamination that would pose a hazard to the workers present. After the soil was removed from the 

sampler and placed in sample containers, field team members wearing gloves brushed the remaining 

soil out of the sampler. The gloves were then monitored with an alpha scintillometer before the 

split-barrel sampler was used again. However, no standard decontamination was performed. 

The core locations are shown in Plate 1 . The core locations were surveyed by a licensed surveyor after 

drilling was completed. The available reports submitted to Mound Plant by the drilling subcontractors 

are presented in Appendix B. 

2. 1.4. Samole Analyses 

2. 1 .4. 1 . FIDLER Screening 

In order to identify samples with concentrations of plutonium-238 exceeding 25 pCi/g and total thorium 

exceeding 2 pCi/g, all of the soil samples collected were pulverized and then screened using a Bicron® 

• FIDLER at the Mound Plant Soil Screening Facility, known as trailer 15 at the time of the Site Survey 

Project. The Soil Screening Facility is now located in the H Building at Mound Plant (Plate 1 ). The 

minimum detectable activity at which plutonium-238 can be reliably detected at the Mound Plant 

screening facility is estimated to be 25 pCi/g (Draper 1986b). The detection of plutonium-238 at lesser 

concentrations (12-25, pCi/g) was unreliable and had an estimated error of ± 75 percent. The 

estimated error decreased with increasing sample activity; for samples with 25 to 1 00 pCi/g of 

plutonium-238, the estimated error was ± 35 percent, and for samples with > 100 pCi/g, the estimated 

error was ±30 percent (Casella and Bishop 1984). The minimum detectable activity for thorium from 

FIDLER screening was estimated to be about 2 pCi/g (Stought et al. 1988). The Mound Plant 

procedure for screening soil samples is provided in Appendix A. 

2. 1.4.2. Radiochemical Analysis for Plutonium-238 

Because of the high error ( ± 75 percent) involved in the FIDLER screening of samples containing less 

than 25 pCi/g of plutonium-238, all soil samples were radiochemically analyzed by Mound Plant for 

plutonium-238. The lower detection limit (LDL) for plutonium-238 by this method was estimated to 

be 0.01 pCi/g, with a relative precision (two standard deviations) of 25 percent. The overall precision 

• of the plutonium-238 measurements was reported to be about 18 percent (DOE 1991 b). The Mound 
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• Plant procedure for the radiochemical analysis of soil samples for plutonium-238 is provided in 

Appendix A. 

2. 1.4.3. Radiochemical Analysis for Thorium 

Samples with thorium concentrations in excess of 2 pCi/g by FIDLER screening were also 

radiochemically analyzed for thorium, resulting in the radiochemical analysis of about 1 2 percent of the 

samples. The LDLs for the thorium isotopes using radiochemical procedures were estimated to be 

0.3 pCi/g for thorium-228, with a relative precision of 60 percent; 

0.3 pCi/g for thorium-230, with a relative precision of 30 percent; and 

0.1 pCi/g for thorium-232, with a relative precision of 70 percent. 

The overall precision for the thorium measurement was reported to be about 25 percent. The thorium 

results were reported in pCi of total thorium per gram of soil, isotopes were not identified. The Mound 

Plant procedure for the radiochemical analysis of soil samples for thorium is provided in Appendix A. 

• 2.1 .4.4. Gamma Spectroscopy 

• 

Gamma spectroscopy was performed by Mound Plant on approximately 350 (18 percent) of the soil 

samples in order to verify the identity of the radionuclides present when screening indicated the 

presence of gamma-emitting radionuclides, but little excess plutonium or thorium was identified by 

radiochemical analysis. Gamma spectroscopy is capable of detecting a variety of gamma-emitting 

radionuclides; the radionuclides detected in samples collected during the Site Survey Project included 

cobalt-60, cesium-137, radium-226, actinium-227, and americium-241. No other gamma-emitting 

radionuclides with gamma energies below 1.5 millielectron volts (MeV) were detected, although the 

project report stated that subseQuent sampling and analysis in some areas indicated bismuth-207 and 

bismuth 21Om. No polonium-21 0 peaks were detected in the Site Survey Project samples, confirming 

that polonium-21 0, which was used at Mound Plant in the 1950s, is no longer present due to 

radioactive decay (half-life of 138.4 days). The LDLs for cesium-137, cobalt-60, and americium-241 

were given with the original data, and were estimated to be 0.5 pCi/g for each. The LDLs for 

radium-226 and actinium-227 were estimated to be 1 .0 pCi/g for both (Stought 1 990). The Mound 

Plant procedure for gamma spectroscopy is provided in Appendix A . 
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• 2.1.4.5. In Situ Gamma Spectroscopy 

In situ gamma spectroscopy was performed mainly at Areas 1 and 8, at two locations in Area 12, and 

at two locations not associated with a defined area, to determine subsurface thorium-232 

concentrations. The in situ spectroscopy was performed by driving pipes to bedrock and lowering a 

sodium iodide detector down the pipes. The detector was coupled to a multichannel analyzer that was 

calibrated to thorium-232 with a measurement system sensitivity of about 1 pCi/g, or 0.5 pCi/g ±50 

percent, at a confidence level of 95 percent. This procedure was performed by Radiation Management 

Corporation (RMC) and the pipes were put in place by Bowser-Morner, Inc., a local drilling contractor. 

The reports submitted to Mound Plant on this procedure are included in Appendix C. The logs of these 

borings are provided in Appendix B. 1 . The pipes were left in place at the completion of the Site Survey 

Project. A review of the data in Appendix B. 1 and Appendix C indicates a lack of correlation between 

the depth of gamma surveys and borehole depths. 

2. 1.4.6. Tritium in Soil Moisture 

Tritium has also been used at Mound Plant for many years, mainly at the SW Building. To evaluate 

possible tritium in soils, liquid scintillation analysis was performed by the Site Survey Project on 

• approximately 5 percent of the soil samples collected. The soil moisture was distilled from the soil 

samples and then analyzed for tritium using the same method used for the analysis of tritium in urine. 

The procedure was capable of detecting 1 .0 picocuries per milliliter (pCi/mL) of tritium. Soil samples 

that appeared to contain sufficient soil moisture were selected for tritium analysis. 

• 

The procedure for measuring tritium in urine samples is included in Appendix A. A review of this 

procedure reveals two potential problems: 

the quench curves used for urine may not be applicable to environmental (soil) samples, 
and 

if the soil moisture was distilled using a typical open system, the samples would have been 
prone to cross-contamination, which would have resulted in reduction or elimination of any 
quality control measures. 

2.2. SUMMARY OF MEMORANDA DOCUMENTING FIELD ACTIVITIES 

The memoranda prepared by Mound Plant concerning the Site Survey Project field activities and sample 

analyses are presented in Appendix A of this report. These memorandums include the following: 
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• 
a description of the surface sampling procedure (memo from B. Leahy to R. Stought of 
Mound Plant); 

a statistical evaluation of the Site Survey Project sampling strategy (memo from B.Leahy 
toR. Stought of Mound Plant); 

Mound Plant procedures for the radiochemical analysis of plutonium in soil samples, the 
radiochemical analysis of thorium in solid environmental soil samples (also includes uranium 
and lead-21 0), gamma spectroscopy, tritium in urine using liquid scintillation, and the 
procedure for screening soil samples for plutonium and thorium using a Bicron® FIDLER 
detector. 

LDLs for plutonium-238 and thorium, as determined by radiochemical procedures (memos 
from Bishop to Stought of Mound Plant); 

comparison of thorium concentrations, as determined by gamma spectroscopy and 
radiochemical procedures (memo from Bishop and Casella to Stought of Mound Plant); 

a description of the Mound Plant screening facility and the development of the FIDLER 
system for screening soil samples for plutonium and thorium; and 

a memo discussing the estimated error of the Mound Plant FIDLER system (memo from 
Casella and Bishop to Stought of Mound Plant). 

2.3. EVALUATION OF SAMPLING AND ANALYSIS PROTOCOLS 

• Appendix D presents the results of the quality assurance/quality control evaluation associated with the 

Site Survey Project. Included are the 1984 results for Mound Plant from the DOE quality control 

program. This program includes the analysis of spiked samples containing known concentrations, 

which are distributed to participating laboratories from the Environmental Measurements Laboratory. 

The 1984 results demonstrated that the Mound Plant laboratories that analyzed the Site Survey Project 

samples were within 9 percent of the true values for plutonium-238 analysis. The DOE program 

considered this acceptable. 

• 

In addition to participation in the DOE quality control program, the Site Survey Project also included 

the reanalysis of samples by two independent, subcontracted laboratories, Accu-Labs Research, Inc., 

and EAL Corporation, in order to verify the accuracy of the Mound Plant sample results. Ten percent 

of the soil samples collected were reanalyzed by Accu-Labs Research, Inc. Of these 1 0 percent, 

approximately one percent were also reanalyzed by the EAL Corporation. The sample results from 

Accu-Labs Research, Inc., and EAL Corporation are presented i~ Appendix D and are discussed in the 

following section . 
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The purpose of this section is to evaluate sampling and analysis protocols in order to support a 

• qualitative classification of the data quality that can serve as the basis for decisions about the future 

data usage. 

• 

• 

2.3.1. Quality Assurance/Quality Control Data 

Radiological sampling for RI/FS purposes should, at a minimum, consist of several types of laboratory 

and field quality assurance/quality control samples, including the following: 

field duplicates to evaluate the variation within a specific sample matrix; 

reagent blanks to determine the background of the reagents used in the laboratory; 

method blanks to determine interference introduced by reagents; 

blind repeats and laboratory duplicates to evaluate laboratory reproducibility and assess 
total error; 

laboratory spikes (matrix spikes) to determine laboratory accuracy; and 

standard reference samples/materials prepared by an external agency to determine 
laboratory accuracy . 

For the above sample types, it is generally recommended that a collection or preparation rate of about 

1 for every 20 (5 percent) samples collected during an RI/FS be used. Additional quality control is 

obtained by using a confidence level of at least 95 percent and an (attempted) precision of ± 20 

percent (EPA 1984). 

It appears that these sample types were not prepared by either the field team or the laboratory during 

the Site Survey Project. However, the accuracy of the Mound Plant laboratory was evaluated by 

participation in the DOE quality control program, which involves the analysis of spike samples from the 

Environmental Measurements Laboratory. The DOE considered Mound Plant's results for this program 

to be satisfactory during the period when the Site Survey Project samples were analyzed. 

Additional quality assurance/quality control information was obtained during the Site Survey Project 

when samples were split and verification samples sent to two outside laboratories, Accu-Labs 

Research, Inc., and EAL Corporation. Approximately 7 percent, slightly less than the 10 percent 

reported in the original report, of the samples collected (surface and subsurface) were also analyzed 

by Accu-Labs Research, Inc., and approximately 4 percent of those (or 0.4 percent of the total) were 

split again with EAL Corporation. The verification samples only included the analysis of plutonium and 
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thorium; no split samples were analyzed by gamma spectroscopy or for tritium. The original data from 

• the verification laboratories are included in Appendix D. 

• 

The splitting of samples can serve several purposes, depending on when and where in the sampling 

process the sample was split. If a sample is split in the field, the resulting splits can provide 

information concerning the field handling and sample variation. If the sample is split after removal from 

the field environment, such as in the Mound Plant laboratory or field screening facility, the resulting 

splits only provide information concerning sample variation (EPA 1984). Based on the information 

received from Mound Plant personnel during the preparation of this report, it appears that the Site 

Survey Project samples were split at the Soil Screening Facility, after the field team brought the 

samples in from the sampling locations. Therefore, this information will only be used to evaluate 

sample variation. This was accomplished by calculating the relative percent differences (RPD) between 

the Monsanto Research Corporation (MRC) data and the corresponding sample results from the other 

laboratories. 

RPD(%) • (S ~-~) 
12 

x 100, 

where S = the original (MRC) sample result, and 

D = the duplicate sample result, from Accu-Labs Research, Inc., or EAL. Corporation . 

Table 11.1 presents the results of these calculations. The RPDs ranged from 0 to almost 200 percent, 

illustrating a large amount of sample variation present. The average RPD for thorium results from 

Mound Plant and Accu-Labs Research, Inc., is 42 percent. The average RPD for thorium results from 

Mound Plant and EAL Corporation is 4 7 percent, although only two samples were analyzed for thorium 

by EAL. The average RPD for plutonium-238 results from Mound Plant and Accu-Labs Research, Inc., 

is 46 percent. The average RPD for plutonium-238 results from Mound Plant and EAL Corporation is 

54 percent. 

These high RPDs may be due to the chemical behavior of plutonium and thorium in the Mound Plant 

environs. Past studies have shown that, because of the cation-exchange capacity of the clays present 

in the soils at Mound Plant, plutonium-238, with a 4 + valence, readily sorbs onto the clay particles 

(Rodgers 1975). Thorium, which is also an actinide and has positively charged isotopes, may be 

expected to behave in a similar fashion. This sorption can result in isolated hot spots within a single 

sample, especially if the sample was obtained from a location or strata that was not homogeneous, 

as is the case with soils. Because of this, a high RPD among soil contaminants is not unusual and 

laboratory accuracy is most appropriately measured using standards, not split soil samples. The 

• variation, or RPD, for samples containing radionuclides other than plutonium-238 and thorium could 

not be evaluated because the split samples were not analyzed for additional radionuclides. 
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• 

• 

• 

Table 11.1. Verification Samples 

MRCIP Analyte• MRC valueb Accu-labb RPD!%1 EAL RPD!%1° 

1710 Plutonium-238 0.18 0.14 25 

1718 Plutonium-238 0.12 0.16 29 

1726 Plutonium-238 0.16 0.24 40 

2954 Plutonium-238 0.26 0.94 113 

Thorium 5.44 5.3 3 

2956 Plutonium-238 0.59 0.33 57 

2965 Plutonium-238 3.47 2.5 32 

•2969 Plutonium-238 0.45 0.27 50 

4063 Plutonium-238 1.07 0.66 47 

•3027 Plutonium-238 2.57 0.73 112 

4087 Plutonium-238 1.23 0.89 32 

6199 Plutonium-238 0.41 0.46 11 

4077 Plutonium-238 0.26 0.22 17 

6177 Plutonium-238 0.18 0.15 18 

3048 Plutonium-238 0.06 0.02 100 

3095 Plutonium-238 0.27 0.18 40 

6211 Plutonium-238 0.22 1.2 138 

4081 Plutonium-238 0.17 0.13 27 

6188 Plutonium-238 0.96 1.2 22 

4003 Plutonium-238 1.05 0.62 51 

3085 Plutonium-238 61 73 18 

2979 Plutonium-238 1.34 29 

2867 Plutonium-238 10.35 12 15 

•when Accu-labs or EAL reported isotopic thorium results, the individual values were added so as to be comparable 
to Mound Plant's total thorium results. 

bAll values in pCi/g 
0 RPO - Relative percent difference 
'7wo samples (both from core location C0045) were assigned to this MRC 10. Therefore, the verification sample 
data appear invalid. 

MRC 10 - Monsanto Research Corporation identification 
NR - No result given 
NA - Not applicable 
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Table 11.1 . (page 2 of 7) 

• MRCID Analvte• MRC valueb Accu-labb RPDI%1 RPQI%1° 

6497 Plutonium-238 9 10 11 

Thorium 3.73 6 47 

2862 Plutonium-238 0.05 0.11 75 

6359 Plutonium-238 3.6 3.5 3 

1738 Plutonium-238 0.03 0.07 80 

Thorium 27.83 35.3 24 

1784 Plutonium-238 8.97 11 20 

Thorium 37.69 49.5 27 

1747 Plutonium-238 0.15 0.26 54 

1757 Plutonium-238 0.06 0.1 50 

Thorium 2.05 ·2.29 11 

1793 Plutonium-238 0.51 0.46 10 

5976 Plutonium-238 0.83 0.82 

Thorium 4.03 3.9 3 

4091 Plutonium-238 7.4 7.4 0 

1831 Plutonium-238 0.12 0.1 18 

• 1iH5 Plutonium-238 0.37 0.35 6 

Thorium 4.84 3.75 25 

1870 Plutonium-238 0.2 0.21 5 

Thorium 6.94 7.51 8 

5984 Plutonium-238 1.56 1.1 35 

Thorium 16.59 14.6 13 

1816 Plutonium-238 0.3 0.18 50 

Thorium 4.02 4.9 20 

6508 Plutonium-238 1.7 2.1 21 

2817 Plutonium-238 6.28 6.7 6 

Thorium 28.73 24.2 17 

1251" Plutonium-238 0.29 0.22 27 

Thorium 29.45 35.2 18 

5988 Plutonium-238 0.45 1.4 102 

Thorium 3.64 3.24 12 

1260 Plutonium-238 4.83 1.4 110 

Thorium 32.2 31.62 2 

1244 Plutonium-238 0.84 0.78 7 

Thorium 36.16 27.9 26 

1977 Plutonium-238 0.59 0.8 30 

• Thorium 5.62 5.7 3 
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• Table 11.1. (page 3 of 7) 

MRCID Analyte• MRC valueb Accu-labb RPDf%1 EAL RPDf%1° 

1317 Plutonium-238 0.2 0.13 42 

6552 Plutonium-238 0.58 0.45 25 

1226 Plutonium-238 34.5 0.71 192 

Thorium 2.53 3.05 19 

3064 Plutonium-238 0.08 0.04 67 

6229 Plutonium-238 0.15 0.02 153 

6263 Plutonium-238 0.76 1.1 37 

3077 Plutonium-238 0.19 3.8 181 

2873 Plutonium-238 1.9 2 5 

Thorium 4.02 4.12 2 

5868 Plutonium-238 1.21 1.6 28 

4111 Plutonium-238 0.2 0.14 35 

1960 Plutonium-238 15.41 0.33 192 

1944 Plutonium-238 100.1 82 20 

1917 Plutonium-238 0.08 0.44 138 

Thorium 3.36 2.06 48 

• 1951 Plutonium-238 355 220 47 

1957 Plutonium-238 4.95 3.4 37 

6699 Plutonium-238 1.62 1.9 16 

1604 Plutonium-238 7.49 5.8 25 

2919 Plutonium-238 0.04 0.05 22 

5882 Plutonium-238 2.83 1.7 50 

2689 Plutonium-238 7.28 9.2 23 

5891 Plutonium-238 0.59 1.2 68 

1621 Plutonium-238 0.07 0.08 13 

1638 Plutonium-238 0.16 0.07 78 

. 2577 Plutonium-238 0.06 0.03 67 

6459 Plutonium-238 0.3 0.28 7 

6468 Plutonium-238 0.11 0.15 31 

2879 Plutonium-238 1.05 1.8 53 

1325 Plutonium-238 9.98 15 40 

1361 Plutonium-238 0.13 0.58 127 

Thorium 3.25 4.63 35 

4007 Plutonium-238 9 6 40 

2931 Plutonium-238 0.42 0.25 51 

• Thorium 2.48 0.01 198 

1320 Plutonium-238 79 79 0 
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• Table 11.1. (page 4 of 7) 

MRCID Analvte• MRC valueb Accu-labb RPDl%1 EAL RPDl%! 0 

1216 Plutonium-238 0.06 0.5 157 

1338 Plutonium-238 1.25 0.83 40 

Thorium 9.99 8.4 17 

6785 Plutonium-238 12.1 12 

Thorium 4.24 10.9 88 

1539 Plutonium-238 24 17 34 

1541 Plutonium-238 17.1 14 20 

1511 Plutonium-238 32.9 17 64 

1521 Plutonium-238 5.66 6 6 

Thorium 2.16 1.82 17 

1285 Plutonium-238 4.78 710 197 

Thorium 2.38 18.4 154 

1550 Plutonium-238 5.96 7.2 19 

Thorium 5.65 5.48 3 

1356 Plutonium-238 76.1 100 27 

Thorium 2.12 1.45 38 

• 1172 Plutonium-238 0.12 0.19 45 

1565 Plutonium-238 1.29 25 

1572 Plutonium-238 71.3 75 5 

Thorium 2.03 3.76 60 

1592 Plutonium-238 0.67 0.83 21 

Thorium 2.26 4.42 65 

4123 Plutonium-238 3.15 3.2 2 

2923 Plutonium-238 47.45 63 28 

2446 Plutonium-238 0.66 0.68 3 

Thorium 30.42 25.4 18 

2829 Plutonium-238 8.56 5.6 42 

Thorium 2.37 3.09 26 

2466 Plutonium-238 0.92 1.1 18 

2469 Plutonium-238 0.54 0.45 18 

Thorium 7.11 5.57 24 

5832 Plutonium-238 0.37 0.35 6 

4037 Plutonium-238 0.96 0.81 17 

5909 Plutonium-238 0.48 0.75 44 

5856 Plutonium-238 7.84 8.5 8 

Thorium 25.25 7.2 111 • 
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• Table 11.1. (page 5 of 7) 

MRC 10 Analyte• MRC valueb Accu-labb RPD!%1 EAL RPD!%1° 

5858 Plutonlum-238 88.4 110 22 

Thorium 4.03 24.7 144 

2999 Plutonlum-238 1.12 0.87 25 

2887 Plutonium-238 1.67 0.73 78 

4146 Plutonium-238 0.4 2 133 

4042 Plutonlum-238 2.74 2.7 

2587 Plutonium-238 0.1 0.36 113 

6474 Plutonium-238 0.38 0.54 35 

5933 Plutonium-238 0.07 0.17 83 

4141 Plutonium-238 2.48 0.55 127 

2936 Plutonium-238 0.04 0.14 111 

5862 Plutonium-238 97.5 160 49 

Thorium 13.69 22.3 48 

4025 Plutonlum-238 4.32 3.3 27 

1648 Plutonium-238 2.25 1.8 22 

2591 Plutonium-238 0.02 0.06 100 

• 1663 Plutonium-238 0.18 0.03 143 

6384 Plutonium-238 4.68 4.5 4 

1696 Plutonium-238 0.01 0.04 120 

Thorium 3.31 NR NA 

1699 Plutonium-238 0.01 0.13 171 

2600 Plutonlum-238 0.73 0.87 18 

6393 Plutonium-238 0.17 0.2 16 

Thorium 2.46 2.91 17 

4050 Plutonlum-238 2.03 1.7 18 

4114 Plutonium-238 5.97 5.9 

2889 Plutonium-238 2.23 2.4 7 

2893 Plutonium-238 0.75 0.72 4 

2891 Plutonium-238 1.23 2.5 68 1.16 6 

2604 Plutonlum-238 1.74 0.94 60 1.01 53 

2949 Plutonium-238 0.76 0.81 6 

2950 Ptutonium-238 0.39 0.58 39 

2948 Plutonium-238 1.78 0.95 61 0.929 63 

2621 Plutonlum-238 0.44 0.31 35 

1271 Plutonium-238 0.01 0.49 192 0.167 177 

1292 Plutonlum-238 186 210 12 147 23 

• Thorium 36:87 247 148 52.17 36 
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• Table II. 1. (page 6 of 7l 

MRC IP Ana!yte• MRC va!ueb Accu-labb RPDI%1 m RPQI%1° 

1275 Plutonium-238 2.72 3.6 28 2.63 3 

Thorium 13.13 38.9 99 24.02 59 

1545 Piutonium-238 0.25 0.16 44 

1184 Plutonium-238 0.02 0.19 162 

8286 Piutonium-238 25 22 13 

2460 Plutonium-238 0.07 0.06 15 

2836 Plutonium-238 1.72 1.9 9 

3002 Plutonium-238 0.62 2.2 112 

1665 Plutonium-238 0.31 0.07 126 

2661 Piutonium-238 0.93 0.91 2 

2715 Plutonium-238 0.01 0 200 

2692 Plutonium-238 0.07 0.5 151 

2734 Plutonium-238 0.01 0.02 67 

2726 Plutonium-238 0.07 0.17 83 

2752 Plutonium-238 0.01 0.02 67 

2712 Plutonium-238 0.12 0.16 29 

2501 Plutonium-238 0.02 0.08 120 

• 4057 Plutonium-238 0.19 2.2 168 

3057 Plutonium-238 0.06 0.02 100 

4070 Plutonium-238 0.04 0.14 111 

8352 Plutonium-238 0.39 0.49 23 

Thorium 41.63 15.2 93 

8353 Piutonium-238 0.08 0.07 13 

Thorium 5.14 6.9 29 

4088 Piutonium-238 4.68 5.5 16 

1880 Piutonium-238 0.1 0.14 33 

8349 Plutonium-238 0.11 0.13 17 

Thorium 42.38 32.6 26 

8414 Plutonium-238 0.97 2.6 91 

Thorium 20.17 16.4 21 
d 

8350 Plutonium-238 4.66 8.8 62 

Thorium 142.58 194 31 

8383 Plutonium-238 4.94 5.8 16 

1612 Plutonium-238 1.46 0.06 184 

2990 Piutonium-238 0.13 0.02 147 

1290 Plutonium-238 39 41 5 

• 5871 Plutonium-238 0.65 0.8 21 
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• 

• 

• 

Table 11.1 . (page 7 of 7) 

MRCID Analvte• MAC valueb Accu-labb RPDI%1 EAL RPQI%1° 

1624 Plutonium-238 0.26 0.46 56 

Thorium 3.95 4.2 6 

1273 Plutonium-238 2.41 2.4 0 

6488 Plutonium-238 0.02 0.05 86 

2704 Plutonium-238 0.06 0.15 86 

2748 Plutonium-238 0.22 0.22 0 

2667 Plutonium-238 0.62 0.75 19 
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• 

• 

• 

2.3.2. Incomplete Data 

During the examination of the Site Survey Project data for this report, it was noted that some data 

appear to be incomplete because 

sample results are available, but no location coordinates or depths are given; or 

the gamma spectroscopy results from Mound Plant (Appendix E) contain samples with 
MRC identifiers (IDs) that are not given in the tabulated Site Survey Project data package 
obtained from Mound Plant, and for which no coordinates or depths are available. 

Table 11.2 lists the data that appear to be incomplete. It is possible that the gamma spectroscopy data 

not included in the data package did not correspond to samples taken as part of the Site Survey 

Project, but were for samples taken at Mound Plant for other purposes. Incomplete data may generally 

not be considered valid. 

2.3.2.1. Sample Collection and Handling 

In general, the documentation of the sample collection procedures for the Site Survey Project samples 

is inadequate. Many of the problems can be attributed to the lack of a sampling plan containing 

procedures, describing sampling locations, and describing methods of documenting the sampling 

procedures, such as sample labels. Specific problems are noted below. 

2.3.2.2. Surface Soil Sampling 

After surface soil sampling was partially completed, Mound Plant addressed the statistical basis for the 

sampling strategy (5 samples per grid block). The technical memorandum discussing the statistical 

basis for this sampling is provided in Appendix A (Stought 1984). Mound Plant concluded that 

obtaining five random surface samples in a 300-ft by 380-ft area would have resulted in a probability 

of 0.0174 for sampling a single contaminated area 20 ft by 20 ft and a probability of 0.251 for 

sampling an area 80ft by 80 ft (Table 11.3). However, the surface locations were chosen arbitrarily 

by the field team and probably should not be considered random. 

2.3.2.3. Decontamination of Sampling Equipment 

During the Site Survey Project sampling, removable radioactivity contamination was removed from the 

sampling tools by Mound Plant personnel wearing gloves to brush out the excess soil. Removal of the 

radioactivity contamination was then confirmed by screening the gloves using an alpha scintillometer. 
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• Table 11.2. Incomplete Data 

MRCID Plutonium-238 Thorium8 Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

..J::!Q.,_ 1eQLgl .(QQLsl lpCi/mL) 1P,QlL9l 1eQLgl 1eQLgl 1eQLgl 

Data listed on the Mound Plant gamma spectroscopy results 

1996 4.74 0.596b LDL 0.9 0.9 LDL 

2157 LDL LDL 0.9 LDL 

2201 LDL LDL 0.8 LDL 

2203 LDL LDL 0.9 LDL 

2204 LDL LDL 1.4 LDL 

2205 LDL LDL 0.5 LDL 

2206 LDL LDL 0.9 LDL 

2208 LDL LDL 0.7 LDL 

2223 19.9b 1.0b LDL LDL 0.7 LDL 

• 2240 1.15 0.9b LDL LDL 0.9 LDL 

2652 134.3b 1.1b LDL LDL 0.6 LDL 

4892 1.97 29.7b LDL LDL 1.2 LDL 

(The gamma spectroscopy results also showed 33 pCi/g of thorium-228 in this sample.) 

5551 4.25 0.7b LDL LDL 0.9 LDL 

5912 1.47 1.2b LDL LDL 1.1 LDL 

5914 1.67 1.5b LDL 0.9 1.1 LDL 

5918 1.64 1.5b LDL 0.9 1.4 LDL 

5941 3.54 80.11 LDL LDL 6 LDL 

(This sample also contained 13.4 pCifg of uranium-238 and 41 pCi/g of thorium-228.) 

aThorium results are listed as total thorium unless otherwise indicated. 

bResults given are from the FIDLER screening of samples, not from radiochemical analysis. 

FIDLER- field instrument for the detection of low-energy radiation. 

LDL- The sample result was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-50, americium-241, and 

cesium-137. The LDL for radium-226 was estimated to be 1.0 pCi/g. 

MRC ID - Monsanto Research Corporation identification. 

• pCi/g - picocuries per gram . 
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• Table 11.2. (page 2 of 4) 

MRCID Plutonium-238 Thorium8 
Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

~ 1Q.QiLgl 1Q.QiLgl !!2CiLmL} .!J2.QiLgl .!J2.QiLgl .!J2.QiLgl .!J2.QiLgl 

6040 0.1 1.5b LDL LDL 0.9 LDL 

6103 1.34 28.15 LDL LDL 0.9 LDL 

(This sample also contained 11 pCi/g of thorium-228.) 

6139 1.86 1.1b LDL LDL 0.8 LDL 

6511 0.60 2.2b LDL LDL 1.0 LDL 

6546 0.88 4.7b LDL LDL 1.0 LDL 

(This sample also contained 5 pCifg of thorium-228.) 

6614 1.47 18.9b LDL LDL 0.9 LDL 

(This sample also contained 23 pCi/g of thorium-228.) 

6684 1.62 1.8b LDL LDL 0.8 LDL 

6690 0.30 2.0b LDL 0.6 1.2 LDL 

6692 0.71 1.6b LDL 0.8 1.0 LDL 

• 6693 3.56 1.4b LDL 1.7 1.0 LDL 

6748 0.20 1.2b LDL LDL 0.8 LDL 

7199 0.06 2.0b LDL LDL 1.4 LDL 

7878 0.09 2.2b LDL 0.8 1.2 LDL 

7887 0.09 2.0b LDL 0.6 1.0 LDL 

8436 0.14 <2b LDL LDL 1.1 LDL 

8440 0.15 <2b LDL LDL 1.4 LDL 

8441 0.01 <2b LDL LDL 0.7 LDL 

8442 0.06 <2b LDL LDL 0.6 LDL 

10598 LDL LDL 0.5 LDL 

10599 LDL LDL 0.6 LDL 

10658 LDL LDL 1.2 LDL 

10684 LDL LDL 0.7 LDL 

• 10685 LDL LDL 0.5 LDL 
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• Table 11.2. (page 3 of 4) 

MRCID Plutonium-238 Thorium a Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

~ 1I2.QiLgl 1I2.QiLgl (pCi/mLl 1I2.QiLgl 1I2.QiLgl 1I2.QiLgl 1I2.QiLgl 

10686 LDL LDL 0.3 LDL 

10687 LDL LDL 0.7 LDL 

10771· LDL LDL 0.5 LDL 

10773 LDL LDL 0.4 LDL 

10774 LDL LDL 0.7 LDL 

10776 LDL LDL 0.8 LDL 

10780 LDL LDL 1.3 LDL 

10784 LDL LDL 0.7 LDL 

10785 LDL LDL 0.7 LDL 

10795 LDL LDL 0.7 LDL 

• 10797 LDL LDL 0.7 LDL 

10803 LDL LDL 0.8 LDL 

10814 LDL LDL 0.2 LDL 

1001 20.0b 1.1b 

1006 1.44 0.5b 

1015 40.6 0.88 

1026 404.3 2.57 

1034 29.5 0.5b 

1265 0.04 0.22b 

1267 0.44 <0.01 

1269 0.03 <0.01 

1283 1.78 3.01 

1305 0.18 0.21b 

• 1342 11.80 2.87 
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• 

MRCID Plutonium-238 

..l:!L .{QQLgl 

1344 0.48 

1764 0.39 

1n2 0.2 

1781 1.29 

1852 1.04 

1860b 5.00b 

2610 0.61 

2613 8.40 

2615 0.46 

2616 0.75 

2619 0.58 

2945 0.71 

2980 52.90 

3035 0.04 

4513 0.14 

4516 0.05, 

4523 2.48 

5820 0.80 

6139 1.86 

4032 0.08 

6275 3.62 

6283 0.13 

6376 109.7 

6686 17.46 

6693 3.56 
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Table 11.2. (page 4 of 4) 

Thorium8 
Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

.{QQLg} (!2Ci£ml} .{QQLgl .{QQLg} 1I2QiLgl !I2QLgl 

0.16b 

0.51b 

1.92 

10.11 

0.4b 

0.5b 

0.60b 

4.37b 

<2b 

<2b 

<2b 

<2b 

1.4b 

1.0b 

3.0b 

<2b 

<2b 

1.5b 

1.1b 

0.3b 

o.8b 

o.8b 

4.15 

5.61 

<2b 
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Table 11.3 . Surface Sampling Probabilities 

Probability of Sampling 
Contaminated Area (ft) 1 Hot Spot with 5 Samples P50 a Sample Size 

10 X 10 0.0044 790 

20 X 20 0.0174 197 

40 X 40 0.0681 48 

80 X 80 0.251 12 

Reference: Stought et al. 1988. 
8 P50 values are the number of samples necessary to achieve a 50 percent 
probability of detecting a hot spot of the given size in a 380-ft by 300-ft grid . 
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This method is inadequate for decontamination and may have resulted in significant 

cross-contamination, considering the probable detection capabilities of the field screening. This 

cross-contamination probably resulted in substantial blurring of the variation between samples at each 

area. 

2.3.2.4. Sample Handling and Documentation 

It appears that chain-of-custody forms were not completed when samples were transferred from the 

field site to either the onsite analytical laboratories or to the offsite verification laboratories. In 

addition, other than a short memo (Stought 1984) describing the placement of surface samples in an 

EPA sample dish and the grinding of samples, there are no procedures available that describe how the 

samples were containerized, labeled, or logged at the onsite laboratory. 

Because there are several samples with the same MAC 10, it is evident that errors in assigning sample 

numbers occurred. Other errors noted in the data include different sets of sample results with the 

same coordinates. 

The memorandum describing surface sampling also stated that non-soil matter, such as rocks and 

twigs, was removed from the sample dish (Stought 1984). This was probably performed to remove 

items that would interfere with the sample preparation/grinding procedure. However, the EPA 

recommends that non-soil items be either retained in the sample, or collected in a separate sample for 

analysis (EPA 1984). The non-soil portions must also be considered as part of the site under 

investigation, and eliminating this portion may result in the loss of information. 

2.3.2.5. Sampling locations and Depth of Core locations 

As discussed below, the south and west coordinates of the surface locations shown on Plate 1 were 

estimated by the field team, based on the observed position relative to the grid block and known 

landmarks, such as buildings. Mound Plant has estimated that the resulting error in the coordinates 

of the surface locations is ± 25 ft. However, the basis for this estimate is unknown, and it is possible 

that the error is much greater. The core locations were surveyed by a licensed surveyor. 

With the exception of the drilling logs given in Appendix B, there is currently no documentation 

included in this report that discusses the strata observed during drilling, or whether bedrock was 

encountered at most of the drilling locations. Based on the depths to bedrock indicated by Mound 

Plant drawing #FSE16472, Mound Plant Site Plan Test Borings, reproduced in Site Seeping Report: 

Volume 2 Addendum (DOE 1992f), it appears that drilling/sampling at many of the core locations on 
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the Main and SM/PP hills may have reached bedrock. The majority of the locations in the valley area 

• appear not to have reached bedrock. 

• 

• 

2.3.3. Samole Analyses and RePorting 

The original Site Survey Project Report (Stought, et al. 19881 stated that all samples collected were 

radiochemically analyzed for plutonium-238 and FIDLER screened for thorium. However, plutonium 

and thorium results are not reported for many of the samples, usually the samples that were analyzed 

by gamma spectroscopy. It is not known if the plutonium-238 and thorium analyses were not 

performed, or if they were performed and not reported. Although it was stated that gamma 

spectroscopy was performed if the activity screened exceeded the estimated amounts of plutonium 

and thorium, these initial results were not always available. 

The evaluation of the Site Survey Project data for this report was not performed using the raw 

(laboratory) data. The data evaluated were already tabulated, and are reproduced in a similar fashion 

in Appendix E. The exceptions to this are the gamma spectroscopy data included at the end of 

Appendix E and the in situ gamma spectroscopy data given in Appendix C, which was performed at 

the locations given in Table 11.4. These in situ data were checked against the tabulated data received, 

and any errors noted were corrected in the tabulated data. Not all of the results listed for the 

radionuclides analyzed by gamma spectroscopy, such as cobalt-60, cesium-137, radium-226, 

actinium-227, and americium-241, were included in the gamma spectroscopy printout in Appendix E. 

These data could not be verified and a note is included for the appropriate samples. 

The estimated LDLs for the radionuclides detected are available, either from the original Site Survey 

Project Report, or from Mound Plant personnel, as follows: 

the LDL for tritium was approximately 1 .0 pCi/ml of soil moisture, varying slightly 
depending on the amount of soil moisture present in the sample; 

the LDL for plutonium-238, using radiochemical analysis, was 0.01 pCi/g with a relative 
precision (2 standard deviations) of 25 percent; 

the LDLs and relative precisions (2 standard deviations) for the thorium isotopes were 
0.3 pCi/g and 60 percent for thorium-228, 0.3 pCi/g and 30 percent for thorium-230, and 
0.1 pCi/g and 70 percent for thorium-232 (however, thorium results were reported as total 
thorium, not isotopically); 

the LDLs for cobalt-60, cesium-137, and americium-241, using gamma spectroscopy, were 
0.5 pCi/g (precisions for individual measurements are included in the gamma spectroscopy 
printout at the back of Appendix E); and · 

the LDL for radium-226 and actinium-227 is estimated to be 1.0 pCi/g (Stought 1990). 
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• Table 11.4. In Situ Gamma Spectroscopy 

RMC Coordinates Corresponding Plate 1 
Borehole Given b~ Mound or Drilling Log§ and Appendix E 

Area Number South West Location 

Area 1 288 3777.2 3245.3 Core 0263 
289 3724.8 3254.3 Core0264 
290 3752.4 3322.9 Core 0265 
291 3808.2 3328.7 Core 0266 
292 3670.8 3342.9 Core 0267 
293 3716.1 3400.6 Core 0268 
294 3751.3 3418.2 Core 0269 
295 3791.9 3441.5 Core 0270 
296 3865.9 3483.1 Core 0271 
297 3801.1 3524.0 Core 0272 
298 3682.1 3413.3 Core 0273 
299 3737.9 3478.5 Core 0274 
301 3648.1 3642.8 Core 0276 
302 3640.5 3587.2 Core 0277 
303 3628.3 3542.0 Core 0278 
304 3567.8 3565.3 Core 0279 
305 3705;2 3710.7 Core 0280 
306 3784.3 3591.4 Core 0281 
307 3679.3 3500.9 Core 0282 

• Area 8 318 2395.0 2063.6 Core 0030 
319 2371.9 2104.9 Core 0027 
320 2362.7 2142.4 Core 0026 
321 2374.1 2184.3 Core 0029 
322 2396.6 2204.7 Core 0031 
323 2405.8 2212.9 Core 0035 
324 2428.6 2178.0 Core 0037 
317 2411.5 2139.2 Core 0283 
326 2478.9 2212.0 Core 0285 
327 2464.1 2184.0 Core 0286 
328 2450.7 2151.6 Core 0287 
329 2438.6 2119.3 Core 0288 
330 2422.7 2081.0 Core 0289 
331 2401.5 2102.1 Core 0290 

Area 12 286 2885.7 2498.9 Core 0145 
287 2915.3 2490.3 Core 0291 

Locations 300 3529.9 3447.0 Core 0275 
not associated 
with a specific 
area 325 2495.9 2236.2 Core 0284 

RMC - Radiation Management Corporation (Appendix C) 

• 
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2.3.4. Data Reporting Errors 

Several errors have been noted in the tabulated Site Survey Project data (Appendix E). These include 

missing results, when coordinates and/or sample numbers were given, but no results; 

more than one set of sample results given for a set of coordinates; 

sample numbers {MRC IDs) assigned to more than one sample; 

incorrect sample dates (example: one sample date given was 08-74, when 07-84 was 
most likely the correct date); and 

incorrect sample depths (example, a depth of 81 inches was given for a sample when the 
correct depth was probably 1 8 inches). 

The data were examined for these types of errors. When observed, a note was included below the 

sample result in both Appendix E and in the individual area tables throughout this report. Relatively 

few of ttiese types of errors were found, considering the volume of data that was collected and the 

original purpose of the project . 
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3. POLONIUM PROCESSING AREAS 

This section provides general descriptions of the scale and periods of operations of the polonium 

program at Mound Plant. Summaries are provided of the areas where process and TDS activities took 

place and whether environmental radiological data, through the Site Survey Project, are available. 

Additional information on the generation, treatment, and disposal activities is provided in 

Volume 7 -Waste Management (DOE 1992g). 

3.1. PROGRAM SUMMARY 

Polonium research and production activities were transferred from the Dayton units to Mound Plant 

in 1949 (DOE 1992c). The polonium was used in production of initiators for nuclear weapons and in 

neutron sources for research and industrial use. In 1954, research was expanded to include the 

applicability of converting nuclear energy from polonium-21 0 to electric power. In the same year, a 

polonium-powered, steam-to-electric plant was built, followed in 1958 by an RTG powered by 

polonium. Several polonium-powered RTG units were built for use in early space craft, but the short 

half-life of polonium limited the use of this substance in space technology applications. Polonium 

production declined in the 1960s until it was phased out entirely in 1971 . 

Polonium-21 0 was the isotope of choice. Some limited research was performed on other isotopes, but 

little material was actually produced. Polonium-21 0 was produced by neutron bombardment of stable 

bismuth-209 in reactors at Hanford. The irradiation resulted in bismuth-21 0 that decayed to polonium-

21 0 over a 5.4 day half-life. The half-life of the resulting polonium-21 0 is 138 days. The bismuth 

slugs were sheathed in aluminum jackets or cans to prevent the slugs from breaking apart during 

irradiation. From the reactor, irradiated bismuth slugs were shipped to Mound Plant in lead casks by 

railroad. The casks were unloaded by crane along the railroad siding and moved to T Building for 

processing (Figure 3.1 ). 

Trace metal impurities in the bismuth slugs and aluminum cans produced several radioactive 

by-products during the irradiation, including isotopes of iron, manganese, copper, lead, tin, zinc, silicon, 

titanium, nickel, cobalt, magnesium, chromium, vanadium, bismuth, and gallium in the aluminum, and 

silver, arsenic, calcium, cadmium, iron, magnesium, tellurium, selenium, and antimony in the bismuth. 

The most important of these impurities were silver 110 (half-life of 270 days), cobalt 60 (half-life of 

5.3 years), iron 59 (half-life 45 days), selenium 75 (half-life 127 days), tellurium 125, 127, and 129 

(half-life 30 to 90 days) and antimony 124 (half-life 60 days). Cobalt-60 is the only isotope that can 

be expected to still be present. 

ER Program, Mound Plant 
Revision 1 
MOUND9\M9SS012.WP3 12/28/92 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
December 1992 

Polonium Processing Areas 
Page 3-1 



i!::om 
0 .. ::0 
~ :S. -u 
~ 5· 0 
i!:::lcc 
<D ~ "' ...... 
"' 3 <::! • 
N 

~ 
~ 

3: 
0 
c: a. 
::!! 
Ql 
:I .... 

0 
c 
~ 
(/) 
;:::.· .. 
(/) 
0 
0 

"C 

0~· 
g ~ 
CII"C 
3 0 
g~ 

:.< 
co2. co· ...,w 

I 
::0 .. 
a.. 
(/) 

;· 
(/) 
c: 

j 

-u 
0 
0 
2. 
c: 
3 
-u 
0 
0 .. 
Ill 
Ill 

-u :;· 
D>CC 
cg )> 

wCil 
' .. ...,., 

• 

0 

~ 
a: 

l!i 
~ 
Q) 

OU9 vol•3 122292 

=:. = ::::::::::::.:::: = 

LEGEND 

~ Structure or area 

Paved roadway 
Unpaved roadway 
Mound Plant boundary 

Figure 

• 

Quonset hut\ 
(former! ~ 

Area 13~ 

1
1 Explosives~ 
'l~unker "',. 

-::::.=:=:::.::: 

0 700 
I I I I I I I I 
Scale in Feet 

3.1. Polonium processing areas. 

True 
North 

• 
~...... ~ ...... 

~ ...... 
~,~ 

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

~ 

N. 



• Most of the initial efforts at Mound Plant were in support of the polonium program. Research and 

development of polonium took place in R Building. Biological studies were conducted in B Building until 

1954 when it was converted to other uses. The processing of the bismuth slugs and separation and 

purification of polonium occurred in T Building. Aqueous wastes containing polonium from these 

buildings were transferred by underground sewer lines to the treatment facility in WD Building. Wastes 

produced by the acid dissolution of the aluminum cans was transferred to HH Building. Wastewater 

from HH Building was also transferred to WD Building for final treatment. 

As with other buildings and paved areas of the plant, none of the processing facilities themselves were 

directly investigated during the Site Survey Project. 

The treatment facilities comprised integral parts of the polonium program. After removal of the 

polonium from the bismuth, the resulting bismuth chloride was either stored for the recovery of 

bismuth or shipped offsite for disposal. Until 1953, all the bismuth was stored in the old quonset hut 

in the plant valley for recovery. The plans for bismuth recovery were cancelled and the bismuth sludge 

that had accumulated was shipped offsite for burial. Thereafter, sludge that was produced was 

temporarily staged in T Building and shipped off site weekly. The aluminum decanning and bismuth 

chloride solutions were transferred from T to HH Building via suspended Pyrex waste lines. In HH 

• Building, the solutions were neutralized and drummed. Supernatant waters from the neutralizations 

were pumped from a holding sump to WD Building through a 3-inch, underground steel pipe. In the 

WD Building, aqueous wastes with polonium contamination were treated to produce a concentrated 

sludge that was drummed and dilute wastewater that was released through a closed pipe to the Great 

Miami river. In 1959 the waste treatment operations in HH Building were moved to the T Building. 

In 1971, the polonium wastewater treatment facilities in WD Building were converted to the treatment 

of plutonium-238. 

• 

The treatment facilities themselves were not included in the Site Survey Project, although adjacent and 

associated areas were investigated. Areas 4 and 4a include the soil areas surrounding the WD 

Building, influent tanks, and the old sewage disposal plant adjacent to the WD Building. Areas 5 and 

20 include the pipelines from T and HH Buildings to WD Building, respectively. No data appears to 

exist for soils at or beneath the treatment facilities at either T or H.H Building. 

Several old warehouses and areas were used at different times for storage of polonium-contaminated 

wastes and materials. The storage facilities can easily be divided into those where contaminated 

equipment was stored and those in which waste products were stored. Several old warehouses that 

had remained from the plant construction were used during the early 1 950s to store polonium 

contaminated equipment from the Dayton units. Locations where contaminated equipment was stored 
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include Warehouses 10 and 14, on the SM/PP Hill and Warehouse 9 on the railroad spur. In the plant 

valley, a number of temporary tents or shacks were erected to store debris or other contaminated 

materials. In 1955 and 1956, most of the polonium contamination had decayed. The flooring in 

Warehouse 10 was burned in place. In the plant valley, Warehouse 9, the temporary shacks and the 

flooring from Dayton Unit IV were also burned in place (DOE 1992g). 

Wastes from the polonium production activities were stored in old warehouses or other areas that 

generally do not currently exist. The bismuth chloride sludge from the polonium separations were 

stored in the old quonset hut in the plant valley. In 1963, the quonset hut was moved to its present 

location as Building 19. The former location was adjacent to the temporary shacks in the plant valley. 

The decanning solution sludges were staged at either the old explosives bunker or T Building before 

shipment offsite. The latter contained high gamma radiation levels and were generally isolated for 

worker protection. Wastes destined for offsite burial were staged at old Warehouse 9 until 1954, 

Warehouse 15a until 1965, and finally Building 23 until the program terminated. When the polonium 

waste treatment equipment was removed from HH Building in 1959, it was stored in an open area 

south of the former location of the quonset hut in the plant valley. This areas has been called the 

lower storage area and is described in the companion reactor waste decontamination program section 

of this report . 

3.2. AREA 2 

Area 2, located along the west-central border of Mound Plant, forms the southern part of the historic 

landfill. Area 2 is the location of several disposal trenches for the remains of the polonium-210 

contaminated debris from a 1955 fire in Area 13, thousands of empty crushed -thorium drums in the 

late 1950s to early 1960s, and polonium-21 0-contaminated sand from the WD Building in 1 963 

(DOE 1991 a). Additional discussions of Area 2 are provided in subsection 5.3. 

Sampling for the Site Survey Project focused on plutonium-238 and thorium. No plutonium-238 

concentrations in excess of 25 pCi/g were detected in any of the samples collected during the Site 

Survey Project. The maximum concentration was 17.1 pCi/g. This concentration was detected in a 

sample collected from core location 0189 at a depth of 18 inches (C0189 on Table 111.1 and core 

location 0189 on Plate 1 ). The maximum thorium concentration detected, 3.31 pCi/g, was found in 

a sample collected from core location C0191 at a depth of 108 inches (Table 111.1 ). The evaluation 

of data for this report indicates that the interpretations of data made in the project report (Stought et 

al. 1988) are correct. Insufficient data exist to fully evaluate the thorium concentrations depicted on 

Plate 5. The closed plutonium contour depicted on Plate 4 is probably an artifact of a single elevated 

data point. Insufficient data exists to evaluate the presence of cobalt-60 in Area 2. Only two surface 

samples (S0880 and S08811 Table 111.1) were analyzed. No subsurface data are known. 
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Table 111.1 . Mound Site Survey Project - Area 2 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb 

Location• South ~ J:!!h_ Mo-Yr linch) jegLlU jegLlU 

C0189 3050 4780 1541 04-83 18 17.10 b 
1542 04-83 36 1.79 b 
1543 04-83 54 0.96 b 
1544 04-83 72 0.73 b 
1545 04-83 90 0.19 b 
1546 04-83 108 0.25 b 
1547 04-83 126 0.28 b 
1548 04-83 144 0.15 b 
1549 04-83 162 0.08 b 

C0191 3100 4675 1591 04-83 18 0.08 b 
1692 04-83 36 0.12 b 
1693 04-83 54 0.16 b 
1694 04-83 72 0.02 b 
1695 04-83 90 0.01 b 
1696 04-83 108 0.01 3.31 
1697 04-83 126 0.01 b 
1698 04-83 144 0.01 b 
1699 04-83 162 O.Q1 b 
1700 04-83 180 0.39 b 

S0876 3030 4780 6376 08-84 0 0.21 b 

S0879 3060 4795 2599 10-83 0 0.84 b 

S0875 3025 4820 6385 08-84 0 6.77 b 

S0878 3035 4705 6387 08-84 0 0.98 b 

S0880c 3075 4845 6384 08-84 0 4.68 b 

S0881c 3095 4830 7835 10-84 0 5.59 b 

S0882 3100 4720 2600 10-83 0 0.73 b 

"Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 
bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER 
screening. Therefore, radiochemical analysis was not performed. 

csoth samples 0880 and 0881 showed LDL values for cobalt-60, cesium-137, and americum-241, and 0.9 pCi/g 
radium-226. 

FIDLER - field instrument for the detection of low-energy radiation 
LDL- lower detection limit 
MRC ID - Monsanto Research Corporation Identification 
pCi/g - picocuries per gram 
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• Area 2 is at least partially covered by the Site Sanitary Landfill constructed in 1977. A magnetic 

survey conducted in Area 2 in 1 990 indicated that some of the burials may lie under the present 

position of the road intersection (DOE 1990). This is also supported by the interpretation of historic 

aerial photographs indicating that the historic landfill may have occupied areas presently under the 

paved roads (DOE 1992b). 

Burial occurred in an irregular trench 12 or 14 ft deep which was covered by a few feet of soil 

(Thomas 1 990). The depth to bedrock in this area of the facility appears to be a maximum of about 

600 inches (50ft) (Mound Plant drawing #FSE16472 [DOE 1992f]). The maximum depths sampled 

at the three core location were 36, 162, and 180 inches (Table 111.1 ). Although the samples collected 

from 72 to 180 inches may have been of sufficient depth to sample the original trench, it is not known 

if any drums or debris were encountered during the core sampling. In addition, while providing 

information concerning probable surface radioactive contamination, the surface samples collected from 

Area 2 do not provide any information concerning the historic disposal trenches. The elevated thorium 

concentration detected in a sample collected from core location 0191 at a depth of 108 inches may 

be indicative of some subsurface elevated thorium activity. 

3.3. AREAS 4 AND 4a 

• Areas 4 and 4a are located on the southern slope of the Main Hill, surrounding the WD Building (Plate 

1 ). Area 4 mainly includes the northern side of the WD Building. WD Building and its annex housed 

the facilities for treatment of alpha and beta wastewater systems. The WD Building became 

operational in 1949 and supported the polonium operations until 1971, after which the facility was 

renovated for processing plutonium-238 wastewater. The building received polonium waste or waste 

by-products from R, T, and HH Buildings where research and processing took place, and also received 

wastewater from the laundry in H Building. Plutonium wastewater was received from R, SM, and PP 

Buildings. Area 4 was reportedly contaminated by overflows of the WD Building influent tanks, located 

on the northeastern end of the building (Plate 1). The influent tanks contained polonium-21 0 (with 

cobalt-60) and later plutonium-238. The polonium-210 is no longer present due to radioactive decay. 

Area 4a includes the area surrounding the old sanitary waste disposal plant (SO plant), located just 

south of the WD Building (Plate 1). Area 4a was reportedly contaminated by polonium-21 0 and 

cobalt-60 when a waste line broke near Building 48, located to the north of the WD Building. The area 

near Building 48 that was affected by this release is known as Area 5. This break occurred in 

December 1970 (Davis 1972) and resulted in a cross-contamination of the sanitary sewage and 

process (hot waste) lines in the area of the WD Building. As a result of this cross-contamination, the 

sewage treatment beds at the old SO plant were radioactively contaminated, and the bacterial 

• population was destroyed. To accommodate the overflow that resulted from the interruption of 

operations at the SO plant, water and some sludge was pumped into a pit that was dug to the west 
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• 
of the SD drying beds. In addition, some old piping that was in the area was also added to the pit, and 

the pit was backfilled with soil. During the soil excavation performed at the WTS hillside (Area 14), 

the D&D Program change-out trailer was placed directly over the former location of this pit; therefore, 

it was not sampled. Plutonium-238 contamination is also present in Areas 4 and 4a from a variety of 

possible sources, including the 1969 waste-line break in Area 14 from waste packaging and handling 

operations and overflow of the low-risk influent tanks (DOE 1992h). 

The contaminant concentrations measured in samples collected near the WD Building are given in Table 

111.2. The extent of these combined areas (Areas 4 and 4a) shown on Plate 1 appears to be similar to 

the Area 4 depicted in the original Site Survey Project Report. It appears that the concentration ranges 

in Table 111.2. are not in agreement with the summaries given in the original Site Survey Project Report. 

Although the plutonium concentration contours (Plate 4) are depicted under the WD Building, no 

samples were taken under the building. 

Four of the core samples collected in Area 4 contained plutonium-238 concentrations greater than 1 00 

pCi/g. One of these samples was collected from each of core locations 0085, and 0090, and two 

samples were collected from core location 0091 on Plate 1; C0085, C0090, and C0091 on Table 111.2. 

The maximum concentration detected, 355 pCi/g, was found in the sample collected from core location 

• C0091 at a depth of 18 inches (Table 111.2). Plutonium-238 activity in excess of 25 pCi/g was 

detected in three additional samples. These samples were also collected from core location 0085. No 

thorium was detected above 2 pCi/g. 

• 

Three of the samples collected were analyzed by gamma spectroscopy. These samples were collected 

from surface locations S0455 and S0465, and core location C0085 at a depth of 18 inches (Table 

111.2). Thorium and plutonium-238 results for the two surface samples were not reported and are 

unknown. Radium-226 was detected in all three samples, ranging from 0.60 to 0.80 pCi/g. The only 

other radionuclide detected in these three samples above the LDL was americium-241, detected at 0.5 

and 1.0 pCi/g in the samples collected from core location 0085 at a depth of 18 inches, and surface 

location 1493, respectively. No thorium concentrations above 2 pCi/g were detected in any of the 

samples collected in Areas 4 and 4a. Additional gamma analysis was not performed because it was 

believed that the gamma activity seen during the FIDLER screening was due to the plutonium present, 

or because no elevated gamma activity was seen during screening. 

Samples were taken at the Area 4 and 4a core locations at depths ranging from 1 8 inches to 96 

inches. The depth to bedrock in this area is about 24 to 96 inches (2 to 8 ft). It is possible that 

bedrock was encountered during drilling of several of the core locations, although boring logs are not 
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;::: ::D m Table 111.2. Mound Site Survey Project- Areas 4 and 4a 
0 CD ::D 
~ s., 
rD ~- 0 Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 i:gC!;! 
~ .... m Location

8 
South West No. Mo-Yr (inch) (pCifg) (pCi/9) (pCifmL) (pCifg) (pCifg) (pCifg) (pCifg) 

"' 3 g • 
"' 3: ~ 0 ... c: C0077 1950 3680 1958 05-83 18 1.45 b "' a. 
~ :!l 1959 05-83 36 0.64 b 
"' ~ ID 1960 05-83 72 15.41 b co :I 

"' .. 
80452 1975 3680 6273 08-84 0 19.10 b 

C0078 1975 3755 1961 05-83 18 1.14 b 

0 1962 05-83 30 0.35 b 
c 
~ 1963 05-83 42 0.18 b 
(I) 1964 05-83 72 0.97 b ;:;· 
CD 
(I) 80455 2000 3680 2425 09-82 0 NR NR LDL LDL 0.8 LDL n 
0 
'a 
:r 80456 2025 3730 6274 08-84 0 3.62 b CCC 

CD ::D 
n CD 

coo8o 3705 1965 05-83 3.53 b CD 'a 2050 18 3 0 
r:T;:l 
CD • 1966 05-83 36 2.71 b 
:.< 
co2. 1967 05-83 54 0.13 b 
co· ...,w 

C0082 20So 3630 1968 05-83 18 2.99 b I 
::D 

1969 05-83 36 0.31 b !. 
(I) 1970 05-83 72 0.31 b 
~ 
CD 
(I) C0085 1915 3840 1944 05-83 18 100.10 b LDL LDL 0.6 0.5 c: 
< 1945 05-83 36 51.35 b CD 
< 1946 05-83 54 51.70 b 

1947 05-83 60 34.95 b 

, 80465 1925 3790 1493 03-83 0 NR NR LDL LDL 0.7 1.0 
0 
0 80466 1950 3770 6296 08-84 0 5.42 b 2. 
c: 
3 

C0090 , 1950 3910 1948 05-83 18 160.00 b 
0 1949 05-83 36 7.44 b n 
CD 

b Ill 1950 05-83 96 6.16 !!!. 
"V::I 
IDCD 

'lil> C0091 1965 3790 1951 05-83 18 355.00 b 
wiil 1952 05-83 36 150.00 b ' ID OOco 

1953 05-83 54 8.60 b 
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Plate 1 Coordinates 

Locationa South West 

C0092 1980 3825 

MRCID 

No. 

1954 

1955 

1956 

1957 

Mo-Yr 

05-83 

05-83 

05-83 

05-83 

• 
Table 111.2. (page 2 of 2) 

Depth Plutonium-238 Thoriumb Tritium 

(pCifmL) (inch) 

18 

36 
54 

72 

(pCi/g) 

7.02 

0.75 

2.48 

4.95 

(pCi/g) 

b 

b 

b 

b 

aMap locations are given using a "C'' to designate core locations and an "S" to designate surface locations. 

Cobalt-60 

(pCi/g) 

LDL 

Cesium-137 

(pCifg) 

LDL 

Radium-226 

(pCifg) 

1.2 

• 
Americium-241 

(pCi/g) 

LDL 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER- field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

MAC ID - Monsanto Research Corporation identification 

NR - No result given 

pCi/g - picocuries per gram 

pCifmL- picocuries per milliliter 
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• 
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available. The site history for this area suggests that significant subsurface radioactive contamination 

may be present; the releases that occurred here were either the result of surface water runoff from 
-· 

Area 5 described below, or the overflow of the influent tanks discussed above. 

3.4. AREA 5 

Area 5 is located on the southern side of the Main Hill at Mound Plant, adjacent to Building 48 (Plate 

1). Area 5 is the result of a December 1970 waste-line break that released polonium-21 0 waste liquids 

to the surrounding soils. A total of 39 30-gallon drums of soil, with an estimated polonium content 

of 20 pCi, were boxed and shipped offsite (Davis 1972). No cleanup levels are documented. The 

boundaries of Area 5 (Plate 1 ) are based on an interpretation of the site survey data made in the 

preparation of this report. The area did not appear on the results reported from the aerial survey 

conducted in 1976 (EG&G 1978). Soil contamination identified near Area 5 on the Building 48 Hillside 

is described in subsection 4.1.9. 

The evaluation of the Site Survey Project data for this report does not agree with the evaluation 

presented in the original report (Table 111.3). The differences lie in the reporting of the cesium-137 

concentrations detected by gamma spectroscopy. The laboratory results (gamma-spectroscopy 

printout in Appendix E) give the cesium-137 concentrations for the corresponding Area 5 samples as 

<LDL, which means that the results were less than the LDL of 0.5 pCi/g. The original report (Stought 

et al. 1988) indicated that these samples had between 0.1 and 0.99 pCi/g of cesium-137. 

Cesium-137 was detected nearby at 1.6 pCi/g in the sample collected from surface location 0373 

(S0373 on Table 111.3). The boundary of Area 5 (Plate 1) is drawn to include S0373. 

The maximum cobalt-60 concentration found in Area 5, 250 pCi/g, was detected in the sample 

collected from core location 0064 at a depth of 108 inches (C0064 on Table 111.3). All other detected 

concentrations were less than 40 pCi/g. Measurable concentrations of cobalt-60 were found as deep 

as 234 inches (Table 111.3). Mound Plant drawing #FSE16472 (DOE 1992f) indicates the depth to 

bedrock in this area ranges from 16 to 22 ft. The boring logs are not available, so it is not known if 

the Area 5 core locations were sampled to bedrock. 

3.5. AREA6 

Area 6 is the location of a trench used for the disposal of approximately three drums of 

polonium-21 0-contaminated sand. It is located in what is now a parking lot on the northeast side of 

the Main Hill, near Buildings 45 and 60 (Plate 1 ). The location and extent of Area 6, shown on Plate 1, 

are estimates. In 1964, at least three 55-gallon drums of polonium-contaminated sand were placed 

in this area. The sand was contaminated during cleaning (sand-blasting) of the metal framework of 

the WD Building sand filters .. The sand was originally contained in drums that were placed in Area 6, 
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Plate 1 
Location8 

C0064 

C0065 

C0066 

Coordinates 
South West 

1860 3340 

1870 3340 

1880 3320 

MRCID 
No. 

10383 
10384 
10385 
10386 
10387 
10388 
10389 
10390 
10391 
10392 

10393 
10394 
10395 
10396 
10397 
10398 
10399 
10400 
10401 
10402 
10403 
10404 
10405 

10406 
10409 
10410 
10411 
10412 
10413 
10414 
10415 
10416 
10417 
10418 

Mo-Yr 

09-85 

09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 

09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 

09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 

• 
Table 111.3. Mound Site Survey Project- Area 5 

Depth 
(inch) 

18 
36 

54 

72 
90 

108 

126 
144 
162 
180 

18 
36 

54 
72 
90 

108 

126 
144 
162 
180 

198 
216 
234 

18 
72 
90 

108 
126 
144 
162 
180 

198 
216 
234 

Plutonium-238 Thoriumb 
(pCifg) (pCi/g) 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

Cobalt-60 
(pCi/g) 

LDL 
38 
22 

3.3 
LDL 
250 

6.0 
2.0 
3.0 
9.0 

15 
26 
15 
26 

23 
5.0 
6.0 

LDL 
1.3 

LDL 
1.1 

LDL 
1.3 

0.6 
5.0 

10 
14 
4.0 

13 
4.0 

LDL 
LDL 
LDL 
LDL 

Cesium-137 
(pCi/g) 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

Radium-226 
(pCifg) 

0.6 
0.5 
0.5 
0.6 
0.6 
0.5 
0.4 
0.5 
0.5 
0.6 

0.4 
0.7 
0.5 
0.8 
0.5 
0.4 
0.5 
0.5 
0.5 
0.5 
0.6 
0.5 
0.7 

0.5 
0.4 
0.4 
0.7 
0.7 
0.4 

0.6 
0.6 
0.4 

0.3 
0.4 

• 
Americium-241 

(pCi/g) 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
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Plate 1 

Location a 

C0063 

S0375 

S0373 

Coordinates 

South West 

1850 3370 

1825 3300 

1810 3350 

MRCID 

No. Mo-Yr 

10373 09-85 

10374 09-85 

10375 09-85 

10377 09-85 

10378 09-85 

10379 09-85 

10380 09-85 

10381 09-85 

3079 10-83 

9830 08-84 

• 
Table 111.3. (page 2 of 2) 

Depth Plutonium·238 Thoriumb 

(inch) (pCi/g) (pCifg) 

18 NR NR 

36 NR NR 

54 NR NR 

90 NR NR 

108 NR NR 

126 NR NR 

144 NR NR 

162 NR NR 

0 0.35 b 

0 NR NR 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

• 
Cobalt-60 Cesium·137 Radium·226 Americium-241 

(pCi/g) (pCi/g) (pCi/g) (pCifg) 

LDL LDL 0.6 LDL 

LDL LDL 0.4 LDL 

LDL LDL 0.6 LDL 

LDL LDL 0.5 LDL 

LDL LDL 0.4 LDL 

1.1 LDL 0.5 LDL 

LDL LDL 0.4 LDL 

LDL LDL 0.5 LDL 

1.0 1.6 0.8 LDL 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

MAC ID - Monsanto Research Corporation identification 

NR- No result given 

pCifg - picocuries per gram 

pCifmL- picocuries per milliliter 
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in a 100-ft by 40-ft trench. The trench may also contain a polonium-contaminated washing machine . 

Polonium has a half-life of 138.4 days, and is no longer present due to radioactive decay. 

No surface soil samples were collected during the Site Survey Project, and only one core location was 

sampled in Area 6, location C0003 (Plate 1; Table 111.4). No results were given for plutonium-238 or 

thorium for the samples collected from this core location. Gamma spectroscopy results were given, 

with radium-226 being the only radionuclide detected above the LDLs and with all measurements 

below 1 pCi/g. 

Area 6 may have been covered with up to 30 ft of fill when the parking lot was built. The core 

location sampled during the Site Survey Project was only sampled to 1 80 inches, or 1 5 ft. Because 

the boring log for location 0003 is not available, it is not known if drilling was stopped because 

bedrock was reached or if any signs of the original trench were observed during the sampling. The 

location of the buried drums may be indicated by the magnetic anomaly depicted in the Preliminary 

Results of Reconnaissance Magnetic Survey (DOE 1990). 

3.6. AREA 7 

Area 7 is a large area located in the upper valley at Mound Plant, in the area of Buildings 29, 51, 66, 

and 98 (Plate 1 ). This area was once a steep ravine (part of the plant drainage ditch) that has a long 

history of debris disposal and infilling, including the disposal of approximately 2,500 empty thorium 

drums ( 1 955-1 966) some of which may have been removed and placed in Area 2; a 

polonium-contaminated washing machine (date unknown); a thorium-contaminated flat bed truck 

(mid-1960s); and soil containing actinium-227, radium-226, and thorium-228 from the SW Building, 

which was placed in an old septic tank behind Building 29. When a parking lot was built in this area, 

up to 40 ft of fill was used to level the ravine, except where the septic tank was located. The extent 

of Area 7 shown on Plate 1 is based on an interpretation of the site survey data made in the 

preparation of this report, and is similar to the area depicted in the original Site Survey Project Report. 

In the mid-1960s, materials contaminated with polonium-21 0 were also buried on the side of the ravine 

(Figure 3.1 ). An exhaust system from the remodeling ofT Building and a large stainless steel washing 

machine were among the items. Smaller items contaminated with polonium-21 0 may also have been 

buried (Garner 1991 ). Additional discussions of Area 7 are provided in subsections 5.5 and 7 .2. 

The samples from Area 7 were analyzed mainly for plutonium-238 and thorium. The maximum 

plutonium-238 concentration detected was 7.40 pCi/g in the surface sample from location S0286 

(Table 111.5). The maximum total thorium concentration detected, 20.52 pCi/g, was found in the 

surface sample collected from location S0298 (Table 111.5). Other radionuclides detected in Area 7 

included radium-226, cesium-137, and tritium. Maximum concentrations detected were 2 pCi/g, 1.2 

ER Program, Mound Plant 
Revision 2 
MOUN>9\M9SSD12.WP3 3/31/93 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
March 1993 

Polonium Processing Areas 
Page 3-13 



3: :II m g Ill :II 
z s. "'0 

~ S· o 
ii:::::ICC 
~~m 
Cl) 3 
~ . 
~ 3: 
:IE 0 ... c 
"' ii 

::!! 
m :a 

0 
c 
~ 
(I) 

;· 
(I) 
() 

.g 
0~· 
~ :II 
Ill Ill 
3"0 
r:ro 
!!l~ 
..... < 
Ul2. 
Ul' 
~w 

I 
:II 

!. 
(I) 
;::;' 
Ill 
(I) 
c 

j 

"'0 
0 
0 
2. 
c 
3 
"'0 
0 
() 
Ill 
Ill 

"'0 !!!. m ::I 
ecce 
Ill> 
w~ 
' Ill ..... m ,..., 

• • • 
Table 111.4. Mound Site Survey Project- Area 6 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-&> Cesium-137 Radium-226 Americium-241 

Location
8 

South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCijmL) (pCijg) (pCi/g) (pCI/g) (pCI/g) 

C0003 1420 2180 10665 10-85 18 NR NR LDL LDL 0.4 LDL 

10666 10-85 36 NR NR LDL LDL 0.6 LDL 

10667 10-85 54 NR NR LDL LDL 0.7 LDL 

10668 10-85 72 NR NR LDL LDL 0.7 LDL 

10669 10-85 90 NR NR LDL LDL 0.8 LDL 

10670 10-85 108 NR NR LDL LDL 0.9 LDL 

10671 10-85 126 NR NR LDL LDL 0.7 LDL 

10672 10-85 144 NR NR LDL LDL 0.5 LDL 

10673 10-85 162 NR NR LDL LDL 0.4 LDL 

10674 10-85 180 NR NR LDL LDL 0.5 LDL 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCijg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCijg for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

MRC ID- Monsanto Research Corporation identification 

NR- No result given 

pCi/g - picocuries per gram 

pCijmL- picocuries per milliliter 
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l: ::D m Table 111.5. Mound Site Survey Project- Area 7 
0 CD ::D 
~ s. "'D 

Thoriumb g !e. 0 Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt~ Cesium-137 Ra.dlum-226 Americium-241 
~:g~ 
~_.Q) Location

8 
South West No. Mo-Yr (inch) (pCifg) (pCi/g) (pCi/ml) (pCi/g) (pCI/g) (pCI/g) (pCi/g) 

(II 3 
g -
"' ~ 
~ 0 

"' 
c:: cooo8 1885 2030 10611 09-85 18 NR NR LDL LDL 0.5 LDL :I 
Q. 10612 09-85 36 NR NR LDL LDL 0.6 LDL 

~ 

"' ::!! 10613 09-85 54 NR NR LDL LDL 0.7 LDL !!' Ill 
<D a 10614 09-85 72 NR NR LDL 1.2 0.7 LDL "' 10615 09-85 90 NR NR LDL LDL 0.9 LDL 

10616 09-85 108 NR NR LDL LDL 0.5 LDL 
10617 09-85 126 NR NR LDL LDL 1.0 LDL 
(MRC ID 10617 also contained 50 pCifg of Actinium-227.) 

0 
10618 09-85 144 NR NR LDL LDL 1.0 LDL 

c: (MRC ID 10618 also contained 1,400 pCi/g of Actinium-227.) 

~ 10619 09-85 162 NR NR LDL LDL 0.9 LDL 

~ 10620 09-85 180 NR NR LDL LDL 0.5 LDL 
lD 10621 09-85 198 NR NR LDL LDL 1.0 LDL 
(/) (MRC ID 10621 also contained 300 pCifg of Actinium-227.) 
() 

10622 09-85 216 NR NR LDL LDL 0.7 LDL 0 
'tl (MRC ID 10622 also contained 10 pCifg of Actinium-227.) 5' occ 

CD ::D 
C0009 1885 2040 10713 09-85 0 NR NR LDL LDL 0.5 LDL () CD 

CD'tl 
10714 09-85 18 NR NR LDL LDL 0.7 LDL 3 0 

c::r~ 
CD • 10715 09-85 36 NR NR LDL LDL 2.0 LDL 
:.< 10716 09-85 48 NR NR LDL LDL 0.7 LDL 
co2. 10717 09-85 72 NR NR LDL LDL 0.6 LDL co· 
i')W (MRC ID 10717 also contained 30 pCifg of Actinium-227.) 

I 10718 09-85 90 NR NR LDL LDL 1.2 LDL ::D 
Ill (MRC ID 10718 also contained 200 pCifg of Actinium-227.) Q. 

(/) 10719 09-85 108 NR NR LDL LDL 1.5 LDL 
::.· 10720 09-85 126 NR NR LDL LDL 0.8 LDL CD 
(/) (MRC ID 10720 also contained 20 pCi/g of Actinium-227.) 
c:: 10721 09-85 144No results given. ~ 
CD 10722 09-85 156 NR NR LDL LDL 0.7 LDL < 

10723 09-85 180No results given. 
10724 09-85 198 NR NR LDL LDL 0.8 LDL 

"'D 

~ 8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

~· bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

~ 1'he data received from Mound Plant listed the depth of this sample as 81 inches. The numbers were probably reversed, and the true depth is 18 inches. 

g dThese gamma spectrometry results could not be confirmed because they were not given in the printout included at the end of Appendix F. 

: FIDLER - field instrument for the detection of low-energy radiation 
"'D !!!. 
:: ,5 LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCifg for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

CD 
w ~ MRC ID - Monsanto Research Corporation identification 
' CD 
(;; !Jl NR - No result given 

pCifg - picocuries per gram 

pCifmL- picocuries per milliliter 
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o <11 XI 
~ :s. "0 
0"' ... 
CD -· 0 
i:g~ 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-00 Cesium-137 Radium-226 Americium-241 g;...am 
"' 3 Location8 :! - South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/ml) (pCijg) (pCi/g) (pCi/g) (pCI/g) 
"' :!': ~ 0 ... r:: 
"' :;, 

Q. C0014 2025 2300 1701 05-83 18 0.31 b 
J! 1702 05-83 36 0.02 2.07 
Ill 
:;, 1703 05-83 54 0.02 2.18 .... 

1704 05-83 72 0.03 b 
1705 05-83 90 0.87 b 
1706 05-83 108 0.27 b 
1707 05-83 126 0.50 b 

0 1708 05-83 144 0.76 b 
c 1709 05-83 162 0.23 2.74 

!-" 1710 05-83 180 0.18 b 
(I) 1711 05-83 198 0.45 2.48 ... 

1712 05-83 216 0.29 b <II 
(I) 
() 
0 C0020 2075 2315 5980 07-84 0 3.10 2.55 LDL LDL 0.8 LDL "0 
:r 1713 05-83 18 0.08 b CID 

<II XI 1714 05-83 36 0.01 b () <II 
<11"0 1715 05-83 54 0.06 b 3 0 
cr:::~. 
<II - 1716 05-83 72 0.17 b 
... < 1717 05-83 108 0.29 b .... 0 
CD-

1718 05-83 126 0.12 b CD" ...,w 
1719 05-83 144 0.08 b I 

XI 1720 05-83 162 0.11 b Ill 
Q. 

1721 05-83 180 0.37 b (I) 
::::. 1722 05-83 198 0.07 b <II 
(I) 1723 05-83 216 0.10 b 
r:: 
< <II 

C0015 2025 2315 1833 05-38 18 0.11 3.53 LDL LDL 0.8 LDL < 
1834 05-83 36 0.11 b 
1835 05-83 54 0.10 b 
1836 05-83 72 0.22 b LDL LDL 0.8 LDL 

"0 1837 05-83 
0 

90 0.10 b 
0 1838 05-83 108 0.08 b 
:;, c:· 1839 05-83 126 0.09 b 
3 1840 05-83 144 0.09 b 
"0 

b 0 1841 05-83 162 0.07 
() 

1842 05-83 180 0.07 b <II 

"' "0 !!!. 1843 05-83 198 0.19 2.41 
Ill :;, 
~10 1844 05-83 216 0.34 b 
w> 1845 05-83 234 0.37 4.84 .!.; 
cnlll 1846 05-83 240 0.25 b 
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Table 111.5. (page 3 of 5) 
0 a> ::D 
~ s., 

Thoriumb !!. a Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt-60 Cesium-137 Radium-226 Americlum-241 
ig~ 

Location a South West No. Mo-Yr (inch) (pCijg) (pCI/g) (pCijml) (pCijg) (pCifg) (pCI/g) (pCI/g) g;_.t:D 
gj ~ 
;;; 

~ C0016 2050 2350 1750 05-83 81c 0.19 b 
~ 0 1751 05-83 36 0.02 b 
"' c: 

:I 1752 05-83 54 0.02 b 
~ 

Q. 

"' Jl 1753 05-83 72 O.Q1 b 
!!! Ill 

"' :I 1754 05-83 90 0.08 b "' .... 
1755 05-83 108 0.11 b 
1756 05-83 126 0.06 b 
1757 05-83 144 0.06 2.05 

1758 05-83 180 0.11 b 
0 1759 05-83 216 0.03 b c 
~ 1760 05-83 234 0.07 b 
en a 

C0019 en 20.25 .2290 18.23 05-83 18 0.54 .2.61 ., 
1824 05-83 36 0.29 b 0 , 

:r 1825 05-83 54 0.27 b CCI 
Go ::D 1826 05-83 90 0.52 b () CD .,, 

1827 05-83 108 0.10 b 3 0 
I:T~ a> .. 1828 05-83 126 0.06 b :< 
co2. 1829 05-83 144 0.14 b co· 
NW 1830 05-83 162 0.16 b 

I 
::D 1831 05-83 180 0.12 b 
!. 

1832 05-85 216 0.10 b en ::.· 
Go 

en C0021 2075 2340 5982 07-84 0 1.52 b c: 
1867 05-83 12 0.86 3.23 

~ 
< 1868 05-83 24 1.00 3.80 

1869 05-83 36 NR 18.00 
1870 05-83 48 0.20 6.94 
1871 05-83 60 0.08 b 
1872 05-83 72 0.1.2 b , 1873 05-83 84 0.03 b 

0 
0 1874 05-83 96 0.04 b 
2. 1875 05-83 108 0.02 b c: 
3 1876 05-83 120 0.04 b , 1877 05-83 132 0.11 b 
0 1878 05-83 144 0.13 b ., 
CD 1879 05-83 156 0.18 b 1/) 

~ 5· 1880 05-83 168 0.10 b 
<gc 1881 05-83 180 0.21 3.82 
w> 1882 05-83 192 0.09 b ..:,.0 1883 05-83 204 0.21 b .... d: 

1864 05-83 216 0.17 b 
1885 05-83 228 0.24 b 
1886 05-83 240 0.18 b 
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Table 111.5. (page 4 of 5) 
0 Cll ::2J 
~ ~- ., 

Thoriumb CD ~. 0 Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt~ Cesium-137 Radium-226 Americium-241 -ooc 
~ :l -. Location a South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/ml) (pCifg) (pCifg) (pCifg) (pCifg) cn_.ID 

"' 3 ~ . 
!" ~ ~ 0 C0024 2125 2200 1805 05-83 126 0.02 b ... c Col :;, 1806 05-83 144 0.01 b LDL LDL 0.8 LDL 

Q. 
1807 05-83 156 0.02 b LDL LDL 0.9 LDL ::!! 

Ill 
:;, 

C0025 2150 2290 1815 05-83 12 6.60 3.90 .. 
1816 05-83 36 0.30 4.02 LDL LDL 1.0 LDL 
1817 05-83 72 0.09 b 
1818 05-83 90 0.05 b 
1819 05-83 144 0.05 2.43 

0 
c C02 56 2100 2240 8385 11-84 18 0.03 2.79 
~ 
(I) 
;::;: C0032 2175 2340 1808 05-83 18 0.64 3.14 LDL LDL 1.0 LDL Cll 

(I) 1809 05-83 36 2.19 b 
() 

1810 05-83 54 0.62 b 0 
"0 

1811 05-83 90 0.08 b :r 
ooc 1812 05-83 144 0.05 b 
Cll ::2J 

1813 05-83 162 0.08 b () Cll 
Cli-o 

. 1814 05-83 180 0.03 b 3 0 
17~ 
Cll • 

:< 11)2. 
50274 1875 1985 5971 07-84 0 0.01 b 

CD" 
~w 50275 1900 2135 5970 07-84 0 0.29 b 

I 
::2J 

50276d Ill 1925 2035 5973 07-84 0 1.27 b LDL LDL 1.5 LDL Q. 
(I) 
;:::;· 50278 2025 2010 5974 07-84 0 5.28 b LDL LDL 0.9 LDL Cll 
(I) 
c: 50280 2075 2060 5975 07-84 0 0.56 b < Cll 
< 

50281 2075 2110 5976 07-84 0 0.83 4.03 

50286 2025 2265 4091 10-83 0 7.40 b 5.23 

., 
50289 2050 2265 5983 07-84 0 0.64 b 0 

0 5978 07-84 0 2.72 b :;, c:· 
3 50290 2050 2290 6753 08-84 0 1.21 b ., 
0 

50293 2075 2265 5979 07-84 0 0.66 b () 
Cll ., 

~ 5· 50295 2075 2390 4090 10-83 0 0.64 b 
cgoc 
w> 50298 2085 2315 6758 08-84 0 3.01 20.52 .=,.; 
CXJ5l 

50299 2085 2355 6755 08-84 0 0.41 b LDL LDL 1.2 LDL 
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Plate 1 Coordinates MRCID 

Location8 South West No. 

80300 2085 2365 6757 

80302 2125 2110 6512 

80303 2125 2160 2818 

80316 2125 2365 4100 

80318 2175 2365 5990 

80319 2210 2315 6852 

80320 2210 2375 6850 

80321 2225 2265 4099 

80322 2225 2465 5989 

80323 2225 2540 5988 

80325 2275 2490 6849 

80362 1835 2005 6227 

• • 
Table 111.5. (page 5 of 5) 

Depth Plutonium-238 Thoriumb Tritium Cobalt .SO Cesium-137 Radium-226 Americium-241 

Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mL) (pCi/g) (pCi/g) (pCi/g) (pCifg) 

08-84 0 0.38 4.48 

08-84 0 4.13 b 

10-83 0 0.75 b 

10-83 0 0.98 b 0.69 LDL LDL 0.8 LDL 

08-84 0 0.72 b 

08-84 0 1.17 b 

08-84 0 6.81 6.73 

10-83 0 0.61 b 

08-84 0 0.78 b 

08-84 0 0.45 3.64 

08-84 0 1.73 b 

08-84 0 0.25 b 
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pCi/g, and 5.23 nCi/1, respectively. Seven coreholes and four surface samples (C0098, C0009, 

C0020, C0015, C0024, C0025, C0032 and S027S, S0278, S0299 and S031S, respectively; Table 

111.5) were analyzed for cobalt-SO. All analyses indicate that nothing above the LDL was encountered. 

The core locations in Area 7 were drilled and sampled to maximum depths of 9S to 234 inches 

(8 to 19.5 ft). Mound Plant drawing #FSE1S472, reproduced in the Site Scoping Report: Volume 2 

Addendum (DOE 1992f) indicates the depth to bedrock in this area is 9 to 15 ft at the north end of 

the area, and to S5 ft at the southern end near Building 51 . Because a boring log is available for only 

one of the Area 7 locations, it is not known if bedrock was encountered during the drilling; however, 

it appears that the majority of the core sampling did not penetrate fill and reach the original disposal 

area. 

3.7. AREA 10 

Area 10 is located on the slope of the SM/PP Hill, adjacent to Area 12 (Plate 1 ). Area 10 contains 

concrete and debris contaminated with polonium-21 0 from the 1949 and 1950 demolition of the old 

Dayton operations (DOE 1992g). The debris was covered over with a layer of dirt. With a half-life of 

138.4 days, the polonium-21 0 is no longer present due to radioactive decay. The actual size of the 

area affected by the debris disposal is unknown so the area depicted on Plate 1 should be viewed as 

schematic. 

One surface sample was collected in Area 1 0 during the Site Survey Project, sample SOS04 (Plate 1; 

Table III.S). This sample contained 11.8 pCi/g of plutonium-238, and less than 2 pCi/g of thorium. 

It is not known where this sample was collected in relation to the debris. No analyses are known for 

gamma spectroscopy that would have detected cobalt-SO or perhaps bismuth-207. 

Because of its location on the slope of the SM/PP Hill, Area 1 0 is in a position to receive surface water 

runoff from areas upgradient, such as the adjacent Area 12. Since there are no other known 

contaminants associated with the concrete, it is believed that the plutonium-238 detected in the 

surface sample is the result of deposition from surface water runoff. The original Site Survey Project 

Report notes that more recent D&D Program core sampling in Area 1 0 indicated one sample with a 

plutonium-238 concentration between 1 0 and 99 pCi/g. 

3.8. AREA 13 

Area 13 is located near Building 49 in the valley between the Main and SM/PP Hills at Mound Plant. 

In 1950, wood contaminated with polonium-21 0 from the demolition of the Dayton operations was 

stored in this area along with equipment stored in tents. The wood, tents and other debris was burned 

in Area 13 in 1955 (DOE 1992g). Metal and other residual materials that survived the fire were 

subsequently buried in the historic landfill (Area 2). With a half-life of 138.4 days, the polonium-21 0 
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Table 111.6 . Mound Site Survey Project - Area 1 0 

Plate 1 Coordinates MRCID Depth Plutoniurn-238 Thoriumb 

Location• South ~ J!2..:... M2::!l linch! ~ ~ 

S0603 2750 2415 6784 08-84 0 0.69 b 

S0604 2750 2465 1319 08-84 0 11.80 b 

•Map locations are given using a wcw to designate core locations and an wsw to designate surface locations. 
bA wbw indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER 
screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 
MRC ID - Monsanto Research Corporation Identification 
pCi/g - picocuries per gram 
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is no longer present due to radioactive decay. The exact location of Area 13 is not exactly known . 

The locations depicted on Plate 1 indicate the general locations and display the different variations 

published in various documents. The map of Hot Waste Burial Sites, reproduced in the Site Scoping 

Report: Volume 7 - Waste Management (DOE 1992g) depicted Area 13 to the far east of Building 49. 

The Site Survey Project Report (Stought et al. 1988) depicted Area 13 slightly farther west and 

overlapping Building 49. Evaluation of the historic relationships of the Quonset hut and other historic 

buildings in the area indicate the actual location was even farther west as shown by the dashed square 

on Plate 1. The Quonset hut was also moved from the Dayton units to the lower part of the plant 

valley and is described in the companion reactor waste decontamination subsection 9.3 of this report. 

Two surface samples were taken in or near the reported location of Area 13 during the Site Survey 

Project. These locations are S0670 and S0671 (Plate 1; Table Ill. 7). Plutonium-238 was detected at 

0.34 and 5.74 pCi/g, respectively (Table 111.7). No thorium was detected above 2 pCi/g in these 

samples. Area 13, like Area 1 0, is in a position to receive surface water runoff from areas upgradient 

on the SM/PP Hill, including Area 12, which contains plutonium contamination (subsection 3.1.12). 

It is believed that the plutonium present in the samples taken in Area 13 may be the result of surface 

water runoff and not the result of the polonium-contaminated wood placed in the area. No analyses 

for gamma spectroscopy are known for Area 13 . 

3.9. AREA 20 

Area 20 is located on the southern slope of the Main Hill, just west of the HH Building (Plate 1 ). In 

the 1950s, an underground radioactive waste line in this area is reported to have ruptured, releasing 

polonium-21 0 and cobalt-60 to the soils in the area. At least two separate incidents are known (DOE 

1992c). The aerial survey conducted in 1976 indicated gamma exposure levels of 4.5 to 7.5 pR/hr 

in Area 20 (EG&G 1978). During construction activities in 1985, radioactively contaminated soils from 

Area 20 were reportedly excavated and moved to Area 22. The old wasteline remains in place today. 

Table 111.8 presents the results of the Site Survey Project sampling in Area 20. The sampling locations 

are shown in Plate 1 . No plutonium-238 or thorium results were given for the core locations sampled. 

Cesium-137 was detected at 1 pCi/g in the surface sample collected from core location 0070 (C0070 

on Table 111.8). Radium-226 was the only other radionuclide detected in the samples collected from 

the other core locations. 

The samples from the surface locations in Area 20 were analyzed for plutonium-238 and thorium. The 

maximum concentrations detected were 1.9 and 4.02 pCi/g for plutonium-238 and thorium, 

respectively. Both of these concentrations were detected in samples collected from surface location 

0406 (S0406, Table 111.8). 
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Table Ill. 7 . Mound Site Survey Project - Area 13 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb 

Location• South West Ji.2._ Mo-Yr linch) m9Lgl m9Lgl 

S0670 2705 3175 4029 10-83 0 0.34 b 

S0671 2725 3075 4118 10-83 0 5.74 b 

S0672 2725 3300 4027 10-83 0 0.43 b 

S0673 2775 3275 4043 10-83 0 0.08 b 

S0674 2775 3375 4028 10-83 0 0.54 b 

•Map locations are given using e =c= to designate core locations and an wsw to designate surface locations. 
bA wbw indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER 
screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 
MRC ID - Monsanto Research Corporation Identification 
pCi/g - picocuries per gram 
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Table 111.8. Mound Site Survey Project- Area 20 
0 Cl> ::0 
~ s., Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Cobalt-60 Cesium-137 Radium-226 Americium-241 <0 ~. 0 
~g~ Location a South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) ~....A CD 
CJ) 3 
~ . 
"' ~ C0069 ~ 0 2235 3320 10804 09-85 0 NR NR LDL LDL 0.5 LDL .. c 10805 09-85 18 NR NR LDL LDL 0.4 LDL "' ::::1 

Q. 10806 09-85 36 NR NR LDL LDL 0.4 LDL ~ 

~ J! 10807 09-85 54 NR NR LDL LDL 0.6 LDL II> 

"' ::::1 10808 09-85 72 NR NR LDL LDL 0.4 LDL "' .... 
10809 09-85 90 NR NR LDL LDL 0.8 LDL 
10910 09-85 108 NR NR LDL LDL 0.6 LDL 
10911 09-85 126 NR NR LDL LDL 0.6 LDL 
10812 09-85 144 NR NR LDL LDL 0.5 LDL 

0 C0070 2240 c 3300 10792 09-85 0 NR NR LDL 1.0 0.7 LDL 
~ 10794 09-85 36 NR NR LDL LDL 0.2 LDL 
(I) 10796 09-85 72 NR NR LDL LDL 0.9 LDL ;::;· 10798 09-85 108 NR NR LDL LDL 0.5 LDL Cl> 
(I) 10799 09-85 126 NR NR LDL LDL 0.7 LDL () 

10800 09-85 144 NR NR LDL LDL 0.6 LDL 0 
"C 10801 09-85 162 NR NR LDL LDL 0.5 LDL :;-

OIC 10802 09-85 180 NR NR LDL LDL 0.2 LDL Cl> ::0 
() Cl> 
a> -a 

C0071 2245 3280 10781 09-85 0 NR NR LDL LDL 3 0 0.5 LDL tr::l 10782 09-85 18 NR NR LDL LDL 0.2 LDL Cl> • 

:< 10783 09-85 36 NR NR LDL LDL 0.2 LDL co2. 10786 09-85 90 NR NR LDL LDL 0.5 LDL co· ....,w 10787 09-85 108 NR NR LDL LDL 0.2 LDL I 10788 09-85 126 NR NR LDL LDL 0.6 LDL ::0 
!. 10789 09-85 144 NR NR LDL LDL 0.2 LDL 
(I) 10790 . 09·85 162 NR NR LDL LDL 0.6 LDL ;::;· 10789 09-85 180 NR NR LDL LDL 0.9 LDL Cl> 
(I) 
c C0072 2250 3260 10675 09-85 < 18 NR NR LDL LDL 0.4 LDL 
Cl> 10676 09-85 36 NR NR LDL LDL 0.5 LDL < 

10677 09·85 54 NR NR LDL NR 0.6 LDL 
10678 09-85 72 NR NR LDL LDL 0.4 LDL 
10679 09-85 90 NR NR LDL LDL 0.3 LDL 
10680 09-85 108 NR NR LDL LDL 0.4 LDL , 10681 09-85 126 NR NR LDL LDL 0.5 LDL 0 

0 10682 09-85 144 NR NR LDL LDL 0.6 LDL 
:I 10683 09-85 162 NR NR LDL LDL 0.2 LDL c:· 
3 , C0073 2260 3240 10770 09-85 0 NR NR LDL LDL 0.5 LDL .. 
0 10772 09-85 36 NR NR LDL LDL 0.2 LDL () 
Cl> 10775 09-85 90 NR NR LDL LDL 0.7 LDL CJ) 

, !!!. 10777 09-85 126 NR NR LDL LDL 0.6 LDL II> ::::1 cgcc 10778 09-85 144 NR NR LDL LDL 0.6 LDL 
w> 10779 09·85 162 NR NR LDL LDL 0.2 LDL t!,C 
~5: 
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• 
Plate 1 

Location
8 

C0074 

S0406 

S0407 

S0408 

S0409 

S0410 

Coordinates 

South West 

2270 3210 

2200 3225 

2210 3160 

2235 3255 

2255 3235 

2260 3200 

MRCID 

No. Mo-Yr 

10762 09-85 
10763 09-85 
10764 09-85 
10765 09-85 
10766 09-85 
10767 09-85 
10768 09-85 
10769 09-85 

2873 10-83 

2872 10-83 

2913 10-83 

2914 10-83 

5867 07-84 

• 
Table 111.8. (page 2 of 2) 

Depth Plutonium-238 Thoriumb 

(inch) (pCifg) (pCifg) 

0 NR NR 
18 NR NR 
36 NR NR 
54 NR NR 
72 NR NR 
90 NR NR 

108 NR NR 
126 NR NR 

0 1.90 4.02 

0 0.13 b 

0 NR b 

0 1.46 b 

0 0.48 b 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

• 
Cobalt-60 Cesium-137 Radium-226 Americium-241 

(pCi/g) (pCifg) (pCi/g) (pCi/g) 

LDL LDL 0.50 LDL 
LDL LDL 0.40 LDL 
LDL LDL 0.50 LDL 
LDL LDL 0.50 LDL 
LDL LDL 0.50 LDL 
LDL LDL 0.60 LDL 
LDL LDL 0.60 LDL 
LDL LDL 0.70 LDL 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCifg for cobalt-60, cesium-137, and americium-241; and 1 pCifg for radium-226. 

MRC ID - Monsanto Research Corporation identification 

NR - No result given 

pCifg - picocuries per gram 

pCi/mL- picocuries per milliliter 
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The presentation of the Site Survey Project data for Area 20 made in this report does not agree with 

~he presentation of data in the original Site Survey Report. The differences lie mainly in the reporting 

of the cesium-137 and cobalt-60 results. In the original report, cesium concentrations less or equal 

to the LDL of 0.5 pCi/g were reported as between 0.1 and 1.0 pCi/g. Cobalt concentrations less than 

the LDL of 0.5 pCi/g were reported as between 0.01 and 0.1 pCi/g (Table 111.8). 

The depth to bedrock in Area 20 is approximately 324 inches (27 ft) (Mound Plant drawing 

#FSE16472) (DOE 1992f). The maximum depth of the Site Survey Project boreholes was 180 inches, 

or 1 5 ft. Because boring logs are not available, it is not known if bedrock was reached during 

sampling. 

The original Site Survey Project noted that more recent construction data for Area 20 indicated the 

presence of significant contamination (Garner 1985), as follows: 

800 pCi/g of cobalt-60, 

200 pCi/g of cesium-137, 

400 pCi/g of bismuth-21Om, and 

70 pCi/g of bismuth-207. 

This contamination was discovered during routine health physics screening of soil being excavated for 

sewer work in Area 20. It was reportedly removed to Area 22 during the sewer work. Area 22 is 

described in the companion General Use Areas section of this report. Other than cobalt-60, the original 

of these isotopes in Area 20 is not known for certain. Cesium-137 was probably associated with the 

processing of reactor wastes, as described in section 9 of this report. However, no connection 

between the HH Building and the reactor waste decontamination experiments was discovered during 

the research for this report. 

Bismuth-21Om and bismuth-207 were undoubtedly associated with the bismuth processing conducted 

to produce polonium-210, but up to that time were not recognized. Bismuth-210m is a long-lived 

metastable isotope with a half-life of nearly 3 million years. In addition to gamma radiation, it decays 

through alpha emission to thallium-206, which in turn decays over a very short half-life (4.3 minutes) 

to stable lead-206. Thallium-206 is generally known as a descendent in the uranium-238 decay chain. 

The origin of bismuth-207 is more speculative. It is, however, known to be produced by alpha particle 

bombardment of bismuth-209 to produce astatine-211, which decays over a very short half-life (7 .2 

hours) by alpha particle emission to bismuth-207. Bismuth-207 decays over a 30-year half-life by 

electron capture to lead-207 metastable (lead-207m). Lead-207m decays to stable lead-207 by 
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gamma radiation over a 0.8-second half-life. It is entirely conceivable, but speculative, that some of 

the bismuth-209 destined for neutron bombardment actually absorbed an alpha particle during 

irradiation in the nuclear reactor. Alpha particles could have been present from polonium-21 0, for 

instance. Based on their identification in Area 20, both bismuth-21Om and bismuth-207 should be 

considered potential contaminants in areas affected by cobalt-SO. 

3.10. LOCATIONS WITH ELEVATED COBALT-60 

Cobalt-SO is a radionuclide produced as a by-product of polonium production. In the production of 

polonium-21 0, bismuth metal was the prime target, but it was jacketed in an aluminum can because 

the bismuth was so brittle. The irradiation of trace quantities of nickel in the aluminum cans produced 

cobalt-SO. Details of the process are described in the Site Scoping Report: Volume 7 - Waste 

Management (DOE 1992g). 

Only one isolated occurrence o.f cobalt-SO was documented during the Site Survey Project. The sample 

taken at surface location S0175, located on the western edge of the Main Hill, contained 82 pCi/g of 

cobalt-SO (Plate 1; Table III.S). This sample also contained 10 pCi/g of cesium-137. Few samples 

were taken in this area, so it is not known if there are other locations of elevated cobalt-SO. The 

source of the potential contamination at surface location S0175 is not currently known. Cobalt-SO 

may be present at other locations at Mound Plant associated with processing of polonium wastes, 

particularly the handling of the decanning solutions. The decanning solutions were handled in HH 

Building and moved to the old explosives bunker for storage before shipment offsite for disposal 

(DOE 1992g). The old explosives bunker, also known as the radium shack, is now known as Area 21 

and is described in the companion radium/actinium section of this report. Bismuth-21Om and 

bismuth-207 may be associated with cobalt-SO, as noted above. These two isotopes were not 

formerly recognized as contaminants from the processing of polonium-21 0, but their occurrence within 

Area 20 suggests that they may be associated with cobalt-SO. Cobalt-SO, bismuth-21Om, and 

bismuth-207 are typically analyzed by gamma spectroscopy and can be identified by that method . 
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4. PLUTONIUM PROCESSING AREAS 

This section provides general descriptions of the scale and periods of operation of the plutonium 

program at Mound Plant. Summaries are provided of the areas where process and TSD activities took 

place and whether environmental radiological data, through the Site Survey Project, are available. 

Additional information on the generation, treatment, storage and disposal activities is provided in 

Volume 7- Waste Management (DOE 1992g). The subsections that follow provide details on individual 

areas. 

4. 1. PROGRAM SUMMARY 

Research and development activities involving plutonium began at Mound Plant in the mid-1950s. 

These activities included materials research; the development of processes for the production of heat 

source materials to replace polonium-21 0; the development of neutron sources; the development of 

metallurgical and fabrication technology that would ensure the containment and stability of heat source 

materials in RTGs; and the development of plutonium-238 recovery processes. Plutonium-239 was 

used by Mound Plant from the mid-1950s to early 1 960s in the production of neutron sources. 

Plutonium-238 was used by Mound Plant in large quantities in production operations from 1 960 to 

1979. D&D activities at the facilities continue to the present . 

Research, development and production of RTGs was by far the largest plutonium project conducted 

at Mound Plant. Plutonium-238 was supplied to Mound Plant by the Savannah River Plant in the form 

of plutonium oxalate, nitrate solutions, and oxides. A typical isotopic composition of Mound -Plant's 

plutonium-238 is shown in Table IV .1. In addition to the isotopes of plutonium, plutonium-238 

processed at Mound Plant contained trace amounts of americium-241, neptunium-239, and uranium-

234. 

Process areas included Rand SM Buildings and Building 38 (Figure 4.1 ). Work began in the R Building 

with the first production of plutonium metal in 1960. In 1960, the ·sM Building was constructed to 

house plutonium production, plutonium recovery, process waste treatment facilities, research and 

development, and analytical laboratory support services (Flanagan 1976). This building processed 

plutonium-238 to produce plutonium metal and oxides used in the fabrication of neutron sources and 

RTG systems (MRC 1974). In 1966 and 1967, Building 38, also known as the PP Building, was 

constructed to replace the plutonium-238 production operations in the SM Building. Subsequent D&D 

of the SM Building was partially completed in 1974, but currently continues. 

The essential process areas involved with the plutonium-238 program were included in the work 

performed by the Site Survey Project. The SM Building and Building 38 served as the central 

production areas. The area under and surrounding the SM Building is known as Area 17. 
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Table IV.1 . Isotopic Composition (Typical of Mound Plant Plutonium-238) 

Isotope Principal Decay Mode Ha~f-Life !years) Weight 1%) 

Plutonium-236 Alpha 2.85 0.0001 

Plutonium-2388 Alpha 87.74 80.0 

Plutonium-239 Alpha 24,082 16.5 

Plutonium-240 Alpha 6,537 2.7 

Plutonium-241 Beta 14.35 0.7 

Plutonium-242 Alpha 3.87 X 105 0.1 

Uranium-234b Alpha 2.47 X 105 -0.19 

Neptunium-237 Alpha 2.14x106 0.03 

Americium-241 c Alpha 458 0.05 

Protactinium-231 ·Alpha 3.25 X 104 <0.01 

Thorium-232 Alpha 1.41 X 1010 <0.01 

Uranium-232 Alpha 72 <0.01 

Uranium-235 Alpha 7.1 X 108 <0.01 

Uranium-236 Alpha 2.39 X 107 <0.01 

Actinium-227 Beta 21.6 <0.01 

Reference: Rogers 1975, U.S. Department of Education and Welfare 
8 Piutonium-238 also produces low-energy K and L x-rays as it decays to uranium-234. The field 
instrument from the detection of low-energy radiation (FIDLER) and Phoswich,. systems detect 
these radiations. 

bUranium-234 increases with decay of plutonium-238. 
cAmericium-241 increases with decay of plutonium-241 . 
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Production, analytical services and decontamination activities generated low and high risk solid and 

liquid wastes, and liquid and solid wastes containing plutonium above the economic discard limit. 

Treatment of high and low risk wastewater was conducted in SM, WDA and WS Buildings. 

From 1961 to 1967, all low- and high-risk process wastewater and waste containing plutonium-238 

in excess of the economic discard limit was treated in the SM waste disposal facility, processed for 

plutonium-238 recovery, or drummed and stored in the SM drum storage area for future plutonium 

recovery. The SM waste disposal facility discharged the treated effluent and influent tank overflow 

through the storm sewer system to the plant drainage ditch. Spills and upsets in the SM waste 

treatment facility resulted in the SM Building septic tank, and subsequently the associated leach field, 

known as Area 16, receiving wastewater contaminated with plutonium-238. In 1963 or 1964, the 

SM Building septic tank was taken out of service and sanitary wastes were sent to the sanitary waste 

treatment plant. An acid leach field associated with Building 38 is known as Area D. 

In 1967, a WTS was installed between the SM Building and a newly constructed addition to the WD 

Building and became known as the WDA facility. Low- and high-risk waste was transferred to the 

WDA facility via dual underground, saran-lined steel pipes. The pipes were buried up to depths of 

20 ft. The WTS transferred the wastes by gravity from the SM/PP Building complex to a lift station 

located in Building 41 in the plant valley. From Building 41 , the wastes were pumped up to the WDA 

treatment facility. Low-risk wastewater was treated in WDA until 1970. Overflow of the influent 

tanks is documented (DOE 1992b). Treated wastewater was released to the plant drainage ditch. 

Since the polonium program was phased out in 1970, the WD facility was utilized for treatment of low

risk plutonium wastewater released to the Great Miami river through a closed pipeline. The outfall is 

regulated under the National Pollution Discharge Elimination System. The low-risk waste lines were 

taken out of service in 1976 and replaced with tanker trucks for material transfer. 

High-risk waste was transferred to WDA from 1967 until1974, when it was taken out of service when 

theWS facility was constructed at Building 38 for high-risk waste processing. In 1969, a leak of the 

high-risk, pressure-feed waste line between Building 41 and the WDA Building resulted in significant 

soil contamination. The gravity-feed part of the waste -line down from the SM/PP complex to 

Building 41 was removed in the mid-1980s. 

Areas involved with treatment of wastes from the plutonium-238 program were largely included in the 

work performed by the Site Survey Project. The WDA and WD Buildings are included in Areas 4 and 

4a described in subsection 3.3. The hillslope below WD Building where the WTS pressure waste line 

ruptured is known as Area 14. The former gravity feed segment of the WTS wasteline from the SM/PP 

complex to Building 41 is known as Area 19. The SM wastewater treatment facility was within the 

ER Program, Mound Plant 
Revision 3 
MOVN09/M9SS012.WP4 06/29/93 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
June 1993 

Plutonium Processing Areas 
Page 4-4 



• SM Building and is within Area 17. The sanitary and acid leach fields for SM Building and Building 38 

are known as Areas, 16 and 0, respectively. 

The areas along the storm sewers from SM Building and the plant drainage ditch were not included in 

the Site Survey Project. No analytical data is known for the storm sewer system. The plant drainage 

ditch was included in the 1974 survey of the Miami-Erie Canal (Rogers 1975). 

Storage areas used in the plutonium-238 program included open areas adjacent to SM Building and 

subsequent buildings constructed for protected storage. A significant element of the plutonium 

program at Mound Plant was the recovery of plutonium-238 from wastes and products not meeting 

specifications. Sludges from the wastewater treatment plant, solidified high-risk wastes, and 

recoverable materials wastes were stored in at least two different open storage areas west and south 

of the SM Building. Wastes in these drums and boxes contaminated the soil with plutonium-238. In 

1965, drums and wooden boxes were moved to a gravel pad storage area located near Building 21 

(McMannon 1963-1966). In April1966, containers containing recoverable materials were transferred 

to Building 31 . The gravel pad used through the late 1 960s for staging of wastes before offsite 

shipment. 

• The old Warehouses 14 and 15a were also used for storage or staging of plutonium-238 wastes for 

offsite shipment. Use of Warehouse 1 4 was abandoned for waste storage in 1 966 when Building 31 

was completed. It was subsequently used for contractor materials storage during the construction of 

Building 38 and was razed in the early 1970s, but the concrete pad was left in place. Warehouse 15a 

was used until 1 967 when Building 23 was completed as a general facility for staging of radioactive 

wastes waiting offsite shipment. 

• 

Storage facilities investigated in the Site Survey Project include the open drum storage area west of 

SM Building (Area 11 ) , and the gravel pad adjacent to Building 21 (Area 1 ) . The old Warehouse 15a 

is included in Area 7. The concrete floor of old Warehouse 14 is still in place and is now known as 

pad 14. Pad 14 is partially enclosed in Area 11. The open field area south of SM Building is now 

covered by Building 38. 

No waste materials from the plutonium-238 program were buried or disposed of onsite. However, soils 

with low-level plutonium-238 contamination do exist in many areas. Sediments dredged from the plant 

drainage ditch in the early 1970s were dumped in the historic landfill and subsequently incorporated 

into the Site Sanitary landfill when it was built in 1976. Additionally, as part of engineering and 

construction projects at Mound Plant, radiation surveys for plutonium-238 are conducted routinely. 

As a general practice, if no plutonium or thorium is detected by soil screening, soils are placed in the 
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Spoils Disposal Area, located in the southwestern central portion of the plant. If levels are higher, the 

soils must be packaged for offsite disposal. Prior to the construction of the Spoils Disposal Area in 

1985, a portion of the west slope of the SM/PP hillside was used for soil disposal. 

Investigations by the Site Survey Project included several plutonium-238 disposal areas. Portions of 

the soils in the cover of the Site Sanitary Landfill are known as Area 1 8. The Spoils Disposal Area was 

not specifically addressed, as it is an engineered structure in which administrative control is 

maintained. 

There are no known plutonium disposal areas that were not included in the Site Survey Project. 

4.1.1. Area 1 

Area 1 is located on the southwestern side of the SM/PP Hill (Plate 1 ). The area includes the general 

area that surrounds Building 21 , but extends eastward to include an old plutonium waste package 

storage area, known as the SM field area in Figure 4. 1 . The area around Building 21 was contaminated 

with thorium from fugitive dust emissions from the handling and loading of thorium sludges into the 

building in 1966. These activities and the resulting thorium contamination are described in section 5. 

• The eastward extension of Area 1 encompasses the open gravel pad area used for storage of 

recoverable plutonium waste packages in 1965 and 1966. Until the early 1 970s, the gravel pad was 

additionally used for the staging of plutonium waste packages waiting offsite shipment. Although the 

Site Survey Project Report (Stought et al. 1988) reported that the packages leaked in 1969, no 

documentation of this event was found during the research for the report. Area 1 has a complex 

history of partial cleanups, as described in detail in subsection 5.2. 

• 

Area 1 , as identified in Plate 1 , covers essentially the same area as the Area 1 identified in the original 

Site Survey Project Report. The results for the locations sampled for plutonium content within Area 

1 are given in Table IV .2. Contours of equal concentration of plutonium-238, known as isopleths, are 

depicted on Plate 4. The maximum plutonium-238 concentration measured in samples taken within 

Area 1 was 34,000 pCi/g, from the surface sample taken at location S0997 on Plate 1 (Table IV.2). 

It is not known if additional sampling was performed to confirm this plutonium value, which was 

apparently taken after a partial cleanup (see subsection 5.2). In general, the maximum concentrations 

of plutonium-238 were detected in samples taken at locations near Building 21, east and north of 

Building 21, along the drainage channel to the south, and at the beginning of the drainage channel that 

extends south onto the new property (Plate 4). Subsurface contamination as high as 17,000 pCi/g 

of plutonium-238 may remain in the historic SM field area (see subsection 5.2). 
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Plate 1 Coordinates 

Location
8 

South West 

80710 3425 4135 

S0712 3475 4085 

S0714 3525 3985 

S0716 3545 4040 

80717 3550 4030 

S0718 3550 4035 

S0719 3555 4020 

S0720 3560 4015 

80721 3565 4010 

80722 3570 4000 

80724 3575 3860 

MRCID 

No. 

5854 

5856 

5857 

10466 

10465 

4020 

10464 

10463 

10462 

10461 

5858 

Mo-Yr 

07-84 

07-84 

07-84 

08-85 

08-85 

10-83 

08-85 

08-85 

08-85 

08-85 

07-84 

• 
Table IV.2. Mound Site Survey Project- Area 1 

Depth Plutonium-238 Thoriu~b 
(inch) (pCi/g) (pCijg) 

0 0.30 b 

0 7.84 25.25 

0 3.01 b 

0 3.06 b 

0 12.05 b 

0 0.28 b 

0 17.10 b 

0 25.00 b 

0 20.40 b 

0 28.30 10.20 

0 88.40 4.03 

Tritium 

(pCi/mL) 

Cobalt-60 

(pCi/g) 

8
Map locations are given using a "C" .to designate core locations and an "S" to designate surface locations. 

Cesium-137 

(pCijg) 

• 
Radium-226 Americium-241 

(pCijg) (pCi/g) 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

cBoring logs indicate that these locations were sampled to bedrock (Appendix B). 

dBoring logs indicate that these locations were not sampled to bedrock (Appendix B). 

FIDLER- field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

MRC ID - Monsanto Research Corporation identification 

None- No MRC 10 was assigned because in situ gamma spectroscopy for thorium-232 was performed. The report on this procedure is provided in Appendix B. 

NR- No result given 

pCifg - picocuries per gram 

pCi/ml- picocuries per milliliter 
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;:;· 

C0206 3725 3425 1271 12-82 18 0.01 b Cll 
(/) 
(') 
0 

b "'tl C0207 3725 3630 1277 12-82 18 67.00 :;-
occ 1278 12-82 36 1.27 b 
(II ::0 
0 Cll 
Cll"'tl 
3 0 

C0208 3725 3680 1292 12-82 18 186.00 36.87 C'";:l 
Cll -... < 1293 12-82 36 4.45 3.01 _.o 
Ul-
Ul" 
1\.)W 

I C0209 3730 3635 1294 12-82 18 2.00 b 
::0 
II> 1295 12-82 36 2.13 b Q. 
(/) 
;:;· 
Cll 

C0210 3750 3605 1291 12-82 18 2.11 b 
(/) 
c: 
< Cll 

$0996 3775 3405 4524 01-84 0 6.28 b 0.16 < 

S0997 3800 3450 1464 03-83 0 34,000 NR 

-u c C0211 3780 3465 1273 12-82 18 2.41 10.16 () 
:I 1274 12-82 36 0.08 b c· 
3 
-u 
0 C0212 3780 3505 1275 12-82 18 2.72 13.13 
0 
(II 1276 12-82 36 O.Q7 b 
"' -u !!!. 

II> :I 
~IC 

80998 3800 3405 4519 01-84 0 1.12 b 
i"~ 
_.(II 

olll 
80999 3800 3530 4522 01-84 0 6.80 b 
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Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 "' -· 0 ig~ 

~ .... rD Location
8 

South West No. Mo-Yr ~nch) (pCi/g) (pCi/g) (pCi/mL) (pCi/g) (pCijg) (pCijg) (pCI/g) 
Cl) 3 
~ . 
"' ~ ~ 0 ... c:: 81000 3800 3630 7205 09-84 0 1.27 b LDL 0.6 1.1 LDL ... 

::I 
Q. 

!!:! Ji! "' !!:! ID 81001 3825 3405 4520 01-84 0 0.24 b 0.19 "' ::I 

"' ... 
81002 3850 3400 1465 12-83 0 102.00 54.30 

0 81003 3850 3430 4521 01-84 0 2.05 b 0.19 
c 
~ 

C0215 3540 4100 2708 09-83 60 0.02 b LDL LDL 0.9 LDL (/) 
;::;· 

2709 09-83 72 0.04 b CD 
(/) 

2710 09-83 96 0.01 b () 
0 
"a :;· 

OlD 81004 . 3720 3780 10553 08-85 0 7.58 b 
CD ::0 
() Cll 
ell-a 
3 0 

81005 b cr~ 3720 3800 10528 08-85 0 4.21 
CD • .. < 
... 0 
co-

81006 3820 E-22 03-82 0 396.40 b Cl)' 3720 
~w 

I 
::0 

!. 81007 3725 3820 E-8 03-82 0 216.30 b 
(/) 
;::;· 
CD 

81008 3730 3755 9137 05-85 0 124.20 b (/) 
c:: 
< CD 

81009 3730 3900 E-19 03-82 0 1.20 b < 

C0217 3750 3740 2704 09-83 30 0.06 b 

Ji! 
c:: 81010 3750 3795 E-17 03-82 0 23.30 b ... 
0 
::I c:· 
3 81011 3760 3710 9136 05-85 0 56.20 8.79 , 
0 
() 
CD 81012 3760 3800 10554 08-85 0 13.00 b "' , !!!. 

ID ::I 
IDIQ 
CD )> 81013 3760 3820 10529 08-85 0 1.34 b -"> .. 
o CD 
-~~~ ..... 
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Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 ~...am 

~ ? Location8 
South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCi/mL) (pCi/g) (pCifg) (pCi/g) (pCifg) 

" ~ 
~ 0 c 

~ 
Cl. 

81014 3775 4000 E-20 03-82 0 10.00 b "0 
iii 
~ .... 

81015 3780 3870 E-18 03-82 0 30.00 b 

81016 3800 3650 9135 05-85 0 0.14 b 

0 
c 81017 3800 3750 9233 05-85 0 0.31 b 
~ 
(/) 
;::;: 81018 3800 3850 10530 08-85 0 23.70 b Cll 

(/) 
n 
0 
"tl 81019 3805 3650 9134 05-85 0 0.36 b :;-

occ 
Cll ::n 
n Cll 81020 3810 3830 10555 08-85 0 23.50 b Cll"tl 
3 0 
0""~ 
Cll • 

:.< 
co2. co· 
I>)W 

81021 3810 3980 E-9 03-82 0 2.20 b 

I 81022 3820 3610 9133 05-85 0 0.08 b 
::n 
Ill 
Cl. 
(/) 81023 3820 3700 9231 05-85 0· 0.20 b ;::;: 
Ill 
(/) 
c 

81024 3820 3895 10531 08-85 0 21.30 b < Cll 
< 

81025 3825 3590 9132 05-85 0 0.14 b 

::!! 81026 3830 4130 E-10 03-82 0 33.70 b 
c .... 
0 
~ 81027 3840 3880 10556 08-85 0 6.16 b ;:· 
3 
"0 

b 0 81028 3850 3660 9229 05-85 0 0.56 
n 
Cll 

"' "0 !!!. 
81029 3850 3950 10532 08-85 0 4.20 b Ill ~ 

cgcc 
f'~ 
~~~~ 81030 3860 3930 10557 08-85 0 12.80 b ...,l)l 
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"' 3 S! • Location8 
South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCijml) (pCifg) (pCifg) (pCi/g) (pCi/g) 

"' s:: ~ 0 
~ c: 

:I 
Q. 

81031 3870 3520 9131 0 2.86 b ~ ::2 05-85 
"' ~ Ill 

"' :I 

"' .... 
81033 3880 3610 9227 05-85 0 0.70 b 

.S1034 3890 3500 9130 05-85 0 0.95 b 

0 
c 
~ 

81035 3895 3480 9129 05-85 0 0.61 b 

f/1 
;:;· 

81037 3900 3460 9128 05-85 0 0.99 b Ill 

f/1 
() 
0 
"tl 81038 3900 3575 9225 05-85 0 1.07 b :;-

occ 
CD ::0 
n CD 81039 3900 3980 10558 08-85 0 8.52 b CD"tl 
3 0 
cr~ 
CD • .. < 81040 3900 4000 10533 08-85 0 5.58 2.50 _.o 
co-co· 
NW 

I 
:D 

81042 3925 3525 9223 05-85 0 0.55 b 
Ill 
Q. 

f/1 81043 3930 4030 10534 ' 08-85 0 52.30 5.80 ;:;· 
CD 

f/1 
c: 

C0219 3940 3460 2698 08-83 30 0.02 b < CD 
2699 09-83 60 0.01 b LDL LDL 0.8 LDL < 
2700 09-83 120 0.01 b 

, 81044 3940 3480 9221 05-85 0 0.87 5.60 
c 
8 
:I 81046 3940 4020 10559 08-85 0 0.39 b c:· 
3 , 
0 81047 3960 4070 10535 08-85 0 15.40 b 
() 
Ill 

"' , !!l. 
81049 3980 4060 10560 08-85 0 36.90 5.60 Ill :I 

cgcc 
"'")> 
~CD 81051 4010 4110 10536 08-85 0 1.08 b w~ 
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"' 3 Location

8 ~ . South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCijml) (pCi/g) (pCi/g) (pCi/g) (pCijg) 
"' 3: ~ 0 
l c: 

:::l 
Q. 

S1052 4020 4090 10561 08·85 0 10.60 b t:! ::!! "' t:! CD 
10 :::l 

"' ... 
S1053 4050 4140 10537 08·85 0 24.50 b 

S1054 4060 4120 10562 08-85 0 3.02 b 

0 
c: S1055 4080 4200 10538 08·85 0 1.37 b 
!-0 

~ S1056 4100 4180 10563 08·85 0 24.40 b CD 

(/) 
n 
0 

1:1 S1057 4150 4220 10539 08-85 0 28.70 b :;-
OlD 
CD ::0 
n CD S1058 4160 4200 10564 08·85 0 2.24 b CD1:1 
3 0. 
cr~ 
CD • .. < S1059 4200 4230 10540 08·85 0 2.28 b ... 0 
CD-co· ...,(,) 

I S1060 4205 4205 10565 08-85 0 2.10 b 
::0 
CD 
Q. 

~ S1061 4240 4260 10541 08-85 0 0.17 b 
... 
(/) 
c: 

S1062 4250 4240 10566 08·85 0 0.37 b < CD 
< 

S1063 4280 4300 10542 08·85 0 24.00 b 

::!! S1064 4300 4280 10567 08-85 0 0.33 b 
c: ... 
0 
:::l S1065 4300 4340 10544 08-85 0 4.72 b c:· 
3 
~ 

0 C0263 3777.2 3245.3 None 04·84 0 NR 0.9 
n 
CD None 04·84 12 NR 0.6 Ill 

~ ~- None 04-84 36 NR 0.3 CD :::l 
~ID 

None 04·84 48 NR 0.3 t~ 
_.CD None 04·84 60 NR 0.3 .,..~ 
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Location
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(pCifg) (pCifg) (pCifml) (pCifg) (pCifg) ~ . South West No. Mo-Yr (inch) (pCI/g) (pCi/g) 

"' s:: ~ 0 ., c: .. 
::I 
Q. 

C0264 3724.8 3254.3 None 04-84 0 NR 9.2 ~ Ji! "' ~ CD None 04-84 12 NR 1.7 CD ::I 

"' .... 
None 04-84 24 NR 0.8 

None 04-84 36 NR 0.5 

None 04-84 48 NR 0.3 

0 
c C0265 3752.4 3322.9 None 04-84 0 NR 1.7 
CD . None 04-84 12 NR 1.3 
(/) 
::.· None 04-84 24 NR 0.3 CD 
(/) None 04-84 36 NR 0.3 () 
0 
"0 :;· 

OIC C0266 3808.2 3328.7 None 04-84 0 NR 1.0 
CD ::0 
() CD None 04-84 12 NR 0.6 CD"' 
3 0 

None 04-84 24 NR 0.4 c-::~. 
CD • .. < None 04-84 36 NR 0.3 
""o CD-

None 04-84 48 NR 0.4 CD' ,.,w 
I 

::0 
CD C0267 3670.8 3342.9 None 04-84 0 NR 0.4 Q. 

(/) None 04-84 12 NR 0.5 
;::+' 
CD None 04-84 24 NR 0.4 (/) 
c: None 04-84 36 NR 0.3 < CD 
< 

C0268 3716.1 3400.6 None 04-84 0 NR 0.9 

None 04-84 12 NR 0.4 

., None 04-84 24 NR 0.4 
c None 04-84 36 NR 0.4 
~ 
::I c:· 
3 C0269 3751.3 3418.2 None 04-84 0 NR 0.6 ., 
0 None 04-84 12 NR 0.5 
() 

"' None 04-84 24 NR 0.2 
"' ., !11. 

None 04-84 36 NR 0.2 CD ::I 
ecce 
CD )> None 04-84 48 NR 0.3 
-~>o .. 
0 "' "'C» 

tncn 
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~ . Location

8 
South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/ml) (pCi/g) (pCifg) (pCi/g) (pCi/g) 

"' ~ ~ 0 
l c 

:;, 
c.. 

~ ~ C0270 3791.9 3441.5 None 04-84 0 NR 0.3 
"' ~ iii" None 04-84 12 NR 0.5 "' :;, 

"' .... 
None 04-84 24 NR 0.5 

None 04-84 36 NR 0.3 

None 04-84 48 NR 0.3 

0 
c C0271 3865.9 3483.1 None 04-84 0 NR 0.6 
~ 
(/) None 04-84 12 NR 2.6 
:::.· 

None 04-84 24 NR 0.5 Cll 
(/) 

None 04-84 36 NR 0.6 n 
0 

"C None 04-84 48 NR 0.3 :i' ccc None 04-84 60 NR 0.4 Cll ::0 
n m 

None 04-84 72 NR 0.3 CII"C 
3 0 
0"~ 
Cll • None 04-84 96 NR 0.4 
.. < None 04-84 120 NR 0.4 ... 0 
<0-co· ....,w 

I C0272 3801.1 3524.0 None 04-84 0 NR 0.6 
::0 
II> None 04-84 12 NR 0.4 c.. 
(/) None 04-84 24 NR 0.5 :::.· 
Cll 
(/) None 04-84 36 NR 0.5 
c 
< None 04-84 48 NR <0.2 
Cll 
< 

C0273 3682.1 3413.3 None 04-84 0 NR 0.5 

None 04-84 12 NR 0.9 

~ None 04-84 24 NR 0.6 
i: 

None 04-84 36 NR 0.4 .... 
0 
:;, 

None 04-84 48 NR 0.4 c:· 
3 
~ 

None 04-84 60 NR 0.3 

0 
n 
Cll 
C/) 

~ !!!. 
II> :;, 
ecce 
Cll )> 
'i" .. 
_.CII 

odl 
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Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt.ro Cesium-137 Radium-226 Americium-241 -· 0 CCC 

:::l ~ 
Location8 

South West No. Mo-Yr (inch) (pCi/g) (pCijg) (pCi/ml) (pCi/g) (pCI/g) (pCijg) (pCi/g) _.m 
? 
s: 
0 

C0274 c: 3737.9 3478.5 None 04-84 0 NR 0.5 
:::l 
c. None 04-84 12 NR 0.6 -o 
ii" None 04-84 24 NR 0.3 a 

None 04-84 36 NR 0.4 

C0276 3648.1 3642.8 None 04-84 0 NR 0.8 

0 
None 04-84 12 NR 0.9 

c None 04-84 24 NR 0.3 
Ul . None 04-84 36 NR 0.4 
(/) 
:::.· 
Cll 
(/) C0277 3640.5 3587.2 None 04-84 0 NR 0.5 () 
0 

None 12 NR 0.5 -a 04-84 :r ccc None 04-84 24 NR 0.4 
Ill ::JJ 
() Cll None 04-84 36 NR 0.3 II> -a 
3 0 
C"~ 
Ill • 

:.< C0278 3628.3 3542.0 None 04-84 0 NR 0.2 
co2-

None 04-84 12 NR 0.3 co· 
NW 

I None 04-84 24 NR 0.3 
::JJ m c. 
(/) C0279 3567.8 . 3565.3 None 04-84 0 NR 0.2 ;:::-.-
Ill None 04-84 12 NR 0.3 
(/) 
c: None 04-84 24 NR 0.5 < Cll 
< 

C0280 3705.2 3710.7 None 04-84 0 NR 0.8 

None 04-84 12 NR 0.9 

-o None 04-84 24 NR 1.0 
i: ... 
0 
:::l C0281 3784.3 3591.4 None 04-84 0 NR 0.4 c:· 
3 None 04-84 12 NR 1.0 
-o 

None 04-84 24 NR 0.4 0 
() 
Ill None 04-84 36 NR 0.4 
(/) 

-o !1!. None 04-84 48 NR 0.5 m :::l 
cgcc 
f'~ 
_.Ill 

..... ~ 
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Plate 1 Coordinates MACID 

Location
8 

South West No. 

C0282 3679.3 3500.9 None 

None 

None 

None 

51066 4320 4320 10568 

51067 4340 4400 10544 

51068 4350 4380 10569 

51070 4360 4460 10545 

51071 4380 4430 10570 

51072 4410 4480 10546 

51073 4420 4450 10571 

• • 
Table JV.2. (page 12 of 12) 

Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mL) (pCijg) (pCijg) (pCijg) (pCijg) 

04-84 0 NR 0.6 

04-84 12 NR 0.4 

04-84 24 NR 0.3 

04-84 36 NR 0.4 

08-85 0 55.40 b 

08-85 0 14.30 b 

08-85 0 6.19 b 

08-85 0 0.28 b 

08-85 0 11.30 b 

08-85. 0 36.90 b 

08-85 0 2.50 b 
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4. 1.2. Area 11 

Area 11 is located on the SM/PP Hill directly west of the SM Building (Plate 1 ). From the early 1960s 

to 1965, this area was used for the storage of plutonium-contaminated equipment and waste packages 

from the SM Building. Some of the drums of recoverable plutonium wastes were found to be leaking 

in 1964 and were moved to the open field south of SM Building for overpacking. The boundaries of 

Area 11 shown on Plate 1 are similar to the area depicted in the original Site Survey Project Report 

(Stought et al. 1988). 

Five core locations were sampled in Area 11 during the Site Survey Project (Table IV.3). The samples 

were analyzed for plutonium-238 and thorium. The maximum thorium concentration measured was 

5.65 pCi/g in a sample taken at a depth of 18 inches at core location 0141 (C0141 on Table IV.3). 

The maximum plutonium concentration measured was 870 pCi/g in the sample taken 18 inches deep 

at core location 0138 (C0138 on Table IV.3). 

The concentrations of plutonium and thorium shown in Table IV .3 agree with the assessment of Area 

11 given in the original report. However, the original Site Survey Project Report noted that more recent 

D&D data for Area 11 indicated plutonium-238 contamination in the 1 0 to 100 nanocuries per gram 

(nCi/g) (1 0,000 to 100,000 pCi/g) range. This was confirmed by the sampling performed in Area 11 

in 1989 as part of the D&D Program, Operable Unit 6, reconnaissance sampling. This sampling found 

levels of plutonium as high as 64,000 pCi/g (64 nCi/g) and thorium as high as 69 pCi/g (DOE 1992d). 

The maximum depth of the core locations sampled in Area 11 during the Site Survey Project was 1 08 

inches (Table IV.3). Mound Plant drawing #FSE16472, reproduced in the Site Seeping Report: 

Volume 2 Addendum (DOE 1992f) indicates the depth to bedrock in this area of Mound Plant to be 

120 to 228 inches (1 0 to 19ft), although it may be as shallow as 96 inches (8ft) or less. Because 

the boring logs are not available, it is not known if the Area 11 core locations were sampled to 

bedrock. 

4.1.3. Area 14 

Area 14 is located on the southern slope of the Main Hill, below the WD Building (Plate 1 ). Area 14 

is the original site of the 1969 waste-line break. In January 1969, the pressurized length of the WTS 

waste line broke at the upper portion of the slope, releasing about 400 Ci of plutonium-238 in a nitric 

acid solution to the surrounding soils. The events are described in "Reinvestigation of the January, 

1969 Plutonium-238 Waste Transfer Line Break" (MRC 1974). Erosion of soils from Area 14 are 

. interpreted to have contributed to contamination of areas downslope in Area 3 and the Miami-Erie 

Canal, described in a companion thorium section of this report (Rodgers 1975; Robinson et al. 1974). 
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Table IV.3. Mound Site Survey Project- Area 11 

Plata 1 Coordinates MRCIO Depth Plutonium-238 Thoriumb 

Location• ~ Wast ~ Mo-Yr finch) .(eQfgl .(eQfgl 

C0137 2875 2450 1285 12-82 18 4.78 2.38 

1286 12-82 36 1.24 2.90 

C0138 2875 2340 1353 12-82 18 870.60 b 
1354 12-82 36 9.17 b 

1355 12-82 54 549.40 b 

C0139 2875 2390 1555 04-83 18 2.71 3.38 

1556 04-83 36 0.53 2.94 

1557 04-83 54 0.41 b 
1558 04-83 72 0.24 3.13 

1559 04-83 90 0.03 b 

1560 04-83 108 0.48 b 

C0141 2880 2400 1550 04-83 18 5.96 5.65 

1551 04-83 36 2.28 b 

1552 04-83 54 0.55 2.64 

1553 04-83 72 1.70 b 

1554 04-83 90 0.44 b 

C0142 2900 2390 1356 12-82 18 76.10 2.12 

1357 12-82 36 1.03 b 

C0143 2900 2415 1180 12-82 18 0.48 b 

1181 12-82 36 0.51 b 

1182 12-82 54 0.77 b 

1183 12-82 72 0.14 b 

1184 12-82 90 0.02 b 

8 Map locations are given using a ·c- to designata cora locations and an ·s· to designata surface locations. 

b A "b" indicates that the total thorium concentration was lass than the background laval of 2.0 pCifg, using FIDLER screening. 

Therefore, radiochemical analysis was not performed. 

FIDLER - field Instrument for the detection of low~nargy radiation 

MAC ID - Monsanto Research Corporation Identification 

pCifg • picocurias per gram 
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Several remedial actions to remove plutonium-contaminated soils have been performed by the D&D 

Program in this area, including 964 ft3 of highly contaminated soil was removed and shipped to Maxey 

Flats, Kentucky, for burial in 1969; and in 1974, 2, 700 ft3 of soil containing 35 Ci of plutonium-238 

was removed and shipped to Idaho National Engineering Laboratory (Black 1974). 

Limited sampling was performed in Area 14 during the Site Survey Project because remedial actions 

by the D&D Program were pending. The results of the sampling are given in Table IV.4 and the 

sampling locations are shown on Plate 1 . The maximum plutonium-238 and thorium concentrations 

measured were 133.9 and 2.24 pCi/g, respectively, in a sample taken 18 inches deep at core location 

C0094 on Plate 1 (Table IV.4). However, the Site Survey Project original report notes that activity as 

high as 3,500 nCi/g was measured in Area 14 during the D&D Program activities. 

Additional soil removal was completed in January 1991 by D&D in this area, using a cleanup level of 

1 00 pCi/g of plutonium-238. A verification plan to confirm cleanup levels in Area 14 was prepared 

and implemented by Argonne National Laboratory (Mosho and Robinet 1990). The verification report 

on this area indicates that there is a 90 percent confidence that the mean plutonium-238 concentration 

for surface soils is now no greater than 13 pCi/g, and the mean for subsurface soils is now no greater 

than 29 pCi/g (Mosho and Robinet 1990) . 

4.1.4. Area 16 

Area 16, also known as the SM Leach Field, is located on the western slope of the SM/PP Hill, near 

Building 30 (Plate 1 ). Area 16 reportedly contained a sanitary sewage septic tank and septic leach 

field formerly used for the SM Building. The area contains plutonium-238 contamination, possibly from 

the sanitary sewage system or from a storm sewer present in the area. The boundaries of Area 16 

shown on Plate 1 are similar to the area depicted in the original Site Survey Project Report (Stought 

et al. 1988), except the area on Plate 1 has been extended westward to the plant drainage ditch to 

be consistent with current D&D Program plans. Concurrently with the writing of this report, the D&D 

Program is removing radioactively contaminated soils from Area 16. During this field activity, the 

septic tank was not present. No documentation of its removal was found. The lower part of the slope 

was found to possess plutonium-238 levels as high 8 nCi/g, but these levels are unsubstantiated at 

this writing. Elevated levels of plutonium-238 at the base of this slope and along the contiguous 

portions of the former upper reach of the plant drainage ditch were recognized during the investigations 

in 1974. These are shown on Figure 1.2. 

• Table IV.5 presents the results of the Site Survey Project sampling in Area 16. The maximum 

plutonium-238 concentration measured was 144 pCi/g in the sample taken at 36 inches at core 
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Table IV.4. Mound Site Survey Project- Area 14 
g Cll :u 
~ s., 

Thoriumb 2t ...._ Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt .eo Ceslum-137 Radium·226 Americlum-241 i;gt8 
~ .... ; Location a South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCI/ml) (pCi/g) (pCifg) (pCi/g) (pCifg) 
g .? 
; 3: $0468 2025 3825 6292 0&-84 0 0.17 b LDL LDL 1.2 LDL 

0 
1 c: 

:a 80469 2025 3860 6291 0&-84 0 18.90 b 
~ 

Q. 

"' 
;:g 

~ Ill 80486 2125 3810 6706 0&-84 0 10.27 b 
"' :a 
"' ... 

80487 2125 3835 6704 0&-84 0 5.96 b 

50488 2135 3835 6703 08-84 0 18.n b 

0 $0489 2150 3860 6705 08-84 0 14.10 b c 
co . C0094 2160 3835 1595 04-83 18 133.90 2.24 
Cll ;:;· 1596 04-83 36 59.90 b Ill 

Cll 1597 04-83 54 70.90 b 
n 

1598 04-83 72 6.81 b 0 
'tl 
5' 1599 04-83 90 11.82 b 

occ 
1600 04-83 108 1.24 b Ill :u 

n Ill 
04-83 126 3.54 b Cli-o 1601 3 0 

l:r;:i 
Ill • 

C0095 2160 3900 1602 04-83 18 7.87 b .. < 
.... o 

1603 04-83 54 3.97 b co-co· 
04-83 72 7.49 b ~w 1604 

I . 1605 04-83 90 5.00 b :u 
Q) 

1606 04-83 108 5.05 b Q. 

(/) 1607 04-83 126 6.63 b ;:;· 
Ill 
(/) 

C0096 2190 3875 1608 04-83 18 0.27 b c: 

~ 1609 04·83 36 2.18 b 
< 1610 04-83 54 0.26 b 

1611 04-83 72 0.45 b 

1612 04-83 90 1.46 b 

;:g 1613 04-83 108 0.62 b 
c: 1614 04·83 126 0.09 b 
(j 

1615 04-83 144 0.07 b ~. 
c: 
3 , 

aMap locations are given using a "C" to designate core locations and an "S" to designate surface locations. a 
() b A "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. Ill 
co 

, !!!. FIDLER • field instrument for the detection of low-energy radiation 
Q) :a 
ccc LDL. The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCifg for radium·226. Ill > 
~- MRC ID. Monsanto Research Corporation identification • Cll 
~Q) 
~II> pCifg • picocuries per gram 

pCifmL. picocuries per milliliter 
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Plate 1 

Location8 

S0347 

C0046 

C0047 

C0048 

C0049 

cooso 

Coordinates 

South West 

2475 2440 

2440 2550 

2485 2470 

2500 2480 

2515 2460 

2530 2430 

MRCID 

No. 

4103 

10109 

10110 

10106 

10107 

10108 

10103 

10104 

10105 

10100 

10101 

10102 

10097 

10098 

10099 

Mo-Yr 

10-83 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

07-85 

• 
Table IV .5. Mound Site Survey Project -Area 16 

Depth Plutonium-238 

(inch) (pCi/g) 

0 1.65 

18 0.21 

42 1.42 

18 29.10 

36 1.45 

54 0.02 

18 0.23 

36 1.30 

54 0.06 

18 2.30 

36 0.51 

54 0.17 

18 0.39 

36 0.60 

54 0.11 

Thoriumb 

(pCi/g) 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

Tritium 

(pCi/mL) 

Cobalt-60 

(pCi/g) 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

Cesium-137 

(pCi/g) 

Radium-226 

(pCi/g) 

• 
Americium-241 

(pCi/g) 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

eMRC IDs 10119 and 10120 were also assigned to the samples from core location C0059, also in Area 16. 

dMRC IDs 10121 to 10124 were also assigned to the samples from core location C0060, also in Area 16 . 
8 MRC IDs 10125 to 10128 were also assigned to the samples from core location C0061, also in Area 16. MAC ID 10128 was also assigned to the samples taken at 72 and 90 inches at C0058. 

FIDLER - field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

MRC 10 - Monsanto Research Corporation identification 

NR- No result given 

pCi/g - picocuries per gram 

pCi/mL- picocuries per milliliter 
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3::xJm Table IV.5. (page 2 of 4) 
0 CD :xJ 
~ S., 

Thoriumb 
0 (/) ... 

Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 CD -· 0 
~g~ 
~~m Location

8 
South West No. Mo-Yr (inch) (pCi/g) (pCifg) (pCifmL) (pCi/g) (pCifg) (pCijg) (pCi/g) 

~ ? 
"' ~ ~ 0 : c C0051 2540 2385 10111 07-85 18 0.99 b ::I - Cl. 

10112 07-85 36 1.76 b ~ ::!l "' ~ Ill 10113 07-85 54 0.16 b CD ::I 

"' ... 
10114 07-85 72 0.11 b 

10115 07-85 90 0.40 b 

10116 07-85 108 0.01 b 

0 80348 2500 2540 4104 10-83 0 2.78 b 0.35 LDL LDL 0.8 LDL 
c 
co . 80349 2500 2565 6549 08-84 0 3.55 b LDL LDL 1.2 LDL (/) 
;::;: 
CD 

(/) 
80350 2525 2365 6770 08-84 0 23.60 b n 

0 
"1::1 :;-

CCC 80354 2550 2465 6550 08-84 0 2.22 b 
CD :xJ 
n CD 
CD"t:l 
3 0 

C00 52 2555 2405 10093 07-85 18 2.92 b 0"~ 
CD • ... < 10094 07-85 36 8.12 b ... o co-

10095 07-85 54 0.30 b co· 
~w 

I 10096 07-85 72 0.36 b 
:xJ 
Ill 
Cl. 
(/) S0352 2550 ·2415 6769 08-84 0 37.80 b :::.· 
CD 
(/) 
c 

C0053 2570 2400 10085 07-85 18 68.50 b < CD 
10086 07-85 36 3.98 b < 
10087 07-85 54 0.79 b 

10088 07-85 72 0.45 2.21 

::!l 
c C00 54 2570 2380 10089 07-85 18 2.24 b ... 
0 
::I 10090 07-85 36 43.10 b c:· 
3 10091 07-85 54 2.30 b , 
0 10092 07-85 84 1.76 b 
n 
CD 
(/) 

, !!!. 
C0056c 2590 2420 10117 07-85 18 75.20 b Ill ::I cgcc 

10118 07-85 36 144.00 b of"~ 
~CD 10119 07-85 54 11.10 b .,..~ 

10120 07-85 72 3.20 b 
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Table IV.5. (page 3 of 4) 
0 CD ::0 
~ s. "tl 
0 (/) ~ 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt~ Cesium-137 Radium-226 Americlum-241 co -· 0 
~g~ 
~ ~ Q) Location

8 
South West No. Mo-Yr (inch) (pCifg) (pCi/g) (pCi/ml) (pCifg) (pCi/g) (pCi/g) (pCi/g) (/) 3 

!::! • ., ;;:: 
~ 0 C0057d 2600 2405 10121 07-85 18 16.5 b 
~ r: 

::s 10122 07-85 36 7.73 b Q. 

"tl 10123 07-85 54 0.54 b iii 
::s 

10124 07-85 72 0.42 2.56 .. 
80355 2600 2465 4106 10-83 0 4.49 b 

0 C0058
8 

2605 2395 10125 07-85 18 0.82 b c 
!D 10126 07-85 36 0.73 3.46 
(JI 10127 07-85 54 0.33 b ;::+' 
CD 
(JI 10128 07-85 72 1.08 b 
(') 

10128 90 b 0 07-85 0.20 
'tJ :;· C0059c 2610 2415 10119 06-85 54 NR NR LDL LDL 0.6 LDL ccc 

CD ::0 10120 06-85 72 NR NR LDL LDL 0.7 LDL (') CD 
CD'tJ 
3 0 
D'::l 

C0060d CD • 2620 2400 10121 06-85 18 NR NR LDL LDL 0.8 LDL :.< 
co2.. 10122 06-85 36 NR NR LDL LDL 1.0 LDL co· 
NW 10123 06-85 54 NR NR LDL LDL 0.8 LDL 

I 
::0 10124 06-85 72 NR NR LDL LDL 0.8 LDL CD 
Q. 

(JI 
;::+' 80356 2625 2365 4107 10-83 0 18.90 b CD 
(JI 
r: 
< C0061

8 
2630 2390 10125 06-85 18 NR NR LDL LDL 0.9 LDL CD 

< 
10126 06-85 36 NR NR LDL LDL 1.2 LDL 

10127 06-85 54 NR NR LDL LDL 0.8 LDL 

10128 06-85 72 NR NR LDL LDL 0.8 LDL 
"tl 10129 06-85 90 NR NR LDL LDL 1.0 LDL c .. 
0 
::s 
i:' 

C0062 2675 2315 1224 12-82 18 33.60 b 3 
"tl 1225 12-82 36 0.31 b 
0 

1226 34.50 2.53 (') 12-82 54 
CD 
(/) 

1227 12-82 108 1.07 b "tl ~. 
CD ::S <gee 1228 12-82 126 0.12 b 
~)> 
,.:_,G) 
CJlll: 
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Plate 1 Coordinates MRCID 

Location
8 

South West No. 

S0357 2675 2340 6n1 

C0075 2400 2620 8383 

8384 

S0650 2400 2565 2832 
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Table IV.5. (page 4 of 4) 

Depth Plutonium·238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mL) (pCi/g) (pCi/g) (pCifg) (pCi/g) 

08-84 0 43.70 b 

11-84 54 4.94 b 

11-84 90 0.25 2.73 

10-83 0 1.29 b 



• location C0056 on Plate 1 _(Table IV.5). The maximum thorium concentration measured was 3.46 

pCi/g in the sample taken 36 inches deep at core location C0058 on Plate 1 (Table IV.5). 

Thirteen samples collected in Area 1 6 were analyzed by gamma spectroscopy (samples from locations 

C0059, C0060, C0061, S0348, and S0349 on Table IV.5). Radium-226 was the only radionuclide 

detected above the LDLs, at a maximum concentration of 1.2 pCi/g. 

During core sampling performed in Area 16 in 1989, bedrock was encountered at depths ranging from 

108 to 162 inches (9 to 13.5 ft) (Price 1989). The core locations sampled in the area as part of the 

Site Survey Project were sampled to depths from 72 to 126 inches. Because the boring logs for the 

Site Survey Project coring are not available, it is not known if individual Area 16 boreholes were 

sampled to bedrock, although this appears to be possible. 

4.1.5. Area 17 

Area 17 is located on the SM/PP Hill, under and surrounding the SM Building (Plate 1 ). The SM 

Building served as the central point of plutonium-238 processing in the early to mid-1960s (DOE 

1992c). Plutonium processing operations in the SM Building and the storage of plutonium materials 

• in tanks on the southwestern side of the building resulted in the release of plutonium to the soils under 

the concrete floor of the building and to the soils surrounding the building. Sampling performed in 

1972 indicated that about 11.2 curies of plutonium-238 were present under or around the SM Building 

(Flanagan 1976). The SM Building is currently being decommissioned by the Mound Plant D&D 

Program. The concrete floor, contaminated soil, and drains with contamination in excess of 10 nCi/g, 

have been removed. In addition, the northern portion of the structure, known as the SM annex, has 

been removed. The cleanup level for this effort was 100 pCi/g. Since the D&D of Area 17 is an 

ongoing project, the Area 17 boundaries (Plate 1) are, by design, similar to the boundaries depicted 

in the original Site Survey Project Report (Stought et al. 1988). 

The Site Survey Project sampling locations in Area 1 7 are shown on Plate 1 . No sampling was 

performed inside the SM Building, potentially where the highest concentrations ( 1 0 nCi/g or greater) 

exist. (No sampling was performed in buildings during the project.) The analytical results of the 

sampling are given in Table IV.6. The maximum plutonium-238 concentration measured was 494 pCi/g 

in a sample taken at a depth of 18 inches at core location 0122 on Plate 1 (C0122 on Table IV.6). 

The maximum thorium concentration measured was 9.99 pCi/g in the sample taken at a depth of 54 

inches at core location C0130 (Table IV.6). The original Site Survey Project Report noted that D&D 

• Program screening in Area 17 showed plutonium-238 concentrations much higher than the Site Survey 

Project. 
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!:;nm Table IV .6. Mound Site Survey Project - Area 17 
0 Ill ::n 
~ ~- ~ 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt .SO Cesium-137 Radium-226 Americium-241 (C)-· 0 
~g~ 
~--m Location

8 
South West No. Mo-Yr (inch) (pCi/g) (pCi/Q) (pCi/ml) (pCi/g) (pCI/g) (pCijg) (pCijg) 

"' 3 g • 

"' ~ ~ 0 .., c 50579 2775 2135 6374 08-84 0 3.94 b LDL LDL 0.9 LDL ... 
:I 
Q. 

J! 
m 50580 2775 2160 6373 08-984 0 2.08 b :I .. 

C0119 2735 2210 1323 12-82 18 17.81 b 

1324 12-82 36 1.78 b 

0 1325 12-82 54 9.98 b 
c 1326 12-82 72 2.29 b 
CD . 1327 12-82 90 17.90 b 
!I) 
;::;: 1328 12·82 120 6.24 b Ill 
!I) 
n 
0 
"tl C0120 2805 2195 1329 12-82 18 83.70 b :;-

occ 1330 12-82 36 32.30 b 
CD ::lD 
n CD 1331 12-82 54 0.18 b (l)"tl 
3 0 

1332 12-82 72 0.29 b IT;:l 
Ill • 
.. < 1333 12-82 90 83.00 b ... 0 
CD-

1334 12-82 120 6.92 b CD" 
NW 

I 1335 12-82 144 0.56 b 
::n 
Ill 
Q. 

~ C0121 2810 2095 1309 12-82 18 5.08 b 
CD 

1310 12-82 36 0.30 b !I) 
c 
< Ill 

50581 2900 2010 6372 08·84 0 10.10 b < 

50582· 2900 2085 2880 10-83 0 146.80 b 

, 
i: C0122 2925 2010 1298 12-82 18 494.00 b ... 
0 
:I 1299 12-82 36 0.68 b c:· 
3 1300 12-82 54 0.25 b , 
0 1301 12-82 72 0.39 b 
n 
Ill 

"' , !11. 
50583 2950 2035 2881 10-83 0 7.96 b Ill :I 

'lilCD 
~~ 
' <D 50584 2950 2060 6371 08-84 0 18.80 b Nm co., 
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Plate 1 

Location
8 

C0123 

C0125 

C0126 . 

C0130 

C0137 

Coordinates 

South West 

2975 2115 

3085 2185 

2725 2265 

2800 2265 

2875 2290 

MAGID 

No. 

1364 

1365 

1366 

1358 

1359 

1360 

1361 

1362 

1363 

1319 

1320 

1321 

1322 

1336 

1337 

1338 

1339 

1340 

1285 

1286 

Mo-Yr 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

12-82 

• 
Table IV.6. (page 2 of 2) 

Depth Plutonium-238 Thoriumb 

(inch) (pCi/g) (pCi/g) 

18 2.91 b 

36 0.51 b 

54 0.23 b 

18 0.43 b 

36 0.25 3.11 

54 33.60 b 

72 0.13 3.25 

90 1.97 b 

108 0.19 b 

18 5.57 b 

36 79.00 b 

54 6.51 b 

72 0.37 b 

18 48.10 b 

36 1.41 b 

54 1.25 9.99 

90 0.39 b 

108 0.37 b 

18 4.78 2.38 

36 1.24 2.90 

Tritium 

(pCi/mL) 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

Cobalt-60 

(pCifg) 

Cesium-137 

(pCi/g) 

Radium-226 

(pCi/g) 

• 
Americium-241 

(pCi/g) 

bA "b' indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g of radium-226. 

MAC 10 - Monsanto Research Corporation identification 

pCi/g - picocuries per gram 

pCi/mL- picocuries per milliliter 



• 
However, it is probable that limited sampling was performed during the Site Survey Project due to the 

upcoming D&D of the SM Building. Screening during the 1989 reconnaissance indicated plutonium-

238 concentrations up to 3,300 pCi/g (DOE 1992d). 

The Area 17 sampling results given in Table IV.6 do not agree with the assessment given in the original 

report. These differences lie in the reported thorium and radium-226 concentrations. The data 

summary in the original report indicated no measurements of radium in the soil, and showed 

concentrations of thorium between approximately 1 00 and 1,000 pCi/g. Table IV. 6 presents the actual 

data which include one surface soil sample that contained 0.9 pCi/g of radium-226 and five core 

samples that exceeded the background level for thorium of 2.0 pCi/g. Thorium concentrations in the 

five samples ranged from 2.38 to 9.99 pCi/g, but did not exceed the 100 pCi/g level indicated in the 

original data summary (Stought et al. 1988). The results for cesium-137 at location S0579 were 

below the detection limit of 0.5 pCi/g. No other samples in the area are known to have been analyzed 

by gamma spectroscopy. The potential for cesium-137 contamination does exist in the area, as the 

SM Building site encloses the historic site of Warehouse 13, used in the 1950s for storage of waste 

sludges from the Reactor Waste Decontamination Project, described in companion section 9 of this 

report. 

• Mound Plant drawing #FSE16472, reproduced in the Site Scoping Report: Volume 2 Addendum (DOE 

1992f) indicates the depth to bedrock in this area is 48 to 180 inches (4 to 15 ft). The Area 17 core 

locations were sampled to a maximum depth of 1 44 inches, but the total depths ranged from as low 

as 36 inches (Table IV.6). Therefore, it appears that some of the Area 17 coreholes may have been 

sampled to bedrock, although the boring logs are not available to confirm this. 

• 

4.1.6. Area 18 

Area 18 is located adjacent to the overflow pond on the western border of Mound Plant (Plate 1 ). The 

area is described in many historical documents as the cover of the Site Sanitary Landfill. 

Contamination reportedly resulted from contaminated sediments being incorporated into the cover 

materials. Sediments, containing plutonium-238, from the plant drainage ditch were apparently 

dumped at the historic landfill in the early 1970s and were then incorporated into the Site Sanitary 

Landfill when it was built in 1977. It is reasonable to assume that the landfill liner, berms, and cover 

also received contaminated soils (DOE 1991 a). The southwestern portion of Area 18 overlaps Area 

2, where crushed thorium drums were buried. The extent of Area 18 shown in Plate 1 and the sample 

results discussed below appear to be similar to the area and samples given in the original Site Survey 

Project Report (Stought et al. 1988). 
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Core samples of the landfill cover material were taken at three locations during the Site Survey Project. 

• These were locations C0185, C0187, and C0188 (Plate 1; Table IV. 7. A limited number of locations 

were sampled and later replugged, in order to maintain the integrity of the landfill cover. The maximum 

plutonium-238 concentration found in the core samples was 3. 71 pCi/g in the sample taken at a depth 

of 126 inches at location C0187 (Table IV.7). Bedrock was not encountered during the drilling of 

these core locations because the depths were limited in order to avoid the buried materials located 

within the Site Sanitary Landfill. 

Eleven surface samples were taken in Area 18 (0862, 0864, 0866, 0867, 0869, 0870, 0872, 0873, 

0874, 0877, and 0878 on Plate 1). The maximum plutonium-238 concentration measured in the 

samples from these surface samples was 0.98 pCi/g at location S0878 (Table IV.7). No thorium 

concentrations above 2 pCi/g were detected in any of the Area 1 8 samples (core or surface). 

4.1.7. Area 19 

The gravity portion of the underground WTS, which consisted of two waste lines travelling from the 

SM Building to Building 41, was located in Area 19 (Figure 4.1 and Plate 1 ). Figure 4.1 shows the 

former location of the WTS. The location and extent of Area 19 shown on Plate 1 was identified 

• based on the verification sampling locations, which are designated 19-1 through 19-62. The waste 

lines that comprised the WTS actually extended into Area 14. During the Site Survey Project, no 

sampling was performed at Area 19, because this area was being addressed by the D&D Program. 

• 

The major portions of these lines in Area 19 were removed from 1982 to 1984; work continued on 

the portion of the lines just south of the WD Building until about 1986. As the waste lines were 

removed, the adjacent soils in the trench were screened, and contaminated soil was removed. The 

verification survey performed to document the removal of contaminated soil near these lines is 

discussed in "Verification Survey of the WTS Excavation Area at the Mound Facility" (Stenhouse and 

Kirsch 1986). It is not known how much soil was removed. 

Removal of the waste lines included the excavation and removal of soils contaminated by leaks in the 

waste lines. The target cleanup level for actinides, mostly plutonium-238 with thorium-232 at some 

locations, was 1 00 pCi/g, which is equal to 4.5 x 1 o-6 ppm. The waste line removal was performed 

under the Mound Plant D&D Program, which followed a cleanup level of 100 pCi/g for plutonium-238 

and 25 pCi/g as the as low as reasonably achievable (ALARA) level. 

A study to verify the cleanup of Area 19 was performed by Battelle in 1986 and included the analysis 

of 248 soil samples from a total of 62 locations. One surface sample and three subsurface samples 
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Table JV.7. Mound Site Survey Project- Area 18 

Plate 1 Coordinates MRCID Depth Plutonlum-238 Thoriumb 

Location• .§QYlh West ...lAQ,_ Mo-Yr Onchl .(QQlgl .(QQlgl 

80862 2850 4620 6492 08-84 0 0.08 b 

S0864 2875 4595 6490 08-84 0 0.50 b 

S0866 2900 4495 6487 08-84 0 0.20 b 

S0867 2900 4545 2589 ()9.83 0 0.28 b 

S0869 2925 4620 2591 ()9.83 0 0.02 b 

S0870 2950 4620 2592 ()9.83 0 0.87 b 

C0185 2960 4605 10058 07-85 0 0.55 b 

10059 07-85 18 0.16 b 

10060 07-85 36 0.12 b 

10061 07-85 54 0.23 b 

10062 07-85 72 0.37 b 

10063 07-85 90 0.42 b 

10064 07-85 108 0.31 b 

10065 07-85 126 0.29 b 

10066 07-85 144 1.04 b 

10067 07-85 162 1.76 b 

10068 07-85 180 1.74 b 

10069 07-85 198 0.47 b 

10070 07-85 216 0.76 b 

10071 07-85 234 0.49 b 

S0872 2975 4645 6491 08-84 0 0.12 b 

S0873 2990 4620 2593 08-84 0 0.30 b 

C0187 2995 4630 10072 07-85 18 0.10 b 

10073 07-85 36 0.02 b 

10074 07-85 54 0.02 b 

10075 07-85 72 0.21 b 

10076 07-85 90 0.55 b 

10077 07-85 108 0.51 b 

10078 07-85 126 3.71 b 

1007 07-85 144 0.60 b 

100 07-85 162 0.22 b 

100 07-85 180 0.22 b 

1008 07-85 198 0.23 b 

1008 07-85 216 0.80 b 

1008 07-85 234 0.12 b 

(The MAC IDs for the last 6 samples of this core were obscured in the data. The sequence is probably 10079 through 10084) 
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Table IV.7. (page 2 of 2) 

Plate1 Coordinates MRCID Depth Plutonium-238 Thoriumb 

Location• .S2Y1h West Jl2..... Mo-Yr finch) .terual 12QiLgl 

C0188 3000 4520 7806 1()..84 90 0.01 b 

7807 1()..84 180 0,01 b 

S0874 3025 4575 2603 1()..83 0 0.24 b 

soan 3035 4640 6388 ()8..84 0 0.52 b 

S0878 3035 4705 6387 ()8..84 0 0.98 b 

6
Map locations are given using a "C" to designate core locations and an ·s· to designate surface locations. 

b A "b" indicates that the total thorium concentration was less than the background level of 2.0 pCijg, using FIDLER screening. 

Therefore, radiochemical analysis was not performed. 

~e boring log for this location indicates that sampling was not performed to bedrock (Appendix B). 

FIDLER • field instrument for the detection of low-energy radiation 

MRC ID • Monsanto Research Corporation Identification 

pCI/g • picocuries per gram 
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• were taken at each location. Table IV.8 gives the locations and the sampling patterns. These 

locations were plotted on Plate 1 ; Area 1 9 was identified based on these locations. The verification 

sampling was apparently performed after the trench was backfilled. With a few exceptions, the 

Battelle report indicates that the greatest depth at which contamination typically exceeded 25 pCi/g 

before removal was approximately 3 to 4 ft (Stenhouse and Kirsch 1 986). Assuming that the depth 

of the backfilled soil was, at a minimum, 3 ft, it is probable that three samples were taken of the 

backfill material at 1, 2, and possibly 3 ft. It is not known how much backfill was placed in the trench. 

Table IV.9 gives the analytical results for the verification survey of Area 19. The plutonium-238 

analyses were performed using a Phoswich'"' detector coupled to a multichannel analyzer. The system 

was calibrated to detect the low-energy gamma emissions from plutonium-238, correcting for the 

presence of thorium-232 as necessary. The LDL for this system was 20 pCi/g for a 400-second count. 

Twenty-five, or 1 0 percent, of the samples were also radiochemically analyzed for plutonium-238 by 

an independent laboratory to confirm the Phoswich• results. In general, the plutonium-238 levels 

measured by both methods were comparable, with ·some inconsistencies for samples containing 

thorium-232 or having a low sample weight (Stenhouse and Kirsch 1986). 

The verification study concluded that more than 90 percent of the samples analyzed contained levels 

• of plutonium-238/thorium-232 within one standard deviation of the 1 00 pCi/g cleanup level. Samples 

taken at test hole numbers 7, 14, 22, and 23 contained plutonium-238 in excess of 1 00 pCi/g 

(Table IV.9). Contaminated soil was removed from test hole numbers 14 and 22 (Tables IV.8 and IV.9) 

in September 1990 and was boxed and disposed of by the D&D Program. Samples taken of the 

excavation walls in 1990 showed plutonium-238 levels to be less than 1 00 pCi/g after the excavation 

was completed. This soil removal was documented in an internal Mound Plant memorandum (Rader 

1990). 

4. 1.8. Area D 

Area D is located on the SM/PP Hill, adjacent to Area 12, and is the location of an acid-leach field for 

Building 38, also know as the PP Building (Plate 1 ). The acid leach field was designed so that a pipe 

extending from trays holding polypropylene tanks containing nitric acid for use in plutonium-238 

processing would release nitric acid to the acid leach field in the event of leaks or spills. The leach 

field contained limestone gravel/rocks that had been placed there in order to neutralize the nitric acid. 

Both the pipe and the limestone were below ground surface, but the exact depths are unknown. 

• One core location was sampled in the apparent vicinity of the Area D acid-leach field. This is location 

C0146 on Table IV .1 0 and location 0146 on Plate 1. No significant plutonium-238 or thorium activity 
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Table IV.S . Sampling Locations for Verification Survey of Former Waste Transfer System Pipeline 

• Test Hole Coordinates Elevation Subsurface 
Numbe,.a South West (feet) Sampling Patternb,c 

1 2,917.99 2,389.22 877.1 1, 2, 6 
2 2,905.89 2,474.63 873.0 3,4,6 
3 2,901.81 2,419.20 875.8 3,4,8 
4 2,893.98 2,435.14 874.7 2,4,5 
5 2,901.09 2,446.61 874.4 3,4,8 
6 2,899.40 2,459.51 873.8 2,4, 7 
7 2,884.00 2,478.77 872.5 4,5,3 
8 2,890.94 2,492.89 869.8 2, 7,8 
9 2,906.29 2,498.91 866.0 2,5, 7 

10 2,912.81 2,533.61 858.9 3,4,6 
11 2,891.07 2,567.69 846.2 3,5, 7 
12 2,864.84 2,607.83 833.7 1, 4; 5 
13 2,843.67 2,646.08 824.4 2,5, 7 
14 2,817.72 2,694.28 812.8 2,5, 7 
15 2,791.35 2,735.84 802.4 2,5,8 
16 2,775.76 2,764.85 795.0 2,4,6 
17 2,736.96 2,825.90 778.6 1, 3, 4 
18 2,712.64 2,869.02 769.5 1, 3, 4 
19 2,684.47 2,910.83 762.9 3,4,6 
20 2,659.29 2,958.42 760.0 2,3,8 

• 21 2,635.91 2,996.07 753.6 4,6, 7 
22 2,611.46 3,042.02 748.4 3,4,5 
23 2,613.27 3,060.62 748.4 2,3,8 
24 2,607.32 3,049.10 746.2 3,4, 7 
25 2,586.23 3,081.72 751.3 1, 2, 3 
26 2,574.70 3,085.81 751.9 1, 5, 6 
27 2,561.41 3,096.70 751.8 3,4,5 
28 2,544.13 3,100.38 752.1 1, 3, 4 
29 2,528.50 3,080.17 753.5 3,5, 7 
30 2,518.45 3,114.58 752.1 1, 3, 4 
31 2,505.45 3,126.78 750.7 1, 6, 7 
32 2,490.97 3,176.97 750.2 1, 4, 5 
33 2,517.09 2,936.47 749.8 4,5,8 
34 2,461.90 3,266.02 749.7 3,4, 7 
35 2,448.51 3,312.99 748.2 2,5,6 
36 2,438.96 3,362.09 747.6 3,4, 7 
37 2,410.91 3,426.84 746.6 2,4, 7 
38 2,406.09 3,455.03 745.4 1, 2, 4 
39 2,393.77 3,467.81 745.4 6, 7,8 
40 2,383.51 3,482.24 745.0 2,3,5 
41 2,377.83 3,493.48 744.8 2,3,8 
42 2,355.72 3,487.74 745.6 3,5, 7 
43 2,319.78 3,513.25 744.9 3,4,5 
44 2,294.67 3,555.80 744.1 2,4,5 
45 2,279.81 3,602.66 744.0 3,4,6 

• 
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Table IV.S. (page 2 of 2) 

Test Hole Coordinates Elevation Subsurface 
NumberB South West (feet) Sampling Patternb,c 

46 2,242.47 3,650.82 744.6 4,6, 7 
47 2,230.57 3,688.55 743.1 2,3,5 
48 2,304.08 3,577.89 744.2 1, 2, 3 
49 2,285.48 3,537.70 745.5 5,6,8 
50 2,344.32 3,510.81 745.2 2,3, 7 
51 2,395.15 3,489.36 744.9 1, 2, 6 
52 2,404.77 3.468.02 744.9 2,6, 7 
53 2,481.14 3,188.67 750.2 3,4,5 
54 2.492.90 3,146.88 750.7 2,3,4 
55 2,503.36 3,144.19 750.9 2,3,6 
56' 2,516.19 3,134.08 751.4 2,3,6 
57 2,504.63 3,108.15 751.3 3,4,8 
58 2,579.94 3,099.82 751.4 2, 3,5 
59 2,596.64 3,095.49 750.4 2,3,6 
60 2,620.15 3,027.87 751.9 2,3,6 
61 2,581.59 3,071.20 751.5 1,3,4 
62 2,596.55 3,051.79 NG 3,4,5 

Reference: Stenhouse and Kirsch 1986. 

8 These locations are designated 19-1 through 19-62 on Plate 1. Not all of the coordinates resulted in the 
placement of sampling points near the WTS (Area 19). suggesting that some locations were sampled in 
other areas or that the coordinates are in error. 

bsurtace sample also taken at each test hole site. 
crhe subsurface sampling pattern is given as beginning depth in ft. 1, 2, 6 indicates that samples were 

taken at 1 ft, 2 ft, and 6ft. If possible, a 1-ft core was obtained. 
NG - Not given 
WTS - waste transfer system 
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Table IV.9. Analytical Data 

Test Hole/ Core Segment Plutonium-238 
Location No.c Depth {ft) CpCi/q) 

1 Surface <LDL 
1 -2 <LDL 
2-3 <LDL 
6-7 <LDL 

2 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

3 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
8-9 <LDL 

4 Surface <LDL 
2-3 <LDL 
4-5 <LDL 
7-8 <LDL 

5 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

6 Surface 26 
2-3 <LDL 
4-5 24 
7-8 <LDL 

8Denotes those samples which were subsequently submitted for independent radiochemical 
analysis. 

bAbsolute errors are not provided for each plutonium-238 activity value. As a guideline, the following 
minimum errors (at the ± 1 a level) may be taken for various plutonium-238 activity levels. These errors 
depend on how much thorium is present; the first± value is calculated for a thorium concentration of 
1 pCijg and the other± value for 10 pCijg thorium. 

25 pCijg plutonium-238: ±8 pCijg; ±38 pCijg 
50 pCijg plutonium-238: ±9 pCijg; ±38 pCi/g 
100 pCijg plutonium-238: ±9 pCijg; ±37 pCijg 

crhe locations are designated 19-1 through 19-62 on Plate 1. 
dcontaminated soil was removed from test holes 14 and 22 in September 1990. Post-removal plutonium-
238 soil levels were less than 100 pCijg (Rader 1990). 

LDL- Lower detection limit. LDL is taken as equal to or less than 20 pCijg for a 400 second count. 
pCijg - picocuries per gram 
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Table IV .9. (page 2 of 7) 

Test Hole/ Core Segment Plutonium-238 
Location No.c Depth (ft) (pCi/q) 

7 Surface 81 
4-5 181 
5-6 42 
7-8 33 

8 Surface 35 
2-3 28 
7-8 21 
8-9 46 

9 Surface <LDL 
2-3 <LDL 
5-6 <LDL 
7-8 <LDL 

10 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

11 Surface <LDL 

• 3-4 <LDL 
5-6 <LDL 
7-8 <LDL 

12 Surface <LDL 
1 -2 <LDL 
4-5 <LDL 
5-6 <LDL 

13 Surface 23 
2-3 <LDL 
5-6 <LDL 
7-8 21 

14d Surface <LDL 
2-3 23 
5-6 410 
7-8 34 

15 Surface <LDL 
2-3 <LDL 
5-6 <LDL 
8-9 <LDL 

16 Surface <LDL 
2-3 <LDL 

• 4-5 <LDL 
6-7 <LDL 
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• ·Table IV.9. (page 3 of 7) 

Test Hole/ Core Segment Plutonium-238 
Location No.0 Depth (ft) (pCi/g) 

17 Surface <LDL 
1 -2 <LDL 
3-4 <LDL 
4-5 <LDL 

18 Surface 26 
1-2 <LDL 
3-4 22 
4-5 26 

19 Surface 22 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

20 Surface <LDL 
2-3 <LDL 
3-4 <LDL 
8-9 <LDL 

21 Surface 24 

• 4-5 <LDL 
6-7 <LDL 
7-8 <LDL 

22d Surface <LDL 
3-4 1057 
4-5 41 
5-6 <LDL 

23 Surface 26 
2-3 114 
3-4 185 
8-9 <LDL 

24 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
7-8 <LDL 

25 Surface <LDL 
1-2 <LDL 
2-3 <LDL 
3-4 26 

26 Surface <LDL 
1 -2 <LDL 

• 5-6 <LDL 
6-7 <LDL 
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Table IV .9. (page 4 of 7) 

• Test Hole/ Core Segment Plutonium-238 
Location No. c Depth (ft) CpCi/q) 

27 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
5-6 <LDL 

28 Surface <LDL 
1 -2 <LDL 
3-4 <LDL 
4-5 <LDL 

29 Surface <LDL 
3-4 <LDL 
5-6 <LDL 
7-8 <LDL 

30 Surface <LDL 
1 -2 <LDL 
3-4 <LDL 
4-5 21 

31 Surface <LDL 

• 1 -2 <LDL 
6-7 31 
7-8 22 

32 'Surface <LDL 
1 -2 <LDL 
4-5 24 
5-6 <LDL 

33 Surface <LDL 
4-5 <LDL 
5-6 <LDL 
8-9 23 

34 Surface 27 
3-4 <LDL 
4-5 <LDL 
7-8 21 

35 Surface 26 
2-3 <LDL 
5-6 26 
6-7 <LDL 

36 Surface <LDL 
3-4 22 

• 4-5 <LDL 
7-8 <LDL 
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Table IV.9. (page 5 of 7) 

• Test Hole/ Core Segment Plutonium-238 
Location No.0 Depth (ft) (pCi/g) 

37 Surface <LDL 
3-4 26 
5-6 28 
7-8 24 

38 Surface <LDL 
1 -2 49 
2-3 50 

-~.._,.... 4-5 23 

39 Surface <LDL 
6-7 26 
7-8 24 
8-9 <LDL 

40 Surface <LDL 
2-3 35 
3-4 29 
5-6 38 

41 Surface <LDL 

• 2-3 21 
3-4 <LDL 
8-9 23 

42 Surface <LDL 
3-4 <LDL 
5-6 <LDL 
.7-8 24 

43 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
5-6 24 

44 Surface <LDL 
2-3 38 
4-5 <LDL 
5-6 <LDL 

45 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

46 Surface <LDL 
4-5 <LDL 

• 6-7 <LDL 
7-8 <LDL 
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• Table IV.9. (page 6 of 7) 

Test Hole/ Core Segment Plutonium-238 
Location No.c Depth (ft) (pCi/q) 

47 Surface 36 
2-3 <LDL 
3-4 <LDL 
5-6 <LDL 

48 Surface <LDL 
1 -2 <LDL 
2-3 <LDL 
3-4 <LDL 

49 Surface <LDL 
5-6 <LDL 
6-7 <LDL 
8-9 <LDL 

50 Surface <LDL 
2-3 <LDL 
3-4 <LDL 
7-8 27 

51 Surface 89 

• 1 -2 <LDL 
2-3 26 
6-7 <LDL 

52 Surface <LDL 
2-3 41 
6-7 <LDL 
7-8 <LDL 

53 Surface 22 
3-4 26 
4-5 <LDL 
5-6 22 

54 Surface 25 
2-3 26 
3-4 23 
4-5 26 

55 Surface <LDL 
2-3 <LDL 
3-4 <LDL 
6-7 25 

56 Surface <LDL 
2-3 <LDL 

• 3-4 <LDL 
6-7 <LDL 
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Test Hole/ 
Location No. c 

57 

58 

59 

60 

61 

62 
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Core Segment 
Depth (ft) 

Surface 
3-4 
4-5 
8-9 

Surface 
2-3 
3-4 
5-6 

Surface 
2-3 
3-4 
6-7 

Surface 
2-3 
3-4 
6-7 

Surface 
1 -2 
3-4 
4-5 

Surface 
3-4 
4-5 
5-6 
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Plutonium-238 
(pCi/q) 

<LDL 
<LDL 
22 
<LDL 

<LDL 
<LDL 
<LDL 
<LDL 

<LDL 
<LDL 
<LDL 
<LDL 

<LDL 
21 
27 
<LDL 

<LDL 
29 
<LDL 
<LDL 

21 
50 
<LDL 
<LDL 
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was detected in the samples from this location (a maximum of 0.98 pCi/g of plutonium-238 and less 

than 2 pCi/g of thorium). 

Area D was not identified in the original Site Survey Project Report (Stought et al. 1988), but it has 

always been included as one of the sites to be addressed by the Mound Plant D&D Program. No 

significant radioactive contamination was identified during the Site Survey Project, either in the original 

report or by this evaluation. This is consistent with the site history for this area, which indicates that 

any nitric acid released would have been raw material prior to processing and, therefore, not 

contaminated. The D&D of Area D is being conducted as part of the D&D of Building 38 and its utility 

systems. 

The maximum depth sampled in Area D was 1 80 inches. Borehole data in Mound Plant drawing 

#FSE16472, reproduced in the Site Scoping Report: Volume II Addendum (DOE 1992f) indicate that 

the depth to bedrock in this area of the SM/PP Hill ranges from approximately 1 08 to 228 inches, but 

this may vary greatly due to the presence of fill dirt. The boring log for location C0146 is not available, -

so it cannot be determined if bedrock was reached during the sampling. 

4.1 .9. Buildina 48 Hillside 

A note in the Site Survey Project Report (Table 2.1 in Stought et al. 1988) indicated that elevated 

levels of plutonium-238 were discovered in an area designated as Block 19. The area of concern is 

actually located adjacent to a process sewer manhole northwest of Building 48 on the south slope of 

the Main Hill (Plate 1 ). This area is referred to as the Building 48 hillside in this report. The Building 

48 hillside is also west of Area 5, but is not currently included in the boundaries of Area 5. Internal 

Mound Plant memoranda reviewed for this report substantiate the note in the project report (Stought 

et al. 1988) that plutonium-238 concentrations are as high as 32 nCi/g (Draper 1986a). The data 

sheets are included in Appendix E. The levels of plutonium-238 encountered required that the 

construction project be abandoned, so the initial holes were simply backfilled and the contamination 

left in place. The contamination encountered at the Building 48 hillside is attributed to a release of 

7.64 mCi of plutonium-238 in November 1967. This incident is listed ·in the Site Scoping Report: 

Volume 11: Spills and Response Actions (DOE 1992h). As the Building 48 hillside is associated with 

the soils adjacent to the alpha waste water sewer lines, similar problems may be anticipated along the 

length of the lines. These lines are scheduled to undergo D&D . 
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Table IV.10. Mound Site Survey Project- Area D 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Cobalt-60 Cesium-137 Radium-226 Americium-241 

Location8 South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCi/g) (pCi/g) (pCi/g) (pCifg) 

C0146 2975 2465 1170 12-82 18 0.35 b 
1171 12-82 36 0.98 b 
1172 12-82 54 0.12 b 
1173 12-82 72 0.36 b 
1174 12-82 90 0.18 b 
1175 12-82 108 0.21 b 
1176 12-82 126 0.03 b 
1177 12-82 144 0.05 b 
1178 12-82 162 0.01 b 
1179 12-82 180 0.03 b 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 
bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER - field instrument for the detection of low-energy radiation 

MRC ID - Monsanto Research Corporation identification 

pCi/g - picocuries per gram 

pCi/mL- picocuries per milliliter 
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4. 1.1 0. Building 66 Lot Site 

A note in the Site Survey Project Report (Table 2.1 in Stought et al. 1988) indicated that elevated 

levels of plutonium-238 were discovered in an area designated as Block 33. The area of concern is 

actually located adjacent to Building 66 just south of Building 51 along the upper reach of the plant 

drainage ditch (Plate 1 ). This area is referred to as the Building 66 lot site in this report. The Building 

66 lot site is enclosed within the boundaries of Area 7 (Plate 1 ). Internal Mound Plant memoranda 

reviewed for this report substantiate the note in the project report (Stought et al. 1988) that plutonium-

238 concentrations are as high as 7 nCi/g (MRC 1986). Plutonium-238 concentrations, however, 

ranged widely from less than 25 pCi/g to 7 nCi/g, suggesting very spotty contamination. The data 

report is included in Appendix E. The levels of plutonium-238 encountered required that the 

construction project be abandoned at the Building 66 lot site, so the initial holes were simply backfilled 

and the contamination left in place. 

4.1 . 11. Locations With Elevated Plutonium-238 

The evaluation of the Site Survey Project data for the compilation of this report indicated that three 

potential hot spots contained levels of plutonium-238 in excess of 25 pCi/g. These are all surface 

• locations, numbered S0166, S0208, and S0706 on Table IV .9. These areas indicated plutonium-238 

values of 34.5, 61.0, and 28.9 pCi/g, respectively. Surface location 0166 is located near the SW and 

R Buildings on the Main Hill; surface location 0208 is located northwest of the WD Building; and 

surface location 0706 is located north of the Area 1 runoff channel that goes west toward Area 2 

(Plate 1 ). The Area 1 runoff channel is located in a ditch, and location 0706 is either on the 

embankment or in the woods above Area 1 . The review of process history indicates that the elevated 

plutonium-238 activity in the three potential hot spot locations cannot be easily associated with 

process information. Areas 3, 4 and 4a, 7, 8, 12, and J also indicated elevated levels of plutonium-

238. The elevated concentrations are not directly ascribed to process history, but may be due to spills, 

runoff, or other unknown processes. Descriptions of these areas are provided in companion sections 

of this report. Areas 3, 7, 8, and 12 are included in section 5; additional descriptions of Area 7 are 

provided in section 7; areas 4 and 4a are included in section 3; and Area J is described in section 10. 

As with several hot spots and other local areas of contamination described in this report, elevated 

levels of plutonium-238 were discovered in Area 3 during routine surveys conducted during 

construction activities. The surveys of construction activities have been conducted routinely since 

1985, required partly by the specifications for soil destined for the spoils disposal area. In August 

• 1988, during survey of the dismantling of a portion of the sludge drying beds adjacent to the 

wastewater treatment facility, elevated levels of thorium and plutonium were indicated. An internal 
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• memorandum indicates that analysis shows 1 5 samples from bed #3 possessing thorium 

concentrations that range from less than 1 to 63 pCi/g and plutonium-238 concentrations that range 

from less than 20 to 1 ,235 pCi/g (Collins 1988). Notes on the memo indicate that the samples were 

collected at the surface, but during interviews with the personnel that collected the samples, it was 

indicated that the samples were collected below the drying bed at the surface of the underlying soil. 

As part of the construction, the contaminated soil was removed and boxed for offsite disposal. 

Considerable doubt exists among the decontamination workers that any of the identified contamination 

actually contained plutonium-238. All of the radioactivity was assumed to be thorium-232, as it is 

apparent with as much thorium activity as was present in the drying beds, considerable interference 

occurs on the plutonium-238 channel of the analytical equipment. The 1,235 pCi/g of plutonium-238 

were considered to have occurred by this interference. The data report is included in Appendix E. Soil 

was removed to a level approximating 15 pCi/g thorium according to field screening with a FIDLER. 

No additional soil samples were taken before the area was backfilled. 

Considering that Area 3 was historically used for storage and redrumming of the thorium sludges, it 

is entirely consistent that the contamination identified in the sludge drying beds was thorium-232. 

Descriptions of Area 3 are provided in subsection 5.4. No processes, other than perhaps runoff from 

Area 14, could account for plutonium-238 under the sludge drying beds. The drying beds themselves 

• were constructed in 1974 as part of the wastewater treatment plant. During that era, routine surveys 

did not accompany construction activities and the beds may have been built over soils contaminated 

with thorium . 

• 
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5. THORIUM ORE PROCESSING AREAS 

This section provides general descriptions of the scale and periods of operation of the thorium ore 

processing program at Mound Plant. Summaries are provided of the areas where process, treatment, 

storage/repackaging, and disposal activities took place and whether environmental radiological data, 

through the Site Survey Project, are available. Additional information on the generation and TSD 

activities is provided in Volume 7 - Waste Management (DOE 1992g). The subsections that follow 

provide details on individual areas. 

5.1. PROGRAM SUMMARY 

In the mid-1950s, Mound Plant was directed to conduct a research and development effort that would 

lead to a process for the extraction of thorium from Brazilian monazite sludge and other thorium-bearing 

materials. The goal was to develop a production-scale process and to construct a refinery that would 

recover thorium from a variety of thorium-bearing ores and provide a thorium salt suitable for the 

preparation of high purity thorium metal. 

A typical elemental analysis of the Brazilian sludge used in this process is provided in Table V .1. The 

major isotope in these ores sludges was thorium-232 with the major daughter products being radium-

228, radium-224, and other daughters. Minor amounts of thorium-230 may have also been present 

in the naturally occurring ores, and thorium-228 would be present due to the decay of radium-228. 

No analytical data quantifying these isotopes in the original thorium sludges was found during the 

research for the seeping reports. 

The thorium ore processing program was very short lived. Mound Plant began to receive sludge 

materials in early 1955 and the program was canceled in May 1955 (DOE 1992g). What little process 

developmental work there was took place in R Building and a pilot plant was assembled and tested in 

SW Building (Figure 5.1 ). Since the thorium program was short lived, little is known about related 

waste treatment processes. Aqueous wastes from the pilot plant went to the influent tanks in the WD 

Building. These wastes were not treated, but were diluted and released to the Great Miami River. 

Only limited sampling was conducted in the area surrounding the R and SW Buildings as part of the 

Site Survey Project. No elevated levels of thorium were detected in this area. None of the storm and 

process sewers were investigated as part of the Site Survey Project. 

The thorium-bearing materials that were to be feedstocks for the refinery continued to be stored at 

Mound Plant for several years. The continued maintenance and repackaging of the sludges in the 

storage drums proved to be the biggest problem. Fugitive dust that settled in the areas immediately 
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Table V.1. Typical Elemental Analyses of Brazilian Sludge 

Concentration 
Element (Weight%) Element 

Aluminum 0.01 - 0.1 Lead 

Calcium 0.1 - 1.0 Praseodymium 

Cerium <10.0 Selenium 

Copper 0.001 - 0.01 Silicon 

Erbium Not Detected Samarium 

Gadolinium 1.- 10. Terbium 

Holmium Not Detected · Titanium 

Lanthanum <10. Thulium 

Lutetium Not Detected Yttrium 

Magnesium 0.01 -0.1 Ytterbium 

Neodymium 1.0- 10.0 Radium-228 

Thorium oxides 45 Radium-224 

Rare earth oxides 15 Zirconium oxides 

Silicon dioxides 4.4 Phosphorous oxides 

Titanium oxides 7.0 Uranium oxide8 

Iron oxides 4.3 Chlorides 

Loss on ignitions 14 

Data from Mead et al. 1955 
8 Percentages on dry basis at 11 OoC; MRC 1973a,d . 
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Concentration 
(Weight%) 

0.01 - 1.0 

1.0- 10.0 

Not Detected 

1.0- 10.0 

1.0- 10.0 

Not Detected 

7.0 

0.1 - 1.0 

1.0- 10.0 

0.1 - 1.0 

Not Analyzed 

Not Analyzed 

1.4 

5.3 

1.0 

1.4 
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surrounding the storage areas produced soil contamination. Some wash water produced during 

repackaging activities were diluted and discharged via the storm sewer to the Great Miami River. 

Storage areas for the thorium feed material included Area 3, Area 9, Warehouse 9, Warehouse 15, and 

Building 21 located in Area 1. Old Warehouse 9, along the railroad spur, received drums directly from 

the boxcars and served as an interim storage facility. Boxcars were washed and decontaminated as 

they sat on the spur. Warehouse 9 was razed and the walls sold as scrap, except the contaminated 

wooden floor of the building, which was burned in place. Much of the railroad spur is no longer visible. 

The upper portion that was adjacent to Warehouse 9 is now largely covered over with new soil and 

asphalt. Some of the track was removed during the excavations for the Area 19 D&D of the waste 

transfer lines in 1986. 

Initially, drums were moved from Warehouse 9 to Warehouse 15 (previously located in the area now 

known as Area 7) where the sludges were repackaged into new 55-gallon drums. When radiation 

reached unsafe levels as a result of the repackaging, this activity was transferred to Areas 3 and 9, 

where the work was performed in the open air. The drums were also stored in these areas. 

Repackaging continued almost annually until July 1964 when a permanent bulk thorium sludge storage 

facility, Building 21, was constructed (MRC, 1973). Fugitive dust was generated by dumping the 

material into the bulk storage bins through the roof. This dust contaminated soil north of the building. 

This area is now known as Area 1 . 

Storage and repackaging areas investigated in the Site Survey Project include Areas 1, 3, 7, and 9. 

Descriptions of these areas are in the subsections that follow. Warehouse 9 and the railroad spur was 

not investigated as part of the Site Survey Project, except the area where the waste transfer line 

crossed the old tracks (Plate 1 ). 

No thorium sludge or ores are known to have been buried or disposed of on the site. Most of the 

surficial soil contaminated with thorium is due to material spills and fugitive dust emissions associated 

with the repackaging and storage efforts. The major isotope of concern from the thorium sludge is 

thorium-232. [Note - Soils on Mound Plant are known to be locally contaminated with thorium-230, 

but this would not be from the thorium sludge materials. Thorium-230 is largely a decay product of 

uranium and is discussed in this report with the uranium ore processes in section 6.1 Corroded drums 

from the repackaging of thorium sludges were collapsed and buried in Areas 2 and 7, in the lower and 

upper valley areas, respectively. Soils with low-level thorium contamination do exist in many areas and 

these areas generally have a complex history of surficial contamination from the redrumming activities 

and shallow excavation. It is known that soils from Areas 1 and 9 were scraped and moved to Areas 
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• 
8 and 12. Area 8 partially overlapped Area 19, the waste transfer line, and was again moved during 

the waste line excavation. Areas used for disposal of thorium-contaminated soils include Areas 2, 7, 

8, and 12. All of these were included in the Site Survey Project investigations. 

5.2. AREA 1 

Area 1, located on the southwestern side of the SM/PP Hill (Plate 1 ), surrounding Building 21, includes 

two drainage pathways. This area was used for storage and repackaging of thorium sludges from 

1966 to 1974. Part of the area was also used for the storage of plutonium-238 waste packages in 

the mid-1960s. Two portions of the area extend south onto the new property and west toward Area 

2 (Plate 1) as a result of surface water runoff. The drainage channel that extends west was excavated 

and covered with concrete in the summer of 1989. During this effort, much of the original topsoil was 

removed and apparently placed in the spoils disposal area, as only one sample showed a thorium 

concentration above 5 pCi/g. Some soil may have been left on the bank next to the channel. 

The Aerial Reconnaissance Survey in 1976 (EG&G 1978) noted a peak in the energy range of cobalt-60 

in the vicinity of Building 21 . As a result, a gamma survey of the area was performed by Mound Plant 

personnel. A single drum containing depleted bismuth slugs was found stored near the salt bin north 

• of Building 21. The survey conducted after the drum was removed revealed no significant gamma 

readings (Garner 1976). No indication was given as to why the drum was stored there or its 

disposition. 

• 

Area 1 has a complex history of surficial soil contamination, sampling, and shallow excavation. 

Radioactively contaminated soils were removed from this area in 1975 and moved to Areas 8 and 12. 

No information was found during the research for the scoping report that would indicate the volumes 

or levels of thorium contamination involved. However, in 1980, seven 1-ft cores were drilled 1 ft north 

of the new property along the fenceline in the area of Building 21 (MRC 1980). Mound Plant personnel 

concluded that thorium-232 contamination was present based on the ratio of thorium-230 to thorium-

232, but concentrations greater than 2 pCi/g were detected in only two of the 13 samples analyzed 

(one sample was lost). The highest concentration detected was 2.13 pCi/g. Four additional surface 

samples were collected further north of the fence in the vicinity of Building 21 . Thorium concentration 

in excess of 2 pCi/g was detected the samples collected from three of these locations. The highest 

concentration detected was 924.2 pCi/g. All of the above samples were analyzed for plutonium-238 

content. Levels above 1 00 pCi/g were detected in 2 of the 4 surface samples collected in the vicinity 

of Building 21. The highest plutonium-238 concentration detected was 860.4 pCi/g (MRC 1980) . 
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Field surveys of the historic SM field area in Area 1 were conducted in February 1984. Five samples 

were analyzed for thorium-232 and plutonium-238. Plutonium-238 concentrations up to 226,564 

pCi/g and thorium concentrations up to 218.9 pCi/g were noted (Draper 1984). The hot spots with 

the highest concentrations were cleaned up by the D&D program (Davis 1985). An internal 

memorandum states that the area was excavated and two 55-gallon drums were filled with soil. The 

remaining hole indicated a level of about 17 nCi/g plutonium-238 that was then backfilled (Sohn 1984). 

A review of the site survey data during the preparation of this report determined the boundaries of 

Area 1 as depicted on Plate 1 . The boundaries shown agree with those identified in the original Site 

Survey Project Report. The results for the locations sampled within Area 1 by the Site Survey Project 

are given in Table IV.2 and are contoured on Plate 4 and Plate 5 for plutonium-238 and thorium, 

respectively. The maximum plutonium-238 concentration reported for samples collected in Area 1 

(34,000 pCi/g) was detected in the surface sample collected from location 0997 on Plate 1 (S0997 

on Table IV.2). No thorium results were given for this sample. It is not known if additional sampling 

was performed to confirm this plutonium value. No cleanup activities are known to have occurred 

since these measurements were taken. 

The maximum concentration of total thorium reported by the Site Survey Project for Area 1, 

54.3 pCi/g, was detected in the surface sample collected from location 1002 (S1002 on Table IV.2 

and surface location 1002 on Plate 1 ). In general, the maximum concentrations of both thorium and 

plutonium-238 were detected in samples taken at locations near Building 21, east and north of Building 

21, along the drainage channel to the south, and at the beginning of the drainage channel that extends 

south onto the new property (Plates 4 and 5). Elevated plutonium-238 concentrations were also 

detected in samples collected in a drainage channel that extends west toward the overflow pond (Plate 

1 ). Biased samples were taken along these channels after FIDLER screening in the first phase of the 

Site Survey Project showed increased activity in a number of locations. Contamination in these 

drainage channels is apparently the result of contaminated sediment transport by way of surface water 

runoff from contaminated soils within Area 1 . There are also some other smaller areas of surface 

plutonium contamination on the nearby property, possibly indicating smaller runoff channels (Plate 4). 

Thorium (Plate 5) was also detected to a lesser extent in both drainage channels extending south from 

Area 1 . In situ gamma spectroscopy for thorium-232 was performed at 19 locations in Area 1 (0263, 

0264,0265,0266,0267,0268,0269,0270,0271,0272,0273,0274,0276,0277,0278,0279, 

0280, 0281, and 0282 on Plate 1 ). The maximum thorium-232 concentration reported for these 

samples, 9.2 pCi/g, was detected at location 0264 (C0264 on Table IV.2). 

• The core locations in Area 1 were sampled to a depth of approximately 36 inches, although several 

were sampled much deeper, such as core location 0203 (sampled to 180 inches) .. 
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Mound Plant drawing #FSE16472, reproduced in the Site Seeping Report: Volume 2 Addendum -

Stratigraphic and Lithologic logs (DOE 1992f) indicates that the depth to bedrock in the area of the 

SM/PP Hill ranges from 24 inches to greater than 84 inches. The in situ gamma spectroscopy 

measurements included driving pipes to bedrock. These locations indicate that the depth to bedrock 

in Area 1 ranges from 24 to 120 inches. The drainage channel to the west onto the new property 

contains exposed bedrock in many places, and only a thin covering of soil along most of its length. 

Boring logs are available for locations 0201 and 0203 (Appendix B). Bedrock was reached at location 

0201, but not at 0203. 

5.3. AREA 2 

Area 2, located along the west-central border of Mound Plant, is on the margin of the historic landfill 

(DOE 1991 b). Reports of historic activities indicate that Area 2 is the location of disposal trenches for 

the remains of the polonium-21 a-contaminated debris from a fire in Area 13 in 1955; thousands of 

empty crushed thorium drums from the early 1960s; and polonium-21 0-contaminated sand from 1966 

(DOE 1992c). A photo interpretive history of the historic landfill and Area 2 is provided in the Site 

Seeping Report: Volume 6- Photo History (DOE 1992b) . 

No plutonium-238 concentrations in excess of 25 pCi/g were detected in any of the samples collected 

during the Site Survey Project. The maximum concentration detected was 1 7.1 pCi/g in a sample 

collected from core location 0189 at a depth of 18 inches (C0189 on Table 111.1, and core location 

0189 on Plate 1 ). The maximum thorium concentration detected, 3.31 pCi/g, was found in a sample 

collected from core location C0191 at a depth of 108 inches (Table 111.1 ). 

The interpretation of data made in compiling this report is in basic agreement with the interpretation 

of data made in compiling the original Site Survey Project Report. Area 2 is at least partially covered 

by the Site Sanitary landfill constructed in 1977. A magnetic survey conducted in Area 2 in 1990 

indicated that some of the burials may lie under the present position of the road intersection (DOE 

1990). This is also supported by the interpretation of historic aerial photographs indicating that the 

historic landfill may have occupied areas presently under the paved roads (DOE 1991 ). 

Burial of debris reportedly occurred in an irregular trench 12 or 14 ft deep that was covered by a few 

feet of soil (DOE 1992g). The depth to bedrock in this area of the facility appears to be a maximum 

of about 600 inches or about 50 ft (DOE l992f). The maximum depths sampled at the three core 

location were 36, 162, and 180 inches (Table 111.1 ). Although the samples collected from 72 to 180 

inches may have been of sufficient depth to sample the material in the original trench, it is not kno":'n 

if any drums or debris were encountered during the core sampling. The surface samples collected from 
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Area 2 do not provide any information concerning the historic disposal trenches. The elevated thorium 

concentration detected in a sample collected from core location 01 91 at a depth of 1 08 inches may 

be indicative of some subsurface elevated thorium activity. It is not clear that C0190 was not deep 

enough to sample the buried thorium drums directly. Corehole 0190 was positioned in the right place 

to sample the area of drum burial, but it was only 36 inches deep. 

5.4. AREA 3 

Area 3, located in the area surrounding Buildings 19 and 72 on the western border of Mound Plant, 

was used for storage and redrumming of thorium in the late 1950s and early 1960s (MRC, 1973). As 

with Area 1 , Area 3 has a varied and complex history. A photo interpretive history of the historic 

landfill and Area 2 is provided in the Site Seeping Report: Volume 6- Photo History (DOE 1992bl. In 

1965, thorium-contaminated soil was reportedly scraped, and the area was graded (MRC, 1985; 

Stought et al., 1988). The excavated area was then backfilled with clean soil. No documentation of 

this activity was found during the research for the seeping reports. A small section of Area 3, near 

Building 19, may have been contaminated by either the 1969 plutonium-238 waste line break that 

created Area 14, or by the cleanup operations that followed the break. This event also resulted in the 

contamination of an offsite area, known as the runoff hollow, west of the fenceline at the western 

edge of Area 3 (Rogers 1975). Because the runoff hollow is outside the boundary of Mound Plant and 

was sampled as part of the Miami-Erie Canal investigation (Rogers 1975), it was not addressed by the 

Site Survey Project. The Miami-Erie Canal is not addressed in this report. 

The extent of Area 3 shown on Plate 1 was determined by an evaluation of the site survey data 

conducted in preparation for this report, and appears to be in agreement with the Area 3 shown in the 

original Site Survey Project Report. Similarly, both this report and the original report show most of the 

elevated plutonium-238 activity as being present near Building 19 (core locations 0099, 0100, 0101, 

0102, and 0104 on Plate 1; C099, C0100, C0101, C0102, and C0104 on Table V.2) and in the 

southwest corner of the area (surface locations 0547, 0548, 0550, 0552 on Plate 1; S0547, S0548, 

S0550, and S0552 on Table V.2). The maximum plutonium-238 concentration reported for samples 

collected from Area 3, 50.60 pCi/g, was detected in the sample collected from core location C01 04 

at a depth of 18 inches. Only five samples contained plutonium-238 concentrations greater than 25 

pCi/g. These plutonium-238 concentrations were used to develop the isoconcentration lines shown 

on Plate 4. 

Only four of the samples collected in Area 3 contained levels of total thorium in excess of 2 pCi/g . 

The maximum concentration, 5.30 pCi/g, was detected in a surface sample collected from location 

0547 (S0547 on Table V.2). Review of the data for this report indicates that the summary provided 
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Table V.2. Mound Site Survey Project- Area 3 

Plate 1 Coordinates 
Location• South 

C0099 1965 

C0100 1975 

C0101 1985 

C0102 1995 

C0103 2060 

C0104 2085 

C0105c 2100 

C0106 2105 

C0107 2170 

C0108 2200 

C0109 2225 

C0110 2230 

C0111 2250 

C0112 2250 

C0113c 2275 

C0114 2275 
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West 

4265 

4275 

4285 

4295 

4300 

4365 

4140 

4315 

4375 

4250 

4325 

4390 

4165 

4300 

4140 

4200 

MRCID Depth 

..l!L Mo-Yr Onch) 

10419 08-85 18 

10420 08-85 36 

10421 08-85 18 

10422 08-85 36 
10423 08-85 54 
10424 08-85 72 

10425 08-85 18 

10426 08-85 36 
10427 08-85 54 
10428 08-85 72 

10429 08-85 18 

10430 08-85 36 
10431 08-85 54 
10432 08-85 72 

1624 04-83 18 

1625 04-83 36 

1622 04-83 18 

1623 04-83 36 

7804 1()..84 90 

7805 1()..84 180 

1626 1()..84 18 

1626 1()..84 36 

1620 04-83 18 

1621 04-83 36 

1632 04-83 18 

1633 04-83 36 

1658 04-83 18 

1659 04-83 36 
1660 04-83 54 

1628 04-83 18 

1629 04-83 36 

1636 04-83 18 

1637 04-83 36 

1640 04-83 18 

1641 04-83 36 

7759 ()9.84 90 

7760 ()9.84 180 

1638 04-83 18 

1639 04-83 36 
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Plutonium-238 Thoriumb 

12Q!Lgl 12Q!Lgl 

31.4 b 

14.7 b 

32.4 b 

17.7 b 

12.4 b 

10.1 b 

22.0 b 

0.90 b 

0.34 b 

0.71 b 

10.4 b 

6.44 b 

2.16 b 

0.93 b 

0.26 3.95 

0.50 b 

50.60 b 

5.28 b 

0.47 b 

0.01 b 

0.41 b 

0.13 b 

0.69 b 

0.07 2.56 

0.25 b 

0.14 b 

2.30 b 

0.66 b 

0.47 b 

0.48 b 

0.14 b 

0.82 b 

0.21 b 

0.02 b 

0.03 b 

2.83 b 

0.03 b 

0.16 b 

0.01 b 
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Table V.2 . (page 2 of 2) • Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb 

Location• .S2Y!b. West ..1!!2..._ Mo-Yr finch) 1eQLgl 1eQLgl 

C0115 2275 4395 1644 ()4..83 18 1.46 3.56 

1646 ()4..83 36 0.31 b 

C0116 2305 4315 1642 ()4..83 18 0.05 b 

1643 ()4..83 36 0.24 b 

80490 2175 4135 2918 1Q.83 0 0.71 b 

80494 2275 4135 6974 08-74d 0 1.48 b 

80496 2300 4135 6873 08-84 0 0.02 b 

80499 2350 4135 2919 1Q.83 0 0.04 b 

S0536 1950 4290 7167 09-84 0 2.20 b 

S0537 1950 4315 2683 1Q.83 0 0.17 b 

S0538 1975 4165 7165 09-84 0 5.94 b 

S0539 2000 4340 7168 09-84 0 10.20 b 

80540 2050 4165 2685 1Q.83 0 36.94 b 

S0541 2075 4265 2688 1Q.83 0 0.64 b 

• S0542 2075 4390 2684 1Q.83 0 0.83 b 

S0543 2200 4265 6881 08-84 0 18.60 b 

S0545 2350 4415 6876 08-84 0 4.16 b 

S0547 2365 4375 10485 08-85 0 11.0 5.30 

S0548 2370 4380 10488 08-85 0 5.77 b 

S0549 2375 4165 6880 08-84 0 0.23 b 

S0550 2375 4290 6879 08-84 0 12.10 b 

S0551 2375 4390 6878 08-84 0 27.10 b 

S0552 2380 4370 10486 08-85 0 41.70 b 

S0553 2385 4375 10487 08-85 0 8.42 b 

8 Map locations are given using a "C" to designate core locations and an •s• to designate surface locations. 

b A "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. 

Therefore, radiochemical analysis was not performed. 

cBoring logs indicate that these locations were not sampled to bedrock (Appendix B) 

dDate of 08-74 given in the data is suspect. The correct date Is probably 08-84 or 07-84. 

FIDLER • field instrument for the detection of low•nergy radiation 

MAC ID • Monsanto Research Corporation Identification 

pCifg • picocuries per gram 

• 
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• 

• 

• 

in the project report (Stought et al. 1988) is accurate. However, a more recent survey of the sanitary 

sewage drying beds in Area 3 indicate higher levels than reported by the Site Survey Project. Of 1 5 

samples collected in the beds in 1988, the highest had a thorium-232 concentration of 63 pCi/g and 

a plutonium-238 concentration of 1235 pCi/g (Collins 1988). Additional discussion is provided in 

subsection 4.1.11. 

The depth of the core samples collected in Area 3 during the Site Survey Project ranged from 18 inches 

to a maximum of 1 80 inches. Most core locations were only sampled to a depth of approximately 36 

inches. The depth to bedrock in this area appears to range from 300 to 900 inches or about 25 to 75 

ft (DOE 1992b). Boring logs are available for two Area 3 core locations, 0105 and 0113, and indicate 

that these locations were not sampled to bedrock (Appendix B). 

5.5. AREA 7 

Area 7 is a large area located in the upper valley at Mound Plant, behind or below Buildings 29, 51, 

66, and 98 (Plate 1 ). This area was once a steep ravine that formed the upper reach of the plant 

drainage ditch. This area has a long history of debris disposal and infilling, including the disposal of 

approximately 10,000 empty thorium drums in the late 1950s to early 1960s, a polonium

contaminated washing machine (date unknown); a thorium-contaminated flat bed truck, and other 

equipment used in repackaging the thorium sludges. In the mid 1 960s, materials contaminated with 

polonium-21 0 were also buried on the side of the ravine. An exhaust system from the remodeling of 

T Building and a large stainless steel washing machine were among the items. Smaller items 

contaminated with polonium-210, may also have been buried. The Site Scoping Report: Volume 6-

Photo History (DOE 1992b) documents several episodes of filling and construction. Plate 4 -

Estimation of Fill Materials in Site Scoping Report: Volume 5 - Topographic Maps (DOE 1992a) 

indicates that over 30 feet of fill materials may exist in Area 7. 

The current extent of Area 7 shown on Plate 1 is based on an interpretation of the site survey data 

made in the preparation of this report, and is similar to the area depicted in the original Site Survey 

Project Report (Stought et al. 1988). The area shown is actually larger than the estimate of the area 

used in the historic disposals. On the north end of Area 7 is an old buried septic tank that was first 

used during plant construction, and was the site of disposal of actinium- and radium-bearing soils 

excavated from the SW Building in 1955 (DOE 1992g), which is described in section 7 of this report. 

The samples from the locations in Area 7 were analyzed mainly for plutonium-238 and thorium. The 

maximum plutonium-238 concentration detected was 7.40 pCi/g in the surface sample from location 

0286 (S0286 on Table 111.5). The maximum total thorium concentration detected, 20.52 pCi/g, was 

found in the surface sample collected from location S0298. Other radionuclides detected in Area 7 
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• included radium-226, cesium-137, and tritium. Maximum concentrations detected were 2 pCi/g, 1.2 

pCi/g, and 5.23 nCi/1, respectively. 

The core locations in Area 7 were drilled and sampled to the maximum depths of 96 to 234 inches (8 

to 19.5 ft). Mound Plant drawing #FSE16472 (DOE 1992f) indicates the depth to bedrock in this area 

is 9 to 15 ft at the north end of the area, and to 65 ft at the southern end near Building 51 . Because 

a boring log is available for only one of the Area 7 locations, it is not known if bedrock was 

encountered during the drilling; however, it appears that the majority of the core sampling did not 

penetrate fill and reach the original disposal area. The area of thorium drum and other disposals of 

magnetic materials are depicted in the Preliminary Results of Reconnaissance Magnetic Survey (DOE 

1990). 

During the early 1970s, it is believed that some of the trash from the historic landfill was excavated 

and removed to the ravine (DOE 1991 a). This fact was not substantiated during research for the 

seeping reports, but if true, it would suggest the possibility that some hazardous chemicals could have 

been relocated from the historic landfill to Area 7. Area 7 was one of the original areas identified in 

the early 1970s as a historic burial site for materials containing residual radionuclides. Some errors 

were apparent on the original map of Hot Waste Burial Sites compiled in the early 1970s and 

• reproduced in the Site Seeping Report: Volume 7-Waste Management (DOE 1992g). For example, 

the thorium contamination was listed as thorium-228 when in fact thorium-232 was the dominant 

isotope in the Thorium Monex Process. Later versions of the map appeared in the Waste Management 

Site Plans of the mid 1970s with the correct thorium-232 isotope identified. 

• 

5.6. AREA 8 

Area 8 is located on the SM/PP Hill in a low-lying area north of Building 31 (Plate 1 ). This area 

contains thorium-contaminated soils excavated from Areas 1 and 9 in 1966 and 1965, respectively. 

About 6 inches of topsoil was used as a cap. In 1984, a concrete pad was installed and some of the 

thorium contaminated soils were excavated. Soils with a contamination ·level greater than 15 pCi/g 

were boxed for offsite disposal and the remaining materials moved to the eastern, upper part of Area 

12 (Draper 1985). The extent of Area 8 shown on Plate 1 is based on a review of Site Survey Project 

data conducted during the preparation this report, and is similar to the area described in the original 

report (Stought et al. 1988). The original report boundaries do not consider the isopleth contour 

shapes depicted on Plate 5. 

In situ gamma spectroscopy for thorium-232 was performed at 14 core locations in Area 8. These 

analyses are identifiable in Table V .3 by a "None" given as the MRC I D. In situ analysis for 

thorium-232 was performed at core locations 0026, 0027, 0029, 0030, 0031, 0035, 0037, 0283, 

ER Program, Mound Plant 
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Table V .3. Mound Site Survey Project - Area 8 

Plate 1 Coordinates MRCID Depth Plutonium·238 Thoriumb Tritium Cobalt-60 Cesium·137 Radlum-226 Americium-241 

Location
8 

South West No. Mo-Yr (inch) (pCijg) (pCi/g) (pCifmL) (pCi/g) (pCi/g) (pCI/g) (pCi/g) 

'C0026 2362.7 2142.4 None 07-84 0 NR 13 
None 07-84 12 NR 17 
None 07-84 24 NR 33 
None 07-84 36 NR 37 
None 07-84 48 NR 30 
None 07-84 60 NR 34 
None 07-84 72 · NR 37 
None 07-84 84 NR 36 
None 07-84 96 NR 39 
None 07-84 108 NR 39 
None 07-84 120 NR 34 
None 07-84 132 NR 29 

C0027 2371.9 2104.9 None 07-84 0 NR 8.3 
None 07-84 12 NR 29 
None 07-84 24 NR 35 
None 07-84 36 NR 53 
None 07-84 48 NR 43 
None 07-84 60 NR 34 
None 07-84 72 NR 18 
None 07-84 84 NR 12 
None 07-84 96 NR 12 
None 07-84 108 NR 10 
-None 07-84 120 NR 5.3 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

b A "b" indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER -field instrument for the detection of low-energy radiation 

LDL. The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCijg for radium-226. 

MAC ID - Monsanto Research Corporation identification 

None- No MAC ID was assigned because in situ gamma spectroscopy for thorium-232 was performed. The report on this procedure is provided in Appendix C. 

NR - No result given 

pCifg - picocuries per gram 

pCifmL- picocuries per milliliter 
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·Table V.3. (page 2 of 5) 
g G ::IJ 
i!i s. "'D 

Thoriumb II> ... Plate 1 Coordinates MAGID Depth Plutonium-238 Tritium Cobalt .SO Cesium-137 Radium-226 Americium-241 "'-· 0 ig~ 
Location

8 
South West No. Mo-Yr (inch) (pCifg) (pCi/g) (pCi/mL) (pCifg) (pCi/g) (pCijg) (pCifg) g:;...am 

~ ? 

~ :!: 
0 C0029 2374.1 2184.3 None 07-84 0 NR 12 c 

~ ~ None 07-87 12 NR 17 
to.! J! None 07-87 24 NR 17 
~ G None 07-87 36 NR 38 CD ::J ., .... None 07-87 48 NR 53 

None 07-87 60 NR 42 
None 07-87 72 NR 36 
None 07-87 84 NR 38 
None 07-87 96 NR 55 

0 None 07-87 108 NR 48 c 
None 07-87 120 NR 36 !D None 07-87 132 NR 21 

C/) 
None 07-87 144 NR 17 ;:;· 

G 
C/) 
n 
0 C0030 2395 2063.6 None 07-84 0 NR 4.6 'tl :;· None 07-87 12 NR 26 

CCI None 07-87 24 NR 9.6 G ::IJ n m None 07-87 36 NR 5.9 G'tl 
3 0 None 07-87 48 NR 2 
0"~ 

None 07-87 60 NR 1.4 G • ... < 
None 07-87 72 NR 1.1 -'o CD- None 07-87 84 NR 0.8 CD" 

NW None 07-87 96 NR 1.2 I 
::IJ None 07-87 108 NR 1.0 
!. None 07-87 120 NR 1.1 
C/) None 07-87 132 NR 0.9 ;:;· 

None 07-87 144 NR 1.1 Cl 
C/) None 07-87 156 NR 1.7 c 
< CD C0031 2396.6 2204.7 None 07-84 0 NR 8.4 < 

None 07-87 12 NR 27 
None 07-87 24 NR 36 

-I None 07-87 36 NR 42 
':/' None 07-87 48 NR 43 0 

None 07-87 60 NR 64 :::1. c 
None 07-87 72 NR 64 3 

0 None 07-87 84 NR 47 ... 
None 07-87 96 NR 32 CD 

"'D None 07-87 108 NR 42 0 None 07-87 120 NR 54 n 
G None 07-87 132 NR 44 II> 

"'D !!!. 
CD ::J 
ecce C0034 2405 2010 1260 12-82 18 4.83 32.20 CD )> 
en., 1261 12-82 72 0.48 9.12 
' CD 

1262 12-82 90 0.07 b -'CD 
~II> 

1263 12-82 108 0.03 b 
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~:::om 
~ CD ::D 
i§ :S. , 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt.OO Cesium-137 Radlum-226 Americium-241 "' .. co -· 0 
i:g~ Location8 South West No. Mo-Yr (inch) (pCijg) (pCi/g) (pCi/mL) (pCijg) (pCifg) (pCijg) (pCijg) ~-m 
~ ~ 

~ 3: C0035 2405.8 2212.9 None 07-84 0 NR 5.5 0 c None 07-84 12 NR 11 

~ 
~ None 07-84 24 NR 24 

"' J! None 07-84 36 NR 29 ~ CD 
co ::I None 07-84 48 NR 42 "' .. 

None 07-84 60 NR 18 
None 07-84 72 NR 33 
None 07-84 84 NR 28 
None 07-84 96 NR 15 

0 None 07-84 108 NR 11 
c None 07-84 120 NR 39 . 

~ None 07-84 132 NR 31 
(/1 None 07-84 144 NR 15 
::0 
CD 
(/1 
() C0283 2411.5 2139.2 None 07-84 0 NR 1.0 0 
"CI 

None 07-84 12 NR 1.8 :;-
oac 

None 07-84 24 NR 1.7 CD ::D 
() CD 
CD "a None 07-84 36 NR 1.4 3 0 
CT~ 
CD • None 07-84 48 NR 1.2 
.. < 

None 07-84 60 NR 0.8 -'o co-co· None 07-84 72 NR 0.7 ...,w 
I None 07-84 84 NR 0.9 ::D 

Ill 
None 07-84 96 NR 0.6 CL 

(/1 
::0 
CD 

None 07-84 108 NR 0.7 
(/1 
c None 07-84 120 NR 0.7 

< Ill 
None 07-84 132 NR 0.5 

< None 07-84 144 NR 0.5 

-4 C0285 2478.9 2212.0 None 07-84 0 NR 0.3 
':T 

None NR 0.8 0 07-84 12 
:::1. c None 07-84 24 NR 0.7 3 
~ None 07-84 36 NR 0.8 
CD 

None 07-84 48 NR 0.8 , 
0 None 07-84 60 NR 0.6 () 
CD 

None NR "' 07-84 72 0.7 , !!!. 
Ill ::I 
CllcQ 
CD ~ 
<1'1 .. 
o CD 
-'CD 
<1'1<11 
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ii::XJm 
0 Cll :xJ 

~~·:!I Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 CD -· 0 
ig~ 

Location
8 

South West No. Mo-Yr (inch) (pCi/g) (pCifg) (pCi/mL) (pCifg) (pCi/g) (pCifg) (pCI/g) ~ .... m 
~ ? ; 3: 

0 
C0286 2464.1 2184.0 None 07-84 0 NR 0.3 c: 

il None 07-84 12 NR 0.5 ~ 
l;j :::!! 

None 07-84 24 NR 0.5 Ill 
CD :I 

"' .. 
None 07-84 36 NR 0.8 

None 07-84 48 NR 0.9 

None 07-84 60 NR 0.6 

None 07-84 84 NR 0.8 
0 
c None 07-84 96 NR 0.8 
~ 
fl) 
;:;· C0287 2450.7 2151.6 None 07-84 0 NR 0.5 
Cll 

fl) None 07-84 12 NR 1.3 
0 
0 None 07-84 24 NR 0.9 "0 :;· 

None 07-84 36 NR 0.8 co 
Cll :xJ 

48 NR 0.6 0 Cll None 07-84 CII"' 3 0 None 07-84 60 NR 0.7 C'::l 
Cll • 
.. < None 07-84 72 NR 0.6 
-'o 
Ul-
(Q' 
f>)W 

C0288 2438.6 2119.3 None 07-84 0 NR 0.3 I 
:xJ 

None 07-84 12 NR 0.8 Ill 
1:1. 
fl) None 07-84 24 NR 1.1 
::. 
Cll 

fl) 
None 07·84 36 NR 0.8 

c: None 07-84 48 NR 0.8 
~ None 07-84 60 NR 0.5 < 

None 07-84 72 NR 0.7 

-1 
C0289 2422.7 2081.0 None 07-84 0 NR 0.6 ':T 

0 

~- None 07-84 12 NR 1.1 
3 None 07-84 
0 

24 NR 0.5 .. None 07-84 36 NR 0.8 Cll , 
None 07-84 48 NR 1.0 0 

0 
None 07-84 60 NR 0.8 Cll 

"' , !!!. 
Ill :I ego 
U1~ 
• Cll 
-'Ill 
01111 
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Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 "' ... CD -· 0 
i:g'!;! Location

8 
South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/ml) (pCi/g) (pCifg) (pCifg) (pCifg) 

~-~~ 
l!l ~ ., 

3: C0290 2401.5 2102.1 None 07-84 0 NR 0.7 
~ 0 None 07-84 12 NR 0.8 dl c: 

~ 
&. None 07-84 24 NR 0.8 ., :J! None 07-84 36 NR 0.8 !e Ill 

"' :::J ., ... 
None 07-84 48 NR 0.6 

None 07-84 60 NR 0.9 

None 07-84 72 NR 0.8 

0 
C0036 2425 2220 1242 12-82 18 1.45 9.41 c 

!I' 1243 12-82 48 NR 46.3 
(/) 

1244 12-82 114 0.84 36.16 LDL LDL 1.0 LDL ;:;· 
Cll 

(/) 
n C0037 2428.6 2178 None 07-84 0 NR 5.9 0 
"0 None 07-84 12 NR 11 :;-

None 07-84 24 NR 14 OIC 
Cll :xl None 07-84 36 NR 5.8 n Cll 
CII"O None 07-84 48 NR 5.1 3 0 
c:r~ None 07-84 60 NR 6.3 
Cll • 

None 72 NR 6.3 ... < 07-84 
-'o None 07-84 84 NR 5.1 co-co· None 07-84 96 NR 2.5 ...,w 

I 
:xl 
Ill C0038 2500 2210 7109 08-84 0 1.41 5.08 Q. 
(/) 1236 12-82 18 2.39 b 
;:;- 1237 12-82 36 0.65 b Cll 

(/) 1238 12-82 54 2.24 b 
c: 1239 12-82 72 0.31 b < Cll 1240 12-82 90 0.64 b < 

1241 12-82 108 0.35 b 

C0045 2400 2240 8350 11-84 54 4.66 142.58 
-I 8350 11-84 80 0.51 254.30 LDL LDL 3.3 LDL ::r 
0 

2· 
80311 2325 2135 6507 08-84 0 0.62 6.78 3 

0 
a: 80312 2325 2185 6507 08-84 0 0.75 b ., 
0 80313 2350 2060 2817 10-83 0 6.28 28.73 1.12 n 
Cll 
Ill 

., !!!. 80333 2425 2060 7113 08-84 0 24.40 70.52 
Ill :::J cgiC 
(11~ 80334 2425 2135 7112 08-84 0 8.44 15.65 
' Cll 
-'Ill 

""' 80335 2425 2185 7111 08-84 0 5.86 7.14 

80337 2450 2160 7110 08-84 0 2.10 38.04 



• 0285, 0286, 0287, 0288, 0289, and 0290 (Plate 1 ). Appendix C contains the report provided by 

RMC on the in situ thorium analysis. Mound Plant personnel report that the in situ analysis was 

performed by driving pipes through the soils to bedrock and lowering the detector down the pipes. 

The logs for the drilling to install these pipes are located in Appendix B. 

The maximum thorium concentration reported for Area 8, 254.3 pCi/g, was detected in the sample 

collected from core location 0045 at a depth of 80 inches (C0045 on Table V.3 and core location 

0045 on Plate 1 ). Plutonium-238 was detected in several samples. The maximum concentration, 24.4 

pCi/g, was detected in the sample collected from surface location 0333 (S0333 on Table V.3). As 

shown in Plate 5, the area of elevated thorium concentrations appears to extend north, down the slope 

of the hill, and in general, extends beyond the original boundaries of the low-lying area. Therefore, it 

is probable that some transport of contaminated sediments by surface water has occurred from Area 

8. All other values detected were less than 10 pCi/g. The original Site Survey Project Report (Stought 

et al. 1988) noted that post site survey D&D FIDLER screening data indicated thorium levels much 

higher than 10,000 counts per minute. This information suggests that levels of thorium greater than 

those given in Table V .3 may be present in Area 8. 

Based on the in situ analysis performed in Area 8, which involved driving pipes to bedrock, the depth 

• to bedrock ranges from 72 to 144 inches (8 to 12ft). The remaining core locations in the area (0034, 

0036, and 0038), which were sampled to depths of 108, 114, and 1 08 inches, may also have been 

sampled to bedrock, but boring logs are not available for these locations. 

• 

5.7. AREA 9 

Area 9 is located on the north end of the SM/PP Hill, surrounding Building 31 (Plate 1 ). This area was 

used for storage and redrumming operations of thorium sludges from the mid-1950s to the early 

1960s. The Site Seeping Report: Volume 6 - Photo History (DOE 1992b) documents the use of the 

area for open drum storage through 1959. In 1966, thorium-contaminated soils were pushed over the 

edge of the hillside to the adjacent Area 8. Area 9 was backfilled with clean soil and is currently 

covered with asphalt. Area 9, as shown in Plate 1, is based on a review of the site survey data 

conducted during the preparation of this report, and is similar to that depicted in the original report. 

The samples collected in Area 9 during the Site Survey Project were analyzed for plutonium-238 and 

thorium (Table V.4). Only relatively low levels of plutonium-238, with a maximum level of 8.15 pCi/g 

were detected at location C0040. Three of the samples collected contained thorium concentrations 

in excess of 2 pCi/g. These were the samples collected from core location 0039 at a depth of 18 

inches (5.62 pCi/g), from core location 0043 at a depth of 18 inches (6.22 pCi/g), and from surface 

location 0339 (12 pCi/g). This evaluation of the Area 9 samples is based on a review of the site 

ER Program, Mound Plant 
Revision 1 
MOUND9/M9SS012.WP5 12/23/92 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
December 1992 

Thorium Ore Processing Areas 
Page 5·1 8 



• 

• 

• 

Table V.4. Mound Site Survey Project- Area 9 

Plate 1 Coordinates MRCID Depth Plutonlum-238 Thorlumb 

Location• ~ West ~ .M2:Y! Onch) 1QQLgl 1QQLgl 

C0039 2525 2110 1977 05-83 18 0.59 5.62 

1978 05-83 36 0.04 b 

C0040 2525 2185 1979 05-83 18 0.82 b 

1980 05-83 36 8.15 b 

1981 05-83 54 0.82 b 

C0041 2550 2210 1982 05-83 18 2.30 b 

1983 05-83 54 0.29 b 

C0042 2575 2060 1974 05-83 18 1.36 b 

1975 05-83 24 0.07 b 

C0043 2625 2210 1971 05-83 18 0.65 6.22 

1972 05-83 36 0.14 b 

S0339 2475 2110 7114 08-84 0 0.74 12 

C0257 2550 2010 1976 05-83 18 0.47 b 

C0258 2600 2235 1985 05-83 36 0.04 b 

C0259 2675 2085 1973 05-83 18 0.55 b 

8 Map locations are given using a "C" to designate core locations and an ·s· to designate surface locations. 

b A "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. 

Therefore, radiochemical analysis was not performed. 

FIDLER • field instrument for the detection of low-energy radiation 

MRC ID - Monsanto Research Corporation Identification 

pCifg • picocuries per gram 
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• 

survey data conducted during the preparation of this report, and appears to be relatively comparable 

to the summaries presented in the original Site Survey Project Report. The original report did note that 

post site survey D&D Program core sampling was conducted in this area. Thorium concentrations as 

high as 150 pCi/g were detected, but thorium concentrations were generally in the range of 5 to 15 

pCi/g. No data reports of the D&D Program were found during research for this report. 

Mound Plant drawing #FSE16472 (DOE 1992f) indicates the depth to bedrock in this area is 

approximately 48 to 96 inches (4 to 8 ft). The maximum depth sampled during the Site Survey Project 

was 54 inches, or 4.5 ft. Most of the core locations were sampled at depths of 18 to 36 inches. 

Because the boring logs for Area 9 are not available, it is not known if sampling was performed until 

bedrock was reached. 

5.8. AREA 12 

Area 12 is located on the SM/PP Hill, adjacent to Areas 10 and 11 (Plate 1 ). In 1965, 

thorium-contaminated soils from Area 1 were buried in a trench in Area 12. Pipelines that carried 

radioactive wastes from the PP Building to the WD Building passed through this area. This area 

contains elevated levels of plutonium-238, perhaps from work performed at the WTS (Area 19) or 

runoff from Area 11 (subsections 4.1.2 and 4.1. 7). Another smaller area of plutonium-238 

contamination was located west and downgradient of Area 12. This contamination may also be the 

result of surface water transport from Areas 11 and 12. The boundaries of Area 12 shown on Plate 

1 are based on a review of the site survey data during preparation of this report, and are similar to the 

area depicted in the original Site Survey Project Report. 

Table V.5 gives the results of the Site Survey Project sampling in Area 12, which are similar to the 

results summarized in the original Site Survey Project Report. The maximum plutonium-238 and 

thorium concentrations reported were 313 pCi/g and 189.9 pCi/g, respectively. These concentrations 

were detected in a sample collected from core location 0131 at a depth of 54 inches (Plate 1; C0131 

on Table V.5). 

In situ gamma spectroscopy for thorium-232 was performed at two core locations (CO 145 and C0291, 

Table V.5). The maximum thorium-232 concentration measured using this technique was 22 pCi/g. 

This concentration was detected in the samples collected from location C0145 at depths of 24 and 

36 inches. Most core locations were sampled to a total depth of 132 to 180 inches; however, the 

maximum sampling depth was 234 inches (Table V.5). Mound Plant drawing #FSE16472 (DOE 1992f) 

indicates the depth to bedrock in this area is 120 to 234 inches. It appears that the Area 12 core 

• locations may have been sampled until bedrock was reached, but the boring logs are not available. 
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Plate 1 

Location8 

C0131 

C0132 

C0134 

C0135 

Coordinates 

South West 

2800 2500 

2825 2465 

2850 2465 

2850 2490 

MAGID 

No. Mo-Yr 

1198 12-82 
1199 12-82 
1200 12-82 
1201 12·82 
1202 12-82 
1203 12-82 
1204 12-82 
1205 12-82 
1206 12-82 

6785 08-84 
1185 12-82 
1186 12-82 
1187 12-82 
1188 12-82 

1533 04-83 
1534 04~83 
1535 04-83 
1536 04-83 
1538 04-83 
1539 04-83 
1540 04-83 

1541 04-83 
1542 04-83 
1543 04-83 
1544 04-83 
1545 04-83 
1546 04-83 
1547 04-83 
1548 04-83 
1549 04-83 

• • 
Table V.5. Mound Site Survey Project- Area 12 

Depth Plutonium-238 Thoriumb Cobalt-60 Cesium-137 Radium-226 Americium-241 

(inch) (pCi/g) (pCi/g) (pCi/g) (pCifg) (pCi/g) (pCi/g) 

18 82.60 76.90 
36 NR 174.80 
54 313.00 189.90 
72 68.10 37.90 
90 0.03 b 

108 0.03 b 
144 0.03 b 
192 0.09 6.72 
222 0.14 b 

0 12.10 4.24 LDL LDL 1.1 LDL 
18 11.13 b 
36 0.57 b 
72 0.58 b 
90 0.13 b 

18 7.26 b 
36 3.39 b 
54 0.15 b 
72 NR 157 

108 3.99 2.93 
126 24.00 b 
135 29.40 b 

18 17.10 b 
36 0.96 b 
54 0.73 b 
72 0.19 b 
90 0.25 b 

108 0.28 b 
126 0.15 b 
144 0.41 b 
153 0.08 b 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 
bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER screening. Therefore, radiochemical analysis was not performed. 
cA "none" for MAC ID indicates that in situ gamma spectrocopy was performed for thorium-232. The report on this procedure is provided in Appendix C. 

FIDLER -field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226 . 

MAC ID - Monsanto Research Corporation identification 

NR • No result given 

pCi/g - picocuries per gram 

pCi/mL- picocuries per milliliter 
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Table V .5. (page 2 of 3) 

ll:::lllm 
0 Cll :Ill 

~ ~- :!' Plate 1 Coordinates MRCID Depth Plutonium-238 Thorium0 Cobalt-60 Cesium-137 Radium-226 Americium-241 
co -· 0 

Location a igce! South West No. Mo-Yr (inch) (pCijg) (pCijg) (pCi/g) (pCifg) (pCi/g) (pCi/g) 
lll-m 
~ ~ 

C0136 2850 2515 1511 04-83 18 32.90 b 

~ s::: 
0 1512 04-83 36 12.30 b c 

~ ~ 1513 04-83 54 1.95 b 
~ J! 1514 04-83 72 8.88 b .. 
!:! m 1515 04-83 90 4.50 b 
<D ::I .. ... 1517 04·83 108 3.37 b 

1518 04·83 126 7.72 b 
1519 04-83 144 1.74 b 
1520 04·83 162 0.55 b 
1521 04-83 180 5.66 2.16 

0 
c C0140 2875 2450 1522 04-83 18 0.67 b 
!;D 1523 04-83 36 0.17 b 
Cll 1524 04·83 54 0.11 b ;:;· 
Cll 1525 04-83 72 0.64 b 
Cll 1526 04-83 90 0.39 b n 
0 
"tl :;-

1527 04·83 108 0.48 b CID 
Cll :Ill 1528 04-83 126 0.50 b n Cll 
Cll"tl 1529 04-83 162 0.15 b 3 0 
c:r~ 1530 04-83 198 0.41 b 
Cll • 

1531 04-83 216 0.05 b ~ < 
-o 1532 04-83 234 0.04 b CD-
CD" 
NW 

C0144 2900 2500 1189 12-82 18 7.41 b I 
:Ill 1190 12-82 36 164.80 25.70 m 
Q. 1191 12-82 54 5.30 18.30 
Cll 1192 12-82 72 1.30 b ;:;· 
Cll 1193 12-82 90 0.23 b 
Cll 

1194 12-82 108 0.07 b c 
< 1195 12-82 126 0.02 b 
Cll 
< 1196 12-82 144 0.04 b 

1197 12-82 162 0.02 b 

-4 C0145 2885.7 2498.9 None 02-84 0 NR 1.4 
:r None 02-84 1 NR 1.4 0 
:I. None 02-84 24 NR 22 c 
3 None 02-84 36 NR 22 

f, 0 None 02-84 48 NR 9.4 
; None 02·84 60 NR 14 , None 02-84 72 NR 12 
0 
n 
Cll 81087 2825 2515 6788 08-84 0 2.63 9.79 
"' , !!!. 

m ::I 
S0606 2440 9551 06-85 0 NR NR LDL LDL 0.8 LDL ~ID 2800 

1(1~ 
NCII 80607 2850 2450 6789 08-84 0 1.19 b 
NllJ 
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Plate 1 Coordinates 

Location8 South West 

C0291 2915.3 2490.3 

t 
Table V.5. (page 3 of 3) 

MRCID Depth Plutonium-238 Thoriumb Cobalt-60 Cesium-137 Radium-226 Americium-241 

No. Mo-Yr (inch) (pCifg) (pCifg) (pCi/g) (pCi/g) (pCi/g) (pCifg) 

None 07-84 0 NR 0.6 
None 07-84 12 NR 0.4 
None 07-84 24 NR 0.5 
None 07-84 36 NR 0.4 
None 07-84 48 NR 0.4 
None 07-84 60 NR 0.3 
None 07-84 72 NR 0.5 
None 07-84 84 NR 0.4 
None 07-84 96 NR 0.7 
None 07-84 108 NR 0.6 
None 07-84 120 NR 0.3 
None 07-84 132 NR 0.3 
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• 

5.9. AREAS OF POSSIBLE ELEVATED THORIUM ACTIVITY· 

Evaluation of the Site Survey Project data indicates that both isolated and contiguous areas of elevated 

thorium activity, above the Mound Plant guidelines of 5 (surface) and 15 (subsurface) pCi/g, may exist 

beyond the areas with numerical indicators. Inspection of Plate 5 suggests that low-level thorium 

activity may be spread to the areas northwest of Areas 8 and 9 across Area 7. Considering that the 

thorium project actually involved redrumming operations in Areas 7 and 9, the mechanism of 

contaminant transport would have been fugitive dust emissions. This is largely consistent with the 

distribution of thorium depicted in Plate 5. Since this region of the upper valley of the plant has under 

gone considerable new construction and has been paved with asphalt since the redrumming operations, 

the isopleth concentrations depicted in Plate 5 may now be represented by spotty contamination in 

actual field conditions. Samples from locations C0007, C0028, S0307, S0425 are indicated as 

possible hot spots on Plate 1 . 

Indications of elevated levels of thorium adjacent to Area 8 (Plate 5) are substantiated by samples 

collected since the Site Survey Project. Sample were apparently collected north and west of the 

fenceline and south of Building 61 (Plate 1 ). Results reported from the Mound Plant Soil Screening 

Facility (MRC 1985) indicate thorium concentration that ranged from 1 to 28 pCi/g and plutonium-238 

concentrations from 3 to 58 pCi/g. Approximately 24 samples were collected and analyzed, but the 

individual sample locations were not established for this report. The data sheets are included in 

Appendix E. 

An area of possible elevated thorium activity is noted on Plate 1 , west of Area 7. This area is located 

slightly uphill and to the southwest of Building 98. Table V.6 presents the results of the locations that 

have been included in this area. The maximum concentration of thorium reported, 37.69 pCi/g, was 

detected in the sample collected from core location C0011 at a depth of 18 inches. Thorium levels 

in excess of the Mound Plant cleanup levels (5 pCi/g for the first 1 5 em of soil and 1 5 pCi/g for below 

15 em depth) were also measured in samples from core location C001 0 and surface locations S0287 

and S0288 (Table V.6). 

Mound Plant drawings #FSE16472 (DOE 1992f) indicates the depth to bedrock in this area of Mound 

Plant is approximately 1 80 inches, or about 1 5 ft. The core locations in this area were sampled to at 

least 216 inches. Based on the Mound Plant drawing referenced above, it appears that the core 

locations in this area were sampled to bedrock, although boring logs are not available. 

A second area of low-level but possibly wide-spread thorium contamination is indicated in Area 1 

(Plates 1 and 5). This area was also involved with thorium storage and repackaging, but has 

experienced several cleanup activities, as previously described. Sample locations S0971 and S0982 

(Table V. 7), indicated as possible hot spots on Plate 1, may represent outlying areas of contamination 

• associated with operations in Area 1. 
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Table V.6. Mound Site Survey Project- Area of Possible Elevated Thorium Activity 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Amerlcium-241 

Location
8 

South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCifmL) (pCifg) (pCifg) (pCi/g) (pCifg) 

C0010 1900 2350 1734 05-83 18 0.36 b 

1735 05-83 36 0.16 11.15 

1736 05-83 54 NR 18.00 

1737 05-83 90 0.03 14.41 

1738 05-83 108 0.03 27.83 

1739 05-83 162 0.01 5.76 

1740 05-83 180 0.01 b 

1741 05-83 198 <0.01 b 

1742 05-83 216 0.01 5.44 

1743 05-83 228 <0.01 b 

C0011 1925 2400 1784 05-83 18 8.97 37.69 LDL LDL 1.5 LDL 

1785 05-83 72 0.42 4.43 

1786 05-83 90 0.20 b 

1787 05-83 108 0.31 b 

1788 05-83 126 0.46 b 

1789 05-83 198 0.44 b 

1790 05-83 216 0.84 11.13 

8
Map locations are given using a "C" to designate core locations and an 'S" to designate surface locations. 

b A "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER -field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCifg for cobalt-60, cesium-137, and americium-241; and 1 pCifg for radium-226. 

MAC ID - Monsanto Research Corporation identification 

NR - No result given 

pCi/g - picocuries per gram 

pCifmL- plcocuries per milliliter 
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Table V .6. (page 2 of 2) 
0 (I) ::0 
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Thoriumb C/l ~ Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt-60 Cesium-137 Radium-226 Americlum-241 "'-· 0 ~g~ 
Location

8 
South West No. Mo-Yr (inch) (pCi/g) (pCijg) (pCi/mL) (pCijg) (pCijg) (pCijg) (pCijg) ~~~~ 

~ ~ 
~ ~ 

0 
C0012 1950 2300 1725 18 0.13 b ;}! c: 05-83 

~ 
~ 1726 05-83 36 0.16 5.44 LDL LDL 1.0 LDL 

~ ::lZ 
54 0.20 5.88 ID 1727 05-83 

"' :::J .., .... 
72 b 1728 05-83 0.05 

1729 05-83 108 0.05 b 

1744 05-83 126 0.01 b 

0 
1730 05-83 162 0.03 b 

c: 1731 05-83 180 0.02 2.96 
~ 1732 05-83 216 0.02 b 
(/) 
;:;· 1733 05-83 234 0.02 b CD 
(/) 
n 
0 

C0013 2000 2375 1745 05-83 18 0.06 b "tl 
:r 

1746 05-83 72 0.05 b OlD 
(I) ::0 
n m 1747 05-83 90 0.15 b 111-c 
3 0 1748 05·83 108 0.29 b cr~ 
(I) • 

.. < 1749 05-83 117 0.05 3.18 
-o 
CD-
CD" 
II.)W 

S0284 1925 2390 6752 08-84 0 0.03 b I 
::0 
ID c. 
(/) 
~ 

S0285 1950 2440 4092 10-83 0 0.07 b 
(I) 

(/) 

s0287 c: 2025 2440 5985 07-84 0 0.95 8.94 LDL LDL 0.8 LDL < (I) 

< 
S0288 2025 2465 5986 07-84 0 0.29 8.09 

-t 
S0296 2075 2440 5984 07-84 0 1.56 16.59 ':1" 
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2· 
3 
0 
Cil , 
0 n 
(I) 
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ecce 
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Table V. 7. Isolated locations of Elevated Activity 
g CD ::D 
~ s., "' .. CD -· 0 
~;g~ 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Ceslum-137 Aadium-226 Amerlcium-241 ~ .... ~~ 

~ ? location• South West No. Mo-Yr (inch) (pCifg) (pCI/g) (pCifml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) ., s::: ~ 0 
J c: 

~ C0007c 1800 1860 8352 11-84 54 0.39 41.63 t! J! ~ CD 8353 11-84 108 0.08 5.14 CD :I ., .... 
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1246 12-82 48 NR 109.00 

0 
1247 12-82 66 NR 109.00 

c 1248 12-82 102 NR 58.00 
co . 1250 12-82 156 NR 97.00 
(I) 
;::o· 1251 12-82 216 0.29 29.45 CD 
(I) 1252 12-82 234 0.06 b n 
0 

1253 12-82 252 0.03 b "C 
:r 

OlD 
CD ::D 
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3 0 
c:r~ .. . 
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... 0 
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~w 
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::D 
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Table V.7. (page 2 of 2t 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

Location• South West No. Mo-Yr (inch) (pCifg) (pCI/g) (pCifml) (pCi/g) (pCifg) (pCifg) (pCifg) 

S0647d 3340 2610 2778 10-83 0 NR NR LDL 270 LDL LDL 

S0706 3325 4035 4021 07-84 0 28.90 b 

S0971 4075 3025 5958 07-84 0 0.15 5.02 

S0982 3625 3025 5944 07-84 0 0.43 14.94 

51092 2185 3362 8413 12-84 e 0.31 323.5
1 

8 Map locations are given using a ·c~ to designate core locations and an ·s· to designate surface. locations . 

bA "b" indicates that the total thorium concentration was less than the background level of 2 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

cThe boring log for this location indicates that sampling was not performed to bedrock (Appendix 8). 

dContaminated soil was excavated from this location in 1984. Post-cleanup soil concentrations of cesium-137 were less than 2 pCifg (Draper 1984). 
0 The depth given for this sample was "SS." For mapping purposes (Plate 1), this is assumed to be a surface sample. 
1
1sotopic results are available for this sample and include 0.99 pCifg of thorium-228; 32t pCi/g of thorium-230, and 1.5 pCi/g of thorium-232, for a total of 323.5 pCi/g of thorium. 

FIDLER · field instrument for the detection ollow-energy radiation 

.LDL ·The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. 

MAC ID ·Monsanto Research Corporation identification 

NR · No result given 

pCi/g · picocuries per gram 

pCi/mL • picocuries per milliliter 



• Sample locations S0472 and S1092, shown on Plate 1 as possible hot spots, are probably not 

associated with the thorium project, as S1092 is largely thorium-230 and is associated with Area 23, 

described in a companion section of this report. 

5.10. EXCAVATED MATERIALS DISPOSAL AREA 

The excavated materials disposal area is located on the SM/PP Hill adjacent to Area 1 and south of the 

water tower (Figure 5.1 ). The area is colloquially known as Rader's Hill. The area contains the 

overburden soils excavated during the D&D of the waste transfer line on the west slope of the SM/PP 

Hill. The excavation is known as Area 19. The excavation overlapped the southern margin of Area 

12, known to be contaminated with thorium. During excavation, soils that had thorium concentrations 

were staged and later segregated depending on the thorium concentrations. Soil with thorium 

concentration greater than 5 pCi/g were boxed for offsite disposal and those with less were moved 

to the excavated materials disposal area (Draper 1985). About 52 samples were collected from the 

disposal area in 1 984 and analyzed in the Mound soils screening facility. Results indicate total thorium 

levels around 1 pCi/g; the highest was 1.2 pCi/g (MRC 1984). The data sheets are included in 

Appendix E. 

• 5.11. RAILROAD SIDING 

• 

The railroad siding or spur that enters Mound Plant from the west has been used extensively for 

shipping and receiving radioactive materials and radioactively contaminated wastes. Through the 

1950s and 1960s, the siding was used for unloading lead casks containing the bismuth/polonium 

mixtures used in the polonium processing. In the mid-1950s, the siding was the site of the unloading 

of thorium drums, as well as the decontamination of the boxcars in which the drums were shipped. 

The siding historically extended about 500 feet east of their current location. The eastern portions 

were removed or simply buried at an unknown date. The portion that would underlie the waste 

transfer line, known as Area 19 (Plate 1 ), is gone and may have been removed when the line was built 

in 1967 (DOE 1992g). Portions of the siding east of Area 19 (Plate 1) are known to be in place, but 

covered by a thin layer of soil. 

The siding itself was not a sampling target during the Site Survey Project (Stought et al. 1988); 

however, some limited sampling has been performed. Site Survey Project samples S0485 and S0491 

(Appendix E) located near the siding (Plate 1) indicated levels of plutonium-238 below 5 pCi/g and less 

than 2 pCi/g of thorium. Subsequent sampling along the siding indicates that elevated thorium 

contamination may be very localized. T\No samples collected in 1987 and analyzed by the Mound Plant 
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Soil Screening Facility indicate plutonium-238 levels of 16 to 573 pCi/g and thorium levels of 13 and 

107 pCi/g (MRC 1987). The data sheet is included in Appendix E . 
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6. URANIUM ORE PROCESSING AREAS 

From the early 1950s to the early 1980s, Mound Plant conducted numerous programs that involved 

the extraction and purification of radium-226, actinium-227, thorium-230 and protactinium-231 . These 

programs, although viewed as distinct projects, all involved the use of source materials that were 

derived from the processing of uranium ores. The ores used at Mound Plant had typically undergone 

some sort of previous chemical extraction process that had depleted the ores in uranium content, but 

left them enriched in the daughter products of uranium. The most abundant isotope in the group is 

thorium-230, being derived in the decay chain of uranium-238, the most abundant uranium isotope in 

nature. The subsections that follow give brief overviews of the various uranium ore extraction 

programs; the areas where the process and TSD of feed materials and wastes took place (Figure 6.1 ); 

and whether these areas were sampled as part of the Site Survey Project. A related program was the 

experimental extraction of radium-226 from a pitchblende residue described in the companion radium

actinium section of this report. 

6.1. PROGRAM SUMMARY 

In November 1955, Mound Plant undertook the design and construction of a facility that would 

produce thorium-230, also known as ionium (Johnson 1955). The source material for the extraction 

of ionium was a uranium ore residue known as the airport cake. In addition to ionium, the caustic

neutralized slurry reportedly contained minor amounts of thorium-232, rare earth elements, scandium, 

uranium, and traces of protactinium (DOE 1992g). Decay products such as radium-226 and its 

daughters would have also been present. No analysis of the airport cake was found during the 

research for the seeping reports, although by the description, it is probably very similar to the Cotter 

Concentrate, described below. A total of about 449 g (94 ci) of ionium was produced by 1956 from 

an unknown quantity of feed materials. 

The research and process chemistry for the ionium process took place in the R Building (Figure 6.1 ). 

Most of the ionium processing wastes were generated in the R Building and perhaps in the HH Building. 

In the R Building processing waste was sent to a small evaporator that was previously used to process 

wastes generated by the actinium-radium program. The steam condensate was transferred to the WD 

facility via the process sewer pipe serving the R Building. During this time 13 gallons of a solution 

containing 8 g ( < 2 Ci) of ionium leaked into the corridor of R-121 where it was being stored. The 

solution was washed to the process sewer line to the WD influent tank where it was stored before 

being diluted and released to the Great Miami River (Meyer 1957) . 
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The disposition of ionium processing wastes is generally not known. Few records or reports of the 

ionium project were located during the research for the scoping reports. Some liquid wastes were 

drummed and shipped offsite for burial (DOE 1992g). Where the feed and waste materials were stored 

until their final disposition is unknown. No treatment facility is known or suspected, as at least some 

of the liquid wastes were handled in the WD Building. No onsite disposals are known or suspected. 

6.2. PROTACTINIUM-231 PROGRAM 

In the early 1950s, Mound Plant was requested to develop a program of recovery and purification of 

protactinium-231 . Approximately 80 drums containing 20,000 pounds of uranium ore residues, also 

known as sperry cake, were shipped to Mound Plant as the source material. The feed materials 

contained 0.1 to 0.2 ppm protactinium-231 in a matrix of iron, aluminum, calcium, magnesium, cobalt 

and copper. About 1 g (0.05 Ci) of protactinium-231 was extracted during the processing of 10,000 

pounds of ore (DOE 1992g). 

The research and development phase began in the R Building in 1954. In 1955, a pilot plant was 

constructed in the HH Building and in March 1956 this facility was moved to the SW Building. A larger 

facility was installed in HH Building. The extent of the facility's use is unknown, but is thought to have 

been experimental, as the program remained relatively small in nature (DOE 1992g). Few records or 

reports of the protoactinium-231 project were located during the research for the scoping reports. 

Acidic processing waste generated from the protactinium program are known to have been stored 

around the HH Building. This waste reportedly leaked from defective drum liners and contaminated 

the soils with radionuclides such as thorium-230. Over a period of several months this waste was 

diluted and discharged to the Great Miami River through either the sanitary sewer or the storm sewer 

to the river (DOE 1992c). No onsite disposals are known or suspected. 

6.3. COTTER CONCENTRATE PROGRAM 

In the early 1970s Mound Plant undertook a program to recover protactinium-231 and thorium-230 

from a material known as the airport cake or more commonly as the Cotter Concentrate (DOE 1992g). 

The analysis of the Cotter Concentrate received by Mound Plant is shown in Table VI. 1 . Mound Plant 

received 1,251 55-gallon drums of residue in 1970 and stored it in sealed drums in Building 21 until 

1987. 

From 1974 until 1979, 22 drums of Cotter material was processed in the SW Building to produce 

339 g (72 Ci) of thorium-230 and 80 mg (4 Ci) of protactinium-231 . The pilot plant scale project was 

operated in a hot cell in the SW Building. The hot cell operation was required because the gamma 

emitting isotope radium-226 and its decay products were present in the original Cotter Concentrate 
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Table Vl.1. General Composition of Cotter Concentrate 

Sodium 

Iron 

Silicon 

Vanadium 

Element Concentration (Weight %) 

>0.1 

Molybdenum 

Aluminum 

Titanium 

Copper 

Zirconium 

Nickel 

Beryllium 

Manganese 

Magnesium 

Silver 

Uranium oxide 

Thorium-232 

Protactinium-231 

Thorium-230 

Average moisture content 

Data from Watrous 197 3; Rawlings 1951 

>0.1 

>0.1 

>0.1 

>0.1 

0.05 

0.04 

0.02 

0.02 

0.03 

<0.005 

0.007 

<0.005 

<0.005 

21,740 g/drum 

99.9 g/drum 

0.060 g/drum 

11.1 g/drum 

47% (wt/wt) 
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• 
as well as the aqueous processing wastes generated by the pilot plant operation. The processing 

wastes were first treated in the HH Building and the aqueous effluent generated by the treatment was 

sent to WD Building for further treatment. 

All of the Cotter Concentrate feed materials and the process residues produced were stored in drums 

in Building 21. In 1987, the Cotter Concentrate was shipped from Mound Plant (MRC 1987). No 

onsite disposal area are known or suspected. 

6.4. LOCATIONS WITH ELEVATED THORIUM 

Review of the Site Survey Project data indicates that samples from eight locations contained levels of 

thorium in excess the Mound Plant cleanup levels (5, pCi/g for samples taken in the first 15 em of soil, 

or 1 5 pCi/g for samples taken below 1 5 em). These locations are widely distributed throughout the 

Mound Plant facility, but most are located either on the SM/PP Hill or on the SM/PP Hill slope. The 

maximum thorium activity from these locations, 323.5 pCi/g, was detected in the sample collected 

from location 1 092, which is located slightly west of Area 20 (Plate 1 ) . The depth of this sample was 

given as "SS" in the data obtained from Mound. For mapping purposes, this is assumed to be a 

surface sample. Isotopic results were available for this sample and included 0.99 pCi/g thorium-228, 

• 321 pCi/g thorium-230, and 1.5 pCi/g of thorium-232, for a total of 323.5 pCi/g of thorium. This ratio 

indicates that the original material was separated from uranium ore. 

• 

Area J, described in section 10 of this report, also appears to have elevated levels of thorium (30.42 

pCi/g). The reader is referred to subsection 10.2 for discussions. 

6.5. AREA 23 

Since the Site Survey Project was conducted, an area of elevated thorium-230 concentration has been 

identified north of Building 23 and west of the HH Building. This area has since been designated Area 

23. The area appears to encompass the hot spot identified at location 1092 in the Site Survey Project 

data (Plate 1 ). Samples taken in 1990 and analyzed by alpha spectroscopy indicate thorium-230 at 

levels up to 6 nCi/g and traces of protactinium-231 and thorium-229 (Jenkins 1990; Jarvis 1990). 

As the area adjacent to the HH Building, east of Building 23, is known to have been used for both 

thorium-230 and protactinium-231 extraction programs, it is likely that the contamination is due to the 

leaking waste canisters described above . 
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• 7. ACTINIUM-227 AND RADIUM-226 PROCESSING AREAS 

This section provides general descriptions of the scale and periods of operation of the actinium-227 

and radium-226 program at Mound Plant. Summaries are provided of the areas where process and 

TSD activities took place and whether environmental radiological data, through the Site Survey Project, 

are available. Additional information on the generation, treatment, and disposal activities is provided 

in Volume 7 -Waste Management (DOE 1992g). 

7 .1. PROGRAM SUMMARY 

In 1949, Mound Plant was requested to undertake the production of actinium-227 to support the 

Atomic Energy Commission's substitution materials program. Since actinium-227 wa·s not present in 

sufficient quantities in natural source materials to allow for economical recoveries, it was be produced 

by the transmutation of radium-226 with neutrons in a nuclear reactor. Mound Plant actually 

conducted two separate, but related actinium programs. The first was experimental separation of 

radium-226 from a barium-rich uranium ore, pitchblende residue known as K-65. A typical composition 

of the K-65 residue is shown in Table VII. 1, no other detailed analyses have been found as a result of 

the research for the seeping reports. The second and most productive source of actinium-227 was 

• a concentrated radium material that had been irradiated in the Hanford nuclear reactor (DOE 1992g). 

• 

The experimental extraction of radium-226 from the K-65 was conducted in R Building (Figure 7.1; 

Plate 1 ). In October 1949, Mound Plant received 200 pounds of K-65 in a single drum. This material 

was stored at Mound Plant in an old explosives bunker that became known as the radium. shack. 

In June 1951, a special shielded facility, known as the old cave, was constructed on the east side of 

the SW Building to separate and purify actinium-227 from the irradiated radium-226. Liquid wastes 

generated in the cave area were directed by trenches in the floor to separate sumps and to a small 

evaporative treatment system located within the building. The waste sludge and the spent ion 

exchange resins were drummed and stored at the radium shack, now known as Area 21, discussed 

below. Water from the evaporation and ion exchange column was released to the sanitary sewer. 

Other low-level liquids, such as washwater was drummed and stored at the old Warehouse 13 site on 

what is now the SM/PP Hill. Warehouse 13 was razed in the mid-1950s and the site is now enclosed 

in Area 17 around the SM Building. 

As part of the D&D of the cave, the waste evaporator equipment was dismantled, decontaminated, 

and stored on the ground for several years in the what was known then as the lower storage area. 

This area was located in the lower plant valley south of the present location of Building 3 (Figure 7.1; 
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Table Vll.1. Composition of K-65 Residue 

Constituent Concentration Weight % 

Water 

Lead oxide 

Barium sulfate• 

Silicon dioxide 

Metalsb 

Source: Rawlings 1 951 
8375 mg of radium contained with the barium. 

30 

19 

7 

35 

9 

bTrace metals that may be found in the K-65 residues are similar 
to those identified in Cotter concentrate (see Table Vl.1 ) . 
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Plate 1 ). This site was reportedly surveyed during the initial field survey of the Site Survey Project, 

• but it is not mentioned in the project report (Stought et al. 1988). 

As part of the D&D of the old cave, most equipment was boxed and shipped off-site for burial. Some 

of the cave walls and crane system were, however, dismantled and entombed in concrete over the 

floor of the cave itself. This entombed area is now known as Area 15, described below. After the 

cave entombment, in early 1955, the soil beneath the adjacent area of the SW Building was found to 

be contaminated with actinium-227 and radium-226 from an apparent leakage of one of the floor 

sumps. The contaminated soils were disposed in and possibly around an old septic tank in the upper 

plant valley (DOE 1992g). The old septic tank is known part of Area 7, also described below. No 

other disposal areas associated with the radium/actinium program are known or suspected. 

7.2. AREA 7 

Area 7 is a large area located in the upper valley at Mound Plant, behind or below Buildings 29, 51, 

66, and 98 (Plate 1 ). This area was once a steep ravine that formed the upper reach of the plant 

drainage ditch. This area has a long history of debris disposal and infilling and is described in detail 

in the companion thorium subsection (5.5) in this report. The Site Scoping Report: Volume 6- Photo 

• History (DOE 1992d) documents several episodes of filling and construction. Plate 4 - Estimation of 

Fill Materials in Site Scoping Report: Volume 5- Topographic Maps (DOE 1992a) indicates that over 

30 feet of fill materials may exist in Area 7. 

The current extent of Area 7 shown on Plate 1 is based on an interpretation of the site survey data 

made in the preparation of this report, and similar to the area depicted in the original Site Survey 

Project Report (Stought et al. 1 988). The area shown is actually bigger than the estimate of area used 

in the historic disposals. On the north end of Area 7 is an old buried septic tank (Figure 7. 1) that was 

first used during plant construction, but was the site of disposal of actinium and radium bearing soils 

excavated from the SW Building in 1955 (DOE 1992g). 

As part of the Site Survey Project, two core locations were sampled at the septic tank behind Building 

29. These are core locations 0008 and 0009 on Plate 1, and C0008 and C0009 in Table 111.5. 

Actinium-227 was detected in samples from both locations, with the maximum concentration of 1 ,400 

pCi/g detected in a sample collected from location 0008 at a depth of 144 inches. This contamination 

appears to be subsurface and extends to a depth of at least 21 6 inches, or 1 8 ft. Mound Plant 

employees report that at locations 0008 and 0009, the septic tank was penetrated during drilling and 

• the material inside was sampled. No plutonium or thorium results were given for these samples. These 
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samples were not sampled for tritium. Although tritium was used extensively in the SW Building, the 

tritium projects postdate the actinium disposal (DOE 1992g). 

7.3. AREA 15 

The location of Area 15 is shown on Plate 1 . Although this room is not underground, it has been 

known historically as "the old cave" at Mound Plant. The room was used for remote, high-level 

radioactive work, similar to work usually performed in a hot cell. In 1955, the contaminated equipment 

was crushed and the room was filled with about 2 ft of concrete, effectively entombing the equipment. 

Due to practical limitations posed by the presence of the concrete, no intrusive investigations have 

been performed at this area. However, approximately 1 Ci of radon-222 is released per year through 

a stack vent from the room, indicating the presence of radium-226 contamination within the concrete. 

7.4. AREA 21 

Area 21 is located on the SM/PP Hill, northeast of Building 53 and Area 22 (Plate 1 ). Area 21 is also 

known as the radium shack or old explosives bunker. Originally there were two bunkers, one used for 

explosives and the other for detonators. Both were used in the early 1950s for storage of radioactive 

materials that had high gamma radiation levels. These materials included feed and waste solutions 

from the radium/actinium program and wastes from the reactor waste decontamination program (DOE 

1992g). The latter is described in section 9 of this report. 

The boundary of Area 21 as shown on Plate 1 is slightly larger than the Area 21 depicted in the project 

report (Stought et al. 1988). This area was not included in the original compilation of known radiation 

areas at the beginning of the Site Survey Project, but was reportedly found during the gamma surveys. 

It is not known whether the boundaries depicted enclose both of the original bunker locations. 

The results of the Area 21 sampling are given in Table Vll.2. As noted on Table Vll.2, several of the 

analytical results for the gamma-emitting radionuclides could not be found in the gamma spectroscopy 

results given in Appendix E. These results were handwritten in the original tabulated data, reproduced 

in Appendix E. The sampling locations are shown on Plate 1 . 

Cesium-137 was detected in several of the Area 21 samples, with a maximum concentration of 

31 pCi/g measured in the sample taken at 60 inches at core location 0165 (C0165 on Table Vll.2). 

Plutonium-238, tritium, and radium-226 were also detected in several samples, although at relatively 

low levels (1.67, 0.99, and 1.2 pCi/g, respectively). 
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Table Vll.2. Mound Site Survey Project- Area 21 
g Cll ::u 
~ s., 

Thoriumb Cll ... Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt-00 Cesium-137 Radium-226 Americium-241 co -· 0 
ifg~ 

Location8 
South West No. Mo-Yr (Inch) (pCi/g) (pCifg) (pCi/mL) (pCi/g) (pCi/g) (pCifg) (pCifg) ~...am 

~ ~ 
"' :!: ~ 0 

80740 3100 2997 0 0.54 b 0.77 LDL 29 LDL ... c 3250 10-83 1.2 .., 
&. 

~ J! 80739 3250 3025 7335 09-84 0 0.75 b 
~ Ill 

"' :I 80742 3275 3050 7337 09-84 0 0.37 b "' ... 
2998 10-83 0 0.18 b 0.67 

80743 3275 3075 7334 09-84 0 0.33 b 

80745 3285 3010 2999 10-83 0 1.12 b 0.64 

0 80746 3295 3005 9790 06-85 0 NR NR 0.5c c 
!D 80747 3295 3010 9794 06-85 0 NR NR 5.0c 
(/) 
;:;· 

80644 3275 2970 6558 08-84 0 NR NR LDLC 29c 1.2c LDLC 0 
(/) 

28c n 80645 3290 2990 9789 06-85 0 NR NR 0 
"0 

o s· 
otD 80646 3290 2995 9788 06-85 0 NR NR 0.5c 
n ::u 

80763 3325 3075 2885 10-83 0 0.79 b 0.152 0 0 
3"0 
c-0 

C0173 18 NR NR LDL 6.7 0.8 LDL 0 ::l 3250 3000 10436 08-85 .... 
-< 10437 08-85 36 NR NR LDL 5.6 0.8 LDL 
coo 10438 08-85 54 NR NR LDL 1.9 0.9 LDL co:-
Nw 

:0 
10439 08-85 60 NR NR LDL 9.7 0.9 LDL 

Ill C0176 3310 3010 10433 08-85 18 NR NR LDL 2.2 0.8 LDL Q. 
(/) 10434 08-85 36 NR NR LDL 3.1 0.7 LDL 
;:;· 

10435 08-85 54 NR NR LDL 1.2 0.7 LDL Cll 
(/) 
c C0177 3310 3090 10444 08-85 18 NR NR LDL 2.3 0.9 LDL < 10445 08-85 36 NR NR LDL 5.3 0.9 LDL 0 
< 10446 08-85 54 NR NR LDL 4.5 0.9 LDL 

C0165 3325 2980 10440 08-85 18 NR NR LDL 3.0 0.9 LDL 
10441 08-85 36 NR NR LDL LDL 1.0 LDL 
10442 08-85 54 NR NR LDL 2.5 1.0 LDL 

> 10443 08-85 60 NR NR LDL 31 0.7 LDL n e. 
2. 

8 Map locations are given using a "C" to designate core locations and an "8" to designate surface locations. c 
~ 
N bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER screening. Therefore, radiochemical analysis was not performed. 
N 
_:-.! cThese results could not be confirmed because they were not listed in the gamma spec results included at the end of Appendix F. 
::u FIDLER - field instrument for the detection of low-energy radiation Ill 

,9: 
LDL - The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. Ill c 

cg ~ MAC ID - Monsanto Research Corporation identification .._.N 
oN 

NR - No result given (I) (I) 

pCi/g - picocuries per gram 

pCi/mL- picocuries per milliliter 
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The sample results presented in Table Vll.2 do not agree with the evaluation given in the original Site 

Survey Project Report (Stought et al. 1988). The project report indicated significant radium-226 

activity, but no indications of radium-226 in Area 21 were found during the evaluation for this report. 

Mound Plant drawings (DOE 1992f) indicate that the depth to bedrock in this area as about 36 to 48 

inches. The Area 21 core locations were sampled to 54 to 60 inches, and it is probable that bedrock 

was reached. However, the boring logs for the Area 21 locations are not available . 
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8. TRITIUM PROCESSING AREAS 

This section provides general descriptions of the scale and periods of operation of the tritium program 

at Mound Plant. Summaries are provided of the areas where process and TSD activities took place 

and whether environmental radiological data, through the Site Survey Project, are available. Additional 

information on the generation, treatment, and disposal activities is provided in Volume 7 - Waste 

Management (DOE 1992g). 

8.1. PROGRAM SUMMARY 

Tritium-related operations began at Mound Plant in the mid-1950's and have continued to the present 

day. Tritium processing activities included production, disassembly, analysis, and development of 

nuclear components containing tritium. In support of these activities, Mound Plant has been involved 

in development of tritium enrichment and recovery process technology, and the processing and 

containment of tritium-contaminated wastes. Currently, Mound Plant has the facilities to perform these 

activities for all types of materials and wastes generated by other DOE facilities. 

Tritium processing activities take place in the T, SW, R, and HH Buildings (Figure 8.1 ). The T, SW, 

and R Buildings also house the treatment and disposal operations. The entire tritium operation is 

geared toward a treatment and containment system. Effluents are minimized as the goal of the 

program is to recover as much as possible. Gaseous effluents from processes in the HH Building were 

originally vented to the atmosphere. Beginning in 1970, the gas was collected in cylinders for 

transport to the SW Building. This gas is now piped to the SW Building for recovery. 

Aqueous wastes from the gaseous effluent treatment are drummed and shipped to the T Building for 

recovery. Low-level liquid wastes generated in the SW and R Buildings are pumped to the WDA facility 

through a low-risk beta wastewater line. In 1975, the underground line from SW to WDA was 

abandoned and an aboveground line was installed. Until the early 1970s, the tritiated wastewater was 

diluted and released to the river. Since then it has been solidified, and drummed for offsite disposal. 

High-level liquid wastes are drummed in the SW Building for offsite disposal. Solid wastes are 

containerized for offsite disposal in the SW or R Building. 

8.2. SAMPLING SUMMARY 

The Site Survey Project reportedly performed liquid scintillation analysis on 5 percent of the soil 

samples collected (Stought et al. 1988). The available data from the Site Survey Project for tritium 

included 111 sample locations (Appendix E). Figure 8.2 shows the distribution of samples collected 
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for tritium analysis. The soils beneath the SW Building and the area surrounding the T and HH 

Buildings were not included as part of the Site Survey Project, but were the focus of a study in the 

mid-1970s, described below. All but two samples indicated tritium values below 20 nCi/L. The 

highest concentration of tritium measured in soils was reported to be 45 pCi/mL of soil moisture 

(45 nCi/L; Appendix E) in sample S0372 on the southeast part of the Main Hill (Plate 1 ). 

8.3. TRITIUM STUDY IN AREA OF OVERFLOW POND 

As part of the Potable Wafer Project conducted in the mid-1970s, Mound Plant performed scintillation 

analyses for tritium in soils adjacent to the historic landfill. The soil samples were obtained in 1976, 

in conjunction with a site engineering study in preparation of the overflow pond (Dames and Moore 

1976a). Soil moisture from 14 subsurface soil boring samples (Figure 8.3) indicate tritium 

concentrations ranged from 2 to 268 nCi/L of soil moisture (Table Vlll.1 ). All but the highest values 

were less than 1 00 nCi/L (Hopkins 1976). Soils from the area were reworked during the construction 

of the Site Sanitary Landfill and overflow pond (DOE 1992g). 

Additional investigations at Mound Plant have addressed the presence of tritium in soils and in the 

Buried Valley aquifer. This information is provided in the Phase I Potable Water Standards Project 

(Dames and Moore 1976b), Potable Water Standards Project (Dames and Moore 1976c), Potable Water 

Standards Project: Final Report (Styron and Meyer 1 981) and the Buried Valley Aquifer Evaluation 

Project (Dames and Moore 1976d). 

8.4. CONTAMINATED SOILS UNDER THE SW BUILDING 

The SW Building, adjacent to R Building on the Main Hill (Plate 1 ), has long been suspected as the 

principal source of the tritium contamination in groundwater seeps on the Main Hill (DOE 1989b). This 

conclusion was based on 

the historic use of tritium in the SW Building; 

tritium concentrations in the soils and soil moisture in samples taken under the building 
(Dames and Moore 1977); 

the presence of low-level uranium-233 in samples from some of the seeps, because it was 
processed exclusively in the SW Building (DOE 1991 g); 

the spatial distribution of tritium concentrations in groundwater seeps, pipe chases, and 
observation pits (DOE 1991 d); and 

the impact of the SW Building capture pit system on the tritium concentration in 
groundwater (DOE 1991 e). 
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Table Vlll.1. 

Borehole ID 
A-1 
A-2 
A-2 
A-3 
A-4 
A-4 
A-5 
A-5 
A-5 
A-6 
A-6 
A-6 
A-7 
A-7 
A-7 
A-8 
A-8 
A-9 
B-2 
B-2 
B-2 
B-2 
B-2 
B-3 
B-3 
B-3 
B-3 
B-3 
B-5 
B-5 
8-5 
8-5 
B-5 
B-5 
B-5 
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Tritium Concentrations in Soil Moisture from Borings for Overflow Pond 
Construction (from Hopkins 1976). 

Depth (feet) Distillate uCi/L 
8.5-10 0.0321 
30-31.5 0.0456 
18.5-20 0.0505 
12-13.5 0.0031 
13.5-15 0.0456 
28.5-30 0.0884 
13.5-15 0.0955 
18.5-20 0.0334 
23.5-25 0.0201 
13.5-15 0.0253 
18.5-20 0.0513 
23.5-25 0.0181 
8.5-10 0.0218 
13.5-15 0.0236 
18.5-20 0.0509 
18.5-20 0.0248 
23.5-25 0.0171 
11-12.5 0.2685 
8.5-10 0.0306 
13.5-15 0.0165 
18.5-20 0.063 
28.5-30 0.0040 
33.5-35 0.045 
3.5-5 0.0747 
18.5-20 0.0180 
28.5-30 0.0049 
33.5-35 0.0051 
38.5-40 0.0021 
3.5-5 0.0059 
8.5-10 0.0067 
23.5-25 0.0445 
28.5-30 0.0218 
33.5-35 0.0085 
38.5-40 0.0278 
43.5-45 0.0311 
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nCi/L 
32 
46 
51 
3 

46 
88 
96 
33 
20 
25 
52 
18 
22 
24 
51 
25 
17 
268 
31 
17 
6 
4 
5 

75 
18 
5 
5 
2 
6 
7 

45 
22 
9 

28 
31 
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The tritium in the soils is apparently the result of the release of contamination from sumps in the SW 

Building. These sumps received processing wastewater, spills from processing upsets, and wastewater 

from decontamination activities. 

In 1977, soil samples were collected from under the SW and R Buildings (Dames and Moore 1977). 

Figure 8.4 shows the seven core locations. Soil moisture was distilled from samples obtained from 

these core locations and analyzed for tritium (Table Vlll.2). Based on these samples, it was estimated 

that the total tritium inventory in the soils was approximately 1,300 Ci. Radioactive decay since 1977 

should have reduced this inventory to approximately 625 Ci in 1990 (half-life of tritium is 12.3 years) . 

ER Program, Mound Plant 
Revision 1 
MOUND9/M9SSD12.WP8 12/23/92 

OU 9, Site Scoping Report, Vol. 3-Rad Site Survey 
December 1992 

Tritium Processing 
Page 8-7 



• 

• 

• 

0 0 
6 7 

0 
4 1 0 

5 0 

0 
3 

SW Building R Building 

0 
2 

0 35 

SCALE IN FEET Ref: Dames and Moore 1977 

Figure 8.4. Soil boring locations for tritium inventory below SW and R Buildings. 
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• Table Vlll.2. Tritium Inventory Beneath SW and R Buildings in 1977 (Dames and Moore 1977) 

Soil Distillate 
Concentrations 

Location Depth Dry Weight Moisture Content Tritium (nCi/L) 
(Figure 3.3) (inches) (g) {%) (1000s) 

1 6to 12 89.99 13.4 851.14 
12 to 24 89.35 13.0 783.45 
24to 36 96.05 11.5 831.81 
36 to 58 93.02 11.3 632.95 
58 to 72 90.83 13.2 270.58 
72 to 84 92.18 16.1 673.50 

2 10 to 22 105.72 1.4 3833.9 
22 to 27 101.1 7.9 782.50 
27to 34 92.97 12.2 579.78 

3 4 to 12 101.06 1.7 97.276 
12 to 24 97.01 4.5 35.720 
24 to 35 87.93 15.5 93.124 

4 9to 18 48.86 5.9 3.93 

• 18 to 31 65.26 2.6 0.552 
31 to 38 103.4 2.1 0.7953 
38 to 48 114.94 2.1 1.6174 
48 to 51 139.15 2.1 1.6862 
51 to 72 102.71 10.6 0.19106 

t 72 to 84 97.49 13.3 0.0997 
84 to 96 88.02 14.6 0.2398 
96 to 108 86.89 15.4 0.5162 

108 to 120 89.06 28.1 0.2193 

5 6 to 12 100.88 2.5 110.05 
12 to 24 102.55 1.5 240.37 
24 to 36 115.74 1.8 285.01 
36 to 48 102.08 1.4 152.04 
48 to 58 96.71 4.2 42.753 

6 6 to 12 104.79 2.7 41.577 
12 to 24 101.92 1.5 31.904 
24 to 36 99.04 3.1 24.081 
36 to 48 103.5 3.3 22.336 
48 to 57 97.5 3.2 6.5168 

7 6 to 12 96.33 4.4 33.793 
12 to 24 99.75 2.9 23.382 
24 to 34 94.67 8.4 34.208 

• nCi/L - nanocuries per liter 
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• 9. REACTOR WASTE PROCESSING AREAS 

This section provides general descriptions of the scale and periods of operation of the reactor waste 

program at Mound Plant. Summaries are provided of the areas where process and TSD activities took 

place and whether environmental radiological data, through the Site Survey Project, are available. 

Additional information on the generation, treatment, and disposal activities is provided in Volume 7-

Waste Management (DOE 199g). 

9.1. PROJECT SUMMARY 

In 1949, Mound Plant undertook a study of processes for the decontamination of radioactive wastes 

that were generated by plutonium production at other Atomic Energy Commission facilities. Plutonium-

239 is made by the neutron irradiation of uranium metal in production reactors at the Hanford 

Reservation, Richland, Washington. The plutonium-239 is separated from uranium-238 and fission by

products by one of several aqueous-phase chemical processes. The objective of the Mound Plant 

program was to develop a process that would concentrate the radioactive constituents such as cesium-

137, ruthenium-1 06, strontium-90, zirconium-93, cobalt-60, niobium-94, antimony-125, tellurium-123, 

nickel-63, rare earths elements, and plutonium-239, and that would effect a significant volume 

• reduction of the waste (Lowe et al., 1952). 

• 

From 1948 to 1952, three different types of processing wastes were studied at Mound Plant in this 

program. These included bismuth phosphate wastes, tributyl phosphate wastes, and Purex processing 

wastes. Mound Plant began laboratory experiments in 1949 to develop the process chemistry and 

process parameters that would be transferred to a pilot-scale operation. Numerous shipments of 

wastes were received from Hanford and the Purex processing pilot plant at Oak Ridge in 1949. Mound 

also received three types of high-acid Purex wastes. A radiochemical analysis of the Purex wastes is 

given in Table IX.1. This analysis is typical of all of the reactor wastes. 

The bench-scale process chemistry research and development was performed in R Building. In 1952 

a pilot plant was installed in the northeast corner of the SW Building (Figure 9.1 ). The aqueous waste 

generated by the research and pilot plant studies were treated by local evaporator systems. During 

the laboratory experiments, aqueous wastes were routed to a holding tank, then to a small evaporator. 

The condensate was transferred to the WD Building through the process sewer. From the WD Building, 

the wastes were probably diluted and released to the river. The steam condensate from the larger 

evaporator in SW Building was discharged to the plant sanitary sewer. Several spills occurred during 

the operation and dismantlement of the pilot plant. Gamma radiation readings of the sludge at a 

distance of 1 foot from the surface ranged from 1.5 to 8 REM (Bradley, 1953). At least one spill of 
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Table IX. 1. Radiochemical Analyses of High-Acid Purex Waste 

Waste Stream 

lAW lOW 
Activity (cts/min/mll (cts/min/mll 

Gross beta 2.2 X 1010 1.6 X 108 

Cesium 1.5 X 109 7.4 X 1Q4 

Ruthenium 3.5 X 109 8.6 X 105 

Antimony 5.1 X 107 1.5 X 1Q4 

Zirconium 1.4 X 108 5.1 X 1Q4 

Niobium 3.2 X 109 1.1x105 

Rare earths 7.0 X 109 2.6 X 1()4 

Strontium 5.3 X 109 1.0 X 103 

Tellurium 3.8 X 108 2.2 X 1Q4 

Plutonium (alpha) 6.0x 105 6.0x 103 

Iron content 0.1 mg/ml 1.0 mg/ml 

Acidity 2m HN03 2m HN03 

Ref.: Aponyi et al. 1953 
lAW - waste stream from first column separation 
IDW - waste stream from second column uranium purification cycle 
IIAW - waste stream from second column plutonium purification cycle 
HN03 - molar concentration of nitric acid 
cts/min/ml - counts/minute/milliliter 
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IIAW 
(cts/min/ml) 

2.4 X 107 

2.7 X 105 

9.9 X 108 

4.6x 105 

2.2 X 108 

2.3x 1011 

4.5 X 105 

7.8 X 104 

7.5 X 104 

3.5 X 105 

4.0 mg/ml 

5m HN03 
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the sludge in SW Building was cleaned up to 70 mREM activity and was then capped over (DOE 

1992g). The pilot plant demonstration lasted only a few months and the equipment was either 

dismantled and removed from the SW Building or reused in the radium/actinium program. 

Few records remain of the treatment and storage areas used during this program. The feed solutions 

are known to have been brought in and stored at the former location of the quonset hut, now known 

as Building 19 in its new location. The quonset hut used to be located in the tower valley west of 

Building 3 (Figure 9.1 ). The dismantled equipment and waste sludges went into storage in either 

Warehouse 13 or the old explosives bunker. The drums of sludge are known to have leaked and 

contaminated the wooden floor in Warehouse 13 that was located in the area now occupied by the 

SM Building (DOE 1992g). The drums were moved again to Warehouse 9 along the old extension of 

the railroad spur for shipment offsite and the floors of Warehouse 9 were washed down. The old 

explosives bunker, also known as the radium shack, was used as a general storage area for high-risk 

wastes and was located on the westfacing slope of the SM/PP Hilt. There are no other known or 

suspected areas where materials from the reactor waste decontamination program may have been 

stored or disposed of. Treatment facilities appear to be limited to the SW, R, WD and perhaps the HH 

Building areas . 

Since the reactor waste decontamination program was so short lived, few records of its existence have 

survived at Mound Plant and few individuals knew of its existence. None of the process, treatment, 

or storage areas were listed in the known areas of radiological contamination before the Site Survey 

Project began. Some of the areas were included in the Site Survey Project investigation; some were 

not. As with other buildings, the processing areas used in the reactor waste program were not 

addressed by the Site Survey Project nor were the process and sanitary sewers on the Main Hill. 

Warehouse 13 is now occupied by the SM Building and is enclosed in Area 17. The old explosives 

bunker, or radium shack, is now known as Area 21 and was identified during the gamma surveys of 

the Site Survey Project (Stought et at. 1988). The former location of the quonset hut and the JoiNer 

storage area (DOE 1992g) were not explicitly included in the Site Survey Project, but some data may 

be available, as discussed below. The project report (Stought et at. 1988) did not discuss the results 

in outlying areas. Areas 17 and 21 are described in the companion section on plutonium and 

radium/actinium, respectively. 

Area 20 was described in the project report (Stought et at. 1988) as having cesium-137 contamination, 

but no process attributes could be made. The reactor waste decontamination program is certainty the 

most likely candidate for the presence of cesium-137 at Mound Plant, but no real tie to the process 

has been firmly established. The presence of cesium-137 in Area 21, on the other hand, can be 

established through records and summary reports that state the area was for storage (DOE 1992c). 
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If these areas were contaminated with cesium-137 during the reactor waste decontamination program, 

it is very likely that strontium-90 may also be present. None of the analytical procedures used during 

the Site Survey Project was capable of identifying strontium-90 contamination. 

9.2. LOWER STORAGE AREA 

The process waste treatment equipment used in the reactor waste decontamination program was 

diverted to use in the radium-actinium program. Once that program was terminated in 1955, the 

equipment was dismantled and stored on the ground in the vicinity of Building 3. These process/units 

underwent decontamination prior to their removal from the SW Building. No information is available 

as to the level of decontamination achieved. The soil in this area has the potential to be contaminated 

with radium-226 and its daughters, as well as fission products such as strontium-90 and cesium-137. 

Few samples appear to have been collected in the approximate location of the historic lower storage 

area. No cores were obtained from the area. Surface samples S0689 and S0690 (Plate 1) indicate 

plutonium-238 concentrations of 0.21 and 0.73 pCi/g, respectively (Appendix E). Neither of these 

samples were analyzed for gamma radiation. Sample S0692 is slightly uphill from the other two 

sample points with cesium-137 and radium-226 contamination at 1.3 and 0.9 pCi/g, respectively. The 

exact location of the historic lower storage area is speculative, but may be indicated by the trace 

contamination noted in the Site Survey Project data. 

9.3. FORMER QUONSET HUT AREA 

The quonset hut, now known as Building 19, has a long history at Mound Plant. The structure was 

first moved to Mound Plant during the D&D of the historic Dayton units (DOE 1992g). It was first 

erected in the lower valley area and served as a central point for shipping, receiving and storing 

radioactive feed and waste materials. In the early 1960s, it was moved to its present location along 

the western border of the plant. In the early 1950s, the quonset hut served as a storage facility for 

the bismuth sludges from the polonium processing program. It also served as the central receiving and 

storage facility for the reactor wastes that came in from Hanford and Oak Ridge (DOE 1992c). 

Few samples appear to have been collected in the former location of the quonset hut. No cores were 

obtained from the area. Surface samples S0674, 0683, 0684 and S0693 (Plate 1) indicate plutonium-

238 concentrations of 0.54, 0.3, 0.04 and 0.96 pCi/g, respectively (Appendix E). The sample from 

location S0693 also indicated 0.4 pCi/mL tritium (Appendix E). None of these samples appear to have 

been analyzed by gamma spectrometry. 
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9.4. HOT SPOTS WITH CESIUM-137 ACTIVITY 

Several localized areas of cesium-137 were noted in the Site Survey Project Report (Stought et al. 

1988) and others are identified by the evaluation of the Site Survey Project data during compilations 

for this report. The sample taken at surface location 064 7 on Plate 1, located south of Building 95 

on the SM/PP Hill, contained 270 pCi/g of cesium-137. The Site Survey Project data sheet noted that 

this location was not included in the original report because it was cleaned up immediately (Appendix 

E). Documentation of this cleanup was provided in an internal Mound Plant memorandum that stated 

activity was as high as 4nCi/g (Draper 1984). Post-cleanup sampling indicated that the remaining 

cesium-137 levels were less than 2 pCi/g. Indications from the Site Survey Project data (Appendix E) 

suggest that there may be additional low-level cesium contamination in this area of Mound Plant. 

Several locations contained less than or equal to 1.3 pCi/g of cesium-137 (Appendix E). These are 

locations 0920, 0921, 0925, 0928, 0929, and 0940 (Plate 1 ). Building 105 has since been 

constructed in the area of samples 0920 and 0922 (Plate 1 ). None of the isolated areas of cesium-137 

contamination at location 064 7, or the others on the south portion of the SM/PP Hill, or the possible 

hot spot at location 0175 (Plate 1) on the Main Hill can be explained by the evaluation of historic 

operations. Other than the fact that some of the Purex sludge was spilled at the SW Building and at 

the old warehouse 13 location on the SM/PP hill, additional comments are merely speculation. Neither 

the hot spot at location 064 7, nor any of the others with much lower activity were indicated by the 

aerial flyover survey conducted by EG&G in 1976 (EG&G 1978). Results of that survey are 

summarized in section 1 of this report . 
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10. GENERAL USE AREAS 

Several areas of the Mound Plant were included in the investigations of the Site Survey Project or are 

known to contain low levels of radioactivity, but are not associated with a specific program or project. 

These areas include the Orphan Soils Area 22, the Hillside Disposal Area J, and the spoils disposal 

area. These areas and any results reported in the Site Survey Project report are described in the 

subsections that follow. 

10.1. AREA 22 

Area 22 is located on the south part of the SM/PP Hill adjacent to Building 53 (Plate 1 ). This area 

consists of many piles of soil excavated from other areas at Mound Plant, including Area 20 

(subsection 3.9). It is also called the •orphan soils• area because it was created when construction 

projects did not have funding for disposal of unexpected contaminated soil, which was then staged 

at Area 22 while waiting for funding. Area 22 was not part of the original compilation of radioactively 

contaminated areas when the Site Survey Project began, but was identified by the initial gamma 

surveys (Stought et at. 1988) . 

The Area 22 sampling results are given in Table X.1 and the sampling-locations are shown on Plate 1. 

Only surface locations were sampled. Cobalt-60 was det~ in two of the samples, at levels of 143 

and 54 pCi/g. The same samples showed radium-221? present in concentrations of 0.4 and 0. 7 pCi/g, 

respectively. The sample from location S0787 also contained 7.0 pCi/g of cesium-137. The remaining 

two samples contained relatively low levels of plutonium-238, with a maximum level of 1.67 pCi/g, 

but these samples were not analyzed by gamma spectroscopy. No results were indicated for bismuth-

207 or bismuth~21 Om, which may be expected to occur with cobalt-60 from speculation of process 

(see subsection 3.3.6 for discussion). Since cesium-137 was identified, it is possible that strontium-SO 

may also be present, but was not included in the analyses conducted by the Site Survey Project. 

10.2. AREAJ 

Area J, known as the hillside disposal area, is located on the west slope of the SM/PP Hill, south of 

Areas 0 and 12 (Plate 1 ). This area was used from the early 1970s to the early 1980s for the disposal 
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Table X.1. Mound Site Survey Project - Area 22 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium CobaiH30 Cesium-137 Radium-226 Americlum-241 

Location 8 
South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mL) (pCi/g) (pCi/g) (pCifg) (pCi/g) 

S0787 3550 3400 9807 06-85 0 NR NR NA 143 7.0 0.4 LDL 

S0775 3575 3350 2883 10-83 0 1.61 b 0.99 

S0773 3500 3200 2887 10-83 0 1.67 b 0.15 

S0790 3560 3390 9810 06-85 0 NR NR NA 54 LDL 0.7 LDL 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER -field instrument for the detection of low-energy radiation 

LDL. The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCifg for radium-226. 

MAC ID • Monsanto Research Corporation identification 

NR • No result given 

pCifg • picocuries per gram 

pCifmL • picocuries per milliliter 



•• 

• 

• 

of construction residues, such as excavated soils, pieces of concrete, piping, metal banding, plumbing 

fixtures, and roofing materials, which were either dumped or bulldozed over the side of the hill (DOE 

1992c). Area J also includes three areas of ponded water at the base of the slope (DOE 1992g). 

Twelve core locations and nine surface locations were sampled, either within or near Area J, as part 

of the Site Survey Project (Plate 1, and Table X.2). The maximum plutonium-238 concentration 

measured in these samples was 71 .30 pCi/g in the sample taken at a depth of 1 8 inches at core 

location 0156 on Plate 1 (C0156 on Table X.2). The maximum thorium activity measured was 

30.42 pCi/g in a sample taken at a depth of 162 inches at core location 0160 on Plate 1 (C0160 on 

Table X.2). Of the nine surface locations sampled, four (0634, 0635, 0636, and 0639 on Plate 1) 

appear to have been located on the slope of the SM/PP Hill. The other five surface locations and the 
/" . 

12 core locations were probably located in the more level area at the top of the hill. 

The maximum depth of the core locations in Area J was 234 inches (C0152 and C0156 on Table X.2), 

and most were sampled at 54 to 72 inches. Mound Plant drawing #FSE 16472 (DOE 1992f) indicates 

that the depth to bedrock in this area is approximately 36 inches, but this depth probably varies greatly 

due to the presence of fill material. It is likely that the Area J core locations were sampled to bedrock, 

but drilling logs are not available to confirm this . 

The upper, relatively flat portion of Area J was historically used to stage soils contaminated with 

thorium and plutonium. Soils and possible other debris were placed in the area as part of excavation 

projects, including a water line repair below the adjacent water tower, and possible plutonium

contaminated soils from the construction of the overflow pond in the mid-1970s (DOE 1992g). The 

area may have also been referred to as the dredged materials disposal area (Area 11 a) in the map of 

Hot Waste Burial Sites, reproduced in the Site Scoping Report: Volume 7- Waste Management (DOE 

1992c). In 1988, 150 half-size low specific activity boxes (approximately 150 cubic yards) of soil 

were removed from the area. Subsequent screening by the Mound Plant soil screening facility 

indicated levels of thorium and plutonium-238 below 2 and 147 pCi/g, respectively (Rader 1988). The 

data sheets are included in Appendix E. 

10.3. SPOILS DISPOSAL AREA 

The spoils disposal area (also known as the construction spoils area) is located south of the overflow 

pond and Area 18 (Plate 1 ). This is an engineered disposal area that has been in use since 1985. Soils 

containing less than 25 pCi/g of plutonium-238 and less than 5 pCi/g of thorium from construction 

areas at Mound Plant are dumped onto the ground surface, graded, and compacted. This area was 

not identified in the original Site Survey Project Report, probably because it is only used for the 

disposal of soils with radioactivity below the guidelines. 
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Table X.2. Mound Site Survey Project - Area J 

1: :D m 
E CD :D 
~ S., 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 "' .. "'-· 0 i8~ Location a South West No. Mo-Yr (inch) (pCi/g) (pCijg) (pCijmL) (pCi/g) (pCi/g) (pCi/g) (pCi/g) m .... m 
~ ~ 

C0148 3040 2590 10471 08-85 18 0.72 b "' s:: 
~ 0 10472 08-85 36 0.87 b 0 c: 

~ 10473 08-85 54 1.29 b 
~ J! "' 10474 08-85 72 4.94 b ~ Ill 

"' :;, 

"' .. 
C0149 3040 2610 10475 08-85 18 0.38 b 

10476 08-85 36 0.45 b 

10477 08-85 54 5.40 b 

0 10478 08-85 c 72 4.80 b 

(I) . 
C0150 3055 2590 10479 08-85 18 3.94 b 

(II 
;:;· 

10480 08-85 36 1.55 b 3.0 LDL 0.2 LDL CD 
(II 10481 08-85 54 3.94 b n 
0 

""0 
:r C0151 3055 2610 10482 08-85 18 3.58 b CCI 

CD :D 10483 08-85 36 10.30 b n CD 
CD-o 
3 0 10484 08-85 54 7.88 b 
D""::l 
CD • .. < 

C0152 3065 2565 1561 04-83 18 2.60 2.80 ... o 
CD-
(I)" 

1562 04-83 36 0.46 b NW 
I 1563 04-83 90 1.89 b :D 
Ill 

1564 04-83 108 1.12 b ll. 
(II 

1565 04-83 126 1.29 b ;::+" 
CD 
(II 1566 04-83 144 0.06 b 
c: 
~ 1567 04-83 162 0.08 b 
< 1568 04-83 180 0.07 b 

1569 04-83 198 0.27 b 

1570 04-83 216 0.60 b 

1571 04-83 234 5.22 b 

aMap locations are given using a "C" to designate core locations and an "S" to designate surface locations. 
C) bA "b" indicates that the total thorium concentration was less than the background level of 2.0 pCijg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 
CD 
:;, 

cBoring logs indicate that these locations were not sampled to bedrock. CD 

i FIDLER - field instrument for the detection of low-energy radiation 
"11C 
Ill "' LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCi/g for cobalt-60, cesium-137, and americium-241; and 1 pCi/g for radium-226. Cl CD 
CD )> 

MRC ID - Monsanto Research Corporation identification 9; 
·= NR - No result given 

pCijg - picocuries per gram 

pCi/mL- picocuries per milliliter 
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Table X.2. (page 2 of 3) 

il:::om 
gIll :::0 
!5 s. -o 

Coordinates MRCID Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 Ill .. Plate 1 Depth Plutonium-238 co -· 0 
ig~ 

Location8 South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCifmL) (pCi/g) (pCi/g) (pCifg) (pCI/g) ~~m 

~ ? 
~ 3: 

C0153 3070 2610 10505 08-85 18 0.86 b 0 
0 c: 

ii 10506 08-85 36 1.14 b 
~ J! 10507 08-85 54 1.16 b .. 
!!! Ill 

"' :I 10508 08-85 72 0.89 b .. ... 
C0154 3080 2610 10509 08-85 18 0.56 b 

10510 08-85 36 0.14 b 

0 10511 08-85 54 0.89 b 
c 
~ C0155 3090 2600 10512 08-85 18 0.27 b 
C/) 

10513 08-85 36 2.24 b :::.· 
Ill 
C/) 10514 08-85 54 11.40 b 
(") 
0 
"0 :r C0156 . 3075 2600 1572 04-83 18 71.30 2.03 011:1 

Ill :II 
1573 04-83 36 NR 4.30 (") CD 

111-o 
3 0 1574 04-83 54 6.59 b 
c-~ 
CD • 

1575 04-83 72 6.45 b .. < _.o 
1576 04-83 90 4.81 2.02 CD-

CD" 
NW 1577 04-83 108 40.90 2.33 I 

:::0 1578 04-83 126 1.08 b Ill 
0.. 
C/) 1579 04-83 144 5.22 b 
:::.· 

1580 04-83 162 3.42 b CD 

C/) 
1581 04-83 180 8.67 b c: 

< 1582 04-83 198 0.72 b Ill 
< 

1583 04-83 216 4.10 b 

1584 04-83 234 9.93 3.02 

3075 2600 10515 08-85 18 0.83 b 

(Two sets of results were given for the 18-inch depth at these coordinates; however, the dates are different [04-83 and 08-85].) 

C0158c 3000 2620 8285 10-84 36 1.95 b 
Cl 
Ill 8286 10-84 72 25.00 b :I 
CD 

i 
-oc C0159c 3100 2620 8283 10-84 108 18.90 b 
Ill Ill 

11:1 CD 8284 10-84 198 6.91 b CD )> 

O; 
• Ill 

Ul<n S0633 3025 2645 2923 10-83 0 47.45 b 6.84 
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!l::llm Table X.2. (page 3 of 3) 2 Cll :ll 
Ei ~. "tl "' .. "'-· 0 ig~ 
~-m 
~ ~ Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americlum-241 .. 3: Location

8 :e 0 South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mL) (pCi/g) (pCi/g) (pCi/g) (pCi/g) 
0 c a. 
~ J! S! Ill S0622 3025 2590 4126 10-83 0 17.40 b 
"' ::I .. ... 

C0160 3180 2745 2441 08-83 18 0.80 b 

2442 08-83 36 2.60 b LDL LDL 0.94 LDL 

2443 08-83 108 0.53 b 
0 
c 2444 08-83 126 0.62 b 
~ 2446 08-83 162 0.66 30.42 LDL LDL 1 LDL 
(I) 
;;· 2447 08-83 180 3.09 14.58 LDL LDL 0.9 LDL Cll 
(I) 2448 08-83 198 2.60 10.32 LDL LDL 0.7 LDL 0 
0 

2449 08-83 216 2.42 b "tl :;· 
2450 08-83 234 1.70 5.07 ccc 

Cll :ll 
0 Cll 
CII"C 
3 0 S0621 2950 2645 4113 10-83 0 3.35 b I:T;::l 
Cll -.. < 
""'o Cl)- S0634 3050 2845 8667 12-84 0 0.31 b (j)' ...,w 

I 
:ll 

S0635 3075 2870 8669 12-84 0 0.34 b !. 
(I) 
;::.-
ct 
(I) 

S0636 3100 2820 8666 12-84 0 1.84 b 
c 

~ S0637 3125 2670 6791 08-84 0 1.45 b < 

S0638 3125 2720 6792 08-84 0 0.28 b 

S0639 3125 2820 2924 10-83 0 3.00 b 3.09 

C) 
Cll 
::I 
Cll e. 

"tiC 
CD Ill 
cg Cll 

Cll > 
O; 
' Ill 

"'"' 
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Twenty-six surface samples were taken in the spoils disposal area during the Site Survey Project 

(Plate 1 and Table X.3). The maximum plutonium-238 activity concentration measured in these 

samples was 8.30 pCi/g in the sample from S0895; no thorium activity greater than 2 pCi/g was 

measured. Two samples (S0851 and S0810) were also analyzed using gamma spectroscopy. 

Radium-226 was the only radionuclide detected using this technique. It was detected at 0.9 pCi/g in 

both samples. 

1 0.4. PLANT DRAINAGE DITCH 

The plant drainage ditch at Mound Plant serves as the natural channel for surface water, following 

roughly an east-to-west course (Figure 1 0. 1 and Plate 1). As the collection point for surface water 

runoff for both the SM/PP and Main Hills, the ditch is in a position to receive contamination from 

multiple sources at Mound Plant. The ditch currently begins just south of Building 51 and extends 

southwestward to a series of three connected retention basins on the western border of the facility 

(Plate 1 ). From the retention basins, the water is released from the plant at an outfall permitted under 

the National Pollution Discharge Elimination System (Plate 1 ). After release at outfall 002, the water 

flows through a section of the Miami-Erie Canal, now abandoned, and on to the Great Miami River . 

Historically, the upper reach of the ditch extended further north than Building 51, below what is now 

known as Area 7, but has been infilled to provide construction pads. Changes in the geomorphology 

of both the upper and lower reaches of the ditch are documented in the Site Scoping Report: Volume 

6 - Photo History (DOE 1992b). 

In 1974, an investigation was performed as part of the Miami-Erie Canal investigations to document 

the levels of plutonium-238 present in the sediments of the plant drainage ditch (see section 1 for 

additional information). Because the drainage ditch was investigated in 1974, no further sampling was 

performed as part of the Site Survey Project. During the 1974 study, sediment samples were taken 

at 11 locations in the ditch proper and 1 location (#12) slightly upgradient of the recognized start of 

the ditch (Figure 10.1 ). (These locations are not shown on Plate 1 because coordinates were not 

documented.) Plutonium-238 concentrations measured using a radiochemical procedure ranged from 

less than 1 pCi/g to a maximum of 535 pCi/g at location #6. These results are presented in Table X.4. 

The portions of the ditch most highly contaminated appear to be at the northern end of the ditch (#11) 

and at the center (#5 and #6). The top 0 to 3 ft of ditch sediments appear to contain roughly 95 

percent of the plutonium-238, although elevated levels of plutonium-238 were found in sediments as 

deep as 5 to 6 ft (Table X.4). More recently, samples taken by the Mound Plant D & D Program in 

selected portions of the drainage ditch (as part of the Area 19 verification study) and Area 16 have 

shown similar concentrations. 
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Table X.3. Mound Site Survey Project - Spoils Disposal Area 

~:::um 
g CD ::0 
~ s., 

Thoriumb ., .. Plate 1 Coordinates MRCID Depth Plutonium-238 Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 CD -· 0 
ig~ 

Location
8 

South West No. Mo-Yr (inch) (pCi/g) (pCifg) (pCifmL) (pCifg) (pCi/g) (pCifg) (pCi/g) ~_.CD 

"' 3 ~ . 
"' ~ ~ 0 

50851 4365 4026 10-83 0 1.82 b 0 c 3350 
&. 

~ J! "' 80880 3075 4845 6384 08-84 0 4.68 b LDL LDL LDL ~ ID 0.9 CD :;, 
"' ... 

80881 3095 4830 7835 10-84 0 5.59 b LDL LDL 0.9 LDL 

0 
80883 3125 4740 7836 10-84 0 1.22 b 

c 
~ 80884 3135 4580 6389 08-84 0 2.93 b 
Ul ::.· 
CD 

Ul 80885 3160 4770 7843 10-84 0 0.01 b n 
0 
"t:l :;-

80886 OlD 3175 4605 2601 10-83 0 0.55 b 1.90 
CD ::U 
n CD 
CD-g 
3 0 50887 3175 4675 7837 10-84 0 0.08 b C"~ 
CD • .. < 
-'o 
CD- 80888 3180 4840 7844 10-84 0 0.15 b CD" ,..,w 

I 
::u 

80889 3200 4695 7842 10-84 0 0.01 b ID 
a. 
Ul ... 
CD 

Ul 
80890 3210 4530 2602 10-83 0 0.28 b 

c 
< CD 80891 3210 4610 7836 10-84 0 0.23 b < 

80892 3225 4775 7845 10-84 0 0.47 b 

50893 3230 4630 7841 10-84 0 0.01 b 

Cl 
CD 
:;, 
CD e. 

-uc 
ID 0> 

ID CD 
CD )>o 

Oo 
' ID co., 
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Table X.3. (page 2 of 2) 

Plate 1 Coordinates MRCID Depth Plutonium-238 Thoriumb Tritium Cobalt-60 Cesium-137 Radium-226 Americium-241 

Location 
a 

South West No. Mo-Yr (inch) (pCifg) (pCi/g) (pCifmL) (pCi/g) (pCi/g) (pCi/g) (pCifg) 

80894 3230 4815 7850 10-84 0 0.02 b 

S0895 3260 4680 7846 10-84 0 8.30 b 

S0896 3260 4870 7854 10-84 0 0.06 b 

S0897 3270 4535 7839 10-84 0 0.03 b 

S0898 3270 4575 7840 10-84 0 0.02 b 

80899 3275 4820 7853 10-84 0 0.04 b 

S0900 3280 4730 7848 10-84 0 0.62 b 

80901 3290 4630 7847 10-84 0 1.29 b 

S0902 3290 4790 7849 10-84 0 0.37 b 

S0903 3295 4830 7851 10-84 0 0.09 b 

S0904 3295 4875 7852 10-84 0 0.03 b 

80911 3440 4900 4050 10-83 0 2.03 b 

8 Map locations are given using a "C" to designate core locations and an "S" to designate surface locations. 

bA "b" Indicates that the total thorium concentration was less than the background level of 2.0 pCi/g, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER -field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCifg for cobalt-60, cesium-137, and americium-241; and 1 pCifg for radium-226. 

MRC ID - Monsanto Research Corporation identification 

NR - No result given 

pCi/g - picocuries per gram 

pCifmL- picocuries per milliliter 



• 

• 

• 

WD&SD r-"1 
area 1... I 

-J 

OS Building 

Sample "2 Plant ABuilding 51 
\ Sample #3 drainage v .... :> 
_ \ ditch ~---

-~- lding 42 Building~_.......•\ 

j \ 
-- Building 43 0 _.""" Sample # 11 

NPOES ·..._. 0 _,-
002 ~\· ..... --~-_......-'\. Sample #10 

~.~~:~~r \ \0 \ '\. Sam~le~9' 
Sample #4 Sample #8 

0 725 

SCALE IN FEET 

ER Program, Mound Plant 
Revision 1 
MOUN09/M9SS012.W10 12/22/92 

' Sample #5 Sample #7 /' 
Sample #8 

SM area 

Figure 10.1. 1974 plutonium sample locations. 

OU 9, Site Scoping Report, Vol. 3-Rac:l Site Survey 
December 1992 

Mound Plant 
boundary 

General Use Areas 
Page 10-10 



• 

• 

• 

Table X.4. 1974 Plutonium-238 Results for the Plant Drainage Ditch 

Sample Concentration (pCI/g) 

D-1ft 1-2ft 2-3ft 4-5ft 5-6ft Average 

11.6±5.4 0.611±6.58 0.059±0.123 0.379±0.468 0.506±0.576 2.6±5.0 

2 97.5±24.9 43.3±13.9 0.682±0.713 0.290±0.386 0.095±0.174 28.4±42.9 

3 2.97±2.04 0.136± 0.224 0.269±0.376 0.321±0.416 0.44o±0.520 0.83±1.2 

4 44.4±14.2 0.619±0.664 0.033±0.082 0.068±0.137 0.056±0.119 9.o±19.8 

5 115±88 244±8 144±33 0.129±0 .216 0.034±0.084 1oo±103 

6 535±84 55.6±16.6 2.17±1.63 0.816±0.810 o.507±0.5n 118±233 

7 62±36 11.8±5.5 0.0009±0.494 0.427±0.510 0.203±0.299 14.9±26.8 

8 1.2±1.0 0.246±0.344 0.027±0.070 0.067±0.136 0.38±0.55 

9 2.08±1.58 0.211±0.308 0.143±0.233 0.181±0.216 .065±0.95 

10 6.81±3.72 0.293±0.389 0.057±0.121 0.078±0.152 1.29±1.12 1.7±2.9 

11 11.1±5.3 508±81 236±47 72.1±20 52.5±16 176±204 

12 o.2n±0.374 0.211±0.307 0.025±0.067 0.133±0.221 0.028±0.072 0.13±0.11 

Maximum 535±84 508±81 236±47 72.1±20 52.5±16 

Averageb 89±162 86±166 35±79 6.8±21 5.1±15.7 

a The background concentration of plutonium-238 from fallout in the Mound Plant region soils is 0.0002 pCifg. The plant baseline 

level from past Mound Plant activities is 0.01 pCijg (Stought et al. 1988). 

b Location 12 not included because it is not in the drainage ditch. 

pCifg • picocuries per gram 
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• The maximum sample depth during the 1974 study at the plant drainage ditch was 5 to 6ft. Although 

the depth of the ditch sediments is not known, the depth to bedrock ranges from 30 to 40 ft near 

Building 51 , at the beginning of the ditch, to approximately 70 ft at the western end, where the ditch 

exits the plant boundary. This depth to bedrock includes the ditch sediments, the older stream 

sediments, glacial outwash, and glacial till (DOE 1992fl. 

• 

• 

Radioactively contaminated sediments are also present in the asphalt-lined pond in the northeastern 

portion of the plant and in the storm water retention (overflow) pond and retention basins near Area 

2 in the southwestern portion of Mound Plant (Plate 1 ). Both of these are used to settle the sediments 

in storm water runoff. No characterization was done during the Site Survey Project because of their 

operational status. The ponds and other basins are described in detail in the Site Scoping Report: 

Volume 7 -Waste Management (DOE 1992g) and the Operable Unit 9 Site-Wide RI/FS Work Plan (DOE 

1992c). 

1 0.5. FENCE LINE SAMPLING CONDUCTED IN 1974 

As part of the 1974 investigations of plutonium-238 in the Miami-Erie Canal, surface and core samples 

were collected around the Mound Plant perimeter and fence line. Samples were analyzed only for 

plutonium-238. Sample results indicate concentrations up to 125 pCi/g in the area of the canal and 

1 to 2 pCi/g elsewhere. The data sheets are included in Appendix E. 

10.6. DEPLETED URANIUM CLEANUP AT FIRE FIGHTER TRAINING PITS 

A cleanup of uranium contamination in the fire fighter training pit area occurred in the early spring of 

1989. The pits are located south of Building 34 (Figure 1 0.2). The uranium contamination was 

detected during routine surveys being conducted as part of the repair of a water line adjacent to 

Building 34 in January 1988. The uranium was found to occur as metallic scraps about 1-inch square 

and 1/4-inch thick. Analysis of a metallic sample indicated concentrations of uranium-238 and 

uranium-235 at 500,000 and 3,000 pCi/g, respectively (Jarvis 1988), thus indicating a much greater 

uranium-238 content than occurs naturally. The metallic scraps were thus determined to consist of 

depleted uranium, a metal used for its very high density. The origin of the metallic scraps in the pit 

area is unknown. The actual concentration of depleted uranium in soil was measured to be about 

6,340 pCi/g (Jarvis 1989) . 

On March 16, 1989, the cleanup of the depleted uranium was accomplished by excavation and 

placement of soil into low-specific activity (LSA) boxes for shipment offsite. The cleanup goal was 5 
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Figure 10.2. Area of cleanup of depleted uranium. 
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pCi/g of uranium in soil. Ten soil samples were collected in the pit area (Figure 1 0.2) and analyzed by 

gamma spectroscopy. The highest concentration of uranium detected after cleanup was 3 pCi/g 

(Dickey and McMahan 1989). The data sheets are included in Appendix E . 
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11. SUMMARY 

During the years 1982 through 1985, Mound Plant performed a systematic survey of radiologic 

contamination of plant soils. The purposes of the Site Survey Project were to document the 

radionuclide levels present in the exposed land areas within the Mound Plant boundary and to 

characterize environmental radiological contaminants on a site-wide basis in order to provide the DOE 

with the basis for estimates of the cost and time required for stabilizing or removing contaminated 

soils. On the basis of records searches and employee interviews, the Site Survey Project identified 1 9 

original areas of concern. Site characterization thEm proceeded using a combination of screening, 

radiochemical analysis of surface and subsurface soil samples, and in situ analysis. More than 16,000 

individual gamma measurements were taken. Over 2,000 soil Samples were collected and analyzed, 

using a biased sampling strategy and several different types of analyses. Since the Site Survey Project 

was conducted, maintenance and engineering activities have identified other areas of radiological 

contamination. These areas are described throughout this report. Table Xl.1 summarizes the highest 

suspected contaminant values for each site or area. Radionuclides present at levels above background 

include plutonium-238, thorium (total and the isotope thorium-230), cobalt-60, cesium-137, tritium, 

actinium-227, americium-226, bismuth-207, and bismuth-21Om. Depleted uranium (uranium-238) is 

suspected to be present in the metallic form in some areas. The following discussions summarize 

suspected radiologic contamination recognized from the polonium, plutonium, thorium, uranium, 

radium, and tritium programs at Mound. 

Polonium processing in the 1 950s and 1 960s appears to have produced isolated areas contaminated 

with cobalt-60. Polonium-21 0, with a half-life of 138 days, has long since decayed from any sources 

directly related to the processing operations. Polonium-210, however, may be present in trace 

quantities because it is part of the natural decay chain of uranium. Cobalt-60, on the other hand, has 

a half-life of 5.3 years and has been found in a few locations identified with aqueous wastes from the 

polonium processing operations. Results of analysis by gamma spectroscopy of samples from 288 

locations were reported for cobalt-60; one area reported contamination of bismuth-207 and bismuth-

21Om. Areas investigated by the Site Survey Project (Stought et al. 1988) include 

Area 4, the area surrounding the WD Building where influent tanks containing 
polonium-21 0 and cobalt-60 overflowed; 

Area 4a, the old sewage disposal plant area contaminated by polonium-21 0, cobalt-60 and 
plutonium-238; 

Area 5, location of a waste-line break containing polonium-210 and cobalt-60; 

Area 6, a historic disposal trench for polonium-21 0-contaminated sand; 

Area 7, a historic disposal area used for the disposal of empty thorium drums, a thorium
contaminated dump truck, and a polonium-21 0-contaminated washing machine, encloses 
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an area containing a historic septic tank contaminated with actinium-227 from the old SW 
Building; 

Area 1 0, a historic disposal area containing concrete contaminated with polonium-21 0; 

Area 13, a historic treatment area where debris contaminated with polonium-210 was 
burned; 

Area 20, the location of a waste-line break between the WD and the HH Buildings 
(cobalt-60, cesium-137, bismuth-21Om, and bismuth-207); 

Area 22, with cobalt-60 concentrations up to 143 pCi/g (believed to be contaminated soil 
excavated from Area 20); 

Figure 11.1 shows the distribution of sample locations with results reported for cobalt-60. The highest 

values of cobalt-60 reported were in Area 5 on the Main Hill and in Area 22 on the SM/PP Hill. Most 

samples indicated values below the detection limit of 0.5 pCi/g, including Area 20, a historic polonium 

processing waste line. No systematic sampling of the waste lines was performed. An isolated hot 

spot on the west side of the Main Hill containing elevated cobalt-60 and cesium-13 7 cannot be 

explained by process knowledge. Through the gamma spectrographic analysis of soils in Area 20, 

bismuth-21Om and bismuth-207 were identified in 1985 as potential contaminants. As with cobalt-60, 

it is speculated that these rare radionuclides may have been produced as part of the production of 

polonium-21 0 from bismuth-209. Other areas known to have cobalt-60 contamination, such as Area 

22, may also have bismuth-21Om and bismuth-207 . 

Plutonium-238 processing activities in the 1960s and 1970s produced widespread low-level 

contamination associated with airborne and surface water emissions. Plate 4 depicts a contoured plot 

of plutonium-238 concentrations determined by the Site Survey Project (Stought et al. 1988). 

Evaluation of Plate 4 indicates that the highest concentrations are associated with the following former 

processing areas, as identified by the Site Survey Project: 

Area 1 , a historic plutonium waste storage area; 

Areas 4 and 4a, the area surrounding the WD Building where influent tanks containing 
plutonium-238 overflowed; 

Area 11, a historic storage area for plutonium-238-contaminated wastes from the SM 
Building; 

Area 12, a thorium-soil disposal area contaminated with plutonium-238 by runoff from 
Area 11; 

Area 14, the location of the 1969 waste transfer line (plutonium-238) break; 

Area 16, a historic sanitary leach field for the SM Building (plutonium-238); 

Area 17, the area under and surrounding the SM Building contaminated with plutonium-238 
from spills of plutonium wastes; 

Area 19, the historic underground waste transfer lines for plutonium-238 liquid wastes . 

Areas 14, 16, 17 and 19 have undergone at least partial D&D and some verification has occurred at 

this writing. Verification of Areas 14 and 17 is in progress at this writing. Verification of the D&D 
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Figure 11.1. Locations of cobalt-60 
analyses reported by Site Survey Project 
(Stought et al. 1988). 
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work in Area 19 was completed in 1986 (Stenhouse and Kirsch 1986). Areas with lower levels of 

plutonium contamination are evident. Evaluation of the Site Survey Project data for this report, as well 

as more recent data indicates that isolated areas of elevated plutonium-238 concentrations are present 

at the plant. Areas not investigated by the Site Survey Project, but are known or suspected to be 

contaminated with plutonium-238, include 

the plant drainage ditch, which has received contaminants such as plutonium-238 from 
several areas of the plant; 

Building 48 hillside (waste-line break) contaminated with up to 32 nCi/g plutonium-238; 

Building 66 lot site contaminated with up to 7 nCi/g plutonium-238; and 

Area J, with plutonium-238 concentrations up to 71.30 pCi/g and thorium levels up to 
30.42 pCi/g. 

Other isolated hot spots of plutonium-238 appear from the evaluation of the Site Project Data. These 

include two hot spots on the Main Hill (S0208 and S0166) and one on the runoff creek on the south 

end of the SM/PP Hill (S0706). with plutonium-238 values at 61.0, 34.5, and 28.9, respectively. The 

Main Hill spots cannot be explained by process information. Areas of elevated plutonium-238 along 

the railroad siding beneath Area 3 are also not explained by process information. The source of 

contamination is unknown, but it may be due to runoff form Area 14. Plutonium-238 in the area of 

the sludge drying beds may be an artifact of interference from elevated thorium-232 known to be as 

high as 63 pCi/g in the area. Elevated plutonium-238 in Areas 7, 8, and 12 and Area J is interpreted 

to be due to runoff from Areas 11, 1 6, and 17. There are little data to suggest elevated levels of 

plutonium-238 in Area 18. 

Low-level contamination of plutonium-238 appears to be widespread. Many samples results indicate 

levels below 25 pCi/g. The plutonium-238 background level from atmospheric nuclear weapons testing 

is approximately 0.0002 pCi/g in the Mound Plant region; whereas, the baseline level, or onsite 

background level, of the Mound Plant was reported by the Site Survey Project (Stought et al. 1988) 

to be approximately 0.01 pCi/g. This baseline level can be seen in the analytical results of three 

locations sampled either in the extreme southwest corner of the new property, or just outside the plant 

boundary (core locations C0228, C0238, and C0243 on Plate 1, and Appendix E). 

Thorium processing, largely the redrumming of thorium sludges because of container deterioration, 

resulted in apparent widespread contamination due to fugitive dust emission. Local burials of empty 

corroded drums are known to have occurred in two locations. Plate 5 depicts a contoured plot of 

thorium concentrations determined by the Site Survey Project (Stought et al. 1988). Evaluation of 

Plate 5 indicates that the highest concentrations are associated with the former redrumming areas, as 

identified by the Site Survey Project. Isolated hot spots are rare and are generally associated with very 

low levels of thorium that surround the historic redrumming sites. The thorium areas identified by the 

Site Survey Project (Stought et al. 1988) include: 
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Area 1 , a historic thorium storage and redrumming area; 

Area 2, a historic disposal trench for empty thorium drums and for polonium-21 0-
contaminated sand; 

Area 3, a historic thorium storage and redrumming area; 

Area 7, a historic disposal area used for the disposal of empty thorium drums, a thorium
contaminated dump truck, and a polonium-21 0-contaminated washing machine, enclosing 
an area containing a historic septic tank contaminated with actinium-227 from the old SW 
Building; 

Area 8, thorium-contaminated soils moved from Areas 1 and 9; 

Area 9, a historic thorium storage and redrumming area; 

Area 12, thorium-contaminated soils moved from Area 1 ; 

Evaluation of the Site Survey Project for this report, as well as more recent data, indicates that isolated 

areas of elevated thorium concentrations are present at the plant. Areas not investigated by the Site 

Survey Project, but are known or suspected to be contaminated with thorium include: 

the railroad siding where thorium drums were unloaded and boxcars decontaminated; 

a widespread area on the north end of the SM/PP Hill adjacent to Area 8; 

A large pile of soil on the south end of the SM/PP Hill, known as the excavated materials disposal area 

(or Rader's Hill) does not appear to contain concentrations of thorium above 2 pCi/g, thought to be the 

background level (Stought et al. 1988). 

Processing of uranium ores at Mound Plant was performed on a relatively small scale from the mid-

1950s to the late 1970s. The uranium ores were used to extract the daughter products thorium-230 

and protactinium-231, among others. The Site Survey Project (Stought et al. 1 988) did not include 

areas used specifically during the processing of these ores. Local contamination of thorium-230 has 

since been recognized in Area 23 between the HH and WD Buildings. Area 23 may be contaminated 

with up to 6 nCi/g of thorium-230. No other areas have positive identification of the thorium-230 

isotope. 

Processing of radium/actinium in the early 1 950s appears to have resulted in local concentrations of 

actinium-227. Most of these areas were recognized by the Site Survey Project (Stought et al. 1988). 

Investigated areas known or suspected to be contaminated with radium or actinium included: 

Area 7, a historic disposal area used for the disposal of empty thorium drums, a thorium
contaminated dump truck, and a polonium-21 0-contaminated washing machine, enclosing 
an area containing a historic septic tank contaminated with actinium-227 from the old SW 
Building; and 
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Area 21 , a historic storage area used formerly used for storage of high-risk wastes from 
the SW Building (cesium-137 and radium-226). 

Area 21 was not known at the beginning of the project, but was identified during the initial gamma 

surveys. Area 15 a historic radium-226/actinium-227 process area entombed in concrete inside the 

SW Building was not sampled during the investigation. It is known to give off 1 Ci of radon gas per 

year from the radioactive decay of radium-226. Results of analysis by gamma spectroscopy of 

samples from 288 locations were reported for radium-226. The distribution of sample locations is 

shown in Figure 11.2. The highest radium value (3.3 pCi/g) appears to be associated with the thorium 

areas, except for an isolated location on the far south part of the plant property. Most of the samples 

results were less than 1 pCi/g, only 65 samples were greater than 1 pCi/g. No samples were collected 

in the area around the entombed equipment in the SW Building (Area 15). 

The experimental processing of reactor wastes from the Hanford and Oak Ridge nuclear reactors was 

a relatively unknown project conducted at Mound Plant in the early 1950s. Until the research for this 

report, the source of cesium-137 contamination at Mound Plant was highly speculative. Although no 

proof exists, the wastes generated in experimental processes probably serve as the principal source 

of the contaminant. An associated fission product of strontium-90 probably accompanied the cesium-

137, but has not heretofore been an analyte of concern at Mound Plant. No data on the latter have 

been found. During or subsequent to the Site Survey Project (Stought et al. 1988), four principal areas 

of cesium-137 contamination have been described: 

Area 20, the location of a waste-line break between the WD and the HH Buildings 
(cobalt-60, cesium-137, bismuth-210m, and bismuth-207); 

Area 21 , a historic storage area used for storage of high-risk wastes from the SW Building 
(cesium-137 and radium-226); 

Area 22, with cesium-137 concentrations up to 7 pCi/g (believed to be contaminated soil 
excavated soil from Area 20); 

Hot spot 0175 on the west side of the Main Hill; and 

Hot Spot 064 7 on the south end of the SM/PP Hill. 

Results of analysis by gamma spectroscopy of samples from 292 locations were reported for cesium-

137. The distribution of the sampling locations is shown in Figure 11.3. The highest value reported 

(270 pCi/g) was at a hot spot (0647) on the south part of the SM/PP Hill. Subsequent sampling 

indicated that values as high as 4 nCi/g were present. No apparent explanations exist for either of the 

hot spots. Hot spot 0647 was cleaned up to less than 2 pCi/g soon after it was discovered. No 

records have been found for the area at location 0175. Subsequent samples taken in Area 20 also 

indicated much higher values than those reported by the Site Survey Project, but were discovered 

during a construction excavation. Area 21, an old bunker used for waste storage indicated values up 

to 31 pCi/g. Most reported values of cesium-137 were less than 1 pCi/g; only 55 samples had values 
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Figure 11.3. Locations of cesium-137 
analyses reported by Site Survey Project 
(Stought et al. 1988). 
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higher than the 0.5 detection limit of 0.5 pCi/g. Low levels of cesium-137 are indicated in groups on 

the plant: along the eastern part of the plant, and on the western and southern slopes of the SM/PP 

Hill. Area 15, the old cave, includes an entombed area that may contain residual levels of the reactor 

waste sludge. Storage locations used for drums of waste sludge include the old Warehouse 13, but 

its site is now occupied by the SM Building. Some of the equipment used in both the reactor waste 

and radium/actinium programs was dismantled and stored for several years in a storage lot in the lower 

valley area. That area is now occupied by several buildings, but traces of cesium-137 at one location 

suggests low-level activity. 

The tritium processes have been restricted to the Main Hill. Historical tritium processing activities are 

known to have contaminated the soils beneath the SW Building. Studies conducted in the mid-1970s 

indicated that 1 ) several hundred curies of tritium are present in the soils beneath the SW Building 

(Dames and Moore 1977); and 2) slightly elevated levels of tritium (up to 268 nCi/L of soil moisture) 

were present in the area of the historic landfill during investigations conducted for construction of the 

overflow pond (Dames and Moore 1976a). 

Results of analysis for tritium performed by liquid scintillation of samples from 111 locations across 

the plant are included in this report (Appendix E). The distribution of sample locations for tritium is 

shown in Figure 8.2. The highest value reported (45 nCi/L of soil moisture) was on the southern part 

of the Main Hill. All but two locations indicated values less than 20 nCi/L of soil moisture. 

Research and development activities in the 1960s included metallurgical investigations of depleted 

uranium. Depleted uranium is an especially desirable metal of usually high density and low radioactive 

hazard because the other shorter-lived isotopes have been substantially removed. Disposal of metallic 

scraps could have occurred in the historic landfill, now known as Area 8, and possibly in Area 7. 

Scraps of metallic depleted uranium were discovered in the area of the fire fighter training pits as part 

of the routine monitoring of construction in late 1988. A cleanup of the pits in 1 989 removed 

contaminated soil to an apparent level of 3 pCi/g . 
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EQUIPMENT. PROCEDURES. AND LIMITATIONS OF THE 
~OUND SITE CHARACTERIZATION 

1: Soil Sample Su"eys 
l: Radiochemical Analyses of Soil Samples 
3: Soil Screeaiat of Samples 
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Health Physicis~ 

.:uly 26, 1984 

Procedure for Collec:ion 
of Surface ~oil Samples 

:: 
i<J. 
o. 
J. 
L. 
M. 
P. 

?. :avis 
G. ~ra;e: 
!i. Ga:-~er 
c. Hopi<i:-.s 
A. ~"11:.. t~ey 

J. ~hv~c... 
;; elerertr::t F,'ft 

ro 
Brian T. :.eahy 

In response to your·concern about t~e procedur~s used in t~e 
collec~ion of random surface soil samples in support of Site Survey, 
t~e following procedures are in effec~: 

(1} ~n ZAP sample collection tool is used. It is capable of 
~xtr3cti~g a soil plug of 3 l/2 inch diarneter by 2 i:-.ch dept~. 

(2) Since the standard size EPA dish used for sample collection ~s 
of 4 inch diame~er and 2 l/2 inch depth,.its volume is gre~ter 
t~an the plug of soil obtained by the soil collection tool. 
T~erefore, t~e tool is used to obtain a second soil pl~g at a 
depth of 2 to 4 inches t:here the first one ~Aas obtained • 

( 3) Large r~cks, twigs and other non-earth ~a~tcr will be 
discarded. However, enough soil must be obtained t~at t~e 
dish is SO per cent or more full. 

{4) Zn the event that the ground is hard, a h~mmer or ct~er ~ool ~·~ 
be required to aid in driving the sample col!~ction tool ~:-.to 
the surface. 

(5) Sample locations will be marked on appropriate maps. Sample 
identification will be noted on the labels of EPA sample 
collection dishes. 

(6) Soil samples may be obtained by means other than with t~e ~se c 
the EAP sample collec~ion tool providing the soil is obtained 
from a hole in the earth that is not greater than 4 inches 
diameter or 4 inches depth. 

tffd·~r 
R. L. Stough~ 
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Jare 

~eterence 

Applied Analysis and Systems Design 

June 8, 1984 

Mound Site Survey Reviewed With Empahsis on 
Statistical Sampling Strategy 

Bob Stougnt 

!), 3. :\r:nstr:lng 
•,;, ?. Javi.s 
~. J. Hale 
File 

As related to you in the memo of March 15, 1984, from D. B. Armstrong, 
the Experimental Design Group envisioned the following tasks in order 
to evaluate statistically Mound's site survey sampling ideas. 

1. Review literature of similar geographic surveys. 
2. Review Mound's overall site survey plan 

a. Survey objectives 
b. Survey sampling plan 1esign 
c. Sample selection and analysis methods. 
d. Current status of Survey. 

The purpose of this memo is to describe our activities in evaluating 
the site survey by identifying your request, our observations, 
recommendations, important concerns, and an appendix which descri~es 
briefly the statistical qualities of plana which have been used 
successfully in geographic studies. These sections are individually 
addressed within ~he scope of the objectives as we understand them. 
We understand you~ objectives to be: 

l. Prov~!e LASL ~~th an evaluation of radiation levels at 
Monsanto ~esearch Corporation Mound Laboratory (DOE). 

2. Identify potential building sites which require remedial 
clean-up. 

3. Identify all areas requiring remedial clean-up as 
specified by the activity lev~ls of 2S pCi/gr plutonium 238 

., and plutonium 239, and S pCi/gr for all isotopes of thorium. 
These levels are understood to be the remedial action 
levels. 

Generally, the site survey plan has some attributes found in a well 
defined sampling scheme. Recommendations which are made later are 
supplied to enhance the present survey such that confidence and 
precision are gained in the analysis of the data. In familiarizing 
ourselves with the current work and to gain an appreciation of 
radionuclide surveys, an account of our efforts is given. 

• 

• 

• 



• 

• 

• 

:~VESTIGATION 

!~e initial thrust into understandini geographical :adionucliie 
surveys was reviewing similar surveys and reports wnich you ~:ov::ed. 
These reports are listed in the reference section found after A~oenc~x 
A. The reference list includes previous radionuclide monitori~g· 
studies at Mound, monitoring sites where nuclear devices have been 
tested, and statistical literature addressing surveys and sampling. 
In addition to the literature reviews the two maps indicati~g t~e 
field i~strument for detecting low energy radiation (FIDLER) survevs 
for thorium and plutonium isotopes were revieved •. A third map · 
indicating the current sampling of the site for surface and core 
samples vas closely reviewed. On several occasions we discussed t~e 
organization of the survey maps, how the samples were located and 
additonal information. 

SURVEY PL!N AND ASSUMPTIONS 

The following represents our understanding of the way the sampli~g ~as 
been formed and other pertinent assumptions. Presently, the site 
survey consists of FIDLER surveys, surface samples, and core samples. 
Each set of samples is expected to yield data useful to charac:erizi~s 
the overall site. The FIDLER surveys have been used to gain a brief 
idea of where contaminated areas are located. The surface samples are 
collected and analyzed to achieve representative values for the site. 
The core sample~ are gathered and analyzed to sain information 
describing the depth and level of radionuclide contamination. 

The FIDLER surveys are complete for thorium and plutonium isotopes and 
as mentioned in the recommendations section the measurement 
capabiltity and correlation with surface samples are of concern. 

The site plan for surface samples is based upon the use of g:ids of ~2 
strata. Most often a grid represents and area 380' by 300'. Some 
grids are smaller in area as they usa the boundary line for t~e site 
as an edge. Five s~rface samples are randomly selected from each of 
the grids. Soma areas of the laboratory have buildings which cover a 
majority of the grid so selection of a surface samples becomes random 
in a limited space. Overall the presence of the five samples in eac~ 
grid does create an unaligned systematic sampling sch~me. This gives 
the surface sampling part of the survey a spatial distribution. 

Additional information which we discussed and is pertinent to t~e 
site survey is aa follows: 

1. No samples are taken inside of buildings. 
2. No surface or core samples are taken from paved areas. 
3. The cost for analyzing a surface sample is approxiamately 
$120.00. The cost for a core sample is found by multiplying :~e 
number of subsections of the core sample by $120.00. 
4. Normal core samples are 8 - 10 fee~ in depth with some as 
shallow as 6 feet and some as deep as 20.feet • 
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5. The natural background counts are given to be 3 pCi/gr 
plutonium, 0"5 pCi/gr thorium, and a 0.0004 pCi/gr fal:out ~: 
plutonium 238 in Ohio. 

Exploring t~e present surface sampling strategy ~ill give us an 
appreciation for its level of confidence in characterizing t~e si:e. 
As an example, if ~e have a knovn area of contamination 20' ~Y :o• ~~ 
the surface sampling then ve conceivably could divide our 380' ~Y 300' 
grids into a pattern of 19 by 15, 20' by 20' grids. This is the ~ors: 
case because ve knov the developed site vhich vas not sampled reduces 
the area of many grids. Table 1, Surface Sampling Probabilities. 
contains the probabilities of finding a "hot" spot for certain sizes 
of contaminated areas. The last column in this table contains t~e 
Pso value for the number of samples needed for a 380' oy 300' grid 
~hich !•sults in finding a "hot~ spot 50% of the time. 

Table 1 
Surface Sampling Probabilities 

Contaminated 
Area 

10' X 10' 
20 1 

X 20' 
40 1 X 40' 
80' x eo' 

Probability of 1 "hot" 
spot in 5 samples 

0.0044 
0.0174 
0.0681 
0 .2Sl 

Pso 
Sample Size 

790 
197 

48 
12 

From this table our example gives a probability of 0.0174 of finding a 
given single "hot" spot uaing five samples in the 380' x 300' grid. 
In order to have an even chance of finding a "hot" spot, ve ~ould need 
to select a minimum of 197 samples from the 380' x 300' grid ~here 
there ~as a single contaminated area 20' x 20'. There are twelve 
grids on the current site survey-vhich fit this vorse case 
description. As the area of some grids are reduced by the presence o~ 
permanent structures and paved areas, similar examples can be 
developed vhen the total square footage of the grids is knovn. The 
use of grids in aeoarapbic surveys is supported by numerous sources 
and is a good de~ice to use for the surface and core samples. 

The current site survey has the core samples concentrated in 
contaminated areas as revealed by the FIDLER surveys. An 
interpolation method can be used for these smaller localized areas to 
estimate the voluae of contamination. The overall plan lacks 
spatially collected core samples for the entire site and their absence 
prevents characterizing the volume of contamination for many sections 
of the site. A recommendation referencing the core samples is 
supplied later. 

• 

• 

One final observation is the relative precision of the EAP lab, 
trailer 15, and the FIDLER instruments. We have been told the ~A? 
analyses are ehe most precise of the three and the most time consu~i~~ 
in running the samples. The exact precision of the three varieties o: 
~easuring devices is-not documented. It is knovn that trailer 15 • 
analyses have a quicker- turn-a-round time than the EAP analyses. 
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Recommendations 

Based on the literature searches, our discussions, and findin~s 
regarding the present sampling plan, recommendations to ~ound s si:e 
survey are made to improve the efficiency of the sampling and :~e 
integrity of the characterization of the 1SO·acre laboratory s1:e. 
!he recommendations made cover four general areas, documentation cf 
measuring capabili:ies, standardizing the sampling procedure, 
establishing a second phase sampling plan, and identification of ~=~:s 
and sampled areas. 

!he site survey must have validated measuring capabilities. 
Validating measuring capabilities needs to be done with the fi=st 
phase of sampling to provide the answer to Mound's measurement er~or. 
!his should be done with the field instrument for determini~g :ow 
energy radiation (FIDLER) the instruments in trailer 15, and the 
instruments used by the EAP laboratory. One suggested scheme is to 
take multiple, (3), FIDLER readings for each of five "hot", "~edium", 
and "cold" areas over varying w~ather conditions. ~o~ trailer 15 ~e 
need to know the variance of the samples and not the measuring 
technique. Hence, multiple analysis of the same samples analyzed ~Y 
trailer 15 is important. Along with this, the actual steps taken i~ 
retrieving samples should be documented to ensure a standardized 
procedure among_ the personnel. 

Since we know from the example a low potential for discovering a "~ot" 
spot can be realized, the use of composite sampling within the grids 
for surface samples and core samples should be explored. One way to 
impro~e the probability is to use composite sampling. !his technique 
allows us to take many samples from an area and combine them. After 
combining the samples, the radiochemistry analysis is done. Composite 
sampling allows us to characterize a large grid of nonhomogeneous 
samples. We know less about a particular spot, but have more 
information about a larger area. Not only do we need to consider 
composite sampling for core samples but also the addition of ~ore core 
samples is imperative. Adding core samples to the plan in a 
systematic fashion will do two things. First it improves the site 
plan's characterization of the level of subsurface contamination by 
allowing volumetric interpolation of well spaced data. Also, it 
improves our liklihood of finding unknown but suspected burial sites. 
When composite saaplina is used we must make use of decision rules as 
to the implementation of subsequent sampling to locate the "hot" 
spots. Contaainated areas requiring reaedial action are not just :he 
sampled surface points and ii is important to find the boundary of 
contaminated areas. 

Another recommendation is to prepare for a phase 2 sampling collection 
based upon smaller gr~d sizes and dependent upon the results of the 
original plan. The second phase samplina should make use of the 
smaller grid size and placement of these smaller grids should be 
systematically influenced from the original surface sampling points. 
How do we determine which points from the original survey require 
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concinued sampling? ~o answer t~is we can employ acce~cance sam?~~~! 
operating characceristic curves. We need to reach thi~ decis~on b~ 
plotting these operating characteristic curves and discuss wha: ~~s~s 
of the types of error we are willing to accept. Zn addition :~ :~e 
risks there needs to be defined the activity level at which remedia: 
action is not to be taken. From this planning of a second phase ·..-e • 
will find the number of secondary samples needed and be able to 
construct the boundaries for contaminated areas. It is imoortan: :~a: 
~~e second phase of sampling be described in detail before·t~e f~rs: 
phase is finished. To make the composite sampling and the second 
phase of sampling worthwhile, provisions for identifying grid 
boundaries and sampling points must be incorporated. In geographical 
studies where precision is important stratification results in 
improving the precision when the level of reading is closely related 
to the size of the area, which in this case is the known existence c: 
burial sites, the variability is suspected to be heterogenous, and t~e 
size of the overall area i~ large enough that setting the size of a 
strata relies upon the cost of a sample and funds available. when a 
researcher considers these factors along with hi~ objectives, an: 
historical records the number of strat~ and size o£ the strata ca je 

determined. The attached appendix add:~sses %his and other 
statistical considerations needed in f~~alizing a plan. I have 
mentioned the use of strata here because of the work done with t~! 
FIDLER instruments in doing preliminary monitoring of Mound 
Laboratory. FIDLER readings could be used to adjust the grid pattern 
for further sampling, by setting strata for certain levels of 
contamination and estimating the overall variability of the site. 

The recommendations and the following questions should be given your 
attention in order to assure good results in the data analysis which 
follows the sampling. Responses to the queries listed are needed :o 
confirm a good sampling strategy. 

How large an area is represented by a surface sample reading? • 

Which samples have been processed through radiochemistry? 

What are the levels of lov energy radiation for which we 
must always take remedial action for thorium ani plutonium 
isotopes? 

What are the levels of lov energy radiation for which remedial 
action will not be taken for thorium and plutonium isotopes? 

When the questions are answered, the sampling strategy confir=ed to 
have good probability of finding known "hot" spots, a precise second 
phase procedure agreed, and the measuring capabilities of the 
instruments known, the data analysis can proceed smoothly. 

One additional nota to bring to your attention is an analytical method 
for usa vhan the data from the core samples study has been collected 
and the spatial distribution of the sampling scheme has remained in 
tact. The presence of vall spaced data can be handled in data 
analysis by an interpolation precedure known as Kriging. T~is ~e~~o~ 
provides a way of interpolating spaeial data to characterize ~ouna s 
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isotope levels as though the entire site was to be :otal:y sam?Led. 
The Kriging ~ethod was developed as a means to estimate volumes o: ~~e 
in the mining industry. In the site survey we are interested :~ 
estimating the volume by determining the deptb of contaminat:on ~o~~~ 
in core samples. I would be glad to explore the Kriging ~ethod ~~·-~ 
to the completion of the survey. 

----. .! 
2: 7 )e~r,...:.-

3. 7. Leal'iy 
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TYPES OF SAMPti~G: 

Geographic st~dies in the area of enviromental radionuclides have ~ac£ 
use of several sampling strategies. Simple random sampling, • 
stratified random sampling, systematic sampling, and sequential 
sampling techniques have been used successfully and are ~en:ioned ~ere 
with emphasis upon when to use them and what estimates are expec:ed. 
T~ese sampling strategies deserve careful consideration before 
implementation. Each has certain assumptions affecting its ?roper 
use. Correct sampling gives us reliable and representative data of 
the site. Since one of the objectives is to gather information about 
contaminated sites and potential building sites a scheme that plans 
for remedial clean-up is important. As each sampling technique is 
discussed estimates for the mean and variance of the mean are given. 

Simple random sampling is the selection of n surface or core samoles 
from a population of size N. Where we are concerned t~e ~ refers to 
the possible number of samples taken ia the 180 acre site and is 
determined by the quaat~ty of a single sample. More often we have a 
fixed budget within which all sampling must be done and the site 
should be covered thoroughly. Interest of samples is focused upon t~e 
mean, variance, and proportions estimates of the population and 
attempting to specify .where the samples should be taken. In simple 
random sampling the assianment of the locations for tne samples can be 
done. with a random number table and associated geographical location. 
The mean of an isotope y is given by expression (l). -The mean is :~e 
sum of all the observations divided by the number of samples. 

(l) 

The spread of the data, the variance, is expressed as the sum of t~e • 
squares of the individual observations minus the sample mean which is 
divided by the size of the samp~e less one. This is contained in 
expression (2) anc ienoted by s • 

( z) 
~ .. 

Probability theor ~aintains that the distribution of means follows a 
normal distribut~~~ and good sampling practice keeps the normal 
approximation useful. In populations where extreme values are found 
their effect upon the aean and variance can cause concern. An extreme 
value can influence the mean in its direction and increase the 
varia~ce of the saaple. This circumstance hinders the use of the 
normal approximation. Separating the sample into subsections helps to 
deal with extreme values. Mound Laboratory has known burial sites an~ 
has justification for expecting extreme values. Stratified random 
sampling is one ~ecbnique which removes extreme values or areas from 
the rest of the sample and retains the use of the normal 
approximation. 
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Stratified random samplini derives its name from the estabiish~en: c: 
nonoverlapping areas such that all the areas comprise the total 
population of interest. In each stratum created a random samole :s 
drawn. Some of the reasons for employing stratified random samp~i~~ 
are; 

1. Convenience in collecting the sample. Some areas 
may be of more interest at the present so we treat them as a 
unit. 

Z. Sampli~g within a region or area has known infor~ation a~~ 
its treatment as an entity enhances understanding of the 
population. 

3. The researcher wants to gain precision in estimating 
characteristics of the population where variability in readin;s 
is not expected to remain constant. 

Stratification is a weighting of the strata such that estimates for 
the overall population can be derived. In a sample of h strata we ~e: 
the mean for a particular stratum be denoted by the sum of the 
observations within the stratum divided by the number of items in the 
stratum. Expression (3) is the representation for a stratum average. 

Yn { 3) 

Using this expression the estimate for the population mean from 
stratified sampling denoted with the (st) in the subscript is the su: 
of the produce of the weights given to the strata and the strata 
means. This ese1maee of the populaeion mean is the same as the one 
from simple random sampling when the weighes in each stratum is the 
same. Wh in expression (4) is the weight of stratum h determined by 
the ratio of the size of stratum b to the overall population size. r~ 
geographical studies.this is ofeen a ratio found by using the area of 
the stratum, where we have from 1 to l strata, divided by the overal: 
area of the site. 

( 4) . 
1\ al 

By stratifying we make the variance of the stratified mean Yst 
dependene upon the collection of variances in the strata and therefore 
have &ivan proper ateention to the higher weighted strata. Expression 
(5) shova that the variance of the stratified mean is equal to the sum 
of the product of the strata weights squared and their respective 
variances. 

(S) 
1'\ll 

Properly stratifying the sample improves the precision of the study. 
This is observed by comparin& the variances of the estimated ~eans o: 
stratified random sampling and simple random samplina. Generally we 
find stratification with optimal allocation resulting in th~ smal:er 
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variance of t~e esti~ated ~ean followed by proportional aliocat:o~ a~~ 
then random sampling. Opti~al allocation and pr~portional a::ocat:,~ 
are not :opics here. but as with stratified ran~om sampl~~~ t~ere are 
ti~es when t~ey can be very useful. As each set of samoles is • 
collected and analyzed, a decision regarding remedial a~::on is ~ade. 
~e can initiate clean-up steps, decide no remedial action is necessarv 
or take more samples if the decision is not clear. This order of · 
events falls under sequential sampling and needs to be integrated :~:: 
a good geographical study of the surface samples. 

Sequential sampling or acceptance sampling makes use of operating 
characteristic curves. These curves assist in the decision of :~e 
number of samples necessary to meet prescribed probabilities of 
decision error. The two types of error we are concerned with are 
taking remedial action when it is not justified and failing to take 
remedial action wnen it is justified. The second of the above errors 
is t~e one the site survey should keep as low as reasonably 
attainable. An error of this type would allov a "not" spot to remai~ 
in place. Making an error of the first type adds time and money to 
the rem~dial action steps. 

There are two ways to use an operating characteristic curve. !he 
first is to specify the levels of risk .you are willing to take in 
making the two types of error mentioned in the above paragraph along 
with the activity levels. The activity levels of interest are where 
remedial clean-up action is not to be taken and the activity level 
where remedial_ action must always be taken. Together witn an esti~ate 
of the overall variability of the activity readings for Mound, the 
sample size, a, can be determined. The second approacn is to specify 
the sample size, tne es~imate of tne variance and the two activi:y 
levels and determine the risk le•els of your plan. The first approach • 
is the preferred one for Mound's survey. Please note that accep~ance 
sampling is difficult to apply to subsurface monitoring because volu~e 
and deptn determinations compound tne use of operating characteristic 
curves and there has been recorded a potential problem of cross 
contamination of samples from ot~~r depths via equipment use. In 
surface sampling we remain free ·: volume considerations and 
acceptance sampling can be used ~are. 

The final sampling technique of potential use ~o us is systematic 
sampling. Employing systematic sampling is reached by indicating a 
s~arting point and moving equidistant in all directions until the site 
is covered. The firs~ surface or core saaple would then determine the 
placemen~ of the other saaples in the survey. In effect tnis method 
does s~ratify the area into a strata and ve should expect precision t~ 
be close to the precision of the stratified random sampling. !he mean 
would be coaputed the same as stratified random sampling, expression 
(4). The benefit of usina sys~ematic sampling is revealei in 
understanding the variance of the mean of the systematic sample 
(Ysy)• The variance of the systematic mean is the difference 
between tvo quantities. The first quantity is the fraction of the 
population size less one and the population multiplied by the 
population variance. The second quantity is the fraction of ~he 
number of possible systematic samples, k, times the· sample s1ze less 

66 

• 



• 

• 

• 

one di~ide~ by the population ~ize, multiplied by the var:ance a~o~; 
the unlts ln the same systematlc sample. Expression (6) :s t~e 
variance for systematic mean. and Expression (7) is the var~ance 
among the units within the same systematic sample . 

- 2 2 V(y 5 y) • (N-l)/N*S - k(n-1)/N*S wsy ( 6) . " 
S 2 w s y • l I ( k ( n- l ) [: ~( y 1 j-y 1. ) 2 (7) 

.._,. ~·· 

In expression (7) Yij is the jth member of the ith systemat:c samp:: 
and we know there are n members of k systematic samples. Also, Yi. 
is the mean of the ith sample. 

when the quantity in expression (7), the variance within the 
systematic sample, is greater than the overall population variance, 
systematic sampling provides better precision than simple random 
sampling. This occurs in geographical surveys where burial sites ~a~e 
up part of the area of interest. The·presence of burial sites or 
known contaminated areas creates the large variability in the 
reading~, thus systematic sampling provides a gain in precision of :~e 
survey. We knov the reason for stratification is to gain precision ~Y 
isolating areas of different levels of readings. Stratification ceals 
with widely varying readings in samples. where stratification gains 
over systematic sampling is not as uniformly clear as finding where 
systematic sampling gains precision over simp·le rando11 sampling. 
Systematic sampling has been used successfully in agricultural 
studies, forest mapping, and 11any radionuclide surveys of test sites. 
Employing a systematic sampling plan will yield data depicting spat~al 
distribution and can be used to characterize the site via contours, 
whereas gathering data for inventory reasons does not always reveal 
the spatial distribution of the data • 

67 



RE~~CE LOG OF REPORTS CSED r~ 

REV!~;I~G SITE ~LAN OBJEC!:7t 

l. Denham, 0. H .. M. G. a~rnes, and R. E. Jaquish. 0 Guide fo; ~ad;~~~g::a~ 

Charac;er;;a;ion and ~easuremen;s for Qesommissioning of~ S. :epa;~~e~~ ~~ 

Ene;gy Surplus facili;ies, U.S. Oepar~ent of Energy (August 1983). 

2. Freem.an, S . S . , and !'l. F. Hauenstein, Ihe Mound S ito Qe•re lopment and 

Facilities Utili;a;ion ~aster Plan, !'lonsanto Research Cor~oration, 

'i..aai_.sburg, Ohio (November 1983). 

3. ~.:bert, R. 0., :ran·S:a; Sta;is;ics fo; Enviropmen;al Studies, oattel:e 

Memorial Ins:~:ute Pacific ~or~west Laboratory, Richland, ~A (Au~~st 

1983). 

4. Anderson, T .. t.., J. F. Dettorre, D. R. J~ckson, and B. S. I.. Ausmus. !l, 

ComprebtSJivt Cbarac;ori;a;ion and Ha;ard Asstssmtn; of ;he POE· ,iagara 

Falls Steras• Sito, Battelle Laboratories, Columbu., OH (June 1981). 

5. "Procedure for Measurement of Plutonium and Thorium in Soil Samples ~s~ng 

the 8icron Detector," interoffice memo, April 16, 1984. 

6. C~rfagno, 0. G., andY. H. Ytstendorf, AnnuAl gnytropmen;al ~oni;oring 

Repor;: Calendar Year 19~2. Monsanto Research Corporation, ~iamisburg. 

Ohio (March 1973). 

7. Carfagno, D. G., and a. tobinson, Apnual ;nvtropmtntal ~oni:o;ipg Bepor;: 

C~lepdar Year 1974, Monsanto Research Corporation, Mi.misburg, Ohio (April 

1975). 

8. Farmer, 8. M., D. G. C~rfagno, and a. Robinson, Agpual Enytronmon;al 

Monito;ing Repqr>: Calendir Year 1976, Monsanto Research Corporation. 

Mi..aaisburg. Ohio (April 1977). 

68 

• 

• 

• 



• 

• 

• 

9. Farmer. B. ~ .. and D. G. Carfagno, annual ;nvi;opmencal ~0n;;o;:;g ~e;o;~: 

Calond4r Year 1979, ~onsanco Research Corporation, ~i&misburg, Ohio (A?=:: 

1980). 

10. Annual £pvi:onmen;al ~oni;o;;;g Repor;· ;ulv 19/~ · :une :9-s. ~onsan:~ 
Rosoareh Corporation. ~iamisburg, Ohio (December 1975). 

11. Cochran.~. G., Sampling Ieshnigues, John ~iley and Sons. ~ew York.~~ 

(1977). 

12. ~akepeace, C. E .. "Stratified Random Sampling Plans Designed co Assis: i~ 

the Determination of Radon and Radon Daughter Concentrations in Cnderg:ou~d 

Uranium Mine Aemospheres." Atomic Energy Control Board, Ottawa, Canada. 

~y 1981. 

13. Gilbert, a. 0., L. L. Eberhardt, E. B. Fowler, E. M. Romney. E. H. 

Essington, and J. E. Kinnear. "Statistical Analysis of 238-240Pu and 
241Am Contamination of Soil and Vegetation on NAEG Study Sices," Sattal~e 
Memorial !n4titute, Richland, ~A (1981) . 

14. Rogers, 0. a., Mqund tabora;g;y Eayirgn;en;al Plutonium Studv ~974, 

Mon.anto Research Corporation, Miamisburg, Ohio (September 1975) . 

69 



• 2: Radiochemical Analyses of Soil Samples 

• 

• 
70 



• 

• 

• 

MONSANTO RESEARCH CORPORATION 
MOUND FACILITY 

PIOGIAM 

ENVIRO~rffiNTAL ANALYTICAL PROCEDURE 
A'JJ'/Oif~l'JI...N /?. (} !/I CLA551fiCATI0N 

~~I d/ ... :~iJI~I Unclassified 

'

BIAS 

'V±5% 

MINIMUM ANAL Y$15 TIM( \ 

16 Hrs/12 Samples 

JsHUT 

I 1 of 7 

I EfftCTIVIIY 

3-1-84 

!
PRECISION, ltl 5UIMITTED 1Y 

'V±lO to ±L5% 
OPEl A TION TITU 

Plutonium in Small (0.5 to 5.0 grams) Soil Samples by an 
At-id-T . .,.::at'h Ani nn F.vt'h::ana"' M"'rhntl 

1. SCOPE 

OPERATION SHEET 
MANUAl NUMIU 

PD-80030 
tCNt$1 oNCOIPOIATED 

None 

C. A. Phillips 

OPliATION I 
1343 I 

A. A. Glosby/MD777 

This procedure has been successfully tested and is applicable to soil samples 

containing as little as 0.01 pCi/g of plutonium. The procedure can be applied 

to soil samples from 0.5 to 5.0 grams with chemical yields greater than Su% for 

~.0-gram samples. 

2. SUMMARY 

The procedure consist~ of an acid leach, an anion exchange separation and 

electrodeposition, followed by alpha pulse height analysis. The soil sample is 

dried and ground to<60 mesh, from which representative aliquots are taken for 

analysis. Plutonium-242 (or Pu-236 if the Pu-238, -239 activity is high) is added 

to .the sample as a tracer • 

The soil sample is leached with a boiling solution of 3:1 HN03/HC1. The slurry is 

centrifuged and the leachate adjusted to 8 ~ HN03. The plutonium in the leachate is 

converted to Pu-IV with sodium nitrite and absorbed onto an anion exchange resin 

column. Thorium is removed from the column with 12 M HC1, and the plutonium is 

eluted by reduction to Pu-III with iodide ion. 

After evaporation of the eluate, the plutonium is electrodeposited onto a stainless 

steel slide for counting by alpha pulse height analysis. Alpha particle ·energies of 

Pu-238, Pu-239, and Pu-242 (or Pu-236) are readily resolved with a silicon surface 

barrier detector. The absolute amounts of Pu-238 and Pu-239 and the recovery of the 

Pu-242 (or Pu-236) tracer can be calculated from the known amount of tracer added 

and from the counter efficiency • 

MRC·ML-130 (6·791 



OPERATION SHEET 
OPUA TION TITLE 

Pu in Small Soil Samples by an Add-Leach 

'

SHEET MANUAL NUMIU 

Anion Exchan2e Method 2 of 7 

NOTE: This procedure does not include 

sample preparation. See Operation 

1302 for information on sample preparation. 

3. SPECIAL APPAllATOS 

o Alpha pulse height analysis system 

o Balance, Mettler, for 0 to 1600 g 

o Beakers, 100, 150, 250 ml 

o Bottles, heavy-walled, for centrifuge, 250 m1 

PD-80030 
IOPUATION 

I 1343 

o Centrifuge--capable of handling 250-ml centrifuge bottles; Model K, Damon/IEC 

Division 

o Electrodeposition apparatus 

o Heat lamp--mounted on a ring stand for drying slides 

o Ion exchange columns--approximately 1.3 em (0.5 in.) ID. 15 em (6 in.) long 

with 100-ml reservoir 

o pH meter 

o Stainless steel slides, 1.91 em (0.75 in.) diameter, 0.05 em (0.02 in.) thick 

4. ·REAGENTs 

o Ammonium hydroxide (NH40H), concentrated (15M), 1.5 ~, 0.15 ~ 

o Ammonium iodide (NH4I), 1M (prepared fresh daily) 

o Anion exchange resin; Bio Rad AG1-X4 (100-200 mesh), chloride or 

nitrate form 
-· 

o Ethyl alcohol, slightly basic with a few drops of 15 ~ NH40H to 100 ml of 

alcohol 

o Hydrochloric acid (HCl), concentrated (12 M), 0.5 M 
. - -

o National Bureau of Standards (NBS) plutonium-242 solution, with the 

concentration certified to ±1% of its stated activity, or a dilution of this 

standard 

o Nitric acid (HNOJ), concentrated (16 ~), 8 ~ 

o Pre-adjusted electrolyte, 1 ~; ammonium sulfate adjusted to pH 3.5 with 15 ~ 

NH40H and 18 ~ H2S04 

o Sodium hydrogen sulfate (NaHS04), -5% in 1 ~ H2S04 

o Sodium nitrite (NaN02) 

o Sulfuric acid (HzS04), concentrated (18M), 1.8 M 

MIC-ML-1079A 
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OPERATION SHEET 
Ol!jiATION l.JTLE 

Yu in ~mall Soil Samples by an Acid-Leach 

'

SHEET 

!'
MANUAl NUMIU IOPUATION 

Anion Exchange Method 3 of 7 PD-80030 I 1343 

s. 

5.1. 

5.1.1. 

5.1.2. 

5.1.3. 

5.1.4. 

5.1.5 • 

5.1.6. 

5.1.7. 

5.1.8. 

5.1.9. 

5.1.10 • 

MIC .Ml.1079A 

PROCEDUU 

SAMPLE LEACHING 

Weigh, to the nearest 0.01 gram, a soil sample that has been ground to 60 

mesh. 

Save the remainder of the soil for possible future use. 

Transfer the aliquot to a 250-ml beaker. 

Add approximately 10 dis/min of NBS calibrated Pu-242 to the sample. 

Add 100 ml of 16 M HN03 to the sample, allow it to react, and then cool. 

Add 30-50 ml of 12 M HC1 to the sample. 

I CAUTION I 
Add slowly. In some cases a vigorous reaction 

occurs. 

Add a magnetic stirring bar to the slurry. Allow the slurry to remain in a 

fume hood overnight. 

Stir the slurry while boiling until the volume is about 75 ml and then 

allow the slurry to cool to room temperature. 

Transfer the slurry to centrifuge bottles and centrifuge at 3500 rpm for 10 

minutes. 

Decant the supernate into a clean 150-ml beaker and evaporate to 5 to 10 

ml. 



OPERATION SHEET 
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5.1.11. Add an equal volume of water to this sample and then add 8 ~ HN03 to the 

sample to adjust the final volume to about 80-100 ml. 

5.2. ANION EXCHANGE 

5.2.1. Add 200 mg of NaN02 (as a solid or dissolved in 1 ml of water) to the 8 ~ 

HN03 sample solution, bring to a low boil, and then cool overnight. 

5.2.2. 

5.2.3. 

5.2.4. 

5.2.5. 

5.2.6. 

5.2.7. 

MIC-Ml-1079A 

NOTE: The sample can be cooled in 

an ice bath if it is necessary 

to continue at this time. 

Prepare an ion exchange column with about 10 cm3 of Bio Rad resin AG1-X4 

(or AG1-X8), 100-200 mesh (nitrate form). Slurry the resin in 8 ~ HN03 

before using. 

Pass 100 ml of 8 M HN03 through the column at a flow rate of 4-6 ml/min and 

discard the rinse. 

Pass the sample from step 5.2.1 through the column at a flow rate of 1-2 

ml/min and discard the effluent. This flow rate should not be exceeded, 

otherwise some plutonium may pass through the column. 

Rinse the column with 100-150 ml of 8 ! HN03 at a flow rate of 1-2 ml/min 

and discard the rinse. 

Rinse the column with 60-80 ml of 12 M HC1 at a flow rate of 1-2 ml/min. 

If thorium is to be determined, save this eluate; if not, it can be 

discarded. 

Elute the plutonium with 60 ml of 12 ~ HCl containing 2 ml of 1 NH4I at 

a flow rate no greater than 2 ml/min, collecting the rinse in a 100-ml 

beaker. 
NOTE: Prepare fresh NH4I/HC1 solution 

before eluting. 

• 

• 

• 
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5.2.8. Rinse the column with 20 ml of 12 ~ HC1, collecting this eluate in the same 

100-ml beaker used in step 5.2.7. 

5.2.9. Evaporate the plutonium eluate of about 80 m1 to about 20 ml. 

5.2.10. Add 20 m1 of 16M HN03 and evaporate to near dryness. 

5.2.11. Add 10 ml of 16 M HN03 and evaporate to about 2 ml. 

5.3. ELECTRODEPOSITION 

5.3.1. Add 2 ml of 5% solution of NaHS04•H20 in 1 M H2S04 to this solution and 

evaporate to dryness. Cool to room temperature. 

5.3.2. 

5.3.3. 

5.3.4. 

5.3.5. 

MIC-Ml-1079A 

NOTE: If the sample in step 5.2.11 had 

evaporated to dryness, 5 ml of 15 M HN03 

should be added before evaporation at this 

step. 

Dissolve the sample in 10 ml of the preadjusted electrolyte 1 ~ ammonium 

sulfate (w~rming to hasten the dissolution). Adjust to pH 2.0 with 1.5 M 

NH40H or 1.8 M H2S04. 

Transfer the sample to a prepared electrodeposition cell •. Rinse the beaker 

that had contained the sample with additional electrolyte and transfer to 

the electrodeposition cell. 

Place the platinum anode in the solution approximately 1 em from the 

cathode (stainless steel disk). 

Connect the electrodes to the power source and adjust the power supply to 

give a current of 1.2 ampere •. 
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5.3.6. 

5.3.7. 

5.3.8. 

5.3.9. 

Continue electrodeposition for two hours. 

Terminate electrodeposition by adding 1 ~1 of 15 M NH40H and continue the 

electrodeposition for one minute. Remove the anode while the power is 

still on. 

Discard the solution from the cell and rinse the cell three times with 0.15 

~ NH40H or deionized water. 

Disassemble the cell and wash the slide with ethyl alcohol made basic with 

NH40H • 

. 5.3.10. Dry the slide, label the back of it with.the last three digits of the 

laboratory ID number, and place it in a labeled box to be submitted for 

alpha pulse height analysis. 

6. 

6 .1. 

6.1.1. 

MIC-Ml. 1079A 

CALCULATIONS 

CALCULATION OF PLUTONIUM CONCENTRATIONS 

The concentration of Pu-238 or Pu-239 in the aliquot of soil taken for 

analysis is given by 

where Xi = the concentration Pu-238 or Pu-239 in the soil in 

disintegrations per minute (dis/min) per gram, 

Ri = the net sample counting rate in the Pu-238 or Pu-239 

energy region of the alpha spectrum, 

At = the activity of the Pu-242 tracer in dis/min, 

Rt = the net sample counting rate in the Pu-242 tracer 

region of the alpha spectrum, and 

Ws = the weight in grams of the soil taken for analysis. 

•• 

• 

• 
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6.2. CALCULATION OF PLUTONIUM RECOVERY OF THE CHEMICAL ANALYSIS 

6.2.1.- The plutonium recovery efficiency, expressed as a percentage E, is given by 

E = 

where e = the absolute counting efficiency of the alpha pulse 

height analysis system, 

and the other terms as defined in section 6.1.1. 

7. UFEKERCE 

7 .1. 

MIC ·Ml. 1079A 

Norton Y. Chu, "Plutonium Determination in Soil by Leaching and Ion-Exchange 

Separation", Anal. Chem., 43:3, 449-452 (March 1971) • 
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Plutonium in Large Soil Samples by an Acid-Leach Anion Exchange Method 

1. SCOPE 

This procedure has been successfully tested and is applicable to 
soil samples containing.trace quantities of plutonium. The pro

cedure can be applied to soil samples from 10 to 1000 grams with 

chemic.al yields greater than 60% for 1000-gram samples. 

2. SUMMARY 

The procedure consists of an acid leach, an anion exchange separa

tion and electrodeposition, followed by alpha pulse height 

analysis. The soil sample is dried at 200°C and ground to <60 

mesh, from which representative aliquots are taken for analysis. 
Plutonium-242 tracer is added to the sample which is then heated 

for 4 to 5 hours at 600°C. 

The ashed sample is leached with a boiling solution of 3:1. HN01/HCl. 

The slurry is centrifuged and the leachate adjusted to 8 M HN03. 

The plutonium in the leachate is converted to Pu-IV with sodium 

nitrite .. and adsorbed onto an anion exchange column. Thorium is 

removed from the column with 12 ~ HCl, and the plutonium is eluted 
by reduction to Pu-III with the iodide ion. After evaporation of 

the eluate, this anion exchange step is repeated to ensure that 

essentially all of the residue is removed prior to electrodeposi

tion. 

The plutonium is electrodeposited onto a stainless steel slide 

for counting by alpha pulse height analysis. Alpha particle 

energies of Pu-238, Pu-239, and Pu-242 are readily resolved with 

a silicon surface barrier detector. The absolute amounts of Pu-

238 and Pu-239 and the recoverv of the Pu-242 tracer can be 
MRC-ML-130 12-731 Issue 1 • 9-25-78 
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calculated from the known amount of tracer added, correcting for 

counter efficiency. 

3. SPECIAL APPARATUS 

• Alpha pulse height analysis system 

• Balance, Mettler, for 10 to 10,000 g 

• Beakers, 1000, 2000, 4000 ml 

• Bottles, heavy-walled, for centrifuge, 1000 ml 

• Casserole, Pyrex, 5-1/4 x 10-1/2 x 3-1/2 in. 

• Centrifuge--capable of handling 1000 ml centrifuge bottles; 
Model K, Damon/IEC Division 

• Drying oven, Thelco Model 28 

• • Drying pan, aluminum, 12 x 20 x 3-3/8 in.; #06-0066, Warehouse 
Item 

• 

• Electrodeposition apparatus 

• Filter paper, Whatman #1, 18.5 em 

• Furnace, muffle, Model M25A-2A, Blue M, 20-1100°C 

• Heat lamp--mounted on a ring stand for drying slides 

• Ion_exchange columns--approximately 1.3 em (0.5 in.) ID. 

15 em (6 in.) long with 100-ml reservoir 

• pH meter 

• Pulverizer, Soil Model No. 500; Holmes Brothers, Inc . 

MIC-Ml-1079A Issue 1-• 9-25-78 



OPERATION SHEET 

o,u ... riON rmt Plutonium in Large Soil Samples ls"3uro· f 10 l'"" .. v"l ~o~u .. eu 

by and Acid-Leach Anion Exchange Method IPD-80030 
IOPEIATION 

Jl302 

3. continued 

• Riffle for silt or soil, Model CL244A~ Soil Test, Inc. 

• Stainless steel slides, 1.91-cm (0.75 in.) diameter, 0.05 em 

(0.02 in.) thick 

4. REAGENTS 

• Anunonium hydroxide (NH .. OH), concentrated (15 ~), 1.5 ~' 0.15 M 

• Ammonium iodide (NH .. I), 1M, (prepared fresh daily) 

• Anion exchange resin; Bio Rad AG1-X4 (100-200 mesh) or the 

chloride or nitrate form 

• Ethyl alcohol, slightly basic with a few drops of 15 M, NH .. OH to 

100 ml of alcohol 

• Hydrochloric acid (HCl), concentrated (12M), 0.5 M 

• National Bureau of Standards (NBS) plutonium-242 solution, SRM 

#4334 or #4335, with the concentration certified to ±1% of 

its stated activity, or a dilution of this standard 

• Nitric acid (HN0 3 ), concentrated (16 ~), 8 M 

• Phenolphthalein indicator solution 

• Pre-adjusted electrolyte, 1 ~; ammonium sulfate adjusted to 

pH 3.5 with 15 M NH .. oH and 18 ~ H2S04 

• Sodium hydrogen sulfate (NaHso .. ), ~5% in 1M H2S04 

• Sodium nitrite (NaN0 2) 

• Sulfuric acid (H 2S04) , concentrated (18 ~), 1. 8 M 

MIC·ML-10711A Issue 1 • 9-25-78 
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6. PROCEDURE 

5.1. Sample Preparation and Firing 

'

SHEET 

4 of 

5.1.1. Place the sample in an aluminum pan. 

OPERATION SHEET 

5.1.2. Break up the sample and discard any large stones or gravel. 

5.1.3. Dry the sample in a drying·oven at 200°C for 24 hours. 

5.1.4. Grind the dried sample in a soil pulverizer to 60 mesh. 

5.1.5. Record the following weights: sample plus container, 

container, sample. 

5.1.6. Riffle the sample through a soil riffle to obtain desired 

sample size. 

5.1.7. Weigh the aliquot to the nearest 0.1 g. 

5.1.8. Save the remainder of the soil for future use. 

5.1.9. Transfer the aliquot to a casserole. 

5.1.10. Add approximately 10 dis/min Pu-242 of NBS calibrated 

Pu-242 to the sample. 

5.1.11. Place the sample in a furnace and heat at 600°C for 4-5 

hours. 

5.1.12. Remove the sample from the furnace and cool to room 

temperature • 

MIC.Ml-1079.0. Issue 1 • 9-25-78 
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5.2. Sample Leaching 

5.2.1. Transfer the sample to a clean 2000 or 4000-ml beaker 

using a minimum amount of 16 ~ HN0 3 to rinse the casserole. 

*5.2.2. Add 300 ml of 16 M HN0 3 to the sample, allow it to react 

and then cool. 

*5.2.3. Add 100 ml of 12 ~ HCl to the sample. 

I CAUTION I 
Add slowly. In some cases 
a vigorous reaction occurs. 

5.2.4. Add a magnetic stir bar to the slurry. 

5.2.5. Stir the slurry while boiling for 60 minutes and allow 

the slurry to cool to room temperature. 

5.2.6. Transfer the slurry to centrifuge bottles and centrifuge 

at 3500 rpm. 

5.2.7. Decant the supernate and save in a clean 1000-ml beaker. 

5.2.8. Transfer the residue in the centrifuge bottles back into 
the original 2000-ml beaker using 16 ~ HN0 3 for rinsing. 

5.2.9. Repeat steps 5.2.2 through 5.2.7. 

5.2.10. Combine both supernates and evaporate to a volume of 

about 200 ml. 

5.2.11. Transfer the volume of solution in the 1000-ml beaker to 

a 500-ml graduate and record the volume to the nearest milliliter. 

*See Table 1 for samples greater than 100 g of soil. 
MIC.Ml.I079A Issue 1 • 9-25-78 
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5.2.12. Add an equal amount of distilled water to the sample, 

thus adjusting the molarity to approximately 8 ~in HN0 3 • The exact 
molarity of the HN03 in solution should be determined with 

standardized NaOH and adjusted to 8 M as described in paragraphs 

5.2.13 through 5.2.15. 

5.2.13. Titrate 0.5 ml of the unknown HN01 solution with standardized 

0.1 ~ NaOH and phenolphthalein as an indicator. Calculate the 
molarity of the unknown HN03 solution as follows: 

where M1 = molarity of the sample solution 

M2 = molarity of the standardized NaOH solution 

. V2 = volume of the standardized NaOH solution 

v 1 =volume of the HN03 solution aliquot= 0.5 ml 

SAMPLE WEIGHT HN03 VOLUME HCl VOLUME 
(GRAMS) (ML) (ML) 

100 300 100 
200 375 125 
300 475 160 
400 550 180 
500 650 220 
600 725 240 
700 800 270 
800 850 280 
900 925 300 

1000 1000 330 

TABLE 1 - VOLUME OF REAGENTS VS SAMPLE SIZE 

(1) 

MIC ·Ml.I079A Issue 1 • 9-25-78 
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5.2.14. Determine the amount of 16 ~ HN03 to be added to the unknown 

solution for adjusting to 8 M in HN0 3 as follows: 

MsVs + l6Vx = 8Vs + 8Vx (2) 

or v 
X 

where: 

= 

v 
.. X ... 

.v s 
M s 

Vs (8 - Ms) 
(3) 

8 

= volume of 16 ~ HN03 to be added 

= total volume of sample solution 

= calculated HN0 3 molarity from step 5.2.13 = M1 

5.2.15. Pass the sample through a Whatman #1 filter paper and rinse 
the filter with 20-25 ml, of 8 M HN0 3. 

~ 

5.3. Anion Exchange 

5.3.1. Add 200 mg of NaN0 3 to the 8 M HN03 sample solution, bring ~ 
to a low boil, and then cool in an ice bath or allow to cool overnight. 

5.3.2. Prepare an ion exchange column with ~10 cm 3 of Bio Rad resin 

AG lx4, 100-200 mesh (nitrate form). Slurry the resin in 8 ~ HN0 3 

before using. 

5.3.3. Pass 60 ml of 8 ~ HN0 3 through the column at a flow rate of 

4-6 ml/min and discard the rinse. 

5.3.4. Pass the sample from step 5.3.1 through the column at a 

flow rate of 1-2 ml/min and discard the effluent. 

5.3.5. Rinse the column with 150 ml of 8 M HN0 3 at a flow rate of 

1-2 ml/min and discard the rinse. 

MIC-Ml-1079A Issue 1 • 9-25-78 
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5.3.6. Rinse the column with 60 ml of 12 M HCl at a flow rate of 

1-2 ml/min and discard the rinse. 

5.3.7. Elute the plutonium with four column volumes of 12 ~ HCl 

containing 1 ml of 1 M NH~I per 30 ml of 12 ~ HCl at a flow rate 

no greater than 2 ml/min, and collect the rinse in a 100-ml beaker. 

NOTE: Prepare fresh NH~I in 
12 M HCl solution be
fore elution. 

5.3.8. Rinse the column with 20 ml of 12 M HCl and save the rinse. 

5.3.9. Evaporate the plutonium eluate of ~so ml to near dryness. 

5.3.10. Add 20 ml of 16 ~ HN0 3 and evaporate to dryness . 

5.3.11. ·Dissolve the residue from step 5.3.10 in 10 ml of 16M 

HN0 3 and evaporate to dryness. 

5.3.12. Dissolve the residue from step 5.3.11 in 40 ml of 8 ~ 

HN0 3 and repeat the preceding anion exchange separation, steps 

5.3.1 through 5.3.11. (The volume of 8 ~ HN0 3 used in step 5.3.5 

should be reduced to 60 ml.) 

5.4. Electrodeposition 

5.4.1. Dissolve the residue produced in paragraph 5.3.11 in 2 ml 

of 5% solution of NaHS0 4 ·H 2 0 in 1 ~ H2 S04. 

5.4.2. Add 5 ml of 16 M HN0 3 , mix well, and evaporate to dryness. 

Cool to room temperature • 

MIC-Ml-1079A Issue 1 • 9-25-78 
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5.4~3. Dissolve the sample in 5 rnl of the preadjusted electrolyte 

1 M ammonium sulfate (warming to hasten the dissolution) . Adjust to 
. 

pH 2.0 with 1.5 M NHqOH or 1.8 M H2S0 4 • 

5.4.4. Transfer the sample to a prepared electrodeposition cell 

using 10-15 ml of electrolyte in small increments. 

5.4.5. Place the platinum anode in the solution approximately 2 ern 

from the cathode (stainless steel disk)~ 

5.4.6. Connect. the electrodes to the power source and adjust the 

power supply to give a· current of 1.2 ampere. 

5.4.7. Continue electrodeposition for two hours. 

5.4.8. Terminate electrodeposition by adding 1 ml of 15 M NHqOH and 

continue the electrodeposition for one minute. Remove the anode 
while the power is still running. 

5.4.9. Discard the solution from the cell and rinse the cell three 

times with 0.15 M NH~OH. 

5.4.10. Disassemble the cell and wash the slide with ethyl alcohol 

made basic with NH40H. 

5.4.11. Dry the slide and.place it in a labeled box for counting. 

6. CALCULATIONS 

6.1. Calculation of Plutonium Concentrations - The concentration 

of plutoniurn-238 or plutonium-239 in the aliquot of soil taken for 

analysis is given by Ri At 

xi = Rt ws 

MIC-Ml·I079A Issue 1 • 9-25-78 
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6.1. Continued 

where: the concentration Pu-238 or Pu-239 in the soil in x. = 
~ 

-

R. 
~ 

= 

disintegrations per minute (dis/min) per gram, 

the net sample counting rate in the Pu-238 or Pu-239 

energy region of the alpha spectrum, 

At = the activity of the Pu-242 tracer in dis/min, 

Rt = the net sample counting rate in the Pu-242 tracer 

region of the alpha spectrum, and 

Ws = the weight in grams of the soil taken for analysis. 

6.2. Calculation of Plutonium Recovery of the Chemical Analysis -

The plutonium recovery efficiency expressed as a percentage, E, 

is given by 

Rt 
E = -- X 100% 

Ate 

where: e = the_absolute counting efficiency of the alpha pulse 

height analysis system, 
and the other terms as defined in section 6.1. 

7. REFERENCE 

7.1. Norton Y. Chu, "Plutonium Determination in Soil by Leaching 

and Ion-Exchange Separation", Anal. Chern., 43:3, 449-452 (March 

1971) . 
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This procedure can be used for the determination of radium-226 or ot~er 

gamma emitters in coal, coal ash, and other solid samples. In general, 

the accuracy of the method is better than ±10%, providing that counting 

statistic errors are relatively low. 

2. SUMMARY 

Samples to be analyzed· are dried, if necessary, and packed into aluminurr 

. containers which are hermetically sealed to ensure that no radon-222 

escapes. After aging for about three weeks, which is sufficient time 

for achieving secular equilibrium of the uranium-238 decay products, 
the sample is gamma counted using a Ge(Li) detector. The gamma spectrurr 

is stripped to obtain the gamma peak areas and corresponding counting 

errors. After correcting these peak.areas for counting efficiency 
(including gamma abundance and geometry) and self-absorption, the 

absolute disintegration rate of the sample is obtained. 

3. SPECIAL APPARATUS 

• Aluminum can body, 208 x 107 (93 cm 3
): Central States Can Corpora

tion, Massillon, Ohio 
• Aluminum can lid, 209.5: Central States Can Corporation, Massillon, 

Ohio 
• Automatic portable electric can sealer: Wisconsin Aluminum Foundry 

Co., Inc., Manitowac, Wisconsin, No. EL-12253-llOV 
• Gamma Spectroscopy System, 70 cm 3 Ge(Li), 4000 channel multi-channel 

analyzer system with on-line computer for gamma stripping: Canberra 
Scorpio System 

4. REAGENTS 

None 
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5. PROCEDURE 

5.1. Weigh an aluminum can and pack this can with the dried sample 

(coal is ground to 60 mesh), putting as much sample into the can as 

possible without hampering closure of the lid. 

5.2. Reweigh the can to obtain the sample weight and seal the lid with 

an automatic portable electric can sealer. 

5.3. Allow to age for three weeks after sealing. 

5.4. Count £or an appropriate time, usually 50 000 or 200 000 seconds 

(overnight or over a weekend), using the gamma spectroscopy system and 

obtain a stripped spectrum. 

6. CALCULATIONS 

6.1. Calculate the Ra-226 (or other nuclide) concentration for each 

gamma peak as follows: 

-Ra-226 (pCi/g) 

Where: 

WT 

EFF 

= total absorption peak counts for a given time 
period 

= total absorption peak background counts for the 
same time period 

=sample weight,'g 

= empirically determined counting efficiency which 
corrects for sample geometry, detector efficiency, 
and gamma ray abundance for a sample of zero mass 
and for conversion of dis/min to pCi (photon/pCi) 

~p = mass attentuation coefficient for sample at the 
given energy (crn 2 /g) 

p = density equal to weight of sample divided by 
volume (93 cm 3

) of the aluminum can 

x = average distance a gamma ray at the given energy 
travels through the sample (1.48 em) 

T = count time in seconds 

6.2. Calculate the Ra-226 (or other nuclide) concentration from the 

weighted average of the concentrations determined from each gamma peak 

as follows: 

Issue 1 • 9-20-79 
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6.2. Continued 

Ra-226 {pCi/g) = 
rw.x. 

~ ~ 

rw. 
~-

Where: Wi = 1/oi, where o is the counting error for each peak 
as calculated from the gamma stripping code 

Xi = the concentration of Ra-226 from each gamma peak 

6.3. Calculate the standard deviation due to counting for the Ra-226 

concentration given in step 6.2 as follows: 

c (pCi/g) = .fJi 
TABLE 1 - Attentuation Coefficients and Empirically Determined - Efficiencies for Ge{Li) Detector PGT813 (the detector 

in use as of June 1979) 

Peak Energy )Jp EFF•l0-4 EFF•T EFF•T 
Nuclide {KeV) {cm2 /g) {photon/pCi) {50 000 sec) {200 000 sec) -

Ra-226 186 0.134 1.29 6.46 25.8 

Ra-226 242 0.122 1.39 6.96 27.8 

Ra-226 296 0.107 2.25 11.30 45.1 

Ra-226 352 0.0998 3.56 17.80 71.3 

Ra-226 609 0.0794 2.14 10.70 42.7 

Th-228::: 239 0.116 6.83 34.3 137 

Th-228:·· .. 583 0.0811 1.48 7.38 29.5 

Ra-228 338 0.101 1.17 5.87 23.5 

Ra-228 911 0.0666 0.926 4.63 18.5 

7. REFERENCE 

7.1. C. v. Gogolak and K. M. Miller, New Developments in Field 

Gamma-Ray Spectrometry, Environmental Measurements Laboratory Report, 

EML.;.332, December 1977. 
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OPUA TION TITll URANIUM, THORIUM, AND LEAD-210 IN COAL 

AND OTHER SOLID ENVIRONMENTAL SAMPLES 

1. SCOPE 

This procedure is used for the determination of uranium and thorium 

isotopes, and lead-210 in solid environmental samples. It is applicable 

to 10-gram soil samples, but, for samples whi~h have a great deal of 
carbon (for example, ~oal or vegetation), 1-gram samples of ash should 

be used. If only uranium and lead-210 are measured, larger samples may 

by analyzed. 

In general, levels greater than 0.1 dis/min/g of these radioactivities 

can be detected, and chemical yields for uranium, lead, and thorium are 
generally 70-90%, 80-95%, and 50-80%, respectively. 

2. SUMMARY 

Uranium-232, thorium-229, and stable lead tracers are added to repre

sentative soil, coal, vegetation, or other environmental samples to 

evaluate the recoveries of the analyses. The samples are decomposed by 

ashing, followed by a nitric acid-hydrofluoric acid digestion. The 

radioactivities to be measured are coprecipitated with iron hydroxide. 

Since large amounts of iron interfere with subsequent ion exchange 

separations, the iron hydroxide precipitate is dissolved in hydrochloric 

acid ~nd an isopropyl ether extraction is used to remove most of the 

iron. This hydrochloric acid solution is passed through an anion 

exchange column which adsorbs the uranium, while the thorium and 

lead-210 pass through. Plutonium(IV) and any unextracted iron(III), 

which are also adsorbed by the column, are eluted after reduction with 

hydrogen iodide. The uranium is then removed from the column with 1.0 ~ 

HCl and electrodeposited onto a stainless steel slide for measurement 

by alpha spectrometry. 

The effluent from the anion exchange separation, containing the lead-210 

and thorium, is adjusted to 1.5 M HCl and passed through another anion 

MRC·ML-130 16·791 Issue 1 • 9-20-79 



OPERATION SHEET 

0 'u•T•oN T•m Uranium, Tho.r:ium, and Lead-210 in 
Coal and Other Solid Environmental Samples 

2. continued 

Si<E£T 

2 of 10 PD-80030 3605 

exchange column. Lead-210 is adsorbed onto the column while the thorium 

remains in the sample solution. After elution of the lead-210 with 

distilled_ water and 8 ~ HCl, the lead-210 is measured by beta-counting 

of the bismuth-210 daughter ingrowth. 

Thorium is coprecipitated from the 1.5 M HCL effluent of the previous 
separation with lanthanum fluoride and isolated and purified by a third 

ion exchange column. The thorium is electrodeposited onto stainless 

steel slides and measured by alpha spectrometry. 

3. SPECIAL APPARATUS 

• Alpha pulse height analysis counting system 

• ·Beta counter with low background for low level measurements 

• Centrifuge, capable of handling 250-mL centrifuge bottles, Model K: 
Damon/IEC Division 

• Centrifuge bottles, 250 mL 

• Electrodeposition apparatus 

• Heat lamps, mounted on a ring stand for drying slides 

• Ion exchange columns, approximately 1.3 em ID, 15 em long, with 
100-mL reservoir 

• pH paper, pH range 2 to 10 

• Stainless steel slides, 1.91-cm (0.75-inch) diameter by 0.05-cm (0.02-
inch) thick, and 4.76-cm (1.875-inch) diameter by 0.067-cm (0.026-
inch) thick 

• Teflon beaker, 250 mL 

4. REAGENTS 
NOTE: The preparation and standard

ization of reagents will be 
found in Appendix A of this manual. 

• Ammonium hydroxide (NH40H), concentrated (15 ~), 1.5 M, 0.15 M 

• Ammonium sulfate ((NH4)2S04), 1M 

.. • 

i 

• Anion exchange resin, BioRad AG1-X8, 100-200 mesh, chloride or nitrate!' 
form: Bio Rad Laboratories, Third and Griffin Avenues, Richmond, 
California 94804 · 1 • 

• Boric acid (H3B03), saturated solution of H3B03 in 4 ~ HN03 I 
I 
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4. Continued 

• Electrolyte, preadjusted (1M (NH~)2SO~ adjusted to pH 3.5 with 1.5 M 
NH~OH and 1.8 ~ H2S04) -

• Ethyl alcohol, made basic with a few drops of 15 M NH 40H per 100 mL 
of alcohol 

• Ferric chloride (FeCl3) in 0.5 M HCl to give SO mg iron per mL of 
solution 

• Hydrochloric acid (HCl), concentrated (12 ~), 8 ~, 6 ~, 1 ~, 0.1 M 

• Hydrofluoric acid (HF), concentrated (48% or 29 ~) 

• Hydriodic acid (HI), concentrated .(48% or 6 ~) 

• Isopropyl ether 

• Lanthanum chloride (LaCl3) in water to give 10 mg lanthanum per mL of 
solution 

• Lead nitrate (Pb(N03)2) 

• Nitric acid (HN03), concentrated (16 ~), 12 ~ 

• Sodium hydrogen sulfate (NaHSO~), ~5% in 1M H2S04 

• Sulfuric acid (H 2S0 4), concentrated (18M), 1.8 ~ 

• Thoriurn-229 solution, standardized by 2~ counting or liquid scintil
lation counting of a freshly purified solution of thorium-229, and an 
alpha pulse height analysis of an electrodeposited sample of the 

1

. 

tracer solution to measure the percent of thoriurn-228 present 

• Thymol blue indicator, sodium salt, 0.04% solution: Fisher Scientific! 

• Uraniurn-232 solution, standardized by 2~ counting of a freshly puri
fied sample of urnaiurn-232 or by electroplating the uranium-232 with 
a known amount of another standard solution, such as uranium-236 

5. PROCEDURE 

5.1. SAMPLE DECOMPOSITION 

5.1.1. Weigh 1 to 10 grams of representative sample and transfer it to 

a casserole. 

5.1.2. Add 25 mg of Pb(N0 3) 2 and ~10 dis/min of U-232 and ~10 dis/min 

of Th-229 tracer solutions. 

5.1.3. Heat the casserole containing the coal sample at 500°C over

night in a muffle furnace. Remove and cool. 

5.1.4. Transfer the sample to a 250-mL Teflon beaker, rinsing the 

casserole with 10-mL portions of 16 M HN03 to a final volume of 60 mL. 

MIC.ML-1079A Issue 1 • 9-20-79 



OPERATION SHEET 

o"uno"' mlt Ur~nium, Thorium, and Lead-210 in 
Coal and Other Solid Environmental Samples 

I CAUTION 

SHHT !M4NUAl NUMH• 

4 of 101 PD-80030 

I 
HF is very hazardous. Perform this 
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5.1.5. Add 30 mL of 48% HF, cover with a Teflon watchglass, and heat 
on a magnetic hotplate for one hour while stirring continuously with a 

Teflon-coated stirring bar. Remove from the hotplate and cool. 

5.1.6. Add 30 mL each of 16 ~ HN03 and 48% HF and digest while stir
ring for an additional hour. Remove from the hotplate and cool to 
room temperature. 

5 .1 •. 7. Add 20 rnL of 12 M HCl and heat on a hotplate while stirring, 

until the solution has evaporated to a volume of about 30 mL. 

~ 

5.1.8. Add 50 mL of distilled water and digest on a hotplate while ~ 
stirring for 10 minutes to dissolve ·the soluble salts. 

5.1.9. Cool and transfer the total sample into a 250-mL centrifuge 
bottle with a minimum of distilled water from a wash bottle. 

5.1.10. If any insoluble residue is present, centrifuge the sample and 
transfer the supernate into another centrifuge bottle. 

5 .1.11. ·Wash the residue with 10 mL of 0.1 M HCl and add it to the 

supernate. Discard the insoluble residue and proceed to section 5.2. 

5.2. COPRECIPITATION 

5.2.1. Add 20 mg of iron as FeC1 3 in 0.5 ~ HCl to the centrifuge 
bottle and stir. (This step is not necessary for samples containing 
iron.) 

5.2.2. Add 15 mL NH40H (carbonate free) while stirring to precipitate 

the iron. Continue adding 15 ~ NH40H to raise the pH to 9-10 as 
determined by pH paper. 

MIC.ML·1079A Issue 1 • 9-20-79 

~ 



• 
OPERATION SHEET. 

o,.n.-.!rON mL! Uranium, Thorium, and Lead-210 ini5WHT 10 l'""P .. Du"_'8 .. 0u .. Oet3•0 
Coal and Other Solid Environmental Samples! 5 of I 
5.2.3. Centrifuge for about five minutes, decant, and discard the 
supernate. 

S.2.4. Dissolve the precipitate in 8 M HCl to a volume of about SO mL. 

Proceed to section S.3. 

5.3. ETHER EXTRACTION 

S.3.1. Transfer the solution to a 2SO-mL separatory funnel using two 
5-mL rinses of 8 M HCl. 

S.3.2. Add 60 mL of isopropyl ether to the separatory funnel and shake 
the solution for two minutes. Allow the phases to separate and then 
transfer the aqueous (lower) phase to a second separatory funnel. 

5.3.3. Repeat step 5.3.2. (The bulk of iron is removed as evidenced 
by the appearance of a yellow color in the organic phase. If the sample 
has a very high concentration of iron, additional extractions may be 
necessary. ) 

• 5.3.4. Transfer the aqueous phase to a 150-mL beaker and boil for 15 

minutes. 

• 

S.3.S. Add 20 mL of 12 M HCl to this solution and proceed to section 

5.4. 

S.4. ANION EXCHANGE SEPARATION OF URANIUM 

5.4.1. Prepare an anion exchange column of BioRad AG1-X8 (100-200 
mesh), height 8 em, and inside diameter ·1.3 em, and condition the resin 
by rinsing the column with 60 mL of 8 M HCl. Discard the rinse. 

5.4.2. Transfer the sample from step S.3.5 to the conditioned anion 
exchange resin. 

5.4.3. Rinse the column with three column volumes of 8 M HCl. 

S.4.4. Evaporate this effluent, containing the lead and thorium, to 

about 20 mL and save for section S.5. 

I 
I 

S.4.S. Elute any remaining iron from the column with six column volumes! 
of 6 ~ HCl containing one mL of concentrated HI per SO mL of 6 ~ HCl 
(freshly prepared). 
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5.4.6. Rinse the column with an additional two column volumes of 6 M 

HCl. 

5.4.7. 

5.4.8. 

5.4.9. 

5.5. 

5.5.1. 

Elute the uranium with six column volumes of 1 M HCl. 

Evaporate the sample to about 20 mL and add 5 mL of 16M HN0 3 • 

-. I 
Evaporate the sample to near dryness and proceed to sect~on 5.8 

ANION EXCHANGE SEPARATION OF LEAD 

Adjust the molarity of the effluent from step 5.4.4 to about 

1.5 M HGl by adding an amount of distilled water equal to three times - .. 
the volume of this effluent. (If the effluent volume is 20 mL, add 

60 mL of distilled water, for a total volume of 80 mL.) 

5.5.2. Prepare an anion exchange column of BioRad AG1-X8 (100-200 

mesh), height 8 em, and inside diameter 1.4 em, and rinse the column 

with three column volumes of 1.5 M HCl. 

• 

5.5.3. Transfer the sample to the anion exchange resin column and • 

allow to pass through the column at a flow rate of about one mL/minute. 

5.5.4. Rinse the column with additional 1.5 ~ HCl at a flow rate of I 
~1 mL/minutel collecting a total volume of 100 mL (sample+ 1.5 M HCl)., 

. - ' 

5.5.5. Check the effluent to verify the absence of lead using atomic 

absorption and save for section 5.6. 

5.5.6. Elute the lead with 50 mL of distilled water and then with 50 

mL of 8 M HCl. Note the time of separation. 

5.5.7. Determine the lead recovery by atomic absorption spectroscopy 

and proceed to section 5.9. 

5.6. LANTHANUM FLUORIDE PRECIPITATION OF THORIUM 

5.6.1. Transfer the effluent from step 5.5.5 into a 200-mL 

! 

centrifuge bottle and add 1 mL of a 10 mg/mL La 3+ solution. I 
5.6.2. Add five mL of 29 M HF to form a lanthanum fluoride precipitatej 

5.6.3. Centrifuge for about five minutes, decant, and discard the l • 
supernate. , 
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5.6.4. Dissolve this pracipitate in a minimum (5-10 rnL) of 4 .t-1 HN0 3 

saturated with boric acid. 

5.6.5. Add 25 rnL distilled water and make basic with 15 M NH 40H until 

a precipitate is formed. 

5.6.6. Centrifuge, discard the supernate, and wash the precipitate 

with 10 rnL of 0.1 M NH40H. 

5.6.7. Dissolve the precipitate in a minimum (1-2 rnL) of 16M HN0 3 

and add 20 mL of 12.~ HN0 3 • 

5.7. ANION EXCHANGE SEPARATION OF THORIUM 

5.7.1. Prepare an anion exchange column of BioRad AG1-X8 (100-200 

mesh), height 4 ern, and inside diameter 1.3 ern, and convert to the 

nitrate form by passing 10 column volumes of 12 ~ HN03 through the 

column. 

5.7.2. Pass the sample solution from step 5.6.6 through the anion 

exchange column at a flow rate no greater than four rnL/rninute. 

5.7.3. Rinse the column with about 100 rnL of 12 ~ HN0 3, again at a 

flow rate no greater than four rnL/rninute, and discard the effluent. 

5.7.4. Elute the thorium from the column with 80 mL of 8 M HCl at a 

flow rate no greater than two mL/rninute. 

5.7.5. Evaporate the sample to about 20 mL and add 10 mL of 16 ~ HN03. 

5.7.6. Evaporate the sample to near dryness and proceed to section 

5.8. 

5.8. ELECTRODEPOSITION 

5.8.1. Add two rnL of a 5% solution of NaHS04•H20 in 1 M H2S04 to the 

sample containing the isotope to be electrodeposited. 

5.8.2. Add five rnL of 16 ~ HN0 3 , mix well and evaporate to dryness, 

but do not bake. Cool to room temperature. 

5.8.3. Dissolve the sample in five rnL of the preadjusted electrolyte 

(adjusted to pH 3.5) warming to hasten the dissolution. 
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5.8.4. Transfer the solution to the electrodeposition cell using an 

additional 5-10 mL of the electrolyte in small increments to rinse the 
sample container. 

5.8.5. Add three or four drops of Thymoi blue indicator solution. If 

the color is not salmon pink, add 1.8 ~ H2S04 (or 1.5 ~ NH40H) until 
this color is obtained. 

5.8.6. Place the platinum anode into the solution so that it is about 

one em above the stainless steel slide which serves as. the cathode. 

5. 8. 7. .Connect the electrodes to the source of current, turn on the 
power, and adjust the power supply to give a current of 1.2 A • 

... 

(Constant current power supplies will require no further adjustments 

during the electrodeposition.) 

5.8.8. Continue the electrodeposition for a total of one hour for 

uranium or two hours for thorium. 
5.8.9. When the electrodeposition is to be terminated, add one mL of 

15 ~ NH40H and continue the electrodeposition for one minute. 
5.8.10. Remove the anode from the cell and then turn off the power. 

5.8.11. Discard the solution in the cell and rinse the cell two or 

three times with 0.15 ~ NH40H. 

5.8.12. Disassemble the cell and wash the slide with ethyl alcohol tha 

has been made basic with NH40H. 

5.8.13. 'Touch the edge of the slide with a tissue to absorb the alcoho 

from the .. slide. 

5.8.14. Dry the slide, place it in a box, and label for counting. 

NOTE: Slides for uranium analysis 
should be counted within a 

week after separation, while slides . 
for thorium analysis should be counted 
the same day that the samples are 
removed from the column. 

5.9. BETA COUNTING OF LEAD-210 

5.9.1. Evaporate the sample from step 5.5.7, containing the lead, to 

about 10 mL. 
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5.9.2. Add 10 rnL of 16 ~ HN03 and evaporate to dryness. 

5.9.3. Dissolve the residue in about three mL of 0.1 M HN0 3. Heating 
may be necessary. 

5.9.4. Transfer this solution to a stainless steel slide and dry the 

slide. 

5.9.5. Rinse the beaker with an additional three rnL of 0.1 ~ HN0 3 and 

add to the slide and dry. 

5.9.6. Cover the slide with an appropriate thickness -("'5 mg/cm 2 ) of 

aluminum foil to degrade any alpha and low-energy beta activities and 

count the 1.6 MeV beta activity from the ingrowth of bismuth-210. 

6. CALCULATIONS 

6.1. CALCULATION OF URANIUM OR THORIUM 

The concentration, Xi, in dis/min/g of a particular uranium or thoriUm 

isotope (except Th-228) in the sample is given by 

where: R. 
l. 

= 

At = 

Rt = 

w = 

Ri X At 
x. = 

l. Rt X W 

the net counting rate in the energy region of the alpha 
spectrum resulting from the uranium or thorium isotope 
being measured 

the activity of the added Th=229 or U-232 tracer in 
dis/min 

the net sample counting rate in the Th-229 or U-232 
tracer energy region of the alpha spectrum 

sample weight in grams. 

6.2. CALCULATION OF THE THORIUM-228 CONCENTRATION 

The concentration of thorium-228, Xi(Th-228), in dis/min/g is given by 

(R. - YRt) x At 
Xi (Th-228) = l. Rt x W - ZA232 

where y = 

z = 

A232 = 

MIC-ML-107fA 

the Th-228/Th-229 activity 

the Th-228/U-232 activity 

the activity of the added 
Other terms as defined in 

ratio for the Th-229 tracer 

ratio for the U-232 tracer 
U-232 tracer in dis/min 
section 6.1. 
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6.3. CALCULATION OF TRACER RECOVERY OF THE CHEMICAL ANALYSIS 

The tracer recovery efficiency expressed as a percent, E, is given by 

where 

Rt X 100 
E = 

At X e 

e = the absolute counting efficiency of the alpha pulse 
height analysis system 

100 = factor to convert to percent 

and the other terms as defined in step 6.1. 

6.4. CALCULATION OF LEAD-210 CONCENTRATION 

The concentration of lead-210, Xi(Pb-210), in dis/min/g is given by 

where 

xi (Pb-210) = 
(Rs - ~) 

Rs = the counting rate of the sample after equilibrium between 
Pb-210 and Bi-210 is achieved (counted after three weeks 
or determined from growth and decay analysis) 

~ = the counting rate due to counter background 

e = the absolute counting efficiency of the beta counter 
E = tracer recovery as determined by atomic absorption 

spectroscopy 

W = sample weight in grams 

7. REFERENCES 
' 

7.1. Kenneth w. Edwards, Isotopic Analysis of Uranium in Natural 

Waters by a-Spectrometry, U. s. Geological Survey Water Supply Paper 

1969-F, u. s. Government Printing Office, Washington, D. c., 1968. 

1.2. Walter M. Gibson, The Radiochemistry of Lead, USAEC Report 

NAS-NS 3040, 1961. 

7.3. Johann Korkisch, Modern Methods for the Separation of Rarer 

Metal Ions, Pergamon Press, New York, 1969. 
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1. SCOPE 

This procedure is applicable to urine samples containing trace quantities of 

tritium oxide. The procedure uses 3 mL of sample and can detect a minimum 

concentration of 0.01 ~Ci/L based on a constant counting efficiency, 

constant background rate, and a constant counting time, which are all specified 

in this method. Greater sensitivity can be achieved by increasing the sample 

size and counting time. 

2. A 3-mL aliquot of a urine sample is delivered to a bar-coded 20-mL polyethylene 

counting vial containing a measured volume of scintillation solution . 

The samples are counted in a liquid scintillation spectrometer which measures 

the beta radiation from the tritium. To determine the counting efficiency, t'Q_e 

scintillation counter also counts the samples in the presence of an external 

standard, radium-226. From the external standard count, some type of Quench 

Indicating Parameter (QIP), such as a Spectral Index of the External Standard 

(SEI) number is obtained (see reference 7.4). This number is related to the 

efficiency of the liquid scintillation counting by the Quench Curve (see 

reference 7.3). The concentration of the tritium is finally printed out is 

units of ~Ci/L. 

The spectrometer is interfaced with a personal computer and laser reader. The 

laser reader reads a sample number from the bar codes and then inputs this 

number to the computer. The computer receives counting data output from the 

spectrometer and then stores the data to generate a printed final report. 

The minimum analysis time is 20 samples/1 hr . 

! 
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~------------------------------------~--------~------------~------~------~~ ~ 
3. SPECIAL APPARATUS 

4. 

o Bar code labels 

o Gloves, rubber 

o Laser Reader 

o Liquid Scintillation Spectrometer, Packard Model 4530, 460CD, 2000 CA, or 

equivalent 

o Pen, felt-tipped marking 

o Personal Computer, IBM XT 

o Pipet tip, disposable, polypropylene, 5 mL; Stock No. 01-2485 

o Pipeter, Eppendorf or equivalent, 1000 A, and Oxford Laboratories 0-5 

mL. 

o Repipet dispenser; Lab Industries 

o Vial holder, cardboard, Packard Servo-Tray or cassette 

o Vial, polyethylene with cap, 20 mL, Packard Instrument Company, or 

equivalent; Stock No. 01-4790. 

REAGENTS 

0 Tritium water standard, certified by NBS 

o Scintillation solution, Atomlight, New England Nuclear 

5 . PROCEDURE 

5 .1. The·""technician responsible for analyzing tritium in urine will pick up bar 

coded urine samples at collection points specified by Health Physics in T and 

SW buildings. 

5.2. Put on rubber gloves before handling urine samples. 

5.3. If the individual submitting the urine sample has received a radioisotope for 

medical diagnostic purposes, then the sample must be distilled as follows: 

MRC·ML-1079A (2-85) 
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5. 3 .1. 

5.3.2. 

5.3.3. 

5.3.4. 

5.4. 

5.5. 

5.6. 

5. 7. 

5.8. 

* 5.9. 

Deliver about 40 mL of the urine to a distillation apparatus. 

Distill about 10 mL of the sample, discarding the first 5 mL of 

distillate. 

Pipet 3 mL of the remaining distillation into a 20-mL counting vial. 

Proceed with step 5.4. 

Arrange the samples into row of 10 samples per row. 

Pipet a 3-mL aliquot from each urine sample to a 20-mL counting vial. 

Deliver 10 mL of prepared scintillation solution into the 20-mL vial. 

Place the lids on the vials and then wipe the vials clean with Kimwipes to 

remove residual solution from the vials . 

Transfer the bar code label from the lid of the sample container to the 

top of the 20-mL counting vial. 

Transfer the 20-mL vials to the cassette containing the appropriate 

program chip (#15 with the dot set at 1 for one count) for the Liquid 

Scintillation Spectrometer .. The first sample loaded into the first 

cassette must be a background sample. Place a bar code label on this 

background counting vial. This vial contains 10 mL of counting solution 

only. In addition, two bar coded standard samples (Spike-1 and Spike-2) 

are included in each sample run. They are prepared by adding 1 mL of 

tritium standard, 2 mL of urine and 10 mL of scintillation solution. One 

is placed after the background sample, the other is placed after the bar 

code samples. 

·~~------------------------~ 
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* 5 .10. 

5.11. 

5.11.1. 

5.11.2. 

5.11.3. 

Load all samples which do not contain bar codes into the cassette after 

the second standard sample. For Mound employees without bar codes, mark 

their HP numbers on top of the cou~ting vial. For Mound visitors, use 

the full name and social security number of the individual submitting the 

urine sample. 

Start the counting sequence as follows: 

Set the Data Director to "Bar Code". 

Turn on the Master Switch. This loads the system and menu appears. 

Select P-Base by pressing "P". The monitor will direct the following: 

5.11.3.1. Input the total number of samples with the laser by scanning the 

appropriate bar codes. 

5.11.3.2. Scan the "OK" bar code with the laser. 

5.11.4. Scan all bar coded samples in the cassette in the same order that they 

will be counted in the Liquid Scintillation Spectrometer. For samples 

which do not contain bar codes, scan the work KEYBOARD with the laser 

reader and then input the I.D. through the computer keyboard. Press 

RETURN to enter input data. These samples always follow the samples 

which have bar codes. 

5.11.5. Scan the "OK" bar code with the laser. 

5 .11.6. Change the Data Director to "Tri-Carb". 
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OPERATION SHEET 
OPERATION TITLE 

Tritium in Urine 
ISHEET 

1 5 of 7 
MANUAL NUMBER rOPE RATION 

1

!SSUI: 

PD-80030 2403 3 i 

5 .11. 7. 

5.12. 

5.12 .1. 

5.12.2. 

5.12.3. 

5.12.4 . 

5.13. 

5.13.1. 

5.13.2. 

5.13.3. 

Press any key to continue. 

Count the samples as follows: 

Load the cassettes containing bar coded counting vials into the Liquid 

Scintillation Spectrometer in the order in which they were scanned with 

the laser. 

Start sample counting by simultaneously pressing the FORWARD and ENABLE 

buttons on the liquid scintillation counter. 

Count each urine sample for one minute. 

After the samples have been counted, the monitor will prompt: ALL 

SAMPLES HAVE BEEN TESTED. 

After counting, generate a printed report as follows: 

Change the Data Director switch to "Bar Code". 

Press any key to return to the menu. After about two minutes, the data 

will be printed as a daily report. 

The monitor will display IS IT OK TO ADD THIS DAILY REPORT TO WEEKLY 

REPORT (Y/N)? Review the printout to ensure that the value for the spike 

#l and #2, measured in ~Ci/L, is within -25% to +50% of the reference 

value'for accuracy. The precision of measuring the spikes should be 40%. 

If accuracy (bias) or precision do not meet the above criteria, the 

standards, equipment, and pipets should be checked for calibration, 

proper functions, and malfunction of the liquid scintillation counter . 
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OPERATION TITLE 
Tritium in Urine 

OPERATION SHEET 
OPERATION ISSUE 

2403 3 
jSI"IEET !'MANUAL NUMBER 

1 6 of 7 PD-80030 
~--------------------------------------~---------

5.13.4. 

* 

* 5.13.5. 

Press Y for yes and data will be 

o Stored historically 

o Added to the Weekly Report (printed every Friday), and 

o Added to the Quarterly or Monthly Report. 

Upon completion, the menu will be displayed. Place the daily printout 

(hard copy) in a bound binder notebook to be maintained as permanent 

records. 

* 5.13.6. ::"-.On Friday or the last working day of the week, print the weekly report. 

6. 

The menu will display "1 PRINT WEEKLY REPORT". Either enter the #lor 

bring cursor down to 1 and press RETURN. The weekly report will then be 

printed. 

CALCUlATIONS 

6.1. Calculate the tritium concentration, T, in ~Ci(L as follows: 

where 

(C-Cb) x 1000 mL/L 

T -
E X 2.22 X 106 

XV 

C - gross counts/min 

~ - background in counts/min 

E - efficiency of the counter based on the predetermined 
quench curve (see Reference 7.3) 

V - sample volume in mL 

2.22 x 106 - factor to convert dis/min to pCi 

NOTE: 

MRC-ML-1079A (2~5) 

Data from duplicate analyses are evaluated every week to 
calculate the precision of the method. The lower detection 
limit is evaluated weekly from daily background measurements. 

! • 

• 

• 



•• 

• 

• 

OPERATION TITLE 

Tritium in Urine 

7. REFERENCES 

r
SHEET 

7 of 7 

OPERATION SHEET 
~MANUAL NUMBt:R 

I PD-80030 
!OPERATION pssue 1 

I 2403 I 3 I 

7.1. Frank E. Bulter, "Determination of Tritium in Water and Urine: Liquid 

Scintillation Counting and Rate of Drift Determination", Anal. Chern., 

33:3, p. 409-414 (March 1961). 

7.2. Donald L. Horrocks, Application of Liquid Scintillation Counting, 

Academic Press, NY, 1964. 

7.3. "Tritium Quench Curve Determination", Operation 2208, Technical Manual 

PD-80030, Envi~onmental Analytical Procedures, Mound Facility, 

Miamisburg, Ohio, 1981 

7.4. Tri-Carb 4000 Series Systems. Auto-Gamma 5000 Series Systems. Service 

Manual (Liquid Scintillation Counter Manual), Publication No. 169-3009, 

Packard Instrument Co., Downers Grove, Illinois, 1983 . 

MRC·ML-1079A (2-85) 



• 

• 

• 

~------------------------------------------------h-t.O---~-.-.-C-o"-.-~--nG-e-nc-• 
t: rom 

Date 

C. T. Bishop 

June 14, 1 984 

Analytical Results- Site Survey Soils 

cc : C. S . F ri edma n 
L • C • Hop k i n s 
A. A. Glasby 
C. A. Phillips 

TO . Bob Stought 

By analyzing blanks, duplicates and standards,.the Environmental 
Section is obtaining data on the determination of plutonium-238 
and thorium isotopeS' in site_ survey and WTS soils regarding lower 
detection 1 imi ts and experimenta 1 errors. The purpose of this 
correspondence is to give you some estimates based on data 
accumulated through the end of May, 1984. Final data will be given 
to you before you prepare your final report. 

The lower detection limit (LOL) for the determination of plutonium-238 
in soil is estimated to be 0.01 pCi/g; for the determination of one 
of the thorium isotopes the LDL is estimated to be 0.2 pCi/g. LDL's 
were calculated by taking 4.65 times the standard deviation of the 
blank value. 

The precision (two t~Mes the standard deviation calculated from 
duplfca tes measurenents) of the pl utonium-238 in soil measurements 
is about 18~. For thorium in soil this precision is about 25~. 

If you have any questions, give me a call. 

~-!J;J~ 
Car 1 T. B 1 shop 

CTB:km 
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~------------------------------------------------~~-t-.,~~~m-··c_r_(_o"-,-,-~-n-a,-n--ce 
From C. T. Sf shop c. s. ~,.i ed:::an 

,\, ,\, 310 s j 
Sept en ber 17, 1 98 5 r ,\, ::lk., ~:iS '"' 

. ,, . Care 

iO 

I :-ooK rs .... '"' Analytical Results - Sfte Survey Soils 

June 14, 1984 ~1emo C. T. Bishop to R. L. Stought 

Bob Stought 

Since June of last year, additional data has been accumulated to evaluate lower 
detection 1 imits (LDL) and precisions of the radiochemical analysis procedures 
used to determine plutonium-238 and thorium-228, -23a, -232 in Site Survey soii 
samcles. The additional data generally confirm the values reported to you on 
June 14, 1984. 

The following data summarize our best estimates of our lower detection 1 imi:s 
and precisions for the chemical analysis of Site Survey soil sarnpl es during 
1984and 1985 •. 

Radionucl ide 

Plutonium-238 

Thorium-228 

Thor ium-230 

Thorium-232 

ill 
a .a1 pCi/g 

a.3 pCi/g 

a.3 pCi/g 

a .1 pCi/g 

Relative Precision 
(Two standard deviations) 

25~ 

6a~ 

3a~ 

7a~ 

In a number of samples where duplicates were analyzed for plutonium, t~ere was 
disagreement between the results that was considerably greater than 25~. :t is 
believed that these disagreements occurred because ofthe presence of a "hot-partici: 
in one sample and nat the other. This problem occurred more frequently at 
plutonium-238 concentrations greater than 1a pCi/g. 

In view of these lower detection limits and precisions, data entries in :he fina1 
report should be limited as follows. A result for plutonium-238 should contain 
no mare than twa places behind the decimal point and no more than three significa~: 
figures. For example, present plutonium-238 entries 1 isted as 12.22 :JCi/g and 
355.aa pCi/g should be listed as 12.2 pCi/g and 355 pCi/g, respectively • ..l. resui: 
for thorium should contain no more than one place behind the decimal coint, a~c ~"C 
more than twa significant figures. For example, present thorium entries 1 is::a 
as 41.63 pCi/g and 5.14 pCi/g should be reported as 42 pCf/g and 5.1 pCi/g, 
respectively. -

"" . VI " II/ ~11 ! - ,-,.13 . .' i / 
:) . ._/ ""'~~ 

Carl T. Sf shop 
Supervisor 
Environnental Evaluation 

CiB: km 
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~---------------------------------------------------~~,-~~~~--c.-C~o-~--~~--"G-c-"c--• 
From 

~are 

SuD/ICt 

Fleferenct 

Env i r o rm en ta 1 Sect i o n cc A ... ~. S~OS~/ 
w• A. ::.,;: : f:;,s 

~lovsncar 30, 1984 

Thorium ~1easur(!l1ents 

Site Survey Program 

Bob Stc :.;;n t 

In order ~o evaluate the quality of our radiochemical thorium resu1 ~s. 
several sam~les ...,ere analyzed by ga11111a spectrometry. Gamma countir.g 
gives a concentration for Th-228 which may be compared to the radio
chemical value. Results are given in the attached table. 

Agreement between radiochemistry and gamma counting was generaily good 
with a 14~ average deviation between the two values. For the three 
samples where the deviation between rad iocnem1stry and garmta soec :rcmetr:; 
~s greater than 25~, this deviation may be due to sample i nnomogeneit/. 
In gatmla countin'J approx'fmately 100 grams of sofl are counted, ,o~hereas 
in the rad1oc:hemica1 analysis only a one-half gram sample fs analyzed. 

In summary, we believe our acid dissolution procedure gives good ~:-:ori'-'i.l 
results when analyzing tnorium contaminated sofls. 

/!an 
Enc • 
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Sample 
IO 

2613 

6322 

63.24 

6330 

6331 

6333 

6334 

6335 

cor~PARISOU OF rtAO IOCHEMICAL A:lC GAf1MA 
SPECTRCMETRY THORIUM A::ALYSIS OF SITE SURVEY SAMPLES 

'4easured Thorium Concentration 
~ad i oc: hemica 1 Ga11111a Spec. 7h-22S ~a:~o 

rn-~~~ r2c;;gl• Th-2~8 reci/gl Th-228 (pCi/3~ (~adioc~em1Sa~a' 

8.96 7.26 7.2: 0.3 1. Jl 

16.9 21.0 7.1 : 1 l . 00 

4.29 6.09 4.8 :: 0.3 1.27 

6.32 s .as 6.4 : 0.4 0. 31 

34.6 37.6 41 : z. 0. 92 

3.69 3.90 3.6 : 0.3 1.08 

61.9 . 53.5 84 :: 6 0.64 

51.6 48.4 38 : 3 1.25 

•!f a radiochemical equilibrium exists. Th-232 and Th-228 concentrations 
would be the same. 
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MOUND SCREENING FAC!L!TY 

Monsanto Mound established a soil screening facility :~ :982 ~~ 
provide rapid screening of soil samples contaminated ~it~ ?u-238. ·
was deter~ined t~at the minimum detectable activi'ty required Nas 
25 pCi/g. 

Monsanto Mound Decommissioning and Decontamination acti•:i~ies 
often involve cleanup of soil which may be contaminated wi~h ?~-233, 
Thori~~, or possibly other radionuclides. It is desired to raoi~:~ 
detect 25 pCi/g of Pu-238 in soil; however, at this time no fielc · 
instrumentation has this capability. Radiochemical analysis is 
ti~e-consuming and costly. Therefore, a screening facility was 
established to support soil decontamination. 

Upon review of literature and visitation of various other :oE 
contractor sites it was found t~at Los Alamos ~~ational Laboratory ~ac 
established a soil screening facility with instr~mentration which 
might be applicable at Mound. A Harsahw Model 201 ?hoswich detec~~= 
with Davidson Multichannel Analyzer was installed in the Mound 
screening facility with a detection capability of approxi~ately 
100 pCi/g. !t was determined that only by increasing the count ti~e 
to a r.u~ber of ~ours could a detection capability of 25 pCi/g be 
achieved. Another system that showed promise was a 5-inch ciameter 
mylar alpha scintillation detector coupled to a Ludlum Model 2:00 
Scaler. Although this system appears suitable for use wit~ sa~c: 
soil, the shale and clay type soils found in southwestern Chio 
presented unacceptable matrix effects problems. 

Because neither of these systems provided exactly t~e req~ired 
·~apacilities, a system consisting of a a Eicron Corporati~n ::ve-:~c~ 
diameter, one-sixteenth inch thick Nai (Tl) detector couoled to a 
:avicson Multichannel Analyzer has been assembled. It provices ~~e 
necessary detection limit with a ~00 second count time when t~e 
detector is housed in a graded shield to reduce background. With the 
gain setting which provides best resoltuion for the 17 kev Pu x-ray, 
the energy range over the spectrum is lO kev to 100 kev. Therefore, 
the 60 kev gamma from Am-241, if pres~nt, is easily distinguishable· 
from the Pu x-ray. Thorium; whose daughters have a complex sa kev 
x-ray, can also be detected with this sytem. Large concentra:ior.s c! 
Am-241 or Thorium, greater than 100 pCi/g do inter:ere with 
concentrations of Pu-238 less than 100 pCi/g; however, t~is has ~ct 
?resented significant problems at Mound. 

Standard soil samples prepared with various concentrations o: 
?u-238 solution indicate a minimum detectable activity of 
12 pCi/g ± 50\. Approximately 900 samples were screened in the 
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facili~y for Pu-238, then analyzed by ~adiochemis~ry. ~he =~su::s • 
indica~ed ~hat a Type I error, ~hat il. activity gr~at~r :han 
25 pCi/g is present when the screening facility says i: is no:, ~as 
approximately 1\. A Type II error, that is, the screening ::c:~::y 
reports that activity is greater than 25 pCi/g when it is not, oc:~rs 
about 30\ of the time. 

Screening facility reports less than 25 pCi/g 916 
Radiochemistry reports less than 25 pCi/g 807 
Radiochemistry reports greater than 25 pCi/g 9 

Screening facility reports greater than 25 pCi/g 72 
Radiochemistry reports greater than 25 pCi/g 50 
Radiochemistry reports less than 25 pCi/g 22 

~ound is currently evaluating ne~ ~quipment that is expected to 
significantly reduce the interference :hat mixtures of radionucli~es 
cause in the screening facility. A Canberra Reverse ~lectrcde 
~voer:ure German~um detector with cortable multichannel analvzer has 
=een purchased. This detector has· a resolution of approximat~ly 
200 ev at 17 kev and an energy range from 5 kev to 1300 kev. 
Although resolution is much better, counting times are expec:ed to 
increase significantly. Therefore, this system will be used only. 
when the 9icron/Oavidson system indicates a mixture of isotopes is 
present. 
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PROCEDURE FOR MEASuREMENT OF PLUTONIUM AND THORIUt1 
IN SOIL SAI-1PLES USING THE BICRON DETECTOR 

I. INITIAL SCREENING OF SMPLE 

1. Log soil sample contained in a 5-inch diameter polyethylene container 

in a log book or locate the sample to be scanned and remove from t~e 

storage rack. 

2. Place the sample so that is is centered on top of th! :-~~~!': ~·!~~ter 

Nai detector contained in lead shielding. Place C:jver over the 

det.ector and count for 60 seconds with a sealer or 40 seconds with 

a multichannel analyzer. 

3. ~ecord the results for plutonium on channel 1 of the scaler or at 

about channels 85-184 of the Davidson 4106;nultichanne1 analyzer (:1CA) 

and for thorium on channel 2 of the scaler or at about channels 

400-499 of the MCA. (Exact position of peaks on the MCA shouid be. 

determined from plutonium and thorium standards.) 

4. Based upon the efficiency of the count, if the amount of plutonium 

or thorium activity is greater than 1 nCi/g (800 counts above background 

in channel 1 or 2000 counts above bac~ground in channel 2) do not open 

the sample and place ft on a shelf with "hot samples" and 1 abel 

appropriately. Recount the "hot samples" as described in Section IV. 

5. If plutonium and thorium activities are less than 1 nCi/g, proceed 

with the drying procedure in Section II. 
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II. DRYING OF SOIL SAMPLES 

1. Weigh the wet sample to the nearest gram. 

2. Remove the cover and place the polyethylene dish on an 8-inch watch 

glass; cover the sample with a 2-liter beaker {inverted). 

3. Put the sample in a microwave oven and dry for about 3 minutes. 
Check to see if the sample is dry; if it is not dry, continue 

heating in the microwave until the sample is dry. 

4. Pour the water collected in the watch glass and beaker into a 

25-ml lfquid scintillation vial. After the vial is about half f•Jll, 
the rest of the water collected can be discarded appropriately. 

s. Heigh the dry sample before pulverizing. 
, 
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III. PULVERIZING OF THE SAMPLE 

1. Crush the dried sample with a large mortar and pesta 1. 

2. Pass the soil sample through a 9-mesh sieve. 

3. Put the sample in the feed hopper of a Holmes Model 350 pulverizer 

with a 60-mesh screen in place. 

4. ?ulverize the sample and transfer to a 4-inch x 1-3/8-inch po1ye:~y1e~e 

5. ~eigh the sample and label for counting. {A sample.size of at 

least 100 g is preferred for analysis.} 

6. ?ass about 50 grams of salt or low radioactivity soil through the 

;>ulverizer, open pulverizer door, clean the grinding asse!!lbly ·with , 
a brush, and vacuum excess salt or soil so the grinder is clean for 

the next us e. 

• 
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IV. PLUTONIUM AND THORIUM MEASUREMENTS 

1. Shake the sample container to make the soil of ,approximately uniform 
thickness in the container. 

Z. Place a plutonium standard container centered on top of a 5-inch 
diameter Nai detector, which 1s contained fn a 1 ead well, and cover 
the well top with shielding. 

3. Accumulate a spectrum for at least 400 seconds and preferably 1000 

seconds on a Davidson 4106 multichannel analyzer with a gain setting 
of approximately 2.2 (corresponding to an energy range of about 
0-90 keV). 

4. Set the region of interest for plutonium (about channel 85-184) 
recording counts, and repeat step 3 for two more standards storing each 
spectrum in consecutive 512 channel regio·ns' of the Davidson analyzer. 

5. Repeat step 3 for a thorium standard and set the region of 'interest 
on the Davidson analyzer (about channel 400-499). ~ecord the counts 
in the thorium and fn the plutonium regions. of interest. 

6. Count a background sample and record the count in the plutonium and 
thorium regions of interest. 

7. Calculate the plutonium and thorium efficiencies and thorium cross-over 
from the following equations: 

EFF(Pu) • C(PuROI~ - B(PuROI) S( u) x CT 

EFF(Th) • C(ThROI~- B(ThROI) 
s( ) x cr 

Th(CO) • 
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where: EFF(Pu) and EFF(Th) are plutonium and thorium efficiencies, 
respectively 

C(PuROI) and C(ThROI) are counts in plutonium and thorium 
regions of interest, respectively 

B(PuROI) and B{ThROI) are counts in a background soil at ~he 
plutonium and thorium regions of interest, 
respectively 

S(Pu) and S(Th) are the concentrations of plutonium and t.~ori•.Jm 
in pCi/g of each standard, respectively 

CT is the count time of the standard 

Th(CO) t~e thorium crossover is the amount of counts observed 
in the plutonium region of interest from the thorium 
standard and varies with sample weight (self-absorption) 

8. Count at 1 east 100 g of sample centered on the Nai detector and record 
the counts in the plutonium and thorium recjions of interest. 

9. Calculate the plutonium and thorium concentrations in the unknown 
soil as follows: 

Th{pCf/g) • C(ThROI) - B(ThROI) 
EFF(Th) X CT 

where Pu{pCf/g) and Th(pCf/g) are the concentrations of plutonium 
and thorium in pCi/g in the unknown soil. Other symbols are 
given f n Step 6. 

EC is the correction of the thorium efficiency due to different 
sample weights. 
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COM PAP. ISON OF T~AILE~-1 5 ANC EriV IROfiMENTAL SECT! OM 
~ESULTS FOR PLUTONIUf.t-238 Irl SOIL 

\oiHh the increased emohasis a few years ago on the Site Survey and ~iaste ":"r~r~s~~ ... 
System ('.lTS) programs, it became apparent that a great many soil samoles ·Nou:d :a·,: 
to be analyzed for these programs. In order to accomplish this task, ;'= :>ecac.e 
necessary to put a system in place for drying and grinding the soils. screl'lni"'; 
the soils for high level radioactivities, and subsequent radiochemical ana1_tsis :~ 
the soils for radionuclides of interest, usually plutonil.ln or thorii.IT1. ::ui:::~e~: 
for dryiniJ, grinding, and screening the soils was set up in Trail ar-15 (7~-i :; . 

For screening the soils for plutonium or other radioactivities, a 5 x 0.:63 i~. 
Nai (Tl} (manufactured by Bfcron) detector \·es used with a portable mult1-ci'lanne: 
analyzer. The 0.01 in. Be entrance window, along with the very large detector. 
area, provided a highly efficient \'laY of detecting plutoniun L x-rays (li l(eiJ 1 

which resulted in very low detection levels ("- 12 pCi/g for Pu-230}. Since ':~e 
highest acceotable level of contamination for the WTS project was 25 pCi/g of 
;Jlutonium-233,. it was necessary to achieve a detection 1 irnit at, or preferaol y 
below, this level. ~adiochemical analysis of soils by the Environmental Sec~ion 
(ES} provided data on the accuracy ~f the Tr-lS results. 

Table 1. Comparison of Tr-15 and ES Pu-2J8 Results 
for tne period of July-December 1984 

Number of Sameles Anallzed 

Cone Range < 12 2ci 1g 12-25 2c11g 2S-5o 2c11g so-1oo 2c11g > 1 00 ::lC i I 3 

Tr-15 818 607 50 29 1: 

::s 817 594(<25pCf/g) 47(<50pCi/g) 27(<100pCi/g) 1 ~ 
(99.9~) (97.9~) (94~) (93~} 

A comparison of the plutonium-238 results from Trailer-15 and tr.ose obtair.ed by 
radiochanfc:al analysis (ES) during July-Oec:ember, 1984 1~ presented in Table 1. 
In this table are lfstld the number of samples found by Tr-15 to be within t~e 
concentration range given and the number of samples found by ES to be below the 
upper limit of this c:onc:entration range. There were 818 samples analyzed by 
Tr-15 to be less than 12 pC1/g, andES found that 817 (99.9~) of these sa~ples 
were less than 12 pC1/g. The one desc:repanc:y was 17 pC1/g which was close to t~e 
detec:tfon limit. Of thP. 607 samples reported by Tr-15 to be between 12 and 25 ~Ci, 
ES found that 594 (97.9~) were less than 25 pC1/g. For 50 samples reported by 
Tr-15 to be fn the range of 25-50 pC1/g and for 29 samples reported by Tr-15 to :::e 
in the range of 50-100 pCf/g, ES found that 93·94~ of t~ese samples werP. less ~~a~ 
the upper limit of these ranges • 
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rn general, tnis comoarison of ir-15 and ES results uo to 100 JCi!~ cf ; . .;::~~:.;:--
238 shows that Tr-lS has been an effective screeniM facilit·, ':o 1e!e~ir~ :-e 

. concentration range of ;ll u tonium-238 in soi 1 and' more impor~,J nt 1 J. :J es :3:::: ~ ; s
':hat :!'le concentration of plutonium-238 in a soil sample .Joes no: exce~ ~ 
soecific limit, such as 25 oCi/g for ~ITS samples. Resul~s of i!"-1~ .,a., ::e 
,igher ':~an those of ES if onotons from otner radioactivi:ies prese,: ·; ... :-e 
soil are detected in the plutonium energy region of the multi-channei ~na~_t:er. 
or if a "hot ;Jarticle" of plutonium is detected by the ~lai(T1) dHector :::..: "'0': 
analyzed in the 0.5-Sg samples taken fror.~ the sam~le con:ainer b:t ;s. ~1~ce 
rr-1~ may obtain much higher values for plutonium thanES in these instar.ces. ~ 
large difference in rr-15 and ES results would indicate that a particular sai:;:;:.: 
may need additional analysis for other radioactivities or tnat a "1ot ::ar:~:' e' 
may exist in the sampt e. 

Also oresentad in Table 1 is a comparison of samples which rr.lS founc -;~ :e 
greater than 100 pCf/g. For 10 of 12 sam~1es, ES also found t~a: t,e plu::~i:.;~-. 
238 concentrations we!"e greater than 100 pCi/g, and t!'le higher Tr- 13 pi ut::nium-
238 concentration for two of the. samples comcared to the ES ana1:tses may ::e 
exolained as previously discussed. GeneraliJ, the rr-1 c; and ES o1u:oni'Jr.'l-2:3 
,.esu 1 ts for samples screened by Tr-15 to contain greater t!'lan 50 pCi /g agr ee-J 
to within 25-30~ of each other. 

rt ~as concluded from this data that WTS samples analyzed by Tr-13 to be 1ess 
than 12 pCi/<J fo plutonil.m-238 and site survey samp1es anal;tzed by ir-15 ':o ::>e 
;reater than 100 pCf/g need not be analyzed byES. (V. R. Casella- 393C) 
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V • R • Ca s e 11 a , C • T • B is hop 

July 19, 1984 

Est1ma ted Error of Btcron Detector 
(Trailer 15) Pu-238 in Soil Measurements 

Bob Stought 

c. 
~1 . 
D . 
H • 
w. 
1 v. 

s. ::'riedman 
A. '.ihi<;ney 
s. Oraoer .. Meyer c.. 
P. Oavi s 
~1 . Garner 

Considerable data has been accumulated on the determination of 
plutonium-238 in soil by using the Bteron detector 1~ trailer-15, 
and by radiochemical analysis using an acid leach procedure. Sased 
on comparisons of these data, the following statements can be made 
regarding the reliability of the Btcron detector data: 

1. When the B1cron detector. indicates a plutonium-238 value 
of less than ZS pCt/g, radiochemical measurements will 
also indicate less than 25 pC1/g in more than 95~ of the 
measurements. 

2. Total estimated error of the Bicron detector measurements 
fn trailer-15 varies with the pluton1um-Z3S concentration 
in the soil and is as follows: 

Pu-238 Cone. Range 
(pCi/g) 

12-25 

Tota i Estimated 
Error• 

: 75S 
25-100 : 3Si 

> 100 : JOS 

n 

*'Error • ~ PuCHEM • PuBICRON 
PuC HEM 

X lOOS 

n 
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where 

n 

= Pu-238 concentration in pCi/; as 
measured by radiochemistry 

= Pu-238 concentration in pCi/g as 
measured by the Bicron detec:or 

= number of samoles measured by ~ot~ 
methods used to calculate error. 

Based on these results it is recommended that the following samples 
be analyzea by radiochemica1 ana1ysis: 

1. WTS samples found by the Bicron detector to be> i2 pCi/g ar.d 
< 50 pC1/g. 

2. Site survey samples< 100 pC1/g. 

As in the case of the estimated errors associated with radiochemical 
results. additional data will be accumulated as many additional soils 
are measured and the best estimates of the precision of the Bicron 
detector will be given to you before you prepare your final reoor:. 

If you have any questions at this time, give either one of us a ca11. 

~C(~c.i:_ 
V i to R • Cas e 11 a 

/." ;!"'"' 
I (.. I I · 

: A ~ ' 
\_. -"""\. . 

Ca r 1 T. B 1 s ho p 

/km 
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~n'>EG~G MOUND APPLIED TECHNOLOGIES 
OPERATION SHEET 

PROCEDURES 

N TITLE Plutonium and Thorium 
in Soil Usi the Bicron Detector (Soil Scr ) 1-1-88 

SUBMITTED BY ECN(S) INCORPORATED 

Unclassified 

1. SCOPE 

This procedure is a rapid screening method for the measurement of plutonium and 

thorium in soil. It involves the measurement of x-rays or gamma rays from 

these two radioactive elements with a thin sodium iodide detector. Plutonium 

can be measured down to concentrations of about 25 pCi/g and thorium can be 

measured to about 5 pCi/g. 

2. SUMMARY 

ML-130(6-89) 

Plutonium-238 (or -239) is measured by detecting the 17 keV plutonium x-ray 

with a 1/16-inch thick, 5-inch diameter Nai (Tl) detector manufactured by the 

Bicron Corporation. Thorium-232 is measured by counting lead x-rays at an 

energy of 88 keV. Soil samples are counted in disposable polyethylene 

containers 4 inches in diameter and 2-5/8 inches high. 

Standards were prepared by adding known amounts of plutonium-238 or thorium-232 

standard solutions to a soil that had been found to be free of these two 

isotopes. The counting system is calibrated on a monthly basis, but a standard 

is counted daily to evaluate the accuracy of the counting system, and to give 

assurance that the system is not out of calibration. 

A multichannel analyzer is used to accumulate counts in the region of interest 

for both plutonium-238 or thorium-232. A sample is normally counted for 400 

seconds, but can be counted for a longer or shorter period of time depending on 

the activity present in the sample being measured. 



OPERATION SHEET 
OPERATION TITLE SHEET MANUAL NUMBER OPERATION 

2 of 10 
Plutonium and Thori~~ in Soil Using 

PD-80030 1355 l 

2. Continued 

A computer program has been preparedto calculate the plutonium and thorium 

concentrations in picocuries per gram based on the sample counts and the 

data on the standards. 

If a high plutonium concentration is observed, reliable thorium 

concentrations can also be observed. However, if the thorium concentration 

is high, the plutonium concentration computed will not be reliable since the 

x-ray detected for thorium is higher in energy than the plutonium x-ray and 

its Compton distribution will interfere with the plutonium measurement. In 

general any high energy (> 17 keV) x-ray or gamma ray will interfere with 

the plutonium peak because of the Compton distribution. 

3. SPECIAL APPARATUS 

o Three Davidson multichannel analyzers, Model 4106 

o Three Bicron scintillation detectors 

o Three high voltage power supplies 

o Three Bicron pre-amplifiers 

o Three amplifiers 

o One IBM/PC with printer 

o Assorted soil standards in varing concentration of plutonium and 
thorium along with background soils. 

ML-1079A( 1-891 
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OPERATION SHEET 
MANUAL NUMBER OPERATION jiSSUE 

PD-80030 1355 I 1 
OPEBATION TITLE d Th . . S .

1 
U . Plutonlum an or1um 1n 01 s1ng 

the Bicron Detector (Soil Screening) 

SHEET 

3 of 10 

4. REAGENTS 

Does not apply. 

5. SOIL SCREENING PROCEDURE 

5.1. Gamma Pulse Height Analysis 

5.1.1. If the sample container is less than half full, weigh it. 

5.1.2. If the weight is less than 250 grams, record the weight. 

5.1.3. Place the sample over the center of the detector and place the lid on top of 

the shielded well. 

5.1.4. Check to see that the multichannel analyzer (MCA) parameters are properly 

set. (See Section 5.3 in this procedure.) 

5.1.5. Press the display button. 

5.1.6. Move RESET DATA/TIME switch up and down 

(this resets the time and date). 

5.1.7. Start the count by pressing the accumulate b~tton (ACCUM.). Normally the 

count time is set at 400 seconds. 

5.1.8. After counts have been accumulated, display the data by pressing the DISPLAY 

button. 

5.1.9. Adjust the marker location knob to give the channels corresponding to the 

region of interest for plutonium (example: channels 71 - 170). This region 

of interest has been determined from calibration with the plutonium 

standard. 

·~~--------------------~ ML-1079A( 1-891 
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5.1.10. Record the number of counts as displayed on the screen corresponding to the 

plutonium activity. 

5.1.11. Continue to turn the Marker Location Knob counter-clockwise to give the 

channels corresponding to the region of interest for thorium (example: 

channels 279 - 338). This region of interest has been determined from 

calibration with a thorium standard. 

5.1.12. Record the number of the counts as displayed on the screen corresponding to 

the thorium activity. 

5.2. Using PC for Calculating and Logging System (C&L). 

5.2.1. Hardware configuration: 

IBM or compatible PC 
640K of memory 
IBM compatible printer 
10M or higher hard drive 

5.2.2. Software requirements: 

dBase I II Plus 
DOS 2.1 or Higher 
Soil menu program to run in dBase environment 

5.2.3. Move switch on right side of PC up. (This will boot up PC.) 

5.2.4. When menu appears on screen, select key associated with Soil Data Management 

System. 

5.2.5. The Soil program (Soil menu) will appear. Select [D] Input Well (A,B, & C) 

Data. 

5.2.6. The next screen asks you to [enter cal date you are looking for). The date 

that you see is the last known calibration date. Press return. 

ML-1079A( I-A91 
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OPERATION SHEET 

OP'!f~f\:HNJJJ'Lfnd Thorium in Soil Using 
the Bicron Detector (Soil Screening) 

SHEET MANUALNUMBER OPERAnON 
5 of 10 

5.2.7. The next screen that appears is [Soil data]. 

Enter sample type: 

CONT .... : constructions 
SM ...... : SM building 
PP ...... : PP building 
HS3 ..... :hot spot No. 3 
Misc .... : miscellaneous 

Enter sample condition: 

This is always wet unless you process it 

through Bldg. 30 microwave. 

Sampler initials: 

PD-80030 1355 

This information is obtained from sample label. 

Enter collection date: 

Enter the date the sample was collected . 

Enter date screen: 

ISSUE 

1 

This is always the date on which you put the sample result into the 

computer. 

5.2.8. Input gross data from MCA: 

ML-11179A( 1-891 

Enter gross cts Pu-238: 

Enter the gross count from the (MCA) 

(ROI) for plutonium 

Enter gross cts Th-232: 

Enter the gross count from the (MCA) 

(ROI) for thorium 



Thorium in Soil Using 
the Bicron Detector Soil Screeni 

5.2.8. Continued 

Enter sample_weight in grams: 

6 of 10 

(Use 300 g when sample is not weighed.) 

Enter the sample weight 

Enter sample grid & location: 

Enter the remarks from the container 

Was the sample counted in A, B, or C: 

Enter the well where sample was counted 

PD-80030 1355 1 

NOTE: At the bottom of the screen will appear the calculated results 

for this sample. You may continue from here if the following 

conditions are the same: sample type, condition, sampler, and 

collection date. 

5.2.9. After this you will see the sample renumbered after returning to the Soil 

Menu program's main menu. 

5.2.10. To print the report, press [E]. Select the report best suited for your 

needs. 

5.3. Calibration of Multichannel Analyzer (MCA). 

5.3.1. Move the memory selector knob to position 1 (at 12:00 on the dial). This 

displays all 4096 channels. 

5.3.2. Move ROI/ALL switch to ALL. 

5.3.3. Clear all data from the channels by pressing Reset DATA/TIME up and down. 

5:3.4. Press ROI ENTER/RESET switch down to reset 

ML-IU79A(I-1191 
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. 5. 3. 5 Set the analyzer to the following: 

HV .•••••..•...•.... : 
Conversion gain .... : 
Mode ............... : 
Offset ............. : 
ULD ................ : 
LDL ................ : 
Gain ............... : 
Time ............... : 
Memory location .... : 
Data ............... : 
Time ............... : 
ROI ................ : 
PMT-AMP ............ : 
CNC-F-ANC .......... : 

+ 1100 volts 
4 
T 
off 
10 
0 
variable 
(400) variable 
1-8 (512 channels) 
add 
add 
variable 
AMP 
F 

5.3.6. Move ROI/ALL switch to ROI (Region of Interest). 

5.3.7. Place standard No. 1 into a detector well. 

5.3.8. Move the memory selector knob to position 1 of 8 (the memory selector knob 

must correspond with the standard ID). 

5.3.9. Press the acquire button and accumulate spectrum for a preset time. (Repeat 

step 5.3.7 - 5.3.9 until all the standards have been counted.) 

5.3.10. Move the memory location knob to 5 of 8. 

5.3.11. Set the ROI/ALL switch to ALL. 

5.3.12. Move the marker location knob right or left, to find the peak, and place the 

CRT highlight over the entire peak area of interest. 

5.3.13. Press the ROI ENTER/RESET switch to enter. 

5.3.14. Move the ROI/ALL switch to ROI . 

ML- lll79A( 1-89) 
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5.3.15. Move the marker location knob until the ROI channel and gross counts appear 

on the top left corner of the screen. 

5.3.16. The number to the right of the "-" is the gross count of the standard. 

5.3.17. Move the memory location knob to 4 of 8. 

5.3.18. Set ROI/ALL switch to ALL. 

5.3.19. Position the marker location knob on the entire peak of interest. 

5.3.20. Move ROI ENTER/RESET/ switch to ENTER. 

5.3.21. Move ROI/ALL switch to ROI. 

5.3.22. Move the marker location knob until the ROI channel and gross counts appear 

on the top left corner of the screen. 

5.3.23. This is the ROI for the plutonium standards. 

5.3.24. Move the memory location knob to the next location(s). 

5.3.25. Repeat steps 5.3.18 - 5.3.22. 

5.3.26. Move the memory location knob to 1 of 8. 

5.3.27. Use the ROl channel previous setting (highlighted area) to set up 1 of 8, 

unknown sample region. 

l\fl-1079A(H19! 

• 



• 

• 

• 

OPERATION SHEET 
OPERATION TITLE RHEET 

Pl~toni~~ and Thorium in Soil Using 
tl-te o~..-~...,., n.,.t-.,.l"'t-1"\r (C.r.~1 c.,..r.,..,..,;..,,.,.\ 9 of 10 

MANUAL NUMBER OPERATION 

PD-80030 1355 
ISSUE 

1 

6. CALCULATIONS 

6.1 Calculate the plutonium and thorium efficiencies and thorium cross-over 

from the following equations: 

EFF(Pu) c CCPuROI) - BCPuROI) 
S(Pu) x CT 

EFF(Th) c CCThROil - BCThROI) 
S(Th) x CT 

Th(CO) c CCPuRQI) - BCPuROI) 
C(ThROI) - B(ThROI) 

Where: EFF(Pu) and EFF(Th) are plutonium and thorium efficiencies, 

respectively . 

ML-11179A(I-R91 

C(PuROI) and C(ThROI) are counts in plutonium and thorium regions 

of interest, respectively. 

B(PuROI) and B(ThROI) are counts in a background soil at the 

plutonium and thorium regions of interest, respectively. 

S(Pu) and S(Th) are the concentrations of plutonium and thorium in 

pCi/g of each standard, respectively. 

CT is the counting time. 

Th(CO) - The thorium crossover is the amount of counts observed in 

the plutonium region of interest from the thorium standard and 

varies with sample weight (self-absorption) . 
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. 6.2 Calculate the plutonium and thorium concentrations in the unknown sample: 

Pu(pCi/g) _ [C(PuROI) - B(PuROI)] - [C(ThROI x Th(Co)] 
EFF(Pu) x CT 

Th(pCi/g) _ C(ThROI) - B(ThROI) 
EFF(Th) x CT x EC 

Where: Pu(pCi/g) and Th(pCi/g) are the concentrations of plutonium and 

thorium in pCi/g in the unknown sample. Other symbols are given in 

Step 6 .1. 

EC is the correction of the thorium efficiency due to different 

sample weights. 
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Table 8.1. Summary of Available Boring Logs for Core Sampling Locations 

CQorginat~§ Bedrock 
South West Reached 

2470 3760 No 
2100 4140 No 
2275 4140 No 
2400 4520 No 
2700 3760 No 
2700 4140 No 
3000 4140 Yes 
3300 4140 No. 
3000 4520 No 
3650 3760 No 
2700 4750 Yes 
21008 38608 _a 

3000b 4900b No 
33008 37008 a -
2700c 4520c No 

8 No boring logs or data available for these coordinates. . 
b Although a boring log and surveyed coordinates are given, no data are available. 

Corresponding 
Map Location 

0098 
0105 
0113 
0117 
0180 
0181 
0182 
0183 
0188 
0203 
0262 
NA 
NA 
NA 
NA 

caoring log available, but coordinates were not listed by the surveyor. There are also no data available for 
these coordinates. 

NA - Not applicable because no data are available . 



Table 
8.1. (continued) • Qoordinatg§ Bedrock Corresponding 

South ~ Reached Map Location 

2400 3000 No 0076 
2400 3380 Yes 0097 
2700 2620 Yes 0147 
3000 2620 No 0158 
3100 2620 No 0159 
3300 2240 Yes 0161 
3300 2620 No 0162 
2700 3000 No 0170 
3100 3000 Yes 0172 
3000 3380 Yes 0174 
3300 3380 Yes 0178 
3600 2240 Yes 0194 
3600 2620 Yes 0195 
3600 3000 Yes 0199 
3600 3380 Yes 0201 
3300 3000. No NA 

NA - Not applicable because no data are available. 

• 

• 



Table 8.1. (continued) 

• Coordinates Bedrock Corresponding 
South West Reached Map Location 

1500 1480 No 0001 
1200 1860 Yes 0002 
1200 2240 Yes 0004 
1800 1480 No 0005 
2100 1480 Yes 0006 
1800 1860 No 0007 
1800 2240 Yes 0018 
2100 1800 Yes 0022 
2400 1860 Yes 0033 
2400 2240 Yes 0045 
2100 2620 Yes 0067 
2400 2620 Yes 0075 
1500 1100 Yes 0248 
1500 1860 Yes 0249 
2100 2240 Yes 0256 

• 

•• 



Table 8.1. (contiuned) 

CQQrdloat~ Bedrock Corresponding 
~ ~ Reached Map Location 

1255 2931/2930d Yes 02508 

1525 2589 Yes NA 
1670 2516 Yes NA 
1792 3009 Yes NA 
1743 3404 Yes NA 
1447/1445d 3016/3015d Yes 02528 

1505 3428/3425d Yes 0255 
2151 3011 Yes NA 
2185 3362/3360d Yes 02608 

1323/1325d 3631/3630d .Yes 02548 

2400 .. 1860 Yes 00338 

2700 3760 No(?) 0180 
NE1 NE1 Yes NA 
NE9 NE9 Yes NA 

dThere were descrepancies between the coordinates given In the boring logs and these given in the 
tabulated data (Appendix F). The second coordinate is from the tabulated data. 

&the sample depth for the samples taken at these locations was given as 3 ft. However, the boring logs 
show maximum borehole depths as 1.5 to 2.5 ft. 

1This location Is described as next to the perimeter fence at I Building. 
9This location is described as South of trailer 7G. 
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Ro..ck..Corina ll't- .......... 
Std.-. Pen. Tea~ .. . . L~-· ' . 

! 

-···-·· -- ... -~-- ... ···- -·-~··· 

Access Time 

Rock Coring Hrs. 

SCALE • 
.;, . -~ ·' ._, 

Rock Pressure ~ests I/.. !"""'' 
Roek · Press-.--Test-i- Hrs. --- ·· --··· r--·- ·---···· -------· · -----·· -··- ·-·- ~----- --------·-· ···--···- --- -· ·- ··· 

Hauling Water. Brs. 

Pumping Water. Ft. 
-- ~-- -'·-. -~~---· ... ··-··-· ··- -- f---- ,.--- ··- ......... . •.. --- ___ ..._ -- ~-

No. of Core Bo~es 

WAT~ PIPE INFORMATION 

Size of Bipe 

F,. of Pipe & P.oint. 

F¢. of Guard Pfp_e 
I i . • 

Bar·af--samt·--~---·-····-·· ·- ----~--~-- -----····· ---·-·- ----r------- ______ ,_ __ -t---···-

Bags of Benton~te 

Time Developing_ I 
----· ...._.. 

; !ROUT INFORMATION 

Bags of Cement : 'j 

B4.u. o.f Jleutodt.e. -·· 
Bags of Sand 

Total Time 
I L_L . --------· ---------.. +,-·r-r----i--------+--·+---+---- ,____ --·-·· --t-···--··. -··· 

; I CB.UGEABLE O'l'BEB. TIME 

Date l 
I 

Staking Time 
--T ~- ........ --- ----t- ··- -·-·'+ 

Da±lyT~- . ··-----
_; .. ,...,. .:..e· ... ~ .'!. 

Daily Miles,·. -Rig_ -
-~ . -_ ~ . 7 : . . .; ; -~ ·~ _ ':,i _; 1 A .,_. 

. ::... -
i Daily Miles. No Ri& ---- 4--·· . . ........ ! 

Supervisiaur .. , ':···· - · · · I 

• . ·- _: __ _ .. - I·-· .... - .... _ .. ___ ·-··---t .. 
. -'-' . ..,..., 

Dozer Hrs. 

l 
i I 



• 
LOG OF BORING No. (!!:' I ~A _.., ~ .. ' z. / tf;Jr:)~- 0 ~"' ........ 

I ?-2 2.63"?--- . . 
laORINGCOCATION•,~ ~~.-/,..~ 
[sURFACE El.EVATION: . 

ST•ATUW 
OESCRII"TION 0~ WATERIAL. 

s ..... ,.._!. 
I lfC ! ' 

...,D[ I 

DATE STARTED://-6 ~ ~ 

DATE COMPL.ETEo//-6' -1'4( 

'·..," ' 5 a ... .:t ... £ 9 ~~W5 O[Q 

6 .. ON a~:: .. s •E::•t•• 
~ ...... "~£· :• 

I 

i 
I 
I 

I 

I 
.. i 

;V~ 
~· ~~~--~~------------------------------~~~~~~~~~~~~._~~~~ 

•• 
D•ILLING MITHOD: fJ6-/k~ . .:.;r::~ 
D•ILLU: ~ tJ- G,j 

JOI NO.: 4:& 2 dtJ 

2Bl2 

INITI:A::~~~S.~~l~ ...... . 
COMPLETION DEPTH: .. (/.~ ... . 

DEPTH AFTER /'~ HRS .. r... 

TYPE SAMPLER: 

Ji{ 4. SPLIT VOON 

c 8. 

;-' C. S~ELB'I' TUBE 

BOWS.ER-MORNER 
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BOWSER·MORNER, INC. .:;:ti ~;··~-·--:~H~N; : __ : 
P. 0. Box 51 ;.;.....:.:.-----L---- ~F---+------

OAYTON. OHIO 45401 CALCULATED av ___ _,,t-k"--.c..k:.....!...._ o•re //.--6-0-d. 
(513) 253·8805 ~ 

SCALE • , R,..... -· · · r..:z~t~t .s-J~t?t~ ~v ~---· 
~~.lig_·------f&...£..:.~-~~-+---+---+---+---+----r--+--+---l 

Sni 1 Borin a Fl" //-~~olf) 

Std .. Pen. Tests ;r··. 
Shelby Tubes· ·········· --~- . ---- - . -- . . :. ' 

Access Time 
ROCK CORING INFORMA~ 

Rock Coring iirs. 

Roc~ Pressure Tests 
............ -···--··--- -·· - --1--·-·-- .... _____ ---·-·1-·---·--· 

iiauling Water, Hrs. 

Pwapirut Water. Ft. 
NcL.afcoreBoies-· ____ .. ______ --------- :::-~-- -------f--·-·f-------------· 

WATER PIPE INFORMATION 

Size of Pipe 

Ft. of Pi~e & Point. 

~F~¢~-~o~f~G~ua~r~d_u~.i~~P~,e~------+-~~--~~--~---+----~----~---+----~----~--+--4---~ .• 
Baxs··of·Sanct····--·-·-- .. · · ------ -·· -......-..!-·- ··-·· .. ··- -----·--- -·-···-- -----

Bags of Bentonite 

Time Developing i 

Bags of Cement 

B..... f B ·"·t ~CIAe. o . . enton.-~t .L .. __ 

Baszs of Sand ... 

Total Time ! 
l 1----r-- 1--:----- 1- . ··- . - ~---f------~ -· --· ---+--· -

i,. . j CHARGEABLE OTHER TIME 

Date I 
·1--··-- -~-

Staking Time 

Da±ly- T-raver; ·Hrs-. · ·- · · f- ... - ..... .1. 

Daily Mile~, Ri8' · ·. ·1 ::· ...... : :.: .:. ·· .. ~ . i "· ... ,. . ~· . . . .. ~ ~= 

Daily Miles, No Rig_ ! i 

Supervision· ... ·. .. . 

i I 
! . I· .. __ .. - .. L. 

; 

.·.-. . .. "" I • Dozer Hrs. 
I 

i i I 



LOG OF BORING No. 

Z~Zf; .!P L 
e.<;'tJtJS -;a~o "<./ 

• lORING LOCATION•?/-:;-~~ ' 
oue su.neo//-~,2 y· ; 

' ! 
' 

DATE COMPLETEO://-..i ..... <ff"' ' 
SURFACE EI.EVATION: 

' ' 

ITUTUW 
OE:SCRIPTION OF M .. TERIId .. : s• ... •u J ! 1 ~ows ~t~ ' "Oj" , ...... "~[ ! SA .. I'~E I 1 •o a 

OEI'TII 
6" ON ' I LOWS: •tc~vt•• 1 

lOlL CLAJI,ICATION JYST(W: i ~·r : , ..... ,~ i ,. . ! 

I 

-II a [/,I] ~,_,.a~· 

{7 //~ ~~ ~ 
.u,A ~ ~~ 
~2~ /. 7. V# t),t)-;1 -~ 9-f.fl-90 s;-;_ I/~# IJ..,__ .... - ~ -~- ~ 

~.&/ -£ "Lt£{/ ._...;_// ~ -4 
f9f" ,,.__.. .... ~--....~ 

~~ 
,_. ·r 
~ ~A s:'' , 

~0 ll.t:-£-<? ~, ~' 
--

~.h' ~dxD 3/-3 Z- t;;3 /Z" 

~~A ...,,;.A_,_ ~-"~Y ~,.o 
v / 

~,A,~--n 
'/ ~ 

-

DIILLINOMITHOOt~~, WATER OBSERVATIONS TY'! IAM'LI,_: 

INITIAL DEPTH: ..... .1.1.~ ......... .R•· I'LIT ''OON 
_DIILLII:i//( -/)j' COMPLETION D!PTH: .. //~ ....... 

,. 
0 •. 

JGa NO.: 'f~W- --~ DEPTH AFTER .. /!:::. .. HRS.~ .. 0 C. IHII.I'I' TUII 

••• BOWSER-MORHER 
2Bl2 



BOWSER·MORNER, INC. 
P. 0. Box 51 

DAYTON, OHIO 45401 
(513) 25'3·8805 
---------------·-

JOB - ?-¥~~~===~==========~-,,- :e•r·.J::~~:~:~'- d ::, .0-.:>-J?%? 
~--=-=--===~=====~~g~AT~E~-·--=----------

SCALE 
.. ":". ! .:.. . .. ;; ;,.~. :: .: 

Roclt. Cw::in.a-...E.t.-.. ___ ::-: . f--·. _ 1-· ----·· ·--·-·-··. ··- .. . .. ~- . . ..•.. -----· .. .. --- --1-- . 

.. • : ! ..... , :.: ... ~ . :; :. ::,.: "': 

-- ----- --. - - ... ·-- ··--···- - ---- .. .;_ ___ : __ _ _:;_ __ ;.: . : ... 
-----·····~. 

• 
Adcess Time ,25 §~ f Lb~.~ A~ c/~-

ROCK CORING INFORMA~N 
.:-A .L., .:,.~~v ~.J?::V 

v ~ 

' ' Rock CortnR Hrs. 

RQck Pressure Tests 

···l--. --t--·. .. --r----r-· 

Haulin2 Water. lirs. 

PJ.ping Water. ~t. 
---- -t--NcL of cdre Bolles 

-- ·-- ---~- ... -.:i ···+-- ·f----1--.. 
WAT~ PIPE INFORMATION 

size of aine 
! .i : 

Fd. of Pi'Pe & P.oint. 

Time Dev~oninJ I 
t·· .. 
i 

---. ·- .. _.....__. - -· ·-· -~ - ~-GROUT INFORMATION 

B~2s of dement l 

I ---- '---· 
BaSts of Sand 

Total Time i 

T -
I 

·---~ 

··- --- ---· 

,. I ' o 

i. ------ -~,~--------.._-+-+-""'!-- r-+---r-··-+--+---+----- ---t----t ---~ 

I 
, I 

Dai1 y Miles. No Rig, : . ..: 

Supervist.n~ '" · ~ .. l 1 --

Mari-BU·:,:-~:;.·"-."ft--:· ;:--,---. ·· · · 
, -' , \ol ·• I ... .. 'J '1;1 

Dozer Hrs. 

I 

l CHARGEABLE OTHER TIME 

----~-

·1---· .L ····-·- - t-- . ·-f-----. --•-

·- Jlo ·"''; 

'"'-:-·; ~ • >lt ... .,. "l ' ~, .... : 

·----····-;·-·--·-· --·- ··-,-·····---- ---,-. --r--+ 

l 
I 

i 

i 
i 

. ·+--···-I-- . ~ ! . 

.. Q,"-1 

__ ...._ __ l 

.. ~.' 

-
-
-

• 
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~I 
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LOG OF BORING No. . 
Z91JPS- Zzy-t~&U 

IORIHG l.OCATIOH-f/' ,4,_,(ii/~<&iJ~ 
$URFACE ELEVATION: 

0£SCRIPTIOH 011' MAT!AIAI.. 

101~ C LAU"I(AT ION SYSTtM: 

DIII.I.INO MITHODt ~~~ .o,;z!; 
,., ....... ~~~ -B f 

2Bl2 

~ 
:2r .. 

. -· 

WATER OBSI'RVATIONS 

INITIAL O!PTH: .. 6..r.Q L~ .. .. 
COMPLETION O!PTH: .•. Jt!.:I:M(. ..... . 
OEPTH AFTER ... ~ HAS: z.=. 

DATE STARTEo//-S:..8 y 
OATE COMPLETEO://-,.:-... i' '/ 

1 ~ows ,.,. 
6" 010 

5AWII,.(I 

H~~~o• < $jtlll.t.,( 

•~~·..-s1 ' •rc:lvr•• .,. ~ 

TYitl SAMIIILU: 

~ A. lltl.tf lltOON 

cr •. 
CJ C. 11'111.1'1 TUU 

BOWS!R-MORNER 



BOWSER-MORNER, INC 
" 0. Box 51 

DA'< ~.OHIO 45401 
(5- .3) 253-8805 

Rock Corinll_ _ Et...,__ 
-:_. =Jr..: ....... ~ 

Sto~~Een. 'tes%2S •. · .. ~ 

JOB ~~3~=============---
, IA '"'l,.;•cc.:::. ~~i - .... , ~ 

..._., ' 1 T" ·~HEll!'!' N@r.l.i::...:..J ______ ~~~- OF -r-------

""r ·~ 
(I j·; .. 

C · "JL.lTED 8Y ____ _72_z¥ 
> 

____ ...£.!': ·!.!~E;,W.Q.Ji.BY.!.==~==-====--=-=-lDIJ~.l~~-;...------r---
SCALE 

f-- .. .----

Shelby TUbes·-------· r - ... .__;--+---·-+---~----+---<_,_.-i·--<'-··..._·--·-;~·.;..· +---.j...-, 

I ! ' ROCi CORING UITORMA'lfoN 

-:)_ock Coring Hrs. 
-~~~~~~~~----~--~-+-----+----~----~ --~----~----~------~----+--~ 

:ck Pressure ·~ests - ...... 
' 

------~-----+---r---~;----+---~ 
Koe*-Pre3s.--~-ar~. 1-· --- --

Hauling ~ter. 'Hrs. 

j ! 
--1--· ----- ..__i --.....-r.-

1 • 

---- --- _., 
! I i 
; I t ! WAT~ PIPE INFORMATION 

size of ~ipe I ! 
j 

I 
' Ft. of P:i~e & ~int. 

i I Ft. of GUard P~e I ! 

- j_ 
- -~f---·-- -. 

I I 
' 

' 
i I --- ' - .. -- --qaoUT INFORMATION I i 

i .. .. -· . -;~. r-----, 
B4ss of ~ement 1 i .. 

~ : 

! ' : 
B~ _of _Uen.t._on:ilte J i ... 

i 
; i 
i : B~szs of Sand 

I ' ; 
i I I Total Time 

: I 1-4 ~--- ... ·- --'--- --L---------+---,'r---t--t---i~l---i----+----+------+---+----+--~t---·-
1 ' 

I ! I CW~EABLE OTHER TIME I i 
i I 

I j D~te .i ! 
.. ·-t 

i ' 
, .... --

Staking 'lii.Dle ,; ; 
I ! ---1--.. 1 Da:tiy-"'· · • • ~-._.... - -~ 

! I i 
.0( 11T3111 "~I I JIAO i 

l ... • ... - ----

D.il_y_ Miles, No Ria. ·-
, ,.,. ~· . '~'~• ; I 

l1Tq::o,.., -,.r ·~~· o.t'\"1: 
1 I ·l'l ~ •• :1~0 i 

-~ 

S~pervis~QUr .·a .3~-<.1 , -·-

' ~-- ---+--·-· ·----+--1--+---+-- -···- ·----f-- __ ____J 
r ~· ._,,..,. r _,,_ '-1~ 

Dozer Hrs. 
I I ! il I ! ; i ~r~~ 

I : ; l 
I I 1 I 

• 

• 

-

• 
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LOG OF BORING No iJ (J tJ s - z., 6 z, ~ w 

BORING I..OCATION:'ll ~ ,fi~~~ 
I SURFACE ELEVATION: 

STIU.TUW 
:lESCRIPTION 0~ loiATERIAo.. 

. SA""'P~[ 

, ~o ~ 
. ..._, P[ 

DATE STA~TEO: ~~-h ~it 

DATE COMFI..ETED://~~ -~' 

a~'-' P£1t • .. ..,.. s· .... •~t 
6" o• a~:•s ·~:=·~·· 

s••·"''~E• 

• 
I 

-I..J ..12-l ~I 

DRILLING METHOOyY"~.ez!; ~ 

DRILLIR:~/'1-~f 

JOaNO.: z~ 

2Bl2 

WATE~ OBSERVATIONS 

INITIAl.. OEFTM: .. -~ /?IJ._., 
COMPI..ETION OEFTML~ ......... . 
DEPTH AFTER ~-·· MRS. ~ 

! 

I 
I 
I 

~~~~ 

TYPE SAMPLEQ 

~- SPLIT SPOON 

Ca. 
L__j C. SHfi..BY TUBE 

G. Jl 

BOWSER-MORNER 



BOWSER·MORNER, INC. 
P. 0. Box 51 

OA VTON. OHIO 45401 
(513) 253·8805 

CALCUI.A TEO SY ----, 

--------- ---...ot--- .. ---- _ CHE(fi{EO.SY_,....,..,._,.,_,......_.......,._.....,..,_ O"T'E 

sc e AL 

BnT'incr No 
.. :: :" 'zict) >- 2 t6~o~V' 

C:l"l<t1 lY-l'l"i"r. lh· - /,P,t) 
Roc.k....C.OriJ:ut.. _J!.t..._ . ---- - .•. -· . . .. -- - .. . -- - . - ... -

Std.- Pen. '!ea.tlS ~ I 
! 

Shelby Tubes· ------- .... ,. ._.,.... : .. - ---

Access Time ,zS' fft/&;.v. ~ ~;?o ~ - "!,_~. Ar. """ 
ROCK CORING INFo~rioN ?! 

Rock Coring Hrs. 

Rock Pressure :te:;ts I 

R.oelt-IL.restt--.r-te!K. ir!t. - -· . - . .. - f--·- --·· 1------- -"·"··~-- ··- -·- -·. 

Hauling Water. .Hrs. 
pnan-tnc:r Wauer. Pt.· 

:...----'-·------+------------ .. -~--- --· --- -- --
~ ~" ' - . ·- ... ~--------· --··-· . .. .. 

No. of Care Boaes - -
l . WAtBB. PIPE INFORMAtiON : ' 

I 

size of I!ioe I ; ' 

Fe. of Pi~Pe & BoiDt. 

Ft. of Guard P::Jloe ' 

am-or- I .. ~- ... 1------Sand ·--······· • t-··· . ----- ''" .. ··-···-···· ----- ·- ---·- . ---- t-· I 

I ; 

Bags of Bentonite 

Time DevEilooinJi .I 
. ·--- ..... --- -~ -- --· -,..... ......... ,._. __ ----r--· .. --- -··· .. _. .. . . -- -- ..... _ -.. ----·· .. - . ... ... . - GROUT INFORMATION 

Bags of aaaent ! ! I 
I 

Bus o.f 11-n· ..... --~~ ..... i -... -... . ... I - .. -- --- - ---- . .......... ·····--···- .. 

Baas of Sand . ' 
I 

Total time . ·.;I• i 

··- * .. _. ···-- -- .. ~-- -- ··- ... -· ····--- -·- ..... -~ --- ··-- --·--.- ··-· --·1 . ~ : 

i l . 
I ·"'1 f CB.ARGEABLE otHD. TIME 

Date I d I 
... . .... ..,. .... -.. . ·- - -- . -- --··- ..... - .. ... ·-·- ---------- - -- .. ·- ...... -· 

. Staking Time 

Da:Ur 'ft't"'ti·;-Hrtt-.- ··--· --- --- - .. --····~ --- ·-,. . .. .. -· ,.._ .. ... " .. . -.... 
~ . ; ... *''- - . . : ~ ~ ... - I I 

. .. 
Daily Miles; 1.1& .. ; . .. 

! i>aily Miles. NoB.iK. ... i 

SuDervisieu~ '"1 .- • > - .. I . -. 

-~· - l'!T • ..; .. .r "'"'- ' 
.. I -··- ........ .. t. Man 1-. • I 

.. .. ,., - .. - .. - ... I ! I Dozer Hrs. ; 
! 

' .l l ' 

I 
. 

i 

I 

I 
! 

d"~ 
v 

! 

• 
i 

• 
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LOG OF BORING No. W 
~i((JOS- ZbLO 

Z9Z 

lOR lNG LOCATION: "" b,.e, ( (}A.t.d) 
SURFACE ELEVATION: 

STU. TUM 
OESCI'!IPTION 011' MATE1'!141. 

501~ CL415"1CAT!ON SYSf[ ... : 

: ~Atwtft\,( 

1 -.o 4 
. -.oc 

~~~.-;u~. 
• 

./~t) 

DaiLLING MITHDD1~.Jw ~ 

DilL &.fit:~" _,J 
WATER 08SE~ATij, 

INITIAL DEPTH: It~ . ./~ ...... ~ ....... . 
COMPLETION DEPTH: .i.~o/J. ............ . 

JOINO.:l.~ DEPTH AFTER .1!1.... HAS.+.:. .. 

o•Te surneo/ /-6 · 8 <f 

OA TE COMf:ILETEO: 1 ;. b - i r 
!~')W'J ll'£tt ...... SawO,.( 

6 .. ON : B:..:•S •t:::•t•• · 
s•w•!.!l ~· 

,, I 
I 

. , I 
II 

II 

~ .z't ~11 

TYPE $AMPlEQ· 

;X 4. $Pl.. IT SPOON 

c •. 
C C. SHELBY Tli8E 

BOWSER-MORNER 
•.. 2812 
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BOWSER·MORNER, INC. · · ~- .~' ~ ~ ~~H"Nf NW.'::::... -=-' ___ _;/~--- 0~ _ ___,..._ ___ _ 

P Box 51 
OAYTC: OHIO 454: CALCULATED av___ Qz¥ 

(513; 253·8805 

SCALE • B~rfna~~------~-:_·~-~---~?~~;~~·~;·~~"--·~-~~.eo~~~~----r---~--+---~--~--,_--4---~ 
S~H B~rina 'Ft · . .. l/~,1:) 
Rack. Coring., .. ~.t. •. 

Std. Pen. Tests ~--
; 

Shelby tubes - ·-- -·····-~ ... --· 

Access Time 
ROCK CORING fNFoi&ATION 

Rock Coring Hrs. 

Rock Pressure Tests 

Rock·Pres&·.-··-!e~K-;·-Hrs-.- ·· · · ··· ---·- .. --~------·· f-····-·- - -· ·-···--·· -. 

Haulina Water. Hrs. 

Pum~ing Water. Ft. 
- --- .;._- ... ··- --- ..... ·- ··- --- - . -· ·-· --·--·· ---···- . ·- --·-. ···-··--- ---- -·· --· . ---··· ... 

No. of Core Boxes 

WATER PIPE INFORMATION 

Size of Bipe 

Fi. of Pi~e & Point. 

~F~t.~o~f~G~ua~r~d-~~.i~~~·e~------+-+-~--~~----+---~----~----+---~----~----+---~----~ • 
Ban ·of Sa:mt-··· ~--·· --------·-- -- ·--.l.. ·- · ... -. ·- . ····- ·- --- --·· ,..... _______ --- ·-- .. . . - . . r· .. 

Bags of Bentonite 

Time Deveilopi I 
GROUT INFORMATION 

Bags of Cement : 

Baas of Sand 

Total Time 
- ------------t-1·-- ...._...._ __ ---'------·1- ·-----~----- ----~--- r-·---l-- ~ t-·· .. 

CHARGEABLE OTBD. TIME 

Date 
. --··. 

Staking Time 

Daily 'rravel ,---Hr~.- --- -·-+---1--·- ·· · ·· 

Daily Miles~ llg : ; . . .; . ~ - ... ~~ ; : ;.. ~:; .... ·' ·• 1" .. ... •• ~ 

,- ... .... ~ 
Dally Miles, No Rig, -· :· . .: . . ..... - .. .. ... •.. 

l 

Supervision· -., '··< · I • Man lh:s ., .· Clear.i&lri. · _ 

Dozer Hrs. 

, _______ J i --- ..... L 
i 

I 
i 

I I 



• 

• 

• 

.. 
LOG OF BORING No. 

~'/DO S Joco ~ 
"' 

BORING LOCATION: A$ OdtF:~~() 

SURFACE ELEVATION: 

SUATUW 
OIESCRIPTIOH 01" MATERIAl.. 

101~ CLAU.,ICATION SYST[W: 

Wf:-ATtl !=1t r.-~ 4-ll 
"'-/ I-I i1·1/? ~1~1-4/E 

.,? doll ~I 

'fit l·l!tf/' P1 

\ 
\ 

DRILLING METHOD:. WATER OBSERVATIONS 

TIJ- JP· .. . ... ~ 
iNITIAl DEPTH: .... If' f) .... ........ 

DIUl.l.U: COMPLETION DEPTH: .W11'/I.f:. ...... 
JOe NO.: ;_f;.'l' DEPTH AF~ER .. N.... HRS ... r. ... 

2812 ~- DI.Ut/Y vf'J l'e.QdlJZ 

DATE STARTED: /() '#.'/· -cy 

DATE COMPLETED: J&J ·~ 'f· ft'tt 

. 

ILOWS '[I 
&" o• 

su•,u• 

TY!'E SAMPlER: 

~- SPLIT SPOON 

D e . 

U•"L[ 
I[COV[I• .. 

I~ I• 

/,; . 

0 C. SHELBY TUBE 

BOWSER-MORNER 

. .. 
' . 

. .... : ... :'fl. 



LOG OF BORING No. 

I 
d"'fnJ -.s - .3 1 ~ -'v 

! BORINCi LOCATION: ff5 o,·~crF~ 

I SURFACE ELEVATION, 

DATE STA~TED: I0-.:).;:2... <6'Y •• ! 
I 

DATE COMPLETED: /0 ·r:J.J- ty l 
STIUTU"' 

OESC~IPTION OF' lo4AT_E~IAL 

SOl~ CLASS.,ICATIO~ SYST[.,.: 

I~ A""'P:..t; 
i •o a j 
! TlrP( I 

SUAP~( 

OEPTN 

ORIL LING .-ETHOO: f./.~, A • 

ORILLEA: f ~ - J p 
JOI NO.: ;)_ ~ )_ ~ 7/ 

2Bl2 

¥ 
~IJ-J- JA d-4 •/._/ 

t.. 'm ~~7Z'.ve 

t,4- tJ.S· 3 
- -- -· 

JJ4- w·t 

WATER OBSERVATIONS 

INITIAL DEPTH: .. CJ. .• {J_ ~ ....... . 
COMPLETION DEPTH: .. IJOI{~····· 
DEPTH AFTER U .. . ~RS .. r.. .... 

I 
1 81.'*5 P(O I ""-1 •• SA MA'1,.( 

I 6 .. o• 
! SA .. Pi.[O 

BI.J*S OECOV(O• ' 
r T : .,. : 

.r-s ._s- (0 ,-..., 

1aulr I~ 3., 

iYo- ~~ IUV~ /0 
.. 

TYPE SAMPLER: 

~·· SPLIT SPOON 

0 B. 

U C. SHELBY TUBE 

I 

• 

BOWSER-MORNER • 



• 

• 

.; 

LOG OF BORING NO • 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

lORlNO LOCATION: 
.s 
w 

24~ 
37~ 

SURFACE ELEVATION: 7~~.3 

STitATUM 

f--0.0' 
1 0' .._ . 

1-

1-

5· 4.s' 
~· 

1- 6.o• 
1-

1-

1-
i!_o•· 
~ 

- 11 s• - . 
-
1- 13. O' 
15. 
~ 

1-
...._ . 

-
2()'· 
r---
1-
1-

1-

~ 

~ 
-
r-' 

--
~ 

METHOD: 

DEICRiniON Of MA TIRIAL 

Topsoil 

Hard brown silt, some clay, trace 
of sand, trace of gravel - damp 

Gray shale - damp 

Very stiff brown silt, some clay, 
trace of sand, trace of gravel 
-damp 
(~ecomes hard at 8.5') 

IAMPLI 
N0.6 
TV PI 

1A 

2A 

JA 

4A 

Hard gray and brown silt, some clay, SA 
trace of sand, trace of gravel 

·._. moist 

Hard brown silt, some clay, trace 
of sand. trace of Rravel - moist 
Bottom of boring at 15.0' 

6A 

HOLLOW STEM AUGER WATIR 08SIRVAT10NI 

None 
KB-JP INITIAL DEPTH: 

TECHNICIAN: No11e COIIofPLITION DEPTH: 

JOINO.: 28216 (bw) OI~TN A"TIII:- Hltl. 

DATE STARTED: 9/25/84 

DATE COMPLETED: 9/25/84 

SAMPLI 
DEPTN 

ILOWS PElt 
t"ON 

lAMP Lilt 

1.0-2.5 20-20-20 

3.5-5.0 25-32-30 

6.0-7.5 6-11-13 

8.5-10.0 21-21-20 

11.0-12.5 21-17-20 

13.5-15~0 11-12-16 

TYPIIAMPLIR: 

"N"ILOM 
"T. Olt 

CO~tl ~tiC. 

40 

62 

24 

41 

37 

28 

X A. SPLIT SPOON 

•• 
C. SHELlY TUII 

BOWSER- MORNER 



f 

LOG OF BORING NO. 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

lORING LOCATION: 
S ZlOO 
w 4tY.0· DATE STARTED: 9/26/84 

SURFACE ELEVATION: 744.9 DATE COMPLETED: 9/26/84 

ITIIIATUM · 

w.o' 
~ 

- 2.5' 
~ 

1-
S' ....;;..__ 

- 6.0' 

-
--
lJl!.... 
1-

~ 

1- 13.5' 
1-
u:_ 

-
-
1-

20• 
~ 

I-
1-

1-

1-
25• r----
1-

1-

1-

~ 

DUCAI"ION OP MATIIIIAL 

(FILL) Very dense brown sand and 
gravel, trace of silt, trace of 
cobbles - moist 

(ORIGINAL) Hard brown silt, trace of 
clay, trace of gravel, trace of sand 
~·moist 

Hard brown silt, some clay, trace of 
sand, trace of gravel - moise 

Very stiff gray silt, some clay, 
trace of gravel - moist 
Bottom of boring at 15.0' 

lA 

2A 

3A 

4A 

SA 

6A 

lAMPL I 
DePTH 

l.0-2.5 

3.5-5.0 

6.o-7.5 

8.5-10.0 

11.0-12.5 

13.5-15.0 

METMOO: HOLLOW STEM AUGER WATIA CMISIRVATIONI 
None 

INITIAL DIPTH:'------
X 

C:OMPLITION DIPTH: _.;.;N.;;.on;.;;e.;;.__ 
TECHNICIAN: KB-TB -

-
JOe NO.: 28216 (bw) -

aLOWS lilA 
t"DN 

IAMPLIA 

19-63-37/3" 

40-60 

7-12-24 

7-18-18 

24-2Q-31 

12-14-14 

TVNIAWLIR: 

"N"ILOM 

"'· 0111 CCIIII "IC. 

100+ 

100+ 

36 

36 

51 

28 

... IPLITUOON .. 
c. IHILIV TUal 

BOWSER- MORNER 

• 

• 

• 



• 

• 

•• 

LOG OF BORING NO • 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

lORING LOCATION: 
s 2Z7S 
w 4\40 DATE STARTED: 9/25/84 

SURFACE ELEVATION: 

ST"ATUM 

~.0' 

~ 

-

DIICRiniON DP MATIRIAL 

(FILL) Medium dense brown sand and 
gravel, trace of cobbles - moist 

- 3. 0 J ~====-:-:":'"'<--=:~--,...,..,'""'""~--=--..,....,..--
~ (ORIGINAL) Very stiff black silt, 
~ some clay, trace of gravel - moist 

~ 6.5" 
~ ~S-t~i~ff~o~l~a-c~k--c~l-a_y_,_s_om __ e __ s~i~lt--,--tr_a_c_e-~ 
~ of sand, trace of gravel - moist 

~ (Becomes very stiff at 8.5') 

- ll.SJ -
- 13.0J 
~ 
15' r---
~ 

~ 

~ 

-
~ 

--
~ 

1-
[S' 
F"-"'--

~ 

~ 

1'-

Ja!_ 

Very stiff gray clay, trace of silt, 
trace of sand, trace of gravel 
~ moist 

Hard- brown s·ilt, some sand, trace of 
clay, trace of gravel - moist 
Bottom of boring at 15.0' 

IAM,LI 
NO. a 
TVfll 

!A 

2A 

3A 

4A 

SA 

6A 

METHOD: HOLLOW STEM AUGER WATER 08SERVATtONI 

DATE COMPLETED: 9/25/85 

1.0-2.5 

3.5-5.0 

ILOWS fll" 
I" ON 

IAMflLI" 

6- 8-11 

6-11:.14 

6.o-7.5 4- 5-9 

8.5-10.0 6- 7-10 

11.0-12.5 6- 8-10 

13.5-15.0 7-21-20 

TYPE SAMPLIJI: 

"N"ILOM 
"T. 0" 

CO"I "IC. 

19 

25 

14 

17 

18 

41 

TECHNICIAN: KB-JP 
INITIAL OlflTH: __ _.Nwo""'n..se;_.._ 
COMflLITION OlflTH: _N_o_n_e __ 

A. S'LIT I'OON 

•• 
J08NO.: 28216 (J>w} C. SHILIVTUII 

BOWSER - MORNER 



LOG OF BORING NO. 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

BORING LOCATION: 
s 2400 
w 4520 

SURFACE ELEVATION: 

STIIIATUM DESCRIPTION DP MA TIIUAL 

____ o.o' (FILL) Stiff brown silt, some sand, 
trace of clay, trace of gravel - dam --

-
-, 
...L 
- 6.·o• 

IAMPLI 
N0.6 
TYPI 

lA 

2A 

... ~ (FILL} Stiff gray clay, some sand, 3A -
- 8.0 1 

-10' .,;;;;;,.;_... 

-11.5' -
1'-

u• 
F-
1'-

1'-

1-

2o• .-----
1-
~ 

- --
25' .........._ 

-
~ 

1'-

~o· 
1'-

trace of silt, trace of gravel, 
trace of wood - moist 

{ORIGINAL) Bard orown silt, some 4A 
clay, trace of sand, trace of gravel 
- moist 
Bard gray silt, some clay, trace of 
sand, trace of gravel - moist 

Bottom of boring at 15.0' 

SA 

6A 

METHO~ HOLLOW STEM AUGER WATIR 08SIRVATtONI 

TECHNICIAN: KB-:-JP 
INITIAL OIPTH: 8 • Q 1 

DATE STARTED: 9/24/84 

OATE COMPLETED: 9/24/84 

......... 
OEPTH 

1. 0-2.5 

ILOWSPI" 
I" ON 

I AMPLE" 

4- 5- 8 

3.5-5.0 14- 8- 7 

6.0-7.5 4- 5-9 

8.5-lO.C 9-17-21 

11.0-12. ~ 15-18-19 

13.5-l5.C 13-16-19 

TYH IAMPLIR: 

"N"I\.OM 

''"· 0" CO"I "IC. 

13 

15 

14 

38 

37 

35 

__!._ .. SP'-IT SPOON 

.M)B NO.: 28216 (bw) 
COMPLITION O"TM: ----

OI"'TH AIITtE":- HfiiS. 
- .. 
- c. SHI'-IV TUII 

BOWSER- MORNER 

• 

• 

• 



LOG OF BORING No. 

l s-:: ?trU -

• IBORINCi LOCATION: ,+..$ o,·f,Ff.L'T7.~ 
.I 
I SURFACE ELEVATION: DATE COMPLETED: 111·~ Q • 't7 

ST•A TUW 
OESCRIPTION OF MATERIAL 

! So .t. u P!..E I a.,..,s •t• ' ....... ! s.a..,. 't..£ ! 
! -.o 6 I· SA .. PL( 
I . OtPf~ 

6" o• ' 8 1.~*5. : •tcovt•• i 
SOIL CLAU"ICATIO~ SVST[W: t ""VP( ! s•~"!..£11 <f ' : 

o .. u ~Sctl I I 

v,u·,"" IJil Cf Itt( I 'S- 'S· ·~ 'f"ll t. #IV 

"·~ """"" = ~ .... 1* (),e-1_.£ 5-/(J_d_1_ .23 I~" 
,~It ~.'H; f)t c.~ ,.,. t~ua -

..t1ntD 
1 tt. t, ~ "'1 ~ .-. (tft..W RIA6-1 

1. 0 &. ... IJ 2_ti ~.$-!/__ 5 .,J'-:J..1 ~9 ,, 111 

, 

JA- ... , ,,.~,. ~- I~ • 

tiAtt~ u.. 4n. c.ltff, s~ '· t4; - u "'~ 
J7l ~«~ ~trS I 

7.o ~~-~.'..-'- '* 1.~-, 
.,. . .,.y~ r-s- ,~,, 

-

• ..)~ ••·1/..J .21·~S·3~ 'D II~ '• 

'* I~.S·IlJ ".:Js·1r '% I""" 

PI ss I """' e-tf, s ""-' ? •. 

''· { fttMfill IG~SAL 'liS 
\ 

! 
~ 

. 

I 
I 

DRILLING METHOD: u . s. A. _ WATER OBSERVAIJ.it. TYPE SAMPLER: 

DRILLER: "1/l-J p INITIAL DEPTH: ... NfJ . i/._/(f,_ Get;· SPLIT SPOON 

COMPLETION DEPTH: .... 1¥ .. --~-- - OB. 

JOB NO.: c2 l.;l 3 «i( DEPTH AFTfA:·~.;:-..~ ... HRS. r.. .. 0 C. SHELBY TUBE 

• BOWSER-MORNER 
2Bl2 



. ... . .. ~ 

.. 

LOG OF BORING No. 
$Odo S - :2 C,;ilO •'-J 

BORING LOCATION: ~ D&l6e7-&IJ 

SURFACE EL.EVATION: 

lfU,fUM 
CU.SC:RIPTIOH OF' MATERIAl.. 

DRILLING METHOD: 

ORIL.L.EI: ra • J p 
JOB NO.: 2 fs ~S" 

• 

...... 

WATU 08$ERVATt0NS 

J/ull,t! 
INITIAL DEPTH: ·; . . ...... ~····· 
COMPLETION DEPTH: .. fflc ............ . 
DEPTH AFTER . l\l.... HRS. L ..... 

DATE STARTED: #I) •f f'" 't'f 

DATE COMPLETED: /1) ·f "-" 'f'f 
ILOWS lit• 

, .. 0111 
I .. ,.. S.t:W.L( 

SUII'L(. 
I hows ·1 li(COY(IIY 
; tT ... 

/(J'/'3 ~~ 

;:.:., 

TYPE SAMPLER: 

~A. SPLIT SPOON 

oa. 
0 C. SHELBY TUBE 

,., 

BOWSER-MORNER 

• 

~ 

• 

• 
:a...._ 



• 

• 

........... / ~.r --~~ ::-.. !'" .--~:-~-,.. •. ~ •• -~-·::- • 

. -~- ·-·· _,-... 
~,,~ 

.· .. • '• .. '"'4.;: 

'BORING lOCATION, • 

LOG OF BORING No. 

111' . s ~ ·;1.'~ - (.J 

.\ 

I SURFACE ELEVATION: 

,, •• ,u .. SAtweP'_( j 
OESCRII>TION OF MATERIAl.. 

~c a ! 
SOl~ CLASSIJICATIO~ SYST[w: """E i 

~ ~-.·'ft lilt S,'JI. s..- ~ '"'r r;r ~~ I , 
17l. ~"t IrS ~e. ... c Rtf r6. 

Otc> ~ .. \-~ lit-

{,~r~~ ( St-;~.,: IT . .?,S") 2'~ 

( ~Et~~~"46t. '1/t-~IF~ M .J: ' ) f.4 -- ·-- -· 

_Yir 
~ 64 "" ei.W, (~~-PI-*'~ 

•.-'\ t"cJc1~ 1 ., ~,;-.r ,,5 ~A----s,. 
\ 

~6nJmf9S tf.,tfbFt& M/~,5 llr 
. t.tAtO u .a-. s:~~ ~e ltlrf', 

74 ._ fiC.It. . F4 M-J' 
,.,~~ ~t.iJ 'A--

\ 
\ \ 

\ 

.. &Gr ~ 1,.5 
~: 

.. -~-

.. 

DATE STARTED: /(1 •/'fr•·f:'t 

DATE coMF'LETED: 1 tJ -1 r· 'i"Y 

B~'wS •Eo ' ....... : SA ... ~I..( SA .. Pl[ 

OE PT w I 6" o~ : e l '"'s OECOV£0• 
SAWPL.£• .. .. 

I 

I,D u ·J • .f' ~-~--1. 7" 

~s-" IJ?-J0-1.1. ~~ "~ 

S'-1.1' 1· ,, ... lt ~~. 

,.r ... , J"S"·IJ·~ If ' ,, 
, '/1-s- ~·-~-~ ¥t> It. /, 

, •. S''I'I .:HJ-li-J"i ,:!J ~~ , 

~ ,,,, ~ .. WJ.:r, t;b I 

TYPE SAMPLER: DRILLING METHOD: J../.t;r-A-1 WATER OBSERVAT10t 

DRILLER: Ttl - .l p INITIAL DEPTH: ·:··H. .. # AJ. 'ifJ'if ... fit!. SPLIT SPOON 

COMPLETION DEPTH: .... t-'44 ........... 0 B. 

JO& NO.: 

•. 

·~12 
. ~~. · . .•. 

a..c ~ 3 i"'. .. 

·· .. 

DEPTH AFTER t.l.. HRS. rr.. .... n C. SHELBY TUBE 

BOWSER-MORNER 

I 



LOG OF BORING No. 

BORING LOCATION: ,.5. o, 'fl.. ~t:. fl$0 DATE STARTED: /0 -~ i · ~'f • 
SURFACE ELEVATION: DATE COMPLETED: /~ . .;1.,3 • ~ Y 

ST.ATUW I OESCRJI>TION OF MATERIAL. 
;~AUP:.,(; 8l,*S ·r ....... ~ s" ... o-..r SA._,. Pl.. ( 
· •o a OE or~ 6" o• · s _:.s lt(C,Y(R• ! 

SOl~ CLASSI~IC&TIC• SYST(": : ~D( SA..,0~£1 .. . 
i / I 

I 

I 
o.cJ c fltJ~~o >~.tit 

v. 7rl r:~ t'$/l CIN, r-.. $, J-t Tn &.r1 rlJ 
/}(_ ll. CJC.I(' F/1146 S. ~ 

0-~ ,.,., , . ; (.1.. ),4 CJ.tJ-J,5" //, ·/~ •/SJ 3D ;;; lo 

... 

'~r;:,._..,J!' ~ /Mil fj t} t:Jic,.-. {l ~~ ~ .s' 'ZJ4. ;.s ·Y 'It?·~~-~~ '% IV 
~A 

~L) 
U~GtftS~ ~It s. ·,~.. ~ c ,try ,/ 
Pt. ~11~, ~ Lf'~l~ ,&lf~..S -· 

3?·'%. '"'~ 
i 

5.d /J~P ?f+ s .. ~ £ ,, 

'/It '· S'. t 1'% lop; 'I'' • 6Jt S /hiL,C ,_./ 1-I~ F .s 7l.JI./ I{_ 
F411'6.J' 

? .>14- r.~ -~ 1(}()/y IDCt/y y ,, 
~.~. 

AuG-,;!'- fllfFe:/f A-c._ 
' . . 

ez~o f? Of= (j 9 .. 'eJ • 

. 

. 
• 

I I 

DRILLING METHOD: f+. .r. A, WATER OBSERVATIONS TYPE SAMPLER: 

173.;. JP INITIAL DEPTH: . _/(f) U If ·········· ~A. SPLIT SPOON 

DR~LER: COMPLETION DEPTH: .. 1.1./cJt:_t~ ....... CB 

JOB NO.: ~~013 ~ DEPTH AFTER -~· HRS. -r. ..... C C. SHELBY TUBE 

• BOWSER-MORNER 
2Bl2 • 

~b ·- e+ F2· 
-......... 

·--~- -~· 



• 
1 

,~. '" . 

I 

~ 

.• 

--.. ----------------------- \------------------~ 

I 
LOG OF BORING No . 

lORING LOCATION: OAI L &JC. 

SURFACE ELEVATION: 

STIATUW 
DESCRIPTION OF' WAT[IIIIAI. I 

!A .. PL[ I 
-o 6 
,.,P[ I SOIL CLASI"ICATION SVSTtw: 

. ~..:. 

~0 
l~.lJ 

t-il All ~ -~~ S"'' t' I~~ Tlt {A.)~ 
~""' ll tJUt r I n(.,c; 

·• .. 

o•ILLtNG METHOO: f/. S • A • 

D•ILLU: "r(J- J P 

JOINO.: ~t~ 3 t' 

WATER OBSERVATIONS 

INITIAL DEPTH: .... NfJ rll£ 8 .. . 
COMPLETION DEPTH: ... rl O.Q..~- .... . 

DEPTH AFTER -~~--- HRS. r ..... . 

DATE STARTED: ,(J .. , , . s r 
DATE coMPLETED: to ·1 t · r1 

!I I LOWS •t• 
6'' ON 

SUUL[II 

I '''I'' I sow•Lt 
! ILOWS- 1 lltCOV[II• 
l rT . .,. 

TYPE SAMPLER: 

~A. SPLIT SPOON 

D B. 

0 C. SHELBY TUBE 

BOWSER-MORNER 



LOG OF BORING No. 

5- ;J.. ?ov - ~cvv-t,....;. 
.. 

' 

BORING LOCATION: ItS o.·t..£c..~o DATE STAIHEO: /O·a,;} · (('-{ ! 
' 

-• 
SURFACE ELEVATION: DATE COMPLETED: !0 -dJ..- 8""-f ' 

STIIATUW 
0£SCRIPTION OF "'ATERIAi.. 

! SAUI):,.f i e~::ws "'!" ...... 
$A Wit\,.( 

j ~c & ~ 
S.&UPt..[ 

' 6"" 0" 
O[Cif N 

· e c~~s qEC~V[Q• : 
SOl~ tL.lSSI,.ICAT!O .. $Y$T[M: ; '!'VO(: ' S41ro4'\.C• .. • 

()·u ~ tf v >II,~: fJ S!ZJJ.I~ I 
I 

"'. s-n "ft:- OM I( d'lt ~;/#- ,TC! ('1M 
I 

() .;) ') ,0 A ,.,., /') 

!). ~.~'fr 13,t sf If-; s~ ~ tM _, r/1 e.dw 

'1-4 -11 !01 J /, s-. JA- C}.()-/.5 /C 
~ 

-""'UJ I . .S -.}-

v o-Il ""' p ') 
r-.. 6 e ro ,.,...s; t"' JM.tl. ll ltr ~.s 2A- <(- J.f·:l1 " 

'· S"- y 3~ )(. --. -- ·---
... i . 

1~ S·,.5' Yt' !~'· - /,;. . d. '] . 2 S' 

~ YA- r"J • .>'·' lJ:1 .. ,.., ... 3:J' ~9 II. II • h·: · .. 
4 

'17· t ~ tar/~ !"14-- IO -J/ 
,. 

II 
' v-· -

( hi$ e~r::- 11e~~l~ 171~$ lfrl~.o.J 6,1/- ,~.S';/7.> 
~ JO • .>({' 

fl"( )0 ~. 

' 

1/t tS·/t:5' ~V .. l/Q· '% f(Jt)Jo ·,7·"' 

a oJC (jJ Jt.$' 
\_:.- ; 

...... ·~\ . 
"':.• 
·~· . 

I 
OR II. LING METHOD: fl. 5, ~ WATE~ OSSE~VAT10NS TYPE SAMPlER 

DRILLER: T/.J-:- J p N.uv-:- ~- SPLIT SPOON INITIAL DEPTH: .... . { c
1

f": ...... 
. 3 . 

, •• ""~ ~.:; sOJ) 
COMPLETION DEPTH: .. J/ ........... [J 8. 

DEPTH AFTER N.. .. HRS. r. ..... U C. SHELBY TUBE 

~.?~ BOWSER-MORNER 
2812 • 



. ) . 
-

LOG OF BORING No. 

sltttJ -s itrt1d ..; I - I 

• I 

lORING LOCATION: A--s 0; p ~ e-TG.&J DATE STARTED: 10 •/ ~' f"'j 

SURFACE ELEVATION: DATE COMPLETED: l() "/ 't· f"Y 
STa&TUM 

DESCRIPTION OF MATERIAL. I H .. OL[ I I 
ILOWS O[~ : "~'' ) SU.OL[ 

~0 6 
SA .. OL[ , .. 010. !~Lows. ! ~tco•t .. 

101~ CLAII"ICATION SYST(W: T'rP[ I O(OTM 
$AWOL£• rT i "~~ 

~Ill(,.... 

v·!,r~ £ll 'S,'/J ~ ~"' ~I~ TII6J1AV 
771 ~~ FRM-~. , fl. S AIK» 

C'). ~ ~2 II A- ~-,u~J.f I~ ·J~. It; 10 J~'' 

(BF- rom,~s 1-iAI?/J I(( .1.$_)_ ~A 'a_£_--"- 2 I· 16 ·J q 3(1 ,~,, 

- .. . -- I . .... 
-· 

'1Jr 5"~,5 :31,:1/·~J. 'II~ 
I~,, 

~"ttO U«fl ;~M '" ~I HI. ~ ~ ~. U,. 
flt- M .V 11ft t.ok MIAV..S 

-·· 

,.,~ fat\ 01;,.. "* ,.~ .. , ~&J~~ ~? II-
, 

• IS" A-- lfJ·/1),' 1~2 ·crz t:J.., . 

&Jt. SHift€ 

Jtl.L:> tA- I~S·n~ 7f, 
.!JS·· I I~ 7 ,, 

~J)F6 /3, ( 
• • 

~; 
.•. 

~~·it_-:; 

·- ~ . -.~: 

' 

DRILLING METHOD: 1/. f. A-. WATER OBSEilA}J"f. TYPE SAMPLER: 

T8-JP INITIAL DEPTH:·:··. _f) -.;r··v~· .. @A. 5PLJT SPOON 
DRILLER: COMPLETION DEPTH: .. .l ..fJ... .... ..... 0•-
JOI NO.: ~1"Ql3~ DEPTH AFTER _· .... N.. HRS. ~--··· 0 C. 5HEL8Y TUBE 

• BOWSER-MORNER 

.... -~.-· -·. 
~;:~· .... 



I 
! BORING LOCATION: 

SURFACE ELEVATION: 

STIIATUW 

~0 

".;}' ., ... 

LOG OF BORING No. 

DESCRIPTION OF WATERIAl. 
S .... Pl[ j 
~c a i 
""DE I 

DATE STA~TED: /fJ ·Gl() f"Y 
DATE COMPLETED: /U •.t 0. f'J 

BLOWS P[~ 

6': ON 
S.t.llofPI.,(II 

. .. ~.. l s ..... .,\.£ 

' BLO"'S· , ~tCOV[~• 

<T ' 

~~~ ~b~~L-+---------------WB~~~~~~~~£L~~~~ 

• s-. 0 

e.-tf S 'lfU£ I "'F.~-#~ 

• 

11·0 ,, • 

{)·. ~f-6 (2. t) 

DftiLLING METHOD: '·~ m·. ~;_ 
DftiL t.fR: 

JOINO.: ~f~Jf( 

2812 

WATE~ OBSE~~ 

INITIAL DEPTH: :.. .... . ........ if:,; ... . 

COMPLETION DEPTH . .... l.f#/1-,;r, .... . 

DEPTH AFTER .. ... {'/.. HRS ... 't" .... . 

. :'li. . 

.... 

TYPE SAMPLE~: 

lil.•· SPLIT SPOON 

0 8. 

U C. SHELBY TUBE 

BOWSER-MORNER 

r 

• 



• 
c,Yl/fr 

• 

LOG OF BORING No. 

:;3 oo -s 

i BORING LOCATION: fls "D1UC,nT) 

I I SURFACE ELEVATION: 

i 
DATE COMPLETED: j() -:2 J ~y . i 

OESCRIPTION OF MATER14'-I SU4TUW ; 5o A-.. P~( : 8~JWS P(O ··a..~·· 
; 

S.t....,. D:.. £ SAUPL,[ 
; •C ~ 

SOl~ C~ASSirlcAT:o• S•S•t"· 

o .. u 
v.r.,, r-r BA. CII+V 

I 

o.$' 
f}AilO ~1 ), f./., 

rA~r 
J 

~;0 

DRILLING METHOD: }1. J .A• 

DRILLER:1"1.3 ..::rP 
JOB NO.: ~8 ,. ?,[/ 

2B12 

r-. ~~ IJ.. 
~ 

-rn-~1~ 
'PI ~A A-' 

0£ PT~ 6" o• 9L~NS •tcovt•• · 
.... 0[ SA ... P:_ (q .. 

' 
i I I 
I I 

71-t ~-~.AJ I 
! 

,.._....,.s,~ lA- _&2_~-J. ~ .2·~ .J~ !51 I .2 ,, 
$ ,., (/ "el ~ 

11~P '2..,4 2. ~·.J lar:. .J )~ $""' 

34 .r-, '7· 'K I~ 7 ,, I 
I 

'-lA- 1.>· ~j »- y~ l(;v/rr "-· ,, 

---' ., 

WATER OBSERVATIONS ~E.fAMPL~·i'o;.:..r;.f, , ~y:~· . ·j 
INITIAL DEPTH: : .HJJ/12.. -~ . .6f- 'f' ~·· SPLIT SPOON : 

COMPLETION DEPTH: ·'*"'~r. .. · .~ 'EJ B. 

DEPTH AFTER .-.':f. .. HRj. -~- .••. ,: . t;J c. SMELBY TUBE I 
~ . . . ' ·~~---~~~OWSER-MORNER 

r-_ -· ·~,-.. ·-.;.. " .. ···-.. . ....- .. 
r •. L•·.· 

~~ ·~ . . ··-. .. . . •. . 
I . "' '!'--Tl; \ i; t? t 

"·i' .•• '.4. ..• 
......... ~ .. 1 - • .... ·- • ...:. 



LOG OF BORING NO. 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

lORlNO LOCATION: S 2./00 37/t 0 ;:. CQlA.R.(. + ~tf DATE STARTED: 
w -~ ~tL-4t--- w~~~"'YI 9/25/84 

SURFACE ELEVATION: ::n) 75\, l 5- 3/"''JD DATE COMPLETED: 9/25/85 

STill A TUM DUCIUPTION Df MATIIUAL 

~.0' Topsoil 

~ 1.0' 

-
- 3.5"' 
1--
SJ -----· 
~ 

--
!Q!... 
~ 11.0' 

1--

~ 

~ 

~ -
~ 

-
L 
~ 

~ 

~ .__ 
tzs' 
1--._ 
1--

1--

~ 

Hard brown silt, trace of clay, 
trace of sand, trace of gravel 
- dallll' 

Hard brown silt, some clay, some 
sand, trace of gravel - moist 
(Becomes very stiff at 6.0') 

(Becomes hard at 8.5') 

Hard gray silt, some clay, trace of 
sand, trace of gravel - moist 

Bottom of boring at 15.0' 

lA 

2A 

3A 

4A 

SA 

6A 

METHOD: HOLLOW STEM AUGER WATER OBSERVATIOM 

lAMPL I 
DIPTH 

1. 0-2.5 

3.5-5.0 

6.D-7.5 

8.5-10.0 

ll.Q-12.5 

13.5-15.0 

TECHNICIAN: KB..-.JP 
INITIAL DIPTH: __ .......:.;N;::O~n::;e __ 
COMPLITION DIPTH: None 

ILDWI Plfll 
t"ON 

IAMPLifll 

12-16-18 

11-21-19 

7- 8-11 

9-14-19 

14-19-25 

15-16-24 

TYPIIAMPLIR: 

"N".LOM ,,.T, o.-
cofllt .-ac. 

34 

40 

19 

33 

44 

40 

• 

• 



• 

• 

• 

LOG OF BORING NO • 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

lORING LOCATION: 
6 27CO 
VJ L\140 

SURFACE ELEVATION: 7.3l.G· 
DUCRIPTION OF MATIRIAL 

_____ o.o' Topsoil 

1.0' -- ~----~~~----~~--------~--~~ Very stiff brown silt, trace of sand, - trace of clay - damp -
~ 4.0' 

5 ' +---~------~--------~----~----~ ~ Hard brown silt, trace of sand, 
~ trace of clay, trace of gravel 

- moist ----10' -
- 11.5' --
IS• r----
1-

~ 

~ 

~o· 
~ 
._ 

--
~ 

25' 
~ 

-
--
1-

~o· 
1---

(Becomes very stiff at 6.0~) 

(Becomes hard at 8.5') 

+---~------~--------~~--------Hard gray silt, trace of clay, trace 
of sand, trace of gravel - damp 

Bottom of boring at 15.0' 

IAMPLI 
NO. a 
TV PI 

1A 

2A 

3A 

4A 

SA 

6A 

METHOD: HOLLOW STEM AUGER WATf.R 08SIRVATIDNI 

TECHNICIAN: 

.108 NO.: 

KB..-JP 

28216 (bw) 

INITIAL OEitTM: Npoe 

c:oM~tLITION oiPTM: None 

DATE IT ARTID: 9/20/84 

DATE COMPLETED: 9/20/84 

1.0-2.5 

3.5-5.0 

6.o-7.5 

II.OWSPI" 
I" ON 

IAMitl.llll 

7-11-14 

11-15-17 

9-13-17 

8.5-10.0 12-17-25 

11.0-12.5 lD-21-27 

13.5-15.0 12-35-37 

TVPI SAMPLER: 

"N"II.O_. 
,.T. Olll 

C:O"I llliC. 

25 

32 

30 
47.. 
~ 

48 

72 

A. 

•• 
Slti.IT S.100N 

c. 

BOWSER- MORNER 



LOG OF BORING NO. 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

BORING LOCATION: 

SURFACE ELEVATION: 

s 3000 
W LSI4C 

7ca4.0 

STill A TUM DIICRIPTION DP MATERIAL 

~0.0' ~ery stiff brown silt, some sand, 
trace of clay, trace of gravel - damp -----

-;, 4.5' ~~~----~~------~----------~ _.__ ~ard brown silt, some clay, trace of 
-- 6, 5 , sand, trace of gravel - damp 

~ Hard gray silt, some clay, trace of 
-- , gravel - damp 
-- 9. 0 4-----~~------------------------i 
~0' Gray shale 
F-

--
--
-
--
15' ........_ 

---
r-

~ 
f--

1--

-
r-

25' ..........__ 

-
~ 

1--
1--

f.l!l!... 

Bottom of boring at 10.0' 

IAMPLI 
NO .• 
TY"I 

lA 

2A 

3A 

4A 

METHOD: HOLLOW STEM AUGER WATER OBSIRVATIONI 

DATE STARTED: 9/20/84 

DATE COMPLETED: 9/20/84 

ILOWS "I" 
I" ON 

IAM .. LIIIt 

1.0-2.5 7-10-14 

3.5-5.0 13-14-22 

6.0-7.5 45-55 

T.G- \0. o 
8-;-Si-(T.i)- 2 5-4 o-35 

TYPIIAMPLIIIIII: 

"N"ILOM 
/PT. OR 

COitl RIC. 

24 

36 

100 

75 

TECHNICIAN: KB, .. JP 
INITIAL OIPTH: __ .......:N~o"-=n~e~

COM"'-ITION OI .. TH: _N-.o;:;..;n;;..;e~-

_L_ 

-
A. S'LITS'OON .. 

28216 (bw) ·JOB NO.: 
OIPTM A"TIIt:- ""·· - c. IHIUY TUII 

BOWSER- MORNER 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO • 
.MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

lORlNO LOCATION: 
s 
\}) DATE STARTED: 9/26/84 

SURFACE ELEVATION: 

STIIIATUM OUCIIUPTIOtll o• MA TIIIIAL IAM,LI 

(FILL) Topsoil .__Q.O' 
r---o.3' 
1- ~(~.F~IL~L~):--::D~e-n_s_e-=-br_o_wn __ s_a_n-::d-, _s_o_m_e_s-::i":'l~t-, 

N0.6 
T'"l 

1- some cobbles, trace of gravel - moi• lA 

1- 3.5" 
1- ~~~~~~--~~----~---------
1 ~· (ORIGINAL} Hard brown silt, some 
~ clay·, trace of sand, trace of gravel ,_.. 
1-

..... moist 

!- 8.5' 
- f--V-er_y_s_t~i~f=-=f:--g-ra_y_s_i::-:1:-t-.-s-om_e_c~l=-a-y-,---+ 
~ f . ~ trace o gravel - moist 
-

2A 

3A 

4A 

DATE COMPLETED: 9/26/84 

l.Q-2.5 

II.OWS,IIII 
I" ON .............. 

7- 9-12 

3.5-5.0 9-15-17 

6.o-7.5 14-17-17 

8.5-10.0 1Q-11-18 

HN"ILOWI 
/PT. OR 

COIIIIIIIIC. 

21 

32 

34 

29 

!- {Becomes nard at 11.0') SA ll.Q-12.5 14-16-18 34 

!-,_.. 6A 13.5-15.0 17-18-19 37 
~ 

- Bottom of boring at 15.0' 

--
To• 
t--
1-
1-

!-

1--
25' 
1---

1-

MITMOO: HOLLOW STEM AGElt 

TECHNICIAN: · KB-JP 

J08NO.: 28216 (bw) 

WATIR 08SIRVATIO. 

tNtTIAI. OIPTM: None 
coull't.ITtON olftTM: None 
OII'TM APTI lit:-Mllll. 

TVPIIAMPLIII: 

A. lft&.tTI'OON .. 
BOWSER- MORNER 



LOG OF BORING NO. 

MONSAN'l'O RESEARCH CORPORATION, 
MOUND F ACI!.'TIY , MIAMISBURG, OHIO 

.5"3000 
lORING LOCATION: \).J 4~ (.C) DATE IT ARTED: 9/26/84 

SURFACE ELEVATION: 7Sb. l DATE COMPLETED: 9/26/84 

ST"ATUM OIICJUPTION OP MA TIJUAL 

~.0' 
0.3' 

~ ~----------~----------~------~ Hard brown silt, some sand, trace 

Topsoil 

~ of gravel, trace of clay - moist 
f-. --

~ 
6. O' 

IAWPLI 
NO .• 
TV PI 

lA 

2A 

~ ~----~~--~~------~~--------~ Hard brown silt, some clay, trace 3A 
~ of gravel - moist - -

::: 8. 5. 1-------...,..,..------~~----------------4 
~~iO~.O' Very stiff gray and brown silt, some 4A 

clay, trace of gravel - moist· 

METHOD: 

Very stiff gray silt, some clay, 
trace of gravel - moist 

Bottom of boring at 15.0' 

HOLLOW STEM AUGER 

SA 

6A 

...... u 
Dlf'TH 

l.D-2.5 

lt.OWS PI" 
I" ON 

lAMP&. I" 

7-24-31 

3.5-5.0 24-32-32 

6.o-7.5 16-17-20 

8.5-10.0 7-10-16 

ll.o-12.5 7- 9-10 

13.5-15.0 14-15-15 

TYPISAMPLIR: 

TICHNICIAN: KB-TB 
INITIAL Dlf'TH: ___ ......;.;N.:;,On::.;e=....._ X -Not1e COWPL.ITION DlltTH: _....:;..~-- .. 

"N"It.OM 
IPT, o.

CO"I"IC. 

55 

64 

37 

26 

19 

30 

• 

• 

l_~~-~~: ____ _:28:2:1:6~(~b:W~)------_jl!D!IP~T:H~A~P~T!IR::~===!":"~I.~==~l--====-~~=-_!SH:I~t.~I~V~T~U~I!I--~j· 
BOWSER- MORNER 



• 

• 

• 

LOG OF BORING No. 

IMJu -.s- ~ -w 
BORINC LOCATION: M . Oillfien; .0 

SURFACE ELEVATION: 

OESCRIPTION OF MATERIAL 

5011. CLAU"ICAT•~H SYST['": 

I! A._.. D•.£ ; 

i HO & 1 
, ,-yD( I 

().3 

flrt '' t m t!l 1 
s~ It c-c.~~ Filkr.r 

. .. ' 

DRILLING METH001 

OAILLER: 18-J p 
• JOI NO.: ;lf".;l J r 

2B12 

\ 

.· ... . . ,·. ::. , ·~ 

WATER 08SERVATI~NS 

INITIALOEPTH: .... N()~ t1.. ..... ~ .. 
COMPLETION OfoPTH: .... NtJJJ.~ .. . 
DEPTH AFTER .. f~· HRS. /.. ..... . 

DATE COMJ:ILETEO: lfJ·~"/·~'f 

Bl.:l"'S D(O 
6"" o• 

5 .t..,.Dt.Eit 

! •• ._, •• 

: 8 t. J'N 5 .. ·! SA" Di.[ 

1 ~[COV[OY 

TYPE SAMPLER: 

~- SPLIT SPOON 

0 B . 

0 C. SHELBY TUBE 

BOWSER-MORNER 



"? 
Oil llr. 

LOG OF BORING No. 

I Km> - .s - X~ CJ .... 
~. 

'BORING LOCATION: Jt'S Q,' fl vrT~I") 
I I SURFACE ELEVATION: 

DATESTARTEO f()•tJ.i·CJ 

DATE COMPLETED:/ 0 ·dJ- t;y 

STIIATUI.I 
0£SC1:11PTION OF' MATER:l.i.. 

- S .&tr.U>~( : 
SA .. Dl£ 

S.:lWS 0[0 ...... : $.& Mfill~( 

, •o a 
OtPT• i 6" 01< e \.:..., s • (C , .. £0. : 

' SOIL CL.ISS!riCAftC~ svs•t"': ; ~P[ i SAtWPL[If .. 
' 

~~ Sf/f!=- M SJJ. I $....- Ct/tf' 17t V"t?A-J I I j j I 

I I 

1) .. (.) ""'"'-o I l J.- lA- eJ~ ·1~_5 !.>· r- 1'2. I? I~ .. 

tf#rll!> (/ll s. )/ j 17L ~( -+1' J Tl! ~If...-) 

$1""'l fi C)~ I/ j&,( ,f(,;3, 
/00/3 to-z; ~ .. C) - .~ '-Pr ;>,$·..) 3' ... _fJ ·'J 

·-· 

I 
74- S .. Si5' 111uj'1 ''% y" 

~ S' HAL~ w( L.l J.....r *-.r f'lll./t!!! 
MA-1-1. 

IUU/-z 'fJfj2 
i 

,;. 0 ~ '"'~ l~.'i"·? 
. ., 

• 
t) o-r;-6 ?eo 

-

-

I I 
DRILLING METHOD: . i..J.). A) WATER OBSERVATIONS TYPE SAMPLER: 

~~- J{) INITIAL DEPTH: ... No 14/Z. .. ./.' ..... ~· SPLIT SPOON 
DAII.LER: COMPLETION DEPTH: ... tk)., ......... n e. 

JOI NO.: ~ { ;t ~<if' DEPTH AFTER .~HRS. r.. ..... U C. SHELBY TUBE ' ; 

BOWSER-MORNER • 
2Bl2 



• 

• 

• 

:BORING LOCATION: ~S ~·flt;t'~C 

·I SURFACE ELEVATION: 

LOG OF BORING No . 

DATE STARTED: /6 · J.) · gf 

DATE COMPLETED: 10 d.;> ?'f 
ST.ATUW 

oEsc~:PTroN o~ MATE~, ... ~. : ~ 4 ._. D:.,( i 
SA U DL E 

B'..~*S l'£Q ··-..·· : s.-.• o~t 
, "'-C & 6" o• 0£ PT 1o1 e .. :•s II(C,II(A• · 

SOl~ CLASSifiCATIO~ SVST[ .. : ~ T'Y P( ' s.u.•P:..!A .. . 
~.·~·'ri=- 8n St~ s-. ~,A~ 

, I 'j1t ~~It,_; i i 

tJ. /J ~.~,. JJ4.. v.o-1 . .; )·J,·Ij. :2" 16 '· 
I B fl. ~~ J+~ P1. e.--11 ,\I/ 1 ;?1. t..L ~ 

t-\AflO s-....... (l cJCI( F/11\6-.S 
~% ''% ;a,o IJ/rrw\ ~ z.A- ~.$"· tS. ~?·- :.3 9 '· 

I 

11+ 5'"- (, '17- So/z 'W/~ 'I,, 
-

---

'~ I~ 
I 

'lA- 7.~- B' ; ... 
0 

~ Sl/!fl..&- 1 ~V"-/ L,}va.FmJMt:.. ·' .. 
?nA-1--S 

I~ A- 'ar~ '% .. ft. I.(' B.?s--., z.. 

'-U t'\"U ~-5 ,t_ R s-ws A--t . . 

,. 13 tJr:C3 .,., (J 

-:..... .... · .. 
•. 

·.o:.-.. 

-
DRILLING METHOD: H. ~ . .£\.-, WATER OBSERVATIONS TYPE SAMPLER: 

Tt~ - ~p INITIAL DEPTH: ... ..... ......... g:.. ·SPLIT SPOON 
DAIL.LEA: 

COMPLETION DEPTH: .... c B. ······ ........ 

JOB NO.: ')..Cl)~~ DEPTH AF~R ....... HRS .. ........ :-i C. SHELBY TUBE 

·.t 
tiM~\• • 

I B"'WSER-MORNER 
2812 

.... 
• • l ·' 



LOG OF BORING No. 

I BORING LOCATION' DATE STARTED: /() ~J .. ~ 
' ! 

SURFACE ELEVATION: DATE COMPLETED: /0 ·~t-~y : 
' , 

STIATUW • ~ .t. U D',.( ' B:..,ws "E" ........ : 
S.a..., P;. ( OESC~IPTION OF' MATE~IAi.. SA ... PL [ , •c a 

OE PT w ' 
E" 0" ' Bl ~,. 5 CI(C~V(q"' 1 

SOl~ C~ASSir•c•••c~ svsr[ .. : ""PE s " .... p .. (8 .. 
' 

{~ll s.Wil ,_~,~ ~ ~""'~ 
I i i I I 

I (1'0 a.J,~ 

o~ ~~511-

~(t J,'Jt~ r- ~ /l'r'f I /A. Mif..J I 

I 
().?f ~1$1- ~,._ ao·J.f IJtj ... ,., -1.1 .~~ '' ' ~-MD f31l Sd~ 17t t: I~ nttJJ~ 

, 
I I I s,..,.,. ll fU /~ Ft7 /tt:rs 

'3,() .t::H4-nJt' 2A- a.s- rs- }6-'-i I~ 7 " 
-

-· 

''% I~ 
j 

1/Jr r ... r,!l' ~ ,, 

/ftlc,(f-Jt ((~ rt/S A'--

1 .. o • 
e~r f; '7.-<J 

.. 

. . ,, . .' 

-.:. 

DRILLING METHOD: H- ~.A I WATER OBSERVATIONS TYPE SAMPLER: 

N<.HJ !£ 5(:.- SPLIT SP'OON 

]A-JP 
INITIAL DEPTH; . . ... . ..... ~ ......... 

DRILLER: COMPLETION DEPTH: .. ':J.tJ'IJ.fi . ..... [J B . 

JOB NO.: ;\{;23~ DEPTH AFTER . }./_.·. :HRS . . I ...... U C. SHELBY TUBE . 
. .. 

BOWSER-MORNER • 2B12 



• 

• 

• 

LOG OF. BORING NO • 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

s ~~5'0 
lORING LOCATION: W 3 7 ~Q DATE IT ARTED: 9/26/84 

SURFACE ELEVATION: a S7. 7 
STf'ATUM DUCIUntON Df MATIIUAL 

~.0' Topsoil 

~ 1.0' 

......... 
NO .• 
TV PI 

DATE COMPLETED: 9/26/84 

. ........ 
OIPTM 

ILOWSPif' 
I" ON ......... " "N"ILOWI 

,T, 0" 
CO"I "IC. 

-~ 
Hard brown silt, some clay, trace 
gravel - moist 

lA 1. o-2. 5 7-24-23 47 

-

~ 3.5' 
~. 
~ 
~ 

~ 

~ 

1--
o• 
~ 

---
~ 

~ 
1--

~ 

1--

~ 
1--
1--

1--

1-

~ 
1--

~ 

1--

~ 
METHOO: 

Hard brown silt, some rock fragment~ 
trace of clay, trace of gravel 
-damp 

Bottom of boring at 14.0' 

2A 

3A 

4A 

SA 

6A 

HOLLOW STEM AUGER WATER OBSERVAnO. 
None 

3.5-4.0 

6.o-6.5 

8.5-10.0 

ll.o-12.5 

13.5-14,0 

X 
TECHNICIAN: KB-TB 

28216 (bw) 

INITIAL OIPTM: _____ _ 

coMPI.ITtON oEPTM: None 
.lOti NO.: 

·-

'100/4" 100+ 

100/3" 100+ 

27-47-53/3" 100 

23-77/5"'' 100 

100/5" 100+ 

TVPIIAMPLIR: 

A. IPI.ITIPOON 

L 

C. IMII.IY TUII 

BOWSER- MORNER 

. -



----___ __. ------------- Joai::=:===..-~:2,~~--------·-·----

.. .. -..... -·-· . ·-·· ··- ..... ·- .. ---· ··--- . ·-· ~ 

. -... .. : 

BOWSER·MORNER. INC. ~ • : ·.' :' ~· ~H~ Ne'.-..;...· .::..._;_ -----L-1 __ OF I P. 0. Box 51 -.....E.-. ____ _ 

JAYTON. OHIO 45401 CALCULATED BY_. .p# - OA~E 1*6 -~~'-
(513) 253·8805 

i-=- -HECKEO BY 0 -~ 

SCALE 
~ 

t21~0 'Ls/1/A v -"' 
Bn-rincr No 

... .·. S' ...... "2. . ~ 

~"'i 1 'RnY"i"a 'R'~ _;_ ~·--~ 
Rack. Corina •. Et .. 

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

G..... . .. . . 
-Std. Pen. Tesu 

Shelby Tubes 
.. .... ---- ... . ··-· . . .... -. •· . . ... .. 

A ... t'P!IJS Time ,z!{' -"" ~~., v~ ~J6A ~r...eA ~--- .,...~~ t.A: ·~L~ ~~ 
ROCK CORING .uu· .. ~ ... ~ 7 

Rock Corinsz Hrs. 

Rock Pressure Tests 
Rock.... . 

·r-~11:5tt:;, Test·, Hrs.----···· ... ... --··- -.. . ----- ·····-. -- ··--·- .. ·-· -

Haulina Water. Hrs. 

PU.oing Water. Ft. 
NcL of- -Core Boxes .. ·--· ...... . .. ,. .. . ·' . ... 1-·"- . '••-R .... ···-·- ···--···--- .. ----- . . .. . . ... . 

: WATD. PIPE INlOBMATION 

Size of Pioe i 
' 

i 

Ptt. of Pi'oe & Point. 
. 

Pt!. of Guard Pipe 
; 

Balint gi ·Sanct .. ~----- --..... -- ..... 1-- f-- ... I-~ ·- -···-·· 1---- 1---- .. --···· . -- ..... 1-. .. 

Baszs of Bentonite ' 

Time DevelooinSII I 
.. .. ----· .... I ·t ·-caorlT . .. ... .... --- - -··· - .... --- ......... 

D!IP'OIMATIOR 

Baszs of Ceaent I 
! i 

BA..Ila of_Bentonite i 
Baszs of Sand \I 1 

Total Time 
: i. : 

l I ! ·- . f..----- ~-- ---- r------ , __ ... - --·. --· -- .. ,- ; 

[ I i 
CHUG !ABLE OTBD TIME 

Date . -----···· ,__ .. __ , _____ 
~- --- t----- -- ·- -. .. - ---

Stoalrof ... ., Time ' 

Daily· T-rave-l, --Hra-.- _____ .,._ .. . r r...,.. -.. .. . -- 1-- . - ·- -··· - . ·--- . .. .,._ ---t-· -·--· . ... 

. ' ...... ~ .. . 
"•J. ' ; . ·.;-: : •- ... -- . .. 

Daily Miles, Rig 
: . .. ·· 

Daily Miles. "J : No RiJl - ~ 

S~;~j.Jc.r;'lis:i.on . •; 
.. -.. 

Man BJ:a. l"lA.ci.,.i ... a 
... ·- .. -· ~--. . . .. .. .... . ~-- - .. .. 

.. '·' 
Dozer Hra. 

! 

i 

; ~-



• 

• 

• 

BORING LOCATION~~~ 

I SURFACE ELEVATION: 

LOG OF BORING No. 
Z,j,j~ s- ~~ ~ 

DATE STARTED: // -(Q - k 4f' 

DATE COMPLETED: //-1,;) -% 'f 
SUATUW 

OESCRIPTION 01'" OIATERIA;. :!A"-"D~£: 

... e ! 
e_,,., •!q 

• 
0
"".. SA ....... ( 

! 5•• ON 

SOl~ CLASS"ICATION SYST[ .. : 

/ 

DRILLING METHDDj?"' ~ ~ ~ 

DltiLLU:.V fi' • fl.j 

2Bl2 

I : 

WATER OBSERVATIONS 

INITIAL DEPTH: ..... _4. .............. . 
COMPLETION DEPT£/~--····· 

DEPTH AFTER P.. ... HRS. r... 

I 

i 
i 

9~:~t~S t!!:'··£11• .. . 

? 

z,o 

I 

I 
i I 

I I 
!d-h'! 

! 
I 
I 
I 

I~ I~ 
I 
J 

TYPE SAMPLEQ: 

~ SPLIT SPOON 

C B. 

=C. SME\..BY Tl..'BE 

BOWSER-MORNER 



-· ---- -------------·---
BOWSER·MORNER, INC. 

JW80B~~z~~~~~~=3~~~====L_ 
:-: ~-~! .;i () ~M~ N~Q~-=-i -----....!./ __ OF--f-/ ____ _ 

P. 0. Box 51 
DAYTON. OHIO 45401 

(513) 253·8805 
CALCULATED B'~'-----....J..lZ.!::.,£~Z..... DATE//- ?-2=¥ 

e w __ •. ···- _ .•. -----·- _. ----------·-·· •..• _ --·--. __ • ----- .......... .SI:!Ill=.!SlQ .!l.'L,.,.,. ==-==-===-:a-=--=---=--'l~~ 
SCALE 

.. :;~~ .... 
Bnl"inll No 

;. """ 
L .... /.JD "",.,- ~.o~, " IV F· r,._., .,) "":~: Q ~ : 

ISI,o 
'7 

C:n-f 1 Rnl"incr ""~ 
.... '• ~ . . . " . .:; . : :,-, .:,.: ::> 

Raclt. Cax~ ... ..E.t •... 
.--

--· .... -··· -· --~ ... -- ... .. . .. -· - . -......... 1--- -- -··· .. 
' . . .... 

3·-~- ! 
. .... 

'• .. _ .. ~., · .. : : ·'·, ·. t• • ---;• ... 
l Std.-:· Pen. 'Ieses - ·' 

stielby'i'ubes- -- -·-··· .... _ -·· .. - .......... _ .. - .... - ------- -•. ·-. ----· - --· ··-~:._: .:........;,:·~~ --··- - .,_ __ 
~ : . 

; ,z:j #Jfl~ v~ ~ ~~ :/! L,.J Z,...,.L 1./:~ ~: Access Time ; 

ROC~ CORING lNFO~'IION " 7?. .. . 
Rock Cortng Hrs. ! 

' 
Rdck Pressure Tests ! : 

R~P-r-es8-; "' -~---·"' ~---
I ----1----· ... . . ~------;..-.... t- ·--

l-t .. n1-fncr ~ater. Hrs. ' i I 

Pti,.n-fna \. later. Ft. i I ! i 

Nd '· Of Cc Ire Bo:J ! --it~ ·---1- i - ·----- t----~ 
les 

! I l WAT1~ PIPE INFORMATION i : 

s lze of Plil>e 

Ft 
I 

I l :. of PiiPe & P.oint. 
i ; Ft • of r-.J ...... ~ Pi!Pe 

B4Xl:l u~ 02aUa -i--- +- 1----- _ .. 

Bags o-f Benton~te l ! ' 

Time Developin~ ! I 1 : 

.. --··--·--.. ·4>--- -------· 
4ROUT INFORMATION 

. -- - -- -·-· -=T --·-· - . 
: I i 

B~gs of li-'lt! : : i 
; \ ; 

~ R-'.crs of 'A,mtoniite I 

B42s of Sand i ; 

Total 
I 

i Tiuie 
l .. _ ····-·- i ···-·--·- --· ·-· 7 i 

i l 7 ClLUGEABLE OTHER TIME ! 
! 

o•te l I I ; 
s 4. .. -;:.,-.;;·-1!-1:;;- I i ~ 

i I 
! 

o.~y ~ 
. u. ...... ·--··· .u .... 

-:at [H!3lll ~~ ~.~;:Aa! oauy -..H, .. ~ • .'.u~ ~ _;" f.. ' 
l "1/:l:! l'i <;~3i !ilJ )l ~ ;" 4W I . 

D.ilv Mil .r:a~. 
.. I 

~ 1;2;.,; "T):: T:'Wj 
I< jJI~Oi No Ri2. -- . ... r"'~" • ... ~ .• ':I ,,., .... i 

... : ·~--~ i ~ .. .IIUl. S~Dervisilonr , !I_, ·!~o~l -. ···- ... 
T .L.-. - "--- ! 

; 

Mail llr:B · r1 .. ~..,,. .... no· ·- ···-- ·-- ·- -- •· ___ .. __ -·- ~·--

... 'I .J ,.- r ·• ._ ,,n;,;; ... Hrs • i •: r ,j •: 

' 
; 



LOG OF BORING No. . /Bi 1 
! 

;s-oo .s- 6 o UJ i 
~iU3 

I 
I 
1 

• lORING LOCATION: • ~ ••• ~ ~ ~~ DATE STARTED: //-3 -!g 1- i 

SURFACE ELEVATION: DATE COMPLETED://:? -fy 
ITU.TUW 

OESCAIPTIOII 0" MAT!AIAI.. ,, ..... ul I ~OWl 10(11 I "II'' I I u .. •~r I ,. ... u 
' ~o 6 , .. Otl ! llOWI' . •tcovt•• 

101~ C~AIJ"ICATIOII SYSTEM: I TVIO( :11"14 SAWI>llJI I n ~ 

trA't!> fe/)~ 
v 

tl~ 8A.J.~~,~~~~ ~~~y~d~ M 
LJ,~ 

-, -, r 

lA v~.,z;.r ~-fj.,/3 t~ lL't.? " ,?'_,-·-.Lt. . .... .. ..... 

---

~4 7~~--~ca c~7-9 1/b ./!J~ 

Jwl ~'&I·~ ...t<W-·4.-j'~~n- -

dA~ 

lGo 
. . -,- . 

_'?k ~,1?-~r- 1§26-~3'. ~9 /6 I' 

-• /)..J ~- ~. ...h~~c --

v / ---
~ L,.~.n 
/ -

' 
--

' 
-· .. -

DIU.~INO MITHOOs;/~, WATER OIS!~NS TYIIt! SAM'L!Iit: 

Dll\.~··· I1J H-f;, J" INITIAL O!PTH: ....... ~ ...... ~ S'l.ft' .,00111 

C:CWL!TION O!PTH:. ..~···· D•· 
.10. No •• ~~Ul3 O!PTH AFTU .~ ... HRS./. ....... · 0 C. IHILIY TUU 

• BOWSER-MORHER 
2Bl2 

-·· 



BOWSER·MORNER, INC. 
.., 0. Box 51 

OAY-JN, OHIO 45401 
(513) 253-8805 

~ ·~ -, ,• . .,; :·~ ::SM~ N;_·.:;_-~.....;..------L. __ OF---'-----

C.t.LCULAT-: lY __ __.D!!!::::....-1-H-1--- DATE /1- 6 -B tf 
------ -- ----------- - --. .. . - . - -. - - - . - . - .. -- -.-CHECKED=· -------- OAT~ 

SCALE 

::- t ·vsvo ~- JJ r.," ""' 
.. 

' Bol"ina Nn 

~n-11 'Rn1"ino ll'f" .- s4~ 
'· 

Reck. .Carina.. .l!'t. •. -~ .. -· --- I··. ·- . -

~- - .. -· Stdr Pen. '!escs 

Shelby Tubes ··-· . - 1-,...-
.... 

Access time .25 ~~~ ~u. fU;J -z-JG ~& 'th~ r,vtL .. /~ ~ 
ROCK CORING INfORMATION (l (..1 v 

~--~ Coring Hrs. t 
: 

Roc:. Pre!"' .... '":'e Tests 

Roek ·Pre~~~ Tes-c. Hrs. 1-- - ... -- .. ---· - . .- f- -·. ~--. ---·· 1----·- . .. -- ·-

Haul ina Water. Hrs. 

u ...... 4 ""cr Water. Ft. . 
N~. of ·c~e- Bli"~ll · 

. . --~-·-· 

·-· 1-· ··- ------- ---4.-=~- .. ... '·-· -·· .. 1---·-----·- --·- -· -. 
--

: 
WATJm PIPE INFORMATION 

Size of Pipe 

Ft. of Pipe & Point. ' . 
Ft. of r.aA1"n Pipe 

i 

BC&Xzt u1 Saud---- .. --·-· ...... 
, _____ 

~- .. ---- ...... 1-·- ·- --· 
.. ______ 

.. - . -- --·. -•. . , ___ 

Baas Of 'Aia9'1PI'\"\;i;te 

Tillle D ... u ... tooinA ' l -. 
-· .. -- - - -------..-..----- --- .. - .. .... . . - ... - --·- -- .. -

: GJ.OUT INFOIMATIOR 

Baas of Ceaent 
i 

Bus of ~t-n9\.i:t:e 

Baas of Sand 

Total Time 
_j_ 

------ ~--·--
,. ______ ,_ ___ ·- ---· -~--- .. -... 

! ' ClWlGEABLE OTIIEa TIME 

Date . 
.. -- -- .. ... --~------- ... - - ----- 1-· ----·····- ·-

Stakina Time - ~.. - ... -Hrao· -- ·-· ~- f-·- ---· ... - .. 1--- ... ~ - -· -· -- -·· . . .. U&l:J."Y ~,.., .. v~, 
. . .. ~ - .. . · . . . . -Daily Miles, Rig ! 

;.,. -.. 
Dail v Miles. No RU .. -. .. -· .. 

C!. a.i..on · 1 
- - . - - . -

Man Bra •.. c.1 ..... rl.ncr - .... -· . - ... - ·-··- .. ··- ···- • •.. .. - I Dozer Hrs. 

i I 



• 

• 

STIIATU .. 

~,~W_u~ 

~-ee-~ 

DRILLING METHOD: tl~~,_. 

DRILLER:~ ft -a 7 
JOI NO.: 

2812 

LOG OF BORING No. 

;soos- ;;oow 

DATE STA~TED//-' -a--,
DATE COMPLETE0://-6 ·ti;f 

~·-..D~[· 
SA.,.PL£ 9 c :w 5 D! It .. ..., .. s .. ""0 .. £ 

"'~·:' ! OE OT. 
6 .. o• a":•5 a!:~·E;" 

-.oE ; SA.,..PL(I .. 

WATE~ OBSE~V4TIONS TYPE S.A~PLEQ 

. C. SHELBY Ti.:SE 

. ~ 4. SPLIT SPOON 

.--... 
I 8. 

INITIAL DEPTH: . . .. 11.e::f ...... ·· ······ 
COMPLETION DEPTH//(. .......... . 

DEPTH AFTER /'£!. HRS. . ..... . 

BOWSER-MORNER 



LOG OF BORING NO. 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

s 2700 
lORING LOCATION: \IJ q'7SC DATE STARTED: 9/25/84 

SURFACE ELEVATION: 703. q DATE COMPLETED: 9/25/84 

STill A TUM DliCIUPTION OF MATllltAL 

r£1 Lt.) 
_o.o' /op'f:>o ,1 

~ 1.0'~--~~--~~----~~--------~---
(FILL) Hard brown silt, trace of -- .... clay, trace of sand, trace of gravel, 

4.0' trace of wood - damp - . 

S' (ORIGINAL) Very dense brown sand and 
~ gravel, trace of. stlt - moist 

--
~ 
10' 
~ 

~ 

~ 

~ 

Ts• 
I'"--

~ 

!-

,__ 
-20'· -=-
--
-
~ 

25' 
~ 

~ 

~ 

~ 

~o· 
~ 

(Auger refusal at &.0') 
Bottom of boring at 6.0') 

.. 

IAMPL.I 
N0.6 
TYPI 

lA 

2A 

METHOD: HOLLOW STEM AUGER WATER OBSERVATIONS 

lAMPI. I 
DlPTH 

1.0-2.5 

3.5-5.0 

TECHNICIAN: KB-JP 
INITIAL. DIPTH: ____ .;;.N.:O;.::n;;::e __ ~ 
COMPL.ITION OIPTH: __ ....;N...;;o;.;;.n;...;;e __ -

-28216 (bw) JOB NO.: Olf'TH APTIII':- HillS. 

a&.OWS Pill' 
I" ON 

IAMPL.III' 

13-32-19 

17-32-28 

TYPIIAMPLIR: 

"N"a&.DWI 
,T, 011' 

CO"I II'IC. 

51 

60 

A. IPL.IT SPOON .. 
c. IHII.IY TUal 

BOWSER- MORNER 

• 

• 

• 



• 

J !)(!, ., 
).oc. 
v 

).()f!, 

'}~17 
Ui·.' 
t', 

I (1:. ~ 
P'-9 

,;(~' 
;tJ 

• 

. :-:-. 

LOG OF BORING No . 

-

BORING LOCATION: DATE STARTED:/,/-/V~ y 
SURFACE ELE¥ATION: DATE COMPLETED: 

ST.ATUW 5A .... Pl[ I OESCRIF'TION OF MATERIAl. SA .. PL[ 8 L'WS P(~ .. .., .. SA .... P!,.( 

•o 4 I 6"" OH 
SOl~ eLASS" I CAT ION SYST[M: ,..., P( 

O(PT,. 

~# ~ ,7"'.::=> ......... ~.ev-~ 
' ;t- c~ /r,.,. 

I ~4'~ 
, 

z eJ 

v...s;.z.r .s ~,{') ~ ~y..r,.,~r, ~""· 

~~~fli; ~CAt ~.r / 
~/..6' s.a' 

)(,'10 J ~ J/}tJO (:- (;IAv 111.~1~1 
• I 

JSJ(,w.; t2. {) I 

179ZS. ~ o ~p..;Hc/..:J Jr~,;v.:.. _ 
~. ¥ ,a~ .SII'!1 N ,.:;) ~ AA4 I ~ I -- -- . 

~00'1 Lu. 
.;. () . ,d~ c:/,p.;. J....., u~ r: ,_ ., ~ 

Jlo (}(. ::r.~- . 'I1 ;{J 13. """~ ' 
'7tl3 -:J o. 0 01! 'ANr:J J 11\J '' -r; ~· 1 & r 

~t/fJ-IW 
~' .S . Jltii-IL 
(.1,,-/~ ';:( _, 

,6 

ilt;ti?J' tP,{) 4;e ~ f"", - , ~. 
~\S" N (J/,4'( 1114 SteT. 14M. 

~{)Ill W i/2oa-· I· o 
1:lrl 13 1. ~' 

/SDS' S.. {).0 CJ!U. ~(..-:> tS~L. 
r;.r-- ~ .J',If/.JP 'tf ~'J l'fA,OI- .,..,.-

-t1-f.21W II()CA c.J.~-' g;/a /.1-. s I 

b;7/J'/ s /), () ,a~..r~ "'I' ~'-' ~ 

')V(~ 
1/:0 J~~L '-. 

1 

A-/~ ,? . .J 
, 

. 
~/J-::r.S t!).t!) ~ ~ • V"~J~ 

~l..~W 
~r ~~~~.s~~,J-r_ 

~~..c~d ~~~ z.e; __ · 
V.4.1-' ..r o.o ce-7~ v - -
~,,, w 19. .$ ~ el ~~ ~-- J. • .. 

'" DRILLINGMETHOD:07{~~0 .. WATER OBSERVATIONS 

.A ·. ·-~~ ..-;, INITIAL DEPTH: ., ........................... 

DRILLER: ~ -~-~~ ... 7~~> . 
JOI NO.: ?.11_? .I'! .A 

~-n 

2B12 

.::··:. ··-
.·.'>t 

. 
. · ·, -~ 

COMPLETION.OEPTH: ....................... 

DEPTH AFTER .......... HRS . ...... : ..... 

. 

. 

8L,N5 ~(C 'V(R • 
I 5A"'PL(• ' I .. • 

-

' : 

TYPE SAMPLER: 

~· SPLIT SPOON 

0 B. 

lJ C. SHEL.BY TUBE 

BOWSER-MORNER 

i 

I 

I 



--·----------------------------.... .J' -
I LOG OF BORING No. 

l 
- I 

lORING LOCATION: DATE STAFl.TED://-/9'-fY I 
I • 

SURFACE ELEVATION: DATE COMPLETED: //·/..l-F_s- ! 

I 
su.nuw I !A .. Pl( I 

I 
a ~ows PE~ "N" I SA .. •u I OESCRII"TION OF MATERIAL I •o 4 

5A"'P~[ 

O[PTW 
6" 0~ SLOws: ! ~[COV[~v 

SOIL CLAIS"ICATION SYSTEM: - ! T'fP[ I SA .. PL[~ ~T : ''-! 

).IJC. 
II 

:C~ 
6),CJ LZ+~A,,- C (7t:-b~ 

, •• ,A:!f!T;c. ~ :1'- ~...c...r '1- .,...... ,~ 

~~.411cr~ 
:7-~. ~ t:::::/'~ _,_./'/G.?/ ,....._~ , __ 

J '~A)C£.- ~.(""/"' ~~A:- ,:::5 ~,/.$ ~ ,o , 
~~A'S ~;z:; ~.,c_ .,. 
~~~w 

ji;r'. ~ r~ '- ~~C/~ F~~-

6~,c; ' ~-G> 

.S&J, c~ ~/$'7"'~-':~'- ~/ 

~ 
3''~~~y ~~~ ~~. 
~,;I~ 4c::,.e_ o:t • .r , 

~ ..,&~ .,6 -:r. s / 
~~$ (!),() -ro~ott ..... 

•. r "" ~ .1-. .{ .lf.T, ~. ,.";" ·--

tnt.o v ~"' I>"- ~/f...( ~ /C ~~"' ~""""""I'/ ~1" 
6,-{13 '-J.. , ... I 

• ; 

' 

\ 
, .. ·'\ . . 

. .:.;:: 

: 

DRILLING METHOD: WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: ............................... 0 A. SPLIT SPOON 

DRILLER: 
' 

COMPLETION DEPTH: ....................... 0 B. 

JOB NO.: tX tf'c;l,llC) DEPTH AFTER ........... HRS ............. uc. SHELBY TUBE 

BOWSER-MORNER • 2Bl2 ~: ·. 



• 

• 

LOG OF BORING NO • 
MONSANTO RESEARCH CORPORATION, 

MOUND FACILITY, MIAMISBURG, OHIO 

lORING LOCATION: 

SURFACE ELEVATION: 

STfiiATUM DUCAIPTION Ofl MATIJIIAL 

~.0' Topsoil 
1.0' r-:-

r-
r- 3. O' 

~· ~ 
r- 6. 5 I 
r-
r-
~;-, 
~ 
- 10.5' 

-
-
~ 14.0' 
~ 
~ 

~ 

~ 

~ 

~ 

Stiff dark brown silt, some clay, 
trace of sand, trace of gravel 
- moist 

Very stiff brown silt, some clay, 
trace of sand, trace of gravel · 
- moist 

Medium dense brown sand, some silt, 
trace of gravel - moist 
(Becomes very dense at 8.5') 

Hard brown silt, some clay, trace of 
sand, trace of gravel, trace of 
cobbles - moist 

Hard gray silt, trace of clay, trace 
of sand. trace of Stravel - moist 
Bottom of boring at 15.0' 

..... ~ ... 
NO .• 
TY~I 

lA 

2A 

3A 

4A 

SA 

6A 

METHOO: HOLLOW STEM AUGER WATIJt OBSERVATIONS 

DATE IT ARTED: 9/25/84 

DATE COMPLETED: 9/25/84 

..... ~ ... 
DII'TH 

l.o-2.5 

3.5-5.0 

II.OWII'E" 
t"ON ............ 

5- 7- 7 

8-1D-10 

6.0-7.5 5- 6- 7 

8.5-10.0 40-30-30 

11.0-12.5 7-17-24 

13.5-15.0 12-17-21 

TYPI SAMPLER: 

"N"ILOM 
/PT. Ofll 

COIIIIE fiiiC. 

14 

20 

13 

60 

41 

38 

INITIAL OII'TH:: ___ N...;.o..;;;n;.;;e __ X A. SI'I.IT SI'OON 
TECHNICIAN: 

JOINO.: 

KB-JP 

28216 (bw) 
COMI'LITION DIPTH: None .. 
DII'TH AttTI"'- H .. l. C. SHILIV TUII 

BOWSER - MORNER 



LOG OF BORING NO. 

MONSANTO RESEARCH CORPORATION, 
MOUND FACILITY, MIAMISBURG, OHIO 

~J.'7bD} 
lORlNO LOCATION: W t.j-!:) ,J... 0 

SURFACE ELEVATION: 

STI'ATUM DUCRiniON Q, MATIRIAL 

~0.0' Topsoil 

~ 1.0' 

i- ... -~. 

Hard brown silt, some sand, trace of 
clay, trace of gravel - damp 

~ 4.-0J 
5' . --------~~----~----------~--~ ~ Very stiff brown clay, trace of sand 
~ 6.0' and gravel , trace of silt - moist 

~ 

1--10' 
1--

Hard gray silt. someosanq,~trace of 
g·ravel .. damp 

,_ 11.5' 
- ~S-t~i-=f-=f-g_r_a_y_a_n-:d:--:-b-r-own--c-:1:-a-y-,--s-o_m_e_s-:-il:-. ~-I 

-- trace~of san~ trace of gravel 
1- 14.5' - moist 
15' ~~~~~~-=---------~~~------t 
~ Stiff black clay, some silt, trace 
~ of _g_ravel - moist 
1- Bottom of b<{tJng at 15.0' 

I-

To• .........__ 

----
~ 

----
JO' 
~ 

lAMPL I 
NO. a 
TYPI 

lA 

2A 

3A 

4A 

SA 

6A 

METHOO: H__QLLOW STEM AUGER WATIR QBSIRVATIONI 

INITIAL OIPTN: !iO'Nf?. 

COMPLITION OIPTN: NOAIP-
TICHNICtAN: 

i 

JQ8 NO.: I 

.L-- / OII'TH AI'TI~t:_ Hltl, 

DATE IT ARTED: 9~/84 

DATE COMPLETED: 9t;(/84 

IAWLI 
OIPTH 

1.0-2.5 

ILOWI PI" 
t"ON 

lAMPL IIt 

6-20-23 

3.5-5.0 6- 9- 9 

6.0-7.5 22-23-31 

8.5-10.0 45-30-25 

ll.Q-12.5 7- 5- 9 

13.5-15.0 11- 6- 9 

TYPIIAMPI.IR: 

"N"ILOWI 
"T. 0" 

CO"I ~tiC. 

43 

18 

55 

14 

15 

___!_ A. IPLITIPOON 

- •• 
- c. IHILIV TUII j 

BOWSER- MORNER 

• 

• 

• 



• 
~ ....... • LOG OF BORING No. 

'· 

BORING LOCATION:fJ.J/j,.. C'-

SURFACE ELEVATION: 

OESCRIPTION OF M&T£1'!1&1.. 

I
! ... PL[ I 

NO 6 
T'YP[ I SOl~ C:L&SSI,ICATION SVS'f[W: 

oos J '15; () u/ 
DATE STARTEof/-ciS -ti 
DATE COMPLETEO:cr-~~-g'l 

I LOWS P[~ 
, .. o• 

s, ... ,Ll• 

S6Wit~[ I 
~[COV[~• 

• I 

;tv? o.o , 

• 

• 

I, 1/ d.!J. c t-Il Y,.911SJ {, -r 
-~··:'] --~. ~:_;!.;_/ f· (~ 

DRILLING METHOD: Jlot' £/ Gl'] 

DRILLU: J<G."'Jf 
JOB NO.: (j 5 iX) f.t 

2Bl2 

WATER OBSERVATIONS~ 
"'j,J //I._/ . 

INITIAL DEPTH: .... /ZV. "/..: ... ,.,_.,. . . / ~o~/ .~-· COMPLETION DEPTH: /V ... ~ ... :. 

DEPTH AFTER .-:-:·:f.(.'.HRS .. /. ..... . 

TYPE SAMPLER: 

,g •. SPLIT SPOON 

Ce. 

11 

/c?J' 

0 C. SHELBY TUBE 

BOWSER-MORNER 

-··----···- ------- --- ------------ ----- -----·~---· -· 



~--

-------------------- ------------------------
LOG OF BORING No. 

BORINGLOCATIOH: ltc-' {j.'(l~~Tfi(J 

I SURFACE ELEVATION: 

DATE STARTED: J(J•tiJt} • f'1 
DATE COMPLETED: I() ~ ...-y 

• 
sr•.uuw $AWP~( ~ i 8~'"'5 P(Q : 

OES(:R!P"!'ION OF hiA"l'ERIAI.. su.u•~E 
"'"'l•' S .. WD~( 

~o ~ ' ! 5" 0~ : 8c;j*S Q[C,v[,. 
SOl~ CLASSI~ICATIO!I SY5~£ .. : '!'YO£ i OEPTM 

SAMD~(A .. 
' 

IJ·<) T1Jf'Sit L 
ljri·Fr Ill ~J tl, -s.,..... c. I ,tY .111 ,. , tit) 

f 

o.~ .... )A e.o·f.$ "-·l· B II ,,, . 
,_.A4D Sn·l .. lcl-- $~~~~, nt t,,(Jrl 

! *'l IIITU J ,C:,~ • 
~.$' : dA--. II ...... . 1.£"·~( ILl· '~ twJ. f''* . ~ ~. 

.. ;· 

'A ,. • 'Tit lfll!t, I~ (,I 

..,, 1.T·t.'l '11·$1 
t•~ ld. 

.. 

~ ITY:.I3 s-.S' 
·. .. 

·. 
' 

i 

DRILLING METHOD: ,., . r, 1.\. WATER OBSERVATIONS. TYPE SAMPLER: 

ORILLU: 7t3- J p INITIAL D._EPTH: . ..a i N ..... .., .. 6iiQ A. SPLIT ~POON 

COMPLETION DEPTH: \\l,4 fl. .. .. 0 8. 

JOI NO.: elf" ,2 3 cr" DEPTH AFTER No: .. HRS. •r ... C. SHELBY TUBE 

BOWSER-MORNER 
2Bl2 

• 

• 

j 

• 



• 
8.2. LOGS OF PIPES INSTALLED IN AREAS 1, 8, AND 12 FOR 

IN SITU GAMMA SPECTROSCOPY 

• 

• 



• 
REPORT TO: 

!{£PURl ON: 

BOWSER-MORNER, INC . 

Monsanto Research Corporation 
Mound Facility 
P.O. Box 32 
Miamisburg, Ohio 45342 

REPORT DATE: February 17, 1984 

REPORT NO.: 27298-284-141 

Soil Boring and Installation of Monitor Wells, Mound 
Facility, Miamisburg, Ohio 

Bowser-Morner, lnc., was authorized by Purchase Urder No. 43059, Change No. 

02, dated October 17, 1983, to proceed with the soil borings and monitor well 

installations at locations and to depths as directed. 

Two (2) soi 1 borings and monitor wells were located west of Sui lding #38 

(Boring Nos. 286-1 and 287-1) and twenty {20) were located around Building #21 

(Boring Nos. 288-1 through 307-1) at the approximate locations as shown on the 

• attached site plan. The borings were made with a truck-mounted "Mobile B-61" 

rota~y rig using 6-inch solid earth augers to advance the boring. No soil sam-

• 

ples were taken or required by the client. The soil was visually classified 

from auger cuttings and recorded on the attached boring logs. 

A monitoring well was installed in each of the borings. The wells were in-

stalled using 4-inch Schedule 40 PVC pipe with a glued on bottom cap set to the 

bottom of the boring. Clean sand was placed between the pipe and the surrounding 

soil. The top 6 inches was filled with a dry bentonite clay to seal off surface 

water. A 6" x 5' long steel guard pipe with a hinged locking cap and lock was 

installed over the top of the PVC pipe • 

Ali Re:x:ts Remam Tt>e Conf,cenr,al Pto;>erty Of Bowser·Mornet Ana No Publication Or Otstrib~.·r 1 on 

Of Pt:;Jorrs May Bt: Maae Wllh.:>ut Oo.~r E~;Jtess Wr111en Consent E~cept As Au:n: ... ·.~ed By Conr 1acr 



Monsanto Research Corporation 
Laboratory Report No. 27298-284-141 
February 17, 1984 
Page 2 

Surface elevations and exacf locations are to be determined by other than 

Bowser-Morner, Inc. 

Please contact the writer if there are any questions, or if we can be of 

further service. 

RLO/mjj(#56) 
3-Client 
2-MRC, Attn: Mr. Dick Bertram 
2-Fi le 

Respectfully submitted, 

Bo~w~_rt_~-M~rnier, /:.Inc .,
1
., . 

. . - .... 
I~ ·'-'·: £./· • • ~,>(,: ._j;(:';' f../. . 

'Robert L. isney, Manager _ 
Field Exploration Oepart¢e t 

• 

• 

• 
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LOG OF BORING NO. 286-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 2885.666 
West 2498.921 

DATE STARTED: 1-23-84 

SURFACE ELEVATION: 871.07 DATE COMPLETED: 1-23-84 

ST FIATUM 

0.0' 
~ 

r-
t--

t-- -
3. 0' 

~· 
1---

t--

t--

t--

t--
10' 

t----

t--
1~.o· -

-
r--

1 • 0 I ~). 

t--

1--

t--

~o· 
t----

,...__ 

1--

. ,...__ 

-
, 5' 
~ 

t--

-
-
- 30' 
~ 

METHOO: 

DUCAirTION OF MATERIAL 

(FILL) Brown silt, trace of sand, 
trace of concrete fragments - damp 

(ORIGINAL) Brown clay, trace of silt, 
trace of sand, trace of gravel-moist 

--------------------------i 
Gray clay, trace of silt, trace of 
sand, trace of gravel - moist 

------------------~-----~ 
~arent rock (auger refusal) 
Bottum of boring at 15.0' 

Note: 4" PVC pipe installed with 
bottom at 14.5' with 2.5' abovE 
ground 

SAMf'LE 
NO .• 
TYf'E 

SOLID AUGER WATER OBSERVATIONS 
None 

SA.Mf'LE 
OEP'TH 

I ... ITIAL OEP'TH: _______ _ 
TECHNICIAN: RF-BP 

COMPLETION OEf'TH: __ N_o_n_e __ 

ILOWS PUI 
... ON 

SAMf'LE .. 

''N'' I LOWS 
/FT. 0 .. 

CO .. E .. EC. 

------i ----

TY'f &AMPLER: 

A. Sf'LIT Sf'OON 

•• 
l_JO_s_N_o __ .: ___ ~2~7~2:9~8=-~(=m~j~j~) _____ jL~O~E~P~T~H~A~F~T~E~"~'====~:H:":S~. =====:j_~====-~C:·--~S=H~E~L~I~Y~T~U:I:I __ ___ 

BOWSER - MORNER 
TESTINO LAIOJtA TO IllES, INC. 



LOG OF BORING NO. 287-1 

MONITORING WELLS IN OLD FILLS SITES 

BORING LOCATION: South 
West 

2915.293 
2490.347 

DATE STARTED: 1-23-84 

SURFACE ELEVATION: 374. 17 DATE COMPLETED: 1-23-84 

STAATVM 

,__0..0' 

- 3.0' 

-5, 

-
-
-
,_ 

-
1 (l I 

~ 

-
- 12.0' 

f-

f-- . 
15' 

1--

r
f-

r-

~o· 
1--

r
f-

r-

~s· 
1--

-
r--

r--

1-30' 
1--

METHOD: 

(FILL) Brown silt, trace of sand, 
trace of gravel, trace of concrete 
fragments - damp 

(ORIGIN.AJ.) Brown clay, trace of sand, 
trace of silt, trace of gravel-moist 

A??arent rock (auger refusal) 
Bottom of boring at 12.0' 

Note: 4" PVC pipe installed with 
bottom at 11.5' with 2.5' above 
ground 

SAMPLE 
NO .• 
TVP'E 

SOLID AUGER -WATER OBSERVATIONS 
None 

SAMPLE 
OEP'TH 

TECHNICIAN: 
COI.t,.LETION OEf'TH: __ N_o_n_e __ 

INITIAL OE .. TH: ______ _ 

RF-BP 

JOe ..,o.: 2 7298 (mjj) 

ILOWS P'E" 
I" ON 

SAM,.LE .. 

TYPE SAWLE": 

A. 

•• 

"N" IL.OWI 
/FT. 0" 

CO"! "EC. 

c. SHII.IY TVII. 

BOWSER- MORNER 
TE.STINO LA IOIIIlA TOIIIli!.S. INC. 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 288-1 

MONITORING WELLS IN OLD FILL SITES 

lORING LOCATION: South 
West 

3777.190 
3245.281 

DATE STARTED: 1-23-84 

SURFACE ELEVATION: G88.87 DATE COMPLETED:!- 2 3- 84 

STI'IATUM DESCRIPTION OF MATERIAL 

~0.0' Brown silt, trace of sand, trace of 
gravel - damp 

2. 0' 

r-
r- 5.0' 
~ 

1--

r-
1--

8.0' 

lO' 
r---

r-

1--

r-
r-

15' 
~ 

1--

r-
1--

~o· -
t-
1--

1--

1--
? ~' 
~ 
r-
1--

1--

r-30' 
t---

MET MOD: 

Brown clay, trace of silt, trace of 
gravel - damp 

Limestone layers, 6" to 1' thick 

Apparent rock (auger refusal) 
5ottom of boring at 8.0' 

~ote: 4" PVC pipe installed with 
bottom.at 7.0' with 2.0' above 
ground 

SOLID AUGER WATER OS.SERVATIONS 

INITIAL OU'TH: ___ ~N~'o::!.n!.,!..:e __ 
TECHNICIAN: RF-BP None 

COM,LETtOI\I OEPTH: -----

.1011 NO.: 27298 (mjj) HillS. 

BLOWS 'EIII 
I" ON 

SAM,LEIII 

TY,E SAWLER: 

"N" 8LOWS 
/FT. 0111 

COlliE lllfC. 

A. S'LIT SPOON 

•• 
c. SHILaY TU81 

BOWSER- MORNER 
Tt.STIHCi LA DOaATOaiU.. INC. 



LOG OF BORING NO. 289-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3724.774 
West 3254.302 

DATE STARTED: 1-23-84 

SURFACE ELEVATION: 891.24 DATE COMPLETED: 1-23-84 

STIII.t.TUM OUCA,TION OF MATERIAL 

(FILL) Crushed stone _o.o' 
0.2' -- 1----------~--------~----------~----~ 

2
.0' (ORIGINAL) Brown silt, trace of -- sand, trace of gravel - damp 
"1------------------------------~ Bro~~ clay and silt, trace of sand, f--

trace of gravel - damp f-- 5' 
f----5. 5' 
-- I--A-.p->p-.a-r_e_n __ t--ro--c~k~(-a_u __ g'e_r __ r_e~f~u-s-a~l~)------~ 

-- Bottom of boring at 5.5' 
t-

r-· 
10' 

f----

f--

f--

.....-

-15' 
~ 

-
-
-
2o· -
--
-

!'lote: 4" PVC pipe installed with 
bottom at 5.5' with 1.5.' above 
ground 

SAMI"Ll 
NO .• 
TY'E 

METHOD: SOLID AUGER WATlA O£.SEAVATIONS 

SAMI"Ll 
OE,TH 

IN tTl AL OEI"TH : _____ ...;..N;.;:o:...:.n:..;:e:...._._ 
TECHNICIAN: RF-BP 

.ICBNO.: 27298 (rnjj) 

None 
COMI"LETION DEI"TH: ------

ILOWS 'Ell 
I" ON 

SAM,Llll 

''N" ILOWI 
/FT. Oil 

COllE IIEC. 

A. SI"LIT S'00N 

I. 

c. SHELlY TUII 

BOWSER - MORNER 
TESTING LA 80~A TO~J!.S. DfC. 

• 

• 

• 



•• 

• 

• 

LOG OF BORING NO. 290-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 
West 

3752.358 
3322.860 

DATE STARTED: 1-23-84 

SURFACE ELEVATION: 888.69 DATE COMPLETED: 1-23-84 

STAATUM 

0.0' 
r---u-.8' 
r-
r--

r--
r--
__2..0' 

~ 

~ 

-
~o· 
r----
r--
r--
r--

-15 I 
~ 

...--
r--
...__ 

~0' -
~ 

r--
r--

r--
25' r----

r--

r--
r--

~o· 
r----

._,ETHOD: 

DESCRIPTION Of MATERIAL 

(FILL) Crushed stone 

(ORIGINAL) Brown clay, trace of sand, 
trace of gravel - moist 

(6" limestone layers at 2.5') 

Apparent rock (auger refusal) 
Bottom of boring at 5.0' 

Note: 4" PVC pipe installed with 
bottom at 5.0' with 2.0' above 
ground 

SAt.U'LE 
NO.6 
TY,.E 

SOLID AUGER WATER OBSERVATIONS 
None 

TECHNICIAN: RF-BP 
INITIAL DEPTH: ______ _ 

COMPLETION DE,.TH: _.:..;N..::::O.:..:n..::::e __ 
JOIS NO.: 27298 (mjj) CiP'TH AI'Ti lit: HI'IS. 

BLOWS,EA 
I" ON 

SAUP'LEA 

''N'' BLOWS 
/FT. OA 

COAt I'IEC. 

A. 5'LIT SP'OO"' 

•• 
c. SHELlY TUII 

BOWSER - MORNER 
TE.STINC LA lOlitA TOIUU.. INC. 



LOG OF BORING NO. 291-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 
West 

3808.217 
3323.569 

DATE STARTED: 1-24-84 

SURFACE ELEVATION: 886.12 DATE COMPLETED: 1-24-84 

STAATUM DUCAI'TI~ Of MATERIAL 

~--~-.0' (FILL) Crushed stone 

t-

t--

1-

0.5' 1----------·- - -------.,..-----~ 

2
_
0

, (ORIGINAL) Brown silt, trace of sand, 
" trace of gravel - damp 

Brown clay, trace of sand, trace of 
~· gravel - moist 
f--5.5' 

t--

~o· 
f--

t-

t--

-
lS' -
-
-
-
-
W.O.:. 
t-

t-

t-

t--
")- I 

~ 
f-

f-

t--

t-- 0' r-1--

METHOD: 

1----------------~--------~--~------~ Apoarent rock (auger refusal) 
Bottom of boring at 5.5' 

!'ote: 4" PVC pipe installed with 
bottom at 5.0' with 1.0' above 
ground 

SOLID AUGER WATER OBSERVATIONS 
None 

I .... ITIAL DE,TH: _________ _ 
TECHNICIAN: 

RF-RH COIIoi'LETION OE,TH· _!\_o_n_e ___ _ 
JOB NO.: 27298 (:njj) 

BLOWS 'E" 
t" ON 

SAM,L.£" 

TYP>E UWLER: 

A. 

··w· eL.OWS 
/FT. O" 

CO"E "EC. 

•• 
c. SHlLIY TUel 

BOWSER- MOR.,.,.ER 
TLSTING LA IIOilA TOitiE.S. INC. 

• 

• 

• 



•• 

• 

• 

LOG OF BORING NO. 292-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 
West 

3670.827 
3342.887 

DATE STARTED: 1-24-84 

SURFACE ELEVATION: 889.39 DATE COMPLETED: 1-24-84 

STFIATUt.l DESCR.,TION OF MATERIAL 

___o.. 0' (FILL) Crushed stone 
0.5' 

- 1.0' (ORIGINAL) Brown silt, trace of sand, 
- """trace of gravel -·moist -------=---i 
1-- Bro-.'T1 clay, trace of silt, trace of 

4. 0' ~· sand, trace of gravel - moist 
r--- Apparent rock (auger refusal) 

iott0m of boring at 4.0' t-

1--

-
10' 
r--

-
-
1--

t-
1 5' r--=-=-

1--

t-

1--

~o· 
f--

t-

r--

-
-

"5' r--=---
t--

-
-
-

30' 
~ 

t-;oce: 4" PVC pipe installed ":ith 
bottom at 4.0' ~ith 1.5' above 
ground 

SAMP'LE 
NO. a. 
TYP'E 

METHOD: SOLID AUGER WATER OBSERVATIONS 

$At.IP'LE 
OEP'TM 

TECHNICIAN: Rf-RH 
tNtTI AL OEP'TM : __ __.N...,'o"-'n'-"'e...__ __ 

None 
COI.AP'LETION OEP'TH: -----

JO!! NO.: 2 i298 (mjj) HillS. 

BLOWS P'EJIII 
I" ON 

SAt.IP'LEJIII 

"~··I LOWS 
tFT. OJIII 

CO"!: JIIIEC. 

A. SP'LIT SP'OO~ 

•• 
c. SMILIY TV81 

BOWSER- MORNER 
TE.STING LAilOIIlATOIUE.S,IHC. 



LOG OF BORING NO. 293-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3716.055 
West 3400.604 

SURFACE ELEVATION: 886.19 

STRATUM 

Wl.-O' 
0.5' .___ 

~ 2.0' 

DESCRI,TION OF MATERIAL 

(FILL) Crushed stone 

" 
(ORIGINAL) Brown silt, trace of sand, 
trace of gravel - moist 

f-: ,4. 5' 
) " 1--- . 

.___ 

.___ 

I-
._ 

1 r· • 
~ 
.___ 
.___ 

1--

1--
15' 

1---

----1--

1--

1--
'"'0' 
~ 

1--

1--

c--.,:;' 
--~ 

Red and brown clay, trace of silt, 
trace of sand, trace of gravel-moist 

--~----------------------------~------~ 
~\pp~rent rock (auger refusal) 

Bottom of horing at 4.5' 

:\ote: 4" PVC pipe installed with 
bottom 4.5' with 1.5' above 
ground 

SAMP'LE 
N0.6 
TYI"E 

METHOD: SOLID AUGER WATER OBSEAVA.TIONS 

I 1111 T I A L DE I"TH: ____ '\;;Jo;'QOlJp.ee __ _ 
TECH~ICIAN: RF-RH 

CCt.ArLETtO._, OEP'TH: _...;.N.:..;:o;..:n.:..;:e:;..__ 
.JOB NO.: 2 7~98 (mjj) 

DATE STARTED: 1-24-84 

DATE COMPLETED: 1-24-84 

IIL.OWS rE" 
I" ON 

SAUP'LE" 

"H" ILOWS 
/FT. 0" 

CO"E "EC. 

A. SP'LIT SP'OON 

•• 

BOWSER - MORNER 
TESTIHCi LA IO"A TO'-IU. UfC 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 294-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3751.261 
West 3418.167 

DATE STARTED: 1-24-84 

SURfACE ELEVATION: 884.19 DATE COMPLETED: 1-24-84 

STAATUM 

l-.n..O' 
0.5' 

- 1.5' 

- '-... 
- 4.5' 
...s...:_--

-
-
-
-l 0. 
-·-
-
-
1-

~s· 
1---

-
...._ 

-
1-

·""0' 
~ 

1-

1-

r-

"""-;,- . _.) 

:----

-
r-

1--

IJO' -

(FILL) Crushed stone 

(ORIGINAL) Brown silt, trace of sand, 
trace of gravel - moist 
Brown clay, trace of sand, trace of 
gravel - moist 

Apyarent rock (auger refusal) 
Bottom of boring at 4.5' 

Note: 4" PVC pipe installed with 
bottom at 4.5' with 1.5' above 
ground 

lAMP' I.£ 
N0.6 
TYP'E 

SAMP'LI 
OE,TH 

METHOO: ..... SOLID AUGER WATER OBSERVATIONS 
· · None INITIAL OEP'TH: ______ _ 

TEC~NICIAH: RF- RH 
COMI'LETtON Of.f'TH: _.;:.N;..;;o..;;.n:..:e:;..__ 

.JOe NO.: 27298 {rnjj) DEPTH AFTE"':- HillS. 

ILOWS 'EIII 
e" ON 

S4Mf'I.E Ill 

''N"ILOM 
!FT. 01'1 

COlliE "IC:. 

A. I''L.IT SI'OOH 

•• 
C. SHI LIY TUII 

BOWSER - MORNER 
TESTJNC LA IIOJlA TO JUts. ll'IC. 



. • 

LOG OF BORING NO. 295-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 
West 

3791.907 
3441.524 

DATE STARTED: 1-24-84 

SURFACE ELEVATION: DATE COMPLETED: 1-24-84 

0.0' r---o. 5' 

f-

(FILL) Crushed stone 

(u~IGINAL) Brown silt, trace of sand, 
trace of gravel - damp 

SAMP'LE 
N0.6 
TYP'E 

~· 4.5' 
.....;....__ Apparent rock (auger refusal) 
-- Bottom of boring at 4.5' 

--
1-

t-

w..r..:. 
t

f

f

r-
15' 

f---

.__ 
1.-

f

~o· -
.___ 

-
-
1--

25' 
f--

-
,..-. 

-

METHOD: 

Note: 4" PVC pipe installed with 
bottom at 4.5' with 1.5' above 
ground 

SOLID AUGER WATER OBSERVATIONS 

TECH~ICIAN: RF-RH 
I.,.ITIAL OEI'TH: ____ N...;;.o..;..n...;;e __ 

None 
COUI'LITION OEI'TW: -----

JOB NO.: 2 7298 (mjj) H .. S. 

BLOWS I'E" 
••• ON 

SAUI'l.[" 

TYP'E SAMPLER: 

"N" ll.OWS 
/FT. 0 .. 

CO"£ IIIEC. 

A. SI'LIT SI'OON 

I. 

C. SHELlY TUII 

BOWSER- MOR.l'lER 
TESTINC LA tOll. A TO'-IE.S. INC. 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 296-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3865.887 DATE STARTED: 1-24-84 

West 3483.068 

SURFACE ELEVATION: 872.57 

STPIA.TUiol DESCRIPTION OF MATERIAL 

0.0' (FILL) Topsoil 
~.25' 
r--

1-

'--- }}.0' 

· (ul\i\..!NAL) Brown clay, some silt, 
trace of sand, trace of gravel 
- moist 

Light bro~n silt, some clay, trace 
of sand, trace of gravel - damp 

DATE COMPLETED: 1-24-84 

81..0WS P'E" 
••• ON 

SA.MP'I..E" 

""N" II..OWS 
/FT. 0" 

COIU "'EC. 

_ 1-!~r-:-i;;l:-;;t-roc k --'('-=-~:..;u~_.g"-e::...r::..._.::.r-=e-=f....:::u:.:s:..::a:.:l:...)~----+---+----·---t~-----·---t----
BotrClm ,1f huring at 11.0' 

~\ote: 4" PVC pipe installed with 
bottom at 11.0' ~ith 2.0' above 
ground 

METHOD: SOLID. AUGER 

TECMNICIAN: RF-RH 

.K>BNO.: 2/298 (mjj) 

WATER OBSERVATIONS 
None INITIA.I.. OEP'TH: ______ _ 

OE"TH AI'TI"': ""'5. 

TYPE SAMPLER: 

A. SP'I..IT SI'OON 

I . 

C. SHII..I"'' TUII 

BOWSER- MORNER 
TE.STINCi LAIO'-ATOIUU.IHC. 



LOG OF BORING NO. 297-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3801.142 DATE STARTED: 1-24-84 

West 3524.052 
SURFACE ELEVATION: 376.32 

S'TAATUM 

1-

t--

1--

1-- 5.0' 
-
-
-
t--

1--

6.0' 

1 0' 
~ 

-
-
-

~s· 
f--

-
-
1--

1--
20' 
~ 

1-

t--

1--

1---;, • I 
.:..) 

f--

t-

1--

1--

f-JO' 
1---

MEnoCOO: 

DESCAII"TIOH DF MA TlAIAL 

Brown silt, trace of sand, trace 
of gravel, trace of cobbles - damp 

\\eathered rock 

Apparent rock (auger refusal) 
Bottom of boring at 6.0' 

Note: 4" PVC pipe installed with 
bottom at 6.0' with 2.0' above 
ground 

SOLID AUGER WATER OBSERVATIONS 

DATE COMPLETED: 1-24-84 

&LOWS 'f" a·· ON 
SAI.A"L£" 

TYI"E SAMI'lEA: 

•• ._, •• 8LOWS 

"T. 0" 
CO"E "fC. 

IIIIITIAL DE,TH: ___ N_o_n_e __ _ A. 
TECHNICIAN: RF-RH 

JOBNO.: 27298 (mjj) 
HillS. 

•• 
c. 

BOWSER - MORNER 
TE.STINCi LA .a•A TO.ILS. JHC. 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 298-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: Sout!1 3682.070 DATE STARTED: 1-24-84 

West 3413.341 
SURFACE ELEVATION: 886.39 DATE COMPLETED: 1-24-84 

STIIIATU ... DESCRIPTION OF MATERIAL 

0.0 1 (FILL) Crushed stone 
~. 75 1 

~ ~---------------------------------~ (ORIGINAL) Red and brown Ci.o.]', SviuC 

~ silt, trace of sand, trace of gra-
r--- 3.5 1 vel - damp 

1--~~--~~-----------------------~ '--- \..;eathered rock 
r-- 5 I 
f--

6.5
1 

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

~ 

f---
10' 

r-----
f---

f---

f---

f---

rJ..L 
f---

1--

-
- :!0' -
f---

~ 

-
r--

')- I 

t--=2--
t--

1--

~ 

f---
30' 
~ 

METHOD: 

Apparent rock (auger refusal) 
-B~tt~rn of boring at 6.5 1 

Note: 4" PVC pipe installed with 
bottom at 6.5 1 with 2.0' above 
ground 

SOLID AUGER WATER 08SERVATIONS 
None INITIAL OE,TH: _______ _ 

TECH ... ICIAN: RF-RH 
COM,L.ETION D£,TH: -~N...:.o..:.;n:...:e __ 

.lOB NO.: 27298 (mjj) Ol"TM AFT[III: 

BLPWS '£111 
I" ON 

SAM,.L£111 

"N"8LO'WS 
/FT. 0111 

COlliE IIIEC. 

A. S'LIT S'00N 

•• 
C. SH!L8Y TUU 

BOWSER- MORNER 
T E.STINQ LA IIO~A TOII.IE.S. INC. 



LOG OF BORING NO. 299-1 

MO~ITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 373i. 870 DATE STARTED: 1-25-84 
West 3478.508 

SURFACE ELEVATION: 881.72 DATE COMPLETED: 1-25-84 

Sl !'ATUIIol 

0.0 ,____ 
0.1' .. 

f.-

f.-

rs· !. . 5' 

f---

f.-

f.-

f.-

f--

~ 
-
-
f--

I-
1:;' 

t--=-
f.-

I--

f.-

1--
'")f'"'. t 

~ 

-
I--

1--

-
~5' -

-. 
-
-
1--30. 
f---

lloiETr<OD: 

I 

~FlLL) Crushed stone 

(ORIGI~AL) Brown clay, trace of sand, 
trace of gravel - damp 

~pparent rock (auger refusal) 
Bottom of boring at 4.5' 

:\ote: 4" PVC pipe installed with 
bottom at 4.5' with 1.5' above 
ground 

SOLID AUGER WATER OBSERVATIONS 

None 

SAIIoiP'LE 
OEP'TH 

TECHNICIAN: RF-BP. 

27298 (mjj) 

I ... ITIAL DE,TH: ______ _ 

COIIoiP'LETION OEP'TH: _ _:.N.:..::"O::..:.n.:.:e:___ 
J08 NO.: 

ILOWS P'EI'I 
I'' ON 

SAMP' L E 1'1 

TY,.E U..MI'LER: 

"N"'ILOWS 
/FT. 0" 

CO"! I'IE C. 

A. S'LIT SP'OON 

I. 

C. SHILl¥ TUII 

BOWSER- MORNER 
TESTINC LA!OitATOitiU. JHC. 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 300-1 

MONITORING ~ELLS IN OLD FILL SITES 

BORING LOCATION: South 3529. g43 DATE STARTED: 1-25-84 
West 3447.023 

SURFACE ELEVATION: 687.24 DATE COMPLETED: 1-25-84 

ST FlATU .... 

0.0 -
-
- 2.5' 
-
r--

5 I 

f-=--
f- 6.0' 

,...._ 
1 (I I 

r--

-

~o· 
f---

r--
~ 

-
25' 
-
-
-
r-

METHOD: 

Brown clay, trace of silt, trace of 
gravel -·moist 

Weathered rock 

~pparent rock (auger refusal) 
Bottom of boring at 6.0' 

~ate" 4" PVC pipe installed with 
bottom at 6.0' with 2.0' above 
ground 

SOLID AUGER WATER OBSERVATIONS 
None INITIAL. OE,TH: _______ _ 

TECHNICIAflj: RF-BP 
CO,..,L.ETION OE,TH: _.;.;N..;;_o.;.;n..:;;.e __ 

JOII NO.: 27298 (rnjj). HI'IS. 

IL.OWS 'E" 
I" ON 

SA,..,L.E" 

TYPE S.AWLE": 

''N" IL.OWI 
/fT. 0" 

CO"! I'IEC. 

A.. S,I..IT 5'00N 

•• 
C. SH!L.IY TUII 

BOWSER - MORNER 
TESTING LA lOa. A TOa.IU. JHC. 



LOG OF BORING NO. 301-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3648.130 DATE STARTED: 1-25-84 
West 3642.829 

SURFACE ELEVATION: 874.47 DATE COMPLETED: 1-25-84 

STI'ATUU 

___il., 0 I 

~ 

~ 

~ 

-
3. 0' 

51 
,.....;_ 

r- 6.0 1 

-
,._ 

-
r--

1 • I 

~ 
r
r--

-
'-:0 t 
-
,._ 

-
-
r-

25' 
r---

-
-

30 1 

-
METHOD: 

DESCAarTION Of MATERIAL 

Brown clay, trace of sand, trace of 
gravel - moist 

Weathered rock 

Apparent rock (auger refusal) 
Bottom of boring at 6.0 1 

Note: 4" PVC pipe installed with 
bottom at 6.0' with 1.5' above 
ground 

SOLID AUGER WATER OesEAVATIONS 

TECHNICIAIII: RF-BP 
I NITIAI. DE I'T H: ___ _.,:.N;.;:

10:;.,:n.:..;:e::-_ 
None 

COI.ti'LETION DEI'TH: -----

JOB NO.: 27298 (mjj) Oli'TH AFT£1'1: 

II.OWS I'E" 
I" ON 

SAI.ti'LE" 

TYPE SAMPLER: 

"N"II.OWI 
"T. 0" 

CO"'E "'EC. 

A. SI'LIT SI'OON 

•• 
C. SHI I.IY TUal 

BOWSER - MOR.~ER 
TE.STIHO LA DO~A TO~IU.. INC. 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 302-1 

MO~ITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3640.540 DATE STARTED: 1-25-84 
West 3587.254 

SURFACE ELEVATION: 878.92 DATE COMPLETED: 1-25-84 

ST,ATUM 

0.0' 
--0.1' 
..-

r-- 2 .0' 

' ..-

..- 4. 0' 
• I 

,.2._ 

..-

..-

-
"Io~ 
f--

--
i-

-
-1 5 I 
r-

-
-
-
jLol 
r-

r--
r--

r--

2sl 
-
-
r-

r--

-
~ 

METHOD: 

OUC:Rif'TION OF MATERIAL 

(FILL) Crushed stone 

(OIRGINAL) Brown clay, trace of 
silt, trace of gravel - moist 
Weathered rock 

Apparent rock (auger refusal) 
Bottom of boring at 4.0 1 

Note: 4" PVC pipe installed with 
bottom at 4.0 1 with 1.5' above 

ground 

SOLID AVGER WATER OBSERVATIONS 

None 

COI.U'LETION OIEI'TH: _N:...;.:.;:;.o.:.:n..;;;;e __ 

INITIAL Oli'TH: ______ _ 
Tf.CHNICIAN: RF- BP 

J08NO.: 27298 {mjj) 
HilliS. 

ILOINS I'EIII 
I" ON 

IAMI'L£111 

TYP'E SA~LER: 

"N"ILOWS 
/fT.OIII 

COlliE IIIIEC. 

A. SI'L.IT SI'OOH 

•• 
C. SHELlY TUII 

BOWSER- MORNER 
TE.STINC LA I!IOkATOIUt.S. INC. 



LOG OF BORING NO. 303-1 

~~NITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3628.301 DATE STARTED: 1-25-84 

West 3541.960 

SURFACE ELEVATION: 882.67 

STA A TUM 

f---0.0' 

1.0' 

3.0' 

l5' 

-
,.--

- ')0' 
~ 

r-
f-

r-
r--

2 5 I 
1--

~o· 
r--

MET MOD: 

Brown clay, trace of sand, trace of 
gravel - moist 

~----------------------·--------- --·---
~eathered rock 

Apparent rock (auger refusal) 
Bottom of boring at 3.0' 

Note: 4" PVC pipe installed with 
bottom at 2.0' with 1.5' above 
ground 

SOLID AUGER 

DATE COMPLETED: 1-25-84 

ILOWS 'EI'I 
t" ON 

SA,.,LEfll 

TYPE U~LE!It: 

"N"' ILOWI 
/FT. 0111 

COI'\E IIIEC. 

TECo-tNICIAN: 

WATER OBSERVATIONS 

None INITIAL OEI"TH: _______ _ A. SI'LIT SI'OOH 
RF-BP 

co,.,.LETION DEIOTH: None 
JOB NO.: 2 7298 (mjj) OEPTH AI'"T£111·- HillS. 

•• 
C. SHELlY TUII 

BOWSER- MORNER 
TESTING LA 80RATORIU. INC. 

• 

• 

• 



• 

• 

• 

LOG OF BORING NO. 304-1 

MO~ITORING WELLS I~ OLD FILL SITES 

BORING LOCATION: South 3567.768 DATE STARTED: 1-25-84 
West 3565.347 

SURFACE ELEVATION: 884.17 DATECOMPLETED: 1-25-84 

STI'ATUM 

~--~n.O' Bro~n sand and gravel- damp 
0.6' 

,__ 
1-- 3.0' 

Brown silt, trace of sand, trace of 
gravel - moist 

1---------------------------------------; \..'eathered rock 
~· 4.5' 1-------------~~--------~--~~----~ 
~ ""- Apparent rock (auger refusal) 
,__ Bottom of boring at 4.5' 

1--
,__ 

~ () ' -

~s· 
1--

1--

1--

,__ 
,__ 
~o· 

r----

-
-
-
,__ 

25' 
1--

1-

,__ 
,__ 
-"30' 

:~ote: 4" PVC pipe installed \.'l th 
bottom at 4.5' with 1.5' above 
ground 

METHOD: SOLID AUGER WATER 08SlRVATIONS 

TECH,.ICIAN: RF- BP 
IN tTl A L OEI'TH: ___ ..;..N_o_n_e __ 

COMI'LETION OEI'TH: __:..N;..;:o'-'-n;;.;;e;;..._ __ 
JOB NO.: 2n9s (mjj) 

H"'S. 

BLOWS I'EA 
e·· ON 

SAMI'LEA 

•• 

'"N" 8LOWS 
/fT. OA 

CORE AEC. 

C. SHIL8Y TU81 

BOWSER - MORNER 
TESTING LA .ORA TO-ILS, INC. 



LOG OF BORING NO. 305-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 3705.192 
West 3710.715 

DATE STARTED: l-25-84 

SURFACE ELEVATION: 863.22 DATE COMPLETED: 1-25-84 

~0' 

- 3.0' 

5• -

-
15' -

-
-
-
-

"'0' 
~ 

~ 

25' 
1--

r-

-
-

METHOD: 

DESCRIPTION Of MATERIAL 

Brown silt, trace of sand, trace of 
gravel - moist 

Apparent rock (auger refusal) 
Bottom of boring at 3.0' 

!\ote: 4" PVC pipe installed with 
bottom at 3.0' with 2.0' above 
ground 

SOLID AUGER WATER OUERVATIONS 

INITIAL OEI"TH: ____ N_o_n_e __ 
TtCHNICIAIII: RF-BP 

COMf'L E T 10 N OEf'TH: _---o.;N..,.o:..o.n...,e.___ 
.IOINO.: 27298 (mjj) 

ILOWS Pfljlll 
t'' ON 

SAM, LUI 

TYPE U..WLER: 

"'N"ILOWI 
IPT. 0111 

COjlll! jiiiEC. 

A. lf'LIT $,.00N 

•• 
C. tHILIY TUII 

BOWSER - .MORNER 
TESTING LA801tA.TOIUU. INC 

• 

• 

• 



•• 

• 

• 

LOG OF BORING NO. 306-1 

MONITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 
West 

3784.253 
3591.393 

DATE STARTED: 1-25-84 

SURFACE ELEVATION: 870.22 

STAATU ... DUCRI,TION Of MATERIAL 

~.0' Cinders, trace of sand, trace of 
O.S' gravel- damp 

--------------------~------------- --2.0' Brown silt, trace of sand, trace of 

-
r-L 

"' ~g_r_a_v_el __ -__ d_a_m~p----------------------~ 
\,1eathered rock 

f- 6.0' 

~ 
,..__ 

r--
l(l' 

r---
f-

-
-
f-

~ 
f-

r--

f-

f-
"0' 
~ 

t-

~ 

~ 

~ 

.., ~ ' 
~ 

f-

f-

~ 

~ 

30' 
~ 

METHOD: 

_!\..EPa rent rock (auger refusal) 
Bottom of boring at 6.0' 

Note: 4" PVC pipe installed "'ith 
bottom at 6.0' ~ith 1.5' above 
ground 

SOLID AUGER 

DATE COMPLETED: 1..;25-84 

.LOWS I'EJII 
I" ON 

SA ... I'LE" 

TYf'E SAMPLER: 

''N''.LOWI 
,T.o-. 

COlliE JIIEC. 

WATER OBSERVATIONS 

None INITIAL OEI'TH: _____________ _ A. SI'LIT SI'OOH 
TECHNICIAN: RF-BP 

JOB NO.: 27298 (mjj) 
cO~~.tiiLETION CEI'TH: None 

OEI'TH AI'TEIII: HJII$. 

•• 

BOWSER- MORNER 
TESTINC LA IIOkA TOP.I!.S. INC. 



LOG OF BORING NO. 307-1 

t-10NITORING WELLS IN OLD FILL SITES 

BORING LOCATION: South 
West 

3679.278 
3500.858 

DATE STARTED: 1-25-84 

SURFACE ELEVATION: 882.72 

STI'IATUiot 

Q_ 0' 

- 1.0' 

-
-

DESCAirTION OF MATERIAL 

(FILL) Crushed stone and sand 
.:. moist· 

(ORIGINAL) Weathered rock 

5 , 4.5' 
---- Apparent rock (auger refusal) 
~ Bottom of boring at 4.5 1 

-
~ 

-
-, () t 
~ 

r--
15' r---

t-

f

f

t--
25' 

r---

t-

t--

---:30' 
-

~ote: 4" PVC pipe installed with 
bottom at 4.5 1 with 1.5' above 
ground 

~otETHOD: SOLID AUGER 

SAiotP'LE 
NO .• 
TYP'E 

DATE COMPLETED: 1-25-84 

SAiotP'LE 
DEP'TH 

• aL.OWS P'E" 
I" ON 

SAiotP'L.E" 

"N"aLOWI 
/FT. 0" 

CO"E "EC. 

TECHIIIICIAN: RF-BP 

WATER OBSERVATIONS 

None INITIAL DEP'TH: ______ _ A. SP'LIT SP'OON 

co~o~P'LET•oN DEP'TH: None •• 
.101 NO.: 

27298 (mjj) C. SHIL.av TUal 

BOWSER - MORNER 
TE.STIHCi LA IOJlA TO IllES. INC. 

• 

• 

• 



( ..... . ·· ,·· 
., I 

••• 
;. 

: 

.' 

i 
/ 

I 

I 

, 
·/ 

I 

-:: X:!t ...... . ., 
I .• 

I • '· 

... , 
• .'1 .. 

. "" .. 

~-~ 
J 1"/ . 

.. · • I 
.. (!) • I --- ,,, e . 

-......___ 0 I / ~ ~~ II} / 

'------.._ ~~z.. / (JO 0.' ·-.. , (!) -----.._ , . -, 3 ' oa-b 
.... ........ ~ • ........... . t:ih A - ·' 

'-, Qj ~- •. ~ V I • / 

-~,-> ~- ;.103·· ""~ /D'l /0~ I 
./ --/1(~/ •· 0 

/ ,/ • _( ... 
1 
• I . ~') ' / ~0 1 

e '. ~ Jv7 ' . ' }l'~ ,_. ·,_ Q) 80,1'1 

t.:t.a 
l \.J 

X 

f-

Q 

).II 

"-, /0, u"1;> 

----------------+-' -:~~,.:.-----------------------~o,.----

Ll-0 

• X. -.. _, ~ 

.. ""·-.: .... -:.... . . .. •; .. . . 

x: 



............. , . • 
-/..· 

I 

!.: 

- ---

X 

-
67 

X 
K 

, ..... 

)\"' • X 

X 



• 

• 

• 

LOG OF. BORING NO. 317 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

BORING LOCATION: 2411.54 s.; 2139.18 w. 

SURFACE ELEVATION: 863.6 1 

STIII.t.TUM 

~.0' 
0.5' 

~ 

I-

--5' . 
~ 

I-

-
--
lJl!..... 
--
~ 

~ 

~ 
~ 

~ -..... 
20' -
~ 

~ 

~ 

~ 

25' 
1-"--

1--

~ 

t-

~o· 
1--

DUCRIPTION DF MATIIUAL 

(FILL) Topsoil 

(FILL) Gray shale, with rock frag
ments - damp 

(Au~er refusal at 14.5') 
Bottom of boring at 14.5' 

NOTE: Set 4" PVC pipe 14.5' deep 
with locking steel cover 

M&THDD: 8" SOLID AUGER WATER OISIRVATIONI 

INITIAL OEitTH: None 
TECHNICIAN: Dli-GJ 

COMfi'I.ITION OIEitTM: liQDG 
.108 NO.: 28070 (bw) 

OI'TH AI"TI lit: ""'· 

DATE STARTED: 6/13/84 

DATE COMPLETED: 6/13/84 

IAMfiiU 
OI'TH 

--
-

II.OWI ,.,, 
I" ON ......... ~.~ .. 

TYH SAMPLIR: 

"N"II.OWS 
"T. 0111 

COIIII IIIIC. 

A. ltt'-IT I'OON 

•• 
c. IHII.IY TUII 

BOWSER- .MORNER 



LOG OF. BORING NO. 318 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

IORINGLOCATION: 2395.01 S.; 2063.57 W. 

SURFACE ELEVATION: 862. 3' 

STIIIIATUM 

~.0' 

~ 

~ 

~ 

~ 
5' . 
~ 

~ 

~ 

-
-
~ 

1--

1--

1--

1--
25' 
t---

1-

DIICIUniON O' MATIIUAL 

(FILL) Brown silt, some clay, some 
sand, some gravel, trace of cobbles, 
trace of rock fragments - damp 

(Auger refusal at 12.5') 
Bottom of boring at 12.5 1 

NOTE: Set 4" PVC pipe 12.5' deep 
with locking steel cover 

METHOD: 8" SOLID AUGER WATU OBSIRVATIONI 

DATESTARTED: 6/13/84 

DATE COMPLETED: 6/13/84 

ILOWI Plllll 
I" ON 

IAMPLIIIII 

TVPE SAMPLER: 

"N"ILO'WI 
IPT. o.

COIIIII "IC. 

TECHNICIAN: Dli-GJ 
INITIAL OIPTH:• ___ N;;;.o,;;..n~e::;_ __ - •• SPLIT SPOON 

JOB NO.: 28070 (bw) 
COMPLITION DEPTH: None 
OIPTH A'TI":- Hlllll. 

-
-

•• 
c. SHILIV TUII 

BOWSER- MORNER 

• 

• 

• 



• 

• 

• 

LOG OF. BORING NO. 319 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

lORING LOCATION: 2371.92 S.; 2104.88 W. DATE STARTED: 6/13/84 

SURFACE ELEVATION: 861. 2 1 

STf'ATUM 

~.01 

P-

P-

P-

~ 5 I . 
~ 

P-· 

P-
7.0 1 

P-

-rw:_ 
- 11.0

1 

~ 

-
~ 

~ 
~· 

~ --l.Q.!... 

----
P-
25' ..........__ 

-
-
~ 

~o· 
~ 

METHOD: 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of 
cobbles, trace of rock fragments 
- moist 

(FILL) Black and gray clay, some 
silt, some sand, some organic mat
erial - moist 

(FILL) Gray silt, some clay, some 
sand, trace of rock fragments 
- moist 
(Auger refusal at 13.5 1

) 

Bottom of boring at 13.5 1 

NOTE: Set 4" PVC pipe 13.5 1 deep 
with locking steel cover 

lAMPI. I 
NO .• 
TV PI 

8" SOLID AUGER WATER OBSIRVATIONI 

DATE COMPLETED: 6/13/84 

lAMPI. I 
DEPTH 

II.OWI PI" 
I .. ON 

IAMPI.I" 

TYPE lAWLER: 

.. N"IL.OWI 
,.T, 0" 

CO"I "EC. 

TECHNICIAN: DU-GJ 
INITIAL. OIPTH: ___ N_o_n_e __ _ A. Sf'I.IT Sf'OON 

eoMf'LITION olf'TH: None •• 
JOB NO.: 28070 (bw) 

OEf'TH AI"Tif':- H"l. C. aHILIV TUII 

BOWSER- MORNER 



LOG OF. BORING NO. 320 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

IOIUNG LOCATION: 2362. 6 7 S.; 2142.37 W. DATESTARTEO: 6/13/84 

SURFACE ELEVATION: 860. 7' DATE COMPLETED: 6/13/84 

STfiiATUM 

r---9·0' 
I-

I- 2.5' 
I-

I-
5' ...;;._ 

--
·-
J.O.!_ 

---
1-

~ 

I
I-
._ 

-25' ----
~ 

1-

~o· 
~ 

METHOD: 

DliCRiniON OF MATIRIAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of 
cobbles, trace of rock fragments 
- moist 

(FILL) Gray and black silt and 
clay, some sand, trace of gravel 
- moist 

(Auger refusal at 14.0') 
Bottom of boring at 14.0' 

NOTE: Set 4"PVC pipe 14.0' deep 
with locking steel cover 

TECHNICIAN: 

8" SOLID AUGER 

Dll-GJ' 

WATER OBSIRVAnONI 
INITIAL OlltTH: __ _.;,.N..;.on;;.;...;.e __ 

.101 NO.: 28070 (bw) 
COMPLETION OiPTH: None 
OIPTH APTIIII:-HIIII. 

ILOWI PI lit 
I" ON 

IAMPLUI 

TYPIIAMPLIR: 

"N"81.0M 
IJT. Ofll 

COflll fiiiC. 

A. I'I.IT SPOON 

•• 
C. tHII.IV TUII 

BOWSER- MORNER 

• 

• 

• 



• 

• 

LOG OF. BORING NO. 321 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

IORINGLOCATION: 2374.12 S.; 2184.29 W. DATE STARTED: 6/14/84 

SURFACE ELEVATION: 860. 2 1 

STII'ATUM 

~.0' 

~ 

r-
--5' . 
1-""--

r-
~ 

r--
~ 
- 11.0' 

-
-
-
~ 

--
-
-
~ 
r-
r-
r-
r-
25' 
~ 

f.-

f.-

-
lO' ....;..._ 

METHOO: 

DESCRIPTION DF MATIIUAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of 
cobbles, trace of rock fragments 
- moist 

(¥ILL) Gray silt, some clay, some 
sand, trace of rock fragments, trace 
-of gravel ... mois·t 
(Auger refusal at 13.5') 
Bottom of boring at 13.5 

NOTE: Set 4" PVC pipe 13.5' deep 
with. locking steel cover 

WATER 08SERVATIDNI 

DATE COMPLETED: 6/l4/84 

8LOWS fiEf' 
I" ON 

lAMPL III' 

"N"8LOWI 
/PT. Of' 

COII'I .-ac. 

8" SOLID AUGER 

DU-GJ 
INITIAL Olf'TH: __ _..;;.N;,.;o..;;.n;,.;e __ _ 

TECHNICIAN: 

JOB NO.: 28070 (bw) 
COMPLETION OlfiTH: None 
Olf'TH APTIII':- Hll'l. 

•• 
C. SHILIY TU81 

BOWSER - MORNER 



LOG OF. BORING NO. 322 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

IORINGLOCATION: 2396.63 S.; 2204.70 W. DATE STARTED: 6/14/84 

SURFACE ELEVATION: 860. 2' 

STill A TUM 

~.o• 

-
i-

i

i-

~ 
i

i

i

i
tlo.' 

I

I

I

I-

~ -
~ 

--
25' 

-

METHOD: 

DIICIUntON OF MATERIAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of rock . 
fragments, trace of cobbles - moist 

(Auger refusal at 9.5') 
Bottom of boring at 9.5' 

NOTE: Set 411 PVC pipe 9.5' deep 
with locking steel cover 

WATER OBSERVATIONS 

DATE COMPLETED: 6/14/84 

IL.OWS Plfll 
I" ON 

IAMPL.Ifll 

TVPIIAMPLIR: 

"N"ILOWI 
/PT. Ofll 

COIIII RIC. 

TECHNICIAN: 

8" SOLID AUGER 

DU-GJ 
INITIAL DlPTH: ___ N_on_e __ _ A. SPLIT $1'00N 

JOB NO.: 28070 (bw) 
COMPLETION OIPTH: None 
OIPTH Af'TIR:_ Hllll. 

•• 
C. IHILIY TUII 

BOWSER- MORNER 
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LOG OF. BORING NO. 323 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

lORING LOCATION: 2405.82 S.; 2212. 91 W. DATESTARTED: 6/14/84 

SURFACE ELEVATION: 860.6 1 

ST.-A TUM 
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METHOD: 

DliCIUniON Of MATIIUAL 

(FILL) Brown silt, some clay, some 
sand, trace of rock fragments, trace 
of cobbles, trace of gravel - moist 

(FILL) Gray silt, some clay, some 
sand, trace of rock fragments, trace 
of gravel - moist 
(Auger refusal at 7.0') 
Bottom of boring at 7.0 1 

NOTE: Set 4" PVC pipe 7.0' deep 
with lucking steel cover 

WATER OBSERVATIONS 

DATE COMPLETED: 6/14/84 

IAMfJU 
DEPTH 

aLOWI '"' t"ON 
IAMPLI" 

TYPE SAMPLER: 

"N''aLOWI 
IPT. o.

COIIIIIIIIC. 

TECHNICIAN: 

8" SOLID AUGER 

DU-GJ 
INITIAL OIPTH: ___ N_o_n_e __ A. sPI.IT SPOON 

JOINO.: 28070 (bw) 
COMPLETION OlfJTH: None 
OI,.TH AI'TI"'- Hllll. 

•• 
C. IHII.aV TUal 

BOWSER - MORNER 



LOG OF. BORING NO. 324 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

IORINGLOCATION: 2428.62 S.; 2178.04 W. 

SURFACE ELEVATION: 863. 7' 

ST .. ATUM 
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r
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r
r-
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DEICIUniON Of MATIItiAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of 
cobbles, trace of rock fragments 
- moist 

~0.5' 
r- ~~~~~----~--------~--------~ (FILL) Gray silt, some clay, some 
~ sand, trace of gravel, trace of rock 
~ fragments ~ moist 
~~ (Auger refusal at 11.5') 
~ Bottom of boring at 11.5' 

r-
r-
r-

~ 
--
--
25' ..;,;,;;;,_ 

-

NOTE: Set 4" PVC pipe 11. 5' deep 
with locking steel cover 

METHOD: WATIIII OBSIItVATIONI 

DATE STARTED: 6/14/84 

DATE COMPLETED: 6/14/84 

ILOWSPI .. 
I'' ON 

lAMPL IIIt 

TYPISAMPLIIt: 

''N"II.OM 
,T.OR 

CO"I RIC. 

TECHNICIAN: 

8" SOLID AUGER 

DH-GJ 
INITIAL OIPTH: ___ N_on_e __ _ A. SPLIT SPOON 

JOB NO.: 28070 (bw) 
COMPLITION OIPTH: NoPe 

OIPTH Af'TI":- H .. l. 
•• 
C. IHILIY TUII 

BOWSER- MORNER 
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LOG OF. BORING NO. 325 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

BORING LOCATION: 2495. 90 S. ; 2236.24 W. DATE STARTED: 6/14/84 

SURFACE ELEVATION: 866. 5' 

STIIIATUM 
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METHOD: 

DIICIUPTION o• MATIIIIAL 

(FILL) Brown silt, some clay, some 
sand, trace of rock fragments, trace 
of gravel, trace of cobbles - moist 

(FILL) Gray silt, some clay, some 
rock fragments - moist 
(Aueer refusal at 9.5'.) 
Bottom of boring at 9.5' 

NOTE: Set 4" PVC pipe 9.5' deep 
with locking steel cover 

IAMPI.I 
N0.6 
TV 'I 

WATER OISERVATtONI 

DATE COMPLETED: 6/14/84 

ILOWSI'IIII 
I" ON 

lAMP Lilli 

TYPI SAMPUIIl: 

"N"ILOW!I 
/FT. 01111 

COlliE IIIIC. 

TECHNICIAN: 

8" SOLID AUGER 

Dll-GJ 
INITIAL OEI'TH: ___ No_n_e __ _ A. SPLIT SPOON 

.108 NO.: 28070 (bw) 
COMPLETION OIPTH: None 
OEI'TH AI'TIIII:_ HRS. 

•• 
C. SHILIY TUII 

BOWSER - MORNER 



LOG OF. BORING NO. 326 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

lORING LOCATION: 24 78. 86 S. ; 2212.03 W. 

SURFACE ELEVATION: 866.2' 

ST"ATUM 

~.0' 

I-

I-

-
.--
5' . 
~ 

1--
7.0' I-

I-

I-

~ 

--
-
1-

~ 
I

I

I

I-
25' 
~ 

I

I-

1-

~o· 
~ 

DEICRIPTION OF MATERIAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of rock 
fragments, trace of cobbles - moist 

(FILL) Gray silt, some clay, some 
sand, trace of gravel, trace of rock 
fragments - moist 
(Auger refusal at 9.5') 
Bottom of boring at 9.5' 

NOTE: Set 4" PVC pipe 9.5' deep 
with locking steel cover 

IAMPL.I 
N0.6 
TYPE 

METHOD: 8" SOLID AUGER. WATER OBSEAVATIONI 

INITIAL. DEPTH: None 
TECHNICIAN: DU-GJ 

COIIoti'L.ETION DEPTH: None 
.101 NO.: 28070 (bw) 

OE'TH AI'TI": H"'· 

DATE STARTED: 6/14/84 

OATE COMPLETED: 6/14/84 

IAMPL.E 
DEPTH 

IL.OWI PE" 
I" ON 

lAMPL. I" 

TVPI SAMPLER: 

"N"IL.OWI 
IPT. 0" 

CO"E "IC. 

A. SPL.IT SPOON 

•• 
C. SHEL.IY TUII 

BOWSER- MORNER 
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LOG OF. BORING NO. 32 7 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

lORING LOCATION: 2464.14 S. ; 2183. 99 W. OATESTARTEO: 6/14/84 

SURFACE ELEVATION: 865.8' 

STII'ATUM 
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METHOD: 

DESCAiniON DF MATERIAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of rock 
fragments - moist 

(FILL) Gray silt, some clay, some 
sand, trace of rock fragments, trace 
of gravel - moist 
(Auger refusal at 7.5') 
Bottom of boring at 7.5' 

NOTE: Set 4" PVC pipe 7.5' deep 
with locking steel cover 

...... ~. 
NO .• 
TYPE 

WATER DISEAVATIONI 

DATE COMPLETED: 6/!4/84 

...... ~. 
OEPTH 

ILOWS PE,_ 
e"ON 

IAMPL.l.-

"N"IL.OWI 
IPT. o.

co.-E "IC. 

TECHNICIAN: 

8" SOLID AUGER 

Dll-GJ 
INITIAL DEPTH: ___ N_o_n_e __ _ A. SP~IT SPOON 

JOINO.: 28070 (bw) 
COMPLETION DEPTH: None 
DEPTH APTII':- Hl'l. 

•• 
C. SHELlY TUII 

BOWSER - MORNER 



LOG OF. BORING NO. 328 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

BORING LOCATION: 2450.73 S,; 2151.55 W. DATE STARTED: 6114184 

SURFACE ELEVATION: 865.0' 

STill A TUM 
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METHOD: 

DEICRI"ION Of MATERIAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of rock 
fragments - moist 

(FILL) Gray silt, some clay, some 
sand, trace of rock fragments, trace 
cobbles - moist 
(Auger refusal at 7.5') 
Bottom of boring 7.5' 

NOTE: Set 4" PVC pipe 7.5' deep 
with locking steel cover 

IAMPLI 
N0.6 
TV PI 

WATER OIISERVATIONI 

DATE COMPLETED: 6114184 

lAMPL I 
DEPTH 

aLOWI PI Ill 
I'' ON 

IAMPLIIII 

TYPE SAMPLER: 

"N"ILOWI 
,T, 0111 

CCIIII IIIIC. 

TECHNICIAN: 

8" SOLID AUGER 

Dll-GJ 
INITIAL DIPTH: ___ N __ on;..e.;._ __ 

JOII NO.: 28070 (bw) 
COMPLITION DIPTH: None 
OIPTH APTIIII:_ HillS. 

•• 
C. IHII..IV TUII 

BOWSER - MORNER 
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LOG OF. BORING NO. 329 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

BORING LOCATION: 2438.63 S.; 2119.34 W. DATE STARTED: 6/14/84 

SURFACE ELEVATION: 864.5' DATE COMPLETED: 6/14/84 
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METMOD: 

DliCIUniOH OF MATERIAL 

(FILL) Brown silt, some clay, some 
sand, trace of rock fragments, trace 
of gravel - moist 

(FILL) Gray silt, some clay, some 
sand, trace of rock fragments, trace 
of gravel - moist 
JAuger refusal at· 12.5') 
Bottom of boring at 12.5' 

NOTE: Set 4" PVC pipe 12.5' deep 
with locking steel cover 

IAMPU 
NO. a 
TV PI 

IAMfi'U 
OIPTH 

TECHNICIAN: 

8" SOLID AUGER. 

DU-GJ 

WATER OBSIRVATIONI 

INITIAL. OI"H:: __ _..;;.;N;.;;.O.;.;D;.;;.e __ 

.101 NO.: 28070 (bw) 
COMPLETION OI,TH: None 

OIPTH APTIIII:_ Hllll. 

IL.OWS ''" I" ON 
lAMPL. I" 

TVPE &AMPLER: 

"N"IL.OWI 
,T.OIII 

COIIII IIIIC. 

A. IPLIT SPOON 

•• 
C. IHILIY TUII 

BOWSER- MORNER 



LOG OF. BORING NO. 330 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

lORING LOCATION: 2422.74 S.; 2080.99 W. 

SURFACE ELEVATION: 863.4' 

STitATUM 

__g.o' 
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I-

-

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of rock 
fragments - moist 

5' . 

~.5' ~~~~--~------~--------(FILL) Gray silt, some clay, some 
~ sand, trace of rock fragments 
- - moist 
- (Auger refusal at 6. 5 1

) 

~ Bottom of boring at 6.5' 
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1-
p.-

~ 
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i2.!_ 
1-
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-25' -=-
-

NOTE: Set 4" PVC pipe 6.5' deep 
with locking steel cover 

.......... 
NO .• 
TV II' I 

METHOD: WATER OBSERVATIONS 

DATE STARTED: 6/14/84 

DATE COMPLETED: 6/14/84 

IAMII'LI 
OIII'TH 

II.OMII'Ifll 
I" ON ........ , .. "N"II.OM 

,T,Ofll 
COflll IIIIC. 

TECHNICIAN: 

8" SOLID AUGER 

DH-GJ 
I"'ITIAL OIPTM: ___ N_o_n_e __ _ A. IP\.IT SPOON 

COMPL.ITIO"' OIII'TH: NoDe •• 
JOe NO.: 28070 (bw) 

C. IHILIY TUII 

BOWSER - MORNER 
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LOG OF. BORING NO. 331 

MONITORING WELL INSTALLATION AT OLD FILL SITE 

IORINGLOCATION: 2401.45 S.; 2102.09 W. DATE STARTED: 6/13/84 

SURFACE ELEVATION: 863.1' 
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METHOD: 

DIICIUPTION OF MATI,UAL 

(FILL) Brown silt, some clay, some 
sand, trace of gravel, trace of 
cobbles, trace of rock fragments 
- moist 

(FILL) Gray shale with rock frag
ments - damp 

Bottom of boring at 15.0' 

NOTE: Set 4" PVC pipe 15.0' deep 
with locking steel cover 

......... 
N0.6 
TV II' I 

8" SOLID AUGER WATER OSSIRVATIONI 

DATE COMPLETED: 6/13/84 

......... 
OIPTM 

IL.OWIII'UI 
I" ON 

IAMII'L.IIIII 

TYPI SAMPLIII: 

"N"ILOWI 
,T.OIII 

co.-a .-1c. 

TECHNICIAN: Dll-GJ 
I ... ITIAL OIPTM: ___ N_o_n_e __ _ A. SPLIT SPOON 

COUII'L.ITION OIPTM: None •• 
.108 NO.: 28070 (bw) 

OIPTH APTifll:_ Hjllll. C. IHILIY TUII 

BOWSER - MORNER 



• 
APPENDIXC 

IN~ GAMMA SPECTROSCOPY REPORTS 

• 

• 



• 

• 

• 

RADIOLOGICAL CHARACTERIZATION OF 

SUBSURFACE SOIL NEAR BUILDING 31 

AT THE MOUND LAB FACILITY 

PREPARED FOR: 

MONSANTO RESEARCH CORPORATION. 

PREPARED BY: 

RADIATION MANAGEMENT CORPORATION 

AUGUST 1, 1984 



• 

• 

• 

TABLE OF CONTENTS 

INTRODUCTION••••••••••••••••••••••••••••••••••••••! 

SCOPE OF WORK • •••••••••••••••••••••••••••••••••••• 3 

DESCRIPTION OF EQUIPMENT AND 

MEASUREMENT PROCEDURE•••••••••••••••••••••••••••••4 

DISCUSSION OF MEASUREMENT RESULTS ••••••••••••••••• 6 

CONCLUSION ••••••••••••••••••••••••••••••••••••••• 10 

SUMMARY Or TB-232 RESULTS •••••••••••••••• APPENDIX A 

SPECTRAL PBOTOPEAK DATA••••••••••••••••••APPENDIX B 

SYSTEM CALIBRATION DATA •••••••••••••••••• APPENDIX C 

REPRESENTATIVE SPECTRA PLOl'TINGS ••••••••• APPENDIX D 



• 

• 

• 

INTRODU~~ION 

This report describes the subsurface radiological 

characterization survey performed by Radiation Management 

Corporation (RMC) in July, 1984 at the Monsanto Research 

Corporation (MRC) Mo~nd Lab facility. The purpose of the 

survey was to identify and quantify the radiological content 

of subsurface soil in an area designated by Mound Lab as 

aarea 8 vicinityn, which included approximately 30,000 

square feet of ground surface north of Building 31. Survey 

measurement results were used to estimate the volume ot soil 

present in this area with Th-232 activity concentrations 

above 5 pCi/g and above 20 pCi/g • 

Measurements were performed on July 9, 10 and 11, 1984. 

A total of 15 boreholes were logged at one-foot depth inter

vals using an intrinsic germanium detector gamma spectros

copy system. Spectral data was stored on cassette tape, and 

manual photopeak area determinations were performed in the 

field. Analysis results are presented for each activity 

concentration calculation in Appendix A and B, and Th-232 

activity results are summarized in the text of this report. 

A significant volume of subsurface soil was found to contain 

elevated le~els of Th-232, and a graphical model defining 

the estimated boundaries of soil above 5 pCi/g and 20 pCi/g 

is presented in the text of this report. No Th-232 activity 
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concentrations above 100 pCi/g were observed during this 

survey. • 

• 

• 
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SCOPE OF WORK 

This survey was performed in accordance with MRC Pur

chase ·Order No. 11806 dated 6/27/84. The primary goal of 

the survey was to determine the volume of soil in the area 

of interest with Th-232 activity concentrations above 5 

pCi/g. above 20 · pCi/g, and above 100 pCi/g (if any). 

Because 5 pCi/g was established as the lowest action level, 

it was agreed that the measurement system sensitivity should 

be 1 pCi/g Th-232 (i.e. system MDA equal to 20% of the tar-

get criterion). 

· MRC had previously contracted a drilling crew to place 

• 15 boreholes in the area of interest. The boreholes ranged 

in depth from six to thirteen feet below surface, and were 

lined with four-inch diameter PVC pipe. Each borehole was 

logged at one-foot depth intervals, with each activity de

termination assumed to represent the average activity value 

in a one-foot thick layer of soil centered at that measure

ment depth • 

• 
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DESCRIPTION OF EQUIPMENT AND MEASUREMENT PROCEDURE 

The detector employed for this project was a custom 

designed EG&G Ortec detector, S/N 21-P-73SC. The detector, 

preamp, cryostat and dewar are all housed in 2.75 inch 

O.D. casing which allows sufficient room for the assembly to 

be.lowered into 4-inch PVC casing which is used to line all 

boreholes. The detector has a relative efficiency of 10% 

and a resolution of about 2 keV. The entire assembly is 

outfitted with 100 feet of cables. 

The detector assembly was connected to a small portable 

mul~ichannel analyzer {MCA) for data acquisition. The MCA 

selected for this use was the Canberra Series 10 MCA. The 

Series 10 is a lightweight, battery operated MCA which con-

. tains a spectroscopy amplifier and bias power supply for the 

IG detector. A mini-cassette recorder was interfaced to the 

MCA for data storage. 

All acquisitions were made for a total of 300 seconds. 

Data was accumulated over 2048 channels, at an energy set

ting of 1 keV per channel. The MCA was set up so that the 

gross integral counts and net photopeak counts were automat

ically calculated and displayed for four regions ot interest 

(ROI) following each acquisition. Count data for each ROI 

was recorded and converted to activity concentrations manu-

• 

• 

• 
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ally in the field following each acquisition. These regions 

included the K-40 photopeak at 1461 keV, and Ra-226 daughter 

Bi-214 photopeak at 609 keV, and Th-232 daughter Tl-208 pho

topeak at 583 keV and Ac-228 photopeak at 911 keV. Net pho

topeak count rates were converted to pCi/g values using the 

efficiency factors established during system calibration. 

Calibration data is presented in Appendix c • 
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DISCUSSION OF RESULTS 

For each depth interval at each borehole, the spectral 

data were examined and photopeak integral and area calcula

tions were made using the computation functions available on 

the Canberra Series 10 MCA. These calculations were per

formed for the 583 keV Tl-208, 609 keV Bi-214, 911 keV 

Ac-228 and 1461 keV K-40 photopeaks in each spectrum. The 

soil at Mound Lab was expected to have Bi-214 and K-40 ac

tivity concentrations in the normal background ranges of 

o.~-1.~ pC1/g and 5-15 pCi/g, respectively. These expected 

values were observed for the majority of spectral acquisi

tions, and provided good qual1ty control checks for the 

Th-232 results. The complete set of photopeak calculation 

data is presented in Appendix B. 

It was assumed the Th-232/Th-228 and all daughter nu

clides in the thorium decay chain were in equilibrium in the 

soil under investigation. Bence, the Ac-228 activity con

centration was assumed equal to the Th-232 activity concen

tration, and the ratio of Tl-208 to Th-232 activity was as

sumed equal to 0.36. Final values of Th-232 activity con

centration presented in this report were calculated as fol

lows: the Tl-208 pCi/g value was divided by 0.36, and the 

resulting value was averaged with the Ac-228 pCi/g value. 

Th-232 pCi/g and estimated uncertainty values are summarized 

• 

• 

• 
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in Appendix A • 

The highest Th-232 activity concentration observed was 

64 pCi/g, at the five and six foot depth intervals in 

borehole no. 322. The measurement values were divided into 

three ranges: less than 5 pCi/g Th-232, greater than 5 

pCi/g but less than 20 pCi/g, and greater than 20 pCi/g. 

Elevated Th-232 pCi/g values-were observed in a total 

of seven boreholes: 318, 319, 320, 321, 322, 323 and 324. 

All of these boreholes showed Th-232 activity concentrations 

greater than 20 pCi/g, except for borehole no. 324. (The 

maximum value observed in borehole 324 was 14 pCi/g at a 

depth of two feet below ground surface.) Th-232 pCi/g values 

in the remaining eight boreholes were all within the range 

of normal background values (typically 0.5- 1.5 pCi/g). 

The locations of the 15 boreholes relative to the sur

vey grid system established by Mound Lab is shown in Figure 

1. Figure 2 shows the borehole locations with .the addition 

of shaded regions designating the areas of elevated Th-232 

activity. It is difficult to estimate the exact lateral 

perimeter of the area of elevated activity, especially to 

the north of boreholes 319, 320, and 321 because no addi

tional boreholes could be placed in this direction {due to 

the steep decrease in elevation to the north beginning at 
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approximately 2340 S) • The shaded regions drawn in Figure 2 

are believed to represent reasonable estimates of the areal 

extent of material with elevated Th-232 activity. 

A depth profile of Th-232 activity concentration for 

the 15 boreholes is shown in Figure 3. Of the seven 

boreholes exhibiting elevated activity results, borehole 

nos. 318 and 324 were sufficiently deep so that the layer 
·-----···~--~ 

of··contaminated material could be bounded at a lower depth 

interval. Borehole nos. 319, 320, 321, 322 and 323 exhi-

bited elevated readings even at the bottom depth of the 

hole, and therefore the exact lower boundary of the elevated 

activity is not known. However, if the boreholes were 

drilled down to the depth of solid bedrock, it is unlikely 

that elevated activity material extends to lower depths. No 

extrapolation to greater depths has been made in determining 

the total volume estimates of contaminated material present

ed below. 

In order to estimate the volumes of material with 

Th-232 activity concentration greater than 5 pCi/g and 

greater than 20 pCi/g, a numerical estimate of the surface 

area represented by each borehole was made. At a specific 

depth interval, the soil was assumed to be uniform 

throughout a one-foot thick layer bounded by that surface 

area for each borehole. The surface area assigned to each 

• 

• 

• 
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borehole was multiplied by the number of one-foot thick 

layers observed to have Th-232 pCi/g values above 5 or above 

20 in that borehole, to cbtain a volume estimate (in cubic 

feet} of material above 5 pCi/g and above 20 pCi/g 

represented by each borehole. These borehole-specific 

volume estimates were made only to simplify the calculation 

of an estimated total volume of material in the surveyed 

area with Th-232 pci/g values above the limits of interest. 

The volume estimates are presented in Table 1 • 



Page 9A 

TABLE 1 

ESTIMATED VOratES OF roiL wrm ELEVATFD 'm-232 ACI'IVITY 

9JRIOJNDIOO VERTICAL 'DJICRNmS VOLUME OF VERTICAL 'DJICRNESS VOID1E OF 
SURFACE MFA OF ron. lAYER roiL WITH TH-232 OF ron. LAYER ron. WITH m-232 

OOREHJLE OJARACTERIZID wrm m-232 GRFATm GRFATER 'l1JAN wrm m-232 GREATER Glm\TER 'l1JAN 
NUMBER BY OORElJOLE* 'l1JAN 5 PCI/G 5 PCI/G** 'l1JAN 20 PCI/G 20 PIC/G 

318 1350 ~"' 3Fl' 4,050 aJ "' lFI' 1,350 aJ FT 

319 1450 ~"' 10.5 FT 15,200 aJ FT SF!' 7,250 QJ "' 

320 1650 ~ FT 11.5 Fl.' 19,000 aJ FT 10 Fl.' 16.500 <lJ FT 

321 1650 ~"' 12.5 Fl.' 20 ,600 QJ Fl.' 9Fl' 14,900 <lJ FT 

322 950 ~"' 11.5 FT 10,900 aJ FT 11 Fl.' 10.500 QJ FT 

323 900 ~Fl.' 12.5 Fl.' 11 ,300 QJ Fl.' 7Fl' 6,300 QJ Fl.' 

324 1500 ~ FT 7 .s Fl.' 11 ,300 QJ Fl.' 0 0 

'!UrAL 92 ,400 QJ "' 56 ,800 QJ "' 
VOLtJttfS (2,620 <lJ METERS) (1,610 CU METERS) 

* RJI'E: surface area values dete~ined by dividing shaded areas in Figure 2 into non-overlapping sub-sections, 
bounded b¥ area perimeter and lines bisecting straight lines drawn between adjacent boreholes. 

** RJI'E: Includes volume of soil with Th-232 activity concentration greater than 20 pCi/g. 

• : • • 
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~ CONCLUSION 

' 
As snown in Table 1, an estimated total volume of 

92,400 cubic feet (2,620 cubic meters) was found to exhibit 

Th-232 activity concentrations greater than 5 pCi/g. Of 

this volume of soil, 56,800 cubic feet (1,610 cubic meters) 

exhibited Th-232 levels greater than 20 pCi/g. The highest 

level observed was 64 pCi/g ~h-232. 

These volume estimates should be considered approxima-

tions only. The exact ver~ical boundaries of contaminatea 

soil could not be determined in several boreholes, because 

elevated activity results were observed to extend to the 

~ bottom of the holes. More s1gnificantly, the latera~ sur

face area boundaries are approximations only due to the ab

sence or additional boreholes to the north of the 2360 S 

~ 

grid line and due to the potential non-uniformity of soil at 

a given depth interval. Nevertheless, RMC believes that 

these volume determinations are reasonably good estimates. 

RMC recommends that these volume estimates be considered 

minimum values. 

The soil with elevated Th-232 activity was fairly homo-

geneous, with most measured Th-232 activity concentration 

values ranging between 30 and 50 pCi/g. The contaminated 

material extends from just beneath the surface to approxi-
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mately 10 feet beneath the surface in a contiguous layer 

surrounding borehole numbers 319, 320, 321, 322 and 323. A 

thinner layer of elevated activity material extends into the 

areas surrounding borehole numbers 318 and 324. 

• 

• 

• 
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Figure 3. Depth Profile of Elevated Th-232 Activity in Soil 
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APPENDIX A. SUMMARY OF TH-232 ACTIVITY CONCENTRATION RESULTS 

Well Depth Below Th-232 Well Depth Below Th-232 
Number Surface (ft) J2Ci/g Number Surface (ft) J2Ci/g 

• 317 0 1.0 321 0 12 
1 1.8 1 17 
2 1.7 2 17 
3 1.4 3 38 
4 1.2 4 53 
5 0.8 5 42 
6 0.7 6 36 
7 0.9 7 38 
8 0.6 8 55 
9 0.7 9 48 

10 0.7 10 36 
11 0.5 11 21 
12 0.5 12 17 

318 0 4.6 322 0 8.4 
1 26 1 27 
2 9.6 2 36 
3 5.9 3 42 
4 2.0 4 43 
5 1.4 5 64 
6 1.1 6 64 
7 0.8 7 47 
8 1.2 8 32 
9 1.0 9 42 

10 1.1 10 54 
11 0.9 11 44 • 12 1.1 
13 1.7 323 0 5.5 

1 11 
319 0 8.3 2 24 

1 29 3 29 
2 35 4 42 
3 53 5 18 
4 43 6 33 
5 34 7 28 
6 18 8 15 
7 12 9 11 
8 12 10 39 
9 10 11 31 

10 5.3 12 15 

320 0 13 324 0 5.9 
1 17 1 11 
2 33 2 14 

3 37 3 5.8 

4 30 4 5.1 

5 34 5 6.3 

6 37 6 6.3 

7 36 7 5.1 

8 39 8 2.5 

9 39 • 10 34 
11 29 



APPENDIX A. SUMMARY OF TH-232 ACTIVITY CONCENTRATION RESULTS 

Well Depth Below Th-232 Well Depth Below Th-232 
Number Surface (ft) pCi/g Number Surface (ft) pCi/g 

325 0 0.8 328 0 o.s 
1 1.2 1 1.3 
2 0.9 2 0.9 
3 0.8 3 0.8 
4 0.8 4 0.6 
5 o.s 5 0.7 
6 0.6 6 0.6 
7 0.8 
8 0.8 329 0 0.3 
9 0.5 1 0.8 

2 1.1 
326 0 0.3 3 0.8 

1 0.8 4 0.8 
2 0.7 5 o.s 
3 0.8 6 0.7 
4 0.8 
5 0.6 330 0 0.6 
6 0.7 1 1.1 

2 0.5 
327 0 0.3 3 0.8 

1 0.5 4 1.0 
2 0.5 5 0.8 
3 0.8 
4 0.9 331 0 0.7 
5 0.6 1 0.8 
7 0.8 2 0.8 
8 0.8 3 o.a 

4 0.6 
5 0.9 
6 0.8 

NOTE: In order to assign a numerical estimate of the uncertainty 
associated with these Th-232 pCi/g values, several simplifying 
assumptions have been made, as described below. The random 
uncertainty associated with photopeak area determinations 
(for the Ac-228 and Tl-208 peaks) are the dominate sources·of 
uncertainty for low count rate, low activity results. A 
systematic calibration uncertainty is associated with each 
activity calculation, independent of count rate. Approximate 
uncertainty values are tabulated below for various ranges of 
Th-232 pCi/g results. 

% 2-Sigma Random % 2-Sigma Systematic % Total 
Th-232 pCi/g Counting Uncert. Calibration Uncert. Uncert. 

o.s-1.0 50 20 70 
1.0-5.0 20 20 40 
5.0-20 10 20 30 

20-70 5 20 25 

• 

• 

• 
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IG iE'IEcroR OOREHOI.E I...a3GING SYSTE.'1---FIElD DA.TA SHEET 

Depth jspectrurr 
,stored: 

(Feet Tl-208 Bi-214 Ac-228 K-40 I Tape/ 
Borehole Below 583 keV 609 keV 911 keV,146lkeV Counter 
Number Surface) puantity

1 
Peak Peak Peak Peak Numbers 
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lG DE"'ECroR B:>REHOlE ~C SYS'II:M--Jo'IElD DATA SHEET 

Depth 
(Feet Tl-208 Bi-214 

Spectrum 
Stored: 

BoreholE Below 583 xeV 609 xeV 
Ac-228 

911 keV 
Peak 

K-40 

1 

Tape/ 
l46lxev Counter 
Peak iNumbers Number Surface)puantity

1 
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3tS 
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Net Area! iS'J /3~ 

! % Uncert~ ~ 
I 

g I 11 
: pCi/g i 3,5 ~.s 
! Integral i 
I ; SDO I 301 443 I 
' I 
1 Net Area: so~ S3 321 ! 221 

I ' Uncert~ 30 tl I 
! p:i/g i 1-,3 I o. £, 5,2 ,,, 3 
i Integral; 33'7 I I 253 
' Net Area Jl't (:;q ·II~ 
' 
: % Uncert. I 7 3'f 2..0 /3 
; pCi/ g ' 0 I co I 0 ' to I, s ! I 0, 5 

~ % Unoert~ 2.0 32 2-1 j ,, ! 
i pCi/g i ~, (o 0 I 5 I, I : /2.5 l 
: Integral: 1 ~1 l /b2 i /0'7 I 25___3_ ; tp/21/ 

. j Net Area · 1 o c, l :1__2 ~ 0 i 23/ 

: ' Uncert. zc I 2!i 2..~ IZ 

: pCi/g ' o, 5 0 (_:]__ _{)_ !J ! //, 9 
; Integral: 1'61 I tl.f3 ~s i 2<?.1 I t,/z3(o 
I Net Area! ~~ 73 30 

I 

i 27'/ 

! ' Unoert~ 25 25 5~ I 
1 lo 

! pei/g ! 0, '/ 0 ·I b. 5 ! 1'7./ 

I InteQ!ral' 2.t5 2o2 122.. i .:z Cf_i I lP !2-bo 
,. ! I 1"1 I 
I Net Area! 1 /; IOD \QO ! 271 ! 
! % Unoert~ 1~ , 2.3 3o /0 

};(:i/g I 0 , 5 ! c • j 0' ~ Ill, Z.. ' 



IG IE'IEC'TOR OOREHOI.E u:::G:i!NG SYS'IEM--f'IEW MTA SHEET 

I I . , ! Spectrurr 
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. i 
! ' tJnoert1 ~ Z.7_ ~ I ( I 

: P::i/g ~ 5.3 I 

'· 2 
,, 7 /3,7 i 

' I j 



IG IETECIOR 00?2:-iOLE I...D3GING SYS'll:M--r'IElD IlPlTA SHEET 

I i 
! SpectrWT 

Depth l Stored: 
(Feet Tl-208 Bi-214 Ac-228 K-40 Tape/ 

BoreholE Below 583 keV 609 keV 911 keV 146lkeV Counter 
Number ,surface) uantity! Peak Peak Peak Peak Numbers 

I • _'3} ~ '1 
I Integral, IZ'I"' if33 _(p57 3oJ /()/284 

I Net Area Cf'i_:l_ 123 5'1~ 2.59 
I % Uncert~ ~ zco 8 II 
I I P::i/g l.f,3 I , I S.l J3,3 ' 

31'f i /o I Integral I 1117 3"1~ 5'lt1 
' 

312. I ltJ/3c1 
l i Net Area: ~2 3 Jog _!it)'/ ZID3 I ! I 

I 
I 

% Uncert.; _:]__ z5 /0 ! II I I 
I i 

' pCi/g 
i I [g.t-f I I 3, 5 ! ; I 3,!> I ,o 

... 
Integral! I 

I I 

! 
.. . , 

1 Net Area i I 
--··1 

% UncertJ I i 

p::i/g l I I 
I I I : ' 

i I Integral! I I j 

i Net Area~ I I I ! ! I 

j I 

% Uncert~ I I i I I 
' 

I 

' p::i/g I I I : ; .I 

Integral j ' ! I ; 

I ; • I 

I Net Area: I ! I 

% Uncert.1 

I 
I 

! i ' ; : 

I ; 

pCi/g ' ; 

! ; 
' ! I i 

' 
; Integral! i I 

I i 

: I I I 
i 1 Net Area; I I 

-~ .... ! 

' % Unoe.rt~ l ; 

' I ' I .. 
; p::i/g ! i I ' ! I 

I 

..• i 
Integral! I I ! I ' 

' Net Area: ' i 
I 

' ! I ! I ' % Uncert~ i I I 

I P::i/g i ' i I ! 
I 

; 
I i 

j 
i Integral• I ! 

I ' Net Area: ! I i I 

' I 

% Unoe.rtj ! I I 

i i 

p::i/g ! I j : I i 

lt.eclrc 
1 ' I i I 

! In al: I 

I Net Area: j I I I • ' % Unoe.rt, I i 
- J:Ci/g i ! I ; 



IG IE'IEC'IOR :OOREHOIL I.£:X3GINC SYS'IE.'-1--J:'IE.I.D DA.TA SHEET 

• 
I 

I lspectrur. 
Depth Stored: 
(Feet Tl-208, Bi-214 Ac-228i K-40 Tape/ 

BoreholE Below 583 keV 1609 keV 911 keVIl46lkeVICounter 
Number Surface)puantityi Peak j Peak Peak Peak 

1
Numbers 

320 () InteQrall /51t::} l 4i~ 4f'-IS J'5t.j 10/3 2-~ 
Net Area 1103 .,~ 71& ~ f)/ 

I % UncertJ (~ 35 7 2..7 I 
l I P:i/g 5.0 O.<b rz.. 1 lj,Z I I 

I I ' '2-2 L:.l I 77~ 1122 2-lnfn i tol :J,.t;o ~20 I Integral i 
' 
f I Net Areal 15n 3 137 ~9~ I I C\ j 1 . 
' I ' I 1':1, {L' ~~ 1 1 % Uncert~ 5 ' i • ' 
I ! p:i/g l 

G.CJ I 
I ' 2. I 1'1,2 i 7.f.t; I I ! I I . I 

~2f) 
i 2. i Integral: lJS#f1 I ILJ5tb I "Ltr"'ib I 47S 1013"1/ 
l Net Areal :J-.7&~ 

I 11 ~ ./!'7 l 2.DD i 

I ! % UnoertJ Ll ! 
I 

31 5 ! 20 
; .. 

pCi/g ' I J, ~ /0.3 i I I ' 12-.~ 3D,() ' I 

';.Z.C 
j :s i Integral i 5z4Z I '}..()JL/ ~7'/D 

I 5og j /OJ3lf2. I 
l ' i 

I i Net Area! 3214 I ID2 7o4Z I 211 
' ! % Uncert~ 4 i 73 tJ I t*b i 

• ' 
I pCi/g i I 0.'1 3z.3 I //, 2 T I 14,7 I ! I 

I 

'-/ : Integral! lfS ~4 ' 1'1'1 ~ 2 ':;5~ 
: 4SL/ 1 tel LJ/2 320 ! ! 

i : Net Area: 2'77_3 I }/'I 15,0 i 21~ ! ! 

i % Uncert.; I 
I 

: /.{ ~0 5 . /f ! 
' 

I j J;(:i/g ; 

/2.-, I ), 0 25~ I . 
IO,' I ' I 

32.C s i Integral i 4~"2 
! 11141 24tf0 ' '12'} Ito/ 4.32-' ! 

i 1 Net Areal 2'1&1{ I 2.11 I~£D ! !6o · I ! I 
l 

i % Unoert.J 4 I :s3 
. 

1/ I ' l 22. I ' 
.. 

pCi/g I 13.5 j 21./ 
: 

~.2-i l 2.0 I 

' I 

3.7.-o I Co : Integral: 55~4 i 1~55 I ~f)oe 5'1, l;o I 453 l 

: Net Area; 3175 i ItA. 
i 

! 2/02 j 
2..21 I 

. ' ! I 

! : % Uncert~ 4 ~~ I 5 ,, I 
! I . 
I ' 

/4.5 
I I 33,2-! /1,/ t I :r;:(:i/g I ! /, 5 I 

32-o ' 7 ; Integral! 55oo I 2/S, 2.'52..1 i <2 ~ i lnl47/ ! 

! 1 Net Area 31$ z.. I :2.36 J'i~i ! J5'J ! 

' : 'Unoert: : ~ 1-/ I ~0 1/ l 25 I . 
; 

i pei/g I 1'1· 5 ! z. f 3t.i.f i tglz. i 

• ·320 ; ~ i Intearal i "'oq ~ I UfL/ 33Z2 j 58} ,tJ!4f.i 

l ! Net Area I 33~ Z I 1'1'1 21Cf0 j 2..0~ 
·, ~ % Uncert 1-1 ! 32.. -5 i 22 

P:i./g 15.3 I . <3 I 3l! I (p Jo, 'I i 



IG IETECTOR BJ..~OI.E UXiGING SYSTEH--r'IEID MTA SHEET 

I 
j Depth 

(Feet Tl-208 
Borehol Below 583 keV 

Bi-214 
609 keV 

Peak 

Ac-228 
911 keV 
Peak 

Spectrurr 
Stored: 

1<-40 Tape/ 
l46lkeV 

1
1counter 

Peak ,Numbers Number jsurface)Quantityi Peak 

3 '2-0 I q Integral I ~ 3 ~ ~- to}sos 
I Net Area I 3 3'i 2. l1l 2 z. 90 1!3 ']__ 
1 % Uncert~ 4 sn 4 z_3 
I I P:i/ g 1 ~, 3 .J,I:J 3(;.2.. 7,/ 

320 I /0 i Integral i 5~/ ~ .2-35~ 33~4 I fc3o 
! ! Net Area ; 2 7 75 l!iS 2101 I /{,3 

1 % Uncert.: 4 3 ~ S ! 2. ~ I 
! i P:i/g I 12.1 1 ~ 33.2 I '6·-~ ! 

32-0 .. : II . Integral i "'"'o ' 21'1~ I 25oo 1 ss~ l,of5'1tf 
~--~-·~.i~----*!_Ne_t __ Ar_ea_+ll-=2~40~~~~2~~~~~~~~~~~~4-+1~'~~~1~----~ 

; ' ' UncertJ 4 31 _s 22 I 

I 
,_,_I 

, t:Cil g l 1 I, 0 I 2. -z- I 2 <c> • ~ ! 'f 7 i 
; Integral I I i 

--~.-------~----~r-----~, ------r---~-1 
l 1 Net Area : r I 

! I 

l ! % Uncert~ 
' , t=Ci/g I I 

Integral! ! 

Net Area' 

' · % Uncert~ 

: P:i/g ; ! 
: Integral; 

i Net Area i 
j·% Unoert.: l 
: P:i/g 

I 

Integral i 

: Net Area: 

: % Uncert~ ! 
' P:i/g i 

. 
_l Integral: 

: Net Area' 
I 

I 
I 

; P:i/g ! I 
I In~all I I 
I I 

. Net Area' 

% Uncert_l I 
FCi/g i 

• 

• 

•• 



• 
Depth ISpectrwr 

Stored: 
(Feet T1-208 Bi-214 Ac-228 K-40 , Tape/ 

BoreholE Below 583 keV 609 keV 911 keV 146lkeV/Counter 
Number Surface)puantity

1 
Peak Peak Peak Peak Numbers ; 

32t I 0 In~al! 150/ itfc5 _1~ lo 17~ IC/5bO 
I Net Areal 1007 5(, t.,1o j6Z-

% Uncert.l " 53 7 23 
I I P:i/g lf,(p 0.5 to. 9 5,'2- ! ' 

_3_2- I 
I 

I 
! I 

~7~ 10~ 117 J 2L,5 J0/.'57 1 I : Integral i 
I Net Areal JS3J I CS(Q '/5 J 17& : 
i ! % Uncert.: s i 5'/ 5 i _&_ ! I 

I ' pCi/g 
I 

I 15.-0 I ' 7,D o.~ _!i_O I i ! 

321 i 2 . Integral: 
I ' Zl113 

I 

I 7'JS I 125'3 l 320 toLS'I'I 
I NetAreaj 1511 I I c:; <3 <145 17 3 I ! 
! ! % UncertJ I 2_5_ G, 

I I ! 5 I lt3 . . 

: I pCi/g ! :],2- I /.Lf 1'/,9 ! _!I~ 
I 

l 
I ' I ~ 311 I ! tlno3 _3_2-l 3 1 Integral i '5'101 i 3o74 I S21-/ 
' I Net Area! 32.13 I I I _n_L :ZZO(o ' 13 I 
I I ' UncertJ 4 2-~ 4 I 30 ! 

• I ! pCi/g I /'5,0 ;z.5 3'1.1 i (,./ i I i 

321 ! L{ i Integral i Cf"'i/ l 35'30 S357 I ~ lc__ll ~ n/o3S 
l ' Net Area i tt 35i i ll.fra 322t./ i 1_]__3_ I 

I 

1 % Uncert.! '-1 l 55 4 I 3! ! ! 
i pCi/g i Jq,1 ! sc~'f 

' ' 

'· 3 
l g,<f I i I 

_3_21 
i 5 ; Integral! 1 J '/p ! 

32~~ 39o5 
I 

'b.3 11 /o7t j ' ; 
. ' 

Net Area 1 3450 ! 252.1 ! J/3. ' i 23_2 i 
: ! ' Uncert~ 1./ _l.fl 4 I u I I 

i i pCi/g i JS I~ i 2.1 3,.s i S,, I 
! 

& ; Integral i 55 2.-~ i "~~ I 3143 ' Silg'f j II/IC2-. . 32-l ' ! 
; Net Area 1 I I 

"-'iO ~ 2158 i I ' I 2.~2. 2.ZO ! : 

: % Uncert~ 
; I ' ' 4 : 2'1_ 5 zc i i ' . ! I 

. pCi/g ! 13.3 
I 

2·"1 ! 3~. I I IJ. _3_ i 
321 i 7 Integral! tnoolD 2_!1_j_lf 3251 I 511 ill !t31 I 

! Net Area! 3252 i 2l// 2.217 ! 232. I. 
I 

% Unoert~ J1 3'1 '1 I 1'6 I ' : I 

i 

pCi/g ! 35.0 ' I J, ~ I 
' /'"t,lf 2.2 I I ! i 

• 321 
' <6 ' InteQ!ral fJ_I/fZ. I 3JL1 ~ 5212 ~g~ lt1 ;;,o I 
; I 

I I 
~£,(;() Z3'l. 33o'l I zsg i 

i : Net Area. I 

! % Uncert~ 3 I 33 4 I :2-1 i 
J;:Ci/g ' 2-1.0 

I 
2..2 I 5'2. 2 : /3, 2- ! 

' : 



IG r:ETECIOR a:>REH01E LCX:;GING SYS'IEM---:fo'IEI.D MTA SHEET 

~
I Depth 

(Feet Tl-208 
Borehol Below 583 keV 
Number Surface)puantityi Peak 

Integral 

I Net Area 

% Uncert~ 

I P::i/g I 
32 , I 1a 1 Integral! 

Net Areal 

j % Unoert~ 

i ~i/g I 
32 i ~·j II 1 Integral! 

Net Area 1 

I ! % tJncertJ 

! p:i/g i 
32.1 I /2 j lntegralj 

I Net Area I 

I ' Uncert~ 

81 £,2. 

IS. s I 

3o5!i 

I~ ,O i 
3n54 I 

1 l_i5 I 
t::" I 

0 i 

~. 2- ! 
2223 I 
1552 

5 

Bi-214 
609 keV 

Peak 

.3312. 

I 
I
·Spectnm 
Stored: 

Ac-228 K-40 I Tape/ 
911 keV 146lkeV~Counter 
Peak Peak !Numbers 

'1/2-0 '"3 . 1111~1 
llj 1 
.32 

I LJ'-1, I 
3230 

24 3 
31 i 5 ! /5 
J I<; i 33.(c 12.5 ! 

t3'11 i 1111 I 

5 I 
/j, ~ ! 13.7 

IZOi 

I z'~' 
7 I I~ 

! tcilg I 71 I J.3 JLt,3 I 15, 2- ! 

i ., 

l Integral! 

: Net Area' 

: % Uncert .; 

i P::i/g i 

; Integral/ 

I' Net Area~ 
• ! 

! ' Uncert~ ' . 

i pCi/g i 
' I 

: Integral i 
t : 

; Net Area: 

: ' Uncert~ 
; P::i/g i 

l Integral i 

! ' Uncert~ 
I 

I·· p::i/g 

al 

~i/g ! 

I 

I 

I 

j i 
! 

I 
I 

• 

• 

• 



I 

• 
Depth I !Spectrurr 

Stored: 
(Feet Tl-208 Bi-214 Ac-228 K-40 I Tape; 

BoreholE Below 583 keV 609 keV 911 keVj l46lkeV Counter 
Number Surface)Quantityi Peak j Peak Peak Peak !Numbers 

' I 

_3:2.2 0 Integral! 1oeJ ~zs· i,lf(c 1!1_3_ q/t?Jfw 
I Net Area l£.3j .!i'i 5"1~ t'1 
I t uncert4 s ~~ ~ 2~ 
I t:(:i/g Z.,j_ c,'/ ~.I.e Lf,3 I I I 

J 
I 

3$23 1137 _'1/1 ' '112-12-32-?. I ' /(21 1 Integral i 
I Net Area; 
I ; Z30J q~ t52/o '%.2 5 

j i % uncert.! 5 52 5 
I 

1& I 
I l I 

I ! t:(:i/g I i O.'t 2'-f, I 1/, (p 
I 

10 I 5 I I 
' ' ' ' Integral; 

. 
lk_? I 2.531 tSo/0 I &J! Z3<6 322 

I 

2 :)05(1 i ' I I 

! Net Area! 
l I 33ol.J ! 1'1~ . - 1'1>11 22~ I 

1 ! 'uncertJ l-1 
i _y'{ /.1 I 'I ! 

i I pCi/g 
I I 

/. LJ 30,0 J/.1 ! I 
I JS I I I 

372 
I 

3 ! Integral! t,5g~ I 2014 3391 I 57'b I "llz~~;3. · I I I i I 

! Net Area! i Z33D 
i 

232 I I I 31711 . llZ I 

l ' uncert.~ ~ l {&() 't l1 I 
! 

• I pCi/g 
I 

3(t.f> 1 l i ! 17.2- /.0 I J_l_'f I 

322 
i 4 l Integral i (p<611 J 

I 

2.55'_<; 34 J'i I 137 1 1}_2C37 I I 

i Net Area· 313'3 I .135 231.3 fO~ 
I I 

! I 

I ! 'Uncert.: 4 . i _&0 if f 
2-(., I i 

I pCi/g 17. I 
I 

/,3 37,5 I 
""' 2-

; 
i ; I I 

I Integral : I z_ I~ I ! Lfllg 5<6lo4 I 103,_ 
I If/ 3JO _222. 5 ' i ; 

! 

Net Area i S7'4lf I .2a.7 3Lfi~ 2.15 I : 
'uncert.; I J./1. 4 

I 
i 

; 3 2.S ! 
i J=Ci!g I 2l.:.'-l i ,, 'I S5.D I //. 0 

I i ' I 

I ' I . 
~13~ tot S't, i 1_255' 1. 'i/133_ 322. ~ ; Integral i 12111 ' j 

i 
I I Ar . 5Lf5:1_ 1 11'1 3C:,i4 1 23/ I . i J Net ea I 

I ' I I I ' 

3 <t'i y_ ! 

.31 j % Uncert~ i I 
I I 

i p:i/g ! 2.1.1, ~ 
l 

J,f SS,o j /J, 9 : I 

i l i 

I 7 
I 

322. ; Integral; ~2-1.95 i 213"1 '1214 i _725 1 1/355 
I Net Area! ltOJ'h .5'k Z"5'3 UJ.i 

I 

! 
l 

I ' uncert l ~ IJ.fO ~ 2LJ 
l 

l . 1 l . 
l p:i/g ! ~~, 4 j o,s 'f},tj I /0.1 I I 

• _3_2-Z i -~ l lnt.ecral ! 513'1 I 2JS_7 2.1()0 Jd{ t;/ 311 
I I 2.(,3C6 J...S IS1Lf t'Slf I 

! ! Net Area: I 

l % Uncert~ li I s 2-C: i 
I 

! 1li. 
; pCi/g t2. I C.tc z,, f., : 1!.1 i 



Depth I ispectrum 
Stored: 

(Feet Tl-208 Bi-214 Ac-228 l-40 Tape/ 
BoreholE Below 583 keV 609 keV 911 keV l46lkeV

1
Counter 

Number Surface) puantity
1 

Peak Peak Peak Peak !Numbers • 322 'I Integral ~ rsc; _23_S_5 ~£:.33 ~5tj 9/399 
Net Area 355~ 13, 2'1"tS 23/ 
% UncertJ l.f 5'1 q ;;..o 

t:Ci/g Ito. 3 I I 2- 3q,, b //, 9 
32-2 /0 I Integral l '114 I I 3L{?~ 3,33 14~ IIJ!~r~ 

! I I 
1 Net Area: ~743 I ltv 3D2-~ .30C 

I % Uncert.i 17 '3!1_ t/ 
I I I 2..0 

I I 

2/.7 
I 

I~ I I 41. 'f I /5._j__ ! I pCi/g ! I .. _.., .. ! 
' 

.322-·· i II ; Integral i 73~0 i 2/.f7Z 37fD( J J,_~ 7 1) '13~ 
-~·! Net Area ~7t:;5 I /00 ~s'' I 7.21 

I ! % Uncert~ J.l 
i !i1_ 4 2.1 i I 

' I t:Ci/g i 11. z_ I O.j_ 39. s I 1/.3 i 
I 1 
i l IntegralJ i I ; 
I I 

1 I Net Area! I 
! % UncertJ I I 

i l t:Ci/g ! I I l 

' : Integral! ' I I ' • 
i : Net Area: I I I I 

I : % Uncert~ I 
I i ! 

i j pCi/g j ' i i . 
l I ! I I 

! : Integral: . I I j 
i ' I 

I 
···i Net Area: I I 
,, i % Uncert~ ! I ; I 

I i pei;g I ! I I , ... , 
! : Integral! ' : ' 
' i 
I I Ar , i Net ea: I j I 

I 
I • ' 

i ! % Uncert. i 

' ! I ' I t:Ci/g I ! ; 

! Integral: ' i l i 

Net AreaJ i I 
! % UncertJ I I ! 

! t:Ci/g ! I 
I 

' ! 
! 

i lrn~' I 
I 

Net Area i I • 
I 

I % Unoert I I . 
I I 

pCi/g . I 
; 

I 



IG DE'ID...~ OOREHOLE I..CX3GINC SYS'IEM--:FI.El.D OA.TA SHEET 

• 
I 

. iSpectrun Depth Stored: 
(Feet Tl-208 Bi-214 Ac-228 K-40 

1 
Tape/ 

Borehol, Below 583 keV 609 keV 911 keV 146lkeV1Counter 
Number Surface) puantity 1 Peak Peak Peak Peak jNumbers 

323 I 0 
I 

"11'i> 
I 7-_!Jj .~9£ J21 ~~~'51 I Integral 1 

I Net Area Y7~ [p3 3~'1 '1'7 I 

! % Uncert.l 'f l-15 10 2-1 
I . I P:i/g 2-.Z- O.t.c 5.0 '1·~ I I ; 

i 
I 

15~1 572 SD2 I ~9f_ ~I 1.79q .32 ~ I ! Integral 
I ! Net Area: 'f~1 I I I& 3 s·L/~ lg~ 
' _l % UncertJ J '"2.3 '1 I !5 I 
i I 

p:i/g 
I 

4.5 i 
' 

I ' 1,'5 ~.; 'f,-, ! ! I 

32.3 2- I Integral i 3272.. I U_b_5_ lftJ20 l !1_'15' I tt;/517 
' I Net Area! 2 1~0 7/ 12'1 z. I 2G.1 
I ! % UncertJ ~ I 1~ 5 )_5 

: P:i/g 
I 

'f.'i I 2o.~ I 13,5 I O.lc ! 

32'3 i ·3 ' Integral i 5) 2_'j_ I 1779 2,,, I S3l I ~/53~ I I I I I 

i Net Area: I --
i 21~1 Z35 lit '13 2'1C, 

I ' I I % Uncert~ '·I 21 ~ I~ I i 

• ! p:i/g ' I I 12.1& i ' 12.b z_, I z.z .~ i i I 

! Integral ! 1Pft.3l.t: 
I 

251Z ~Ll7~ :l_5'2 ! ~/552 -
323 

"' 
I I I 

i : Net Area' ~5'3~ ,gq, 2493 2.5<6 ' 
I ' ! i % Uncert. l1 it5 !1 2-l I 
i P:i/g j 

1~. 2. I /. 7 I 3'1. 1-j 13,2 I 
! I ' i ' 

5 1 Integral! I 125{p /fc~3 
! J.J25 

I 
~/5&1 32.3 302t> ' i ' 

i Net. Areal (/g 3 15!i . ' I 
Jlol'l 21D!i ! I 

' ! % Uncert~ /, Z-1 7 I '2!{' i 
' 

p:i;g I /.,., ., 
2._1_ 15.5 

! 
1.1_ i I I I ! I 

: Integral I 41f~tg ' IID 25W 5~~ I t, I '5~5' 323 I lo ! : 
1 Net Area~ 2~72.. I 2tl3 /'6 Ll'l i 22_i i ! 

; i ; 

I . 

4 ' 3_1_ 5 Z..l I 
: l % Uncert~ i I 

' ! p:i/g i 13.1 I I I~ 2-'t. I I /1.:1_ I 
; ' 

32-3 ! 7 ! Integral : 492~ i /~(,_5_ 2£.5/ i _5_30 1 tf!oo3 
I 

Net Area! -z (ot;D 209 JI.J'-13 I 212.. I I 
! I 

! % Uncert~ 31 G, ! j 

1f 2-0 I 
I ' 

i p:i/g I 12 '2. 1·1 2Z.'S 
I 

/0,' I I 

• 323 ! ~ i Int.eQ!Lall 22'fl I I 1 tit Iff I '-1 of6 -i 'I I 031J 
I I 

/f>fc flc7 I I 
I : Net Areal f225 zoo I 
j ; 

% Uncert' in I 3_0 I 7 I Itt 
~ 

I I 

P:i/g ! 5",{; ' /.7 I 13.1 /0,3 I 
' 



IG IETECIDR :ooREHOLE I.D3GINC SYSTE.~--1-'I.EW DATA SHEET 

(Feet Tl-208 Bi-214 J 
Depth I 

Borehol Below 583 keV,609 keV 
Number lsurface)Quantityi Peak Peak 

~'23 I cr I Integral! 1/77 i jk/ 

l Net Area 'I z s ~1-5 
j % UncertJ 'il 15 
i pCi/g ! 4.2 3 .o 

32.2 i 10 I Integral : & z 9 7 z 1 5/ 
! J Net Area: 3 2~~ I 31LS_ 
i i % Uncert. 4 i 2 'f I 

"' . I I pCi/ g ; I 5 I I i 3 . 3 I 

! ·-Y.- ; 

! 
I 

' 

'3~3 i 

.p.j 

! 
i 

i 
! 
! 

II 

/2 

i Integral; 

Net Area! 

! % Uncert~ 
I pei;g . 

! Integral~ 
! Net Area: 

I ' Uncert~ 
I pCi/g ; 

! Integral i 

: Net Area 
I 

I % Uncert. 

I P:i/g I 

j Integral; 

i Net Area i 
I ' Uncert~ I I 

I pCi/g : 

; Net Area: 

' % Uncert~ 

; pCi/g 

! Integral; 

j Net Areal 

! % Uncert~ 
. I pCi/g I 

! Integt:-al ! 
! Net Areal. 

• % Uncert~ 

P:i/g 

I 1-117 
2'1,72. J /~S 
.s ... LJ. . .., 

I 

13. ) ! ,,-, I 

I 2 !CJ ! 132. 
3<3 

5 I tj I /. 2 

I 

I 

I 
1 

l 

Ac-228 
911 keV 
Peak 
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I j Spect:urr Depth 
1Storec: 

(Feet Tl-208 · Bi-214 Ac-2281 K-40 Tape/ 
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Number Surface) puantity
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I Net Area 1 tlttZ to 2fn1 1tt; 
! % Unoert~ II 

. 
.li J?., 33 ! 

I I P:::i/g I 2.0 I D.~ Lf,Z I 3.9 I 
I I 

3.21-J i I i Integral I /S9 3 ! _7_(;f, 1012 i 2-St./ i'l/325 
I ! Net Area i /0 !3 I /&./Z. ~nt-L I /00 l ! ' 
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! Net ~.rea~ 47ft: I 'i..; 2'7~ 
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I I Net Area! to 'I I __7i_ !)2. I Jqc ' 
I I ' Uncert~ 3) 25. 32 I 12. I 
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Depth I i ispectrum 
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!spectrun 
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(Feet Tl-208 Bi-214 Ac-228 K-40 Tape/ 
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I 
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i I ! 

I . ! Net ll:.ea i {{I 'I i 121./ ! 41 I !55 i ! • l l % Uncert~ ~C) I l<s ! 3'1 ' !C I I 

i P:i/g i 0.3 i /, I I c.~ i g,o i : I ; I I 
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i i I Spectrun Depth Stored: 

(Feet Tl-208 Bi-214 Ac-228
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K-40 Tape/ 
BoreholE Below 583 keV 609 keV 911 keV,l46lkeV,Counter 
Number Surface) puantity 1 Peak Peak Peak Peak Numbers 
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j Spectrum Depth . Stored: 1 (Feet Tl-208 Bi-214 Ac-228 K-40 ! Tape/ 
Borehol Below 583 keV 609 keV 911 keV 146lkeVjCounter 
Number .surface)puantityl Peak 

1 
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! ' ; Net Area; nq ~1 (of )!5'{ I 

I , I 

I I % Uncert.: I z':l 1 ztt 
I 

/'I I 22 ! 
! P:i/g I (),5 I o.fD I /,o ! 7. 'I 
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'17 
I 

fot 
I 

I '1_/r; i i/'2-lc"L 3Z<t, : L'"ltegral . l I I 2()_1._ l 
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Number Surface)puantityi Peak 
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I ; I I jSpectrurr Depth Stored: 
(Feet Tl-208 Bi-214 Ac-228 K-40 · Tape/ 

BoreholE Below 583 keV 609 keV 911 keV,l46lkevjcounter 
Number Surface)puantity
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; I );:Ci/g i 0.3 J,O {).1 1'11 2. 

I 
o,_l i I 

i : Integral i I I ' i 1 

~ ! Net Area i I ; i 
! . 

; % Uncert~ I I 

i I i 
: I ! I ! I p:i/g I ! I ' 
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PURPOSE 

This report is to document the calibration ot the RMC 

intrinsic germanium (IG) dete~tor borehole logging system. 

System etficiency values are defined and tabulated for a 

4-inch inner diameter PVC-lined borehole geometry. 

SYSTEM DESCRIPTION 

The IG detector (Ortec Model GEM-101955, S/N 2l-P-735C) 

was designed to minimize the cryostat and dewar outer diame

ters, and is shown in Figure l. A Canberra Series 10 MCA 

and Ortec Model 469 Bias Shutdown interface were used with 

this detector. MCA parameters were adjusted to provide a 

2048 channel acquisition region at 1.0 keV per channel. An 

external 6-volt battery pack was used in antic1pation of the 

battery power likely to be required during routine field 

use. 

CALIBRATION MODEL 

The counting configuration provided by a borehole in an 

essentially uniform, semi-infinite matrix was simulated by 

the calibration rig model shown in Figure 2. This model 

consists of a group of four concentric rings of hollow plas

tic tubes surrounding a 4-inch inner diameter (4.5-inch 
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outer diameter) PVC pipe casing. The individual plastic 

tubes are 1.2 inches in (outer) diameter and 36 inches long. 

A set of 1.0-inch diameter plastic tubes was filled 

with plaster of paris for insertion into the concentric ring 

tubes to simulate a semi-infinite soil matrix surrounding 

the PVC casing. Another set of 1.0-inch tubes was filled 

with plaster of paris spiked with Eu-152 to obtain a uniform 

concentration of 440 pCi/g (on 1-Jul-81) in the plaster ma

trix. The decay-corrected concentration value on the date 

of final calibration (31-Mar-84) was 380 pCi/g. Plaster of 

paris was used because its density (1.3 g/cc) is close to 

that of soil, and because the distribution of Eu-152 source 

solution throughout the plaster matrix (before hardening) 

was easily performed. A third set of tubes, spiked with 

Cd-109 (180 pCi/g on 21-Mar-84) was also prepared. 

The Eu-152 and Cd-109 source tubes could be placed in 

any of the four concentric 1.2-inch diameter tube rings. 

When this was done, the volume of plaster present represent

ed 45.2% of the total ring volume. This factor of 45.2% was 

correct, to very good approximation, for each of the four 

rings. 

• 

• 

• 
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EFFICIENCY DETERMINATION 

The detector crystal was positioned at the center ot 

the 36-inch long cylindrical PVC casing. Spectral data were 

acquired with the Eu-152 and Cd-109 tubes in the first ring 

and the balance of the rings filled with blank plaster 

.tubes. Similarly, counts were performed with the Eu-152 and 

Cd-109 tubes in rings 2-4. Each acquired spectrum was exam

ined and net count rates determined at nine photopeak ener

gies between 88 keV and 1408 keV. The net count rate values 

were divided by the factor of 0.452 to correct for the par

tial volume of each ring not filled with spiked plaster. 

These voiume-corrected count rate values are listed in At-

tachments 1-9. For each photon energy, the volume-corrected 

count rate values were integrated (using a graphical techni

que) to ootain an efficiency value, in units of counts per 

gamma/gram, appropriate for characterizing system response 

when the detector is positioned in a borehole surrounded by 

a semi-infinite matrix. 

The efficiency values were calculated using the follow

ing equation: 

efficiency (counts per gamma/gram) = (cps)(l/abund.) {27.03) (1/conc. 

where cps = the calculated integral count rate {counts per 
second) expected for a uniform soil matrix ex
tending from 2.25 inches to greater than 14 
inches (essentially to •infinity•) away from tne 
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detector axis, 4lt 
abund. = fractional gamma abundance (photons emitted per 

disintegration), 

27.03 = factor to correct disintegrations per second to 
pCi, and 

cone. = the concentration of the source material in the 
plaster matrix (pCi/gram). 

An examination of the graphical integration values in 

Attachments 1-9 indicates that the photon flux at the detec

tor is due almost entirely to material distributed in a 

sphere of relatively small radius (less than 12 inches) im

mediately surrounding the detector. The actual radius of 

this sphere, beyond which the contribution to the flux at 

the detector becomes insignificant (less than a few per cent 

of the total), is dependent on photon energy. Even for the 4lt 
highest energy photon examined (1408 keV), approximately 90% 

of the total flux at the detector is due to material in a 

sphere of radius 12 inches surrounding the detector. 

The efficiency values calculated in Attachments 1-9 

were plotted and fit to a smooth curve in Figure 3. These 

effic1ency values allow the calculation of in ~ activity 

concentrations in soil. These activity concentrations will 

be calculated on a per-gram-of-wet-(moist)-soil basis. A 

moisture correction factor must be applied to obtain activi-

ty per gram (dry) soil values. 

4lt 
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As a check on this calibration, RMC performed measure-

ments at the DOE calibration facility operated by Bendix 

Corporation at Grand Junction, Colorado. This facility 

maintains wells constructed from concrete containing known 

amounts of uranium, Ra-226, Th-232 and K-40. Results of 

this comparison are presented in Table 1, and show close 

agreement between measurements. The values obtained during 

the RMC calibration have been used to determine concentra-

tions at the Mound Lab site. 

TABLE 1 

EG&G ORTEC DETECTOR - BOREHOLE GEOMETRY (4.5 IN. O.D.) 
COMPARISON OF EFFICIENCY VALUES DETERMINED AT 

GRAND JUNCTION FACTILITY (8/2/82) AND RMC NORTHBROOK (3/31/84) 

PBOTOPEAR ENERGY EFFICIENCY (COUNTS PER GAMMA/GRAM) RATIO: RMC LAB/ 
(MEV) RMCLAB GRAND JUNCTION GRAND JUNCTION 

0.186 52 56.6 0.~2 
0.295 43 37.5 1.15 
0.352 34 34.8 0.98 
0. 5"83 23.5 21.0 1.12 
0.609 23 25.3 0.91 
0.727 21 19.5 1.08 
O.ijbO 19 16.8 1.13 
1.120 17 15.2 1.12 
1.461 16 16.7 0.~6 
1.764 15 12.7 1.18 

WORST CASE DISCREPANCY: + 18\ 

AVERAGE DISCKEPANCY (ALL DATA WEIGHTED EQUALLY): 10\ 
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The observed flux at the detector, for a given photon ~ 
energy and given concentration value (pCi/g), will be (to 

good first-order approximation) independent of soil density. 

As soil density increases, the radius of the sphere of ma-

terial surrounding the detector and contributing signifi-

cantly to the flux will decrease due to increased attenua-

tion, but the number of atoms emitting photons ~ unit 

yolume will increase to cancel this effect. This implies 

that no soil density correction factors are required when 

determining activity concentrations in the field. 

Nuclide concentrations in soil, on per gram (wet) 

basis, can be calculated from in ~ measurement data using 

the following equation: 

concentration (pCi/g) = (cps)(l/eff.) (1/abund.) (27.03} 

where cps = the observed net photopeak count rate in 
per second for the field measurement, 

counts 

eff. = the system efficiency value for the photon ener
gy of interest (in units of counts per 
gamma/gram), 

abund. = the fractional gamma abundance (photons emitted 
per disintegration), and 

27.03 = factor to convert disintegrations per second to 
pCi. 

~ 

~ 
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FIGURE 2. 

BOREHOLE MODEL CALIBRATION RIG: 4-INCH PVC CASING GEOMETRY 
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• • • FIGURE 3. 

EG&G ORTEC IG DETECTOR--BOREHOLE LOGGING GEOMETRY--4.5 INCH OUTER DIAMETER PVC-LINED HOLES 
EFFICIENCY (COUNTS PER GAMMA/GRAM) VERSUS PHOTON ENERGY 
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31-MAR-84 CALIBRATION: 
TABULATED EFFICIENCY VALUES FOR 
PHOTOPEAK ENERGIES OF INTEREST 

. 

. .. PEAK ENERGY {MeV} EFFICIENCY 

0.063* • 37 
0.093 41 

.. 0.144 48 
.. 0.186 52 .. 

0.295 43 
0.352 34 
0.583 23.5 
0.609 23 
0. 727 21 
0.911 19 
1.001 18 
1.120 17 
1.461 16 
1.764 15 

• efficiency values for energies 
below 0.090 MeV have higher 
uncertainties--use with caution 
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APPENDIX D 

REP?£SENTATIVE SPECT?~L PLOTS 

NOTE: Each of the following eight spectra was acq~ired 
for 300 seconds li~e time. 

For these plots, the vertical axes show total counts 
in a given channel and the horizontal axes show 
channel numbers \Which to good approximation equal 
the energies of detected photons in units of keV) . 
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INTRODUCTION 

In February, 1984, Monsanto Research Corporation (Mound 

Lab) contracted Radiation Management Corporation (RMC) to 

assist in the characterization of surface and below surface 

contamination in the vicinity of Bld 21, located in the 

south corner of the plant site. This area has been identi

fied as Area tl by Mound Labs. In addition, limited meas

urements were to be made in an area west of Bld 38. 

The purpose of these measurements was to define thorium 

contamination in soils. To accomplish this task, RMC em

ployed a field measurement system to perform in ~ gamma 

spectroscopy. Results of these measurements were displayed 

and recorded in the field at the time of measurement, and 

the raw spectral data was stored on cassette tape for future 

analyses, as required. Measurements were performed during 

April 3-6 and May 17, 1984. 

Survey results are summarized in the text of this re

port, while each individual measurement is shown in the Ap

pendices. As can be seen, the majority of measurements are 

negative (i.e. within natural background limits) indicating 

the absence of significant thorium contamination in the 

areas surveyed • 
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SCOPE OF WORK 

The scope of this project was defined in the purchase 

order and in subsequent discussions between Mound Lab and 

RMC personnel. The prima~y goal of the study was to identi

fy thorium (and daughters) contamination in soil in the 

areas of interest. This was done by characterizing the am

bient gamma ray fields at all locations tl;lrough the use of a 

field gamma spectroscopy system. 

The target criteria (i.e. action level) for all meas

urements was established to be 5 pCi/g for Th-228/Th-232, as 

determined from daughter measurements. Therefore, it was 

agreed that the measurement system sensitivity should be 1 

pCi/g (i.e. MDA = 20% of target criteria). In addition, it 

was specified that RMC would provide three dimensional 

models (three dimensional cross sections) of all areas, and 

volume estimates, for soils containing more than (1) 25 

pCi/g, (2) 100 pCi/g, and (3) 1000 pCi/g, respectively. 

These assessments were to be made by lowering an in

trinsic germanium (IG) detector down 4 inch PVC lined bor

ings, through the areas to be investigated, and acquiring 

gamma spectral data. Approximately 20 dry wells were 

scheduled for logging. 

• 

• 

• 
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DESCRIPTION OF EQUIPMENT AND MEASUREMENTS 

The detector employed for this project was a custom 

designed EG&G Ortec detector, S/N 21-P-73SC. The detector, 

preamp, cryostat and dewar are all housed in 2.75 

O.D. casing which allows sufficient room for the assembly to 

be lowered into 4-inch PVC casing which is used to line all 

boreholes. The detector has a relative efficiency of 10% 

and a resolution of about 2 keV at 662 keV. The entire as

sembly is outfitted with 100 feet of cables. 

The detector assembly was connected to a small portable 

multichannel analyzer ·(MCA) for data acquisition. The MCA 

selected for this use was the Canberra Series 10 MCA. The 

Series 10 is a lightweight, battery operated MCA which con

tains a spectroscopy amplifier and bias power supply for the 

IG detector. A mini-cassette recorder was interfaced to the 

MCA for data storage. 

A total of 22 monitoring wells were installed, of which 

18 were logged during the April 3-6 site visit. The remain

ing 4 wells were logged on May 17, 1984. With one excep

tion, measurements were made at 1 foot intervals from the 

surface to the bottom of each well. For that exception, 

(Hole No. 296} measurements were made at one foot intervals 

to a depth of 6 feet, and then at 2 foot intervals to a 
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final depth of 10 feet. 

All acquisitions were made for a total of 300 seconds. 

Data was accumulated over 2048 channels, at an energy set

ting of 1 keV per channel. The MCA was set up so that the 

gross integral counts and net photopeak counts were automat

ically calculated and displayed for four regions of interest 

(R9I) following each acquisition. Count data for each ROI 

was recorded and converted to activity concentrations manu

ally in the field following each acquisition. These regions 

included the K-40 photopeak at 1461 keV, the Ra-226 

daughter, Bi-214 photopeak at 609 keV, and the Th-232 

daughters, Tl-208 photopeak at 583 keV and Ac-228 photopeak 

at 911 keV. All data is shown in Appendix A. 

Net photopeak count rates were converted to soil con

centrations using the efficiency factors established during 

calibration of the RMC in ~ gamma spectroscopy system. 

Calibration data is shown in Appendix B. 

• 

• 

• 
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RESULTS AND CONCLUSIONS 

Results for each measurement are shown in Appendix A. 

Representative spectra of the leggings with results greater 

than or equal to 1 pCi/g are shown in Appendix c. Listed 

are the gross region counts, net photopeak counts with rela-, 

tive counting error at the 95% confidence level, and the 

calculated concentrations. The total uncertainties for con

centration values will not be much larger {e.g. 5 to 10% 

larger) than the photopeak counting uncertainty. Therefore, 

the data show that the Th-232 and Ra-226 daughters can be 

detected at 0.5 pCi/g concentrations with an uncertainty of 

about +/- 50% at the 95% confidence level • 

The location of monitoring wells are shown in Figs. 1 

and 2. The highest thorium concentrations were detected in 

well 286, indicating a layer of contaminated material ex

tending between 1.5 and 6.5 feet below ground surface. 

Concentration values ranged up to 22 pCi/g in this material 

layer. It is not practical to estimate the volume of con

taminated material based on measurement data from one moni

toring well, because the areal extent of contamination is 

not known. However, the contaminated material appears to be 

bounded between wells 286 and 287, due to the absence of 

elevated concentrations detected in well 287 • 



Page 6 

For the remaining 21 wells, the highest level detected 

below surface was 2.5 pCi/g Th-232 at the 1 foot depth in 

hole 296. Fewer than five additional measurements were less 

than 2 pCi/g but above 1 pCi/g. All other measurements of 

Th-232 daughters were less than 1 pci/g. 

The elevated below-surface concentrations are shown in 

Table 1. 

Table 1 
Elevated below-~urface concentrafions 

of Thorium and daughters 

Bole Depth ( ft) Concentration(pCi/g) 

2a6 0 1.4 
1 1.4 
2 22 
3 22 
4 9.4 
5 14 
6 12 
7 .a 

2a9 0 9 
1 1.7 

290 0 .3 
1 1.2 

296 0 .5 
1 2.5 
2 .6 

305 0 .a 
1 .a 
2 1.0 

306 0 .4 
1 1.1 

Except for well 2a6, elevated levels are found within 

the first foot or. two of the surface. Levels below a 2 foot 

• 
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depth in all wells except 286 were consistent with natural 

background concentrations. The presence of elevated concen

trations in holes 296, 305 and 306 indicates the likelihood 

of a thin, near surface layer of activity south of Bld 21, 

between the building and the unfinished road near the site 

boundary fence. Fig. 3 shows an estimated area of near sur

face contamination, as identified by the well logging. This 

area is probably not greater than 1 foot in depth, and con

tains concentrations in the 1-2 pCi/g range. There is no 

indication of activities exceeding 5 pCi/g, the assumed ac

tion level, in the area near Building 21. 

At several locations, measurements 1 foot . above the 

surface were made. . In each case, these results have been 

recorded as equivalent soil concentrations, even though they 

are air measurements. Evaluation of the data suggests that 

the elevated readings above ground level are due to direct 

or •shine• radiation from surface or above surface material. 

This is confirmed by the fact that elevated readings above 

ground decrease as the detector is lowered to and below the 

surface in the monitoring wells. For example, the highest 

level recorded was at the 1 foot above ground elevation at 

hole 289 (11 pCi/g equivalent). This level dropped rapidly 

to 1.7 pCi/g at 1 foot below surface. The conclusion is 

that the above ground reading is likely due in part or com

pletely to a known surface hot spot near hole 289, and that 
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it is unlikely that any material on or below surface near 

this monitoring well exceeds 5 pCi/g. 

Also of interest are the results for wells 302, 303 and 

304. These wells were located inside an area posted as a 

radioactive materials area, which was believed to contain 

thorium contaminated soils. However, no activities above 

normal background levels could be found there. 

For each thorium determination, both Ac-228 and Tl-208 

activities were estimated. Results show that these daughter 

activities were consistent with the range of errors quoted. 

Therefore, it is concluded that Th-232 appears to be in 

equilibrium with its daughters, including Th-228. 

A preliminary examination of spectra well-logging 

failed to reveal any nuclides other than natural sources of 

K-40 and uranium and daughters. Additional analyses are 

being performed to confirm the absence of isotopes such as 

Am-241. 

• 

• 

• 
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Measurenent Results 



SUMMARY OF TH-232 CONCENTRATION RESULTS* 

Well Depth Below Th-232 Well Depth Below Th-232 
Number Surface (ft~ :eCi/g Number Surface (ft~ ECi/g • 286 0 1.4 293 0 0.9 

1 1.4 1 0.4 
2 22 2 0.4 
3 22 3 0.4 
4 9.4 
5 14 294 0 0.6 
6 12 1 0.5 
7 0.8 2 . 0. 2 
8 0. 7 3 0.2 
9 0.9 4 0.3 

10 0.6 
11 0. 7 295 0 0.3 

1 0.5 
287 0 0.6 2 0.5 

1 0.4 3 0.3 
2 0.5 4 0.3 
3 0.4 
4 0.4 296 0 0.6 
5 0.3 1 2.6 
6 0.5 2 0.5 
7 0.4 3 0.6 
8 0. 7 4 0.3 
9 0.6 5 0.4 

10 0.3 6 0.3 
11 0.3 8 0.4 • 10 0.4 

288 0 0.9 
1 0.6 297 0 0.6 
3 0.3 1 0.4 
4 0.3 2 0.5 
5 0.3 3 0.5 

4 <0. 2 
289 0 9.2 

1 1.7 298 0 0.5 
2 0.8 1 0.9 
3 0.5 2 0.6 
4 0.3 3 0.4 

4 0.4 
290 0 1.7 5 0.3 

1 1.3 
2 0.3 299 0 0.5 
3 0.3 1 0.6 

2 0.3 
291 0 1.0 3 0.4 

1 0.6 
2 0.4 300 0 0.3 
3 0.3 1 0.6 
4 0.4 2 0.7 

3 0.4 
292 0 0.4 

0 0.8 • 1 0.5 301 
2 0.4 1 0.9 
3 0.3 2 0.3 

3 0.4 

* average of Tl-208 and Ac-228 concentration values 



SUMMARY OF TH-232 CONCENTRATION RESULTS* 

Well Depth Below Th-232 
Number Surface ~ft~ ECi/g 

302 0 0.5 • 1 0.5 
2 0.4 
3 0.3 

303 0 0.2 
1 0.3 
2 0.3 

304 0 0.2 
1 0.3 
2 0.5 

305 0 0.8 
1 0.9 
2 1.0 

306 0 0.4 
1 1.0 
2 0.4 
3 0.4 
4 0.5 

307 0 0.6 
1 0.4 
2 0.3 • 3 0.4 

* average of Tl-208 and Ac-228 concentration values 

• 



lore Molt Depth Ttg Ttpe k·Z28 n-228 Ac-228 lt-214 k-40 
RY~r (ft) ~~umber 13 bV 583 teV Ill teV 609 ktV 1461 tev 

&ross 
286 0 * 094 Integral 225 131 148 108 

Met Area 126+19 p 81+2£ t% 50+3 % 76+227. 
pC1/g 1. 56 1. 25 0.46 3.9 
&ross 

286 1 * 123 Integral 
299 181 251 155 

Net Area 112+24 93+2 % 45+5 % 116+18/~ 0 

pC1/g 1. 39 1. 47 0.41 6.0 
&ross 

286 2 * 152 Jntegral 3544 1934 1501 393 
Net Aru 1844+5'7. 1318+6' 146+39 "' 133+23% - -
;,(1/g 22.8 20.8 1. 33 6.8 
~ross 

286 3 * 181 Integral 3583 1952 1443 353 • Net ··~a 1894+57. 1325+5' 74+58'7. 109+-327c 
pCi/g 23.4 20.9 0.67 5.6 

&ross 
286 4 * 208 Integral 1603 870 825 271 

Net Area 809+8% 562+8% 135+32'7. 129+21% 
pC1/i 10.0 8.9 1. 23 6.6 

6ross . 
286 5 * 232 Integral 2261 1147 946 324 

Net Area 1274+6i 773+7% 97+48i. 150+21% 

pC1/g 15.8 12.2 0.88 7.7 

6ross 
286 6 * 256 Integral 1955 1091 822 278 

let Area 1032+7· 731+87. 110+40~ 142+19% 

pCt/g 12.8 . 11.5 1. 00 7.3 • Notes: * tag no. is giv n by: aaabb where aaa is ~ole no and 
bb is depth 



lore Hole Dtpth Tag Tape 
RYmbtr (ft) Slumber 

Ac·Z28 11·228 At·228 lf·214 K·40 
13 leY 583 keY 111 keY 609 keY 1461 keY 

Cross 
286 7 * 281 Integral 181 98 199 187 

Met Area 71+277. 41+38% 98+23% 154+15% 

286 

286 

286 

286 

Notes: 

8 

9 * 

10 * 

11 * 

pCi/g 

&ross 
* 302 Integrtl 

Net Area 

pCi/g 

&ross 
324 Jnugral 

Net Art~ 

3ross 
345 Jnugra1 

.. Net A .. ea 

pCi/g 

&ross 
366 lnug,.a1 

Net Area 

pCi/i 

&ross . 
Integral 

Net Area 

pC1/g 

Sross 
Integral 

pCf!g 

* tag no. given by: 

0.88 0.65 0.77 7.9 

138 82 166 172 

68+2n 32±49% 98+21'7. 158+14% 

0.84 0.81 0.89 8.1 

165 107 145 222 

64+31% 63±26~ 73±26~ 206+12'7o 

0.79 1.00 0.66 10.6 

115 87 147 253 

47+37% 41+37' 73+26% 243+11% 

0.58 0.65 0.66 

177 101 196 

0.78 0.60 0.95 

aaabb ~here aaa is hole no and 
bb is depth 

12.5 

275 

12.9 

• 

• 



--
Bore Hole Depth Tag T1pe Ac-228 Tl-228 Ac-228 Bi-214 K-40 
Number (ft) Number 93 keY S83 keY 911 keY 609 keY 1461 keY 

• 287 0 2 030 Gross 
791 114 59 116 Integral 

287 0 2 030 Net Area 67+57% 57+30% 35+35% 81+21% - -
287 0 2 030 pCi/g 

~3. 9 .70 .55 • 74 

287 1 3 089 &ross 949 88 40 80 Integral 

287 1 3 089 Net Area 54+57% 53+28% 10+90% 36+35% -
287 1 3 089 pCi/g '3.9 .66 .16 .33 

287 2 4 119 Gross 1222 97 60 - 99 
Integral 

287 2 4 119 Net Area 49+85% 31+49% 34+36% 42+37% 
---

237 2 4 119 ;.Ci/g ( 3.9 .38 .54 .38 . 
' 287 3 5 145 :I ross 1046 84 59 95 

Integral 

• 287 3 5 145 Net At-ea 4+600% 32+44% 24+47% 51+27% -
287 3 5 145 pC;{g < 3. 9 .40 ..• 38 .46 

&ross 
287 4 6 172 Integral 1193 89 44 120 

287 4 6 "172 Net Area 9+400% 28+50% 23+44% 79+22% - . 
287 4 6 172 pCi/g < 3.9 .35 .36 .72 . 

&ross . 
287 5 7 198 Integral 1084 92 so 108 

287 5 7 198 Net Area 0 24+61% 16+62% 64+24% -
287 5 7. 198 pC1/g <. 3. 9 .30 .25 .58 

&ross 
62 150 287 6 8 222 Integral 1555 105 

287 6 8 222 let Area 0 35+45% 41+30% 74+26% -
287 6 8 222. pC1/g ( 3.9 .43 .65 .67 

• Notes: 



--~ Bor-e Hole Otpth Tag Tape Ac·U8 n-228 Ac-228 Bt-214 K-40 
Nvrrber (ft) NYt'!lber 13 bY 583 keY Ill keY 609 keY 1461 tev 

287 7 9 246 &ross 
Integral 

1347 128 67 132 • 
287 7 9 246 Net Area 27+130% 43+40% 18+63% 60+27% 

287 7 9 246 pCi/g <. 3. 9 .53 .28 .55 

&ross 
287 8 10 269 Integral 1682 148 74 135 

287 8 10 269 Net Area 0 65+29% 42+32% 65+28% 

287 8 10 269 
pCi/g 

<3.9 .80 .66 .59 -Gross 
287 9 11 292 Jntegral 1266 119 75 121 

287 9 11 292 
Net Area 

0 47+36% 36+35% 67+24% 

287 9 11 292 
;.C1/g < 3.9 .58 .57 .61 . 

287 10 12 314 ~ross 
lrtegral 

287 10 12 314 Htt Al'ea 22+170% 34+46% 11+95% 62+26% • 287 10 12 314 pCi/g < 3.9 .42 .17 .56 

287 11 13 336 &ross 990 85 49 99 Integral 

287 11 13 336 NPt Area 0 26+54% 17+59% 42+33% . 
287 11 13 336 pC;Jg <3. 9 .32 .27 .38 . 

&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral -

let Arel 

pCt/g .. 

Notes: Bot tan • = 
11.5' 



lor-e Ho 1 t Dfpth Tt; Ttpe Ac·228 T1·228 Ac-228 81·214 K-40 
R~Jmbtr (ft) Number 13 teY S83 keY Ill keY 609 keY 1461 keY 

••• 288 0 2 * 541 &ross 
Integrt1 

192 76 121 74 

288 0 2 541 Net Are• 73+24% 61+22% 56+29% 61+23% 

288 0 2 541 pCi/g .90 .96 .51 3.13 

&ross 
288 1 3 558 lntegrt1 159 97 190 186 

288 1 3 558 Net Area 54+32% 37+39% 100+22% 168+13% -
288 1 3 558 pCi/g .67 • 58 .91 8.62 

Gross 
288 3 4 574 Integral 87 43 108 143 

288 3 4 574 Net Area 27+50% 16+59% 49+31% 133+15% 

·-1-288 3 4 574 ;,Ci/g .33 .25 .45 6.83 . " 

288 4 591 
:iross 

69 52 114 174 5 lntegrtl 
'· • 288 4 5 591 

Net At-ea 
27+42% 11±86% 44±38% 132::17% 

288 4 5 591 pCi/g 
.33 .17 .40 6.78 

288 5 6 608 &ross 
71 35 101 176 Integral 

288 5 6 608 Net Area . 27+45% 13+65% 49+31\ 152~4% 

288 5 6 608 pC1/g .33 .21 . .45 7.80 

6ross . . . 

Integral 

Net Area 

pC1/g 

&ross 
Integral -

let Area 

pC1Jg 

• Notes: H oat ikRe-
2 set 

6' t:.ag 



·-
Bore Hole Depth Tag Tape k-228 T1·228 lc-228 81·214 K·40 
Number (ft) Number ll keY S83 teY 911 ttY 609 keY 1461 keY 

289 0 15 407 &ross 5550 1196 703 331 Integral • 
289 0 15 407 Net Area 0 734+7% 591+7% 57+35% 

289 0 15 407 pCi/g (3.9 9.08 9.34 .52 

289 1 16 426 &ross 
Integral 

2070 290 184 208 

289 1 16 426 Net Area 0 130+20% 116+19% 85+23% 

289 1 16 426 pCi/g (.3.9 1.61 1.83 .77 

Gross 
289 2 17 445 Jntegral 1897 181 101 194 

289 2 17 445 Net Are~ 20+250% 66~:_30% .· 52+29% 71+24% 

·- 1-
289 2 17 445 ;;Ci/g (3.9 .82 .82 .65 . 

;ross 
289 3 18 464 Integral 1406 87 72 131 

Net Area 
32±43% 32±44% 78+22% 289 3 18 464 0 

289 3 18 464 
pCi/g 

<3.9 .40 .51 .71 • 
4 19 482 

Gross 
1027 66 48 91 289 Integral 

289 4 19 482 Net Area o. 29+41% 18+56% 37+33%. 

289 4 19 482 ptfli .( 3.9 .36 .28 .34 

Gross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral -

let Area 

pC1/g 

Notes: 
Bottan • = 
4.3' 



lort Ho1t Otpth Tt; Ttpe Ac-228 T1·228 Ac·228 11-214 k-40 
Nwi'Ctr (ft) ,.Uftlber 13 trY S83 ttY Ill leY 609 hY lt61 keY 

• 290 0 14 436 Gross 410 263 262 71 Integral 

290 0 14 436 Net Area 220+15% 193+14% - 56+58% 38+40% -
290 0 14 436 pC1/g .27 3.05 .51 1.95 

Gross 
290 1 15 454 Integral 289 131 216 160 

290 1 15 454 Net Area 104+29% 79+22% 48+57% 136+15% -
290 1 15 454 pC1/g 1.29 1.25 .44 6.98 

-&ross 
290 2 16 472 Integral 179 75 185 163 

290 2 16 472 Net Area 35+63% 13+110% 59+45% 138+16% 

·-~ 

2 .16 472 
;,C1/g 

.43 .21 .52 7.08 290 

290 3 * 17 490 
~ross 
Jntegrtl 70 50 96 134 

• 290 3 17 490 
Net At'fl 

29+44% 16+62% 44+39% 120+16% 

290 3 17 490 
pCi/g 

.36 .25 .40 6.16 ·-~ &ross 
Jnteg,.al 

Net Area . 
pCi/g . 
Gross . 
Integral 

Net Area 

pC1/g 

&ross 
Jntegrtl 

let Area 

pC1/g 

• Iotts: 
*H20 
at 3.5' 



lore Holt Depth Ttg Tape Ac·228 n-228 Ac-228 11·214 k·40 
NulrCtr (ft) ~r 13 ttY 583 keY Ill keY 60i keY 1461 tev 

Gross 
291 0 * 452 Inteiral 166 106 122 41 • 

Net Area 61+33% 75+23% 46+37% 29±36io 
pCi/g 0.75 1.19 0.42 1.5 

&ross 
291 1 * 470 lntegrtl 149 94 164 209 

Net Area 46+41% 40+37i. 9 2±22'h 196+12% 

pCi/g 0.58 0.63 0.84 10.1 

&ross ,;. , .. 

291 2 * 488 Integral 108 81 141 189 

Net Are• 38+42% 22:t70't 86+22' 179+17% 

.,Ci/g 0.47 0.35 0.78 9:2 

~ross 

291 3 * 506 Integral 85 54 88 167 

Net ..... 26+54i. 17+60% 33+44% 160+13io • pCi/g 0.32 0.27 0.30 8.2 

&ross 
291 4 * 524 Integral 98 52 108 230 

Net Area 32±48i 21+57'7. 53+31% 218+11io . 
pC1/i 0.39 0.33 0.4'8 11.2 

.. , 

&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral 

let Area 

pCi/g 

Notes: * tag no. given by: aaabb where aaa is hole nc and • bb is depth 



\ 

lore Holt Depth Tag Tape Ac-228 Tl-228 Ac-228 Bi-214 K-40 
Number (ft) Wumber 13 keY S83 keY 911 keY 609 teV 1461 keV •• 292 0 22 541 Gross 85 so 75 48 Integral 

292 0 22 541 Net Area 25+53% 31+35% 20+50% 42+27% 

292 0 22 541 pCi/g .31 .49 .18 2.16 

292 1 23 558 Gross 135 82 176 231 
Integral 

292 1 23 558 Net Area 31+52% 34+44% 89+21% 191+13% 

292 1 23 558 pCi/g • 38 .54 .81 9.80 
' ' 

Gross ; 

292 2 24 575 Integral 99 52 98 170 

292 2 24 575 Net Area 34+43% 18+55% 58+26% 160+13% 

·-~ 

292 2 .24 575 
;tC1/g 

.42 .28 .35 9.24 
~ro~s 

292 3 25 591 Integral 82 53 93 194 

•• Net Ar-ea 
292 3 25 591 29±42% 20:±57% 38•40% 180"'-13% 

292 3 25 591 
pCi/g 

.36 • 32 .35 9.24 ·-1-

Gross 
Integral 

Net Area . . 
pCi/g . 
Gross . 
Integral 

Net Area 

pCi/g 

&ross 
Integral . 

Itt Area 

pCt/g .;-
Motes: 

Bot tan 
= 
3.5' . 



lore Hole Depth Tag Tape Ac·228 n.zza Ac-228 11·214 .. K·40 
llumbtr (ft) .. ~ .. 13 ttY 583 ltV 111 teY 609 teV 1461 teY 

&ross 
293 0 * 541 Integral 155 65 93 35 • 

Net Area 87+23% 52+26% 39±38% 30+30% 

pCi/g 1.08 0.82 0.35 1.5 

&ross 
293 1 * 558 Integral 128 68 143 177 

Net Area 32+53% 22+58'7. 73±25" 157+14/~ 

pC1/g 0.40 0.35 0.66 8.1 

Gross 
293 2 * 575 Integral 143 89 203 191 

Net Area 40+46% 21±751 122+19. 183+12~;, 

;it1!g 0.49 0.33 1.11 9.4 

3ross 
293 3 * 591 Integral 120 77 171 198 

Net At-ea 44+30% 20+67% 92+22% 189+12% • pCi/g 0.54 0.32 0.84 9. 7 

&ross 
Integral 

let Area 
• 

pC1Ji 

&ross . 
Integral 

Net Area 

pC1/t 

&ross 
Integral 

let Area 

,Ctlt 

flotes: * tag no. is giv~ n by: aaabb where aaa is hole nc and • bb is depth 



·-
Bo~ Ho1e Depth Tag Tape Ac-l28 Tl-228 Ac-228 81·214 k-40 
Mumber (ft) "umber 13 keY S83 teY 911 keY 609 keY 1461 keY 

• 294 0 34 204 &ross 102 65 195 39 Intfgral 

294 0 34 204 Net Area 45+33% 35+35% 123+18% 31+32% -
294 0 34 204 pCi/g .56 .55 1.12 1.59 

294 1 35 227& &ross 98 66 184 162 
250 * Integral 

294 1 35 II Net Area 
33+40% 26+46% 118+18% 151+14% 

294 1 35 II pCi/g 
.41 .41 1.07 7.75 --

294 2 36 273 &ross 
79 53 161 188 Integral 

294 2 36 273 Net Area 12+100% 13+80% 116+17% 162+14% ·-~ 
294 2 36 273 ;,Ci/g <.25 .21 1.06 ~.32 . 
294 3 37 295 ~ross 

Integral 83 51 139 150 

• 294 3 37 295 Net Ar-ea 21+55% 14+72% 76+24% 143+14% 

294 3 37 295 pCi/g .26 .22 • 69 7.34 
·-~ &ross 

294 4 38 317 Intfg,..al 88 66 144 241 

294 4 38 317 Net Area 29+46% 17:!:_66% 85+21% . 219+12% . 
294 4 38 317 pCt/i .36 .27 .77 11.24 . 

&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral -

Itt Area 

pCt/g •• Notes: * Spec-
tra 
stored 
twice 



·-:-1 lol""t Holt Dtptlt Ta; Tape Ac-228 Tl-228 Ac-228 81·214 K·40 
Number (ft) Jlumber 13 keY 583 teY Ill t.eV 609 keY 1461 keY 

295 0 28 036 * &ross 
Integral 

73 29 107 46 

295 0 28 036 Net Area 29+43% 12+65% 70+22% 40+27% 

295 0 28 036 pCi/g .36 . .19 .64 2.05 

&ross 
295 1 29 068 Integral 105 58 119 185 

295 1 29 068 Net Area 51+29% 26+43% 64+27% 180+12% 

295 1 29 068 pCi/g .63 .41 • 58 9.24 
·~ ,.., . -

Gross 
295 2 30 091 Integral 100 53 105 215 

295 2 30 091 Net Area 46+32% 26+42% 50+31% 144+12% 

-- ~ 

2 
;.Ci/g 

57 .41 41=\ i ~Q 295 30 091 
· ~ross 

295 3 31 126 Integral 75 54 103 207 

295 3 31 126 
Net A1-ea 

21.±54% 17±62% 48:t 33% 200:::12% • 
295 3 31 126 

pCi/g 
.26 .27 .44 10.27 

295 4 32 153 
6ros: 
Integral 67 50 86 184 

295 4 32 153 Net Area 20+58% 16+62% 37±37~ 165::13% . 
295 4 32 153 pCi/g .25 .25 • 34 8.47 

·~·. . 
Gross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral -

let Area 

pCi/g 

Notes: • 



·-
lore Hole Depth Te; Tepe Ac-228 Tl·Z28 Ac-228 Bi-214 K·40 
~r (ft) Number 13 keY S83 keY 911 keY 609 keY 1461 keV 

• 296 0 40 358 Gross 124 85 99 48 Integral 

296 0 40 358 Net Area 41+39% 42+30% 52+29% 37+29% -
296 0 40 358 pCi/g .51 .66 .47 1.90 

&ross 
296 1 41 377 Integral 

296 1 41 377 Net Area 202+14% 176+13% 59+38% 124+17% 

296 1 41 377 pCi/g 2.50 2.78 .54 6.37 
-296 2 42 397 Gross 119 89 . 137 188 

Jntegral 

296 2 42 397 Net Area 35+44% 40+35% 63+27% 177+13% -·-~ 
296 2 42 397 I;.Ci/g .43 .63 .57 9.09 . 

T~ross 
296 3 43 416 Integral 109 78 148 222 

• 296 3 43 416 
Net At-ea 

44±32% 43±31% 69±28% 215::11% .. 

296 3 43 416 I 
pCi/g 

• 54 • 68 . 63 11.04 

296 4 44 435 I Gross 
lnteg,.al 89 41 102 187 

296 4 44 435 Net Area . 35+39% 12+73% 47+32~ 168+13% 

296 4 44 435 pC1/g .43 .19 .43 8.62 . 
29f5 5 45 454 &ross . 92 57 105 230 Integral 

296 5 45 454 Net Area 39+34% 25+44% 46+35% 221+11% 

296 5 45 454 pC1/g .48 .40 .42 11.34 

296 6 46 472 &ross 
Integral 

96 69 103 231 

296 6 46 472 let Area 31+46% 14+84% 43+35% 203+12% 

296 6 46 472 pC1/g .38 .22 .39 10.42 

• Notes: 



--:l lor-e Hole Depth Tag Tape Ac-228 Tl-228 Ac-228 11·214 K-40 
Number (ft) Number 13 teY 583 keY Ill keY 609 keY 1461 keY 

296 8 47 490 &ross 
Integral 

110 55 139 260 

296 8 47 490 Net Area 36+37% 21+50% 63+29% 242+11% 

296 8 47 490 pCi/g .45 .31 .57 12.42 

Gross 
296 10 48 507 Integral 91 67 113 296 

296 10 48 507 Net Area 41+35% 23+50% 64+25% 272+10% 

296 10 48 507 pCi/g .51 • 36 .58 13.96 

Gross 
Jntegra1 

Net Area 

·- i-

;,Ci/g . 
~ross 
Integra1 

Net Ar-ea • pC;/g 
--~ 

&ross 
Integral 

Net Area . . 
pC1/g . 
&ross . 
Integral 

Net Area 

' pC1/g 

&ross 
Integral -

let Area 

pCi/g 

Notes: B:>ttcm 
=11.5' • 



·-
lort Holt Dtpth Ttg Ttpe k·l28 n-228 Ac-228 8i·214 k-40 
fkimber (ft) N~r t3 keY S83 keY tll teY 609 teY 1461 teV 

• 297 0 1 * 150 Gross 154 66 111 65 Integral 

297 0 1 150 Net Area 44+45% 36+37% 19+91% 44+29% 

297 0 1 150 pC1/g .54 .57 <.18 2.26 

Gross 
297 1 2 176 Integrtl 93 43 103 139 

297 l 2 176 Net Area 28+52% 28+37% 41+41% 127+15% 

297 1 2 176 pCf/g .35 .44 .37 6.52 
-Gross 

297 2 3 201 Integral 116 60 106 149 

Net Aret 
297 2 3 201 ·-P-

38±47% 34±38% 38±45% 141.:!: 14% 

297 2 ~ 201 
;,Ci/g 

.47 .54 .35 .. .7. 24 

4 226 
~ross 

297 3 Integral 93 70 160 221 

•• ----

297 3 4 226 Net Ar-ea 
19+75% 29+44% 68+31% 207+12% 

297 3 4 226 pCi/g <.25 .46 .62 10.63 

297 4 5 249 Gross 78 46 89 163 Integrtl 

297 4 5 249 Net An!& 18+81% 0 39+40\ 153+14% . 
pC1/g 

;,:A"f.'fo.'. 

297 4 5 249 <.25 < .14 .35 7.85 . 
Gross 
Integr:-1 

Net Ar-=a 

pC1/g 

Gross 
Integral . 

let Area 

pC1/g 

• Notes: 
*Reo 
set 
tag 



lor-e Molt Depth Tag Tape Ac-228 n-2za Ac-228 11·214 K·40 
llurretr (ft) tlunlber 13 ttY 583 teY tll teY 609 keY 1461 teY 

Cross 
298 0 * 002 Integral 96 57 88 63 • 

Met Artl 33:!:45% 33:!:38% 36+40% 53+25~~ 

pCi/g 0.41 0.52 0.33 2. 7 
Cross 

298 1 * 035 Integral 165 114 198 162 

Net Area 95+21% 40+41'7. 110:!:207. 157+15% 
pC1/g 1.17 0.63 1. 00 8.1 

6ross 
298 2 * 066 Jnt.egral 154 94 164 190 

- Net Area 53±36'7o 3S+4n 81+25% 156+15% 

;,Ct/g 0.66 0.55 0. 74 8.0 

~ross 

298 3 * 095 Integral 94 62 152 206 

Net Area 46:!:33'- 12+97% 76+25% 186+13% • pCt/g 0.57 0.20 0.69 9.6 

6ross 
298 4 * 123 lnt•gral 77 40 108 119 

Met Area 29=47% 16+67% 60+27'7. 103+17% . -
ptt/g 0.36 0.25 0.55 5.3 

·-
6ross . 

298 5 * 150 Integral 69 45 75 159 

Net Area 21+60% 26+60'7. 32+4li 150+14% 

pC1/g 0.26 0.41 0.29 7. 7 

6ross 
Integral 

•t Area 

pC1Jg 

Notes: * tag no. given by: aaabb where aaa is hole no and • bb is depth 



·-
Bore Hole Depth Tag Tape Ac-228 n-228 Ae-228 81·214 K-40 
Nuneer (ft) flunt>er 13 teY 583 keY Ill keY 609 keY 1461 keY 

• &r-oss I 
299 0 38 003 149 56 126 39 lnttgral 

299 0 38 003 Net Aree 51+39% 24+51% 46+40% 31+32% -
299 0 38 003· pCi/g .63 .38 .42 1.59 

&ross 
299 1 39 036& Integrel 151 93 174 166 

Of=;C:, 

299 1 39 II Net Area 64+29% 31+51% 112+19% 149+14% - - - -
299 1 39 II pC1/g • 79 .49 1.02 7.65 

-Gross 
299 2 40 095 lntegral 87 49 110 185 

299 2 40 095 Net Are1 27+57% 21+55% 40+43% 166+13% 

·-~ 299 2 40 095 ;,Ci/g .33 .33 .36 8.52 
. 

~ross 
299 3 * 41 123 Integral 70 55 88 184 

299 3 41 123 Net Ar-e1 u :l3:!:4~% 4:l:!:37% 177::!:.13% 

·.. / 

299 3 41 123 
pC1/g <.25 • 36 .38 9.09 

Gross 
Integral 

Net Area . . 
pC1/g . 

. .. 
Gross . 
Integral 

Net Aree 

pC1/g 

&ross 
Integral -

llet Area 

pCt/g 

•• ' 
Motes: * HzO 

at 3. 5' 



·-
lore Hole Depth Tag Tape Ac·Z28 Tl-228 Ac-228 Bt·214 k·40 
~r (ft) Number 13 keY 583 teY Ill teY 609 teY 1461 keY 

&ross 
300 0 11 036 * Integral 88 51 165 79 

300 0 11 036 Net A 27+53% 15+78% 115+18% 71+21% 

300 0 11 036 [pC1/g .33 .24 1.05 3.64 

[Gross 
300 1 12 067 I"tegral 146 79 156 193 

.roo 1 12 067 Net A:-ea 50+37% 31+47% 64+30% 176+13~ 

1 12 067 
pCi/g 

.49 .58 9.03 300 '" . .,.. .62 -Gross 
300 ; 2 13 098 lntegral 141 91 162 200 

.. Net Area 
300 2 13 098 51±36% 47±33% 85±24% 184±17% ·- ..... 

300 2 ,13 098 
;,C1/~ 

.63 .74 .77 9.45 

300 3 14 125 
3ross 

93 69 136 254 lnte;ral 

300 3 14 125 Net Ar-ea 
32±46% 21±65% 59::31% 240::1H 

' 
300 3 14 125 pCi/g .40 .33 .54 12.32 

Gross 
Integral 

I Net l.rea . . 
pti/g 

I 

Gross . 
Integral 

Net Area I 

pC1/g 

&ross 
Integral 

let Area 

pC1/g 

*New 
JIDtes: Tape 

j • 



·-
Bore Hole Depth Tag Tape Ac-228 Tl-228 Ac-228 81·214 K·40 
Nyar (ft) Number 13 keY 583 keY 911 keY 609 keY 1461 keY •• 301 0 17 224 Gross 158 87 90 89 Integral 

301 0 17 224 Net Area 70+28% 49+31% 35+42% 71+22% - -
301 0 17 224 pC1/g .87 .77 • 32 3.64 

Gross 
301 1 18 248 Integral 160 95 151 192 

301 1 18 248 Net Area 70+28% 53+30% 77+25% 164+14% -
'301 1 18 248 pCi/g .87 • 84 .70 8.42 

-Gross -· 

301 2 19 271 Integral 94 66 145 172 

301 2 19 271 Net Area 24+61% 16+83% 60+31% 152+19% -
·-~-

301 2 ,19 271 
;,Ci/g 

.30 .25 .55 7.80 

3 * 
~ross 

301 20 293 Integral 89 64 96 170 

• 301 3 20 293 
Net Ar-ea 

28±51% 22±60% 44+34% 146 ... 15% 

301 3 20 293 
pCi/g 

• 35 • 35 .40 7.49 ·-!-
&ross 
lnteg,.al 

Met Area . . 
pCi/g . 
&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Inugral -

•t Area 

pCf/g 

Notes: *Absorl: i:ul 
plug at 
3' 



-~ lore Hole Depth. Ta; Tape Ac-228 Tl-228 Ac-228 81-214 K-40 
Number (ft) N~r t3 leY 583 tev 911 teY 609 teV 1461 keY 

302 0 23 357 Gross 154 70 77 47 Integral • 
302 0 23 357 Net Area 25+74% 44+31% 18+67% 33+36% 

302 0 23 357 pC1/g .31 • 70 <.18 1.69 

&ross 
302 1 24 377 Integral 107 67 125 149 

302 1 24 377 Net Area 53+30% 23+59% 53+33% 139+15% 
' 

302 1 24 377 pCi/g .66 .36 .48 7.14 
-&ross 

302 2 25 396 Integral 100 57 101 185 

Net Area 
28+59% 302 2 25 396 ·-f- 25+50i 44+1C}~ 171+11~ 

2 .25 396 
;.Ci/g 

.35 .40 .40 8 78 302 

302 3 26 
~rC"SS 

416 ln~egral 72 53 75 157 

3 26 416 
Net Ar-ea 

18±70% 19+63% 34:=39% 140±15% 302 • 302 3 26 416 
pCi/g 

<.25 • 30 .31 7.19 
Gross 
Integral 

Net Area . . 
pCi/g . 
Gross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral . 

let Area 

pCt/g 

Notes: • 



• 
lore Hole Depth' Tag Tape Ac-228 n-228 Ac-228 81·214 K-40 
Number (ft) llf~r 13 teY 583 teY 911 keY 609 keY 1461 keY 

303 0 30 489 &ross 75 35 64 61 Integral 

303 0 30 489 Met Area· 19+75% 15+65% 14+90% 61+21% - - - -
303 0 30 489 pCi/g <.25 .24 <.18 3.13 

6ross 
303 1 31 507 Integral 76 35 61 175 

303 1 31 507 Net Area 21+64% 5+200% 32-t-35% 168+13% 

303 1 31 507 pCi/g .26 < .14 .29 8.62 
-Gross 

303 2 32 524 Integral 98 56 102 232 

303 2 32 524 Net Area 22+74% 12+100% 34+49% 199+13% 
.- :~ ·-1-

303 2 * . 32 524 
;,Ci/g 

.27 .19 • 31· 10.22-: 
~ross 
Integral 

I .. • Net At-ea 

pCi/g 
-~ ·. 

&ross 
Integ,.a1 

Net Ana . . 
pC1/g . 
&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral -

let Area 

' pC1/g 
.. -•• Motes: 

*End 
of pip 
2'2" 



--~ lore Hole Depth Tag Tape Ac-228 Tl-228 Ac-228 81-214 k·40 
Number (ft) tlumber t3 keY 583 keY 911 keY 609 keY 1'61 keY . 

304 0 27 435 Gross 50 21 51 41 Integral 

304 0 27 435 Net Area 4+290% 15+50% 27+45% 36+21% -
304 0 27 435 pC1/g <..25 .24 .25 1.85 

Gross 
304 1 28 453 Integral 55 41 103 105 

304 1 28 453 Net Area 16+70% 17+62% 60+26% 93+18% -
304 1 28 453 pCi/g <..25 .27 .55 4. 77 

Gross 
304 2 * 29 471 Tntegral 82 63 138 187 

304 2 29 471 Net Area 0 17+77% 55+37% .180+13% 

·-~ 
304 2 29 471 ~Ci/g < .25 .27 .so 9.24 

. 
:iross 
Integral 

Net At-ea • pCi/g 

Gross 
Integral 

Met Area . 
pCi/g . 
&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral . 

let Area 
... 

pC1/g 

Motes: *Absorl !all 
at 2' • 



lore Hole Depth Teg Tepe Ac-228 Tl-228 Ac..:2z8 81·214 K·40 
t~urreer (ft) Number 13 teY 583 keY Ill keY 609 tev 1461 keY •• 305 0 11 378 &ross 

Integrel ' 

305 0 11 378 Net Area 72+23% 50+27% 48+45% 60+24% - -
305 0 11 378 pCi/g . 89 .79 .44 3.08 i 

I 

&ross i 

305 1 12 398 Integr1l 157 79 131 184 i 
! 
' 

305 1 12 398 Net Area 73+31% 50+27% 51+40% 163+14% i 
' 

305 1 12 398 pCi/g .90 • 79 .46 8.73 ' 
; 
I -Gross ' ' 

305 2 * 13 417 Integral 156 87 170 203 : 
' 
! 
' 

305 2 13 417 Net Area 90+23% 51+30% 63+40% 188+13% ! 
' - - - - ' 

305 2 J.3 417 
;,Ci/g 

1.11 • 81 .57 . 9.65 : . : 
:;ross 
Integral 

• Net A1-ta ' 

pCi/g 

Gross 
Integ,.al 

Net Area . . 
pCi/g . 
Gross . 
Integral 

Net Area 

pC1/g 
' &ross I 

Integral ' 
' i 

let Area ' ; 

pCt/g 

• Motes: * B:>ttc :n 
I 

at 2.5' I 

' 



·-:-1 lor-e Hole Drpth Tag Tape Ac-228 Tl-228 Ac-228 81-214 K-40 
Nurrt>er (ft) Number 13 ttY 583 keY Ill keY 609 teV 1461 teV 

306 0 6 272 &ross 100 51 103 46 Integral • 
306 0 6 272 Net Area 32+48% 27+42% 35+48% 29+40% 

306 0 6 272 pCi/g .40 .43 . 32 1.49 

306 1 7 294 &ross 162 80 154 115 
Integral 

306 1 7 294 Net Area 94+22% 56+26% 92+22% 102+18% 

306 1 7 294 pCi/g 1.16 .88 .84 5~24 

-306 2 8 316 Gro"s 103 53 111 196 
Jnt€gral 

Net Area 
306 2 8 316 -- ~ 

33±47% 20±57% 37±47% 189±12% 

306 2 e 316 
;,Ci/g 

.41 • 32 • 34 9.70 
~ro~s 

306 3 9 337 lnt~gral 88 47 118 170 

306 3 9 337 
Net Ar-ea 

32+53% 0 46+46% 160+14% •• 
306 3 9 337 

pC;/g 
.40 < .14 .42 8.21 

4 10 358 
6ro:;s 

134 60 124 206 306 Intpgral 

306 4 10 358 
Net Area 47+44% 25+48~ 56+35~ 199+12% . 

306 4 10 358 pti/g .58 .40 .51 10.22 . 
6ro~s . 
Jntegr1l 

Net Area 

pCi/g 

6ross 
Integr1l 

let Area 

pCi/g 

Notes: • 



·-
lore Hole Depth Teg Tape Ac-228 n-228 Ac-228 81-214 K-40 
Number (ft) Number 13 teY 583 keY 911 keY 609 keY 1461 keY 

• ' 
Gross ' 

307 0 34 558 136 56 125 42 I 
Integral 

307 0 34 558 Net Area 46+42% 40+31% 43+43% 38+28% -
307 0 34 558 pCi/g • 57 .63 • 39 1.95 

Gross 
307 1 35 574 Integral 76 58 53 134 

307 1 35 574 Net Area 30+45% 30+42% 30+35% 127+15% 

307 1 35 574 pCi/g .37 .47 .27 6.52 

Gross 
307 2 36 590 Jnttgral 96 38 101 192 

307 2 36 . 590 Net Area 34+47% 16+63% 55+30% 175+13%. .. 
. " ·-

307 2 36 590 ·-~ .42 .25 .so 8.98 ;tti/g . "" 

~ross 
307 3 37 606 Integral 75 61 93 211 

• " 
307 3 37 606 Net Ar~a 27!_49% lj!_!:>b% 45+35% 201~12% 

., 

307 3 37 606 pC1/g .jj .jb .41 10.32 
~. 

Gross 
Integ" I 1 

Net Area . . 
pC1/g . 
&ross . 
Integral 

Net Area 

pC1/g 

&ross 
Integral -

let Arel 

pCt/g 

• Notes: 



• 

• 

• 

APPENDIX B 

The EG&G Ortec IG well logging detector was calibrated 

using a RMC designed calibration rig consisting of a 55 gal

lon drum with 4 concentric rings surrounding a 4 inch PVC 

tube. Source tubes filled with plaster of paris containing 

an NBS traceable Eu-152 solution, were loaded into each of 

the 4 rings sequentially, and counts performed. The confi

gurations corresponded to uniformly distributed source ma

terial in a •soil approximate• matrix at radial distances of 

3.75, 5.00, 6.25 and 7.50 inches from the detector axis. 

These points were then plotted as shown in Fig. 1, for 334 

keV, and the area under curve from 2 inches to infinity cal

culated. When this was done for several photons of varying 

energy, the efficiency curve shown in Fig. 2 was generated. 

This curve represents the response of the detector, in terms 

of counts per gamma per gram, for gamma emitters uniformly 

distributed to an infinite distance in soil. 

As a check on this calibration, RMC performed measure

ments at the DOE calibration facility operated by Bendix 

Corporation at Grand Junction, Colorado. This facility 

maintains wells constructed from concrete containing known 

amounts of uranium, Ra-226, Th-232 and K-40. Results of 

this comparison are presented in Table 1; and show close 

agreement between measurements. The values obtained during . 
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the RMC calibration have been used to determine concentra

tions at the Mound Lab site. • 

• 

• 



• 

• 

• 

V-C 

EG~; O~~EC IG DEiECTO~ SYSTE~ 
BJ~EHO~E LOG~!NG G£~tTRY CA~lBRAilO~ 

OBSERVED SYSTE~ RtSPONSE 

CYLIN)~JCAL VO~U~E INCRE~ENT 
I N~ER AA:liJS OUiER RAD1 US N£! CPS 

VOLU~E·COR~ECTED CPS 
(\1-C c~s) 

zo: 

lOC 
6C 

' 

lC 
~ 

., 
"' 

CP 
1 

.6 
., .. 

c: 

2.25 in. 
3.45 in. 
4.65 ir •. 
5.85 in. 

.-

7.05 in. 

' 

1 ; 

3.45 in. 2"1. ~ 
4.65 in. l~ I 0 
5.85 ; n. j, 11 
7.05 in. J. c, 
8.25 in. 'CA.<1.1..A~ ;' '\ Q c 

' 

§ ~ 

3 4 5 6 7 8 9 10 

CYLIN~~lCA~ YO~~E I~:REW.E~i OF SO~~:E ~iERIAL 
IN~£~ RA:-WS OU'!ER RADIUS CEf\ ~EF. RA~I US 

8.25 'in. 9.45 in. 8.85 in. '· c 
9.45 in. 10.65 in. 10.05 in. 3.S 

10.65 in. 11.85 in. 11.25 tn. 2.'1 

11.85 tn. 13.05 1n. 12.45 tn. 
13.05 in . 14.25 in. 13.65 in. 10 

INTEGRA~ W-C CPS (RA~JUS 2.25 IN. TC IN~l .. !TY): _ __.:1....;..5...;;;;2;;..' __ 

11 12 13 



TABLE 1 

EG&G ORTEC DETECTOR- BOREHOLE GEOMETRY (4.5 IN. O.D.) 
COMPARISON OF EFFICIENCY VALUES DETERMINED AT 

GRAND JUNCTION FACTILITY (8/2/82) AND RMC NORTHBROOK (3/31/84) 

PHOTOPEAK ENERGY EFFICIENCY (COUNTS PER GAMMA/GRAM) RATIO: RMC LAB/ 
(MEV) RMC LAB GRAND JUNCTION GRAND JUNCTION 

0.186 52 56.6 0.~2 
0.295 43 37.5 1.15 
0.352 34 34.8 0.98 
0.583 23 .s 21.0 1.12 
0.609 23 25.3 0.91 
0.727 -- 21 19.5 1.08 
O.ttoO -·~· 19 16.8 1.13 
1.120 

........ 
17 15.2 1.12 ..... 

...... ........ ~ . 

1.461 --. 16 16.7 0.~6 ··~--- .. 

1.764 15 12.7 1.18 

WORST CASE DISCREPANCY: + 18% 

.:AVERAGE DISCkEPANCY (ALL DATA WEIGHTED EQUALLY): 10% 

• 

• 

• 



• 
90 
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40 
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[FFICI£NCY 
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GAMMA/GRAM) 

20 

1 

• • 
EG&G ORTEC IG DETECTOR--BOREHOLE LOGGING GEOMF.TRY--4.5 INCH OUTER DIAMETER PVC-LINED HOLES 

[ffiCI£NCY (COUNTS PrR GAMMA/GRAM} V(R<;IJS PHOTON ENERGY 

UIJ r1 IIUUIIIUlllllliiiiiJIIIIIIlllUUntrtiiJill.lllliUlliD 
p JI-HAR-84 CALIDRATIO~: I 
1 TARUlAT£0 ErFJCI£NCY VAlUES FOR 

. ; PUOTOPEAK ENERGIES OF INTEREST 11 

1 PEAK ENERGY (MeV) EFFICIENCY 

• J • 
.. 11 0.063 37 

0.093 41 I 

0.144 48 
0.186 52 
0.295 43 
0.352 34 
0.503 23.5 
0.609 23 
0.77.7 71 
o. 911 19 
1.001 18 
1.120 11 
1.461 16 
1.764 15 

• efficiency values for energies 
below 0.090 MeV have higher 
uncertainties--use with caution 

I 
0 200 II II 0 hOO noo 1000 li'IJO 1400 I 

r.NrRGY (keV) 

Fiqurn ].. 
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• 

• 

Appendix c 

Representative Spectra 
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QUALITY ASSURANCE OF MOUND SOIL ANALYSES RESULTS 

1: ~found E~1L Quality Assurance Pro1ram - 1984 
2: Radiochemical AnaJysis Results Compared 

for Four Laboratories 
3: Radiochemical AnaJysls Quality Assurance 

Results u Reported by Two Subcontractors 
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- . • ~------------------------------------------------~m~t·~,~~ffi~ca~C~o~"~··~~~n~d~cn~cr 
From : Car 1 T. Bishop -~ 0. G. Carfagno 

O~t• : Seotember 19, 1984 

Subiect : Pl utoni urn in Soil-Qua 1 i ty Contro 1 

R•lerenc• : EML Qua 1 i ty Assurance Program -
1984 - First half 

TO : Bob Stought 

As I have mentioned to you in the past, Mound participates in a regular 
DOE quality control program twice a year. Here are the most recent 
results for plutonium in soil, including the Accu-Labs Research, Inc. 
report to us on August 10, 1984. 

Laboratorv Isotoce Activitv (pCi/g) 

Environmental Pu-238 0.054 
~easurements Pu-239 r.rr 
Laboratory (EML)* 

Mound Pu-238 0.049 
E Building Pu-239 2.72 

Mound Pu-238 0.056 
H Su11ding Pu-239 3.34 

Accu-Labs Pu-239 2.0 
Research 

'*The EML values are considered to be the "true" values. 

Ratio 
Me as . I E!-1L 

0.91 
0.87 

1.04 
1.07 

0.6.1 

As you can see, Mound•s values are within 15% of the "true" values. 
Accu-Labs is about 35% low. 

CTB:ww 
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2: Radiochemical analyses results compared 

for four lab,oraco:-ies 
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~--------------------------------------------------------~-,,-,-~J~-m~.-e,--~~-.~-r-.-~-n-a--e· ~ 

5LJQ/9Ct 

Br~an T. Leahy, Ex~erimental Oeei~n Grou~-
0. 8. Armatronc; 

~ay 9, 1984 w. P. Oav~• 
File 

Evaluation o~ Four Lab Study o~ Iaotopea 

.~eterence 
aa Related to ~ound Site Survey 

Bob Stought: 

Thia aeao contai~; the ex~lanation for the coa~ari•on of the fo~r 
leba which evaluo~•d aoil •••~lea for contaa~nation of 
Thoriua-232. Plutoniua-238, Pluton~ua-239, Thor1ua total. 
Pluton~u• total, and all iaotopea aa indicated by your nead~n~ on 
the data aheeta. Within the text of thia aeao the •pecial nature 
o~ your data collect1on. analyaea. and finding• are diacu•••d. 

The data can be viewed in two waya. each leadinc; to the aaae 
concluaiona. Firat. the data can be treated aa a three way 
claaai~icetion analyaia o~ var~ance with the iaotope a fixed 
e~~eet variable. the leba aa a ~ixed e~~eet variable. and the 
•••~le a randoa •~feet variable. The other way in which to 
exaaine the data ia to treat each iaoto~e aa a aeparate analy•i• ~ 
of var1anee problea. Thia create• aix two way claaai~ication ~ 
anelyaia o~ variance probl••• with lab •• a fixed effect var~able 
and aaaple aa a randoa •~feet variable. At thia point the 
diatinction between fi~ed and rendoa •~feet variable• needa to be 
made. 

The four leba aubaittinc; data to the atudy are the only four laD• 
of intereat to ua. They coapriae a group of apee1al intereat and 
we are intereated in deteetinc; di~ferencea aaonc; thea and not 
intereated in extending our eoneluaion to all leba capable of 
doinc; the analyaea. ~inee we are intereated in thea• four laba 
and no other• we aay the leba are ~ixed end we want to teat for 
the equality o~ aean readin9•· pieo-euriea per graa. The •••~l• 
ia d .. aed a randoa •~feet variable beeauae they do not eoapr~•• 
the entire aet o~ •••~lea poaa1ble. We could continue the atudy 
by collecting another aet of aoil aaaplea and inatead of foeua1n9 
upon the effect of a particular .. t of aoil •••~lea. we focua 
upon the variation of the population of poaaible aoil aaapl••· 
The ultiaate diatinetion liea in the hypotheaia to be teated in 
viewinc; ~ixed effect• and rendoa effeeta. In an hypothea1a 
coneerninc; fixed effect• we are intereated in teating ~netner the 
•••n read1nga of the four leba are identical veraua at leaat one 
mean ia not equal. The hy~otheaia of intereat for rendoa e%feeta 
teeta whether the variance ia zero or c;reater than zero. Since 
both fixed end rendoa effect ver~eblea ere preaent the enaly•~• 
of variance aodel i• a aixed effeeta aodel. The next feature o~ 
the date needin9 attention 1a the dea1c;n. ~ 
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We expee~ to find differen~ mean reedin9• a~on9 the 1ao~o~•• and 
coaper1ng thea• levela 1a no~ an 1maed1aee concern. For tn1a 
rea•on the re•ult• of in~ereat are co•par1ng the ••en read1n9• 
for the lac• end review1ng the variation of the aeaplea. 
Par~icularly. we wan~ to know if •1gn1fican~ difference• ex1ae 
with lac 4. the EAP lacora~ory. Each ••e of daea for the &1x 
1ao~op•• ia unbalanced and 1neomplete. That 1a to aay no~ all 
leba have ~he •••• number of aaaplea nor did the laca aubm1t 
re~ding• for all aaaplea. Know1ng that the data 1a uncalanced 
and 1neoaple~• leada to apec1alized handling of the data. 

Reaulta fro• the aix. two way claaaification analyaia of var1ance 
procedure• are found in Table l. ~ab and ~a•ple Evaluat1on. Each 
1aotope hea two conclua1ona. one regarding the coaper1aon of the 
leba and the o~h•r regarding the var1acility of the aaaplea. 
Soae apecifica concerning aignifcence levela teatin9 the_mean 
reading fro• EAP. lab 4 and the other leba have been oa1tted. ~ut 
were uaed in deciding which of the leba ia cloaeat to lab 4. The 
concluaiona in the table are baaed upon atatiatical decia1ona 
ua1ng o.o~ a• the level of aignificance. 

TABLE 1 
Lab and Saaple Evaluation 

I•otope Lac and Saaple 

--------------------------------~2D~1Yii2D1------------
ALL ISOTOPES 

PLUTONIUft 238 

PLUTONIUft 239 

TOTAL 
PLUTONIUft 

There ia inaufficient evidence to re,ee~ 
the hypotheaia that all lab ••an reading• 
are equal. 

There ia aufficient evidence to indicate 
aignificant variability fro• aaaple to 
aaaple. 

There ia aufficient ev1dence the~ not all 
lab aean reed1nga are equal. ~ab 3 and 
lac 4 are not equal. 

There ia aufficient evidence to 1ndica~• 
aignificant variability in Pluton1ua 238 
reading• fro• aaaple to aaaple. 

There ia inauffic1ent evidence to re)ec~ 
the hypotheaia thee all lab mean Plueon1um 
239 reading• are equal. 

There ia inauffic1ent evidence to 1ndicaee 
aignificant veriab1lity in Pluton1um 239 
reeding• froa aaaple ~= aaaple. 

There.ia .aufficient evidence that not all 
lab aean reeding• are equal. ~ab 3 and 
lab 4 are not equal • 

There ia auffic1ent evidence to 1ndicaee 
a1gn1fican~ var1ability 1n Total Pluton1um 
reed1nga fro• aaaple eo aaaple. 
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TOTAL 
THOR I UP! 

There i• au~~icien~ evidence that not all 
lab •••n reac~nga are equal. ~ab 3 and 
lab 4 ere no~ equal. • 

THOR I UP! 
232 

There i• inau~~icient evidence to ~nd~cata 
aigni~icant variability 1n Total Thor1um 
reeding• fro• •aaple to aaaple. 

There 1• au~ficient evidence that not all 
lab ••an read~ng• are equal. ~ab 3 and 
lab 4 are not equal. Lab l and lab 4 are 
not equal. 

There i• •u~~icient evidence to indicate 
•igni~icant variab~lity in Thor1ua 232 
reacing• fro• •a•ple to aa•ple. 

-----------~----------------------------~----------------------
Uaing the r••uJ.t• in Table 1 anc the probabilitie• o~ !indin~ 
a~gni~ican~ level• between lab 4 and lab• l, 2, and 3. lac 2 he• 
the overall per~or•an~• clo•e•~ to lab 4. 

Attached you will find •ix plot• which illu•trate the lab•' 
perforaanc•• ua~n~ the raw data. Place• where the line• are 
broken indicate the aaaple• which were not analyzec by a 
par~icular lab. 

~uaaarizing. the data •eta for the iaotope• •upport the u•e of 
lab 2 in ~on)un~tion with lab 4 ~or the analy•e• o~ •o•l aaaple• 
in ftound 1 a aite aurvey. The actual atatiatical te•t• w1ll be 
kept on file with a copy of thia •••c. If I can be o~ addit•onal 
aaaia~an~•· plea•• conta~t ••· 
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~-------------------------------------------------~-t.-,~---m-·c.-~--o-~-n-~-n-c-en_c_c 
C. 7. Bishop, Ext. 3927 J. ~ 

:ar~a:r.::;,:.,. -
~. . ,.. 
' ~,ii :~:s,.:.. -. "'· -

Datt :.ugus~ 1.1, ~984 IJ. :'l :avis 

Rtflflf!CI 

So i 1 Same 1 e ,J,na i YS is - r ndecenden t 
'Jeri fication · 

· Accu-Labs Research, ~ nc. Res u 1 ts 
Dated August 3, 1984 

" 
,. 

Oracer i.l • .... 
:-;, ~ f-Aeye"" ... 
' ~· Sar!'ler v 
c. ~ Frf eaman 

,~ __ . . r · ~<...'·-

ro · Bob Stought 

As you indicated last week most of Mound's radiochemical analysis 
results were in aoreement with the Accu-Labs values. ~here there ~s 
aisagreement, I suggest that Mound analyze the samoles again and a1so 
that you send the samples to EAL Corooration for a third analysis. :<~ounc 
has had good results from EAL over many years, and although they are a 
little more expensive, EAL has a good reputation with many DOE iaborat:r~es 
througnout the country. 

Where Mound values disagree with Accu-Lab values, the Mound values are 
more likely to be correct. This is not based on a personal ooinion, :ut 
is based on information in a recent data evaluation report orepared ~Y 
DOE's Paci f'l c Northwest Laboratory { PNL). On the second ha 1f :f 1 as t 
year, both Mound and Accu-Labs participated in the Environmental Measure
ments Laboratory (EML) Quality Assessment Program. In this program. 
laboratories analyze unknown samples and report their results to EML; ?~L 
then evaluatedthe data. Mound made a total of 15 measurements all of ·~ni::-: 
were within limits established by PNL. Accu-Labs made 12 measurements. 5 
of which were within the established limits. This data is documente~ ~~ 

..., 
- . 
; 

DOE report PNL-5079 (a coay of which is enclosed}. Table 4 on oages 1:~·: 
summarizes the data. Mound is designated as r1L; and Accu-Laos is desi;r.a::'= 
as PA; they did the analytical work for the Pantex Plant. 

To assure s~le homogeneity, I suggest that the samcles to be re-analyze~. 
be returned to H Building. We will completely mix them, take a samoie ~:r 
analysis and return them to you. I suggest that you then send samcles :: 
EAL before September 15, 1984 so that they can also analyze :ne samc1es. 

/':' .·-. ~ . ..-., ~ 
. . I I ' • ::..· 

: .L! """ ·~ . ' ,. L.A '""""' ,.....,~-.,· """""' ~ - ~-·- ~ '...,. 

Carl T. Bishop 

CTB:ww 
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Accu-Labs Research, Inc . 
11485 W. -'8th Avenue Wheat Ridge. Colorado 80033 
(303l 423-2766 

February 26, 1985 
?age 1 of 1 

Mr. Carl 6 i shop 
Monsanto Research Corp. 
Mound Laboratory 
Miamisburg, OH 45342 

RE: 66-19089-3 
Date Samples Rec'd 12·29-85 
Request ~o. 21568 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

66-19089-3-1 
8411SOMLl 

Determination: pCf/g (dry) 

Uranium (as U), 
IJg/g (dry) 4.2 

?lutonium-239, 
: counting error* 0.011 : 0.079 

Pl utoni um-238. 
: counting error* -o.01 :t 0.10 

~ Ash 

66-19089-3-2 
8411TIMLl 

2.5 

0.05 : 0.18 

o.oo :t 0.21 

66-19089-3·3 
8411VEML1 

0.82 

1.3 : 0.3 

0.10 :t 0.11 

15.1 

*Variability of the radioactive disintegration process (counting error) 
at the 9SS confidence level, 1.96o. 
These samples are scheduled to be disposed of 45 days after the date of 
this report. 

BS/dh 

cc: Bob Stought 

lOS 

~,~ .............. 

Bud Summers 
Radiochemistry 
Supervisor 



Accu-Labs Research, Inc. 
11485 1}.. 48th Avenue Wheat Ridge. Colorado 80033 
(303) 423-2766 

August 10, 1984 
Page 1 of 1 

Dr. Carl Bfsno~ 
Monsanto Research Corp. 
Mound Faci1 i ty 
P.O. Box 32 
Miamisburg. Ohio 45342 

RE: 66•18264-2 
Date Samples Rec'd 6•26-84 

REPORT OF ANALYSIS 

ALR besignat1on 
Sponsor Designation 

Determination pCi/g 

Plutonium. : counting error* 

Uranium (as U). ~g/g dry 

;s .. raz61P1z-r 
8405 SQttL -1 

2.0 :t 0.3 

1.9 

66-18264=2 .. 2 
8405 VEML-1 

0.062 t 0.042 

0.14 

*Variability of the radioactive disintegration process (counting error) 
at the 95' confidence level, 1.96a. 
These samples are scheduled to be <11 sposed of 45 days after the date of 

. this report. 

BS/dh ~ 

cc: Bob Stought 
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/, Accu-Labs Research, Inc. 

11485 W. 481h Avenue Wheal Ridge, Color<ulu 80033 
(:tOl) 423·2766 ~~i·~ 

. ' 984 

-0 
-.I 

.. 

tlarch 2o. 1 
Page 1 of 2 

o. Draper 
Monsanto Research Corp. 
P.O. Box 32 
Miamisburg, Ohio 45342 

RE: 9000-17509-10 
Date Sa•ples Rec•d 1·25-04 
P.O. No. 56566 

REP8RT OF ANALYSIS 

ALR Designation 91JD0-17509-IO-l 9000-1750~:;:r-goou:nso9 .. IO .. J 9000:17509-10-4 9000-17509-10 .. 5 
Sponsor Des tgnatton 1001 1006 1015 1026 1034 

. <100 <10 <100 <500 ( 100 

Detenatnatton pCt/g 

Plutoniull·2l8, 
t counting error* 20 t 1 4.9 t 0.5 160 t 10 370 t 10 5.4 t 1.2 

Plutontum .. 2l9, 
t counting error* -0.02 t 0.14 0.02 t 0.07 0.37 t 0.25 0.85 t 0.47 .. o.os t 0.11 

Thortu11 .. 228, 
t counting error* 1.2 t 0.4 0.25 t 0.14 1.1 t 0.3 0.39 t 0.53 0.56 t 0.21 

Thortum-230, 
t counting error* 0.93 t 0.27 0.36 t 0.15 0.49 t 0.20 0.68 :t 0.41 0.90 t 0.25 

Thortum-232, 
t counting error* 0.90 t 0.26 0.24 t 0.10 0.26 t 0.15 0.58 t 0.36 0.39 t 0.17 

*Variability of the radioactive disintegration process (counting error) at the 95t confidence level, 1.96a. 

I 
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Accu-Labs Research, Inc. 
11485 W. 48th Avenue Wheat Ridye, Culm.sdu HOOJl 
(:10:1) 423·2166 

August 3, 1984 
Page 1 of 5 

Mr. Bob Stought 
Monsanto Research Corp. 
Mound f ac t1 I ty 
P.O. Box 32 
Mt •tsburg. Ohio 45342 

AE: 9000-18265•25 
Oate S•ples Aec • d 6 ... 26..S4 
P.O. No. 10984 

REPORT Of ANALYSIS 

ALR Designation -900tJ:'I8265~5:1 n 9000..18l65~5:;z·---glJOO...lll26s--n:;T- 9000:18265-254 9000~18265-25-5 
Sponsor Designation 

~ Oetenatnation ~i/9 

Plutontu• .. 238, 
t counting error* 

P1utoniu• ... 2l9, 
.t counting error* 
Thort u•-l228, 

t counting error* 
Thortua;;.230, 

t counting error* 
Thortu• ... 232. 

t counting error* 
Duplicate Results**: 
Plutontu• .. 238, 

t counting error* 
Plutontull•239, 

t counting error* 

1265 1267 

-'0.03 t 0.15 0.29 t 0.20 

0.04 t O.ll -0.02 t O.ll 

...... ... .. 
-- .... 
...... "'" 

.l-4 .... 
~ ... ~· 

1269 

0.04 t 0.15 

.;() .03 t 0.10 

~ ... 

.... ... 

.... 
... .. 

1211 

0.49 t 0.40 

-0.01 t 0.24 

1.3 t 0.4 

1.8 t 0.4 

2.0 t 0.4 

-.to 

1273 

2.4 t 0.4 

0.02 t 0.13 

2.2 t 0.4 

0.01 t 0.12 

·•varidbility of the radtoacttve disintegration process (counting error) at the 95' confidence level. 1.96o . 
• 'tote: lhe duplicate results Indicate non-hoo!Ogen·· In s~>oe samples. • ., 
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August 3, 1984 
Page 2 of 5 

Mr. Bob Stought 
Monsanto Research Corp. 

RE: 9000~18265-25 
Date Samples Rec'd 6-26~84 
P .0. No. 10984 

• • 
Accu-Labs llese~ ..:h, Inc. 

REPORT OF ANAlYSIS 

ALR oesfgnatfon 9000~18265~~~fil -900o:t8265-25-~ --9000jl8l65=25-8 9000-18265-25-9 9000-18265-25-10 
Sponsor Designation 1275 1283 1292 2604 2610 

Detenaination ~t/s 

Pl utontu• ... 238. 
t counting error* 3.6 t 0.8 1.7 t 0.3 210 t 10 0.94 t 0.25 0.51 t 0.23 

Plutoniu•-219. 
t counting error* 0.08 t 0.30 0.01 t 0.12 0.13 t 0.76 0.06 t O.ll 0.03 t 0.12 

Thoriu•.A.228, 
t counting error* 11 t 1 _..., 110 t 10 

Thortu•-230. 
t counting error* 3.9 t 0.7 -· 17 t l -- ...... 

Thort u•-'232, 
t counting error* 18 t 2 -- 120 t 10 --' -· 

*Variability of the radioactive disintegration process (counting error) at the 951 confidence level, 1.96a. 



-0 

August 3. 1984 
Page 3 of 5 

Mr. Bob Stought 
Monsanto Research Corp. 

RE: 9000•18265~25 
Date Smples Rec'd 6.a.2644 
p .o. No. 10984 

Accu-Labs lie sea.. ~h. Inc. 

REPORT Of"ANALYSIS 

ALR oestgnatton 9000il8265..,25•11 -,..00 .. 182~~12 9000-f816s-.:.zs-13 9000:18265-25~14 9000::18265~25-15 
Sponsor Designation 2613 2615 2616 2619 2621 

Oeteralnatlon ~Ct/s 

Pl utonlu•-238, 
t counting error* 0.17 t 0.33 0.11 t 0.23 0.58 t 0.22 0.40 t 0.21 0. 31 t 0.18 

Plutonlu•-239, 
t counting error* 0.06 t 0.24 0.13 t 0.14 ..0.04 t 0.11 0.03 t 0.14 0.00 t 0.11 

Thortu•-228. 
t counting error* 14 t 1 ·-Thorlu• .. 230, 
t counting error* 3.9 t 0.7 ...... ..... .. .. 

Thorlu••232, 
t counting error* 16 t 1 -· .... ~~ 

.._ 
Duplicate Results**: 
Plutonlu•..~o238, 

t counting error* ..... . .. .. .. -· 47 t 1 
Plutonfull-239, 

t counting error* _ ... ... ~- -- 0.46 t 0.18 

*Variability of the radioactive disintegration process (counting error) at ·the 951 confidence level, 1.96a. 
**Note: The duplicate results Indicate non-hoaogenel~ In some samples. 
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August 3. 1984 
Page 4 of 5 

Mr. Bob Stought 
Monsanto Research Corp. 

RE: 9000•18265-25 
Date Sa•ples Rec'd 6~26-84 
P .0. No. 10984 

• • 
Accu-Labs IIese~ ..:h, Inc. 

REPORT Of ANALYSIS 

ALR Oeslgnatton 9000•18265-25-10-~826s--25•17 -gooo.~8265=2s:IIr 9000-18265-25-19 9000-18265-25-20 
Sponsor Designation 2889 2891 2893 2945 2948 

Oetenaination pCt/g 

Pl utonlu•-'238. 
t counting error* 2.4 t 0.3 2.5 t 0.4 

Plutoni~•~2l9. 
t counting error• 0.01 t 0.12 0.08 t 0.14 

Thori um-228. 
t counting error* ·~ 

_ .. 
T hori u•-230. 

t counting error• ... J.4 

Thoriu•-'232. 
t counting error* -- -4.4 

0.72 t 0.23 

0.00 t 0.11 

.... 
_.., 

-· 

0.48 t 0.21 

0.04 t 0.13 

... 

.. 4 

0.95 t 0.26 

0.10t0.13 

-· 

*Vartabtltty of the radioactive disintegration process (counting error) at the 95t confidence level. 1.96o. 



-"' 

• 

August 3. 1984 
Page 5 of 5 

Mr. Bob Stought 
Monsanto Research Corp. 

RE: 9000-18265~25 
Date Sa.ples Rec'd 6~26~84 
p .0. No. 10984 

Accu-labs IIese .:h, Inc. 

REPORT OF ANALYSIS 

ALA oestgnatton 90119"'18265 .. 25.:.21 9000~18265-25-22-~8265·~5-42Y- 900Q<418265-25..o24 9000-18265-25-25 
Sponsor Designation 2949 2950 4513 4516 4523 

Deten.ination ~i/s 

Plutoniua~238. 
t counting error• 0.81 t 0.23 0.58 t 0.22. 0.24 t 0.20 0.14 t 0.18 2.0 t 0.3 

Plutontua-.239. 
t counting error* ~.Ol t 0.10 0.07 t 0.14 0.02 t 0.11 0.00 t 0.12 0.06 t 0.13 

Thortua~228. 
t counting error* .... ~ .. ...... -~ ... ... 

Thoriua~230. 
t counting error* ..... ..... .. ... -- -~ 

Thoriua-'212. 
t counting error* "'- .... -- ..... .. ... 

Duplicate Results**: 
Plutontua-238. 

t counting error* •4 .... -- ·- 4.7 t 0.5 
P 1 u ton I u•-239. 

t counting error* -- -~ 
.. _ _ ... 0.01 t 0.12 

*Vartabtl tty of the radioactive dl slntegratton process (counting error) at the 95'1. confidence level. 1.96a. 
**Note: The duplicate results Indicate non ... homogene1~ In some samples. 
These samples are scheduled to be disposed of 45 days after the date of this report. 
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EAL Corporation 

2030 Wr~gm .l.venue 
~ic~monc. Cai.rorn1a 34804 
~151 235·2633 

. TWX I 910·382·81 32 

~r. Robert L. Stought 
~onsanto Research Cor~oration 
~iamisburg, Ohio 45342 

Dear ~r. Stought: 

~ovember 8, 1984 

'

,.e Thermo 
~ 8ectron 

Ref: Your P.O. ~o. 19701 
EAL W.O. ~o. 25-3000 

Enclosed are the isotopic thorium and plutonium analyses results of 
eight soils sent to us for analysis on the referenced purchase order. 

• 

A two-gram sample aliquot was completely dissolved by RF-HN0 3 -HCl 
treatment and the resulting solution was made to a known volume. A one-
gram aliquot solution was equilibrated with a known amount of thorium • 
tracer and thorium was separated by radiochemical methods. The remaining 
one-gram aliquot solution was equilibrated with plutonium tracer and 
plutonium was separated by radiochemical methods. The purified plutonium 
and thorium extracts were electroplated on stainless steel discs for al?ha 
spec anaiysis. The results are reported as pCi/gram soil. 

Please contact me if you have any questions. 

DPK/sc 
Enclosure: Table 1 

Very truly yours, 

/. t" ... L.• . -...::: ... A.:·-'-·~~-

Dink.ar P • Kharkar, fhD 
Manager, ~uclear Projects 
~uclear Science Deparement 

114 
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EAL tporallon 

TABI.E 1 ISOTOPIC THORIUM AND JS01'0PIC l•t.UTONIUH ANAI.YSIS OF Tilt: SOII.S FROM HONSANTt) ltt:SEARCII COIU»ORATION 

I ---·~-----·-~--·····--·-·-~ ------
Customer EAL Concentration. pCl/gram t % Error (a) C:lw.tnlcal Yield 
I. D. No. 228Th 2:1on, 232Th 23op0 23"'. :a••or0 

l'ercent 
... 

Th Pu 
-----

1269 Sll-1 0.0744'! 19 <0.02 12 

1211 2 0.167 t 16 <0.02 41 

1275 1 8.Sl t 2 2.21 1 ) 11.1 1 2 2.61 !: 4 0.024 ! 45 60 b6 

1292 4 24.1 t 2 3.87 ! 4 24 .o t 2 147 t 1 0.194 t 9 18 70 

2604 s 1.01 t 6 0.02) ! 40 62 

2611 6 7.94 t 2 2.20 t ] 8.64 :t 2 0.41l ! 8 O.OSI t 22 66 71 

2891 1 1.16 t 1 0.017 t 60 46 

2948 8 0.929 ! 7 0.021 :!: 41 so 
Blank 10 0.0$6 t 42 0.019 t so 0.028 t ~0 <0.01 <0.02 27 2'l --V> 

(a) Less than values are based on 9S% confidence llmlt. 
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Accu-Labs Research, Inc. 
ll4H5 W. 4Hih Avenue Wheal ltidge, Culm.adu HOOJ:I 
uo:u 112:1-2766 . 
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february 5, 1985 
Page 1 of 9 

Hr. R. l. Stought 
Monsanto Research Corp. 
Hound f ac tllty 
P .0. 8ox 32 
Miamisburg, OH 45342 

RE: 900G-18926-45 
Date Sa.ples Rec'd 10-25-84 
p .o. No. 21357 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor. Designation 

90Q0-18926-45-1 900D-18926-45-2 900D-18926-45-3 900D-18926-45-4 9000-18926-45-5 

Detenmlnatlon: pCI/g 

Plutonlum-238, 
t counting error* 

Pl utonlull-239, 
t counting error* 

Thorlum-228, 
t counting error* 

Thorium-230. 
t counting error* 

Thori um-232. 
t counting error* 

1710 1718 1726 1738 1747 

0.14 t 0.14 

o.oo t 0.08 

0.66 t 0.20 

0.70 t 0.15 

0.65 t 0.14 

0.16 t 0.16 

0.07 t 0.11 

• 

0.24 t 0.18 

-0.01 t 0.09 

2.1 t 0.4 

1.1 t 0.2 

2.1 t 0.3 

0.07 t 0.15 

-0.01 t 0.09 

16 t 1 

2.3 t 0.5 

17 t 1 

o. 26 t 0.17 

0.00 t 0.09 

.I 
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february s. 1985 
Page 2 of 9 

Hr. R. L. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Oate Samples Rec'd 10-25-84 
P.O. No. 21357 

• • 
Accu-Lahs llesea. dl, Inc 

REPORT Of ANALYSIS 

ALR Oeslgnatton 
Sponsor Oeslgnatton 

90D0-18926-45-6 900D-18926-45-7 gooo-18926-45-8 900Q-18926-45-9 900D-18926-45-10 

Determination: pCt/g 

Plutonlu•-238, 
t counting error* 

Pl utoniu.-239, 
t counting error* 

Thortu..-228, 
t counting error* 

ThorluiD-230, 
t counting error* 

Thortum-232. 
t counting error* 

1757 1764 1772 1781 1784 

0.10 t 0.14 

o.oo i: 0.08 

0.78 t 0.23 

0.80 i: 0.19 

0.11 l 0.18 

0.56 t 0.23 

0.00 t 0.10 

0.20 t 0.16 

0.06 t 0.10 

0.66 t 0.21 

0.63 t 0.16 

0.66 t 0.16 

1.0 t 0.2 

0.01 t 0.11 

3.7 t 0.9 

0.81 t 0.39 

4.3 t 0.8 

11 t 1 

0.01 t 0.24 

26 t 2 

3.5 t 0.8 

20 .t 2 
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February ~. 1985 
Page 3 of 9 

Hr. R. L. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Date Sa.ples Rec'd 10-25-84 
p .o. No. 21357 

Accu-l.abs Hesec.. Lh, Inc 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

90~18926-45-11 900D-18926-45-12 900D-18926-45-13 900D-18926-45-14 900D-18926-45-15 

Detenalnatlon: pCI/g 

Plutontua-238. 
t counting error* 

Plutonium-239. 
t counting error* 

Thortua-228. 
t countIng error* . 

Thorlu•-230. 
t counting error* 

Thortu•-232. 
t counting error* 

1793 ' 1831 1845 1870 1880 

0.46 t 0.18 

0.04 t 0.09 

0.72 t 0.21 

0.99 :1: 0.19 

0.58 :t 0.14 

0.10 t 0.15 

-0.03 t 0.08 

• 

0.35 t 0.17 

0.05 t 0.11 

1.6 t 0.3 

0.75 t 0.17 

1.4 t 0.2 

0.21 t 0.16 

.0.01 :1: 0.09 

3.9 t 0.5 

0.91 t 0.23 

2.7 t 0.4 

0. 14 J. u. ,, 

0.05 t 0.11 

1.0 t 0.2 

1.0 t 0.2 

0.85 t 0.18 

., 
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February 5. 1985 
Page 4 of 9 

Hr. R. L. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Date Samples Rec'd 10-25-84 
P .0. No. 21357 

• • 
Accu-l.ahs Hesec... ~h. Inc 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

900G-18926-45-16 900G-18926-45-17 900Q-18926-45-18 9000-18926-45-19 9000-18926-45-20 

Deter.tnatlon: pCI/g 

Pl utonlum-238. 
t counting error* 

Plutonlu•-239. 
t counting error* 

Thortu•-228. 
t counting error* 

Thorlum-230. 
t counting error* 

Thorluaa-232. 
t counting error* 

2867 2954 2956 2965 2969 

12 t 1 

0.37 t 0.31 

0.94 t 0.23 

0.03 t 0.10 

0.33 t 0.11 

0.02 t 0.10 

2.5 t 0.5 0.27 t 0.17 

0.08 t 0.11 o.oo t 0.08 
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february 5, 1985 
Page 5 of 9 

Mr. R. l. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Oate Samples Rec'd 10-25-84 
p .o. No. 2ll57 

Accu-Labs llesec.. dl, Inc 

REPORT Of ANAlYSIS 

AlR Designation 
Sponsor Designation 

900Q-18926-45-21 900Q-18926-45-22 900Q-18926-45-2l 900Q-18926-45-24 900Q-18926-45-25 

Detenulnatlon: pCI/g 

Plutonlum-238, 
t counting error* 

PI utonl um-239, 
t counting error* 

Thorlum-228, 
t counting error* 

Thorlu•-230, 
t counting error* 

Thorlu11-212, 
t counting error* 

• 

2979 3027 3035 3048 3057 

1.0 t 0.2 0.73 t 0.22 

o.oo t 0.05 o.oo t 0.09 

• 

0.05 t 0.14 

0.08 t 0.10 

0.02 :t 0.14 

-0.01 :t 0.08 

0.02 t 0.13 

0.02 :t 0.09 

.: 
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february 5, 1985 
Page 6 of 9 

Hr. R. L. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Date Samples·Rec'd 10-25-84 
P.O. No. 21357 

•• • 
Accu-l.ahs He sea. c.:h, Inc. 

REPORT Of ANALYSIS 

AlR Des lgnatlon 
Sponsor Designation 

gooo-18926-45-26 90oo-t8926-45-27 gooo-18926-45-28 gooo-18926-45-29 9ooo-10926-45-3o 

Oetenmlnatton: pCt/g 

Pl utonlu•-238, 
t counting' error* 

Pl utonlua-2 39, 
t counting error* 

Thorlum-228, 
t counting error* 

Thorlu•-230, 
t counting error* 

Thorlu~t-232, 
t counting error* 

3064 3085 3095 4003 4057 

0.04 t 0.14. 1l t 6 

0.01 t 0.08 0.20 t 0.87 

0.18 t 0.15 

0.05 t 0.10 

0.62 t 0.21 

0.03 t 0.09 

2.2 t 0.3 

0.07 t 0.09 
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February 5. 1985 
Page 1 of 9 

Hr. R. l. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Date Samples Rec'd 10-25-84 
P.O. No. 21357 

Accu-Labs llesea. ~h, Inc. 

REPORT OF ANAlYSIS 

AlR Des lgnatlon 
Sponsor Designation 

900Q-18926-45-l1 9000-18926-45-32 900Q-18926-45-l3 900Q-I8926-45-34 900Q-18926-45-35 

Oetenatnatton: pCt/g 

Plutonlull-238. 
t counting error* 

Pl utonlua-:-239. 
t counting error* 

Thortu.-228. 
t counting error* 

Thortu•-210. 
t counting error* 

Thortum-212. 
t counting error* 

• 

4063 4070 4077 4081 4087 

0.66 t 0.23 

0.03 t 0.10 

0.14 t 0.08 

0.01 t 0.05 

• 

0.22 t 0.15 

-0.01 t 0.08 

0.13 t 0.14 

0.01 t 0.07 

0.89 t 0.22 

0.03 t 0.09 

• 
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Hr. R. l. Stought 
Monsanto Research Corp. 

· RE: 900Q-18926-4 5 
Date Sa.ples Rec'd 10-25-84 
P.O. No. 21357 

• • 
Accu-l.ahs lleseu. ~h. Inc 

REPORT Of ANAlYSIS 

AlR Designation 
Sponsor Designation 

900Q-18926-45-36 900Q-18926-45-37 900Q-18926-45-38 900G-18926-45-39 9000-18926-45-40 

Oeten.lnatlon: pCt/g 

Pl utontllll-238, 
t counting error* 

Plutontu.-239, 
t counting error• 

Thorlu.-228, 
t counting error* 

Thortu.-230. 
t counting error* 

Thortu•-232, 
t counting error• 

4091 5976 5984 6139 6177 

7.4 t 1.0 

0.04 t 0.24 

0.82 t 0.20 

0.04 t 0.07 

1.4 t 0.3 

1.2 t 0.3 

1.3 t 0.3 

1.1 t 0.3 

o.oo t 0.04 

6.5 t 1.3 

1.8 t 0.6 

6.3 t 1.2 

1.8 t 0.3 

0.04 t 0.07 

0.15 t 0.17 

0.07 t 0.07 
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Accu-labs llese&a. d,, Inc 

February 5. 1985 
Page 9 of 9 

Hr. R. l. Stought 
Monsanto Research Corp. 

RE: 9000-18926-45 
Date Saaples Rec'd 10-25-84 
P.O. No. 21357 

REPORT OF ANAlYSIS 

AlR Designation 
Sponsor Designation 

90D0-18926-45-41 gooo-18926-45-42 9ooo-18926-45-43 900o-18926-45-44 9ooo-18926-45-45 

Oeten.lnatlon: pCI/g 

Plutonlum-238. 
t counting error* 

Plutonlu~r-239. 

6188 6199 6211 6229 6263 

1.2 t 0.3 0.02 t 0.14 1.1 t 0.3 

t counting error* 
ThortUII-228. 

1.2 t 0.3 

0.09 t 0.09 

0.46 :1: 0.19 

0.06 :1: 0.10 0.03 t 0.05 0.02 t 0.04 0.05 t 0.07 

t counting error* 
Thorlu•-230. 

t counting error* 
Thorlu•-232. 

t counting error* 

*Variability of the radioactive disintegration process (counting error) at the 95S confidence level. 
These samples are scheduled to be dispos~d of 45 days after the date of this report. 

BS/dh ~ 

• 

. . ~~J~···) 
BUd Sumroo rs 

• 
Rad t ochemt s try 
Supervisor 

1.96o. 
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Accu-Labs Research, .Inc. 
11485 W. 4Hih Avenue Whe .. l Ridge, Culor.uln twO:ll 
(:UU) 42:1·2766 

February 25. 1985 
Page 1 of 10 

R. L. Stought 
Monsanto Research Corp. 
Mound Factll ty 
P.O. Box 32 
Miamisburg. Ohio 45342 

RE: 900Q-19061-47 
Date Sa.ples Rec'd 11-21-84 
P.O. No. 22516 

• 

PARTIAL REPORT REPORT OF ANALYSIS 

• 

ALR Designation 
Sponsor Designation 

900Q-19061-47-1 900Q-19061-47-2 900Q-1906l-47-3 900Q-l9061-47-4 900G-19061-47-5 

Detennination: pCI/g 

Plutonium-238. total. 
t counting error* 

Plutonlua-239. total. 
t counting error* 

Thorlu.-228. total. 
t counting error* 

Thorlum-230. total. 
t counting error• 

Thorium-232. total. 
t counting error* 

1226 1244 1251 1260 1317 

0.11 t 0.58 0.78 t 0.24 0.22 t 0.19 1.4 t 0.3 ., t·' I o. I I ( . ) -

-0.26 t 0.33 -0.02 t 0.05 -0.08 t 0.11 0.06 t 0.08 ~. () { ~ . .J,,Jf 

1.1 t 0.3 12 t 2 22 t 4 18 t 4 

0.85 t 0.23 2.9 t 1.0 2.2 t 1.2 0.62 t 0.90 

1.1 t 0.3 13 t 2 11 t 2 13 t 4 
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February 25. 1985 
Page 2 of 10 

R. l. Stought 
Monsanto Research Corp. 

RE: 900Q-19061-47 
Oate Samples Rec•d 11-21-84 
P.O. No. 22516 

PARTIAl REPORT 

Accu-Labs llesean:h, Inc. 

REPORT Of ANALYSIS 

AlR Designation 
Sponsor Designation 

900Q-19061-47-6 9000-19061-47-7 900Q-19061-47-8 gooo-19061-47-9 900o-l9061-47-10 

Oetennlnatton: pCt/g 

Plutontu~238. total. 
t counting error* 

Plutontu~239. total. 
t counting error* 

Thortua-228. total. 
t counting error* 
Thortu~230. total. 

t counting error* 
Thortu~232. total. 

t counting error* 

1604 1612 1621 1624 1638 

5.8 t 0.·5 0.06 t 0.09 

o.oo t 0.07 -0.03 t 0.06 

• 

0.08 t 0.13 

-0.05 t 0.13 

1.0 t 0.3 

0.51 t 0.29 

1.0 t 0.3 

0.46 t 0.19 

-0.03 t 0.13 

2.0 t 0.4 

1.1 t 0.3 

1.1 t 0.3 

0.07 t 0.06 

-0.02 1 0.06 

., 
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R. l. Stough t 
Monsanto Research Corp. 

RE: 9000-19061-47 
Oate Sa•ples Rec'd 11-21-84 
P.O. No. 22516 

PARTIAL REPORT 

•• • 
Accu-Labs Heseaa ch, Inc. 

REPORT OF ANALYSIS 

AlR Designation 
Sponsor Designation 

900Q-19061-47-11 900Q-19061-47-12 900Q-19061-47-13 900G-1906l-47-14 900G-19061-47-15 

Oetenatnatlon: pCt/g 

Plutontua-238, total, 
t counting error• 

Plutontua-239. total. 
t counting error* 

Thortu.-228. total. 
t counting error* 

Thortua-230, total, 
t counting error* 

Thortu.-232, total. 
t counting error* 

1665 1816 1852 1860 1917 

0.07 t 0.08 

-o.04 t 0.05 

0.18 t 0.11 

-0.03 t 0.06 

1.4 t 0.3 

2.4 t 0.4 

1.1:t0.2 

1.6 t 0.3 

0.01 t 0.05 

0.06 t 0.14 

0.11 t 0.17 

0.44 t 0.23 

-0.03 t 0.07 

0.61 t 0.23 

0.81 t 0.24 

0.64 t 0.21 



-N 
00 

February 25, 1985 
Page 4 of 10 

R. l. Stought 
Monsanto Research Corp. 

RE: 900Q-19061-47 
Date Sa.ples Rec'd 11-21-84 
P.O. No. 22516 

PARTIAL REPORT 

Accu-l.ahs llesea. t.:h, Inc. 

REPORT OF ANALYSIS 

AlA Designation 
Sponsor Designation 

90~19061-47-16 900Q-19061-47-17 900Q-19061-47-18 900Q-19061-47-19 900Q-19061-47-20 

Determination: pCI/g 

Plutonlum-238, total, 
t counting error* 

Plutonlu•-239, total, 
t counting error* 

Thortua-228, total, 
t counting error* 

Thortu.-230, total, 
t counting error* 

Thortum-232, total, 
t counting error* 

• 

1925 1944 1951 1957 1960 

0.16 t 0.11 

0.02 :t 0.09 

0.32 t 0.15 

0.43 t 0.17 

0.13 :t 0.09 

82 :t 5 

-0.15 :t 0.49 

1.9 t 0.4 

0.26 t 0.13 

0.20 t 0.11 

• 

220 t 10 3.4 t 0.5 0.33 t 0.19 

0.15 t 0.62 0.00 t. 0.12 -0.08 t 0.12 

.! 
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februar~ 25, 1985 
Page 5 of 10 

R. l. Stought 
Monsanto Research Corp. 

, . 

RE: 9000-19061-47 
Date Sa.ples Rec'd 11-21-84 
P.o. No. 22516 

PARTIAL REPORT 

• • 
Accu-Lahs llesean~h, Inc. 

REPORT Of ANALYSIS 

AlR Designation 
Sponsor Designation 

900D-19061-47-21 900D-19061-47-22 9000-19061-47-23 900D-19061-47-24 900Q-19061-47-25 

Oetenalnatlon: pCI/g 

Plutonlum-238, total, 
t counting error* 

Plutontum-239, total, 
t counting error* 

Thortu•-228, total, 
t counting error* 

Thortu.-230, total. 
t counting error• 

Thortu.-232, total, 
t counting error• 

1977 2577 . 2689 2811 2862 

0.80 :t 0.33 

0.06 t 0.15 

. 2.2 :t 0.5 

1.6 t 0.5 

1.9 :t 0.5 

0.03 t 0.14 

-0.04 :t 0.10 

0.62 t 0.23 

0.88 :t 0.26 

0.28 :t 0.15 

9.2 :t 0.6 

0.16 t 0.13 

6.7 t 0.5 

-0.02 t 0.09 

13 t 3 

1.7 :t 0.9 

9.5 t 2.0 

O.ll:t0.12 

-0.06 t 0.08 
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February 25. 1985 
Page 6 of 10 

R. l. Stought 
Monsanto Research Corp. 

RE: 9000-19061-47 

Accu-Labs Heseau.:h, Inc 

Date Samples Rec'd 11-21-84 
P.O. No. 22516 

PARTIAL REPORT 

ALR Designation 
Sponsor Designation 

Detenainatlon: pCt/g 

Plutonium-238. total. 
t counting error* 

Plutonium-239. total. 
t counting error* 

Thoriu•-228. total. 
t counting error* 
Thori~2JO. total. 

t counting error* 
Thoriu.-232. total. 

t counting error* 

• 

REPORT OF ANALYSIS 

9006-19061-47-26 900o-19061-47-27 9ooo-t9061-47-28 9ooo-19061-47-29 9ooo-19061-47-lo 
2873 2919 2980 2990 3077 

2.0 t 0.3 

0.20 t 0.13 

0.66 t 0.22 

3.0 t 0.5 

0.46 t 0.18 

o.os t 0.12 

-0.04 t 0.09 

• 

53 t 4 0.02 t 0.12 

-0.34 t 0.70 -0.01 t 0.10 

3.8 t 0.5 

0.01 t 0.10 

• 
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february 25. 1985 
Page 7 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 90QO-l9061-47 

• • 
Accu-l.abs He sea. Lh, Inc. 

Date Sa•ples Rec'd 11-21-84 
P.O. No. 22516 

PARTIAL REPORT 

ALR Designation 
Sponsor Designation 

Oetenatnatton: pCt/g 

Pluton.lum-238. total. 
t counting error* 

Plutonlu.-239. total. 
t counting error* 

Thorlu.-228. total. 
t counting error* 

Thorlu•-230. total. 
t counting error* 

Thortu.-232. total. 
t counttng error* 

REPORT Of ANALYSIS 

9006-19061-47-31 9006-19061-47-32 9006-19061-47-33 900G-l9061-47-34 900G-19061-47-J5 
4111 5868 5811 5882 5891 

0.14 t 0.13 

-o.os t o.o8 
1.6 t 0.3 

-0.02 :i: 0.10 

0.80 t: 0.22 

-0.03 t 0.10 

, 

1.7 t: 0.3 

0.00 1: 0.09 

1.2 t 0.2 

0.05 t 0.09 
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february 25. 1985 
Page 8 of 10 

R. l. Stought 
Monsanto Research Corp. 

RE: 9000-19061-47 
Date Samples Rec'd 11-21-84 
p .o. No. 22516 

PARTIAL REPORT 

Accu-Labs Hesea. d1, Inc 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900Q-19061-47-36 900Q-19061-47-l7 900Q-l9061-47-38 900Q-19061-47-39 900Q-19061-47-40 

Determination: pCt/g 

Plutontum-238. total. 
t counting error* 

Plutontu.-239. total. 
t counting error* 

Thorium-228. total. 
t counting error* 

Thortua-230. total. 
t counting error* 

Thorium-232. total. 
t counting error* 

• 

5988 6275 6283 6359 6459 

1.4 t 0.3 

-0.03 t 0.08 

1.3 t 0.3 

0.74 t 0.24 

1.2 t 0.3 

4.3 t 1.3 

0.38 t 0.54 

• 

0.47 t 0.18 

0.06 t 0.10 

1.5 t 0.4 

0.03 t 0.08 

0.28 t 0.15 

-0.02 t 0.11 

• 
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Page 9 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 900G-19061-47 
Date Sa•ples Aec'd 11-21-84 
P.O. No. 22516 

PARTIAL REPORT 

• • 
Accu~Labs IIese a. ~h. Inc. 

REPORT Of ANALYSIS 

ALA Designation 
Sponsor Designation 

9060-19061-47-41 9008-19061-47-42 9008-19061-47-43 9008-19061-47-44 9008-19061-47-45 

Oeten.tnatton: ptl/g 

Plutontu.-238, total. 
t counttng error* 

Plutontu.-239, total, 
t counting error* 

Thortu.-228, total, 
t counting error* 

Thortu.-230, total, 
t counting error* 

Thorlu•-212, total, 
t counting error* 

6468 6497 6508 6552 6686 

0.15 t 0.15 

0.06 t 0.10 

10 t 1 

0.21 t b.ll 

2.5 t 0.4 

1.2 t 0.2 

2.3 :t O.l 

2.1 t 0.3 

0.05 t 0.10 

0.45 t 0.18 

o.oo t 0.07 

18 1 2 

-0.01 1 0.36 

2.1 1 0.4 

0.94 t 0.26 

1.6 t 0.3 
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Februar~ 25. 1985 
Page 10 of 10 

R. l. Stought 
Monsanto Research Corp. 

RE: 9000-19061-47 
Date Sa.ples Rec'd 11-21-84 
P.O. No. 22516 

PARTIAL REPORT 

ALR Designation 
Sponsor Designation 

Oetenalnatlon: pCI/g 

Plutonlu~238. total. 
t countl~g error* 

Plutonlum-239. total. 
t counting error* 

Thortum-228. total. 
t counting error* 

Thorlum-230. total. 
t counting error* 

Thorlum-232. total. 
t counting error* 

REPORT OF ANALYSIS 

900D-19061-47-46 
6693 

5.6 t 0.8 

o.oo :1: 0.08 

Accu-Lalls llesea ... h, Inc. 

900D-19061-47-47 
6699 

1.9 t 0.3 

0.44 :1: 0.16 

*Variability of the radioactive disintegration process (counting error) at the 951 confidence level, 1.96o. 

85/dh (~./ 
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Accu-Labs Research, Inc. 
1148~ W. 4fUh Avenue Wheo~l Ridge, Culur.a&lu HOO:J1 
c:uU) 42:1·271* 

February 25, 1985 
Page 1 of 14 

R. l. Stought 
Monsanto Research Corp. 
Mound F ac tllty 
P.O. Box 32 
Mla.lsburg. Ohio 45342 

RE: 900G-19150-66 
Date Samples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

900G-1915G-66-1 900G-1915G-66-2 900G-19150-66-3 900G-1915G-66-4 900D-1915o-66-5 
1172 1184 1216 1285 1290 

~ Determination: pCI/g 

Plutonlu.-238, total, 
t counting error* 

Plutonium-239, total, 
t counting error* 

Thorlum-228, total. 
t counting error* 

Thorlum-230, total. 
t counting error* 

Thortum-232. total. 
t counting error* 

• 

0.19 t 0.14 

-0.05 t 0.12 

0.51 t 0.17 

0.84 t 0.18 

0.46 t 0.13 

0.19 t 0.12 

0.01 t 0.05 

--
--
--

• 

0.50 t 0.18 110 t 10 'II .! I 
0.01 t 0.06 1.6 t 0.7 

L). I 7 .~ 0 .( 0 

0.42 t 0.15 14 t 1 

0.40 t O.ll 1.3 t 0.3 

0.56 t 0.14 3.1 t 0.5 

., 
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February 25. 1985 
Page 2 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 900Q-19150-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

• • 
Act:u-labs Hesea .... h, Inc. 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

90o0-1915Q-66-6 900Q-1915Q-66-7 900Q-1915D-66-8 900D-1915D-66-9 900D-1915D-66-10 

Detenalnation: pCt/g 

Plutonlua-238. total. 
t counting error* 

Plutontua-239. total. 
t counting error* 

Thortu.-228. total, 
t counting error* 

Thortu•-230, total. 
t counting error* 

Thorlu.-232, total, 
t counting error* 

. 1305 . 1320 1325 1338 1342 

0.30 t 0.14 

-0.01 t 0.03 

79 t 5 

-0.13 t 0.87 

15 t 2 

-0.09 t 0.46 

0.83 t 0.27 8.9 t 2.4 

-0.03 t 0.15 -0.33 t 0.83 

3.6 t 0.5 

1.3 t 0.3 

3.5 t 0.4 
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February 25, 1985 
Page 3 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: gooo-t9t5o-66 
lL 1 .. ';-'taples Rec'd 12-14-84 
P.o. Mo. 24525 

PARTIAL REPORT 

An:u-tahs llesea. ~ h, Inc 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900Q-1915Q-66-11 900Q-1915Q-66-12 90D0-1915G-66-13 900G-1915G-66-14 900G-l915G-66-15 

Determination: pCI/g 

PlutonJu.-238, total, 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thorlu•-228, total, 
t counting error* 

Thorlu•-230, total, 
t counting error* 

Thortu.-232, total, 
t counting error* 

• 

1344 1356 1361 1511 1521 

0.44 t 0.19 

0.03 t 0.07 

100 t 10 

-0.26 t 0.81 

0.24 t 0.50 

0.69 t 0.44 

0.52 t 0.31 

• 

0.58 t 0.36 

0.15 t 0.27 

1.8 t 0.8 

2.3 t 0.7 

0.53 t 0.12 

11 t 3 6.0 t 1.3 

-0.21 t 0.74 -0.22 t 0.45 

0.65 t 0.63 

0.80 t 0.55 

0.37 t 0.34 

• 
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Accu-Labs llesea,..;h, Inc 

february 25. 1985 
Page 4 of 14 

R. l. Stough t 
Monsanto Research Corp. 

RE : 900Q-1915D-66 
Date Sa•ples Rec'd 12-14·84 
P.O. No. 24525 

PARTIAl REPORT REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

900D-1915D-66-16 900Q-l915o-66-17 900D-1915D-66-18 900D-1915D-66-19 900D-l915D-66-20 
1539 1541 1545 1550 1565 

Oetenalnatlon: pCt/g 

Plutonlum-238. total. 
t counting error* 11 t 2 

PlutonturD-239. total. 
t counting error* -o.32 ~ 0.56 

Thortua-228. total. 
t counting error* 1.2 t 0.4 

Thortua-230. total. 
t counting error• 0.66 t 0.25 

Thortu.-212. total. 
t counting error* 0.82 t 0.27 

14 t 4 

-O.l t 1.1 

0.16 t 0.15 

-o.o1 t 0.12 

0.41 1 0.18 

0.66 t 0.20 

0.44 t 0.16 

7.2 t 0.8 

0.02 1 0.21 

2.4 t 0.7 

0.98 1 0.42 

2.1 t 0.6 

1.0 I. 0.3 

o.oo t 0.11 
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february 25. 1985 
Page 5 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: gooo-19150-66 

Accu-1-abs ICeseo. da, Inc 

Date Saaples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

ALR Designation 
Sponsor Designation 

Deten.lnatlon: pCI/g 

Plutonlu~r238. total. 
t counting error* 

P1utontu~r239. total. 
t counting error* 

Thortu~r228. total. 
t counting error* 

Thorlu•-230. total. 
t counting error* 

Thorlu•-232. total. 
t counting error* 

• 

REPORT OF ANALYSIS 

900Q-1915Q-66-21 900Q-1915Q-66-22 900Q-1915D-66-23 900D-1915D-66-24 900D-1915D-66-25 
1572 1592 1648 1663 1696 

75 t 6 

0.04 t 0.85 

2.2 t 0.8 

1.1 t 0.5 

0.46 t 0.29 ' 

0.83 t 0.26 

0.01 t 0.11 

1.8 t 1.1 

2.0 t 1.0 

0.62 t 0.54 

• 

1.8 t 0.9 

-o.18 t 0.45 

0.03 t 0.15 

-0.01 t 0.11 

0.04 t 0.13 

-0.08 t 0.12 

• 
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Accu-tabs Hese~ .. d•. Inc 

february 25, 1985 
Page 6 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 9000-1915Q-66 
Oate Sa.ples Rec•d 12-14-84 
p .o. No. 24525 . 

PARTIAL REPORT REPORT Of ANALYSIS 

AlR Des lgnatlon 
Sponsor Designation 

900Q-1915Q-66-26 900Q-1915G-66-27 900Q-l91SQ-66-28 900G-l9l5Q-66-29 900Q-l915Q-66-JO 

Determination: pCI/g 

Plutont~2l8. total, 
t counting error* 

Plutontu~2l9, total. 
t counting error* 

Thortu.-228. total. 
t counting error• 

Thorlu•-210. total. 
t counting error• 

Thortu.-212. total. 
t counting error• 

1699 2446 2460 2466 2469 

O.ll t 0.14 

-0.03 :t; 0.14 

0.68 :.t 0.25 

-o.os t o.09 
ll t 2 

1.4 t 0.9 

1l t 2 

-o.06 :t 0.14 

0.04 t 0.12 

1.1 t 0.3 

-0.05 t 0.08 

0.45 t 0.18 

-0.05 t 0.01 

3.0 t 0.9 

0.17 t 0.47 

1.8 t 0.6 
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February 25, 1985 
Page 1 of 14 

R. l. Stough t 
Monsanto Research Corp. 

R'E: 9000-19150-66 
Date Saaples Rec'd 12-14-84 
P.O. No. 24525 

P'ARTIAL REPORT 

Accu-Labs Hesec... ch, Inc 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

90Q0-1915Q-66-31 90Uu 1915Q-66-32 9006-1915Q-66-33 900()-1915Q-66-34 900()-1915()-66-35 

Oeten.lnatlon: pCI/g 

Plutonlum-238, total, 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thortu.-228, total. 
t counting error* 

Thortua-230, total, 
t counting error* 

Thortua-232, total. 
t counting error* 

• 

2587 2591 2600 2829 2836 

0.36 t 0.16 

-o.o5 t o.ll 

0.06 t 0.16 

-0.07 t 0.16 

• 

0.87 t 0.23 

0.01 t 0.09 

5.6 ~ 1.1 

0.14 t 0.63 

1.2 t 0.6 

1.1 t 0.5 

0.79 t 0.39 

1.9 t 0.3 

-0.02 t 0.16 

• 
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February 25. 1985 
Page 8 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE : 900D-l 9 lSD-66 

• 
An:u-l.abs lleseil• d1, Inc 

Oate Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

ALR oeslgnatlon 
Sponsor Designation 

Oetenalnatton: ptl/g 

Plutontum-238, total, 
t counting error• 

Plutonlum-239, total, 
t counting error* 

Thortua-228, total, 
t counting error• 

Thorlum-230, total, 
t counting error* 

lhortum-232, total, 
t counting error* 

REPORT Of ANALYSIS 

900D-1915D-66-36 900D-1915D-66-l7 900D-l915D-66-38 900D-1915D-66-39 900D-l915D-66-40 
2879 2887 2923 29ll 2936 

1.8 :t 0.4 

-0.01 :t 0.16 

0.13 t 0.26 

0.08 t 0.19 

63 :t 4 

-0.1 t 1.0 

0.25 t 0.18 

0.01 t 0.11 

0.14 t o. 18 

-0.05 t 0.16 

• 
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Accu-Labs llese&udt, Inc. 

february 25, 1985 
Page 9 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 900Q-1915D-66 
Date Sa•ples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

AlR Des lgnatlon 
Sponsor Designation 

Detenalnatlon: pCI/g 

Plutonlu.-238, total, 
t counting error* 

Plutonlu.-239, total, 
t counting error* 

Thorlu~228, total, 
t counting error• 

Thorlu.-230, total, 
t counting error* 

Thortu•-232, total, 
t counting error* 

• 

REPORT OF ANALYSIS 

90Do-1915Q-66-41 90~1915Q-66-42 900Q-1915Q-66-43 900Q-1915Q-66-44 900G-1915G-66-45 
2999 3002 4007 4025 4032 

0.87 t 0.23 

-o.06 :t 0.16 

2.2 t 0.4 

0.05 :t 0.19 

• 

6.0 :t 1.0 

-0.22 t 0.39 

3.3 t 1.1 0.11 t 0.16 

0.07 t 0.82 -0.07 t 0.15 

.\ 
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february 25. 1985 
Page tO of 14 

R. L. Stought 
Monsanto Research Corp. 

RE': 9008-19158-66 

• • 
Accu-l_abs llesecuch. Inc. 

Oate Sa.ples Rec•d 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

ALR Designation 
Sponsor Designation 

Oetenntnatlon: pCt/g 

Plutonlu.-238. total. 
t counting error* 

Plutoniu.-239. ·total. 
t counting error* 

Thorlua-228. total. 
t counting error* 

Thortua-230. total. 
t counting error* 

thortu.-232. total. 
t counting error* 

REPORT OF ANALYSIS 

9008-19158-66-46 9008-19158-66-47 9008-19158-66-48 90~1915G-66-49 900G-1915G-66-50 
4037 4042 4050 4088 4114 

0.81 t 0.24 

-8.09 t 0.15 

2.7 t 0.8 

0.02 t 0.54 

1.1 t 0.8 

-0.11 t 0.57 

5.5 t 0.5 

-0.01 1 0.15 

5.9 t 0.9 

-0.08 :1: 0.24 
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Februarv 25, 1985 
Page 11 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: 900D-1915G-66 

Accu-labs lleseiu (:h, Inc 

Date Sa.ples Rec•d 12-14-84 
p .o. No. 24525. 

PARTIAL REPORT 

ALR Des I gnat I on 
Sponsor Designation 

Detenalnatlon: pCI/g 

Plutontu.-~38, total, 
t counting error* 

Plutonlu•-239, total, 
t C<)awtlng error* 

Thortu.-228, total, 
t counting error* 

Thortu•-230, total, 
t counting error* 

Thorlu•-232, total, 
t counting error* 

• 

REPORT OF ANALYSIS 

900D-1915G-66-51 900G-l915G-66-52 900G-1915G-66-53 900G-1915G-66-54 900Q-1915Q-66-55 
4123 4141 4146 5820 5832 

3.2 t 1.0 

0.20 t 0.54 

0.55 t 0.21 

0.22 t 0.14 

• 

2.0 t 0.3 

0.06 t 0.10 

0.85 t 0.24 

0.03 t 0.10 

0.35 t 0.15 

0.05 t 0.09 

··: 
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• 
February 25. 1985 
Page 12 of 14 

R. L. Stought 
Monsanto Research Corp. · 

RE: 900D-1915D-66 
Date Sa.ples Rec•d 12-14-84 
p .o. No. 24525 

PARTIAl REPORT 

• • 
Accu-l.abs Uesee:.u ch, Inc. 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

900D-1915D-66-56 900D-t915D-66-57 900D-1915D-66-58 900D-1915Q-66-59 . 900D-l915D-66-60 

Detenatnatton: ptt/g 

Plutonlu.-238. total. 
t counting error• 

Plutonlua-239. total, 
t counting error• 

Thortu~228, total. 
t counting error• 

Thortua-230, total. 
t counting error• 

Thorlum-232, total. 
t counting error• 

5856 5858 5862 5909 5933 

8.5 t 1.2 

-o.09 i: 0.29 

4.3 t 1.7 

1.7 t 1.0 

1.2 t 0.8 

110 t 10 

-o.ol t o.54 

11 t 2 

1.1 t 0.7 

12 t 2 

160 t 10 

0.20 t 0.82 

ll t l 

2.4 t 1.2 

6.9 t 1.8 

0.75 t 0.20 

-0.02 t 0.07 

0.11 t 0.10 

0.03 t 0.08 
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february 25, 1985 
Page ll of 14 

R. l. Stough t 
Monsanto Research Corp. 

RE: 900D-1915D-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

Accu-Lahs llesea. ch, Inc. 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

90~1915D-66-6l 900D-1915D-66-62 900D-1915D-66-6l 900D-1915D-66-64 900D-1915D-66-65 

Detenalnatlon: pCt/g 

Plutonlum-238, total, 
t counting error* 

Plutontum-239, total, 
t counting error* 
Thorlu~228, total, 

t counting error* 
Thorlu•-230, total, 

t counting error* 
Thortu.-232, total, 

t counting error* 

• 

6376 6384 6393 6474 6488 

140 t 10 

0.43 t 0.54 

6.9 t 1.6 

1.3 t 0.7 

l.l t 0.7 

4.5 t 1.2 

0.32 t 0.54 

• 

0.20 t 0.16 

-0.05 t 0.08 

($. /r ) -~ (). ) t 

/. b I •>·'(I) 

o.(,l!. .).t.y 

0.54 t 0.18 

0.09 t 0.11 

0.05 t 0.09 

-0.02 t 0.06 

• 
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february 25. 1985 
Page 14 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: 900G-l915G-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

PARTIAL REPORT 

AlA Designation 
Sponsor Designation 

Deter.lnatlon: pCI/g 

Plutonlum-238. total. 
t counting error* 

Plutonlum-239. total. 
t counting error* 

Thorlum-228. total, 
t counting error* 

Thorlum-230. total. 
t counting error* 

Thorlum-232. total. 
t counting error* 

•• 

REPORT OF ANALYSIS 

900G-1915Q-66-66 
6785 

12 t 2 

O.D5 t 0.66 

5.8 t 1.3 

1.1 t 0.6 

4.0 t 1.0 

• 
Accu-l-ahs lleseC1at:h, Inc. 

•variability of the radioactive disintegration process (counting error) at the 951 confidence level. 1.96o. 

OS/dh ~U--

r~~ 
Radlochemt stry 
Supervl sor 
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Accu-Labs Research, Inc. 
1148!» W. 4!Uh Avenue Whe"l Ridye, Culm.sclu HOOJJ 
un:a~ 421·2766 

March 1. 1985 
Page 1 of 10 

R. l. Stought 
Monsanto Research Corp. 
Hound Factll ty 
p .0. 8oK 32 
Hla.lsburg. Ohio 45342 

RE: 90G0-19061-47 
Date Sa.ples Rec'd 11-21-84 
P.O. No. 22516 

• 

COMPLETED REPORT REPDRT.OF ANAlYSIS 

•• 

AlR Designation 
Sponsor Designation 

900d-19061-47-1 900D-19061-47-2 900D-19061-47-3 900D-19061-47-4 900D-19061-47-5 

Detennlnatlon: pCI/g 

Plutonlu.-238, total. 
t counting error* 

Plutonlua-239. total. 
t counting error* 

Thorlum-228. total. 
t counting error* 

Thorlum-230, total. 
t counting error• 

Thorlum-232, total. 
t counting error* 

1226 1244 1251 1260 1317 

D.71 t 0.58 

-0.26 t o. 33 

1.lt0.3 

0.85 t 0.23 

1.1 t 0.3 

0.78 t 0.24 

-0.02 t 0.05 

12 t 2 

2.9 :t 1.0 

13 :t 2 

0.22 t 0.19 

-o.o8 t 0.11 

22 :t 4 

2.2 t. 1.2 

11 t 2 

1.4 :t 0.3 0.13t.O.l7 

0.06 :t 0.08 0.02 t 0.08 

18 t. 4 

0.62 t 0.90 

13 t. 4 
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March 1. 1985 
Page 2 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 900G-19061-47 
Date SUiples Rec'd 11-21-84 
P.O. No. 22516 

COMPlETED REPORT 

Accu-l..abs llesea.t:h, Inc. 

REPORT OF ANALYSIS 

AlR Des lgnatton 
Sponsor Designation 

gooo-19061-47-6 goqo-19061-47-7 gooo-19061-47-8 gooo-19061-47-9 gooo-19061-47-10 

Deten.lnatlon: pCI/g 

Plutonlum-238, total. 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thortu.-228, total, 
t counting error* 

Thorlu.-230, total, 
t counting error* 

Thortu.-232, total, 
t counting error* 

• 

1604 1612 1621 1624 1638 

5.8 :1: 0.5 

o.oo :1: 0.07 

0.06 :1: 0.09 

-o .03 :1: 0.06 

• 

0.08 :1: 0.13 

-0.05 :1: 0.13 

1.0 :1: 0.3 

0.51 :1: 0.29 

1.0 :1: 0.3 

0.46 :1: 0.19 

-0.03 :t O.ll 

2.0 :1: 0.4 

1.1 t 0.3 

1.1 t 0.3 

0.07 :1: 0.06 

-0.02 :1: 0.06 

• 
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• • • 
A':cu-l .. abs Hesea. d•, Inc 

March 1 • 1985 
Page J of 10 

R. l. Stough t 
Monsanto Research Corp. 

RE: 900D-19061-47 
Date Sa.ples Rec'd 11~21-84 
P.O. No. 22516 

COMPLETED REPORT REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900D-19061-47-11 900D-19061-47-12 900D-19061-47-13 900G-19061-47-14 900Q-19061-47-15 

Deten.lnatton: pCI/g 

Plutontum-238, total, 
t counting error* 

Plutonlu.-239. total, 
t counting error* 

Thortu.-228. total. 
t counting error* 

Thortu.-230, total, 
t counting error* 

Thortu.-232, total. 
t counting error* 

1665 1816 1852 1860 1917 

0.07 t 0.08 

-o.04 t 0.05· 

0.18 t 0.11 

-o.03 t 0.06 

1.4 t O.l 

2.4 t 0.4 

1.1 t 0.2 

1.6 t 0.3 

0.01 t 0.05 

0.06 t 0.14 0.44 t 0.23 

O.llt0.11 -0.03 t 0.07 

0.61 t 0.23 

0.81 t 0.24 

0.64 t 0.21 
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March 1. 1985 
Page 4 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 900D-1906l-47 . 
Date Sa.ples Rec'd 11-21-84 
P.O. No. 22516 

COMPlETED REPORT 

Accu-l.abs llesec.. ch1 Inc. 

REPORT OF ANAlYSIS 

ALR Designation 
Sponsor Designation 

900D-19061-41-16 900D-19~61-41-11 900D-19061-41-18 900G--19061-41-19 900Q-19061-47-20 

Deten.lnatlon: pCt/g 

Plutonlu.-238, total, 
t counting error* 

Plutonlu.r2l9, total. 
t counting error* 
Thortu~228, total. 

t counting error* 
Thortu~2JO. total, 

t counting error* 
Thortu~2J2, total, 

t counting error* 

• 

1925 1944 1951 1957 1960 

0.16 * o.u 
0.02 t 0.09 

0.32 t 0.15 

o.u t 0.11 

O.ll t 0.09 

82 t 5 

-o.t5 * o.49 
1.9 t 0.4 

0.26 t 0.11 

0.20 t 0.11 

• 

220 .t 10 

0.15 t 0.62 

3.4 l 0.5 

o.oo t 0.12 

O.ll t 0.19 

-0.08 t 0.12 

• 
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March 1, 1985 
Page 5 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 900D-19061-47 
Date Sa.ples Rec•d 11-21-84 
P.O. No. 22516 

COMPLETED REPORT 

• 
Accu-labs rlesea.ch, Inc. 

REPORT OF ANALYSIS 

AlR Designation 
Sponsor Designation 

900Q-19061-47-21 900D-19061-47-22 900Q-19061-47-23 900Q-19061-47-24 900G-19061-47-25 

Detenatnatton: pCt/g 

Plutonlu~238, total, 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thortua-228, tOtal, 
t counting error* 

Thorlu•-230, total, 
t counting error* 

Thorlu•-232, total, 
t counting error* 

1977 2577 2689 2817 2862 

0.80 t 0.33 O.Ol t 0.14 9.2 t 0.6 6.7 t 0.5 0.11 t 0.12 
·, 

0.06 t 0.15 -o.04 t 0.10 0.16 t 0.13 -0.02 t 0.09 -0.06 1 0.08 

2.2 t 0.5 0.62 t 0.23 -- 13 t 3 

1.6 t 0.5 0.88 t 0.26 -- 1.7 t 0.9 

1.9 t 0.5 0.28 t 0.15 -- 9.5 1 2.0 

• 
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March 1, 1985 
Page 6 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 9000-19061-47 

Accu-l..abs llesea.da, Inc. 

Date Samples Rec'd 11-21-84 
P.O. No. 22516 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Detenalnatlon: pCt/g 

Plutonlu.-238, total, 
t counting error* 

Plutontu~2J9, total, 
t counting error* 
Thortu~228, total, 

t counting error* 
Thortu~230, total, 

t counting error* 
Thorlu•-232, total, 

t counting error* 

• 

REPORT OF ANALYSIS 

90~19061-47-26 9oqo-19061-47-27 9ooo-t9061-47-28 90oo-19061-47-29 gooo-19061-47-Jo 
2873 2919 2980 2990 3077 

2.0 t O.l 

0.20 t o.u 

0.66 t 0.22 

J.o t o.s 

0.46 t 0.18 

o.os t 0.12 

-o.04 t 0.09 

• 

53 t 4 

-o.l4 t 0.70 

0.02 t 0.12 

-0.01 t 0.10 

3.8 t 0.5 

0.01 t 0.10 

• 



v. .... 

• • • 
Accu-tabs Uesea.t:h, Inc. 

"March l, 1985 
Page 1 of 10 

R. l. Stought 
Monsanto Research Corp. 

RE: 9000-19061-47 
Oate Sa.ptes Rec•d 11-21-84 
P.O. No. 22516 

COMPLETED REPORT 

ALA Designation 
Sponsor Designation 

Detenalnatton: pCt/g 

Plutonlum-238. total. 
t counting error* 

Plutonlu.-239, total • 
t counting error* 

Thortu.-228. total, 
t counting error* 

Thorlu.-230, total. 
t counting error* 

Thortum-232, total, 
t counting error* 

REPORT Of ANALYSIS 

900D-19061-47-J1 9DOD-19061-47-J2 900D-1906l-47-3l 900D-19061-47-l4 900D-19061-47-l5 
4111 5868 5811 5882 5891 

0.14 :1: 0.13 

-o.os t o.o8 

1.6 t 0.3 

-o.o2 :t 0.10 

0.80 :t 0.22 

-D.Ol t 0.10 

1.7 t 0.3 

0.00 t 0.09 

1.2 t 0.2 

0.05 t 0.09 
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March 1. 1985 
Page 8 of 1D 

R. l. Stought 
Monsanto Research Corp. 

RE: 9DDD-19D61-47 

Accu-Labs Uesec u.:h, Inc. 

Date Sa.ples Rec'd 11-21-84 
P.O. No. 22516 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Detennlnatlon: pCt/g 

Plutonlu•-238, total, 
t counting error* 

Plutontu•-219. total. 
t counting error* 

Thortu.-228, total. 
t counting error* 

Thortu~r2JO, total, 
t counting error* 

Thorlu•-232, total. 
t counting error* 

• 

REPORT OF ANALYSIS 

900D-1906l-47-J6 900D-19061-47-37 900D-19061-47-J8 900D-19061-47-J9 900D-19D61-47-40 
5988 6275 6283 6359 6459 

1.4 t 0.3 

-D.03 t 0.08 

1.3 t 0.3 

0.74 t 0.24 

1.2 t 0.3 

4.3 t 1.3 

0.38 t D.54 

• 

0.47 t 0.18 

0.06 t 0.10 

3.5 t 0.4 

D.03 t 0.08 

0.28 t D.l5 

-D.02 t D.ll 

• 
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March 1, 1985 
Page 9 of 10 

.R. l. Stought 
Monsanto Research Corp. 

RE: 900D-19061-41 
Date Sa.ples Rec•d 11-21-84 
P.O. Ho. 22516 

COMPLETED REPORT 

• 
Accu-l.abs l«esec... ;:h, Inc. 

REPORT Of ANALYSIS 

AlR Designation 
Sponsor Designation 

9DOD-l9D6l-41-41 90~19061-41-42 90~19061-47-43 900D-19061-47-44 900D-19061-47-45 

Deten.tnatlon: pCt/g 

Plutonlu..-238, total, 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thortu.-228, total, 
t counting error• 

Thoriu•-230, total, 
t counting error* 

Thorlum-232, total, 
t counting error* 

6468 6491 6508 6552 6686 

0.15 l 0.15 

0.06 t 0.10 

10 l 1 

0.21 t 0.13 

2.5 t 0.4 

1.2 l 0.2 

2.3 t 0.3 

2.1 t 0.3 

o.os l 0.10 

0.45 t 0.18 

o.oo t 0.07 

# 

18 t 2 

-D.Ol t 0.16 

2.1 t 0.4 

0.94 t 0.26 

1.6 t 0.3 

• 
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Accu-l .. abs llesel. • .:h, Inc. 

March 1. 1985 
Page 10 of 10 

R. L. Stought 
Monsanto Research Corp. 

RE: 90G0-19061-47 
Date Sa.ples Aec•d 11-21-84 
P.O. No. 22516 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Detenalnatlon: pCI/g 

Plutonlu.-238. total. 
t counting error* 

Plutontu.-239. total. 
t counting error* 

Thorlu.-228. total. 
t counting error* 

Thorlu•-230. total. 
t counting error* 

Thorlu•-232. total. 
t counting error* 

REPORT Of ANALYSIS 

9006-19061-4 7-46 
6693 

5.6 t 0.8 

o.oo :1: 0.08 

CJOOD-19061-47-47 
6699 

1.9 t 0.3 

0.44 t 0.16 

*Variability of the radioactive disintegration process (counting error) at the 951 confidence level. l.96o. 
These samples are scheduled to be disposed of 45 days after the date of this report. 

OS/dh ~ 

• • 
~;~)~ --~ 

Radlocheml stry 
Supervl sor 

• 
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Accu ... labs Research, Inc. 
11485 W. 41Uh Avenue Wheal Ridye, Culm.t&lu 800J:I 
uu:•~ ·121·2766 

March 1, 1985 
Page 1 of 14 

R. L. Stough t 
Monsanto Research Corp. 
Mound fac11tty 
P.O. Box 32 
Ml•tsburg. Ohto 45342 

RE: 9006-19156-66 
Date Saap1es Rec'd 12-14-84 
P.O. No. 24525 

• 

COMPLETED REPORT REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900D-1915D-66-l 900D-1915D-66-2 900D-1915D-66-3 900D-1915D-66-4 900D-1915D-66-5 

Deten.tnatton: pCt/g 

Plutontu.-238. total. 
t counting error* 

Plutontu.-239. total. 
t counting error* 

Thorlu•-228, total. 
t counting error• 

Thortua-230, total, 
t counting error• 

lhor1u•-2l2, total. 
t counting error• 

1112 1184 1216 1285 1290 

0.19 t 0.14 

-o.os t 0.12 

0.51 t 0.11 

0.84 t 0.18 

0.46 t O.ll 

0.19 t 0.12 

0.01 t 0.05 

0.50 t 0.18 

0.01 t 0.06 

0.42 t 0.15 

0.40 :1: O.ll 

0.56 1 0.14 

110 t 10 41 t 1 

1.6 t 0.7 0.17:1:0.10 

14 :1: 1 

1.3 :1: 0.3 

3.1 t 0.5 

• 



0\ 
N 

Accu-labs llesecuch, Inc. 

March 1, 1985 
Page 2 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: 900o-1915o-66 
Oate Samples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Deten.lnatlon: pCI/g 

Plutonlum-238, total. 
t counting· error* 

Plutonlu.-239, total. 
t counting error* 

Thortu.-228, total. 
t counting error* 

Thortua-230, total. 
t counting error* 

Thorlu•-232, total. 
t counting error* 

• 

REPORT OF ANALYSIS 

900o-1915o-66-6 900o-1915o-66-7 90oo-1915o-66-8 900o-1915o-66-9 9008--19158--66-10 
1305 .1320 1325 1338 1342 

0.30 t 0.14 

-0.01 t 0.03 

79 t 5 

-0.11 t 0.87 

• 

15 t 2 

-o.o9 t o.46 

0.83 t ().27 

-0.03 t 0.15 

3.6 t 0.5 

1.3 t 0.3 

3.5 t 0.4 

8.9 t 2.4 

-0.33 t 0.83 

• 
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March 1. 1985 
Page 3 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE : 900D-l915D-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

-· • 
Accu-l.abs Heseu.ch. Inc. 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900D-1915D-66-ll 900D-1915D-66-l2 900D-1915D-66-Il 900D-19158-66-14 9008-19158-66-15 

Detenatnatlon: pCI/g 

Plutonlu~2l8, total. 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thortu.-228, total. 
t counting error* 

Thortu•-23D. total, 
t counting error* 

Thorlu•-232. total, 
t counting error* 

1344 1356 1361 1511 1521 

0.44 :J: 0.19 

O.Ol t 0.07 

100 t 10 

-0.26 t 0.81 

0.24 * 0.50 

0.69 t 0.44 

0.52 t 0.31 

0.58 t 0.36 

0.15 t 0.27 

1.8 t 0.8 

2.3 t 0.7 

0.53 t 0.32 

11 t l 

-0.21 t 0.74 

6.0 t 1.3 

-0.22 t 0.45 

0.65 t 0.63 

0.80 t 0.55 

0.37 t. 0.34 
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March 1. 1985 
Page 4 of 14 

R. L. Stought 
Monsanto R~search Corp. 

RE: 9000-19150-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

Accu-l..abs Hese&u ch, Inc 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900Q-1915Q-66-16 900Q-1915Q-66-11 900Q-1915Q-66-18 900Q-1915Q-66-19 900D-1915D-66-20 

Deten.lnatlon: pCt/g 

Plutonlu.-238. total. 
t counting error* 

Plutontu•-239. total. 
t counting error* 

Thortu.-228. total. 
t counting error* 

Thorlu•-230. total. 
t counting error* 

Thorlu.-232. total. 
t counting error* 

• 

1539 1541 1545 1550 1565 

11 * 2 

-o.J2 * 0.56 

1!2 t 0.4 

0.66 * 0.25 

0.82 t 0.27 

14 t 4 

-o. J * 1.1 

--

-· 

0.16 t 0.15 

-0.07 t 0.12 

0.41 t 0.18 

0.66 t 0.20 

0.44 t 0.16 

7.2 t 0.8 

0.02 t 0.21 

2.4 t 0.1 

0.98 t 0.42 

2.1 t 0.6 

1.0 t 0.3 

o.oo t 0.11 

.! 
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Page 5 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 9006-19156-66 

• 
Accu·tabs IIese&... (.:h, Inc 

Date Sa.p1es Rec•d 12-14-84 
P.O. Mo. 24525 

COMPLETED REPORT 

ALR Designation 
Sponsor Oeslgnatton 

Detennlnatlon: pCt/g 

Plutontum-238. total. 
t counting error* 

PJutontu.-239, total, 
t counting error* 

Thorlu.-228, total. 
t counting error* 

Thorlu•-2JO, total, 
t counting error* 
Thort~232, total, 

t counting error* 

REPORT Of ANALYSIS 

9006-19156-66-21 9006-19156-66-22 900D-1915D-66-2l 900D-1915D-66-24 900D-1915D-66-25 
1572 1592 1648 1663 1696 

15 t 6 

0.04 t 0.85 

2~2 t 0.8 

l.ltO.S 

0.46 t 0.29 

0.83 t 0.26 

0.01 t 0.11 

1.8 t 1.1 

2.0 t 1.0 

0.62 t 0.54 

1.8 :t 0.9 

-o.l8 t 0.45 

0.03 t 0.15 

-0.01 t O.ll 

0.04 t O.ll 

-0.08 t 0.12 

• 
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March 1. 1985 
Page 6 of 14 

R. L. Stought 
~nsanto Research Corp. 

RE: 900G-l915G-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

Accu-l.abs llese&uch, Inc. 

REPORT OF ANALYSIS 

ALA Des tgnatfon 
Sponsor Designation 

90~1915Q-66-26 900Q-1915Q-66-27 900Q-1915Q-66-28 900Q-1915Q-66-29 900Q-1915Q-66-30 

Detenatnatton: pCt/g 

Plutontu~238. total. 
t counting error* 

Plutonlu~239. total. 
t counting error* 

ThoriUII-228. total. 
t counting error* 
Thort~2J~. total. 

t counting error* 
Thortum-232. total. 

t counting error* 

• 

1699 2446 2460 2466 2469 

0.13 t 0.14 

-o.OJ t 0.14 

0.68 .t 0.25 

.IJ5 t 0.09 

11 t 2 

1.4 t 0.9 

ll .t 2 

• 

-o.06 t 0.14 

0.04 .t 0.12 

1.1 t 0.3 

-0.05 t 0.08 

0.45 .t 0.18 

-0.05 t 0.07 

3.0 t 0.9 

0.77 t 0.47 

1.8 t 0.6 

., 
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March 1. 1985 
Page 1 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 900Q-1915D-66 

• 
Accu·labs ltese&u (:h, Inc 

Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Detenalnatlon: pCt/g 

Plutonlum-238. total. 
t counting error* 

Plutontu.-239. total. 
t counting error* 
Thort~228. total. 

t counting error* 
Thortum-230. total. 

t counting err.or* 
Thortum-232. total. 

t counting error* 

REPORT Of ANALYSIS 

gooo-19150-66-31 900D-1915D-66-32 900D-1915D-66-33 900D-1915D-66-34 900D-1915D-66-35 
2587 2591 2600 2829 2836 

0.36 t 0.16 

-o.o5 t o.u 

0.06 t 0.16 

-0.07 t 0.16 

0.87 t 0.23 

0.01 t 0.09 

5.6 t 1.1 

0.14 t 0.63 

1.2 t 0.6 

1.1 t 0.5 

0.79 t 0.39 

1.9 t 0.3 

-0.02 t 0.16 

• 



0\ 
00 

March 1, 1985 
Page 8 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: 900D-1915D-66 

Accu-l_ahs llese&u t:h, Inc. 

Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Determination: pCt/g 

Plutontu~238, total, 
t counting error* 

Plutonfu.-239, total, 
t counting error* 

Thortua-228, total, 
t counting error* 

Thorfum-230, total, 
t counting error* 

Thorlua-232, total, 
t counting error* 

• 

REPORT OF ANALYSIS 

gooo-191So-66-36 g~oo-19tso-66-37 90oo-1915D-66-38 gooo-19t5o-66-l9 9ooo-t9t5o-66-40 
2879 2887 2923 2931 2936 

1.8 t 0.4 

-o.01 t 0.16 

0.73 t 0.26 

0.08 t 0.19 

• 

63 t 4 

-0.1 t 1.0 

0.25 t 0.18 

0.01 t 0.11 

0.14 .t 0.18 

-0.05 t 0.16 

.: 
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Accu-Labs Hese&u ':h, Inc 

March 1. 1985 
Page 9 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 900D-1915D-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

ALR Des lgnatlon 
Sponsor Designation 

Detenalnatlon: pCt/g 

Plutontu.-238. total. 
t counting error* 

Plutontu.-239. total. 
t counting error* 

Thorlu•-228. total. 
t counting error• 

Thortu•-230. total. 
t counting error• 

Thortu•-232. total. 
t counting error* 

REPORT OF ANALYSIS 

900D-1915D-66-41 900D-1915D-66-42 900D-19l5D-66-4l 900D-1915D-66-44 900D-l915D-66-45 
2999 3002 4007 4025 4032 

0.87 t 0.23 

-o.o6 t o.16 

2.2 t 0.4 

0.05 t 0.19 

6.0 t 1.0 

-0.22 t 0.39 

3.3 t 1.1 

0.07 t 0.82 

0.11 t 0.16 

-0.07 t 0.15 
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Accu-Labs llese&u ch, Inc. 

March 1. 1985 
Page 10 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 900Q-19150-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

900Q-1915Q-66-46 900Q-l915Q-66-47 90Do-1915Q-66-48 900Q-1915Q-66-49 900Q-1915Q-66-50 
4017 4042 4050 4088 4114 

Detenalnatlon: pCt/g 

Plutontu.-238. total. 
t counting error* 0.81 t 0.24 

Plutonlu.-239. total. 
t counting error* · -D.09 t 0.15 

Thorlu.-228. total. 
t counting error* 

Thorlu.-230. total. 
t counting error* 

Thorlu•-232. total. 
t counting error* 

• 

2.7 t 0.8 

0.02 t 0.54 

• 

1.7 t 0.8 

-D.ll t 0.57 

5.5 t 0.5 

-0.01 t 0.15 

5.9 t 0.9 

-0.08 t 0.24 

• 
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March 1, 1985 
Page 11 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: 900G-1915Q-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

• • 
Accu-tdhs llesei. .. .:h, Inc 

REPORT OF ANALYSIS 

ALR Des I gnat ton 
Sponsor Designation 

900G-1915Q-66-51 900G-1915G-66-52 900G-1915G-66-53 900G-1915G-66-54 900o-l915o-66-55 

Detenalnatton: pCt/g 

Plutontum-238, total, 
t counting error* 

Plutontu.-239, total, 
t counting error* 

Thortu•-228, total, 
t counting error* 

Thortu.-230, total, 
t counting error* 

Thortum-232, total, 
t counting error* 

4123 4141 4146 5820 5832 

3.2 t 1.0 

0.20 t 0.54 

0.55 t 0.21 

0.22 t 0.14 

2.0 t 0.3 

0.06 t 0.10 

0.85 t 0.24 

0.03 t 0.10 

o. 35 t 0.15 

0.05 t 0.09 
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March 1. 1985 
Page 12 of 14 

R. l. Stought 
Monsanto Research Corp. 

RE: 9000-1915Q-66 

Accu-Labs He sea. d1, Inc. 

Oate Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

ALR Designation 
Sponsor Designation 

Deter.lnatlon: pCI/g 

Plutonlum-238. total. 
t counting error• 

Plutonlu.-239. total. 
t counting error• 

Thorlu.-228. total. 
t counting error* 

Thorlum-2~0. total. 
t counting error• 

Thorlum-232. total. 
t counting error* 

• 

REPORT OF ANALYSIS 

900Q-1915o-66-56 90JQ-1915Q-66-57 90~1915D-66-58 900Q-1915D-66-59 900Q-1915Q-66-60 
5856 5858 5862 5909 5933 

8.5 t 1.2 

-o.09 t 0.29 

4.3 t 1.7 

1.7 t 1.0 

1.2 t 0.8 

110 t 10 

-0.03 t 0.54 

11 t 2 

1.7 t 0.7 

12 t 2 

• 

160 t 10 

0.20 t 0.82 

13 t J 

2.4 t 1.2 

6.9 :t 1.8 

• 

0.75 t 0.20 

-0.02 :t 0.07 

0.17 :t 0.10 

O.OJ :t 0.08 

.: 
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R. L. Stought 
Monsanto Research Corp. 

RE: 900G-1915G-66 
Oate Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

• • 
Accu-tabs Heseu .... :h, Inc. 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

9008-1915G-66-61 900G-1915G-66-62 900G-1915G-66-63 900D-1915D-66-64 900D-1915D-66-65 

Deten~lnatlon: pCI/g 

Plutonlum-238, total. 
t counting error* 

Plutonlu.-239, total. 
t counting error* 

Thorlu•-228, total. 
t counting error* 

Thortum-230, total. 
t counting error* 

Thorlum-232, total. 
t counting error* 

6376 6384 6393 6474 6488 

140 t 10 

0.43 t 0.54 

6.9 t 1.6 

1.3 t 0.7 

1.3 t 0.7 

4.5 t 1.2 

0.32 t 0.54 

0.20 t 0.16 

-0.05 t 0.08 

0.70 t 0.32 

1.6 t 0.4 

0.61 t 0.24 

0.54 t 0.18 

0.09 t 0.11 

0.05 t 0.09 

-0.02 t 0.06 
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Accu-Lahs llesea . ...:h, Inc. 

t4arch 1. 1985 
Page 14 of 14 

R. L. Stought 
Monsanto Research Corp. 

RE: 900Q-1915G-66 
Date Sa.ples Rec'd 12-14-84 
P.O. No. 24525 

COMPLETED REPORT 

ALR Des tgnatlon 
Sponsor Designation 

Deten.lnatfon: pCt/g 

Plutonlu•~2l8. total. 
t counting error• 

Plutonlu.-239. total. 
t counting error• 

Thortu.-228. total. 
t counting error• 

Thorlum-230. total. 
t counting error• 

Thorlu•-232. total. 
t counting error* 

REPORT OF ANALYSIS 

9006-19156-66-66 
6785 

12 t 2 

D.05 t 0.66 

5.8 t 1.3 

1.1 t 0.6 

4.0 t 1.0 

•variability of the radioactive disintegration process (counting error) at the 951 confidence level. 1.96o. 
These samples are scheduled to be disposed of 45 days after the date of this report. 

BS/dh~ 

• • 
~J.~ 

Rad I ochem I s try 
Supervl sor 

., 
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Accu~Labs Research, Inc. 
11485 W. 41Uh Avenue Wheat Ridge, t;ulor.adu fWOJ:I 
UtU) 42:1-2766 

June 26. 1985 
Page 1 of 5 

Hr. R. L. Stought 
Monsanto Research Corp. 
P.O. Box 32 
Mlulsburg. Ohto 45342 

RE: 9000-19842-21 
Date Sa•ples Rec'd 4-29-85 
P.O. No. 36785 

• 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

900o-l9842-21-1 900Q-19842-21-2 900Q-19842-21-3 900Q-19842-21-4 900Q-19842-21-5 

Detenalnatlon: pCI/g 

Plutontu.-238. 
t counting error* 

Plutonlu•-239. 
t counting error* 

Thorlu•-228. 
t counting error* 

Thorlum-230. · 
t counting error* 

Thorlum-232. 
t counting error* 

2501 2661 2667 2692 2704 

0.08 t 0.11 

0.08 t 0.09 

1.0 t 0.4 

1.5 t 0.4 

0.62 t 0.24 

0.91 t 0.23 

0.08 t 0.09 

0.75 t 0.19 

o.oo t 0.05 

0.50 t 0.18 0.15 t 0.13 

0.03 t 0.07 0.00 :t 0.07 

• 
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June 26. 1985 
Page 2 of 5 

Hr. R.l. Stought 
Monsanto Research Corp. 

RE: 900Q-19842-21 
Date Sa.ples Rec'd 4-29-85 
P.O. No. 36785 

Accu-Labs Resea .... h, Inc. 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

90~19842-21-6 9006-19842-21-7 900Q-19842-21-8 900Q-19842-21-9 900G-l984l-21-10 

Detenalnatlon: pCi/g 

Plutontum-238. 
t counting error* 

Plutontua-239. 
t counting error* 

Thoriua-228. 
t counting error* 

Thoriua-230. 
t counting error* 

Thortua-232. 
t counting error* 

• 

2712 2715 2726 2734 2748 

0.16 t 0.13 

0.06 t 0.08 

o.oo :t 0.09 

0.02 t 0.06 

• 

0.11 "i 0.14 

0.09 t 0.10 

0.02 t 0.10 0.22 t 0.14 

0.05 t 0.08 0.07 t 0.09 

, .) 
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June 26. 1985 
Page 3 of 5 

Hr. R.L. Stought 
Monsanto Research Corp. 

RE: 900D-19842-21 
Date Sa.ples Rec'd 4-29-85 
P.O. No. 36785 

• • 
Accu-Labs l«esea. ~ h, Inc. 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

900D-19842-21-ll 900D-19842-21-12 900D-19842~21-ll 900D-l9842-21-14 900o-1984l-21-15 

Deter.tnatlon: pCt/g 

Plutontu.,.-238., 
t counting error• 

Plutontu.-239. 
t counting error• 

Thortull-228. 
t counting error• 

Thorlua-230., 
t counting error• 

Thortu.-232., 
t counting error• 

2752 8286 8340 8349 8350 

0.02 t 0.10 

0.01 t 0.06 

22 t 1 

o.oo t 0.07 

0.18 t 0.13 

0.01 t 0.07 

0.81 t 0.24 

0.24 t 0.16 

0.83 t 0.22 

0.13 • 0.14 

0.04 t 0.09 

16 t 2 

2'.6 t 0.7 

14 :l: 2 

8.8 :l: 0.7 

0.11 t 0.10 

94 :l: 6 

12 t 2 

88 t 5 
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June 26. 1985 
Page 4 of 5 

Hr. R.L. Stought 
Monsanto Research Corp. 

RE: 9000-19842-21 
Date Sa.ples Rec'd 4-29-85 
P.O. No. 36785 

Accu-l.abs Hesea., h, Inc. 

REPORT Of ANALYSIS 

ALR Designation 
Sponsor Designation 

90~19842-21-16 90~19842-21-17 900Q-19842-21-18 900Q-19842-21-19 900Q-19842-21-20 

Determination: pCI/g 

Pl utonlu~a-238, 
t counting error• 

Pl utonlulll-239 • 
t counting error• 

Tho rl um-2 28. 
t counting error• 

Thorlull-230, 
t counting error• 

Thortum-232, 
t countIng error• 

8351 8352 8353 8383 8413 

0.87 t 0.25 

-o.ot t o.o5 

190 t 10 

24 t 4 

190 :t: 10 

0.49 t 0.20 

0.04 t 0.08 

6.3tl.1 

1.5 t 0.5 

7.4 t 1.2 

• 

0.07 :t: 0.11 

-0.01 :t: 0.05 

2.9 :t: 0.9 

1.4 1 0.7 

2.6 :t: 0.8 

5.8 t 0.5 0.45 :t: 0.18 

0.01 t 0.06 0.02 1 0.08 

1.0 1 1.1 

380 1 10 

0.24 1 0.26 

•• 
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Accu-Labs llesea • ._h, Inc. 

June 26, 1985 
Page 5 of 5 

Mr. R.L. Stought 
Monsanto Research Corp. 

RE: 9000-19842-21 
Date Sa.ples Rec'd 4-29-85 
p .o. No. 36785 

ALR Designation 
Sponsor Designation 

Detenatnatton: pCt/g 

Plutonlu.-238, 
t counting error* 

Plutontua-239, 
t counting error* 

Thortua-228. 
t counting error* 

Thorlu..-230, 
t counting error* 

Thort...-232, 
t counting error* 

REPORT OF ANALYSIS 

900D-19842-21-21 
8414 

2.6 t 0.4 

o.os t o.oo 
1.1 t 0.8 

14 t 2 

l.l t 0.5 

*Variability of the radioactive disintegration process (counting error) 
These samples are scheduled to be disposed of 45 days after the date of 

at the 951 confidence level. 

thiir~l~.__~" 
OS/dh ~ 

c- BUd Su~~~~~ers 
Rad i ochem I s trv 
Supervf sor 

, 

1.96o. 



Pu -ra .I 
)'?fit .. !f!t(C g.& ;r;;ec- /!~ I 

;2.5\Jf 0.()2, 
~ 

" , ...... 
I :., '-' ],Jg ;3.1 z 

~611 o .. 't-3 ~· 9 I 

~~' 7 "'61 ~.7j-

?'!. f 2., (}'. 9'41' :J , s-c: 
- 7" 7C?$1 CJ,06 C) • I~ 

-.. ;..?IL o.rz ~. 1(, 

;..71.!>- 0. "' ( 'tJO 

:;.. 7d/t6 o .. o.d c I t7 
;.. 7Jv .::o. 01 t· oz. 

-;;. 7 y? ().Z Z. 0~2~ .. 
1- 7 :tz ""-0· fJ I "·" z.. 
1,7.3'~ ?-J ;Gt) 2:..(1: 

(JYO <!) .. a I 0.18 /f,'/7 /,?Y 
gs<~9 0. II d· I 3 Jf~JP J.i!-(, 

.-~··;,o ~b· SJ,f" I ';':l, .!1-F /ff', c I 
t:f 3.51 O·S-1 d,z: .;t5'Y. ,~ lf'tJ.V .I 
81!J-l. a.Jc; (J,(rl tt ~/. 113 ;.5: :z-
fJ~J (),(J r CJ.() 7 ~-·I¥ f5,9' 

ff ]?} ~ 9v .£! .. ..~. (J 
~-~ -

f;ti.J -0 ,) ( C'd1S :!J..3, !)71 3 f/. z '--" 
1YI<r' 0 I 'i 7 :., ~./? 

_. _ _.. ~ 
, 10 /. 

ISO 



• 

• 

• 

DISTRIBUTION 

EXTERNAL 

TIC. UC-702 (10) 
R. Freebera, 00£/RL 
R. J. Grandfield, 00£/DAO 
J. A. Morley, OOE/DAO 
0. Monoc. DOE/ AL 
W. £. Murhpie. 00£/HQ (NE-23) 
H. A. Sc:hneidemwl. Moasaato. St. Louis 
Monsanto Repons Library, R2C. St. Louis 

fNURNAL 

L. R. Baird 
R. K. Blauvelt 
w. H. Bocd 
J. E. Caldwell 
D. G. Carfaano 
V. £. Castleberry 
W. P. Davis (4) 
J. w. Docy 
D. G. Draper 
D. A. Edllat (61) 
C. S. Frie<1maa 
J. R. Geichm&D 
R. C. Hermaa 
w. B. Hoaemaa 

· c. w. HuatiDaton 
R. R. Jaqer 
R. A. Neff 
0. M. Pace 
P. J. Rhude 
D. R. Roaers 
c. w. Smith 
R. L. Sohc 
R. L. Stoupt 
R. £.Vallee 
C.B.Voth 
H. A. WolllniWUl 
J.D. Yonko 
Library (2) 
Publications 

Stephen 1.. Nowka. Ec1itor 
Technical Publications 

181 

.. 



• 

• 

, .• 

APPENDIX E 

ANALYTICAL DATA 



APPENDIX E 

ANALYTICAL DATA 

This appendix provides a tabulated set of the Site Survey Project analytical data because the project 

report (Stought et al. 1 988) provided only data summaries. The data are presented in basically the 

same format as they were received from Mound Plant. Because the original report stated that all 

samples were radiochemically analyzed for plutonium-238 and FIDLER screened for thorium (at a 

minimum), when these data were absent it is assumed that the results were not recorded, so an "NR" 

for no result is entered in the tabulated results. Additionally, because only selected sam-ples collected 

were analyzed for tritium, or by gamma spectroscopy for radionuclides such as cobalt-60, cesium-137, 

radium-226, and americium-241, when these data were absent, it is assumed that the analyses were 

not performed, so the table entries were left blank. 

The data presented in Appendix E give the sample locations in terms of south and west coordinates 

because this is the system used by Mound Plant. Since the data are reported here in exactly the 

format received, these coordinates are reported as such. Since the Mound Plant ER Program currently 

uses the Ohio State Plane coordinate system, which includes north (y) and east coordinates (x), as in 

Plate 1, a conversion system is required. Therefore, to correlate the data in Appendix E with the Plate 

• 1 locations and future ER Program documents, conversion tables are given in Appendix F that list the 

coordinates for the sampling locations given in Plate 1 (surface and core) in both the south/west and 

north/east systems. 
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Map Coordinates MRCID Depth Pu-238 Thorium 

b 
Tritium Co-60 Cs-137 Ra-226 Am-241 

Location" South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCifml) (pCi/g) (pCifg) (pCifg) (pCifg) 

50001 1175 1475 2955 1()-83 0 0.44 b 0.36 

50002 1325 1400 6429 08-84 0 1.34 b 

50003 1350 1375 6428 08-84 0 1.01 b 

50004 1350 1400 6430 08-84 0 3.54 b 

50005 1375 1325 6426 08-84 0 0.62 b 

S0006 1400 1175 2953 10-83 0 2.17 b 0.52 

50007 1400 1225 2951 10-83 0 0.74 b 0.72 

50008 1400 1350 6427 08-84 0 0.72 b 

S0009 1425 1300 6425 08-84 0 1.18 b 

50010 1475 1125 2954 10-83 0 0.27c b 

50011 1475 1250 2952 1()-83 0 0.88 b 

50012 1200 1605 2957 10-83 0 0.52 b 

50013 1225 1580 6432 08-84 0 0.70 b 

50014 1225 1755 2958 10-83 0 0.37 b 0.77 

S0015 1225 1855 2960 10-83 0 0.45 b 

S0016 1250 1505 2956 10-83 0 0.59c b 

50017 1250 1605 6431 08-84 0 2.14 b 

S0018 1250 1805 2959 10-83 0 0.64 b 

C0248 1500 1100 8386 11-84 54 2.75 b 

E-1 



Map Coordinates MRCID Depth Pu-238 Thorium 
b 

Tritium Co-oo Cs-137 Ra-226 Am-241 

Locatlon8 South West No. Mo-Yr (inch) (pCijg) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCifg) (pCI/g) 

50020 1525 1125 2961 10-83 0 0.56 b 0.21 

50021 1525 1300 6447 08-84 0 0.95 b 

50022 1550 1300 6446 08-84 0 0.70 b 

S0023 1575 1325 6445 08-84 0 1.57 b 

50024 1625 1135 2962 10-83 0 0.56 b 

50025 1650 1375 6444 08-84 0 2.34 b 

S0026 1675 1375 6443 08-84 0 2.58 b LDL 1.9 1.1 LDL 

50027 1700 1110 2963 10-83 0 0.02 b 

50028 1700 1210 2964 10-83 0 0.07 b 0.55 

50029 1700 1425 6442 08-84 0 2.69 b 

S0030 1700 1450 2966 10-83 0 0.80 b 0.64 

50031 1750 1400 6448 08-84 0 1.47 b 

50032 1n5 1350 6449 08-84 0 0.04 b 

S0033 1n5 1450 2965 10-83 0 3.47c b 0.65 

C0001 1500 1480 8346 11-84 54 0.30 b 

8347 11-84 108 0.03 b 

50034 1600 1855 2971 10-83 0 0.31 b 

S0035 1625 1780 6739 08-84 0 0.13 b 

50036 1625 1830 6740 08-84 0 0.28 b 

•• • • .:-2 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCifg) (pCI/g) (pCI/g) 

S0037 1675 1730 6738 08-84 0 1.09 b 

S0038 1700 1630 6735 08-84 0 0.18 b 

80039 1700 1680 2970 10-83 0 0.22 b 0.76 

S0040 1700 1705 6737 08-84 0 1.52 b 

S0041 1725 1605 6734 08-84 0 0.91 b 

S0042 1725 1655 6736 08-84 0 0.33 b 

S0043 1725 1755 6741 08-84 0 0.48 b 

S0044 1n5 1505 2969 10-83 0 0.45c b 0.72 

S0045 1n5 1555 6733 08-84 0 1.49 b 

S0046 1n5 1680 2972 10-83 0 0.86 b 1.06 

S0047 1785 1490 6732 08-84 0 0.44 b 

S0048 1785 1855 2973 10-83 0 0.28 b 

S0049 0900 1860 No MAC results given. 

S0050 0910 2200 6762 08-84 0 0.36 b 

S0051 0925 2085 4058 10-83 0 0.19 b 

S0052 1000 1950 6764 08-84 0 0.89 b 

S0053 1000 2050 6763 08-84 0 3.46 b LDL LDL 1 LDL 

S0054 1000 2085 4057 10-83 0 0.19c b 

S0055 1050 1885 4059 10-83 0 0.62 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-{;() Cs-137 Ra-226 Am-241 

Location• South West No .. Mo-Yr (inch) (pCifg) (pCifg) (pCi/ml) (pCifg) (pCI/g) (pCifg) (pCifg) 

-

S0056 1050 2310 4056 10-83 0 0.19 b 

S0057 1150 1925 6765 08-34 0 0.55 b 

S0058 1150 2050 6761 08-34 0 0.57 b 

S0059 1150 2085 4061 10-83 0 1.68 b 

S0060 1175 1885 4060 10-83 0 0.28 b 

S0061 0925 2265 4064 10-83 0 1.50 b 

S0062 0925 2365 4065 10-83 0 1.50 b 

S0063 0925 2440 6766 08-34 0 17.60 b 

S0064 0925 2490 4066 10-83 0 0.25 b 

S0065 0950 2615 4067 10-83 0 0.02 b 

S0066 1050 2290 4063 10-83 0 1.07c b 

C0002 1200 1860 8340 11-84 36 0.10 4.47 

8341 11-84 72 0.01 2.49 

80067 1225 1985 6433 08-84 0 0.24 b 

S0068 1225 2035 6434 08-84 0 0.45 b 

80069 1225 2085 6435 08-84 0 0.10 b 

S0070 1225 2135 6436 08-84 0 0.60 b 

S0071' 1250 1385 3030 10-83 0 0.17 b 1.92 

S0072 1350 1960 6439 08-84 0 0.24 b 
~ 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-ro Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCI/g) (pCi/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0073 1350 2010 3031 10-83 . 0 0.57 b 1.66 

S0074 1350 2085 6440 08-84 0 0.48 b 

S0075 1350 2100 3032 10-83 0 0.40 b 

C0003 1420 2180 10665 1()..85 18 NR NR LDL LDL 0.4 LDL 

10666 1()..85 36 NR NR LDL LDL 0.6 LDL 

10667 10-85 54 NR NR LDL LDL 0.7 LDL 

10668 1()..85 72 NR NR LDL LDL 0.7 LDL 

10669 10-85 90 NR NR LDL LDL 0.8 LDL 

10670 1()..85 108 NR NR LDL LDL 0.9 LDL 

10671 10-85 126 NR NR LDL LDL 0.7 LDL 

10672 1()..85 144 NR NR LDL LDL 0.5 LDL 

10673 10-85 162 NR NR LDL LDL 0.4 LDL 
10674 10-85 180 NR NR LDL LDL 0.5 LDL 

S0076 1450 1885 3027 10-83 0 2.57c b 1.31 

soon 1450 2010 3028 10-83 0 0.76 b 

S0078 1450 2135 3029 10-83 0 1.59 b 1.54 

C0004 1200 2240 8342 11-84 36 0.10 4.47 

8343 11-84 72 0,01 2.49 

S0079 1250 2440 3039 10-83 0 0.03 b 1.32 

S0080 1250 2615 3040 10-83 0 1.19 b 

S0081 1300 2415 6135 08-84 0 0.10 b 

50082 1350 2365 3038 10-83 0 0.04 b 

50083 1400 2390 3043 10-83 0 1.14 b 

50084 1450 2440 6136 08-84 0 0.08 b 
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Map Coordinates MAGID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCi/g) (pCI/g) (pCi/ml) (pCI/g) (pCI/g) (pCI/g) (pCi/g) 

-

S0085 1490 2415 3041 1().83 0 0.11 b 

S0086 1490 2465 3042 1().83 0 0.13 b 

80087 1490 2515 6137 08-84 0 0.31 b 

50088 1490 2590 6138 08-84 0 0.63 b 

C0249 1500 1860 8348 11-84 54 0.01 2.25 

S0090 1525 1970 6451 08-84 0 0.32 b 

S0091 1575 2185 4087 1().83 0 1.23c b 

50092 1585 2085 4086 1().83 0 0.78. b 1.05 

50093 1600 1935 6452 08-84 0 0.53 b 

S0094 1625 1885 6453 08-84 0 1.04 b 

50095 1625 2210 7103 09-84 0 0.04 b 

S0096 1650 1960 4085 1().83 0 0.36 b 0.55 

50097 1650 2060 7107 09-84 0 0.51 b 

S0098 1650 2160 7104 09-84 0 0.13 b 

S0099 1650 2235 7102 09-84 0 0.07 b 

50100 1685 2045 4083 10.83 0 0.73 b 0.37 

50101 1735 2160 7105 09-84 0 0.15 b 

50102 1750 2010 7106 09-84 0 0.56 b 

.103 
1750 2110 7108 09-84 0 

0 .• 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCifg) (pCI/g) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

80104 1760 2195 4082 1().83 0 0.18 b 0.38 

80105 1525 2340 3056 1().83 0 0.01 b 0.90 

80106 1525 2415 6202 ()8.84 0 0.06 b 

80107 1525 2465 6201 ()8.84 0 0.52 b 

80108 1525 2565 3061 1CHSJ 0 0.36 b 2.87 

80109 1600 2540 6197 ()8.84 0 0.55 b 

80110 1675 2315 6203 ()8.84 0 0.41 b 

80111 1675 2565 6198 ()8.84 0 0.72 b 

80112 1700 2515 6200 ()8.84 0 0.12 b 

80113 1725 2265 3057 10-83 0 0.06c b 

80114 1750 2365 6204 08-84 0 0.07 b 

80115 1750 2515 6199 08-84 0 0.41c b 

80116 1775 2340 6205 08-84 0 0.04 b 

80117 1775 2415 3058 10-83 0 O.ot b 

80118 1775 2615 3060 1().83 0 0.62 b 2.13 

80119 0925 2770 6767 08-83 0 0.42 b LDL 0.5 0.9 LDL 

50120 0950 2695 4068 1().83 0 0.25 b 

50121 0950 2845 4069 10-83 0 0.46 b 

S0122 0975 2970 4070 10-83 0 0.04c b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-a> Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pClfg) (pCI/g) (pOfml) (pCifg) (pCifg) (pO/g) (pCI/g) 

C0251 0980 2850 8509 12-84 36 0.05 b 

50124 1050 2945 4071 10-83 0 0.30 b 0.75 

50125 1125 2970 4072 10-83 0 0.25 b 

50126 1150 2820 4073 ()8.83 0 0.40 b 

50127 1000 3050 4075 10-83 0 0.30 b 

50128 1050 3250 40n 10-83 0 0.26c b 

50129 1075 3025 4074 10-83 0 0.51 b 0.20 

50130 1075 3075 7101 ()9..84 0 0.95 b 

50131 1075 3100 4076 10-83 0 0.26 b 

50132 1100 3100 7100 ()9..84 0 0.67 b 

50133 1100 3225 4078 10-83 0 0.03 b 

50134 1175 3375 4079 10-83 0 0.47 b 

50135 1225 2670 3033 10-83 0 0.64 b 

C02 50 1255 2930 8395 12-84 36 0,01 b 

50137 1350 2720 s1n 08-84 0 0.18c b 

50138 1375 2795 6178 08-84 0 0.12 b 

50139 1400 2670 3034 10-83 0 0.23 b 

50140 1425 2845 3037 10-83 0 0.36 b 

.141 1450 2770 6179 08-84 0 
0 .• 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South Wes1 No. Mo-Yr Qnch) (pCI/g) (pCI/g) (pCi/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50142 1500 2695 6181 08-84 0 0.43 b 

50143 1200 3050 3049 1()..83 0 0.46 b 1.34 

50144 1225 3375 3045 1()..83 0 0.03 b 6.33 

50145 1250 3175 6182 08-84 0 0.02 b 

50146 1300 3225 6183 08-84 0 0.64 b 

50147 1350 3175 3047 1Q-83 0 0.02 b 

50148 1350 3325 3046 1()..83 0 0.20 b 

50149 1375 3025 3044 1()..83 0 0.15 b 

50150 1400 3025 3048 1()..83 0 0.06c b 

C0252 1445 3015 8400 12-84 36 0.13 b 

50152 1475 3050 6184 08-84 0 0.20 b 

50153 1475 3175 6185 08-84 0 0.20 b 

50154 1495 3325 6186 08-84 0 0.03 b 

50155 1550 2no 3090 10-83 0 0.54 b 

50156 1600 2645 3095 1Q-83 0 0.27e b 

· C0253 1670 2715 8396 12-84 36 0.11 b 

50158 1675 2645 3094 10-83 0 0.73 b 

50159 1750 2645 6210 08-84 0 0.17 b 

50160 1775 2620 6209 08-84 0 0.17 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-$> Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr ~nch) (pCI/g) (pCifg) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0161 1n5 2795 3093 1()-83 0 1.19 b 

S0162 1ns 2845 6206 08-84 0 0.62 b 

S0163 1ns 2870 6207 08-84 0 0.34 b 

S0164 1505 3175 3096 10-83 0 0.25 b 

S0165 1750 3300 6211 08-84 0 0.22c b 

S0166 1750 3350 4000 10-83 0 34.50 b 

S0167 1ns 3225 6212 08-84 0 0.81 b 

S0168 1ns 3275 3099 1o-83 0 1.76 b 12 .. 73 

S0169 1790 3010 8424 11-84 0 0 .. 05 b 

S0170 1790 3025 3097 10-83 0 0 .. 41 b 

S0171 1790 3200 3098 10-83 0 1 .. 87 b 

S0172 1285 3555 4081 1o-83 0 0.17 b 1.65 

S0173 1315 3465 3050 1o-83 0 0.17c b 

C02 54 1325 3630 8415 11-84 36 0.22 b 

S0175 1375 3580 9845 06-85 0 NR NR 82 10 0.8 LDL 

S0176 1375 3590 3051 10-83 0 2.82 b 

S0177 1385 3510 3055 10-83 0 1.17 b 

S0178 1410 3465 6187 08-84 0 0.55 b 

.79 
1410 3555 6189 08-84 0 

0.4. 
b • . .. -10 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCifg) (pCifg) 

S0180 1425 3400 6188 08-84 0 0.96c b 

S0181 1425 3605 6190 08-84 0 0.42 b 

S0182 1435 3690 4080 10-83 '0 0.06 b 1.70 

S0183 1450 3565 3052 10-83 0 0.08 b 1.16 

S0184 1455 3680 6193 08-84 0 1.24 b 

S0185 1460 3590 6192 08-84 0 0.57 b 

S0186 1460 3615 6191 08-84 0 0.38 b 

S0187 1485 3635 3053 10-83 0 0.41 b 

S0188 1485 3680 3054 10-83 0 0.50 b 

C0255 1505 3425 8423 11-84 36 0.09 b 

S0190 1505 3605 4004 10-83 0 0.97 b 

S0191 1525 3430 4002 10-83 0 0.10 b 

. S0192 1525 3705 4005 10-83 0 0.81 b 1.11 

S0193 1575 3605 6213 08-84 0 1.87 b 

S0194 1600 3455 6217 08-84 0 0.50 b 

S0195 1625 3580 6214 08-84. 0 0.42 .b 

50196 1650 3455 4001 1Q-83 0 0.44 b 4.11 

80197 1650 3550 6215 08-84 0 0.23 b 

50198 1675 3705 4006 10-83 0 1.32 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0199 1680 3480 6216 ()8..84 0 1.71 b 

50200 1725 3555 4003 1()·83 0 1.05c b 2.95 

S0201 1625 3705 6219 ()8..84 0 2.21 b 

S0202 1675 3430 6218 ()8..84 0 1.15 b 

S0203 1700 3630 6221 ()8..84 0 2.61 b 

S0204 1700 3680 6220 ()8..84 0 2.03 b 

S0205 1505 3810 3089 10-83 0 0.54 b 

S0206 1575 3855 3087 10-83 0 1.87 b 

S0207 1650 3785 6278 ()8..84 0 0.75 b 

S0208 1660 3765 3085 10-83 0 61.00c b 0.72 

S0209 1675 3765 9849 06-85 0 NR NR 0.5 0.8 0.8 LDL 

S0210 1675 3860 3088 1().83 0 0.84 b 

80211 1675 3960 6280 ()8..84 0 0.39 b 

S0212 1725 3860 6277 ()8..84 0 1.17 b 

S0213 1750 3935 6279 08-84 0 1.79 b 

80214 1775 3985 6281 08-84 0 0.82 b 

S0215 1775 4035 3084 10-83 0 1.03 NR 

S0216 1795 3760 3086 10-83 0 0.20 b 1.99 

tl' 1850 1255 2976 10·83 0 
2.72. 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50218 1875 1385 29n 10-83 0 2.03 b 

50219 1900 1280 6742 ()8.84 0 3.94 b LDL 0.6 0.7 LDL 

50220 1950 1275 2978 10-83 0 1.50 b 0.71 

50221 1995 1425 2974 10-83 0 0.74 b 0.52 

50222 2035 1410 6743 ()8.84 0 2.34 b 

50223 2035 1460 6746 ()8.84 0 2.56 b LDL 1.3 1.2 LDL 

50224 2050 1335 2979 10-83 0 1.34c b 

50225 2075 1360 6744 ()8.84 0 2.47 b 

50226 2075 1400 2975 10-83 0 3.78 b 0.99 

50227 2085 1435 6745 ()8.84 0 2.96 b 

C0005 1800 1480 8344 11-84 54 O.o1 b 

8345 11-84 108 0.04 b 

50228 1850 1805 2866 10-83 0 1.07 b 

50229 1875 1655 2865 10-83 0 1.06 b 

50230 1895 1525 2868 10-83 0 3.34 b 

50231 1950 1530 6747 08-84 0 0.04 b 

50232 1950 1730 2863 10-83 0 0.56 b 

50233 2000 1505 6749 08·84 0 1.52 b 

50234 2000 1555 6748 08·84 0 0.20 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr (Inch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0235 2050 1505 6750 ()8.84 0 0.09 b 

S0236 2075 1580 2B87 10-83 0 10.35c b 

S0237 2075 1680 6751 ()8.84 0 0.02 b 

S0238 2075 1830 2864 10-83 0 0.09 b 

C0006 2100 1480 8354 11-84 54 0.03 3.24 

8355 11-84 108 0.05 2.65 

S0239 2125 1505 2815 10-83 0 0.21 b 

S0240 2125 1655 6494 08-84 0 4.45 b 

S0241 2150 1755 2809 1().83 0 4.51 b 

S0242 2200 1505 2812 1().83 0 2.18 b 0.62 

S0243 2200 1830 6496 08-84 0 0.77 b 

S0244 2225 1730 6495 ()8.84 0 3.82 b LDL 1.1 1.2 LDL 

S0245 2250 1630 6498 ()8.84 0 0.46 b 

S0246 2300 1730 2811 1().83 0 0.92 b 

S0247 2300 1780 6499 08-84 0 3.82 b 

S0248 2300 1830 6497 08-84 0 9.00c 3.73c 

S0249 2325 1630 6502 08-84 0 3.92 b LDL 1.4 1.2 LDL 

S0250 2350 1730 6501 08-84 0 4.63 b 

S0251 2375 1580 2814 10-83 0 2.13 b 

• • • .. C.:-14 
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Map Coordinates MACID Depth Pu-238 Thoriumb Tritium CcHlO Cs-137 Ra-226 Am-241 

Location• South Wes1 No .. Mo-Yr ~nch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50252 2375 1780 6500 08-84 0 0.49 b 

50253 2375 1830 2810 1o-83 0 0.86 b 2.07.· 

50254 2425 1500 2824 1o-83 0 1.56 b 

50255 2425 1605 6355 08-84 0 1.42 b 

50256 2425 1705 2823 1o-83 0 0.35 b 

50257 2425 1730 6362 08-84 0 0.01 b 

50258 2425 1830 2822 1o-83 0 0.72 b 

S0259 2450 1755 6361 08-84 0 0.01 b 

S0260 2475 1630 6356 08-84 0 0.02 b 

S0261 2475 1855 6360 08-84 0 0.01 b 

S0262 2500 1650 6357 08-84 0 0.79 b 

S0263 2500 1655 6353 08-84 0 0.03 b 

S0264 2500 1730 6354 08-84 0 0.04 b 

S0265 2525 1655 6358 08-84 0 0.02 b 

S0266 2525 1680 6352 08-84 0 0.01 b 

S0267 2525 1730 2862 10-83 0 o.o5e b 

S0268 2575 1655 6359 08-84 0 3.60e b 

S0269 2575 1830 6350 08-84 0 0.34 b 

S0270 2625 1730 6351 08-84 0 0.13 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0271 2650 1755 2826 10-83 0 0,01 b 

C0007 1800 1860 8352 11-84 54 0.39c 41.63c 

8353 11-84 108 0.08c 5.14c 

S0272 1825 1960 5972 07-84 0 0.37 b 

50273 1850 1885 2871 10-83 0 0.04 b 

50274 1875 1985 5971 07-84 0 0,01 b 

C0008 1885 2030 10611 09-85 18 NR NR LDL LDL 0.5 LDL 

10612 09-85 36 NR NR LDL LDL 0.6 LDL 
10613 09-85 54 NR NR LDL LDL 0.7 LDL 

10614 09-85 72 NR NR LDL 1.2 0.7 LDL 

10615 09-85 90 NR NR LDL LDL 0.9 LDL 

10616 09-85 108 NR NR LDL LDL 0.5 LDL 

10617 09-85 126 NR NR LDL LDL 1 LDL 

(Note: 50 pCI/g of k-227 was detected In this sample using gamma spec.) 

10618 09-85 144 NR NR LDL LDL 1 LDL 

(Note: 1400 pCI/g of k-227 was detected In this sample using gamma spec.) 

10619 09-85 162 NR NR LDL LDL 0.9 LDL 

10620 09-85 180 NR NR LDL LDL 0.5 LDL 

10621 09-85 198 NR NR LDL LDL 1 LDL 

(Note: 300 pCI/g of k-227 was detected In this sample using gamma spec.) 

10622 09-85 216 NR NR LDL LDL 0.7 LDL 

(Note: 10 pCi/g of k-227 was detected In this sample using gamma spec.) 

C0009 1885 2040 10713 09-85 0 NR NR LDL LDL 0.5 LDL 

10714 09-85 18 NR NR LDL LDL 0.7 LDL 

10715 09-85 36 NR NR LDL LDL 2.0 LDL 

10716 09-85 48 NR NR LDL LDL 0.7 LDL 

10717 09-85 72 NR NR LDL LDL 0.6 LDL 

(Note: 30 pCi/g of k-227 was detected in this sample using gamma spec.) 

10718 09-85 90 NR NR LDL LDL 1.2 LDL 

(Note: 200 pCi/g of Ac-227 was detected in this sample using gamma spec.) 

• 10719 09-85 108 
N. 

E-16 

NR LDL LDL 1.5 
L. 



•• • • 
Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium CcHiO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCifg) 

10720 09-85 126 NR NR LDL LDL 0.8 LDL 

(Note: 20 pCI/g of k-227 was detected in this sample using gamma spec.) 

10721 09-85 144 NR NR 
10722 09-85 156 NR NR LDL LDL 0.7 LDL 

10723 09-85 180 NR NR 
10724 09-85 198 NR NR LDL LDL 0.8 LDL 

S0275 1900 2135 5970 07-84 0 0.29 b 

C0010 1900 2350 1734 05.a3 18 0.36 b 

1735 05.a3 36 0.16 11.15 

1736 05.a3 54 NR 18.00 

1737 05.a3 90 0.03 14.41 

1738 05.a3 108 0.03° 27.83c 

1739 05.a3 162 0.01 5.76 

1740 05.a3 180 0.01 b 

1741 05.a3 198 <0.01 b 

1742 05.a3 216 0.01 5.44 

1743 05.a3 228 <0.01 b 

S0276 1925 2035 5973 07-84 0 1.27 b LDL• LDL• 1.5· LDL• 

C0011 1925 2400 1784 05.a3 18 8.97° 37.69c LDL LDL 1.5 LDL 

1785 05-83 72 0.42 4.43 

1786 05.a3 90 0.20 b 

1787 05-83 108 0.31 b 

1788 05-83 126 0.46 b 

1789 05-83 198 0.44 b 

1790 05-83 216 0.84 11.13 

S0277 1950 1960 2870 10-83 0 0.53 b 

C0012 1950 2300 1725 05-83 18 0.13 b 

1726 05-83 36 0.16° 5.44c LDL LDL 1.0 LDL 

1727 05-83 54 0.20 5.88 

1728 05-83 72 0.05 b 

1729 05-83 108 0.05 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-2.26 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCi/ml) (pCI/g) (pCi/g) (pCifg) (pCifg) 

1744 ()5.63 126 O.Q1 b 

1730 ()5.63 162 0.03 b 

1731 ()5.63 180 0.02 2.96 

1732 ()5.63 216 0.02 b 

1733 ()5.63 234 0.02 b 

C0013 2000 2375 1745 ()5.63 18 0.06 b 

1746 ()5.63 72 0.05 b 

1747 05-83 90 0.15c b 

1748 ()5.63 108 0.29 b 

1749 ()5.63 117 0.05 3.18 

50278 2025 2010 5974 07-84 0 5.28· b LDL LDL 0.9 LDL 

C0014 2025 2300 1701 ()5.63 18 0.31 b 

1702 ()5.63 36 0.02 2.07 

1703 ()5.63 54 0.02 2.18 

1704 ()5.63 72 0.03 b 

1705 ()5.63 90 0.87 b 

1706 ()5.63 108 0.27 b 

1707 ()5.63 126 0.50 b 

1708 05-83 144 0.76 b 

1709 05-83 162 0.23 2.74 

1710 05-83 180 0.18c b 

1711 05-83 198 0.45 2.48 

1712 ()5.63 204 0.29 b 

C0020 2075 2315 1713 05-83 18 0.08 b 

1714 05-83 36 0.01 b 

1715 05-83 54 0.06 b 

1716 05-83 72 0.17 b 

1717 05-83 108 0.29 b 

1718 05-83 126 0.12c b 

1719 05-83 144 0.08 b 

1720 05-83 162 0.11 b 

1721 05-83 180 0.37 b .. • • 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-00 Cs-137 Ra-226 Am-241 

L.oeatlon• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCI/ml) (pCifg) (pCifg) (pCI/g) (pCifg) 

1722 05-83 198 0.07 b 
1723 05-83 216 0.10 b 
5980 07-84 0 3.10 2.55 LDL LDL 0.8 LDL 

C0015 2025 2315 1833 05-83 18 0.11 3.53 LDL LDL 0.8 LDL 
1834 05-83 36 0.11 b 

1835 05-83 54 0.10 b 

1836 05-83 72 0.22 b LDL LDL 0.8 LDL 
1837 05-83 90 0.10 b 
1838 05-83 108 0.08 b 

1839 05-83 126 0.09 b 

1840 05-83 144 0.09 b 

1841 05-83 162 0.07 b 

1842 05-83 180 0.07 b 

1843 05-83 198 0.19 2.41 

1844 05-83 216 0.34 b 

1845 05-83 234 0.37c 4.84° 

1846 05-83 240 0.25 b 

C0016 2050 2350 1750 05-83 81 0.19 b 

1751 05-83 36 0.02 b 

1752 05-83 54 0.02 b 

1753 05-83 72 0,01 b 

1754 05-83 90 0.08 b 

1755 05-83 108 0.11 b 

1756 05-83 126 0.06 b 

1757 05-83 144 0.06 .. 2.05° 

1758 05-83 180 0.11 b 

1759 05-83 216 0.03 b 

1760 05-83 234 0.07 b 

(The depth on the tirst sample from this core location should probably be 18 in, not 81 as given in the data received.) 

C0017 2050 2475 1791 05-83 18 0.59 2.29 

1792 05-83 36 0.21 b 

1793 05·83 54 0.51 .. b 

1794 05-83 72 0.22 b 

1195 05-83 90 0.15 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co;60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr Onch) (pCI/g) (pCifg) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCifg) 

1796 05-83 108 0.15 b 

1797 05-83 126 0.75 b 

1798 05-83 144 0.09 b 

1799 05-83 162 0.22 b 

1800 05-83 216 0.15 b 

S0279 2075 1885 2869 1().83 0 0.33 b 

S0280 2075 2060 5975 07~ 0 0.56 b 

S0281 2075 2110 5976 07~ 0 0.63c 4.03c 

C0018 1800 2240 6356 11~ 36 0.01 4.52 

8357 11~ 72 0.02 2.53 

S0282 1825 2290 4093 1().83 0 0.26 b 

S0263 1875 2340 5987 07~ 0 0.10 b 

S0284 1925 2390 6752 ~ 0 0.03 b 

S0285 1950 2440 4092 1().83 0 0.07 b 

S0286 2025 2265 4091 1().83 0 7.40c b 5.23 

C0019 2025 2290 1823 05-83 18 0.54 2.61 

1824 05-83 36 0.29 b 

1825 05-83 54 0.27 b LDL LDL 0.7 LDL 
1826 05-63 90 0.52 b 

1827 05-63 108 0.10 b 

1828 05-83 126 0.06 b 

1829 05·83 144 0.14 b 

1830 05-83 162 0.16 b 

1831 05-83 180 0.12e b 

1832 05-83 216 0.10 b 

.• 87 
2025 2440 5985 07-84 0 

0.9. 
8.94 LDL LDL 0.8 

LDL. 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium eo-eo Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCi/g) (pCijg) (pCijm'L) (pCijg) (pCi/g) (pCijg) (pCi/g) 

80288 2025 2465 5986 07-84 0 0.29 8.09 

80289 2050 2265 5983 07-84 0 0.64 b 

5978 07-84 0 2.72 b 

80290 2050 2290 6753 08-84 0 1.21 b 

80291 2050 2515 4088 10-83 0 4.68c b 1.29 

80292 2050 2615 4089 10-83 0 0.40 b 0.25 

80293 2075 2265 5979 07-84 0 0.66 b 

C0021 2075 2340 5982 07-84 0 1.52 b 

1867 05-83 12 0.86 3.23 

1868 05-83 24 1.00 3.80 

1869 05-83 36 NR 18.00 

1870 05-83 48 0.20c 6.94c 

1871 05-83 60 0.08 b 

1872 05-83 72 0.12 b 

1873 05-83 84 0.03 b 

1874 05-83 96 0.04 b 

1875 05-83 108 0.02 b 

1876 05-83 120 0.04 b 

1877 05-83 132 0.11 b 

1878 05-83 144 0.13 b 

1879 05-83 156 0.18 b 

1880 05-83 168 0.10c b 

1881 05-83 180 0.21 3.82 

1882 05-83 192 0.09 b 

1883 05-83 204 0.21 b 

1884 05-83 216 0.17 b 

1885 05-83 228 0.24 b 

1886 05-83 240 0.18 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr ~nch) (pCifg) (pCi/g) (pCI/ml) (pCI/g) (pCI/g) (pCifg) (pCifg) 

S0295 2075 2390 4090 1().83 0 0.64 b 

S0296 2075 2440 5984 07-84 0 1.56c 16.59c 

S0297 2075 2515 6756 08-84 0 0.31 b 

S0298 2085 2315 6758 08-84 0 3.01 20.52 

S0299 2085 2355 6755 08-84 0 0.41 b LDL LDL 1.2 LDL 

S0300 2085 2365 6757 08-84 0 0.38 4.48 

C0022 2100 1860 8379 11-84 54 0.05 4.16 

8380 11-84 80 0.02 2.53 

C0023 2125 1830 1801 05-83 18 0.18 2.81 

1802 05-83 72 0.05 b 

1803 05-83 90 0.03 b 

1804 05-83 108 0.04 b 

C0024 2125 2200 1805 05-83 126 0.02 b 

1806 05-83 144 . 0.01 b LDL LDL 0.8 LDL 
1807 05-83 156 0.02 b LDL LDL 0.9 LDL 

S0301 2125 1885 6504 08-84 0 1.42 b 

S0302 2125 2110 6512 08-84 0 4.13 b 

S0303 2125 2160 2818 1().83 0 0.75 b 

S0304 2150 2085 6510 08-84 0 5.22 b LDL 1.2 1.1 LDL 

C0025 2150 2290 1815 05·83 12 6.60 3.90 

1816 05-83 36 0.30c 4.02c LDL LDL 1 LDL 
1817 05-83 72 0.09 b 

1818 05-83 90 0.05 b 

•• . ..·22 

1819 05-83 144 
0.0. 

2.43 • 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCifg) (pCi/g) (pCi/mL) (pCifg) (pCifg) (pCifg) (pCI/g) 

S0305 2175 1885 2819 1()..83 0 0.09 b 

S0306 2175 1985 6505 08-84 0 4.82 b 

50307 2175 2060 2821 1Q-83 0 5.38 6.46 

S0308 2225 2160 6509 08-84 0 1.06 b 

S0309 2225 2235 6508 08-84 0 1.70c b LDL 1.1 1.2 LDL 

S0310 2275 1985 6506 08-84 0 0.59 b 

S0311 2325 2135 6507 08-84 0 0.62 6.76 

S0312 2325 2185 6507 08-84 0 0.75 b 

S0313 2350 2060 2817 1Q-83 0 6.28c 28.73c 1.12 

C0026 2362.7 2142.4 Noned 07-84 0 NR 13 
Noned 07-84 12 NR 17 
Noned 07-84 24 NR 33 
Noned 07-84 36 NR 37 
Noned 07-84 48 NR 30 
Noned 07-84 60 NR 34 
Noned 07-84 72 NR 37 
Noned 07-84 84 NR 36 

Noned 07-84 96 NR 39 

Noned 07-84 108 NR 39 
Noned 07-84 120 NR 34 
Noned 07-84 132 NR 29 

C0027 2371.9 2104.9 Noned 07-84 0 NR 8.3 

Noned 07-84 12 NR 29 
Noned 07-84 24 NR 35 
Noned 07-84 36 NR 53 
Noned 07-84 48 NR 43 
Noned 07-84 60 NR 34 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr Onch) (pCIJg) (pCIJg) (pCIJmL) (pOJg) (pCI/g) (pCI/g) (pCIJg) 

Noned 07-84 72 NR 18 
Noned 07-84 84 NR 12 
Noned .07-84 96 NR 12 
Noned 07-84 108 NR 10 
Noned 07-84 120 NR 5.3 

C0028 2375 1755 1245 12-82 18 11.40 5.61 

1246 12-82 48 NR 109.00 

1247 12-82 66 NR 109.00 

1248 12-82 102 NR 58.00 

1250 12-82 156 NR 97.00 

1251 12-82 216 0.29c 29.45° 

1252 12-82 234 0.06 b 
1253 12-82 252 0.03 b 

S0314 2375 1910 2820 1()-83 0 0.78 b 

C0029 2374.1 2184.3 Noned 07-84 0 NR 12 
Noned 07-84 12 NR 17 
Noned 07-84 24 NR 17 
Noned 07-84 36 NR 38 
Noned 07-84 48 NR 53 
Noned 07-84 60 NR 42 
Noned 07-84 72 NR 36 
Noned 07-84 84 NR 38 
Noned 07-84 96 NR 55 
Noned 07-84 108 NR 48 
Noned 07-84 120 NR 36 
None0 07·84 132 NR 21 
Noned 07·84 144 NR 17 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

location• South West No. Mo-Yr Onch) (pOfg) (pOfg) (pO/ml) (pOfg) (pOfg) (pO/g) (pOfg) 

C0030 2395.0 2063.6 Noned 07-84 0 NR 4.6 
Noned 07-84 12 NR 26 
Noned 07-84 24 NR 9.6 
Noned 07-84 36 NR 5.9 
Noned 07-84 48 NR 2 
Noned 07-84 60 NR 1.4 
Noned 07-84 72 NR 1.1 
Noned 07-84 84 NR 0.8 
Noned 07-84 96 NR 1.2 
Noned 07-84 108 NR 1.0 
Noned 07-84 120 NR 1.1 
Noned 07-84 132 NR 0.9 
Noned 07-84 144 NR 1.1 
Noned 07-84 156 NR 1.7 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCifg) (pCifg) (pCi/ml) (pCifg) (pCifg) (pCifg) (pCifg) 

C0031 2396.6 2204.7 Noned 07-84 0 NR 8.4 

Noned 07-84 12 NR 27 

Noned 07-84 24 NR 36 
Noned 07-84 36 NR 42 

Noned 07-84 48 NR 43 

Noned 07-84 60 NR 64 
Noned 07-84 72 NR 64 
Noned 07-84 84 NR 47 

Noned 07-84 96 NR 32 

Noned 07-84 108 NR 42 
Noned 07-84 120 NR 54 
Noned 07-84 132 NR 44 

C0256 2100 2240 8385 11-84 18 0.03 2.79 

S0316 2125 2365 4100 10-83 0 0.98 b 0.69 LDL LDL 0.8 LDL 

S0317 2125 2515 4101 10-83 0 0.20 b 0.15 

C0032 2175 2340 1808 05-83 18 0.64 3.14 LDL LDL 1.0 LDL 

1809 05-83 36 2.19 b 

1810 05-83 54 0.62 b 

1811 05-83 90 0.08 b 

1812 05-83 144 0.05 b 

1813 05-83 162 0.08 b 

1814 05-83 180 0.03 b 

S0318 2175 2365 5990 08-84 0 0.72 b 

S0319 2210 2315 6852 08-84 0 1.17 b 

S0320 2210 2375 6850 08-84 0 6.81 6.73 

S0321 2225 2265 4099 10-83 0 0.61 b 

S0322 2225 2465 5989 08-84 0 0.78 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-ro Cs-137 Aa-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCifg) (pCifg) (pCifml) (pCI/g) (pCifg) (pCI/g) (pCifg) 

50323 2225 2540 5988 08-84 0 0.45c 3.64c 

50324 2275 2540 6848 08-84 0 1.86 b 

50325 2275 2490 6849 08-84 0 1.73 b 

50326 2325 2590 4096 1().83 0 3.91 b 

50327 2350 2515 6847 08-84 0 1.50 b 

50328 2350 2465 4097 1().83 0 0.73 b LDL 1.2 1.1 LDL 

50329 2375 2290 4098 1().83 0 15.88 b 1.39 

S0330 2375 2340 6846 08-84 0 2.02 b 

C0033 2400 1860 8349 11-84 36 0.11c 42.38c 

8414 11-84 48 0.97c 20.17c 

C0034 2405 2010 1260 12-82 18 4.83c 32.20c 

1261 12-82 72 0.48 9.12 

1262 12-82 90 0.07 b 

1263 12-82 108 0.03 b 

C0035 2405.8 2212.9 Noned 07-84 0 NR 5.5 

None 
d 

07-84 12 NR 11 

Noned 07-84 24 NR 24 

Noned 07-84 36 NR 29 

Noned 07-84 48 NR 42 

None 
d 

07-84 60 NR 18 

Noned 07-84 72 NR 33 

None 
d 

07-84 84 NR 28 

None 
d 

07-84 96 NR 15 

Noned 07-84 108 NR 11 
Noned 07-84 120 NR 39 

None 
d 

07-84 132 NR 31 

None 
d 

07-84 144 NR 15 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCifml) (pCifg) (pCI/g) (pCifg) (pCifg) 

50331 2425 1885 6365 08-84 0 0.01 b 

S0332 2425 1910 6367 08-84 0 8.17 b 

S0333 2425 2060 7113 08-84 0 24.40 70.52 

S0334 2425 2135 7112 08-84 0 8.44 15.65 

S0335 2425 2185 7111 08-84 0 5.86 7.14 

C0036 2425 2220 1242 12-82 18 1.45 9.41 

1243 12-82 48 NR 46.30 

1244 12-82 114 0.84c 36.16c LDL LDL 1.0 LDL 

C0037 2428.6 2178 Noned 07-84 0 NR 5.9 
Noned 07-84 12 NR 11 
Noned 07-84 24 NR 14 
Noned 07-84 36 NR 5.8 
Noned 07-84 48 NR 5.1 
Noned 07-84 60 NR 6.3 
Noned 07-84 72 NR 6.3 
Noned 07-84 84 NR 5.1 

Noned 07-84 96 NR 2.5 

S0336 2450 1885 6366 08-84 0 0.06 b 

S0337 2450 2160 7110 08·84 0 2.10 38.04 

S0338 2475 1910 6368 08-84 0 0.05 b 

S0339 2475 2110 7114 08·84 0 0.74 12.00 

S0340 2500 1910 6369 08-84 0 0.19 b 

C0038 2500 2210 7109 08-84 0 1.41 5.08 

1236 12-82 18 2.39 b 

• 1237 12-82 

·. - .:·28 

36 0.~ b • 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr · ~nch) (pCI/g) (pCifg) (pCifml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

1238 12-82 54 2.24 b 

1239 12-82 72 0.31 b 

1240 12-82 90 0.64 b 

1241 12-82 108 0.35 b 

C0039 2525 2110 19n 05-83 18 0.59c 5.62c 

1978 05-83 36 0.04 b 

C0040 2525 2185 1979 05-83 18 0.82 b 

1980 05-83 36 8.15 b 

1981 05-83 54 0.82 b 

C0257 2550 2010 1976 05-83 18 0.47 b 

C0041 2550 2210 1982 05-83 18 2.30 b 

1983 05-83 54 0.29 b 

C0042 2575 2060 1974 05-83 18 1.36 b 

1975 05-83 24 0.07 b 

C0258 2600 2235 1985 05-83 36 0.04 b 

C0043 2625 2210 1971 05-83 18 0.85 6.22 

1972 05-83 36 0.14 b 

C0044 2650 2235 1316 12-82 18 0.66 b 

1317 12-82 36 0.20c b 

1318 12-82 54 0.19 b 

C0259 2675 2085 1973 05-83 18 0.55 b 

C0045 2400 2240 8350 11-84 54 4.66c 142.58c 

8351 11-84 80 0.51c 254.30° lDl LDL 3.3 lDl 

S0344 2425 2290 6552 08-84 0 0.58c b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCI/g) (pCifg) (pCifml) (pCifg) (pCI/g) (pCifg) (pCifg) 

C0046 2440 2550 10109 07-85 18 0.21 b 

10110 07-85 42 1.42 b 

80345 2450 2290 4102 10-83 0 1.37 b 

80346 2450 2365 6551 08-84 0 0.93 b 

80347 2475 2440 4103 10-83 0 1.65 b 

C0047 2485 2470 10106 07-85 18 29.10 b 

10107 07-85 36 1.45 b 

10108 07-85 54 0.02 b 

C0048 2500 2480 10103 07-85 18 0.23 b 

10104 07-85 36 1.30 b 

10105 07-85 54 0.06 b 

80348 2500 2540 4104 10-83 0 2.78 b 0.35 LDL LDL 0.8 LDL 

80349 2500 2565 6549 08-84 0 3.55 b LDL LDL 1.2 LDL 

C0049 2515 2460 10100 07-85 18 2.30 b 

10101 07-85 36 0.51 b 

10102 07-85 54 0.17 b 

S0350 2525 2365 6770 08-84 0 23.60 b 

coosa 2530 2430 10097 07-85 18 0.39 b 

10098 07-85 36 0.60 b 

10099 07-85 54 0.11 b 

C0051 2540 2385 10111 07-85 18 0.99 b 

10112 07-85 36 1.76 b 

10113 07-85 54 0.16 b 

10114 07-85 72 0.11 b 

10115 07-85 90 0.40 b 

• 10116 07·85 108 0.0. 
b • _.,jQ 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location a South West No. Mo-Yr ~nch) (pCI/g) (pCifg) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCi/g) 

50351 2550 2290 6553 08-84 0 7.71 b 

50352 2550 2415 6769 08-84 0 37.80 b 

S0353 2550 2590 6554 08-84 ·o 0.97 b 

S0354 2550 2465 6550 08-84 0 2.22 b 

C0052 2555 2405 10093 07-a5 18 2.92 b 

10094 07-a5 36 8.12 b 

10095 07-a5 54 0.30 b 

10096 07-a5 72 0.36 b 

C0053 2570 2400 10085 07-a5 18 68.50 b 

10086 07-a5 36 3.98 b 

10087 07-a5 54 0.79 b 

10088 07-a5 72 0.45 2.21 

C0054 2570 2380 10089 07-a5 18 2.24 b 

10090 07-a5 36 43.10 b 

10091 07-a5 54 2.30 b 

10092 07-a5 84 1.76 b 

C0055 2575 2265 1229 12-82 18 1.19 b 

1230 12-82 36 0.32 b 

1231 12-82 54 1.16 b 

1232 12-82 72 0.50 b 

1233 12-82 90 0.08 b 

1234 12-82 108 0.02 b 

1235 12-82 126 0.42 b 

C0056 2590 2420 10117 07-85 18 75.20 b 

10118 07-85 36 144.00 b 

10119 07-85 54 11.10 b 

10120 07-85 72 3.20 b 

(MAC IDs 10119 and 10120 were also assigned to samples taken at location C0059.) 
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Map Coordinates MACID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pO/g) (pCI/g) (pOfml) (pCifg) (pCifg) (pCifg) (pOfg) 

. C0057 2600 2405 10121 07-85 18 16.5 b 

10122 07-85 36 7.73 b 

10123 07-85 54 0.54 b 

10124 07-85 72 0.42 2.56 

(Note: The same sequence o1 MAC IDs Is repeated for location C0060.) 

S0355 2600 2465 4106 1()..83 0 4.49 b 

C0058 2605 2395 10125 07-85 18 o.u b 
10126 07-85 36 0.73 3.46 

10127 07-85 54 0.33 b 

10128 07-85 72 1.08 b 

10128 07-85 90 0.20 b 
(Note: This same sequence o1 MAC IDs Is repeated for C0061 below.) 

C0059 2610 2415 10119 06-85 54 NA NA LDL LDL 0.6 LDL 

10120 06-85 72 NA NA LDL LDL 0.7 LDL 

C0060 2620 2400 10121 06-85 18 NA NA LDL LDL 0.8 LDL 

10122 06-85 36 NA NA LDL LDL 1.0 LDL 

10123 06-85 54 NA NA LDL LDL 0.8 LDL 

10124 06-85 72 NA NA LDL LDL 0.8 LDL 

S0356 2625 2365 4107 10-83 0 18.90 b 

C0061 2630 2390 10125 06-85 18 NA NA LDL LDL 0.9 LDL 

10126 06-85 36 NA NA LDL LDL 1.2 LDL 

10127 06-85 54 NA NA LDL LDL 0.8 LDL 

10128 06-85 72 NA NA LDL LDL 0.8 LDL 

10129 06-85 90 NR NR LDL LDL 1 LDL 

C0062 2675 2315 1224 12-82 18 33.60 b 

1225 12-82 36 0.31 b 

1226 12-82 54 34.50c 2.53° 

1227 12-82 108 1.07 b 

1228 12-82 126 0.12 b :. 
. .:-32 • • 
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Map Coordinates MAGID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pO/g) (pO/g) (pO/ml) (pO/g) (pO/g) (pO/g) (pO/g) 

S0357 2675 2340 6771 08-84 0 43.70 b 

S0358 2675 2565 4105 10-83 0 1.33 b LDL 1 1.2 LDL 

S0359 1810 2645 3065 10-83 0 0.06 b 5.12 

50360 1810 2895 6224 08-84 0 0.36 b 

80361 1810 2945 6222 08-84 0 0.53 b 

80362 1835 2005 6227 08-84 0 0.25 b 

S0363 1850 2770 3064 10-83 0 0.08c b 24.84 

S0364 1860 2655 6228 08-84 0 0.99 b LDL 1.4 1.5 LDL 

S0365 ' 1875 2670 3063 10-83 0 0.43 b 3.81 

S0366 2000 2695 3062 10-83 0 1.41 b 

50367 2000 2770 6225 08-84 0 0.12 b 

S0368 2000 2870 6230 08-84 0 1.22 b 

80369 2000 2920 6229 08-84 0 0.15c b 

50370 2050 2555 6226 08-84 0 0.12 b 

50371 2050 2820 3066 10-83 0 0.07 b 

"50372 2050 2920 3067 10-83 0 0.57 b 44.98 

50373 1810 3350 9830 06-85 0 NR NR 1.00 1.6 0.8 LOL 

50374 1825 3250 6259 08-84 0 8.14 b 

S0375 1825 3300 3079 10-83 0 0.35 b 
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Map Coordinates 

LDcatlon• South west 

C0063 1850 3370 

C0064 1860 3340 

C0065 1870 3340 

S0376 1875 3375 

• t:·34 

MRCIO 
No. 

10373 
10374 
10375 
103n 
10378 
10379 
10380 

10381 

10383 

10384 

10385 

10386 

10387 
10388 

10389 

10390 

10391 

10392 

10393 
10394 
10395 
10396 
10397 
10398 
10399 
10400 
10401 
10402 
10403 

10404 
10405 

3068 

Mo-Yr 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

()9.85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

10-83 

Depth 

Qnch) 

18 
36 
54 

90 

108 

126 

144 

162 

18 
36 
54 

72 
90 

108 

126 

144 

162 
180 

18 
36 
54 

72 
90 

108 

126 
144 
162 
180 

198 
216 
234 

0 

Pu-238 

(pO/g) 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

0.05 

• 

Thoriumb Tritium 

(pO/g) (pO/mL) 

NR 
NR · 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 

· NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

b 4.19 

Co-60 
(pO/g) 

LOL 
LOL 
LOL 
LOL 
LOL 

1.1 
LOL 
LOL 

LOL 
38 

22 

3.3 
LOL 
250 

6 
2 

3 
9 

15 
26 

15 
26 

23 
5 

6 
LOL 

1.3 
LOL 

1.1 

LDL 
1.3 

Cs-137 
(pO/g) 

LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 

LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 

LOL 
LOL 
LOL 
LOL 
LDL 
LDL 
LOL 
LDL 
LDL 
LOL 
LDL 
LDL 
LDL 

Ra-226 

(pO/g) 

0.6 

0.4 

0.6 

0.5 

0.4 

0.5 

0.4 

0.5 

0.6 

0.5 

0.5 

0.6 

0.5 

0.5 

0.4 

0.5 

0.5 

0.6 

0.4 

0.7 
0.5 

0.8 
0.5 

0.4 

0.5 

0.5 

0.5 

0.5 

0.6 
0.5 

0.7 

Am-241 
(pO/g) 

LDL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 

LDL 
LOL 
LOL 
LOL 
LOL 
LOL 
LOL 
LDL 
LOL 
LOL 

LOL 
LOL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

• 
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Map Coordinates MRCID Depth. Pu-238 Thoriumb Tritium Co-SO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCI/g) (pCifml) (pCI/g) (pCiJg) (pCIJg) (pCI/g) 

C0066 1880 3320 10406 09-85 18 NR NR 0.6 LDL 0.5 LDL 

10409 09-85 .72 NR NR 5 LOL 0.4 LDL 

10410 09-85 90 NR NR 10 LOL 0.4 LDL 

10411 09-85 108 NR NR 14 LDL 0.7 LDL 
10412 09-85 126 NR NR 4 LDL 0.7 LDL 

10413 09-85 144 NR NR 13 LDL 0.4 LDL 

10414 09-85 162 NR NR 4 LDL 0.6 LOL 

10415 09-85 180 NR NR LDL LDL 0.6 LDL 

10416 09-85 198 NR NR LDL LDL 0.4 LDL 

10417 09-85 216 NR NR LDL LDL 0.3 LDL 

10418 09-85 234 . NR NR LDL LDL 0.4 LDL 

S0377 1900 3200 6260 0&-84 0 4.02 b 

50378 1975 3325 6262 0&-84 0 0.26 b 

50379 2000 3250 6261 0&-84 0 0.51 b 

S0380 2000 3300 3072 10-83 0 0.66 b 3.52 

$0381 2025 3075 3071 10-83 0 0.12 b 

S0382 2025 3150 3070 10-83 0 0.02 b 3.43 

S0383 2050 3200 6263 0&-84 0 0.76e b 

(The same MAC 10 was also assigned to the sample from surtace location S0458.) 

S0384 2050 3375 3073 10-83 0 0.06 b 

S0385 1850 3505 6266 08-84 0 3.20 b 

S0386 1850 3605 4094 10-83 0 2.19 b 

S0387 1875 3460 6267 08-84 0 1.05 b 

C0067 2100 2620 8381 11·84 54 0.19 b 

8382 11·84 90 0.02 3.61 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr Onch) (pCifg) (pCifg) (pCI/rill) (pCifg) (pCifg) (pCifg) (pCifg) 

S0388 2125 2795 3076 1().83 0 0.88 b 

S0389 2125 2920 3075 1()-83 0 0.74 b 

S0390 2150 2670 8860 08-84 '0 1.14 b 

50391 2200 2720 6854 08-84 0 11.90 b 

50392 2225 2895 3074 1().83 0 1.77 b 

S0393 2250 2645 6861 08-84 0 0.82 b 

50394 2250 2745 6855 08-84 0 18.10 b 

50395 2275 2820 6856 08-84 0 0.82 b 

50396 2300 2760 6859 08-84 0 0.75 b 

50397 2300 2770 6863 08-84 0 0.18 b 

50398 2325 2945 3079 1().83 0 2.39 b 

S0399 2350 2745 6858 08-84 0 0.65 b 

80400 2350 2895 6857 08-84 0 0.77 b 

80401 2375 2645 3077 10-83 0 0.19c b 

S0402 2375 2770 3078 10-83 0 6.47 b 

80403 2385 2705 6862 08-84 0 0.87 b 

S0404 2125 3110 2876 10-83 0 0.67 b 
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Map Coordinates 

Location8 South West 

C0068 2160 3370 

C0260 2185 3360 

S0406 2200 3225 

80407 2210 3160 

S0408 2235 3255 

C0069 2235 3320 

C0070 2240 3300 

E-37 

MRCID 

No. 

10688 

10689 

10690 

10691 
10692 
10693 

10694 

10695 
10696 

10697 
10698 

10699 

5413 

2873 

2872 

2913 

10804 

10805 

10806 

10807 
10808 

10809 

10810 
10811 
10812 

10792 
10794 
10796 
10798 
10799 
10800 

Mo-Yr 

09-85 

09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 
09-85 

11-84 

1()..83 

1()..83 

1()..83 

09-85 
09-85 
09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

Depth 

~nch) 

18 
36 
54 

72 
90 

108 
126 

144 

162 

180 

198 

216 

36 

0 

0 

0 

0 
18 

36 
54 
72 
90 

108 
126 
144 

0 

36 
72 

108 
126 
144 

• 
Pu-238 

(pCifg). 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

0.11 

1.90c: 

0.13 

NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 

Thoriumb Tritium 

(pCifg) (pCifml) 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

b 

4.02c 

b 

b 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 

Co-60 

(pCI/g) 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LOL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LOL 

Cs-137 
(pCI/g) 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

1.0 

LOL 
LDL 
LDL 
LDL 
LOL 

Ra-226 

(pCifg) 

0.6 

0.6 

0.7 
0.5 
0.6 
0.8 
0.6 
0.6 
0.6 
0.6 
0.6 

0.6 

0.5 
0.4 
0.4 
0.6 

0.4 
0.5 
0.6 

0.6 
0.2 

0.7 
0.2 
0.9 
0.5 
0.7 
06 

• 
Am-241 
(pCifg) 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 



Map Coordinates 
location• South West 

C0071 2245 3280 

C0072 2250 3260 

S0409 2255 3235 

S0410 2260 3200 

C0073 2260 3240 

C0074 2270 3210 

• . J8 

MRCID 

No. 

10801 

10802 

10781 

10782 

10783 

10786 

10787 

10788 

10789 

10790 

10791 

10675 

10676 

10677 

10678 

10679 

10680 

10681 

10682 

10683 

2914 

5867 

10770 

10772 

10775 

10777 

10778 

10779 

10762 

10763 

10764 

Mo-Yr 

09-85 

09-85 

09-85 

09-85 

09-85 

09685 
09-85 

09-85 
09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

10-83 

07-84 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

09-85 

Depth 

Qnch) 

162 

180 

0 
18 

36 

90 

108 

126 

144 

162 

180 

18 

36 

54 

72 

90 

108 

126 

144 

162 

0 

0 

0 

36 

90 

126 

144 

162 

0 

18 

36 

Pu-238 

(pCI/g) 

NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

1.46 

0.48 

NR 
NR 
NR 
NR 
NR 
NR 

Thorlumb Tritium 

(pCI/g) (pCI/ml) 

NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

b 

b 

NR 
NR 
NR 
NR 
NR 
NR 

NR NR 
NR NR 

NR. NR 

Co-60 
(pCI/g) 

LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 

Cs-137 

(pCI/g) 

LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 

Ra-226 

(pCI/g) 

0.5 

0.2 

0.5 

0.2 

0.2 

0.5 

0.2 

0.6 

0.2 

0.6 

0.9 

0.4 

0.5 

0.6 

0.4 

0.3 

0.4 

0.5 

0.6 

0.2 

0.5 

0.2 

0.7 

0.6 

0.6 

0.2 

0.5 

0.4 

0.5 

Am-241 

(pCI/g) 

LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 
LDL 
LDL 
LDL 
LDL 

LDL 
LDL 

LDL • 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCifg) (pCI/g) (pCifml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

10765 09-85 54 NR NR LDL LDL 0.5 LDL 

10766 09-85 72 NR NR LDL LDL 0.5 LDL 

10767 09-85 90 NR NR LDL LDL 0.6 LDL 

10768 09-85 108 NR NR LDL LDL 0.6 LDL 

10769 09-85 126 NR NR LDL LDL 0.7 LDL 

50411 2300 3150 5869 07-84 0 1.15 b 

50412 2310 3135 6864 08-84 0 0.08 2.97 

50413 2325 3050 5868 07-84 0 1.21c b 

50414 2325 3375 6865 08-84 0 1.04 b 

50415 2350 3085 2875 1().83 0 1.25 b 

50416 2350 3150 6868 08-84 0 1.18 b 

50417 2350 3225 6867 08-84 0 1.45 b 

50418 2350 3350 6866 08-84 0 0.95 b 

50419 2375 3275 2877 1o-83 0 1.09 b 

C0075 2400 2620 8383 11-84 54 4.94c b 

8384 11-84 90 0.25 2.73 

50420 2425 2695 6776 08-84 0 0.12 b 

S0421 2450 2800 10470 08·85 0 1.68 b 

S0422 2475 2820 6775 08-84 0 1.45 b 

S0423 2475 2855 10469 08-85 0 2.40 b 

S0424 2490 2875 10468 08·85 0 1.23 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-M Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCI/g) (pCI/mL) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50425 2500 2945 4108 1<HSJ 0 1.08 5.74 

50426 2510 2910 10467 08-85 0 1.00 b 

50427 2525 2670 6777 08-84 0 1.58 b 

50428 2550 2970 6772 08-84 0 11.80 b 

50429 2575 2670 6774 08-84 0 3.43 b 

S0430 2625 2645 4111 1<HSJ 0 0.20c b 

50431 2625 2845 4110 1<HSJ 0 1.79 b 

50432 2635 2895 6780 08-84 0 5.78 b 

S0433 2650 2695 6778 08-84 0 0.98 b 

50434 2650 2no &n3 08-84 0 12.10 b 

50435 2650 2945 4109 1<HSJ 0 0.83 b 

50436 2685 2730 &ns 08-84 0 7.83 b 

C0076 2400 3000 8290 11-84 36 0.15 b 

8291 11-84 72 0.16 b 

8292 11-84 126 0.11 b 

S0437 2450 3100 5878 07-84 0 1.52 b 

S0438 2474 3150 5879 07-84 0 0.27 b 

50439 2500 3075 5880 07-84 0 0.49 b 

S0440 2500 3375 2984 10-83 0 0.96 b 

50441 2525 3350 2982 10-83 0 0.07 b • ··0 • 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCijg) (pCi/g) .(pCifml) (pCi/g) (pCi/g) (pCi/g) (pCifg) 

S0442 2550 3375 2985 10-83 0 1.49 b 

S0443 2575 3300 2981 10-83 0 1.16 b 

S0444 2600 3100 2986 10-83 ·o 0.79 b 

S0445 2635 3010 2987 10-83 0 2.18 b 

S0446 2650 3375 2983 10-83 0 0.47 b 

S0447 2675 3025 5881 07-84 0 9.57 b 

S0448 1900 3455 4095 10-83 0 1.02 b 

S0449 1900 3530 6269 08-84 0 6.21 b 

S0450 1950 3430 6268 08-84 0 3.57 b 

coon 1950 3680 1958 05-83 18 1.45 b 

1959 05-83 36 0.64 b 

1960 05-83 72 15.41c b 

S0451 1975 3480 6271 08-84 0 0.49 b 

50452 1975 3680 6273 08-84 0 19.10 b 

C0078 1975 3755 1961 05-83 18 1.14 b 

1962 05-83 30 0.35 b 

1963 05-83 42 0.18 b 

1964 05-83 72 0.97 b 

50453 2000 3430 6272 08-84 0 19.80 b LDL LDL 0.8 LDL 

50454 2000 3530 6270 08-84 0 4.87 b 

50455 2000 3680 2425 09-82 0 NR NR LDL LDL 0.8 LDL 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr Onch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0456 2025 3730 6274 08-84 0 3.62 b 

S0457 2675 3405 2989 1D-83 0 0.25 b 

C0079 2050 3415 10635 09-85 18 NR NR 
10636 09-85 36 NR NR LDL LDL 0.7 LDL 
10637 09-85 54 NR NR LDL LDL 0.6 LDL 
10638 09-85 72 NR NR LDL LDL 0.4 LDL 
10639 09-85 90 NR NR LDL LDL 0.6 LDL 
10640 09-85 108 NR NR LDL LDL 0.3 LDL 
10641 09-85 126 NR NR LDL LDL 0.6 LDL 
10642 09-85 144 NR NR LDL LDL 0.6 LDL 
10643 09-85 162 NR NR LDL LDL 0.7 LDL 
10644 09-85 180 NR NR LDL LDL 0.5 LDL 
10645 09-85 . 198 NR NR LDL LDL 0.9 LDL 

C0080 2050 3705 1965 05-83 18 3.53 b 

1966 05-83 36 2.71 b 

1967 05-83 54 0.13 b 

C0081 2090 3400 10623 09-85 18 NR NR LDL LDL 0.8 LDL 
10624 09-85 36 NR NR LDL LDL 0.6 LDL 
10625 09-85 54 NR NR LDL LDL 0.5 LDL 
10626 09-85 72 NR NR LDL LDL 0.8 LDL 
10627 09-85 90 NR NR LDL LDL 0.4 LDL 
10628 09-85 108 NR NR LDL LDL 0.7 LDL 
10629 09-85 126 NR NR LDL LDL 0.4 LDL 
10630 09-85 144 NR NR LDL LDL 0.6 LDL 
10631 09-85 162 NR NR LDL LDL 0.5 LDL 
10632 09-85 180 NR NR LDL LDL 0.5 LDL 
10633 09-85 198 NR NR LDL LDL 0.5 LDL 
10634 09-85 216 NR NR LDL LDL 0.6 LDL 

C0082 2080 3630 1968 05-83 18 2.99 b 

1969 05-83 36 0.31 b 

1970 05-83 72 0.31 b 

S0458 1810 3870 6263 . 08-84 0 0.13c b 

.• he same MAC 10 was also assigned to the .sample from surface location 50383. • · c-42 -_ 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCI/g) (pCifg) (pCI/ml) (pCifg) (pCifg) (pCifg) (pCifg) 

50459 1825 3940 6284 08-84 0 2.20 b 

50460 1835 4010 6285 08-84 0 1.05 b 

50461 1850 3870 6293 08-84 0 1.05 b 

50462 1860 3910 6282 08-84 0 0.21 b 

50463 1860 4045 6286 08-84 0 2.03 b 

C0083 1875 3825 1935 05-83 12 4.42 b 

1936 05-83 24 1.96 b 

1937 05-83 36 2.19 b 

1938 05-83 54 1.09 b 

1939 05-83 72 2.99 b 

C0084 1885 3935 1906 05-83 18 0.05 b 

1907 05-83 36 4.92 b 

1908 05-83 54 1.09 b 

50464 1910 4055 6287 08-84 0 14.80 b 

C0085 1915 3840 1944 ()5..83 18 100.10c b LDL LDL 0.6 0.5 

1945 05-83 36 51.35 b 

1946 05-83 54 51.70 b 

1947 05-83 60 34.95 b 

S0465 1925 3790 1493 03-83 0 NR NR LDL LDL 0.7 1.0 

C0086 1925 3935 1910 05-83 18 10.50 b 

1911 05-83 36 5.53 b 

1912 05-83 54 1.23 b 

1913 05-83 72 0.23 b 

C0087 1925 4010 1914 05-83 18 0.95 3.29 

1915 05-83 36 0.65 b 
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Map. Coordinates MAGID Depth Pu-238 Thoriumb Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

1916 05-83 54 0.12 b 

1917 05-83 66 0.08c 3.36° 

C0088 1925 4050 1902 05-83 18 0.05 b 

1903 05-83 36 2.44 b 

1904 05-83 54 3.48 b 

1905 05-83 72 2.29 b 

C0089 1935 3950 1940 05-83 18 5.64 b 
1941 05-83 36 0.46 b 

1942 05-83 54 2.06 b 

1943 05-83 72 0.12 b 

S0466 1950 3no 6296 ()8..84 0 5.42 b 

C0090 1950 3910 1948 05-83 18 160.00 b 

1949 05-83 36 7.44 b 

1950 05-83 96 6.16 b 

C0091 1965 3790 1951 05-83 18 355.00c b 

1952 05-83 36 150.00 b 

1953 05-83 54 8.60 b 

S0467 1975 4110 6289 08-84 0 0.31 b 

C0092 1980 3825 1954 05-83 18 7.02 b 

1955 05-83 36 0.75 b 

1956 05-83 54 2.48 b 

1957 05-83 72 4.95c b LDL LDL 1.2 LDL 

S0468 2025 3825 6292 08-84 0 0.17 b LDL LDL 1.2 LDL 

S0469 2025 3860 6291 08-84 0 18.90 b 

S0470 2025 4060 6290 08-84 0 1.07 b 

• • • ·- ~4 / 



• • • 
Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium CcHlO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

C0093 2130 3390 10600 09-85 18 NR NR LDL LDL 0.6 LDL 

10601 09-85 36 NR NR LDL LDL 0.6 LDL 

10602 09-85 54 NR NR LDL LDL 0.6 LDL 

10603 09-85 72 NR NR LDL LDL 0.5 LDL 

10604 09-85 90 NR NR LDL LDL 0.4 LDL 

10605 09-85 108 NR NR LDL LDL 0.5 LDL 

10606 09-85 126 NR NR LDL LDL 0.5 LDL 

10607 09-85 144 NR NR LDL LDL 0.9 LDL 

10608 09-85 162 NR NR LDL LDL 0.5 LDL 

10609 09-85 180 NR NR LDL LDL 0.6 LDL 

10610 09-85 198 NR NR LDL LDL 0.8 LDL 

50471 2150 3555 7602 ()8..84 0 5.27 b 

50472 2175 3505 6701 ()8..84 0 1.20 7.50 

50473 2200 3655 san 07-84 0 1.83 b LDL 1.2 0.9 LDL 

50474 2215 3430 6700 ()8..84 0 1.10 b 

50475 2225 3555 5875 07-84 0 6.61 b 

50476 2250 3530 5874 07-84 0 1.02 b 

50477 2250 3665 6696 08-84 0 0.02 b 

50478 2260 3465 5872 07-84 0 0.36 b 

50479 2275 3505 5873 07-84 0 0.65 b 

50480 2275 3580 6697 08-84 0 0.05 b 

$0481 2285 3430 5871 07-84 0 0.65c b 

$0482 2300 3390 5870 07-84 0 0.68 b 

50483 2310 3480 6698 08-84 0 0.41 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-a> Cs-137 Ra-226 Am-241 

Location• Sou1h West No. Mo-Yr (Inch) (pCifg) (pCI/g) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0484 2335 3415 6699 08-84 0 1.62c b 

50485 2350 3705 2915 1()..83 0 0.13 b 

S0486 2125 3810 6706 08-84 ·0 10.27 b 

S0487 2125 3835 6704 08-84 0 5.96 b 

S0488 2135 3835 6703 08-84 0 18.n b 

S0489 2150 3860 6705 08-84 0 14.10 b 

C0094 2160 3835 1595 04-83 18 133.90 2.24 

1596 04-83 36 59.90 b 

1597 04-83 54 70.90 b 

1598 04-83 72 6.81 b 

1599 04-83 90 11.82 b 

1600 04-83 108 1.24 b 

1601 04-83 126 3.54 b 

C0095 2160 3900 1602. 04-83 18 7.87 b 

1603 04-83 54 3.97 b 

1604 04-83 72 7.49c b 

1605 04-83 90 5.00 b 

1606 04-83 108 5.05 b 

1607 04-83 126 6.63 b 

S0490 2175 4135 2918 10-83 0 0.71 b 

C0096 2190 3875 1608 04-83 18 0.27 b 

1609 04-83 36 2.18 b 

1610 04-83 54 0.26 b 

1611 04-83 72 0.45 b 

1612 04-83 90 1.46c b 

1613 04-83 108 0.62 b 

1614 04-83 126 0.09 b 

• 6 

1615 04-83 144 
0.0. 

b • 
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Map Coordinates MAGID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCI/g) (pCi/g) (pCi/ml) (pCI/g) (pCifg) (pCI/g) (pCI/g) 

S0491 2200 4010 2917 1().83 0 5.26 b 

S0492 2250 3985 6872 08-84 0 0.02 b 

S0493 2275 4010 6870 08-84 0 0.03 b 

S0494 2275 4135 6874 08-74 0 1.48 b 

(The collection date of 08-74 should probably be either 08-84 or 07-84) 

S0495 2300 4010 2920 1()-83 0 0.03 b 

S0496 2300 4135 6873 08-84 0 0.02 b 

S0497 2325 3935 6871 08-84 0 0.04 b 

S0498 2350 3860 2922 10-83 0 0.10 b 

S0499 2350 4135 2919 10-83 0 0.04c b 

S0500 2375 3960 2921 10.83 0 0.54 b 

C0097 2400 3380 8278 1().84 72 0.46 b LDL LDL 1 LDL 

50501 2425 3455 2994 1().83 0 2.91 b 

50502 2425 3655 2993 10.83 0 2.32 b 

50503 2425 3680 2992 10-83 0 0.13 b 

50504 2500 3655 5884 07-84 0 0.18 b 

50505 2525 3755 5887 07-84 0 0.87 b LDL LDL 0.9 LDL 

. 50506 2550 3480 5883 07-84 0 1.32 b 

50507 2550 3730 5886 07-84 0 1.05 b 
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Map Coordinates MRCID Depth Pu-238 Thorium b 
Tritium Co-60 Cs-t37 Aa-226 Am-241 

Location • · South West No. Mo-Yr ~nch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50508 2575 3430 5882 07-84 0 2.83c b 

'50509 2575 3680 5885 07-84 0 2.24 b 

50510 2625 3580 2990 10-83 0 0.13c b 0.19 

50511 2625 3730 2991 10-83 0 0.89 b 1.52 

50512 2675 3380 2988 10-83 0 0.03 b 

50457 2675 3405 2989 10-83 0 0.25c b 

C0098 2470 3760 nss 10-84 90 0.16 b 

nse 10-84 180 0.02 b 

50513 2475 3860 5888 07-84 0 4.57 b 

50514 2475 3960 5896 07-84 0 0.17 b 

50515 2475 4060 5895 07-84 0 0.26 b 

50516 2475 4135 5894 07-84 0 1.31 b 

50517 2500 3910 5897 07-84 0 1.43 b 

50518 2550 3910 5898 07-84 0 1.12 b 

50519 2575 4010 2689 09-83 0 7.28c b 

50520 2625 3835 2688 09-83 0 0.03 b 

S0521 2625 4035 5893 07-84 0 1.71 b 

S0522 2625 4135 2690 09-83 0 0.05 b 

S0523 2650 4110 5892 07-84 0 1.09 b 

.524 
2675 3860 5889 07-84 0 

0.8. 
b • · .... ,·48 



• • • 
Map Coordinates MAGID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Aa-226 Am-241 

Location• South West No. Mo-Yr (inch) {pCi/g) {pCi/g) (pCi/ml) {pCi/g) {pCI/g) {pCI/g) {pCi/g) 

50525 2675 4010 5891 07-84 0 0.59c b 

S0526 2700 3860 2687 09-83 0 4.46 b 

S0527 2700 3935 5890 07-84 0 0.20 b 

50528 1875 4165 7165 09-84 0 0.27 b 

S0529 1875 4190 7166 09-84 0 0.51 b 

S0530 1900 4225 10497 ()8..85 0 0.41 b 

S0531 1900 4265 2862 10-83 0 1.27 b 

S0532 1905 4215 10498 ()8..85 0 0.48 b 

S0533 1905 4220 10496 ()8..85 0 1.84 b 

S0534 1910 4225 10495 ()8..85 0 1.13 b 

S0535 1920 4230 10494 ()8..85 0 0.51 b 

S0536 1950 4290 7167 09-84 0 2.20 b 

50537 1950 4315 2683 10-83 0 0.17 b 

C0099 1965 4265 10419 08-85 18 31.40 b 

10420 08-85 36 14.70 b 

S0538 1975 4165 7165 09-84 0 5.94 b 

C0100 1975 4275 10421 08-85 18 32.40 b 

10422 08-85 36 17.70 b 

10423 08-85 54 12.40 b 

10424 08-85 72 10.10 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• Sou1h West No. Mo-Yr (inch) (pCifg) (pCifg) (pCI/ml) (pCifg) (pCifg) (pCI/g) (pCifg) 

C0101 1985 4285 10425 08-85 18 22.00 b 

10426 08-85 36 0.90 b 

10427 08-85 54 0.34 b 

10428 08-85 72 0.71 b 

C0102 1995 4295 10429 08-85 18 10.40 b 

10430 08-85 36 6.44 b 

10431 08-85 54 2.16 b 

10432 08-85 72 0.93 b 

50539 2000 4340 7168 09-84 0 10.20 b 

S0540 2050 4165 2685 10-83 0 36.94 b 

C0103 2060 4300 1624 04-83 18 0.26c 3.95c 

1625 04-83 36 0.50 b 

80541 2075 4265 2688 10-83 0 0.64 b 

80542 2075 4390 2684 10-83 0 0.83 b 

C0104 2085 4365 1622 04-83 18 50.60 b 

1623 04-83 36 5.28 b 

C0105 2100 4140 7804 10-84 90 0.47 b 

7805 10-84 180 0,01 b 

C0106 2105 4315 1626 04-83 18 0.41 b 

1626 04-83 36 0.13 b 
(Both samples from this core location were assigned MAC 10 1626.) 

C0107 2170 4375 1620 04-83 18 0.69 b 
1621 04-83 36 0.07c 2.56 

C0108 2200 4250 1632 04-83 18 0.25 b 

1633 04-83 36 0.14 b 

• • • c-50 



• • • 
Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No .. Mo-Yr ~nch) (pCI/g) (pCi/g) (pCi/ml) (pCI/g) (pCifg) (pCi/g) (pCI/g) 

50543 2200 4265 6881 08-84 0 18.60 b 

C0109 2225 4325 1658 04-83 18 2.30 b 

1659 04-83 36 0.66 b 

1660 04-83 54 0.47 b 

C0110 2230 4390 1628 04-83 18 0.48 b 

1629 04-83 36 0.14 b 

C0111 2250 4165 1636 04-83 18 0.82 b 

1637 04-83 36 0.21 b 

C0112 2250 4300 1640 04-83 18 0.02 b 

1641 04-83 36 0.03 b 

C0113 2275 4140 7759 09-84 90 2.83 b 

7760 09-84 180 0.03 b 

C0114 2275 4200 1638 04-83 18 0.16c b 

1639 04-83 36 0.01 b 

C0115 2275 4395 1644 04-83 18 1.46 3.56 

1646 04-83 36 0.31 b 

C0116 2305 4315 1642 04-83 18 0.05 b 

1643 04-83 36 0.24 b 

50544 2325 4465 6877 08-84 0 13.40 b 

80545 2350 4415 6876 08-84 0 4.16 b 

80546 2350 4465 6875 08-84 0 4.90 b 

80547 2365 4375 10485 08-85 0 11.00 5.30 

50548 2370 4380 10488 08-85 0 5.77 b 

S0549 2375 4165 6880 08-84 0 0.23 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No .. Mo-Yr ~nch) IPCI/9). (pCI/g) (pCifmL) (pCifg) (pCifg) (pCI/g) (pCifg) 

S0550 2375 4290 6879 08-84 0 12.10 b 

80551 2375 4390 6878 08-84 0 27.10 b 

S0552 2380 4370 10486 08-85 0 41.70 b 

S0553 2385 4375 10487 08-85 0 8.42 b 

S0554 2450 4165 2577 ()9.83 0 0.06c b 

S0555 2525 4165 2578 ()9.83 0 7.46 b 

S0556 2550 4265 2576 ()9.83 0 6.65 b 

S0557 2575 4265 6465 08-84 0 0.41 b 

S0558 2600 4240 6464 08-84 0 1.66 b 

S0559 2600 4340 6457 08-84 0 0.58 b 

S0560 2600 4390 6456 08-84 0 34.20 b 

S0561 2625 4265 6458 08-84 0 0.25 b 

S0562 2625 4290 2575 ()9.83 0 0.14 b 

S0563 2650 4190 2574 09-83 0 8.56 b 

S0564 2650 4240 6459 08-84 0 0.30c b 

S0565 2675 4190 6463 08-84 0 0.71 b 

S0566 2675 4240 6461 08-84 0 0.35 b LDL LDL 1.2 LDL 

S0567 2675 4290 6462 08-84 0 0.06 b 

S0568 2700 4215 6460 08-84 0 0.26 b • • 2 • 



• • • 
Map Coordinates MRCID Depth Pu-238 · Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCI/g) (pCifg) (pCI/mL) (pCI/g) (pCI/g) (pCI/g) (pCifg) 

C0117 2400 4520 nso 09-84 90 4.98 b 

nso 09-84 180 0.08 b 

(The same MAC ID was given for both depths) 

80569 2475 4545 6470 08-84 0 0.36 b 

80570 2475 4595 6469 08-84 0 2.n b 

80571 2525 4645 6468 08-84 0 0.11c b 

80572 2525 4570 6471 08-84 0 0.99 b 

80573 2550 4620 6467 08-84 0 2.47 b 

80574 2675 4745 6468 08-84 0 1.20 b 

80575 2355 4525 4130 1().83 0 12.22 b 7.09 

S0576 2375 4545 6882 08-84 0 2.24 b 

805n 2715 1765 2878 10-83 0 0.06 b 

80578 2800 1830 2879 1().83 0 1.05c b 

C0118 2725 2145 1314 12-82 18 11.30 b 

1315 12-82 36 3.13 b 

C0119 2735 2210 1323 12-82 18 17.81 b 

1324 12-82 36 1.78 b 

1325 12-82 54 9.98c b 

1326 12-82 72 2.29 b 

1327 12-82 90 17.90 b 

1328 12-82 120 6.24 b 

S0579 2775 2135 6374 08-84 0 3.94 b LDL LDL 0.9 LDL 

S0580 2775 2160 6373 08-984 0 2.08 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium CcHiO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCijg) (pCijml) (pCijg) (pCijg) (pCijg) (pCijg) 

C0120 2805 2195 1329 12-82 18 83.70 b 

1330 12-82 36 32.30 b 

1331 12-82 54 0.18 b 

1332 12-82 72 0.29 b 

1333 12-82 90 83.00 b 

1334 12-82 120 6.92 b 

1335 12-82 144 0.56 b 

C0121 2810 2095 1309 12-82 18 5.08 b 

1310 12-82 36 0.30 b 

S0581 2900 2010 6372 08-84 0 10.10 b 

S0582 2900 2085 2880 10-83 0 146.80 b 

C0122 2925 2010 1298 12-82 18 494.00 b 

1299 12-82 36 0.68 b 

1300 12-82 54 0.25 b 

1301 12-82 72 0.39 b 

S0583 2950 2035 2881 10-83 0 7.96 b 

S0584 2950 2060 6371 08-84 0 18.80 b 

S0585 2975 2035 6370 08-84 0 5.18 b 

C0123 2975 2115 1364 12-82 18 2.91 b 

1365 12-82 36 0.51 b 

1366 12-82 54 0.23 b 

C0124 3000 1855 8508 12-84 60 0.12 b 

S0586 3025 1910 4011 10-83 0 4.07 b 

S0587 3050 2060 7124 09-84 0 13.40 b 

.588 3075 2085 7125 09-84 0 
1.2. 
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• • • 
Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

L..ocation• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCI/mL) (pCifg) (pCifg) (pCifg) (pCI/g) 

C0125 3085 2185 1358 12-82 18 0.43 b 

1359 12-82 36 0.25 3.11 

1360 12-82 54 33.60 b 

1361 12-82 72 0.13c 3.25c 

1362 12-82 90 1.97 b 

1363 12-82 108 0.19 b 

50589 3125 2135 4007 1().83 0 9.rxl b 

S0590 3175 2010 4010 1().83 0 1.05 b 

50591 3225 2160 4008 1().83 0 6.12 b 0.15 

50592 3275 2060 4009 10-83 0 4.72 b 0.33 

50593 3275 2230 4012 1().83 0 1.07 b 

50594 3320 2095 2928 1().83 0 6.55 2.70 

50595 3335 2160 2932 1().83 0 0.14 b 

50596 3350 2220 2933 1().83 0 0.02 b 1.63 

50597 3385 2185 5813 07-84 0 3.67 b 

50598 3400 2140 2929 1().83 0 5.30 4.30 

50599 3425 2220 5814 07-84 0 1.45 b 

S0600 3460 2210 2930 10-83 0 4.06 2.27 0.69 

50601 3555 2220 2931 10-83 0 0.42c 2.48c 0.58 

C0126 2725 2265 1319 12·82 18 5.57 b 

1320 12-82 36 79.00c b 

1321 12-82 54 6.51 b 

1322 12-82 72 0.37 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Locatlon8 South West No. Mo-Yr ~nch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCifg) 

C0127 2725 2340 1212 12-82 18 1.57 b 

1213 12-82 36 1.40 b 

1214 12-82 54 0.15 b 

1215 12-82 72 0.54 b 

1216 12-82 90 0.06c b 

1217 12-82 120 . 0.11 b 

S0602 2725 2565 4112 10-al ·o 5.13 b 

C0128 2750 2365 1207 12-82 18 7.97 b 

1208 12-82 36 6.15 b 

1209 12-82 54 10.20 b 

1210 12-82 72 0.94 b 

1211 12-82 84 0.23 b 

S0603 2750 2415 6784 08-84 0 0.69 b 

C0129 2715 2290 1218 12-82 18 3.70 b 

1219 12-82 36 0.41 b 

1220 12-82 54 0.92 b 

1221 12-82 72 0.85 b 

1222 12-82 90 0.05 b 

1223 12-82 108 0.04 b 

S0604 2750 2465 1319 08-84 0 11.80 b 

S0605 2780' 2340 9549 06-85 0 NR NR LDL LDL 0.7 LDL 

C0130 2800 2265 1336 12-82 18 48.10 b 

1337 12-82 36 1.41 b 

1338 12-82 54 1.25c 9.99c 

1339 12-82 90 0.39 b 

1340 12-82 108 0.37 b 

C0131 2800 2500 1198 12-82 18 82.60 76.90 

1199 12-82 36 NR 174.80 

• 1200 12-82 54 313.00. 189.90 • · ...• 6 



• • • 
Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-eo Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

1201 12-82 72 68.10 37.90 

1202 12-82 90 0.03 b 

1203 12-82 108 0.03 b 

1204 12-82 144 0.03 b 

1205 12-82 192 0.09 6.72 

1206 12-82 222 0.14 b 

50606 2800 2440 9551 06-85 0 NR NR LDL LDL 0.8 LDL 

C0132 2825 2465 6785 08-84 0 12.10c 4.24c LDL LDL 1.1 LDL 

1185 12-82 18 11.13 b 

1186 12-82 36 0.57 b 

1187 12-82 72 0.58 b 

1188 12-82 90 0.13 b 

C0134 2850 2465 1533 04-83 18 7.26 b 

1534 04-83 36 3.39 b 

1535 04-83 54 0.15 b 

1536 04-83 72 NR 157.00 

1538 04-83 108 3.99 2.93 

1539 04·83 126 24.00c · b 

1540 04-83 135 29.40 b 

C0135 2850 2490 1541 04-83 18 17.10c b 

1542 04-83 36 0.96 b 

1543 04-83 54 0.73 b 

1544 04-83 72 0.19 b 

1545 04-83 90 0.25c b 

1546 04-83 108 0.28 b 

1547 04-83 126 0.15 b 

1548 04-83 144 0.41 b 

1549 04-83 153 0.08 b 

C0136 2850 2515 1511 04-83 18 32.90c b 

1512 04-83 36 12.30 b 

1513 04-83 54 1.95 b 

1514 04-83 72 8.88 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium CcHiO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCI/g) (pCifml) (pCifg) (pCI/g) (pCifg) (pCifg) 

1515 04-83 90 4.50 b 

1517 04-83 108 3.37 b 

1518 04-83 126 7.72 b 

1519 04-83 144 1.74 b 

1520 04-83 162 0.55 b 

1521 04-83 180 5.66c 2.16c 

S0607 2850 2450 6789 ()8.34 0 1.19 b 

C0137 2875 2290 1285 12-82 18 4.78c 2.38c 

1286 12-82 36 1.24 2.90 

C0138 2875 2340 1353 12-82 18 870.60 b 

1354 12-82 36 9.17 b 

1355 12-82 54 549.40 b 

C0139 2875 2390 1555 04-83 18 2.71 3.38 

1556 04-83 36 0.53 2.94 

1557 04-83 54 0.41 b 

1558 04-83 72 0.24 3.13 

1559 04-83 90 0.03 b 

1560 04-83 108 0.48 b 

C0140 2875 2450 1522 04-83 18 0.67 b 

1523 04-83 36 0.17 b 

1524 04-83 54 0.11 b 

1525 04-83 72 0.64 b 

1526 04-83 90 0.39 b 

1527 04-83 108 0.48 b 

1528 04-83 126 0.50 b 

1529 04-83 162 0.15 b 

1530 04-83 198 0.41 b 

1531 04-83 216 0.05 b 

1532 04-83 234 0.04 b 

• • ' • .68 
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Map Coordinates MAGID Depth Pu-238 Thoriumb Tritium Co-a> Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCI/g) (pCI/ml) (pCifg) (pCI/g) (pCI/g) (pCI/g) 

C0141 2880 2400 1550 04-83 18 5.96c: 5.65° 
1551 04-83 36 2.28 b 
1552 04-83 54 0.55 2.64 
1553 04-83 72 1.70 b 
1554 04-83 90 0.44 b 

C0142 2900 2390 1356 12-82 18 76.10c: 2.12c: 

1357 12-82 36 1.03 b 

C0143 2900 2415 1180 12-82 18 0.48 b 
1181 12-82 36 0.51 b 
1182 12-82 54 0.77 b 
1183 12-82 72 0.14 b 
1184 12-82 90 0.02c: b 

C0144 2900 2500 1189 12-82 18 7.41 b 
1190 12-82 36 164.80 25.70 
1191 12-82 54 5.30 18.30 
1192 12-82 72 1.30 b 
1193 12-82 90 0.23 b 
1194 12-82 108 0.07 b 
1195 12-82 126 0.02 b 
1196 12-82 144 0.04 b 
1197 12-82 162 0.02 b 

50608 2925 2540 6786 08-84 0 0.99 b 

C0145 2885.7 2498.9 None 
d 

02-84 0 NR 1.4 
Noned 02-84 0 NR 1.4 
Noned 02·84 24 NR 22.00 
Noned 02-84 36 NR 22.00 
Noned 02·84 48 NR 9.40 
Noned 02-84 60 NR 14.00 
Noned 02-84 72 NR 12.00 

C0146 2975 2465 1170 12-82 18 0.35 b 
1171 12-82 36 0.98 b 
1172 12-82 54 0.12c b 
1173 12-82 72 0.36 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCifg) (pCifg) (pCifml) (pCI/g) (pCifg) (pCifg) (pCI/g) 

1174 12-82 90 0.18 b 
1175 12-82 108 0.21 b 

1176 12-82 126 0.03 b 

1177 12-82 144 0.05 b 

1178 12-82 162 0.01 b 

1179 12-82 180 0.03 b 

C0147 2700 2620 8270 10-83 72 0.10 b 

8271 10-83 162 0.01 b 

S0609 2750 2845 4115 10-83 0 0.14 b 

50610 2800 2645 8656 12-84 0 6.09 b 

50611 2800 2745 8658 12-84 0 0.65 b 

50612 2800 2920 . 8664 12-84 0 0.28 b 

50613 2825 2870 8655 12-84 0 2.97 b 

50614 2825 2945 8663 12-84 0 1.10 b 

50615 2875 2670 8657 12-84 0 1.85 b 

50616 2875 2845 8661 12-84 0 1.69 b 

50617 2875 2720 8659 12-84 0 0.68 b 

50618 2875 2945 4116 10-83 0 6.42 b 

50619 2925 2820 8660 12-84 0 0.15 b 

50620 2925 2945 8663 12-84 0 1.10 b 

50621 2950 2645 4113 10-83 0 3.35 b 

50622 3025 2590 4126 10-83 0 
17. 

b • .-60 
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Map Coordinates MRCID ·Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pO/g) (pO/g) (pOfmL) (pO/g) (pO/g) (pOfg) (pOfg) 

C0148 3040 2590 10471 08-85 18 0.72 b 

10472 08-85 36 0.87 b 

10473 08-85 54 1.29 b 

10474 08-85 72 4.94 b 

C0149 3040 2610 10475 08-85 18 0.38 b 

10476 08-85 36 0.45 b 

104n 08-85 54 5.40 b 

10478 08-85 72 4.80 b 

S0623 3050 2515 6556 08-84 0 0.35 b 

C0150 3055 2590 10479 08-85 18 3.94 b 

10480 08-85 36 1.55 b 3 LDL 0.2 LDL 

10481 08-85 54 3.94 b 

C0151 3055 2610 10482 08-85 18 3.58 b 

10483 08-85 36 10.30 b 

10484 08-85 54 7.88 b 

C0152 3065 2565 1561 04-83 18 2.60 2.80 

1562 04-83 36 0.46 b 

1563 04-83 90 1.89 b 

1564 04-83 108 1.12 b 

1565 04-83 126 1.29e b 

1566 04-83 144 0.06 b 

1567 04-83 162 0.08 b 

1568 04-83 180 0.07 b 

1569 04-83 198 0.27 b 

1570 04-83 216 0.60 b 

1571 04-83 234 5.22 b 

C0153 3070 2610 10505 08-85 18 0.86 b 

10506 08-85 36 1.14 b 

10507 08-85 54 1.16 b 

10508 08-85 72 0.89 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co.OO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pO/g) (pOfg) (pO/mL) (pO/g) (pO/g) (pO/g) (pO/g) 

C0154 3080 2610 10509 08-85 18 0.56 b 

10510 08-85 .36 0.14 b 

10511 08-85 54 0.89 b 

C0155 3090 2600 10512 08-85 18 0.27 b 

10513 08-85 36 2.24 b 

10514 08-85 54 11.40 b 

C0156 3075 2600 1572 04-83 18 71.30c 2.03c 

1573 04-83 36 NR 4.30 

1574 04-83 54 6.59 b 

1575 04-83 72 6.45 b 

1576 04-83 90 4.81 2.02 

15n 04-83 108 40.90 2.33 

1578 04-83 126 1.08 b 

1579 04-83 144 5.22 b 

1580 04-83 162 3.42 b 

1581 04-83 180 8.67 b 

1582 04-83 198 0.72 b 

1583 04-83 216 4.10 b 

1584 04-83 234 9.93 3.02 

3075 2600 10515 08-85 18 0.83 b 

(Two sets of results were given for the 18inch depth at these coordinates. However, the dates are different: 04-83 and 08-85.) 

C0157 3125 2590 1585 04-83 18 2.90 b 

1586 04-83 36 1.64 b 

1587 04-83 54 4.63 b 

1588 04-83 72 1.46 b 

1589 04-83 90 2.20 b 

1590 04-83 108 0.83 b 

1591 04-83 126 0.39 b 

1592 04-83 144 0.67c 2.26c 

1593 04-83 162 0.37 b 

1594 04-83 180 0.21 b 

S0625 3150 2590 6555 08-84 0 2.99 b 

• 2 • • 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co.OO Cs-137 Ra-226 Am-241 

Location• South West No.· Mo-Yr Qnch) (pCI/g) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

80626 3200 2375 2393 08-83 0 NR NR LDL lDl 1.1 lDl 

80627 3225 2365 4122 1().83 0 1.64 b 

80628 3225 2575 4124 1().83 ·o 1.14 b lDl 0.5 1.2 lDl 

80629 3275 2265 4121 1().83 0 0.42 b 

S0630 3275 2415 6557 ()8.84 0 2.29 b 

80631 3275 2490 4123 1().83 0 3.15c b 

S0632 3275 2565 4125 1().83 0 2.18 b 

C0158 3000 2620 8285 1().84 36 1.95 b 

8286 1().84 72 25.00c b 

S0633 3025 2645 2923 1().83 0 47.45c b 6.84 

S0634 3050 2845 8667 12-84 0 0.31 b 

50635 3075 2870 8669 12-84 0 0.34 b 

C0159 3100 2620 8283 1().84 108 18.90 b 

8284 1().84 198 6.91 b 

50636 3100 2820 8666 12·84 0 1.84 b 

80637 3125 2670 6791 08-84 0 1.45 b 

S0638 3125 2720 6792 08-84 0 0.28 b 

S0639 3125 2820 2924 10-83 0 3.00 b 3.09 

C0160 3180 2745 2441 08-83 18 0.80 b 

2442 08-83 36 2.60 b LDL LDL 0.90 LDL 
2443 08-83 108 0.53 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co«» Cs-137 Ra-226 Am-241 

Location • Sou1h Wes1 No. Mo-Yr Qnch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

2444 08-83 126 0.62 b 

2446 08-83 162 0.66c 30.42c LDL LDL 1 LDL 
2447 08-83 180 3.09 14.58 LDL LDL 0.9 LDL 
2448 08-83 198 2.60 10.32 LDL LDL 0.7 LDL 
2449 08-83 216 2.42 b 

2450 08-83 234 1.70 5.07 

S0640 3225 2895 2925 10-83 0 1.56 b 1.53 

80641 3250 2770 2926 10-83 0 0.12 b 2.17 

80642 3240 2795 6793 ()8.84 0 0.44 b 

S0643 3275 2645 2927 10-83 0 0.82 b 

S0644 3275 2970 6558 ()8..84 0 NR NR LDL8 29. 1.2
8 LDL8 

80645 3290 2990 9789 06-85 0 NR NR 2/J. 

S0646 3290 2995 9788 06-85 0 NR NR o.58 

C0161 3300 2240 8266 10-84 72 0.04 b 

8267 10-84 108 0.01 b 

80647 3340 2610 2ne 10-83 0 NR NR LDL 270 1.3 LDL 
(A hand-written note was included below this sample result stating that this sample was not included in the original Site Survey Project report because the location was cleaned up 

Immediately. 

S0648 3350 2340 5818 07-84 0 0.32 b 

S0649 3350 2390 2833 10-83 0 1.11 2.08 

S0650 2400. 2565 2832 10-83 0 1.29 b 

S0651 3450 2290 5817 07-84 0 1.48 b 

S0652 3550 2265 2829 10-83 0 8.56c 2.37c 4.02 

• • • 



Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCI/g) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

2461 08-83 162 0.08 b 

2462 08-83 180 0.04 b 

2463 08-83 198 0.06 b 

2464 08-83 216 0.01 b 

2465 08-83 234 0.02 b 

50657 3400 2720 5835 07-84 0 0.35 b 

80658 3400 2870 2835 10-83 0 0.70 b 

80659 3450 2945 5836 07-84 0 0.39 b 

C0167 3450 2no 2466 08-83 54 0.92c b 

2467 08-83 72 0.40 b 

2468 08-83 90 0.04 b 

C0168 3475 2670 2469 08-83 18 0.54c 7.11c 

2470 08-83 36 0.06 b 

2471 08-83 72 0.02 b 

2472 08-83 78 0.02 b 

S0660 2475 2870 5833 07-84 0 0.36 b 

80661 3500 2745 5834 07-84 0 0.21 b LDL LDL 0.8 LDL 

80662 3500 2870 2838 10-83 0 0.17 b LDL LDL 0.8 LDL 

80663 3500 2945 5832 07-84 0 0.37c b 

S0664 3525 2670 5829 07-84 0 1.73 b 

80665 3525 2770 2836 10-83 0 1.72c b 

S0666 3575 2670 5828 07-84 0 0.95 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-«1 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCI/ml) (pCI/g) (pCifg) (pCI/g) (pCIJg) 

C0169 3575 2720 2473 08-83 18 0.07 b 
2474 08-83 36 0.03 b 
2475 0&83 54 0.21 b 

S0667 3575 2770 5830 07-84 0 0.38 b 

80668 3575 2870 5831 07-84 0 0.02 b 

2837 1().83 0 0.02 b 

C0170 2700 3000 8264 10-84 72 0.24 b 

8264 10-84 162 0.03 b 
(The same MRC.IO was given for both deptht.) 

50670 2705 3175 «>29 1().83 0 0.34 b 

50671 2725 3075 4118 1(1..83 0 5.74 b 

50672 2725 3300 4027 1().83 0 0.43 b 

50673 2775 3275 «)43 1(1..83 0 0.08 b 0.15 

50674 2775 3375 «)28 1().83 0 0.54 b 

50675 2800 3100 7196 09-84 0 0.28 b 

50676 2625 3150 7193 09-84 0 0.09 b 

S0677 2850 3075 7197 09-84 0 0.11 b 

50678 2850 3151 4030 1(1..83 0 0.21 b 0.98 

80679 2875 3175 7194 09-83 0 0.05 b 

S0680 2900 3275 7195 09-84 0 0.34 b 

50681 2925 3250 4031 10.83 0 0.28 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• Sou1h West No. Mo-Yr Onch) (pO/g) (pCi/g) (pO/ml) (pO/g) (pO/g) (pO/g) (pCi/g) 

50653 3550 2390 2830 10-83 0 0.70 2.43 

S0654 3575 2290 5815 07-84 0 1.51 b 

S0655 3575 2565 2828 10-83 0 1.01 2.28 1.08 

3575 2565 2827 10-83 0 1.41 2.74 1.23 

(Two sets of resul1s were given for coordinates 3575 sou1h/2565 west.) 

C0162 3300 2620 8281 10-84 72 0.72 b 

8282 10-84 144 0.07 b 

C0163 3325 2645 2451 08-83 18 0.18 b 

2452 08-83 36 0.48 b LDL LDL 0.9 LDL 

2453 08-83 54 0.05 b 

2454 08-83 72 0.23 b 

2455 08-83 78 0.06 b 

C0164 3325 2720 2434 08-83 18 0.13 b 

2435 08-83 36 0.31 b 

2436 08-83 54 0.05 b 

2437 08-83 72 0.45 b 

2438 08-83 90 0.08 b 

2439 08-83 126 0.02 b 

2440 08-83 144 0.06 b 

C0165 3325 2980 10440 08-85 18 NR NR LDL 3.0 0.9 LDL 

10441 08-85 36 NR NR LDL LDL 1 LDL 

10442 08-85 54 NR NR LDL 2.5 1 LDL 

10443 08-85 60 NR NR LDL 31 0.7 LDL 

50656 3375 2695 2834 10-83 0 4.31 b 

C0166 3375 2795 2456 08-83 18 0.07 b 

2457 08·83 90 0.05 b 

2458 08·83 108 0.30 b 

2459· 08·83 126 0.42 b 

2460 08-83 144 0.07c b 
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Map Coordinates MRCID Depth Pu-238 · Thoriumb Tritium Co~ Cs-137 Aa-226 Am-241 

LDcatlon• South West No. Mo-Yr ~nch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50682 2950 3075 7198 09-84 0 0.07 b LDL LDL 1.1 LDL 

S0683 2725 3405 4036 10-83 0 0.30 b 

S0684 2725 3455 7115 09-84 0 0.04 b 

S0685 2725 . 3505 4035 10-83 0 0.60 b 

S0686 2750 2580 7116 09-84 0 0.06 b 

S0689 2n5 2580 7118 09-84 0 0.25 b 

S0688 2n5 3655 4034 10-83 0 0.40 b 

S0689 2800 3530 7119 09-84 0 0.21 b 

S0690 2800 3605 7117 09-84 0 0.73 b 

S0691 2825 3705 7122 09-84 0 1.03 b 

S0692 2825 3710 7123 09-84 0 2.51 b LOL 1.3 0.9 LDL 

S0693 2850 3430 4037 10-83 0 0.96c b 0.40 

S0694 2875 3755 4033 10-83 0 0.40 b 0.38 

S0695 2925 3505 7120 09-84 0 0.11 b 

S0696 2925 3580 7121 09-84 0 0.78 b 

S0697 2950 3420 4038 10-83 0 0.10 b 0.15 

50698 2950 3580 4119 10-83 0 0.28 b 

50699 3250 4390 5980 07-84 0 0.22 b 

50700 3250 4440 5909 07-84 0 0.48e b • ··68 • 



• • • 
Map Coordinates MACID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0701 3275 4165 2937 10-83 0 0.37 b 

S0702 3295 4415 2934 10-83 0 0.16 b 

S0703 3325 3785 5851 07-&4 0 0.51 b 

S0704 3325 3835 4019 10-83 0 0.11 b 

S0705 3325 3875 5852 07-&4 0 0.24 b 

S0706 3325 4035 4021 07-&4 0 28.90 b 

S0707 3325 4135 5853 07-&4 0 0.37 b 

S0708 3375 3785 5850 07-&4 0 0.05 b 

S0709 3425 4010 5855 07-&4 0 7.67 b 

S0710 3425 4135 5654 07-&4 0 0.30 b 

S0711 3450 3960 4018 10-83 0 1.88 b 

S0712 3475 4085 5856 07-&4 0 7.84c 25.25c 

S0713 3500 3785 5849 07-84 0 0.23 b 

S0714 3525 3985 5857 07-84 0 3-01< b 

S0715 3525 3835 4017 10-83 0 0.45 b 

S0716 3545 4040 10466 08-85 0 3.06 b 

S0717 3550 4030 10465 08-85 0 12.05 b 

S0718 3550 4035 4020 10-83 0 0.28 b 

S0719 3555 4020 10464 08·85 0 17.10 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCifg) (pCifg) (pCifml) (pCifg) (pCI/g) (pCifg) (pCI/g) 

-

50720 3560 4015 10463 08-85 0 25.00 b 

50721 3565 4010 10462 08-85 0 20.40 b 

50722 3570 4000 10461 08-85 0 28.30 10.20 

---
50723 3575 3785 5848 07-84 0 0.24 b 

50724. 3575 3860 5858 07-84 0 88.40c 4.03c 

50725 3575 3990 10460 08-85 0 119.00 8.50 

50726 3580 3980 10459 08-85 0 163.00 32.60 

50727 3583 3975 10458 08-85 0 36.80 6.10 

50728 3585 3970 10457 08-85 0 116.00 20.40 

50729 3590 3960 10456 08-85 0 45.90 b 

50730 3595 3950 10455 08-85 0 15.50 b 

C0171 3000. 3000 8276 10-84 42 0.10 b 

82n 10-84 102 0.02 b 

50731 3075 3375 7328 09-84 0 0.34 b 

C0172 3100 3000 8288 10-84 72 0.04 b 

8289 10-84 120 0.15 b 

50732 3100 3075 7330 09-84 0 0.47 b 

50733 3100 3150 2996 10-83 0 0.29 b 

50734 3100 3325 2995 10-83 0 0.35 b 0.34 

--735 
3125 3250 7329 09·84 0 

0 .• 
b • .;·70 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr One h) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0736 3175 3250 7332 ()9.84 0 0.79 b 

S0737 3200 3075 7331 ()9.84 0 1.04 b 

S0738 3200 3215 7333 09-84 .o 0.15 b 

C0173 3250 3000 10438 08-85 18 NR NR LDL 8.7 0.8 LDL 
10437 08-85 36 NR NR lDL 5.8 0.8 lDl 
10438 08-85 54 NR NR LDL 1.9 0.9 LDL 
10439 08-85 60 NR NR LDL 9.7 0.9 lDl 

80739 3250 3025 7335 09-84 0 0.75 b 

80740 3250 3100 Z¥91 1().83 0 0.54 b o.n LDL 29 1.2 lDl 

80741 3250 3225 7336 ()9.84 0 0.64 b 

80742 3275 3050 2998 1().83 0 0.18 b 0.61 
7337 09-84 0 0.37 b 

S0743 3275 3075 7334 ()9.84 0 0.33 b 

50744 3275 3225 7336 ()9.84 0 0.36 b 

80745 3285 3010 2999 1().83 0 1.12c b 0.64 

80746 3295 3005 9790 08-85 0 NR NR o.s• 

50747 3295 3010 9794 08-85 0 NR NR s.o• 

80748 3295 3300 4127 10-84 0 12.10 b 

-
C0174 3000 3380 8274 10-84 72 0.03 b 

8275 10-84 138 0.01 b LDl LDl 0.8 lOl 

C0175 3000 3640 8518 12-84 90 0.03 b 
8519 12-84 180 0,01 b 
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Map Coordinates MRCIO Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Aa-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCi/g) (pCI/g) (pCi/ml) (pCI/g) (pCI/g) (pCI/g) (pCifg) 

S0764 3325 3350 2884 10-83 0 0.32 b 

S0765 3350 3225 7339 09-84 0 0.55 b 

S0766 3350 3350 7340 09-84 0 1.13 b 

S0767 3400 3075 7344 09-84 0 0.43 b 

S0768 3400 3225 2888 10-83 0 0.61 b 

S0769 3400 3300 7347 09-84 0 0.61 b 

sono 3425 3025 7346 09-84 0 0.54 b 

S0771 ·3425 3075 7342 09-84 0 0.45 b 

S0772 3475 3050 7343 09-84 0 0.23 b 

S0773 3500 3200 2887 10-83 0 1.67c b 0.15 

S0774 3550 3075 2886 10-83 0 0.54 b 

S0775 3575 3350 2883 10-83 0 1.61 b 0.99 

C0178 3300 3380 8262 10-84 72 0.15 b 
8263 10-84 162 0.01 b 

50776 3325 3405 4148 11-83 0 0.53 b 

50777 3325 3430 7203 09-84 0 1.66 3.71 

50778 3325 3555 4144 11-83 0 0.14 b 

50779 3325 3580 4147 11-83 0 0.16 b 

S0780 3325 3650 4145 11·83 0 0.31 b 
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Map Coordinates MACID Depth Pu-238 Thoriumb Tritium Co«J Cs-137 Aa-226 Am-241 

Location• South West No .. Mo-Yr Qnch) (PCI/g) (pCI/g) {pCI/ml) (pCifg) (pCI/g) {pCI/g) {pCI/g) 

50796 2850 4110 7176 09-84 0 0.34 b 

50797 2875 3810 7170 09-84 0 0.18 b 

50798 2875 4135 7177 09-84 0 0.16 b 

50799 2900 3960 7172 09-84 0 0.15 b 

S0800 2900 3810 7171 09-84 0 0.17 b LDL 1.30 1.1 LDL 

50801 2900 4135 4042 1()..83 0 2.74e b 

50802 2925 3985 7173 09-84 0 0.24 2.88 

S0803 2925 4080 7174 09-84 0 0.23 2.59 

S0804 2950 3810 4044 1~ 0 0.39 b 

50805 2950 4085 4043 1~ 0 0.96 b 

S0806 2950 4135 7171 09-84 0 0.18 b 

C0181 2700 4140 7746 09-84 90 0.01 b 

7747 09-84 180 0.02 b 

50807 2705 4190 2588 09-83 0 0.27 b 

S0808 2705 4290 2587 09-83 0 0.10e b 

50809 2800 4165 2586 09-83 0 0.05 b 

50810 2825 4190 6474 08-84 0 0.38c b 

50811 2825 4265 6473 08-84 0 0.13 b 

50812 2825 4365 6472 08-84 0 0.10 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCI/g) (pCi/g) (pCI/ml) (pCi/g) (pCI/g) (pCi/g) (pCifg) 

S0781 3350 3755 7236 09-84 0 0.50 b LDL LDL 1.3 LDL 

S0782 3375 3480 7233 09-84 0 1.45 b 

S0783 3400 3580 7202 09-84 0 0.81 b 

S0784 3400 3730 7201 09-84 0 0.23 b 

S0785 3475 3480 7235 09-84 0 1.23 b 

S0786 3475 3655 7237 09-84 0 0.08 b 

S0787 3550 3400 9807 06-85 0 NR NR 143 7.0 0.4 LDL 

S0786 3550 3480 7234 09-84 0 234.00 b 

S0789 3550 3730 7200 09-84 0 0.25 b 

S0790 3560 3390 9810 06-85 0 NR NR 54 LDL 0.7 LDL 

S0791 3575 3555 4146 11-83 0 0.40e b 0.49 

C0179 3580 3480 1289 12-82 18 1103.00 b 

1290 12-82 36 39.00 b 

C0180 2700 3760 7757 09-84 48 0.03 b 

7758 09-84 108 0.10 b 

8425 09-84 144 O.o7 b 

S0792 2750 3860 4039 10-83 0 1.50 b 0.64 

S0793 2750 4010 4040 10-83 0 18.40 b 

S0794 2800 4085 4041 10-83 0 0.50 b 

S0795 2825 3910 4120 10-83 0 0.97 b 0.55 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50749 3075 3480 3000 1().83 0 0.85 b 5.27 

50750 3075 3530 3003 1().83 0 0.33 b 0.97 

50751 3075 3605 3001 1().83 ·0 0.81 b 

50752 3100 3655 7357 09-84 0 0.52 b 

50753 3150 3455 7355 09-84 0 0.14 b 

50754 3150 3580 7356 09-84 0 0.42 b 

50755 3150 3655 3004 1().83 0 0.73 b 0.44 LDL 1.6 1 LDL 

50756 3150 3705 7358 09-84 0 0.21 b 

50757 3175 3480 7352 09-84 0 0.44 b 

80758 3200 3505 3002 1().83 0 0.62c b 0.52 

80759 3200 3630 7353 09-84 0 0.64 b LDL 0.9 1.2 LDL 

80760 3200 3720 7354 09-84 0 0.05 b 

50761 3225 3430 7351 09-84 0 0.95 b 

80762 3275 3655 7349 09-84 0 0.65 b 

C0176 3310 3010 10433 08-85 18 NR NR LDL 2.2 0.8 LDL 

10434 08-85 36 NR NR LDL 3.1 0.7 LDL 

10435 08-85 54 NR NR LDL 1.2 0.7 LDL 

• 
C0177 3310 3090 10444 08-85 18 NR NR LDL 2.3 0.9 LDL 

10445 08-85 36 NR NR LDL 5.3 . 0.9 LDL 

10446 08-85 54 NR NR LDL 4.5 0.9 LDL 

S0763 3325 3075 2885 10-83 0 0.79 b 0.152 • :. • 



Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No.· Mo-Yr (inch) (pCifg) (pCifg) (pCI/ml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0813 2875 4215 6475 08-84 0 0.17 b 

S0814 2875 4290 6476 08-84 0 0.08 b 

S0815 2875 4365 64n 08-84 0 0.07 b 

S0816 2875 4390 2584 09-83 0 0.20 b 

S0817 2975 4240 6480 08-84 0 0.09 b 

S0818 2975 4265 6481 08-84 0 0.04 b 

S0819 2975 4315 6479 08-84 0 0.07 b 

S0820 2975 4390 6478 08-84 0 0.13 b 

S0821 2975 4415 2585 09-83 0 0.40 b 

S0822 3005 3985 5938 07-84 0 0.30 b 

S0823 3005 4035 5937 07-84 0 0.07 b 

S0824 3025 4085 5935 07-84 0 0.03 b 

S0825 3125 4135 4129 10-83 0 0.11 b 0.15 

S0826 3050 4010 4128 10-83 0 0.17 b 

S0827 3050 4135 5933 07-84 0 0.07c b 

S0828 3075 4085 5936 07-84 0 0.09 b 

S0829 3100 4135 5932 07-84 0 0.04 b 

S0830 3125 3810 4143 11·83 0 0.91 b 

S0831 3125 4060 5934 07-84 0 0.04 b 

• 76 •• • 



• • • 
M8p Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr ~nch) (pCifg) (pCifg) (pCI/mL) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

80832 3225 3935 4141 11-83 0 2.48c b 

80833. 3225 4135 4139 11-83 0 0.24 b 

S0834 3250 4110 4140 11-83 0 0.36 b 0.28 

S0835 3275 3810 4142 11-83 0 0.91 b 0.26 

C0182 3000 4140 7748 09-84 90 0.04 b 

7749 09-84 150 0.21 b 

S0836 3025 4265 5905 07-84 0 0.09 b 

50837 3050 4340 5906 07-84 0 0.08 b LDL LDL 1.1 LDL 

S0838 3100 4265 5904 07-84 0 0.18 b 

50839 3100 4440 5907 07-84 0 0.12 b 

S0840 3125 4315 5899 07-84 0 0.14 b 

S0841 3175 4215 2936 10-83 0 0.04c b 

S0842 3200 4340 5900 07-84 0 0.12 b 

S0843 3225 4190 5903 07-84 0 0.08 b 

S0844 3250 4240 5902 07-84 0 0.13 b 

S0845 3250 4315 5901 07-84 0 0.30 b 

C0183 3300 4140 7808 10·84 90 0.02 b 

7809 10-84 180 0.05 b 

S0846 . 3305 4290 5860 07-84 0 0.27 b 

50847 3325 4165 5910 07·84 0 1.21 b 

E·77 



Map Coordinates MRCIO Depth Pu-238 Thoriumb Tritium CcHlO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0848 3325 4290 5861 07-84 0 0.70 b 

S0849 3325 4215 4024 1().83 0 0.44 b 12.59 

50850 3325 4340 5859 07-84 0 0.43 b 

50851 3350 4365 4026 1().83 0 1.82 b 

50852 3375 4165 4023 1().83 0 0.42 b 

50853 3375 4240 5862 07-84 0 97J!ill 13.69c 

50854 3375 4315 4025 1().83 0 4.32c b 

50855 3425 4140 5863 07-84 0 1.29 b 

S0856 3475 4165 4022 10-83 0 1.10 b 

C0262 2700 4750 n54 09-84 90 1.08 b 

S0858 2750 4520 2590 09-83 0 0.61 b 

50859 2800 4495 6483 08-84 0 0.30 b 

S0860 2825 4445 6484 08-84 0 0.70 b 

S0861 2850 4420 6485 08-84 0 0.56 b 

S0862 2850 4620 6492 08-84 0 0.08 b 

S0863 2875 4375 6486 08-84 0 0.06 b 

S0864 2875 4595 6490 08-84 0 0.50 b 

C0184 2875 4795 1648 04-83 18 2.25c· b 

1649. 04-83 36 0.45 b 

• 78 

1650 04-83 54 0.~ b • 



•• •• • 
Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCI/g) (pCI/g) 

1651 04-83 72 0.34 b 

1652 04-83 90 0.62 b 

1653 04-83 108 0.44 b 

1654 04-83 126 0.07 b 

1655 04-83 144 0.07 b 

1656 04-83 162 0.05 b 

1657 04-83 180 0.05 b 

S0865 2900 4445 6488 08-84 0 0.02c b 

S0866 2900 4495 6487 08-84 0 0.20 b 

S0867 2900 4545 2589 09-83 0 0.28 b 

S0866 2925 4395 6489 08-84 0 0.37 b 

S0869 2925 4620 2591 09-83 0 0.02c b 

S0870 2950 4620 2592 09-83 0 0.87 b 

C0185 2960 4605 10058 07-85 0 0.55 b 

10059 07-85 18 0.16 b 

10060 07-85 36 0.12 b 

10061 07-85 54 0.23 b 

10062 07-85 72 0.37 b 

10063 07-85 90 0.42 b 

10064 07-85 108 0.31 b 

10065 07-85 126 0.29 b 

10066 07-85 144 1.04 b 

10067 07-85 162 1.76 b 

10068 07-85 180 1.74 b 

10069 07-85 198 0.47 b 

10070 07-85 216 0.76 b 

10071 07-85 234 0.49 b 

S0872 2975 4645 6491 08-84 0 0.12 b 

E-79 



Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCifg) (pCI/g) 

C0186 2975 4845 1658 04-83 18 2.30 b 

1659 04-83 36 0.66 b 

1660 04-83 54 0.47 b 

1661 04-83 72 0.16 b 

1662 04-83 90 0.06 b 

1663 04-83 108 0.18c b 

1664 04-83 126 0.52 b 
1665 04-83 144 0.31c b 

1666 04-83 162 0.05 b 
1667 04-83 180 0.01 b 

S0873 2990 4620 2593 08-84 0 0.30 b 

C0187 2995 4630 10072 07-85 18 0.10 b 

10073 07-85 36 0.02 b 

10074 07-85 54 0.02 b 

10075 07-85 72 0.21 b 

10076 07-85 90 0.55 b 

10077 07-85 108 0.51 b 

10078 07-85 126 3.71 b 

1007 07-85 144 0.60 b 

100 07-85 162 0.22 b 

100 07-85 180 0.22 b 

1008 07-85 198 0.23 b 

1008 07-85 216 0.80 b 

1008 07-85 234 0.12 b 
{The MAC IDs for the last 6 samples of this core were not legible in the data received. The sequence is probably 10079 through 10084.) 

C0188 3000 4520 7806 10-84 90 0.01 b 

7807 10-84 180 0.01 b 

S0874 3025 4575 2603 10-83 0 0.24 b 

S0875 3025 4820 6385 08·84 0 6.77 b 

S0876 3030 4780 6386 08-84 0 0.21 b 

• ~-80 • • 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCI/g) (pCifg) (pCifml) (pCifg) (pCifg) (pCI/g) (pCI/g) 

soan 3035 4640 6388 08-84 0 0.52 b 

S0878 3035 4705 6387 08-84 0 0.98 b 

C0189 3050 4780 1541 04-83 '8 17.10 b 

1542 04-83 36 1.79 b 

1543 04-83 54 0.96 b 

1544 04-83 72 0.73 b 

1545 04-83 90 0.19 b 

1546 04-83 108 0.25 b 

1547 04-83 126 0.28 b 

1548 04-83 144 0.15 b 

1549 04-83 162 0.08 b 

C0190 . 3050 4860 1974 05-83 18 1.38 b 

1975 05-83 36 0.07 b 

S0879 3060 4795 2599 10-83 0 0.84 b 

S0880 3075 4845 6384 08-84 0 4.68c b LDL LDL 0.9 LDL 

S0881 3095 4830 7835 10-84 0 5.59 b LDL LDL 0.9 LDL 

C0191 3100 4675 1691 04-83 18 0.08 b 

1692 04-83 36 0.12 b 

1693 04-83 54 0.16 b 

1694 04-83 72 0.02 b 

1695 04-83 90 0.01 b 

1696 04-83 108 0.01c 3.31 

1697 04-83 126 0.01 b 

1698 04·83 144 0.01 b 

1699 04-83 162 0.01c b 

1700 04-83 180 0.39 b 

50882 3100 4720 2600 10-83 0 0.73c b 

50883 3125 4740 7836 10-84 0 1.22 b 

E-81 



Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Qnch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0884 3135 4580 6389 08-84 0 2.93 b 

50885 3160 4no 1843 10-84 0 0.01 b 

S0886 3175 4605 2601 1()..83 ·0 0.55 b 1.90 

80887 3175 4675 7837 10-84 0 0.08 b 

S0888 3180 4840 7844 10-84 0 0.15 b 

S0889 3200 4695 7842 10-84 0 O.ot b 

S0890 3210 4530 2602 1()..83 0 0.28 b 

50891 3210 4610 7836 10-84 0 0.23 b 

80892 3225 4n5 7845 10-84 0 0.47 b 

80893 3230 4630 7841 10-84 0 O.ot b 

S0894 3230 4815 7850 10-84 0 0.02 b 

80895 3260 4680 7846 10-84 0 8.30 b 

80896 3260 4870 7854 10-84 0 0.06 b 

80897 3270 4535 7839 10-84 0 0.03 b 

80898 3270 4575 7840 10-84 0 0.02 b 

50899 3275 4820 7853 10-84 0 0.04 b 

S0900 3280 4730 7848 10-84 0 0.62 b 

50901 3290 4630 7847 10-84 0 1.29 b 

50902 3290 4790 7849 10·84 0 0.37 b • • 82 • 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCI/g) (pCifg) (pCifml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

50903 3295 4830 7851 10-84 0 0.09 b 

S0904 3295 4875 7852 10-84 0 0.03 b 

C0192 3140 4900 8510 12-84 90 0.02 b 

5811 12-84 180 0.01 b 

50905 3250 4950 6393 08-84 0 0.17c 2.46c 

C0193 3300 4900 n52 09-84 90 0.89 b 

n53 09-84 180 0.29 b 

S0906 3300 4975 6391 08-84 0 9.92 b 

50907 3315 4925 6392 08-84 0 1.15 b LDL 0.6 1.2 LDL 

S0908 3325 4975 4047 10-83 0 1.08 b 

S0909 3415 5000 4045 10-83 0 1.85 b 

50910 3435 5020 6390 08-84 0 0.22 b LDL 1.5 1.4 LDL 

50911 3440 4900 4050 10-83 0 2.03c b 

50912 3465 5025 6397 08-84 0 0.19 b 

50913 3540 5035 6396 08-84 0 0.08 b 

50914 3550 4986 4049 10-83 0 2.29 b 0.45 

50915 3600 5055 6395 08-84 0 2.19 b 

50916 3675 5080 6394 08-84 0 0.69 b 

50917 3680 5010 4048 10·83 0 2.32 b 0.21 

E-83 



Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Ca-137 Ra-226 Am-241 
Location• South West No. Mo-Yr Onch) (pCi/g) (pCifg) {pCI/ml) (pCifg) {pCI/g) (pCI/g) {pCI/g) 

C0194 3600 2240 8293 1()..84 54 0.30 b 

8294 1()..84 108 0.32 b 

S0918 3625 2315 2891 1G-83 0 1.23c b 0.15 

S0919 3625 2515 2894 1().83 0 2.18 b 0.54 

S0920 3625 2615 5819 07-84 0 1.64 b LDL 0.9 1.1 LDL 

S0921 3700 2465 5915 07-84 0 1.08 b LDL 1.1 1.1 LDL 

S0922 3700 2540 2892 1().83 0 1.72 b 

S0923 3700 2615 5919 07-84 0 0.40 b 

S0924 3725 2440 2889 1().83 0 2.23c b 1.04 

S0925 3825 2565 5916 07-84 0 0.65 b LDL 0.9 1.3 LDL 

S0926 3825 2590 2893 1().83 0 0.75c b 0.40 

S0927 3875 2490 2890 1().83 0 1.41 b 

S0928 3875 2540 5917 07-84 0 0.58 b LDL 0.9 1.3 LDL 

S0929 3875 2590 5920 07-84 0 0.70 b LDL 1.3 1.5 LDL 

C0195 3600 2620 8272 10-84 36 0.05 b 

8273 10-84 90 0.06 b 

S0930 3625 2645 2967 10-83 0 0.35 b 0.35 

S0931 3625 2970 5930 07-84 0 0.82 b 

S0932 3650 2670 2939 10-83 0 1.14 b 

.3 
3675 2475 5921 07-84 0 1.25. b • • •, .-84 0 ,/ 



• • • 
Map Coordinates MAGID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Aa-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCifg) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0934 3675 2870 5926 07-84 0 0.40 b 

S0935 3700 2670 5922 07-84 0 1.10 b 

S0936 3700 3920 5927 07-84 0 0.65 b 

S0937 3725 2995 5928 07-84 0 1.17 b 

50938 3750 2870 5925 07-84 0 0.40 b 

S0939 3750 2945 5931 07-84 0 0.33 b 

S0940 3800 2670 5923 07-84 0 0.56 b LDL 1 1.2 LDL 

50941 3800 2845 5924 07-84 0 0.90 b 

50942 3800 2945 5929 07-84 0 0.52 b LDL 0.9 1.3 LDL 

S0943 3875 2645 2938 1()..83 0 3.78 b 

50944 3925 2615 2608 09-83 0 0.94 b 

50945 3950 2515 2607 ()9..84 0 0.61 b 

50946 4000 2465 2604 09-83 0 1.74c b 0.93 

50947 4025 2540 5865 07-84 0 0.23 b 

S0948 4075 2515 2605 09-83 0 0.67 b 0.76 

50949 4100 2590 2606 09-83 0 1.20 b 

S0950 4125 2565 5864 07-84 0 0.05 b 

50951 3925 2645 5953 07-84 0 0.03 b 

50952 3925 3870 5951 07-84 0 0.05 b 

E-85 



I 
Map Coordinates MRCIO Depth Pu-238 Tllorlumb Tritium Co-60 Cs-137 Ra-226 M'l-241 

Location • South West No. Mo-Yr ~nch) (pOfg) (pOfg) (pCI/mL) (pO/g) (pOfg) (pOJg) (pOfg) 

S0953 3925 3945 5950 07-84 0 0.07 b 

S0954 3975 2645 5954 07-84 0 0.45 b 

S0955 3975 2945 5949 07-84 0 1.73 b LDL LDL 1 LDL 

S0956 4000 2645 2949 10-83 0 0.76c b LDL 1.7 1 LDL 

80957 4000 2745 2950 10-83 0 0.39c b 0.15 

S0958 4000 2770 5952 07-84 0 0.01 b 

S0959 4000 2945 5947 07-84 0 0.08 b 

S0960 4100 2720 5955 07-84 0 0.49 b 

50961 4125 2645 2948 10-83 0 1.78c b 

50962 4125 2770 5956 07-84 0 0.41 b 

50963 4125 2845 5957 07-84 0 0.14 b 

50964 4125 2945 5948 07-84 0 0.01 b 

C0196 4135 3000 8515 12-84 90 0.01 b 

C0197 3900 3000 8513 12-84 30 0.43 b 

8514 12-84 60 0.02 b 

50965 3925 3325 5963 07-84 0 0.77 b 

50966 3950 3125 2942: 10-83 0 0.57 b 

50967 3950 3275 5962 07-84 0 0.51 b 

S0968 3975 3225 5961 07-84 0 0.10 b 

• • • c·86 



• • • 
Map Coordinates MRCID . Depth Pu·238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No.· Mo-Yr Onch) (pCifg) (pCifg) (pCI/ml) (pCifg) (pCifg) (pCifg) (pCifg) 

S0969 4025 3125 5959 07-84 0 0.12 b 

S0970 4050 3075 2941 10-83 0 0.52 b 

50971 4075 3025 5958 07-84 0 0.15 5.02 

C0198 4135 2620 8512 12-84 30 0.19 b 

50972 4225 2730 2623 09-83 0 0.02 b 

50973 4225 2855 2622 09-83 0 0.02 b 

50974 4250 2830 5969 07-84 0 0.59 b 

50975 4275 251!0 5964 07-84 0 0.75 b LOL LOL 1.1 LDL 

50976 4275 2760 5968 07-84 0 0.30 b 

50977 4325 2630 5966 07-84 0 0.77 b 

50978 4325 2635 5967 07-84 0 0.43 b 

50979 4350 251!0 2620 09-83 0 0.40 b 

80980 4350 2680 5965 07-84 0 1.02 b 

80981 4375 2630 2621 09-83 0 0.44c b 

C0199 3600 3000 8268 1Q.84 72 0.16 b 

8269 10.S4 108 0.02. b 

S0982 3625 3025 5944 07-84 0 0.43• 14.94 

S0983 3625 3325 4517 01-84 0 0.28 b 0.28 

S0984 3650 3275 5939 07-84 0 2.95 b 

E-87 



Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium CcHiO Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr ~nch) (pCifg) (pCI/g) (pCI/mL) (pCifg) (pCifg) (pCI/g) (pCifg) 

50985 3675 3250 5940 07-84 0 8.53 7.73 

00200 3675 3275 1279 12-82 18 0.25 b 

S0986 3875 3250 2943 1o-83 0 1.54 7.13 

60987 3875 3350 5942 07-84 0 1.38 b 

C0201 3600 3380 8279 10-84 42 1.57 b 

8280 10-84 108 1.88 b 

S0988 3605 3475 4531 OHM 0 0.40 b 1.67 

S0989 3605 3480 4528 01-84 0 93.30 b 1.18 

C0202 3625 3480 1287 12-82 18 13.04 b 

1288 12-82 36 1.66 b 

S0990 3625 3630 7208 09-84 0 5.60 b 

S0991 3625 3680 7207 09-84 0 2.29 b 

S0992 3635 3580 4527 01-84 0 637.90 

S0993 3650 3630 4526 01-84 0 6.73 b 0.17 

S0994 3650 3680 7206 09-84 0 5.67 18.99 

C0203 3650 3760 7810 10-84 90 0.39 b 

7811 10-84 160 0.04 b 

C0204 3675 3405 1281 12-82 18 1.21 b 

1282 12·82 36 0.09 b 

C0205 3675 3515 1285 12-82 18 478.00 2.38 

1286 12·82 36 124.00 2.90 

• • • 



• • • 
Map Coordinates MRCIO Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location • South West No. Mo-Yr (inch) (pCI/g) (pCi/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

S0995 3705 3400 4530 01-84 0 3.85 b 

C0206 3725 3425 1271 12-82 18 0.01c b 

C0207 3725 3630 1277 12-82 18 67.00 b 

1278 12-82 36 1.27 b 

C0208 3725 3680 1292 12-82 18 186.00c 38.ar 

1293 12-82 36 4.45 3.01 

C0209 3730 3635 1294 12-82 t8 2.00 b 
1295 12-82 36 2.13 b 

C0210 3750 3605 1291 12-82 18 2.11 b 

S0996 3775 3405 4524 01-84 0 6.28 b 0.16 

C0211 3780 3465 1273 12-82 18 2.41C· 10.16 

1274 12-82 36 0.08 b 

C0212 3780 3505 1275 12-82 18 2.72c 13.13c 

1276 12-82 36 0.07 b 

S0997 3800 3450 1464 03-83 0 34,000 NR 

80998 3800 3405 4519 01-84 0 1.12 b 

S0999 3800 3530 4522 01-84 0 6.80 b 

S1000 3800 3630 7205 09-84 0 1.27 b LOL 0.6 1.1 LOL 

51001 3825 3405 4520 01-84 0 0.24 b 0.19 

St002 3850 3400 1465 12-83 0 102.00 54.30 

51003 3850 3430 4521 . 01·84 0 2.05 b 0.19 

E-89 



Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• SoU1h West No. Mo-Yr (inch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCifg) (pCifg) 

C0213 3260 4860 2660 ()9.83 30 0.18 b 

2661 ()9.83 60 0.93c b 

2662 ()9.83 240 0.16 b 

C0214 3500 4550 2714 ()9.83 30 O.D1 b 

2715 ()9.83 60 0.01c b 

2716 ()9.83 180 0.01 b 

C0215 3540 4100 2708 ()9.83 60 0.02 b LDL LDL 0.9 LDL 

2709 ()9.83 72 0.04 b 

2710 ()9.83 96 O.D1 b 

81004 3720 3780 10553 08-85 0 7.58 b 

81005 3720 3800 10528 08-85 0 4.21 b 

81006 3720 3820 E-22 03-82 0 396.40 b 

81007 3725 3820 E-8 03-82 0 216.30 b 

81008 3730 3755 9137 05-85 0 124.20 b 

81009 3730 3900 E-19 03-82 0 1.20 b 

C0216 3740 5050 2663 ()9.83 30 0.24 b 

2664 09-83 60 0.49 b 

2665 09-83 240 0.72 b 

C0217 3750 3740 2704 09-83 30 0.06c b 

S1010 3750 3795 E-17 03-82 0 23.30 b 

S1011 3760 3710 9136 05-85 0 56.20 8.79 

S1012 3760 3800 10554 08-85 0 13.00 b 

.013 
3760 3820 10529 08-85 0 

1.3. 
b • . .-90 



• • • 
Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium ~ Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) . (pCI/g) 

81014 3775 4000 E-20 03-82 0 10.00 b 

81015 3780 3870 E-18 03-82 0 30.00 b 

81016 3800 3650 9135 05-85 'o 0.14 b 

81017 3800 3750 9233 05-85 0 0.31 b 

81018 3800 3850 10530 ()8.85 0 23.70 b 

81019 3805 3650 9134 05-85 0 0.36 b 

81020 3810 3830 10555 ()8.85 0 23.50 b 

81021 3810 3980 E-9 03-82 0 2.20 b 

81022 3820 3610 9133 05-85 0 0.08 b 

81023 3820 3700 9231 05-85 0 0.20 b 

81024 3820 3895 10531 08-85 0 21.30 b 

81025 3825 3590 9132 05-85 0 0.14 b 

81026 3830 4130 E-10 03-82 0 33.70 b 

81027 3840 3880 10556 08-85 0 6.16 b 

C0218 3840 4450 2717 09-83 30 0.02 b LDL LDL 1.5 LDL 

2718 09-83 60 0.02 b 

2719 09-83 180 0.01 b 

S1028 3850 3660 9229 05-85 0 0.56 b 

S1029 3850 3950 10532 08-85 0 4.20 b 

S1030 3860 3930 10557 08-85 0 12.80 b 

E·91 



Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCifg) (pCifg) (pCifmL) (pCifg} (pCifg) (pCI/g) (pCifg) 

S1031 3870 3520 9131 05-85 0 2.86 b 

S1032 3875 3720 9230 05-85 0 0.28 b 

S1033 3880 3610 9227 05-85 ·0 0.10 b 

S1034 3890 3500 9130 05-85 0 0.95 b 

S1035 3895 3480 9129 05-85 0 0.61 b 

81036 3895 3690 9228 05-85 0 0.21 b 

81037 3900 3460 9128 05-85 0 0.99 b 

81038 3900 3575 9225 05-85 0 1.07 b 

81039 3900 3980 10558 08-85 0 8.52 b 

81040 3900 4000 10533 08-85 0 5.58 2.50 

81041 3920 3640 9226 05-85 0 0.58 b 

81042 3925 3525 9223 05-85 0 0.55 b 

S1043 3930 4030 10534 08-85 0 52.30 5.80 

C0219 3940 3460 2698 08-83 30 0.02 b 

2699 09-83 60 O.o1 b LDL LDL 0.8 LDL 
2700 09-83 120 0.01 b 

81044 3940 3480 9221 05-85 0 0.87 5.60 

81045 3940 3600 9224 05-85 0 0.23 b 

81046 3940 4020 10559 08-85 0 0.39 b 

~047 3960 4070 10535 08-85 0 15.~ b • ·. .·92 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Onch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCifg) (pCI/g) (pCI/g) 

S1048 3970 3550 9222 05-85 0 3.88 b 

S1049 3980 4060 10560 08-85 0 36.90 5.60 

S1050 3990 3510 9220 05-85 0 1.32 b 

S1051 4010 4110 10536 08-85 0 1.08 b 

S1052 4020 4090 10561 08-85 0 10.60 b 

S1053 4050 4140 10537 08-85 0 24.50 b 

S1054 4060 4120 10562 08-85 0 3.02 b 

S1055 4080 4200 10538 08-85 0 1.37 b 

S1056 4100 4180 10563 08-85 0 24.40 b 

C0220 4140 3100 2747 09-83 30 0.04 b 

2748 09-83 60 0.22c b 

2749 09-83 120 0.10 b 

S1057 4150 4220 10539 08-85 0 28.70 b 

S1058 4160 4200 10564 08-85 0 2.24 b 

C0221 4190 5000 2666 09-83 30 0.33 b 

2667 09-83 60 0.62 b 

2668 09-83 240 0.08 b 

C0222 4190 5230 2672 09-83 30 0.09 b 

51059 4200 4230 10540 08-85 0 2.28 b 

51060 4205 4205 10565 08-85 0 2.10 b 

S1061 4240 4260 10541 08-85 0 0.17 b 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-«> Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCifg) (pClfg) (pClfml) (pCifg) (pClfg) (pCifg) (pClfg) 

81062 4250 4240 10566 08-85 0 0.37 b 

C0223 4260 4140 2656 09-63 60 0.02 b 

2657 09-63 90 0.01 b 

C0224 4270 4600 2720 09-63 30 0.03 b 

2721 09-63 50 0.01 b 

2722 09-63 180 0.01 b 

81063 4280 4300 10542 08-85 0 24.00 b 

81064 4300 4280 10567 08-85 0 0.33 b 

81065 4300 4340 10544 08-85 0 4.72 b 

81066 4320 4320 10568 08-85 0 55.40 b 

81067 4340 4400 10544 08-85 0 14.30 b 

81068 4350 4380 10569 08-85 0 6.19 b 

C0225 4360 3850 2705 09-63 30 0.02 b 

2706 09-63 60 0.06 b 

2707 09-83 180 0,01 b 

81070 4360 4460 10545 08-85 0 0.28 b 

C0226 4370 2690 2692 09-83 30 0.07e b 

2693 09-83 60 0.44 b 

2694 09-83 84 0.05 b 

81071 4380 4430 10570 08-85 0 11.30 b 

S1072 4410 4480 10546 08-85 0 36.90 b 

S1073 4420 4450 10571 08-85 0 2.50 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCijg) (pCijml) (pCijg) (pCI/g) (pCijg) (pCI/g) 

81074 4470 4470 10547 08-85 0 0.44 b 

C0227 4480 3620 2701 09-83 30 0.04 b 

2702 09-83 60 0.10 b 

2703 09-83 120 0.02 b LDL LDL 1 LDL 

81076 4480 4440 10572 08-85 0 0.67 b 

C0228 4480 5530 2732 09-83 30 0.01 b 

2733 09-83 60 0.01 b 

2734 09-83 180 0.01c b 

C0229 4500 5200 2729 09-83 30 0.01 b 

2730 09-83 60 0.01 b 

2731 09-83 240 0.01 b 

810n 4540 4430 10573 08-85 0 1.16 b 

81078 4540 4470 10548 08-85 0 1.58 b 

81079 4580 4490 10549 08-85 0 13.80 b 

51080 4590 4460 10574 08-85 0 0.08 b 

C0230 4600 4650 2723 09-83 30 0.01 b 

2724 09-83 60 0.01 b 

2725 09-83 180 0.01 b 

C0231 4630 4350 2762 09-83 30 0.04 b 

2763 09-83 60 0.04 b 

2764 09-83 240 0.01 b 

51081 4640 4480 10575 08-85 0 0.20 b 

51082 4640 4520 10550 08-85 0 0.20 b 

51083 4700 4500 10576 08-85 0 0.28 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

location• South West No. Mo-Yr (Inch) (pCI/g) (pCI/g) (pCI/ml) (pCifg) (pCI/g) (pCifg) (pCifg) 

81084 4700 4540 10551 08-85 0 0.10 b 

C0232 4720 4930 .2726 09-83 30 o.or b 

2727 09-83 60 0.03 b LDL LDL 0.9 LDL 

2728 09-83 240 0.01 b 

81085 4750 4530 1osn 08-85 0 0.13 b 

C0233 4760 3230 2695 09-83 30 0.20 b 

2696 09-83 60 0.06 b 

2697 09-83 120 0.03 b 

81086 4760 4550 10552 08-85 0 0.18 b 

C0234 4960 3550 2750 09-83 30 0.04 b 

2751 09-83 60 O.Q1 b 

2752 09-83 120 0.01c b 

C0235 4960 3880 2756 09-83 30 0.04 b 

2757 09-83 60 O.Q1 b 

2758 09-83 180 0.01 b LDL LDL 0.9 LDL 

C0236 4980 4620 2711 09-83 30 0.01 b 

2112 09-83 60 0.12c b 

2713 09-83 240 0.01 b 

C0237 5040 5270 2669 09-83 30 0.03 b 

2670 09-aJ 60 0.02 b 

2671 09-aJ 240 0.06 b 

C0238 5040 5680 2735 09·83 30 0.01 b 

2736 09-83 60 0.01 b 

2737 09-83 300 0.01 b 

C0239 5050 4230 2765 09-83 30 O.D1 b 

2766 09-83 60 0.01 b 

• 
2767 09-83 168 

O.D1. 
b • 
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Map Coordinates MRCIO Depth Pu-238 Thorlumb Tritium Co.OO Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Vr (inch) (pO/g) (pOfg) (pCI/ml) (pO/g) (pO/g) (pO/g) (pO/g) 

C0240 5100 3000 2501 09-83 18 0.02c b 

2502 09-83 36 0.01 b 

2503 09-83 54 0.01 b 

2504 09-83 72 0.01 b 

2505 09-83 90 0.01 b 

2505 09-83 108 0.01 b 

2506 09-83 126 0.01 b 

(The samples from 90 and 1081n were given the same MAC 10.) 

C0241 5330 4570 2640 09-83 30 0.06 b 

2640 09-83 60 0.02 b 

2640 09-83 198 0.03 b 

(All samples from this core location well! given the same MAC 10.) 

C0242 5370 4980 2643 09-83 30 0.01 b 

2644 09-83 60 0.01 b 

2645 09-83 198 0.01 b 

C0243 5430 5340 2646 09-83 30 0.01 b 

2647 09-83 60 0.01 b 

2648 09-83 198 O.o1 b 

C0244 5500 4325 2637 09-83 30 0.04 b LOL 0.5 2.8 LOL 

2638 09-83 60 0.04 b 

2639 09-83 180 0.01 b 

C0245. 5520 3830 2759 09-83 30 0.03 b 

2760 09-83 60 0.02 b LOL LOL 0.9 LDL 
2761 09-83 210 O.ot b LDL LDL 1 LDL 

C0246 5600 3480 2753 09-83 30 0.01 b 

2754 09·83 42 0.01 b 

2755 09-83 60 0.03 b 

C0247 5650 3680 2768 09-83 30 0.01 b 

2769 09-83 96 0.01 b 

2770 09-83 162 O.Q1 b 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr Qnch) (pCifg) (pCifg) (pCI/ml) (pCifg) (pCifg) (pCifg) (pCifg) 

S1087 2825 2515 6788 ()8.84 0 2.63 9.79 

S1089 2725 2920 8665 12-82 0 10.50 b 

S1090 2750 2670 4114 10-83 0 5.9"f b 

S1091 2750 2770 8654 12-82 0 1.16 b 

C0263 3m.2 3245.3 Noned 04-84 0 NR 0.9 
Noned 04-84 12 NR 0.6 
Noned 04-84 36 NR 0.3 
Noned 04-84 48 NR 0.3 
Noned 04-84 60 NR 0.3 

C0264 3724.8 3254.3 Noned 04-84 0 NR 9.2 
Noned 04-84 12 NR 1.7 
Noned 04-84 24 NR 0.8 
Noned 04-84 36 NR 0.5 
Noned 04-84 48 NR 0.3 

C0265 3752.4 3322.9 Noned 04-84 0 NR 1.7 
Noned 04-84 12 NR 1.3 
Noned 04-84 24 NR 0.3 
Noned 04-84 36 NR 0.3 

C0266 3808.2 3328.7 Noned 04-84 0 NR 1.0 
Noned 04-84 12 NR 0.6 
Noned 04·84 24 NR 0.4 
Noned 04-84 36 NR 0.3 
Noned 04-84 48 NR 0.4 

• • • 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium CcHiO Cs-137 Ra-226 Am-241 

Location• South West No •. Mo-Yr Qnch) (pCifg) (pCifg) (pCifml) (pCifg) (pCi/g) (pCifg) (pCifg) 

C0267 3670.8 3342.9 Noned 04-84 0 NR 0.4 
Noned 04-84 12 NR 0.5 
Noned 04-84 24 NR 0.4 
Noned 04-84 36 NR 0.3 

C0268 3716.1 3400.6 Noned 04-84 0 NR 0.9 
Noned 04-84 12 NR 0.4 
Noned 04-84 24 NR 0.4 
Noned 04-84 36 NR 0.4 

C0269 3751.3 3418.2 Noned 04-84 0 NR 0.6 
Noned 04-84 12 NR 0.5 
Noned 04-84 24 NR 0.2 
Noned 04-84 36 NR 0.2 
Noned 04-84 48 NR 0.3 

C0270 3791.9 3441.5 Noned 04-84 0 NR 0.3 
Noned 04-84 12 NR 0.5 

Noned 04-84 24 NR 0.5 

Noned 04-84 36 NR 0.3 
Noned 04-84 48 NR 0.3 

C0271 3865.9 3483.1 Noned 04-84 0 NR 0.6 
Noned 04-84 12 NR 2.6 
Noned 04-84 24 NR 0.5 
Noned 04-84 36 NR 0.6 

Noned 04-84 48 NR 0.3 
Noned 04-84 60 NR 0.4 

Noned 04-84 72 NR 0.3 
Noned 04-84 96 NR 0.4 

Noned 04-84 120 NR 0.4 

C0272 3801.1 3524.0 Noned 04-84 0 NR 0.6 

None 
d 04-84 12 NR 0.4 

Noned 04-84 24 NR 0.5 
Noned 04-84 36 NR 0.5 
Noned 04-84 48 NR <0.2 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-«) Cs-137 Ra-226 Am-241 

Location• South West No.· Mo-Yr (Inch) (pCifg) (pCI/g) (pCI/ml) (pCifg) (pCifg) (pCifg) (pCifg) 

C0273 3682.1 3413.3 Noned 04-84 0 NR 0.5 
Noned 04-84 12 NR 0.9 
Noned 04-84 24 NR 0.6 
Noned 04-84 'ti NR 0.4 
Noned 04-84 ill NR 0.4 
Noned 04-84 60 NR 0.3 

C0274 3737.9 3478.5 Noned 04-84 0 NR 0.5 
Noned 04-84 12 NR 0.6 
No ned 04-84 24 NR 0.3 
Noned 04-84 36 NR 0.4 

C0275 3529.9 3447.0 Noned 04-84 0 NR 0.3 
Noned 04-84 12 NR 0.6 
Noned 04-84 24 NR 0.7 
Noned 04-84 36 NR 0.4 

C0276 3648.1 3642.8 Noned 04-84 0 NR 0.8 
Noned 04-84 12 NR 0.9 
Noned 04-84 24 NR 0.3 
Noned 04-84 36 NR 0.4 

C0277 3640.5 3587.2 Noned 04-84 0 NR 0.5 
Noned 04-84 12 NR 0.5 
Noned 04-84 24 NR 0.4 
Noned 04-84 36 NR 0.3 

C0278 3628.3 3542.0 Noned 04-84 0 NR 0.2 
Noned 04-84 12 NR 0.3 

None 
d 04-84 24 NR 0.3 

C0279 3567.8 3565.3 Noned 04·84 0 NR 0.2 
Noned 04-84 12 NR 0.3 
None 

d 04-84 24 NR 0.5 

C0280 3705.2 3710.7 Noned 04-84 0 NR 0.8 
None 

d 04-84 12 NR 0.9 

..... 00 

Noned 04-84 24 
NR. 

1.0 • 
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Map Coordinates MRCIO Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCI/g) (pCI/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/g) (pCI/g) 

C0281 3784.3 3591.4 Noned 04-84 0 NR 0.4 
Noned 04-84 12 NR 1.0 
Noned 04-84 24 NR 0.4 
Noned 04-84 36 NR 0.4 
Noned 04-84 4a NR 0.5 

C0282 3679.3 3500.9 Noned 04-84 0 NR 0.6 
Noned 04-84 12 NR 0.4 
Noned 04-84 24 NR 0.3 
Noned 04-84 36 NR 0.4 

C0283 2411.5 2139.2 Noned 07-84 0 NR 1.0 
Noned 07-84 12 NR 1.8 
Noned 07-84 24 NR 1.7 
Noned 07-84 36 NR 1.4 
Noned 07-84 48 NR 1.2 
Noned 07-84 60 NR 0.8 
Noned 07-84 72 NR 0.7 
Noned 07-84 84 NR 0.9 
Noned 07-84 96 NR 0.6 
Noned 07-84 108 NR 0.7 
Noned 07-84 120 NR 0.7 
Noned· 07-84 132 NR 0.5 
Noned 07-84 144 NR 0.5 

C0284 2495.9 2236.2 Noned 07-84 0 NR 0.8 
Noned 07-84 12 NR 1.2 
Noned 07-84 24 NR 0.9 
Noned 07-84 36 NR 0.8 
Noned 07-84 48 NR 0.8 

None 
d 07-84 60 NR 0.5 

Noned 07-84 72 NR 0.6 
Noned 07-84 84 NR 0.8 

None 
d 07·84 96 NR 0.8 

None 
d 07-84 108 NR 0.5 
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Map Coordinates MRCID Depth Pu-238 Thorlumb Tritium Co-60 Cs-137 Ra-226 Am-241 
Location• South West No. Mo-Yr (Inch) (pCi/g) (pCifg) (pCifmL) (pCifg) (pCifg) (pCifg) (pCI/g) 

C0285 2478.9 2212.0 Noned 07-84 0 NR 0.3 
Noned 07-84 12 NR 0.8 
Noned 07-84 24 NR 0.7 
Noned 07-84 36 NR 0.8 
Noned 07-84 lt8 NR 0.8 
Noned 07-84 60 NR 0.6 
Noned 07-84 72 NR 0.7 

C0286 2464.1 2184.0 Noned 07-84 0 NR 0.3 
Noned 07-84 12 NR 0.5 
Noned 07-84 24 NR 0.5 
Noned 07-84 36 NR 0.8 
Noned 07-84 48 NR 0.9 
Noned 07-84 60 NR 0.6 
Noned 07-84 84 NR 0.8 
Noned 07-84 96 NR 0.8 

C0287 2450.7 2151.6 Noned 07-84 0 NR 0.5 
Noned 07-84 12 NR 1.3 
Noned 07-84 24 NR 0.9 
Noned 07-84 36 NR 0.8 
Noned 07-84 48 NR 0.6 
Noned 07-84 60 NR 0.7 
Noned 07-84 72 NR 0.6 

C0288 2438.6 2119.3 Noned 07-84 0 NR 0.3 
Noned 07-84 12 NR 0.8 
Noned 07-84 24 NR 1.1 
Noned 07-84 36 NR 0.8 
Noned 07-84 48 NR 0.8 
Noned 07-84 60 NR 0.5 

·d None 07-84 72 NR 0.7 
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f Map Coordinates MAGID Depth Pu-238 Thoriumb Tritium Co~ Cs-137 Ra-226 Am-241 

Location a South West No. Mo-Yr ~nch) (pCi/g) (pCi/g) (pClfml) (pCI/g) (pCI/g) (pCI/g) (pCifg) 

C0289 2422.7 2081.0 Noned 07-84 0 NA 0.6 
Noned 07-84 12 NA 1.1 
Noned 07-84 24 NA 0.5 
Noned 07-84 36 NA 0.8 
Noned 07-84 48 NA 1.0 
Noned 07-84 60 NA 0.8 

C0290 2401.5 2102.1 Noned 07-84 0 NA 0.7 
Noned 07-84 12 NA 0.8 
Noned 07-84 24 NA 0.8 

Noned 07-84 36 NA 0.8 

Noned 07-84 48 NA 0.6 

Noned 07-84 60 NA 0.9 
Noned 07-84 72 NA 0.8 

C0291 2915.3 2490.3 Noned 07-84 0 NA 0.6 
Noned 07-84 12 NA 0.4 

Noned 07-84 24 NA 0.5 
Noned 07-84 36 NA 0.4 
Noned 07-84 48 NA 0.4 
Noned 07-84 60 NA 0.3 

Noned 07-84 72 NA 0.5 
Noned 07-84 84 NA 0.4 

Noned 07-84 96 NA 0.7 

Noned 07-84 108 NA 0.6 
Noned 07-84 120 NA 0.3 

Noned 07-84 132 NA 0.3 

51092 2185 3362 8413 12-84 f 0.31 323.59 

•c denotes core location and S denotes surface sample location on Plate 1. 

bThorium results of ..s, 2 pCI/g are listed as "b". 

CVeriflcation sample analyzed for OAfoC. 

dNo MAC 10 assigned because In situ gamma spectrometry was performed for thorium-232. 

•oamma results could not be confirmed using the gamma spectroscopy printout given in this appendix. 
1The depth for this sample was given as ·ss·. For mapping purposes (Plates 1 and fi), this is assumed to be a surface sample. 
8Sample results were given isotopically for this sample and included 0.99 pCi/g thorium-228; 321 pCi/g thorium-230; and 1.5 pCi/g thorium-232, for a total of 323.5 pCifg. 
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LDL ·The sample result was below the Lower Detection Umit, which was estimated to be 0.5 pCijg for cesium-137, cobalt-60, and amerlclum-241. The LDL for 

radium-226 or actlnlum-227 was estimated to be 1 pCifg. 
NR. No result provided. (Note: no samples were taken for plutonium-238 when In situ gamma spectrometry was performed.) 
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Results of Gamma Spectroscopy Analyses of Soil Samples 

• 

• 



• DATE: ll·Nov-85 

Analvzed bv:Environ1ental Evaluation &roup LDL = Lo-er Detection Li1it 
The value of tnese lower oetect1on li11ts 

Sub1itted ta:Bob Stouqht,Htalth Physics is esti11ted to be 0.5pCi/g for 
Cs-137, Co-60 and Al-241 

MD = None Detected 
No q&tai tlittinq radionuclides hav1ng g•••• 
energies bela. 1.5 "'y were detected above 
b&tkgraund. 

Concentrations !pCi/ql 

SA !VILE U-238 Ra-226 Th-228 Cs-117 Co-60 Al-241 OTHER 

1244 <2 1.0 +1- 0.2 ll +/· 1 <LDL <LDL <LDL MD 
1493 <2 0.7 +I· 0.1 0.5 +I· 0,1 <LDL <LDL 1.0 +/• 0.2 MD 
1784 <2 1.5 +/· O.l 25 +/- 2 <LDL <LDL <LDL MD 
1806 <2 0.8 +1- 0.1 1.0 +/- 0.1 <LDL <LDL <LDL MD 
1807 <2 o.9 +1- o.t 1.2 +/· 0.1 <LDL <LDL <LDL ND 
1808 <2 1.0 +/• 0.1 0.9 +1- 0.1 <UI. <LDL <LDL MD 
1816 <2 1.0 +I· O.l l.O +/· 0.2 <LDL <LDL <LDL MD 
1825 <2 0.7 +1- 0.1 1.0 +/- 0.1 <LDL <LDl <lDL MD 
1833 2 +/· 1 o.a +1- o.t 1.0 +/· 0.1 <LDL <LDL <LDL MD 
1836 <2 0.8 +/- 0.1 0.7 +/• 0.2 <LDL <LDL <LDL MD 

• 1944 <2 0.6 +/- 0.1 0.4 +I· 0.1 <LDt. <LDL 0.5 +I· 0.2 .. 
1996 <2 0.9 +/· 0.1 0.9 .,_ 0.2 0.9 +/- 0.2 <LDL <LDL. MD 
2157 <2 o. 9 +/• 0.1 o.8 +1- o.1 <LDL <LDL <LDL .. 
2201 <2 0.8 +/- 0.2 0.6 +1- 0.2 <LDL <LDL <LDL ND 
2203 <2 0.9 +1- 0.1 o.8 +I- o.t <LDL <LDL <LDL liD 
2204 <2 1.4 +/• 0.2 0.8 +/- 0.2 <LDL <LDL <LDL .. 
2205 <2 0.5 +/· 0.2 0.2 +/• 0.2 <LDL <LDL <LDL MD 
2206 <2 0.9 +/· 0.2 0.4 +I· 0,2 <LDL <LDL <LDL MD 
2208 <2 0.7 +/• 0.1 0.2 +/· 0.2 <LDL <LDL <Lit. MD 
2223 <2 0.7 +I· 0.1 0.6 +/- 0.2 <LDL <LDL <Lit. liD 
2240 2 +/- 1 0.9 +/- 0.2 0.9 +1- 0.2 <LDl <LDL <LDl MD 
2393 <2 1.1 +/- 0.1 1.1 +1- 0.1 <LDL <LDL <LDL MD 
2425 <2 0.8 +I· 0.1 1.0 +/- 0.2 <Lit. <LDL <LDL • 
2442 <2 0.9 +/- 0.2 0.7 +/• 0.1 <LDL . <LDI. <LDL liD 
2446 <2 1.0 +/• 0.2 12 +/• l <LDL """ <LDL <LDL liD 
2447 <2 0.9 +I• 0.1 4.3 +/• 0.4 <LDL <LDL . <LDL liD 
2448 <2 0.7 +/- 0.1 4.3 +I· 0.4 <ut. <LDL <LDL .. 
2452 <2 o.t +I- o.J 0.8 +/• 0.1 <UL <LDL <ut. liD 
2637 <2 2.8 +/• 0.2 0.7 +/- 0.1 0.5 +/• 0.2 <LDL <LDL Ill 
2652 <2 0.6 +/- 0.1 1.0 +/• 0.1 <LDL <LDL <UL liD 
269'J (2 0.8 +/• 0.1 o.9 +I· 0.1 <LDL <LDL <LDL MD 
2703 <2 1.0 +/• 0.1 l.l +/· 0.2 <LDL <LDL <LDL MD 
2708 <2 0.9 +/· 0.1 1.0 +/- 0.1 <LDL <LDL <LDL Jll 
2717 <2 1.5 +I· 0.2 1.1 +/• 0.2 <LDL <LDL <LDL liD 
2727 <2 0.9 +/· 0.2 0.7 +/- 0.1 <LDL <LDL <LDL MD 

• 2758 <2 0.9 +1- 0.1 1.1 +/- 0.2 <LDL <LDL <LDL MD 
2700 <2 0.9 +/· 0.2 1.1 +/- 0.2 <LDL <I.DL <LDL ND 
2761 <2 1.0 +/- 0.2 1.3 +/- 0.2 <LDL <LDL <LDL ID 

I • 2778 <2 1.3 +/· 0.2 1.5 +/· 0.3 270 +/· 30 <LDL <LDL MD 
2949 <2 J,O +I· 0.1 1.0 +/· 0.1 1.7 +I· 0,3 <LDL <LDL MD 
2997 <2 1.2 +1- 0.1 1.0 +/• 0.1 29 +/- 2 <LDL <LDL ND 



~04 <2 1.0 +1- 0.2 1.2 +/• 0,2 1.6 +/- 0.3 <J.DL <LDL NJ) • 4097 <2 1.1 +/- 0.2 1.2 +/- 0.2 1.! +/· 0.3 <LDL <LDL ND 
4100 <2 0.8 +I· 0.1 0.8 +/- 0.1 <UL <LDL \LDL JID 
4104 <2 0.8 +I· 0.2 1.5 +/• 0.2 <LDL <LDL <LDL ND 
4105 (2 1.2 +/- 0.2 1.2 +/• 0.2 1.0 +/- 0.2 <LDL <LDL MD 
4124 <2 1.2 +/- 0.2 1.0 +/· 0.2 o.s +/• 0.2 <LDL <LDL MD 
4892 <2 1.2 +1- 0.2 33 +/• 3 <L.DL <LDL <LDL MD 
5551 <2 0.9 +1- 0.1 0.6 +I· 0.1 <LDL <LDL <LDI. ND 
583 .. <2 0.8 +I· 0.1 1.1 +/- 0,2 <LDL <UL <LDL MD 
58n <2 0.9 +/- 0.2 1.0 +I· 0.2 1.2 +/• 0.2 <LDL <LDL MD 
5887 <2 1.0 +/- 0.2 1.1 +/- 0.2 <LDL <LDL <LDL IJ 
5900 <2 1.1 +I· 0.1 1.1 +/· 0.1 <LDL .<LDL <l.DL MD 
5912 <2 1.1 +1- 0.2 1.3 +/- 0.2 <LDL ·<LDL ·- <LDL IJ 
5914 <2 1.1 +/• 0.2 1.2 +/· 0.2 0.9 +/• 0.2 <LDL <LDL IJ 
5915 <2 1.1 +/· 0.2 1.0 +I· 0.2 1. J +/• 0.2 <LDL <LDL ID 
5916 <2 l.l +/- o.s 1.0 +/• 0.1 0.9 +1- 0.1 <LDL <LDL liD 
59!7 <2 1.3 +/- 0.2 o.a +I- o.2 0.9 +1- 0.2 <LDL <LDL IJ 
5918 <2 1.4 +/· 0.1 1.0 +1- 0.1 0.9 +/• 0.1 <LDL <LDL. ND 
5920 <2 1.5 +/- 0.2 1.0 +/• 0.2 1.3 +I- o. 2 <LDL <Ul ID 
5923 <2 1.2 +/· 0.2 1.0 +I- 0.2 1.0 +/· 0.2 <LDL <LDL • 5929 <2 1.3 +I· 0.2 0.9 +/• 0,2 0.9 +/• 0.2 <LDL <l.DL. ID 
5941 13.4 +/· 4 6 +/• 1 41 +/• l <LDL <LDL <LDL .. 
5949 <2 1.0 +/- 0.2 1.0 +/• 0.2 <lll <LDL <LIIL liD 
5964 <2 1.1 +/• 0.1 0.9 +I- 0,1 <LDL <LDL <LDL liD 
5974 <2 0.9 +/• 0.1 1.0 +/- 0.1 <LDL <LDl <LDL ID • 5980 <2 0.8 +/- 0.1 1.4 +/· 0.1 <LDL <LDL <LDI.. liD 
5985 <2 0.8 +/• 0.1 3.0 +1- 0.3 <Ul <LDL <LDL ID 
6040 <2 0.9 +/· 0.1 1.5 +/• 0.2 <LDL. <LDL <LDL • 6103 <2 0.9 +I· O.J 11 +/• l <LDL <LDL <L.DL. ND 
6139 <2 o.8 ., -o.z 0.7 +1- 0.2 <LDL <LDL <LDL Nil 
6228 <2 1.5 +/- 0.2 1.0 +I· 0,2 1.4 +1- 0.2 <LDl <LIIL liD 
6272 <2 0.8 +1- 0.1 0.9 +I· 0,1 <LDL. <LDL <LDL • 6292 <2 1.2 +/- 1 0,9 +1- 0.1 <LDL <LDL <LDL MD 
6374 . <2 0.9 +/- 0.2 o.a +I· o.t <LDL <LDL <LDL NJ) 

6384 <2 0.9 +1- 0.1 0.8 +/• 0.1 <Lil <LDL <LDL NJ 
6390 <2 1.4 +/• 0.2 o.a +1- o.1 1.5 +/• 0.2 <LDL <LDL. . II 
6392 <2 1.2 +/• 0.1 0.6 +/• 0,1 0.6 +1- 0.1 <LDL <UL ID 
6443 <2 1.1 +/- 0.2 0.9 +1- 0.2 1.9 +/· O.l <LDL <LDL MD 
6461 <2 1.2 +/• 0.2 0.6 +/- 0.1 <LDL <LDL <LDL ND 
6495 <2 1.2 +/• 0.2 2.0 +I· 0.2 1.1 +1- 0.2 <LDL <LDL MD 
0502 <2 1.2 +1- 0.2 2.3 +/• 0.2 1.4 +/- 0.2 <LDL <LDL ID 
0508 <2 1.2 +/• 0.2 1.6 +/• 0.2 1.1 +1-, 0.2 <LDL <LDL liD 
6510 <2 1.1 +I· 0.2 1.9 +/• 0.2 1.2 +I· 0.2 <LDL <UL ID 
0511 <2 1.0 +/• 0.2 2.3 +1- 0.3 <LDL <LDL <LDL. MD 
ll546 <2 1.0 +/- 0.2 5.0 +/· 0.5 <LDl <LDL <LDl ID 
0549 <2 1.2 +/- 0.2 1.3 +/• 0.2 <LDL <LDL <LDL MD 
01114 <2 0.9 +/· 0.2 23 +/• 2 <LDl <LDL <LDL ND 
01184 <2 0.8 +/- 0.1 0.9 +/· 0.1 <LDL <LDL <LDL MD 
01190 <2 1.2 +1- 0.2 1.0 +1- 0.2 0.6 +/- 0.2 <LDL <LDL MD 
01192 <2 1.0 +/- 0.1 1.0 +/· 0.1 0.8 +/- 0.2 <LDL <LDL MD 

6693 <2 1.0 +/- 0.2 0.9 +/- 0.2 1.7 +1- 0.3 <LDL <LDL ND • 6742 <2 0.7 +I· 0.2 1.1 +/• 0.2 0.6 +/- 0.2 <LDL <LDL ND 

6746 ,., 1.2 +/• 0.1 1,4 +I- 0.1 1.3 +/- 0.2 <LDL <LDL Nil , .. 
11755 <2 1.~ +/- 0.2 0.9 +1- 0.2 <LDL <LDL <LDL ND 
1176~ <2 1,!) +i- 0.2 0.9 +/• 0.2 <.LDL <LCL <LDL lfD 
o767 : .. 

\,j, '),9 +i· 0.2 :).~ +/· 0,2 0.5 +i· 0.~ <LDL <LOL ND 



• 11708 <2 O.B +I· 0.1 1.0 +/- 0.2 <LDl <L.DL <LDL MD 
&785 2 +/· 1 !.1 +/- 0.2 4.4 +/- 0.4 <LDL <LDL <LDL MD 
7123 <2 0.9 +/• 0.2 o.s +/- 0.2 1.1 +/- 0.2 {LDL <LDl ND 
7171 <2 1.1 +/· 0.2 1.1 +/• 0.2 1.3 +/- 0.2 <LDL <LDL MD 
7198 <2 1.1 +/- 0.2 o.s +1- 0.2 <LDL <UIL <LDL MD 
71H (2 1.4 +/· 0.2 o. 9 +1- 0.2 <LDL <LDL <LDL MD 
7205 <2 1.1 +1- 0.1 1.6 +/- 0.2 0.6 +/- 0.2 <LDL <LDL ID 
7236 <2 1.3 +/- 0.2 1.0 +/- 0.2 <LDL <LDL <LDL MD 
7353 <2 1.2 +/- 0.1 1.0 +I- 0.1 0.9 +/- 0.1 <LDL <LDL ND 
7878 <2 1.2 +1- 0.2 1.0 +1- 0.2 0.8 +/• 0.2 <LDL <LDL MD 
7887 <2 1.0 +/· 0.2 0,9 +I· 0.1 0.6 +/- 0.2 <LDL <LDL ND 
8275 <2 o.s +1- 0.2 0,9 +1- 0.2 <LDL .(L.Dl ....... <LDL MD 
8278 <2 1.0 +/- 0.1 1.0 +1- 0.1 <LDL <LDL <LDl MD 
8350 10 +1- 5 3.3 +/- 0.4 110 +I· 10 <LDL <LDL <LDL ID 
8436 <2 1.1 +1- 0.1 0.8 +1- O.t <LDL <LDL <LDL MD 
8440 <2 1.4 +1- 0.2 1.1 +/- 0.2 <LDL <LDL <LDL MD 
8441 <2 0.7 +1- 0.2 0.8 +/· 0.2 <LDL <LDL <LDL ID 
8442 <2 o.o +t- 0.1 0.7 +1- 0.1 <LDL <LDL <LDL ND 
954CJ <2 0.7 +I- 0.1 o.a +/- 0.1 <LDL <LDL <LDL ID 
mt <2 0,8 +/• O.l 0.8 +I- 0.1 <LDL <LDL <LDL MD 
9807 <2 0.4 +/- 0.1 0.4 +/- 0.2 7 +1- 1 143 +/- 28 <LDL MD 
9810 <2 0.7 +1- 0.1 0.5 +/- 0.1 <LDL 54 +/- 11 <LDL ID 
9830 <2 0.8 +/- 0.1 0.6 +/- 0.1 1.6 +/- 0.2 1.0 +/• 0.2 <LDL MD , .. , <2 0.8 +/· 0.2 o.o +1- o.2 JO +/• 1 82 +/• l6 <LDL. • • 9849 <2 0.8 +1- 0.1 0.8 +/- 0.1 0.8 +/· 0.1 0.5 +/• 0.2 <LDl ID 

10119 <2 0.6 +1- O.l 1.1 +/• 0.1 <LDL <LDL <LDL ID 
10120 <2 0.7 +/• 0.1 0.9 +/· 0.1 <LDL <LDL <LDL MD 
10121 <2 0.8 +/· 0.2 1.2 +I- 0.2 <LDL <LDL <LDL MD 
10122 <2 1.0 +1- 0.1 1.1 +1- 0.1 <LDL <LDL <lDL ID 
10123 <2 0.8 +/• 0.1 1.2 +1- 0.1 <LDL <LDL <LDL Ill 
10124 ('I ... 0.8 +1- 0.1 1.0 +I- 0,1 \LDl <LDL <UL ND 
10125 2 +/- 1 O.'l +I· 0.1 1.2 +I- 0.2 <LDL <LDL <LDL Ill 
10126 <2 1.2 +1- o •. l 1.3 +/- 0.2 <LDL <LDL <LDl ID 
10127 <2 0.8 +/• 0.1 1.0 +1- 0.1 <LDL <LDL <LDL MD 
10128 <2 0.8 +/- 0.1 1.0 +1- 0.1 <LDL <LDL <LDL MD 
10129 <2 1.0 +I· O.l 2.3 +I- 0.2 <LDL <LDL <LDL MD 
10373 <2 0.6 +1- 0.2 0.7 +1- 0.3 <LDL <LDL <LDL MD 
10l74 <2 0.4 +/• 0.2 0.7 +1- 0.2 <LDL <LDL <LDL MD 
10375 <2 0.6 +1- 0.1 0.6 +1- 0.1 <LDL <LDL <lDL ND 
103n <2 0.5 +/• 0.2 O.lt +I· 0.2 <LDL <LDL <LDL MD 
10378 <2 0.4 +/• 0.2 0.6 +/• 0.2 <LDL <LDL <LDL MD 
103Y' <2 o.s +/- 0.2 0.5 +/- 0.2 <LDL 1.1 +/- 0.6 <LDI. Ill 
10380 <2 0.4 +/- 0.2 0.6 +1- 0.2 <LDL <LDL <lDL MD 

10381 <2 o.s +/· 0.1 0.5 +/• 0.2 <LDL <LDL <LDL MD 
10383 ('I ... O.b +1- 0.2 0.8 +/- 0.2 <LDL <LDL <LDL ND 
10384 <2 0.5 +/- 0.2 0.4 +/· 0.2 <LDL ~8 +/- 8 <lDL MD 

1038S <2 0.5 +/- 0.3 0.4 +/• 0.2 <LDL 22 +/· 5 <LDl ID 
10386 <2 0.6 +1- 0.2 0.2 +/- 0.2 <LDL 3.3 +1- 0.7 <LDL MD 
10387 <2 0.5 +/• 0.2 0.2 +I· 0.2 <LOl (lDL <LDL liD 

• 10388 <2 0.5 +1- 0.2· 0.2 +1..0.2 <LDL 250 +/-50 <LDL MD 

10389 <2 0.4 +/- 0.2 0.8 +1- 0.2 <LDL 0 +/- 1 <LDL liD 
10390 \~ 0.5 +/- 0.2 0.8 +1- 0.2 <LOL ~ +1- 0.5 <LDL NO 
10391 ''I \ .. o.s .,. 0.2 1},8 +/• 0.2 ~i.DL ~ +1- 1 <LDL MD 
101~2 i'l o.~ .,. ~.2 0.5 +I· 1).2 ::LOL ~ +1- 2 <LDL MD .... 
1 1i:9~ 

,.., ·:;,l ~,- :}.: ·).o +i· ~).2 ~· LtL :s +i .. 3 fLOL NO .... 
t~3;;4 

, 0.7 +i· 0.2 1).5 +i• 0.2 a.uL :b +i· 5 \LDL MD · .... 
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• 10Ub <2 0.5 +/- 0.2 o.s +/- 0.2 <LDL <LDL <LDL liD 
101117 <2 1.0 +1- 1.0 0.2 +/- 0.2 <LDL <LDL <LDL Ac-227!~0 pCi/91 
10618 <2 1.0 +!- 1.0 0.6 +1- 0.4 <LDL <LDL <LDL Ac-227!~1400 pCi/91 
10U9 <2 0.9 +1- 0.2 0.6 +/- 0.2 <LDL <LDL <LDL liD 
101120 <2 0.5 +1- O.l 0.4 +/- 0.2 <LDL <LDL <LDL liD 
101121 <2 1.0 +1- 1.0 0.5 +/- 0.5 <LDL <LDL <LDL Ac-227!~300 pCi/9l 
1011~2 <2 0.7W-0.2 0.5 +/- 0.2 <LDL <LDL <LDL Ac-227!-10 pCi/91 
10623 <2 0.8 +1- 0.2 1.0 +I- 0.2 <LDL <LDL <LDL liD 
10624 <2 O.b +I- 0.1 o.8 +1- 0.2 <LDL <LDL <LDL liD 
10625 <2 O.b +I- 0.2 0.8 +I- 0.2 <LDL <LDL <LDL MD 
10625 <2 0.5 +/- 0.2 0.9 +I- 0.2 <LDL. <LDL <LDl liD 
10626 <2 0.8 +1- 0.4 o.8 +I- o.2 <LDL <LDL <LDL. liD 

10627 <2 0.4 +/- 0.2 0.8 +/- 0.2 <LDL ·<LDL '- <LDL. liD 
10628 <2 0.7 +1- 0.2 1.1 +/- 0.2 <LDL <LDL <LDL MD 
10629 <2 0.4 +/- 0.2 0,9 +1- 0.2 <LDL <LDL <LDl liD 
10630 <2 0.6 +/- 0.2 0.9 +I- 0.2 <LDL <LDL <LDL liD 
10631 <2 0.5 +!- 0.2 0.9 +I- 0.2 <LDl <LDL <LDl liD 
10632 <2 0.5 +/- 0.2 0.8 +1- 0.2 <LDl <LDL <LDL liD 
10033 <2 0.5 +1- 0.2 0.8 +1- 0.2 <LDL <LDL <LDl liD 
10634 <2 0.6 +/- 0.2 0.9 +I- 0.2 <LDL <LDL <LDL liD 
10636 <2 0.7 +1- O.l 1.0 +1- 0.1 <LDl <LDL <LDL. liD 
10637 <2 0.6 +1- 0.2 0.7 +1- 0.4 <LDL <LDL <LDL liD 
10638 <2 0.4 +/- 0.2 0.9 +1- 0.2 <LDL <LDL <LDL liD 
10639 <2 0.6 +1- 0.4 1.1 +/- 0.3 <LDL <LDL <LDL. liD 

• 10640 <2 0.3 +I- 0.2 l.O +1- 0.2 <LDL <LDL <LDL ND 
10641 <2 0.6 +1- 0.2 0.7 +1- 0.2 <LDl <LDL <LDl liD 
too42 <2 0.6 +/- 0.2 1.0 +I- 0.2 <LDL. <LDL <LDL. liD 
10643 <2 0.7 +I- 0.2 0.8 +I- 0.2 <LDl <LDL <LDL. ND 
10644 <2 0.5 +1- 0.2 o.8 +1- 0.2 <LDL <LDL <LDL ND 
10645 <2 0.9 +1- 0.2 1.3 +1- 0.3 <LDL. <LDL <LDL liD 
10658 <2 1.~ +1- 0.3 0.8 +1- 0.2 <LDL <LDL <LDL liD 
10665 <2 0.4 +/:. 0.2 0.2 +/- 0.2 <LDL <LDL <LDL liD 
106b6 (" . .I. 0.6 +/- 0.2 0.7 +I- 0.2 <LDL <LDL <LDL liD 
10667 ,., 0.7 +i- 0.2 0.6 +I- 0,2 <LDL <LDL <LDL ND \.I. 

l•)oo8 I" !), 7 .,. 0.2 0.6 +1- 0.2 <LDL <LDL <LDL ND .... 
10/lb~ <2 0.8 +I- 0.2 0.4 +1- 0.2 <LDL <LDL <LDl liD 
10670 <2 0.9 +1- 0.2 0.7 +1-0.2 <LDL <LDL <LDL MD 
10671 <2 0.7 +1- 0.3 0.9 +1- 0.2 <LDL <LDL <LDL liD 
101173 <2 0.5 +/- 0.2 0.9 +1- 0.2 <LDL <LDL <LDL liD 
t067: <2 0.4 +1- 0.2 o.o +1- 0.2 <LDl <LDL <LDl ND 
10b~4 

,., 0.5 +/- 0.2 0.7 +1- 0.1 <LDL <LDL <LDL liD \~ 

10117~ <2 0.4 +/- 0~2 0.2 +1- 0.2 <LDl <LDL <LDL NO 
lOb .. o (2 o.s +1- 0.2 0.2 +I- 0.2 <LDL <LDL <LDL liD 
10117.7 <2 O.b +I- 0.2 0.3 +I- 0.2 <LDL % <LDL liD 
10678 !'I 0.4 +/- 0.3 0.2 +1- 0.2 <LDL <LDL <LDL liD ,._ 
l0b7CI <2 O.l +I- 0.2 0.4 +/- 0.2 <LDL {LDL <LDL ND 
l0b80 '"' ~.4 +1- 0.2 o.8 +1- 0.2 <LDL <LDL <LDL MD 

'" 
~0681 (2 0.5 +/- 0.1 0.5 +/- 0.1 <LDl <LDL <LDL ND 
:o,:,a2 ,., 

'" !j,b +1- 0.2 0.5 .. ,. 0.2 <LDL <:LDL <LDL liD 
luoa: <2 0.2 +/- 0.2 0.2 +1- 0.2 <LDl <LDL <LDL NO 

• 10684 /_, 1),7 +/- 0.2 0.9 +1- 0.2 <LDL <LDL <LDL liD .... 
::)68~ l"' •).~ +I- 0.2 0.4 +1- 0.2 <LDL <LDL <LDL NO ·.-
1o~a6 " o.l •:- o.:· o.8 .,. 0.2 . <LDL (LDL <LDL NO 
:ooc7 .... .) ... •1- 0.2 •).9 +!- !).2 . <LDL ::LDL <LOL ND 
':"· .. ::: :·. ~ ~ - ·).1 ),0 +i- 1),1 :LDL ·•LOL <LOL ND 

.. : •. - ·).:.... ,) . ., " .... :). 2 L:L -~Dl. <LDL ND 



100'~0 <2 0.7 +1- 0.2 1),8 +/• 1).2 <LDL <LDL <LDL MD • 10691 <2 !),5 +1- 0.1 0.8 +1- 0.2 <LDL <LDL <LDL MD 
1«)692 '2 0.& +!- 0.2 0.7 +I· 0.2 <LDL <LDL <LDL ND 
10693 I"! 0.8 +1- 0.6 0.6 +/- 0.2 <LDI. <LDL <LDL MD , .. 
tooq4 ,., 0.6 +/- 0.2 0.9 +1- 0.2 <LDL <LDL <LDL MD , .. 
10695/ <2 0.& +/- 0.1 0.9 +/- 0.1 <LDL <LDL <LDL MD 
10696 <2 ·0.6 +1- 0.1 0.8 +/• 0.1 <LDL <LDL <LDL liD 
10697 <2 0.6 +/• 0.1 0.8 +/• 0.1 <LDL <LDL <LDL MD 
10698 <2 0.6 +/- 0.2 1.1 +I· 0.2 <UL <LDL <LDL IJI 
10694J <2 0.6 +/- 0.2 0.9 +I· 0.2 <LDl <LDL <LDL IJI 
10713 <2 0.5 +1- 0.2 0.5 +/• 0.1 <LDL <LDL <LDI. IJI 
10714 <2 0.7 +/• 0.1 0.7 +/- 0.1 <LDL -'lDl - <LDL liD 
10715 <2 2.0 +/· O.l O.l +I· 0.2 <LDL <LDL <LDL IJI 
10716 <2 0.1 +I· 0.2 0.6 +/• 0.1 <LDl <LDL <LDL MD 
10717 <2 0.6 +/• 0.2 0.6 +/- 0.1 <LDL <LDL <LDL Ac·227t•3o pCi/gl 
10718 <2 1.2 +I· 0.2 o.5 +I· o.t <lDL <LDL <LDL Ac-227(•200 pCi/9l 
10719 <2 1.5 +/- 0.1 0.6 +/- 0.1 <LDL <LDL <LDL liD 
10720 <2 0.8 +/· 0.2 0.8 +I· 0.1 <LDL <LDL <LDL Ac-227(~ pCi/gl 
10722 <2 0.7 +1- 0.1 0.9 +/• 0.1 <LDI. <LDL <LDL IJI 
10724 <2 0.8 +1- 0.1 0.7 +/• 0.1 <LDL <LDL <LDI. IJI 
10762 <2 0.5 +/• 0.2 0.9 +I· 0.2 <LDL <LDL <LDL IJI 
10763 <2 0.4 +1- 0.2 o.a +I- 0.2 <LDL <LDL <LDL Ill 
10703 <2 0.4 +1- 0.2 0.9 +/• 0.2 <LDL <LDL <LDL liD 
10764 <2 0.5 +/- 0.2 0.9 +/- 0.2 <LDL <LDL <LDL ·Ill 
107&5 <2 0.5 +/- 0.2 0.8 +/· 0.2 <LDL <LDL <LDL liD • 10706 <2 0.5 +/- 0.2 0.8 +/- 0.2 <LDL <LDL <LDL MD 
10767 <2 0.6 +I· O.l t.l +/- 0.2 <LDL <LDL <LDI. IJI 
10768 <2 0.6 +/• 0.2 0.9 +/- 0.2 <UL <LDL <LDL IJI 
107o9 <2 0.7 +/- 0.2 o.a +I· o.2 <LDL <LDL <LDL IJI 
10770 <2 0.5 +/• 0.2 0.4 +I· 0.2 <LDL <LDL <LDI. .. 
10771 <2 0.5 +I· 0.2 0.9 +I· O.l <UL <LDL <LDL IJI 
10772 <2 0.2 +/- 0.2 0.6 +/- 0.2 <LDl <LDL <LDL IJI 
10713 <2 0.4 +/• 0.2 0.7 +/- 0.2 <LDL <LDL <LDL IJI 
10774 <2 0.7 +/- 0.2 0.7 +/- 0.2 <LDL <LDL <LDL MD 
10775 <2 0.7 +/- 0.2 0.8 +1- 0.2 <LDL <LDL <LDL IJI 
10776 <2 0.8 +/· O.l 1.0 +1- O.l <LDL <LDL <LDL liD 
10777 <2 0.6 +1- 0.2 0.8 +/- 0.2 <LDL <LDL <LDL MD 
10778 <2 0.6 +/- 0.2 0.6 +/• 0.2 <LDL <LDL <LDI. liD 
10779 <2 0.2 +/- 0.2 0.2 +/- 0.2 <LDL <LDL <LDL liD 
10780 <2 l.l +/- O.l 1.9 +/• 0.4 <LDL <LDL <LDI. liD 
10781 <2 0.5 +I- 0.2 0.7 +/• 0.2 <LDL <LDL <LDL ND 

10782 <2 0.2 +I· 0.2 0.2 +/- 0.2 <LDL <LDL <LDL IJI 
10783 <2 0.2 +I- 0.2 0.2 ., .. 0.2 <LDL <LDL <LDl IJI' 

10784 <2 0.7 +I· O.l o.a ., .. o.3 <LDL <LDL <LDL liD 
10795 <2 o.1 +1-o.a 1.0 +/• 0.1 <LDL <LDL <LDL ND 
10786 <2 0.5 +1- 0.2 1.0 +I· 0.2 <LDI. <LDL <LDL Ill 
10787 <2 0.2 +/• 0.2 0.2 +/• 0.2 <LDL <LDL <LDl ltD 
10788 <2 0.6 +/- 0.1 o. 9 +/• 0.1 <LDL <LDL <LDL Ill 
10789 <2 0.2 +1- 0.2 0.2 +/· 0.2 <LDL (LDL <LDL liD 
10790 <2 0.6 +/• 0.2 0.9 +/- 0.2 <LDL <LDL <LDL NO •• 10791 <2 0.9 +I· 0.2 0.7 +I· 0.2 <LDL <LDL <LDL MD 

10792 <2 iJ.1 +i· O.l 0.8 +/- 0.1 1.0 +/- 0.1 <LDL <LDL NO 
10794 ~ o.: +;'• ~.l 9.7 +!· 11.2 <LDL <LDL •:LDL ND '.,_._ 

!0795 .·~ 0.7 +/• 0.2 •).9 +I- !), 2 <Llll <LDL <LDl NO ,_ 
t(·'7~!) 

. ., 
:), 0 +i- •).3 1). 9 •i- !), ~ tLDL :LOL "L~L NO .. 

11)797 ,, 
~.7 +/• O.l 1).8 .. ,. 0.2 \Llll <LDL i.LDL MD 

'" 



• 10798 <2 0.5 +1- o.: o.8 +I· 0.2 <LDL <LDL <LDL ND 
107'" <2 0.7 +/• 0.2 1.0 +1- 0.2 <LDL <LDL <LDL ND 
10800 <2 o.& +J- 0.2 O.IJ +/• 0.2 <LDL <LilL <LDL ND 
10801 <2 o.s +/- 0.2 0.9 +1- 0.2 <LDL <LDL <LDL NO 
10802 <2 0.2 +I- 0.2 0.2 +1- 0.2 <LDL <LDL <LDL liD 
10803 <2 0.8 +1- 0.2 1.0 +1- 0.3 <LDL <LDL <LDL liD 
10804 <2 O.S +I- 0.2 1).5 +/• 0.2 <LDL <LDL <LDL liD 
10805 <2 0.4 +I- 0.2 0.7 +1- 0.2 <LDL <LDL <LDL NO 
10806 <2 0.4 +1- 0.2 1.2 +/- 0.2 <LDL <LDL <LDL 110 
10807 <2 0.6 +/- 0.2 0.8 +1- 0.2 <LDL <LDL <LDL MD 
10808 <2 0.4 +1- 0.2 0.8 +I· 0.2 <LDL <LDL <LDL liD 
10809 <2 0.8 +I· 0.3 0.9 +/- 0.2 (LIM. .(LDL ..... <LDL MD 
10810 <2 o.& +1- 0.2 1.0 +/- 0.2 <LDL <LDL <LDL MD 
10811 <2 O.lt +/· 0.2 0.9 +1- 0.3 <LDL <LDL <LDL liD 
10812 <2 0.5 +/· 0.2 0.9 +/- 0.2 <LDL <LDL <LDL MD 
10812 <2 0.2 +(- 0.21 0.2 +1- 0.2 <LDL <LDL <LDL MD 
10814 <2 0.2 +/• 0.2 1).4 +/• 0.2 <LDL <LDL <LDL MD 
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UNOFFICIAL DATA 
BffletAL It Sf BNLYs 

lolaJ~f:· ~, .. Dol(. .,.~.t fLP!}· C. ORE SAMPLE R E '5!..!L'I5 
I-I fl'l !ZOQ:Z 3 (•.J::fi) !IE-I O.OOOQ.e7 2: O.OOOtc;..4 4F-t 0. 0002.32 :!:0 000329 
t-e in. ao'27 1 I lbAI 3e-z Ci.OOOOSS t::. 0.000118 · 4F·Z o.ooo208 :toooo=os 
t-:5 3E-~ D. OOOOO.s ~ 0.000021 F- • 0.00012.8 :r:Q.0002l5' ...... 3E-4 • 0 4F .. 4 . .. 
1-5" .. ::lE-5 -~ 

4F-!. . ' 

2-o a.ooo~se " o.ooo"<,s E;.;.~,, ,-:·z.-- --· ·----·--·1 ~-· C..C011& t. C..C.C 142. 
2-~ O.DOOOZB :t O.OOOG7.! --~-·-·-· 4G·2 c.oc• -;:. ':r.G 00094 

2•3 0. """"'-"' • o. 00017<! "" ·3 
O.OOOI07r 0.000189 

2-4 An 
4C.-4 -t (l -- B·l O.OGOG~c;,s: O.OOCIZ.S: 

49·2. 0.0000 3 .... 0.000087 

~ C!~d I t 0 /J00095' 
j!IA·IjG.C00174 ~ :; ;,c;oz.G.8 I ... e-4 ...... 0 

- NOTES: -
~C.-t C.~·0~.;'_~8~!.C C'=-C·~·7· 

I fiRST MUMIE.R 011 N..._UILEfttR INDICAtES THE S ... Ll LOCATIOM 

E•-•Jo.0004761 o.ooos~' J ~[F[A TO NRC DWG NO. SCT40~3t 

~-C-z c 'YJOf.,28 t.O XOC ,z_- 2 THE NUM8EA fOLLOWING TH[ ~ASH A[PR£$[NTS A ONE (I, fOOT 
SECTION Of THE COAt AT TH£ INDICA ltD ,[,TH 

4C-3 O.Ot:IOOQS' 1 0 ooo,O:t 
3 iLL VALUES &A£ IN NANOCUAI[S,GAAM Inti,.) MNOQMIU• 

!C·I C ljQOZ21 * C.C.(;O .315 "iC~A ,, <- 10"~ CURIES • 2220 DISINT(&RAttDMfMtN 

.,c-~ o.oooo41 • o.oooros 
3C:'3 0000074 t 0.000/114" 
3C-4 .1'..:"· 40-t lj0C:i071 !:0000142 
!IC-5 /ll() 4D·Z O.COOOOI t 0.000008 

40·3 0.0002910 t0.000393 
d0·4 ·I • UNOFFICIAL DATA 

D•O C.OOOOI7: 0.000051 
D·> c.t.noo,.z ._ o COOIZB - ... ~,... 

0000042 <t 0000091 4f'-• looooor3 :tcoooi441 -~-30·3 --D-4 A r. 4~-z r;.r,>nvl03 :t.O.OOOt&i- -mu.ENVI~ONI1E.NTA\. ~~'!VE'( ~OJ. 
!(I·~ 1\o" • ::...!".-~ . : ------- --ON-~IfE PFR111ETER i!.f·Q ,... - CORE SAMPLE LOCAllON~ 

a.:'""· 
•-• IH.S •b .. , --OWO. CLASSifiCAfC!f'l - - --u .. uc...f. JlHCL _ -- .. --.., JfL1. -- - •• 

8FFI81AL HSE 6NL'Ih 
•nu--liY...,..-...-- 'IOU NONE. ···•· .. oo.n .F .lYI !'/..__ 

·P.R \G..It--lJ.oL \--U ... - •.x 7'<05.39 11 
''"' - O<o•t ~"'<(100 n ( ... 0 ,_, .. CODt: ID(Jff.I'K) 10~ HOS-33 :.1-1 2. JF 10 ....... 

•• • • 
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UNOFFICIAL DATA 
BffletAt HS! fJNL¥; 
CORE SAMf?LE I?E.:5ULTS 

rO:o.-1 IODOOI491 O.OOOZ.40 I <o-1 0.000042 t. 0,00009 7 tlA -J 0.000045 :tg_.OOQ!EL 
ISA-ZI0-000045 •0.000102 I b·Z 6.0ooo7T t o.ooo·~~~ BA-2 ·.~ 

<0-3 0.000054 ~0000/lt; l;lA-3 o. oootos ,. aoac:usz 
<>·4 A .~ tJA-4 ·' "" .. 

15e- • ID 000343 •o.ooo<~-36 I 811-S ... 
·f5e,-z.f0.00009t%: 0.0001109 1. 

-t~~ ~~~~~~-:6:~~-~~: l ee-1 o.ooooz9 •o.ooiio74~ 
5{.-j o.0003Z3•0.0004lB·- 7 -':2 c.oo_<?~<?.S..~_c; 90~C>_3()_ 

1 
tH> -~ o.ooooz.1 "o.ooooiz 

5"C·2 o.aoooos • o.oooo a 1 · 7A-4 · hB • :.3 0 000/t::S t 0 OOOZS4 

se-a 0 OOOIJS, t 0 000114 
7A.-5 ----- ······ ... {':_8~4 ~· . 

SO-l o.ooooc:s ':0.000132 ~ '· o.Jooo&S "' c.oooo9g .O{.-/ 0 000037 t. 0.000088 

- :o:~- . o.ooooz.z :o.oooo~r 2. O.DDOOSt t. 0.000 I 12 hL-z 'l i. !. .!. 
50-2 
50-3 0.00000~ ~0.000032 "2 - Y{ $ ------= 8C· 3 O.OOONB t Q00t:J20Z. 

8C-4 ',') 

(fC:5 .. 
5E -1 0.000'!34 ~ 0.0003! 1 17C·/ I0-000137 ±0.0002Z61 

7c-z 1o.oooo2.91 o.oooo_74" NOTES: 
se- z. o.ooool7 t o.oooo.se 

' FIA~T NUMBER OR NUMBER/l[TTER INDICATES THE SAMPLE LOCATION 
5E ·3 0.0000!14 t 0.000 I"' REfER TO MRC OftG NO. SC7.0539 

SE -4- ,-: ~-· • fHE NUNBER FOttD•ING THE OASH-REPRCS£NJS A OH[ (I) FOOT 

se-s :.- ~- 70-1 0-0000.39 i 0.0000"~ 
SECTION OF THE CORE AT THE INDICATED D£PfH 

-
lD-2 o.c:.oo 13s • o.oooz.a7 ' Att9YALUES ARE IN NANOCUAIES~GRAM CnCi~•) · NANOCURtES• 

10~ CURlES • 2220 OtSINTEGRATIOHIMIN' 
70-J 0. cx:xx:J<l9 ~ 0 000106 

SF-( 0.00004<;<0.000104 70-4 UNOFFICIAL DATA SF-2 o.oooo'" !:0.000018 
SP-3 0.000018 !.O.OOOOS3 IIOIIIANTO RObiiCII CX*JIOM.'IIOII 

SP--1- t r -, E- I O.OOOOC03 t.O.OOO t29 -·-1 -----"!E-2 0.000030 .t.0000076 : -muEN'.illo!ONME.NTAL. 5UR.VEl' PRQJ. 

?e-3 ~-oca:'.3o~o Ot:K){)7~- ~ lll-IUU 

ON-S1lE._ PE.RlMETER. 
~~l--' . r.Ok€. ~MP\.E. l.O(.A f\ONS ::· - . ----·- ··-· ·--· . -- -j 1e- :.· · _,, .. , 

m'-• Jj(:.. ...,.,,,,vJ",, --[)loire,, ClA~~" IC4TICM'ol , .. c •• •• --l(""UC•f. ~C!;,._.,_ ""'""" •• --1¥ •• .If.~ .... •• 

-BFRBI,tcl: YSE BN~~ =~ ~i].!:tll~- "" /l".u€ 1•• ... 

~t~:t 
_I ")~t_(l\ NAL !'.::.St_,E:. .... ~-•5C 740539 

•h•W'" •· '''"'"I ,..,., .. COO[ rD(Hf .. 0 1.&065 7401;33 SH :i ~ /0 

I ..... _, ......... --- ··--- ··--" .. .-·--·----
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UNOFFICIAL DATA 
9FFI£1AL HSI! ONLY a 

<ORE SAMPLE. RESULTS 

- CIU-1 .),0000 79 ._ 0.000153 <'\:_:• ··I oooo1az •o.oooeeo 14A-1 0.000333 ~ O.OOO<Z 7 

80-2 0.000151 %0.00024f_ ~1("1 -2 .000045 -.o.ooo 1 o 1 14A-(! 0.00101 1"0.00033' 
80-'3 0 00009S :1: 0.000174 ~:·t·-3 o.ooo041 •o.oooozs 14A-~ 0.00('.)09ll t 0 000171 

80-4 -< 2_ JS'C'- 4 0.000<091 1 0.000 720 14A-t:a /:' r• 

ao-5 
~· 

!?I.' -5 y~c 14A-.5 
.·~· 

-- - -------·---ae-1 0 .. 000027 .tQ.OOOOTO tn- I .:.1Z)')I55S:0000i:.4C:.. 148-1 0 000319 !' 0000-f.f.l 

~z 0. 0000 I 9 t. 0.0000~<0 io:::z O.:iOGOBS~O_()~O!<:;i' 1q e-z 0.0003S3 :! 0.000+45 

-5E-3 0 (JCJOOtJB t o 000/t;.S !l)-3 ,/}•,:' t4e-3 ; /~ 

8~-4 
-~-.;;-- ~-- ...... ----- __ , -- 148-4 ,:."""' -- ~-
10 -4 '~ ~ ·r4e-s _., ... ., 8E-S ,, 
10 -..: .... -~~=~~=- --

- 9A-I •• - c ~ ''\t -I o.=owo.=m d 1-
9A·2. 00~;~2 "0.000772 - j'j:.. 2 (j,()Q04Cob t. 0.00054.3 NOTES: 

9A-3 0 000/t; !J ~ (j tfi'Xj2 :r.::o ,·, ;·3 -y~~-·----· . I FIRST HUMBER OR NUM&ER/ltTT£R INDIC~T($ THE SAMPL[ LOCATIOM. 
REFF.R TO NRC OWG NO SCT4~Je. 

9A·4 ,\ 
,,·:a-

~-~~Q;d.~ ~~ ~:~~~ •• TH£ NUNS£R FOLLO~IHC THE D4SH REPRES£N1S A ONE (I) FOOT 
~~s 

'•' fi -5 SECTION OF THE CORE ~T THE INDICATED DEPTH - ALL VAlUES AJi.C IN NAHOCU1ti£S/GAAH CnCi/o) N.U.OCUIII(S• • 10~9 CURIES • 2220 OISIMf[GftAJIONIMtM 

?~-I 0-0000~8 L0.000091-- ---· ----
It::- I fJ.VOS10 '! .J.OOJOI 

98-2 ci.oooo•<O .. o.oo004s o2-2 o.oozoa ! :J.oo1 sa 
~B-3 a ~oC~o3o.! a. vooo 7t: "ic! -3 0.00/EO r 0 00113 .. 
96-4 1Z ~A... -"./0 
96-5 ' . - It:'- .!i ··' (' UNOFFICIAL _DATA •• • •- -L...s..-

IIOtiUIITO ...... ~TIC* 
9C-I 0.03¢0· t 0.0124 r~ ;_~ ~~~~~ :.o:~O£~ .. -~ ------9(-2 0.0153 !. 0.00'-C:. ~~-z p.oOt37 '%0.00117 - ""E~VIROIIM(NTAL ~URVEV PR!l.JE(I 
?C~ ~ r~~C7X-t0~7.!11 13---j ~C.co~7e~oooouJ5 --9( -4 !:;-~ . ~-~-~~-=~==--==-=~~ ON 'SITE PF V.IMETER 
S7-:..~- ~ - ~~·~:. : .. ~ ~·· . . I 

COR.t. SAMPI.l: l<XATIONS 

--'·- .. --------- o-c; lfl't 

--•\h.'S """' --IJWG. CU.SSifiCATIOH -· ... --\l'lltl&C.U •• _i.~l.:.~!- __ ....... M • --•• _l(.e..¢_ -· .. "" 
HPPICIAL OS I! ON I:\' :,:~ ·_-.i".l!Il2t.~: lUll IJONE f•o., 

~.,; ICJI<IC..!Nt-L :o.:S,i}L I nm -~- m :>C •405!$~ . , ~·""'-
.. ~ ... ('. .. ....., I .. CijOliOlHl J.IO lt06S '!40533 :51(1' e.F/0 

' ----· ····---·· ., ..... .. 

• • • 



e • • '. ' \ 
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G •o "·1'*1 

UNOFFICIAL DATA 
6fPiti~L tiS! tJNI:I' ... 

CORE S~ME:'I E RFSlJII~ 
14C-I. 0 IZS :! 0.030 IG.A-1 C.000099 '! 000017, I'JA- 1 0.0000-fB '! 0.000107 

14C.-Z 0.0001-tO !'0.00075' IC.A~Z 0 oooozo :o.oooos 7 19A-Z 10 000019!0.00010, 

~X:- 14(-3 0.000085' t 0 0001(;1 IIC.A~'3 () OOt:J<» 7 ~ 0 ·000/.!1~ 19A-3 o.OOOI3.!U a ooorza 
14C-4 . ' l~A~4 '· . 19A-4 ·-14(-5 1-:#A-S ' . I.;.A.-5 ... 

140-1 O.OOOU9 !OC0007ZS l~e»-• 0.00013-4 '! o.oooz 2 z 196- I 0 000383.!0.()004 77 
't40~Z: 0.000090 !0.0001'-~- 1r.e-e ooooon ~o.ooooe'S" 198- z p.ooor4 7 to.OOOZ38 - ·-
14D-3 o.ooooss:! o.oootc.l 1108<3 O.OOZ81 ':00019" l'i-8 M3 0000139:t0.00022'!!ft 

140·4 ..,. /C66-4 o.ooooc.' :ro.ooo•Je ~;; ' •. 
140-5 ••• 168-5 Q.OOOMO !0 0000.91- 15'8 -5 . .. 

NOTES: - 15A-I o.oooa"z :o.oo08"'f3 t~C-1 00001~5' !'O.OOOZ35 1-
O.OOOI6f'-.!O.OOOZ3 7·-··· I ~IP.St MUMBtR OR NUNR[~/L[TT[R INDICATES THE SAMPlE lOCATIOM 

15A-Z. 0.00004"! 0 000 I 04 , .. ~,-2 RlFER 10 NRC DWG NO SCU0539, 

15A-3 O.OOIZ' !0.00110 /~(-?. 0 01'"/......., 7~! 0 (' c,.t:;/44 2 THE NUMBER FOLLDIHNG THE DASH W[I"R(SENTS A ONE (I) FOOt 

15A-4 K).OOI08 !0.000S9 16:.( -4 .. SFCliON 0~ TH£ CORE AT l~[ IMOICAT[O D[I"TH. 

0.000139 !0.00022~ i<,c-5 l lll VALUES ARE IN MAHOCURIES/GLIIAM (nCI/ol. M»>OCULIII ES• 
~SA.~S to·t ~lES • 22ZO ~ISINTtGAATIQN/NIN . 

. 

156-1 o.ooos,z~o.ooo,zo 11-1 0.000312 .!1)000 .. 07 
158-Z 0.0001 ,z. '! o.ooozss r7 -z o.ooooes 10 ooo, G.o 
IS B-3 p.00097' ! 0.00092 I /7 -.3 V ~0~4~/j 0/fi,t_:,;;i 

1!5 e ·4 .00047t !o.ooo~+' 17-4 
i5e-5 ~00012.9 '!Q.OOOZ.t~ '17-5 . , UNOFFICIAL DATA 

IIIC*SAIITO MaKAIICH c:o.olllol. TIOII 

g: oo_qo e 3 ! o 9.~..:3L___ 
-~, .... 

~~:: :J_ l·~J::~-- 0.0002S07.0 0003i 7 --IS C. ·2 NOT DETECrEO ~:ooo•z'"'O.ooozrz -.- ""'EN.JIRCINMENtA.\. ~ttY£'( P~O:.JEC 
l~f.-.3. ~.'1(;>~,"''" t ()1'-.'''("();5'1 t IB- ~ ~ -'.·r>~.:K.•!"'9 "!'/. ('1'"1(".N~ --i"..-:l 7'4" ---,-----· -·- --- --·- ... ·-··-c- -···--·--· ··- ··-- (')"J• .. _.ITE PERIMETER. 

tj ~c---z G--.----------- .7~_-;j_~!-~------~===-
C.OH:E SI·M~U~ V'J< • .t: ... it'.JNS 

.. --·- ·--·------- --·-· •- HIS tAll ff/64 J41 --· r.N<C UASSifiCATI()I4 u.c•• •• --~·<ll~&tAf. ~~1!-!... -- ·-... ... --... ~:r: I.T. ---· ... •• 

6Pftel1ltt HSE BNLY :~: _rp;;J.L'L.- sc.ou NONE. ••• 
;-,.1 \"',.· , __ ,..,.,~ r·s:J~=r;;=j~ ~- ..c.., :JL _74()!'. :;:,:;. l 
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UNOFFICIAL DATA 
QFFIGIAL Y&E BNL¥ 

I. 

CQBE 5&t!lt:I..E. RE ::2\.l.L lli. 
19(. -· 00001'~ !O.OOOZ.SS' Z.l _, 

0-0 04:!7t C. dOl."!') 2.ZE -I o.oooot9 l o.oooors-
i9(. -2 0.000042.!0.000097 z, -z o. ooo ezs-z o. DooBifl. ZZE-Z O.OOOOZI !Q,OOOO.SS 
19C- 3 0.00007 I !0.000 142 Zl - '3 0.0001S'3 !O.Q007'S 22 E.-3 lo.ooooo1 !O ooooza 
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19C-5 z,- s ••• 1 22E-5 ....... ·'. 
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FzOA-3 ~.OOOOS.f !O.OOOIIB Z~J\ -.!. .t .• 23h -3 a.oooo30! o.ooo,, a 
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1-- zoe-• 0.000 •98 !0,0002.9 .. 226 -I JOOOOSO:"O.OOOt09 
ZOB-2 0-000175' .!O.OOOZC:~ .oooooa '!o.oooo3o NOTES: 

22E>-Z 
I f'lftST MUNSEJII OR NIJMII(RJt:tTTER IMOICATES TH[ S.-..Ll LOCUtOII zo e-:3 p.ooOJ'<:! '! o.aoo•r' 226-3 0.00001, '!D. OOlX>'i:;, REFER TC MAC D•G NO SCUOSS9 

l!OB-4 ·'; Z.2El-4 0000010 !O~JS' 2 THE NUMBER.FOLLO~I~ THE DASH A[~R[S[NTS A OH£ tl) FOOT 
20B-5 2Zb-5 j0.0003JS' ! O.()O()'JZ.S SECTION or THE CORE AT l~ INDICATED DEPTH 

3 ALL9v&LUES ARE IN NAMOCURI[S/GR&N (ftC,/e) NAJrCQCU.IES• 
10' CURIES • 2220 OISINT[GRATIONIMIN. 

20(.- I 0.0208 :o.ooea ZZC-1 0.000148 '!0.000233 
2 1J c.- 2 0.000338 !0.00043 ~-- ZZC-2 U OOOSH !O.COOJ;f4-
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----------------------------------------------------------------
EG&G-MOUND 

From 

Date 

Subject 

Reference 

Inter-office Memo 

CONSTRUCTION HEALTH PHYSICS 
(JOE DICKEY & KEITH MCMAHAN) 

MARCH 23, 1989 

URANIUM CLEANUP AT BLDG 34 

To : DISTRIBUTION 

On March 16, 1989, clean up of depleted Uranium at the building 34 
burn pit area was conducted. All personnel in the area were wearing blue 
radiation area clothing, shoe covers, gloves, half-mask respirators, hard 
hats and safety glasses. Air surrounding the area was sampled by 3 high 
volume vacuum pumps: one upstream of the excavation, one downstream, and 
one in the vicinity. All high volume filters were checked with a gas PAC 
at 15 minute intervals to ensure the contamination was not becoming 
airborne . 

Decontamination of the area was performed until fidler readings were 
less than 1000 cpm above background on the out channel. At this point 10 
soil samples were taken and sent to be gamma scanned to ensure the cleanup 
was completed. 

Attached are a map, sample spots, and sample results . 
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MRC·ML·1527 (7·82) Analyzed by ~1?9 
I 



NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

Requested by I __ JO___;:~~· ~'L_&........:;.~-==~--~ rr.............., 
Product Code or 
Project No. ------- O.C. No.--------

Mail Station ! ... ______ """ Phone ________ _ 

---"',~~'ftr~.eC..:....P-'--tr ----. 
Retjaested 
c np's'ion Date 

a: 
0 ... 
"' I&J 
::1 
0 
1&1 
a: 
> 
Ill 

1-
::1 
0 

Type or Sample 
(or Service) 

C> 

Requestor Af}__~ ;2-
Sample ID's _Q:.:::cs;~{jf--.::.i3~'f:....;;-;.._.tZ.il_.:._ _________________ _ 

Sample Disposition 0 Discard [H-1(eturn 

c If request is for product/material quality control, enter the specification drawing number. If not, enter none: 
1&1 
..J 
..J 

~ AnalysisDes~~.Comm~u~~~~~h~~~~~~--~{~~~~~~~~:·~~~J~-----------------
0 
1-

Resulu: 

C!..s -

DISTRIBUTION: 

W!o41TE COPY • REQUESTOR 
YEL.L.OW COPY ·DATA PROCESSING -GR. L.EAOER 
PINK COPY • ANAL.YTICAL. L.OG BOOK 

Received by 

GOL.OENROD COPY • REQUESTOR'S RECEIPT 

MRC-ML-1527 (7-821 Analyz.ed by 

• 



• 

• 

• 

;• 
II 

... 
:I 
0 
Q 
Ul 
..1 

= ... 
w 
a: 
0 ,_ 

.NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

r ........ d ., ..... I ---l;a:.....:. ,:;.;.._-:J--:..;;;.;.a ...... ~~-___. 
Product Code or 

Hail Station' .. ------""" 

Requested 
Project No. -------a. c. No.------- c ' · n Date 

Type of Sample 
(or Service) 

Phone ________________ __ 

SampleiD's --~e=~~~~-~----------------------------------------------------------
Requestor ~ 3 Jf # 3 

Sample Dispositi~ Discard U}1(eturn 

If request is for productlmaterial quality ·control, enter the specification drawing number. If not, enter none: 

Results: 

t'. i7o (J.tJO 

.... :!:: ·18 

o.o 
TL- j.o 'ir t!) t c.oo 

3.:;.. '!:p -1):;) 

OISTRIBUTION: 

WHI:t'~ COPY -REQUESTOR 
YEI.L.::IW COPY -DATA PROCESSING -GR. I.EAOEA 
PINK COPY • ANAl. YTICAI. L.OG BOOK 

Received by 

GOI.OENAOO COPY • REQUESTOR'S RECEIPT 

An:alvzed bv 



It 
0 
1-.. 
1.11 
:::> a 
Ill 
a:: 
>-
Ill 
1-

.:;:) 
0 
Q 
Ill 
.J 

~ ... 
u 
= 
:') ... 

l 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

Hail Station! .. ______ _. Phone _______________ ~ 

Requested Product Coda or 
Project No. -------a. c. No.------------ Ca:v J I &i•n Date .1 be- /1'9 

' I 
Type or Sample 
(or Service) 

Requestor A J/.1.L:. ...J.L • I 
Sample ID's -l.::.~~:£;·~-:tc:...,.'/F-.t:.F:__..LT ______________________ _ 

Sample Disposition 0 Discard L3'1ieturn 

If reque=t is for product/material quality Control, enter the specification drawing number. If not, enter none: 

Results: 

DISTRISUTION: 

WHITE COPY • REQUESTOR 
YEL.I.OW COPY • DATA PROCESSING -aR. I.EAOER 
PINK COPY • ANAL. YTICAI. L.OG BOOK 
GO:..DENROC COPY· REQUESTOR'S FIECEIPT 

Received by 

Analv:z:ed bv .....i<}tz:!£!:tlt!~~__.IQ.ki~. ~k~::=· ____.:3~,P::.:...;r;J.r;..:...:/~7"ly_ 



NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

• 1 Requested by ,__~~....::Pry::;.....;;;.;;;l---. ;f)~91...L.:::::~'4==;;.=... _ ____.] Hail Station ._I ---"""" 
Phone ______________ __ 

Product Code or Requested 
c .... ,l!~tcm Date Project No. ------:.--- Q.C. No.--------

Type of Sample ~ ·~~ . 
tor Service) ~ 

a ,... 
"' ::l 
:l a 
w 
a: 
• Ill ,.. 
;:) 

Requestor /),_/_.,11
1 

-:~ #-- ,s-
Sample ID's --b~.c::::.:::;;;t--r..s..2'-;fi---:~..=:::..------------------------
Sample 'Disposition 0 Discard [i}Return 

0 
Q 
w 

If request is for product/material quality ·control, enter the specification drawing number. If not, enter none: 
.J 

= 1&. 

loJ 
a. 
0 ,.. 

' I 
I 

l 

I Resuits: 

• 
t) I DS'7 

' 
()I 1211 

• C!STRIB:.JTION: 

<I'!HTE: COPY • REQUESTOR 
YEI..i.':lW COPY • OATA PROCESSING -GR. L.£AOER 
PINK CCPY • ANAL. YTICAL. I..OG BOOK 
GOI..OENROO COPY • REQUESTOR'S RECEIPT 



0:: 
::1 
~ 

"' ., 
::> a 
Ill 
0:: ,. 
Cl 

... 
::) 

0 
:I 
1&1 
..1 

:! ... 
Ill 
1:: 
0 ... 

l 

NUCLEAR OPERATIONS A:~ALYTICAL REQUEST FOn ANALYSIS 

Hail Station !.._ _____ """" Requested byl ._ _·;...&_;y__,.,,___&_;._~-~-· __ _. 
Product Code or 
Project No. ------- O.C. No.-------

1J. 
Requested 
Co1W, letl1nt Date 

Phon•--------------~ 

~h?lec, I 
Type of Sample 
(or Service) 

Requestor /) U ':::) / 
Sample ID's --+fJ::::;;:~(};-...:d:...;.'/-..z:#~t:l'=::------------------------
Sample Dis;Josition 0 Discard l:'.th\eturn 

If request is for product/material qualit'/ ·control, enter the specification drawing number. If not, enter none: 

OISTRISUTION: 

WHITE COPY • REQUESTOR 
YELL. OW COPY • OAT A PROCESSING -GR. L.EAOER 
PINK COPY • ANAL. YTICAL L.OG BOOK 
GOLOENROO COPY • REQUESTOR'S RECEIPT 

Received by 
.. )·· n-... 0 t/ . ? j,,j}'q 



• 

• 

• 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

r 
Requested by ~~~~~...~--, --...IR~-~~______. 
Product Code or 
Prcject No. ------- Q.C. No.-------

Hail Station ~--------' 
Requested 
Ca ~letian Date 

Phone ____________ _ 

g j Type of Sample ~ 
~ {or Service) ---.tt.~:z:::::::::::::::::....--------------------------------
::~ 
0 

"' a: 
)» 

m ... 
::l 
n 
0 
1&1 
.J 
..J 

... 
1.11 
m 

Requestor /1 ~ 41!) 1/ 7 
Sample ID's ---!C~c:::::::!~--s::c:Z:z.f'~~.:..---------------------
Sample Disposition 0 Discard B"Return 

If request is for produe"'Jmaterial quality ·control, enter the specification drawing number. If not, enter none: 

e I 

[----------------

'II:. 

~ . ., 1- 11. oo3 

() 

t? ' I 

t) 
... t t:.() ).... ;::) 

() . ... t (J ' (J 5"1 

OISTAIBUTION: 

WHITE COPY • REOUESTOR 
YEI..L.OW COPY • OATA PROCESSING -GR. L.EAOER 
PINK COPY • ANAL. YTICAL. L.OG BOOK 
G01.0£NI'IOO COPY • REQUESTOR'S RECEIPT 

Received by 

Analyzed by -~ ..,C,$2?1:.:..!::· :=::::J,!:::.-..fl.}/~,.,q..~.:....~-· ___.,J.J ~~~....:;.,z.)....J.'I !;...._ 



~ .. 
"' :.I 
~ 

" l.o 
It 
)> 

ID ... 
:I 
0 
0 
Ill 
..1 

:! ... 
Ill 
:ll 
~ .. l 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

Requested by r'--~JQ::;.... ~-.:;;:;;~--.~;12~~'=-F:;;.:..-.....1 
Proc!:.tct Code or 

Hail Station .. I ______ _ 
Requested 
Comp1e•ien Date 

Phone _________ • 

.3hH£ Project No. ------- O.C. No.-------

Type of Sample 
(or Service) 

> j 

Requestor /2 1/ 1 3 Li ~ 1 Sample ID's ---~~~:::;;:;;..~~,~~.J.L-..t.Z::.;..._...;;.., _______________________ _ 

u 
Sample Disposition 0 Discard 

If request is for product/material quality control. enter the specification drawing number. If not, enter none: 

t• }1../ t. (). tJ'/ ;;.._ 

.;t;;u tl.o~.:,S" -; ". oa 3" 

:l 3'-V'Yt 1/,S ...;. 
()I (.,,] 

CISTFHeUTION: 

\'l!oliTiO COPY • REQUESTOR 
YEL.L.OW COPY • DATA PROCESSING -cR. L.EAOER 
PINK COPY • ANAL.YTICAL. L.OG BOOK 
CO:..CE!IIROC COPY • REQUESTOR'S RECEIPT 

Received by --------":'"iT..,...----------
Cb,..Jl _t/ >r~ ~P-4/t~? 



• 

• 

• 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

r 

Requested by I 
Procuct Code or 
Project No. ------- a.c. No.-------

Mail Station I .. _____ _ Phone _____________ __ 

Requested 

~~~ :::::~•'' ~.J....L3 u 71< a 
> Samp_le ID s --+:.-:=::::::::.;:~-...:-~1-~-.c:.-:.......Lt----------------------------
m 

~"!- i Sample Disposition 0 Dis~:ard ~eturn 
~ 

1 
H """'" • '"' P•oduot/matodol quol;,y O.nttal, onw tbe '"'""""on ... _ """""'. 11 not, ,..., """'' 

~ 1 
Ailalysis Desired, Comments ::&:1-nt-1)\.4... { "7<A..4!r.~) 

0 ,.. 

I Resulu: /Uu£L_ 

Anal. Sample ID' s -r.t.lf~J'~'J_-...:.!';.-:::3~3;.::.3~(-LI.=O.z::;,l~o~. ~'\~!..:.;;A\:...)L----

d:!f•:JJ<2 
fJ6 -~J:./ I 

t!J • 1 v· :~ :t: t:J • (} (.) 9 
I 

Th- ~.:J'-1 J 1.1~ z I 

~.c-97 I 
• • I' , 

Pft. ':J.~<IM ' 
.:LJ._i + /, :.z..s- ' -

' 
Pb - J-1 :J. & ' CJ' l- !. tJ ,IJIJL 

/J.d-af t: _k t../ :J. 
.,. 

~ ,tl)' 

ftc. ' J.. :l..P IJ,Jt,'t of. p,(j.l./ -a. _ ;).Jt./ /) )1(/, t (),.1)17 

Pf.l-'J.')t. ~./u4Z /J,t'~e-

~ 
~ 
~ 
~ 
~ 
~ . 

-
DISTRIBUTION: 

WtHTE COPY ·REQUESTOR 
YELLOW COPY • DATA PROCESSING -GR. LEADER 
PINK COPY • ANALYTICAl. l.OG BOOK 
GOLOENROC COPY· REQUESTOR'S RECEIPT 

Received by --------~----------

{kJ 'f. (k,..L::;.:::.._'4_..:.._.;...~-/=iM~1'..._i 



!1 
.J -.. 
u 
::l 
C' 
.J 
J: 

> 
ll 
... 
:1 
0 
0 
:.: 
.J 
.J 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

r Requeued by 
[ h~ 6~H1f*LJ Hail Station I ______ _.] Phone ____________ _ 

• P~.:Jduct Code or 
Project Nc. 

Type or Sample 
(.,r Service) 

Requestor 
S01mple ID's 

Sample Disposition 

~ 
4LI; 

0 Discard 

a.c. No. 

Etf If' /1) 

l31teturn 

Requested 
Camp 1atien Date 

If rec;uest is for product/material quality ·control, enter the specification drawing number. If not, enter none: 

'b- ;)..);;.... tJ j ll - tJ. POl# 

T/_ ·- .l. c '£' ". ttllo + tf) /)() L/ -
De -.:1.~6' L I~_L r ,.-

o.o;;,; 
.., ~t!J 3J,.·1'~'r 

1<-ilo .5_ ;;._L + t> _1_ l.l. 1. 

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

O!STRIBUTIIJN: 

7/H!TE COPY • REOUESTOR 
YEL.L.OW COPY • OATA PROC~SS!NG -GR. L.EACER 
P 1 NK t:OPY • ANAL.YT!CAL. L.OG BCOK 
GOL.CENROO COPY· REQUESTOR'S REC£!PT 

Received by ----:"'T"-------~-r;----------

(Lt if ~M~ Jj_v.![y 
Analvzed bv -.-J~'.I--...:...--J.'i:C.'.I-~--1-----...;-I--.....i-~,f'o---

: 

I 
I 

I 

i 

• 



• 

• 

• 

It 
0 ... 
"' "' :I 
0 

"' It 

• Ill 

... 
:I 
0 
0 

"' .J 
.J 

... 
"' Ill 

0 ... 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FO.R ANALYSIS 

Requested by L-1 _.;..:~~~:::::::;.,_' ___;.~_f..;:;;;;.2~v...;;;.... _ __, 
Product Code or ~ 

Hail Station ._I ______ ~ Phone ________ __ 

Project No. ------- a.c. No.-------

Type of Sample 
(or Service) 

Requested 
Completion Date 

Requestor A~ j ~.L. /. , 1 
Sample ID's _....:....~*=Jo::=::~L..._3..t..::.C.f4-;).....:(&.~,~U....:.?:;.c..z.!:..f~7---------------------
Sample Disposition 0 Discard r:irReturn 

If request is for productimaterial quality control, enter the specification drawing number. If not, enter none: 

Anal. Sample ID's lf19- c>lt!'.?. 

Results: 
... h.~ui.t.~<- /~ ,-c~~ :t- .:;.~ 

·---tt --
7h- 'J..3L/ f. u- ]..317 ~ 3Yo .!:. tJ.. 7 

fJn-?.. ~4 ~ ;¥( f. I /. ;J...'t.- 11 3v 

u - "d--3-': }ill !:_l:L 

--r/1- ;)...~~ -~"1.'152 +- 4'/f~ 
/ 

OISTRISUTION: 

WHITE COPY • REQUESTOR 
YEL.L.OW COPY • DATA PROCESSING -GR. L.EAOER 
PINK COPY • ANAL.YTICAL. L.OG BOOK 
GOL.OENROO COPY • REQUESTOR'S RECEIPT 

Received by -~:----~------;7=----------

~Er,r~ MRC·ML.-1527 (7-82) Analyzed by 



a: 
0 
~ 

"' "' :I 
0 

"' a: 
> 
Ill 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

Requested by Mail Station .. I _____ __. 
Product Code or Requested 
Project No. ------- a.c. No.------- Completion Date 

Type of Sample 
(or Service) 

I ,, )' I I' x' f 

Phone __ 3....;9.;.,..;'3~7 __ _ 

Requestor A I I i/ 

Sample I D's __ _, . ._,;::· ~::;..,;;.~.__-_;1~7"---------------------------
f 

~ . Sample Disposition D Discard ~eturn 
0 
c 
"' ..I 
..I 

... 

If request is for product/material quality Control, enter the specification drawing number. If not, enter none: 

::: Analysis Desired, Comments---------------------------------
0 
~ 

Anal. Sample ID's ~ J-4' 
Results: u :J3P '-... /::J- ~c:>- /9 2 ~ -

tt - ) 3·~ / /..,~_ .. L· J!.,~~l/ ~~ ~ 
{3p 

I 

~~~£ OOcJ fou: ~f...-ZA > 
'U 23~ / 3 :oo /J ~Yc. 10 

-{/ I(J 

~ -st:?r;J .,-~ b -f'o.,.vl };.j k~ ,·JC _//:.. k__11fv,A} 

~~ ')"l~ 1,· ~ 11 ,._. -?":..~. ;.q ~~~ !ot'Jk,-...c. ~r 
~ 

11 ,Ft.e.r o;h of ~;rt- OvT h-Ark 
-0: 

I 

H-7_0 ~~ r~t,.J +: n ' /,,.)() .;,4 .,,..,,.,,_,,p IN 
- i J r;o-1,A~ , 

....;_ / pv 
ovnH~~o1 ( 

-·--····· 

'0 YO k.A h /,1 u "'Jf fo ·~ .~/; otJ '1' •J r-J A ·'" .2__ A" • I• , , 
'"" c;'c ,: ' .. ,._ ... ,. 

f.j,."); ~ ?~ 1;_.:-fy of kl r.A.101+. 
I . 

I \Ill 

~>lj I 

\ V'/ 

\..._ '--- t:£'11: <;}OO!rY · r11:.Jt; • II I 
,,..,,,.,~.:'!-:- ).}/' ll <: 3' Amv-f ~.Jr~,f. VJ 

•.. . ,, f.'/ J. • j I ~ 1--:: .f .. ..j! ,J'u r . ··e~ IJ'?/!r ~.-'JJ.re ~ v;. s u"' ~ :,..r· 
. I :} )'.;. ; 

f" c..u.· • ". 'r · 1-~t if;.l! J;J, ·f -~ p .. ' ,J. JP.' .... •. I • ·~ ~:." f"~(:' ~I.V/i 
DISTRIBUTION: 

W~ITE COPY ·REQUESTOR 
YELLOW COPY • OAT A PROCESSING -GR. LEADER 
PINK COPY • ANALYTICAL. LOG BOCK 

Received by 

GOLDENROD COPY • REQUESTOR'S RECEIPT 

MRC·ML-1527 (7·821 Analyzed by 
l~ /; 

• 

• 

• 



• 
.· ••' .• 

• 

• 

l:lU.lL l:lt...l'(t:.t:.l'tlNb t-~1L!IY f::IU.tLIJtNI:i .so 
HRC HOUND 

WELL A & B 

SAIIPLE TYPE COIIT 
SAliPl£ COIIDIHIIN lET 
DATE stfi.EEHED O&il0/87 
DATE COllECTED 
Shi!PI.ER KAI!E l liP 

ID. : lllfl'.BER : FACTOR : TH-232 PU-238 pti/9 pti/q 

A 
A 

mos: 
15706 : 

I : 

lOD : 
lOD : 

0.167 : 
0.167 : 

nn: 
&2461 : 

11154 I 

14067 l 

ALL SOIL SAMPLE ARE RAN FOR 400 SEC UNLESS SPECIFIED IN 
THIS REPORT • 

: ::.;;£:::::z:-:~ : i :.;~;[{';.'--"- .. ... 

l~C.:.THJM 

PLD 55 liEST 
RAIU!OA& LOADIN6 BY lR 15 

•. 



-- NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

• 
Requested by /4;# ?n~m~l Hail Station I At!r .iJ.P I Phone 

Product Code or Requested . 
Project No. a.c. No. Completion Date 

It 
0 ... 
"' "' 

Type of Sample ~ (or Service) 
:I 
a 
"' It 

> 
ID .. 
:l 

Requestor tWt ;1.3 ill {L!ttzv~) Sample ID's 

Sample Disposition 0 Discard ~turn 
0 
0 

"' 
If request is for product/material quality control, enter the specification drawing number. If not, enter none: 

...J 

= ... 
"' ID 

0 .. 

so Z) Anal. Sample ID's 63_{)- ~~~~ 7 -- (~ecJ/1!-) 
Results: 

~-· tl~ .ttL-~ 
/)(1.,- ~31 13¥. ~ (;7, 

• PI- ~~o ~~~-,, of Il-l I 

Th-~':)..7 J 9f. 1. fq, 
/6- -'-'o/ :l'i!. + I~ 9 I -
7},-~ J./..S9o .'t J.:l-9.5"' I 

Rtt-~ /IJ;).. i: 9{,, 

tL-~.s" !7_. + _}/_, 

RIJ- .').,q Iff. +- !ll/, -
~·- ;l/1 ;oo, ± JCV I 

~-a.Jt ..39. t: ;)..D, 

~ 

"' ~ .. .. 

~ 
""--

• DISTRIBUTION: 

WHITE COPY • REOUESTOR 
Y~LLOW COPY ·DATA PROCESSING -GR. LEADER 
"INK COPY • ANALYTICAL LOG BOOK 
OOLOENROO COPY· REQUESTOR'S RECEIPT 

Received by 

Analyzed by ({d f ~ ~.1 L· 1 527 ( 7·82) 



- - NUCLEAR OPERATIONS ANALYTICAl.. REQUEST FOR ANALYSIS 

Requested by Ha;J Stat;oo ~~.:!e I Pho••--------

Requested • 

Completion Date --------------
Product Code or 
Project No. ------- a.c. No.-------

a: 
0 
~ 

"' Ill 
:::1 
a 
1&1 
a: 

• Ill 

Type of Sample 
(or Service) 

Requestor /2 /J ~ / 
Sample ID" s --.J.~c:o!:::~,F-..1:2=~3:....__··~#-.:J..;;;..;:;. __________ ~G.;.;;..O:..-e,::.::;l~?f'~=;;..;..;;;;;•J--------

~ Sample Disposition [J Discard ~eturn 
0 
o If request is for product/material quality control, enter the specification drawing number. If not, enter none: 
1&1 
..J 
..J 

~ Analysis Desired, Comm~U---~~~~~~~~~-----------------------~ 
0 ... 

(+sot!:S) - A al S I ID' n • amp e s ~ 

{~~) 
Results: 

]VJ~-'~: -- v !u:- L~ , t?~~ . rl. 

Po-;1-/D -
73. t: .3 !. 

n,-~? S7. t= .:l9. 

/Jb ~ ~Jc../ ){) t: -!)', 

n-,- :230 'II.JJ,. :!:. L/7.3, 

~-~ -~fD. +- J.e, -
u- 23s- J, b ~ ~.! -
f.tV- ~' '1 .ss. -/:; ,). 6' • 

1.1:- :l./1 (p.3. +- 3 .;l,' 

&: - :J.It.j /d.. t t:, 
)(- 4-0 )/. ~ t. 

-~ 

~ 
.~ 

""" "' DISTRIBUTION: 

WHITE COI"Y ·REQUESTOR 
Yf:L.L.OW COI"Y ·DATA I"ROCESSING -GR. l.EAOER 
I"INK COI"Y ·ANALYTICAL. l.OG BOOK 

Received by 

GOl.OENROO COI"Y • REQUESTOR'S RECEII"T 

:1.1!..-1527 (7-82) Analyzed by 

• 

• 



• 

• 

• 

a: 
0 ... 
Ill 
Ill 
~ 
0 
LIJ 
:t 
>-
al 
... 
::;) 

0 
0 
Ill 
..J 

:::! 

"' w 
aJ 

0 ... 

NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

I Requested by ~ )'he, rn.fl-.. Han Stat;.. I ~ ,j(:, I Phone ______________ __ 

Product Code or 
Project No. 

Type of Sample 
(or Service) 

-------------QC.No. ____________ _ 
Requested 
Completion Date 

Requestor ~ # ""< ( 11 
Sample ID's -...!.=r/.x=~...;::·~~.3:1--....J.:.::.._....:~:..--------.loo~..,......::f.~'3~~~=.:;::;.,;:::) _________ _ 

Sample Disposition 0 Discard ~turn 
If request is for product/material quality control, enter the specification drawing number. If not, enter none: 

Anal Sam le ID's ~~- 1~9 9 . p --( L/)~) 
Results: 

n_;LA_A 'b.,' !?~~~ I~ 
Ia- :J3J 

"' Jf,s- !;_ 9.3 
Po- ~~o J./t..r 

. .. 
-j;. ;).3. I 

7}.- ~;,.7 3/.7 ~ }~.'I 

'{J!J- ;>.14/- £;)_ -t ~·'-
M . .)3o L/~P~. + :l.SJ. -
Rf.l- ~::u .gs. 8' :t /~. 9 

ll- ;J.3S" /. 7 "t tP I 'i 
~IV-.')../~ ..i ). 3 't JS.7 

L3 . -~ltf ...., -~..+ ~. - ~. 8 

J<- I..J.O 8.'1 +- i.J, ~ 

"'--
~ I 
~ 

"' "' 01571'11BUTION: 

'ltHITE COF'Y ·REQUESTOR 
YE!..L.OW COF'Y • OATA F'ROCESSING -GR. L.EAOER 
;::!NK COF'Y • ANAL.YTICAL. L.OG BOOK 

Received by 

:;OL.CENROO COF'Y ·REQUESTOR'S RECEIF'T 

._, L-1527 17·82) 
: 1.; :s~ 

Analyzed by !I Z/fi 



---- NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

• Requested by k..u:.#. )'he m.L-] HaU Station [~sb I Phone ________________ _ 

Product Code or 
Project No. 

· Type of Sample 
(or Service) 

;r;;~No. 
Requested 
Completion Date 

Requestor All~ J/ Sample IO's --~~~:;;.;.F--=~~..3..:__.:::;::#___,c:..,_ _______________________ _ 

~eturn ... 
~ 
0 

Sample Disposition 0 Discard 

o If request is for product/material quality control. enter the specification drawing number. If not. enter none: 
Ill 
.J 
.J. 

"' Ill 
Ill 

0 ... 

Resulu: 

OISTRIBUTION: 

( :t so'!?) 

72.~~~ ~~.! 

77J- ~~7 

fb -~'"' 
7)., - ~30 

~A- ;)..~3 

~,L- ~3S" 

RAJ-~CJ 

!l/- J.l/ 

!.1·-~ 
I<- '10 

WHITE COPY ·REQUESTOR 

\ 
~ 

"' ~ 
'\ 

"' 
Y!:L.L.OW COPY • OAT A PROCESSING -GR. L.EAOER 
i'>INI< COPY • ANAL.YTICAL. L.OG BOOK 
GOL.OENROO C:OPY ·REQUESTOR'S RECEIPT 

!IIIL.·l 527 (7-82) 
~ 7·1:'!~~ 

Anal. Sample IO's ---:, ..... ~~~;__-"'-I...:;~..='P;.,;()::...... _______ _ 

~~/ 
~ .. :~A.~ r/.L~. -

v 
_52_ .3 t: ~ '1. 

_n._.o r ~.o 
tfj;J.. t: 96. 

St., +- J3. 

.;1. 5 :t J,:J.. 

S' ~ t: ~8. 

vi· t. .3/. 

}/)... :t. /:., 

) ..;, "!: '7. 

Received by 

Analy"d by ~ tfl-~ 

• 

• 

• 



• 

• 

Ju:ly ~~ .. ~988 
Page # ~ 

SOIL SCREENIG FACILITY 
Data Management System 

Type of sampled CONT 
DAILY REPORT FOR July 11,1988 

§~§§§§~~~,~~§!§l!t!§§§§§~§~§~§~~~~!~r!l§~§§§§§§§§!§!ll~r!~§!~§§'~§~~~§§§§§§~!§§§§§~~§~~~§§§§~!~~§§~~~~§~~~i~~r~g§§~~~§~~~~~~~~~~~~~cc~ 

3 
4 
5 
~ 

., 
I 

s 
9 

NU"BER : SCREEN : TYPE pCi/g pCi/g LOCATION : ID 

E507113 : 07/11/58 : : CO!!T 
8907114 : 07ill/ES : : CGNT 
8907115 : v7twae : : CDNT 
9507116 : 07/11/52 : : CONT 
550711i : 07/11/85 : : CONT 
8307112 : 07/11/88 : : CONT 
8307119 : 07/11/98 : : CDNT 

9 ~ 
•"-' I I "D<-~ 

k~Jh Mt. t'l A~ A.) 

5518 

0.9: 5~! 

o.c: 20· W2600 X 

0.7: 18: ''?!.Nl r..,..,Vv X 

1.2: 67: 112600 X 

o.e: 1~· W2600 X 

1.0: 52: li2b00 X 

!).9: 31: ¥12600 I 
1.5: 131: li~oO•) X 

2.1: 109: V.2b~O 1 

S M -pp 

'?.~0713 

~ ke_ rM v) A-s fA-r t 
~ Or f~.A,.~ (?~ ;( 
frt7JPcT· 
. ;_rlr' 

J,~-r-~tfY' 

5'?1\f• .......... :; 12 : ... 

S3200 13 : ' 

S3200 i4 : c 
53200 t:. : A 
53200 ~~ : B 
53200 17 : ~ 

I. 

S3ZOO i8 : P. 

53200 i9 : 2 

• §~§~§~~~~!,II.!~~~~~~~,~~~~~~§J!II!~!§'''~~~§~§~~§§§§§~~§~~§~§§§§~~~§§§§§§§§~~§§~§~~~~~§§§§§§§§§~§§§§~§~~§§§§§~§~~~§~§§§§§§§§§~§§§§~§§ 

ALL SOIL SAMPLE ARE RAN FOR 400 SEC UNLESS SPECI~IED IN 
THIS REPORT . [ ANY QUESTICN CA~L EXT.4~0G 1 



- .I 

.. ·-.. -... -

5 (, . 7 1 9 

h,.-
3K "iK. SJ<: (.,K 1K "'&K ~ 

t6- 'lJ 

/II tj'l 

IH 'lH 

IG- 9& Sftw\1 SfA1 

f 

E 

b 

B 

A 

IF 

u: 
11> 

I c. 

\18 
~ '21\ 

'rF 

qE 

ql> 

'lc 

'B ~~~~ 
3 A '"I II '_!.3.-,__ 

-:_.:..;..;...- -

RoAb 

'S.::.~'i/ C.ON~\lmb q-z.-z.-~g sy -ntt t=eu..cvliA'" H. P. P~~.-.IR: 

~i!TH 11\cf'IIAHAIII L.ooi2iG ~l..lifJt::A,..f tRIC. C.oLll ,.)5 

~01 mow~~ joE. )) IC~ '/ 

2 SAtnfC..£S 'F~I"\ EI'ICii: 10' x. 10 • 6ft}) 

rJo Fiblf~ ezAl>rNC::-.S "> 200 "-P"' o"te 8Act:6eoulllD 

~AD 

• 

• 

• 



.. . ' 

• 

• 

• 

September 
Page ** ~ 

28.~988 

SOIL SCREENIG FACILITY 
Data Management System 

CONT Sample's, taken by. ~ 5518 
DAILY REPORT FOR Septemb~88 

§§§§§§lllJ~g~~~~,~~~§§§!§§§§§§§!!~J~~~§§§§§§§§§§!§!!~J~~§§~§§§i~§!!'§§§§§§~§§~§~~~!,~§§§~!§§§§!!'~§~~~~JE~§§§§§§§§§§§§§§§§§!!~E~ 
NU"BER SCREEN TYPE pCi/ g pCi/ g LOCATION r D 

3 36(!926:. 
4 8E092cb 
s mn:i 

09i26/SS 
c9n~m 

09/2b/6S 
6 590~26: 09/Z6/E3 
7 853;26!0 09126/68 
6 350~261! ~9!2~16; 

9 8SC9:b!4 09/2~/S~ 

1: eao;:6:7 ~9!26/8£ 

~3 550~26:; Oi/:6i3S 
14 SE0;2622 0~/2~;;; 

15 ~509:~:: ~9!2~!E3 

22 SE092633 ~9/26/BE 

23 5B09263b :j9/26i88 
24 880'72637 ~9/26/~9 

2~ 98~92~32 09/26/EB 

. ~-.,-. 7 r 

CCNT 
CJ~i 

WiT 
""'!'!•:• 
WWi'l 

CCNT 

em 
!"!'"H!"' 
-..~;'4: 

CCNT 
CJNT 
CG~T 

~., .. :,. 
:.,ulll 

CG:iT 
C~!i7 

~GNT 

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

-~~I:'!' 
_,i,;;l: 

.... -'-i~ .. w .. t; 

.·.~··'!' 
WwH; 

.-J. :~ : · .. 

1.:: 
1.3: 
0.5: 
O.b: 
O.b: 

o.:: 
1.3: 
1.2: 
o.e: 

O.c: 
1.3: 
O.S: 
0.6: 
1.3: 
C.b: 
!.3: 
0.5: 
1.3: 

o.:: 
1.4: 
1.1: 
~ 'T : ........ 
i) I~: 

' .. .:. ... 
c.e: 

. ·. :' 

i.7: 

l.S: 
0. =·~ 
~.7: 

.:·.:! 

59: 1B> W:bOJ 1 5:.150 OS H20 
54: 1C> ~2bvC X 53150 OS HZ~ 

42: lC) ~2CCO X S31:0 05 ~2D 
23: 1D> ~2bCQ X 53!50 .QS H10 
30: lE> W2600 X S31eO DS H20 
47: 1D li2b')0 X 531;0 OS H20 
3i: 1F> i:2600 X 5515:) GS H2D 

31: 1H> ~2600 X 53150 OS tl20 
31: 1!> ~2000 ~ 53150 OS H20 
31: lJ) ~2600 X 53150 OS H2G 
44: 2A> i426CO X S3!5t) OS H~G 
48: 2B> ~2600 X 53!50 OS H20 
42: 29> il2bX! X 53150 OS H2~ 
56: 2C> W2bCO X 53150 OS H2G 
42: 2D> W26\::) X 53150 OS H20 
4~: 2E> W2600 i 53150 OS H20 
41: 2E) W2600 X s:1:0 OS H20 
2B: 2F> ~:bCO X 53!50 0~ H20 
~4: 22> w:~OO X S3i50 OS H20 
~2: 2H> W2b00 X 53150 OS H23 
3i: ZI> W2600 X S3!50 OS H20 
34: 2I> W2e~O X 53!:0 OS H20 
44: 2J> ~26\i0 X S3!50 OS H2~ 

~6: 2K> i1260·J i: S! 1 e(; 

44: 3ri} ~::00 ;~ 5315•~· 

U~c: U?:"i 
"' ··-~ 

!'C· U":!" 
~... .. ... 

c 

~· 

B 

: ~-

3 
" I "" 

.. .. 

c 
.• 

• v 

: : 

. . -

c 



• 

September 
Page # 2 

SOIL 

:29.,.1.998 

SCREENIG FACILITY 
Data Management System 

CONT Sample's, taken by. - 5518 
DAILY REPORT FOR Septemb~88 

§§§§~§~il.~~~§§§~~"§§§§§§§§§§§§§!f~JE~I§§§§§§§§§§§§Ii~,~~~§§§§fi§''~§§§§§§§~§~§§J~§''i§§§§§~§§§~~f~~§~iiJEf§~§~§~§§~§s§§§§§§~!t~-
"u"BER : SCREEN TYPE pCi/g pCi/q LOCATION !D 

3 SBC~266t 

5 98092670 
6 88092671 

:)9 /26!88 
09t:o:es 
09/26/88 
09/2:/88 

8 9EC92b74 09/26/83 
; eso~2b77 09/26/Sa 

:o 350926i5 

13 330~2682 
1~ eeo9zeas 

09/26/~3 

09126/88 
09/2~!88 

15 88~926·36 09 /26/SE-
:6 38092b87 09/26/SS 
!7 S90926SS 09/26/SE 

:c 53092!93 

-- 98(191616 
.:.~ 88•:!92695 

09!26i~3 

09/26/25 
09/2~1:3 

09!26/53 

CO!iT 
CafiT 
CCNT 

~!""l!'!' ..,Un; 

:our 
CCNT 

CJNT 
C~NT 

c~~~ 

CONi 

C~NT 
:jN7 

CtNT 
f'l~.l!~ 
· ... ;.;1. 

'-"'!ll':" •... ,: 
:~;;T 
;'!"'!11~ ;,., .... ; 

O.i: 
1.2: 
C.7: 
2.0: 
1.5: 

f• c. 
l,.·rVr 

'j,3: 
1.0: 
o.e: 
C.5: 
c.:.: 
!.4: 
1.4: 
l.9: 
0.9: 

1.l: 

1.7: 
0.6: 
!.4: 

'},4: 

1. 4: 
0.3: 
. :: .6: 

o.:.: 

l. 7: 

:I:: 
1.:! 

32: 4A} W260~ X 
44• 4A> ~2600 X 
42: 4!" 1121:00 X 

1 ~2: 4r·. ~2~·)C X 
57: 4D> W26CO X 
65: ~D i:2b;)0 X 

,.. •• =·" :l.ih') 

5:150 

OS H:O 
JS u~--

G5 HZ: 
JS H2C 
~5 H2D 
OS H2C 

122: 
!47: 

45) i2bC~ X s::5~) ··~ H2~ 

4H> W260C X S3!e~ CS H20 
3C: 
34: 
26: 

'T '· 't.l 

4D 
4D 

W2bOC X 
~2~00 X S3!:J 

S315C 

DB H~, 

~s H20 
OS H20 

41 : 4K> 112600 X 531 ~;) OS 1!20 
43: S~> ~2600 X 53leO OS H20 
b7: 5A> W260' X 531:~ JS H2J 
41: ~B> W2bCO X S3l50 Q5 ~ZD 

2:: sc; ii2f0(! X S~i:(: GS H2~ 
~1: 

52: 
35: 

Sll> ii26i)O 53!:·) 
5£:> ~2b0:) ~ S31:;~ 

5FJ ii26JO X s:::,; 

30: 5J) 
~3: 

26: 
: ~ . 
~'•. 

GS E2C 
OS H2U 
us :·:~;.: 

.;; E2: 

:::: :E) ii26C') X E:! :(i GS M2~ 
26: ::- _: ~2:·.:0 ~ ::::·:· :· .. h2J 

: : 

: c 

' .... 

. . . 

. . " . . -

.. . . 

41~eo;::::: : C9I::;E~ :.:s : SD:17 : ::.5: .~: :~: :~2:~>.:: ~::::~. '·"" ~:: •· 

• 

~~~§~~§~~~?!~~~~~~~~~~~5~~~~~~~~~~~F.~fff~3§~~§~§~~§§§§§~§§§§~§~~§~i~i~§§~@~§§~~~~;i§~~~§§~i~~~~i§§~~~§~i§~i~~~~~§~§§~~§~~i§~§§§§~~~ • 



.. 

• 

• 

• 

.• 

Sept:ember 
Page:. # 3 

0 :· 

SOIL 

:2S,.l.9SS 

SCREENl:G FACl:Ll:TY 
Data Management System 

CONT Sample's, ta.ken by • ~ 5518 
DAILY REPORi FOR Septemb~SS 

§§~§§§!!~J~§§§i!J~§§§§§§§~§§§§§II!Jt!I§~§§§§§§§§~§~I!Jr!§§~§§§J!§~~~§§§§~§§~§§§§§~~§fii§§§§§~§§§§!~J~§~§~~!~E~§§~§§~~§s~§~~§§§~~~~ 
NU"BER : SCREEN TYPE pCi/g pCi/g LOCATIOr~ rr 

CGNT 
l"r~i• 
loLl.\! 

'"""'··~ t_._!;l' 

'"'~•:-:.,;,;a; 

C2~iT. 

CJN~ 

CCNT 

•"n••~ ;..-..t: 

::N7 
-~!"\;~ 

viii\: 

1.3: 
1.4: 
Q.;: 
0.6: 
.... : 
0.4: 
1.2: 

0.3: 
0.3: 
:.5: 
1.6: 

0 .... . ~· 
1.9: 
0.4: 
0.3: 

0.4: 

1.:: 
0.9: 
0.6: 
0.4: 
1.4: 

:J.4: 
1.1: 
C.3: 
C.2: .. . . .. .. . 

.·o 
• I ... ' 

:I·:: 
. .-.4: 

. •: ...•. .,, 

... 
"tl. OK> W2600 X 53!SC 
52: 7B> W2600 X 53!:0 0£ H23 
43: 7B> W2b00 X ~3150 GS H2G 
2~: 7C> W2600 X 53150 OS !{2G 
~0: 7D> W260!) X S31S(l \JS H2D 
37: 7£> ti26JO X S3150 DS :m 
v~: iF> W2o00 X 53150 OE rt2] 

4: 7€1 W2600 X 53150 OS ~20 

! 1: 7H> W2600 X E315J OS !-!2E· 
65: 7!> W2600 53~5(t 03 H2[: 
t~: 7J> ~260~ ~ 531:.~ CS H2C 
24: W W2&v0 X S31~•:• OS H2C 
35: 7K> W2600 X S3:50 OS ~z~ 
il: 7K> ~2600 I 53150 OS H20 
23: EP.> W2b00 l 531:0 OS H2D 
11: SC> W2600 X 531~0 OS H20 
32: SD) ii26CO X S3:50 GS ii2D 
27: 8E> 112600 S!tse GS H2u 
43: EE> W260{; X 5315~ OS ~~G 
50: BG> li2:SOQ 33150 JS H2C 
39: SS> ii;2b·)0 X 5315=) OS H2C" 
21: EH> W2600 X S315G uS !-:2C 
27: e:-n iG60(! l S31~(i !!5 H2: 
45: SJ} ~2600 X E3~:-C G5 H20 
:~3: aJ> ~2~00 A £3!50 ~S H:G 
1(;: SK> W26Q0 ~ £31~0 ~S H2~ 

3C: 9!i) j::;::o~ x s:~sc as H2~ 
\!: 9B> ~2:jO ~ 53!50 DS H:J 

:7: ~C> i260C X E3!50 GS H2D 

:7: 

. . . 

. . " 

. . .. 

: ... . . -

: ·: 

. . -



.. 
Se~tember
Page # 4 

::2S,.J..9SS 

SOIL SCREENIG FACILITY 
Data Management System 

CONT Sample's, 
DAILY REPORT 

• 
§§§§§§~§§~§§§§§§§§~§§§§§§§§§§~§§§§§~§§§§§§~~§§§§§§§§§§§§§§§§§§§§§§§§§§§§§~~§§§§§~§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§~~ 

;,A!!PLE : DATE : SA~.PLER : SAKPLE : TH 232 : PU 238 : SRID & SAKPLE :WEL 
HU!!SER : SCREEN : TYPE pCi/g pCiig LOCATION : !D 

• 



·. 

• 

• 

• 

Se!=)tember
Page # ~ 

SOIL 

28,~998 

SCREENIG FACILITY 
Data Management System 

CONT Sample's, taken by - ~ 5518 
DAILY REPORT FOR Septemb~BB 

~~~~~~!~~~~~i;;~~~~~~~~~~~~~~r~;~~~~~~~~~~~giiJr~~~~~~~,;~;;;~~~~~~~~~~~~~,~~;;;~~~~~~~~~~~~,;~~~~~~~E~~~~~~~~~~~~~~~~~~!il[c 
NUifBER : SCREEN TYPE pCi/g pCi/g LOCATION !D 

3 85092311 Ct9i~S/S8 

4 39092812 09/~Si98 

5 88092813 09/29/SS 
6 98092814 C9!2Si3B 
i SSC92S15 C9/2S/8S 
g 29092816 G9/23/88 
9 3£1)92S!i V9i29i2E 

10 5809::15 C9/29/BS 

~4 SS092E:: 09/28!82 

. - :: ·. ':' ~:--

.· ... ·-- .·-· 
~:'"!; ~:.: ~= 

0~!23iEE 
:;9/Z2/ES 

"" .. ,.-
~u.1, 

CCNT 

r'l"'U~ 
L, ._ ... ~ 

!'!"'.f!':" 
;...,:,t: 

CCHT 

.'"F'I1:,. 
;,;;:,' 

::~;T 

:~!F 

..... ,_ 
-;.,..,t; 
... .,, .... 
;,;..·:~; 

·"'!"!~!~ 
..... i. 

""':"':~. "':" 
... _,.1. 

....... -
~..,;;I 

'~""•l=~ ;,....;.,, 

..... ,,_ 

..,..;,,: 
••t·
--·:1. 

'"",...t:"':" 
,.~.j;:. 

:- .... '~"':" ...... : 
:.""""·~ ""':" .. ..... ' 

1. I: 
C.7: 
o.a: 
1.2: 
0.9: 

{', c. ·.,;,..,, 

' .. .1,,,.,. 

C.7: 
l ":". . ,,.;, 
1.i: 
',i.~: 

:I:: 

::I 7: 
. .. 
.. r ._ 1 

,"• :I 
Yr,., .J 

.. . . ... . 

, :I ....... 
; :I ....... 
. ·, .'. 

~,. ;; 

:s: lB> w 2eoo s 31:o a~ H21 
59: !D> W 2600 X S 3:=0 OS H~O 
46: lF> ~ 26JC X • 3!SO u~ ~20 
:s: lS> W 2600 ~ 3!:.J US H20 
59: 11> ~ 26oo x.~ 3:~c os ~20 
57: W ~ ?~t'··i X S :::.o G3 iG 
71: 2A> W 26CO :< ,... 31:-~ OS H2~ 

S2: 2C> ~ 2b00 S J!~J OS H:~ 

19: 

39: ... .. .: .. 
:2: 

... --· 

::: 

43> ~ ::~)0 X ... 

m a ::oc• x s 
4J} ~ :w:; x s 

"if ::·:.(! .... 

.· ... .:. · .. 

--.: . _ 

-.- .... '..· 
,.,.. .. 

_ .., :"1•-
--:: . .. ~. · ....... 
~· :.·. -- J.:: 

. . -

. . . 

. . -

. .... 

c 

. . -
r . -

:;g~~~~~f5i]~~~~~~~~~~g~~~~~~~~~~~~~f~;E~~g~~~~~~g~§5§g~~~~~5~§§~~~~~~~§§~J~i~2~~§§§?:~~§~j~~~~§~~~~f~-~~~§j~0~§~~i2~2~~i§~~;~g~~~§§§~~~fl 
:·r.:~ •:-.:....: ~' : ! ~.:..: ~ :; I ~ :.:-:r~~ ..... i ; · 



I. 

September
Page =I* :2 

2S,.:L9SS 

SOIL SCREENIG FACILITY 
Data Management System 

CONT Sample's, taken by II 11111111 5518 
·DAILY REPORT FOR Septemb~88 

§g§§§§~~~~~~~~~~,~~~§~§§§§§§§§§t!l~r~l§§§§§§§§§§~§~~l't'§§§§§§'~~,,,~§~§§§§§§§§§~~§''!§§§§§§§§§§~~'~§i§!IJ.frl~§§§§§§§~§~i§§§§§~~~r~ 
NUMBER : SCREEN TYPE pCilq pCi/g LOCATION r~ 

3 3S09ZS52 09!28/33 
CGNT 

c~~: 

::NT 

... n •. ~ w..-;,! 

l""~\:• 

wW;' = 

:" ... ;;~ 
-~j,.-;'1: 

:GNT 
~~'H.!"!' 
\,\.'ill 

. CCNT 

~.5: 

0.4: 
1.2: 
0.:: 
1.2: 
!.1: 
1. 6~ 
1.!: 
~.4: 

1.:: 
1:2: 
1.2: 
1.5: 
0.2: 
,, :-. v .... 

0.5: 
0.~: 

0.7: 
0.7: 

S2: bi> 2~0~ X ~ 31;0 OS H2J 
46: 7C> W 2600 X S 31~0 OS H2J 

26: 7F> ~ :bCO 5 31:0 CS H2C 
39: ?!i> W 2~!)C l S 3!5\J ~: E:D 

41: SC> W 2:{H) X S Z!50 CS N~: 
50: SD> ~ 2:C:(! X S 3!50 D~ H:J 
29: SF> W 2:00 X S 3!50 JS H2: 
42: ;:;:-..:. W 26!)(; ~ 3150 OE H2D 
45: 8~) W 26~0 X 5 3150 OS H2: 
:3: 9!) W 26CO X S 31~0 OS H20 
52: EK> W ZbCO X S 3150 OS H2Q 
15: 9C> W 2600 X 5 315~ CS H20 
19: 9D> W 2~')0 S !!50 OS H2G 
4i: 9Fi W 2!00 X 5 3150 OS H2G 
62: 9F> W 2SQO X S 3!50 OS H2U 
47: 9D li 26C') X ::: 3~50 OS HZO 
~2: ~!> ~ 26Q:) X _5 3150 GS H22 
b~: bJ> ~ zeco x s 3150 ns H20 

• 

• 



• 

• 

• 

S.4HP!.£ Trf't 
SAnFL£ ~OHOITlUM 
V.4T£ S(R££HEfi 
IJAT £ CO LLECTE [1 

SAHPL£H HAnE & HP 

"1"7 II •• 

ll.!iOJ/86 
10Jit9iSt. 

SOIL SCREEHING FACILITY BliiLDlHG 30 
HRC MOUHD 

WELL B 

-5JSS 
========================================================================================~========================~======== 

i?EL :S.4H?!.f :11R.411S : lff!6ii1 : 6ilrJS5 L.!S : 6iiOSS US Til lJl 
Hil. : iiU!!~H: : : F.4CT t:R : Iii-132 Pil- i3S oCl! q 
================================================================================~============:;::======================== 

.)4 !357! 3(1(1 O.ioi ~--·· • ..:o 49il7 i).C 69JL CORE BLDB 00 i2 6 lf'-t,' 
~" 13572 3(1(; i),ki 1315 797 1.1 0 CORE iiLLl6 00 L r. 

"' -B' ,>.J c 
7i D573 3(1i) ;).167 1057 i038 0.8 4(1 CORE BLDS b6 i2 hi ~:.lo" .•c 
3i 13574 3(!0 o.to! 832 702 (!,5 -2 CORE BLDG bo 12 L:: to-:..!2' 

========================::;:=====================================::;:==~===================================~==~=;::======= 

PR!•AREO ~i ; fR~r J. PEARSON 1!! 

.4LL '301 L S.iJ.NPLE Ai?E 1\'AN FDl?. 400 ::-;Ec UNLES8 SPECIFIED JN 
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• 

• 

• 

SAHPLE hPE 
Slii!PLE CDNDlTIDH 
D!i J'E SCREEI4ED 
DATE COLLECTED 
SAHPLEH NANE ~ HP 

SOIL SCREENING FACILITY BUILDING 30 
MRC MOUND 

CONY 
WEI 
10/09/Bo 
10i09/8o 
-5385 

WELL A 

========================================================================================================================== 
REC.:SAHPLE :GRAHS: ~EIGHT : BROSS CTS : GROSS CTS 
UO. :tiUHBEF: : : FtiCTOR : fH-232 PU-238 

TH 132 
pCiiQ 

PU 238 
pCiiQ 

GRID ~ SAJ1F'LE 
lOCiHlDN 

========================================================================================================================= 
.33 13568 31)1J ij,ial 59(1 455 (1,\1 0 CORE BLi.lo 00 12 SURFACE 
34 135t.? 300 o. toi 3/li 414 0. !/ -5 CORE ~LDG ec 12 ·1 0 -)./" i. 

-,r: 1357(1 3(!(i H. i6i 682 4i6 i), 4 -4 COF;E BLDG 06 12 J . 

L-'f .• ).J 'f 

=====:=~======~===:~=====::::===============~===~==:::::::::::::::===~===:;::=~============================~=========~==== 

ALL SOIL SAHPLE ARE RAN FDR 400 SEC UNLESS SPECIFIED IN 
- -· ,-•. -. ,-. .o;· 
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l, 

. -c .. ~ . .. .. , . 

-: ... 

. = : .: ... -\ . 

. .. :. -.. 
; .. -~-. 

.;- ·.-:: ... \ '•"' . ' ·- .l .i. ' ... 
.. , .·- .l . : 

SOIL SCF:E~h!!!..!G Ft=.CILITY ?L'!LDH-lG 3(1 
MRC MOUND 

I.JELL A & B 

=~ ::.=::=:: ~::.=~:::- ~-~= .. ~·::··. 
.... , ____ ----·-· .......... . 

(·. j: 7 

~-:-.::: 

'-:.!: ... 
• 4--

... '.:.:: 

•.:. ~ ~ .. · 
·. '; ~. 

·.-.:.:.' 

' .. ::. 
.. .... _,_ 

. : ... ... :· ... 

1-:-::. 

f ·.:. 

... v ... ~ 
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.·-.:.· 
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\ : •!,-
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-=~=----~ .:.-·?"·· 
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"'~---

--·-= ::: l" 
tr._ ::.· ... i~ •· 

· ..• --. 
i .... :-;·; 

-.. ; ~ 

:· ... : .. : . .... 

. ' 

.5 ~ .... ;~ .;L_s 

s :. .;; .;. ' 

5 :.. :;.:~~

~;,. ·"' -'-S-

~~~~~~~~~~~§~E~~~~:~-~~-~~~~~~ ~~;;~§~~- ;;~£~~~~~[~;~f~~~~fg~t~~~~§~E~~§~fZ~ ~iiif.~~~~~§~~:6~~t:i;r:~ ·::~I~~: 3~-I~ -~~~;~ _~:~~~¥~~~~~=.i;.~~ :::::~~~~ -_ ~:-
r:-,::-~r.:.l: :~ : ;-;;.:~ .;. ~:.r.:-;:.~·:'\ ~ ... 

ALL SOIL SA;-1F'LE A~·= F:AN FOR 4(10 SEC UI-IL£SS :-:.~·E:CIF!S!:• !N 
THIS F:EF'LJRT 



-~ 

• 

• 

• 



• 

• 

• 

OAr£ St::?t£fit( !U:'~-;~ .. -o~. 

PATE C8LL£Cr!P JU;0~-3~ 

SU?L SCREEH!HG FAC1L1I!' BU!LD.IHG .JO 
Hi?C t'IOUND 

HELL ,4 

S.~HPL£H iiAH£ ·l :1f: -5jS~· 

~~====~====~:===================================::;:::==~===========~======~==:===============================~=========== 

RH. :S.~iiPLE :~.dHS : lifiviii : Gr.uSS Cf$ : ~.~·tiS~ US (H .:.'32 
N[!. :Hu~BH : : f.4Utif.: : IH-231 h-}3,: 

5i i ~.568 }i~P(t •). i:Ji 3~(i :15:· '}, 
,_, I) lll~:E BLD!:l 00 i 1. S:JF~ :;,~: 

,., 
11''\,.,·~ 3t~~'.' lj. tc' :)J;) 41 4 II •t -::! lOF:E t:UiLi 6t .;.·~ ...... .., ..... . l .. -

:)3 1 ~~~~~-' 3(i(t o. jQ_! 682 ~!b ~}I 4 -4 CORE BLUG tt i - ~ . 
A 1S5JS .st~t' ti. Jo.: ; -.:1 56"1' !}. <: -=-nr--COF:E UL!JG 0·~ HULE li·-,; ~ 

71' 
;:._! 135!6 

.•...... 

.jt•t! {!, b! ij(!b 5J.i '..*. i:, y CORE H!Jf; 66 HOLE - -4 

36 135'' .j!)i} v. !0.: '-~2o 606 '.' s i '.' LORE BLDG 66 iHilf ~ ··:: 
-~ ~ E5i8 )(ii) o. 167 pi "<;' u. I ') CORE liLD6 00 HGLE -8 ·J.' i -· 
38 i35i<i .3('•.i ~.~ I b:: 9i:: ~. ~. ·.: u.s ~· lOF:E IlLiG 66 II OLE 8 -J•:! •.JUJ.. .. 
"'U ·'; j 35BtJ ·:~(li) ;I l .~; 8/6 59~. o. I 0 CORE BLDl~ bC. HDL£ E .. i2 ; 

4•) 1378/ ~'l}l! t) !:,:I; ~43 54~~ 0. B i} BUR!! kRtii Dtii!PS! ER 

ALL SUlL SAHPL£ ARE RAN FUR 400 SEC UNLESS SPEClf.lED IN 



SAWf~E ~JftD1Tl2N 

LiME SUHH£!! 

SOIL 5CR~EN1HG FAClLlTY BUILDING 30 
I'IRC i'IOUND 

WELL B 

===========~===========================================================================================================~== 

H£i. :SAHPLE :~RAHS : ~!l~HT : 6RDSS CfS : 6R~SS CTS 
HiJ. :~iJ.1B£f: : : iAC12£ : !H-232 ?ii-23& :JCi.iq aCifa 

l;Rln .~ S.~.'iFLt 

Li!i:~Tl i!ii 
===========~==========================;~======-===================~==============~=================:::::::::;::::::~===== 

3i 
38 
Ti' 
4i} 

41 
L 

b~·ll 

iSSI:i 

13574 
135Bi 
1S582 

13584 
!.:.~85 

300 

j(h) 

U.l6) 
1}.167 
l!.l~; 

t.i. i6i 

0. i67 
..,, to! 

0. i6? 

1315 

·;tt 
: J.. 

l i65 
7'?8 

i!87 
! l 75 

4'111:1 
!9! 

1033 
~:(12 

i7U 
663 
i28 
/61 

U.6 
t.! 

(t. 5 

i.5 

0.9 
(i. 9 

i.' 

-8 
6 

-! 
-7 
-7 

CORE f:L[iS c.6 i2 6 

COP.£ BL~!J b~· U :j 

COF:E ~LD8 66 ! 2 i (· 
CGF:E !iLDG 66 12 U 
CilRE BLDG 66 HOLE ' . 
CORE BL~G 66 HOLE ' _ -4 
CORE BLDG oi: HOLE ' 4 -:. 
CORE BLDG 6:: HOLE o -a· 
COF:E flL£i8 bt HOLE 7 B -1 (i 
COPE f!LO[i 66 HOLE , '.' -11 

===~=~==========~=============~~====~=:==~==~=~==============================~==================~=========~========;====== 

ALL SOlL SAH~L£ ARE RAH FOR 400 SEC UNLESS SPECIFIED IH 
JH l S NE.POPT • 

• 

• 

• 



• 

• 

• 

·sol~ SCREEHlNG FACILITY BUILDING 30 
HRC HOUND 

WELL B 

=~~=====================~=============~========================================================:::;::::=================== 

HEC.:SAftPtf :GRAHS: W£l6H! : 6ROSS CTS : ~R85~ ~!S 

Hd. :HU~BiR : : FACTOR : 1H-Z3i fU-i18 
====~=====================================~==:;:============~====~::;::::::::::::::::=~=~==================~============= 

9 
10 
ii 

i3523 
13526 
J35{i" 

300 O.i6i 
~l.lo! 

;).!67 

!458 
18.3~ 

J. j;,c. 
••• ...J 

!254 

4415 

L3 
i.t 
!...' 

642 
BEH!IiD BL!.i6 oc # i 
BEHIN~ BLDG 66 #4 
BErti@ 8LDG ot 1~· 

ALL SOJL SAHPLE ARE RAN FUR 400 SEC UNLESS SPECIFIED IH 



SAHP!£ Cv~D17i~H 
DATE $[.fii:.Ui£li 
D.H£ CfiL!ECTEV 
5AHPLER HA!£ & HP 

(OHT 
l!ii 

SOIL SCREEHZHG FACILITY BUILDING 30 
11/~'C HOUND 

J..JELL A 

==============~=========================================================~================================================= 

H£C.:SA~PLE :6R~HS : IElfHT : GROSS CT~ : ~ReSS Cf5 
~{.i. :.~li.~BH' : ; fACi~.~ : iH<·E PU-23t: 

fli 232 PO 138 
al,:-'a 

==============~=====~=========~====================================:::;::===========:============================::;::::~ 

I 3524 .J~~(i ~· io:.: 13/i) 2ft?:J" i 4 231 BEI!l ~if! BL!·B bb #? 
u i!-5~6 .3'~·(· i.r. .i.:;· 1552 ~%~ L' ! ~ 

. ·;;: 
:.: .. .1 BEHHlL• tL~iG 00 ~5 

ALL SOIL SAHPLE ARE RAN FOR 400 SEC UNLESS SPECIFIED lN 

• 

• 

• 



• 

• 

• 

Sr!Hf'U. ~iJ~iJ!i jij~ 

D.4i £ SCH£ dfii 

SOlL SCR~EHlHG FACILITY BUILDING 30 
HRC HOUHD 

WELL fJ 

=~============================:===============::::::::::::::::::::::::::::;::==================~========================== 

li£t:. :SAii,"Lf :~~.4.~5 ; iit!6h! : ,_:ROSS US : 6R~SS Cl~ 

iii!, :~iJrlBU: : : F4G1~k : TH-n~· PU-JJi; 

43 !359:5 .)(!1) ~)I lo~ !~0'' 837 
44 j3j~~-~ )l)li t.!. lt ·' 11)14 B(t5 
.,c:. 13~·95 . )I}!.' i""t 1:.7 11•)6 8!8 ,._, 

1c iS 59.:> 30(! v. lo; 1·~·9:; 78~/ 

.f.' B597 3(.10 ij, 1c7 8'!'1 ,. . 701 
48 13'578 . 3(t(l (..•. to' UlS B5i 
41f j 36(•5 3(1(1 •). ib! 9(!4 ! J I 
5l! 13bi.i(, . )f)!.' !,.i • lb.: 937 bB2 
5i I ~·6tl7 30(~ '-'· lo:; "'''";•": i _, ~ 638 
52 136t,i8 

t •. ·. 
l), /.;::· b54 .)!}~} . . J 

5~~ l}Q(i~ ·~\(i~} i}. ibi olo 67~· 

~4 J .36: .~, 30!) '-'· ic.· . 1}6 B3JJ 

IH hi. 
aCJ .-'g 

1. !) 
~). J 
i). 8 
O.B 
t).5 

I. J 
u.b 
u.o 
v.c 
'). 1 
1!.5 
iJ lf 

PiJ liS 
,,(:j / g 

,, 
0 

B 
2 
3 

-2 
I --3 

-B 
··14 

-8 
-5 

2. 

f~·j!) J ~AriPL£ 
LiiC.mu!i 

COR£ aLuB b6 ¥ 

CURE BL£1G co •.; 

co~:E B' n'· ~-o oc . •) 

COP.E BLOG be 1 

CORE BL!i6 ct. ~· 

COR£ BLOB bb "i 
lORE I:L!iS co !3 
CURE BL&& 00 13 
CuRE fillJG c6 j ~. 

CURE ~l[i[i bi:· 
I;: 
J.; • 

to~:E [:L[•t 6C.. !-5 

COF:E :JLi•ii bt .i:.' 

!_t-l. 

., ·4 '-

4 -~ 

iJ .. 
8 - i;; 

!':• ··L 
i)-2: 

·-:· -4 .:. 

4 -b 

0 ··\? 
E>! •> 
j •) -i:: 

=~==;=:~==::;:::==================================~=====================~~~===========~===~===~========~==============~=~= 

ALL SOIL SAMPLE ARE RAN FOR 400 SEC UNLESS SPECIFIED lH 



S:~i'!r'LE i rfE 
Siii1PLE t::OIW 1.! I ON 
DA fc SCHWiE• 
DAlE CDLiEUED 
Siitif'LEF: llAHE i1 Hf' 

culli 
~tf 

SOIL SCREENING FACILITY BUILDING 30 
MRC MOUND 

~jELL A 

========================================================================================================================== 
REC.:S~HFLE :S~AMS : WEIGH! : SHDSS CIS : SPDSS CJS 
flu. : r.ili?!BH: : : HiCl OR : iii- i32 F U- 238 

TH 2:i2 
pCi;Q 

Pli 238 
pLi!o 

GRID !: 3AHPLE 

========================================================~================================================================ 

4i i -~·~i8i" .)(t(; o. io:1 o.:.··-~7 itl55 l1. I 83 COF:E BLf,b 66 ji) 1)-2" '-'-_.l: 

41 J..)588 3U(1 (•. 16 !6t. ~ii:J9 0.6 4~, LLIRE DL(•b 6.; 11) 2' ' 
4~1 1 ~.sss· )(•!) •j. 167 !454 694 i.5 Hi COF.E f:U•6 66 i '· ~ 4 -6 

44 i ~ .. 59t~ )(t(l o. p,.' 98! 7b9 0.9 34 COPE BLDG 66 i tj 0 -B 
45 135'7'! 3[)(! o. J67 597 HI (l 1 CORE BUtS ;,.;. !•) 8;- j l~i d "" 
4b fSj·.;-:.: ~~(u) ~}. lo.' !i4 54J 0.6 _L CORE 8LL16 co II.' i(• -l~ 

48 135{1 ){;(l (), 167 1058 o(tB l.i) ; COP.E 8l[i6 66 1 1)··1' I 

4'1 1J6t·~o 30•) v. ie:; 1058 t~.~·b l.l• 1 l COR£ BLDG 66 1 ·l '-d 
L • 

50 J ~.6i)1 j~H) i), 167 a:~ 6!)(l 1). 7 Jl) COF:E Slbc 66 I 4'-b' 

~I l.Stt/L );j!J ll. !6; 13'5.) /SB I.:! 
,,, 

CORE 3Lt'~ b6 i ; ·B ... ..... 
,c·; 
·)~ 1>··\3 50(! i), lcj ~r71 

c-•. 
J.:..O 0.3 CliP.E BLD8 c.o B . -l (i 

5S 1 ~;6 1 ..'4 . .)!.'i_! !) • l(;j 8·1!. 588 '}. 
-; :;· COEE it.OG bi:; i it• -12 

=~================~======~:======================~============================~=======================~=================== 

ALL SOlL SAHPLE ARE RAN FOR 400 SEC UNLESS SPEClFIED IH 
.-,.· .• ;.· "! 

• 

• 

• 



• 

• 

• 

SMPL£ r:Pt 
SAWPL£ COHDJTJ~H 

t.i!Hi 
~£! 

VAl£ SCREEHEV 10!!318~ 

CATE COLLECTED 

SOIL SCREENING FACILITY BUlLDlHG 30 
HRC HOUND 

HELL B 

SAnPLER NAHE & HF j85 

==~=======================:=================================================================:=======================:::;:: 

REC.;~A~PLE :6RAHS : lfl&Hl : iHSSS CTS : ~ROSS CIS 
li~. :iiUiiBER : : fAClilR : !H-23~ PU-1.38 

TH 23.t 
~Uiq 

PU 2JS 
ptllq 

6~1P ~ SAili'lf. 
Lul..4T!uii 

==========================================~=============================================================================; 

61 
8~ 

d4 
85 
86 
81 

13669 
136/0 
Doi! 
13.J!:i 
l36j3 
13674 
13675 
no!o 
j 36!7 
15618 
Jj.ji9 

J )68io 

300 
.3t.i(t 

v.hi 
!), 16! 
1), !Ci 

ti. lbl 

v.ibi 
v.lb: 
tl.lo7 
i_r,i6.i 

v.!ci 
1). 16' 
1}. i67 
•). lt _: 

1}(:.\i 

948 
Uti 
i81 
873 

115' 
L)L\i 
9(r.' 

1246 
ii!! 
! ~~~ 
i ·~·'~ ,i 

i48 
653 
iiv 
64~. 

651 
8i9 
!j(tj 

!!9 
iJ'f 

! ! 9t! 
1489 
ii_ooe 

i.l 
o.o 

\!. 4 

0.5 
lj,9 

1.1 
0.6 

!.-'.8 
._.. 7 

v.S 

-B CORE BL~S 66 t2 0-2 
-12 COPE BLDS 66 ij~ L -4 
-i CORE BL~b 66 ~2 4 -e 

-! (• CORE 8LDb 66 ~ L o -8 
-Jl CORE BLD8 66 #2 6'-l~ 

_f___ CORE tiLL'~ bo 1:.:: J!) -L 
'l COF.E BLfr6 6b ii3 (!-2 

COPE 3L6b bb ~~ 2·-4 
-• CORE BLDS 66 13 4'-~ 
61 COF:t ~LuG t!·~ #3 b -B 

i ,·, i CtWE BUi5 66 #:.\ 8 -Ji.' 
43 CORE BLDG 66 i3 10 -11 

ALL SOJL SAHPLE ARE RAN FOR .400 SEC UHLESS SPECJFJED lH 
!HIS .R.EPDF:l 



t:Dril 
ii£7 

DAi£ t~tiLL£l.!£{i lOi 10i8t· 

SOlL SCREENING FAClLlTY BUILDING 30 
!'1/?.C NOUHD 

wELL ,4 

SAH?Lb' !WIE ,) iiP -5m 

=====~======================================:============================================================================= 

R£C.:SAHPLt :6R.4HS : M£16HI : 6HaSS CTS : GROSS CTS Til 232 
Iii!, :iiiiHBEP. : : f.4Clilk : ln-<'37 Pii-238 

PU 2.38 
oCJi~ 

t;!i'J[I .i S,4ni'Lt 
L~l Ari u.oi 

====================~=============================:=========================================================~============ 
;,.., i3C57 3(h) v . loi lv7o b(H) l.ti 5 CO fiE BUtS 06 .14 (~-2 ..... 
n lSoSB 300 lt.lCl 1219 608 i.2 < CORE IJLiii:i 66 14 -4 ...... •' ~ 

24 j 3659 :)(H) li. lei o65 524 ·:·. 4 4 CORE BLii6 66 ii4 4 -6 

25 i3oo·) 30(i IJ. 16i 99B 59~: iJ.9 b CORE BLft& 00 #4 b -8 
Zb j 366i 3()() ij, 16! 918 :.84 0.8 COF:E BLDG bb #4 8 +• 
·)"'; 
&,"· !3662 3(u) !), 16) 55i 562 li.3 i3 ~ORE BUlB b6 14 jo) -u 
i8 l3o6.3 3(•0 (i.lo7 1•)53 636 i.O 11 CORE BLDS b6 #5 v-2 
2~ 13oe4 300 v.lbi 1219 b5! 1 •j i (• t:ORE i:JLI)6 bb #5 ·i 

~ -4 
3\1 J:.oo5 .)•}!) t).lbi 8(;5 5•)o tl, b -L CORE BLDG oc ~r ·-' 4 -6 
3i L·6b6 3•)!) 1), Jc7 12J 5•)8 0.5 ij CORE iiLilb bb #5 6 -s· 
32 lS:.c..t )!)i) lt. 167 Bt1.\ 5i2 t1• b -1 CORE BLHS 6o il5 8 -lti 
.).~: 1 !.tt-b .;.:.JI_I '1 .l:J ,i HI :to 9)•) 1}. 9 b4 CO~:E l!L(ob bo 15 li). -12 

===~~===:=========================:==============================================~============~=========================== 

ALL SOlL SAHPLE ARE RAN FOR 400 SEC UNLESS SPEClFlED lN 
T 1-1 • '=' • .. J. ~· REPORT • 

• 

• 

• 



·:! 1"J/£S7_!ff~LAnr/' SAttlPL£5 RP.tJ AT LtOOsec..o•Jos (w£T) 
' GF.oss c.-rs . G-~~~.s c:rs . Ofi ~~ t_:2S.:B 

• ;~; ) B :u=-_ ~~-L Z J~ -:~Lr;:·:;( h~~ u~:; 
9~i.7JL3zL JS_. s=~ I I IJ. . ~ 1. 
~.zo-o 19'91 . 72 7 . 7 [3ukb! FL I! ;.c 
.9!z.ol lq.s-2 &-2 719 o..? ~::M pl._ JL)_J)_ 

__ q9ozl1"'z 3 I .. · '-Os- J!L;? ta;;_f£L£L.JLLt=: 

92o3 1~27( lzo· l_z~g I .•.. ~irot£L_:f:f-l£ 
_zzo'llf2 7 _lt.£ . .J~z g·· f2.~,· · f3£LXi_(pf FL #JfL 
~o~l£53 I >;s- l7sf,·ld?-ti JtSiof_(pL_EL ~- J_-./J 

• _9~ 03b I 7& 1~7'/ h2--~~f££~- EL. -A .1-1. 
97o7 !3771-2·:9 ls-3·o I o.tf I~M £L i=\: FI 
_9Z_o9 WI I /a.J fzt/ ·I o.3 lt3U%~L FL # l·t_ 
~co~ Is-s?. I······· pj2'~7· ... J._. _/? J · ro r:L ~~ J -L Z/ L Is-. 2 _'-L_ J..:::-e2 ~BC~._L_t:_· ___ ==-tf_. __ 

D I s- ~ I . -: - ~ .. s - 1 . 0 - . . G ~ I r: L . 4 
!l SD I .l 1- {fc:;& I ;3-· 7. •.· .£JG(; - .[ . . 2 ·E 

:CZVz Itt?~ I 9.& zc;-z f ;o ... priL£L ~ ::2~ 
9 o/1 3 liZS ! ~. 3_ Jtz~ f.}. s:. J(3-(!J§:J,~J j:::l_:~.2J 
.921</ '/lf2 I G. 0 tit.. ~ - f_~ F='L.3i.2.:.( 
q s- I . . t_'39 1.~-0 . (,{p . {L * 2·f 

• q _$)8 j O. £1 ~awt F.L- Jt: 2 .G 



.'~ lfl'~$7~,e,v,ry S/1 ttl PL£S RAN AI LJOOsec..o • .~o.s ( W£ T) / 
I DAI[ (2·25"1 

GRoss c..-rs G-Po~.s c.:rs . . 
~t'i'lf/~~- .# _ e_u ~j/.L_ -;A_ J..cl..b ·- _bocAT.oiJ _ • 

. 1 . ~tB g.3 5L'Z. cfJ,g l~c.p(. ~I [;{ 1:12· b 

_9_9&_1 tf20 }3_.2. . . 72... .s-" ,1Y..Qr.- &I f.;L 14 2X 

_99191 7t'9i .c. 2io . · ;9 .. 0(: (p/ f".L # 2:1: 

-· ~o I '/~z.. __L2 10 o <12 . 'f_ t?lo '- t, I F.L.t:L~: t;_ 

.. 99211 "i'JZ I s: (ps -'LG ~ilL£.L-J:t2l= 1· · I .. · I· I . · - · 
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August 
Page ** 2 5" .l. 9E3E3 

.l. 

SOIL SCREENIG FACILITY 
Data Management System 

CONT Sample's, taken by- 9542 
DAILY REPORT FOR Augu~SS 

~~~~§~!ll~~~~~~~~,~~§§;§,§§§~§§§II~'Eii§§§§§§§§§§!§lilJEI§§!§§§'~~i1§§§§§§§!§§§§§J~§~il§§§§§!§§§§!ii~§i§~iJJE~§§§§§§§§§§§§§§§§§!i~r[ 
NUIIBER : SCREEN : TYPE pCi/g pCi/g LOCATION : ID 

: 11 .. 13.2: 344: 12 ! SURFACE W4275 X 52300 (FED ' 
3 . CONT 9.6: 3ft• 13 @ SURFACE N4275 • 52300 !BED . .. A 

4 9S082~.l : 08/25!9: : : CONT li.B: 243: 14 ! SURFACE W4275 X S2300 I BED 
5 9806::~ : OB/ZS/88 : . CCtH 2.1: 67: 15 ! SURFACE N4275 X 52300 !BED . 
6 SE•)S:~e : 08!25!98 : : CONT 0.8: lb: 16 ! SURFACE W4275 X 52300 (BED ., 

EB052':7 : OS/25/88 : . COHT 63.0: 1235: 17 @ SURFACE N4275 l 52300 I BED I . 
9 89(!325: : 08!25/39 . l CONT 1.9: 78: IB ~ SURFACE N4275 X S2300 I BED . 
9 88082:9 : OB/25i88 . . CONT 24.9: 111: 19 @ SURFACE W427S X S2300 (BED . . 

10 28082:1=) : 1)8/25/88 : : corn 35.9: 992: 110 ~ SURFACE W4275 X 52300 (SED 
11 8Bo::: 11 : 08/2Si9S . CONT 0.8: 45: 111 ! SURFACE W4275 X 52300 (BED . 
12 esos:~1: : 08/25/88 : CONr 2.4: 20: 112 @ SURFACE W4275 X S2!00 (BED 
13 88022~13 : 09/2~/58 : CONT 0.9: 0: 113 ! SURFACE W4275 X 52300 (SED 
!4 8SOE:~14 : 09/25/88 . CONT 0.9: 39: 114 ! SURFACE W4275 X 52300 I BED . 
lS 88•)52::: : 09/25/85 . CONT 3.4: 23: 115 @ SURFACE W4275 X 52300 (BED . 

W~C"'-<.. On Swr'f~c.t.., c.S 11"\d,c..c..+~d., ~" D c..re.. /'""r"Y\c:..C"' t.~cl ~<..<"- 0 ,.. d_,·"~} 

0
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\ (\ -t'"' e.. 5 c u -\- h 1..\.l~ s. + Cor f\ ~r-, /+..Lei\ {,·o nc... \ Sc.I"'Y·••q:> l--e.5 r"tv\ ~ Co 'C.. 

' -e. ~· ~' I) e.. "c i.AJ e..(. p . ...!- t \ s c.. S S u"'"" ~ c:l +c, 

: ;; 
: B 
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: A . :. . . c . . A . 
: B 
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• 
SOIL SCANNING FACILITY ftCA RECORD 

SA"PLE TYPE 
SA"PLE CONDITION 
DATE (~hen Collected) 
DATE (~en Screened! 
SAIIPLE TAKEN BY 

:CONSTRUCTION . 
liiET 

:4118/86 
:4/21/86 
-5385 

SAIIPLE TYPE 

Sll 
PP 
IITS 
CONT. 
ss 
41 

DISTRIBUTION: • 

R.R. DAILY 
D.6. DRAPER 
FILE 

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

---------------------------------------------------------------------------------------------------------------------------------
SAHPLEI :6RAHS :Pu llt.FACTOR: GROSS tt Th : GROSS Ct Pu : Pu-238 pCi/g : Th-232 pCI/g : LOCATION AND DEPTH 

12609 : lOO : 0.167 : 555 : 491 : 3 : 0.2 : BLDG 48 HILLSIDE 11 
================================================================================================================:================ 

SCREEN BY: 

Review By: _______________________ Approved By: ________________________ _ 

• PICA WELL "B' WEEKlY CALIBRATION LOG 

• 

KCA DOEI: 87679 
KCA SNI: 
PROBE DOEI: 
PROBE Stlt: 

80545 
97385 
DR593 

., 

----------------------~-----------------------------------------------------------------------------------------
STANDARDS ::CT./400 sec. Pu Window : CT,/400 sec. Th Window : CT - BKS : Ct/pCi 

----------------------------------------------------------------------------------------------------------------
BK6 STANflriRD .. 393 : 376 . .. . 
-------------------------------------:: 
Pu-238 STANDARD 11044 = 169.4 pCi/gr .. 11700 : 11307 : 66.75 . . 
-------------------------------------:: 
Pu-238 STA~DARD 11045 = 746.8 pCi/gr .. 4765 : 4372 : 5.85 .. 
-------------------------------------:: 
Pu-238 STAilDARD 11046 = 2216 pCi /gr .. 10174 : 9781 . 4.41 .. . 
-------------------------------------:: 
Th-230 STANDARD 12244 = 44.5 pCi/qr .. 26557 . 26181 . 588.34 .. . . 
=====================================::=======================:========================:==========:============= 

PREPARED E:Y: 5315 DATE 4/21/86 

REVIEWED BY _____________ DATE ______ Af·PROVED BY: ____________ DATE _____ _ 



SOIL SCANNING FACILITY "CA RECORD 

SA"PLE TYPE 
SAMPLE CONDITION 
DATE fNhen Collected> 
DATE fNhen Screened) 
SAMPLE TAKEN BY 

:CDNSTRUCTlOH 
:!lET 
:4/17/86 

.5385 

SAfiPLE TYPE 

5" 
pp 
IllS 
CONT. 
ss 
41 

DISTRIBUTION: 

R.R. DAILY 
D.&. DRAPER 
FILE 

---------------------------------·---------------

SAKPLEI : &RAftS :Pu NT.FACTOR: &ROSS Ct Th :.&ROSS Ct Pu : Pu-238 pti/g : Th-232 pCi/g : LOCATION AND DEPTH 

12605 : 300 : 0.167 : 2415 : 209788 : 38861 : 4.2 : BLDS 48 HILLSIDE 11 . 

"CA NELL "B" 
----------------------

SAnPLEI :SRAnS :Pu Nt.FACTOR: &ROSS Ct Th : &ROSS Ct Pu : Pu-238 pCi/g : Th-232 pCI/g : LOCATION AND DEPTH 
----------------------------~-,--------------------------

12606 : 300 : 9.167 : 4149 : 67129 : 11602 : 5.4 : BLDG 48 HILLSIDE 11 
===========================================---========-=-----=- ---===--=--============= 

SCREEN BY- -5315 

Review By: __________________ Approved By: ______ _ 
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• 
APPENDIXF 

LOCATION COORDINATES IN 

SOUTHfWEST AND NORTH/EAST 

: .• 

• 



• 
F.1. SITE SURVEY PROJECT SURFACE LOCATIONS 

• 



Surface Location Coordinates (ft) Page F-1 

• Mound Plant Ohio State Plane 
Location west South East (x) North (y) 

S0001 1475 1175 1497310.63 599629.91 
S0002 1400 1325 1497440.86 599524.25 
S0003 1375 1350 1497473.95 599511.80 
S0004 1400 1350 1497451.18 599501.48 
S0005 1325 1375 1497529.81 599509.67 
S0006 1175 1400 1497676.75 599548.81 
S0007 1225 1400 1497631.21 599528.17 
sooo8 1350 1400 1497517.36 599476.58 
S0009 1300 1425 1497573.22 599474.44 
S0010 1125 1475 1497753.25 599501.14 
S0011 1250 1475 1497639.40 599449.54 
S0012 1605 1200 1497202.54 599553.48 
S0013 1580 1225 1497235.63 599541.03 
S0014 1755 1225 1497076.23 599468.79 
S0015 1855 1225 1496985.15 599427.52 
S0016 1505 1250 149731.4.26 599549.22 
S0017 1605 1250 1497223.18 599507.94 
S0018 1805 1250 1497041.01 599425.38 
50020 1125 1525 1497773.89 599455.60 
S0021 1300 1525 1497614.50 599383.36 
S0022 1300 1550 1497624.81 599360.59 
50023 1325 1575 1497612.36 599327.50 
S0024 1135 1625 1497806.06 599360.39 
S0025 1375 1650 1497597.78 599238.55 :. 50026 1375 1675 1497608.10 599215·. 78 
50027 1110 1700 1497859.79 599302.39 
S0028 1210 1700 1497768.71 599261.12 
S0029 1425 1700 1497572.88 599172.37 
S0030 1450 1700 1497550.11 599162.05 
S0031 1400 1750 1497616.29 599137.15 
S0032 1350 1775 1497672.15 599135.01 
S0033 1450 1775 1497581.07 599093.74 
S0034 1855 1600 1497139.94 599085.96 
S0035 1780 1625 1497218.57 599094.14 
S0036 1830 1625 1497173.03 599073.50 
50037 1730 1675 1497284.76 599069.24 
S0038 1630 1700 1497386.16 599087.75 
S0039 1680 1700 1497340.62 599067.11 
S0040 1705 1700 1497317.85 599056.79 
50041 1605 1725 1497419.25 599075.30 
S0042 1655 1725 1497373.71 599054.66 
50043 1755 1725 1497282.62 599013.38 
S0044 1505 1775 1497530.97 599071.03 
S0045 1555 1775 1497485.43 599050.39 
S0046 1680 1775 1497371.58 598998.80 
S0047 1490 1785 1497548.76 599068.12 
S0048 1855 1785 1497216.31 598917.45 
S0049 1860 0900 1496846.44 599721.47 
S0050 2200 0910 1496540.89 599572.02 
S0051 2085 0925 1496651.82 599605.83 
S0052 1950 1000 1496805.75 599593.24 
S0053 2050 1000 1496714.66 599551.96 

• S0054 2085 1000 1496682.78 599537.51 
S0055 1885 1050 1496885.59 599574.53 
S0056 2310 1050 1496498.49 599399.10 
S0057 1925 1150 1496890.43 599466.93 



Surface Location Coordinates (ft) Page F-2 

Mound Plant Ohio State Plane • Location West South East (x) North (Y) 

soosa 2050 1150 1496776.58 599415.34 
S0059 2085 1150 1496744.70 599400.89 
S0060 1885 1175 1496937.19 599460.67 
S006l 2265 0925 1496487.88 599531.53 
S0062 2365 0925 1496396.79 599490.25 
S0063 2440 0925 1496328.48 599459.29 
S0064 2490 0925 1496282.94 599438.65 
S0065 2615 0950 1496179.40 599364.28 
S0066 2290 1050 1496516.70 599407.35 
S0067 1985 1225 1496866.74 599373.85 
S0068 2035 1225 1496821.20 599353.22 
S0069 2085 1225 1496775.66 599332.58 
S0070 2135 1225 1496730.12 599311.94 
S007l 1385 1250 1497423.56 599598.75 
S0072 1960 1350 1496941.11 599270.32 
S0073 2010 1350 1496895.57 599249.68 
S0074 2085 1350 1496827.26 599218.72 
S0075 2100 1350 1496813.59 599212.53 
S0076 1885 1450 1497050.70 599210.20 
S0077 2010 1450 1496936.85 599158.60 
S0078 2135 1450 1496822.99 599107.00 
S0079 2440 1250 1496462.63 599163.27 
sooao 2615 1250 1496303.24 599091.03 
S008l 2415 1300 1496506.04 599128.05 
S0082 2365 1350 1496572.22 599103.14 • S0083 2390 1400 1496570.09 599047.28 
S0084 2440 1450 1496545.19 598981.10 
sooas 2415 1490 1496584.47 598954.99 
S0086 2465 1490 1496538.93 598934.35 
S0087 2515 1490 1496493.39 598913.71 
S0088 2590 1490 1496425.08 598882.75 
S0090 1970 1525 1497004.24 599106.80 
S009l 2185 1575 1496829.05 598972.51 
S0092 2085 1585 1496924.26 599004.68 
S0093 1935 1600 1497067.08 599052.93 
S0094 1885 1625 1497122.94 599050.80 
S0095 2210 1625 1496826.92 598916.65 
S0096 1960 1650 1497064.94 598997.07 
S0097 2060 1650 1496973.86 598955.79 
S0098 2160 1650 1496882.78 598914.52 
S0099 2235 1650 1496814.47 598883.56 
SOlOO 2045 1685 1497001.97 598930.11 
S0101 2160 1735 1496917.87 598837.09 
S0102 2010 1750 1497060.68 598885.35 
S0103 2110 1750 1496969.60 598844.07 
S0104 2195 1760 1496896.31 598799.88 
SOlOS 2340 1525 1496667.23 598954.07 
S0106 2415 1525 1496598.92 598923.11 
S0107 2465 1525 1496553.38 598902.47 
S0108 2565 1525 1496462.30 598861.19 
S0109 2540 1600 1496516.02 598803.20 
SOllO 2315 1675 1496751.92 598827.76 
SOlll 2565 1675 1496524.21 598724.57 • S0ll2 2515 1700 1496580.07 598722.44 
S0ll3 2265 1725 1496818.10 598802.86 
S0ll4 2365 1750 1496737.34 598738.81 
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S0115 2515 1750 1496600.71 598676.89 
S0116 2340 1775 1496770.43 598726.36 
S0117 2415 1775 1496702.11 598695.40 
S0118 2615 1775 1496519.95 598612.85 
S0119 2770 0925 1496027.91 599323.07 
S0120 2695 0950 1496106.54 599331.26 
S0121 2845 0950 1495969.91 599269.34 
S0122 2970 0975 1495866.38 599194.97 
S0124 2945 1050 1495920.11 599136.98 
S0125 2970 1125 1495928.30 599058.35 
S0126 2820 1150 1496075.24 599097.49 
S0127 3050 1000 1495803.83 599139.18 
S0128 3250 1050 1495642.31 599011.08 
S0129 3025 1075 1495857.56 599081.19 
S0130 3075 1075 1495812.02 599060.55 
S0131 3100 1075 1495789.25 599050.23 
S0132 3100 1100 1495799.57 599027.46 
S0133 3225 1100 1495685.72 598975.86 
S0134 3375 1175 1495580.05 598845.63 
S0135 2670 1225 1496242.82 599091.10 
S0137 2720 1350 1496248.88 598956.61 
S0138 2795 1375 1496190.89 598902.88 
S0139 2670 1400 1496315.06 598931.70 
S0140 2845 1425 1496165.98 598836.70 

• S0141 2770 1450 1496244.62 598844.88 
S0142 2695 1500 1496333.57 598830.30 
S0143 3050 1200 1495886.39 598957.01 
S0144 3375 1225 1495600.69 598800.09 
S0145 3175 1250 1495793.17 598859.87 
S0146 3225 1300 1495768.27 598793.69 
S0147 3175 1350 1495834.45 598768.79 
S0148 3325 1350 1495697.83 598706.87 
S0149 3025 1375 1495981.40 598807.94 
S0150 3025 1400 1495991.72 598785.17 
S0152 3050 1475 1495999.90 598706.54 
S0153 3175 1475 1495886.05 598654.94 
S0154 3325 1495 1495757.68 598574.80 
S0155 2770 1550 1496285.89 598753.80 
S0156 2645 1600 1496420.39 598759.86 
S0158 2645 1675 1496451.35 598691.55 
S0159 2645 1750 1496482.30 598623.23 
S0160 2620 1775 1496515.39 598610.78 
S0161 2795 1775 1496356.00 598538.55 
S0162 2845 1775 1496310.46 598517.91 
S0163 2870 1775 1496287.69 598507.59 
S0164 3175 1505 1495898.43 598627.61 
S0165 3300 1750 1495885.71 598352.86 
S0166 335"0 1750 1495840.17 598332.22 
S0167 3225 1775 1495964.34 598361.05 
S0168 3275 1775 1495918.80 598340.41 
S0169 3010 1790 1496166.36 598436.13 
S0170 3025 1790 1496152.70 598429.94 

• S0171 3200 1790 1495993.30 598357.71 
S0172 3555 1285 1495461.51 598671.14 
S0173 3465 1315 1495555.86 598680.96 
S0175 3580 1375 1495475.89 598578.84 
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S0176 3590 1375 1495466.78 598574.72 
S0177 3510 1385 1495543.77 598598.63 
S0178 3465 1410 1495595.08 598594.43 
S0179 3555 1410 1495513.10 598557.28 
S0180 3400 1425 1495660.47 598607.60 
S0181 3605 1425 1495473.75 598522.98 
S0182 3690 1435 1495400.46 598478.79 
S0183 3565 1450 1495520.51 598516.72 
S0184 3680 1455 1495417.82 598464.70 
S0185 3590 1460 1495501.86 598497.30 
S0186 3615 1460 1495479.09 598486.98 
S0187 3635 1485 1495471.20 598455.95 
S0188 3680 1485 1495430.21 598437.37 
S0190 3605 1505 1495506.78 598450.12 
S0191 3430 1525 1495674.43 598504.14 
S0192 3705 1525 1495423.95 598390.62 
S0193 3605 1575 1495535.67 598386.36 
S0194 3455 1600 1495682.61 598425.51 
S0195 3580 1625 1495579.08 598351.14 
S0196 3455 1650 1495703.25 598379.96 
S0197 3550 1650 1495616.73 598340.75 
S0198 3705 1675 1495485.87 598254.00 
S0199 3480 1680 1495692.87 598342.32 
S0200 3555 1725 1495643.13 598270.37 
S0201 3705 1625 1495465.23 598299.54 
S0202 3430 1675 1495736.34 598367.51 •• S0203 3630 1700 1495564.50 598262.19 
S0204 3680 1700 1495518.96 598241.55 
S0205 3810 1505 1495320.06 598365.50 
S0206 3855 1575 1495307.96 598283.16 
S0207 3785 1650 1495402.68 598243.75 
S0208 3765 1660 1495425.02 598242.89 
S0209 3765 1675 1495431.22 598229.23 
S0210 3860 1675 1495344.69 598190.02 
S0211 3960 1675 1495253.60 598148.74 
S0212 3860 1725 1495365.33 598144.47 
S0213 3935 1750 1495307.33 598090.75 
S0214 3985 1775 1495272.11 598047.34 
S0215 4035 1775 1495226.57 598026.70 
S0216 3760 1795 1495485.30 598121.99 
S0217 1255 1850 1497789.64 599105.92 
S0218 1385 1875 1497681.55 599029.48 
S0219 1280 1900 1497787.50 599050.06 
S0220 1275 1950 1497812.70 599006.58 
S0221 1425 1995 1497694.65 598903.67 
S0222 1410 2035 1497724.82 598873.43 
S0223 1460 2035 1497679.28 598852.79 
S0224 1335 2050 1497799.33 598890.73 
S0225 1360 2075 1497786.88 598857.64 
S0226 1400 2075 1497750.44 598841.13 
S0227 1435 2085 1497722.69 598817.57 
S0228 1805 1850 1497288.68 598878.89 
S0229 1655 1875 1497435.62 598918.03 
S0230 1525 1895 1497562.29 598953.48 • S0231 1530 1950 1497580.44 598901.32 
S0232 1730 1950 1497398.27 598818.76 
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S0233 1505 2000 1497623.85 598866.10 
S0234 1555 2000 1497578.30 598845.46 
S0235 1505 2050 1497644.49 598820.55 
S0236 1580 2075 1497586.49 598766.83 
S0237 1680 2075 1497495.41 598725.55 
S0238 1830 2075 1497358.78 598663.63 
S0239 1505 2125 1497675.44 598752.24 
S0240 1655 2125 1497538.82 598690.33 
S0241 1755 2150 1497458.06 598626.28 
S0242 1505 2200 1497706.40 598683.93 
S0243 1830 2200 1497410.38 598549.78 
S0244 1730 2225 1497511.79 598568.28 
S0245 1630 2250 1497613.19 598586.79 
S0246 1730 2300 1497542.74 598499.97 
S0247 1780 2300 1497497.20 598479.33 
S0248 1830 2300 1497451.66 598458.69 
S0249 1630 2325 1497644.15 598518.48 
S0250 1730 2350 1497563.38 598454.43 
S0251 1580 2375 1497710.33 598493.58 
S0252 1780 2375 1497528.16 598411.02 
S0253 1830 2375 1497482.62 598390.38 
S0254 1500 2425 1497803.83 ' 598481.06 
S0255 1605 2425 1497708.20 598437.72 
S0256 1705 2425 1497617.11 598396.44 i,. S0257 1730 2425 1497594.34 598386.12 
S0258 1830 2425 1497503.26 598344.84 
S0259 1755 2450 1497581.89 598353.03 
S0260 1630 2475 1497706.06 598381.85 
S0261 1855 2475 1497501.13 598288.98 
S0262 1650 2500 1497698.17 598350.83 
S0263 1655 2500 1497693.61 598348.76 
S0264 1730 2500 1497625.30 598317.81 
S0265 1655 2525 1497703.93 598325.99 
S0266 1680 2525 1497681.16 598315.67 
S0267 1730 2525 1497635.62 598295.03 
S0268 1655 2575 1497724.57 598280.45 
S0269 1830 2575 1497565.18 598208.22 
S0270 1730 2625 1497676.90 598203.95 
S0271 1755 2650 1497664.45 598170.86 
S0272 1960 1825 1497137.18 598837.68 
S0273 1885 1850 1497215.81 598845.86 
S0274 1985 1875 1497135.05 598781.82 
S0275 2135 1900 1497008.75 598697.13 
S0276 2035 1925 1497110.15 598715.63 
S0277 1960 1950 1497188.78 598723.82 
S0278 2010 2025 1497174.20 598634.87 
S0279 1885 2075 1497308.69 598640.93 
S0280 2060 2075 1497149.29 598568.69 
S0281 2110 2075 1497103.75 598548.05 
S0282 2290 1825 1496836.61 598701.46 
S0283 2340 1875 1496811.71 598635.28 
S0284 2390 1925 1496786.80 598569.10 

•• S0285 2440 1950 1496751.58 598525.69 
S0286 2265 2025 1496941.93 598529.61 
S0287 2440 2025 1496782.54 598457.38 
S0288 2465 2025 1496759.77 598447.06 
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S0289 2265 2050 1496952.25 598506.84 
S0290 2290 2050 1496929.48 598496.52 
S0291 2515 2050 1496724.55 598403.65 
S0292 2615 2050 1496633.46 598362.37 
S0293 2265 2075 1496962.57 598484.07 
S0295 2390 2075 1496848.72 598432.47 
S0296 2440 2075 1496803.18 598411.83 
S0297 2515 2075 1496734.87 598380.88 
S0298 2315 2085 1496921.16 598454.32 
S0299 2355 2085 1496884.73 598437.81 
S0300 2365 2085 1496875.62 598433.68 
S0301 1885 2125 1497329.33 598595.39 
S0302 2110 2125 1497124.39 598502.51 
S0303 2160 2125 1497078.85 598481.87 
S0304 2085 2150 1497157.48 598490.06 
S0305 1885 2175 1497349.97 598549.84 
S0306 1985 2175 1497258.88 598508.57 
S0307 2060 2175 1497190.57 598477.61 
S0308 2160 2225 1497120.13 598390.79 
S0309 2235 2225 1497051.82 598359.83 
S0310 1985 2275 1497300.16 598417.48 
S0311 2135 2325 1497184.18 598310.02 
S0312 2185 2325 1497138.64 598289.39 
S0313 2060 2350 1497262.81 598318.21 
S0314 1910 2375 1497409.75 598357.36 • S0316 2365 2125 1496892.13 598397.25 
S0317 2515 2125 1496755.51 598335.33 
S0318 2365 2175 1496912.77 598351.71 
S0319 2315 2210 1496972.76 598340.47 
S0320 2375 2210 1496918.11 598315.70 
S0321 2265 2225 1497024.49 598347.45 
S0322 2465 2225 1496842.32 598264.89 
S0323 2540 2225 1496774.01 598233.93 
S0324 2540 2275 1496794.65 598188.39 
S0325 2490 2275 1496840.19 598209.03 
S0326 2590 2325 1496769.75 598122.21 
S0327 2515 2350 1496848.38 598130.40 
S0328 2465 2350 1496893.92 598151.04 
S0329 2290 2375 1497063.64 598200.50 
S0330 2340 2375 1497018.10 598179.86 
S0331 1885 2425 1497453.16 598322.14 
S0332 1910 2425 1497430.39 598311.82 
S0333 2060 2425 1497293.77 598249.90 
S0334 2135 2425 1497225.46 598218.94 
S0335 2185 2425 1497179.91 598198.30 
S0336 1885 2450 1497463.48 598299.37 
S0337 2160 2450 1497213.00 598185.85 
S0338 1910 2475 1497451.03 598266.28 
S0339 2110 2475 1497268.87 598183.72 
S0340 1910 2500 1497461.35 598243.50 
S0344 2290 2425 1497084.28 598154.96 
S0345 2290 2450 1497094.60 598132.19 
S0346 2365 2450 1497026.28 598101.23 • S0347 2440 2475 1496968.29 598047.50 
S0348 2540 2500 1496887.53 597983.45 
S0349 2565 2500 1496864.76 597973.13 

/ 
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S0350 2365 2525 1497057.24 598032.92 
S0351 2290 2550 1497135.87 598041.11 
S0352 2415 2550 1497022.02 597989.51 
S0353 2590 2550 1496862.63 597917.27 
S0354 2465 2550 1496976.48 597968.87 
S0355 2465 2600 1496997.12 597923.33 
S0356 2365 2625 1497098.52 597941.84 
S0357 2340 2675 1497141.93 597906.61 
S0358 2565 2675 1496936.99 597813.74 
S0359 2645 1810 1496507.07 598568.58 
S0360 2895 1810 1496279.36 598465.39 
S0361 2945 1810 1496233.82 598444.75 
S0362 2005 1835 1497100.32 598809.99 
S0363 2770 1850 1496409.73 598480.55 
S0364 2655 1860 1496518.60 598518.91 
S0365 2670 1875 1496511.13 598499.06 
S0366 2695 2000 1496539.96 598374.89 
S0367 2770 2000 1496471.65 598343.93 
S0368 2870 2000 1496380.56 598302.65 
S0369 2920 2000 1496335.02 598282.01 
S0370 2555 2050 1496688.11 598387.13 
S0371 2820 2050 1496446.74 598277.75 
S0372 2920 2050 1496355.66 598236.47 
S0373 3350 1810 1495864.94 598277.57 :. S0374 3250 1825 1495962.21 598305.19 
S0375 3300 1825 1495916.67 598284.55 
S0376 3375 1875 1495869.00 598208.05 
S0377 3200 1900 1496038.71 598257.52 
S0378 3325 1975 1495955.82 598137.61 
S0379 3250 2000 1496034.45 598145.79 
S0380 3300 2000 1495988.91 598125.15 
S0381 3075 2025 1496204.16 598195.26 
S0382 3150 2025 1496135.85 598164.30 
S0383 3200 2050 1496100.63 598120.89 
S0384 3375 2050 1495941.23 598048.65 
S0385 3505 1850 1495740.27 598177.16 
S0386 3605 1850 1495649.19 598135.88 
S0387 3480 1875 1495773.36 598164.71 
S0388 2795 2125 1496500.47 598219.75 
S0389 2920 2125 1496386.62 598168.16 
S0390 2670 2150 1496624.65 598248.58 
S0391 2720 2200 1496599.74 598182.40 
S0392 2895 2225 1496450.67 598087.39 
S0393 2645 2250 1496688.70 598167.82 
S0394 2745 2250 1496597.61 598126.54 
S0395 2820 2275 1496539.62 598072.81 
S0396 2760 2300 1496604.59 598074.81 
S0397 2770 2300 1496595.48 598070.68 
S0398 2945 2325 1496446.40 597975.67 
S0.399 2745 2350 1496638.89 598035.46 
S0400 2895 2350 1496502.27 597973.54 
S0401 2645 2375 1496740.29 598053.96 

•• S0402 2770 2375 1496626.44 598002.37 
S0403 2705 2385 1496689.77 598020.09 
S0404 3110 2125 1496213.56 598089.'73 

S0406 3225 2200 1496139.77 597973.95 
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S0407 3160 2210 1496203.11 597991.67 
S0408 3255 2235 1496126.90 597929.68 
S0409 3235 2255 1496153.37 597919.72 
S0410 3200 2260 1496187.31 597929.62 
S0411 3150 2300 1496249.36 597913.82 
S0412 3135 2310 1496267.16 597910.91 
S0413 3050 2325 1496350.77 597932.33 
S0414 3375 2325 1496054.75 597798.18 
S0415 3085 2350 1496329.21 597895.11 
S0416 3150 2350 1496270.00 597868.28 
S0417 3225 2350 1496201.69 597837.32 
S0418 3350 2350 1496087.84 597785.72 
S0419 3275 2375 1496166.47 597793.91 
S0420 2695 2425 1496715.39 597987.78 
S0421 2800 2450 1496630.07 597921.67 
S0422 2820 2475 1496622.18 597890.64 
S0423 2855 2475 1496590.30 597876.20 
S0424 2875 2490 1496578.27 597854.28 
S0425 2945 2500 1496518.64 597816.28 
S0426 2910 2510 1496554.65 597821.62 
S0427 2670 2525 1496779.44 597907.02 
S0428 2970. 2550 1496516.51 597760.42 
S0429 2670 2575 1496800.08 597861.48 
S0430 2645 2625 1496843.49 597826.26 
S0431 2845 2625 1496661.32 597743.70 • S0432 2895 2635 1496619.91 597713.95 
S0433 2695 2650 1496808.27 597782.85 
S0434 2770 2650 1496739.95 597751.89 
S0435 2945 2650 1496580.56 597679.65 
S0436 2730 2685 1496790.83 597736.52 
S0437 3100 2450 1496356.82 597797.84 
S0438 3150 2474 1496321.19 597755.34 
S0439 3075 2500 1496400.23 597762.61 
S0440 3375 2500 1496126.98 597638.78 
S0441 3350 2525 1496160.07 597626.33 
S0442 3375 2550 1496147.62 597593.24 
S0443 3300 2575 1496226.26 597601.43 
S0444 3100 2600 1496418.74 597661.21 
S0445 3010 2635 1496515.16 597666.48 
S0446 3375 2650 1496188.90 597502.16 
S0447 3025 2675 1496518.01 597623.86 
S0448 3455 1900 1495806.45 598152.26 
S0449 3530 1900 1495738.14 598121.30 
S0450 3430 1950 1495849.86 598117.03 
S0451 3480 1975 1495814.64 598073.62 
S0452 3680 1975 1495632.47 597991.07 
S0453 3430 2000 1495870.50 598071.49 
S0454 3530 2000 1495779.42 598030.21 
S0455 3680 2000 1495642.79 597968.30 
S0456 3730 2025 1495607.57 597924.89 
S0457 3405 2675 1496171.90 597467.00 
S0458 3870 1810 1495391.30 598062.93 
S0459 3940 1825 1495333.74 598020.37 • S0460 4010 1835 1495274.11 597982~37 
S0461 3870 1850 1495407.82 598026.49 
S0462 3910 1860 1495375.51 598000.87 



Surface Location Coordinates (ft) Page F-9 

• Mound Plant Ohio State Plane 
Location West South East (x) North (Y) 

S0463 4045 1860 1495252.55 597945.15 
S0464 4055 1910 1495264.08 597895.48 
S0465 3790 1925 1495511.64 597991.20 
S0466 3770 1950 1495540.18 597976.69 
S0467 4110 1975 1495240.81 597813.57 
S0468 3825 2025 1495521.04 - 597885.67 
S0469 3860 2025 1495489.16 597871.23 
S0470 4060 2025 1495306.99 597788.67 
S0471 3555 2150 1495818.56 597883.27 
S0472 3505 2175 1495874.42 597881.14 
S0473 3655 2200 1495748.12 597796.45 
S0474 3430 2215 1495959.25 597875.66 
S0475 3555 2225 1495849.52 597814.96 
S0476 3530 2250 1495882.61 597802.51 
S0477 3665 2250 1495759.65 597746.78 
S0478 3465 2260 1495945.94 597820.23 
S0479 3505 2275 1495915.70 597790.06 
S0480 3580 2275 1495847.39 597759.10 
S0481 3430 2285 1495988.14 597811.91 
S0482 3390 2300 1496030.77 597814.75 
S0483 3480 2310 1495952.92 597768.50 
S0484 3415 2335 1496022.44 597772.56 
S0485 3705 2350 1495764.49 597639.19 
S0486 3810 2125 1495575.98 597800.78 •• S0487 3835 2125 1495553.21 597790.46 
S0488 3835 2135 1495557.34 597781.35 
S0489 3860 2150 1495540.76 597757.37 
S0490 4135 2175 1495300.60 597621.09 
S0491 4010 2200 1495424.77 597649.91 
S0492 3985 2250 1495468.18 597614.69 
S0493 4010 2275 1495455.73 597581.60 
S0494 4135 2275 1495341.88 597530.00 
S0495 4010 2300 1495466.05 597558.83 
S0496 4135 2300 1495352.20 597507.23 
S0497 3935 2325 1495544.68 597567.02 
S0498 3860 2350 1495623.31 597575.21 
S0499 4135 2350 1495372.84 597461.69 
S0500 3960 2375 1495542.55 597511.16 
S0501 3455 2425 1496023.16 597674.07 
S0502 3655 2425 1495840.99 597591.51 
S0503 3680 2425 1495818.22 597581.19 
S0504 3655 2500 1495871.95 597523.20 
S0505 '3755 2525 1495791.19 597459.15 
S0506 3480 2550 1496051.99 597549.90 
S0507 3730 2550 1495824.28 597446.70 
S0508 3430 2575 1496107.85 597547.77 
S0509 3680 2575 1495880.14 597444.57 
S0510 3580 2625 1495991.86 597440.31 
S0511 3730 2625 1495855.24 597378.39 
S0512 3380 2675 1496194.67 597477.32 
S0513 3860 2475 1495674.91 597461.35 
S0514 3960 2475 1495583.83 597420.07 

•• S0515 4060 2475 1495492.75 597378.80 
S0516 4135 2475 1495424.43 597347.84 
S0517 3910 2500 1495639.69 597417.94 
S0518 j910 2550 1495660.33 597372.40 
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S0519 4010 2575 1495579.57 597308.35 
S0520 3835 2625 1495759.60 597335.05 
S0521 4035 2625 1495577.43 597252.49 
S0522 4135 2625 1495486.35 597211.21 
S0523 4110 2650 1495519.44 597198.76 
S0524 3860 2675 1495757.47 597279.19 
S0525 4010 2675 1495620.84 597217.27 
S0526 3860 2700 1495767.79 597256.42 
S0527 3935 2700 1495699.48 597225.46 
S0528 4165 1875 1495149.44 597881.95 
S0529 4190 1875 1495126.67 597871.63 
S0530 4225 1900 1495105.11 597834.41 
S0531 4265 1900 1495068.68 597817.90 
S0532 4215 1905 1495116.28 597833.99 
S0533 4220 1905 1495111.73 59783·1.92 
S0534 4225 1910 1495109.24 597825.31 
S0535 4230 1920 1495108.81 597814.13 
S0536 4290 1950 1495066.55 597762.04 
S0537 4315 1950 1495043.77 597751.72 
S0538 4165 1975 1495190.72 597790.87 
S0539 4340 2000 1495041.64 597695.86 
S0540 4165 2050 1495221.68 597722.56 
S0541 4265 2075 1495140.91 597658.51 
S0542 4390 2075 1495027.06 597606.91 
S0543 4265 2200 1495192.51 597544.65 • S0544 4465 2325 1495061.94 597348.24 
S0545 4415 2350 1495117.80 597346.11 
S0546 4465 2350 1495072.26 597325.47 
S0547 4375 2365 1495160.43 597348.96 
S0548 4380 2370 1495157.94 597342.34 
S0549 4165 2375 1495355.83 597426.54 
S0550 4290 2375 1495241.98 597374.94 
S0551 4390 2375 1495150.89 597333.66 
S0552 4370 2380 1495171.17 597337.36 
S0553 4375 2385 1495168.68 597330.74 
S0554 4165 2450 1495386.79 597358.22 
S0555 4165 2525 1495417.75 597289.91 
S0556 4265 2550 1495336.98 597225.86 
S0557 4265 2575 1495347.30 597203.09 
S0558 4240 2600 1495380.39 597190.64 
S0559 4340 2600 1495289.31 597149.36 
S0560 4390 2600 1495243.77 597128.72 
S0561 . 4265 2625 1495367.94 597157.55 
S0562 4290 2625 1495345.17 597147.23 
S0563 4190 2650 1495446.57 597165.74 
S0564 4240 2650 1495401.03 597145.10 
S0565 4190 2675 1495456.89 597142.97 
S0566 4240 2675 1495411.35 597122.33 
S0567 4290 2675 1495365.81 597101.69 
S0568 4215 2700 1495444.44 597109.88 
S0569 4545 2475 1495050.99 597178.60 
S0570 4595 2475 1495005.45 597157.96 
S0571 4645 2525 1494980.55 597091.78 • S0572 4570 2525 1495048.86 597122.74 
S0573 4620 2550 1495013.64 597079.33 
S0574 4745 2675 1494951.38 596913.87 
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S0575 4525 2355 1495019.68 597296.15 
S0576 4545 2375 1495009.72 597269.68 
S0577 1765 2715 1497682.17 598107.53 
S0578 1830 2800 1497658.05 598003.28 
S0579 2135 2775 1497369.93 597900.15 
so580 2160 2775 1497347.16 597889.83 
S0581 2010 2900 1497535.38 597837.89 
S0582 2085 2900 1497467.07 597806.94 
S0583 2035 2950 1497533.25 597782.03 
S0584 2060 2950 1497510.48 597771.71 
so585 2035 2975 1497543.57 597759.26 
S0586 1910 3025 1497678.06 597765.32 
S0587 2060 3050 1497551.76 597680.63 
so588 2085 3075 ·1497539.30 597647.54 
S0589 2135 3125 1497514.40 597581.36 
S0590 2010 3175 1497648.89 597587.42 
S0591 2160 3225 1497532.91 597479.96 
S0592 2060 3275 1497644.63 597475.69 
S0593 2230 3275 1497489.79 597405.52 
S0594 2095 3320 1497631.33 597420.26 
S0595 2160 3335 1497578.32 597379.77 
S0596 2220 3350 1497529.86 597341.34 
S0597 2185 3385 1497576.18 597323.91 
S0598 2140 3400 1497623.36 597328.82 

• S0599 2220 3425 1497560.82 597273.02 
S0600 2210 3460 1497584.37 597245.27 
S0601 2220 3555 1497614.48 597154.62 
S0602 2565 2725 1496957.63 597768.20 
S0603 2415 2750 1497104.58 597807.34 
S0604 2465 2750 1497059.04 597786.70 
S0605 2340 2780 1497185.27 597810.98 
S0606 2440 2800 1497102.44 597751.48 
S0607 2450 2850 1497113.98 597701.81 
S0608 2540 2925 1497062.96 597596.35 
S0609 2845 2750 1496712.92 597629.85 
S0610 2645 2800 1496915.72 597666.86 
S0611 2745 2800 1496824.64 597625.58 
S0612 2920 2800 1496665.25 597553.35 
S0613 2870 2825 1496721.11 597551.22 
S0614 2945 2825 1496652.80 597520.26 
S0615 2670 2875 1496923.91 597588.23 
S0616 2845 2875 1496764.52 597515.99 
S0617 2720 2875 1496878.37 597567.59 
S0618 2945 2875 1496673.43 597474.72 
S0619 2820 2925 1496807.93 597480.77 
S0620 2945 2925 1496694.07 597429.17 
S0621 2645 2950 1496977.64 597530.24 
S0622 2590 3025 1497058.70 597484.63 
S0623 2515 3050 1497137.33 597492.82 
S0625 2590 3150 1497110.29 597370.77 
S0626 2375 3200 1497326.76 597413.98 
S0627 2365 3225 1497346.19 597395.34 

• S0628 2575 3225 1497154.91 597308.65 
S0629 · 2265 3275 1497457.91 597391.07 
S0630 2415 3275 1497321.29 597329.16 
S0631 2490 3275 1497252.97 597298.20 
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S0632 2565 3275 1497184.66 597267.24 
S0633 2645 3025 1497008.60 597461.92 
S0634 2845 3050 1496836.75 597356.60 
S0635 2870 3075 1496824.30 597323.51 
S0636 2820 3100 1496880.16 597321.38 
S0637 2670 3125 1497027.11 597360.52 
S0638 2720 3125 1496981.57 597339.88 
S0639 2820 3125 1496890.48 597298.61 
S0640 2895 3225 1496863.45 597176.56 
S0641 2770 3250 1496987.62 597205.39 
S0642 2795 3240 1496960.72 597204.18 
S0643 2645 3275 1497111.80 597234.22 
S0644 2970 3275 1496815.78 597100.06 
S0645 2990 3290 1496803.75 597078.15 
S0646 2995 3290 1496799.20 597076.08 
S0647 2610 3340 1497170.51 597189.46 
S0648 2340 3350 1497420.56 597291.80 
S0649 2390 3350 1497375.02 597271.16 
S0650 2565 2400 1496823.48 598064.22 
S0651 2290 3450 1497507.38 597221.36 
S0652 2265 3550 1497571.43 597140.60 
S0653 2390 3550 1497457.57 597089.00 
S0654 2290 3575 1497558.97 597107.51 
S0655 2565 3575 1497308.50 596993.99 
S0656 . 2695 3375 1497107.53 597122.50 • S0657 2720 3400 1497095.08 597089.40 
S0658 2870 3400 1496958.46 597027.49 
S0659 2945 3450 1496910.78 596950.99 
S0660 2870 2475 1496576.63 597870.01 
S0661 2745 3500 1497113.59 596988.00 
S0662 2870 3500 1496999.73 596936.40 
S0663 2945 3500 1496931.42 596905.45 
S0664 2670 3525 1497192.22 596996.19 
S0665 2770 3525 1497101.14 596954.91 
S0666 2670 3575 1497212.86 596950.65 
S0667 2770 3575 1497121.78 596909.37 
S0668 2870 3575 1497030.69 596868.09 
S0670 3175 2705 1496393.77 597534.62 
S0671 3075 2725 1496493.11 597557.68 
S0672 3300 2725 1496288.17 597464.80 
S0673 3275 2775 1496331.58 597429.58 
S0674 3375 2775 1496240.50 597388.30 
S0675 3100 2800 1496501.30 597479.05 
S0676 3150 2825 1496466.08 597435.64 
S0677 3075 2850 1496544.71 597443.82 
S0678 3151 2850 1496475.48 597412.45 
S0679 3175 2875 1496463.94 597379.78 
S0680 3275 2900 1496383.18 597315.73 
S0681 3250 2925 1496416.27 597303.28 
S0682 3075 2950 1496585.98 597352.74 
S0683 3405 2725 1496192.54 597421.46 
S0684 3455 2725 1496146.99 597400.82 
S0685 3505 2725 1496101.45 597380.18 • S0686 2580 2750 1496954.29 597739.23 
S0687 2580 2775 1496964.61 597716.46 
S0688 3655 2775 1495985.47 597272.72 
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S0689 3530 2800 1496109.64 597301.55 
S0690 3605 2800 1496041.33 597270.59 
S0691 3705 2825 1495960.56 597206.54 
S0692 3710 2825 1495956.01 597204.48 
S0693 3430 2850 1496221.36 597297.29 
S0694 3755 2875 1495935.66 597140.36 
S0695 3505 2925 1496184.01 597198.02 
S0696 3580 2925 1496115.70 597167.06 
S0697 3420 2950 1496271.75 597210.33 
S0698 3580 2950 1496126.02 597144.29 
S0699 4390 3250 1495512.08 596536.68 
S0700 4440 3250 1495466.54 596516.05 
S0701 4165 3275 1495727.33 596606.79 
S0702 4415 3295 1495507.88 596485.38 
S0703 3785 3325 1496094.09 596718.11 
S0704 3835 3325 1496048.55 596697.47 
S0705 3875 3325 1496012.11 596680.95 
S0706 4035 3325 1495866.38 596614.91 
S0707 41J5 3325 1495775.30 596573.63 
S0708 3785 3375 1496114.73 596672.56 
S0709 4010 3425 1495930.43 596534.15 
S0710 4135 3425 1495816.58 596482.55 
S0711 3960 3450 1495986.29 596532.01 
S0712 4085 3475 1495882.76 596457.65 i. S0713 3785 3500 1496166.33 596558.71 
S0714 3985 3525 1495994.48 596453.38 
S0715 3835 3525 1496131.10 596515.30 
S0716 4040 3545 1495952.64 596412.46 
S0717 4030 3550 1495963.81 596412.04 
S0718 4035 3550 1495959.26 596409.97 
S0719 4020 3555 1495974.98 596411.61 
S0720 4015 3560 1495981.60 596409.12 
S0721 4010 3565 1495988.22 596406.63 
S0722 4000 3570 1495999.39 596406.20 
S0723 3785 3575 1496197.28 596490.40 
S0724 3860 3575 1496128.97 596459.44 
S0725 3990 3575 1496010.56 596405.78 
S0726 3980 3580 1496021.74 596405.35 
S0727 3975 3583 1496027.53 596404.68 
S0728 3970 3585 1496032.91 596404.92 
S0729 3960 3590 1496044.08 596404.50 
S0730 3950 3595 1496055.25 596404.07 
S0731 3375 3075 1496364.33 597115.05 
S0732 3075 3100 1496647.90 597216.12 
S0733 3150 3100 1496579.59 597185.16 
S0734 3325 3100 1496420.19 597112.92 
S0735 3250 3125 1496498.83 597121.11 
S0736 3250 3175 1496519.47 597075.57 
S0737 3075 3200 1496689.18 597125.03 
S0738 3275 3200 1496507.01 597042.48 
S0739 3025 3250 1496755.36 597100.13 
S0740 3100 3250 1496687.05 597069.17 

• S0741 3225 3250 1496573.19 597017.57 
S0742 3050 3275 1496742.91 597067.04 
S0743 3075 3275 1496720.14 597056.72 
S0744 3225 3275 1496583.51 596994.80 
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S0745 3010 3285 1496783.47 597074.44 
S0746 3005 3295 1496792.15 597067.40 
S0747 3010 3295 1496787.60 597065.34 
S0748 3300 3295 1496523.46 596945.63 
S0749 3480 3075 1496268.70 597071.71 
S0750 3530 3075 1496223.15 597051.07 
S0751 3605 3075 1496154.84 597020.11 
S0752 3655 3100 1496119.62 596976.70 
S0753 3455 3150 1496322.43 597013.72 
S0754 3580 3150 1496208.57 596962.12 
S0755 3655 3150 1496140.26 596931.16 
S0756 3705 3150 1496094.72 596910.52 
S0757 3480 3175 1496309.97 596980.63 
S0758 3505 3200 1496297.52 596947.54 
S0759 3630 3200 1496183.67 596895.94 
S0760 3720 3200 1496101.69 596858.79 
S0761 3430 3225 1496376.16 596955.73 
S0762 3655 3275 1496191.86 596817.31 
S0763 3075 3325 1496740.78 597011.18 
S0764 3350 3325 1496490.30 596897.67 
S0765 3225 3350 1496614.47 596926.49 
S0766 3350 3350 1496500.62 596874.89 
S0767 3075 3400 1496771.74 596942.87 
S0768 3225 3400 1496635.11 596880.95 
S0769 3300 3400 1496566.80 596849.99 • S0770 3025 3425 1496827.60 596940.74 
S0771 3075 3425 1496782.06 596920.10 
S0772 3050 3475 1496825.47 596884.87 
S0773 3200 3500 1496699.16 596800.19 
S0774 3075 3550 1496833.65 596806.24 
S0775 3350 3575 1496593.49 596669.96 
S0776 3405 3325 1496440.20 596874.96 
S0777 . 3430 3325 1496417.43 596864.64 
S0778 3555 3325 1496303.58 596813.04 
S0779 3580 3325 1496280.81 596802.73 
S0780 3650 3325 1496217.05 596773.83 
S0781 3755 3350 1496131.73 596707.72 
S0782 3480 3375 1496392.53 596798.46 
S0783 3580 3400 1496311.77 596734.41 
S0784 3730 3400 1496175.14 596672.50 
S0785 3480 3475 1496433.81 596707.38 
S0786 3655 3475 1496274.41 596635.14 
S0787 3400 3550 1496537.63 596672.09 
S0788 3480 3550 1496464.77 596639.07 
S0789 3730 3550 1496237.06 596535.87 
S0790 3390 3560 1496550.87 596667.11 
S0791 3555 3575 1496406.77 596585.34 
S0792 3860 2750 1495788.43 597210.87 
S0793 4010 2750 1495651.80 597148.96 
S0794 4085 2800 1495604.13 597072.46 
S0795 3910 2825 1495773.84 597121.92 
S0796 4110 2850 1495602.00 597016.60 
S0797 3810 2875 1495885.57 597117.66 • S0.798 4135 2875 1495589.55 596983.51 
S0799 3960 2900 1495759.26 597032.97 
S0800 3810 2900 1495895.89 597094.89 
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SOBOl 4135 2900 1495599.87 596960.73 
S0802 3985 2925 1495746.81 596999.88 
S0803 4080 2925 1495660.28 596960.67 
S0804 3810 2950 1495916.52 597049.35 
S0805 4085 2950 1495666.05 596935.83 
S0806 4135 2950 149'5620.51 596915.19 
S0807 4190 2705 1495469.28 597115.64 
S0808 4290 2705 1495378.19 597074.37 
S0809 4165 2800 1495531.26 597039.43 
S0810 4190 2825 1495518.81 597006.34 
S0811 4265 2825 1495450.50 596975.39 
S0812 4365 2825 1495359.42 596934.11 
S0813 4215 2875 1495516.68 596950.48 
S0814 4290 2875 1495448.37 596919.52 
S0815 4365 2875 1495380.06 596888.57 
S0816 4390 2875 1495357.28 596878.25 
S0817 4240 2975 1495535.19 596849.08 
S0818 4265 2975 1495512.42 596838.76 
S0819 4315 2975 1495466.88 596818.12 
S0820 4390 2975 1495398.56 596787.16 
S0821 4415 2975 1495375.79 596776.84 
S0822 3985 3005 1495779.83 596927.01 
S0823 4035 3005 1495734.29 596906.38 
S0824 4085 3025 1495697.01 596867.52 

• S0825 4135 3125 1495692.74 596755.80 
S0826 4010 3050 1495775.64 596875.71 
S0827 4135 3050 1495661.78 596824.11 
S0828 4085 3075 1495717.64 596821.98 
S0829 4135 3100 1495682.42 596778.57 
S0830 3810 3125 1495988.76 596889.95 
S0831 4060 3125 1495761.05 596786.76 
S0832 3935 3225 1495916.19 596747.27 
S0833 4135 3225 1495734.02 596664.71 
S0834 4110 3250 1495767.11 596652.26 
S0835 3810 3275 1496050.68 596753.33 
S0836 4265 3025 1495533.06 596793.22 
S0837 4340 3050 1495475.06 596739.49 
S0838 4265 3100 1495564.01 596724.91 
S0839 4440 3100 1495404.62 596652.67 
S0840 4315 3125 1495528.79 596681.50 
S0841 4215 3175 1495640.51 596677.23 
S0842 4340 3200 1495536.98 596602.87 
S0843 4190 3225 1495683.92 596642.01 
S0844 4240 3250 1495648.70 596598.60 
S0845 4315 3250 1495580.39 596567.64 
S0846 4290 3305 1495625.86 596527.87 
S0847 4165 3325 1495747.97 596561.25 
S0848 4290 3325 1495634.12 596509.65 
S0849 4215 3325 1495702.43 596540.61 
soa5o 4340 3325 1495588.58 596489.01 
S0851 4365 3350 1495576.13 596455.92 
S0852 4165 3375 1495768.61 596515.71 

• S0853 4240 3375 1495700.30 596484.75 
· S0854 4315 3375 1495631.99 596453.79 
S0855 4140 3425 1495812.02 596480.48 
S0856 4165 3475 1495809.89 596424.62 
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50858 4520 2750 1495187.28 596938.44 
50859 4495 2800 1495230.69 596903.22 
50860 4445 2825 1495286.55 596901.08 
50861 4420 2850 1495319.64 596888.63 
50862 4620 2850 1495137.47 596806.08 
50863 4375 2875 1495370.95 596884.44 
50864 4595 2875 1495170.56 596793.63 
50865 4445 2900 1495317.51 596832.77 
50866 4495 2900 1495271.97 596812.13 
50867 4545 2900 1495226.43 596791.49 
S0868 4395 2925 1495373.37 596830.64 
50869 4620 2925 1495168.43 596737.76 
50870 4620 2950 1495178.75 596714.99 
50872 4645 2975 1495166.30 596681.90 
50873 4620 2990 1495195.26" 596678.56 
50874 4575 3025 1495250.70 . 596665.26 
S0875 4820 3025 1495027.54 596564.13 
50876 4780 3030 1495066.04 596576.08 
50877 4640 3035 1495195.62 596629.32 
50878 4705 3035 1495136.42 596602.49 
50879 4795 3060 1495064.76 596542.57 
50880 4845 3075 1495025.41 596508.26 
S0881 4830 3095 1495047.33 596496.24 
S0882 4720 3100 1495149.59 596537.09 
50883 4740 3125 1495141.69 596506.07 • 50B84 4580 3135 1495291.55 596563.00 
50885 4770 3160 1495128.81 596461.80 
50886 4605 3175 1495285.29 596516.25 
50887 4675 3175 1495221.53 596487.35 
50888 4840 3180 1495073.31 596414.69 
50889 4695 3200 1495213.64 596456.33 
S0890 4530 3210 1495368.05 596515.33 
50891 4610 3210 1495295.18 596482.31 
S0892 4775 3225 1495151.09 596400.53 
S0893 4630 3230 1495285.22 596455.83 
S0894 4815 3230 1495116.72 596379.47 
50895 4680 3260 1495252.06 596407.87 
50896 4870 3260 1495079.01 596329.44 
50897 4535 3270 1495388.26 596458.61 
50898 4575 3270 1495351.83 596442.10 
50899 4820 3275 1495130.74 596336.42 
50900 4730 3280 1495214.78 596369.01 
50901 4630 3290 1495309.99 596401.18 
50902 4790 3290 1495164.26 596335.14 
50903 4830 3295 1495129.89 596314.07 
50904 4875 3295 1495088.90 596295.50 
50905 4950 3250 1495002.01 596305.53 
50906 4975 3300 1494999.88 596249.67 
50907 4925 3315 1495051.61 596256.64 
50908 4975 3325 1495010.20 596226.90 
50909 5000 3415 1495024.58 596134.60 
50910 5020 3435 1495014.62 596108.13 
50911 4900 3440 1495125.98 596153.11 • 50912 5025 3465 1495022.45 596078.74 
50913 5035 3540 1495044.30 596006.30 
50914 4986 3550 1495093.06 596017.42 



Surface Location Coordinates (ft) Page F-17 

• Mound Plant Ohio State Plane 
Location West South East (x) North (y) 

S0915 5055 3600 1495050.85 595943.39 
S0916 5080 3675 1495059.04 595864.76 
S0917 5010 3680 1495124.86 595889.10 
S0918 2315 3625 1497556.84 597051.64 
S0919 2515 3625 1497374.68 596969.09 
S0920 2615 3625 1497283.59 596927.81 
S0921 2465 3700 1497451.18 596921.42 
S0922 2540 3700 1497382.87 596890.46 
S0923 2615 3700 1497314.55 596859.50 
S0924 2440 3725 1497484.27 596908.96 
S0925 2565 3825 1497411.69 596766.28 
S0926 2590 3825 1497388.92 596755.96 
S0927 2490 3875 1497500.64 596751.70 
S0928 2540 3875 1497455.10 596731.06 
S0929 2590 3875 1497409.56 596710.42 
S0930 2645 3625 1497256.27 596915.43 
S0931 2970 3625 1496960.25 596781.27 
S0932 2670 3650 1497243.82 596882.34 
S0933 2475 3675 1497431.75 596940.06 
S0934 2870 3675 1497071.97 596777.01 
S0935 2670 3700 1497264.46 596836.79 
S0936 3920 3700 1496125.92 596320.82 
S0937 2995 3725 1496978.76 596679.87 
S0938 2870 3750 1497102.93 596708.70 

•• S0939 2945 3750 1497034.62 596677.74 
S0940 2670 3800 1497305.74 596745.71 
S0941 2845 3800 1497146.34 596673.48 
S0942 2945 3800 1497055.26 596632.20 
S0943 2645 3875 1497359.46 596687.72 
S0944 2615 3925 1497407.43 596654.56 
S0945 2515 3950 1497508.83 596673.07 
S0946 2465 4000 1497575.01 596648.17 
S0947 2540 4025 1497517.02 596594.44 
S0948 2515 4075 1497560.43 596559.21 
S0949 2590 4100 1497502.44 596505.49 
S0950 2565 4125 1497535.53 596493.03 
S0951 2645 3925 1497380.10 596642.18 
S0952 3870 3925 1496264.34 596136.52 
S0953 3945 3925 1496196.02 596105.56 
S0954 2645 3975 1497400.74 596596.64 
S0955 2945 3975 1497127.49 596472.80 
S0956 2645 4000 1497411.06 596573.87 
S0957 2745 4000 1497319.98 596532.59 
S0958 2770 4000 1497297.21 596522.27 
S0959 2945 4000 1497137.81 596450.03 
S0960 2720 4100 1497384.03 596451.82 
S0961 2645 4125 1497462.66 596460.01 
S0962 2770 4125 1497348.81 596408.41 
S0963 2845 4125 1497280.49 596377.46 
S0964 2945 4125 1497189.41 596336.18 
S0965 3325 3925 1496760.74 596361.49 
S0966 3125 3950 1496953.22 596421.27 

•• S0967 3275 3950 1496816.60 596359.35 
S0968 3225 3975 1496872.46 596357.22 
S0969 3125 4025 1496984.18 596352.96 
S0970 3075 4050 1497040.04 596350.83 



Surface Location Coordinates (ft) Page F-18 

Mound Plant Ohio State Plane • Location West South East (X) North (y) 

S0971 3025 4075 1497095.91 596348.70 
S0972 2730 4225 1497426.52 596333.84 
S0973 2855 4225 1497312.66 596282.24 
S0974 2830 4250 1497345.75 596269.79 
S0975 2580 4275 1497583.78 596350.22 
S0976 2780 4275 1497401.62 596267.66 
S0977 2630 4325 1497558.88 596284.04 
S0978 2635 4325 1497554.32 596281.97 
S0979 2580 4350 1497614.74 596281.91 
S0980 2680 4350 1497523.66 596240.63 
S0981 2630 4375 1497579.52 596238.50 
S0982 3025 3625 1496910.15 596758.57 
S0983 3325 3625 1496636.90 596634.74 
S0984 3275 3650 1496692.77 596632.60 
S0985 3250 3675 1496725.86 596620.15 
S0986 3250 3875 1496808.41 596437.99 
S0987 3350 3875 1496717.33 596396.71 
S0988 3475 3605 1496492.02 596591.03 
S0989 3480 3605 1496487.47 596588.97 
S0990 3630 3625 1496359.10 596508.84 
S0991 3680 3625 1496313.56 596488.20 
S0992 3580 3635 1496408.77 596520.37 
S0993 3630 3650 1496369.42 596486.07 
S0994 3680 3650 1496323.88 596465.43 
S0995 3400 3705 1496601.62 596530.91 • S0996 3405 3775 1496625.96 596465.09 
S0997 3450 3800 1496595.29 596423.74 
S0998 3405 3800 1496636.28 596442.32 
S0999 3530 3800 1496522.42 596390.72 
51000 3630 3800 1496431.34 596349.44 
S1001 3405 3825 1496646.59 596419.55 
S1002 3400 3850 1496661.47 596398.84 
S1003 3430 3850 1496634.14 596386.46 
S1004 3780 3720 1496261.69 596360.39 
S1005 3800 3720 1496243.47 596352.14 
S1006 3820 3720 1496225.26 596343.88 
S1007 3820 3725 1496227.32 596339.33 
S1008 3755 3730 1496288.59 596361.60 
S1009 3900 3730 1496156.52 596301.75 
S1010 3795 3750 1496260.41 596326.8~ 
S1011 3710 3760 1496341.96 596352.85 
S1012 3800 3760 1496259.99 596315.70 
S1013 3820 3760 1496241.77 596307.45 
S1014 4000 3775 1496084.01 596219.48 
S1015 3870 3780 1496204.48 596268.59 
S1016 3650 3800 1496413.12 596341.19 
S1017 3750 3800 1496322.04 596299.91 
S1018 3850 3800 1496230.96 596258.63 
S1019 3650 3805 1496415.19 596336.63 
S1020 3830 3810 1496253.30 596257.78 
S1021 3980 3810 1496116.68 596195.86 
S1022 3610 3820 1496457.81 596339.48 
S1023 3700 3820 1496375.84 596302.33 • S1024 3895 3820 1496198.22 596221.84 
S1025 3590 3825 1496478.09 596343.18 
S1026 4130 3830 1495988.31 596115.73 



Surface Location Coordinates (ft) Page F-19 ,. Mound Plant Ohio State Plane 
Location West south East (x) North (y) 

Sl027 3880 3840 1496220.14 S96209.81 
Sl028 3660 38SO 1496424.6S S9629l.S2 
Sl029 39SO 38SO 1496160.Sl S96171.81 
Sl030 3930 3860 1496182.86 S96170.96 
Sl031 3S20 3870 1496S60.42 S96331.09 
Sl032 3720 387S 1496380.32 S96243.98 
Sl033 3610 3880 1496482.S8 S96284.83 
Sl034 3SOO 3890 1496S86.90 S96321.13 
Sl03S 3480 389S 1496607.18 S96324.83 
Sl036 3690 389S 149641S.90 S96238.1S 
Sl037 3460 3900 1496627.46 S96328.S3 
Sl038 3S7S 3900 1496S22.71 S96281.06 
Sl039 3980 3900 14961S3.83 S96113.89 
Sl040 4000 3900 149613S.61 S9610S.63 
Sl041 3640 3920 1496471.76 S96236.01 
Sl042 3S2S 392S 1496S78.S7 S96278.93 
Sl043 4030 3930 1496120.67 S9606S.92 
Sl044 3480 3940 149662S.7S S96283.84 
Sl04S 3600 3940 1496Sl6.4S S96234.31 
Sl046 4020 3940 1496133.90 S96060.94 
Sl047 4070 3960 1496096.62 S96022.09 
Sl048 3SSO 3970 1496S74.38 S96227.62 
Sl049 4060 3980 1496113.98 S96008.00 
SlOSO 3Sl0 3990 1496619.07 S9622S.92 

• SlOSl 4110 4010 1496080.82 ·S9S960.03 
Sl0S2 4090 4020 1496103.17 S9S9S9.18 
Sl0S3 4140 40SO 1496070.01 S9S911.22 
S10S4 4120 4060 1496092.3S S9S910.36 
SlOSS 4200 4080 1496027.74 S9SBS9.12 
Sl0S6 4180 4100 14960S4.22 S9S849.16 
Sl0S7 4220 41SO 1496038.42 S9S787.11 
SlOSS 4200 4160 1496060.77 S9S786.26 
Sl0S9 4230 4200 1496049.9S S9S737.44 
S1060 420S 420S 1496074.79 S9S743.21 
Sl061 4260 4240 1496039.14 S9S688.62 
S1062 4240 42SO 1496061.48 S9S687.77 
S1063 4300 4280 1496019.22 S9S63S.68 
S1064 4280 4300 149604S.69 S9S62S.72 
Sl06S 4340 4300 149S991.04 S9S600.9S 
Sl066 4320 4320 1496017.Sl S9SS90.99 
Sl067 4400 4340 149S9S2.90 S9SS39.7S 
Sl068 4380 43SO 149S97S.2S S9SS38.90 
S1070 4460 4360 149S906.Sl S9S496.77 
Sl071 4430 4380 149S942.09 S9S490.94 
Sl072 4480 4410 149S908.93 S9S442.97 
Sl073 44SO 4420 149S940.38 S9S446.2S 
Sl074 4470 4470 149S942.80 S9S392.4S 
Sl076 4440 4480 149S974.26 S9S39S.72 
Sl077 4430 4S40 1496008.13 S9S34S.20 
S1078 4470 4S40 149S971. 70 S9S328.69 
Sl079 4490 4S80 149S969.99 S9S284.00 
SlOBO 4460 4S90 1496001.4S S9S287.28 

~-
Sl081 4480 4640 1496003.87 S9S233.48 
Sl082 4S20 4640 149S967.44 S9S216.97 
S1083 4SOO 4700 1496010.42 S9Sl70.'S8 
S1084 4S40 4700 149S973.99 S9SlS4.06 



Surface Location Coordinates (ft) Page F-20 

Mound Plant Ohio State Plane • Location West South East (x) North (y) 

SlOSS 4530 4750 1496003.73 595112.65 
Sl086 4550 4760 1495989.64 595095.29 
Sl087 2515 2825 1497044.45 597697.75 
Sl089 2920 2725 1496634.29 597621.66 
Sl090 2670 2750 1496872.31 597702.08 
Sl091 2770 2750 1496781.23 597660.81 
Sl092 3362 2185 1496008.80 597931.06 

• 

• 



• 
F.2. SITE SURVEY PROJECT CORE LOCATIONS 



Core Location Coordinates (ft) Page F-21 

• Mound Plant Ohio State Plane 
Location West South East (x) North (y) 

COOOl 1480 1500 1497440.23 599331.83 
C0002 1860 1200 1496970.28 599448.22 
C0003 2180 1420 1496769.62 S99115. 7S 
C0004 2240 1200 1496624.16 S99291.37 
COO OS 1480 1800 1497S64.06 S990S8.S8 
C0006 1480 2100 1497687.90 S9878S.33 
C0007 1860 1800 1497217.9S S98901.73 
cocoa 2030 188S 1497098.19 S98754.13 
C0009 2040 1885 1497089.08 5987SO.OO 
COOlO 23SO 1900 1496812.92 S98608.38 
C0011 2400 192S 1496777.69 S98564.97 
C0012 2300 19SO 1496879.10 S98S83.48 
C0013 2375 2000 1496831.42 S98506.98 
C0014 2300 202S 1496910.06 S98SlS.l6 
COOlS 231S 202S 1496896.39 S98508.97 
C0016 23SO 20SO 1496874.83 S98471. 7S 
C0017 247S 20SO 1496760.98 S98420.16 
COOlS 2240 1800 1496871.83 S98744.87 
C0019 2290 202S 1496919.16 S98Sl9.29 
C0020 231S 207S 1496917.03 S98463.43 
C0021 2340 207S 1496894.26 S984S3.11 
C0022 1860 2100 1497341.78 598628.48 
C0023 1830 2125 1497379.42 598618.09 
C0024 2200 212S 1497042.42 59846S.36 

• C002S 2290 21SO 1496970.76 S98405.44 
C0026 2142.4 2362.7 1497193.00 598272.63 
C0027 2104.9 2371.9 1497230.95 598279.73 
C0028 1755 2375 1497550.93 598421.34 
C0029 2184.3 2374.1 14971S9.54 S98244.9S 
C0030 2063.6 239S.O 1497278.11 S9827S.74 
C0031 2204.7 2396.6 1497150.2S S98216.04 
C0032 2340 2175 149693S.S4 S98362.03 
C0033 1860 2400 149746S.61 S983SS.23 
C0034 2010 2405 1497331.05 S98288.76 
C003S . 2212.9 2405.8 1497146.S8 S98204.27 
C0036 2220 2425 1497148.03 S98183.86 
C0037 2178 2428.6 1497187.78 S98197.91 
C0038 2210 2SOO 1497188.10 S98119.67 
C0039 2110 2S25 1497289.SO S98138.18 
C0040 2185 2S2S 1497221.19 S98107.22 
C0041 2210 2SSO 1497208.74 S98074.13 
C0042 2060 2S75 14973SS.68 S98113 .28 
C0043 2210 2625 1497239.70 S98005.82 
C0044 2235 2650 1497227.25 S97972.73 
C0045 2240 2400 1497119.SO S98198.37 
C0046 2550 2440 14968S3.6S S98033.97 
C0047 2470 248S 149694S.09 S98026.01 
C0048 2480 2500 1496942.18 S98008.22 
C0049 2460 2515 1496966.S9 S98002.81 
coo so 2430 2530 1497000.10 598001.S3 
COOS1 2385 2540 1497045.22 S98011.00 
COOS2 2405 25SS 1497033.19 S97989.08 

• C00 53 2400 2S70 1497043.94 597977.48 
C00 54 2380 2570 1497062.16 S9798S.74 
cooss 2265 2S7S 1497168.96 S98028.66 
COOS6 2420 2590 1497033.98 S979Sl. 01 



Core Location Coordinates (ft) Page F-22 

Mound Plant Ohio State Plane • Location West South East (x) North (y) 

COOS7 240S 2600 14970S1.77 S97948.10 
coosa 239S 260S 1497062.94 S97947.67 
COOS9 241S 2610 1497046.79 S97934.86 
C0060 2400 2620 1497064.S8 S97931.94 
C0061 2390 2630 1497077.81 S97926.96 
C0062 231S 267S 1497164.70 S97916.93 
C0063 3370 18SO 149S863.23 S98232.88 
C0064 3340 1860 149S894.68 S98236.16 
C0065 3340 1870 149S898.81 S98227.0S 
C0066 3320 1880 149S921.16 S98226.20 
C0067 2620 2100 1496649.SS S98314.76 
C0068 3370 2160 149S991.19 S979SO.S3 
C0069 3320 223S 1496067.69 S97902.8S 
C0070 3300 2240 1496087.97 S97906.5S 
C0071 3280 224S 1496108.2S S97910.26 
C0072 3260 22SO 1496128.S3 S97913.96 
C0073 3240 2260 14961S0.88 S97913.11 
C0074 3210 2270 1496182.33 S97916.38 
C007S 2620 2400 1496773.38 598041.Sl 
C0076 3000 2400 1496427.27 S97884.66 
C0077 3680 1950 149S622.1S 598013.84 
C0078 375S 197S 149SS64.16 S97960.11 
C0079 341S 20SO 1495904.80 S98032.14 
coo so 370S 20SO 149S640.66 S97912.44 
COOS! 3400 2090 149S934.97 S98001.90 •• C0082 3630 2080 149S721.3S 597916.07 
C0083 382S 187S 149S459.12 S98022.30 
C0084 393S 188S 149S363.06 S97967.78 
coo as 3840 1915 149S461.97 597979.67 
C0086 393S 192S 1495379.S7 597931.35 
C0087 4010 192S 1495311.26 S97900.39 
coosa 4050 1925 149S274.82 S97883.88 
C0089 3950 193S 149S370.04 597916.0S 
C0090 3910 19SO 149S412.66 S97918.90 
C0091 3790 196S 149S528.1S S979S4.77 
C0092 382S 1980 149S502.46 597926.66 
C0093 3390 2130 1495960.S9 S97969.60 
C0094 383S 2160 149SS67.66 S977sa. sa 
C009S 3900 2160 149S508.45 597731.75 
C0096 387S 2190 149S543.61 597714. 7S 
C0097 3380 2400 1496081.1S 597727.80 
C0098 3760 2470 149S763.93 597S07.18 
C0099 4265 196S 149S095.Sl 5977S8.70 
COlOO 4275 197S 149S090.S3 S97745.46 
COlO! 4285 198S 1495085.SS S97732. 23 
C0102 4295 1995 1495080.S7 S97718.99 
C0103 4300 2060 1495102.84 S976S7.72 
C0104 436S 208S 1495053.96 S97608.12 
COl OS 4140 2100 1495265.09 S97687.33 
C0106 431S 2105 1495107.76 S97610.S4 
C0107 4375 2170 1495079.94 . S97S26. 57 
C0108 4250 2200. 1495206.17 597550.85 
C0109 4325 2225 1495148.18 597497.12 • COllO 4390 2230 149S091.04 597465.73 
C0111 416S 2250 1495304.23 597540.39 
C0112 4300 2250 149S181.27 597484.67 



/. 

F.3. AREA 19 (WTS) LOCATIONS 
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Core Location Coordinates (ft) Page F-23 

• Mound Plant Ohio State Plane 
Location West South East (x) North (y) 

C0113 4140 2275 1495337.32 597527.94 
C0114 4200 2275 1495282.67 597503.17 
C0115 4395 2275 1495105.06 597422.68 
C0116 4315 2305 1495190.31 597428.38 
C0117 4520 2400 1495042.81 597257.23 
C0118 2145 2725 1497340.18 597941.56 
C0119 2210 2735 1497285.11 597905.63 
C0120 2195 2805 1497327.66 597848.06 
C0121 2095 2810 1497420.81 597884.78 
C0122 2010 2925 1497545.70 597815.12 
C0123 2115 2975 1497470.70 597726.24 
C0124 1855 3000 1497717.84 597810.79 
C0125 2185 3085 1497452.35 597597.15 
C0126 2265 2725 1497230.88 597892.03 
C0127 2340 2725 1497162.57 597861.07 
C0128 2365 2750 1497150.12 597827.98 
C0129 2290 2715 1497203.98 597890.82 
C0130 2265 2800 1497261.84 597823.72 
C0131 2500 2800 1497047.80 597726.71 
C0132 2465 2825 1497089.99 597718.39 
C0134 2465 2850 1497100.31 597695.62 
C0135 2490 2850 1497077.54 597685.30 
C0136 2515 2850 1497054.77 597674.98 
C0137 2290 2875 1497270.03 597745.09 I. C0138 2340 2875 1497224.49 597724.45 
C0139 2390 2875 1497178.95 597703.81 
C0140 2450 2875 1497124.30 597679.04 
C0141 2400 2880 1497171.90 597695.13 
C0142 2390 2900 1497189.26 597681.04 
C0143 2415 2900 1497166.49 597670.72 
C0144 2500 2900 1497089.07 597635.63 
C0145 2498.9 2885.7 1497084.17 597649.11 
C0146 2465 2975 1497151.91 597581.77 
C0147 2620 2700 1496897.22 597768.26 
C0148 2590 3040 1497064.89 597470.97 
C0149 2610 3040 1497046.67 597462.71 
C0150 2590 3055 1497071.08 597457.30 
C0151 2610 3055 1497052.86 597449.05 
C0152 2565 3065 1497097.98 597458.51 
C0153 2610 3070 1497059.05 597435.38 
C0154 . 2610 3080 1497063.18 597426.28 
C0155 2600 3090 1497076.42 597421.30 
C0156 2600 3075 1497070.23 597434.96 
C0157 2590 3125 1497099.97 597393.54 
C0158 2620 3000 1497021.05 597495.02 
C0159 2620 3100 1497062.33 597403.93 
C0160 2745 3180 1496981.50 597279.47 
C0161 2240 3300 1497491.00 597378.62 
C0162 2620 3300 1497144.89 597221.77 
C0163 2645 3325 1497132.43 597188.68 
C0164 2720 3325 1497064.12 597157.72 
C0165 2980 3325 1496827.31 597050.39 ,. C0166 2795 3375 1497016.45 597081.22 
C0167 2770 3450 1497070.18 597023.22 
C0168 2670 3475 1497171.58 597041.73 
C0169 2720 3575 1497167.32 596930.01 



Core Location Coordinates (ft) Page F-24 

Mound Plant Ohio State Plane • Location West South East (x) North (y) 

C0170 3000 2700 1496551.10 597611.41 
C0171 3000 3000 1496674.94 597338.16 
C0172 3000 3100 1496716.21 597247.08 
C0173 3000 3250 1496778.13 597110.45 
C0174 3380 3000 1496328.82 597181.30 
C0175 3640 3000 1496092.01 597073.98 
C0176 3010 3310 1496793.79 597051.67 
C0177 3090 3310 1496720.92 597018.65 
C0178 3380 3300 1496452.66 596908.05 
C0179 3480 3580 1496477.15 596611.74 
C0180 3760 2700 1495858.87 597297.69 
C0181 4140 2700 1495512.76 597140.84 
C0182 4140 3000 1495636.59 596867.59 
C0183 4140 3300 1495760.42 596594.34 
C0184 4795 2875 1494988.40 596711.07 
C0185 4605 2960 1495196.54 596712.08 
C0186 4845 2975 1494984.14 596599.35 
C0187 4630 2995 1495188.22 596669.88 
C0188 4S20 3000 1495290.47 596710.73 
C0189 4780 3050 1495074.30 596557.87 
C0190 4860 3050 1495001.43 596524.84 
C0191 4675 3100 1495190.57 596555.67 
C0192 4900 3140 1495002.15 596426.36 
C0193 4900 3300 1495068.19 596280.62 
C0194 2240 3600 1497614.84 597105.37 • C0195 2620 3600 1497268.72 596948.52 
C0196 3000 4135 1497143.44 596304.37 
C0197 3000 3900 1497046.44 596518.41 
C0198 2620 4135 1497489.56 596461.22 
C0199 3000 3600 1496922.61 596791.66 
C0200 3275 3675 1496703.09 596609.83 
C0201 3380 3600 1496576.49 596634.80 
C0202 3480 3625 1496495.73 596570.75 
C0203 3760 3650 1496251.01 596432.40 
C0204 3405 3675 1496584.68 596556.17 
C0205 3515 3675 1496484.49 596510.77 
C0206 3425 3725 1496587.10 596502.37 
C0207 3630 3725 1496400.38 596417.75 
C0208 3680 3725 1496354.84 596397.12 
C0209 3635 3730 1496397.89 596411.14 
C0210 3605 3750 1496433.47 596405.30 
C0211 3465 3780 1496573.37 596435.77 
C0212 3505 3780 1496536.94 596419.26 
C0213 4860 3260 1495088.12 596333.57 
C0214 4550 3500 1495469.54 596242.93 
C0215 4100 3540 1495895.93 596392.25 
C0216 5050 3740 1495113.19 595817.94 
C0217 3740 3750 1496310.51 596349.58 
C0218 4450 3840 1495700.97 595974.53 
C0219 3460 3940 1496643.97 596292.10 
C0220 3100 4140 1497054.42 596258.53 
C0221 5000 4190 1495344.49 595428.71 
C0222 5230 4190 1495134.99 595333.77 • C0223 4140 4260 1496156.69 595719.94 
C0224 4600 4270 1495741.84 595520.95 
C0225 3850 4360 1496462.11 595748.57 
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•core Location Coordinates (ft) Page F-25 

• Mound Plant Ohio State Plane 
Location West South East (x) North (y) 

C0226 2690 4370 1497522.80 596218.28 
C0227 3620 4480 1496721.14 595734.21 
C0228 5530 4480 1494981.45 594945.79 
C0229. 5200 4500 1495290.28 595063.79 
C0230 4650 4600 1495832.52 595199.74 
C0231 4350 4630 1496118.15 595296.25 
C0232 4930 4720 1495627.02 594974.86 
C0233 3230 4760 1497191.94 595640.16 
C0234 3550 4960 1496983.03 595325.90 
C0235 3880 4960 1496682.46 595189.68 
C0236 4620 4980 1496016.70 594866.01 
C0237 5270 5040 1495449.43 594543.05 
C0238 5680 5040 1495075.99 594373.81 
C0239 4230 5050 1496400.82 594963.24 
C0240 3000 5100 1497541.78 595425.41 
C0241 4570 5330 1496206.71 594567.86 
C0242 4980 5370 1495849.78 594362.18 
C0243 5340 5430 1495546.65 594158.93 
C0244 4325 5500 1496500.04 594514.15 
C0245 3830 5520 1496959.16 594700.26 
C0246 3480 5600 1497310.97 594771.86 
C0247 3680 5650 1497149.44 594643.77 
C0248 1100 1500 1497786.34 599488.69 
C0249 1860 1500 1497094.11 599174.97 i. C02 50 2930 1255 1496018.39 598956.45 
C02 51 2850 0980 1495977.74 599239.95 
C02 52 3015 1445 1496019.40 598748.31 
C02 53 2715 1670 1496385.52 598667.21 
C02 54 3630 1325 1495409.70 598603.75 
C02 55 3425 1505 1495670.73 598524.42 
C02 56 2240 2100 1496995.66 598471.62 
C02 57 2010 2550 1497390.91 598156.69 
C02 58 2235 2600 1497206.61 598018.27 
C02 59 2085 2675 1497374.19 598011.87 
C0260 3360 2185 1496010.62 597931.88 
C0262 4750 2700 1494957.15 596889.04 
C0263 3245.3 3777.2 1496772.32 596529.01 
C0264 3254.3 3724.8 1496742.50 596573.02 
C0265 3322.9 3752.4 1496691.41 596519.56 
C0266 3328.7 3808.2 1496709.16 596466.34 
C0267 3342.9 3670.8 1496639.51 596585.63 
C0268 3400.6 3716.1 1496605.65 596520.55 
C0269 3418.2 3751.3 1496604.15 596481.23 
C0270 3441.5 3791.9 1496599.69 596434.63 
C0271 3483.1 3865.9 . 1496592. 34 596350.06 
C0272 3524.0 3801.1 1496528.34 596392.19 
C0273 3413.3 3682.1 1496580.05 596546.28 
C0274 3478.5 3737.9 1496543.70 596468.54 
C0275 3447.0 3529.9 1496486.53 596671.00 
C0276 3642.8 3648.1 1496356.98 596482.51 
C0277 3587.2 3640.5 1496404.48 596512.39 
C0278 3542.0 3628.3 1496440.62 596542.16 

• C0279 3565.3 3567.8 1496394.42 596587.64 
C0280 3710.7 3705.2 1496318.70 596402.48 
C0281 3591.4 3784.3 1496460.02 596379.68 
C0282 3500.9 3679.3 1496499.10 596512.67 

I 

L_ 
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Core Location Coordinates (ft) Page F-26 

Mound Plant Ohio State Plane • Location West South East (x) North (y) 

C0283 2139.2 2411.5 1497216.06 598229.50 
C0284 2236.2 2495.9 1497162.55 598112.59 
C0285 2212.0 2478.9 1497177.57 598138.06 
C0286 2184.0 2464.1 1497196.96 598163.10 
C0287 2151.6 2450.7 1497220.94 598188.68 
C0288 2119.3 2438.6 1497245.37 598213.03 
C0289 2081.0 2422.7 1497273.69 598243.33 
C0290 2102.1 2401.5 1497245.72 598253.93 
C0291 2490.3 2915.3 1497104.22 597625.70 

... 

• 
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I :.· ... Area ·19 Location Coordinates ( ft) Page F-27 
I 

I • - Mound Plant Ohio State Plane 
Location West South East (x) North (Y) 

19-1 2389.22 2917.99 1497197.40 597664.97 
19-2 2474.63 2905.89 1497114.61 597640.74 
19-3 2419.20 2901.81 1497163.42 597667.34 
19-4 2435.14 2893.98 1497145.66 597667.89 
19-5 2446.61 2901.09 1497138.15 597656.68 
19-6 2459.51 2899.40 1497125.71 597652.89 
19-7 2478.77 2884.00 1497101.81 597658.97 
19-8 2492.89 2890.94 1497091.81 597646.82 
19-9 2498.91 2906.29 1497092.66 597630.35 
19-10 2533.61 2912.81 1497063.75 597610.09 
19-11 2567.69 2891.07 1497023.73 597615.82 
19-12 2607.83 2864.84 1496976.35 597623.15 
19-13 2646.08 2843.67 1496932.77 597626.64 
19-14 2694.28 2817.72 1496878.15 597630.38 
19-15 2735.84 2791.35 1496829.41 597637.24 
19-16 2764.85 . 2775.76 1496796.56 597639.47 
19-17 2825.90 2736.96 1496724.93 597649.61 
19-18 2869.02 2712.64 1496675.62 597653.96 
19-19 2910.83 2684.47 1496625.91 597662.36 
19-20 2958.42 2659.29 1496572.17 597665.65 
19-21 2996.07 2635.91 1496528.23 597671.40 
19-22 3042.02 2611.46 1496476.28 597674.71 
19-23 3060.62 2613.27 1496460.09 597665.38 
19-24 3049.10 2607.32 1496468.12 597675.56 

~· 
19-25 3081.72 2586.23 1496429.71 597681.30 
19-26 3085.81 2574.70 1496421.22 597690.11 
19-27 3096.70 2561.41 1496405.82 597697.72 
19-28 3100.38 2544.13 1496395.33 597711.94 
19-29 3080.17 2528.50 1496407.29 597734.52 
19-30 3114.58 2518.45 1496371.80 597729.47 
19-31 3126.78 2505.45 1496355.32 597736.28 
19-32 3176.97 2490.97 1496303.63 597728.75 
19-33 2936.47 2517.09 1496533.47 597804.23 
19-34 3266.02 2461.90 1496210.52 597718.47 
19-35 3312.99 2448.51 1496162.21 597711.28 
19-36 3362.09 2438.96 1496113.55 597699.71 
19-37 3426.84 2410.91 1496042.99 597698.53 
19-38 3455.03 2406.09 1496015.33 597691.28 
19-39 3467.81 2393.77 1495998.60 597697.23 
19-40 3482.24 2383.51 1495981.22 597700.62 
19-41 3493.48 2377.83 1495968.64 597701.15 
19-42 3487.74 2355.72 1495964.74 597723.66 
19-43 3513.25 2319.78 1495926.67 597745.86 
19-44 3555.80 2294.67 1495877.55 597751.17 
19-45 3602.66 2279.81 1495828.73 597745.36 
19-46 3650.82 2242.47 1495769.46 597759.49 
19-47 3688.55 2230.57 1495730.18 597754.76 
19-48 3577.89 2304.08 1495861.31 597733.48 
19-49 3537.70 2285.48 1495890.24 597767.01 
19-50 3510.81 2344.32 1495939.02 597724.52 
19-51 3489.36 2395.15 1495979.54 597687.08 
19-52 3468.02 2404.77 1496002.95 597687.12 

• 19-53 3188.67 2481.14 1496288.91 597732.87 
19-54 3146.88 2492.90 1496331.83 597739.41 
19-55 3144.19 2503.36 1496338.60 597730.99 
19-56 3134.08 2516.19 1496353.10 597723.48 



\~ 
Area 19 Locat·ion Coordinates (ft) Page F-28 

Mound Plant Ohio State Plane • Location West South East (X) North (y) 

19-57 3108.15 2504.63 1496371.95 597744.71 
19-58 3099.82 2579.94 1496410.62 597679.56 
19-59 3095.49 2596.64 1496421.46 597666.13 
19-60 3027.87 2620.15 1496492.76 597672.63 
19-61 3071.20 2581.59 1496437.37 597689.87 
19-62 3051.79 2596.55 1496461.23 597684.25 

••• 

• 
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GAMMA SURVEY RESULTS 
One or More Data Points Indicating 
Red - ~ 10,000cpm 
Yellow - 1000 s cpm < 10,000 
Green - 500 s cpm < 1000 

(Bkg) 
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NOTE: 

Block 39 • Core sample data indicate 
Ac-2271evels up to 1400 pCi/g in one 
location. 

GAMMA SURVEY RESULTS 

One or More Data Points Indicating 
Red - ~ 10,000 cpm 
Yellow - 1000 s cpm < 10,000 

Green - 500 s cpm < 1000 
(Bkg) 
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( 2 of 2) 

Site Survey Project 
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Site Scoping Report: Volume 3, 
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